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Abstract
The purpose of this paper is to use multivariate statistical methods with asymmetric
distributions approach, chemical analysis, and inductively coupled plasma–mass
spectrometry (ICP-MS) device. We investigate data of heavy metal content from Akcay
Riverwater to the Mediterranean involving Finike sea coast at Turkey. We determine
the chemical content, origin of heavy metals of the surface water in Akcay River,
which flows into the Mediterranean realted to the above-mentioned region by
multivariate statistical analysis, pollution indices, and density maps involving
numerical comments by numbers. With the help of special numbers represented by
special chemical components and simmetric statistical methods given above, in this
paper, we obtain many new relations and results. Furhermore, we give some
comments, observations, and remarks about the results of this paper. These results
have a high potential to be used not only in engineering fields and health sciences,
but also in applied mathematics, statistics, and other fields.

MSC: 62H10; 62H25; 62H30; 62-07; 60E15; 62H11
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1 Introduction
In recent years, special numbers and their applications were among the indispensable
fields of many branches of science. Special numbers are frequently used in statistics meth-
ods and their applications. Special numbers that are representations of the chemical com-
ponents discussed in this study are also very common and useful areas in applied sciences.
With aid of applications of multivariate statistical methods, special numbers, and chemical
analysis with inductively coupled plasma–mass spectrometry (ICP-MS) device, we study
data of heavy metal content from Akcay Riverwater in water to the Mediterranean asso-
ciated with Finike sea coast at Turkey. We believe that the results obtained in this paper
will constitute a resource for many researchers working in related fields.

The need for clean water is increasing due to population growth. Issues such as cli-
mate change, misuse of water, and concentration of heavy metals in water have increased
the importance of surface water used in agriculture, animal husbandry, and industry. The
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importance of heavy metal concentration in water can be understood from the recent lit-
erature studies. In [1], it is stated that human activity had influenced the water resources
over the last years and the world faced the critical water supply and drinking water quality
problems. In addition, heavy metal analysis of water and sediments and related differences,
anomalies, and toxic effects is quite remarkable [2–8]. The results of chemical analysis of
surface waters create data for statistical analysis. Recent studies in this field have shown
that issues such as the use of statistical methods in engineering and the interpretation
of symmetric or asymmetric distributions of the obtained distributions have started to
attract attention.

The heavy metal pollution index (HPI), hazard index (HI), carcinogenic tisk (CR) met-
rics, Simpson’s/Shannon’s diversity index, Nemerow index (NI), contamination degree
(CD), water quality index (WQI), entropy weighted water quality index (EWQI), con-
tamination index (CI), and hazard quotient (HQ) are the most common methods used
to define the quality of the water [2, 9–16]. In [17], a very simple indexing method, called
heavy metal contamination index (HCI), is developed.

In several studies, multivariate statistical techniques, such as cluster analysis (CA) and
principal component analysis (PCA), and pollution indices, such as water quality index
(WQI), trophic state index (TSI), ecological risk index (ERI), and ecological risk assess-
ment (ERA), were used to determine water quality and the cause of anomalies [7, 18–20].

Finike district, which is located on the coast of the Mediterranean Sea in the southwest
of Antalya, is a highly fertile agricultural and touristic area [21]. ArcGIS 10.6.1 Software
package was used to draw the maps. As can be seen on the site location map of the area
given in Fig. 1, three watercourses cross the agricultural area.

Orman and Kaplan [23] reported the sulfur content in the soil and highlighted the
tomato monoculture in greenhouses in Kumluca and Finike districts. Also, [24] studied
the irrigation waters used in greenhouses in Kumluca and Finike districts; [25] presented
the phosphorus distribution and bioavailability in marine surface sediments from differ-

Figure 1 Location map of the study area modified from [22] and sample locations
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ent coasts, one of which is Finike. The only study on heavy metal distribution in Finike was
carried out in [26], and the focus of this study was the heavy metal distribution in back-
shore sediments. No information is available about determination of the health effects of
heavy metals in surface waters of Akcay River for the people living in Finike region. For this
reason, creating basic information about the current state of Akcay River water pollution
is vital for people’s health and future research. Heavy metal anomalies in water, regardless
of their origin, may adversely affect human health, especially in areas where agriculture is
common. The Akcay River and its tributaries were studied because they pass through the
Finike region and are used as irrigation water.

