
��~ãªC�²æ B�² �B�̂ � ��a��� ����

-� RI WKH .RUHDQ 6RFLHW\ IRU (QYLURQPHQWDO $QDO\VLV

$$6¢��Ï��~ã�ò~�ªC � &V�ªê�7�Ï�Wª~�ªC�Òf����

�Ú�5�j�j²j�7�b�

�VêÁfö;
Á;c�
Á��ê

ÁJç�

Á9LQLW 0LVKUD

ÁfV*


�






ÿ�&�v z�"� 
B"&�v V."���²
z�"�



̂ «&�v æ�~ã"�"� 


ã�&�v ~ã��bV

A Case Study on the Analysis of Airborne Lead using
AAS Techniques with the Focus on Korea and Asian Countries

BJ Choi, Won-Hyung Kim
, Chang-Hee Kang
, YJ Choi

, SI Oh

, 
Vinit Mishra 

 and KH Kim 



,





Dept. Of Chemistry, Dongguk University, Seoul
*Research Institute for Basic Sciences and Department of Chemistry, Cheju National University

**Dept. of Earth & Environmental Sciences, Sejong University
***Center for Environmental Studies, Kyung Hee University

In order to investigate the environmental distribution characteristics of airborne Pb, we made a comparative
analysis of Pb data reported in Korea and major Asian countries in recent years. The results of our analysis
generally indicate that the Pb levels in most Asian countries are compatibly high relative to those generally
observed in western countries, despite significant reductions acquired in recent years induced by strong gov-
ernmental regulations in many Asian countries. Using our data sets of Pb in many different countries and time
periods, we attempted to describe the general aspects of methodological approaches used, mainly in terms of
relationships with AAS technique.
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Table 1. $Q RYHUDOO FRPSLODWLRQ RI DLUERUQH 3E DQDO\VLV PDGH LQ .RUHD� RWKHU $VLDQ FRXQWULHV� DQG $PHULFD�(XURSH�

6LWH 3HULRG 0HDQ 6' 5DQJH 1 7\SH ,QVWUXPHQW $UHD W\SH 6RXUFH

�� $VLD�.RUHD�

7DHJX ����a���� ��� ��� �� 763 ,&3�$(6 8UEDQ %DHN HW DO���������

7DHJX ����a���� ��� �� �� 763 ,&3�$(6 6XEXUEDQ

3RKDQJ ����a���� ��� ���� �� 763 ,&3�$(6 8UEDQ %DHN HW DO���������

��� ���� �� 763 ,&3�$(6 6XEXUEDQ

:RQ -X FLW\ ����a���� ��� ��� �� 763 $$6 ,QGXVWULDO .LP DQG 6RQJ���������

��� ��� �� 763 $$6 &RPPHUFLDO

��� ��� �� 763 $$6 5HVLGHQWLDO

�� �� �� 763 $$6 *UDVVLDQG

6XZRQ �����a����� ��� ��� ��a��� �� 30 �� ;5) 8UEDQ .LP HW DO����������

6HRXO ����a���� ��� �� 30 ��� ,&3�$(6 8UEDQ $' .LP HW DO����������

����a���� ���� �� 30 ��� 8UEDQ 1$'

���� �� 30 ����a�� 8UEDQ $'

���� �� 30 ���a�� 8UEDQ 1$'

��� �� 30 �� 8UEDQ $'

��� �� 30 �� 8UEDQ 1$'

7DHMRQ FLW\ ��a�� ��� ��� ����a��� �� 30 ���763 ,&3�$(6 8UEDQ .LP HW DO����������

�� $VLD�+RQJ .RQJ�

$OO GLVWULFWV �����a���� ���� ���� ���a����� �� 30 ��� 3,;( ,QGRRU XUEDQ &KDR DQG :RQJ��������

����� ���� ���a����� �� 30 �� ,QGRRU XUEDQ

����� ���� ����a����� �� 30 ��� 2XWGRRU XUEDQ

��� ���� ����a����� �� 30 �� 2XWGRRU XUEDQ

+RQJ +RP �����a���� ����� ���� �� 30 ��� ,&3�06 +LJK 7UDIILF +R HW DO���������

����� ����� �� 30 ��

.ZRQ 7RQJ �����a���� ����� ����� �� 30 ��� ,&3�06 ,QGXVWULDO +R HW DO���������

������ ����� �� 30 ��

+RN 7VXL �����a���� ����� ����� �� 30 ��� ,&3�06 5XUDO +R HW DO���������

����� ���� �� 30 ��

�� $VLD�7DLZDQ�

7XQJKDL ����a���� VXEXUEDQ )DQJ HW DO���������

�D� 'D\ �� �� �� 30 ��� $$6

��� �� �� 30 ��

�E� 1LJKW �� �� �� 30 ��� $$6

�� �� �� 30 ��
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Table 1. &RQWLQXHG

