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Abstract: Metal(loid)s (Al, As, Ba, Cd, Co, Cr, Cu, Fe, Hg, Ni, Pb, Mn, Zn) concentration and activity of
radionuclides (Ra-226, K-40, Cs-137) were measured and their correlations in sediment samples collected
from 16 sites from Azerbaijani sector of Caspian Sea were investigated to obtain information about
pollution and possible sources. To assess pollution in sediments with metals, pollution indices (Geo-
accumulation index, Contamination Factor and Enrichment Factor) were calculated. According to
calculated values pollution indices, contamination with investigated metals mainly does not pass
moderate level pollution. Multivariate statistical analysis methods (Pearson’s Correlation Coefficients,
Principal Component Analysis (PCA) and Hierarchical Cluster Analysis (HCA)) were used to determine
relations between investigated parameters. 4 components were formed as a result of PCA. According to
the interpretation of the dendrogram illustrated using HCA method, 4 clusters were formed. Comparison
of statistical analysis methods showed that, results are mainly similar. Also, according to the results of
correlation analysis, PCA and HCA, Cd has no strong relations with other heavy metals and radionuclides
and this could be an indication of a different origin for this element.
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1. Introduction

The Caspian Sea is a unique natural reservoir on our planet. It is a land locked water body
located on the border of two large parts of the continent of Eurasia. The area of the sea is
392,600 km? and the sea level lies 27 m below sea level. The Caspian basin hosts a unigque
ecological system as a result of isolation for over two million years. It is approximately 1200 km
long with a maximum breadth of 466 km, contains 79,000 km? of water, and has a total coastline
of more than 7000 km. The Caspian is fed by five major rivers or river groups: in the north the
Volga (80% of total inflow) and the Ural (5%); in the west the Terek, Sulak and Samur (4-5%)
and the Kura (7-8%); and, in the south, the short mountain rivers from the Iranian Alborz range
(4-5%) [1]. The Caspian sturgeon and the rare fresh water seal are among the most famous of the
over 400 species that are endemic to the Caspian Sea. The vast river system and extensive
wetlands attract millions of migrating birds and are the habitat of diverse flora and fauna.

Environmental pollution is a major global health threat. Modern technological
developments (especially oil and gas production in the Caspian Sea) have brought new
challenges concerning environmental safety [2]. In addition to oil production, there are other
ways that pollutants enter the waters of the Caspian. The World Bank estimates that one million
cubic meters of untreated industrial wastewater are discharged into the Caspian annually.

Numerous contaminants considered as harmful for living organisms such as radionuclides
and metals are often analyzed in parts of the ecosystem that tend to accumulate them; namely
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soil and sediments [3]. It is well-known that sediments have a great capacity to accumulate and
integrate heavy metals and organic pollutants even from low concentrations in the overlying
water column [4]. Sediments have been widely used as an environmental indicator and their
ability to trace contamination sources and monitor contaminants is widely recognized.
Radioactive materials can reach surface waters by various pathways. River water could be
contaminated by groundwater or surface runoff of rainwater transporting leached radionuclides
from cities, mine waste, deposits, soil weathering, agricultural areas, etc. and could lead to
accumulation in sediments [5].

Heavy metal pollutions in the natural environment are a worldwide problem because they
are not removed from the water as a result of self-purification and it can accumulate in reservoirs
by biological and geochemical mechanisms and enter the biological chain [6]. Heavy metals are
poorly soluble in water, so predominantly sorb to suspended particles that then settle as sediment
[7]. Heavy metals may accumulate and disturb function in vital organs by binding to cellular
components [8].

2. Materials and Methods

Sediment samples from the investigated stations were collected by Van Veen grab fitted
with stainless-steel jaws. At each station approximately 200 g of sediment sample was taken
from the surface oxic layer for metal analysis. Samples were stored in a container that was frozen
on returning to the laboratory.

Collected sediment samples were air-dried in the laboratory, disaggregated with a mortar
and pestle, and passed through a 2-mm sieve. Particles with a bigger diameter than 2 mm were
discarded. Dried, disaggregated, and sieved particles were mixed well and kept in labeled plastic
containers for further analysis. Solutions were prepared in deionized water collected from the
Milli-Q apparatus (Millipore). Aliquots of approximately 0.25 g of sediment samples were
weighed into acid-cleaned TFM vessels and digested with a mixture 6 ml of nitric, 2 ml of
hydrochloric and 3 ml of hydrofluoric acid in the microwave oven (Milestone Ethos plus with
HPR —1000/10S high pressure rotor). After the dilution process, samples were analyzed using
Varian AAS 220 FS+GTA 110+VGA 77 and PerkinEImer AAS AAnalyst 800 with Zeeman
corrector to determine heavy metal concentrations.

