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ab s t r ac t
Trabzon Province with a total population of 757,898 is the biggest city on the Southeastern Black Sea 
Coast. Domestic water demand of the city is supplied by the Değirmendere and Galyan streams after 
treatment at the drinking water treatment plants of the Trabzon Metropolitan Municipality. The main 
purpose of this study is to monitor and assess drinking water quality of these surface water resources 
before treatment with reference to 30 water-quality indicators. The monitoring results covering 1-year 
period revealed that each stream had high-quality water except for total Kjeldahl nitrogen, orthophos-
phate phosphorus, and total iron, by which each stream was classified as slightly polluted according 
to the Turkish Surface Water Quality Regulation. The results for the untreated stream waters were well 
below the permissible levels mandated or proposed by national and international references except 
for total iron. However, the post-treatment quality and safety of the stream waters used for drinking 
purposes matched the standards as indicated in the drinking water-quality reports of the Trabzon 
Metropolitan Municipality.
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1. Introduction

Safe and good water quality is essential for sustaining
basic human functions, health and food production, as well 
as preserving the integrity of the world’s ecosystems. It pro-
vides essential elements, and supports the digestion of food, 
adsorption, transportation and use of nutrients and the elim-
ination of toxins and wastes from the body. However, when 
polluted, it may become the source of undesirable substances 
dangerous to human health [1,2].

Numerous water-quality studies have been recently 
conducted in different rivers around the world, such as 
Sinos, Brazil [3]; Selenga, Russia [4]; Nestos, Greece [5]; 
Araks, Armenia [6]; Double Mountain Fork Brazos, USA 
[7]; Lis, Portugal [8]; Kosi, India [9]; Semenyih, Malaysia 
[10]; Enborne, United Kingdom [11]; Wisznia, Poland [12]; 
Danube, Serbia [13]; and Shanchong, China [14]. Similarly, 

many water-quality studies have also been reported from 
different rivers or streams of Turkey, such as Saricay [15], 
Ceyhan [16], Perisuyu [17], Gediz [18], Koprucay [19], Karasu 
[20], Kizilirmak [21], Kirmir [22], Melen [23], Seydisuyu [24], 
Bulakbasi [25], and Riva [26].

With a mean surface water potential of 560 × 106 m3 [27], 
the Değirmendere Stream watershed is of prime impor-
tance since domestic water demand of Trabzon people is 
 supplied by this watershed. Altun et al. [28] monitored the 
surface water quality in a limited number of indicators. 
Uguz et al. [29] paid attention to alkylphenolic compounds 
and did not detect. Gultekin et al. [30] monitored the surface 
water quality in a limited duration, only spring. Considering 
the previous studies [28–30] in the Değirmendere Stream, 
the present study covers both more water-quality indica-
tors and four seasons. The main purpose of this study is to 
classify the Değirmendere and Galyan streams supplying 
domestic water to Trabzon Province, northeast Turkey, with 
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reference to the Turkish Surface Water Quality Regulation 
[31]. Another aim of the current study is to assess the quality 
and safety of the water used for drinking purposes according 
to the national regulation [32] and standard [33], and interna-
tional directive and guidelines [34–36] by monitoring tempo-
ral variations of 30 water-quality indicators for a period from 
March 2010 to February 2011.

Domestic water demand of Trabzon people was supplied 
by the Değirmendere stream-valley alluvial aquifer until 
1992. Twenty-seven water wells with a depth of 30–39 m were 
drilled by the General Directorate of State Hydraulic Works 
at the most productive part of this aquifer (Fig. 1). However, 
although this valley was suitable for tapping groundwater, it 
was opened for settlement for various reasons; consequently, 
groundwater quality in the aquifer was degraded.

As of May 1992, water demand of the city was sup-
plied with the water taken from the Değirmendere Stream 
(Fig. 2) by means of a regulator, namely Esiroğlu, and a 
conveyance line with a length of 675 m after the treatment 
at the drinking water treatment plants of the Trabzon 
Metropolitan Municipality. Its construction was started 
in the year 1987, and it was completed in 1992, due to the 
degradation in groundwater’s quality, the serious decline 
in the water well yield, and the dramatic increase in the city 
population [37].

The surface water quality of the Değirmendere Stream, 
passing through the city center of Maçka, receiving untreated 
domestic wastewater, and draining into the Southeastern 
Black Sea, was ironically degraded as time passed. As a result 
of over pollution of the Değirmendere Stream, the water of 
the Galyan Stream, which is tributary of the Değirmendere 
Stream, came into use (Fig. 3) to supply freshwater for the 
city by means of a regulator, namely Galyan, and a convey-
ance line with a length of 2,700 m after being treated at the 
drinking water treatment plants. This water resource has 
been used since 2001 [37–39].

However, surface water of the Galyan Stream was not suffi-
cient due to increasing water demand and decreasing discharge 
of the stream during the summer months. Therefore, the water 
of the Değirmendere Stream had to be used after treatment. 
Yet, the drinking water treatment plants could not meet the 
requirements both economically and technically [38,39].

Because of the above-mentioned reasons, the need for a 
dam, Atasu Dam, on the main branch of the Galyan Stream 
has arisen. Construction of the Atasu Dam, located 17 km 
southwest of Trabzon Province, was started by the General 
Directorate of State Hydraulic Works on April 27, 1998 and 
completed on December 28, 2010.

2. The study area

With a coastline of 135 km, Trabzon Province is located in 
the Turkish coast of Southeastern Black Sea. The province with 
a surface area of 4,685 km2 is situated on the slope of the hills. 
Neighboring provinces are Gümüşhane to the southwest, 
Bayburt to the southeast, Giresun to the west, and Rize to the 
east. Trabzon has a typically moderate climate that is neither 
too warm in summers and nor too cold in winters [38,40]. 
Considering the meteorological records covering a long 
period between 1950 and 2015 from Trabzon Meteorological 
Station, the average minimum monthly temperature changes 
between 4.4°C in February and 20.6°C in August, while the 
average maximum monthly temperature changes between 
10.9°C in January and 26.8°C in August. Trabzon receives 
an average annual precipitation of 810.2 mm ranging from  
34.4 mm in July to 116.4 mm in October [41]. Average annual 
precipitations in neighboring provinces are 438.3 mm in 
Bayburt [42], 461.3 mm in Gümüşhane [43], 1,266.0 mm in 
Giresun [44], and 2,245.3 mm in Rize [45], respectively.

The total population of Trabzon is 757,898, and 56.3% 
of population live in city centers according to the 2012 
 census [46]. Sanitary sewage systems serve 454,306 people 

Fig. 1. View from several water wells disused for a long time in the Değirmendere Stream (Trabzon Province, Turkey) by the author 
on May 12, 2014.
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according to the Municipal Wastewater Statistics Survey in 
2012 [47]. About 23.474 × 106 m3 per year of wastewater are 
generated, 20.472 × 106 m3 of which are discharged by deep 
sea discharge systems to the Black Sea, and 2.912 × 106 m3 of 
which is discharged through the streams to the Black Sea [47]. 
As a result of all this discharge, coastal eutrophication occurs.

