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Abstract 
This study is conducted to evaluate the concentration of nitrate and heavy metals in soil and edible organs of lettuce in Varamin plain farms for one 
year during 2017-2018. For this porouse, 30 lettuce fields in Varamin plain are selected and in the lettuce harvest season, soil and crop sampling are 
performed and the average concentrations of nitrate and heavy metals in the soil and lettuce were compared statistically with the standard limits by one 
paired t-test. The average concentrations of nitrate, lead and cadmium in lettuce are 2756, 1.46, and 0.11 mg/kg in fresh weight, respectively, which 
are 1.8, 7.3, and 1.1 times greater than the standard limit, declared by the National Standards Organization of Iran, respectively. The mean 
concentrations of nitrate and total concentrations of lead, cadmium, and nickel in the soil of lettuce fields are 27, 42, 0.64, and 42.5 mg/kg, 
respectively, while the concentrations of nitrate and lead have been 35% and 180% higher than the allowable limits, respectively. Risk assessments for 
heavy metals and non-cancerous diseases are performed, using formulas provided by the US Environmental Protection Agency (USEPA, 2006). In 
this regard, the risk index for non-cancerous diseases (HQ) is used. The risk factor for non-cancerous diseases for all contaminants is less than one, 
indicating that there is no risk for consumption. Accordingly, consuming 40 grams of lettuce per day does not pose a problem for an adult consumer. 
The bioaccumulation index for all the studied metals has been less than one. According to this study, the highest bioaccumulation factor belongs to the 
heavy metal cadmium, which indicates the tendency of lettuce to absorb and accumulate cadmium compared to other heavy metals. In order to reduce 
the concentration of nitrate and lead in the soil and prevent contamination of lettuce soils, it is recommended to avoid excessive use of fertilizers 
containing nitrogen and phosphorus and fertilizer application should be based on soil test. According to the results of this study, there is no serious 
possibility of exposure to non-cancerous diseases caused by nitrate and heavy metals from eating lettuce, but monitoring the concentration of nitrate 
and heavy metals in soil and lettuce at different intervals is necessary. 
 
Keywords: Bioaccumulation, cadmium, lead, nickel, permitted concentration. 
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9�e� � �Y�U H� �� H��h; *�	 �) ��=� �' .-)�./ 9�) 

������ �
`� !
� D�V� &�� 
" �& ��) J
 �� (���� 


:c�V�&���* &�"�)& f����� H���I %�# ���U 


 ���� &�� � 
��" 9�)&�" ���@� ?��' b��	� 9��, 

Hp�� ��  �Y�� �
����U  	�� �	e� �� �9 ��7;��� 

@B'� � &�" be	� .&�� ��' $�7�� (���Hp�� � ��@�� 


� ��"��F  �� ���� &�"38 � �U�&Hp�� �  be	� � [c�#

 &�"*��Y�� ��/���; ��Y�?�
  ��48  �U�&P2O5  .&��

 �� (���� �& ���� &�" �� �&�Y �� 
	��&200  �;1000 

"*$�P���  ��Y���/�� &�"200  �;500 "$�P���  �� T) �&

��& &�" �� �YU �; 100 !; �& �� T)  .&��  


����	� 
��C�9��&�� �� *%�# &��:; 30  �& 
0���

��� 
KV	� ~V�9 
��C�9��&�� A�B �� �'  ��&  ?@�

 �)�" (���� 
� �)�" �'�&��
:=��� �' .
��C�9��&��  ��

 %�#
0��� 
����U �� .�' $�7�� D"��!
  
