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Particles in suspension represent one of the most significant pathways through 
which humans encounter various environmental pollutants, particularly heavy 
metals. This study aims to investigate the correlation between heavy elements 
Co, Cd, Cr, Zn, and Pb and PM10 particles, as well as to assess their health risks 
in the city of Zabol. In this research, 60 dust samples were collected using TCR 
sampling devices during dust storms and winds over 120 days from late April to 
mid-September in Zabol. Subsequently, five elements, namely chromium, zinc, 
lead, cobalt, and cadmium, were analyzed using ICP-OES. Pearson correlation 
test was employed to examine the correlation between heavy metal 
concentrations in dust and the PM10 particle concentrations. The statistical 
analysis results revealed a significant correlation between chromium and PM10 
concentration. The average concentration of PM10 particles in Zabol shows the 
critical situation of this city. Furthermore, the average Ecological Risk Index 
(ER) for the studied heavy metals in dust samples followed the order Zn> Pb > 
Cd > Cr and showed a decreasing trend. On the one hand, the highest and lowest 
levels of non-carcinogenic risk for all heavy metals were obtained in the children 
age group, with values of 1.14×10-2 (mg/kg) and 8.25×10-16 (mg/kg), 
respectively. In the adult age group, the highest and lowest levels were found to 
be 1.23×10-3 and 3.42×10-15 (mg/kg) for cadmium and chromium, respectively. 
The average concentration of heavy metals in the dust indicated that Zabol is 
contaminated with heavy metals. This metal concentration can be attributed to 
various factors, including the extraction and transport of elements from the 
Hamoun dry marsh, the dispersion of PM10 particles by 120-day winds from 
northern and northeastern regions or higher latitudes, industrial activities, urban 
traffic, and population density. 

 

How to Cite: Farahi, M. , Mohammadian Behbahani, A. , Asgari, H. R. , Dahmardeh Behrooz, R. and Kaskaoutis, D. G. 
(2026). Investigating the correlation of heavy metals (Zn, Cr, Pb, Co, Cd) and PM10 suspended particles in dust and 
assessing their health risk in Zabol city. Journal of Natural Environmental Hazards, 15(47), 1-22.  

 

© The Author/Authors  

DOI: 10.22111/jneh.2024.47416.2010 
Publisher: University of Sistan and Baluchestan 

  



2  Journal of Natural Environmental Hazards, Vol 15, Iss 47, March 2026 

 

EXTENDED  ABSTRACT 

INTRODUCTION 
Air pollution has emerged as one of the significant environmental challenges facing human societies, 
particularly in developing countries (Zhang et al., 2020). This issue has become a serious crisis in Iran, 
which is situated in the dry and semi-dry belt of the world. According to the World Health 
Organization, approximately 7 million people worldwide die each year due to diseases related to air 
pollution (Dehghani, 2017). Numerous studies have shown that major sources of air pollution include 
motor vehicles and polluting industries. For instance, industrial activities and heavy traffic can lead to 
increased concentrations of heavy metals such as lead and cadmium in dust, which have toxic effects 
on human health (Manasreh, 2010). Previous research has indicated that children are more affected by 
these pollutants than adults, posing serious health risks to them (Bist and Choudhari, 2022; Kabatas et 
al., 2018). Given the increasing phenomenon of dust storms and particulate matter in the Middle East, 
particularly in Zabol County, this study aims to determine the concentrations of heavy metals 
(chromium, zinc, lead, cobalt, and cadmium) in dust and assess their impact on human health. The 
research hypotheses include that high concentrations of these metals are associated with increased 
health risks, which will be greater for children than for adults. This study aims to identify the 
relationship between heavy metal concentrations and their effects on human health. The results of this 
research could serve as a basis for environmental and health-related decision-making and provide 
strategies for reducing air pollution. 

 
DATA AND METHODS 
Study Area 
The Zabol region is located in the northern part of Sistan and Baluchestan Province, bordered by 
Afghanistan to the north and east, South Khorasan Province to the west, and Zahedan County to the 
south (Figure 1). This region has a population of approximately 300,000 and an area of about 15,197 
square kilometres. The climate of this area is desert and dry, with an average of over 160 days per year 
characterized by winds carrying dust, which has led to the degradation of its ecosystem (Haidarinasab, 
2019; Mirzazahi, 2018). 

 

Sampling and Sample Analysis 
To investigate the concentration of heavy metals in the dust of Zabol City, 60 samples were collected 
on dusty days from May to September. The city centre was selected as the sampling location due to its 
geographical conditions and population concentration. PM10 particles were separated using TCR 
sampling devices (Han et al., 2023). Five elements—chromium, zinc, lead, cobalt, and cadmium—
were analyzed using an ICP-OES device (Leong et al., 2008). Additionally, 45 soil samples were 
collected from areas surrounding Zabol County (Wang et al., 2021). 

 

Statistical Analysis 
Data were analyzed using SPSS.20 software to examine statistical distribution, including range, mean, 
standard deviation, and skewness. The normality of the data was assessed using the Shapiro-Wilk test, 
and correlations among elements were determined using Pearson's correlation in R software. 

 

Ecological Risk Index (RI) 
To evaluate the environmental risk posed by metals present in dust samples, potential ecological risk 
indices were utilized (Miao et al., 2022; Rahmat et al., 2022). 
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Cancer Risk and Non-Cancer Risk Assessment 
This assessment consists of two main components: cancer risks and non-cancer risks, conducted 
according to health risk assessment methods established by the United States Environmental 
Protection Agency (USEPA) (King et al., 2015). The daily intake values of metals through three 
primary pathways—ingestion, inhalation, and dermal absorption—were calculated. 

Non-cancer risk (HI) for children and adults was computed using relevant equations. Additionally, 
cancer risk indices for lead, chromium, and arsenic were calculated based on EPA guidelines. 

These methods are designed to determine the concentration of heavy metals in Zabol dust and assess 
their impact on human health. 

 

RESULTS AND DISCUSSION 
Correlation Between Metals and PM10 Concentration 
The results of the Pearson correlation matrix indicated significant correlations above 70% between the 
metals cadmium and cobalt, manganese and cobalt, manganese and cadmium, lead and cobalt, and 
lead with cadmium. Additionally, the highest concentration correlation was observed between 
chromium and PM10. 

Potential Ecological Risk 
The average concentrations of heavy metals in Zabol dust were 1.17 (zinc), 0.66 (chromium), 2.01 
(lead), 0.69 (cobalt), and 0.09 (cadmium) mg/kg, respectively. The concentrations of all elements, 
except zinc, were lower than background levels, indicating low urban traffic in Zabol. The potential 
ecological risk was calculated based on the Hakanson method. The results showed that the average Er 
for heavy metals decreased in the order of Zn > Pb > Cd > Cr, with zinc, lead, cadmium, and 
chromium having low ecological risk potential. 

Cancer Risk and Non-Cancer Risk Assessment 

The assessment of human health risks was conducted through ingestion, inhalation, and dermal 
contact. The highest and lowest non-cancer risk (HQ) values for children were associated with 
cadmium and chromium, respectively. Chromium posed a high risk for both age groups, while cobalt 
was classified as having a high risk for both groups. The overall non-cancer risk (HI) indicated that 
this risk was high for adults and very high for children. 

 

CONCLUSION 
In this study, the concentration of heavy metals (Zn, Cr, Pb, Co, Cd) in the dust of Zabol City was 
examined. The results showed that the concentrations of lead and zinc were the highest, with zinc 
concentrations in the samples exceeding background levels. The origin of the dust in Zabol is linked to 
both local and external sources, such as the dry Hamoun wetland and the central desert of Iran. 
Additionally, human factors such as industrial facilities and traffic also influence the concentration of 
heavy metals. The research further indicated that Zabol City faces a critical situation regarding PM10 
particles, with concentrations of these particles increasing to dangerous levels. The concentration of 
heavy metals in Zabol dust is associated with various factors, including the 120-day winds, industrial 
activities, and urban traffic. The results highlighted the necessity for preventive measures to reduce the 
risks associated with heavy metals, especially for more vulnerable children. Chromium was identified 
as a serious threat to the health of Zabol residents. These findings underscore the need for special 
attention to the pathways of element absorption through ingestion and emphasize the importance of 
control measures. 
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� 2�
��
����
1 (� %�� �� %"��P��C 	�C

 ������KC � %�O"��) �"� ��*=��
! ��
Y 
�)� 2��+�1399 .(%� �� .� .F�� ��.� .� �H
! .���� ���� %?� ��$

 	�C���� %f
P ��KP � ��KP �K" (� � ��
�� 	 �
� 
��� �%?L� �BF �� (� ���"
BP 2�� �� ��F�� ��*=��
!

H
! /p�� ���)f� f � ���)�K�
� ����)��uH�.�%� ���� ���)�" .-0�� .� � 
��.
��P  

                                                      
1 Mirakzehi 
2 Hybrid Single-Particle Lagrangian Integrated Trajectory Model 
3 Shan 
4 Backward 
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 A6�2 ;'� �+ ���Q���R ���S �+�#�� �	D) :Hysplit  �������T) A+�2 (�37�*� 0��+1401(  

  

�)<�) ����+0  �U�5#� ��5��A �)<�):�
  

� ���2 �
� �.+D�0�	 "�
�% I�" /� ?H �Q?=�2  ��*=��
! ��,��( 
BPt�� (� � �C	 �
� 
*�+� ���
���"�	 

.��K� ���
�	  ���S�"���C) 
P1  ������KC �2023 .(�
�	 I�" /� ?H #?+� /��@ �Q?= .+D�0��2 ,��( 
BP ��� 

.� 
BP  �
�D��, �
P�' H�
uF��%� +KF  �
K� ���� .�.��K� ���� ����M ���
�	 � �� .
P X������2 kC�G1� 60 

 �� .��K�	��*=��
! 	�C(��� (� ������B* 
BP ����� ���  ���S�"� ����I�"� (� �C	 .��K�  ���
�TCR �KF	��� 
P 

 ,�P)3( 
C .��I�"� 2�� �� ��F��  /��@PM10 �" (� ���
  �
F /��@%� 
��n���)2  ������KC �2021(.  

                                                      
1 Han 
2 Wang 
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U�1  �<�
� 
T�M	��� X
"�D�*� �  �<������ "� ���
  ��I�"� '"��ICP-OES1 D����  
�
P )n��lD2 ������KC � 

2008(
+� .?Y
� �� .� .��K� �C	 .� |�>H��T� /��L%  ,L��H (�200 
��	 ����� r?��� /�BF �� �C	 �"
H�k 

���	  .-0�� ��� 
�)� �� � ,��( 
BP J�
$��KF ���	 D��� (� V1 � �
P�  P�K��%�� �
��`  
Q� ���� 
L��M

�
! \����
 .�+KF 45  #$��� (� |�> .��K�J�
$�  ���"
BP,��( �KF ���	 � .
�
P�2 .��K�  .� ��"�� �BF �C

��(����I� .�  �� ��Q���.?&���, f��#�
� c�� {0" (�%�  E�S��� ��) |�>5 ���"% 
��	� (� ���S�"� �� (�.[? �� 

� (� ���S�"� �� VW" � 
�
P .�P��
� q����.) �C	 �"O1��% ��(� .����I� �
! ,-����
�
  n���) ������KC �

2021.(  ���B� ��.��K�  ��I�"� (� ���S�"� �� �CICP-OES �K"O1)	 �SF�-D� �
P %� - �
F 
���
��W"�% 
"	 

7800 ICP-MS��I����(� �� ��F�� ( 	 �
� ��I���� ���)�" �  ,�P) ���)j�?�2(  �D��� ��D) 
�
P3  ������KC �

2019.(  

 
 A6�3��/37� : :VC� ����W37� ��<� 0�
��/37� �
0 �)<�)  ����+TCR :X � ��/37�ICP-OES  

0���Y A���5:  

�BF "�
�% I��Ij% (���� ����	 ���� �C	 +Z� .LO> ���F���� �C
�����1	 ���� 	� �.���� ��[KC�I����2 

+� J�
&����� ID�j �% <
� (�  �� H�SPSS.20 \>�P /�*"�&� � ���S�"� <
� �� �C  �� H�Excel <���� 
��
!.  �BF

���� ���� ���
� �
��� �
L��M �Q?= %I�)*KC 2��+�N?�� �
�1�P ���(� �� �C4  ���(� �� 
L��M %I�)*KC �

<
� �� ��"
�1 �� H�R .�H
! /��L  

) Z#M<C<8� Z&#� [T��RI:(  

�BF (�����% &� 
0>�' (��)%  /� ?H�� ��F�� )���1 \>�P (� ���*=��
!�, ��N) ]�D����N  � /c��+�1  ��3 

���S�"� ) 
PMiao  ������KC �2022�KY� y5  ������KC �2022(. 

1 (  RI =∑ Er�
���  

2 (  Er =Tr × Cf   

                                                      
1 Inductivity Coupled Plasma- Optical Emission Spectrometry 
2 Leung 
3 Liu  
4 Shapiro-Wilk 
5 Rahmat 
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3 (  Cf = Cs /  Cn  

 ��'���� 2��  RI �Er �Tr �Cf �Cs  �Cn N�]�D��� N)�� \>�P `��
� .� 
L��M N)�� �
T�M N�]�D���  ����


Q� �Tr ��K" �����H1 U�1 	�
� �� �� ��
-� .� ��)����C  �<�
� 
T�M	��� X
"�D�*� �  �<������  `��
� .�2 �

1 �5 �10  �30  .�
� 2��+�Cf  ��  �Q?= �*)� (�
Q� ���� 
T�M  ��.��K� �.  �Q?=) .���(12��( .�"�
T�M �� ( 

.�%� �"� 
���f�� �� . Cs  �Q?= (��� 
Y
T�M  � .��K� ��Cn  .���( �Q?=
T�M  
Q� �����"�. .-*$ 	
��RI 

 �Er  ��
F ��1 :�"� �
P ���� ����  

 ;�'\1 :�D�� '>+Z#M<C<8� Z&#� 0  

 G<)[T��  [T�� ��'D�  Z&#� �D��  

Er  

40Er <  A�  

80 Er<≤40  '"���  

160 Er<≤80  ,��f .F��  

320 Er<≤160  (���  

320Er ≥  >�?% (���  

RI  

150 RI<  A�  

300 RI <≤150  '"���  

600 RI <≤300  ,��f .F��  

600 RI ≥  (���  

  

(���7 �OT �+�#2�� �2�# Q ��� (���7 �2�#  

(�����%  �� '*�
� /�
0>
L��M I�"�2 
H��
�	 .?Y
� 
�j �	 �"� ?L� k�� �� .� .�% (�����% ��$
" /�
0>  �(

= /�
0> ��
 ��$
" )-� �(�A �% ��P� .�2 (�����% t�� (� ���S�"� �� �C	 (�����% �P�
B� 
0>%  ���(�" '"��

&� ���SY�' (��) 
����� )USEPA� �
F� (% ��P n���)2  ������KC �2015(� �� .�2 �
� �t��	 "�
�%  �� 
C

��$
" �/�
0> E�� = � �(�
 ��$
" �� 
�  �
K� ��(	 !��
f�
	 )� ." (� /� ?H g
+� �� ��)���
 ?L�%� ��+%  ��?�


$ (� XxF � VS���# ��-� .���� ��
f �"�1�
  
C �� /� ?H .��(�� XxF�N � (��2 )���C
  /c��+� (� ���S�"� ��4 

 ��6 � � .*"�&�(����% �% 
��P.  

4 (  Intake	
� =

×�
��×��×��

��×��
× 10��  

5 (  Intake	
� =

×�
��×��×��

���×��×��
  

6 (  Intake� !"#$ =

×%�×%��×���&'()*+×��×��

��×��
× 10�� 


���-� Intake dermal :��I���2 
$ (� /� ?H .��(�� XxF�# �"�1� Intake inhVS�� #�
$ (� XxF :  �Intakeing :

 �?� #�
$ (� XxF)mg/kg.day.�"� (  

                                                      
1 Toxic factor 
2 Qing 
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 C:  �Q?=
L��M ) ��*=��
!mg/kg( �IngR� :�� � �� VS�� ((�� 
� `+��
�� .�) ��*=��
!� EF: ��
-� !��
f�
	 

 g
+� ��
L��M )day/year( �ED: !��
f /
��
	  g
+� ��
L��M )year(� BW:  g
+� �� �
H �
� �(�
L��M 

)kg( �AT: !��
f ���( /
��
	  g
+� ��
L��M )day(� SA:  g
+� �� �"�1 {0" �Y�)�
L��M )cm2(� AF: 

!
�*)j% �"�1 .� ��*=��
! )mg/cm2.day � (ABF :�"�1 %&0" XxF �"� (
Y�� ��
�).  

 ��
F ��2� F ��/� 
�����1 	�C���S�"�(�� /c��+� �� �
P���%  
0>���� �"� �
P  ������KC � n���)2015 � 

	�1  ������KC �2015 �
C
����j �2 �KC � �����2013.(  

V1 � .*"�&� (����  /� ?H .��(�� XxF� = 
0>�
 ��$
" �(%� )HIv� � � ������ (  (� �c�") .0���7( +���2 .
P  

7 (  HQ =
Intake

RfDi
 

 .D��+� ��HQ �
�	 (�����% = 
0>�
 ��$
" �(%� )� 
C �� /� ?H��
  
C �� /� ?H .��(�� XxF ��
-� (��N  (�

)���C
	 D�K�Y�% !��
f�
	 � 
Y�� .�) /� ?H g
+� ���?% <
! � 
��<
!�? � �
B� ((�� �� �
�% 
��A ��
-� 
!� .

HQ  
��
��� v� �  (� 
�1 ���� �
P�� ��!(�"�� �
�C�	 ���L �� y�"� ��)�� ��O" ��% Nj�� .�  (� 
�1  �
P��

��
I� � X�?0��� /�
o� �
��� �	 � ���� �� ��)�� ��O" 
�% 
C�-� .+K�� 
0> \>�P ��
% =�
 ��$
" �(%� )HI (

�
� /� ?H	 v� � ��
! �� 
C ������ � ��"�  #*$.0��� 7 � .*"�&�% ��P )��������3  ������KC �2016( . .D��+�

HQ �
�	 = 
0> .*"�&��
 ��$
" �(%� /� ?H�  /� ?H .��(�� XxF ��
-�) g
+� ��mg/kg.day ( 
Q� �� ��

�% !��
 ��
-� .HQ  � 
��
��� v� �  (� 
�1 ���� ��!(�"�� �
�C�	  ��)�� ��O" ��  �Nj�� ��
-�  (� 
�1 /�
o� �

?0���X� ��
I� � �
��� �	 +K�� 
0> \>�P ��
-� .����% =�
 ��$
" �(%� )HI�
� /� ?H (	 v� � ��
! �� 
C  ��"

 .D��+� #*$ ������ �8 � �"� .�% ��
.  

8 (  ,- = ∑ .,/ 

" 
0> \>�P��$
 �(%� (Cancer Risk, CR) ,K+D����"� q�"� 
� N��"�� � <�
� �X
" 
L��M 	�
�  	�C

&� (� ���SY ����� 	��B���1�' (��) ���
�� (EPA) %� .*"�&� ���� \>�P 2�� .��P  .� O��� 
0> �� �� �
�C�

 e�*��� �� ��> %!
�( �� ��� '�&� �� 
L��M 2�� �� .� �"� 	��
H� 	�
� ��$
"
��)C.  \>�P .*"�&� 	�
�

��$
" 
0> �(%�  N��"�� � <�
� �X
" .0��� (�9  �10 %� �
� .*"�&� ����.  

