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PREfACE 

G[5'''P, the Joint Group of Experts on the Scientifio Aspects of fianne Pollution, 
"as established In 1969 and js today co-spo"so.lr~d by the Intornotio~al llaritime 
C,g.nil8tion (WO), food and I.g~lculture OrganiZAtion of the U~ited Noli"", (fAG), 
I!nited Natio"~ Educetion.l, Scientific "nQ Culturol Orga~ization (U~'ESCO), World 
~ete<JroJogkal Grg"~iz~ti.Qn (WHO), World ffealth Org""iz"tion (W~O), j~tern8tiGnal 
Ato~ic Energy Ag~noy (jAEA), United ~8tLQn5 and Unit~d Nations Envhor<nent PrQgr~mme 
(u~[p). A~cording tQ its pr~5~nt terms of ~eferc~co, tt-,e fu~ctions of G[SAHP ~t8: 

to ptovid~ ad.ke relating to the 5ciontHic "5pe~l5 of ""~1ne pollution 1/; a~d 

to pcspare pedo<iic reviews of the st.te or ~hc mori~e en>ironment as r~~.~d~ 

~8rlne PQlluti~n !Ifld to id""tify problem '.reas reQUiring "pec1.l .tte~tion. 

Since ;ts be9i~nin~ GESftMP 1nvolved 
or CESAMP WO~kl~g Groups a£1 
o"~anizBtions, m .. e~OUS reports l 

o 18rg~ number 
produced, ot 

of e~per'.s ~, 
~I>~ l'~q".st 

",embero 
Dr the 

M GE5M1P 
sponsoring 

Th;S dO"""''''t reproduces the 5ubsl.ntLVe part Qf tho report of th~ GESAMP ,'vrk(ng 
Group on lr.terc~""g~ of .polluOAnts bet"ee~ the Atmc~phere and the Oce."s, Spp"DVeO 
by the fiflcenth session of GESAMP (N~w York, 25 - 29 ~H~h 19851. 

At the rC,,",est of the Contrscti",! Parties tc the Co~ve'\lion for 'he Protection of 
the Medlterranesn Sea aqaiMt P~llution (Bar~.lo~~, 1976) tho \<tID_1M GESI\MP )lo~king 
Group on the Inter~h9l)~e Of PoUutants bet,,~ac the ~t~osph.re ond the Ooeans in 1981 
was invited to de~cribo air pollutant transpol't rcocesses to~ards and into the 
Med;terrsnean Sea (including horizoncsl ~tmo~pheric transport fiffe~tln~ tM. ~egion, 

v""tical stmospheric lr.nsport to the &ir_wgter woerface and "ir_~ater inlorchonge) 
end to revi ... the sei@ntihc literature and a£Sess the pslhway~ an~ fluxes of 
;mportant contami~s~t. lnto the M~d;t.rr"ne." reg~on. 

To tackle these t.sks the Wo"kin~ Croup hdd three meHin~s in '-982 1n 110nte Carlo, 
in 198' anc in J985 in Athens. At the Monte Carlo me~t1ng ~ cO"ceetual model ~e~ 
developed as re~ard~ stmospheric transport prGCe3~~S towords the flediterr.nean S~o 
~n;ch includ~(j a qe~eral strBtegy Of rele,a~t act1V1ties, r€oomm"n~stions on 
"",table 1i>OI11tor1ng S10~S, model approa~hes and a p,lot co~ta .. inar.t c8dmium, ~n 

sampling oM analytical m8thodolog,es and Gate ~andling. 

Y GE,.otIP defined ~.rl~. pollution ss "introduction by man, dicecUy or 
indirectly, of sub5tances or ener~y into the mar;'ne environment (including 
o$tuariosl resull'in~ in such delotor10u, effects as ha,"", to living resources, 
hazB~d" to hu .. M health, hindunc" to ~erine 2~tiviUes including fishi~g, 

imre;ment of quality for use of s~8_"ater, snd reduction of ame~it~es." 

y 1'. Pravdic: G~S~flP, The rirst Dozen Years. UNEP,1981. 
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At the Athens ~"~''''g in 1983. maael .pprooe~e. and the dah "eOUl.o","en" 'or 'he 
apolic.tion. of disperSlOn modds on.Cling to estlJll"'. '-~e rlu, af ccnt.mln,~:s 
(hed.Y metals) from tC€ .tmospher. ,nto 'he seo were dlS~us.ed ln de,.,) _,oc 
9CCO,"j fo.rn • ...,rk was farmulat.d or • oilot project fer the studY cf the atmnsp,eOl~ 
l~.n"port af contaJlllc.ants i~to the l'ed"err"~ean. 

~ re>1"" or th" keowledge of the ~hysic.l, chemical and blologi~al processe" .hieh 
control tM air_sea excrong. of ccot ... inants, "cd of the results of ,.levant 
rcscE=~h oonducted in the ~,~dH~fr"he.n aloeg with a co,e[ d.,cri~tion of exiotlnq 
p"ogr.rn~es in o,her "''110M we"p- rnwe et the ~'pe"' conscltatlor ~.elo in "hen, le' 

l~~~_ .t that me~tjng ,he Duccornes 0' t~o "re,,_,uo m~.t1C"S "",e .1oe gp~er"L"2ed 

and :ho p~.~.~' '"DoCt entl:led "The AtloO$phEC'O Tc.nsport of ContRmlnonts in:" 'h~ 
:-Iedit~rr"n~"" ,eglon'· ,·OS ~reparod. 

The road Meetinq of tho Working Group fo~ Sc:entl'ic "nd '.ohnlc.l Co_cpera:lon r"o 
'lED "'JL {Othens, ~'Y :9P5;' ,pcom~ended te in,.".t" '" j,B6 • cilot -p"oject <:.c. 
"s:<>dylng a;c pGl:utont depO",tLM _,-Lo the "edlte~r.no.~ "~9ion "nd oollut.~t 
o~ncentoations In 010" "O''"'l 'h,. cepor\ as ,; bas,s for suoh" pilot proJect. 

lhe sctiVltoes of te. GESAMP n·or,inq G~QC~ oc. lnt.~ch""g~ of eQilctoooo be:w •• c. the 
AtM.O~~". and tre Oceans wece Qq~n,,"d q t~" "orlo ~~teorcLagled O~gani5atlcn 
(',,>1Q), octirg as the "leed 89~ncy". Financid suppoct 'Qr tho 'orhoq Group .~> 

pc~"ided b. 1<1-10 a~d UNEP. 
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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 
sessio~s 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 t~ 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"based 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 requ~res a 
comprehensive understanding of climatology and meteorology of the 
region. An analysis of nine years of back trajectories to the western 
Mediterranean showed that northerly flow took place 30% of the time 
with relatively large changes" from year to year and with no significant 
seasonal variation. Also the number of the trajectories from the south 
was greater" in the early summer and this transport would be expected to 
bring desert dust particles during this period. In the eastern part of 
the basin, the trajectories climatology shows that flow from the north 
and northwest is predominant. 
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TO asSess t~E contributions of diffe~ent source rQqions to the 

concentrations and deposition in the M@diterranean area, the 
appl.ication of a ""'th ..... tic:~l model is stmnglY advi.ed. Detailed 
suggestions with regard to one type of model for long range tr~nsport 
and its appLication ~re given. 

The Working Group recognized the probl.~s in assessing 
atmosph@ric pollutant iflp<Jt ;nto tr.@ Modi.t""anean, idenhf¥ing in 
part.cular the need for more quaflt.tat.vs lnfarmat.On on ~i'$.on 
sources of {X>llutant. in the region, local climatological data, 
transport pathways and air-sea exchang~ rates of pollutants. A 
.trat~gy for such an assessment waS developed in wh.ch Cd. was 
recOntmended as an appropriate substa"ce for .t·~d, ;0 a ~ilot prOJect. 
For such a pilot {,roJ"ct, sampling sites, 'alr_phng mothodology and 
analytical technigu8s hav~ been $uggest~d. 
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~lthln the boundary layer and therefore lead to a considsrabl~ 
simpltflcation in the prediction of contaminant dispersion. Various 
modsls of this ~ind are av~ilable l~ the literatuxB (Atmospherlc 
Environm.nt, 1984; Ritchie ~~ al.' L983; Van Egmond and K~sseboo~. 
:983). they all lnctude transport. transformation. and removal (dry 
deposit,on and prBcipitat1on) processos. Prov1ded that detailed local 
meteorological information and "ourCe emission .t=engths are 
continuously avallable. such madel~ can ~redict reasonable w~ll. wlth,~ 
a facto< of 2 or 3. deposition ratas of contaminants on a ~~thly or 
yearly na£is. 

In contrast to otf5hore trans~ort. long rang. transport 
(lOO-lOOOkm ~nd greator) :n"lfO<ves rnschanisms that i.ncorporate c!"!ernical 
5ubstances into ~he UpPB~ tra~ospner~. The air parcel 8v8ntual"y 
und~rgoe5 laC9~-scale desc~nt and ~ga1n b~comss incorporated ,nto tho 
boundary l~yer. During ~.Cent .• ntBract.ans w,th cloud and rain 
dr09l.ts can chemically and ~hysica11y alter. effect.vely o~rnove and 
~ertically di£"lace some of tho trace constitu.nts. Such inceractions 
an extr~mely com~le" ~"d s";;111 little understood. ana mojels ca~le 
of d@sc~1bing the complete ~hr"e_d1men3,onal p'cture of 
em13sionld@pas.t,on have n01; boan develoged. l!@vertheleM, rocent 
~c.vau;e3 in camputer t"C~nl,<"QS ~.a.~a allowed the develoFment ,,~ a 
numb.r of method. which ~a" be a?l?l.ed i:: e,"aluat.nq t~anspo<t to tr.e 
ocean (E:ussen. 197,). 

A oe~ent ~rQmging olethod for inteq',etinq long-oar.ge :,Mspo<t 
'5 tha use o~ air t~aiec~ary ""dels. Th. cons"",",ctlon af atmospheriC 
tea:ectori.s w£ been a useful te<>l in meteorology for decads3. 
Campute£ technique. now pe~'t the routine computat.an of n~~.rous 
~raiectad.£ ~o ra1aa [>OUuti"<1. ""'"eme,,>: forw<I<d in t1m@ frQIJl sou£ce" 
of .mig,ions and also tacl<>!ard en t,me tram saJll~h,>.g a.raY3. They can 
be ~"""'tru~ted ""ing ''''"Hal t.chn'qu.,£ oMed 0"" ~re.sur. and 
to"",@ratn"e fields and o!)ze<"'ed w1nd fi.lds (,tL;ler 19B1; Wil.on et a1 
1982, Millor and I{arns 198,; ~errd1.t al. 19a5). When calcu:ated 
over a period of a ,'timber of y.a~s~ trajectories a~e exuemely useful 
to d@sc~1be long-rang. no" clirc;,tology and to characteoize year to 
yea~ variations. 

I'f.-.en combin~d w1th chellucal mea~u.e",ents. ee M" ot 
trajectories ~rovid~g a mea,,, to .dentify toe Murce rogion of 
materials heing i","estigated. Fo, ex""",le. tagether «ith dai:y 
chomical mea3ur.momts from ship", ba~k-",a.d traJ@cto~.~s ~av'" b@en 
.ecently used ov~r the Me~iterranean Sea (;>'".,..old .t ~ .• 198::; Chesur 
ot aL .• 19a4). Such an ap~~oach has ~esul.ted in a quaIitato"e 
@valuat.on of the transport anc. haS he1~"d to unders~and tho obse~ved 
de¥~ta-day variations of ~oncentrationa and d~~o$it1on ~'hich ap~.~r to 
be significant ovsr to@ Mediterran~an Sea. For ex~le. durinq toe 
PHYCEMEn I cruise (1981), high atmo5ph@~ic conc~ntrations af ~~t~15 
a3soci~tod with silicate dust fram so.l arosion \lave been rBlatad to An 

e~isode af fast transport. :.53 than three days. of sail.-de.i~@d 
ae""sols hom liIoeth Afric~. Dun:'.g that ~ed,)d. the first da~ .bowed 
the higo~st concentra~iQn3 of rnet~ls such -~ lead. likely due to toe 
pa33ag@ of the a1r parcel ever the Eareelo .. ~ region (Amold.t a1 .• 
2.982). 
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In r~c@nt years. sim~lifie~ linear dispersion mod.ls ha~e been 
developed in order to est.mat. long te<m (annual or seasonal I 
deposition patterns of sulfur in ~rope (Eliassen, 1918) and .n Nort~ 
America (Young. 198ZI. For example, tho EMEP study in Europa used ~ 
simple trajectory ~d.l w.th constant m.x.ng heignt. lne results from 
model ~ covering a two year per.od showed that a~erag. 
concentrations of sulfur dioxide and particulate sulfate are ~r.di~t~d 
reasonably well (Eliassen and Saltbon85, 1982). The caleul~tions are 
bas~d on ~ission data tor 150 by 150 ~ squares and air tca)ectorie. 
followed for 36 h arriving at the cen,er of all grid elements eV9ry 6 
h.. Results of such .oalculations ",ere then "ompar~d with rneasure",."ts 
at 1U stations t~roughout ~urope. Such calculations have confirm~d 
that. in must countries .n RurOpe, the depos,tion of sulfur cuo to 
fore.gn sourcss repres@nts an importan~ cont~l~ution to the total 
deposition. Thl$ model :,... "eOn al?~:,"d eec@ntiy wi-;;h ~om. succe$S to 
'mcls<stand the transpOrt of trace ",et~l£ to soutnem Wo,"",,? (Pacyna .t 
al., 1984). 

