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Abstract. The distribution of heavy metal concentrations in the beach sand samples collected from
44 different locations along the Manavgat Alanya coastline of Antalya covering different coastal sandy
beaches was studied. The average concentration level of these metals in the beach sand was calculated
and compared to those of the Earth Crust, Sandstone, Ultrabasic Rock and the acceptable limit for Turkey
in order to determine their anomalies. Heavy metal (Cr, Zn, Ni, As, Cu, Pb, Co, Mo, Sb and Cd; along
with Al, Fe, Mg, Mn, Na, K, Ba, Ca and W) were determined. The elements occurred in abundance as
Ca>Na>Mg>Fe>Al>K>Ti>Mn>Cr>Ba>V>Zn>Ni>As>Cu>Pb>Co>Mo>Sb>W>Cd. The sufficiency of
the number of samples used from the study area is revealed by the high explanatory power R2 = 96.9 % of
the ANOVA Model. Using the box plot, it was also noted that some heavy metals such as As (in samples
1, 19, 25, 28 and 29); Mn (in Samples 23 and 39); Na (in samples 23, 24 and 45); Cr (in Sample 33) and Ti
(in Sample 15) had very high anomalies. Heavy metal contents show high anomaly concentrations when
compared to some background values (Earth Crust, Sandstone, Ultrabasic and Turkey acceptable limit).

1. Introduction

The considerable increase in the accumulation of heavy metals in the coastal environment in recent
times attributed to anthropogenic activities has being of particular concern owing to their environmental
persistence, biogeochemical recycling, and toxicity risks [25], [1], [8], [2], [29]. The contamination of soils
and sediments by heavy metals is the most serious environmental problem and has significant implications
on human health processes [7], [17].

Sediments act as traps for most heavy metals by forming stable complexes with sediment organic
matter, carbonates, and iron (Fe) − manganese (Mn) oxides [9], [19]. Interestingly, these metal fractions
may have different characteristics in terms of mobility, toxicity, and chemical behaviour patterns; therefore,
knowledge of various geochemical forms of metals is highly essential to assess the extent of contamination
and the fate of metals in the aquatic system [20].

Heavy metals also have different remobilization behaviors under changing environmental conditions
[10] as well as based on their solubility, which directly influence their bioavailability [23]. It is also believed
that metals in adsorbed carbonate, sulfide, and organic bonds are highly correlated to pollution and greater
risk of bioavailability [11].
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At the beach, people can easily be affected by heavy metal through body contact with the beach sand and
sipping of the sea water [18]. The Manavgat Alanya coastline of Antalya together with other Coastlines,
especially the beach areas of not only Antalya, but all over the world are the main attraction center for
many locals/tourists during the summer period, who swim and bask on these sandy beaches. In this
light, in order to mitigate environmental pollution in coastal areas, it is very important to investigate the
concentration their sources in the coastal areas, most especially the beach sand sediments. To determine
these, the multivariate statistical analysis which is the most commonly used method to explain the geogenic
and anthropogenic source of heavy metal in sediments [12], [3], [28] will be used; Among this method,
factor analysis is often used [5], [15], [13].

Therefore, the aim of this work is to 1) assess the concentration and average distribution of heavy metals
by chemical analysis and, 2) assess the contamination level and statistical analysis of heavy metals in the
beach sand of this coastline, for monitoring purposes.

2. Method and Materials Used

In this project a total of 44 beaches sand samples of 1 kg each were systematically collected at depths of
10 cm from different stations along the 60 km coastline with the use of a shovel. The samples collected were
all labeled and their GPS positions noted after which they were then transported to the laboratory. The
initial laboratory work was carried out in the mineral deposit laboratory of the Akdeniz University, were the
grain distribution of the sample was carried out. During this process, to prevent artificial contamination,
glassware used for drying the samples were washed with 10% HNO3 and rinsed with distilled water. The
beach sand samples were then dried in an oven at a temperature of 105 ◦C for 24 hours. The samples
were then passed through a 2.00 mm sieve and the <2.00 mm collected were then homogenized using an
agate mortar and pestle. Before the homogenization of each sample the agate mortar was washed with 6M
HNO3, rinsed with distilled water and dried, in order to prevent artificial contamination of each sample.
The Geochemical analyses of the samples with reference number ANK13000444 were determined at the
ACME Analytical Laboratories Ltd. Chemical analysis of content made with 1EX method are given in ppm
and % for a total of 41 elements. The data was then statistically analyzed using SPSS-21.0 software.

