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

1/

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Evaluating the pathways of contaminants to the region requires a
comprehensive understanding of climatology and meteorology of the
region. An analysis of nine years of back trajectories to the western
Mediterranean showed that northerly flow took place 30% of the time
with relatively large changes from year to year and with no significant
seasonal variation. Also the number of the trajectories from the south
was greater in the early summer and this transport would be expected to
bring desert dust particles during this period. In the eastern part of
the basin, the trajectories climatology shows that flow from the norcth
and northwest is predominant.
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Ta assezs the contributions of different source ragions to the
concentrations and deposition in the Mediterransan area. tha
application of a mathamatical madel iy strongly advised. Detailed
suggestions with regard to ona type of model for long range kransporct
and its application are given.

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



z. INTRODUCTION

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

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

2.1 Transpork Procesises

2.1.1., Horizontal Transport

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

In the off-shore transport mode, it may be assumed that a
comsiderabla fraction of contaminant deposition will ogcur on traters
relativaly ¢lose to the majer coastal sources {lagz thanm 100 km). In
this mode, the transpart of contaminated air parcals takes place in the.
turbulent, relatively shallow boundary layer which 1s well-mizxed in the
vertigal plane (heaight lssa than 1000m). This flow is essentially
cwoa—dimensional in the horizontal plana and the resulting deposition
pattern extends directly from the source. In many case=, the praoblem
here is similar So atmospheric deposition of contaminants around urban
areas. On such a scale, the well kmowvn Gaussian pluoe moddel deminatas
most practical appli¢ations singe assurptions that the wind f£igld iz
uniform and that the turbulence is homogenecus are approximately walid
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within the bowndary layer and thesefore lead to a considarabla
simplification in the prediction of contaminant diepersion. Various
modals of this kind are awvailable in the likeraturs (Atmospheric
Environment, 19B4: Ritchie ef al., l383; Van Egmond and Keszeboom.
i883:. They all include transport, transformation, and removal fdey
depositicnt and precipitation} processes. Provided that detailed local
metegrological information and goures emission strengths are
continuously available, such models can predict reascmable well, wikhin
a factor of 2 or 3, depesition tates of conkaminantz on a monthly or
yearly basis,

In econtrast to effshere Sransport, long range traasport
(160-10000m and greater) involves machanisms that incorporate ehemical
substances into the upper tropeosphsra. The air paceel areniualliy
undergoes large—scale descent and again becomss inearporated into the
boundary layer. During agcent. interactionz with cloud and rain
drovlats can chemically and physically alter, affectively rsmove and
vartically displace some of the krace constituents. Sush incterackions
ara extremaly complex and scill little understeod. and models capable
of describing the compleke “hree-dimensional pisturs of
emizslon/deposition have not boan develosed. Newverthaleas, recent
ALvances in computer toehnigues have allowed the development of a
mmber of methods which can be applied iz evaluating transpoct to ths
oosan (Eliaggen. 1978).

A recent promiszing method for intecpreting leng-range szansport
15 the use of airc trajectory models. The construstion of atmoasphesic
trajectories has been a uszaful keol in meteorolagy For decadas.
Computer technigues now geeait the routine computation of numerous
“rajectories te ralate pollutien movement forwacd in time frem souccas
af wmigzions and also kackward in time from sampling arrays. They can
ba comsfructed uzing several tachniques baged on presgsure and
Lemparature fields and observed wind fielde (Miller 1981: Wilsan et al
L382: Miller and Harris 1285: Merrill st al, 1985). When calouiated
over a pericd of a muber of years, trajectories are extremely useful
to dezcribe long-rangsz flow climatology and to charactecize year to
wvear variatisons,

Wren combined with chemical smeagurements. the uza of
trajectories provides a means to identify the acurce ragion of
matecrials baing investigated, For ewampla, together with daily
chemical measuremantz from ships, bavkwacrd trajectories have Deen
recently used over the Mediterranean 3ea {Acneold at al., 1983; Chestar
Bt ai.., 1984). Such an approach has resulted in a qualitative
avaluaiion of the transpoert and has helped to undersdtand the ohserved
day-to—day variaticns of concentrations and deposition which appear to
be significant over the Meditertanean Haea. For example, during the
PFEICEMED I cruise (l981), high atmospheric concentrations of metals
azzociated with silicate dust from soil arosion have besm celatad to an
epizode of fast transport. lass than three days, of soil-derivad
derosols from Nocth Africa.. During that period, the first day showed
the highest concentrgtions of metais such -3 lead. likely duoe to the
paasage of the air pargel over tha Bargele.. tegion (Arnold =t al.,
i584).
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In racant years, simplified linsar dispersion models have heen
developed in order to estimate long term {(annual or seasonall]
deposition patterns of sulfur in.Burope {(Eliassen. 1578} and in Harth
america {Young, 1982}, TFor exampls, ths EMEP study in Burope u=ed a
simple trajectory wodel with censtant mizing height. The ragulfa £rom
model runs covering a tws gear pariod showed that awverage
soncsntrations of sulfur dioxide and particulake sulfate are predictad
reasonably well (Eliassen and Saltbones, 1982}1. The caleunlations are
based on smisgion data for 150 by 150 ko squares and air trajsetories
foilawed for 9§ h arviving at the ceater of all grid alements every 6
h. PResults of such calculations wers then comparsd with measursments
at 70 stations throughout Ewrops.  Such calculations nave conf irmad
rhat, in most countries in Europe. the deposition of sulfur cue Lo
foreign sources vepresents an lmportanc contrioution to the total
deposition. This model has been app-isd recently with zome success to
undarstand the transport of krace metzls to southern Norway {Paayna at
al., 1934},

2.1.2 [epogizion

There are two basic processes by which contaminants ewter the ocean

from he atmosphars: doy deposition and wet depesition. Botn processes a-e
poorly understosd (NAS, 1878; Liss and 3limn, 1983} .

A, Wat Deposition

Collaction of precipitation samples which ars reprssentativa ar
trace quantitiss of contaminants over the ccean 15 often cuite
difficult. To distinguish wet from dry depositien. wet-only sampling
is reguired, i.e. sampling only when rain i5 actually falling. Wt
gnly sampling includes beth the rainout fwithin-cloud z¢avengingl and
washout (below-aloud scaverging) components of wet depesition. In
racent years, sgacific proteocels have besn deweloped to insure that
samples ars not contaminated during the cellection precess. In fact
khe type of wolleckor, meried of sanmpiiag. and handling procedurag may
have a significant impack oo the squalizy of the data {19837,

Washout factorz, or scavenging raties. are oftzn used 20 ralate
atmospheric concentrations of substances prasepri in asrosels or in the
gas phase to thelr concentrations in rain. Wazhout fictors have kheen
defined in saveral ways, but all ipwvelve a ratic of the rain
concamtration to the atmespheric concentration of the substznce of
intecesk, A dataileé¢ review of washout factors acd precipitakbicn
scavenging is presented by Slinn (1983). Once the relationship Letween
the concentration of substance M in the air and in the precipitation
qaz been established, one can utilize its atmospheric coacentration af
M, which can usually be mors easily and accurarely datermined, Lo
predict the concentration ia pracipitation.

The usa of washout facters to calculate deposition rates of
substances implicitly assumes that the concentrations in rain and alc
ars linearly related. However, it iz wery difficuik. if aot
impossible, to rigecousiy test the significance of this celat:conship.
Problems arise because of possible differsnces in the removal
afficiency of particles as a function of chemical composition and sain
droplat size. Rain copoentraticns cepreasent an integrated removal
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thoughout the atmospheric ¢olumn through which the rain is falling.
Wwhile the aiz concentration is detemmined only at tha surface. Thusg
substances with differsnt vertical concentration profiles but similar
surface air cencentrations might have very different washout factors.
For gaszes. it must he assumed that wapor phose squilibrium with the
rain is attained rapidie.

4n additicnal problem faced in truly remote ragions is that it
may take many hours, occasionaliy even days, to collect an aerosol
particle or gas sample largs encugh to analyze for many substances.
whereas the rain sample may be collectad ower 3 period of miputesz to
howurs. Thug the trus atmegpheric concentration. swen at the surfaca,
appropriate to the washout factor calculation may not rzally be leiown.
Wazhomt factorz for gazes vary greatly depending on the Henry's Law
Constact for the gag, sinve

Cr = GCaH {1}
whara ©Cg iz the concentration in rain

Ca 18 the vapor coneentration in air, and

H i= the Henry's Law Constant.

tnly a set of carefully cellected rain and air zamples zhould be
utilized ko determine appropriate waiues for waskout factors for

rontaminants of inkerest at sach sampling gike.

b. Dry Depogiticon

nil Aarosols

The dry deposition of ssrosol particles to the ogean surfacs
refers to all deposition processas amzcept peeeipitation. Ik is often
eatimated by utilizing the dry deposition veleoity, w,, given b

L I - TP -

whers vy iz the dev deposition wvelovity
F i3 the flux of particles to the surfage, ane
4 iz the atmospheric concenkration.

Dirzct measurements of the dry deposition of trace sukstances on
aerosgl particles to the ocean surfaca are not technically feasikle at
present. One method for obtaining reasenably acrurate estimatas of dry
depositicn iy the use of available models of dry deposition to a watar
surface as a funetion of particle wize (Sline 1980 and 1981: Williawms.
1082: 3iimn, 1983). Howswvaer, the use aof suc, aodels CRQULILES Al
accurate messurement of the mass—size distribution of the tracs
metals. TIn addition, dry deposition velocitisz dapend markaedly upon
particle siza, relative humidity and wind speed.



Model ocalcuiations of dry deposition have bean rather successful
for sea=-salt aerosel particles, provided extrems care wad taken to
abtain air samples shat cepresent the trua aea—salt particle mass and
2iza distribuzions {McDenald et al., 1982}, Acceptahly accurakts size
diz-ributions for sea—=salt aerosol particle= can be deduced f-om the
use of high-wolume mascade "impactors, when propet gorrections ars made
far parcicle 'ossz ln the targest esiza range. The situation i1s aven
worse Sor Lrace olements such as Pb. As and Cd becavse 2 major fraction
of the mass of these slementa occurs on particles lesa than 025 ue
cadius, and cascade impactors currently in use do not ssparats
particles helow that size ranga.

(1L} {:asas

e ———

Urfortugately techniques ace not yet awallable to meazurs
directly gas flures across the air/eea interface. Fluxss must ba
eotimated by use of yas exchange models. Liss {1973) has reviewed the
pracese of gas exchavge across the aicssea intsrizee. In a tuwo=-layer
bowmdary system al an aitswatar interface <he flux of any gag “hrough
each boundsevy layer is gilven oy:

whers F iz the flux
c ig khe concenteation difference agross the particalar layer
k is the corrasponding transfar valooity.

e Liss {1873} points ans, k depends on many factors, including
the deqree of mizizg of the water and air and the chemical reaosivity
of the gas. The reciprocal of & is often called the resistance, -. and
is a measure af ths "resistance™ of the gas to transferc. It has wniks
of sscfem. The kpotal resistance to the ezchange of any gas will ke Che
eum af the rtesistancs in the gas and liguid phase lamizac layers.
Surface contam-nation. such asz an oil £ilm, wounld conteibute to the
reaigtance in the liguid phass.

The sxchange of gase= which are not particularly seluble in
water. €.9. Nz, Oz, OC;, and the ioect gases 12 largely
cuntrolled by the resistance in the liguid phasa. Thiz group includes
a aumber of syntheric organic compounds. Ow the other hand. the
axchange of such wery soluble gases ag Hp0, 30z, N0, IC1. ete,
is controlled by cesistance in the gas—phase laminar layer. This class
of compoursd is often quits reagtive in the aguecus phass.

C. Cemplications in Wat and Bry Flur dJeatarmanations

While an accurate asasurement of the concentration in rain and
dry deposition is a neressary first step in evalusbing fluzes of
siihsTancEs to the ccean, it is not sufficient in itself. Lat us taksa
trace metals as an examplae. The total amgunt of rainfsall in the pariod
af interest, ger year for example. must be known. Botentizl prablams
ariga roncerning wariability of rainfall amount and intensity with
saison and how this will affect the metal concentrations, as wall as
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haow seasonal changes in wind flow patterns or particle production
processes will affect atmosphecic metal concantrations at the marine
lecation. Even iaking thase factors inte consideration, sigqnificant
problemg remair. In ths marins asvironment. the gqross deposicinn of a
metal to the ocean iz cowpased of a net input as well asm a SOMPONENT
azsogiated wikh recycled se2 spray. The importance of tha atmosphere
as a transport path dor material from the ¢ontinents ¢o the ocean san
-only be assegsed acourately if the relative onntriburions af the net
and redyoled somponents can be distinguished {Arisoto gt al., 153%;
Jickels gt al., 1%34; Sattle and Pattarson, 1982). Thersz is SErong
avidance that atmospheric sesa salt particlas praducad by babibles
burzting at the gea surfipe contain many metals in concenrtraticns
considecably nighers than would Bz 2xpecTed on the basis of *ho
metal-to—godium ratie of near—sucface water. Tt is aprarent that some
fraction of thesz metals iz associated with surfacs 3:tive aryanic
material and is seavenged by the raising bubblas ard -oocentraced o
the soa salt particles produced Erem & vary Ehin layar of She air/sea
interface when tha bubbles burst (Weisel et al., 1984). If this
fractionation ig not taken ints account, the calculatsd nat depogiticn
to the ocean will Ze anomalously high. .

More sophisticared tsesniques for accurataly evaluating bhis
recycled fraction mugt be davelopad, Putu-e work ghatild £oous in tewo
2reaz: a) the use of adsquste tracers (stable or radiozctivel during
£ield weasurements: and Db} an imprevement of our xnowisdge of
metal /N3 ratics as a function of #g2a-salt particle si=e through
zavefudly designed in gitu or laboratocy experiments.

2.2 3za-Surface Miccolayar

Trhe zea-surface mierslayer represeats the thin warer layer at
the air-gesz interface. whers accumuiztions of ma<erial. living and
dzad, can oemur. A desiled cescription of Braesses oocasting in the
miceolayer iz given in GES2MP Report: and Studies Mo, 13 (SESAME,
138G} . The tniclmess of the microlayer is usually cefined
sparationally, i.e.. it is dependest on the Eechnique used to sample
the microlayer and may rangs from 1 run to 1000 wm. . Tharafors. \E ‘s
important ko compare concentrations of meterials in the rRicrolayer Eroa
cne sat of observations with amsther only wham tha sams techoique of
sampling has heen used. The microlayae is.the size of accumilation of
cil films. beth natural and man-made. Sesretions of organisms
¢ontribute te the natural films, while introduction of vetroleun
hydrocarbons from deliberats or accidental spillg usually gonteibute bo
tha man-mads films. 3il filpa aras capable of concentrating wariqug
lipophilie organic substances. such as crqarahalogen compounds, azs weil
ag comcentrating matala (zes Tahle 1). Thus, in the contoxt of gir-zea
axcitange of contaminants. the microlayer represemtz the locatico whers
tiere iz a weldup., or discontineity, in the transfar pradass.  The
axtent of this heldup is determined by the residence Fime of a
particidar marerial in the migrolayer.

g
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In compacigon with the other marine interfaces, the transit time
for most cantaminants acreoss the air-sea boundary is relativaly short.
Tha estimated residence time for water wettable particulaie trace
matals ia about 2 germnds.  Jn the other hand. when the krace metal
particulates are surface stabilized by less wettabls organic coatings.
the particles have estimatec residencs Times Im a %U-micrometer thick
gea surface laver of From 1 tx 30 minutes {Hunter, 1979). Paktenden
et al. (1981) postulated that khe rasidence time for most heavy metals
wasz 520 minvrae=s in a microlayear of L migrometer thickness. Hardy
{1935) pradicts rvesidence times in a calm sea surface layer (S0
micromatars] of from 3.5 to 15 hours, inceeaszing threugh the sariea Ag.
Zu, Mp, Pk, Cu and Wi, while with a 4 m.s ' wind the residence time
varied Erem 1.5 to 5.5 hours. '

Varieue farms of wmicroorganisms, plants and animals. are
acsociates with the microlayer and are collectively termed neuston.
They conzist of bacterioneuwstom, phytoneustan and zooneuston. Like the
non—living organic and inecganic matter, neuston organisms concentrata
in and near the mierwlaver. These arganisms are enrizhzd i the
microlaysr, compazed to the seswater only a few om below, by factors of
137 - 10% Sor bacterioneusteon, 1 - 10 for phwytonsuzcten and 1 -

10 for guoneuston (Hardw, 1982). Keuston organisms engage in waricus
srocesses, which undoubtadly affect the tranatav of substances hetwa2es
the atmosphers and the =ze2. Thess include biodegradation,
bictrensformation. himaccurmulation. exudate ralease. defecatisn.
photesynchesis, pradation and diurnal vertical migration. Thera are
few gquantitative data on the offacts of the forsgeing processes on
air-ses exchanga of 2ollutants and other substancas. Ihese effacts
probably vary with the physical and chemizal characteristics of a
parsicular marine area.

Ilow the sea-surface microlayer affects air-sea transfer of
pallutants in the Maditercvanean != unimown, but it is eypectec to be
mathar amall 1n ralat:or Eo other coocasses involved in ait-gea
exchange For watec-wettable specigs. Under quiescent condibions,
howawver, olzophilic pollutants may have a sufficient residence time in
arganic £ilms at the air-sga beundary for sicacoumulakion by nsustonic
Arganlsms.

2.3 ferobiological Involwement in Atmespheric Contaminant Trassport

A geneval raview of biwlogical involvement in air-sea exchange
was given in OESAMD Reports and Btudies Ne. 13, Saction 4 (GESAME.
1840} . The introductory paragraph to tkat zection bears repeating here:

"Marine plants and animals may be involwed in the exchange of
pollutants hetwsen the atmosphers and the sea in a number of
wignificant waya: (a) ezcrete oily substances, which form a film on
fhe seaz surface and alter zir-zea exchangs; b} release substances that
sntar the atmosphera: {c)} bioconcentrate certain suhstances entaring
the cea from the atmnsphere and *biomagnify these through the food
shain: t(d)] *agute toxicity or sub—iethal effect to organisms in the

{* The present group considersd these statements dquestionable for
rertalin gontaminants)
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Teble 1. Coneentrations of dtffsrant constituents and anrichment factors in the
microlayer
FPollutant Microlaysr Enrichiment Region Reforance
Conoentration® Factor?
Hatale -1
Ri f.4 = 36 ug 1 {=0D.5]- 12.3 Morth Sea Buncer, 1984
Cu 0.4 = 5.3 ug 1-1 {-0.1)= 4.3 Horth Sea Hunter, 1980
d.1 = 4.5 ng :L-l {-0.5)= &8 North atlantie TPiotrowice et &l, 1972
an 2 = 13.2 uyg 1_.1 0.4 = 2.2 Horth Saa Runter, 1930
&3 60 - 220 ng 17t {-0.851~ & Worth Sea Rurtar, 1980
I 16 - 93 ng 1 {-0.6}- 3.4 HNE Pacific Williams et al., 1974
Fb 1.5 = L0.7 ug ™ p1 - a.a North Eéa Buater, 1880
1 -1
2 ﬂPb 43 — 16% foi1 1 1.3 - 4.8 Medi terransan Beyraud & Cherry, 1943
27 - 138 foi 171 0.8 = 7.3 vineyard Sound, Basun & Elzermar, 1980
TU5hA
2o =1 .
B I - 22% FCi L 1.7 = 7.4 Medi terranean Heyraud & Cherry, 1083
45 - 234 foi 1-1 0.4 T6.4 Vinevard Sound, Bacen & Elzerman, 1980
TZa
i O*ganics
! -1
i PCR 31 - 42 Bg 1 23 = 43 Hediterranman Firns & Villeneuve, 1953
=1
! 1.8 ~ 26 ng 1 3 = 453 Sargmssc Sea Didlomar & Olney, 1374
5.2 - 6.2 0y 170 (~0.3)- 0.3 W. Pacific Williame & Robertson,197S
Erz' 20T 3.2 - 2,1 ng 1" 7.2 - 13 Sargasso Sea Bidlemen & Claey, 1897
a,p O0T 0 = B3 ng lﬂl 0 -~ 5 ZAtgatso Yes Bidleman & Olmey, %74
AC? 2.5 = 3.2 ng 1-1 2:7 — z.A4 Mediterransan Puras & villeusuws, 1537
Lindane 2 - 4.4 ng 1% 3.1 - &,7 Meliter—anean Borns B Vilienaygva, 1983
Aydrocarbons
n=hlicanes 8.2 - 13.3 ugl " (—l)= 286 Maditerranean Sa_iot ¥ MatTv, 1 press
nON—ArG-—- -1
matic 1.9 « 242 ug 1 Heditarrancan Sellat & M7 in praEs
aromatic 4% - 15 ng lql (=71.561-2.5% Mediteprranoan 5ali+ &= .avt., in press
8. All samples were collected with 3 sercoesn,
Numbers ligted are rounded faor untfarmity, whereas the srigina; dasae ars often

given o graster orecizion,

b. The Enricmment Facter is caleulated Frem

locngentration ~n e microlayerl;

(Eone. is the subsurface wmter)

Regative values mean that depletians in the Qicrolayer have occurred.

1
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surface microlayer from substances introduced through the aea to the
atmosphere; (2) microorganisms may bhe coneentrated in the surface

microliayer and projected inte the atmaysphare by bursting bubbles, or
transfecred from the sea surface to the overlying alr by wind spray”.

Wikh respect to atmospheric contaminact trangpoct, Lhe most
significant kiolegical involvement stems from the injection of
microorganisms into the atmosphere from the sea. The grgarest concer:n
srises from tha potential wind transpors of pathogania bacteria and
viruses from sewage—polluted sea areas to humans on the aeashere or
even further inland. BData on cencentrations of diffecvent organiams in
khe microlayer and snrichment factors therein for various TRglons in
-he werld are giwen in Table 2. There are comparabivaly few daca on
roncentrations of microsrganisms in the micrcelayer of the
Mediterranean, acd oo cnown data are available on the concentrations o
such organisms or thair metabolites ia the atmegphare ower the
Mediterranean or over adjacent land.

2.4 Review of some Existing Programs on Zir-32a Chemical Exghange

The growing awaceness of the importarce of the shwospharz 32 a
transport path for @oth natural acd paliution deciwed substances to the
no=an has led to sonsidezably increased reszarch sfforts in tha past
5-10 yeavs. Of particular impartance nave been sevsral large sgale
intsrdismiplinary. and often international, afforts to evaluate airfsea
exchasge tates emd processes. Gaographical arsas covered 2y these
cesearch pTogrammes cange from the open Fagific Ocean to the western
Atlantic and the Horth and Baltic Seas. Technigzes of sampling,
aralysis and quality contrel for sa¢h programme ara reviswad in
relevant decunents reporting results of esach (&.g. Arimoko ot at, 1985,
for the SPAIFY procramma), Brief descripticns of sawe of thesa
programmas follow:

2.%.. The Sea/air Exchange VProgram (SEARER)

The chiactives of SEAREX are as tollows:

Saurres: Ta ideptifr the sources of the substdances found i the mariue
atmispheres gwvar the Facific Jcean.

Transport: To investigate the meteorolegical peacssszas that coorrol
the +transpert of marerials from cantiaertal scurces to he ocean and to
madal these processes.

Flaxes: To inwestigate the macharisws of excharge orf thesg 3ubstances
arross the seasalr interface, to wmeasure tha nat ceposition of these
substances to the ocean, and to assess the impact of abmospleric fluxed
on marine chemieal cycles.

