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Abstract - This study aimed to investigate the point and diffuse pollution sources of high total phosphorus (TP) pollution detected in 
the dry and wet seasons of the industrialized and urbanized Saz-Cayirova Basin through field observation and multivariate statistical 
techniques. In this context, nineteen water quality parameters were analyzed in surface water samples collected monthly between June 
2020 and July 2021 from nineteen different sites along the Saz-Cayirova stream. Firstly, two reference sites representing a better surface 
water status were determined and assessed the water quality on the stream tributaries affecting the wastewater treatment plant in the two 
Organized Industrial Zones (OIZ). Secondly, hierarchical cluster analysis (HCA) and principal component analysis (PCA) were 
performed to evaluate the complex water quality dataset and reveal the latent sources of TP pollution. The results showed that the 
tributaries in the pressure of OIZ discharges were highly enriched in COD, TOC, NO3-N, NH3-N, and TP concentrations compared to 
the reference level. Compared with reference sites, the concentrations of the four heavy metals examined were at a plausible level. 
Besides, the pollution sources of TP were industrial processes wastewater such as dyeing, washing, phosphating, domestic wastewater 
from OIZ, urban diffuse waters with organic character, and continuous discharges of undefined sources. The seasonal variation of TP 
values is observed relatively low, indicating that the stream network is greatly affected by point source pollution. Our observation and 
analysis imply that the treatment technologies adopted by the OIZ wastewaters plant is sufficient to treat heavy metals. However, 
measures need to be formulated to remove TP and organic pollution from the secondary production process. 
Keywords: Phosphorus, Surface water quality, Multivariate statistical techniques, Point source pollution  
 
1. Introduction 

The physicochemical characteristics of surface waters are a key indicator for identifying and minimizing anthropogenic 
pressures on the stream. The most important pollution type of surface water in developed countries has been identified as 
organic and nutrient pollution [1]. Phosphorus is a nutrient derivative, usually in the form of pyrophosphate, metaphosphate, 
polyphosphate, and organically bound phosphate in spring waters and wastewaters [2]. Approximately 80% of the 
phosphorus pollution sources directly affect the water quality originate from industrial and domestic discharges [3]. Although 
the characteristics of domestic discharges generally have low variation, the total phosphorus concentration released from 
industries to the receiving environment varies with different processes. If a large amount of phosphorus and its derivatives 
are found in the aquatic environment, it can decrease dissolved oxygen in the water body due to the increase of minerals and 
organic nutrients, namely eutrophication. Besides, the high phosphorus load from streams to the marine environment under 
high runoff conditions may lead to dissolved organic matter derived from phytoplankton and algae [4].  

The latest example of the negative impact of nutrients on the marine environment is the mucilage formation observed in 
the Marmara Sea, an inland sea in Turkey, at the end of 2020. With the effect of temperatures, it covered the sea surface and 
bottom intensively in the spring and summer of 2021 [5]. The primary motivation for this formation is the uncontrolled 
growth of microorganisms in the marine environment due to over-nutrition [6], [7]. Previous research proved that these 
nutrients' primary sources are the surface current from the Black Sea [8]. Furthermore, point/non-point source pollution of 
the small and large-scale basins around the Marmara Sea is also cited as a secondary source of mucilage formation [9], [10].  
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Saz-Cayirova Basin is dominated by industrial and residential areas (73% of the entire basin), agricultural activities 
are not carried out, residential discharges are collected in a separate channel, and infrastructure systems are developed 
compared to other basins flowing into the Marmara Sea. However, field and laboratory analysis shows that the total 
phosphorus concentrations in the entire basin are relatively high. Thus, the stream having high energy in the region was 
detected to provides an intense phosphorus load to the Marmara Sea. Due to these basin characteristics, this research 
aimed to investigate the point and diffuse pollution sources of total phosphorus throughout the basin on  temporal and 
spatial scale using multivariate statistical techniques. In this context, a water quality data set consisting of nineteen 
parameters and nineteen monitoring sites was created. Firstly, two reference points were determined on the tributaries 
to calculate the effect of industrial discharges, which create the most significant pressure on the stream network. 
Subsequently, the pollution level of the sites directly affected by the industrial discharges was analyzed by comparing 
them to these reference points. Secondly, nineteen sites were grouped spatially through hierarchical clustering analysis. 
Depending on this grouping, dominant pollution sources were interpreted using principal component analysis. 
 
