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1- Introduction

Mining as human activity has devastating effects on the environment through soil erosion, vegetation
degradation, and tailing accumulation (Donkor et al., 2005; Cooke and Johnson, 2002). Sediments of the mining
areas and particularly gold mines, may contain significant contents of heavy metals and can potentially affect
the quality of water resources such as rivers and subsequently threaten human and aqua-ecosystems (Cooke and
Johnson, 2002; Donkor et al., 2005; Besser et al., 2009; Suthar et al., 2009). Sediment constituents have a
significant effect on heavy metals concentration. The high concentration of heavy metals in sediments may be
due to the natural concentration of these elements in the structure of minerals of source rocks outcropping in the
watershed of rivers that have entered the sediments by erosion (Caredda et al., 1999; Vidinha et al., 2006;
Serelis et al., 2010; Shehu and Lazo, 2010). Therefore, it is necessary to combine the source lithology, grain size
distribution, and sediment mineralogy to analyze the distribution of heavy metals in sediments to distinguish
between the anthropogenic and natural sources of heavy metal pollution (Caredda et al., 1999; Serelis et al.,
2010; Shehu and Lazo, 2010). The objective of this research is to evaluate heavy metals distribution in sand
sediments of the Shour river and its tributaries (Dashkasan river and Neyband stream) located in the northeast of
the Qorveh city and to investigate the role of lithology and mineralization in the abundance of naturally
occurring heavy metals in the sediments.

2- Material and methods

Thirty samples were taken from 20 cm depth of the ground surface of the alluvial sand sediments of the Shour,
Dashkasan, and Neyband rivers to measure the heavy metals concentration and determine their origin. The
Shour river, its tributaries, and drainage basin were plotted in the ArcGIS®10.3 environment. The medium
sand-sized fraction of the sediments was separated through dry and wet sieving. Heavy minerals of 7 selected
samples were separated using bromoform, and thin/polished sections were prepared from these grains for
microscopic studies. The frequency of sediment constituents was determined by the Gazzi-Dickinson method of
the point-counting technique. Fe, Ba, Zn, Cr, Pb, Cu, Co, and Cd in 15 medium sand sediment samples and nine
surface and groundwater samples were analyzed using the ICP-OES method and 15 sediment samples for As
and Sb elements by HG-AAS method. The cluster analysis and the Pearson correlation coefficient between the
heavy metals concentration and frequency of sand sediment constituents were calculated through
Minitab®14.12.0.1.

3- Results and discussion

The microscopic studies identified volcanic and carbonate rock fragments, quartz, feldspar, metamorphic rock
fragments, and heavy minerals in the sediments in their order of abundance, respectively. The volcanic rock
fragments having the highest frequency in the sediments dominantly include andesite, dacite, rhyodacite, and
slight basalt. The metamorphic rock fragments are mostly of mica schist and quartz schist. The non-opaque
heavy minerals include hornblende, pyroxene, realgar, biotite, and epidote in their abundance order,
respectively. Hematite and magnetite are the dominant opaque heavy minerals. The average concentrations of
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heavy metals in the sand sediments (in ppm) are Fe (33545), Ba (1025), Zn (69.1), Cr (63.6), As (58.6), Pb
(53.7), Cu (21.4), Sb (13), Co (10) and Cd (0.4) and in groundwater and surface waters (in ppb) as Fe (611), As
(168), Ba (85), Zn (20), Pb (32), Cu (13), Cr (9), Cd (2), Sb (<ppb) and Co (<ppb) in their order of abundance,
respectively. The correlation coefficient calculation shows that opaque heavy minerals are positively correlated
with Ba, Pb, Zn, As, Sh, Fe, and Cd. Feldspar shows a significant positive correlation between arsenic and
barium. The volcanic rock fragments are correlated with Pb, Zn, Sh, Ba, As, and Fe. The metamorphic rock
fragments are positively correlated with Cr. Hornblende, and biotite show a relatively low positive correlation
with Co, Cd, and Ba. Pb, Ba, As and Sb show significant to extremely high enrichment in the sediments, Cd is
slightly enriched, and other elements are depleted. According to the Point Load Index (PLI), most samples are
classified as polluted. Based on the Igeo index, As and Sb fall into highly to extremely polluted classes, and Cu,
Co, Cr, Zn, Fe, Pb, Cd, and Ba place between the unpolluted to slightly polluted classes.

