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Station | PH EC OM(%) | CaCO3(%) | Mud(%) | Sand(%) G(EZV;I
S1 8.44 | 396.87 8.03 13.48 4.60 64.89 30.51
S2 8.86 | 441.82 7.05 26.51 24.00 65.65 10.35
S3 8.81 | 309.96 8.09 13.66 3.02 63.85 33.13
S4 8.62 | 223.44 8.23 13.40 4.40 64.99 30.61
SH 8.55 | 200.78 7.87 14.07 6.64 65.42 27.94
S6 8.52 | 215.00 8.09 12.85 7.86 68.07 24.06
S7 8.61 | 200.54 8.70 14.09 5.06 64.42 30.53
S8 8.57 | 188.57 8.44 15.47 5.60 65.74 28.66
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S9 8.55 | 211.28 11.09 6.77 9.01 68.11 22.88
S10 8.60 | 244.60 10.23 10.67 7.28 66.11 26.62
Sl1 8.20 | 480.71 7.08 10.79 13.72 67.67 18.61
S12 8.56 | 255.53 11.95 6.39 18.13 70.79 11.08
S13 8.65 | 241.34 11.59 6.60 17.17 72.68 10.14
S14 8.80 | 243.01 7.36 13.25 9.06 73.93 17.01
S15 8.61 | 249.01 8.14 18.19 10.50 74.41 15.09

PPM) vz 12 Cgmy Sl digas ;3 (S S5k 5 yolie clale (Y-0) Sy

Station | Cu Zn Ni As | Cr Se |Sr Fe Al Co pb
S1 32.11 4399 | 864 |84 |687 |03 |2264 | 25900 | 14400 | 16.1 | 30.44
S2 12.38 | 20 316 |42 |32 0.6 |412.3 | 10600 | 3800 | 6.2 8.49
S3 29.79 422 |199.2 |33 |755 |05 |230.1 |30700 17300 | 18.1 |5.24
S4 29.44 42.2 | 1124|135 |798 |05 |219.1 |30400 | 17600 | 17.5 | 6.09
S5 28.29 439 953 |41 |761 |05 |255 30500 | 17000 | 17.6 | 6.15
S6 33.88 505 1274 (3.2 |90 0.6 |221.1 | 34300 | 20000 | 21.7 | 6.29
S7 31.13 442 |118.7 |33 |80.1 |05 |231.3 |30700 | 17400 | 18 5.57
S8 30.57 447 11088 |41 |789 |05 |246 30100 | 17200 | 18.7 | 6.11
S9 29.47 434 | 123 3.7 1868 |04 |2309 |31000 |17400 | 194 | 6.61

S10 2069 |298 |676 |33 |522 |05 |2727 |19900 | 10000 | 12.1 | 4.7

S11 2139 |373 | 713 |49 |582 |04 |245 23200 | 18500 | 14.7 | 6.17

S12 2865 |431 |974 |38 |73.2 |05 |2484 |27700 | 15400 | 18.2 | 6.93

S13 2193 |36.8 |73 42 |57.7 |04 |266.5 |22400 | 12500 | 13.8 | 5.51

S14 1461 |30 65.7 |52 485 |04 |2921 |17400 | 9100 | 105 |6.44

S15 2092 | 358 | 759 |47 |57.7 |05 |2345 |21100 | 14600 | 13.3 | 6.35

Mean 25.68 | 65.58 | 90.24 | 4.26 | 67.69 | 0.47 | 255.42 | 25726 | 14813 | 15.72 | 7.8

W.M.S

* 33 95 52 7.7 |72 0.42 | 320 41000 | 72000 | 14 19
Mean

Crust** | 50 75 80 1.5 | 100 |0.05 370 41000 | 82000 | 20 14
*World Mean Sediment (Bowen1979) **Mean Crust (Bowen1979)

