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The study of sediments as one of the reservoirs for absorbing environmental
pollutants and especially heavy metals is of particular importance.
Therefore, this research was conducted with the aim of identifying and
evaluating the contamination of arsenic, cadmium, nickel, and vanadium
elements in the sediments of the Farahabad coast of the Caspian Sea in
2018. In this study, after collecting 36 sediment samples from 12 selected
stations, the values of pH, EC, organic matter, and texture of sediments
were determined. The concentrations of elements were determined by
inductively coupled plasma optical spectroscopy. In addition to evaluate the
pollution of sediments, environmental toxicology criteria were calculated,
including indicators of pollution coefficient, enrichment, and pollution load.
In order to identify the potential sources of elements and their grouping in
the sediment samples, multivariate statistical methods were used, namely
principal component analysis and hierarchical clustering. For statistical
processing of the results, one-way analysis of variance, one-sample t-test,
and Pearson's correlation coefficient were used in the SPSS software. The
average concentration of arsenic, cadmium, nickel, and vanadium was 12.7,
0.191, 35.0, and 31.9 mg/kg, respectively. The output results of PCA, HCA
models, EF index values, and coefficient of variation, as well as Pearson's
correlation matrix, showed that arsenic probably originates from man-made
sources and cadmium, nickel, and vanadium elements have natural sources.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

Potential toxic elements (PTEs) with natural and
anthropogenic sources have the possibility of
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environmental permanence, biomagnifications
and bioaccumulation, non-biodegradability, long
biological half-lives, and indestructibility, and
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for these reasons, cause significant health
problems and have toxic effects for all living
organisms. Therefore, in recent decades, the
contamination of aquatic ecosystems with
various kinds of pollutants, especially PTEs, has
caused serious concerns worldwide. The Caspian
Sea is the principal inland body of water in the
world. As a closed-environment without an
outlet, various kinds of pollutants including
organic and inorganic compounds caused by
effluents from coastal catchment areas and
leakages from offshore oil production have
accumulated in sediments of this aquatic
ecosystem as the main sink of pollutants.
Therefore, this study was carried out to analyze
source identification, and evaluation of
contamination of arsenic (As), cadmium (Cd),
nickel (Ni), and vanadium (V) in surface
sediments collected from the Farahabad Coast,
Mazandaran Province, south part of Caspian Sea
in 2019.

Material and Methods

In this descriptive study, a total of 36 surface
sediment samples were collected from 12 sites
located on the Farahabad Coast using Peterson
grab with a sampling area of 225 cm? The
content of physicochemical parameters including
pH, EC, and TOC was determined in the
laboratory based on the standard methods and the
content of elements was determined using

(EF), and pollution load index (PLI) indices.
Also, the principal component analysis method
(PCA) and hierarchical clustering analysis
(HCA) were used to identify potential sources
and grouping of elements in sediment samples.
Statistical analysis of the results was performed
using SPSS statistical package through One-way
ANOVA, One Sample T Test, and Pearson
Correlation Coefficient (PCC).

Results

The results showed that the content of As with an
average of 12.7 mg/kg ranged from 5.00 to 27.1
mg/kg, the content of Cd with an average of
0.191 mg/kg ranged from 0.180 to 0.200 mg/kg,
the content of Ni with an average of 35.0 mg/kg
ranged from 23.8 to 48.6 mg/kg and the content
of V with an average of 31.9 mg/kg ranged from
17.4 to 72.0 mg/kg (Table 1), which for Cd, Ni
and V were lower than the maximum permissible
concentration (MPC) established by National
Oceanic and Atmospheric ~ Administration
(NOAA). The results of PCA (Fig. 1), HCA (Fig.
2), PCC, EF values (Table 2), and coefficient of
variation (CV) revealed that arsenic probably
originated from anthropogenic sources, while Cd,
Ni, and V have a lithogenic origin (chemical
leaching of bedrocks). Contamination factor
values of As, Cd, Ni, and V varied in the range
of 0.961-5.21, 0.783-0.870, 0.521-1.06, and,
0.145-0.600, respectively. The PLI values of the

inductively coupled plasma-optical emission samples with an average value of 0.783,
spectrometry (ICP-OES). Sediment indicated that 83 and 17% of sediment samples
contamination was determined using the Wwere low and moderately contaminated,

contamination factor (CF), enrichment factor

respectively.

