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sampel PH %TOC | % Clay % Silt % sand | MeALI00"

1 7.71 0.89 18 36 46 12.52

2 7.74 0.953 14 42 44 13.10

3 7.82 0.866 17 48 35 12.47

4 7.85 1.037 15 39 46 12.32

5 7.75 0.901 5 36 59 13.48

6 7.76 0.938 23 49 28 12.49

7 7.72 0.919 17 42 41 12.83

8 7.73 0.865 16 34 50 13.04

9 7.83 1.097 18 34 48 13.87

10 7.77 0.855 21 47 32 12.36

11 7.71 0.932 14 30 56 12.93

12 7.75 0.879 19 45 36 13.15

13 7.78 0.842 22 48 30 13.30

14 7.72 0.873 14 46 40 12.68

15 7.77 0.918 25 47 28 13.24

16 7.8 0.874 17 37 46 13.88

17 7.77 0.961 13 37 50 13.46

18 7.85 0.895 19 31 50 14.03

19 7.79 0.984 13 35 52 12.88

20 7.77 0.843 15 55 30 12.84

Min 7.71 0.842 5 30 28 12.32

Max 7.85 1.097 25 55 59 14.02

Average 7.76 0.916 16.75 40.9 42.35 13.04
(MGG o 2 ) (gebn 38 Jlowd ) 5l g i inialily oo S (sladigns cyufiims I Sl oy (Lo )bol-Y Jga
sample | Zn Mn Mo Ni | Pb| Sb Ti Ag Al As Cd | Co| Cr | Cu Fe
1 88 1243 | 1.01 58 | 19 1 4409 | 0.31 | 65253 | 124 | 0.23 | 19 77 71 | 37319
2 70 821 0.99 87 | 13| 1.08 | 3737 | 0.24 | 51760 | 14.8 | 0.23 | 17 | 126 | 48 | 30991
3 75 806 | 099 | 126 | 18 | 1.16 | 3859 | 0.33 | 54471 | 172 | 023 | 19 | 203 | 46 | 33144
4 87 | 1188 1 62 | 21 | 098 | 4506 | 0.35 | 63756 | 12.7 | 0.25 | 19 | 95 | 57 | 37316
5 88 | 1355 | 1.13 | 80 | 22 | 1.18 | 4863 | 0.28 | 62926 12 0.23 | 23 | 137 | 58 | 41254
6 66 737 1.20 67 | 15| 0.87 | 3388 | 0.24 | 41927 | 156 | 0.23 | 15 | 103 | 44 | 27526
7 66 732 | 098 | 70 | 15 | 0.98 | 3445 | 0.23 5896 116 | 021 | 15 | 109 | 36 | 14071
8 179 ] 766 | 081 | 98 | 21| 111 | 4328 | 0.37 | 63121 | 174 | 0.23 | 17 | 159 | 39 | 34965
9 88 787 1.09 90 | 22 1 4319 | 0.36 | 65890 | 16.2 | 0.25 | 16 | 135 | 33 | 35112
10 89 830 | 094 | 88 | 23 | 1.15 | 4467 | 0.37 | 66581 | 175 | 025 | 17 | 118 | 34 | 35199

AR A




0+£Y-0+YY abo (V£ +) JLM# “_,MU Jmﬁ (993 b)lo.u's cn.:.é.h 0,9 ‘wmg') Ja,?w ‘69.'& Py 1299

11 91 837 1.04 75 23 | 1.07 | 4769 | 0.31 69206 146 | 0.24 15 97 34 | 36105

12 87 820 0.89 76 | 34 | 111 | 4477 | 042 | 67750 | 154 | 023 | 16 | 96 | 33 | 34475

13 88 943 115 | 112 | 19 | 0.99 | 4365 | 0.36 64395 15.8 | 0.26 20 | 149 | 42 | 36416

14 79 940 1.07 | 525 | 17 1 3736 | 0.37 | 46267 23 022 | 42 | 618 | 60 | 43617

15 74 690 1.03 | 186 | 16 | 0.93 | 3886 | 0.27 55148 15.4 | 0.23 22 | 262 | 36 | 34400

16 95 874 1.02 55 30 | 0.91 | 4530 | 0.32 68556 13.3 | 0.24 15 75 34 | 36344

17 101 | 882 098 | 61 | 23| 097 | 4563 | 0.30 | 70167 | 12.2 | 0.24 | 16 | 90 | 37 | 35856

18 86 789 1.04 54 22 | 1.15 | 4465 | 0.36 65655 13.1 | 0.23 14 76 32 | 33576

19 99 827 1.09 59 | 25| 114 | 4303 | 0.35 | 65855 | 10.8 | 024 | 14 | 82 | 35 | 34378

20 85 779 1.03 97 22 | 0.97 | 4257 | 0.33 60674 17.9 | 0.23 16 | 136 | 33 | 32888
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11 - /5% —-/oy =\/y —/YA -I¥¥ AN —/5e —+/av EANS -I¥v -/ay EAl AN —+/Ad \Vg

