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Abstract The purpose of this study was to assess the
impact of 24 water parameters, measured semi-annually
between 2011 and 2013 in Coruh Basin (Turkey), based
on the quality of the water. The study utilised analysis of
variance (ANOVA), principal component analysis
(PCA) and factor analysis (FA) methods. The water-
quality data was obtained from a total of four sites by
the 26th Regional Directorate of the State Hydraulic
Works (DSI). ANOVA was carried out to identify the
differences between the parameters at the different mea-
suring sites. The variables were classified using factor
analysis, and at the end of the ANOVA test, it was
established that there was a statistically significant dif-
ference between the downstream and upstream waste
waters released by the Black Sea copper companies and
between theMurgul and Borcka Dams, in terms of water
quality, while no statistically significant difference was
observed between the Murgul and Borcka Dams. It was
determined through factor analysis that five factors ex-
plained 81.3 % of the total variance. It was concluded
that domestic, industrial and agricultural activities, in
combination with physicochemical properties, were fac-
tors affecting the quality of the water in the Coruh Basin.

Keywords BorckaDam . CoruhBasin .Muratli Dam .

Miningwastewater . Multivariable statistic .Water
quality

Introduction

Water quality is affected by point sources of pollution
such as wastewater treatment plants and non-point
sources such as farmlands (Kibena et al. 2014). Howev-
er, the impact of individual factors, in terms of their
specific contributions to the quality of water, is uncertain
(Zhang et al. 2009; Wang et al. 2013). Domestic and
industrial wastewater discharges constitute a constant
point source of pollution, whereas surface flow changes
depend on seasonal conditions (Singh et al. 2004;
Shrestha and Kazama 2007).

The water quality of freshwater bodies is assessed in
multiple ways, based on physical, chemical and biolog-
ical processes. In recent years, various techniques have
been developed to assist in the management of water
quality, including mathematical models, optimised ap-
proaches and integrated decision-support systems
(Huang and Xia 2001; Taner et al. 2011).

The largest areas affected by environmental pollution
are water resources. In order to obtain a good under-
standing of spatial and temporal changes in water re-
source characteristics, it is necessary to have data indi-
cating the quality of the water, and this should be gath-
ered on a continuous basis. In this way, it will be much
easier to assess the conditions of water resources and to
develop solutions should problems occur (Arslan and
Yildirim 2011). For the assessment of water quality data,
each parameter has been defined in a separate regulation
and standard. A comparison of water quality parameters
obtained in the field with limit values that are set ac-
cording to those standards leads to a conclusion as to
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whether the water is fit for its intended purpose.
Making such an assessment for each and every
parameter may reveal that the water under examina-
tion is usable for some parameters but unusable for
others. As such, a shift from the conventional
method, in which parameters are considered individ-
ually, towards an assessment that follows a multi-
parametric approach, and where many parameters
are assessed at the same time, would in most cases
furnish more appropriate results. Such an assessment
is critical, particularly for the classification of the
quality of water in natural environments (Barıs et al.
2007).

The common technique used to interpret the
quality of river waters is a univariate procedure that
fails to characterise the similarities and variations
between samples and variables (Dixon and Chiswell
1996). Reducing the quantity of environmental data,
in combination with a multi-component interpreta-
tion of physical and chemical measurements and the
application of a descriptive data analysis, would
make the procedure much easier (Wenning and
Erickson 1994). The generic term multivariate
statistics is used to define the statistical methods
employed for the analysis of two or more variables
at the same time (Shaw 2003). In a multivariate
statistical analysis, there are many interrelated
parameters, and in order to evaluate the system,
there are more-than-one unit and variables that
interact with one another. As a result, there is an
apparent need for a multivariate statistical analysis
method (Ünlükaplan 2008). There have been many
studies that have adopted a multivariate statistical
analysis method (Bulut et al. 2010; Mahmood et al.
2011).

The purpose of this study was to performmultivariate
statistical analyses on the big data obtained from the
water quality assessments performed twice annually for
24 parameters over a 3-year period between 2011 and
2013 by the DSI at four different points located on the
Coruh Basin in the Eastern Black Sea Region of Turkey,
and to perform water quality analyses based on these
data. By using multivariate statistical analysis, we
interpreted the obtained data set, determined the
similarities and differences between the sample
collection points, identified the physicochemical
parameters affecting water quality and determined the
potential sources of pollution (natural, industrial and
anthropogenic).

Materials and methods

Study area

The River Coruh originates in the Bayburt Province
within the territorial borders of Turkey and follows its
main course for 431 km, the last 20 km of which is in
Georgian territory, where it discharges to the Black Sea
(Sucu and Dinc 2008).

