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The study was conducted in the coastal area of the Gulf of Riga at three stations (Ainazi, Saul-
krasti, Mérsrags) from 1997 till 2010. Brown algae samples were collected at 3.0-m depth from a
boat using scuba gear in August and September. The concentrations of metals (Cd, Pb, Cu, Ni,
Zn) were determined by atomic absorption spectrophotometry method (model Spektra A 880),
and of Hg by FIMS (Flow Injection Mercury System, Perkin Elmer). The aim of this investigation
was to determine the concentration levels of metals (Hg, Cd, Pb, Cu, Ni, Zn) in the dominant spe-
cies of macroalgae (Fucus vesiculosus) in the Gulf of Riga in different stations and years. Metal
concentrations in F. vesiculosus varied between sampling years and stations, and significant dif-
ferences in Hg, Pb and Ni concentrations between years were detected. In some years the con-
centrations of metals in F. vesiculosus were similar in all three stations. Brown algae F.
vesiculosus can accumulate metals to concentrations thousand times higher than in marine wa-

ter.
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INTRODUCTION

Measurements are usually focused on biota and only secon-
darily on surface sediments or water, as biota can describe
more reliably the state of the environment (Anonymous,
2010).The first measurements of Hg, Cd, Cr, Cu, Ni, Pb,
Mn, Zn, Sr, Fe and Mg concentrations in Fucus vesiculosus
were made during the period 1977-1980 (Ceiicyma u mp.
1984) in the coastal area of the Gulf of Riga. The brown al-
gae were sampled at Kolka, Roja, Mérsrags, Engure,
Ragaciems, Lielupe, Daugavgriva, Skulte, Tuja, Vitrupe,
Jaagupe, Pérnava, and Varbla. Regular study of Hg, Cd, Pb,
Cu, Ni, Zn, Mn and Fe levels in F. vesiculosus was renewed
in 1997. Samples of brown algae were collected at three
sites (AinaZzi, Saulkrasti and Mérsrags) in the Gulf of Riga
to have more complete knowledge of metal levels in plants
of the Gulf. F. vesiculosus is a common perennial species
that is tolerant to high salinity fluctuations. It grows on
sandy bottoms with stones of various size and prefers
coastal zones without tides. The brown algae F. vesiculosus
is a dominant macroalgae of the Gulf of Riga and of the
whole Baltic Sea. This brown algae is considered to be a
good bioindicator (Bryan and Hummerstone, 1973;
Phillipps, 1977; Bryan, 1983; Barnett and Ashcroft, 1985;
Forsberg et al., 1988; O’Leary and Breen, 1998; Barreiro et
al., 2002; Cairrao et al., 2007) similar to the brown algae
Ascophyllum nodosum that grows along the Irish coast
(Morrison et al., 2008). An indicator organism should fulfill

186

the following requirements, among others: be of a reason-
able size, sedentary, easily collected and abundant in the
investigated area. Water plants possess some characteristic
features that enable them to absorb metals essential for their
growth and development from sediments and water. These
metals include Cu, Zn, Ni. Water plants accumulate also
toxic metals that may lack any biological function, such as
Hg, Cd and Pb.

The Estonian scientist G. Martin (1999) divides phytoben-
thic communities of the Gulf of Riga into three groups with
different structure and distribution patterns. Group 1 is
dominated by filamentous green and brown algae located in
areas receiving eutrophic fresh waters i.e. in the area north
from the Daugava river inflow. Our selected station Saulk-
rasti belongs to this group. Our investigations (Boikova et
al., 2003), as described by G. Martin, indicate that the com-
munities are characterised by low species diversity and
strong dominance of a single species. Group II is character-
ised by a considerable number of species and relatively low
biomass and coverage: these communities are found along
the eastern and south-western coast of the Gulf of Riga. Our
station AinaZi belongs to this group. The third group has the
highest biomass and coverage values. This group of com-
munities occupies the littoral zone along the western coast
of the Gulf of Riga. Our Mersrags station corresponds to
this group. At that station (Boikova et al., 2003) 16 macro-
phyte species occur in large underwater meadows with ver-
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tical distribution up to 10 m depth. In comparison, species
richness at the east coast station Saulkrasti, which is subject
to eutrofication, was only 10 and vertical distribution was
twice smaller — 4-5 m.

The aim of our investigation was to determine the concen-
tration levels of metals (Hg, Cd, Pb, Cu, Ni, Zn) in the
dominant species of macroalgae (Fucus vesiculosus) in the
Gulf of Riga in different stations and years.