To accomplish theae owjectives guantitative weasursmests have
sgen wads FTor selected specizs in the atmosphers and precipikaticon:
trace elements fe.g.. ©h, od, Zn. Se, 35, Cv. Fe, Mz, Hy, Ag. V. B,
sbc.i; alkali and alkaline saeth metals: 361l dust and mineral asrosols
217y and its daunhter *'"Po: 303: NJi: the halogens; ssa
wa't: cmona: particulate organic cachon: & nuobar of organic compowids.
particularly BCB'a, DDT, HCB, and other heavy chlorinated hydrosackons:
aliphatic hydrovachens; phohalats plastlcizers; fatty acida: Fatty and
steroidal sleghols; and wax gaters. Standarsd meterologicac wariablas



Table 2,

Cancentraticons of various organisme Lo the mlocelayer
and entichmont Factera thetelh £or varlous pacts of the world cceanm

Hakerlud Calleceian Hethad Hizrolaysr Cooe,B Encichmant Facter Regian Sampled Reforenme
Bacteria Soceen loaxlgl to 5 mc10d sl T T San Franolees Area  Lion et al., 1475
Screan b to 2.50102 my~} 0. te 250, Mlaskan Coagk Taiban & Teplomkaya, 19$72
Socuen — 2,4w10d p1-l - 293, Catifornis ko Pamama Giebuzth, L961
Tellon Loaxlet o 1410 mt 1¢. to 348, Bwedish Coast Kirlleberg & Hakampson, 1581
Adsorptlon 10° o T 0.1 to 1xig® Gulf Cosst Crow wt al., 1575
Bul:bl Lng 2.6010% ea 2.5x107 ma1~l 12, o M3, Eoelpps Pler, Calif., Dezdak & Caclucal, 1972
Yeasta adearptlon to? o 109wyl A0, ke 100, Gulf Coamt Crow et al., 1975
rolds adsarpt lon 107 o 104 a1-1 14. to 1o, Gule Coaat Crow at_al., 1%
Funal Adsoeption 10t to to% wi"l 10, to 1o, GulE Coamk frow ek al., 1975
Flagellates brum 1.5xk0? w7l — _— La Jalla, Califochla Harvey, 195% :
Drum 1.7x10? -l -—- £ Hawnii Lab Tank Harvay & Burzell, 1972 -
DHipoflagellates  Brum 3 1xlig? ul_l — 1.4 La Jolla Harvey, 1966 TJ
Cillaten Bz um 1.3x102 m1”l e b | L Jolla Karvey, 1986
P um z.2:1p” w17t —— 5.9 Hawali Lab Tank Harvey § Burzell, 1972
Dlatoes Deum 9.341p° w1t — ~0.4 La Jolla Marvey, 1966
Dy um 5. 7eip® mi~l — 1.1 Hawali Lab Tank Harvey § Burzell, 1972
Detritus Drum 5odnlod m-l - 13.% Mawall Lab Tank Warvey & Durzell, 1372
Beatomn orum 7.1 ko D28 :-gl"1 0.5 ko 6.0 Madlcecranean Daumas et al,, 1974
Boreeh .4 to o202 ngi7l 0.4 ko 1le Medicarranean Daumas at al.. 1974
Phytoplankton Screen Lsslu1 te 8. 1xin” lfl ~G.2 to 4.2 Chesapeaks Bay Foy ek al., 1434

8. HNorbega lisked are rounded For uniforalty, whareas tha original data sre oEfkan glven to greaker preclslon,
. weda te compensate for dliferent mampiing techplgues, such aa "drym and scceen”, to make them more directly

b, Tha Enrichmant Factor Lle calenlatmd from

feancentration in tha mlcrolayer )

[renc.

in Ehe wubsurfmre wataer)

=1.

M adjustmanta have Been

comparable.

Hegatlve valugse indicace depletion in the nicrolaysr,
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are measured. Both particulate and vapor phase samples are collected
for all organic substances, halogens, boron, mercury., and selemium.
Bulk filtration and size separation by cascade impactors are used for
particulate matter.

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

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

SEAREX was designed to investigate air/sea exchange of chemical
substances in the Pacific Ocean region: experiments were planned for
each of the four major tropical and temperate surface-level wind
regimes i.e., the North Pacific tradewinds (Enewetak Atoll, 1979). the
South Pacific tradewinds (American Samoa, 1981), the South Pacific
westerlies (New Zealand, 1983), 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
#hen waves strike the shoreline.

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

2.4.2 The Western Atlantic Qcean Experiment (WATOX)

The Western Atlantic Ocean Experiment (WATOX) is designed to
determine the magnitude and fate of selected sulfur, nitrogen, metal
and organic compounds that are advected eastward from North America.
This program has two phases: long-term and intensive. The long-term
phase began collecting data in 1980 on the composition of wet
deposition at Lewes, Delaware and Bermuda. These data are used to
calculate rates of wet deposition and to track air masses from North

. America. As a supplement to the long-term program, intensives are held

during selected periods to investigate the processes that control the
transport, transformation and deposition of materials to the Western
Atlantic Ocean. During intensives, which last 1-4 weeks,
instrumentation to determine atmospheric concentrations of gas and
aerosol species is used at the two long-term sites and on mobile
sampling platforms (ships, aircraft). For the intensives, scientists
from other institutions and countries are invited to participate in
such a way as to complement the skills and research abilities of the
permanent WATOX scientists. To date, there have been three intensives.
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The first btwo inmtensives ococucred in Ortnber 13682 and Jabruacy
1883, Their objoctives were zo 1nvest¢garc the changes that coeurreoc
in the cemgesition of alr paresla curing kransit from Nucth America ro
Zgrmuda.  In additicn to the ilong-term measurerents of wot deposition,
scigntisuts measured the concentrations of trace gag and aerascl spsCies
at Lewes. Delaware and Hign Ppint, Bermuda., The thei=d int=nfiwe used a
ship (MY Cceanie) to sample geses and aerosols between Nocth america
and Bermuda in suppart of the abewve abjectiva and =o cest ~ew shiipooarc
DrrClpitation-casllectian devices,

the =2bowe i1ntsnsives zamoled aie in the neripe boundary lave:s
during Lrazsport from Korth America to Becmuda., Obvious limitalions of
thig approach wers that Lewes, Delaware and Earmuda may sot se
represantative of the Worth Amecizan Ezst Cozst and the Westars
atlantin Owean respectively, and khat measurenents at sea level gve To
information about uppeor-atz tranaport. Therefore, the Sgurth infens:wve
w25 designed with these limitations in mind. In addition ks Ehe
ground-lewel zampling of gasez and acrogols at Lewes. Delzwars and High
Point, Eersuda., the NOBA research aircraft will be uzed to Eampia
stmospheric gases and asrosols az a function of altitude and latifude
during fronbta: passages between Neesh smerica and Bermuda.,

Futurs siudies undor WAT0K will izclude continced measuromsntz
az cthe Two sizesZ. a szecial fleld study employine aicor-aft in 1985 acd
2586 and an analvsis of all the faza using an atmassheric Cranspors
model .

2.4.3 Skwlies in the Baltiz Yea Area

Preliminary studies and estinates o zbwospheric tnput af
contamingnts to the 3alktiz HSea made 17 the 19702 by soma natiomal
tnstitutions of the Balti: Sea ares zhowsd that thisz irput was
Tomparable to che sontaminent inpub By rivers or with corestic ans
irdustrial wssta cdischargss. This referred zavacially to many hegwr
matals, some incrganic oo metils (e.g. nibrogen cornoounds),
organcchlorines (DRT. PCB) and some radionuc’ ides.

To initiate jolnk studisc 1o bhas fizld, khe 2alzic Marine
Znvironment Protection Comnission (Hzlsinki Compissian = EFLOCM)
established an &d Ieg group of experts nominated by ccutkbries to
tevizw, olan and coordinate rhe activities oo alr-besae =l lutioe
Tesearch and wonitoring. o 1982 the gooup sresarsd a status tepart
and araliminary propesals for a Suture monizorisyg grogramme, h,qg.:d
information nrovidaed by spuntries. &baut 20 sta-ions wero rgpazteu =
ozarational or alanned for air pellotion wonitoring.

The outcome ol the Ssminar an she [nvestigacion of Aircbe-ne
Pollution of the 3altic Sea (Ta'linn, USSR, 21-25 Zeotembac 1323)
served 23 a2 basgis for the First mee-ing of <== hd o group of Ixperts
on Airkorme Pellutian [(BGAF! held in September 15854, which congidsres
the status repect om nabicnsl monitoring acd *?:fchh dctivitias ard a
compilation oFf atmospheric awd precipitation concentrabicn da-a ame
ezbimation of wat and dry depositions to the Baltie Sea prepared on &
lasis of data submitted by the rocuatries,
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The proposals for the airborme pollution monitoring progranme
within the Paltic Sea zrea developed by BGAP included the following
racommendat ions!

- to initiate the programme in Jamuary 138% in all Baltic
countries:

- ro include in the narional measucement programmes the following
parametars: NO:, NHi, Ph. Cd., Cu.Zn, 8057,
Na and Mg in precipitation: MO snd 30; in the air and
HNG:,NOz, NHy MILI, Pb, Cu,Zn. 3037, Ma and My
in asrosels;

- to prepars (by January 1985} a list of institutes. laboratoraias
and monitoring stations participating in the programee;

- to u=e as far as reasonable the existing WMO-BAPMoN and ECE-EMEP
stations in ooastal areas;

- ta yze ressarch wvessalzs and subimit <he indormation on such
cruizes to the Secretariat:

- ts cepart data on & monthiy basis ia aceordance with a special
data reporting format which includez inforwatiom on the results
of concantration measursments, sanpling time, maniroring 2ize
eharanTarigtics, meteorological cenditionzs {(precipitatiom
amount, temperature, wind spesd and direction eke.}. hrief
degeription of zampling and anaiytical methods.

Az far as intercgmparcisons add intercalibrations of sampling and
analytical methods are concerned, (L was recommanded that such
axarcisas be carrisd out in & hest country {starting with Sweden in

19853, The diffarent sampling sguipment should he inazalled at one

station in the hest eruetry and each par-icigating labesatory would
analyss samples using its own sguipment. Ihe zampling time and
sguipment would be acalogous to those uwsed in the monitoring

programme. Tha priority chould be given ko the =zampling procedures for
heavy metals. For the intercalibratiom of analytical proceduras
artificial rain samples prepared by WMO. IAEA or by a lead country
ahould be used. The information on airborne pollution would be derived
from pational anmuwal data repocts. ingluding monthly owean values. The
information would ba usad for songtructing amnual depesition fields for
the Baltic Sea area and for assessing the total airborme load of
pollutants {in toas/year) for different sub-areas of the Baltic Sea.

The anmual data reports would be sent fo the Seacretariat not
later than 1 May of the following year. The generalizad amnual
reports, as well as additiomal information on monitoring amd research
activities, would be regqularly copsidersd by the
Scientific-Tachnological Committee and prasented to the contracting
parsiss.

It is also envisaged that backward trajectories would be
constructed for some monitoring stations by the Mateocological
Synthesizing Centres of the (o-opsrativa Programme for the Monitoring
and Fvaluation of the Long-Rangs Transmission of Air Pollutants in
Europa [EMER).
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2.4.4 BStudies in the North Sea area

A mmber of research pregrammes ob atmospheris input of
pellutants intg the Marth Sea wers rmarried out in the “570=. Fur
compiling pellutant ipput data. the Working GGroup on Follution Baseline
and Monitering Studies of the International Council for the Ixploration
of the Sea (ICE3) developsd an Inputs Cuescionnaice in which countrias
bordering the North Se2a ware asked to previde information on inputs of
wajor pellutants including domestic sewage. industeial effluents, and
“hose from river run—off, ocean dumpirg and e atmosphera. Suwmaries
of the regults of these investigations were published by ICES (1978).

At the present =ime, TCES Jdoes oot have s co—ordinarad
international programme on aic-borne pedlation of the Narth Sea,
although some work in this field iz carricd oot ov the ZCEZ Marine
Chemistry Working Group,

Jome co—ordination of national programmes on monicoring of
airborne pollution of the North Ses was organized by the Pariy
Commizsion Ehraugh its Working Qreup on the Atmospharic Input of
Pocllutants to Convention Waters.