There ar~ ~wo b".ic processes hy whicb co~tarolnant5 ente~ tho oce~n 
from the atmoSFher~; dry d~pO'Hhon and · .. at depOS1t1On. Bot_~ ~rocsS5.S a=. 
~oQ~ly und~rStOOd (NAS. 1978; Liss and Slinn, 1~83). 

~. Wet DepOsition 

Coll~ction of ~r.ci!?lotation $aIDJ?les whl~h ~ro ~.!?res~ntati·.'a of 
trace quantitloes of contaminants over the Oc~an loS otten ~~te 
difficult. To distinguish wet f<oa dry ds~os,tion, wst-Qnly sam~llng 
.s ~equiced, i.a. "ampling only "'h~n oan ;s actually falling. '"~t 
only sampling .nclu<l@s botl'. the ~ainout (withln-cloud acavQng:~'1) and 
~a.hout (bel.o .... cloud .cave!'.ging) c","ponent. of · ... ~t ctepos:boo. In 
<ecant yea"s, spocific protocols M-,,'e bun de"elo»ea to ,,'sur" tha~ 
sampl.es ~rs not contamlonated during the collectloon ~.oce$s. In fact 
th~ type of collector, geriod af samp,i~g, and handl,ng ~racedur.s ~ay 
have a s,gnif>can~ impact on the quali~V of ohe dat~ \~~ 19831. 

Washout factoes, a~ scav@nq1ng ~atios, aoe oft.n ussd ~o r~_ate 
atmosphar1c concentrations of substance. ~r~3e~t in ~"rasol~ ~r in the 
gas phase to thei~ co~.centratloon. ,n ra1:'.. Washout f'cto~s have I:ee~. 
defin~d in several ways, but all. involve a ~atio of the c~in 
conc8nt~at.on to the atmcspnor1c con~entration of tha 'UDst~c~ of 
int8<"st, ~ detalolee c~vi8w of washout factO~$ and ~osc,pitation 
,cavenqinq 1S pr"sentod by Slinn 11983). OnC" th9 <elatl""ship between 
the cancantrat,on af substance M in the ~ir ar.d in tne p<8cip,t~tion 
0a3 been ~stablished, one can utilize its atmospher1c concent~atloon af 
M, which can usuall.y bs mors easily and accu~a~aly d8te~1ned. to 
p,~dict the concentrat.on in ~<~cipitat'an. 

The use of ~a$hout facto~. to ~a1culate deposit.on rates of 
"ubstanca~ .mplic1tly asSumes that the concont<ations in rain ~nd aic 
a<. linearly r@lated. Howev~rc it is va<y difficul!:, if not 
impossible, to rigOcously test the s1qnlof.cance of this relat,ansh1~. 
Prablems arise because of possih18 dlofferencas 1n the removal 
efficiency of part1cles as a functloon of ch@mical composition and ,ain 
dro!?let size. Rain conc~nt"at.ons <epro.ent an intagratect r.~al 



-. -
thoughout the atmospheric column through which tho r~in is falling, 
~hil~ the air concentration ~s det.~in8d only at the surface. rhus 
substance~ "'th "Hfe~.nt "Htical concentration protiles but sJ."'ila~ 
5u~ace air conc~ntrations might hav@ ve~y d.ffeoBnt washout factors_ 
For ga.es. ,t must he ~.s~ed that uapor phase aqu.librium w,th tho 
rain 1, attained ra~Idly. 

An additional prohlem {aced In truly rewote <.gions ,s that It 
may take ~ny hours, occasional"y even da¥s. to collect an ~erosol 
pa<ticla 0< gas .~le largo ~nouqh to ~rtaL~e fo~ many substances. 
whereds the raIn sample may be collscted over ~ period of ~.nut •• to 
hours. Thus one t<UB atmospher,c concent.atiDfi. ~ven at the surface. 
a~~~oiat~ to the ~"hout factor calculation ma~ nO~ ooally be known. 
Washout factors foe ga.es vary ~~8atl¥ d.pe~d.ng on the ij~n.y's La~ 
Con~t~t £or the gas, .ince 

C. = CJl '" 
where C. is t~e concentration in ~aLn 

CA is tho vapor concentration .n air, an~ 

ij is the Henry's La" c"nstant. 

Only a sst of ",,"ofuUy coUocted ""Lfl and ai~ sampla~ _,houl<l be 
utlliz.d to d.te<m.n~ appropeiat~ va"ues for wasr~ut factors for 
conta,,"nants of inte<"st at .ach sampling" .te. 

ii) Ae~osols 

~he dry depo~ition of ~Brasal ""'rticles to the ""e~n s,,::fac8 
cefee~ to all d.~oshLon pooces,os 8XC."t pceci~itation. H'$ o,;ten 
estimated by uh1.i.zing the d,,¥ dep"'5it.on 7eloCity, v" g1ven oy 

'T. = P/M .•..•. . . _ ... (2) 

Dir~ct "",asure~ .• nt. of the d.y de"".'bon of tnco $t.>-b5hnces on 
aeroscrl ~aoticle' to the <><=e .. n su,{ace are p~t ~ech>ucally f.a~ihle "t 
,,~e$ent. One method :0, obtaining reasonably ac~urate e~tirnat.s of dry 
deposition i~ the use of ava.lablo ffiQdolS 0" dry dopos1t1on to a watso 
su~faca as a funct,OIl of ""'~ticle .ize [Slim' 1980 and 1981; W:cll:can>s, 
:962: Slum, 198.)). Ho"~vso, the use ~f Sue .. nod~ls requuos an 
accurate me~su<ement of t~~ mass_S1ze dlst<ioution of the t<ace 
metals. In add,t.on, dry deposit.on v~locities depend markedLy U20n 
pa<tlcle SiZ8, rolat,ve ~umldity and w,nd s~.~d. 

- . ,-.~-



Model ca1culat.on, ot dry deposit.on ha~ h.@n oather $ucc.sstul 
fer 5ea-~"lt a.rosol pa,tleles, poovided axh.m. Ca~e ·"a. taken to 
~tU'" au sample, ohat oop~esent tl".<! true ,ea-"alt pac,t.c1e mass and 
",ze dlstnbuo'Qns (McDonal". "t ~., (982). Acee~Lably accunV she 
d,s~"ibut~ons for 5ea-"~lt aerosol pa<t,eles can b€ deduced iearn the 
use of hl<Jh-~olwne ",locadc impacto<s. "hen ~ropH correctoon~ are made 
~or parc.cle 'OS$ i~ the la<ge£t Sl'@ range. Tha situation ;5 ~v"n 
~or3e '0<" l.race ~lement< such as Pb. ,~" and Cd because ~ major fract>on 
of the ma£~ of the$p. alements oc~,s Ofi ~article5 l~ss tha-, 0.25 um 
u~,~s, and CM~aae lmpaCtOrs currently In ,,"e do not separaH 
paotlcle$ below that 5 •• e canga. 

(H) GaS€5 

Unfo~tunate:y technique" a,'e not ¥8t availab~e to neasut'e 
dirQctly gas nux~s acrOS5 tho ai"/~ea '''t~rfac8. Flu..~"" "",,$: b8 
eoti",,,ted by use of gao e~c"ang. rnodec~. L1SS (l9B) 1"'$ ~",de"ed ~he 
pr<">Coss of qas e"d=.ge across the aHfssa 'nt~rf"ce_ In a t"o-layec 
I"""~l~ar,! s,!ster.t ~l; ,m air/wavr in~erface oj,~ fl,,~ of ar.y ~M ".hrouq:". 
each boun<.4<y laYH is 9i',~n ~y: 

, 0 , ~, ... ... 131 

'''hec~ 
, E CO" nux 

c 's '.ha conGent<at~on difference acrQSS CO" partic"lar .Laye. 

, c. ~"e "oa~s~oMing t::a".f~c valoc,ty. 

"" Li.s !l~IJ) POL"'ts QU~, k ~epends an many f~cto,'s, lnelueling 
th€ eI.9~e@ of m~."'S" of the "ater "-,,d air and the cheml0al r8cl,,-,ivL;:7 
of t.'l.e gas. the r~~lprocal of ~ i5 oftEn call~d be J:"";'>tanc~, Md 
i~ a :oMSur~ af the ··,e.i.tance·· 00 t:~~ ga£ to transfer. Lt has ,-""t£ 
of Me/cr.!. th~ tot~; ca£iota.-.ce ta tha .xcr.ange O£ an! gas w-it: to the 
."'" of t.'1.e .e.,st~nc~ in th~ gas ~nd lIquid pho..e la",i~ac l~yers. 
Sur:'acB contatlL'latlon. s"ch as an Q.l Ell"" "ode! ~ontn~ut~ to ~he 
resi"tance In the liquid phass. 

The ~xCha"9"e 0= 9ases which are not ~articula,-L,. <olUDle ,n 
water. ~.g. N" 0" CO,. and t.'l.e i~,t gases ;s l~ng~ly 
cQntroll~d by the ~esistanG@ .n the liquld phase. ~hlS group ,ncl'ode5 
~ number o£ synth~tic oo .. anic compounds. On th~ othec hand, the 
oxcnange of such '<€ry soluble gases as H,O. 50" ilNO" I1Cl. etc, 
,. c~troll@d by ~~Sl.tanc •• n the gas-phase laminar laye~. Thl. ~la5~ 
of compound,s of ton qu.ta reac,ive in the aqueous phase. 

c. Complications ,n Not and CIT Flux ~sUm,natlon~ 

Whi~e an accu<~t~ ~ea£~rernent of the cor.cent,ation in ra,n and 
dry d"90sition is a n.cessacy tir5~ ~tep '" e"aluating flU~e5 of 
>ttbs~anG.s to the ocean, ,t ;, not suii<c.ent in itself. ~et us taka 
trac. metals as an example. Th. total amount of oainf~ll in ~te ~eriQd 
of ,nterest, ~er year for example, must b. known. ~otentia~ Qrobl~m3 
an.e ~oncern;1l<j variabllity of ramfall a",OU-llt and ic.ten.;,ty ,nth 
season and ho" thi~ ",1.1 affect tho neh:: ~QncentratioM, a£ well ~" 
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haw s"asonal changes i.n '"iOO fl.ow paturns 000 paodel. producUon 
processes «ill afhe!: atmospheoic metal cQ"c~nt>."atlo= at the marine 
locatlon. E',.n ~ak:'nq ~ho~. tactors i.nto cons.dHat,or .. significant 
Rroblerns remal"'. J:n tho mariM e~Vloorunent. the qro •• aeposiuo" of a 
Qetai to I:he ocean is c","poseGl of a ,,~t input as ",,11 as ~ ,"o"'J?Onen~ 

a~"oci.atod wil:h .eq'cl.d "~" 'poay. The 'Ill~orhnce of ':h~ aUrtO>phe;-. 
as a tr~M90rt path £or IT.at.rl~i hom the co"tJ.n~ntg to t~e ocean can 
only b@ ~.ses5ed aco'><ately 1f tho <ei<ltlve eontnbu~1O= of tho net 
aI'..d recyded e~,""onent. ca" be distinguishc (l<ric1>Oto st al .• 1.985; 
Jicl<els et al .. 198~; Settle and ~att.rson, 19821. The,. >3 s~rong 

evidence I:m.t atmosphenc ssa salt partJ.cles p<')due.a by bubbl@s 
bu,sting at t-,," sea surhee contan many metals ", concen~raU~M 
consi(!~r"bly ~ighe~ than ~ou~ci b. 'xp@c~o(! en the b~"i, of o.~o 

",etal-to-.odloum cati~ of nNr~sud~c" HatH. It 13 a~9~rem; that so~"e. 

fracbon of the5~ m~tals ," dSSociatod «Hh <urface ,otlve ,,,"gan,c 
matod~l aru:l is scavengeci by ,he raIsing bubbl.s d"(! ooncentraoea Or. 
the s~a sal.t pa=tic:les proauced LOtt1 '" "@IT ohm lapr o£ ':he au/sea 
,ntertaco when the huhi:ll.~ burst 1i"i • .is~L et al., ]:984). H ~lli" 
fo~~~;o""tion i. not tak.n i~tO ~ccou.~t, ~te caloulated not ae9QS,tloOu 
00 th~ oce~n will ~e anoIT~lousl¥ high. 

