
Introduction

Arsenic and boron are not only significant hazards for sur-
face water but also for groundwater. More than one hundred
million people worldwide face the risk of arsenic poisoning
because of naturally occurring arsenic in groundwater [1].

Turkey has 70% of the total boron reserve of the world
and the most important borate deposits of Turkey are locat-
ed in Kırka County of Eskişehir province, which constitutes
our study area [2]. It is known that boron contents of geo-
logical structure significantly affect the arsenic levels and
one of the most important uses of arsenic is as a pesticide
due to its high toxicity [3]. Toxic effects of arsenic may
interact with sulfhydryl groups of proteins and enzymes.
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Abstract

Seydisuyu Basin, which contains very important agricultural areas and boron deposits of Turkey, is

located in Eskişehir province. In this paper, the groundwater quality of Seydisuyu Basin was evaluated by

using some physiochemical (temperature, conductivity, salinity, and demanded oxygen) and chemical (boron

and arsenic) parameters. Groundwater samples were collected seasonally (2011-12) from 14 wells from the

Seydisuyu Basin and all of the data obtained experimentally were compared with national and international

drinking and usage water standards. Also, cluster analysis (CA) was applied to the results to classify the sta-

tions according to the contents of arsenic and boron levels by using the Past package program, factor analysis

(FA) was applied to the results to classify the affective factors on groundwater quality, and Pearson Correlation

Index was applied to the results to determine the relations of parameters by using the SPSS 17 package pro-

gram. According to data, arsenic and boron accumulations of wells were higher than the drinking water lim-

its specified by the Turkish Standards Institute (TS266), European Communities (EC), and World Health

Organization (WHO) Drinking Water Standards. According to the results of FA, three effective factors that

explain 76.36% of the total variance was detected and arsenic-boron contents of groundwater were positively

loaded with the second factor, named as “Boron Works and Environmental Factor.” According to results of CA

identified by using arsenic and boron accumulations, station 1, which was the closest well to the boron facil-

ity, showed the highest distance and lowest similarity with the other stations. 
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The presence of 0.01 mg/L concentration of inorganic
arsenic in food and water is dangerous to human health. It
has mortal effects that contain 0.60 mg/L arsenic. Sixty per-
cent of drinking water in Turkey is provided from ground-
water [4]. Seydisuyu Basin, a sub basin of the Sakarya
River Basin, was chosen as the research area for the inves-
tigation of groundwater contamination levels.

Seyitgazi Basin, which contains important agricultural
areas and the most important boron deposits of Turkey, is
located around Eskişehir province. In addition to the geo-
logical structure of the basin, Eti Boron Works and agricul-
tural activities are important sources of boron and arsenic in
groundwater. The aim of this study is to determine the
arsenic and boron concentrations of Seydisuyu Basin and
evaluate the water quality by using some statistical tech-
niques and compare the data with national and internation-
al drinking water standards. When the location of the study
area was considered, it can be clearly understood that the
determination of arsenic and boron levels in groundwater of
Seydisuyu Basin has a vital importance for ecosystem and
human health.

Material and Method

Study Area 

Seydisuyu Basin is one of the most important agricul-
tural and mining areas of Turkey. It is located in Eskişehir
Province in the Central Anatolia Region between 38.0851-
39.0361 north latitude and 30.0161-31.0071 east longi-
tudes [5].

The surface area of Seydisuyu Basin is 1816.10 km2

and drained by Seydisuyu Stream, which has a length of

121.84 km. Groundwater samples were taken from sea-
sonal periods in 2011-12 from wells used for drinking and
irrigation water in the basin. The water samples were col-
lected from 14 stations (wells) in different locations,
including Kırka, Seyitgazi, and Mahmudiye districts of
Eskişehir province. Coordinates and locations of stations
were given in Table 1. Map districts of Eskişehir and study
area were given in Fig. 1.

Chemical and Physicochemical Analysis

Physicochemical analysis (temperature, dissolved oxy-
gen, salinity, and conductivity) were determined by using a
“Hydrolab DS5 Multiparameter Sonde (Hach Hydromet)”
device during the field studies. 

The volume of one liter groundwater samples were
taken at each sampling point (well) and were adjusted to pH
2 with 2 ml of HNO3 being added to each. Arsenic and
boron levels in water samples were determined by ICP-
OES (Varian 720 ES). The element analyses in water sam-
ples were recorded as mean triplicate measurements [6, 7].

Statistical Analysis

Cluster Analysis was applied to the results by using the
Past package program. Pearson Correlation Index and
Factor Analysis were applied to the results using the SPSS
17 package program.