Sediment samples were analyzed for ??°Ra, ?®Ra, and other radionuclides (K40, Co60,
Cs134 and Cs137) via gamma-spectrometry using a Canberra intrinsic germanium detector. All
gamma spectrometric analyses were performed in silicone sealed 100 ml plastic beakers after
aging for one month to allow for ingrowth of ??Rn and daughters. The photopeaks from the
radon daughters 2**Pb and 2“Bi at 295, 352, and 609 keV were used to quantify ?Ra and the
28 ¢ peaks at 338 and 911 keV were used for 222Ra [9] [10].

3. Results and Discussion

Descriptive statistics of the measured parameters for sediment samples including mean,
maximum, minimum and also standard deviation all are shown in Table 1. The results showed
that the concentrations of these heavy metals and radioactivities of radionuclides in sediments
varied in different sampling locations. The average concentrations of investigated heavy metals
at the same sampling location followed the order of
Al>Fe>Mn>Ba>Cr>Zn>Ni>Cu>Pb>Co>As>U>Hg>Cd.
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Table 1

Measured parameters and descriptive statistics of investigated sediment samples

. Ra- Cs- Total
Al As Ba Cd Co Cr Cu Fe Hg Ni Pb Mn Zn U 226, K-40 137 activity

st. mgkg | mgky | mgkg | mgkg | mgky | mgky | mgkg | mgkg | mgkg | mgkg | mgkg | mgkg | mgkg | mgkg | Bg/kg | Baskg | Bakg | Barkg
1 66540 | 526 | 480 | 0.131 | 17.09 | 111.76 | 49.03 | 25106 | 0.14 | 54.21 | 20.24 | 764 | 8162 | 1.36 | 16.93 466 8.83 517
2 58180 | 951 | 511 | 0.129 | 16.84 | 109.36 | 48.12 | 23512 | 0.166 | 51.43 | 19.81 | 755 | 86.79 | 1.28 | 15.90 440 5.81 463
3 64250 | 7.74 236 0.095 | 18.37 | 135.61 | 55.81 | 24779 | 0.064 | 56.19 | 15.38 788 79.08 15 18.61 463 5.57 511
4 67430 | 919 | 565 | 0.142 | 16.76 | 92.57 | 5259 | 25678 | 0.176 | 52.81 | 2252 | 743 | 90.41 | 2.04 | 25091 629 23.86 708
5 33804 | 6.35 | 277 | 0.103 | 19.81 | 197.44 | 36.22 | 22765 | 0.101 | 51.19 | 1529 | 814 | 76.43 | 1.33 | 16.56 395 6.23 441
6 67080 | 7.86 553 0.115 | 16.91 | 9552 | 52.61 | 26435 | 0.198 | 53.78 | 22.62 737 93.38 | 1.97 24.44 598 24.1 681
7 57780 | 849 | 172 | 0.097 | 18.53 | 108.56 | 34.03 | 18538 | 0.071 | 51.04 | 1323 | 805 | 6344 | 1.12 | 1397 379 2,94 413
8 69870 | 8.83 | 498 | 0.111 | 1531 | 88.96 | 51.41 | 26533 | 0.176 | 52.37 | 21.94 | 654 | 90.39 | 1.38 | 17.10 630 27.12 711
9 63750 | 9.37 | 534 | 0.104 | 1653 | 96.48 | 52.79 | 24062 | 0.156 | 53.44 | 1851 | 719 | 8391 | 172 | 2135 508 16.27 574
10 35600 | 6.04 215 0.082 | 21.49 | 294.32 | 36.04 | 25327 | 0.082 | 52.03 | 13.87 693 80.74 | 1.38 17.10 329 3.37 367
11 33820 | 4.45 61 0.096 | 7.78 2768 | 27.41 | 7515 | 0.123 | 25.18 | 12.82 372 4556 | 0945 | 11.74 289 11.69 334
12 64620 | 8.14 743 029 | 17.76 | 95.84 | 62.19 | 26466 | 0.148 | 60.17 | 19.44 826 89.68 | 1.77 21.96 611 12.21 680
13 | 61380 | 7.21 | 552 | 0.109 | 1555 | 83.76 | 52.63 | 23101 | 0.144 | 5278 | 1752 | 715 | 7873 | 157 | 19.44 523 10.65 579
14 | 24690 | 1.84 | 158 | 0.148 | 7.93 | 33.44 | 2858 | 8593 | 0.106 | 27.18 | 11.87 | 392 | 58.25 | 0.442 | 5.49 234 5.42 245
15 61530 | 8.05 558 0.107 | 18.13 | 105.28 | 54.39 | 25101 | 0.09 | 50.02 | 16.95 787 80.03 | 1.76 21.84 540 6.82 595
16 72400 | 5.32 578 0.122 | 16.23 | 103.21 | 52.41 | 22654 | 0.173 | 53.21 | 18.43 718 81.35 | 1.46 18.10 532 11.45 590
min 24690 | 1.84 61 0.082 | 7.78 27.68 | 27.41 | 7515 | 0.064 | 25.18 | 11.87 372 45.56 | 0.442 5.49 234 3 245
max | 72400 | 951 743 0.29 | 21.49 | 294.32 | 62.19 | 26533 | 0.198 | 60.17 | 22.62 826 93.38 | 2.04 2591 630 27 711
mean | 56420 | 7.10 | 418 | 0.2 | 16.31 | 111.24 | 46.64 | 22260 | 0.13 | 49.81 | 1753 | 705 | 78.74 | 144 | 17.90 473 11 525
stdev | 15218 | 210 | 198 | 0.048 | 3.65 | 61.64 | 1055 | 5893 | 0.042 | 953 | 351 | 134 | 12.85 | 0.395 | 4.96 122 8 140

