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Note:

This document is the reproduction of the Report of the Expert
Consultation on the Atmospheric Transport of Contaminants into the
Mediterranean Region (Athens, 21-25 January 1985) prepared by GESAMP
Working Group No. 14 on Interchange of Pollutants between the
Atmosphere and Oceans, working under the leadership of the

World Meteorological COrganization (WHMO) with support of the United
Netions Environment Programme (UNEP) end the International Atomic
Energy Agency (IAEA). Support to the Working Group was provided
through projects FP/0501-77-02 and FP/5102-77-03.

The report was reviewed by the fifteenth session of GESAMP (New
York, 25-29 March 1985) and the comments received during that review
have been incorporated in the final version of the document.

The final Report on Atmospheric Transport of Contaminants into the
Mediterranean Region will be available for distribution later in
1985 as the GESAMP Reports and Studies No. 26 and as a publication
in the UNEP Regional Seas Reports and Studies Series.

The designations employed and the presentation of the material in
this document do not imply the expression of any opinion whatsoever
on the part of WMO, UNEP or IAEA concerning the legal status of any
State, Territory, city or area, or of its authorities, or concerning
the delimitation of their frontiers or boundaries. The document
contains the views expressed by experts acting in their individusl
capacities and may not necessarily correspond with the views of the
sponsoring organizations.
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1. Opening of the meeting

The Expert Consultation on the Atmospheric Transport of
Contaminants into the Mediterranean Region, of the GESAMP Working Group
on the Interchange of Pollutants between the Atmosphere and the Oceans,
was held at the Coordinating Unit for the Mediterranean Action Plan,
Athens, Greece, from 21 to 25 January 1985. A list of participants is
given in Annex I. A welcome to the group was extended by Dr. A. Manos,
Co-ordinator of the Mediterranean Action Plan, who noted that the EEC
had rated the air pollution in Athens as the worst in Furope, and
therefore, it was appropriate that this meeting on Atmospheric
Transport of Contaminants into the Mediterranean Region re held here.

Mr A. Soudine, the Technical Secretary of the WMO-led GESAMP
Working Group on the Interchange of Pollutants between the Atmosphere
and the Oceans welcomed the participants on behalf of WMO and expressed
gratitude to UNEP for financial support and to the Co-ordinating Unit
for the Mediterranean Action Plan for hosting the meeting and providing
all the necessary facilities. He also briefly presented information on
WMO's work connected with the research activity on pollu.ant-transfer
processes at the air/sea interface within the Long-term Programme for
Pollution Monitoring and Research (MED POL - Phase II) of the
Mediterranean Action Plan.

Dr. S. Keckes, Director of the Regional Seas Programnme of the
United Nations Environment Programme, noted in his introduccory remarks
to the group the importance of the atmospheric input to the pollution
of the Mediterranean. He stressed the value of the work of this group,
particularly by pursuing the agenda of this meeting, in providing
guidance to UNEP in Phase II of the MED POL programme. Dr. Keckes,
later in the meeting, elaborated on the views expressed at GESAMI' XIV,
stressing the need to address the practical problems directly related
to the Mediterranean Region on atmospheric transport of pollutants.

Dr. M. Waldichuk, who had been requested by Dr. W. D. Garrett,
Chairman of the Working Group, to chair this meeting because of Dr.
Garrett's ill health at this time, read a message to the group from Dr.
Carrett in which he regretted very much his inability to attend,
provided some instructions from GESAMP for the Wox king Group, and
extended to the group his best wishes for a successful meeting. Dr.
Waldichuk noted in his introductory remarks to the group the main
objective of this meeting, which was to fill in some of the informatlion
gaps in the repost of the Fifth Session of the GES2MP Working Group on
the Interchange of Pollutants between the Atmosphere and the Cceans,
held in Athens, 28 November — 2 December 1933, particularly 1in
fulfilling its terms of reference as spelled out at GESAP XIV (GESAMP

Reports and Studies No 21) (see Annex IV).

Dr. M. Waldichuk and Dr. J.M. Miller served as Thairman and
Rapporteur for the meeting respectively.

2. Adoption of the Agenda

The Agenda provided by Dr. Carrett was adopted as a general
guide by the Working Group. This Agenda was later ame.xded and appears
in Annex II.
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3. Review of GESAMP XIII and XIV request regarding an explanatory
statement on process modification by pollutants

The experts of the Working Group took note of the request made
by GESAMP XIII (GESAMP Reports and Studies No. 18, paragraph 8.5) and
GESAMP XIV (GESAMP Reports and Studies No. 21 paragraph 4.5) to prepare
an explanatory statement on "process modification by pollutants" for
consideration by GESAMP at a future session, in terms of a proposed
revision of the GESAMP definition of "Marine Pollution". The proposal
for the revised definition arose out of the Fourth Session of the
Working Group on the Interchange of Pollutants between the Atmosphere
and the Oceans, held in Monte Carlo, Monaco, 25-29 October 1982, where
"The majority of the Working Group suggested to add to the marine
pollution definition the following wording: "and altering ocean-related
physical processes especially pertinent to climate.".

The members of the Working Group did not consider themselves
sufficiently versed in the subject matter to provide a definitive
statement on process modification by pollutants, particularly in
connection with effects on climate. It is obvious that o0il-films can
affect wave action, and this can alter sea-surface mixing, as well as
reducing production of white caps and injection of pollutants into the
atmosphere by bubble bursting. 0il films can also affect evaporation
and back radiation. How significant these effects are with respect to
climate alteration is unknown. The general opinion was that this
subject should be discussed in greater detail at the sixth session of
the Working Group to be convened by the WMO in 1986.

4, Discussion of Working Papers prepared during the Intersessional
period

The Chairman called upon the members of the Working Group to
present their prepared assignments which were discussed in depth. The
titles of the papers are given in Annex III.

5. Atmospheric transport.of contaminants into the Mediterranean
Region '

On the basis of the papers discussed at the meeting as well as
the outcome of the fourth and fifth sessions of the Working Group
(Monte Carlo, 1982, and Athens, 1983) the experts participating in the
present Expert Consultation prepared the Interim Report on the
Atmospheric Transport of Contaminants into the Mediterranean Region,
which is attached as Annex V.

6. Approval of the report

The report of the Expert Consultation on the Atmospheric
Transport of Contaminants into the Mediterranean Region was considered
and approved by the members of the Working Group on the final day of
the meeting. Dr. M. Waldichuk, the chairman of the meeting, thanked
the host, Mr. A. Manos, for providing facilities for fruitful work of
the meeting and for the warm hospitality.
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ANNEX IV

Terms of refr.rence of the Working Group on the
interchange of Pollutants between the Atmosphere
and the Oceans adopted by GESAMP-XIV

to describe -ransport processes towards and into specific
regions, usiug the Mediterranean as the first example, and the
region of the Kuwait Action Plan as a possible second example,
including:

—  horizontal atmospheric transport affecting the region,
-  vertical atmospheric transport to th2 air-water interface,
- air-water interchange; '

to review the scientific literature and assess the pathways and
fluxes of important pollutants into particular regions, using
the Mediterranean as the first example, and the region of the
Kuwait Action Plan as a possible second example, and to
differentiate between natural and pollutant sources:

to provide a continuing review of air-sea material interchange
with emphasis on the pollutant modification of ocean-related
processes, especially those pertinent to climate; and

to provide advice on the scientific bases for international
programmes for the monitoring of pollutant levels in the
atmosphere near the sea surface and pollutant fluxes across the
air-sea interface.
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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 descrivtion 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. .ne Working Group also reviewad 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 mezting 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
subrcrometer-sized particles, and direct evidence based on the
transuranic content of Mediterranean rains, suggest that the sources
for some atmcapheric 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 north
and northwest is predominant.
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To assess the contributions of different source regions to the
concentrations and deposition in the Mediterranean area, the
applicatic:t of a mathem:tical model is strongly advised. Detailed
suggestions with regard to the one model type for long range transport
and its application are given.

The Working Group reccgnized the problems in assessing
atmospheric pollutant input into the Mediterranean, identifying in
particular the need for more quantitative information on emission
sources of pollutant~ in the region, local climatological data,
transport pathways and air-sea exchange rates of pollutants. A
strategy for such an assessment was developed in which Cd, was
recommended as an appropriate substance for study in a pilot project.
For such a pilot project, sampling sites, sampling methodology and
analytical techniques have been suggested.




2. INTRODUCTION

The fields of marine chemistry and marine contamination have
long been concerned with understanding the budgets of chemical species
in the oceans and the geochemical cycles of these elements. Initially,
research focused on the most obvious input flux to the oceans - that
borne by rivers. However, it is now recognized that a substantial
fraction of the contamination entering the ocean derives from sources
located on land via atmospheric input (NAS, 1978; Waldichuk, 1982).
Contaminants of major concern are heavy metals and matalloids such as
Pb, Cd, Hg, As, and Sn, petroleum hydrocarbons, chlorinated hydrocarbon
and pathogenic microorganisms. Such elements or substances are present
in the air in the particulate form and/or in the gaseous form. The
atmospheric lifetime of such materials is generally long enough
(greater than 1 day) to allow them to be transported far from their
sources (greater than 1000 km). On the other hand, these lifetimes are
often too short (less than 1 year) to allow uniform horizontal and
vertical mixing of contaminant material in the global atmosphere.

