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1. Introduction

One can expect that none of the changes in the atmospheric air com-
position, originated by human activities, will remain without an effect on
the substances present in sea waters. For certain substances of industrial
origin the mechanism of their transport form continent to the sea via
atmosphere may play the predominant part in the ocean sedimentation
cycle. Thus, e.g., according to E.D. Goldberg [20] the share of atmospheric
component in the transference of oil products from continent into the sea
is 90 X 1012 g per year, whereas the direct oil pollution sources of the
sea, connected with the seaborne transports of oil cargoes and industrial
waste, conjointly contribute by merely 2.1 X 10122 g annually. Even though
part of those gases may undergo oxygenation while in the atmosphere,
still their substantial amounts — by Author’s suggestion — are transferred
into the sea with the precipitations as well as due to the sorption of aerozol
particulate matter over the air-sea interface. There is a convincing proof
c.f the share of atmosphere in the transport of heavy metals into the sea,
in the form of results obtained on the examples of strontium-90 and cad-
mium [23, 33], The atmospheric transport of these metals to the Baltic
and the North Sea respectively recently exceeded the amounts contri-
buted by river discharges nearly by four times. Further, the important
role of atmosphere in the transportation of heavy metals and other toxic
substances is also confirmed by the findings assessed by a number of other
authors during their investigations [10, 27].

Considering the disturbances in quasi-stationary stability due to the
progressing changes in atmospheric air composition, attention was drawn
to the mechanism of gas exchange between sea and atmosphere, even at

* The paper was presented at the Baltic Oceanographers Conference in Goteborg —
Sweden (6 VI 1976).



an earlier date. Studies were concerned, in particular, with the carbon
dioxide exchange [3, 12, 24]. Apart from gases, much attention was also
devoted to the transference of aerosol particles [7, 22, 23, 35], In addition,
there was a rising interest in the micro-scale mechanism of exchange,
connected with the direct atmosphere-sea interaction [4, 16, 28],

All the same, the sea water area presents a serious problem from the
point of view of the full budget of the toxic substance exchange, taking
place there. None of the components of that budget can be neglected, even
though apparently insignificant. The matter at stake are the effects
connected with the cummulation of the particular constituents in time and
their influence on the long-term loss of quasi-stationary equilibrium.
When thus approaching the problem, one must also take into consider-
ation the complexity of aerodynamical composition of the atmosphere
itself, being the medium responsible for transportation of toxic substances
from the continent into the sea. We actually miss a satisfactory knowledge
of phenomena in this aspect so far. At the same time, the lack of a
more complete recognition is perceived with respect to the concentration
dynamics of the various toxic substances at various levels in the atmos-
phere. Additionally, this state is affected by the lack of data on the output
capacity and layout in space of air pollution sources. In general, the effect
of insufficient knowledge of the complex mechanism of the dispersed
phase transportation from above the continent to the sea, in both the lower
and upper tropospheric scale, must be deemed negative. Continuous meas-
urements of microelement concentrations must be carried out at various
levels in the atmosphere, in dry fallout and atmospheric precipitations
above the sea to explain this mechanism. Besides, the possibility to com-
pare these values against the concentrations of identical elements, simul-
taneously to be measured in sea water of the investigated area — especially
in its surface film — may be of essential importance. It is absolutely
necessary to have such measurement data material to hand, if we are
to understand the mechanism of particulate matter transport through the
air-sea interface. Again we can examine the airborne transfer from the
pollution sources to the water area with regard to the macro- and me-
zoturbulent structure of the atmosphere.

