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PREFACE

GiseP, the Joint Growp of Experts on the Sciemtifie Aspects of HMarine Peollution,
wats ecteblished in 1%6F and s today co-sponsored by the Internotionsl Maritime
Crgenization (IKOD}, Food and Agriculture Orgsmizetion of the United Matiens {FAO),
United MNationz Educetionsl, Scientific snd Culturcl Organization [UNESCO), World
HMeteorological Orgenizetion (WMO)Y, World Health Orgeanizetion (WHDY, Internsticral
Atomic Eneragy Agenny (FAEA), United ketions end United Mations Envirommenkt Programme
(UKCP}. According ko its present terms of referonce, the functions of GESAMP are:

1/

- to provige advice releting to the sclentific especls of nerine polletion = 3 and

= to prepare perigdic reviews of the state of Yhe marine enwvirooment &z regerds
mgrine pollution and to identify prablem sreas reguiring specisl sitention.

Sipce its beginning GESAMP inwolved o large mumber of experlis as members of  GESAMP
or  GESAMP Working Groups a%? pEaduced, ot twe  preoest of  the sponsoring
organizetions, numerdus reports = .

This documenf reproduceés the subslentive part of the report of the CESAHF Wﬁfking
Growp on  Interchange of Pollubkants betweern the Atmoophere and the Oceans, approvec
by the fifteenth session af GESAMP (Hew Yorw, 25 — 25 march 19851,

AL the roouest of Ehe Contrecting Farties ke the Conwvenilion for the Pretection ef
the Mediterranean S=a agaipst Pollution (Barcelonz, 1976) the Whl-led GESAMP Working
Group on the Intercheange of Pollutents between the Atmosghere end the Deeans in 1P81
was invited to describe air pellutent Eransporb processes towalds and imfo Ehe
Mediterrensan Sea {including horizontel etmospheric transpart affecting the Tegion,
vertical atmospheric trensport to the gir-weter interface and sir-water interchange)
gnd to review the seientific litersture and aszess the pathways and fluxes of
important conteminents irto the Mediterranean cegion.

To tackle these twesks the Working Group held three meetings in 1962 in Monte Carla,
in 1983 and in 1985 in Athens. At the Monte Larle mecting e eoncectual model wes
developed as regards almospheric transport praocesses towards the Mediterrenean  5Ses
whigh included a general strebteagy of relevant activities, recommendations on
suitable monitoring sikes, model epprosches amd & pilot contasminant -  cedmium, on
sampling and spalytleal methedelegies and debe handling,

1/ GESAMP defined merine pollution es “introductian by man, directly or

indirectly, of substences or enepqy into the marine environment (ineluding
actuaries) reaullbing in such deleterious effects as herm o living resources,
hazerds to buman health, bindrence to merine sctivities Lnclueding  fishing,
impairment of guelity for use of seg_waker, snd reduction of amepikies.”

i/ V. Pravdic: GESAMF, The Tivst Doren Yesrs. UNEP, 1931,
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At the Abkhens meeting in 1983, model approeches and the date seguirsments  fap <he
gpolications of dispersicn models enabling bt estimare the Flux af sentaminarmts
[heawy metals) from the atmosphers inta the ses were discussed in detail ac =
guercre)l fosmework was formulatsed <f a pilnt project fer the study of the atmnspaszic
trenapert af contaminantz into the Meditierransan.

& review of the knowledge of the physicsl, chemical and bislagical procsssez, which
contrel  the air-sea  exchemge gf centazminants, and of  the reaclts of relevant
rescerch conducted in the Madiktetranean along with a bBriel geacriotion of existing
prougremmes in  OEher reqisfs were made &t Lhe #xperf conscliation held in Athenz in
lvys. st that mesting =he oubkcomes of two crevicus meetircs wele  alst gereralized
and tha pressrt reogrt enticled "The Atmospheric Transport af ComtAminants inte che
Hdediterrumean fBgion” wos prepared.

The Third Meebing of the Warking Group fac Scientific and Technicel Co~eoperazion for
MED PIL {atheme, May 1985% recommended to  Initiate  in 15&6 a gllet -praject on
M"srudying  alr pelivtant deposition irle the Hediterranesn reoion snd oollebezat
soncentrations In ciz® usireg this cepert 82 s basis for suech a pilot project.

The actiwvities of Eke GESAMP Worxing Graun ar interchenge of Pollutante between  the
Atmospherse and the Oceans were oroanized oy bnme wWarld Meteorclogicsel Orcganisaticn
(Wm0), actipg 28 the "lead ageney". Fingncial support Tor the  Working Eroup wes
provided by WMO and LNER.
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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 srosion
particularly from the Sahara. Flux estimates for some elements, such as
Hg, Cd, Pb, Cr, and transuranic elements, indicate that the atmospheric
transport of contaminants is at least comparable in magnitude to
riverine inputs into the Mediterranean.

Evaluating the pathways of contaminants to the region requires a
comprehensive understanding of climatology and meteorology of the
region. An analysis of nine years of back trajectories to the western
Mediterranean showed that northerly flow took place 30% of the time
with relatively large changes from year to year and with no significant
seasonal variation. Also the number of the trajectories from the south
was greater in the early summer and this transport would be expected to
bring desert dust particles during this period. In the eastern part of
the basin, the trajectories climatology shows that flow from the north
and northwest is predominant.
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Ta azse=s the contributionz of diffecent source ragions o the
conwcentrakiong and deposition in the Meditergcanean area, tha
application of a pathematical madel is strongly advised. Detailed
suggestions with regard to one type of madel for long ranga Eranaport
and it= applic¢ation are gived.

The Working Geoup recognized the problems in agsessing
atmospheris pollutant input ioto the Meditzrpanean, identifving in
particular the nead for more JquUanktitative infarmation on emigsion
solriesd of pollotants in the region, losal climatological data.
transport pathways and air=gez exchangs rates of pollutants, a
strategy for such an asssgsment was dewaloped in which Cd,. wag
recommended as an appropriate substange for stody in a pilot project.
For such a pllet projeqt, sampling sites, sanpllng mathodology and
analvtical keclnigues hawve baeh msuggested.
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within the bowndary layer and thesefore laad to a2 comsidarabls
simplification in the prediction of contaminant digpersion. Various
modals of thiz kind are awvailable in the likeraturs (Atmosphecic
Enviromment, 19B%; Ritchie et al.., L3&3; Van Egmond and Kesseboom,
1983, Theay all inglude kransport. Eransformation. and semowal (dey
depositien and precipitation} processes. Provided that detailed local
metearological information and gourds emissionm gstyangths are
continuously available, such modelz can predict reascnable well, within
a factor of 2 or 3., deposition rates of coakamipants on a monthly or
vearly basis.

In vontrast to offshere transport. long range transporh
(100-1000km a0 greater) imrolves machanisms that incorperate chemical
substances into the upper tropeosphera. The air paceel svengualfy
undargees large—Scale descant and again bedomss ineccporated into the
boundary layer. During sugcent. interactions with clowud and rain
drowlats can ghemically and ghysically alter, affsctively ramowve and
vertically displace zome of the krace congtituenks. Suvch inceragkions
are extremaly complex and still little understeod. and models capable
of describine the compleke thrpe-dimansional pickturs of
emiszslon/depogition have not heen develonzed. Newerthaless, recent
atvancoes 1o campliter tzebnigues nave allowed the devalopment of a
mumker gf methoeds which can be applied iz evaluating transpect to ths
ocsan (Eliaggen, 137E).

A -ecent promiszing method for intecpreting long-range szansport
ig the uze of air trajectoey wcdels. The conserustion of atmosphesic
traiectories has been a usaful beel in meteorology for decadas.
Computer technigques now geecmit the routine computation of numerous
trajectories teg rolate pollutieon movement forward in time from sourcas
af zmigsions and also backward in time from sampling arrays. Thay oan
be zomstructed using several tachniques baged on pressurs and
tempara*mnre fialds and observed wind fieide (Miller 1981: Wilson st al
1582: Miller amd Harris 193%; Merrill st al, 1985). When calouiated
over a pericd of A wanber of years. trajectories are extremely useful
to describe long-rangs flow climatoleogy and to charachtecize year ta
wear variations,

Wren combined with chemical seagurements, the usa of
trajectorieas provides a means to identify the source region of
maferials being iavestigated, For exampla, btogether with daily
chemical measursments £rom ships, kackwacd trajectories have been
recently used over the Mediterranean 3ea {Arnold st al., 1382; Chestar
et al., 1984). 3Such an approach has resvlted in a qualitative
avaluation of the trangpoert ang has helped fo understand the ohsaewved
day-to—day variaticons of concentrations and depogition which appear to
be significant gwver the Meditertanean Sea. For example, during the
FEYCEMED I cruize (19811, high atwspheric conczpntrations of metals
azscciated with silicate duat from 50il arcsion have besn related to an
episodes of fast transport. less than thres days, of soil-derivad
dergsols from North Africa.. Dueing that period, the Ffirst day showed
the highegt concentrations of metais such -3 leag, likely due to the
passage of the air parcel over tha Barcele.. region (Arnold et al..
i9gzy.



In racent years,. simplified linsar dispersion modals have heegn
developed in order Lo satimate long term {anmual or Feasonal)
deposition patterns of sulfur in . Burope {Bliassen. 19780 and in Yorth
America {Young, 1982}, TFor example. ths EMEP study in Burope used a
sinple trajactory model with censtant mixing height. The resulta from
model runs covering a two year pariod showed that avarage
concentrations of sulfur diozide and particulake sulfazte are predictad
reagonably wall (Eliascen and Saltbones, 1982}, The calenlations are
bagsed on amissicn data for 150 py 150 kun squares and air trajectories
followed for 3¢ h arviving at the center of 3ll grid alements every §
h. PBesulks of zuch zalculations wera then comparsd with measursments
at 7] stations throughout Evrope. Such caleoulatiens nawve confirmed
that ., in most countriss in Europe. the deposicion of sulfur due to
foreigil sources repfegents an lmportant @ontribution to the total
deposition. This model has Heen appiigd recantly with zome succesz to
undarstand the transport of btrace metzls to southern Nooway {(Pacyna ak
al., 1934},

2.1.2 Depogition

There are two basie proceszes by which contaminants enter the ocean

from the atmosphers: doy deposition and wet depesition. Bobth processes a-s
poorly understood (NAS, 1978 Lizs and 3linn, 1983},

A Wat Deposition

Collaction ¢f precipitation samples which ars zepresentative aof
trage quantitizs of contaminants over the ccean is offen cuite
difficult, To distinguish wat from dry deposition, wet—only sampling
iz required., i.e. fampling only when rain is actually falling. ¥Hez
cnly sampling ingludes beth the rainout {(within-cloud zeaveng:ingl and
washout (below-2loud scawverging) components of wet deposition. In
cacent years, speacifie protocels have besn dewveloped to insuce thak
sanples are not contaminated during the cellection provess. In fact
khe type of colleckor, peried of sampling. and handling procedures oay
hawe a Zignificant ippack ob the qualiTy of Che data {WMd 1583).

