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Table 1. Classification of enrichment index

ST The degree of enrichment S e
Degree of enrichment
2> Low enrichment oS Sad gl
2-5 Moderate enrichment Lgie Sab é
5-20 Significant enrichment g obls Sas
20-40 Very high enrichment ol b Sas b
40< Extremely high enrichment ol abay Sab ge

10980 ozli wlulp S I3 ‘;oﬁﬂ Az, (gadiads -V Jgu
Table 2. Classification of the degree of heavy metal pollution based on the Igeo index

Sl s o L Igeo s,

S Sogll consg

Igeo value The state of soil pollution

0 Unpolluted ool 1u SLals

1 Unpolluted to moderately polluted bgio Fagll b oogll e

2 Moderately polluted Sooll bawgie

3 Moderately to strongly polluted Qs U lawgie Sl
4 Strongly polluted Gl Sogl

5 Strongly to extremely polluted bl B agas  Soglf

6 Extremely polluted Wl S
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Table 3. The results of statistical analysis and comparison of heavy metals (mg/kg) with the international
standard and the Department of the Environment of Iran

Department o EENE
of the \I;vAI\—|OO/ SaiS Sls> g'*t’;n:;);;' eSle Sl sl . fb
Eﬂ\g][?Pafneﬂt Kurtosis Skewness deviation Mean Maximum  Minimum ul-"|M
110 65 6.85 1.71 13.15 20.91 76.06 251 Cr
200 60 -15 0.43 5.01 12.11 20.50 6.41 Cu Sk
500 100 0.42 0.75 3.58 53.2 62.37 47.38 Zn Soil
110 75-150 -0.93 0.68 4.05 29.32 37.07 21.11 Ni
- 40 2.77 1.63 0.99 0.91 4.23 ND* Cu olS
- 60 2.76 1.8 6.82 13.78 3342 6.13 Zn Plant

(Non detected) ,,3,0 el
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Table 4. The results of Spearman's test and investigating the existence of a relationship between the
concentration of heavy metals in soil and plant samples

Ni Zn Cu Cr Heavy Metals
1 Cr
1 -0.43+ cu
1 0.43* 0.45% 7n s
1 0.26 -0.16 0.51% Ni Soil
- - 0.44% _ cu =
- 0.014 _ - Zn leaf

Sl o pme /o) e o bLs I *F
** The relationship is significant at the 0.01 level

S w1 jasll lelp S Sl Sad e a3l Sl -0 Jgo
Table 5. The average of enrichment index of heavy metals based on the enrichment factor index

ST s SN oS S
enrichment class enrichment factor heavy metal
Low enrichment oS Sad e 0.38 Ni
Low enrichment oS Sad e 0.76 Zn
Low enrichment 05 (Sab g 0.2 Cr
Low enrichment 05 (Sab e 0.18 Cu

1ge0 a3l Lol y o &l3ls Sogll Jlas Jb;)l mls - Jgo
Table 6. The results of heavy metal pollution risk assessment based on Igeo index

ool iz oSk e e oS ol

Degree of pollution mean max min heavy metal
Completely uncontaminated 035l 18 DalS -0.8 -0.6 -1.1 Cu
Completely uncontaminated oagll i SLels -0.29 -0.22 -0.3 Zn
Completely uncontaminated o051 Sals -1.71 -0.2 -1.77 Cr
Completely uncontaminated ool e SLals -0.5 -0.4 -0.7 Ni

S 53 e O3l (S3IsST Sy oyl b =Y Jgor
Table 7. Results of ecological risk assessment of heavy metals in soil

Sy |yl 42l Sy 2l S5elsST S e 3l

Risk class Risk index Ecological risk heavy metals
Low risk oS Sy [yl 275 0.91 Cu
Low risk oS S, /s 459 1.53 Zn
Low risk oS S, /s 16.7 0.41 Cr

Low risk oS Sy, /s 122.8 4.9 Ni
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Figure 2. Spatial distribution map of heavy metals (copper, zinc, nickel and chromium) in garden soil and leaves
of pistachio trees in Kabootar Khaneh area in Rafsanjan city, Kerman province
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Abstract

Introduction: Soil contamination by heavy metals can change soil quality, because they are
permanent and does not change by biological processes. The aim of this study was to investigate the
concentration, spatial distribution and risk assessment of heavy metals including copper, zinc,
chromium and nickel in the soil and leaf of pistachio trees (Pistacia vera L.) in the Kabootar Khaneh
area in Rafsanjan city, Kerman province, Iran.

Materials and Methods: Soil sampling was performed based on a systematic random method from
the depth of 0 to 20 cm. After chemical analysis of the samples, the concentration of heavy metals
was measured by atomic absorption spectrometry (AAS). Risk assessment of heavy metals was carried
out using enrichment factor (EF), geoaccumulation index (lgeo) and ecological risk index. Variogram
analysis and spatial distribution map of heavy metals in soil were analyzed by ArcGIS 9.3 software
and kriging method.

Results: The average concentration of chromium, copper, zinc and nickel in soil samples was 20.91,
12.11, 53.2 and 29.32 mg/kg, respectively. In leaf samples, concentration of copper and zinc were 0.91
and 13.78 mg/kg, respectively. Nickel and chromium were not detected in leaf samples. The
concentration of heavy metals in soil and leaf samples was below WHO and the FAO standards,
Additionally, the results of pollution risk assessment showed that the soil of the region was in the low
category of enrichment and low risk in terms of heavy metal concentrations. Spatial distribution maps
showed that the concentration of copper and zinc increased and chromium decreased towards the north
of the region. Nickel had the highest concentration in the north of the region.

Conclusions: The leaf of the trees near the road had the highest amount of copper accumulation. The
accumulation of zinc in the leaf of trees was also high in the whole region. In general, the
concentrations of heavy metals in soil samples and pistachio leaf were below the standard limit
considered as safe.
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