Moce So~h'5tlca"ed !".,cc.nlques foe .;ccurately evaluatir." tl", 
cec\:"Gled fr~ction ffiU$t be d~ .... oloped. futu~. work .:Coulc) bcu~ in bQ 

~<"as: al tho. use of ~d"g-~~t~ toacor. Istable Or "aClQ"C~H'~) dur,ng 
f'oela ,"ea"urern~"'t" ana ~) an lIl1~ro"e"'Mt of our """"loage 00 
~~talIN~ ,atloOS a£ a £~~ctOQr. Ot sea-salt particle SiZe th<ougn 
ca~efull7 j~~,gned in .... tu or l=ora:o'T eX{lo~u'ents, 

'r~e sea-$'J,fac~ llli~"~la7er C"~1"e~e"t3 H.a thl~ waco l' Hyer at 
the aic-.ea i.ntorf<lce, "hore a<;"'lmu~atlon. of :naoe'·,al, liVing ana 
rl.aa, can occu~. A d~~,i1ed c.esC,·'~tlor. of FrocessoG Q'c""cr;ng In Oh. 
mic<olayer is g~',en in (iESMP RO(?Oc"t3 ~r.d StUOlHS "0. 13 lGESAMP. 
1980). rhe tdckness of thO :n,ct"olayec- .i~ usually <:eh~ec) 
opa,ation~l~y, i.e., lot IS aeF.nae~r. on the o.~hnlque U$'~ to ,am~le 
the mlocrolcy~~ arld may ean;a frOJTl 1 cu, to 1000 =. Th~~.fM~, It :s 
Hnpor~~"t to com~a"e concor.tntloons of m~t"nal' ,n the r:uct"ohFo~ [,', .. 
one set of <>Qseovations 'nth ,,",.other onl" ·~h." tho S21ll~ toch~l'1Ue 00' 
sampl.cing has heen used. The :tlocrohye< is the .,oe of accWf.t.l"t'on of 
oil iil",. hoth natu<a: ~n(! "",,,-mad.. S.cntions of ot",ams:ns 
contnbute to th~ ""-tural films, whih intro<l"ctlon ot 2etrol.eu;n 
hyd<'Oca~bon. ",om doliberdte or acc'aental sl?lllS us=l1y cont<lhute to 
~h~ man_mad. films. Oil fil"'3 ars cal?able o~ con~e"t~abng VGrIOUS 
j'pophilic or,a."11C substanc~s, ouch as orga"~haloge" ~QrnpoundS. as "e~: 
~s concentl'at,ng metals I~€e Ta.Ol~ 1). rhW!, in the ~ont'''t ~£ au-sea 
oxcnange of Gonhminants. the microlaye< t"epcosont< the 10catloG ~h~,. 
tte,e i£ ~ ~oldu~, or discontin"i~7, in the transh~ process. Ihe 
extent of thh hoLdu~ g de~e,"",b"d hy tho CeSiae,;-.ce tim~ of a 
~ar~ictd~," ",.aLe"i~l lon the ",c"":a7~l" 
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en cornpa<i.OD with the othec marine interfaces, tne t<ansit tlm. 

for most contaminant. acceSS ".he ai~-sea boundary 1S relat1v@Ly short. 
The ostimatod cBs,dence olme for wate~ wettable pact.culate trace 
:net~\5 is "bout 2 .econdo. J~ t~-" othor hand. "hen l;r,e Iorace ",etal 
~a<tlculates ~<. sm":"ace ~t;~billzed by le35 we~tath orgar.ic coatings, 
no partid.s ha"e estim;;.t." residence ,J. .... m a 50-mIcrometer th~ck 
sea "u,face lay~< ,," frOJll 1 00 )0 minutes (fluntel:, 1.97~). Patt.nd~n 

et ai. 11981) (l'Ostu.lated th~t I:h. o.sidence t""" far most h~aV¥ metal. 
was 5:....W m",utes in " ",icrolal"'~ of 1 "'i~roOlot~~ th:lckness. I{a,dy 
(1~35) predicts ,e$iCenCB t.rnes in a calm sea su,f"ce lay~< (50 
rn.crumetoosi of feom 3.5 to :5 hours, in~re"~ing through tho s.~i"g ~g. 
~, ~, Pb, ell and g,. ~hl1e vlth a 4 m.s" wind L~~ .es.dence t.me 
vaned [oom 1.5 to 8., hou.s. 

V~~iOUS forms Q£ ~icroooganisms, Fl~nts and anomals. GO" 

assoceaeec .nth the ",,~colayer .,nd ~r. coll.ctivdy t~rnled "eu.ton. 
Thev con""st of bact.oioneuston, phytoneuston and ~oone~ton. Like th~ 
non-living organic and inocganic matte~, neuston organisms concentrate 
in and near the rnicro1ayeo. These o~ganisms are en.ic~~u i~ tho 
microlaye~. compa<.d to be se"wato= only a few em below, br facto~$ of 
cO' - 10' ~o~ oacterioneu~~on, L - la' fo. phytoneus~on and 1 -
:0 fQ~ ~oon.uston (Fa~dy. 19321. Keuston O"ga.~lSrns engage 1n various 
~roce5.a5, "hich undoubtsdly aftect tho trans;:,,, of subs:;ancas b€tw~ec. 
the atrnos~here and the sea. rhese include bcodegradaooon, 
biot<ans~ormation. be~~ccunula~10n. e~udat. <eleas~, d~tecation, 

photo.ynches1s, pr~datlon and d1u,nal vertical ",ig~at-.,-on. The". a.e 
£ew quantitative da~a on th~ ~ffect~ of the fo~~oing ~roc.sses on 
2lr-Sea exchanqe of ~oLlutants and ot'",r ollbstances. These effects 
~roba!)ly vary "ith til<> ~h¥"ical an'; c.'l~rnioal charactenstics of a 
~r:icular me~in~ arBa. 

!low tho se .. _stidac~ ffilcoolayee .. ffects a1::--sea t~ansfer of 
[Xlllutants ,n ~j,~ Mad~ten'an"an i£ unk:".own, but it is ex~ecte,: to be 
cathe~ smal.' in rolat,oc. 00 othoc ~r""~$"~. lnvolve,: in air-sea 
exc.~ange for '''ato<_wHtable s~ecie$. Undsr gui~sc~nt conditions, 
howevor, ol~ophilic ~ollutants m~y have a sU£fic,ent resici@nce ti~e irr 
o~~nlc fil.ms at the air-sea houndary fo. ~icac~umulation by neu<tonic 
0r<;lan1""S. 

Z.3 Aero!)io1oqical Involve~nt ln At~~sphe<le Contamir.ant r~~~sPQrt 

~ gene~al review of b.ol.ogical involve~ent in air-s~a exchange 
was g,ven en GESAMP Repo.ts and Studies ~o. 1J, Section 4 (GESAME, 
19801. Tho int"oductory p.oragra~h to t~at £oction bears repeating here: 

"Marine plants ~nd ani"",ls may be involved '" the ~"change of 
~llutants betwsen the aOmosrhe~e and tne $oa in .. numb@r of 
significant way", la) ~Icrete o,ly substanees, ~hich form a film on 
tho Sea su~ace and alte~ air_~eA .xchang.; Ibl release substances that 
@nt.r the atrnos~he.e; (el bioconc~nt~ate cert~in substances entering 
the Sea from the ~emos~here and ·b.amagnify these through ohe food 
chain; (d) ·acuta toxicity Or sub-lethal effect to organisms in the 

(. The ~resent group considered these statements questionAble foe 
certain contaminants) 
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Table 1. C~ncentrations of' <lifhrBnt a"nst't""n~s anQ onrcch_nt factors in ~he 
IIlicrolay@r 

poUUtant OU="Y'lr 
conoMtraho~a 

Metals ,., 
"' ••• " -, 
~ .. , u -, , ., 

'-' .. , ., ,., 
~ • . n.' "' 

,., 
~ .. ~20 ., C' 

"' " " "' 
,., 

" L' . 10.7 -. ,., 210
pb " '" fC~ 

,., 

" '"' '" 
,., 

210 

'" m 0" 
,., -

" ". Oct ,., 

O~qan;'c. 

-' " . " '; 
,., 

'.8 " "' 
,., 

'i. Z U "' 
, ., 

p,,,,' oct 0.' ,. , " , 
",C ~ , . .. , "" 1-1 

OC, '-' . U "' 
.. , 

t.O.nd""e , ,. , 
"' 

l-i 

ayd,-""caroons 

r._AL".nes 0 .• _ 13.3 ugl -

nOn-aro-
mape 1.9 - )4.2 

aroootio 49 _ 165 n~ ~_l 

E<lncrunent 
"~ctor~ 

(-0.61_ 12.] 

(-0.1)_ .. , 
(-0.5)- '" . ., . , .. 
(-0.6)- , 
(-0.6)- '-' .. , ••• ,., '-' 

••• '-' 

L' . , .. .. , ':-6 .• 

" . " , . 45, 

(-0.:)_ .. , 
o • , D 

0 . ; 

<.7 4." 

U 0.7 

(-11_ 266 

Region 

~ct" ,-
North ,-
O,~ Atlantic 

North ••• 
North ,-
~ Pacific 

North ~. 

Mediterr=e..n 

"ineya~~ soun<!, 

"~ 
""di terranean 

V;'ney~~'" Sound, 

"o. 

M£dite=anoan 

Sa~g~.o ••• 
O. !'aoifi, 

$~~"a .. o 0 •• 

3arg~.so "~', 

Med., -_~r==eon 

M'",",-t,,=.nea.~ 

'. A:I samp,". ""r~ eollected wi'" a seroen. 

nunur, hen 
flUnter. 198~ 

Piotrowi,," et al, 19]:! 

Hunter, 1960 

Hur.ter, m. 
"l.~lia"" •• U., 1974 

Ru.~ter, 1980 

Beyroud , O>~_ITY, 19S3 

Ba"ur . • El"~~, 1980 

Heynud 0 CIlerry. 19S.l .. -~ -EH~=, l~SO 
Fl"o~n" 0 'hUeneu'l., 198.' 

"ld~"ma.-_ 0 O.:.n~l', 1~74 

",ill."," 0 Rcbertson,1975 

Biclle=n 0 Ob.y, 1,,-14 

B,d'-ernan , 01..~~y , ~'i74 

~ns 0 .·~J.l"·w~v~, L9~J 

"~ \.~., , "~lle"eu"o . 198] 

cr, ~~ess 

'OCl:Ill>er. l.~~ted a~e rou"ded for unl£a=ty, "oore<>, tho eriq~na; a~"d "re ~Eten 
give~ bo ~eater ?~ecisiDr.. 

h. The 3r.ri".oment Faotor is calculated from 
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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 ?acific 
westerlies (New Zealand, 1983), and the North Pacific westerlies 
(research cruise at 3S o-40oN, 170oW, 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, 210 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 tha~ 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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:h~ first town lnteC.Sl'Jes occu,:::ec 1n Oc,_ocer 13BJ ~n<1 'ebru.ory 
1.93]. ~h~.;r objQ=:'ves WHO ~o lnvestlg~t~ the cb.>nges that CCCurroC 
.n tho c=pC",t,,)~ of ~c~ p~~c"ls Gunn'l ,eaMit fro~ Nucth l\m~rl~A '0 
3e=uda. In adtiticn to the lQHg·t~"'" m9asure"'Pnts of W"t JefQSltlo"_ 
oClenti"~" IT8asured the oO:lCOntmtLon, u£ tnco gao 3nd aecu,d ,p~c,es 
,t Le,,~s. DeL~"are and HLgn ?"onL Bemuda. rho thoed 'ntonoL·,e u"ed a 
,l,,"~ (11\1 Oceanic) to s,"n~lo g""," ~nd aerosols bet"een North ~"'~rlLa 
~nd Be=uda lTI SUI?~crto '" the abov~ utJectJ.ve and -Q cest _,ew oilipoO<lrc 
]'·~c 1~' :~ ~'Qn_Go_l.ctlon dences. 