3. Results and Discussion

Heavy metals present in the samples in order of their abundance in ppm include the following with the
minimum and maximum concentrations respectively: Cr (41 & 202), Zn (8 & 55), Ni (5.8 & 35), As (5 & 36),
Cu (3.3 & 22.1), Pb (3.9 & 17.6), Co (1.5 & 15.4), Mo (0.6 & 2.7), Sb (0.1 & 2.3), and Cd (0.1 & 0.3). They all have
mean values of Cr (112.8667), Zn (21.6), Ni (18.5356), As (10.5556), Cu (10.0511), Pb (7.4356), Co (5.5244),
Mo (1.6311) Sb (0.5333) and Cd (0.1356). Other toxic and radioactive elements present in the sample with
their minimum, maximum and mean values respectively include Mg (5000.00, 41900.00 & 19037.7778), Fe
(6200.00, 35100.00 & 14784.4444), Al (3200.00, 34800.00 & 12746.6667), Ba (24.00, 158.00 & 74.5333), V (12.00,
47.00 & 23.1111), Ti (270.00, 1950.00 & 698.6667), Mn (129.00, 1021.00 & 387.2444), U (0.50, 1.90 & 1.0489)
and Th (1.10, 7.20 & 2.0844).

Comparing the quantitative distribution of the concentration of the various elements in the samples as
shown in the box plot, Fig 1 , some elements have anomalies of higher concentration in some samples such
as: samples 19, 1, 28, 29, and 25, have higher concentration of As; Samples 23 has higher concentrations of
Mn and Na; samples 24 and 45 also had higher concentration of Na; sample 33 (Cr) ; sample 39 (Mn); and
sample 15 (Ti). Note that in more than one sample these elements are also higher: Mn (higher in 23 & 39)
and Na (higher in 24, 45 & 23) as presented on Table 1.

When compared to the earth crust values [14], concentrations of As in the samples 19 (15.56 folds), 1
(15.56 folds), 28 (14.57 folds), 29 (15 folds) and 25 (20 folds); Mn in samples 23 (0.86 folds) and 39 (1.0
folds); Na in samples 23 (5.54 folds), 24 (3.42 folds) and 45 (3.625 folds); Cr in sample 33 (2.02 folds); and
Ti in sample 15 (390 folds) are higher.

When compared to the average value of Sandstone [21], As in the samples 19 (28 folds), 1 (28 folds),
28 (26.22 folds), 29 (27 folds) and 25 (36 folds); Mn in samples 23 (9.51 folds) and 39 (11.34 folds); Na in
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samples 24 (24.84 folds), 45 (26.36 folds) and 23 (40.30 folds); Cr in sample 33 (5.77 folds); and Ti in sample
15 (1.3 folds) are higher. When compared to the average for Ultrabasic rocks [21], As in the samples 19
(28 folds), 1 (28 folds), 28 (26.22 folds), 29 (27 folds) and 25 (36 folds); Mn in samples 23 (0.53 folds) and
39 (0.63 folds); Na in samples 24 (19.52 folds), 45 (20.71 folds) and 23 (31.67 folds); Cr in sample 33 (0.13
folds); and Ti in sample 15 (6.5 folds) are higher. When compare to the average acceptable limit for Turkey
[16], As in the samples 19 (1.4 folds), 1 (1.4 folds), 28 (1.31 folds), 29 (1.35 folds) and 25 (1.8 folds); Na
in samples 24 (656 folds), 45 (696 folds) and 23 (1064 folds); and Cr in sample 33 (2.02 folds) are higher.
Turkeys accepted values for Ti and Mn were not available.

Figure 1: Concentration of Heavy Metals in the Manavgat Alanya Beach Sand Sediments.