6LWH 3HULRG 0HDQ 6' 5DQJH 1 7\SH ,QVWUXPHQW $UHD W\SH 6RXUFH

7DLFKXQJ ����a���� $$6 5XUDO )DQJ HW DO���������

�D� 'D\ �� �� �� 30 ���

�� �� �� 30 ��

�E� 1LJKW �� �� �� 30 ���

�� �� �� 30 ��

7DLFKXQJ ����a���� �� � 30 ��� $$6 6XEXUEDQ )DQJ HW DO���������

�� � 30 �� 6XEXUEDQ

�D� $XWXUP �������a�������� �� � 30 ��� 7UDIILF

�� � 30 ��

�� � 763

�E� :LQWHU �������a������ �� � 30 ��� 7UDIILF

�� � 30 ��

�� � 763

7DLFKXQJ $$6 )DQJ HW DO���������

�D� $XWXUP �������a������� �� � 30 ��� 5XUDO

�� � 30 ��

�E� :LQWHU �������a������ �� �� 30 ��� 5XUDO

�� �� 30 ��

�� $VLD�2WKHUV�

%RPED\� ,QGLD ���� ���a��� 763 $$6 8UEDQ 6KDUPD DQG 3DWL

O�����D� E����

6KDQJKDL� &KLQD 8UEDQ <H HW DO����������

�D� 7RQJML 8QLYHUVLW\ �������a������� ��� ��a��� �� 30 ��� ;5)

�E� +DLQDQ 5RDG ������a������� ��� ��a��� �� 30 ��� ;5)

�� (XURSH

%DUFHORQD� 6SDLQ ����a������ ��� ��a��� �� 30 ��� ,&3�$(6 8UEDQ 4XHURO HW DO����������

��� ��a��� ��� 30 ��

7KHVVDORQLNL� *UHHFH ����a���� ��� ��a��� �� 30 � $$6 8UEDQ 0DQROL HW DO����������

�� �a�� �� 30 �a��

'XQGHH� 8. ������a������� �� �� �a��� �� 30 �� $$6 8UEDQ 4LQ DQG 2GX\HPL

���������

.XRSLR� )LQODQG ����a���� �� ��� ���a�� �� 30 �� ,&3�06 8UEDQ +RVLRNDQJDV HW DO�

��������

&DLUR� (J\SW �������a������ ���a����� �� 30 ��� ;5) 8UEDQ $OODEDQ HW DO���������

���a����� �� 30 ��

0D[LFR FLW\� 0H[LFR ��a�� ��� EGO
a���� �� 763 ,&3�$(6 8UEDQ 0XJLFD HW DO����������

EGOa��� �� 30 ��

�� $PHULFD

1HZ <RUN� 86$ ,&3�06 0XJLFD HW DO���������

����a���� ��� ��� �� 30 ��� &RDVWDO

����a����� ��� ��� �� 30 ��� 6XEUXEDQ

�����a���� ��� ��� �� 30 ��� ,QGXVWULDO

/RV $QJHOHV� 86$ 6LQJK HW DO����������

�D� 'RZQH\ ����a���� ����� EGOa���� �� 30 ��� ;3) 8UEDQ

���� EGOa����� �� 30 ��

�E� 5LYHUVLGH ����a���� ���� EGOa����� �� 30 ��� 6XEXUEDQ

���� EGOa����� �� 30 ��


EGO GHQRWHV EHORZ GHWHFWLRQ OLPLWV
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Fig. 5. &RPSDULVRQ RI GLIIHUHQW DQDO\WLFDO SURFHGXUHV XVHG IRU WKH PHWDO�ERXQG 3E DQDO\VLV FRPSLOHG LQ 7DEOH �� $QQXDO
SDWWHUQV RI LQVWUXPHQWDO XVDJH DUH FRPSDUHG DPRQJ ILYH GLIIHUHQW PHWKRGV�

SUHOLPLQDU\ DSSRUWLRQPHQW RI WKH VRXUFHV RI DPELHQW

30 ��� 30 ���� DQG 92&V LQ &DLUR� $WPRVSKHULF

(QYLURQPHQW� ����� ��� ����������

�� %DHN� 6�2�� &KRL� -�6�� +ZDQJ� 6�0�� $ TXDQWLWDWLYH

HVWLPDWLRQ RI VRXUFH FRQWULEXWLRQ RI VRXUFH FRQWULEXWLRQV

WR WKH FRQFHQWUDWLRQV RI DWPRVSKHULF VXVSHQGHG

SDUWLFXODWH PDWWHU LQ XUEDQ� VXEXUEDQ� DQG LQGXVWULDO

DUHDV RI .RUHD� (QYLURQPHQW ,QWHUQDWLRQDO� ����� ��

��������

�� &KDR� <�&� DQG :RQJ� .�.�� 5HVLGHQWLDO LQGRRU 30��

DQG 30��� LQ +RQJ .RQJ DQG WKH HOHPHQWDO

FRPSRVLWLRQ� $WPRVSKHULF (QYLURQPHQW� ����� ���

��������

�� )DQJ� *�&�� &KDQJ� &�1�� :X� <�6�� )X� 3�3�&�� <DQJ�

'�*�� &KX� &�&�� &KDUDUDF� WHUL]DWLRQ RI FKHPLFDO

VSHFLHV LQ 30 ��� DQG 30 �� DHURVROV LQ VXEXUEDQ DQG

UXUDO VLWHV RI FHQWUDO 7DLZDQ� 7KH 6FLHQFH RI 7RWDO

(QYLURQPHQW� ����� ���� ��������

�� )DQJ� *�&�� &KDQJ� &�1�� :X� <�6�� )X� 3�3�&�� <DQJ�

&�-�� &KHQ� &�'� DQG &KDQJ 6�&�� $PELHQW VXVSHQGHG

SDUWLFXODWH PDWWHUV DQG UHODWHG FKHPLFDO VSHFLHV VWXG\

LQ FHQWUDO 7DLZDQ� 7DLFKXQJ GXULQJ ����������

$WPRVSKHULF (QYLURQPHQW� ����� ��� ����������

�� *DR� <�� 1HOVRQ� (�'�� )LHOG� 0�3�� 'LQJ� 4�� /L� +��

6KHUUHOO� *LJOLRWWL� &�/�� 5\� '�$�9�� *OHQQ� 7�5��

(LVHQUHLFK� 6�-�� &KDUDFWHUL]DWLRQ RI DWPRVSKHULF WUDFH

HOHPHQWV RQ 30��� SDUWLFXODWH PDWWHU RYHU WKH 1HZ

<RUN�1HZ -HUVH\ KDUERU HVWXDU\� $WPRVSKHULF

(QYLURQPHQW� ����� ��� ����������

�� +RVLRNDQJDV� -�� 5XXVNDQHQ� -� DQG 3HNNDQHQ� -��

(IIHFW RI VRLO GXVW HSLVRGHV DQG PL[HG IXHO VRXUFHV RQ

VRXUFH DSSRUWLRQPHQW RI 30�� SDUWLFOHV LQ .XRSLR�

)LQODQG� $WPRVSKHULF (QYLURQPHQW� ����� ��� �����
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�� +R� .�)�� /HH� 6�&�� &KDQ� &�.�� <X� -�&�� &KRZ� -�&��

<DR� ;�+�� &KDUDFWHUL]DWLRQ RI FKHPLFDO VSHFLHV LQ 30

��� DQG 30 �� DHURVRO LQ +RQJ .RQJ� $WPRVSKHULF

(QYLURQPHQW� ����� ��� ������

�� ,QJOH� -� '�� &URXFK� 6� 5�� ����� 6SHFWURFKHPLFDO

$QDO\VLV� 3UHQWLFH�+DOO� ,QF�� (QJOH &OLIIV� 1HZ -HUVH\�

�����

��� .LP� .�+� DQG 6RQJ� '�:�� 7KH FRQFHQWUDWLRQ RI OHDG

LQ XUEDQ DQG QRQ XUEDQ DWPRVSKHUHV RI :RQ -X FLW\�

.RUHD� :DWHU� $LU DQG VRLO 3ROOXWLRQ� ����� ��� ����

����

��� .LP� .�+� .LP� '�6�� /HH� 7�-�� 7KH WHPSRUDO

YDULDELOLW\
V LQ WKH FRQFHQWUDWLRQV RI DLUERUQH OHDG DQG

LWV UHODWLRQVKLS WR DHURVRO EHKDYLRU� $WPRVSKHULF

(QYLURQPHQW� ����� ��� ����������

��� .LP� .�+�� /HH� -�+�� -DQJ� 0�6�� -DQJ� 0�6�� 0HWDOV LQ

DLUERUQH SDUWLFXODWH PDWWHU IURP WKH ILUVW DQG VHFRQG

LQGXVWULDO FRPSOH[ DUHD RI 7DHMRQ FLW\� .RUHD�

(QYLURQPHQWDO 3ROOXWLRQ� ����� ���� ������

��� .LP� .�+�� &KRL� *�+�� .QDJ� &�+�� /HH� -�+�� .LP� -�

<�� <RXQ� <�+�� /HH� 6�5�� 7KH &KHPLFDO FRPSRVLWLRQ RI

ILQH DQG FRXUVH SDUWLFOHV LQ UHODWLRQ ZLWK WKH $VLDQ

'XVW HYHQWV� $WPRVSKHULF (QYLURQPHQW ����� ��� ����

����

��� 0DQROL� (�� 9RXWVD� '�� 6DPDUD� &�� &KHPLFDO

FKDUDFWHUL]DWLRQ DQG VRXUFH ,GHQWLILFDWLRQ�DSSRUWLRQ�

PHQW RI ILQH DQG FRDUVH DLU SDUWLFOHV LQ 7KHVVDORQLNL�

*UHHFH� $WPRVSKHULF (QYLURQPHQW� ����� ��� ��������

��� 0DUNHW� %�� (QYLURQPHQWDO 6DPSOLQJ IRU WKH WUDFH

$QDO\VLV� 9&+ 9HUODJVJHVHOOVFKDIW PE+� :HLQKHLP�

*HUPDQ\� ����� ����

��� 0XJLFD� 9�� 0DXEHUW� 0�� 7RUUHV� 0�� 0XQR]� -�� 5LFR�

(�� 7HPSRUDO DQG VSDWLDO YDULDWLRQ RI PHWDO FRQWHQW LQ

763 DQG 30�� LQ 0H[LFR &LW\ GXULQJ ����������

-RXUQDO RI $HURVRO 6FLHQFH� ����� ��� �������

��� 4LQ� <�� 2GX\HPL� .�� $WPRVSKHULF DHURVRO VRXUFH

LGHQWLILFDWLRQ DQG HVWLPDWHV RI VRXUFH FRQWULEXWLRQ WR

DLU SROOXWLRQ LQ 'XQGHH� 8.� $WPRVSKHULF (QYLURQPHQW�

����� ��� ����������

��� 4XHURO� ;�� $ODVWXH\� $�� 5RGULJXH]� 6�� 3ODQD� )�� 5XL]�

&�5�� &RWV� 1�� 0DVVDJXH� *�� 3XLJ� 2�� 30�� DQG

30��� VRXUFH DSSRUWLRQPHQW LQ WKH %DUFHORQD

0HWURSROLWDQ DUHD� &DWDORQLD� 6SDLQ� $WPRVSKHULF

(QYLURQPHQW� ����� ��� ����������

��� 6KDUPD� 9�.�� 3DWLO� 5�6�� &KHPLFDO FRPSRVLWLRQ DQG

VRXUFH LGHQWLILFDWLRQ RI %RPED\ DHURVRO� (QYLURQPHQWDO

7HFKQRORJ\� ����D� ��� ����������

��� 6KDUPD� 9�.�� 3DWLO� 5�6�� 6L]H GLVWULEXWLRQ RI

DWPRVSKHULF DHURVRO DQG WKHLU VRXUFH LGHQWLILFDWLRQ

XVLQJ IDFWRU DQDO\VLV LQ %RPED\� ,QGLD� $WPRVSKHULF

(QYLURQPHQW� ����E� ��%� ��������

��� 6LQJK� 0�� -DTXHV� 3�$�� 6LRXWDV� &�� 6L]H GLVWULEXWLRQ

DQG GLXUQDO FKDUDFWHULVWLFV RI SDUWLFOH�ERXQG PHWDOV LQ

VRXUFH DQG UHFHSWRU VLWHV RI WKH /RV $QJHOHV %DVLQ�

$WPRVSKHULF (QYLURQPHQW� ����� ��� ����������

��� 7D\ORU� /� 5�� 3DSS� 5� %�� 3ROODUG� %� '�� ,QVWUXPHQWDO

0HWKRGV IRU 'HWHUPLQLQJ (OHPHQWV� 9&+ 3XEOLVKHUV�

,QF�� ����� 1HZ <RUN�

��� 7KRPSVRQ� 0�� :DOVK� -� 1�� +DQGERRN RI ,QGXFWLYHO\

&RXSOHG 3ODVPD 6SHFWURPHWU\� %ODFNLH 	 6RQ /WG��

����� 1HZ <RUN� ���SS�

��� :LOODUG +� +�� /� /�� 'HDQ� -� $�� 6HWWOH� )� $��

,VWUXPHQWDO 0HWKRGV RI $QDO\VLV� �WK (G�� '� 9DQ

1RVWUDQG� ����� 1HZ <RUN� ���SS�

��� <H� %�� -L� ;�� <DQJ� +�� <DR� ;�� &KDQ� &�.�� &DGOH�

6�+�� &KDQ� 7�� 0XODZD� 3�$�� &RQFHQWUDWLRQ DQG

FKHPLFDO FRPSRVLWLRQ RI 30 ��� LQ 6KDQJKL IRU D �

\HDU SHULRG $WPRVSKHULF (QYLURQPHQW� ����� ��� ����

����


