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Abstract 

Marine mucilage creates significant pollution in seawater due to high amount of nitrogen and phosphorus discharges. The water 

quality of Sea of Marmara has been damaged due to this environmental problem with the rising sea water temperature since 2020. 

This study aims to investigate the statistical differences in the impact of marine mucilage in the Sea of Marmara between 2020 and 

2021, taking into account dissolved oxygen, pH, seawater, and ambient temperature. Ten sampling locations were established for this 

purpose on the Anatolian part of the Sea of Marmara. The statistical analysis revealed there is a statistically significant difference 

with a percent of 99 confidence levels at all sampling points. The variables pH and dissolved oxygen revealed a difference between 

2020 and 2021, however, no statistically significant results were determined for the seawater temperature. 
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Introduction 

The Marine mucilage (sea snot), (Proboscia alata) occurs 

from the eutrophication (algal bloom) (Lancelot, 1995) 

and eutrophication is a pollution process that occurs 

when a lake or stream becomes overly nutrient-rich in 

plants. Algae and other water plants overgrow the area as 

a result. Plants decay and die, and their residues 

decompose in the water, depriving the lake, river, or 

stream of oxygen and turning it lifeless. Nitrate 

fertilizers that flow off the fields, nutrients from animal 

waste, and human sewage all contribute to 

eutrophication (EU, 2022). The excessive growth of 

these harmful phytoplankton species is known as 

harmful algae growth and as a result, a considerable 

amount of extracellular polymeric organic matter is 

secreted from a large number of newly produced living 

cells. Consequently, mucilage is an extracellular organic 

material formed mostly by diatoms and dinoflagellates 

(Eren, 2021). According to Savun-Hekimoglu and 

Gazioglu (2021), mucilage is a global phenomenon that 

occurs once in a while or on a regular basis in overall 

incidents took place in the Mediterranean Sea, West 

Japan Sea, New Zealand’s Tasman Bay, and near the 

Pacific coast of the United States. The first incident 

noticed in the North Adriatic Sea, according to the 

authors, was recorded in the scientific literature in 1729. 

Azam et al., (1990) stated that mucilage is largely 

produced as a consequence of bacteria-organic matter 

interactions and bacterial capsular polysaccharide 

synthesis and the environmental impacts of mucilage 

have still been unknown. Moreover, debate can be 

detrimental for invertebrates and fishes since it blocks 

the gills, over feeding and protection area in coastal 

aquatic ecosystem. Additionally, it has negative effects 

on tourism activities and industrial activities such as 

blocking filtering systems of boats and nets’ mesh 

(Yentur et al., 2013). Mucilage has been investigated by 

a number of researchers. For instance, Haque et al., 

(1983) investigated the alleviation of mucilage problem 

for the isolation of jute species, and the authors 

conducted the experimental study in-vitro conditions to 

present the consequences of mucilage. Lancelot (1995) 

investigated the effects of the mucilage problem in 

seawaters, stating that the foam accumulation seen every 

spring at the sea surface and on beaches during windy 

conditions is caused by a food chain disruption caused 

by the proliferation of a single phytoplanktonic species, 

the colony-forming Phaeocystis.  Rinaldi et al., (1995) 

studied the mucilage problem in the Adriatic and 

Tyrrhenian Seas from 1988 to 1991, and they concluded 

that more research was needed to fully comprehend the 

phenomenological and dynamic components of this 

environmental issue. Fukao et al., (2009) conducted a 

study about mucilage, which is the product of 

Coscinodiscus granii in Ariake Sound of Japan. The 

researchers exhibited that the polysaccharide 

composition of the transparent exopolymer particles 

(TEPs) produced by Coscinodiscus granii may determine 

the viscosity of the ne mucilage. By examining 

prokaryotes within the mucilage and in the surrounding 

seawater, Danovaro et al., (2009) investigated the 

potential of mucilage to host new microbial diversity 

and/or spread marine diseases employing genetic 

methods. The researchers revealed that marine mucilage 

had an unusually high microbial diversity and supported 

pathogenic species not found in the surrounding 

seawater. According to Mecozzi et al., (2012), infrared 

 International Journal of Environment and Geoinformatics 10(1):153-160 (2023)

Research Article 

How to cite: Oral, H.V. (2023). Environmental statistical analysis on the impacts of marine mucilage on some seawater quality 

parameters, International Journal of Environment and Geoinformatics (IJEGEO), 10(1):153-160 doi. 10.30897/ijegeo.1187859

https://orcid.org/0000-0002-5743-1931


Oral / IJEGEO 10(1): 153-160 (2023) 