The Değirmendere Stream originates from Kalkanlı and 
Zigana Mountains having an elevation of 3,080 m and is 
formed by small streams, namely Hamsiköy, Maçka, Larhan, 
Sumela, Galyan, Kuştul, and Ziganoy. After it is formed, 
it passes through the settlements of Hamsiköy, Maçka, 
Esiroğlu, Çağlayan, and Değirmendere before draining 
into the Southeastern Black Sea at the junction 41°00′09.3″ 
N‒39°45′25.1″ E (Fig. 4).

The Galyan Stream watershed, sub-basin of the 
Değirmendere Stream, lies between longitudes 39°39′ and 
39°45′ and latitudes 40°45′ and 40°52′, and surrounds the 
Galyan Stream, the main branch, and the Kuştul Stream, the 
tributary. The Galyan Stream with a 25.5-km-long main branch 
joins the Değirmendere Stream with a 55-km-long main 
branch at the junction 40°52′54.2″ N‒39°41′58.2″ E (Fig. 4).

The Esiroğlu regulator, 40°52′33.5″ N‒39°41′19.1″ E with 
an elevation of 152 m, on the Değirmendere Stream (Fig. 2) 
and the Galyan regulator, 40°51′51.6″ N ‒ 39°41′52.5″ E with 
an elevation of 178 m, on the Galyan Stream (Fig. 3) were 
selected as water monitoring and sampling stations. The 
study was started in March 2010, conducted monthly, and 
terminated in February 2011. To put it differently, 12 studies 
were periodically conducted over a year.

3. Materials and methods

3.1. Drinking water treatment

The drinking water treatment plant (Fig. 5) located on a 
land of 100,000 m2 has a conventional treatment with a capac-
ity of 165,000 m3 per day. Conventional treatment consists of 
the following unit processes: coagulation, flocculation, clari-
fication and filtration, and is typically followed by disinfec-
tion at full-scale. The coagulant, such as aluminum sulfate or 
polyaluminum chloride, is added to the raw water, and it is 
rapidly mixed so that the coagulant is circulated throughout 

Fig. 2. Views from the regulator on the Değirmendere Stream (Trabzon Province, Turkey) by the author on November 3, 2010.

Fig. 3. Views from the regulator on the Galyan Stream (Trabzon Province, Turkey) by the author on November 3, 2010.
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Fig. 4. The Değirmendere Stream watershed, Southeastern Black Sea, and water monitoring and sampling stations.



A. Bayram / Desalination and Water Treatment 62 (2017) 120–139124

the water. Rapid mixing is achieved in the first mixer (M1) 
having one weir and four baffles. The flocculant, such as 
polyelectrolyte, is then added. Flocculation is achieved in 
the second mixer (M2) by gentle mixing so as to maximize 
the number of collisions between suspended particles and 
flocs, without breaking the flocs up through rapid mixing. 
The treatment plant has four rectangular clarifiers, each of 
which has a base width of 432 m2 and a volume of 1,950 m3. 
There are seven rectangular sand filter beds, each of which 
has a base width of 134 m2 and a volume of 750 m3. Each grav-
ity rapid sand filter has a filter media of 1,050 mm (Table 1). 
There is also a clean water tank of 12,000 m3 in the plant.

3.2. The stream gauging

Three stream gauging stations are operated by the General 
Directorate of State Hydraulic Works. The Öğütlü is on the 
Değirmendere Stream; the Bibat is on the Galyan Stream; and 
the Meyvecik is on the Kuştul Stream. The first one is close 
to the Esiroğlu regulator while the latter two are close to the 
Galyan regulator. Therefore, it is thought that the flow rate 
from the Öğütlü gauging station may be used for the Esiroğlu 
regulator, and the total flow rate from the Bibat and Meyvecik 
gauging stations may be used for the Galyan regulator. The 
characteristics of stream gauging stations are given in Table 2.

3.3. The surface water monitoring

The surface water temperature (t, °C), pH, dissolved oxy-
gen concentration (DO, mg L–1), electrical conductivity (EC, 
µS cm–1) and turbidity (T, NTU) were measured in situ using 
a portable field meter, Horiba U-10. The field meter uses the 
glass electrode method for pH measurement, the membrane 
electrode method for DO measurement, the four-electrode 
method for EC measurement and the light-absorption- 
scattering method for T measurement. The measurements 
except for T were simultaneously verified by HQ40D, another 

portable field meter, which also measures total dissolved 
 solids (TDS, mg L–1) and salinity (Sal, ‰).

3.4. The surface water sampling and total suspended solids 
 determination

Sampling, preservation, and transport of the water sam-
ples to the laboratory were done in alignment with the guide-
lines of the Standard Methods for the Examination of Water 
and Wastewater [48]. Plastic sample bottles, pre-cleaned with 
1 M HNO3 and rinsed with double-distilled water, were used 
to collect the water samples.

The surface water samples were filtered through a glass 
microfiber filter with a pore size of 1.2 µm under negative pres-
sure in order to separate the water from the suspended solids. 
Once the water was clarified, the material collected was oven-
dried at 105°C until the sample reached a constant weight and 
total suspended solids (TSS) was determined in terms of mg L–1.

3.5. The spectrophotometric analysis

The surface water samples were filtered for the second 
time through a cellulose acetate membrane filter with a pore 
size of 0.45 µm under negative pressure at the Analytical 
Chemistry Graduate Laboratory, located in Karadeniz 
Technical University in Trabzon Province.

The Galyan Stream The Değirmendere Stream 

Fig. 5. View from the drinking water treatment plant in the Değirmendere Valley (Trabzon, Turkey) by the author on September 30, 2014.

Table 1 
The gravity rapid sand filter

Type Size, mm Depth, mm

Fine sand 0.60‒1.18 700

Coarse sand 1.18‒2.36 100

Gravel 2.36‒4.75 100

Gravel 6.70‒13.2 150
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Calcium ion (Ca2+), magnesium ion (Mg2+), water hardness 
(WH), fluoride ion (F‒), chloride ion (Cl‒), sulfate ion (SO4

2‒), 
ammonium nitrogen (NH4

+‒N), nitrite nitrogen (NO2
‒‒N), 

nitrate nitrogen (NO3
‒‒N), total nitrogen (TN), orthophos-

phate phosphorus (o-PO4
3‒‒P), anionic surfactants as meth-

ylene blue active substances (MBAS), total carbon (TC) 
together with total inorganic carbon (TIC) and total organic 
carbon (TOC), chemical oxygen demand (COD), aluminum 
ion (Al3+), copper ion (Cu2+), manganese ion (Mn2+), total chro-
mium (Cr) and total iron (Fe) were measured in the labora-
tory using a UV-vis spectrophotometer (Cadas 200) according 
to the Standard Methods [48]. Total Kjeldahl nitrogen (TKN) 
was calculated employing TN–(NO2

‒‒N+NO3
‒‒N). The anal-

yses were conducted three times for each sample in a tem-
perature-controlled room (21°C ± 2°C). The final result was 
presented as the arithmetic mean of the triplicate analyses.