Monitoring sites

The data used in this study was supplied by the
DSI, which took samples from four different
points along the River Coruh; the Regional Direc-
torate of Trabzon Province carried out the analy-
ses. The first sampling point was at the site of the
Muratli Dam on the River Coruh, close to the
Turkish border. The Muratli Dam is a cofferdam
located 100 m from the Turkey-Georgia border.
The site is 2 km upstream from Muratli Village
and 17 km downstream from the district of
Borcka. The dam is used for flood protection and
energy generation, while the reservoir occupies an
area of 4.1 km2 and has a volume of 74.8 hm3.
The second sampling point is at the mouth of the
Kabaca River, where the Black Sea copper
companies of Murgul Stream discharge their
wastewater. The third point is the Borcka Dam,
which is situated 2.5 km upstream. The reservoir
occupies an area of 10.8 km2 and has a volume of
418.9 hm3. The fourth sampling point is the mouth
of the Kabaca River, where the Black Sea copper
companies on the Murgul Stream discharge their
wastewater. Murgul is a district of Artvin Province,
known since 1973 for its large-scale copper process-
ing and production. Figure 1 shows the study area
and the points of measurement.

The water analysis points and the numbering
scheme to be used in this article are given below
in Table 1.

Data preparation

This study makes use of the measurement data
obtained from four sampling points on the River
Coruh over 3 years (2011–2013) and every 6 months
for 24 water-quality parameters by the DSI. Water
samples taken from the observation points by DSI
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Fig. 1 Study area, surface flow quality and sampling stations
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personnel are delivered to the Turkish city of Trabzon
the same day, to be analysed at the DSI laboratories in
Trabzon. DSI laboratories are certified by the Turkish
Accreditation Agency (TURKAK), and the test
reports are recognised by the European Accreditation
Cooperation (EA) and the International Laboratory
Accreditation Cooperation by mutual agreement.
The said water quality parameters included tempera-
ture, pH, electrical conductivity (EC), total dissolved
solids (TDS), sodium (Na), potassium (K), total hard-
ness (TH), magnesium (Mg), bicarbonate (HCO3),
total alkalinity (T-Alk), Chloride (Cl), sulphate
(SO4), ammonia, nitrite, nitrate, orthophosphate, dis-
solved oxygen, biological oxygen demand, perman-
ganate, turbidity, total phosphorus, suspended solids
and colour. The water quality parameters and abbre-
viations are given in Table 2, while Tables 3–4
provide a summary of the basic statistical evaluation.

Data treatment and multivariate statistical methods

The Kolmogorov-Smirnov (K-S) statistics test is used to
confirm the normal distribution of data, with a 95 % or
higher confidence interval, indicating normal distribu-
tion. In order to show the compatibility of the data with
PCA, Kaisere-Meyere-Olkin (KMO) and Bartlett’s tests
are applied. The KMO test is used to verify that the
sample is sufficient for analysis with a score between 0
and 1. The closer to 1 the result, the more suitable the
sample is for factor analysis. The KMO value obtained
at the end of the statistical analysis of the water quality is
equal to 0.54, indicating suitability for PCA. The Bart-
lett test is used to determine whether there is sufficient
correlation among the variables. In tests, the null hy-
pothesis is that all correlation coefficients are equal to
zero and if, at the end of the statistical analysis, p <0.05
is obtained, then the dataset is deemed suitable for factor

analysis. The water quality tests resulted in p values
equal to 0, and as p <0.05, it could be concluded that it
was suitable for factor analysis.

An elaborate analysis of sequential multiple variables
may render the evaluation of data difficult since separate
individual analyses of the variables disregard the rela-
tionship that exists between them. There is an expecta-
tion that there should be a greater or less relationship
between multiple variates, and it was for this purpose
that methods of multivariate analysis have been devel-
oped (Arslan and Yildirim 2011). Multivariate statistical
methods have proven to be useful for the interpretation,
modelling and classification of large datasets, assess-
ments of water quality and the management of surface
flows (Simeonov et al. 2003). This study has made use
of one-way ANOVA and principal component analysis
(PCA)/factor analysis (FA), with Statistical Package for
the Social Sciences, SPSS-20 software used to analyse
the data.

Analysis of variance (ANOVA)

Analysis of variance is a method used to decide statis-
tically which effects are applicable to one answer at the
same time (Vega et al. 1998) and to test whether there is
a statistically significant difference. In this case, the
objective was to identify the factor(s) that was/were
influential on the experiment (Celik 2012).

