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Urban dust is one of the indicators of heavy metal pollution in the living 

environment. Heavy metals in contaminated soils are considered a challenge to 

the environment and cause irreparable effects on the bodies of living organisms. 

Therefore, it is very important to know the pollutants and how they are 

transported, their performance, and accessibility. Because their effects on the 

health of humans and other living beings are significant. Therefore, the present 

study was conducted to investigate the effect of heavy metals (including Pb, Zn, 

Cr, and As) in the dust of Birjand City on human health. For this purpose, 50 dust 

samples were collected from Birjand city and analyzed using inductively coupled 

plasma spectroscopy (ICP-OES). According to the research results, the average 

concentration of studied metals was estimated as Pb (16.93), Zn (5.55), Cr (1.04), 

and As (6.11) µg/m³. Average RI values, Cr and Zn metals have a low ecological 

risk potential, lead has a medium risk, and As has a high ecological risk potential. 

The non-carcinogenic risk of heavy metals in Birjand city is without risk. 

However, the non-carcinogenic risk for two elements, Cr and As, is greater for 

children than for adults. CR values are higher in children than in adults. This 

amount is in children for Cr (5.58*10-4), As (5.98 * 10-5), and lead (9.09*10-6) and 

in adults for Cr (1.18*10-4). and As (1.27*10-5), which is more than 1*10-6. There 

is a risk of cancer in children under controlled conditions. However, the cancer 

risk caused by this metal in dust for adults can be ignored. 
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�' ���6 
�	�� ��)2  ��� ��7< �2020 .(���
 :��7�  �	��
 ��9�$	 0� %D2� C� { �<
 :��7�   �	��TCR �6 �	�a�$� 

 3�6)2(	� � .
  �< ���9�$	PM10 �' �6��  C� { �$�  	�Y :PM10 �$ 0� � �� �7� ��K C� {����K C� { . ��6

���
 E�D�� �E�VH"�1  �IY �0����)40  �25 ��D' ����K �S�$ �� (���  ��6	 �����$�17 ?��� Y	  	� C�� :� :88 

�7K �S�$  ��
 :��7� 0� 31Y .���6  �	��
� E��<��D  C�� :�12 ��	  	 �S�$
 450 ���$ :K 	' 	��"  ���E�"  ��Y

D ���: ���C�1 ?�' E  	 	�K�����D E �\�$ .���6 _TN��<��D 	  	� ����*  ��59�
 :��7� 0� 31Y �  �	��
  �0�

�E  	 � ��6�3 ��?������'  :�E�"  ��Y� :��7� 3.� :�  �	��
 ���6 38��� ����)3  ��� ��7< �2021(.  

�)@�) ����+:N�L 1  

�  	�F d<�=>� :�16 `�  0� �	�a�$��� �
� ���� �<
 �$�E�d  
	���$��6'� :�16 � ���
  �<  	 .�6 :�16

:��7�  �	��
 :�E	�i� C �r' �	 :Dr�E :� O�J 0���* ���
  bD��� C�5K  	 .�E�" ^����:�D �&'�   	

� ���$�56���K� 44 8&��� 0� O�J :��7�' �$�E :� V�*N :�d �  �1;�	�" X��� uU�7�N� �' ���6�� �7K  ��
  �

?��� �5K�! 2� ���F ���e 6 �r��S�7��'� :��7� ��0� :� O�J���9� .���6 �	�	 ��8��� :��7� �<
  �I$ 0� O�J

U��'�  |�a� � :� O�J5 ���$' ��� � /$���:zD ��  �N�*� :� V ��cm2 30  0� �	�a�$��� � ��6 :�6�	���:* �<
 

                                                      
1 Han 
2 Yarmoradi 
3 Wang 
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�$H>��' ?��� �5K�! ��0� :����9� ���6 38���  ��� ��7< � ����)2021.( � :$ 3Y��N :�16 �<  	 O�J 0� :��7

 �� \�$ � �6 :�6�	��g< D�� :��7� �� �6 }�D��' :��7� :I8� 0�  �	��
 :�� �$	��. :��7� �<
  O�J0� G?� �<
 

30 �50 �100 �200  �400  �6 �	�	  �1S�  	��N5  ��10  0� ��7 �IY �� O�J ^�"5/38 ��������  :���� :

 C� { �0����TSP1 �7K ��6��  ��
  � �6 �5P �$ � �^�� �i�S��G �  � Q�$
 $�  	��  ��9�$	 /$��ICP-

OES2 ?����! ���6 )���)?3 ��� ��7< � 2008(�2� :DN��  	 .� �G  G?� 0� : O�J :��7�400 �$� ��6 �	�	  �1S� 

� ��9�$	 /$������$��� �����?�' )SEM4?��� 	 �� (�! ��i� �� � �E�"  ��Y�� �:�$	  %D2� C� { 0� ����PM10 

�8��:* ��� .�6
 �	��� 0�$
 :��7� �<
  	��N �O�J�G O�J 0� ^�" �<
 E �� :8I����<��D'� :��7� : �<
 JO�  ��

� 
 �7K ��  ��
 $� ��D.�  	 ��$� ��6�� �����G $� ��� �D� ��G  �1*� :�1  :�3 ��	  	
 140  :K 	

���$' 	��"  C�� :�2  �S�$ 3N��	�"  �� �  ��D.� \�$ �50 ��D' ?��� 	 Q������0� Y �% E�r T;� 0� � �	�' 