The abo',e lnte"5J.ves sarn~led ~H ,c_ th~ """r;~.e bO=Gary layoc 
durir.,; ~,·"-,,spo.t from Korth lImenca tQ Ee,,,,uJa. Ob-hOu5 llmital_on~ ,,[ 
<-;,'s aI?~r=ch W~,~ t."lat Le"e~, Dela-"ace and B~muda mar c,ot ~e 
~~pr"SMtativo of ~he No.tIl AI:lHi~"n E~,t ~C"'Gt ~,,~ t:.~ "e£f"~,"" 
~_t1anti~ Ocean r~o~oct"E"L?, anc! ohat m.~_'urenont~ ~t sea leve, gcn no 
in=oc:natlon ahcut ~l(P~r-~L~ hans~ort. rhe<efo,-e, the cOou.tn ,noons'v" 
was de5.gnec with these hmltatlws .n Iland. :n ~ddltlon ~o t~ .• 
J"oW1d-1evel oarnl?li,'9 of gas"" and a~rosols at Low.s. Del"war. and CIlqr. 
P01:lt, Bertl1uaa, cc,e NOAA ,-e"e~,"ch alocraft ",,1: be u~.<l to 5arnp~e 
~t."tKJs?h8r1c qa£~~ Md aoro~ob ~3 d fur.ctlon of altltude ~nd latltudo 
1urlng foonta: pas£~g"5 b~tw~~n ;JO,~j, A"'~nca and Bermuda. 

Futuro s"lldies u.--::dQ£ ~g_'o:, "ill l~cu<le contin~ed n~~~uocrnent~ 
~~ ~"e ~wo Sloes. ~ "?"~\,': fl~lt .tu~r e"'1?lc}'1n~ ,,,cccaft _" 1985 ac.d 
~981> and"" analyslS of at: the NO~ U~L"S: an atlllos?h""o o'~n~eLl'" 
model. 

hellrnLlary stlld,es anc esun"-tes co ,t_1>O~p"en~ lnput_ M 
contami""~ts to the 3Q.LI;," doa mado ,,' tc_" :9708 br so~a natw""_: 
"1.'ltltutb~~ c)f ~"e Eall," Sea area showed tmt thl$ ",put was 
oompuabl. 0 o.-_~ "O"td"l=--"~ L~p...t cy rlvers or -"lth ~o".st.c ~n~ 
H:du£f"~,~l "F.st" Cisch~rges. T:olS 'e~"o.ed oG"e"i~lly to ~an'i "_Od'_':' 
metals. so<oe """ ~'Jam 0 ,,.,., ",e~o.15 Ie. g. n, ,_ cQ'Je" cO_TI?QundsJ, 
Qrgancchlonnos (DnT _ KB \ ~"J 'Q~_e .ad,on"c~ides. 

To inoolat. )O,nt- 'tudI_O~ 1n th," ,.dd, the :O~lClc M~r1ne 

"',vi.onmant ?~"tection COIT_TIi,>_on (Helslnkl C""'.-ll:sscor: = a:rCO~J 
est~l>li"c,ed an ~d '~OC "roup Qf ~x~~,-t, nor:tlnat~,j by CGLL~tne,; to 
1:evi,~, ?1~" ~nd cooodo=t" ,ho aotHLti"" on aH-t","~e ]ollutLo,: 
,-eo;earch and _,\<)n'toronq. :" 1987_ tho q'-oc.p 2re?Grod d <t3tuo ro~o't 
and ?rel'rninary 2r~posals foo d ""tur~ ~OLllOO'-.'-'I 2",qruUlle, h",ec\ 
information ~rOVld.d 1>y ,-:o'.!Iltnos. "')"ut 2~' otao.o~" -"or~ c'f'O,te'c " 
o~eratlo=l 0,- ~'-~nn.d tor ~.'" 1=-o:LLion ,,_"'_'torm1_ 

The outCGIT,~ 00 the S~IT_l~a,· ~~ ch~ Inv~st;.y~oon 0:' AH~","~e 
fullution ~f the ilaltlc Sed IILllnn, IISSR, 7l-lS 3e9t::ernber 19831 
ser·,ed as a ba£l~ ox the 'le,t me~olnq of ... _~ ,\d ~.Df 9ruu~ cf ~xp.[03 
on ~_Hl;-o".~ PcllutL'_,n (f)JAfl h.:d '" Sept.TIte,- :~84, WhlC'l CO"S'G<re,; 
the status ~eFo,-t on _'hl.tHA",1 rnoc_ltocLng ,_cod ~'o,~cch ~~t'·J'U~O ,d ~ 
Con\~ddtlor. ~= ah"."spr.erlc ~HJ PCeC1]ltctlon <;Qncentrot'LlE ~~~" "~." 
o50-"na~'Qn of .st ,nd ~ry d~f'Os"i~ns to the 3aH,c Sea pce~~r.J c:_ t.' 
l;a51s of data sw..ltted by tho CGlloltrH~. 
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The proposals for ~~~ airbocne pollution monitoring programme 
w,th1n the Baltic Sea area d~veloped by EGAP included the following 
c~commendation$' 

to in1tiate t~e programme .n January 1~85 'n all Baltic 
countrio$' 

~o include in the national ~ea.urement ~rograrnrnes the fOllowing 
parameter.: NO;, NH~, Pb. Cd. Cu,Zn, SO'-. 
Na and Mg in preci~itat,an; NO, and SO, in the air and 
!lNC"NO" NH,,~lII;, Pb, Cu.Zn, SO~-, Na and Mg 
.n aerosols; 

to ~r@~ara Iby January 1985) a list of inst.tutos. laboratora1es 
and moIl1tor1ng £tation5 partlci~atinq ~n the ~rogramme: 

to use as far as reasonabh the e~ist>ng \lM(}--EIII'MolI and !:CE-EI'!EP 

.tat.ons in coastal area"; 

to use research vessels and submit ~he information On such 
cruises to tile Seccetanab 

to <epoct data on a monthly basis in accocd~nce ~ith a special 
data r090rt,ng format wn,eh includes information on the r.sults 
of concent~etion measurements, sarnplLDg ",me, moni~oring si~e 
cha<ac,~<istics, ~e,eOrologlcal cond,tions (preci?itaticn 
amount, ~emperature. wind speed and diroction etc.), b~1ef 
de5cri~tion of ~ling and anaiytical methods. 

~_s far a •• nterc""'l'adsons a~d interca1i:Orations of ."""~lin" and 
analytical msthod" are concorned •. t was r~camm~nded that such 
ex@rcis.s be carr'ed out .n a host caunt"Y (starting w~th SW8cen in 
1935), Tha diffor.nt "_lLng equipment .hould h@ ms'Oalled at ono 
station in the host cour.try aEd each par~~c~~at.ng labo~atory would 
analyse samples U$~ng its own equipment. l~a sampl.rt9 ti~@ and 
equ.pment would be ar.alogous to those used in tile IT_"--'utonng 
programme. The pr-~onty .hould b .. gl<Jen to the s"mph~<; procedures for 
neavy metals. For tho inter-caLibration af analytical procedures 
artific.al rain sampl~s prepar~d by ~~. !AEA Or by a lead country 
s..'>ould be used. lhe informatian aJ> airbo,ne pollution wou-i:d be dU1',.d 
f<om national annoal data repo<ts, including monthly ~ean v&lu.s. The 
information would he usad for constructing annual deposition fields for 
the Baltic S@a area and far as~@ss.n,. the total ai~borne load of 
po>lutants (in tons/year) for dif£e~ent sub-areas of the Ealt1c S~a. 

The annual data reports would be sent to the Secr@tar.at ~~t 
later than 1 May of the followin9 ¥ea~. The generalizad annual 
<@ports, a. well as additional .nformatian on monitoring and <e.earch 
activit1eS. would b@ ~~guLa~ly considered by the 
Scientific-t@chncl09~cal Committ.e and ~r~s@nt~d to the contracting 
p"-rtie~. 

It is also env1saged that backward trajectori.s would be 
constructed for some monitoring Stat10nS by the Meteorological 
Synthes~=ing Centres of the Co_ope~&ti<J@ ~rogramme for the Monitoring 
and Evaluation of the Long-Rang@ Transmi~sion of Air Pollutant. in 
Europ@ IEMEP). 
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A numbe" of r~sea~~h ~rogrammes on atmos~her;c input Qf 
pollutants lnto the North Sea we~e ~a,6ed out in the :9703. fut" 
carnp1Ling pollu~aot .nvut data. the Work'nq Group on eollutl0n Ea.el.~. 
and MQn'to~1nq Studies of tho International Cour.ci1 for the ~xvloratlon 
of the Sea (ICES) ceveloQ~d an rrr?Uts QuesLion,>aic. in ... hich cOW'ltrios 
borde<1ng tho North Sea ~~re ~sked to ~rovide inio<matian on inputs Q£ 
major poll~tants in~ludinq damast,e ,swag., indust<.al efflu€nts, and 
-.hose from n~er run-off. OCean durn91ng and t_"" atmosphe~.. "umma",es 
of the ,esults of ,hese irrvest.gatlons were publ,shed by ICES 1197Sl. 

~~ the present oeme, ICES coos not havo a co-o,di~at.d 
in~acnational p~ograrnrn@ on a.c-borne poll~t.on of the North Sea, 
although .,<.>me "ork in th<s field is cal"ned out ~y tho :CES Ilanne 
Cherntstry Wor~ing Group. 

Some ca-orainatian of nat.anal ~~ograIT~~s on rnonLooring c£ 
dirbom. fM'l.lution of th~ Nor~h Sea '''as organJ.z@d by the Par,. 
~ls310n ohrough its Wor~ing Gr~~p On tho At~s~herJ.c Input Q= 
Pollutants to Con~entlon Waters. 

TM CIIOst compcoh~n"J.'''' and u2-to-do.te assossments of the 
~ollotJ.= of the ~crth Sea hom ohe atrno5ph~~. "er@ ~c"~aced by ,,:~ 
Netheria.~ds Orqanizat~an for ApplJ.@G s~~~ntific Research _ 1:~JO 

("an Aalst. et al 19821. 

Th. rec=~"ctOn5 fo" fuz:th.r rosearch "ad. in t~e r"i?'x~ 
'~lude tha tQllowong: 

"'easu<~rnen~~ of the concento"bo"" 'Of relec'ano ~"",.ound" 1n ue 
air ,,-c.d o:.,@ i""" of dry Jeposcuon Over tM l:orth Se" do~.nd"g 
on Q.teo'Qlog1cal ~Qnd1ti0n.: 

:latemination of the d,_'tolbution coefLc,e:lo of ocgamc 
comFounds b@ttNen act" and Noeth S~~ "a~H' 

meMurem"nO$ of the conG~ntnt'OM in "aJ.~wat~~ ,0011ecoo" ,n 
we!:""n:y coll.cto<, 1<:: tn, :'oct:". Sed ar.,,; 

c~lcu,ations of cont'J.b~toor~ of. sourc~ cat~QC'e5 o~d ~ource 
a~eaS to the ~or.cert-::,·aLQn ana depoco1tiC<l avo" th~ :""",,10 ,.~. oy 
means of disl?e'·.io~ :nod.Hong; 

iro0Lemontation af a £eas::.til1ty st'~dy foc tt.e appllca~Lcn of 
r:tacel. ';or S1mdllr calculatwr.£ for tho w,,~ d@~o.i~lon; anQ 

11'.<> tong-te"", ~rogra;rln~ £0'0 ~"Hut10n 1.fc~1tO'·"'g and RO.Hr~h 
(omD POL - Phase II) ot iJNEP', Med1toaa"ean Action Pi"" endorsed ~~ 
tho S.cond :n@otLo'S; of ~he Contu~ting ?art1es to ""e Com·."~,,an ,or oh@ 
?~otect~Qn of th~ MdJ.t.~ranean Sea ~sain3t P01:ut10<\ (Car_-.••. 13811 
incLudes rnon,tonT.g of tho tr~n"~o"t of pollutu_ts 1nto the 
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OIed,terranoan S~~ t;"oouqh tho atmosphere and ~esea"ch and studi~s an 
I"'lbunt-t,~=f~" pr-CCMSOS at d,,·!s.a inL~rfaCp.. !~~ purpose of tile 
momtonng is ;:0 estaiollsh tile input {fb,,) of ~~llLltants ,nto the 
:;Edlte",·~n~'r. Sea '_hrouqil t<-.~ ao:ooq.here '.nd t-.h= to prov.de addit,onal 
\n£O!'ro~':lon <)n I:he poll~tLon _oad r8~ching tJl~ l1edite""anean Sea. ,he 
,"omtoc""J ,nodd be based on the wock of nat,oMl c~search C8m:.e5 and 
lnduce" 

a,~~~ dlr~ctly ;n£luenced by id~ntifiable souroes of alr 
pollution a~ 

refpcence a.eas not dlcectly influsncsc. by " __ 'mtifiabl~ source, 
nf a,r ~ol:uticn. 

the CQ"o"acting ?a<t~~s decode" to cQrlolder Ute €i"so ~c.as@ :yf 

this rnonltonng a5 re"~"cch act.v;ty and to a""~,S the 2o~sib,lity 0;: 
u51ng th~ ax.stLng ~'MO'o Background Ai~ ?"llubofL lloni1:oo1ng 'iet'''''rk 
IIlAPMol:1 ,t.tLOru; as the ba£lS or. wh;~~_ to be1in ~~e o.:",itor;c_g. 