2. Structural Transport Model

It is proposed to review here, in general, the structural model (Fig.
1) explaining the importace of the particular constituents of transport
of the toxic substances passing from the atmosphere into the sea. The
model shall be dealt with exclusively from the view-point of the dynamics
of the airborne particle transport in the direction normal to the sea sur-
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Fig. 1. Conceptual framework of the pollutants transport
air-to-sea mechanisms acting in the troposphere

Rye. 1. Koncepcyjny schemat troposferycznych mechaniz-
mow przenoszenia zanieczyszczen do morza

face. Let us assume here that the physico-chemical changes, if any, of
the particle populations in the atmosphere will not substantially affect the
mechanism of transport itself. This model will result even from the very
circulation pattern of the atmosphere, since the zones of circulation, con-
nected with the general atmospheric circulation, cannot remain without
effect on the spreading of pollutants of industrial origin. The transport
occurs between the surface of emission and a closing layer, i.e. the lower
bound of thermal inversion. As for the processes occurring in the tropo-
spheric scale, it is the tropopause that forms such closing layer. The struc-
ture of the mixing processes in general scale of each hemisphere is de-
termined by the height and quasi-stationary character of the tropopause
while the energy comes from the motions of smaller scale. Together with
this there exists a connection between the spatial scale of the mixing pro-
cesses and the scale of time.

First of all, then, we assume the action of the mechanism of admixtures
spreading on a planetary scale (Mi). This mechanism is generally typical



for its zonal direction of transference, affecting the manner of substance
spreading in the atmosphere, mainly in the upper tropospheric layers and
perhaps in the lower stratosphere. The geostrophic movement causes the
horizontal transfer component to be the dominant one and to take the
westerly direction in temperate climatic zones. The substances trans-
ported at that level can travel around the globe, without significant falling
out into the lower tropospheric layers.

The mechanism of transference, marked by symbol M2 reaches much
lesser altitudes that does mechanism Mj and it reaches into the lower
tropospheric layers only. Upon the whole, the character of transference is
retained and the occurring disturbances do not change the general charac-
ter of transport. Mechanism M2 is typical for its spreading range, usually
restricted to the given synoptic region, or else it is related with the natural
synoptic circulation type. The concentrations of transported admixtures
at that level should depend on the output of pollution sources present
in the given region.

The boundary layer of the atmosphere, typical for its most differen-
tiated turbulent structure, deserves special mention. Right now much
attention is paid to it in literature on the subject [1, 8, 11], especially when
determining the coefficients of heat and mass transport from the point of
view of pollutants spreading, as does, for instance, G.T. Csanady [8] for the
Ekman layer. We in our schematic approach, should like above all to draw
attention to the importance of the very scale of processes. The processes
of spreading in this layer predominantly should be in the nature of the
mechanism of local-scale transport (mM3). Actually the transport extent
in horizontal directions resembles much more closely the vertical turbul-
ent mixing scale than it does in the cases of Mj and M2 The lesser
scale of turbulent spreading in comparison with Mx and M2 — while
assuming a direct effect of the emission sources on the air composition —
causes the presence of highest concentrations in that layer. The consider-
able share of coarse-grained fractions also does not remain without effect
on the magnitude of the particulate matter transport on the sea surface.

If we mark by symbols Hp, Hs, and HL the thickness of atmospheric
layers covered by the planetary, the synoptic and the local-transport scale
respectively, the assessment is that Hp Hs HL is limited by the height of
near gronud inversions. Usually HL height will oscillate between several
hundreds and about one thousad metres on an average. It appears reason-
able in this context that if we assume the level of non-divergency to occur
at a height -of about 600 mb, we also adopt it as the upper level of mecha-
nism M2 operating. Obviously, the tropopause level should determine the
IIP height.

The average size of transported particles and their residence time in



the atmosphere, (xX) will depend on the height of levels covered by the
transport mechanism. Fig. 1 presents the curves corresponding to the
approximate mean values of x for the three atmospheric levels covered by
the action of mechanisms Mi, M2 and M3respectively. The mean value for
13 for the ultimate turbulent layer (Fig. 3) was adopted from the conclu-
sions following from theoretical analysis [3], as well as from own inves-
tigations carried in the Baltic Sea [16, 17], When determining tx and t2
for the upper and lower tropospheric layers respectively, covered by the
action of Mi and M2 mechanisms, it was possible to base them on the
source literature data. E.g.,, according to W.M. Burton and N.G. Steward
[5] the t value, determined from lead-210 to polon-210 ratio, is about 40
days, for a 9 km level. We obtained a more or less identical value for tx,
assuming the velocity of particle fallout at Hp and Hs heights to be
vp ~ vs respectively and to constitute half of the velocity vL which is
approximate for HL height.