9 (  CR=Intake×CSF 

10 (  TCR=∑ CR =CRing+CRinh+CRdermal  

 �� �� .�CR �(
Y�� ��
�) %��$
" 	��K�� 	
�x1
0> :TCR � (��$
" ��
�) %��$
" ,� 
0> :CSF  �����H

 /� ?H %��$
" `�P) 2�I�"mg kg-1day-1 .�"� (��$
" ,� 
0> ��
-� 
!�%  
�K� (�1×10-6 � �
P���2 ��+� .�	 

��2  ��$
" ��K�Y� .� �"�(� �N �� �N ��?��� ,��f 
o� � �"� 
�K� 
S� BF��% ���
� ��)�� ��O" 
� � 

,��f .�"� g�K=� �� ��2 ��$
" ,� 
0> 
!� ���Y% ��
��  (�1×10-4 � �
P���2 ��+� .�	 =�,��f
  
0> ���� ��*f

�
�	 � �"� ��)�� ��O" |��
0> .�"� �� ���L% � ,� 
0> .��2 1×10-6  ��1×10-4
  ���� �
P��  �
�C�

                                                      
1 Wei 
2 Chabukdhara 
3 Ravankhah 
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x1
0>�
	 �� �
P�' �"� /��Q� � �
��� � ���
 � .F����G �	 P�� .�P���A  .� e��
� /�
0> ��
L��M I�"�2  .�

"� ,f�
Y��
 
��P �
��� �  ������KC � 	�)2015.(  

 ;�'\2 :(���7 �OT �+�#2�� �]���� 0�
�3����
 0��>
�� �2�# (���7 ��Q � �2�#  ���Q���R �� $�/>7 ��U�"  

(�8�<8 ^�U+ ;�7  �2�')� '-��0��R  �3����
 

200 100 mg/day IngR 
6/7  20 m3/day InhR 

350 350 day/year EF 
6 30 year ED 

15 70 kg BW 
2190 10950 days AT 

36/1  ×  109  36/1  ×  109  m3/kg PEF 
2800 5700 cm2 ESA 

2/0  07/0  mg/cm2.day AF 

) X
"2/4 × 10
2 -

) <�
� �(2/4 × 10
1 -

) N��"�� �(51/1 × 10
1 -

) 	�� � (2/4 × 10
4 -

( mg/kg.day CSF 

) X
"3 × 10
3 -

) <�
� �(3 × 10
3 -

) N��"�� �(3 × 10
4 -

) 	�� � (3 × 10
1 -

( mg/kg.day RfD ingestion 

) X
"52/3 × 10
3 -

) <�
� �(86/2 × 10
5 -

) N��"�� �(1/3 × 10
4 -

) 	�� � (3 × 10
1 -

( mg/kg.day RfD  inhalation 

) X
"25/5 × 10
4 -

) <�
� �(6 × 10
5 -

) N��"�� �(23/1 × 10
4 -

) 	�� � (6 × 10
2 -

( mg/kg.day RfDdermal 

�3)#_ `�+ �  

��U�" (��� �/3&��
  Ia�Q �PM10  

 ��
F q�"� 
�3 
L��M 2�� .� ��� ���� ,��( 
BP 2�I�" /� ?H �Q?= 	�
� ��"
�1 %I�)*KC V�
��� U���� �

 %I�)*KC  �I�� �� X
" � <������ �� X
" /�D�*� � X
" /<������ �  �I�� /�D�*� �  �I�� /�D�*� � <������

%�+� 	c�� ���70 ?= %I�)*KC 2�
���� 2��[KC .���� ��F� 
L�� �� <�
� 
T�M 2�� �QPM10 
P �
C��� . 

 ,�P5.� �� ,��( 
BP ��*=��
! �� ��F�� 2�I�" /� ?H %I�)*KC �%� ���� %��H�
! /��L.
C�  

 ;�'\3 : (<7��
 �/3&��
 4#�5��PM10 ��U�" �+ A+�2 �*� �� ��7 

Pb Zn Cr Cd Co PM10  

     1 PM10 

    1 36/0  Co 

   1 82/0  29/0  Cd 

  1 64/0  48/0  41/0  Cr 

 1 56/0  88/0  8/0  22/0  Zn 

1 92/0  32/0  8/0  75/0  18/0  Pb 
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 A6�5 : (<7��
 �/3&��
PM10 A+�2 �*� $�/>7 ��U�" �+  

:Z#M<C<8� Z&#� A�&)�3
 (Potential ecological risk)  

.LO>.��K� �� 2�I�" /� ?H �Q?= 	���� 	�C
�����1 (� 	� ��
F �� ,��( ���"
BP ��*=��
! 	�C4  �
P t�� !

 `��
� .� <������ � �D�*� �X
" �<�
� �	�� 
L��M 2�I���� �Q?= .�"�17/1 �66/0 �01/2 �69/0  �9/0 mg/kg 

.� 2�� �f�� �� .��� 
�K� (2��( .�"�1 �� �Q?=) .���( ��
-� (� 	��  �� 
L��M <�K� 2�I���� �Q?= .
�� �"�

��� `?0�%� �.� � 
�K� 	����� .�?-� ,��"� (� ���S�"� �  
�K� 	
BP ��+KF .� 
C� 	
BP N�H�
� �� ��*��

%� ,��( A�.
P�� .-0�� 2�� �� <������ � �D�*� �X
" �<
� 
L��M �Q?= ���� A� 
� %?�D� 
����  

  

 ;�'\4: �bET ��<� �DO>� �� $�/>7 ��U�" Ia�Q 0���Y 0�
�3����
 2� 0���C�O�  

2�I�" /� ?H  
Y�� .����  2�I����  .����  .���( 2�I����  

 	��)Zn( mg/kg  22/6 -0  17/1  49/0  42/0  

 <�
�)Cr( mg/kg  39/13 -0  66/0  12/0 92/73  

X
" )Pb(  mg/kg  8/10 -06/0  01/2  89/0  39/18  

) �D�*�Co(  mg/kg  65/9 -0  69/0  0  8/10  

) A�����Cd(  mg/kg 47/9 -0  ٩/٠  0  41/1  

 

 .*"�&� ��)����C t�� q�"� 
� .+D�0� ���� .-0�� 2�I�" /� ?H %��]�D��� N)�� ,�)���1 �kC�G1 2�� ��

) �"� �
P��)����C1 �1980) N�]�D��� N)�� ,�)���1 
���-� .(Er) N)�� \>�P � (RI ��
F �� (5  �
P .����

%� ���� U���� .�"� 2�I���� .� 
C�Er  ���� 2�I�" /� ?H 	�
�.��K� �� .+D�0�.� ��*=��
! 	�C /��L

Zn>Pb>Cd>Cr  2�I���� ��
-� q�"�
� .�"� kC�� ��Y ��Er ) 	�� �2�I�" /� ?H26/264) X
" �(62/54 �(

) <������12/19) <�
� � (78/1) A� %��]�D��� N)�� ,�)���1 	���� (Er < 40(   .�"�  

  

                                                      
1 Hakanson 
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 ;�'\5: Z#M<C<8� Z&#� 0���Y _#�3) )Er � ([T��  Z&#�)RI (�C�O� ��<� �DO>� �� $�/>7 ��U�"�  

$�/>7 ��U�" 
Z#M<C<8� Z&#�)Er( 

[T��  Z&#�)RI(  
c��>�� c�#U8�� $�/)��� �)��� 

0�� 0 38/1287  26/264  03/117  

23/22  
d��8 0 93/13  78/1  0 

X�7 57/1  77/293  62/54  34/0  

c����8 0 48/201  12/19  0 

  

 �OT �+�#2��(���7 �2�#  �Q�� (���7 �2�#  

.��K� �� %��)�� ��O" N)�� %���(�� %�"�1 q�K� � VS�� ��?� %?L� 
�)� ." (� /� ?H g
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CRing  3 -10×26/6 4 -10×54/3  6 -10×07/1  5 -10×32/1  4 -10×83/4  

CRinh  8 -10×75/1  9 -10×91/9  11-10×01/3  9 -10×71/3  8 -10×35/1  
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CRderm  8 -10×08/2  8 -10×18/1  10-10×11/6  8 -10×9  8 -10×61/1  

TCR  5 -10×04/5  4 -10×54/3  6 -10×07/1  5 -10×33/1  4 -10×83/4  
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The Persian Leopard (Panthera pardus saxicolor) is a key carnivore species in 
Iran's ecosystems, playing a crucial role in maintaining ecological balance. This 
species faces numerous threats, including habitat destruction, poaching, declining 
natural prey populations, and pressure from human development. Golestan 
National Park, one of the leopard's key habitats, has recently been affected by 
human activities such as the expansion of agricultural lands, increased livestock 
grazing, road construction, and the growth of nearby villages. This study aims to 
identify and analyze sensitive habitat areas for the Persian leopard in Golestan 
National Park and to examine the impact of human factors on its habitat using the 
InVEST (Integrated Valuation of Ecosystem Services and Tradeoffs) model. In 
this research, four major human-induced threats were identified: agricultural 
lands, proximity to villages, livestock grazing, and roads. The results indicated 
that roads and access routes have the most significant negative impact on leopard 
habitats, with a cumulative risk percentage of 15.8% and a high consequence 
score (2.26). These factors are considered a major cause of habitat fragmentation, 
breaking up continuous habitats into isolated patches and limiting the safe 
movement of leopards. Furthermore, excessive livestock grazing, with a risk 
percentage of 12.56%, leads to vegetation degradation and reduces the food 
sources for the leopard’s natural prey, such as wild goats and sheep. Agricultural 
lands, through the destruction of natural habitats and increasing human-wildlife 
interaction, have serious consequences for the habitat. Meanwhile, village 
proximity, with a 6.41% risk, escalates human-wildlife conflicts and increases the 
likelihood of leopards being killed by local communities in defence of their 
livestock. The results of this study not only emphasize the importance of 
preserving natural habitats but also provide a solid foundation for developing 
effective management strategies and planning for the conservation of endangered 
species. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Natural habitats, as the foundation of biodiversity, are threatened by human activities and climate 
change. The Persian leopard (Panthera pardus saxicolor), as one of Iran's iconic carnivore species, 
plays an indispensable role in maintaining the stability of natural ecosystems. This species, which is 
listed as endangered by the International Union for Conservation of Nature (IUCN), faces various 
threats including habitat destruction, illegal hunting, depletion of natural prey, and the expansion of 
human activities. Golestan National Park, due to its unique ecological features and high biodiversity, 
is recognized as one of the key habitats for the Persian leopard. This region, with its diverse vegetation 
and extensive biodiversity, is home to various plant and animal species. However, human pressures 
such as agricultural development, road construction, and overgrazing by livestock have significantly 
affected the quality of habitats in this area. In this context, habitat risk assessment serves as an 
effective tool for evaluating the consequences of these interventions and other habitat degradation 
factors. Therefore, in this study, habitat risks for the Persian leopard in Golestan National Park were 
assessed using the InVEST risk assessment model, and the threat factors were identified. 

 

DATA AND METHODS 
To assess the habitat risk for the Persian leopard, spatial data related to land use, water resources 
distribution, road networks, and village locations were collected. Data on leopard presence, including 
120 recorded points of tracks and scat, along with vegetation and slope maps, were entered into the 
analysis. The suitability map of the leopard's habitat was prepared using ecological factor analysis. 
The InVEST model was then used as a tool for evaluating the cumulative effects of human threats. 
This model employs two main indices—"exposure" and "consequence"—to assess habitat risk. Using 
this model, the cumulative effects of four major threat factors on the leopard's habitat—agricultural 
lands, proximity to villages, roads, and livestock grazing—were evaluated. 

 

RESULTS AND DISCUSSION 
Data analysis revealed that roads and access routes, with a cumulative risk of 15.8%, have the most 
negative consequences on the leopard’s habitat and are the primary cause of habitat fragmentation. 
Roads passing through the park fragment habitats and limit the safe movement of the leopard. 
Excessive livestock grazing, with a cumulative risk of 12.56%, severely degrades vegetation, reduces 
prey resources, and increases competition between domestic livestock and natural prey species such as 
wild goats and sheep, significantly reducing habitat quality. Agricultural lands, with a cumulative risk 
of 9.23%, were identified as a serious threat due to habitat destruction and increased human-wildlife 
interaction. The proximity of villages to the leopard’s habitat also increases human-wildlife conflicts 
and raises the likelihood of poaching by local communities to protect livestock. 

The study showed that the central areas of Golestan National Park, which have rich vegetation, 
adequate water resources, and limited human access, represent the best habitats for the Persian 
leopard. These findings align with similar studies in Iran and other parts of the world. For example, 
studies conducted in the Caucasus and Central Asia have shown that leopards prefer habitats with 
dense vegetation and limited human access. In this study, excessive livestock grazing was identified as 
the biggest threat, which, in addition to degrading vegetation, reduces prey resources and disrupts the 
food chain. The consequence of roads on the leopard’s habitat was also significant. Roads not only 
increase traffic accidents but also divide habitats into separate patches, limiting safe movement for the 
leopard. Human interactions through agriculture and the proximity of villages also significantly affect 
the habitat, as they increase human-wildlife conflicts and exacerbate the risk of illegal hunting. 
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CONCLUSION 
To protect the Persian leopard’s habitat in Golestan National Park, effective management measures are 
essential. Grazing management should include limiting the number of livestock in sensitive areas, 
designating areas with minimal consequence for grazing, and establishing cooperative programs with 
local communities to control grazing and provide economic incentives. Moreover, controlling 
agricultural development by limiting the expansion of agricultural lands around the park and 
promoting sustainable agriculture could reduce the negative effects on habitats. The construction of 
wildlife corridors along road routes and limiting vehicle traffic during specific hours are other 
proposed solutions. Increasing public awareness and educating local communities about the 
importance of leopard and habitat conservation is also crucial. Finally, continued research using 
advanced technologies such as satellite data and camera traps is recommended to improve the 
accuracy of analyses and identify long-term changes in habitat threats. 
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56/12 ( �$(��:� �D= B� �P���N � HE+����# !dO ����� H��� �#� BG"� ��� ���"#  �<�,�
e �� � W� � U�# �+E�� .�L ��� �(��
�� �D= ���N ����	�� ���"# !WQ! ��H K � %�� ! U��"=�>� 

 � �HK�������� �M� � �����	�� ]�K(� .� (!�# W  B����#  �� ����)�(41/6 (�$(���:�  >�f(�"=
K � %�� !�>�  !WQ! !( HK��H ,�� ��!+M �)+= <�,� (��E �^R � ��!�# !��� *!� �! �eQ���  !( ��

����
 �# �����  .�_ !�L  B  H��
� G�! �� �&�=�� � J'K���	�� ��� ���"# �T=�� �� B�,� ��(!��B� !� 
!�� F������ ��=�L ��(���!(� ������# B�� �� � (�W� B +� �! �g�'K �&M (� �Sh� ���  i�"� (�

� F�!�Q i!�I ! �^R# �(�0.  
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��&(�  

������ ����	�� ��� ���"#� B� ���
  ���# ! B��L ����	�� �� �&= �������  �WQ!��(# �D= %+cG��N ���)��L 
��+]0# ��� ��������# � n=��>!� ,X!�G#� 
 �&E V������#� ��&� (!���� �# �(�B �� ����� �!�"#   ��W  >!���D�

���"# ) %+cG���/o ]���
R# H=0 � �+)�  BM!+�  �� !��# H]�\ �! ��� )�)!# �� (���  �! �g�'K
���� ���� �� B")+= [I�= ��(!� B� � (�GE# 0�� )Abdollahi et al., 2024( .��	���� �� B� %!+�- ������� �(���� �! 

>���R �#G���)+�! HI  ���,� (� J'K p+�= �#���� F�e�= � F�,X! T=L�� ����� #"���  �#&,]!��-) � (!�
1402( .��L�!�?�K H�!WQ! ��]�"Q ��� # �� ! ��e  B")+= ���&E � ��(��
� q!�D�)! �!�G� ����� �� >!���n= 

�#G�,X! ������&= ��M �!�� ��	���� ��� #"��� B� �+M� ��(�0  �%!(��G� � +R�&�) �)!1402( .  

#����(! ���)!( L�! (� :��( ��	���� B +� ��� ��(+ �M B� �
�� B +� ��� (� i�"� �^R �� �� <�,� �# !��! #�� �! 
*�� ��� #)�)! (� ������ (!���� [���� �g�'K ��E �)! .<�,� # !��!1 B� %!+�- #�� �! r(W� L��= � sR�E L��= 

%!(!+D�E+� (� �%!��! HI  #G&� (� F�e�= (��R�) � #���+� ���� *+� �(!� .L�! B +� ��GE�(! (� �)�&Q t�)2 
B����=! L�� #,,G]! �g�'K �! �"��� ٣B� %!+�- B +� �! N�)0 ��d� #Q�"� ��E � (� �^R i!�I ! (!�X  #&,]!��-) �(!�

 �#����� %�G,) �1394( .#,�!+- �� �� N��D= ���	���� (��E ���P���O H��� BG"� ��� #"��� � V���� 
��]�"Q ��� �# �� ! ����&= ��M �!�� ��I� L�! B +� B�(�GE #� ��0 .L�!�! ��( #��)��E [���� Z��K � U�,�= 
:��( ��� #��	���� (� ������ ��� �g�'K ���E ��e  ;(�� #,� �%���,� ���! �(��f  � #���K) �)!

 �%!(��G�1402 .(  

#G��X �%���,� #,� ;(�� B� �%!��! (� #,� ;(�� L��= p+�= U�]�  � a�� #����B��u��� #��1+]+�! ��!�E  #�� ���Q
��	���� �! B� # !��! <�,� �!�� ���,� ���#� (�GE  ������� #���� p+�= � p+��� #���� HE+� �� BI^�� L�! .��(

B +� ��	���� ��&� B,GM�! # �� ! ���(�
Q ��! .�)! #���� � �(+ �M v,�D� ���  �#"��� ����� ��P���O �(!���
�R�)��� B")+= ��#f!(! ���(�� ���n= � ��	���� N��D= w-!  L�G� B� .�)! ��E ����� �!�� ���X( H�!WQ! � ��

 U�!+- #����(! � #��)��E �U�]�H�=!� #,� ;(�� L�! (� <�,� ��	���� �!�� #�  #������ ���(���!( L���= B� � !+=
��� :G� (!���� � �Sh�  �%!(��G� � /�����)1398(.  