" ���U

 ��15 
VK�  k� B�
0���  GC0 �� 
��C��YU  �;30 

� ��� � �9 
� ��
��  
 �
��C�9��&��  s�� *�' Z#�


��C�9�) ��'Z#�  � ���B� _) ��J
  
� %�# 
��C�

H�� J
 "$�P��� h;
�  .�'
��C� �)9  &��� �� s/ %�#

���I 
����d
  �& Jc� �� s�� .���' Jd#��)����9� � 

��e0 �&�& ���' .�P.
�9�) �
��C�' *%�# �� 
�C= 

���� ���� � �	� ����� �!� � *A��?T� �&�" �$�� 

&��� ������ ��P9  ���n���P .
��C�9��&��  �����P  �) �&


0���* 
����U D"��  ��$���� ��@�� �)�"  H��� �&

 ~eU$�7�� �'�� .!
  &��:; *
0��� �) �& 
" ���U15 

 �)�" 
;���'�&�� 
��C� .�'�)9 P��� �:� �'�&�� ��* 


� ���	� P��=9�� ��& �� � H�� -)�" ��  AI H&�&

 ?#�& *����H��B
�)9  � 
 ��P ���n ?C, ?��n
�U��R� 
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���I 
����d
 ' ?K 	� .���
����	� �&��I9��� 
��C��) 

���9 c��I�� '*�
��C� �� �� �C�n ����"���# }��)9�) 

EV�� =��#� ; �e���� ��� (a�@� ?��n
;�� �)9 �)�" 

aZ, *���' s/ �� HI 
��C� �)9 �)�"9  ��'Z#�

}��  *�' }��
��C� �)  � ���' 
 �' �VK� AI �� �&

�
�h�  ���K�J
 "$�P��� }�� ?��' �)�" }�� �)9 

EV�� � ����� 
��C� ��9�) ��'Z#� �� 
0��� 


��C� 9��P  ����, 
=�& �� H�I ?#�& �70  
=�&

� ���*&��P �; H���� 
� H�� ���l  .�' �&�& ���n
����	� 

:;!��  *�)�" Jd# �&�� �U�&100  ���; 
��C� �� $�P

�)�" )Wf (?#�& H�I 
� ��� 48 �0�� ���n �&�& �' .

s�� 
��C� �� �����& H�� �&�" )Wd (� �� �&�Y �� �� 


V��� )1(* �U�& �&�� Jd# 
��C� 
e��E� �' )Bakhsh 

Khaniki et al., 2011 .(  

)1(  Jd# �&�� �U�&   =
Wf − Wd

Wf
∗ 100 

  
1,2����� . ��
�  �!"�# $%&  �'
( 	��   

9��� ������9��P ���� � �	� ����� �!�  ��v��9�) 

g
�� 
��`� ��K�KE; %�# � AI �&�Y �� �' )Emami, 

1996 .(
����	� ������9��P ���� ��� ��  �) �� *�)�"

 *Jd# 
��C�2/0 ��; $�P
 � !50 ����� �c  ��J� ���� 

�& 
� �U�& HI  �)
��C� .�' 
��+� �)
� ��� 20 n&� �& 
K

'�T� ����&� ;T Z��" �� 
�U�, ���E� � �' �&�& H�

��U� ��e0  � �' �&�&��H�� 10 ����c��   � ���@0 ��10 

����c��  �� ��9 ���E��)9 &����� �� �� /��� "�&� � 
� 


c�c ���I
- A�&��& ?K 	� �' .*s�� �� H��5/0  �� $�P

) ���B� �&�/37 �� $�P�� ��� J
 C6H8O7H2O   �5 

 $�P��Yc���	�	� )����� � �����& ��Yc�� $�P�?�I�� 

C6H8N2O2  �J
 H� $�P-1-  Y��?;��!�&9�I�! -

&9 )����"���
� C12H16Cl2N2  �J
 �� �&�/ $�P9  ��

 
��P��=�� H��) o�	� "����� � 
��+� "�&� � ��� 30 

��l�
 
���' 
�_) �&�  �' � ���E� ���� �
��'&�7 


�U��R� a�U �'. ���9 ������P��9 ���� �� ��� 

��� ��� �& S��;T� �� ���  )��� Hach-DR5000* 

�#�� ��I�T
�� �� ��� �& *(9  q�� ��F540  � �����

�	;�
��C� � �' _ �)J
� a�:� H��� ���� $�& ��� � ��� 


��+� �� s/ H&�" � a�:�������� ��� P��9  .���'

� aR #�
� &�0 �& !
I � �' �&��I ��& H
c&�:� �& �� -

�9 "	E	� �� 
� ��� ��e0 &����� �� � ���E� ������ -

_��� / ���� �&�)9 � k� B�
 �&�& ���n *&�� ���I ��&

� 
� �
;�; !�D* ��� H��� �) ��� J
  ��
��C� �) :;��! 

