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INTRODUCTION

ABSTRACT

In this study, it was aimed to determine the water quality of Bartin River and its usability as
irrigation water. In order to evaluate the change of water quality according to the precipitation
the samples were collected from 4 points in December and July months. pH, NO,, SO,, CI, to-
tal phosphorus (TP), chemical oxygen demand (COD), suspended solid (SS), turbidity, some
cations and metals were analyzed in the collected samples. The assessment of physicochemical
parameters was made according to the Surface Water Quality Regulation. It was determined
that SS and turbidity parameters increased after precipitation and 98% of turbidity was caused
by SS. CI, Na*, K*, Ca*, Mg*, SO 4'2, TP were determined higher in the dry period. Although
COD, total dissolved solid (TDS), electrical conductivity (EC), NO, were higher in the rainy
season, the difference between the two periods is not much. According to the water quality
index, water quality was poor at all sampling points during the rainy season. In the dry period,
good quality was also determined at only 1 sampling point. COD is the parameter with the
greatest effect on effective weight and water quality. Irrigation water suitability was evaluated
with the indexes sodium adsorption ratio (SAR), (EC), %Na, magnesium ratio (MR), Kelly
index (KI), potential salinity (PS) and total hardness (TH). River water is suitable as irrigation
water in both periods according to SAR, %Na, MR, KI indexes. However, since the potential
salinity (PS) value is greater than 3 peq/L at the SP4 in the dry period, it is not suitable as irri-
gation water. Its total hardness value is >180 mg/L, so it is in the very hard water class.

Cite this article as: Giines G. Evaluation of Bartin river water quality index and suitability as
irrigation water with physicochemical parameters. Environ Res Tec 2022;5:4:357-368.

agricultural activities cause deterioration of water quali-
ty in natural water resources [3]. Water quality is closely

Water resources are an important part of the ecological
system and one of the natural resources necessary for the
survival of humans and other living things [1, 2]. Today,
as a result of rapid industrialization and rapid population
growth, increasing domestic and industrial discharges and
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related to human health, and organic compounds, toxic
metals, nutrients, suspended solids and pathogens in wa-
ter are important parameters that affect water quality [4].
Agricultural activities (excessive use of fertilizers), indus-
trial and domestic wastewater discharges are the main
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causes of nitrogen and phosphorus pollution in natural
waters [5, 6]. Heavy metals are another type of pollutant
found in natural waters and cause environmental prob-
lems by accumulating in the food chain [7]. The most im-
portant metals in terms of water pollution are zinc (Zn),
arsenic (As), copper (Cu), lead (Pb), cadmium (Cd), mer-
cury (Hg), nickel (Ni) and chromium (Cr). Heavy metals
enter the river system through natural and anthropogenic
activities [8]. The most important anthropogenic sourc-
es are industrial discharges, domestic wastewater, met-
al-containing fertilizers and pesticides [9, 10]. Since heavy
metals cannot be decomposed in nature, they accumulate
in animals and humans and cause undesirable effects.
As, Pb, Cd are highly toxic even at low concentrations
[11, 12]. Protection of water quality is also important in
terms of determining the usability of river water as irri-
gation water. Irrigation water quality affects soil structure
and plant growth. Especially in arid environments, low
precipitation amount, high evaporation and use of inap-
propriate irrigation water cause salinity problem in soils
[13] and excessive salinity causes soil degradation [14].
The chemical components in the irrigation water affect
the plant in different ways, such as having a direct toxic
effect on the plant, causing the plant to be without nutri-
ents, or preventing the plant from taking nutrients from
the soil [15, 16]. For this reason, irrigation water quality
should be determined by different indexes such as elec-
trical conductivity (EC), potential salinity (PS), sodium
adsorption rate (SAR), sodium percentage (%Na), Kelly's
Index (KI), magnesium ratio (MR). In this study, it was
aimed to determine the water quality of the Bartin River
with physicochemical parameters. Physicochemical water
quality parameters were analyzed in water samples taken
from different points of the river in rainy and dry periods,
and the water quality index was calculated and the water
quality classes were determined. The assessment of physi-
cochemical parameters was made according to the Surface
Water Quality Regulation (SWQR) [17]. In addition, the
suitability of river water as irrigation water was evaluated
by using indexes defined in the literature such as sodium
adsorption rate, sodium percentage, magnesium ratio, po-
tential salinity, Kelly's index.

MATERIALS AND METHODS

Sampling Area

Bartin River is located within Bartin Province in Turkey.
Bartin is located in the western Black Sea Region and has
a rugged geography. Its heights are covered with mountain
rows reaching 1736 meters. The mountains are very steep,
steep and rocky towards the beaches, although not high.
The average rainfall is 69.3 mm and 111.3 mm for the sum-
mer and winter seasons. Sampling locations are shown in
(Fig. 1) [18]. SP1, SP2 (water dept ~ 2 m) and SP3 sampling

points are located in the area of the river passing through
the city center. At these three points, domestic wastewater
discharges are effective. SP4 sampling point is on a different
tributary of the river. At this point, water depth and bed
width are higher (>5 m) than other points [18].

Sample Collection and Analysis

Water samples were collected immediately after heavy rain
and snowfall in winter, in December, when the water level
and flow rate increased. In the summer season, the samples
were collected in July, when the rains were very ineffective
and the river water level and flow rate decreased. Water
samples were collected in high density polyethylene bottles.
Bottles were washed within a solution of 10% nitric acid
followed by repeated rinsing with distilate water and finally
rinsing with ultrapure water prior to sampling [18]. Details
on heavy metal analyzes have been explained in detail in
the author's previous work [18]. For physicochemical ana-
lyzes, water samples were collected in accordance with the
ISO 5667-3: 2018 [19] method. Before the water samples
were collected, the plastic bottles were rinsed 3 times with
distilled water and 1 time with sample water. All physico-
chemical analyzes were performed in accordance with the
American Public Health Association Method [20]. Nitrate
and sulfate analyzes were performed by UV VIS Spectro-
photometer (HACH Lange 6000 DR) device according to
spectrophotometric method, and chloride and COD ana-
lyzes were performed by titrimetric method. Turbidity was
determined by the turbidimeter (Hach 2100 Q Portable
Turbidimeter) according to the nephelometric method, and
the color was determined by the Hach Lico 620 device ac-
cording to the photometric method. pH, electrical conduc-
tivity, total dissolved solids (TDS) values were measured
with Hanna (HI 9812-5) multi parameter probe. Suspended
solid (SS) analysis was done by gravimetric method.