3.6. The surface water-quality assessment

The qualitative classification for the surface waters from 
the Değirmendere and Galyan streams was conducted with 
respect to the Turkish Surface Water Quality Regulation 
(TSWQR) [31]. It divides inland waters into four classes: 
Class I stands for high-quality water, Class II for slightly 
polluted water, Class III for polluted water, and Class IV for 
highly polluted water (Table 3).

The quality and safety of the untreated stream waters 
were assessed for drinking purposes based on the national 
regulation (Regulation Concerning Water Intended for Human 
Consumption [RCWIHC]) [32] and standard (Turkish Standard 
266-Water Intended for Human Consumption) [33]. In TS 266, 
the waters are divided into two classes and two types: Class I 
refers to spring waters and Class II refers to water intended for 
human consumption apart from spring waters. Type I refers to 
treated spring water while Type II refers to drinking water and 
water for other uses. Based on the classification by TS 266, the 
surface waters from the Değirmendere and Galyan streams are 
regarded as Class II and Type II.

The quality and safety of the untreated stream waters 
were secondly assessed for drinking purposes based on the 
international directive (the Council Directive 98/83/EC) and 
guidelines (World Health Organization and United States 
Environmental Protection Agency). The drinking water 
upper threshold values for the monitored water-quality indi-
cators are given in Table 3.

3.7. The statistical analysis

Two statistical features, namely the average and standard 
deviation, were calculated for both stations. The water quality 
data were analyzed with the IBM SPSS Statistics 23 for Windows. 
The Pearson correlation analysis was used to determine whether 
there were relationship between any two indicators.

4. Results and discussion

The basic statistics of the water-quality indicators mon-
itored for the surface waters from the regulators, namely 
Esiroğlu and Galyan, are given in Table 3. The Pearson cor-
relation coefficients shown in a half matrix (Table 4) are 
the results of statistical analyses for possible relationships 
between water-quality indicators monitored.

4.1. Flow rate

The flow data from the Bibat and Meyvecik gauging sta-
tions were not reliable due to various construction activities 
in the Galyan Stream watershed such as bridges, levees, sew-
erage systems, soil-saving dams and relocation of roads, and 
thus could not be employed. However, reliable flow data for 
the Esiroğlu regulator could only be obtained from the Öğütlü 
gauging station on the Değirmendere Stream watershed.

Considering the daily mean values for the days when 
water monitoring and sampling were conducted, the flow 
rates in the Değirmendere Stream fluctuated throughout 
the period of study. The lowest flow rate was 1.88 m3 s–1, 
gauged in winter, and the highest flow rate was 34.60 m3 s–1, 
gauged in spring. The annual mean flow rate was calculated 
as 9.05 m3 s–1. On a seasonal basis, the order of decreasing 
flow rates in the Değirmendere Stream is: Spring > Summer >  
Autumn > Winter.

4.2. Water temperature

The winter presented the coldest temperatures: 8.5°C 
and 10.1°C, while the summer was the warmest season, with 
temperatures of 19.3°C and 19.2°C in the Değirmendere and 
Galyan streams, respectively. The annual mean temperatures 
were calculated as 13.2°C and 13.4°C, respectively. The water 
of the each stream was classified as high quality, based on 
water temperature, according to the TSWQR [31]. Similarly, 
Bulut et al. [38] classified the Galyan Stream as high quality, 
based on an annual mean water temperature of 11.2°C.

4.3. pH

The pH values were lower during spring, 8.04 for 
Değirmendere and 7.78 for Galyan, and showed a steadily 
increasing trend throughout the study period. The higher 
pH values were during winter, 8.52 for the former and 8.20 
for the latter. The annual mean pH values were calculated 
as 7.98 and 8.23, respectively, showing a minor difference 
between the two stations. The both streams were classi-
fied as high quality [31] in terms of pH, and the values 
throughout the study period fell within the pH range recom-
mended by RCWIHC [32] and TS 266 [33], which complies 

Table 2 
Location features of the gauging stations in the Kuştul, Galyan, and Değirmendere streams

Flow monitoring station name Stream Coordinates Drainage area (km2) Operating altitude (m)

Meyvecik Kuştul 40°50′28.2 N−39°42′42.8″ E 55.4 322
Bibat Galyan 40°49′40.7 N−39°41′06.2″ E 120.2 372
Ögütlü Değirmendere 40°51′50.5 N−39°40′57.9″ E 728.4 160
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with the international directives and guidelines (Table 3). 
Similarly, Bulut et al. [38] reported that the Galyan Stream 
was classified as high quality, based on a mean value of 7.80 
varying between 7.50 and 8.00.

Taking into account the seasonal variations in the stream 
water pH and flow rate for Değirmendere, it was seen that 
the trends were just the opposite. A negative but strong cor-
relation between stream water pH values and flow rates was 
found (R = −0.876).

As a part of the study, the water-quality reports [49] of the 
Trabzon Metropolitan Municipality were examined in terms 
of pH. It was clearly seen that the waters from the drinking 
water treatment plants had a mean value of 7.72, varying 
between 7.35 and 7.92 (Table 5) and falling within the allow-
able pH range.

4.4. Dissolved oxygen

The winter presenting the coldest stream temperatures 
brought about the higher DO concentrations: 11.07 and 10.70 
mg L–1, while the summer presenting the warmest stream 
temperatures gave rise to the lower DO concentrations: 8.99 
and 8.87 mg L–1 in the Değirmendere and Galyan streams, 
respectively. The annual mean values were calculated as 
10.33 and 9.97 mg L–1, respectively, showing a minor differ-
ence between the two stations. Based on DO concentrations, 
the waters of the Değirmendere and Galyan streams were 
classified as high quality [31]. Bulut et al. [38] reported sim-
ilar concentrations of DO, with a mean value of 10.10 mg L–1 
varying between 8.40 and 10.90 mg L–1, and also classified the 
Galyan Stream as high quality.

The Pearson correlation coefficients, R = −0.952 for 
Değirmendere and −0.963 for Galyan, revealed that the stream 
water DOs were negatively but strongly correlated with the 
stream water temperatures. These are mainly because the sol-
ubility of oxygen in water is temperature-dependent that is to 
say cool water holds more DO than warm water. Bulut et al. 
[38] reported that there was a negative and strong correlation 
(R = −0.852) between stream water DOs and temperatures 
for the Galyan Stream.