Comparing the mean values of the heavy metal content of the Manavgat Alanya coastline of Antalya
to the works of other studied areas as shown in Table 2; it shows that, compared to the Earth Crust there
was a very strong positive anomaly for Ti (139.74 fold), As (5.86 folds), Sb (2.67 folds), Mo (1.09 folds)
and Cr (1.13 folds) showed moderate positive anomaly. Compared to sandstone, Fe (1.51 folds), Mg (2.72
folds), Mn (4.30 folds), Cr (3.22 folds), Cu (1.12 folds), Ni (9.27 folds), Co (18.42 folds), Pb (1.06 folds),
Zn (1.35 folds), Cd (1.57 folds), As (10.56 folds), Mo (8.16 folds) and Sb (5.93 folds) concentrations are
higher. Comparing with Ultrabasic Rock, its concentrations of Ti (2.33 folds), Cu (1.01 folds), Pb (7.44
folds), As (10.56 folds), Mo (5.44 folds) and Sb (5.33 folds) are higher. Compared to the heavy metal
accepted limit for Turkey, Cr (1.13 folds) is slightly higher. In comparison with Kzlakale beachsand, it
shows that concentrations of Al (1.54 folds), Cu (1.01 folds), Pb (1.86 folds) and Zn (1.14 folds) are higher.
Compared to Susanoglu sediments, concentrations for Al (1.07 folds), Fe (1.06 folds), Mg (1.22 folds),
Mn (1.16 folds), Pb (1.49 folds) and Zn (1.27 folds) are high. When Compared to skenderun Bay Beach
sediment concentrations for As (1.09 folds), Mo (2.33 folds) and Sb (1.33 folds) were higher; and with the
Mersin Bay Beach Sediments none of the elements had a higher concentration; while Silifke-Alanya Beach
Sediments, concentrations of Mn (1.09 folds), Cr (6.87), Cu (1.15 folds), Ni (1.20 folds), Co (1.03 folds), As
(1.17 folds), Mo (3.09 folds) and W (1.27 folds)are higher.

Besides the heavy metal content of the Manavgat Alanya coastline it is realized that: the average
concentration of Na is higher than that of Earth Crust (1.59 folds), Sandstone (11.54 folds), Ultrabasic
(9.07 folds), Accepted limit for Turkey (304.86 folds), and the Beach Sediments of Kizkalesisi(11.26 folds),
Susanoglu(10.48 folds), Iskenderun Bay (4.52 folds), Mersin Bay (4.46 folds) and Silifke-Alanya (6.3426542
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folds), indicating very strong anomalies; The average concentration of K is higher than those of Ultrabasic
(81.45 folds) and Kizkalesi beach sediments (2.19 folds), and approximately same as that of Iskenderun
Bay (1.05 folds), indicating a very strong anomalies for the Ultrabasic; The average concentration for Ca is
higher than those of Earth Crust (3.21 folds), Sandstone (3.36 folds), Ultrabasic(5.26 folds) and Iskenderun
Bay (1.26 folds), with Ultrabasic having a very strong anomaly.

Correlation Analysis: Correlation among various metal contents of the beach sand samples as shown
in Table 3. From the result of coefficient correlation existing between the metals, there are strong positive
correlations between Zn and V, Ti, Al, Ba and K; between Co and Fe; between Sb and Fe and Mg; between
V and Ti, Ba, Al and K. A moderate positive relationship does exist between Mo and Fe and Cr; between
Cu and Co, Mn, Fe, V, and Al; between Pb and Zn, Fe, V, Ba, Al and K; between Zn and Ni, Co and Fe;
between Ni and Mn, V and Ti; between Co and Mn, Sb, V and Al; between Mn and Fe, Sb and V; between
Fe and V, Mg, Ba, Al and K; between V and Na; between Ba and Na; between Ti and Al and K; between Al
and Na; and between Na and K. Also moderate negative relationship is found between Cr and Ca.

Cluster Analysis: Cluster analysis for the beach sand samples reveals that the 5 most similarly or
homogeneously combining samples are 14 & 18 followed by: 16 & 20, 13 & 14, 28 & 29, 35 & 36, 7 & 8, 12
& 16, 27 & 33, 13 & 21 and 38 & 40. While the most dissimilarly combining samples are 1 & 25, followed
by: 1 & 23, 1 & 23, 1 & 2, 1 & 34, 2 & 24, 1 & 26, 1 & 27, 2 & 3, 27 & 30, 1 & 15 and 2 & 4. Sample one 1
shows the highest number of most dissimilar combination with other samples, occurring 8 time among the
15 highly most dissimilar combining cluster samples; followed by 2 (5 times), 27 (4 times) and 34 (2 times).
Sample 1 & 25 show no homogenous combination and Sample 25, 24, 23 and 26 doesnt show any direct
homogenous combination with any other sample. The least of the indirect homogenous combination is 25
& 23, followed by 23 & 24, Fig. 2.