2. Material and Method 
2.1. Study Site 

The Saz-Cayirova basin is located in the Kocaeli, which is placed in the northwest of Turkey and has a coast on the 
Marmara Sea. Saz-Cayirova is a small-scale industrialized and urbanized basin that includes Saz and Cayirova streams 
(Figure 1). The sub-basin areas of Saz and Cayirova are 20 km2 and 30 km2, orderly. The total length of the two-stream 
tributaries is 10 km, and their width varies between 2 and 20 m [11]. Climatically, this basin is the transition zone 
between the Mediterranean and the Black Sea climates. The upstream parts of the Saz Stream are primarily under 
pressure from point discharges originating from Gebze (GOIZ) and Automotive Supply Organized Industrial Zones 
(OSOIZ). In the downstream parts of the Saz Stream, small/large-scale factories discharge their treated wastewater into 
the stream. Some of the Cayirova tributaries have been rehabilitated and taken underground by local authorities. Even 
so, field observations by the research team showed that Cayirova tributaries carry industrial wastewater with different 
production processes.  The local administrators in the region noted that the loads coming from the urban or rural areas 
of the basin are collected in a separate channel and are not discharged into the Saz Stream. 

 
2.2. Water Sampling and Analysis 

The water quality (WQ) monitoring campaign was carried out monthly from June 2020 to July 2021, with a focus 
on the Saz stream tributaries owing to the inclusion of the Cayirova tributaries in the channel. The campaign includes 
nineteen monitoring sites (GOIZ and OSOIZ reference points + 2 Cayirova stream outlets + 2 Saz-Cayirova main 
channel + 13 Saz tributaries). In order to maximize the visibility of these points in the map, the points, namely C1, C2, 
S6, GOIZ-REF, OSOIZ-REF, and S13, were visualized by a move to them approximately 55 meters (Figure 1). OSOIZ-
REF and GOIZ-REF represent rural areas not affected by industrial discharges, and anthropogenic pressures are minimal 
throughout the basin.  

A total of fourteen sampling campaigns were carried out throughout the study. Thirteen measurements were 
accomplished separately at sites S12 and S13. Twelve measurements were made asunder in S10 and S11. Nine 
measurements were performed separately at S5 and S6 sites. Eleven and two measurements were performed for GOIZ-
REF and OSOIZ-REF, respectively. Fourteen measurements were conducted at each remaining site. Additionally, the 
tributaries' pollution status under the influence of OSOIZ and GOIZ were visualized with the OSOIZ-REF and GOIZ-
REF sites. This comparison was accomplished to represent the hydrological wet (October-April) and dry (May-
September) seasons.   

Heavy metals (Iron-Fe, Zinc-Zn, Copper-Cu, Lead-Pb), alkaline earth metals (Sodium-Na, Magnesium-Mg, 
Calcium-Ca), nutrients (Total phosphorus-TP, Ammonia nitrogen-NH3-N, Nitrate nitrogen - NO3-N), in-situ (pH, 
dissolved oxygen-DO, electrical conductivity-EC, oxidation-reduction potential-ORP), organic carbon (Chemical 
oxygen demand-COD, biological oxygen demand-BOD, total organic carbon-TOC), Total Suspended Solids (TSS), 
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Alkalinity, a total of the 19 WQ parameters were measured in this research. All WQ parameters were expressed as mg/L, 
except pH, EC (μS/cm), ORP (mV). 
Water quality parameters were analyzed according to Standard Methods Analyzed for the Examination of Water and 
Wastewater [12]. The sampling, preservation, transportation, and analysis of the water samples were performed according 
to standard methods [13]. The analytical data quality was ensured through careful standardization, procedural blank 
measurements, and duplicate samples. 

 

 
Figure 1. Location map and monitoring sites of Saz-Cayirova basin. 

 
2.3. Exploratory Data Analysis and Multi-Variate Statistical Techniques 

The applicability and reliability of the PCA depend on the size of the dataset. Tran et al. [14] suggested that a variable 
in a multivariate dataset should be at least size of 30. This number of data may not be available from a single monitoring 
site. The application of cluster analysis techniques is recommended in reducing both time and cost, provided they are 
validated by field observations [15]. In this study, 17 monitoring stations (excluding reference points) were divided into five 
groups by field observations and hierarchical clustering analysis technique. The dataset in each group was divided into wet 
and dry seasons and subjected to PCA. 

The consistency of each WQ parameter to the normal distribution was tested with Kolmogorov-Smirnov (K/S) test. K/S 
results demonstrated that all parameters were distributed log-normally at the 95% confidence interval. In fact, the 
environmental data matrix usually follows a log-normal distribution [16]. In this context, Kaiser-Meyer-Olkin (KMO) and 
Barlett's Sphericity tests were applied to the datasets before PCA. A KMO value close to 1 indicates that the sum of the 
partial correlations is less than the sum of the correlations [17]. The KMO value varies between 0.68 and 0.82 among the 
grouped datasets. Barlett's Sphericity test results showed significant relationships between variables at the 0.05 significance 
level. The two test results showed that the WQ dataset examined was suitable for PCA. Before HCA and PCA, the dataset 
was standardized with the z-scale transformation technique to prevent misclassification due to different units and the data 
dimensionless [18], [19]. 
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The dendrogram (tree diagram) is the most common approach that visualizes intuitive similarity relationships 
among variables according to a pre-determined selection criterion. HCA is an unsupervised pattern recognition technique 
in which clusters with higher elements are created in a mathematical order starting from the most similar pair of 
parameters [20], [21]. A is widely used to statistically determine the similarities/differences of WQ parameters at 
different sites [22], [23]. In this study, HCA was performed on standardized values by the Ward2 method using 
Euclidean distances, which represent a measure of difference. 

