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1. �����

}��~� PM �������������Cz������ PM ���&'�����R

S���������������� PM �OP���������������/��~�

��

1.1 �������	 PM�
�	�������

��JK ���������	������� !����� PM �OP��������

������ �¡¢£�C� RAMS/CMAQ¤¥�!¦§(�(<�¨©ª«_`a)

���¬���������®�� !/�¬����� NOx�SOxR�(G~\

�¯��C�89\��°±89�HI�&'���

��ef %²������	
³������� SO
2
�xy��	
³�� 100 km�´���

µ~���]�/�¬���¶�·�	�
xy/�¸¹���¬������

%²º�»¶¼���¬����B� SOx � 1,000km �J½~�/��������

����/���¬��R��}�����¬����B� SOx �@AB��~

23�31 %���¬������ ���¬�!� 1,000 km�pq4� 70 %�´R

����"/Rc#����"��º�»¶¼/�}~��($%%y�&'"(

��(o)*+��@AB�,R�¾R-(���/./����

(���}���0����¬�� 1!�23��4 � 1,000 km pq4�6

��"���"� 40 %56~����J½~�����78*R���

%²��	
³������ SO
2
�OP���}�����¬�º�»¶¼���¬�

OPpq�9��:J�SO
4
89�OPpq���}��/º�»¶¼~��;(

<-R��"/R=$����"���(o)*�SO
4
89��(G�HI��¤

��;<�>?"+@A"�@���¶�·�	�
xy�A�+��@AB�,

R��A�¾�C���/./����BC¬�EFDE�Fµ���G0��:

X�¿���YZRH�~����I��}ÀJK�L9.5 ���( PM�)*+

,M�.N��/�IMOO 57P0�EFDEQRS(MEPC57)~TU\���·»

��a�Á»�V(W¬�0����¬XÂYÃÄ�Z�)��<1�[<ÃÄN

�\]�Å^��@R�*¾�)*�@��_E`abc\'d(PAHs)�ÆÇÈf

�c#���"/���·»��a�Á»�V�e�¬�f�*���/./��

��

%²���� !G� PM �� SO
2
�gh*89(SO

4
89)R_ij½���kP��

�������ef�C�l�	
³������� SO
2
� SO

4
89�[]��¬

�J½~�����SO
2
C�� SO

4
89�OPpqR,�"/"/Rm����

"���"/���ÃÄGÂY>�ÆÇ��"/�����B� PM�ÆÇ�Èf

���"/Rm����MEPC���¬�ÃÄGÂY>�YZ��"/�C��SOx

ÆÇÈf�n(�� PMÆÇÈf���"/Ro�����

%²������	
³������� NO%NO
2
��pq�@r( NO

2
N�s� HNO

3

�½~¸¹1t+��É\�����I��NO
3
89��/��>?��� !:

;</�¬�(G�>?��Ê¿Ru��"���SO
4
89RÂÉ�!Ë/�¬v

1-1



1-2

q~�89\����]�¬�HNO
3
���_w�(��axÌyz�R>?�(

�/89\R{½(�"/����¬���

%²|� HNO
3
���tyR�;�"/���	
³�� 300 km�´����µ~�

 !:;</�¬�xy���]�/�¬���¶�·�	�
xy/�¸¹��

�¬��~;��

%²NO
3
89½~[\�����B� NOx �}(�"/����NOx ��A~� PM

�OPpq� SOx��A~� PM�OPpq�¸¹�¬9i�NOx�]�¬��

�1(]�R�½���MEPC57~TU\��� NOxYZ�� 2016Í����

��� Tier3 ���YZ0�(ECA)��n������~���}��ef���

¬��>(ÈfR��/�$~;�YZJK~���

1.2 �������	 PM�
�	�������

��JK �Î��������� !����� PM �OP��������� G�¡

¢£R�@���(G°±89�xyÏÐ_`a���¬���������®

�� !/�¬����� NOx�SOxR�(G~\�¯��C�89\��°±89

�HI�&'���

��ef %²����� SO
2
ROP��pq (��{|Ê¿R 25%�´)��4Ñ�� 8Ñ��

¬4�Ò�,RC¬���:J��C�� 1!R�i(�4 ���¬����

��ÓÔ��4�ÒN�,RC¬�(��SO
4
89���{|xy�e�¬��SO

2

/¸�¬xy�X�����SO
2
/��� 6Ñ�� 8Ñ��¬ui(C¬���

%²NO
2
���{|xy��5 Ñ�� 9 Ñ��¬ui(C¬����� 8�9 Ñ��

�	
�������{|Ê¿� SO
2
C�����ui(C¬��������

NO
2
ROP��pq(��{|Ê¿R 25%�´)��SO

2
�¸�¬9i���{|R

�;i(� 6Ñ�� 9Ñ���¬� SO
2
��4�Ò�,RC¬�(��HNO

3
��

�{|xy� NO
2
�¸�¬��i�	
³�>��¬���NO

3
89���{|x

y� NO
2
�¸�¬��i�4�Ò�>��¬���

%²ÃÄGÂY>YZ�C�EFxyÕÖÈf��SO
2
xy~��~���ÃÄGÂY

>� 0.5 %�YZ(:�0���� 2020Í�&�YZ���)��"/�C��Ñ

����xy>�~n�������Cz�Î�0´� SO
2
�uxy����&

�����½��8Ñ��� SO
2
xy������ÑT���e�¬��;(Õ

ÖÈfRÏ=���S4��(EFTUC������DL �(WHO)�����

� y
�y��(20 μg/m
3

)������>?��Ð$�µ���¬�VW~;�

/./����:J�SO
4
89xy~��ÃÄGÂY>� 0.5 %�YZ��"/�

C��Ñ����xy>�~n�������uxy����&����ÆÇÊ¿

� SO
4
89xy~T� 2Ê¡y~�C��SO

2
xy��~�(���¬��ÃÄG

ÂY>YZR�d¢1� SPM (PM2.5)��(EFÕÖ�:$�ÈfR��"/Rc

#~;��

ÃÄG�ÂY>�ÆÇ��"/R�PM�����Ê¿��e°±89ÆÇ�d

¢1�£R�"/��MEPC���¬���� !��¤/�¬o¥��¬���
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PM�������	
�����������������

�� Tier2� NOx���� �!"��#$�%&'()*+,-./0�123-

456789:;<=>?@89:�ABCD-EFG�0.��6789HI�

;JK)*L1 10%MN��O�K�PQ.Tier3 ���� �!"��#$�%

&'()*+,-RS3T�.UVWX�'(Y3Z[��67\;<=]^7

_`�a'(\-b4�)*G�K���.)*L1 20 %c5�d�.8U�UV

WX�'(Y�;e�.Tier3 ���� �!"fKg��<�hi�%&jk

<�l�emnopqr(WHO)�sVWX�tuvwuxX(40 μg/m
3

)yz�EF

fKg��{|3}K��~�.gg�3�)*+,����{|G�K�-. 

���G4Ob[ 2040s���4Kg����fK/��TK����.2020s

�;JK{|3}K Tier3 �$ �!"�$���fK�.8 U�;e�1UVW

X���L- 5 %�(3TK�

��NOx ����e�-.SOx ���<�4� �������+��TK��Q�

���3-��[�4e��.Tier3 �<��l�e���� ������fK

g��%&�b[���1$���TK���[�K�4;.MEPC573-.��

��_\����  ����1 Tier1���!"G�Kg����¡G�.¢{

�%&)*+,�{|3}K���£¤Z�4¥�eK�

1.3 �������	
�

¦§Q� ]^7�¨67�©�fK ª������.«�¬;<=>¬���G�K�

®¯°±²³�´µ���

¦§¶, �� 2000 s�]^7·�¸��¹º»¼½¹¾xCD�¿�;JK ªb[���³

- SO
2
�À 57,000 t.NOx�À 101,000 t.PM�À 7,000 tÁ3T�.Â`ÃÄÅ�

¸��r]ÆÇÈ���³�É�Ê�À 31 %.À 16 %.À 14 %�Ë�.SO
2
�Ì

ÍL�ae�4;.]^7Î�;JK��³- SO
2
�À 21,000 t.NOx�À 37,000 

t.PM�À 2,600 tÁ3TK�

��MEPC 57 �;e���¡G���	
������<K SO
2
;<= PM��f

K��.4[=��Ï ������ NOx ���Î> �1��G��#$�Ð

µ��.IMO���<K��³�Ñµ���

�� SO
2
��³��e�-.�	
��� 0.5 %�Ò���#$(PÓ_\�;JK

2020s������ÔÕ).SO
2
- 72 %.PM- 64 %���G�K�G[�.0.1 %

�Ò�����#$(����_\�;JK 2015 s������ÔÕ).SO
2
-

95 %.PM- 84 %���G�K�ÑÖG���

�� ª-Â`ÃÄÅ�×Ø����tÙ���ÚK5.Û� PM-ÜÝÞ��3T¥

���b�.�	
�����- PM��³����+,�a5.PM���ß

����MEPC573��¡G��àáâã�����������

�� NOx ��³��e�-.��4���;e�µ�[�� NOx ���L-.Tier1 3

23 %.Tier2(2016s������ÔÕ)3 38 %.Tier3(����_\�;JK 2016s

���äÏ ���)3 83 %3T�.¨���åæL����� 2020s�- 27 %.
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2025Í�� 41 %RÆÇ���/�2����(��MEPC57���¬��¦�s

>��e�¬� NOx YZR§×���"/R¨�©½�����kP�2��

2020Í�Cz 2025Í� NOx��"C�����ÆÇ���"/Rc#~;��

%²}��~���"��$%#$ªy�^´//����(���������2#

)*/������"�«d1(>�+Ød[I�¯¬~;�CÙÅ���½

��#$JK¾�e�¬��q1�®¯��°���~�±�~;�²w��a

/�¬Ú³���

%²��"�ªy����u�������PM��iÛ����`�u�´µ�¶·

Üy�����¸����ÃÄ�¹"�¸���Czº»����±I"��

�(��:¼�`�u�´µ%��Rf�~���

1.4 ������	 PM������

��JK �Í����B PM ��(G~�{|ÝR�]1�½¾�¬��"/R¿À��¬

���������(EF�Á�������Â�( PM �{|�e�¬jk���

���Î������¬ PM �Þß�¬W>>'��C������(EF PM ��

�� � 2�µ�½����( PM���ÃÄ%àÅG�Æ�¦Ç�~®���

��ef %²�¦Æ�¦Ç��¢ÈÉ£R��Ð$µ~� SO
2
�e�¬���@AB����

£1(OPRmÊ���R�PM�e�¬�ËÌ~�(�C��|�áÍ/�¬�

°±89�j� PM� SO
2
C��@AB��~OPRs��i�"/+��¶�·

�	�
xy�[IR�;�"/(��C��s��Ð$~�/�/��(�C�

"/R./����

%²�� !G� PM ��RFO Z��/ A HâZ��~yz�W>�CzÎÏW>�

ÐW¸R-(��RFO Z���ÂÉyz���Ç�	§�w¶ta(��W>�

Ê¿Rui�:J�AHâZ��~�ãäâ�j½��xa�	§�ÑÒRÓ�~�

PM G�xa�	§/ÑÒ�Ê¿R RFO Z���¸�¬�]1�ui(�"/R

mÊ����

%²���( PMG� SO
4
89�Ê¿RÔÕK�C�Ð$ef/¸¹�¬X�R�"�

� PM�ÞßJK�A�(ÔÕK~� 53Ö���×Ø��:¸~Þß����]�

¬�}��~�u$:¸~ÙÚ�(Û��Ü¢Þß�¬��)�C���/./�

���

%²��~Ý������( PM �W>ÐW���¬�CMB 2#�C����{|Ý

�å#��ef����{|Ý� 10 %Þß~�C��

%²�I��CMB 2#~à��{|��°±89�j�~�(��°±89�j��

���{|�"�C������;i(�78*R���

%²���{|Ý�ÃÄá?æ�� RFOR AHâC���;i�½��Ød³æ��

âdRãdC���;�C��

%²�I��}��~à��{|Ý������ !G� PMW>��l�e;R�;

i�W>ÐW�äå*RÌD��¬�(�78*���G~�{|Ý�å#~��

"/�ÙÅ��f�R���
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1.5 ��� PM�!"#$

��JK `ç�èaæ�����(G�j½�� PM��@R�*¾�)*�@�� PAHs(_

E`abc\'d)�Â"(R�j@��"/Rç��¬��R����]o/�¬�

���éè�}(��|"~�}éé~��¢ÈG����¶ `ç�èaæ���

������� PM�Þß� PMG� PAHs�Ð$��//���ÃÄ�CzãäâG

� PAHs�Ð$���

��ef %² PMG� PAHsxy(PMvÓ"���� PAHsj@")�e�¬�����CC¬�

�êëR�;i�RFO/ AHâ�C�ËÌ(A��o���(�C��

%² PM/ÃÄ� PAHsÐW�-(C¬���½��ãäâ� RFO/¸¹�¬ PAHsx

y� 1ì�� 2ì¡yX�C�

%² RFO � A Hâ/¸¹�¬ PM ��"R_����ÃÄ�¹"���� PAHs ��

"�]#��É¿�RFO� AHâC�� PAHsR_i�����/�2����

%²½��RFO� AHâC��)*��� PAHs�j�Ê¿Ru����PAHs�º»

�;<�)*����¿2��)*¾"~+,��/�RFO �)*� A HâC�

�����;i(�"/RmÊ����(��"�"/��ÃÄ�[<\(��

PMÆÇ]��C��PAHs���"�ÆÇ~;�"/�m�¬���

%²�´���PAHs�äå1(@AB~��`ç�èaê/¸¹��/����PM

��"R_��� PAHs��"�_i����ÃÄ�¹"���� PAHs��"�

`ç�èaê�Û���Û��¡y/�2����½������������

�����[a]�����"�å#��/"�����{|��´@AB�¸�}(

i(�"/RmÊ����

%²QRS����[a]���xy�s:~WHO� y
�y���ëì�¬����

�� PAHs��"��´���(@AB~��`ç�èaê/¸¹�¬�}(i(

i����j��G@ABR���[a]���(� PAHs�ÆÇ�:¼� ��"/

R�½�������� PAHs��"��ÃÄ�[<\(��C�ÆÇ��"/R

78~���PMYZ/�¬MEPC57~TU\���ÃÄGÂY>�ÆÇR[<Ã

ÄN�\]�{��ef/�¬ PAHs���"ÆÇ�e(R�/c#~;��

%²����� !]��e�¬�"�½~SO
2
+PM�ÆÇÈf�G	�jk��¬

;�R������ PAHs��"R�´@AB/¸¹�¬}(i(�"//�s:

����[a]���xyRWHO� y
�y��ëì�¬��"/�.N��/�

pN�LMÌ!��XÇ�Fµ����� !]��jk�kßf��(�/.

/����
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2. �����	
�

2.1 %&'()

������( !�j½��89:;<(Particulate Matter; �� PM)�e�¬���W 17Í 5

Ñ�@È��²a
�a 73/78)íîÏK VI(���EFíî������Sï)í���d

É\;(NOx)�ÂYÉ\;(SOx)(��(íî;<������YZ�$��îÏK)���¬YZ

�]o��(C¬�(�����(R��Sï0é �(International Maritime Organization; IMO)

���¬���W 18Í 4Ñ��������îÏK�Õ��é���¬�PMYZ�7��e�

¬�jkR�½C¬���½��QRS���¬��:Ò��q~������� PM ]��

jk�¬��"/(����������� PM �e�¬�ð��¸�����//��]�

�jk��f�R���

PM��̀ ç�èaæ�������Ø�89/�¬�����:±89(��89/�l��)

/� !/�¬����� NOx�SOx(�R�(G~�\�¯��C��q\��°±89(��

89/�l��)��æ~;������8D�\�ÐW(�R-(�"/����(G~���

+HI�LMOP�y¿���»~���

���B� PM �EFOP�e�¬��NOx�SOx �¸¹�¬�ïÀ"R}(�����°±

89�AW/|�EFN�OP�e�¬��S4I~(i�����(����¬���~;

(�/���¬����Ì(¸��/��1>'�C�ç �Cz|���T!i ¥�Ì"

��kß�q1J��#$��"/�%SWq����&'����~���

|"~}éé~������� PM �EFOP�e�¬s�`�u(��T!����%&'

����(ñ1(YZ�f�*�)*��½�|�q1ÆÇJK�jk�®����� !

�(ñYZ���J�e�¬#���"/~��(EFÕÖ�+~¬�QRS�0,�ò��

Ázò��¤-é�./1@0�{|��"/�01/���
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2.2 ��*+�,-

����W 18Íy�� 2Í23/��"���W 18Íy�����������(EF�

Á������ PM �{|�e�¬jk��C���(���:±89����s�����

//���� !G�:±89�8D>��ó>Ð$`�u(����:±89�G	�&'�

��"���{|>�e�¬½/����������ef//��YZ�f�*���¬��

�(EF�ÕÖ�01��#���������®���

(1) �� 18��

(a) ���	
 PM
���������
��

. PM������������

0�´�Cz�������ó>�_`a���+�× `�u�Ú³����°±A

W_`a�Z��¬�����OP�e�¬Ï³1(2#�®���

/ � !�"#� PM
��$%

OPR¿À���23������¬ PM�Þß���W>>'(���|�:±89(@

AB�� PM �:¸~�����89)�Cz°±89(@AB��� !:;</�¬��

���(G~�q�[]��89)�ÐWÊ¿/8y>��Ð���½�:±89�Íñ�

e�¬�W>>'ef�T!;&'���

(b) PM
&'()��*+������

ÆÇ45��6��/|�+,����ó>`�u�Úá�Czð�x�N�7;ß�(�

����a��OPR PM:±89�]��C� PMÆÇ�78*+,��C��

(c) PM
,-./
012����34

ïÀg8�CzWf�@å�É/�¬ IMO (�SïS9�CzSï�S��:��´®W

f�Cz PMYZ�f�*���¬�;<S/9n��C�´~�PM�(ñYZ�ôÐn�

��¬#���C��

�����W 19Íy���W 18Íy���ef(��T!;�:±89�&'�e�¬��

��µÛ�½+����r0�=¾(��¬��¡¢�{��//������������C

�°±89�e�¬�$"1(+,��C��

(2) �� 19��

(a) ���	
 PM
���������
��

. � !�"#� PM
��$%

�W 18Íy�>;/;��Î������¬EF�(G� PM�Þß����åÄG�H

ÎÏ?(��W>>'���:±89�ÍñÁz°±89�Ê¿�e�¬&'��C��
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/ PM������������

�W 18Íy/���°±89AW_`a����NOxÁz SOx�Þ?q/�� PM�°

±AW�Cz°±89�0�+�åõN����.N����������2#�Cz+,

��//���QRS@È��]��OPÁzGáYZ�$"1Èf�jk���

0 PM
5678
9:

PM åõ�A��¬��/B���_E`ab(�@r;<"�e�¬EFG%� !G

� PM�ÞßÁzÐ$jk��C��

1 ;<78

C��D~jk��ef�T!�¬�����Áz	
³�����B� PM �{|�+

,��PMYZÁzd¢1� PMxy�OP�� SOx YZ�\�f�*�e�¬jk��C

��

(b) PM
&'()��*+������

�W 18 Íy�>;/;�ÆÇ45��6��/|�+,����ó>`�u�ÚáÁzð

�x�N�7;ß�(����°±89ÆÇ����Èf1(J��e�¬+,��C���

� PM�A���_E`ab(�@r;�e�¬�EFJK�e�¬jk��C��

(c) PM
,-./
012����34

ïÀg8ÁzWf�@å�É/�¬�IMO(�SïS9ÁzSï�S��:��́ ®WfÁ

z PMYZ�f�*���¬�;<S/9n��C�´~�PM�(ñYZ�ôÐn���¬

#���C��
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� 2.2-1� �����	
�

��23��$

���B� PM��(EF�]��OP���

������

PM���&'

%���~� PMÞß

%W>>'(���89�Ð

WÊ¿(����

%:±89�Íñ�e�¬W

>>'ef�T!;&'

PM ������

������

%ó>�_`a���+

× `�u�Ú³

%Ï³1(2#�®

PM�ÆÇ
¦��G

a������

%²ÆÇ45��6��/|�+,

%²ó>`�u�Úá�Czð�x�N�7;ß�

%²ÆÇ78*�+,

PM �(ñYZ�ô

Ðn����#�

%IMO(�SïS9�CzSï�S��:���

��Wf��Cz PM YZ�f�*���¬�

;<S/9n

%PM�(ñôÐn����#�
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3. ��

3.1 �����(PM)��	

�������	�
��������	������� PM �����������

 PM�����!
"#�$
�%����&'()*���

"#	PM�+,-��./(0�1�2	+,34�567)8()*���9):;<=>(

?1@(#A	����BC	DE(?��FGH�IJ:KLIJ�MN7	OP(Q0R

N�

3.2 PM�
�

3.2.1 �����
�

+,-S,>TU�5 PM��VWX 3.2-1�Y��

���� PM �Z-�./��2	+,-�[\#]^�	_`(?1_a�34�bc9

�dNef(Nghi��j)�5�(klZ-�0��	mn:op)*�5�(qrZ-�

0����V9��"#	,>TU�sN�[\#]^�	)*�t7����uvbc9�

wx)*�	������t7bc9�# SOx	NOx	VOC(Volatile Organic Compoundsyz+

{|T;^�)�[};<~�(?�52,>9��x)*���V9��

�������(��Z-� PM �MN70	_`�_a��Nbc9��������

(?�wx)*�	���t7bc9�# SOx�1����)*;t7,>9��x)*1�

�����_`�t7���1RN��1�g�	SOx �bc�1RN#A	��Z-� PM

�	������(?���+,-����	�x)*��^1��N��{1��

� 3.2-1� PM�����	
���

� ����� �����

	
���

�������

��������������

�	�����

 !�����

���!"�

��#$�

��%�&'�()&�

��*+���

��,-���

��./0123456�

��7��

��89:�

;
���

��SO
4

2-�NO
3

-<=>?@4 SOx�NOx A

B234CD

��VOC<=>EF�G���(HI�JK

LMN)?@4 VOC234CD

��SO
4

2-<89?@4 SOxMN234CD�

*O4 DMS234CD

��NO
3

-<PQR�ST8U?@4 NOx 2

34CD

��NH
4

+< ,-MN23��VW NH
3
23

4CD
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3.2.2 �����
�

PM �+,-:,>TU�567)81@(�PM W)8�567����	 �)*(¡

¡¢£)8 2¤10 μm)	&')*(¡¡¢£)8 0.1¤2 μm)	¥&')*(¡¡¢£)8 0.1 μmO¦)

��§[�(¨ 3.2-1©ª)� �)*�	«�t7T¬(®�52¯°t#mn)*:op)

*(?�qrZ-�wx)*�[(�����t7	&')*:¥&')*(±²	³´W^g

µ7i&')*j�¶��)�	«�t7_a34�5klZ-�wx)*:	������1

)*;t7��klZ-SqrZ-��x)*�[(���#A	klZ-�·¸>�	¹

º>�(»¼½¾¿(?):�Àp	ÁÀp(?�&')*�R�Â"�7N�klZ-�&')

*�MN7wx)*��x)*�)8W�Ã��	wx)*�)8�Ä�1��N�wÅ�	

)*�)81��N0�Ä?�®�567Æ�Ç²�#A	�x)*�È1ÉÊËÌ�Í�(

�ÎÏ[��"#	bc����wx)*�\1Â"�1	�����ÉÊ34�,>9

��x)*1Ðg#A	bc���FG���� PM�)8�Ñ�@(�

��Z-� PM �	_a34�50���2	wx)*	�x)*�0�&')*���

�x)*�MN7����[,>9�#A	)8��������Ò.�ÎÏ[�1	wx

)*�MN7��Ó_`�sN1)8�IJt7N��{1ÎÏ[��

(¡	PM�	ÔÕ����)8Ö×�567X 3.2-2�Y�5���V9��

ØÙ�iÚÛÜ�¡§ PM ���ÝÞj�¡N7�	oß���à���Ã:	��Z-

� PM�R�1 PM2.5(¡¡¢£)8 2.5 μm±²)�áÜ�Â"���(?WÎât7	PM2.5W

�����¡5ãÝÞ�äåWæçt#�

��) John G. Watson�Visibility: Science and Regulation , Air & Waste Manage. Assoc , 52 , pp.628-713(2002). 

� 3.2-1� ��� PM��������������

��������������

�����

����

�����	




�

�



�

�

�����

�����	


��


�����
�

��

�����

��	


����

��
����

�

����

�

������

����

������ !

�� !

"#$%&

'$

()

�����	��������
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� 3.2-2� ��� 
!"��#$%&"�'()���*

èV éê

TSP ��FG�����ë PM(Total Suspended Particulates)����

SPM	PM10 ��FG����� PM�� 	¡¡¢£)8 10 μm±²�)*����ì

��� SPM (Suspended Particulate Mattery��)*���)�t7FGíî1ï

Õ9�7N�

PM2.5 ��FG����� PM�� 	¡¡¢£)8 2.5 μm±²�)*����

ðñ	ò¼ó	ô������(?�íî��(67¡2	WHO �[0��

�1Y9�7N�

dNef

	ef

bc
�)*�������

idNefj�	idN�j���M�	��:_Ï���!
)*����

��WN��_a±ß�[+,�!
)*�	õ��i	efj�t7�

���idNefj	i	efj�klZ-�[uvbc9� PM ��2	

)8�öÕ�(N1	wÅ��FG�� PM52���()*WÂ¢�
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3.3 PM������������

FG�� PM �ÝÞõ�t7	��S�°����5õ����à�����5õ

1��

��S�°����	bc���à	����à	�°����à	)*�,>S÷�S��

34�WÎât#����������W N	FG!"W#Õ�Èõ�����S�°�

����	bc�:��$%�FG!"��&'�():	*+�¡N7bc�W,-t#]^

�FG!".-H�/å�()(?�MN7�0Ü����������1�����t�t	

0Ü��bc�W12�34���:	)*�,>34W12�56���(?�781�

��"#	)*�,>S÷�34WÂf9����������W:NÖ×�ÚÛ�Ü�;Ó�

���	��+,-���7<�+,-��=1>?���N#A	��IJW@c��

�178���

wÈ	���à�����ABõ�52 PM �+,-CDWÝÞ�Èõ��2	���

à�����EX(õ�t7	CMBõ(Chemical Mass Balance Method;F ;<��GHõ)1�

�CMBõ��	FG���IQ� PMWJKt#]^	JK9�# PM1./(+,-�[

bc9�# PM �^B�����	+,-1LM(>�=>WNM��WOÓt	+,-�

>�=>�FG��JK9�# PM �>�=>�[AB�+,-��CDW#Õ�Èõ��

(¨ 3.3-1©ª)�CMBõ��ÃPQ(õ�+,-��CDW#Õ���N�OQ1�2	

qR
:FGS����5�JÓ9�7N�FGS�5ÝÞTW¨ 3.3-2�Y��

(¡	CMBõ��Ó�+,-�>�=>�	qC�bc��öø:U]���Ó�_`�

è�.��;(?�[	VW	���÷;t7N��{1��

CMBõy

qC��[+,� A ��� B ����^	¡5ãU]�[+,� A ��� B ����
^1g�67N���	����JKt# A��� B����^�[X'�Yõ(?WÓN
7qC��[�U]�[�CD=W#Ô�õ

� 3.3-1� CMB+,-.�/012�

A �� 20 %

B �� 60 %

A �� 40 %

B �� 20 %

��� 20 %

��� 50 %

���� R

A �� 10μg/m
3

B �� 20μg/m
3

�� �	


PM ��	 100μg/m
3

��� 70μg/m
3
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����

����	


���

���	

�������

����	

��������

�� 	

!"

���	
#$%&'

��(	

)*'�+

���	

,-./

�	

��) �����	
�����������	����� ������(2001�11��� !� "#$)%&'(

� 3.3-2� CMB.345678�'���	�9:�+,;(<=>?@ABCD)

�����	ßZW[ ���\ãÚÛIÜ�¡§���[� PM �IJÖ×�MN7�

��S�°����5õWÓN7ÝÞW 6#�wÅ�	���[���t7bc9�# NOx	

SOx �	����;<~��52)*;t PM �(��1P[�7N���#A	����

./(������W	����]^�IJ:	������[�x)*,>34(?�;<~

�34	_{`a34(�®�5`b:IXH�cdSeG(?�52���[��9�3

4)Sf{`a34(g:h�K2i"�7���[��9�34)(?��j34WÂA7K2

k���1��0Ü�����������WÓN#(¨ 3.3-3©ª	����lm��nop

i4. ßZ[q�¡§ PM�&���������j©ª)�

"#	0Ü�������������ÝÞ��(Nrs( PM �IJW34�#A	�

�"�Ä�f?tn1u[�7N(NÚÛIÜ�¡§ PM �FG!"�ÔÕ	¡5ã��bc

���� PM�>��ÞW 6#�

9[�	�����	���bc�����567u[�#bc��>���Þäå:vw�

+,-�>�=>�6I��äå�u[�#FG���� PM2.5 �>��Þäå�[	���à

����� CMBõWÓN7ÚÛIÜ�¡§���CD�^�MN7xyt#�
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3.4 ������

PM�������	
PM�������������
�� 10 μm�������	


�������� ��!�"#	�$�%&�'()*��
10 μm +,�-)���	./

� �012
��345���6781�9�:;
<�=>	
� 10 μm+,���6?

@��ABC(SPM)DEFG
�.HIJK�LE0�.MNOPQ���RSTUV�W<*�

�:�� 10 μm+,���6XYDG:Z[	,\�D]�>^�
JK_`�!�	ab�

cd6!D�
��efeg�X1�hij��]�klij��6mnG�LE)*���

(o?@��ABC�p�HIJK�LE�q��r(st 47uH�v 27w))�

(1) � 10 μm+,���	
xyz{�-)�:;�.|�}~jhi���1�9D�

(2) � 10 μm+,���	
`��D���.��	���x�G
����345���6

���9D�

��
`��� PM���������1���Tcd�������
PMD��ef��0

�Hef��
����
��������
 ¡¢£�¤¥�����D��¦��§¨)*

��©���
`�ª«DG�¬-���®)*��©���:�9*	
¯���D¬-�

��°#±°�²�D
��-)�������³�´G012
�qµ¶��·¸)*�2

�9D����¯���	¹º»¼�BC�½2
�µ�45�BC�¾����>
¬-��

	
���-)�:;
.�0��x�G012
°#±°!�¿j�ÀÁÂÃ���
Ä�Å

ÆÇ�È�·.¬-��(DEP)0ÉÊË
ÌÊË����µ�45�BC�½2ÍÎ*����9

�:;
PM �������	¬-���Ï�ª«>^�
oÐ��¹ÑÒ·ÓÔÕÖ×XØ�

^���q��r(Ù° 12u 11Ú 1Û ¹ÑÒ·ÓÔÕÜÝÞßàáâãäå)�]��!
¬-

���������
./æç��
 ¡¢£�����D��¦�§¨)*�D�dè�é)

*:�

êu	
)��-)�ëì�í¬-��(0.1îm+,
ï 3.2-1)��������®)*��

��9�ëì	
ðñ��^��	 PM0.1D!�Å*
��-)�:;��h2x�1�òó

�ô�9D
x�G:��	õö÷/��� �øù���6781úû��^�9D����

����§¨)*�]�
üµ��0�.|�ýþ�Q���q��Û�6Í;�=>����

;�*����

Î:
HI�>	
�.|�]��¬-��ABC�PM
2.5
��p������	�q��
�

1�:;
o¬-��ABC�����	
�àr6Ù° 19u{�L�G
Ù° 20u 4Ú�o¬

-��ABC�����	
�àäår�D�ÎD;�*:�äå���6+,�é1�

T� ��efT�Hef����Õ����
¢AT�û���7k �T�����

���1���cd��
��ABC�]�� !��";�*�����ef�

�����¬-��ABC�]��!#�*:�

T� $:�¬-��ABC����Hef0���������#�*:�

T� �.|��ABC�%&��G�'()*�)X�Õ�	*�%&�«D}~G�

+,G!��2	��!��
-./ü�'0��¬-���������61V

3-7



3-8

1�9D	>����

T� Ð2�
�>34G:¬-����1�¤¥����q��
)��E5j��	

��1�m(6�;�+��^��

Î:
%&�	�#6��G�
+,�0�78�^�9D�é)*
9*��78�q��

!9#�
�6W©:�>^�DäåG����

;� Û�	<=D���={�ô�HI�^�
>?�@{þE6W©:;�	
A5þEQ

0¹ÑþEQ��1�þEB{�CD��1�E±#6W©+��^��

F� ¬-���ü°�G	
�ãü°�#��,H��IJ���Kãü°0L�M����

NIOP!mn1�+��^�
Î:
·ÓÃ!½Q�<:��E5j�	�	
¬-�

��ü°�G0�.|�±°è47k·ÓÃ�RS��1�Tä�UV6W�:©�>


Wb0�]��%&�	6XY1�+��^��
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3.5 �	
��� SPM���������

Z�=>	 SPM6XY� 1972u(st 47u)��.MN�p�HIJKo1b�_� 1ÛÙ[

_� 0.10 mg/m
3+,>^�
�q
1b�_� 0.20 mg/m

3+,>^�9Dr�E;�*����o¹

ÑÒ��·Ó)*�\]Ê�B]�k��ABC�^E_ì�]��`5�a×£��1�^b

c�Qr(Ù° 4uQdá 70w)(+,
o¹ÑÒ NOxTPMQrDe©�)�XY_ì�]�� SPM

�HIJK�´°f	ï 3.5-1 �é1D]�>^�
Ù° 15 u{+y��2Cg)*:!��


øh´°�	i������Ù° 14u 10Ú�	
¹ÑÒ NOxTPMQ�Jj��ÆÇ�È�k

lm�£�X1�ÒnRS(o3.7 Z�=�]�� PM�X1�RSAorpq)�YW)*�]�


9��©�ÆÇ�È�Ò�X1�RSr��Ù° 15u{��� SPM@{�Cg�q���:D

m��*��

�]
SO
2
�q��	�8 100 %�HIJK´°f>stG����
NO

2
�q��	
SPM

Du¤�JK6´°G����þEh�^�
¹ÑÒ�X1�RSr��W<*����

��) ��� 18��	
��������(2007� 11�������	
���)

� 3.5-1� ��� NOx�PM�	
������ SPM	�������	��

vwx�xy 28h(��hz20h
¹·h 8h
ï 3.5-2pq)>W����{bUV|}��

�D
Ù° 16u{�]��	
��h�~��`ó��6¸��HIJK�´°)*����Î

:
��h|> 1b�_�HIJK 0.20 mg/m
36í�:h	
|����D~��`ó��� 2

h�#>^�(� 3.5-1
� 3.5-2)�9��©�
Ù° 16u{�]��	
�������1�¹

·h�]��HIJK�´°)*����!��<�,
���ê��]��´°)*����

��h���G:��E�üÃ]�k¹ÑÒ�RS�r�)*���9D6mn1�D
���

�����êu)Xj���G���úû��m��*��
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��) ��� 16���	
��������(����� !���"#$%&)

� 3.5-2� ������� !"#$%&'()	*+

�

, 3.5-1� SPM	����-.)/	��

(�óh�/øþEh�)� �

� � �� 8 9 10 11 12 13 14 15 16 

��� 2/19 5/20 4/20 17/20 5/20 19/20 16/20 13/20 19/20 

	
� 0/8 0/8 0/8 4/8 3/8 4/8 3/8 3/8 8/8 

��� � �������������

� � � � � 	
�	��
�������

��) ��� 16���	
��������(����� !���"#$%&)
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, 3.5-2� 01)���� SPM	����	��23(4� 1656)

'()*+ ,()*+

��-

.

1/�-

.��0

2 %12

.

130.4

0.20 mg/m
3

5678

309

/�-.4

0.10 mg/m
3

5678/

9

2/:

;6<

�=>

,()*+�

?@ 0.10 mg/m
3

5678/9

��AB

�CD
���

mg/m
3

 mg/m
3 �� � � �����

���� !"#$% 0.032 0.071 0 1 & 0 '

()*�+,-.� � 0.032 0.070 0 0 & 0 '

/0�+,-.� � � 0.029 0.061 0 0 & 0 '

������ 0.031 0.069 3 1 � 0 	�


������ 0.030 0.074 7 2 � 2 ��

1234�5678� 0.027 0.065 0 0 & 0 '

9��:;<8� � � 0.027 0.063 0 1 & 0 '

=>�?@� � � � � 0.020 0.045 0 0 & 0 '

���AB;<8� � 0.030 0.068 0 0 & 0 '

C�DE� � � � � � 0.029 0.059 0 0 & 0 '

FG�H>;<8� � 0.030 0.066 0 0 & 0 '

/I�JKC<8� � 0.033 0.070 0 0 & 0 '

L��3M;<8� � 0.029 0.060 0 0 & 0 '

N4�IN4;<8� 0.034 0.067 0 0 & 0 '

I�O@PQ78� � 0.029 0.068 0 0 & 0 '

R�ST;<8� � � 0.027 0.063 0 0 & 0 '

U�V1;<8� � � 0.029 0.062 0 0 & 0 '

WX�+,-.� � � 0.029 0.062 0 0 & 0 '

YZ�+,-.� � � 0.027 0.060 0 0 & 0 '

[�+,-.� � � � 0.029 0.066 0 1 & 0 '

��SPM\��]^_`

abc_`1��d\ 1��edf 0.10 mg/m
3ghijklmnl1��df 0.20 mg/m

3ghij

opqr

?bc_`1��\��stuvwxyz 1��ed\{|l7}~{mx��v 2 %\���j

o��ds���z�\�7d(1 ��ed\�� 2 %��d)s��]^q���v_

`s�{rz��l��\�����x���]^s��o�f 2�g����z�,

�����q�or

��) ��� 16���	
��������(����� !���"#$%&)
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3.6 ����� PM������

PM�·Ó5�©�
�¿ÂÃ��� PM�·Ó5�sEÄDG�
�����]�� PM·Ó

5�sý_6� 3.6-1�é1�Ù° 17u{sý_���D
�ã��	 5,800k�
Kã��	

14,440k�>^�
�ã���� 3ò
Kã���� 7ò6�;�����xì>	
�ã��

�Ï���üÃ	ÆÇ�È�Ò>^�:�
êu�·ÓÔÕRS�� ���a×���>]�


¹ÑÒ��ã��·Ósý5	Ù° 9u{� 2,960k�(12.4 %)�XG
Ù° 17u{>	 980k

�(4.8 %)D-)2������9*	
��1��©�
¹ÑÒ NOxTPMQ�����RS�

�}>^����
����ã��·Ósý5	Ù° 17u{�]��!u�{DsE)*
)X

j�����������2��������

*�
Kã���q��	
Ù° 9u{� 15,480k�(65.1 %)�XG
Ù° 17u{>	 14,440

k�(71.3 %)Da×5	� 7 %D���]�
ubi��ã���a×5 30 %D}:¾���9�

�©�Kã��XØ	�3�üÃ6Í;�*�]�
)Xj�Kã��������2����

�úû��^��

, 3.6-1� 789:���� PM;<=	�>?

�� 9�� �� 17��

�A��� 
� 

(¡¢/�)

£��

(%)


� 

(¡¢/�)

£��

(%)

	�� 2,960 12.4 980 4.8 

¤\¥(¦�§¨Q�l

©Klª«¬)

5,340 22.5 4,820 23.8 
�®¯


� 

;° 8,300 34.9 5,800 28.7 

±®¯A� �  15,480 65.1 14,440 71.3 

�§±®¯°�  23,780 100.0 20,240 100.0 

��) �EFGHIJKL�MNOPQR?SIJKL�TUQVWXYZ[\�(2003� 7��EFGH)?]

^�
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3.7 �	
��� PM�� �����

Z�=>	
PM �X1�RS	
�q�	 ¡T¢£¡�X1�Å�¤�XØ�Ï>^�:

�
Ù° 5 u��ÆÇ�È�Ò�X1�·ÓÔÕRS�¥Î�
+y
RS_�¦ãr�)*�

���Î:
��x_ì�]��HIJK�´°f�^�Ö�9D��
¹ÑÒ NOxTPM Q�

Ù° 13u�SE)*
§�¨T|"¨Tê©¨��"6XY�·ÓJK��óG��Òª�«¬

6RS1�c��� )*:�9��©�·ÓRS0¹ÑÒ NOxTPM Q���RS���
§

�¨>	Ä���
¹ÑÒ NOxTPM Q��®6����_ì���¯ Ò6!Í;
·ÓJ

K��óG��¹ÑÒ�°W6±P1�²¹�S{�L��*��� (� 3.7-1pq) �9��©

�¹ÑÒ�X1�RS	
·ÓRS_�LE
³E_ì�]��ø=�dRS��!´G�3µ

¶RS�LE���_ìRS
)��RS�®¶�_ì���¯ RSD�©¯*>
tÑ�ü

Ã�XG�!´G�RS�·±#�q2�*����

, 3.7-1� � ��� NOx�PM�����@ABC�DE	FG���HIAB	JK

¹ÑÒ NOxTPMQ���ÒnRS ��¸��]��Ä���°WRS

XY_ì 8 ��¹�(º»�
¼½�
L¾�


����
¿c�
¸À�
�Á¹]

�kÂÃ�)��"

º»�
¼½�
L¾�
�����

øì(Ä"6¸2)

RSBC NOx
PM PM 

XY¹ÑÒ XY_ìy�Ò
«¬)*���Òª XY_ìy6°W1�¹ÑÒ

XYÒn klm�
ÅÕ
^nÒ
ÆÇ�È�

µ®Ò

klm�
ÅÕ
^nÒ

RSÆ¥bi Ù° 14u 10Ú Ù° 15u 10Ú

�²) ³	�� NOx§PM�\�´µ¶�n}v·(2005� 9¸l��¹§º2!t¹)»k¼�

)��
·ÓÔÕ|� NOxTPM ¸Ç�:;�·.�ÈVÉ�6Ê#��û)¶�:;�	1

Ë|�ÉÌ#�Ö×�+��9D��
ÀÍRS�� )*
1Ë|�ÉÌ#	Ù° 15u�	a

b�JK� 500 ppm�� 50 ppmÎ
)��Ù° 19u��	 10 ppmÎD�Ï�Ö×)*:�

PM�X1�RS	
=Ðj�!r�)*��Ñ�^�
WHO(World Health OrganizationzÒÓ

Ô���)>	
Ù° 18u� PM
2.5
]�k PM

10
�X1��.C³Õ6Ö;�LEG:�Î:
<

=>	Ù° 18u 12Ú�� PM
2.5
���´G��.HIJK�YW)*����

��
���X1�RS	
o×ØMN£]�k×3Ù5�OP��1�Qdr(st 45uQd

á 136 w)�Jj�
Ù° 17 u 5 Ú��
NOx ·ÓRS]�kÀÍRS(ÉÌ#�RS)�� )

*:�9*	
Ú�Û�� 73/78�ÜÝ VI�yÞ6E�ß�à!�>^��G�G
ÜÝ

VI�]��! PM	RS¶>^�
Kã��XØ�|kq2ÀÍRS�q��	
Xá�ÉÌ#

2.8 %�XG�RS_	 4.5 %Dô2XCj�RS�}	â{�-)�Dm���
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3.8 IMO������!"