Washout factors, or scavenging ratigs, are oftzn gEed =3 relate
atmospheric congentrations of substances preaent in aergssglsz 9r in the
gas phass to thelir ocgncentratiopng in rain.  Washout fictoras have been
defined in saveral ways, but 31l ipvclve a ratic of the rain
concantration €0 the atmespheriec concentration of the substznoe of
interest, A detailed rceview of waghout factars and precipitaticn
scavenging iz presented by Slinn (1983). OQnce the relationship between
the concentration of zubstance M in the air and in the precipitation
nas been established, ona can utilize its atmospheric concantration of
¥, which can usually be mors 2asily and a¢curarely datermined, ta
predict the concentration ia precipitation.

Tha uza of waghput factors to calculate deposition rates of
substances implicitly assumes that the foncentrationy in rain and alc
are linsarly related, Howewvar, it iz wery difficuik. if not
impossible, to rigocously test the significapwe of this celat:onship.
Problams= arise besause of possible differences in the remowval
afficieney of particles as a function of chemical composition and rain
droplet size. Rain concentrations ceprasent an integrated ramoval
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thoughout the atmospheric ¢olumn through which the rain ig falling,
while the ajir concentration 13 determined cnly ak tha surface. Thus
substances with differsnt vertical condentration prafiles bot gimilar
surface air cencentrations might hava wery different washout factars.
Far gaszes. it must be assumed that vapor phage squilibrium with the
rain is attained rapidly.

&n additicmnal problem faced in traly remote regians 15 that it
may talke many hours, cccasieonalliy even days, to collect an aerozol
particle or gas sample large enough to analyze for many substances.
whereas the rain sample may be collected over s pariocd of minputaz to
hours. Thug the trua atmospheric concentration, swen at the surfaca.
appropriate to the washout facter calculation may nob rzally be mown.
Hashent factors £or gafss vary greatly depending on the Henrv's Law
Constact foc the gag, sinwe

Cr = CaH {1}
where Cg iz the ooncentration in rain

Ca 1% the vapor ¢oneantration in air, ang

H is the Henrv's Law Constant.

Crnly a set of carefully collected rain and alr zamples zhold be
utilized ko detacmine appropriats vaiues for waskouk factors for

eontaminants of inkerest at each sampling gike.

b. Dey Depositicn

ril Aarosols

——— e w

The dry depesition of aarosol particles to the agean surfacse
rafer= te all depositicon proces3as axcept peecipitation. Ik is pfken
astimated by utlllzing the droy depusiticon velecity, va, Jlven by

LI . T -3

whers wy iz the dry deposiftion welovity
F iz the fluxr of particles to the surface, and
M iz the atimw=pheric concentration.

Dirsct measurements of the dry deposition of krace substances on
dergegl particled to the ormgan surface are pot zechnically feazikle ak
prasent. One method for obtaining reasenably acrurate estimates of dey
deposition i3 the use of available models of dry depositicn to a watac
surface as a funetion of particle #ize [Slinw 1980 and 1981; Williass.
I982r 533inm, 1983). Howsvar, the use of suc. godels cegquires an
accurate measurement of the masz-=2ize disheibgtion of the tracs
metals. TIn addition, dry deposition velocitiss depend marksedly won
particle #iza, relative humidity and wind speed.



todel calcuiations @f dry depositicn have bean cather suwegessful
focr sea-salt aerpsel particles, provided axtreme care way taken to
abtain air zamples =hat repregent the true sea-—-aalt particle mass and
siza distribusions {MchDonald st al., 1082}, Ac¢cepiably accurake size
diz=ributions for sea-salt aeroscol particle= can be deducsed Erom the
use of high-volume cascade Impactors. when propet corrections ars made
for particle loss in the targest cizma range. The siteation is zwen
#orse Sor Lrace elements such as Phb, As and Cd because a major fraction
of the mazs of theses zlementa ccoyrs on particles lesz than 6,35 um
ratlius, and fasfade lmpactsrs CUFronkly in uge d9 not sepacats
particlas helow tnat size rangsa.

(1L} Fasaes

Unfortunately techniques ace net yet availakls to measurs
directly gas flures acress the air/ees interfacs. Fluxzs must ba
estimated by use of gas exchange models. Lizs {1973) has raviewed tha
process of gas exchasige across the aicdsea intecfzee. In a two-laver
bowmdary syskem al an ait/water interface zhe flux of any gas =hrough
each boundsey layer 1z gilven oy:

whera F i3 the flux
c ig khe concenteation difference ag¢ross the particalar layer
k Iz the garresponding transfar wvalooity.

e Liss {1%73) painks autz, k depends on many factors, including
the degree of mizizg of the water and air and the chemical reacsiviiy
of the gas. The reciprocal of « is often called the reaistance, . and
ir a measure of ths "resistance™ of the gas to trapsfer. It has uniks
of #zc/em. The kphal resistance to the ezchange of any gas will ke the
sum of the rTesistancs in the gas and liguid phase lamizac layers.
Surface contam:nation. such as an pil film, would contribute to the
reaistance in the liguid phass.

The sxchange of gagaz which are met particularly zeluble in
water. e.9. MN:., Oa, Z0;, and the inert gases 12 largely
controllad by the sesistance Iin the liguid phase. Thiz growup inclodes
a2 number of syntheric organic compounds. On the other hand. the
excoange of such wery soluble gases ag HgO, 33z, HM0D,;, IIC1, atec.
iz ouotrolled by cesistance in the gas—phase laminar Jayer., This class
of compoursd 1% often quits reactive in the aguecus phase.

c. Cemplications in Wet and Cry Flux Datacminations

While an accurste asasurement <of the concentration in rain and
dry deposition i1z a necessary fivss sztep in evaluaking £flumes of
sithsTances to the ocean, it 35 et sufiicient in itself. Lot us taks
traca metals as an exampla. The total amcunt of rainfall in the period
af interest, oer year for example, must be knowm., Potentizl probloms
arise concernilwy wariability of fainfall amount and intemsity with
spason and how this will affect the netal concentrations,. as wall 3y
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haow seasonal changes in wind flow patherns or particle preduction
processes will affect atmospheric metal concentyations akb tlie marine
losation. Even taking thege factors inte consideratiom, significant
problems remain. In the maring esaviconment. the gqross deposition of a
metal to khe ogean iz ocowposed of a net input as well as a oomponent
azseiated wikh recycled se2 spray. The importance of tha atmasphers
as a trangzort path <or material from the ¢ontinents t3 the ocean an
- goly be assegsed acpurately IE the relative contriburions of the net
arnd reaycled somponents carng be diztinguisked {Ariecto st al., 153%5;
Jickels et al., 1%34; Settle and Pattesrson,. 1942). Thers i3 strohg
evidance that atmospheric s8a salt particlas pesduced by bubbles
burstimng at the gea surfzpre contain many metals ia concenTrations
considecrably nighacs than would Bz zzpected on the basis of =he
metal-to—godium ratie of near-sucfage water. It iz apoarsno that some
fragtion of thesS2 metals iz assocliated with surface active orgaanic
material and is sefawvenged by the raising bubblas ard -oocentraced o
the sea salt pasticles produced Eoom 3 wary Ehin layar of <he airssga
interface when tha bubblexs burst (Weigel et al.. 1334). If zhis
framtionation i3 net taken inte account. the calculated net depositicn
to the ocean will Ze anomalou=ly high,

More sophisticared eaenniques for accuratsely éavaluating khis
crecyclaed fraction wmugt be daveloped., Putu-e work should faous 1 two
arga®: a) the use of adzeizte tracars (stable or racdlosctive) during
Ezeld measuremsntd: and L} an imprevedent of our anowisdge of
metalsNa ratice as a function of #es-=alt particle si=z= thooudgh
sgrgfully designed in gity or labgratocy experiments.

2.2 S2a-Surface Misco.ayper

Tre zea-surface micsslayer czpeesents the thin water laver at
the alc-sez interfage. wherz accumuiationz of material. living and
dead, can ocour. A desailed cesgription of progesses accacving in tha
mipealayer iz given in GESAMP Heportz and Studies Ho. 13 (3ESAMP.
1930). The tnickness of the microlayer is usually defined
oparationally, i.e.. it iz dependent on the tzchnigque used to sampla
the microleyer and may rangse from 1 e to 1000 am. . Therafacs. Lk is
important ko compare concentrations of meterials in the microlayer Leom
cne sat of abservations withn arsther only whan the same techolque of
gampling has heen uzed. The microlayac is.the gize of accumulaticn of
o1l filws. beoth natural and man-made. Sedretions of organlisms
contcibute te the natural Filmg, while intredugtion of petroleun
hydrogarbons foom deliberats or accidental spillyg usually conteibute bo
the man-mades films. il films ara capable of concentrating wariqus
lipgphilie arganic substances. such az organahalogen compgunds, as weil
ag concentrating matals (zee Table 1), Thus, in the context of air-sea
axchange of contaminantsz, the microlayer represents the locatica where
there iz a poldup. or discontineizy, in the transfer pracess. The
axtent of this holdup is determined Ly the rezidence Eima of A
par=icular marerial in the sicrdiayer.
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In compaclson with the other marine interfacss, the transit time
for most contaminantz acress the air-sea boundary iz relativaly short.
The estimated residencs zime for water wettable particulaie kracs
metals is about 2 gecands. O the other hand. whan the Lrace metal
particulates are surface stabilized by leas wettalkls organic coatings.
the partizles have estimatec residence times in a %0-micrometer thick
zea furfarce layer of Efrom 1 ts 30 wminukes {Hunter, 19749}, Pathenden
2t al. (1981) postulated that khe rasidence timg for most heavy metals
was 520 mimeraes in a micrelayer of L micrometer thickness. Hardy
£1935) predicts residence times in a calm sea surface layer {S0
micrometers] of from 3.5 to 15 hours, ineceasing threugh the secieg Ag.
Zn, Mp, Bb, Cu and Ni. while with a 42 w.s ' wind the residence time
varied Frem 1.5 ta 8.5 heours,

varicus farma of wicroorganisms, plants and animals. ace
assofiatec with the microlayver and are collectively tzimed neuston.
They consist of backerionewsgton, phytoneuston and sgoneuston. Like ths
non-1living organic and incrganic matter, neuston organisms concentrata
in and near tha microlayer. Thess ocoganisms are encichzd 12 the
micrelayar, comparzed [0 the seswater only a few om below, by factors of
107 - 10 Zfor bacterioneuston, 1 - 10° for phytoneuscon and 1 -
10 for guoneuston (Hardwy, 19323, KNeuston organlsms engage in waricus
orocesses, which undoubtsdly affect the tranactst of substances betwses
the atmosphers and the =222. These include biodegradation,
bictrapsformation. Bisaccumulation. exwdate ralease. defacatisn,
Fhotasynrhesis, pradation and diurfnal wartical migratian. Thers are
few quantitative data on the effects of the forsgoing processes on
alr-sea e=zchanga of 20llotants and otlwer substancas, These effacts
probably vary with the physical and chemizal characteristics of a
parsicular marine area.

