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Water pollution of the Black Sea 
 

Alexander Korshenko (Russia) 
 

1. Petroleum Hydrocarbons in the Water 
 

1.1. IAEA Cruise 1998 
 
Total petroleum hydrocarbons (TPHs) pollution of the Black Sea waters and their 
suspended matter (SM) contents were studied during 11-20 September 1998 cruise of 
the research vessel "Professor Vodyanitskiy". The research was carried out in the 
framework of the IAEA project RER/2/003 "Marine Environmental Assessment of the 
Black Sea Region"[1]. Over 27 water samples have been collected and analyzed from 
different depths of 16 stations placed at the central western basin, in the Danube 
offshore area and Romanian shelf. 
 
Dissolved and total TPHs were extracted with CCl4, from filtered and unfiltered water 
samples, and determined in the extracts by infra-red spectrophotometry [2]. The 
accuracy of the method was about 15% and the detection limit for a 2000 ml sample 
approximately 0.05 mg/l. This value is accepted in Russian Federation as Maximum 
Allowed Concentration for marine waters. The concentrations of the TPH particulate 
fraction were calculated by subtracting the dissolved TPH concentration from the total 
one. 
 
The average concentration for all sampled area is 0.084 mg/l (fig.2.1). The maximum 
reached level of 0.23 mg/l and was marked in the shallow waters off Romania coast 
south of Constanta close to the border with Bulgaria. The salinity in this waters was 
rather high (17.73 %0 ) and they were not influenced by the Danube discharge but 
probable the result of the southward drifting polluted waters from Constanta area, where 
ship traffic, harbor and oil refinery activities are important features. The low salinity 
waters with 7.81 %0  close to the Danube delta were not strongly polluted by petroleum 
hydrocarbons. Their concentration here was 0.05 mg/l only.  
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Fig. 2.1. Average Total Petroleum Hydrocarbons distribution (mg/l) at 11-20 September 
1998. 
 
The lowest concentrations in the Western part of the Sea were about 0.03 mg/l. The 
minimums were recorded in front of the Bosphorus strait entrance and in the northern 
part near Odessa. In general the spatial distribution of petroleum hydrocarbons in 
September 1998 was rather low and uniform. The area extends southward of Western 
part of the Sea cannot be estimated for the spatial distribution of dissolved and 
emulsified petroleum hydrocarbons, because samples were not collected here. 
 
The vertical distribution of TPHs at the deepest station in the center of the western wire 
has maximums close to surface, in intermediate layer and in near bottom layer but the 
changes depended from the depth were rather week. At the surface the total 
concentration of petroleum hydrocarbons was 0.15 mg/l; at 23.5 m and 29 m depth fell 
down to 0.06 and 0.02 mg/l consequently, at 51 m depth had 0.11 mg/l; at 102 m 
reached maximum level 0.17 mg/l; at 508 m – 0.08 mg/l; at 1009 m, almost 1 km above 
bottom, it was 0.13 mg/l. At another two shallow stations placed at less then 50 m depth 
PTHs vertical concentration were almost uniform.  
 
The ratio of dissolved and emulsified petroleum hydrocarbons during this expedition 
varied in a very wide range from zero to 100 %. The mean value for all western part of 
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the Black Sea in September 1998 was 55% versus 45% correspondingly. The amount 
of suspended matter in the water varied significantly from 0.21 to 1.83 mg/l with one 
exception in surface layer at station near the Danube delta where 9.50 mg/l were 
registered. As mentioned above, the TPHs in this place was rather low despite of high 
SM concentration.  
 

 
1.2. IAEA Cruise 2000 

 
In the Eastern and Central Basin of the Black sea 46 water samples were taken at 32 stations 
during the IAEA scientific cruise from 22 September to 9 October 2000 (Fig. 2.2) [1]. At the 
beginning of the study one station was sampled in the central part of the Western Basin. 
Others were placed in the deep central part of the sea and at the rather shallow waters 
of Kerch transect, Coruh (Georgian waters) and Sinop (Turkish waters) polygons. 
 

 
Fig. 2.2. Average Total Petroleum Hydrocarbons distribution (mg/l) at 11-20 September 
1998. The anomalous high concentration 3,27 mg/l near Feodosiya isn’t shown on the 
map. 
 