Results and Discussion

Annual averages of results of physicochemical and
chemical analysis with minimum, maximum, mean, and
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Fig. 1. Study area (sampling points, Seydisuyu Basin, and districts of Eskişehir province).



standard deviation values are given in Table 2. Seasonal
arsenic and boron accumulations with limits of drinking
water are given in Fig. 2. The highest B accumulations were
determined in station 1. (12.99 mg/L in summer season)
and the lowest B accumulations were determined in station
5 in all seasons. The highest recorded As level was deter-
mined in station 11 as 0.15 mg/L in summer season.

The relationships between temperature, conductivity,
salinity, dissolved oxygen, arsenic, and boron levels in

groundwater were determined by using Pearson Correlation
Index (n = 56 for all parameters). It was found that the rela-
tions between conductivity and salinity were directly pro-
portional at the 0.01 level and the relations between arsenic
and boron were directly proportional at the 0.05 level in
groundwater of Seydisuyu Basin. As and B are often corre-
lated as they are both soluble minerals found in hydrother-
mal-volcanic deposits [8].

Factor analyses (FA) was used to determine the effec-
tive varifactors on groundwater of Seydisuyu Basin by
using correlated variables. Eigenvalues higher than one
were taken as criterion for evaluating the principal compo-
nents required to explain the sources of variance in the data.

The percentage variance counted, cumulative percent-
age variance, and component loadings (unrotated and rotat-
ed) are given in Table 3. According to rotated variance of
the cumulative percentage, three factors explain 76.36% of
the total variance.  

The parameter loadings (> 0.5) for three components
before and after rotation are given in Table 4. Liu [9] classi-
fied the factor loadings as: strong (> 0.75), moderate (0.75-
0.50), and weak (0.50-0.30), according to loading values.

First factor (F1, named “Nutrient Factor”) explains
34.1% of total variance and is related to the variables of
conductivity and salinity values of groundwater. All para-
meters were strongly positively loaded with this factor. As
it is known, nutrient salts strongly affect the values of con-
ductivity and salinity in the water and in a study performed
in North Greece to determine the water quality, conductiv-
ity was strongly positively loaded with Nutrient Factor
(0.82) [10, 11]. 

The second factor (F2, named “Boron Works and
Environmental Factor”) explains 22.4% of total variance
and is related to the variables of boron and arsenic values of
groundwater. All parameters were strongly positively
loaded with this factor.
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Table 1. Location properties of stations.

Wells
Coordinates

Location
latitude longitude

1 39.27687N 30.47783E Kırka District

2 39.22866N 30.57604E Karaören Village

3 39.41094N 30.62988E Kesenler Vilage

4 39.44451N 30.68197E Seyitgazi District

5 39.46267N 30.77316E Doğançayır Village

6 39.56195N 30.89019E Yeşilyurt Village

7 39.48658N 30.99699E Mahmudiye District

8 39.56689N 30.92443E Hamidiye Village

9 39.49330N 31.00157E TJK Stud Farm

10 39.48563N 30.99065E Mahmudiye District

11 39.42622N 31.05550E TİGEM Stud Farm

12 39.43978N 31.03883E TİGEM Stud Farm

13 39.45891N 31.02101E TİGEM Stud Farm

14 39.35887N 31.06268E Çifteler District

Fig. 2. Seasonal As and B accumulations of groundwater in Seydisuyu Basin and limit values for drinking water (TS266 – Turkish
Standards Institute, EC – European Communities, WHO – World Health Organization).
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The third factor (F3, named “Geologic and Climatic
Factor”) explains 19.8% of total variance and is related to
the variables of temperature and dissolved oxygen values of
groundwater. As it is known, climatic factors and geologic
structure are significantly affective on water temperature
and oxygen solubility decreases with increasing tempera-
ture [11]. Temperature parameter was strongly positively
loaded and dissolved oxygen parameter was moderately
negatively loaded with this factor.

Cluster analyses (CA) was used to determine the simi-
larity groups between the stations. The diagram of CA cal-
culated by using arsenic and boron levels in groundwater of
Seydisuyu Basin is given in Fig. 3. According to the CA,
the highest similarity was determined between stations of 3
and 7 (94.7%) and the lowest similarity was determined
between stations of 1 and 5 (6.6%). Also, station 1 formed
a distinct group from all other stations according to As and
B accumulations. Station 1 was located on the Kırka
District and it was the closest station to the Eti Boron Mine
(Fig. 1). A significant increase of boron level was deter-
mined in groundwater of this station, especially in summer
season (12.99 mg/L). So it can be understood from the data
that the Eti Boron Mine significantly affects groundwater
quality, especially around Kırka District.

Mulivariety statistical analysis are used widely to assess
water quality and provide valuable data [12-14]. In a study
performed on Uluabat Lake in Turkey and similar to the
results of the present study, FA and CA were used to evalu-
ate water quality. According to FA, 77.35% of variances
explained by 3 factors and microbiological factor that best

explains the observed variances had 32.34% of total variace.
According to CA, hierarchical cluster analysis grouped 12
sampling sites into 2 clusters of similar water quality [15].