Principal component analysis

PCA summarises the statistical correlation between the
minimum loss in original information and the water-
quality parameters (Helena et al. 2000). A factor analy-
sis involving PCA is used to degrade the size of the
multiple interrelated datasets, while preserving them as
much as possible. This reduction in size is achieved by
converting orthogonal (non-correlated) and primary
components, in descending order of importance, into a
new dataset. Mathematically speaking, the primary
components (PCs) are calculated from the covariance,
which explains the distribution of recurrently measured
parameters, to obtain the eigenvalue and eigenvector.
The primary components are linear combinations of
original variates and eigenvectors (Wunderlin et al.
2001; Singh et al. 2004). Varifactors (VFs) are obtained
by rotating the axis defined with PCA, although factor
rotation does not alter the basic mathematical properties
of the solution. Following the rotation of the axis, a

Table 1 Water analysis locations and names

Location
number

Location name

1 Coruh River Muratli Dam Location

2 Murgul Stream Blacksea Copper
Companies Downstream Position

3 Coruh River Borcka Dam Location

4 Murgul Stream Blacksea Copper
Companies Upstream Position
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weighting of items on one factor shows an increase,
while their weights in other factors decline. Thus, the
factors identify the items that have a high correlation
with themselves and so can be interpreted much more
easily (Tabachnick and Fideli 2001; Büyüköztürk
2002).

Results and discussion

Summary of water quality

The annual and seasonal changes in water quality
parameters are evaluated in Table 3, according to
the mean and standard deviation data. Water quality
parameters were evaluated according to the Turkish
Water Pollution Control Regulation, published in
the Official Gazette dated 31 December 2004 and
numbered 25687; the limit values are listed in the

Turkish Standard (TS) 266 (TSE 2005); and the
European Directive 75/440/EEC. An evaluation of
the annual mean values with respect to Turkish
standards revealed that, between 2011 and 2013,
measured pH values varied between 7.15 and
8.34, electrical conductivity (EC) varied between
5.8 and 117.1 μS/cm, and total dissolved solids
(TDS) varied between 35.9 and 878.3. These mea-
surements also indicated that the water samples
ranked as grade II in terms of water quality. Results
also indicated that the SO4 concentration varied
between 10.40 and 1269 mg/L during the 3-year
period, with the mean SO4 concentration for 2011
being determined as 237.1 mg/L. The SO4 concen-
tration for 2011 corresponded to a grade II water
quality level, and grade III according to the limit
values of the regulation, while the maximum SO4

concentration corresponded to a grade IV water
quality level. NH4 took a value of 0.24 mg/L in

Table 2 The water quality pa-
rameters associated, their abbre-
viations and units used in this
study

Parameter Abbreviation Analytical technique Unit

Water temperature T Temperature probe °C

pH pH Potentiometry/pH probe pH units

Electrical conductance EC Conductometry mS/m

Total dissolved solid TDS Drying at 180 °C/weighing mg/L

Sodium Na Ion chromatography mg/L

Potassium K Ion chromatography mg/L

Total hardness TH Titrimetrric method mg/L

Calcium Ca Ion chromatography mg/L

Magnesium Mg Ion chromatography mg/L

Bicarbonate HCO3 Acid±base titrometry mg/L

Total alkaline T-Alk Titrimetrric method mg/L

Chloride Cl Ion chromatography mg/L

Sulphate SO4 Ion chromatography mg/L

Ammonia NH4 Ion chromatography mg/L

Nitrite NO2 Ion chromatography mg/L

Nitrate NO3 Ion chromatography mg/L

Orthophosphate PO4
3− Ion chromatography mg/L

Dissolved oxygen DO Potentiometry/pH probe mg/L

Biological oxygen demand BOD Potentiometry/O2 probe mg/L

Permanganate MnO4 Titrimetrric method mg/L

Turbidity Turb Turbidimetry NTU

Total phosphorus TP Ion chromatography mg/L

Suspended solid SS Drying at 103–105 °C/weighing mg/L

Colour Colour Pt/Co method PT-Co
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Fig. 2 Box-plot graph for water quality parameters (1 Coruh
River Muratli Dam Location, 2 Murgul Stream Blacksea Copper
Companies Downstream Position, 3 Coruh River Borcka Dam

Location, 4 Murgul Stream Blacksea Copper Companies Up-
stream Position)
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Fig. 2 continued.
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2011 and 0.28 mg/L in 2012, qualifying the water
quality as quality grade II and a value of 2 mg/L in
3 years maximum, qualifying the water quality as grade
III. NO2 readings were recorded at a concentration of
0.62 mg/L on average for 2011, and reached a peak
value of 3.78mg/L, making the water eligible for quality
grade IV. Turbidity, total phosphorus and colour
measurements took higher values than the limit values
during 2011, 2012 and 2013, when the water was
assessed as quality grade IV.