PCA is the basis of machine learning techniques and an orthogonal linear algebra that transforms related variables 
into unrelated variables called principal components (PCs) based upon Pearson's correlation matrix [24]. The main 
purpose of the PCA method is to explain the relationship with fewer variables while preserving the relationship between 
the original data as much as possible. PCs are specified in descending order from whichever best describes the variance 
of the dataset (PC1, PC2, PC3 ... PCn). The eigenvalue of PCA is an indicator of the importance of PCs on the original 
data set. Conversely, PCA outputs are difficult to interpret using eigenvalues in environmental datasets. The VARIMAX 
rotation technique is preferred in many studies to interpret PCA outputs [25], [26]. Further details for the working 
principles of VARIMAX can be found in the study conducted by Kaiser [27]. 

 
3. Results and Discussion  

Table 1 and Table 2 demonstrate the annual mean values and spatial distributions of WQ parameters measured at 
19 stations (17 monitoring + 2 references) across the basin. The highest pH, DO, EC, NH3-N, NO3-N, TP, TOC, COD, 
BOD, TSS parameters were determined at C1 and C2 sites, representing Cayirova stream outlets. At the same time, the 
lowest ORP values were also observed at these stations. A noticeable decrease was observed in these values as of April 
2021 (Figure not shown). This situation can be explained by the measures taken to reduce the discharges after the 
mucilage event in the Marmara Sea. In the tributaries of the Saz Stream, except for TP, the variation scale of these 
parameters is relatively low. TP was detected approximately two times more in S6, S7, and S8 sites, representing GOIZ 
affluent than other sites. This shows the direct effect of GOIZ discharges on TP concentrations. Heavy metals and 
alkaline earth metals did not have a high variation throughout the basin. 
 

Table 1. Annual mean values with standard deviations of WQ parameters in nineteen monitoring sites. 
Monitoring 

sites 
pH ORP TOC Alkalinity NH3-N TSS Na Ca Mg 
- (mV) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

SC1 8.9 ± 1.2 105 ± 43 14.9 ± 7.5 300 ± 104 9.3 ± 8.2 0.06 ± 0.09 184 ± 74 83 ± 48 15.4 ± 8.7 
SC2 8.7 ± 0.8 108 ± 41 11.4 ± 5.6 278 ± 83 7.1 ± 5.1 0.04 ± 0.04 147 ± 41 82 ± 34 14.4 ± 4.7 
C1 9.1 ± 1.2 62 ± 62 18.3 ± 4.5 282 ± 94 14.9 ± 8.2 0.12 ± 0.19 199 ± 111 84 ± 48 12.4 ± 6.5 
C2 8.5 ± 1.2 57 ± 53 37.4 ± 19.3 355 ± 110 24.2 ± 12.7 0.13 ± 0.12 119 ± 24 73 ± 30 15.2 ± 5.7 
S1 8.8 ± 0.7 125 ± 40 8.9 ± 2.1 272 ± 77 4.8 ± 2.9 0.01 ± 0.006 162 ± 59 89 ± 39 14.8 ± 4.5 
S2 8.3 ± 0.5 141 ± 49 8.2 ± 1.8 306 ± 66 5.4 ± 2.9 0.02 ± 0.03 157 ± 43 91 ± 33 14.7 ± 3.8 
S3 8.2 ± 0.5 150 ± 44 6.2 ± 1.1 267 ± 46 4.6 ± 1.4 0.02 ± 0.03 112 ± 19 97 ± 36 15.2 ± 4.4 
S4 8.4 ± 0.3 127 ± 47 10.6 ± 2.5 324 ± 100 5.3 ± 4.1 0.06 ± 0.18 195 ± 61 86 ± 32 14.5 ± 4.3 
S5 8.1 ± 0.3 149 ± 51 5.2 ± 1.4 282 ± 59 3.4 ± 1.1 0.03 ± 0.03 53 ± 10 74 ± 32 17.9 ± 7.7 
S6 8.0 ± 1.5 118 ± 52 11.1 ± 2.4 333 ± 79 4.3 ± 2.1 0.09 ± 0.23 201 ± 66 66 ± 23 11.9 ± 3.6 
S7 8.5 ± 0.5 119 ± 45 12.8 ± 3.9 353 ± 101 5.4 ± 2.4 0.05 ± 0.1 239 ± 63 88 ± 35 12.7 ± 4 
S8 8.4 ± 0.3 117 ± 40 13.1 ± 3.3 362 ± 103 5.6 ± 3.5 0.02 ± 0.04 269 ± 57 92 ± 39 12.4 ± 4.3 
S9 7.9  ± 0.6 139  ± 52 5.8  ± 1.6 238  ± 54 4.5  ± 2 0.05  ± 0.07 109 ± 28 101 ± 37 14.8 ± 5.3 
S10 7.7 ± 0.3 129 ± 81 5.2 ± 1.7 308 ± 70 4.9 ± 6.5 0.03 ± 0.05 83 ± 33 95 ± 41 18.8 ± 7.1 
S11 8.2 ± 0.4 139 ± 53 14.2 ± 23 202 ± 57 3.5 ± 1.4 0.05 ± 0.07 82 ± 32 89 ± 69 13.6 ± 7.2 
S12 7.8 ± 0.3 143 ± 57 11.4 ± 21.4 248 ± 58 3.3 ± 1.1 0.03 ± 0.03 118 ± 38 99 ± 37 14.4 ± 5.7 
S13 7.6 ± 0.3 105 ± 71 3.7 ± 1.4 289 ± 47 3.1 ± 0.7 0.01 ± 0.01 65 ± 19 83 ± 27 16.9 ± 4.8 
GOIZ-REF 7.8 ± 0.5 154 ± 61 3.9 ± 1.9 245 ± 35 2.9 ± 0.9 0.12 ± 0.19 116 ± 61 90 ± 27 29.3 ± 10.1 
OSOIZ-REF 7.9 ± 0.2 85 ± 35 4.2 ± 0.6 188 ± 21 2.8 ± 0.8 0.03 ± 0.02 167 ± 87 73 ± 39 14.4 ± 6.8 