Apart from the action of Mi, M2 and M3 mechanism, there are two
other mechanisms present in the atmosphere, connected with the cloud
formation and precipitation-forming processes. The first of them (M4 is
a rainout mechanism of admixtures connected with the nucleation and
condensation processes of water vapour in clouds. In this mechanism
decisive are the microphysical processes connected with the type and
composition of clouds. At the same time an interaction between Mi and
M2as well as M3and M4 mechanisms takes place. The share of Mi, M2 and
M3in the action M4 in this instance will depend on the cloud development
scale of the vertical cloud distribution. When their vertical development
scale is large enough, all the above mentioned transport types may under-
go the rainout process. The characteristic scale of spreading in the hori-
zontal plane in such case is restricted mainly to the synoptic region in
guestion; this also refers to the share of Mi component, retransformed
into M4 The efficiency of M4 however, is connected with the amount of
the precipitations. During their fallout there is yet another mechanism
active, that of washout, designated by symbol M5 in Fig. 1. The action
of the latter however, is merely local in its extent, due to the thickness
of the air layer covered by this process. Apart from the amount of
precipations, their type is also of importance in this respect.

The role of mechanism M4 is in a way similar to that of atmospheric
inversions. This is a cathegory of systems which cummulate pollutants
and constitute sui generis secondary voluminous sources in the atmos-
phere.

Inasmuch as inversions are concerned, the level of admixture cum-
mulation can take place depending on the direction of their vertical trans-
port and it will be found both below and above the inversion. The type



and dispersive composition of the investigated fraction spreading in the
atmosphere is also of some importance. Mechanism M4 normally exceeds
the inversions with respect to its cummulative effectivity, especially when
its action is of a large vertical span. Due to the advantageous composition
of convection currents in such systems, the extent of the action of mecha-
nism M4becoms largely extended, reaching considerable heigts and at the
same time also widely including the of convergency around the cloud base.
In the model proposed in Fig. 1 the typical average thicknesses of the
atmospheric layers covered by the action of mechanism M4 are roughly
taken into account, at the occurrence of vertically well developed clouds
as well as the low clouds. On the other hand, ts4+5, the duration time of
rainout and washout processes is disregarded. This time may vary for M4
and M5 mechanisms and it will oscillate within the range of t2~ 145~ X3

The conclusion drawn from the model under review appears to be
that gradually as we pass from the higher-scale mechanisms to local-scale
hydrodynamical processes, the importance of the vertical transport com-
ponent tends to increasse. Ultimately, at the lowest atmospheric layer,
in the sublayer spread close to the ai-sea interface, we find mechanism
(M@ of the small-scale transport processes present there, which is direct-
ly responsible for the exchange of airborne particulate matter to be trans-
fered to the sea surface. This is a very complicated mechanism, which in
its aspect of aeroolic mass exchange has recently drawn particular at-
tention from many authors [2, 9, 16, 18, 34].

The problem pursuant to the idea of conjoint action of a number of
separate mechanisms of substance transport in the air-sea system is the
guantitative assessment of share of the particular components of this
complex structure. The lack of homogeneity in the aerodynamical structu-
re, especially when high wind gradients are present both vertically and
horizontally, renders the prediction of particle movements considerably
difficult. The difficulties encountered in this respect were already discus-
sed in literature [29], At the present stage of researches an exact deter-
mination of magnitude of the particular components is hardly probable.
Still, a general recognition of the problem is quite possible. An important
prerequisite to gain such a recognition is the availability of data on the
distribution in space and output of sources.

