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Abstract

In the present study, water quality of Seydisuyu Stream Basin were investigated by determining tem-
perature, conductivity, salinity, TDS (total dissolved solid), pH, ORP (oxidation-reduction potential), dissolved
oxygen, nitrate (NO), nitrite (NO,), orthophosphate (PO,), sulphate (SO,), COD (chemical oxygen demand),
BOD (biological oxygen demand), calcium, magnesium, sodium, potassium, arsenic, and boron parameters
seasonally in 2012 at 15 stations. All the data obtained were compared with SKKY (Water Pollution Control
Regulation in Turkey) and evaluated as drinking water according to the criteria of TS266 (Turkish Standards
Institute), EC (European Communities), and WHO (World Health Organization). Some mono (one-way
ANOVA test, Pearson Correlation Index) and multi (factor and cluster analysis) statistical techniques were used
to evaluate the data properly. Also, the ArcGIS package program was used to make distribution maps of arsenic
and boron in order to provide visual summaries of these elements’ accumulation in the basin. According to the
results of FA, four factors named as “Nutrient;” “Agricultural,” “Boron,” and “pH” explained 77.4% of the total
variance, and according to the results of CA, three statistically significant clusters, named “Low,” “Moderate;’
and “High” polluted areas were formed. In a macroscopic point of view, Seydisuyu Stream Basin has class [V
water quality in terms of boron; downstream of the basin has class II, upstream has class I1I water quality in
terms of arsenic. It was also determined that arsenic and boron concentrations in Seydisuyu Stream Basin water
were much higher than the drinking water limits.
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Introduction

Fresh water quality is decreasing day by day all over
the world due to rapid population growth, extreme devel-
opments of industry and technology, and lack of environ-

*e-mail: tokatlicem@gmail.com

mental awareness in society [1]. Lotic ecosystems that are
carrying off municipal and industrial wastewater and
runoff from agricultural land in their vast drainage basins
are among the most vulnerable water bodies to pollution
[2, 3]

Multivariate statistical techniques that are widely used
in water quality assessment studies help the interpretation
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of complex data matrices to better understand the ecologi-
cal status of the studied ecosystems [4].

The total boron reserve of the world is 885 billion tons,
and Turkey, USA, and Russia have the most important
boron mines of the world, with Turkey being one of the
major boron exporters of the world. Boron mining started
in 1861 in Turkey by foreign companies. Then, the mining
exploitation rights were transferred to the state sector,
namely Etibank. In terms of total reserve basis, Turkey has
a share of 72.20% and the most important borate deposits
of Turkey are located in the Kirka District of Eskigehir
Province [5-7].

Seydisuyu Stream Basin is located in Eskisehir
Province, and one of the most important borate deposits of
Turkey is located in the basin. Seydisuyu Stream is also one
of the most important branches of the Sakarya River and
carries all the organic and inorganic pollution to the Black
Sea through the Sakarya. In addition to the geological struc-
ture of the basin, mining activities, agricultural, and domes-
tic discharges are the major pollution sources for the sys-
tem.

The aim of this study was to determine the water quali-
ty of Seydisuyu Stream Basin by using some mono and
multi statistical techniques. When the location of the study
area and the anthropogenic pressure on the basin were con-
sidered, it can be clearly understood that the investigation
of water quality and determining especially arsenic and
boron concentrations in water of the Basin have a vital
importance for ecosystem and human health.

Materials and Methods
Study Area and Collection of Samples
Seydisuyu Stream Basin is located in the Central

Anatolia Region of Turkey between 38.0851-39.0361 north
latitude and 30.0161-31.0071 east longitudes. There are

Table 1. Station properties.