Table 1 Descriptive statistical of elements content in sediments (mg/kg, d.w.)

Sampling Site \Y Ni Cd As
1 23.9+0.1 40.3+0.1 0.200+0.0 156 £0.1
2 17.4+£0.2 31.8+0.1 0.200+0.0 5.00+0.1
3 19.3+£0.3 25.0+0.2 0.180+0.0 9.50+0.1
4 48.6+0.2 452+0.1 0.200+0.0 19.4+£0.1
5 29.9+0.1 33.8+0.1 0.180+0.0 9.40+0.1
6 315+0.2 33.9+0.3 0.190+0.0 11.3+£0.1
7 720+£0.1 43.1+0.2 0.190+0.1 27.1+£0.1
8 19.8+0.2 248+0.1 0.180+ 0.0 7.60+0.1
9 26.4+0.2 27.6+0.2 0.200 £ 0.0 590+0.1
10 279+0.1 23.8+0.2 0.200 £ 0.0 148+0.1
11 34.0+£0.3 41.8+0.2 0.200 £ 0.0 16.7+0.1
12 320+£0.2 48.6 £0.2 0.200 £ 0.0 10.1+0.1
Mean 31.9+0.2 35.0+0.2 0.200 £ 0.0 12.7+0.1
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Component Plot in Rotated Space

Component 2

Fig. 1 Loading plot of analyzed elements in the space
described by three principal components (PC1, PC2,
and PC3)

Dendrogram using Single Linkage
Rescaled Distance Cluster Combine

cd

Fig. 2 Dendrogram of the CA of Farahabad sediments

based on heavy metal

Table 2 EF values of elements in sediment samples

Sampling EF

Sites As __ cd Ni Y,
1 3.50 1.00 1.00 0.230
2 1.10 1.00 0.810 0.170
3 2.30 1.00 0.700 0.210
4 4.30 1.00 1.10 0.470
5 2.30 1.00 0.950 0.320
6 2.70 1.00 0.910 0.320
7 6.20 1.00 1.10 0.720
8 1.80 1.00 0.680 0.210
9 1.40 1.00 0.720 0.260
10 3.40 1.00 0.620 0.280
11 3.90 1.00 1.10 0.340
12 2.30 1.00 1.20 0.310
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Conclusions

Accordingly, although the mean
concentrations of Cd, Ni, and V were lower
than MPC since the mean contents of As in
42% of sampling stations were higher than
MPC and as regards heavy metals have great
ecological significance due to their
persistently in the environment and toxicity,
have a long half-life with bioaccumulation
and biomagnification potential, and also can't
be biodegradable, therefore, periodic
monitoring of sediment media is important to
maintaining the aquatic ecosystems and
aquatic organisms health. Furthermore, it is
recommended that sediment contamination
by trace elements be evaluated and that
natural versus anthropogenic contribution be
distinguished for effective remediation
actions against metal pollution.
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M

'Recovery Rate
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Table 1 Sediment texture and some physicochemical parameters values of sediments