According to drinking water standards specified by the
Turkish Standards Institute, European Communities and the
World Health Organization, arsenic and boron accumulation
in groundwater of Seydisuyu Basin were much higher than
the drinking water limits (>0.01 mg/L for As; >0.5 mg/L
(WHO) and >1 mg/L (TS266, EC) for B) and dangerous for
human health (Fig. 2) [16-18]. In West Bengal, India, it is
estimated that more than one million Indians are drinking
arsenic-laced water and tens of millions more could be at
risk in areas that have not been tested for contamination.
Analysis of 20,000 tubes revealed that 62% have arsenic at
levels above the permissible exposure limit in drinking
water of 0.01 mg/L, with some as high as 3.7 mg/L [19]. In
Seydisuyu Basin, 92% of groundwater has arsenic at levels
above the limit values in drinking water. 

In a study performed in Emet Stream, where important
boron deposits of Turkey are located, it was reported that As
and B accumulations extremely exceeded the limit values
for drinking water, especially around the stations close to
the boron mine (maximum As: 1 mg/L and maximum B: 74
mg/L) [20]. In contrast to the data reported by Tokatlı and
current values of Seydisuyu Basin, as it is known that

The Effects of Large Borate... 1035

Table 3. Extracted values of various FA parameters (loadings of total variance).

Component
Extraction Sums of Squared Loadings (unrotated) Rotation Sums of Squared Loadings (rotated)

Total % of Variance Cumulative % Total % of Variance Cumulative %

1 2.090 34.828 34.828 2.047 34.109 34.109

2 1.330 22.169 56.997 1.344 22.403 56.512

3 1.162 19.371 76.368 1.191 19.856 76.368

Table 4. Values of component matrix and rotated component
matrix (factor loadings of parameters).

Parameters

Component 
matrix

Rotated component 
matrix

1 2 3 1 2 3

Conductivity 0.980 0.991

Salinity 0.978 0.989

Arsenic 0.804 0.787

Boron 0.701 0.775

Temperature -0.853 0.824

Dissolved
oxygen

0.519 -0.626

Fig. 3. Tree diagram of CA (a visual summary of the clustering
processes).
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groundwater is far more likely to contain high levels of
arsenic than surface water [21]. According to data, it can be
said that if we compare the two large boron deposit areas,
Emet region is exposed to point discharge more than
Seydisuyu Basin in terms of arsenic. In another study per-
formed around the Emet-Hisarcık districts (Turkey), arsenic
levels in groundwater of all study regions (0.01-0.56 mg/L)
and boron levels in groundwater of close stations (0.59-4.34
mg/L) to the boron mine exceeded the limit values for drink-
ing water [22]. If we compare the groundwater quality of the
Emet-Hisarcık region and Seydisuyu Basin, mining activi-
ties in Seydisuyu adversely affect the groundwater quality
more than Emet-Hisarcık regions in terms of boron (maxi-
mum B in Seydisuyu Basin: 12.99 mg/L). Additionally, in
the present study As and B accumulations of groundwater in
stations far from the Kırka Boron Facility also were over the
limit values. These results reflect that the geological struc-
ture is an affective factor on accumulations of arsenic and
boron in groundwater of Seydisuyu Basin.

The concentration of arsenic in natural surface and
groundwater is generally about 0.001 mg/L, but may exceed
1 mg/L in mining areas or where arsenic levels in soil are
high. Surveys of U.S. drinking water indicate that about
80% of water supplies have less than 0.002 mg/L of arsenic,
but 2% of supplies exceed 0.02 mg/L of arsenic [21]. In
Seydisuyu Basin, about 78% of groundwater exceeds 0.02
mg/L of arsenic. The process of arsenic entering groundwa-
ter depends upon local geology, hydrogeology, geochemical
characteristics of the aquifer, climate changes, and human
activity. As it is known, pesticides are important for releas-
ing arsenic to the environment [23]. So it is thought that
intensive agricultural activities in the Seydisuyu Basin are
effective at As accumulation in groundwater. 

Arsenic concentrations in groundwater samples collect-
ed from 73 wells in 10 counties in southeast Michigan in
the USA in 1997 ranged from 0.0005 to 0.278 mg/L, with
an average of 0.029 mg/L [24]. Average As levels in
groundwater of Seydisuyu Basin (0.031 mg/L) were higher
than the averages of Michigan.

Reported boron concentrations in groundwater in the
San Joaquin Valley ranged from 0.14 to 120 mg/L with a
median concentration of about 4 mg/L [25, 26]. In
Seydisuyu Basin the average boron concentrations of
groundwater is 1.33 mg/L and boron levels are significant-
ly lower than the San Joaquin Valley. 

As a result, our study indicates that in addition to the
geological structure of the basin and mining activities, tak-
ing part of important agricultural lands in the Seydisuyu
Basin causes an increase of arsenic and boron levels in
groundwater.
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