The concentration of Total Petroleum Hydrocarbons in the water varied in the range of 
absence to 0.73 mg/l and average concentration for all the analyzed samples is 0.097 
mg/l. The anomalous high concentration reached level 3.27 mg/l and find in the surface 



 4

layer at shallow stations with 62 m depth close to Feodosiya. This level exceed the 
Russian standard Maximum Allowed Concentration (0.05 mg/l) for marine waters more 
then 65 times. With this outstanding number the average reached 0.166 mg/l. The 
second high value (0.73 mg/l) measured close to this place in front of Yalta. Two other 
stations near Yalta also have quite high TPHs concentrations varied in different horizons 
from 0.13 to 0.19 mg/l. Such local patch of oil pollution in the Southern Coast of Crimea 
was the biggest at that time in the Black Sea waters and could be the result either of 
local spill or municipal discharge of large tourist centers in the end of the season (Tab. 
2.1).  

Table 2.1. 
The average concentration of total petroleum hydrocarbons (mg/l) in different part of the 
Black Sea, 22.09-09.10.2000. 

Region Central 
West 

Crimea 
Cost 

Kerch 
Strait 

Georgians 
waters 

Sinop 
polygon 

Central 
East 

Central 
open 

Concentration 0.3 0.78 0.20 0.05 0.05 0.03 0.03 

 
The waters at the Kerch transect was rather high polluted by TPHs especially at the 
closest to the entrance of the Kerch Strait. One could suggest the discharge of oil 
pollution from the Azov Sea together with brackish waters taking wastes of Kerch harbor 
and intensive ship traffic. 
 
In contrary with the northern coasts the level of pollution in Georgian and Turkish waters 
was relatively low despite of a well-known center of oil processing in the Batumi area. In 
that time the concentration of TPHs in surface and subsurface layers at Coruh polygon 
not exceed 0.08-0.09 mg/l and sometimes were under the detection limit of analytical 
procedure. At Sinop polygon the concentration varied from 0.02 to 0.12 mg/l. 
 
The Central part of the sea and the Eastern Basin showed pollution by petroleum 
hydrocarbons only a little. Often data was lower of detection limit and never exceed 0.05 
mg/l.  
 
If the pollution could occur in the open sea it have to be suggested the accidental spill 
from the ship with contrary to the idea of the chronic pollution characterizing the whole 
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Eastern Basin of the Black Sea. The only coastal waters showed sometimes the high 
level of oil pollution problem.  
 
The vertical distribution of TPHs at one station in the centre of Eastern Basin (for 0 m 
depth – 0.05 mg/l, 14 m – 0.03 mg/l, 18 m – 0 mg/l, 44 m – 0.03 mg/l, 202 m – 0.01 mg/l, 
506 m – 0 mg/l, 1011 m – 0 mg/l) clearly indicated the absence of strong correlation 
between concentration and depth. It could be possible mention only that in the upper 
layers of the sea the petroleum hydrocarbons content somehow higher. It could be 
taken into account also all this data at the border of the detection limit of the analytical 
method.  
 
In the study in autumn 2000 the distribution of TPHs between the dissolved and 
particulate phases is practically unpredictable and highly variable: the relative ratio 
between two forms was ranging from 0 to 100%. The reason of distribution 
hydrocarbons between different forms isn’t clear. For instance, among tree stations in 
the Georgian waters at one the concentration of total petroleum hydrocarbons in the 
surface layer was 0.05 mg/l and dissolved form took 60%, suspended matter – 0.43 
mg/l. At the next stations TPHs had 0.02 mg/l and all 100% these hydrocarbons were 
dissolved in the water, while SM was 0.61 mg/l. At third station here TPHs had 0.02 
mg/l and all 100% hydrocarbons were connected with suspended matter (2.57 mg/l), no 
hydrocarbons in the water at all. The other Georgian stations showed that water 
enrichment with particles doesn’t lead to increasing of particulate phase of TPHs. At two 
stations at Coruh polygon the solids in the water increased up to 109 and 80 mg/l but all 
TPHs (0.09 and 0.07 consequently) was dissolved in the water. One could suggest that 
distribution hydrocarbons between different phases rather complicated and depend 
upon many factors. Probably analytical methods used in the study isn’t good enough to 
trace such dependence especially for TPHs values close to the detection limit. 
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Bottom Sediment Pollution of the Black Sea 
 