IMO�]��	
2006u 4Ú��ÜÝ VI�dãG�Å��#äµD.µBC��1�-Þ

ßà(Bulk Liquids and Gases; BLG)��Æ¥)*
PMRS�å�]�k NOxRS�r��q��

æç)*��:�2008u 4Ú�MEPC57 (IMO á 572×ØÔèÞßà)�]��
NOxRS
SOx

]�k PMRSé�æç)*
êë�)*:C>yÞ6� 3.8-1�é1�

Ð2�C>�^ì	
ÀÍ|ÉÌ#�a×��� PMRS�}� IMO�]��>í�";�*


$:� PMRSDG�å�)*:0>^��Î:
SOx]�k PMRS
NOxRSD!�
ø×

ìîï�RSr����
o·ÓRS×ì(Emission Control Area; ECA)r6LEG�_ì�MNA

o�J¤�)��´G�RS6W©RSðQ�ñ®)*:�)��
NOxRS�q��	
 ¼


$ò��#6XYDG��:�
Ð2�C>���W���X1�RS�$:�� )*:�

MEPC57��êë�)*:ÜÝ VIC>é�q��	
2008u 10ÚÆóôE�MEPC58>ñ

õ�:;�æç�W<*�9D�������pmDG�
IMO�]��9*Î>�·ÓÔÕR

S�
�Æ¥Î>�ö÷6� 3.8-2�

��øù6� 3.8-3�é1�

�]
MEPC57 >	9���
úû�üýþBC
VOC
·ÓÔÕ��É��RS�q��Ü

Ý VI�C>�ç�)*�]�
`���6+,�é1�

�������	

��£ÓÎ�������Ð��	1�9D�dßÎ*�:;
��£Ó����Î�
�6

Ð��-G��29D6�=��c1�:;�×3�øÞßà(Maritime Safty Committee; MSC)D

×ØHIÔèÞßà(Marine Environment Protection Committee; MEPC)�îu2�é�MEPC57

��ØE)*:�u�é	ã2MSC��
�)*�ôE�u�é>	
�������	�

�G��=�¹�¹=���£Ó��å1�DD!�
¹=�����®Ao6��k�ú��

çE¢�h�äå1�9D6�;����

VOC(Volatile Organic Compounds: 
������)

ÜÝ VI�R� 15(6)>	
ªË����	/�������")*: VOC/Vý�6ØET

XW1�9D�E;�*����BLG12��ØE)*:oVOC/Vý��ØE�:;�Ô��l

��é r�WWéï�MEPC57���")*
Ð�MEPC58��ñõ)*�ôE>^��

��������

BLG7k�.MNWG���ØE)*:C>�o·ÓÔÕ��É��Ô��l��r�MEPC57

��ñõ)*:��]uÔ��l������·�JK��G�	×ØHIÔè���j¢ �

�1�=¦�ÜÝ!óu"��#(Groupe of Experts of Scientific Aspects of Marine Environmental 

Protection; GESAMP)���Ð��$%�)*
+��J¤�C>)*��2ôE>^��
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, 3.8-1� LMN	OPQ VI	 SOx��R PMABSNOxAB	TU

●SOx ��� PM �� 

�# XYBC yÞ

C>! SOx SOxRSDG�ÀÍ|ÉÌ#6a×

��×ì � � � � � 4.50&'(

SOx·ÓRS×ì   1.50&'(

C>� SOx
PM $:� PMRS6å�G
SOxTPMRSDG�ÀÍ|ÉÌ#6a×

��×ì � � � � � 2012u 1Ú 1Û+y 3.50&'(

2020u 1Ú 1Û+y 0.50&'(()

·ÓRS×ì       2010u 3Ú 1Û+y 1.00&'(

2015u 1Ú 1Û+y 0.10&'(

()2018u�ÉÌ# 0.5%�ÀÍ�)���Ao£6�$%�G
��×

ì� 0.5%RSÆ¥bi6 2020uD1��
2025uD1��*E1��

●NOx �� 

�# XY yÞ

C > !

(WWR

S)

$ò� Tier1zø×ì��®

TRS_(NOx·Óp�)zE+2,�(n)-D�LE

130rpm'(              z17.0 g/kW.b

130rpm+3 2,000rpm'(�z45.0/n
�
0.2�g/kW.b

2,000rpm+3� z9.8 g/kW.b

Tier2zø×ì��®(2016u 1Ú 1Û+y	·ÓRS×ì6¸2)

TÆ¥biz2011u 1Ú 1Û+y

TRS_(NOx·Óp�)zE+2,�(n)-D�LE

130rpm'(            z14.4 g/kW.b (WWRS 15.5&×)�

130rpm+3 2,000rpm'(�z44/n
�
0.23�g/kW.b(WWRS 15.5021.8&×)

2,000rpm+3� � � � ����z7.7 g/kW.b (WWRS 21.8&×)��

$ò�

Tier3z·ÓRS×ì��®( 1)

TÆ¥biz2016u 1Ú 1Û+y( 2)

TRS_(NOx·Óp�)zE+2,�(n)-D�LE

130rpm'(              z3.4 g/kW.b� �   (WWRS 80&×)�

130rpm+3 2,000rpm'(�z9/n
�
0.2�g/kW.b (WWRS 80&×)��

2,000rpm+3� � ���� � z2.0 g/kW.b� �  (WWRS 80&×)��

( 1)h) 241+,����2�34�®��
7kóýs�Ó5� 750kw

+,�´°67D";�*:���89)*�2�M�	:¸�

( 2) 201202013u�
Tier3RS6XW1�:;�;<Æ�Ao6�$%

�G
+�>^*Å Tier3RSÆ¥bi6=U1��

C>�

W�� RSXYz1990u 1Ú 1Û�� 1999u 12Ú 31Û�>ò)*:W���

2�M��©�
3��?�Þ� 90L+3�qÓ5 5,000kW+3

RS_� zTier1RS

Æ¥bizÏ/��RS�óðQ6"@G
IMO �ïäG��� 1 u+�

�êÖ�Ei
A
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, 3.8-2�  IMO���� SOxSNOxAB	VWXYZ[	\]

u yÞ

1960uB

ë�C

ÕDE�Æ�£�FTGH>Ê�I���MN

(JTL²TÛ�l��£� £KÑ�ª«�

1972u =¦��HIàçÆó(Õkm�L�M)

1972u úÕ��(��7kNO����PQ���×ØMN�OP�:;��)ñõ

1974u R��(�3Ã���×ØMN�OP�:;��)ñõ

1974u S�3�T�(Å�k××ØHIÔè�)ñõ

, 3.8-3 (1)� IMO���� SOxSNOxAB	^_

uÚ àç yÞ

1988u 9Ú MEPC26 ������.MNU86E�3V�9D6*E

1990u 3Ú  MEPC29 ñ�DE���MN��1�=Aäå�WÓ

1990u 11Ú MEPC30 ������.MNBCa×�®X�Y�(NOx30%×
SOx50%×)�

E;�*:

1991u 7Ú MEPC31 MARPOL73/78�$ÜÝØE�Ñ�:��34�#l�Z°

1991u 9Ú BCH21 ������.MNOP��1�[µj
XCj�æçÆ¥

1994u 9Ú BCH24 BCH>�
���8ë\

]�^_�T`m#£BCH>*E>���¢ 	MEPC>�æç�a

)*:

1994u 10Ú MEPC36 3\'*¢ �q��MEPC>æçÆ¥

1997u 9Ú ñõàç 1997uçE�ñõ)*
ÜÝ VI�å�

2004u  5Ú 18Û]���ÜÝ VI6bcG
15�=����d�(:)*

:

2005u  5Ú 19ÛÜÝ VI� ��

2005u 7Ú MEPC53 ÜÝ VI �C>éØEZ£Æ¥�óe�BLG Î 2 u��Z£i�D

G�
����� NOx,SOx,PM��G�fgj�dãGZ£�hi�

oj×r6 SECA�å�1�9D�ñõ

2006u 4Ú BLG10 BLG ��ÜÝ VI �dãG�Æ¥

�ÕkM%���l
��W

<*
Z£i�� 1u��mh6
�

TNOxRS

2010u Tier2RS
2014015u Tier3RS6®X

"��Å�RS6¨n

W���X1�RS�+��6"o

TSOxRS

Global Cap��_�ç��G

TPMRS

PMa×�:;�	ÀÍ|ÉÌ#a×�+p>^�9D6"o
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2006u 10Ú MEPC55 BLG10�äå

, 3.8-3 (2)� IMO���� SOxSNOxAB	^_

uÚ àç yÞ

2006u 11Ú BLG 

WGAP-1 

TNOxRS�dãG

RSr�(Tier2]�k Tier3RS_)

W��Î�RS�q��
�

_VjRS� �
�

TSOx & PMRS�dãG

4q�ú#34�6æç

AézWWqr

Béz^b×ì�#RSr�

Cézø×ì�RSr�

C2ézCé>
�yÈVÉ��¡ó
stË�®

2007u 4Ú BLG11 TNOxRS�dãG

2uv�RSr�(Tier2]�k Tier3RS_)6?"�RS_	'E�

W��Î�RSé(ñ�DE�
Æ�Ú��
<=é)6
�

TSOx & PMRS�dãG

+,� 2é6��: 6q�ú#34��q��æç

<=ézwx×ì>RSr�

BIMCOéz��Tyzhê
`�*�×ì6#��RS

TBLG12>C>é�êë�
MEPC57>�"6�;�{�ÕkM%�

�� IMO¢�h��é)*:

2007u 7Ú MEPC56 TBLG11�
�ÕkM%���|6�"G:

TSOx RSú#34��q��
��jd_��
�1�:;�ÜÝ

!àó"��#(SG)�L�)*:

2007u 10Ú BLG 

WGAP-2 

TNOxRS�dãG

Tier2]�k Tier3�RS_
W��Î�RS�q��æç

TSOx & PMRS�dãG
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, 3.8-3 (3)� IMO���� SOxSNOxAB	^_

uÚ àç yÞ

2008u 2Ú BLG12 TNOxRS�dãG

Tier2RSé]�k Tier3RSé(³E×ì)�óe)*:�

W��Î Tier1RS_6�®1� 2q�ú#34�6Z°�

(1) RSÆ¥b�XY2�M��RS�ó6�;��Q

(2) a×Tmk�>�:2�M���RS1��Q

TSOx & PMRS�dãG

3q�ú#34�6Z°G
MEPC57>|�ç�6W�êë�1�9

D>óe�

PM²¹�RS	L�,
ÀÍ|ÉÌ#a×��� PM6a×

(1) ��×ì 2012 uÎ> 4.5&

 2012 u+y 1.0&

 2015 u+y 0.5&

   ·ÓRS×ì 2012 u�}P

(2) ��×ì  4.5&

   ·ÓRS×ì  2012 uÎ> 1.5&

 2012 u+y 0.1&

(3) ��×ì  2012 uÎ> 4.5&

 2012 u+y 3.0&

   ·ÓRS×ì  2010 uÎ> 1.5&

 2010 u+y 1.0&

 2015 u+y 0.5&

   -^b×ì(wx 24×~y� IMO³E×ì) 0.1&

2008u 4Ú MEPC57 TÜÝ VI�C>yÞ�êë�)*:

TNOxRS�dãG

$ò�$ò��2�M��X1�RS

2011u+y Tier2zWWRS(Tier1)� 15.5021.8 %a×

2016u+y ·ÓRS×ì� Tier3zWWRS(Tier1)� 80 %a×

�           ��×ì� Tier2zWWRS(Tier1)� 15.5021.8 %a×

W���2�M��X1�RS

XY:1990u+y�������Þ� 90L+3Ó5 5,000kW+3������

RS_:Tier1RS

bi:Ï/��RS�óðQ6"@G
IMO�ïäG��� 1u+

��êÖ�Ei
A

TSOx & PMRS�dãG

��×ì   2012 u+y  3.5&

   2020/25 u+y  0.5&

·ÓRS×ì 2010 u+y  1.0&

   2015 u+y  0.1&

2008u 10Ú MEPC58 TÜÝ VICEé6ñõ�ôE

� �àç��>í��	+,�D]��

MEPC z×ØHIÔèÞßà

BLG zÅl�#äµT.µ-Þßà

BLG WGAP zÅl�#äµT.µ-Þßà�.MNZ£"��#(|�àó)

BCH zÅ��Tk���-Þßà
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4. �������	 PM�
�	�������

4.1 ��������	
�

���������	
�������	��������� PM 	���������

 !"#$%&'()&*+,�-� RAMS/CMAQ./0�12(%34	56789:;)�

(<=0>?@A0BC�DEF"��GH��IF=��JK NOx"SOxL%3M�N&

O'�-PQRNF STQR	UV�WXF Y

4.1.1 ��	
�


�Z�[\�0>?@A0BC��"RAMS/CMAQ./0�12(] 4.1-1"^ 4.1-1_

`)�-�%3abc4	defgh0>?@A0BC0�12	ijkl(#$%&'()&

*+,m no*+pqr)�_sIF=t(F"u^vw
�	ZxGH	�������-

����y<=����z Y

CMAQ(Community Multiscale Air Quality model)�"�{|}~����(EPA)L 1998��||

A�F %30>?@A0BC9:;�"%3M	��w%3abc4�"abc4��	�

���!=�����<"� "�KH�������	c��N&����!=�P���

I�-P��������I��vIF=qrJK 9:;�"���	%3ab0>?@A

0BCL� �¡�YCMAQ��¢£	3�O'¤9:;"¥�¦§;O'¤9:;L(¨J

K=[P"©ª(< CMAQ(ver.4.3)��"^ 4.1-2 �«�9:;L¬� �¡�Y ®F"

©ª(< AERO2 9:;��!"AERO3 9:;[-¯ MADRID 9:;��"��°c4	

SOx±NOxI²%QR�¡�³´QR	O'�9:;��Pµ¶�<w<Y

w["�	9:;�(< ijkl�y<=�"·¸¹º�	%3	»¼w½¾(¿À"ºÁ"

ÂÃÄ"ÅÆÇÈ)	ÉÊklIËÌF=��JK"SO2"O3"SO4

2-È�y<="�	ÍV�Î

<Ï�Ð	¡��ILÑÒJK=<�(] 4.1-2Ó] 4.1-3)Y

� "�	9:;�(<HK �����	ÔÕ�Ö×�Ø	%3abc4��Ù	�Ú"

ÛÜÛÝ�Ø�y<=�"Streets et al.(2003a)
1)	:AÞ�(<=[P"ßàáâ�ÛÜ�-�ã

äÙ�y<=� Takemura et al.(2000)
2)[-¯ Streets et al. (2003b)

3)wå	:AÞ�(<=<�Y

w["¸WX����	���"���Ø	æ�ÔÕ�Ø�Ö×�Ø��! ijkl(ç)

GH"���Ø�è< ÔÕ�Ø�Ö×�Ø	ijkl(ßéêëìíCîïðñò)�ó<=ô

!=<�(ç�ò)Y�	 !"ßéêëìíCîïðL»¼�¡�
����"��JK ��

����L~�M	abc4�����O'L�	
��¡� !"��	��(ç�ò)L�I

F=ijJK��I�¡�Y

1) Streets, D.G., T.C. Bond, G.R. Carmichael, S.D. Fernandes, Q.Fu, D.He, Z.Klimont, S.M. Nelson, N.Y. Tsai, M.Q. Wang, 

J.-H. Woo, and K.F. Yarber : An inventory of gaseous and primary aerosol emissions in Asia in the year 2000, J. Geophys. 

Res., 108(D21), 8809, doi: 10.1029/2002JD003093, (2003a). 

2) Takemura, T., H. Okamoto, Y. Maruyama, A. Numaguti, A. Higurashi, and T. Nakajima : Global three-dimensional 

simulation of aerosol optical thickness distribution of various origins. (2000). 

3) Streets, D.G., K.F. Yarber, J.-H. Woo and G.R. Carmichael : Biomass burning in Asia : Annual and seasonal estimates and 

atmospheric emissions., Global Biogeochem. Cycles, 17(4), 1099, doi:10.1029/2003GB002040, (2003b). 
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� 4.1-1� RAMS/CMAQ�����	
���

�����

�RAMS�

	
�����

�CMAQ�

����

����������

�������������� !"#

�$��%&'�

�(��)*+,��-(�./

01%&��1%&./

234567�89��:;'

<=67�89��:;'

�>?67�89��:;'�
�

�������	��
������

�	��������������
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 4.1-1� RAMS/CMAQ�����	
��

9:; 9:;	õö

3�9:; RAMS �¦ìî$�%&L�ãF ��Ð��)&�����

A���ãJK ÷�3�9:;�"3 T�	3�r�

(�ð"��3"��"��" �" !""wå)	�ø

ÍN�0>?@A#��Y

�	3�9:;�	ij����$ 8,000 km"%& 7,200 

km (80 km'R)�¡�Y()�����* 23 km��	

22+��,F=ijF=<�Y

3�O'¤9:; SAPRC-99 214	O'�"72	O'r��(< 9:;Y

¥�¦§;O'¤ AERO3 %3¥�¦§;	ãä"-.r"/0�10r�	O'�

2��23�ij��9:;�"Q4�5� Aitken9A

î"accumulation9Aî"Coarse9Aî�-� 3y	Ë¢

67�5	89�:;�^�JK=[P"QRär"2

3"<Ð�=Ð>?wå	@¦A�L��K�Y

w["SO4

2-"NO3

-�y<=� Aitken9AîI accumulation 

9Aî�^�JK=<�Y

B�O'¤ RADM N&£	"�C	�PµD"��r�I"�M	r�I

	ø	3BEF"QR	"�C	�PµD�ij��Y

<Ð>?�GA2 � ¥�¦§;	<Ð>?�ð�"V)&HI"�RJÐH

I"8)> LsKJK"Q4L�<Ð>?�ðLj�

JK�Y

��	<Ð>?�ð�V)&HI"�RJÐHI"^M

HI	 3£N	HIGHj�JK�Y

=Ð>?�GA2 � ��°c4�OC|AP�Qz="��R��SùJK"

¥�¦§;�TU�"��R��SùJK�IVW��Y

=Ð>?Ù��	-��F=ô!HK c4	"Mïð

I �Xð�"	ìàYÞà2(1 �ø)	ø�Z���

�I�ij��Y

 4.1-2� CMAQ (Ver4.3)���������

O'¤ 9:;

3�O'¤ CBM-IV"RADM2"SAPRC-99

¥�¦§;O'¤ AERO2"AERO3"MADRID

m m m m m m m ���©ª(< 9:;
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�� ) ������	
��������������������� !�"#$%&'  : RAMS/CMAQ

�������	
������������������������� !"�40(4)�148#164�(2005). 

� 4.1-2� ��������
� (!"O
3
#$"SO

2
)

Comparison of observed and model simulated surface SO
4

concentration(VMAP) for Hachijo island. Thick dashed line 

is CMAQ SO
4
 including the effect of eruption of Mt. 

Miyakejima-Oyama, and straight line is the CMAQ SO
4

without the effect of eruption of Mt. Miyakejima-Oyama. 

�� ) ������	
��������������������� !�"#$%&'  : RAMS/CMAQ

�������	
������������������������� !"�40(4)�148#164�(2005). 

� 4.1-3� SO
4

2-
��������
� 

O
3 SO

2

Comparison of observed and model simulated surface O
3

concentration. Red symbols are EANET observation, 

thick line is CMAQ O
3
 corrected based on the O

3

observation at Happo site, and thin line is the CMAQ O
3

based on the default BCON setting. 

Comparison of observed and model simulated surface SO
2

concentration. Red symbols are EANET observation, thick 

line is CMAQ SO
2
 including the effect of eruption of Mt. 

Miyakejima-Oyama, and thin line is the CMAQ SO
2

without the effect of eruption of Mt. Miyakejima-Oyama. 
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4.1.2 ����

·¸[³	\ö
Z��	] 2,000 km ^ 500 km	÷��Ë�IF="���GH	

PM	%3Mïð_>?Ù�y<=ZGH	ef�-�ÍNÈ��úF (] 4.1-4_`)Y�

	�ú÷��"`a	�b�-P���Ø	 PM 	³���	UV�cd��	�eF=<�

 !¬WF Y

ç%3abc4��Ù�fI¶åL��ãäØ�¡��I

òg�ãäØGHfK=<� !g�GH	��LÂJ<�I

h÷�i	fI¶åL³M�¡� !3jklL³�Ð�¡��I

m����·¸�&�{|}�kn\öZ�¡Pu^ÐL¡��I

� 4.1-4m WX÷�

4.1.3 ����

�����"3��=ð" �Ùwå	3�kl�-z=��GH	 PM 	����LÍN

��IsoHK� !"pqIrq�y<=�ú��z Y�úûø�`a	I[P�¡�Y

pqm 2000� 8s 16·Ó31·

rqm 2000� 1s 16·Ó31·

$%

&'(�

)*+,-./0-123

Ogasawara

Hedo

Oki

Hachijojima 

����
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4.2 ���	

4.2.1 
�������

(1) �������	
��������������	��

���Ø	 SOx[-¯NOx	ij÷�UtI�ú÷��[\�c4ùü�] 4.2-1�«�

I[P�¡�Y

8s�ij÷�Ut	c4ùüL 100 %�uo=<�L"�K�ij÷�
	ãäØGH	

vwL�:z=<� !Ix:K�Y

�ú÷��[\� SOx	c4ùü�"8s��] 80 %"1s��] 40 %"NOx	c4ùü

� 8s��] 85 %"1s��] 30 %Iwz=<�Y�ú÷��[\� SOx	c4ùüLr

q�yw�wz=<�L"ij÷�Ut����	z�L{HK��IGH"���½�	

|Ð�¡�IsoHK�Y

w["�ú÷���Zx�}¶®] 1,000 km	÷��Ë�IF=c4ùü�WXF L"

~×ZxIE���	÷�
C�=��c4_÷�
GH�z=��c4L¡�Y�	 

!"�ú÷�	c4ùü�"¡����ZxIE�����ú÷�
C�=��c4ÙI

�z=��c4ÙL�Ù�¡�IVWF �	�	�¡�Y
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� 4.2-1(1)� ��%&'(�)*%&+,-. SOx
/0123�� (45678)

� 4.2-1(2)� ��%&'(�)*%&+,-. NOx
/0123�� (45678)

analysis domain All domain

analysis domain All domain

Jan.

Aug.

Jan.

Aug.

��

���

���

���

���

����

����

� � ������ � 	 
 � 	 �
� ���� 	 
 ��

� 	 �
�

� ���� 	 
 � ��

� 	 �
�

� ����

�
�
��
�
��
�
��
	
�



��
�

��

���

���

���

���

����

����

� � ������ � 	 
 � 	 �
� ���� 	 
 ��

� 	 �
�

� ���� 	 
 � ��

� 	 �
�

� ����

�
�
��
�
��
�
��
	
�



��
�

��

���

���

���

���

����

����

� � ������ � 	 � 	 
 � � 	 � � 	 � ����� 	 ����� 	 
 ���

� � 	 �

����� 	 � � ���� 	 � ���� 	 
 � ��

� � 	 �

� ��

� 	 �

� ����

�
�
��
�
��
�
��
	
�



��
�

��

���

���

���

���

����

����

� � ������ � 	 � 	 
 � � 	 � � 	 � ����� 	 ����� 	 
 ���

� � 	 �

����� 	 � � ���� 	 � ���� 	 
 � ��

� � 	 �

� ��

� 	 �

� ����

�
�
��
�
��
�
��
	
�
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(2) ����
�	��
����

��GH��JK SOx I NOx 	��������� !"SOx�NOx �K�K�y<

="��GH	��Ù�Ë��efxL	>?ÙI%3M	��Ù�WXF Yw["NOx

�y<=�"����Ù	��L NOxïð	���ywL�I��Hw<L"��¡P�w

F	ijkl	�����vw�IF Y

¸WX��Zx�M�IF="��] 1,000 km�	�ú÷���WF"��	���y

<=����z (] 4.1-4_`)Y

SOx	WXkl�] 4.2-2�«�I[P�¡�Y8s	 SOx�y<=�"ãäØGH 300 km

��� 31 %L>?F=[P"1,000 km��� 70 %L>?F=<�Y�K�ËF= 1s	>

?Ù�"ãäØGH 300 km��� 23 %"1,000 km��� 33 %�¡P"8s�Ì�=q��

	���� 1 s��ú÷�i�>?��,�L��"SOx	��	��L�ú÷�
	��

CghJK�� ÐL�<Y

� 4.2-2� SOx
/0123�(45678)

Jan.Aug.

��������� 	�
�������
������������
��� ����

0%
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NOx	WXkl�] 4.2-3�«�I[P�¡�YNOx�y<=� SOxI���"8s�Ì

�= 1 s��ú÷�i�>?��,�L�<z�L{HK Y1 s��ú÷�i�>?��

,�L�<Ä�IF=�"8 sfå �ÙL��w< !=Ð>?ÙLyw<�I_"<Ð

>?	\r��¡� HNO3L 8sfåärJKw< !<Ð>?ÙLyw<�I"8s�Ì�

= 1s��*	�LX�78���J;�����<=<��IwåLsoHK�Y

� 4.2-3� NOx
/0123�(45678)

�A¦é��[<=�"���Ø	 SOx� 1,000km��fI¶å>?;��ghJK�I

�:K=<�L"·¸�[�[\�
�Zx	ij�� 1,000km��� 70 %L>?��k

lIwz Y�K�"3��=ð" �Ùwå	3�kl_��ãäØ	�LPÈL�w�

 !IsoHK�Y

Jan.Aug.
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4.2.2  SOx �������

(1) � !"
#$%&'

SOx	efxL	%3Mïð�] 4.2-4�«�I[P�¡�Y

SO2	%3Mïð�"ZxGH 100 km`�fK�IGwP��wz=[P"SO4QR-

P����ðL%������L�<Y�	 !"SO2 �-�g���½�	Ôt ¡�F

��g�C	¢Ðc4	>?�sK��I"£¤GH 100km`�fK Zx	g�C	�

��/¥F��IsoHK�Y

¦� SO4QR�"3�GH	§c4Ù	�y��IF=³MC	>?®\�¡� !"SO2

IÌ¨��I"ZxGH-PfK ½���©ª���I�«F=<�Y

�� �����	 
����	

� 4.2-4� SOx
9:;<
=>?@A(BCD)

SO2	���"·¸�[�[<=��A¦é�I���������<YFGF"SO4QR

	�����%�w��L¡��IL«WJK�Y�K�"3�kl"SO4 QR	%3M	

UV��.��c4	��Ù_ãäÙ	1/"ßéêëìíCîïð	¬<_��ãäØ	

�LP	¬<È�-��	IsoHK�YQz="~���	É¾GH�³�	°®��

:; 7¯L8ö�¡�Y

 ®F"©ª�z °Ð±²(¸³´µ¶9.5 ���3 PM 	°Ð±²·)�sK��I"

MEPC57�¸¹NJK ë¦Aß;�@¦Aº(U=	³��[<=�»¼ÛÜ�½()�"D

4v�Î4ÛÜC	¾¿�¨ÀF"ãL¶ÐÈ	°Ð�1�� PAHs 	Á�Âl�ûÃJK

��IGH"ë¦Aß;�@¦Aº�y<=�ÄöÐ�¡�IsoHK�Y

������	DÊWX�-KÅ"������M	 PM�� SO2	2�ÐQR(SO4QR)

L����K��IL«JK=<�Y� "©ª	0>?@A0BCkl�-KÅ"Zx

GH��JK SO2� SO4QR�Í¿JK=����ghJK"����� SO4QR	�L

�<�IL«JK Y�KH	�IGH"ÛÜM»¼��Á����I�"���Ø	 PM

	Á��ÂlL¡�IsoHK�YMEPC �[<=�ÛÜM»¼��7¯���I�-P"

SOxÁ�Âl	DwH� PMÁ�Âl�¡��ILÒ!HK Y

Aug. Jan.
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(2) ()*+,

SOx	efxL	<Ð>?Ù�] 4.2-5�«�I[P�¡�Y

<Ð>?Ù�¸a+	%3ïð�<Ð>?�ð�ÆÇ��I�-Pj�JK� !"<Ð

>?Ù	ef��z��%3MïðIfÈ��	z��«F=<�Y

SO4QR	%3MïðL SO2ïð-P��<��GG:H�"SO4QR	<Ð>?ÙLÂJ

<	�"¦É� SO4QR	<Ð>?�ðL SO2�Ì�=ÂJ< !�¡�YÊË(1996)
4)�-

KÅ"<Ð>?�ð	EÌÍ�"SO2L 0.41 cm/s (7s)I 0.35 cm/s (8s)"SO4QRL 0.11 cm/s 

(11 s)�¡P"%3MïðI<Ð>?ÙGHÎiF ¸WX	<Ð>?�ð���	z�L

{HK Y

�� �����	 
����	

� 4.2-5� SOx
9:;<
EFGHI

4) �������	
�������������������9�185-199�(1996)

Aug. Jan.
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(3) -)*+,

SOx	efxL	=Ð>?Ù�] 4.2-6�«�I[P�¡�Y

=Ð>?Ù	fI¶å� SO4QR�¡P"8s��<z�L{HK�L"1s� �ÙLy

w<��GG:H�"=Ð>?Ù��!��=<�Y

=Ð>?Ù� ���Pµ�K��J	%3°Ï_ ���ãä½�	 SO4QR	��Ù

wå��wö��-z=ÍN��L"1 s	%3M	"�Ù�R�Ù� 8 s-P���"%

3M�"��R���Pµ�K_�<°®�¡z IsoHK"�Ëv�ïð	�< SO4Q

RL%3M���F=< �ILsoHK�Y

�� �����	 
����	

� 4.2-6� SOx
9:;<
JFGHI

Aug. Jan.
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4.2.3  NOx �������

(1) � !"
#$%&'

NOx	efxL	%3Mïð�] 4.2-7�«�I[P�¡�Y

NO �\r�I�������Ôt�1Ðw NO2C#Ñ� HNO3���Ì¨v�_G�¢

NJK=<��I�«F=<�YFGF"NO3 QR�fI¶å��;�"��°c4IF=

%3M�����,�L�<�I�«F=<�Y

³��� NH3�fI¶åãä;�"� g��Ø	 NH3�³��ghJK=�����g

��Ø	 SO2_ NOx wå	¢Ðc4	MÒ���JK=<�Y�	 !"���Ø	 SO2

_ NOx	QRN�Äöw NH3L³���Ó����;�"QRNL��JKw< !"NO3

QRLfI¶å��Fw<IsoHK�Yw["½(F 9:;��³´QR��z=<w

<�I� NO3QRLfI¶å��Fw<�I���F=<�� ÐL¡�Y¦�"SO4QR

� HNO3-P�ÔãÐL�< !BÕIwP_��"%3M� NH3Lw�=�»¢>�#I

F=Öt�QRNF=<�IsoHK�Y

HNO3�>?�ðL%�<�IGH"ZxGH 300 km`�fK ½¾�	��°c4I

F=	ïð�"×ËÍIF=�"ßéêëìíCîïðI	Ì¨�[<=/¥���Y

8s� HNO3L�<	�"3�L�<�I_·ØÙL�< !�3�O'L-P�	 !I

soHK�Y

�� �����	 
����	

� 4.2-7(1)� NOx
9:;<
=>?@A(BCD)

�Ù	-��"NO3QR��ÍN�����Ø	 NOx�yw<�IGH�"NOxGHäÇ

� PM	����� SOxGHäÇ� PM	�����Ì¨F=��"NOx�ËF=�Ú½v

wËÛLÜ�F<IsoHK�YMEPC57�¸¹NJK NOx 7¯	�Ú 2016�GHe(

JK� Tier3���7¯³�(ECA)�	De(���	�¡P"¸WXkl�[<=�Ý�w

ÂlL¡�IÎW���7¯�Þ�¡�Y

Aug. Jan. 
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(2) ()*+,

NOx	efxL	<Ð>?Ù�] 4.2-8�«�I[P�¡�Y

<Ð>?Ù�fI¶åL HNO3�¡�L"�K�<Ð>?�ð�%��vw��OC|A

W¢(�MC	ß�	F_�J�«�W¢)	¬<�-��	IsoHK�YNO"NO2 	OC

|AW¢��K�K 0.002"0.01 mole atm
-1�¡�	�ËF"HNO3� 1.0^10

14

 mole atm
-1�¡

P"HNO3L NO"NO2�Ì�=�à���ß\µDá<IsoHK�Y

�� �����	 
����	

� 4.2-8� NOx
9:;<
EFGHI

(3) -)*+,

NOx	efxL	=Ð>?Ù�] 4.2-9�«�I[P�¡�Y

SOxI���"1s� �ÙLÌ¨vyw<��GG:H�=Ð>?Ù���wz=<�Y

�K�"âã	-��"1 s�%3M���3��Pµ�K_�<°®Iwz=< �IL

soHK�Y

�� �����	 
����	

� 4.2-9� NOx
9:;<
JFGHI

Aug. Jan.

Aug. Jan.
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4.3 ��

�m�����	ZxGH��JK SO2	ïð�"ZxGH 100 km`�fK ½¾��"

×ËÍIF=�"ßéêëìíCîïðI	Ì¨�[<=�/¥F��Y

�m�A¦é��[<=����Ø	 SOx� 1,000 km����fI¶å>?;��ghJK�

I�:K=<�L"·¸�[�[<=����Ø	 SOx�ãäØ[ä� 23Ó31 %>?F=

[P"|�pq�[<=��a 1,000 km	��i� 70 %`�L>?���ILûÃJK�Y

�K��A¦é�I·¸��"3��=ð" �Ùwå	3�kl_��ãäØ	�LP

ÈL�w� !IsoHK�Y

w["·¸�[	³��[<=�"q��	����rq� 1,000 km��i	§>?Ù�

��Ù	 40 %åæ�¡P"����ghJK�� ÐL¡�Y

�m
�Zx	��GH	 SO2 	���"·¸�[�[<=��A¦é��[<=����

���<Y¦�"SO4QR	�����"·¸�[I�A¦é���%�w��L¡��I

L«WJK�Y�K�"3�kl"SO4QR	%3M	UV��.��c4	��Ù_ãä

Ù	1/"ßéêëìíCîïð	¬<_��ãäØ	�LP	¬<È�-��	Iso

HK�Y

Qz="~���	É¾GH�³�	°®��:; 7¯L8ö�¡�Y ®F"¸³

´µ	¶9.5 ���3 PM	°Ð±²·�sK��I"MEPC57�¸¹NJK ë¦Aß;

�@¦Aº(U=	³��[<=�»¼ÛÜ�½()�"D4v�Î4ÛÜC	¾¿�¨ÀF"

ãL¶ÐÈ	°Ð�1�� PAHs	Á�Âl�ûÃJK��IGH"ë¦Aß;�@¦Aº

�y<=�ÄöÐ�¡�IsoHK�Y

�m������M	 PM�� SO2	2�ÐQR(SO4QR)L����K�Y©ª	0>?@A

0BCkl�-KÅ"ZxGH��JK SO2� SO4QR�Í¿JK=����ghJ

K"SO2-P� SO4QR	����L�<�I�IL«JK Y�KH�IGH"ÛÜM»

¼��Á����I�"���Ø	 PM	Á��ÂlL¡��IL«JK Y

MEPC�[<=�ÛÜM»¼��7¯���I�-P"SOxÁ�Âl	DwH� PMÁ�Â

l�¡��ILÒ!HK Y

�m�����	ZxGH��JK NO�NO2�"Ôt�1Ðw NO2C"Ñ� HNO3���

Ì¨v�_G�¢NJK�Y ®F"NO3QR�fI¶å��;�"��°c4IF=%3

M�����,�L�<Y�K�"SO4QRL»¢>�#IF=Öt��QRN��	�Ë

F="HNO3��C9ç�wå�;}|àáCL��Fw<IQRNL��w<�I���

F=<�Y
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�m�	 HNO3�>?�ðL%�<�IGH"ZxGH 300 km`�fK ½¾�	��°c

4IF=	ïð�"×ËÍIF=�"ßéêëìíCîïðI	Ì¨�[<=/¥���Y

�mNO3QR��ÍN�����Ø	 NOx�yw<�IGH�"NOxGHäÇ� PM	���

�� SOxGHäÇ� PM	�����Ì¨F=��"NOx�ËF=�Ú½vwËÛLÜ�

F<YMEPC57�¸¹NJK NOx7¯	�Ú 2016�GHe(JK� Tier3���7¯³

�(ECA)�	De(���	�¡P"̧ WXkl�[<=�Ý�wÂlL¡�IÎW���

7¯�Þ�¡�Y

�m SOx	<Ð>?Ù�"g���\� SO2�¡�	�ËF=³���� SO2I SO4QR���

ð�¡�(] 4.3-1_`)Y¦� NOx�g���\r�	 HNO3��o NO_ NO3QR�>?

��	�ËF=³���� HNO3	D�¡�(] 4.3-2_`)Yg�I³���>?��L�w

��IL«èJK Y
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� 4.3-1� SOx
KL(!"MNO#$"PQN)

� 4.3-2� NOxKL(!"MNO#$"PQN)

�)� �� 2 ���PM 	
�������������������������	 !�	��"#$%&

'()*+,�-

� � � � � � � 
������

� � � � � � � ./�����
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5-1

5. �������	 PM�
�	�������

5.1 ��������	


��������	
����	��������	���������������� PM

� !"#�$%��&'�()*+,-./01�&23*4567�89:;<=>(?@�

()*+,-.<=>
AB)
 1�CA�DEFGHDIJ�KL����MN��
����O

P& NOx�SOx/23*�QRST�UV67Q�&4567�WX�YZ�&[\&����

]��^_��`abc�dA�e$%�&[

5.1.1 ��	


���	����DEFGHDIJ��fghi
jk CMAQ�lH�
�&()*+,-.

<=>�CA�mn&oCMAQ�dA�� 4.1.1 pqr[()*+,-.<=>�st1u<=>

/vwx\P& CMAQ ver4.5�lH�
��yz���
st67�ST{|�vwx}~<=

>��V���89
�����dA����	�]�
�&���c����/$�OP�A

�[\&�CMAQ �������3�<=>����23,-�J�H(NCAR)�01OP&�

�3�<=>MM5 (Fifth Generation Mesoscale Model) �CA�A�[

���fghi������	�]�� 80km ��DF����mn&/�����V�n

&���	��������]�� 6km��DF����mn&[

5.1.2 ������

��]�"#�����(  230km¡  290km���¢7 6km¡6km)
��£ 5.1-1�¤�


�V���[

� 5.1-1� �����	

1

���(2006)����	
��������������������� !" !#$�2006.7

5-1
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5.1.3 ����

¥¦§¨�© 5.1-1�
�V���[


 5.1-1� ���

ª« ��¬® 67¬® ¯°

23*89
SO

2
, NO, NO

2
, HNO

3

NH
3
, O

3
,

±567, ²³t, ´³t

�J<µ¶·t(NH
4
-N)

¸¹`
SO

2
, NO, NO

2
, HNO

3

NH
3
, O

3

±567, ²³t, ´³t

�J<µ¶·t(NH
4
-N)

º�, »�¼

5.2 ����

5.2.1 �����

2000½9lH����`�CA��1½¾������mn&[

\&���� !�dA�����`����¿'&ÀH�(���V)
���¿'�AÀH�

(����)����mA�ÁÂ�ÃMN$%�mn&(© 5.2-1pq)[


 5.2-1� �����

No ÄÅ ��ÆÇ ��
ÈÉÊ
ËÌ

��
Å¾

1 �� ������ �VÍ �VÍ 1½¾

2 �� ������ ÎÍ �VÍ 1½¾

5.2.2 ������

���1uÏ=H��dA������Ð��������Æ�UÑhiÒ����`��

�Ó�½Ô�Õ�CA����&[��Ö×�ØÙ��Ú6. ���	������MN�23

ÛÜ®��`���cÝ�¤�
�V���[P.5-1�Þß�&()*+,-.<=>MN�à

�áâã����ä�åæX`å�çaèé�êë���fhm�ìí�î1ï NMVOC�ìí

���[�����1uÏ� PM� SO
2
����67(SO

4
67)�¿}�A�[

��?f�1uÏ=H��dA���()*+,-.<=>�CANP�A�1uÏ=H��

CA&(© 5.2-2pq)[1uÏ�¼�½¾1u`�© 5.2-3�¤�
�V��V����	��

����MN� SO
2
���� 31.2 %
�����/à���Ï
�n�A�[NOx�à�1uÏ

�zX	�
�å����V������� 14.1 %
��A[CO �dA�e�zX	MN�

��/  8���'��V������� 0.8 %
�����A[

��`�«�£�£ 5.2-1�¤�
�V���[
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 5.2-2� ���������

]�½ 2000½9

��DF 1km¡1km

1uÏ®
�1uÏÍ PM�NOx�SO

2
�CO �NMHC�HCl�NH

3

(B����Í PM�NOx�SO
2
�CO �NMHC)


 5.2-3� ����������� (2000�����)

Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í ���kt/½

���
����

�	
�� �	���

��

����
���� ���� ���� ���

����

���

SO
2
 21.3  35.8 116.8 7.2 0.0 2.0 183.1 31.2  %

PM 2.7  4.6  19.4 20.5 0.3 3.7 51.1 14.1  %

NOx 37.1  63.8  178.9 255.7 7.0 94.8 637.3 15.8  %

CO 4.7  6.2 241.6 1059.0 7.4 18.1 1337.0 0.8  %

NMHC 10.9 2.0 543.8 144.5 2.8 158.1 862.1 1.5  %

HCl   20.3    20.3  

NH
3
   50.0 4.0  58.7 112.6  
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5-4

�1uÏ�U���`(SO
2
) ��MN���`(SO

2
)

�1uÏ�U���`(NOx) ��MN���`(NOx)

� 5.2-1�  !��"#�

10000 
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5.2.3 �� �!"#$

������$���4567�«� 2000½9 1½¾�;��c/�NP�A�()*+,-

.��;�ã(��)��A����¬®e¿'�mn&[$�ÆÇ�© 5.2-4�¤�
�V��

�[

\&���¬®�dA��±���23;� ��A�e;�OP�A�&'���	�2

3��;� (!s�"��#$�í%")�dA�e�© 5.2-4�¤�§¨åÅ¾�dA�$��

&[


 5.2-4� $%&$'�()*+,

�ã §¨ Å¾

�� SO
2
�NO

2
�O

3
�SO

4

2-�NO
3

-�NH
4

+ &'(�(2000½9� 1½¾)

��	�;� 

(!s�"��#$�

í%")

SO
2
�NO

2
�O

3
&'(�(2000½9� 1½¾)

(1) ����(���)

�������;�c
���c�&'(��áX�£ 5.2-2�¤�
�V���[

SO
2
����c��10 )?*�++{2�:;��,-���/�½¾�.k�áXð�H

J��;�c�U�±/��A�[

NO
2
����c��½¾�.k�89��áXð�HJ
e�;�c�U�±/��A�[

O
3
�dA�e�½¾�.k�89��áXð�HJ
e�;�c�U�±/��A�[

SO
4
67����c��9)�0��;OP& 29�189+ 1)MN 2)�2A89�{3

�:;��A�/�4PN�5�
89��áXð�HJ
e�;�c�U�±/��A�[

NO
3
67����c��67Å�*8�{39:�,-���/�áXð�HJ�U���O

P�A�[

?Ò��cMN��YZ�<=>��UA���/�NP�A�
;<�&[
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(2) 	
��(��)

��	�;� �B��!s�����;�c
���c�&'(��áX�£ 5.2-3 �¤

�
�V���[

SO
2
����c��189�=H>��2�:;��,-���/�½¾�.k�89��

&áXð�HJ
e��;�c
U�±/��A�[NO
2
����c��189�=H>��

2�:;��,-���/�&áX��;�c
U�±/��A�[O
3
����c��12)�

++2�ê?e�,-���/�&áX��;�c
U�±/��A�[

�;�c
���c�@�£�£ 5.2-4 �¤�
�V���[SO
2

 NO

2
����c�AB

�C�/��;�c�DE>�H2(�;�c� 1/2 FG2 F)�"#�Ðn��V�<=>��

���1A
AH�[O
3
�]����<=>�++{3:;��,-���/����c�2

0/�;�c�DE>�H2 �"#�Ðn��V��YZ�<=>��UA���/�NP�

A�
;<�&[
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5.2.4 ��%&'()*+,-%&��./