Ilmw the sea~surface micemlayer affects air-ges teansfar of
pallutants in sbe Madibtervanean iz undmown, but it is expected to be
rathar amal! 1n redatioc Eo other oroessses inwvolved in alv-sea
exchange for watec-wektable speciss. Under quisscent conditions,
howavar, olesophilic pollutants may hawve a sufficient regidence time in
arganic f£ilms at the air-sea koundary for sicacoumulation by neustonic
Arganismns .

2.3 Aerohinlogical Inwalvemant in atmespheric Contaminant Trasnsport

A general raview of bislogical invalwement in air-sea exchange
wis giwven in GESAMD Reports and Studias Ne. 13, S5action 4 (GESAME.
1948}, The introductory paragraph to that =zection hears repeating here:

"¥arine plants and animals may be involwed in the exchangs of
pollutants hetwsen the atmosphers and the sea in a numbher of
significant waya: (a) excreke oily substances, which form a film on
fhe saa surface and alter air-cea exchangse; (b)) releasse substances that
entar the atmesphera: (£} bloconcantrate certain guhatanees entering
the cea from the atmosphere and *bicmagnify these through the food
chain; (d) *acute toxicity or sub—lethal effect to organismz in the

{* The present group conalderad these statements quectionable for
certain contaminants)
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Tabla 1, Conceptrations of diffsrant constituents and enrichment fackors in tﬁe
microlayer
Pollusant Microlayer Enrichiment Reglioh Referesnoe
Concentration? PactorP
Matale -1
i (.4 = 36 ug 1 {=0.8)- 12.3 Borth Sea Bunter, 12R
tu 0.4 = 5.3 ug 17t {-0.1)= 4,2 North Sea Huater, 1980
3.1 - .5 ug LT t-0,5)- &8 North Atlantic Piotrowicz et 2l, 1971
Zn 2 - 13.2 ug 17T 0.4 - 2,2  Koreh Sea Runter, 1930
ca 60 - 220 mg 1T {(-D.6)~ &  North Sea Aunter, 1980
Hg 16 - 33 ng 1~1 f-0.61- 3.4 NE Pacific Wirliams et al., 1974
B 1.5 - 10.7 ug 1_1 D.1L - 2.4 North Gia Hurter, 1980
zlﬂpb 43 — 180 £C1 lhl 1.3 - 4.8 Mediterranean Heyraud & Cherzy, 1943
27 = 188 Eqi 11 0.8 = 7.3 Vineyard Souwnd, Basun & Elzermar, 1830
TU5h
ZJ_IZIPG 39 - 27% £74 J._l 1,7 = 7.4 Mediterranean Hevraud & Cherry, 10R2
a5 = 734 fci 171 0.4 T 6.4  Vinevard Sound, Bacen & ElZerman, 1280
TSA
| O¥ganicg
% PoBE 31 - 42 ng 1-l 23 = 43 MediterTanaan Fizns & Viltleneuve, 15983
! 1.8 ~ 26 ng :|.':L 3 - 433 Sargmssc Sea Didioman & Oloesr, 1974
5.2 - 6.2 ng 10 (=0.1}= 0.3 H. ®asific Williams & Robertsan,l97s
prp' 29T 0.2 = 2.1 ng 1_l 1,2 — 13 Zaroagso Sea Bidleman & Claey, 174
a,p o0T 0 = 0.3 Dy lﬂl 0 -5 Zargasso Mes Bidleman & Diney, 1574
pgoE 3.5 = 3.2 ng 1-1 .7 — a.4 Meditarranean Puras & wvilleusuwva, L5393
Lindane 2 - 4.4 T1g l-l 3.1 = 6.7 Mol termanean Bovrg & Willeosygva, 1983
dydronarbens
n=Alianes 0.3 = 13.13 ugl_; [—11= 2E5 Madi+tarTanean Sa_iot § MaTTv, 1 pross
noT-—Arn— 1 .
matic 1.5 - 34.27 ugl Mediterrancen  S2list & M=T in prEEs
aromasic 4% - 165 ng lql (=1,561-3.5% Mediterransan 5ali v 5 o.arct iL press

i, 2ll zamples were sollscked with 3 Sordeen,

Wmmsers ligted are rounded for untformity, whersaz the Sriginal

given b0 graater orocizion.

B. The Ehricaoment FRctor is caleulated from

(concantration an the micrmlayerj;

dasd are ofe=n

| gong.

ia the stoouriace wateT!

Reqative values mean that Jdepletions in the Oicrolayer lave ooourred.

1
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surface microlaver from substances introduced through the sea ko the
atwosphare; (g) microocganisms may be concentrated in the surface

microlayer and projected into the atmasphare by bursting bubbles, or
transfecrad from the zaa surface to the overlying air by wind spray".

With respett to atmespheric conbaminact transpork, the most
gignificant Lislogical invelvement stems from the injectiom of
microcorganisms into the atmosphere from the ==a. The grearest concern
zriges frem the potential wind fransporc of pathogsnie bacteria and
viruses from sewage—polluted sea areas to humans on the seaghses or
even further inland. fata on concentrations of different organisms in
Fhe micdrelayer and enrichment factors Sherein £or various reglons in
zhe world ace giwer in Table Z. There ars comparakively few dacz on
concentrations of miceosrganisms in the micrelayer of the
Meditsrranoan, ard oo snown data are awvailable on the ¢oncentraticns of
auch organisms or thoir metabolites in the atwosSphars over the
Mediferranean or over adiacent land.

2.4 Review of sote Existing Programs on Air-32a Chemical Exshange

The growing awaceness of the importares of the zhmosgharz 2z a
branaport path for Zoth natural acd poaliution deciwed substances to tae
noczan has led to gon2iderably increased resszarch sfforts in tha past
5-10 yeavs. Of partlcular impoartanca nRavs Leen ssgwsral large scale
intsvdisciplinary. and ocften internativnal, offorts to evaluate airfcea
exchasge tates <l processes. Gaographical areas covered 27 theze
research programmes carnge from the open Pacific Jdceant to the wesze@n
Atlantic and the Nerth and Baltic Heas. Technilgoas of zameling.
aralysis and quality contrel for eadn programme dra reviewad in
relevant docunents Teparting resulits of each (e.g. Arimobe =t 3t 1989,
for the FEAIFY procrammal. Brief descriphicns of sowe of fhesa
programmas fol low:

2.4.. The Saa/hir Exchange VProJram (SEARITE)

The obiactives of IJEAREX are as follows:

Sourres: Tao identify the sourcez of the supstances found ie the mariue
atmisphera gyar the Pacific Jdcean.

Transport: To lnvestigate the meteorolecical pedcaszszas thas control
the =Zranspert of matertials from continertal soUrces to the ocean and to
madel these processes.

Fluxegs: To inwvestigate the mechanisms of extharge of hese substaowes
arross the geasair interface, Lo weasure the 16t cepositigl of theaso
substances to the odsan,. and to assess the impact of abmospkeric £luxey
onl marine chewical cycles.

Tt accomplizh thease owjectives guantitative weasursmeasts have
oeen wade for salected apeciss in the atmosphers and precipikation:
teace elenents {a.g.. ®h, Cd, In,. Sa. 55, Ci, Fa, M2, Hy, Ag, V. B
abe.l; alkali and 2lkaline s2rth metals: 201l dust and mineral asgrosal:
ek and its dawnhter *'"Po; $07: NQ3i: the halogens: s=a
salt; omone: particulate crganic carbon; s nuber of greanic compewtds,
particularly PCE'a, DOT, HCR, and other heavy chlorinated hydrozackons:
aliphatic hydrogarbons; phrthalate plasflcizery; fatey amida: Fatty and
steraoidal alephols: and wax aaterg. Standarzd meterological variablas



Tabla 2,

concentreaticne of varlous orgsnisme In the mloroleyer
aid entichmont Factors bthetelh for varloue partes of the worfld Scednm

Makeplol Callection Hathad Higrolayer Cong Y Enrichmant Facter Reglian Sanpled Refarenae
Bacterla Srceen l.anlol to 5 mxlo? ma-l P I T San Franolens Area tion et al., 1578
Screan D to 2.5010% my7t 0. to 250. Alaskan Coagk Taiban & Teplnmkaya, 1$72
Sccuen -—- 2,4x103 ma-1 - 233, Catifornis o Ponams gjsbuzth, 1981
Teflon L.4xla o 1.4010% mt 10. to 346, Bwadish Coask Kitlleberg & Haxansaom, 1561
Adsorptlon 10° o J.l}Ia ml-l 0.1 to 1x1g® gulf Coast Cpow wt al., 1975
Bubsiii Lng 2.6x108 co 3.56107 ma~l 1. ko 9. Seclpps Fler, Calif, Dezdak & Caclucad, 1972
¥Yeasta adearptlon to? o 107 wy~? 0. o 100, Gulf Coamt grow et_al., 1975
roldg Adzarpk lon 107 ko 109 m1-1 10. te 100, Gull Coagt Crow ak_al., 194
Funal Msocption 10t to to% mi"! lo. to 1og, oulf Cosak crow et al., 1975
Flagellates Drum 1.5xi07 mx71 -— —_— La Jalla, Califochla Farvey, 195% I
Dz um 1.7nla? el — £.7 vawail Lab Tank Harvay E Burxell, 1972 —
DHpoflagellates  Brum 3.1u10? mrh — 27.4 La Jolla Harvey, 1966 ':J
Ciliates Brwm 1.3u1g? p7l e 2.3 La Jolla Harvey, 1958
pEum 2.321pY @17t _—— L ] Hawali Lab Tamk Harvey § Burzell, 1972
Dlatoes Deum 5.3x10% m1t -—- 0.3 La Jolla Barvey, 1966
Crp umy 5.'}1102 ml-l — 4.1 Hawali Lak Tank Hatvey § Bupzell, 1972
Detritus Dcume 5.4nlod m-L —— 13.% tawall Lab Tank marvey & Durzell, 1972
Benton orum T2 Eko D2.B |:"gl"1 0.5 ko A.0 Madlcecranean Daumaz et al,, 1976
Boreet G.4 o 29.2 mql'l O+ LQ 119 Meditarcanean Daumas 4%t al., 1976
Phytoplankton Screen 2.5x10% to g.wxao? 11 3.2 to 4.2 Cheaapeake Bay Rov et al., 1§74

8. MNorbers listed are roundad Far uniforalty, wherueans tha originpal data #fe oSEkan glven to greakter preclelon,
. kadg te compehsate for dLEferent pampilng techplgues, such aa "deum and screen™, to make them more directly comparable.

b, Tha Eheldhoent Facter Le caleulated from

{concentratien ln tha ulcrulayar!