Alexander Korshenko, B.Gvakharia, N.Machitadze 
 

1. Petroleum Hydrocarbons in the Bottom Sediment 
 
1.2. Russian part 
 
In June-July 2002 south of Taman the sediments were tested on the content of aliphatic and 
aromatic hydrocarbons in the rather shallow 20-40 m and deep part with 70-100 m. It was 
marked huge difference between both depths. In deep part the aliphatics reached level 45-84 
mkg/g and aromatics – 35-62 mkg/g, while in shallow stations they had only 5-9 mkg/g and 2 
mkg/g correspondingly. The difference in scale 10-20 times could be the result of size spectrum 
of bottom sediments particles, which have to be much smaller in the deep zone with active 
sedimentation.  
 
2.2. Georgian part 
 
According to preliminary forecasts in 2010-2015 the volume of oil and oil product transportation 
through Georgian ports is estimated to be about 50-60 mln/t per year. Intense development of 
marine infrastructure will aggravate current complex ecological state of the marine ecosystem of 
the sea for which pollution with oil and oil products is the most dangerous.  
 
In the frame of International project on the Study of the background ecological status of the 
Eastern part of the Black Sea along the coast of Georgia (2000, RV “Piri Reis” of Izmir 
University) the concentration of petroleum hydrocarbons (PHs) in the bottom sediments was 
determined using gas-liquid chromatography. Samples of bottom sediments were taken from 75 
stations on the Georgian shelf in the depth range from 10 to 1500 m. Preparation of samples, 
extraction, concentration and tests were done in compliance with the standard [5]. For complete 
separation of hydrocarbon fractions step-wise programmed optimum temperature regime was 
applied [6].  
 
In the coastal part of the underwater slope down to the depth of 200 m gradual decrease of 
petroleum hydrocarbon concentration was observed. The average concentration for the sites with 
the depth less 50 m depth was 26,9 mkg/g, from 50 to 100 m – 19,5 mkg/g, and from 100 to 200 
m - 11,4 mkg/g. High content of petroleum hydrocarbons was detected in the bottom sediments 
of the Poti harbour area, 35,3 mkg/g on the average. In the bottom sediments north of the Batumi 
harbour the concentration of petroleum hydrocarbons also was increased up to 17,7 - 21,7 mkg/g, 
in average 10,5 mkg/g. Apparently, flows of sediments contaminated with petroleum products 
moved from the Batumi area northwards.  
 
In the gorge of Natanebi river petroleum deposits and oil manifestations both on dry land and in 
the section of underwater slope have long ago been investigated. Technological boreholes are in 
operation over the years. The high content of petroleum hydrocarbons in the bottom sediments of 
the estuary of Natanebi river (152,7 mkg/g) was explained by existence of the local source of oil 
and originates from the boreholes located not far from the coast, in the river gorge area.  
 
Method used for identification of petroleum hydrocarbons was enable to identify not only the 
groups of petroleum products, but also to determine approximate time of an oil spill [6,7]. The 
PHs in the bottom sediment was of different origin and differs in terms of light and heavy 
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fractions content. Latest spills were mostly found in the regions of Batumi and Poty harbours as 
well as between estuaries of Khobi and Tsivi rivers. Basically, at the small depths, pollution of 
bottom sediments with oil and petroleum product was of man-caused nature and is due to the 
impact of ports and terminals. 
 
In the deep stations starting from the depth of 200 m, concentration of PHs increased. Reason for 
that could be the re-deposition of petroleum products absorbed on the clay particles transported 
from the coastal water to the deep water area. At the same time, anoxic conditions prevent 
biogenic degradation of the hydrocarbons. It could be suggested, the high content of petroleum 
hydrocarbons in the bottom sediments of the deep part of the Black sea was of both man-caused 
and natural origin. In the first case it comes from precipitation of heavy fractions of oil from the 
sea surface, in the second – from oil manifestations on the sea bottom. 
 