The study of atmospheric transport to the sea is in many ways
analogous to the study of river transport. In both casus there is a
common objective, that of defining the temporal variability of the flux
— how does the source output vary with climate and human activity? An
understanding of this variability is essential if we are to
characterize the present day flux. The characterization of the temporal
and areal variability of the continent-to-ocean wind-borne Ilux is a
difficult task. In contrast to rivers, which have well-defined
channels and are relarively shallow, the winds are global in scope and
they have significant vertical structure. Thus, in order to quantify
atmospheric transport, it is necessary to develop a comprehensive
understanding of the governing meteorological processes, such as wind
flow and precipitation patterns, and to evaluate their effects on the
chemical fluxes.

2.1 Transport Processes

2.1.1. Horizontal Transport

In the simplest sense, atmospheric transport to the ocean, as
seen from a meteorological perspective, can be re-arded as occurring in
two different scales: off-shore and long range (N..S, 1978). ‘

In the off-shore transport mode, it may be assumed that a
considerable fraciion of contaminant deposition will occur on waters
relatively close to the major coastal sources (less than 100 km). In
this mode, the transport of contaminated air parcels takes place in the
turbulent, relatively shallow boundary layer which is well-mixed in the
vertical plane (height less than 1000m). This flow is essentially
two—dimensional in the horizontal plane anc the resulting depositiun
pattern extends directly from the source. In many cases, the problem
here is similar to atmospheric deposition of coentamina. by around urban
areas. On such a scale, the well known Gaussian plune model dominates
most practical applications since assumptions that the wind field is
uniform and that the tarbulence is homogeneous are spproximately valid
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within the boundary layer and therefore lead to a considerable
simplification in the prediction of contaminant dispersion. Various
models of this kind are available in the literature (Atmospheric
Environment, 1984; Ritchie et al., 1983; Van Egmond and Kesseboom,
1983). They all include transport, transformation, and removal (dry
deposition and precipitation) processes. Provided that detailed local
meteorological information and source emission strengths are
continuously available, such models can predict reasonable well, within
a factor of 2 or 3, deposition rates of contaminants on a monthly or
yearly basis.

In contrast to offshore transport, long range transport
(> 100-1000 km) involves mechanisms that incorporate chemical
substances into the upper troposphere. The air parcel eventually
undergoes large-scale descent and again becomes incorporated into the
boundary layer. During ascent, interactions with cloud and rain
droplets can chemically and physically alter, effectively remove and
vertically displace some of the trace constituents. Such interactions
are extremely complex and still little understood, and models capable
of describing the complete three-dimensional picture of
emission/deposition had not been developed. Nevertheless, recent
advances in computer techniques have allowed the development of a
number of methods which can be applied in evaluating transport to the
ocean (Eliassen, 1978).

A recent promising method for interpreting long-range transport
is the use of air trajectory models. The construction of atmospheric
trajectories has been a useful tool in meteorology for decades.
Computer techniques now permit the routine computation of numerous
trajectories to relate pollution movement forward in time from sources
of emissions and also backward in time from sampling arrays. They can
be constructed using several techniques based on pressure and
temperature fields and observed wind fields (Miller 1981; Wilson et al
1982; Miller and Harris 1985). When calculated over a period of a
number of years, trajectories are extremely useful to describe
long-range flow climatology and to characterize year to year variations.

When combined with chemical measurements, the use of
trajectories provides a means to identify the source region of
materials being investigated. For example, together with daily
chemical measurements from ships, backward trajectories have been
recently used over the Mediterranean Sea (Arnold et al., 1982; Chester
et al., 1984). Such an approach has resulted in a qualitative
evaluation of the transport and has helped to understand the observed
day-to-day variations of concentrations and deposition which appear to
be significant over the Mediterranean Sea. For example, during the
PHYCEMED I cruise (1981), high atmospheric concentrations of metals
associated with silicate dust from soil erosion have been related to an
episode of fast transport, less than three days, of soil-derived
aerosols from North Africa. During that period, the first day showed
the highest concentrations of metals such as lead, likely due to the
passage of the air parcel over the Barcelona region {Arnold et al.,
1982).
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In recent years, simplified linear dispersion models have been
developed in order to estimate long term (annual or seasonal)
depositiorn patterns of sulfur in Europe (Eliassen, 1978) and in North
America (Young, 1982). For example, the EMEP study in Europe used a
simple trajectory model with constant mixing height. The results from
model rune covering a two year period showed that average
concentrations of sulfur dioxide and particulate sulfate are predicted
reasonaiiy well (Eliassen and Saltbones, 1982). The calculations are
based on emission data for 150 by 150 km squares and air trajectories
followed for 96 h a:riving at the center of all grid elements every 6
h. Results of such calculations were then compared with measurements
at 70 stations throughout Europe. Such calculations have confirmed
that, in most countries in Europe, the deposition of sulfur due to
foreign sources represents an important contribution to the total
deposition. This model has been applied recentiy with some success to
understand the transport of trace metals to southern Norway (Pacyna et
al., 1984).

2.1.2 Deposition
There are two basic processes by which contaminants enter the ocean
from the atmosphere: dry deposition and wet deposition. Both processes are

poorly understood (NAS, 1978; Liss and Slinn, 1983).

a. Wet Deposition

Collection of precipitation samples which are representative of
trace quantities of contaminants over the ocean is often quite
difficult. To distinguish wet from dry deposition, wet—-only sampling
is required, i.e. sampling only when rain is actually falling. Wet
only sampling includes both the rainout (within-cloud scavenging) and
wasFout (below-cloud scavenging) components of wet deposition. In
recent years, specific protocols have been developed to insure that
sampies are rot contaminated during the collection process. In fact
the type of collector, period of sampling. and handiing procedures may
have a significant impact on the quality of the data (WMO 1983).

Washout factors, or scavenging ratios, are often used to relate
atmospheric concentrations of substances present in aerosols or in the
gas phase to their concentrations in rain. Washout factors have been
defined in several ways, but all involve a ratio of the rain
concentration to the atmospheric concentration of the substance of
interest. A detailed review of washout factors and precipitation
scavenging is presented by Slinn (13983). COCnce the relationship between
the concentration of substance M in the air and in the precipitation
has been established, one can utilize its atmospheric concentration of
M, which can usually be more easily and accurately determined, to
predict the concentration in precipitation.

The use of washout factors to calculate deposition rates of
substances implicitly assumes that the concentrations in rain and air
are linearly related. However, it is very difficult, if not
impossible, to rigorously test the significance of this relationship.
Problems arise because of possible differences in the removal
eificiency of particles as a function of chemical composition and rain
droplet size. Rain concentrations represent an integrated removal
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thoughout the atmospheric column through which the rain is falling,
while the air concentration is determined only at the surface. Thus
substances with different vertical concentration profiles but similar
surface air concentrations might have very different washout factors.
For gases, it must be assumed that vapor phase equilibrium with the
rain is attained rapidly.

An additional problem faced in truly remote regions is that it
may take many hours, occasionally even days, to collect an aerosol
particle or gas sample large enough to analyze for many substances,
whereas the rain sample may be collected over a period of minutes to
hours. Thus the true atmospheric concentration, even at the surface,
appropriate to the washout factor calculation may not really be known.
Washout factors for gases vary greatly depending on the Henry's Law
Constant for the gas, since

Cr = CaH (1)
where Cr 1s the concentration in rain ‘
Ca is the vapor concentration in air, and
H is the Henry's Law Constant.
Only a set of carefully collected rain and air samples should be
utilized to determine appropriate values for washout factors for

contaminants of interest at each sampling site.

b. Dry Deposition

(1) Aerosols

The dry deposition of aerosol particles to the ocean surface
refers to all deposition processes except precipitation. It is often
estimated by utilizing the dry deposition velocity, vgs., given by

where vg4 is the dry deposition velocity
F is the flux of particles to the surface, and
M is the atmospheric concentration.

Direct measurements of the dry deposition of trace substances on
aerosol particles to the ocean surface are not technically feasible at
present. One method for obtaining reasonably accurate estimates of dry
deposition is the use of available models of dry deposition to a water
surface as a function of particle size (Slinn, 1980 and 1981; Williams,
1982; Slinn, 1983). However, the use of such models requires an
accurate measurement of the mass-size distribution of the trace
metals. In addition, dry deposition velocities depend markedly upon .
particle size, relative humidity and wind speed.
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how seasonal changes in wind flow patterns or particle production
processes will affect atmospheric metal concentrations at the marine
location. Even taking these factors into consideration, significant
problems remain. In the marine environment, the gross deposition of a
metal to the ocean is composed of a net input as well as a component
associated with recycled sea spray. The importance of the atmosphere
as a transport path for material from the continents to the ocean can
only be assessed accurately if the relative contributions of the net
and recycled components can be distinguished (Arimoto et al., 1985;
Jickels et al., 1984; Settle and Patterson, 1982). There is strong
evidence that atmospheric sea salt particles produced by bubbles
bursting at the sea surface contain many metals in concentrations
considerably higher than would be expected on the basis of the
metal-to-sodium ratio of near-surface water. It is apparent that some
fraction of these metals is associated with surface active organic
material and is scavenged by the raising bubbles and concentrated on
the sea salt particles produced from a very thin layer of the air/sea
interface when the bubbles burst (Weisel et al., 1984). If this
fractionation is not taken into account, the calculated net deposition
to the ocean will be anomalously high,

More sophisticated techniques for accurately evaluating this
recycled fraction must be developed. Future work should focus in two
areas: a) the use of adequate tracers (stable or radioactive) during
field measurements; and b) an improvement of our knowledge of
metal/Na ratios as a function of sea-salt particle size through
carefully designed in situ or laboratory experiments.

