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Abstract  Water scarcity is becoming an increasing 
problem due to population growth and rapid urbani-
zation. This study evaluates the water quality of 
Kirazlı Stream, located in the Kastamonu Province, 
in Turkey’s Western Black Sea Region. To determine 
its suitability for regional use, samples were collected 
from 12 stations over 12 months between December 
2021 and November 2022. A total of 24 physicochem-
ical parameters were analyzed. Water quality classifi-
cations were assigned based on threshold values from 
the European Union (EU), World Health Organi-
zation (WHO), and Turkey’s Surface Water Qual-
ity Regulation (TSWQR). The results revealed that 
Kirazlı Stream, categorized as Class I water quality, 

is suitable for use. The order of the mean values of 
cations were as follows: Na+  > Ca2+  > Mg2+ > K+ 
(39.14, 14.09, 12.45, and 5.95; mg/L), and order of 
anions: SO₄2−  > Cl−  > NO₃−  > PO₄3− (34.66, 7.48, 
1.72, and 0.02; mg/L). Indices such as WQI (weighted 
arithmetic water quality index), HEI, HPI, and ERI 
indicated excellent to good water quality, whereas 
SAR and Na% indices supported its usability for irri-
gation purposes. However, the MH index suggested 
unsuitability for irrigation. Moreover, 25% of the 
sampling points met irrigation standards in terms of 
KR, while 75% did not. Potential health risks for both 
adults and children were below the threshold (HI < 1). 
Statistical approaches, including Spearman correla-
tion, PCA and HCA, were employed to assess the 
physicochemical datasets representing water quality. 
This study is the first study conducted in the region 
to evaluate the water quality of the Kirazlı Stream and 
is an important reference for optimizing resource use 
and promoting sustainable water management.

Keywords  Irrigation water · Kirazlı Stream · 
Magnesium hazard · SAR · Water quality · WQI

Introduction

Water is essential for the ongoing existence of life, 
making access to safe and accessible water a global 
priority (Dippong et al., 2023; Ben-tahar et al. 2025). 
Both human and natural activities have the potential 
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to contaminate water. When polluted with various 
pathogens such as bacteria, fungi, and viruses, or 
toxic substances, and consumed in such a state, water 
can lead to diseases (Adesakin et al., 2020; Varol & 
Tokatli, 2023a, b). Water pollution and restricted 
use of water are caused by natural processes such as 
erosion, volcanic eruptions, and drought, as well as 
anthropogenic activities such as industrialization, 
agriculture, and mining (Dey et al., 2021; Nyantakyi 
et al., 2024).

Water scarcity influences more than 40% of the 
global population. Even though access to safe drink-
ing water has improved worldwide over the past few 
decades, as stated by the Ministry of Agriculture 
and Forestry (2023), 80 countries still face water 
shortages. Approximately 844 million people can-
not access to drinking water services, whereas over 
2.1 billion individuals (more than 25% of the global 
population) are unable to access clean water. The 
growing global population and the increasing demand 
for high-quality water for domestic and economic 
activities further exacerbate water scarcity (Khatri 
& Tyagi, 2015; Perveen and Haque, 2023; Sabbagh 
et  al., 2024; Ali et  al., 2024). Simultaneously, the 
degradation of drinking water quality due to improper 
practices and usage necessitates a robust framework 
and management system to address challenges in the 
drinking water supply chain, from water catchment 
areas to consumers (Babu et  al., 2024; Hasan et  al., 
2022; Nong et al., 2020).

Given the seasonal and spatial variability in water 
quality, regular monitoring is essential as assessing 
water composition can be challenging (Şimşek & 
Mutlu, 2023). Water quality can deteriorate due to 
improper treatment and the discharge of waste from 
domestic, agricultural, and industrial activities (Varol 
et al., 2011; Adimalla and Venkatayogi, 2018; Kükrer 
and Mutlu, 2019). As a result, assessing water quality 
analyzing physical, chemical, and biological param-
eters and ensuring continuous monitoring is critical to 
prevent quality degradation (Bakan et al., 2010; Cüce 
et  al., 2022a; Şimşek et  al., 2023; Üstün Odabaşı & 
Ceylan, 2023).

Since water bodies are vital for sustaining biotic 
life and serve as essential resources for domestic and 
agricultural purposes, it is crucial to determine their 
suitability for drinking and irrigation purposes. Many 
indices were developed in previous studies to deter-
mine water quality based on its natural, physical, and 

chemical properties (Şimşek et  al., 2019; Ahmed 
et al., 2020; Tian et al., 2020; Gholami et al., 2022; 
Singh et  al., 2023; Roy et  al., 2024; Hossain Sadid 
et al., 2024; Sengupta et al., 2024). One such index is 
the water quality index (WQI), introduced by Horton 
(1965), which integrates and evaluates the combined 
effects of various water characteristics deemed signif-
icant for water quality (Howladar et al., 2021; Kanga-
bam et al., 2017; Poursaeid et al., 2024; Tokatli et al., 
2022; Ustaoğlu et al., 2020). The quality of irrigation 
water plays an equally significant role in preserving 
soil fertility (Çankaya et  al., 2023). Various irriga-
tion indices such as permeability index (PI), sodium 
adsorption ratio (SAR), magnesium hazard (MH), 
sodium percentage (Na%), and ecological risk index 
(ERI) can be utilized to analyze the quality of stream 
waters for irrigation purposes (Cüce et  al., 2022a; 
Haq & Muhammad, 2023; Rehman et  al., 2024). 
Moreover, health risk assessment techniques are com-
monly utilized to examine the health risks related 
with various pollutants in stream waters (Hoque et al., 
2022; Pashaeifar et  al., 2021; Zhang et  al., 2020a). 
Multivariate statistical analyses, such as HCA, cor-
relation coefficients, and PCA, are also employed 
to identify pollutant sources (Agyeman et  al., 2022; 
Ben-tahar et al., 2025b).