The most comprehenzive and up=to-dste assescmantz of the
pollation of the North Sea from rhe atmasphare were preparad by ki
Netherlands Organization for Apopliad Scientifir Research - TR
{wvan halst. et al 1482),

The recommendations for furthar rasesrch wads in tae raport
inglude the following:

- feasuremenzi of the gencentrations of relevant compounds in tae
air and the flux of dry deposition over ths Forth Sea depanding

on metecrplogical econditicns;

- determination of the distribution coeffician- of arganic
compounds between air and North Sea warter:

- measursmenks of the concentrations in -ainwatare aoolleceed in
wat—oniy collectocs 1o ths Yort™ Sea arsa;

- caloulations of contributiors of source categories znd saurce
areag te the concentration and depesitico gvar the Yor—hk 384, Oy
mzang of dispersion modelling:

- imolementation of a feasibility study for the applicazicn of
macely for similar caleulations for tha waes depogition; and

- further study af the pollution via non=atmospietic sauts -]

£.4.3 Studies in the Mediterransan Arca

The Long-term Programme for Pellution Menitering and Research
(MLD POL - Phase II} of UNEP's Mediterrdanmean Action Plan andorsed ar
the Zecond meeting of zhe Contracting Jartieg to the Convention for -he
Protection of the Mediterranean sca aczinst Pallution {Cap-es. 19811
ineludes monitoring of the tranaport of pollutarts inro the
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Mediterransan 3ea through the atmosphere and research and ztudiss on
pollurant -trarsfar prosesses at air/sea incerface. The purposa of the
monlboring iz ©o establish the input {flux} of pallutants into the
Mediter-ancan Sea Fhrough the atwosphere and thus to provide additional
infarmarion on Fhe pollation _oad reaching the Meditervanean 3ga. The
monltoriog snould be based on the weck of maticnal caszearch cancras and
tnclude:

- areas directly influenced by identifiable sources of air
oollution and

- reforance aress not directly influsnced by identifiable sources
of a:r pollutien.

The Conkracting =artizs decided to consider the £irsh crasze of
thiz monitoring as research actiwity and to assess the sossibility of
using the existing WMO's Bacgleground Alr ~wllution Monitoring detwark
(BAPMol) staticns as khe basies on whigl to heqin the moniltaring.

Tro regearch activities aze aimed at investigating che tol: and
impurtancs of the atmogpheric trapsport io Che cycles of pollutants,
alucidating tha transpovht mechaniszms and the flow of peliutants acroesy
-he mirf=ea interfacs, at developing models of srancpart processas
—cwards and inte rhe Meditezranean Sea. sampl:ng and analybical
techniqies and ab astablishing an ooerakional core netwark of
moninoring skations.

apart f-om the work carried gut by the INTERPCLL W.G. and as a
part of research activities on pellutant-tramsier orogesses at airszaa
intarTace {reorty of I¥ and ¥ mastings of the Working Group), sevaral
projects wers implemented by Maditerzasean rfessarch centras and ecut=ids
consultants.

Tha Meteorological Chgarvatory. Milan, Italy, developec a
computational method for manikoring the atmespheric trasszport aof
pollutants to the Mediterranean 3za. The method was applied to the 2o
and Tiher vallays and showed goad agreement with tha avaiiabls
sxperimenwal data. Latac on. this observatory cevelosed an evaleation
modal of the transport af heavwy metals: dezpositien and net flux o
cadmiwn across the Ttalian ceoasts and calouwlated Cd emizsions.
erncentratices in air, depwgitions and Fluxes crossing the Ikalian
coasts from demestic geurces (Clerisi, in press). an extansion of this
model to take into congsideraticn Fluxas of Pk, Al, Hg across khe
Tkalian coasts and an inventory of sourres of khesa pollutants im ITaly
iz bheing considersd.

The Institute of Gealogy and Geophysics. Maples, ikaly,
estimatad the akmospheric input of some heavy maetals to the Bay of
Naplas and diffusive models weers set up in order to evaluate the
surface distributicon of these substances ower the whole bay on the
basiz of obssrvations made aleng the epast. The experimantal data
showed tie highest walues for Fe. followed by Zn, Ph, Cu and Cd
(Falumbo ot al., T383).

The Tederal Hydrometsorclogical Institute, Belgrads, Tugaslavia.
iz iuplementing a preliminary study of potential long-ranga cadmiun
transport from major identified sources in Furope into the
Meditarransan regleon.
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A draft of the reference method “Sampling of sero=cls and wab
precipitation for analysiz of chemical pollukants” was prapared by [AFA
on the basls of the "WMD) Tntornatiooal Operations Hardbook for
Moas:rament of Backgrourd Atmospheris Polluticn® (WMO, I578). “The
method is undee vewview far iks publicatien in the [WEY saries o
Heference Methods for Marine Pollution Studies,

Megobiatlons with conmtries porticipsting in 3pIMeN heave
casulted n identifying thrae ststions to sarve alse MID poL DUIPCSEER!
Carpantras {France}, Meszina {L=aly} and Zavizan {Yugoslavria), «bwe
latfer havinyg bzen integraced in tas Yucoslav Hational Hoanitoring
Brogramme.  An agrzement was reached bebweer WHO and TARA that iAEA' S
labarataries in Vienna will amalyze Zilter and pracip-zation saoples
for cadminum snd mercury £rom all MED BOL stations. Two of the staciges
mentioned above are now ope-aticnal aad it is oxpested that in the aear
future Sresce, Turkey and 2lgezia wili alzo “oin :n the monitaring
network theough WG

Pregramme on Fhwsics and Chemnistry of the ¥aditerranzan 3ea (PHYCEMED]

The PHYCEMED is a4 joint Zesearch Frogramme organized by "TRTMER.
FTRANCE in colighoration with CNRS, Framce anc Trench Lniversitias. The
vajer goal of this programme is tha undesstarnding of the physieal.
chemical and bBialecical procssssey which contral -he aic-sea axchangs ot
centoninants and theis tresnsfor in the watar column and to bhe
gediments oF the Maditarrazesan Sea. Sciertists Srom France, Zoain.
Tunigias. Yugoslavia and the Tnitszd Kingdom hawe already partic:pated in
thiz program. Two cruises have taken place, mostly i Elis Westarn
Basin, in 1991 and 1383. Eight pre—selected watec=zzmoling stations
haive hesn visiked bwica ard will oo wiziked in bthe Eutura.
Contaminsnts being investigated includa heavy metals {Ph. ©Cd, Az, Hg.
Cu. Tn} ardd argaric compounds. York related ko tha avz luation of the
atmospheric iaput of chess substances has Sesn undactaken by Univers:ibs
Flarva et Marie Jurzie {Organic Compounds! and the Cactre dez Falliass
Radrcactivizés (Heawy Metals) and s summarized in zection 3.1. The
programme 5= the lactar Jastitike is 2lso a part of the MED FL — Phasa
II Research Activitics and 3 detailed ciport of che resulfs will ke
zrailabls in 1534,

Easbern Atlantic 2od Meditercansan Tracspart Experinent

ANl e¥part meebimy waz organized by WMO, UNEP and some 3pan-sh
agenziss 1n Madrid, Spain, in Dacember 1984, —o glakorats the DTOgTAmnS
of the "Rastern Atlantic and Mediterranean Transpors Ezpsriment"
|BAMTERH) aimed a* in situ measuring the bagizsround zenposltion of the
atmosphere which will he used for assessing the loag-range atmospherie
transport of txace substances ko the Mediterranean ‘S<a. Aircraft
provided by the Spanish Goverrment ane the SAPMoN bes=line station
Tmana, Tenerife. will be used :in the axparament which should =tart +dn
1935,



- 19 —~

3. FRESENT {NDERSTANDING OF TRANSPORT IN THE MEDITERRANEAL

3.L Levels of Atpnspheric Contaminants over the Meditarranaan

The Working Growp reviewed the available data base on
atmospheric concentrations of contaminants over the Mediterranean. CUme
very steiking feature of this data base is that there is currently an
insufficient mumber of measurements owver time and space to allow for a
comprehensive agsessment of atwospheric contaminamt ooncentrations in
thisz tegion. Most of thesze data darive frem recent oceancgraphic
cruises, predominsntly in the Wastern Megiterranean Hasin during the
PHYCEMED progeam.  The most studied contamipants to date have been the
heavy metals and matalloids. such as ¥, Cr, #n, Cu, Zn, As, 3&, Ag, 24,
Sy, Hg, Au and Pk, An even more limited dafa basa sxist: for arganic
substances {2g., BCBs) and artificial radionuclides {eg.. “77"*7"Pul.

Given the awvailabla data, the Working Group focusded on the two
hest studied elements (Pb and Cd) wiich sriginate in large pact from
anthropogenic scurces. Table 3 presents a swimary of atmospheric Bb
ard i concentrations over varigus reqicns af Fhe Meditarranearn,
Atwospheric coneenkrakbions span I ardars of magnituds. wikh sxtrems
variability beirg noted ower vary chort time serieds thours Eo days)
fArnold <t ai.. 1982). Within the Mediterrangar, it is apparent tnat
b & Cd concentraticon in air are 5 — 10 Times higher in demsely
populated esastal ragicng than over opan waters (Table 3). Recosnizing
that the data from ciffers=nt regions were probably collseted by
different cechniguas, with different levels of quality control in
sampling and analysis, the Working Oroup noted, sewerthalass,. that the
range of mean atmospheric and rain concentrations of PE and Od ever tiae
Meditorransan ara camparabis with these over other recionzl seas such
as the Baltic and North Seas (Tablz 4). These concentrations ars an
order of magnitude greater than levels owver the North Atlantlic and up
to four orders of magnitude greatst than concentrations in romoka
regions of the Scuth PaciZic (Table ¢). Direct assessments of batal
atmospheric depozition (wet and dry) of contaminants inte the
Mediterrangan ars nok possible. as thers have heen wery fuw reliable
deasurements of contaminant levels in zain. Table ¢ presents a cough
estimate of tobal ztmosgheris deposition into the Meditecranszan aased
an & total deposizien walecity of 1 om sec ' (Buat—Ménard and
fheaselet, 19793, Again it can be sesn that the atmespheric flux of
contaminants doas not differ appreciably between the Mediterranesn and
other regipnal =eas around Europe, whils Atiantio and Bacific
deposition are lower. As demonstratsd in other oceanic cagions
{Buat—Menard and Duce, 1985). rain can be sxpected to account feov meost
af the atmospheric deposition into the Mediterranean. Thus, sezazonal
wariation 1o flux of contaminancs inta the Meditarranean shauld oceouc.
wikh greater depasikion occurring during rainy pevieds.

The few measurements of organic substancas in Meditercanean aic
that have heen made suggest that the BCH= {chlorinated hydrocarbons)
aras lower than in Nocth Sea air and comparable with cpen ocean c2gions
of the Atlantic and Pacific (Table 5). By contrast, concentrationsz of



Takle 3. Atmospharic Concenkratione of P and Cd over the Heditrranean Basin tng m )

n af sanples

Fh Cd Refarences
rangs ek renga mean
- Eastern and Central {1974} 1-2% 14 - -— 5 Ehester pk_al,, {1981}
- Tyrrhenban Sea [1979) 1-16 10 00718 .48 L] Chestar gL al,. (§%84]
© Central and Tyrebénian Sea
L13E0] - 14-28 L1} 0.2-6.0 i.19 19 Seghalar {{944)
[(15982) = 1-39 15 o2-2.4 6.9 16 Buab-Henard gt 331,, unpubl. daka
- Hesterm Baxin
Fhrcemed 1 Gruise (1981) 1-58 31 ¢.1-5.5 1.4 11 Eeghaier {1984)
Phycemed 2 Cruise [1942) 4-51 7 0,.4-3.2 1.8 15 Buakt-Henard gt 3., unputl. daca
- Alboran Sea {19813 5-74 49 0,17 1. 7 Saghaier (1984}
- Coastal Regliens ' ]
Marsiei1le (1377-149¥9) kL 5.9 b ] ¥iala gL 8l1.. 11579)
HMonaca (1978) 171 1.5 06 Sgghaier |1964)

s
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Table 4. Atmespheric and precipitation concentratiosas of,
and flux data for, Ph and Cd in different rogions
Fb cd Referenges
ATR g o’
Jamoz area
Tropical Soubh Pacific 0.02 <0.00z Duce, unpublizhed data
Fatterson, unpublished data
Enewatak
Tropical Mocth Pacific .12 0.003 Duce et al., (1983}
Hawaii 2 a.02 Gettle and FPatberson (1982]
and Boffman et al.. (1982}
North atlantic 10 0.13 Byat—Menacd (1983}
Bermuda Area 3 0.2 [ce et al_ . {1576]
Baltic Sea 10-64 9.1-0.5 Rodhe et al.. (1943)
Horth Sea 20200 0.5-2.5 Van Aalst et al. (1983}
Chestar at al., (1331, 13§4)
Mediterransan Saa 10-60 0D.42.1 adrnold ez al.. {1982)
Seghaler {1524)
Suat—Menard ek al., unpub.
PEECIDITATION pg.l‘1
Samoa 0.007 — Duce =k al., unpub. data
Ssttle et al., (1982)
Enawatak 0,023 0.2041 arimgbo et al_, (1985}
Sattle et al., 19823
Barmuda 0.77 0.006 Jickells eb: al., {1384)
Haltic Sea 13-39 0.3 Redha gt al., (L350)
HNorth Sea 10-35 0.3-1.2 Wan Aalst =t al.. (1382}
Maditerranaan S=za 012 —_ Buat-Henard =: 2l., unpub.