(1) �����

(a) SOx

SO
2
�UÑSO

4
67�23*89�)'(89«��IJK IJ£1-1�UÑIJK IJ£

1-2�¤�
�V���[

SO
2
89( IJK IJ£ 1-1 (1) )��½¾�.����	LM�1��n�A�[�P��

���¿'&��	�1uÏ/2N�ñò��A�&'
°HNP�[\&�p°�@O�

WHO �&'(���PQRPJ� 20 μg/m
3
óô��
���LM�õ{��A�)/êN

P�[

��ñò89( IJK IJ£ 1-1 (2) )���ST�� 6)MN 9)�M��1��n�A

�[�P��UV�WUV�XAVYZ�UV[Ö\]@OP+�A��]��^V�Z/_

��\&s`Zå �Za��Õ�UV��Òb�23ÛÜc/��a�1u�+�A¬�

�����A�&'
°HNP�[d�ef�ST���10 )MN 12 )�M��1��n�

�V���g���OP&������/WUV�VYZ�UV[h�ef�ST�ijO

P�&'
°HNP�[

��ñò��( IJK IJ£ 1-1 (3) )���LM�UÑ�fhiLM�1��n�A�[

��� !��A�"#(��ñò��/ 25 %?Ò)��4)MN 8)�M��Æ`k�l/n

��V�m� 6 )��Whhie !���nopåqrp�	�l/n�A�[±Ö�UV

��Æ`k\�l/Ns�tuvwST�xyMN 10km�"#�zNP�A�[

SO
4
6789( IJK IJ£ 1-2 (1) )��½¾�.k���{	�AB±|���/�4)M

N 8 )�M����	LMå�fhiLM�89/++1��n�A�[��UB� SO
4
67

/ SO
2
�óC�±|�«���êNP����{	fMN}~OP�N&4567�U�e�


��OP�[���8)���	�89/1��n�A���ÈÉÊ� !
°HNP�[

SO
4
67���ñò89( IJK IJ£ 1-2 (2) )���]��3OAe�� SO

2

j|� 6

)MN 9)�M��1��n�A�[

(p°)Í WHO��PQRPJ�

§¨ 9:Ä¾ �PQRPJ�

SO
2
 24Ä¾'(� 20 μg/m

3

24Ä¾'(� 50 μg/m
3

PM
10

½'(� 20 μg/m
3

24Ä¾'(� 25 μg/m
3

PM
2.5

½'(� 10 μg/m
3

24Ä¾'(� 200 μg/m
3

NO
2

½'(� 40 μg/m
3
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(b) NOx

NO
2
�HNO

3
�UÑ NO

3
67�23*89�)'(89«��IJK IJ£ 1-3�IJK I

J£ 1-4�UÑIJK IJ£ 1-5�¤�
�V���[

NO
2
89( IJK IJ£1-3 (1) )���8k�*8�10)MN4)�M��1��n��V�

à�zX	�Õ�}X1uÏMN����U�e�
°HNP�[

NO
2
���ñò89( IJK IJ£ 1-3 (2) )��5)MN 9)�M��1��n��V�m�

8)�9)���f�hiST���ñò��( IJK IJ£ 1-3(3) )/ SO
2
UVe1��n

�A�[`	\� !"#(��ñò��/ 25 %?Ò)� SO
2
�óC������ñò/2N�

�� 6)MN 9)��A�e SO
2
AÕÆ`k�l/n�A�A[

HNO
3
89( IJK IJ£ 1-4 (1) )��6)MN 8)�^V�Æ`k�1��n�A�/�U

V��A
}Õ����A�A[

HNO
3
���ñò89( IJK IJ£ 1-4 (2) )� NO

2
89�óC�2��«�¬��sÒh

i�ST�1�Æ`k��2��n�A�[

NO
3
6789( IJK IJ£ 1-5 (1) )��½¾�.k�Æ`k�1��n��V�m� 6)�

8)�10)�11)/�����[

NO
3
67���ñò89( IJK IJ£ 1-5 (2) )��NO

2
89�óC�3O��5)MN 8)

�M����±��`Ò�1��n�A�[NO
3
67���ñò89/UV�sÒ��
�

���������/���n&�
�Un��O
3
89/Ò���HNO

3
/�N&&'
°H

NP�[

(c) O
3
��

O
3
89�23*89�)'(89«��IJK IJ£ 1-6�¤�
�V���[

O
3
89( IJK IJ£ 1-6 (1) )��½¾�.k��fkUV��	�2��n��V�à�

��	���OP& NO�³Q���OP&e�
°HNP�[

O
3
���ñò89( IJK IJ£ 1-6 (2) )���	LM��
�n�A�/��P�½¾�

áX+«��,-� SO
2
+ NO

2
���ñò
����A��
MN�à���MN� NO�³

Q�UV��OP�A�
°HNP�[
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(2) ���

(a) SOx

0 SOx��� (�����)

��]�"#�]�
�����`�]�� SOx¸¹`����RJ��£ 5.2-5�¤�


�V���[

SO
2
�º�¸¹`�½¾�.�������`� 2 �_��'�A�[»�¸¹�dA��

*v`��A 6)����SO
4
67/ 2�_��'�A�[�Ô��Ú4. fghi���� PM

����DEFGHDIJÝ��c�°���
����	f\ijOP� 6�MN 8��

SOx��^V�dA��»�¸¹�UV 1,000km�"#Æ�A
}Õ¸¹���
/Å��N

�/�UV�dA��»�¸¹�U�bc�Å��Ns��Ö\�ijOP����/°HN

P�[

�� ��� ��� ��� ��� ����

�
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�
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�

��

� 5.2-5� SOx�GH��IJKLM�(NOPQ")
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1 �����

SO
2
�UÑ SO

4
67�)¼º�¸¹`«��IJK IJ£ 1-7�UÑIJK IJ£ 1-8�¤

�
�V���[

SO
2
�º�¸¹`( IJK IJ£ 1-7 (1) )��2389AÕ�����A/�2389
j

|�½¾�.����	LM����n�A�[��ñò( IJK IJ£ 1-7 (2) )e2389


j|�,-�¤���V���ST�� 6)MN 9)�M���ef�ST���10)M

N 12)�M�����n�A�[

\&�SOx�º�¸¹`� SO
2
/2k«��'�A�[

SO
4
67�º�¸¹`( IJK IJ£ 1-8 (1) )�2389
,-/++��n��V�=H

>���Æ����������&`Òk�êNP�[\&�)áQ�4PAÕ2N��

A/�5)�7)�8)������&`Òk�10)���ªk�Æ`k����n�A�[

��ñò( IJK IJ£ 1-8 (2) )��4)MN 9)�M���`Òk�w�¸¹��A�,-

/����V�7)�8)�¸¹`/���m� 8)�Æ`k\�l/n�A�[

2  ����

SO
2
�UÑ SO

4
67�)¼»�¸¹`«��IJK IJ£ 1-9 �UÑIJK IJ£ 1-10�

¤�
�V���[

SO
2
�»�¸¹`( IJK IJ£ 1-9 (1) )��6)�10)�11)�1)����n�A�/�

º�¸¹`�óC���� 2G3�|9���[��ñò( IJK IJ£ 1-9 (2) )�hi��*

8�«����V�4)�6)�Æ`k�¸¹/êNP�[

SO
4
67�»�¸¹`( IJK IJ£ 1-10 (1) )� 7�8)��êNPs�10)�1)��{

	�êNP�[2389«��êNP&hi����+M�=H>�»�¸¹`��êNP�

A[

��ñò( IJK IJ£ 1-10 (2) )��5)�6)����=H>��é�2389«�
�

��n��Æ`k�e=H>/êNP�[

5-14
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(b) NOx

0 NOx��� (�����)

��]�"#�]�
�����`�]�� NOx¸¹`����RJ��£ 5.2-6�¤�


�V���[���NOx�dA�������`/����
 O
3
89/Ò�� HNO

3
/�í�

��
e��&'�����`��í/ NOx��í�d�/�
ezN�A/����Vå�

�����c�Ã«���ñò«
�&[

^V��HNO
3
�º�¸¹`/�����`� 9G14 %��'�A�[»�¸¹�dA��*

v`��A 6)����NO
3
67/ 10 %��'�A�[�Ô��Ú4. fghi���� PM�

���DEFGHDIJÝ��c�°���
����	f\ijOP� 8�MN 9�� NOx

��SOxj|�^V�dA��»�¸¹�UV 1,000km �"#Æ�A
}Õ¸¹���
/Å

��N�/�UV�dA��»�¸¹�U�bc�Å��Ns��Ö\�ijOP����/

°HNP�[

�� ��� ��� ��� ��� ����
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�����
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������
�

�����
�

�

�	
��

�	
��
�

�	
���
�

�	
��
�

�

� 5.2-6� NOx�GH��IJKLM�(NOPQ")
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1 �����

NO
2
�HNO

3
�UÑ NO

3
67�)¼º�¸¹`«��IJK IJ£ 1-11GIJK IJ£ 1-13

�¤�
�V���[

NO
2
�º�¸¹`( IJK IJ£1-11 (1) )�5)MN9)�M��Æ`k����n�A�[

NO
2
�2389/�2
�� 10)� NO

2
�º�¸¹`/���n�A�A�
MN�NO

2
�º

�¸¹`�3 +»9�Õ�3�¡¢+�©�¡¢�Õ� !OP�A����/°HNP�[

��ñò( IJK IJ£ 1-11 (2) )����Æåfg�sÒ��A
}ÕêNPs�5)M

N 9)�M��Èt0Êå£¤0Ê�tuvw���&`Òk�=H>/êNP�[11)MN

3)�M�����ñò�A
}ÕêNP�A[

HNO
3
�º�¸¹`( IJK IJ£ 1-12 (1) )� 5)MN 8)�M�����n��V��

�ªk�=H>/êNP�[��ñò( IJK IJ£ 1-12 (2) )� 5)MN 8)�êNP�8)

��l"#�l/n�A�[

NOx�º�¸¹`� HNO
3
/2k«��'�A�[

NO
3
67�º�¸¹`( IJK IJ£ 1-13 (1) )������&��ªk�*8
�� 3

)MN 10)\����n��V�7)��2
�n�A�[��ñò( IJK IJ£ 1-13 (2) )

ej|�,-/êNP�[

2  ����

NO
3
67�)¼»�¸¹`«��IJK IJ£ 1-14�¤�
�V���[

NOx�»�¸¹`( IJK IJ£ 1-14 (1) )� NO
3
67/2k«��'��V�NO

2
�HNO

3

�¸¹�A
}ÕêNP�A[\&�NO
3
67�»�¸¹`� 2)MN 6)
 10)����Æ

`k�=H>/êNP�[

��ñò( IJK IJ£ 1-14 (2) )��SO
4
67
j|��5)�6)��A[��ñò�=

H>��é�2389«�
���n�A�[

5-16
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(3) !"��#�$%&'�()*+�,-

(a) ./

���	
fghi��¥¦ö§�ó

ô��&'����	����c�dA�

[W<��89«��¨ç�&[

89«��¨ç��[W<�����ñò

89��e1���[W<�
��£ 5.2-7

�¤�<��*8
�&© 30km(5��D

F)�'(
�&[

���'(QÄ¾��fghi��8/16G

31� 16&¾����	�8/1G31� 31&

¾���[

(b) ,-01

�289/����[W<��dA��89«�£�£ 5.2-8G£ 5.2-10 �¤�
�V���[

1uÏST� SO
2
89
 SO

4
6789�óª��fghi�
���	���n��V�f

ghi��� SO
4
6789/ SO

2
89� 1.7 F|9����]�����	�� SO

4
6789

� SO
2
89� 0.1F|9���[

fghi��êNP&ÚSO
4
67/ SO

2
89�óô���¥¦\�«¬��Ý
AB,-(£

5.2-11�£ 5.2-12pq)�����	�eêNP�[�M��1uÏMNW\ 100km¦P&�ã

���� SO
4
6789��fghi���1uÏST�89� 59 %|9��n&��]���

��	��1uÏST�89� 26 %|9
�n�A�[

fghi�� SO
4
67���/1A���fghi��sgÒ���23*�»9/1A�


+1uÏST� SO
2
89/���	UV2A�
�\& SO

4
67�23*�WX����

®���`+1u`/��A�
�ÕMN����	UVe³�Qå67Q/®¯OP+�A

¬���n&&'
°HNP�[

���	�¥¦ö§��/2N�wH����SO
2
��`� 5 %� SO

4
67(���67)
�

�òHNP�A��
��UÑ67\�á°/®¯OP�A�
�UV�êM�Ò�±567�

]@¬�
���¥¦ö§����n&&'
°HNP�[

� 5.2-7 RSTU7VW 30km�9:X

0km

60km

120km

180km

240km

294km

����
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� 5.2-8� RSTU�YZ"#(SO
2
)

� � ���

���

���

	��

	��


��


��

� �� 	�� 	�� 
�� 
�� ���

������� �

�
�
�
�
�
�
��
	
�

�
�
��

�
��

�
�

�����

������ ��

� 5.2-9� RSTU�YZ"#(SO
4
BC)

� � �

�

�

	�

	�


�

� �� 	�� 	�� 
�� 
�� ���

������� �

�
�
�
�
�
�
��
	
�

�
�
��

�
��

�
�

�����

������ ��

� 5.2-10� RSTU�YZ"#(NO
2
)

[Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í W

[Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í W

[Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í Í W
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23456 �$%&'�()*+76

�� �����	
� ����	
�

� 5.2-11� [\]^_/012 SOx�`a_��bcdYZ

�� �����	
� ����	
�

� 5.2-12� [\]^_/012 NOx�`a_��bcdYZ

Aug.

��
�
� ��

�

��
�

�����

����

����

����

����

����
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(4) �������	
��

�������	
���������������� 4
�(���)�������
�

��� (���)�!"#�
���$%&'(���)�()
���*+�,-./

01�234�5678()
�9:;� 5.2-13<=��>?@A	8

B B B B B B B �B ���C������������
B B B B B B B �B ���C� 
B B B B B B B �B !"DC$%&'

� 5.2-13� �����	

��

��

��

�	


��

���
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(a) SO
2

9:�ã���� SO
2
�Ú��Ý�Ú����Ý�UÑÚ��ñòÝ�)'(89
��ñò

ª�£ 5.2-14�¤�
�V���[

!s�"��#$� SO
2
���89� 8 )��2
�n��V�ñò89��2)
±/�

�A�[ñò89��5 )MN 9 )�M��1��n��V�í%"�5A� 8 )/�e1�

�n�A�[\&�ñòªe 5)MN 9)�M��1��n��V�50 %�õ{���ã+)

eêNP�[í%"�dA�����89åñò89
e� 10)/�2
�n��V����

ã
,-/��n�A�[Æ`��é������A�e�20 %|9���ñò/êNP&[

(b) SO
4
89

9:�ã���� SO
4
67�Ú��Ý�Ú����Ý�UÑÚ��ñòÝ�)'(89
��

ñòª�£ 5.2-15�¤�
�V���[

SO
4
67�dA����C���ã��A���89�)'(�/ 8 )��e1����ñ

ò89e 8)��e1A�ã/�A[��ñòª�^VåUV�1��n��V�!s�"��

#$�� 20G30 %|9�í%"�� 50 %|9���[���� 10 %?@
�n�A�[

(c) NO
2
:NOx

9:�ã���� NO
2
�Ú��Ý�Ú����Ý�UÑÚ��ñòÝ�)'(89
��ñò

ª�£ 5.2-16�¤�
�V���[

NO
2
�dA�����89�±V�1��^V�2��n�A�/���ñò89�UÑ�

�ñòª��C���ã��A� 8)�1��n�A�[��	� 8)���ñòª��15G

30 ²���[

9:�ã���� NOx�Ú��Ý�Ú����Ý�UÑÚ��ñòÝ�)'(89
��ñò

ª�£ 5.2-17�¤�
�V���[

NOx�dA�e���89�±V�1��^V�2��n�A�[��ñò89�UÑ��

ñòª��8)�1��n��V���	�ñòª� 20G40 %|9���[

(d) NO
3
89

9:�ã���� NO
3
67�Ú��Ý�Ú����Ý�UÑÚ��ñòÝ�)'(89
��

ñòª�£ 5.2-18�¤�
�V���[

NO
3
67�dA�e�NOx 
j|�±V�1��^V�2A,-
�n��V���ñò8

9�UÑ��ñòª��C���ã��A� 8)�1��n�A�[��	� 8)���ñò

ª��20 ²|9���[

8)� SO
2
���ñò89���C���ã��A�óôa1��n�A�[

?Ò��c�³\H���Ô��Ú5.3 ^_bc�:;Ý�$%���������^_b

c�$��dA������ !/2NA
°HNP� 8)�]�
�&[
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� 5.2-14� e$%fgeNOhif0jkeNOPQf�l9:YZ7NOPQm(SO
2
)
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� 5.2-15� e$%fgeNOhif0jkeNOPQf�l9:YZ7NOPQm(SO
4
BC)

� � ��

���	 
��

����	 
��

� ���������������	 
����� �

� � � � � �

�

�

�

	




�

�



�

�

�
�
�

�
�
�

�
	



�
	
�

�
	
�


�
�

�
�
�

�
�
�

�
�
�

�
�



�
�
�

�
�
�

�




	
�
�

�
�


�
�


��
�
��
�


��
#
�
$�

�
�

�

��

��

	�


�

��

��

�

��

��

���

�
�


��
��
	
��
�


��
�
�
�
��
��
�
�

� � �� �

�

�

�

	




�

�



�

�

��

�
�
�

�
�
�

�
	



�
	
�

�
	
�


�
�

�
�
�

�
�
�

�
�
�

�
�



�
�
�

�
�
�

�




	
�
�

�
�


�
�


��
�
��
�


��
#
�
$�

�
�

�

��

��

	�


�

��

��

�

��

��

���

�
�


��
��
	
��
�


��
�
�
�
��
��
�
�

� � � � ��

�

�

�

	




�

�



�

�

�
�
�

�
�
�

�
	



�
	
�

�
	
�


�
�

�
�
�

�
�
�

�
�
�

�
�



�
�
�

�
�
�

�




	
�
�

�
�


�
�


��
�
��
�


��
#
�
$�

�
�

�

��

��

	�


�

��

��

�

��

��

���

�
�


��
��
	
��
�


��
�
�
�
��
��
�
�

� � � � � � �

�

�

�

	




�

�



�

�

�
�
�

�
�
�

�
	



�
	
�

�
	
�


�
�

�
�
�

�
�
�

�
�
�

�
�



�
�
�

�
�
�

�




	
�
�

�
�


�
�


��
�
��
�


��
#
�
$�

�
�

�

��

��

	�


�

��

��

�

��

��

���

�
�


��
��
	
��
�


��
�
�
�
��
��
�
�

� � � � �

�

�

�

	




�

�



�

�
�
�

�
�
�

�
	



�
	
�

�
	
�


�
�

�
�
�

�
�
�

�
�
�

�
�



�
�
�

�
�
�

�




	
�
�

�
�


�
�


��
�
��
�


��
#
�
$�

�
�

�

��

��

	�


�

��

��

�

��

��

���

�
�


��
��
	
��
�


��
�
�
�
��
��
�
�

� � � � � � � �� �

�

�

�

	




�

�



�

�
�
�

�
�
�

�
	



�
	
�

�
	
�


�
�

�
�
�

�
�
�

�
�
�

�
�



�
�
�

�
�
�

�




	
�
�

�
�


�
�


��
�
��
�


��
#
�
$�

�
�

�

��

��

	�


�

��

��

�

��

��

���

�
� 
��
��
	
��
�


�!
�
��
�
��
"�

�
��
��
�
�

5-23



5-24

� 5.2-16� e$%fgeNOhif0jkeNOPQf�l9:YZ7NOPQm(NO
2
)
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� 5.2-17� e$%fgeNOhif0jkeNOPQf�l9:YZ7NOPQm(NOx)
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� 5.2-18� e$%fgeNOhif0jkeNOPQf�l9:YZ7NOPQm(NO
3
BC)
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5.2.5 �������	
�����������

÷Hø�ð��A�e�DEFGHDIJ�U�������� !/$%OP��V��Y

Z�KL�&DEFGHDIJ���¡¢´�dA�óô�mn&[

(1) ;<=>�,-

v'��DF�µë��DF�óô�© 5.2-5 �¤�
�V���[\&���{	�óô

�£ 5.2-19G£ 5.2-21��µëÖ-�¶·�óô�£ 5.2-22�¤�
�V���[


 5.2-5� no�

�� ������� ����� �����(EMEP) 

� !"# CMAQ Ver4.3 CMAQ ver4.5 EMEP Eulerian acid 

deposition model 

$%!"# RAMS MM5  

&'�� 78(�)*+68(�)*

,6240km+5440km-

39(�)*+49(�)*

,234km+294km-

132(�)*+111(�)*

,6100km+5550km-

./(�)* 80km+80km 6km+6km 50km+50km 

01(�)* 1923456

789: 23km6

2;9<=>3?@ABC

DEFG29: 150m6

H$IJKLM 13 234

56

789 100hPa,: 16km-6

2;9<=>3?@ABC

DEFG29: 30m6

H$IJKLM 20 234

56

789 100hPa,: 16km-6

2;9<=>3?@ABC

DEFG29: 90m6

��� � ����	, 
��, ����, ����, ����, ����, ��� , !�"#, $%&' : 

RAMS/CMAQ ()*+,-./012324(5678+9:;<+=>(?@, 
ABCDEF, 40(4), 

2005

GH I, JKL/MN1OPQRSTU(V�WXYZ[\]^_`ab>cdef(gh, 
ABC

DE, 42(4), 2007 

D. Simpson, H. Fagerli, J.E. Jonson, S. Tsyro, P. Wind, and J. -P. Tuovinen, Transboundary acidification and 

eutrophication and ground level ozone in Europe: Unified EMEP Model Description, EMEP Status Report 1/2003 

Part I, EMEP/MSC-W Report, The Norwegian Meteorological Institute, Oslo, Norway, 2003. 

H. Fagerli, D. Simpson and S. Tsyro, Transboundary acidification, eutrophication and ground level ozone in Europe, 

EMEP Status Report 1/2004, Unified EMEP model: Updates, pp.11-18, The Norwegian Meteorological Institute, Oslo, 

Norway, 2004.  
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� 5.2-19� [\]^_������	pqr 6240kms5440kmgtC 80kms80kmu

� 5.2-20� Vvwqr������	pqr 234kms294kmgtC 6kms6kmu

Ogasawara

Hedo

Oki

Hachijojima 
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ij� k(lmnopqr(stuvwx4(yz{|}~

� 5.2-21� EMEP������	pqr 6100kms5550kmgtC 50kms50kmu
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� 5.2-22� xyz{�nop|z� 5zu
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(2) ?@A��,-

50km ��DF�&V���X9�© 5.2-6 �¤�
�V���[�YZ�CA&fghi

����X9�÷Hø�ðUVe3O���«� 1?@���[

\&�÷Hø�ð��������`�«�£�£ 5.2-23 �¤�
�V���[fghi

����1uÏ�¸Ò�«���A���]��÷Hø�ð���1uÏ��a�l/V�¹

n&«�����mn�A�[


 5.2-6� NO� !}Z ( kt/yr/50km~��� ) 

 SO
2
 NOx 

fghi�   1.36   1.79 

�� 17.2 29.7 

÷Hø�ð(�>ºsST)    5.0G    5.0G

Final report from Entec UK Ltd for the European Commission “Quantification of emissions from ships associated 

with ship movements between ports in the European Community”.

� 5.2-23(1)� �����/012NO��� SO
2
 !�"#�(kt/ yr/50km

2

)
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Final report from Entec UK Ltd for the European Commission “Quantification of emissions from ships associated 

with ship movements between ports in the European Community”.  

� 5.2-23(2)� �����/012NO��� NOx !�"#�(kt/ yr/50km
2

)
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(3) ;<01�,-

÷Hø�ð�������ñò89���c�£ 5.2-24G£ 5.2-26�¤�
�V���[

÷Hø�ð��A������Ï� SOx ��Ö\� !/��
»¼P��V�hi�MN

1,000km|9¦P&�ã������ñò� SOx¸¹`� 25G125 mg-S/m
2

/½|9���[�Y

Z�DEFGHDIJ�UP½�fghi�MN 1,000km |9¦P&�ã���� SOx¸¹`

� 8)� 19 mg-S/m
2

/½|9�1)� 1 mg-S/m
2

/½|9��V�÷Hø�ð�óC� !�3O�

�n�A�[

The influence of ship traffic emissions on the air concentrations of particulate matter. Preliminary estimate from 

EMEP/MSC/W under request of DG Environment. November 2001. 

� 5.2-24� ��������BC/��2NO�PQ��(%)
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EMEP/MSC-W Note 5/00, July 2000.  

"Effects of international shipping on European pollution levels".By Jan Eiof Jonson, Leonor Tarrasón and Jerzy Bartnicki 

� 5.2-25� ������ SOxGH�(����g|�NO)(mg-S/m
2

/�)

5-33



5-34

EMEP/MSC-W Note 5/00, July 2000.  

"Effects of international shipping on European pollution levels".By Jan Eiof Jonson, Leonor Tarrasón and Jerzy Bartnicki 

� 5.2-26� ������ NOxGH�(����g|�NO)(mg-S/m
2

/�)
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5.3 �������

5.3.1 ����
������ !"#$�%

������^_�dA���2008½ 4)��¾s�¿� (IMO) À 57Ásg��ÂÃÄÅ

Æ (MEPC57) �UV© 5.3-1�¤� SOx�UÑ PM^_�NOx^_/�ÇQOP&[��B��

PM �dA���ÈJ�²É«�����e�/�A�
MN�ÈJ*²É«^_�ÊËOÌ

��
��ÍOP�A�[

ÈJ*�²É«^_�U� PM ùöbc�$���ÀH�
����=ÎHÏ>¿��ÐC

��ÈJ� AÑÒÓ��Ô°��ÀH�
��ÈJ*²É«� 0.5 %(^_ S_0.5%)�0.1 %(^_

S_0.1%)� 2ÀH�
�&[�� 2ÀH�� MEPC57��A��ÇQOP& SOx�UÑ PM^

_��A��4PÕP±�s	� 2020½?*�ÈJ*²É«^_���^_s	� 2015½?

*�ÈJ*²É«^_�Ó���[

NOx ^_�U� PM ùöbc�$���ÀH�
�����m���C�/ Tier2 ^_��

>����ÀH�(^_ N_Tier2)��m���C�/ Tier3 ^_��>����ÀH�(^_

N_Tier3)�UÑ 2020½�Ö��& pre2000�Tier1�Tier2�Tier3×�ÀH�(^_ N_2020)� 3À

H�
�&[^_ N_Tier2�^_ N_Tier3 �dA����K���V��AØ�~/�Tier2 �

UÑ Tier3�4PÕP�^_bc�ÙÚ��&'�Ø��&[

bc$���^_�ÆÇ�© 5.3-2�¤�[

���MEPC57 ��A��2Û�����dA�e^_OP��
/�ÇÜ�ÝVx\P&

&'�ÞÁØ��&^_ÀH� N_2020UVe NOx��`�ùö/Å��N�[


 5.3-1� MEPC57���������� VI������(SOx0jk PM��gNOx��)

^_��� ÆÇ

SOx �UÑ PM ^

_

ÈJ*²É«�^_

±�s	Í Í Í 2012½?*�3.50 %�2020½?*�0.50 % 

��^_s	Í 2010½?*�1.00 %�2015½?*�0.10 % 

NOx^_ ßà���J�J�]��^_

2011½?* Tier2��m^_(Tier1)� 15.5G21.8 %ùö(�s	�áC)

2016½?* Tier3��m^_(Tier1)� 80 %ùö

  (��^_s	��wáC)

�����J�J�]��^_

]Í ��1990 ½?*�âàOP&�����J�J�B��D�JãH

Ç? 90L?ÒMd�) 5,000kW?Ò

^_��Tier1^_

ÄÍ Å�àäå/^_á�æ×�ç���IMO �.Ô��MN 1 ½?*

��è��Å$Z
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 5.3-2� �6()�2�����

ÀH� ÆÇ
NOx

^_

ÈJ

^_
Å¾

^_ S_0.5% 

ÐCÈJ�²É«� 0.5 %?@�^_

(±�s	� 2020½?*�^_�Ó�)

é ê 1ë)

^_ S_0.1% 

ÐCÈJ�²É«� 0.1 %?@�^_

(��^_s	� 2015½?*�^_�Ó�)

é ê 1ë)

^_ N_Tier2 �C����� Tier2^_(30 %ùö��m��e]�) ê é 1ë)

^_ N_Tier3 �C����� Tier3^_(80 %ùö��m��e]�) ê é 1ë)

^_ N_2020 2020½�Ö�(ßà�� Tier2,3^_�ì���^_��) ê é 1ë)

5.3.2 &'()�*

í�^_�U�ùö`�����A���îï����æX`�áQ�°�Ìs��¥¦]

�½����^_��ð�
�^_�UVÖ�OP���ä��wMN�îï��`�Ø��

&[��Ö×�ØÙ��Ô��Ú6. ���	������MN�23ÛÜ®��`���

cÝ�¤�
�V���[

���ÈÉÊMN�SO
2
�2`ñ�� 2000½�m���
°H�̂ _bc�$%��A���

ÈÉÊMN�Ìò���1uÏ=H��¿'�A�A[

5.3.3 +,��-.

���]�½
�& 2000½9�B���Ô��Ú5.2.4 (4) 9:�ã����ñò89Ý��

�� !/2NA
°HNP�)
�����& 1ë)(8))���]�Å¾
�&[
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5.3.4 /0123�45��

(1) BC�DE�FGHIJK*L1

(a) MNO���P

���^_ S_0.5%�^_ S_0.1%����)'(89«��£ 5.3-1�¤�
�V���[

í^_ÀH��ùöbc�?@�
�V���[

6 SO
2

SO
2
�)'(89«��£ 5.3-1(1)�¤�
�V��V����� 9 μg/m

3?Ò�189	�

xyMN  40km �Æ`k\�l/n�A�/�^_ S_0.5%�UV2ó�úûOP�9 μg/m
3

?Ò�189	�xyLM�zNP�A�[^_ S_0.1%���9 μg/m
3?Ò�189	�ON

��3OP�no�LM�zNP����189	�AB¥�OP�[

�����WHO �&'(���PQRPJ� 20 μg/m
3�)'(��õH�A��	eêN

P�/�^_�UV)'(���PQRPJ��õH��	�êNP����[

7 SO
4
89

SO
4
67�)'(89«��£ 5.3-1(2)�¤�
�V��V����êNP�A� 4.5 μg/m

3

?Ò���LM�189	��^_ S_0.5%�UVABêNP����[����LM�úûb

c���������¿\P�±567�«� SO
4
67/ö���&'
°HNP�[

ÈJ*²É«^_�U� SO
4
67�892öbc����LMAÕßô���Ae���Æ

`k�eêNP��V�����* SO
2
MNu�OP�4567
��� SO

4
67e^_�U

Vö���
°HNP�[
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Í Í QRST Í Í QFG UVWXYZT Í Í QFG UVWX[ZT

� 5.3-1 (1)�  SO
2
�l9:YZ

Í Í QRST Í Í QFG UVWXYZT Í Í QFG UVWX[ZT

� 5.3-1 (2)� SO
4
BC�l9:YZ

�� �Y S_0.5%� �� ��Q�(��d{ 0.5 %��/�Y (���4( 2020���(�Y/��)

� � �Y S_0.1%� �� ��Q�(��d{ 0.1 %��/�Y (V��Y�4( 2015���(�Y/��)
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(b) \]��H^_J`a��

9:�ã����ÈJ*²É«^_�U�ùöbc�© 5.3-3 ��9:�ã�������

^_ S_0.5%�UÑ^_ S_0.1%�)'(��&'(��)�2��£ 5.3-2�UÑ£ 5.3-3�¤

�
�V���[

6 SO
2

)'(���^_ S_0.5%�UV��	� 47G62 %��fk(��)� 71 %�hi�(tuvw)

� 29 %\�2ö��A�[̂ _ S_0.1%����	� 31G50 %��fk(��)� 64 %�hi�(t

uvw)� 13 %\�2ö��A�[

&'(��)�2�����	������A�&'(���PQRPJ� 20 μg/m
3�õ{

��A�/�^_ S_0.5%�UV�PQRPJ��>������	� 51G62 %��fk(��)

� 72 %�hi�(tuvw)� 49 %\�2ö��A�[^_ S_0.1%����	� 37G52 %��

fk(��)� 65 %�hi�(tuvw)� 37 %\�2ö��A�[

7 SO
4
89

)'(���^_ S_0.5%�UV��	� 74G82 %��fk(��)� 89 %�hi�(tuvw)

� 73 %\�2ö��A�[̂ _ S_0.1%����	� 66G78 %��fk(��)� 86 %�hi�(t

uvw)� 66 %\�2ö��A�[

&'(��)�2���^_ S_0.5%�UV��	� 87G95 %��fk(��)� 95 %�hi

�(tuvw)� 89 %\�2ö��A�[^_ S_0.1%����	� 84G93 %��fk(��)�

94 %�hi�(tuvw)� 87 %\�2ö��A�[

���
��SO
2
89AÕ���A/�ÈJ*²É«^_/�¾õa� SPM (PM

2.5
)�23�

�úû�±��bc/���
�¤��A�[MEPC57 ��A�e��bc�dA��çöO

P��V�PMyz�^_�Ø�s�ÈJ*²É«�ùö�UV PM�ùö���
/�ÍOP�

SOx^_�UÑ PM^_
��ÈJ*²É«�^_/�ÇQOP&[


 5.3-3� � d¡¢"��/j2£¤�6

�� ��� ��	 HARUMI DAIBA YASHIO KOMAE KASODAI URAGASUIDO

SO
2

���� CNTL 100% 100% 100% 100% 100% 100%

S_0.5% 56% 47% 62% 71% 48% 29%

S_0.1% 44% 31% 50% 64% 34% 13%

�������	� CNTL 100% 100% 100% 100% 100% 100%

S_0.5% 62% 53% 62% 72% 51% 49%

S_0.1% 52% 39% 52% 65% 37% 37%

SO
4

���� CNTL 100% 100% 100% 100% 100% 100%

S_0.5% 79% 74% 82% 89% 80% 73%

S_0.1% 73% 66% 78% 86% 75% 66%

�������	� CNTL 100% 100% 100% 100% 100% 100%

S_0.5% 88% 87% 93% 95% 95% 89%

S_0.1% 85% 84% 91% 94% 93% 87%

�� �Y S_0.5%� �� ��Q�(��d{ 0.5 %��/�Y (���4( 2020���(�Y/��)

� � �Y S_0.1%� �� ��Q�(��d{ 0.1 %��/�Y (V��Y�4( 2015���(�Y/��)
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���� ���	
� ���	��

����� ��

� 5.3-2 (1)�  SO
2
�l9:YZ

�� �Y S_0.5%� �� ��Q�(��d{ 0.5 %��/�Y (���4( 2020���(�Y/��)

� � �Y S_0.1%� �� ��Q�(��d{ 0.1 %��/�Y (V��Y�4( 2015���(�Y/��)
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���� ���	
� ���	��

����� ��

� 5.3-2 (2)� SO
2
�89:;�l�b;

�� �Y S_0.5%� �� ��Q�(��d{ 0.5 %��/�Y (���4( 2020���(�Y/��)

� � �Y S_0.1%� �� ��Q�(��d{ 0.1 %��/�Y (V��Y�4( 2015���(�Y/��)
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� ���	��

����� ��

� 5.3-3 (1)� SO
4
BC�l9:YZ

�� �Y S_0.5%� �� ��Q�(��d{ 0.5 %��/�Y (���4( 2020���(�Y/��)

� � �Y S_0.1%� �� ��Q�(��d{ 0.1 %��/�Y (V��Y�4( 2015���(�Y/��)
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���� ���	
� ���	��

����� ��

� 5.3-3 (2)� SO
4
BC�89:;�l�b;

�� �Y S_0.5%� �� ��Q�(��d{ 0.5 %��/�Y (���4( 2020���(�Y/��)

� � �Y S_0.1%� �� ��Q�(��d{ 0.1 %��/�Y (V��Y�4( 2015���(�Y/��)
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(c) ?@�K*bc#`a��deL1�fg

ÈJ*²É«^_�U���`ùö��
9:�ã������89úûbc��ä�£

5.3-4�¤�
�V���[

SO
2
�����`�ùöbc/2N����MN� SO

2
��`� 0 �T÷�P½���k�

�A�����89� 3G5�|9\���fk�����A�e���89� 6�|9\�ú

û�N����/��[

SO
4
67�����`�ùöbc��SO

2
AÕ�����A/���MN����67���

SO
4
67��`� 0�T÷�P½���k��A�����89� 6G7�|9\���fk�

����A�e���89� 8 �|9\�úû�N����/��[�����1uÏTø�

��	��A� SO
4
67�ùöbc/êNP���±567(���67)�]��bc
°H

NP�[
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� 5.3-4�  !�£¤��7¥¦YZ�§�6�¨©
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(2) NOxFGHIJK*L1

(a) MNO���P

���^_ N_Tier2�^_ N_Tier3 �UÑ^_ N_2020 ����)'(89«��£ 5.3-5G

£ 5.3-7�¤�
�V���[

^_ N_Tier2 �UV��Æ�UÑxy� NO
2
89�ùú2öOP�|9��V���LM

k�UÑhi�LMk� !"#�¥�OPs���89úûbc��s�eû«���A[

^_ N_Tier3 �UV���UÑhi�� NO
2
89�189	�M�V2öOP���úûb

c������[

���WHO�½'(���PQRPJ�(40 μg/m
3

)�õ{�����(ü�)��̂ _ N_Tier3

�UVAB�C��PQRPJ��@Á�[&~������C½��°���
���\�

�bc/Å��N��� 2040 ½?*
���
��Í����/��[K¾��2020 ½��

A�Å��N��Ð�9�°���
(^_ N_2020)�8 )��A�e)'(��ùöª� 5 %

|9���[

NOx ^_�dA���SO
2
^_�UB����]���&Kb����^_Ö×/�¬��

°HNP�A&'�Tier3�UB���A^_�ß��]��áC���
����MN°H�

e�ç�/��
°HNP�[���MEPC57�����^_s	�2Ûì���]��e Tier1

^_/�ÐOP��
/�ÇQOP�ÞÁ��c��	�§���
Å���úûbc�Å�

�N�^_��vw
�n�A�[
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Í Í QRST Í Í QFG hVijklmT

Í Í QFG hVijklnT Í Í QFG hVmWmWT

� 5.3-5� NO
2
�l9:YZ

�� �Y N_Tier2  �� }��(��/ Tier2�Y(30 %����������)

� � �Y N_Tier3  �� }��(��/ Tier3�Y(80 %����������)

� � �Y N_2020  �� 2020�{��(���/ Tier2,3�Y)
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Í Í QRST Í Í QFG hVijklmT

Í Í QFG hVijklnT Í Í QFG hVmWmWT

� 5.3-6�  NO
3
BC�l9:YZ

�� �Y N_Tier2  �� }��(��/ Tier2�Y(30 %����������)

� � �Y N_Tier3  �� }��(��/ Tier3�Y(80 %����������)

� � �Y N_2020  �� 2020�{��(���/ Tier2,3�Y)
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Í Í QRST Í Í QFG hVijklmT

Í Í QFG hVijklnT Í Í QFG hVmWmWT

� 5.3-7�  O
3
�l9:YZ

�� �Y N_Tier2  �� }��(��/ Tier2�Y(30 %����������)

� � �Y N_Tier3  �� }��(��/ Tier3�Y(80 %����������)

� � �Y N_2020  �� 2020�{��(���/ Tier2,3�Y)
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(b) \]��H^_J`a��

9:�ã���� NOx ^_�U�ùöbc�© 5.3-4 ��9:�ã�������^_

N_Tier2�^_ N_Tier3 �UÑ^_ N_2020 �)'(��&'(��)�2��£ 5.3-8 �¤�


�V���[

NO
2
89�)'(���^_ N_Tier2�UV��	� 89G93 %��fk(��)� 96 %�hi

�(tuvw)� 71 %\�2ö��A�[^_ N_Tier3����	� 74G85 %��fk(��)�

91 %�hi�(tuvw)� 29 %\�2ö��A�[^_ N_Tier3���MN� NOx��`��

�� 16 %���/�NO
2
���89�2öbc�����êNP�A�A[

2020½�Ö��&^_ N_2020�����	� 92G95 %\�2ö��A�[

NO
2
89�&'(��)�2���^_ N_Tier2 �UV��	� 88G91 %��fk(��)�

88 %�hi�(tuvw)� 74 %\�2ö��A�[^_ N_Tier3����	� 72G80 %��f

k(��)� 88 %�hi�(tuvw)� 42 %\�2ö��A�[

2020½�Ö��&^_ N_2020�����	� 92G94 %\�2ö��A�[


 5.3-4� NOx��/j2£¤�6

�� ��� ��	 HARUMI DAIBA YASHIO KOMAE KASODAI URAGASUIDO

NO
2

���� CNTL 100% 100% 100% 100% 100% 100%

N_Tier2 92% 93% 93% 96% 89% 71%

N_Tier3 82% 83% 85% 91% 74% 29%

N_2020yr 95% 95% 95% 97% 92% 79%

�������	� CNTL 100% 100% 100% 100% 100% 100%

N_Tier2 89% 91% 91% 94% 88% 74%

N_Tier3 75% 76% 80% 88% 72% 42%

N_2020yr 92% 94% 93% 96% 92% 81%

�� �Y N_Tier2  �� }��(��/ Tier2�Y(30 %����������)

� � �Y N_Tier3  �� }��(��/ Tier3�Y(80 %����������)

� � �Y N_2020  �� 2020�{��(���/ Tier2,3�Y)
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����� ��

� 5.3-8 (1)�  NO
2
�l9:YZ

�� �Y N_Tier2  �� }��(��/ Tier2�Y(30 %����������)

� � �Y N_Tier3  �� }��(��/ Tier3�Y(80 %����������)

� � �Y N_2020  �� 2020�{��(���/ Tier2,3�Y)
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����� ��

� 5.3-8 (2)�  NO
2
�89:;�l�b;

�� �Y N_Tier2  �� }��(��/ Tier2�Y(30 %����������)

� � �Y N_Tier3  �� }��(��/ Tier3�Y(80 %����������)

� � �Y N_2020  �� 2020�{��(���/ Tier2,3�Y)
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(c) ?@�K*bc#`a��deL1�fg

NOx ^_�U���`ùö��
9:�ã������89úûbc��ä�£ 5.3-9 �¤

�
�V���[

NO
2
�����`�ùöbc��SO

2
AÕ�����A/�����`� 0 �T÷�P½�

��k��A����89� 7G8�|9\���fk�����A����89� 9�|9\

�úû�N����/��[

���DEFGHDIJ�CA&`Ò1uÏ���`� 2000½�\\���/��K��`

Ò1uÏ�dA��M�V^_/¯}�A�&'���89
���ON�úûOP�A��


/Å�OP�[

��������	
������	

��������
��������

��������
������	

��������	
�������

���������
�����	�

��������
��������
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�����������������
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����������

�����

������

�����

�������

��� ������

��
�� �����	

�� 
��	� �� 
��	

� 5.3-9�  !�£¤��7¥¦YZ�§�6�¨©
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5.3.5 ��� PM����	
�������

�����k�±���23;� (?@Ú±� Ý
AB) 14 �zX	����;� (?@

Úz� Ý
AB)16 ���� PM
2.5
89�T½ö�,-���/��
��WHO��PQ

RPJ� (½'(� 10 μg/m
3

) �ÒÁ�1AGl>��� (£ 5.3-10)[\&������� PM
2.5

89�dA�ej|��T½�ßNM�ö�,-���(Minoura et al., 2006
2��vå��, 2006

3

)

/��
�� WHO ��PQRPJ� (½'(� 10 μg/m
3

) �ÒÁ�1AGl>��� (£

5.3-11pq)[

PM
2.5
*��«�����±� �� SO

4
67��'���/�e�� 23G29 %��'��V�

z� �� EC�5A� SO
4
67/�� 19 %��'�A&(���,2008

4

)[ÞÁmn&��LM

����23* PMYZ�c(�Ô��Ú7.3.8Í ®`89�UÑ�««¦�cÝpq)���²³P

�J/ PM
2.5
�à�«��V 20G40 %��'�A��
/¤OP�A�[

ÞÁ�DEFGHDIJ�c�UV�ÐCÈJ�²É«� 0.1 %?@�^_���
����	

��A��SO
4
6789� 2G3 �ùöOP�bc/¤OP&[SO

4
67� PM

2.5
�à�«���

�
MN�ÈJ*²É«^_�UV�2 10 ²|9� PM
2.5
89�2ö/Å�OP�2389üý

�õ{¬��úû�±��bc/��e�
°HNP�[

2

 Minoura et al.(2006)�Multi-year Trend in Fine and Coarse Particle Mass, Carbon, and Ions in Downtown Tokyo, Japan, 

Atmospheric Environment, 40, 2006 

3 GH���(2006)�stK ¡¢/MN1 PM
2.5
6WefZ_`ab>cd(£�¤¥, J.Aerosol Res., 21(4) 

4 ¦§¨]^©56ª«¬®¯°±E²³´µ(BC¶�·c 20� 4¸)
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�� N=¹º�»¼

��) ¦§¨]^©56ª«¬®¯°±E²³´µ(BC¶�·c 20� 4¸)

� 5.3-10� �ª/012 PM
2.5
YZ�«�<�

��½¾n PM2.1(¿<À{|Á�Â1~

��) GH���(2006)

� 5.3-11� ¬®/012 PM
2.5
YZ�«�<�
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5.4 ��

åÍ��MN� SO
2
/ !��"# (��ñò��/ 25 %?Ò)��4)MN 8)�M��Æ`

k�l/n�A�[±Ö�WUV�VYZ/X���UV��A�����W��é��

Æ`k\�l/n�A�A[SO
4
67���ñò89�dA���SO

2

óC�89�2A

e���SO
2

j|� 6)MN 8)�M��1��n�A�[

åÍNO
2
���ñò89��5 )MN 9 )�M��1��n��V�m� 8�9 )��fhiS

T������ñò��� SO
2
UVe���1��n�A�[��MN� NOx/ !��

"#(��ñò��/ 25 %?Ò)��SO
2
�óC������ñò/2N��� 6)MN 9)