Table 2. Annual mean values of water quality parameters (mean + SD) in nineteen monitoring sites. 
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Monitoring 

sites 
DO EC COD BOD NO3-N TP Fe Zn Cu Pb 

(mg/L) (uS/cm) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 
SC1 5.7 ± 2.3 1250 ± 434 51.4 ± 45.1 13 ± 22 3.1 ± 0.9 1.4 ± 1.03 0.31 ± 0.24 0.08 ± 0.08 0.05 ± 0.05 0.015 ± 0.015 
SC2 6.5 ± 2.7 1072 ± 257 48.9 ± 36.3 11 ± 16 3.1 ± 0.8 0.9 ± 0.7 0.3 ± 0.16 0.07 ± 0.04 0.05 ± 0.04 0.017 ± 0.016 
C1 2.5 ± 1.7 1285 ± 515 81.3 ± 28.5 18 ± 24 2.6 ± 0.7 1.1 ± 1.0 0.4 ± 0.64 0.06 ± 0.06 0.17 ± 0.23 0.016 ± 0.015 
C2 6.4 ± 2.3 1018 ± 243 209 ± 111 111 ± 81 4.3 ± 1.6 3.6 ± 2.2 0.3 ± 0.15 0.07 ± 006 0.07 ± 0.07 0.023 ± 0.020 
S1 7.8 ± 2.1 1057 ± 251 35.4 ± 14.0 3.4 ± 8.5 3.2 ± 0.8 0.6 ± 0.4 0.3 ± 0.14 0.07 ± 0.04 0.04 ± 0.03 0.012 ± 0.013 
S2 8.6 ± 2.2 1139 ± 257 26.8 ± 8.6 1.3 ± 3.1 3.3 ± 0.8 0.7 ± 0.4 0.4 ± 0.2 0.07 ± 0.03 0.09 ± 0.12 0.008 ± 0.009 
S3 8 ± 0.4 968 ± 201 23.8 ± 8.9 0.9 ± 2.7 3.8 ± 1.43 0.5 ± 0.2 0.3 ± 0.24 0.04 ± 0.02 0.05 ± 0.04 0.013 ± 0.02 
S4 9.2 ± 1.8 1258 ± 321 36.4 ± 9.2 1.6 ± 5.1 3 ± 0.6 0.9 ± 0.7 0.5 ± 0.3 0.09 ± 0.02 0.04 ± 0.04 0.01 ± 0.01 
S5 8.5 ± 1.4 666 ± 177 41.2 ± 31.1 0.6 ± 1.6 2.6 ± 0.8 0.1 ± 0.1 0.6 ± 0.2 0.02 ± 0.02 0.05 ± 0.04 0.013 ± 0.010 
S6 9.9 ± 1.2 1320 ± 380 39.2 ± 9.2 0.000 2.9 ± 0.7 1.1 ± 0.9 0.7 ± 0.4 0.14 ± 0.04 0.06 ± 0.05 0.015 ± 0.017 
S7 8.4 ± 0.7 1496 ± 348 49.5 ± 22 5.9 ± 15.4 2.9 ± 0.8 1.4 ± 1.1 0.6 ± 0.3 0.1 ± 0.03 0.05 ± 0.04 0.012 ± 0.02 
S8 8.9 ± 1.2 1618 ± 358 44.9 ± 14.2 0.9 ± 1.4 3 ± 0.9 1.2 ± 1.6 0.6 ± 0.4 0.14 ± 0.07 0.05 ± 0.04 0.060 ± 0.160 
S9 8.9  ± 1.7 1001 ± 190 21.5  ± 9.3 0.4  ± 1.04 5.3  ± 1.8 0.4  ± 0.2 0.33 ± 0.2 0.04 ± 0.02 0.06 ± 0.05 0.011 ± 0.02 
S10 6.7 ± 2.5 850 ± 213 22.2 ± 23.9 2.2 ± 7.2 1.4 ± 0.7 0.2 ± 0.7 0.4 ± 0.3 0.03 ± 0.03 0.04 ± 0.05 0.011 ± 0.011 
S11 8.3 ± 1.7 691 ± 219 102 ± 126 38 ± 81 2.3 ± 1.2 0.3 ± 0.4 0.2 ± 0.14 0.07 ± 0.06 0.04 ± 0.05 0.028 ± 0.039 
S12 8.4 ± 1.2 961 ± 233 43.9 ± 89.8 16 ± 53 5.7 ± 3.4 0.8 ± 0.8 0.4 ± 0.6 0.07 ± 0.04 0.04 ± 0.04 0.017 ± 0.020 
S13 8.3 ± 1.4 746 ± 274 16.7 ± 10.1 1.3 ± 3.5 1.6 ± 0.6 0.1 ± 0.1 1.36 ± 0.65 0.04 ± 0.03 0.04 ± 0.04 0.006 ± 0.006 
GOIZ-REF 8.1 ± 1.3 1217 ± 531 13.9 ± 6.3 0.000 1.9 ± 0.8 0.1 ± 0.1 0.1 ± 0.08 0.02 ± 0.02 0.03 ± 0.02 0.017 ± 0.022 
OSOIZ-REF 8.6 ± 1.1 984 ± 595 9.6 ± 6.4 0.000 1.6 ± 0.5 0.000 0.11 ± 0.02 0.03 ± 0.02 0.06 ± 0.04 0.023 ± 0.006 

