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ABSTRACT

The content of macroelements such as magnesium, calcium or phosphorus in tissues of aquatic
organisms is often used as an indicator of the quality of an aquatic environment. The aim of this
paper was to assess the content of magnesium, potassium, calcium and phosphorus in water and
in algae in selected bays of the Black Sea near Sevastopol. The samples of water and algae were
collected in August 2012 from eight bays of Sevastopol (Gatubaja, Kozacha, Kamyshova, Strie-
letska, Kruhla, Pishchana, Pivdenna, Sevastopol Bay). One sample was obtained from the open
sea near Fiolent. Cystoseira barbata and Ulva rigida algae were collected from the same sites.
The collected water was conserved in situ and, after being brought to a laboratory, it underwent
determinations of the content of magnesium, potassium, phosphorus and calcium. Laboratory
samples of the algae were subjected to mineralization in a closed system with the use of micro-
wave energy. The content of the elements in water and in digested algae samples was determi-
ned using the ICP-OES method. The magnesium content in water ranged between 461.6 and
638.9 mg Mg dm™, potassium between 332.8 and 457.6 mg K dm, phosphorus 0.072-0.143 mg
P dm?, and the calcium content was within the range from 209.5 to 288.6 mg Ca dm™. A higher
content of calcium and phosphorus was found in Cystoseira barbata, whereas a higher level of
magnesium was detected in Ulva rigida algae. No statistically significant correlation between
the content of the elements in water and in algae was observed. The content of the elements in
water decreased in the order Mg>K>Ca>P, whereas in algae the order was K>Ca>Mg>P. Despi-
te the differences in amounts of the accumulated elements in algae, there was a significant re-
lation between the content of individual elements in Cystoseira barbata and Ulva rigida, which
suggests that both species of algae are suitable for biomonitoring.

Keywords: Black Sea, water, Cystoseira barbata, Ulva rigida, macroelements, bioaccumulation.

dr hab inz. Anna Szelag-Sikora, Institute of Agricultural Engineering and Informatics, Uni-
versity of Agriculture in Krakow, Balicka 116 b, Krakow, Poland, e-mail: anna.szlag-sikora@
ur.krakow.pl



916

INTRODUCTION

Heavy industry, some segments of municipal management (e.g. handling
of municipal sewage) and agriculture are the main sources of pollution in the
Black Sea near Sevastopol. The release of considerable amounts of pollutants
into an aquatic environment has an invariably adverse impact on its indivi-
dual compartments. Xenobiotics can produce either direct, toxicological ef-
fects on living organisms or indirect ones, by interfering with the uptake and
metabolism of macroelements. The geostrategic situation in the Black Sea
basin is shaped by various factors. Water acidification is among the most
powerful anthropogenic effects on the marine environment. Acidification of
seawater, which can be observed worldwide, is considered to be one of the
most important causes of their degradation. Changes of the water acidifica-
tion level often result in a disordered ionic regulation system in living orga-
nisms (PEREz-cIL 2013). Due to their location and often highly dynamic deve-
lopment, coastal areas frequently struggle with the problem of the
management and treatment of both industrial and municipal sewage. A co-
astal zone 1s a specific site, where negative effects of urban development are
often aggrevated. Much has changed in the land use in the Black Sea region
over the last 50 years. The coastal zone is increasingly polluted due to the
progressing agricultural intensification, development of industries, power
generation, navigation and tourism (LanNcMEAD et al. 2009). The Black Sea
catchment area is very rich in natural resources and has a unique strategic
location between Central Asia, Europe and the Middle East. At the same
time, the region is constantly struggling with numerous problems, for instan-
ce the so-called “frozen” conflicts, or difficultes in protecting the natural
environment. Taking regional actions in the areas of environmental protec-
tion, energy, transportation or safety may have a beneficial influence on the
lives of citizens of the Black Sea countries and may improve their prosperity,
political stability and safety (the Black Sea synergy...). Monitoring of the
marine environment is of considerable importance in the development of an
environment protection policy and evaluation of the efficiency of ongoing ac-
tions. Sea algae are thought to be good indicator organisms because of their
high potential for the bioaccumulation of trace elements and a noticeable
influence of stressors on shaping of their chemical composition (BriTo et al.
2012). Assessment of the chemical composition of algae is also important
because numerous species of seaweeds are used as food (Qiu 2015).