MATERIALS AND METHODS

Brown algae F. vesiculosus samples were collected at three
stations of the Gulf of Riga: Ainazi, Saulkrasti and Mers-
rags at 3-m depth in August/September (Fig. 1) from boat
by a scuba diver. The samples of plants were washed thor-
oughly in the field with sea water. On arrival to the labora-
tory epiphytes present on the plants were manually removed
and samples were dried at room temperature. Dry weight
was determined after drying in an oven at a constant tem-
perature of 80 °C. Then water plants were weighed and
ashed at 500 °C in a muffle furnace (Ceiicyma u ap., 1984).
All of the plant samples were run in triplicate. The concen-
trations of metals (Cd, Pb, Cu, Ni, Zn) were determined by
atomic absorption spectrophotometry (AAS) method with a
Varian AA Spectrometer (model Spectra A880), and Hg
content using a Flow Injection Mercury System (FIMS,
Perkin Elmer). Internationally accepted standard reference
samples of plants — BCR® - 060 were used for quality
control.

At the sampling sites, simultaneously with the collection of
brown algae F. vesiculosus, water and sediment samples
were taken for analysis of metals (Seisuma and Kulikova,
2006), and the following measurements were made: water
temperature, pH, salinity (S %o), Secci depth (m), dissolved
inorganic nitrogen (DIN, uM), and dissolved inorganic
phosphorus (DIP, uM). Also, samples of F. vesiculosus
were taken for determination of biomass (g/m2 dry wt) (Ta-
ble 1).

In summer, water temperature fluctuated from 10 to 24 °C.
The lowest temperatures were observed in 1997 in the
Saulkrasti station and in 2001 in the M&rsrags station, when
temperature fell to 10 °C. Water salinity in the coastal sta-
tions fluctuated between 4.5 and 5.7 %o, and relatively
lower salinity was found at the Saulkrasti station. A de-
crease of pH value to 7.94, was observed when water tem-
perature fell due to coastal upwelling processes.

Increased levels of biogenic elements were observed in
2001 and 2010 collections (DIN reached 3—4 uM, DIP sur-
passed 0.20 uM).

Water transparency fluctuated from 1.1 to 3.0 m (Secci
depth). The lowest values were found in the Saulkrasti sta-
tion and highest transparency in the Mersrags station. A
higher water transparency was observed in 2007 and 2009
when biomass of F. vesiculosus was also high (except in the
Saulkrasti station).
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Fig. 1. Location of sampling stations.

Mean metal concentrations and standard deviations were
calculated for F. vesiculosus.

Two-way analysis of variance (ANOVA) without replica-
tion was used to examine effects of station and years on
brown algae F. vesiculosus metal concentration (Arhipova
un Balina, 2003). To identify related variables (metals) and
samples (stations), principal component analysis (PCA) us-
ing a correlation matrix was performed using the SAS
programme package (Anonymous, 1998).

RESULTS

Differences in the metals levels (Table 2) in the brown al-
gae F. vesiculosus differed between the years 1997/1999 to
2010. The concentration of Hg in F. vesiculosus at AinaZi
differed by 2.5 times, at Saulkrasti by 5.9 times and at
Mersrags by 4.6 times (ANOVA test, Table 3). The differ-
ences in Hg levels among the brown algae at AinaZi,
Saulkrasti and Mersrags stations in 2001, 2005, 2007 did
not significantly differ, while in 1999, 2003, 2009 and 2010
they differed by 1.9-2.9 times.

The differences in Cd levels in the brown algae F.
vesiculosus during 1997/1999-2010 were lower than those
of Hg. At AinaZi the levels of Cd differed by 3.3 times, at
Saulkrasti by 1.6 times and at Mérsrags by 1.8 times. The
differences in Cd levels at AinaZi, Saulkrasti and Meérsrags
stations fluctuated by 1.2 to 2.3 times.

In 2007, the level of Pb in F. vesiculosus at all the three sta-
tions was 30—47.5 times higher than that in 2003 and 2005.
Considerable differences in Pb levels between the three sta-
tions were observed in the years 1999, 2001, and 2003.
Among the six metals studied, Pb had the highest variability
in concentration (ANOVA test, Table 3).
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Table 1

TEMPERATURE, pH, SALINITY, SECCI DEPTH, DISSOLVED INORGANIC NITROGEN (DIN), DISSOLVED INORGANIC PHOSPHORUS (DIP)
AND BIOMASS OF F. vesiculosus (g/m2 dry wt)