Sampling Site Sand (%)  Sand (%) Silt (%) Clay (%) TOC"(mg/kg) EC”(ds/m) pH
1 80.1+0.1 80.1+0.1 10202 9.70%£0.2 29.0+0.0 58.0+0.0 82001
2 78.1+01 781+01 121+£01 9.80+0.1 27.2+0.1 585+0.1 8.40+0.6
3 752+01 752+01 141+£01 10.7+0.2 252+0.1 50.1+0.1 7.90+0.0
4 80.2+0.1 80.2+01 103+0.1 9.50+0.1 29.6+0.1 58.3+0.1 830x01
5 76.3+01 763+01 13.2+0.1 105+0.2 27.2+0.1 56.0+£0.3 8.40+0.0
6 75.0+01 750+£01 151401 9.90+0.2 249+0.1 51.2+0.1 79001
7 81.2+0.2 81.2+02 111401 7.70%£0.1 30.1+0.1 58.4+0.2 81001
8 766+06 766+06 125+03 10.9+04 27.4+0.1 553+0.1 83001
9 749+01 749+01 148+01 103zx0.1 241+£0.1 51.2+0.1 7.90+£0.1
10 820+0.1 820+01 9.20+0.1 8.80+0.1 36.4+0.2 48.1+01 79001
11 86.1+0.1 86.1+01 7.30+0.2 6.60+0.3 37.3+0.1 432+01 7.80+0.2
12 86.2+01 86.2+01 7.20+£0.1 7.60£0.2 40.0+0.2 432+01 7.80+0.0
Mean 79.2+01 792+011 114+01 9.30+0.2 29.8 +0.1 52.3+0.1 8.10%0.1
*TOC: Total Organic Carbon; EC: Electrical Conductivity
(Mg/KY, dW.) Slgw, ;o *0lic oo frogi bl =Y Jsux
Table 2 Descriptive statistical of elements content in sediments (mg/kg, d.w.)
Sampling Site \ Ni Cd As
1 23.9+0.1° 40.3 £ 0.1 0.200 + 0.02 15.6 £+ 0.1"
2 17.4+0.2? 31.8+0.1¢ 0.200 + 0.02 5.00 £ 0.1%"
3 19.3+0.3° 25.0 £ 0.2° 0.180 +0.02 9.50 +0.1¢
4 48.6 +0.2' 452+0.1 0.200 + 0.02 19.4+0.1
5 29.9+0.1f 33.8+0.1° 0.180 +0.02 9.40+0.1¢
6 31.5+0.2f 33.9+0.3° 0.190 + 0.02 11.3+0.1f
7 72.0+0.1 43.1+0.2" 0.190+0.12 27.1+0.1k
8 19.8 £ 0.2° 24.8+0.1° 0.180+0.02 7.60+0.1°
9 26.4 +0.24 27.6+0.2° 0.200 + 0.02 5.90 £ 0.1°
10 27.9+0.1° 23.8+0.2? 0.200 + 0.02 14.8 £0.19
11 34.0+0.3" 41.8+0.29 0.200 + 0.02 16.7 £ 0.1
12 32.0+0.29 48.6 £0.2 0.200 + 0.02 10.1+0.1°
Mean 31.9+0.2 35.0+0.2 0.191+0.0 12.7+0.1

el J1SG a1 Klhe 45 by po aosls s

Sl a3l (60 paiges il (sloolKins] iy (P < 1+ 0) g lo] o gime BB S lo (g ;2 ;0 (g C D @) S jlie pué g i
sl (S slaels sz (y505D) a8 oSy il ly Jelo (33T @l (el polis polie

G VIS 5l pgolly paie polie g YO/+ MO/KY 1 Silo
Joaz) g sesie YV/A MOIKG Sileo L VY/+ mglkg
4 by b iagh plo o)liws b Jol> zuls anglis (Y
2L 8Ly e Jolee Slgw, o polie nolie
Ol pedd oy dnlone gl sl 0als 0051 (¥) Jgux
aeS &S ol plid 8 Cgw, sldiges o yolie ()
polie g 00 podlS paie @ b VIFP L g o polin
peolly 5 USG5 oSl polie glp oy 2ol (0]
g ycmll il 009 SVIY o YE/A FRA L ol cudpa 3

Environment and Water Engineering

PH polie a5 el o Sole (V) Jsoaz o gy gl
EC ,olic AN+ ke LAY B YVY 5l baasges
5 OV/Y ds/m .Sl L OA/D dS/M G FYIY 5l ladiges
oSles L /e MO/KG b YE/ ) laaiges TOC jiolie
GO/ 5l Syl jaie polie ol ogdle 09
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Table 3 Comparison of mean concentrations of elements (mg/kg) in surface sediment of the current study with
the literature data (southern Caspian Sea)

Study Area As (I:E(;emen't\ls i v References
Iran-Khazar Abad 127 019 350 319 This study
Iran-Shefa-Rud River - - 50.8 - Karbasi et al. (2006)
Iran-Siahrood River 0.01 - 0.01 - Malvandi and Hassanzadeh (2019)
Iran-southern Caspian Sea - 0.9 386 - Sohrabi et al. (2010)
Iran-Haraz River - 436 345 336 Nasrabadi et al. (2010)
Iran-Gomishan International Wetland - 0.15 0.15 0.66 Kalani et al. (2021)

WS Cguny lodiges )0 yaie (pl cdale (1 SKlo Eo>
P>/ 00)