YA
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Cu Zn Ni As Cr Se Sr Fe Al Co Pb pH EC OM CaCO3 | Mud | Sand | Gravel
Cu 1.000
Zn 0.338 | 1.000
Ni 0.904 | 0.029 | 1.000
As -0.069 | 0.862 | -0.310 | 1.000
Cr 0941 | 0.088| 0986 | -0.257 | 1.000
Se -0.036 | -0.598 | 0.048 | -0.712 | 0.023 | 1.000
Sr -0.789 | -0.229 | -0.798 | 0.002 | -0.807 | 0.313 | 1.000
Fe 0946 | 0079 | 0960 | -0.267 | 0.987| 0.028| -0.825| 1.000
Al 0.835| 0042| 0858| -0.182| 0.890| -0.067 | -0.883 | 0.917 | 1.000
Co 0945| 0098| 0955| -0.234| 0983 | 0.005| -0.835| 0.986 | 0.923| 1.000
Pb 0221 | 0985| -0085| 0.895| -0.026| -0.560 | -0.081| -0.047 | -0.080 | -0.023 | 1.000
pH -0.374 | -0.303 | -0.274| -0.286| -0.329| 0.386| 0520| -0.349| -0.590 | -0.413 | -0.244 | 1.000
EC -0.272| 0.053 | -0.358 | 0.267 | -0.310 | -0.263 | 0.096| -0.257| 0.70| -0.220 | 0.085| -0.598 | 1.000
OM 0200 | -0.115| 0236 | -0.269 | 0.226| -0.159| -0.209| 0.189| 0.060| 0.254| -0.160 | -0.024 | -0.362 | 1.000
CaCO3 -0.387 | -0.014 | -0449| 0099 | -0456| 0487 | 0605| -0.462 | -0.463| -0518 | 0.091 | 0423| 0.016| -0.731 1.000
Mud -0.628 | -0.277 | -0.632| -0.030| -0.621| 0188 | 0.715| -0.647 | -0575| -0.574| -0.146 | 0.131| 0284 | 0.210 0.160 | 1.000
Sand -0.456 | -0.240 | -0.272| 0.094 | -0.317 | -0.185| 0.053| -0.360 | -0.223 | -0.274| -0.206 | 0.076 | -0.058 | 0.274| -0.235| 0.413 | 1.000
Gravel 0662 | 0309| 0585| -0019| 0597 | -0058| -0551| 0.635| 0522| 0543 | 0.197| -0130| -0.185| -0.274| -0.016| -0.918| -0.740 1.000
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COs> | Ec TH (mg/L
Station | pH (mg/L) | (uS/cm) | HCO3(mg/L) | NO3(mg/L) | Cl(mg/L) | Na(mg/L) | Ca(mg/L) | Mg(mg/L) | SO4(mg/L) | as(CaCO3) | TDS(mg/L) | TSS(mg/L)
S1 9/14 3 717 247/05 8 88/75 46/46 160 39/6 54/72 250 431 30
S2 9/1 22/8 908 323/3 4/4 72/77 36/34 196 74/4 129/6 310 543 97
S3 8/74 3 721 250/1 8 90/52 50/83 160 36 48/96 260 432 27
S4 8/55 8/4 744 247/05 4 92/3 58/42 160 33/6 62/4 255 446 134
S5 8/52 6 729 244 5/8 90/52 53/82 160 34/8 61/44 230 438 122
S6 8/48 6 745 244 5 92/3 55/2 160 37/2 72 255 448 52
S7 8/57 7/2 748 247/5 4/4 92/3 55/89 160 37/2 68/16 235 450 30
S8 8/48 7/2 750 247/5 5/6 90/52 55/2 168 33/6 74/88 260 450 170
S9 8/55 6 745 247/5 7/8 94/07 50/6 164 39/6 62/4 255 448 172
S10 8/58 6 757 247/5 6/2 94/07 47/61 166 44/4 73/92 260 453 67
S11 8/75 7/2 814 247/5 8/2 108/27 60/72 172 40/8 88/32 250 489 91
S12 8/74 6 815 244 10/6 104/72 60/59 174 39/6 105/6 260 489 91
S13 8/65 6 867 244 9/6 110/05 61/41 186 44/4 141/12 300 521 59
S14 8/42 9/6 855 262/3 7 79/87 41/4 192 58/8 176/64 300 513 227
S15 8/51 6 869 253/15 10/6 90/52 50/37 200 48 181/44 290 522 218