An evaluation of the data on water quality from the
measurement point outputs a SO4 measurement result at
the Murgul Stream Black Sea Copper Company’s down-
stream position, revealing a 241.85 mg/L mean, which
ranks the water quality at grade IV. NO2, total phospho-
rus, colour and turbidity were evaluated to be high, show-
ing a grade II water quality at every measurement point.
Turbidity varied from between 0.87 and 1000 NTU, a
level well above the limits in 2011, 2012 and 2013. The
highest figure was recorded at the coppermine outlet. The

total phosphorus parameter varied across a range of 0.19–
0.31 mg/L, ranking the quality of water at grade II. The
mean value of total phosphorus measured at the mining
site exit of 0.27 mg/L ranks the water at quality grade IV,
from which it can be determined that the copper mine is a
significant factor affecting the water quality.

According to European Directive 75/440/EEC, the
mean annual measurements of the water quality param-
eters between 2011 and 2013 were between 35.9 and
878.3 mg/L for TDS, between 10.4 and 1269 mg/L for
SO4, between 0 and 2.00 mg/L for NH4, and between
2.5 and 71 PT-Co for colour. Based on these values, the
samples were considered grade III water quality. An
evaluation of the water quality values at the sampling
points indicated that the TDS and colour values were
above the limit values. The SO4 concentration was
241.8 mg/L downstream of the Murgul Stream Black
Sea Copper Company and 167.7 mg/L upstream of the
Murgul Stream Black Sea Copper Company. Based on
these SO4 values, the samples were considered grade III

Table 5 ANOVA for water
quality in each sampling time:
Artvin/Turkey

Parameters Sum of squares df Mean square F p value

T 0.35 3 0.12 0.02 0.997

pH 2.50 3 0.83 12.17 0

EC mS/m (25 °C) 6,806.38 3 2,268.79 5.98 0.002

TDS (mg/L) 359,540.32 3 119,846.78 5.83 0.002

Na (mg/L) 292.21 3 97.40 3.28 0.031

K (mg/L) 13.32 3 4.44 4.97 0.005

Total hardness 156,821.27 3 52,273.76 5.31 0.004

Ca (mg/L) 10,698.53 3 3,566.18 5.17 0.004

Mg (mg/L) 299.30 3 99.77 1.22 0.316

HCO3(mg/L) 61,426.41 3 20,475.47 22.67 0

T-Alk (mg/L) 48,470.59 3 16,156.86 20.88 0

Cl (mg/L) 165.23 3 55.08 2.15 0.109

SO4 (mg/L) 300,231.61 3 100,077.21 1.96 0.135

NH4 (mg/L) 0.28 3 0.09 0.97 0.418

NO2 (mg/L) 1.55 3 0.52 1.09 0.365

NO3 (mg/L) 1.00 3 0.33 0.28 0.843

PO4
3− (mg/L) 48.24 3 16.08 0.97 0.416

DO (mg2/L) 1.13 3 0.38 0.51 0.68

BOD (mg/L) 1.75 3 0.59 0.23 0.874

MnO4 (mg/L) 1.40 3 0.47 0.25 0.863

Turb (NTU) 513,851.51 3 171,283.84 5.50 0.003

TP (mg/L) 0.14 3 0.05 0.47 0.709

SS (mg/L) 773,736.10 3 257,912.03 8.10 0

Colour (PT-Co) 6,466.72 3 2,155.58 3.55 0.028
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water quality. The BOD value was determined as
3.16 mg/L at the Coruh River Muratli Dam sampling
location, as 3.1 mg/L at the Coruh River Borcka Dam
sampling location and as 3.3 mg/L at the sampling
location downstream of the Murgul Stream Black Sea
Copper Company. The samples were therefore consid-
ered as having grade II water quality.

Spatial variation of water quality

The box-plot graph allows the differences between the
measuring points to be identified and visually summa-
rises the quantitative data. The straight line over the box
represents the median. The dots in the lowermost and
uppermost positions show the Q1 and Q3 value readings.
Whiskers show the highest and lowest observed values
within the zone, as a line extending towards the lowest
and highest points of the box, which are expressed as Q1

−1.5 (Q3−Q1) and Q3+1.5 (Q3+Q1). The individual
points falling outside the limit values are represented
with an asterisk (Vega et al. 1998).

