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) -0.338 | -0.182 | -0.295 0.645 0.681 -0.628 | -0.234 0.263 | -0.638 | -0.213 | -0.328 1
Na -0.001 0.046 | -0622 | -0.393 | -0.348 | -0.643 0.144 0.779 0.234 0664 | -0511 0.247 1
K 0.223 | -0.264 0432 0.597 0436 0.035 | -0.240 | -0.255 | -0.656 | -0.670 | -0.111 0.100 | -0.223 1
Ca -0.268 | -0.258 0421 0.348 0.192 0.259 | -0407 | -0.653 0.017 | -0.009 0.073 0.132 -0.68 0.2 1
Mg -0.067 | -0.382 0.754 0.508 0.340 0427 | -0.153 | -0.33 -0.800 | -0451 -0.332 | -0.609 | -0.227 0.434 0.073 1
pH 0.126 0.145 | -0.205 | -0.659 | -0.558 0402 0.264 0.271 0.209 0.564 0.367 | -0.631 0422 | -0.203 | -0.334 0.054 1
[o])1] -0.223 0.103 | -0.377 0.366 | -0.359 0237 | -0179 | -0.147 | -0.092 | -0.176 | -0.309 0.864 0.051 0.217 0.251 -0.243 | -0.130
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Element | {(ppm) e
EF 1 2 3 4 5 3] 7 8 9 10 11 12 13 28 29
cu C 42.3 55.7 554 44.6 47.6 44 48.8 371 40.6 50.2 38.3 46.7 442 46.9 15.8
Ef 22.55 9.34 11.81 9.94 748 8.11 7.36 5.71 572 743 6.72 6.45 6.94 4.70 1.56
Pb C 345 245 56.9 258 233 246 26.6 228 239 227 25.7 276 244 44.1 134
Ef 77.01 17.21 50.80 24.08 15.32 18.96 16.78 14.69 14.09 14.02 18.93 15.97 16.03 18.50 5.55
Zn C 29 44 58 96.1 81.7 82.7 92.3 a0 73 795 695 89.7 91.3 96 40
Ef 12.04 575 9.63 16.68 10.00 11.87 10.84 10.78 8.01 9.15 9.51 9.66 11.18 749 3.08
Fe C 2100 13000 13500 19000 24100 22500 23600 24300 25800 26400 41900 32700 25100 32600 19200
Ef 1.23 2.39 3.16 4.65 4.16 4.55 3.91 4.11 3.89 4.29 8.08 4.96 4.33 3.59 2.08
As ] 141 14 58 4.9 54 54 6.1 73 8.9 114 10.9 6 8.5 10.5 8.6
Ef 17.86 7.15 37.66 33.24 25.84 30.30 28.01 34.21 38.16 51.31 58.29 25.25 40.67 32.03 25.89
cd C - - 0.1 0.24 0.18 0.198 0.21 0.1 - 012 0.04 0.18 0.24 0.1 0.3
Ef - - 5.95 14.93 7.89 9.77 8.84 4.30 - 4.95 1.86 6.94 10.53 2.80 8.28
Sb ] 0.3 0.2 2 0.15 0.16 0.15 011 03 0.3 0.03 0.05 0.07 0.08 03 0.2
Ef 44 .64 9.36 119.05 9.33 7.02 7.72 4.63 12.89 11.79 1.24 245 2.70 3.51 8.39 552
Hg C 017 0.18 0.23 0.087 0.077 0.072 0.074 0.2 017 0.11 0177 0.062 0.068 0.06 0.02
Ef 61.85 20.64 33.53 13.25 8.27 9.07 7.63 21.04 16.37 11.11 21.25 5.86 10.53 4.11 1.35
Sr ] 235 23 26 252 223 229 27.2 21 25 20.7 19.3 227 28.7 33 170.7
Ef 18.25 0.56 0.81 0.82 0.51 0.61 0.60 047 0.51 045 049 046 0.66 048 2.55
Se C 0.8 - 0.7 0.7 0.6 05 0.6 - - 04 0.5 0.5 04 - -
Ef 468.38 - 163.93 171.27 103.54 101.18 99.35 - - 64.92 96.43 75.80 69.03 0.00 0.00
Ba ] a2 86 132 956 753 93 106.9 50 50 719 54.7 54 814 104 112
Ef 6.32 1.86 3.63 2.74 1.52 2.21 2.08 0.99 0.91 1.37 1.24 0.96 1.65 1.34 143
5 C - - 1400 3100 1800 1300 1000 2000 1700 4400 7600 1100 1400 - -