\Y¥#




OIS ailsog) Ol CoheS (o) g omy s e Juad

Station Cu Al As Cr Fe Ni Sr Zn Pb Se Co
S1 7/9 | 1162 | 1/3 5/6 1238 10/2 | 1277/12 | 39/0 4/5 1 1/63
S2 4/7 227 1/8 4/4 00 3/3 | 2531/03 10/3 2/0 1/5 0/53
S3 11/0 | 819 1/4 4/9 803 7/6 | 1340/08 16/3 3/6 1 1/47
S4 5/3 | 1083 | 1/6 5/6 1330 10/1 | 1340/95 14/4 1/4 1/2 1/65
S5 4/0 788 1/4 4/3 760 7/9 | 1342/75 9/7 2/5 0/8 1/40
S6 6/9 831 1/4 4/3 902 7/5 1349/59 11/4 1/9 1/1 1/40
S7 28/3 | 826 1/7 7/1 797 9/3 1452/62 23/7 4/0 1/3 1/56
S8 18/5 | 1138 | 1/4 5/3 1192 10/2 | 1375/54 13/2 1/7 1 1/77
S9 12/3 | 1230 | 1/3 6/1 1436 10/8 | 1382/29 12/6 1/8 0/9 1/85
S10 24/1 788 1/5 4/0 685 7/3 1392/02 14/9 1/7 1/2 1/30
S11 5/3 887 1/6 4/7 928 7/3 | 1512/50 | 33/0 2/1 1/4 1/46
S12 6/6 885 1/5 4/6 944 8/0 1505/61 14/7 1/7 1 1/43
513 4/3 631 1/6 3/4 441 6/1 1662/72 16/4 2/6 1/5 1/41
S14 4/7 244 1/9 1/3 00 5/1 | 1893/28 8/4 1/2 1/2 1/28
S15 2/9 27 2/2 3/9 00 0/9 | 1775/66 1/2 0/0 1/7 0/00
Min 2/9 27 1/3 1/3 00 0/9 | 1277/12 1/2 0 0/8 0
Max 28/3 | 1230 | 2/2 7/1 1436 10/8 | 1893/28 | 39/0 4/5 1/7 1/85

Mean 9/78 | 771 | 1/57 | 4/63 | 763/73 | 7/44 | 1542/25 15/9 | 2/18 | 1/186 1/34

WHO(2008) 1300 | 200 10 100 300 70 | - 50000 15 50 | -
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Cu Al As Cr Fe Ni Sr Zn Pb Se Co PH Co3 Ec Hco3 No3 cl Na Ca Mg So4 TH TSS TDS SSP SAR
Cu 1/0000
Al 0/3515 1/0000
As -0/2364 -0/8741 1/0000
Cr 0/5037 0/6541 -0/4292 1/0000
Fe 0/2830 0/9801 -0/8052 0/6935 1/0000
Ni 0/4317 0/9645 -0/8302 0/6266 0/9283 1/0000
Sr -0/3261 -0/7719 0/6524 -0/4259 -0/7875 -0/7346 1/0000
Zn 0/1945 0/5429 -0/4414 0/4275 0/4783 0/5091 -0/3537 1/0000
Pb 0/3357 0/4519 -0/5428 0/4810 0/3479 0/5030 -0/3198 0/7324 1/0000
Se -0/1725 -0/6990 0/8186 -0/2546 -0/6632 -0/7425 0/6201 -0/1382 -0/3443 1/0000
Co 0/3577 0/8861 -0/8163 0/3930 0/8137 0/9412 -0/6852 0/4906 0/4906 -0/7199 1/0000
PH -0/1797 0/0381 -0/1527 0/2151 -0/0066 -0/0347 0/3244 0/5636 0/5103 0/1002 -0/1235 1/0000
Co3 -0/1694 -0/4781 0/4017 -0/1583 -0/4941 -0/4260 0/8808 -0/2764 -0/2468 0/4073 -0/4393 0/3276 1/0000
Ec -0/4422 -0/7963 0/7531 -0/5739 -0/7965 -0/8075 0/8751 -0/3553 -0/4973 0/7675 -0/6974 0/1425 0/6293 1/0000
Hco3 -0/1980 -0/5381 0/3862 -0/1747 -0/5593 -0/5052 0/9032 -0/2218 -0/1171 0/3907 -0/5326 0/5081 0/9381 0/6019 1/0000
No3 -0/3622 -0/1845 0/1700 -0/2845 -0/1586 -0/3101 -0/0365 0/0179 -0/1664 0/1779 -0/2395 0/0860 -0/4290 0/3163 -0/3015 1/0000
a -0/0045 0/3754 -0/2519 0/1297 0/3696 0/2514 -0/4910 0/3288 0/0508 0/0289 0/3421 -0/1609 -0/5662 -0/0871 -0/6772 0/5215 1/0000
Na 0/0261 0/4624 -0/2617 0/3006 0/4930 0/3826 -0/5949 0/2089 0/0367 -0/0834 0/4189 -0/3401 -0/5453 -0/2579 -0/7251 0/2430 0/8800 1/0000
Ca -0/4392 -0/8575 0/8155 -0/6291 -0/8427 -0/8638 0/8409 -0/4536 -0/5612 0/7355 -0/7795 0/0725 0/5385 0/9548 0/5658 0/3768 -0/2185 -0/3839 1/0000
Mg -0/2807 -0/7420 0/5767 -0/5027 -0/7754 -0/6971 0/9558 -0/2755 -0/2671 0/5383 -0/6364 0/3741 0/8218 0/8038 0/8868 -0/0335 -0/5582 -0/7460 0/7929 1/0000
So4(mg/L) -0/4336 -0/8560 0/8466 -0/7169 -0/8353 -0/8304 0/7046 -0/4796 -0/5935 0/6966 -0/7099 -0/1295 0/3645 0/8971 0/3575 0/4165 -0/1304 -0/2653 0/9534 0/6676 1/0000
TH -0/4127 -0/7287 0/6143 -0/6498 -0/7466 -0/7253 0/8152 -0/4270 -0/4352 0/6395 -0/6008 0/1495 0/5599 0/8637 0/6180 0/2456 -0/2882 -0/4640 0/8928 0/8082 0/8267 1/0000
TSS -0/3062 -0/3560 0/4939 -0/4103 -0/2725 -0/3159 0/2783 -0/6091 -0/7897 0/1231 -0/3079 -0/4962 0/1847 0/3653 0/1037 0/1346 -0/2772 -0/2217 0/5195 0/2466 0/5655 0/3592 1/0000
TDS -0/4453 -0/7947 0/7544 -0/5718 -0/7941 -0/8059 0/8690 -0/3516 -0/4956 0/7692 -0/6948 0/1361 0/6194 0/9998 0/5906 0/3243 -0/0771 -0/2475 0/9546 0/7965 0/9005 0/8593 0/3673 1/0000
SSP 0/2057 0/7106 -0/5309 0/5036 0/7380 0/6549 -0/8359 0/3051 0/2407 -0/4003 0/6308 -0/3296 -0/6737 -0/6356 -0/8122 0/0231 0/7183 0/9079 -0/7225 -0/9357 -0/6082 -0/7469 -0/3351 -0/6276 1/0000
SAR 0/1303 0/6224 -0/4309 0/4375 0/6519 0/5574 -0/7411 0/2698 0/1632 -0/2788 0/5565 -0/3326 -0/6138 -0/4860 -0/7774 0/1007 0/7953 0/9674 -0/5976 -0/8694 -0/4819 -0/6466 -0/3005 -0/4770 0/9835 | 1/0000
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Abstract