This study focused on Akcay River waters and aimed (1) to investigate total heavy metal
anomalies of thirteen heavy metals (Sr, Fe, Ba, Cr, Mn, V, Ni, As, Zn, Cu, Ti, Co, Pb); (2) to
determine the possible sources of these metals contamination and; (3) to try defining pat-
terns in metal content between samples with the help of multivariate statistical analysis;
(4) to assess the human health risk of metal contamination with pollution indices (contam-
ination factor CF; enrichment factor EF; geo-accumulation index Igeo), and (5) to draw the
density maps.

2 Main results with their materials and methods
The study area is located in Finike, which is an important district of Antalya in terms of
tourism and agriculture (see Fig. 1). Locating on the southeast of the Teke Peninsula, this
district lies on a plain with fertile agricultural areas. Agriculture and tourism are the pri-
mary sources of income for the people living in this district. Therefore agricultural lands
and greenhouses cover wide areas across the district. The slope of the plain is quite low,
and there are deposits formed by streams coming from the mountains. Akcay River and its
tributaries are the primary surface water in the plain. The surface water of the Akcay river
from which samples are taken is generally clear and odorless. Physical contamination is
not observed. There are physical color changes in areas passing through the settlements
and especially in industrial areas. Limestones are the dominant rocks in the region. Terra
rossa, rich in aluminum, is observed on these rocks. The region has a hot and dry climate
in the summer, mild and rainy in the winter.

2.1 Sample collection
Samples were collected from the Akcay River and two other streams in May 2018. To
avoid artificial contamination, particular attention was paid to the selection of materials
used. Each of the 38 water samples was collected in a polythene container. The sample
locations within the study area are shown in Fig. 1. The objective to collect samples at
equal distances could not be met due to physical barriers, such as land usage, and therefore
water samples were taken at the nearest distances that the physical conditions would allow.

2.2 Laboratory analyses
The samples were prepared following the procedure defined in U.S. Environmental Pro-
tection Agency (EPA) method 3005A [27]. The laboratory analyses were carried out using
the ELAN DRC-e model inductively coupled plasma–mass spectrometry (ICP-MS) device
in the Research Center Laboratory at Akdeniz University; see [13, 20].

Certified pure primary reference material was analyzed with the water samples from
the site. The chemical analysis and validation of the samples collected from the field were
carried out as specified in the study [28].
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Results of the chemical analyses of 38 samples showed no detected concentrations of
silver (Ag), beryllium (Be), cadmium (Cd), stibnite (Sb), thallium (Tl), tin (Sn), or mercury
(Hg). The chemical analysis results of 13 heavy metals (arsenic (As), barium (Ba), cobalt
(Co), chromium (Cr), copper (Cu), iron (Fe), manganese (Mn), nickel (Ni), lead (Pb), stron-
sium (Sr), titanium (Ti), vanadium (V), zinc (Zn)) are given in μg/L.

2.3 Statistical analysis
The results of the chemical analysis were analyzed by several multivariate statistical meth-
ods (correlation analysis, principal component analysis, cluster analysis, and regression
analysis) to determine the distribution of metals in surface water. Principal component
analysis (PCA) is a dimensional reduction technique that represents variability in a dataset
by a reduced set of new variables formed as linear combinations of the input data. Prior
to PCA, the Kaiser–Meyer–Olkin test was performed to assess the adequacy of the met-
als data for factor analysis such as PCA [29]. Bartlett’s test of sphericity was also used
to assess the structure of variability among the metals data and suitability for PCA. Test
results should indicate high correlation between variables for the data to be suitable for
factor analysis [30]. Principal components with eigenvalues >1 were retained for interpre-
tation. Hierarchical cluster analysis was performed to evaluate which sampling locations
have similar metals content. Squared Euclidean distance and average of between groups
connection criteria were used in cluster analysis. SPSS 23 Software package was used to
perform these multivariate statistical analyses.