Ef - - 32.26 74.63 32.26 25.89 16.29 33.26 25.87 70.27 144.21 16.43 23.77 - -
Na C 540 830 380 310 210 120 180 650 510 260 400 140 160 140 120
Ef 0.55 0.27 0.16 0.13 0.06 0.04 0.05 0.1 0.14 0.07 0.13 0.04 0.05 0.03 0.02
K C 700 1700 1300 1200 1100 1400 2000 1300 1400 1600 1700 1700 1700 2000 1900
Ef 0.78 0.60 0.58 0.56 0.36 0.54 0.63 042 0.41 0.50 0.63 0.49 0.56 042 0.39
Ca C 2400 700 1300 2600 2700 3400 4200 1600 1700 2400 3100 2500 1900 7000 | 2E+05
Ef 1.90 017 041 0.86 0.63 0.93 0.94 0.37 0.36 0.53 0.81 0.51 044 1.04 29.32
Mg C* 900 4300 4000 5000 5600 5200 5600 6000 6400 4300 3600 5700 4400 5800 7500
Ef 1.24 1.86 2.20 287 227 247 2.18 2.38 232 1.64 1.63 2.03 1.78 1.50 1.91
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Hg - - 10
Sr 2506 1040 -
Se - 1 1000
Ba 9.2 34.1 5000
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SO42 1600000 - 400000
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Cu 51 1.4 1 1000
Pb - 0.3 - 1000
Zn 25 4.9 - 2000
Fe - 74 - 3000
As 5.8 2 0.7 100
Cd - - - 100
Sb 3.48 1.23 34 -
Hg - - - 10
Sr 3527 2131 2018 -
Se 2.7 1.8 1.6 1000
Ba 67.3 38.6 53.6 5000
S 301000 37000 46000 400000
Na 273524 170912 100079 200000
K 10430 10023 3131 12000
Ca 146305 38273 37650 75000
Mg 107000 41822 26848 100000
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Cu Pb Zn Fe As Cd Sb Hg Sr se Ba S Na K Ca Mg PH EC
Cu 1.000
Pb -0.495 1.000
Zn -0.593 | -0.177 1.000
Fe -0.495 0.988 | -0177 1.000
As 0720 | -0.046 | -0.266 | -0.046 1.000
Cd — -0.046 — — — 1.000
Sb 0.750 0.013 | -0.392 0.013 0.991 - 1.000
Hg -0.532 | -0.333 0.983 | -0.333 | -0.333 — -0.459 1.000
Sr 0.960 | -0.231 -0.732 | -0.23 0.780 - 0.835 | -0.712 1.000
Se 0.314 0178 0.123 0.178 0.880 - 0.832 0 0.393 1.000
Ba 0.661 0176 | -0.421 0.176 0.967 — 0.987 | -0.512 0.788 0.844 1.000
S 0.591 -0.562 | -0.626 | -0.562 0.880 - -0.060 | -0.470 0.494 | -0580 | -0.144 1.000
Na 0.658 | -0979 | -0.008 | -0979 0.181 — 0.142 0.146 0422 | -0117 | -0.019 0.653 1.000
K -0.648 0174 0.032 0174 | -0.968 - -0.925 0.091 -0.655 | -0913 | -0.880 0.223 | -0.270 1.000
Ca 0734 | -0706 | -0552 | -0.706 0.058 - 0104 | -0.394 0.604 | -0.401 -0.007 0.968 0.802 0.002 1.000
Mg 0227 | -0734 | -0142 | -0.734 | -0.485 — -0.471 0.042 0.030 | -0.777 | -0.579 0.849 0.714 0.465 0.815 1.000
PH -0.380 | -0.602 0.821 -0.602 | -0.494 - -0.601 0912 | -0622 | -0.316 | -0.694 | -0.072 0.426 0.269 | -0.017 0.447 1.000
EC 0613 | -0847 | -0312 | -0.847 | -0.068 — -0.053 | -0.136 0422 | -0466 | -0.187 0.916 0.894 0.066 0.963 0.905 0.251 1.000
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Concentration (ppb)
43 gad aJL«i}