Value FO — of the total flux of toxic admixtures directed towards
the sea in its first approximation can be described in the form of a system
of equations of the following type

For=-2< gi> Hitrl D)
i

where gi — concentration and ~ — residence time in the atmosphere of
transported substances for the characteristic height of mi. Index i in this



formula refers to a successive transport mechanism. Considering the non-
stationary character of the concentration distribution, one should cor-
respondingly rely on equation [19]:

f;, = 2Hi|A,< gi> - Ku-* < * > ) 2

where At= — and Ku — atmospheric eddy diffusivity for the axis of i
iii

Practically however, when the processes are averaged beyond longer

lapses of time, one can rely on equation (1) as well.

3. Experimental Data Concerning the Operation of the Particular
Mechanisms of Transport

Mechanism Mi covers by its action the atmospheric layers, in which
least concentrations of industrial substances usually occur. Also one can
assume that the horizontal dispersion of admixtures is homogeneous there.
The action of mechanism Mxis best proven by the findings into the spread-
ing of artificial radioactive polutants entered into the higher atmos-
pheric layers during the tests with nuclear and thermonuclear weapons
[21, 26, 32]. An analysis of experimental data material confirms the zonal
character of transport paths of radioactive aerosols in the lower strato-
spehere and in the upper and medium tropospheric layers. Moreover, those
paths run around the whole of the globe, an assertion made when identi-
fying the reappearence of radioactive clouds above the observation re-
gions. Such a scale of substance spreading to a certain degree also pertains
to the industrial admixtures entering the atmosphere at the near ground
atmospheric level. An example in this respect is furnished by the DDT,
now generally present on our globe [36], or other stable substances ma-
nufactured by present day industry.

Therefore the planetary extent of dispersion, typical for Mi, ex-
plains the general background of pollution making its appearance. In spite
of low concentrations, this background is likewise a magnitude that may
not be disregarded in the budget of exchange of the components of va-
rious substances in the sea areas particularly when they happen to be a
semi-closed basin, as in the case of the Baltic Sea. Ample proof is furnish-
ed by the already mentioned investigation results on the airborne trans-
port of strontium-90 into the Baltic [23]. In 1970 the concentration of this
isotope in the Baltic waters was 0.7 pc. -1 on an average, and according
to the summations made, the total fluvial discharge of this isotope into the
Baltic maximally accounted for about 0.2 pc. I-1. Hence the data represent
a process of uniformly distributed fallout of old dusts from the upper
tropospheric layers, derived from the dusts stored in the lower stratosphere.



This is an example of the action of mechanism Mi. Now this component due
to the low concentrations of transported particles typical for this scale
of dispersion, as often as not will be detected only with the use of most
sensitive methods based on radioactive tracers. Still, its share in the bud-
get — even when ludging by the quoted data — can be quite considerable
in its summaric effect.

If we in turn consider mechanism M2 its existence is also proved by
numerous observation findings. For instance, it is interesting to note the
assessment [30] of highest concentrations of pesticides in the equatorial
zone of the Atlantic, where air masses are transported from the industrial
districts located north. Similarly, satelite observations furnish us with
materials confirming the spreading of smogs from above the industriali-
zed areas, with the propagating systems of meteorological Highs.

