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Figure 1- a) Location and geographic map of study area, b) simplified geological map and c) drainage scattering and type of
soil distribution map (Adapted from 7 & 18)
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Table 1- Descriptive statistics of studied elements (mg kg?)

Element Zn Pb Cr Ni Cu As Sb Co \Y Sr
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Min. a8 2740 2.00  39.00 15.18  15.80 1.80 0.07 6.45 52.74 112.81

1st Qu. Jol S)> 5042 6.70 187.30 53.85 27.73 4.90 021 1342 109.18 328.88

Median sLe 5555 830 32020 7122 31.19 5.90 0.26  15.33 127.59 391.92

Mean Ske 59.50 9.04 519.38 79.70 34.49 7.70 0.27 1659 156.73 423.95

3rd Qu. pow S 6429 1040 57550 9059  37.04 6.90 0.32 1801 166.34 470.62
Max. aiuin 21119 36.50 7481.90 893.11 136.92 266.00 094 5845 1186.00 2955.00
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Table 2- Average concentration of heavy metals in the earth's crust and global shale (mg kg™)
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2- Contamination Factor
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2- Pollution Index
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Table 3- Classification of heavy metals evaluated with Enrichment Factor, Index of Geoaccumulation, Contamination Factor

and Pollution Index (16, 21, 22 and 26)

Range s3g45w Description Loy
EF<1 No enrichment S EE Cygh
I<EF<3 Minor enrichment Sl Sas g
3<EF<5 Moderate enrichment bgie (Sab b
S<EF<10 Moderately severe enrichment L s Sab g
10 <EF <25 Severe enrichment LS (Sab g
25 <EF <50 Very severe enrichment LS s Sas e
EF > 50 Extremely severe enrichment L5 ol o SAb €
lgo <0 Unpolluted SS9 e
0<lgeo <1 Unpolluted to moderately polluted  lewsze (S35 b (Sogl oy
1<lgeo<2 Moderately polluted Luwgie (534l
2<lgeo<3 Moderate to strongly polluted 235 U bawgie (Sl
3<lgeo<4 Strongly polluted Lad Sl
4<lgo<5  Strongly to extremely polluted Colig o b auas (5ol
lgeo > 5 Extremely polluted oleger SS9l
CF<1 Low contamination ol (Sl
1<CF<3 Moderate contamination Luwgio Sl
3<CF<6 Considerable contamination ag LB 5ol
CF >6 Very high contamination Y s Sl
PI<1 Unpolluted, low level of pollution ol (Sl
1<PI<3 Moderate polluted Luwgio S35
PI>3 Strong polluted YL Syl
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Figure 2- Pollution distribution of nickel, arsenic, vanadium and strontium in the study area based on EF pollution index
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Table 4- Contamination status of the heavy metals in the study area

Location of Source Statues Percentage of polluted area based Element
pollution Pl Igeo CF EF
Oyt g 35 gy Sl Sl Seasy]
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- S Sogll a3 $9)
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- 23 G9x/3l3 09 Sl s o
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- o3 yep0 AN REE "
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B ooz gy 3y 09 o3¢l P9
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Jless S5 oy Sl Sl I
N Lithogenic Low pollution 4% 2% 2% 3% Ni
- S5 9y3 AN REE s
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B foge 35 09 Sl (Sl po3Uly
SW,C Lithogenic Low pollution 4% 2% 3% 4% \Y
T o 09 Sl (Sl sl o
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Table 5- Correlation matrix for studied elements

Element Zn Pb Cr Ni Cu As Sb Co \% Sr
yais 9 @y peS S me Shwyl gleetl IS 0gadlly  peand] les!
ZALIVIY) 1
Pb & 057 1
Cr pg,s 049 054 1
Ni JSo 0.04 -01 0.19 1
Cu e 044 -0.04 -0.16 0.15 1
As Sww,!  -0.05 0.02 -0.06 -0.07 -0.03 1
Sb oylgess] 024 058 034 -002 -0.08 0.2 1
Co LS 067 038 053 061 045 -007 0.5 1
V 04s30Ulg 0.76 0.67 0.67 -006 0.09 -0.06 0.26 0.65 1
Srpawdl ! -0.06 0.31 -0.04 -022 -0.21 0.15 0.28 -0.2 0.05 1
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Figure 3- Distribution of chromium contamination in the study area based on pollution indices, a: EF, b: lgeo, ¢: CF and d: PI
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Figure 4- Correlation matrix of the investigated elements in the study area
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Introduction: Sheshtamad area is located in the western part of Khorasan Razavi province and includes
Sheshtamad city and its surrounding villages. A variety of sedimentary and igneous rock units, mainly belonging
to the Cretaceous or younger age, are found in the area. A series of orogenic movements, lithofacies changes and
magmatic activities led to the distribution of heavy elements that can cause environmental problems in the area.
This study aimed to assess the heavy metal contamination of the soil in the extent of the study area. It has been
attempted to investigate the origin of pollution and its impact on the environment using geochemical data.