The box-plot graphs generated for the water-
quality data are shown in Fig. 2. According to the
box-plot graphs, significant differences existed be-
tween specific water quality parameters at different
sampling points, while there seemed to be less dif-
ference between others. It can be observed that a
minor difference existed between the mean values of
pH, NH4, NO2, PO4, DO and total phosphorus, and
no reading goes beyond the limit values. As regards
the EC and TDS, SO4, TH, Turb, SS, Ca, K and Mg,
it can be observed that these parameters obtained
higher values at first measurement point than at the
third and fourth points, that the data was distributed
more widely, and also that some measured values
exceeded the limit values. BOD, on the other hand,
shows the measurement results crossed over the
limit value at the first measurement point, while
the measured values at the second and third mea-
surement points seemed to have a higher spanning
spectrum. It was further observed that the colour
parameter gave close values at the first and fourth
measurement points, and that data propagation be-
came wider at the second and third measurement
points and almost reached the upper limit at the
second measurement point, while decreasing to-
wards the lower limit at the third measurement
point. A difference was also seen in the T-Alk and
HCO3 values across the different measurement
points, which occasionally exceeded the limits, and
higher readings were observed at the first and third
measurement points than at the second and fourth,
with a greater spread of values in the former when
compared with the latter. Our observations included
a wide spreading spectrum in EC, TDS, Ca and total
hardness, which retained a level close to the limit
value, with limit-exceeding values and a broad dis-
persion for the K, MnO4, SS, SO4, TP and Mg
parameters at the second measurement point. It was
also observed that the quality of the water is much
influenced by the fact that Black Sea Copper Com-
panies are downstream from the second measure-
ment point.

Evaluation of data on water quality

ANOVA is used to test whether the mean values of
more than two independent groups vary with re-
spect to one another. According to the one-way
analysis, carried out to distinguish between the

Table 6 ANOVA analysis results of water quality parameters

Parameter Location Location name

pH, EC, TDS, K, Ca,
TH, HCO3, T-Alk

1–2 Coruh River Muratli Dam
Location–Murgul Stream
Blacksea Copper Companies
Downstream Position

No different
parameters

1–3 Coruh River Muratli Dam
Location–Coruh River
Borcka
Dam Location

pH, Na, K, HCO3,
T-Alk

1–4 Coruh River Muratli Dam
Location–Murgul Stream
Blacksea Copper Companies
Upstream Position

pH, EC, TDS, K,
TH, HCO3,
T-Alk

2–3 Murgul Stream Blacksea
Copper
Companies Downstream
Position–Coruh River Borcka
Dam Location

EC, TDS, Turb, SS,
Colour, K, TH,
Ca

2–4 Murgul Stream Blacksea
Copper
Companies Downstream
Position–Murgul Stream
Blacksea Copper Companies
Upstream Position

pH, HCO3, T-Alk 3–4 Coruh River Borcka Dam
Location–Murgul Stream
Blacksea Copper Companies
Upstream Position
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Table 7 ANOVA for water quality in (p<0.05) statistical different parameters and locations: Artvin/Turkey

L(I) L(J) Mean
difference
(I-J)

SE Sig. L(I) L(J) Mean
difference
(I-J)

SE Sig. L(I) L(J) Mean
difference
(I-J)

SE Sig.

pH 1 2 0.33* 0.11 0.02 TDS 1 2 −198.53* 61.16 0.01 SS 1 2 −291.91* 76.11 0.00

3 −0.05 0.11 0.96 3 −1.28 61.16 1.00 3 14.09 76.11 1.00

4 0.52* 0.11 0.00 4 27.05 61.16 0.97 4 30.99 77.99 0.98

2 1 −0.33* 0.11 0.02 2 1 198.53* 61.16 0.01 2 1 291.91* 76.11 0.00

3 −0.39* 0.11 0.01 3 197.25* 61.16 0.01 3 306.00* 76.11 0.00

4 0.19 0.11 0.33 4 225.58* 61.16 0.00 4 322.90* 77.99 0.00

3 1 0.05 0.11 0.96 3 1 1.28 61.16 1.00 3 1 −14.09 76.11 1.00

2 0.39* 0.11 0.01 2 −197.25* 61.16 0.01 2 −306.00* 76.11 0.00

4 0.58* 0.11 0.00 4 28.33 61.16 0.97 4 16.90 77.99 1.00

4 1 −0.52* 0.11 0.00 4 1 −27.05 61.16 0.97 4 1 −30.99 77.99 0.98

2 −0.19 0.11 0.33 2 −225.58* 61.16 0.00 2 −322.90* 77.99 0.00

3 −0.58* 0.11 0.00 3 −28.33 61.16 0.97 3 −16.90 77.99 1.00

EC 1 2 −27.19* 8.31 0.01 Turbidity 1 2 −252.96* 75.28 0.01 Colour 1 2 −29.79 13.17 0.13