Evaluation of Data

River water quality was evaluated with the water hazard
index [21] and water quality indexes [22]. The usability
of river water as irrigation water was evaluated by sodium
adsorption rate (SAR), magnesium ratio, sodium percent-
age, Kelly's index (KI), potential salinity (PS), and total
hardness (TH) and electrical conductivity (EC) indexes.
All calculations were made with Microsoft Excel 2016 and
SPSS 26 programs.

Suitability of River Water as Irrigation Water

Salinity causes deterioration of soil quality [23]. For this
reason, the suitability of river water as irrigation water was
evaluated with the indexes sodium adsorption ratio (SAR),
electrical conductivity (EC), sodium percentage (%Na),
magnesium ratio (MR), kelly’s index (KI), potential salinity
(PS) and total hardness (TH). The formulas of the indexes
and water quality classifications are shown in Table 1.
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Figure 1. Location of sampling points [18].

Water Quality Index

The water quality index is used to determine and evalu-
ate water quality. The influence of many water quality pa-
rameters is reduced to a single value. In other words, the
water quality index can be defined as an indicator of the
combined effect of many water quality parameters [30].
The WQI value calculated for each sampling point allows

the sampling points to be classified according to different
quality categories. Different water quality indexes have
been used in the literature [22, 31]. In this study, WQI
was calculated according to equation (1) [22]. The grad-
ing of water quality according to water quality indexes is
shown in Table 2.

WQI=ZSI, (1)
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Table 1. Quality indexes for irrigation water (concentrations of all parameters are meq/L except EC (us/cm) and TH (mg/L)

Index Formula

Classification Reference

Kelly Index P a*t
Cat? + Mg+2

<1 safe [24]

>1 unsafe

Sodium adsorption ratio (SAR)

Na+1

Ca*? + Mg+*?
2

SAR =

<10 excellent
10-18 good
18-26 doubtful

(25]

>26 unsuitable

Sodium percentage (%Na)

Na* + K*

<20 excellent [26]

%Na=(
X 100

Ca*?2 + Mg*?2 +K* + Na*) 20-40 gOOd

40-60 permissible
60-80 doubtful

>80 unsuitable

Magnesium ratio (MR) Mg*? x 100

MR =—r—"—
Ca*? +Mg+2

<50 suitable [27]

>50 unsuitable

Potential salinity (PS)
PS = CI™ +0.550;2

<3 suitable (28]

>3 unsuitable

Total hardness (TH)

<60 soft (29]

TH = (2.497Ca*?) + (4.11Mg*?)

60-120 medium hard
120-180 hard
>180 very hard

Electrical conductivity (EC)

EC<250 excellent
250-750 good
750-2000 permissible
2000-3000 doubtful
>3000 unsuitable

[25]

war = Z sl (2)

Where, W the relative weight of ith parameter, w;: the weight of

ith parameter [22, 32-35] (Table 3), n: the number of parameters.
C;

q = S—‘ x 100 (3)

1

Where, q.: quality rating of ith parameter, C: concentration
of each chemical parameter in each water sample in mg/l, S;:
drinking water standard for each chemical parameter in mg/L
except for conductivity (uS/cm) and pH turbidity and colour.

Sl = Wi X q; (4)
SI;: Sub-index of ith parameter;

The effective weight of each water quality parameter was cal-
culated according to equation (5) to determine the param-
eter that has the greatest effect on the water quality index.
EW,; = I;—Iq"lmoo (5)
Where EW,: Effective weight of i water quality parameter,
SI: Subindex value of i water quality parameter.

Table 2. Water quality classification according to WQI values

WQI value Water quality

<50 Excellent
50-100 Good water
100-200 Poor water
200-300 Very poor water
>300 Water unfit for drinking
Water Hazard Index

One of the indexes used to evaluate the impact of heavy
metals on water quality is the water hazard index [21]. As
shown in equation (6), this index is calculated by dividing
the measured concentration of the metal by the maximum
allowable value for drinking water [36]. According to the
hazard index, the toxicity of water is categorized into 4
classes [21, 38]: WHI <5 (low to minimal toxicity), 5< WHI
<10 (slightly toxic), 10< WHI <15 (moderately toxic) and
WHI >15 (extremely toxic).
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Table 3. Weight factors, unit weight values and effective weights (EW) of water quality parameters

Si [36, 37] wi (weight) Wi (relative weight) EW% rainy EW% dry Mean EW %
pH 8.5 4 0.100 7.39 7.5 7.45
TDS 1000 4 0.100 3.09 2.85 2.97
EC 2500 1 0.025 0.62 0.57 0.6
504'2 200 4 0.100 1.35 1.86 1.6
NO, 50 5 0.125 0.3 0.14 0.22
COD 10 4 0.100 80.38 77.81 79.09
Cl 250 3 0.075 0.15 1.46 0.8
Ca® 200 2 0.05 1.26 1.85 1.55
Mg* 30 2 0.05 0.8 1.78 1.29
Na* 200 2 0.05 0.16 1.04 0.6
K* 200 2 0.05 0.04 0.13 0.08
Mn 0.05 4 0.1 4.53 3.16 3.85
Cu 1 3 0.075 0.01 0.01 0.01

Zwi= 40 ZWi= 1.0

Concentrations of all parameters are mg/L except for pH, EC (ps/cm).

WHI = {Al + Fe + +
“ 102 037005 1

Mn Cu Zn Cr

03 * o056 (6)

RESULTS AND DISCUSSION

Evaluation of Physicochemical Water Quality Parameters
The results of physicochemical water quality param-
eters are shown in Table 4. It was determined that the
suspended solid (SS) and turbidity parameters increased
considerably after precipitation and 98% of the turbidity
was caused by suspended solids. Suspended solid con-
centrations were determined to be 14.5 mg/L and 41.5
mg/L for dry and rainy periods, respectively [18]. In the
previous study, although the dry period concentration
was higher than the rainy period, it was determined that
there was no significant difference between the two peri-
ods [39]. For this reason, it is thought that the soil parti-
cles carried from the surrounding land together with the
precipitation waters increase the SS and turbidity. In ad-
dition, topographic features (slope, altitude) can partial-
ly affect the transport of pollutants from diffuse sourc-
es to the river [40]. The fact that the mountains around
Bartin are quite steep and the land is quite rugged may
affect the transport of materials from diffuse sources to
the river during the rainy season. At the same time, the
increased water flow rate after precipitation may cause
resuspension of compounds from the sediment to the
water column, thus increasing suspended solids and tur-
bidity [41]. The highest values for SS and turbidity in the
rainy season were determined in SP4. This point is locat-
ed at a point where soil transport from the surrounding
land is effective.