�' .�&  *�:� 
�,����  Jd# �&�� �U�& &��0� �� �&�Y ��

�W��n &��0� *
��C� �) � 
� ��'H��� ���� �  �; �&�� �&

�e;?
 �' .  


����	� ������9��P �	� ����� ����!�  *�)�" �&

J
 $�P �� 
��C� Jd#  ��'�& 
;�� �	�o ����, �&�& 

�' �; &�& ?U�, �� ! #�� HI q��# &�' .s�� 
��C� 


� ��� 
� �0�� �& ���" 450 
=�& � ��� &��P ���n 

���P �; � �"�# �����Y� 
" ������ �� !�� ! �� &��� 

�cI *��� ?U�, &�' .�:� �� H&�"&�� �& *��;�T��& 
� 

�) *
;�� 30 ���� � �c J
� �� ���� ���� 
��+� �' � �:� 

�� ?,H�' *?��" S��;  Z��" ���U !C;�� 42 a�U 

�' �	� ����� �!�  �� �&�Y �� �� 
�U�, ���@0 �&

C;� AZ= ��� �&� ���P ���" 
� ?@ �� � )��� GBC-

932* �#�� ��d" ��c�� ��:; (!�� �'.  

  

2,2 .)�
*� +���,  

!������ ���� ��� �� � ����� !��	� %�#  (����


:c�V�&��� �� ���I H���I �� �&�Y ��9 T-test J;
��C�9� 

�� ���K� �x"��, ��7� ��� �� %�# )Seilsepour & 

Momayezi, 2005 � (�x"��, ��7� ���� ����� !��	� 
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%�# )Solhi et al., 2005( $�� �� �&�Y �� �� ����� ���I9 

SPSS )
B�� 21( �K� &���
�
 ���I9  .���P ���n

!������ ���� ��� �� �	� ����� �!�  �&�)�"  �&)

 ~V�30 � (
0���*�� �� ���K� �x"��, ��7� ��� �� 

)Iranian National Standard Organization, 2013 � (


	�d�� 9��&��� ����� !��	� ) %���# �&Iranian 

National Standard Organization, 2010 �� �&�Y �� �� (

���I H���I9 T-test J;
��C�9� &��� 
�
�K� 9���I ���n 

���P� �eC) .� �!� �� E�9 �*��� � *$���&�" A�� � 

?T�� � � %�#*��� �  *A��$���&�" � ?T�� �)�" ��� 

����� ��P� 
c&�:� �H��  HI�&�Y �� �� �� $�� ����� Exel 

�' _�� .�& ��� ������P� *
F���� ���� ��� ��  �

�	� �����!�  �)�" �&
� H��	0 w ��� ) 
 ����Y (� 

���� ��� �� �	� ����� �!�  %�#
� H��	0 w ��� 

) ?K ��X (�& ��� 
 ��P �'.  

  

3,2./�01�� . !23 4!5�  

���
��� �V# �'�� �� &��� �U�	0 !��	� 
� H�� � 

��C��9�)9 ���F����� �� ������)9 
W��� ��' S��; 

H����� �X�Y, S�E� ��
� �T
��I $�7�� �' 

)USEPA, 2006 .(�& !
� � ��� �� [#�' Z/�V#�
9 


� ��C��9�)9 ���F����� )HQ(1  .�' �&�Y �����K� 

AZ= 
����� ����� !��	� 
� ���� �U�	0 �& �&�� 

�
�Z� � ���K� a�@� �Z� �� �� &��& )USEPA, 

2006 .(H�	o 
o  [#�'�
Z/�V#9 
� ��C��9 �)9 

���F����� )HQ( }����; �� J
 *�'�� H�d���	)& 

&�=� �V# �'�� �� a�@� &��� �
�Z� �&�cI 
� ����� 

!��	� ���9 a�@�H�P�		" ��� )Cui et al., 2004 .(


o�) D
�+ �
Z/�V#9 
� ��C��9�)9 ���F����� 

}����; �� J
 *�'�� H�d���	)& �V# ��	
��� HI ��� 

                                                                                    
1. Hazard Quotient 

!��	� ���9 � �R� H���� ��� )USEPA, 2000 .(

���
�& 
����� ����� !��	� �� G
�F a�@� ��7
�e� 

�� 
V��� )2( 
e��E� �' )USEPA, 2000 .(  

)2(                                              Intake =
��∗��

��
  


" �& !
� 
V��� Intake * ���K� AZ= 
����� ��	
^I 

)μg kg
-1

 day
-1*( Cf* ���� ��	
^I �& H�� �; �e�*9 Ir* 

H���� a�@� �e�9 �; �& �) ��� )g day
-1� �& 
" (!
 