The aim of this paper was to assess the content of magnesium, potas-
sium and calcium in water and in algae in selected bays of the Black Sea
near Sevastopol.
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MATERIAL AND METHODS

To reach the set goal, samples of water from 8 bays of Sevastopol as well
as one sample from the open sea near Fiolent were collected in August 2012.
The samples were drawn from the top layer of water (from the depth of
0-120 cm). Sample collection sites were selected so as to obtain representati-
ve samples for the whole bay. To this aim, data on water movement and flow
of sea currents were used. Samples were taken at a mid-depth profile of the
bay within the entire width of the bay from the sites of occurrence of algae.
The samples were collected from the following bays (geographical coordinates
of the depth profile of each bay): Galubaja (44°33'43” N 33°23'56" E),
Kozacha (44°34'46" N 33°24'33" E), Kamyshova (44°34'57" N 33°25'26" E),
Striletska (44°35'59” N 33°26'44.05" E), Kruhla (44°36'04" N 33°28'08" E),
Pishchana (44°06'06” N 33°28'58" E), Pivdenna (44°36'25" N 33°31'52" E),
and Sevastopol Bay (44°38'0” N 33°34'29"” E) as well as from the open sea in
the region of Fiolent (44°30'55"” N 33°27'11" E) — Figure 1.
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Fig. 1. Sampling sites

In order to ensure reliable research result, elements of biomonitoring
were included into the research. Hence, samples of Cystoseira barbata and
Ulva rigida algae were collected in the same sites. These species of algae are
common in the studied area. In addition, they can be found in the same ha-
bitats. Once collected, water was conserved by adding nitric acid in the amo-
unt of 2 cm? per each 100 cm?® water, then the samples were transported to a
laboratory. The algae were washed in distilled water, dried and homogeni-
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zed. Five laboratory samples of water and algae were collected from each
bay. The laboratory samples of algae were subjected to wet mineralization in
a closed system with the use of microwave energy. Anton Paar Multiwave
3000 microwave system was used for mineralization. Each analytical sample
contained approximately 0.5 g in terms of dry matter. The material was di-
gested in a mixture of HNO, and H,O,, in the 5:1, v/v ratio.The collected
water was conserved in situ and, after being brought to the laboratory, sub-
mitted to determinations of the content of magnesium, potassium, phospho-
rus and calcium. The collected algae were rinsed in distilled water, dried,
homogenized and mineralized. The content of elements in water and in dige-
sted algae samples was determined using the ICP-OES method, on an Opti-
ma 7600 DV apparatus manufactured by Perkin Elmer.

The wavelengths used to determine the concentrations of the elements
and limits of determination for the applied methods are presented in Table 1.

Table 1
Paremeters of the analytical method
P Wavelengths | Detection limit Content in ?ertlﬁed Measured Recovery
arameter (nm) (g dm?) material (e k) %)
(g kg

Mg 285.208 0.0016 2.72 2.904 106.8

P 213.617 0.076

Ca 317.933 0.01 27 28.33 104.9

Na 589.592 0.069 13.1 12.88 98.32

K 766.490 - 13.1 12.91 98.55

Certified reference material CRM 16-050 was used to check the correctness
of all analyses of the elements. Table 1 presents results of our analyses of
the reference material and an estimated value of recovery, based on the
analyses replicated four times. Concentrations of the elements in water and
algae were compared with the Tukey’s test. The difference in the content of
each element in the samples was evaluated at a significance level of p = 0.01.
Bioaccumulation coefficients were calculated for individual elements by divi-
ding the dry matter concentration of an element in algae by the content of
that element in water. Moreover, correlation coefficients between the content
of the elements in water and algae were calculated using the Pearson’s cor-
relation.

RESULT AND DISCUSSION

Assessment of the quality of the environment supported by bioindication
methods has great cognitive value as it provides information on the content
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of elements in individual, biotic parts of an ecosystem, which allows one to
estimate the actual effect of environmental pollution on living organisms.
Among bioindication methods for the marine environment assessment, solu-
tions which make use of algae are the most popular ones (Brito et al. 2012).
However, the use of algae as indicators of environmental pollution requires
selection of appropriate species, whose growth will not be inhibited by such
factors as changes in salinity, water temperature or velocity of tides (Luo,
Liuv 2011). For instance, Padina algae have a great capacity to accumulate
macroelements but are sensitive to changes in salinity, which considerably
limits their usability (CHAKRABORTY et al. 2014). This is of particular impor-
tance in zones of strong mixing of river and marine waters, particularly in
areas of considerable seasonal fluctuations of the flow of river waters. There
is another, practical aspect of using macroalgae as research material, name-
ly about 6 million tons of fresh biomass of sweaweed is grown for food and
industry ever year (NASER 2013).