154

spectroscopy and independent component analysis to be 

used to monitor the effects of marine mucilage in Italian 

sea waters. As a result, besides eutrophication, the 

creation of marine mucilage is also based on refractory 

organic matter mechanisms and production, which gives 

some infrared spectroscopy-based devices an edge in 

monitoring this environmental pollution. Acar et al., 

2021) published a study about determining the coverage 

area of mucilage by employing remote sensing 

technology. They applied different satellite band 

visualing techniques to detect the borders of spilled area 

of the mucilage in the Sea of Marmara. Similarly, Özsoy 

(2021) highlighted the importance of employ the remote 

sensing methods to monitor the mucilage impacted area 

on the Sea of Marmara, Tuzcu Kokal et al., (2022) 

employed the same remote sensing technique with multi-

scale satellite data.  In the beginning, the purpose of this 

article was to monitor seawater quality levels of 

Kurbağalıdere Creek, which is of one the sours of a 

drastic sea pollution (Öze, 2001); Unlu and Alper 

(2015); The Union of Chambers of Turkish Engineers 

and Architects (UCTEA) (2016) in the Sea of Marmara. 

Therefore, the sampling locations were determined due 

to that purpose in 2020.  

However, after the serious marine mucilage incident 

took place in the Sea of Marmara in the spring of 2021, 

the aim has been changed, respectively. Therefore, the 

purpose of this research is to see how mucilage impacts 

sea water quality between 2020 and 2021 on the 

Anatolian side of the Sea of Marmara. The most unique 

novelty of this article is that sea samples were collected 

and seawater quality was determined one year before the 

mucilage occurrence in 2021.  Until now, no year-by-

year comparison of seawater quality has been revealed, 

particularly in studies on mucilage in the Sea of 

Marmara. This enables a scientific comparison and 

evaluation of the impacts of mucilage incidents from the 

environmental aspect.  

The study is structured as follows: Section 2 presents the 

materials and methods, which cover the sampling 

procedures and provide information about the study area 

and the measured onsite seawater quality parameters, 

Section 3 emphasizes the results and discussion, which 

presents the measurements’ results and compare them to 

previous literature findings, and Section 4 concludes the 

study. 

Materials and Methods 

The materials and methods utilized to conduct the 

research are displayed in this section. The statistical 

analyses were carried out using the SPSS package 

software 19.00 version. Due to its widespread use by 

other researchers (Cottrell and Graefe, 1997; Giles-Corti 

and Donovan, 2003; Huijuan et al., 2021) in various 

environmental science and engineering studies, this 

program is preferred. First, descriptive statistics for all 

seawater quality parameters such as pH, dissolved 

oxygen, and sea and ambient temperature were 

calculated in this study. Following that, an independent 

sample t-test was conducted to see if there was statistical 

evidence that the linked population means differed 

significantly between 2020 and 2021. 

Study area 

The study is conducted at the Sea of Marmara, between 

the coastline of Kadıkoy and Bostanci line, located on 

the Anatolian side of the Province of İstanbul (Figure 1). 

This study location is chosen due to the intensive layer 

of mucilage formations on the sea level (Savun-

Hekimoğlu and Gazioğlu, 2021, Kavzoğlu et al., 

2021-2023; Savun et al., 2021, Kömüşcü et al., 2022). 

Fig. 1 . Location Map (Sources: modified from ArcGIS 

(2021) and Wikipedia (2022)) 

Sampling points are marked with an indoor tracking 

system based on Bluetooth technology GPS (Opoku, 

2012) from 0-5 m depth (Tüfekci et al., 2010) from the 

sea surface. The Bluetooth GPS technology has emerged 

in the last 10 years and is most widely used by some 

researchers (Fu et al 2008, Liu et al 2014, Namaki-

Araghi et al., 2015). Figure 2 represents the sampling 

points within the study area. 

Fig. 2: Sampling Points 

Sampling periods 

The goal of this study, as previously stated, was to look 

into the seawater quality values of a creek known as 

Kurbagalidere, which was once one of the major 

pollution sources for the Istanbul Anatolian side of the 

Sea of Marmara until recently. As a result, samples’ 

were collected in 2020 from measurement locations 

established during the first 15 days of June, July, and 

August (Hansson and Berg, 2009; Guitterrez et al., 

2016), when air and sea temperatures are at their peak.  