��A�eSO
2
AÕÆ`k�l/n�A�A[HNO

3
���ñò89�NO

2
�óC�3O��

hi��«���A�[NO
3
67���ñò89� NO

2
�óC�3O��Æ`k�«��

�A�[

åÍÈJ*²É«^_�U���89úûbc��SO
2
89�����V�ÈJ*²É«� 0.5 %

�^_(±�s	���� 2020 ½?*�^_�Ó�)���
�UV�)'(��89«�

�êNP&��	�UÑ��sÒ� SO
2
�189	�AB¥�OP&[\&�8)���

� SO
2
89�&'(��)�2��dA�e2N�úûbc/:ÖOP��Æ�23��

üýUV��AWHO�&'(���PQRPJ�(20 μg/m
3

)����	�����;��

ã��A�e¬��N�
°HNP�[±Ö�SO
4
6789�e�ÈJ*²É«� 0.5 %�

^_���
�UV�)'(��89«��êNP&��	�189	�AB¥�OP�

ùö��� SO
4
6789��2 2�|9��n&[SO

2
89AÕ���A���e�ÈJ*

²É«^_/�¾õa� SPM (PM
2.5

)�23��úû�±��bc/���
/Å��N�[

���
�MEPC57��A�eçöOP��V�PMyz�^_�Ø�s�ÈJ*²É«�

ùö�UV PM�ùö���
/�ÍOP�SOx^_�UÑ PM^_
��ÈJ*²É«�

^_/�ÇQOP&[

åÍ Tier2� NOx^_�����Ð�&�����89úûbc���s�e�«������

LMk�UÑhi�LMk� !"#�¥�OPs�\&��LM�ã����úûªe

10 %���
Õ\�[±Ö�Tier3^_�����Ð�&�����89úûbc����

�V�)'(��89«��êNP&��	�UÑ��sÒ�189	�M�VúûO

P�[\&�úûªe 20 %T��¬��8)�)'(��89«���A��Tier3^_�

����Ð���
�UV&����üýUV��A WHO �½'(���PQRPJ�

(40 μg/m
3

)õ{/¥����
/Å��N�[&~����\��úûbc/K¾�Å�O

P��������O�ÕMN 2040½?*����
��Í����/��[K¾��2020

½����Å��N� Tier3á����Ð���°���
�8)��A�e)'(��ù

öª� 5 %|9���[
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åÍNOx^_�dA���SO
2
^_�UB����]���&Kb����^_Ö×/�¬��

°HNP�A&'�Tier3 �UB���A^_�ß��]��áC���
����MN°

H�e�ç�/��
°HNP�[���MEPC57�����^_s	�2Ûì���]�

�e Tier1^_/�ÐOP��
/�ÇQOP�ÞÁ��c��	�§���
Å���ú

ûbc�Å��N�^_��vw
�n�A�[
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6. �������	
�����������������

6.1 ��

�������	
���
�������������������������� 

�!"�#�$%!&'����()��	*+,-./0!12#���34�IMO!56

4789:���$%./;<=>��?!@AB�CD5�EFG!=>��HIJKL�

M�NOP�Q�./;<5� NOx!=>��HI�./0!12��R

6.2 �����

./012�ST!U 6.2-14V#R

� 6.2-1� �����	
�����������(��)

&' � �� �WX �YZ �[\ �]^_ JKLY`a 

12bc ���JKLdefg�

hi
�jkl mn��hi
�(o 3phi
�)q q r 1kms1km

&'t 2000tu

&',- PM�NOx�SO2�CO �NMVOC

6.2.1 	
��

./0�12bcv���JKLdefg�����	
���
���w1bc�xy

���R12bc!z 6.2-14V#R{J�./0v�mn��hi
�(o 3phi
��r

1 km)|�4}2��R

� 6.2-1 � ��������(����� !"#$)
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6.2.2 ��

�	
���
��~�O4I���2000tu!&'���R

6.2.3 ���

�	
���
���w1��4I������,-(PM)�����,(NOx)����E

F(SO2)������(CO)��h��������I,(NMVOC)!&'4./0!12��R

6.2.4 	
�����	
��

(1) ����

./0�12���vz 6.2-24V#�J����R

����v����}|�4�w�9:����($��$ ��¡¢�£¤�¢JKL��

¥¦)!§¨��$%�£¤�¢©ª«¬®4K�2¯./0!°��±:4�²�³´µ�

��¥¦�¶·¥¦¸!¹º��./0!»¼��J�12��R

��¥4½��v�¾¿�M�NOJKL¾¿ÀkÁ�!&'����2¯¥� 1 ¡Â��

��	*+,-./0(2¯./0)!°��±:4´ÃÄ�´Ã��³´µJKL¥¦�t¦¡

¢!Åy�±�4K��t¦�./0!°��R

Æ��¥Ç

   E(kg/t)=E0s(A1sT1ÈA2sT2)sC

q q  E0 É2¯./0ÊËg/¡Ì¥Í

q q  A1 É´Ã¥�³´µ

q q  A2 É�´Ã¥�³´µ

q q  T1 É´Ã¥¦(¥)

q q  T2 É�´Ã¥¦(¥)

q q  C Ét¦¡¢Ê¡/tÍ

¶·¥4½��v�Î��M�NO�¾¿�M�NOJKL¾¿ÀkÁ�!&'����2

¯¥� 1¡Â����	*+,-./0(2¯./0)!°��±:4¶·¥�³´µJKL¥¦�

t¦¡¢!Åy�±�4K��t¦�./0!°��R

Æ¶·¥Ç

   E(kg/t)=E0sÏ(AisTi)sC

q q  E0 É2¯./0ÊËg/¡Ì¥Í

q q  Ai É¶·~�Ð�³´µ

q q  Ti É¶·~�Ð��ÑÒ¥¦(¥)

q q  C Ét¦¡¢Ê¡/tÍq

./0�124v�ÓÔ�$%|��ÕÖ(£¤�¢�×Ø�²�/ÙÄ³´µ��²�³´

µ|��ÚÛ¥¦{Ü)!���±�ÝÞA��Ý��wß�>r{Ü�àá©ª�ÓÔ�$%

�ÕÖ!§¨#�±�Ý�â{©ã�R±��������v���}|�4�w�9:��

��!���./0!12��R

{J����v��	
���
��������������ä4�./0�å�¥

¦æçÝèé!êë��3��{�Kì�í��î©�78!·ã�Ý����ï �ðñ�
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ò��{./0!°��HI{Ü4v� ��w4�Ø9:����O����!����

��412#�¨�3�	�¹Bª:�R

� 6.2-2 � �����	
���������%&'

2¯CD
�0

2¯./0

$%©ª�t¦�	*+,-./0

«¬®

Ä2¯/Ù�CD
�0

$%ò�£¤�¢

($�Ì$ �)

«¬®

Ä$%£¤�¢�2¯/Ù

 ��§ $%Ä��$%���óà($��Ì$ �¡¢£¤�¢���¥¦)

2¯/Ù

�������	
�� NOx��

2¯/Ù

�PM�CO�NMVOC�NOx������
���

./�¢

PM�CO�NMVOC 

NOx(¾¿ÀkÁ��

�Ò¢�NOx ./

�¢²�®

2¯/Ù�P�Q

��Ò¢�²�®

NOx./�¢

2¯¥��Ò¢

��¥

Ä��¥¦(´ÃÄ�´Ã��

Ät¦¡¢

¶·¥

Ä¶·¥¦(¶·~�Ð��

Ät¦¡¢

ôG³´¥�./0

�²�³´µ

(´ÃÄ�´Ã��¶·~�Ð��
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(2) ���	

./0�12õGvU 6.2-2JKLU 6.2-3!m����=>	ö4K���0���!��

�â�Kì��¶Ä�¶��$��Ä$ �Ä./�é�412��R

� 6.2-2� � ������()

�� $� $ (¤���õG) ./�é

����$

�,$

����

��$

� !�

RoRo$

�$

"�#

500 £¤�$%

500 &  1,000 £¤�$%

1,000 &  3,000 £¤�$%

3,000 &  6,000 £¤�$%

6,000 & 10,000 £¤�$%

10,000 & 30,000 £¤�$%

30,000 & 60,000 £¤�$%

60,000 &100,000 £¤�$%

100,000 £¤�»ß

��(´Ã/�´Ã)

¶·

�¶/�¶

�÷À�¤q � ¶·

� 6.2-3� � *+,-./0�1()

��¥��é
$�õG

2¯/Ù

12®�

�õG ´Ã �´Ã
Î{'Â$�

����

$

����

$
( ( �O����$�)�����$

�,$ �,$ ( (

*+$�]+$�,i-$�."Ä.Ä/+$�)

h�¤$�/�$�0/$�1,$��2�,$�

3ç45�$�"�#�5�$

RoRo$ RoRo$ ( ( RoRo$

( (
67$�LPG$�LNG$�-�89¤:kO���

���¶ø��O$�"�#�����Ì��9$���� ����

� ( ;<=>4����������

��$ ( ( ��$

� !� ( ( � !�

�$

��$Ä

� !�Ä

�$ � ( �$

( ( "�#�$%
"�# "�#

� ( ?;@$
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6.2.5 ��������	
�������

(1) �������	�

(a) 
�������

�������	
���������������������� ���!"#$	%

&'(�)*+(��,��- ���(./�, ���0123%)01,�������4

�����(./�,����0123%0�564���789:;<*+������

��=>789<*+�� �����	�%

(b) 
����������

?@��!ABC�(DEFG)�H	
����IJKLMNMO�FGP����6QR

S�T��&U���H	
���VWXY�!A?Z[\][^ �9�_`
(�)

�a

b�����c1� ���1������+4�%

d��ef��H	
� ����gh=i�jk4
BC�� ������lmO
�

"�BC� ���1n������ef� ����gh=i�jk4
BC�� �

���o	
pW4�%

�����������
�����

?Z[\][^(�qr��c1��st7u�st4�tvwx�yt7uz�

{|4
	�%)}~(��stLMytm(7����7�14�����c1�
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�������	
��������(��������)���������������

 �!" �#$�%&
'(��)
*+,-. 6.2-8 �/01234�������

�5�'(��)
+,���!�5 6,000 6789:���!�5 500 6789:*+,

;<=*>?@!A����5BC@D��EF�G*H*!"����5'(��)IJK

����5LC�G*MN5O� 10,000678PQ*!A�R��ST�UE1���'(�

�)�5!"FVW�XY����5BC@D��EF�234�IJZQ[�����5G

*I\@%&�@D��@�1

]*I\�'(��)
234�ZQ[������5^�F_`a�]*]
b`K��

���*cd@ef�5�gh;@)-i�E*�5@C��WEjklb�mnob`Z_

Q[-p\]
Fq��
rsE1

� 6.2-8� � �����	
����	��

(����)

���	
�� ���	��� �����
����

�� �� ��� �� �� ��� �� �� ���

500���� 20.3 12.0 8.4 12.1 6.0 6.1 6.8 6.8 0.0

   500!  1,000����  21.4 13.4 8.1 11.3 6.8 4.6 16.3 8.6 7.7

 1,000!  3,000����  28.9 16.5 12.4 8.3 4.7 3.6 16.3 8.6 7.7

 3,000!  6,000����  22.7 11.2 11.4 11.0 9.0 2.1 16.3 8.6 7.7

 6,000! 10,000���� 18.3 9.8 8.5 9.0 8.0 1.0 19.5 12.6 6.9

10,000! 30,000���� 22.4 12.1 10.3 12.3 7.6 4.7 39.3 27.1 12.2

30,000! 60,000���� 19.3 11.6 7.8 16.0 11.1 4.9 39.3 27.1 12.2

60,000!100,000���� 27.1 18.0 9.1 16.8 11.6 5.2 39.3 27.1 12.2

100,000���"# 40.2 26.1 14.2 $ $ $ 39.3 27.1 12.2

%&	 �����'()�*+%,-./01234567��89:;(<= 7> 3? @A5BC

�*DEFGH)IJKL

t

u)vwk5�234�*��)F'(��)IJKx@�yz-/01
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6.2.6 ��������

(1) ���������	
���

(a) ����������������������

!A678{b`|}~�-��E}��
�5�������6�<��������

IE���2Ai|}���IE�FUEF�
K���
@EmnoF�C���*!"


|}~�����W��@����F�s`aE1]*���234�5�. 6.2-9 �/

0Lloyd’smno(2006 )�¡¢?a��E!A*678{
|}�£~�*}��b`¤¥

?a��!A678{
|}~�*}���-i��1t

t t t t |}z$�£~�(kW/¦) § a ×(678{)
b

t

� 6.2-9� � ���������������	��	�� a b

MENOPQREF STNOPQREF
�U

�V a �V b �V a �V b

W�XY� 1.3549 0.9425 2.169 0.7428 

RoRo� 21.471 0.6569 1.1536 0.8036 

Z�[P 18.608 0.6043 18.327 0.4597 

\0� 2.8854 0.8285 0.4578 0.875 

]�^_`aP^\]� 61.136 0.5611 0.9252 0.8594 

bcd 155.84 0.4401 0.4578 0.875 

e) bcdcSTNOPQREFc�V'(\0�fghfijL

%&	)���*klcmnop,-./01+%qIFrK��st;(<= 19> �*uvst

wHxy)Jz��

¨�
��!A678{b`|}~�-��E}��*��©-. 6.2-10 RIª«

6.2-4�/01�����6�<��������5�¬m®n¯�|}����~�F°

>�±ZK`aE���FUE1
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� 6.2-10� � !"#$%�&'�(��)*+,(��	�-

t (1) �����6�<������

�U MENOPQREFc�{%|(PS)

STNOPQREFc�{%|

(kW)}J~�V(�)

]� 7.9 � X
0.83

 1.5 � X
0.63 �3

_`aP 4.1 � X
0.95

1.4 � X
0.70 �3

_RW�XY� 1.9 � X
0.97

2.2 � X
0.60 �2

Z�[P��� 12 � X
0.70

10 � X
0.37 �2

\0� 19 � X
0.65

7.7 � X
0.40 �2

�� 73 � X
0.50

13 � X
0.43 �3

bcd 33 � X
0.61

0.089 � X �2

e)  1. X'(�*c���V��KL

   2. STNOPQREF'(1��zc�{%|}J~��op���V��rL

   3. �*��c��(\0�I'(��(�0(��(����D�����L

   4. kWV� PSVI�r� '(¡¢���IJz£¤�V�¥¦K§¨©�KL(ªi(�� 

©«¬p� '(kWV� 1.88�h® PSVfi®D¯®°J¯L)

%&	)±²³´0�qµ¶·¸¹ºR(»¼);(<= 12> ½¾st¿ÀÁ�ZP)

t (2) �2Ai|}��

�U MENOPQREFc�{%|(PS)

STNOPQREFc�{%|

(kW)}J~�V(�)

�*ÂÃ 67.45 � X
0.50

 7.18 � X
0.54 �2

%&	)<= 6>Ä�*+%,-./01234567��;(<= 7> 5? (@)C�*DEFGH)
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. 6.2-4� � !"#$%���(��	(��
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(b) ���������	


¬³´µn5�²�¶·�Z�*¸¹�º»�¼»½�¾i?a��EF�G*¿��

���5 Lloyd’smno�!AÀlÁ�5X
ÂYÃÄ?a��@����234�5�ÅÃ

�/0�g¥ 6 Æt !AÇ~VÈÉÊ�ËÌÍÎÏÐÑ34�(g¥ 7  5Òt (Ó)�2A

i|}��)�IE!A678{
³´µn¿�*}��-i��1

!A678{
³´µn¿�*}��

B=0.0267Ô0.48

  (BÕ�£¿�(t/�)�XÕ678{(678))

@R�¬³´µn����5��2��Ö×Øz6Ùz��IE AÚÛÜi!*ÝÄÞR

Iª. 6.2-14�/� AÚÛÜiÞ-ß��o8àn
G*H*!A�áâ�!"	
*¬

³´µn*ÝÄÞ-���1��%&5. 6.2-11�/0
RJ�UE1

� 6.2-11� � ��/012	345

AÚÛÜi!A*

¬³´µnÝÄÞ(%)

AÚÛÜiÞ-�ã�

¬³´µnghÝÄÞ(%)678{

o8àn äåæ�

AÚÛÜiÞ

(%)

o8àn G*H

5009: 47.1 9.1 56 70.4 49.1 

500-1000 47.6 20.0 38 80.1 69.6 

1000-3000 60.0 54.5 38 84.8 82.7 

%&	STÅÆÇP��È'()���cEÉ^ÊËcÌÍfÎÏIFrK��89:;(<= 13

> 9? C���ÐÑÒ �Ó H)IJKL
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(2) ����
��� 

|}~�½b`¶·çè�-��E}��-. 6.2-12�/01

SFC(Specific Fuel Consumptioné¶·çèÞ)5�äå�êëKC5V"*|}XYìíÞ

Fî���>?C@E1
]ïF�]a��Üi?a���ð��(g¥ 6 Æ�2Ai|}

��RIª�����6�<�������)�5ñò*}�Fóô0EyzFUE1���

O�¬m®n¯�|}�R��5�êõ��ö÷��E��Fø�
�s`a�SFC F

?`�ù��úû�Üi?aE]
Fø�
ð�?aE1PQ-üý��234�5|

}*<=�}þ`��²|m®n¯�
¬m®n¯��Ga�aä�* SFC-i�E]



�1@R�234�i�� SFC 5����ú�ËÉÊ�������RIªg¥ 16  

Æ�	8
8���	8����Á��i?a��E�
���UE1

t ²|m®n¯�|}  W=0.18�P

¬m®n¯�|}  W=0.20�P

¬³´µn   W=73.48�B
0.41

t t t t t

]]�

W Õ¶·Üi� (kg/�)

P Õ|}z$~�(PS)

B Õ³´µnz$¿�(t/�)

� 6.2-12� � �(���&'6789:)*+,(��

�Á½ ²|m®n¯�|} ¬m®n¯�|} ¬³´µn

g¥ 6 Æ

�2Ai|}���Á

W=0.21×P
0.95

 W=0.26×P
0.83

 W=73.48×B
0.41

�����6�<�

�����

W=0.21×P
0.95

 W=0.17×P
0.98 o8àn

W
L
=0.29×X

0.88 

o8ànP�

W
L
=0.27×X

0.67

����ú�Ë

ÉÊ�������

W=0.18×P W=0.20×P o8àn

W
L
=0.29×X

0.88 

o8ànP�

W
L
=0.27×X

0.67

g¥ 16  Æ�	8
8

���	8����Á

W=0.18×P W=0.20×P W=73.48×B
0.41

e)  W 	ÔyÕDq(kg/�)(P	EF%|(PS)(B	ÅÆÇPÖq(t/�)

W
L
	ÔyÕDq(L/�)(X	���V

%&	

)<= 6>Ä�*+%,-./01234567��;(<= 7> 5? (@)C�*DEFGH)

)±²³´0�qµ¶·¸¹ºR(»¼);(<= 12> ½¾st¿ÀÁ�ZP)

)×ØÙÚÍ01./ÛÜ·¸¹ºR;(<= 9> ÝÞß,-àÂá,-µ¶âãä)

)<= 16 >Ä�*+%,-./0123uv67��89:;(<= 17 > 3 ? (@)C�·a�å

�æ¸ºa�çGH)
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(3) !�"#

(a) SO
2
�!�"#

. 6.2-13�/0¶·�*�����
�. 6.2-14�/0¶·*Üi�z(AÚÛ*Üi�z)

b`�¶·�*��â*�zRIª SO
2
Ç~�{-. 6.2-15*
RJ���1

� 6.2-13� 67;	<=>(%) 

áâ AÚÛ CÚÛ(RFO; Residual Fuel Oil) 

�� 0.5 2.7 

�� 0.5 2.3 

%&)���cèé�'(C���ÐÑÒ �Ó HIJK��êëkl��ijL
��' Aì

�Ií¯®'����ghfi(Cì�Ií¯®' IMO©îïi®¯KÂmncÔyðèé

�cñ¸Za�çSulphur Monitoring(MEPC 47/INF.2)IJK 2000>cêëkl(2.7òfijL

� 6.2-14� � A?@	ABC�

AÚÛÜi�z(%)

!" ²|m®n¯�

|}

¬m®n¯�

|}
¬³´µn

500 6789: 79 100 56 

500 � 1,000 6789: 13 100 38 

1,000 � 3,000 6789: 13 100 38 

3,000 � 6,000 6789: 2 69 0 

6,000 �10,000 6789: 0 69 0 

10,000 �30,000 6789: 0 41 0 

30,000 678PQ 0 0 0 

%&) ²|m®n¯�|}5)ó 11 ô��ÐÑI}õKÕDÔy�(ö÷�IFrKîø��

89:;(<= 19> 9? C���ÐÑÒ �Ó H)(STNOPQREF}J~STÅÆ

ÇP')<= 16>Ä�*+%,-./0123uv67��89:;(<= 17> 3? (@)

C�·a�å�æ¸ºa�çGH) ��I��ijL

� 6.2-15� � �(D67;<=>��� SO
2
E���	�FG

èé�(%) +%�V(g/kg-Fuel) 


/� �� ME

ùúûüýúþ

ST

ùúûüýúþ

ST

�ú��ü

ME

ùúûüýúþ

ST

ùúûüýúþ

ST

�ú��ü

500 ����  0.96 0.50 1.47 19 10 29 

500 !  1,000 ����  2.41 0.50 1.86 48 10 37 

1,000 !  3,000 ����  2.41 0.50 1.86 48 10 37 

3,000 !  6,000 ����  2.66 1.18 2.70 53 24 54 

6,000 ! 10,000 ����  2.70 1.18 2.70 54 24 54 

10,000 ! 30,000 ����  2.70 1.80 2.70 54 36 54 

�
�

30,000 ���"# 2.70 2.70 2.70 54 54 54 

500 ����  0.88 0.50 1.29 18 10 26 

500 !  1,000 ����  2.07 0.50 1.62 41 10 32 

1,000 !  3,000 ����  2.07 0.50 1.62 41 10 32 

3,000 !  6,000 ����  2.26 1.06 2.30 45 21 46 

6,000 ! 10,000 ����  2.30 1.06 2.30 46 21 46 

10,000 ! 30,000 ����  2.30 1.56 2.30 46 31 46 

�
�

30,000 ���"# 2.30 2.30 2.30 46 46 46 

u) SO
2
F��� SO

4
��
�Ç~?aE�-����)�UE1
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(b) NOx�!�"#

� �����������������

²|m®n¯�RIª¬m®n¯�* NOxÇ~�*��Î�-« 6.2-5�/01

t

t

t

t

t

t

t

t

t

t

t

t

t

t

t

t

t

t

. 6.2-5� � H�	 NOxE�:	�IJ�

i. Ç~�{�

IMO* Tier1<�����Ç~�{�-PÅ�/01

NOx!�"#(Tier1$%)

�£ ô{ 130rpm9:t t Õ17 g/kW!�t

�£ ô{ 130rpmPQ 2,000rpm9:t Õ45�"�£ ô{#�0.2tg/kW!�t

�£ ô{ 2,000rpmPQt Õ9.8 g/kW!�

234��$
� 2000 5 Tier1<�%i&�UE1Tier1<��IE NOxÌÍí&

5äå� 30 %'Æ
�þa��E���QÃ*��IJ��� Tier1<�����Ç~�

{- 1.3(�)- 2000 *Ç~�{
����1

��5 Tier1<�F��!���!
K�%i?a��E*��Ç~�{-��0E)�

5�Tier1<�%i!**+Þ-�ã0E,-FUE1

@R�IMO*Ç~�{5 ISO 8178*.´/�0n1�Ú_2k`a�K*�UEF�3

 5�£��K��Ç~�{-i��1

�£ NOxÇ~�*��(g/¦!�)

���� (kW) 

(���	 
 ����)

����	��

(���� 
 ����	)

Tier1�����(g/kW��)

(����	 
 Tier1���)

���	��

(Tier1����1.3
��)
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ii. �£~�RIª ô{*��

&4*678{
�£~�*}��b`�£~�-����£~�
|} ô{*}

��b`Ç~�{-���1t

Ç~�{*���i��m®n¯�|}* ô{
�£~�*}�-« 6.2-6 �/01

234�5��'(!Ab`*56;@VÈÉÊ�ËÇ~��}0E3478�(g¥ 19 

3 Òt (9)!A:;78<�=·)�IE�£~�
 ô{*}��-i��1��5�

Lloyd’s*mno�¡¢?a��E!A*²|m®n¯�|}*�£~�
�£ ô{b`

¤¥?a�K*�UE1

t t

��������&�'(#)�����&"

 ô{(rpm) § 101.275 × (�£~�(kW/!))
 -0.7005

×10
3   

(R=0.82)

u)~�(kW)>*?�5 1(PS)§0.7355(kW)
�1

���¬m®n¯�|}*�£ ô{5�Lloyd’s *mno�¡¢?a��@����

²|~�
 ô{*}��-i��ß{-�ã����1

��������&�'(#)�����&"

 ô{(rpm) § 101.275 × (�£~�(kW/ß))
 -0.7005

×10
3    

u)|}*ß{Õ50006789:5 2ß�5000678PQ5 3ß
�1

m®n¯�|}* ô{
�£~�*}��*��©
�5��g¥ 15  Æ!AÇ~

VÈÉÊ�ËÌÍ:;ÐÑ34�Á�(g¥ 16  3Òt (Ó)�2�	8
8���	8�

��)t �ÃÄ?a��E�@A
8�8mnoBC/ 94-95�b`¤¥?a��FUEF�

��5« 6.2-7�/0I\�D`�WFVWCE}�{5ê�1
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������ !"#$%&'()*+,-��./01234567(89 19 : 3 ;< (=) !>?56@A

BC)

. 6.2-6� � KLMNOBPQRS��H��	(�

(2������) � � � � � � � � � � � � � � � (4������)

%&	)<= 15>Ä�*+%,-./0123uv67��89:;(<= 16> 3? (@)C�·a�

å�æ¸ºa�çGH)

. 6.2-7� � RS��H��	(��
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� ������

¬³´µn����5��g¥ 16 Æ!AÇ~VÈÉÊ�ËÌÍ:;ÐÑ34�Á�

(g¥ 17  3Òt (Ó)�2�	8
8���	8���)�������6�<������

(FG)�-¨���¶·çè�H�J*Ç~�{ 8 g/kg-Fuel-i��1t

@R�IQ��*³´µn*Ç~�{*��©-. 6.2-16�/01Ç~�{5 AÚÛ�

2.5 g/kg-Fuel�CÚÛ� 4.4 g/kg-Fuel�UJ�ê NOxJnKnFäå�i�`a��EIQ

��*³´µn
+LE
�!A*Ç~�{5VW�1

� 6.2-16� � TUVWXY#:Z[\]^_`ab�,E����-(/012)

�� ¶·MN Ç~�{

AÚÛ 2.5 g/kg-Fuel 

³´µn
CÚÛ 4.4 g/kg-Fuel 

%&	)±²³´0�qµ¶·¸¹ºR(»¼);(<= 12> ½¾st¿ÀÁ�ZP)Jz�=

(c) PM�!�"#

� �����������������

!Ab`Ç~?aE PM ����5�¶·Û�*��â�OP0EK*-�ã0E,-F

UE1AÚÛ
 CÚÛ�IE PM*Ç~�*^�����5�Qg¥ 16 Æ!AÇ~VÈÉ

Ê�ËÌÍ:;ÐÑ34�ÁR(g¥ 17  3Òt (Ó)�2�	8
8���	8���)�5

E
�5�10(*�F±`a�G*SP
��¶·Û�*��âb`T¥?aE SO
4
FUV

��E
WX��E1

234�5�¶·�*��â*<����� PM Ç~�*ÌÍí&-ÐÑ0E���«

6.2-8�/0¶·�*��â
 PM¥â*Y�*��©b`�¶·�*��â
 PM¥â*}

��-¤¥�¶·�*��â���� PM*Ç~�{-���1

@R�PM ���aE SO
4
��5�SO

2
*�����
�s`aE]
b`�SO

2
*Ç~�

{b` PM �* SO
4
���EH0E�-��C]
�IJ�SO

2
Ç~�{*¬c-pD�1

(. 6.2-17¨Z)
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y = 2.281x + 0.2956

R
2

 = 0.9988

y = 1.9301x - 0.0576

R
2

 = 0.9988

y = 0.3509x + 0.3532

R
2

 = 0.9988

0

1

2

3

4

5

6

7

0.0 0.5 1.0 1.5 2.0 2.5 3.0

���S����

�
�

�
�

�
�

�
g
/
k
g
-
f
u
e
l
)

	PM SOF+SOOT Sulfate

e) PM	Â PM+%q(SOF(�_)	�E��	=�(Soluble Organic Fraction) 

 SOOT(
P�)	rr(Sulfate (�R_`P�)	è³=�

%&	)<= 16 >Ä�*+%,-./0123uv67��;(<= 17 > 3 ? (@)·a�å�æ

¸ºa�çGH)

. 6.2-8� � 67;	<=>b�, PMc>	dX

� 6.2-17� � SO
2
E���	�eFG(�-)

PMÇ~�{ (g/kg-fuel) SO
2
Ç~�{ (g/kg-fuel) 

¶·�*

��â(%) �� SO
4
�� ¬c&

SO
4
���

EH0E

SO
2
�

¬c[
����

�Þ(%)

0.5 1.44 0.91 10.0 0.60 9.4 6.05 

1.0 2.58 1.87 20.0 1.25 18.8 6.24 

1.5 3.72 2.84 30.0 1.89 28.1 6.31 

2.0 4.86 3.80 40.0 2.54 37.5 6.34 

2.5 6.00 4.77 50.0 3.18 46.8 6.36 
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� ������

¬³´µn*Ç~�{����5������ú�ËÉÊ��������(g¥ 9   12

Òt \]^VÈ_�`VÈ<�abc)-¨���AÚÛ����5>"³´µn*Ç~�{

- 2 g/kg
�1���CÚÛ����5�����ú�ËÉÊ��������*!A*

Ç~�{*© 3�4 g/kg��g¥ 10 Æ!A��E�����êÍ�dÐÑ34�Á�(��

e)�ÃÄ?a��EIQ><=��(CÚÛÜi)* 2.5 g/kg-¨�� 3 g/kg
�AÚÛ
 C

ÚÛ*Üi�z-�ã�Ç~�{-���1

PM*Ç~�{*��%&-. 6.2-18�/01

� 6.2-18� � PM	E���

Â PM (g/kg-Fuel) Â PMðc SO
4
 (g/kg-Fuel) �

� �� ME

ùúûüýúþ

ST

ùúûüýúþ

ST

�ú��ü

ME

ùúûüýúþ

ST

ùúûüýúþ

ST

�ú��ü

500 ���� 2.49 1.44 2.4 1.80 0.91 0.15 

500 !  1,000 ���� 5.80 1.44 2.6 4.60 0.91 0.19 

1,000 !  3,000 ���� 5.80 1.44 2.6 4.60 0.91 0.19 

3,000 !  6,000 ���� 6.35 2.99 3.0 5.07 2.22 0.28 

6,000 ! 10,000 ���� 6.45 2.99 3.0 5.15 2.22 0.28 

10,000 ! 30,000 ���� 6.45 4.40 3.0 5.15 3.41 0.28 

30,000 ! 60,000 ���� 6.45 6.45 3.0 5.15 5.15 0.28 

60,000 !100,000 ���� 6.45 6.45 3.0 5.15 5.15 0.28 

�
�

100,000 ���"# 6.45 6.45 3.0 5.15 5.15 0.28 

500 ���� 2.30 1.44 2.4 1.64 0.91 0.13 

500 !  1,000 ���� 5.01 1.44 2.5 3.93 0.91 0.17 

1,000 !  3,000 ���� 5.01 1.44 2.5 3.93 0.91 0.17 

3,000 !  6,000 ���� 5.46 2.71 2.8 4.31 1.98 0.24 

6,000 ! 10,000 ���� 5.54 2.71 2.8 4.38 1.98 0.24 

10,000 ! 30,000 ���� 5.54 3.86 2.8 4.38 2.96 0.24 

30,000 ! 60,000 ���� 5.54 5.54 2.8 4.38 4.38 0.24 

60,000 !100,000 ���� 5.54 5.54 2.8 4.38 4.38 0.24 

�
�

100,000 ���"# 5.54 5.54 2.8 4.38 4.38 0.24 
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(d) CO��� NMVOC�!�"#

¶fgh*CORIªNMVOC*Ç~�{-. 6.2-19�/01¶fgh*CORIªNMVOC

����5�¶fúû�ID�VWCij-kkE]
F�s`aEF�Ç~mno*lZF

x@�]
b`�234�5|}���ä�
�1

@R�'(*Ç~�{��©
���g¥ 10  Æ!AÇmn*op\]>*ij
qr:

;*34�Á�(g¥ 11   3 Òt (9)sCt��81�unsv89w)FUEF���Á

�5 CO5 9 g/kg-Fuel�NMVOC5 1.9 g/kg-Fuel
�RJ�234�*��)
+L�CO5

x 20 yzC�{�� NMVOC5x 20 yê�1

���234�5��g¥ 17  Æ!Ab`*|}��|�z�(VOC)*Ç~ij�}0E3

4�Á�(g¥ 18  3Òt Ö~�d789w)-ß��NMVOC����5SÛ½*����

�o8ànb`|}0EÇ~�
�������� 9.4�78/ -±�Âj1

� 6.2-19� 6fgh	 CO��� NMVOC	E��� (g/kg-fuel) 

�Ë CO NMVOC 

Ç~�{ 7.4 2.4 

��� EMEP/CORINAIR Emission Inventory Guidebook – 2006, Technical report No 11/2006, Group 8: Other mobile 

sources and machinery , SHIPPING ACTIVITIES, National sea traffic, National Fishing, International sea traffic, 

Inland goods carrying vessels (2006/12/21 EEA (European Environment Agency)) 
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6.2.7 �����	
��	�

(1) !�
��

!"
~�
*}����~�U�J*¶·çè��¶·�~�U�J*Ç~�{5�õ�

Þ�ID�ij-kkE
�s`aEF�õ�Þ
*}��}0Emno*lZFx@����

234�5]a`*}�5�£�
��
���âõ��*Ç~�§�£�*Ç~��õ�

Þ��IJ��âõ��*Ç~�-���1

(2) *+,�-�

(a) ��������&���������

¬m®n¯�|}RIª¬³´µn*õ�Þ-. 6.2-20�/01

'(*õ�Þ
���2Ai|}��F���!" *õ�Þ(. 6.2-21)FUEF�C�

��ÐÑÒ �Ó HcÔy�qcîø��êë)ó 11ô��ÐÑI}õKÕDÔy�(ö÷�

IFrKîø��89:;(<= 19> 9?C���ÐÑÒ �Ó H)f��rKf(�2Ai|}

��*õ�Þ�5Ôy��,I��°K��©��jL�j(EMEP/CORINAIR Emission Inventory 

Guidebook – 2006�IE
�����5 40 %�����5 20 %
�õ�ÞF��?a��E1

����'(��l����(+%q©JzîøI �J�I(�Uc�����iíí('(*

õ�ÞIJK��
�êC@EI\õ�Þ-���1

@R���	n����5�����!���?È��8Fö÷¬m®n¯�|}*õ

�ÞFzC@E]
F�s`aEF�RoRo!�æ�!
+,0E
�G*õ�*Q�5x@C

����KL�
�s`aE]
b`�]]�5����
����
�1

�j(�*'���£ !"#�I�Æ$
Ç
ZPÊË�ÕDrK%I&°'(c)|�ÕD

rKj¦(STNOPQREFc*�È°,+(pK©(�Æ$
Ç
ZPÊËc,-'.(/�

���Kj¦(����'��i®¯p¯L

�j(Z�[P'�0�I��c[P12�3�ÕDrKj¦(�0f��4�STNOPQR

EFc*�È'5pK©(67¢�'�0f��4'8�l°9:�®¯Kj¦(����'�0(

��4c��'9:;I*�È���ijL
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� 6.2-20� � ��ij2k`�����/012	lm nlmD	ol5

t t t t t t t t t t t t t t t t t t t t t t t t t (��Õ%)

¬m®n¯� ¬³´µ

!M
���

����
�p�

���
����
�p�

�8�K! 50 30 20 20 

æ�! 40 30 20 20 

o8àn 50 30 40 20 

æ�! 50 40 20 20 

��	n 30 30 30 20 

RoRo! 60 30 20 20 

�! - 40 - 20 

G*H 50 30 20 20 

%&	EMEP/CORINAIR Emission Inventory Guidebook – 2006, Technical report No 11/2006, Group 

8: Other mobile sources and machinery, SHIPPING ACTIVITIES, National sea traffic, National 

Fishing, International sea traffic, Inland goods carrying vessels (2006/12/21 EEA (European 

Environment Agency))��<�I��ijL

� 6.2-21� � pK"B�(qrb�,��ij2k`	lm nlmD	ol5

(��Õ%)

VW? � � � �

���û
500 t9: 500 tPQ

5,000 t9:

5,000 tPQ

10,000 t9:

10,000 tPQ

���õ�Þ 54 62 56 63 

����õ�Þ 42 47 48 52 

%&	)<= 6>Ä�*+%,-./01234567��;(<= 7> 5? (@)C�*DEFGH)
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(b) ��������&

²|m®n¯�|}*õ�Þ-. 6.2-22�/01

²|m®n¯�|}����5�äå��õ�ÞF!ë* 3 ��+©0E�
?a��E]


b`�),-./¿À=>cj¦c�?��89:;(<= 4> 3? 67@)IJK!ë
²|m

®n¯�|}*õ�Þ*}��-i����p0n1 *!ëb`õ�Þ-���1

@R��p0n1 *ëÆ5. 6.2-23�/0
RJ�UE1

� 6.2-22� � ��ij2k`	ol5

����(��Õ%)

µ8/ �t �t �t �t

�p0n1
500 t9: 500 tPQ

5,000 t9:

5,000 tPQ

10,000 t9:

10,000 tPQ

�� 89 38 25 23

no8J´�� 54 27 16 14

�n� 33 21 13 11

n�n 19 18 9 8

mC1n�n 18 17 9 8

%&	),-./¿À=>cj¦c�?��89:;(<= 4> 3? 67@)

����(��Õ%)

µ8/ �t �t �t �t

!M

500�9: 500�PQ

5000�9:

5,000�PQ

10,000�9:

10,000�PQ

W�XY� 89 82 80 77

\0� 89 82 59 43

Z�[P 89 52 36 27

\]� 89 82 80 77

_`aP 89 82 80 77

RoRo� 89 82 80 77

]� 89 82 80 77

bcd 89 82 59 43

%&	),-./¿À=>cj¦c�?��89:;(<= 4> 3? 67@)Jz�=ijAB�D¯

®*�È���ijL

5006789:   PR§7.11�10
-4�V

3�0.175 

500�5,0006789:  PR§1.58�10
-4�V

3�0.171 

5,000�10,0006789:  PR§1.23�10
-4�V

3�0.085 

10,000678PQ   PR§8.71�10
-5�V

3�0.076 

]]�    

PR Õ²|*õ�Þ

V Õ�oëÆ(�C7)
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� 6.2-23� � stuvb�w,xyz2{D	xy|}���stu~b�w,�x|}

����t t t t t t t t t t t t t t t t t t t t t t t t t t t t t (��Õ�C7)

µ8/ � � � �

�p0n1
500 t9: 500 tPQ

5,000 t9:

5,000 tPQ

10,000 t9:

10,000 tPQ

�� 10 11 11 12 

no8J´�� 8 8.5 8.5 9 

�n� 6 6 7 7 

n�n 3 3 3.5 3.5 

mC1n�n 2 2 2 2 

%&	)<= 6>Ä �*+%,-./01234567��;(<= 7> 5? (@)C�*DEFGH)

����t t t t t t t t t t t t t t t t t t t t t t t t t t t t t (��Õ�C7)

µ8/ � � � �

!M

500 t9: 500 tPQ

5,000 t9:

5,000 tPQ
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8�8õ�Þ½-��Ç~�-���1Ç~�*���i��o�³n7*¦{-.

6.2-24��o�³n7*¢��ö÷���õ�Þ½. 6.2-25�/01
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8�8õ�Þ����5�o�³n75êõ��×ô0E�zFz����500 6

789:*!A*n�n*õ�Þ-i��1

� 6.2-24� � �uD����/2$	��

��� £¤�!¥¦� �§� ¨©ª� ¥«¬�
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t ~®Õ��2*��t 2001�(9)�2Ö¯°<�

� 6.2-25� � ��/2$	����

±² ��)

gh¢� 3,000 PS 

�p�� 8��/�(2��/ �4 /�)

 �ö÷�� 2,400��/¦


8�8õ�Þ 19 %(5006789:* Slow) 

¶·�*��â 0.5 %(AÚÛÜi)
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6.2.10 ������
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2
Fx 2ò 1�78�NOxFx 3ò 7�78�PMF

x 2.7�78(\¼�SO
4
5 1.9�78)�COFx 4.7�78�NMVOCFx 1ò 1�78
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 (t/�)

PM

O� PQ SO
2
 NOx 

R PM SOOTS SO
4

CO NMVOC

TUV 280,414 8,953 13,338 1,082 329 753 2,075 673

WXY

NMVOC 

� � 9,356

Z[\]H 18,468 185 1,313 27 10 17 137 44

^/�_V 335,011 12,189 22,447 1,546 372 1,174 2,479 804

�

`

^

� 633,893 21,327 37,098 2,655 711 1,944 4,691 10,877

^a�_�  834,586 35,806 63,762 4,563 993 3,570 6,176 2,003

b� 1,468,479 57,134 100,860 7,218 1,704 5,514 10,867 12,880

u)NMVOC*Åõ5ö}gh* NMVOC-/01
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�� ��
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500����	

u) o�³n7-÷C1

. 6.2-20� � stuvb�w,~xvxD !©D $%ª«DE�:
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3,000
6,000�����
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u) o�³n7-÷C1

. 6.2-21� � stuvb�w,~xvxD !©D $%ª«DE�:
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(2) �������	
���

234����!Ab`*Ç~�������2�	8
8���	8���F°ø���

�����RkEÇ~�RIª��eF�������RkEÇ~�
*+,-pD�1

����RkEÇ~�*+,-. 6.2-31RIª. 6.2-32������RkEÇ~�*+,-.