TOTAL DEPCSITICH

Enewatalk

Nerth Atlantic
Baltic Sea

Hortl S2a
Mzditerransan 3ea

ng.om”Zpr

1 9.35
31n a
4001750 13-20
Too=-2504 20-85
ig0-1800 10-50

Arimoto et al., (1245} azd
Cuat—Menard (1%53)

Rodhe et al.. (L380)

Van Aalst et_al.. (1943)
Calculated from Cheaters abk
al., (1981, 1944}, Armold at
al., (1932}, Epat—enard et
al.. unpub. data.




Concentratiens in alr {ng m *t of Urpsnis Compounds ‘e O4Ffurent Replens

n Alkangs [Yapar}

n-Alkanes [Particulate’

Table §.

Req bon PCH
Hediterrangan L.04-0.3 {¥11lencave, 1n press)
Honlih Sea 4.%95 {Dilederea st g],, 1241)
tenkral lacific O.0%-0,32 (Tanabe ef gl., 1983
K. Pacific Trades 0,039 (Giam & RbYas, 149B82}
5. Pacific 1rades 0,012 (Gham & Atlas, l4aa)
W Iveland -

Lqualorlal ALYantig
Troapizal #, ALTlant'c
H. allangig

Ann

++

L21-0.68 {EidVeman ¢ Qlncy, (4340

E5-147 (Hu gl al,, 19824

2.6%* (Duce B GAgousiam, YHHZ)
1.4 - 3,9" (Giam L Atlas, 19A7)
E517" (Efchmann ab a],. 1976}
FO-ZB1* [Marty B Saliot, 1062)

B&"T (Quie & Gagoslam, 19AF)

Cig = F

Gy - Ly
Lyt - Caa
Cis - Cra

r-‘Ili - I::\--i‘l

16,843, % (Mo L a),, 12az-

B.B34" " (Duce & Gagastan, 1981)

9.2 (Edchmann gt al,, 1973] :
¥.5 - 14" {MarLy, I%81} '
4-50% AHargy, 1961} .
3.3 {Uoce L Gagosian, 1982
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n—alkanes, both in particulate and vapour phages. are substantially
higher than over tha Pacific (Table 5}, The Working Group was nat

aWare of any measurements of ovrganic contaminants in rain owvar the

Modiverrangan.

In comparing tokal atmospheris input of metals into the
Moditaerransarn with riverine ioput. it is clear that the former is a
significant and major source of contaminants {Table 6). This i3 ok ko
zay that Eha lofal Linpacts of riverina and atmespheric inputid are
comparable. Siwllar conelusions ofn atmospiaric. inpul Ware drawn from
studies in other reglonal zgas (Rodhe et al.. 1980; van Aalst et al..
1an2). Tt 13 agtewoethy that deposition of the transuranic glements
decived from atmospheric weapons fests ovar the Pacific is detzctable
gver tha Mediterranean. Thes, very long range atmospheric transport of
coptaminants cleerly cooues over the Moditarranean. The asszociation of
metals and pther ¢ontaminants with wory fine aerosol particles <1
um}, demonztrated in the Mediterzanaan {gghaisr, 1982} and algewnare
{Duce et al., 1976, 19831, clgarly indicates that these contaninants
have been transported ovarc very leng distances.

“ha Working Group alsc snnsidersed the guastion of shott range
atmospheric transpurt of contaminants from lscal sources inkc coaztal
raqions. (ertainly. the okserwakiom that alr over craztal regions 2as
greater cantaminant snncentrations than opan-oacean air (Table 3}. 2veEn
though tha data were eollected by different investigatora by pogsibly
AdiFferent :echniques, suggests the pessibility of enhanced atmosphesic
depo=ition of these contamisants in coagtal areas. Only three stwdies
in the Maditerranéan region arce loiown ko focus on thig problem.
fleriai (1583) ealculaked depasition af Cd around seme large induatrial
ceuters <o Ttaly, and Palumbe and Jannibelli {1985} shewed thak
atmospheric deposikion of Fe., Co. Zn, Cd, aad Fb was 2 major
mopteibution to contsmination in the Bay of Maples. A third study on
the ofi-shoce zransport of heavy wetals smit=ed by the industrial area
of Fos sur Mer, Feance. iz presently underway {(Games and Berganektl.
pmmmmlcmmmnmxmnh

3.2 Emissions

Tha Worling Group reviswed the svailable dara base on emissions
of atmosphecic contaminants in ths Mediterranean region and nearhy
eoumtries. This data base is aon—exiztent for any kind af comtaminant
from the North Afvican region, while for Europe. cnly & stbuwdy agplying
tao metal smissioms by country frun the year 1379 (Pavyna st al. 1984)
was swvailahle (Tables 7 and B}. Inwentories of organic substance
emigsions into the atmesphere from Buropean sources wece unkmown. Ihe
ralues presentsd in Tablas 7 and 3 repregent indirect estimates ot
metal emis=icns bazed on consumption data. evaluation of metal contant
af raw matarials, the mhysicalsfchemical prapertizss of the mekals.,
rechinology of preduction, and the afficiency of emissicn montrod
devices (Pacyna et al, 198%). It should be neted that the most
accurate sgtimatss are probayly for ok, Cd and aAs. while daka fov Lhe
other metals warrant much further study. It is also notewarthy zhat,
in the contest of modeling long—ranga atmospheric crangport of tha=a
contaminants, there is almost na available informaticn om single large
sources. Tha astimated atmospheric depogition of Pb. Zn and Cr owver
the Mediterransan (Table 6} representa shout 5—20% of total ZTuropean
emissions of these matal=.
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Table 6. Comparism of Atmospheric and BEiverine Inpucs
into the Mediterranean 5ea

Atmospheric Input ¥ Riverine Input y='*%%»
Fh SQ00=-30000 tons* 2Z00= 2100 tonaews
Zn 400-25000 tons® C110Q0-17000 tCong ek
Cr 200— 1000 tons* 350~ 1900 tonstes
Hg 20~ 100 tons* Q- 1?0 Long ks
13 7eg 980 Ci%* 32 Cis
iR .45 Cinw Q.12 Cinm
FAviatpy 20 i 0.46 Ciww
¥l 1.5 Ciwe 0.19 Ci%w

* Bazed on Aatm From Arpeld et al. {1982): Buat-#epard gt al f(unpub. datal;
Testar ek al (1981, 1984}

& Fukad at al,. (1391}

*wa ONES Rept Mo 32 (1384)

#kAWThe rivesins inputs are based on measurements of the dicssolived: 2o
transport only.

Mote: It should be noted that fallout nuslides can have long residence times
in drainage basins: and therafore the rivarine input may be mare
gustained in the long term than the atmaspheric input.



Table]. Emission af irace elements in 1979 U-year '} { from Pocyna 8t al, 1984)

Europs Ag Be Cd Co Lr Cu bin Mo M Pl S S5t ¥ an
conl combuslion 448 50 146 gl 2,090 1,870 1034 595 1570 16T 1M 208 120G L0
ol combusdiin IlE a1 ls0 04 1,550 L] AT D080 L1 &5 3ILL0G 195
wotd combuslivn 4 15 1500 s §61 4,550
gasaliee combuwslion M Wl 1.3 T, K
nining | 19% 115 1,640 [Wel'T] 03 L
primary nen-fecnous melal
productio
capper-nickel seeliers 4,450 i95 TEM 9,250 1.100
zinc-cadl mlum smshery 210 L, 550 441 13 T.RBED 11 43,800
lewd Brmeluers M B 120 i [0h [0.444 1.1y
secundary nan-ferroua metsl
produciion
CoppEr 3 &1 LE | &6
ziac 1,630
bea | 141 1530
iron, steel and (erro-gllay
manufaciuring ik 15,460 LT 47T 3dig I 850 13,150
refuse incineralors 9] Bd | Lk il Itd [[+] &d L0 33 19 880
phosphple lerilizers Fy) T 71 L] e Fh
sl pmdu:lin:m 13 13] 146
industiial aypplicalians 134
TOTAL 6,500 500 20000 R0 IEAS0D 14500 LTAD RS0 16000 B2V000 3ER 420 34,500 §0.000

* The Se emissbon wah panticles. An edditional smaunl of 560 ¢ year ™ of whknium emitied in the vapor phase should glie be considersd when coleulaiing
the long-range transport of Lhis elernenl.
v e very smalk



TableB. Ewiszions of trace elements for all sources b Furope in 1929 (i year=1y { from Pac yno et al, 1984)

Couwnlry A5 b Cd Ca Cr Cu Mn Mo Hj Pt Sk Ee ¥ Zn

Adbania H b 3 5 Tt I | 2 134 4 0.5 411 12
Auslria ai 11 1317 12 200 134 1M1 f 144 1513 1.1 4.5 ¥ 4370
Helgiwnn ol 0l 170 i 642 613 1) 15 ALY 138 109 |4 ME 4T
Bulgnria 151 1.4 &1 47 15t 14 n: 12 i 11 1.5 o w1722
Caealwsiovakia 86 3.1 23 B4 el ar3 Tl L] 471 1,14 168  J4.0 2 633
Dicimark 7 0l 9 i1 (] 1§ it 7 IES LN Y 14 L 704
Einknnd 127 0.2 £ i1 I} e L] ] Y 1,621 1.2 4. 6% 1484
Fronge I 1Y 134 Wy o9 450 1,lu 4 ek 105435 303 184 2338 4027
Cetimun Lem. Rep. £31 4.} o l0E i It 412 &l LE1E 2024 351 M LT3 144
Gernan Fed, Rep. JEL 19 1x3 13 L0353 1552 054 4] 103 ¢.I08 495 dfé 221} 1109
Girguee |10 %] 4 17 " i3 43 & 113 1,363 1.6 11 n: 121
Flungary 34 & E 24 |46 10 TG0 14 187 EET 14 d.b 189 G
loglun® 3o R M5 Jit 514 — B4 4,130 ELMIL] — il 10, W1 2164
lrelamd 1 £, L E 11 11 & 1 k3 A5G 1R | I 198 11
[T1])" ¥l 0d L4 130 18183 184 ) 34 111K} 93648 1é 24 1452 1.4
Menkeriancs Moo Ed LI} FEE] 105 51 LT 32 1417 9.3 13 kN J0&T
Muarwny 16 v L [ 40 54 45 2 bié B3 0.2 It 160 LIEY
Fulind 65k B2 o LEl sl L1 o uy 653 4568 4ka 3740 &1 4,115
Poniugal TV i) [} a7 M 0 2 97 515 LIN1 i4 164 it
Kamaria i 14 13 Gl &Y Lif 539 3] 1B [N - S S B N ool and
Spain ELI I 124 il i1 565 417 0 jla 5,934 4.8 LR )] 1,255
Sweden 147 hd 1] k13 t45 1% i1} 4q 123 1,270 04 i4 0 1,001 Jag
Swilzerlnrd 1 vk 1 5 44 18 25 i 3l 1.043 4031 DG 110 50
Turkcy 6l 1.1 11 ik 14T 417 126 15 T 1,180 tal] =1 419 ' LK
USSR HEl2 15D LT LEL T4 6,518 &M 25T a04 431,842 BOG 1308 1t,262  2hIE]
Uide) Kingdum Ied 4 Le) 120 L SH4 13l [il¥] B9y 10008 ad0 a0 2074 LR 1L
¥upredavla 134 08 31 4 104 FiNy 177 14 In4 HE 53 16 TR 0L
Lusemburg LTS 11 13 s bl (17 th4 15 o 0.6 0.z 4] 158
Telal bAM Lo LTG0 000 IR 15,300 V3700 Es) LaAWW)  bRhang IR0 4 200 15504 BO,000

" hy yoar !

v, = wery smail.
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Sinre some contaminants can originake from natural as well as
anthropoganic sources, the Working Group considered such natural
surces a5 wvelranile actiwity, soil erosion. and the ocean surface.
SLudies of amisaions from Mt. Etna indicakte that volcanic activibty may
S¢ an Loportant seusce of Se, Hg, As. and Cd for guntral and sastern
qusins of the Meditarcanean (Buak-Manard & Arneld, 1978: Martin et al..
19847. Se.l eresion ¢an be a ma<er sourse of metals in the atmesphere,
bisk is wvervy epizedic in natare.

