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Abstract: The aim of this study was to evaluate the stations selected from the provinces in the
#12): https://orcid.org/0000-0002-9959-1829 Eastern Black Sea region (Artvin, Rize, Trabzon), Turkey in terms of some physicochemical
parameters and heavy metals. A total of 27 stations were selected from these rivers and their
tributaries feeding the Black Sea, and sampling was carried out in 2019-2020 depending on the
land conditions. Temperature, dissolved oxygen, pH, electrical conductivity, and total dissolved
solids parameters were measured with a HQ 40 D brand water measuring device. For heavy metal
analysis, services were purchased from the Sinop University Central Research Laboratory
(SUBITAM). As a result of the analyses made, it was determined that all stations had a very high
concentration in terms of Al and some stations in terms of Cd. Furthermore, it was observed that
almost all of the stations showed high quality water characteristics in terms of Mn, Zn, Pb, Ni,
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conditions for life in terms of the parameters examined.
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Artvin, Rize ve Trabzon illeri Akarsularimin Agir Metal Kirliliginin Belirlenmesi

Oz: Bu ¢alismanin amaci, Dogu Karadeniz bélgesinde bulunan illerden (Artvin, Rize, Trabzon)
secilen istasyonlarin bazi fizikokimyasal parametreler ve agir metaller bakimindan
degerlendirilmesini saglamaktir. Karadeniz’i besleyen bu akarsular ve kollarindan toplamda 27
istasyon segilmis ve 2019-2020 yillarinda arazi sartlarina bagl olarak drnekleme yapilmigtir.
Sicaklik, ¢oziinmiis oksijen, pH, elektriksel iletkenlik, toplam ¢6ziinmiis kati madde
parametreleri HQ 40 D marka su Ol¢lim cihazi ile Olgiilmigtiir. Agir metal analizleri i¢in
SUBITAM’dan hizmet alim yapilmustir. Yapilan analizler sonucu, Al bakimmdan tim
istasyonlarin, Cd bakimindan ise bazi istasyonlarin oldukea yiiksek konsantrasyona sahip oldugu

) tespit edilmistir. Mn, Zn, Pb, Ni, Fe, Cu bakimindan istasyonlarin hemen hemen hepsinin yiiksek
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sonuglar1 bu bolgede kirliligin yiiksek seviyede olmadigini, incelenen parametreler agisindan
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canli yagsamu i¢in uygun su 6zelligine sahip oldugunu gostermistir.
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INTRODUCTION

The Eastern Black Sea Basin is one of the richest
basins in terms of water resources and receives the most
precipitation in Turkey. Almost all of the basin's streams
get their sources from the peaks of the mountains that run
parallel to the coast. Because of their geological structure,
they have a high slope and precipitation rate and their flows
are continuous. But for the same reasons, they drag large
amounts of sand and gravel and accumulate in the areas
where they spill into the sea (DOKAP, 2013). It is known
that the physicochemical or ecological conditions of the
rivers carrying water to the seas (fertilizers, pesticides
affecting the seas, hormones, wastes from industrial
establishments and houses, wastewater, erosion) affect the
seas significantly (Verep et al., 2020). Previous studies
have emphasized that the discharge of domestic and
industrial wastes into the seas via rivers is the main cause
of Black Sea pollution (Bozcaarmutlu et al., 2009; Alkan
et al., 2008). Although some metals and heavy metals are
necessary for the life of living things, they are considered
important pollutants due to their high concentrations in
aquatic environments, their accumulation properties, and
their toxicity. Heavy metals in surface waters increase due
to atmospheric transport, terrestrial inputs, hydrothermal
activities, rocks and anthropogenic inputs resulting from
human activities (Metin Dereli et al., 2017). In the
literature, there are water quality studies conducted at
different time intervals in different rivers in this basin
(Bakan & Biiyiikgiingdr, 2000; Boran & Sivri, 2001; Altin
et al., 2009; Bayram & Onsoy, 2011; Giiltekin et al., 2012;
Satilmis & Bayram, 2014; Nacar & Satilmis, 2017; Nacar
et al., 2018). However a limited number of stations and
different pollution parameters were used in these studies.
The aim of this study was to determine some
physicochemical parameters and heavy metal (Al, Mn, Fe,
Ni, Cu, Zn, Cd, Pb) concentrations in streams flowing from
Artvin, Rize and Trabzon, Turkey to the Black Sea.