Another proof of the admixtures spreading along the northern path
of the Atlantic-European synoptic region is furnished by the investigations
concerning the sea salt nuclei above the Baltic [13, 14, 17]. An analysis of
experimental data actually resulted in the conclusion that in the com-
position of sea-origin condensation nuclei above the Baltic there is yet
another — the ocean aerosol component, apart from the local one. The
share of the Atlantic component in the collections of transported airborne
particulate matter is confirmed by a number of statistical and physical
characteristics, including the dispersive composition of particles, the short-
term oscillations of their concentrations in the near-water atmospheric
layer, (Fig. 2), residence time, size of mother droplets and others. In spite
of the relatively large distances of transport, the dominant concentration
of this advection component in the Baltic Sea can prove both the output
capacity of the coast source regions and the efficiency and range of action
of mechanism M2 itself. The findings based on this natural index suggest
an obvious conclusion also with respect to the share of toxic substances
being injected into the atmosphere by the West-European industries —
in the total budget of air pollutants above the Baltic area. The westerly
and south -westerly direction of air mass advection, which is dominant
above the Baltic, favours even such a transfer of particles.

An example of the local mechanism calling attention in our investi-
gation results from the oscillations in lead concentrations in the air above
the Gulf of Gdansk. The problem of lead transport from air into the sea
water has not yet been sufficiently explained. R.S. Cambray et al. [6]
have investigated the magnitude of lead fallout from the air into the North
Sea. This fallout during the 1972— 1973 period varied between 0.76 and
2.4 g cm-2 annually in dry fallout and it was 1.65 to 4.9 g cm-2 annually
in precipitations. Ch.S. Martens et al. [27] investigated the oscillations
in lead concentration above the Gulf waters in the San Francisco region,



Time Lapse of advectiont hours

Fig. 2. The concentration increase of sea-salt nuclei in the near water air layer on

the Baltic in periods of the maritime air advection from the Atlantic Ocean areas.

(Figures in brackets means the wind speed in m. s_1 measured from board on the
r. vessel when sampling the airborn particles)

Rye. 2. Wzrost stezenia jader soli morskiej w powietrzu przywodnym na Battyku

w okresie adwekcji mas powietrznych znad Atlantyku. (Liczby w nawiasach ozna-

czaja predkos$¢ wiatru w m. s_1 zmierzong z pokitadu statku n.-b. w czasie pobiera-
nia prébek aerozolu)

also trying to explain the effect of particle size on the decreasing lead
concentrations in the air.

In order to explain the effect induced by the mechanism of local
factors on lead transport from the atmosphere into the sea, part of the
study program under report was devoted to measurement of lead com-
pounds in the Gulf of Gdansk area. Measurements were taken during
1974— 1975 from a research vessel in the Gulf of Gdansk waters and paral-
lelly at two shore measurement stations as well. One of those stations was
located on the Hel Peninsula, in the central part of the Gulf, the other
one in Gdynia, closely adjoining the Gulf shore. Air was filtered through
fibrous filters at a 7 -f- 15 m a.s.l. elevation height. At the same time dry
fallout was collected during rainless periods by exposure of collecting
tanks in the form of polyethylene trays filled with bidistilled water. Total
lead concentrations were determined by the atomic absorption method,
using a flame attachment.

Pursuant to these investigations, the course of oscillations in the lead
concentrations present in air was recorded, as presented in Fig. 3. The
curves thus obtained demonstrate high fluctuations of lead concentrations
in air. The dominant maximum falls in with the second half of the heating

1— Oceanologia nr 8



Fig. 3. Temporal trends of lead concentration in air and dry fallout in
the Gulf of Gdansk area

Rye. 3. Lokalne wahania stezen otowiu w powietrzu i w suchym osa-
dzie w rejonie Zatoki Gdanskiej

period. Again, the much lesser concentrations recorded on the Hel and
the Gulf stations during the summer season clearly indicate the existence
of yet another pollution source, i. e. motor cars.

A comparison of lead concentration curves against the frequency of
onshore winds prevailing during the measurement periods in Gdynia (Fig.
4) has proved that those winds, partly in the nature of a sea breeze, per-
form their part as a local air ventilation mechanism in the Gdynia area,
and at the same time are responsible for the airborne lead transport
above the Gulf of Gdansk. A confirmation of this fact is also found in the
anticorrelation between the lead concentration fluctuations curve for the
Gulf of Gdarisk versus an analogical curve obtained for Gdynia. During
the more intense periods of air ventilation above Gdynia town, with
the lead concentrations dropping there, there is a corresponding rise in
lead concentrations in the near-water atmospheric layer over the Gulf.
This process is a typical example of an action of mechanism M3 and its
extent is of a typically local character.