 -)�./40  �& ��� �& $�P��� ) �' 
 ��PAghili et al., 

2010 (� Bw* H�� H��  �c�� &�����'�� 
" �& !
� 

-)�./ 75 "$�P��� ) �' 
 ��P ��� �&Seilsepour, 

2021 .(���
��� #�V ��R� ���9 a�@�H�P�		"  ��

�FG
   
e��E�[#�' ��C ,� �
Z/�V#9 
� ��C��9�)9 

���F����� )HQ ([Bd�  .�'H�	o 
o !
� [#�' 

_" �; �� J
 *�'�� �V# ��T'I9 ���9 a�@�H�P�		" 

&�=� &���� .[#�' �
Z/�V#9 
� ��C��9�)9 

���F����� �� 
V��� )3( &��I��  �')USEPA, 2006.(  

)3(                                                 HQ =
������

���
  


"  �&!
� 
V��� HQ ) *�,�� H���ORD(2 �H��� ��7� 

���
�& �&�"*$�� A�� � �?T�   .���f����� &����� �� 

H����� �X�Y, S�E� ��
� *�T
��I ���� ��7� ���
�& 

*$���&�" A��  �?T�� 
� D�;�;  1 *4 � 20  $�P��T�� �� 

$�P���" H�� H�� �& ��� �� �'�� 
" �& -)�./ �+�, �� 

!
� &��0� ) �' �&�Y �� s����USEPA, 2006�& .(���
 


����� )Intake (����� !��	� �� G
�F a�@� ��7
�e� �� 


V��� )4( 
e��E� �' )USEPA, 2000 .(  

)4(                                               Intake =
��∗��

��
  


" �&  *HIIntake* ���K� AZ= 
����� ��	
^I )μg kg
-1

 

day
-1 *(Cf* ���� ��	
^I �& H�� �; �e�*9 Ir* H���� 

a�@� �)�" �& �)  ���)g day
-1 � (Bw* H�� H�� 

�� �'��.  

                                                                                    
2. Oral Reference Dose 
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4,2)��7 . 89:� .";01 )BCF(1  

�T
 �� ?��0�)9 �Ch� 
" ���9 ��������P9 H���� bC7; 

�U�	0 !��	� �& 
��C��)9 �)��P &��� �&�Y �� ���n 

�� *&��P ?��0 bC7; � �
� ��� � �� _��K; ���� 

�@	0 �& -B� �
��) 
� ���� �@	0 �& �#% 
e��E� 

��&�' .
��P ���&9 �
&�K� ?��0 bC7; � �
� ^�� 

)-�� �; �� 1 (���9 J
 ��� {�# ������; 
�H��	0 
��P 

��ex;��		" *�@	0 ��Ec &�' )Yoon et al., 2006 .(  

  

3 .>0�"#   

!������ ���� *��� �� �&�" *A��$�� � �?T� �)�" �& 

 
:c�V�&��� (�������C)  ������I9�) �*!����� *�x"��, 

?n��,  �a��E�� :����  ���= �&)1(  �!������ �P.
� 9�) 

'�
��C�  k� B� (���� %�#���C)  ��!������ ���� ?" 

����� !��	� ?��' *A�� $���&�" � ?T�� �& ���= )2( 

�&��I ��' ���.  