MATERIAL AND METHOD

Artvin, Rize and Trabzon provinces of Turkey
selected as the study area are surrounded by the Black Sea
in the north, Ardahan in the east, Giresun in the west,
Erzurum, Giimiishane and Bayburt in the south. There are
many large and small river systems in the study area.
Samples were taken from a total of 27 stations between
2019 and 2020. For the determination of physico-chemical
parameters, temperature, dissolved oxygen, pH and
electrical conductivity (EC), total dissolved solids (TDS)
parameters were measured in the field with the HQ 40 D
brand water measuring device. Water samples were taken
from a depth of approximately 0.5 m, depending on the
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depth of the stream, using 2-liter polypropylene bottles. For
heavy metal analysis, water samples were filtered with 0.45
micron mesh filter papers. The pH was brought to the range
of 1.5 - 2.0 by adding concentrated nitric acid solution to.
Before the analysis, filtration with filter paper was repeated
and an ICP-MS device was used to make the
measurements. For this process, services were purchased
from the Sinop University Central Research Laboratory
(SUBITAM). The map of the sampling area is given in
Figure 1. Ethics committee approval is not required for this
study.

TURKEY

BLACK SEA

Figure 1. The map of sampling stations.

RESULTS

The descriptions of selected sampling stations
from the rivers of Artvin, Trabzon and Rize provinces in
the Eastern Black Sea basin are given in Table 1.

Some physicochemical parameters measured in
the field during the fieldwork are given in Table 2. The
temperature parameter was measured between 4.7-21.8 °C.
When evaluated according to the sampling periods, the
temperature parameter was found to be suitable for
seasonal temperature values. The dissolved oxygen
parameter was measured between 8.7 and 11.9 mg/L.
Considering that the slope and precipitation rate of the
study area are high, it is normal for these values to be
relatively high (Table 2). The pH is expected to be in the
range of 6.5-8.5 in clean waters (Saglam, 2003). In this
study, the pH ranged from 4.74-6.5. It is thought that this
situation may have resulted from short-term
contamination. Conductivity is the capacity of water to
conduct electric current or the resistance of the solution to
conduct electric current. Since conductivity is accepted as
an indicator of dissolved substances in water, it is a
monitoring parameter in streams. The charge and
concentration of dissolved substances in water affect
conductivity (Anonim, 2011). EC and TDS values are in
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parallel with each other. The EC and TDS parameters was
measured between 30.1-198.2 us/cm and 22.7-154.3 mg/L,
respectively. When the physicochemical parameters
measured in the field were compared with the limits
specified in the legislation (Table 3). it was seen that the
parameters other than pH showed high quality water
characteristics (Table 2).

Table 1. Descriptions of sampling stations.

Station Number Stations Names Sampling Dates Province Coordinates
Stl (S/'[\r T:?u(AaI;I;a(\\/li'Slrcam Orgi ) 3112020 Artvin ﬁggz; 2
st2 Stream Potomya 12.7.2020 Rize ﬁﬁzggg
St-3 Stream Alakoz 2 17.7.2020 Rize igggﬁg
St-4 Stream Firtina 2 5.11.2019 Rize ﬁéigfg
St-5 Stream Derepazart 30.6.2020 Rize iéigg g
St-6 Stream Andon 5.8.2020 Rize igggggg
St-7 Stream Alakoz 17.7.2020 Rize 28221;2
St-8 Stream Yesildere 5.8.2020 Rize ig::g:?g
St-9 Stream Sabuncular 6.8.2020 Rize iéggégg
St-10 Stream Azsu 30.6.2020 Rize iégigg
St-11 Stream Biiyiikkdy 6.8.2020 Rize i(l)ggﬁg
st-12 Stream Veliksy 582020 Rize 3322332
St-13 Stream Seldere 12.7.2020 Rize :g::g%g
St-14 Stream Manahoz 2.9.2020 Trabzon :g:igéig
St-15 Stream Manahoz 2 12.9.2020 Trabzon Zgiggg
St-16 Stream Cataklthoca 6.8.2020 Trabzon :(1)(7)2222
st17 Stream skefiye 3.92020 Tbzon oo
St-18 Stream Karadere 2 2.9.2020 Trabzon iggggég
St-19 Stream Kalyan 1.9.2020 Trabzon ggﬁggfig
St-20 Stream Catakli 2 1.9.2020 Trabzon ig;gg:‘g
St-21 Stream Agasar 3.9.2020 Trabzon gsllcl)gégg
St-22 Stream Yenikdy (Hayrat) 1.9.2020 Trabzon g;ggggg
St-23 Stream Sogiitlii (Hayrat) 1.9.2020 Trabzon gg:gzgg
st-24 Stream Catakli 2212020 Trabzon 28:28‘?626021
St-25 Stream Altintas 28.10.2019 Trabzon gg;ggg g
St-26 Stream Fol 22.1.2020 Trabzon g;gggg g

Table 2. Some water quality parameters measured in the field.