4.5. Electrical conductivity

The EC values were lower during spring, 131.2 µS cm–1 
for Değirmendere and 105.1 µS cm–1 for Galyan, and showed 
a steadily increasing trend throughout the study period. The 
higher EC values were during winter, 336 µS cm–1 for the for-
mer and 393 µS cm–1 for the latter. The annual mean EC values 
were calculated as 218 and 202 µS cm–1, respectively, showing 
a minor difference between the two stations. With reference 
to the upper threshold value of 400 µS cm–1 for EC, the both 
streams were classified as high quality [31]. Moreover, the 
permissible EC value is 2,500 µS cm–1 at 20°C according to 
TS 266 [33]. The whole measurement results were well below 
the threshold value. Bulut et al. [38] reported that the annual 
mean EC value was 155.6 µS cm–1 with a range of 90.3 to 
244.1 µS cm–1 for the Galyan Stream.

Taking into account the seasonal variations in the 
stream water EC and flow rate for Değirmendere, it was 
seen that the trends were just the opposite. Variations in 
EC are tied directly to seasonal variations in stream flow 

and water-quality condition. Lower spring conductivities 
are likely to be related to higher flows and more dilution, 
while higher winter conductivities are likely to be related to 
lower flows and more concentration. The Pearson correlation 
analysis revealed that the stream water EC values were neg-
atively but strongly correlated with the flow rates, R = −0.901 
for Değirmendere, while positively and strongly correlated 
with the stream water pH values, R = 0.961 for Değirmendere 
and 0.837 for Galyan. Bulut et al. [38] reported that there was 
a negative but strong correlation between the stream water 
EC values and the flow rates (R = −0.782) for Galyan.

As a part of the study, the water-quality reports [49] of the 
Trabzon Metropolitan Municipality were examined in terms 
of EC. It was clearly seen that the waters from the drinking 
water treatment plants had a mean value of 162 µS cm–1, vary-
ing between 110 and 230 µS cm–1 (Table 5) and this threshold.

4.6. Total dissolved solids

The seasonal TDS concentrations showed a steadily 
increasing trend throughout the study period. The TDS val-
ues were lower during spring, 62.2 mg L–1 for Değirmendere 
and 49.6 mg L–1 for Galyan, and were higher during winter, 
161.4 mg L–1 for the former and 189.6 mg L–1 for the latter. 
The annual mean TDS values were calculated as 104.0 and 
96.5 mg L–1,  respectively, showing a minor difference between 
the two stations. No classification for TDS is available in the 
TSWQR [31]. No health-based guideline value is proposed for 
TDS nationally [32,33] and internationally [34,35] except for the 
US EPA [36] in which the allowable concentration is 500 mg L–1.

4.7. Turbidity

The stream turbidity reached an average maximum value 
of 107 NTU during spring 2010 in Değirmendere. As time 
went by, it tended to be lower, and an average minimum 
value of 51 NTU was determined during winter. Unlike the 
Değirmendere Stream, an average minimum value of 102 NTU 
was determined during spring 2010 in the Galyan Stream. In 
time, it tended to be higher and reached an average maximum 
value of 219 NTU during winter. The annual mean values were 
calculated as 72 and 158 NTU, respectively. At first sight, it is 
surprising that each stream having similar watershed charac-
teristics showed dissimilar trend although each stream was 
expected to show similar trend. The various construction activ-
ities in the Galyan Stream watershed such as dam, soil-saving 
dams, levees and relocation of roads impacted the water qual-
ity severely. As a result of these activities, an increase of 119% 
in the stream turbidity was determined in comparison with the 
Değirmendere Stream. Furthermore, Bulut et al. [38] reported 
that the stream turbidity varied between 1.9 and 8.1 NTU in 
Galyan during one-year period from April 2004 to March 2005.

No classification for the stream turbidity is available 
in the TSWQR [31]. The permissible limit value is 5 NTU 
according to TS 266 [33]. However, the upper threshold value 
is 1 NTU if drinking water is obtained by treating the stream 
water. Considering the water-quality reports [49] for the 
drinking water treatment plants of the Trabzon Metropolitan 
Municipality, it was clearly seen that the treated waters had 
a mean value of 0.82 NTU, ranging from 0.28 to 1.35 NTU 
(Table 5) below this threshold.
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4.8. Total suspended solids

Like the stream turbidity, the total suspended solids 
in Değirmendere reached an average maximum value of 
48.2 mg L–1 in spring 2010 when the flow rates were also higher. 
With the passing of time, TSS tended to be lower like the 
flow rate, and an average minimum value of 27.1 mg L–1 was 
determined in the winter. Unlike the Değirmendere Stream, 
an average minimum value of 30.6 mg L–1 was determined 
in the Galyan Stream during spring 2010. In time, it tended 
to be higher and reached an average maximum value of 
148.2 mg L–1 during winter. The annual mean values were 
calculated as 38.3 and 86.5 mg L–1, respectively, showing a 
big difference. As a result of the construction activities in the 
Galyan Stream watershed, an increase of 126% in the TSS, as 
such in the stream turbidity, was determined in comparison 
with the Değirmendere Stream. No classification for the TSS 
is available in the TSWQR [31].

4.9. Calcium ion

The stream calcium ion concentrations showed a steadily 
increasing trend similar to the stream water EC and pH val-
ues throughout the study period. The minimum values of 
Ca2+ were 30.0 mg L–1 for Değirmendere and 24.4 mg L–1 for 
Galyan in spring. The maximum concentrations of Ca2+ 
were 62.7 mg L–1 for the former and 53.5 mg L–1 for the latter 
in the winter. The annual mean values were calculated as 
41.7 and 34.4 mg L–1, respectively. It is thought that the vari-
ations in the Ca2+ are tied directly to seasonal changes in the 
stream flow. Low spring Ca2+ values are likely to be related 
to higher flows and more dilution. No classification for Ca2+ 
is available in the TSWQR [31]. Both national [32,33] and 
international guidelines [34–36] do not refer to Ca2+.

Pearson correlation analysis revealed that the stream 
water Ca2+ content was negatively but strongly associated 
with the flow rate, R = −0.895 for the Değirmendere Stream, 
while positively and strongly correlated with the stream 
water EC, R = 0.996 for the Değirmendere Stream and 0.992 
for the Galyan Stream, as well as the stream water pH,   
R = 0.961 for the former and 0.837 for the latter.

4.10. Magnesium ion

The magnesium ion concentrations were under mea-
suring range throughout the study period due to the 
lower limit of 3 mg L–1 except for the values of 3.95 and 
4.46 mg L–1 on November and December 2010, respectively, 
for Değirmendere and 3.14 mg L–1 on December 2010 for 
Galyan. No classification for Mg2+ is available in the TSWQR 
[31]. Both national [32,33] and international guidelines 
[34–36] do not refer to Mg2+.