2.4 Pollution indices
World Health Organization (WHO) uses various indices to identify heavy metal anoma-
lies and to evaluate the results. Using the geo-accumulation index (Igeo), enrichment fac-
tor (EF), and contamination factor (CF) methods have become popular in recent studies
(Table 1). In the literature, these indexes have been widely used in the analysis of both
sediment and surface water [31–33]. Metal pollution in agricultural soils could also be
identified using these indices [34]. Further, [35] employed these three methods to examine
heavy metal pollution in both water and sediment, and [36] used these indices to evaluate
contamination degree of the Rybnik water reservoir. These same pollution indices (Igeo,
EF, and CF) were used in this study for comparability in evaluating heavy metal concen-
trations in the Akcay River and its tributaries in Finike Plain. The index calculations took
into account the permissible limits for heavy metals published by the WHO, EPA, and the
Turkish Standard Institute (TSE) shown in Table 2.

Observe that Tables 1 and 2 also include some chemical components and their special
numbers representing inequalities and their lower and upper limits.

3 Applications of results
Initially, heavy metals concentrations of the surface water samples were compared with the
limit values determined by WHO, USEPA, and TSE stated in Table 2. Descriptive statistics
of metals concentrations for the 38 surface water samples are given in Table 3. Concen-
trations of heavy metals varied over a wide range; the values (in μg/L) were As: 0.27–5.30,
Ba: 11.26–67.73, Co:0–0.27, Cr: 3.63–12.44, Cu: 0–6.34, Mn: 0–38.96, Ni: 0–10.17, Pb:
0–0.36, Ti: 0–3.64, V: 0.30–5.64, Zn 0–13.90. The value of Sr heavy metal was found to
range between 254.106–1024.343 μg/L, whereas the value of Fe varies between 44.02–
652.08 μg/L. The Sr concentration was found to be quite high compared to WHO values
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Table 1 Pollutions indices [33]

Indexes Used formulas Values

Contamination Factor (CF) CFn = Cn sample/Cn background∗ CF < 1 low contamination
1≤ CF < 3 moderate contamination
3≤ CF < 6 considerable contamination
CF ≥ 6 very high pollution

Enrichment Factor (EF) EFn = (Cn/Fe) sample/(Cn/Fe) background∗∗ EF < 2 natural variability
2 < EF < 5 moderate enrichment
5 < EF < 20 significant enrichment
20 < EF < 40 very high enrichment
EF > 40 extremely high enriched

Geochemical Index (Igeo) Igeo = log2(Cn/1.5Bn)∗∗∗ Igeo < 0.42 unpolluted
0.42 < Igeo < 1.42 low unpolluted
1.42 < Igeo < 3.42 moderately polluted
3.42 < Igeo < 4.42 strongly polluted
Igeo > 4.42 extremely polluted

∗CF (metal) is the ratio between the content of each metal and the background value in sediment and water samples of the
study area [35].
∗∗C/Fe (sample) and C/Fe (background) represent the heavy metal-to-Fe ratios in the study and in the background sample,
respectively [35].
∗∗∗Cn expresses the content of the toxic metal n, Bn expresses background data of the toxic metal n, 1.5 is a a factor of
possible lithological changes [37].

Table 2 Permissible limits for surface waters according to standards of the World Health
Organization [38–41], United States Environmental Protection Agency [42–44], and Turkish Standard
Institute surface water regulations [45]

Heavy metals WHO USEPA Turkish surface water regulations (2015)

I II III IV

As (μg/L) 10a 50a ≤20 50 100 >100
Ba (μg/L) 700b 2000c ≤1000 2000 2000 >2000
Co (μg/L) – – ≤10 20 200 >200
Cr (μg/L) 50a 100a ≤20 50 200 >200
Cu (μg/L) 2000a 1300a ≤20 50 200 >200
Fe (μg/L) 300a 300b,c ≤300 1000 5000 >5000
Mn (μg/L) 100a 50c ≤100 500 3000 >3000
Ni (μg/L) 70a – ≤20 50 200 >200
Pb (μg/L) 10a 15a ≤10 20 50 >50
Sb (μg/L) 20b 6b – – – –
Zn (μg/L) 3000/1000a 5000c ≤200 500 2000 >2000
Sr (μg/L) 10c,d – – – – –

a—[41] a—[44]
b—[39] b—[43]
c—[38] c—[42]
d—[40]

and index calculations. The maximum Fe concentration exceeded the permissible limits
according to WHO and USEPA standards; however, it was classified as Class 2 water ac-
cording to Turkish surface water regulations. The locations of Sr and Fe concentrations
are given in Figs. 2(a) and 2(b).

