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Fig. 1- Locations of sampling sites within Anzali International Wetland of Iran
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Table 1. Grades and risk assessment indices (Cd, EL, RI, TRI, Y TUs, mHQ) of heavy metals in the sediment
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Table 3. Heavy metal concentrations in the sediments of different stations of Anzali International Wetland (mg/kg)

cd Ni As Zn Pb cr —
Station
051 25.70 8.00 69.88 22.75 21.56 1
1.03 24.88 7.50 69.30 23.71 21.71 2
0.80 26.00 8.00 74.20 13.26 24.25 3
127 18.91 430 70.25 14.25 20.50 4
0.50 23.93 8.22 70.20 1750 22.53 5
1.10 23.50 8.00 69.50 14.75 21.77 6
1.00 23.80 7.50 69.75 11.50 20.75 7
1.00 18.00 11.50 88.00 13.25 25.00 8
1.25 22.80 11.32 70.25 12.76 26.02 9
0.75 24.02 7.25 11321 18.75 19.25 10
0.75 15.00 5.75 87.50 17.75 14.25 11
0.76 15.00 5.88 88.00 12.30 14.74 12
0.76 17.07 5.66 107.61 14.00 17.09 13
0.77 1450 426 88.75 17.60 14.77 14
0.72 15.32 7.21 88.25 1450 14.75 15
0.75 18.00 5.50 95.39 13.26 15.67 16
0.98 19.75 6.50 108.10 1450 26.00 17
0.99 23.88 8.50 90.30 23.71 22.71 18
1.25 24,00 8.00 104.20 20.26 21.25 19
1.22 20.80 7.70 95.50 1471 24.45 20
0.82 18.88 5.71 83.00 14.89 16.72 21
0.68 16.75 6.70 94.21 14.10 17.00 22
0.80 22,81 7.91 83.78 14.91 21.20 23
0.60 14.30 478 104.71 14.89 16.94 24
0.83 24.76 6.90 88.30 16.81 22.00 25
0.50 22.00 6.71 71.10 17.00 22.38 26
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Table 3. Cont. Heavy metal concentrations in the sediments of different stations of Anzali International Wetland (mg/kg)

cd Ni As Zn Pb cr °&‘_“‘~‘
Station
1.10 23.10 7.30 97.91 17.71 27.00 27
0.91 2751 8.81 139.60 16.91 32.00 28
0.60 24.78 6.32 117.78 17.50 28.00 29
1.30 26.71 6.81 94.76 18.91 26.71 30
1.04 25.11 6.34 107.76 16.77 22.56 31
1.93 22.25 10.88 108.54 17.78 26.11 32
1.04 26.38 7.78 104.79 18.12 24.35 33
1.25 22.36 6.19 184.00 17.32 28.75 34
0.96 25.76 8.75 119.35 19.77 27.23 35
1.97 27.70 9.50 128.18 20.54 26.60 36
0.84 22.25 8.23 97.50 19.27 30.01 37
0.80 22.75 6.15 96.68 21.20 22.00 38
1.20 21.43 7.98 112.10 18.22 25.58 39
0.83 23.80 8.40 66.35 15.50 23.00 40
0.31 28.00 5.10 97.35 20.60 16.21 41
1.28 28.80 6.32 74.00 20.78 16.34 42
0.55 18.25 6.32 104.10 16.71 16.60 43
0.61 19.20 432 101.78 29.32 17.34 44
1.00 17.83 5.25 63.77 12.89 19.00 45
1.00 21.03 5.23 63.00 22.28 18.97 46
0.61 28.00 4.80 83.90 13.72 18.77 47
0.63 17.56 5.78 90.20 13.10 19.30 48
1.12 18.31 5.96 84.00 17.12 19.37 49
0.53 12.92 5.42 83.10 14.99 25.27 50
0.25 10.35 3.75 50.78 7.75 12.34 Jilo
Min
1.50 28.91 45.00 183.50 23.71 26.71 Al
Max
0.73+0.31 19.26+5.65 7.54+4.74 80.23+23.91 14.3+06.48 19.4+06.34 Sl
Average

(Galangash et al., 2022)us5,5] Cuvss p,5olS 5
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53 Sl ol cle ogy (15 (S ez o L
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Table 4. Comparison of heavy metal levels in sediment samples with various geographical locations (mg/kg)

& As cd cr Ni Zn Pd ol
References Location
(Jamshidi-Zanjani . "
and Saeedi, 2013) 0.38 51.1 81.1 1254 27.6 S oY
(Esmaeilzadeh et al., .. .
2013) 20 0.38 118 89 120 24 Sl oY
) Aygir
(Kukrer, 2018) 4.18 0.25 19.34 24.38 38.84
(&S5
Huixian
(Huang et al., 2020) 17.62 0.67 17.62 40.16 125.43 42.22 (2)
(Galangash, 2022) 0.57 74.15 12.05 Sl oY
|
(Mirzaei et al., 2020) 0.53 18.89 20.13 48.83 9.51 i J’ >
(RS9
lom - Sils
(Haghshenas et al., 0.17 - 52 g5 19 Sk Sk
2017) Slges,
(1SQG, 1995) 7.24 0.68 52.3 15.90 124 30.20 1SQG
(Bowen, 1979) 15 0.11 100 80 75 12 ey Ay
7.54+4.74 0.73x0.31  19.4+06.34 19.2645.65 80.23+£23.91 14.3+06.48 Sl oY
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Table 5. Potential ecological risk (Er), and Risk Index (RI) Integrated toxic risk (TRI) values calculated for metals surface sediment

TRI RI cd Ni As Zn Pb cr ol R
Station Loction

4.15 54.93 40.26 2.57 519 0.74 5.69 0.48 1

4.69 95.81 81.32 2.49 4.87 0.73 5.93 0.48 2

4.37 75.59 63.16 2.60 5.19 0.78 3.32 0.54 3

4.07 109.70 100.26 1.89 2.79 0.74 3.56 0.46 4 ‘

3.99 52.82 39.47 2.39 5.34 0.74 4.38 0.50 5 preSales

457 99.29 86.84 2.35 5.19 0.73 3.69 0.48 6 Siahkeshim

4.31 90.27 78.95 2.38 4.87 0.73 2.88 0.46 7

4.80 93.01 78.95 1.80 7.47 0.93 3.31 0.56 8

5.19 112.82 98.68 2.28 7.35 0.74 3.19 0.58 9

4.39 72.63 59.21 2.40 4.71 1.19 4.69 0.43 10

352 70.12 59.21 150 3.73 0.92 4.44 0.32 11

3.44 69.65 60.00 150 3.82 0.93 3.08 0.33 12

371 70.39 60.00 1.71 3.68 113 3.50 0.38 13 .

3.35 70.67 60.79 1.45 2.77 0.93 4.40 0.33 14 o

3.63 67.94 56.84 153 4.68 0.93 3.63 0.33 15 Eastern

3.60 69.25 59.21 1.80 3.57 1.00 3.32 0.35 16

4.39 88.90 77.37 1.98 4.22 1.14 3.63 0.58 17

4.87 93.45 78.16 2.39 552 0.95 593 0.50 18

VE ) s oF o )lod v s 059 e sl pole anlilad

ANAS



Oh%es g (il

S0l Sl3ls (TRI) Copom a2 )L Segy dRT) (g daamo Hhas g (Er) (So590651 jhas (sla jaslis dilns gulis =0 Jgoz dalol
uzla.w s’.’.vlg,.w) 3 (X

Table S. Cont. Potential ecological risk (Er), and Risk Index (RI) Integrated toxic risk (TRI) values calculated for metals surface sediment