Pollution Indices for Sediments

To investigate pollution in sediments with heavy metals, Geo-accumulation index (lgeo),
Contamination Factor (CF) and Enrichment Factor (EF) were used widely in scientific
researches [11] [12]. Pollution indices can be defined as:

Igeo=log>(Cn/(1.5xBn)) (1) [13]
CF=2 (2) [14]

(Cs/Cr)
EF = m (3) [15]

Cn is the concentration of element “n” and Bn is the geochemical background value of the
element n in the average crust (average upper crustal concentration has been given by Turekian
and Wedepohl) [13]. Cs and Cb are the heavy metal contents in sample and background
reference, respectively. Cs and Cr are the content of the target element and reference element in
the examined sediment respectively and Cs, and Cr, are the content of the target element and
reference element in the average shale. Igeo, CF and EF values are calculated with Equation (1),
(2) and (3) and results are given in Table 2, Table 3 and Table 4 respectively.
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Table 2

Geo-accumulation index values of metal(loid)s in investigated sampling points

Cr Mn Fe Co Ni Cu Zn Pb As Cd Ba Hg
1 | -0.304 | -0.606 | -1.228 | -0.603 | -0.379 | 0.223 | -0.300 | -0.333 | -0.453 | -0.043 | -0.973 | 0.900
2 | -0.336 | -0623 | -1.322 | -0.624 | -0.455 | 0.196 | -0.212 | -0.364 | 0.401 | -0.066 | -0.882 | 1.146
3 | -0.025 | -0561 | -1.247 | -0.498 | -0.327 | 0.410 | -0.346 | -0.729 | 0.104 | -0.507 | -1.997 | -0.229
4 | -0576 | 0646 | -1.195 | -0.631 | -0.417 | 0.324 | -0.153 | -0.179 | 0.352 | 0.073 | -0.737 | 1.231
5 | 0517 | -0514 | -1.369 | -0.390 | -0.462 | -0.214 | -0.395 | -0.738 | -0.181 | -0.390 | -1.766 | 0.429
6 | -0531 | -0.657 | -1.153 | -0.618 | -0.391 | 0.325 | -0.106 | -0.173 | 0.127 | -0.231 | -0.768 | 1.401
7 | -0.346 | -0530 | -1.665 | -0.486 | -0.466 | -0.304 | -0.664 | -0.947 | 0.238 | -0.477 | -2.453 | -0.079
8 | -0.633 | -0.830 | -1.148 | -0.761 | -0.429 | 0.292 | -0.153 | -0.217 | 0.294 | -0.282 | -0.920 | 1.231
9 | -0516 | -0.693 | -1.289 | -0.651 | -0.400 | 0.330 | -0.260 | -0.462 | 0.380 | -0.376 | -0.819 | 1.057
10 | 1.093 | -0.746 | -1.215 | -0.272 | 0438 | -0.221 | -0.316 | -0.879 | -0.253 | -0.719 | -2.131 | 0.129