Coordinates
Stations Location
X y
St. 1 Karadren Village 291678 4344723
St.2 Kirka District 286648 4350639
St. 3.1 Catoren Dam Lake 289800 4351019
St. 3.2 Catoren Dam Lake 288880 4351531
St. 3.3 Catoren Dam Lake 290654 4355433
St. 4 Akin Village 285940 4356774
St. 5.1 | Kunduzlar Dam Lake 287229 4357142
St. 5.2 | Kunduzlar Dam Lake 288269 4358041
St. 6 Kesenler Village 296117 4365244
St. 7 Seyitgazi District 300751 4369651
St. 8 Yazidere Village 320690 4382501
St. 9 Dogancay1r 320686 4382502
St. 10 Hamidiye Village 324123 4378834
St. 11 Mesudiye District 329283 4369106
St. 12 | Saithalimpasa Village 338431 4364451

many agricultural areas in the basin and one of the most
important borate deposits of Turkey is located on the border
of basin [8]. Seydisuyu Stream, which has 2 dam lakes on
the watershed, is under the significant organic and inorgan-
ic pressure.

Surface water samples were collected seasonally in
2012 from 15 stations (3 on Catdren Dam Lake and 2 on
Kunduzlar Dam Lake). Coordinates of the selected stations
are given in Table 1. A map of Seydisuyu Stream Basin and
study area are given in Fig. 1.
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Fig. 1. Seydisuyu Stream Basin and select stations.
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Analysis of Water Quality Parameters

Temperature, conductivity, salinity, TDS (total dis-
solved solid), pH, ORP (oxidation-reduction potential), and
dissolved oxygen parameters were determined by using a
“Hach Lange Hydrolab DS5 Multiparameter Sonde”
device during the field studies. Nitrate (NO;), nitrite (NO,),
orthophosphate (PO,), sulphate (SO,), COD (chemical oxy-
gen demand) parameters were determined using Hach
Lange DR 890 Colorimeter and Hach Lange DR 2800
Spectrophotometer devices; BOD (biological oxygen
demand) parameter was determined using an Enotek Ref.
100 BOD device during the laboratory studies.

For determination of arsenic (As), boron (B), calcium
(Ca), magnesium (Mg), potassium (K), and sodium (Na)
concentrations in water of Seydisuyu Stream, water sam-
ples of one liter were adjusted to pH 2 by adding 2 ml of
HNO, into each for determination of arsenic and boron.
Afterward, all the samples were filtered (cellulose nitrate,
0.45 pm) in such a way as to make their volumes to 50 ml
with ultra-pure water. Element contents in water samples
were determined by an “ICP-OES (Varian 720 ES)” device.
All the element analyses in water samples were recorded as

means triplicate measurements [9, 10]. In the ICP-OES
analysis, the following wavelength lines were used; arsenic
193.759, boron 249.678, calcium 315.887, magnesium
279.079, potassium 766.491, and sodium 588.995.

Statistical Analysis and Distribution Maps

Cluster analysis (CA) (according to Bray Curtis) was
applied to the results using the “Past” package program.
Pearson Correlation Index (PCI), factor analysis (FA) and
one-way ANOVA test (according to Tukey) was applied to
the results by using the “SPSS 17” package program. The
distribution maps of arsenic and boron in the basin were
made using an “ArcGIS” package program.

Results and Discussion

Annual averages of results with mean and standard
deviation values and the results of one-way ANOVA test
that compares the water quality parameters detected in dif-
ferent stations are given in Table 2. The distribution maps
of arsenic and boron in the basin are given in Fig. 2.
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Fig. 2. Arsenic and boron distributions in the basin.
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Conductivity, salinity, and TDS values of water detected
downstream were found to be significantly higher than
upstream. The highest conductivity, salinity, and TSD levels
were recorded as 1,373 uS/cm, 0.726%o, and 0.9 mg-L",
respectively, in the S12 station in winter.

In general, upstream of the basin has alkaline water char-
acteristics, and pH values detected in the upstream were sig-
nificantly higher than those detected in the downstream.
According to the ANOVA results, statistically significant
differences were identified between S3.1, S3.2, and S3.3 sta-
tions with S9, S10, and S11 stations in terms of pH levels
(p<0.05). According to the criteria of SKKY identified for
Turkey (Water Pollution Control Regulation in Turkey), all
stations selected on the Seydisuyu Stream Basin have class
I-1I water quality in terms of pH values (6.5-8.5) [11].