.���6 �	�	  �1S F7��� � 0� \>�F:��7� �  ��9�$	 0� �	�a�$� �� �<ICP-OES �7$H>)
 �aK�8?� ��6 '�- 

��K ��������$�' �$
 7800 ICP-MS��9����0�  	 	�K�� ( 
!�� ��9���	 ���*�$ �  3�6) ���*P�D�2( 

!�?��� ��?) ���65  ��� ��7< �2019.( 

 
 I6�2��037� : :O:� ����P37� ��@� 1�
 ��037�ICP-OES  :Q��037� �
1 �)@�)  ����+TCR  

1���R I���5:  

���
 $ ��' 9��9P' 0����  ���
 �	�	 �<
 2[� :rHJ �	�K���� �<���� �>
  ���
� �8��:* �0 �]D;�:�  ��

��9���F 9�$ C�!DE��F `�  0� �<
  ���
 r�iJ .�6 �	�a�$���
�< 	��9
 � �:���	 ��z7<�9����F  _��.��

2�� � 9?�P �' ��^�� 0� �	�a�$�   �!E�SPSS.20 LJ�6 C�1$�.� � ^�� 0� �	�a�$��� �<   �!E�Excel .�6 :1$�.�  

                                                      
1 Total suspended particulate 
2 Inductivity Coupled Plasma- Optical Emission Spectrometry 
3 Leung 
4 Scanning Elecron Microscope 
5 Liu  
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#�0G7 ��M�! �S�@:R TH7 #���5 �+�"2��:  

�  	�F ��� �d<�=>
 0 ����' 2� ���F "	�?� �I$' 9�$ C�!DE��F LJ�6 0� �<
 .��/ 0��*' aD���'  �	�a�$�

� .�$� ��6�F LJ�6 :3��6 �<  

) G�f�?�� G*�  LJ�6RI:(  

���
 0 ����' .� ��8?�� C��IJ�/ 0��*' *���> LJ�6 0� � �1;�	�"  	 C�!DE�3  �G* f�?���G �	�a�$� '� 	�6

)Miao  ��� ��7< �2022(. �  	�F ��� �d<�=>
   :1$�.��G* f�?����' 9�$ C�!DE��F  CU	�2� 0�1  ��3 

�6 �	�a�$� �7N )1  ��� ��7< �2022(.  

)1 (  RI =∑ Er�
���  

)2 (  Er =Tr × Cf  

)3 (  Cf = Cs /  Cn 

  	�7� ��  	RI �Er �Tr �Cf �Cs  �Cn :� ��i�S G�f�?�� G*�  �F�9�$ C�!DE '��f�?�� G*�  LJ�6 e����

Tr ��7$  ���E2 '� b��2� �	�� G� 
��� ��*���< ::� 
�  � ^�� �Q�$ �G��$ � 
��� �  ��  ��8� � ��-

 e����10 �5 �2  �1 �	� F��2� !DE �]D; �1*� 0��]� 	 �� F�9�$   	:��7� �:  �]D; :���0 !DE�]�	 �� :� �$	

'� ��� � � �]� 	 �� F�9�$ !DE :���0 �]D; � :��7�  	 !DE �]D; 0��� �N'.�6�� :81& 
���RI  �Er  ���K  	1 

:�$� ��6 �	�	 ����  

 U�'K1 :�;�� 'G+V"F@:@8� V&"� 1  

 ?@)WL��  WL�� ��';�  V&"� �;��  

Er  

40Er <  کم  

80 Er<≤40  متوسط  

160 Er<≤80  توجه قابل  

320 Er<≤160  يادز  

320Er ≥  يادز يلیخ  

RI  

150 RI<  کم  

300 RI <≤150  متوسط  

600 RI <≤300  توجه قابل  

600 RI ≥  يادز  

(���7 �HL �+�"2�� �2�" X ��� (���7 �2�"  

���
 0 ����' 9�$ C�!DE C��IJ��F ��E���
 :DN�� ��P �
 � ^����' 	�6 0 � d�� �	 3��6 :���' C��IJ 

��&�$ ; � �0�� ��&�$ � .�$� �0�F 0 ����' 0 � `�  V�$� �����' �6��5� �IJ'  ���aN ���0�$ /$�� :

.��/ 0��* ������ )USEPA( � C �r ��$� ��6 :x� �' "�	� ���)3  ��� ��7< �2015(�  	 .�F ��� �`� 
 

$ ��' ��&�$ C��IJ |�� �	 �< ; � �0�� ��&�$ �0� " ��Y��
 *� :$ 0� C�!DE R�2�  	 ��*����  � \a�� ��D�

                                                      
1 Rahmat 
1Toxic factor 

3 Qing 
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�  ��Y �]��� �$�> 0� QTK' "�	� 	�8� ���  �<  	 C�!DE :��0�  QTK�G *� 0���<�  CU	�2� 0� �	�a�$���4  ��6 

� :1$�.�' 	�6.  

