Journal of Economic Geology SoLlaBl bl g )
Vol. 13, No. 2 (2021) (VFre JL) ¥ ooyleds VY Wl

ISSN 2008-7306 i YAY G Y5V Sloin

9 Ul

dibn (Sl 3T Dlbgwy 38 oow 0981L polis F39IT tacmocws 3 (23
Ol g wbTarw

" lblb i 9% (85580 U3

Il Olginol o ol ST olKils (01Kl 35) Olgios] s OS5 Ol sz 01Kt o550 ()
Il Olgiol cOlgion] nio K213 cOdra pniligs oAl (¥

VWAR/ Y/ 5 RN O/ Y tallie Ly

oy
S 1y s ans )l gl5 6 atgy 51 hdu adlate Sl 48 8513 Olghol Ol 53 5 QLIS oy (620 kS 3 3L Tk ailate
Sl s i a0 SN (63 55 (5L 55 5 il SL2AET (LacSin ol aiain S (sladols o 5pgn 3 oo
Ly b o gmims adbite y3 Gl S5 Lo gl 5 Sk 55T 5 eSadys Gl ole s 5 odaile $s Susa adbie SlaassT

S 555,508 5Zn Pb Cu Co Fe (Cd As oo A gl gy bahgos olasd 55 slaesls 55,5 » @ bT o om
BB bl Sl ol ()l AEE ok 3 ) 5 0 il i 3 0 iin U (Sl it o) p Bl 03 Sl i 5 25l Juli
/N Ea T ele glls w5 4 Zn sPb (Cu Ll +/YV 51/+0 5 4 Co sFe jule ST folo ke colsT sy
A o OLES o gy S0 303 (555 2 (S b b Jole ool sty gl ol V/Fe 5 VYY Cd 5 AS olie (sl 5 +/88 5 V/FY
Jole 51 ol s b s S 8 Ol o 2S5 0 i o135 40 CO (/8)) 5 AS (V0 VF) obe oS
93 55 (S 0das) Sl Jalge o Glw S5 5 015415 ( S sladls) ad Jolse posdhe o5 ol OT odasiplis Sas b

Azl 8 O gy L g0 53 olie SIS S ed

O3 ¢ o 050l polio o Si b falo ¢ ST fole o il S5 1505 G059

Lol 600,05 3 5 5 LasS L 5 LK 3 b 5 sba | oo TP
E) Lg)')jl_.':.f L;L&L_:Jw e Y S )bj.él.'& d‘-'-‘ )‘..Lia L@li\_‘i...nj g;bj_ﬂd‘}_:» ‘3:5.5 g;ll'.").ﬂ)" dij) Jju:“b
Houshmand Firoozabadi ) <l 21550 4 5, i sxie 058 olis Ll O gy 5 S i 55 e Sl oalizl
r.mehvary@gmail.com : L5\ J g DOI: https://dx.doi.org/10.22067/econg.v13i2.82109

1. Potentially Toxic Elements (PTEs)
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Fig. 1. Geological map of Saadabad area along with the location of sampling points (taken from map 1:100000 Kashan)
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Table 1. Chemical analysis of toxic elements (mg/kg) of sediment samples of Saadabad area

Sample No. As Cd Co Pb Zn Cu Fe S

1 13.50 033 18.84 51.13 14423 32.50 7099140 178.32
2 850 0.18 19.08 40.12 108.78 37.77 5404090 125.64
3 12.50 0.10 17.33  23.58 87.18 34.61 51424.00 159.52
4 13.50 0.14 1644 24.59 8524 3578 4735830  332.38
5 10.50 0.11 1647 25.50 85.12  46.78 5291590 170.09
6 13.00 0.15 17.10 24.51 85.81 47.19 5941020 927.84
7 13.50 0.10 16.79 24.07 84.44 4151 53608.20 158.61
8 14.00 0.10 18.31 23.62 77.18 63.04 65636.50 4201.68
9 1550 0.21 1848  26.70 98.01 49.27 63730.50  793.49
10 14.00 0.10 1748 21.41 68.03 43.01 58586.70 1130.17
11 10.50 0.10 18.08 24.85 8531 50.88 55303.50 543.13
12 16.00 0.11 18.65 30.68 11495 54.17 6096590 2208.00
13 1550 0.16 20.04 24.76 90.73 58.82 66745.40 1203.58
14 12.00 0.15 16.70 25.81 85.38 40.64 56848.40  948.06
15 14.00 0.17 21.53 2439 95.45 47.11 62684.50  133.58
16 13.00 0.10 2047 25.14 93.81 5194 62641.20 156.19
17 10.50 0.11 2226 27.97 93.14 50.61 6123240 104.79
18 11.50 022 17.61 32.42 93.40 3691 60163.50 207.55
19 13.50 0.10 19.44 29.82 96.34  50.52 62213.90 142.47
20 12.00 0.44 19.70 39.11 203.23 49.62 65154.80 85.80