Regression Analysis: Calculations were done according to Model Summary and ANOVA and presented
on Table 4. The chemical data of the elements where on Fe and the explanatory power of the Model Summary
is R2 = 96.9%, indicating a high degree of accuracy of the chemical analysis. According to ANOVA, 20
descriptive variables (Cr, Zn, Ni, As, Pb, Cu, Co, Mo, Sb, Cd, W, Al, V, Ti, Mg, Mn, Na, K and Ca) has a
high explanatory power on Iron (Fe). From this result, it suggests that, the number of samples and heavy
metals from the study area was sufficient [25], [28], [27].

Pearsons nearest neighbor Cluster Analysis (CA) for the elements within the samples reveals strong
correlation existing between Al and K and Ba; between Zn and V, Ti and Mn; between V and Ba; between
Sb and Mg; between Co and Zn, Fe and Sb; between Cu and Zn, Pb, Na, Ni and Mo; between Mo and Cu
and Cr; and As and Ca. Whereas there is a moderate negative relationship between Mo and As, Table 5
and Fig 3. Cluster analysis CA is the most suitable method for determination of correlation between the
variables [4]. Although CA is not significantly different from PCA, it is an alternative method used for the
justification of results [12], [28].

Factor Analysis: Table 6, shows the results of the Principal Component Analysis (PCA) of the elements.
In the retained 6 components, all the elements are well represented. The 6 components contributes for
85.168% of the 37 variables variance and they all have total Eigenvalues > 1. According to the initial
component matrix indicator, V, Al, Zn, Cu, K, Ba, Pb, Ti, Fe, Co, Ni, Mn, Na, Cr, Mo and W, all with
their highest value indicators are found within the first component, which explains 46.552% of the total
variance with the highest Eigenvalue of 17.69. The second component (Factor 2) explains 15.661% of the
total variance with Eigenvalue of 5.951, where the value of only Ca is highest. The 3rd component (factor 3)
with high values of Sb, As and Mg explains 10.55% of the total variance with Eigenvalue of 4.009. The 4th
component (Factor 4) with high value of Cd explains 5.228% of the total variance with Eigenvalue of 1.987.
The 5th component (Factor 5) with high value of Y explains 4.272% of the total variance and an Eigenvalue
of 1.623. The 6th component (Factor 6) with high value of Sn explains 2.904 of the total variance with an
eigenvalue of 1.104.