)4 (  Intake	
� =
C×IngR×EF×ED

BW×AT
× 10��  

)5 (  Intake	
� =
C×InhR×EF×ED

PEF×BW×AT
  

)6 (  Intake������ =
C×SA×SAF×ABFdermal×EF×ED

BW×AT
× 10��  

��	�8� Intake dermal �Intake inh  �Intakeing :�����e ���� � ���<	�9���F ) C�!DE :��0�  QTKmg/kg.day 0� (

�&�% .�$� �D� � \a�� ��$�> QTK  

C: ���� )  �1;�	�"  	 C�!DE �]D; ���<	mg/kg(  

IngR� :��!� � \a����(0�  �� e2����� :�)  �1;�	�" 0� ��6  

EF: ���� �����E ���<	' " ��Y��
 ) C�!DE R�2�  	day/year(  

ED: ���� " ��Y C�� ���<	��
 ) C�!DE R�2�  	year(  

BW: ���� ) C�!DE R�2�  	 :�E�"  ��Y 	�E ��� �0� ���<	kg(  

AT: ���� " ��Y ���0 C�� ���<	��
 ) C�!DE  ��8� �< R�2�  	day(  

SA: ���� N�� �N�*� ���<	�: �
 ) C�!DE R�2�  	 :�E�"  ��Y �$�> �I$ 0�cm2(  

AF: ���� "��1*P  ���E ���<	' �$�> :�  �1;�	�" )mg/cm2.day(.  

ABF :�$�> '.I$ QTK  ���E �$� (�N�� ����).  

 ���K  	2x!K ��C� 	�8� � ���� �> �<�� �	�a�$�0 � CU	�2�  	 ��6���'  �IJ �����$� ��6  ��� ��7< � ���)

2015 � 
�1  ��� ��7< �2015 ��<����P �2  ��� ��7< �2013.(  

� :1$�.� 0� �2����! C�!DE :��0�  QTK� ; �IJ�� ��&�$ �0'� )HI��� (
 j !� � ��	�  0� �U�$) :I�� 7( 2���F 

.�6  

)7 (  HQ=
Intake

RfDi
  

 :?	�2�  	HQ ���
 ; �IJ :1$�.��� ��&�$ �0'� *� �<  	 C�!DE���  �<  	 C�!DE :��0�  QTK  ��8��G  0�

*���<�
 " ��Y��
 � �N�� :�) C�!DE R�2�  	�D' ^�"  ���^�"�D � �	�a�$� (0�   	 ���' 	�6  ��8� �"� .HQ 

 � ������� j !�  0� ��1  �"0�$�� ��*�� ��H$ �� ��6��
 	 	�K�	 � GP� �"� �  0� ��1  � Q�DI��� C��W� ��6��

���9� ���� �
 27�� �IJ LJ�6  ��8� .	 �	 ��*�� ��H$ ��' ;�� ��&�$ �0'� )HI��� C�!DE (
  ���" �	 �<

j !�  :?	�2� %1& ��	� � ��$8 :�� �$	' ��� )������� 3  ��� ��7< �2016(. 

 :?	�2�HQ� ���
 ; �IJ :1$�.��� ��&�$ �0'� C�!DE�  C�!DE :��0�  QTK  ��8�) R�2�  	mg/kg.day ( �]� 	 � 

�' "�	�  ��8� .HQ  � ������� j !�  0� ��1 ����  �"0�$�� ���<	
  ��*�� ��H$ ��  �GP�  ��8�  0� ��1 C��W� �

                                                      
1 Wei 
2 Chabukdhara 
3 Ravankhah 
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DI���Q� ���9� � ���� �
 27�� �IJ LJ�6  ��8� .	 �	' ;�� ��&�$ �0'� )HI��� C�!DE (
  � ��*" !� ���" �	 �<

 :?	�2� %1& ��	�8 :�� �$	' ���.  

)8 (  HI= ∑ QHi  

LJ�6 ��&�$ �IJ �0'� (Cancer Risk, CR) 372?� ��$	 V�$� �� G��$ � � ^�� �Q�$ �r��S 
���  
�<

.� 0� ���aN � �	� 
	�5���>�/ 0��* ������ (EPA) '� :1$�.� ���� LJ�6 F�� .	�6  :� H��� �IJ ��!�� ���<	

���*< }�1� �  	 	�J '"��0 ��  � /�.�  	 �r��S F�� �� : �$� 
	��E� 
��� ��&�$. 1$�.� 
��� LJ�6 :

��&�$ �IJ �0'�  G��$ � � ^�� �Q�$ :I��  0�9  �10 '� 	� :1$�.� ����.  