Algae of the Ulva and Cystoseira genera are widespread organisms that
live in shallow marine waters and in estuaries. They are resistant to changes
in salinity and temperature, and also to an elevated content of xenobiotics in
water. Thus, they satisfy all the criteria set for organisms used in biomoni-
toring (MamBoya et al. 2009, Kravrsova et al. 2015). Disruption of an ecosys-
tem’s homeostasis caused by pollution, a change in environmental parame-
ters or an appearance of pathogens typically cause disorders in mineral
metabolism. Hence, the content of macroelements and microelements in tis-
sues of marine organisms is an important indicator of an ecosystem’s quality
(SANCHEZ-RODRIGUEZ et al. 2001, Besapa et al. 2009). Macroalgae are an im-
portant part of marine ecosystems. Through photosynthesis, they provide an
ecosystem with energy and oxygen, indispensable to all living organisms.
Through the roots grown in the bottom of a water body algae can absorb el-
ements bound in benthic sediments, which is important in the biogeochemi-
cal cycle of elements, particularly the ones which occur in trace amounts in
the marine environment (Horra-Puca et al. 2013). Moreover, algae that
spread in shallow coastal waters and in estuaries form an environment for
life and reproduction of many aquatic organisms; they are their food and
they buffer the intensity of waves.

The magnesium content in the water sampled from the Black Sea bays
ranged between 461.56 and 638.9 mg dm™, the potassium concentration var-
ied between 332.8 and 457.6 mg dm™, the phosphorus concentration was be-
tween 0.07 and 0.14 mg dm™, and calcium occurred at the concentration be-
tween 209.5 and 288.6 mg dm™ in the studied water samples (Table 2).
Differences in the content of the elements in water from the individual bays
were found to be insignificant. The least potassium, magnesium and calcium
was determined in the water collected from Sevastopol Bay, whereas the
least phosphorus was in the water collected in the open sea. Data on the
statistical significance of differences in the concentrations of the elements in
water from the bays are provided in Table 2. The chemical composition of



920

Table 2
Content of elements in water from bays (mg dm)

Sites of sampling Mg K Ca P
Gatubaja 598.7c 385.5b 273.9b 0.086a
Kazacha 564.7bc 412.5b 256.9ab 0.093a
Kamyshova 584.6bc 445.6bc 234.6a 0.102a
Kruhla 523.6b 399.5b 246.0ab 0.094a
Striletska 541.4b 432.5bc 221.7a 0.091a
Pishchana 529.8b 436.8bc 209.9a 0.121ab
Pivdenna 511.9ab 376.8b 211.2a 0.113ab
Sevastopolska 461.6a 332.8a 209.5a 0.143b
Open Sea near Fiolent 638.9¢ 457.6¢ 288.6b 0.072a

Different letters beside the mean values indicate statistically significant differences among
the samples from different bays at a significance level of p = 0.01.

seawater from coastal areas depends on the effect of water and sewage that
flow off the land and by the intensity of the mixing of coastal water with
open sea water (CHAKRABORTY et al. 2014), which explains the differences in
the chemical composition determined in the current study. The highest phos-
phorus content was found in the water from Sevastopol Bay, exposed to a
high level of human impact. The macroelement contents determined in this
research were at a level detected in seawater from different regions of the
world (CuLkiN, Cox 1966). The ecosystem’s properties linked to the geograph-
ical and climatic conditions are similar in all the examined bays (KuzmiNova
et al. 2014). Therefore, the detected differences in the content of the macro-
elements in algae are most probably a result of the diverse strength of hu-
man impact.

The mean magnesium content in the studied Cystozeira barbata algae
was 5.485 g kgt DM and varied from 4.698 to 6.259 g Mg kg'! DM (Table 3).
The average amount of magnesium in Ulva rigida algae was approximately
70% higher and reached 9.348 g Mg kg! DM. The magnesium content in
these algae varied from 8.567 to 11.20 g Mg kg'!. The highest amount of
magnesium was observed in algae of both species collected from Kamyshova
Bay. Calcium is an element whose content in marine algae may change un-
der the influence of stressors, and it is often used as an indicator of environ-
mental quality (SANCHEzZ-RODRIGUEZ et al. 2001). This study showed a signifi-
cant difference in the content of this element depending on the genus of
seaweeds. The mean calcium content in Ulva rigida algae was 8.012 g Ca
kg' DM, whereas the average amount of calcium in Cystoseira barbata algae
was 15.34 g Ca kg'. Most of this element was observed in samples from
Striletska Bay (Table 3). Algae from Sevastopol Bay contained the least cal-
cium. The calcium concentration in Ulva rigida was within the range from
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Table 3
Content of elements in algae (g kg?)
Cystoseira barbata Ulva rigida
Sites of sampling
Mg K Ca P Mg K Ca P

Gatlubaja 4.798a | 43.46 | 10.73a | 0.807b | 9.595b | 15.77b | 4.343a | 0.657c¢
Kazacha 5.871c | 25.61b | 13.41bc| 0.806b | 9.727b | 11.36a | 7.360b | 0.633bc
Kamyshova 6.259d | 53.22d | 19.50d | 0.874b | 11.12¢ | 12.51a | 7.833b | 0.679c¢
Kruhla 5.792bc| 50.68d | 12.09b | 0.522a [9.060ab| 19.81c | 7.708b | 0.509b
Striletska 5.779bc | 43.76cd | 24.83e | 0.474a | 8.567a | 19.04c | 11.88d | 0.385a
Pishchana 4.698a | 35.83¢ | 17.94d | 0.503a | 8.968a | 13.51a | 11.02d | 0.381a
Pivdenna 5.394b | 19.91a |15.71cd|0.625ab| 9.5106 | 12.51a | 7.204b | 0.526b
Sevastopolska 5.563b | 38.75¢ | 9.026a | 1.244c | 8.777a | 23.66¢ | 6.468b | 0.635bc
Open Sea near Fiolent | 5.212b | 38.68¢c | 15.10cd | 0.503a | 8.804a | 20.16d | 8.296¢ | 0.411a

Different letters beside the mean values indicate statistically significant differences among the
samples from different bays at a significance level of p = 0.01.

4.343 to 11.88 g Ca kg! DM (Table 3). The least of this element was found in
algae from Galubaja Bay, and the highest leevl was determined in in algae
from Striletska and Pishchana bays. SANCHEZ-RODRIGUEZ et al. (2001) reported
that the calcium content in different algae species from Loreto Bay in Mexico
was between 10 and 54 g Ca kg'! DM. These authors found considerable dif-
ferences in the content of this element in algae of individual species depend-
ing on the habitat. Analogously to our results, the cited authors observed a
higher calcium content in brown algae than in green ones. Like calcium,
significantly more potassium was found in Cystoseira barbata algae, in which
the mean content of this element was 38.88 g K kg DM. The mean potassium
content in Ulva rigida algae was 16.48 g K kg DM. The potassium content
in Cystoseira barbata algae varied from 19.91 to 53.22 g K kg DM (Table 3).
Cystoseira barbata collected in Kamyshowa and Kruhla bays accumulated
the greatest amounts of this element, whereas in the case of Ulva rigida the
highest content of potassium was in the samples collected in Sevastopol Bay
(Table 3). Potassium plays a special role in marine macroalgae, and its con-
tent in these organisms is used as an indicator of one of the most important
parameters of the aquatic environment quality, i.e. the salinity level
(ToucHETTE 2007). Next to eutrophication, pollution by heavy metals and by
organic compounds, a change in water salinity is a major factor that causes
degradation of macroalgae communities on many marine areas (RUDNICK et
al. 2005). Disorder of processes associated with osmoregulation is the conse-
quence of changes in the amount of salts (particularly sodium) dissolved in
water. A change in the potassium content in plant cells is an immediate ef-
fect of this disorder. Under osmotic stress, a decrease in the potassium con-
tent in plant tissues is usually observed, which is widely believed to be a
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sensitive indicator of the marine environment quality, particularly in coastal
areas and within estuaries (CARPANETO et al. 2004). The natural potassium
content in marine algae varies from 30 to 115 g P kg! DM. Bushy algae
(ToucHETTE 2007) contain significantly more potassium. The phosphorus con-
tent in the studied algae showed the highest diversity among the sample
collection sites. The mean phosphorus content in Ulva rigida algae was
0.534 g P kgt DM and varied within a range from 0.381 to 0.679 g P kg DM
(Table 3). Cystoseira barbata algae, in which the mean content of this ele-
ment was 0.706 g P kg DM, contained on average approximately 25% more
of this element. The highest content of this element in both species of algae
was found in Sevastopol, Gatubaja, Kozacha and Kamyshova bays, whereas
the least phosphorus was found in the samples collected in Striletska and
Pishchana bays (Table 3).

Owing to their chemical, physical and biological properties as well as a
great capacity for reproduction, algae are widely used in various spheres of
human activities. They are valuable raw material for the manufacture of
medicines, cosmetics or food. In many regions of the world algae are used as
animal fodder, fertilizers and raw material in industry (LATIQUE et al. 2013,
PauL, SHEEBA 2014). In addition to their antiseptic properties, the unique
value of marine algae is associated with a high content of protein character-
ized by a beneficial amino acid, vitamin and micro- and macroelement com-
position (AGUILERA-MORALES et al. 2005). Marine macroalgae have a high ca-
pacity to accumulate potassium, therefore using them as fodder or fertilizer
may constitute an unconventional source of this element. YAMASHITA et al.
(2009) discovered that the value of the bioaccumulation coefficient for potas-
sium in Ulvae algae from the Yokohama region was approximately 20, which
is slightly lower than calculated in our research. The content of calcium and
magnesium in Ulva rigida algae from the region of Hare Island in India was
50.08 mg Ca kg'and 31.72 mg Mg kg, respectively (PAuL and SHEEBA 2014).
In terms of dry matter, these results yield values close to ours. ZBIKOWSKI et
al. (2007) report the macroelement content in Cladophora from Gdansk Bay
in the amounts of 3.9 g Ca kg!, 15 g Mg kg, and 38 g K kg!. The calcium,
magnesium and potassium content in thalli of Cystoseira barbata (brown
algae) collected in three places in the region of Sevastopol was between 6.1
and 6.9 g Mg kg'!, between 12.4 and 22.6 g Ca kg, between 30.8 and 62.0 g
K kgt (Kravrsova et al. 2014). These authors obtained results comparable to
ours. Moreover, they found a significant impact of the place and season on
the chemistry of thalli of these algae.

For many years, the region of Sevastopol has been exposed to a high
level of human impact associated with dynamic urbanization. The heavy in-
dustry sector, certain elements of municipal management, e.g. the handling
of municipal sewage, and agriculture are the main sources of pollution of the
Black Sea near Sevastopol. The release of considerable amounts of pollutants
into an aquatic environment has a negative effect on its individual compart-
ments. Xenobiotics can produce either direct, toxicological effects on living
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organisms or indirect ones, by interfering with the uptake and metabolism of
macroelements. The content of macroelements such as magnesium, calcium
or phosphorus in tissues of aquatic organisms is often used as an indicator of
the quality of an aquatic environment. Literature indicates a considerable
impact of the chemical composition of water on shaping the content of ele-
ments in algae (Ostapczuk et al. 1997, MaLea, Haritonipis 2000, RoDRi-
GUEZ-FIGUEROA et al. 2009). No statistically significant correlation between the
content of the elements in the water and algae thalli was observed in the
current research. Other authors confirm that changes in the macroelement
content in algae can be observed in a marine environment polluted by heavy
metals, radioactive elements or organic compounds (RUPERE et al. 2002, CAR-
PANETO et al. 2004). CETINGUL et al. (1997) discovered that the content of cal-
cium and magnesium in the algae from a polluted area near Izmir in Turkey
was several times lower than in the same organisms from unpolluted areas.
Compared to the content of the studied macroelements in the algae collected
from areas near Fiolent, which had the lowest human impact factor and lim-
ited influence of the mainland, samples from most of the bays showed a low-
er potassium and calcium content in both species of algae. The magnesium
content in the algae collected in the open sea were the same or higher than
in the samples collected in the bays. The majority of algae samples from the
research sites located in the bays had a higher phosphorus content than the
algae from the open sea. In order to determine the possibility of binding the
elements in algae organisms, bioaccumulation coefficients for magnesium,
potassium, calcium and phosphorus were calculated. The value of the bioac-
cumulation coefficient for magnesium ranged between 8.015 and 19.02 (Table 4).
The highest value of this parameter was found in the algae from Sevastopol
Bay, whereas the lowest bioaccumulation coefficient for magnesium was ob-
served in the samples collected from the open sea. The highest value of the
bioaccumulation coefficient for potassium in Cystoseirabarbata algae was