Temperature Dissolved Oxygen Total Dissolved Solids  Electrical Conductivity

Stations 0 (/L) (mglL) (s/em)
St-1 11.4 118 5.40 25.8 394
St-2 16 9.58 4.81 25.9 45.1
St-3 17.7 9.33 5.60 55.2 30.1
St-4 14.4 10.73 5.45 38.5 61.7
St-5 15.0 10.39 5.39 80.1 135.7
St-6 14.2 9.49 5.04 24.1 40.5
St-7 17.7 9.33 5.60 55.2 30.1
St-8 18.2 9.29 4.80 36.7 67.8
St-9 18.2 9.15 5.27 27.7 50.9
St-10 21.8 10.02 5.57 54.1 107.5
St-11 18.5 9.34 5.63 61.0 112.3
St-12 18.6 9.29 5.11 56.7 104.1
St-13 16.4 9.53 4.74 22.7 40.2
St-14 19.0 9.54 5.66 329 61.9
St-15 211 9.38 5.29 35.8 70.4
St-16 212 8.86 5.24 47.6 93.2
St-17 20.9 9.42 5.76 83.5 154.2
St-18 20.7 8.70 5.93 217 53.5
St-19 17.6 8.7 5.9 39.8 111.2
St-20 18.3 9.25 5.48 37.0 68.2
St-21 16.3 9.29 5.33 19.54 34.5
St-22 18.1 9.33 6.2 55.3 124.1
St-23 18.2 8.18 6.5 58.4 136.2
St-24 6.5 114 6.2 77.4 104.5
St-25 7.8 9.11 6.5 94 153.2
St-26 4.7 119 6.5 154.3 198.2
St-27 15.1 9.82 5.77 56.4 119.4
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Tablo 3. Su kalite siniflarina gore limit degerler

Parameters Classes

| 1 1 v
Temperature (°C) 25 25 30 >30
pH 6.5-8.5 6.5-8.5 6-9 Outside of 6-9
Dissolved Oxygen (mg/L) 8 6 3 <3
TDS 500 1500 5000 >5000
Al (mg/L) 0.3 0.3 1 >1
Mn (pg/L) 100 500 3000 >3000
Fe (pg/L) 300 1000 5000 >5000
Ni (ug/L) 20 50 200 >200
Cu (ng/L) 20 50 200 >200
Zn (ug/L) 200 500 2000 >2000
Cd (ug/L) 3 5 10 >10
Pb (ug/L) 10 20 50 >50

According to the results obtained from the
sampling stations, the highest Al value (358.8 ppb) was
obtained from St-24 and St-4 stations. and the lowest Al
value (4.6 ppb) was obtained from St-2 and St-13 stations
(Figure 2). Al is the most abundant and common element
in the Earth's crust. It enters water resources through both
natural and anthropogenic sources (Lantz & MacKenzie,
1979). Its common source in freshwater systems is due to
heavy rains and melting snow. and aluminum particles
from rock and soil (Bjerknes et al., 2003). When the Al
values measured in this study were evaluated according to
the surface water quality classes, it was determined that all
stations showed 4th class water characteristics and the
concentrations were quite high.

Mn values were found to be higher (41.9 ppb) at
St-24 and St-1 stations, compared to other stations and
lower (0.3 ppb) at St-13 and St-4 stations (Figure 2). In the
study conducted by Sénmez 2012 on the Karasu River
(Black Sea), it was emphasized that some stations showed
polluted water characteristics. Although the concentration
determined at the St-2 station in the Mn measurements
made in this study was relatively high, all stations were
included in the 1st class water quality class.
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Figure 2. Al and Mn concentrations in the sampling stations.
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The highest Fe values (796.9 ppb) were found at
St-17 and St-24 stations and the lowest Fe values (3.1 ppb)
were found at St-8 and St-19 stations (Figure 3). It is noted
that Fe, which is one of the most abundant elements in the
soil and the Earth's crust, is an important problem in spring
waters (Gray, 1996; Tiirkmen, 2003). Although it acts as a
catalyst in many chemical reactions it has a toxic effect
when the amount of Fe oxide in the water exceeds 5 ppm
(Kiraci, 2014). In previous studies, it was noted that the Fe
concentration was quite high in Aksu Stream (Toroglu et
al., 2006) and increased in places in some river systems on
the Central Black Sea coast (Ariman et al., 2007). When
the measurement results were evaluated according to the
inorganic parameter values of the surface water quality
standards, it was seen that 3 stations selected in this study
showed 2nd class water characteristics and 3 different
stations, although in 1st Class water quality class were
measured higher compared to other stations (Table 3).