V�( ��� #',�D� ��!� #����(! :��( ��	���� �� �+M� �(!� B� �� :� x�I  >+X � ������� ��� y�R �+R !( 
� (!� .#�� �! ���(!W�! B�Q�
�� (� L�! �B���� V�(! ?���(!d� B\(�z�� >���R #G���)+�! � �����.= �& 04 
�)! .L�! �?�� :� �����( #G� �!�� #����(! >!�S! #"GP= U�!+- Z��)!�!� ��=�� �� ��]�"Q��� # �� ! �� ��( 

��	������ � B +��� � �)! �! :� �����( ���S �!�� #����(! :��( ���'�)! #���� .�� L�! �Z�)! �! �� B��M 
:��(��� �(!� �� ��	���� � *+�%����) !( #G����) ��+G  � #����(! #���� .L�! B��M �� >(��- �! (� i�"� 

����(!�X � ����� (� i�"� ����(!�X (� ��!�� :��( �)! .(� i�"� :��( (!�X����� �	 ��� BM(��! �)! B� 
:� ��	���� �� B +� �� BM+= B� #
D��S! �+�E��� �#������ :� U��- Z��)!!� !( B��P= #� ���)Sharp et al., 

2020.( ?�) (� ��� R!��� ���(�� H��
� �! )(�� B� ��# � B^�!(�%� ��(�� � HE+� p!+ !� ���L � p+�= �����#  �

                                                      
1 Panthera pardus saxicolor  
2 Red List 
3 International Union for Conservation of Nature (IUCN) 
4 Integrated Valuation of Ecosystem Services and Tradeoffs (InVEST) 
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�)�� )+�! >���R�G��# B�R!���  � !.(Li et al., 2021; Nematollahi et al., 2020; Aneseyee et al., 2020)  
�cG���L �(������� ��"��� !��� �)��E#� %��� ��� +]�!�� (!� B��M B� �g�'K (� ��� � p+�= v,�D����#  !(

� �� (�# ���� �  B")+=�B�Q� � ! )Kandziora et al., 2013; Baral et al., 2013( .!���L�
= �?�K��  �� ! >oR!��# 
e �� � B")+=��R�)� ��� n=��� ��(��� f!(!#� ��&� � (!���� �# �(�B  H��� NM+� ������ �!�	\(�z�# (��R�)�  �

���,G-� ����	�� ��#� �� B� �)! ��E�B� ��) ���(!�� +�=� p���# �����  Rezazadeh et al., 2017)( .! (��L 
���%� �(!���# (�:� ����	�� B� �( %!+�-����� + L� � ���0(�� #� � !+= �������� #E�  �! L�! >!���&= !( �� ��o) 
� ���(�� ��	���� �� #)(�� ���� � [���� Z��K �! �e  #���� !( #��)��E ��� .B"]�^��!  � �X� �+�&� Y�� ��

"��M�� �(! (����# (�:� ����	�� ��� )(�� B�# )+�! >���R HI �G��# B� uR�E %!+�-# !��� /�= (�0 �� �
 :��( #����(! ?�� �! ���'�)!InVEST ����&�
 �#��� ?�� ���(�� B� ��� �(!���# (�:� sR�E �� �!�G� ��� 

)+�! >���R�G��# �# � !+= �Sh� (!W�!� B�� �� (� (�W� ��� �g�'K#� +]�!�� ���� �� >��!�X!����#  �
)��)� (!d�� �� ��+K (��� ����  �E��)Caro et al., 2020(�cG� .�L� B"]�^�� ���	� !��� �(!���# (�:� 

��+]0# /0 ����	����� ,K�)# T=��� �# ��� �� B�? �(!���# (�:� InVEST ��= (��N  �%�)��E(�� >!�e  ��
�(����� !�� (!��= U��X � Y�'E� ���� H !� �R�)# )+�! >���R ���G��# � >!�^R �(��(����	�� ��  (�
)�F�� ��� -�G�M!# - 1+]+�!��# ,K�)# �u� �# �E (�
Q ��= B� �)!�� ��+]0 >!�^R# ( �� /0�:� !�X a��( 

 � (!�)Bastos et al., 2023(. (� %!��!� G�! �+M� ���� a��� ����� >�"]�^� �p+f+�� �� (��B� �(!���# (:�� 
��	���� �� *�P ! ��E �)! .��
�� H��
� �� �� H��� ��"GM B +� �� �� >!���n= ���(�� L��� W��G�� ��+� � ! 

)#
 !� � �%!(��G� 1399 {�G" #&]! � �%!(��G� 1398(� (� ]�K# B� �(!���# ���(��R�) :��( � >!��ST= #"GP= 
�����&= ��G� �(+� BM+= (!�X B�Q�� �)! .L�! �|R *�W] *�P ! >�"]�^� ���M �= � �=��GQ�� (� L�! B���� !( %�
  

#� ���. ! ���L ,$! Y�� �Z�)!#  L�!�(! �B"]�^����# G�#  ��� �# (�:� ����	�� ! <�,�� !�# ,� ;(�� (�# 
%���,� �� ���'�)! �! ?�� #����(! :��( InVEST �)! ! B�(!W�� !�� ��0(��� ,�=�U �������� E� # �&= �!�>!� 

 �� !# *+� ��o) �� %����) B� �� � (�GE# ��(! .�L ��&� �� ?�� ����  �!�: �(���� G�#� �(! %���!���#  >!�S!
"GP=# H�= U�!+- !�� ]�"Q �� ��=���� ���  �� !# � �����	�� �� B +� � ��� ����# � F�!�Q !(# ���).  

  

���� �
 B�� � �
   

��*�H� ��1� ���&��  

%���,� #,� ;(�� BI^��  # ����+� �!B�  �")�31�835  %��� ��� (� �%!��! #X�E ?�GE (� B� �)! (����
%��)! %���,� �%�)!�R ���  U�E) �)! ��E �X!� %��G) �1 ;(�� L�! .( U��Ei�- L�� #���Q!�nM ������  ���

 #]�GE37  � BM(�10  �= BI�X�37 M(� � B41 ?+� � BI�X�  #X�E ���55  � BM(�4  �= BI�X�55  � BM(�11 
 BI�X��E�� #�%���,� #,� ;(�� .� B� #X�E %!+�- #� B�R��E %!��! (� # ����� *+�� ������ L��= +EB !�) � � (��

 �%!(��G�1403.( 

B���	���� �BI^�� L�! (� #���� >�-�G�M! �a�� p+�= U�]�  �!�� #-+��� ���B +� >��K v,�D� ���   U�E HK�
:� U��E ;(�� #�O #���� p+�= .�)! B�Q�� B +� U� �! *+)  �(+
� %��� �� ���51 B +� �! �$(�  %!(!� ���� ���

 �! H�� �1�350 �)! #���� B +�  ��(+G�=)1402(L�� ��G�! .  ?�) (� %0 ��S �� W�  BI^�� L�! #,,G]!1377  (�
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���R} �)�&Q ��� �� �����  # �&M ������T= ��E �)!. L�!�� �?�K ;(�� %���,� �� H]�\ ��� #^��� ��M 
%+cG� V���� L��� ��� ���(��
� >(��P� �� �����)�( (+�- ���M #,$! �! %��� %0 � �!�\ H���K�! *!� BM!+� 

�)! .L�! H]�\ ��� ��	���� #"��� B +� ��� ���,� �� �� <�,� !( B�>�E ��= ��ST= (!�X ��!� � >!���&= 
U��X #&M+= !( BM+�� �(!���� F���)+�! ����  �#����� %�G,) � #&,]!��-) �)!1397 .(  

  

  
 8;�1J�C0�K ��� L��
 �#��"��MN ?��O1� :  

  

P/�
 ��QC0#R ?�S1�H� �S�#R��  

��	���� L��"= �!�� �H��
� L�! (� ��� *+� %��E0 U�,�= V�( �! �<�,� �!�� N)��� *�  �! ���'�)! �� #�R��E  (!WQ!
�z�+��1 �E B�Q�� ��&�L��cG� .� *�  (!WQ! �)�= 2B�a ��]+= � ��)��K U�,�= �!��  #=�-o�! ���(+e�� B� ?�I� ! 

B� *�  (!WQ! B� (���Q(. #)(�� ��$+uR��� *+� #�R��E � #)��E(��Q( �B +� #�� !� �$��- ���,� �!�� �(�0��� 
��!� ��� *�a (� V�( U�,�= %��E0 *+� #�R��E /+��� #�  �+E) �#Eo�1395#�
�� B"]�^� .( *+� ���  � #�R��E

B +� #)��E(��Q(B� � %!+�- F&� %��(!(� �GM ��!� �(�0  �� �!��*+� %��E0 U�,�=  #�R��EB�#� (�GE��( L�! (� .
B
I  �V�(  ��= #���#� �(!� U�,�= B� #^��� UI��� U�!+- %!+�- ��$+uR Z�)! �� �U�!+- L�! .� +E��� 

 B +�Y�� #� /�D� ! BI^�� ��!�E � � +E ) �%!(��G� � #P��1401L��K { �%!(��G� � �!
 1398.( U�!+- 
#^��� UI��� (� L�! �H��
� U��E ���+= BG"� ��� <�,� #,$! %+cG� U� � �W� ~+X � �H�� ����! B
I  ��� 

�N�E ��&M #�+X( ?�� #-�'=(!3� ���M ��� sR�E Uf�'= ?���  ��E HE+� #����1 q!�D�)!��E �! N���= 

                                                      
1Biomapper  
2 TerrSet 
3 Digital Elevation Model (DEM) 
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���� �� 4 � 5 ����u= �(!+��� �!  �)��]8  L��1 ��� B� x+���2024  �����!��R)1403( � ����� #�0 �� �� BG
\ ��� 
��(+D
�0 � B �R��( �� �����.  

(� L��cG� L�! �H��
� B
I  (+.K <�,� �� Z�)! 120 B^I  (+.K ��S ��E B� �� ���'�)! �! ���!+E ��e  
���( � L���) #��)��E��E ��+� B�%!+�- ��n�� B���!� (� U�,�= ���'�)! �E.  

�!�� U�,�= U�!+- �Sh� �� %��E0 *+� #�R��E (� *�  (!WQ! ��z�+�� �+M� �����n�� UI��� � �X�Q #	���G� �(��f 
�)!. B�(+� ?+G"� ��&�
�� #� �+E B� ��! %!W�� #	���G� L�� �� �� ��\ ��n�� H�� �! 9/0 ��E�� *�a �)! 
#�� �! %0 �� �! ���] �����n�� ���(� YdK ����.  

(� L�! �H��
� ���=�� #	���G� B
I  �� �� ���'�)! �! U�,�= ����- ����2 (� *�  (!WQ! B�)��� �E. (� L�! 
�H��
� (!�I� #	���G� ��G� �! 9/0 B� �)� ��0 � �L�!����� *�G= ����n�� (� U�,�= #X�� � � ��.  

*+� %��E0 U�,�= #M��R #�R��E #� ��]+= ���"�� ���  #���(��"� q!�D�)! B� B� >!�����! ���=�� B,GM �! ����
B�E�K �� �� suD= �#�!�� #�!�� �	���� ��!�E ��!�� (� B +� UG�= �#� :G� #� B�E�K U��- .���  %�
  #�!��

#� ��	���� �e  �(+� B +� ��0 B� ��� #� ��M�= !( #$�R ��� ������ v�� (� �� ���  #�� � #���� ����� �! ��=
#� *�  (� #]+��Q [��� �! (��"� L�! .��� #� B�)��� �z�+�� (!WQ! r(W� ��- .�+E :� B� :��W  � �'$ �! �=�  �	 ���

��	�����)! B +� �!�� �=����� � >��'�� # )Naqibzadeh et al., 2021(. 

suD= U��- %�
  W�  #�!�� ��"f� B��!� ����� U��X #���� ��� (��"� Y!�� ! �� � �)! B +� �!�� UG�=
#� B�)��� #^��� #����!�� B +� .�+E  ��!�E (� L���� B� � � (!� #��(�� #���� B��!� �a+G"� suD�� ���

���B� .� (!� H�!�� ��=��UG�= �Z+�"� (+� %�
  ���d�  #��	���� ��!�E (� #�� � �!�� B +� #�� !+= �����
p+��� �)! �= )Oca and Reyes, 2023(. 

F��(+	]! �! ���	���� ���+,^� B
I  B�&= �!�� *�  ��� B
I  L�! .�E ���'�)! �z�+�� (!WQ!  ��+� B�)+�� sR�E �� ��
BI�� � �E ����*�  *(�&\ BD�  (� .  ���+,^� B
I  B�&= �!�� N)��� F��(+	]! /�D� ! B� sR�E L�! ��z�+�� (!WQ!

#� :G� B� {����(+�B��&� F��(+	]! �	 ��� ���G� (��"� Y!�� ! � ��+� �=a�� sR�E B� �)! �=. 

��QC0#R T0#� �S�#R��3  

! (��L B� �B"]�^� �(! (+e�����# (�:� ����	�� �(! ?�� �! �<�,����# (�:� ����	�� ��(!W�! B-+GP� (� �+M+�� 
InVEST ! .�)! ��E ���'�)!�L ��&� �� ?�� ���� B']h� �� �! � ,$!#� ��"# B&M!+�4 � �������5 �(! B����#  �

��H ���# ��%!W (�:� E� # ]�"Q �!�� ��� ! �� # � �� v,�D����	�� �� B +� � ��� %0 B� B���!� � ��# ��!���.  ��
�: ! �!�L ��!+=� B-+GP� Z�)! �� !� "� �!���(�� ��!�H �"=�v ��E ��!�����# �# � +EB&M!+� ���= .� %�
   �����
��%!W  Z�G=��  B&M!+��: ����	�� �&= ����� ���!�� !�� .�)!� ! �(�0���L "� �B&M!+����(�#� e ��  >�E

��&� (!���� � �!����	�� 
=!��)! p+ � ������# e )�� [���� �g�'K  ��E�� ( ���� �= B,$�Q � (�!�0�:�  BM+= �(+�
� (!�X# ��� �! .�L "����(�  (��: I��Z� B) �=#��  �!1 )����L �=�L ��%!W ST=�� �= (3 )����
�L ��%!W ST=�� �(

                                                                                                                                                                      
1 Normalized Difference Vegetation Index (NDVI) 
2 Box-Cox 
3 Habitat Risk Assessment 
4 Exposure (E) 
5 Consequence (C) 
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��!�����# �# � +E. � ���=������ )(�� B�# � H��!����	�� �� �&= U�!+- �� B&M!+� B� B +��!�� �# ��!���! .�L  ���=
��%!W )��K�� ����	�� � !+= �#�  UG�= (� %0�� )0 %!��M�N �� � !(# �P�)! (� .�L "� ���)!(���(�� �����  �� B�

�I= B�)��F �# � +E :1� (�%!W Y�^" ! d����  (� �e  �(+� B +���!�� H�= ��� ���^#  �2� !+= (#� K!���  �� %0
)0 �!�N �� .�: ! �!�L "����(�  �W I� (��)�#  �!1  �=3 ��!�����# �# � +E.  

"= � /�D� !��L "����(�� ��!�����#  �� ?�� (���&� ���� UG"]!(+�)� �! ��� B�!(! �G��!( (� ��E� ��(���  �� � ?��
�����  G,- �����# ��!� ����"� ��� *+� �R��E# �)��E(�� >!�e  � BI^����+K % ��� � >(+$ ��=��# ����! .�L 

�+\(�\ �G��!(# !�� �(!� ��)!� = U�!+- /�D� !H� �!� ���
# ��� ����	�� �� ��! �+�  ������# "� B����(�� �!+= �
� � B&M!+������� � F�!�Q# ���) � ���M! %!�	
��
� B� �# ��� �(!���# �� �� !( �+R�B G,- ?+$!# U��X � *�P ! (!��=

I� .�����Z� ��!�����# 1  �=3 B� B +� !� K!��# BM(� B� �)! ��E ���� ���"� ��! ���)(!�  >�E �!�� )��K�� 
"� ���(� ��! .��� B�!(!��� 1 %�
  ��G� ������L ST= �^)�� �� )��K��� ��!��� 2 ��! � �)+�� �^)��� 3 ����
�L 

ST= �^)�� �� )��K�� � /�=��� !(# ���! .�L BI�� ���� �I� %���!�B� � �� # ��%� �(! � v,�D� U�!+-���# # ��� 
(�:�  �^) (�L����) ��G�) (! � F�!�Q# ���).  

��=�N ��!�>!�� ! �! U$�K�L �&  �^) ����= ��#� (�:� !�� !(� � �! HD� �����	�� � sD
�# ���)! .�L 
� >�-o�!# � !+= B�(!W�! %!+�-� Gu=�F ��(� !��� +]�!�� ���� �g�'K >��!�X!# �� �����#  �(+� v,�D� [���� (�

� (!�X ���'�)!��� Pascal et al., 2016; Tolessa et al., 2017)(. (�  ?��M1 ���] ���(��"� �(+� ���'�)! (� L�! 
?�� ��(�0 ��E �)!.  

 5�&N1T0#� �S�#R�� 5&� �� ���VCG� ��1� E�
����� :  
���� :��( �)+�� :��( F� :��( sR�E 

:��( ����(!�X i�"� (� 

 �! ��
��30%   L��10  �=30%  ��G� �! %10  (%) :��( U��- � ��	���� # ��� # �E+zG� 

8  �=12 ���  4  �=8 ���  4 ���   :��( i�"� (� ��	���� ����(!�X %��� >��
B]���� ���� (� 

���� �)+�� F� ��	���� ��������&= U��- >�E 

F� �(!d���S�= �)+�� �(!d���S�= (!d���S�= BI^�� ������ ��� �(!d��S! 
����� 

50  �=100%   L��20  �=50%   �! ��G�20%  (%) �K��� (� >!���n= 
50  �=100%   L��20  �=50%   �! ��G�20%  ��	���� (��R�) (� >!���n= 

>(�  B� ?�) (� (�� L���\ #	�'� �� � B !��( (!��= >�"Q� >ao�R! #"���  

p+GP� (� i�"� ����(!�X B +��� )E( � p+GP� �������� U$�K �! (� i�"� (!�X L�Q�� %0 B +�(C)  (� ��!�� 
��]�"Q �W�0�(��� �! [���  ��� B^�!(1  �2 B�#� �)�:��0  

)1 (  �
���∑ ���	
���



  

)2 (  

���∑ ���	
���



  

 B^�!( (� B�1 �Ejk  ��	���� �!�� ����(!�X i�"� (� �����!j H�= U��- �! #E�  �!�k �eijk (!�I� (��"�  i�"� (�
 ����(!�Xi  ��	���� �!��j  H�= �k  � �)!N #� U��E !( U�,�= (� BM!+� ���(��"� �!�"= .�+E  
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 B^�!( (�2 �Cjk  ��	���� �!�� ����� �����!j H�= U��- �! #E�  �!�k �cijk (!�I� (��"� ����� i �!�� ��	���� j � 
H�= k �)! � N �!�"= ���(��"� ����� (� U�,�= !( U��E #��+E.  

N�)0#� U��
= !( (!�+G  �! (+�� :� B� W�  �)+�� :��( ���d� B^�!( �! ������� �)+�� (!�I� �!�G� B� ���
B� ��� #� �)� :��0  

)3 (  ���� = �(���� − 1)� + (
��� − 1)�  

L�! �!B^I  (� ?�� ��(Z��)! U��- � ��	���� B� �!F� !�#� B�)��� !( :��( �� (!� # �E+� N�=�= L��� .���
:��(#� U$�K ��� B^�!( �! #
�!WQ! ���:� +E  

)4 (  ����� = ����
���  

Z��)! U�!+- #��G= �! #E�  #"GP= :��( ?�� �*+) *�� (� ��	���� �� �!�� !( !�#G�#� ���) :��( .���
 ��	���� �!�� #"GP=j  U���� (�i :��( #��G= >!�����! p+GP�:�)! ��	���� �� �!�� ��  

)5 (  ��� =� ����
�
���

  

#� U��E !( #K!+  �[���� L�! .�)! #��	���� Z��K [���� #��)��E �*(�&\ *����]�"Q ��S�= B� �+E ���
 � (��R�) � �)! ���� # �� !*+� ���,G-B� %����)BM(� ��= ��	���� �!�� U���� �� .�)! ���� N�)0 >�E ���

BI�� ���� � �)+�� �F�#� ����B^)!� B� �� ��! L�! B� �+EZ��)! U�!+- �:��( �� � ��'�� �!� #"GP= ���
.�)! ��E �(�0��  

! (��L Z��)! U��- (�&\ �H��
� !�� ,���� ST= B��� I����F O ������I�F � �����	�� �)��E �� (!� <�,�#�  �
�(! �(+����# ! .���Q�� (!�X�L )(�� Z�)! �� U�!+-# G,- �����#� ��!� ���  ���#� ��������� �� !�# �cG� ��L 

�� %�)��E(�� �� >(+
��� ���� K ��>�  HK� �D� ! BI^��/  ?�� .� �EInVEST !�L � F�!�Q !( %���!# ���) 
F&� �� W��G= �� B� �=�L �&=����� �(!���# (�:� B� ! /�D� ! .�+E *�P ! ��0(�� � ��GQ�� >(+$�L  �� U��- (�&\

����� ST= >�E��� Q!�nM �������#�  p+X� (!��= �# ��� # �E+zG� %!W�� � %0 ��   <�,� ��	���� �� ������ (�
�) .�Q�� *�P ! B"]�^� �(+��� B� ��+I]�� U�!+- ]��U ��!� �+�  ��� Q��#� ST=�(!d���  ��G��� F� �E+�# �&= ������� 

/�D� ! ! (� ���E�L �(! �! B,K�����# � �
  ���]L��� . :��(��
� ���f!(! B")+=# -!(�# � (��%+�!�  ������
B� �;(�� ���
 K!+  (�# E�K�B !� ����	�� ��� ���"#� � �")� H��� B� �P�����	�� ��� !�� N)����  ��E <�,�

! .�)!�L �+��  �� ��o- V����� � HE+����# ���"#� !WQ! ���H �(��
� >!��! � %�� ! (+.K�  >(��P� (�
K � %�� ! i(�"= ?�G�K! ���� [�����>� HK�   !(�W !WQ!�H �# ����� .�L ��� �(��
�� �cG��L  NM+�

(!d����� ��)����� �� ��MB�M#� B +� ��#� �.Q (� <�,� %+\� ����	�� �# � +E.  