Table 4
Bioaccumulation coefficient in algae
Cystoseira barbata Ulva rigida
Sites of sampling
Mg K Ca P Mg K Ca P
Galubaja 8.015 | 112.73 | 39.18 | 9385 | 16.03 | 40.90 | 15.85 | 7636
Kazacha 10.40 | 62.08 | 52.21 | 8671 | 17.22 | 27.54 | 28.65 | 6810
Kamyshova 10.71 | 119.43 | 83.13 | 8572 | 19.02 | 28.07 | 33.40 | 6655
Kruhla 11.06 | 126.87 | 49.13 | 5555 | 17.30 | 49.58 | 31.34 | 5415
Striletska 10.67 | 101.18 | 112.0 | 5205 | 15.82 | 44.03 | 53.57 | 4230
Pishchana 8.868 | 82.02 | 85.49 | 4156 | 16.93 | 30.94 | 52.52 | 3145
Pivdenna 10.54 | 52.84 | 74.36 5529 18.58 | 33.20 | 34.11 4653
Sevastopolska 12.05 | 116.44 | 43.08 8700 19.02 71.09 | 30.87 4441
Open Sea near Fiolent | 8.157 | 84.54 | 52.33 6983 13.78 | 44.05 | 28.75 5705
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observed in the samples collected from Kruhla Bay, whereas the highest val-
ue of this parameter for calcium was found in the algae collected in
Kamyshova Bay (Table 4). In the case of Ulva rigida algae, the highest val-
ues of the bioaccumulation coefficient for potassium and calcium was found
in the algae from Sevastopol and Striletska bays, respectively. The highest
value of the bioaccumulation coefficient for phosphorus in both of the algae
studied was found in the samples from Gatubaja Bay. The biggest differences
in the values of the bioaccumulation coefficient between samples from indi-
vidual collection sites were found in the case of calcium and potassium. The
results of our research suggest considerable differences in the content of the
elements as well as differences in the value of bioaccumulation coefficients in
algae samples from individual collection sites. However, data analysis indi-
cates a significant relationship between the content of individual elements in
Cystoseira barbata and Ulva rigida algae, which suggests that both species
of algae are suitable for biomonitoring.

CONCLUSIONS

1. The content of the macroelements determined in water samples sho-
wed considerable diversity depending on a sample collection site. A high
content of magnesium, calcium and potassium, as well as a low phosphorus
concentration were found in the water collected from the open sea.

2. Large differences in the content of the elements in individual bays of
the Black Sea near Sevastopol were found, which indicates the occurrences
of stressors in the research regions.

3. A higher content of magnesium, calcium and phosphorus was found in
Cystoseira barbata algae, whereas a higher content of magnesium was detec-
ted in Ulva rigida algae.

4. No statistically significant correlation between the content of the ele-
ments in the water and in the algae was observed.

5. The content of the elements in the water decreased in the order
Mg >K> Ca >P, whereas in the algae the order was K>Ca>Mg>P.

6. Despite the differences in amounts of accumulated elements in the
algae, a significant relationship between the content of individual elements
in Cystoseira barbata and Ulva rigida algae was found, which suggests that
both species of algae are suitable for biomonitoring.

REFERENCES

AcurLERA-MoORALES M., Casas-VALDEZ M., CARRILLO-DOMINGUEZ S., GONZALEZ-Acosta B. PEREZ-GIL
F. 2005. Chemical composition and microbiological assays of marine algae Enteromorpha
spp. as a potential food source. J. Food Compos. Anal., 18(1): 79-88. DOI: 10.1016/j.
jfca.2003.12.012



925

BEesapa V., ANDRADE J.M., ScHULTZE F., GoNzALEZ J.J. 2009. Heavy metals in edible seaweeds
commercialised for human consumption. J. Marine Syst., 75(1-2): 305-313. DOI: 10.1016/5.
jmarsys.2008.10.010