The highest dissolved oxygen level was recorded at the
S3.1 station in autumn (15.22 mg-L"), and the lowest dis-
solved oxygen level was recorded in the S12 station in sum-
mer (3.65 mg-L"). According to the ANOVA results, statis-
tically significant differences were identified between S3.2
and S3.3 stations with S11 and S12 stations in terms of dis-
solved oxygen levels (p<0.05). According to the criteria of
SKKY, Catoren Dam Lake (S3.1, S3.2, and S3.3 stations),
Akin Village (S4 station), and the input of Kunduzlar Dam
Lake (S5.1 station) have class I (>8 mg-L"); all the other
stations have class II (>6 mg-L") water quality in terms of
the dissolved oxygen parameter [11].

In general, BOD and COD concentrations detected in
the S2 station and Catéren Dam Lake (S3.1, S3.2, and S3.3
stations) were significantly higher than the other stations.
The highest BOD and COD levels were recorded as 11.93
mg-L"' and 78.9 mgL", respectively, at the S2 station in
autumn. According to the criteria of SKKY, S2 and S3.1 sta-
tions have class II (4-8 mg-L"' for BOD and 25-50 mg-L"' for
COD) water quality in terms of BOD and COD levels; S3.2
station has class II water quality in terms of COD levels; all
other stations have class I (<4 mg-L"' for BOD and <25
mg-L* for COD) water quality in terms of BOD and COD
levels [11].

According to the ANOVA results, statistically signifi-
cant differences were identified between station S2 and all
stations except S3.1, S3.2, and S7 stations in terms of
nitrate levels; between S2 and S6 with all stations except S9
in terms of nitrite levels; between S2 with all stations except
S3.3, S6, and S12 stations in terms of phosphate levels; and
between S2, S11, and S12 with all stations except S10 in
terms of sulfate levels (p<0.05). According to the criteria of
SKKY, S5.2, S6, S10, S11, and S12 stations have class I
(<5 mg'L"); S1, S8, and S9 stations have class II (5-10
mg-L"); S3.3, S4, and S5.1 have class III (10-20 mg-L™");
and S2, S3.1, S3.2, and S7 have class IV (>20 mg-L") water
quality in terms of nitrate contents. S1, S3.1, S3.2, S5.1, and
S10 have class 11 (0.002-0.01 mg-L"); all the other stations
have class III (0.01-0.05 mg-L") water quality in terms of
nitrite contents [11].

The highest boron concentrations in all seasons were
determined in S2 (with an annual average of 66.4 mg-L™").
According to the ANOVA results, boron accumulations
recorded at S2 station were statistically significantly high-

er than those recorded in all other stations. Apart from a
few commercially exploitable deposits, boron is present at
low concentrations in rocks (15-300 mg-kg™), soils (10-20
mg-kg"), surface water (0.1-0.5 mg-L"), and sea water (5
mg-L") [12, 13]. The detected extreme boron concentra-
tions at S2 have class IV water quality (>1 mg-L") accord-
ing to the criteria of SKKY, even in the stations not
exposed to any point discharge (Fig. 2) [11].

In a macroscopic point of view, arsenic accumulations
detected in the upside of the basin, including dam lakes,
were significantly higher than those detected in the down-
stream of the basin. According to the criteria of SKKY, S3.3
and S12 stations have class I (<0.02 mg-L"); downstream of
the basin (except S12) has class II (0.02-0.05 mg-L™); 1. sta-
tion, input of Catdéren Dam Lake (S3.1 station) and
Kunduzlar Dam Lake have class II (0.02-0.05 mg-L"); all
the other stations have class III (0.05-0.1 mg-L") water
quality in terms of arsenic concentrations (Fig. 2) [11].

According to drinking water standards specified by the
World Health Organization (WHO), European
Communities (EC), and Turkish Standards Institute
(TS266), arsenic and boron accumulations in water of
Seydisuyu Stream Basin were much higher than the drink-
ing water limits (>0.01 mg/L for As; >0.5 mg/L (WHO) and
>1 mg/L (TS266, EC) for B) [14-16].