Kirazlı Stream, located in Çatalzeytin, is in Kasta-
monu, the Turkish province with the most extensive 
coastline along the Black Sea, spanning approxi-
mately 170 km. Çatalzeytin, one of 6 districts of Kas-
tamonu bordering the Black Sea, experiences a signif-
icant population increase during the summer months 
due to returning expatriates and tourists, despite its 
relatively small winter population (KPESR, 2023). 
The region is characterized by its natural coves and 
harbors, in addition to its diverse ecological features. 
There are natural beaches along the coastline, as well 
as diving areas and ports, whereas the steeply slop-
ing shoreline hosts forests with rich plant diversity. 
The district also features fishing harbors that support 
local fishing activities. However, with no wastewater 
treatment facilities in place, untreated wastewater is 
directly discharged into the Black Sea (MLAP, 2018). 
The Kirazlı Waterfall and its surrounding biodiversity 
attract tourists, while local residents engage in agri-
culture (notably fruit farming), animal husbandry, 
and beekeeping. Fishing activities are also prevalent 
in coastal areas, with species like anchovy, bluefish, 
and rockfish being common. The region produces 
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walnuts, apples, hazelnuts, and cornelian cherries, 
and Kirazlı Stream serves as an essential irrigation 
source.

In literature, there is no study examining the water 
quality of Kirazlı Stream. Therefore, comprehensive 
research is required to ascertain the usability of the 
streams’s water for irrigation purposes. This study 
aims to: (1) evaluate the water quality of Kirazlı 
Stream by utilizing water quality indices, irrigation 
water indices, and metal pollution indices; (2) iden-
tify pollution sources that significantly impact the 
Stream’s water quality statistically; and (3) evalu-
ate non-carcinogenic health risks associated with its 
use. This study is also important as a reference for 
future studies as it is the most comprehensive water 
quality assessment study conducted in the region to 
date. By providing a detailed assessment adapted to 
the locality, it provides basic tools for water resource 
managers to develop effective management strategies, 
forward-looking prevention measures and cope with 
environmental challenges for water resources.

Materials and methods

Study area

Kirazlı Stream is located in the Black Sea region, 
passing through the Çatalzeytin District of Kasta-
monu Province (Fig.  1). Kastamonu province is a 
province with rich potential and diversity in terms 
of underground resources due to its geological struc-
ture. There are many metallic mines and industrial 
raw material deposits in the province and its imme-
diate surroundings. The most important of these are 
copper-lead–zinc and quartzite deposits. Apart from 
this, manganese and mercury from metallic mines 
and clay, kaolin, quartz sand, graphite, cement raw 
materials, and phosphate formations from indus-
trial raw material sources are found in the province. 
Çatalzeytin is situated 73 km away from Kastamonu 
city center. Çatalzeytin, with a surface area of 368 
km2, constitutes 2.8% of the total area of Kastamonu 
Province. The Black Sea climate characterized by 
year-round precipitation dominates this district. The 
flow regime of rivers in the area is regular and influ-
enced by the seasonal distribution of rainfall. Agricul-
ture in the district faces challenges due to fragmented 
and sloping terrain. Even though its potential for 

arable land is limited, fruit cultivation holds signifi-
cant importance, and a wide range of fruit crops are 
grown. The most widely grown ones include walnuts, 
apples, plums, and hazelnuts. Çatalzeytin accounts 
for 100% of peach production, 77% of apricot pro-
duction, 15% of fig production, and 8% of walnut 
production in Kastamonu Province. In terms of veg-
etables, green beans, table tomatoes, and green pep-
pers are produced. In terms of animal husbandry, cat-
tle and buffalo breeding are carried out. Despite the 
district’s richness in forest resources, there has been a 
notable rise in concrete constructions in recent years, 
replacing traditional wooden structures. The district 
has a water potential of 77.78 hm3/year. Its land use 
includes 10.277 ha of agricultural land, 21.149 haof 
forest, and 5.197 ha of non-agricultural land. As 
a coastal area, aquaculture activities are also con-
ducted. Even though there is no Organized Industrial 
Zone (OIZ) in Çatalzeytin, there is a small industrial 
site with a capacity of 44 businesses, 21 of which are 
operational. Kirazlı Stream features a stony and grav-
elly riverbed surrounded by trees. However, the dis-
trict lacks a municipal wastewater treatment facility, 
posing a threat of marine pollution.

Water sampling and laboratory analysis

This study was carried out by analyzing water qual-
ity parameters collected monthly over 12 months 
from 12 stations located between 41°57′25″ North 
and 34°11′33″ East. The coordinates and detailed 
information on those points are provided in Sup-
plementary Information (SI)−2 (Table  S1). Sam-
pling was started in December 2021 and finished in 
November 2022. Water samples were collected dur-
ing the third week of each month using acid-cleaned 
1000-mL glass bottles, at a depth of 50 cm. All 
samples were kept at + 4 °C until the analyses were 
performed at the laboratory. Twenty-four param-
eters were measured. On-site measurements of pH, 
water temperature (WT), dissolved oxygen (DO), 
and electrical conductivity (EC) were performed 
employing a YSI 556 MPS multiparameter device. 
Laboratory analyses included total suspended solids 
(TSS), chemical oxygen demand (COD), biological 
oxygen demand (BOD), total hardness (TH), total 
alkalinity (TA), nitrate (NO₃⁻), phosphate (PO₄3⁻), 
sulfate (SO₄2⁻), chloride (Cl⁻), calcium (Ca2⁺), 
sodium (Na⁺), magnesium (Mg2⁺), and potassium 
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(K⁺), all performed at the Central Research Labo-
ratory of Kastamonu University, accredited by the 
Turkish Accreditation Agency (TURKAK), employ-
ing standard methods (APHA/AWWA/WEF, 2017). 
The accuracy of the samples was calculated using 
the ionic balance error (IBE) given in Eq. (1) to 
determine the analytical sensitivity between cations 
(Mg2+, Ca2+, K+, and Na+) and anions (Cl−, SO4

−2, 
NO3

−, and PO4
−3), and expressed as milliequiva-

lents per liter (meq/L) for each sample (Boukich 
et al., 2024a; Li et al., 2021).

