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Figure 1. Location of Kalan dam and sediment sampling stations.
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(Muller, 1969) bl oy Ll (gasa00, -Y Jgus
Table 1. Classification of geochemical accumulation - index (Muller, 1969).

Very Highly polluted Highly Moderately =~ Moderately  Non-polluted Non-
high to very high polluted polluted to polluted to moderately polluted
polluted polluted highly polluted

polluted
|99025 4§|geo§5 3§|geo§4 Zflgeoss 15'99052 05'99051 |geo§0

(Luetal., 2009) Ssgll jasli gussod, -Y Jouz
Table 2. Classification of pollution index (Lu et al., 2009)

High level of pollution

Moderate level of pollution

Low level of pollution

PI>3

1<PI<3

PI<0

(Luetal, 2009) Sui of ;951 gusgos; -V Jguz
Table 3. Classification of enrichment factor (Lu et al., 2009)

Highest enrichment Very high

High enrichment

Moderate Low enrichment

factor enrichment factor factor enrichment factor factor
EF>40 20<EF<40 5<EF<20 2<EF<5 EF<2
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Table 4. Physical and chemical properties of sediment samples from studied stations

Station oH EC CaCO;  CaSOs CEC Clay  Silt  Sand
number
@S mty ) cmol¢ kgt )

1 7.65 1.98 29.0 73 8.7 221 190 589
2 7.86 2.01 28.4 6.9 8.2 241 200 559
3 7.61 1.89 30.4 8.0 102 281 254 465
4 7.74 2.14 35.0 7.4 113 317 240 443
5 7.75 2.47 28.4 7.4 9.9 204 257 449
6 7.83 172 20.1 71 8.3 235 217 548
7 7.89 2.20 32.7 78 8.2 215 224 564
8 7.68 2.19 33.1 78 8.9 215 220 565
9 7.79 2.31 33.0 75 9.1 228 240 532
10 7.84 2.37 34.0 7.4 9.0 246 260 494
1 7.81 2.38 32.0 75 101 258 245 497
12 7.84 2.45 335 78 103 286 253 461
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Table 5. Total concentration of heavy metals (mg kg?) in sediment samples from syudied staitions

Station number As Cd Cr Zn Cu Mn Ni Hg

1 12.12 0.08 18.14 314 21.4  152.07 28.6 6.32
2 10.24 0.08 17.21 35.2 2201 12281 29.5 4.13
3 14.32 0.1 25.6 40.1 18.08 201.94 29.2 6.21
4 21.02 011 34.12 58.2 18.3 102.3 39.4 6.38
5 22.75 0.14 3321 65.3 25.2 93.46 49.2 8.21
6 15.24 0.05 2651 32.1 19.07 141.15 30.1 5.27
7 20.14 0.09 28.24 35.2 2021  112.94 35.1 7.24
8 21.1 0.14 35.14 36.7 22.2 82.14 41.2 6.57
9 20.81 0.13  33.08 452 24.06 105.51 39.8 9.71
10 21.2 0.13 32.7 56.3 243 127.06 43.7 9.38
11 22.4 011 32.14 58.7 247 104.11 41.2 10.14
12 21.2 0.13  33.78 59.5 241 113.42 43.7 10.57
Background 7.36 1.05 4255 146.55 52.59 368.68f 30.66 -
ERL 8.2 1.2 81 150 34 20.9 0.15
ERM 70 9.6 370 410 270 51.6 0.71

(1999) NOAA) IS, 41 9w, s slazal, ERM 3 ERL 0l <2018, Jalali , Beygit
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Figure 2. The amount of geochemical accumulation index for studied elements in sampling stations
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Table 6. Principal component test on accumulation geochemical index