At a depth of 1 to 10 cm below the water surface, 

samples were obtained from 200 mL glass sample 
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containers and measurements were taken on-site in bye standards outlined in Table 1 (Fong et al., 1975). 

Table 1. On-site measured parameters from seawater  
Parameters Unit Standard/Method Sampling Depth 

Seawater pH  

Dissolved Oxygen (DO)  

Seawater temperature  

Ambient temperature 

mg/l 

oC 

  oC 

Standard Methods: 4500-H+B 

Standard Methods: 4500-O G 

Standard Method: 2550 B 

0 – 10 cm 

0 – 10 cm 

  0 – 10 cm 

Data Analysis 

This section presents the descriptive analysis results of 

the pH, dissolved oxygen, sea, and ambient temperature. 

Descriptive statistics are a set of short descriptive 

coefficients that summarize a data set, which could be a 

sample of the population or a representation of the entire 

population. Descriptive statistics include measurements 

of central tendency and measures of variability (spread). 

Central tendency measures include the mean, median, 

and mode, whereas variability measures include standard 

deviation, variance, minimum and maximum variables, 

kurtosis, and skewness. (Hayes, 2021). The obtained 

descriptive statistics for pH values are shown in Table 2 

below. The descriptive statistics for DO, sea and ambient 

temperature levels are also shown in further tables. 

Table 2 below shows that deviation values range from 

0.36 to 0.66, and the mean values of each sampling unit 

declined from 2020 to 2021.  The reason for the decrease 

in pH values may be due to many reasons, especially 

marine pollution. 

Table 2: Descriptive Statistics of pH Values  
  Date  N   Mean      Std. Deviation 

Sampling Point 1 

Sampling Point 2 

Sampling Point 3 

Sampling Point 4 

Sampling Point 5 

Sampling Point 6 

Sampling Point 7 

Sampling Point 8 

Sampling Point 9 

Sampling Point 10 

2020 

2021 

2020 

2021 

2020 

2021 

2020 

2021 

2020 

2021 

2020 

2021 

2020 

2021 

2020 

2021 

2020 

2021 

2020 

2021 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

8.17 

6.81 

7.98 

6.87 

8.11 

6.92 

8.07 

7.04 

8.06 

7.00 

8.15 

7.01 

8.19 

7.01 

8.04 

7.04 

8.03 

7.08 

7.98 

 6.75 

  0.41 

  0,48 

0,41 

0,49 

0,36 

0,48 

0,50 

0,57 

0,41 

0,47 

0,49 

0,56 

0,54 

0,57 

0,63 

0,54 

0,60 

0,66 

0,59 

  0,56 
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Table 3 presents that the mean DO levels for each 

observation unit was decreasing at a rapid rate. This 

decline was observed at all sample points between 2020 

and 2021, which is significant. As a result, it is possible 

to conclude that pollution is affecting marine water 

quality as a result of this reduction. DO is a crucial 

means of determining the contamination state of water 

resources. 

Table 3: Descriptive Statistics of DO Values 
  Date   N  Mean  Std. Deviation  Min    Max  