4.11. Water hardness

The hardness values were low, 4.20 °dH for Değirmendere 
and 3.42 °dH for Galyan, in spring. Like the water pH, EC, 
and Ca2+ content, the hardness showed a steadily increasing 
trend in direct proportion to the conductivity throughout 
the study period. The hardness values were high, 9.82 °dH 
for the former and 8.23 °dH for the latter, in the winter. The 
annual mean values were calculated as 6.17 and 4.96 °dH, 

respectively. No classification for hardness is available in the 
TSWQR [31]. No health-based guideline value is proposed 
for hardness nationally [32,33] and internationally [34–36].

Hardness in water is usually expressed as the equivalent 
quantity of calcium carbonate (CaCO3), and 1 °dH corre-
sponds to 17.9 mg L–1 CaCO3 [35,50]. In this way, the annual 
mean WH values of 6.17 and 4.96 °dH can be converted to 
110 and 89 mg L–1 CaCO3, respectively. Water with a hardness 
range of 0 to 75 mg L–1 as CaCO3 is classified as soft water, 
whereas water with a hardness range of 75–150 mg L–1 as 
CaCO3 is classified as moderately hard water [50]. Therefore, 
the stream waters are qualified as moderately hard water for 
both stations.

On the one hand, the hardness values were negatively 
but strongly associated with the flow rates (R = −0.895 for 
Değirmendere) as such in the stream water Ca2+ content. 
This was mainly because the hardness values were positively 
and strongly correlated with the Ca2+ content (R = 0.999 for 
Değirmendere and 0.996 for Galyan). On the other hand, the 
hardness values were positively and strongly correlated with 
the stream water pH values (R = 0.956 for Değirmendere and 
0.779 for Galyan) and the stream water EC values (R = 0.993 
for Değirmendere and 0.989 for Galyan). This was expected, 
because conductivity of water depends on type and concen-
tration of the dissolved ions in water and increases together 
with any increase in dissolved salt concentration. Bulut et al. 
[38] reported that there was a negative but strong correla-
tion between the hardness values and the stream flow rates 
(R = −0.730) and positive and strong correlation between the 
hardness values and the stream water EC values (R = 0.915) 
for Galyan.

4.12. Fluoride ion

The fluoride ion concentrations were at their lowest in 
spring, 0.098 mg L–1 for Değirmendere and 0.163 mg L–1 for 
Galyan. The concentrations were at their highest in autumn, 
0.222 mg L–1 for Değirmendere, and winter, 0.275 mg L–1 for 
Galyan. The annual mean values were calculated as 0.180 and 
0.203 mg L–1, respectively, in the Değirmendere and Galyan 
streams. However, the treated waters had lower F− concen-
trations, varying between 0.010 and 0.080 mg L–1, than the 
surface waters did, considering the water-quality reports 
[49] for the drinking water treatment plants of the Trabzon 
Metropolitan Municipality.

On the one hand, the water from the Değirmendere and 
Galyan streams are classified as high quality regarding the 
annual mean F− concentrations considering the upper thresh-
old value of 1 mg L–1 [31]. On the other hand, both streams 
can be also regarded as in the fluoride-poor water resources 
with reference to national [32,33] and international [34–36] 
directives and guidelines. According to WHO [35], the min-
imum F− concentration in drinking water should be approx-
imately 0.5 mg L–1 with an optimal range of 0.5–1.5 mg L–1. 
In fact, fluoride is not essential for human growth and devel-
opment but is helpful in the prevention of dental caries.

4.13. Chloride ion

The winter presented the relatively highest Cl− con-
centrations: 5.097 and 6.265 mg L–1, while the autumn 
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the lowest Cl− concentrations of 1.854 and 2.273 mg L–1 in 
the Değirmendere and Galyan streams, respectively. The 
annual mean Cl− values were calculated as 3.518 and 3.265 
mg L–1, respectively, showing a minor difference between 
the two streams. No classification for Cl− is available in 
the TSWQR [31]. The permissible concentration of Cl− is 
250 mg L–1 in RCWIHC [32] and TS 266 [33], which comply-
ing with the international directives and guidelines (Table 3). 
Consequently, the Cl− concentrations measured through-
out the study period are well below the permissible levels 
 suggested or mandated by several references [32–36].

Considering the water-quality reports [49] for the drink-
ing water treatment plants of the Trabzon Metropolitan 
Municipality, it was clearly seen that the treated waters 
had a mean value of 8.32 mg L–1 Cl−, ranging from 4.60 to 
19.00 mg L–1 Cl− (Table 5). These results revealed that the 
treated waters had higher Cl− concentration than the surface 
waters did. It has been thought that these higher concentra-
tions were due to polyaluminum chloride used for coagula-
tion and flocculation.

4.14. Sulfate ion

The sulfate ion concentrations were well under measur-
ing range throughout the study period due to the lower limit 
of 40 mg L–1 except for the value of 50.1 mg L–1 for the Galyan 
Stream in January 2011. Similarly, the water-quality reports 
[49] for the drinking water treatment plants of the Trabzon 
Metropolitan Municipality reveal that the treated stream 
waters have a mean value of 10.33 mg L–1 SO4

2− ranging from 
5.00 to 18.00 mg L–1 SO4

2− (Table 5). No classification for SO4
2− 

is available in the TSWQR [31]. The permissible concentra-
tion of SO4

2− is 250 mg L–1 in the national regulation [32] and 
standard [33], complying with the international directives 
and guidelines (Table 3). Consequently, it is obvious that the 
SO4

2− concentrations of the stream waters are well below the 
permissible levels suggested or mandated by several refer-
ences [32–36].

4.15. Ammonium nitrogen

The NH4
+−N concentrations were at their lowest in 

the winter, 0.056 mg L–1 for Değirmendere and 0.081 mg 
L–1 for Galyan. The concentrations were at their highest in 
the summer, 0.107 mg L–1 for Değirmendere and 0.119 mg 
L–1 for Galyan. The annual mean NH4

+−N values were cal-
culated as 0.086 and 0.106 mg L–1, respectively. Contrary to 
the initial expectations, the Galyan Stream had more concen-
tration of NH4

+−N at the rate of 23% when compared with 
the Değirmendere Stream while the untreated wastewater 
impacted urban stream was actually Değirmendere. The 
area around Trabzon is world-renowned for the produc-
tion of hazelnuts, and calcium ammonium nitrate (CAN), 
an inorganic fertilizer known as nitro-limestone, has been 
widely used in the stream Galyan watershed where hazel-
nut has been intensely cultivated compared with the stream 
Değirmendere watershed.

The waters from the Değirmendere and Galyan streams 
were classified as high quality [31] regarding the mean val-
ues for NH4

+−N. The permissible concentration of NH4
+ is 

0.500 mg L–1 (0.388 mg L–1 NH4
+−N) in RCWIHC [32] and TS 

266 [33] complying with the value of the Council Directive 
98/83/EC [34]. Therefore, the NH4

+−N concentrations through-
out the whole year were compatible with the proposed values.