21 1250 020 18.80 2834 119.36 54.75 61972.70 111.29
22 11.50 020 19.25 2798 112.50 66.36 57308.70  210.87
23 10.00 0.10 1835 2739 11244 44.09 61541.90 86.24

24 11.50 042 2024 46.77 171.69 68.30 6302040 118.26
25 13.50 0.51 20.80 101.28 203.09 49.44 6436220 267.05
26 1250 021 1730 2892 127.75 52.88 58608.40 116.33
27 10.50 0.10 13.60 22.46 72.64 3096 45230.60 270.54
28 9.00 0.10 10.88 1595 50.36 20.87 3592790 265.02
29 13.50 0.10 18.96 25.68 76.37 44.70 50062.50  152.97
30 11.50 0.15 16.60 32.70 107.23 34.87 47035.60 176.30
31 7.50 0.10 14.27 20.07 82.81 29.05 46814.80 149.82
32 9.00 0.10 11.39 14.76 53.92 2275 4042630 241.42
33 10.00 0.17 13.03 18.44 64.41 26.10 48631.80 191.90
34 9.50 0.13 1447 17.09 69.45 3049 45969.10  198.09
35 10.50 0.10 12.04 16.03 65.24 2899 4241950 224.45
36 14.00 0.10 14.81 27.24 85.73 38.76 5484130 174.41

37 9.00 0.10 1540 15.20 69.41 3535 5791350 167.90
38 10.50 0.10 1528 16.84 76.20 38.67 5324230  150.35
39 11.00 0.10 13.18 17.50 62.56 26.23 40469.70  182.69
40 11.00 031 1740 26.34 97.36 39.34 62076.00 120.32
41 12.50 0.18 15.51 30.22 99.28  40.15 5542130 124.48
42 16.50 0.10 15.63 2834 100.39 36.22 4912220 145.86
43 16.50 0.10 1342 24.13 8534 3577 4592170  205.24
44 10.50 032 12.14 21.07 85.13 4229 4644470  119.45
45 9.50 0.20 11.54 14.57 80.33  35.19 5022790 107.21
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Table 1 (Continued). Chemical analysis of toxic elements (mg/kg) of sediment samples of Saadabad area