Station Year T, °C pH S, %o DIN, uM DIP, uM Secci, m Biomass of
F. vesiculosus

Ainazi 1997 20.5 8.65 5.44 0.1 0.07 - -

Saulkrasti 1997 10.0 8.17 5.38 1.2 0.03 - -

Ainazi 1999 22.0 8.55 5.30 0.0 0.03 1.6 -

Saulkrasti 1999 234 8.75 5.07 0.3 0.00 3.0 -

Meérsrags 1999 24.5 8.87 4.96 1.2 0.04 2.0 223.43
Saulkrasti 2001 19.8 8.40 4.56 5.7 0.29 2.0 73.23
Meérsrags 2001 10.0 7.94 5.65 4.1 0.20 2.7 135.25
Ainazi 2003 15.0 8.50 5.34 1.1 0.03 2.0 -

Saulkrasti 2003 24.2 8.49 5.21 0.3 0.12 1.7 66.43
Meérsrags 2003 19.0 8.30 5.45 0.5 0.16 3.0 159.35
Ainazi 2005 18.0 8.53 5.11 1.0 0.05 1.9 23.16
Saulkrasti 2005 18.8 8.58 4.54 0.7 0.15 1.4 83.54
Meérsrags 2005 18.8 8.38 5.24 0.5 0.12 3.0 33.19
Ainazi 2007 222 8.24 5.38 0.7 0.16 2.4 354.20
Saulkrasti 2007 18.4 8.17 5.42 4.9 0.17 2.6 181.30
Meérsrags 2007 22.0 8.21 5.26 1.6 0.13 3.0 425.65
Ainazi 2009 19.1 8.38 5.40 0.7 0.25 2.2 88.61
Saulkrasti 2009 18.0 8.91 5.16 34 0.28 1.1 46.64
Meérsrags 2009 22.3 8.28 5.12 3.0 0.16 1.7 115.35
Meérsrags 2010 20.0 8.66 4.83 0.7 0.08 3.0 261.88
Ainazi 2010 20.4 8.52 4.84 4.0 0.09 2.1 254.83
Saulkrasti 2010 17.8 8.53 5.21 3.1 0.04 2.0 52.20

Table 2
CONCENTRATION OF METALS IN BROWN ALGAE F. vesiculosus OF THE GULF OF RIGA (AUGUST/SEPTEMBER) (g/m2 dry wt means/SD))

Station Year Hg Cd Pb Cu Ni 7Zn
Ainazi 1997 0.028/0.001 1.36/0.13 0.27 2.76/0.2 6.34/0.38 23.0/3.28
Ainazi 1999 0.019/0.001 0.81 0.11 3.04 7.42 8.14
Ainazi 2003 0.028/0.005 3.63/0.04 0.09 1.99/0.25 11.0/0.6 27.3/1.19
AinaZzi 2005 0.012 1.31/0.04 0.06 1.6/0.01 3.4 22.22
Ainazi 2007 0.014/0 2.24/0.04 2.7/0.11 1.93/0.08 8.62/0.33 20.7/0.81
AinaZzi 2009 0.035/0.001 2.66/0.035 0.75/0.07 2.82/0.07 12.33/0.07 33.3/1.01
Ainazi 2010 0.027/0 2.01/0.03 0.33/0 1.56/0.11 10.34/0.15 26.3/0.35
Saulkrasti 1999 0.024/0.001 1.31 0.27 5,66 7.42 34.3
Saulkrasti 2001 0.025/0.008 0.98/0.03 0.1 2.88/0.06 5.11/0.3 27.5/1.77
Saulkrasti 2003 0.037/0.005 1.52/0.04 0.08 2.57/0.07 10.4/0 34.8/0.07
Saulkrasti 2005 0.014 1.12/0.08 0.06 2.48 6.56 29.9/2.25
Saulkrasti 2007 0.012/0 1.61/0.04 2.85/0.10 2.11/0.06 8.3/0.29 29.4/0.87
Saulkrasti 2009 0.020/0.001 1.15/0.01 0.83/0.07 2.42/0.23 6.61/1.25 31/0.66
Saulkrasti 2010 0.071/0.001 1.5/0 0.35/0.03 2.42/0.07 8.84/0.82 38.0/0.82
Meérsrags 1999 0.01/0 1.52/0.05 0.2 2.87/0.59 8.57/0.59 26.8/0.84
Mersrags 2001 0.025/0.008 1.72/0.06 0.25 3.41/0.31 10.72/0.57 41.9/2.36
Mersrags 2003 0.019/0.004 1.87/0.05 0.05 2.35/0.06 11.1/0.2 33.7/0.56
Mersrags 2005 0.013 1.1/0.1 0.08/0.01 2.6 6.29 23.8/1.39
Mersrags 2007 0.012 1.94/0.04 2.77/0.04 1.9/0.04 8.21/0.21 29.2/0.67
Mersrags 2009 0.012/0 1.68/0.02 0.70/0.07 2.63/0.04 8.83/0.19 29.3/0.99
Meérsrags 2010 0.046/0 1.67/0.05 0.27/0.03 2.43/0.46 9.32/0.46 24.6/1.39
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Table 3

