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1 Introduction 

The economic growth in countries around Baltic Sea over last 50 to 100 years has 
resulted not only in increased welfare of population, but also in increased supply of 
toxic or potentially toxic substances to aquatic environment. The list of pollution 
sources is rather extensive, including sewage discharges, discharges form ships, 
industrial effluents, air transport over large distances and residual leakage from long 
abandoned infrastructure objects or previously polluted soil. While trends of 
substance concentrations in coastal and offshore areas are well studied in some 
countries, in other, like Baltic States, no long term studies or studies covering 
extensive geographical regions were conducted. Therefore, by time to designate 
marine Natura 2000 sites in most of potential areas there is no or very limited 
information on actual pollution levels. At the same time abovementioned economic 
growth and welfare benefits associated with it poses potential impact on marine 
Natura 2000 sites. That defined necessity to include in project assessment of impact 
of hazardous substances on current state of habitats to be protected.  
 

2 Area description 

 
2.1. 1 EST „East Gulf of Finland”, 2 EST “West Gulf of Finland”, 3 EST 

“Väinameri“, 4 EST “West Saaremaa”, 5 EST “South Saaremaa” and 6 EST “Irbe 

strait” 
 
The project areas 1 EST to 6 EST cover wide range of marine waters from the Gulf of 
Finland, Baltic Proper and Gulf of Riga.  
The project area 1 EST is located along the northern coast of Estonia, northeast of 
Tallinn.   
The project area 2 EST is located on the northwest coast of Estonia adjacent to the town 
of Paldiski. The project area is a complex of sea bays and straits. Part of bottom area is 
steep limestone cliff.  
The project area 3 EST is large territory comprising area between mainland and islands of 
Saaremaa, Vormsi and Hiiumaa, encompassing the waters around Muhu Island. The 
project area is comprised mostly of shallow sea bays with many small islets. Some of 
bays are among the most eutrophied bays in the entire coastal zone. Numerous small 
rivers enter project area among which Kasari River is largest. Many of the lagoons act as 
a sediment trap for biogenic and abiotic matter brought by river. 
The project area 4 EST is located along western coast of island Saaremaa. No major 
urban centers are located at coastal territory bordering with project area. 
The project area 5 ESTis located along southern part of island Saaremaa in the Gulf of 
Riga. This area is a complex of shallow (< 4 m) bays, small islets, shallow coastal sea and 
coastal lagoons.  
The project area 6 EST is a trans-boundary area between Estonia and Latvia and is 
located mainly in Irbe Strait. The area is mainly sea area with addition of some coastal 
habitats. Offshore part is dominated by sandy and gravel bottoms. 
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Altogether 8 sampling sites were sampled for Fucus versiculosus and 2 sampling sites 
were sampled for Mytilus trossulus (Figure 2.1.; Table 2.1.). 
       

 
Figure 2.1. Location of sampling sites in project areas 1 EST „East Gulf of Finland”, 2 
EST “West Gulf of Finland”, 3 EST “Väinameri“, 4 EST “West Saaremaa”, 5 EST 
“South Saaremaa” and 6 EST “Irbe strait”. 
 
Table 2.1. Sampling site coordinates in project areas 1 EST „East Gulf of Finland”, 2 
EST “West Gulf of Finland”, 3 EST “Väinameri“, 4 EST “West Saaremaa”, 5 EST 
“South Saaremaa” and 6 EST “Irbe strait”. 
Region STATION LONGITUDE LATITUDE Analyzed organism 
Paldiski PM 1-3 24,02050 56,34921 Mytilus 
Paldiski PF 11-33 24,02050 59,34921 Fucus 
Koiguste KM 1-3 22,99625 58,34698 Mytulis 
Koiguste KF 11-33 22,99625 58,34698 Fucus 
Kydema YM 1-3 22,25717 58,55992 Mytulis 
Kydema YF 11-33 22,25717 58,55992 Fucus 
Heltermaa HF 11-33 23,06965 58,87666 Fucus 
Muuga 1EF 11-33 24,94474 59,54821 Fucus 
Parispea 2EF 11-33 25,63756 59,63788 Fucus 
Vaike vain 3EF 11-33 23,02325 58,63246 Fucus 
Sorve OF 11-33 22,02157 58,05480 Fucus 
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2.2. 7 LAT “Ainaži – Tūja” 
 
Project area covers eastern part of the Gulf of Riga. Project area was primarily defined 
with regard to IBA, therefore, in frame of this activity only northernmost coastal part up 
to depth of 10 m, which is of interest in regard to priority benthic habitats, was covered in 
this activity.  
The project area is hydrologically very active region, receiving anthropogenic influence 
from rivers located in southern part of the Gulf of Riga by dominant northward current as 
well as from Pärnu bight and Pärnu city. As a result water transparency (Seki depth) 
varied in period from 2004 to 2007 from 1.5 to 3.8 m and salinity varied between 3.4 and 
5.4 ‰.  
Although the coastal territory directly bordering with project area does not contain major 
urban centers, it contains Salacgriva port, which is among largest Latvia’s small ports. 
Furthermore, the project area receives inflow of Salaca river. 

 
 Figure 2.2. Location of sampling sites in project area 7 LAT “Ainaži - Tūja” 
 
The project area exhibits mixed bottom structure – sand, boulders, bedrock (sandstone 
and morenic structures) and gravel. Due to bottom structure and environmental 
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conditions no sufficient mollusk material was possible to obtain. Therefore, Fucus 
versiculosus was sampled instead at 3 locations (Figure 2.2. and Table 2.2.).   
 
Table 2.2. Sampling site coordinates, depth and sediment characteristic in project area 7 
LAT. 

STATION LONGITUDE LATITUDE DEPTH, m 
DOMINANT 
SEDIMENT TYPE 

23 24,3711 57,5278 3,8 Morena, stones 
206 24,3379 57,7354 2,3 Morena, stones 
F1 24,3379 57,6896 2,6 Morena, stones 
 
 
 
2.3. 8 LAT “West Coast of Gulf of Riga” 
 
Project area covers western part of the Gulf of Riga and is located in depth range from 0 
m to more than 40 m. Project area was primarily defined with regard to IBA, therefore, in 
frame of this activity only coastal part up to depth of 10 m, which is of interest in regard 
to priority benthic habitats, was covered.  
The project area is, as other coastal regions of the Gulf of Riga, hydrologically very 
active, with main outside influence coming from the Baltic Proper through Irbe strait. At 
the same time, within most of project area occasional events of occurrence of water 
originating from rivers located in southern part of the Gulf of Riga can be observed, due 
to specific wind conditions. Furthermore, project area is traditionally experiencing 
upwelling conditions in summer months. On average salinity is around 5 ‰, but due to 
abovementioned active hydrology can vary between 0.3 ‰ and 8 ‰, as shown by long 
term (1961-2000) observations. Similarly water transparency (Seki depth) can exhibit 
large variability, although during period from 2004 to 2007 it varied between 2,6 and 3,5 
m.  
The coastal territory directly bordering with project area, although, does not contain 
major urban centers, however, contain three small ports and several rivers. The area 
contains mixed (sand and boulders) bottom substrate, and is inhabited by soft substrate 
mollusk Macoma balthica.         
Altogether 8 sampling sites for Macoma and 6 sampling sites for sediments were sampled 
(Figure 2.3.), during field phase of habitat mapping activity, only from sandy bottoms 
(Table 2.3.) since no sufficient material was possible to gather from stony bottom 
communities. 
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Figure 2.3. Location of sampling sites in project area 8 LAT “West Coast of Gulf of 
Riga” 
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Table 2.3. Sampling site coordinates, depth and sediment characteristic in project area 8 
LAT. 