Tl:~ rose3~ch ~~t1"oo;o.e5 ~,'e alllled 3t i,'s~$tigat1ng ohe t"oL. ~"d 
i~,purtanca of th~ atroospherJ.c har:sPQrt en rhe cycle, cf polLutants, 
.1UClctaL"g t.h. trans9o<"t m~chan;L5"'" anc. the flow ,,< poLut2nts ac~o~" 
ohe air/£e~ lnteohco, ~t deveLop,!,," ~ode!s <>f craM[lCrt ~roce5'~> 
oow,,"ds and ",to r_". Hsdite=ranean Se~. "am~l'ng and a~.aLyt,"c~l 
t.~chni'I'ce, ~nd ~t ostabLiS",ing on Q~~rational coo. aet"...,rk of 
mon,~cring station~ . 

. ~pat"C f~a", the w,,,'k carri€d oat by ths Lll'IERrCw. W.·~. and as a 
~art of e.s~arch act,-",itl~s on Follutant-t.ans'"e 9"ocesge~ at a",I$.a 
l~t"r=aoe (oe?o.U of IV and 'I ~.~~t.~.g, oi the ~ding Groupl, .'.",aoal 
Fr~jec~3 We,," ioopl€!fllc:lted oy Modite~.a~--"an ,·eseaoc.., ce~trM and o',ts.d. 
~~"sdtant$. 

The lIeteorologicaL ()l>s~,",atQ"y. ~ilan, Ioaly, de·'elopec. ~ 
oorn~~at.onal method fo. monitooing the atmo~rne,ic tran~port 0< 
pollutants to the ~ed,l" .• rrar.ean Sea. The rne-='ood wM .pplled to ~he ?o 
and 1,ber gaLley" and showed good agreeme<'t ",cth tho ava.lal>l. 
exrerirnerltal data. Late, on, ~hi5 ob~e<vatar"f c':eveLo~ed ~n ovaLat.o'l 
modaL of th~ transport of c.@a"l",,,,.hls: depositior. ~n" n." fLux o~ 
cadm'~~ aCross the Ita11an coa.ts and calcul~,~d Cd ~mi3,iono. 
"-o",,entoati"~,s in a.H, d.pU"3idons and fl,,~.s c~os"ng tile Halcan 
coasts fro", oomsst.c "ou,'ces (Cleri.ci, in prsss). """ ex~onG,on of tlli~ 
model tc tak@ ,nto considsrat.on flux~s of Pl>, f,1, rtg acros, ,he 
lt~lian Coa5t5 and a.n inventory of sOurces of thes~ ?OlLuta~~s in ="aly 
is he,ng CQnS:d@08d. 

The Inst.tute of Geology and Geopnysics. Na~los" (taly, 
e.timated the atrnosphs<"ic input 0, some h~avy metaLs to tne Bay of 
Naplas and dlffusive mod~ls we<~ .et up 1n o.det" to evaluate the 
surface distnbution of these substances over ~r.., ~nol~ bay on th~ 
ba.is of ob>~r"ations mad. donq the Co~.C. The experi~,ental data 
showed tl:e higb.st vah,~£ for fe. (allowed lPl Zn, Pl>, Cu and Cd 
(FaLumbo et al., J:~3SI. 

Tne ?ederal Hydrometeo~ologica; Insti~ute, Belgrad~, YugasLav'~, 

'" ''''pIgmenting a p<elim.nary .tudy of potenhaL long_<ang@ cadm.'$l 
tcansro"t from majoo .denc,Eied "oure •• ,n Europe 'nto the 
Mediterran~an rogion. 



A draft of the ro£.'·~,,~e Ill.thod "Sa"'pling o{ aeroso~s and wot 
~oecipitatiDn for analysig of ~h"lllical pollutMts" was preparod by IAE.>. 
em the basis of ttl. "',JM(l :ntol'nat-,-,-,,,al Operat.ens P.ar_db'-'ok for 
M~as'"r","ent of Backgrolli""-<l Atro05vhenc Pullutlo,," (<-!MO, 1,78). :he 
method lS '.me", .enew fa, ".< "ublicat,on J.n tho 1:N"".f' ~Orl.' 0:". 

"-oHrence !lethod£ On, :"",,"~O Po:1ution Studles. 

Negobd~~ons wlth cOnntne~ ""L-c'~'~~tm" in ~1\2MoN )",-ve 
c~~ulte<i en lc~"tifYlTIg thr~o <tot lone ta S.L-Ve al£o .'8D peL ?ucposesc 
Carp~nt'·~" {,ranc~), ,!es5ina (coaly) ~nd Zanza" (Yuqos]a-"ia), cl'~ 

lattec havi"y O'eer. lr.cograced 'on t.o~ Y"SQs\a-J NaUonal Mon'tarmg 
Pmgr""'me. An ag<"e€ment "as reachec! betwao" WI~O an:! :M,~ t_oat ,AEl\', 
labar~t"~ies in Vi~"na ,,,11 analyze "ilter ~nJ pncl~_-_~clon sample" 
for oadmin . ." ~nd meccu<'y hom all ,[[D 1'0[, statlO,,"_ T'''o M t:-.~ gtdCiQL3 
ment10ned abo'," ""0 now ope"ational ,,-,,ot ,t IS Qx~~cteci that ,n tho ne~" 
futu." G.eeco, T"'""ey ana Hge,>.a ~ill a~so :Ul~ on t~,e monitnr'"g 
network thO'~g,,- -m~c-_ 

~he PHYCEMED i, ~ ]Olnt ?e2eacch Praqr~e oc;anL,ed by :~~~_ 
~:l<\.'lCE in co1:abor~tion wit-'< Gms, France anc! ?op"Gh U~lv~'"it'os. T'1~ 

""joe ,-oal of ".h,' ~ro0o,,",",~ i5 tho undo~st~r_dlng oE be ~hys,cal. 
chemi~~L ana IOLQLo<;,c~l pNCOSS~" "h,oh con~rc\ che ~Lr-8ea oxchang, of 
cont=ona"ts and t;-_ei~ h,,~sfQr in the ·"at.r ~Ql,~"n and 00 tM 
,€dl:Ilents 0= the "!"dit'~r~~_Mn S~a. S~i"~.~~sts ore"' E'rance. S~a'n. 

rtlll'$'~. :':ugoslavia am: tho l;",hd Ki"'lcorn ha-"e alre~dy ~art,~oFat8d en 
this p<:<'g,a'l'. Two ~r\1'5e5 havo taken p:ac@, ,"ostl? '" '.h~ ~~stam 

B.;sic., in ~9lL and 13B3. E''Jht ~ra-.eLe~~ed w~tec-o,'m!?l;,'9 otatl0c_s 
ru..,,~ teen nsi'~<.l to.1CO ar:d ",,1 bQ vi~l,ed '-n tM E"turo. 
Contamb~~~5 beLflg ",-"esuqatod 'ncludo he .. ",- metals (Ph. Cd, ~_", Hg, 
Cu, Tn) a,,,l o,-gamc compounds. i'M~ oelatod to th~ ~'n]'"'tion of :L~ 

~trnospheClc i!l~ut of ohes~ 5=~t:lllc"" has oe~n u.-_de.taken ~y lJ~l-Je"Olt" 
2o~r~. et "lade '~~o.e {()rq2r.ic. COl\l~oW1d"l aUG th~ C~_c_t."" des E'a_L>'.~o 
Rado""ce'-,,~e3 !Hea'ry I\etals) ~nd 's oumrnaci"~d .n sod.'on 3.:. 1!.~ 
programme ",:" the h,_ta,- :n5~oo'--'to ,,' ~1so a ~art of ~he l<Et POL - P_l~se 

II R"search A"nv,tios "nd a detallod roport 00' "h~ "esuH~ ",11 to 
~vallatL~ In \,80_ 

An expsot moeting '''os organ,.ed by W1~O, UNBP and "orn@ S9ano2h 
.g~"cles in l~adr1~, S~ain, :n Dsc!>llll>e, \984. 00 eldtooat. the ~<aq~aJrU:le 
of the "~ast~rn _~tlantlc an," ~ed,t~"Bnoan rean~~o,'~ Exponment" 
(Ei'IMTEAX) .>i.",.d a~ in s.tu rne~.un~g t". wc'<",-oWld """'posltion cf the 
~t:I\Qsl?h~~e wh.ch ''11] ~~ usec! fa, d,sess,"9 tr .• lo::tg-range atrnos~ho~l~ 
tcansport of t<ace subs~ances to tho Me~ihrranoart S~a. .~;.c.aft 

~rov;&!d by th~ o~an~sh Gav"-=mec.t .nd tne 6M1101l o~,eLne ~tatien 
7oana. ::"m~,,~=e. w,1\ be u~~d '" the .xper,ment whicn snould stac·t 'J." 

"985. 
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3. ~ tlNDERST1INDIIIG OF tRAllSPORT IN Tl!£ MRDITERRANEI\N 

Th~ ~~kinq Group oevi~d the available data base on 
atmogpheric concentrations of cont~inantg over the ~editerranean. One 
very 5t~lkinq feature of this data base is that there lS currentlr an 
in5ufficient n~er of rneasure~ent. o~r time and 5~ce to allow for a 
C<>1IIP~eh6nsl.·'E aSSUGOlEnt of at"",sph~dc cont",unant conc~ntrations in 
thl.S region. Most at che<e data derive f~ recent oc.anog,aphic 
c~u~ses, ~redo",,~antly In the ~estem Me<iit~Hanean Basin dudng th~ 
PHYC= prnqram. The most stu,l1ed contarn::.nants to ,Jat" ~ave b@.n the 
neavy metals and .~etallolds, such as 'I, Ct", 1'..(1, Cu, Zr., As. Se .. >,g, :;d. 

Sb, Hg, Au and Pb. An even mooe ;i~l.t.d ~aoa base 8xists fo~ organic 
.u.ostances (~g., PClls) and "rti£i~i~l radionuclides (eg., "'·"·Pul. 

Given the availabl~ data, the working Group focused on the two 
be5t studi.d elements (?b and Cdl wc.ich originate l.n lacge paot from 
ar.thropog~n~c $our~@s. Table 3 F"es€nts ~ 5"""",ry of ~trnosl?he~ic <b 
ar.d Cd con~@ntratl.Q'" "",e~ nnous r"gioM of I:h@ M@ditsHane ........ 
~t""SFhH1C conce"trations spa'" 2 "'rdars of magnJ.tude. with e~trerne 
',anability b~,,".g noted O%r '1~r:-1 ~hoot t'J>e ~eri.<.\"" (hoClrs to day,1 
(A=old ~t ~1., 19n1. ,Ethin the Mditeuane"-,,, i;: is appa~ent ,~ ... t 
eb " Cd "O'ncent,ation in air are 5 - 10 ~~m.s highe. in a.~.s~ly 
popUlated coa£tal "egion" t.nan o~r open waters (fablo 31. RecoSrt,z,ng 
that ~he data from Gifoe~.nt rog.ons ~e.e pcobably collected by 
dif£e~ent cechn'~s, w.th ~ffe<.nt levels of guali~y control .n 
sampling anG >n~lysis, the Wo,king 3rou~ noted, n.~~rth.l.ss. thet the 
cange of ,n"an atrnospher.c aru:! ca.n conce~.tcationG of Pt "'.d Cd ""'00 ch. 
Medl.teoranoan at"~ cO/O~arabh .ith tho.e over o~her .eq'''n~l soas .uch 
~$ the Baltic ana North Seas (T~tl~ 41. These ccn~.~tr~t.o~s ace ~n 
orde~ cf .... gni~ud. grea10er than levels OC'~r the lIoot.". Atlantic ana u~ 
to four ,mo"rs of "","gnl.~Udo gceator than ~on~@ntrauons i<> r.mot~ 
<egions of t~e South Pacl=i~ (fable ~I. n.r@ct assessments of totdl 
atmospheric Oe~o.'tIon (wet ana aryl af oontaminants Into the 
I!editH~=~an are not po.sible, as there have b~en VHY f~" ,'eliable 
""'~~ur.m.nts of cone.minant levels in -,"Hn. fable ~ p~esants a cc,",,,h 
estimate of ~ot~: ctmos?ne<iC t~poS1t~on l.nto the l1.diteoran~an ~aso<! 
on a total a.~OSiOiO" v~locity of 1 em sec" (Buat-Menara an~ 
Ch~~s~let, 1979). Ag~in it ~an be .ee" that the attOOspheric n= of 
oontarninant$ do~s not diftH appo~c.abll' betwee'i the !\@dit~H~"Mn ana 
other <eg,onal s€as a.ourta EurQpe. whl.h At:antic a'ld PaG,h~ 
depoSition are lower. M d.monst .. t~a in othor oceanic <ag.qru; 
(Buat-Menard and Due@, 1985). rain can b~ expected to acco~t fo, most 
of the atmo$pharic depo.ttton into the ~ed;ter~anean. Thus. seasonal 
variation in flux of contam.nanc" into the Meaiterranean $hould occur, 
with grBater depoGL~.on occu.ring ~uring ca.ny pe~iod$. 