Pearson Correlation Index (PCI)

The relationships between the physico-chemical water
quality parameters detected in the Seydisuyu Stream Basin
were calculated by the Pearson Correlation Index (PCI) (n
= 60 for all parameters). Significant positive and negative
relationships were recorded between the detected parame-
ters at the 0.01 and 0.05 levels. All relationships with PCI
coefficients are given in Table 3.

Arsenic and boron are both soluble minerals found in
hydrothermal-volcanic deposits and they are often corre-
lated in the environment. According to literature knowl-
edge, boron contents of geological structure significantly
affect arsenic levels [17]. In a study performed in ground-
water of the same study area (Seydisuyu Basin), signifi-
cant relations were reported between As and B concentra-
tions at the 0.05 significance level [8]. In another study
performed in groundwater of Tirkmen Mountain (in the
border of Seydisuyu Basin), significant relations were
reported between As and B concentrations at the 0.01 sig-
nificance level [18]. In contrast to these literature infor-
mation and studies, no significant relation was recorded
between As and B contents in water of Seydisuyu Stream
in the present study. All these results reflect the fact that
point discharge of boron in the surface water of the basin
has more effect on water quality than the geological struc-
ture of the basin.

Factor Analysis (FA)
Factor analysis (FA) is a powerful multivariate statisti-

cal technique and widely used to evaluate the surface water
quality in especially recent years [18-23].
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In the present study, FA was used to obtain the effective
varifactors on Seydisuyu Stream using correlated variables.
Uncorrelated variables were removed to increase the relia-
bility of FA and a total of 15 variables were used to deter-
mine the varifactors (n = 60 for all parameters). The result
of the KMO (Kaiser-Meyer-Olkin) measurement of sam-
pling adequacy test was 0.726 and this value means that the
sampling adequacy was at a good level for the present study
(>0.7) [19]. Eigenvalues higher than one were taken as cri-
terion for evaluating the principal components required to
explain the sources of variance in the data. According to
rotated cumulative percentage variance, four factors
explained 77.4% of total variance (Fig. 3).

The factor loadings are classified according to loading
values as strong (>0.75), moderate (0.75-0.50), and weak
(0.50-0.30) [19]. Parameter loadings higher than 0.3 for
four components after rotation are given in Fig. 4.

6 Total of 77.407%

32.888%

17.771%

Eigenvalue
9

ra
1

14.488%

T
12 3 4 s 6 7T 8 8 10 1 12 13 14 15
Component Number

Fig. 3. Scree plot of FA.

As L, :-_

BOD

The first factor (F1), named ‘“Nutrient Factor,’
explained 32.8% of total variance and it was related to the
variables of TDS, conductivity, magnesium, salinity, sul-
fate, sodium, potassium, and temperature. TDS, conductiv-
ity, magnesium, salinity, and sulfate parameters were
strong; sodium and potassium parameters were moderate
positively loaded with this factor. The temperature parame-
ter was weakly negatively loaded with this factor (Fig. 4).
As known, nutrient salts in the water affect the parameters
of conductivity, salinity, and TDS [24]. In a study per-
formed in northern Greece to evaluate water quality, con-
ductivity was positively loaded with the nutrient factor
(0.82) [25]. In another study performed in the Seydisuyu
Basin to evaluate groundwater quality, conductivity and
salinity were strong positively loaded with the nutrient fac-
tor (0.99, 0.98, respectively) [8].

The second factor (F2), named “Agricultural Factor;’
explained 17.7% of total variance and it was related to the
variables of magnesium, nitrate, BOD, arsenic, temperature
and COD. Nitrate and BOD parameters were strong;
arsenic and temperature parameters were moderate; COD
was weakly positively loaded with this factor. The magne-
sium parameter was weakly negatively loaded with this fac-
tor (Fig. 4). Arsenic and boron elements are often correlat-
ed as they are both soluble minerals found in hydrothermal-
volcanic deposits and boron content of geological structure
is significantly effective on arsenic concentrations [17, 18].
In contrast to this literature knowledge, no significant rela-
tion was recorded between As and B accumulations in
water of Seydisuyu Stream in the present study. The results
point to arsenic and boron elements being released to the
environment from different anthropogenic sources in the
basin. Pesticide applications in the agricultural activities
have an important place for the release of arsenic to the
environment [26]. As a result of intensive agricultural activ-
ities carried out on the basin, pesticides could be the most

temp: temperaturs
cond: conductivity
L zal: zalinity

NO3 DO: dissolved oxygen

=== utrient Factor

Agricultural Factor

=fe=HBoron Factor =&=pH Factor

Fig. 4. Rotated component matrix.
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Table 4. Similarity — Distance coefficients of stations.