3.1 Distribution of metals in surface water
The chain of inequality formed by the chemical components given in this section has very
important applications in chemistry, engineering, and other applied sciences.
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Figure 2 The locations of concentrations (a: Sr; b: Fe)

The amount of heavy metals has indicated large variations depending on the locations.
This variation may be due to geological and geographical features in different locations
[46]. Skewness values are used to analyze the asymmetrical or symmetrical distribution
of elements. The series is right-skewed (positive) when the skewness > 0. However, the
series is left-skewed (negative) when the skewness < 0, which means it is not symmetrical
[46]. The results of the descriptive statistics of 13 elements for a total of 38 surface water
samples are given in Table 3. According to the chemical analysis results, the metals are
listed in the order of their average concentration value from the highest to the smallest
one. Therefore a chain of inequalities formed by the chemical components is given as
follows:

Sr > Fe > Ba > Mn > Zn > Cr > Ni > Cu > V > As > Ti > Pb > Co.

Sr (1024.943) exhibited the highest concentration at location FJ26, an extremely high
Fe (652.081) concentration was detected at location F24, the highest Cr concentration
was found at location F21, and the highest Mn concentration was found at location F17.
Locations FJ26, FJ25, FJ27, and F28 have the highest content of Sr.

3.2 Correlation between variables
Since the sample number was 38, the data were considered normal according to the central
limit theorem. Therefore Pearson’s correlation was used.

The correlation matrix of some elements and metals that were analyzed is presented
in Table 4. This analysis explains the associations between the elements themselves. The
correlation relationship of similar elements shows the highest values and is explained by
strong correlation. According to the results of correlation analysis, As has a strong cor-
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relation with Cu, Sr, V, and Zn; likewise, Ba has a strong correlation with Fe, Ni, and Sr;
Co has a strong correlation with Mn; Cr has a strong correlation with Ni; Cu has a strong
correlation with Pb, Sr, V, and Zn; Fe has a strong correlation with Mn; Mn has a strong
correlation with Ni; Ni has a strong correlation with Zn; Pb has a strong correlation with
Zn; Sr has a strong correlation with V and Zn; Ti has a strong correlation with Zn; V has
a strong correlation with Zn (p < 0.01).

3.3 Factor analysis
The Kaiser–Meyer–Olkin test (KMO) reveals whether the sample data are suitable for
analysis. Since the results of KMO test performed on the data were found to be 0.5 ≤
KMO, the data were determined to be suitable for statistical analysis [47–49] (Table 5).

Since the factors with values greater than 1 were determined, 4 factors were identified,
and 77.135% of the cumulative value was explained (Table 6). According to the Scree Plot
graph obtained from the data, it was seen that the data got flattened after the 4th factor
(Fig. 3).

Principal component analysis (PCA) has an important place among the other multi-
variate statistical analyses used in this study. It revealed the differences between the sur-
face water samples using the variables (Table 7). In this study, PCA was performed as a
self-analysis tool. It revealed the change explained by the correlation matrix and varimax
rotation. Four principal components were identified using SPSS 23 software package.

According to the component matrix, the first PCA represents As, Ba, Co, Cu, Fe, Pb, Sr,
Ti, V, and Zn; the second PCA represents Cr, Ni, and Mn, the third PCA represents none,
the fourth PCA represents Pb, and the fifth PCA represents Sr (Table 7). Four PCs were
revealed with eigenvalues >1; these PCs explained 77.135% of the total variance in the
heavy metal dataset (Table 7, Fig. 4). Typically, heavy metals, except for several of them,
are grouped in the first component. The component plot is also compatible with these
findings and shows that the general view is concentrated in a component.

Metals representing each component are thought to be of similar origin. Different com-
ponents are considered as of different origin.