STATION LONGITUDE LATITUDE DEPTH, m 
DOMINANT 
SEDIMENT TYPE 

14 23,2512 57,18435 7,9 Sand 
77 23,2366 57,22265 9,5 Sand 
95 23,2522 57,2313 12,6 Sand 
112 23,2284 57,2397 7,8 Sand 
141 23,22025 57,2524 9,5 Sand 
226 23,2194 57,2908 10,5 Sand 
360 23,1629 57,3502 8,6 Sand 
389 23,1784 57,3631 11,6 Sand 
10 23,2217 57,18415 2,7 Sand with stones 
21 23,253 57,1886 8,2 Sand 
26 23,2294 57,1927 5,8 Stones 
172 23,2357 57,2653 11,8 Stones with sand 
242 23,2035 57,29925 4,8 Sand 
259 23,1875 57,3077 5,5 Stones with sand 
 
 
2.4. 11 LAT “Nida  - Pērkone”  
 
Project area is located in southern part of Latvian territorial waters. The project area 
covers depth range from 0 m to 30 m and is strongly exposed to wave action. As a result 
coastal part (0-5 m) is covered by sand and practically has no vegetation. However, 
deeper regions are composed of stony bottoms and are inhabited by biological 
communities. Although no rivers enter project area, salinity varies between 5,9 ‰ and 
7,1 ‰ as a result of transboundary influence from Kuronian Lagoon. Due to the same 
reason, in project area can be observed wide variation of water transparency (Seki depth) 
from 1,9 to 6,2 m, associated with resuspension of particles of mineral or organic origin 
and occurrence of algae blooms. The coastal area directly bordering with project area 
does not contain significant anthropogenic activities or urban centers. However, northern 
part of territory is close to shipping route to Liepaja port and southern part is not far from 
Butinge oil terminal. The area contains abundant population of mollusk Mytulis trosulis. 
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Figure 2.4. Location of sampling sites in project area 11 LAT “Nida – Pērkone” 
 
Altogether 14 sampling sites were sampled (Figure 2.4.) during field phase of habitat 
mapping activity, representing sandy bottoms, mixed and hard substrate (Table 2.4.). 
 



 
 

11

 
Table 2.4. Sampling site coordinates, depth and sediment characteristic in project areas 
11 LAT. 

STATION LONGITUDE LATITUDE DEPTH, m 
DOMINANT 
SEDIMENT TYPE 

P374 56,301366 20,95328 10,1 Stones 
P432 56,34113 20,92583 8,6 Stones 
P450 56,35051 2094126 6,9 Stones 
P924 56,36675 20,95623 6,2 Mixed hard bottom 
P202 56,20910 20,92378 10,6 Stones 
P345 56,28751 20,93821 11,7 Stones 
P478 56,09570 21,03480 9,6 Sand with stones 
P488 56,10390 21,00200 15,2 Stones 
P592 56,16670 20,99710 10,2 Stones with sand 
P189 56,20013 20,92450 9,6 Stones 
P526 56,13548 21,00758 14,1 Stones 
P564 56,15635 20,94153 14,6 Stones 
P578 56,16161 20,97333 12,7 Stones 
P620 56,17936 20,96388 10,6 Stones with 

moraine 
 
 
2.5. 12 LIT “Palanga” and 13 LIT “Neringa” 
 
Lithuanian coastal waters comprise the mesohaline (6-7 psu) waters of the Baltic Proper. 
In the Baltic coastal zone major hydrological features are determined by the interaction 
between the south-eastern Baltic offshore waters and the runoff of the mostly freshwater 
Curonian Lagoon (Olenin and Daunys, 2004).  
The permanent influence of winds, waves and water currents produces a 
hydrodynamically very active environment resulting in no oxygen deficiency and no 
oxygen based gradients in the distribution of bottom biota in the coastal area in contrast 
to the deeper offshore areas. Wave exposure is a very important factor shaping benthic 
biotopes and bottom communities in the upper part of the underwater slope down to the 
depth of approx. 20 m (Olenin and Daunys, 2004). 
12 LIT area is Open Baltic Sea stony coast north of Klaipeda (northern coastal area). In 
this area to the north of Klaipeda, in front of continental part, different types of sediments 
are found. Boulders and stones with patches of sand and gravel are situated there. 
Southern part of the area is under the influence of the waters of Curonian Lagoon. 
According to national typology plume of the Lagoon into the Baltic Sea corresponds the 
category of transitional waters. Due to prevailing northern direction of currents this area 
is much more influenced by the freshwater outflow than the rest part of the coastal areas.  
13 LIT area is Open Baltic Sea sandy coast along the Curonian Spit (southern coastal 
area). Along the Curonian Spit the bottom sediments are homogenous – sand prevails 
throughout the entire area (Olenin and Daunys, 2004).  
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Figure 2.5. Sampling sites in project areas 12 LIT and 13 LIT. 
 
Altogether 9 sampling sites were sampled in project area 12 LIT and 14 in project area 13 
LIT (Figure 2.5.), representing sandy bottoms and hard substrate (Table 2.5.). 
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Table 2.5. Sampling site coordinates, depth and sediment characteristic in project areas 
12 LIT and 13 LIT. 
 
STATION LONGITUDE LATITUDE DEPTH, m SEDIMENT TYPE 

1 21,0167 56,0283 16 stony sediment 

1B 20,8333 56,0283 27 stony sediments 

B-4 20,9700 56,0450 20 stony sediments 

1B-1 20,7830 56,0000 32 stony sediments 

B-7 20,7500 55,9620 28 sand 

2M 20,7333 55,9250 32 sand 

2 20,9758 55,9250 18 stony sediments 

64A-1 20,7660 55,8000 38 clay 

20 20,8000 55,6333 46 muddy sand 

20A 20,8300 55,6500 43 mud 

20M 20,8360 55,6340 44 mud 

S-1 21,0800 55,6500 17 sand 

6-1 21,0660 55,6100 21 stony sand 

6 21,0783 55,5833 13 sand 

6-2 21,0550 55,5000 19 sand 

N-5 21,0333 55,4333 13 sand 

7 20,9567 51,6667 14 sand 

N-6 20,7067 55,4050 36 sand 

N-8 20,8250 55,3617 37 muddy sand 

N-4 20,8000 55,4500 34 sand 

6B2 20,7280 55,4540 49 sand 

6B1 20,7490 55,5000 57 sand 

3 21,0167 55,8167 18 mud 

 
 
 

3 Methods 

3.1 Sampling methods  

 

Sediment samples were collected using a large Van Veen grab sampler (Figure 3.1) in 
project areas 12 LIT and 13 LIT, small Ponar type grab sampler in project areas 7 LAT, 8 
LAT and 11 LAT, and by scuba divers in all Estonian project areas. Thereafter sediment 
surface layer was sub-sampled and stored in freezer (~-23 oC) till further treatment. 
Mollusks Mytilus edulis (trosulis) were collected from the sea bottom, using dredge haul 
in Lithuania project areas and by scuba divers in Latvia and Estonia project area. Samples 
of Macoma balthica were collected by Van Veen grab sampler and by dredge haul in 
Lithuania and Latvia project areas, respectively. No Macoma balthica was sampled in 
Estonia project areas. At the same time, in Estonia project areas and 7 LAT Fucus 

versiculosus was sampled for toxicant analyses by scuba divers. 
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                                A                                                                          B  

Fig. 3.1. Samplers for mussels: A – dredge haul; B – VanVeen grab sampler.   
 
Immediately after sampling mollusks were placed in clean seawater from the area of 
collection for about 24 hours. When this time was over, the length of each mussel was 
measured and all mussel specimens were arranged in two length classes: for Macoma 15-
18 mm and 19-21 mm; for Mytilus – 15-24 mm and larger than 25 mm in Lithuanian 
project areas 12 LIT and 13 LIT. In Latvia size class distribution was 10-15 mm, 16-18 
mm and more than 18 mm for Macoma, and smaller and larger than 23 mm for Mytulis. 
No size class distribution was performed in Estonia. The size class separation was 
primarily dependent on availability of specimens and was intended to give additional 
information for analyze. After length measurement, whole soft body of the molluscs were 
carefully removed from the shell and combined with others, of same size class, in one 
sample. Samples in plastic zip-lock bags or plastic containers were stored at ~20˚ below 
zero in freezer until further procedures.  
 
 

3.2 Analytical methods 

 
Prior to analyses of heavy metals, biota samples were thawed and homogenized with 
Ultra Turrax homogenizer in Lithuania, while in Latvia and Estonia samples were 
thawed, homogenized with Ultra Turrax homogenizer and freeze dried. Dry samples were 
grinded in mortar. Sediment samples were dried before analysis.  
Mercury content in molluscs was measured by could vapor technique according to GOST 
26927-86  by Perkin Elmer MAS 50A in Lithuania and according to US EPA method 
245.6  using VARIAN SpectrAA- 880 atomic absorption spectrometer equipped with 
VGA 77 in Latvia. 
Samples for determination of other trace metals before analyses on atomic absorption 
spectrometer were digested with nitric acid and hydrogen peroxide in microwave oven 
according to US EPA method SW 3052.  Contents of Cd and Pb, and Cu in Lithuania, 
were detected on atomic absorption spectrometer equipped with graphite tube atomizer. 
These metals were determined in concentration calibration mode using wall atomization 
with Zeman background correction. Ammonium dihydrogen phosphate and palladium 
nitrate with ascorbic acid and magnesium nitrate with nitric acid in Latvia and Lithuania, 
respectively, were applied as matrix modifiers when analyzing subsequently Pb and Cd 
with GTA (ISO 15586:2003). Contents of Zn and Cu were analyzed with flame 
atomization (ISO 8288:1986 and EN 14084:2003). 
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Quality control was ensured by the use of blanks and dogfish liver standard reference 
material DOLT-2, (NRC-CNRC, Canada), and IAEA-433  (Trace elements and methyl 
mercury in marine sediments) and NIST Mussel Tissue 2976, which were analyzed 
simultaneously according to the same procedures as the samples. The values obtained 
during analyses and certified values are listed in Table 3.1. 
 
Table 3.1.  Concentrations of Hg, Cd, Pb, Cu, and Zn in the certified reference material 
DOLT-2  
 

 
 
Prior to analyses of total petroleum hydrocarbons (TPH) and polycyclic aromatic 
hydrocarbons (PAHs) sediment samples were freeze dried. In Latvia only size fraction 
below 2 mm was used in analyses, while in Lithuania bulk sample was analyzed. Since 
only small fraction of organic contaminant is attached to large size particles, the results 
can be compared with certain degree of confidence despite of this difference in sample 
treatment.  
TPH extraction was carried out using medium- polar solvent dichloromethane and carbon 
tetrachloride in Latvia and Lithuania, respectively. To accelerate this process shaking was 
applied. For sufficient extraction three subsequent extractions were performed. The TPH 
in extract was separated on capillary column Rtx-5SILMS (30m×0,25mm) and 
determined with flame ionisation detector (FID) on gas chromatograph HP 5890 and by 
infrared spectrometry in Latvia and Lithuania, respectively. For sample injections 
autosampler was used in split regime. Calibration solutions were prepared from 
commercial diesel fuel.    
As PAHs are sensitive to photo-degradation, exposure to direct sunlight during storage as 
well as during all steps of analyses of the samples were minimized and if possible amber 
glassware were used. Polycyclic aromatic hydrocarbons were analyzed according to US 
EPA METHODS 3500, 3600 and 8100. PAHs extraction from sediments was carried out 
in conical flask using mixture of acetone and n-hexane as solvent and by petroleum ether 
in Latvia and Lithuania, respectively. To enhance extraction shaking and ultrasonic 
treatment were used. For sufficient extraction, process was repeated three times. After 
extraction sample was concentrated and polar solvent removed by evaporation in rotary 
evaporator, with a gentle stream of nitrogen in end phase. After that the crude extracts 
were cleaned up using SPE columns AccuBOND II SILICA (Agilent Technologies). 
For separation of PAHs column Rtx-5SILMS (30m×0,25mm) was used. Analysis of 
PAHs content in sediment samples were done on gas chromatograph with  Mass 
spectrometric detector used in the Selected Ion Monitoring (SIM) mode (Shimadzu GC 
MS- QP2010) and by high performance liquid chromatography with fluorescence 

Metal Certified values, 
mg/kg,  dry wt. 

Our values, 
mg/kg,  dry wt 

Recovery, % 

Hg (total) 2,683± 0,1 2,491±0,361 92,8 
Cd 20,8±0,5 22,2±3,5 106,7 
Pb 0,22±0,02 0,23±0,05 104,5 
Cu 25,8±1,1 25,7±1,0 99,6 
Zn 85,8±2,5 83,1±2,7 96,9 
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detection in Latvia and Lithuania, respectively. Sample injections were made in split 
technique. PAHs determination was carried out using calibration solutions prepared from 
certified, crystalline PAHs standards from Dr. Ehrenstorfer. Every sample and standard 
solution was analysed three times. Difference in retention time between sample and 
standard hromatograms was lower than 0,5 %.  
 
 

4 Results 

 

4.1.  Measurement results at Project areas 1 EST „East Gulf of Finland”, 2 EST 

“West Gulf of Finland”, 3 EST “Väinameri“, 4 EST “West Saaremaa”, 5 EST 

“South Saaremaa” and 6 EST “Irbe strait” 

4.1.1. Heavy metals in Mytilus edulis 

The measured metals exhibited rather uniform concentrations in soft tissues of Mytilus 

edulis (Figure 4.1.; Attachment 1). However, concentrations of Zn are on average ten 
times higher than those of other metals.  

 
Figure  4.1. Average concentrations (mg/kg dry weight) of heavy metals in soft tissues of 
Mytilus edulis at project areas 2 EST, 4 EST and 5 EST in summer 2007. 
 

4.1.2. Heavy metals in Fucus versiculosus 

As in case of Mytilus edulis, the concentrations of Zn were significantly higher than those 
of other metals. However, unlike in case of Mytilus edulis, the concentrations of metals 
(Figure 4.2.; Attachment 2) in Fucus versiculosus exhibit certain spatial differences with 



 
 

17

absolutely lowest values in project area 6 EST and highest in project areas 2 EST and 3 
EST.  
 
 

 
Figure 4.2. Average concentrations (mg/kg dry weight) of heavy metals in Fucus 

versiculosus at project areas 1 EST, 2 EST, 3 EST, 4 EST, 5 EST and 6 EST in summer 
2007. 
 
 
4.2. Measurement results at project area 7 LAT „Ainaži – Tūja” 

It was not possible to obtain required amount of material for heavy metal analyses in 
mollusks. Most likely it was due to very poor environmental conditions, e.g., water was 
very turbid with high content of suspended particles in water column, what resulted also 
in low light penetration. Furthermore, sediments in this area consist predominantly from 
stones and morenic structures. Due to this sampling of sediments for total oil and PAHs 
was also not possible. Therefore only Fucus was sampled, although due to 
abovementioned environmental conditions in few locations only.    

4.2.1. Heavy metals in Fucus versiculosus 

The concentrations of Zn were significantly higher than those of other metals (Figure 
4.3.; Attachment 3), with certain, but not significant, spatial tendency of concentration 
decrease from south to north. However, number of samples was too low to obtain clear 
spatial pattern for Zn and other metals.  
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Figure 4.3. Average concentrations (mg/kg dry weight) of heavy metals in Fucus 

versiculosus at project area 7 LAT. 
 