The ionic balance of the samples was less than 5%, 
representing the reliability of the analytical results.

Analyses of potentially toxic elements (PTEs) such 
as Fe, Cd, Pb, Cu, Zn, Ni, and Hg were carried out 
using ICP-OES (Spectro, SpectroBlue). Each metal 
was analyzed in triplicate, and the average value was 
taken for data analysis. Nitric acid solution (65% v/v) 
(HNO3, Merck, Darmstadt, Germany) was provided 

(1)IBE =

∑

Cations −
∑

Anions
∑

Cations +
∑

Anions
× 100

Fig. 1   Study area showing Kirazlı Stream and sampling locations
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to produce sample solutions and calibration stand-
ards. The validity of the test was assessed using UME 
CRM 1201 Spring Water, a certified reference mate-
rial (CRM) obtained from Tubitak, Turkey. The CRM 
content was 100 mL of spring water, and the mate-
rial was acidified to contain approximately 2% (w/v) 
HNO3.

Indexes for water quality assessment

Eight indices were employed to examine the water 
quality of Kirazlı Stream comprehensively. WQI, 
which measures the combined effects of each water 
parameter considered significant for water quality and 
facilitates integration, is useful for analyzing water 
quality from the aspects of potability and manage-
ment implications (Basnet et al., 2024). In this study, 
18 parameters (pH, EC, BOD, Cl−, SO4

2−, NO₃−, K⁺, 
Mg2⁺, Na⁺, PO4

3−, TH, Fe, Pb, Cu, Cd, Hg, Ni, and 
Zn) were used in calculating the WQI to assess water 
quality for drinking purposes (Dimri et al., 2021). A 
weight (Wi) was determined for each parameter, con-
sidering its relative importance in affecting potable 
water quality, and the thresholds set by WHO (2011) 
were used. SI in Table S3 presents the relative weight 
(wi) values and the potable water standards estab-
lished by WHO (2011). Some of the mostly used 
indices to assess general metal pollution in surface 
water resources are the ecological risk index (ERI), 
the heavy metal pollution index (HPI), and the heavy 
metal evaluation index (HEI) (Boukich et al., 2024b; 
Egbueri, 2020; Varol & Tokatli, 2023a, b). Even 
though ERI was originally introduced to evaluate the 
ecological risks of metals in sediments, it has recently 
been employed to evaluate the environmental risks 
of metals in water as well (Ben-tahar et  al., 2025a; 
Real et  al., 2024; Wen et  al., 2019). In this study, 
seven PTEs (Ni, Cu, Zn, Hg, Pb, Cd, and Fe) were 
employed to calculate ERI, HPI, and HEI values. MH, 
Na%, SAR, and KR indices were utilized to evaluate 
the suitability of Kirazlı Stream and its tributaries for 
irrigation. The formulas and descriptions used in the 
calculations of these indices are provided in Table 1.

Probable health risk assessment (PHRA)

It is very important to assess probable health risks 
to examine water quality and the implications for 
human health. This technique is commonly used to 

address the potential negative influences of polluted 
water on the health of children and adults who are 
exposed to contaminants in water due to ingestion 
and dermal contact (Adimalla, 2019; Çankaya et al., 
2023; Chen et al., 2017; Zhang et al., 2020b).

PTEs from freshwater are taken from the human 
body through ingestion or skin contact. Non-carci-
nogenic and carcinogenic health effects from oral 
intake and skin contact may be estimated by experi-
mental models. In the present study, the health risk 
evaluation method recommended by USEPA (2004) 
was used, and the toxicological parameters of PTEs 
are shown in Supplementary information Table  S7 
(Wang et al., 2017). The average daily dose (ADD) 
by direct digestion (ADD ingestion) and skin 
absorption (ADD dermal) was calculated using the 
formulas (2) and (3) below (Saleem et  al., 2019; 
Zeng et al., 2015).

where ADDingestion expresses average daily dose by 
ingestion and, ADDdermal reveals average daily dose 
by dermal, μg/kg/day; Cwater shows level of the PTEs 
in freshwater, μg/L; IR indicates ingestion rate (L/
day), 2 for adult, 0.64 for children in this study; EF 
reveals exposure frequency 365 day/year in this 
study; ED stands for exposure duration (in years), 70 
for adults and 6 for children in this study; Kp repre-
sents dermal permeability coefficient in water (cm/h); 
ET is the exposure time during bathing and shower, 
0.6 h/day in this study; CF shows the unit conver-
sion factor, 1 L/1000 cm3; BW represents average 
body weight (kg), 70 for adults and 20 for children in 
this study; AT indicates averaging time (day), 25,550 
for adults and 2190 for children in this study; SA 
expresses exposed skin area (cm2), 18,000 for adults 
and 6600 for children in this study; ABSg which is 
dimensionless, was the gastrointestinal absorption 
factor (Xiao et al., 2019).

Hazard quotient (HQ) and hazard index (HI), 
representing the possible non-carcinogenic effects 
of PTEs taken with digestion and skin, were calcu-
lated by the following formulas (4), (5), and (6).

(2)ADDingestion =
Cwater × IR × ABSg × EF × ED

BW × AT

(3)

ADDdermal =
Cwater × SA × Kp × ET × EF × ED × CF

BW × AT
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HQ < 1 represents that exposure to any adverse 
health effects is not likely; while a HI >1 value indi-
cates that there may be non-carcinogenic effects from 
PTE contact (Mahjoub et al., 2024).