Electrical conductivity (EC) is a parameter directly related
to dissolved solids in water. Total dissolved solids include
inorganic salts (calcium, magnesium, potassium, sodium,
bicarbonate, chloride, sulfates) and dissolved organic mat-
ters [42]. Salts can be of geogenic origin (decomposition of
rocks) as well as anthropogenic origin (domestic/industrial
wastewater discharge) [43]. EC was determined as 730 ps/
cm in the dry period and 800 ps/cm after precipitation. Ac-
cording to the Surface Water Quality Regulation [17], the
river is in the second quality water class in terms of EC. Al-
though the average EC value is higher for the rainy season,
there is no significant difference between the two periods.
The highest average EC and TDS values were determined in
SP4 in the dry period and in SP3 in the rainy period (Table
4). Precipitation waters can cause soil erosion and increase
in the EC and TDS values in the river, and sometimes cause
a decrease in these parameters with the effect of dilution
[44]. In the dry season, the concentrations of EC, TDS, Na*,
CI, K*, Ca*, SO, were quite high in SP4 compared to oth-
er sampling points. This situation can be explained by the
geological features of the river bed at this point. The same
parameters were determined higher in SP 3 during the
rainy period. This situation can be explained by 2 reasons:
1) due to the high flow rate, the compounds in the sediment
move back to the water column 2) the composition of the
soil particles carried around the sampling point. Contrary
to this study, in a previous study in the river, TDS, EC val-
ues were determined to be higher in the dry period [39].
The difference between the results of both studies can be
explained by the fact that the sampling points were different
in this study and the rainy period samples were taken just
after the precipitation.
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Table 4. Results of physicochemical parameters

Dry period Rainy period Irrigation®
guideline
SP1 SP2 SP3 SP4 Mean SP1 SP2 SP3 SP4 Mean
Suspended solid 24 9 12 13 14.5 35 39 37 55 42
Temperature 26 25 26 26 26 6.0 6.0 6.0 7.0 6.3
Turbidity 22.90 8.39 9.62 5.16 11.5 40 33 39 85 49
Filtrate turbidity 0.33 0.81 0.29 1.09 0.6 1.06 0.50 0.88 2.32 1.19
pH 8.20 7.90 7.90 8.30 8.1 8.30 8.50 8.30 8.60 8.4 8.5
EC 600 530 520 1270 730 660 570 1350 620 800 3000
TDS 290 260 260 640 363 330 290 670 310 400 2000
NO3'N 0.17 0.17 0.13 0.17 0.16 0.37 0.34 0.36 0.38 0.36 10
SO4'2 40 40 40 70 48 48 37 35 27 37 960
Total phosphorus (TP) 0.10 0.29 0.20 ND 0.20 ND ND 0.08 0.06 0.07
COD 64 192 96 96 112.0 168 84 84 126 116
Cl 18 20 22 196 64.0 15.0 6.93 4.50 2.50 7.2 1063
Na* 28 26 26 135 54 8.79 8.68 9.19 6.24 8.2 919
K* 6.50 6.42 5.22 8.43 6.6 222 2.20 2.39 1.53 2.1 2
Ca®? 113 89.2 89.6 72.8 91.2 68 68.2 70 62 67 400
Mg* 12.2 9.58 8.85 23.5 13.53 5.86 5.77 6.12 8.14 6.47 60
Al 0.112 0.019  0.027 0.013 0.043 0.24 0.303 0.365 0.567  0.369 5
Fe 0.476 0.04 0.09 ND 0.202  0.307 0.323 0.41 0.47 0.378 5
Mn 0.017 0.013 0.043  0.00445 0.019 0.025 0.027 0.03 0.04 0.031 0.2
Ni ND ND ND ND ND 0.009 ND 0.0058 0.0083  0.008 0.2
Cu 0.0029 0.0022  0.0043 ND 0.003 0.0018 0.0016 0.0021 0.0024 0.002 0.2
Zn 0.0062 0.0052 0.0117 ND 0.008 0.0072 0.0073 0.0076  0.0066  0.007 2

a [15], All units are mg/L except pH, turbidity (NTU) and EC (pus/cm).

Sulphate was determined to be 47 mg/L and 37 mg/L for
the dry and rainy periods, respectively. The most important
sources of sulfate in surface waters are atmospheric storage,
bacterial oxidation of sulfur compounds, and sulfate-con-
taining fertilizers [45]. In addition, wastewater discharges
and the degradation of sediment and organic materials in
the soil can cause sulfate compounds [46]. In this study, the
decreasing SO, concentration during the rainy season can
be explained by the diluting effect of precipitation.

Nitrogen and phosphorus are nutrients that cause eutrophi-
cation in surface waters [47]. In this study, NO, N was de-
termined to be 0.17 mg/L and 0.36 mg/L for dry and rainy
periods, respectively. Since NO, N is <3 mg/L, the river is in
I. quality water class according to SWQR [17]. The seasonal
variation of NO, N depends on the amount of precipitation
and the residence time of the water [48]. The water solubil-
ity of nitrate is high [49]. The transport of soil particles to
the river by erosion is generally considered to be the most
important nutrient source for rivers [50]. For this reason,

the high concentration determined for the rainy period in
this study can be explained by soil erosion from agricultural
areas and the transport of animal wastes stored in open ar-
eas to the river with rainfall waters. The absence of soil ero-
sion in the dry period when the water temperature is high
and the increase in the rate of biochemical reactions may
cause a decrease in NO,'N. It has also been reported by [51]
that water temperature may have an effect on the decom-
position rate of NO,". Again, in the rainy period, the transi-
tion of the compounds in the sediment to the water column
may cause an increase in nitrate concentration. Reference
[52] reported that the NO, concentration is higher in the
summer season, when precipitation is effective, compared
to the winter season. In the previous study in the river [39],
it was reported that the NO,” concentration was 0.91 mg/L
and 0.96 mg/L for the rainy and dry periods, respective-
ly. For this reason, soil erosion and resuspension from the
sediment to the water column during the rainy period are
considered to be important.
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Since the TP concentration was determined to be 0.2 mg/L
and 0.1 mg/L for dry and rainy periods, respectively. Ac-
cording to SWQR [17], it is in the water class in the 2%
quality class. Wastewater discharges and agriculture and
livestock have been reported as the most important sources
of phosphates [53]. In this study, domestic wastewater dis-
charges, animal wastes and fertilizers are considered as the
most important sources of total phosphorus. TP concentra-
tion could not be detected in SP4 during the dry period. It
is a far point from wastewater discharges, and the depth and
amount of water is higher than other points. The highest
concentration in the dry period was determined in SP2 and
SP3, where domestic wastewater discharges are intense. It
is thought that detergents, which are the most important
source of phosphorus in domestic wastewater, cause an in-
crease in TP concentration in the dry period. Similar results
have been reported by [48], and [52] in the literature. In the
rainy season, it is thought that leaks from manure and ani-
mal wastes, which are defined as diffuse sources, will cause
TP in the river. In the rainy season, it is thought that leak-
ages from manure and animal wastes, which are defined as
diffuse sources, cause TP in the river.