2.2 Sea-Surface Microlayer

The sea-surface microlayer represents the thin water layer at
the air-sea interface, where accumulations of material, living and
dead, can occur. A detailed description of processes occurring in the
microlayer is given in GESAMP Reports and Studies No. 13 (GESAMP,
1980). The thickness of the microlayer is usually defined
operationally, 1i.e., it is dependent on the technique used to sample
the microlayer and may range from 1 nm to 1000 pm. Therefore, it is
important to compare concentrations of materials in the microlayer from
one set of observations with another only when the same technique of
sampling has been used. The microlayer is the site of accumulation of
oil films, both natural and man-made. Secretions of organisms
contribute to the natural films, while introduction of petroleum
hydrocarbons from deliberate or accidental spills usually contribute to
the man-made films. Oil films are capable of concentrating various
lipophilic organic substances, such as organohalogen compounds, as well
as concentrating metals (see Table 1). Thus, in the context of air-sea
exchange of contaminants, the microlayer represents the location where
there is a holdup, or discontinuity, in the transfer process. The
extent of this holdup is determined by the residence time of a
particular material in the microlayer.
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Model calculations of dry depozition have been rather successful
for sea-salt aeroscl particles, provided exbtreme care was taken to
obtain air samples that represent the :ircve sea-salt particle mass and
size distributions (McDornald et al., 15G2). Acceptably accurate size
distributions for sea-salt aerosol particles can be deduced from the
use of high-volume cascade impactors, wien proper corrections are made
for par:iclelloss in the largest size range. The situation 1s even
worse for trace elements such as Pk, As and Cd because a major fraction
of the mass of these elements occurs on particles less than 0.25 um
radius., and cascade impactors currently in use do not separate
particles below that size range.

Unfortunately technigues are not yet zvailable to measure
directly gas fluxes across the air/ssza interface. Fluxes nust be
estimated by use of gas ezchange wodels. Liss (1973) has reviewed the
process of gas exchange a2cross the air/sea interface. In a two-layer
boundary system at an air/water interface the f£lux of any gas through
each boundary layer 1s given by:

F = K Covernnnoncnnnnennanaanaa(3)
where F is the flux
¢ is the concentration difference across the particular layer

k is the corresponding transfer velocity.

As Liss (19732) points out, k degeﬁds cn many factors, including
the degree of mixing of the water and zir and the chemical reactivity
of the gas. The reciprocsl of k is often called the resistance, r, and
is a measure of the "resistance" of the gas to transfer. It has units
of sec/cm. The total resistance to the exchange of any gas will be the
sum of the resistance in the gas and liguid phase laminar lavers.
Surface contamination, such as an oil film, would contribute to the
resistance :n the liquid phase.

3

o

The exchange of gases which are not particularly soluble in
water, e.g. N2, 0., CO., and the inert gases is largely
controlled by the resistance in th2 liguid phase. This group includes
a number of synthetic organic compounds. On the other hand, the
exchange of such very soluble gases as 1.0, S0., HNO:, ECl, etc.
is controlled by resistance in thes gas-phase laminar layer. This class
of compound is often quite reactive in the agueous phase.

c. Complications in Wet and Dry Flux Determinations

While an accurate measurement of the concentration in rain and
dry deposition is a necessary first step in evaluating fluxes of
substances to the ocean, it is not sufficient in itself. Let us take
trace metals as an example. The total amount of rainfall in the period
of interest, per year for example, must be known. Potential problems
arise concerning variability of rainfall amount and intensity with
season and how this will affect the metal concentrations, as well as
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In comparison with the other mavine interfaces, the transit time
for most contaminants acrcss the eir-san boundary is relatively short.
The estimated residence timc for water wettable particulate trace
metals is about 2 seconds. On the other hand, when the trace metal
particulates are surface stahilimed by less wettable organic coatings,
the particles have estimated residence Limes in a 50-micrometer thick
sea surface laver of from 1 to 30 minutes (Hunter, 1979). Pattenden
et al. (1981) postulated that the residence time for most heavy metals
was 5-20 minutes in a microlayer of 1 micrometer thickness. Hardy
(1984) predicts residence times in 2 calm sea surface layer (50
micrometers) of from 3.5 to 15 hours, increasing through the series Ag,
Zn, ¥n, Pb, Cu and Ni, while with a % m/s” ' wind the residence time

varied from 1.5 to 8.5 hours.

Various forms of microorganisms, plants and animals, are
associated with the microlayer and are collectively termed neuston.
They consist of bacterioneuston, phytoneuston and zooneuston. Like the
nor~living organic and inorgenic matter, neuston organisms concentrate
in and near the microlayzr. Thesc organisms are enriched in the
microlayer, compared to the seawater only a few cm below, by factors of
10% - 10* for bacterioneuston, 1 - 10? for phyteneuston and 1 -

10 for zooneuston (Hardy, 19823). Neuston organisms engage in various
processes, which undoubtedly affect the transfer of substances between
the atmosphere and the sea. Thes=2 include biodegradation,
biotransformation, bioaccumulation, exudate release, defecation,
photosynthesis, predation and diurnal vertical migration. There are
few guantitative data on the effects of the foregoing processes on
air-sea exchange of pollutants and other substances. These effects
probably vary with the physical and chemical characteristics of a
particular marine area.

How the sea-surface microlayer affects air-sea transfer of
pollutants in the Mediterranean is unknown, but it is expected to be
rather small in relation to other processes invelved in air-sea
exchange for water-wettable species. Under guisscent conditions
oleophilic pollutants may have a sufficient residence time in organic
films at the air-sea boundary for bioaccumulation by neustonic
organisms.

2.3 Aercbiological Involvement in Atmospheric Contaminant Transport

A general review of biological involvement in air—-sea exchange
was given in GESAMP Reports and Studies No, 13, Section 4 (GESAMP,
1980). The introductory paragraph to that section bears repeating here:

"Marine plants and animals may be involved in the exchange of
pollutants between the atwmosphere and the sea in a number of
significant ways: (a) excrete oily svbstances, which form a film on
the sea surface and alter air-sea exchange; (b) release substances that
enter the atmosphere; (c) bioconcentrate certain substances entering
the sea from the atmosphere and *biomagnifly these through the food
chain: (d) *acute toxicity or sub-lethal effect to organisms in the

(* The present group considered these statements questionable for
certain contaminants)
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Table 1. Concentrations of different consituents and enrichment factors in the
microlayer
Pollutant Microlayer Enrichment Region Reference o
Concentration® Factor®
Metals ‘
Ni 0.4 3+ 36 ug 17} -0.6 4+ 12.3 North Sea Hunter, 1980
Cu 0.44+ 5.3 ug 17!} -0.1 + 4.3 North Sea Hunter, 1980
0.1+ 0.5 ug 17! -0.5 + 48 North Atlantic Quinn & Wade, 1972
Zn 24 13.2 ug 1°° 0.4 + 2.2 North Sea Hunter, 1980
cd 60+ 920 ng 17! -0.6 +6 North Sea Hunter, 1980
Hg 16+ 93 ng 17! -0.6 +3.4 NE Pacific Williams et al., 1974
Pb  1.54 10.7 ug 1°* 0.1 3+ 2.4 North Sea Hunter, 1980 '
21°ppb 434 169 fCi 17! 1.3 3+ 4.8 Mediterranean Heyraud & Cherry, 1983
27 + 188 fci 17} 0.9 +7.3 Vineyard Sound, Bacon & Elzerman, 1980
usa
1% 38 + 225 fCi 17° 1.7 +7.4 Mediterranean Heyraud & Cherry, 1983
45 + 234 fCi 17! 0.4 +6.4 Vineyard Sound, Bacon & Elzerman, 1980
usa
PCB 31 3 42 ng 17! 23 + 43 Mediterranean  Burns & Villeneuve, 1983
3.8+ 26 ng 17! 3 4463 Sargasso Sea Bidleman & Olney, 1974
5.2+ 6.2 ng 17! -0.1+ 0.3 N. Pacific Williams & Robertson,j974
p.p' DDT 0.2 3+ 2.1 ng 17} 0.3 £+13 Sargasso Sea Bidleman & Olney, 197,
o,p DDT 0+ 0.3 ng 1°* 0 +5 Sargasso Sea Bidleman & Olney, 1974
HCB 2.5 3 3.2 ng 17! 2.7+ 4.4 Mediterranean Burns & Villeneuve, 1982
Lindane 2 3+ 4.4 ng 17! 3.14 6.7 Mediterranean Burns & Villeneuve,'1983
Hydrocarbons
n-Alkanes 0.2 & 13.3 ugl'l -1+ 266 Mediterranean Saliot & Marty, in press
non-aro-
matic 1.9 ¢+ 34.2 ug 17! Mediterranean Saliot & Marty, in press
aromatic 49 + 165 ng 17! -0.56 + 3.59 Mediterranean Saliot & Marty, in press
a. All samples were collected with a screen.

Numbers listed are rounded for uniformity, whereas the original data are often
given to greater precision.

b. The Enrichment Factor is calculated from

{(concentration in the microlayer)

(conc.