TRI RI cd Ni As Zn Pb cr ol e
Station Loction
510 112.91 98.68 2.40 5.19 1.10 5.07 0.47 19
478 108.62 96.32 2.08 5.00 101 3.68 0.54 20
3.73 75.30 64.74 1.89 371 0.87 372 037 21
3.65 64.60 53.68 1.68 435 0.99 353 0.38 22
425 75.66 63.16 2.28 5.14 0.88 373 0.47 23
3.65 57.10 47.37 143 3.10 1.10 372 0.38 24
3.28 78.10 65.53 2.48 4.48 0.93 4.20 0.49 25
433 5153 39.47 2.20 436 0.75 425 0.50 26
3.70 99.95 86.84 231 474 1.03 443 0.60 27
482 86.72 71.84 275 572 147 423 071 28
532 60.19 47.37 2.48 410 124 438 0.62 29
431 116.04 102.63 2.67 442 1.00 473 059 30
516 9456 82.11 251 412 113 419 0.50 31
4.66 167.83 152.37 223 7.06 114 4.45 058 32 e i
6.28 95.97 82.11 2.64 5.05 1.10 453 0.54 33 Western
4.95 111.85 98.68 2.24 402 1.94 433 0.64 34
5.38 90.85 75.79 258 5.68 126 4.94 0.61 35
5.14 17154 155.53 277 6.17 135 5.14 059 36
6.58 80.40 66.32 223 5.34 103 482 0.67 37
4.68 76.23 63.16 2.8 3.99 102 5.30 0.49 38
427 108.27 94.64 2.14 5.18 118 456 057 39
434 78.45 65.53 2.38 5.45 0.70 3.88 051 40
3.65 37.12 24.47 2.80 331 102 5.15 0.36 41
4.86 114.37 101.05 2.88 4.10 0.78 5.20 0.36 42
3.62 54.99 43.42 183 4.10 110 418 0.37 43
3.77 61.67 48.16 1.92 2.81 107 7.33 0.39 44
3.72 88.46 78.95 178 341 0.67 3.22 0.42 45 .
407 91.10 78.95 2.10 3.40 0.66 557 0.42 46 SF e A
378 58.81 48.16 2.80 312 0.88 343 0.42 47 Central
351 59.90 49.74 176 3.75 0.95 3.28 0.43 48
421 99.72 88.42 1.83 3.87 0.88 428 0.43 49
3.26 51.84 41.84 1.29 352 0.87 3.75 0.56 50
- a - i s : s . .L' " - .E - 2 'E 1. ;.E
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and Pollution Load Fig. 2- Spatial distribution of Degree of contamination, Environmental index (RI), Potential Acute Toxicity
Index (PLI) in Anzali International
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Fig. 2- Cont. Spatial distribution of Degree of contamination, Environmental index (RI), Potential Acute Toxicity and Pollution
Load Index (PLI) in Anzali International Wetland
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Table 6. Results of potential acute toxicity and Modified hazard quotient (nHQ) of metals in surface sediments of Anzali
International Wetland

ol Zlal ylas b3l

Sl Carans Jomily

Modified hazard quotient(mHQ) potential acute toxicity °&'f"'l| C""’i"

cd NI As zn Pb o Tu_cd Ni_As zn pb  cr owtion - Loction
045 158 144 094 100 101 204 015 071 047 022 025 024 1

064 155 139 093 102 101 214 029 069 044 022 026 024 2

057 159 144 096 076 107 207 023 072 047 024 015 027 3

071 135 105 094 079 098 175 036 053 025 022 016 023 4

045 152 146 094 087 103 195 014 066 048 022 019 025 5 peiSales
067 151 144 093 080 101 206 031 065 047 022 016 024 6 Siahkeshim
063 152 139 093 071 099 196 029 066 044 022 013 023 7

063 132 172 105 076 108 216 029 050 068 028 015 027 8

071 148 171 094 075 111 231 036 063 067 022 014 029 9
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Table 6. Cont. Results of potential acute toxicity and Modified hazard quotient (mHQ) of metals in surface sediments of Anzali
International Wetland

oA C)La‘ )149 ‘solg'))l al> Carouns J.:....JL‘Q
Modified hazard quotient(mHQ) potential acute toxicity ol Caxdge

cd N As zn Pb C Tu cd NI As zn pp cr owtion - lLoction
055 152 137 119 090 095 208 021 067 043 036 021 021 10