Th~ few m@asurements of orga~ic sub$tancos .n Medl.te~~an.an air 
that have h@en made $u<jg@st that the PCEs lchlorina~ed hydrocarbons) 
are lower than in ~orth Sea ~ir ~nd comparable ~ith o~on ocean <~gions 
of the Atlantic and ~acific (fable 5). Ey contrast, concent,ations 0< 
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'db1a 4. Mnl<OSpnHic.uld preccpitation conconto",tcons oL 
and flux data fo~, Ph ~nd Cd in dlt-fer~"l "ogions 

m 

S ... oa a~ea 
Tro~ic~l So"th Pacific 

En~"etak 

Tropical noeth ~ae1fic 
Ha""ii 

north /;tiantic 
BertllUda /;~ea 
E"ltic 'eo 
No<th Sea 

Medihrranean , .. 
PREI:IPIT1ITl9.!'! -. 
F.,new<!hk 

'e_ 
Ealtic: Sea. 
North Sea 
Medite.-ranean , .. 
T<)TIIL DEPOSInG-II 

Enewetak 
North ~tla"t:ic 
fuHic Sea 
IIorth Sea 
Mediterranean Sea. 

'" ,~ • 

G.D2 

O.lZ , 
W , 
10-6G 
20-200 

10-60 

0.007 

0.023 

O, 77 
10-30 
lO-35 
6-12 

400-1750 
100-2,,00 
300-HOO 

~ , 

<0.OQ2 

0.003 
0.02 

o.n 
0.' 
0.1-0.5 
0,5-2.5 

0.4-2.1 

' -, ", .. 

0.0041 

O.OQ6 
0.; 

0.3-1.2 

13-20 
ZO-BS 
10-S0 

~.~~~~--~~~ 

Duc~, "n~uh1l3hed Jo.ta 
Patte«ofl, llC.pubhsh~d dat3 

Duce et ai., (1.983) 
Settle >n~ Patterson (1962) 
and Hoffman et aI" (L98l) 
llU"-t-Menaro (lgB) 

Duce et ,,1.. (1916) 
ROOhs et aI,., 119831 
'Ian ""lot ot al. (1983) 
Chest",· et al.. !l.9H, 1381) 
Mnold ~~. (19821 
Segn..LH {19841 
~U"-t--!1enacd ~,-~, =pub. 

Duce et .~L. "nl'ub. &" 
SettLe e~, (19H2) 

l\~imotD et ~j - , (1985) 
Settle .t ,,1., 1982) 
J;'Ckdls "I; al.o, 119U) ,-, et ai., (t9BO) ----
Van Aa'$t et ai., 119821 
Buat_MenilEd e" ~1. , -~. 

/;rimoto et a1., (\9g5) ami 
Iluat_Me""rd (H8J) 
Rod!,e et al" (USO) 
Van ~'5t et~, (l983) 
Calculated foo~ Cheste~ ~ 
~, {lqn. 19a1), Arnold et 
al., (r982), Buat-Menard @t 
al., tmpub. da ,". 



" I,"" '",,,,,,". ""0) ,{" 
(,," '",,''' ."-' 

("., ·AV'")." "( 
1"" '''""f'I''r' """"4'13) ,t" 

I,,,, '"'\''''~' ""0) ... v'"" 

.("" '"l..--ro 0"1 en-,"I 

1'1'1">""'dl """1'-" 

("00 '0''."'" • ""01 •• " 

I"" ",ollo, • <'''Hi ."'-0< 
{ot" "t...--ro "U'~'11I ,.,n 

(,,,' .,,"". ""\9) ,", I-I 
(lO" 'U'IOO"" ~ ''''0) •• 0" 

.{I'" '---rr'I~ '"' "'-<9 
... _-

(;0",,1 "u,~" " 

I,U,I '''''10 ''''''lP,"l ,,"o-It , 

(,," '''m. ~'1~1 ""0 
U"L "'I" ? ,",\~I ""0 I"" '"'To-'!' 'g,u'Ii ,(', .,-, 

1"'1 "l' l' """"oj .. -, 
1'''''"1 """','lLLA) ,'0-"-, 

'" 

'"0\"" '"'''I,'' '" ""n,dw'J """'0 J' f, rn '"I ' .. u, '"O'''''''",OOJ , ''''1 

"0 
"J 
") 

'" , 

"0 
"0 
,,:> 
"0 
, 0 

'''"'L'' 'r< 'nu'". '" 1''';0'1 ",oo'" 1.,,,,.-,b1 
"",,,, -M 

""''' "!I"d -, 
"""1 'LI"" " 

"H'" ''''"') .. , 'n '0, 
""""'''1, P'-'" 

"",'" 

" 



n-aLkanes, both in particulate and va~ur ~hases. ars substantially 
h.gher than Over ths Pacific (Table 51. The ~orking Group was not 
~ware of 3ny roeasur~nts of organ,c contaminants in ra.n over the 
llod,,,-ecranoan_ 

r~ cornpar~ng total ~tmo5Fhe~ic input 0< rne~als into the 
Medite~~anear. w1th dve~in~ i"put, it .s elM_r that the fomer .s a 
.ignificant and ",ajor SOurce of contaminants {Table 61. This is ".at to 
say t~--"t the local i"pacts of d~erine and ato'lOspheric in~uts are 
eOtnp;lralJle. Si"ila£ conelus.ons ""- atmosl?Mnc "'l?ut "en =awn feom 
studies ,n o~he~ regiO~l seas {Redhe et al .. 1980; van A~l~t et al., 
L9821. !t is aotewo<thy ~la~ doposition of the t<ansu~anic 'l~nts 
de~ived f"~ atmosph""ic ~ea~ons tests o~sr :he P~cific 13 datoctable 
<y.tee tho !(edlte<"~ansan_ It",£. very long range atDlQ"Fhs~ic tra~-"pon of 
contannna!lto :Olaadf "ccu<s over one !ledihn .• "ean. rhe as~ocHbQtl of 
mstals and o~her cOntam.""nts with <'o<y fine ae",sol panicles {{ 1 
oml, demon.trated 1n the Medits<~anoan (SeghaLe<. 1984) aru! s13e"he<a 
IDuee et a~, 1976, 19B3), cloa£ly indicates that these contam1nan~s 
ha~~ be." t~a~spo~tod QVer very long distance£. 

:he WorJ<mg Groul? also conside~ea the quest10n of sllo~t "ange 
atmosl?he£ic t-~sJ?Urt of contaminants from local sources .nto coastal 
<<>glO"" Ceeninly, the otsa"'Jat~on that air over ~o,,-stal r~g.ons has 
g"sator contaminant concontratcons t~ open-ocean air (Table l). ~ven 
though tho data were colLected by dlfferent invsstigators by possibLy 
dlffe<ont ~ochniq~@~, suggests th@ possibility of enhanced at~~~pheeic 
depo£it,on of ~hese ~ontaml~t~ in coa~t~l areas. Only th~"e st~,es 
,n the !lad~t."ranean r~gion ars known to focu~ on this l?eobl~m. 
Cler,ci (1S831 calculatad depos1tion of Cd aro~d sorn@ le,g~ Lndustr~al 

centars in Italy, aile. ~al.ucllO ana hnr.ibelh {19,5) sllDWea that 
ar.mosphorlG depos1tion of Fe, Cu. Zn. Cd. "nd ~b was a mal"" 
co"tnbut,or. to cont=inat1on on th€ Bay of i'faple •. A third $~udi on 
the aff-~hore ~oansport of he~vy ~~tals .mit~~d ty the inaustrlal area 
of Fos sur ~ar, foance. :s ~eogelltly und~<w~y (Game3 ana Bergan"tti. 
~@rsonal commun,cationl. 

The '1oddng Groul? .·e~i""ea the av"ilabl~ c'.a"a bas" on e, ... sions 
of atmosphehc contaminants in th~ Medltauanean '~g.on a"d nea<oy 
countries. 1h,S data bas~ is non---<o~is~ent for any ~ina of co~_t'Ill,~.ant; 
f~o", the North ~.fr1car. ,egion, ~hile for Ell~O~e, e,ur " study a~p17ong 
r_o metal ~",-,ssion~ by country f~o," the year 1919 I~,,~yna ~t aL 19841 
"as avail"-.ble (~able£ 7 and 8). Inv~ntories of o.-gamc substanCE 
em1ssion£ inb the atInOsFhore from Eu~opean Source~ ,"",ca unknown. Tt.a 
values l?~esantBa in Tahlss 7 and 8 repr~sent ind1"ect estlrna~~s of 
rngtal emissions based an consumption data. evaluat~on of rnetal co~tent 
of raw rnater1als. the ~hysicalfchemical l?rope"ti~$ of the roetals, 
technology of l?<O<iuct1On, and t;"~ efficiency of em'5sio" control 
devices (Pacyna et ai, 19841. It should be no,=~a th~~ tho "Ost 
accurat~ ".t1mat'$ a<e protaoly fo< l?b, Cd and As. while data tor tho 
otMr rngtals "arrant much fuetl'.er studY. It is also note.rorthy ~hat. 
1n t.he conte~t of modsling long-~e atmospheriC ~ransport of these 
cantaminant~. there is almOst ~ avail.abl~ .nfocmAt,on an single Large 
sourc~s. The estirnat~d atmospheric deposition of Pb. Zn and C, ov~r 
the Msait~rran~~ {Table oj <ep£@5ents about 5-2Q% of total EU~Qpean 
em1ssions of trn..e m.tals. 
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S,no~ 'ome contamlnants can orlg'nAt~ from natural as yell as 
anth"oJ?Ogem~ ,,,u~cos, the Il<:lrking Group conside.ed such natu.al 
s~u"coo as ~~loan1c activity, SOll aeosion. ~nd the ocea~ "urf~c •. 
cLudlO> of omlssions from Mt. EL~ ind,cate that volcanic activity may 
~e ~n .LnDortant sou~=@ of Se, Hg, M, and Cd fo~ c~"Ual and e"~t~"" 
Y."no of tne ModltOt"o""~~n I])u~~-O!onacd 8, IU'nold, ~97B; M>.rhn ot al., 
19841. 

The ann~al "'P"~ :rom 5011 erosiQn, including t~ .• pHiodJ.c lo,," 
pro""""c~d du~t ~t.arrns bnngmg m S"'hlra..'"l dust- ha~ not yet b~..,' 
quantlLed. It lS t~m,ght too tL.t aeroso, prod'.1CtJ.on from the oceart 
<~rface ""-Y r~s,,;· ,,' tho .e~ydong of ~Htam pol1ut~nts ihea'"y 
me~~l., radlort"~lldas. bact~ria. oCS~n1~ cornpou...,d~); the irn[X)rl".~nco of 
th,. ~henOfl""Mn has not oeen aS5es30d for- the )1od,t.rr-anea,,- It should 
~e ~clnt~d out that ,n coa5t~1 areas this ~h@nom~non might cont6h>,~. 
'J.g,u"ic~ntly Co '.ho atJr<>5phecic cor.~.d.rat-,ons of L~og~ contaminants 
,-",dor sea-hree<e cor.dJ.t,ons. 