12 | —sa | sy | VY AN YA 2 I VAN i Y 72 G VAL S B VAL 4 -/¥a RZN S VAV L s B YN Y

13| -y =I5 | A | =I5 DA S R VA2 I L s G YLV B /2N AN -0y —-/va A /A VY
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17 EARS — /0% VAN /YA -IvE -\/aq —- /oy —+/AA — /A5 «[bA IR A Ela% — /vy VoY

18 | —e/vy | —fsy | —e/a5 | —el¥E AN -V =58 | VY | Ve IAY VY | = A8 | —elav | —e/AY /vy
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(CF) S50 56
Zn Ti Sb Pb Ni Mo Mn Fe Cu Cr Co Cd As Al Ag sample
0.92 0.95 0.66 0.95 0.85 0.38 1.46 0.79 1.57 0.85 1 0.76 0.95 0.81 4.42 S1
0.73 0.81 0.72 0.65 1.27 0.38 0.96 0.65 1.06 1.4 0.89 0.76 1.13 0.64 3.42 S2
0.78 0.83 0.77 0.9 1.85 0.38 0.94 0.7 1.02 2.25 1 0.76 1.32 0.68 4.71 S3
0.91 0.97 0.65 1.05 0.91 0.38 1.39 0.79 1.26 1.05 1 0.83 0.97 0.79 5 sS4
0.92 1.05 0.78 11 1.17 0.43 1.59 0.87 1.28 1.52 121 0.76 0.92 0.78 4 S5
0.69 0.73 0.58 0.75 0.98 0.46 0.86 0.58 0.97 1.14 0.78 0.76 12 0.52 3.42 S6
0.69 0.74 0.65 0.75 1.02 0.37 0.86 0.29 0.8 121 0.78 0.7 0.89 0.07 3.28 S7
1.88 0.94 0.74 1.05 1.44 0.31 0.9 0.74 0.86 1.76 0.89 0.76 1.33 0.78 5.28 S8
0.92 0.93 0.66 11 1.32 0.41 0.92 0.74 0.73 15 0.84 0.83 1.24 0.82 5.14 S9
0.93 0.97 0.76 1.15 1.29 0.36 0.97 0.74 0.75 1.31 0.89 0.83 1.34 0.83 5.28 S10
0.95 1.03 0.71 1.15 11 0.4 0.98 0.76 0.75 1.07 0.78 0.8 1.12 0.86 4.42 S11
0.92 0.97 0.74 1.7 1.11 0.34 0.96 0.73 0.73 1.06 0.84 0.76 1.18 0.84 6 S12
0.91 0.94 0.66 0.95 1.64 0.44 1.1 0.77 0.93 1.65 1.05 0.86 1.21 0.8 5.14 S13
0.83 0.81 0.66 0.85 7.72 0.41 11 0.92 1.33 6.86 221 0.73 1.76 0.57 5.28 S14
0.77 0.84 0.62 0.8 2.73 0.39 0.81 0.72 0.8 291 1.15 0.76 1.18 0.68 3.85 S15
1 0.98 0.6 15 0.8 0.39 1.02 0.77 0.75 0.83 0.78 0.8 1.02 0.85 4.57 S16
1.06 0.99 0.64 1.15 0.89 0.37 1.03 0.75 0.82 1 0.84 0.8 0.93 0.87 4.28 S17
0.9 0.97 0.76 11 0.79 0.4 0.92 0.71 0.71 0.84 0.73 0.76 1 0.82 5.14 S18
1.04 0.93 0.76 1.25 0.86 0.41 0.97 0.72 0.77 0.91 0.73 0.8 0.83 0.82 5 S19
0.89 0.92 0.64 11 1.42 0.39 0.91 0.69 0.73 151 0.84 0.76 1.37 0.75 4.71 S20
0.932 0.915 0.688 1.05 1558 0.39 § 1.0325 0.7215 0931 1.6315 0.9615 0.779 1.1445 0.729 4.617 |Average

1.88 1.05 0.78 1.7 7.72 0.46 1.59 0.87 1.57 6.86 221 0.86 1.76 0.87 6 Max
0.69 0.73 0.58 0.65 0.79 0.31 0.81 0.29 0.71 0.83 0.73 0.7 0.83 0.07 3.28 Min
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Abstract
Introduction
Heavy metals contamination of soils is one of the main environmental problems. Heavy metals are

considered one of the most dangerous groups of pollutants because of their toxicity and stability. The
biological and ecological importance of heavy metals is due to their characteristics, toxicity, persistence,
and bioaccumulation. Heavy metal pollution not only directly affects the physical and chemical
properties of the soil, but also reduces biological activity and access to nutrients in the soil and poses a
serious threat to human health. The concentration of heavy metals in the soil varies depending on the
type of parent rock, mineralization and soil formation conditions in different areas. soils from ultramafic
rocks and mainly serpentinites from these rocks have a higher concentration of chromium, nickel and
cobalt metals than non- serpentinite soils. Therefore, ophiolites can be named as one of the most
important natural pollutants. The Virani area is located in Khorasan Razavi province, 15 km northwest
of Mashhad. The purpose of this study is to investigate the status of heavy metal contamination in
serpentinite soils resulting from the ophiolite complex of Mashhad.