2. Heavy Metals in the Bottom Sediments 
2.1. Russian part 
 
South of Taman in summer 2002 the metal concentration in bottom sediments varied in the very 
wide range in fact independent from the depth. The local condition at the depth 40 m could be 
the reason of minimum concentration here of many metals, namely aluminum, vanadium, 
chromium, manganese, nickel, copper and arsenic (Table 2.7.2.1). The opposite case was at the 
station with 70 m where those elements had maximum, except manganese. Lead reached level 
7,6 mkg/g of bottom sediments near the shore, and cadmium was lower of detection limit in all 
places. 
 
Table 2.1.1. The metal concentration (mkg/g) in the bottom sediments June-July 2002 south of 
Taman. 
 

Depth, m Al V Cr Mn Ni Cu Zn As Cd Pb 

20 2184 128,4 47 661 28,6 53 31,06 7,25 0 7,6 
40 876 54 27 163,5 5,5 38 30,08 2,02 0 4,3 
70 3206 293 64 377,5 44 92 56,28 4,47 0 0,6 

100 1488 115,2 42 255 32,2 79 25,61 5,35 0 5,0 
 
2.2. Georgian part 
 
In 1993-1995 the bottom sediments samples were taken at shallow areas of Georgian shelf in the 
depth range from 3 to 15 m at stations placed on transects perpendicular to the coastal line. In 
186 samples the concentration of Fe, Mn, Cu, Zn, Cr, V, Ni, Pb, Mo were measured (Table 
2.7.3.1).  
 
Table 2.2.1. The metals concentration (mkg/g) in the bottom sediments of Georgian shelf in 
1993-1995 and 2000. 
 

 Cr Mn Cu Zn As Pb 
1993-1995 

min/max 10/1300 700/9300 40/900 60/300 - 7,0-48 
average 215 1937 50 136 - 17,7 

2000 
min/max 40/700 - 20/325 60/260 5,0/95 7-50 
average 81 - 81 102 15 20 

 



 8

In 2000 the study of pollution level of bottom sediments by heavy metals was performed in the 
framework of International project on the Study of the background ecological status of the 
Eastern part of the Black Sea along the coast of Georgia. The expedition was carrying out 
onboard scientific research vessel “Piri Reis” of Izmir University (Turkey). About 170 samples 
of bottom sediments from 75 stations throughout entire shelf of the Georgian sector of the sea, in 
the depth range from 10 to 1500 m, were collected and concentration of metals Fe, Al, Cu, Zn, 
Cr, As, Ba and Pb were analysed. Preparation of samples and determination of metals by atomic-
absorption method was carried out in compliance with procedure described in the manual [1].  
 
Copper and Zink. High concentration of copper and zinc has been found in the sea bottom 
sediments collected from the small depths within southern part of the Georgian sector of 
underwater slope in the estuary of Chorokhi river: Cu - to 325 mkg/g, Zn - to 260 mkg/g. Their 
concentration somewhat decreases to the north. Copper and zinc accumulated in the sea bottom 
sediments is of man-caused origin, since they get into Chorokhi river from the ore regions, 
located in the river drainage basin. Along with the natural weathering of the oxidizing horizons 
of ores, the mouth of Chorokhi river is getting polluted with waste discharged from mining 
enterprises in Turkey, in particular in Murgul and Artvin regions, in immediate proximity of the 
boundary with Georgia, and within the Georgian sector - from Meria (Adjaria).  
In the sediments of the underwater slope of Kolheti lowland, Cu and Zn are distributed evenly 
and their content is of the background level: Cu - from 20 to 45 (in average 30 mkg/g) and Zn - 
from 62 to 170 (in average 110 mkg/g).  
 
Arsenic. The distribution of arsenic in the sea sediments collected from the small depths within 
Adjara section of underwater slope, is analogous with distribution of Cu and Zn. This is 
explained by introduction of arsenic as a part of the sulphide minerals within the heavy fraction 
of sediments, flowing in together with other chalcophilic elements from the mining regions of 
Georgia and Turkey.  
 
