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Abstract:

The present study evaluated the concentrations of Mn, Cd, Zn, Cu, Fe, Ni and Pb in
marine algae (Phaeophyta) within the Zonguldak coasts (Turkey) ,In this study, we
collected the samples of Marine alga from two stations on Zonguldak Coasts (Turkey),
the start of the study was autumn 2017 and also the end was summer 2018 , we selected
study area depending on differences within the eco-system between stations ,for each
station have individual factors which contribute to extend the pollution , the stations was
distributed for 2 areas , first area near by the port and the movement of ships, another
area far the port and the movement of ships about 8km, the results showed that there
were no significant differences between the seasons in all the studied elements , where
the value of the observed level of significance was (p<0.05), through the results we find
there were significant differences between the two sites in all the studied elements. In
general, the results showed a variation in heavy metal concentrations during all seasons,
the study have shown concentrations of heavy metals all stations and seasons are
within the order of Fe > Cu > Mn > Zn> Ni> Pb >Cd , Finally, we recommend should
be carried pollution studies out at regular intervals and reported routinely.
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Introduction:

The pollution by heavy metals in marine ecosystems has been a world-wide problem
within the last decades. The Black Sea ecosystem and ecological status has been
damaged mainly as a result of chemical pollution(Strezov, A. 2012),Pollution of the
Black Sea by chemicals such as heavy metals has been recognized as one of the major
factors threat to the survival of biota especially benthic invertebrates (Bat, 2005; Bat
and Avrici, 2018), the Black Sea is the most important natural resource for biodiversity in
Turkey (Bat et al., 2011) It still continuous the main source of fish and other seafood in
the country for a long time. However, the Black Sea was subjected to a drastic pollution
during the last few decades due to industrial, agricultural and sewage effluents and
runoffs from major rivers along their coasts (Bat et al., 2018), Landlocked countries try
to protect the marine ecosystem as much as possible and developed international laws to
protect the sea. Toxicokinetics of heavy metals in the marine environment was a major
concern because they pose a potential risk to flora and fauna species including humans
through the food chain (Boran and Altinok,2010), its threat is potentiated by not
existing chemically or biologically decomposed, once released metals can stay in the
environment for hundreds of years, and therefore, they are accumulated into aquatic
organisms (Norefia, 2012). some aquatic organisms have become increasingly used in
the assessment of contamination, as bioindicators. Algae and molluscs are among the
organisms most used for this purpose (Villares et al., 2002; Simon et al., 2008; Lavoiel
et al., 2009; Topcuoglu et al., 2010; Rajfur et al., 2010) The adsorption capacity of the
algae is directly related to the presence of these sites on the alginate polymer, which
itself comprises a significant component (up to 40% of the dry weight). lon-exchange is
another important concept in biosorption by brown algae (Davis, 2003; Buffle et al.,
2009; Akcali and Kucuksezgin, 2011). The main advantage of bio-monitoring approach
using marine organisms compared to direct measurement in water or sediment is to
provide a direct and timeintegrated assessment of the metal fraction that is actually
available to the organisms (Coteur et al., 2003; Danis et al., 2004; Metian et al., 2008).

Study area:

The Black Sea is the world’s largest interior body of water that is globally
recognized for its pollution. Approximately, a third of the European continental land
infiltrates into it and the Black Sea environment has experienced deterioration from the
refuse from around 17 countries (Bat, et al 2009), Zonguldak is a coastal city located in
the western Black Sea region of Turkey at latitudes 41°-27' N and longitudes 31°-49' E
(Tecer, 2007).
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Fig. 1.Site 1
Sampling methods:

Algal samples were collected from two stations on Zonguldak Coasts (Turkey) using
five liter polyethylene acid-washed bottles , Algal samples were collected during four
seasons The samples were transferred to the laboratory in refrigerated box where they
were cleaned with distilled water and identified according to previously reported
protocols (Basson, 1979; Basson et al., 1989).