Black Sea synergy — a new regional cooperation initiative. Commision of the European Commu-
nities, Brussels. 11-04-2007 Com (2007), 160 pp. 13. http://www.enpi-info.eu/library/
content/black-sea-synergy-%E2%80%93-new-regional-cooperation-initiative

Brito G.B. DeESouza T.L., Bressy F.C., Moura C.W.N., Kor~n M.G.A. 2012. Levels and spatial
distribution of trace elements in macroalgae species from the Todosos Santos Bay, Bahia,
Brazil. Mar. Pollut. Bull., 64(10): 2238-2244. DOI: 10.1016/j.marpolbul.2012.06.022

CARPANETO A., Naso A., PacaneTTO A., COoRNARA L., PESCE E.-R., GaMBALE F. 2004. Properties of
ion channels in the protoplasts of the Mediterranean seagrass Posidonia oceanic. Plant Cell.
Environ., 27: 279-292. DOI: 10.1111/5.1365-3040.2003.01139.x/full

CeriNaULV., AvseL V., KuruMLU-KuraN Y. 1997. Biochemical studies on Scytosiphonsim licissi-
mus (Clemente) Cremades (Phaeophytas cytosiphonales).Turk. J. Mar. Sci., 3: 33-40.

CHAKRABORTY S., BHATTACHARYA T., SINGH G., MAITY J.P. 2014. Benthic macroalgae as biological
indicators of heavy metal pollution in the marine environments: A biomonitoring approach
for pollution assessment. Ecotox. Environ. Safe., 100: 61-68. DOI: 10.1016/j.ecoenv.2013.12.003

CurkiN F., Cox R.A. 1966. Sodium, potassium, magnesium, calcium and strontium in seawater.
Deep-Sea Res., 13: 789-804.

Horta-Puca G., CHAZARO-OLVERA S., WINFIELD I., AviLa-RoMERO M., MoRENO-RaMIREZ M. 2013.
Cadmium, copper and lead in macroalgae from the Veracruz Reef System, Gulf of Mexico:
Spatial distribution and rainy season variability. Mar. Pollut. Bull., 68(1-2): 127-133.
DOI: 10.1016/j.marpolbul.2012.12.008

Kravrsova A. MiLcHAKOVA N., FrRoNTASYEVA M. 2014. Elemental accumulation in the Black Sea
brown algae Cystoseira studied by neutron activation analysis. Ecol. Chem. Eng. S., 21(1):
9-23. DOI: 10.2478/eces-2014-0001

Kravrsova A.V, MiLcHakova N.A., FroNTasYEVA M.V. 2015. Levels, spatial variation and com-
partmentalization of trace elements in brown algae Cystoseira from marine protected areas
of Crimea (Black Sea). Mar. Pollut. Bull., Available online 13 March 2015 In Press, Cor-
rected Proof. DOI: 10.1016/j.marpolbul.2015.02.040

Kuzminova N., Dorokova 1., Rupneva 1. 2014. Age-Dependent Changes of Mediterranean Tra-
churus mediterraneus Male and Female from Coastal Waters of Sevastopol (Black Sea,
Ukraine). Turk. J. Fish Aquat. Sci., 14: 183-192. DOI: 10.4194/1303-2712-v14_1_20

LaNGMEAD O., McQUATTERS-GoLLoP A., MEE L.D., FriEDRICH J., GILBERT A.J., Gomoru M-T., Jack-
soN E.L., KNUDSEN S., MiNICHEVA G., Toporova V. 2009. Recovery or decline of the northwest-
ern Black Sea: A societal choice revealed by socio-ecological modeling. Ecol. Model., 220(21):
2927-2939. DOI: 10.1016/j.ecolmodel.2008.09.011

Latique S., CHERNANE H., Mansorr M., El Kaoua M. 2013. Seaweed liquid fertilizer effect on
physiological and biochemical parameters of bean plant (Phaesolus vulgaris var. Paulista)
under hydroponic system. Eur. Sci. J., 9(30): 174-191

Luo M.B., Liu F. 2011. Salinity-induced oxidative stress and regulation of antioxidant defense
system in the marine macroalga Ulvae prolifera. J. Exp. Mar. Biol. Ecol., 409(1-2): 223-228.
DOI: 10.1016/j.jembe.2 011.08.023