Table 5 KMO and Bartlett’s analysis

KMO and Bartlett’s test

Kaiser–Meyer–Olkin Measure of Sampling Adequacy 0.617
Bartlett’s Test of Sphericity Approx. Chi-Square 388.580

df 78
Sig. 0.000

Table 6 Rotation sums of squared loadings

Component Total variance explained

Initial eigenvalues Rotation sums of squared loadings

Total % of variance Cumulative % Total % of variance Cumulative %

1 5.246 40.357 40.357 3.845 29.580 29.580
2 2.359 18.150 58.507 2.514 19.335 48.916
3 1.291 9.928 68.435 1.858 14.290 63.206
4 1.131 8.701 77.135 1.811 13.930 77.135

Extraction method: principal component analysis.
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Figure 3 Scree plot

Table 7 Component matrix for surface water samples received from Akcay River

Component matrixa

Component

1 2 3 4

As 0.807
Ba 0.683
Co 0.547 –0.685
Cr 0.704
Cu 0.850
Fe 0.526 –0.512
Mn 0.605 –0.548
Ni 0.534 0.601
Pb 0.516 0.550
Sr 0.842
Ti 0.536
V 0.722 –0.595
Zn 0.750

Extraction method: principal component analysis.
a4 components extracted.

Figure 4 The view of component plot in rotated
space
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Figure 5 Hierarchical cluster analysis dendrogram

3.4 Cluster analysis
In the literature, there are studies on determining water samples having similar character-
istics using the results of the chemical analysis of surface water samples [50, 51].

Hierarchical cluster analysis (HCA) was performed to determine groups. According to
the results of HCA, three groups were created from the Q-mode cluster of sample loca-
tions at the arbitrary similarity level of 50%. The first group consists of samples between
F25 and F30, and the second group consists of the samples F19 and F24. The third group
consists of the remaining samples (Fig. 5). In particular, the locations showing anomalies
for Sr and Fe were placed in two different groups. There were a few locations between
these groups. Therefore it has been interpreted that the heavy metal enters into the river
locally.

3.5 Regression analysis
Model summary of ANOVA for regression analysis is shown in Table 8. For a linear re-
gression model made against the chemical analysis results of heavy metals belonging to
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the samples in the study area, the R square (R2) value, which measures the rate of varia-
tion in your dependent variable explained by your independent variables, was calculated
as 69.8%. The high value of R-square change indicated that the number of samples and
analysis results were sufficient and significant; see [4]. Also, the Durbin–Watson statistics
was performed after the regression model to test whether the variables were still corre-
lated. Since the Durbin–Watson coefficient was determined to be 0.863, it could be stated
that there was no autocorrelation according to these data. According to the results of the
ANOVA, the significance value was determined to be Sig. = 0.000, and the data used in
the statistical analysis was found to be smooth and sufficient.

The value of the constant term in the regression model was determined to be 589.675.
In the regression model, Sb was chosen as the dependent variable. If other values in the
analysis (V, Cr, Fe, Co, Pb, Ti, Zn, Ba, Ni, As, Mn, Cu, Zn) are denoted by B, the math-
ematical model becomes “Sb = 589,675 + 8814Ba – 51,508Cr + 16,486V”. This regression
equation tells by which elements Sb is affected. Accordingly, whereas the other variables
are constant, 1-unit increase of Ba causes Sb to increase by 8814 units. An increase of
1-unit in the value of Cr causes a decrease in the value of Sb by 51.508. Similarly, 1-unit
increase of V causes an increase of 16,486 Sb. Fe, Pb, and Sr coefficients are statistically
insignificant in the model. The regression model quantitatively expressed the relationship
of each metal concentration with another determined by chemical analysis. It revealed
how much the increase in any of the metals moving together led to another. Regression
analysis succeeded in expressing this relationship numerically.

3.6 Pollution indices
By using the minimum, maximum, and average values of the chemical analysis the results
of the surface water samples, the contamination factor (CF), enrichment factor (EF), and
geo-accumulation index (Igeo) values, were calculated according to the limit values sug-
gested by WHO (Table 9).

Descriptive statistics of the indices were calculated, and the histograms of the distribu-
tions were prepared to examine the skewness and kurtosis (Table 10, Fig. 6). According
to these distributions, CF and EF show a positively right-skewed asymmetric distribution.
The general view of Igeo shows symmetric distribution with no skew. The kurtosis values
of CF and EF were determined to be 8.044 > 3, and they showed a peaked distribution
with a leptokurtic view. The histogram of Igeo (–0.902 < 3) was determined to show a
platykurtic view.