Sampling Point 1 

Sampling Point 2 

Sampling Point 3 

Sampling Point 4 

Sampling Point 5 

Sampling Point 6 

Sampling Point 7 

Sampling Point 8 

Sampling Point 9 

Sampling Point 10 

2020 
2021 

2020 
2021 

2020 
2021 

2020 
2021 

2020 
2021 

2020 
2021 

2020 
2021 

2020 
2021 

2020 
2021 

2020 
2021 

30 
30 

30 
30 

30 
30 

30 
30 

30 
30 

30 
30 

30 
30 

30 
30 

30 
30 

30 
30 

8.85 
5.42 

8.86 
5.42 

8.78 
5.32 

8.88 
5.64 

8.78 
5.41 

8.79 
5.43 

8.71 
5.41 

8.66 
5.21 

8,70 
 5,15 

8,64 
5,06 

1,66 
0,71 

1,65 
0,64 

1,64 
0,78 

1,67 
0,91 

1,64 
0,78 

1,64 
0,69 

1,61 
0,7 

1,61 
0,77 

1,61 
0,82 

1,61 
0,88 

9,3 
6,7 

9,5 
6,4 

9,4 
7,1 

9,3 
9,2 

9,4 
6,8 

9,4 
6,6 

9,5 
6,9 

9,5 
6,8 

9,3 
7,2 

9,4 
7,8 

7,2 
4 

7,6 
4,1 

7,6 
3,9 

7,1 
4 

7,4 
4 

7,9 
4,2 

7,9 
4,1 

7,9 
3,9 

8 
3,6 

7,9 
3,5 

Table 4: Descriptive Statistics of Sea Temperature 
  Date  N 

Mean   Std. Deviation 

Sampling Point 1 

Sampling Point 2 

Sampling Point 3 

Sampling Point 4 

Sampling Point 5 

Sampling Point 6 

Sampling Point 7 

Sampling Point 8 

Sampling Point 9 

Sampling Point 10 

2020 
2021 

2020 
2021 

2020 
2021 

2020 

2021 

2020 

2021 

2020 

2021 

2020 

2021 

2020 

2021 

2020 

2021 

2020 

2021 

30 
30 

30 
30 

30 
30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

22,69 
23,23 

22,95 
23,13 

23,10 
22,90 

22,50 

22,73 

22,80 

23,53 

22,90 

23,47 

23,00 

22,80 

22,93 

22,60 

23,50 

23,50 

23,80 

 23,40 

2,61 
4,20 

2,72 
4,17 

2,60 
4,43 

2,15 

3,98 

3,06 

3,95 

2,64 

3,98 

2,83 

3,99 

2,55 

4,22 

2,81 

4,27 

2,68 

4,02 

It was difficult to ascertain whether there was a 

noteworthy reduction or increase in terms of mean sea 

temperature between the years 2020 and 2021 for each 

sampling unit (Table 4). Following the interpretation of 

descriptive statistics, an independent sample t-test was 

used to examine the differences between 2020 and 2021, 
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when the intensive mucilage attack initially occurred in 

the Sea of Marmara. According to Tables 5 and 6 below, 

the dissolved oxygen levels and pH values for each 

sampling point differ from those for the years 2020-

2021. We were surprised to find that the results obtained 

for each sampling unit and with such sensitive 

confidence levels varied. 

Finally, it can be stated that the sea temperature for each 

sampling point in Table 7 does not differ. This result is 

also expected in this case since, depending on 

geographical and climatic conditions, seawater 

temperature is closely related to various parameters other 

than pollution. Differences and variations in seawater 

temperatures can be detected even between two distinct 

sampling points. 

Table 5: Independent sample t-test on pH Levels 

Levene's Test for Equality of Variances t-test for Equality of Means 

F Sig. t df Sig. (2-tailed) 

Sampling Point 1 E.V.A 0,663 0,419 11,758 58 0 

Sampling Point 2 E.V.A 1,497 0,226 9,52 58 0 

Sampling Point 3 E.V.A 2,254 0,139 10,811 58 0 

Sampling Point 4 E.V.A 0,508 0,479 7,465 58 0 

Sampling Point 5 E.V.A 0,579 0,45 9,261 58 0 

Sampling Point 6 E.V.A 0,425 0,517 8,374 58 0 

Sampling Point 7 E.V.A 0,019 0,892 8,196 58 0 

Sampling Point 8 E.V.A 1,428 0,237 6,613 58 0 

Sampling Point 9 E.V.A 0,15 0,7 5,879 58 0 

Sampling Point 10 E.V.A 0,007 0,933 8,278 58 0 

Table 6 Independent sample t-test on Dissolved Oxygen Levels 

Levene's Test for Equality of Variances t-test for Equality of Means 

F Sig. t df Sig. (2-tailed) 

Sampling Point 1 E.V.A 4,093 0,048 21,683 58 0 

Sampling Point 2 E.V.A 3,496 0,067 23,958 58 0 

Sampling Point 3 E.V.A 7,845 0,007 21,146 58 0 

Sampling Point 4 E.V.A 3,159 0,081 17,101 58 0 

Sampling Point 5 E.V.A 12,194 0,001 20,639 58 0 

Sampling Point 6 E.V.A 5,653 0,021 22,451 58 0 

Sampling Point 7 E.V.A 7,621 0,008 22,816 58 0 

Sampling Point 8 E.V.A 10,035 0,002 21,712 58 0 

Sampling Point 9 E.V.A 11,669 0,001 21,477 58 0 

Sampling Point 10 E.V.A 7,538 0,008 19,915 58 0 

Table 7 Independent sample t-test on Sea Water Temperature 

Levene's Test for Equality of Variances t-test for Equality of Means 

F Sig. t df Sig. (2-tailed) 