Statistical analyses

To reveal seasonal variations, the Kruskal–Wallis 
test was applied to non-normally distributed param-
eters, and a one-way ANOVA test was used for nor-
mally distributed parameters (p < 0.05). PCA, HCA, 
and Spearman correlation analyses were performed 
to identify potential sources of water quality param-
eters (Cüce et  al., 2022b; Haghnazar et  al., 2023). 
Prior to these analyses, the data were standardized 
utilizing Z-scores. In HCA, the Euclidean distance 
and Ward’s method were employed. Total absolute 
factor loadings were classified as weak (0.50–0.30), 
moderate (0.75–0.50), and strong (> 0.75) (Şimşek 
& Mutlu, 2023; Taş et  al., 2021). The suitability of 
the dataset for PCA was confirmed using the Kai-
ser–Meyer–Olkin (KMO) test (0.5 ≤ KMO = 0.871) 
and Bartlett’s test of sphericity (p < 0.001), verifying 
the adequacy of the data for analysis.

Results and discussion

Changes in physicochemical water properties of 
Kirazli Stream

The seasonal average values and standard deviations 
of 24 physical and chemical parameters measured 
over 12 months in Kirazlı Stream are summarized in 
Table  2. The parameters are evaluated according to 
the threshold values of WHO (2011), EU (1998), and 
TSWQR (2021), as presented in Table  2. Dissolved 
oxygen (DO) was greater than 8 mg/L at all sampling 
points and during all seasons, classifying it as Class 
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I water quality. Dissolved oxygen (DO) is an impor-
tant limiting factor in aquatic life. Oxygen produced 
by photosynthesis in aquatic ecosystems provides 
oxygen saturation (Boyd, 2015). In this study, DO is 
not at a level that will limit aquatic life according to 
TSWQR (2021). Ustaoğlu et al. (2020) also reported 
that DO levels (9.02–13.62 mg/L) in Turnasuyu 
Stream were not at a level that would limit life. The 
pH value, recommended to range between 6.5 and 8.5 
by WHO (2011), was observed to exceed 8.5 during 
the summer and fall seasons. As shown in the results 
for all sampling points in Table 2, pH values ranging 
from 8.33 to 8.74 indicate an alkaline water character-
istic. In eutrophic coastal systems, the production of 
inspired CO2 compromises life in terms of dissolved 
oxygen and pH. Thus, when eutrophication processes 
occur in warm, stratified, and/or poorly mixed waters, 
they can cause hypoxia (depletion of dissolved oxy-
gen) and acidification (decrease in pH), both of which 
can have adverse effects on aquatic life, affecting a 
range of physiological processes and increasing mor-
tality rates (Tomasetti & Gobler, 2020). The average 
temperature ranged between 4.42 °C in winter and 
16.79 °C in summer, reflecting seasonal norms due to 
the natural climate conditions of the study area. TSS 
in the analyzed water samples ranged between 1.26 
and 2.96 mg/L, indicating the presence of particles 
larger than 2  μm in the water samples (Nyantakyi 
et  al., 2024). Electrical conductivity (EC) increased 
with the presence of pollutants and rising tempera-
tures (Şimşek & Mutlu, 2023; Şimşek et al., 2021).

According to the results in Table  2, conduc-
tivity increases proportionally with rising tem-
peratures, ranging between 226.76 and 337.22 µS/
cm. EC values were below 400 µS/cm at all sam-
pling points, indicating Class I water quality. The 
seasonal averages of COD, BOD, Cl⁻, Na⁺, Mg2⁺, 
Ca2⁺, total hardness (TH), SO₄2⁻, NO₃⁻, and PO₄3⁻ 
did not exceed WHO standards, while K⁺ remained 
below the EU (1998) threshold of 12 mg/L. Simi-
lar to findings by Obiri et  al. (2021) and Çankaya 
et  al. (2023) for the water quality of Ghana’s and 
the Tigris Rivers, the parameters in this study were 
within acceptable limits according to WHO (2011) 
standards, making them suitable for drinking water 
purposes. PTEs (Fe, Pb, Cu, Cd, Hg, Ni, and Zn) 
also did not exceed the WHO (2011) limit values. 
Several PTEs, such as zinc (Zn), iron (Fe), and 

copper (Cu), are essential for all living things at low 
levels (Sepúlveda et  al., 2023). Intake of elements 
less than the required amounts can cause deficiency 
effects such as hair loss, poor wound healing, and 
anemia. However, essential elements can cause sig-
nificant toxic effects at higher intakes (Tokatli et al., 
2024). The PTE results measured in this study were 
much lower than those reported by Muhammad 
et al. (2021) for the Kunhar River Basin in Pakistan.

Assessment of the quality of Kirazlı Stream for 
potable water purposes

WQI was used in assessing the quality of Kirazlı 
Stream’s water resources for drinking purposes. 
The average WQI values ranged between 16.26 and 
26.28 (Table 3 and SI Fig. S2). The lowest WQI at 
sampling point S1 indicated “excellent” water qual-
ity, while the highest WQI at S12 reflected “good” 
water quality. Seasonal averages demonstrated 
“excellent” water quality throughout all seasons. 
Excellent water quality samples were found in the 
southern and central regions of the study area, 
whereas good water quality samples were identified 
in the northern region. Similarly, Roy et al. (2024) 
reported that approximately 53% of their samples 
showed excellent water quality, whereas 45% exhib-
ited good quality. Aydın et al. (2020) reported that 
WQI values in the water quality assessment of seven 
major rivers in Giresun province ranged from 25.69 
(excellent) to 32.39 (good). While excellent water 
quality was observed at S1–S9 sampling points, the 
good water quality observed at S10, S11, and S12 
sampling points located in the northern region can 
be attributed to more anthropogenic effects due to 
settlements and human activities in coastal areas. 
Although these water samples are not suitable for 
direct use as drinking water, they can be made pota-
ble after appropriate treatment processes (Basnet 
et  al., 2024; Çankaya et  al., 2023). In contrast to 
our study, Adimalla and Qian (2019) investigated 
the water quality for drinking purposes in an agri-
cultural area in Nanganur, India, and out of sixty-
one groundwater samples, 52 (86%) and 7 samples 
(11%) were categorized as poor and very poor qual-
ity type, respectively, and 2 samples were classified 
as good for drinking purposes in the study area.
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Assessment of heavy metal pollution indices

