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Introduction

Although such contaminants as heavy metals in biota have been more or less
extensively monitored in different regions of the Baltic Sea, with long term trends
dating back of upo 1981, the actual information on Latvian Baltic Sea coastal waters
is fragmentary both spatially and temporarily. That inhibits our ability to properly
assess environment status at two potential Natura 2000 areas (LV0303600 and
LV0303500) located alongoastline of NidaPerkone area. Therefore in frame of
project LifeOSNAT/LV/000100 the heavy metal concentration screening activity was
launched. Since the investigated area is in relatively close proximity to Klaipeda port
and Butinge oil terminal from th8outh and Liepaja city and port from the North, the
screening of concentrations of total oil hydrocarbons along with several most popular
polycyclic aromatic hydrocarbons was included in program.

Materials and Methods

The analyses of concentrations of heavwetals( Hg, Cd, Pb, Zn, Cuin soft
tissue of Mytilus Edulis (Mytilus Trosulu} (Blue musségt polycyclic aromatic
hydrocarbons (PAHSs) (naphthalene, acenaphthene, acenaphthylene, fluorene,
anthracene, pyrene, chrysene, benzo(b)fluoranthene, kghrmanthene,
indeno(1,2,%,d)pyrene, dibenzo(ah)anthracene, benzo(ghi)peryleard total
petroleum hydrocarbon (TPH) CIIBO in sediments were performed in samples
collected duringdugust 2006 along thé/est coast oLatvia in the BalticSea.

Bivalve samplest 12andsediment samplest 9 samphg sitesin theregion
from Nida to Bernatiwere collected by diversThe locatios of sampling sitesare
shownin Figure 1.

Heavy metals iMytilus Eduls (Mytilus Trosulu¥

Sample preparationQuantity of bivalve in sample from one sampling site was
chosen to correspond to soft tissue wet wei@gproximately 40 grajn After
sampling collectedrganismsvereimmediately inmersel in clean seawatdrom the

area of collection angtoredfor 24 hours to allow them to remove sediments and
otherparticles.Thereafter, the total length of eabtytilus eduliswas measurckand

all mollusc specimens were separated in two length classes, smaller or larger than 23
mm. At somesamplingsitesquantity of molluscs for such separation wasufficient;
therewas only one size class.

After length measuremenvhole soft tisse of the mollusc was carefully
extracted from the shell and pooled with othefrshe same size clags one sample.
Sampleswere storedn plastic containerat 18 e C b el o wntilzZfutheo 1 n
analytical procedures.

In laboratorymollusc samples were thawed, homogenized with Ultra Turrax
homogeniseland freezedried Dry samples were grinded in mort&kater content
wasdeterminedn all samples.
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Figure 1. Location of sampling sites alotige Baltic Sea castline in area Nida
Bernati in August 2006.

Analytical proceduresMercury content in molluscs was measured by could vapour
technique according to US EPA method 245.6 using VARIAN SpectB88Q atomic
absorption spectrometer equipped with VGA 77.

Mollusc tissuessamples forCd, Pb, Zn, Cudeterminationwere digested with
nitric acid and hydrogen peroxide in CEM microwave oven Mars 5 according to US
EPA 3052 method. Corcentatiors of Cd and Pb insolutions wereanalysed by
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VARIAN SpectrAA 880Z atomic absorption spectrometer equipped with GTA100
graphite tube atomizer. Both metals weletermined byconcentration calibration
mode using wall atomisationwith Zeman background correction. Ammonium
dihydrogen phosphate and palladium nitrate with ascorbic acid were applied as matrix
modifiers when analysing subsequer@lg andPbwith GTA.

Corcentrationof Zn and Cu weranalysed byWARIAN SpectrAA 880 with
flame atomisation.

Quiality control was ensured by the use of blanks and dogfish liver standard
reference material DOLR2, (NRGCNRC, Canada)which were analysed
simultaneously according to the same procedures as the samples. The ualnes ob
here and certified values are listed in Table 1.

Table 1. Concentrations of Hg, Cd, Pb, Cu, and Zn in the certified reference material
DOLT-2.

Metal Certified values, Our values, Recovery, %
mg/kg,dry wt. mg/kg,dry wt
Hg (total) 2683N 0, 1 2,491N0,361 92,8
Cd 20,8N0,5 22,2N3,5 106,7
Pb 0,22N0,02 0,23N0,05 104,5
Cu 25,8N1,1 25,7N1,0 99,6
Zn 85,8N2,5 83,1N2,7 96,9

Total petroleum hydrocarbons (TPH) and polycyclic aromatic hydrocarbons (PAHS)
in sediments

After collection diments were stored in closed polyethylene containers at
18eC below zero in freezer. I n | aboratory
through 2mmsieve, sediments with particle size lower than 2mm were used
aralyses of organic contaminanfBuring freeze dryinga lid with hole about 2mm
was put on sampleontainer that reducgmssible contamination

TPH (C10C30)

TPH extraction was carried out using mediuin polar solvent
dichloromethane. To accelerate this process shaking was applied. For sufficient
extraction three subsequent extractions were performed.