Sampling Point 1 E.V.A 3,837 0,055 -0,602 58 0,55 

Sampling Point 2 E.V.A 3,832 0,055 -0,201 58 0,841 

Sampling Point 3 E.V.A 5,36 0,064 0,213 58 0,832 

Sampling Point 4 E.V.A 4,347 0,041 -0,283 58 0,779 

Sampling Point 5 E.V.A 0,89 0,349 -0,805 58 0,424 

Sampling Point 6 E.V.A 2,887 0,095 -0,65 58 0,519 

Sampling Point 7 E.V.A 2,818 0,099 0,224 58 0,823 

Sampling Point 8 E.V.A 3,685 0,06 0,371 58 0,712 

Sampling Point 9 E.V.A 2,499 0,119 0 58 1 

Sampling Point 10 E.V.A 4,838 0,062 0,453 58 0,652 

Results 

There were significant changes in DO, pH, and seawater 

temperature at each sampling site, according to the 

findings of the descriptive statistical analyses (Tables 2, 

3, and 4) for this study. The DO indicated a statistical 

difference at each sampling site, at the 1% threshold, 

with a margin of error and absolute 99% confidence 

level. Sample Point 3, 5, and 7 values for DO, for 

example, fluctuate considerably between 2020 and 2021. 

There is a statistically low amount of DO in a year, even 

at points with a low pollution load. The pH levels also 

follow a similar pattern like DO. Lower-temperature 

water should have more DO per litre and a higher 

percent DO, whereas warmer, polluted waters should 

have less DO per litre and a lower percent DO. 
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Moreover, DO concentrations in healthy water should be 

above 6.5-8 mg/L and between 80 and 120 % 

(DO,2020). 

Discussion and Conclusion 

The statistical results obtained in this study are also 

similar to the results obtained in the DO (2017) technical 

report.  The DO value at sample point E was notably low 

between 2020 and 2021 (Table 5), depending on the 

amount of mucilage in the water, and this low level was 

confirmed statistically significant in the tests conducted 

(p 0.05). Likewise, the seawater temperature of this point 

showed a similar result ( p ≤ 0.05). In their study, Balkis 

et al. (2011) revealed that the Sea of Marmara's marine 

mucilage explains a similar link between DO and 

temperature. It was discovered that identical conclusions 

may be made based on the DO measurement findings 

seen in Sample Points C and G. There is a statistically 

significant difference between 2020 and 2021 at all 
sampling points between pH values.  (p ≤ 0.05). The pH 

value of seawater accepted by EPA is stated as 8.1 (U.S. 

EPA, 1986). According to the standards used in Turkey 

for the Sea of Marmara (General Quality Criteria of Sea 

Water in Turkey, 2004; Turkey Recreational Standards, 

2006), it was stated that this value should be between 6 

and 9. In order to pinpoint the marine mucilage problem 

in the Sea of Marmara, the outcomes of on-site tests 

conducted on samples obtained from the sampling 

locations established throughout this research are crucial. 

Even though seawater temperature is an important 

indication of marine pollution (Fingas, 2019; O'Carroll, 

A et al., 2019; Fouiza et al., 2019 ), there was no 

statistically significant variation between sample points 

in this study between 2020 and 2021. However, analyses 

based on remote sensing-based high-resolution satellite 

images are necessary to expose this relationship 

extremely clearly and concretely (Fingas, 2019, 

Androulakis et al., 2021). Adding to that, at the micro-

level, the relationship between seawater temperature and 

marine pollution is influenced by geographical regions 

and other climatic factors (Maclahan et al., 2007; 

Vorkamp et al., 2022) 

This study examined the effect of marine mucilage on 

several water quality parameters in a specified area on 

the Anatolian Continent of the Sea of Marmara. 

According to the study's findings, mucilage reduced the 

most essential water quality parameter values, 

particularly DO and pH.  In comparison, no significant 

change or gradual decline in seawater temperature was 

observed, except for minor variances that can be 

statistically ignored between only a few sampling points.  

When this article was written in April 2022, mucilage 

started to reappear at a few locations in the Sea of 

Marmara. The probability that this environmental event 

occurred grows stronger with the increase in seasonal 

mean temperature in April. 

To overcome the mucilage problem, advanced 

wastewater treatment units must be promptly developed 

and put into operation not only within Istanbul's 

provincial limits but also in other settlements along the 

Sea of Marmara's shore. Every country that borders the 

Aegean and Mediterranean Seas, especially Greece, 

faces the risk of being impacted by this environmental 

disaster. 