To assess heavy metal pollution levels at Kirazlı 
Stream’s sampling points, the HPI, HEI, and ERI 
are utilized, with results summarized in Table 3. The 
HEI values ranged between 0.16 and 0.79; HPI values 
between 4.19 and 23.75; and ERI values between 2.39 
and 13.21. The pollution levels indicated by these 
indices were found to be similar. Considering HEI, all 
sampling points and seasons exhibited low pollution. 
Similarly, ERI indicated low risk across all sampling 
points. Consistent with results reported by Varol and 
Tokatli (2023a, b) for Çorlu Stream in Turkey, the 
pollution levels between HEI and HPI indices were 
similar. In a study carried out by Tekin Özan et  al. 
(2024) on Lake Karataş, HPI values ranged between 
23.84 and 37.91, and HEI values between 3.08 and 
6.21, indicating low levels of heavy metal pollution 
with no adverse health effects. In the present study, 
HPI results showed low pollution at S1–S5 sampling 
points (4.19–14.42), while moderate pollution was 
observed at S6–S12 (16.57–23.75). Seasonal means 
revealed low pollution in winter (13.34) and summer 
(12.82), and moderate pollution in spring and autumn. 
When the PTEs contributing to the HPI results were 
evaluated, there was no PTE above the limit values ​
given in WHO (2011). However, Pb was close to 
the limit value of 10 mg/L with a max value of 2.7 
mg/L, and similarly, Cd was close to the limit value 

of 3 mg/L with a max value of 1.9 mg/L, indicating 
a moderate level of HPI at S6–S12 sampling points. 
Similarly, while all PTEs in the Keban Dam Lake 
remained within the WHO (2011) limits by Canpolat 
et al. (2020); on the contrary, in the study conducted 
in Pakistan by Saleem et  al. (2019), Cd, Cr, and Ni 
exceeded the limit values. As with other indices, pol-
lution levels were higher in coastal regions due to 
increased residential and industrial activities when 
compared to inland areas. Overall, most sampling 
points exhibited low levels of heavy metal pollution.

Assessment of irrigation water quality

The ratios and concentrations of major ions in water 
play a critical role in analyzing its suitability for irri-
gation purposes (Boukich et  al., 2025). The SAR, 
Na%, KR, and MH parameters are calculated to evalu-
ate the irrigation water quality of Kirazlı Stream, and 
the results are presented in Table 3. High magnesium 
content in water is another parameter that adversely 
affects soil fertility (Şimşek & Mutlu, 2023). Simi-
larly, SAR is a significant factor that reduces soil 
permeability, thereby hindering the input of agricul-
tural crops to water (Singh et al., 2014). To mitigate 
or neutralize the adverse effects of excessive Na+ 
in soil and water, higher concentrations of Ca2⁺ and 
Mg2⁺ may sometimes be required (Radingoana et al., 
2020); however, when the MH exceeds 50%, adverse 

Table 3   WQI, HPI, HEI, ERI, MH, SAR, Na%, and KR values of physicochemical parameters of Kirazli Stream for drinking and 
irrigation purposes

WQI
water 

type
HEI

water 

type
HPI

water 

type
ERI

water 

type
MH water type %Na

water 

type
SAR

water 

type
KR

water 

type

S1 16.26 0.16 4.19 2.39 59.95 6.37 1.10 0.61

S2 18.70 0.31 8.74 4.79 59.92 8.96 1.60 0.88

S3 19.53 0.36 10.45 5.71 59.60 9.05 1.61 0.89

S4 20.53 0.42 12.39 6.81 59.64 9.48 1.70 0.93

S5 21.56 0.48 14.42 7.94 59.88 10.05 1.82 1.00

S6 22.31 0.54 16.57 9.13 59.69 10.39 1.87 1.02

S7 22.99 0.58 18.24 10.04 59.44 10.81 1.94 1.05

S8 23.63 0.62 19.48 10.73 59.15 11.22 2.00 1.07

S9 24.75 0.70 21.56 11.94 58.87 11.63 2.04 1.08

S10 25.05 0.70 21.33 11.76 58.52 11.85 2.05 1.07

S11 25.98 0.78 23.71 13.14 58.32 12.02 2.07 1.07

S12 26.28 0.79 23.75 13.21 58.29 12.25 2.11 1.09

Winter 19.59 0.45 13.34 7.36 59.29 9.58 1.70 0.93

Spring 22.40 0.58 15.29 8.38 58.66 11.55 2.06 1.10

Summer 23.17 0.46 12.82 7.04 59.39 11.17 1.97 1.04

Autumn 24.01 0.65 23.35 12.99 59.65 9.14 1.59 0.86

Mean 22.29 0.54 16.20 8.95 59.25 10.37 1.83 0.98

Yellow: Excellent Blue: Good Orange: Low pollution and Low risk Grey: Moderate pollution Red: Unsuitable Green: Suitable
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effects may occur. According to the study results, the 
MH ranged between 58.29 and 59.95, indicating that 
the water is unsuitable for irrigation. The SAR val-
ues ranged from 1.10 to 2.11 and fell within the 0–10 
range at all sampling points, suggesting excellent 
water quality. Similarly, Na% values were between 
6.37 and 12.25, reflecting excellent water quality. KR 
values varied from 0.61 to 1.09, with the water being 
deemed suitable at points S1–S4 but unsuitable at 
points S5–S12. Hossain et al. (2024) reported that KR 
values greater than 1 indicate the presence of addi-
tional Na+ in the samples. Accordingly, the high Na+ 
content in 75% of the sampling points suggests that 
these points are unsuitable for irrigation based on KR. 
Sodium in water replaces calcium and magnesium in 
soil, thereby reducing soil permeability (Gençer & 
Başaran, 2024; Ravikumar et  al., 2013). Therefore, 
the higher Na+ levels compared to Mg2⁺ and Ca2⁺ at 
the sampling points may have influenced the MH and 
KR results.