4. Conclusion

From the results and discussion above, it can be concluded that the elements are in abundance as Ca>
Na>Mg>Fe>Al>K>Ti>Mn>Cr>Ba>V>Zn>Ni>As>Cu>Pb>Co>Mo>Sb>W>Cd. The Model Summary
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and ANOVA of 20 descriptive elements (Cr, Zn, Ni, As, Pb, Cu, Co, Mo, Sb, Cd, W, Al, V, Ti, Mg, Mn, Na,
K and Ca) on Fe has a high explanatory power R2 = 96.9% which indicates the sufficiency of the number
of samples and heavy metals from the study area. From the factor analysis 6 factors where retained. The
first factor retained a very high ratio, 85.168%, of all the elements in the sample that were analyzed. Heavy
metal contents show high anomaly concentrations when compared to some background values (Earth
Crust, Sandstone, Ultrabasic and Turkey acceptable limit). From the Boxplot analysis, the concentration of
some elements is anomalously high in some samples when compared to Earth crust, Sandstone, Ultrabasic
and Accepted Turkey limit, such as As (samples 1, 19, 25, 28 and 29); Mn (Samples 23 and 39); Cr (Sample
33) and Ti (Sample 15). The locations of these samples should be further invested for its contamination
content of these elements within close proximity because heavy metals with anomaly values have toxic
effects. As stated earlier on, in this study area, average concentration of Ti, As, Sb, Mo, Cr, Na and Ca are
higher than those of Earth Crust; average concentration of As, Sb, Mo, Cr, Fe, Mg, Mn, Cu, Ni, Co, Ni, Co,
Pb, Zn, Cd, Na and Ca are higher than those of Sandstone; average concentrations of Ti, As, Sb, Mo, Cu, Pb,
Na, K and Ca are higher than those of Ultrabasic; and average concentration of Cr and Na are higher than
Turkeys acceptable limit. Considering the high concentration of Na and K that is shown by the samples, it is
recommended that further investigation be carried out to determine the pH of the beach of this study area.
Both the Correlation and Pearson nearest neighbor element analysis indicates strong positive correlation
between Co and Zn, Fe and Sb; between Cu and Zn, Pb, Na, Ni and Mo; between Zn and V, Ti and Mn;
between Al and K and Ba; between Sb and Mg; between V and Ba; between Mo and Cr; and As and Ca.
and the moderate negative relationship between Mo and As. From this analysis, metals that have strong
positive correlation are thought to be of the same source, while those of strong negative correlations are
thought to be of a different origin. The Cluster analysis for the beach sand samples reveals that similarly
or homogeneously combining samples (14 & 18, 16 & 20, 13 & 14, 28 & 29, 35 & 36, 7 & 8, 12 & 16, 27 & 33,
13 & 21 and 38 & 40) are thought to have their element content from the same origin; While the element
content of the dissimilarly combining samples (1 & 25, 1 & 23, 1 & 23, 1 & 2, 1 & 34, 2 & 24, 1 & 26, 1 & 27, 2
& 3, 27 & 30, 1 & 15 and 2 & 4), are thought to be of a different origin.
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6. Appendix

Table 1: Comparison between high anomaly concentration of some elements in the sample with Earth Crust, Sandstone, Ultrabasic
Rock and Acceptable limit for Turkey

SN EUT CE A B C D E F G H

15 Ti 1950 5 390 1500 1.3 300 6.5 - -
23 Mn 856 1000 0.86 90 9.51 1620 0.53 - -
39 Mn 1021 1000 1.02 90 11.34 1620 0.63 - -
33 Cr 202 100 2.02 35 5.78 1600 0.13 100 2.02
1 As 28 1.8 15.56 1 28 1 28 20 1.4
19 As 28 1.8 15.56 1 28 1 28 20 1.4
25 As 36 1.8 20 1 36 1 36 20 1.8
28 As 26.22 1.8 14.57 1 26.22 1 26.22 20 1.311
29 As 27 1.8 15 1 27 1 27 20 1.35
23 Na 133000 24000 5.54 3300 40.3 4200 31.67 125 1064
24 Na 82000 24000 3.42 3300 24.85 4200 19.52 125 656
45 Na 87000 24000 3.63 3300 26.36 4200 20.71 125 696

SN: Sample no D: Variation with average concentration in Sanstone (fold) (A/C)
EUT: Elements under test E: Ultrabasic [21] (D)
CE: Concentration of Elements / ppm F: Variation with average concentration in Ultrabasic (fold) (A/D)
A: Earth crust (mg/kg) [21] (B) G: Acceptable limit for Turkey (mg/kg) [16] ( E )
B: Variation with average concentration in Earth crust (fold) (A/B) H: Variation with average concentration in [16] (fold) (A/E)
C: Sanstone [21] ( C )
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Table 2: Comparison of the average concentration of heavy metal content in the Manavgat-Alanya beach sand to those of the Earth
Crust, Sandstone, Ultrabasic Rock, their acceptable limit in Turkey and to the beach sand sediments of Kizkalesi , Susanoglu, skenderun
Bay, Mersin Bay and Silifke.

Table 3: Coefficient correlation between the 21 elements in the Manavgat-Alanya beach sand sediments.

Table 4: Data Regression of samples content of the Manavgat-Alanya beach sand sediments using Model Summary (a) and ANOVA
(b).

Model Summary (a)

Model R R Square Adjusted R Square Std. Error of the Estimate

1 .985a .969 .944 178,196,084

ANOVA (b)

Model Sum of Squares df Mean Square F Sig.