[eeno.

in Ehe vubswerfmrg water)

=-1.

He AdJdstmanta have Bren

Megatlve valugs indlckce depleblon in the nizcolayer.
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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 1i.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
when waves strike the shoreline.

SEAREX has a continuocusly 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 Ocean 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 bEwe intensives ofcudzed in Octoler 1382 and februarcy
1983, Their ohjoctives were —o 1mvestlizat:z the changes that cocurreod
in the cempesition of alr parcszls curing kransit from North America ko
Zgrmuds. In additien to the loog-term maasurements of wot deposition.
spientists meazured the zoncentralions of trace gasg and aeragel spscles
st Lewes, Delaware and Higin Po:nt. Bermuda., The thisd intsznoive uzsed a
ship (MY Cceanic) to sample gasegs and daerosols between Nocth America
and Bermmda in suppart of the abeve aljective and =& Zest 2ew shipogarc
orEClpitation-co-lection dewices,

‘The zpbowe 1ntgensives sampled Aic in ths merine bocndary lavers
during Lrazsport from Korth America to Becmuda, Obrious limitalions of
thig approach wele that Lewes, Delaware and Barmuda may oot ze
represantative of the Worth Amerisan Ezst Coast apt the Westersn
atlantis Qwean respectively, and Ehat measureneonts at ssa level give To
information akemt uppeor-air tranaport. Theeefore, the Zourth intensive
was designed with these limitations in mind. In addition go ERe
Jround-level zampling of gases and asrogols at Lewes. Delzware and High
Foint, Bermuda. the NORA ressarch aiccraft will be uzed to sampie
stmospheric gaszas and asroscls az 4 function of altitude and latitude
during frontal passages between Nov:ih fmzrica and Bermuda.

Fubturs zzidiss undor ARTOX wili izclude continusd neazuromsnts
as she fTwo sizes. a sZecial field stuldy empleying aiccraft in 1985 and
1986 and wn analvsis of all the cdata u=ing an atmosgheric transpocs
mode |,

2.4.3 Shkuwlies in the Baltiz 3es Area

Preliminary studies and estinAtes of zbawspherls input of
contaminants fao the 2alkiz Ssa made 1o ke 19705 by some pational
institutiones of She Ballis Zea area showed that this i:nput was
comparable to che contapinent iapgk Dy rivers ot with dowvestic ans
irdustrial wssto cischargss. This refezred zsoecially to many hesvy
matals, sSome inorJanisc aoe wetals (6.3, mikcogen condounds),
organcchlorines (DT, PCEY and some radionuc’ides.

To iniciate joint studies 1o thas fi2ld, khe Zaliic Marine
Znvirpmmant Protectlion Cormission tHelsinki Compissian = ERLICMI
eskablizhed an Ad o group of experts neninatsed by coutkries to
teviaw, olan and coordinate rhe ackbivibties opn ale-Doste oollutios
Tesearch and wmonitoring. o 1982 the group gregared a status ropoct
and sreliminary proposals for a Subture monizori-zyg programme, based oo
informabtion nrovided by sountries. Abaut 20 siazions were raporhad 59
ozerationzl or wianned Lor air poilition wonitoring.

The outcome of the Ssminar an she [nvestigaclion of Airboone
Pellution of the Zaltic Sea (Ta linn, USSR, 21-25 Zeocembar 15830

on adirkorte Pellutian (BGAFY held in September 1584, which considired
the status report o0 aaticoal morltoring and ~2szcech dotivities acd a
compilation of atmospreric angd preclzitation concentrzbion data anc
ggfimation of wat 284 dry depesikticns to the Baltic 32a prepared on &b

Laziz of daktas submitted by the countries,
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The proposala for the airborne polliutisn monitering programme
within the Ealtic Seza area develeped by EGAP included the following
Cacommerndat 1 omns

- to initiate the progranme in January 198% ip all Baltic
countries:

- ra include in the narional measurement programmes the following
parametsrs: NO:, NHi, Ph. Cd, Cu,Zn, 8037,
Na and Mg in precipitation; NQO:; amd 30:; in the air and
HNGC3 N0z, ¥Hy ML, Po, Cu,Za. 50i7. Na and my
ln asrosels;

- ta prepars (by January 19%85%) a list of institutes. Iakoratoraiss
and menitoring stations participating in the programme;

- bo use as far as ¢eazonable the axisting WMC-BAPMoN and ECE-EMEP
stations in ooastal areas:

- to uze ressarch wesssals and submit <he inforpation oo such -
cruisss to the Secretariatsz

- tw report data on 2 menthiy basis ia aceordznce with a specdal
data reporting format which ineludes information oo the results
of conwentratieon measursments, sampling Sime, menitorimg dite
charantaristics, wetesrological conditions {precipitation
amount, temperature. wind speed and direction ete.). hrief
degcription of =ampling and anaiytical methods.

Az far as intercomparizons and intercalibrations of sampling and
aralytical mathoeds are ooncerned,. ib was recommanded that such
ararcisaz: be carriad out in a host country (starting with Sweden in

. 18353, The different sampling equipment sheould bhe inszalled ab one

tation in the host country and each par-icigating laboratory would
analyse sampled wsing its own egquipment. The sampliag time and
gquipment would be aralogous ko those wused in the momitoring

programme.  The priocity should be given ke the sampling procedures for
heavy matals. For the Intercalikratiom of analytical proceduras
artificial rain samples prépared by WMO. LAEA or Iy a lead country
should be used. The information oe airborne pollution would be derived
from pational anowal data reports. logluding wonthly mean values. The
informationt would he uzad for constructing annual deposition f£ields for
the Baltic Sea area and for assessing the takal airbomme load of
pollurants {(in toassyear) for differvent sub—areas aof the Baltic Sea.

The anmual data ceports would be sent 0 the Sscretariat ook
later than 1 May of the following year. The generalized annual
reportg, ag well as additional infocmation on monitering and research
activities, would be regqularly considersd by the
Scientific-Tachnological Committee and prasented tp the contracting
partias.

It i= also erwisaged that backward trajecteriss would be
constructed for gome monitoring stakions by the Matecorological
Synthesizing Centres of the Co-oparativa Programme for the Monitoring
and Fvaluation of the Leng-Rangas Transmission of Air Pollutants in
Europa [EMEP).
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2.4.4 BStudiesz in the North Jea Areca

A nimbar of r2search programmes on atmospheris input of
pellutants into the Morth Saa wers mapreled out in the 1970=. Fur
compiling pollutant input data. the Working Growp on Follgtion Baselins
and Monitcring Studies of the International Council {for the ZTxploration
of the Sea (ICES) cdeveloped an Inputs uestiomnaice in which countrilas
bordering the North Sea were ashked to provide informaticon on inpuks of
major pollutants including demestic sewage, industeial effluents, and
nhoge from river run—off, ocean dumpicg and the atmosphers.  Summaries
of the results of these inwvegtigations wers published by ICES (19783 .

At the present =Zime, TCES Jdoes pot have 3 co—ordinaced
inkernational programme on aic-borme pollution of the Nocth Sea,
altheogh gome work in this field is carried out ny the DCER Marine
Chemistry Working Group.

Jome co—ordination of national programmes on monicpring of
airborne pollution of ths North Ses was corganized by the Pariz
Coemmizzion Ehraugh its Working Greup on the Atmospheric Input of
Pcllutants to Convention Wakers.

The most comprehenzive and up=to—dite agses=mants of the
pollution of the Narth Sea from che atmosphare were prepaced by Lihs
Netherlands Srganization for applied Scientific Research - THO
{van Azlst. et al 1382},

The reccmmendations for furthar ra2gearch eada in the rapoet
inelude the following:

- measucementy 2f the cencentrationa of relevan®t coopounds in f£ag
air and the flug of dry ideposition gver the ¥ortl Sea depending

on metesrelogical cemditieny;

- dstecminaticn of the distributien cosffioienc of grganic
compounds hetween air and North Sea water:

- messursments of the goicentrations 1n szjiawatar gollecred ip
wer—niy collectors 1o tha Worth Sea arsa;

- caloulations of contributiorz of source catecocies znd zource
areds to the comcentration and depesition avar the Ser-h Zea. oF

mzans pf dispersion modelling:

- Imolementation of a fgasibility study for the applicazicn of
mocaely for similar caleulations for ths wet depogition: and

- further study of the pollution via non=atmospheric =aute -]

2.4.5 Studies in the Meditersanean Area

The Long-term Prograwmme for Pellutlon Menitoring and Tesearch
(MED PCL — Phage IT) of INEP'=s Mediterrdmean Action Flza zpdorsed at
tEhe 3epond meeting of =he Contracting Zarties to the Convention for -he
Protection Sf the Meditserranesan Sea acezinst Pallution {(Cap-—es. LIAL)
ingludes monitoring of the franagort of pellutacts into the
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Meditertanean Zea through the atmosphere and reeecarch and gtudiss an
pollurant -travsfer prodeszes at airfgea incerface. The purpose of the
monlkbzring is o establish the input {flux} of pollutants into the
Mediterransan Sea rhrowgh the atmosphere and thes o provide addit:onal
informazion on khe pollaution ‘oad reaching tne Meditsrcanean 3ea.  The
worritoricg snocld ke based on the work of national rozearch ceanzres and
tnclucde:

- areas directly influenced by identifiakble sources of air
pellution and

- refpronca areas not dicectly influsncec by i1dentifiable sources
af a:r paliutiaon.