Assessment of possible health risks

Consumption or contact with water containing PTEs 
above permissible limit values is harmful to health 
and may lead to various disorders (Bouaissa et  al., 
2022; Boukich et al., 2024a). To evaluate the poten-
tial health risks caused by Kirazlı Stream, the non-
carcinogenic health risks of exposure to seven PTEs 
(Fe, Ni, Cu, Zn, Cd, Hg, and Pb) through ingestion 
and dermal contact were determined for adults and 
children. The results are presented in Table 4.

Considering exposure through ingestion, the HQ 
values for children ranged between 8.14E − 06 and 
1.02E − 02, whereas it ranged between 7.27E − 06 
and 9.10E − 03 for adults. For dermal exposure, the 
HQ values varied from 4.99E − 05 to 1.56E − 02 
for children and from 9.50E − 06 to 7.04E − 03 for 
adults. When the average results were examined, the 
highest HQ value for ingestion was observed for Cu, 
with 7.99E − 03 in children and 7.13E − 03 in adults. 
Similarly, for dermal exposure, the highest HQ value 
was found for Cd, at 1.02E − 02 for children and 
4.59E − 03 for adults. Since HQ values across all 
sampling stations were < 1, no non-carcinogenic risks 
are expected for either adults or children. HQ values 
determined for dermal exposure were consistently 
higher than the values determined for ingestion. Like-
wise, the HI values were also below the threshold. 

All HI values found for adults were lower than those 
for children. These results align with previous studies 
(Çankaya et al., 2023; Myers et al., 2023; Nyantakyi 
et al., 2024; Zhang et al., 2020b), which suggest that 
children are more susceptible to potential health risks 
than adults. This can be attributed to children’s lower 
body weight, which results in higher pollutant expo-
sure and greater sensitivity to toxicity compared to 
adults.

Evaluation of possible pollution sources in Kirazlı 
Stream

The scope and degree of relationships among phys-
icochemical parameters affecting the water quality 
of Kirazlı Stream are examined by making use of the 
Spearman correlation matrix, and the findings are 
shown in Table S5 (SI). PCA was carried out to esti-
mate the origins of these parameters and determine 
whether they share a common source. The rotated 
component matrix values are shown in Table S6, and 
the scree plot of eigenvalues and rotated components 
is illustrated in Fig. 2.

As seen in the Spearman correlation matrix pre-
sented in SI, Table  S5, pH reveals a strong positive 
correlation with NO3

− (r = 0.805) and a negative 
correlation with Cl− (r = − 0.428) (p < 0.01). This 
is because the available ratio of chlorine is pH-
dependent; as pH increases, the proportion of usable 
hypochlorous acid decreases, while it rises at lower 
pH levels (Saraç and Ölmez, 2009). WT exhibited a 
strong positive correlation with EC, COD, SO4

2−, and 
NO3

− (r > 0.8). The increase in conductivity and the 
breakdown of pollutants are associated with rising 
water temperatures. EC was found to have a strong 
positive correlation with TSS (r = 0.894), COD (r = 
0.848), BOD (r = 0.868), SO4

2− (r = 0.911), and 
NO3

− (r = 0.939) (p < 0.01), and a moderate nega-
tive correlation with Cl (r = − 0.538). Similarly, 
TSS showed a strong positive correlation with COD, 
BOD, SO4

2−, and NO3
− (r > 0.85; p < 0.01). COD 

and BOD are two critical indicators used in water 
quality assessments to assess pollution levels associ-
ated with organic matter (WHO, 2011; Oseke et  al., 
2021; Sanae et  al., 2023). The presence of agricul-
tural organic pollution loads in Kirazlı Stream can 
explain the strong positive correlation (r = 0.921) 
between COD and BOD. NO3

− exhibited moder-
ate to high positive correlations with PO4 and SO4. 
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Anthropogenic sources, such as improper disposal of 
domestic wastewater and washing laundry along riv-
erbanks in rural areas, may have contributed to their 

presence in surface water samples (Obiri et al., 2021). 
Na+ showed strong positive correlations with Ca2+ 
(r = 0.853), Mg2+ (r = 0.804), Fe (r = 0.801), and Cu 

Table 4   Non-carcinogenic health risks of PTEs in Kirazlı Stream (seasonal and annual averages)