Regression 2404529885 20 120226494.3 37,862 .000b
Residual 76209226.05 24 3175384.419
Total 2480739111 44

a. Dependent Varianle : Fe
b. Predictors: (Constant), W, Cd, Sb, As, Na, Pb, Cr, Ni, Cu, Mo, Co, Mn, Ca, Ti, Mg, Ba, Zn
V, Al, K
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Table 5: Result of Factor Analysis of Heavy Elements in the
Manavgat-Alanya beach sand sediments

Component Matrix

1 2 3 4 5 6
V .927 .112 .088 .057 .104 -.199
Al .925 -.133 -.095 -.126 .098 -.226
Zn .925 .056 -.085 .018 -.104 -.139
K .919 .010 -.187 -.223 .081 -.151
Ba .887 -.188 -.079 -.274 .063 -.205
Cu .846 -.389 .061 .088 .209 .087
Pb .826 -.023 .325 -.256 -.113 .148
Ti .811 .404 -.115 .292 -.074 -.003
Fe .803 -.443 .300 .096 -.085 .005
Co .790 -.410 .317 .196 -.082 .072
Ni .766 -.006 -.191 .432 .116 .166
Mn .654 -.119 .411 .337 .051 .144
Na .645 .075 .041 -.076 .481 -.256
U .614 .092 .529 -.153 -.403 .042
W .568 .246 -.210 -.220 .409 .321
Ca -.392 .726 .364 .218 .092 .023
Mo .560 -.661 -.150 -.165 .120 .155
Cr .462 -.594 -.379 .009 .177 .026
Sb .492 -.519 .509 .010 -.346 .111
As -.276 .304 .728 -.312 .217 .169
Mg .396 -.522 .524 -.097 -.362 -.175
Cd .257 .337 .106 .673 .061 -.214
Sn .336 .252 .359 -.337 .309 .427

Extraction Method: Principal Component Analysis.
a. 6 components extracted.

Table 6: Explanation of total Variance on elements in Manavgat-
Alanya beach sand sediments

Component Initial Eigenvalues

Total % of Variance Cumulative %
1 17.69 46.552 46.552
2 5.951 15.661 62.213
3 4.009 10.55 72.763
4 1.987 5.228 77.992
5 1.623 4.272 82.264
6 1.104 2.904 85.168

Table 7: Hierarchical Cluster analysis dendrogram of samples
in the Manavgat-Alanya beach sand.

Table 8: Elements dendrogram of the Manavgat-Alanya beach
sand.



F. Yalcin et al. / Filomat 30:4 (2016), 945–952 952

References

[1] C.J. Buggy, J.M. Tobin, Seasonal and spatial distribution of metals in surface sediments of an urban estuary, Environ. Pollut. 155,
(2008), 308-319.

[2] S.E. Botte, R.H. Freije, J.E. Marcovecchio, Distribution of several heavy metals in tidal flats sediments within Bahia Blanca Estuary
(Argentina), Water Air Soil Pollut. 210, (2010), 371-388.

[3] L. Boruvka, O. Vacek, J. Jehlicka, Principal component analysis as a tool to indicate the origin of potentially toxic elements in
soils, Geoderma 128, (2005), 289-300.

[4] N.C. Brady, The Nature and properties of soils, 8th Edn. Macmillan, New York, 1974.
[5] D. Child, The essential of factor analysis Hold Rinehart and Winston Ltd, London, 1970.
[6] B. Coskun, Iskenderun Korfezi (Hatay) sahillerinin cevresel sartlar ile ilgili agir metal dagiliminin ve dane boylarinin incelenmesi,

(2009).
[7] Z. Dang, C. Liu, M.J. Haigh, Mobility of Heavy Metals Associated with the Natural Weathering of CoalMine Soils, Environ. Pollut.

118, (2002), 419-426.
[8] D.V.G. Dessai, G.N. Nayak, Distribution and speciation of selected metals in surface sediments from the tropical Zuari estuary,

Central west coast of India, Environ. Monit. Assess. 158, (2009), 117-137.
[9] B. Duzzin, B. Pavoni, R. Donazolo, Macroinvertabrate communities and sediments as pollution indicators for heavy metals in

the River Adige Italy, Water Res. 22, (1988), 1353-1363.
[10] U. Forstner, Chemical forms and reactivities of metals in sediments, In: Leschber R., Davis RR., LHermite P (eds) Chemical methods

for assessing bioavailable metals in sludges and soils Elsevier, London, 1985.
[11] A.R. Karbassi, S.M. Monavari, R. Gh, B. Nabi, J. Nouri, K. Nematpour, Metal pollution assessment of sediment and water in the