The Cantracting Factias decidec to consider the £irght orase of
this menitoring as research activity and to assess the soszsibility of
using the existing WMO's Sackqground Alr Poliution Monitoring detwark
[BAPMor) atsbicers as the basis on whieh Eo beqgln the menitaring.

Tkae pegeacch actiwities are aimed at inwvestigatring che rolz apd
importance of the atmospheric transport a the cvcles of pollutants,
zlucidating tha transpoth mechanisms and the flow of pellutants across
he airfzea interface, ar developing models of srancpart processes
cowasds and into e Yedite-ranean Be2, famol:ing and aralvibical
techniques and ak astablighing an ooerakicnal core petwark of
Moni=orimd sktationsz.

Apart foom the werk carried @it by the INTERPCLL W.35. and as a
part of regsarch activitiss on pellutant-transier ooogezses abt aigdisea
intarface {regorty of IV and ¥ mastings of the Working Sroup’, zevar-al
projects Were implemented iy Maditerz2sean rfesearch centras and outsidz

consultants.

The ¥eteorological Chservatory, Milan, Italy, developed a
computational method for monikoring the atmespheric transport of
pollutants to the Maditerranean 3ea. The method was applied to the Do
and Tiher wallays and showed good agreement with tha availablcs
exparimenial data. Latee on, this ohsacvatory developed an eval:iation
madal of the transport of heavy metals: deposition ans net flux of
cadmiwn across the Italian ceasts and calculaked Cd amizsions.
spncentraticns in air, depogitions and fluxes crossing the Ikallan
coasts from domestic sourges (Clerici, in prassd. an extons:ion of this
modael o take into consideration Fluxas of Pb, Al. iy acrosa khe
[kalian coasts and an inventory of sources of khesa gollutants in Zraly
iz being oonsidecad.

The Institute of Gealogy and Geopiysies. Naples, [taly,
gstimated the akmespherig input of some heavy metals to Lhe Bay of
Naplas and daffusive models wers 0% up in order to svaluate the
gurfage distribution of these substancez aver the whole bay on &ha
basis of observarions made along the ¢past. The experimantal data
showad tiwe highsat walues for Fe. follgwed by Zn, P, Cu and 2d
(Falumbo et al., 1%E%).

The Taderal Hydrometsorclogical Institute, Bslgrade, Tugaslavia.
iz implomenting 2 preliminary study of potentizl long-range cadmium
Erapsport from major ldentified sources in Curope inte the
Mediterranean reglon.
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A draft of the reference method "Sampling of aerceals and wek
precipitation for analysiz of chemical pollubants"” was prepared by [AFR
on the basiszs of the "WMQ Tnternational Uperations Handbogk for
Measurement of Backgrowsd Atmospheris Palluticn® (W0, 15781, The
method is under teview far ibs gublicaticn in the TEP ceries oo
Rpferenge Mathods for Maripe Pollution Studigs,

Magokigzions with countries participsting Lo 3a2Mel hsve
resulted in identifying thrae stations to searve alse MED PCL DUTRGSES!
Carpankras {France), Mes=sina {(Ltaly} and Zavizae {Yugoslawvia)p, she
latte:r haviryg b2en lntegrabted in the ¥acoslav Hatlonal Monikoring
Programme. An agrzement was reached bebwees WHMD and TARA that LAEA'S
labarataries in Vienng will analyze Silter and przoilo-sation samples
for cadmium znd mercury from all MCD FOL stations. Two of the stacices
mentioned akove are now operatlenal aod it is axpected that im tho oear
future Srescae, Turkey and &lgezia will also “oin 0 fhae monitoring
network thoouge WHMC.

Pregramme on Physics and Chemistry of the Maditorransan Sea (PHYCEMED]

The PHYCEMED 1= a4 joint Regearch Programme organized Ly [FRIMER.
FAANCE in coligberation with CNRS, France anc ceoch Uoivergitiss., Ths
rajet goal of this programme is the undesstarnding of the physacal.
chemical and biolecical proczsssey which contral che air-gea exchang: of
contonznants and theis trensfor in the watar salyon and o che
gspdiments of the Meditorrasean Sca. S3cientlistz Srom France, Zoain.
Tuniziz. TFugoslavia and the Tnitsd Kingdom have already particzipated in
thiz progranm., Two cruiges hava taken piace, mostly i REha Westarn
Basin, in 3991 and 1383. Eight pre—selected watec-szmpling stations
hays hesn wisiked bwice ard will oe wizibed in the Eutura.
Contaminents being investigated include heawy metals {Ph, d, Az, Hg.
Cu, Tnl ard argaric cempoundz. YWork related ko tha evzluation of the
atmaspheric igput of -hegs substances has beszn undartaken oy Universiks
Fiarvas at Marie Curie {Organic Compowrds) and tha Cactre dea Faillias
Raficartivizés (Heawy Metals) and is summarized in section 3.1. The
arogramme £ the lacter [pstiZute iz also a part of the XED L — Phass
II Research Activitics and & detailed ciport ol che results will be
zvailakls in 1534.

Eaghern Atlantic 2od Mediterrancan Trarspart Expocinent

An eypect meetiry was organized by WMO, TNEP and some Span:zh
agenciss in Madeid, Spain, in December 1584, -o elaboratsz the programos
af the "“Eastern Atlantic and Mediterranean Trangpors Experiment"
(EAMTERK) simed 2% in situ measuriag the backsround zempeosition af the
atmosphoerce which will he used for ggsesEing the long-rapge atmospheris
transpoart of frace subsrtances to the WMediterranean "S<a. Aircraft
providad Ly the Spanish Gowermment and the SAEMoN heszline skation
Tzana, Tengrife. will be used in the experiment which should =tart sn
194%.
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3. FRESENT {INDERSTANDING OF TRANSPORT IN THE MEDITERRANEMN

3.L Levels of Atmospheric Contaminants ower the Mediterranean

The Working Group reviewsd the available data baze on
atmogpharic foncentrations of contaminants over Lhe Mediterranean. Cme
very steilting feature of thisg data basea is that there is curremtly an
insufficient mumber of measurements over time and space to allow for a
comprehensive aszaszsment of akmospheric contaminant concentrations in
this reqion. Host of these datra dariwve from recenft oceanographic
cruisec, predominantly in tha Westecn Mediterranean Basin ducing the
FHYCEMED proxgtam. The most studied comtaminants bo «date have besn the
heavy metals and metalloids, such as ¥, Cr, #n, Cu, Zn, As, Sea, Bg, 24,
Sk, Hg, Au and Pb. 2An even more limikad daia basa sxists for organic
substances {2g.., FCBs) and artificial radionuclides {eq.. *797%%%pg).

Given the available data, the Working Group focusged on the two
hest studied elements (Fb and Cd) which originate in large part from
anthropagenia scurces. Takle 3 presents a sumary of atmospheric Fb
ard 0d concentrationsy over wvaricus regicns of Phe Maditarransas,
Atmospheric coneentrakions span 2 arders of magnituds. wikh extreme
dariability beirg nmoted gwver varey chort time serieds thovrs Eo days)
{Arnold et ai., 1982). Within the Mediterranasae, ir iz apparent =hat
Fb & Cd concentration in air are 5 - 10 —imes higher in dernsely
populated eoastal regiong than over opsn waterd (Table 3], Recosmizing
that rhe data from cifferznt ragions werg probably collsoted by
different technigussz, with different levels of guality contrel in
sampling amd analyzis, the Working Sroup noted,. neverthelo=a, that the
range of mean atmospheric and rain concentrations of PR and ©d cover the
Mediterransan ars comparabis with these over other recional sesas such
a5 the Balti¢ and Worth Seas (Tablz 4). These conecentratioos acs an
order of magniTude greater than levels cver the Nortn Atlantic and uo
to fonur arders of magnitude greatst than concentrations in romcka
zegions of the Soupkh Pacific {(Table ¢). Direct assegsment=s of Eotal
atmogpheric depnsitinn {wet and dry! of gontaminants into the
Meditervansan ars nok possible, as thers have been vecy fo2w reliable
seasurements of contaminant lewels in rain. Table ¢ pregents a crough
estimate of tobal ztmosmheris feposition inte the Mediterransan zased
on & total depositien velecity of 1 om ssc”' (Buat-Mdnacd and
Cheagelat, 19793, Pgain it can be seen that the atmospheric flux of
contaminants dess not differ appreciably between the Meditervanesn and
other regipnal =eas around Europe, wnile Atlantio and Bacific
deposifion are lower. As demonatratsd 1n other oceanic raigions
{Buat—Menard and Duce, 19357, rain can be expected to account for most
of the atmospheric depogition into the Mediterranean. Thus, seasonal
wariation 1o flux of contaminants inta the Meditarrtanean should occur.
with greater deposikion oCourring during rainy pevicds.

The few measurements of organic substances in Mediterranean aic
that have been made suggest that the FCHe {chlorinated hydrocarbons)
ara lewer than in ¥orth Sea air and comparabls with opgen ocean rzgions
of the Atlantic and Pacific (Table 5). By contrast, concentrations of



Takle 3. Atmosphar!é Cancenkrattons of Pb and Cd over tha Meditrratean Basin (ng m~?)

