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According to Rudolph and other’s study, while oxygen in
the water was increased in winter due to the dominant of the
north-west wind, in the summer, it was reduced by the water
input from outside the San Vicente Bay17. According to Karthik
and other’s study, high dissolved oxygen and low salinity at
seawater of Port Blair, South Andaman Island during Sep-
tember and November was caused by rainfall – induced fresh-
water input and flooding from land18. Both abundance and
diversity of finfish, lobster and squid was significantly de-
creased when dissolved oxygen was less than 2 mg/L in bot-
tom of western Long Island Sound19.

In this study, temperature, pH, and concentrations of ar-
senic (As), chromium (Cr), nickel (Ni), lead (Pb) and zinc
(Zn) between 19 October 2016 and 4 June 2017 and tem-
perature, pH, dissolved oxygen from 18 November 2018 to
31 January 2019 were investigated in seawater samples
collected from Kucuksu, Fenerbace and Suadiye beaches in
Istanbul on weekly. The objective of the study was to assess
the possible effects of seawater on public health.

Experimental
100 ml-polyethylene bottles were soaked in a mixture of

nitric acid and deionized water (Fig. 1a) for at least 24 h,
were rinsed three times with deionized water and, then, were
dried. Seawater samples were collected on a weekly basis
at 50 cm below the sea-surface in these polyethylene bottles,
which were attached to a 3–4 m long telescopic rod20. Be-
fore filling the bottles, they were being rinsed three times
with seawater, and then they were filled completely. The tem-
perature, dissolved oxygen and pH of seawater were deter-
mined onsite using a multiparameter (YSI) (Fig. 1b). Then,
the samples were delivered refrigerated to the laboratory of
Marmara University for analysis. In the laboratory, each

sample was filtered through a 0.45 m sieve syringe filter
(Sartorius) using a sterile syringe. The samples were diluted
using a dilution factor of 100 (Fig. 1c). To protect the metals
and prevent sedimentation, the pH of the samples was ad-
justed to below 2 using a 2% nitric acid (HNO3). Then, the
samples were stored in a 4ºC refrigerator until its analysis
using ICP-MS (Agilent 7500A) (Fig. 1d) to determine the con-
centration of heavy metals.

Results and discussion
The temperature and pH values measured between 19

October 2016 and 26 March 2017 ranged from 11.8 to 19.2ºC
and from 7.1 to 9, respectively (Fig. 2a). The maximum pH
value was the one measured on 26 October 2016 in the
Suadiye beach and it was below the threshold values for
Turkey21,22 (6–9) and EPA23 (5–9 for human health, and 6.5–
8.5 for aquatic life). In addition, higher values of pH were
observed in the direction of the south-east wind. On the other
hand, due to snowing, the lowest sea temperature was ob-
served in the middle of January.

In Fenerbahce, pH ranged from 7.55 to 7.89, with a higher
range of 8.01 to 8.51 in Kucuksu, with a lower range of 8.01
to 8.32 in Suadiye from 18 November 2018 to 31 January
2019 (Fig. 2b). The weekly water temperatures from the three
sites were from 6.3 to 15.4ºC and the weekly dissolved oxy-
gen was in the range of 80 to 95.4% from 18 November 2018
to 31 January 2019 (Fig. 3a). These dissolved oxygen val-
ues did not exceed the Turkish threshold values (in the range
of 80 to 120%).

The highest pH was in Kucuksu as 8.51 on 25 November
2018, and the highest temperature was in Kucuksu as 15.4ºC
on 18 November 2018, and the highest dissolved oxygen
was in Suadiye as 95.4% in 25 November 2018. While sea-

Fig. 1. (a) Elga Purelab Flex Deionized water, (b) YSI Professional plus multiparameter meter, (c) Sampling bottles and vials, (d) Autosampler
(CETAC ASX-51) and ICP-MS (Agilent 7500a).
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water temperatures of Kucuksu, Fenerbahce, and Suadiye
beaches were low in January 2019, they were high in No-
vember 2018.