Chromium. This metal is distributed unevenly in the bottom sediments of the Georgian sector of 
the Black sea. It mainly accumulates in the sediments of Chakvistskali-Supsa inter-mouth region; 
at the small depths its concentration reaches 700 mkg/g. The main carriers of chromium are dark 
minerals (magnetite, biotite, pyroxene), the rock-forming minerals of the volcanic ores of basic 
composition (basalts, andesites, porphyrites, tuffs, tuff breccias, etc.) [2]. The products of their 
weathering are carried into the sea by the small rivers of the region (Korolistskali, Chakvistskali, 
Choloki, Natanebi, Supsa). In contrast to the copper and zinc, accumulation of chromium is 
natural, since it is not connected with any anthropogenic action.  
 
Lead. Lead was distributed practically evenly throughout entire part of the shelf. The maximum 
concentration does not exceed 50 mkg/g, minimum was 7 mkg/g, and average for all Georgian 
shelf - 18 mkg/g, which is obviously the local background level. Situation has not changed since 
mid 1990-ies. 
 
Barium. High content of barium in the bottom sediments was mainly linked to the coastal part of 
the shelf. The maximum concentration (in the limits of 0,1 - 0,2%) was found in the area from 
Chorokhi river mouth to Batumi city. The distribution of it connected with the products of 
weathering of the barites- polymetallic layers of the South Caucasus, transported to the sea by 
Chorokhi river. Also ccumulations of barium was observed in the estuary sediments of Kintrishi 
river (0,05-0,1%). In the coastal area of the West Georgia metamorphic geological formations 
containing clay minerals (in particular zeolites), rich in barium, are found. Possibly, that 
terrigenous material on the underwater slope is enriched by above mentioned minerals, which 
explains comparatively high content of barium along the coast. 
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Aluminium. Being one of the basic rock-forming elements, aluminium was contained in the 
bottom sediments of the Georgian shelf in the limits from 2 to 7.5 %. The highest level up to 6.0-
7.5% was observed in the area of Kolkheti lowland. Obviously, the most fine-grained fractions 
with high Al2O3 content, intensively carried out from the swampy regions of Kolkheti and 
redeposit by gravity separation. On the average, in the northern part of the Georgian shelf, 
content of aluminium is 3-4% higher than in south, since in the sea bottom sediments the content 
of clay fractions increases in the northwards direction. 
 
Iron. Coastal region of the shelf, located in the inter-mouth part of Korolistskali, Chakvistskali, 
Kintrishi, Natanebi and Supsa rivers, was characterized by high content of iron (>11%). These 
rivers drain the western extremity of Adjara-Trialeti folded system and carry the products of red 
sol crust weathering into the sea. High content of iron is related with the dark minerals 
(magnetite, black mica, etc.) [3,4]. In this section the high content of iron coincides with the high 
content of chromium, which points to the common source of their entry into the sea sediments. 
Within the limits of Kolkheti lowland iron content in the sediments of the underwater slope was 
from 3 to 5%.  
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Heavy metals may be supplied to the 
atmosphere as a component of aerosols owing to 
different processes and from different sources. 
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Among them, volcanic activity, dust formation under soil surface weathering, operation of industries and 
transport producing technogenous aerosols, generation of salt particles under wave and wind interaction 
in the ocean, and many other sources are distinguished [4, 23]. Thus, an atmospheric aerosol is always a 
mixture of particles of a great variety of origins. The problem of the long-range transboundary transfer of 
pollutants is the subject of the EMEP program (Co-operative Program for Monitoring and Evaluation of 
the Long-Range Transmission of Air Pollutants in Europe, http://www.emep.int) joining many dozens of 
European (including Russian) monitoring stations, centers of sampling, and analytical centers. One must 
emphasize a very important fact that the intensity of the marine source of saline aerosol generation, taken 
to be 5900 Mt/year, is almost six times as high as the power of the dust generation source of 1–10 µ m 
aerosols, ~24 times as high as that of submicron soil dust aerosol, almost 40 times as high as that of 
sulfate aerosol, and ~70 times as high as that of carbonic (including carbon black) aerosol [3]. Thus, 
potentially, 80% of the aerosol mass may be composed of marine matter. The mechanisms of the marine 
aerosol generation from the surface microlayer by the burst of bubbles [17] formed within the seawater 
mass during the gassing on a dispersed phase, or during wave breaking, or during direct wind-induced 
stripping of water drops from the rising sea surface [4, 5, 7, 20, 23] imply a considerable similarity in the 
composition of the chemical substances between the surface microlayer and marine aerosols [1, 4, 8, 27]. 
The enrichment of the surface microlayer (SML) by pollutants is well known [4, 12, 25]. This was noted 
as the cause of the abnormally high content of heavy metals over the aquatic area of the Baltic Sea [21]. 
We suggested an inverse SML–air path (with respect to atmospheric precipitation) of heavy metal 
transport within the composition of aerosols as the main reason for the significant excess of the heavy 
metal contents in marine aerosols, compared to the Moscow urban aerosols and terrigenous ones [1, 5, 6, 
8,12, 19, 25, 26]. Probably, the same path causes the abnormally high contents of nutrients in the dry 
atmospheric precipitations from the northwestern part of the Black Sea collected in a passive mode [10]; 
thus, the calculated flux of nutrients from the atmosphere may equal up to 20% of that supplied with the 
Danube River runoff. The studies of aerosols received a lot of attention within the EMEP and Aerosols of 
Siberia programs, as well as in the work of many research groups [3, 4, 11, 14, 15, 24, 28, 29]. However, 
the aerosols generated by the surface of the Black Sea, until now, have not been a subject of systematic 
studies involving a large number of coastal sampling stations and vessel surveys. Initiated by the State 
Oceanographic Institute (SOI), the aerosol monitoring and scientific programs required, in particular, for 
the health planning of recreational policy [16], within the framework of the International Commission for 
the Black Sea pollution protection (BSERP protection) and of the International Black Sea Organization 
for Economic Cooperation (BSEC), are in their developmental stage. Since 2002, to partially make up for 
the existing deficiency, we have performed 
annual studies of the spatiotemporal 
variations in the contents of heavy metals, 
aluminum, and arsenic in marine aerosols of 
the Russian part of the Black Sea.  