Fig. 4. Frequency of on-shore winds at Gdynia during
measurement of lead in the daytine
Dots correspond to the mean aerosol sampling dates.

Rye. 4. Czesto$¢ wystepowania wiatrow z kierunkéw odmor-
skich w okresie pomiaréw otowiu w Gdyni w porze dziennej.
Punkty odpowiadajg srednim datom pobierania préb aerozolu.

The important role of precipitations in the airborne transport of toxic
5:ubstances to the sea is confirmed by both the numerical data quoted
above and similar example [6, 31] referring to heavy metals and other
constituents. To judge by the assessment from various authors, the wash-
out in conjunction with the rainout of particles are most prominet
of all the mechanisms. Still, it must be noted that the precipitations
will not take place at one time troughout the whole area, such as the
Baltic Sea, but they are rather sporadical in space and time. On the other
hand, the dry fallout normally is a continuous process, taking place within
the whole sea area. Consequently, in the final effect the importance of
dry fallout may be quite substantial. It must be added that the sampling
method of precipitations for chemical analyses, now widely applicable,
in the majority of cases does not prevent from accidental sampling of
dusts falling out from the air, when collecting precipitation water. That is
why the results of such sampling in principle can be loaded with errors
and one may doubt whether or to what degree they may be taken to
represent the action of mechanisms M4and M5 exclusively. This difficulty
is enhanced by the absence of verified data on the height of precipitations
above the open seas — an objection which may be referred to the Baltic
Sea just as well.
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MECHANIZMY PRZENOSZENIA DOMIESZEK AEROZOLOWYCH DO MORZA
VIA ATMOSFERA NA PRZYKLADZIE BALTYKU

Streszczenie

Battyk, jako akwen prawie zamkniety, przedstawia szczeg6lnie wazne zagadnie-
nie z punktu widzenia pelnego bilansu zachodzacej w nim wymiany substancji tok-
sycznych. Nie wolno zaniedba¢ zadnej sktadowej tego bilansu, nawet jezeli to bedzie
sktadowa 6 pozornie nieznacznym tylko udziale. Chodzi tu bowiem o efekty zwig-
zane z wptywem kumulujacych sie zmian sktadu na diugotrwate zachwianie réwno-
wagi quasi-stacjonarnej.

W zwigzku z takim stanem rzeczy analizuje sie model strukturalny wyjasnia-
jacy role poszczegélnych sktadowych przenoszenia do morza rozproszonych w atmo-
sferze faz. Dokonuje sie oceny dziatania szeregu mechanizmdéw przenoszenia, w tym
o zasiegu planetarnym, jak i charakterystycznym dla naturalnych synoptycznych
typow cyrkulacyjnych, ktérego wskaznikiem sa jadra soli morskiej przenoszone
znad Atlantyku nad Battyk.

Szczegblng uwage zwraca sie na dziatanie lokalnych mechanizméw przenosze-
nia substancji toksycznych z atmosfery do morza. Przykiadem wystepowania takiego
mechanizmu jest przenoszenie otowiu z powietrza do Zatoki Gdanskiej. Z analizy
wynika bowiem, ze wiatry z kierunkéw odmorskich, czesciowo o charakterze bryzy,
odgrywaja role lokalnego mechanizmu wentylacji powietrza w aglomeracjach miej-
skich i przenoszenia domieszek nad obszary morskie.

REFERENCES

LITERATURA

1. Berland M.E., Klimatologiczeskije aspiekty issledowanija zagriaznienija atmo-
sfiery promyszlennymi wybrosami, Zb. prac. Sowr. probl. klimatologii 280—291,
Gidromietizdat, Leningrad 1966.