Strength of association for Pearson correlation was in-
vestigated24. For Kucuksu and Fenerbahce (–0.67) and for
Kucuksu and Suadiye (–0.58), pH had strong negative cor-
relations but pH had strong positive correlation (0.70) be-
tween Fenerbahce and Suadiye. Therefore, when the pH
value increased for Fenerbahce and Suadiye, pH value de-
creased for Kucuksu. Temperature correlations were greater
than 0.87 and were strong for all beaches like dissolved oxy-
gen correlations. Furthermore, for all beaches, seawater tem-
peratures decreased until middle of January 2019 and later
temperatures increased. The dissolved oxygen values syn-
chronously decreased for all beaches.

pH and temperature correlation was 0.28 for Kucuksu,
0.10 for Fenerbahce, and 0.12 for Suadiye and these corre-
lations were weak for all beaches. For Suadiye, pH and dis-
solved oxygen had strong positive correlation (0.68). There
was a positive correlation between temperature and dissolved
oxygen in the range from 0.40 to 0.78. This means that the
dissolved oxygen was affected by water temperature like

Hamzah and others study15.
pH range in our study is wider than study in Malaysia

(7.59–7.8) but pH ranges in both studies are suitable for hu-
man health and aquatic life because Turkish pH standard is
6–9 and Malaysia pH standard is 6.5–8.5. Minimum tem-
perature in our study is less than studies in Malaysia (18.9ºC),
Chile (10.59ºC), and India (25ºC).

Minimum dissolved oxygen in our study (8.8 mg/L) is
higher than minimum values in Malaysia (3.7 mg/L), and In-
dia (3.2 mg/L). So this vital parameter in marine life posi-
tively affects the Sea of Marmara in terms of aquatic creature’s
diversity and number.

The concentrations of As, Cr, Ni, Pb and Zn (Fig. 3b, 4a,b)
were found to be lower than the threshold values22 (0.1 mg/
L for every element). In addition, the values were found to be
lower in windy weather. For example, on October 26 and 12
December 2016, all element concentrations were found to
be relatively low compared to the values measured during
the previous week.

An assessment was conducted to estimate the correla-
tions between the concentrations of each element with tem-
perature. A negative correlation (–0.4) was found between
arsenic and temperature. This indicates that the arsenic con-
centration increases as the temperature decreases. On the
other hand, the positive correlation (0.5) between tempera-
ture and chromium shows that its concentration increases
with temperature. The Pb concentrations in seawater of
Fenerbace beach on 16 November 2016 and in Kucuksu
beach on 1 April 2017 were high; however, they did not ex-
ceed the threshold value.

Zn concentrations were also lower than the threshold
value, although they were relatively high at the end of Janu-

Fig. 2. Weekly temperature, pH values (a) between 19 October 2016 and 26 March 2017 and (b) between 18 November 2018 and 31 January
2019.

Fig. 3. (a) Weekly dissolved oxygen values and (b) Cr concentrations
between 18 November 2018 and 31 January 2019.
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ary and the beginning of February; especially, during the first
week of February, because of the fuel oil leakage at the Gulf
of Izmit in the Sea of Marmara that occurred on 12 January
201713.

The maximum arsenic value (0.03 ppm) was compared
to the value measured in a study held in Mexico9 (0.001 ppm)
and was found to be higher (Table 1). However, it was still
lower than the maximum allowable limit in Mexico. The maxi-
mum Cr value (0.102 ppm) measured in the present study
was found to be close to that measured in the same Mexican
study, which is lower than the maximum allowable limit in
Mexico12, and it was also lower than the Cr value (0.58 ppm)
measured in a similar study in Turkey25. On the other hand,
the maximum nickel value (0.02 ppm) in this study was found

to be lower than that of the studies held in Mexico9 and Tur-
key25 as well as the maximum allowable limit in Mexico. Simi-
larly, the maximum Pb value (0.1 ppm) was found to be lower
than the maximum allowable limits and the maximum values
measured in studies carried out in Mexico9, Indonesia7 and
Turkey25. Finally, the maximum zinc value was found to be
close to the values measured in the studies carried out in
Mexico and Indonesia and below the maximum allowable