 
4.3. Measurement results at project area 8 LAT “West Coast of Gulf of Riga” 

4.3.1. Heavy metals in Macoma balthica 

The measured concentrations of heavy metals in soft tissues of Macoma balthica (Figures 
4.4. and 4.5.; Attachment 4) revealed that concentrations of Zn were approximately 10 x 
higher than those of other metals, except in case of Hg where concentration difference 
was more pronounced. Furthermore, concentrations of Zn varied significantly within 
project area, with highest concentrations observed at site closest to dumping area of 
dredged soil. Similarly to Zn the concentrations of Cu also exhibited wide geographical 
variation of values, however, no distinct pattern could be distinguished.  
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Figure 4.4. Average concentrations (mg/kg wet weight) of Cu, Cd, Pb and Hg in Macoma 

balthica at project area 8 LAT.  
 

4.3.2. Total oil hydrocarbon (C10 – C30) and PAH content in sediments  

The total oil hydrocarbon concentrations (Annex 5) and PAH concentrations (Annex 6) 
do not exhibit distinct spatial distribution pattern. The measured values are very low and 
can be regarded as background levels.  
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Figure 4.5. Average concentrations (mg/kg wet weight) of Zn in Macoma balthica at 
project area 8 LAT. 
 
 
 
4.4. Measurement results at project area 11 LAT “Nida – Pērkone” 

4.4.1. Heavy metals in Mytilus edulis 

The measured metals exhibited wide range of concentrations among themselves in soft 
tissues of Mytilus edulis (Table 4.1.).  
 
Table 4.1. Mean trace metal content in soft tissue of Mytilus edulis calculated on dry and 
wet weight in August 2007. 
 
Weight Zn, mg/kg Cu, mg/kg Cd, mg/kg Pb, mg/kg Hg  µg/kg 
Dry 110,3 11,1 3,85 1,05 134,6 
Wet 10,3 1,04 0,36 0,098 12,58 
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At the same time, the common feature of all investigated metals was slightly elevated 
concentrations in region Jurmalciems - Bernati, while lowest concentrations were 
observed in Nida-Pape region (Figure 4.6.). Furthermore, it seems that mollusks located 
shallower than 12 m exhibit slightly higher concentrations than those located deeper. 
However, according to statistical tests, metal concentrations observed at stations north of 
Pape (PAP 592, PAP 620, PAP 189) does not significantly differ from those observed in 
region Jurmalciems-Bernati. Results for each metal in two length classes of Mytilus 

edulis are presented in Annex 7. 

 
Figure  4.6. Average concentrations (mg/kg wet weight) of heavy metals in Mytilus edulis 
at project area 11 LAT. 
 
 

4.4.2. Total oil hydrocarbon (C10 – C30) content in sediments  

The total oil hydrocarbon concentrations (Figure 4.7. and Annex 8) do not exhibit distinct 
spatial distribution pattern, although, measured values exhibit rather high spatial 
variability. Furthermore, measured values can be regarded as background levels. At the 
same time, since investigated area is located in hydrodynamically active region, the 
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impact of occasional pollution events by crude oil or its products reported to occur at 
Butinge oil terminal located in rather close vicinity is expected to have rather short term 
nature. The data obtained in this study can conclusively support conclusion that there is 
no continuous pollution source at or close to investigated site as well as that occasional 
pollution events have not been drastic enough to be reflected in sediments.    
 

 
Figure 4.7. Total oil hydrocarbon concentrations in sediments of project area 11 LAT 
“Nida – Pērkone” in August 2007. 

4.4.3. Polycyclic aromatic hydrocarbon content in sediments  

The polycyclic aromatic hydrocarbon concentrations (Annex 9) can be regarded as 
background values except at station PAP 374, where elevated concentrations for several 
compounds were observed. However, observed concentration range do not exceed typical 
concentration interval of central Baltic Sea (IAE UL 2003). The observed elevated 
concentrations most likely are due to local sources, e.g. Jurmalciems host several fishery 
boats as well as there are some small scale fish smoking establishments close to 
shoreline.   
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4.5. Measurement results at project areas 12 LIT “Palanga” and 13 LIT “Neringa”. 
 

4.5.1. Heavy metals in Mytilus edulis and Macoma balthica 

 
Study showed that Macoma balthica mussels on average accumulate higher 
concentrations of Pb and Hg, as well as more than 10 times higher concentrations of Zn 
and Cu, compared to Mytilus edulis bivalves (Table 4.2.). At the same time Cd 
concentration was on average 4 times higher and Zn concentrations up to 7 times higher 
in Mytilus edulis than in Macoma balthica.   

 
Table 4.2. Mean concentrations of trace metals in soft tissue of mussels (wet weight) (± 
standard deviation). 
 

 
 
Spatial distribution of trace metals shows that there are elevated concentrations of all 
measured heavy metals in Macoma balthica at the station 20M which is situated near the 
dumping site of the dredged sediments from the Klaipeda harbor (Figure 4.8.). Similarly, 
elevated concentrations of all measured heavy metals, except Cd, were in Mytilus edulis 

at the station 2M. Furthermore, elevated concentrations of Pb in Macoma balthica can be 
observed at stations 7 and N-8, suggesting certain possibility of transboundary pollution. 
 

Zn, mg/kg Cu, mg/kg Cd, mg/kg Pb, mg/kg Hg, ug/kg

Mytilus edulis <0,13 <28

Macoma balthica 13,3 ± 15,3

11,5 ± 8,9 0,98 ± 0,16 0,51 ± 0,24

139 ± 40 0,12 ± 0,05 0,20 ± 0,13 41 ± 12
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Figure  4.8. Average concentrations of heavy metals in biota of project area 12 LIT and 
13 LIT in May-October 2006. 
 
 
No significant differences were found between metal content in two length classes of  
Mytilus edulis and Macoma balthica (Annex 10).  
 
 
 

4.5.2. Heavy metals in sediments   
 
Spatial distribution of trace metals (Figure 4.9.) shows that there are elevated 
concentrations of all metals at the stations 20, 20A and 20M which are situated at the 
dumping site of the dredged sediments from the Klaipeda harbor. Although, the results 
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from station 64A-1 demonstrate generally low level of measured heavy metals, the 
concentration of Cd is significantly elevated. 
 

 
 
Figure 4.10.  Average concentrations of heavy metals in sediments of project area 12 LIT 
and 13 LIT in May-October 2006.  
 
According to the Lithuanian legislation document (Order of Minister of Environment of 
Lithuania) on “Sediment dredging in sea and sea-port areas and dredged sediment 
treatment rules” (Žin., 2002, Nr. 27-976) there are 4 categories of sediments according to 
pollution by heavy metals and oil hydrocarbons. Almost all concentrations of  Zn, Cu, 
Cd, Pb and Hg in the studied regions fall within the cleanest I category (< 60 mg/kg d.w. 
for Zn; < 10 mg/kg d.w. for Cu; < 0,5 mg/kg d.w. for Cd; < 20 mg/kg d.w. for Pb; < 0,1 
mg/kg d.w. for Hg). However, Cu concentrations at the dumping site of dredged 
sediments from the harbor (stations 20, 20A and 20 M) and Zn concentration at the 
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station 20A have exceeded the I category values (about 11 mg/kg d.w. of Cu and about 
88 mg/kg d.w. of Zn) (Attachment 11). 
 

4.5.3. Total oil hydrocarbon (C10-C30) content in sediments 

 

Spatial distribution of total oil hydrocarbons in sediments (Figure 4.11.; Attachment 12) 
shows that most elevated concentration of total oil hydrocarbons was at the station B-4 
(26 mg/kg d.w.) which is situated near the Būtingė oil terminal. Elevated concentrations 
were observed also at the dumping site stations 20, 20A and 20M and at some stations 
along the Curonian spit (S-1, 6-1, 6-2). However, according to the Lithuanian legislation 
document on “Sediment dredging in sea and sea-port areas and dredged sediment 
treatment rules” (Žin., 2002, Nr. 27-976) almost all values (except station B-4) fall within 
the cleanest I category (< 20 mg/kg d.w. of total oil hydrocarbons). 
 