 

Comparison of the Heavy Metal Contents in 

Marine Aerosols of the Black, 

Mediterranean, White, and Baltic Seas 

The well-known mass transfer of the 

principal salts of alkaline and alkaline-earth 

metals with marine aerosols implies the 

transfer of microelement 

compounds as well. The 

contents of 

microelements in marine 
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aerosols exceed their clarkes in seawater owing to the enrichment of the surface microlayer by their 

complexes with organic substances and to the supply of suspended matter particles into the aerosol phase 

[11, 12, 19, 21, 24]. Because of this, the enrichment of marine aerosols in microelements must not depend 

on the salinity, especially in the coastal zones. This statement is illustrated by Fig. 3 when comparing the 

content ranges of heavy metals, aluminum, and arsenic in marine aerosols of the Russian part of the Black 

Sea, the western Mediterranean, and the northwestern part of the White Sea. The enrichment mechanism 

for marine aerosols generated by the sea surface must be the same for different seas. Actually, the 

concentration ranges of heavy metals, aluminum, and arsenic for different seas overlap (Fig. 3; the 

concentrations are given here and in the following figures in nanograms per cubic meter of air). It is seen 

that heavy metals with the highest concentrations are chromium, zinc, and nickel. One should note that 

chromium and nickel are the only pair of heavy metals showing a pairwise correlation of their contents in 

aerosols. Without considering the deviations for selected elements (Cd and Mn), the epicontinental seas 

form the following series with respect to a decrease in contamination:  

Mediterranean Sea > Black Sea > White Sea. 

The content variations of heavy metals, Al, and As in marine aerosols may be caused by temporal 

variations (due to changes in weather conditions) and altitude and geographic zoning. 

 

Altitude Zoning in the Contents of Aluminum and Heavy Metals in Marine Aerosols 

The determination of altitude zoning was also required from the methodological point of view, namely, to 

substantiate the sampling height above sea level. Several ways to vary the sampling height within 0–10 m 

above sea level were applied. In the first way, with stationary coastal basing, the filter holders were 

installed in different areas at the pier of Golubaya Bay. The second way was to install the filter holders at 

three heights onboard the Ashamba launch at the bow. The aerosol was collected while the vessel was 

moving against southerly winds at distances up to 4 miles from the coast. The extraordinary 

nonuniformity of the nearwater air layer is well known and confirmed by the authors with the vertical 