The following minimum and mean values and their classifications were determined
from the results of the chemical analysis (except Sr) carried out on water samples col-
lected from Akcay River:

(As, Ba, Cr, Cu, Fe, Mn, Ni, Pb, Zn)—CFMin, Mean < 1, low contamination;
(As, Ba, Cr, Cu, Fe, Mn, Ni, Pb, Zn)—EFMin, Mean < 2, natural variability;
(As, Ba, Cr, Cu, Fe, Mn, Ni, Pb, Zn)—IgeoMin, Mean ≤ 0.42, unpolluted.

On the other hand, the following maximum pollution classifications were determined
according to the pollution indices based on maximum Fe values (location F24) in the sam-
ples (Tables 9–10):

Contamination Factor: (1 ≤ Fe-CFMax < 3), Fe (max. 2.17 value), moderate
contamination;
Enrichment Factor: (2 ≤ Fe-EFMax ≤ 5), Fe (max. 4.69 value), moderate enrichment;
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Table 10 Calculations of descriptive statistics of water pollution indices

CF EF Igeo

N Valid 10 10 10
Missing 0 0 0

Mean 0.3642 0.7861 –4.1986
Skewness 2.762 2.762 –0.199
Std. Error of Skewness 0.687 0.687 0.687
Kurtosis 8.044 8.044 –0.902
Std. Error of Kurtosis 1.334 1.334 1.334
Maximum 2.17 4.69 0.54
Percentiles 25 0.0118 0.0254 –7.0979

50 0.1211 0.2613 –3.6609
75 0.4246 0.9164 –1.8343

Figure 6 Frequency histogram of the data

Geo-accumulation Index: (0 ≤ FE-IgeoMax ≤ 1.42), Fe (max. 0.535 value), unpolluted
to low polluted.

According to the minimum, maximum, and mean values of Sr content in the samples,
the following pollution classifications were determined (Tables 9–10):

Contamination Factor: (CFSr ≥ 6) (min. 25.4; max. 102.4; mean 53.7 values), very high
pollution;
Enrichment Factor: (EF > 40) (min. 54.8; max. 221.1; mean 115.8 values), extremely
high enriched);
Geo-accumulation Index: (3.42 < Igeomin < 4.42) (min. 4 value), strongly polluted;
(Igeomax.-mean > 4.42) (max. 6.1; mean 5.2 values), extremely polluted.

It is understood that scientific studies on health index calculations are very important.
Therefore it is thought that the health index calculations and the highest anomalies (lo-
cations FJ26, FJ25, FJ27, and F28: Sr > location F24: Fe > location F19: Cr > location F17:
Mn) obtained from this study will be very scientifically important.

Compared to the pollution indices of the surface waters in the immediate surrounding
and the world, the maximum Fe value of Akcay River was determined to be higher than
that of Badovci Lake, Uzuncayir Dam Lake, Silesian Basin, and Kumluca River (Table 11).

3.7 Comparison with samples from different parts of the world
Table 12 shows the results of the studies on the chemical contents of surface water from
different regions of the world. The heavy metals of Fe, Cr, Co, Ba, As, Cu were found to
have a higher concentration in the samples from Akcay River compared to the samples
from Kumluca, which is close to the study area. However, the higher value of Fe compared
to the other samples from Turkey attracted attention. The value of Fe content was found to
be higher than the samples from the world except for the River Nile, Egypt (see Table 12).
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Strontium (Sr) concentration was found to be 0.0002–22.8 (μg/L) in 650 different natural
mineral water samples from Europe [68], 7.901375 (μg/L) in groundwater samples from
Ramadan City (Egypt), and 86.477–264.569 in surface water samples from Kumluca River
(Turkey).

Our study area was determined to have higher Sr values than all other samples. It was
reported that the presence of high levels of Sr led to pharmacological effects on human
bones [69]. Due to the reports stating a negative correlation between high strontium con-
tent in potable water and the incidence of dental caries, the consumption of natural water
with relatively high levels of stable strontium should be considered [59].