4- Conclusion

The high enrichment of the elements in the sediments is mainly due to the intrusion of hydrothermal fluids into
the rocks existing in watershed of the rivers. Comparing concentrations of heavy metals in sediments, surface
and ground waters surrounding the mine indicates that the elements are mainly concentrated in the structure of
minerals and less chemically adsorbed on the fine-grained sediments. Therefore, their release by chemical
decomposition and their introduction to the soil and water phases require a long process, and concentration of
these elements is not accordingly significant in the water.
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Table 1. The concentration and average content of heavy metals (in ppm) in sediment samples of the Shour
(R), Dashkasan (S) and Neyband (M) rivers.

Salrgp'e Fe Ba zn C As Pb Cu Sb Co Cd
S: 36441 827 76 899 44 37 59 11 11 04
S, 40406 1403 799 611 50 60 92 01 146 0.4
Ss 33025 1387 534 497 943 494 46 158 96 0.2
S6 30560 1105 735 43 67 847 57 305 83 04
s; 36978 1129 769 67.9 295 565 147 17 126 0.3
Ss 33510 748 779 898 759 262 175 4 93 03
Su 28188 1231 638 584 65 648 474 18 82 07
Sis 54385 2514 1093 818 927 1266 6 494 11 0.4
Ms 42506 1481 1034 346 75 1152 477 32 11 05
R 17721 164 37 468 86 11 92 04 57 01
Rs 30883 1042 796 427 779 808 79 316 8 04
Rs 36791 561 747 954 41 409 588 10 10 06
Rs 33168 844 56 627 43 263 11 02 10 02

Rio 22253 546 359 487 436 15.3 11.7 0.1 7.5 0.3
Ru 26577 421 40.7  81.2 72.2 10.9 10.3 0.8 11 0.2
Mean 33545 1025 69.1 636 58,6  53.7 21.4 13 10 0.4

.(ppb ) dsllae 5,90 dilaie iy 9 ( C)‘ida..; LgLa:;fl 4o 6;:5 ojlasl bB olils clale L_,’_iljl)é =Y Jgux
Table 2. Concentration of the measurable heavy metals in the surface water and groundwater of the study
area (in ppb).

Salnleple Pb As Ba Zn Cu Cr Cd
S1 351 49 74 24 15 10 1
S2 308 66 122 18 14 9 1
S8 341 59 96 16 10 9 1

S13 319 77 122 19 15 10 3
S13C 313 106 70 17 15 12 2
S15 324 19 96 23 12 12 1
S15C 329 181 42 27 12 7 3
R4 279 213 67 17 12 5 2
RS 326 737 73 17 10 7 4
Mean 321 168 85 20 13 9 2
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Fig. 2. Adaptive graphs of the elements concentration and opaque minerals content: (a) Ba and Fe (b) As and
Sb (¢) Zn (d) Pb (e) Cd (f) Crand Cu (g) Co and hornblende.
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Table 3. Correlation between the elements and sediment constituents.

