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li | Cri | Cd | Iy Cii | Ni lei | Ci | PD lei [ Ci | Cr | lei | Ci | Zn li | Ci | Cu Aigod
0.30 | 1.23 | 0.17 0.00 1.00 | 79.33 0.66 1.58 | 24.45 -0.25 0.84 | 3899 | 0.17 | 1.12 | 128.22 0.04 1.03 | 59.19 Ci-1
029 | 1.22 | 0.17 -0.12 0.92 | 73.17 0.23 1.17 | 18.20 -0.30 0.81 | 37.70 | 0.06 | 1.04 | 118.97 | -0.01 | 0.99 | 57.17 Ci-2
0.38 | 1.30 | 0.18 -0.08 0.94 | 74.87 0.02 1.01 | 15.71 -0.13 0.91 | 42.28 | 0.08 | 1.06 | 120.72 0.08 1.05 | 60.60 C:-3
0.46 | 1.38 | 0.19 -0.05 0.97 | 76.72 -0.05 0.97 | 14.96 -0.28 0.82 | 38.20 | 0.06 | 1.04 | 119.25 0.10 1.07 | 61.64 Ci-4
0.17 | 1.13 | 0.16 -0.02 0.99 | 78.51 -0.10 0.93 | 14.44 -0.39 0.76 | 35.30 | 0.23 | 1.17 | 134.00 0.27 1.21 | 69.47 Ci;-5
0.18 | 1.13 | 0.16 0.00 1.00 | 79.60 -0.13 0.91 | 14.14 -0.12 0.92 | 42,77 | 0.22 | 1.17 | 13341 0.26 1.20 | 69.03 C,-6
028 | 1.21 | 0.17 -0.02 0.98 | 78.10 | -0.16 | 0.89 | 13.85 0.02 1.01 | 46.90 | 0.25 | 1.19 | 136.22 0.15 1.11 | 64.00 C-7
0.17 | 1.13 | 0.16 -0.02 0.99 | 78.28 -0.08 0.95 | 14.65 0.01 1.01 | 46.70 | 0.20 | 1.15 | 131.42 0.19 1.14 | 65.56 C:-8
0.13 | 1.10 | 0.15 -0.06 0.96 | 76.08 -0.15 0.90 | 14.00 0.02 1.01 | 46.90 | 0.15 | 1.11 | 126.91 0.05 1.04 | 59.64 C:-9
0.10 | 1.07 | 0.15 -0.05 0.97 | 76.63 -0.09 0.94 | 1454 0.11 1.08 | 50.01 | 0.13 | 1.10 | 125.10 0.03 1.02 | 58.79 C,;-10
0.13 | 1.09 | 0.15 -0.08 095 | 75.14 | -0.23 | 0.85 | 13.23 0.16 1.11 | 51.68 | 0.06 | 1.05 | 119.36 | -0.01 | 0.99 | 57.07 C;-11
0.04 | 1.03 | 0.14 -0.13 0.92 | 72.77 | -0.21 | 0.86 | 13.38 -0.05 0.97 | 4490 | 0.06 | 1.04 | 119.07 | -0.03 | 0.98 | 56.46 C;-12
0.10 | 1.07 | 0.15 -0.12 0.92 | 73.01 -0.07 0.95 | 14.72 0.04 1.03 | 47.72 | 0.14 | 1.10 | 125.78 0.05 1.04 | 59.61 C;-13
0.11 | 1.08 | 0.15 -0.08 0.94 | 74.97 -0.23 0.85 | 13.23 0.00 1.00 | 46.24 | 0.08 | 1.06 | 121.06 0.00 1.00 | 57.36 C,-14
0.05 | 1.04 | 0.15 0.00 1.00 | 79.40 -0.23 0.85 | 13.24 0.21 1.16 | 53.65 | 0.12 | 1.09 | 124.18 0.12 1.09 | 62.40 C,-15
0.08 | 1.06 | 0.15 0.10 1.07 | 84.96 | -0.03 | 0.98 | 15.17 0.32 1.25 | 58.00 | 0.15 | 1.11 | 126.65 0.13 1.09 | 62.93 C;-16
0.05 | 1.04 | 0.15 0.23 1.17 | 93.18 0.01 1.01 | 15.64 0.36 1.28 | 59.60 | 0.32 | 1.25 | 142.34 0.26 1.19 | 68.70 C,-17
0.06 | 1.04 | 0.15 0.21 1.15 | 91.66 0.03 1.02 | 15.79 0.40 1.32 | 61.10 | 0.26 | 1.19 | 136.37 0.26 1.20 | 69.00 C;-18
0.09 | 1.06 | 0.15 0.03 1.02 | 81.26 0.08 1.06 | 16.39 0.39 1.31 | 60.60 | 0.15 | 1.11 | 127.13 0.21 1.16 | 66.52 C,-19
0.03 | 1.02 | 0.14 0.11 1.08 | 85.82 0.13 1.10 | 17.00 0.43 1.35 | 62.70 | 0.13 | 1.09 | 124.86 0.19 1.14 | 65.72 C,-20
0.08 | 1.06 | 0.15 0.06 1.05 | 83.01 0.07 1.05 | 16.26 0.37 1.29 | 59.80 | 0.12 | 1.08 | 123.70 0.08 1.05 | 60.60 C;-21
0.10 | 1.07 | 0.15 0.10 1.07 | 85.09 0.11 1.08 | 16.77 0.37 1.29 | 59.80 | 0.20 | 1.15 | 131.01 0.19 1.14 | 65.76 C,-22
0.17 | 1.12 | 0.16 0.16 1.11 | 88.49 0.15 1.11 | 17.14 0.47 1.39 | 64.32 | 0.20 | 1.15 | 131.28 0.21 1.16 | 66.63 C.-23
0.20 | 1.15 | 0.16 0.21 1.16 | 92.02 0.16 1.12 | 17.29 0.44 135 | 62.77 | 0.23 | 1.18 | 134.38 0.31 1.24 | 71.10 C,-24
0.27 | 1.21 | 0.17 0.19 1.14 | 90.70 0.16 1.12 | 17.37 0.33 1.26 | 5850 | 0.22 | 1.17 | 133.07 0.20 1.15 | 65.99 C,-25
0.27 | 1.20 | 0.17 0.17 1.12 | 89.15 0.16 112 | 17.37 0.37 1.29 | 60.00 | 0.21 | 1.16 | 132.43 0.20 1.15 | 66.24 C,-26
031 | 1.24 | 0.17 0.15 1.11 | 87.81 0.13 1.10 | 17.00 0.55 147 | 68.00 | 0.27 | 1.20 | 137.44 0.27 1.20 | 69.20 C,-27
0.40 | 1.32 | 0.19 0.10 1.07 | 84.81 0.26 1.20 | 18.54 0.67 159 | 73.80 | 0.25 | 1.19 | 135.70 0.23 1.17 | 67.27 C,-28
041 | 1.33 | 0.19 0.11 1.08 | 85.76 0.05 1.04 | 16.10 0.53 144 | 66.80 | 0.16 | 1.12 | 127.70 0.15 1.11 | 64.00 C,-29
057 | 149 | 0.21 0.19 1.14 | 90.67 -0.18 0.88 | 13.71 0.55 1.46 | 67.80 | 0.21 | 1.15 | 131.66 0.23 1.17 | 67.40 C;-30
053 | 145 | 0.20 0.09 1.07 | 84.74 | -0.09 | 0.94 | 14.60 0.53 145 | 67.18 | 0.17 | 1.13 | 128.53 0.09 1.06 | 61.10 C;-31
0.47 | 1.38 | 0.19 0.08 1.06 | 84.08 -0.05 0.97 | 14.96 0.45 1.37 | 6340 | 0.10 | 1.07 | 122.71 0.06 | 1.04 | 59.90 C.-32
053 | 1.45 | 0.20 0.11 1.08 | 85.67 -0.15 0.90 | 14.00 0.67 159 | 74.00 | 0.05 | 1.04 | 118.55 0.06 1.04 | 59.77 C:-33
041 | 133 | 0.19 0.07 1.05 | 83.28 -0.07 0.96 | 14.81 0.63 155 | 71.70 | 0.11 | 1.08 | 123.60 0.11 1.08 | 62.21 C,-34