The annual input from s¢il ercaien, including toz parigdic bt
prosonnced dust sborms bringing in Faharan dust. has not yat broan
guantified. If is theught too that acrossl oroduction from the ocean
zerface may rosult in the teueyaoling of oartain pollutants {heavy
metals, radicruelidas, bacteria, orcanic compounds); the imperhance of
thiy phenomensn has not bezn aszessed for the Meditsrranean. Tt should
ne pointed out that in coastal arsas this phenoménun might conteiluaze
aignifircantly o the atmesplecic concenkrations of these contaminants
wider sea-hreefe conditions.

-

3.3 Evaluatiun ouf pathwavs

3.3.1 €Climatological =tudies

The Hediksrranesn ragion iz known throughout the world for iz
distinctive climate. Tk iz ased as the a-ch--ypical sxampia of the
subtTopical summerc-dry weathsr regime. Though parsis of —he cagian do
czpresent this tyoe of climakbe, pther arszas i the north and west can
only be degcrilbed as t-ansiticnal zomnes hetwean Medlzerranean At
coptinenta’ weathsr systemz. I ovder to undarstacd the tranaport of
shemicail substances to tlw z-rea fram Ehe anthrupogenic amd natural
spurces, the alimatology and metaarclogy of the Mediterransan Dasin
must be wall undarstood.

Furopean weather is geparally cdomipated by two prassure syzlams
- the Teelandic low and the Azeres high. The intensiky and mowvgoent af
thesa systams noztbward and zecthward cegulata the metaorolegy of the
continent. This praoduces an almost straight wezterly flow of meist alr
off the Atlamtic {cean. At times such as the winter of 13E3. the
Siberian anticyelene can move west and adwect ¢o-d conTinenkal alt all
the way to the Atlantie. The Msdiferranean Sea is on ths southern
marder area of thiz wastarly £low and, necause of it warm wanars and
surrouading tooagraphy, causes 2 complex intarackilon that compllicates
the meteorolngy in the arsa. This can be seen from the ~ainfall
pattermg showm in Figures lz and 13, Additicmally local winds aff=ct
ths transpert of contaminantz into the Mediterranean fea and thav have
to be considerad in relation to the long- range transport. The western
part i=s alsge a major SOUrce arsa af sveclogenesis, particulaely in the
winter (Tigure 2).

Despits thiz evomplex situation. 1t iz possible to point out two
areas mainly charackerized by thelr precipitation patteims. Thessa
reqicns ace roughly: (1) The nerthern part of tha western basin. (2]
tha southern part of the westerm basin, and (3) the eastern part of the
¥aditerranean sea. The questlion then arises as to bow can we describe
atmospharie tranzport of contaminarnts under such complex conditions.
There ace savaral ways ro approach this problem. sowe of which are
discussed in the next sections.
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Fig. tz Shawing season3 of maximum rainfall in the Mediterranean
8asin. Much of the northern basin does not have a simple winter
maximum typical of the Maditerranean type of climate (Huttary, 1950}
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3.3.2 A comparison of Béck'Trajectories Climatologies

- The possibility of using back trajectories in the Mediterranean

~area was first discussed at the GESAMP Working Group meeting in Monaco

in 1982. Since that time, trajectories, using different methods, have
been calculated for the eastern and western part of the region. A
comparison between two of these methods has been done for the western
part of the Mediterranean Sea. This section will report the
preliminary results of the comparison. The two methods are
fundamentally different.

The details of the ARL (Air Resources Laboratory, NOAA, Silver
Spring, Md., USA) model have been described elsewhere (Harris, 1982).
Briefly, this model calculates back trajectories twice a day from any
place on the globe. The input winds are taken from the US National
Meteorological Center's gridded fields at 0000 and 1200 UT (UT =
Universal Time) for standard pressure levels. For this study.
trajectories of 10 days' duration are calculated at the 850-h Pa and
700-h Pa levels of the atmospheric pressure from January 1975 to
December 1983. To characterize the western Mediterrnean, a 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 duration.

The preliminary results show a good agreement between annual
percentages of occurrence for given sectors of both methods. Slight
differences 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 2nalysis 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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- MERITERRANEAN TRAJECTORIES

1275 — 1883
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Fig. 3. Meon nine-ysar trajectories for the western Mediterranear
{1975-1982) based on the sectars shown in the lower fig -a.
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Initially. one would expect a seasonal wariation in the
trajectorias however thisz is the western part of the reqion which, as
it waz explained earliar. is an area of transition. Figqure 5 shows the
Rast, North and South categories on a seascnal basis over the nine year
peczod. Thece is uo obvious change from geason to season. In
Fiqure 3. an increage in the number of scutherly trajecteries is
detectable in summer. With ne seagonal variation of northerly flow,
pollotants can reach the western Moediterranean at all times of the
year, while ths summer is the time when Sahazian dust is transportsd to
the sea,

3.3.%4 Anpalysiz of bask frajectorie=s from zhe sastern Meditsrranean

To characterize the transpart to the easkern Mediterranean
Bagin, 4 point {MED Point] at PLATANDS {Crete} has been chossn ko
compubte bBack trajectoriss glimatology using the geopotantial techn;qua
(Martin gt al 1984). This logation was alao the site of a field
expaviment conducted during Seprember 1983, Trajectories aca
classified using a sectoring technique showm in Figuve 6. Thers wers
four different categories: 1. North: 39% of trajectories fall inrce
this category, It is the prova:ling sector on an annual basiz, and
represents the potential contributions coming from Greece, sastern
Eurgpasan ¢ountries including Burooean part of the USSR, 2.
West./Northwast: 27% of the trajectories have this arigin (Itale,
France. Iritain and 3Spaind. 3. Bast: 17% of the “rajectories have an
origin to the east of the MED Point. 4. South: [6% of trajectoriss can
tepresent Saharan and North Africa contributions. Ceompared to =he
western area, one can see marked seasonal variatinns [(Figura 7): tha
south gestor has its maximum in March while the north sector has its
maximum (60%) during the summer menths.

A more detailed analveis of the results is pianned im the futura.

3.4 Modelling the Fluxas of 2ir Contamirants into the Mediterransan
Sea

1

The simmlation of the fluxes, of air contamizanta inta the
Meditarranean Sea by means of a mathematical modal is camsidered to be.
an essential part of the study. This method makes it passible to
Bs=ass quancicatively the origin of a contaminant and to devise
abatement strakagies for ceducing the ¢ontamination of the sea.

At itg fifth meeting (Athens. 1983) the Horking Sroup discussed
the available madel types, and their advantages and drawbacks ralative
to the regquirements posed by the present program. It was recomnended
that feor lomg-range transpart (distances on the grder of a Faw thousand
kilometers} a Lagrangian, ona layes, backward trajectory modal should
be uzed. The use of smallar acala models in certain eoaat-' regions,
vwhere the contamination- is liksly to be high, was enco ;

Pollowing thae WHorking Group discussions, more detailed _ggestlons Wera
made on the long-range transport models {Klug, 1984)1 apd they ara
summarized hers.

The modal to b2 wased for assessing air conktamination fluxes into
tha Mediterransan Sea must sim.  te —uantitatively, on the basis of ar
emlzsion inventory and the pactime... mateorcloqical data,
concentrations, wet and dry daposiciom wvalues of a given comraminant at
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Fig. 6. CRETE trojectories shown onm an onnual percentage basis for Wast,
Northwast, Morthegst and Southeest sectors.
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a spenified receptor point asz average wvalues Over a year OC0 3 dedsonl.
The ocutput of the model will be and must ba verified with measurements
at the szaws site.

Models differ in their steuckure according to the purpose of
their application, A& modal for lopg-term aversages — for a year or a
season — hag verty often a different and vsually a simpler structure
than a model which is constructed ko give hourly values of alr quality
data. The latter 15 oaften called an spisode model. Singe IE was
agreed that long-term averages ara nezded in thiz program, it was
suggested that the Langrangian foom of a box model be used whete the
box i3 moved with a repreaentative wind [(Tllassen, 15301, It is
asaumed that the contaminant i1z completely mixed within Ehe hox and
that the removal progesses, dry and wet depgsition, can he
parcametarizad by a dry depeosition velocity and a wet =cavenging
coafficient.

The Lagrangian woedels have the advantage of being aasy to
understand in the physical properties and in the computing algocitim.
also, with Lagrangian models the contribution of a cartain emission
arsa to the concentrationy and depositions at a spacified receotor
paiat can easilvy be évaluated Dy constructing only those rrajectories
arriving at thiz point. Theze is no need then to saleulate transport
and diffusion over the whole ragion as it is dens with an Eulerian type
(grid) modal.

[t is thersfors suggested that a cne-iayer Lagrangian backward
~rajectory model be ased. This modsl implies that for each of the
defined receptor points ln the Meditertanean 523 and for sach fims
interval {say, b hrs) a trajectorv is started from the receptar point
and followed backward in time wntil it hazs reached the bhoundary of the
emizsion ioventory area. Then the calculation of the concentratios
gtarts by vicking up the emissions along the trajectory until the
receptac point is reached again. There exist a number of algerithms te
caloulake the trajectories which are more ov lass straightforward.

Three zets of meteorslogical daka are naeded aa madel Input:
{1} the wind fieid at a spocified height; {2} the mixing height, which
iz the height of the box: and (3) precipitation. Suggestions wdre. made
by Klug {1984) on how thesa sats can bhe obtained in a region which i3
az daka sparse as the Mediterranean 3aa. A combination of gbsecved
data wikh dakta ooktained from a weather forecasting medel seems most
spprupriate,

As was mentioned esarliew i this repore. the wvaluas of the
parameters descoribing the removal proceszes of dry and wet deposition
are wicerctain, ewven wnder ideal conditiond. Furthermore. they were
derived as average wvalues and cannobt be acplied to single svents. where
they will vary over one ordsr of magnitudes. The calculated valuegs of
dry deposition at a £ixed distance ars not sensitive to the value of
the deposition velocity. If thera iz rapid deposition, then little
matarial raachez the =zite and i1 available to be deposited. Cn the
other hand. with glow depogition more matarial reachas the zite, hubt
anly a small parct is deposited.

