Pol. J. Environ. Stud. Vol. 28, No. 3 (2019), 2021-2025

DOL: 10.15244/pjoes/89852

ONLINE PUBLICATION DATE: 2018-12-27

Short Communication

Using Factor Analysis to Evaluate Sediment
Quality of a Significant Mining
Area in Turkey

Arzu Cicek!, Esengiil Kose?, Cem Tokatl**

'Anadolu University, Applied Environmental Research Centre, Eskischir, Turkey
2Eskisehir Osmangazi University, Department of Environmental Protection and Control, Eskisehir, Turkey
3Trakya University, Ipsala Vocational School, Department of Laboratory Technology, Ipsala/Edirne, Turkey

Received: 9 February 2018
Accepted: 10 April 2018

Abstract

Statistical applications have been used to evaluate ecosystem quality in recent years. Factor analysis

(FA) is a powerful multivariate statistical technique widely used to evaluate environmental pollution.

Seydisuyu Stream Basin is located in the Central Anatolia Region of Turkey and it is one of the most

important branches of the Sakarya River. There is a globally important boron mine on the basin and the

system is exposed to intensive agricultural, domestic, and industrial pollution. The aim of this study

is to evaluate the sediment quality of Seydisuyu Stream Basin using FA. For this purpose, some micro

and macro element accumulations including Cr, Ni, Cu, Zn, As, B, Pb, Fe, K, Mn, and Mg in sediment

were investigated by collected samples on the basin from 15 stations (including 3 from Catéren Dam

Lake and 2 from the Kunduzlar Dam Lake) in summer 2012. According to FA results, three factors
explained 90.95% of the total variance. The first factor (F1), the “urban-industrial factor,” explained 47%
of total variance; the second factor (F2), the “agricultural factor,” explained 28.31% of total variance;

and the third factor (F3), named the “geological-mining factor,” explained 15.63% of total variance.
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Introduction

Inorganic pollutants can be strongly accumulated
and biomagnified along water, sediment, and the aquatic
food chain, and significant quantities of toxic metals
are discharged into aquatic ecosystems [1]. Sediment
may act as a sink of various contaminants and pose a
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significant risk to water quality through complicated
biogeochemical exchanges [2].

Multistatistical ~ techniques, ~which help the
interpretation of complex data matrices better
understand the pollution status of the investigated
ecosystems, are commonly used in large numbers of
countries to evaluate the sediment quality of many
different aquatic ecosystems [3, 4]. Factor analysis
(FA), which is one of the most convenient multivariate
statistical methods, is designed to reduce the number of
variables to a small number of indices and help identify
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Table 1. Localities of selected stations.

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

the important components or factors for the investigated
ecosystem [5-7].

Seydisuyu Stream Basin is located in Eskisehir
Province of Turkey and includes one of the nation’s
most important borate deposits. In addition to the
geologic structure of the basin, mining and industrial

activities, and agricultural and domestic discharges are
known as major pollution sources for the system [8,
9]. The present study applied FA to inorganic pollution
data detected from Seydisuyu Stream Basin in order
to evaluate sediment quality and observe the effective
factors on this significant aquatic ecosystem.

Material and Methods
Study Area and Sample Collection

Seydisuyu Stream Basin, which is known to be
exposed to significant organic and inorganic pollution, is
located between the localities of 38.0851-39.0361 north
latitude and 30.0161-31.0071 east longitude. The basin
that has two significant reservoirs on the watershed
contains many important agricultural lands and one of
the most important mining areas (Kirka Boron Works)
of Turkey [10].

Sediment samples were collected from 15 stations,
including reservoirs (3 from Catdoren Dam Lake
and 2 from Kunduzlar Dam Lake) in summer 2012.
Coordinates and localities of the selected stations are
given in Table 1, and a map of the Seydisuyu Stream
Basin, including the selected stations, is shown in Fig. 1.

Chemical and Statistical Analysis

Sediment samples were dried for 3 h at 105°C for
element analyses. Then all sediment samples were
placed (0.25 g of each sample) in Pyrex reactors of
a CEM Mars Xpress 5 microwave digestion unit.
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Fig. 1. Seydisuyu Stream Basin.
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Fig. 2. Scree plot.

HCIO,:HNO, acids of 1:3 proportions were inserted in
the reactors respectively. Samples were mineralized at
200°C for 30 min. Afterward, the samples were filtered
in such a way as to make their volumes to 100 ml with
ultra-pure distilled water.