Chemical oxygen demand (COD) is the parameter used to
determine organic pollution in waters [54]. In this study,
the average COD concentration was determined as 112
mg/L and 116 mg/L for dry and rainy periods. According
to SWQR [17], it is in the water class in the 4™ quality class.
Domestic wastewater discharges and natural organic sub-
stances carried by precipitation waters are considered as the
causes of organic pollution in water. During the dry period,
the highest concentration was determined in SP2. Domestic
wastewater discharges are effective at this sampling point,
and at the same time, the water depth and flow rate decrease
in summer. COD concentrations in the rainy season were
arranged as SP1>SP4>SP2=SP3. It is thought that natural
organic materials carried into the river from the surround-
ing land during the rainy season affect the COD parameter
[55]. The concentration of natural organic matter varies de-
pending on many factors such as topography, season, flood,
drought, and human activity [37]. In a previous study in
the Bartin River, the rainy season concentration (115 mg/L)
was slightly higher [39], and close to the concentration mea-
sured in this study. In another study conducted in the Aksu
River, it was reported that the average COD concentrations
for the rainy and dry periods were 28.81 mg/L (13.40-157.6
mg/L) and 32.55 mg/L (15.14-178.09) mg/L, respectively
[56]. The mean concentrations for Pazarsuyu Stream (Gire-
sun) and Karasu (Aksaray) and Coruh Rivers (Bayburt)
were reported as 7.07 (1.54-17.67) mg/L [57], 9.42 (<10-
45.38) mg/L [58] and 3.59 mg/L [59], respectively.

It has been reported that the COD concentration in the
Umguza River (Zimbabwe), where wastewater discharges
are made, varies in the range of 55-381.2 mg/L [53]. In a
study conducted in the Nile river, COD was reported as

Table 5. WQI values and quality classification

Sampling WQI WwQI

point Rainy Dry

1 193 Poor 89 Good

2 108 Poor 214 Very poor
3 113 Poor 124 Poor

4 153 Poor 133 Poor

11.8 mg/L and 9.7 mg/L in winter and summer seasons,
respectively [13]. It was determined to be 114.7 mg/L and
151 mg/L in the summer (rainy period) and winter seasons,
respectively in Karnaphuli River (Bangladesh) [44].

Statistical Evaluation

It was determined whether there was a statistically signifi-
cant difference between the concentrations determined for
the rainy and dry periods at the sampling points. Accord-
ing to Shapiro-Wilk normality test, it was determined that
Temperature (T), EC, TDS, NO,, Mg*, Cl', Ni, Na*, Cu and
Zn did not show normal distribution (p<0.05). In addition,
since the Skewness-Kurtosis coefficients for T, EC, TDS,
NO,’, Ni, Cu varied in the range of -2 and +2 [60, 61], these
parameters were considered to have a normal distribution.
It was determined that suspended solid (SS), turbidity, pH,
SO,?, Ca®, Al, Fe, TP, COD, K*, Mn showed normal distri-
bution (p>0.05). According to the Mann-Whitney U test,
the concentration difference between rainy and dry periods
for Mg*?, CI, and Na* was statistically significant (p<0.05),
while for Zn it was insignificant (p>0.05). Independent Sam-
ple T-Test, which is a parametric test, was applied for other
parameters. According to the independent sample T-test,
the concentration difference between rainy and dry periods
for suspended solid, turbidity, pH, Ca*?, Al, K*, temperature
and NO, is statistically significant (p<0.05). The concen-
tration difference between the two periods for Fe, Mn, TP,
COD, EC, TDS is not statistically significant (p>0.05).

Evaluation of Water Quality Index

In order to determine the suitability of river water as drink-
ing water, the water quality index was calculated in both
periods and the results are shown in Table 5. According
to WQI values, water quality was determined in the poor
category at all sampling points during the rainy season. It
was determined that the water quality was lower in SP1
and SP4. In the dry period, it was determined that it was
good only in SP1, poor in SP3 and 4, and very poor in SP2.
The effective weights (EW) of water quality parameters are
shown in Table 3. The parameter with the highest EW value
is COD (79%). Although the nitrate relative weight is the
highest parameter, the EW value is low. These results show
that COD, in other words organic pollution, is the main pa-
rameter affecting the water quality of the river.
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Table 6. Irrigation water quality index values for the rainy season

Table 7. Irrigation water quality index values for the dry season

Rainy SP1 SP2 SP3 SP4 Mean Dry SP1 SP2 SP3 SP4 Mean
SAR 0.27 0.27 0.28 0.20 0.26 SAR 0.68 0.69 0.70 3.52 1.40
KI 0.10 0.10 0.10 0.07 0.09 KI 0.19 0.21 0.22 1.05 0.42
%Na 10.20 10 10.30 7.60 9.53 %Na 17.4 19.6 19.6 52.2 27.2
MR 12 12 13 18 13.75 MR 15 15 14 35 19.75
PS 0.34 0.34 0.36 0.24 0.32 PS 1.10 0.99 1.01 5.22 2.08
TH 194 194 200 189 19425 TH 332 262 260 278 283
EC 660 570 1350 620 800 EC 600 530 520 1270 730

Evaluation of the Water Hazard Index

In order to evaluate the toxicity of heavy metals in river
water, the water hazard index was calculated according to
the concentrations of Al, Fe, Mn, Cu, Cr, Zn [18]. Since Cr
could not be detected at any sampling point during the dry
period, it was not included in the calculation. The water
hazard index was calculated to be 0.23 (0.03-0.5) for the
dry period and 0.83 (0.46-0.88) for the rainy period. The
lowest WHI value in the dry period was determined for
SP4. At this point, determination of only Al and Fe may re-
sult in lower WHI value. The highest WHI was determined
in SP1 (WHI=0.5) and the contribution of Fe was higher.
In the rainy period, on the contrary to the dry period, the
highest WHI value (0.88) was determined in SP4 and the
lowest in SP1 (0.46). The elements with the highest impact
at both sampling points are Al and Fe, which is thought to
be related to the transported soil particles carried into the
river. It was determined that metals could cause minimal
toxicity since WHI <5 determined for both periods. In a
study conducted in Ghana, WHI values were reported in
the range of 0.68-5.9 for surface waters [38].