6.2-33 �/01���RIª���*Y¼`*yzK SO
2
����5234*Ç~�F��x@

�F�NOxRIª PM����5234�zC@D��E1

� 6.2-31� � stub�w,
�E�:�	��

(78/ )

SO
2 NOx


��� ���� ��� ����

1994  � 23,194 � 31,927 

2000  21,143 22,811 35,785 30,943 

2002  � 20,905 � 28,131 

�)������	
�

�������	
�� 16 ��������������������� !(�� 17  3 "# ($)%&'(

)*)+,-()./0)123

� 6.2-32� � stub�w,
�E�:�	��(2000§¬��)

(�78/ )

SO
2

NOx PM 

�

� �� ��
��/

��
�� ��

��/

��
�� ��

��/

��

��� 1.80 3.31 0.54 2.65 3.39 0.78 0.22 0.42 0.53

��� 1.13 1.81 0.62 1.74 1.95 0.89 0.14 0.25 0.54

��� 3.22 4.58 0.70 4.57 4.64 0.98 0.39 0.57 0.68

��� 1.88 2.90 0.65 3.08 3.32 0.93 0.22 0.41 0.55

���� 0.79 0.85 0.93 1.10 0.95 1.15 0.10 0.12 0.80

���� 0.13 0.91 0.14 0.21 0.93 0.23 0.01 0.14 0.11

 ! 12.19 8.63 1.41 22.45 15.76 1.42 1.55 0.34 4.58

" 21.14 22.99 0.92 35.79 30.95 1.16 2.63 2.25 1.17

�)� ����#$�%&'() !#*+,-.�/0�

������	
�

�������	
�� 16 ��������������������� !(�� 17  3 "# ($)%&'(

)*)+,-()./0)245�

t
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� 6.2-33� � st�b�w,
�E�:�	��(���)

(�1/2)

34 �� ���� ��/��

SO
2

1,802 1,898 0.95 

NOx 2,645 2,086 1.27 

PM 222 145 1.53 

6)7.89:;<=>

����	 2003?@ABCD9E1FGHIJ��KLM3>

�������	
NOA1PQ3RST?��U?����VW!(NOXYZ[)123

����RkE'(34
Ç~�{*+,-. 6.2-34 �/01'(34
234� NOx RI

ª PM*Ç~��^�F_`a�SP*ä��Ç~�{*^�F�s`a�O��PM*'(34

�5 SO
4
��
�*Ç~F�ã?a��@����ê�*Ç~��@D��E
ùþaE1

� 6.2-34� � st�b�w,
�E�:LM�	E���	��(���)

SOx,-56 NOx,-56 PM,-56



�

�

IMO Tier1789� :� 1.3;

(<=2>78?@ABC+DEFTier1

78G� 30HIJKL)

     

4.3 g/kg-fuel (*) 

MNO 16 2PQR,-STUV

WXYZ[\]^��_(NO 17

2P� (`)ab1c1defb1

�gh)*Jij

�

�

�

�

klmnop

q Q

Ars� 0.5 % 

Crs� 2.3 % 

( Q

Ars� 0.5 % 

Crs� 2.7 % 

N=7.81:P:A:0.001+1.45 

   NtNOx,-.(kg/u)     

Pt-v(PS) 

Atwxy      

(���(5zQR){|#*Jij)

}~�����t3 g/kg-fuel 

}~���� t2 g/kg-fuel 

(M�����WXUV�|ae�

f�_(NO 92 ���)��G)

6)  *�NOA\]��1^_`abc1defJ PM��KghijkKlmF�nJ�opLM3>
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@R�¨�
��2000  Pú*����RkE+�!A-« 6.2-22 �/012000  
+,

0E
�¦{5Íx��EK**�678{5]]{ û¸Fü��RJ�ý 5�!A*V

"�Fþ�

K��!A*�Æ�Fû¸��E]
F�s`aE1

80

85

90

95

100

105

110

115

120

2000 2001 2002 2003 2004 2005 2006

�

�
�
�
�
�

�
�
	


�
�
�

�� ����

u)����£¤��¥¦���§�RIª¨©ª�*z$)1

. 6.2-22� stub�w,��!"�� #$%�	¬(2000§b®¯,°±5)
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6.3 �������	
���

6.3.1 �����

MEPC57�R�����?a� SOx�PMRIª NOx<��¿-. 6.3-1�/01234�R

��5�]*�¿-��s�VÈÉÊ�ËÇ~�-��0E<��nn-���1Ç~�*�

�-pD�<��nn-. 6.3-2�/01

SOxRIª PM<�*í&-ÐÑ0E�nn
��¶·���â- 0.5 %PÅ�<���n

n
�0.1 %PÅ�<���nn-���1���NOx<�*í&-ÐÑ0E�nn
��

�p!A0L�F Tier2<�-/	���nn��p!A0L�F Tier3<�-/	���n

n�RIª!A*!�-�ã� 2020 �
 2025 �-¹��<�*��nn-���1

� 6.3-1�  MEPC57N²³X´µQ¶�·¸	¹e	�º(SOx�PM��� NOxZ[)

<�*MN �¿

SOxRIª PM<� ¶·���â-<�

äåÖ	t t t 2012 PúÕ3.50 %�2020 PúÕ0.50 % 

Ç~<�Ö	t 2010 PúÕ1.00 %�2015 PúÕ0.10 % 

NOx<� F
!*
8�8��0E<�

2011 Pú  Tier2Õ�p<�(Tier1)* 15.5�21.8 %ÌÍ(�Ö	�%i)

2016 Pú  Tier3Õ�p<�(Tier1)* 80 %ÌÍ

(Ç~<�Ö	�*_%i)

�(!*
8�8��0E<�

�t $Õ1990 Pú��
?a��(!*
8�8*\¼�s	8�n

¿Z 90LPQb�~� 5,000kWPQ

<�)ÕTier1<�

�t ÓÕ²^F<�%zÎÏ-���IMO�è�b` 1 Pú

*��*�ÓÐ4

� 6.3-2� � »¼½¾Y¿E�:	�À2Á

�$ ���nn 234����Ç~�{��5��*�sµ

SOx,PM ��â 0.5 %<� ¶·���â 0.5 %PÅ

SOx,PM ��â 0.1 %<� ¶·���â 0.1 %PÅ

NOx �!A Tier1EH �!A� Tier1<�-%i

NOx �!A Tier2EH �!A� Tier2<�-%i(Tier1<�Ç~�{ -2.5 g/kW!�)

NOx �!A Tier3EH �!A� Tier3<�-%i(Tier1<�Ç~�{�0.2) 

NOx 2020 <�*� 2020 ��RkE pre2000(9<�)�Tier1�2�3<�*��nn

NOx 2025 <�*� 2025 ��RkE pre2000(9<�)�Tier1�2�3<�*��nn

6) 
q�� Tier1rst9E!P2u
2025vwxyt9E!	z��K;F�nJ?{La|}~��g?

��K?�GP2u~���9~�)�F	��`_�_>
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6.3.2 ���

<��*Ç~�5���Ç~�*���i�����RIª��³´����Ç~�{-Y

©0E]
�IJ���1Ç~�*���i��¶·�*��â-. 6.3-3��PMÇ~�{-

. 6.3-4��NOxÇ~�{-« 6.3-1�/01

@R�234����NOx*<�5MEPC57����?a�<�)
5��Å@D��EF�

G*�5>?CÇ~��VWCij@�1

� 6.3-3� 67;	<=>(%)

�� nop 0.5 %78 nop 0.1 %78�
� Q� ��

�������

��

�������

��

�����

��

�������

��

�������

��

�����

��

�������

��

�������

��

�����

500 ��1�� 0.96 0.50 1.47 0.50 0.50 0.50 0.10 0.10 0.10

500 � 1,000 ��1�� 2.41 0.50 1.86 0.50 0.50 0.50 0.10 0.10 0.10

1,000 � 3,000 ��1�� 2.41 0.50 1.86 0.50 0.50 0.50 0.10 0.10 0.10

3,000 � 6,000 ��1�� 2.66 1.18 2.70 0.50 0.50 0.50 0.10 0.10 0.10

6,000 �10,000 ��1�� 2.70 1.18 2.70 0.50 0.50 0.50 0.10 0.10 0.10

10,000 �30,000 ��1�� 2.70 1.80 2.70 0.50 0.50 0.50 0.10 0.10 0.10

�
�

30,000 ��1�� 2.70 2.70 2.70 0.50 0.50 0.50 0.10 0.10 0.10

500 ��1�� 0.88 0.50 1.29 0.50 0.50 0.50 0.10 0.10 0.10

500 � 1,000 ��1�� 2.07 0.50 1.62 0.50 0.50 0.50 0.10 0.10 0.10

1,000 � 3,000 ��1�� 2.07 0.50 1.62 0.50 0.50 0.50 0.10 0.10 0.10

3,000 � 6,000 ��1�� 2.26 1.06 2.30 0.50 0.50 0.50 0.10 0.10 0.10

6,000 �10,000 ��1�� 2.30 1.06 2.30 0.50 0.50 0.50 0.10 0.10 0.10

10,000 �30,000 ��1�� 2.30 1.56 2.30 0.50 0.50 0.50 0.10 0.10 0.10

�
�

30,000 ��1�� 2.30 2.30 2.30 0.50 0.50 0.50 0.10 0.10 0.10

u) SO
2
F��� SO

4
��
�Ç~?aE�-����)�UE1
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� 6.3-4� Z[�	 PME��� (g/kg-fuel) 

�� nop 0.5 %78 nop 0.1 %78�
� Q� ��

�������

��

�������

��

�����

��

�������

��

�������

��

�����

��

�������

��

�������

��

�����

500 ��1�� 2.49 1.44 2.4 1.44 1.44 2.00 0.52 0.52 1.82

500 � 1,000 ��1�� 5.80 1.44 2.6 1.44 1.44 2.00 0.52 0.52 1.82

1,000 � 3,000 ��1�� 5.80 1.44 2.6 1.44 1.44 2.00 0.52 0.52 1.82

3,000 � 6,000 ��1�� 6.35 2.99 3.0 1.44 1.44 2.00 0.52 0.52 1.82

6,000 �10,000 ��1�� 6.45 2.99 3.0 1.44 1.44 2.00 0.52 0.52 1.82

10,000 �30,000 ��1�� 6.45 4.40 3.0 1.44 1.44 2.00 0.52 0.52 1.82

�
�

30,000 ��1�� 6.45 6.45 3.0 1.44 1.44 2.00 0.52 0.52 1.82

500 ��1�� 2.30 1.44 2.4 1.44 1.44 2.00 0.52 0.52 1.82

500 � 1,000 ��1�� 5.01 1.44 2.5 1.44 1.44 2.00 0.52 0.52 1.82

1,000 � 3,000 ��1�� 5.01 1.44 2.5 1.44 1.44 2.00 0.52 0.52 1.82

3,000 � 6,000 ��1�� 5.46 2.71 2.8 1.44 1.44 2.00 0.52 0.52 1.82

6,000 �10,000 ��1�� 5.54 2.71 2.8 1.44 1.44 2.00 0.52 0.52 1.82

10,000 �30,000 ��1�� 5.54 3.86 2.8 1.44 1.44 2.00 0.52 0.52 1.82

�
�

30,000 ��1�� 5.54 5.54 2.8 1.44 1.44 2.00 0.52 0.52 1.82

0

5

10

15

20

25

0 500 1000 1500 2000 2500 3000

�����(rpm)

N
O
x
�

�
�

�
(
g
/
k
W
�
�

)

Pre2000(���) Tier1�� Tier2�� Tier3��

. 6.3-1� � KLMNBÂQ NOxE���
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���2020  �RIª 2025  �-¹��<�*��nn����5�!� *�¥+
<

��� -i���. 6.3-5*
RJ
�1

� 6.3-5� Z[Ã�À2ÁNÄPQ 2020§Å��� 2025§Åb�w,Z[�ªDÆc�

�) 78����O�$FMQR)STUV� #5+¡¢#£¤+��¥¦(MP3)(20062P§¨©)_

(20072 3ª«¬®¯QR[\¥¦°h)�±²#ijLD�

6.3.3 ������

<��*Ç~���%&5. 6.3-6 �/0
RJ�UE1@R�¶·�*��â-ÌÍ0Ey

z�¶·*�úFYþJ NOx½*H*Ç~�KY�0E]
F�s`aE1���NOx<�-p

\yz����K�O��Tier3 ����5�SCR(�������):;F¹�?aE���Üi

¶·*�ú*Y����
��80��-Ü\]
@Y*ijF�s`aEF�3 *34�

5�¶·�*��â�ID� PMFY�0E]
*_-�ã�Ç~�-���1

2020 �  2025 �
<�õó

��0E!� �¥+(%) ��0E!� �¥+(%)

Pre2000(9<�) 20 PQ 26 25 PQ 16 

Tier1 10�20  44 15�25  27 

Tier2 5�10  18 10�15  28 

Tier3 0�5  12 0�10  30 

6-53



6-54

� 6.3-6� !"&'	E�:�FG(ÇÈ Z[À2Á	��+)

��(20002)  (t/2)

PM

&p kl SO
2
 NO³

´ PM SOOTµ SO
4

CO NMVOC

5zu 280,414 8,953 13,338 1,082 329 753 2,075 673

¶·¸VOC ¹� ¹� ¹ ¹ ¹ ¹� ¹� 9,356

����� 18,468 185 1,313 27 10 17 137 44

%( ! 335,011 12,189 22,447 1,546 372 1,174 2,479 804

�
�
%
(

" 633,893 21,327 37,098 2,655 711 1,944 4,691 10,877

%q ! 834,586 35,806 63,762 4,563 993 3,570 6,176 2,003

" 1,468,479 57,134 100,860 7,218 1,704 5,514 10,867 12,880

78º�»� SO
2
,-.  (t/2)                                   ±²t��)klmnop(%) 

&p �� nop 0.5 % nop 0.1 %   nop

5zu 8,953 2,620 503 5zu 1.6

����� 185 185 37 ����� 0.5

%( ! 12,189 3,141 627 %( ! 1.8

�
�
%
(

" 21,327 5,946 1,167

�
�
%
(

" 1.7

%q ! 35,806 7,834 1,579 %q ! 2.1

" 57,134 13,780 2,746 ´N¼ 1.9

<���(��%() 1.00 0.28 0.05

78º�»� PM,-.  (t/2)

�� nop 0.5 % nop 0.1 % 

&p
´PM SOOTµ SO

4
´PM SOOTµ SO

4
´PM SOOTµ SO

4

5zu 1,082 329 753 428 211 217 204 172 32

����� 27 10 17 27 10 17 10 7 3

%( ! 1,546 372 1,174 491 203 288 199 156 43

�
�
%
(

" 2,655 711 1,944 946 424 522 413 335 78

%q ! 4,563 993 3,570 1,210 469 740 463 352 111

" 7,218 1,704 5,514 2,155 893 1,262 876 687 189

<���(��%() 1.00 1.00 1.00 0.36 0.60 0.27 0.16 0.47 0.04

78º�»� NOx,-.  (t/2)

&p �� Tier1 Tier2 Tier3 20202 20252

5zu 13,338 10,342 8,171 2,352 9,772 7,917 

����� 1,313 1,010 821 202 958 773 

%( ! 22,447 17,301 14,145 3,577 16,424 13,295 

��%(

" 37,098 28,653 23,138 6,131 27,153 21,985 

%q ! 63,762 49,084 40,855 9,943 46,722 37,875 

" 100,860 77,736 63,993 16,074 73,875 59,860 

<���(��%() 1.00 0.77 0.62 0.17 0.73 0.59 

< Tier1�(��%() 1.29 1.00 0.81 0.21 0.95 0.77 

�)Tier1�Tier3$´QR#½78�?@LD¾¿�ÀjLDº�»�
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6.3.4 �������

����RkEÊCs�(x 1 km£�) Ç~�-« 6.3-2�/01
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�SO
2

��t t t t t t t t t t t t t t t t t t t ��â 0.5 %<�

��â 0.1 %<�

. 6.3-2(1)� � stuÉÊË^DE�:
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�NOx

�� t t t t t t t t t t t t t t t t t t t �!A Tier2EH

�!A Tier3EHt t t t t t t t t t t t t t 2020 <�*�

. 6.3-2 (2)� � stuÉÊË^DE�:
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�� PM

��t t t t t t t t t t t t t t t t t t t ��â 0.5 %<�

��â 0.1 %<�

. 6.3-2 (3)� � stuÉÊË^DE�:
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�COt t t t t t t t t t t t t t t t t t t �NMVOC 

��t t t t t t t t t t t t t t t t t t t t ��

. 6.3-2 (4)� � stuÉÊË^DE�:
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6.4 ��

6.4.1 ������

234�5���*���-¾i0E!A-�$
�����RIª�p��Ç~?aEV

ÈÉÊ�Ë�-���1��%&*Ë-5. 6.4-1*
RJ�UE1

�t 2000  *����-���s���ns�8� ���RkE!Ab`*Ç~�5 SO
2
F

x 57,000 t�NOxFx 101,000 t�PMFx 7,000 t½�UJ�IQ}T!-���}�
	�

*Ç~�*Ga�ax 31 %�x 16 %�x 14 %-Ô��SO
2
*UVÞFz�1@R����

��RkEÇ~�5 SO
2
Fx 21,000 t�NOxFx 37,000 t�PM(SO

4
��-��)Fx 2,600 t

½�UE1

�tMEPC 57�R�����?a�¶·���â*ÌÍ�IE SO
2
RIª PM��0E<��

@`ª�F
!-�$�� NOx<�F��!�K%i?a�yz-¹���IMO<�

�IEÌÍ�-ð��1

�t SO
2
Ç~�����5�¶·���â- 0.5 %PÅ
�yz(äåÖ	�RkE 2020 P

ú*<��EH)�SO
2
5 72 %�PM(SO

4
��-��)5 64 %FÌÍ?aE1?`��0.1 %P

Å�<��yz(Ç~<�Ö	�RkE 2015 Pú*<��EH)�SO
2
5 95 %�PM(SO

4

��-��)5 84 %FÌÍ?aE
ð$?a�1

�tNOxÇ~�����5�F�@<��R����`a� NOx*ÌÍÞ5�Tier1� 23 %�

Tier2(20116Pú*<��EH)� 38 %�Tier3(Ç~<�Ö	�RkE 2016 Pú*�
!�

%i)� 83 %�UJ��<�**�Þ-�ã� 2020 �5 27 %�2025 �5 41 %FÌ

Í?aE
ð$?a�1@R�MEPC57�R��5V"*�(!����K NOx<�F"

+?aE]
F#J��a����3 ð$� 2020 RIª 2025 * NOxÇ~�IJ

K?`�ÌÍ?aE]
FÓ$�WE1

�t<��IE PM RIª NOx Ç~�*ÌÍí&����%Æ&
*+,-« 6.4-1�/01

]]��%Æ&*Ç~�5���e%Æ&Ç~�����'ª%Æ&Ç~��ú�Ë6�

ÌÍ$(��IEÇ~�-ÃÄ�1!A5IQ}T!
+,�Ç~mn<�F)EC�

O� PM5*h9<��UD�1b�3 �MEPC57�IJ���?a�+¡Á,*-

c�IE¶·���â*ÌÍ�IJ�PM*Ç~�����KÌÍFþ�K*
Ó$?aE1
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� 6.4-1� !"&'	E�:�FG(��+)

��(2000 �)  (t/�)

PM

&p kl SO
2

NO³
´ PM SOOTµ SO

4

CO NMVOC

��%( 633,893 21,327 37,098 2,655 711 1,944 4,691 10,877

%q ! 834,586 35,806 63,762 4,563 993 3,570 6,176 2,003

" 1,468,479 57,134 100,860 7,218 1,704 5,514 10,867 12,880

����	
������������  (t/�)

SO
2

´ PM(SO
4
���/0)

&p
��

nop

0.5 % 

nop

0.1 % 

��
nop

0.5 % 

nop

0.1 % 

��%( 21,327 5,946 1,167 2,655 946 413 

%q ! 35,806 7,834 1,579 4,563 1,210 463 

" 57,134 13,780 2,746 7,218 2,155 876 

<���(��%() - 0.28 0.05 - 0.36 0.16 

NOx �����������  (t/�)

&p �� Tier1 Tier2 Tier3 20202 20252

��%( 37,098 28,653 23,138 6,131 27,153 21,985 

%q ! 63,762 49,084 40,855 9,943 46,722 37,875 

" 100,860 77,736 63,993 16,074 73,875 59,860 

<���(��%() 1.00 0.77 0.62 0.17 0.73 0.59 

< Tier1�(��%() 1.29 1.00 0.81 0.21 0.95 0.77 

u)Tier1�Tier35�!A��<�-%i�yz-¹���nn
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 ��

u)t %Æ&*Ç~�5���e%Æ&Ç~�����'ª%Æ&Ç~��ú�Ë6�ÌÍ$

(��IE1

. 6.4-1� � Z[b�, PM��� NOxE�:	Ì±ÍG(ÎÏÐ�	��)

PM

NOx
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6.4.2 ������ !"#$%&

!AÇ~mn�*ð����.Æ�5�PÅ*I\@/0@ß1mno�S��½*.ÆF}

�0E1

� !A*¦{�678{�����(����������)

� !AÝÄ|}*~�½-ð�0E��*S���

� ¶·�ÉÊ�Ë*Ç~�{

� |}õ�Þ��p��

� Ç~�É�Ç~�*��YÆ�ÒYÆ

234�5Ç~�*ð����.Æ*NQ

K��VÈs���ns�8*$�³´
0E

��Ç~�*2�;@â3���YÆ-{4�WEI\PÅ*5��6�1�����µÏ½

����5�7�;�Ã4�H*o	�K�i�WE�����
�8î�1

åt����	
*����*^�-{4

�t��9ò�:;è:Ó*mno-i�E]
�IJ����� *��¦{�����

½-ð��1

ït����*BL-�ã�����+*��

�t����*BL�ID�����+5Y�0E
�s�����*BL�ID���
�

��*+Þ-Y�?ÄEµÏ-�i�1����+-ä�
0EµÏ
+,0E
�I

J<û�ý�
�s`aE1

ðt¶·�*��â-�ã� PM*Ç~�{*��

�t!AÇ~mn�5øC*��âF��aE<û-��s�PM����5 SO
4
��
�

Ç~?aE�-���1

ñt IMO<��-=nn
� NOxÇ~�{*��

�t IMO<��IE NOxÌÍí&->?�WEI\�IMO<��-=nn�Ç~�{-��

�1

@t!M	
*|}õ�Þ*��

�t�������5!M	
����*<û½-�ã�õ�Þ-���1

�t�p�����5��pëÆ
|}õ�Þ*}��b`�p�*|}õ�Þ-���1

]a�IJ������5�pëÆ�IJõ�ÞFêC������5XA��nBn1

��p0E<û-{40E]
F�W�1

CtGIS(o9Dsn�E)*�i�IEÇ~�*o9;ºâ

�tGIS(o9Dsn�E)-�i�����É��Ã�É-o9;�ºÉ�1 km£�	


*Ç~�-���1

FtÇ~�*��YÆ-�ã

�t�p�����5������p�����5+��~���-�ã��Ç~�*��

ºâ-���1

Ç~�*.Æ-?`�z�E���5�PM Ç~�{�}0Emno*lZ�¬³´µn*
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Ç~<û*ef�¶·çè�*<ûefRIªG0*!A*�Æ�*ef@YPÅ*5�����

äH*mno*lZ�efF,-�UE1

å PMÇ~�{�}0Emno*lZ

�t234�5��	8
8���	8���*�Á-ß��¶·�*��â���� PM

*Ç~�{-���1¶·�*��â
 PMÇ~�*}�5���âP���¶·*I


µÏ(ö�Û
ÐJÛ**z*?aµ@Y)@Y�ID�Å@E
�s`aE���¶·

�*��â
 PMÇ~�{�}0EmnoFlZ?aE]
Fq�aE1

ï ¬³´µn*Ç~<û*ef

�t*h*��µÏ�5�¬³´µn*Ç~�-°V�±ZKEMNFUE1¬³´µn

�}�5�³´µn*¿��¶·çèÞ�Ç~�{�ö÷Þ½�}0EmnoFx@�1

m®n¯�|}��0E<�K��IJ�3[�!A��*Ç~��¬³´µnFÔ�

E�zFE�;�z�E
�¹?aE]
b`�¬³´µnb`*Ç~�-IJcd�

��0E��*D*lZFq�aE1

ð ¶·çè�*<ûef

�t234�5678{
|}�|}
¶·çèÞ*}��-i���¶·çè�-ð$�1

]a`}��5�Ç$;@ÎÏ�IJ¤¥?a�K*�UJ�gh;@¶·çè�-��

0E�5%H@ÎÏ
�sEF�G0*!A�IE^�½5�ã?a��@�1¶·çè

�5 SO
2
�PM½*Ç~�*=nn
@EK*�UE]
b`�L�	8���8�n7

½�IJ�¶·çè�*IJcd@ef-p\]
Fq��1

ñ G0*!A*�Æ�*ef

�t234�5�G0*!A	
*D-+Î�W@bD���������MN	
�#$

?a�D-i��1��9ò5x@C
KOPMN����5G0*!A	
*·¸�

Í¸��-ef�RJ�]a`*DF9òb`�/?aaD�IJcd@�Æ�-

���WE1
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7. ������� PM	
��

7.1 ����

�������	 18 
���������� PM ������� PM ������� 

!��"��PM ��� SO
4
�#$%&'(��)��*+�,-.�/012��3)��

45� PM�6789�,:�;<.=>

?=����@A�B��CMBC��)DEF�G(�%&'(HIJ�K�(LM�LN�

OPQRST���U%VW)W��X�/012��3)��45�YZ[\���]Z[\

�89�^��_`abc� d=>

7.2 �����

�e��� PM��

�e���� PM��

7.3 	
� PM���

7.3.1 ����

PM
2.5
SfT�(1$gh�ijk')

SO
4
T�(1$gh�ijk')

PM
2.5
	���(SfT��lm�nop�qr	��stuvT��wxyk')

7.3.2 ����

2007
 7z 25{ 10$|8z 1{-9$(%& 7{g)

7.3.3 ����

���}~�����OP�89����)��������$�'(����.a`)'

(������*+��?����� 2��� d=>

��������� 7.3-1���>

St.A  ����������(}~��$'(���Y��)

St.B  �������(}~��$'(�� ¡¢£¤¥¦§¨©ª«¬ 850 m) 
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�

}~��$'(���®¯

°± ²³ ´µ� ¶·

1 ���������� ¸}¹¡¢ 2º��»
}~/0¼��3)wx½¾¿ÀpÁ

���.a��Â3ªÃ)

2 ÄpÅÆ¤¥¦§ ÇÈ¹ÉÊ 2º�
ÇÈËÌ�89���12ÄpÅÆÍ

¥©ª�89�Î(ÏÃa`)

3 ¡¢£¤¥¦§ ¸}¹¡¢ 2º� Ð

4 }~Ñx¾ÒnÓ ¸}¹ÔÕ 3º�
12Ö×ØIÍ¥©ª�89�Î(Ï

Ãa`)

�

}~�Ù$ÚÛ'(Ü��3)'(Ý�e

�������	

����


SO
2
 NO NO

2
 NOx O

3
 NMHC CH

4
THC SPM �� �� �� ��

�����
 �
 �
 �
 �
 �
 �
 �
 �
 �
 �
 �
 �
 �


����
 �
 �
 �
 �
 �
 �
 �
 �
 �
 �
 �
 �
 �


���� 
 �
 !
 !
 !
 �
 !
 !
 !
 �
 �
 �
 �
 �


� 7.3-1� � �����	


Þß

à�����

}~��$'(��

}~�Ù$ÚÛ'(Ü

á�â'(Ü�������	
��

��������

�����������

����� !"#

$��

%&�

'(�

St.B 

St.A 
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7.3.4  PM
2.5
����� SO

4
�������

PM
2.5
SfT���� SO

4
T��'(ãC�ä 7.3-1���>

� 7.3-1�  PM
2.5
������ SO

4
�������(����)

Ý� åæ '(ç ¶·

PM
2.5
Sf

T�

(1$gh)

TEOM1400a 

(TEOM(SES)) 

TEOMèéêÅëìíînÓïðJI

'(ñ���Ô��j���j.a`)��Q�	

fm\�»
�Öë�JI��X�3ªÃ�Öë�

JIÐ��ÏÃ= PM �Sf�����`�m\

��j1������)ñ���`='(C>

TEOM1400a(TEOM(SES))����� TEOM1400��

����ç��¶�= SES(Sample Equilibration 

System)����?Ãa`)>

�����

�pÒI�

W����

30 ��(

.=>

SO
4
T�

(1���)

8400S  

5020SPA 

R!Pèé ���Ò�Ö×nÓïðJI

'(ñ��SO
4
[\�"#��K. SO

2
�$%Ï&

='�(�)ê�P*+C� SO
2
����)>

(1) ���	

(a) PM
2.5

��

PM
2.5
SfT��ij'(ãC�.a��TEOM�BAM(β),-C)���+./æij'

(ç��`)ãC�,�01Ç2ÏÃa`)>�Ãª�ij'(ç� PM
2.5
�34'(C�5

) FRM(	fC)��67�ä 7.3-2����!��`8Ã"9:�;1<��*ª8�'(h

��=X��ªÃ)"�������,-�)>?�_`a� TEOM�@" 1��`>á�

������� PM
2.5
SfT��ij'(ãC�.a TEOM���.=>

?=�ä 7.3-2��)� TEOM�A?��9: 0.88� RFM�6BCò�h�*da`)>

�Ã��67��`ªÃ=��å� TEOM����pÒI�W���� 50 ��(ÏÃa`

)=ò����CD�E�ó����F��:`A?�������daG#V�HG#V

RS�G..aSf���.==ò�·�ªÃa`)>����>?�'(�)=òG.�

89�IÏ`�·�ªÃ)>.©.�'($�����da�G.�89�JK)L�V"

5)=ò������ä 7.3 1 ��.=�!������)G.�89�MN�:)

TEOM1400a(TEOM(SES))��`a'(� d=>

� 7.3-2�  FRM� PM
2.5
�������� PM

2.5
������� 

2000
>?(n=20) 2000
A?(n=20) 

B4'(ç '(ç�
OPæ�9: QUR� OPæ�9: QUR�

TEOM 1.04 0.98 0.88 0.98 

BAM 1.27 0.98 1.14 0.98 FRM

+./æ 1.32 0.97 0.79 0.87 

�������	�
�����(PM
2.5

)��������
�������37�1(2002) 
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(b) SO
4
�

�	 18
��,-.=��� PM ��������� PM ����)��SO
4
� PM

2.5
�

�Sò)ôõ�TD(��T�� 30 %U'��� PM�� 40 %V)�SO
4
���������

����"� PM
2.5
�W¯*	��*da`=>���XY�ZD[\]^�ö÷�.a`

)=ò���©ª�_ÏÃ) SO
2
�67����`2ÏÃaJ	�) SO

4
[\a���©ª

bc�_ÏÃ)SO
4
[\�/0¼�SO

4
T��DE.a`)L�V�·�ªÃ)>��=ò�

����� PM
2.5
SfT��'(�$��SO

4
T�� 1$gh�'(�,-.=>

7.3.5  PM
2.5
����

(1) ���	

PM
2.5
Òpd¿I��`a��67�� PM

2.5
���.�SfT����	�vT����

.=>ÒpdØp¾øg�%& 7{g�.�12$ge��Öë�JIf%� d=>

'(Ý��ÒpdØp¾��`=Òpd¿I���Öë�JI�ä 7.3-3���>����

� PM-2.5Òpd¿I� 1���_: 2g��.�áÃhÃijÖë�JI�ÅÖkpÖë�

JI�	�����ù÷���.=>

� 7.3-3� ��!"#$%&'%(�)*+$%&,-#./01-

���� PM
2.5
� !"# $%&'#

SfT�

lm	�

nop	�

qrl

åæ�FRM-2000e (2g/��)

,mnf�16.7 L/min 

Öë�JIo�47 pmm

qxÓrV�2.5 μm(50 %qxÓ)

ij(lm	��nop	�'(�)

ÅÖkp(SfT��qr	�'(�)

(2) �������

1sg(7{g%&)�.�1{ 2O�Öë�JIf%� d=>

Öë�JI�f%$gt�_`a��¢uL�$2�)$gtW�·v.a�9|10 $�

21|22$� d=>Öë�JI���ÏÃ=[\�!wG#V�T`Y�	��x��2.

aÖë�JIÐ©ªyzÃ)���5)�{zÃa`)���
�����Öë�JI�f

%g|���	 18
�� 24$g#©ª 12$g#�$}.�G.��)~F89��*D.

=>

(3) ������

��� PM
2.5
ù÷���Ý��Z���X�5)>

�SfT�

�lm	��EC(Elemental Carbon;�mQlm)�OC(Organic Carbon;Ôçlm)

��ç	��nope SO
4

2-

(X`nop)�NO
3

-

(�`nop)�Cl
-

(�mnop)�Na
+

(ÆÓØ

À�nop)�Ca
2+

(q��À�nop)�K
+

(qØÀ�nop)�NH
4

+

(�

pïðÀ�nop)

qrle Na(ÆÓØÀ�)�Al(���ðÀ�)�K(qØÀ�)�Ca(q��À�)�

7-4



7-5

V(wÆ�À�)�Mn(�pOp)�Fe(�)�Zn(��)�Se(�îp)�Ni(ð

x��)�As(�m)�W(Jp¾PÅp)e

*��ÒpdØp¾� 7{g,-.�á��©ª�PM
2.5
SfT���� SO

4
T��67�

T`{�ù÷� 4��(2��×���)�(.�	�����.=>

(4) ������	

PM
2.5
�SfT��'(�� ����I[\QRS(PM

2.5
)SfT�'(ãC�(�ðí�

�¨(67�����Ü�����	 12
 9z)�4�.a d=>lm	�� IMPROVEC

(���+���C)�nop	��nop½k�Ó¾¿ÖC�qr	�� ICP-MSC��d=>

*�� ����I[\QRS(PM
2.5

)SfT�'(ãC�(�ðí��¨���Öë�J

I�	f�_`a��� 20|23 �Qú�� 50�5 %�Q:� 24$g�Ð��.='� !

���?=�PM
2.5
�'�Öë�JI�	f?�� ´ (¡ø�¢�£õ� 4 ��)��¢

�)���¤(ÏÃa`)>�����Öë�JI�	f��`a���	 18
����

Ð¥�ðí����da�����¢�� d=>?=�PM
2.5
�'�Öë�JI��¢�

_`a���	 18
���ðí����`�¦�¢(4 ��)�.=���	 19
���¢

��$S��XIÏD�)=ò��§�¢(-35 )�.=>

(5) ���

PM �ÒpdØp¾�	f���	����¨.a��'(~F��:)©3IÏD�)

=ò�Z���Xª�¢��,-.=>

e e

(a) ��� !"#�

Öë�JI���«F�¬®y�,�V�t¯V*+�V��·v.a����(.=>

ijÖë�JI�

}~°nîx½±æ²èe PALLFLEX PRODUCT CORP.e 2500QAT-UPe o 47mm 

ÅÖkpÖë�JI�

Whatman Inc. 2um PTFE 46.2 mm Filter PP Ring Supported For PM 2.5 

(b) $%&��� !"'(($%&)�)

�eÖë�JI��� 20|23 �Qú�� 50�5 %� 24$g�Ð��.='�	f.=>

��³´� 24$g'� `�1O�� 2O��	fh��:*µ`��`���¶·�Ð�

'(��`=>

�e�U	f'�Öë�JI�¸¹*û�ó�º».��§�a�¢.=>

�eÖë�JI�ÆpwØp¾��	����89.*`�!û�� d=>

(c) ��� !*�+,"��� !"-.

�eE¼�U�Öë�JI½�°�Öë�JI�c¾�)��a����¿À�)���12

�ÁJÂI�W��XÃ¹.�Ã¹��`=ÁJÂI�W�Ä���Å.='�Öë�J

I�E¼.=>

�eÖë�JI��Æ!¨��Çp�xÓ�È��)*+�bc�É�¾Ã*`�!�.=>
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(d) PM"$%

�e PM
2.5
Òpd¿IE���ðí����`�E���Ê�Ë�ÌÃW��`���¶·�

Ð���ÍÎ.=>

�e 1{Ï=X��$g� 12$g�.�Öë�JIf%�#{ÐÑK$Ò� d=>

(e) $%/"��� !"01

�e�'�Öë�JI�_`a��Çp�xÓ�È��)*+�bc�É�¾Ã*`�!�

�X�.�Öë�JIO-$�ù÷Ë��ÌÃ�*`���¶·�Ð��'�$S��

)h�Óª_:��:)©3�*D�)=ò�¸¹*-Ôû���¢.���©ªºÕ.

='�Ö+.=>

�e-Ôû��� ´�aá�{�!w���×�ØÙ.���×��`a�§�¢.=>

(f) $%/"��� !")�

�e�'�Öë�JI��U�Y�ÚÛ�	f.=>

�e	f'�Öë�JI�ºÕ�Ö+.a 4 ����¢.�2 sg�ó����ù÷�Ü_

� d=>

(g) ����

�	 18 
������q��À�*+Y	��_`a�ijÖë�JI��.an

op½k�Ó¾¿ÖC��X'(.=h��ÅÖkpÖë�JI��.a ICP-MS C��

X'(.=h�Ýõ.*`����ªÃ=>Þß�Yà.*`�á�.a�Öë�JIÐ�

�ÏÃ=ù÷á�"��	�T��â*)��a���ãC��)µ`�·�ªÃ)>�

�=ò��	 19
���`a��'(ª��Tò)=ò���çU��3)iWbc�.a

ã¶'(� `�nop½k�Ó¾¿ÖC� ICP-MS C��)'(h�ÝõV�¶·.=Ð

����� d=>

�Ð�ª�¢��äå.a,-.=����X�Öë�JI�æØaE¼��¢$��3

)ç��,-W��)Sf$2�89��*D�)����:�è¿p½ùé(PM ��.

a`*`Q:��ùé)��Öë�JI]f�$2� 5|7 μg^�� PM�	fh�6Baê

��IÏD�ª��`	f� !����:=>

?=��	 18
��Öë�JI��ÏÃ=nop	��G.("#)a�,�V	�Ê�

ç��@õ��)~F��:©d=L�V�·�ªÃ=��ë
��ª�¢��äå�Òp

dØp¾$g� 24$g©ª 12$g�ìD.=����X�Öë�JIÐ�$S.a�`n

op	���	 18
��6Bª��D'(�)����:=>Yß�.a��	 18
��

���	 19
�����`nopü	6�67�ä 7.3-4���>�`nop���W�Ú

Û��X[\:�OP:�$2.a�D��	 18 
������`nop�ôõ� 0.6|

1.1 %�eD�*©d=>Yã��	 19
�����tg� 0.2|1.0 %��	 18
���

�5d=��ug� 10.4|20.7 %�T`ôõ�'(ÏÃ�ug�C�$��`nop�,¨

�íµ.a`)����.a`)>á�@A��`nop�ôõ�{�î� 6.8|12.5 %�*

X��	 18
�� 0.6|1.1 %��:DÐO)@A�*X�Öë�JIf%O��ï���X

{��G.�89�IÏD�)����:=>
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� 7.3-4� � 23 184����23 194����5678%93��� 

ð�	 18
���ñ


()*+,- �./01
�� 23.4

15� 25� 15� 25�

����(μg/m
3

) 678 39.3 42.4 38.3 37.9 

9:;< (μg/m
3

) 678 0.43 0.26 0.31 0.26 

9:;< =>?(%) 678 1.1 0.6 0.8 0.7 

ð�	 19
���ñ

St.A St.B 

�� 23.4
@5� 25� @5� 25�

A3 56 40 59 43

B3 83 56 59 54

����(μg/m
3

)

C

C 678 70 48 59 49

A3 0.2 0.3 0.9 1.0

B3 17.2 8.0 7.9 5.6

9:;< (μg/m
3

)

C

C 678 8.7 4.2 4.4 3.3

A3 0.4 0.8 1.5 2.3

B3 20.7 14.3 13.4 10.4

9:;< =>?(%) 

C

C 678 12.5 8.6 7.5 6.8
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7.3.6 ������
 !"

(1) 23

��øg��}~¢¹�ýg���òó£��3)ôõ�öçfW�k'h�ä 7.3-5 ���

�øg��ô���� 7.3-2���>

7z 28{?��÷Ã".D�ø�{ù$g� 2|9$g/{�5X�12��Á°PHIJ��

)�`8Ã"öçf� 0 mm�5d=>7z 29{�ö�ôõ�D8Ã�30{��?�?d=öú

�k'ÏÃa`)>

*��7 z 26 {�27 {�ûüý���Èþý��29 {�ûüý�+2�Pïx¾����#

�ÏÃa`=(
>?��`a��7 z��ûüý� 4 O�Èþý� 2 O�8 z��ûüý� 5

O�Èþý� 8O�����#�ÏÃ=)>

� 7.3-5� ��:;<�=>?@A

ð}~¢¹�ýg��3)k'@Añ

�D(E) F�(%) G�HI

6
78 JK JL 78 J�

6M

23

(h) 

(06:00-18:00) 

(18:00-N6

06:00) 

7/25 26.2 30.8 22.4 68 46 8.9 OP2Q ORP2Q

7/26 27.8 32 24.9 68 52 3.3 ������� �

7/27 28.8 32.7 26.1 64 45 8.2 OP2Q ORP2Q

7/28 28.7 32.3 25.6 66 55 8.6 ����� ����

7/29 27.1 31.6 22.8 73 55 2.0 QRP2S�TUVW
SRQ�TUV

W

7/30 22.4 24.6 19.8 80 67 0.3 Q2XS�TUVW
Q2X
S�T

UVW

7/31 23.6 27 19.5 74 59 3.2 QRP2O OP2Q

8/1 27.4 31.8 23.3 69 44 8.9 O2XQ Q

�)��� PM�	���� d=$ø���>

_���ý�e e http://www.data.jma.go.jp/obd/stats/etrn/index.php 

ðòó£(�Á°P��¼�ýk'´)��3)öçfñ

2YC 23Z[�(mm/h)C

2000/7/29 22:00 4 

2000/7/29 23:00 1 

2000/7/30 12:00 6 

2000/7/30 13:00 17 

2000/7/30 14:00 2 

2000/7/30 23:00 9 

2000/7/31 0:00 3 

2000/7/31 3:00 2 

_���ý�e e http://www.data.jma.go.jp/obd/stats/etrn/index.php 
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_���ý�e http://www.data.jma.go.jp/fcd/yoho/hibiten/index.html 

� 7.3-2� � ��:;<�=B�
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(2) 456�78

������3)������LN�#$�'(@A�� 7.3-3 ��LM�LN��v_à�

��� 7.3-4���>

��øg��{@T��� 32|33 �Qú���@Th� 90|100 %�5d=>LN� St.A

���î 3.4 m/s�¡¢£¤¥¦§���î 1.6 m/s�5d=>LM��tg�ug�â*X�tg

�£}©ª££¬�ug�««}©ª«}�L�	
.a`=>

*��tu�$gt��	�����Öë�JI�f%$g�õz&�10$©ª 21$�tg�

22$©ª�{ 9$�ug�.=>

��
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\)]^_��`abcdeC (AB�.4f$%&'#�gh23ibjklm)

� 7.3-4� � ��:;<�EK?EFLMNOPQ�

St.A 

St.B 
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7.3.7  PM
2.5
�����#$! SO

4
�����

PM
2.5
T����[\Q SO

4
T��%&'(@A������>

s���'(@A�K��5=da��}~�©ª�÷���3=}~��$'(���

�3)�¥�$'(HIJ���.=>

St.A������������ SPM�SO
2
�LM�LN

St.B �¡¢£¤¥¦§�(���©ª 850 m)� SPM�SO
2
�LM�LN

(1) �������	

(a) ���
���

PM
2.5
�SO

4
�SPM��� SO

2
�#$�'(@A�� 7.3-5��tuv�îhW�� 7.3-6��

�ä 7.3-6���>

PM([\QRS)�5) PM
2.5
�SO

4
�SPM �ÐÑK�!*êJIp�T�$2��.�7 z

26{©ª 27{��28{©ª 29{�T���:*Ð���ªÃ=>Yã�SO
2
�����!*

T�$2��ªÃ8�PM� SO
2
�T�$2�êJIp�â*da`=>

Ð¥øg��3) SPM T�Ð�àý��}~/12�'(Üaûüýó����ó�'(Ü

�"k'ÏÃa`=��©ª���g��}~012��`a�¼�* PMT�Ð�àý�à_

.a`=�·�ªÃ)>

(}~/���ûü/12�'(ÜHIJ����÷�¥�)

ð�·�ñ�����'(Ü��3) SPMT�
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��

(b) �����

PM�_`a�����)�:*T�F�*©d=>Yã�SO
2
�_`a��St.B�� St.A�

X"T��TD�?=���*T�Ð��$�k'ÏÃ)*+�k'����)��*T�F�

·òªÃ=>*��St.A��3) PM
2.5
T��_`a�� 7.3.8(2)TEOM��)'(@A��6

7¨�¥�.=�!�ÀI !�L�V�5X�'(h� !�¨�����"¯�5)>

Ïª���øg��îh(ä 7.3-6�ù)��)��St.A�� PM
2.5
�SO

4
�SPM��� SO

2
�`

8Ã"tu�µ`�Ð�#+*©d=>Yã�St.B ���PM
2.5
W�[\�_`a�tu�F�

Ð�#+*©d=��SO
2
�_`a�tg��îh�ug� 2ï�D?�T©d=>
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�Ð�@A�SO
2
�_`a��St.B �T��TD�$��T���Ð��5d=���?=�

ug�6B#J5�$j�%#*tg�T��T©d=��©ª�St.B��eD���#J5©

ª�Ü´�*89�5d=L�V��&ÏÃ=>

Yã�PM�_`a��PM
2.5
��� SO

4
�'(.=����g�µ`atu��:*F�·ò

ªÃ8�12#J5��U%V�Õ¶�*©d=>?=�St.B��`a� SO
2
���*T�Ð�
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2.5
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� 7.3-6� [\N��`abc

St.A

�� PM2.5 SO4 SPM

����

(SPM-

PM2.5)

SO2

PM2.5

/SPM

SO4

/PM2.5

SO4/

(SO4+SO2)

S�	
�

SO4/

(SO4+SO2)

�

��

μg/m

3

μg/m

3

μg/m

3

μg/m

3

μg/m

3 � � � � �

7/25 � 20 12 27 7 17 74.1 60.0 41.4 32.0 100

7/25 � 23 7 47 24 26 48.9 30.4 21.2 15.2 83

7/26 � 42 18 78 36 36 53.8 42.9 33.3 25.0 92

7/26 � 57 25 121 64 12 47.1 43.9 67.6 58.1 8

7/27 � 32 20 58 26 19 55.2 62.5 51.3 41.2 92

7/27 � 27 11 46 19 34 58.7 40.7 24.4 17.7 92

7/28 � 33 15 61 28 23 54.1 45.5 39.5 30.3 100

7/28 � 41 16 82 41 27 50.0 39.0 37.2 28.3 25

7/29 � 33 17 63 30 7 52.4 51.5 70.8 61.8 8

7/29 � 8 16 17 9 0 47.1 200.0 100.0 100.0 0

7/30 � 6 4 11 5 1 54.5 66.7 80.0 72.7 0

7/30 � 7 1 11 4 1 63.6 14.3 50.0 40.0 0

7/31 � 19 2 26 7 15 73.1 10.5 11.8 8.2 67

7/31 � 19 8 28 9 20 67.9 42.1 28.6 21.1 17

���� 26 13 46 20 17 57.1 47.6 57.3 33.2 65

���� 26 12 50 24 17 51.7 46.2 58.8 31.8 32

���� 26 12 48 22 17 54.3 46.9 58.0 32.5 49

St.B

�� PM2.5 SO4 SPM

����

(SPM-

PM2.5)