 
A correctly positioned reference sites are critical for mathematically express the impact of industrial pressures on the 

basin. Given the field observations and the structure of the WQ dataset, based on the data from the OSOIZ-REF and GOIZ-
REF sites, the variations of 9 WQ parameters were examined for the wet season (May to September) and dry season (October 
to April) (Figure 2). The pollution status of stations S4, S6, S7, and S8 were evaluated according to GOIZ-REF, while S3, 
S9, S11, and S12 were compared to OSOIZ-REF. Meanwhile, COD, TOC, NH3-N, NO3-N, TP, Fe, Zn variables were above 
the reference values for all sites. Cu and Pb concentrations were measured below the reference values in many sites, 
especially in the dry season. The abandoned metallic sulphide mine site, where Pb, Zn, and Cu are extracted, is located in 
the NW and SE parts of the Pelitli Settlement of Gebze. One hundred ten thousand tons of geological reserves have been 
determined in the mine site [28]. Thus, the relatively high values measured at OSOIZ-REF and GOIZ-REF sites can be 
associated with Pb, Zn, Cu in the soil content in the basin. This unique characteristic was taken into account in the pollution 
source analysis section. 

Moreover, the close relationship between these three elements and soil-derived elements can be considered as expected 
at the Saz-Cayirova basin scale. Otherwise, the concentrations of NH3-N and NO3-N measured at the S9 were higher than 
other sites affected by OSOIZ. Greenhouse activities are carried out near the S9 site, and nitrogen fertilizers are commonly 
use around this site. The relatively high nitrogen concentration measured during the dry season of S9 supports this inference. 

Organic carbon derivatives (COD, TOC) were detected above the reference values in 8 sites. A relatively low difference 
was observed between the dry and wet season (except for TP) values of the sites affected by GOIZ discharges. Another side, 
higher concentrations were measured in the wet season at the sites affected by OSOIZ discharges. The COD concentration 
measured at S11 and S12 during the wet season is 100 times and 60 times that of the reference site. TOC values at these sites 
were measured 6 and 5 times higher, respectively. TOC and COD may accumulate in the sediment over this stream network, 
since these concentrations showed a descending order from the OSOIZ effluent to the leading network (S11, S12, S9, S3). 
In consideration of nutrient concentrations, the most dramatic difference was seen in TP relative to reference values. Among 
sites representative of OSOIZ discharges, the highest TP concentration was measured at site S12. As well, TP values did not 
show a high difference between the two seasons. The highest TP concentrations were monitored in the dry season at sites 
representing the GOIZ discharges. Fe and Zn were measured higher than those of OSOIZ in the networks representing GOIZ 
output. In addition, these metals' wet and dry season values were measured close to each other at sites S4, S6, S7, S8. 
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Figure 2. Status of organic carbon, nutrients and heavy metals measured at sites on the OSOIZ and GOIZ stream 

networks compared to reference sites. 
 