— -n

—

n af samples

Pl Cd Refarences
rang# mean range MR
- Eastern and Central {1579} -2k 14 - -— 5 Chester gt_al, . (1981)
- Tyrrhenian Sea (1979) 1-16 10 bodr-1.8 ¢.48 a Chaster gL al.. (i5%84]
-+ Gentral and Tyrrhenian 32a
1eea] - 1¢-58 L] 0.3-5.0 1,18 19 Seghblar {34}
(1542} - 1-39 15 o.2-2.4 6.3 [ Buat-Henard gb.23., unpubl. daka
- Hesterm Hasin
Phycemed 1 Craise (1981) 1-58 11 t.1-5.5 1.1 11 Eeghaier {1984)
Fhycemed 2 Cruise ([932) 4-54 27 o, 4-3.2 1.6 15 Buat-Henard gLoal,, unputl. daca
- AlbGrAR Sea {1981) 5-r8 49 2.1-7 1.6 7 Saghaier (1984}
» Cpastal Regigns’
Marseille [1977-19¥9) ans £.9 zod viala &t al,, 11579)
Mgraco [ 1978) 171 4.5 1) Seghdier |15%64)
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Table 4, Atmasphacic and precipitation ¢oncentrations of,
aud £lux data for, Ph and Od ia different regions
Fh d Fofersncas
ATR 153 m?
Jampd area
Tropical 3outh Pacific 0.02 < 0,002 Duce, unpublizhed data
Hatterson, unpublished data
Inaewatak
Tropical Mocth Pagcific 0.12 0.003 Duce et al., {1983}
Hawaiil 2 a.02 Settle and Fatberson (L9EZ]
and Enffman 2t al.. (L982)
Morth atlamkic 10 g.13 Buatr-—Mepazd (1983}
Permida Area K| .2 ODuce et al.. §1976)
Balkic Hea 10-6{ 0.1-0.8 Rodhe et al.. (1943)
Harth Sea 2020 0.%-2.5 Van aalst et al. (1983}
‘“Chestar at al., (1931, 1384)
Mediterransan Seaa 10=-60 D.+2.1 Arnald ez al.. (19321
Eeghaier {15%24)
Suat-Menard ¢k al., unpub.
PRECIPTTATION pg-lt
Samoz a.007 — Duce =k al.. vopuh. datg
Gattle et al.,. (19822
Enewetal 0.023 0.9041 Arimpbo et al_, {1985}
Setkle et al., 14823
Ba rmuda 0.77 0. 006 Jickalls et al., {13184)
Haltic Sea 10-30 0.3 Redhe et al.. {1980)
North Sea 10-35 Q.3-1.2 Van palzst ot al.. (1332}
Maditerranean 5=a 6—12 — Buat-Menard =< al.. unpulb.
TOTAL DEPCSITICH
ng.em et
Enevwatal 1 9.35 drimoto eg al., (1935} and
Horth Atlankic 310 5 Buat-Menard (1%83)
Baltic Sea 4001750 13-20 Rodhe et al.. (}3804
Mortlt Sea TOO-3600 20-8% Van ralst et al.,. (1983
Mediterranean Sga i0g-1304Q 10-50 Calculated from Chester ot

al., {1481, 1344}, Armeld st
al., (2982), Buat-Mepard et
al., wnpob. data.
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n-alkanes, both in particulate and vapour phases. are substantially
higher than ower tha Parific (Table 51, The Workiny Group was nat
avzare of any messurenents of prganig contaminants= ia rain over the
Medivarranaan.

In comparing tobzl atmospheris input of metals into the
Meditercansan with riverine input. it ig clear that the former is 2
significant and major source of contaminante {Table 6). This is rot to
say that eha loral ilmpacts of riveripa and atmespheric inpukd are
comparablae. Siwilar conelusions on atmospharic. input ware <rawn from
gtudies in other regicnal seaz (Roghe et al.. 1980; wan aaqlsot gk oal. .
19823. It 13 agtewoethy that deposition of the teansuranic 2lemants
derived from atmospheric weapons tests ovar The Pacific is detactable
geep the Maditer-anegny  Thus, wery long ranges atmosoherio tramsport of
contaminants nlparly cocues over the Meditarrtoonsan. The aszociation of
metals and other Sontaminants with warcy fine asrosol particles (€1
wn) , demonztrated in the Mediterrzanean (Seghaierc, 1984} and alzewnere
{Duce ef al.. 1976, 19833, clearly indicates that these contamipants
have been tranazported ovar very long distances.

Thae Working Group also oonsiderad the gquastion of shork range
atmogpheric transpurt of contaminattts from loecal sources into coastal
ragions. Cerralnly, the obgervatipon that alr gver cmasgztal regions Ras
greater cantaminant concentrationg than open-ocean air (Tabie 3}, 2wven
though the data were collected by different investigaters by possibly
differeng techriques, suggests the possibility of enhanced atmospheric
deposition of fheseé contamisants 1n goaftal areas. Cnly throee studied
in the Maditerranean region are kown ko focus on khis problem.
Clerici (1%63) galoulated depoaition of Cd around sogme large induatrial
centers In Italy, apd Palumbe and Tannibelli {1898%) shewed that
atmospheric deposition of Fe. Ca. Zn, Cd, and B was a majer
contribution to contsmination ip the Bay of Maples, A third gsudy on
the ofi-shoee cransport of heawy wetals amitted by the industrial ares
of Foz sur Mar, France. (s presently underway {Gamez and Berganettl,
personal commuenicationd.

1.2 Emissions

Tha Wocking Jroup reviewed the available dara base on amissions
of atmospheric contaminants in the Mediterranean rsgion and nearchy
contries, This datg base 12 non—existent for any ¥ind of contaminans
fram the North Aftican region, while for Eurdpe,. €nly & stwdy agplying
ta metal smissioms by country foon the year 1979 (Pauyna ef al. 1984)
wad avallabhle {(Tables 7 and B}, Inwentories of organic substance
emigsions inta the atmesphere Srom Burupean Securdes wece unbmown.  The
valpes presented in Tablsd 7 and 8 repregent ipdirest =atimates of
metal emis=icns baged on consumptiomn data, evAluation of metal coatent
af raw materials, the ohysical/chemical properties of tha wmekals,
tecinglogy of preduction, and the sfficlency of emissicn control
devices (Pacyna et al, 1934). It ghould bs neted that the most
atcurate esatimat:s are prokably for Dh, Cd and Az, while data for ke
other metals warrant much further study. It is alse notewarthy zhak,
in the context of modsling long-range atmospheric crangport of theze
contaminants, there 1s almost nao available informatrion on single large
soupces. Tha astimated atmospheric deposition of Ph. Zn and Cr over
the Mediterransan (Table §)} represent= zhout 5—20% of total European
emisgions of theie matals,
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Table 6. Comparisan of Atmospharic and Riverine Inputs
intn the Meditarransan Sea

1

Atmosphearic Iopuat ¥ Riverineg Input y ' *&w

Fh 5000-20000 tons* 2200~ 3100 tonats
Zn 4000-25000 tons* . 11000-17000 tong=++
Cr 200— 1000 toms* 350— 1900 tonswax
Hg 20—~ 100 tons* A~ 150 topngkds
1370g 980 {i%* 32 i
Pireu .45 Cinw B.12 Cinm
FraeiaSoy 20 gk 0_36 Ciww
5l 1.5 Ciwe .19 Ciex

* Based on Aats from Arnold et al. {1988);: Buat-Menard ot al (unpub. datal;
Thestar et al (1981, 1934}

ke Fulead ak gl, {19491}

*&w ONEF Rept Mo 32 (1984&)

kA xThe riverins inputs are based on measurementz of the dissoclived-phase
transport only.

Wote: It should be noted that fallout muslides cen hawa lang rezidence times
in drainage basins: and therofore tThe riwvearine input may be more
sustained in the lopg term than the atmnspheric input.




Table 7. Emission of irace elements in 49790 -pear 't (from Pocyna et al, 1984)

Europs A Be Cd Co Lr Cu vin Mo bh Bl 5o et W Zn
ol eambuslion 488 50 146 ¥il 2,090 1,870 030 395 1570 16T0 215 G 1200 1350
ol combusdiv ilg na o LEl 34 1,330 Y63 150 T080 L1 185 3L204 190
woed comm busbivn a4 L) 1,400 175 562 4,590
gasaliee combuslion 3 Wl 1.3 14, 1K)
rasiig I 192 2115 1,544 L, [ ) 460
primary nen-fecnous melal
productic
capper-nickel saeliers 4450 595 7,83 9,250 o0
zinc-cad mluwm smchers 10 bS50 441 11 T.B80 11 43,800
lewd emelers L B 120 k| |40 |0.440 18y
secundary non-ferrous metal
produciion
Copper b3 &1 54 | LTt ]
Tinc L8630
Lean I 147 130
irom, sieel and (erro-gllay
manufaciuring k11 15,400 L1110 4,778 kT 14 ] LR LD, 150
refuse incincranrs Li Bd | 53 paile) 154 i #0d L0 31 19 5,880
phosphede lerilizers 1} i 71 i Tk o
g end production 13 i13] 146
indusisial applicalians 134
TOTAL 05000 30 2000 DK 1A 1500 1T RS0 16000 bI000 BG40 34,500 80.000

* The S emisslon wilh patitks. An wdditional smounl of 560 Lyear! of weknium emitled in the vapor phase should elio be congidered when culeulsiing
the long-range transport of this elernenr.
v e very smalk



Trhle B Feriesions qf trace alesienls for all sousces b Furape in 1930 {i-pear) ( from Pacyno et al . ]_934}

Couclry A5 o Cd Cia Cr Cu Mn Ma  Hi Pt & Ee ¥ Zn

Adbania EY Y | ] L] 5 7l 1 | u2 134 04 0.5 13 12
Auslria jui U2 13% 1z 3047 124 (LI & 144 1,911 1.1 43 152 4370
Helgivm ah 05 17 L] 642 G131 1) 15 i1 | 1388 109 14 L1758
Hulgl‘u‘ii 151 1.4 a1 47 154 L1 UL iz 290 1 1.3 & ™l 1,721
Caeglwsiovekis 11 kN | 23 H4 Tl Epal T2 qq 471 1,18 16.8 148 ) b33
Crgnmark 7 0l 9 F| 3l 15 7 ] IES 15l 12.2 1.4 1] 106
Finky nd 127 0.2 H4 i1 I e 1 ] 137 1.621 1.2 4.l 50§ 146
France ey 1.4 174 [d1y L.oh% 450 [N 34 03 10,54% 3.3 180 2334 §.121
Crermun Lrem. Hep, 131 4% n 108 k¥ 116 q11 ai adlp T0g4 251 M| Uas 144
Geraman Fed, Rep. TE2 19 123 1310 2133 1,552 FALT |14 14011 4,405 49.5  J4fd 2,21} || 6BY
Girguer ity 0.2 L] 1T ™" 53 43 [ 1711 1,363 1.6 1.1 712 121
Hungury a4 ne E 4 |4+E pli 0] [ & [H1] 183 a0 34 4-b Ja9 EG
lalun®* o RE s Jit L1E ] — Hd 4,131 I iKY — 53 10, WK1 164
lrelamd 1 g1 L E 11 11 & 4 k3 A56 K | ] 198 31
yly 91 O L4 150 | MRS 183 Wik 34 11153 9,382 1 24 152 1,420
Menreebands 4 LN Ed 1] FEE] 105 153 LIT] Y 2427 8.3 1.8 gig Y067
Murway 16w kL L 40 LT E%] 2 [714] kil 0.2 [ 1690 1.1E4
Fulynd 656 B2 20T L5l el L1 1D w7 451 4568 4)la 374 11 4013
Ponugal Ty 3 113 a7 il pd1 ¥ ¢7 h %] 0. 1.4 164 M
Kamarnia il X4 13 LY Gy P} ] 5L ] 3l 116 Lhz? 127 b3l 10 and
Spain Wz 09 126 il ka ) L1 3 417 0 jla 5,934 a8 e {37 1,255
Sweden 147 16 Ak L5 117 12 9 111 2,270 [ 54 1,003 Jdg
Switzerlnnd 1 i 1 5 40 I8 25 i 1l 14y 803 D 130 50
Turkcy 6l [N ] 11 1 147 417 126 15 T 1182 ] 5l 419 ' 'F]
US5R LE|2 130 Rig Gl T.41 6518 680 21T AN4 41,842 BOG 1200 1t262 2LIE)
Uited Kingdum 64 4 el 130 134 1. 1] 101 [il¥| i L] 10,008 400 Ml 2,074 1415
Yugeedavia 134 0H L3 4G 104 187 171 14 184 HE N 51 16 i 141)
Lusemburg 0.4 v, 1.1 11 L1 4 (L) 04 15 il 0.6 0.z L] 158
Tolal 4,500 L0 LICO 2000 1RSOE 13500 n3 00 Ex0 LeAWHD pEAo0g o JED d 200 13500 §O,000

*hy yoar '

wi. = wery smell.
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Zinre some oombaminants can originake from patural as well as
Anthropoganic sources, the Working Group consideresd such natural
seurces as vielranic agkiwvity, s0il erosion. end the ocean surface.
fLudies ~f emisgions from Mt, Etna indicake that woleanic actiwviby may
S an caportant seu-ce of Se, Hg, &5, and Cd for central and gastern
vasing of the Meditarrangan (Buak-Menard & Avacld, 1%78: Martin &t al..
19847 . Spil ergeion ¢an be 4 mator souree of metals in the aAtmeaphare.
bisk 1z verv episzodic in natare.