VALUES OF TWO-FACTOR ANALYSIS OF VARIANCE WITHOUT
REPLICATION FOR BROWN ALGAE F. vesiculosus (ns, not signifi-
cant)

Years Stations

‘ df ‘ F ‘ P level df ‘ F ‘ P level
Hg 5 4.445 0.02 2 1.176 ns
Cd 5 0.395 ns 2 3.430 ns
Pb 5 1587.300  0.00 2 3.979 0.05
Cu 5 2.931 ns 2 2.002 ns
Ni 5 4.894 0.02 2 2.032 ns
Zn 5 0.611 ns 2 3412 ns

Differences in Cu concentration in F. vesiculosus between
years were lower than those of other metals: at Ainazi by
1.9 times, at Saulkrasti by 2.9 times and at Mérsrags by 1.8
times. The differences in Cu level in F. vesiculosus at sta-
tions Ainazi, Saulkrasti and Mersrags were even lower —
by 1.1-2.1 times.

Considerable yearly differences in Ni level were observed
(ANOVA test, Table 3): the differences in Ni concentration
in F. vesiculosus (at AinaZi by twice, at Saulkrasti by twice
and at Mersrags by 1.8 times) were similar to those of Cu.
Differences in Ni level in F. vesiculosus between the sta-
tions (1.1-2.1) were also similar to those of Cu levels. In
2005 and 2007, there were no significant differences in Ni
levels between the stations.

Large yearly differences in Zn levels were observed only at
Ainazi (by 4.1 times), compared to those at Saulkrasti and
Mersrags (1.4 and 1.8 times, respectively).

Significant differences in Zn levels (4.2 times) between the
three stations occurred only in 1999. In the other years the
levels of Zn in F. vesiculosus showed small differences be-
tween the stations AinaZi, Saulkrasti and Meérsrags (1. 1-1.5
times).

Significant differences of Hg, Pb, Ni concentrations be-
tween years were observed in the macroalgae F. vesiculosus
(ANOVA test, Table 3). There were no significant differ-
ences of Hg, Cd, Cu, Ni, and Zn concentrations between the
sampling stations, only tendencies. The highest metal levels
in F. vesiculosus at the three stations occurred most often at
Saulkrasti — 43%, then at Ainazi — 31%, followed by
Mersrags — 26%.

DISCUSSION

In 1978, the following levels of metals were found in the
brown algae F. vesiculosus at Mersrags and Ragaciems
(Ceiicyma u mp., 1984): Cd 4.21-4.25, Cu 5.55-6.65, Pb
11.20-14.96, and Zn 110.55-193.55 mg/kg of dry weight.
About ten years later Estonian scientists ( Kukk et al., 1988)
observed much lower concentrations of metals in F.
vesiculosus at Ragaciems (Cd 2.40, Cu 5.42, Pb 0.40 mg/kg
of dry weight).
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In 1999, upon resuming systematic studies of metals in the
brown algae F. vesiculosus, we also observed a decline of
metal levels (Table 2), in comparison with those in previous
decades. In 1999, the highest levels of Hg, Pb, Cu, and Zn
in F. vesiculosus were found at Saulkrasti and the lowest at
Mersrags. At Saulkrasti the concentrations of these metals
in water and sediment were also higher than those at
Mersrags (Seisuma and Kulikova, 2000). In 1999, there was
a much higher difference among the levels of Hg, Cd, Pb,
Cu, Ni and Zn in brown algae of both stations than in 2005,
when the metal concentrations in water and sediment along
the whole coast of the Gulf of Riga were similar. For exam-
ple, in 1999, Cu concentration in waters at Mérsrags and
Saulkrasti ranged from 3.6-6.6 pg/l. In 2005, the range of
Cu levels in water was only 3.7 to 3.9 ug/l at both stations.
In 2001, the highest levels of Zn in F. vesiculosus and water
were found at Mersrags. Metals needed for development of
aquatic plants are absorbed from water and sediments.

The high levels of Hg, Cd, Cu, Ni and Zn in F. vesiculosus
at Ainazi in 2009 may indicate impact of nearby urban areas
(the ports Salacgriva and Kuivizi) and of the breakwater of
the old AinaZi port and three damping sites nearby.