References 

Acar, U., Yılmaz, O. S., Çelen, M., Ateş, A. M., Gülgen, 

F. Balık Şanlı, F. (2021). Determination of Mucilage 

in The Sea of Marmara Using Remote Sensing 

Techniques with Google Earth Engine. International 

Journal of Environment and Geoinformatics, 8(4) , 

423-434 , doi.10.30897/ijegeo.957284 

Androulidakis, Y.S.; Krestenitis, Y.N. (2021) Sea 

Surface Temperature Variability and Marine Heat 

Waves over the Aegean, Ionian, and Cretan Seas 

from 2008–2021. J. Mar. Sci. Eng., 10, 42. 

doi.org/10. 3390/jmse10010042 

ArcGIS (2021) https://www.arcgis.com 

Azam, F., Fonda Umani, S., & Funari, E. (1999). 

Significance of bacteria in the mucilage phenomenon 

in the northern Adriatic Sea. Annali dell'Istituto 

superiore di sanita, 35 3, 411-9 . 

Balkıs-Özdelıce, N, Durmuş, T., Balcı, M. (2021). A 

Preliminary Study on the Intense Pelagic and 

Benthic Mucilage Phenomenon Observed in the Sea 

of Marmara. International Journal of Environment 

and Geoinformatics, 8(4), 414-422, doi.10.30897/ 

ijegeo.954787 

Balkis, N., Atabay, H., Türetgen, I., Albayrak, S., Balkıs, 

H., Tüfekçi, V. (2011). Role of single-celled 

organisms in mucilage formation on the shores of 

Büyükada Island (the Sea of Marmara). Journal of 

the Marine Biological Association of the United 

Kingdom, 91(4), 771-781. doi:10.1017/ 

S0025315410000081 

Liu, C., Zhang, C., Yao, H., Zeng, D., Liang, Q., & Hu, 

C. (2014). A GPS Information Sharing System 

Based on Bluetooth Technology. 2014 International 

Conference on IT Convergence and Security 

(ICITCS), 1-2.  

Cottrell, S.P.,Graefe, A. (1997). Testing a Conceptual 

Framework of Responsible Environmental Behavior. 

The Journal of Environmental Education. 29. 17-27. 

10.1080/00958969709599103. 

Danovaro R, Fonda Umani S, Pusceddu A. (2009) 

Climate change and the potential spreading of 

marine mucilage and microbial pathogens in the 

Mediterranean Sea. PLoS One. 16;4(9):e7006. doi: 

10.1371/journal.pone.0007006. PMID: 19759910; 

PMCID: PMC2739426. 

Dissolved Oxygen (DO) (2017) 

https://www.enr.gov.nt.ca 

Environmental Protection Agency (EPA), (1986) 

Standard for human health and aquatic life, in 

Quality criteria for water ("Gold Book"), Appendix 

A, 233. 

Eren, Z. (2021). The Relationship of Harmful Algae 

Bloom and Mucilage Outbreak in the Sea of 

Marmara, Journal of Environmental and Natural 

Studies, 3(2), 182-192. 

European Union (EU) (2022) 

https://www.eea.europa.eu/ 

https://www.enr.gov.nt.ca/sites/enr/files/dissolved_oxygen.pdf


Oral / IJEGEO 10(1): 153-160 (2023) 

159

Fingas, M. (2019). Remote Sensing for Marine 

Management. 10.1016/B978-0-12-805052-1.00005-

X. 

Fong, E., J. Collica, B. Marronç (1975) Six Data Base 

Management, National Bureau of Standard 

Technical Note 887, U.S.A  

Houma, F. Boufeniza, R. Adem, A.A , Nacera, C , Nour, 

B, Bachari, N. E. I., (2019). Introductory Chapter: 

Marine Monitoring Pollution. 

10.5772/intechopen.83846.  

Fu, X D. L. Wang, M. M. Zhang.(2008) "The Solution of 

Mobile GIS Based on Bluetooth GPS Receiver," 

2008 4th International Conference on Wireless 

Communications, Networking and Mobile 

Computing, 1-4, doi.10.1109/WiCom.2008.1251. 

Fukao, T. Kimoto, K., Yamatogi, T. (2009). Marine 

mucilage in Ariake Sound, Japan, is composed of 

transparent exopolymer particles produced by the 

diatom Coscinodiscus granite. Fish Science 75, 

1007–1014. doi.10.1007/s12562-009-0122-0. 

General Quality Criteria of Sea Water in Turkey, 2004. 

in Turkish Water Pollution Control Regulation, the 

State of Turkey, 2004 

Giles-Corti, B., Donovan, R. J. (2003). Relative 

influences of individual, social environmental, and 

physical environmental correlates of walking. 