SO2

PM2.5

/SPM

SO4

/PM2.5

SO4/

(SO4+SO2)

S�	
�

SO4/

(SO4+SO2)

�

��

μg/m

3

μg/m

3

μg/m

3

μg/m

3

μg/m

3 � � � � �

7/25 � 26 11 51 25 145 51.0 42.3 7.1 4.8 100

7/25 � 33 15 56 23 82 58.9 45.5 15.5 10.9 83

7/26 � 62 18 98 36 50 63.3 29.0 26.5 19.4 50

7/26 � 63 13 114 51 16 55.3 20.6 44.8 35.1 8

7/27 � 39 13 54 15 46 72.2 33.3 22.0 15.9 58

7/27 � 32 12 54 22 29 59.3 37.5 29.3 21.6 100

7/28 � 43 17 63 20 25 68.3 39.5 40.5 31.2 100

7/28 � 49 18 89 40 28 55.1 36.7 39.1 30.0 17

7/29 � 43 15 62 19 9 69.4 34.9 62.5 52.6 8

7/29 � 12 6 22 10 3 54.5 50.0 66.7 57.1 0

7/30 � 7 3 16 9 8 43.8 42.9 27.3 20.0 0

7/30 � 9 4 10 1 4 90.0 44.4 50.0 40.0 8

7/31 � 24 9 30 6 17 80.0 37.5 34.6 26.1 67

7/31 � 23 11 37 14 7 62.2 47.8 61.1 51.2 17

���� 35 12 53 19 43 65.2 35.2 77.7 16.0 55

���� 32 11 55 23 24 57.9 35.7 68.1 23.8 33

���� 33 12 54 21 34 61.5 35.5 74.0 19.0 44

��  1. ������������ �!�"#�$%&'

((  2. )*�+��,-./&!0-12'

((  3. ��SSE3S3SSW45&'

(      4. SPM678SO2�9:;<=>?#7@'

AB

AB
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(2) ������

Ý�g�QU�� 7.3-7 ���>SPM � PM
2.5
�g�SPM �'�[\�g��(`QU�PM

2.5

� SO
4
�g��V`QU��ªÃ=��SO

2
� SO

4
�Ð�#+U%V��ªÃ*©d=>SPM

�PM
2.5
��QU�)©D�)���*b)�9:©ªSPM �Sò)PM

2.5
�ôõ� 50|70 %

^��5)�ãÎÏÃ�+í�'(ß( ,¬�-.�¼��3)/?©ª>?��0�.=

PM2.512,:¨(�	 13
����67��3¨�pJI�)� }~���3)����I[

\(PM2.5)�45[\QRS�s�îT�(�	 17 
�)¨(}~�678��pJI
� 2006))

�9:�Yà.a`=>?=�PM
2.5
�Sò) SO

4
�ôõ���\; 30|60 %�5d=(ä 7.3-6)>

St.A 
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�
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����
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'()*&'+,-.(/0123-.)�4���56678�PM�9:;"��
 7< 27= 0

>�?@��St.B���A����BC���DE	
5 

$%&'()*&'+,�FG�8 CGER-METEX�HI
5CGER-METEX8�JKLMNO

P�QLMNORST,�UV	
WXYZ7�[��@\,T�8]J�LM^_RST,

(NCEP : National Centers for Environmental Prediction)�`a-.\,T�HI
5 

FG�b�8 St.Bcd(�c 500e�1,000m�2,000m)"	�5=f(120>f)�$%&'()*

&'+,FG�g�
5 

hi�j 7.3-12�kA5FGhi89;����l����7< 27= 0>8=mn�opq�

rs	
���tu�v�wxpyu��z	�x{|�}1	�I�6"�~���
57

< 26=8j 7.3-13�kA����qu������I�9:;� SPM�a_����[�6�

o�6"�o�7< 27=�9:;�@8�wx�v�qu�o PM�9:;����x{��
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6"�����#"	�D�o�
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�)�  FGU���� p� 35.6;�x� 139.8;(9; 500m�1000m�2000m) 
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7.3.8 �������	

��
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óÒ4���çÒ:;�_�hi�j 7.3-14�kA5 

·¹¹.�»A�ôSõö"	��PM
2.5
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��� SPM�:;�cî���
 7< 26=(÷)

�øf���ùf�7< 28=(ú)�øf���ùf� 4ûü�ý�	
(þ 7.3-7��)5 

 

 

0

20

40

60

80

100

120

140

7/25� 7/25� 7/26� 7/26� 7/27� 7/27� 7/28� 7/28� 7/29� 7/29� 7/30� 7/30� 7/31� 7/31�

�
�

�
�

�
�
μ
g
/
m

3

)

St.A St.B

� 7.3-14� PM
2.5
"#��$%��(&#')

�

( 7.3-7� )*+$%��,-(óÒ4)

�� St.A St.B 

��
� μg/m

3

μg/m
3

1 � 25 11 

2 � 35 33

3 � 56 59 

4 � 83 59

5 � 39 41 

6 � 32 32

7 � 40 43 

8 � 56 54

9 � 45 45 

10 � 11 13

11 � 5 8 

12 � 8 7

13 � 20 15 

14 � 23 24

�	
� �  33 31 

�	
� � 35 32

�
� �  34 32 

� � � � � � �) �����������������
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� 7.3-8   TEOM �	
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(3) ������

��LMt PM
2.5
�·¹¹.hi�þ 7.3-9���j 7.3-16�j 7.3-18�kA5 

PM
2.5
�"��#�·¹�Ö8�$%·¹� 15�27 %�&'()S� 20�40 %�*S+,

ÄZ()S� 12�17 %�7��
5�
�-'()S8�øf8!.�7��
��ùf�

8 10�20 %�9I�Ö�k	
5 

&'()S8/0�:;�cîA�6"�1o��I���2�� 4 ��_�7À9I�

�k	��[�"Â� 7< 26=�o 27=�hi78�434"À 20 μg/m3�5��I
5 

&'()S:;�·¹¹.hi"ôö�*('+,T,���_���«¬�þ 7.3-10

�kA5���_���«¬A�"�7< 26=834����6o#��7o�
��7<

28=8��ß°��	�I
5 

�
�-'()S�#I�8�/08�X"	�89	ÌAI6""���öT,c��

	��
³´�:��XË	�;íÑ�	��
���· 18<;���hi78¸¹��=

���I�I6"�D�o�
��2��1 = 2 ��ôSõ+SÃ"	
6"��[�ùf

�-'()S��=A�6"�7�
5:;>?ö"	�8 St.A � 7 < 26 =�ùf�_�

78 15 μg/m
3�5���[�&'()S�I�7��
5 

 

çÒ:;�o¹.?@·¹�:;��	@I
¼�¿A¤¹��Ö8�7�25 %(� 21 %)

7�[��· 18<;� PM
2.5
7 29�35 %"«�BC7�
(j 7.3-19�j 7.3-20)5 

 

���OC8 PM�µ���DEæt�$%�_�	
�7��5DEæ�8$%�F�'

%ÌG%�÷%���µ����H� PMt�DEæÒ8 OC"	�_���
�� 1.4�o

1.5I�c"J!��I�5�
�úK·¹�#I�8'Ëæ¾�ËÖæ"	�89	�I�


��PM �çÒ$(SX��~�L���8ËÖæ�MG	
çÒ�HI�N·«�FG

A�O»���5¼67�m��78 OC�#I�8P_�� 1.5I�úK·¹�#I�8A

��Qæ"7�	�'Ëæ"	��çÒ�MG	�PM �N·«�L�
5ËÖæ�MG/

�N·«�j 7.3-21�kA5ËÖæ�MG	
®Ö�DEæ�EC�()S·¹�úK'Ëæ�

¼�¿��Ö8¼�R� St.A78� 7 20 %�5.4 %�58 %�2.2 %�14 %�St.B78� 7

22 %�7.1 %�57 %�2.5 %�11 %7��5 
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� 7.3-9� � PM
2.5
����������

 

���� ���	

��
 7�26
 7�26
 7�28
 7�28


� �� � �� �

���� PM
μg/m

3

56 83 40 56

OC
μg/m

3

7.03 11.09 4.58 8.37

EC
μg/m

3

3.28 4.74 1.61 3.14

TC
μg/m

3

10.32 15.84 6.19 11.51

SO4

2-

μg/m

3

24.2 20.3 17.4 14.8

NO3

-

μg/m

3

0.2 17.2 0.3 8.0

Cl

-

μg/m

3

<0.05 0.22 <0.05 0.24

NH4

+

μg/m

3

6.8 12.7 6.0 7.8

Na

+

μg/m

3

0.2 <0.2 0.2 0.2

Ca

2+

μg/m

3

<0.2 <0.2 <0.2 <0.2

K

+

μg/m

3

<0.2 0.4 <0.2 0.9

Na
ng/m

3

160 110 140 170

Al
ng/m

3

<68 140 <68 120

K
ng/m

3

87 210 120 670

Ca
ng/m

3

<200 300 <200 <200

V
ng/m

3

59 22 38 51

Mn
ng/m

3

6.3 12 4.8 9.7

Fe
ng/m

3

63 110 <56 85

Ni
ng/m

3

19 6.5 9.2 17

Zn
ng/m

3

35 85 28 92

As
ng/m

3

1.3 2.7 1.4 4.2

Se
ng/m

3

1.3 1.4 0.92 1.7

W
ng/m

3

0.25 0.50 0.33 0.67

���� ����

��
 7�26
 7�26
 7�28
 7�28


� �� � �� �

���� PM
μg/m

3

59 59 43 54

OC
μg/m

3

8.18 10.28 5.90 8.19

EC
μg/m

3

4.36 5.35 2.44 3.12

TC
μg/m

3

12.53 15.64 8.34 11.31

SO4

2-

μg/m

3

22.8 20.0 17.1 15.7

NO3

-

μg/m

3

0.9 7.9 1.0 5.6

Cl

-

μg/m

3

<0.05 <0.05 <0.05 0.13

NH4

+

μg/m

3

8.3 10.0 6.5 6.9

Na

+

μg/m

3

0.2 <0.2 0.2 0.2

Ca

2+

μg/m

3

<0.2 <0.2 <0.2 <0.2

K

+

μg/m

3

<0.2 0.4 <0.2 1.3

Na
ng/m

3

180 160 180 200

Al
ng/m

3

79 100 <68 160

K
ng/m

3

130 290 150 1100

Ca
ng/m

3

<200 <200 <200 <200

V
ng/m

3

44 24 41 54

Mn
ng/m

3

14 17 8.3 14

Fe
ng/m

3

180 210 77 160

Ni
ng/m

3

17 8.5 14 19

Zn
ng/m

3

61 140 43 90

As
ng/m

3

1.5 2.4 1.8 3.1

Se
ng/m

3

1.9 1.9 1.6 3.0

W
ng/m

3

0.50 0.52 0.61 0.67

�����

����

����

�����

����

����
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 7-35

�

� 7.3-10� %&'()���������*+,-'./012�	
������

(μg/m
3

)

7< 26= 7< 26= 7< 28= 7< 28= �� 

�� 

� _�04 

øf ùf øf ùf 

�  

·¹¹. 24 20 17 15 19 

St.A 

ôö�*(' 

+,T� 

18 25 15 16 19 

·¹¹. 23 20 17 16 19 

St.B 

ôö�*(' 

+,T� 

18 13 17 18 17 
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� 7.3-21� �  PM
2.5
�����7���8 9:;<�7��

7-38



 

 7-39

 

(4) �������

()S·¹�()S$(SX�j 7.3-22���j 7.3-23�kA5 

U()S(*,)S)�V()S(WX)S)�«Y8ß° 1ª17��
��St.A� 7< 26=øf

�_�78�&'()S�zZ"�[�U()S[�\��I
5U()S[�\�
����

#"	��V()S"hÖ	�I�I&']X'��	��
6"�D�o��5 

øf"ùf�«¬A�"�U()S�#I�8�øf8&'()S�ß"à�7��
��ù

f8-'()S� 10�20 %�"��I
5V()S�#I�8*S+,ÄZ()S��u¹�"

��I�6"�o�PM
2.5
�()S·¹8¼��u¹�*S+,ÄZ^�¦_A�"D�o��5 

�
�W+ÄZ()S�ùf�9Â�`��7< 28=�ùf�9��
5úK·¹¹.hi7

ÀW+ÄZ8ùf�9Â�ðñ�ãä8*ö],ÄZ�aS�S�b�cd�e%�R>S�T

SÃXYS7ÀÞo�
5 

 

(5) �	


�� PM
2.5
�"��#�·¹�Ö8�$%·¹� 15�27 %�&'()S� 20�40 %�*S+,

ÄZ()S� 12�17 %�7��
5 

��-'()S8�øf8!.�7��
��ùf�8 10�20 %�9I�Ö�k	
5 

��()S$(SX�#I�8�U()S"V()S�$(SX�ß°"��I
5�
�=

t8&'()S��ùf�8&'()S"-'()S�*S+,ÄZ()S"hÖ	�³

´�f·	�I�6"�k£��
5 
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7.4 ���� PM��

7.4.1 ���	

ÔÕ�F�V���o�Ñ��� PM �·¹8ñg�hi�������;j¤	�I���

ÔÕ�#I�8kl�m�I5m��8ÔÕb� PM�·¹n·�o�6"�Ú "	��F

pqSYrÔ����psæÔ�?@��tu>�vwt�\�,xöVyE�o�Ñ���

PM��z	�¼�·¹¹.�g��ÔÕb��²³´�{þ �·¹n·�|·	
5 

 

7.4.2 ��
�

� � � �· 19< 11<~12<� (6=f) 

 

7.4.3 ����

|��tut�ÔÕ 6 }�?@���~\�,xöVyE��>���Xt� PM ���

����z	
5 

���pgt� 2 ô(&ö#EEw8��~\�,xöVyE"8������f��l

�[��
�H����4�?�	�W+S�,��ì�À��Âl��6"�1o��I

�56���I��� PM �·¹n·�l��êëì��¹�D�o��5	�	�|�v

��í�����ÐÒ�D��"�qSYrÔ��~\�,xöVyE8tut�����

qSYr��y�����7 10<��«¬	���������Ò��07��Â���I

���?	��#EEw8|�v�78��� 20 %���Æ�	�I�6"���6��7

����o¤o�����I�5�
�\�,xö�E�o���XÒ8�#EEw�¼�

�[ 50I�c���"��FhiÀ��56�6"�o�m|�v7�Ñ���ÔÕ¦_�

PM �#I�8��~\�,xöVyE�o�¡¢�ß"à�7��"j 	�m��78

�~\�,xöVyE�Þ����?@"	
5 

?@Ô��¡�þ 7.4-1�kA5��8�pÔ 6}(RFO;Residual Fuel Oil)�HÔ 4}�A

¢��HÔ 2})�?@�g�
5 
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� 7.4-1� � @ABC PMDEFG@

 

�)� �������	
(�����)��� 

 

7.4.4 �������

ÔÕ�� PM�#I�8�ÔÕ�\�,xöVyE�����[�Ñ��� PM����

��I���öT,��[�z	
5��öT,8�£¤��öT,���Y�¥S��ö

T,�HI�¦¹ 20 L�§@á;7�¨ 10¹f�ôSõ+SÃ�g�
5 

�4�������#I�8�Ew©�[ª«��¬í
5 

 

7.4.5 �����������

·¹¹.�ÙÚ���¹.048���t PM��"ðñ"	
(PM
2.5
·¹¹.®��)5 

�����t PM��8³¯ 2.5 μm���³´(°Ø³´)�?@��z	�I�5�0�Ô

Õ�� PM��8�³¯ 2.5 μm�[���³´Àµ¶±³¯(°Ø³´²Û�³´)�³´��

z	��[���7�z	
 PM�³¯§¨�l��"D�o��5	�	��4��³��

I�Ñ��� PM8�u¹�³¯ 2.5 μm��7��"D�o��6"�o�³¯§¨����

·¹n·�l��¡¢8Ø�IÀ�"D�o��5 

 

 

34�z= 11< 26= 12< 4= 12< 6= 12< 14= 12< 23= 12< 23=

´µ No.1 No.2 No.3 No.4 No.5 No.6 

Ô
 qSYr qSYr qSYr qSYr ROROÔ ROROÔ 

¶'S�(GT) ¨ 50,000  ¨ 50,000 ¨ 50,000 ¨ 75,000  ¨ 4,000  ¨ 7,000 

Fp/�p Fp Fp Fp Fp �p �p 

¹.34 �� PM 

�� PM 

RFO 

�� PM 

�� PM 

RFO 

��� 

�� PM 

A¢� 

���  

�� PM 

A¢� 


� RFO RFO RFO RFO A¢� A��

· ; 

(g/cm
3,

15¸) 

0.9845 0.9902 0.9726 1.0086 0.8678 0.8731 

Ð ¹ ; 

(mm
2

/s,50¸º 
376.4 200 335 441.6 2.359 2.472 

�4 

S¹ (%) 2.00 1.97 3.21 2.43 0.60 0.27 
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7.4.6  PM�������

ÔÕ�� PM�·¹¹.hi�þ 7.4-2���þ 7.4-3�kA5 

·¹»�7�"$%·¹�¨ 30�50 %�"���
 TC�"�� EC��Ö8 30�80 %7�

�
5()S·¹8�¼��¸¼"ÔÕ���©I���Â�·¹»�8 SO
4

2-�åÀ½Â No.3

78 46 %�"��I
5�
�úK·¹8 0.5 %�10 %Ý�§¨��[�()S·¹�«¬ 

m���
 No.2" No.58úK·¹Àm���
5���SO
4

2-��Ö�¾¿4�HI
 PM�

�z��í�·¹¹.hi"«¬	�ÆI5¾¿478 53¸����À	
�Á7�zA��

�?	��m��789Â�Á7������oª�z	�I�
��¾¿4��I�8³

´"	��z��� SO
4

2-��u�m_�ÃÄ���I�8ÅÆ�X�789	��öT,�

�z	�	��6"�b�	�I�"D�o��5 

RFO�HÔ" A¢��HÔ�«¬A�"�$%·¹�#I�8m���hi�o8�4�


����©I8��o����
5�0�()S·¹�#I�8 A¢��HÔ�[À RFO�H

Ô7 SO
4

2-��Ö�9Â��4t�&Ç¹�©I�ÈÉ	
hi"D�o��5�
�úK·¹

�#I�8�¢��ÊË·¹7��$r)ÄZ�,%Ìö8 RFO�HÔ7�Ö�9Â�È?�

WöWÄZÌcd8 A¢��HÔ7�Ö�9��
5 

���OC8 PM�µ���DEæt�$%�_�	
�7�[�DEæ�8$%�F�'%

ÌG%�÷%���µ���5�
�úK·¹�#I�8'Ëæ¾�ËÖæ"	�89	�I

�
��PM �çÒ$(SX��~�L���8ËÖæ�MG	
çÒ�HI�N·«�FG

A�O»���5¼67�m��78 OC�#I�8P_�� 1.5I�úK·¹�#I�8A�

�Qæ"7�	�'Ëæ"	��çÒ�MG	�PM �N·«�L�
5ËÖæ�MG/�N

·«�þ 7.4-4 �kA5ËÖæ�MG	
®Ö�·¹�Ö8�DEæ 11.1�44.6 %�EC16.6�

39.1 %�()S·¹ 3.7�44.2 %�úK'Ëæ 0.8�13.6 %�¼�¿ 5.5�45.2 %7��5 

 

� 7.4-2� � @ABC PM�!H��7�(IH)

(%) 

No.1 No.2 No.3 No.4 No.5 No.6

��
RFO RFO RFO RFO A�� A��

����(OC) 22.9 7.4 15.2 16.9 29.8 8.5

�����(EC) 17.1 39.1 16.6 30.8 13.9 30.1

���� (ion) 16.2 3.7 44.2 23.5 5.8 24.4

!"� (metal) 8.5 0.5 6.8 5.2 2.3 8.0

#$ 64.7 50.8 82.8 76.5 51.8 71.0

%& (others) 35.3 49.2 17.2 23.5 48.2 29.0

'$ 100.0 100.0 100.0 100.0 100.0 100.0
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� 7.4-3� � @ABC PM�!H��7�

(%) 

�� No.1 No.2 No.3 No.4 No.5 No.6 

() RFO RFO RFO RFO A�� A��

RFO

*+

A��

*+

,- 2.0 2.0 3.2 2.4 0.6 0.3 2.4 0.45 

./ 0.9845 0.9902 0.9726 1.0086 0.8678 0.8731 0.9890 0.8705

�

�

�

�
01/ 376.4 200 335 441.6 2.359 2.472 338.3 2.4 

����2 2 2 2 2   OC 22.9 7.4 15.2 16.9 29.8 8.5 15.6 19.1 

�����2 2 2 2 2 EC 17.1 39.1 16.6 30.8 13.9 30.1 25.9 22.0 

3��2 2 2 2 2 2 2 TC 40.0 46.5 31.8 47.8 43.7 38.6 41.5 41.2 

�

�

�

 
�����/3��2 EC/TC  42.8 84.0 52.2 64.5 31.9 77.9 62.4 53.5 

,4���2 2 2 2 2 SO
4

2-

14.9 2.7 42.4 22.2 5.1 20.5 20.6 12.8 

54���2 2 2 2 2 NO
3

-

<1.0 0.9 <1.4 <1.0 <0.5 <3.0 1.1 1.8 

6����2 2 2 2 2 Cl
-

<0.2 0.1 <0.2 <0.2 <0.1 <0.5 0.2 0.3 

7�89:;���2 NH
4+

<0.1 <0.0 <0.2 <0.1 <0.1 <0.4 0.1 0.2 

<=>:;���2 2 Na
+

0.4 0.1 0.7 1.0 0.1 2.1 0.5 1.1 

?@A:;���2 2 Ca
2+

<0.7 0.1 <0.9 0.7 0.4 2.0 0.6 1.2 

�

�

�

�

 

?>:;���2 2 2 K
+

<0.2 <0.3 <0.2 <0.9 <1.3 <5.4 0.4 3.4 

<=>:;2 2 2 2 2 Na 0.492 0.022 0.307 0.286 <0.035 0.873 0.277 0.454

7@B9:;2 2 2 2 Al <0.410 <0.060 <0.542 <0.390 <0.216 <1.190 0.350 0.703

?>:;2 2 2 2 2 2 K <0.027 <0.004 <0.036 <0.026 <0.014 <0.079 0.023 0.047

?@A:;2 2 2 2 2 Ca <0.574 0.109 <0.758 0.624 1.802 5.159 0.516 3.481

C<D:;2 2 2 2 2 V 4.645 0.179 3.069 2.471 0.008 0.035 2.591 0.021

E�F�2 2 2 2 2 2 Mn 0.004 0.001 0.005 0.004 <0.001 0.004 0.003 0.002

G2 2 2 2 2 2 2 2 2 Fe 0.519 0.052 0.993 0.403 <0.048 0.306 0.492 0.177

9HI@2 2 2 2 2 2 Ni 1.776 0.091 1.101 0.949 <0.037 <0.202 0.979 0.120

JK2 2 2 2 2 2 2 2 Zn 0.033 0.004 0.031 0.027 0.151 0.131 0.024 0.141

L�2 2 2 2 2 2 2 2 As 0.001 0.000 0.001 0.001 <0.000 <0.001 0.001 0.000

MN�2 2 2 2 2 2 2 Se 0.005 0.000 0.001 0.002 <0.000 <0.000 0.002 0.000

!

"

)


�OPQ�2 2 2 2 W <0.003 <0.000 <0.003 <0.002 <0.001 <0.008 0.002 0.004
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�) No.1�4ªRFO�H�No.5�6ªA¢��H 

 

� 7.4-1� � JK���L�7��
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� 7.4-4� � 8 9:;<� PM�!H��7��

(%) 

No.1 No.2 No.3 No.4 No.5 No.6

��
RFO RFO RFO RFO A�� A��

��R(OM) 34.3 11.1 22.8 25.4 44.6 12.8

�����(EC) 17.1 39.1 16.6 30.8 13.9 30.1

���� (ion) 16.2 3.7 44.2 23.5 5.8 24.4

!"4SR

(metal oxide) 

13.6 0.8 10.9 8.3 3.3 11.7

#$ 81.3 54.8 94.5 88.0 67.7 79.0

%& (others) 18.7 45.2 5.5 12.0 32.3 21.0

'$ 100.0 100.0 100.0 100.0 100.0 100.0
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7.4.7 ���������

�4�������·¹¹.hi�þ 7.4-5�kA5 

RFO" A¢��«¬A�"�RFO8$r)ÄZ",%Ìö�½Â�PM�·¹¹.hi"�

Â��	�I
5�0�A¢�8ß"à��ÙÚ7 RFO�«�Æ:;7��
5 

�
����8�4"«¬	�WöWÄZ"cd��Ö�9��
5 

�Í	
��� PMt�WöWÄZ"cd��Ö8RFO�HÔ�«��A¢��HÔ79I

��¼�¥¦"	������µ���WöWÄZ���cd���Xt� PM �µ���I


6"�D�o��5 

 

� 7.4-5 � � AMNOP$QRS�JK������

(μg/g) 

 TUV �� WX�

�Y No 2 4 5 6 4 5 

Z[�� RFO RFO A�� A�� RFO A��

<=>:;2 2 2 2 2 Na <10 29 <10 <10 17 <10

7@B9:;2 2 2 2 Al <30 <30 <30 <30 <30 <30

?>:;2 2 2 2 2 2 K <10 <10 <10 <10 <10 <10

?@A:;2 2 2 2 2 Ca <100 140 <100 <100 4500 3200

C<D:;2 2 2 2 2 V 67 140 0.82 0.91 38 1.2

E�F�2 2 2 2 2 2 Mn <0.25 0.27 <0.25 <0.25 1.3 0.31

G2 2 2 2 2 2 2 2 2 Fe 16 34 <10 <10 25 11

9HI@2 2 2 2 2 2 Ni 37 55 <0.25 0.29 15 0.72

JK2 2 2 2 2 2 2 2 Zn 1.8 2.7 <1.5 1.6 300 400

L�2 2 2 2 2 2 2 2 As <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

MN�2 2 2 2 2 2 2 Se <1.5 <1.5 <1.5 <1.5 <1.5 <1.5


�OPQ�2 2 2 2 W <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

�
��4t�úK·¹"��Xt PM�úK·¹�_�hi�o��4�µ���úK�

PM"	��	��
�Ö�3G	
5 

3Ghi�þ 7.4-6�kA5�4t�úK��?A� PMt�úK���Ö�A�!Î�	

Y8��¶Ï�¸%�c7��
5m��78�Ñ��Ð7 PM�ôSõ+SÃ	

��ô

Sõ+SÃt�F��@�ÑÞ����[��	Y��¸%�;�"���
êëì�D�o

��5���No.1 ��� No.3 78�4�·¹�_�	�I�I
��No.2 " No.4 ��4t

�úK·¹�� ��HI��	Y�FG	
5No.178$r)ÄZ��	Y� 100¼�5�

�I
��¼�����#"	��PÒ� No.17�!��I
�4t�$r)ÄZ� No.2"

No.4�� ��[À9��
6"�D�o��5 

x{���í�âé>�$r)ÄZ���,%Ìö��ÑÒ��4ÓÔÒ(280.4Õ'S� (m

lÖ×6.2.11 ��ÎÏæç��ÑÒG�hi®��))�HI�3GA�"�±}� RFO ��

H	
®Ö��ÑÒ8$r)ÄZ 19�39t�,%Ìö 10�15t�±}� A¢���H	
®Ö�
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�ÑÒ8$r)ÄZ 0.2�0.3t�,%Ìö 0.1t"�[��HA��4�
�����$r)ÄZ

���¢úK���ÑÒ���ÂÊ!�6"�k£��
5 

� 7.4-6� � NO�JK��� PM�JKBT����

No.1 No.2 

��
��\

!"(1) 

(mg/kg)

PM\

!"(2) 

(mg/kg)

(2)/(1) 

(%)

��\

!"(1) 

(mg/kg)

PM\

!"(2) 

(mg/kg)

(2)/(1) 

(%)

Na 20 13 64.1 10 3 34.9 

Ca 120 15 12.2 100 17 17.4 

V 104 118 114.1 67 29 42.6 

Fe 25 13 52.8 16 8 51.5 

Ni 46 45 98.1 37 15 39.4 

Zn 2 1 37.0 2 1 38.7 

No.3 No.4 

��
��\

!"(1) 

(mg/kg)

PM\

!"(2) 

(mg/kg)

(2)/(1) 

(%)

��\

!"(1) 

(mg/kg)

PM\

!"(2) 

(mg/kg)

(2)/(1) 

(%)

Na 20 6 29.9 29 7 24.7 

Ca 120 14 12.0 140 16 11.2 

V 104 58 56.2 140 62 44.3 

Fe 25 19 75.3 34 10 29.7 

Ni 46 21 45.4 55 24 43.3 

Zn 2 1 25.9 3.0 1 25.4 

]) 1. A��^��_`abcdefghijklRFOZ[�^mn^opqrjs

�  2. �4�P_8 No.2�No.47g��I�5No.1" No.38P_	
 No.2�No.4� 2}��   

��HI
5 

 

ØPMtúK·¹�ÑÒ����Ù 

� ���Ñ�XÒ(m
3

/kg-fuel)��Ñ�Xâ�(m
3

N/L-fuel) / ·;(kg/L-fuel) 

×(273.15+�Ñ�XÂ;(¸))/273.15×21/(21-O
2
) 

� � � � � 667� 

�Ñ�Xâ� � ª12.2 m
3

N/L-fuel (RFO) 

  «¢��Ñ�XÂ;ªNo.2  0.9902� �262¸ 

� � � � � � � � � � � � � � � � � � No.4  1.0086� �288¸ 

  O
2
  � ª13 % 

� � � � � � � � � � � � � � � � � �  

� PMtúK·¹�ÑÒ(µg/kg-fuel)����Ñ�XÒ(m
3

/kg-fuel)Ú�z�XtúK:;(µg/ m
3

) 

� � 667� 

�z�Xt�úK:;(µg/ m
3

)��z PMt�úKÒ(µg) /�z�XÒ(m
3

) 

 

� �) �Ñ�Xâ�8G%'Ëæ¶ÒÛÜa,Ý*ö(Þß)®���5 
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7.4.8 �� !�"#$%�&'

(1) ����������

m��hi���à8á4�À"��CMB FG�HI�V��»·¹n·�â��g�
5

â�hi8þ 7.4-7�"�[7��5���ÔÕ��Xt� PM�8÷¹�½Âµ���I�5

CMBFG�·¹n·�HI��8÷¹�¡¢�z[ãÂO»��[�m��78çÒ$(SX

�oL�
A¤·¹(þ 7.4-4 ��)�÷¹7��"Ó�	��ä·¹�¹.��?	� RFO 8

1.5I�A¢�Ô8 1.6I	
��o CMBFGH�n·«�â�	
5 

ÔÕ�·¹n·8�m����í�ÔÕ�Ñ�Xt� PM �·¹¹.hi�o��4
�å

"�� ��GÑ	6��n·«"	�â�	
5�
�æ��#I�8Ëç\��HI�6

"�D�o����_�	
ÔÕ���m�Â_�hi�6o#������

��m��

78�è 30 %"â�	
5 

ÔÕ�F�#»V��8�LMéÌ�0êëü��7V���`��g�Ò�½ÂHIo�

�I�ì�íîæ�n^�bïðñ�£�ï�³ò((,�óôæ³À�êÐõ��"	
5 

·¹n·"	�8�EC8êÐõ���Na8n^�Al�Ca8ì�íîæÌbïðñ�K8ó

ôæ³À�V�Ni 8£�ï�³ò((,ÌÔÕ�Fe�Mn�Zn 8bïðñ�¼�R�ÊË·¹

"	�ý�	
5 

���OC8±²³´"	��·����Ö��öv78«¬ 9I"D�o��
��CMB

FG�o8ãF	
5�
�úK·¹�#I�8 12 ·¹�_�	
��CMB FG�8�·

16 <;÷ø³´�æçÖð��lÖ×®(2006 < 3 <� wx�0LM?ù�ºmu��LMu

ú÷ø³´�æç��úû)7V���ûü�HIo��I�ÙÚ(Na�Al�Ca�K�V�Mn)�

�D� 9·¹�ý�	
5 


Æ	�bïðñ�óôæ³À�£�ï�³ò((,�·¹n·8�20�<��_��7�

�5`��£�ï�³ò((,�·¹n·8 A�B�C¢��³�ýþ
À�7�[��9� A

¢��³�ß"à�7����"8l��"D�o��
����O»7��5 
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(2) �������	
��������������

��������	
�������������������������� !"#$�

��%�&'()*+�,-./0�1*1�23 4

,-./0�1567"8 7.4-2 ��9:;<�4=>?@A�BC"=>A?@DE-0"F

GHIJK.7 PM �����	LMNOP"�)"FGHIJK.�=>A?@DE-0	&'

��9:"CMBQR�23 ST"=>?@A�UV��#P�W;XY+��(	Z[\]�4

�������	
�

�



�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�



�

�

�

�

 

!

"

#

$

%

&

'

(

)

*

+

#

�

,

(0.02)

(0.08)

(0.20)

(1.03)

(1.07)

(2.08)

(3.76)

^_(` )a�bc7d0,efghW*2

� 7.4-2� � �  PM �����	
�������	���

*1` ,-./0�1

,-./0�17"ij�Y�k0/l�bmN)&'��+�nopqrs;tuvq0wov

��xy�z{;<�4,-./0�1�567"k0/l�&'(�|}N)~�kog�v-�

(��8)������]�4

*2d0,efghW

k0/l�&'(�����7+P*�<�	"��	��Yd0,efghW	�P�+\]�4

d0,efghW7�Y�k0/l%;����� 2 ���"���Y�k0/%�hW�����

���;"�]	O+�� 2*�k0/l7&'��+����Y�4
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(3) �������� CMB��� 

� 7.4-7��9:��� ��������+�"CMBQR)�:����)9����  PM¡

¢(£u¤¥�¡¢))i��BC�UV�¦§� 4Y9"̈ ©ª;«\] BCI� PM�����

7"BC)�3��XP�Y3�9:"�����¬�(	®�]�+Y+��(7<�	"¯¯

;7"°±���²�³�´µ³��+ CMBQR)�:BC�UV¶�°R� 4

(a) !�"

CMBQR��¨NYZ[x7·¸��9:;<�4

¹º�� ;»²�]� PM ��� i �¼½¡¢ Ci7"������� i �¼½¡¢�¾¿T

ÀÁ ���Â���4��� j��� i�¼½¡¢7"��� j¤¥��� i�ÃÄ¶ Fij)"

²�Å)� \�]���� j �\�UV¡¢ Sj�Æ�TÀÁ ��)Y�4¯]�Ç)~��

u���)Y:"¯�Z[x)�È+�
����UV�É!�+�4

` ` ` ` ` ` ∑
=

⋅=

N

1j

jiji
SFC ` ` ` ` ` (i = 1ÊM)ËËËËËËËËËËËË(Ç 1)

¯¯;"` ` M_��b

` ` ` ` ` ` N_���b

` ` ` ` ` ` Ci_¹º�� ;»²�]� PM��� i�¼½¡¢(μg/m
3

)

` ` ` ` ` ` Fij_��� j¤¥��� i�ÃÄ¶

` ` ` ` ` ` Sj_��� j�\�UV¡¢(μg/m
3

)

(b) CMB���# 

²��] Ìm��b M 	���b N �rb·Í;<��"�]Î]�����UV¡¢ Sj

7"(Ç 1)�ÏÐxÑÇ�Ò+�É!�¯�	;X�4

CMB�Ò1Óy���7��Ô�y"Õ�QÖy"×ØÙ�y"¾±�X×ØÙ�yY��Ó

y	<�	"¨©ª� CMB QR;7"²�Ú��QR)ÛÜ��¯�	;X�¾±�X×ØÙ

�y��+�¯��� 4

Ý¾±�X×ØÙ�yÞ

×ØÙ�y7"¹º�� ����¼½¡¢ Ci)*+��ß�Ù�� χ
2

(Ç 2)�×Ø)��UV

¡¢ Sj���É!�xy;<�4

` ` ` ∑ ∑
= =

⋅−=

M

1i

2

N

1j

jiji

2

)SFC(χ ` ` ` ËËËËËËËËË(Ç 2)

` ` ` ¯¯;"M�N�Ci�Fij�Sj_(Ç 1))rà

` ` ` ` ` ` ` χ
2_ß�Ù��

¹º�� PM �Ìm��k0/7á��²�Ú��â+"QR)ã��²�Ú��Zä��S

T"ß�Ù�� χ
27(Ç 2)�¬À:)(Ç 3)���4¯¯;7"¹º�� ;»²�] PM��

� i�¼½¡¢ Ci�"����UV¡¢ Sj��� i�ÃÄ¶ Fij��\RJ�]�¼½¡¢�z�

�	rå�Ú��æ*�Â���+�4
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` ` ` � �
M

1=i

2

N

1=j

jiji2

C

2

)SFC(

σ

1

=χ

i

` ` ` ËËËËËËËËË(Ç 3)

` ` ` ` ` `
i

C

σ _Ci���ç�

ß�Ù�� χ
2	×Ø)Y��7"ß�Ù�� χ

2�UV¡¢ Sj;çè����56	é��Y�

ST(Ç 4);<�4¯�êë�ÒP¯�;UV¡¢ Sj��	É!\]�(Ç 5)4

` ` ` 0

2

=

∂

∂

j
S

χ

` (j=1ÊN)` ` ` ` ` ËËËËËËËËË(Ç 4)

` ` ` S ì (
t

FËWËF ) 
-1Ët

FËWËC` ` ` ËËËËËËËËËË(Ç 5)

` ` ` ¯¯;"C_Ci(i=1ÊM)������ ií12î

` ` ` ` ` ` ` S_Sj(j=1ÊN)������ jí12î

` ` ` ` ` ` ` F_Fij(i=1ÊM"j=1ÊN)������ MíN2î

` ` ` ` ` ` ` W_(1/�Ci)
2

(i=1ÊM)�iï��)�*MíMðx2î

` ` ` ` ` ` ` t

F_F�ñò2î

` ` ` ` ` ` ` (  )
-1_ó2î

(4) CMB��$��%&'()

CMBQR)�+�¹º¡¢²�56�� 7.4-8)~�4

Ú�7²�Ú��Zä��¸ô��9:��� 4

(²�Ú����xy)

õö��)*+�7²�³	�½¸÷³� 10 ø·Í�ST7²�³� 10ù�Ú���"²�³

	�½¸÷³� 10øúû�ST)7�½¸÷³�Ú��� 4# "ü���)*+�7²�ý�

Ú��²�³� 20 %�� 4

Y9"¹ºþ�©ª���´� 15�¢ ��¤¥��¼���¹º¡¢Ò1©ª	
��(2004�

3 (�)�¨�j��))9��²�Ú�7"EC;� 5 %"Ca; 40 %"V; 3Ê9 %"����7

10 %��)���]�9:"¨©ª;�²�Ú��LM���"¨©ª�Ú��x	�XP���

]�+���)<�4
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� 7.4-8� � CMB �����	
�������

St.A 

(μg/m
3

)

7� 26� 7� 28�

�� �� �� ����

	
�� �� 	
�� �� 	
�� �� 	
�� ��

EC 3.283 0.657 4.744 0.949 1.612 0.322 3.138 0.628

Na 0.160 0.054 0.110 0.054 0.140 0.054 0.170 0.054

Al 0.068 0.068 0.140 0.068 0.068 0.068 0.120 0.068

K 0.087 0.057 0.210 0.057 0.120 0.057 0.670 0.067

Ca 0.200 0.200 0.300 0.200 0.200 0.200 0.200 0.200

V 0.059 0.006 0.022 0.002 0.038 0.004 0.051 0.005

Mn 0.006 0.001 0.012 0.001 0.005 0.000 0.010 0.001

Fe 0.063 0.056 0.110 0.056 0.056 0.056 0.085 0.056

Ni 0.019 0.006 0.007 0.006 0.009 0.006 0.017 0.006

Zn 0.035 0.015 0.085 0.015 0.028 0.015 0.092 0.015

St.B 

(μg/m
3

)

7� 26� 7� 28�

�� �� �� ����

	
�� �� 	
�� �� 	
�� �� 	
�� ��

EC 4.358 0.872 5.347 1.069 2.438 0.488 3.117 0.623

Na 0.216 0.073 0.148 0.073 0.189 0.073 0.229 0.073

Al 0.128 0.128 0.264 0.128 0.128 0.128 0.227 0.128

K 0.105 0.069 0.253 0.069 0.145 0.069 0.807 0.081

Ca 0.280 0.280 0.420 0.280 0.280 0.280 0.280 0.280

V 0.105 0.011 0.039 0.004 0.068 0.007 0.091 0.009

Mn 0.008 0.001 0.015 0.002 0.006 0.001 0.013 0.001

Fe 0.090 0.080 0.157 0.080 0.080 0.080 0.122 0.080

Ni 0.024 0.008 0.008 0.008 0.012 0.008 0.022 0.008

Zn 0.044 0.019 0.106 0.019 0.035 0.019 0.115 0.019
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(5) CMB��*+

CMBQR56�� 7.4-99��8 7.4-3)~�4

BC�UV¶7 St.A;�´µ 8.1 %(�% 13.7 %"�% 2.5 %)"St.B;�´µ 11.8 %(�% 20.6 %"

�% 2.9 %);<3 4# "��%�)7�%	�%�:�UV¶	�XP"?��&�)7 A¾

>)L� RFO�UV¶	�X�3 4

BC·�����;7FGHIJK.�UV¶	� N)�XP"×�; 70 %�UV¶�!!"

