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Brook Çaltı, which were 0.0018 for adults and 0.1980 
for children. THQ upper limit set by the United States 
Environment Protection Agency (USEPA) is < 1. It 
was determined that HQingestion, HQdermal, and THQ 
values of all the heavy metals were much lower than 
this limit. It was concluded that water quality param-
eters of samples taken from Karabel, Çaltı, and Tohma 
brooks on monthly basis for 12  months were not 
higher than the limits and the water qualities of brooks 
were determined to be “good”.

Keywords  Water quality · Fish quality · Heavy 
metal · Human health · Risk assessment

Introduction

Being an important factor for the survival of organ-
isms, water is one of our most important resources. 
Deterioration of water quality or balance for various 
reasons also causes water pollution. Used mainly in 
agricultural, industrial, and domestic activities, the 
quality of water is of significant importance depend-
ing on the area of use (Mutlu et al., 2018). Through-
out the history, human beings have always conducted 
various activities, polluted and changed the nature, 
and caused the deterioration of nature’s balance 
(Aydın et  al., 2021). Due to the environmental pol-
lution with gradually increasing importance nowa-
days, the number of studies on air metal pollution 
and its effects constantly increases (Mutlu et  al., 
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2013). It was reported that the levels of heavy met-
als in water sources significantly increased due to the 
rapid growth of population and the industrialization 
(Milošković et al., 2014). As known, although fishes 
constitute an important protein source, they also con-
stitute an important ring in the biological circle of 
water ecosystems. Fishes in an aquatic environment 
polluted by heavy metals are exposed to severe lev-
els of heavy metal pollution (Yanbo et al., 2006). It is 
known that high concentrations of heavy metals have 
potentially toxic effects on the living organisms in 
aquatic ecosystems.

An increase in heavy metal concentrations in an 
aquatic environment also causes significant changes 
in water’s physical and chemical properties. Aquatic 
organisms that are exposed to heavy metals together 
with these changes in water tend to accumulate 
these metals in their bodies and fishes are generally 
affected more than other organisms (Milošković et al., 
2014). These changes also result in various meta-
bolic and physiologic changes, as well as accumula-
tion of heavy metals in tissues and organs of aquatic 
organisms. These changes may sometimes result in 
the death of an organism (Wang et al., 2021). Pollu-
tion of rivers, lakes, and seas limits the lives of spe-
cies living there and causes the annihilation of them 
or puts them under the risk of annihilation (Adams 
et  al., 2020). Clinical blood tests have been widely 
used in examining the fishes exposed to toxic materi-
als. Besides the hematologic and biochemical param-
eters, fish blood provides information also about the 
ecosystem’s health and the effects of environmental 
and anthropogenic stress factors (Bopp et al., 2008). 
Another point to emphasize here is that, if a freshwa-
ter source is used by humans for table water or irriga-
tion water needs, then the high levels of heavy metals 
become very harmful. Although they can be found at 
very low levels in water resources, heavy metals may 
become toxic when accumulated at the toxic levels in 
the course of time (Finn, 2007).

Brook Karabel, examined here, is formed by the 
merge of various creeks streaming towards the north. 
It originates from Zara district of Sivas province. 
Brook Çaltı is located in Divriği district of Sivas 
province and originates from Karagöl Mountains in 
Kangal district. Brook Tohma is located in Gürün 
district of Sivas province and it originates from foot 
of Tahtalu Mountain and merges into Fırat River. 
In literature, there is no study examining the quality 

parameters of water samples taken from Karabel, 
Çaltı, and Tohma brooks and the blood parameters 
of Barbus plebejus fishes collected from the study 
area. From this aspect, the novelty of the present 
study comes to the forefront. The present study aims 
to comparatively examine the physicochemical qual-
ity characteristics of water samples annually collected 
from Karabel, Çaltı, and Tohma brooks and the bio-
chemical characteristics of fishes, and potential risks 
of Pb, Cu, Cd, and Fe heavy metals in the water for 
human health, and was performed in accordance with 
international standards.

Materials and methods

Study area

For this research, approval certificate was obtained from 
Kastamonu University Animal Experiments Local Eth-
ics Committee (Decision No: 19.12.2014/2014.09).