Stations™ 1 2 3.1 32 33 4 5.1 52 6 7 8 9 10 11 12
1 1.00

2 0.75 | 1.00

3.1 0.85 | 0.74 | 1.00

32 0.84 | 0.74 | 096 | 1.00

33 0.86 | 0.72 | 090 | 093 | 1.00

4 0.80 | 0.69 | 0.78 | 0.80 | 0.82 | 1.00

5.1 0.83 | 0.70 | 0.90 | 093 | 091 | 0.81 | 1.00

52 0.80 | 0.66 | 0.88 | 0.90 | 0.89 | 0.80 | 0.93 | 1.00

6 084 | 068 | 0.87 | 0.88 | 0.88 | 0.84 | 0.89 | 0.90 | 1.00

7 083 | 068 | 0.85 | 0.87 | 0.87 | 0.84 | 0.88 | 0.88 | 0091 1.00

8 084 | 0.70 | 0.78 | 0.79 | 0.81 | 0.82 | 0.80 | 0.80 | 0.86 | 0.86 | 1.00

9 0.81 | 072 | 0.74 | 0.75 | 078 | 0.83 | 0.75 | 0.76 | 0.81 | 0.81 | 0.93 | 1.00

10 0.77 | 073 | 068 | 070 | 0.73 | 0.78 | 0.70 | 0.70 | 0.75 | 0.77 | 0.88 | 0.92 | 1.00

11 072 | 0.71 | 065 | 0.66 | 068 | 0.75 | 0.67 | 0.68 | 0.72 | 0.72 | 0.83 | 0.87 | 0.90 | 1.00

12 0.70 | 0.73 | 0.62 | 0.63 | 0.66 | 0.75 | 0.63 | 0.64 | 0.68 | 0.70 | 0.79 | 0.84 | 0.88 | 094 | 1.00

*The most and least similar coefficients are highlighted in bold.

effective factor on As contents in water. Recorded signifi-
cant positive relations between As with BOD and NO; lev-
els at the 0.01 significance level in the basin and the results
of FA (agricultural factor) clearly prove this prediction.

The third factor (F3), named “Boron Factor,” explained
14.4% of total variance and it was related to the variables of
sulfate, sodium, BOD, COD, and boron. COD and boron
parameters were strong; sulfate, sodium, and BOD parame-
ters were moderate positively loaded with this factor (Fig.
4). Increases of boron compounds in the aquatic ecosystem
may cause increases of required oxygen for the chemical
and biological cleavage [27]. According to the results, boron
accumulation in water is primarily effective on BOD and
COD values in the Seydisuyu Stream Basin. Boron is found
in the environment primarily combined with oxygen in com-
pounds called borates, including boric acid, borax, and
boron oxide [28]. The boron ore is found as sodium tetrabo-
rate compounds (borax) in the basin and one of the major
products produced by the facility from boron is boric acid.
The manufacturing process of the boric acid basically con-
sists of the insertion reaction of colemanite with sulfuric
acid [7, 29]. Detected significant positive relations between
boron with sodium and sulfate (p<0.05) and the results of
FA (Boron Factor) confirm this information and prove the
reliability of the data observed in the present study. We also
detected a significant positive relationship between sodium
with sulfate values at the 0.01 significance level reflecting
the same discharge source point for these parameters.