11 | -2.318 | -1.644 | -2.968 | -1.738 | -1.485 | -0.616 | -1.141 | -0.992 | -0.694 | -0.492 | -3.949 | 0.714
12 | 0526 | -0.493 | -1.152 | -0.547 | -0.229 | 0.566 | -0.164 | -0.391 | 0.177 | 1.103 | -0.342 | 0.981
13 | -0.720 | -0.701 | -1.348 | -0.739 | 0418 | 0.325 | -0.352 | -0.541 | 0.002 | -0.309 | -0.771 | 0.941
14 | -2.045 | -1568 | -2.775 | -1.710 | -1.375 | -0.555 | -0.787 | -1.103 | -1.968 | 0.133 | -2576 | 0.499
15 | -0.390 | -0.563 | -1.228 | -0.517 | -0.495 | 0.373 | -0.329 | -0.589 | 0.161 | -0.335 | -0.755 | 0.263
16 | -0419 | -0.695 | -1.376 | -0.677 | -0.406 | 0.319 | -0.305 | -0.468 | -0.437 | -0.146 | -0.705 | 1.206
Table 3
Contamination Factor values of metal(loid)s in investigated sampling points
Cr Mn Fe Co Ni Cu Zn As Cd Ba Pb Hg

1 | 1242 | 0.899 | 0532 | 0.899 | 0.797 | 1.090 | 0.859 | 0.405 | 0.437 | 0.828 | 1.012 | 0.350

2 | 1215 | 0888 | 0498 | 0.886 | 0.756 | 1.069 | 0914 | 0.732 | 0430 | 0.881 | 0.991 | 0.415

3 | 1507 | 0927 | 0525 | 0.967 | 0.826 | 1.240 | 0.832 | 0.595 | 0.317 | 0.407 | 0.769 | 0.160

4 | 1.029 | 0874 | 0544 | 0882 | 0.777 | 1.169 | 0.952 | 0.707 | 0.473 | 0.974 | 1.126 | 0.440

5 | 2194 | 0958 | 0482 | 1.043 | 0.753 | 0.805 | 0.805 | 0.488 | 0.343 | 0478 | 0.765 | 0.253

6 | 1.061 | 0.867 | 0560 | 0.890 | 0.791 | 1.169 | 0.983 | 0.605 | 0.383 | 0.953 | 1.131 | 0.495

7 | 1206 | 0947 | 0393 | 0975 | 0.751 | 0.756 | 0.668 | 0.653 | 0.323 | 0.297 | 0.662 | 0.178

8 | 0988 | 0769 | 0562 | 0.806 | 0.770 | 1.142 | 0951 | 0.679 | 0.370 | 0.859 | 1.097 | 0.440

9 | 1.072 | 0.846 | 0510 | 0.870 | 0.786 | 1.173 | 0.883 | 0.721 | 0.347 | 0.921 | 0.926 | 0.390

10 | 3270 | 0.815 | 0537 | 1131 | 0.765 | 0.801 | 0.850 | 0.465 | 0.273 | 0.371 | 0.694 | 0.205

11 | 0308 | 0.438 | 0.159 | 0.409 | 0.370 | 0.609 | 0480 | 0.342 | 0.320 | 0.105 | 0.641 | 0.308

12 | 1.065 | 0972 | 0561 | 0935 | 0.885 | 1.382 | 0944 | 0.626 | 0.967 | 1.281 | 0.972 | 0.370

13 | 0931 | 0.841 | 0489 | 0.818 | 0.776 | 1.170 | 0.829 | 0555 | 0.363 | 0.952 | 0.876 | 0.360

14 | 0372 | 0461 | 0.182 | 0.417 | 0400 | 0.635 | 0613 | 0.142 | 0493 | 0272 | 059 | 0.265

15 | 1170 | 0926 | 0532 | 0954 | 0.736 | 1.209 | 0.842 | 0.619 | 0.357 | 0.962 | 0.848 | 0.225