3 −1.52 8.31 1.00 3 8.07 75.28 1.00 3 3.43 12.76 0.99

4 4.67 8.31 0.94 4 −22.17 75.28 0.99 4 8.55 12.76 0.91

2 1 27.19* 8.31 0.01 2 1 252.96* 75.28 0.01 2 1 29.79 13.17 0.13

3 25.67* 8.31 0.02 3 261.03* 75.28 0.01 3 33.21 12.76 0.07

4 31.86* 8.31 0.00 4 230.78* 75.28 0.02 4 38.34* 12.76 0.03

3 1 1.52 8.31 1.00 3 1 −8.07 75.28 1.00 3 1 −3.43 12.76 0.99

2 −25.67* 8.31 0.02 2 −261.03* 75.28 0.01 2 −33.21 12.76 0.07

4 6.19 8.31 0.88 4 −30.25 75.28 0.98 4 5.13 12.32 0.98

4 1 −4.67 8.31 0.94 4 1 22.17 75.28 0.99 4 1 −8.55 12.76 0.91

2 −31.86* 8.31 0.00 2 −230.78* 75.28 0.02* 2 −38.34* 12.76 0.03

3 −6.19 8.31 0.88 3 30.25 75.28 0.98 3 −5.13 12.32 0.98

Na 1 2 4.22 2.32 0.28 Total
hardness

1 2 −136.05* 42.30 0.0 HCO3 1 2 60.15* 12.81 0.00

3 1.39 2.32 0.93 3 −14.87 42.30 1.0 3 −5.32 12.81 0.98

4 6.68* 2.32 0.03 4 14.18 42.30 1.0 4 80.89* 12.81 0.00

2 1 −4.22 2.32 0.28 2 1 136.05* 42.30 0.0 2 1 −60.15* 12.81 0.00

3 −2.83 2.32 0.62 3 121.17* 42.30 0.0 3 −65.47* 12.81 0.00

4 2.45 2.32 0.72 4 150.23* 42.30 0.0 4 20.74 12.81 0.38

3 1 −1.39 2.32 0.93 3 1 14.87 42.30 1.0 3 1 5.32 12.81 0.98

2 2.83 2.32 0.62 2 −121.17* 42.30 0.0 2 65.50* 12.81 0.00

4 5.28 2.32 0.12 4 29.05 42.30 0.9 4 86.21* 12.81 0.00

4 1 −6.68* 2.32 0.03 4 1 −14.18 42.30 1.0 4 1 −80.89* 12.81 0.00

2 −2.45 2.32 0.72 2 −150.23* 42.30 0.0 2 −20.74 12.81 0.38

3 −5.28 2.32 0.12 3 −29.05 42.30 0.9 3 −86.21* 12.81 0.00

K 1 2 −1.14* 0.40 0.04 Ca 1 2 −35.11* 11.20 0.0 T-Alk 1 2 48.70* 11.86 0.00

3 −0.02 0.40 1.00 3 −6.51 11.20 0.9 3 −11.06 11.86 0.79

4 0.31 0.40 0.87 4 5.27 11.20 1.0 4 68.94* 11.86 0.00

2 1 1.14* 0.40 0.04 2 1 35.11* 11.20 0.0 2 1 −48.69* 11.86 0.00

3 1.12* 0.40 0.04 3 28.60 11.20 0.1 3 −59.76* 11.86 0.00

4 1.45* 0.40 0.01 4 40.38* 11.20 0.0 4 20.24 11.86 0.33

3 1 0.02 0.40 1.00 3 1 6.52 11.20 0.9 3 1 11.06 11.86 0.79
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differences in the water quality parameter at the
different measurement points, the pH, EC, TDS,
K, TH, Ca, HCO3, T-Alk, turbidity, SS and colour
parameters were p <0.05, indicating a statistically
significant difference between the relevant readings
at the four points (Table 5).

Further analysis was carried out to identify the
points where these parameters varied, the results of
which are shown in Tables 6–7. The p <0.95
conclusion at the end of the ANOVA test indicated
a significant difference between the first and sec-
ond measurement points in the readings of nine
parameters (pH, EC, TDS, K, Ca, TH, HCO3, T-
Alk), and a significant difference was also ob-
served between the first and fourth measurement
points in the values of five parameters (pH, Na, K,
HCO3, T-Alk). These results suggest statistically
significant differences between the second and
third measurement points in the readings of seven

parameters (pH, EC, TDS, K, TH, HCO3, T-Alk),
between the second and fourth measurement points
in the readings of eight parameters (EC, TDS,
Turb, SS, Colour, K, TH, Ca), and between the
third and fourth measurement points in the read-
ings of three parameters (pH, HCO3, T-Alk). Be-
tween the first and third measurement points, how-
ever, no significant difference was observed in the
parameters. It can be concluded that the lack of a
significant difference in water quality between the
Muratli and Borcka Dam sites indicated a similar-
ity in quality, although it can also be said that the
copper operations have had an adverse effect on
water quality.