4 Conclusions
In this study, the heavy metal content of 38 surface water samples from the Akcay River
in Finike district was investigated in terms of 13 heavy metals (As, Ba, Co, Cr, Cu,
Fe, Mn, Ni, Pb, Sr, Ti, V, Zn). The chemical contents of the samples were determined,
and several pollution indices were calculated (contamination index; enrichment factor;
geo-accumulation index). Multivariate statistical analyses (descriptive statistics, correla-
tion analysis, factor analysis, regression analysis, cluster analysis, model summary, and
ANOVA) were used to interpret the obtained data.

According to the results of the chemical analysis, the elements were ordered in terms of
their excess values: Sr > Fe > Ba > Cr > Mn > V > Ni > As > Zn > Cu > Ti > Co > Pb. The
number of samples is over 30. Therefore Pearson’s correlation analysis was performed. Sr,
which showed the highest anomaly, was found to have a high positive correlation with
V and Zn, and Fe was found to have a high positive correlation with Mn. No significant
negative correlation was determined. The heavy metals with positive correlation show
similar origins.

The suitability of the data for the analysis was tested using the Kaiser–Meyer–Olkin
test (KMO), and the KMO value was found to be 0.617. KMO results showed that the data
was perfectly suitable for used factor analysis. Factor analysis determined four factors,
and these factors began to get flatten after the 4th Scree Plot. The factors were explained
by a cumulative value of 77.135. According to the results of principal component analysis
(PCA), four components were found, and the results were determined to be compatible
with the factor analysis. Heavy metals with the highest anomalies (As, Ba, Co, Cu, Fe,
Pb, Sr, Ti, V, Zn) were found to be together in the first component. This union, which
includes the majority of the heavy metals examined, could be observed more clearly in the
“Component Plot”.

The cluster analysis created three groups from the Q-mode cluster at the arbitrary sim-
ilarity level of 50%. The samples showing Sr anomaly were determined to be in the same
group (F25, F26, F27, F28, F29, F30), but it was determined to have no effect on the other
tributaries of Akcay River. The heavy metal of Fe was listed in a different group. The lo-
cations of the samples F24 and F19, where Fe was found to be effective, showed similar
properties due to local effect.

In the regression analysis, R2 value was found to be 69.8% in the model summary, and
the results were determined to be very significant. The Durbin–Watson coefficient was
calculated to be 0.863, and no autocorrelation was determined. According to ANOVA,
the significance value was determined to be Sig. = 0.000, and the data were found to be
quite sufficient.
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According to the descriptive statistics of kurtosis values of the pollution indices, the
kurtosis values of CF and EF were determined to be 8.044 > 3, and they showed a peaked
distribution with a leptokurtic view. Igeo, which had a kurtosis value of –0.902 < 3, was de-
termined to show a platykurtic view. According to the skewness values, CF and EF showed
positively right-skewed asymmetric distributions, whereas Igeo showed symmetric distri-
bution with no skew. The minimum and mean values of indices were found to be normal
compared to the world averages. However, the samples were determined to have “moder-
ate pollution” locally considering Fe values in the calculation of the contamination index
and enrichment factor.

According to these pollution index values, Fe anomaly in Akcay River was found to be
higher than in Badovci Lake, Uzuncayir Dam Lake, Silesian Basin, and Kumluca River.
According to the chemical content of the samples, the maximum Fe content was found
to be higher than the world averages except for the samples from Turkey and the River
Nile (Egypt), and this has attracted attention. Although the value of Fe content exceeded
the limit values suggested by WHO and USEPA, the water was classified as Class 2 water
according to Turkish surface water regulations (2015). The Sr value of the samples has
quite much exceeded the values of WHO standards, natural mineral water samples from
Europe, Ramadan City (Egypt), Kumluca River (Turkey), and the limit values of the indices.

For the health of living things, necessary precautions must be taken at the locations of
F24 and F19, where Fe content was found to be high, and at the locations of F25, F26, F27,
F28, F29, and F30 on the separate tributary of Akcay River, where Sr content was found
to be high. The analysis of the obtained data with multivariate statistical methods was
successful.

In the near future, it is planned to carry out different studies and applications of the in-
equality chain formed by the chemical components given in this paper, their special num-
bers, and the symmetric distribution functions used, with applied mathematical methods.

As a result, the results obtained in this paper have high application potentials in applied
mathematics, statistics, chemistry, engineering, and other applied sciences.
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