Analytical methods:

Heavy metal analyses were performed in Kastamonu University Central Research
Laboratory. For brown algae samples, 0.5g of each sample was taken and HNO3 and
H202 were added. The samples were then dried under a pressure of 200°C and 45 bar
for 15 minutes and then cooled to room temperature. After cooling, the samples were
added to ultra-pure water and the readings were performed in ICP-OES (SpectroBlue).
The ICP-OES device used performs three readings for each heavy metal and yields in
ppb. There is a dilution factor 200 for all samples. Therefore, the results obtained were
multiplied by 200 and all results were divided by 1000 and converted to ppm.

Statistical Analysis:

For statistical analysis, we used t-test and monomeric variance analysis one way
ANOVA, all statistical analyses were performed with SPSS version for windows
between heavy metals.

Table. 1. Comparison between Cu (ppm) in the two study areas.

Fig.2. Site2
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Fig 3. Averages Cu (ppm) with the standard error in the study areas.
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Table 2. Comparison between Cd (ppm) in the two study areas.

Site | samples | Mean | Std. Deviation |Std. Error Mean | P-vahie| Differences

1 12 | .7659 20002 05774 There i< a
0.000

2 12 3972 05072 01464 difference
1.004

- 0,850

]

Eﬂ.ﬁl}-

-

L]

5

-E 0.404

-
03

Sir-2

Sit-1
Site

Fig 4. Averages Cd (ppm) with the standard error in the study areas.

Table.3. Comparison between Pb (ppm) in the two study areas.

Site | samples|  Mean | Std. Deviation|5td. Error Mean | P-value| Differences

1] 12 |47729| 123504 35653 There §
0.000| oeER

2 12 (27292 17801 05139

e D I T |
8 8 8 8 8 8

Mean Ph (ppm)

—

0,00

Sit-2
Site
Fig 5. Averages Pb (ppm) with the standard error in the study areas.
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Table 4. Comparison between Ni (ppm) in the two study areas.

Site |samples| Mean [Std Deviation | 5td. Error Mean | P-vahie | Differences

1 12 |10.1527 1.86946 53967 There is a
difference

12 2.7505 67404 .19458 0.000

¥}

5.00 1

.00 1

2.004

Sir-1 Sit-2
Site

Fig 6. Averages Ni (ppm) with the standard error in the study areas.

Table 5. Comparison between Mn (ppm) in the two study areas.

Site |samples| Mean | 5td. Deviation|Std. Error Mean | P-value | Differences
1| 12 [403125| 1683732 3.86052 There is
0.000 | .,
2 | 12 [16.1084| 279990 80826 difference
50,00

E 40.00
5 30,00

ﬁ 20,00

10.00

0.00 4

Sit-1 Sit-2
Site

Fig.7. Averages Mn (ppm) with the standard error in the study areas.
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Table.6. Comparison between Fe (ppm) in the two study areas.

Site |samples| Mean |Std. Deviation|Std. Error Mean| P-vahie | Differences
1 12 535.4120| 251.77557 T2 68135 oy isa
0,000
2 12 [111.7407] 27.77504 £.01796 difference
S00.00
E-tmn-u—
5400
=
=2
o 200.00
-
Sir-1 Sie-2

Site

Fig 8. Averages Fe (ppm) with the standard error in the study areas.

Table.7. Comparison between Zn (ppm) in the two study areas.

Site |samples| Mean |Std. Deviation|Std. Error Mean|P-value | Differences
1 12 |16.3605| 245755 T0943 :
0.000 T?ufe isa
2 12 |11.1750| 1.26439 36500 difference
20,0014

15.004

Mean Zn (ppm)

5.004

Sit-1 Sit.2
Site

Fig 9. Averages Zn (ppm) with the standard error in the study areas.