 :;(�� Y!��! �����)�(E�K (� ����)�( (+.K�B ,� ;(��# !WQ! ��H B� ��!�Q! ���= ���
  %!�	E��� � %!(!��!�
,��#� � i(�"= ���� ?�G�K!�%� �W  .�)! ���� a�� !( <�,� � %�� !��# ��	� +�)  ��(� w-�� �Z��K [���� B� ��

� B� %�� ! (������	�� ! �� � ��E���P  �GK!W��� H��!� ��� -�Q�#� ��!�� Q((��� � U�D� !( B +�# ��� �� ��o- .
!��L ! (� *!� �+M��L   [�����W �# � !+= ���B� ��) Qo= (��E >oGK# +M�B � �+E <�,� B� )#G��!��! ��'�� � 

�%!(��G� 1402 .(  
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 :�(+�- ���M (+�-�: B"^X w-�� �&�= B  ;(�� %�(� �! F&� ���M  � %�E B"^X���	�� ! ����P �� (� � !+������ 
���K# B +� ���M >�',= ���� B� �P�� B�,� ���E �� !� !��� B +� ��� BG"� B,GM �! �v,�D� ��� �K � <�,�#  �+R

! .�)! ��E <�,��L �cG� ���M�L  NM+�!WQ!�H )��)�#  [G- B� %�� !����	�� �� �  (� ��BP !WQ!�H  �^R
O (��E���P��  �� ! �GK!W� �# �# ���� )#��G� � �%!(��G� 1395( . 

H�� �!�\ :*!� �K�!!�\� �# �(�B  � UR!� (� *!���%+�!� � HE+� H��� B� �P�� �;(�����# �  (� ��BP  H���
!dO �����#� B +� ��� BG"� � .�)! ��E <�,�  

!�L P � (� ?o�R!��� !dO#�� B� O >(+$�I�����F �I�� HK� >��K �&= !(�� �# ��� %!(!��!� � *!� *�!�� (+.K .
� (����	��  �W ,��- �+R# !��� ��! H����� ����# B +���� HK� >��K ! ����P )+�! �� v-�.� (�
Q�F�� 
�)! )Yang et al., 2021( .  

�!�� U�,�= [�X� L�! �U�!+- ��!� ��� # ��� x+��� B� ���(�� �#f!(! ��"X+� ����)�( � B��E ���M �! �GM �(�0 
�E .�L��cG� >�-o�! >�E � ����� �� H�= B� �!�G� >!�e  %�)��E(�� #,�� � ���� %� �� ;(�� #,� �%���,� 
B� %!+�- ����� ��!� #,�G�= �(+� ���'�)! (!�X �Q�� .L�! >�-o�! �!�� L��"= ���(��"� ����(!�X i�"� (� � ����� 
(� /+\(�\ ?��  :��( #����(!��	���� F�e�= � �E.  

  

�C"�# �
E @
��
  

B�WP=U�,�=� #,��- *+� �#�R��E B� %!+�- B��� �W��� *�  (!WQ! �z�+�� B�R��E #� �+E. L�! U�,�= ����E �(���� 
B� V�( B�WP= B� B']h� ��� #,$! � �(!� B� #��)��E #,�!+- #� ��!��� B� L���
�� ��ST= �����n�� �! !( UI��� 

#^��� �� B +� ��f+= #� ����. %+�) ��D  %�
  ����� #�
�� B�E�K �! %�+� B +� �(+� #)(�� �)! � 
sD
� #� ��� B� ��"f� B��&� %0 B +� �= B\ �K �! L�	 ��� ��	���� �(+� B"]�^� B,$�Q �(!�. ���) U�!+- B� 

UG�= ���d� � #�
�� #uuD= B +� x+��� #� � � +E B� _�(�= �! FPK #=�-o�! B� B�!(! #� ���� B�)�� #� �+E. 
L�! U�!+- %!W�� #uuD= %�+� B +� !( (� ���'�)! �! ����� ��	���� (� Z��)� %�
  #�  ?��M) ����2 .(  

  

  
 5�&N2W#�C2 : 8'�X R� 8���, 8��� J���Y Z1S�C[�/�  

�S��C2� +C#�1Q*� \#1S ][�� ^��C2� +C#�1Q*��&�  8��,8F E�#A
  ]_�,8F E�#A
  ����X8F �#��K  

412/0± 421/0  #)��� L�	 ��� 559/0  79/1  816/0  

  

�! �	�� #�� _���  L�! �U�,�= ?��M ���=�� >!�����! �)! B� >�-o�! (���� ���GE�(! !( (� �� �(!�. ��!� ��� 
L�! ���=�� %�
  #� ��� B� �� U��- UI��� #^��� (� U�,�= �= B\ ��!� ! �� ���) U�!+- �Sh� �� ���+,^� 

��	���� #	���G�  ?��M) �(!�3v��( .( ��� ���=�� F&) �� ��n�� UI��� #^��� (� U��
= U�!+- !( sD
� 
#� ����. (� L�! H��
� �p�'=(! ����� �#�0 ���M �� � N�E B� %!+�- #,$! L��= U�!+- �Sh� (� ���+,^� ��	���� 

<�,� #��)��E � �E. #����(! ��$ � �X� ?�� �� sR�E ��+� *�P ! �Q��. B
I  N)��= ��	���� )U�E 2 (
%�
  #� ��� B� HD� ��� �W��� � ��G� #)��)� ��d� ;(�� �!(!� N)��= ��=a�� �!�� ���� <�,� ����� .L�! 
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[���� #�
�� #��� �� �� HE+� #���� �#�O B,$�Q �! >!���&= # �� ! � ��!�E /+,^� *+� #�R��E !( � (!�. (� 
�U��I� HD� #��� B� (� #���W  ��]�"Q ��� # �� ! �� �� L��� ��� ���(��
� ���M �� � ����)�( (!�X �� (!� N)��= 

���G� �!�� ��	���� <�,� %�
  #� ����.  
 5�&N3J�C0�K ��� L��
 �� P/�
 ��QC0#R E��S �H��� E�
��MC� E�
R��C�� \#�,�� :  

10 

7/2%  

9 

6/3%  

8 

6/5%  

7 

4/7%  

6 

7/7%  

5 

9%  

4 

12%  

3 

16%  

2 

19%  

1 

11%  

�H��� E�
��MC� 

04/0  19/0 -  26/0 -  31/0  32/0 -  034/0 -  24/0 -  06/0 -  06/0  39/0 -  =�V,�� 

02/0  4/0  072/0  097/0 -  132/0  014/0  013/0 -  04/0 -  01/0 -  36/0 -  �2�[��� 

18/0 -  07/0  031/0 -  017/0  06/0 -  009/0  024/0  032/0  013/0 -  35/0 -  ��	< 

57/0  22/0  549/0  529/0 -  062/0  264/0  085/0 -  201/0  065/0 -  33/0 -  ���N 

6/0 -  23/0 -  307/0 -  032/0  058/0 -  571/0 -  056/0  104/0 -  009/0 -  33/0 -  cS � 8F 

3/0  54/0 -  148/0  082/0  025/0  127/0  029/0  113/0  055/0 -  30/0 -  R��K 

04/0 -  26/0  444/0  183/0 -  158/0 -  359/0 -  545/0 -  303/0  075/0 -  29/0 -  ER���	F 

05/0 -  36/0  149/0 -  171/0 -  405/0  053/0  344/0  408/0  715/0  28/0 -  5��� 

06/0  16/0 -  164/0 -  372/0  453/0  278/0 -  608/0 -  162/0  66/0 -  27/0 -  1
Y 

18/0 -  23/0 -  234/0 -  089/0  471/0 -  033/0  062/0  114/0  021/0 -  16/0 -  d�� 

08/0  26/0  256/0  042/0 -  057/0  19/0 -  1/0 -  745/0  053/0 -  13/0  @�� � e1O 

05/0  11/0 -  111/0 -  049/0  1/0  042/0 -  19/0  221/0  057/0 -  11/0  ?)N 

37/0  063/0 -  063/0 -  354/0 -  32/0 -  167/0 -  205/0  086/0  028/0  05/0   �
��K @�1
 +F��, 

05/0 -  19/0  101/0  006/0 -  184/0  557/0 -  232/0  145/0 -  113/0  03/0 -  �CG�� 

  

  
 8;�2 �	(2 :J�C0�K ��� L��
 �� P/�
 ��QC0#R dG�/,  
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U�E 3� (!�+G  ����I� #"GP= :��(  ?�� �! U$�K ��	����InVEST (� BI^�� !( B� ��+u= #� �
� � %�
  
#� ��� B� L�! BI^�� B� (+� #,� � �� L�Q���e (� :��( �#"GP= (� ���� :��( �)+�� (!�X �(!�.  L�! B� BM+= ��

(� �(!�+G  [���� v,�D� �;(�� ����I� :��( #"GP= >��'�� �)! .HD� #��� B� (� #���W  ��]�"Q ��� # �� ! 
�� �� �����)�( ���M �� � L��� ��� ��(��
� (!�X �� (!� ����I� ��=a�� �! :��( #"GP= !( %�
  #� ����.  

 ?��M4 B� :��( ����I� �)� ?�� �! ���0InVEST &= U�!+- �! :� �� :��'= B� !(#� %�
  # �� ! ���  .���  
 5�&N4�#��(� : T0#� �S?G��&�Y �S T�;V, �
 &#&), �2�02� �� �(H/�  

:��( �$(� :��( ����� ����(!�X i�"� (� ���&= *�  ��	���� 

23/9 924/0 987/0 02/1 L�����(��
� ��� 

 #
,� 

;
(��

 ��
��

��
 U

�
%�

��
,�

 

41/6 871/0 931/0 963/0 
 Y!��! �����)�(

;(�� 

56/12 08/1 52/1 15/1 H�� �!�\*!� �K�! 

8/15 26/2 1/2 25/2 
 ���� � ���M

#)��)� 

  

  
 8;�3�#��(� ���1�2 : T0#� ����, ��QC0#R )L��
 ��� J�C0�K(  

  

���L ��� �(��
�� F&� �! �=�L �&=�>!� !��� ����	�� B� <�,�� (�GE# 0���! .�L �&=�� � (!�I� %�+� !(!� ������ 
) a��978/0%�
  �( ST= ������� I����F U��X � � H��� �� %0 BM+=�'�� ����	�� �! .�)!+)�����	  B&M!+� sR�E

 ?��"�02/1� ���	 � F��� �^) B� �)! %0 �,� H��< ! ���L HD� � ��+� a�� �����  U��- ��� )��"# � �!���	�� 
ST= i�"� (��� ���L ��� �(��
�� �\�� .� (!� (!�X( �$(� ��:� ��-� !��� !�L �&=��  ��)! ��E V(!W� ��G�

��= ��!�N �) �S! >�E���� !�!�Q � (# G�! �B&M!+��� a��� �(! (� !( %0���# ��� �g�'K# � %�
 # ���.  

� U��-���	 �W ��# ����	�� �&= B� �)����)�( B���� ��c��� �"���\ �� !���P �# ��� ����� �) �� ���X( .
���"#� Qo= (��E# +M�B � +) �!�  �� ! B")+= � %!(!��!�# �P�� �D= B��N ����	�� � B\��! .�)! ��E���� !�L 

�&=�� �I� (��B� �) ����   B&M!+� sR�E � �)! ��G� U�!+-�a�� ��- W#� ( �$(� ��! ��(!� �:� ) a�� ����� 41/6 
(�$(� %�
  #� ��� ! �S! B��L � H��� (� U��-�'�� ����	�� �W  [���� (��: ��	� +�) B� ���  �� !# 	G
\�� 

ST= >�E B\�� ��X!� (� .�)!�� I����F ����L �= Q!�nM V���� ��! ��)!��#� !�L �&=�� ������ (� ���  �� !#� 
 B� !( %0�: �� � *�!�� U��-�(!� � H��� (���� d���� ��=�U .�)! ����  
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!�\� *!� W�  �! >!���&= (���� F&� /+��� #� �+E B� B  �&�= NM+� ��+��  HE+� #���� � ���n= (� (��R�) 
��	���� #� ��+E B�,� ���X( F�I��� �� B +� #��� %+\ <�,� �!�� ����� #�!dO !( H�!WQ! #� ��� .(� L�! �B���� 

����� a�� )52/1 (���T= �(!� B� >�E ��ST= L�! ���&= �� ��	���� ���� �)! .%�WQ! �� �L�! sR�E B&M!+� ?��"� 
15/1 %�
  #� ��� B� HD� #"�)� �! ��	���� <�,� ��= ��S�= L�! U��- �)! .N���= L�! �� sR�E NM+� 

��E B� �$(� :��( #,� �!�\ *!� )56/12 �$(� (B� %!+�- #�� �! L��=a�� ����I� (� L�� >!���&= #��)��E 
�+E .L�! _���  #�!+� �� %0 �)! B� ������ �!�\ *!� � ?���� ��(� *!� �� B� ��	���� ��� Z��K ���� (� ��+]�! 

>��!�X! #�g�'K (!�X ����.  

� (��%� ��G=# �&=��>!� ���M �� � ������� )��)�# ����
�L ST=�� '��# � �� !(���	�� � .� (!� <�,����� !�L 
�&=�� ���(� ) a��26/2 B� �)! (%�
  ����� a�� >�E� ST=�� � �� %0�'�� ����	�� �cG� .�)!��L  sR�E

 �� ��!�� B&M!+�25/2 � %�
 # ��� ���M �+M� B� � (� �����	�� G�!� <�,�# � ���(!� ! .�)!�L  (��� (� sR�E ��
( �$(� B� �P�� F��:� 8/15 �$(� ��E � ! B� ��=a��L � (� FX(�L �&=�>!� ! .�)! �+M+��L ��!� B� �� �E�(# 

"= HI ��L ����� ���M � �Q! (� ���'�� ����	�� �	 ��� >(��f �� � B")+= (���R�)� �� �G  !(�%� �# ���).  

�&  (���� ( >�I�� B
I �:� "GP=# ����	��  U�E)4B� ( � %�
  �+f�# ��� !(!� [���� B�� (�:�  a����
�� 
���M Y!��! (� �� �������� )��)�#  �����)�( B�Q�� (!�X ! .� !�L %�
  +	]! � ������� + I����F ��L �&= >�E��� 

��%!W �&= �� B +� H��G����� ST= ��� "GP=#  �� %0����	�� �\ .�)!�L ,�=�,#� �� ���B sR�E ��� X��[  �
?�� ��)� �.Q#�� �# � !+= ����� �)���# !��� K!��# �g�'K >��!�X!# ,� ;(�� (� ��GQ��# ��� F�!�Q %���,�.  

)(��# sR�E ��� �&= v,�D��>!� ����	�� � B,GM�! <�,������ ( �$(� � B&M!+��:� � %�
 # ���  �� B��: 
 �� ! U�!+- �!# )(��# ��E B� +� � � H��� (��'�� ����	�� ������ �>�E ��! ������ �Sh�#  (�����) �

(!d��S!� %0 �� .�)! >��'�� ���L ��� �(��
�� I��� �S! ���F ) ��(��R� �����	�� ���M ! �� �����P  ����
1+]+�!��#� !�\� �D= �� *!��N !dO �����#� � HE+� ����# !WQ! �� ����)�( ��H K � %�� ! i(�"=�>� �HK�  ��

�: =��'�� U�E B�# ���(!�� ����# �&= !( B +��� �# ����.  
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 8;�4�	(2 : ��(�� T0#� ����, ��QC0#R �� L��
 ��� J�C0�K  

  

 f�S  

,� ;(��# B� %���,�  %!+�-��# F&� �! �=�L ����	�� ��� ! <�,�� !�#� �&= i�"� (��>!�  �� ! ������#  �
n=��>!� ���^# ,�= .�(!� (!�X�U ��� >(+$ ! (� B�Q���L �� U�!+- B� �!� %�
  B"]�^��^#  ����� �p�'=(! %+cG�
�0#� ���M E � ���N ST=�� 	G
\��� � � H��!�� ���'�� ����	�� �cG� .� (!� <�,���L �&=�>!�  �� !# e �� 

�(��
��� !�\� F&� B,GM �! ���M �R�) � *!� �=�L �D= U�!+-�N B�= � � %�E B�=���	�� .� �E B�R��E  

!��� �(!���# !(�� � �X�#� � ?������	�� +� sR�E �!��  ! .�E ���'�)!�L  B� sR�E��# "� �!���(��  (� ?�!���
P�)(���-!# ?�� ��� 1+]+�!��# �I� Z�)! �� ��)!�B� � �+=�� ��H ���# ��E ����	�� �+= ���� "X!�#  x�I  (� %0

� B�)��� B +� (+.K# �+E! (!�I� .�L � sR�E�L 1 -  �=1 +n���� ��I� � �)!�� �W  � �����:  B�1 %�
   �����
���,G- /+,^� ?�� (� W��G= %��� [���� /+,^� � /+,^��  �)! .(� L�! �B"]�^� (!�I� sR�E ��+� ��!�� �� 

412/0 ± 421/0B��)� ��0 B� #��K �! �X� N)��� ?�� (� #��)��E ��	���� ��� B��&� �!�� <�,� �)! .
���'�)! �! L�! sR�E B� �
�� (� ?�� #��� �� ��!� ��� (+.K �Y�$ N)��� �)! � #����(! #��- ��= �! ��$ ?�� 

F�!�Q #� �(�0.  

(� � �( ?�� ����) �! F��(+	]! L�	 ��� #)��� �!�� N���= B�a ��� #=�-o�! ���'�)! �E ./�D� ! L�! F��(+	]! �� 
����� #�
�� ��� ��!� �� � (��R�) Y�� ?�� ���) *�P ! �Q�� .L�	 ��� #)��� ���  B� L�	 ��� #���K 

��)��K ���
�� B� ����I� L���� �(!� � L�! #�
�� w-�� #� �+E B� (� (+.K :� ��n�� �/+,^��  �����! #��&  
�!�� %0 %��� B� #�)(� H��� ���� .L�! #�
�� (� ?�� ���) ���	���� B� N,O! �� ��!�E ��K � Z��K �) � (�� 
��(!� �X� � �X!� #�!�� _���  !( H�!WQ! #� ��� .B� >(��-��	�� ��! :� U��- #^��� (� BI^�� �! ��!�E /+,^��  

B�E!� ��E�� #�K (� >(+$ /+,^� %�+� ���) �U�!+- L�	 ��� #)��� B� #�)(� %0 %��� !( N)����  s�D
= 
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#� ��� .L�! ������( *�P� ! *+� #�R��E #����(! ��	���� !( ��+I= ���� � �� ������  #���� [�X� <�,� (����) 
�)!.  

�� �_ �cG��L E�K (!�I� B� �!� %�
 �B !��#� ) U�816/0! B� ��)a�� (�L � B� ��"����	�� ��� !�� N)���� 
! <�,�� !�# ,� ;(�� (�# B� �%���,� � B,$�Q �)+�� (+����� !�E �!�� 1+]+�! ?+G"���# ! .� (!� BI^���L �B�Q� 

���	 � !�� <�,� B� �)! %0�   ��I������� ����	�� ��#� !�E ���� B� �u��� � y�R  [���� �� �� ��Q HE+� ��
����# )��)� �F�!���# �0 ����� B� N)���# (�� �� �GK!W� �! ���  �� ! #�)!.   

p�'=(! B�U�]� ��ST= �� HE+� #���� � #)��)� B� ����� #�!dO- #�� �! U�!+- ���,� /+��� #� �+E .HI  ����� 
#�0 )B �R��( �� � BG
\ �� (W�  B�U�]� L��T= /0 � /dM BG"� ��� �<�,� (���� W��K ��G�! �)! .�! �+)��	�� 

���M �� � ������� #)��)� B� %!+�- U�!+- N��D= ��	���� � #	���� #��	���� UG- #� ���� .N�E W�  ��ST= 
B ���� {�(!� !��� [���� �� N�E a�� �a+G"� #)��)� %�� ! !( ����� ���� � ��	���� L�! ��= �!�� <�,� F�!�Q 

#� ����.  