1 . .1.1 Climatol9<!ic,,~ ~tudies 

~h8 "!ed,l;c.u~ne~n rag~on i" 1«10'111 thoughout t.".e world for 10' 
cI,s~mctJ."-" dlrratc. It-. lS "",ed dS the ,,~~h-~rpical ,,,amp" of the 
s''±t~op1<=al ~emrrec-dry weatl'.u re9,rne. Thouqh par~s of ol-.e r-l;rion do 
,op"esent t:-.;s 'Yge of cLimato, o~he,' ar~as i~_!".h~ no.t.~ ~nd west c.;.~ 

only be dosc"otod as t"ansltioual ~"ne" h."~."an Medi;;"erano~n ~nd 
cQntJ.,,"nt~~ weath~r ~ystem,. I~. o-d"r to unda.stor--d the t,-SMpoct of 
chenucal sub.,t~= •• ~o the "-,'e,, h~," I:h~ aml>r"pog~mc ~,":l ""'tu~al 
,ou~CQs. the clima.tology and ;neVarology ot thg 0!~dJ.t",·c2noa~. ;'aSJ.n 
~ust be w~ll uc.derstooC. 

3u.opean w@ather ,s generaLI' cOOllin",:.d by t·..,,, pcessuI"e .ysto",s 
- the Tcelandic low and the A~ooes hJ.gh. The i,-,te"5il:y and !nCv#ffiem: of 
these <y£hms no<thward 3"cl soc:t1-.""r~ cagulate the m@toorolcgr of ;;\,a 
co,,-tin@nt. rhJ.£ ~radu~es an alrr.ost ,tra,ght wos-.:erly now 0:: <w,SI; ai~ 
off the Atlantic Ocean. i\t tJ.m~s .uch ~~ the ''1nter ef ues. tile 
SiberJ.~n anticycLone can "",,,e west ~nd ~dvect CO~d con~J.,,""I: .. l air ~L 
the yay to th~ Atlant,c. The !-l~d-tenane~n Soa 15 oc. th~ sOlin.ern 
booder area of t~l~ wasterly flow and, hacause of .t. ~arrn wa~~rs and 
sunoundin9 t09cgraphy. causes c. c",'pl~" lntuacho:l tnat cOiIIj)licates 
tne meteoroLogy in the U~a. This can be .eon frOID to'. "ainfaE 
patt • .ns shown J.~ F'gu<@s :a ~nd l~. A6dltJ.onal~y locai W'''-d~ ~£f~ct 

the tnn£J?OTt <>f ~ont","i""",~~ into the !1oditerrane~n Sea ""d thsy have 
to bo consider<>d in .elation to tho le>ng- rang~ transport. The we~ta~n 
pa~t is also a maJo. source area of cyclogenesJ.s, 9a~ticula<ly in the 
Wlnter (Figure 2). 

De5p1h tn" com~lex SituatJ.on. it is ~Q55ibl~ to point out two 
area" mainly charac<@ri~ed by their precipitation pattecns. These 
.e9ions aoe <oughly: 11) Th8 northern p~<t of the yeste<n ba£.Q. 12) 
th@ southe~ ~art of th@ ~estern bas.n, and (3) the e~st.rn part of the 
M@diterran~an sea. Th@ qu@stion ~hen ar.ses as to bow can w@ desc~,be 
at~sphs.,C tran£port of cont~inaclt£ unde~ <uch c~lex conditJ.ons. 
Tho.e a~e s~vsoal yay" to app<oach this probJ8m. s~e of which are 
d'"cu.~od .n the n~xt sections. 
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Fig. 1a 
Basin. 
maxim,,", 

Showing seasons of maxim"m rainfaLL in the Mediterranean 
Much of th" northern basin does not have a simple winter 
typical of the ~editerr.ne.n type of olimate (Huttary, 1950) 



- 29 _ 

GENOVA MALTA HERAKLION 

''" ,eo '" 

" '" '" 
,,~ 

~ ~ 
r-

r 
J F ~ A ~ J J A 5 0 N 0 J F ~ A ~ J J A SON 0 , F')\A!o\JJA50NO 

Fig. lb. Mean monthly precipitation (mml ot Mediter;,onean 5tdions 
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Fig. 2 . Annual frequency of ieep cydones 
with central pressure less than 1000 mbA 

(Schadler, 1924) 
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3.3.2 A comparison of Back Trajec'tories C1imato1ogies 

. The possibility of using back trajectories in the Meditgrri:mean 
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 calcul~tes back trajectories twice a day from any 
place on the globe. The input winds are taken from the US National 
Me·teorological 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 0 N, 6°E) which will be referred to as the MEn 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 ale (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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MEDITERRAi'IEili'1 TRAJECTORIES 
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Fig. 3. Mean nine-y,,,,,, traj .. ctories for the , ... stern Medi t~rranea,. 
(1975_1983) based on th~ 'e"tors ~"own in the lo""r fi,.~~~_ 
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Initially, on~ woula expeot a seasonal varlation in tne 
t~ajectori.s ~wever this lS the western part of the region ~ich, as 
lt was e~lainea @arlier, is an area of transit,on. Pigure 5 ,haws the 
West. North and South categories on a seasonal baS1S over the n1n. year 
period. Theee is no ohv,ous ~hange from SeaSon to season. In 
Pigure 5. an increase in the number of ~outherly trajector,"s i. 
detectable 1n aurnmer. ~ith no .easonal varlation of northerly flow, 
pollutants can reach the western Meaiterranean at all ti~es of the 
year. while the summer is the time when Saharian dust is transported to 
the sea. 

To Character1Z8 the tran~port to the eastern ~ed1t8rranean 
3as;n, a p01nt (MED P01ntl at PLATANOS (Crete) has be~n choson to 
compute back traj.ctor1es cllmatolOgy using the qeopotent1aL tecbnique 
(Martin ot d 19a4). rhis location was also the ";'to of a field. 
e~e~i"ent con~ucted durin .. Sept@Illb@r 1983. Trajectori.es an 
ch~sHied using a ~ecto~ing tscbn1""e shmm in Figure 6. Thera "er. 
four different cat~ories: 1. Nor~h: 39~ of trajectori.s fall ,n,O 
this cat@go~. rt is the prova~ling sector on an a~~ual basis, and 
eepresents th@ potential contributions c~inq from Groece, eastern 
Eurap~an countries includ1ng Eurogean ~art of :he USSR. 2. 
lIest/Northwest: 27>; of tho toaj.c~o".i.s hav~ th1S orig.n (Hal?, 
F~ance. Er,tain and Sp~in). 3. Easo: ~7t of the Ora)~~tor;e5 have an 
origln ~o the east of tho MEn Po.nt. ,. South: 16t of tra)ector1es can 
.epr@sent Saharan and North Africa contrlbutions. Cornparod ta 'h~ 
We$te~ area. one can see rnark.d sea50ndl varla~10n5 (Figure 7): the 
south .ector has 1tS maxim~ in March ~hile the OQrth s~cto< has ,to 
maximum (60%) durir.g the summer ~nths. 

3.4 Modelli"" the Fluxes af A1~ Contaminants in~" the M8dit~r~an.an 
'eo 

The $irnulCation of the H=e •. of air cantam1nants into t.~e 
~diterranean Sea by ~ans af a mathemat1cal rnod.l 1$ consldered to be 
~n essent<al part of the st-~dy. This method makes it possible to 
as.ess quAn,itatively the or1g1n of a contaminant and to d~~;se 
abatement strat~gies tor reducing the contaminat1Gn of the sea. 

At J.ts fifth .. o@ting (Atn~.ns. 198~) the W.,<~ir.g Group di.c· .... ed 
the available mcdel types, and tneir advantage. ~nd crawback> relative 
to the r.guirernents posed by the p~e.eflt p<Ogr~m. ~t was <ecommended 
that for long_~ange transport (distanc@. on the o<d@r of a fe~ thou<and 
kilometers) a Lagrang1an, on. laye" backward trajectory mod.l should 
be used. The use of smaller scale models in cert~in coa.~-' r~g;ons. 

where the contarn;nat,an 1~ likely to be high, was erreo· 
Vollowing the Wo<king G<oup diScu.s10ns, more detail.d ___ gest1ons wer. 
made on the lang-range t.ansport mad~ls {OClug, 198~) and tb~y are 
summarized hera. 

The mod~l to be used far asseSS1ng air contamination flux.s into 
the !!edJ.terranean S@amust sill!L te - .... ntttati·,@ly, on the basi. of at' 

emission inventory and tru. perti ..... " m .. taor'<)loq;,ca.l data, 
concentrat1ons, wet and dI:y .j,>OIO.i:t.ion values of .. ghen c __ ;nant at: 
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Fig_ 6. CRETE t""jectories .hm," On a~ ""n<Jal per<:entage bod. for West, 
North"e,t, Northeq.t and Southeast sector3. 
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Figure 7. Mounth!y variations of CRETE trajectorfes 

A : v.'SW, SSW, SSE tiirections (Africa) 
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B, NNW, NNE directions (Greece, Eastern Europe) 
C : ViNW direction (Western Europe) 
0: ENE, ESE directions (Turkey, Middle East) 
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~ specified receptor point as average v~luss over a year Or a season. 
Ihe output of the model will b. and must ba verlfied wlth measurements 
at the saooe site. 

~del5 differ .n their .tructure accord.ng to the purpose of 
theH application. A model for lonq-te= ave,ages - for a ~ea, a, a 
MaS"'" - h.>.s very often a G.iffa,.ent and l.!Sually a sllllpler structure 
than a lllodBl wh.ch is constructed to glve hourly ·,alu€s at a" 'IU"lity 
data. The latter .5 often call@d an sl?sode model.. SHlCe it was 
agreed that long-term ~v@rages ar~ ~eeded in this program, it ~s 
suggested that the Langrang.an fo~ of ~ box Illodel be used where the 
box .s Illoved ',nth a ropre.entat.·,e >"nd (Eliassen, ,980). H '-, 
assumed that the contaminant lS eampletel¥ ~.xed w,thin tha bo~ and 
t~t eM removal pro~esseg, dr¥ and wet deposition, can be 
l"'~amehnz.d b¥ a cr¥ deposition velocit¥ and a -.et scaveng-'rl'J 
caeffie,ent, 

Ihe L~g<ang.an ~del£ have tne advantage of be1ng ~a£~ to 
understand on the ph¥sieal progerties ana in the comeutinq algorithm. 
~lso, Wlt~ Lagran~.an models the contrib~tion of a carta"n ~~.55ion 
a~ea to the concant~ations ana depositions at a specified rece9tor­
~o.~t can easil.y be evaluatod by constructing onl¥ those traJ~cto<ies 
an,nng at this !?Oint. There '. no Il@ed then to cal.culate trans?crt 
and diffusion o~er the ~hole r'glon as it ,s done with an Eule<ian type 
(gndJ "",del. 

It is thorsfors suggestea t!' ... t .. one-,ayer La\llCangian backward 
~"ajectory ""del be ",sed. This model .mplies tnat for each o~ the 
defined receptor i?O,~ts in the M~dit~.ranean Sea and for aa~~ tim. 
inte1"'."el (say. I; hr.) a traJ.~tory .5 5taeted from tru. •• ceptor I?<Hnt 
and followed bacxward ,n t.~e ont.l '"has <~ach~d the boundary of the 
.mission .nventory area" Then the calculation of the concentratiqe 
starts by 9.ck.,,,. up t~oe emissions along the trajectory =til the 
recepto~ po1n~ i. reacned again. ~h.re ex.5t a number of al~orithms_ ~o 
calculate the trajectO€1e£ which are more 0, l~ss .traightfo~ard. 

Three sets of rneteo~oLogicel data are needed as model ,nFut: 
(1) the w.nd fie:d a~ a specified h~ight; (2) the ~i~ing hacght, wh.ch 
.s the he1ght of ~he bo~; and 13) rreciri~at1cn. Suggest10ns wore made 
by Klug (l984) on how these ssts can be obtain~d in a r~q.an wh.~h ,. 
as data spar5~ as tho Medite~ranean S~a. A oornb,nation of obse~,"d 
data with datd ootained from a weathor forecasting mode: se~ms most 
~pp,·upc1ate. 

