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BSTRACT. The main aim of this study is to understand the seasonal changes in the selected rivers of the Eastern Black Sea water 
quality by using physico-chemical parameters (temperature °C, pH, conductivity), Dissolved Oxygen, Chemical Oxygen Demand (COD) and 
Chlorophyll-a, nutrients (Nitrate: NO3-N, Nitrite: NO2-N; Ammonia: NH3-N), o-Phosphate (o-PO4), Total Phosphorus (TP), Total Suspended 
Solid (TSS), Organic Matter, Detergent (LAS), Total Hardness, Ca+2 and Mg+2at Fırtına, İkizdere and Çağlayan streams. The highest 

average values for temperature (°C), electrical conductivity (EC), total suspended solid (TSS) and reactive phosphate (o-PO4) were determinate as 
12.1±4.04 °C in Çağlayan stream, 45.3±13.3 µs/cm and 32.5±30.2 mg/L in İkizdere stream and 0.24±0.24 mg/L in Fırtına stream, respectively.
Water samples were collected at seosanaly during one year of monitoring from Çağlayan, Fırtına and İkizdere river basin to determine physico-
chemical characteristics and nutrient levels, their spatial and seasonal variations. The results were classified regarding the criteria’s of European 
Council Directive 98/83/EC (1998), National Recommended Water Quality Criteria (US EPA, 2009) and World Health Organisation (WHO, 2004). 
Results obtained from three streams show that the values of the studied parameters are lower than legal limits proposed by Euorpean Council 
98/83/EC (1998),US EPA 2009 and WHO 2004, indicating that the water quality of the streams studied is well beyond the drinking waters.
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INTRODUCTION

River water uses multi-purpose for instance drinking, irrigation, aquaculture and energy production [4]. Concentrations of nutrients, 
physical- chemical conditions and microbiological proporties of water are known to play important role in determining the ecological 
status of aquatic systems. These parameters in excess may lead to diverse problems for example,  an increase algal blooms, loss 
of oxygen, fish deaths and loss of biodiversity [2]. River water quality depend on many factors such as the proportion of surface 
runoff and groundwater, reactions within the river system administered by internal processes, mixing of water coming from 
tributaries of different quality and inputs of pollutants ([1]; [3]).Objective of this study, is  to understand the seasonal changes in the 
Çağlayan, Fırtına and ikizdere rivers of the Eastern Black Sea water quality by using Physico-Chemical parameters (Temperature, 
pH, Conductivity(EC), Dissolved Oxygen(DO), Chemical Oxygen Demand (COD) and Chlorophyll-a, Nutrients (Nitrate (NO3-N), 
Nitrite (NO2-N) Ammonia (NH3- N), o-Phosphate  (o- PO4), Total Phosphorus (TP) Total Suspended Solid (TSS) Organic Matter, 
Detergent, Total Hardness, Ca+2 and Mg+2 andthe results are classified regarding the criteria’s of European Commission Directive 
98/83/EC [5], National Recommended Water Quality Criteria [7] and World Health Organisation [6].

Fig. 1. Study area and sampling stations
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THE SAMPLING AREA

In this study, seasonaly water samples were taken from Çağlayan, Fırtına and İkizdere streams in Rize of Eastern Black Sea of 
Turkey between November 2013-June 2014. Water samples were taken at 5 locations in the Çağlayan, 6 locations in the Fırtına 
and 6 locations in the İkizdere. Nomenclatures for the rivers were as follows: Çağlayan (ÇD1, ÇD2, ÇD3, ÇD4,ÇD5,), Firtina (FD1, 
FD2, FD3, FD4,FD5,FD6) and İkizdere (İD1, İD2, İD3, İD4,İD5,İD6) (Fig. 1).

MATERIALS AND METHODS

Measurement and sampling on the rivers which is seasonally was effected on the stations and close to the river mouths. For this 
purpose, temperature (ºC), pH, electrical conductivity (µs/cm) and dissolved oxygen (mg/L) were measured in situ byHach 40Q at 
the stations. Water samples were collected in acid- washed bottles, filtered through 0.45 µm pore size filters and frozen for 
analyzing dissolved nutrients. Analyzes of nitrate (NO3-N), nitrite (NO2-N), ammonia (NH3-N), o-phosphate  (o- PO4), 
totalphosphate (TP) (after digestion with persulfate),detergent (LAS) and Chemical Oxygen Demand (COD)were measured by with 
DR 3900 Spectrophotometer (HACH) using kit. The results are given as mg/L [8]. Total suspended solids were determined 
gravimetrically by SM 2540 D method, chlorophyll a spectrofotometrically according to SM 10200 H method after acetone 
extraction, by DR 3900 spectrophotometer using a kit, permanganate index (organic matter) (SM 4500-OB) and total hardness, 
Ca+2, Mg+2 (SM 2340 C) were measured titrimetrically [8].

Statical evaluation of the data (ANOVA) was conducted using Statistica version 10. 

Fig. 2. Seasonal change of temperature, oxygen demand, pH, conductivity, TSS, total hardness in Çağlayan, Fırtına and İkizdere 
streams
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RESULTS AND DISCUSSION 

Average, minimum and maximum values of seasonal variations of temperature, dissolved oxygen, pH, conductivity, total 
suspended solid, hardness, nitrate, nitrite, ammonia, o-phosphate, total phosphorus detergent parameters measured in Çağlayan, 
Fırtına and İkizdere rivers were shown in Fig. 2 and Fig. 3.

As a result, temperature dissolved oxygen and total suspended solid of all stations in the rivers are associated with seasons. Water 
temperature and oxygen are important chemical reactions and aquatic life. Conductivity of the İkizdere was found higher than 
Çağlayan and Fırtına rivers. Total suspended solid and organic matter in İkizdere were found higher than Çağlayan river. Ammonia 
(NH3- N) in Çağlayan and Fırtına rivers was found higher than İkizdere (Fig. 2 and Fig. 3).

Fig. 3. Seasonal change of nitrate, nitrite, ammonia, o-phosphate, total phosphate and LAS in Çağlayan Fırtına and İkizdere 
streams.
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Summary of four seasonal data obtained were classified with regarding the criteria’s of European Commission Directive 98/83/EC
[5], National Recommended Water Quality Criteria [7], and World Health Organisation [6]. Except nitrite, the results of the analysis 
of  the all  rivers were found to have Class I water quality (Table 1).

Table 1.
Water quality classes of Eastern Black Sea rivers

Rivers Temp. pH EC DO NO
3

NO
2

NH
3

PO
4

Çağlayan I I I I I II I I
Fırtına I I I I I II I I

İkizdere I I I I I II I I

The difference between the rivers in terms of temperature, pH, dissolved oxygen, NO3-N, NO2-N, o-PO4, Total Phosphorus, LAS 
and total hardness are not statistically significant (p<0.05). 

CONCLUSIONS

According to the results provided here, in order to sustain a successful protection and rational use of the freshwater ecosystem in 
Çağlayan, Fırtına and İkizdere, especially nitrogen load in, as pollution sources entering to the streams concerned must be 
controlled. It is strongly suggested that this can only be done if the ecological tea plantation is enforced to cultivate in the area and
so stop the use of fertilizer that is the possible source of pollution.
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