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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. 
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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  

A�
 %

?�
>

  

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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^�U+ (]�7  

'
"�

��
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