 
 
Figure 4.11. Average total oil hydrocarbon concentrations in sediments of project area 12 
LIT and 13 LIT in May-October 2006.  
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4.5.4. Polycyclic aromatic hydrocarbons (PAHs) in sediments 

 

The highest concentrations of summed PAHs (Figure 4.12.; Annex 13) were found at the 
stations N-4, 20M (near the dumping site) and 1B (near the Būtingė oil terminal). 
 

 
 
 
Figure 4.12. Average concentrations of summed polycyclic aromatic hydrocarbons in 
sediments of project area 12 LIT and 13 LIT in May-October 2006 
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5 Discussion 

5.1 The concentrations of heavy metals in biota 

 

Although due to variable substrate and environmental conditions it was not 
possible to use the same mollusk specie in all observed regions, it was thought, based on 
previous experience, that present level of knowledge will allow to compensate species 
specific differences in assimilation efficiencies and retention times of studied metals. 
However, this occurred not to be the case. So, according to comprehensive study by 
Reinfelder et al. (1997), the assimilation rate for Cd is higher in Macoma balthica than in 
Mytulis edulis, and so we expected higher concentrations of Cd in Macoma. In contrast to 
that, Cd concentrations were substantially higher in Mytulis. Furthermore, Zn 
concentrations, which according to abovementioned study should not exhibit significant 
differences among species, were up to 7 times higher in Macoma than in Mytulis. That 
could, to some extent, be explained by different pressures in different geographical 
regions, since mostly Macoma sampling grounds were located far from those of Mytulis. 
However, project area 12 LIT contained sampling stations for Macoma and Mytulis in 
close proximity. Usually observed differences could have been attributed to geographical 
placement of respective stations towards Butinge oil terminal located nearby. However, 
observed values of Cd in Macoma in 12 LIT did not significantly differ from those 
observed in 8 LAT, where influence from oil terminal is not presented. Likewise is in 
case of Zn, only in this case one would expect strong source of Zn in Gulf of Riga. 
Obviously other factors than assimilation efficiency, like food selectivity, is more 
important in comparison studies of pollution levels of coastal ecosystems. Therefore, 
results obtained in this study are very important in pointing for necessity of additional 
comparative studies of species response to pollution levels in marine environment in light 
of pressure for reliable and easily comparable environmental indicators. 

In light of abovementioned findings, the comparison of observed concentration 
levels among project sites and with results obtained elsewhere in Baltic will be species 
specific.  

The concentration range of Zn in Mytulis edulis is rather similar in all project 
areas, indicating that there are no or insignificant local Zn sources. Furthermore, mean Zn 
concentration in soft tissue of Mytilus is significantly lower than concentration range (17 
– 36 µg/g ww) reported from other regions of the Baltic Sea (HELCOM, 2002). 
Exception is one station in project area 12 LIT, where significantly lower concentrations 
were observed in May 2006, while significantly higher concentrations were observed in 
August 2006 in mollusks exceeding 25 mm size. Further study is required to determine 
whether this is due to seasonal phenomenon or one of samples has been mishandled. The 
Macoma balthica is not so widely used for long term monitoring purposes in the Baltic 
Sea, although very often it is only available mollusk for Eastern-Baltic countries. But as a 
result, it is limited number of published data from previous investigations. Nevertheless 
values observed during this study are mostly in range of those observed elsewhere in the 
Batlic Sea (e.g. Sokolowski et al. 2002). The exceptionally high values were observed at 
station 20M (Figure 4.8.), which obviously are associated with that the station is located 
very closely to dredged sediment dumping area. Similarly, for the same reason elevated 
values, although not to the same degree, should be observed at station 389 (Figure 4.4.). 
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However, that is not the case for project area 8 LAT, indicating that other factors than 
occasional small scale dumping of dredged material are more important.  

The concentrations of Cu in Mytulis, although following the same distributional 
pattern as other metals, are quite uniform. Although concentration interval (5.4 – 10 µg/g 
dw) reported from Denmark and Sweden (HELCOM, 2002) is expressed per dry weight, 
with reasonable confidence it is possible to assume concentration difference between 
concentration per wet weight and concentration per dry weight and use available values 
for rough comparison. By doing so, it can be seen that mean concentrations observed at 
Estonian project areas are below, while values observed at Latvian and Lithuanian project 
areas are in range or slightly exceeds those reported in HELCOM (2002). The Cu values 
measured in Macoma as in case of Zn significantly exceeds those measured in Mytulis. 
Mostly observed concentration levels are in range of those reported by Sokolowski et al. 
(2002), although exhibits substantially higher variation within project area than in case of 
Mytulis. However, two stations 20M and 2M (Figure 4.8.) demonstrated significantly 
higher concentrations. While in case of 20M this is obviously due to impact by deposition 
of dredged material, it is less clear regarding station 2M. It seems that this station is 
receiving direct influence by plume waters, however, addition studies are required to 
confirm or reject this assumption. 

The concentrations of Cd in Mytulis are well in range of those (0.25 – 0.8 µg/g 
ww) reported from Baltic Proper (HELCOM, 2002) and therefore higher than in Kategat 
(HELCOM, 2002). The on average consistently lower concentrations (Figure 4.6.) in 
Nida-Pape sub-area comparing with the other subareas indicate that observed differences 
in concentration are due to anthropogenic influence. Although based on limited data, the 
observed concentration pattern suggests that the sub-area north of Pape at depths 
shallower than 12 m are influenced by pollution transported from South/West-South, 
while sub-area Jurmalciems-Bernati could be influenced by either transport from North 
or West or both. The local pollution source seems less likely due to lack of industrial 
activities normally associated with Cd pollution on shoreline. However, these are only 
assumptions, which can be supported or denied only by additional targeted research 
project. The EC has set maximum level of Cd in bivalve molluscs to 1.0 mg/kg ww (EC 
2001). Comparing obtained results for Mytulis from investigated areas with the EC 
maximum foodstuff level it can be clearly seen that the observed concentrations are 
significantly lower than maximum allowed. However, the long term tendency observed 
for Cd in Baltic Sea (HELCOM, 2002) indicates Cd concentration doubling in 20 years 
time period in three out of five observed regions. Previous fragmentary marine 
monitoring observations has indicated that Latvian Baltic Sea and Gulf of Riga waters 
exhibit similar tendency of Cd concentration increase in biota, although, limited data do 
not permit to define actual long term rate of concentration increase. Applying estimated 
concentration increase rate observed in northern Baltic Proper it can be assumed that Cd 
concentrations in molluscs in observed area will reach or exceed EC set maximum 
foodstuff level for Cd in bivalve molluscs in next 10 - 15 years. As was already stated 
above, the measured concentration levels of Cd in Macoma are lower than those in 
Mytulis. At the same time values reported in this study are in range of Roose and Roots 
(2005), but on average twice as high as those reported by Sokolowski et al. (2002). That 
might be due to some regional factor, although most likely observed differences are due 
to analytical problems of measuring low level concentrations in biological tissues. Both 
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studies validated used methods with certified standards. However, in both studies applied 
certified standards were with certified value 20,8 mg/kg dry weight, while values 
measured in samples were in range of 0,5 – 2 mg/kg dry weight, what is well in interval 
of uncertainty.  