3.2. Hierarchical Clustering Analysis (HCA) 

HCA was applied to survey spatial similarities in terms of WQ and determine the number of groups examined in 
PCA (Figure 3). Statistically significant, five groups were created. Gr-1 represents the sites (S3, S9, S11, S12) under 
pressure from OSOIZ and various sizes of residential areas (especially around S3). According to the dendrogram, S3 
and S9 sites are the most similar sites, followed by S12 and S11. S11 and S12 represent two different networks that of 
OSOIZ discharges. That is why the pollution level of the S3 and S9 may be more affected by network pollution 
represented by the S12.  

Gr-2 represents sites (S4, S6, S7, S8) under pressure from GOIZ and individual factories of various sizes. Among 
the sites clustered in this group, S4 to S7 and S6 to S8 show the closest characters. Considering the S6 and S7 on the 
map, the high similarity between the two sites is to be expected. The relatively low similarity of the two sites within the 
same group can be explained by the point or non-point leakage discharges located between the two points. Gr-3 is 
dominated by sites on the leading network (SC1, SC2, S1, S2). While SC2 and S1 present the closest relationship within 
the group, they are followed by S2 and SC1, respectively. This high similarity is expected as there are approximately 
100 meters between sites SC2 and S1. The fact that SC1 is the most different site in the group represents the irregular 
load of the Cayirova river network at this time.   
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Gr-4 represents sites (S5, S10, S13) that are not under pressure from GOIZ and OSOIZ and are generally influenced by 
urban diffuse pollution. In the dendrogram, S5 and S10 showed more similar features than S13. In the dendrogram, S5 and 
S10 show more similarity to each other than S13. While S13 represents the rural area close to OSOIZ but not affected by 
discharges, S10 and S13 represent areas with more urban character. Gr-5 was dominated by two sites (C1, C2) where the 
Cayirova stream networks outlets. Due to the mixed pollution load affecting the Cayirova stream networks, the similarity 
index (y-axis on the dendrogram) is not surprised to low between the two sites. Overall, the HCA results are consistent with 
field observations. 

 

 
Figure 3. Dendrogram showing clustering of seventeen sites according to WQ characteristics of Saz-Cayirova stream. 

 
3.3 Principal Component Analysis (PCA) 

PCA was run for the first four groups (Gr-1, Gr-2, Gr-3, Gr-4) considering the wet and dry seasons. Since some of the 
Cayirova tributaries were included in the canal due to rehabilitation works, as stated before, monitoring studies could not be 
carried out in these tributaries. In this regard, it is unreliable to conduct a pollution source assessment by looking at the only 
two sites representing the Cayirova stream outlet.  

PCA was applied based on 456 data matrices (24 sampling x 19 variables) and 532 data matrices (28 sampling x 19 
variables) for the dry and wet seasons of Gr-1 and Gr-2, respectively. For both seasons of Gr-3, 532 data matrices (28 
sampling x 19 variables) were considered. PCA was set based on 266 data matrices (14 sampling x 19 variables) and 380 
data matrices (20 sampling x 19 variables) for the dry and wet season of Gr-4. Liu et al. [29] recommended classifying the 
PC load as vital (> ±75), moderate (±0.50-0.75), and weak (±0.30-0.50). In this study, PCA results were visualized (Figure 
4 and Figure 5) with this classification in mind. The number of PCs was determined by considering components with 
eigenvalues greater than 1 [17]. Consequently, three statistically significant PCs were identified for each Gr-1, Gr-2, and Gr-
4 in dry and wet seasons. Four PCs were evaluated in each of Gr-3's two seasons. 
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In the wet season of the Gr-1, PC1 (51.6% of the total variance) has a robust positive load on COD, BOD, TOC 
and strong negative load on DO. Also, it has a moderate positive load on NH3-N, Na and negative loadings on pH. Oruc 
et al. [11] pointed out that the TOC content in the soil structure of the Saz-Cayirova basin is relatively low (0.2-3.2%). 
In this respect, organic carbon derivatives should be attributed to point source pollution rather than natural processes. 
Moreover, the contribution of BOD and NH3-N to this PC also proves the impact of domestic wastewater, which comes 
from the facilities used by the approximately 20,000 employees working at OSOIZ. Thus, PC1 can be attributed to the 
"Mixture of industrial and domestic wastewater". 

PC2 accounts for 24.5% of the total variance, with TP, Fe, and Zn as strong positive loadings. Also, pH contributed 
a moderate negative load on this PC. Automotive parts manufacturing firms are predominantly in the OSOIZ, and 
phosphate coating, a phase of steel coating surface treatments, is commonly applied in these processes. Zinc phosphate, 
iron phosphate, and manganese phosphate are commonly used in these coating types and can be applied in two ways: 
dipping or spraying. A rust precipitator line is also used in these processes [30]. The high negative contribution of ORP 
to this PC (-0.8) supports the characterization of wastewater produced by this process. In this status, PC2 most probably 
represents "Wastewater from metal industry processes". Cu, Pb, Na, Ca, Mg, TSS, Alkalinity, EC, DO, and TP was 
classified as strongly or weakly in the PC3 (9.6% of total variance). The correlation of Pb and Cu with alkaline earth 
metals is expected due to the geologic reserve in the basin. For the wet season representing the study period (2020-
2021), 605 mm of precipitation was recorded, approximately 75 mm more than the previous two years. This situation 
depends on natural processes, which accelerate the weathering of ions in the soil and their diffusion into the aquatic 
environment. Straightforwardly, PC3 stands for "Soil weathering".  