The study area consists of three stations. The first station 
is Brook Karabel (39°32′39″N-37°44′05″E), the second 
station is Brook Çaltı (39°21′07″N-38°15′03″E) and the 
third station is Brook Tohma (38°39′35″N-37°28′28″E).

Water samples

A total of 48 water samples were collected monthly 
during the year 2015–2016, including 4 samples from 
each station. The total volume of 1000  mL water 
samples was collected in polyethylene bottles (twice 
rinsed with deionized water) and stored in an ice box 
and transported to the laboratory for further analysis. 
100 mL of filtered water samples was acidified with 
concentrated HNO3 (20 mL) at 100 °C. The acidified 
water was cooled down to room temperature, diluted, 
and filtered through Whatmann-42 filter paper.

Fish samples

During the study, Barbus plebejus species, widely 
caught in the region, were collected monthly. Three 
groups have been formed and each group has 17 sam-
ples. All samples wrapped in polyethylene bags, then 
an ice stored transportation was made to the labora-
tory for the biometrics, dissection, and collection of 
fish tissue for heavy metal analysis. In the laboratory, 
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washing was performed with tap water for surface 
cleaning (Maurya et al., 2019).

Fish blood parameters

After applying light anesthesia to the fish, the blood 
samples were dried with a towel and the tail sections 
were cut with a sharp scalpel in a single blow and 
collected from the tail vein (1–1.5 mL) into vacuum-
gel biochemical blood tubes. Then, the samples were 
centrifuged at 5000  rpm for 10  min. The obtained 
serums were stored at − 20  °C until the analysis 
period. Serums were analyzed using Beckman UniCel 
DXC 800 and DXI 800 Synchron (Beckman Coulter 
Inc., CA, USA) auto-analyzers. Trinder method was 
used for glucose determination and esterase method 
was used for cholesterol. Triglyceride was measured 
by the glycerol phosphate oxidase method. The biuret 
colorimetric method in serum was used for total pro-
tein. Albumin bichromatic analysis method was used. 
Globulin was obtained by subtracting albumin from 
the total protein. Creatine was determined with the 
Jaffe method; uric acid was determined by the uricase 
method and the Urea urease method. IFCC pyri-
doxal phosphate-free ALT activation was calculated 
by IFCC pyridoxal phosphate-free AST activation. 
The other biochemical parameters: HDL (High-Den-
sity Lipoprotein), LDL (Low-Density Lipoprotein), 
VLDL (very Low-Density Lipoprotein), LDH (Lac-
tate Dehydrogenase), TBIL (Total Bilirubin) and 
DBIL (Direct Bilirubin) were analyzed using labora-
tory type biochemical analyzer.

Experimental analysis

Temperature, pH, dissolved oxygen, and electri-
cal conductivity parameters were measured inplace 
via land-type measurement devices. Dissolved oxy-
gen and temperature were measured via YSI brand 
S2 model oxygen-meter, pH measurement was con-
ducted with Orion brand 420A model pH-meter, and 
saltiness (ppt) and the electrical conductance (µs/
cm) were measured by using YSI brand 30/50 FT 
model conductance-meter. Among other parameters 
determining water quality; total alkalinity, total hard-
ness, ammonium nitrogen, nitrite, nitrate, phosphate, 
sulfite, sulfate chloride, sodium, potassium, sus-
pended solid matter (SSM), chemical oxygen demand 

(COD), biological oxygen demand (BOD), calcium, 
magnesium, ferrous, lead, copper, zinc, nickel, mer-
cury and cadmium analyses of water samples analy-
ses (APHA, 1995) were conducted in the laboratory 
of Kastamonu University, Department of Aquacul-
ture, Faculty of Fisheries.