Negative values mean that depletions in the microlayer have occurred.

R R T T

in the subsurface water)
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surface microlayer from substances inbradu ed through the zea to the
atmosphere; (e) microorganlsms may Lo concentrated in the surface

microlayer and projected into the atmcoohere by bursting bubbles, or
transferrcd frow the sea surface to the overlying air by wind spray”

With respect to atmospheric contamlnant transport, the most
gignificant bi olowlc 1 involvement stems froc the injection of
) > from the sca. The greatesi concern
Lansmibiel by wind transport of pothogenic
ja-pollufed sea areas to humens on the
trations of differ=znt

micrcorganier
arises from
bacteria and
seashorae
organisi
regions

5 fron se
rther inland, Date on concs
crolayer and enrichment factors ths :in for varioug
are given in Table 2. Thers are comparatively few
data cn g : wme of microorganisms in the microlayer £ the
Mediterranean, and no known dﬁr> are available on the corncentrations of
guch o0« 1 their metabolites in the atmospherc over tie
Maditeorrancan or over adjacent land.

il

)

2.4 Review of scme Mnisting Progra on Air-Sea Chemical Exchange

The growing awareness of the importance of the atmosphors as a
transport path for hoth natura] and pollution derived substances to the
ocean has led to censiderably increased research efforts in thas past
5-10 ye}rsa of importance have been several large scale
1pli te air/sea

interd: often internatieonal, efforts to evalua
excnange A e Geographical areas covercd by these
research prog: . e from the open Pacific Oceazn to the western

Atlant;c and 'hﬁ Nu;\h +d Rsltic Seas. Technmiques of sampling,
analysis end guality cor. rtol for cach programme are reviewed 1n
relevant documents repor ng results of each {e.g. Arimoto et al, 1985,
for the SFAREZ programme . rief descriptions cof soume of these

programmes follow:

2.4.1 The Sea/Air Exchange Program (SFANTX)

The objectives of SEAREX are as follows:

Sources: To identify the sources of the substances found in the marine
atmosphere over the Pacific Ocean.

Transport: To investigate the meteorolcgical processes that contro:
the transport of materials from continental sources to the ocean and to
model these proces

Fluzes: To investigate the mechenisms of exchange of these substances
across the sea/air interface, to measure the net deposition of these
substances to the ocean, and tc assess the impact of atmos pheric fluxes
on marine chemical cycles.

To accomplish these objectives quantitative measurements have
been made for selected species in the atmosphere and precipitation:
trace elements (e.g., Pb, Cd, Zn, Se, Sb, Cu, Fe, Mn, Hg, Ag., V, B,
etc.); alkali and alkaline earth metals; soil dast and mineral aerosol;
'%ph and its daughter “1%pg: €0%: NO3: the halogens; sea
salt: ozone; particulate organic carbon; a number of organic compounds.,
particularly PCB's, DDT, HUB, and other heavy chleorinated hydrocarbons;
aliphatic hydrocarbons; phthalate plasticizers; fatty acids; fatty and
steroidal alcohols; and wax esters. Standard meterological varisbles
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are measured. Both particulate and vapor phase samples are collected
for all organic substances, halogens, boron, mercury, and selemium.
Bulk filtratien and size separation hy cascade impactors are used for
particulate matter.

Several institubions in . United States, France &nd Great
Britain have been involved in a series of closely coordinated field
experiments and individual .o.ouratory studies since 1977.

-+
=
]

n
®
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T

noriments fall basically into two

s, wheve estimates of the atmos spine

i chemical subistanczs to the ocean
atmospheric concentrations, and
deposition samples and (D) Source

¢ investigated as a source. for these
substunc s through & bubble brezking process. Vegetation. soil
epissions, pnilution, ete., bave also been investigated as sources for
these substances in the remote marine atimosphere.
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SEAREY was designed to investigate ailr/sea xchange of chemical
substances in the Pacific Ccean region: experimants were plannéd for
ecach of tho {four major tropical and temperate surface-level wind
regimes i.e., the North Pacific tradewvinds (Eacwetak Atoll, 1878), thz
South Pacific tradeuinds {American Samoa, 1981), the South-Pacific
westerlies (New Zealand. 3983), and the North Pacific westerlies

(research cruise at 35°-40°N, 170°W, 1986).

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

SEARI™ has a continucusly operating network of 13 island
stations in the North and South Pacific vhich are manned by local
personnel. Samples are analyzed for mineral serosel, sulfate, nitrate,
sea salt, °'°Pb, and selenium.

2.4.2 The Western Atlantic Ocean Experiment (WATOX)

The Vestern Atlantic Ocean FExperiment (WATOX) is designed to
determine the magnitude and fate of selected sulfur, nitrogen, metal
and organic compounds that are advected castward from Horth America.
This program hez two phases: long-term znd intensive. The long-term
phase began collecting data in 1980 on +he composition of wet
deposition at Lewes, Delaware and Bermuda. These data are used to
calculate rates of wet deposition and to track air masses from Nerth
America. As a supplemsnt to the long-tewm program, intensives are held
during selected period to investigate the processes that control the
transport, transformation and deposition of materials to the Weshtern
Atlantic Ocean. During intensives, which last 1-4 weeks,
instrumwentation 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 WATOXY scientists. To date, there have been threc intensives.
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The first two intensives occurred in October 1982 and February
1983. Their objectives were to investigate the changes that occurred
in the composition of air parcels during transit from North America to
Bermuda. 1In addition to the long-term measurements of wet deposition,
scientists measured the concentrations of trace gas and aerosol species
at Lewes, Delaware and High Point, Bermuda. The third intensive used a
ship (MV Oceanic) to sample gases and aerosols between North America
and Bermuda in support of the above objective and to test new shipboard
precipitation-collection devices.

The above intensives sampled air in the marine boundary layer
during transport from North America to Bermuda. Obvious limitations of
this approach were that Lewes, Delaware and Bermuda may not be
representative of the North American East Coast and the Western
Atlantic Ocean respectively, and that measurements at sea level give no
information about upper-air transport. Therefore, the fourth intensive
was designed with these limitations in mind. In addition to the
ground-level sampling of gases and aerosols at Lewes, Delaware and High
Point, Bermuda, the NOAA research aircraft will be used to sample
atmospheric gases and aerosols as a function of altitude and latitude
during frontal passages between North America and Bermuda.

Future studies under WATOX will include continued measurements
at the two sites, a special field study employing aircraft in 1985 and
1986 and an analysis of all the data using an atmospheric transport
model.

2.4.3 Studies in the Baltic Sea Area

Preliminary studies and estimates of atmospheric input of
contaminants to the Baltic Sea made in the 1970s by some natiocnal
institutions of the Baltic Sea area showed that this input was
comparable to the contaminant input by rivers or with domestic and
industrial waste discharges. This referred especially to many heavy
metals, some inorganic non-metals (e.g. nitrogen compounds),
organochlorines (DDT, PCB) and some radionuclides.

To initiate joint studies in this field, the Baltic Marine
Environment Protection Commission (Helsinki Commission = HELCOM)
established an Ad Hoc group of experts nominated by countries to
review, plan and coordinate the activities on air-borne pollution
research and monitoring. In 1982 the group prepared a status report
and preliminary proposals for a future monitoring programme, based on
information provided by countries. About 20 stations were reported as
operational or planned for air pollution monitoring.

The outcome of the Seminar on the Investigation of Airborne
Pollution of the Baltic Sea (Tallinn, USSR, 21-25 September 1983)
served as a basis for the first meeting of the Ad Hoc group of Experts
on Airborne Pollution (EGAP) held in September 1984, which considered
the status report on national monitoring and research activities and a
compilation of atmospheric and precipitation concentration data and
estimation of wet and dry depositions to the Baltic Sea prepared on the
basis of data submitted by the countries.




The proposals for the airborne pollution monitoring programmue
within the Baltic Sea area developed by LGAP included the following
recommendations: :

- to initiate the programme in January 1985 in all Baltic
countries;

- to include in the national measurement programmes the following
parameters: NO3, NH:, Pb, Cd, Cu.,Zn, S05°,
Na and Mg in precipitation; NO. and SO. in the air and
HNO, ,NO;, NHs,NH;, Pb, Cu,Zn, SOi~, Na and Mg
in aerosols;

- " to prepare {(by January 1385) a list of institutes, laboratoraies
and monitoring stations participating in the programme;

- to use as far as reasonable the existing WMO-BaPMoN and ECE-EMEP
stations in coastal areas;

- to use research vessels and submit the information on such
cruises to the Secretariat;

- to report data on a monthly basis in accordance with a special
data reporting format which includes information on the results
of concentration measurements, sampling time, monitoring site
characteristics, meteorological conditions (precipitation
amount, temperature, wind speed and direction etc.), brief
description of sampling and analytical methods.

As far as intercomparisons and intercalibrations of sampling and

"analytical methods are concerned, it was recommended that such

exercises be carried out in a host country (starting with Sweden in
1985). The different sampling equipment should be installed at one
station in the host country and each participating laboratory would
analyse samples using its own equipment. The sampling time and
equipment wculd be analogous to those used in the monitoring

programme. The priority should be given to the sampling procedures for
heavy metals. For the intercalibration of analytical procedures
artificial rain samples prepared by WMO, IAFA or by a lead country
should be uced. The information on airborne pollution would be derived
from national annual data reports, including monthly mean values. The
information would be used for constructing annual deposition fields fo=x
the Baltic Sea area and for assessing the total airborne load of
pollutants (in tons/year) for different sub-areas of the Baltic Sea.’