147

2020 (1) sant Js$) s Laplpily ppelt oLadt Lna



Assessment of some heavy metals pollution in Marine Brown Algae_{l 42-1 54)

Table. 8 . Comparison between the of Cu (ppm) in the seasons.

seasons [samples | Mean |Std Deviation| Std. Ervor Mean| P-value| Differences
autumn | 6 |16.0277| 5.43117 2.21727 There is not a
winter 6 15.5154| 5.20326 2.12422 0.896 | Sfference
SPTINg 6 16.0348| 5.41257 2.20967
SINTITET 6 17.8126 6.02100 2.45806
25004
-E 20,004
S 15.004
=
s
= 10,004
5.004
000
autumn WAnEr SPRNE SUmmer
Season

Fig.10 . Averages with the standard error of Cu (ppm) in the seasons.

Table. 9. Comparison between the of Cd(ppm) in the seasons.

seasons |samples| Mean |Std Deviation| Std. Error Mean | P-value| Differences
AT ] ATe2 01694 00692
winter | 6 |.6446 .27775 .11339 0.403 |Thereis nota
spring | 6 |.5235 .20200 08247 difference
SUHTHTIET & .BE19 32306 .13189
1.00
- 080 -1
E 0,50
= 0.40
0.20
0,00 _—
autumr wanter sprmng SUmmer
Season

Fig 11. Averages with the standard error of Cd (ppm) in the seasons.
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Table10. Comparison between the of Pb (ppm) in the seasons.

seasons| samples| Mean [Std. Deviation |Std. Error Mean|Pvalue| Differences
AN & 31009 18002 0T349
winter ] 36074 1.05696 A3150 0,274 | There is not a
spring 4] 36695 1.1700% ATT69 differenoe
SLHNIMET & 4. 6264 2.11172 B6210
.00 4
3,004
El
B3 4.001
=
3,00
R
-
200
1.004
0,001
aubumn winter spong SurmMmeT
Season

Fig.12 . Averages with the standard error of Pb (ppm) in the seasons.

Table.11. Comparison between the of Ni (ppm) in the seasons.

seasons [samples| Mean |Std Deviation|Std. Error Mean|P-value | Differences
autmrn | 6 54554 2.08973 85313
winter | 6 |6.5165] 361793 147701 | gp3 |Thereisnota
spring | 6 | 6.8608| 524349 2.14065 difference
cummer| 6 |69737] 526025 215116
10,00
E §.00+
E 6,001
g
= 400
200
0.00-

Fig.13. Averages with the standard error of Ni (ppm) in the seasons.
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Table12 . Comparison between the of Mn (ppm) in the seasons.

seasons |samples| Mean |Std Deviation|Std. Error Mean|P-vahie| Differences
auturmnn 6 16,9255 3.88E873 1.58757
winter 0 |32.8099] 1856017 757716 .
spring | 6 |28.9254] 1549554 632603 | 0.297 |Thereisnota
summer| 6 |34.1811] 2286121 933305 diffezence
50,00
40,00 _'|_
|
é 20,00
"]
]
=
10.004
0,00 :
autumn winter SPrng SLERMEr
Season

Fig14. Averages with the standard error of Mn (ppm) in the seasons.

Table.13. Comparison between the of Fe (ppm) in the seasons.

seasons [samples| Mean |Std. Deviation|Std. Error Mean|P-value| Differences
autumn 6 |173.1677| 54220350 22.13914
winter | 6 [3319910] 26355139 | 107.59440 0.288 There is not a
Spring 6 [302.1619| 16759244 68 41933 . difference
summer [ 6 [486.9848| 44299132 180.85045
600,00
B
B4m.m-
[t
=
s
= 200,00
0.004

winter sprng
Season

Fig.15_ Averages with the standard error of Fe (ppm) in the seasons.
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Table.14. Comparison between the of Zn (ppm) in the seasons.

seazons |samples| Mean [Std. Deviabon|5td. Error Mean |Povalue| Differences
authumn & 06727 16478 12.2332
winter | 6 |1.78811| 437997 134520 | 0-523 Thereisnota
spring & 1.73673| 4.25409 13,4640 difference
surmmer 6 1.05408| 2.58195 14.9219
20.00

Mean IJ (ppm) ~
g 8

g

0.00

Season

Fig 16. Averages with the standard error of Zn (ppm) in the seasons.