  

3 .1 .��
�  �!"�# ?��'� @�3 	 �
�� ��  

�x"��, H���� ��� �� ������9��P  ��'�&  �)�"7248 

���� $�P �& $�P���" � ?n��, HI 623 ���� $�P �& $�P���" 

�� !������ 2756 ���� $�P " �&$�P���  .&��!������ ���� 

��� �� �& 
��C�9�) �)�" �� &����� �� 
� �e��� �H��
 

)Iranian National Standard Organization, 2013 
" (

1500 ����  $�P�& $�P���" *��� 83 �U�& -�� �; &�� .

g
� � H���I 9���I )T-test (H�d� &�& 
" ���Y; 9���I 

�	:�9��& �!� �!����� ���� ��� �� 
��C�9�) 9�)�" 

��'Z#� �� (���� � �x"��, ��7� ��� �� �)�" )1500 

���� $�P �& $�P���"( )Iranian National Standard 

Organization, 2013 &�=� (�'�& .�& 77 �U�& (���� 

*
:c�V�&��� �H��� ���� � �� &����� �� GeF ��7� �, ��� 

�H��
  �;���&��.  

                                                                                    
1. Biological Concentration Factor 

B�0C 1 ."
82�
! +,'- 3456
2 81$ 34�'7 �"
 )�'
! ;5F 

�� ;5F%'
< A=� �=�G (� 5��$ ��4���� ��!/� %��<  

����I  ��� �� A��  ?T��  $���&�"  

�x"��,  77/7248  88/4  6  52/0  

?n��,  48/623  08/0  3/0  0  

!������  64/2756  46/1  41/0  11/0  

a��E�� ���:�  14/1721  21/1  57/1  12/0  

�x"��, ��7�  *1500 
**2/0  **10  **1/0  

�U�& a��E�� �� �x"��, ��7�  7/83  630  0  10  
* Iranian National Standard Organization, 2013 
** Iranian National Standard Organization, 2010 

  
 B�0C2 ."
82�
! +,'- I< 34�'7 "
81$ )�'
! ;5F 5> 

;5F%'
<�$ � (5� �F��� ��� 
���
	
 �)��*!��%! J�4�! 9�:  

����I 

�
�� 

��
  

�Y
��

 
?�

�n
 

A
Z=

  

_�
��

 /
 

?�
�n

 
A

Z=
  

A
��

  $�
��&

�"
  

?T
��

  

�x"��,  81  208  1239  5/71  13/3  5/54  

?n��,  8  28/4  4/239  5/24  02/0  5/36  

!������  27  93/75  9/599  05/42  64/0  58/42  

a��E�� ���:�  2/5  51/51  78/236  51/12  72/0  09/4  

�x"��, ��7�  *20  -   -  **15  **3  **50  

�U�& a��E�� �� 

�x"��, ��7�  

35   -   -  180  0  0  

* Seilsepour & Momayezi, 2005  
** Solhi et al., 2005 

  

�x"��, H���� ��� �� ������9��P  (���� %�# �& ��'81  

���� $�P �& $�P���" � ?n��, HI 8 ���� $�P �& $�P���" �� 

!������ 27 ���� $�P �& $�P���" &�� ���=) 2� .(!����� 

� ������� �  �&
��C�9�)  
� �e�� �)�" (���� %�#

���� ����E� ��� �� �& %�# 9��� �)�" )Seilsepour & 

Momayezi, 2005 (
" 20 ���� $�P " �&$�P���  *���35 

-�� �U�&  �;&��� � .g
 ���I H���I9 )T-test (H�d� &�& 
" 

���Y; 9���I �	:�9��& !�� !������ ���� ��� �� %�# 

(���� � �x"��, ��7� ���� ��� �� %�# &�=� &��& .
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w;����� � ������� � 
��C� 9�) %�#  (�����)�"  �&

 ?T')1( H�d�  �& .��� ��' �&�&70  (���� �U�&

� *
:c�V�&���H��� ���� �  �;��� ��7� �, �� %�#&�� .

!�� 9�� E� ��� �� �)�" )Y� ���� �� (��� �  %�# �&

)X� �eC) (� 	:����& )01/0P<�+ �� (D
 e;!�� 97/0 

��P� 
c&�:� 
" �'�& &�=����� V# ��� �� HI� 

/9��� ��&�C�  
V���)5* ?T' 2.(  

)5    (                              Y = 98.00X + 22.35     

  

  
 IK
1 .L1<45� 3456
2 9�: J�4�! �#�� ! � A/ �> 5M<40N 

=�O!  
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