Bafore the modal is used for regulatory decisions, it should be
varified at 2 pumber of observabion stations.
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e O] Summary of understanding of atmogpheric contamination transport
tos the Maditercanssn Saa

There i no quastion that contaminants are being transported via
the atmosphere to tha Mediterramean 3ea. Both local sgurces near the.
- basin and source areas up to thousands of kilometers away contribute to
the conczmination of the atmosphere and the sea. At cartain times,
nakural materials such as Seharan dust and velcanic emizsions can be
important sources for some trace substances to the Mediterranean
region. With the realizatimm that atmospheric transport may be 2 ma jor
pathway for many marine contamipants, it hasz become extremely important
for the countries that cing the Hedikerransan to understand the
posaible seriousness of the problem. To thiz end, tha Working Group
roviewsd curceat lmeowledge in the field of atmosperic transport. with
spacial smphasis on the Maditerranean area. Much of the work in this
aras is just begimning. The problem can be swwarized by three
gquestions:

1. What is the presenkt status of cur understanding of atmospheric
contamination transport to the Meditercanean?

2. Where are the importanmt contamination sources; are they closa to
the Maditecranean or long distances away?

3. What are the major abpespheric patﬂways for coocaminants
reaching the Mediterranmean?

In answaring tha first quection it has besn shown that the
concentzations and depostion of certain armaspharic comtaminants {e.q.
Bb and Cd) aver-the Medikerranean are comparabls to those over the
Baltic and the Nocth seas. Por §b, Zn, Cu and Hg the atmosphecic input
. ko the Mediterranean appears te bs of the same arder of magnitude as
the input from civars. Though many mors ~ontaminants must he measuced,
s tmitial evaluatiom leads to the conclusion that the Meditertansean
basin iz baing conkaminated by atmosphecic inpuat.

The answer to the second question is less cectain. It is
recognized how poorly the overall contaminatiocn soucces ara hrowm .,
sgpecially in the North Afrizan area. The pioneering work of Pacyma
st al (1984) needs to be continued and improved. The relative
impackanre of loeal wersus long—distant sources 12 also still largelw
uinown.  The episodic smizsions aof natural sowrcss such as soil dust
antd wolcanic material complicate the evgluation of sources.
Determination of the type, magnitude. and location of tha atmospheric
sources is a wery critical aspeet of svaluatinmg the impact of the
atmosphers on Mediterranean marine contaminzbion.

Tha last rmuestion bears on how well we understand the
metscrology of the Mediterranean region. As described above, the
Mediterranean area has a very complex weather ragima. Based on the
trajectery climatology. however, the following can be stared:

- Long-range contaminant flew £rom the north to the western
Moditerrvanean takes place at least 0% of the time, with ae
detectakble s=asonal variation.

- Transport to the eastarn Maditerrvanean iz mainly frem tha nercth
and nerth west, wherse industrial sources could contribute to
contamination loadings.
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- Flow pakterns vary zignificantly from year to yaar. From this
ana can conclude that contaminant transpact will changa from
year to year. .

Though scme preliminacy statements can be made about atmaspheric
transport to the Meditervansan basin, considerable wark is nesdad £
understand completaly this major environmental problam. The following
gaction. presentz the Working Group's cecommendations for futura work.

PR P
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4. RECOMMENDATIRS FOR FUTURE WURK .

3.1 Introduckion

The Working Growp discussed how to approach tha assessment of
the coptribution of atmospheric transpart £o the total contamination
load of the Mediterransan Sea. The iaput of contaminants origimating
from land-based runoff has been documented for a number of suwhstances.
At laast in principle, khis contaminant load iz wwder the diregt
contral of the riparian states. This is not the case for the airborme
input of contaminantsz. #Heasucrements in the Mediterranean regicmn fawe
already shown some svidence for long-range atmospheric kransport of
metals from diverse sourcez. Any strategy for abating contamination ta
the Mediterranean region wmsgt take into account this contributicm.

4.2  Choice of Pilot Contaminant

The Working Sroup coseureed with the cheigse of cadmium as a
pilot contaminant For the study of the atmospheric tramsfer of MErmiul
substances into the Mediterranean Sea (Reports af the 4th and Sth
seggions of the Working Sroup, Monaco, 1982 and Athens. LI3837. 'The
Working Group sonsidered recent reseacch data apd the desirability of
including other metals (Cu, Ph, Hg) and select orgamic contamineznts in
future studiss. The criteria for the salaction of a pilot comkaminant
are outlined balow: .

{al! Tt should bava land-based sources which ultimately should be
identifliable and quantifiable.

(1+33 Tts distribution ratio between the gaseous [(vapor) and
particulate farm should be known. It would be preferabla if the
chosan contaminant did oot have 3 significant gax {vapor! phase.

{al Its mewn ar anticipared concentration in the atmosphera and in
the surface waters should ba within the sensitiwity of
analytical technigques. :

1d] Tdeally. the substance chosen should be from AMNEX T of the
Protocnl for the Frotectian of the Mediterranean Sea Against
Pallution fvom Land Based Sources.

te} The cancentration of the contaminant chosen for measursment
ghould be rafarenced to the concentration of a comservative
slemwnt of crustal origin and one of marine origin. (Tha
Working Group recommends Al as the most suitahle alement for
assessing cruatal sources and ¥a for asssssing the gontribution
of sea—-source ascesols ko Cd recycling.)
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4.3 Site Selection

The Working Group concurred with the criteria for choosing sites

fer sampling discuszsed at the 4th session of the Working Group. The
foremost consideration iz the zesd for representakive astimates of the
devmward flux of 3 given atmogpheric contaminant. Eaged upon the
logistics of sampling, the Working Group coneluded that a fixed
land—tased sampling station Iz required to provide long-term sampling,
maintenance, and szervigcing, The Working Group ceachad this
reconendation in light of the fack that weatherships are noz awailable
and oesancdraphic research vesaels are not suitable for the required
long-term sampling at a giwven gite. It is snvisaged that the data
simulated by a synoptic-scale atmospheric model should be used as a
quida far specifying areas with increased cnﬂt&mlnatlcn from
tdantifiable. snurces .

The Working Groug cnnszdarad that the ‘ollow:ng crlterla ars
egzantial in site selactiom: :

{al Adbaence of local contamipation sources {industrial plants,
mining actiwvities. autnmohzla traffxc. majar shippzng Taneaj

(bl Full eXposura to mar1t1ma ‘atr mose a‘ tha t;me
tct Availahility-af pawér SouUrCRSy
1{d?'~-'P“uxdm1ty of wEsTRer” stat1uns prcv1d1ng ba31c metemrnloq;cal

(e Tha mmbsr of lucatluﬁs of sites should "onfwfm w;th the
{0 i requirements of the: ttanspﬂrt mﬂdﬂls used.:a= well L

The Working Group cancluded that the fallGWLFg lacatLons m;ght

maet these :fltaria and- thus ~warcantfurthear. lnveshlgathn" : i

a ew R e . sretem mn Sl e -

o s Wegbkern Qardinia o v CoL R et e Tun

Weskern Corsica L EL

© Westerd Sicily - ST A
Malta
-'Zaklnthns Tsland.: & . w0 d
.'Westarn Crata
"Ehsbs'leand-;'ru B .;é
The preject could be started on twe or Ehréé qéeraﬁinﬁ stations
located among the above-mentioned possibilities. The Working Group was
made aware of the initiation by France of a3 permanant sampling program

in northwestern Corsica (automatic aerceol sampler and precipitation
collector).
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The Working Group alsc racognized the usefulness of additional
information on concentrations of contaminants in precipitation and
asroscls which could He obtained by use of some W40 Background Aac
Pollution Monitoring Metwork (BAPMoN) stations in the ragioa.

4.4  Sampling

The Warking Group considered the experisnce acguirsd during
intarnational sampliag programs such as SEAREX and PHYCEMED a2 the
basis for a sampling protocsl., Considéring the nature of the proposed
project, some simplifications of the sampling procedures have been
tregommnanded :

fa! Dry Deposition: Owing to its complexity, direct weasurements of
_ dry deposition should be sliminated. However, dry deposition

flures wan be estimated using aerosel-collecting technigues with
sirg-separated aerosgol collectory (cascade impacteors) and
ralavant deposition modals. Since Cd concentrations in the
Meditarranean atmosphers appear to be in tha range of 0.1 to 1
ng/m', the sampling duration with such a collection systam
should be of the order of a wask.

(h) Wet Depositign: The rain sampling should be on an svent baszis.
Owing to recent improvements in ingtrumentation, it ia suggegted
that a fully automatic dewice he employed.

il ir Piltration: It is also recommended that bulk air filtratien
. samgling om a short time scale [12-24 hours) should be
undertaken. This might enabla the establichmane of
relarionships between atmospheris d concentrations and air mass
movements. Sunplemental information of this kind should also be
obtained from shipboard air samples collectad ducing
ocsanographic cruoizes.

During sampling if is necessacy that standard matscrological
data, such as wind speed and dicectisn, air temperature and humidity,
zaa state. and dlouvd cover be recordad.

On the basis of the SEAREX experisnce, 1t is recommended that
the samplers be imstalled at least 10 m above ground level and as close
as poasible to the shorsline. It 1= atresaed that celiable data can
enly be obtained if stringent precautiens are taken against local
contamination during sampling and sample handling {(Wed, 1978]).

Ir iz envisaged that such a4 project should he run continuously
for at lesast 2 years. The satimated mumber of samples could be abour
400 per site and per year. This wowld necsssitate coopsration among
labacataries capable of handling such a lacge number of samples.
Inkercalibration srercises would be mandakbary.

1.5 Analysis

_ Tor the analysis of trace metals, it is recommendad that eithec
flameless atomic absorption spactrophotometry (FLAAS) or the
alactrochemical technique of anodic stoipping voltammetry (ASV) he
uzad. Both technigues hawe been developed, each for a host of
glements, ko high degrees of sensitivity, Precision. aceouracy, and yet
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simplicity of operation. For the analysis of organics, choice could be
mads from high pregaure liquid chromatography (HPLC). gasz )
chromatography (C), or gas chromatography-mass spectrometry [(GUMS);
coengidering the contaminants chesen, the gpecificity and sensitivity of
analysis required. and whether “finger printing" identification data
are requiced,. The method selected should ba proven reliable and
inkoarcomparable. :

Whatewver technigquss ara chosen, if several laboratories
participate in the exercisze, intarcalibration of proceduces and
standardized techniques should be mandatsey. The Working Group
amphagizes again the neod for the most stripgent precautions against
contamination during cellection and analysia.

4.6 Daka Handling and Information Processing

A deciasion should be made on data hasdling using standacdized
computatiomal methodolegy. concentration units, and reperting formaks.
Cata showuld be made availabls for use in computational models and other
forms of information procesasing.. Ib is5 rtherefare gecessary that an
anrestricted information flow be dssured hetwsen all the participants
in guch an exergise. '

1.7 Climatalogical Studies

The #orking Group enccurages the metecrclogical invegtigations
of the Meditercvanean regien. It peointed out the nead for more detailad
climatglegy [pracipitation, height of tha mixing layarcy ovar the ssa.
In addition the uaefulmess of back brajectorias climatolegy was poiated
out. It recommended the further applicationg of trajectory
clacgification techniguaes which asaociate geochemical, diffusion, and
metacrological paramaters.

Back Erajectories associated with geochemical analysis have an
important rele bto play in evaluvating trarspoct, and thelr use iz
sncouraged.  Howewer, greak carse must bhe kaken in interpreting these
data bercause of limitations of the back trajectory methods.

4.4 Modelling Tranapest Frocesses Toward and Tntg the Mediterransean
Sea '

The Warking Group discussed the necessity of modelling
atmeaspherie pollution in arder ro estimate tha flux of contaminants
from the atmosphare into tha Maditerranean Saa. It is racognized that
estimates of deposition ars nseded for wany diffecent contaminants,
including trace metals {(such ag Ph, Hg, Cd. Cu, etec.). petrpleum
hydegcarbons, chlorinated hydrocarbons, and patheogenic microorTganiams.
Such daposition astimates could be obtzined by the application of a
dispersion medsl. Howewver. suwch resulks hawve to be checked against
measurad dakta.