The aznnual data reports would be sent to the Secretariat not
later than 1 May of the following year. The generalized annual
reports, as well as additional inform=tion on monitoring and research
activities, would be regularly considered by the
Scientific-Technological Committee and presented to the contracting
parties.

It is also envisaged that backward trajectories would be
constructed for some monitoring stations by the Meteorological
Synthesizing Centres of the Co-operative Programme for the Monitoring
and Evaluation of the Long-Range Tranzmission of Air Pollutants in
Eurcpe (EMEP).
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2.4.4 Studies in the North Sea Area

A number of research programmes on atmospheric input of
pollutants into the North Sea were carried out in the 1970s. For
compiling pollutant input data, the Working Group on Pollution Baseline
and Monitoring Studies of the International Council for the Exploration
of the Sea (ICES) developed an Inputs Questionnaire in which countries
bordering the North Sea were asked to provide information on inputs of
major pollutants including domestic sewage, industrial effluents, and
those from river run-off, ocean dumping and the atmosphere. Summaries
of the results of these investigations were published by ICES (1978).

At the present time, ICES does not have a co-ordinated
international programme on air-borne pollution of the North Sea,
although some work in this field is carried out by the ICES Marine
Chemistry Working Group.

Some co-ordination of national programmes on monitoring of
airborne pollution of the North Sea was organized by the Paris
Commission through its Working Group on the Atmospheric Input of
Pollutants to Convention Waters.

The most comprehensive and up-to-date assessments of the
pollution of the North Sea from the atmosphere were prepared by the
Netherlands Organization for Applied Scientific Research - TNO (Aalst,
R.M. van et al 1982).

The recommendations for further research made in the report
include the following:

- measurements of the concentrations of relevant compounds in the
air and the flux of dry deposition over the North Sea depending

on meteorological conditions;

- determination of the distribution coefficient of organic
compounds between air and North Sea water;

- measurements of the concentrations in rainwater collected in
wet-only collectors in the North Sea area;

- calculations of contributions of source categories and source
areas to the concentration and deposition over the North Sea, by

means of dispersion modelling:

- implementation of a feasibility study for the application of
models for similar calculations for the wet deposition; and

- further study of the pollution via non-atmospheric routes.

2.4.5 Studies in the Mediterranean Area

The Long-term Programme for Pollution Monitoring and Research
(MED POL - Phase-II) of UNEP's Mediterranean Action Plan endorsed at
the Second meeting of the Contracting Parties to the Convention for the
Protection of the Mediterranean Sea against Pollution (Cannes, 1981)
includes monitoring of the transport of pollutants into the
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Mediterranean Sea through the atmosphere and research and studies on
pollutant- transfer procasces at air/sea interface. The purpose of the
monitoring is to establush the input (flux) of pollutants into the
Mediterrancan Sea through the atmosphere and thus to provide additionai
information on the polluticn load reaching the Mediterranean Sea. The
monitoring should be based on the work of national research centres and
include- '

- areas direct’y influenced by identifiable sources of air
pcliution an.

- reference areas nct directly influenced by ident.ifiable sources
of air pollution.

The Contracting Parties decided to censider the first phase of
this monitoring as research activity and to assess the possibility of
using the existing WMO's Background Air Pollution Monitoring Network
(BAPMoM) stations as the basis on which to begin the monitoring.

The research aoctivities are aimed at investigating the role and
importance of the atmogpheric transport in the cycles of pollutants,
elucidating the transport mechanisms and the flow of pollutants across
the air/sea interface, at developing models of transport processes
towards and into the Mediterranean Sea, sampling and analytical
techniques and at establishing an operational core network of
monitoring stations.

Apart from the work carried out by the INTERPOLL W.G. and as a
part of research activities on pollutant-transfer processes at air/sea
interface (reports of IV and V meetings of the Working Group), several
projects were implemented by Mediterranean research centres and outside
consultants.

The Meteoroloagical Observatory, Milan, Italy, developed a
computational method for monitoring the atmospheric transport of
pollutants to the Mediterranean Sea. The method was applied to the Po
and Tibar valleys and showed good agreement with the available
experimental data. Later on, this cheervatory developed an evaluation
model of the transport of heavy metals: deposition and net f£lux of
cadmium across the Ttalian coasts and calculated Cd emissions,
concentrations in air, depositions and fluxes crossing the Italian
coasts from domestic sources {Clerici, in press). 2An extension of this
moilel to take into consideration fluxes of Pb, Al, Hg across the
Ttalian coasts and an inventory of sources of these pollutants in Italy
is being considered.

The Institute of Geology and Geophysics, Naples, Italy.
estimatel the atmospheric input of come heavy metals to the Bay of
Naples and difiusive models were set up 1in order to evaluate the
surface distribution of these substances over the whole bay on the
basis of observaticns made along the coast. The experimental data
showed the highest values for Fe, followed by Zn, Pb, Cu and Cd
{Palumbo et al., 1985).

The Federal Hydrometeorological Institute, Belgrade, Yugosiavia,
is implementing a preliminary study of potential long-range cadmium
transport from major ideuntified sources in Lurope into the
Mediterranean reglon.
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A draft of the reference method '"Sampling of aerosols and wet
precipitation for analysis of chemical pollutants" was prepared by IAEA
on the basis of the "WMO International Operations Handbook for
Measurement of Background Atmospheric Pollution" (WMO, 1978). The
method is under review for its publication in the UNEP series on
Reference Methods for Marine Pollution Studies. 1/

Negotiations with countries participating in BAPMoN have
resulted in identifying three stations to serve also MED POL purposes:
Carpentras (France), Messina (Italy) and Zavizan (Yugoslavia), the
latter having been integrated in the Yugoslav National Monitoring
Programme. An agreement was reached between WMO and IAEA that IAEA's
laboratories in Vienna will analyze filter and precipitation samples
for cadmium and mercury from all MED POL stations. Two of the stations
mentioned above are now operational and it is expected that in the near
future Greece, Turkey and Algeria will also join in the monitoring
network through WMO.

Programme on Physics and Chemistry of the Mediterranean Sea (PHYCEMED)

The PHYCEMED is a joint Research Programme organized by IFREMER,
FRANCE in collaboration with CNRS, France and French Universities. The
major goal of this programme is the understanding of the physical,
chemical and biological processes which control the air-sea exchange of
contaminants and their transfer in the water column and to the
sediments of the Mediterranean Sea. Scientists from France, Spain,
Tunisia, Yugoslavia and the United Kingdom have already participated in
this program. Two cruises have taken place, mostly in the Western
Basin, in 1981 and 1983. Eight pre-selected water-sampling stations
have been visited twice and will be visited in the future.
Contaminants being investigated include heavy metals (Pb, Cd, As, Hg,
Cu, Tn) and organic compounds. Work related to the evaluation of the
atmospheric input of these substances has been undertaken by Université
Pierre et Marie Curie (Organic Compounds) and the Centre des Faibles
Radioactivités (Heavy Metals) and is summarized in section 3.1. The
programme of the latter Institute is also a part of the MED POL - Phase
IT Research Activities and a detailed report of the results will be
available in 1986.

Eastern Atlantic and Mediterranean Transport Experiment

An expert meeting was organized by WMO, UNEP and some Spanish
agencies in Madrid, Spain, in December 1984, to elaborate the programme
of the "Eastern Atlantic and Mediterranean Transport Experiment”
(EAMTEAX) aimed at in situ measuring the background composition of the
atmosphere which will be used for assessing the long-range atmospheric
transport of trace substances to the Mediterranean Sea. Aircrafts
provided by the Spanish Government and the BAPMoN baseline station
Izana, Tenerife, will be used at the experiment which should start in
1985.

1/ Published as UNEP/WMO/IAEA: Sampling of aerosols and wet precipitation
for analysis of chemical pollutants. Reference Methods for Marine
Pollution Studies no. 24 (draft), UNEP 1985.