Considering the water-quality reports [49] for the drink-
ing water treatment plants of the Trabzon Metropolitan 
Municipality, it was clearly seen that the treated waters had 
a NH4

+−N concentration of <0.005 mg L–1. It has been thought 
that the lower concentrations were due to nitrification being a 
process of ammonium ions biochemical oxidation to nitrates.

4.16. Nitrite nitrogen

Considering the Galyan Stream, the NO2
−−N concentra-

tions were under measuring range throughout the study 
period due to the lower limit of 0.002 mg L–1 except for 
the value of 0.002 mg L–1 in July 2010. In the Değirmendere 
Stream, NO2

−−N concentration was at its lowest value, 
<0.002 mg L–1, in spring, and at its highest value, 0.010 mg L–1, 
in autumn; the annual mean being calculated as 0.005 mg L–1.

The waters from the Değirmendere and Galyan streams 
were classified as high quality [31] regarding the mean val-
ues for NO2

−−N. The allowable concentration for NO2
− is 

0.500 mg L–1 (0.152 mg L–1 NO2
−−N) in the RCWIHC [32] and 

the TS 266 [33], which complies with the Council Directive 
98/83/EC [34]. Given that WHO guideline value for NO2

− is 
3 mg L–1 (0.913 mg L–1 NO2

−−N), moreover the maximum 
contaminant level for NO2

−−N in drinking water by the US 
EPA is 1.000 mg L–1, the NO2

−−N concentrations monitored 
throughout the study period are within the permissible levels 
 suggested or mandated by these references [32–36].

Considering the water-quality reports from March 2015 
to February 2016 [49] for the drinking water treatment plants 
of the Trabzon Metropolitan Municipality, it was clearly 
seen that the treated waters had a NO2

− concentration of 
<0.005 mg L–1.

4.17. Nitrate nitrogen

Unlike NH4
+−N, the concentrations of NO3

−−N were 
at their maximum values in the winter, 1.200 mg L–1 for 
Değirmendere and 2.025 mg L–1 for Galyan. The concen-
trations were at their lowest values in the summer, 0.476 
mg L–1 for Değirmendere and 0.881 mg L–1 for Galyan. The 
annual mean NO3

−−N values were calculated as 0.817 and 
1.190 mg L–1, respectively. The waters from the streams 
were classified as high quality [31] regarding the mean 
values. The allowable NO3

− concentration is 50 mg L–1 
(11.295 mg L–1 NO3

−−N) with reference to the RCWIHC [32], 
which complies with the national standard [33], and interna-
tional directive [34] and guideline [35]. In addition, the maxi-
mum contaminant level for NO3

−−N in drinking water by the 
US EPA is 10 mg L–1. Consequently, the NO3

−−N concentra-
tions  measured throughout the study period are within the 
permissible levels mandated or proposed by the several ref-
erences mentioned above.

The fact that the Galyan Stream having also more con-
centration of NO3

−−N at the rate of 46% similar to the NH4
+−N 

concentration than the Değirmendere Stream was unexpected 
at the beginning of this study. Yilmaz and Usta [51] reported 
that alder is the dominant tree species in the broad-leaved 
forests that cover 67.3% of the Galyan Stream watershed. 
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They asserted that the amount of nitrogen is expected to be 
at a relatively higher level in such watershed soils because 
alder has the ability to fix atmospheric nitrogen in the soil 
with its roots. Similarly, Goldman [52], Binkley et al. [53], and 
Stottlemyer and Toczydlowski [54] asserted that alter stands 
can influence nitrogen concentrations of adjacent streams 
and lakes. As a result, it can be said that this higher concen-
tration of NO3

−−N in this watershed is mainly due to the alter 
stands and partially to the CAN that is used for hazelnut 
cultivation.

On the other hand, considering the water-quality 
reports [49] for the drinking water treatment plants of the 
Trabzon Metropolitan Municipality, the treated waters had 
higher NO3

−−N concentrations, varying between 0.750 and 
2.300 mg L–1, than the surface waters did. It has been thought 
that the higher concentrations were due to nitrification.

4.18. Total Kjeldahl nitrogen

Like NH4
+−N, the TKN concentrations were at their 

lowest values in the winter, 0.310 and 0.400 mg L–1, and at 
their  highest values in the summer, 0.727 and 0.898 mg L–1, 
respectively, in the Değirmendere and Galyan streams. 
The annual mean TKN values were calculated as 0.512 
and 0.597 mg L–1, respectively, showing a minor difference 
between the two stations. The waters from the streams were 
classified as slightly polluted [31] in terms of the mean values.

4.19. Total nitrogen

Like NO3
−−N, the TN concentrations were at their highest 

values in the winter, 1.515 mg L–1 for Değirmendere and 2.425 
mg L–1 for Galyan, and at their lowest values in the summer, 
1.205 mg L–1 for Değirmendere, and spring, 1.497 mg L–1 for 
Galyan. The annual mean values were calculated as 1.334 
and 1.787 mg L–1, respectively, showing a minor difference 
between the two stations, and NO3

−−N constituted 61% and 
67% of TN, respectively. No classification for TN is available 
in the TSWQR [31].

The Pearson correlation coefficients, where R = 0.629 for 
Değirmendere and 0.839 for Galyan, revealed that TN was 
positively and significantly correlated with NO3

−−N.

4.20. Orthophosphate phosphorus

The o-PO4
3−−P values were at their relatively lowest con-

centrations in the winter, 0.097 mg L–1 for Değirmendere, and 
in autumn, 0.092 mg L–1 for Galyan. The o-PO4

3−−P values 
were at their relatively highest concentrations in the summer, 
0.103 mg L–1 for the former, and in spring, 0.109 mg L–1 for 
the latter. The annual mean values were calculated as 0.100 
and 0.101 mg L–1, respectively. No classification for o-PO4

3−−P 
is available in the TSWQR [31]. With reference to the clas-
sification of the TSWQR regarding total PO4

3−−P, the waters 
from the streams are classified as slightly polluted. This is not 
surprising since NPK compound fertilizer (compound fertil-
izer containing the elements: N, P and K) as well as CAN 
and occasionally manure are applied in each watershed for 
hazelnut cultivation.

Bulut et al. [34] had reported a little lower concentrations 
of o-PO4

3−, varying between 0.060 and 0.530 mg L–1 (0.019 and 

0.173 mg L–1 o-PO4
3−−P), and classified the Galyan Stream as 

slightly polluted regarding an annual mean concentration of 
0.210 mg L–1 (0.068 mg L–1 o-PO4

3−−P).