Measurements were carried out on atomic absorp-
tion spectrometer (AAS, GBC, Avanta) equipped 
with a graphite furnace autosampler. AAS was used 
to measure Zn, Pb, Cu, Cd, and Cr in the samples 
(water and fish) collected. About 0.5 g of oven dried 
sample as mentioned above was digested with con-
centrated nitric acid in glass tube at 80 ˚C for 48–72 h 
then heated up to 120 ˚C for 4–8 h to have clear solu-
tion as previously described. Samples then were 
cooled and diluted with distilled water up to 25 mL, 
filtered using small glass funnels prewashed with 
sulfuric acid (El-Nahhal et  al., 2013). The purity of 
standard and acetylene gases was 99.999 to 99.99%, 
respectively. Atomic signals for Zn, Pb, Cu, Cd, and 
Cr were measured in peak area mood. The concentra-
tion of heavy metals in water sample was calculated 
using the following formula.

The concentration of heavy metals in fish tissue 
was calculated using the following formula;

Estimated daily intake of metals

The estimated daily intake of heavy metals was calcu-
lated using the following equation.

where, C is the mean heavy metals concentration in 
fish muscle (μg/g) of dry weight basis. For conversion 
from dry weight to wet weight, 4.8 conversion factor 
is taken (Rahman et  al., 2012). FIR (Food Ingestion 

Heavymetalconcentration
(

�
g

ml

)

=
AASreadingxV

Volumeofthesample(ml)11

where,V = volumeofdilutionsolution11

Heavymetalconcentration
(

�
g
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)

=
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Weightofthesample(gm)

where,V = volumeofdilutedsolution

EDI =
CxV

BW11
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Rate) is the daily consumption of freshwater fish 
(gram per day (g day−1) per capita. The average FIR 
was 0.019  g person−1  day−1 (FAO, 2016). BW is 
the average body weight, 70  kg for adults (USEPA, 
2011).

Target hazard quotient (THQ)

The THQ is the estimate of non-carcinogenic risk 
level due to heavy metals exposure (Islam et  al., 
2015). It was calculated using the following equation 
(USEPA, 2011).

where Efr (Exposure frequency) is 365 day−1, and ED 
(Exposure Duration) is 70 years (as set for this study). 
RfD (Reference Dose) assesses the health risk of con-
suming fish, and ATn is the time of average exposure 
for non-carcinogenic (365 day x no. of exposure year 
(USEPA, 2011).

Risk assessment for human health

The detailed methodology for the risk assessment 
related to human health has been described elsewhere 
(Li & Zhang, 2010; Saleem et  al., 2014; Wu et  al., 
2009). Trace metals exposure to human beings could 
happen through inhalation, dermal adsorption and 
direct ingestion; however, ingestion and dermal routes 
are usually considered for the water intake (Singh 
et  al., 2018; USEPA, 2004; Wu et  al., 2009). The 
mathematical expression used for risk assessment has 
been obtained from USEPA Risk Assessment Guid-
ance for Superfund (RAGS) methodology (USEPA, 
2004):

where, ADDing shows average daily dose by inges-
tion (µg kg−1 day−1); ADDderm indicates average daily 
dose through dermal absorption (µg kg−1  day−1); 
Cwater reveals concentration of the metals in surface 
water (µg L−1); IR depicts ingestion rate (2.2 L d−1 
for adults and 1.8 L d−1 for children); EF stands for 

THQ =
EfrxEDxFIRxCx0.001

RfDxBWxATn

ADDing =
CwaterxIRxEFxED

BWxAT

ADDderm =
CwaterxSAxKPxETxEFxEDxCF

BWxAT

exposure frequency (350 d y−1); ED shows exposure 
duration (70 y for adults and 6 y for children); BW 
indicates average body weight (70 kg for adults and 
15 kg for children); AT shows averaging time (25,550 
d for adults and 2190 d for children); SA reveals 
exposed skin area (18,000 cm2 for adults and 6600 
cm2 for children); ET denotes exposure time (0.58 h 
d−1 for adults and 1 h d−1 for children); CF stands for 
unit conversion factor (0.001 L cm−3); and Kp indi-
cates dermal permeability coefficient (0.001  cm  h−1 
for Cd, Cu, Fe and 0.004  cm  h−1 for Pb (USEPA, 
2004; Wu et al., 2009; Li & Zhang, 2010).

The potential non-carcinogenic risk was estimated 
by comparing the exposures through each pathway 
with the reference dose (RfD) to find out the hazard 
quotients (HQ) using the following relationship:

where, HQing/derm refers to hazard quotient through 
ingestion and dermal routes. If the HQ value exceeds 
unity, there might be concern for non-carcinogenic 
risk.