The annsal input Srom seil ercaion, including the periodic s
oropoenced dust shborms bringing in Fahwaran dust. has not yet been
quantitied. If iz thought too that acrosol droduction from the ocean
aurface may tosuzit in the reeyceling of zartain pollutanbs (heawy
metals, radiorueclides, bActeria, aorcanisc compounds): the impoctance of
thig phenomensn has not Lesn assesied for the Meditesrranean. Tt should
e pointed out that in coastal areas this phenomdnon might conteilmase
aignificantly = khe atmospheric concenkrations of these contaminants
wider sea-hrecze conditions.

3.3 Ev;luatiun ouf pathways

i.3.1 Climatologicar ztudies

The deditsrranean ragion 1z kcem throughowe the world for i-s
digtrinctive wlimatoe. Tk iz oged as the a=rh--ypleal zzampia of the
subtropical cummecsdry weathszr ragime. Though parsgs of —he cagion do
r2presant this tyoe of climatbe, ozher arcas in the porth and west can
only be dezcribed a5 f-ansiticnal zomes betwesn Medizezranean and
contipenka’ wegther =systemz, I~ ovder ko undarstacd the tranaport of
chemical substances to bl z2-ea from Bhe anibropogsaniec snd natveral
spurcoes, the alimatology and metasrciogy of the Medibterranzan Sasin
st be wall undarstooc.

Iuropean weather is geparally comipated by two pressure sysbems
- tine feelandic low and the Azeres high. The intensiky and mowvemenc of
thege systems poztlward and cocthward ragulate the metacrolegy of he
continent. Thi= praduces an almost straighb wezterly flow of medist alsc
off the Atlantic {dcean. At times such a3 the winter eof 13983, the
Siberian anticyglone can mowve west and advect ¢0ld continental alrt all
the way to the Atlantie. The Mzlterranean Sea is on ths southarn
Border area of thig wastarly flow and, hecause of itz warm watars and
surrpuading totography, dauzes 2 ocowplew intacacticn that Complicatas
the meteorology in the area, This can be seen from the rainfall
patterne shown in Figuees 1z and 1o, Additicnally local winds affsct
the transport of contaminant= into the Mediterranean 3ea and they have
te e considered in telatfon to the long- range transport. The westesn
part is alse a major source area of owologenesis, marticulacly in the
winter (Tigqure 21.

Despite this complex situation, 1t iz posgible to point out twa
areas mainly characetarized by their precipitation patteros. Thess
regions ace coughly: (1) The nerthern pact of tha westeen basin, (2)
the southern part of the wastern basin, and (3} the eastern part of the
¥aditerranean =zea. The JUestion then arised a2 to how can we desdriba
atmospherie transport of contaminarnts under such complex conditions.
There ace sevaral ways to approach thig problem. gsowme of which are
discussed in the next sections.
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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 Analysis of back trajectories from the western Mediterranean

Trajectories for the nine-year period were classified using the
method shown in the lower portion of Figure 3. There were six
different categories: 1. North, flows coming from this area would carry
polluted air with them; - 2. East, trajectories rarely come from this
direction:; 3. South, this flow pattern brings air from the Sahara with
accompanying desert dust; 4. West, air from the west could be expected
to be the cleaner; 5. Miscellaneous, this case includes times when the
trajectories show strong cyclonic motion, or very weak flow. At these
times, categorization is impossible; 6. Missing data. A summary of the
number of cases for each category is shown in Figure 3. One can see
the prevailing westerly and northerly flow patterns. The year-to-year
variations are shown in Figure 4; it should be noted that there can be
large differences between years. This may have implications to the
quantities of a given pollutant which will be transported to the region
in a certain year.
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- MERITERRANEAN TRAJECTORIES
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Fig. 3. Meon nine-ysar trojectories for the western Mediterranear
{1975-1982) based on the szctars shown in the lower fig -a.
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Initially. one would expect a seasonal wariation in the
trajectorias howewer thiz is the western part of the regico which, as
it was explained =arlier., 15 an area of transition. Figure 5 shows the
Wast, North znd South categories on a zeascnal bagis over the nigs year
ceciod. There is uo obviocus change: from geascn to seasgon. In
Figqure 2. an increase in the number of =cutherly krajectories is
detectables in fsummer. With no gfaseonal variation of northercly flow,
pollutantz can reach the western Mediterransan at all times of the
yeac, while the zummer is the time whan JFaharian dust is transportsd to
the zez,

3-3.4 Analyzis of back frajectoriez from zhe sastern Meditarranean

To characterizs the transport to the sastern Mediterranean
Zagin, a point {MED Point] at PLATANOGS {(Crete) has been cheaen to
compute hack trajectories slimatology u=ing the geopotential technigus
(Martin et al 12894). This location was also the uite of a Field
experiment conducted during Seprember 1983, Trajectoriez ara
classgified uzing a =sectering technique showm in Figure 6. Thers wersa
four different categories: 1. MNorth: 3195 of trajectories fall iaco
this& category. It is the pfevaLlinq fector on an amual basis, and
represents the potential eomtributicns coming from Greeqe. sastern
Eurapean coyntries including Eyrooean part of zhe USSR, 2.
West/Morthwest: 27% of the trajectories hawvws this origin (Ttaly,
Franee, 3ritain and 3pain}. 3. Bast: L7% af the trajacteries have an
Srigin ke the east of the MED Sgint. 4. South: I[6% of trajectories can
teprezant Saharvan and North Africa contributions, Comparsd to “he
western area, oO08 cafl see marked seasonal vaciations (Figura 7): the
soukth gector has itz maximum in March while the north sectsr has its
maximuam [B0%) during the summer menths.

& more detailed analyziz of tha raguits is plaoned in the futura.

3.4 Modelling the Fluxas of 2ir Contaminants into the Mediterrapssn
Sea

1

The simmlation of the fluxes, of air contaminanta into the
Meditarranean 3ea by means of a3 mathematical modal is ceonsiderad to be
an essential part of the studv. This method makes it possible to
832828 quancikatively the arigin of a contaminant and to devize
abatement stratagies for ceducing the ¢ontamination of the sea.

At ita Eifth meetimg (Athens, 1983) the Working Group discussed
the available model types, and their adwvantagesz and drawbacks ralative
to the reguirements posed by the present program. It was recommended
that for lomg-range transpart’ (distances on the grder of a few thousand
hilometers}) a lagrangian, one layes, backward trajectory modsl should
be used. The use of amallsr scale modals in certailn ¢oast-' regions,
vhere the zontamination- is likaly to be high, was anco .
Following the Working Group discussiocns, mora detailed . .ggestions wWere
mada o the long-—range transport madels {Klug, 1984) and they ace
surmarizsd hersa.

The model ko be ased for assessing air contamination flures into
tha Maditsrrvansan Sea musk sim  te —aantitakti-ely. on the baszia of ar
emizgion inventory and the pacstime... mateporsloqical data,
concentrationg. wet and doy dapogsiciom wvwalues of a given comfaminant at



NORTH SECTOR

VTR AR

WEST SECTOR

RNy
SRR
RN
R

RSN

19ra —1353

SOUTHERN SECTOR

N

West and South sectors on a

3G 40 HABNNY

Trajectoriae for North,
{1375-1583"

l bosis for the nine—year period

Fig. 5.
segzong
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a spenified receptor point asz average wvalues OVer a year OC 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 usually a simpler structure
than a model which is constructed ko give hourly values of alr quality
data. The latter i1s aften 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 [(Ellassen, 1530}, It is
asaumed that the contaminant iz 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. There is no need then to esaleulate 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 i3 started from the receptar point
and followed backward in time wntil it has 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
caleylabe the krajeckories which are more ov lasg straightforward.

Threes sets of meteorsological data are needed as madel Inpub:
{1} the wind field at a specified 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 daka ooktained from a weather forecasting moedel sesms most
apprupriate,

As was mentioned esarlier 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 are 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, hut
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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- 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 £o
understand completaly this major environmental problam. The following
gaotion. presentz the Working Group's cecommendations for futura work.

ERER P
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4. RECCMMENDATION:S FOR FUTURE WIRE .

4.1 Introduckion

The Working Grown discussed how to approach tha assessment of
the coptribution of atmospheric transpart te the tokal contamination
load of the Mediterransan Sea. The input of contamipants originating
Erom land-based ruwnoff has been documented for a number of subgtances.
At lsast in pringiple, khis contaminant load 14 under the direct
contrgl of tha riparian statez. This is oot the case for the airbomme
input of contaminant=z. #Heasurements in the Mediterranean region hawe
already shown some svidence for long-range atmospheric bcansport of
metals from diverse sources. Any strategy for abating gontamination in
fhe Mediterranean regioil wiEt take into account this contributiom.

4.2  Choice of Pilot Contaminant

Tha Working Croup concyrred with the shoice of cadmium ag a
pilot contaminant for the study of the atwospheric tramsfer of DErmiunl
substapces inte the Maditerranesan Sea {(Report= af the 4th and Sth
sessions of the Working Growp, Monaco, 1381 and Athens. 13837. The
Working Gioup congidercd recent reseacrch data amd bthe desirability of
including other metals [Cu. Ph, W3} and select organic contaminants in
future studies. The criteria for the selaction of a pilot conkaminant
arg outlined belnw' .