)9 (  CR=Intake×CSF  

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

 ��  	 :CR �(�N�� ����) '��&�$ 
 �7�� 
��T>�IJ :TCR � (��&�$ ����) '��&�$ 3 �IJ :CSF   ���E

) F�9�$ C�!DE '��&�$ e�6mg kg-1day-1 .�$� ( 3 �IJ  ��8� �"���&�$'  ��7 0�1×10-6 � ��6���F ��2� :�
 

��F ��� ��&�$ ��7�N� : �$�
 �G  �< 0� �a��G ��D���  0� ��7 �a��G 3��Y C��W� � �$� 5K��' �  ��
  ��H$

�P  	 .	 ��� ��*���F �?�N'� 3��Y �IJ .�$� R�7;� �� ��F ��&�$ 3 �IJ �"� ���N' �����  0�1×10-4
  � ��6���F 

��2� :�
 ;�3��Y���� �IJ �	�� ��1Y
 ��&��� � �$� ��*�� ��H$ ���! .�$�  	� �r' ��&�$ 3 �IJ :' ��F 

1×10-6  ��1×10-4
  ���� ��6�� T>�IJ ���<	��
 ��6 �.��/ �  	 .�$� C �]� � �����F �� ��?�N��  :K��

���= �
 6�� :�6�	 ���� � C �]� :��g 9�$ C�!DE :� }���� C��IJ ���F ���
 $  3Y��N :� ��*�� ��H$���  �

���6 ����  ��� ��7< � 
�)2015.(  

 U�'K2 :(���7 �HL �+�"2�� �Y���� 1�
�3���� 1��G
�� �2�" (���7 ��X � �2�"  ���X���S �� #�0G7 ��M�!  

(�8�@8 Z�M+ U�7  �2�')� '.��1��S  �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 

) Q�$2/4 × 10
2 -

) ^�� �(2/4 × 10
1 -

) G��$ � �(51/1 × 10
1 -

) 
�  � (2/4 × 10
4 -

( mg/kg.day CSF 

) Q�$3 × 10
3 -

) ^�� �(3 × 10
3 -

) G��$ � �(3 × 10
4 -

) 
�  � (3 × 10
1 -

( mg/kg.day RfDingestion 

) Q�$52/3 × 10
3 -

) ^�� �(86/2 × 10
5 -

) G��$ � �(1/3 × 10
4 -

) 
�  � (3 × 10
1 -

( mg/kg.day RfD inhalation 

) Q�$25/5 × 10
4 -

) ^�� �(6 × 10
5 -

) G��$ � �(23/1 × 10
4 -

) 
�  � (6 × 10
2 -

( mg/kg.day RfDdermal 
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�3!�" �
1 C
��  

:rHJ �
 �<���� �> 0�
  ���
 9�$ C�!DE �]D; :� }�����F :��7�  	 �<
   �1;�	�" %&��� O�J � ��K��� �56

:��7�  �	�� ���K  	 
3  ��8� .�$� ��6 ` �!"  F�9�����  �r��S �]D;
� Q�$ �^��  ��$ ��G :�����e 

55/5 �04/1 �93/16  �11/6 ����� ^�"  �� .��	�" �1W ��K��� �56  �1;�	�"  	 e2�����:��7�  	 �<
   �1;�	�"

 �56��K��� �]D; �
�  � Q�$ ����� �0  ��8� 0��:� �0 :�$�>  	 �]D;)�F� .�$� �	�� (�F ���:�  �	�	 ����

U�� �]D; : �$�
 ��F ��*�� ����� :� }���� �r��S E��� 3~� 	�0��G $X��C�* �2�r'� $X��C�* ?����  � v��

?�2E�� �<
 �J�$ �$� 0�$� ���f)1  ��� ��7< �2023.(  

V"F@:@8� V&"� I�&)�3: (Potential ecological risk)   

�  	�F $ �� �:2?�I�' ) ��*���< `�  0� �	�a�$���Hakanson(� *���>�3  �G* f�?����' 9�$ C�!DE�F  :8I��

	 �� �:2?�I� �$� ��6 :1$�.� 'K����)2  ��� ��7< �2023 .( ���K  	4 	�8��� *���>�3  �G* f�?����' )ER (

  LJ�6 ��G* )RI��6 :x� � ( ��� .����c � ����' �<	 � :�9���F ER ���
 9�$ C�!DE�F   	 :2?�I� 	 ��

:��7� �<
  �1;�	�" :�C �r  Zn < Cr < As < Pb � d<�' �����  ��8� V�$� �� .�9���F ER �G��$ � )95/3 �(

 Q�$)53/6�  �(
 )01/0( � ^� )03/0� �	 (
 *���>�3  �G* f�?����' ) g40ER <( ��� .���*<�c :��$	-

	�8� : 	�	 ���� ������ RI 
�  � ^� � �	
  �G* ) g150 RI< /$��� G*�  
� �	 G��$ � �( )300 RI 

<≤150 () 	��0 G*�  
� �	 Q�$ �600 RI ≥ (���*<.  