Wher the Warking Group discussed the available model appreoaches
and the data requiremsntszs for the application of a disparzion model,
there was a general consansus that attemptz should not be mads to model
concentrations and deposition or a fine-grid scale {e.qg. on the order
af S0 km ox 50 km or 100 Jm x 100 Joak, but rather define a mmbar (3-1C}
of receptor points distrilwbed osar the area of the Meditercanean Sea.
Furthermore, it waa agreed that long-term ceasonal or anmual Ewrages
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of concentrations and deposition would searve the purpose of the study.
Simme Od was chozan as a pilot contaminant, tha model applicaktions
sheuld also begin with this subatance. AF the gsame time the Forking
Group also endorsed the applicatioa of smaller scale (10-100 lm) wadels
in order to study coastal effects or spacial situaticns.

tonsidering the above conclusions. the Working Group recommanded
the applisation of a one layer, Lagranglan backwird trajectory model.
since such a model has besn applied successfuily for similar purpoass
and experience, with the model's cerformance is avallable. Howevar .
before sush a model can be applisd on 1. routine basis sevaral
reguirements have £o ba met. Tt is ckvious that the first ceguirsment
for the caleulation of concentratiors i3 an smigesion inventory of the
contaminant under consideration. The Working Sroup recommends that an
independent consultant oc organization should be vontractec £o
egtablish such smis=ion imventaries. If ir is mot possiblae to obtain
an emission inventory Erom csrtain countries, =he flux of contaminants
across htheir boundaries should be obtained. Furthermore, the
metaorological input data inte tha made]l must be supplied. Thisz is net
a gimmle task for the Mediterranaan area. wherz only a faw radiosonde
atakions exizt which can measurs upper air data. A combined usage of
guoh maazured data and data as chgerved from a meteornlogical
forecasting model on the synoptic or meso—acale is adwviaable, but
should be invastigatsd by the scient sts ampioying the modei. Thas
implias that the model application should ba pezformed at an institares
where suan meteccelegical information is available.

Thera i still a lack of lmowledge ia the details of the ramoral
proresgaes. Even If one parameterizes thege processad bty the simplast
approaches, thers ia not much information available an depesition
valocities and scavenging coefficients for bne contaminents under
considecation. IE i racommendad by the Working Sroup that datailed
studies an these problems be uncertaken.

The model output data - concentratlon and deposition fields owes
the Maditerranean Sea — have ta be mompared with measured daka. It ig
therefora assential o hawe one orT MOCE stations in remote are=as of the
Mediterranean Sea wheras the abowve guantikies should be abseasvad,

- 4,9 anrdination gf the Frogram

for coordinatiog the vesearch and monitoring and aviswing the
results of these studigs, the sstablishment of an Ad Hos group of
axperts from tha participating couatries is recommendad. The
preliminacy results of the pilet stage of the program and proposals for
Future monitoring and ressarch activicies could be gonsidered at a
warkshop organized by the Ad Hoc group in 1987,
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ANNEX
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W, Klug + + +
V. Koropalow -
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W, Prawdic ' + '
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(Tachnical Sscretarcy!
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*)
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1o

. N

12

1a

. 13

18

19

21

(55)

PUBLICATIONS TN THE [MEF REGIOMAL SEAS REPDRTS AND STHDJES SERIES
MEP:  Achicyements and  planned devalopment of UNEF's Regiceal Seas Programme and
comparable progranmes sponsored by other bodies.  {1982)

IMIDOSMEP:  Furvey of marine pollutants from isdustrial sobeces in the Yest and Ceniral
African region. [1932)

UNESCOSUMEP:  River inputs to the West and Central African marine enviroment. | 1962)

IMCOAMEP:  The status of 037 pollution and 211 pollution control in the west and Central
African region. {1987)

IAFASIMER:  Surwey of tar, oil, chiorinated hydrocarbens and irace wmetal pollution in
coastal waters of the SUultarabte of fman. [19&F)

UH/IMESCOVUNER: Maring and coastal area development in the Fast African redqian. [ 1982)

UNIDOAMEP:  Industrial sources of merine and coastal pollution in the East African
region. {19B2]

FAOAMEP: Marine pollution in the East African regian,  [1967}
WIOSMEP:  Pubtic health problews in the coastal zone of the Fast African reqion.  (1987)
TROFIHEP: D31 pollution control in the East African region. (1982)

IMKAMEP: Camservation of coastal and marine ecosysteve and 1iving resources of the Easl
African region. {1982)

{MEP:  Ervirommenta]l problens of the Cast African region. ({1982)
UNEP: Follution and the maripe enviromment in the [ndian Ocean.  ()19%2)

IMER/CEPAL:  Development and enyiromment in the Mider Caribbean region: A Synthesit.
(1982}

IMEP:  Guidelines and principles for the preparation and implewentation of comprehensive
action plans for the protectign amd development of marine and coastal areas of regional
seas. [1982)

GESAMP:  The health of the oceans. (1982}

UHEP: FRegignal Seas Programme: Leqislative authority, [19685)

UNEP: Regional Scas Programme: Workplan. (1983)

Rev. Z. IMEP: UMEF (ceans Prograsmee: Compendiun of projects.  (1985)

CFFS/UHEP:  Action Plan for the protection of the marine snyirorment and coattat areas of
the Sovth-East Pacific, (1983)

CPPSAUNER -Stmrces, lewels aad effects of marine pollution in bhe Soubh-East Pacific,
{1383} {In Spanish onlyl

Rew, 2. MEP: Regional Seas Programee in Latin America and wider Caribbean. {1385}



Na.

Ha.

Ho.

Ho.

MHo.

Hrs,

29

LR

32

a3

. 3

15

. 16

K|

{56}

FAD/UNESCOS TOCAMO/ M0/ [AEASUMEP:  Co-ordinated Ked! terranean Foilution Monitoring and
Research Frogramme (MED POL} - Phase T: Programwe Desceiption. {1983)

UNEP:  Action Plan for the protection and development of the marine and coastal areas of
the East Asian region.  (}593)

MEP; Marine pollution. (1983}
IMEP:  Action Mlan for the Caribbean enviropment programme. (1981}

UMEF: Actioe Plan for the proteclion and dewelopment of the merine anviroment and
crastal areas of the West and Central African region. (1380)

Rev. 1. WMEP:  Long-term programme for pallation monitering and research in the
Madi terranean (MED #OL) - Phage I[. (1943} :

SPCASPEC/ESCAP/UNER:  Action Flap for managing the natura) resources and envirooment of
the South Pacific region. (1983 '

IMDICSAAUMER:  Ocean energy potential of the West and Central African region. {FE3)
A. L. DAHL and I. L. BAUMGART: The state of the enwiramment in the South: Pacific. (Ta83})

LMEPY ECE./UMN D0 F AL IES CIAWHDS TAEA - Pollutants  fram  land-based togrces in the
®editerranean.  [1984) :

UMDIESA/UNEF . Onsfore impact of offshore 6il and natural ges develogment in the West and
Contral African region. [1984)

IWEP: Actien Plan far the protéction of the Mediterraneap, [1984)

UNEP: Action Flan for the protection of the marine enw’ ronment and the coastal argas of
Bahrain, Iran, Iraq, Kuwait, Gman, GQatar, Saudi Arabia and the Enited Arab Emirates.
{13483}

IMNEF/ECLAC:  The state of marine pollution in the Mider Caribbean region. {1934}

UKDTESAAINEP:  Envirommental management preblens in resource utilization and surwey of
resources in the West and Central African region. [1984)

FAR/FUNCP:  Lega) aspects of protecting and managing the marine and coastal emwd rowent of
the East African region. [1&3)

TUCHAUMER;  Marine and ¢oastal conservabion in the East African reqgion.  {7984)
SPC/SPECSESCAPAUMER:  Radisactivity in the South Papific. {1984)

UKEP:  Secio—economic activities that may have an impact on the warine and coaskal
environmenl of the East AFrican region. [1984)

GESAMP:  Principles for Jeveloping coastal water mualiky criteria. (1984}

CPPS/MNER:  Contingency plan bo combat 031 pollution in the Seuth-fast Pacific in cases
of emergency. (1384}

TMO/ROPMEAINEP:  Combating oil pollukien in Lhe Kuwait Action Plan region. [1984)



a5

.

49

57

5¢

53

&1

59

11

b1

62

. &3

A e A

£57)

GESAMP: Thermal discharges in the marine environment, [1984)

UNEP: The marine and coastal esviromment of the West and fentra) African region and its
state of pollution. ({1984)

UMEP: Prospects for glehal ocean pallution monitoring. {1984)
SPLASPEC/ESCAPSUNEP:  Hazardous waste storage and disposal in the South Pacific. [1984)

Ko, 48/ Appendices SPCASPEC/ESCAF/UMEP:  Hazardous waste storage and disposal im the
Sauth Pacific. (1984}

FAOAMEP: Legal aspects of protecting and managing the marime and coastal envirommant of
the East African region: Mational Reports.  [1984)

IUDHAMEP:  Marine ard  coastal conservation in the Easl African  region: Haliopal
Reparts, (1944)

UMEP: Socio-economic activities that may have an mpact on the maring amd coastal
enviromment of the Ezst African region: - Matyonal Reports. [1984)

IMEP: Arab co—operation for the protection and development af the waribe envisontent and
codstal arezs resources of the Mediterrarean. {1984}

IMEP: UMEP Regional Seas Programme: the Fastern African Experience.  {1964)

LW AUNER Coptingency  planning  for  emergencies  assochated with  industrial
installations n the West and Central Afeiian region. (1963)

FALAMEP: Marine mamals: ylobal plan of action. (1985)
Ho. 55/ Annex FAQ/JUCN/IRCAMEP: Marine mammals: global plan of action. [1945)
GESAMP: Cadmium, lead and tin in the marine emvironment. (193’51

IMIAMER: Ot iqﬂl: asd shoraline clmanup on the coasts of the Eastern African
region.  (1985)

(MEP:  Co-operative prograsmes spensared by UNER for the pratection of the marine and
coastal environment in the wider [rdisp Ocean region.  (1585)

IMEP:  Environmental problems of the warine and coastal ares of India: Mational Report.
{1985)

JUCHAMEP: Management and conservatlon of renewable maringe resources in the Indian Ocean
region: Overview. {F.Hls‘.'

UHEP: Action Plan far the protection, management and developent of the marine and
coastal enwiromment of the Eastern African region. (71985

HICHAMEP: FManagenent and conservabtion of renewable marine Tesources ln the Sauth Asian
Seas region. {1985)

UCRAMEP:  Pansgement amd conservation of remmdable marine resources in the Buwaib
Action Plan region. (198%)



B

il

B

7]

. B4

Mo M

Ho.

Ho.

Mo

.12

13

i)

.15

1l

. 1B

.19

a1

. B2

H_T. SHUVAL: Thalassogenic Himﬁe:. !.'19&.5]'

(R}

TUCN/UNEP: Management and conservation of renswable marine resowrces in the Red Sea and
Guif ef Aden region. (1985}

TUCH/UMEP:  Management and conservation of renswable marine resources in the East Asian
seas region. (19685}

IUCN/UNEP:  Managemenl and conservation of repewable marine resource: in the Eashern
African region. (1985}

UNSUNEF= Coastal erosion in West and Central Africa.  (1985)
GESAMP:  Atmospheric transport of contaminants inta the Mediterranean region. [1985)
IWEP: Lrvironment and resources in the Pacific,  [1985)

UNESCO/ROPME/UPHAUNEF:  Proceedings of the SywposiomMWorkshop on oceancgraphic mode!ling
af the Kuualt Action Plan [KAP} region. (T9605!

TUCH/ROPMEALNEP:  An ecplogical study of the rocky shores am the southern coast of Oman.
(1885}

IUCHAROPMESUNER:  An ecological study of sites on the coast of Bahrain. {19B5)
SPLASPEC/ESCAP/UNER:  Eolegical interactions between trupica? coasta) ecosystems. (1985}

IMEP: Envirommental problems of the marine and coastal area uf Lri Lanka Hational

Report  {1986)

UMEP: Envircomental problems of the marine and mastal area of ﬂanuladeth Hat'lmal
Report (1986}

LNEP: Frvironmental problers of the marine and coatial .area of Raldives: Metional Repark
{ 1986]

BMEP: Envirommental problems of the marine and :m;ta’l area of Falustan Hal:mnal Repm-t
{198E) . p

GESAMF: Organesilicons in the marine environment. {1986}

GESAMP: Environmental capaciby: an approach to marine pollytion prevention. (1906}

UHEP: Action Plan for the conservation of the marine environment and coastal areas of the
Red Sea and Guif of Aden, (1965} . .

NEP: Envirommental problems of the South Asian Seas region: An owerview, {]Eﬁl

SPL!SPEE!ESCHWJJHEP B. Harthy: Physical. ocean enviromment ..in the Snuth Pasalﬁc
Cowmizsion Area.  [TYUBE)