Evaluation of Suitability as Irrigation Water

According to the irrigation water criteria, the K* concen-
tration exceeded the limit value (2 mg/L) at all sampling
points. In the dry season, the average concentration (6.6
ml/L) is approximately 3 times the limit value (2 mg/L) (Ta-
ble 4). For the rainy season, the average K* concentration
(2.1 mg/L) is acceptable at the limit value. All other pa-
rameters are suitable for irrigation water criteria (Table 4).
When the suitability of EC values in terms of irrigation wa-
ter was evaluated, it was determined that 3 of the sampling
points for each period were good (EC=250-750 us/cm) and
one of them was permissible (EC=750-2000 ps/cm). In an-
other study conducted in Porsuk and Felent Streams, 3 of
the surface water samples in the rainy period and 5 in the
dry period were determined to be of good quality [62].

The results of the irrigation water quality indexes are shown
in Table 6 and Table 7. Concentrations of all parameters were
used as meq/L in calculations except EC (us/cm) and TH
(mg/L). Sodium percentage (%Na) is an index used to deter-

mine the sodium hazard in irrigation water [63]. Excess so-
dium in the irrigation water is adsorbed by the ion exchange
points in the soil matrix, and as a result of this process, Ca**
and Mg** ions are released into the soil. This causes a de-
crease in the infiltration capacity of the soil [23]. For this rea-
son, %Na is calculated to determine the suitability of water
as irrigation water [26]. In this study, the average %Na was
determined to be 9.5% and 27% for the rainy and dry peri-
ods, respectively. Since the %Na values were <20% at all sam-
pling points during the rainy season, it was determined that
the river water was of excellent quality as irrigation water at
all sampling points. In the dry period, it was determined to
be of good quality in SP4 and other permissible sampling
points. In another study, the %Na value was reported as 20%
for rainy and dry periods [62]. In the study conducted at 5
sampling points in the Murat River (Euphrates basin), it was
reported that the %Na values varied between 23.1 and 58.7
[64]. In another study, %Na values were reported in the range
of 52.8 to 54.6 in Giilliibag irrigation pond (Usak) [65].

As explained above, excess Na* ion causes a decrease in
soil permeability and deterioration of soil structure. The
sodium adsorption rate (SAR) is important in determining
the Na* ion to be adsorbed by the soil. If the SAR ratio of
the irrigation water is high, the ability of the soil to form
stable aggregates will decrease [66], and its infiltration and
permeability properties will decrease and cause problems
with plant growth [65]. In this study, the SAR value varied
between 0.68-3.52 (1.4) in the dry period and between 0.2
0.28 (0.26) in the rainy period. Since SAR<10 at all sam-
pling points, Na* does not pose a hazard in water samples.
It can be said that river water is suitable for all crops and all
kinds of soils [67] except for sodium sensitive crops. SAR
values for Porsuk and Felent streams have been reported
in the range of 0.25-0.8 in the rainy season and 0.21-0.56
in the dry season. For the Murat River, SAR values have
been reported in the range of 0.68-4.19 meq/L [64]. In the
study conducted in the Giilliibag Dam Pond in Usak, it was
reported that the SAR values ranged from 3.1 to 3.5 [65].

One of the indexes used to determine the suitability of irriga-
tion water is the magnesium ratio (MR). Excess magnesium
in the soil increases the salt level of the soil and negatively
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affects plant growth [62]. The magnesium ratio was deter-
mined to be 19.8 and 13.8 for the dry and rainy periods, re-
spectively. Since the values for both periods were <50, it was
determined that the river water was suitable as irrigation wa-
ter. The highest magnesium ratio was determined in SP 3 in
the dry period and in SP 1 in the rainy period. The mean MR
was reported as 36 for Giillibag Irrigation Pond [65], and
between 31.52-44.68 for Porsuk and Felent Streams [62].

Kelly's Index is one of the indexes used to evaluate irriga-
tion water quality [68]. Since Kelly index was less than 1
at all sampling points in both periods, it was determined
Similarly, other researchers have reported KI in the range of
0.07-0.14 [62] and 0.94-1.0 [65] that river water was suit-
able as irrigation water.

The potential salinity (PS) index is calculated based on the
Cl and SO, anions. Potential salinity values varied between
0.99-5.22 meq/L and 0.24-0.36 meq/L in the dry and rainy
periods, respectively. Since PS <3 at all sampling points
during the rainy season, they are suitable as irrigation water.
In the dry season, only the 4" sampling point is not suitable
as irrigation water (PS>3 meq/L). The high Cl and SO,? an-
ions at this sampling point in the dry period caused the PS
value to be high. High Cl concentration in irrigation water
may cause toxicity to plants. Since Cl is not adsorbed by
the soil, it is transported with soil water and is taken up by
plants and accumulated in their leaves [13] and causes toxic-
ity. Similarly, in the study conducted in the irrigation pond,
PS values were determined in the range of 4.41-5.72 meq/L,
and the value in July was found to be higher than March and
May [65]. In another study, mean PS values for December
and June were determined as 1 meq/L and 0.79 meq/L [62].

Total hardness is related to CaCO, compounds of Ca** and
Mg* in water. TH values were determined to be 283 mg/L
and 194 mg/L for the dry and rainy periods, respectively.
According to the classification made by [29], river water
is in the very hard water class as irrigation water, since
TH>180 mg/L at all sampling points in both periods. The
widespread presence of dolomite (CaCO,, MgCO,) in the
geological formation of the study area is considered to be
the most important cause of water hardness.