Sample No. As Cd Co Pb Zn Cu Fe S
46 11.00 026 9.39  13.38 66.54 26.83 43599.30  276.73
47 9.00 0.10 1131  7.13 76.42 36.37 59029.20 60.94
48 5.50 0.32 1299 16.87 111.96 49.80 56513.10 72.97
49 11.00 0.17 9.32 8.60 66.30 29.97 47806.00  100.58
50 12.00 0.22 1481 13.62 95.17 44.59 66062.00 119.42
51 14.00 0.28 11.43 13.28 86.87 54.55 52930.90 99.91
52 18.00 0.36 1148 19.01 97.61 43.80 50508.60  430.39
53 22.00 0.58 10.45 15.82 62.32 27.68 39094.70  464.99
54 20.00 048 9.48 13.39 66.16 28.25 41815.60  356.95
55 14.00 030 796 14.44 68.45 39.74 36856.40  292.57
56 12.50 0.30 7.97 15.76 66.71 37.31 39378.50  271.60
57 14.00 0.33 9.46 20.33 75.32 35.17 4299990  289.55
58 19.00 0.39 11.77 20.95 95.68 47.28 54396.70  234.15
59 15.50 0.23 1035 17.98 80.35 33.27 4452470  253.68
60 14.50 0.39 1034 18.33 69.18 37.59 4346430  320.98
61 28.00 0.90 12.09 43.17 199.92 26.94 43555.00  141.94
62 65.00 1.88 11.13 24.00 102.92 51.82 44970.80 93.04
63 20.00 044 1195 1233 72.09 35.97 46524.70 87.54
64 13.50 029 920 17.46 92.54 32.56 39698.10  208.73
65 13.50 0.33 855 16.16 76.90 27.76 38341.60  177.90
66 10.50 022  9.18 14.35 79.21 29.20 37729.10  423.78
67 19.00 0.40 10.03 2558 118.04 38.70 47949.50  140.16
68 18.00 040 9.78 30.72 113.81 36.39 46910.50  137.00
69 21.50 0.58 19.20 33.86 158.69 45.17 55064.20  159.63
70 18.00 046 11.17 29.14 107.06 34.77 41773.80  208.20
71 12.50 0.36 1046 2133 113.48 35.78 41840.40  156.76
72 25.00 0.67 10.16 36.06 128.65 48.65 50711.70  957.06
73 23.00 0.59 10.18 3225 104.57 35.23 50674.80  243.61
74 28.00 0.72 10.61 3450 119.67 43.78 51288.70  196.51
75 45.00 1.29 15.82 28.09 108.45 89.83 56551.80  188.03
76 55.00 1.69 940 16.78 93.33 32.99 41963.00 161.32
77 39.00 091 1132 4450 151.36 56.01 56900.20  249.89
78 22.00 0.70 890  23.66 91.52 33.03 4034990  205.35
79 13.50 034 9.64 21.08 114.80 39.33 44498.70  171.79
80 13.00 0.28 11.02 18.91 123.11 38.23 51442.10  163.29
81 14.00 028 1136 17.81 91.45 34.87 48920.50  156.94
82 9.00 0.20 1393 1446 103.24 32.68 57661.00  134.72
83 17.00 048 1232 22.62 93.90 43.57 5193890  133.57
84 19.00 0.62 11.39 19.06 91.16 36.50 46588.70  142.51
85 20.00 0.57 8.16 17.32 65.85 22.44 36382.60  197.14
86 16.00 048 11.79 20.19 94.71 22.53 47567.50  314.53
87 13.50 0.39 13.26 21.15 86.97 28.11 52831.50  248.99
88 17.00 0.50 1331 22.47 80.10 27.45 49188.10  190.07
89 9.50 0.21 11.35 22.05 81.68 28.78 49333.20  227.26

90 18.00 0.55 13.11 12.74 75.44 24.75 44795.60  267.52
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Table 1 (Continued). Chemical analysis of toxic elements (mg/kg) of sediment samples of Saadabad area