Principal component analysis

Screen-plot graphs are used to identify the number of
PCs of the basic data structure (Liu et al. 2003). The
vertical axis of the graph represents the eigenvalues,
while the horizontal axis shows the factors. The graphs
are obtained from a combination of plots, based on the
mapping of the eigenvalues of the factors. The factor
that shows highly accelerated, fast declines on the graph
gives the number of the important factors. The horizon-
tal lines show that the individual contributions of the
additional variances brought by the factors come close
to one another (Büyüköztürk 2002). A total of five
primary components were identified with eigenvalues
greater than 1 in the primary component analysis, and it
can be observed that the curve did not appreciably
change after the fifth primary component (Fig. 3).

FA is used to establish the factors for water samples
going through analysis and for normalised data (Singh
et al. 2004). The results of the PCA, applied to the 24

Table 7 (continued)

L(I) L(J) Mean
difference
(I-J)

SE Sig. L(I) L(J) Mean
difference
(I-J)

SE Sig. L(I) L(J) Mean
difference
(I-J)

SE Sig.

2 −1.12* 0.40 0.04 2 −28.60 11.20 0.1 2 59.76* 11.86 0.00

4 0.33 0.40 0.85 4 11.78 11.20 0.7 4 79.99* 11.86 0.00

4 1 −0.31 0.40 0.87 4 1 −5.27 11.20 1.0 4 1 −68.93* 11.86 0.00

2 −1.45* 0.40 0.01 2 −40.38* 11.20 0.0 2 −20.24 11.86 0.33

3 −0.33 0.40 0.85 3 −11.79 11.20 0.7 3 −79.99* 11.86 0.00

Bold values show that statistical difference between locations at %95 confidence level (p<0.05)

SE standard error

Fig. 3 Scree plot of the eigenvalues
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parameters at four measurement points, are given in
Table 8. As a result of the factor analysis, five factors
were identified with eigenvalues greater than 1, a ratio to
the total variance of which showed a continual drop
(Table 8). These five factors explain 81.3 % of the total
variance.

The first factor (VF1) explains 34 % of the total
variance, where EC TDS, K, total hardness, Ca, Mg,
SO4 and turbidity have strong positive weights while the
SS medium has a positive weight. These figures lead to
the conclusion that the primary factor is of mineral and
industrial origin (Arslan and Yildirim 2011; Vega et al.
1998). Sulphate-rich and alkali rocks and chemical com-
pounds with sulphate concentrations found in factory
wastes, as well as sulphate-containing fertilisers mixing

with the water, constitute the primary sources of sul-
phate in the water (Atay and Bulut 2005). This study
considers mining operations to be the source of sulphate.
The second factor affecting the water quality (VF2)
explains 16.9 % of the total variance, where Na,
HCO3, NH4, NO2 and PO4 have a medium positive
weight. This effect can be explained as resulting from
non-point sources such as farmlands and/or domestic
sources (Simeonov et al. 2003). HCO3 can be viewed as
an indication of fresh water (Arslan and Yildirim 2011).
The third factor affecting water quality (VF3) explains
13 % of the total variance, where colour has medium
positive weight and pH and total alkalinity havemedium
negative weights, attributable to the physical and chem-
ical properties of the water. The reduction in the pH

Table 8 Varimax rotated factor matrix for the whole data sets

Variables VF1 VF2 VF3 VF4 VF5

T −0.191 −0.415 −0.459* −0.260 0.530**

pH 0.570** 0.225 −0.0546** 0.046 0.160

EC mS/m (25 °C) 0.920*** −0.087 −0.070 −0.290 −0.016
TDS (mg/L) 0.891*** −0.116 −0.040 −0.345* −0.034
Na (mg/L) 0.444* 0.609** −0.367* 0.273 −0.207
K (mg/L) 0.858*** 0.046 0.115 0.240 0.040

TH (mg/L) 0.883*** −0.134 −0.044 −0.366 −0.003
Ca (mg/L) 0.886*** −0.264 0.0002 −0.126 0.019

Mg (mg/L) 0.767*** 0.237 0.182 −0.360 −0.215
HCO3 (mg/L) 0.488* 0.597** −0.481* −0.109 −0.005
T-Alk (mg/L) 0.502* 0.516 −0.527** −0.037 −0.018
Cl (mg/L) 0.541** 0.357 0.049 0.562** 0.046

SO4 (mg/L) 0.795*** −0.274 0.262 −0.232 −0.187
NH4 (mg/L) −0.115 0.628** 0.510** −0.188 0.473

NO2 (mg/L) 0.093 0.738** 0.460* −0.155 0.413*

NO3 (mg/L) 0.392* 0.466* 0.082 0.538** −0.110
PO4

3− (mg/L) 0.091 0.732** 0.465* −0.148 0.420*

DO (mg2/L) −0.038 0.291 0.077 0.070 −0.668**
BOD (mg/L) 0.162 −0.349* −0.532** 0.270 0.550**