 U�'K3: �[<L��:�H� ��@� �;HG� �� #�0G7 ��M�! B\�X 1���R 1�
�3���� 2� 1�  

#�0G7 ��M�!  '.�� �G���  #�0)���  �)���  �G��2 

 1��)Zn( mg/kg  64/61 -23/1  55/5  91/3  97/4  

 _��8)Cr( mg/kg  75/8 -53/2  04/1  32/0 43/58  

Q�7 )Pb(  mg/kg  36/182 -0  93/16  06/4  97/12  

V�G7�R )As(  mg/kg  35 -0  11/6  29/4  47/15 

  

 U�'K4: V"F@:@8� V&"� 1���R `"�3) )Er � (WL��  V&"�)RI (�:�H� ��@� �;HG� �� #�0G7 ��M�!�  

#�0G7 ��M�! 
V"F@:@8� V&"�)Er( 

WL��  V&"�)RI(  
a��G�� a�"M8�� #�0)��� �)��� 

_��8 0 3/0  03/0  01/0  78/1  

V�G7�R 0 62/22  95/3  78/23  67/197  

Q�7 0 29/70  53/6  57/1  3/326  

1�� 00/0  06/0  01/0  00/0  28/0  

9�$ !DE�F ��$ �G �' ����� :�U� 3��S ����S���� �!E� :� ��W���d *���> �IJ�3  �G* f�?����' � �56  	���K� 

 .	�6 ������$ �G �G 9�$ !DE�F 7$' 1&  	 : �$���2 :�1& C �r�2' ��$ � O�J  	 	 �	 	�K� �<h  ���

                                                      
1 Zhang 
2 Banerjee 
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�z7<�F �' ����� :�; C �r�1&��2' ��  	�:� ?�2E�� �<
 �2�r' 0 ��� �
 .	�6 ����� Q�{ ��	�2�  � F<�

�E� �
 �E� ���$ d 	� ��< ��r � �<�� 6�7��'�� ����"�� �<
 � ��N' ��;0 �� :  ��$�� >�� �  �' ���  �

�[ ����0�$�C�2 ?�$ �Q�P ��� ��59� 	����:�� 	�8��� 0�	�
 �$ � 0��G .� 	 �� � �/ 0��* �' ��� ) ^�8� ^	�J

��9�� �F�zD" � �?1398(.  0������ Dr�' "	�?�' ��$ �G � �56  	���K� �' ����  ���E � �����$�
  ��	�2�

?�2E�� �<
 0 ���
� �J�$ �<
 *E�D 
�<	�� �� ���7<  �1;�	�"  	 	�K�� G��$ � � '120  ';��) 	�� ^�� �  �0� 

 ��� ��7< �1399 .(	�K���� �$ ��G   �1;�	�"  	
�56� �' ����� �& 0��%  :� �� 	� � tS�� ��$�> �� V�7�

�E�� �<
 DJ�	' j !� � ��	� � �� � ��6 �U�$�	�� �� �7
� $��e �K
 ��H$ :�' �� 	 �� �< �� � ���)1  �

 ��� ��7<2023.(  

 �HL �+�"2��(���7 �2�"  �X�(���7� �2�"  

�  	�F $ ��'� 0 ����'  �G* ��*�� ��H$' :��7�  	 �<
 J  �1;�	�"�����'� :�9�$ C�!DE R�2�  	 ��iJ��F  0�

*� :$�� Dr�' �$�> V�7� ��D�' ��� v����$� �
 j !� � ��	� .�6 ^���� �U�$  ���K  	5� ����!  �IJ

;����&�$ �0'� )HQ*� (��<�
 :$ ��� :��"
  �<�G  C�!DE 0�
�  � Q�$ �G��$ � �^�� �a� :��G  � ��	�

j !� .�$� ��6 �	 �� �U�$ ��c���� :� :K�� � ������F ����! ; �IJ����&�$ �0'� )HQ��� ( 
j !� �U�$  �

!DE ��	� 
�  � Q�$ �^� :�����e *� 0��� �$�> QTK ��D�� ' ?�N 	 .�$� \a��'  :F������ G��$ �  �IJ

�   �'�$�> QTK ��  0�\a��  � ��	� 
��� �D� �j !� �U�$ 	 �	 '>  	 � .  c���� F��z7<HI  	� � : 	�	 ����

'$ �� C�!DE :� �1*� ��	� '�$ �	   	 ��� :� ��6j !� �U�$ �	 
��� �IJ F�� � :�6�	 
����� �IJ  �i�S

 � �$�  ��8� F������ G��$ � � ^������� ��	� j !� 0�  �U�$ 	 R�2� F�� �IJ C�!DE F�9�$  ��Y � �	�.  