3. PRESENT UNDERSTZNDING OF TRANZPONWT IN THE MED TERRANEAN
3.1 Levels of Atmospheric rnants over the Mediterranean

The Working Group reviewed the available data base on
atmospheric concentrazticns of conte minants over the Mediterranesan. One
very striking feature cof this data pase is that there is currently en
insufficient rnumber of measurements over time and space to allow f(r a
comprehensive assessment 0f atmosy aric contaminant concentrations in
this region. Most of these data derive from recent oceanographic
cruises, predominantly in the Western Mediterranean Bagin during the
PHYCFMED program. The most studied contaminants te date have been the
heavy meteals and metalloids, cuch as V, Cr, Mn, Cu, Zn, As, Se, Ag, Cd,
Sb, Hg, Au and Ph. An even more .Lin nited data base exists for orgsnic

13
SOl 239+2490
substances {(eg., PCBs) and artificial radionuclides (eq.., Puj .

Given the available data, the Working Group focused on the two
best studied elements (Phb and Cd) which originate in ]avgc vart fx
anthropogenic sgources. Tekle 3 presents a wuary of almo

and Cd concentrations over various regions of the Mediterranean.
Atmospheric concentrations span 2 orders of magnitude

variability being noted over very Chor+ time pericds (hours to days;
(Arnold et al., 1582}, ithin the Mediterrsncan, it ig apparent tha
Ph & Cd concentration in air are 5 -~ 10 times higher in densely
populated coastal regions than over open waters (Table 3). Recognizing
that the data from different regious were proi

N
apheric Fb

:

bly collected by
different techniques, with different levels of quality centrel in
sanpling and analysis, the Working Group ncted, nevertheless, that the
range of mean atmospheric and rain concentrations of Pb and C 1
Mediterranean are comparable with those over other ec'u.‘
as the Baltic and HNorth Seas (Table 4). These concentrata 101 &re an
order of magnitude greater than levels over the North Atlantic and up
to four orders of magnitude greater than concentraticns in remote
regions of the South Pacific (Table 4). Direct assessmen
atmogpheric deposition {(wet and dry) of cont aminants into the
Mediterranesn arc not pcesible, as there have been ver y few reliable
measurenents of contaminant levels in rain. Table 4 preszltﬂ a rough
estimate of total atmospheric depesition into the Mediterrancan based
on a total deposition velocity of 1 cm sec”' (Buat-Ménard and
Chesselet, 1972). Again it can be seen that the atmospheric flux of
contaminants does not differ appreciably betwszen the Mediterranean and
ther regioral seas around Europe, while Atlantic and Pacific
deposition are lower. As gemonstrated in other oceanic regions
(Buat-Menarc and Duce, 1985), rain can be expected to account for most
of the atmospheric depositicn into the Mediterranecan. Thug, seascnal
variation ir flux of contaminants intc the Mediterrvanean should occur,
with greater deposition occurring during rainy periods.

(,_4

The few meagurements of organlc substanc in Mediterranean air
that have been made suggest that the PCBs (chlovinated h”dFUudLbu"f
are lower than in North Seu air and comparable with open ccean reglons
of the Atlantic and Pacific (Table 5). By contrast, concentratiocns o’
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AIR

Samoa area

Tropical South Pacific 0.02

Enewetak

Tropical North Pacific  0.12

Hawaii

North Atlantic
Bermuda Area
Baltic Sea
North Sea

Mediterranean Sea

PRECIPITATION
Samoa '

Enewétak

Bermuda

Baltic Sea

North Sea
Mediterranean Sea

TOTAL DEPOSITION

Fnewetnk

North Atlantic
Baltic Sea

North Sea
Mediterranean Sea

Table 4. Atmospheric and precipitation concentrations of.
and flux data for, Pb and Cd in different regions
Pb Cd References

ng m

0.00C5
0.003
2 0.02
10 0.13
3 0.2
10-60 0.1-0.5
20-200 0.5-2.5
10-60 0.4-2.1
ug.l'1
0.007 0.002
0.023 0.0041
0.77 0.006
10-30 0.3
10-35 0.3-1.2
6-12 -
ng.cm_z.yr'1
7 0.35
310 5
400-1750 13-20
700-2600 20-85
300-1800 10-50

Duce, unpublished data
Patterson, unpublished data

Duce et al., (1383)

Settle and Patterson (1982)
and Hoffman et al., (1982)
Buat-Menard (1983)

Duce et al., (1976)

Rodhe et al., (1983)

Van Aalst et al. (1983}
Chester et al., (1981, 18%%)
Arnold et al., (1982)
Seghaier (1984)

Buat-Menard et al., unpub.

Duce et al., unpub. data
Settle et al., (1982)
Arimoto et al., (18895)
Settle et al., 1982)
Jickells et al., (1984)
Rodhe et al., (1980)

Van Aalst et al., (1983)
Buat-Menard et al., unpub.

Arimoto et al., (1985) and
Buat-Menard (1983)

Rodhe et al., (1980)

Van Aalst et al., (1983)
Calculated from Chester et
al., (1981, 1984), Arnold et
al., (1982), Buat-Menard et
al., unpub. data.
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n-alkanes, both in particulate and vapour phases, are substantially
higher than over the pacific (Table 5). The Working Group was not
aware of any measurements of organic contaminants in rain over the
Mediterranean.

In comparing total atmospheric input of metals into the
Mediterranean with riverine input, it 1is clear that the former is a
significant and major source of contaminants (Table 6). This is not to
say that the local impacts of riverine and atmospheric inputs are
comparable. Similar conclusions on atmospheric input were drawn from
studies in other regional seas (Rodhe et al., 1980; Aalst et al..,
1982). It is noteworthy that deposition of the transuranic elements
Gerived from atmospheric weapons tests over the FPacific is detectable
over the Mediterranean. Thus, very long range atmospheric transport of
contaminants clearly occurs over the Mediterranean. The association of
" metals and other contaminants with very fine aercsol particles (< 1
um), demonstrated in the Mediterranean (Seghaier, 1984) and elsewhere
(Duce et al., 1976), clearly indicates that these contaminants have
been transported over very long distances.

The Working Group also considered the question of short range
atmospheric transport of contaminants from local sources into coastal
regions. Certainly, the observation that air over coastal regions has
greater contaminant concentrations than open-ocean air (Table 3), even.
though the data were collected by different investigators by possibly
different techniques, suggests the possibility of enhanced atmospheric
deposition of these contaminants in coastal areas. Only three studies
in the Mediterranean region are known to focus on this problem.
Clerici (in press) calculated deposition of Cd around some large
industrial centers in Italy, and Palumbo and Iannibelli (1985) showed

that atmospheric deposition of Fe, Cu, Zn, Cd, and Pb was a major
contribucion to contamination in the Bay of Naplss. A third study on
the off-shore transport of heavy metals :mitted by the industrial area
of Fos sur Mer, France, is presently underway (Gamez and Berganetti,
personal communication).

3.2 Emissions

The Working Group reviewed the available data base on emissions
of atmospheric contaminants in the Mediterranean region and nearby
countries. This data base is non-existent for aany kind of contaminant
from the North African region, while for Europe, only a study applying
to metal emissions by country from the year 1379 (Pacyna et al, 1884)
was available (Tables 7 and 8). Inventories of organic substance
emissions into the atmosphere from European sources were unknown. The
values presented in Tables 7 and 8 represent indirect estimates of
metal emissions based on consumption data, evaluation of metal content
of raw materials, the physical/chemic~l properties of the metals,
technology of production, and the efficiency of emission control
devices (Pacyna et al, 1984). It should be noted that the most
accurate estimates are probably for Pb, Cd and 2s, while data for the
other metals warrant much further study. It 1is also noteworthy that,
in the context of modeling long-range atmospheric transport of these
contaminants, there is almost no available information on single large
sources. The estimated atmospheric deposition of Pb, Zn and Cr over
the Mediterranean (Table 6) represents about 5-20% of total European
emissions of these metals.
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Table 6. Comparison of Atmospheric and Riverine Inputs
into the Mediterranean Sea

Atmospheric Input y !

. . - -1
Riverine Input y "~ **#%%

Pb
Zn
Cr
Hg
137cs

238

Pu

238+240
Pu

241

Am

5000-30000 tons*

4000-25000 tons*

200- 1000 tons*

20- 100 tons*

980 Ci**
0.45 Cix*
20 Ci**
1.5 Ci**

2200- 3100 tons**%

11000-17000 tons***

350- 1900 tons***

30-

32

0.12

0.46

0.19

150 tong**%

Cixx

Ci*%x

Ci**

Ci¥%

data from Arnold et al. (1982);

Chester et al (1981, 1984)

*%  Fukai et

al, (1981)

*%% UNEP Rept No 32 (1384) .
****The riverine inputs are based on measurements of the
transport only.

Buat-Menard

et’ al (unpub. data);

dissolved-phase

Note: It should be noted that fallout nuclides can have long residence times
in drainage basins and therefore the riverine input may be more
sustained in the long term than the atmospheric input.
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Since some contaminants can originate from natural as well as
anthropogenic sources, the Working Group considered such natural
sources as volcanic activity, soil ernsion, and the ocean surface.
Studies of emissions from Mt. Etna indicate that volcanic activity may
be an important source of Se, Hg, As, and Cd for central and eastern
basins of the Mediterranean (Buat-ienard & Arnold, 1978; Martin et al.,
1984). Soil erosion can be a major source of metals in the atmosphere,
but is very episodic in nature.

The annual input from soil erosion, including the periodic but
pronounced dust storms bringing in Saharan dust, has not yet been
quantified. It is thought too that aerosol production from the ocean
surface may result in the recycling of certain pollutants (heavy
metals, radionuclides, bacteria, organic compounds); the importance of
this phenomenon has not been assessed for the Mediterranean. It should
" be pointed out that in coastal areas this phenomsnon might contribute
significantly to the atmospheric concentrations of these contaminants
under sea-breeze conditions.

3.3 Evaluation oprathways

3.3.1 Climatological studies

The Mediterranean region is known throughout the world for its
distinctive climate. It is used as the arch-typical example of the
subtropical summer-dry weather regime. Though parts of the region do
represent this type of climate, other areas in the north and west can
only be described as transitional zones between Mediterranean and
continental weather systems. In order to understand the transport of
chemical substances to the area from the major industrial
" anthropogenical and natural sources, the climatology and meteorolcgy o
the Mediterranean basin must be well understood.