Statistical analysis

The data were statistically analyzed using the statisti-
cal package SPSS (version 22.0). The mean ± stand-
ard deviations of the metal concentration in fish 
species were calculated. Regarding the correlation 
coefficient level, if p < 0.05, it was evaluated as there 
was a statistically significant difference between the 
groups.

Results and discussion

Water quality parameters

Water quality parameters of Brook Karabel, Brook 
Çaltı, and Brook Tohma were analyzed throughout 
the year. Figure  1 is presented that Clustered Box-
plot diagrams of water quality parameters measured 
in Karabel, Çaltı, and Tohma brooks throughout the 

HQing∕derm =
ADDing∕derm

RfDing∕derm

Fig. 1   Clustered boxplot diagrams of water quality parameters 
measured in Karabel, Çaltı, and Tohma brooks throughout the 
year

◂
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year. Dissolved oxygen concentration is an important 
parameter for developing a balanced aquatic fauna. 
Dissolved oxygen is as necessary for aquatic life as 
it is for biochemical oxidations (Atay & Pulatsu, 
2000; Mutlu et al., 2016). Dissolved oxygen levels of 
Brook were determined to be at the highest level of 
13.920 ± 2.160  mg/L in January, whereas the annual 
mean value was found to be 11.198  mg/L. The level 
of dissolved oxygen decreased in June and then started 
to increase again in November. This finding can be 
related to temperature because temperature increases in 
months, when dissolved oxygen level decreased, vice 
versa. For aquatic life, freshwater sources must have 
a minimum dissolved oxygen level of 5 mg/L (Mutlu 
et  al., 2013). The values found in the present study 
indicate Class I quality according to WPCR. 

Salinity refers to the amount of salts dissolved 
in a liter of water salinity is measured by g/L or %. 
Salinity is closely related with temperature and elec-
trical conductivity (Mutlu et  al., 2018). Salinity val-
ues of Brook Karabel ranged between 0.040 and 
0.270 ± 0.070. The values increasing the average were 
measured in September. Examining from the sea-
sonal aspect, it can be stated that salinity increased in 
autumn and decreased in winter seasons. The salinity 
level of the brook can be defined as brackish.

Electrical conductivity and suspended solid mat-
ter values were ranged between 248.00  µs/cm and 
998.00 µs/cm and between 0.20 mg/L and 1.98 mg/L, 
respectively. The highest electrical conductivity value 
was found in September, whereas the highest level of 
the suspended solid matter was detected in August. 
Examining the changes in pH, a trend that is parallel 
with electrical conductivity was found. The highest 
pH level was observed in September. Electrical con-
ductivity (EC) indicates the amount of solid matter 
dissolved salts in water and it varies depending on the 
serological structure and the level of precipitation. In 
a previous study carried out on Lake Kurugöl (Sivas), 
electrical conductivity and salinity values showed a 
parallel decrease in winter and an increase in summer 
(Mutlu et  al., 2013). When compared to the results 
achieved in the present study, the results are consist-
ent with the literature. From the aspect of electrical 
conductivity, the water samples were found to be very 
good according to WPCR.

Chemical oxygen demand and nitrite values 
reached their highest levels in September and the 
lowest values in February. The mean values achieved 

were 12.962 ± 7.735  mg/L and 0.092 ± 0.082  mg/L, 
respectively.

Examining the dissolved oxygen level of Brook 
Çatlı, which is another station, the highest value was 
found to be 13.580 ± 2.160 in January and the annual 
mean value was found to be 10.974 mg/L. Dissolved 
oxygen levels decreased in June and then increased 
again in November. This finding can be related to 
temperature and temperature and pH since tempera-
ture increased in months when the level of dissolved 
oxygen showed an increase, and vice versa.

The annual mean salinity value of Brook Çaltı (%) 
was found to be 0.104 ± 0.071 (0.010–0.230). The 
value increasing the average was the data recorded in 
September. Considering from the seasonal aspect, it 
was determined that salinity increased in autumn and 
decreased in winter.