The fourth factor (F4), named “pH Factor;” explained
12.2% of total variance and it was related to the variables of
salinity, dissolved oxygen, and pH. Dissolved oxygen para-

meter was strong; pH parameter was moderately positively
loaded with this factor. Salinity parameter was weakly neg-
atively loaded with this factor (Fig. 4). According to litera-
ture knowledge, acidic water has a higher oxidation reduc-
tion potential (ORP) than alkaline water, which is known as
an antioxidant in general with negative ORP [27].
Therefore, high oxygen content in alkaline water with low
oxidation potential is an expected situation. One of the
important factors effective on dissolved oxygen in water is
the salinity parameter. Solubility of oxygen in fresh water
decreases with increasing salt concentration [30]. Detecting
a significant negative relationship between dissolved oxy-
gen with salinity (p<0.05) and the results of FA (pH Factor)
confirm this information.

Cluster Analysis (CA)

One of the most widely used multivariate statistical tech-
niques to evaluate surface water quality is cluster analysis
(CA), which provides the facility to classify objects accord-
ing to similar characteristics [2, 8, 18, 31-33].

In the present study, CA was used to obtain the similari-
ty groups between the stations according to water quality sta-
tus. A diagram of CA calculated using all the detected para-
meters in Seydisuyu Stream water is given in Fig. 5 and the
similarity coefficients of stations are given in Table 4.
According to the results of CA, three statistically significant
clusters were formed: cluster 1 corresponded to stations
S3.1, S3.2, S3.3, S5.1, S5.2, S6, S7, S1, and S4 that were
uncontaminated areas of the basin; cluster 2 corresponded to
stations S8, S9, S10, S11, and S12 that were moderately con-
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Fig. 5. Tree diagram of CA.

taminated areas of the basin; cluster 3 corresponded to sta-
tion S2, which was the most contaminated area of the basin.

The highest inorganic and organic pollution was
observed in S2, which was the closest station to the Boron
Mine and located in the Kirka District. In addition to the
inorganic pollution pressure of the mine, the sewage of
Kirka District is also discharged into the system from this
location. According to results of CA, this location of the
basin formed a separate cluster, which was named as “High
Polluted Area” (Fig. 5).

The polluted runoff from special agricultural areas drain-
ing into Seydisuyu Stream adversely affects the downstream
of the basin. According to results of CA, downstream sec-
tions of Seydisuyu Stream formed a separate cluster, which
was named as “Moderate Polluted Areas” (Fig. 5).

In a macroscopic point of view, As and B concentra-
tions and organic contents of water have significantly
decreased in the lenthic sections (Catéren and Kunduzlar
Dam Lakes) of the basin due to the resting of the water in
the reservoirs. These results point to dam lakes of the basin
haveing a significant cleaning capacity for the system in
terms of especially boron levels. Similar to results of the
present study, it was stated that Porsuk Dam Lake con-
structed on Porsuk Stream (Sakarya River Basin) has an
important cleaning capacity for the basin, and water quali-
ty of Porsuk Stream was significantly improving at the sta-
tions, which were close to the output of the reservoir [34].
According to the results of CA, output of the reservoirs, the
source of Seydisuyu Stream, and lenthic sections of the
basin formed a separate cluster that was named “Low
Polluted Areas” (Fig. 5).

Conclusion

In this study, different multivariate statistical techniques
were used to evaluate water quality and the organic-inor-
ganic pressures of a contaminated aquatic ecosystem.

According to results of FA, four effective factors on water
quality of the Seydisuyu Stream Basin were identified by
using a large number of physical and chemical water qual-
ity data. According to results of CA, three clusters of simi-
lar water quality characteristics were identified for the
Seydisuyu Stream Basin. According to data observed,
arsenic and boron concentrations in water of the basin were
detected at significantly high levels and exceeded the criti-
cal limits. Especially boron levels were rising after the dis-
charge of the boron facility to the system (at the input of
Catdren Dam Lake) and this adverse situation caused sig-
nificant decreases of water quality for Seydisuyu Stream
Basin. The data of the present study clearly reveals that
agricultural runoff caused from especially intensive pesti-
cide applications, municipal sewage water caused from
especially intensive settlement areas, and the mineral wash-
ing activities conducted by the boron facility were the main
pollution sources for Seydisuyu Stream. The present study
also indicates that the multivariate statistical techniques are
very useful and necessary for the water quality assessment
studies in order to interpretat complex data sets and identi-
fy pollution sources.
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