ADDing ADDderm HQing HQderm HI

Adult Child Adult Child Adult Child Adult Child Adult Child

Winter
Fe 3.27E − 03 3.66E − 03 1.22E − 03 2.70E − 03 4.67E − 06 5.23E − 06 8.70E − 06 1.93E − 05 1.34E − 05 2.45E − 05
Ni 7.33E − 03 8.21E − 03 1.91E − 04 4.24E − 04 3.67E − 04 4.11E − 04 2.39E − 04 5.29E − 04 6.06E − 04 9.40E − 04
Cu 2.72E − 01 3.05E − 01 2.49E − 03 5.52E − 03 6.81E − 03 7.63E − 03 3.12E − 04 6.90E − 04 7.12E − 03 8.32E − 03
Zn 4.46E − 02 5.00E − 02 6.98E − 04 1.55E − 03 1.49E − 04 1.67E − 04 1.16E − 05 2.58E − 05 1.60E − 04 1.92E − 04
Cd 8.93E − 04 1.00E − 03 9.32E − 05 2.06E − 04 1.79E − 03 2.00E − 03 3.73E − 03 8.25E − 03 5.51E − 03 1.03E − 02
Pb 3.84E − 03 4.31E − 03 1.72E − 05 3.80E − 05 2.75E − 03 3.08E − 03 4.08E − 05 9.04E − 05 2.79E − 03 3.17E − 03
Hg 1.08E − 05 1.21E − 05 8.08E − 07 1.79E − 06 3.61E − 05 4.04E − 05 3.85E − 05 8.51E − 05 7.46E − 05 1.26E − 04
Spring
Fe 5.09E − 03 5.70E − 03 1.90E − 03 4.20E − 03 7.27E − 06 8.14E − 06 1.36E − 05 3.00E − 05 2.08E − 05 3.81E − 05
Ni 9.94E − 03 1.11E − 02 2.59E − 04 5.74E − 04 4.97E − 04 5.56E − 04 3.24E − 04 7.17E − 04 8.21E − 04 1.27E − 03
Cu 3.64E − 01 4.08E − 01 3.34E − 03 7.38E − 03 9.10E − 03 1.02E − 02 4.17E − 04 9.22E − 04 9.52E − 03 1.11E − 02
Zn 8.63E − 02 9.67E − 02 1.35E − 03 2.99E − 03 2.88E − 04 3.22E − 04 2.25E − 05 4.99E − 05 3.10E − 04 3.72E − 04
Cd 9.72E − 04 1.09E − 03 1.02E − 04 2.25E − 04 1.94E − 03 2.18E − 03 4.06E − 03 8.98E − 03 6.00E − 03 1.12E − 02
Pb 5.62E − 03 6.29E − 03 2.51E − 05 5.55E − 05 4.01E − 03 4.49E − 03 5.97E − 05 1.32E − 04 4.07E − 03 4.63E − 03
Hg 1.70E − 05 1.90E − 05 1.27E − 06 2.81E − 06 5.67E − 05 6.35E − 05 6.04E − 05 1.34E − 04 1.17E − 04 1.97E − 04
Summer
Fe 3.30E − 03 3.70E − 03 1.23E − 03 2.72E − 03 4.71E − 06 5.28E − 06 8.79E − 06 1.94E − 05 1.35E − 05 2.47E − 05
Ni 7.68E − 03 8.60E − 03 2.01E − 04 4.44E − 04 3.84E − 04 4.30E − 04 2.51E − 04 5.55E − 04 6.35E − 04 9.85E − 04
Cu 2.45E − 01 2.74E − 01 2.24E − 03 4.96E − 03 6.12E − 03 6.85E − 03 2.80E − 04 6.20E − 04 6.40E − 03 7.47E − 03
Zn 6.19E − 02 6.93E − 02 9.69E − 04 2.15E − 03 2.06E − 04 2.31E − 04 1.62E − 05 3.58E − 05 2.23E − 04 2.67E − 04
Cd 8.33E − 04 9.33E − 04 8.70E − 05 1.93E − 04 1.67E − 03 1.87E − 03 3.48E − 03 7.70E − 03 5.15E − 03 9.57E − 03
Pb 4.29E − 03 4.80E − 03 1.91E − 05 4.24E − 05 3.06E − 03 3.43E − 03 4.56E − 05 1.01E − 04 3.11E − 03 3.53E − 03
Hg 1.43E − 05 1.61E − 05 1.07E − 06 2.37E − 06 4.78E − 05 5.35E − 05 5.09E − 05 1.13E − 04 9.87E − 05 1.66E − 04
Autumn
Fe 3.57E − 03 3.99E − 03 1.33E − 03 2.94E − 03 5.10E − 06 5.71E − 06 9.50E − 06 2.10E − 05 1.46E − 05 2.67E − 05
Ni 8.16E − 03 9.14E − 03 2.13E − 04 4.71E − 04 4.08E − 04 4.57E − 04 2.66E − 04 5.89E − 04 6.74E − 04 1.05E − 03
Cu 2.60E − 01 2.91E − 01 2.38E − 03 5.27E − 03 6.50E − 03 7.28E − 03 2.98E − 04 6.59E − 04 6.80E − 03 7.94E − 03
Zn 5.30E − 02 5.94E − 02 8.30E − 04 1.84E − 03 1.77E − 04 1.98E − 04 1.38E − 05 3.06E − 05 1.91E − 04 2.29E − 04
Cd 1.69E − 03 1.89E − 03 1.76E − 04 3.90E − 04 3.37E − 03 3.78E − 03 7.04E − 03 1.56E − 02 1.04E − 02 1.94E − 02
Pb 3.83E − 03 4.28E − 03 1.71E − 05 3.78E − 05 2.73E − 03 3.06E − 03 4.06E − 05 8.99E − 05 2.77E − 03 3.15E − 03
Hg 1.88E − 05 2.10E − 05 1.40E − 06 3.10E − 06 6.26E − 05 7.01E − 05 6.67E − 05 1.48E − 04 1.29E − 04 2.18E − 04
Mean
Fe 3.80E − 03 4.26E − 03 1.42E − 03 3.14E − 03 5.43E − 06 6.09E − 06 1.01E − 05 2.24E − 05 1.56E − 05 2.85E − 05
Ni 8.27E − 03 9.27E − 03 2.16E − 04 4.78E − 04 4.14E − 04 4.63E − 04 2.70E − 04 5.97E − 04 6.84E − 04 1.06E − 03
Cu 2.85E − 01 3.20E − 01 2.61E − 03 5.78E − 03 7.13E − 03 7.99E − 03 3.27E − 04 7.23E − 04 7.46E − 03 8.71E − 03
Zn 6.15E − 02 6.89E − 02 9.63E − 04 2.13E − 03 2.05E − 04 2.30E − 04 1.60E − 05 3.55E − 05 2.21E − 04 2.65E − 04
Cd 1.10E − 03 1.23E − 03 1.15E − 04 2.54E − 04 2.20E − 03 2.46E − 03 4.59E − 03 1.02E − 02 6.79E − 03 1.26E − 02
Pb 4.38E − 03 4.90E − 03 1.95E − 05 4.32E − 05 3.13E − 03 3.50E − 03 4.65E − 05 1.03E − 04 3.17E − 03 3.61E − 03
Hg 2.00E − 05 2.24E − 05 1.49E − 06 3.30E − 06 6.67E − 05 7.47E − 05 7.10E − 05 1.57E − 04 1.38E − 04 2.32E − 04
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(r = 0.803), while TH correlated positively with TA 
(r = 0.975) and Mg2+ (r = 0.775). TA also showed 
positive correlations with Ca2+ (r = 0.785) and Mg2+ 
(r = 0.815). These results suggest that the ions are 
likely related with the weathering of carbonate rocks 
at the sampling points in Kirazlı Stream (Çankaya 
et al., 2023; Pant et al., 2018). Among metal ions, Fe 
exhibited high positive correlations with Cu-Hg-Ni-
Zn (r > 0.75), Pb correlated with Cu-Ni-Zn, Cu with 
Hg-Ni-Zn, Hg with Ni-Zn, and Ni with Zn (p > 0.01).