Chemical oxygen demand is an important param-
eter used in determining the pollution levels of 
waters and wastewaters. Chemical oxygen demand 
(COD) level higher than 25  mg/L indicates pollu-
tion, whereas levels higher than 50  mg/L indicate 
severe pollution and also a potential toxic effect for 
aquatic organisms (Li et al., 2018). The highest level 
of chemical oxygen demand was found in September 
(27.24 mg/L) and the lowest level in July (1.16 mg/L). 
Affected by seasonal transitions, chemical oxygen 
demand is affected by pH changes at most. The high-
est level of pH was found in September (9.05).

The sources of nitrogen mixing into surface water 
generally have generally domestic, natural, indus-
trial, and agricultural origins (Mutlu et  al., 2013). 
The levels of ammonium nitrogen (NH4

+), nitrite, 
and nitrate, which are nitrogen derivatives, in Brook 
Çaltı were found to be very low. The highest level of 
nitrite was found in April (0.6 ± 0.16), that of ammo-
nia in August (0.041 ± 0.013), and those of phos-
phate and sulfate in October and September, respec-
tively. The water quality parameters of Brook Çaltı 
showed remarkable changes in autumn. Nitrogenous 
compounds have significant effects on water pollu-
tion, and they have important effects on oxygen and 
eutrophication (Du et  al., 2017). From the aspect of 
the aforementioned parameters, the quality of Brook 
Çaltı was found to be good.

Comparing with oxygen values of Brook Tohma, 
the highest values were observed in February and 
the lowest ones in February. The mean level of dis-
solved oxygen was found to be 10.781 ± 1.97  mg/L. 
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The brook was found to be Class I in terms of water 
quality. The highest salinity (%) was found in July 
(1.19%) and showed a stable course in other months. 
Electrical conductivity, chemical oxygen demand, 
and nitrite values reached their highest values in Sep-
tember and the results were 968 ± 61.78, 28.7 ± 8.44, 
and 0.33 ± 0.1, respectively. Electrical conductivity is 
directly proportional to temperature and salinity. Con-
sidering the monthly measurements, it had an effect 
on the standard deviation. It was determined that 
electrical conductivity, chemical oxygen demand, and 
nitrite levels increased and decreased with pH values 
and increasing pH resulted in an increase in these 
parameters (Fig. 1).

Total alkalinity and total hardness values were 
found to be close to and parallel with each other 
throughout the year. In waters in lime soils, total alka-
linity and total hardness values are generally close to 
or same as each other (Yetiş et al., 2019). Among the 
water quality parameters examined for Brook Tohma, 
the highest levels of total hardness, total alkalinity, 
Mg, Ca, Fe, and ammonium nitrogen were observed 
in June and the lowest values in February. The mean 
total hardness value of Brook Tohma was found to 
be 150.454 mg/L CaCO3 and it indicates hard water 
according to WPCR. The highest temperature in 
Brook Tohma was found to be 23.8  °C (September) 
and the lowest value to be 6.3 °C (February).

Comparing all of the analyzed water samples, it 
can be seen that the higher levels were observed in 
Brook Karabel for dissolved oxygen, in Brook Tohma 
for salinity, electrical conductivity, and suspended 
solid matter, and in Brook Çaltı for pH. The highest 
temperature was found in Brook Tohma, followed by 
Çaltı and Karabel, respectively.

Being one of the natural anions of water, sulfate is 
necessary for the increase of biological productivity 
in natural waters (Wang et al., 2021). Comparing the 
mean sulfate levels, it was determined that the highest 
value was found in Brook Tohma, followed by Kara-
bel and Çaltı (102.340, 99.160, and 95.730, respec-
tively) and all the values indicate Class I water quality.

The sulfite measured in the present study was 
Na2SO4 sodium sulfite and the mean sulfite val-
ues were found to be 9.770  mg/L, 9.890  mg/L, and 
9.600  mg/L in Çaltı, Karabel, and Tohma brooks. 
These values were less than 1/10 of the maximum 
sulfite level and it indicates that the water quality is 
very good in all study areas.