B� p�'=(!  %!+�-��# B']h� �! ��� ,���� �)��E#� �E{ !��� � HE+� H��!�� �����#� ,X! p+ �F ,��# !dO ����� �#� 
+) �! .�)! �Sh������	 �0 �����# B �R��( �� ��) BG
\ � �� )�)! HI  (��# �T= (��L BG"� /dM � /0 ���  �+I]��

!��� ! <�,���' �# �������M . �� � ������� )��)�#  �W '�� HI # �E��� 	���� (�# ����	��  ��o- � B�E!�
! �����P Q � ���W��#� ���B� ��) !WQ!�H ���(+R���  �� !# r�� � ���� I����F E .������N ���L B ���� �S! !� 
�(!�. E �� [�����N ���� !�� �a+G"�� %�� ! G� B� � ����� Z��)� U��X ��G� ���L ]���U ��	���� ��� L�! �=� 

!��� � F�!�Q <�,�# ������"�� >�"]�^� . � F]�)(+�) �&E+� %��)! %���� BI^�� %+cG� v,�D� [���� (� �
 �%!(��G�1400�( BI^�� ��I'X(Farhadnia et al., 2015)  �W��� ���)0 �(Bai et al., 2018)  ��!� %�
   B� � !

<�,� K!+  ��#  ����+�# )��)� ��#  HE+� � (!+E�����# B� !( �+� ! � %!+�-���	�� ��� M�= /+,^��� �# ����.  

�B�Q� ��� !�L F� B"]�^� ��)!(  >�"]�^� ��B��
� �) (��� HD� ��� ! <�,� H��!��� !�#  �! ?�"Q �g�'K >(��f ��
����	�� ��� ���
 !�E ���� 1+]+�!��# �T= y�R�� ?�� �X� .�(!� ��)�� (+	]! /�D� !�F� �'= � N)�����  �! �)(�

sR�E X� �R��E (��� (� ����[ ���
# ��� ���^# = ��&�>!�  �� !#� �# � !+= �G��!(� �Sh�� !��� B�� �� (�W�  �
!�M!� �g�'K >��!�X!# .�E��  

_���  L�! B"]�^� %�
  #� ��� B� U�!+- # �� ! U��E B")+= L��� ��� ���(��
� #���W  �����)�( �!�\ *!� � 
(+�- ���M �� �! F&� L��= >!���&= �!�� ��	���� <�,� # !��! (� ;(�� #,� %���,� ����� .?�� InVEST B� �!�� 

#����(! :��( ��	���� ���'�)! ��E %�
  �!� B� (+�- ���M �� � ������� #)��)� �� �$(� :��( #"GP= 
8/15� �$(� sR�E ����� a�� )26/2(� L���
�� ��S�= /�D� !( N�) � �(!� ���� ��	���� � H��� %���! 

B��M #��M LG�! <�,� ��E  �)!. �!�\ H���K�! �� *!� �$(� :��( #"GP= )56/12( L�! .�(!� (!�X *�� B�=( (� 
p+f+� ��
�� B�U�]� ���X( ����� #�!dO � N��D= HE+� #���� �)! B� w-�� H��� ��'�� ��	���� #� �+E .

�L��cG� L��� ��� ��(��
� �� N��D= ��	���� #"��� � H�!WQ! U��"= %�� ! �  >��K �HK� �������� ��M �� 
��	���� � (!� )����� :987/0 .(#���W  B�  ����)�(41/6 W�  �$(� ����&= U��XBM+= �)! B� #� � !+= >�f(�"= 

%�� ! �  >��K HK� !( H�!WQ! ��� .B�Q�� �� %�
  #� ��� B� HD� ��� �W��� � ����Q!(�� ;(�� B� #)��)� 
# �� ! (� %0 �� �=����� ��)! L���&� [���� �!�� J'K ��	���� <�,� ����� .B
I  ��� B�&= ��E �! >�I�� 
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v,�D� :��( #"GP= B� �+f� #I���� !( B� ������  ������ �
�� ������ #��)��E � ��� .B� %!+�- �?��� #I���� 
B� (� #���W  ���M �� � L��� ��� ��(��
� (!�X �� (!� L��=a�� :��( !( %�
  #� ����.  

>�"]�^� B��
� (� %!��! � ���) x�I  %�&M W�  B� _���  #&��
� �)� B�Q�� � ! B� ��G�! U�!+- # �� ! (� H��� 
��'�� ��	���� !( ����= #� ���� .B"]�^� Rezazadeh et al. (2017) ���T= #� ��� B� H�!WQ! >oR!�� �# �� ! 

#	\(�z�� ��	���� �� !( H��� ��!� � p+�= #���� !( ���&= #� ��� ._���  �� W�  %�
  #� ��� B� ���� 
#��	���� #E�  �! (+�- ���M ��� #�� �! r(W� L��= H]�\ �� �!�� ��I� <�,� # !��! �)! .�L��cG� >�"]�^� B��
� 

L�� #,,G]! (� [���� �g�'K ��E �I��Q0 � ��)0 (Li et al., 2020; Piet et al., 2019) %�
  ��!� � ! B� B")+= 
L��� ��� ��(��
� � �*!� �!�\ �! U�!+- #,$! N��D= ��	���� ��� #"��� ����� .B�Q�� ��� L�! H��
� W�  ����= 

#� ��� B� ��]�"Q ��� ��(��
� (� #���W  ;(�� #,� %���,� #�� �! U�!+- ���,� (!d���S�= �� ������	 <�,� 
�)! .H��
� ��� �	�� (�  %!��! (Abdollahi et al., 2023; Nematollahi et al., 2020) %�
  ��!� � ! B� �!�\ 
H���K�! *!� B  �&�= HE+� #���� !( N��D= #� ���� B�,� ����� #�!dO BG"� ��� #"��� �<�,� ��e  U� � W� !( 

H��� #� ��� .L�! p+f+� (� _���  �� W�  B� (+� sD
� ���� #� �+E .B���I� L�! _���  %�
  #� ��� B� 
>!���&= # �� ! �� ��	���� �� B  �&�= ����� B� ;(�� #,� %���,� ����  B�,� :� H]�\ # �&M �)! .�+)�!��	�� 
���'�)! �! ?�� InVEST B� %!+�- �(!W�! �S+� �!�� #��)��E � U�,�= �:��( (� >�"]�^� # �&M W�  ����= ��E 

�)!.  

�� �+M� _���  ��GE�(! L�! �H��
� ��\ ������� #,$! �+M� �(!� B� ���� B� %0 �� BM+= �+E .���D  >�-o�! 
x+��� B� >�E >!���&= # �� ! � F�!�= ��"GM *!� �� B� (+� U��� � [�X� (� Z��)� ��+�  �)! .���'�)! �! 

��!� ��� [�X� �= #� � !+= _���  !( �+�&� �
D�.  

! �� ��o-��L ��# ����� �!�� ��� )�)!#  ?��InVEST� ?oI�)! i�Q ��%� ( U�!+-�:� ]�K (� {�)!# B�  (�
!�E�� "X!�#� ���(�� �&= �!�>!� ��������# B� F� >(+$ � UG- U��I�� � !WQ!# ������  .��� L�Q�� � >o��"=�%� 
�&=�>!� � � v,�D�������� "GP=# %0 � ��# � !+= 0�� B����(��  sX� �� �(! (� Y!�� !���# "X!�# ST=�>!�  �� !#  ��

����	��  .�+E �P��L�!�����=0 >�"]�^� (� �#� ��&� ���� �( �!������� ?�� ��)� �)��E B� (��X B�#� ,�= ��U 
F� >!�S! ��= � %�����# �&=�>!� (��f ���E��� B� � �e # �)(.  

��o- ! ����L �� �_ !�L  H��
�B� �)! L�G� !�� U��� (+�� ����	�� ��� ���	 !�%!� �� �)�� B +� ��� K�>�  HK� 
U��XG"=�F �E�� { ��!� !�E�� 1+]+�!��#� ��=�N B +� !�� �&= p+  � >�E�>!�  �� !# � ���
# ��� Q!�nM��#�  �

,X!�G# � �� (����	�� B� .�)! >��'��%!+�-?���� B +� ��� H��!� �)! L�G� v,�D� ��� =��'��#  B� ��� �: 
�&= U��-��  � ���� %�
  B��
��� �: �&=�� BI^�� (� y�R !� ���	 ��G� �S! �)! L�G�� !�! .�E�� B�E!��L ��( 

��+	]!� B� �)� ! (� ���0�L �� B"]�^��� �K! ���x� � ���� (� ���
# ��� *+� �R��E# '= �(+� BI^�� �����  (!�X
��� ��cG� .��L ,�= %!�IQ�U  ���# ��# ���	 ����� �!�� �)�� +� ;(� �! � �� B���#� n=��>!� ����	��  �

�&=�>!� � %��� ?+� (�# �+E ,�= ��U ��� =0# ��!� �! ���'�)! �G) B� !( ��� ]+�# !�� ��� �( HP�) ��� 
�# ���.  

!�L ST= B"]�^��� n=��>!�  ���#� e �� !WQ! � �(�H �� �&= H����>!�  �� !# )(�� �(+� !( >����,� (�#  ��!�  (!�X
,�= .�)!�U  ���# G�! �!�� a��#�  (!�(+R���)!{ !��� ���(�� �&= �!�>!�  ��������# ����� +���  (� � � (!�
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n= V+D�)� %��� (d���� �# � +E! B� BM+= *�- .�L +���#� ! �E!��� B� �P�� �)! L�G����� !�E �!�� ,"Q# 
����	�� � !+= � �+E#� ��H ���# n=��>!� =0# K!�� �# ������!(� ������# B� .��� ����� !( >����,� ���
  (�

B +� �(+� ��#� ! <�,� �� ��� !�# n= B� ���  B���>!� ���^# Z��K ��� �( �R��E �� !�  ���# ��(�
Q (�� 
 �� !# �# � !+= �(! (����# X��[ �= ��= � >!�^R�L )��)� ��� �g�'K# ,� HI  �Sh���� !��' .���  

(� �& ��� *�  B\��! � (!WQ!��z�+ � !+=#� �+R ����� # ?�� (� ��)� �+=�� ����	�� �K �= �&�= ��! ��(!��  B� (��X
�E�B ��)� B +� (��Q( ��� ��c��� !(!� �� ������ H��!�� B��!� !� %+cG� ! <�,�� !�# ��(��Q( .�)!� +P��M� 

��+	]! �!dO� ,uQ H��!��# (��Q( >o��"= �� (�%� B +� !� � ��%� B +� !� ,�!+- B,GM�!# ! (� B� ������L 
?�� ��)� B�Q�� (!�X BM+= �(+� ��G� ! B� � !�L � p+f+�# � !+= �&  �X� ��#� ��H ���# �� ST=�(!d�� .�E��  

�!�� H��� >!���&= #��)��E ��E � �+�&� ������ ��	���� <�,� �# !��! >!��&�
�� ��� B�!(! #� :�+E   

*!� � !�\ ������ ��: *!� �!�"= %��� ����� U��E *!�X! L�!  �!�� y�R #I���� L��"= �;(�� Z��K [���� (� ��
��	���� �� !( ��ST= L���G� B� !�\ �(��G� B")+= � � (!� #=��K ���  !�\ ?���� �!�� #���)�( ��!+M �� #,�� ���

�P�! ��+
� � �)! �(!��!� H��� �!�� ���u�X! ���.  

 ��(��
� B")+= ?����: L��� V���� �� ������� ?�G-!  (!���� ��(��
� _���= � ;(�� Y!��! (� ��(��
� ���
�)! ���,� >��!�X! �! ��E�� <���G� #"��� ����� J'K �� B� .  

���M >!��ST= H��� �� :#� (�� L�! �(d� �!�K! [��� �! � !+=�� >��K ���   %��� ����� �#=��K x�I  (� HK�
F���) ��P�! � y�R >�-�) (� B�,I  U��)� ���= ���M (� �-�) ?���� � >(�e  ���  ;(�� �! �(+�- ���

%���! �E�� ��d� .  

B�� �� �!�M! #E�+�0 ��� : B� ���  #�+G- #���0 ��+I= � %0 ��	���� � <�,� ��G�! �(��(� #,�� ��!+M V�+�0
��E�� ��+]�! (� ���� �	�� >!���&= � ��P���O (��E ������� .  

 B")+=H��
���� ����0: �(���Q �! ���'�)! B�Q�
�� ��� L��(�� �� �� �= B,= ��� ��!� � �! �(!+��� ���  �+�&� �!�� �!
B��E � ��	���� �� #G�,X! >!���n= � >!���&= >����,� >!�S! B"]�^� �U�,�= �X�  ���) v,�D� U�!+- %��� #,��"=

#� ��&�
�� #"GP= >!��ST= ��&� ;(� �!�� !����&= �+E.  

  

���C2E��K  

!�L �(! Y�� �� H��
����# (�:� ����	�� ,� ;(�� (� <�,�# ��&� �� �%���,� ���� �(! ?�� �!���# (�:� 
InVEST ��  .�E *�P !�_ � B� �!� %�
 ���	�� ,� ;(�� (� <�,�# B� %���,� ��= (�
Q ��= >�E��#  U�!+-

���^# �&= ��>!�  �� !# ,�= .�(!� (!�X�U ?�� ���  ���# �(! ����# (�:� ��(+���Q B� �!� %�
 � ���^#  �� ��
�W  �p�'=(!��# B� �0 �����#� E�N ���L ���M F�!�= � 
I  ��# "=��L ����� � (��'�� !(�� �#� ����	��  .� (!� <�,�
! (��� (��L �� U�!+-�"#� �&=�>!�  �� !# �� V���� B,GM�!�L ��� �(��
��� !�\� �# �(�B  �! ���M (+�- �*!�

����[ Z��K ��	� +�) B")+= � ��� ��)�(#� ��(�
Q B,GM�!� I����F O ��I�����G# �� B� ������(!�� !�L 
����	�� ���� BM!+� �^R �� !( .� !  
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!�L �B�Q� �� ��K# �&= B� �)! %0 �!��>!� ST= �� ��o-�>!� "f+�#� ".= w-���v ,�# 1+]+�! ���,G-��# ����	�� 
,��X � ��E�� �
�� ��# "GM �!�� ���(!� B� !( <�,�  � H��� (���# �����\ *�!�= .�L ��(�
Q#� �# � !+=  B� �P��

���K ��G,X H���#� n=��� ��� H��� �B +� (��Q( (��� !dO#�� !WQ!�H H�= ���  �� ! #– �K>�  HK� �& (� ���� 
]+= � ��I� t�  H����U��� !�! .�+E�L ��( �� �_ !�L  H��
��&�= $+= B��v "f���  +��# G  �����# ���.  

���(�� �(! ?�����# (�:� InVEST ! (��L ! B� �!� %�
  B"]�^��L ,��X (!W�!�� �)���# !��� �)��E#� K!+ # 
(����:� +]�!�� ���� �g�'K >��!�X!# � ��H ���# �������� ]�"Q�� ���  �� !# ��  .�(!��_ B� �)� � ���0# � !+= 
B� �� %!+�-�B !� G,-# !��� ��=�L ������!(� �g�'K# K!�� ���GQ��# (��)���+� ������# !�E �� (����)�� ,��# 

!�M! �� B�� �� ��� ��(�
�# �+� ��!+M ��# � (!�X ���'�)! �(+����.  

(� �& ��� �B�Q� ��� !�L � H��
�# � !+= B� +	]! %!+�-� U��XG"=�F !��� � �! �g�'K���	�� B +� ���  (� �^R (�
�)�� ;(�� ��� ,�#  [���� ��g�'K ��E   (+
��W � (!�X ���'�)! �(+����.  

  

 gS�/�  

�!��!�G# !��� ���'��{ ������G#� )�� ���K {��G���  !�	��#� B ��K{ Q+$#� �+G��. )1402(. �( �! ���'�)!���� ,�=�U  ���E
-�G�M!# �� (����>�f(�"= � r(W� %!(!+D�E+� � %�� !,� ;(�� (� B�M# �T= ��) %���,��� po�! ���E �� �)(#�� .(�� ���� 

���"#� 76 )���
 �(B��  :s$29-43 .  
�WP�! �(��&�  {BG��Q�#=��� {F���  ��+�&�{���� ����) ) .(�� 1400 .(# !��! <�,� ��	���� # �E+zG� %!W�� #)(�� (Panthera pardus 

saxicolor)  BG"� !�g�'K BI^�� :��(+� B"]�^�) %0 �����(+ �M ���� ���� B���,uQ �(�� <�) ��E 13)2 :s$ �(9 -16 .  
) .BG��Q �#Eo�1395H�� ���,G- B���I� .(V�( #��� %��E0 #,��- U�,�= ���*+� �+I]�� B
I  B�&= (� ���!�K #���� 0 � #�R��E

B +� ��	
��( H��!��%���� .(�Q��M %��)�&E �=!�� :��(+� B"]�^�) #���� ����=�� B�E( ��E(! #)��E(�� B��  :�G��!( ���)! ��(!�
 .�(!�W�D�0 � �=�� ���� �/0 � ;�R ���
 !� �U�!� ��	
 !� �U�!� ����!��$ ���� L��K  

)(+��F]� {���$ #���! �N�  {��&���) ����� {L��K L��K �N
]�) .1400 .(#����(! � ?�� ���) ���+,^� ��	���� <�,� # !��! 
)Panthera pardus saxicolor(� ( �I^�� %����� %��)! �&E+� .B��
  ���� ���� �#"��� 74)2( :s$ �264-277.  

�=��(+G ��&�) .1402 .(��G�) #"��� ;(�� #,� %���,� .HI  �� ��  :y .%!��! �%!�&=162 .  
L��K��!
  {N��� �#D�E {#,- �N)��
� {��GK �#��e  {�X�� �# �&M #,-) .1398 .(#����(! ��	���� :�� )Alectoris ChukarB� ( V�( 
U�,�= U��- %��E0 *+�) #�R��EENFAB"]�^�) �( ��(+� :BI^�� (��E p+�G� >!(+�E! .(H��
���� ���� ����� 10)19(:s$ � 

179-186.   
�#���K ���) {����0 �#E!�Q {�(�&� # �&M �N��E BG��Q) .1402 .(#����(! ��	���� B +� <�,� # !��! ) Panthera pardus saxicolor, 

Pocock   1927   ((� ?�GE ��E %!��! .B���,uQ #G,- ����#)��E �(+ �M  �#��P=11)4( :s$ �81-94 . 

 �#
 !�#'P  {�f��,-) .%!��(! �%��� (� {#'^u� �#���� {#,- ��!
 1399 .(��H ���# n= >!�S!��� ��(��� f!(!# � ���'�� ����	��  ��+K
%���,� %��)! (� /���  �) �D=N�� K! ���� !(f!#  �#"���1)1 :s$ �(120-131 . 

�B !L�
Q! �(�� {B !��� �# ���){ ���]!��H�� !���� { #c�,X �(+�!��� .)1403(%�� .���� V�( �! ���'�)! �� %���,� #,� ;(����� 
u=GF����� ��0 .�(��"���\�H  �L����)16)1 :s$ �(161-185 . 