 U�'K5: ��X �HL (���7 �2�"  �*� �� #�0G7 ��M�!'GK��+ Z�M+ V�6P5 �+ (�8�@8 � (Y�7  

              ) M�!mg/kg(   

 �3����                       
_��8  V�G7�R  Q�7  1��  

(�8�@8  

HQing  
3 -10×43/4 9 -10×6 /2  8 -10×18 /6  4 -10×36 /2  

HQinh  
15 -10×29 /1  6 -10×26 /7  12 -10×71 /1  9 -10×61 /6  

HQderm  14 -10×2 /6  3 -10×78 /1  11 -10×15 /1  6 -10×31 /3  

HI={HQi   3 -10×43 /4  3 -10×7 /1   8 -10×18 /6   4 -10×39/2  

HI total 3 -10×46 /6  

Z�M+ (Y�7  

HQing  
4 -10×75/4  9 -10×79 /2  8 -10×62/6  5 -10×53/2  

HQinh  
15 -10×32/7  6 -10×09 /4  13 -10×69/9  9 -10×72/3  

HQderm  
14 -10×47/9  4 -10×71 /2  11 -10×74/1  7 -10×05/5  

HI={HQi   4 -10×75 /4   4 -10×75 /2   8 -10×62 /6   5 -10×58 /2  

HI total  4 -10×76/7  

                                                      
1 Okoro 
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 ���K  	6��� ��c 0 ����' ��&�$ �IJ �0'�  Q�$ � G��$ � �^�����
 j !� � ��	�  �U�$��6 �	�	 ���� 

��� :� :K���� .�$���c ������F ����! ��&�$ �IJ �0'� )CR��� (
 j !� � ��	�  � ^�� !DE :� }���� �U�$

�$ ��G :� : �$�����e *� 0��� �$�> QTK ��D�' � ��� 	 �� \a�� �' ���6.  c���� �F��z7<TCR  	�	 ����

 :� �1*� ��	� '�$ �	   	 ��� :� G��$ � � ^�� 	� � :j !� �U�$   ��8� F������ � :�6�	 
����� �IJ

 � �$������ ��	� j !� 0�  �U�$ 	 R�2� �� �IJ  ��Y � �	�. 

 U�'K6: (���7  �HL �2�"  �*� �� #�0G7 ��M�!'GK��+ Z�M+ V�6P5 �+ (Y�7 (�8�@8 �  

              ) M�!mg/kg(   

 �3����                       
_��8  V�G7�R  Q�7  

(�8�@8  

CRing  
4 -10×58/5 4 -10×17 /1  6 -10×09 /9  

CRinh  
8 -10×56 /1  8 -10×3 /3  10 -10×54 /2  

CRderm  
8 -10×86 /1  7 -10×01 /8  9 -10×15 /5  

TCR   4 -10×58 /5  4 -10×18 /1   6 -10×09 /9  

CR total 
4 -10×8 /6  

Z�M+ (Y�7  

CRing  
5 -10×98/5  5 -10×25 /1  7 -10×74/9  

CRinh  
9 -10×8/8  8 -10×86 /1  10 -10×43/1  

CRderm  
9 -10×84/2  7 -10×22 /1  10 -10×86/7  

TCR   5 -10×98 /5   5 -10×27 /1   7 -10×75 /9  

CR total  
5 -10×35/7  

  

�3)"` c�+ �  

$ ��' 9�$ C�!DE �]D;�F  : 	�	 ����^�� � G��$ � :��7�  	 �<
  �56  �1;�	�"��K��� ��7 �0  ��8� 0��:� 

�0 :�$�>  	 �]D;)�F (�$�.  /�.�  	 �� �]D; 0� ����� 
�56 /�.�  	 
�  � Q�$ �]D; : 	�	 ���� c����

'� �56 _��&� : �6���' ���� �E�" :���� U�� �]D;
 ��F ��*�� ����� :� }���� �r��S  ����� 	�0E�����G 

$X��C�* �2�r'� $X��C�* ?���� ��v� 0�$ ��
 ?�2E ��� �<
 �J�$ 0�$�  F��z7< ���E�& �< ���7< 
 �1;�	�" 


 
�<	�� ��120 '� :8I�� F��  	 �0� ��6 38��� �56 3J�	 :� e?�; 	�� �5K  	 : �6�� ��� ��7< � 
!�!S) ���

1399($ �� .' �$�� � ������! � L���' �� �� :��c ��F �$ �� :2?�I��� ����7< :���� C�2?�I�' :� .	 �	����S -

��~� ���8<	 C�2?�I�' ) �� ��7< �2017"	�?� : 	�	 ���� ���5� �56  �1;�	�"  	 (' 6��' 9�$ C�!DE 0��F 

�  � Q�$ �\� �����
 :�?	�3 ��*�� ����� �$ ����� 	�0��"�' ���� �$� !��� ��3 D8���: �$�d  v���N� � �	�K

�J�$ �<
 *E�D' '�.�6�� �z7<��F  C�2?�I�
�a2K  �) '�	�J1393( �  �� ����  	
 0 ����' 9�$ C�!DE�F 

�56  �1;�	�"  	
 Dr� X��� : ��	�	 ����' 9�$ C�!DE�F ����� �  � Q�$ �\�
 �56  �1;�	�"  	
� �$��3 

D8��: �$� :� C�!DE F�� '���� d���> :2?�I� �� �   	 '75� d8� ���� _��&� 'E��"�>�� : ����$  :���� F��
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.	 �	 �56 F��  �1;�	�"  	 C�!DE F��  �MN :� C�2?�I� �:����  �&'����Y )1397(  C�!DE �]D; : ��	�	 ����

 F�9�$�56  �1;�	�"  	 ��	��� ����� � 0��9���F � �]D;�F U�� d��  	 C�!DE'� �0 :�$�>�F .�$�  V�$� ��

��9���F 	�8��� RI �9�$ C�!DE�F ^��  ��  
� �	
 *���>�3  �G* f�?����'  ���*< g G*�  
� �	 G��$ � �

 Q�$ � /$���� �	
 *���>�3  �G* f�?����'  	��0.�$�   	 Q�$  ��8� F���> �]D; :� :K����:��7� �< �:���0 


�' ����  �56  �1;�	�"  	 	�K�� Q�$ g]S� d�� �E�" :���� 38��� %&��� ���$ 0� ��K�����6 ���. C�2?�I�  0��	

�!� 1 ) �� ��7< �2023 �56  	 (�����< 9�$ C�!DE 	 ��  	�F �56  �1;�	�"  	
  ������	�	 U�� �]D; :
  !DE


�  � Q�$ N���  	' 	!��G �	�K �56 %&��� � �<
� 6��' �$� 0��3 D8��:  /$��� '��f�?�� G*�  
� �	 � �	��

 .���*<���02 ) �� ��7< �2023 �($ �� :�' 6�� C��IJ' 9�$ C�!DE 0��F �	�K  �1;�	�"  	 �< ���
 ��H$' 

� � ��*����7' .��/ 0��* ���J�	�>��� .�c 9�$ C�!DE : 	�	 ������' �	� �������^� �  �\�
  �� Q�$ �

U�� C��IJ'� ���
 ��H$' �.� � ��*��/ 0��* ���*< ���7<  
��� ��H$ G*�  '���0 � c���� : ��	�7� ���� �

 � ��*��.��/ 0��* '� '7DS ����> ����� �<	 :x� � 
�<�56 ������ 
��� 
��.  

0 � :� :K�������' ��&�$ �IJ �0'� ; ��� ��&�$ �0'�� ����c  ����	�	 � :�����F ��7 ��F ����! HQ ���
 D�: 

9�$ C�!DE�F  � ��	� '�$ ���" �	 �<  	 �j !� :� �U�$����e *�  	�� � �D����� �$�> QTK 0�'  \a�� �

�6 ��<��� .0 � :� :K�������'  �IJ��;��&�$ �0'�� 9�$ C�!DE�F � �	
 ����! ���a�� �IJ' ���*<  �56  	 �

 G*�  ���� ��K���) 0�  ��71 -10×1'� ( c���� .��6��; �IJ����&�$ �0'� )HI'$ �� C�!DE 	� � : 	�	 ���� ( -

 :� �1*� ��	� '�$ �	   	 ��� :� ��6j !� �U�$ ) ^�� �i�S �	 
��� �IJ F�� � :�6�	 
����� �IJ3 -

10×43 /4) G��$ � � (4 -10×75 /2 Q�$ 0� ����� (�$�  ������ ��	�  	 R�2� F�� �IJ C�!DE F�9�$  ��Y 

� �	� . :� :K����0 ����' ��&�$ �IJ �0'�� 9�$ C�!DE�F � �	
 ����! ���a�� �IJ' �$ ���" �	 �<  	 .���*<'� 

G��$ � � ^�� � �	
 ������F ��&�$ �IJ �0'� � �	 Q�$ �
 ��7�F � �IJ' �6��	�8� .�� CR  ��	�  	

����� j !� 0� .�$� �U�$ ��!�� CR ��	�  	 ) ^�� 
���4 -10×58 /5 �(�$ ��G )5-10×98 /5Q�$ � (   	

 ��	�)6 -10×09 /9 (j !� �  �U�$ :�) e����4 -10×18 /1) � (5 -10×27 /1 ����� : �	��  (  0�6 -10×1 ) ��7�N�

 ��&�$�G �  	 �a��D��� (�' �6��  �� ����' �<	 T>�IJ��
 ��6 �.��/ �  	 C �]� � �����F �0�:�  	�K�

 ��� h	 �	CR j !� � �U�$ )7 -10×75 /9 (  ��7 0�6-10×1 � ���� : �$�' �<	  �G* 6�� ��&�$' � 0��F  !DE

  �1;�	�"  	 
���j !� �U�$ �' ����� 	����� .	�6 :�E�" ) �� ��7< � �������  c���� �� g5� F��2016(  �  ��1 �

) �� ��7<2022 .	 �	 �8��I� ( d5K tS�� : �$� 'D��S G��$ ��' 	�6  ��WX� ��*�� '����f  ��J�$ �� �

�' 	 �T".   	 ��&�$ :� H��� �IJ F��z7<^���� �< d��!E� �  :��~� � :�  �:�D ��$�> :D7K0� 	�2�� 
�' �<	 

�!7<)3  ��� ��7< �2022.(  

����c  C�2?�I�������>4 ) �� ��7< �2023 � ('?��$5 ) �� ��7< �2022� ���� (' �<	 � :�����F ��7 ��F 