European weather is dominated by two pressure systems - the
Tcelandic low and the Azores high. The intensity and movement of thes=z
systems northward and southward regulate the meteorology of the
continent. This produces an almost straight westerly flow of moist aic
off the Atlantic Ocean. At times such as the winter of 1985, the
Siberian anticyclone can move west and advect cold continental air ail
the way to the Atlantic. The Mediterranean Sea is on the southern
border area of this westerly flow and, because of its warm waters and
surrounding topography, causes a complex interaction that complicates
the meteorology in the area. This can be seen from the rainfall
patterns shown in Figures la and 1b. Additionally local winds affect
the transport of contaminants into the Mediterranean Sea and they have
to be considered in relation to the long- range transport. The western
part is also a major source area of cyclogenesis, particularly in the
winter (Figure 2).

Despite this complex situation, it is possible to point out two
areas mainly characterized by their precipitation patterns. These
regions are roughly: (1) The northern part of the western basin, (2)
the southern part of the western basin, and (3) the eastern part of the
Mediterranean sea. The question then arises as to how can we describe
atmospheric transport of centaminants under such complex conditions.
There are several ways to approach this problem, some of which are
discussed in the next sections.
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Fig. 1b. Mean monthly precipitation (mm) at Mediterranean Stations
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3.3.2 A comparison of Back Trajectories Climatologies

The possibility «f using back trajectories in the Mediterranean
area was first discussed at the GESAMP Working Group meeting 1in 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 .he Mediterranean Sea. This section will report the
preliminary results of the comparison. The two methods are
fundamentally diffe: nt.

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 (UT =
Universal Time) for standard pressure levels. For this study,
trajectories »f 10 days' duration are calculated at the 850-h Pa and
700-h Pa leveis of the atmospheric pressure from January 1975 to
December 1983. To characterize the western Mediterrnean, a point
(40°N, 6°E) 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 PHYCEMED 81 project.

The second method, described by Martin et al. (1984), 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 duratica.

The preliminary results show a good agreement between annual
percantages of occurrence for given sectors of both methods. Slight
difiarences were noted for the monthly variations, however considering
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
methods.

3.3.3 Analysis of back trajectories from the western Mediterranean

Trajectories for the nine-year period were classified using the
method 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 impossible; 6. Missing 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.
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Initially, one would expect a seasonal variation in the
trajectories however this is the western part of the region which, as
it was explained earlier, is an area of transition. Figure 5 shows the
West, North and South categories on a seasonal basis over the nine year
period. There is no obvious change from season to season. In
Figure 5, an increase in the number of southerly trajectories is
detectable in summer. With no seasonal variation of northerly flow,
pollutants can reach the western Mediterranean at all times of the
year, while the summer is the time when Saharian dust is transported to
the sea.

3.3.4 Analysis of back trajectories from the eastern Mediterranean

To characterize the transport to the eastern Mediterranean
Basin, a point (MED Point) at PLATANOS (Crete) has been chosen to
compute back trajectories climatology using the geopotential technique
(Martin et al 1984). This location was also the site of a field
experiment conducted during September 1983. Trajectories are
classified using a sectoring technique shown in Figure 6. There were
four different categories: 1. North: 339% of trajectories fall into
this category. It is the prevailing sector on an annual basis, and
represents the potential contributions coming from Greece, eastern
European countries including European part of the USSR. 2.
West/Northwest: 27% of the trajectories have this origin (Italy,
France, Britain and Spain). 3. East: 17% of the trajectories have an
origin to the east of the MED Point. 4. South: 16% of trajectories can
represent Saharan and North Africa contributions. Compared to the
western area, one can see marked seasonal variations (Figure 7): the
south sector has its maximum in March while the north sector has its
‘maximum (60%) during the summer months. .

A more detailed analysis of the results is planned in the future.

3.4 Modeiling the Fluxes of Air Contaminants into the Mediterranean
Sea

The simulation of the fluxes of air contaminants into the
Mediterranean Sea by means of a mathematical model is considered to be
an essential part of the study. This method makes it possible to
assess quantitatively the origin of a contaminant and to devise
abatement strategies for reducing the contamination of the sea.

At its fifth mecting (Athens, 1983) the Working Group discussed
the available modzl types, and their advantages and drawbacks relative
to the requirzments posed by the present program. It was recommended
that for long-range transport (distances on the order of a few thousand
kilometers) a Lagrangian, one layer, bhackward trajectory model should
be used. The use of smaller scale models in certain coastal regions,
where the contamination is likely to be high, was encouraged.

Following the Working Group discussions, wore detailed suggestions were
made on the long-range transport models (Klug, 1984) and they are
summarized here.

The model to be used for assessing air contamination fluxes into
the Mediterranean Sea must simulate quantitatively, on the basis of an
emission inventory and the pertinent meteorological data,
concentrations, wet and dry deposition values of a given contaminant at
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a specified receptor point as average values over a year or a season.
The output of the model will be and must be verified with measurements
at the same site.

Models differ in their structure according to the purpose of
their applicatimn. A model for long-term averages — for a year or a
season — has very olten a different and vsual'y a simpler structure
than a model wh’ ch is coustruc.ed to give hourly values of air quality
data. The 7-“ter is often called an episode modsl. Since it was
agreed that long-term averages are needed in this program, it was
suggested that the Langrangian form of a box model be used where the
box is moved with a representative wind (Eliassen, 19¢C}. It 1is
assumed that the contaminant is completely mixed within the boxz and
that the removal processes, dry and wet deposition, can be
parameterized by a dry deposition velocity and a wet scavenging
coefficient.

The Lagrangian rodels have the advantage of being easy to
understand in the physical properties and in the computing algo:ithm.
Also, with Lagrangian models the contribution of a certain emission
area to the concentrations and depositions at a specified receptor
point can easily be evaluated by constructing cnly those trajectories
arriving at this point. There is no need then to calculate transport
and diffusion over the vhole region as it is done with an Eulerian type
(grid) model.

It is therefore suggested that a one-layer Lagrangian backward
trajectory model be used. This model implies that for each of the
defined receptor points in the Mediterranean Sea and for each time
interval (say, 6 hrs) a trajectory is started from the receptor point
and followed backward in time until it has reached the boundary of the
emission inventory area. Then the calculation of the concentration
starts by picking up the emissions aleng the trajectory until the
receptor point is reached again. There exist a number of algorithms to
calculate the trajectories which are more or less straightforward.

Three sets of meteorological data are needed as model input:
(1) the wind field at a specified height; (2) the mixing height, which
is the height of the box; and (3) precipitation. Suggestions were made
by Klug (1984) on how these sets can be cobtained in a region which is
as data sparse as the Mediterranean Sea. A combination of observed
data with data obtained from a weather forecasting model seems most
appropriate.

As was mentioned earlier in this report, the values of the
parameters describing the removal processes of dry and wet deposition
are uncertain, even under ideal conditions. Furthermore, they were
derived as average values and cannot be applied to single events, there
they will vary over one order of magnitudes. The calculated values of
dry deposition at a fixed distance are not sensitive to the value of
the deposition velocity. If there is rapid deposition, then little
material reaches the site and is available to be deposited. On the
other hand, with slow deposition more material reaches the site, but
only a small part is deposited.

Before the model is used for regulatory decisions, it should be
verified at a number of observation stations.
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3.5 Summary of understanding of atmospheric contamination transport
to the Mediterranean Sea

There is no question that contaminants are being transported via
the atmosphare to the Mediterranean Sea. Both local sources near the
basin and cource areas up to thousands of kilometers away contribute to
the contamination of the atmosphere and the sea. At certain times,
natural waterials such as Saharan dust and volcanic emissions can be
important sources fcr some trace substances to the Mediterranean
region. With the r-:alization that atmospheric transport may be a major
pathway for many marine contaminants, it has become extremely important
for the countries that ring the Mediterranean to undersiand the
possible seriousness of the problem. To this end, the Working Group
reviewed current knowledge in the field of atmcsperic transport, with
special emphasis on the Mediterranean area. Much of the work in this
area is just beginning. The problem can be summarized by three
questions:

1. What is the present status of our understanding of atmospheric
contamination transport to the Mediterranean?

2. Where are the important contamination sources; are they close to
the Mediterranean or long distances away?

3. What are the major atmospheric pathways for contaminants
reaching the Mediterranean?

In answering the first question it has been shown that the
concentrations and depostions of certain atmospheric contaminants (e.g.
Pb and Cd) over the Mediterranean are comparable to those over the’
Baltic and the North seas. For Pb, Zn, Cu and Hg the atmospheric input
to the Mediterranean appears to be of the same order of magnitude as
the input from rivers. Though many more contaminants must be measured,
the initial evaluation leads to the conclusion that the Mediterranean
basin is being contaminated by atmospheric input.

The answer to the second question is less certain. It is
recognized how poorly the overall cortamination sources are known,
especially in the North African area. The pioneering work of Pacyna
et al (1984) needs to be continued and improved. The relative
importance of local versus long-distant sources is also still largely
unknown. The episodic emissions of natural sources such as soil dust
and volcanic material complicate the evaluation of sources.
Determination of the type, magnitude, and location of the atmospheric.
sources is a very critical aspect of evaluating the impact of the
atmosphere on Mediterranean marine contamination.

The last question bears on how well we understand the
meteorology of the Mediterranean region. As described above, the
Mediterranear. area has a very complex weather regime. Based on the
trajectory climatology, however, the following can be stated:

- Long-range contaminant flow from the north to the western
Mediterranean takes place at least 30% of the time, with no
detectable seasonal variation.