Gl ALSIN

)L)G}.r.a
o ol 3l oo paiges leelliws] ple @S 50,0

dzy bl
P<e/o00) amalb ea Lol Segiae BS
3 paiges ol 5l plaSze o (Jleglaica
Co) Sladiged ;3 meedlS paie clile Sl Com
ol (P> 0+) sl &3 352y g bl Sl sime DS
wuble Bomls 55 polie plo pogas )0 (lyi oo ) plds
Mohammadi Galengash et al. (2018) adllas g ls
L B D S
porsbly o JS& Olild cdale (S0l com 5l ()10 paiged
Seme g ple 09 535 by ol Shgw, s
L poaolly g Syl polie o a5 ol (LaS 02 (g
5 weodlS yolis g AV Ll (1) (Siod o
b 3l g Ve oyl e s 3 T = VY L USGS
Gl gro ghaw o T = /DAY L pgsolily 5 S5 jolie
Qg go a5 Cudld 3929 (puiins) s (Kwrod +/+ O+
ot ool odle il olie ol Oy Lice samsples
ST = A L 55 EC 4 pH (slo ol )y polie o1oSils
B I I G A R S S o
Code (Siwod 35>9L 35 Baniamam et al. (2019)
Slgay 5 poolly 5 IS8 yolie polie (Sl
b lg 5o s ol Jloz Sl ondetls p (xlaw
Wblpel Jom (a5 o bl )33 by s
o ol Gl Laie bl e s LSoen8

ails Lol pe Sl Sao 5 (55,5l ol
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Losld g bl i3l 4 bgsyo gl ~V-V
ghe 4 azgi b aS o olid Shgg,mls a5l @b
O by gbesls /-0 5l 3550 ) Gylo s
Jby @ig 3 oo,y sladiges o polie den (goine
Sl 53 ST (5 el @l )b 5l sl )55 5
A2 NOAA 5l aiios b polie polie (:Sile duylie
Syl slp cwSga WY mglkg g 0 N AY L
S ols ol (NOAA 1999) agolly 5 IS «pmesls
F O GleolKin] jo Sl pate sgime (nKike 2
robe plo g yaie il Goime (Ske ) 5 Ve Y
Ol 50 0 jle a5l 568 elKis] den [0 dslllassge
Sl g bl Boe b &S cragh mll (egas
WO el S5 by esr Jole Slsw, o S
S PeS IS5 g ool polie polie (Sl o5 ol ol
(Eghbali et al. 2015) el 009 NOAA jlxe arcios
5 JSs polie cdale .Sl 5.5 Hashemi et al. (2015)
0 8Ly @ e Jlse (e Slgw; o psislly
(e 30,8 55 NOAA Sl i 51 565 1,
yaie polie uSle ;.5 Bagheri and Azimi (2015)
IS 15 sl s Jole Slsay jo S
SR segh o wsS A)S NOAA jlre ain
Cgwy sladiges 0 Seiw,l jate sgime (Sl
0 5l Pt Ol Jad po 05 mls jleaseddls
Ghorbanzadeh Zaferani et al. ) oo 51,5 jlxe
rais glp abSy illy Jelos seil @l (2016
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Soke 55 EF >1/00 jolie 5 oand Lice saimopylas
Zhang ) cel wgw /S o yole cologlul Lics

.@nd Liu 2000

Slgwy (Fogll b5l sloaslis -¥-¥
(F) Jgaz 0 PLI s EF CF sl asls aslxe mls
Sl QT Soke 5 gz 0 i mls cwl ous oo)ﬂ
raie & Sbgwy (Sogll (guille ganes; 4y axgi b oS
AASE DI loolKin] o M S Y o] o S|
SN 5V ) laolSi] o s "hgia 1Y 5 ) -
edlS yolis & Sligw) (Fogll couizman ool 009y "ol
S paie (pgas 15 "o Waoliyl 40 40 pgally 5
sl 039 " lawgie Sogll" axly a5 VY oK) j2a
Al pare ol a4 "oS Sogl" )l eelKin! ple
Sai Sole Se)l e EF el sl

gy Gladigas jo polie Sogll b (asli 5 (Sub e a3ls (Fogll oo sloasls polie -F Jsozr
Table 4 CF, EF and PLI values of elements in sediment samples