MaLea P., Haritonipis S. 2000. Use of the green alga Ulva rigida C. Agardh as an indicator spe-
cies to reassess metal pollution in the Thermaikos Gulf, Greece, after 13 years. J. Appl. Phy-
col., 12(2): 169-176. DOI: 10.1023/A:1008136320459

MawmBova F., Livivo T.J., LanpBerc T., BJorg M. 2009. Influence of combined changes in salinity
and copper modulation on growth and copper uptake in the tropical green macroalga Ulvae
reticulate. Estuar. Coast. Shelf S., 84(3): 326-330. DOI: 10.1016/j.ecss.2009.03.034

Naser H.A. 2013. Assessment and management of heavy metal pollution in the marine environ-
ment of the Arabian Gulf: A review. Mar. Pollut. Bull., 72(1): 6-13. DOI: 10.1016/j.marpolbul.
2013.04.030



926

Osrarczuk P., Burow M., May K., MoHL C., FrRoNING M., SussenBacH B., WaibManN E., Emons H.
1997. Mussels and algae as bioindicators for long-term tendencies of element pollution in
marine ecosystems. Chemosphere, 34(9-10): 2049-2058. DOI: 10.1016/S0045-6535(97)00067-2

PauL J., SHEEBA M. 2014. Atomic absorption spectroscopic determination and comparison of
some mineral elements in Ulva rigida C. AG. from Hare island, Thoothukudi Tamil Nadu,
India. World J. Pharm. Res.., 3(4): 785-795. DOI: isindexing.com/isi/papers/1416561952.pdf

Quu Y-W. 2015. Bioaccumulation of heavy metals both in wild and mariculture food chains in Daya
Bay, South China. Estuar. Coast. Shelf. S., 163B(20): 7-14. DOI: 10.1016/j.ecss.2015.05.036

RobpricuEz-FicuEroa G.M., SHUMILIN E., SANCHEZ-RoDRIGUEZ 1. 2009. Heavy metal pollution moni-
toring using the brown seaweed Padina durvillaei in the coastal zone of the Santa Rosalia
mining region. Baja California Peninsula Mexico. J. Appl. Phycol., 21: 19-26. DOI: 10.1007/
s/10811-008-9346-0

Rupnick D.T., OrtnER P.B., BRowDER J.A., Davis S.M. A. 2005. Conceptual ecological model of
Florida Bay. Wetlands, 25(4): 870-883. DOI: 10.1672/0277-5212(2005)025[0870:ACE-
MOF]2.0.CO;2

RupEre P. 2002. Mineral content of edible marine seaweeds. Food Chem., 79: 23-26. DOI:
10.1016/S0308-8146(02)00171-1

SANcHEzZ-RoDRiGUEZ 1., HUERTA-Di1az M.A., CHOUMILINE E., HoLGUIN-QUINONES O., ZER-
TUCHE-GONZALEZ J.A. 2001. Elemental concentrations in different species of seaweeds from
Loreto Bay, Baja California Sur, Mexico: implications for the geochemical control of metals
in algal tissue. Environ. Pollut., 114(2): 145-160. DOI: 10.1016/S0269-7491(00)00223-2

ToucHeTTE B.W. 2007. Seagrass-salinity interactions: Physiological mechanisms used by sub-
mersed marine angiosperms for a life at sea. J. Exp. Mar. Biol. Ecol., 350(1-2): 194-215.
DOI: 10.1016/j.jembe.2007.05.037

YamasHITA M., Tomita-Yokotant K., Hasuimoro H., Sawaki N., Noroya M. 2009. Sodium and po-
tassium uptake of Ulva — Application of marine macro-algae for space agriculture. Adv.
Space Res., 43(8): 1220-122. DOI: 10.1016/j.asr.2009.02.004

Yamasuita M, Tomrra-Yokorant K., Hasammoro H., Sawakr N., Notova M. 2009. Sodium and po-
tassium uptake of Ulva — Application of marine macro-algae for space agriculture. Adv.
Space Res., 43(8): 1220-122. DOI: 10.1016/j.asr.2009.02.004

ZBIKOWSKI R., SzEFER P., Latara A. 2007. Comparison of green algae Cladophora sp. and Entero-
morpha sp. as potential biomonitors of chemical elements in the southern Baltic. Sci. Total
Environ., 387(1-3): 320-332. DOI: 10.1016/j.scitotenv.2007.07.017