Ba| Cd | Co Cr Cu Fe Pb Zn | As Sb | Hbl | Bt | Fsp | Rc | Rv | Opm
1]041]042 0.'10 o._10 0.84 | 0.87 | 0.77 | 0.62 | 0.75 | 0.10 | 0.38 | 0.32 0.'70 0.63 | 081 Ba
1 |017]0.14|065| 042 | 056 | 0.58 | 0.32 | 0.49 | 0.00 | 0.40 0.'10 o.;;o 0.35| 0.54 Cd
1 /038014 | 069 | 0.24 | 0.48 | 0.10 0.'10 0.58 | 0.37 | 0.17 0.'35 0.24 | 0.29 Co
1 (034|031 0.'30 0.14 | 0.00 0.'20 0.21 | 0.00 | 0.05 | 0.27 0_‘50 -0.20 Cr
1 | 0.15 | 0.05| 0.26 0_'20 0.00 0_'20 0_'10 0.55 0.28 0_'10 0.19 Cu
1 |074|089| 046|058 020|026 0.16 0.:50 0.49 | 0.65 Fe
1 |0.85] 055|090 o.-20 0.24 | 0.00 0.;30 0.82 | 0.79 Pb
1 | 043|070 | 0.00 | 0.29 | 0.00 0.:50 0.64 | 0.71 Zn
1 |065]|005]|023]|0.33 0.'67 0.40 | 0.60 As
1 o.éo 0.06 | 0.00 0;14 0.62 | 0.66 Sh
1 |0.66|0.16 0.'20 0_'10 0.00 | Hbl(nopm)
1 |0.16 0.'36 0.11 | 0.49 | Bt(nopm)
1 0.'61 0.18 | 0.13 Fsp
1 0_'70 -0.60 Rc
1 0.56 Rv
1 Opm
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Fig. 3. The dendrogram of the studied elements and sediment constituents.
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(EF) Sais s o po
=, (Enrichment Factor) Sus e coyo alxe
VL ke b Sl jo Olils clale byl slp gy 2y
5 (Salomons and Forstner, 1984) col slawe; clil

«(Barbieri, 2016) 555 o aslxe 13 g0, 3ubo o
EF= (Cr/Cre)/ (Chs/Chres)
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Table 4. The enrichment factor of heavy metals in the studied sediments.

Salrr[1)p|e Sh As Pb Ba Cd Zn Cr Cu Co
St 755 335 3.9 45 2.8 1.5 1.2 1.5 0.6
Sz 0.6 34.7 5.8 7 2.6 1.4 0.8 0.2 0.7
S4 1196 793 5.7 8.2 1.7 1.2 0.8 0.1 0.6
Se 2495 609 10.7 7.2 2.9 1.7 0.7 0.2 0.5
Sy 115 222 5.9 6.1 1.7 1.5 0.9 0.4 0.7
Ss 29.9 629 3 45 2.2 1.7 1.3 0.5 0.6
Su1 159.7 64.1 8.8 8.7 5.9 1.6 1 15 0.6
Si5 2273 473 9 9.2 2 1.4 0.8 0.1 0.4
M3 187.8 48.9 10.4 7 2.9 1.7 0.4 1 0.5
Ry 6.2 134 2.4 1.8 1.3 1.5 1.3 0.5 0.6
R4 256 70.1 10.1 6.8 35 1.8 0.7 0.2 0.5
Rs 68 31 4.3 3.1 3.9 1.5 13 1.5 0.6
Rs 15 36 3.1 5.1 1.2 1.2 0.9 0.3 0.7
Rio 11 54.4 2.7 4.9 2.9 1.2 1.1 0.5 0.7
Rus 7.7 75.5 1.6 3.2 2.1 1.1 1.5 0.4 0.8

Mean 93.4 49 5.8 5.8 2.6 1.5 1 0.6 0.6
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Table 5. The enrichment classes of sediments based on the enrichment factor (Barbieri, 2016).

EF>40 20<EF<40 5<EF<20 2<EF<5 EF<2 Enrichment
Factor
Extr:;an;ely Very high Significant  Moderate Minimal Enrichment
9 enrichment  enrichment enrichment  enrichment degree
enrichment

(PLI) (Sl )b sl
(19€0) ceiolil cpmoy L 51 eslizl U (Pollution Load Index) Syl )b jasls
Igeo= Log2(Cn/1.5Cs) Jseyd b bl ey >l

\/n
3945 o dumnles PLI = ( CF, X CF, X CF, ...CF Jge s
dges yo yate cdale Gy (Muller, 1969) s4i o dwlxe ( ) Y ¥ n)

. cble s 51 CF akal, o) ,o (Neyestani et al., 2016)
(&2 ) (o Ay o pate Zhile bawgio Cs 5 (o) 0)50

S50 Sligasy (A Jgoz) Cilil (oo pa3ls olul il oo
0, , (YIVY) Q‘s*-.t-ﬂ 5 (FIVA) S| polie 4y Cd gy
ey dOVTY) aosl 4 Cond g 03901 (L5 b oagll Togad o
p,S VYY) ool (=< IFA) (59, « (1+A) pemedls (M)
B ooyl (oS 08, G (YIB) o g ((V/AF) CILS (VYY)