Sample No. As Cd Co Pb Zn Cu Fe S
91 16.00 0.50 14.75 15.12  58.52 27.12 45708.60 139.22
92 19.00 0.51 12.00 1390 61.46 27.11 49251.40 94.51
93 20.00 0.69 14.64 16.59 59.63 2493 42287.40 216.11
94 17.00 044 891 23.15 5899 18.46 43091.30 183.13
95 20.00 0.68 12.76 1591 55.25 1835 3405430 631.18
96 18.00 0.53 12.14 13.71 49.08 25.81 41745.60 116.85
97 20.00 0.57 14.87 18.73  48.74 22.12 39398.80 105.93
98 20.00 0.68 1397 18.01 61.81 25.17 49311.30 100.94
99 1850 045 1270 14.89  58.15 28.80 45422.60 248.93
100 25.00 0.72 1338 3446 6449 2922 46322.30 131.60
101 1850 0.75 1043 3194 6477 29.87 45276.40 187.40
102 7.00 0.18 15.51 1547 73.41 22.65 38668.70 203.59
103 11.50 027 11.72 17.89  70.84 34.14 5222430 160.67
104 9.00 0.18 11.67 13.10 68.06 27.04 4663590 263.53
105 120.00 4.51 9.64 2442  62.04 22.13 35479.00 289.48
106 75.00 3.36 10.21 24.14 66.78 20.94 2502420  4025.27
107 20.00 0.72 591 1636 4456 16.63 31649.30 569.16
108 60.00 2.06 894 2684 77.33 23.00 36016.00 707.09
109 18.00 0.44 881 20.63 58.27 22.88 36340.70 907.19
110 2500 0.78 9.65 18.69  63.44 2341 44940.80 328.94
111 20.00 0.64 1136 23.09 87.11 29.27 62454.70 218.17
112 15.00 0.67 15.57 85.11 272.04 57.52 54718.00 166.17
113 850 0.14 13.72 13.84 81.70  33.78 58767.80 139.50
114 10.00 0.17 1448 16.02 101.32 34.76  72603.50 125.73
115 6.50 0.16 1533 11.25 98.69 32.08 61274.80 124.17
116 12.00 037 17.74 1585 89.66 48.73  55222.00 105.02
117 12.00 031 13.11 36.22 16596 46.65 61620.70 218.59
118 11.00 034 1452 2294 134.10 4425 61077.60 308.40
119 10.50 0.25 14.52 20.35 90.39 4942 47295.60 643.30
120 12.00 033 1226 2094 8592 31.61 64324.00 180.71
121 9.50 0.25 17.07 18.39 100.57 38.44 46978.40 334.70
122 1550 036 1144 26.64 82.65 29.61 59393.20 173.12
123 1050 033 1753 1695 88.89 4236 61319.80 224.05
124 10.00 031 1730 2522 10595 48.20 50938.20 153.05
125 12.00 032 13.51 2330 9043 3630 60010.60 281.32
126 12.00 036 17.62 17.20 87.56 4790 43645.00 242.15
127 10.00 030 10.57 21.87 7571 2439 41571.00 237.57
128 11.00 0.19 998 22.13 7456 2420 44792.70 215.11
129 9.00 024 12.10 20.87 80.53 26.20 40432.40 268.91
130 10.00 0.26 10.76 21.61 66.83 2221 39615.00 250.97
131 13.00 0.38 10.07 27.88  73.72 2637 31901.10 239.86
132 11.00 048 6.86 23.11 73.49 2148 41395.50 232.89
133 11.00 034 10.00 26.69 7528 2390 42153.10 277.64
134 11.00 037 10.04 21.37 69.61 2271 35304.30 206.04
135 11.00 041 7.88 2294 58.10 19.28 35630.70 305.27
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Table 1 (Continued). Chemical analysis of toxic elements (mg/kg) of sediment samples of Saadabad area