In the dry season of Gr-1, PC1 (46.2% of total variance) has a strong positive load on EC, TSS in addition to the 
variables in PC1's wet season. The inclusion of these WQ variables in this component indicates the degradability of 
water-soluble organic carbon derivatives under relatively low flow conditions. Considering that industrial activities are 
not affected by seasonal changes, it can be said that the most important source of pollution in two seasons is the "Mixture 
of OSOIZ's industrial and domestic wastewater". PC2 explains 27.2% of the total variance, which is strongly represented 
by the Fe, Zn, and TP variables derived from metal industrial processes, and moderately explained by NO3-N, which is 
known to have the characteristics of domestic wastewater and animal manures. Residential discharges are collected in a 
separate channel and treated in the Gebze urban advanced wastewater treatment plant at the basin outlet. Hence, NO3-
N concentrations can originate from poultry farming around the S3 site clustered in Gr-1. Therefore, PC2 most likely 
represents a "Mixture of industrial metal processes and poultry farming activities". PC3 (16.3% of total variance) 
contributed strongly or moderately to parameters Cu, Pb, and earth alkaline metals. During the dry season of the study 
period, the recorded precipitation (265 mm) increased by approximately 55 mm compared to the previous two years. 
The Saz-Cayirova Basin is mainly composed of low-mineralized alluvial soil. So, alkaline earth metal concentrations in 
surface waters due to weathering can be regarded as in the wet season. Therefore, as in the wet season, PC3 can be 
explained by "Soil weathering". 

In the wet season of Gr-2, PC1 (52.2% of the total variance) is dominated by heavy metals (Fe, Zn, Cu, Pb), 
reminiscent of GOIZ and the industries on the stream network. The strong clustering of the TOC parameter in PC1 
supports the wastewaters of industrial processes. There are many sectors such as metal, plastic, textile, chemical products 
manufacturing in GOIZ. Heavy metal-weighted wastewater may occur from the processes of each sector mentioned. 
PC1 is defined as "Mixed industrial wastewater, that of mainly metal".  PC2, which accounts for 23.9% of the total 
variance, was strongly associated with COD, NO3-N, TP, Ca, Mg, and moderately ORP, Alkalinity. Ca and Mg are 
known as ions representing the hardness of water, and washing processes are carried out to remove them from the water. 
Large amounts of phosphorus and nitrogen are released from wastewater from the dyeing process [31]. PC2 is considered 
to represent "Industrial dyeing and washing processes". PC3 explains Na concentrations highly, and TP, TSS, Mg, Ca 
contribute moderately to this PC. This PC is most likely attributable to anthropogenic sources. However, to explain PC3, 
more detailed information about the production processes in GOIZ is required. For this reason, PC3 has been defined as 
an "Undefined pollution source". 
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Figure 4. Varimax rotated loadings of significant principal components (eigenvalue>1) for the wet and dry seasons of Gr-1 

and Gr-2. 
 
In the dry season of Gr-2, PC1, explaining 54.8% of the total variance, is thought to express "Mixed industrial 

wastewaters". Because this component is powerfully explained by organic carbon derivatives, TP, TSS, and Zn. PC1 
represents wastewater originating not only from metal industries but also from many industrial processes in GOIZ. PC2 
(22.9% of total variance) has a strong positive load on Fe and a robust negative load on pH and ORP. The Fe value did not 
show remarkable changes in the dry and wet seasons at the sites representing GOIZ effluent and was the highest at the S6 
(see Figure 2). This issue may be due to the Fe source from GOIZ and the various iron, steel, and recycling industries 
operating on this network. Therefore, PC2 is most likely attributable to "Mixed industrial wastewater, that of mainly metal". 
PC3 is strongly characterized by EC, NH3-N, NO3-N, Cu, Pb, Ca, Mg. As in the wet season of Gr-2, PC3 is defined as an 
"Undefined pollution source" during the dry season. 