CONCLUSION

It was determined that the increase in SS and turbidity con-
centrations after precipitation was significant. While the rainy
season concentration of SS is about 3 times of the dry period,
the turbidity is about 4 times. Considering the sampling point
where these parameters are the highest, it is thought that soil
transport from the surrounding land is effective. The fact that
98% of the turbidity is caused by SS also confirms this idea. It
is thought that SS concentration is also effective in parame-
ters such as bed width and water flow rate. The larger the bed
width and the water depth of SP4, the higher the SS concen-
tration may result. While dissolved salts such as Na*, Mg*,

K*', Ca®, CI, SO,? are higher in the dry period, the higher
EC and TDS concentrations in the rainy period indicate that
natural organic substances are carried by precipitation waters.
The higher COD concentration during the rainy season con-
firms this idea. According to the water quality index, it was
determined that the water was of good quality at only SP1
and during the dry period. According to the water hazard
index calculated for heavy metals, it has been determined
that metals may cause low toxicity. When all physicochemi-
cal parameters were compared with the limit values reported
for irrigation waters, it was determined that only K* exceeded
the limit value at all sampling points, especially in the dry pe-
riod. According to the SAR, %Na, MR, Kelly Indexes related
to Na*, K*, Ca*2, Mg* ions, it was determined that the river
water was suitable as irrigation water. However, according to
the potential salinity (PS) index related to Cl" and SO,?, the
river is not suitable as irrigation water at the SP4 in the dry
period. According to the total hardness index, the river water
was categorized at the very hard water class (>180 mg/L) at all
sampling points. River water, NO,, TP, Al, Fe, Mn, Ni, Cu, Zn
in terms of 1** quality water class according to the Regulation
on Surface Water Quality Management. In terms of electrical
conductivity, the second quality is in the water class. Accord-
ing to the regulation, the 1* and 2" class waters are defined
as high quality and low-contaminated waters, respectively.
According to the water quality index, river water is in the 4"
quality water class in terms of COD. 4" grade water is defined
as very contaminated water. For this reason, organic pollution
was effective in the river. It is thought that domestic wastewa-
ter discharge and spread resources (especially in rainy period)
affect organic pollution in the river. Fully prevention of do-
mestic wastewater discharge will also reduce organic pollu-
tion. According to the statistical analysis, the concentration
difference between rainy and dry periods for suspended solid,
turbidity, pH, Ca*?, AL, K*, Mg, Cl', Na*, and NO; is statistical-
ly significant unlike Fe, Mn, Zn, TP, COD, EC, TDS (p>0.05).

ACKNOWLEDGMENT

This study was supported by Bartin University Scientific
Research Coordinator (Project number: 2018-FEN-A-018).

DATA AVAILABILITY STATEMENT

The author confirm that the data that supports the findings
of this study are available within the article. Raw data that
support the finding of this study are available from the cor-
responding author, upon reasonable request.

CONFLICT OF INTEREST

The author declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of
this article.

ETHICS

There are no ethical issues with the publication of this man-
uscript.



366

Environ Res Tec, Vol. 5, Issue. 4, pp. 357-368, December 2022

REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

N. Al-Ansari, “Management of water resources in
Iraq: perspectives and prognoses,” Engineering, Vol.
5, pp. 667-684, 2013. [CrossRef]

Z. Wang, Q. Su, S. Wang, Z. Gao, and J. Liu, “Spatial
distribution and health risk assessment of dissolved
heavy metals in groundwater of eastern China coast-
al zone,” Environmental Pollution, Vol. 290, Article
118016, 2021. [CrossRef]

S. N. Sinha, D. Paul, and K. Biswas, “Effects of Mo-
ringa oleifera Lam. and Azadirachta indica A. Juss.
leaf extract in treatment of tannery effluent,” Our
Nature, Vol. 14, pp. 47-53, 2016. [CrossRef]

D. Paul, and S. N. Sinha, “Isolation and characteri-
zation of phosphate solubilizing bacterium Pseudo-
monas aeruginosa KUPSB12 with antibacterial po-
tential from river Ganga, India,” Annals of Agrarian
Science, Vol. 15, pp. 130-136, 2016. [CrossRef]

N. E. Pettit, T. D. Jardine, S. K. Hamilton, V. Sinna-
mon, D. Valdez, P. M. Davies, M. M. Douglas, and
S. E. Bunn, “Seasonal changes in water quality and
macrophytes and the impact of cattle on tropical
floodplain waterholes,” Marine and Freshwater Re-
search, Vol. 63, pp. 788-800, 2012. [CrossRef]

V. Rodrigues, J. Estrany, M. Ranzini, V. Cicco, J.
Martin-Benito, J. Hedo, and M. Lucas-Borja, “Ef-
fects of land use and seasonality on stream water
quality in a small tropical catchment: the headwater
of Cérrego Agua Limpa, Sdo Paulo (Brazil),” Science
of the Total Environment, Vol. 622/623, pp. 1553—
1561, 2018. [CrossRef]

S. M. Praveena, A. Z. Aris, and M. Radojevic, “Heavy
metals dyanamics and source in intertidal mangrove
sediment of Sabah, Borneo Island,” Environment
Asia, Vol. 3, pp. 79-83, 2010.

O. Akoto, T. N. Bruce, and G. Darko, “Heavy metals
pollution profiles in streams serving the Owabi res-
ervoir, African Journal of Environmental Science
and Technology, Vol. 2(11), pp. 354-359, 2008.

R. Reza, and G. Singh, “Heavy metal contamination
and its indexing approach for river water;” Interna-
tional Journal of Environmental Science and Tech-
nology, Vol. 7(4), pp. 785-792, 2010. [CrossRef]

S. A. Abbasi, N. Abbasi, and R. Soni, “Heavy metals
in the environment,” Mittal Publications, 1998.

R. Nicolau, C. A. Galera, and Y. Lucas, “Transfer of
nutrients and labile metals fromthe continent to the
sea by a small Mediterranean river;” Chemosphere,
Vol. 63, pp. 469-476, 2006. [CrossRef]

K. M. Mohiuddin, K. Otomo, Y. Ogawa, and N. Shi-
kazono, “Seasonal and spatialdistribution of trace
elements in the water and sediments of the Tsurumi
river in Japan,” Environmental Monitoring And As-
sessment, Vol. 184, pp. 265-279, 2012. [CrossRef]

[13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

A. M. Abdel-Satar, H. Manal, A. K. Waed, R. Alah-
mad, W. M. Yousef, H. R. Alsomadi, and T. Igbal,
“Quality assessment of groundwater and agricul-
tural soil in Hail region, Saudi Arabia,” Egyptian
Journal of Aquatic Research, Vol. 43, pp. 55-64,
2017. [CrossRef]

H. Alfaifi, A. S. El-Sorogy, S. Qaysi, A. Kahal, S. Al-
madani, F. Alshehri, and E K Zaidi, “Evaluation of
heavy metal contamination and groundwater qual-
ity along the Red Sea coast, southern Saudi Arabia,”
Marine Pollution Bulletin, Vol. 163, Article 111975,
2021. [CrossRef]

R. S. Ayers, and D. W. Westcot, “Water quality for
agriculture,” Irrigation and drainage Paper 29. Food
and Agriculture Organization of the United Nations.
Rome, Vol. 29, pp. 1-117, 1985.

D. R. Rowe, and I. M. Abdel-Magid. “Handbook of
Wastewater Reclamation and reuse,” CRC Press, Inc.
pp. 550, 1995.

Surface Water Quality Regulation (SWQR), “Wa-
ter quality report,” Official Gazette Date/Number:
10.08.2016/29797.