- Transport to the eastern Mediterranean is mainly from the north
and north west, where industrial sources could contribute to
contamination loadings.
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- Flow patterns vary significantly from year to year. From this
one can conclude that contaminant transport will change from
yea: to year.

Though some preliminavy statements can be made about atmospheric
transpert to the Mediterranean basin, considerable work is needed to
understand completsly this mitor envicvonmental problem. The following

i ! recommendations for future work.

section

pLes
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4.1  Introduction

The Wrrlking Group dizcussed how to approach the assessment of
the contributicn of atmospheric transport to tha total contamination
load of the lMeditecranesn Sea. The input of contaminants originating
: unoff has been documented for a number of substances.
ast in principle, this conteminant load iz under the direct
control of the riparian states. This is not the caze for the airborne
input of contaninants. Measurements in the Mediterranean region have
already shown some evidenze for long-range atmospheric trans.ort of
metals from diverse sources. Any strategy for abating containination in
the Mediterrancan region must take inbo account this contribution.

4.2 Choice of Pilot Contaminant

The Working Group ccncurred with the choice of cadmium as a
pilot contaminunt for the study of the atmospheric transfer of harmful
substances into the Mediterranean Sea (Reports of the 4th and 5th
sessions of the Working Group, Monaco, 1982 and Athens, 1983). The
Working CGroup considered recent research data and the desirsdility of
including other metals (Cu, Pb, Hgl and select organic contaminants in
future studies. The criteria for the selection of a pilot contaminant
are outlined below:

(a) I+ skould have land-based sources which ultimately should be
ident.ifiable and quantifiable.

(b) Its distribution ratio between the gaseous (vapor) and
particulate form should be known. It would be preferable if the
chosen contaminant did not have a significant gas (vapor) phase.

{c) Its known or anticipated concentration in the atmosphere and in
the surface waters should be within the sensitivity of
analytical techniques.

(d) Ideally, the substance chosen shculd be from ANNEX I of the
Protocol for the Protection of the Mediterranean Sea Against
Pollution from Land Based HSources.

(e) The concentration of the contaminant chosen for measurement
should be referenced to the concentration of a conservative
element of crustal origin and one of marine origin. (The
Working Group recommends Al as the most suitable element
assessing for crustal sources and Na assessing the contribution

«r

of sea-scurce aerosols to Cd recycling.)




4.3 Site Selection

The Tlorking Grouw concurrad with the criteria for choosing sites
for samplin . discusscd at 4th sassion of the Working Group. The
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The Working Croup considered that the following criteria are
essential in < ite selection

“ ’IJ
(

°s

(a) absence of loeal contaminaticn gources (industrial plants.
mining activitics, automobile traffic, major chipping lanes),

(b) Full ex ure to maritime air most of the time,

(c) Availability of power sources,

{d) Proximity of weather stations providing hasic meteorologicél
data,

{e) The number of locations of sites should conform with the

requirements of the transport nodels used.

The working G uo concluded that the following locations might
meet these criterla and thus warrant further investigation:

Eastern Menorca Island

Hestern Sardinia

Western Corsica

Western Sicily

Malta

Zalsynthas Island

Western Crete

Kazas Island

The project could be started on two or three operating stations
located among the above-mentioned possibilities. The Working Group wag
nmade aware of the initiation of a permanent campling program in

northwestern Corsica (automatic acrosol sampler and precipitation
collector) by the French (Buat-3 ‘enard, ).
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The Working Group also recognized the usefulness of additional
information on concentrations of contaminants in precipitation and
aerosols which could be obtained by use of some WMO Background Air
Pollution Monitoring Network (BAPMoN) stations in the region.

4.4 Sampling

The Workirg Group con..u-red the experience acquired during
international -ampling prog:as such as SEAREX and PHYCEMED as the
basis for a sampling protocol. Considering the nature of the proposed
project, some simplifications of the sampling procedures have been
recommended:

(a) Dry Deposition: Owirg to its complexity, direct measurements of
dry deposition should be eliminated. However, dry deposition
fluxes can be estimated using aerosol-collecting techn®ques with
size-separated aerosol collectors (cascade impactors) and
relevant deposition models. Since Cd concentrations in the
Mediterranean atmosphere appear to be in the range of 0.1 to 1
ng/m’, the sampling cduration with such a collection system
should be of the order of a week.

(b) Wet Deposition: The rain sampling should be on an event basis.
Owing to recent improvements in instrumentation, it is suggested
that a fully automatic device be employed (Duce et al, ).

(c) Air Filtration: It is also recommended that bulk air filtration

sampling on a short time scale (12-24 hours) should be
undertaken. This might enable the establishment of
relationships between atmospheric Cd concentrations and air mass
movements. Supplemental information of this kind should also be
obtained from shipboard air samples collected during
oceanographic cruises.

During sampling it is necessary that standard meteorological
data, such as wind speed and direction, air temperature and humidity.
sea state, and cloud cover be recorded.

On the bacis of the SEAREX experience, it 1is recommended that
the samplers be installed at least 10 m above ground level and as close
as possible to the shoreline. It is stressed that reliable data can
only be obtained if stringent precautions are taken against local
contamination during sampling and sample handling (WMO, 1978).

It is envisaged that such a project should be run continuously
for at least 2 years. The estimated number of samples could be about
400 per site and per year. This would ne-essitate cooperation among
laboratories capable of handling such a large number of samples.
Intercalibration exercises would be mandatory.

4.5 Analysis

For the analysis of trece metals, it is recommended that either
flameless atomic absorption spectrophotometry (FLAAS) or the
electrochemical technique of anodic stripping voltammetry (ASV) be
used. Both techniques have been developed, cach for a host of
elements, tc high degrees of sensitivity, precision, accuracy, and yet
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4.7 Climateological Studies

The V¢ Lk|rq Groun ennourages the meteorological investigations
of the Mediterranes . It pointed out *ha need for more detailed
g ob! height of the over the sea.
“uineces of back trajectories climatology was pointed
anded the further apclications of trajecuvery ’
sociate geochemical, diffusion, and
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In addition
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Back trajectories associated with geochemical analysis have an
important rol: to play in evaluating transport, and their use is
Le taken in interpreting thease

encouraged. However, ,re 2t care must

data berause of limitations of the back trajectory methods.

4.8 Modelling Trancport Processes Toward and Into the Mediterranea
Sea

The Working Group discussed the necessity of modelling

atmospheric pollution in order to ethmaiu the flux of contaminants
from the atmosphere into the Moditerrsnsan Sea. It is recognized that

stimates of deposilion are needaed for many different contaminants
including trace metals (such as Pb, vy, Cd, Cu, ete. ), petrolaoum
hydrocarbens, chlorinated hydrocarbons, and patt sgenic microorganisms.
Such depusition estimates could be cbtained by t o application of a
dispersion modei. However, such resuits have to be checked against
measured data.

When the Working Group discussed the ava: lable model approaches
and the data requirements for the application of a dispersion model,
there was a general consensus that attempts should not be made to model
concentraticns and deposition on a fine-grid scale (e.g. on the order
of 50 &m x 50 km or 100 km x 100 km), but rather define a number (3-10)
of receptor points distributed over the avea of the Mediterranean Sea.

Furthermore, it was agreed that long-term seascnal or annual averages




- 45 -

of concentrations and deposition would serve the purpose of the study.
Since Cd vas chosen as a pilot contaminant, the model applications
should al:s begin with this substance. At the same time the Working
Group also endorsed the application of smaller scale (10-100 km) models
in order to study coastal effects or special situations.

Considering the above conclusions, the Working Group recommended
the appiication of a one layer, Lagrangian backward trajectory model,
since such a model has been applied successfully for similar purposes
and experience with che medel's performance is available. However,
before cuch a model can bhe applied on a routine basis several
requirements have to be m2t. It is obvious that the first requirement
for the calculation of concentrations is an emission inventory of the
contaminant under considaration. The Werking Croup recommends that an
independent censultant or organization shoull be contracted to
establish such emission inventories. If it is not possible to obtain
an emission inventory from certain countries, the flux of contaminants
across their houndaries chould be obtained. Furthermore, the
meteorological input date into the model must be supplied. This is not
a simple task for the Maditerranean area, where only a few radiosonde
stations exist which cen mzasure upper air data. A combined usage of
such measured data and data as observed from a meteorological
forecasting model on the synoptic or maso-scale is advisable, but
should be investigated by the scientists employing the model. This
implies that the model application should be performed at an institute
where such meteorological information is available.

There is still a lack of knowledge in the details of the removal
processes. Even if one parameterizes these processes by the simplest
approaches, there is nct much information available on deposition '
velocities and scavenging coefficients for the contaminants under
concideration. It is recommended by the Vorking Group that detailed
studies on :chese pioblems be undertaken.

The mcdel output data -~ concentration and deposition fields over
the Mediterranean Sea — have to be compared with measured data. It is
therefore essential to have one or more stations in remote areas of the
Medite:.rancsan Sea where the above cuantities should be observed. .

4.9 Coordination of the Program -

For coordinating the research and monitoring and reviewing the
results of these studies, the establishment of an Ad Hoc group of -
experts from the participating countries is recommended. The
preliminary results of the pilot stage of the program and proposals for
future monitoring and research activities could be considered at a
workshop organized by the Ad Hoc group in 1987.
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