´µUV¶7 St.A;7BC��" 2ø"St.B;7BC��" 3ø;<3 4

Y9"�5.����)9�� PM)#��$%&'0$(o�;7"PM
2.5
����7)²��+Y

+ !"K.��¼9�� SO
4
¤¥)*+�BC� 8�´µUV¶�*��"+,�O-;7 SO

2

	 40Ê60 %"NO
2
9�� SO

4
¤¥	 20 %���)²�]�9:"CMBQR567¯]�:�.+

UV¶;<3 4

CMBQR)�:"����)9��£u¤¥)i��BC�UV¶7 10 %���/Q�] 	"

CMB)�:QR� UV¶7¹º ;£u¤¥���²��]� PM�UV¶;<:"BC�\�

½)IJ�]� SO
2
�\���]�Ùu¤¥å�UV�Ã0;+Y+4BC7¹º � PM ��Y

� SO
2
"VOC Y��1+2T;IJ��+�¯��\"¯]\ CMB QR;Zä��+Y+Ùu¤

¥Y��34�56���"BC� PM�UV7�\)�XPY�¯��Z[\]�4
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� 7.4-9    CMB ���
������������

St.A 

(%)

PM���
7/26 

��

7/28 

��

7/26 

��

7/28 

��
�� �� ���

��

��

��

��

�� RFO 11.2 10.6 1.0 0.0 0.0 11.2 5.7 10.9 0.5

�� A�� 2.3 3.3 2.7 1.3 1.3 3.3 2.4 2.8 2.0

(���) (13.5) (13.9) (3.7) (1.3) (1.3) (13.9) (8.1) (13.7) (2.5)

�� 1.6 1.6 0.0 0.0 0.0 1.6 0.8 1.6 0.0

� !"# 1.9 2.9 1.4 1.3 1.3 2.9 1.9 2.4 1.4

$%&'() 36.0 32.1 9.1 0.0 0.0 36.0 19.3 34.0 4.6

*+,- 0.5 0.5 0.6 0.6 0.5 0.6 0.6 0.5 0.6

.�/012345 0.0 0.0 0.0 11.0 0.0 11.0 2.8 0.0 5.5

67#18 0.6 1.2 1.3 4.3 0.6 4.3 1.9 0.9 2.8

9:;<=>?@ 45.8 47.8 84.0 81.4 45.8 84.0 64.8 46.8 82.7

� 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

�

�

St.B 

(%)

PM���
7/26 

��

7/28 

��

7/26 

��

7/28 

��
�� �� ��

��

��

��

��

�� RFO 20.7 20.6 0.0 5.8 0.0 20.7 11.8 20.6 2.9

�� A�� 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

(���) (20.7) (20.6) (0.0) (5.8) (0.0) (20.7) (11.8) (20.6) (2.9)

�� 2.8 2.9 0.0 0.0 0.0 2.9 1.4 2.8 0.0

� !"# 4.0 5.5 3.1 3.2 3.1 5.5 3.9 4.7 3.1

$%&'() 65.7 64.8 9.5 6.6 6.6 65.7 36.7 65.2 8.1

*+,- 0.7 0.7 1.0 0.7 0.7 1.0 0.8 0.7 0.9

.�/012345 0.0 0.0 9.5 0.0 0.0 9.5 2.4 0.0 4.7

67#18 0.6 1.3 1.9 7.3 0.6 7.3 2.8 1.0 4.6

9:;<=>?@ 5.6 4.3 75.0 76.4 4.3 76.4 40.3 4.9 75.7

� 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
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�������	


0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

St.A_7/26�

St.A_7/28�

St.A_7/26�

St.A_7/28�

St.B_7/26�

St.B_7/28�

St.B_7/26�

St.B_7/28�

PM2.5���(�)

�	RFO �	A
� � ����� ������ ���� ���� !"#$ %&� ' ()*+,-./

���������


0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0

St.A_7/26�

St.A_7/28�

St.A_7/26�

St.A_7/28�

St.B_7/26�

St.B_7/28�

St.B_7/26�

St.B_7/28�

PM2.5��01(μg/m3)

�	RFO �	A
� � ����� ������ ���� ���� !"#$ %&� ' ()*+,-./

8 7.4-3` `  CMBy)������UV¶9��UV¡¢�QR56
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7.4.9 ���

BCIJK.� PM��7"ü���	� 30Ê50 %"E7o��	b%Êb8%"õö��	 0.5 %

Ê10 %9;<3 4RFO:�B� A¾>:�B�LM���"ü���)*+�7¨©ª�56�

\7?���&)��;+7<!\]Y�3 4£x"E7o��)*+�7 A¾>:�B�:�

RFO:�B; SO
4

2-�2T	1P"?� �=>��;+�ÛÜ� 56�Z[\] 4# "õö

��)*+�7"¾>�����;<�?@AB�"CfDq7 RFO:�B;2T	1P"Ûi)

Eq$B�FGH�2T7 A¾>:�B;1�3 4Y9"SO
4

2-�2T	IJy)��²�56�

LM��.+	"̄ ]7 PM�K�xy�;+(IJy;7 53L·¸)MN� �O;K����)

i��"¨©ª;71P�O;QRI�S�\TUK���+�))�����Z[\]�4

?�9��VW>�õö����156�\"RFO7 A¾>�LM��?@AB�FCfDq�

¡¢	1P"RFO:�B� PM�����P£X��+ 4# "A¾>:�B;7Eq$B��

GH�2T	1�3 	"VW>)1¡¢)Ã#]�Eq$B�	��YZ�Y3�9:"õö�

�)*+�7 PM�?�9��VW> ������i[	LMN�P�]�+��Z[\] 4

¨©ª;«\] BCI� PM�������+�"CMBy)�:BC�UV¶�°R� 56"

RFO"A¾>�TÀÁ UV¶7 10ù��;<3 4# "?��&�)*��"A¾>)L� RFO

�UV¶	�XP"�%�:�%)UV¶	�X�3 4

Y9"¨©ª;7����)9�� PM¡¢)i��BC�UV¶7 10ù���/Q�] 	"

CMBQR;7Zä��+Y+Ùu¤¥Y��UV�Ã!��"BC�UV¶7�\)1PY�¯�

�Z[\]�4

CI� PM �����7"BC)�3��XP�Y3�9:"\�"¯]\�k0/�]^	_

#]�4
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7.5 ��

+,�)9����  PM©ª9����©ª�\"BCIJK.�UVå)*+�99`¿·¸

�Å	a\��Y3 4

Ë`�bcod@B�UeSf	O+²�Å;7 SO
2
)*+�7gh����\�ifNY34	

~j�] 	"PM)*+�7a;7Y�3 4��kl���"Ùu¤¥�Ã` PM7 SO
2

�:����O-;34	�])P+¯�F"?f,v-Bog¡¢�mG	�X+¯�Y�)

�:"���²�;7�\[\]Y�3 ¯�	Z[\] 4

Ë`IJK. � PM7"RFO:�B� A¾>:�B;E7o��9��õö�����L	�Y

:"RFO :�B7=nE7o"?@AB�"CfDqY�����2T	1P"£x"A ¾>

:�B;7VW>)Ã#]�Eq$B�"GH	YZ;"PM  �Eq$B��GH�2T	

RFO:�B)L��oiN)1PY�¯�	~j�] 4

Ë`BCI� PM � SO
4
¤¥�2T	IJy)��²�56�LM��.+	"̄ ]7 PM�K�

xy�;+(IJy;7 53L·¸)MN� �O;K����)i��"¨©ª;71P�O;

QRI�S�\TUK���+�))�����Z[\]�4

Ë`©ª;«\] BCI� PM�������+�"CMBQR)�:BC�UV¶�°R� 5

6"BC�UV¶7 10 %��;<3 4 p�"CMBQR;É! UV)7Ùu¤¥�Ã0;

+Y+4Ùu¤¥�Ã! BC�UV7¯]�:��\)�XPY���(	<�4

Ë`BC�UV¶7?��&�)7 RFO	 A¾>�:��XP"# "ý%q�)7�%	�%�

:��X�3 4

Ë` p�"¨©ª;É! UV¶7"BCIJK. � PM��)7r\*X	�XP"����

�¬�(	®�]�+Y+��(�<� ;�UV¶�°R;<�¯�)st��u�	<

�4
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 8-1

8. ���� PM���	


8.1 �������	

�������	�
����� PM ����������������(SOF) !"

#$��%SOF�&'�()*+,��-./�01&�&20345*6789:; �8

< =>0?@A>BCDE�F[a]GH�;I�JKLMNOPQR(polycyclic aromatic 

hydrocarbons, PAHs)BS=*��% 

TU��������	�
����� PM �V�$ PAHs BWX#-Y�Z;[8\

��:�]^=I_`��$�;�%\a*8b_c*�8TU�d PM�Se�� PAHs

�fghiBj�^#$8klm�TU�V�$8n��������	�
�����

PMBop# PAHsBWX#-% 

_c�&2�qr @;�TU 4 s�V�$t�8e-8uv�TU�V�$�&2wx

y345� PAHs�WXz{|}$t~-% 

 

8.2 ��
�

8.2.1 ����

T������z^8����kl#-TU 4 sB���_cBt~-%4 s����� 

8.2-1�CD^w7*678No.2�No.4� RFO(Residual Fuel Oil)��T 3s8No.5� A�5�

�T 1s�V�$ PM�WXBt�8��� No2�V�$� RFO8No.4�V�$� RFOwx

y345BWX#-% 

 

� 8.2-1� � PAHs�����	

�2op� 12� 4� 12� 6� 12� 14� 12� 23� 

�j No.2 No.3 No.4 No.5 

Tq ���� ���� ���� RoRoT 

����(GT) � 50,000  � 50,000  � 75,000  � 4,000  

��/�� �� �� �� �� 

op�2 

�d PM 

RFO 

�d PM 

�d PM 

RFO 

345 

�d PM  

qr RFO RFO RFO A�5 

�� (g/cm3,15�) 0.9902 0.9726 1.0086 0.8678 

� � (mm2/s,50�¡ 200 335 441.6 2.359 

&

2 

S. (%) 1.97 3.21 2.43 0.60 

¢)£  �������	
(�����)��� 
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8.2.2 ������
�

PM�op¤¥B¦§�CD% 

¨£ op©ª«<¬�n��������	��®��¯°�±�(²³´v�µ¶)

��d·¸¹ 

¨£ opº»«<¬�n��������	�¼½º 

¨£ ¯��¾�«¿À 47 mm�ÁÂÃÄ¯��¾� 

¨£ !Å®:«� 20 L 

 

¯°�±��v��®Æ�� 250�¦´��Æ*6~--Ç8È�ÉÊ�Ë�¯°�±

�·
�� 10 cm�50 cm)�Ì#-ÍÎ*t~-%a�a^�x78�®�ÏÐ8u

ÑÒd�uvB!Å#-ÓÔ> 6� 8uÑÒdm�Se�� PAHs,.�TU�®^

�`�^Õ[Ö��a^
�8PMm�,.×,�WX��ØÙ ;�^ÚÐ���% 

;w8&2wxy345�V�$�8PM opº�fÛ���#$�-�2BTÜ
�ÝÞ

#$z��.ß�Þ#-% 

 

8.2.3 ����

PAHs�.ß�j�8àáÊâKãäåæ(US EPA)�w�$Kãçè�é�p×����X�

�$��� 8.2-2�CD 16��^#-% 

 

� 8.2-2� � PAHs
�����

����  ��� ��� 

��
�� C
10

H
8
 naphthalene 

 !��"�� C
12

H
8
 acenaphthylene 

 !��#� C
12

H
10

 acenaphthene 

�$%�� C
13

H
10

 fluorene 

�&��'�� C
14

H
10

 phenanthrene 

 �'(!� C
14

H
10

 anthracene 

�$%(�#� C
16

H
10

 fluoranthene 

)�� C
16

H
10

 pyrene 

*�+[a] �'(!� C
18

H
12

 benzo[a]anthracene 

,-!� C
18

H
12

 chrysene 

*�.[b]�$%(�#� C
20

H
12

 benzo[b]fluoranthene 

*�.[k]�$%(�#� C
20

H
12

 benzo[k]fluoranthene 

*�.[a])�� C
20

H
12

 benzo[a]pyrene 

/��0[1,2,3-cd])�� C
22

H
12

 indeno[1,2,3-cd]pyrene 

1*�+[a,h] �'(!� C
22

H
14

 dibenzo[a,h]anthracene 

*�.[g,h,i]2-�� C
22

H
12

 benzo[g,h,i]perylene 

 

 

8.2.4 ��
�

PAHs �.ß�8Ï�K�./��	¥�x7
�È�*��	#-�2B8®�

��Ë�¯�:.ß��x7WX#-% 
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�WX��� 

WX�Î  Agilent�� 6890GC/5973MSD 

��â��  Agilent�� DB-5MS£ ��«0.25 µm£ ��8�À«30 m × 0.25 mm 

â��Æ�  50�(1.)� 20�/.� 120�� 5�/.� 265� 

� 20�/.� 320�(10.) 

¢�¥  ®ÉÊ��H®¥ 

¢�·Æ�  280� 

��Êà�®�: 1mL/min(Costant Flow) 

��¾¯ �®Æ� 300� 

�!�"Æ�  230�£  

 

 

8.3 PAHs�����

8.3.1 ����

PAHs�8E���KB#V¦´$VOPQRP{���%*678Á58ÁOê�PÁ&2�

&'&'*;[8(�!�®(�)�;I)�&';I�x~$z+,D�%b_c*��^#-

PAHs��>ëìB� 8.3-1�8*+,B- 8.3-1�CD% 

;w8OR� 16¦§(�¯¾H��GH�)�8uÑÒdm*z®g^#$./D�0{ �

�-Ç8J[�®P#$�$n1��;
~-ÓÔ> 6�% 

 

� 8.3-1� � PAHs
������

����  ��� 34 ��5 67(8) 97(8) CAS:;<=

��
�� C
10

H
8
 2 128.2 80.2 217.9 91-20-3 

 !��"�� C
12

H
8
 3 152.2 91.8 280 208-96-8 

 !��#� C
12

H
10

 3 154.2 95 279 83-32-9 

�$%�� C
13

H
10

 3 166.2 116-117 295 86-73-7 

�&��'�� C
14

H
10

 3 178.2 100 340 85-01-8 

 �'(!� C
14

H
10

 3 178.2 216 342 120-12-7 

�$%(�#� C
16

H
10

 4 202.3 111-120 367-382 206-44-0 

)�� C
16

H
10

 4 202.3 151 404 129-00-0 

*�+[a] �'(!� C
18

H
12

 4 228.3 155-157 438 56-55-3 

,-!� C
18

H
12

 4 228.3 254 448 218-01-9 

*�.[b]�$%(�#� C
20

H
12

 5 252.3 168 481 205-99-2 

*�.[k]�$%(�#� C
20

H
12

 5 252.3 217 480 207-08-9 

*�.[a])�� C
20

H
12

 5 252.3 179 495 50-32-8 

/��0[1,2,3-cd])�� C
22

H
12

 6 276.3 164 536 193-39-5 

1*�+[a,h] �'(!� C
22

H
14

 5 278.4 266 524 53-70-3 

*�.[g,h,i]2-�� C
22

H
12

 6 276.3 278 550 191-24-2 

¢) CAS 2345«P6��B7XD�-Ç�45*6�%àáÊâP6� <t#$�� 

Chemical Abstracts 8*�����P{�45*896��§v×: Chemical Abstract 

Service (CAS) 23Bt~$��%�;07<$�;� ID 45*6�%  

 

 

8-3



 8-4

 

 

 

naphthalene 

 

� 8.3-1� � PAHs����
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8.3.2  ���

PAHs ��[V
�����< =>0?@A>;I�í>�6�a^ =��$��%

EU8EPAwxy IARC(>Û =?@�A)�< =>���B� 8.3-2�CD% 

IARC�< =>����x�^8E�F[a]GH� B��� 1«C��#$< => �

�D8	E�E[a,h]à���F� B2A«C��#$G�[< => ��D8E�E[a]à

���F�8�ÊF�8E�F[b]¯�!����8E�F[k]¯�!����8���H

[1,2,3-cd]GH� B2B«C��#$< => ��
z#�;�D������$��% 

?@A>�V�$�8fI+�B�~-�Iîï�x7J[���*BJ>D^;~$�

�% 

 

� 8.3-2� � PAHs��������

>?@�(�, 

�� 

IARC EPA EU 

��
�� 2B C 3 

 !��"�� A D A 

 !��#� 3 A A 

�$%�� 3 D A 

�&��'�� 3 D A 

 �'(!� 3 D A 

�$%(�#� 3 D A 

)�� 3 D A 

*�+[a] �'(!� 2B B2 2 

,-!� 2B B2 2 

*�.[b]�$%(�#� 2B B2 2 

*�.[k]�$%(�#� 2B B2 2 

���[a]��� 1 B2 2 

/��0[1,2,3-cd])�� 2B B2 A 

1*�+[a,h] �'(!� 2A B2 2 

*�.[g,h,i]2-�� 3 D A 

 

K< =>���L 

(1)  IARC(International Agency for Research on CancerM>Û =?@�A) 

IARC � WHO(NOäP�A)��A*678Q�� =�AR8< =>�áâSE�8

< =�TU�V6�¤¥�W<�V�$�?@Bt�8X�#$��%< =>�.rð

ñB¦§�CD% 

1 «C��#$< => �� 

2A«C��#$G�[< => �� 

2B«C��#$< => ��
z#�;� 

3 «C��D�< =>�V�$�.r*Y;� 

4 «C��#$G�[< => ;� 

 

(2)  US EPA(U.S. Environmental Protection AgencyMàáÊâKãäåæ) 

US EPA�8IRIS(Integrated Risk Information System)�m*8Z[�P6���< =>�ò
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ó8.rBX�#$��%< =>�.rðñB¦§�CD% 

[1] B'�CDE>?@�?F�GH?IJKEL��� 

[2] B'�CDE>?@�?F�HMNOK�PQ�� 

[3] >?@RSTUVWXY�?F�Z[\B'�CDE]^T_Q`GW?\aK�bLEc

�N !de�'TfgZ[hijNkl?mSnQNL�� 

A «Q�< =>�� 

B1«\X��-Q�< =>BCD]^wxy��*�_.;]^�ð`Y8w\�[Q

�< =>�� 

B2«��*�_.;]^�ð`�$8w\�[Q�< =>�� 

C «Q�< => 6�ÓÔ> 6��� 

D «Q�< => .r*Y;� 

E «Q�< => ;�^�a]^ 6��� 

 

 

(3)   EU(European UnionMbcd{) 

EU �8Bef;���.r8g�8�C�AD�¥h8iT8tjiX�klP�ô�m

n��o 67/548/EECD�p 29 qrsP�o�w�$8ef;��B< =>;I
�.r

#8�E�Bt'$��%< =>�.rðñB¦§�CD% 

[1] B'�CDE>?@�?F�GH?IJKEL���o 

[2] B'�CDE>?@�?F�HMNOK�PQ��o 

[3] >?@RSTUVWXY�?F�Z[\B'�CDE]^T_Q`GW?\aK�bLEc

�N !de�'TfgZ[hijNkl?mSnQNL��o 
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e-8PAHs�8í>�u��@;�P{�**,���-Ç8\�v��õ�B\�ee

{�#$z PAHs wx�í>�u�B�Da^�*Y;�%\a*8E�F[a]GH��í>

B 1^#$y����í>�u�Bz����#-í>êóô�(TEF) ÚÐ��$��% 

PAHs ��{�!�|�r�xa� WHO  XÇ-NO}~� TEF �;� 8aa*�8

�Ú^#$8?@�� �X#- TEF�YB� 8.3-3�CD% 

;w8aa*C#- TEF�a�8Nisbet & LaGoy(1992) � TEF�àáÊâí>����2

3�A(ATSDR)�ì��;I�o���$��% 

 

� 8.3-3� � PAHs����� !(Toxic Equivalency Factors;TEF)�"

��� 

Nisbet & LaGoy

(1992)*1 

OEHHA 

(1993) *2 

Hashimoto & 

Yamagishi 

(2004) *2 

��
�� 0.001 - - 

 !��"�� 0.001 - 0.01 

 !��#� 0.001 - 0.01 

�$%�� 0.001 - - 

�&��'�� 0.001 - 0.001 

 �'(!� 0.01 - 0.001 

�$%(�#� 0.001 - 0.001 

)�� 0.001 - 0.001 

*�+[a] �'(!� 0.1 0.1 0.4 

,-!� 0.01 0.01 0.07 

*�.[b]�$%(�#� 0.1 0.1 8 

*�.[k]�$%(�#� 0.1 0.1 10 

���[a]��� 1.0 1 1 

/��0[1,2,3-cd])�� 0.1 0.1 - 

1*�+[a,h] �'(!� 5.0 1.1 6 

*�.[g,h,i]2-�� 0.01 - - 

 

pqr*1  Nisbet ICT, LaGoy PK. 1992. Toxic equivalency factors (TEFs) for polycyclic aromatic 

hydrocarbons (PAHs). Reg Toxicol Pharmacol 16:290-300. 

*2  stuvw, 2003. x3yz{|}~�(PAH)h��(>?@)-d,����. ��3���� �   

� 39(3):119-136. 
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8.4 PAHs��!"

8.4.1  PM#� PAHs  

TU�d PM� PAHsWXîïB� 8.4-1wxy- 8.4-1�CD%e-8OR� 18¦´�,

.×,B- 8.4-1��-wxy- 8.4-2�CD% 

;w8OR� 16 ¦§(�¯¾H��GH�)�8�®m�w�$�®g^#$./D�

0{ ��-Ç8J[�®P#$�$n1��;
~-ÓÔ> 678aa*��Ú�^#

$C#-% 

 

(1) RFO ���

PMm�E�F[a]GH�õ�� 0.5�4.1 µg/g*678RFO��T��*zÒY;(��� 

6~-%y� PAHs �V�$zE�F[a]GH�^9�xa���T�x�(��� ÒY[8

OR� 18¦´�,.*� No.2>No.3>No.4���õ� �
~-% 

e-8��T�x~$8õ�HE��@;�z��8PAHs×,�����rl#$�-% 

 

(2) A�����

PMm�E�F[a]GH�õ�� 1.1 µg/g*678RFO��T� 0.5�4.1 µg/g ����*6

~-%PAHs ×,�� RFO ��T^00�� @;78E�E[a]à���F�^�ÊF� 

RFO��T��`�^��0{B�Ç$�-% 

;w8��T(No.5)� PMm� OC�0{ y�TU��`�
~-a^
�8&'�m 

�_.*6~-ÓÔ> ÚÐ���% 

 

b_c�îï
�8¦§�a^ ����- 

¨£ PMm� PAHsõ�� RFO��T��*zÒY;(��� 6~-%A�5��T�

PHAs õ�� RFO ��T� PHAs õ��(��������~$w78b_c*�

PM�Í:<-7� PHAsõ��&2�qr�x�����Ç��;
~-% 

¨£ PAHs�×,� RFO��T9�*����rl#$�-%u¤8A�5��T� RFO

��Tx7zE�E[a]à���F�^�ÊF� J
~-% 
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� 8.4-1� � 	#$% PM&� PAHs'()*

 (µg/g) 

�� No.2 No.3 No.4 No.5 

��
�� <0.1 <0.7 <0.5 <0.3 

 !��"�� 0.2 <1.4 <1.0 <0.6 

 !��#� 0.4 <0.7 0.5 0.9 

�$%�� 3.8 4.1 3.2 4.1 

�&��'�� 3.1 3.3 <0.5 61 

 �'(!� 0.6 <1.4 <1.0 3.0 

�$%(�#� 3.5 6.0 <1.0 30 

)�� 5.5 3.6 <1.0 40 

*�+[a] �'(!� 6.3 2.9 <2.1 9.1 

,-!� 8.8 5.5 2.3 9.4 

*�.[b]�$%(�#� 8.6 3.4 2.4 4.7 

*�.[k]�$%(�#� 3.0 1.1 0.7 1.6 

���[a]��� 4.1 1.4 <0.5 1.1 

/��0[1,2,3-cd])�� 7.4 2.9 <2.1 2.8 

1*�+[a,h] �'(!� 3.4 <2.2 <1.6 <0.9 

*�.[g,h,i]2-�� 10 3.4 <1.0 2.7 

� � � � �) 1. No.2�No.4� RFO�S�\No.5� A���S�nF�o 

� � � � �  2. �� PM�h PAHs��T�Wo 

� � � � �  3. ����$��h�p�d���� hH¡¢nF£Zo 

 

 

¤¥ No.2 No.3 No.4 No.5 

¦§p¨�¡©��p�d��

(8) 

262 295 288 280 
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8.4.2 $%&'()*+

RFO��T 2sB���81s(No2)� RFO��81s(No.4)� RFOwxy345�Se�

� PAHs BWX#-%WXîïB� 8.4-2 wxy- 8.4-3 �CD%e-8PM ^9��OR�

18¦´� PAHs�×,B- 8.4-3��-wxy- 8.4-4�CD% 

RFO� PAHs�õ�HE�wxy×,�^z� 2s^zrl#$w78�¯¾H�0¯ �

��H��õ� �
~-%5K¦´*�E�F[a]GH� �z�[8q�*E�F[b]¯�!

����0E�F[g,h,i]�ÊH��õ� �
~-% 

345� RFO^��#$õ�HE�� 1�
� 2�)��
~-%345���:�8u

Ñ�&2��%¦§*6�a^BÚ�D�^8PMm� PAHs��Ç�345�� �Õ[Ö�

�z�^ÚÐ���% 

;w8�Ú^#$� 8.4-3�&2�>öBC#-%RFO��T 2s�����*�6� 8

&2m� PAHs^&2���8� �8¡¢.^����£¤;Aô��Ç��;
~Zo 

 

� 8.4-2� � #56789:;<=� PAHs'()*

    (µg/g) 

�� No.2(RFO) No.4(RFO) No.4(ª«�) 

��
�� 1300  1500  21  

 !��"�� <0.08 <0.08 0.31  

 !��#� 280  320  5.8  

�$%�� 250  360  8.1  

�&��'�� 830  1300  33  

 �'(!� 81  130  3.7  

�$%(�#� 21  12  2.0  

)�� 180  230  11  

*�+[a] �'(!� 70  140  5.7  

,-!� 83  170  6.6  

*�.[b]�$%(�#� 17  24  1.4  

*�.[k]�$%(�#� 2.3  2.6  0.35  

���[a]��� 31  30  3.4  

/��0[1,2,3-cd])�� 2.9  3.9  0.55  

1*�+[a,h] �'(!� 5.7  4.9  0.70  

*�.[g,h,i]2-�� 16  16  3.2  

 

 

� 8.4-3� � ��	�67��> (?@)

¤¥ ¬ No.2 No.4 

��®¯ A RFO RFO 

°� g/cm
3

,158 0.9902 1.0086 

±²� mm
2

/s,508 200 441.6 

³´� % 1.97 2.43 

� � � �  pqr�������	
(�����)�¢�  
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8.4.3 $%� PM#� PAHs�,-

(1) ������

&2^ PMBWX#- RFO��T 2s(No.28No.4)�V�$8&2^ PMm� PAHs×,�

B- 8.4-5�CD%&2^ PM� PAHs×,�@;78E�E[a]à���F�8�ÊF�wx

yE�F[a]GH��&2m*�¥ �[8\�y� PAHs� PMm*�¥ �
~-% 

 

��

���

���

���

���

���

	��


��

���

���

����

������� ������� ������� �������

��������	
��

���

���������
���

���������
���

���������

������������ ����

!������"���	
��

����#�"�$�%��

 

� 8.4-5� � RFOA5	�67B$%CD& PM� PAHs4
E (01! 1823)
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(2) ��	���

&2�&'()�w�$8�Æ�x7&2m� PHAs ./#$��a^ ÚÐ���%\

a*8&2m� PAHs w:���-^¦X#$8PM^#$op��- PAHs^�:�;�

�Bt~-%;w8&2m� PAHs�V�$�fW�B��-%e-8PMm� PAHs�V�$

�� 8.4-4�CDxa��®:�op®m� PAHsõ�B§��a^�x7¨Ç-% 

E�F[a]GH�BY^#-���÷YB� 8.4-5�CD% 

� 8.4-4� � PM& PAHs$FG�H(�

£ ©X�®:(m
3

/kg-fuel)ª�®ô�(m
3

N/L-fuel) / ��(kg/L-fuel) 

×(273.15+�®Æ�(�))/273.15×21/(21-O
2
) 

£ £ £ £ £ aa*8 

�®ô� £ «12.2m
3

N/L-fuel (RFO) 

��8�®Æ� «No.2  0.9902£ 8262� 

O
2
  £ «13 % 

£ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £  

£ PMm PAHs�:(µg/kg-fuel)ª©X�®:(m
3

/kg-fuel)«op®m PAHsõ�(µg/ m
3

)

aa*8 

op®m� PAHsõ�(µg/ m
3

)ªop PMm� PAHs: (µg) /op®:(m
3

) 

 

¢) �®ô��B¬RP��:iT�S®à�(¯°)D�x�% 

 

� 8.4-5� � 67& PAHsB PM& PAHs�EIJK"

�������	[a]
���  

� No�  No.2 

�����  RFO 

���� PAHs(1) mg/kg-fuel 31

������(A) m
3

N/L-fuel 12.2

��(B) kg/L-fuel 0.9902

������(C) � 262

� !�(D) % 13

"#����$ 

"#����$(E) 

(A/B×(273.15+C)/273.15×21(21-D)) 

m
3

/kg-fuel 63

%& PM�� PAHs$(F) 

(PM%&$ 0.00503g×PAHs!� 4.1μg/g-PM) 

μg 0.0206

%&��$(G) m
3

 0.02
PM�� PAHs(2) 

PAHs��$  (E×F/G/1000)  mg/kg-fuel 0.065

��� PAHs (1)' PM� PAHs(2)�(� (2)/(1) ×100 % 0.21

 

 

´±�¤¥�x7¨Ç-&2m� PAHs^ PMm� PAHs���B� 8.4-6�CD%PMm�

PAHs�&2m�PAHs^��#$Z;[8²��� (PMm�PAHs/&2m�PAHs)�0.1�4.2%

^Ö�
~-%PAHs ^��D�-Ç8&'�x�./�³´Bµ';�¶·,.�V�$9

��¸¥�x7�÷#-^a¹8� 8.4-7 �CDxa�8&2m¶·,.��_%¦´6~-

a^
�8&2m� PAHs�\�Òv. &'�x~$./��$��ÓÔ> Cº��-% 
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� 8.4-6� � 67& PAHsB$% PM& PAHs�EI(01! 1823)

No.2 

)* ��� PAHs(1)

(mg/kg) 

PM� PAHs(2)

(mg/kg) 

(2)/(1) 

(%) 

��+[a],�-./� 70 0.100 0.1 

01/� 83 0.140 0.2 

��	[b]234.�5� 17 0.137 0.8 

��	[k]234.�5� 2.3 0.048 2.1 

���[a]��� 31 0.065 0.2 

6�78[1,2,3-cd]
�� 2.9 0.118 4.1 

9��+[a,h],�-./� 5.7 0.054 1.0 

��	[g,h,i]:1�� 16 0.159 1.0 

� � � � ;) PM�� PAHs!�<(=>?@ No.2A��BCDEFG 

 

 

� 8.4-7� � 67&LM
�GB$% PM&LM
�G�EI

No.1 No.2 

)* 
��� 

HI(1) 

(mg/kg) 

PM� 

HI(2) 

(mg/kg) 

(2)/(1) 

(%) 

��� 

HI(1) 

(mg/kg) 

PM� 

HI(2) 

(mg/kg) 

(2)/(1) 

(%) 

Na 20 13 64.1 10 3 34.9 

Ca 120 15 12.2 100 17 17.4 

V 104 118 114.1 67 29 42.6 

Fe 25 13 52.8 16 8 51.5 

Ni 46 45 98.1 37 15 39.4 

Zn 2 1 37.0 2 1 38.7 

 

 

No.3 No.4 

)* 
��� 

HI(1) 

(mg/kg) 

PM� 

HI(2) 

(mg/kg) 

(2)/(1) 

(%) 

��� 

HI(1) 

(mg/kg) 

PM� 

HI(2) 

(mg/kg) 

(2)/(1) 

(%) 

Na 20 6 29.9 29 7 24.7 

Ca 120 14 12.0 140 16 11.2 

V 104 58 56.2 140 62 44.3 

Fe 25 19 75.3 34 10 29.7 

Ni 46 21 45.4 55 24 43.3 

Zn 2 1 25.9 3 1 25.4 

;)  1. AJK���L#$MNOPQ<R@FSTRFOUV�(=�WAXEFG 

� �  2. ���YZL No.2TNo.4[\]^@_GNo.1' No.3LYZEF 2`�abOAV@FG 
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8.4.4  PM� �./

PAHs �8í>�u��@;�P{�**,��8\�v��õ�B\�ee{�#$z

PAHswx�í>�u�B�Da^�*Y;�-Ç8í>êóô�(TEF)B��$8Z[�,.

�í>�u�B{�#-í>ê:(TEQ)B�÷#-%�÷îïB� 8.4-8�CD% 

PMm� PAHsõ���»{�*� A�5� PAHsõ�� RFO� PAHsõ��(�����

���~$�� 8í>ê:�{��*��^8TEF(í>êóô�)���	E�E[a,h]à��

�F��õ����
�8RFO�í>ê:� A�5x7zÒY�îï^;~$��% 

� 8.4-8� � 	#NO$FPQR PM& PAHs����G(01! 1823)

 

PAHs!�(µg/g) cde$(µg-TEQ/g) 

)* 

RFOUV 

AJK 

UV 

TEF 

RFOUV 

AJK 

UV 

��+[a],�-./� 2.1f6.3 9.1 0.100 0.21f0.63 0.914 

01/� 2.3f8.8 9.4 0.010 0.02f0.09 0.094 

��	[b]234.�5� 2.4f8.6 4.7 0.100 0.24f0.86 0.470 

��	[k]234.�5� 0.7f3.0 1.6 0.100 0.07f0.30 0.155 

���[a]��� 0.5�4.1 1.1 1.000 0.50�4.1 1.1 

6�78[1,2,3-cd]
�� 2.1f7.4 2.8 0.100 0.21f0.74 0.282 

9��+[a,h],�-./� 1.6f3.4 0.9 5.000 8.0f17.0 4.5 

��	[g,h,i]:1�� 1.0f10.2 2.7 0.010 0.01f0.10 0.027 

g 12.7f51.8 32.3 h 9.3f23.8 7.7 

¢) 1. PM�Í:<-7� PAHs:wxyí>ê:BC#8RFO��T� 3s���8A�5��  

T� 1s���¾*6�% 

    2. cdei��(TEF)LTNisbet ICT, LaGoy PK. 1992. Toxic equivalency factors (TEFs) for polycyclic   

aromatic hydrocarbons (PAHs). Reg Toxicol Pharmacol 16:290-300. Bj_G 
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8.5 PAHs01/�23

8.5.1 �45601789 PAHs�01:;

B8.4 PAHsWXîïD�C#-xa�8PM�Í:<-7� PAHsS�:��&2�qr�

x�����Ç��;
~-%#
#8RFO � A �5��`&2m�OR,.0¡¢.;I

PMB+,�}�,.BJ[S�8&2¼½:<-7� PM<+: J�a^
�8PAHs�V

�$z&2¼½:<-7��:^#$¾-©{��8RFO ^ A �5*�: @;�a^

 ÚÐ���% 

\a*8PMm� PAHsõ�
�&2¼½:<-7� PAHs�:(�ô�)B&2qr¿�

©�#8²�B��#-%©�îïB� 8.5-1�CD% 

aa*8TU� PM��¡,. J[Se��-Ç8y�<+"^���Bx7À��t

Ð�xa8PM�Í:<-7� PAHsõ�BOR(OC+EC)<-7� PAHsõ��Á÷#$C#-% 

E�F[a]GH��V�$��^8PMm�õ�� RFO��T 1.0�8.8 µg/gC8A�5��T

2.5 µg/Cg*6~-%u¤8&2 1L<-7� PAHs�:�8RFO��T* 2.9�19.4 µg/L-fuel8

A�5��T* 1.6 µg/L-fuel^;78RFO� A�5^��#$ PM�: J�-Ç8&2¼

½:<-7� PAHs��:�Á÷#-©{8RFO� A�5x7z PAHs J[����^

©���-% 

 

� 8.5-1� � 	#� PM01&� PAHsSTB$F !HJU(01! 1823)

PMk lFm PAHs!�(µg/gC) PAHs����(µg/L-fuel) 

)* 

RFOUV AJKUV RFOUV AJKUV

��+[a],�-./� 4.4f13.5 20.8 12.4f29.9 13.1 

01/� 4.8f18.9 21.5 13.5f41.7 13.6 

��	[b]234.�5� 5.0f18.5 10.8 14.1f40.8 6.8 

��	[k]234.�5� 1.5f6.5 3.7 4.1f14.2 2.3 

���[a]��� 1.0�8.8 2.5 2.9�19.4 1.6 

6�78[1,2,3-cd]
�� 4.4f15.9 6.4 12.4f35.1 4.0 

9��+[a,h],�-./� 3.3f7.3 2.1 9.4f16.3 1.3 

��	[g,h,i]:1�� 2.1f21.9 6.2 5.9f48.4 3.9 

¢) 1. PAHsõ�� PM�OR,.<-7� PAHs:BCD% 

 2. PAHs�ô�(µg/L-fuel)�8&2 1 L<-7����� PAHs:*8q,�x7¨Ç-% 

£ £ £  PAHs�ô�ªPAHsõ�(µg/gC)«PM�ô�(g/kg-fuel)«��«OR0{ 

 

 

PAHs�ô�(&2¼½<-7� PAHs�:)�Âx�;�÷¤¥B� 8.5-2CD% 
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� 8.5-2� �  PM01&� PAHsSTB$F !(67 1 LVWX� PAHs$FG)�JK"

�������	[a]
���  

� No�  no No.2 No.3 No.4 No.5 

�����  �  RFO RFO RFO AJK

pq 

PM�!�(A) μg/g 4.1 1.4 0.5 1.1 YZ� 1)

k rs(B) t 46.5 31.8 47.8 43.7 YZ� 1)
PMk l

Fm�!� 

k lFm!�(A/Bu100) (C) μg/gC 8.8 4.4 1.0 2.5 h 

���vw* % 1.97 3.21 2.43 0.6 x� 2)

PM��$(vw*jmgD) (D) g/kg-fuel 4.8 7.6 5.8 1.7 gD� 3)

��(E) kg/L 0.9902 0.9726 1.0086 0.8678 x� 2)

PM��$(F�DuE) g/L-fuel 4.7 7.4 5.9 1.4 h 

k )*��$(G�BuF / 100) gC/L-fuel 2.2 2.4 2.8 0.6 h 

���� 

(��lFm

���$) 

��lFm PAHs��$(CuG) g/L-fuel 19.4 10.4 2.9 1.6 h 

¢)  1. fW�x�% 

     2. T�ÝÞÃ2�x�% 

     3. &2m¡¢.^ PM�ô��Aô,(bì��B6.2.6(3)�ô�D�x�% 

 

 

 

e-8PAHs�ô�Bí>ê:(TEQ)�Á÷#-îïB� 8.5-3�CD% 

í>ê:�{��� RFO54.6�113 µg-TEQ/ L-fuel8A�5 10.9 µg-TEQ/L-fuel^;78RFO

� A �5^��#$&2<-7� PM �: J�a^^8í>�u�9��+[a,h],�-.

/�BJ[SÄa^�x78RFO�í>ê:� A�5x7z���ÒY[;~$��% 

A�5�í>ê:� RFO� 1/10
� 1/5)�*678b_c�x7Å�&2Æ�ÇÁ� PM

�9:�Se�� PAHs�xa;�È����:BÉÊ�zËï�6�a^ Cº��-% 

� 8.5-3� � 	#NO$FPQR PM& PAHs����G

 

PAHs����(µg/L-fuel) cde$(µg-TEQ/L-fuel) 

)* 

RFOUV 

AJKU

V 

TEF 

RFOUV 

AJKU

V 

��+[a],�-./� 4.4f13.5 20.8 0.100 1.24f2.99 1.31 

01/� 4.8f18.9 21.5 0.010 0.14f0.42 0.14 

��	[b]234.�5� 5.0f18.5 10.8 0.100 1.41f4.08 0.68 

��	[k]234.�5� 1.5f6.5 3.7 0.100 0.41f1.42 0.231 

���[a]��� 1.0�8.8 2.5 1.000 2.9�19.4 1.6 

6�78[1,2,3-cd]
�� 4.4f15.9 6.4 0.100 1.24f3.51 0.40 

9��+[a,h],�-./� 3.3f7.3 2.1 5.000 47.1f81.5 6.5 

��	[g,h,i]:1�� 2.1f21.9 6.2 0.010 0.06f0.48 0.039 

g 74.8f245.6 46.6 h 54.6f113.0 10.9 

;) cdei��(TEF)LTNisbet ICT, LaGoy PK. 1992. Toxic equivalency factors (TEFs) for polycyclic 

aromatic hydrocarbons (PAHs). Reg Toxicol Pharmacol 16:290-300. Bj_G 
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8.5.2 <=>?@A��,-

(1) ��
�

PAHs �Á5�Ì��Íw&'�x7<+#8&'Î PAHs <+"��������	�8

ÏqÁ5&'Ð�8'ÑÐ�êJÒ�|-�%a�a�8�����ø� PAHs <+: J

[8ÓÔÕÓ�çè"�;~$�� 8kÖ8�����ø��®�× Ø�8PAHs

��:zZ;[;~$��^ì���$��%aa*�8TU^�����ø�V�$8

PAHs��:�V�$��Bt~-% 

�����ø� PMm� PAHsõ�WXYB� 8.5-48PMm� PAHÙõ�wxy�ô�

�TU^���B� 8.5-58� 8.5-6�CD%;w8�����ø� PAHsõ��Ú~Û�ø

(êóÜ>�:� 4�7 t87Ý)�|��|{��Þ�Iîï
��÷�x7¨Ç-z�*6�% 

E�F[a]GH��V�$¾�^8PMm�õ�� 3.8�11 µg/gC*678PMm� PAHsõ

���TU^�����ø*ÒY;���;
~-%#
#8TU�&2<-7� PM �

: J�-Ç8&2<-7� PAHs ��:�Á÷D�^8RFO ��T������ø��

ß
��_ß)�*6~-% 

�����ø�Pà�áâ� PM��:BÉÊD�-Ç8PAHs��:�ÉÊ�Ëï

 6�%TU�V�$z9��Ëï 6�
�V�$�8��;�ãä åù^ÚÐ���% 

 

� 8.5-4� � YZ[\]^$%&� PM89: PAHs'(_"

PAHs��yno (0.01 µg/kmzt) 
{|

}~ 

�  

�����

� 

�  

��$ 

(cc) 

�  

ei�d

J$ (t) 

�  

PM��y

no

( mg/kmzt) 

 

��+[a]

,�-.

/� 

��	[b]

234.

�5� 

��	[k]

234.

�5� 

��	[a]


�� 

��	

[g,h,i]:1

�� 

6�78

[1,2,3-cd]


�� 

H15 

����

+EGR 

4,777 3.810 6.3 5.7 17 3 7.1 18 n.d. 

H15 

����

+EGR 

4,777 4.830 7 5.9 6.4 3.4 7.9 18 n.d. 

H10 - 5,249 3.690 38 13 n.d. 3.9 25 33 25 

H10 - 6,634 6.345 13 7.2 n.d. 2.7 4.9 17 n.d. 

H10 EGR 9,203 6.585 17 28 n.d. 7.5 16 26 n.d. 

H10 EGR 7,540 6.615 45 42 n.d. 10 30 55 33 

H10 EGR 4,985 4.870 22 50 n.d. 8.7 22 52 20 

����7���3��\{|Bj_��������R����k�� e�����B�@^�(�

������� ¡}¢ 2005)Bj_G 

 

;) 1. �����7���3�� PM�£¤¥G��Bj_��¦V[������ PM!�A�£§

¨_G  

2. ©ª«�����¬�¤¥G�����®¯A°�9��±�B²ET�³��A�´µ_¶

'[ NOx��$A£·´µ_¤¥GExhaust Gas Recirculation�¸G 

3. n.d.L¹�MNOPQAºµG 
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� 8.5-5� � 	#BYZ[\]^� PM&� PAHsST�EI(01! 1823)

;) 7���3�� PM�� PAHs!�LTPM' PAHs���yno»¼gDBjm½SFG·¾T

7���3�L PM�¿'ÀÁ<k )*[ÂmTPMÃ$'k )*$LÄÅ´ÆÇ¼·@FST

PMno$lFm� PAHs$'E^XEFG 

 

� 8.5-6� � 	#BYZ[\]^� PAHs$F !�EI(01! 1823)

(µg/L-fuel) 

7���3� 

� 

����Âm ����·E 

)*�

RFOUV 

AJK 

UV 

ab(ÈÉfÈÄ) ab(ÈÉfÈÄ) 

��+[a],�-./�� 12.4f29.9 13.1 0.4 (0.4f0.4) 1.5 (0.3f3.0) 

01/�� 13.5f41.7 13.6 h� h�

��	[b]234.�5�� 14.1f40.8 6.8 0.8 (0.4f1.3) n.d. (n.d.fn.d.) 

��	[k]234.�5�� 4.1f14.2 2.3 0.2 (0.2f0.2) 0.3 (0.1f0.5) 

���[a]���� 2.9�19.4 1.6 0.5 (0.5�0.5) 1.1 (0.2�2.0) 

6�78[1,2,3-cd]
��� 12.4f35.1 4.0 n.d. (n.d.fn.d.) 1.0 (n.d.f2.0) 

9��+[a,h],�-./�� 9.4f16.3 1.3 h� h�

��	[g,h,i]:1��� 5.9f48.4 3.9 1.2 (1.1f1.4) 2.0 (0.8f3.1) 

pq) 7���3�� PAHs����B�@^LTab>·�ÊA 0.0346 L/kmzt'Ë#E^D�EFG 

 

 

(2) 
�������������	

æ,11Ö��Kãç PRTR�è���né^#$ê�ø
��E�F[a]GH��:B©

�#-nY 678ëìí�w'��:�©��B� 8.5-7 �CD%b�:�ëìíwîB

��������ø
���:B©�#-z�*678Ö�� 0.6 kg Òdm��D�^©

�#$��% 

u¤8TU�V�$�ëìï�ôðºB���8b_c�x7ñ��-��¾B��$TU


��E�F[a]GH��:B�÷#-%�÷îïB� 8.5-8�CD%2000Ö�&2¼½:B 38.4

ò t/Ö^D�^8TU
��E�F[a]GH��:�ws RFOB��#-©{* 0.11�0.75 kg/

7���3�(ÌÍÎ��) (µg/gC) 

�(µg/gC) 

����Âm ����·E 

)*�

RFOUV
AJK 

UV 

ab(ÈÉfÈÄ) ab(ÈÉfÈÄ) 

��+[a],�-./�� 4.4f13.5 20.9 8.7 (8.4f9.0) 12 (3.4f23) 

01/�� 4.9f18.9 21.6 h� h�

��	[b]234.�5�� 5.1f18.6 10.8 18 (9.1f27) n.d. (n.d.fn.d.) 