Blood parameters of Barbus plebejus fishes collected 
from Karabel, Çaltı, and Tohma stations

Together with water samples, B. plebejus fish sam-
ples were collected from Karabel, Çaltı, and Tohma 
brooks on monthly basis and their blood parameters 
were investigated. Fishes are used as bioindicators 
in determining the conditions and changes in the 
aquatic environment. For this reason, depending on 
the changes in the ecosystem, fishes respond to these 
changes at various levels and the level and forms of 
responses should be known (El-Nahhal, 2018; El-
Nahhal et  al., 2016; Sula et  al., 2020). The hemato-
logical and biochemical parameters of fish blood are 
indicators of aquatic vertebrae and they indicate the 
effects of the environment- and human-related stress 
factors, as well as the health of the ecosystem (Ural 
et al., 2013).

Besides the minimum and maximum values, the 
mean values and standard deviations of biochemi-
cal parameters of fish samples taken from all the 
stations are presented in Table  1. Each biochemi-
cal parameter was measured in three replicates in 17 
fish (Table  1). As can be seen, the monthly differ-
ences in GLU parameter were found to be statistically 
significant and the highest value was found in July 
(517.26 ± 8.69). Biochemical parameters increasing 
in June, when seasonal temperatures started increas-
ing, were found to be as follows: CHOL (Cholesterol) 
(601.94 ± 8.88), TG (Triglyceride) (411.88 ± 8.11), 
ALB (Albumin) (7.29 ± 0.18), GLO (Globu-
lin) (7.24 ± 0.18), HDL (521.08 ± 11.34), VLDL 
(129.90 ± 2.75), LDH (1251.95 ± 2.77), and ALT 
(Alanine Aminotransferase) = GPT (609.23 ± 3.83). 
In September, when temperatures started seasonally 
decreasing, CRE, UA, UREA, BUN, ALP, TBIL, 
DBIL, Ca, Fe, and Mg values were found to be at 
the highest levels. Among the biochemical param-
eters, LDL reached its lowest value in this month 
(92.71 ± 2.44).

Besides them, Cl (122.91 ± 16.98) values were 
found to be high in October, Na and K values 
(150.85 ± 0.06, 8.42 ± 0.01) in August, and TP and 
AST = GOT values (8.51 ± 0.07; 107.41 ± 2.90) in 
April. In conclusion, the highest level of LDL was 
found in February (411.84 ± 4.97).

In fishes, stress arising from any reason may affect 
the level of glucose. Stress factor causes higher 
energy to need during metabolism’s reaction and it 
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results in the catalysis of glucose in body stores (Sula 
et al., 2020). In all three stations, seasonal increases 
in temperature and pH values were found to be in par-
allel with blood GLU levels. Thus, in parallel with the 
literature, it was determined that varying stress fac-
tors have an effect on GLU values.

In previous studies, it was determined that the 
blood cholesterol level of fishes may vary depending 
on factors such as nutrition, feed, stress, water pollu-
tion, and temperature (Lemaire et  al., 1991). In the 
present study, the changes in blood cholesterol levels 
can be related to temperature. As seen in Table 1, the 
increases in CHOL and TG parameters in the months 
of seasonal temperature increase were higher than the 
increases in winter. On the other hand, considering 
the pollution factors in study areas, it was determined 
that chemical pollutants increased in summer months 
and dissolved oxygen level decreased in this period 
(June, Table 1) and it might affect the TG values.

It was reported in previous studies that nutritional 
status and stress might affect the total protein values 
(Lemaire et al., 1991; Ural et al., 2013). In the present 
study, TP, ALB, and GLO values reached their maxi-
mum in April and June. In the same period, when 
comparing Na, total hardness, and total alkalinity, 
it was determined that Na was significantly affected 
and other parameters (CHOL, TG, LDL, and HDL) 
were slightly affected. In the literature review, it was 

stated that an increase in water temperature may a 
play role in increase of TP, ALB, and GLO values 
and especially the GLO values may show monthly 
and seasonal variation (Finn, 2007). These results are 
consistent with the results reported in the literature 
and affected by the temperature increase and monthly 
changes.