 The concentrations of Pb and Hg in Mytulis, cannot be compared between areas, 
since values measured in project area 12LIT are below detection range of laboratory 
which performed analyses, however, the values above detection limit are in range of 
those reported from Baltic Proper (HELCOM, 2002). The concentrations of Pb and Hg 
appeared to be significantly higher in Macoma, so it was possible to compare regional 
distribution of concentrations. The measured values of Pb are rather similar, with 
common feature in areas, 8LAT and 13LIT, of elevated concentration in stations close to 
dumping area of dredged material, compared to that observed at other stations. Similar 
feature was observed for Hg in area 13LIT, but not in area 8LAT, obviously due to 
smaller scale of dredging and dumping activities. All observed values are significantly 
lower of those set by European Commission for foodstuffs, e.g. 1.0 and 0.5 mg/kg ww for 
Pb and Hg, respectively (EC 2001).  

Since the background levels of naturally occurring toxic or harmful elements, 
such as heavy metals, are site specific and for observed regions there are no estimates of 
background levels in mussels, it is not possible to assess how much if at all background 
concentrations are exceeded. However, comparison with other Baltic Sea regions and 
with EC and Latvia regulatory documents for foodstuffs lets as assume that mostly 
measured concentrations might be at or close to natural background concentrations. 
Exception is those stations obviously influenced by anthropogenic activities, but even 
then observed levels are relatively low. At the same time changes in heavy metal 
concentrations observed up to recent in biota, e.g. increasing Cd and fluctuating Hg (in 
some Baltic Sea regions increasing while in others decreasing) concentrations, defines the 
need for regular monitoring at least for 10 year period in order to establish trend, or if 
such does not exist, inter-annual background level. The need for monitoring is supported 
also by slightly higher than in other Baltic Sea regions Cu concentrations, what can be 
natural phenomenon, but due to limited data it is not possible to exclude also 
anthropogenic influence. 
 
 

5.2. Total oil and polycyclic aromatic hydrocarbons. 
 

 Since measured total oil concentrations are low and do not exhibit any spatial 
pattern, it is safe to assume that presently pollution by oil is of no concern. However, 
given current and prognosed shipping activity, including that of oil tankers, it can change 
in future. So oil pollution remains as a potential threat. 

Molecular indexes, which are based on concentration ratios of selected 
compounds, can be used to distinguish pyrolytic and petrogenic origins of PAH 
compounds (Webster et al., 2003; Pikkarainen, 2004). PAHs of pyrolytic origin could be 
attributed to urban and industrial activities while petrogenic contamination is coming 
from either vessels or oil instalations (Webster et al., 2003).  
Five indexes were calculated for project areas 12LIT and 13LIT: 
phenanthrene/anthracene, fluoranthene/pyrene, chrysene/benz(a)anthracene, 



 
 

31

fluoranthene/(pyrene + fluoranthene), indeno(1,2,3-cd)pyrene/(indeno(1,2,3-cd)pyrene + 
benzo(ghi)perylene) (Table 5.2.). No such calculation was possible for other areas 
because there two compounds crucial to the calculation were not measured. 
 
Table 5.2. Molecular Indexes of selected PAHs (indexes marked in bold indicate 
petrogenic origin of PAHs; in bold and italic – indicate a contribution from diesel 
engines; PAHs under the detection limit marked as grey cells).  
 

 
    
A phenanthrene/anthracene ratio <10 and fluoranthene/pyrene ratio >1 indicate a 
pyrolytic origin, whereas a phenanthrene/anthracene ratio >15 and fluoranthene/pyrene 
ratio of <1 indicate a petrogenic origin. Concentration ratio of 
chrysene/benz(a)anthracene below 1 indicate pyrolytic origin and values above 1 – 
petrogenic orgin (Pikkarainen, 2004). Samples from the Lithuanian part of the Baltic are 
both of pyrolytic and petrogenic origins. All three indexes indicated that the source of 

1B

2006-05 17,8 1,2 2,0 0,55

2006-08 21,8 1,2 1,7 0,55

2006-10 9,6 1,7 0,4 0,63 0,76

2M 2006-05 14,6 1,4 0,9 0,59 0,83

N-8 2006-05 21,1 1,0 1,1 0,51 0,75

6
2006-05 13,7 1,4 0,7 0,58

2006-10 22,8 0,8 2,0 0,45

7
2006-05 21,3 0,9 1,7 0,47

2006-10 25,1 2,2

N-4 2006-08 14,5 1,9 1,2 0,66

N-5
2006-08 20,9 1,2 2,4 0,54

2006-10 20,1 0,7 2,0 0,42

1 2006-10 22,1 0,9 0,48

3 2006-10 12,7 1,5 0,7 0,60 0,72

20 2006-10 13,7 1,3 0,7 0,57

20A 2006-10 14,0 1,1 0,9 0,52 0,73

20M 2006-10 6,8 1,8 0,2 0,64 0,73

S-1 2006-10 27,3 1,4 1,1 0,58

B-4 2006-10 13,4 1,0 2,3 0,50

B-7 2006-10 24,2 0,7 2,4 0,39

N-6 2006-10 22,6 0,8 2,9 0,44

64A-1 2006-10 14,4 1,3 0,6 0,57 0,63

6-1 2006-10 17,5 1,1 1,6 0,52

6-2 2006-10 19,4 1,2 1,5 0,55

6B1 2006-10 14,0 1,1 0,8 0,53 0,79

6B2 2006-10 18,9 0,9 1,3 0,49 0,78
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PAHs at the 6, 7, N-5, B-7, N-6 and 6B2 stations is petrogenic (coming from either 
vessels or oil instalations).  
Two concentration ratios are considered to be indicative of diesel engines: fluoranthene 
divided by the sum of pyrene and fluoanthene with a range of 0,60 to 0,70 and 
indeno(1,2,3-cd)pyrene divided by the sum of  indeno(1,2,3-cd)pyrene and 
benzo(ghi)perylene with the range of 0,35 to 0,70 (Pikkarainen, 2004). In this study a 
diesel engine source was inducated at the 1B, N-4, 3, 20M, 64A-1 stations which had a 
comparatively high concentrations of summed PAHs compared to other stations.   
 
 

6 Conclusions 

Despite existing level of knowledge regarding assimilation effectivity of different molusk 
species, direct intercomparison between areas inhabited by different species is not yet 
possible due to still existing gaps in mollusk ecology. 
Although at some stations observed values of heavy metals significantly exceeded those 
observed at majority of stations, the overall concentration level is low and does not 
exceed values observed elsewhere in Baltic Sea. Therefore, with rather high level of 
confidence can be concluded that presently in potential Natura 2000 territories or near 
them no significant pollution threat is presented. However, due to intensive use of Baltic 
Sea for shipping and other activities, as well as industrial activities in drainadge basin, the 
pollution by heavy metals and oil compounds is remaining as potential threat to be 
periodically assessed.  
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Annexes 
 
 
Annex 1. Trace metal content (d.w.) in soft tissues of Mytilus edulis in summer 2007 at 
sites 1EST, 2EST, 3EST, 4EST, 5EST and 6EST. 
 
Station Cu mg/kg Zn mg/kg Pb mg/kg Cd mg/kg Hg mg/kg As mg/kg 
PM 1-3 1,56 11,2 0,78 0,14 0,02 0,35 
KM 1-3 1,05 10,5 0,57 0,32 0,03 0,35 
YM 1-3 1,74 12,7 0,44 0,23 0,01 0,05 
 
Annex 2. Trace metal content (d.w.) in tissues of Fucus versiculosus in summer 2007 at 
sites 1EST, 2EST, 3EST, 4EST, 5EST and 6EST. 
 