temperature profiles obtained 

in the course of the field 

studies. To obtain results less 

dependent on the local 

atmospheric fluctuations, the 

data were averaged over long 

periods (during June or June–

September) at different 

locations of the samplers (0–4 

miles from the coast) to 

eliminate the height 

dependence within 1–10 m for 

most of the elements (Fig. 4). 
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The decrease in the heavy metal contents at heights below 1 m points to a pronounced velocity (over 1 

m/s) of the aerosol emission from the sea surface [17]. The difference in the degree of content changes 

between different groups of elements is the following (with the maximum about 1–10 m for all but Mn 

and Ni). The most pronounced height dependences are shown by Mn, Ni, Cr, and Cu, while the weakest 

height dependences are characteristic of Al, Zn, and Cd. Pb and Fe have intermediate positions. The 

differences in the character of the height dependences (including the standard deviations) between 

different elements point to their emission within the composition of particles of different origins. The 

latter, in turn, implies both different geochemical behavior of elements and various mechanisms of marine 

aerosol formation; i.e., the burst of bubbles and direct wind blowaway are not unique ways of marine 

aerosol formation. One must note that the samples of aerosols collected on the Azish-Tau Ridge (2100 m) 

far away from cities and industrial zones are the reference ones representing the total content of heavy 

metals and aluminum in the aerosols of the long-range transboundary atmospheric transfer, the aerosols of 

weathering, the biogenic ones, etc. One must emphasize that the concentrations of all elements at a height 

of 2100 m were lower than those at 1–10 m above the sea (excluding aluminum), and the concentrations 

of Cr, Mn, Cu, and Pb were in this case below the detection limit. Thus, an additional source of aerosol 

enrichment in heavy metals exists in the coastal zone, as was noted earlier [5, 25, 26]. This is also 

confirmed by the comparison of our expedition results to the data of the EMEP [18, 27]. In 2002 and 

2004, the averaged concentrations of cadmium and lead (table) were considerably higher than the 

calculated EMEP data (with a computational grid scale of 50 km) and the averaged data on the 

concentration of these heavy metals in the aerosols of Europe. It should be mentioned that, according to 

the EMEP estimations, first, ~70% of cadmium and lead in aerosols are of a technogenous origin and, 

second, the trends for the last decade show a decrease in the concentrations of these elements by several 

times. 

 
 

Spatial (over the Geoid Surface) and Temporal Deviations in the Marine Aerosol Contamination with 

Heavy Metals, Aluminum, and Arsenic 

As has already been mentioned [1], the area of calculations of the marine aerosol generation for point 

sampling equaled about 10 km2. Including the wind direction variability, during 

the coastal collection of aerosols, a sector of this area is covered. The data 

obtained on the pollutant contents in marine aerosols conforms to the average 
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value for the time of sampling (1–5 h). One would expect that changes in the weather conditions should 

cause changes in the heavy metal contents in marine aerosols with weekly kinetics (within the synoptical 

cycle). Actually, these one- or two-weekly variations were found in the course of the coastal sampling of 

marine aerosols in Golubaya Bay (Fig. 5). The time dependence is pronouncedly degenerated with the 

increase in area of marine aerosol generation, which was realized over the cross sections made by the R/V 

Akvanavt. For example, when collecting 

aerosols on board a marine vessel (at a 

velocity of 10 mile/h) for 3 h, an integrated 

sample of aerosols generated from a water 

surface area at least 20 times as large as that 

for point coastal sampling is obtained. 

Actually, the changes in the element 

contents shown in Fig. 6 are reversible, 

which confirms their geographically zonal 

character. The spatiotemporal “hysteresis 

loop” is not closed only for Zn (aerosols 

were sampled in series during the same 

cruise). As seen from Fig. 6, the 

concentrations of Al and heavy metals in marine aerosols decreased along the Gelendzhik–Adler line, 

excluding cadmium, which displayed no significant changes. Figure 6a shows the lines of variability for 

all the elements when moving from Gelendzhik to Adler and back. The example for chromium showing 

the zones of 

aerosol 

sampling 

(replacement of 

filters) is given 

in Fig. 6b. 