Table 1.Comparing with references about heavy metals
  Concentration (ppm)      
Element Sampling Sampling Sampling Limit Country for Coast Year

point A point B point C limit value
Zn7 0.155 0.126 0.109 0.01 Indonesia Mamboro  District of North Palu 2015
Zn (max)9 0.167 0.153 0.175 20 Mexica Mexican Pasific Ocean coastline 2013
Zn (max)25 5.45     0.1 Turkey Black Sea 2010
Pb7 0.35 0.391 0.433 0.025 Indonesia Mamboro  District of North Palu 2015
Pb (max)25 0.808     0.1 Turkey Black Sea 2010
As (max)9 0.001 0.001 0.001 0.1 Mexica Mexican Pasific Ocean coastline 2013
Cd (max)9 0.093 0.093 0.091 0.1 Mexica Mexican Pasific Ocean coastline 2013
Cd (max)25 0.169     0.01 Turkey Black Sea 2010
Cu (max)9 0.044 0.044 0.044 1 Mexica Mexican Pasific Ocean coastline 2013
Cu (max)25 0.775     0.01 Turkey Black Sea 2010
Cr (max)9 0.146 0.097 0.097 0.5 Mexica Mexican Pasific Ocean coastline 2013
Cr (max)25 0.582     0.1 Turkey Black Sea 2010
Ni (max)9 0.325 0.399 0.381 2 Mexica Mexican Pasific Ocean coastline 2013
Ni (max)25 0.833     0.1 Turkey Black Sea 2010
Pb (max)9 0.373 0.356 0.349 0.5 Mexica Mexican Pasific Ocean coastline 2013

Fig. 4. Weekly heavy metal concentrations: (a) Ni and As and (b) Zn
and Pb between 18 November 2018 and 31 January 2019.

limits in Mexico, Indonesia and Turkey.
Briefly, compared to previous studies carried out in Mexico

and the Black Sea, Turkey, the concentrations of Cr, Ni, Pb
and Zn in the present study were lower. On the other hand,
Pb and Zn concentrations in a study carried out in Indonesia
were higher than the values measured in the present study.
Finally, the results showed that the concentrations of all the
elements measured in this study were below the maximum
allowable limits in Mexico and Indonesia.

Conclusions
The results of the analysis showed that the level of pH

and dissolved oxygen and the heavy metal (As, Cr, Ni, Pb
and Zn) concentrations in the Sea of Marmara did not repre-
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sent a serious threat to the aquatic life and human health,
because they were all below the threshold values. It was
observed that the concentrations of all elements decreased
in October 26th and December 20th, when the wind was
excessive.

The lowest sea temperature between 19 October 2016
and 26 March 2017 was observed in the middle of January
due to snow. In addition, the temperature was found to be
positively correlated with the arsenic concentration and was
negatively correlated with the chromium concentration. The
maximum Pb concentrations were observed at the Fenerbace
beach on 16 November 2016 and at the Kucuksu beach on 1
April 2017. There was an increase in the zinc concentrations
in the Sea of Marmara, where the fuel leak occurred in the
Gulf of Izmit on 12 January 2017.

At all three beaches from 18 November 2018 to 31 Janu-
ary 2019, seawater was warmer on the January, 2019 while
the seawater was colder in November, 2018 than other
months. The range of seawater temperatures recorded in
this study was the normal for humid subtropical climate. Cor-
relation values indicated that the dissolved oxygen was af-
fected by water temperature.

The concentrations of all the tested elements except As
were found to be low compared to studies carried out in
Mexico and the Black Sea, Turkey. In addition, the concen-
trations of all tested elements were found to be below the
Mexican limits. Furthermore, the Pb and Zn concentrations
in the current study were lower than those measured in the
study conducted in Indonesia.

These results show that, to enable immediate actions for
the mitigation of accidents and natural disasters, beaches
should be monitored periodically.
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