#P��� BG��Q{ #=���� F��� {�W��(+R p(!� �) .��&�1401B�] L�� >a�u=! #��)��E .( ?�� � #��	���� ���  ��	���� ���+,^� ���)
 # !��! <�,�(Panthera pardus saxicolor)  W� %��)! (�.�  H��
� B,P����� B,P�) �(+ �M ���(%!��! #)��E � 35(3):s$ � 160-

177.   
�#&,]!��- BI��$) .1402 .(#����(! ��'�� ��	���� HK� >��K B� (+e�� #��)��E B�]��� #��	���� ���,� �� �����( *+� #)��E 

��G�) L����) .B��
  �������� #"��� �
��)�g�'K [���� B��  �(��E76 :s$ �147-162.   
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� �(%���,� #,� ;(�� <�,� :��(+����� ��� �����9 )18 :s$ �(181-188 .  
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Research on resilience has been underway for more than three decades but has not 

yet been widely implemented in various fields. Disagreements in defining resilience 

arise from differences in perspectives on ecological and social systems and 

methodological methods. The present study attempts to take a step towards clarifying 

the dimensions of this concept, criteria, approach, scale of intervention and its 

applications against flood risk by meta-analyzing and systematically formulating the 

studies that have been conducted so far in this field. In this regard, a database of 

studies was formed and finally249articles were selected and analyzed by screening 

them. The structure of the articles, including methodology, proposed criteria, scale of 

study and models used in them, was analyzed, so that through this, the studies could 

be categorized and the differences and similarities between the studies conducted in 

the world and Iran could be determined. The results show that: Regarding the scale 

of research, in Iranian studies, the city scale(28 percent)and the village scale(19 

percent)have accounted for the largest volume of studies, and in world studies, the 

scale of the urban river basin (30 percent)has accounted for the largest volume of 

studies. In the methodology related to flood resilience articles, all three quantitative, 

qualitative, and mixed approaches were observed. The difference is that in the 

methodology of Iranian studies(66 percent), most of the studies conducted were 

conducted with a quantitative method and in world studies, the qualitative method 

(46 percent). According to the searches conducted, studies on flood resilience in the 

world have been conducted in connection with other approaches such as smart 

management, provision of welfare facilities, urban infrastructure planning, green 

infrastructure, and social and economic issues. However, in Iran, most of these 

studies have focused on improving the resilience of residents in line with natural 

hazard risk management. The policies and issues raised therein are constantly being 

reviewed and evaluated, but issues such as air quality, smart management, welfare 

facilities, and biodiversity have not yet been addressed. This demonstrates the 

importance of increasing research on flood resilience in other areas of Iran. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
More than three decades have passed since the beginning of research on resilience, but this concept 
has not yet been widely used in various operational areas. In our country, this issue is more evident in 
the case of flood resilience than in other natural hazards. The existing gaps and contradictions over the 
concept of flood resilience arise from differences in perspectives that focus on realization in 
ecological, social or combined systems, methodological methods, different scales of intervention, etc. 
Researchers in different fields have addressed this concept in different ways, depending on the scale of 
the study, the context, the type of study and the field of study. Therefore, the present study attempts to 
take a step towards classifying studies and clarifying the dimensions of this concept and its 
applications by re-examining the subject. In general, this study seeks to find answers to the following 
questions: 

* How has flood resilience been conceptualized in the theoretical literature of various researchers? 

* What are the key components, principles, characteristics, and indicators of flood resilience? 

* What methods have been used to examine and analyze flood resilience in the context of society and 
at different scales? 

* In which areas can the differences between Iranian and international studies on flood resilience be 
sought? 

 

DATA AND METHODS 
This research uses the method of meta-analysis and an in-depth study of the existing literature on the 
concept of flood resilience to explain the concept of this approach, its principles, characteristics and 
measurement methods. In the same vein, this research is of the review type. Meta-analysis is a 
systematic review that has a specific and defined research question and uses precise and systematic 
methods to identify, select and evaluate relevant research and collect and analyze data from the 
research included in this review. In a systematic review, topics such as types of collaboration between 
researchers, research method of articles, unit of analysis of articles, variables used, type of framework 
and theoretical model of articles are addressed. Meta-analysis is a comparison of the results of other 
research and provides an analysis of the research and results of existing research. The meta-analysis 
method first goes beyond and beyond the initial whole by breaking down the components of the 
whole, then transfers the initial analysis in a way that it is placed in an acceptable framework and 
shows concepts that the initial information did not show. This article attempts to systematically review 
the global theoretical literature related to this concept over 8 years(between 2017 and 2024) to gain 
insight into the concepts, dimensions, key elements, tools, and methods, and how they have changed. 
This literature was searched in two databases, Google Scholar and Science Direct, using the keywords 
“flood resilience” and other similar terms such as “flood management.” Also, to limit the number of 
articles, this search was continued by searching only for the aforementioned keywords in the article 
titles. To consider Persian articles, the search was completed by searching for the aforementioned 
keywords in the Normags, SED, Civilica, MagIran, and ISC databases. Based on the above,310 
articles were found. The qualitative assessment checklist and the Critical Appraisal Skills 
Program(CASP)tool were used to screen the articles. Finally, by eliminating duplicate and irrelevant 
articles,249 articles were briefly analyzed; of these,58 were Persian articles and 191 were English 
articles. 

  

RESULTS AND DISCUSSION 
By examining the theoretical literature related to the flood resilience approach and reviewing the 
articles published in this field, the dimensions and methods of examining and adapting the flood 
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resilience approach are accurately described and categorized for better understanding. In general, this 
approach is formed from five basic dimensions: social, physical, infrastructural, institutional and 
economic. Regarding the scale of research, it has also been examined in different scales from 
neighbourhood to urban watershed, metropolis and state in various articles, with the city scale and the 
urban watershed in the next rank being the scale to which the largest volume of studies is dedicated. 
The difference is that the largest scale used in Iranian studies has been at the city scale(28 percent)and 
the village scale(19 percent)and in world studies it has been at the scale of the urban river basin(30 
percent).In the methodology related to flood resilience articles, all three quantitative, qualitative and 
mixed approaches can be seen. According to the studies, this approach focuses more on quantitative 
and qualitative methods, but overall most studies have had a qualitative method. The difference is that 
in the methodology of Iranian studies(66 percent), most of the studies conducted were conducted with 
a quantitative method, and in world studies, the qualitative method (46 percent). Also, in terms of 
geographical distribution of research, this approach has the largest number of studies in the Asian 
continent(131 articles), followed by the European continent(69 articles), and the fewest studies related 
to the Australian and Oceanian continents(5 articles). 

 

CONCLUSION 
Due to its comprehensiveness, this approach has an impact on various issues such as optimizing urban 
form and landscapes, urban/green infrastructure, agricultural/urban land zoning, social interactions, 
settlement sustainability (rural/urban, etc.), architecture, housing, air quality, amenities and 
biodiversity, smart management, and social equality in various aspects of citizens' lives. However, in 
Iran, most of these studies are in the field of improving the resilience of residents in line with natural 
hazard risk management, and the policies and issues raised in them are constantly being reviewed and 
evaluated, and issues such as air quality, smart management, amenities and biodiversity, and green 
infrastructure have not yet been mentioned. 
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Drought, overexploitation of groundwater resources, and a lack of proper 

management of water resources have caused irreparable damage to groundwater 

resources. Therefore, appropriate management decisions to compensate for the 

reduction in groundwater storage are inevitable. In recent years, the use of treated 

wastewater for the artificial recharge of aquifers has been considered. In this study, 

the simulation of groundwater resources of the Damaneh-Daran aquifer using the 

MODFLOW model and the modeling of artificial recharge using treated wastewater 

using the MT3DMS and MODPATH tools were considered. Several locations with 

different single-, dual-, and pond scenarios for implementing artificial recharge were 

evaluated based on the lowest cost, the closest distance to the treatment plant, the 

farthest distance from residential areas and drinking and agricultural wells, and the 

distance from the input of quality streams recharging the aquifer in the northern and 

northwestern parts of the region. The results of the simulation of the pollution spread 

pattern using the MODPATH model show that regardless of the injection site, the 

treated wastewater flow can contaminate significant parts of the water resources in 

its path because of the topographic conditions of the area, general groundwater flow 

path, and hydraulic had caused by artificial recharge at the injection sites. The results 

of the artificial recharge model using the single- and dual-well models show that the 

pollutant movement is towards the southwest of the aquifer. In addition, up to 15 

years after the start of the leak, the maximum pollutant movement reached 

approximately 1850 m from the injection site. The results of the MT3DMS model 

also show that after 500, 5000, 10000, and 14000 days from the start of the leak, 5, 

15, 20, and 26 production wells were affected by the pollution plume, respectively. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Drought, overexploitation of groundwater resources, and lack of proper management of water 
resources have caused irreparable damage to groundwater resources. Therefore, making proper 
management decisions to compensate for the reduction of groundwater storage is inevitable. 
Groundwater resource management requires understanding aquifer performance and predicting the 
effects of withdrawal or recharge, and groundwater models can provide this capability. In recent years, 
the use of treated wastewater for artificial recharge of aquifers has been considered. Numerous studies 
have been conducted worldwide with an emphasis on predicting the effects of treated wastewater 
recycling on groundwater using simulators. Recirculation of treated wastewater reduces the 
concentration of pollutants while increasing groundwater storage (Cao et al., 2023; Long et al., 2020; 
Sun et al., 2023; Zhang et al., 2021). However, various pollutants (such as nitrate and organic 
pollutants) can enter groundwater through the wastewater used for recharge (Amiri et al., 2023; Ding 
et al., 2020; Li et al., 2019; Yuan et al., 2017). Therefore, further technical studies are needed to 
increase the capacity and improve the quality of treated wastewater in groundwater recharge. 

 

DATA AND METHODS 
In this study, the simulation of groundwater resources of the Damaneh-Daran aquifer (Isfahan 
Province) using the MODFLOW model and the modeling of artificial recharge using treated 
wastewater using the MT3DMS and MODPATH tools have been considered. Several locations with 
different single-well, dual-well, and recharge pond scenarios for implementing artificial recharge were 
evaluated based on the lowest cost, the closest distance to the treatment plant, the farthest distance 
from residential areas and drinking and agricultural wells, and considering the distance from the input 
of quality streams recharging the aquifer in the northern and northwestern parts of the region.  
 

RESULTS AND DISCUSSION 
The results of the simulation of the pollution spread pattern using the MODPATH model show that 
regardless of the injection site, the treated wastewater flow can contaminate significant parts of the 
water resources in its path due to the topographic conditions of the area, the general groundwater flow 
path, and the hydraulic hed caused by artificial recharge at the injection sites. The results of the 
artificial recharge model using the single-well and dual-well models show that the pollutant movement 
is towards the southwest of the aquifer. In addition, up to 15 years from the start of the leak, the 
maximum pollutant movement reaches about 1850 meters from the injection site. The results of the 
MT3DMS model also show that after 500, 5000, 10000, and 14000 days from the start of the leak, 5, 
15, 20, and 26 production wells are affected by the pollution plume, respectively.  
 

CONCLUSION  
Several locations with different single-well, double-well and seepage pond scenarios were evaluated 
for artificial recharge based on the lowest cost, the closest distance to the treatment plant, the farthest 
distance from residential areas and drinking and agricultural wells, and also considering the distance 
from natural recharge zones in the northern and northwestern parts of the region. The results showed 
that the movement of the contaminant is proportional to the direction of groundwater flow in the 
region and towards the southwest of the aquifer. According to the results of the pollutant transport 
modeling, some production wells are affected by the pollution plume. Therefore, if the water 
withdrawn by these wells is used for drinking consumption, continuous monitoring of water quality 
should be carried out to prevent any harm to consumers. In addition, it is necessary to ensure that 
agricultural products produced within the influence area of the plume of water injected into the aquifer 
are free from pollutants associated with wastewater. To reduce the blockage of soil pores and its effect 
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on reducing the infiltration rate, as well as water loss through evaporation or stagnant water in cold 
seasons, and to prevent the creation of an area with an unpleasant appearance and odor and a place for 
insect growth, comprehensive studies should be conducted before injecting treated wastewater and 
selecting the injection method. 
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�6��� �2!�678 $�45 �� ����O2 �2 0% �� ���� �����% /�"��� � ���  ���2� �� ����MT3DMS12  �MODPATH13  ��
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��:�M� ��3� �;M6� �"��� 

!���� &�� � 0���I 0����O� -!������� J�SM� ����� �0�O6B� 0���� $�\ �� ?M�� 0����  F�� ��S2 _���� �2 ��

 r��2 ���V �� !������320 �S�� !2 Q���� !������ ���� _���� � ���10 ����� !E�� &�� ���� � �����)

                                                      
1 Dillon and Ars3had 
2 Tortajada and Bindal 
3 ARMCAN 
4 Cao 
5 Sun 
6 Ding 
7 Bloetscher 
8 Shawaqfah 
9 Pietrzak 
10 Saad 
11 Modular finite difference groundwater flow 
12 Modular 3-dimensional multi-species transport 
13 Particle-tracking post-processing 
14 Groundwater Modeling System 
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&H4M ��  ��� �� ����2 L12 .���� ��E� x�� !��� � Q	% x�� F�N#M �2 ���	����S��  !"#�� ��� �2�\ ��	
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 ���V �� ��V�4� �2 ���% 0��12% ���220 ��O2 !N��8 �[� �� �?2�� ����S�   ��E �������� $% ?2��� �� �����2
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 !275 ��P �� �B�� ��2 YH9 ����� �	50  �8100  ����15  �� L�2 YH9 �B��100  � ���9  ����� ����� �M�2 �B��

 �� ��H  YH950  �0���=H	 � �����) ���4	 ���a2023 �� L�2 .(94 � 0��12% ��� �� ������2 $% JsV �� �B�� �

�� ^�7� ������  L12 0��12% DS\� 0�TH	 .���  C#� L	�  {9�2 �������� $% ?2��� u��1��� ����  ��	
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���� �
 E�� � �
  

/�� !  ���s�% �� �s���� �������� $% 0���E /�� Q� !2 F��K �2���� � �����% /�"��� ��	1  ���� ��� (��G��� )

�����8 � X�	) �����2 �2007 ���2 �������� $% 0���E ��N2 !� /�� cq� � ���O6� /�� /�� !SV�� �� .(

 .�� !�O8 !N��#� ���� !"#���������� $% 0���E /��  �  �� ���6��� �2MODFLOW �2 ����`% /�"��� /�� �

 �  �� ���6���MT3DMS  �  �2 F��K �2���� �MODPATH @�� _�A� ��  ���I�GMS  .�� @�s�� /�� �V��Z ��

                                                      
1 Calibration 
2 Hill  & Tiedeman 
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1 Recharge pond 
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1 Digital elevation model 
2 Million Cubic Meters 
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1 General head boundary 
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Waste management resulting from human activities and its socio-environmental 
effects has been a worldwide challenge in recent years. One of the options for 
processing wet waste is the compost production from it, which has had positive and 
negative economic, environmental, and social consequences. This study aimed to 
determine the social and environmental effects of the Pahneh-e-Jahad compost 
station in District 19 of Tehran Municipality and the corrective measures to mitigate 
its negative effects using the rapid impact assessment matrix along with the Simpson 
impact representation method. To collect information, interviews, document studies, 
and field visits were used. Then, the identified socio-environmental effects were 
examined qualitatively using the Simpson representation matrix method and 
quantitatively using the rapid assessment matrix method. Results of the evaluation of 
the categories in physical-chemical components were -293, socio-cultural 181, 
biological-ecological -24, and economic and operational +200. Among the matrix 
impact categories, the most positive outcomes were economic-operational effects, 
and the most negative and destructive outcomes were physical-chemical effects. 
Based on the rapid assessment matrix, the overall station score was -298. Based on 
the results of the RIAM matrix and scoping, the negative effects of the station 
prevail over its positive effects. This means that the existence of the studied station 
under current conditions has had destructive effects on the environment and local 
community. The compost station is not environmentally sustainable and will 
ultimately lead to social problems. Therefore, the continuation of the study station is 
socio-environmental unacceptable and will result in destructive environmental and 
social damage in the not-so-distant future. It is recommended to modify the waste 
management process by adopting an active aeration system equipped with a filtration 
unit to further minimise odour emissions. Additionally, relocating the station to a 
more suitable site, distant from residential and agricultural zones, is advised to 
mitigate potential environmental and social impacts. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Waste management has been a topic of interest to many researchers and planners worldwide in recent 
years due to human activities and their socio-environmental impacts. If not managed properly, waste 
will have profound and adverse effects on the environment (Mirzaee et al, 2016; Arteaga et al, 2023). 
One of the options for processing more waste is to produce compost from it, which, in addition to 
economic benefits, has environmental benefits as a sustainable solution for urban waste management, 
including reducing the volume of landfilled waste and reducing greenhouse gas emissions (Mirzaee et 
al, 2016; Kianisadr & Azani, 2020; Cao et al, 2023). Studies have shown that the development of 
compost stations, especially if the location requirements and health and environmental principles are 
not followed, can threaten the health of the community and have devastating environmental and social 
consequences. Navaei Fezabady et al. (2016) in the field of assessing the environmental impacts of 
compost factories in Iran showed that environmental impacts, including reduced air quality due to the 
emission of unpleasant odors, suspended particles, and greenhouse gas emissions, pollution, and 
reduced water quality due to leachate, noise pollution, and environmental pollution, are among the 
environmental impacts of compost production. Silva et al. (2024) investigated the composting of 
combined forestry and agricultural waste with minimal operating costs and understood the 
environmental impacts and application of compost in burnt soil with a life cycle assessment study. 
Composting was a sustainable method for valorizing waste and was able to restore burnt soils and 
strengthen plant growth and the circular economy. So far, no comprehensive study has been conducted 
on the social and environmental impact assessment of composting stations. This study evaluates the 
Phaneh-e-Jahad compost station in District 19 of Tehran Municipality for the first time. By integrating 
qualitative analysis through Simpson's Representation Matrix with quantitative assessment using the 
Rapid Impact Assessment Matrix (RIAM), it introduces an innovative methodological framework for 
examining the social and environmental impacts of comparable projects. The primary objective was to 
identify the social and environmental consequences associated with the compost station and to propose 
corrective strategies to mitigate its adverse effects. Accordingly, the RIAM method, in combination 
with Simpson's Representation Matrix, was applied to achieve a comprehensive assessment. 

 

DATA AND METHODOLOGY  

To collect information, interviews, document studies, and field visits were used. Then, the identified 
socio-environmental impacts were examined qualitatively using the Simpson Representation Matrix 
method and quantitatively using the Rapid Assessment Matrix. According to Fazeli (2017), social 
impact assessment is an interdisciplinary activity, and after evaluating a project or policy, the findings 
and resulting information must be understandable and usable for policymakers. Figure 1 shows the 
location of the station under study in District 19 of Tehran Municipality and its aerial image. 

 
Figure 1: Location and aerial image of the study station in District 19 of Tehran Municipality 
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RESULTS 
The findings of the assessment of the categories in the physical-chemical components were -293, 
socio-cultural 181, biological-ecological -24, and economic and operational +200. Among the effect 
categories of the matrix, the most positive outcomes were economic-operational impacts, and the most 
negative and destructive outcomes were physical-chemical effects. Based on the rapid assessment 
matrix, the overall score of the station was -298. The economic components had the most positive 
impact, and the physical-chemical components had the most negative effect on the station. The 
creation of social inequality was visible in the impact assessment. Because its undesirable effects are 
directed at the direct and immediate area of the project. While its desirable effects will be directed at 
the entire city of Tehran. Also, the factors of location, station design, the process used for waste 
processing, and capacity (waste acceptance rate and activity level) played a decisive role in the 
identified impacts. The total impact scores based on RIAM matrix calculations are presented in Table 
1. Also, a summary of the results from the assessment of the effects of the wet waste processing 
station using the RIAM method is shown in Figure 2. 