Shur River, Environ. Monit. Assess. 147, (2008), 107-116.
[12] A. Facchinelli, E. Sacchi, L. Mallen, Multivariate statistical and GIS-based approach to identify heavy metal sources in soils,

Environ. Pollut. 114, (2001), 313-324.
[13] K.G. Joreskog, J.E. Klovan, R.A. Reyment, Geological Factor analysis Elservier, Amsterdam, 1976.
[14] K. Krauskopf, Introduction to geochemistry, McGraw-Hill Book Company, New York, 1979.
[15] D.N. Lawley, A.E. Maxwell, Factor analysis as a statistical method 2nd edn Butterworth and Co., Ltd., London, 1971.
[16] R.W. Le Maitre, Numerical petrology, Elsevier, Amsterdam, (1982).
[17] E.I. Obiajunwa, D.A. Pelemo, S.A. Owalabi, M.K. Fasai, F. Johnson, F.O. Fatokun, Characterization of Heavy Metal Pollutants of

Soils and Sediments around a CrudeF Oil Production Terminal using EDXRF, Nucl. Instrum. Meth. B. 194, (2002), 61-64.
[18] C. Qu, Z. Ma, J. Yang, Y. Lie, J. Bi, L. Huang, Human Exposure Pathways of Heavy Metal in a Lead-Zinc Mining Area, in E Asrari

(ed.), Heavy Metal Contamination of Water and Soil: Analysis, assessment, and remediation strategies, Apple Academic Press,
Oakville, Ontario, Plant Sci. Res. (2014), 129-156, ISBN 9781771880046.

[19] A. Rajendran, M. Dileep Kumar, J.F. Bakker, Control of manganese and iron in Skagerrak sediments north eastern North Sea,
Chem. Geol. 98, (1992), 111-129.

[20] S. Sakan, I. Grnetic, D. Worpevic, Distribution and fractionation of heavy metals in the Tisa Tisza River sediments, Environ. Sci.
Pollut. R. 14, (2007), 229-236.

[21] TKKY, Toprak Kirliliginin Kontrolu Yonetmeligi, 25831 sayili Resmi Gazete, 31 Mays, Ankara, (2005), (in Turkish).
[22] K.K. Turekian, K.H. Wedepohl, Distribution of the Elements in some major units of the Earth’s crust, Geol. Soc. Am. Bull. 72,

(1961), 175-192.
[23] X. Xian, Chemical partitioning of cadmium, zinc, lead, and copper in soils near smelters, J. Environ. Sci. Health A. 226, (1987),

527-541.
[24] M.G. Yalcin, M. Setti, F. Karakaya, E. Sacchi, N. Ilbeyli, Geochemical and mineralogical characteristics of beach sediments along

the coast between Alanya and Silifke (Southern Turkey), Clay Miner. 50, (2015), 233-248
[25] M.G. Yalcin., S. Ilhan, Multivariate analysis to determine the origin of potentially harmful heavy metals in Beach and dune

sediments from Kizkalesisi Coast (Mersin), Turkey, B. Environ. Contam. Tox. 81, (2008), 57-68.
[26] M.G. Yalcin, O. Cevik, M.E. Karaman, the use of multivariate statistics methods to determine grain size, heavy metal distribution

and origins of heavy metals in Mersin bay (eastern mediterranean) coastal sediments, Asian J. Chem. 25 (5), (2013), 2696-2702.
[27] M.G. Yalcin, Heavy minerals distribution as related to environmental conditions for modern beach sediments from the Susanoglu

(Atakent, Mersin, Turkey), Environ. Geol. 58, (2009), 119-129.
[28] M.G. Yalcin, I. Narin, M. Soylak, Heavy Metal contents of the Karasu Creek Sediments, Nigde, Turkey, Environ. Monit. Assess.

128, (2007), 351-357.
[29] Y. Yang, F. Chen, L. Zhang, J. Liu, S. Wu, M. Kang, Comprehensive assessment of heavy metal contamination in sediment of the

Pearl River Estuary and adjacent shelf, Mar. Pollut. Bull. 64, (2012), 1947-1955.