Parameter YA 4 v X Standard?
Cu 1 1.1 3.8 3.7 2000
Pb - - - - 10
Zn - 0.6 1 2.5 3000
Fe - - 28 - 200
As 0.7 5.4 0.9 1.5 10
Cd - - - - 3
Sb 3.4 2.96 3.74 3.84 5
Hg - - - - 1
Sr 2018 1476 651 8505 —
Se 1.6 1.9 2.2 3 10
Ba 53.6 61.4 13.2 18.2 30

S 46000 87000 171000 430000 250000
Na 100079 158766 169243 117968 200000
K 3131 7984 5670 8223 12000
Ca 37650 36387 72673 289515 200000
Mg 26848 52046 88817 119274 150000
SO42 192000 — 480000 854400 250000

1: Drinking water standard : WHO 1998
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S s ol gle o yolie mje b

(Y YA ojlats gd) allaie inen; ol glo aiged

PEC spH L5 RS b polis Ko -7 Jguar

Cu Pb Zn Fe As Cd Sb Hg Sr se Ba S Na K Ca Mg pH EC
Cu 1.000
Pb 1.000
Zn 0.776 — 1.000
Fe 0.598 — -0.016 1.000
As -0.463 — -0.116 | -0.370 1.000
Cd - — - — — 1.000
Sb 0.871 — 0.651 — -0.809 - 1.000
Hg - — - — — - — 1.000
Sr 0.429 — 0.853 | -0463 | -0174 - 0.522 - 1.000
Se 0.806 - 0.999 0.028 | -0.157 - 0.686 - 0.840 1.000
Ba -0.986 — -0.698 | -0.639 0.601 - -0.926 - -0.383 | -0.733 1.000
s 0.770 — 0.990 | -0.048 | -0.157 - 0.714 - 0.895 0.991 -0.710 1.000
Na 0.285 — -0.003 0.664 0.442 - -0.174 - -0.498 0.006 | -0.204 | -0125 1.000
K 0.347 - 0.708 | -0.163 0.609 - -0.033 - 0.492 0682 | 0187 0614 0.412 1.000
Ca 0.665 — 0.956 | -0.200 | -0.254 - 0.684 - 0.959 0953 | 0616 0.983 | -0.297 0.547 1.000
Mg 0.916 — 0.955 0.280 | -0.190 - 0.730 - 0.673 0.966 | -0.848 0.932 0.218 0.655 0.850 1.000
pH -0.860 — -0.927 | -0.126 0.480 - -0.881 - -0.819 | -0.941 0.843 | -0.960 0.169 | -0.396 | -0.940 | -0915 1.000
EC 0.889 — 0.959 0.249 | -0.113 — 0.675 — 0.672 0.966 | -0.809 0.927 0.250 0.711 0.844 0.997 | -0.889 1.000
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cr 284 1633 | 266.25 | 1136 14.91 184.6 250
SO, 112.8 192 168 480 60 854.4 250
Na* 138 234.6 138 345 40.25 460 200
Ca® 64 32 64 52 30 135 200
Mg*2 48 16.8 48 37.2 8.4 39.6 150
CO,? 0 0 0 0 0 0 -
HCOy 178.7 244 17873 | 4209 | 13115 | 3965 -

1: Drinking water standard : WHO 1998
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Element 30 31 32 33

Cu 28.88 39.8 33.9 39.8
Pb 24.3 34.7 62 26.4
Zn 82.8 85 73 83.8
Fe 34700 26600 25800 40000
As 8.3 7.4 6.8 8
Cd 0.17 0.7 0.2 0.15
Sh 0.08 0.4 0.6 0.17
Hg 0.025 0.06 0.06 0.028
Sr 54.5 111 150 237.3
Se 0.4 - - 0.5
Ba 81.4 96 107 238.2
S 400 1000 1100 4200
Na 160 840 3150 230
K 1600 1500 1300 1800
Ca 15100 47600 | 107400 42900
Mg 5500 11100 18400 8600
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Lges 8,lods Gravel (%) | Sand (%) Silt (%) Clay (%) pH OM (%)
30 52.27 31.84 4.16 11.27 8.3 8.93
31 34.23 48.25 11.05 6.27 8.44 15.92
32 56.17 35.32 4.42 4.1 9.49 17.04
33 56.69 33.24 3.8 6.3 8.6 10.43