American journal of public health, 93(9), 1583–

1589. doi.org/10.2105/ajph.93.9.1583 

Gutierrez T, Berry D, Teske A, Aitken MD. (2016) 

Enrichment of Fusobacteria in Sea Surface Oil 

Slicks from the Deepwater Horizon Oil Spill. 

Microorganisms. 4(3): doi.org/10.3390/ 

microorganisms4030024. 

Hansson,M., Öberg, J (2009) Cyanobacterial blooms in 

the Baltic Sea, Helsinki Commission Baltic Marine 

and Environment Protection Commission,  

http://archive.iwlearn.net/helcom.fi/environment2/if

s/ifs2009/en_GB/cyanobacterial_blooms/index.html  

Haque, M.M.; Takeuch, M. (1983) Alleviation of 

mucilage problem in protoplast isolation of jute 

species, Saitama University, Japan 

Hayes, A (2021) Descriptive Statistics. Retrieved from 

https://www.investopedia.com/ 

Kavzoğlu, T., Tonbul, H., Çölkesen, İ., Sefercik, U. G. 

(2021). The Use of Object-Based Image Analysis for 

Monitoring 2021 Marine Mucilage Bloom in the Sea 

of Marmara. International Journal of Environment 

and Geoinformatics, 8(4), 529-536, doi. 10.30897 

/ijegeo.990875 
Kavzoğlu, T., Yılmaz, E.Ö., Çölkesen, İ., Sefercik, U.G., 

Gazioğlu, C. (2023). Piksel Tabanlı Evrişimsel Sinir 

Ağları Kullanılarak Müsilaj Oluşumlarının Tespiti 

ve İzlenmesi: İzmit Körfezi Örneği, Marmara 

Denizi' nin Musilaj Sorunu (ed. Albay, M). 237-256.  

Kömüşcü, A. Ü., Aksoy, M., Dogan, O. H. (2022). An 

Analysis of Meteorological Conditions in Relation 

to Occurrence of the Mucilage Outbreaks in Sea of 

Marmara, March-June 2021. International Journal 

of Environment and Geoinformatics, 9(3), 126-145, 

doi.10.30897/ijegeo.1037842 

Lancelot, C (1995) The mucilage phenomenon in the 

continental coastal waters of the North Sea, Science 

of the Total Environment, 165,1-3, 83-102. 

Lin, H. Zhang, Y.Liu, X. (2021). Empirical Research on 

the Quality of Environmental Accounting 

Information Disclosure based on SPSS. Journal of 

Physics: Conference Series. 1769. 012023. 

10.1088/1742-6596/1769/1/012023. 

Mcclanahan, T. Ateweberhan, M. Muhando, C.  Maina, 

J, Mohammed, M. (2007). Effects of climate and 

seawater temperature variation on coral bleaching 

and mortality. Ecological Monographs. 77. 503-525. 

10.1890/06-1182.1.  

Mecozzi M, Pietroletti M, Scarpiniti M, Acquistucci R, 

Conti ME (2012) Monitoring of marine mucilage 

formation in Italian seas investigated by infrared 

spectroscopy and independent component analysis. 

Environmental Monitoring and Assessment 

Oct;184(10):6025-6036, doi.10.1007/s10661-011-

2400-4. PMID: 22020392. 

Namaki A,B,Olesen, J, Krishnan, R,Christensen, 

L,Lahrmann, H. (2013). Reliability of Bluetooth 

Technology for Travel Time Estimation. Journal of 

Intelligent Transportation Systems Technology 

Planning and Operations. 19. 

10.1080/15472450.2013.856727. 

O'Carroll, A. G., Armstrong, E. M., Beggs, H., Bouali, 

M., Casey, K. S., Corlett, G. K., Dash, P., Donlon, 

C., Gentemann, C. L., Høyer, J. L., Ignatov, A., 

Kabobah, K., Kachi, M., Kurihara, Y., Karagali, I., 

Maturi, E., Merchant, C. J., Marullo, S., Minnett, P.,  

Wimmer, W. (2019). Observational needs of sea 

surface temperature. Frontiers in Marine Science, 6, 

[420]. doi.10.3389/fmars.2019.00420 

Opoku,S.K (2012), An Indoor Tracking System Based 

on Bluetooth Technology, Multidisciplinary 

Journals in Science and Technology, Journal of 

Selected Areas in Telecommunications (JSAT), 

2(12), 12, 1-8. 