The TPH in extract was separated on capillary column-S8tkMS
(30mli 0, 25mm) and det er mi netdr (RAD) tolh gad | a me i
chromatograph HP 5890

For sample injections autosampler was used in split regime. Calibration
solutions were prepared from commercial diesel fuel.

PAHs

As PAHSs are sensitive to phetiegradation, exposure to direct sunlight during
storage as well as during all steps of analyses of the samples were minimized and
amber glassware were used.
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Polycyclic aromatic hydrocarbons were analysed according to US EPA
methods 3500, 3600 and 8100.

PAHSs extraction from sediments was carmed in conical flask using mixture
of acetone and-hexane as solvent. To enhance extraction shaking and ultrasonic
treatment were used. For sufficient extraction, process was repeated three times. After
extraction sample was concentrated and polar solkembved 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 R&S| LMS ( 30 ml € ys&d5 mm) wa
Analyses of PAHs content in sediment samples weree on gas chromatograph with
Mass spectrometric detector used in the Selected lon Monitoring (SIM) mode
(Shimadzu GC MSQP2010). Sample injectiongere 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 retentiore tbetween sample and standard
hromatograms was lower than 0,5 %.

Results and discussion

Heavy metals iMvtilus edulis

Results for each metal in two length classeMyfilus edulisare presented in
Table 2 anddistributions of average concentrations of metals pmesented in
Attachments 5.

No significant differences were found between metal content in two length
classes of bivalve.
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Table2. Trace metal content (d.w.) in soft tissudviyttilus eduis in August 2007

Station |Size mm| Zn, Cu, Cd, Pb, Hg
mg/kg | mg/kg | mg/kg | mg/kg | ug/kg

PAP 432| <23 140.2 12.3 4.62 1.69 190
>23 128.2 12.7 4.76 1.47 189

PAP 450 <23 110.7 12.1 3.59 1.47 137
>23 136.4 12.2 5.73 1.55 149

PAP 924 15-32 120.5 13.6 3.99 1.64 160

PAP 374| <23 127.7 12.7 3.74 1.27 199
>23 106 11.8 3.53 1.48 205

PAP 189 <23 111.7 11.3 6.1 0.77 110
>23 121.7 11 4.22 0.74 125

PAP 620| <23 109.8 11.3 4.72 0.86 122
>23 117.4 11.7 4.72 1.01 122

PAP 564| <23 87.6 9.2 2.62 0.8 88
>23 94.8 9.2 2.75 0.68 82

PAP 578 16-27 109.3 12 4.85 0.83 118

PAP 592| <23 98.5 10.3 3.1 0.82 121
>23 109.9 9.5 4.01 0.71 121

PAP 526| <23 101.5 11.3 3.01 0.95 153
>23 100.8 11.3 3.41 0.87 139

PAP 488| 1830 96.7 10.9 2.94 0.87 118

PAP 478| <23 95.5 9.3 2.18 0.8 83
>23 90.4 8.4 2.28 0.67 96

The common feature of all investigated metals was slightly elevated
concentrations in region JurmalciefBsrnati, while lowest concentrations were
observed in Nidd&ape region (Annexes-3). However, metal concentrations
observed at stations north of Pape (PAP 592, PAP 620, PAP 189) does not
significantly differ from those observed in region JurmalciBasnati. Although
definite, the observed differences in concentrations of investigated metals ameong sub
regions mostly @ not sufficient to conclude whether or not these differences are
caused by anthropogenic sources or by natural variability. In order to draw final
conclusion additional research, including hydrological modelling, would be needed.
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Table 3. Mean trace natcontent in soft tissue dflytilus eduliscalculated on dry

and wet weight in August 2007.

Weight Zn, mg/kg | Cu, mg/kg | Cd, mg/kg | Pb, mg/kg | Hg ug/kg
Dry 110,3 11,1 3,85 1,05 134,6
Wet 10,3 1,04 0,36 0,098 12,58

Mean Zn concentration in soft tissuembllusc Mytilus edulis(Table 3) and
concentration range (Table 2) is significantly lower than concentration range3@L7
Og/ g ww) reported from other regions of th

The concentrations of Cu, although following the same Higional pattern
as other metals, are quite uniform. The mean concentration (Table 3) as well as most
measured values (Table 2) slightly exceed concentration interval 6@ Og/ g dw)
reported from Denmark and Sweden (HELCOM, 2002). Although concenmtratio
range observed in NieBernati region differs from those observed in other regions of
the Baltic the available data are too limited to draw certain conclusion whether
observed differences are caused by natural or anthropogenic features. The EC
regulatiors, which set maximum levels of contaminants, do not include Cu. At the
same time Latvian regulations do, however, obviously since molluscs are not
considered as food source, there are no levels for Cu. Indicatively the maximally
permitted concentrations earlO and 25 mg/kg ww in fish tissue and fishet,
respectively (MK rules 1999). Since bivalve molluscs are {fteders the
background concentrations are expected to be much higher in their tissues as in fish,
as it is reflected in EC regulations, wldor other metals those levels diffeil 50
times, we can safely assume that observed concentrations are significantly lower
potential safe limits of Cu in molluscs.