Element levels were determined using inductively
coupled plasma — optic emission spectrophotometry
(Varian 720 ES) in the Environment Laboratory of
Anadolu University. The element analyses were recorded
as means triplicate measurements [11, 12].

FA was applied to the results to determine the
effective variable factors on the Seydisuyu Stream Basin
according to correlated variables using the “SPSS 177
package program.

Results and Discussion

Principal component analysis (PCA), which attempts
to explain the variance of a large dataset of inter-
correlated variables with a smaller set of independent
variables, is a powerful pattern recognition tool. FA

Fig. 3. Unrotated (left) and rotated (right) component matrix.
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Fig. 4. Component plot in rotated space.

reduces the contribution of less significant variables and
makes a new group of variables detected from PCA [3,
4, 13].

FA was used to determine the effective variable
factors on sediment quality of Seydisuyu Stream Basin
using correlated variables. A total of 11 wvariables
were used to detect the variable factors (n = 15 for all
parameters). The result of the Kaiser Meyer Olkin
test (KMO) that presents the measure of sampling
adequacy was 0.64. This value means that the sampling
adequacy was at a good level for the present application
(>0.5) [2, 14].

Eigenvalues higher than one were taken as criterion
for evaluating the principal components required to
explain the sources of variance in the dataset. According
to rotated cumulative percentage variance, three factors
explained 90% of the total variance. The FA scree plot
is given in Fig. 2.

Liu et al. [14] classified the factor loadings
according to loading values as “strong” (>0.75),
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“moderate” (0.75-0.50), and “weak” (0.50-0.30).
Parameter loadings higher than 0.5 calculated before
and after rotation for all components are given in Fig. 3.
Also, component plots in a rotated space, which shows
the related variables of three factors, is given in Fig. 4.

The first factor (F1), named “industrial factor,”
explained 47% of total variance and it was related to
the variables of Cr, Cu, Ni, Mg, Zn, Fe, and Mn. Fe
and Mn parameters were moderate positive and Cr,
Cu, Ni, Mg, and Zn parameters were strong positively
loaded with this factor (Figs 3 and 4). Nickel and
chromium, which occur naturally in the Earth’s crust,
may enter the environment as a result of natural
processes and mostly by human activities. It is known
that one of the most significant anthropogenic sources of
these elements in surface sediments is industrial activity
[7, 15, 16]. Industrial activities conducted around the
basin could be the main source of chromium and nickel
accumulations.

The second factor (F2), the ‘“agricultural factor,”
explained 28% of total variance and it was related
to the variables of Zn, Fe, Pb, K, and Mn. Zn and Fe
parameters were moderate positively and Pb, K, and
Mn parameters were strongly positively loaded with
this factor (Figs 3 and 4). Potassium, manganese, and
zinc are three of the most abundant elements in the
earth’s crust and they are essential at low levels for all
living organisms. The use of fertilizers in agricultural
applications and urban runoff are two of the most
common and significant factors on releases of these
elements to the environment [17-18], and also the use
of pesticides in agricultural applications containing
significant quantities of lead [19-21]. Agricultural
activities conducted around the basin could be a
main source of potassium, manganese, zinc, and lead
accumulations.

The third factor (F3), the “mining factor,” explained
15% of total variance and it was related to the variables
of As and B. All parameters were strongly positively
loaded with this factor (Figs 3 and 4). Mining activities
have an important place for the release of arsenic and
boron to the environment from anthropogenic sources.
Arsenic and boron are often correlated as they are
both soluble minerals found in hydrothermal-volcanic
deposits. And it is also known that boron content of
geological structure significantly affects arsenic levels
[22-23]. Turkey has 70% of the total boron reserve of the
world, and the most important borate deposits of Turkey
are located in the Seydisuyu Stream Basin (Kirka
county of Eskisehir province) [25-7]. Mining activities
conducted around the basin could be a main source of
arsenic and boron accumulations.

Conclusions
In the present study, some trace and toxic element

accumulation levels in sediment of Seydisuyu Stream
Basin were evaluated using FA.

According to the results of FA, 3 statistically effective
factors — urban-industrial, agricultural, and geological —
on element contents of sediments were identified using a
large number of inorganic data. The results of this study
reveal that industrial and agricultural runoff and mining
activities conducted around the basin are the main risk
factors for Seydisuyu Stream Basin.

In conclusion, multistatistical methods are necessary
for a sophisticated evaluation because of obtained large
numbers of data and the difficulty of interpretating
all the parameters. Results of the present study reveal
the benefits of statistical approaches and FA in abiotic
components of the ecosystems.
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