G. Gunes, “The change of metal pollution in the wa-
ter and sediment of the Bartin River in rainy and dry
seasons,” Environmental Engineering Research, Vol.
27(2), Article 200701, 2022. [CrossRef]

ISO 5667-3:2018, “Water quality Sampling Part
3: Preservation and handling of water samples,’
https://www.iso.org/standard/72370.html Accessed
on Dec 15, 2022.

APHA, “Standard methods for the examination of
water and waste water (22" ed.);” American Public
Health Association, 2012.

T. N. Nganje, A. Edet, S. Cuthbert, C. I. Adamu, and
A. S. Hursthouse, “The concentration, distribution
and health risk from potentially toxic elements in
the soil-plant-water system developed on black
shales in SE Nigeria,” Vol. 165, Article 103806, 2020.
[CrossRef]

P. Tirkey, T. Bhattacharya, S. Chakraborty, and S.
Baraik, “Assessment of groundwater quality and
associated health risks: A case study of Ranchi city,
Jharkhand, India,” Groundwater for Sustainable De-
velopment, Vol. 5, pp. 85-100, 2017. [CrossRef]

T. G. Alharbi, “Identification of hydrogeochemical
processes and their influence on groundwater qual-
ity for drinking and agricultural usage in Wadi Ni-
sah, Central Saudi Arabia,” Arabian Journal of Geo-
sciences, Vol. 11, Article 359, 2018. [CrossRef]

W. P. Kelley, “Use of saline irrigation water,” Soil-
science, Vol. 95(6), pp. 385-391, 1963. [CrossRef]

L. A. Richards, “Diagnosis and improvement of sa-
line and alkali soils,” United States Department of
Agriculture, 1954. [CrossRef]



Environ Res Tec, Vol. 5, Issue. 4, pp. 357-368, December 2022

367

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

Wilcox, L. V. “Classification and use of irrigation
water;” United States Department of Agriculture,
Circular, Vol. 696, pp. 19, 1955.

K. V. Paliwal, “Irrigation with saline water,” Mono-
gram No. 2 (New Series). IARI, pp. 198, 1972.

L. D. Doneen, “Notes on water quality in agricul-
ture,” Published as a water science and engineering
paper 4001, Department of Water Science and Engi-
neering, University of California, 1964.

C. N. Dufor, and E. Becker, “Public water supplies
of thel00 largestcities in the United States, 1962:
U.S. Geological Survey,” Water-Supply Paper, Article
1812, 1964.

R. K. Horton, “An index number system for rating
water quality;” Journal Water Pollution Control Fed-
eration, Vol. 37, 300-305, 1965.

M. Masocha, T. Dube, and T. Dube, “Integrating mi-
crobiological and physico-chemical parameters for
enhanced spatial prediction of groundwater quality
in Harare,” Physics and Chemistry of the Earth, Vol.
112, pp. 125-133, 2019. [CrossRef]

S. M. Khan, and A. R. Kumar, “Geogenic assess-
ment of Water Quality Index for the groundwater in
Tiruchengode Taluk, Namakkal District, Tamilna-
du, India,” Chemical Science Transactions, Vol. 2(3),
pp. 1021-1027, 2013.

M. Al-hadithi, “Application of water quality index to
assess suitability of groundwater quality for drink-
ing purposes in Ratmao-Pathri Rao watershed, Ha-
ridwar District, India,” American Journal of Scien-
tific and Industrial Research, Vol. 3(6), pp. 395-402,
2012. [CrossRef]

K. Ambiga, and R. A. Durai, “Use of geographical
information system and water quality index to as-
sess groundwater quality in and around Ranipet
area,” International Journal of Advance Engineering
and Researchand Studies, pp. 1-8, 2013.

G. S. Rao, and G. Nageswararao, “Assessment of
groundwater quality using water quality index, Ar-
chives of Environmental Science, Vol. 7, pp. 1-5,2013.
World Health Organization. Guidelines for drinking
water quality: Fourth edition incorporating the first
addendum. World Health Organization, 2017.

N. Ibrahim, and H. A. Aziz, “Trends on natural or-
ganic matter in drinking water sources and its treat-
ment,” International Journal of Scientific Research
in Environmental Sciences, Vol.2(3), pp. 94-106,
2014. [CrossRef]

A.Ewusi, E. D. Sunkari, J. Seidu, and E. Coffie-Anum,
“Hydrogeochemical characteristics, sources and hu-
man health risk asseSSent of heavy metal dispersion
in the mine pit water-surface water-groundwater
system in the largest manganese mine in Ghana,”
Environmental Technology & Innovation, Vol. 26,
Article 102312, 2022. [CrossRef]

(39]

(40]

[41]

(42]

(43]

(44]

(45]

[46]

(47]

(48]

(49]

G. Gunes, “The change of physicochemical proper-
ties of bartin river in rainy and dry periods,” Dokuz
Eylul University Faculty of Engineering Journal of
Science And Engineering, Vol. 21(63), pp. 761-774,
2019.

M. Shibata, S. Sugihara, A. D. Mvondo-Ze, S. Araki,
S. Funakawa, “Effect of original vegetation on nu-
trient loss patterns from Oxisol cropland in forests
and adjacentsavannas of Cameroon,” Agriculture,
Ecosystems & Environment, Vol. 257, pp. 132-143,
2018. [CrossRef]

N. Ejaz, H. N. Hashmi, and A. R. Ghumman, “Water
quality assessment of effluent receiving streams in
Pakistan: a case study of Ravi river;” Mehran Univer-
sity Research Journal of Engineering and Technolo-
gy, Vol. 30(3), pp. 383-396, 2011.

C. N. Sawyer, P. L. McCarty, and G. E. Parkin,
“Chemistry for environmental engineering,” 4" ed.,
Mc Graw-Hill, 1994.

N. J. Raju, P. Patel, D. Gurung, P. Ramb, W. Gossel,
and P. Wycisk, “Geochemical assessment of ground-
water quality in the Dun valley of central Nepal
using chemometric method and geochemical mod-
elling” Groundwater for Sustainable Development,
Vol. 1, pp. 135-145, 2015. [CrossRef]

M. Alj, L. Ali, S. Islam, and Z. Rahman, “Preliminary
assesment of heavy metals in water and sediment
of Karnaphuli River, Bangladesh,” Environmental
Nanotechnology, Monitoring & Management, Vol.
5, pp. 27-35, 2016. [CrossRef]

K. Wayland, D. Long, D. Hyndman, B. Pijanowski,
S. Woodhams, and K. Haack, “Identifying relation-
ships between Baseflow geochemistry and land use
with synopticsampling and R-mode factor analysis,”
Journal of Environmental Quality, Vol. 32, pp. 180,
2003. [CrossRef]

S. Varol, and A. Davraz, “Evaluation of the ground-
water quality with WQI (Water Quality Index) and
multivariate analysis: a case study of the Tefenni
plain (Burdur/ Turkey),” Environmental Earth Sci-
ences. Vol. 73, pp. 1725-1744, 2015. [CrossRef]

O. Minareci, M. Ozturk, O. Egemen, and E. Min-
areci, “Detergent and phosphate pollution in Gediz
River, Turkey;,” African Journal of Biotechnology,
Vol. 8(15), pp. 3568-3575, 2009.