Sample No. As Cd Co Pb Zn Cu Fe S
136 13.00 0.45 7.41 22.24 65.46 19.67 37419.10 261.01
137 12.00 0.41 8.86 25.02 82.34 22.60  42262.30 370.58
138 12.00 0.33 11.80 26.95 82.39 26.95 60191.30 197.43
139 20.00 0.36 12.78 15.39 119.04  39.63 50787.50 941.10
140 15.00 0.61 19.03 11.95 113.35  43.01 49070.10 258.87
141 11.00 0.25 14.40 7.35 11570  40.84  42128.20 452.90
142 9.00 0.27 12.40 33.07 97.11 36.19  45973.00 520.34
143 11.00 036 14.83 37.88 126.97  40.96 38149.30 239.00
144 12.00 0.30 12.26 32.33 77.15 26.41 69865.50 843.32
145 15.00 046 19.23 37.02 123.17  40.63 41093.80 591.06
146 10.00 037 12.74 47.59 98.67 31.22  43319.30 361.25
147 12.00 0.53 14.05 42.57 136.33  30.66 39221.80 485.58
148 13.00 046 13.17 43.40 12238  28.89  41259.80 810.73
149 10.00 0.34 17.78 20.40 60.88 37.94  49677.30 2524.00
150 20.00 090 14.89 169.86 30542 99.94  64432.10 1555.72
151 12.00 0.67 16.85 109.78 154.62 60.07  43166.70 1128.27
152 14.00 037 20.45 30.37 143.40  60.49 70758.10 262.45
153 12.00 042 19.73 27.86 149.09 67.34  69142.80 137.74
154 15.00 043 16.50 33.24 150.37  37.38 59958.10 200.76
155 15.00 0.55 11.09 131.18 19422 60.72 4351530 1813.74
156 13.00 0.48 11.39 37.28 86.73 27.45 40295.10 353.39
157 14.00 040 18.77 25.43 87.10 40.79 53087.10 269.43
158 16.00 0.35 14.48 28.03 100.00  40.00  44025.40 1666.55
159 14.00 048 12.29 40.66 76.34 26.14  41737.10 529.65
160 13.00 0.40 11.19 28.96 76.81 25.28  40274.20 316.44
161 14.00 041 13.69 35.04 84.52 33.05 43891.20 303.35
162 14.00 035 11.71 21.75 74.54 26.30  42185.40 224.69
163 13.00 0.61 13.59 41.54 74.68 23.93 42741.80 203.00
164 11.00 036 12.36 19.10 77.91 26.86  46133.90 212.60
165 14.00 039 11.82 28.43 74.49 25.93 42036.60 203.23
166 10.00 024 13.71 20.83 82.34 32.50  47463.90 180.31
167 10.00 0.27 14.76 17.68 88.17 35.83 51191.20 203.59
168 14.00 0.35 10.92 23.42 69.08 21.47 39211.90 183.34
169 15.00 0.34 14.67 35.19 89.85 29.47 58086.10 167.65
170 15.00 0.34 13.95 25.21 82.11 29.01 48743.70 180.63
171 15.00 036 15.03 32.98 88.32 33.04  51914.20 179.29
172 14.00 0.33 14.80 23.56 102.99  27.18  48581.10 155.15
173 11.50 042 15.63 23.39 87.25 29.25 52084.70 181.05
174 13.00 0.55 20.10 30.27 12195  48.59 61486.40 178.48
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Table 2. Statistical parameters of geochemical data of sediment samples in Saadabad

Std.

N Minimum Maximum Mean . L. Variance
Deviation

As 174 5.50 120.00 15.90 12.05 145.20
Cd 174 0.10 451 0.42 0.48 0.23
Co 174 591 22.26 13.60 3.50 12.28
Fe 174 25024.18 72603.54  49389.52 9352.41 87467513.44
Pb 174 7.13 169.86 26.54 18.69 349.34
Zn 174 44.56 305.42 94.30 36.09 1302.64
Cu 174 16.63 99.94 36.59 12.71 161.62

S 174 60.94 4201.68 355.08 516.37 266635.80
N 522000 530000 538000
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T
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3744000
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Fig. 2. Location of taken sediment samples on the RGB image (468) of the Saadabad area



Yy

o G181 T D guny )5 o 0580l uslis ;A}ST s oL

OF+ JW) Y oyle VY il

1207 *
105
1257 [l 1001
E
100 2501 106
. *
> S 62
S el o o
§ 75 oo 108176
=5 = 155 * 75
2 507 z 8 4of =
S 74
257 201 61
[#] 20 40 60 a0 100 120 07
As (ppm) As
=105
80 -
e 151
o /é\ *106
| . 3
- =
2 g 108,
) = 2 *76
= 407 s 62 =
5 = 75
2 | 3 150>
= % 8 o 152,61
= 57
20 <
o
o : t T
0 1 2 cd 3 4 Cd
201 ] 257
LR T
157 —/ /5\20_
" =9
& — | =
= / =
% 101 .8 15
D =
= =
L
51 = 107
S
(&
" | | 1
5 10 15 20 5 .
Co Co
80000
30 .
— 70000
g
/| =
201 o i’;suooo—
5‘ / ©
5 = 500007
= =
IS8 =
L o
el iy S 400007
=)
(&}
30000
& 30000 40000 50000 60000 70000 200007
Fe Fe

3Tk ailate gy s3Fe 5C0 Cd AS olie ol (slaosls (sl s g0 5 ol s ¥ S

Fig. 3. Histogram and box diagram of crude data of As, Cd, Co, and Fe in sediments of Saadabad area