Eigenvalue 5.61 0.862 0.749 0.387 0.290 0.070 0.024 0.0071
Proportion 0.701 0.108 0.094 0.048 0.036 0.009 0.003 0.001
Cumulative 0.701 0.809 0.903 0.951 0.987 0.996 0.999 1
Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8
As 0.389 -0.354 0.053 0.281 -0.007 -0.071 -0.512 0.611
Cd 0.356 0.136 -0.074 -0.523 0.750 -0.047 0.003 0.104
Cr 0.366 -0.493 0.057 0.158 0.068 0.498 0.583 -0.050
Cu 0.282 0.770 -0.043 0.264 -0.111 0.378 0.122 0.294
Hg 0.355 0.051 -0.483 0.490 0.131 -0.504 0.121 -0.336
Mn -0.295 -0.125 -0.801 -0.028 0.084 0.443 -0.217 0.069
Ni 0.414 0.027 0.105 -0.108 -0.157 0.331 -0.536 -0.619
Zn 0.352 -0.037 -0.318 -0.548 -0.609 -0.204 0.186 0.160
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Figure 6. Principal component test for pollution index
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Table 7. Principal component test on pollution index

Eigenvalue 5.71 0.797 0.724 0.347 0.314 0.067 0.031  0.0095
Proportion 0.714 0.100 0.091 0.043 0.039 0.008 0.004 0.001
Cumulative 0.714 0.813 0.904 0.947 0.987 0.995 0.999 1
Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8
As 0.390 0.316 0.082 -0.265 0.154 0.165 -0.640  -0.460
Cd 0.364 -0.035 0.049 0.187 -0.837 -0.335 -0.085  -0.097
Cr 0.366 0.469 0.171 -0.228 -0.076 0.286 0.686 -0.083
Cu 0.300 -0.707 -0.314 -0.069 -0.013 0.403 0.167 -0.340
Hg 0.345 -0.351 0.352 -0.556 0.197 -0.435 0.025 0.311
Mn -0.290 -0.224 0.792 0.016 -0.220 0.423 -0.093  -0.060
Ni 0.409 0.029 -0.062 0.235 -0.011 0.445 -0.245 0.717
Zn 0.348 -0.072 0.331 0.688 0.428 -0.223 0.126 -0.204
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Table 8. Principal component test for enrichment factor.

Eigenvalue 5.30 1.219 0.615 0.330 0.309 0.116 0.029 0.012
Proportion 0.662 0.161 0.077 0.041 0.039 0.015 0.004 0.001
Cumulative 0.662 0.824 0.901 0.947 0.980 0.995 0.999 1
Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8
As 0.395 -0.268 -0.217 -0.319 0.088 -0.182 -0.634  -0.425
Cd 0.384 0.008 0.060 0.560 0.523 0.496 -0.061  -0.112
Cr 0.383 -0.152 -0.480 -0.212 0.241 -0.176 0.681 -0.036
Cu 0.306 0.492 0.495 0.097 0.065 -0.536 0.138 -0.315
Hg 0.367 0.149 0.398 -0.638 -0.006 0.455 0.043 0.262
Mn 0.030 0.788 -0.556 -0.043 -0.013 0.095 -0.210 0.118
Ni 0.419 -0.137 -0.008 0.245 -0.093 -0.357 -0.216 0.751
Zn 0.380 -0.028 -0.081 0.250 -0.805 0.243 0.135 -0.246
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Abstract

Sediments are the most important sources in the study of aquatic ecosystems. Bottom marine
sediments are sensitive indicators for monitoring pollutants as they act as a sink and a carrier for
contaminations in aquatic environment. The objective of this research was to evaluate the degree of
heavy metal contamination in Kalan Malayer dam and the extent of sediment quality according to
three indices. In this study, heavy metals such as As, Cd, Cu, Cr, Mn, Hg, Ni and Zn in 12 station
were measured of lake bed sediments. Then, sediment quality was analyzed by calculating of geo-
accumulation index, pollution index and enrichment factor. The highest amount of pollution index
respectively belonged to As (2.520), Ni (1.225) and Hg (1.138). The results obtained from pollution
index, geo-accumulation index and enrichment factor indicated that the As, Ni and Hg were high in
9 to 12 stations. Multivariate principal component analysis (PCA) was performed on the indices data,
and two components were extracted which explain 85% of the total variance, and the eigenvalues >1.
All heavy metals (except Mn) had positive coefficients with each other. The stations 9 to 12 were
located near agricultural farms and the high concentration of some heavy metals in these stations can
be due to human and natural resources such as excessive use of agricultural field, the intensive use
of pesticides and the entrance of chemical fertilizers aquifers.
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