{a}! It should have land-based soucces which ultimately should be
identifiable and quantifiable.

)1 Tts distribution ratis betwsen the gazeous [vapor) and
particulate foarm should he knowm. It would be praferabla if the
chosan cnntamlnant did oot lmve a significant gawx {vapor! phase.

{c}h Its knewn or anticipared concentration in the atmosphere and in
the surface waters should be within the sensltlvmty of
anmalytical techniques,

1d} Ideally, the subhstances chozen should be from ANNEE T of the
Protoool for the Fretsction of the Mediterranean Sea Against
Bgllution fvom Land Based Sowrces.

1-3) The cancentratien of the contaminant chesen for measursment
ghould be rafarenced to the comcenktration of a conservative
elemwnt of crustal oTigin and one of marine origin. (Tha
Working Group regommends Al as the most suitahle alement for
assepsing crustal sources and ¥a for assassing the contributicn
pf zea-source asrosols ko Od recycling. )
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4.3 Site Selection

Tha Working Group concuryed with the criteria for choosing sites

fer sampling discuszszed 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 zervigcing, The Working Group ceachad this
reconmendation 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 contam;nat;an from
tdantifiahla. snurces .

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

{al dbaence 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 powér SouUrCRSy
1{d?'~-'P“uxdm1ty of wEsTher” 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 -

oiWemrapt: Savdinia o - co D nE Seen BT

Weskern Corsica L EL

© Westerd Sicily - ST A
Malta
-'Zaklnthns Tsland.: & . w-oco 0 d
.'Westarn Crata
"Ehsbs'leand-;'ru B .;é
The preject could be started on twe or Ehréé qéeraﬁinﬁ stations
located among the above-mentioned possibilitiss. The Working Group was
made aware of the initiation by France of a3 permanant sampling program

in northwestern Corsica (automatic aercaol sampler and precipitation
collector).
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The Working Group alse recognized the usefulness of additional
information on concentrations of contaminants in pracipitation and
asrosols which could be obtained by use of some W) Background Aic
Pollution Monitoring Natwork (BAPMoN) stations in the ragion.

4.4  Sampling

The Working Group considered the sxperiance acquired during
interpational sampling programs such as SEAREN and PHYCEMED a=s the
basis for a sampling protoesl, Considering the nature of the proposed
project, some simplifications of the sampling procedurss have besn
tracommnendad:

fal Dry Depusition: Owing to its complexity., direct msagurements of
. dry deposition should be sliminated. Howewer, dry deposition

flures can be estimated using asrosol-collacting techrigques wikth
sizg-deparated aerosol collactory {cascade impactors) and
ralavant deposition modals. Since Cd concenirations in the
Meditarranean atmosphers appear to be in tha pange of 0.1 to 1
ngfmj, the sampling duration with such a collaction systam
should be of the order of a wask.

th) Wet Depogditicn: The rain sampling should be on an avent bazis.
Owing to recent improvemenks in instrumentation, it is suggested |
that a fully automatic device he employed.

il ir Filtration: It is algo recommended that bulk aiy filtratiom
- sampling on a short time sgale (12-24 hours) should be
undertaken. This might enabls the sstablishmane of
relartionships between atmospheric Cd concentrations and aie mass
movements. Supplemental ipformation of this kind shouwld alsoc be
obtained from shipboard air samples cellectad ducing
oczanographic cruizges.

During sampling if is neceszacy that standard metsorological
data, such as wind speoad and digectisn, air temperature and hemidity,
Zaa state. and clovd cover be recorded.

on the basis of the SEAREX experisnce, 1t L8 recomwmended that
the =amplers be installed at least 10 m abowve ground level and as close
as podgible to the shoceline. It 1= atreszed that coliable data can
ontly be obtained if stringeant precautions are takan against local
contamination during sampling and sample handling (W, L978).

It iz enwvisaged that such a project showld be ruc continuously
for at lasast 2 years. The astimated number of samples could ke about
400 per aike and per year. Thiz would necessitate cooperation among
laboratories capable of handiing such a large number of zamplss.
Inkercalibration erercizes would be mandabary.

4.5 Analysis

_ Tor the analysis of trase metals, ir is recommandesd that eithec
tlameless aromic absorption Spectrophnotometry (FLAAS) or the
alectrochamical teehnique of anodic stripping veltammetry (ASV) he
usad. EBoth techaiques hawe heen developed, sach for a host of
glements . to high degrees of zensitivity, precision. accuracy, and yet
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simplicity of operation. Foc the analysis of organics, choice could be
mada from high preggure liquid chromatography (HPLC). gas )
chromatography (GT)., or gas chromatography-mazs spactrometry [GCMS)
congidering the contaminants chesen, the apecificity and sansitivity of
analysis required. and whether “finger printing® identificacion data
are requiced. The method selected should be proven reliable and
inkarcomparable. :

Whatewer technigquss ara chosen, if saveral laboratories
participate in the exercize, intsrvealibraklen of proceduces and
standardized technigques should be mandatory. The Working Group
aemphagizes again the need for the most stringent precautions against
contamination during cellection and analysia.

4.6 Daka mﬂhlwmuﬂ and Information Processing

A deciaion should be made on data handling using standardized
computatiomal methodolegy. concentration units, and reperting formaks.
Cata showuld be made awvailabls for uze in computational models and other
forms of information proceasinmg.. Ib i5 therefore geczssacy that an
unrestricted information flow be dssured hetwsen wHH the participants
in surh an axargisza.

1.7 Climatological 3tudies

The #orking Group enccurages the metecrclogical invegtigations
of the Meditercanean regien. It peointed out the nead for more detailad
climatolegy [pracipitation, height 9f tha mixing layarcd ovar the saa.
In addition the uaefulmess of back brajectorias climatolegy was poiated
out. It recommended the further applications of trajectory
claszification techniguaes which asazociate geochemical, diffusion, and
metacroiogical paramaters.

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

4.4 Modelling Tranapert Frocesses Toward and Tntg the Mediterransean
Sea .

The Motking Group discussed the necessity of modelling
atmaspheric pollution in arder ro estimata the flux of contaminants
from the atmosphere into tha Maditerrvanean Saa. It is racognized that
estimates of deposition ars nseded for wany diffecent contaminants,
inzluding trace metals (such as Ph, Hg, Cd. Cn. ete.). petroleaum
hydegcarbons, chlorinated hydrocarbons, and pathogenic microoTganiams.
Such deppsition astimates could be obtained by the application of a
dispersion medel. Howewver. such resulks hawve to be checked against
measurad data.

When the Working Group discussed the available model appreoaches
and the data requiremsntz for the application of a dizparazion model,
there was a general consansus that attemptz should not be made to modael
concentrations and deposition on a fine-grid scale {e.qg. on the order
af S0 kmox 50 km ogr 100 Jm x 100 loak, but rather define a mmbar (3-1C}
of receptor zoints distribwebted ower the arsa of the Meditercrosean Sea.
Furthermore, 1t was agreed that lomg-term ceasonal or armial smrages
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of concentzations and depesition would sarve the purpose of the study,
Since 4 was chozap as a pllok copotamipant. the pods) applicakions
sheuld alsoe begin with this substance, AF the zame time the Forking
Grout also sndorsad the application of smaller scale (10-100 lon) models
in ardar to study ceastal effects or speclal situations.

Considering the above conclusions, the Working Group recommended
the application of a ome layer, Lagrangian backwird krajectory model,
since surh a model has Besn applied guccoessfully for similar purposes
and @xperieacs, with the model’s cerformance i= availahie. Hewevar.
bafore such a model can be apoplisd on a. coutine basis sevaral
requirements have £o be met. It is obvious that the ficst requirament
for the caleulation of Concentratiors 35 an smigSion inventory obf the
contaminankt under coasidecation. The Horking Group racommends that an
independent consultant or orgaaization should be contracked ko
egkablish guch smliazion inventaries. If it is nor oossibia to obtain
an emiszion inventory from certain countrieg, the fluw of contaminants
acToss their boundaries should bBe obtained. Furthermore, tha
meteorplogical Inpuk data Iote the wmodel oust e aupplied. This is net
a gimnle task for the Mediterranean area. wharz only 3 faw radiosonde
stationa exizt which can measurs wpper air data. A combined uzage of
guch meagurad datz and data as observed from & metesrslogical
faracazting madel on the synoptic or meso—3c¢ale 1z advisabla, but
ghould be invaztigatsd by the scientizts empioying the madel. This
implias that the model applicaticn should bs pe-formed ar an institues
whera zucn mebesceleglcal informakion is awvailable,

There iz still a lack of mewledge 1o the details of the remdiral
processes. Even If one pArameterizes these processesd by the simplast
approaches, thare iz not much infermation awailable an depesition
valocities and scavengim coefficients for bhe contamirants under
considecation. Ikt i3 recommendad by the Working Sroup that ditadled
studies oan these problems be undertaken.

The wodel output data - concentration: and deposition filelde oyer
the Maditerranean Sesa - have Lo be compared with mezsured daka. It ig
tEherefores azsential to hawe one or more statioms in remnte areas of the
Mediterransan Sea where the above quanticles should be observad.

- 4.9 coordination of the Program

For coordinating the research and moeitoring and caviswipg tha
results of these studies, the astablishment of an Ad Hoc grour of
axperts from the participating counftries is re¢ommended. The
preliminacy results of the pilet stave of the program and propesals foc
future monitering and ressarch activivies could be gonsidered ak a
warkshop ocganized by the Ad Hoc group iao 1987,
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ANNEX
List of pacticipants -
Members of tha Participetion in the mestingdg
Working Group and Monte Carle ’ Athens Athens
invited experts ' 1382 1383 Lagc
F.E, Buat-Ménard - -
®.2, Chescelet *
F.B. Civil: + +
3.C, Clerici + -
A Couzade + t+
H.A, Duce +
A, Eliagssen +
.3, Fighar + -
R. Fﬁkai +
W.D. Garratt (Chaitman}) + *
Z. Janjic *
W, Kiug + + +
V. Koropalow +
D. Martin oF
= Miller + +
Y. Prawvdic ' + *
3. Menad Siakhered + +
V. Smagin + +
(Technical Secretarcy!
A, Soudins +
[(Technical Sacretacv)
&. Tsvban +
M. Waldichuk +

*)

Unakle to attend but submitted a paper and adited the report,
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