@bl (el e bbb 5 ) 540 YYA
2007 4,0007 W51
1501 __3,0001

g
a
o
N’
“100 .52,000-
=
=
so/|) 81,0001
g 150
° 5T
0 T T T T i\
0 1000 2000 3000 4000 0] 11 2|4 146
Pb Pb
151
i 3,0001 ]
-
— g 2,500
1501 k>
2,000
3 E
il
2 1001 £ 1,500
5 =
)
3 54
= £ 1,000]
i
5&/ - 5001 .
112%
117 25152
0 i . . . . ;
0 500 1000 1500 2000 2500 3000 0 :
/n /n
2001 1,200
151
— *
/_\1,000‘
1501 é
b, 2 8001
5 g
3 1007 = 6007
o <
& =
P A S 4007
507 §
2001 t1 52
0 = . : . . " =
0 200 400 600 800 1000 ,
Cu Cu

Fig. 4. Histogram and box diagram of crude data of Pb, Zn and Cu in sediments of Saadabad area

JLTJ&W aabo QL:}»'J BE Cu E) Zn [Pb J.ét& (al> LsL&a.)‘.) Ls\w J‘.)}u' E) r‘;w £ JS:J



rvya L;\M\)JT C;b}.ﬂ) SRR a}ﬁb f.éLG ;{,}T sza:.’uﬁm\.i) U.sli))\

OF+ JW) Y oyle VY il

b5 Sl 53 &S, T (5laslT s Glail 5 (S5
Mason and ) ;s 5 O s ades 5l ilises OIS 22 g%
«((Vangronsveld, 1998) W, .5 S5 «(Moore, 1982
5L LLS 5 (Samanta et al., 1996) o1, Ses 5 ke
5,5 (Kabata-Pendias and Pendias, 2000) ;L.
I EITY DI PR PSP SN PUE- 3K g - B
Yymgkg U /) 50 Cd Clale caibis jlods L;J,Ttp,
Cd 5l a3 YL cbale Lite 48 (63525 L .ol
- Cdled 1 GEU L bl iy (b Dlgy 53 4Bl S jaS
Kabata-Pendias and ) culeds_j ;8 Sluil sla
sl 5 U 5 alas 1 ikbes 01 Kia 3 «(Pendias, 2000
Baveye ) ol,Kea 5 4 5 «(Nriagu and Pacyna, 1988)
5 0= (Luo et al., 2009) ol,Les 5 oI (et al., 1999
Jacob ) 0, Kes 5 o S5 «(Khan et al., 2010) ol SKen
. (Jyoti et al., 2015) ol ,Ln 5 555 5 (et al., 2013
LT dilate 53 . laxsls o )Lal (g5 ate ol 51 pe Lo
3T LK jlodsgitn Sl ,3Cd cbile
S Y MEKE B /) s gy a5 0daOla s
Sl pany 53 Cd Kle Cbale 03 guien 53 llie ol oSl
b 51,50/ mgkg U /o8) Calises gla, 528 b
op s (Kabata-Pendias and Pendias, 2000) &
aibls o o s Cad 5 (FOmE/kg) Cd c_Lle
Cmsl ol odaliin (aibaie (sla 550l 5 o Gabote) SLTuws
mg/kg ) As Cble oy xin e U a0l (0 JS2)
L0 JS2) Gl Glain it g i sz Dy 52 O
S o) 3Cd 5 AS a8 pss Soemr ar s
s ol ol BLLI (T =0 /VF) Gl o stal e
5»Cd 5 As oS % Ol or 1y Al ol cailate glaisgl 5
SUTdacw ailte Comed ol 55 (6,5 Odee Slab 5 ba iyl 5
s, .(Smedley and Kinniburgh, 2005) sis LLs,!
03,510 JSi 53 sbTuaw aibaie bguy 45 Cd ke S

w{M@nﬁﬂQbﬁ)}J&)ﬁW@‘&]ﬂl&@‘ﬁM

yobe (TagT (b
Dlgm) 33 (o gmolis (Jrudmocm ) (T8 (205
ST dilain  daw

Sl S5 dilaie o Sy 53 aa ;) U5, S
Jole o 5l eadme ool 5 sla e L bl e
5 ety VT (Fs e ol 5 (Sa T e o ( ST
oo &l 5 eslizul 5,5 Co s Pb ,Zn ,As ,Cu ,Cd, Fe
ol 6l e O Kim g o g ks S5 o et L
w8 1,5 oslin wl 5,5 o PTES as bae >e S, T
.(Reboredo, 1993; Loska et al., 1995)