16 | 1.147 | 0.845 | 0480 | 0.854 | 0.783 | 1.165 | 0.856 | 0.409 | 0.407 | 0997 | 0.922 | 0433
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Table 4

Enrichment Factor values of metal(loid)s in investigated sampling points

Cr Mn Co Ni Cu Zn Pb As Cd Ba Hg
1 1.897 1.539 1.535 1.801 | 2.734 | 1.902 | 1.859 1.711 | 2.273 1.193 4.372
2 1982 | 1624 | 1.615 | 1.824 | 2.865 | 2.160 | 1.943 | 3.303 | 2.390 | 1.357 5.535
3 2332 | 1609 | 1.671 | 1.891 | 3.153 | 1.867 | 1.431 | 2551 | 1.670 | 0.595 2.025
4 1.536 1.464 | 1471 1715 | 2.867 | 2.060 | 2.022 | 2.923 | 2.409 1.373 5.374
5 3.695 1.809 1.962 1875 | 2227 | 1.964 | 1.549 | 2.278 1.971 | 0.760 3.478
6 1540 | 1410 | 1442 | 1697 | 2.786 | 2.067 | 1.973 | 2428 | 1.895 | 1.306 5.872
7 2495 | 2196 | 2.253 | 2.296 | 2570 | 2.002 | 1.646 | 3.740 | 2.279 | 0.579 3.003
8 1.429 1.247 1.301 1646 | 2.713 | 1.993 | 1.907 | 2.718 1.822 1.172 5.200
9 1.708 | 1511 | 1549 | 1.852 | 3.071 | 2.040 | 1.774 | 3.180 | 1.883 | 1.385 | 5.083
10 | 4.951 1.384 | 1913 1713 | 1.992 | 1.865 | 1.263 1.948 1.410 | 0.530 2.538
11 1569 | 2504 | 2.334 | 2.795 | 5.106 | 3.547 | 3.934 | 4836 | 5.564 | 0.507 12.832
12 1.543 1.579 1.513 1.896 | 3.290 | 1.983 | 1.694 | 2512 | 4.773 1.752 4.384
13 1.545 1.566 1.517 1906 | 3.190 | 1.994 | 1.749 | 2549 | 2.055 | 1.492 4.887
14 | 1.658 | 2.307 | 2.080 | 2.638 | 4.656 | 3.966 | 3.185 | 1.749 | 7.502 | 1.148 9.671
15 1.787 1.586 1.628 1662 | 3.034 | 1.865 | 1.557 | 2.619 1.857 1.388 2.811
16 1.941 1.603 1.615 1959 | 3.239 | 2.101 | 1.876 1918 | 2.346 1.593 5.987

The geo-accumulation index (lgeo) Scale consists of seven grades (0 - 6) ranging from
unpolluted to highly pollute. Grade 1 (uncontaminated to moderately contaminated): 0<Igeo<1,
Grade 2 (moderately contaminated): 1<lgeo<2; Grade 3 (moderately to heavily contaminated):
2<lgeo<3; Grade 4 (heavily contaminated): 3<lgeo<4; Grade 5 (heavily to extremely
contaminated): 4<lgeo<5; and Grade 6 (extremely contaminated): 5>1geo [16].

As it can be seen from Table 2, Igeo values of Mn, Fe, Co, Ni, Zn, Pb and Ba in all
sampling points; Cr in all points except 5 and 10; Cd in all points except 4, 12 and 14; Cu in
points 5, 7, 10, 11 and 14; As in points 1, 5, 10, 11, 14 and 1; Hg in point 3 and 7 are less than 0
meaning mentioned points are unpolluted with these metalloids. 0<lgeo<1 range was observed in
point 5 for Cr; for Cu in points 1, 2, 3, 4, 6, 8, 9, 12, 13, 15 and 16; for As in points 2, 3, 4, 6, 7,
8, 9, 12, 13, 15; for Cd in point 4 and 14; for Hg in points 1, 5, 10, 11, 12, 13, 14 and 5. This
indicates an unpolluted to a moderately polluted level of contamination. Igeo value of Cr in point
10; Cd in point 12; Hg in point 2, 4, 6, 8, 9 and 16 are in 2>Igeo>1 range indicating moderate
pollution.