OM: Organic Matter
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Cu Pb Zn Fe As Ccd Sb Hg Sr Se Ba S Na K Ca Mg PH OM Clay
Cu 1.000
Pb 0.813 1.000
Zn 0.923 0.445 1.000
Fe 0.608 0.011 0.741 1.000
As 0.234 | -0.223 0.222 0.187 1.000
Cd -0.035 | -0112 | -0.094 | -0.440 | -0.435 1.000
Sb 0.270 0.854 0.062 | -0.413 | -0.448 0.274 1.000
Hg 0.692 0.844 0.540 | -0.099 | -0.048 0.282 0.812 1.000
Sr -0.289 | -0.227 | -0.472 | -0.023 | -0.502 0.035 0.027 | -0.393 1.000
Se -0.277 | -0910 | -0.756 0.987 0.839 | -0.978 | -0.868 | -0.949 0.444 1.000
Ba 0.219 | -0.185 0.078 0.557 | -0.086 | -0.272 | -0.228 | -0.315 0.772 0.630 1.000
S 0.641 -0.264 0.236 0.687 0.209 | -0.314 | -0.239 | -0.364 0.934 0.580 0.998 1.000
Na 0.059 0819 | -0.035 | -0.296 | -0.665 0.058 0.886 0.552 0.141 | -0.944 | -0.168 | -0.278 1.000
K 0.015 | -0.541 | -0.063 0.153 0.875 | -0.360 | -0.615 | -0.365 | -0.058 0.891 0.259 0.697 | -0.809 1.000
Ca -0.805 | -0.247 | -0.966 | -0.807 | -0.277 0.138 0.172 | -0.335 0.523 | -0.403 | -0.051 | -0.024 0.210 | -0.008 1.000
Mg 0.047 0727 | -0.103 | -0.328 | -0.759 0214 0.893 0.520 0.333 | -0676 | -0.022 | -0.119 0.966 | -0.799 0.295 1.000
PH 0.030 0764 | -0.108 | -0.208 | -0.605 | -0.144 0.807 0413 0.333 0.277 0.065 | -0.008 0.956 | -0.665 0.286 0.935 1.000
OM 0.760 0.883 0.619 0.071 | -0.966 0.367 0.817 0958 | -0.146 | -0.901 | -0.115 | -0.272 0.764 | -0.892 | -0.395 0.800 0.625 1.000
Clay -0.702 | -0913 | -0.365 0.135 0.978 | -0.291 | -0.981 -0.956 | -0.283 0.998 | -0.333 | -0.986 | -0.892 0.836 0.076 | -0.951 | -0.803 | -0.924 1.000
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Abstract

Coal mining has caused many water and soil pollutions around the world due to release
of heavy metals, trace elements, nonmetallic elements, and variety of anions and
cations. Coal mining activities have been running 30 years in Tazareh Mining Complex
located 70 km north west of Shahrood, with 2000 metric tone production daily which
made pollution in water and soil in the downstream of the complex, possible. In the
present research geological characteristics of the region was studied through field
observations, thin sections of the rocks, preparation of maps, and XRD tests. In order to
investigate the effects of pollution sources, samples were taken from coal, and dumps
(surface and deep) and tunnel drainage. Also, samples were taken from water and soil in
upstream, downstream, and in the site of the complex (main tunnel) to evaluate the
heavy metal distribution in groundwater and soil of the region. Physico-chemical
parameters such as pH, EC, concentration of organic matter, cations, and anions were
measured. Concentration of heavy metals and other elements including, Cu, Pb, Zn, Fe,
As, Cd, Sb, Hg, Sr, Se, Ba, S, Na, K, Ca, and Mg were determined using ICP-MS.
Mineralogical studies were performed using rock thin sections, XRD, and field
observations. Concentration of elements and other parameters studied in the present
research were plotted using Excel while the distribution of these parameters was plotted
by Surfer.

The results show that highest enrichment factors of the coal are 468, 77, 62, 22.5, 18.2
for Se, Pb, Hg, Ca, and Sr respectively. Average enrichment factors of S and As were
41 and 34 in dumps which are higher than in the coal. Due to abundance of carbonated
matter and alkaline, the tunnel drainage was identified as natural alkanity mine drainage
(NAMD) with the pH of 7.6. Basic media prevents dissolution and, thus, mobility of
heavy elements in the water. Concentration of S, Ca, Mg, Na, K, and Sr, which have a
higher solubility in water, were measured in downstream at 9.3, 7.69, 4.44, 1.78, 2.6,
and 4.2 times of the upstream in water and 10.5, 2.84, 1.56, 1.43, 1.12, and 4.35 times
of the upstream in the soil. Concentrations of sulfate and Ca ions (44.4 and 4.2 ppm) in
downstream have been affected the most by mining activities. Field observation and
presence of calcite and gypsum minerals indicated a high value of neutralized
carbonates and sulfates by the elements such as Ca. XRD tests and thin section samples
have shown that calcite, clay minerals, and quartz are exist in the area. Analysis of deep
samples from the old coal dumps (25 years) taken from 20-60 cm depth has shown a
higher concentration of Cu, Sh, and Ba (with the average of 49.35, 0.46, and 98.1 ppm)
in compare with the dump from quarry. The pyrite content of samples was counted for
the abundance of S, As, and Fe since they show a high correlation with each other.
Variation of concentration of heavy metal is limited due to high pH (an average of 7.77)
while more mobile elements such as S has a higher concentration in 25-year quarry
dump (4400 and 7600 ppm in the depths of 0-20 and 20-60 cm respectively) in compare
with 2000 ppm in current quarry dump. In general, due to continuous coal mine
activities, more severe water and soil pollution in the region is expected.

Key words: Coal mining, Pollution, Soil and Water resources, Heavy elements, Tazareh
Mine Complex
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