The concentrations of Cd (Table 2 and 3) are well in range of those (0.85
Og/ g) reparted fromthe Baltic Proper (HELCOM, 2002) and therefore higher
than in the Kategat (HELCOM, 2002). The on average consistently lower
concentrations (Annex 3) in NiR@ape sukarea comparing with the other subareas
indicate that observed differendasconcentration are due to anthropogenic influence.
Although based on limited data, the observed concentration pattern suggests that the
subarea north of Pape at depths shallower than 12 m are influenced by pollution
transported fronthe South/WesiSouth while subarea JurmalcierBernati could be
influenced by either transport frothe North orthe West or both. The local pollution
source seems less likely due to lack of industrial activities normally associated with
Cd pollution on shoreline. Howevethese 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 from investigated area with the EC maxirfoodstuff level it can be
clearly seen that the observed concentrations are significantly lower than maximum
allowed. However, the long term tendency observed for CdhénBaltic Sea
(HELCOM, 2002) indicates Cd concentration doubling in 20 years tiet®g 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
pemit to define actual long term rate of concentration increase. Applying estimated
concentration increase rate observethmnorthern Baltic Proper it can be assumed
that Cd concentrations in molluscs in observed area will reach or exceed EC set
maximum bodstuff level for Cd in bivalve molluscs in next 105 years.
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The concentrations of Pb and Hg (Table 2 and 3) are in range of those reported
from the Baltic Proper ((HELCOM, 2002). They are also significantly lower of those
set by European Commissidor 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 region there are no estimates
of backgound levels in mussels, it is not possible to assess how much if at all
background concentrations are exceeded. However, comparison withhetBaidtic
Sea regions and with EC and Latvia regulatory documents for foodstuffs lets as
assume that measuredncentrations might be at or close to natural background
concentrations. At the same time changes in heavy metal concentrations observed up
to recent in biota, e.g. increasing Cd and fluctuating HgtHemsome Baltic Sea
regions increasing while in othedecreasing) concentrations, defines the need for
regular monitoring at least for 10 year period in order to establish trend, or if such
does not exist, intemnnual background level. The need for monitoring is supported
also by slightly higher than in othéhe Baltic Sea regions Cu concentrations, what
can be natural phenomenon, but due to limited data it is not possible to exclude also
anthropogenic influence.

Total oil hydrocarbon (C10 C30) content in sediments

The total oil hydrocarbon concentratiofi@ble 4 and Annex 6) 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 aréacated in hydrodynamically active
region, the impact of occasional pollution events by crude oil or its products reported
to occur athe Butinge oil terminal located in rather close vicinity is expected to have
rather short term nature. The data obtaimedhis 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.

Table 4. Total oil hgrocarbon (C10 C30) content (mg/kg) in sediments in Nida
Bernati area in August 2007

Site PAP | PAP | PAP | PAP | PAP | PAP | PAP | PAP | PAP
374 | 432 450 924 202 345 478 488 592
Concentration | 90 50 30 120 180 50 170 30 80

Polycyclic aromatic hydrocarbon content imliseents

The polycyclic aromatic hydrocarbon concentrations (Table 5) 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 exceedidgp concentration interval dhe central Baltic
Sea (IAE UL 2003). The observed elevated concentrations most likely are due to local
sources, e.gJurmalciems host several fishery boats as well as there are some small
scale fish smoking establishmenltsse to shoreline.
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Tabl e 5. Polycyclic aromatic hydroecarbon
Bernati area in August 2007.

Station

Polycyclic aromatic| PAP | PAP | PAP | PAP | PAP | PAP | PAP | PAP | PAP
hydrocarbon 374 | 432 | 450 | 924 |202 |345 | 478 |488 |592
naphthalene 5,2 1,5 11 (18 |07 |15 |23 |13 |16
acenaphthylene 45 10,2 02 |02 |02 |02 |03 |02 |0,2
acenaphthene 30 |01 <0, |05 |01 |02 |01 |01 |01
fluorene 49 10,3 02 |06 |04 |03 (04 (04 |03
anthracene 7,1 0,5 0,5 0,8 |04 04 |06 05 |04
pyrene 79 |06 o5 (18 |13 |09 |08 |13 |06
chrysene 56 |05 o5 |13 |09 |08 |0O,7 |10 |06
benzo(b)fluoranthene | 0,23 | 0,10 |<0,1 |06 |03 |03 |01 |04 |02
benzo(k)fluoranthene | <0,1 | <0,1 |<0,1 |1,0 02 |01 |03 |01
indeno(1,2,3 <0,2 |<0,2 |<0,2 {12 |03 |07 |<0,2 |14 |O,6
c,d)pyrene

diberzo(ah)anthraceng <0,2 | 0,3 <0,2 |06 |03 |02 |<0,2 11 |03
benzo(ghi)perylene <0,2 | 0,2 <0,2 |O6 |04 |04 |03 |06 |03
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