According to Hakanson [17], CF<1 indicates low contamination; 1<CF<3 indicates
moderate contamination; 3<CF<6 indicates a considerable degree of contamination and CF>6
indicates very high contamination. According to calculated CF values (Table 3), all points are
not contaminated with Ni, Mn, Fe, As, Zn, Cd, Hg. Also, CF values of Cr in points 8, 11, 13 and
14; Co in all points except 5 and 10; Cu in points 5, 7, 10, 11 and 14; Ba in all points except 12;
Pb in all points except 1, 4, 6 and 8 are under 1 meaning they can be categorized as unpolluted.
Mentioned sampling point exceptions with metals above belong to the moderately contaminated
class (only Cr in point 16 belongs to a considerable degree of contamination class).
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EF<2 indicates that the source of metal is crust materials or natural processes; whereas
EF>2 indicates anthropogenic sources [18] [19]. EF<2 indicates minimal enrichment, 2-5
indicates moderate enrichment, 5-20 indicates significant enrichment, 20-40 indicates very high
enrichment and EF>40 indicates extremely high enrichment [16]. As it can be seen from Table 4,
values of Enrichment Factor range between 5>EF>2 indicating moderate enrichment in the
following sampling sites: Cr in points 3, 5, 7 and 10; Mn, Ni and Co in points 7, 11 and 14; Cu in
all points except 10, 11 and 14; Zn in points 2, 4, 6, 7, 9, 11, 14 and 16; Pb in points 4, 6, 7, 9,
11, 14 and 16; As in all points except 1, 10, 14 and 16; Cd in points 1, 2, 4, 7, 12, 13 and 16; Hg
inl,3,5,7,8,9, 10, 12, 13 and 15. EF values of Cu in sampling points 11; Cd in point 11 and
14; Hg in points 2, 4, 6, 11, 14 and 16 are in the 5>EF>2 range indicating significant enrichment
in these points with mentioned metals.

Multivariate Statistical Analysis

Multivariate statistical analyses provide important tolls for a better understanding of the
complex dynamics of pollutants in the aquatic ecosystems [20]. Pearson’s Correlation
Coefficients, Principal Component Analysis and Hierarchical Cluster Analysis were applied to
determine relations between investigated parameters.

Pearson’s Correlation Coefficients

Correlation analysis provides an effective way to reveal the relationships between
multiple variables and thus has been helpful for understanding the influencing factors as well as
the sources of chemical components [21] [22]. Pearson’s Correlation Coefficients for measured
parameters were calculated and results were given in the previous research paper [1].

Principal Component Analysis

Principal Component Analysis (PCA) method have been widely used for the reduction
and elaboration of environmental data. To investigate relations between parameters PCA was
applied to data. A Varimax rotation (with Kaiser normalization) was applied to the component
matrix to clarify the results and to provide a simpler and more meaningful representation of the
main factors. Rotation reduces the contribution of variables that have low significance and
increases the contribution of the more significant variables. Factor loadings are given in Table 5.
3-dimensional plot of loadings is illustrated in Fig.1. Computations and statistical analysis were
carried out using IBM SPSS 25 for Windows. As it can be seen from Table 5, 4 components
(with an eigenvalue higher than 1) were formed as a result of the analysis. Factor loading values
of Al, As, Ba, Cu, Hg, Pb, Zn, K-40, Cs-137 and total activity is dominant in component 1.
Similarly, Co, Cr, Fe, Ni, Mn, U(-) could be categorized in component 2 due to indication
values. The highest loading factor value for Ra-226 was observed in component 3. Cd seems to
not have a noticeable correlation with other parameters and could be grouped in component 4 for
its high negative factor loading.
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Factor loadings for 4 principal components

Parameter Component
1 2 3 4
Al 0.774 0.337 0.321 -0.125
As 0.594 0.458 0.146 0.231
Ba 0.823 0.286 0.221 -0.007
Cd 0.014 -0.192 -0.134 -0.935
Co 0.077 0.960 0.077 0.192
Cr -0.319 0.794 -0.322 0.231
Cu 0.760 0.401 0.365 0.058
Fe 0.558 0.802 0.109 0.062
Hg 0.674 -0.247 -0.462 0.117
Ni 0.482 0.827 0.182 0.142
Pb 0.897 0.240 0.063 -0.186
Mn 0.279 0.855 0.332 0.117
Zn 0.719 0.640 -0.011 -0.048
U -0.245 -0.892 -0.075 0.164
Ra-226 0.241 0.030 0.830 0.174
K-40 0.907 0.290 0.245 0.054
Cs-137 0.725 -0.266 -0.194 0.020
Total A. 0.907 0.266 0.242 0.079
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Fig 1. 3-dimensional plot of loadings
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Hierarchical Cluster Analysis