SbToww ditaio 53 PTEs (5 LT x99

GoLeT sla gy Sloslinal U gland 55 Lo oy 2 5o
ol Db o g Calises olie (Slagglaial Al ((godaze
S il sty Gl 5 g (G claat
aibia y ole CLE cluaig laail O ST s
TP P g -G PREPR YN A P
ol o ola Kad 552 5 i 45 Sl 03130
95 Cadibes ol SAST, (eS¢ 55 50 Cakies
S b gl b6 slacals osbTanw aibie S gw
caibie Ol ;3 PTEs Cble g lowal s (gl 5 500
SO e b ) 2 3530 i g 5o T il KL
Cmwsl 0k 4wy las (Mason and Moore, 1982) s i 5
cpeedlS Sy T ol Sl o das o Ol duwlie ol 5
S 1T gy i gei 53555 5 (55 e
aibis elos Dlgury 53 AS 55 0o Lol iy Gla
odaline JSCi ol 55 aS Ol sl okl 03l30LE & IS s
A s Jl ¢y 2 35 50 (Saelius] Ol 3 0355 o0
Aa \Yemglkg  50/0 Jlo,le s 5 asAs c ke
Iy adbie o 20 st Cand 53 AS odd sdalive (g laeials
IS 5 e3laas idw cpl 53 sl 5 3525 4 Ol 5o
Lt (Lo 55 51,5) (ggmm) SlacKim ¢S )T Joo! b
J—lss iz .(Smedley and Kinniburgh, 2005)



©3baBl Wbl

bbb 5 s se

YA

mg/kg Ls#0++)Fe s (YYmg/kg LsY+)Co oLl
Joee U Ll Glbail sbTaw aalats (6557 50 ides 53 (Ve
oS sl gl B3 5 gy 5 5T GlacSin 3 5,15

(0 JSa) 5 s adlate 55 S50, a5 0T 1 5L

el e VW7 mglkg o Sle LYY/YS mglkg b o/4)
Sge i 4 sanin L3I gy 5 ST 55 Cd Clale
}&ﬂ))&;:_w%)ﬁ‘o_uﬂéuii:_w..s)l.ng).sLo
ol Lo Ol e a0 sbTaaw aiate 3 T 1 806 Slu s

Study area

+ Sampling Stations

Co Concentratin (ppm)

. 5.9-7
. 7-10
o
114
1415
. 15-17
s
B 820

0 2 4 6 8
. 20-22 o ———— — i l0me 15

. 520000 530000 520000 530000 540000
A N
Stud s
area =3
Study area o Z
i .
4 Sampling Statio Sampling Stations
As Concentratin Cd Concentratin (ppm)
5.6-13 W o103
13-30 0.3-1
30-42 k15
42-55 1.5-2 §
55.67 225 =
67-79 2.53
79-92 3-3.5
92-104 3.54
o203 A 4-45
104-116 o e it 0 2 4 6 8
e ——— — Kilometers
X 520000 530000 530000 540000
; N .

375000

374000

A

Study area

+ Sampling Stations

Fe Concentratin (ppm)

I 25000-30000
B 30000-35000
11 35000-40000
| 40000-45000
~ 45000-50000
- 50000-55000
1 55000-60000
B 60000-65000
[ 65000-73000

al{TJa.wA.Z.Ia.'.a;')‘,.w)Lguﬁﬂjac,hT}dLScﬁalfcdigw)TﬂbwLg.,\.b.n\;g_;4.1.53.0JS&

Fig. 5. Concentration zoning map of As, Cd, Co, and Fe in sediment samples of Saadabad area
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Table 3. Description of contamination factor values (Satyanarayana et al. 1994)
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Fig. 7. Mapping of contaminant factor of As, Cd, Co, and Fe in sediments of Saadabad area
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Table 5. Total and Cumulative percent of variance of geochemical data of sediments of Saadabad area