055 120 122 105 088 082 160 021 042 034 028 019 0.6 11

055 120 123 105 073 083 156 022 042 035 028 013 0.6 12

055 128 121 116 078 090 171 022 047 033 034 015 0.9 13

056 118 1.05 105 088 083 151 022 040 025 028 019 0.6 14

054 122 137 105 079 083 166 021 043 042 028 016 0.6 15

055 132 119 109 076 086 166 021 050 032 030 015 0.17 16

063 138 130 116 079 111 200 028 055 038 034 016 029 17 b i
063 152 148 106 102 103 224 028 066 050 029 026 025 18 Eastern
071 152 144 114 094 100 228 036 067 047 033 022 023 19

070 142 141 109 080 107 211 035 058 045 030 016 027 20

057 135 122 102 08L 089 170 023 052 034 026 016 0.8 21

052 127 132 109 078 089 199 023 063 047 027 016 023 22

057 148 143 102 081 100 163 025 044 031 027 017 0.19 23

049 118 111 115 081 089 153 017 040 028 033 016 0.9 24

058 155 134 105 086 102 204 024 069 041 028 018 024 25

045 146 132 094 086 103 181 014 061 039 023 019 025 26

067 149 137 111 088 113 219 031 064 043 031 019 030 27

061 163 151 132 086 123 252 026 076 052 044 019 035 28

049 155 128 121 087 115 210 017 069 037 037 019 031 29

072 161 133 109 091 112 232 037 074 040 030 021 029 30

065 156 1.28 116 085 103 214 030 070 037 034 018 025 31

0.88 147 168 117 088 111 264 055 062 064 034 019 029 32 et B
065 160 142 115 089 107 229 030 073 046 033 020 027 33 Western
071 147 127 152 087 116 243 036 062 036 058 019 032 34

062 158 150 1.22 093 113 240 027 072 051 038 022 030 35

089 164 157 127 095 112 282 056 077 056 041 022 0.29 36

058 147 146 111 092 119 219 024 062 048 031 021 033 37

057 148 126 110 096 1.02 200 023 063 036 031 023 024 38

069 144 144 118 089 110 224 034 060 047 036 020 0.8 39

058 152 147 091 082 104 203 024 066 049 021 017 025 40
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Introduction: Due to the potential toxicity and ecological risk of heavy metals in aquatic ecosystems, measuring
and evaluating their concentration in different parts of aquatic environments is very necessary. Therefore, the
present study measures the concentrations of Cd, Cr, Pb, Ni, As and Zn and evaluates the spatial distribution
of their ecological risk in the surface sediments of Anzali International Wetland.

Material and methods: 50 stations in different parts of the wetland were selected for sampling. After
preparation and acid digestion of samples, the concentrations of these metals were determined by an atomic
absorption spectrometer. In order to zoning the toxicity and ecological risk of metals, the inverse distance
weighting (IDW) method was used.

Results and discussion: The total mean concentrations of metals were Zn (79.24 71 6.71), Cr (19.4 21 21.04),
Ni (18.96 62 5.62), Pb (13.3 72 72.50), As (7.62 96 4.96) and Cd (1.12 + 3.16) mg/kg, respectively.
Investigation of potential acute toxicity, RI, mHQ and PLI indicated low pollution status in wetland sediments.
The environmental risk of the metals in the sediments were evaluated as (Cd> As> Pb> Ni> Zn> Cr). In
addition, the distribution of toxicity and ecological risk of metals in different parts of the wetland does not
follow the same pattern and the western parts of the wetland have more risks.
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Conclusion: According to the results, Potential acute toxicity, PLI, mHQ and ecological risk of heavy metals
in the sediments of the region are assessed as low and medium. The intense expansion of human activities in
the areas around the wetland, along with the deposition and entry of various pollutants in this ecosystem,
confirms the need for continuous monitoring of the wetland and assessment of its ecological health risk.

Keywords: Ecological Risk, Acute toxicity, Modified hazard quotient, Heavy metals, Anzali wetland.
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