 

Table 1: Total effects scores based on RIAM matrix calculations 

 

 
Figure 2: Graph of the results of the scores from the assessments in the RIAM matrix 

 

DISCUSSION 

Based on the results of the RIAM matrix and scoping, the negative effects of the station outweigh its 
positive effects. This means that the existence of the station under study, under current conditions, has 
had a destructive impact on the environment and the local community. The station under study is 
economically advantageous. However, the interference with the industrial zone project, which is a 
larger project and affects the station entrance in terms of quantity and quality, is one of the challenges 
facing the station and its economic sustainability. Field observations and interviews showed that the 
floor of the station is earthen and has high permeability. The resulting leachate is collected and 
untreated and enters the ground, and the process of converting waste into compost is time-consuming 
and the station has a low level of equipment and facilities. The soil bed of the station is permeable, and 
no system has been considered for leachate collection and treatment. According to the project’s idea, 
the site was paved with a loader and a layer of unprocessed compost, which seems to be insufficient 
and does not completely prevent the infiltration of wastewater and leachate into the soil and 
groundwater. Soil and groundwater pollution is the next most important effect of the activity (Ayilara 
et al, 2020). Also, the presence of different chemical compounds in the leachate and their interactions 

Category or effects  
Total  Economic-operational  Socio-cultural  Biological-ecological  Physical-chemical  
-298  +200  -181  -24  -293  
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makes it difficult to predict and understand the properties of the leachate over time (Hashemi & 
Bagheri, 2013; Podlasek et al, 2023). Therefore, the environmental impacts of the compost station are 
highly severe and, if the activity continues and other conditions remain constant, will ultimately lead 
to social problems. The compost station is also not environmentally sustainable and will ultimately 
lead to social problems. In addition to design, process, and capacity (waste acceptance rate and activity 
level), which play a decisive role in the type and extent of impacts, location can also be decisive in the 
social and cultural effects and those affected. 

 

CONCLUSION 
The purpose of constructing the Phaneh-e-Jahad wet waste processing station in District 19 of Tehran 
Municipality was mainly economic and aimed at reducing the costs of waste transfer and management. 
The proximity of the station under study to residential uses, business environments, and social 
activities such as the Mehr Hothouse will have multiple social impacts, and its desired effects will be 
felt throughout the city of Tehran. Therefore, the environmental impacts of the compost station will 
affect the surrounding environment and, with continued activity, will ultimately lead to social 
problems. This issue is more important in District 19 of Tehran Municipality, which faces inequality 
in development. It needs to be considered in the development and social plans and programs of Tehran 
Municipality. 
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1 - Envirinmental Impact Assessment  
2 - Pastakia & Jensen 
3 - Daryabeigi Zand & Vaezi Heir 
4 - Physical and Chemical 
5 - Biological and Ecological 
6 - Social and Cultural  
7-  Economic and Operational 
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This study investigated the impact of extreme temperature and precipitation indices 

on the trend of dusty days in southeastern Iran. Extreme temperature and 

precipitation indices were selected based on local requirements and climatic 

characteristics of the study region, resulting in a total of eight precipitation indices 
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(SU25, TXx, TXn, TX90p, WSDI, and DTR). These indices were derived using 

daily temperature and precipitation data from stations in the research area over 21 

years, from 2000 to 2020, processed using the RClimDex software. A multilayer 

perceptron neural network was employed to assess the influence and importance of 

these temperature and precipitation indices on the trend of dusty days in south-

eastern Iran. Additionally, the Mann-Kendall test and linear regression were used to 

analyze the trends in the investigated variables. The results revealed a significant 

decrease in the pattern of dusty days at the Rudan, Saravan, Iranshahr, Zabol, Bandar 

Abbas, Bam, and Khash stations. Among these, Zabol and Bandar Abbas recorded 

the highest number of dusty days over the study period, with annual averages of 171 

and 93 days, respectively. The perceptron neural network model indicated that the 

extreme precipitation indices CDD, R10, and R20, along with the extreme 

temperature indices SU25, DTR, and TXn, exhibited the strongest correlations with 

the trend in dust storm variations. These findings provide valuable insights for 

developing more precise planning and policymaking strategies for dust storm 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Recently, it has been acknowledged that the frequency of extreme temperature and precipitation events 
is closely tied to global warming and is anticipated to rise in areas with hot and dry climates (Liang et 
al., 2023). Extreme temperature and precipitation events disrupt environmental processes and can alter 
the intensity and frequency of dust storms in regions characterized by hot and dry climates. The 
southeastern part of Iran is recognized as one of the most prominent sources of dust storms in Asia 
(Bahek, 2018). The findings from the examination of the seasonal distribution of extreme precipitation 
in Iran indicated that the highest Rx1 index of 80 mm occurred during the winter season. The peak 
SDII index of 19. 2 mm was also recorded in the summer season. Meanwhile, the highest number of 
days with heavy precipitation in all seasons was noted along the Caspian coast (Rahimbeigi et al., 
2014). Spatial analysis of climate change in Iran revealed an inverse relationship between altitude, 
slope, and the trend of hot extreme indices. Thus, as altitude and slope decrease, the trend of hot 
extreme indices rises, and stations situated in lower areas face more severe climate transformations, 
with the trend of changes in hot extreme indices surpassing that of cold extreme indices (Sadeghinia et 
al., 1400). The primary aim of this research is to explore the impact of changes in temperature and 
precipitation extreme on the trend of dust storm variations in the southeastern region of Iran. The 
central hypothesis of this research posits that during the timeframe from 2000 to 2020, the alterations 
in days with dust in the south have shown an upward trend. 

 

DATA AND METHODS 
Study Area 
The study area is located in southeastern Iran (Figure 1). 

 
 

 
Figure 1: Location of the study area and study stations 

To compute the extreme temperature and precipitation indices, daily temperature and precipitation 
information from the stations within the study area were utilized over 21 years from 2000 to 2020. 
RclimDex software was employed to determine the precipitation indices Rx1, Rx5, SDII, R10mm, 
CDD, CWD, and PRCPTOT as well as the temperature indices SDII, TXx, TXn, TX90p, WSDI, and 
DTR. In this research, the variable of days with dust, horizontal visibility information, and dust 
meteorological codes were applied to differentiate days with dust of internal and external origins. The 
multilayer Perceptron neural network technique was employed to investigate the correlation between 
data. Furthermore, the Mann-Kendall test (Kendall, 1975; Mann, 1945) along with the linear 
regression technique was utilized to assess the trend of variations in variables (Azarakhshi et al., 
2013). 

 



The Impact of Extreme Temperature and Precipitation on Dust …. 119 

RESULTS AND DISCUSSION  
The findings of the trend examination employing the linear regression approach indicated that the 
trend in the number of days with dust remained stable at the Minab and Kahnouj stations, whereas in 
the other stations of Rodan, Saravan, Iranshahr, Zabol, Zahedan, Bandar Abbas, Bam, Khash, and 
Chabahar, the trend exhibited a decline, which was significant only at the Rodan, Saravan, Iranshahr, 
Zabol, Bandar Abbas, Bam, and Khash stations (with a significance level of less than 0. 05). A 
comparison of the significance of independent predictor variables across various fitted models 
revealed that the CDD, R10, and R20 indices exhibit the highest correlation with the trend in changes 
of dust storms. Additionally, a comparison of the significance of independent predictor variables 
across different fitted models indicated that the SU25, DTR, and TXn indices exert the most 
substantial influence on the trend of changes in dust storms within the study area. 

 

CONCLUSION  
Based on the results obtained, it can be concluded that the occurrence of extreme temperatures and 
precipitation has significantly influenced the prevalence of dust storms in the study area.  Additionally, 
the trend regarding changes in dust storms in the area has been declining, which may be partially 
attributed to the reduction in dry days and days with temperatures exceeding 24 degrees Celsius. The 
incidence of dust storms is directly associated with dry days and elevated temperatures because 
environmental dryness diminishes soil moisture content, thereby facilitating the wind's ability to lift 
soil particles. Furthermore, the occurrences of extreme temperature and precipitation manifest 
simultaneously and can interact with one another. 
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Ergs are a collection of dunes of various shapes and sizes. One of the characteristics 

of dunes is their active dynamics, which are considered a serious threat to residential 

areas and human activities. Dunes in Sistan and Baluchestan provinces have high 

morphological diversity and are dynamically active, which is why this study 

examined their morphological and dynamic status. This research was based on 

remote sensing methods and statistical information. In this study, satellite images 

and statistical information related to the speed and direction of the winds in the 

region were used as the most important research data. ArcGIS and WRplot software 

were the most important research tools. In this study, the morphological and dynamic 

status of dunes was first examined, and then their relationship with the speed and 

direction of the winds of the region and human activities was analyzed. The results 

of this study have shown that of the total 1068 square kilometers of the Sistan Dune, 

about 60 percent of it is covered by simple crescent dunes, and given that the average 

movement of the dunes of this dune has been between 2 and 90 m (during the years 

2005 to 2020), it is therefore dynamically active. In addition, the results of the 

analysis of the winds of the region have shown that the northern areas of the Sistan 

Dune have the highest average wind speed, but because the dunes have been fixed by 

human activities, they have had the least amount of movement, but the dunes of the 

southern areas have had more movement due to less vegetation cover and the 

absence of geomorphological barriers. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Dunes are among the factors threatening residential areas. These dunes also move throughout the year 
and may shift more than 20 meters annually. In many cases, the movement of dunes leads to the 
destruction of agricultural lands or human infrastructure. Due to their specific morphology, dunes have 
high tourism potential; however, because of their active dynamics, they are considered a serious threat 
to human activities. In fact, the movement of dunes, or the sandstorms caused by them, destroys 
agricultural lands and human infrastructure. A large part of Iran is covered by desert lands, and dunes 
in Iran are significantly distributed, covering major portions of the central, eastern, southern, and 
Khuzestan plain regions. Among the dunes in the eastern and southeastern regions of the country are 
those in Sistan and Baluchestan Province. These dunes consist of several individual dunes. The dunes 
of Sistan and Baluchestan Province display high morphological diversity and are dynamically active. 
Moreover, since they are mainly located near residential areas, they are of great importance. Given this 
significance, the present study examines the movement and shape of the dunes in Sistan and 
Baluchestan Province and their relationship with the wind conditions of the region. 

 

DATA AND METHODOLOGY  

This research was based on remote sensing methods and statistical information. Satellite images and 
statistical data related to wind speed and direction in the region were used as the primary research 
inputs. Google Earth software (to delineate the exact area of the dunes and monitor their 
displacement), ArcGIS (to prepare the required maps), and WRplot (to analyze wind speed and 
direction in the region) were the main research tools. Considering the subject and objectives, the study 
was conducted in several stages. In the first stage, the area of the dunes was delineated using Google 
Earth and Landsat satellite images. In the second stage, to assess the displacement of the dunes, 15 
sample points were selected. Based on the displacement of these points during the years 2005 to 2020, 
a displacement map of the dunes in the study area was prepared using the IDW interpolation method. 
In the third stage, to analyze the winds in the region, data from nine meteorological stations were used. 
Based on these data and through the WRplot software, wind speed and direction in the region were 
evaluated. In this stage, after calculating the average wind speed for different months of the year, a 
monthly wind speed map of the studied dunes was prepared using the IDW interpolation method. 
Finally, after analyzing the wind conditions of the region, the effects of wind speed and direction on 
the morphological and dynamic characteristics of the dunes were evaluated. 

 

RESULTS AND DISCUSSION 

The Sistan dunes, with a total area of 1,068 square kilometers, consist of several dunes and are highly 
diverse in terms of morphology and dynamics. The results of this study have shown that in the Sistan 
dunes, there are various types of dune shapes, including barchan and barchanoid, simple transverse, 
compound transverse, and thin to thick sand covers, which indicate the influence of various factors on 
them (Figure 1). Considering that simple crescentic dunes cover about 60 percent of the total area of 
the dunes in the region, they are more extensive than other dunes. The results of this study also 
showed that a large part of the Sistan Dune is dynamically active, such that the dunes of this dune have 
moved between 2 and 90 meters (during the years 2005 to 2020), with the highest amount of 
movement, at 90 meters, related to the southern dunes of the region, and the lowest amount of 
movement, about 2 meters, related to the stabilized dunes around Zabol. Also, the results of the 
analysis of the speed and direction of the winds in the region have shown that the average wind speed 
in the Sistan Dune area has been between 5.5 and 22.5 meters per second, and in terms of spatial 
distribution, the highest average wind speed during different months has been related to the dunes 
adjacent to the city of Zabol. In terms of wind direction, in the northern areas of the Sistan Dune, the 
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prevailing wind directions are from the northwest, and in the southern areas of the Sistan Dune, the 
prevailing wind directions are from the southeast. 
 

  
Figure 1: Map of the location of the Sistan ergs 

 

Table 2: Area and percentage area of dunes in Sistan ergs 
Row Type of dunes Area (km) percentage of area 

1 Barchans & Barchanoids  57.6  5.4  
2 Simple Crescentic Ridge  644.4  60.3  
3 Simple Crescentic Ridge & Barchans  138.8  13  
4 Compound Crescntic Ridge  7.3  0.7  
5 Sand Sheet Low Thickness & Barchans  54  5.1  
6 Sand Sheet Medium Thickness  4.5  0.4  

7 
Sand Sheet Medium Thickness & Simple 

Crescentic Ridge  161.2  15.1  

 

CONCLUSION  

The Sistan Dune consists of a series of large and small dunes that cover the border strip of Sistan and 
Baluchestan provinces. Given the considerable differences in latitude and altitude between the 
northern and southern regions of this dune, environmental conditions, including wind speed and 
direction, are not uniform across the area. Moreover, the impact of human factors varies in different 
parts of the Sistan Dune; for instance, a large portion of the dunes adjacent to Zabol has been 
stabilized, resulting in minimal influence of winds on these dunes. In contrast, the southern dunes have 
less vegetation cover, and their morphology has provided favorable conditions for movement. In this 
study, after calculating wind characteristics, wind speed was evaluated for each dune type. The results 
showed that the highest average wind speed, 9.3 m/s, occurred in the barchans, followed by the simple 
transverse dunes, while the lowest, with an average of 7.2 m/s, was associated with the medium-thick 
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sand cover. Considering that the transverse dunes and barchans of the region exhibited active 
dynamics during the study period, it can be concluded that differences in wind speed have played a 
significant role in the morphological and dynamic diversity of the dunes in the region. 
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1  ‶36 '41 °61  ‶25 '01 °31  2  

2  ‶46 '44 °61  ‶41 '53 °30  3  

3  ‶57 '06 °61  ‶47 '19 °30  45  

4  ‶55 '05 °61  ‶11 '10 °30  49  

5  ‶21 '57 °60  ‶32 '10 °30  15  

6  ‶57 '00 °61  ‶20 '03 °30  65  

7  ‶47 '37 °61  ‶16 '47 °28  90  

8  ‶32 '40 °61  ‶20 '44 °28  51  

9  ‶40 '43 °61  ‶29 '43 °28  57  

10  ‶31 '47 °61  ‶37 '38 °28  55  

11  ‶48 '52 °61  ‶12 '31 °28  35  
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12  ‶31 '56 °61  ‶12 '26 °28  55  

13  ‶38 '37 °62  ‶30 '09 °28  34  

14  ‶47 '39 °62  ‶13 '12 °28  47  

15  ‶38 '44 °62  ‶38 '13 °28  81  
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Heavy metal pollution in aquatic ecosystems is a major environmental concern due 

to the potential for bioaccumulation in aquatic organisms and subsequent human 

exposure through seafood consumption. This study evaluated the concentrations of 

cadmium (Cd), mercury (Hg), lead (Pb), and zinc (Zn) in liver and muscle tissues of 

Otolithes ruber collected from Chabahar (Tis Pier) and Bandar Abbas. Sixty fish 

samples (30 from each location) were analyzed using Inductively Coupled Plasma 

Optical Emission Spectrometry (ICP-OES). Metal concentrations were higher in 

Chabahar samples, with liver tissues showing greater accumulation than muscle. 

Mean Hg concentrations in Chabahar liver and muscle were 0.098 ± 0.026 and 

0.097 ± 0.019 µg/g, respectively, compared to 0.045 ± 0.019 and 0.034 ± 0.012 µg/g 

in Bandar Abbas (p > 0.05). Pb levels in Chabahar liver and muscle (0.56 ± 0.27 and 

0.48 ± 0.10 µg/g) were significantly higher than those in Bandar Abbas (0.041 ± 0.02 

and 0.030 ± 0.01 µg/g; p < 0.05). Cd concentrations in Chabahar liver and muscle 

(0.80 ± 0.35 and 0.63 ± 0.12 µg/g) also exceeded those in Bandar Abbas (0.07 ± 0.03 

and 0.05 ± 0.02 µg/g; p < 0.05). Zn concentrations in Chabahar liver and muscle were 

97.90 ± 10.17 and 24.22 ± 7.04 µg/g, respectively. Estimated Daily Intake (EDI) 

values for all metals were below the Tolerable Daily Intake (TDI) thresholds. 

However, the mean Cd concentration in Chabahar muscle exceeded permissible 

limits set by FAO, WHO, and MAFF. Target Hazard Quotient (THQ) and Total 

THQ (TTHQ) values for all metals were below 1, indicating low non-carcinogenic 

risk. In contrast, the Cancer Risk (CR) value for Hg in Chabahar exceeded the 

acceptable threshold (>10⁻⁴), suggesting a potential carcinogenic risk from long-term 

consumption. Continuous environmental monitoring of aquatic organisms in 

Chabahar is recommended to mitigate health risks associated with heavy metal 

exposure through seafood consumption. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Heavy metals are among the most important pollutants in aquatic ecosystems. Due to their high 
toxicity and non-biodegradable nature, the accumulation of heavy metals has negative ecological 
effects on marine organisms and human health through the food chain. Fish are an important source of 
protein for humans. Heavy metals can accumulate in fish tissues and eventually be transferred to 
humans. The accumulation of heavy metals in fish depends on various factors, and the level of 
accumulation also varies among different fish tissues. Fish muscle tissue plays a key role in human 
nutrition and health, while the liver has a special role in metabolism. Metals such as Fe and Zn are 
essential for proper cellular function in physiological amounts, but metals such as Pb, Hg, and Cd are 
toxic even at low concentrations and negatively affect the survival of aquatic organisms and human 
health. The tigertooth croaker fish (Otolithes ruber) is a commercially important species in the Oman 
Sea and the Persian Gulf, playing a significant role in the diet of local populations. Despite the global 
distribution of O. ruber, few studies have assessed the risks of its consumption in terms of heavy metal 
contamination in the Persian Gulf and the Oman Sea. Considering the above, the present study aimed 
to investigate the bioaccumulation of heavy metals Pb, Cd, Hg, and Zn in the liver and muscle of 
Otolithes ruber from Chabahar and Bandar Abbas, and to assess the health risk of this fish for 
consumers by calculating the non-carcinogenic and carcinogenic risk. 

 

DATA AND METHODOLOGY 
In this study, 30 croaker fish samples were collected from Chabahar and 30 from Bandar Abbas. The 
samples were transported to the laboratory in sterile bags, thoroughly washed, and cleaned. Their 
length and weight were then measured. Muscle and liver tissues were separated from the skeleton 
using sterilized blades, transferred into coded sterile plastic bags, and stored at –20°C until the 
analyses were performed. For sample preparation before heavy metal concentration measurement, acid 
digestion was carried out. The concentrations of heavy metals in the samples were determined using 
inductively coupled plasma optical emission spectrometry (ICP-OES), while mercury concentrations 
were measured using the atomic absorption method. Trace element concentrations were expressed in 
micrograms per gram of dry weight (Table 1). 