2. Blanchard D.C.,, Syzdek L.D., Importance of Bubble Scavenging in the
Water-to-Air Transfer of Organic Material and Bacteria, Intern. Symp. on Chem.
of Seal/Air Partic. Exch. Proc.; Publ. de I'Union des Oceanogr. de France, Spec.
Issue, A-2 August 1973.

3. Bolin B. On the Exchange of Carbon Dioxide between the Atmosphere and
the Sea, Tellus 12, 1960, s. 274—281.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Bortkowskij R.S., Biutner E.K., Malewskij-Malewicz S.P,
Prieobrazenskij L.J., Processy pierienosa wblizi powierchnosti razdiela
okiean-atmosfiera, Gidromietizdat, Leningrad 1974.

Burton W.M., Stewart N.G., The Radiochemical Analysis of Longlived Ra-
don Decay Products and their Use as Natural Atmospheric Tracers, At. Energy
Res. Establ., NHP/R 2084, 1960.

Cambray RS, Jefferies D.F, Topping G. An Estimate of the Input
of Atmospheric Trace Elements into the North Sea and the Clyde Sea (1972—3),
U.K At. Energ. Aut. Harwell, AERE-R 7733. 1975, s. 1—26.

Chamberlain A.C., Transport of Gases to and from Surfaces with Bluff
and Wave-Like Roughness Elements, Quart. J.R. Met. Soc., vol. 94, 1968, No 401,
s. 318—332.

Csanady G.T. Ceostrophic Drag, Heat and Mass Transfer Coefficients for
the Diabatic Ekman Layer, J. Atmos. Sc., vol. 29, 1972, No 3, s. 488—496.
Daumas R.A. Influence de la temperature et du dévelopement planctonique
sur le mecanisme d’accumulation des sels nutritifs et de la matiére organique
dans la couche superficielle d’'une zone cotiere, Publ. de I'Union des Oceanogr.
de France, No spec., A-3 Aolt 1973.

Duce A, Quinn G, Wade L. Residence Time of Non-Methane Hydrocar-
bons in the Atmosphere, Mar. Pollut. Bull,, vol. 5 1974, No 4, s. 59—61.

Egan B.A, Mahoney J.E. Applications of a Numerical Air Pollution Trans-
port Model to Dispersion in the Atmospheric Boudary Layer, J. Appl. Meteor.,
vol. 11, 1972, No 7, s. 1023— 1039.

Fonselius S, Koroleff F, Warme K.E., Carbon Dioxide Variations in
the Atmosphere, Tellus, 8, 1956, No 12.

Garbalewski C, Juskiewicz A. Duze i olbrzymie jadra soli morskiej
w procesach zwigzanych z wynoszeniem zanieczyszczen z Battyku, Przegl. Geofiz.,
XVII (XXV), z. 3—4, 1972, s. 225—237.

Garbalewski C. On the Physical Characteristics of Marine Aerosols De-
pending on the Source Productivity and Transfer Processes, Int. Symp. on SealAir
Partie. Exch. Proc., Bull d’'Union Oceanogr. de France, B-4, No spec., 1973.
Garbalewski C. Promieniotwércze nuklidy polonu i jadra soli morskiej
jako wskazniki wymiany pionowej zanieczyszczenn w uktadzie atmosfera-morze,
Prace IMGW, No 2, 1974, s. 67— 84.

Garbalewski C. On the Effect of Air-Sea Interaction on the Diffusion and
Removal of Airborne Particulate Matter, Oceanologia PAN, 1974, s. 113—131.
Garbalewski C. O zasoleniu powietrza solag morska przenoszong z Baittyku
na tle jej adwekcji znad Atlantyku, Probl. Uzdr., z. 1/2 (89/90), 1975, s. 145—150.
Garbalewski C, Berek H, Brzezinska A, Trzosinska A, Wiel-
bi hska D., A Study of Turbulent Flux of Airborne Particulate Mercury Pass-
ing from the Atmosphere into the Sea, Oceanologia PAN, No 7, 1977, No. 7, s
73—87.