Methodology
In the present study, 20 soil samples (10-30 cm depth) were collected and the concentration of arsenic,

cadmium, nickel, cobalt, coppe, chromium, zinc, manganese, molybdenum, lead, antimony, titanium,
silver, aluminium and iron were measured using atomic absorption spectrophotometry. To prepare the
samples, first 1 g of the sample powder was dissolved in nitric acid along with fluoric acid. The solution
was heated in a Teflon dish at 60 ° C until completely evaporated and the sample dried. The sample
was then dissolved in 100 ml of 4% HNo3 solution. Also, some other soil properties including PH,
organic carbon, cation exchange capacity and soil texture proportions were measured. The pH of soil
samples was measured using water and KCL 1 with a ratio of 1 to 5.2 soil solution. PH soil of the
samples was measured by PHmeter modle UB-5, organic carbon was performed by the Walkley-Black
method, which adjacent the soil with concentrated sulfuric acid and bichromate, and after the reaction,
the remaining bichromate was calibrated with ferroammonium sulfate, and soil texture by hydrometric
method. Based on geochemical data, index of enrichment factor (EF), geoaccumulation (lgeo),
contamination factor (CF) and statistical analysis (cluster and principal component analysis) calculated
for evaluating contamination in this area. The pearson correlation has used to find the association
between the studied elements The statistical analysis and modeling were performed in SPSS, GIS and
Excel software’s environment.

Conclusion
The results of measuring the physicochemical properties of the soil of the region showed that the value

of PH all samples are neutral to relatively alkaline and varies from 7.71 to 7. 85. The studies samples
show that the value of EC from 12.32 to 13.88 and organic carbon 0.842 to 0.971 percent. The soil
samples were classified loam. Considering the relatively uniform PH in all samples and the similarity
of organic carbon and cation exchange capacity in all samples, it can be concluded that the soil of the
region is formed under similar physicochemical conditions and these factors have no effect on the
distribution of heavy metals. The results of heavy metal analysis showed that aluminum has the highest

OH+¥)


mailto:dr.ef.valipour@gmail.com

0+£Y-0+YY abo (V£ +) JLM# ‘C,L:M..’U J.aaﬁ (993 b)lo.us cm 0,9 c%, Jagpu ‘09.'& Py 1299

concentration and cadmium has the lowest concentration in the soils of the region. The trend of changes
in the concentration of heavy metals in the soil of the region can be more related to the rock units of the
region. Serpentinite soils containing nickel, chromium and cobalt can be found in the structure of silicate
minerals such as serpenting, talc and chlorite, as well as oxide minerals such as chromite, magnetite and
various hydroxides. These minerals work better with heavy metals in the release of heavy metals. The
calculated enrichment factor (EF) values vary 1.042 to 11.83. The results demonstrate than in the soil
of the study area some heavy metals such silver, arsenic and antimony higher enrichment, chromium,
nickel, lead moderate enrichment and zinc, copper, cadmium, iron, molybdnyum, cobalt, titanium,
aluminium, manganes are enriched to a minor degree. The results geoaccumulation index (Igeo) than
in the soil of the study area some heavy metals such silver moderate polluted, chromium, nickel, cobalt
moderately polluted to un-polluted and cadmium, iron, zinc, copper, lead, titanium, antimony,
molybdnyum, aluminium, manganes, arsenic are un-polluted. The spread of ultramafic and serpentinite
rocks in the western and northwestern parts of the region has caused more pollution in these areas. The
calculated contamination factor (CF) change from 0.39 to 4.617, indicates that the soil samples changes
from low contamination to strong contamination. The samples are extremely polluted with silver. The
contamination values of chromium, nickel, arsenic, lead, manganes are moderately contamination and
zinc, copper, iron, aluminium, cadmium, titanium, antimony, cobalt are low contamination. The Pearson
correlation has used to find the association between the studied elements. There is a high positive
correlation between the chromium, nickel and cobalt elements. Investigation of the cluster analysis
(CA) relationships between potentially toxic elements in the soils showed that the studied elements
could divided in to two main cluster. The first and second branch can be divided into two sub-branches
based on the branch weight and similarities. The cluster graph shows that chromium, nickel and cobalt
were highly correlated with each other, indicating the same origin of the metals in the soils. To ensure,
principal component analysis (CPA) was applied to find metal sources in the soils. These results show
the geochemical behaviors and sources of chromium, nickel and cobalt are different from other
elements. The elements can be originated from the mafic and ultramafic rocks in the western and
northwestern if the area and the presence of these elements in the soil can attributed to their lithological
origin. The entry of nickel into the circulatory system through agricultural products, respiration or
consumption of groundwater with high levels of nickel can cause damage to internal organs, disorders
of the body's defense system, various cancers of the blood and bone marrow, local infections,
inflammation and chromium, Followed by neurological, digestive problems, liver damage, kidney
damage, heart palpitations, skin damage and lung cancer. Biological methods such as phytoremediation,
prevention of leafy crops such as cabbage and lettuce, prevention of livestock grazing and planting of
resistant and serpentine tree is the region reduce, the negative effects of heavy metals in the soil.
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