"5 "as rn~ntioned earlier in this repon. the vaLu~5 of the 
~ar"",eter5 describing tile ~emo"al proc •• s~s of dry and "et depootion 
Me "ncert~in, e"e" <.Uld~r ideal condit.on •. Furthermore, th@y "ere 
~riv.d as av~rag~ values and cannot be a~pli.d to s1ngl~ events. whor. 
they will vary over one order of magn1tud~s, The calculated val.ues of 
C~f deposition at a fixed d1~tanc. aro not sens.t.ve to the v~lu. of 
the deposition ".locity. If thore .s rapid depos,tlo>l, then httle 
matenal "aache~ the ute and '" a·,aUable to be depos.tsd. en tne 
other hand. with .low deposition mo~e materiaL r~ach.s the s.te. out 
only a small F~<t is deposlt~d" 

Before the "",dd is =ed £Or ,egulatory decis,ons, it should be 
ve,ified at a ~umOer c£ obsscvation £tations. 
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F!~ patte<ns vary significantly from year to y@sr. From this 
one can conclude that contaG;nant transport will change from 
year to year. 

Though sama preliminary statements can be made about atmospher.c 
transport to the Mediterranean ba.in. cons1der3ble work '. needed to 
understand completely thi~ major .nvirong@nt~l ~robl@D. Th@ following 
sect,on pr@~@nta tbo Work.ng Group's recammendat.cns for future work. 
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4. REC~TlON3 FOR FUTURE iIORK_ 

4.1 Introduction 

The Work.ng Group discussed how to a~proach ths assessment of 
th~ contribut'on of atmospheric transport to the total contamination 
load of the M@dit~rranean Sea. ~~ .nput of contaminants or'9,nat.ng 
from land-basad runoff has been documented for a number of substances. 
At least .n princ.pl~, th,s contaminant load is under the direct 
control of th@ riparian .tates. th,s is not the case for the airborne 
input of ~ntarninants. ~asurements.n the Mediterranean region nawe 
al<.ady shown some ev,donce fo< long-range atmospher.c transport of 
metals from diverse SOU'·CBS. /my strategy for ...oating contaDllnation i.n 
the Medit@rranean reg.on must take into account th.s contr,butiOQ. 

4.2 Choice of Pilot Contaminant 

The Work,ng Group concurred with the choice of cadmium as a 
pilot ccatarninant fo~ the study of the at~~phe~.c t~ans£e~ of ba~ul 
substances into the Medit@r~anean Sea (Reports of the 4th and 5tn 
sessions of the Worklng Group. Monaco, 1982 and Athens. 19S3). ~ 
Workil19 Group considered rocent "esearch data. and the de.slralJi~ity of 
inc1udlfl9 other ... tab (Cu, i'll, I!g) and seloct or>;am.c "<'nt",,,'nmts in 
future studies. The criteria for the selection of a pilat contaminant 
are outlined below: 

(a) It should hiiV8 land-basad. sources ... hlch ultimately $hou.ld be 
identifiable and ~tifiable. 

(M Its di$triilutiDII ratio bet .... e" the gaseous (va..,rl and 
particulatol forn should be known. !t would be preferable if tbe 
choun contaDIinant did DOt he"" a significant 9"'< (vapar) p/>ase. 

(c) lts kno>m or ant:icipated cancentratica in the- at:.osphe ..... and in 
the ~urface "aters should be within the s.ruativil:y of 
analytical techniques. 

Id) Ideally, the sul:>stan". cho,,@n should be from AmI<:X I of the 
Protocol for the P<ntection of the- Medlt@rranean Sea Against 
Pollution from Land Based Source •. 

Ie) The concentration of tho contaminant chosen for measurement 
s~ld be r@fer@ncad. to the concentration of a conse~ati~@ 
el~nt of crustal origIn and one of marine origin. (The 
Working Group recommends AI as the most sultable @le~ent for 
assessing crustal SOUrCeS and No. for asssssing ~~e contrlbu~on 
o£ 8@~-5ource ~erosols to Cd <.cycling.) 
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4.3 Site Selection 

The Working Group concurred with the criteria for choo.ing sites 
for samp1ing discussed at the 4th session of the Working Grou~. lhe 
foremost consideration is the nssd for repr.sentat,ve estlmatos of the 
downward flux of a given atmospheric contaminant. B~sed upon the 
1ogist'~5 of sarnpl1ng, the Working Group concluded that a fi~ed 

1and-based sampling stat.on is r.qu.red to provide long-term sampling. 
maintenance, and s.r'Jlcing. The iOorking Group reB.Ch~d thi5 
rec~endation in l19ht of the fact that weathersh.ps are noc ava,lable 
and oceanogeaph.c research ves.els are not suitable for the requir~ 
long-term sampling at ~ glven .ite. It is snvlsag~d t~t the data 
~imuLated by a syno~tic-scale atmosphe~lc modeL shouLd be used as a 
gUld. fo~ <peci£ying areas ~ith inc~@ased contaminat,on f~ 
,dentifiabLe scu~ce •. 

The Wor~ing Group cons,dered that the following-~r'teria ~r. 
es.ent,~L in .ita selection, 

(al ~"enc. of local contamination sources (industrial plants, 
mlning ac~ivit.e •. automob,ls traffic, rnaj~r shipping lanes). 

(bl fuLl exposur~ to maritmB 3<r rooH of the h""', 

(cJ Availability of pewee $ou~ces_ 

(d) Peo~mity of weatner stations provlding basic rnete~rological 
·<lata, 

(oj The ~umbe~ of locatiGns of sites ohould oonfoem with the 
r.quir..,..nto of the t<a~spoct -"ls_ used. 

The Work.nq Group co~c1uded that tho followi~g locat.ons might 
meBt th ... @ o~lhd~ ""d """-",'?arrant -furthar .nvesti~aHon:_· 

Malta 

ZAkinthos·tsland 

West-ern C~"t. 

Kas"" -rslMtd 

1ne proJect couLd b~ .tarted on two 0< three ope~at'nq statlon< 
Locat@d ~nq the abo~-ment.oned pos.ibilities. The Working Group ~as 
made aW3rs of ~ initiation ~ France of a pe<manont sampling program 
in no~thwe.tern Corsica (automatic aerosol sampLer and p,ecipitatlOD 
collectori . 
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Th& Working Group also ~ocognized the usefulness of additional 
information on concentrations of contaminants in precipitation ~ 
~<Orosols .. hich could ]:j~ obtainad by US" of SOdle ~ ~und "'i~ 
Pollution MOnitoring Network (8APMoN) statiorus in the rag-ion. 

4.4 Sa!!!f!linq 

The Wbrltinq Group considered the erperi.nc~ acquired during 
international sampling pr"9ram" such as SEI\REK and ~ as the 
basis for A sampling protocol. ConsidarlRg the nature of the proposed 
project. some simplifications of the sampling procedures ha~e been 
ree<ml'tlend<!d: 

(a) to its cOillPlexity. direct .. easurements of 
el.minated. ~aver, dry deposition 

usiDq ~ .. rosol-calleotinq techniques .. i~ 
aerosol coll .. ctors (cascade impactors) and 

d .. position ""'dels. Since Cd concentrations in the 
Mediterranean atmosphere appear to be in the range of 0.1 to 1 
ngtm', the sampling duration with such a colleotion system 
should be of th .. o..-der of a .... ek. 

(h) ~et Depositl0n: The raln sampling should be on an event bas.s. 
Cwing to re,,~nt improvements in instrwnentatJ.on, it is suggeste" 
that a fully automatic "evice be employed. 

{c) Air Piltration: It 1S also <ecommended that bulk alr filtration 
sampling on a s~ort ti~e .cale 112-24 hours) $hould be 
unde~aken. Thi. ID.gnt enabls the establiShment of 
relationship' between atmospheriC Cd concentrations and air ma.s 
movements. Supplemental .nfo~tion of t~is kind .hould also b. 
obtained t~om shipboard a1r .ampl@s collected during 
oceanograph.c crui.es. 

During sampling i, is necessa<y that standard m .. teQrological 
data. such as wind .peed and d1rection, air t8mperatu"" and numid1ty. 
s .. a state, ~n" cloud cove~ be recorded. 

On the bas,s of the SEAREX exper •• nce, lt ~s <8cammen"e" that 
the samplers be iastalled at least 1Q m ~bov. ground level and as clos. 
as pCss.tle to the shoreline. It ~s stressed that e.li~bl. data can 
only be obtained if $tring.nt pr8cauticns ~re taken aga~nst local 
contamination during sampl.no;r and sample handl~ng {WMO. 1978). 

It is envisaged that such a ~<oject .hould be run contin~ly 
for at lsast < year~. The .. st~mat.d number of sampl@s could be about 
400 ~er .ite and per year. Th.s waul" n.cass.tate cooperation among 
labo<atari.s capable ot handling such a large number of sample~. 
Intercalitration e%erC1S0S would he mandatory. 

4.5 Analysis 

For tne anAlys~s of trace metAl •. i~ is recommsnded that olthee 
flame~e$s a~OIlUC absorption .pectro~hotornetry (FU .. -,:» or th .. 
electroch.m.cal technique of anodic St,iPP1ng voltamm.try tASV) oe 
us .. d. Soth teChniques have been developed, each for a host of 
e,ements, Co h.igh degreM of .o=1t1nty, ?rec.s.on. <lccuc·acy. and y~c 
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of concentrations and de~osition would serve the purpose of the study. 
Since Cd was chosen as a pilot cont~inant. the ~el applications 
should alsO begin with this 5ub8tanc~. ~t the same t.mo the Working 
Group ~lso endorsed the appl,catioo of smallec scale (lQ-100 krnl ~dsl. 
,n ords~ to study coasta, offect~ or sp@cial situations. 

Considsring the above conclusions. the ~ork"ng Gooup ".co~~nd.d 
the a~~l,~&tion af a ane layer. Lagrang,an backward trajectory ~dBl. 
51ncS suoh a model na. bOBn applied successfu,ly for simila~ pur~o5es 
and e"~.neno ... "ith ttl.e model' s gerfa""",noe i~ a·'ailabh. Ilowov.~. 

bsfore such a -model can be awh~d an 'L ooutine basis se'_"Hal 
~equirem~nts llave to te met. It is Cbvic."15 that the hcst oeq1Jus!lle"t 
eor tlo.~ calculat,on of cor.centratlOl'S ,s an emJ.SS:lon ,nventorl of tI:e 
contaminant undo< cons1deration. The Wcrbng :;rou~ ,·aconunend..s tlUt an 
1ndependent consult~nt or o~a~i,at.on should be ~ontract"~ to 
e~tablish such em'ss~on inventor,".. If ,r is not po,sib;@ to ootain 
an emiss.on inventory fram certain countries. ohe flu~ D~ con~aminants 
aCross their bounda<ies slo.ould be obtained. Furthermore. tlo.e 
met~rological input data into thB model mUst ~e su~~lied. T~i. is not 
a simple task for the ~editerranean area. whe~~ only a f.w oadiosonde 
.tation. .~ist ~lch c~n meaSUre uppe~ air dat~_ h combined usage of 
such rnsasurad <fa ta. ,","rl daU as observed hom a meteo,oloq.cal 
fo,eca.ting model on the ~ynoPtic 00 meso-,cale i. advi.abl~. but 
should be ,n" •• hgatsd by tlo.e se,encsts em~loy,,"1 the ""dol. TblS 
unplies that tlo.e model a~plication Should be ~.da"",ed .. t an instit-~<. 
whe,s $ucn meteQoologieal info~tion is available. 

Ther~ , •• till a lack of imowlodge in th~ C-eta~l~ of the remo·,al 
proces"~s. Even if one pa,amete<izes the.s ~rocesse" ty the .impl~~t 
approacbes. ther~ is not ",:.:eh in!orn>atian a"".ihbl~ on de]?Osition 
velocitiM and .cavenqi."" coefficients £o~ I:c.e conr.,,",u.ants ur..1"r 
con.ideration. It.s r~comroe,,-dod by the Working :;~aup t."-<t" deuiled 
studie5 on these ~"'bl~s b~ ·.:neertaken. 

The model out~ut data - Goncentca1:1"" and eeposit,on fi"ld.s ove< 
tlo.e Med~t~,ranean Sea - have to be cQ~a~ed Yitlo. rnea.u~ed data. ~t '. 
therefo~e •• sential to have one or mooe .tat,ons in ~emots areas of the 
Mediterranean Sea wh~r. the above ~ntitie" ~hou!d be Qbserv~d. 

4.9 Coqrdinaeian o~ the Prog,am 

Fo, coo~dinati~ the research and moo~tor'ng and O'~i~~'ng the 
,esults of the~e studies. tne establis~~ent of an ~ Hoc group of 
e~~e"ts from the participating co~tr,es is ~~commended. Tbe 
p,aliminacy <.sults of the ~llot stage af the ~oogram and propo"als fo~ 
future monito~ing and <es"",ch activieie" cou!d be cons,derod at a 
W(lrkslmp ooganusd by the lid Roc gNup ,,, 198,. 
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