Garbalewski C. Dynamika aerozolowej wymiany masy na otwartych obsza-
rach Baltyku I: Teoretyczna ocena podstawowych fizycznych proceséw aerozo-
lowej wymiany masy w ukladzie atmosfera—morze, Mater. Bad. IMGW, Ser.
Hydr. i Oceanogr. 1977.

Goldberg E.D., Mans Réle in the Major Sedimentary Cycle, The Changing
Glob. Env., R. Reidel Publ. Comp., Dordrecht-Boston 1975, s. 275—294.

Herbst W.,, Neuwirth R, Philip K., Betrachtungen Uber die Eignung
radioaktiver atomtechnischer Aerosole als Markierungsmittel bei Arbeiten auf



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

dem Gebiete der meteorologischen Stromungforschung, Naturwiss., Bd. 41, 1954,
H. 7, s. 156— 160.

Hoover T.E., Berkshire D.C., Effects of Hydration of Carbon Dioxide
Exchange across an Air-Water Interface, J. Geophys. Res., vol. 74, 1969, No 2.
Iwanowa L.B, Giedieonow L.I, Markwielow V.N., Pietrow JG,
Truzow A.G., Szlapin E.A., Sodierzanije 0Sr i 13Cs w wodach Baltijskogo
moria v 1970 g., At. enierg., t. 33, wyp. 4, 1972, s. 835—838.

Kanwisher J., On the Exchange of Gases between the Atmosphere and the
Sea, Deep-Sea Res., vol. 10, 1963, s. 195—207.

Liss P.S., Processes of Gas Exchange across an Air-Water Interface, Deep-Sea
Res., vol. 20, 1973, No 3, s. 221—238.

Machta L. The Use of Radioactive Tracers in Meteorology, Ann. Intern.
Geophys. Year, vol. 5, 1958, s. 309—313.

Martens ChS., Wesolowski JJ, Kaifer R, John W., Lead and Bro-
mine Particle Size Distributions in the San Francisko Bay Area, Atm. Env., Perg.
Press, vol. 7, 1973, s. 905—914.

Muller U, Schumann G. Mechanism of Transport from the Atmosphere
to the Earth’s Surface, J. Geophys. Res., vol. 75, 1970, No 15, s. 3013—3019.
Munn R.E., Bolin B. Global Air Pollution — Meteorological Aspects, Atm.
Env., Perg. Press, vol. 5, 1971, s. 363—402.

Prospero JM., Seba D.B., Some Additional Measurements of Pesticides in
the Lower Atmosphere of the Northern Equatorial Atlantic Ocean, Atm. Env,,
Perg. Press, vol. 6, 1972, s. 363—364.

Scriven R.A, Fisher B.E., The Long Range Transport of Airborne Material
and its Removal by Deposition and Washout, I: General Consideration, Atm.
Env., Perg. Press, vol. 9, 1975, No 1, s. 49—58.

Sill kus A. Beitr. Physik Freien Atmosph., 30, 1958, No 2/3.

Sugawara K, Ocean as a reservoir of elements, J. Oceanogr. Soc. Jap., vol.
30, 1974, No 5.

Szekielda K.H., Accumulation of Minerals at the Air-Sea Interface, Intern.
Symp. on Chem. of Seal/Air Partic. Exch. Proc.; Publ. de I'Union des Oceanogr.
de France, Spec. Issue, A-14, 1973.

Whelpdale D.M. Particulate Residence Times, Wat., Air a. Soil Pollut.,
vol. 3, 1974, s. 293— 300.

Woodwell G.M. Toxic substances and ecological cycles, Man and the Eco-
sphere, Ed. P.R. Ehrlich et al.,, Freeman a. C., 1967, s. 128—135.