����! HQ ���
 D�: 9�$ C�!DE��F :�����e *�  	�� � �D����� �$�> QTK 0�'  .�$� ��6 ��<��� \a�� �

                                                      
1 Díaz Rizo 
2 Zong 
3 Hamza 
4 Panqing 
5 Cirelli 
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�z7<��F ����! HQ *�  	�� ��� \a�� � �D�
 � ��	����� j !� 0� *�  	 � �	�� �U�$�� �$�> QTK' ���
 

j !� � �U�$����  ��<��� ��	� 0�'�	�6.  '27�� �IJ;�� ��&�$ �0  �1;�	�"  	 F�9�$ C�!DE :�D '�

 0� ����� ��	� 
��� '�����Jj !� �U�$ �$� :  0� ����� ��	� 	�	 ���� ��� F��j !� �U�$  �IJ R�2�  	

��&�$ �IJ F������ 
� �	 ^�� !DE �'�$ ���" �	 �<  	 .�� �	  ��Y F�9�$ C�!DE �IJ F���7 Q�$ !DE � '��0

Y) 	 �	 �  �'����1397(.  

  

���3)  1��S  

�!E� :� :K�����d ����! *�  	 %D2� C� {� �
 �<�56 0�
  �56 :D7K0� � ������K� �� C��W� �  3���S �� �<

.� bD����/ 0���* ���� �$� ^0U��
 .� bD��� ��!K� �� %D2� C� { C��W� �� 	�6 {�����/ 0��*  d<�����  �

�� :��:� "��
 �  	 .�$�� �7W�7~��F 9�$ C�!DE �]D; �:2?�I��F :��7�  	 �<
 � �56  �1;�	�"���K� $ �� 	 ��' 

�$� :�E�"  ��Y. 0 �  �]�� :����'  �G* ��*�� ��H$' 9�$ C�!DE�F �$ � �^����G � 
 �  	 Q�$ ��F $ ��' 

:�E�"  ��Y :K�� 	 �� �  � Q�$ �]D; .���
 :��7�  	 �<
 � �56  �1;�	�"���K� �8�  	�:* �0  ��8� ���:� ����� 

6�� uU�7�N� : �$�' ?�2E 0��� ��*��' ��E�& � �<
 ��� .�$�  �	 X��� ��  �1;�	�"�F� ���N�F  ���� d<�=>

�' �<	 Dr� �1�� :' 9�$ C�!DE  ������F � �56  �1;�	�"  	����K� ����� :�?	�3 ?�2E�� �<
 �2�r' E��� ��G 

�56
� �J�$ v���N� �<
 E*�D' �z7< ��F �<	��
 120 �  	 �0� �F :� .�$� :8I��C �1S	���9 ��E�& �<
 

� �56  	  �1;�	�"���K� �' ������ �!E� tS���d 9�$ C�!DE �]D;�F ���6  �1;�	�"  	h Dr� X��� ���' ��F "	�?�' 

?�2E ���� �<
 ��*��' ��� :� :K���� .�$� /1����c 0 ����' ��&�$ �IJ �0'� ; �����&�$ �0'� 9�$ C�!DE�F   	

J  �1;�	�"�����' � �56����K� 9�$ C�!DE : �6 L����F � �	
 ����! ���a�� �IJ' � ��	� � ���*<����   	

� �IJ R�2��F �$ ���" �	 �<  	 .�� �	  ��Y C�!DE'� �$ � � ^���G � �	
 ������F ��&�$ �IJ �0'�  Q�$ �

� �	
 �7��F � �IJ' �6���z7< .��F 9�$ C�!DE�F � �56  �1;�	�"  	���K� � �	
 ; �IJ����&�$ �0'�  g<

$ �� .���*<' �< �!DE 	� � : 	�	 ����C $ ��'�$ �	   	 ��� :� ��6' j !� :� �1*� ��	�  �IJ �U�$

�����
 � � :�6�	�F ��� �IJ
 �$ � � ^�� �i�S �	�G ����� ��� .�$� Q�$ 0��F :� ^0U ���N
 ��	��  : �$�

 F��� �	 :2?�I�
 	��.��� �<'� ��� � �$�
 D.��3 Y	�% �� ���� r�iJ��
�< E�!��'� 6�7��'� �� �' $��6' 

 �1;�	�"� 0���� ����' 9�$ C�!DE�F �< ���E �
 DY��7' ��! �0���� "��
 � :� :K���� .���6�:�� ��E�& �<
 

�  �1;�	�"' ������ 9�$ C�!DE  ���F 	 %&��� :� � �	�� ��< :� bD��� ����� 0� � ��9 $ �� ���� 38���' WX��C�� 

�� �  �� �<
 9�$ C�!DE �]D;�F 	 %&���  	��9 ��!  ��[
 ��� .�$�
 U� C��W� d<����� �<
 ��<�'� ���� 

�����Y�' ���
 E��� d<��G �56
 �J�$ 0� �	�a�$� � �<
 .�  ���$�	�/ 1&�2' "  ��Y :K�� 	 ������  �

 ��iJ  	 F��z7<���� �<  	 � :�E�" C �r ����� C�2?�I� :8I�� e?�; 	�� ��*�  	 
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