1000 4 -
——Fe

ppb

o N & o ®
Lt 4 3

Figure 3. Fe and Ni concentrations in the sampling stations.

The highest Ni values (13.7 ppb) were found at St-
25 and St-14 stations and the lowest Ni values (0.2 ppb)
were found at St-19, St-22 and St-13 stations (Figure 3). Ni
is mostly found in the wastewater of ceramics, coins,
batteries, magnets machine parts, motor vehicle and
aircraft industries. Substances such as selenium, nickel,
titanium, uranium and aluminum that cause water pollution
have a lethal effect for living things if their concentrations
exceed the limit value.

The highest Cu values (20 ppb) were found at St-
17 and St-15 stations and the lowest Cu values (0.8 ppb)
were found at St-8 and St-9 stations (Figure 4). Previous
study concluded that the concentration was low in copper
measurements made during different studies from the
Middle Black Sea Yesilirmak, Abdal Cayi, Kizilirmak,
Kiirtiin, Aksu streams and its branches (Ariman et al.,
2007). In this study, it was determined that 1 station
showed 2nd class water characteristics and 1 station had a
relatively high concentration compared to other stations
(Table 3).
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The highest Cd values (85.2 ppb) were found at
St-13 and St-7 stations and the lowest Cd values (1.5 ppb)
were found at St-6 and St-22 stations (Figure 4). Cd metal
is used extensively in industry as a sub-product in the
production of metals such as copper, zinc, lead, and in
phosphate fertilizers. With this use in industry, it is
considered to be an important ecotoxicological metal
(Kiraci, 2014). In the sampling studies conducted along the
Gediz river, Cd concentrations varied between 1st and 4th
class water quality (Kayar & Celik, 2003). The Cd value
was measured quite low in the stations selected from the
Central Black Sea region (Ariman et al., 2007). In the
measurements made in this study, it was determined that 4
stations showed 4th class water features and 3 stations
showed 2nd class water features.
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Figure 4. Cu and Cd concentrations in the sampling stations.

The highest Zn values (35.5 ppb) were found at
St-24 and St-1 stations and the lowest Zn values (1.1 ppb)
were found at St-19 and St-22 stations (Figure 5). Sonmez
et al. (2012) and Kayar & Celik (2003) found that the zinc
values were in the polluted water criterion sampled from
the Karasu and Gediz rivers, respectively. Toroglu et al.,
(2006) measured the amount of zinc in Aksu Stream and
determined that the stations showed 1st and 2nd class water
characteristics. According to the data obtained in this
study, the Zn value in the rivers of Artvin, Rize and
Trabzon provinces were measured very low at all stations.
When the surface waters were evaluated according to
quality standards, it was determined that it showed 1st class
water feature in terms of Zn.

The highest Pb values (2.6 ppb) were found at St-
24 and St-17 stations and the lowest Pb values (0.5 ppb)
were found at St-8 and St-2 stations (Figure 5). Pb, which
is frequently used in daily routines through materials such
as cosmetic products, ceramics and gasoline, increases its
toxicity depending on factors such as pH of the
environment, presence of organic substances, hardness of
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water (Kiraci, 2014). In the Pb, measurements made from
the rivers flowing into the Black Sea from the Eastern
Black Sea provinces, it was observed that the concentration
in all stations was quite low. When the surface waters were
evaluated according to quality standards, it was determined
that it showed a 1st class water feature in terms of Pb.

S1 82 S3 S4 S5 S6 S7 S8 S9 S10S11512513514 515516 S17 518 519520 S21 522 523 $24 525 526 527

Figure 5. Zn and Pb concentrations in the sampling stations.

CONCLUSION

In conclusion, some physicochemical properties
and heavy metal measurements of the streams flowing into
the Black Sea from the borders of Artvin Rize and Trabzon
provinces varied. In terms of temperature, oxygen, tds
parameters, the stations showed 1st class water
characteristics. It showed second and third class properties
in terms of pH. In terms of Mn, Zn, Pb, Ni, and Fe, it was
determined that almost all stations showed high quality
water characteristics. However, Cd in some stations found
to be very high concentration and other stations had high
quality water characteristics. This study suggests that the
pollution in this region is not at a high level, and that it has
suitable water conditions for life in terms of the parameters
examined.
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