Results and Discussion:

Tables (1, 2,3, 4, 5,6 and 7) describe measures of the two study areas by making a
comparison between heavy metals Mn, Cd, Zn, Cu, Fe, Ni and Pb by means of the t-
test of the two independent samples , through the results presented in the tables we find
there were significant differences between the two sites in all the studied elements,
where the value of the observed significance level (0.000) was less than 0.05 , the
results have shown the concentrations of heavy metals in Site 1 higher than that of Site
2 the reason may be that Site 1 is so nearby to the port and the ship traffic,where these
results are in agreement with the study by( Dobaradaran et al.,2018) where showed that
ballast water has the long-term possibility to change the chemical quality in marine
environments and may also affect the marine ecosystem as ships discharge ballast water
in sea. Samples results at all stations and seasons within the order of Fe> Cu> Mn> Zn>
Ni> Pb> Cd, the highest Fe concentration (897.35 ppm) at Site 1 and the lowest
concentration(82.1824 ppm) at Site 2, the most Samples have showen Accumulation
of Fe was high in which might be due to high rates of photosynthesis in coastes or Iron
element is absorbed by plankton and marine plants for use in biological processes
(Chakraborty et al.,2014) (Morrissey and Bowler, 2012). tables (8, 9,10, 11, 12,13, and
14) describe measures of the seasons by making a comparison between heavy metals
Mn, Cd, Zn, Cu, Fe, Ni and Pb By means of a monomeric variance analysis One way
ANOVA the results showed that there were no significant differences between the
seasons in all the studied elements , where the value of the observed level of
significance was (p>0.05), The results have showen a slight increase in the
concentrations of some elements during the autumn season this may be attributed to the
fall the heavy metals with the first rain, where the air contains a great amount of
pollutants and these pollutants drop down within the first rain period, these results are
in agreement with the Chinese study by( Li & Zhang, 2010), where it have showen

151

2020 (1) dasll 551 22l Lo gl piSally o glell olail) ddas



Assessment of some heavy metals pollution in Marine Brown Algae......... (142-154)

minimum total concentration of heavy metals was found in spring, and most variables
tended to higher levels in the rainy season and many factors may influence the
bioavailability of metals in algae including pH, salinity, temperature (Wai-Yin and
Wen-Xiong, 2001), (Jothinayagi and Anbazhagan, 2009). In addition, the results
showed a decrease in the cadmium concentrations compared to the other elements in all
seasons the lowest concentration of cadmium was recorded in spring season (3.6695
ppm) these results are consistent with those in the study carried out by (Su, 2013) on
biological toxicity of five heavy metals on marine algae in China, also maximum
uptakes of cadmium by the alga at pH value higher than 4,5 and pH value lower than 2
the cadmium uptake capacity is almost negligible, this Confirms to the fact that pH is an
important parameter, which affects sorption of cadmium by the alga (Lodeiro et al.,
2004).

Conclusions:

Marine Brown Algae can be used as bioindicators for monitoring of eco-toxicological
state of the Black Sea environment, this study have showen a seasonal variation in
heavy metal concentrations during all seasons, the results Seemingly depend on
biological specificity of the algae , Although that the results obtained do not show any
form of danger but the possibility of deleterious effects after long period. generally the
results showed Fe and Mn concentration Relatively higher than other heavy metals
also showed that concentrations of heavy metals in autumn season Relatively higher
than other seasons .Finally, a special attention is required for treatment of industrial
waste of Turkey before disposal into the coast ,In addition monitor and control ships
ballast water discharge to meet the internationally accepted procedures for
environmental impact and risk assessment to manage human impact on coastal
environments, this type of pollution detection studies should be done frequently, and
routine reporting should also be conducted in order to take necessary measures to
decision mechanisms.
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