When making 

the 100-mile 

secular cross 

section, the 

elements 

appeared to be 

subdivided into 

two groups. In 

the first group 

(Ni, Cr, Mn, Fe, Cu, and Cd), a sharp concentration increase was observed within the zone 40–60 miles 

from the coast, which was most pronounced for chromium and nickel (up to two orders of magnitude, 
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Fig. 7a). In the second group (Al, Zn, and Pb), the concentrations changed with distance from the coast as 

little as within a twofold range (Fig. 7b). The variation of the arsenic content has a special character with 

a minimum about 65 miles from the coast. One should note the depletion of copper in marine aerosols in 

the open part of the Black Sea. The increase in the element concentrations within the 40- to 60-mile zone 

may be caused by the occurrence of a well-pronounced region of an anticyclonic eddy in the area treated. 

A satellite photograph corresponding in time to the survey (September 2, 2004) was kindly provided by 

S.V. Stanichnyi (Marine Hydrophysical Institute, National Academy of Sciences of Ukraine). This area is 

marked by the circle in Fig. 2 and possesses a characteristic spatial size of ~90 km, which is typical of the 

anticyclonic eddies localized within the region of the Black Sea continental slope [2, 31]. The above-

mentioned maximum of the heavy metal concentrations in aerosols is evidently caused by the 

corresponding maximum of their concentrations at the water surface. Microelements may be concentrated 

in global hydrodynamical structures exclusively in the case of their occurrence within the composition of 

the particles of the dispersed phase. The concentration of the suspended matter in anticyclones is caused 

by the corresponding vertical water movements (downward in this case; see, e.g., [13]). The presence of 

nickel and chromium in the composition of the dispersed phase particles captured into aerosol is indicated 

by the data on the pronounced increase in their concentrations in marine aerosols near the coast off Sochi. 

After a storm of force 4, the concentrations of Cr and Ni exceeded their maximum allowable values for 

working zone air by two orders of magnitude. The contents of As and Cd, which were below the detection 

limits in marine aerosols in 2003, increased significantly as well. This effect was probably caused by the 

roiling of bottom sediments (Fig. 8) polluted precisely with these elements, because the contents of other 

elements did not exceed their maximum values for this area in 2003. 

 

CONCLUSIONS 

The Black Sea surface may represent an 

additional source of atmosphere pollution with 

heavy metals and arsenic, up to the following 

concentrations: Cr, 200 000 ng/m3; Ni, 

100000 ng/m3; Mn, 4000 ng/m3; Fe, 20000 

ng/m3; Zn, 5000 ng/m3; As, 1 ng/m3; Cd, 10 

ng/m3; and Pb, 50 ng/m3 (Figs. 4–7). The 

range of temporal variations of the heavy 

metal concentrations obtained for point coastal 

sampling may be as wide as several orders of 

magnitude. By the degree of spatial variability 

of the concentrations, the elements form the 

following series:  

Cr, Mn, Ni > Fe, Cu, Pb > Al, Zn, As, Cd 

(Figs. 3, 4, 6, 7). 
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The contents of heavy metals and aluminum in the aerosols of the region of the Black Sea are 

heightdependent within the range from 0.2 to 2100 m, with various positions of the maxima from 7 to 50 

m (Fig. 4). The concentrations of Al and heavy metals in marine aerosols along the Gelendzhik–Adler 

line decrease, excluding cadmium and zinc, whose contents showed no significant variations (Fig. 6). 

Along the 100-mile secular cross section, the elements are subdivided into two groups with respect to the 

character of the concentration variability in marine aerosols (Fig. 7). For the first group (Ni, Cr, Mn, Fe, 

Cu, and Cd), a sharp decrease in the concentrations, which is most pronounced for chromium and nickel 

(up to two orders of magnitude), was observed within the 40- to 60-mile zone. For the second group (Al, 

Zn, and Pb), the concentrations changed with distance from the coast only within a twofold range. The 

arsenic content variations had a special character (with a minimum about 65 miles from the coast). The 

spatiotemporal averaged contents of heavy metals in marine aerosols of the Black Sea are higher as 

compared to those in continental aerosol according to the results obtained on the Azish-Tau Ridge, the 

averaged data of the EMEP stations for atmospheric aerosol contamination monitoring, and the EMEP 

calculated values (Fig. 4, table). 
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