Initial Eigenvalues

Rotation Sums of Squared Loadings

Component ; ;
P Total % of Variance Cum;i ative Total % of Variance Cum;i ative
1 3.113 38.908 38.908 3.006 37.574 37.574
2 2.105 26.317 65.225 2.016 25.203 62.777
3 1.004 12.545 77.770 1.199 14.993 77.770
4 0.684 8.544 86.314
5 0.419 5.241 91.555
6 0.290 3.619 95.174
7 0.242 3.023 98.197
8 0.144 1.803 100.000
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Table 6. Results of PCA rotation of variations with loading and specific values of each factor in sediments of Saadabad

area
Component
1 2 3

As -0.047 0.866 0.058
Cd -0.078 0.933 0.071
Pb 0.609 0.314 0.467
Zn 0.860 0.202 0.094
Cu 0.866 -0.075 0.027
S -0.046 0.035 0.946
Fe 0.772 -0.316 -0.261
Co 0.735 -0.385 -0.020
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Fig. 12. The factor analysis plot for the studied variabels in stream sediments of Saadabad area
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Introduction

Soil and sediments are considered to be the main
places for absorption of heavy metals in
contaminated environments (Priju and Narayana,
2007; @ygard and Gjengedal, 2009; Ahmed and
Al-Hajri, 2009). Therefore, they are used in
Heavy Metals Pollution Index in geochemical
studies.

Saadabad area that is a part of the Urumieh-
Dokhtar magmatic belt is located at 30 km south
of Kashan. The natural processes along with
hydrothermal processes, altered areas and mineral
activities on mineralization areas have potential
for releasing toxic elements in the environment.
Therefore, the presence of toxic elements in
sediments of the Saadabad is expected.

The purpose of this study is to evaluate the
concentration of toxic elements and determine
their source in the sediments of the Saadabad
region.

Material and Methods

To investigate the status of environmental
pollution of sediments, 174 samples were
collected from the surface of sediments in the
Saadabad area. The samples were analyzed by
ICP-MS spectroscopy for determination of
elements such as As, Cd, Pb, Zn, Cu, Co in the
Zarazma Laboratory, Tehran, Iran.

Discussion and Results

Geochemical studies are carried out using various
statistical techniques to map the various elemental
abnormalities. These maps play an important role

in determining high-risk areas. The results of
preliminary investigations showed that according
to the correlations between the various elements
studied the patterns of dispersion of various
elements in the sediments of the Saadabad region
are similar to each other. The anomalies observed
of As and Cd in the southwest of the region can be
attributed to the presence of travertine in this part
of the region (Smedley and Kinniburgh, 2005).
Maximum concentrations of Co and Fe in the
central part of the Saadabad region are consistent
with the location of igneous and sedimentary
rocks, skarnification and hydrothermal alterations.
The enrichment of elements Cu, Pb, and Zn in
sediments of the Saadabad region, emphasizes the
effective role of sulfide mineralization and
hydrothermal alteration processes in the region.
Several methods that are applied for the
assessment of trace elements contamination as
follows:

1- Contamination Factor (CF) is defined as
follows (Reboredo, 1993):

1) CF=C, Sample/C, Background

According to the calculated CF, Cd, As, Fe and Pb
have moderate levels and Co, Cu and Zn have low
levels of contamination.

2- Enrichment Factor (EF)

According to Chen et al. (2007), Enrichment
Factor is defined as follows:

2) {c}
E = Cln

(= =
CZMe*”
CZH
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The value of the EF of the toxic elements was
computed for the sediments of the area. The
highest value of 102 for an enrichment factor is
associated with As. Next came those for Cd, and
Pb, 36.47, and 11.89, respectively.

3- Cluster analysis

Based on this method, target trace elements were
divided into three groups. The first group
comprises of the elements As, and Cd. The second
group comprises of the element S, and the third
group, has been subdivided into three subgroups.
Subgroup 1 comprises of the elements Zn, and
Cu; subgroup 2, comprises the elements Fe, and
Co; and subgroup 3, comprises of the element Pb.
4- Factor analysis (FA)

Factor analysis is a multivariate statistical method
that ultimately produces a subset of independent
variables (components) that explain variance in
the dataset (Anazawa and Ohmori, 2005).
According to the factor analysis, the trace
elements originate from 1) natural and 2)
anthropogenic sources.
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