Gr-3 represents the main channel of the Saz Stream, which is the combined load from tributaries affected by OSOIZ and 
GOIZ. In the wet season of Gr-3, PC1, which explains the highest variance (41.8%), has a strong negative loading to pH and 
DO. In contrast, it has a solid favorable loading to EC, TSS, Fe, Zn, Mg, along with organic carbon and nutrients derivatives. 
In particular, the contribution of NO3-N and NH3-N to this PC and the high contribution of BOD refers to domestic 
discharges derived from OIZs.  As mentioned above, the clustering of Fe, TP, Zn variables together is linked to the industrial 
processes in the basin scale. These ions are more accessible to weathering during the wet season, and under the influence of 
precipitation and relatively low pH, they can contribute to the PC1 together. Thus, PC1 stands for "Industrial and domestic 
discharges, mainly that of industrials". PC2 (22.9% of total variance) has a high loading on Cu and Ca, while it has a moderate 
loading on alkalinity and Na. Soil weathering observed in the northern region, which is under the pressure of OSOIZ 
discharges, is likely to have a higher effect on the main channel with increased weathering processes. Expressing PC2 with 
"Soil weathering" would not be wrong for the Saz-Cayirova basin. PC3 was highly positively correlated with ORP while 
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moderately loaded by Fe, Cu, and Ca. PC3 denotes "Mixed industrial wastewater, that of mainly metal". PC4, accounts 
for 10.1% of the total variance, correlated only with Zn and Pb. Many vehicles using unleaded gasoline, such as trucks 
and transport vehicles, pass on the highway near the Saz Stream main channel. Hence, PC4 most probably refers to 
"Vehicle emissions". 

In the dry season of Gr-3, PC1 (46.3% of total variance) has a strongly positive loading with EC, NH3-N, TP, Fe, 
Cu, Ca, and pH has a strong negative loading with DO. PC1 refers to "Industrial and domestic discharges, mainly that 
of industrials", as in the wet season of Gr-3. Organic carbon derivatives, TSS, and Fe strongly contributed to PC2 (19.2% 
of total variance), and ORP has a strong negative load on this PC. Considering that organic carbon derivatives are the 
dominant pollutants here, PC2 can be associated with "Organic carbon derived OIZ discharges". PC3 (13.6% of total 
variance) has a strong positive loading with NO3-N. Also, TP contributed moderately to this PC. In this status, PC3 can 
be attributed to "Urban diffuse pollutions". PC4 (9.3% of total variance) has a substantial load on Zn and Pb, as in the 
wet season. This situation is related to "Vehicle emissions". In addition, the contribution of the same elements to PC4 
in two seasons supports vehicle emissions.   

 
Figure 5. Varimax rotated loadings of significant principal components (eigenvalue >1) for the wet and dry seasons of Gr-3 

and Gr-4. 
In both seasons of Gr-4, the same elements clustered together with the same PCs. This may indicate that the 

pollution in this group is loaded from a continuous source. PC1 (47.3% of total variance) has a robust positive load on 
BOD, TOC, NH3-N ve NO3-N. Also, this PC is negatively characterized by DO and ORP. Due to the rapid chemical 
reactions of nitrogen derivatives in the aquatic environment, this is actual proof that the source of pollution is continuous. 
PC1 can be recognized as "Urban waters with organic character". EC, Alkalinity, TSS, Fe, Ca, and Mg positively 
contribute to PC2 (25.5% of total variance). pH has a high negative contribution to this PC. In particular, small and 
medium-sized industries are placed around the S10, and residential areas are around the S5. Therefore, PC2 can be 
attributed to "Continuous discharges of undefined source/s". PC3 has a high positive correlation with Pb and Zn. There 
is a highway with heavy vehicle traffic near the S10 and S13 sites. Clustering of only these two elements together in 
both seasons brings to mind "Vehicle emissions". 
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4. Conclusion 

This study provides insights into the neglected total phosphorus pollution of the Saz-Cayirova stream, which is just one 
one of the industrialized and urbanized basins that transport high nutrient loads to the Marmara Sea. In the current research, 
research, a total of 19 WQ variables, including heavy metals, organic carbon derivatives, in-situ measurement parameters, 
parameters, and nutrients, were checked at 19 monitoring sites in the entire basin to determine the critical sources of total 
phosphorus pollution. Compared with reference sites, the concentrations of the four heavy metals examined were at a 
reasonable level. In addition to the four heavy metals studied, more specific heavy metals, such as antimony (Sb), manganese 
(Mn), and nickel (Ni), can also be measured, allowing more accurate assessments. Organic carbon derivatives stand out as 
WQ parameters of serious concern throughout the basin.  Despite innovative technologies for heavy metal removal in OIZ 
wastewater treatment plants, measures for TP and organic pollutants originating from secondary production processes need 
to be developed urgently.   

The main sources of the total phosphorus pollution in the whole basin can be listed as industrial processes wastewater 
such as dyeing, washing, phosphating, domestic wastewater from industries, urban diffuse waters with organic character, 
and continuous discharges of undefined sources. Our observations showed that TP pollution sources are more affected by 
GOIZ's discharges than the OSOIZ's discharges. Moreover, the relatively low seasonal variation in parameter concentrations 
indicates that point sources are more dominant than urban diffuse sources. Based on the results from field observations and 
statistical techniques, the following improvement strategies to minimize TP concentrations can be suggested; (1) Incorporate 
unpolluted tributaries into the stream network, (2) Add technologies to reduce the organic pollution in OIZ wastewater 
treatment plants, (3) Achieve a comprehensive approach to protect natural resources across the basin, (4) Conduct nutrient 
reduction simulations with modeling techniques using best management practices for each identified sub-groups.  
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