 

Health Risk Assessment 
The non-carcinogenic risk associated with fish consumption was calculated using the THQ formula. 
THQ represents the ratio between the estimated exposure dose of a contaminant and the reference dose 
(RfD), as shown in the following equation: 

 

��� =
�� × �� × �	
 × �

�
 × �� × 
��
× 10�� 

 

The oral reference dose (RfD) values for Pb, Cd, Hg, and Zn are 0.004, 0.001, 0.0001, and 0.3 μg 
g⁻¹/day, respectively. Since humans are often exposed to more than one contaminant and may be 
affected by combined effects, the total Target Hazard Quotient (TTHQ) was also calculated using the 
following equation: 

 
���� = ��� ���� + ��� ���� + ��� ���� + ��� ���� 
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Table 1. Mean concentrations of heavy metals in the liver and muscle tissues of Otolithes ruber (µg g⁻¹) 
Zn Pb Cd Hg  Tissues Station 

24.22 ±7.04 0.48 ±0.10 0.63±0.12 0.097±0.019 Mean±S.D Muscle Chabahar 
37.20 0.83 1.40 0.35 Maximum 
4.05 0.00 0.10 0.00 Minimum 

97.90 ±10.17 0.56 ±0.27 0.80 ±0.35 0.098 ±0.026 Mean±S.D Liver 
118.12 1.20 1.52 0.383 Maximum 
12.53 0.09 0.15 0.01 Minimum 
NS 0.030 ±0.01 0.05 ±0.02 0.034 ±0.012 Mean±S.D Muscle Bandar Abbas 
NS 0.22 0.74 0.262 Maximum 
NS 0.01 0.00 0.002 Minimum 
NS 0.041 ±0.02 0.07±0.03 0.045±0.019 Mean±S.D Liver 
NS 0.31 0.81 0.290 Maximum 
NS 0.01 0.00 0.002 Minimum 
30  2 0.5 0.5 FAO (2000)  
40 0.5  0.5 0.5 WHO (2000)  
50  2 0.5  0.3 MAFF (2000)  
NS 1.7 4 0.5-1 FDA (2001)  

For carcinogenic compounds, the risks were estimated as the incremental probability of individuals 
developing cancer over a lifetime due to exposure to a potentially carcinogenic substance. The 
carcinogenic risk (CR) resulting from the oral intake of heavy metals was calculated using the 
following equation: 

�
 =
�� × �� × �	
 × ��� × �

�
 × ��
× 10�� 

  
Where CSF is the cancer slope factor for each heavy metal, with values of 0.0085, 0.38, and 6.177 μg 
g⁻¹/day for Pb, Cd, and Hg, respectively. The results of the non-carcinogenic and carcinogenic health 
risk assessments are presented in Table 2. 

 
Table 2. Target hazard quotient (THQ), total THQ (TTHQ), and Target Cancer Risk (TR) for Cd, Hg, Pb, 

and Zn in Otolithes ruber. 
Station THQ  TTHQ CR 

Cd Hg Pb Zn Cd Hg Pb 
Chabahar 0.22 0.34 0.04 0.03 0.63 8.6×10-5 2.1×10-4 1.4×10-6 
Bandar Abbas 0.02 0.12 0.003 - 0.14 6.8×10-6 7.5×10-5 9.1×10-8 

Data analysis was performed using SPSS software (version 26), and a p-value of < 0.05 was 
considered statistically significant. 

 

RESULTS AND DISCUSSION 

The mean and range of heavy metal concentrations in the liver and muscle tissues of the samples were 
compared with the maximum permissible international limits. The concentrations of heavy metals in 
the Chabahar samples were higher than those in the Bandar Abbas samples. Furthermore, in both 
sampling sites, the concentrations of these elements in liver tissue were higher than in muscle tissue. 
The order of heavy metal concentrations in the liver and muscle tissues of the Chabahar samples was: 
Zn> Cd > Pb > Hg, whereas in the Bandar Abbas samples, the order was: Cd > Hg > Pb. Among the 
measured concentrations, only the mean Cd concentration in the muscle tissue of the Chabahar 
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samples exceeded the permissible limits recommended by FAO, WHO, and MAFF, but was still 
below the limit set by FAD. 

 

Risk Assessment 
The results showed that the THQ values for the heavy metals studied in the muscle tissue of both 
Chabahar and Bandar Abbas samples were less than 1. The TTHQ for the metals examined at both 
stations was also found to be less than 1. The CR from the oral intake of Pb, Cd, and Hg accumulated 
in fish muscle tissue revealed that: For Pb in the Bandar Abbas samples, CR was less than 1×10⁻⁶ (no 
risk). For Hg in the Bandar Abbas samples, Cd in both Chabahar and Bandar Abbas samples, and Pb in 
the Chabahar samples, CR values ranged between 1×10⁻⁶ and 1×10⁻⁴ (acceptable risk), and for Hg in 
the Chabahar samples, CR values exceeded 1×10⁻⁴ (above the acceptable limit). 

 

CONCLUSION  

Findings indicated that heavy metal concentrations were higher in the liver tissue of Otolithes ruber 
compared to the muscle tissue. Notably, the average concentration of Cd in the muscle tissue of O. 
ruber from Tis Pier at Chababar exceeded the safety thresholds established by FAO, WHO, and 
MAFF. Despite this, the non-carcinogenic risk assessment revealed that the Target Hazard Quotient 
(THQ) values for individual metals, as well as the Total THQ (TTHQ), remained below 1. This 
suggests that consumption of this species is unlikely to pose non-carcinogenic health risks under 
current exposure levels. In contrast, the carcinogenic risk assessment for Hg in the edible tissue of O. 
ruber from Chabahar exceeded the acceptable threshold (greater than 4×10⁻⁴). This finding highlights 
potential health concerns for individuals who consume this fish regularly. Overall, samples collected 
from Chabahar port exhibited higher levels of heavy metal contamination than those from Bandar 
Abbas, particularly for Hg and Cd. These elevated concentrations may present increased risks to 
consumers. 

The higher contamination levels observed in Tis Pier may be attributed to intensified maritime 
activity, aging and leaking vessels, and, to a lesser extent, industrial effluents and anthropogenic 
pollution. Over time, the bioaccumulation of heavy metals poses a significant threat to aquatic 
ecosystems. Therefore, consistent monitoring by environmental and public health authorities is 
essential to protect aquatic life and mitigate risks to human health. 
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1 Food and Drug Administration 
2 Banna 
3 copepods 
4 isopods 
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1 Health risk assessment 
2 United States Environmental Protection Agency 
3 Estimated daily intake 
4 Estimated weekly intake 
5 Varol 
6 mean concentration 
7 food daily consumption 
8 Iran Fisheries Organization 
9 body weight 
10 Tolerable daily intakes 
11 Hashempour-baltork 
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1 Target Hazard Quotients 
2 Oral reference dose 
3 exposure frequency 
4 exposure duration 
5 food ingestion rate 
6 average exposure time 
7Total target hazard quotient 
8 Hazard index 
9 carcinogenic risk 
10 Human cancer slope factor 
11 Gebeyehu & Bayissa 
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&�� ��E �
$3 �� ��
P#	�. ��G& �9	 �

&' �
��p 

< 0.05  �� F#5�� �D� 
�.   

  

�I"�# �
+ ]�?�'  

EP�Q �(3�( �� $�N/2 ��O�" �
  

F�&�� � 6���
�&  6���	 4�)�5 �D�E �Cd �Pb �Hg  �Zn  F�J  � �,� 
�Otolithes ruber  `��I 
�1  ��� F|�
�

�D�E 6���
�& 6��o�$ .�	� ������ �
$ F���� 
� ��� ����  ]	�> ��� F�C�> �
�& �D�E �r���^ 
� 
$FAO �

WHO �FAD4  �MAFF5 �& "
�� s�
#� .�	� ��� F��
Z& F���� 
� 6���	 4�)�5 �D�E F� ��$�  F�!	� �
$

 F� 

=�
% N�>
�B ��G& F���� �� �#��� �
�� �
$ ) �	� "
�)&�$ "
#	� 
� (
,  
���p<0.05 �D�E 6��o�$ � (

F���� F�J  �5
� �� b�� �,� �5
� 
� �C
�  6�� ��G& �

&' �D� �� [a#:� 6�� F� �	� �
�#��� �� �$ �
$  
��

��� ) ��
�p>0.05 )�5 F� v���& �D�E 6��#��� .(Zn ) 

=�
% �$
& �,� �5
� 
�µg g-1 17/10 ± 90/97 � (

 F� v���& �D�E 6��#��Pb F���� F�J  �5
� 
� ) (
, 
��� �
$µg g-1 01/0 ± 030/0 �D�E ��� 
�B F� .��� (

F���� F�J  � �,� �5
� 
� 6���	 4�)�5 �& ��G,> F9��
 6�� �� 

=�
% �
$  :����Zn>Cd>Pb>Hg  
� F!�7
^ 
�

F���� �
�&  �	
�� �
�& 4�)�5 �D�E (
, 
��� �
$ 4
�L�Cd>Hg>Pb  
� H�	 � ���&�
� �D�E 6���
�& .���

F���� ��G& 
�9� 

=�
% �
$ F���� �� �>T
� �
�� ) ��� (
, 
��� �
$p<0.05 ���I �
�& 
� [a#:� 6�� �7� (

��G& ) ��,� 
��p=0.06�& "
�� s�
#� .(   �D�E 6���
�& F� ��$�Cd F���� 
� ) 

=�
% �
$12/0 ± 63/0 �����!�& 

 ]	�> ��� F�C�> �
�& �^ �� �#��� (��� ��FAO ) µg g-10,5 �(WHO ) µg g-10,5 � ( MAFF ) µg g-10,2 (

 ��� F�C�> �
�& �^ �� �7� �	�FAD ) µg g-146��
_ ( �& �>  �D�E 6���
�& �7� .��
�Cd F���� 
�  �
$

) (
, 
���02/0 ± 05/0 ��� F�C�> <��)�
& �� �#�� (��� �� �����!�&  6���
�& .�	� ����7� 6�� �
$
���
#	�

 �D�EHg F���� F�J  �5
� 
�  ]	�> ��� F�C�> �
�& �^ �� �#�� FG7
9& �
�& �
$FAO ) µg g-10,5 �(WHO ) 

µg g-10,5 � (FAD ) µg g-10,5-1 �D�E 6���
�& 6��o�$ .�	� (Pb  �Zn F���� 
� )��  �� �#�� �FG7
9& �
�& �
$

 ��� F�C�> �
�& �^�& ����7� 6�� �
$�
=� ]	�>  `��I) ��
�1 .(  

  

  

  

                                                      
1 Kolmogorov-Smirnov 
2 Pearson Test 
3 spearman correlation test 
4 Food and Drug Administration 
5 Ministry of Agriculture, Fisheries and Food 
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 8�)^1: (_�T �M _�T��A��) �)#�3� �
�� ��&� � )�K E"�M �� $�N/2 ��O�" EP�Q $�N(���  

+����M �(3�( =��   C3(

E"�M  

  _3����K  �3�^  W�2  +��  

  

  

 R�' ��A2�

(��.M�B)  

  

F�J   

 6���
�&±  [��?��



�G&  

12/0 ± 63/0*  019/0 ± 097/0  10/0 ± 48/0*  04/7 ± 22/24  

�r���^  1,40  0,35  0,83  37,20  

+S��^  0,10  0,00  0,00  4,05  

  

�,�  

 6���
�&±  [��?��



�G&  

35/0 ± 80/0  026/0 ± 098/0  27/0 ± 56/0  17/10 ± 90/97  

�r���^  1,52  0,38  1,20  118,12  

+S��^  0,15  0,01  0,09  12,53  

  

  

  

`����)/M  

  

F�J   

 6���
�&±  [��?��



�G&  

02/0 ± 05/0*  012/0 ± 034/0  01/0 ± 030/0*  ���� ��
	
��  

�r���^  0,74  0,262  0,22  ���� ��
	
��  

+S��^  0,00  0,002  0,01  ���� ��
	
��  

  

�,�  

 6���
�&±  [��?��



�G&  

03/0 ± 07/0  019/0 ± 045/0  02/0 ± 041/0  ���� ��
	
��  

�r���^  0,81  0,290  0,31  ���� ��
	
��  

+S��^  0,00  0,002  0,01  ���� ��
	
��  
FAO¥ (2000)      0,5  0,5  2  ⸸30  

WHO ¥ (2000)      0,5  0,5  0,5  **40  

MAFF # (2000)      0,5  0,3  2  50  
FDA¥ (2001)      4  1-0,5  1,7  ���� ��
	
��  

* ) �	� 
�� ��G& �

&' �D� �� "
�)&�$ � 

=�
% �
$ F���� 6�� H�	 � ���&�
� �D�E 6���
�& 6�� [a#:�p<0.05.(   
¥ �"�

!�$ � ����^2015 �"�

!�$ � �

	 ��!�  t2012  

#  �"�

!�$ � �#�$
>2020  

⸸ FAO �1983  

 **WHO �1989  

 �
�� a5� �M $�N/2 ��O�" EP�Q $�M �NI:��
 �2��M�)#�3�  

 �	
�� 
�D�& F���#�,�$ ���� "��� `
&�� ����
�� �$
& "�� 
� 6���	 4�)�5 �D�E 6��  "�&�' 
� 
$

[�����7��-�	��[���  .�� �	
�� 
��	
�� [�����7�� "�&�'-F���� "�� F� �� }\�& [�����	�  �
$ �$
&

 ���
������ �7� ���� `
&�� @���> ��
�� �	
�� �
�& 4�)�5 � 

=�
%  .��
��� `
&�� @���> (
, 
��� �
$ F���� �
$

 4�)�5 �D�E 6���
�& 6�� F� ��� "
�� �$
& "�� 
� FG7
9& �
�& 6���	 4�)�5 ��#�,�$ �� +C
^ s�
#�Cd �Pb �

Hg  �Zn ��G& ��#�,�$  "�� 
� �
���$
& ��� ��$
�& FG7
9& �
�& FZ9�& �� 
� ���
��  `��I) ���2  `��I �

3.(  
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8�)^ 2: ��.M�B �� R�' ��A2� �)#�3� �
�� a5� �M $�N/2 ��O�" EP�Q c��'��  

$�N/2 O�"                           ��&�                             )�K  

�NI:��
 Z#�[   H5��p �NI:��
 Z#�[   H5��p  

_3����K  0,098  0,607  0,098  0,607  

�3�^  0,113  0,553  0,093  0,626  

W�2  0,060 -  0,752  0,072 -  0,704  

+��  0,031 0,807 0,146 -  0,441  

  

 8�)^3: `����)/M �)#�3� �
�� a5� �M $�N/2 ��O�" EP�Q c��'��  

$�N/2 O�"                          ��&�                             )�K  

�NI:��
 Z#�[   H5��p �NI:��
 Z#�[   H5��p  

_3����K  ---  ---  0,177 -  0,350  

�3�^  0,002 -  0,993   ---   ---  

W�2  ---  ---   ---   ---  

�SX Y:#� �M�#5��  

����\> ��#P$ � F����
 [�L& "�)�&  `��I 
� 6���	 4�)�54 �& "
�� s�
#� .�	� ��� R
�)�  
� F� ��$�

) +�?> +�
S F����
 [�L& "�)�& 
� F��
Z&TDI �� �#�� ��� �	
�� 4�)�5 F�$ ����\> F����
 [�L& "�)�& �(

 .�	� +�?> +�
S F����
 [�L& "�)�&  

 8�)^4: ) �/���' �(�5�� U�d� a�O��EDI) �/���' �NIe
 � (EWI +�� � W�2 ��3�^ �_3����K (  

+����M �(3�( =��    _3����K  �3�^  W�2  +��  

(��.M�B) R�' ��A2�  EDI 0,23  0,03  0,17  8,71  

EWI  1,61  0,21  1,19  60,97  

`����)/M  EDI  0,02  0,01  0,01  ���� ��
	
��  

EWI  0,14  0,07  0,07  ���� ��
	
��  

=��' =M�0 �(�5�� U�d� a�O��*     0,8  0,57  1,5  300  

*)TDI ( �"�

!�$ � `�
��2017 �"�

!�$ � �S�
C �2019  

) ��
 
� �$
& [�L& �
�& �^ F� v���& s�
#�CRLim) �
& 
� � (CRmm 
� ��
 � H�	 ����I ����&�
� 4�)�5 ���� (

 `��I 
� ���
�� �$
&5 .��� ��� ���� "
��  

 8�)^5) 5�� �� �
�� U�d� 5��� )f :CRLim) ��� �� � (5�� �� _�T3��K) (CRmm W�2 ��3�^ �_3����K ��O�" +��M (��� �� ��M) (

�)#�3� �
�� �� +�� �  

 �(3�( =��

+����M  

_3����K  �3�^  W�2  +��  

CRLim  CRmm  CRLim  CRmm  CRLim  CRmm  CRLim  CRmm  

 R�' ��A2�

(��.M�B)  

0,11  19  0,072  12  0,58  99  0,87  149  

`����)/M  1,4  239  0,20  34  9,33  1596   �#�2�/�

�)	(  

 �#�2�/�

�)	(  
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� ��
=I �
$
���
#	� �� �:�� F� �,�� ���&�
� �D�E "��� �>T
� F� FI�> 
�  �9: �

=�
% ���
�� �$
& F�J 

"
B�	 ) ����CR"
B�	 ��E �9: 6��o�$ � (  [�$ �9: U��i 6��G> F,	
?& 
� �$
& [�L& 
� ],>�& ����

)THQ) +� [�$ �9: U��i � (TTHQ "�)�& F� ��� "
�� s�
#� .�� F,	
?& (THQ  ����&�
� �H�	 4�)�5 ����

F���� F�J  �5
� 
� ��
 � ���I 
=�
% �
$ �� �#�� (
, 
��� � 
1  "�)�& 6��o�$ .�	�TTHQ  4�)�5 ���� )��

F���� 
� FG7
9& �
�& �
�#��� �
$  �� �#�� �FG7
9& �?> �
$1  `��I) �&' �	��6.(  

 8�)^6: �[#Z  U)
 �SX(THQ) �U)
 �SX Z#�[ ) =KTTHQ) U)
 a���2 �SX � (CR��M (+ ���K��_3 ^���3 �� � W�2 �� +

�)#�3� �
��  

 �(3�( =��

+����M  

) U)
 �SX Z#�[THQ(   U)
 �SX Z#�[

 =K)TTHQ(  

) U)
 a���2 �SXCR(  

_3����K  �3�^  W�2  +��  _3����K  �3�^  W�2  

 R�' ��A2�

(��.M�B)  

0,22  0,34  0,04  0,03  0,63  10-5 × 8,6  10-4 × 2,1  10-6 × 1,4  

`����)/M  0,02  0,12  0,003   -  0,14  10-6 × 6,8  10-5 × 7,5  10-8 × 9,1  

�$
& 4�& ��T�B [�L& �� ��
� ��)�
B�	 �9: ���� `
�#^� F,	
?& ����  
� 6���	 4�)�5 F� ���7' �
$

[�L&  �5
� 
� F#5
� @��> ���I � ���&�
� �H�	 4�)�5 ���
�: ��
� �� ��
� ���)�
B�	 �9: 8��
 �"
�����

 `��I) �� F,	
?& �$
& F�J 6 
��Z& F� ����� "
�� s�
#� .(CR  )�5 ����Pb  �$
& F�J  �5
� 
� ��I�&

) (
, 
���8 -10 × 9,1 ���� �#&�

_ 6�� 
��Z& .�	� (Pb F���� 
� ) ����� 

=�
% �
$6 -10 × 1,4 ���� �(Cd  
�

F���� ) ����� U�>�> F� 

=�
% � (
, 
��� �
$6 -10 × 6,8) � (5-10 × 8,6 ���� � (Hg F���� 
�  ����� (
, 
��� �
$

) 
� 10-5
× 7,5 "�)�& �5�B �� .�� F,	
?& (CR  ����Hg F���� 
�  �� b�� 

=�
% �
$4 -10 )4 -10 × 2,1 �	�� (

 F9��
 �� ���
�� �$
& 
� 6���	 4�)�5 @��> �� ��
� ���)�
B�	 �9: ���� 8��
 .�&'Hg > Cd > Pb  ��G,>

�& .���   

  

h�M 

� ��  F� �
��� 
� �$
& [�L& 6#5
 T
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$
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% FZ9�& H' F� �!��)� � ��^
	 8�m>��#	� ��GS�& +�7�  �� �G�	� l�B "
�)�& ����' �
$

��7
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�
���T
_ � ������#_ 
$ ���7
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