Station Cu mg/kg Zn mg/kg Pb mg/kg Cd mg/kg Hg mg/kg As mg/kg 
PF 11-33 2,55 49,06 0,26 2,25 0,12 21,46 
HF 11-33 2,6200 41,63 0,23 1,27 0,1 11,13 
KF 11-33 3,97 39,85 2,4 1,08 0,07 10,45 
YF 11-33 0,94 40,53 0,63 1,2 0,15 12,3 
1EF 11-33 1,57 25,43 0,28 0,66 0,04 9,79 
2EF 11-33 1,36 28,59 0,6 0,85 0,1 16,4 
3EF 11-33 2,02 46,39 9,34 1,46 0,05 16,6 
OF 11-33 1,67 16,22 3,77 4,8 0,04 7,56 
 
 
 
Annex 3. Trace metal content (dry weight) in soft tissue of Fucus versiculosu in project 
area 7 LAT in August 2008 
 
Station Zn mg/kg Cu mg/kg Cd mg/kg Pb mg/kg Hg µg/kg 
23 51,1 3,79 1,09 2,34 8,5 
206 24,2 2,70 1,32 1,80 18,5 
F1 33,8 3,71 1,25 2,10 20,8 
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Annex 4.  Trace metal content (wet weight) in soft tissue of Macoma balthica in project 
area 8 LAT in August 2007 
 
Station Zn mg/kg Cu mg/kg Cd mg/kg Pb mg/kg Hg µg/kg 
14 87,95 7,19 0,12 0,13 20,5 
77 81,52 6,81 0,12 0,11 24,42 
95 71,48 10,45 0,13 0,10 29,67 
112 101,53 7,19 0,18 0,13 25,47 
141 65,22 3,26 0,14 0,08 14,99 
226 73,45 4,79 0,15 0,14 14,30 
360 53,24 3,76 0,15 0,14 9,22 
389 87,70 8,09 0,19 049 27,71 
 
 
Annex 5. Total oil hydrocarbon (C10 – C30) content (mg/kg d.w.) in sediments in project 
area 8 LAT in August 2007 
 
Site 10 21 26 172 242 259 

Concentration 0,7 0,8 0,8 0,8 0,7 0,8 
 
 
Annex 6. Polycyclic aromatic hydrocarbon content in sediments (µg/kg d.w.) in project 
area 8 LAT in August 2007. 
 
Polycyclic aromatic 

hydrocarbon 
Station 

10 21 26 172 242 259 

Naphthalene 0,080 0,16 0,25 0,17 0,14 0,12 
Acenaphthylene 0,022 0,021 0,044 0,024 0,023 0,023 
Acenaphthene 0,020 0,019 0,040 0,026 0,022 0,016 
Fluorene 0,033 0,067 0,135 0,092 0,067 0,070 
Anthracene 0,11 0,10 0,131 0,11 0,092 0,14 
Pyrene 0,11 0,12 0,17 0,13 0,087 0,17 
Chrysene 0,04 0,031 0,06 0,050 0,030 0,04 

Benzo(b)fluoranthene 0,12 0,050 0,056 0,086 0,064 0,12 
Benzo(k)fluoranthene 0,06 0,030 0,030 0,05 0,040 0,06 
Indeno(1,2,3-
c,d)pyrene 

0,80 0,53 0,42 0,54 0,54 0,81 

Dibenzo(ah)anthracene 0,30 0,19 0,15 0,16 0,22 0,30 
Benzo(ghi)perylene 0,20 0,13 0,10 0,14 0,14 0,20 
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Annex 7. Trace metal content (wet weight) in soft tissue of Mytilus edulis in project area 
11 LAT in August 2007 
Station Zm mg/kg Cu mg/kg Cd mg/kg Pb mg/kg Hg µg/kg 
P374 10,6 1,1 0,3 0,12 18,3 
P432 10,6 1,0 0,4 0,12 14,9 
P924 10,0 1,1 0,3 0,14 13,4 
P450 8,0 0,8 0,3 0,10 9,2 
P189 11,2 1,1 0,5 0,07 11,3 
P478 11,0 1,0 0,3 0,09 10,5 
P488 10,1 1,1 0,3 0,09 12,3 
P526 10,0 1,1 0,3 0,09 14,4 
P564 11,1 1,1 0,3 0,09 10,2 
P578 10,7 1,2 0,5 0,08 11,5 
P592 10,5 1,0 0,4 0,08 13,2 
P620 11,5 1,2 0,5 0,09 12,4 

 

Annex 8. Total oil hydrocarbon (C10 – C30) content (mg/kg d.w.) in sediments in project 
area 11 LAT in August 2007. 

 
Site P374 P432 P450 P924 P202 P345 P478 P488 P592 

Concentration 90 50 30 120 180 50 170 30 80 
 
Annex 9. Polycyclic aromatic hydrocarbon content in sediments (µg/kg d.w.) in project 
area 11 LAT in August 2007. 
 
Polycyclic aromatic 

hydrocarbon 
Station 

P374 P432 P450 P924 P202 P345 P478 P488 P592 

Naphthalene 5,2 1,5 1,1 1,8 0,7 1,5 2,3 1,3 1,6 
Acenaphthylene 4,5 0,2 0,2 0,2 0,2 0,2 0,3 0,2 0,2 
Acenaphthene 3,0 0,1 <0,1 0,5 0,1 0,1 0,1 0,1 0,1 
Fluorene 4,9 0,3 0,2 0,6 0,4 0,3 0,4 0,4 0,3 
Anthracene 7,1 0,5 0,5 0,8 0,4 0,4 0,6 0,5 0,4 
Pyrene 7,9 0,6 0,5 1,8 1,3 0,9 0,8 1,3 0,6 
Chrysene 5,6 0,5 0,5 1,3 0,9 0,8 0,7 1,0 0,6 

Benzo(b)fluoranthene 0,13 0,10 <0,1 0,6 0,3 0,3 0,1 0,4 0,2 
Benzo(k)fluoranthene <0,1 <0,1 <0,1 1,0  0,2 0,1 0,3 0,1 
Indeno(1,2,3-
c,d)pyrene 

<0,2 <0,2 <0,2 1,2 0,3 0,7 <0,2 1,4 0,6 

Dibenzo(ah)anthracene <0,2 0,3 <0,2 0,6 0,3 0,2 <0,2 1,1 0,3 
Benzo(ghi)perylene <0,2 0,2 <0,2 0,6 0,4 0,4 0,3 0,6 0,3 

 
 



 
 

37

Annex 10. Trace metal content (wet weight) in soft tissue of mussels Mytilus edulis and 
Macoma balthica in project areas 12 LIT and 13 LIT. 
 

 
 

Station Size, mm

Mytilus edulis

2 2006-05 15-24 15,5 1,24 0,378 <0,13 <28

1B 2006-05
15-24 <5,15 1,10 0,463 0,14 <28

>25 <5,15 1,01 1,031 <0,13 <28

1B 2006-08
15-24 11,9 0,89 0,374 <0,13 <28

>25 28,5 0,84 0,448 <0,13 <28

1B1 2006-08
15-24 10,8 1,01 0,586 <0,13 <28

>25 8,55 0,78 0,315 <0,13 <28

Macoma balthica

2M 2006-05
15-18 135 23,2 0,216 0,35 56

19-21 159 23,4 0,179 0,27 59

6 2006-05
15-18 110 5,30 0,094 0,15 29

19-21 138 6,06 0,096 <0,13 47

7 2006-05
15-18 92,8 3,76 0,094 0,25 30

19-21 105 4,24 0,089 0,17 31

N-8 2006-05
15-18 127 11,9 0,110 0,30 32

19-21 181 8,33 0,178 0,22 39

20M 2006-05
15-18 164 34,9 0,134 0,41 56

19-21 250 53,8 0,204 0,38 61

N-4 2006-08
15-18 124 2,81 0,072 <0,13 31

19-21 135 3,57 0,100 <0,13 44

N-5 2006-08
15-18 103 2,73 0,061 <0,13 29

19-21 125 2,40 0,107 <0,13 35

Sampling 

date

Zn,   

mg/kg

Cu,   

mg/kg

Cd,   

mg/kg

Pb,   

mg/kg

Hg,    

ug/kg



 
 

38

 
Annex 11. Concentration of trace metals in sediments in project areas 12 LIT and 13 LIT. 
 