4.21. Methylene blue active substances

The MBAS concentrations were under measuring range 
during the period of this study due to the lower limit of 0.050 
mg L–1 except for the value 0.065 mg L–1 in the Galyan Stream 
in July 2010. No classification for MBAS is available in the 
TSWQR [31]. Both national [32,33] and international guide-
lines [34–36] do not refer to MBAS.

On the other hand, Bulut et al. [38] had reported 
higher concentrations of MBAS varying between 0.330 
and 0.530 mg L–1, and classified the Galyan Stream as pol-
luted water, based on an annual mean concentration of 
0.380 mg L–1 with reference to the TWPCR [31].

4.22. Total carbon

The TC values were at their lowest concentrations in 
spring, 14.7 mg L–1 for Değirmendere and 12.4 mg L–1 for 
Galyan, and showed a steadily increasing trend through-
out the study period. The higher TC values were during 
winter, 32.9 mg L–1 for the former and 35.6 mg L–1 for the 
latter. The annual mean values were calculated as 20.9 
and 19.2 mg L–1, respectively, showing a minor difference 
between the two stations. No classification for TC is avail-
able in the TSWQR [31].

4.23. Total inorganic carbon

The TIC values were at their lowest concentrations in 
spring, 14.3 mg L–1 for Değirmendere and 12.2 mg L–1 for 
Galyan, and showed a steadily increasing trend throughout 
the study period. Their higher values were during winter, 
32.8 mg L–1 for the former and 35.1 mg L–1 for the latter. The 
annual mean values were calculated as 20.3 and 18.3 mg L–1, 
respectively, showing a minor difference between the two sta-
tions. It was clearly seen that TC and TIC content exhibited 
almost the same trend throughout the period of study, and 
also the Pearson correlation coefficients, R = 0.994 for each 
stream, revealed this trend. It was recognized that TIC consti-
tuted the most part of TC, which was 97% for Değirmendere 
and 96% for Galyan. Classification for TIC is not available in 
the TSWQR [31].

4.24. Total organic carbon

The TOC concentrations were under measuring 
range throughout the study period due to the lower 
limit of 2 mg L–1 for each stream except for the values of 
2.92 mg L–1 in the Değirmendere Stream in September 2010 
and 3.73 mg L–1 in the Galyan Stream in November 2010. 
Similarly, the water-quality reports [49] for the drink-
ing water treatment plants of the Trabzon Metropolitan 
Municipality revealed that the treated waters had lower 
TOC concentrations varying between 0.4 and 1.9 mg L–1. No 
classification for TOC is available in the TSWQR [31]. No 
health-based guideline value is proposed for TOC nation-
ally [32,33] and internationally [34–36].
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4.25. Chemical oxygen demand

The COD values were at their lowest concentrations in 
the winter, 3.79 mg L–1 for Değirmendere and 3.40 mg L–1 for 
Galyan. The COD value was at its highest concentration in 
spring, 5.91 mg L–1 for Değirmendere, whereas it was highest 
as being 5.63 mg L–1 in the summer for Galyan. The annual 
mean values were calculated as 5.01 and 4.80 mg L–1, respec-
tively, showing a minor difference between these stations. 
The waters from the streams were classified as high quality 
[31] considering the upper threshold value of <25 mg L–1 for 
COD. Similarly, Bulut et al. [38] classified the Galyan Stream 
as high quality, based on an annual mean COD concentration 
of 6.90 mg L–1.

4.26. Aluminum ion

The lowest concentrations of Al3+ were 4 and 5 µg L–1, respec-
tively, in autumn in the Değirmendere and Galyan streams. The 
relatively highest concentrations of Al3+ were 26 µg L–1 in the 
summer in the Değirmendere Stream and 18 µg L–1 in spring in 
the Galyan Stream. The annual mean values were calculated as 
17 and 11 µg L–1, respectively. The waters from the streams are 
classified as high quality [31] considering the upper threshold 
value of 300 µg L–1 for Al3+. Similarly, Bulut et al. [38] classified 
the Galyan Stream as high quality, based on an annual mean 
Al3+ concentration of 27.7 µg L–1 by the graphite furnace atomic 
absorption spectrometer (GFAAS). The permissible concentra-
tion of Al3+ is 200 µg L–1 regarding national references [32,33] as 
well as international directives and guidelines [34–36], but still 
the Al3+ concentrations measured throughout the study period 
are far below the permissible levels suggested or mandated by 
these references.

Considering the water-quality reports [49] for the drink-
ing water treatment plants of the Trabzon Metropolitan 
Municipality, it was seen that the treated waters have a mean 
Al3+ concentration of 41 µg L–1, fluctuating between 15 and 
110 µgL–1 (Table 5). These results revealed that the treated 
waters had higher Al3+ concentration than the surface waters 
did, but they had high quality. It has been thought that the 
more concentrations were due to aluminum sulfate and poly-
aluminum chloride used for coagulation and flocculation.

4.27. Copper ion

The concentrations of Cu2+ were under measuring 
range throughout the study period due to the lower limit of 
10 µg L–1 for each stream. The waters from the streams are 
classified as high quality [31] with reference to the upper 
threshold value of 20 µg L–1. Similarly, Bulut et al. [38] classi-
fied the Galyan Stream as high quality, based on the annual 
mean Cu2+ concentration of 5.5 µg L–1 by GFAAS.

Taking into account the water-quality reports [49] for the 
drinking water treatment plants of the Trabzon Metropolitan 
Municipality, it was surprising to see that the treated waters 
had a mean Cu2+ concentration of 19 µg L–1, ranging from <10 
to 40 µg L–1 (Table 5). These results revealed that the treated 
waters had higher Cu2+ concentration than the surface waters 
did. However, the permissible concentration of Cu2+ in drink-
ing water is 2,000 µg L–1 regarding national references [32,33] 
as well as international directives and guidelines except for 
the US EPA, in which the allowable concentration for Cu2+ is 

1,000 µg L–1 (Table 3). Consequently, both the treated waters and 
the stream waters had Cu2+ concentration being far below the 
permissible levels suggested or mandated by these references.

4.28. Manganese ion

The lowest concentrations of Mn2+ were 27 and 26 µg L–1 in 
autumn, and the highest concentrations of Mn2+ were 71 and 
94 µg L–1, respectively, in the summer in the Değirmendere 
and Galyan streams. The annual mean values were calculated 
as 46 µg L–1 for each stream. The waters from the streams are 
classified as high quality [31] considering the upper thresh-
old value of 100 µg L–1. However, the permissible concentra-
tion of Mn2+ in drinking water is 50 µg L–1 regarding national 
references [32,33] as well as international directives and 
guidelines except for WHO [35], in which the permissible 
concentration is 400 µg L–1 (Table 3). The Mn2+ concentrations 
measured throughout the period of study exceeded the per-
missible levels suggested or mandated by these references 
except for WHO [35].

Considering the water-quality reports from March 2015 
to February 2016 [49] for the drinking water treatment plants 
of the Trabzon Metropolitan Municipality, it was clearly seen 
that the treated waters had a high quality with a mean value 
of 7 µg L–1 Mn2+, varying between <1 and 14 µg L–1 (Table 5) 
and falling within the allowable Mn2+ range.

4.29. Total chromium

Total Cr values were at their lowest concentrations in the 
summer, 15 µg L–1 for Değirmendere, and in autumn, 16 µg 
L–1 for Galyan. Total Cr values were at their highest concen-
trations in the winter, 21 µg L–1 for the former, and in the 
summer, 22 µg L–1 for the latter. The annual mean values 
were calculated as 17 and 18 µg L–1, respectively. The waters 
from the streams are classified as high quality [31] with ref-
erence to the upper threshold value of 20 µg L–1 for total Cr. 
However, Bulut et al. [38] reported higher concentrations of 
total Cr varying between 18.3 and 134.7 µg L–1, and classified 
the Galyan Stream as slightly polluted, based on an annual 
mean concentration of 47.8 µg L–1 by GFAAS.

On the other hand, the allowable concentration for total 
Cr is 50 µg L–1 with reference to national regulation [32] and 
standard [29], and international directive [34] and guideline 
[35]. However, it does not match the US EPA [36], which is 
100 µg L–1 for total Cr (Table 3). Consequently, total Cr con-
centrations measured throughout the period of study are 
well below the permissible levels suggested or mandated by 
these references.

Considering the water-quality reports from March 2015 
to February 2016 [49] for the drinking water treatment plants 
of the Trabzon Metropolitan Municipality, it was clearly seen 
that the treated waters had a high quality with a total Cr con-
centration of <1 µg L–1.

4.30. Total iron

Total Fe concentrations were at their lowest values in 
autumn being 296 µg L–1 for Değirmendere and spring being 
279 µg L–1 for Galyan. Their highest concentrations were in 
spring being 405 µg L–1 for the former and in the winter being 
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366 µg L–1 for the latter. The annual mean values were cal-
culated as 343 and 318 µg L–1, respectively, showing a minor 
difference between these two stations. The waters from the 
streams are classified as slightly polluted [31] with refer-
ence to the upper threshold value of 300 µg L–1 for total Fe. 
Similarly, Bulut et al. [38] classified the Galyan Stream as also 
slightly polluted, based on the annual mean total Fe concen-
tration of 324 µg L–1 by GFAAS.

On the other hand, the RCWIHC [32] and the TS 266 [31] 
propose the allowable concentration for total Fe as 200 µg L–1, 
which comply with the Council Directive 98/83/EC, however, 
not with the US EPA, in which the allowable concentration 
is 300 µg L–1 (Table 3). The total Fe concentrations measured 
throughout the period of study exceeded the permissible lev-
els suggested or mandated by these references [32–35].

Considering the water-quality reports [49] for the drink-
ing water treatment plants of the Trabzon Metropolitan 
Municipality, it was clearly seen that the treated waters had a 
high quality with a mean value of 13 µg L–1 total Fe, ranging 
from 2 to 36 µg L–1 (Table 5) below these thresholds.

5. Conclusions and recommendations

Trabzon Province with a total population of 757,898 is the 
biggest city on the Southeastern Black Sea Coast. With a main 
branch length of 55 km and catchment area of 1,054 km2, the 
Değirmendere Stream watershed receiving untreated domes-
tic wastewater and draining into the Southeastern Black Sea 
is of prime importance since domestic water demand of 
Trabzon people is supplied by this watershed.

Based on 1-year observations, it was concluded that the 
Değirmendere and Galyan streams have high-quality water 
according to the Turkish Surface Water Quality Regulation in 
terms of the monitored water-quality indicators. Yet, regard-
ing such indicators as TKN, o-PO4

3−−P, and total Fe, each stream 
is classified as slightly polluted. The Değirmendere Stream is 
also classified as slightly polluted in terms of NO2

−−N.
The surface water quality of the Değirmendere Stream, 

passing through the city center of Maçka and receiving 
untreated domestic wastewater, has been ironically degraded. 
To preserve the water quality, it is recommended that rele-
vant authorities should take the Değirmendere Stream under 
protection as soon as possible.

Although Değirmendere is untreated wastewater 
impacted urban stream, it is exceptionally surprising that 
the Galyan Stream has more concentrations of NH4

+−N 
with 23%, NO3

−−N with 46%, and TKN with 17% than the 
Değirmendere Stream has. It has been thought that the more 
concentrations were due to the chemical fertilizers (e.g., cal-
cium ammonium nitrate and NPK compound fertilizer con-
taining the elements: N, P and K) and animal manure used 
widely in the Galyan Stream watershed, where hazelnut 
is intensely cultivated. In order to improve drinking water 
quality, the fertilizers used for hazelnut cultivation should be 
limited, and the effectiveness of the fertilizers used should be 
improved using recent advances. This will further provide 
reduction of nutrient inputs to the Southeastern Black Sea, 
which cause coastal eutrophication.

The fact that the Galyan Stream has more TSS of 126% 
and turbidity of 119% than the Değirmendere Stream has may 
be misleading since these higher values were due to various 

construction activities in the Galyan Stream watershed such as 
dam, soil-saving dams, bridges, levees, sewerage systems, and 
relocation of roads impacting the water quality temporarily.

Considering the water-quality reports covering a 2-year 
period from March 2014 to February 2016 for the drink-
ing water treatment plants of the Trabzon Metropolitan 
Municipality, it was concluded that quality and safety of the 
treated waters used for drinking purposes were desirable. It 
was also concluded that the water from the treatment plants 
should be fluoridated since the Değirmendere and Galyan 
streams are poor in fluoride regarding the annual mean F− 
values of 0.180 and 0.203 mg L–1, respectively.

This study continued for one year with monthly monitor-
ing frequency and 30 water-quality indicators due to limited 
economic and laboratory opportunities. Therefore, a long-
term study covering more frequent monitoring and sam-
pling together with more water-quality indicators is strongly 
recommended to better qualify the quality and safety of the 
stream waters used for drinking purposes.

Coastal eutrophication has been a serious problem in 
many coastal waters, especially in land-locked seas. Being 
one of the largest land-locked seas, the Black Sea has also suf-
fered from this problem. This is a result of nutrients such as 
nitrogen and phosphorus delivered by the rivers, sewage sys-
tems, and so on in increasing amounts to the coastal waters of 
the Black Sea. Sanitary sewage systems serve 454,306 people 
in Trabzon Province, and about 23.474 × 106 m3 of wastewater 
are generated per year, of which 2.912 × 106 m3 are discharged 
by the streams to the Black Sea. Therefore, a specific water 
monitoring and sampling station should be selected at the 
Değirmendere Stream mouth to determine the nitrogen and 
phosphorus export by the stream to the Southeastern Black 
Sea together with a long-term monitoring.
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