J. D. Pérez-Gutiérrez, J. O. Paz, and M. L. M. Tagert,
“Seasonal water quality changes in on-farm water
storage systems in a south-central U.S. agricultural
watershed,” Agricultural Water Management, Vol.
187, pp. 131-139, 2017. [CrossRef]

Y. Anteneh, G. Zeleke, and E. Gebremariam, “As-
sessment of surface water quality in Legedadie and
Dire catchments,” Acta Ecologica Sinica, Vol. 38, pp.
81-95, 2018. [CrossRef]



368

Environ Res Tec, Vol. 5, Issue. 4, pp. 357-368, December 2022

(50]

(51]

(52]

(53]

(54]

(55]

(56]

(571

(58]

(59]

H. Blanco, and Lal, R., (Eds.), “Principles of soil con-
servation and management,” Springer, 2008.

C. J. Mikan, J. P. Schimel, and A. P. Doyle, “Tem-
perature controls of microbial respiration in arctic
tundra soils above and below freezing,” Soil Biolo-
gy and Biochemistry, Vol. 34 (11), pp. 1785-1795,
2002. [CrossRef]

G. Xu, P. Li, K. Lu, Z. Tantai, j. Zhang, Z. Ren, X.
Wang, K. Yu, P. Shi, and Y. Cheng, “Seasonal changes
in water quality and its main influencing factors in
the Dan River basin,” Catena, Vol. 173, pp. 131-140,
2019. [CrossRef]

A. Chinyama, R. Ncube, and W. Ela, “Critical pol-
lution levels in Umguza River, Zimbabwe,” Physics
and Chemistry of the Earth, Vol. 93, pp.76-83, 2016.
[CrossRef]

S. A. M. Ali, T. W. Hsiang, R. Tair, A. A. Naser, and
E Sualin, “Surface sediment analysis on heavy met-
als in coastal area of Ums - Tuaran, Sabah,” Borneo
Science, Vol. 34, pp. 6-10, 2014.

C. J. Hwang, S. Krasner, and M. Sclimenti, “Polar
NOM: characterization, DBPs, treatment,” Ameri-
can Water Works Association. 2002.

S. Sener, E. Sener, and A. Davraz, “Evaluation of wa-
ter quality using water quality index (WQI) meth-
od and GIS in Aksu River (SW-Turkey),” Science of
the Total Environment, Vol. 584-585, pp. 131-144,
2017. [CrossRef]

E Ustaoglu, and Y. Tepe, “Water quality and sedi-
ment contamination assessment of PazarsuyuS-
tream, Turkey using multivariate statistical methods
and pollution indicators,” International Soil and Wa-
ter Conservation Research, Vol 7, pp. 47-56, 2019.
[CrossRef]

A. Alver, and E. Bastiirk, “Evaluation of Karasu Riv-
er water quality in terms of different water quality
indexes,” Siileyman Demirel University Journal of
Natural and Applied Sciences, Vol. 23, pp. 488-497,
2019.

N. Birici, G. Karakaya, T. Seker, M. Kii¢iikyillmaz,
M. Balci, N. Ozbey, and M. Giines, “Evaluation of
Coruh river (Bayburt) water quality in accord with
water pollution control regulation,” International
Journal of Pure and Applied Sciences, Vol. 3(1), pp.
54-64, 2017.

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

J. Hair, W. C. Black, B. Babin, and R. E. Anderson,
“Multivariate data analysis (7" ed.)” Upper Saddle
River, Pearson Educational International, 2010.

B. M. Byrne, “Structural equation modeling with
AMOS: Basic concepts, applications, and program-
ming,” Routledge, 2010

B. A. Berhe, M. Celik, and U. E. Dokuz, “Investi-
gation of irrigation water quality of surface and
groundwater in the Kutahya plain, Turkey,” Journal
of Mineral Research and Exploration, Vol. 150, pp.
147-163, 2015. [CrossRef]

E.K. Maskooni, M. Naseri-Rad, R. Berndtsson, and
K. Nakagawa, “Use of heavy metal content and mod-
ified water quality index to assess groundwater qual-
ity in a semiarid area,” Water, Vol. 12, Article 1115,
2020. [CrossRef]

A. D. Demir, U. Sahin, and Y. Demir, “Trend analy-
sis and agricultural perspective availability of water
quality parameters at Murat river;” Yuzuncu Yil Uni-
versity Journal of Agricultural Sciences, Vol. 26, pp.
414-420, 2016.

E. B. Kapdy, and B. B. Asik, “Evaluation of irrigation
pond water in terms of surface water quality and ir-
rigation water quality; Sample of Giillibag pond in
Usak province,” Journal of Biosystems Engineering,
Vol. 2 (1), pp. 52-69, 2021.

S.V. Sarath Prasanth, N.S. Magesh, K.V. Jitheshlal,
N. Chandrasekar, and K. Gangadhar, “Evaluation of
groundwater quality and its suitability for drinking
and agricultural use in the coastal stretch of Alappu-
zha District, Kerala, India,” Applied Water Science,
Vol. 2 pp.165-175, 2012. [CrossRef]

C. A. Vishwakarma, R. Sen, N. Singh, P. Singh, V.
Rena, K. Rina, and S. Mukherjee, “Geochemical
characterization and controlling factors of chemical
composition of spring water in a part of Eastern Hi-
malaya,” Journal Geological Society of India, Vol. 92,
pp.753-763, 2018. [CrossRef]

J. Wu, H. Zhou, S. He, and Y. Zhang, “Compre-
hensive understanding of groundwater quality
for domestic and agricultural purposes in terms
of health risks in a coal mine area of the Ordos
basin, north of the Chinese Loess Plateau,” En-
vironmental Earth Sciences, Vol. 78(15), Article
446, 2019. [CrossRef]