PCA was performed for 24 parameters affecting 
the water quality of Kirazlı Stream, revealing two fac-
tors with eigenvalues greater than 1 that accounted 
for 98.275% of the total variance (SI, Table S6). Fac-
tor 1 (PC1), accounting for 90.652% of the total vari-
ance, displayed high positive loadings for DO, COD, 
Hg, PO4

3−, BOD, Pb, Cd, pH, WT, NO3
−, and Cl−, 

and negative loadings for Ni, Fe, Zn, Cu, and Na+. 
The observed strong positive correlations among 
organic parameters such as COD, BOD, PO4

3−, and 
NO3

− explain PC1 as the “organic factor,” which 
can be attributed to agricultural activities and the 
presence of domestic wastewater (Ustaoğlu & Tepe, 
2019). The presence of Na and Cl ions may be linked 
to regional geology, silicate weathering, and agricul-
tural runoff from fields (Dimri et  al., 2021; Vialle 
et al., 2011). Factor 2 (PC2), accounting for 7.624% 
of the total variance, showed negative loadings for EC 
and SO4 and positive loadings for K+, TA, Ca2+, TH, 

TSS, and Mg2+. This factor can be termed the “ionic 
factor.” The levels of calcium salts affect water hard-
ness, and the very low concentrations of this essential 
element in Kirazlı Stream water samples indicate that 
Ca originates from natural sources (WHO, 2017). The 
inclusion of Mg, TH, and TA in this factor, with their 
high correlations (TA–Mg2+, r = 0.815; TH–Mg2+, 
r = 0.775), reflects the dominance of carbonate min-
eral weathering (Khalid, 2019; Sethy et al., 2016).

The HCA results, presented in SI, Fig.  S1, vali-
dating the PCA, indicate the presence of two distinct 
data clusters. The first cluster includes 21 parameters 
(DO, COD, Hg, PO4

3−, BOD, Pb, Cd, pH, WT, NO3
−, 

Cl−, Ni, Fe, Zn, Cu, SO4
2−, TSS, K+, Na+, Mg2+, 

and Ca2+), while the second cluster comprises three 
parameters (EC, TH, and TA). In this study, strong 
correlations were identified among parameters within 
the same principal component and cluster.

Conclusion

Monitoring the quality of existing water resources 
is essential to safeguard them. This study aims to 
assess the water quality of Kirazlı Stream located 
in Çatalzeytin district of Kastamonu province, Tur-
key for irrigation and domestic applications and 
evaluate the potential health risks. Parameters 
such as COD, BOD, Cl⁻, Na⁺, Mg2⁺, Ca2⁺, TH, and 

Fig. 2   PCA by a display 
drawing of eigenvalues; 
b component drawing in 
rotated space
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SO₄2⁻ remained within the limit values determined 
by WHO (2011). While WQI indicated (16.26–26.28) 
excellent and good water quality, HEI (0.16–0.79) 
− ERI (2.39–13.21) indicated low pollution and HPI 
(4.19–23.75) indicated to moderate pollution.

Regarding irrigation water quality, SAR and Na% 
classified the water as excellent. However, KR indi-
cated that 25% of the sampling points were suitable 
for irrigation, whereas 75% were deemed unsuitable. 
This discrepancy is attributed to the proximity of the 
unsuitable sampling points to urban areas and coastal 
regions, where anthropogenic activities likely have 
a greater impact. For MH, the mean value of 59.25 
across all sampling points classified the water as 
unsuitable for irrigation. PCA results showed that 
the primary sources of pollution are a combination 
of natural factors and anthropogenic pollutants. This 
result is attributed to runoff from surrounding agri-
cultural lands and the discharge of untreated sewage 
due to the lack of a wastewater treatment facility. The 
geology of the region also highlights the influence of 
soil-rock weathering and carbonate mineral dissolu-
tion. Non-carcinogenic health risks showed that chil-
dren are more vulnerable to health risks compared to 
adults.

The findings of this study provide a comprehensive 
framework, albeit on a small scale, regarding water 
quality in the Kastamonu, a coastal region of the 
Black Sea, within the scope of the UN Sustainable 
Development Goals and the European Green Deal. 
This framework could facilitate the use of advanced 
technologies and scientific advancements, such as 
deep learning and artificial neural network mod-
eling, to enable large-scale monitoring and pollution 
prevention.
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