Materials and Methods: In this study distribution and possibility of contamination from arsenic (As), lead
(Pb), zinc (zn), copper (Cu), chromium (Cr), nickel (Ni), cobalt (Co), antimony (Sb), strontium (Sr) and
vanadium (V) were investigated. These variables were determined using chemical analysis of the sediments. For
this purpose, network sampling was carried out at 1.5x1.5 km and 3 to 4 samples were taken from each cell.
Throughout the study area (geological sheet of 1:100,000 Sheshtamad), 1248 samples of sediments were
collected by Jiangxi Company and analyzed by ICP-MS method. The analysis results were summarized in
ArcGIS software and elemental concentration zoning was performed by Kriging and Inverse Distance Weighting
methods. Some indices have been proposed to evaluate heavy metal contamination in sediments and soils. In
order to determine soil contamination with heavy metals, some parameters such as Contamination Factor and
Pollution Index were calculated. Multivariate statistical analyses such as correlation analysis have been applied
to identify the geochemical behaviors of different geochemical groups.

Results and Discussion: Surface distribution of As with values above 270 mg kg was observed in the
drainages of the southern part of the study area. Sr and Sb were measured with values above 2900 mg kg in the
drainages from south to eastern part, and above 4 mg kg™ in south and central drainages, respectively. Surface
dispersion of Zn above 210 mg kg was present in the drainages from central, south, southwest and northwestern
parts of the region. Cu and Pb were measured with values greater than 240 mg kg™ in North and Northwestern
parts, and greater than 110 mg kg in East, Central and southwest, respectively. Surface distribution of Co
element with values above 58 mg kg™ from drainages in central, north and southwest and V with values higher
than 85 mg kg! in central and southwest part were also observed. Finally, distribution of Cr element with values
above 7400 mg kg in east central and southwestern part and Ni with values higher than 890 mg kg in center
and north section were found.

Pb had significant contamination only in a small area of the central part. Cu also showed little pollution only
in a small area of the center of the region on the fringes of mining activities. According to the Pollution Index,
As had a high pollution in the south and west parts. The central and southwestern parts of the study area show
moderate Cr pollution, based on the Contamination Factor. Based on the correlation matrix used to determine the
relationship of heavy elements with each other, some elements have a positive correlation with each other, which
may indicate their common origin. For example, Co had a positive correlation with Ni and Cr indicating a
common origin associated with the distribution of mafic rock units in the region. Pb and Zn have a positive
correlation with each other as well as with Co and V, whereas the absence or negative correlation of As with
these elements indicates a separate source for this element compared to Pb, Zn, V and Co. The presence of Cu
element, despite its limited correlation with zinc, appears to be independent and likely to be more closely related
to mineralization processes and mining activities in the region. Sr was negatively or very weakly correlated with
most elements. It is chemically similar to calcium and can be present in carbonate sediments with gypsum in
addition to substituting for plagioclases. The results of correlation coefficients with elemental zoning maps,
geological maps and results of pollution coefficients showed very good agreement. The results of this study
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indicated that heavy metal contamination in the region was mainly due to the geological characteristics of this
area. In other words, that was mainly “lithogenic”.

Conclusion: The results showed that Cr in the central and southwestern parts of the region had moderate
contamination and it should be considered by experts and residents of the area to prevent Cr entering the
biological cycle of the region in the future. It is one of the most toxic heavy metals and contaminated areas
should receive proper attention. Studies were also indicated the presence of As in the stream sediments,
especially in the southern parts of the region, and it is necessary to measure the permeability of this element into
groundwater and surface waters in addition to the soil. V, Sb, Zn and Co had no significant contamination and
specific environmental problems at current concentrations, is unlikely. Anthropogenic contamination, except
from limited mining activities, did not play a significant role in the contamination of this region.
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