Cluster analysis can be used to further classify elements from different sources on the
basis of similarities in their chemical properties [23]. Hierarchical Cluster Analysis (HCA) was
performed to classify elements of different sources on the basis of their similarities and to
identify homogeneous variables having similar properties [24] and to evaluate the relation
between investigated parameters. HCA analysis was performed via the IBM SPSS software
program. A dendrogram was constructed (Fig. 2) to assess the cohesiveness of the determined
clusters and to simplify the determination of the correlations between the investigated parameters
[23]. It can be seen from Fig. 2, except Cd and U other investigated parameters were grouped in
2 main clusters. K-40, total activity, Pb, Ba, Cu, Al, As, Cs-137 and Hg are forming Cluster 1.
Fe, Ni, Mn, Co, Zn, Cr and Ra-226 are in Cluster 2. Cd and U do not have strong relations with
other parameters, thus, they form cluster 3 and cluster 4 respectively.

0 5 10 15 20 25

B 1 1 1 1 1
K-40 16 J
Total activity 18

Pb "

Ba

~ W

Cu

Al 1

As

Cs137 17

J
Fe 8| I
Ni 10

Zn 13
Cr 6
Ra226 15
Cd 4
¥] 14

Fig. 2. Dendrogram for hierarchical cluster analysis of investigated parameters in sediments collected
from the Caspian Sea.

4. Conclusions

Within the present study, heavy metal concentrations and activity of radionuclides were
measured for sediment samples collected from the Caspian Sea. The average concentrations of
investigated heavy metals at the same sampling location followed the order of
Al>Fe>Mn>Ba>Cr>Zn>Ni>Cu>Pb>Co>As>U>Hg>Cd. To assess pollution in sediments with
metals, pollution indices (Igeo, CF and EF) were calculated. According to calculated values of
these indices, contamination with investigated metals mainly does not pass moderate level
pollution (except Cr in sampling point 16, according to CF value).

Multivariate statistical analysis methods were applied to investigate the correlation
between measured parameters. 4 components (with an eigenvalue higher than 1) were formed as
a result of Principal Component Analysis. Al, As, Ba, Cu, Hg, Pb, Zn, K-40, Cs-137 and total
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activity could be grouped in component 1, Co, Cr, Fe, Ni, Mn, U(-) in component 2, Ra-226 and
Cd in component 3 and 4 respectively. Results of HCA showed that, K-40, total activity, Pb, Ba,
Cu, Al, As, Cs-137 and Hg are forming Cluster 1; Fe, Ni, Mn, Co, Zn, Cr and Ra-226 are in
Cluster 2; Cd and U are forming Cluster 3 and 4 respectively. Results of Pearson’s Correlation
Coefficients, PCA and HCA were compared to each other. It can be said that the results are
mainly similar. Also, according to the results of multivariate statistical analysis methods, Cd has
no strong relations with other heavy metals and radionuclides and this could be an indication of a
different origin for this element.
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OIEHKA 3AT'PABHEHUA U CTATUCTHYECKASA OHEHKA PAJUOHYKJINIOB 1
METAJIJIOB B JOHHBIE OTJIOKEHUSIX KACIUMCKOI'O MOPSI