Özel,D. (2001), Marmara Denizi`nin kuzeydoğusunda 

fitoplankton tür kompozisyonunun incelenmesi, 

Istanbul University, Marine Sciences, Master of 

Science Thesis, Istanbul. 

Özsoy, B. (2021) Deniz Alanlarının Uzaktan Algılama 

Yöntemleri ile İzlenmesinin Önemi, Şehir ve 

Toplum Dergisi, 20-21. 

Rinaldi, R.A.Vollenweider, R.A., Montanari, G., Ferrari, 

C.R., & Ghetti, A. (1995). Mucilages in Italian seas: 

the Adriatic and Tyrrhenian Seas, 1988–1991. 

Science of the Total Environment, 165, 165-183. 

(1995) Mucilages in Italian seas: the Adriatic and 

Tyrrhenian Seas, 1988–1991, Science of The Total 

Environment,165, Issues 1–3, 

Savun-Hekimoğlu, B. , Erbay, B. , Burak, Z. S., 

Gazioğlu, C. (2021). A Comparative MCDM 

Analysis of Potential Short-Term Measures for 

Dealing with Mucilage Problem in the Sea of 

Marmara. International Journal of Environment and 

Geoinformatics, 8(4), 572-580, doi. 10.30897 

/ijegeo.1026107 

Savun-Hekimoğlu, B., Gazioğlu, C. (2021). Mucilage 

Problem in the Semi-Enclosed Seas: Recent outburst 

in the Sea of Marmara. International Journal of 

Environment and Geoinformatics (IJEGEO), 

8(4):402-413. DOI: 10.30897/ijegeo.955739 

Standard Methods (2010) 2550 B - Temperature - 

https://doi.org/10.1007/s12562-009-0122-0
https://doi.org/10.2105/ajph.93.9.1583


Oral / IJEGEO 10(1): 153-160 (2023) 

160

Laboratory and Field Methods. 

Standard Methods (2011) 4500-H+ B - pH Value - 

Electrometric Method.  

Standard Methods (2016) 4500-O G - Oxygen 

(Dissolved) - Membrane Electrode Method. 

UCTEA (The Union of Chambers of Turkish Engineers 

and Architects) (2016) Retrieved from  

02.August.2022 http://politeknik.org.tr

Time Estimation, Journal of Intelligent Transportation 

Systems, 19:3, 240-255, doi. 10.1080/ 

15472450.2013.856727 

Tüfekci, V, Balkıs,N, Beken Çolpan,P, Ediger,D, 

Mantıkçı,M (2010) Phytoplankton composition and 

environmental conditions of a mucilage event in the 

Sea of Marmara, Turkish Journal of Biology, 34 

(2010) 199-210  

Turkey Recreational Standards (2006) State of Turkey 

Publications.  

Tuzcu Kokal, A., Olgun, N. & Musaoğlu, N. Detection 

of mucilage phenomenon in the Sea of Marmara by 

using multi-scale satellite data. Environmental 

Monitoring Assessment 194, 585 (2022). 

doi.10.1007/s10661-022-10267-6. 

Unlu, S., Alpar, B (2015) An assessment of metal 

contamination in the shelf sediments at the southern 

exit of Bosphorus Strait, Turkey, Environmental 

Chemistry/Technology, 723-740. 

Vorkamp, K. Carlsson, P. Corsolini. S. de Wit, C.A, 

Dietz, R. Gribble, M.O, Houde, M. Kalia, V. 

Letcher, R.J, Morris, A. Rigét, F.F, Routti, H, Muir, 

D.C.G. (2022) Influences of climate change on long-

term time series of persistent organic pollutants 

(POPs) in Arctic and Antarctic biota. Environ Sci 

Process Impacts. 19;24(10):1643-1660. doi: 

10.1039/ d2em00134a. PMID: 36196982. 

Wikipedia (2022) Retrieved from 01 August.2022 

https://es.m.wikipedia.org/wiki/Archivo:Turkey_on_

the_globe_(Turkey_centered).svg 

Yentur,R.E, Buyukates, Y, Ozen, O, Altin, A.(2013) The 

environmental and socio-economic effects of a 

biologic problem: Mucilage, Marine Science and 

Technology Bulletin, 2(2). 13-15. 

https://doi.org/10.1080/15472450.2013.856727
https://doi.org/10.1080/15472450.2013.856727
https://es.m.wikipedia.org/wiki/Archivo:Turkey_on_the_globe_(Turkey_centered).svg
https://es.m.wikipedia.org/wiki/Archivo:Turkey_on_the_globe_(Turkey_centered).svg