MnO4 (mg/L) 0.468 −0.166 −0.325* 0.477* 0.256

Turb (NTU) 0.766*** −0.417* 0.310* 0.147 0.094

TP (mg/L) 0.138 −0.232 0.524** 0.668** 0.044

SS (mg/L) 0.717** −0.428* 0.346* 0.270 0.110

Colour (PT-Co) 0.342* −0.380* 0.517** −0.095 0.080

Eigenvalue 8.169 4.066 3.125 2.292 1.864

% Total variance 34.0 16.943 13.022 9.549 7.767

% Cumulative variance 34.0 50.982 64.003 73.552 81.319

Significant factor loadings are boldfaced (***strong, >0.75; **medium, 0.50–0.75; *weak, 0.50–0.30) (Liu et al. 2003)
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value of the water is a result of the hydrolysis of acidic
substances (Vega et al. 1998).

The fourth factor affecting water quality (VF4) ex-
plains 9.5 % of the total variance, where Cl, NO3 and TP
have a medium positive weight and MnO4 a low posi-
tive weight. Chlorine is an indication of water salinity,
while NO3 and total phosphorus can be suggested as an
indication of domestic usage. The fifth factor (VF5)
explains 7.8 % of the total variance, in which tempera-
ture and BOD have medium positive weights, and DO a
medium negative weight. This factor can be defined as
having derived from anthropogenic pollution sources
(Vega et al. 1998; Singh et al. 2004).

Conclusions

An analysis of water quality is a complex procedure;
carrying out multivariate statistical treatments would
make interpretation of the data easier (Singh et al.
2004). This study has investigated the effects of differ-
ent point sources in the Coruh Basin on the variations in
water quality, employing ANOVA, principal component
and factor analyses as the multivariate statistical
methods.

The box-whisker plot analysis presents a strongmod-
el analysis tool not only for evaluating the sources of the
variables but also for assessing the parameters associat-
ed with these sources. The box-whisker plot analysis
indicated that the EC, TDS, SO4, TH, turbidity, SS, Ca,
K and Mg values were higher at the sampling location
downstream of the Murgul Stream Black Sea Copper
Company than at the other sampling points, and that the
study data had a wide distribution.

From the results of the primary statistical evaluation,
it can be concluded that the water samples analysed
should be categorised as quality grade III based on
SO4 values; of grade III based on NO3 values; and of
grade IV according to the results of the measurements
conducted for NO2, turbidity, total phosphorus and col-
our, in line with theWater Pollution Control Regulations
published in the Official Gazette on 31 December, 2004
No. 25687, and according to the limit values given in TS
266. With respect to the European Directive 75/440/
EEC, the statistical analysis of the annual mean water
quality values indicated that between 2011 and 2013,
the water quality of the collected samples would have
been classified as grade III with respect to their TDS,
SO4 and colour parameters. Evaluation of the water

quality data between the different sampling points
showed that the samples collected at all locations had
grade III water quality with respect to their TDS, SO4

and colour parameters. According to the measured BOD
values, on the other hand, the water samples qualified as
grade II in terms of water quality.

One-way ANOVA analysis was performed to com-
pare the differences between the different sampling
points for each parameter, while the Tukey test was used
to identify the sampling locations where water quality
parameters were significantly different than the other
locations. The latter analysis was important in that it
illustrated the water quality differences between the
different sampling locations. The results of the ANOVA
test revealed that the four measurement points were all
different, given the value of p <0.05 attained for the pH,
EC, TDS, K, TH, Ca, HCO3, T-Alk, turbidity, SS and
colour parameters. The qualities of the water measured
at the Muratli and Borcka dam sites would appear to be
similar, which can be attributed to the sources’ being
domestic and agricultural in origin. The results of the
study point to the conclusion that there is a statistically
significant difference between the water characteristics
at the sources of wastewater from the copper companies
and those of the other measurement points. From the
result of the PCA/FA, it can be concluded that the
quality of the water is significantly affected by the
copper mining operations and domestic and industrial
use, as well as the specific physical and chemical prop-
erties of the water.

The principal component analysis (PCA) and factor
analysis (FA) were used to separate into different groups
the parameters that determined the latent factors affect-
ing water quality. By applying varimax rotation to the
results of these analyses, we determined that copper
mining activities, the presence of domestic and industri-
al wastewaters, and the physicochemical characteristics
of water affected water quality.

The results of this study demonstrated that the use of
multivariate statistical analysis methods such as
ANOVA as well as PCA/FA is suitable for interpreting
complex water quality data sets, understanding the
time-/location-related changes in water quality and de-
termining hidden sources of pollution. The outputs of
this study will therefore contribute to determining the
main sources of pollution in different regions within the
framework of activities aiming to improve river water
quality. Multivariate statistical methods can be effective-
ly used in interpreting large data sets and determining
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environmental impacts within the scope of river water
quality monitoring programs.
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