A J592) 3555 o0 )8 0ogll 0

Clile) yaie gy Chld 4 w)p 990 Lgad O paie
b Olee 05l nl lise oy (e gy 50 aie Lawgte
& o 3 oS I3l polie 4 4z g b diged 58 (sl |, (S0l
Syl polie gy Sogl b atle S e et
dnlome US55 e 1500l 9,8 LS 15 o <Olga]
Wgad oF Joaz) (S0l [l (el (gon 00 bl el oals
Q3,8 o0 1,8 ao9ﬂ 03y, digel pluw g co5ﬂ f 03, 40 R,
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Table 6. The classes of PLI.

>1 <1 Pollution Load Index

Degree of

Contaminated | Uncontaminated L
contamination

(M) a5 5 (S) rusitls (R) 5 loailsag, Sligas; slotiges (Fogll Jl (aslis -V Jgur
Table 7. The PLI of sediment samples of the Shour (R), Dashkasan (S) and Neyband (M) rivers.

Sample 1D PLI Sample ID PLI
S1 2.3 Ms 2.3
Sz 1.3 R1 0.9
Ss 1.8 R4 2
Se 1.8 Rs 2.3
Sy 1.7 Rs 1.3
Ss 1.9 Rio 1
Su 2.2 Ri1 14
Sis 2.9 - -
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Table 8. The classes of Igeo (Bourliva et al., 2018).

>5 4-5 3-4 2-3 1-2

Geoaccumulation

0-1 0>

index
trong t . —
Very Strong to Moderate Uncontaminated . Contamination
very Strong Moderate Uncontaminated
strong strong to strong to moderate level

(M) 055 5 (S) estls (R) J50 sloailesg, Sligw, slaaiges il (rnj a3ls -1 Jgu

Table 9. The Igeo for sediment samples of the Shour (R), Dashkasan (S) and Neyband (M) rivers.

Sample

D As Sh Ba Pb Cd Zn Fe Cr Co Cu
S1 4 5.2 11 092 043 -0.47 -1 -0.74 -168 -0.48
S, 421 -1.58 1.9 162 046 -039 -090 -129 -136 -3.16
Ss 513 572 1.9 134 -039 097 -118 -159 -196 -4.17
Se 443  6.67 1.6 212 026 -051 -13 -1.8 -217 -3.87
S7 3.45 25 1.6 153 -0.26 -0.45 -1 -1.14  -158 -2.49
Ss 481 3.72 1 0.43 0 -043 -1.16 -0.74 -2 -2.23
St 4.59 5.91 1.7 1.73 1.15 -0.72 -141 -1.36 -2.2 -0.8
Sis 5.1 7.36 2.7 2.7 053 006 -046 -0.87 -1.76 -3.79
M3 4.8 6.74 2 2.56 0.7 -0.02 -082 -212 -1.72 -0.79
R1 1.67 0.56 -1.2 -082 -1.75 -151 -2 -1.68 -272 -3.16
R4 485 6.72 15 2 0.53 -04 -128 -181 -224 -3.39
Rs 3.92 5 0.6 1 094 -0.49 -1 -0.65 -1.87 -0.49
Rs 399 -0.58 1.2 043 -08 -091 -118 -126 -1.8 -2.9
Ruo 4 1.58 0.5 -035 -02 -155 -1.75 -162 -233 -281
Rz 4,74 145 0.2 -083 -04 -137 -15 -089 -1.75 -3
Mean  4.26  3.59 1.22 1.1 008 -068 -121 -131 -194 -25
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Table 10. The drinking water standards for the studied heavy metals (in ppm) in the surface and ground

waters.
Standards
The element The Iranian Department of Iran National Standards U.S. Environmental Protection
Environment Organization (INSO) Agency (U.S. EPA)

Cu 2 2 1.3

Cr 0.05 0.05 0.1

Zn 5 3 5

Pb 0.05 0.01 0.015

Cd 0.005 0.003 0.005

Ba 1 0.7 2

As 0.05 0.01 0.01

Fe Zn Cr Co LU ol 4 o cslil cpo; asls
G Shb AS 5 0og)l oSb osgl] i 00, e Ba 4 Cd Pb
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