0.17 82.32 15.67 55.58 128.02 63.47 oSl
0.14 79.40 15.50 46.40 114.20 57.50
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Executive Summary

Discharge of million tones of waste and hazardous materials to our environment
especially to the aquatic systems was caused heavy metals pollution in
sediment. Increasing in amount of metals in aquatic systems, affect adverse
effect on biota and microorganism. Generally, more than 90% of heavy metals
load in aquatic systems is bounded on sediment and suspended particulate
matter (Calmano et al., 1993). Type and stability of heavy metals bounding to
solid phase are considered as important factors for potential mobility and
mobility (Calmano et al., 1993; Rividal Da Silva et al, 1996; Karageorgies et al,
2002; Mucha et al, 2003). The chemical forms of metals greatly differ in their
transfer ability and bioavailability in the aquatic ecosystems. For example,
dissolved or weakly adsorbed metals may be easily available to plants and
aquatic organisms, while metals bound in strong bound such as residual and
organic fraction are not available to biota, unless under situations such as
weathering that change in sediment mineralogy (Jain, 2004; Rath et al., 2009;
Calmano et al., 1993). Sediment quality indexes are considered as useful tools
to assess metals pollution state in aquatic systems. Moreover, they could ease
environmental management of aquatic ecosystems to prevent or control of

sources of pollution in the study area.

As there are some problems with pervious sediment quality indexes, Iran DOE
has decided to develop new indexes in this area in collaboration with Iran
University of Science and Technology (IUST). Reviewing previous sediment
quality indexes and studying methods of development of indexes around the
world, a combinational method for development of new sediment quality
indexes was used. The approach which has been used is based on the metals

partitioning in different fractions and their potential risk of release. Moreover,
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development of new indexes to assess pollution state in a logarithm equation
and aggregative manner were conducted. The developed sediment quality

indexes are presented as fallows:

1) Modified degree of contamination according to metals partitioning (MCgsce’)

Zcfi
mCdsce = I=ln
—

Csce(3—5)

Where, n is the number of elements. Cy, is the total content of metals and Cyc (-
5 IS the summation of metals partitioning in the last three steps of metals

fractionation study.

2) Aggregative risk assessment code (aRAC?)

D W,RAC,

n
W
i=1

! modified Contamination degree based on sequential chemical extraction

2 aggregated Risk Assessment Code

0



Where n is the number of elements. RAC is the metals partitioning in the
exchangeable and carbonate fractions in percent. W; is the weight of each
metals according to Hakanson (1980).

3) Index of pollution intensity (Ip)

Where C is the total element content and B is the baseline amount of element. n

Is the number of elements.

Key words: Sediment, Index, Metals, Caspian Sea
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