In previous studies, it was reported that blood UA 
and UREA concentrations changed depending on the 
factors such as sudden changes in environmental con-
ditions, stock intensity, water temperatures, season, 
and nourishment (Ural et  al., 2013). In the present 
study, CRE, UA, and UREA values and water tem-
perature reached their maximum levels in September.

Assessment of metal concentrations in water and 
fishes

Cl, Na, K, Mg, Ca, and Fe concentrations of Karabel, 
Çaltı, and Tohma brooks were measured on monthly 
basis. Moreover, the fish blood parameters were meas-
ured on monthly basis and compared to water levels. 
First, it was determined that the highest blood Cl lev-
els were found in October when the water Cl level 
reached its minimum. On the other hand, biochemical 
parameters of blood were found to be low in months 
when chlorine ion increased (Fig. 2). In previous stud-
ies, it was reported that an increase in chlorine ions 

Fig. 2   The relationship between chloride (Cl) levels measured in blood biochemistry and water quality parameters
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in the medium may protect fish from nitrite poisoning 
by preventing the intake of nitrite (Yanbo et al., 2006). 
In the present study, the water quality parameters of 
all three stations showed that (Fig.  1) nitrite values 
reached the lowest level in September (lowest level 
of chlorine ions) and nitrite values decreased to zero 
in months with high levels of chlorine ions. These 

findings are consistent with the literature. Examining 
the sodium (Na) levels, it can be seen that sodium in 
water decreased and was used for bioavailability when 
blood sodium levels increased (Fig.  3). Moreover, it 
was also reported that an increase in sodium decreased 
heavy metal toxicity (Adams et al., 2020). Examining 
Fig.  4 comparing potassium (K) levels among blood 

Fig. 3   The relationship between sodium (Na) levels measured in blood biochemistry and water quality parameters

Fig. 4   The relationship between potassium (K) levels measured in blood biochemistry and water quality parameters
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biochemistry and water quality parameters, it can be 
stated that blood potassium levels were not signifi-
cantly affected by the changes in water.

Calcium (Ca++) and magnesium (Mg++) ions were 
related to the hardness of the water. Since water hard-
ness affects the physiological functions of fishes, it 
was reported that fish would get osmotic stress when 

optimum values are exceeded (Romano et al., 2020). 
Given Ca and Mg values in the present study, it was 
determined that the results in blood and water were 
in parallel. In other words, in the months when water 
hardness might have increased (Apr, May, June), it 
was determined that both of these ions increased but 
not exceeded beyond the optimum levels (Fig. 5).

Fig. 5   The relationship between magnesium (Mg) levels measured in blood biochemistry and water quality parameters

Fig. 6   The relationship between iron (Fe) levels measured in blood biochemistry and water quality parameters
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The highest ferrous level in the blood was found 
in September. In January and February months, when 
the level of ferrous in natural waters is almost zero, 
fishes are not affected by these ferrous concentrations 
and they keep the ferrous ion, which they use for bio-
availability, in their bodies because ferrous is an ele-
ment that is necessary for metabolism.

Fish are harmed generally by low oxygen content 
and low pH in winter and, in this season, iron is in 
its soluble form “ferro” (Ranjitha et  al., 2020). In 
the present study, the levels of ferrous ion in blood 
parameters of fish were low especially in winter 
months and they are not harmful to living organisms 
(Fig. 6).

Scatterplot Matrix was used that Cd, Cu, Pb 
and Fe heavy metals for all stations. GLU and UA 

values, which are mostly affected by blood biochemi-
cal values, were compared in the same matrix. Since 
each parameter was measured over twelve months, 
the matrix was used to compare the increase and 
decrease. Figure 7 shows that distribution of the rela-
tionships between GLU and UA levels in fish blood 
and metal concentrations.

Examining heavy metals for health risk

Natural waters containing high metal concentrations 
are harmful to both aquatic organisms and human 
health. In the present study, the detectable heavy 
metals’ carcinogenic/non-carcinogenic health risks 
were determined for adults and children. As seen in 
Table  2, annual mean levels of Fe, Pb, Cu, and Cd 

Fig. 7   Distribution of the relationships between GLU and UA levels in fish blood and metal concentrations
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heavy metals collected from three stations were used 
in health risk calculations. The reference doses (RfD) 
declared by the Joint FAO/WHO Expert Committee 
on Food Additives (JECFA) and determined by the 
United States Environment Protection Agency were 
used in acceptable daily intake (ADI) values. The cal-
culations were separately assessed for adults and chil-
dren as specified in international standards.