@.10. I'ymobaros, C.1III. Mamensane

Pe3zrome: Konnenrpamus metamwios (Al, As, Ba, Cd, Co, Cr, Cu, Fe, Hg, Ni, Pb, Mn, Zn) u akTHBHOCTb
panuonyknunos (Ra-226, K-40, Cs-137) u ux Koppensiuuu B Mpodax JOHHBIX OTJIOKEHHH, OTOOpPaHHBIX
Ha 16 yyacTkax B AsepOaiimxaHckoMm cexkrope Kacnutickoro Mopsi, ObLIM UCCIICAOBAHBI JIJIS TTOJTYUCHUS
uHGOPMAIK O 3arPA3HEHUH U BO3MOXHBIX UCTOYHUKAX. JIJI OICHKH 3arps3HEHUs JTOHHBIX OTIOXKCHUN
MeTaJJIaMH  PacCUMUTHIBAIUCh WHAEKCH 3arpsisHeHust (Munmexkc [eonakoruenusi, KoaddumnmeHnt
Sarpszuenust M Koaddunment Oboramenus). CorjiacHO pacueTHbIM 3HAYCHHUSIM MHJICK COB 3arps3HEHUS,
3arpsi3HEHHE HCCIIEAYEMbIMA METaJUlaMd B OCHOBHOM HE TOBEIIAeT 3arps3HCHHE YMEPEHHOTO ypOBHSI.
Mertonsr MHOTOMEepHOTO cratrctudeckoro ananm3a (Koaddummentsr Koppensmuu [Tupcona, Anamus
I'maBHbix KommonentoB (AI'K) u Uepapxuueckuit Knacrepusiii Ananuz (MKA)) ucnonb3oBanuch s
ompeziesicHHs B3aMMOCBS3EeH MEXy MCCIeIyeMbIMH napamerpamu. B pesynstare AI'K oOpasoBaiioch 4
komroHeHTa. COTJacHO MHTEPIIPETAUU ISHAPOTPAMMBI, IPOMILTFOCTPUpOBaHHON MeTogoM MKA, 6bu1o
chopmupoBaHo 4 knacrepa. CpaBHEHHE METOIOB CTATUCTUYSCKOTO aHAIM3a M0Ka3ajio, YTO Pe3y/IbTaThl B
OCHOBHOM CXO0H. Taxxke, coriiacHO pe3yiabTaTaMm KoppemsimuonHoro ananmmsa, AIK u UKA, Cd e umeer
MPOYHBIX CBSA3CH C APYTMMHU TSDKEJIBIMH METaUlaMd M PaJIuOHYKIMIAaMH, M 3TO MOXET yKa3bIBaTh Ha
pa3IMYHOE UCTOYHHUKA STOTO JJIEMEHTA.

Knroueevle cnosa: Kacnuiickoe Mope, TSXKENble METAJUIbl, PaJUOaKTUBHOCTb, CTATUCTUYCCKUM aHAIIU3,
3arpsi3HEHHE.
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XOZOR DONIZININ DiB COKUNTULORINDO METALLARIN VO
RADIONUKLIDLORIN CIRKLONMOSININ QIYMOTLONDIRILMOSI VO
STATISTIK TODQIQi

F.Y. Hiimbatov, S.S. Mammadzada

Xiilasa: Xozo Donizinin Azorbaycana aid hissasindon 16 noqtodon gotiiriilon dib  ¢okiintiisii
nimunslorinds, mimkiin ¢irklonms vo onun monbalori haqqinda moalumat sldo etmok magsadils,
metallarin (Al, As, Ba, Cd, Co, Cr, Cu, Fe, Hg, Ni, Pb, Mn, Zn) konsentrasiyas1 vo radionuklidlarin (Ra-
226, K-40, Cs-137) aktivliyi Ol¢iilorok onlar arasindaki slage tadqiq olunmusdur. Dib ¢okiintiilorinds
metallarla ¢irklonmonin giymotlondirilmasi ti¢lin, ¢irklonms indekslori (Geo-akkumulyasiya indeksi,
Cirklonmos Faktoru, Zonginlosmo Faktoru) hesablanmisdir. Hesablanan ¢irklonms indekslorina osasan,
todgiq olunan metallarla cirklonmonin orta doroconi ke¢modiyini sdylomok miimkiindiir. Olgiilon
parametrlor arasindaki olageni aragsdirmaq mogsadilo, ¢oxkomponentli statistik analiz metodlarindan
(Pearson Korrelyasiya ©msallar;, ©sas Komponent Analizi (9KA), Iyerarxik Coxluq Analizi (ICA))
istifado olunmusdur. ®KA noticosinds 4 komponent formalasnusdir. ICA metoduyla olds olunan
dendrogramin tohlilina asasen 4 ¢oxlugun formalasdigini demok miimkindir. Statistik analiz
metodlarinin miiqayisasi, naticalorin asas etibarilo eyni oldugunu gostarir. Homginin, korrelyasiya analizi,
OKA vo ICA metodlarinin naticolorine asason, Cd-un diger agir metallarla vo radionuklidlorlo giiclii
korrelyasiyasi yoxdur vo bu da hamin elementin monbayinin forqli oldugunu indikasiya eds bilor.

Agar sozlar: Xozor donizi, agir metallar, radioaktivlik, statistik tohlil, ¢irklonma.
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