Pollution Indices

Sampling Sites CF

EF

PLI
As Cd Ni \Y As Cd Ni \Y
1 3.00 0.870  0.880  0.200 3.50 1.00 1.00 0.230  0.820
2 0.960 0.860 0.700  0.150 1.10 1.00 0.810 0.170  0.540
3 1.80 0.780 0.550  0.160 2.30 1.00 0.700 0.210  0.600
4 3.70 0.870  0.990 0.410 4.30 1.00 1.10 0.470 1.10
5 1.80 0.780  0.740  0.250 2.30 1.00 0.950 0.320 0.720
6 2.20 0.810 0.740 0.260 2.70 1.00 0.910 0.320 0.770
7 5.20 0.840 0940 0.600 6.20 1.00 1.10 0.720 1.30
8 1.50 0.790 0540 0.170 1.80 1.00 0.680 0.210 0.570
9 1.10 0.840 0.600 0.220 1.40 1.00 0.720  0.260  0.600
10 2.80 0.840 0520 0.230 3.40 1.00 0.620 0.280 0.730
11 3.20 0.830 0.920  0.280 3.90 1.00 1.10 0.340  0.900
12 1.90 0.860 1.10 0.270 2.30 1.00 1.20 0.310  0.830

BS wls oo, sladiges o5 WS 515 (b
.&‘ooy aosﬂﬁi

Sy §Baiges ;0 polie (bslido i -F-¥
sladiges yo polie (lol adlie Jlod Joo (295 @ls
ol adlge s gzl Sole (V S5 50 J92) ©o,
/Y\/YJ 9 Y‘\/\c ‘\‘?/V l)))‘)-' w).'cb 9 sS.: )| )Jsj))) o).ws
S 1y U5 xazs eilily 5 ZAVIE g gammays oS o4y
28 pbples wighoe Jold | yaie Jloz o g ool
Code Jole sla )b ozl PCL gl so saalice (0) Jga
CINE) Seis)] (IAPD) S yolie b azgs L
5| el o Ciogs (+15RY)) wmedlS 5 (+/ABA) posolils
ool jaie b ogg8 Jole sla,l axly PC2 5,k
Gy b e b PC3 o S oo ws (+15FY)
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oeolS oo )] yolie EF asls polie oo Siles I3
5 NN Aee YAY L by oo ga psolly 5 S
peaally 5 UK cumedls jolis b Lice Solo o/¥N
55 S (Fojlsn 5l ol o588 olis golea b
Gaiges o Sl yare caliglal lice o0
aS ol ol saioylas 5 PLI asls polie 04 wgm,
LY 5 oosll e i ia gy sladiges I TNV 5 AY
e D3 S| (B @i sy o M lamgte (Sogl]
polae 5 Sle a5 oy las J3l QYU e Slgay o
A pa paslly 5 IS qeeeolS jolie BF a3ly
5 s, " i S Soke s VA5 VTP
5 Se 5l S ol i o PLI olae (3L |
(Rafiei et al. 2014) 54 Gy, sladiges Sl 5 ols
alxe b 3 Ghorbanzadeh Zaferani et al. (2016)
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Table 5 Total variance described and component models of the elements

Extraction Sums of Squared

Rotation Sums of Squared

Component Initial Eigenvalues Loadings Loadings
% of . % of . % of .
Total vVariance Cumulative%  Total Variance Cumulative%  Total Variance Cumulative%

1 2.71 67.7 67.7 2.71 67.7 67.7 1.87 46.7 46.7
2 0.939 235 91.2 0.939 235 91.2 1.18 29.4 76.1
3 0.250 6.24 97.4 0.250 6.24 97.4 0.853 21.3 97.4

4 0.103 2.56 100
Component Matrix Rotated Component Matrix

Elements

PC1 PC2 PC3 PC1 PC2 PC3
As 0.864 -0.415 0.208 0.947 0.225 0.124
Cd 0.691 0.667 0.269 0.136 0.947 0.282
Ni 0.865 0.336 0361 0.345 0.477 0.803
\Y 0.858 -0.458 0.062 0.913 0.055 0.337

Lol pgrolly g S5 polie Jolds pom adgs g podlS
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Fig. 2 PCAplot of the elements in the sediment
sapmles in the study area
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