For human health analysis, HQingestion, HQdermal, 
and THQ values were calculated for each metal. 
Examining the results, it was determined that all the 
values were much lower than the limits. For each 
metal taken in through digestion and skin, both car-
cinogenic and non-carcinogenic risks were calcu-
lated and assessed for adults and children.

Among heavy metals, the highest HQingestion and 
HQdermal values of Fe were found in Brook Kara-
bel, followed by Caltı and Tohma brooks (adult and 
children), whereas highest Pb and Cu values were 
found in Brook Tohma, followed by Çaltı and Kara-
bel brooks. Cd values of Brook Çaltı were found to 
be higher than those of Tohma and Karabel brooks 
for adults and children (Table  2). HQingestion values 
of cadmium were found to be 0.0013, 0.0018, and 
0.0016 for adults and 0.1414, 0.1980, and 0.1825 for 
children (Karabel, Çaltı, and Tohma brooks). The 
limit of THQ set by USEPA is < 1 (USEPA). Examin-
ing the results, it was found that THQ values found 
were much lower than this limit and there was no 
severe health risk.

Conclusion

In the present study, physicochemical water quality 
parameters of water samples collected from Kara-
bel, Çaltı, and Tohma brooks on monthly basis for 
12  months were analyzed. It was determined that 
quality parameters of water samples were not higher 
than the limits and the samples were found to have 
good quality. Moreover, biochemical blood parame-
ters of fishes monthly sampled from the same stations 
were examined and the results were analyzed in terms 
of the effects of water quality on the fish metabolism. 
It was found that chemical pollutants in the water had 
significant interaction with fish metabolism. Moreo-
ver, the annual heavy metal concentrations of water 
were determined and analyzed for the long-term 
potential health risk by using the methods and meas-
urement techniques set by international standards 
(USEPA, FAO, and WHO). It was found that none of 
the heavy metals exceeded the acceptable limits but 
Cd values were closer to the limits. Researches on 
this subject should be deepened and required meas-
ures should be taken.

Data availability  The datasets generated during and/or ana-
lyzed during the current study are available from the corre-
sponding author on reasonable request.

Table 2   Risk levels and 
cancer risk assessments 
of toxic metals found in 
Karabel, Çaltı, and Tohma 
brooks

Heavy metals Study area HQ (Ingestion) HQ (Dermal) THQ

Adult Child Adult Child Adult Child

Fe Karabel 6.30E-08 7.06E-08 1.70E-06 2.18E-06 2.82E-04 3.55E-04
Caltı 5.92E-08 6.63E-08 1.60E-06 2.05E-06 2.65E-04 3.34E-04
Tohma 5.53E-08 6.20E-08 1.49E-06 1.92E-06 2.48E-04 3.12E-04

Pb Karabel 1.75E-03 1.96E-03 3.15E-03 4.04E-03 3.78E-03 4.44E-03
Caltı 2.01E-03 2.25E-03 3.62E-03 4.64E-03 4.33E-03 5.10E-03
Tohma 2.31E-03 2.59E-03 4.15E-03 5.33E-03 4.98E-03 5.86E-03

Cu Karabel 2.61E-04 2.93E-04 7.05E-03 9.05E-03 6.69E-02 8.41E-02
Caltı 3.09E-04 3.46E-04 8.34E-03 1.07E-02 7.90E-02 9.94E-02
Tohma 3.60E-04 4.03E-04 9.71E-03 1.25E-02 9.21E-02 1.16E-01

Cd Karabel 1.31E-03 1.47E-03 1.41E-01 1.82E-01 4.19E-03 5.27E-03
Caltı 1.83E-03 2.05E-03 1.98E-01 2.54E-01 5.87E-03 7.38E-03
Tohma 1.69E-03 1.89E-03 1.83E-01 2.34E-01 5.41E-03 6.80E-03
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