To identify relationships between Hg, Cd, Pb, Cu, Ni, and
Zn concentrations in F. vesiculosus at sampling stations,
principal component analysis (PCA) using a correlation ma-
trix was performed. The Varimax method was used to rotate
initial factors and derive components that represented
groups of related variables and samples. Ainazi 2009 and
AinaZzi 2010, which had the highest concentrations of these
variables, had the highest positive loadings (1.937 and
1.183) on PCA component 1. On the opposite side of the
component, Mérsrags 2005 and Saulkrasti 2005 had the
highest negative scores (—1.33 and —1.22) (Fig. 2). There
was a positive correlation (P< 0.01) between Cd and Ni in
F. vesiculosus.
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Fig. 2. Principal Components Analysis axis scores for Ainazi, Saulkrasti
and Meérsrags stations. Data for F. vesiculosus (August/September 2005,
2009, 2010)
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Table 4

MEAN CONCENTRATION FACTORS (*103) EXPRESSED ON A DRY
AND WET WEIGHT (wt) BASIS FOR CU, NI AND ZN IN BROWN
ALGAE F. vesiculosus IN DIFFERENT STATIONS

Station, year Cu Ni Zn

dry wt | wet wt | dry wt | wet wt | dry wt | wet wt
Ainazi, 1999 0.74 0.20 2.58 0.69 3.43 0.92
Saulkrasti, 1999 1.71 0.45 6.51 1.70 12.25 3.19
Meérsrags, 1999 0.80 0.20 6.64 1.64 8.99 2.22
Ainazi, 2009 3.86 1.11 1540 442 9.51 2.73
Saulkrasti, 2009 2.95 0.37 5.51 0.69 1722 2.16
Meérsrags, 2009 2.90 0.78 8.03 2.16 7.51 2.03

H. R. Voigt (2007) determined mean concentrations of Cu,
Zn, Cd in F. vesiculosus at Tvaerminne, Finnish western
Gulf of Finland (1995-2005) to be: Cu — 4, Zn — 52, Cd -
0.65 mg/kg dry wt. These concentrations of Cu, Zn, and Cd
are close to those observed in our investigations (Table 2).

Concentration factors (CFs) were determined to assess the
bioaccumulation ability of the brown algae F. vesiculosus.
This was done by comparing the concentrations in algae and
water collected at the same sites and times. CF is the ratio
of metal concentration in the plant (ug/ kg dry or wet
weight) to the concentration of metal in seawater (ug/ 1).
CFs may be influenced by the passage of a contaminant
through the trophic chain. Concentration factors for Cu, Ni,
and Zn were observed to be 10° (Table 4). Brown algae F.
vesiculosus has the ability to accumulate metals to a level
thousand times more than in marine water. In this respect, it
is important to consider that macroalgae is also a food
source for invertebrate and fish. Similar observations have
been made for other macroalgae (Szefer, 1991; Akcali and
Kucuksezgin, 2011).

Based on our results and data from literature (Bryan and
Hummerstone, 1973, Sanchez-Rodriguez et al., 2001), we
can conclude that the capacity of macroalgae to accumulate
metals depends on a variety of factors, such as location,
temperature, salinity, light, pH, nitrogen availability, meta-
bolic processes and the affinity of the plant for each metal.
However, the two main factors affecting element levels in
aquatic plants most likely are the bioavailability of metals
in the surrounding water and the uptake capacity of the al-
gae.
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METALU KONCENTRACIU ILGTERMINA PETIJUMI BALTIJAS JURAS RIGAS LICA BRUNALGE Fucus vesiculosus

Petijumi veikti Rigas lica piekrastes zona tris stacijas (AinaZi, Saulkrasti, Mérsrags) no 1997. gada lidz 2010. gadam. Pétijumu mérkis bija
noteikt metalu (Hg, Cd, Pb, Cu, Ni, Zn) koncentraciju limeni Rigas lica domingjo$a makroalge F. vesiculosus dazadas stacijas un gados.
Briinalge tika ievakta augusta/septembri 3 m dziluma ar Gdenslidgja palidzibu. Metalu (Cd, Pb, Cu, Ni, Zn) koncentracijas noteiktas ar
atomabsorbcijas spectrometru VARIAN Spectra AA 880, Hg — ar FIMS (Perkin Elmer).

Metalu koncentracijas F. vesiculosus varié pa gadiem un stacijam, bet statistiski biitiskas atSkiribas ir tikai Hg, Pb un Ni koncentracijam
brina]gé pa gadiem. DaZos gados metalu koncentracijas F. vesiculosus ir vienadas visas trijas stacijas. Branalge F. vesiculosus var
akumulét metalus tuksto$ reizu lielakas koncentracijas, neka tas ir jiras fideni.
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