 
 
 

1B

2006-05 9,68 0,94 0,120 2,17  -

2006-08 8,48 <0,48 0,031 1,45 <0,014

2006-10 7,07 1,12 0,073 3,19 <0,014

2M 2006-05 <5,15 1,29 0,057 3,39 <0,014

N-8 2006-05 <5,15 0,80 0,088 3,62 <0,014

6
2006-05 <5,15 <0,48 0,024 3,05 <0,014

2006-10 5,67 1,19 <0,008 4,00 <0,014

7
2006-05 5,76 <0,48 0,022 2,65 <0,014

2006-10 <5,15 0,63 0,042 3,89 <0,014

N-4 2006-08 <5,15 <0,48 <0,008 1,10 <0,014

N-5
2006-08 <5,15 0,54 0,038 3,00 <0,014

2006-10 <5,15 0,64 0,033 3,44 <0,014

1 2006-10 <5,15 0,64 0,034 3,34 <0,014

3 2006-10 6,23 1,46 0,084 3,87 <0,014

20 2006-10 18,4 11,4 0,207 8,96 0,016

20A 2006-10 87,7 11,1 0,200 8,01 0,014

20M 2006-10 22,2 11,5 0,128 10,5 0,014

S-1 2006-10 6,27 0,88 0,057 4,61 <0,014

B-4 2006-10 <5,15 <0,48 0,040 2,47 <0,014

B-7 2006-10 5,62 1,25 0,106 4,80  -

N-6 2006-10 <5,15 1,07 0,011 2,25 <0,014

64A-1 2006-10 31,3 5,62 0,255 7,08 <0,014

6-1 2006-10 <5,15 0,84 0,068 4,67 <0,014

6-2 2006-10 <5,15 1,01 0,061 4,77 <0,014

6B1 2006-10 5,45 4,64 0,067 7,13 0,014

6B2 2006-10 <5,15 2,42 0,032 4,65 <0,014

Station
Sampling 

date

Zn Cu Cd Pb Hg

mg/kg dry weight
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Annex 12. Total oil hydrocarbons concentrations in sediments in project areas 12 LIT and 
13 LIT. 
 

 
 

Station

1B

2006-05 <5,1

2006-08 <5,1

2006-10 6,4

2M 2006-05 <5,1

N-8 2006-05 8,6

6
2006-05 <5,1

2006-10 7,5

7
2006-05 8,4

2006-10 18

N-4 2006-08 5,4

N-5
2006-08 5,1

2006-10 <5,1

1 2006-10 14

3 2006-10 5,2

20 2006-10 19

20A 2006-10 20

20M 2006-10 13

S-1 2006-10 16

B-4 2006-10 26

B-7 2006-10 13

N-6 2006-10 13

64A-1 2006-10 12

6-1 2006-10 16

6-2 2006-10 18

6B1 2006-10 9,9

6B2 2006-10 8,2

Sampling 

date

Oil hydrocarbons, 

mg/kg d.w.



 
 

40

 
Annex 13.  Polycyclic aromatic hydrocarbons in sediments in project Areas 12 LIT and 
13 LIT. 
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ug/kg dry weight

1B

2006-05 43,60 11,7 1,68 2,21 9,46 0,53 2,78 2,26 1,40 2,79 2,47 0,93 1,05 <0,5 2,17 2,17

2006-08 22,30 3,35 0,97 1,25 7,20 0,33 1,80 1,50 0,75 1,28 1,11 0,44 0,49 <0,5 1,10 0,73

2006-10 181,7 8,22 2,38 6,21 70,0 7,27 34,9 20,3 6,60 2,75 6,28 2,72 4,28 1,03 5,50 3,26

2M 2006-05 37,84 2,23 1,10 1,81 8,78 0,60 3,85 2,68 1,69 1,60 3,49 1,33 1,89 0,60 3,28 2,91

N-8 2006-05 50,94 10,6 1,22 1,70 9,92 0,47 3,71 3,58 1,78 1,90 4,09 1,61 2,06 0,90 4,65 2,75

6
2006-05 41,91 11,9 1,25 1,57 9,61 0,70 3,45 2,53 1,74 1,16 2,27 0,95 1,52 <0,5 2,09 1,17

2006-10 28,02 9,48 1,35 1,77 10,5 0,46 1,03 1,25 0,62 1,24 0,32 <0,2 <0,2 <0,5 <0,5 <0,5

7
2006-05 22,44 2,53 0,89 1,37 7,46 0,35 1,74 1,93 0,81 1,35 1,35 0,52 0,48 <0,5 1,09 0,57

2006-10 17,65 2,02 1,08 1,57 9,77 0,39 0,88 <1,0 0,50 1,12 0,32 <0,2 <0,2 <0,5 <0,5 <0,5

N-4 2006-08 94,60 6,04 2,30 5,27 47,0 3,24 12,5 6,46 1,53 1,85 1,74 0,70 0,93 <0,5 5,04 <0,5

N-5
2006-08 38,91 20,2 1,50 1,89 8,77 0,42 1,32 1,13 0,61 1,44 0,58 0,26 0,29 <0,5 0,50 <0,5

2006-10 20,54 2,26 1,32 1,96 9,67 0,48 0,98 1,37 0,72 1,41 0,37 <0,2 <0,2 <0,5 <0,5 <0,5

1 2006-10 23,41 6,95 1,27 1,60 8,62 0,39 1,08 1,16 <0,5 1,64 0,50 0,20 <0,2 <0,5 <0,5 <0,5

3 2006-10 55,54 9,49 1,44 1,98 12,4 0,98 6,77 4,45 3,33 2,22 2,94 1,37 2,48 0,81 2,75 2,13

20 2006-10 21,37 0,81 0,71 1,19 6,45 0,47 2,03 1,56 0,94 0,68 4,32 0,42 0,56 <0,5 0,73 0,50

20A 2006-10 75,69 22,1 1,55 2,27 11,8 0,84 5,32 4,96 2,57 2,31 6,29 2,41 3,04 1,19 5,86 3,18

20M 2006-10 86,28 9,76 2,04 2,29 15,0 2,22 15,4 8,56 5,72 1,33 10,1 2,72 4,58 0,76 3,74 2,06

S-1 2006-10 44,43 15,9 1,10 1,55 13,1 0,48 2,73 1,97 1,19 1,28 1,44 0,58 0,88 <0,5 1,61 0,62

B-4 2006-10 30,16 9,83 1,26 1,72 6,41 0,48 1,89 1,87 0,97 2,21 1,04 0,47 0,62 <0,5 0,70 0,69

B-7 2006-10 37,00 11,7 1,42 1,81 12,1 0,50 1,40 2,15 0,84 2,03 0,88 0,38 0,43 <0,5 0,80 0,56

N-6 2006-10 21,65 5,13 1,01 1,47 6,77 0,30 0,91 1,17 0,53 1,52 0,72 0,33 0,26 <0,5 0,68 0,85

64A-1 2006-10 49,72 12,6 1,37 1,86 11,1 0,77 3,46 2,66 2,12 1,19 4,82 1,05 1,71 0,82 2,80 1,39

6-1 2006-10 37,07 9,67 1,38 2,00 10,0 0,57 2,31 2,14 1,03 1,62 1,88 0,65 0,95 <0,5 1,81 1,06

6-2 2006-10 26,31 4,12 1,17 1,63 9,33 0,48 1,77 1,46 0,90 1,34 1,28 0,51 0,58 <0,5 1,18 0,56

6B1 2006-10 58,38 10,3 1,06 1,70 9,64 0,69 5,67 5,01 2,36 1,86 5,22 2,02 2,71 1,00 5,28 3,86

6B2 2006-10 38,09 3,85 1,26 1,77 10,2 0,54 2,77 2,94 1,33 1,75 2,79 1,10 1,63 0,59 3,45 2,12