Kashkan River, one of the major rivers of Lorestan Province which is considered as an
important source of drinking, agricultural, and industrial water supply in the region. The
river, flowing from north east to south west, is one of the major tributary of Karkheh River.
The present study dealt with assessing of heavy metal concentration in water and in the
surface sediment (from the junction of Madianrood to the junction to Seymareh River). To
do so, 15 sediment samples along with 15 water samples were collected in order to
determine physico-chemical parameters, anions and cations concentration, and ICP-MS
tests. 11 elements, namely iron, aluminum, nickel, copper, lead, cobalt, strontium,
selenium, zinc, arsenic, and chromium were selected with regards to the environmental
priorities, the amount, and the variation of their concentrations. Generally, the geological
formations of the region are classified in three groups: evaporative, carbonate, and
terrigenous. Sedimentological studies showed that the sediment texture along the river
changes from gravel-sand to muddy-gravel sand. The organic matter increases from
upstream toward the downstream and the calcium carbonate in the sediments was affected
by Gachsaran Formation. Nickel, iron, cobalt, aluminum, and chromium in the sediments
influenced by Kashkan and Amiran formations while strontium and selenium in the
sediments were affected by Gachsaran formation, have the highest concentration, and
enrichment factor, and probably have geogenic sources. Copper, zinc, lead, and arsenic in
the sediments might have geogenic and anthropogenic sources since the highest
concentrations of the later were seen in the first station which is under the influence of
Afrineh Oil Pump Station and fig farms in Zorantel. The maximum contamination degree
was measured in the first station (anthropogenic parameters) and the sixth station (geogenic
parameters). The maximum and minimum pollution load index (PLI) in Kashkan River is
due to terrigenous and evaporative formations respectively. A comparison of the measured
concentration with TEC and PEC showed that the quality of the sediments in third and
ninth stations were more concerning in comparison with the other stations. The results of
the study of water quality showed that the Kashkan River water quality is mostly affected
by evaporative and carbonate formations. The water type of the river is carbonate-calcic
and its pH is basic. The river water is over saturated with the dolomite, calcite, aragonite,
hematite, and goethite minerals. Aluminum and iron concentrations were higher than WHO
2008 and concentrations of copper, selenium, cobalt, nickel, iron, and strontium were
higher the average concentrations of elements in the rivers. The metal index in most
stations was larger than one, which indicated the pollution in these stations.

Keywords: sediment, water, heavy metals, pollution, Kashkan River.
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