��	[k]234.�5�� 1.5f6.5 3.6 4.8 (4.8f4.9) 2.7 (1.0f4.4) 

���[a]���� 1.1�8.8 2.5 11 (11�11) 7.3 (3.8�10)

6�78[1,2,3-cd]
��� 4.4f15.9 6.5 n.d. (n.d.fn.d.) 4.6 (n.d.f9.1) 

9��+[a,h],�-./�� 3.3f7.3 2.0 h� h�

��	[g,h,i]:1��� 2.2f21.9 6.1 27 (26f29) 15 (8.7f24) 
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Ö8A�5B��#-©{* 0.07 kg/Ö^©���8TU��:������ø^��#$Z;

[;�a^8e-8RFOB A�5�ÇÁD�a^*\��:�ÒY[ÉÊ���ÓÔ>�6�

a^ Cº��-% 

 

� 8.5-7� � YZ[\]`a^NO�b�c[a]de�$FG(fghij)

 

óôõö÷ôø §

�ø 

óôõö÷ôøù

:úûüýþ�ô�

óôõö÷ôøm

:úûüýþ�ô�

óôõö÷ôø�

:úûüýþ�ô� 
� 

E�F[a]GH� 

�ô�(mg/km) 

0.0002 0.0002 0.00068 0.00068 �

�t:(òÝ km/Ö) 206,592 56,284 92,488 709,813 1,065,177

E�F[a]GH� 

�:(kg/Ö) 

0.04 0.01 0.06 0.48 0.6

���a) 11}�Ï«Ð«Ñ6ÒÓ-ÔÕ¢Ö×(��Ø� a) 12}) 

 

� 8.5-8� � fgkl8mR no�	#NO�b�c[a]de�$FGpK)*(2000q)

&2¼½: 

E�F[a]GH�

�ô� 

&2�� 

E�F[a]GH�

�: �÷��® 

ò t/y µg/L-fuel kg/L-fuel kg/Ö 

RFOB�� 2.9�19.4 0.99 0.11�0.75 

A�5B�� 

38.4 

1.6 0.87 0.07 

� � � ;) ÙºL�ÚÛBUV§Ü_��<Ã` RFOTÝFLÃ` AJK'EFÞs�CDß�[Â

mTàáâB¾ã_����ä'�UVrs�YåAqæEFç�[L·@G 

          ��L�����dèCé7�êjmë#EFG 

 

;w8bì��B7.4 TU PM�d_cD�C#-xa�8RFO� A�5��`8(�	��

wxyS���BJ[S=*w78RFO��T
�� PMz A�5��T��`�¶·BJ[S

=*�-%a�a^
�8RFO B A �5�ÇÁD�a^�8PAHs �ÉÊ��;��8(�	�

�0S���;I��¶·��:ÉÊ�zËï »�*Y�^ÚÐ���% 

 

 

(�Ú)PRTR¥�V�$ 

� >*� PRTR¥(7XP6���KãÆ��:�hiê	y�m�
���Ø�AD�

¥h)�ð`Y8�È> £#$��P6���V�$8KãÆ��:�hiê t|�$

��%#
#8PRTR ¥*�né��x7êÜ�;�m ÓÔ;P6��B��^#$��-

Ç8��-��+,��� PAHs� PRTR¥�����^;~$�;�% 
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8.6 PAHs�BC#��D&'(BC# PAHsEF�GH

EUwxyWHObc�în��*�� 8.6-1�CDxa���	[a]
���Òdõ��ð

ñ(WHO������)BC#$��% 

e-8� >�w�$z8PAHs�a���[V
 Òdçè��¥�ð`[�ÈÒdçè

����X��8\�m*E�F[a]GH��V�$�8P�Ê®� �[8é���p×Ä

åù 6���(é�p×��)��X��$��% 

Ïê�x*�Òdçè��¥�ð`YE�F[a]GH��V�$ÞS¾Ê�ËBt~$��% 

����w'�E�F[a]GH�õ��©�B- 8.6-1�CD%E�F[a]GH�õ��ÒY

[�§#$w78\�m�^#$8�����ø0'ÑÐ�ê��®�
� Ø�8E

�F[a]GH���: ÉÊ��-ÓÔ>;I ÚÐ���% 

#
#8\�*z WHO ��������(�ö� ��$w78� 8.6-2 �CDxa

�æ, 18Ö��w�$zD`$���*������B�(#$w78TUBSÇ-Ï<

+" E�F[a]GH������� PAHs�ÉÊ�u� �D�a^ !e��% 

 

 

� 8.6-1� � PAHs�r%ST�st�

��ì�  

EU Air Quality 

Standards 

(ng/m
3

) 

WHO �6í.6�

(î) 

(ng/m
3

) 

ïÙ(Ä�ðñòóô) 

õ2ê�� h h ö÷Ä�ðñ�� 

,/õ2ø�� h h h 

,/õ25� h h h 

234�� h h h 

2ùõ�-�� h h h 

,�-./� h h ö÷Ä�ðñ�� 

234.�5� h h h 


�� h h ö÷Ä�ðñ�� 

��+[a],�-./� h h ö÷Ä�ðñ�� 

01/� h h h 

��	[b]234.�5� h h ö÷Ä�ðñ�� 

��	[k]234.�5� h h ö÷Ä�ðñ�� 

���[a]��� 1 0.11 	
�����/����

6�78[1,2,3-cd]
�� h h ö÷Ä�ðñ�� 

9��+[a,h],�-./� h h h 

��	[g,h,i]:1�� h h ö÷Ä�ðñ�� 

î� WHOúûüýÔþ�� 1996}��#�6í.6�O(��Ó-1�0� 10
-5��3�DO) 
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�������	


���

���

���

���

���

���

	�� 	�
 	�� 	�� 	�� 	�� 	��

�

�
�
�

�
�
�
�
	


�
�

  

�������	


���

���

���

���

���

���

	�� 	�
 	�� 	�� 	�� 	�� 	��

�

�
�
�

�
�
�
�
	


�
�

"«B����ÈÒdçè���ÞS¾Ê�Ë_cîïD 

 

� 8.6-1� � uvwl8mRr%&b�c[a]de�ST�Hx
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� 8.6-2� � uvwl8mRr%&b�c[a]de�ST�'()*(y
 18qT)

(µg/m
3

) 

Z#�ì�  ��	[a]
�� 

â��H 0.00037 

�ë��	
 0.00028 

Ä���� 0.00045 

����� 0.00035 

����à� 0.00037 

������� 0.00032 

����	� 0.00046 

��à���� 0.00036 

�¯ab 0.00037 

(a) 17}�ab) (0.00028) 

� !"#$� 0.00034 

� !"Ä%&� 0.00035 

ÉH�"Ù� 0.00027 

�Ä'"()� 0.00025 

R*¯ab 0.00030 

(a) 17}�ab) (0.00024) 

 �ab 0.00035 

�  

�  

�  

® 

�  

�  

+ 

�  

�  

� 

�  

�  

�  

�  

�  

�  

�  

�  (a) 17}�ab) (0.00027) 

�,-./� 0.00043 

��Ím�01 0.00032 

ab 0.00037 

� 

� 

� 

�  (a) 17}�ab) (0.00030) 

2y(345664789:4)�  0.00019 

�  (a) 17}�) (0.00017) 

;<Oe � ** 0.00011 

#$MNO 0.00005 

¹�MNO 0.00002 

; 1)Z#�:12=  

; 2)Z#O<¹�MNOPQ�'ÅLT¹�MNO� 1/2'E^T}abOAgDEFG 

; 3)>?O(����ö÷Ä�ðñ��Bj_@A1�0���AB_FS�>?'·_�O)  

; 4)**CLT;<DqO(WHOúûüýÔþ���6í.6�Oe) 

; 5)üýEe�abOLTlFüý�ÃZ#O�ab[Â_FSTGüH�}abOAabEF

ç�'LI·_Þs<Â_G 

 

 

"«���B�ÈÒdçè���ÞS¾Ê�Ë_cîïDx7 
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8.7 !I

�������	���dm�Se�� PM �8< =>ê�í>B�D� PAHs(JKLM

NOPQR)B9:; �S�D�a^ =��$�� 8TUB��^#$_c#-nY�Z

;�%\a*8bné*�8#$m�TU�n��������	�
����� PM Bo

p# PMm� PAHsBWXD�^^z�8&2wxy345m� PAHsBWX#-%\�îï8

¦§�a^ ����-% 

 

¨£ PMm� PAHsõ�(PM�Í:<-7� PAHsS�:)�V�$�8TU�x~$(��� 

ÒY[8RFO^ A�5�x�£�;����Ç��;
~-% 

 

¨£ PM ^&2� PAHs ×,�@;~$�-%e-8345� RFO ^��#$ PAHs õ�� 1

�
� 2�)��
~-% 

 

¨£ RFO� A�5^��#$ PM�: J�-Ç8&2¼½:<-7� PAHs�:�Á÷

#-©{8RFO� A�5x7z PAHs J[����^©���-% 

 

¨£e-8RFO� A�5x7zí>�u� PAHsBSÄ0{ ��-Ç8PAHs�Z[����

í>�u�B{�#-í>ê:*òóD�^8RFO�í>� A�5x7z���ÒY[;

�a^ Cº��-%;w8a�a^�8&2�Å�P;I� PM ÉÊ�×�x78PAHs

��:BÉÊ*Y�a^BC#$��% 

 

¨£%´�w'� PAHs����;<+"*6������ø^��D�^8TU� PM�:

 J�-Ç PAHs�:zJ[8TU�&2¼½:<-7� PAHs�:������ø�

�ß
��_ß)�^©���-%e-8ï��î�w'�TU
��E�F[a]GH��

:B�÷#-^a¹8TU�� �%´<+"��`Z;[;�a^ Cº��-% 

 

¨£� >�E�F[a]GH�õ��úö* WHO �������B�(#$��%TU�

PAHs�:�%´�Üù;<+"*6������ø^��#$zZ;[;[8TUBS

Ç-Ï<+" E�F[a]GH�;I PAHs �ÉÊ�u� �D�a^ !e��%TU


�� PAHs�:�8&2�Å�P;I�x7ÉÊD�a^ ÓÔ*678PMiT^#$

MEPC57*�&P��-&2m¡¢.�ÉÊ Å�&2Æ�ÇÁBØÇ8îï^#$ PAHs

��:ÉÊ�V; �^»�*Y�% 

 

¨£TU��®�×�V�$�a�e* SO
2
0 PM�ÉÊËïBm'�ãä��$Y- 8

TU
�� PAHs�: %´<+"^��#$Z;[;�a^^8úö�E�F[a]GH�

õ� WHO������B�(#$��a^BÚ�D�^8CÆ�P�Ê®���Ê�

(�
���®�×�ãäz)*åù�;�^ÚÐ���% 
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9. �������	

9.1 �������	 PM�
�	�������

��������	
��� RAMS/CMAQ������(�����������)�� 

!"#$%$&�'(�)*+�,-�./��01+� PM �2345�67�*89:;

<�",-=>/�?@!.ABC9 NOx"SOxD"��EFG�H��IJKG@ PM?

L�M?NO>C! �:P�QLRSJK���EF�TUVWX�YZ9�[\]^�

_`�abcd=>"ef�M?Ng=89:

Vh#$%$&�)ij=>.ABC9 SO
2
�klD")ij=> 100 kmemnC9opFD"

qrs?@!t"uvwxyz`{kl?�|}�~ !t��@Q�:

Vh�^�v��~ !D,-0�� SOxD 1,000 km���F�?���������BC�

?�gC! �N"�����~ !D,-0�� SOxD�T���F 23�31 %��@!

~I"�����~ !D�f 1,000 km�45�� 70 %emN��+�M?N��BC�:

MCD�^�v�?��FD"� V¡l"¢£¤L���¥¦§¨,-�T��©NI

ªN«L�9Z?¬>C�:

L~"�����®&�~ !t"�¯��°±+�²�D 1,000 km45��³��¤D

.A¤� 40 %´µF¶I"���F��BC�·¸¹N¶�:

Vh'()ij�,-=>� SO
2
�23D"�����~ !t�^�v��~ !t234

5Dº :;�"SO
4
JK�2345D"����?�^�v�FD�»L¼«N¶�M?

N½¾BC�:MCD"�¥¦§"SO
4
JK���E�WX�¿�+�À��ÁÂ¤¨�T

¤�Ã�"uvwxyz`{kl�Ä ¨,-�T��©NI�Ä ª��t�?¬

>C�:

Å8!"ÆÇÈÉ�Êp=>DË®&�ÌÍ�Îg�9ÏÐNÑÒF¶�:9Ó@"�Ô

ÕÖ�×9.5 ,-.� PM�Ø¹ÙÚÛ�¬Ü+�?"MEPC57FÝÞGBC9x�^u�

$ß�^à(á!�®&�~ !âãäåæ�ç�)D"è�é�ê�åæë�ìí�îï@"

�N�¹ª�Ø¹�Ã+� PAHs�ðñòdt��BC�M?=>"x�^u�$ß�^à

�ó !tôÒ¹D¶�?¬>C�:

Vh,-.A/�E� PM�D SO
2
�õö¹JK(SO

4
JK)N÷øY�C�:ùú��[\]^

�_`cd�Cû")ij=>.ABC9 SO
2
D SO

4
JK�üíBC!���F��B

C"SO
2
It SO

4
JK�2345N© M?M?NýBC9:MC>M?=>"åæEã

äþ�ðñ+�M?D",-0�� PM�ðñ�òdN¶�M?NýBC9:

MEPC�~ !tåæEãäþ�ÏÐ+�M?�I"SOxðñòd��L>� PMðñò

dt¶�M?N�Z>C9:
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Vh#$%$&�)ij=>.ABC9 NOVNO
2
D"���Ã�L NO

2
ë"�� HNO

3
��F

|}é�¨=��GBC�:9Ó@"NO
3
JKD�?��ÁÂ��"/�ÌÀ�?@!��

E�ÁÂ+�	ÎN
 :MCD"SO
4
JKNã�[��?@!��FtJKG+���r

@!"HNO
3
D$`�$L�$�����`NÁÂ@L ?JKGN��L M?�01

@! �:

VhP� HNO
3
D���lN�» M?=>")ij=> 300 kmemnC9opF�/�ÌÀ

�?@!�klD"qrs?@!t"uvwxyz`{kl?�|}�~ !��F»�:

VhNO
3
JK�FüG+�,-0�� NOxD�L M?=>t"NOx=>T�� PM�234

5D SOx=>T�� PM�2345�|}@!ºø"NOx�r@!D�oéLr�N��

@ :MEPC57FÝÞGBC9 NOxÏÐ�Q� 2016�=>��BC� Tier3D.AÏÐ®

&(ECA)�����+�t�F¶I"���cd�~ !t�þLòdN¶�?�¾F»�

ÏÐ��F¶�:

9.2 �������	 PM�
�	�������

 U 19 �lD"!�E"	
�N#�@9��ERSJK�kl$%����� !"#

&'&�~(�,-�./��01+� PM�2345�67�*89:67cd=>"~~

)*ef�M?Ng=89:

Vh,-=>� SO
2
N23+�45 (,-+,	ÎN 25 %em)D"4-=> 8-�=(!�.

/�©N8! �:;�"0I��¯�N1øL�²��~ !D2'�0�34+�

�./ëD©N8! L :SO
4
JK�,-+,kl�ó !D"SO

2
?|5!klDâ 

t��"SO
2
?67� 6-=> 8-�=(!
øL8! �:

VhNO
2
�,-+,klD"5 -=> 9 -�=(!
øL8!~I"�� 889 -D'')i�

��~(�,-+,	ÎD SO
2
It)@9
øL8! �:,-=>� NO

2
N23+�

45(,-+,	ÎN 25 %em)D"SO
2
�|5!ºø",-+,N�»øL� 6-=> 9-

�~ !tSO
2
���./�©N8! L :HNO

3
�,-+,klDNO

2
�|5!:Bø"

)ij�þ;@! �:NO
3
JK�,-+,klD NO

2
�|5!:Bø"�./�þ;@

! �:

VhåæEãäþÏÐ��ÆÇkl<=òdD"SO
2
klF>?F¶I"åæEãäþ� 0.5 %

�ÏÐ(;<®&�~(� 2020 �e¢�ÏÐ�@A)+�M?�I"- Bs�klþ;

FC>C92'&~D#&'®m� SO
2
�
kl&D�EaFBC9:�9"8-�~(

� SO
2
kl�� Bs�-Ý�s�ó !t�»L<=òdN$½BC"G����ÆÇ

HIIJ@ WHO�� Bs�/�{y�`s(20 μg/m
3

)�"2'&�ÁÂ+�%¾o

p�~ !tKUF»�?¬>C�:;�"SO
4
JKklFt"åæEãäþ� 0.5 %�

ÏÐ+�M?�I"- Bs�klþ;FC>C92'&�
kl&D�EaFBC"

9-2



9-3

ðñ	ÎD SO
4
JKklFÝ� 2	LlF¶89:SO

2
kl��FDL �@!t"åæE

ãäþÏÐN"MNé� SPM (PM
2.5

)���ÆÇ<=�;¾�òdN¶�M?N��F»�:

åæE�ãäþ�ðñ+�M?N"PM�Q�@A�	Î�tóRSJKðñ�MNé�O

N�M?D"MEPC�~ !t,-./���P?@!�QBC!~I"PM�ÏÐ?@!

åæEãäþ�ðñNÝÞé�RIS�C9:

Vh Tier2� NOxÏÐ�á,�TU@9VÎ�ÆÇkl<=òdD"ô�@t�þFDLø2'

WX/~D)ijWX/�2345DaFBC�"�92'WXop�~(�<=Yt

10 %Z[�?���:;�"Tier3ÏÐ�á,�TU@9VÎ�ÆÇkl<=òdD>?F

¶I"- Bs�klþ;FC>C92'&~D#&'®m�
kl&D=LI<=B

C�:�9"<=Yt 20 %�ø�K@"8-�- Bs�klþ;�~ !"Tier3ÏÐ�

á,�TU+�M?�I���ÆÇHIIJ@ WHO �� Bs�/�{y�`s

(40 μg/m
3

)\]NaF+�M?N��F»�:9Ó@"MM�F�<=òdNè^���B

C��D",_�`BL�=> 2040�e¢�L�M?�aî+�ôÒN¶�:è^�"2020

��~(���F»� Tier3�Î,�TU	Î�¬Ü+�?"8-�~ !t- Bs�ð

ñYD 5 %LlF¶�:

VhNOx ÏÐ�ó !D"SOx ÏÐ�QLá,�r¥�@9èò¹�¶�ÏÐ��NbÌF

D¬>CL 9Z"Tier3 �Q�J@ ÏÐ�c,�r@!��+�M?�ÆÇd=>

¬!tÎe¹N¶�?¬>C�:L~"MEPC57FD".AÏÐ®&��fgÁ,�r

@!t Tier1ÏÐNTUBC�M?NÝÞGBC"ùú�cd�hijkF¶�l��ÆÇ

<=òd���F»�ÏÐ�mn�?L8! �:

9.3 ��������� 

���FD#&'�Ë2'�o�+�,-�r¥?@!"paq~D)*q�.ABC�

��rsÀ�¤�t¾@9:t¾cd�uÒDS�?~IF¶�:

Vh 2000 ��#&''�YZ9�[\]^�_`45á��~(�,-=>�.A¤D SO
2
N

v 57,000 t"NOxNv 101,000 t"PMNv 7,000 tªF¶I".m�T��YZ9¿#w�$

�.A¤�PCxCv 31 %"v 16 %"v 14 %�yZ"SO
2
�+,YN
 :L~"#&'

��~(�.A¤D SO
2
Nv 21,000 t"NOxNv 37,000 t"PM(SO

4
JK�Y))Nv 2,600 t

ªF¶�:

VhMEPC 57�~ !ÝÞGBC9åæEãäþ�ðñ�� SO
2
~D PM�r+�ÏÐ"

L>D�cz,�r¥�@9 NOxÏÐN�),�t��BC9VÎ�½¾@!"IMOÏÐ

��ðñ¤��¾@9:

SO
2
.A¤�ó !D"åæEãäþ� 0.5{ef?@9VÎ(;<®&�~(� 2020 �e

¢�ÏÐ�@A)"SO
2
D 72 %"PM(SO

4
JK�Y))D 64 %NðñBC�:B>�"0.1 %

ef�ÏÐ@9VÎ(.AÏÐ®&�~(� 2015�e¢�ÏÐ�@A)"SO
2
D 95 %"PM(SO

4
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JK�Y))D 84 %NðñBC�?�|BC9:

Vh,-D.m�T�?|}@!.A/�ÏÐN}�ø"�� PMDÅ~´ÏÐF¶89:@=

@"åæEãäþ�ðñD PM.A¤�ðñ�òdN
ø"PM�ÏÐ��?@!MEPC57

FÝÞGBC9��Ö��c9�RIS�C9:

VhNOx.A¤�ó !D"c9LÏÐ�~ !¾Z>C9 NOx�ðñYD"Tier1F 23{"

Tier2(2011�e¢��z,���)F 38 %"Tier3(.AÏÐ®&�~(� 2016�e¢��z

,���)F 83 %F¶I"ËÏÐ��ÂY�¬Ü@9 2020��D 27 %"2025��D 41 %

NðñBC�?�|BC9:L~"MEPC57�~ !D�f�bÁ,�ó !t NOxÏÐ

NTUBC�M?NRIS�C99Z"ùú�|@9 2020�~D 2025�� NOx.A¤

ItB>�ðñBC�M?N��F»�:

Vh���FD.A¤��¾Vt¾�l��m??t�"���[\]^�_`�|t¦§?

+�9Z.A¤��MéLþ;¨qMüX�H�F»�Qaî@9:�9"t¾��ª

�ó !D"��é���@"��o&Ft��F»��\$�?@!��@9:

Vh.A¤��l�B>�
Z�9Z�D"PM.Ap��¿+��^����"����y^

�.Aè����"åæF�¤�è���~D���,-��X¤���L�";��

�^����V��NôÒF¶�:

9.4 ������	 PM�!"#$%

#&2�~(���E PM��~D����=>",-.A/��+,ª�ó !~~)*

ef�pN�>=?L89:

Vh �f `�¡,�N¢V�N� %¾pFD SO
2
�ó !DWX�T�=>���éL2

3Ný£BC9N"PM �ó !D�¤FDL=89:P�e¥?@!"RSJK�Y)

PMD SO
2
It�T���F23NbC�ø M?¨"uvwxyz`{kl�üXN�

» M?L��I"bo�%¾FD?>>CL=89M?N¬>C9:

Vh .A/�E� PMD"RFOç�,? AÑ¦ç�,F��`Uþ~D§�Uþ�nU|N

«LI"RFOç�,Dã���`"u¡%z�"v¨�L��Uþ�	ÎN
ø";�"

AÑ¦ç�,FD©ª¦�Y�C����z�"«¬N1F"PME����z�?«¬

�	ÎN RFOç�,�|5!@ré�
øL�M?Ný£BC9:

Vh ,-.� PME� SO
4
JK�	ÎN®¯���%¾cd?|}@!â N"MCD PM�

°±���Ä (®¯�FD 53²ef�³´@9Ì�F°±+���r@!"���FD


 Ì�Fµ¶.�·=>¸N°±@! �)��t�?¬>C�:
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Vh ��F¹>C9,-.� PM�UþnU�� !"CMB|t�I,-�+,Y�ºt@

9cd",-�+,YD 10 %Z[F¶89:9Ó@"CMB|tF»Z9+,�DRSJK

�Y�F L :RSJK�YZ9,-�+,DMCItB>��»øL�·¸¹N¶

�:

Vh ,-�+,YDåæ¼½¾�D RFON AÑ¦It�»ø"�9"qMj¾�D¿MNÀ

MIt�»=89:

Vh 9Ó@"���F»Z9+,YD",-.A/�E� PMUþ�Dû>ó»N�»ø"Uþ

nU�ÁÂ¹N¤ÈBC! L ·¸¹�¶�EF�+,Y�ºtF¶�M?�aî+�

ôÒN¶�:

9.5 ���& PM�'()*

�Ã^Ä�w`%`�.�E�Y�C� PM D"�N�¹ª�Ø¹�Ã+� PAHs(÷ÆÅÆ

ÇÈG£É)�Ê¤LN>YÃ+�M?NO>C! �N",-�r¥?@!��@9jËD�

L :PMF"�jÌFD"N¢E�,-��Í�Ã^Ä�w`%`=>.ABC� PM �°

±@ PME� PAHs�%¾+�??t�"åæ~D©ª¦E� PAHs�%¾@9:P�cd"

ef�M?N¤�BC9:

Vh PM E� PAHs kl(PM �3¤A9I� PAHs YÃ¤)D",-�8!uyÎÏN�»ø"

RFO? AÑ¦���¤LÄ D�Z>CL=89:

Vh PM ?åæ� PAHs nUD«L8! 9:�9"©ª¦D RFO ?|}@! PAHs klD 1

Ð=> 2ÐLlâ=89:

Vh RFOD AÑ¦?|}@! PM.A¤N÷ 9Z"åæF�¤A9I� PAHs.A¤�ít

@9VÎ"RFOD AÑ¦It PAHsN÷ø.ABC�?�|BC9:

Vh�9"RFOD AÑ¦ItØ¹�1 PAHs�Y)	ÎN
 9Z"PAHs����À��

Ø¹�1B�Î|@9Ø¹ª¤FÙÚ+�?"RFO�Ø¹D AÑ¦ItB>��»øL

�M?Ný£BC9:L~"M�M?D"åæ�ê�GL�� PM ðñr��I"PAHs

�.A¤�ðñF»�M?�ý@! �:

Vh.m�~(� PAHs�ÁÂéL�T�F¶��Ã^Ä�Ñ?|}+�?",-D PM.A¤

N÷ 9Z PAHs.A¤t÷ø"2'o&�~(�,-=>�Ò`Ó[a]Ô]`.A¤�ºt

@9?M9",-�+,D.m�T��|5�LøL M?Ný£BC9:

VhÕNG�Ò`Ó[a]Ô]`klDbÌF WHO �/�{y�`s�\]@! �:,-�

PAHs.A¤D.m�ÖÒL�T�F¶��Ã^Ä�Ñ?|}@!t�LøLø",-�Y
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Z9Ë�T�NÒ`Ó[a]Ô]`L� PAHs �ðñ�;�×�+�M?N��C�:,-=

>� PAHs.A¤D"åæ�ê�GL��Iðñ+�M?N·¸F¶I"PMÏÐ?@!

MEPC57FÝÞGBC9åæEãäþ�ðñNê�åæë�ìí��Z"cd?@! PAHs

�.A¤ðñ�óLN�?��F»�:

Vh,-�.A/�r��ó !DMC�F SO
2
¨ PM�ðñòd�EØ�67BC!»9N"

,-=>� PAHs.A¤N.m�T�?|}@!�LøL M??"bÌ�Ò`Ó[a]Ô]`

klNWHO�/�{y�`�\]@! �M?�¬Ü+�?"�ë�ÙÚ��w�âñ�

Êp=>�.A/�r��67tù[ôÒ�L�?¬>C�:

9.6 +,-

2�M�g9I",-=>� PM�ó !"bo��"�[\]^�_`"PMÛÜ�À¹L�

�Êp=>"³Îé�P�ÏÐ�·¸¹�ó !67@!»9:

,-Í¿D"ÛXÑL��
�Í¿�|}@!P�åÝ�¹L�=> g}�´åÝþ?L�

�Ã^Ä���ÃÏ\]^�¨ SOFþDeé��L ?�gC!»9:��"åæNÛXÑ�

� >C�Þ¦�|}@!â�F¶I=ó PAHs ¨Ñ§�½L��Ê¤�Ø¹À�NåæÛ��

Y�C! �M?"�9ßà BF 2.7%Ll?áâ�ãäYÃYN
 M?=>ã�[��¶�

 Dã�ãN÷øY�C! �M?N�PF¶I"MC>��PD����~ !t¤�F»9:

M�M?D"�Ã^Ä���ÃÏ\]^��ä¤L%¾�åæ�@!~I"bqpFD®¯�

�� 9 PM %¾D"ßà�~ !tRóLl�	
x�^ß@=Uç@!~>�"è^�^]

Ò��~ !D".A]Ò��¤�N±C! L :@9N8!"PM �Q�;SJK�ó !

Dèò¹�¶�ÏÐs�¾Z�M?D"bèé�åæF¶�?¬>C�:

B!"PM ���E�WXD";SJK?RSJK�¾�¬�ôÒN¶I"�9`én�2

3�¬Ü+�ôÒN¶�M?=>"Å~*ê���L�F� >C! ���V�����ëQ

���FDLø"ìG�H�L�t±Ië� CMAQ�Ò^�?@9
lL����� 9:M

�M?F"6ª������ 9`én���|t�*8! ��^�v�í¶� DîGí�

���|tcd?�|}Nïð?L89:���|t�è^�ñA@9��������	
�

òóôõ~D!�E"	
���£ö÷�D<Z!øù�ú@mû9 :

�����)ij~D#&'=>�,-./��23�uü+�?"(1) SOx��JKÌ�ã

�ãD/�Ì� NOx~D SO
2
�|}@!`én�FýK+�M?"(2) #&'�Q�,-�

XNÀeéþl?@!�E+�w�$�~ !DP�23D��F»�@ALl�ðñNôÒ?

BC�M?"(3) PM�ó !D;SJK�23Iã�ã�ÁÂBC�RSJK�23N�»ø"

P�îïFåæE�ãäþ�ðñ+�M?NRSJK�ÆÇkl�fû�M?�Ã�F¶�M?

Ng=89:

em� 3 p�ó !D"�������~ !t�E6ª�cd�A@!»!~I"MEPC �

V�~ !tG^éL�Q¶� DÎî�¹���89:M�9Z"Å~´ÏÐF¶89 PM Ï
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Ð?@!åæE�ãäþðñN34�(�? Q�»L�����Ö��<ä�~ !¹�M?

NF»9:�9"�� NOx�ó !D 80%ñ? Q����N��2'���ÆÇ<=�ÃòF

¶�M?N�^�v�í�teaBC"ÝÞé��	�¹���89:

��F"2345�ó !D�»LCa�@ÄNT�9:Õ��|t�~ !D"�����

~ !D� 100kmLl�FN2345?¬>C"�9�¯�8!tP���¹Ó(FLø4

5P�t�tüG+�:��"�^�v�í�|tcdD"��ã�ã�ó !D 1,000km �\

!t23+�? Q`én±Ç��rs¦v� `
ß��P�����@9cd�A@!»

! �:��cd�¼«�D"����¦§¨uvwxyz`{kl�Ä L�N¬>C�:

M�9Z"2345�ßàF����s?+�M?�D��é��eN¶�?��Q�H�»"

ECA(.AÏÐ®&)�ó !D"ËG���FÛ¥�®&��¾+�M?N·¸?L89:

��Ö��~ !D,-�åæ�Ã�À�¨��rs�óLN�QLÀ����@L Q

¾Z! �:PMNtóØ¹�ó !D"MEPC�~ !D�s�H�ø��éL��DL=89

t��"���cdD"ê�åæë�ìí�I÷ÆÅÆÇ���.A¤N�»øðñF»�M

?�ý£@!~I"���ãäþ� 0.5 %�ðñ+�Ó(FLø�A¦�Q�åÝ�¹Nø=

óåæP�t��Ê¤Ã�À�YÃ¤N�L ê�åæ�"��2'���~ !Dç�+�M

?��	+�t�F¶�:

#&'������~(�bV��cdFD";SJKF 10 %Z[�+,N,-./�=>�

t�F¶�M?�ý@!~I"RSJK�YZ9VÎD"P�+,YN��
øL�M?t¬Ü

+�?"����|tcd�~~)*�	+�t�F¶�:ù[D".m��¾�T��r+�

ÏÐ?�uy`�¨�),ë�ÏÐ�TUL� !éLòdtYZ!"#&'L��r@!

ECA(.AÏÐ®&)�"¾+��=³ÎéL��N»Z>C�M?�L�?¬>C�:

L~"����Z�?L�.A¤t¾���ó !D"MC�FG�F�¾���`#^{?

@!� >C!»9$É�GÀ³¤ÏÐ�\$������%��� C"��,- 1 &A9

I��X¤?�XqM�ó !D",¼V,fV�)')V'(á'(�Ã�)?�è����

H�øc9Ls��¾@9:ù["o�Û*�¨2'N2'|+¨³¤ÏÐ|+�¾�^��¾

��?@!� >C�t�?��@! �:

MEPC57�~ !ÝÞGBC9��,^� 73/78¦v��Ö VI�<ä�ïD"MC�F�ÆÇ

ÏÐ�ó !D[�F¶89,-./���»L<=�t9>+t�F¶�:NOx�ó !Db

*ÏÐs� 80%ðñF¶�sD"bqpFD SCR L��[-e.4�� !/Z!KUF»�

BAT(Best Available Technology)�� t�F¶�:�9"P���45D ECA��0¾BC!~

I"³åæF�¤�r+�23tÝ:GBC! �:2'��� NO
2
ÆÇD 2016 �e¢1q<

=+�M?N��F»"ù[�Lø?t 10 �LlD NOx �ó !��%L<ä�ôÒ¹D:B

 ?¬>C�:2�ù[�L� NOxÏÐN*gC�?+Cû"bÁÍ¿tYZ!�34q�.

A¤�r+�ÏÐF¶I"9?û.!��5o�?L�F¶9Q:
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��"SOx�ó !D"6�¤LpN÷ :ECA"¾o&��~ !D 2015��ãäþ 0.1 %

NÒ»BC�9Z"���YZ!c9L ECA��¾+�M?�D ��Ó(FLø7¾@9åæ

89�Ð�:;�YZ!@ALåæN$½BC�:��"SCR�?8!D<ì¦§�=>�ON

�9Z"2016 ��TUqpFç�åæN 0.1 %@A�ê�åæë�ìíNÞ?@! �M?N�

�@ ?t��:�9"��Ö�~ !D�wyu^�ç�N�Z>C! �N"RFO@A�

PM�D SO
2
/�~Dã�[��e'�t PAHsNY�C!~I"MEPC57�~ !ÝÞGBC

9�wyu^�1¾.£/�{y�`s�w�$+��D"
lL.£-eNôÒ?L�:�w

yu^�è�¹�ó !D"SCRem�@^{�N
 ? gA��¹L :ó�I"ECA��

¾Dê�åæ�89�8!ñÈ+�ôÒN¶�? �:SOx~D PM�r+� ECA��¾

�ó !DBÑL³Î��NôÒ�L�F¶9Q:
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���-1(1)������	
���������������������

������� �	
�� ��
��
�� ���������
�� �� ��� 
�� �� ���
�/� ��� ��/� �/� �/� �/� �/� �/� �/�

��� �� ����� 4,071 99,842 24,525 50,122 44,137 5,984 12.3 10.8 1.5

�� !� 1,371 10,230 7,462 44,007 24,389 19,618 32.1 17.8 14.3

"�#$ 5 16 3,249 52 0 52 10.4 0.0 10.4

 %� 60 332 5,526 1,335 919 417 22.3 15.3 6.9

&'($ 0 0 0 0 0 0.0 0.0 0.0

RoRo� 19 268 14,110 313 268 46 16.5 14.1 2.4

%� 29 646 22,275 750 0 750 25.9 0.0 25.9

)*+ 85 549 6,461 2,423 1,056 1,367 28.5 12.4 16.1

,� ����� 511 2,245 4,393 8,606 7,259 1,347 16.8 14.2 2.6

�� !� 9,186 12,904 1,405 162,160 116,135 46,025 17.7 12.6 5.0

"�#$ 5,921 2,394 404 122,283 469 121,814 20.7 0.1 20.6

 %� 1,300 6,135 4,720 11,755 10,335 1,420 9.0 8.0 1.1

&'($ 0 0 0 0 0 0.0 0.0 0.0

RoRo� 1,524 9,485 6,224 14,974 14,468 507 9.8 9.5 0.3

%� 946 6,153 6,504 15,786 0 15,786 16.7 0.0 16.7

)*+ 18,774 7,973 425 98,020 31,649 66,372 5.2 1.7 3.5

-.� �� ����� 206 2,422 11,755 1,654 1,443 211 8.0 7.0 1.0

�� !� 1,329 23,575 17,739 33,975 22,968 11,007 25.6 17.3 8.3

"�#$ 1,155 36,225 31,364 24,202 17,398 6,803 21.0 15.1 5.9

 %� 0 0 0 0 0 0.0 0.0 0.0

&'($ 0 0 0 0 0 0.0 0.0 0.0

RoRo� 9 145 16,130 279 194 86 31.0 21.5 9.5

%� 0 0 0 0 0 0.0 0.0 0.0

)*+ 8 36 4,476 338 192 146 42.3 24.0 18.3

,� ����� 0 0 0 0 0 0.0 0.0 0.0

�� !� 9,845 9,383 953 62,925 57,487 5,438 6.4 5.8 0.6

"�#$ 27,697 15,029 543 397,843 110,177 287,666 14.4 4.0 10.4

 %� 0 0 0 0 0 0.0 0.0 0.0

&'($ 328 3,798 11,580 1,439 0 1,439 4.4 0.0 4.4

RoRo� 233 1,317 5,652 2,552 2,552 0 11.0 11.0 0.0

%� 0 0 0 0 0 0.0 0.0 0.0

)*+ 281 400 1,425 4,559 3,444 1,116 16.2 12.3 4.0

/0� �� ����� 7,069 137,651 19,472 102,169 44,356 57,813 14.5 6.3 8.2

�� !� 6,174 75,479 12,225 160,207 74,258 85,948 25.9 12.0 13.9

"�#$ 1,236 28,304 22,900 32,234 14,445 17,789 26.1 11.7 14.4

 %� 0 0 0 0 0 0.0 0.0 0.0

&'($ 0 0 0 0 0 0.0 0.0 0.0

RoRo� 784 6,051 7,718 19,883 9,720 10,163 25.4 12.4 13.0

%� 4 84 20,968 84 0 84 21.1 0.0 21.1

)*+ 34 100 2,931 1,242 641 601 36.5 18.9 17.7

,� ����� 558 675 1,209 4,311 3,432 878 7.7 6.2 1.6

�� !� 18,896 17,931 949 178,916 158,585 20,330 9.5 8.4 1.1

"�#$ 18,548 16,426 886 242,125 61,839 180,287 13.1 3.3 9.7

 %� 0 0 0 0 0 0.0 0.0 0.0

&'($ 0 0 0 0 0 0.0 0.0 0.0

RoRo� 2 14 6,750 25 21 5 12.5 10.3 2.3

%� 1,450 3,417 2,357 6,611 0 6,611 4.6 0.0 4.6

)*+ 52 170 3,265 2,270 990 1,279 43.6 19.0 24.6
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���-1(2)������	
���������������������

������� �	
�� ��
��
�� ���������
�� �� ��� 
�� �� ���
�/� ��� ��/� �/� �/� �/� �/� �/� �/�

��� �� ����� 378 3,767 9,965 2,025 1,815 211 5.4 4.8 0.6

��� � 2,968 29,799 10,040 117,032 65,839 51,193 39.4 22.2 17.2

!�"# 1,768 51,221 28,971 38,719 27,442 11,277 21.9 15.5 6.4

�$� 0 0 0 0 0 0.0 0.0 0.0

%&'# 0 0 0 0 0 0.0 0.0 0.0

RoRo� 6 145 24,114 98 69 29 16.4 11.6 4.8

$� 1 22 21,884 16 0 16 15.6 0.0 15.6

()* 1 0 230 22 17 5 21.7 16.8 4.8

+� ����� 338 467 1,382 2,759 2,604 155 8.2 7.7 0.5

��� � 27,985 22,879 818 317,384 310,377 7,007 11.3 11.1 0.3

!�"# 44,792 29,920 668 630,196 211,832 418,364 14.1 4.7 9.3

�$� 0 0 0 0 0 0.0 0.0 0.0

%&'# 0 0 0 0 0 0.0 0.0 0.0

RoRo� 661 2,953 4,467 9,580 8,756 824 14.5 13.2 1.2

$� 653 126 192 6,014 0 6,014 9.2 0.0 9.2

()* 5,692 860 151 41,607 40,941 666 7.3 7.2 0.1

,-.��� ����� 1 36 35,890 13 12 0 12.9 12.5 0.5

��� � 1,204 23,126 19,207 54,038 28,692 25,346 44.9 23.8 21.1

!�"# 89 8,551 96,078 2,128 1,598 530 23.9 18.0 6.0

�$� 0 0 0 0 0 0.0 0.0 0.0

%&'# 0 0 0 0 0 0.0 0.0 0.0

RoRo� 0 0 0 0 0 0.0 0.0 0.0

$� 0 0 0 0 0 0.0 0.0 0.0

()* 1 1 950 48 24 24 48.0 24.0 24.0

+� ����� 0 0 0 0 0 0.0 0.0 0.0

��� � 18,497 9,949 538 238,032 223,354 14,678 12.9 12.1 0.8

!�"# 724 409 565 10,091 3,645 6,447 13.9 5.0 8.9

�$� 0 0 0 0 0 0.0 0.0 0.0

%&'# 0 0 0 0 0 0.0 0.0 0.0

RoRo� 0 0 0 0 0 0.0 0.0 0.0

$� 0 0 0 0 0 0.0 0.0 0.0

()* 5,611 952 170 39,190 39,101 89 7.0 7.0 0.0

/01��� ����� 0 0 0 0 0 0.0 0.0 0.0

��� � 412 6,749 16,393 6,036 4,596 1,440 14.7 11.2 3.5

!�"# 0 0 0 0 0 0.0 0.0 0.0

�$� 0 0 0 0 0 0.0 0.0 0.0

%&'# 0 0 0 0 0 0.0 0.0 0.0

RoRo� 0 0 0 0 0 0.0 0.0 0.0

$� 0 0 0 0 0 0.0 0.0 0.0

()* 0 0 0 0 0 0.0 0.0 0.0

+� ����� 0 0 0 0 0 0.0 0.0 0.0

��� � 14,748 8,237 559 167,164 67,093 100,071 11.3 4.5 6.8

!�"# 312 227 728 813 813 0 2.6 2.6 0.0

�$� 0 0 0 0 0 0.0 0.0 0.0

%&'# 7,106 19,366 2,725 2,345 0 2,345 0.3 0.0 0.3

RoRo� 0 0 0 0 0 0.0 0.0 0.0

$� 0 0 0 0 0 0.0 0.0 0.0

()* 728 2,061 2,831 16,162 0 16,162 22.2 0.0 22.2
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������� �	
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��
�� ���������
�� �� ���
�� �� ���
�/� ��� ��/� �/� �/� �/� �/��/��/�

��� �� 500G/T�� 21 7 349 491 107 384 23.4 5.1 18.3

500�1,000G/T�� 75 59 781 2,441 1,473 968 32.5 19.6 12.9

1,000�3,000G/T�� 459 949 2,067 14,495 9,178 5,317 31.6 20.0 11.6

3,000�6,000G/T�� 1,123 4,864 4,332 22,214 11,539 10,675 19.8 10.3 9.5

6,000�10,000G/T�� 984 8,121 8,253 12,576 9,965 2,610 12.8 10.1 2.7

10,000�30,000G/T�� 1,523 25,917 17,017 24,397 19,215 5,182 16.0 12.6 3.4

30,000�60,000G/T�� 1,133 49,855 44,003 16,692 14,510 2,181 14.7 12.8 1.9

60,000�100,000G/T�� 322 22,111 68,667 5,696 4,780 916 17.7 14.8 2.8

100,000G/T�� 0 0 0 0 0 0.0 0.0 0.0

�� 500G/T�� 28,763 5,037 175 345,514 125,964 219,550 12.0 4.4 7.6

500�1,000G/T�� 918 649 707 8,471 6,813 1,658 9.2 7.4 1.8

1,000�3,000G/T�� 3,958 8,230 2,079 33,235 9,801 23,434 8.4 2.5 5.9

3,000�6,000G/T�� 2,362 10,440 4,420 24,246 22,205 2,041 10.3 9.4 0.9

6,000�10,000G/T�� 1,164 9,685 8,321 9,239 8,041 1,197 7.9 6.9 1.0

10,000�30,000G/T�� 997 13,249 13,289 12,881 7,490 5,390 12.9 7.5 5.4

30,000�60,000G/T�� 0 0 0 0 0 0.0 0.0 0.0

60,000�100,000G/T�� 0 0 0 0 0 0.0 0.0 0.0

100,000G/T�� 0 0 0 0 0 0.0 0.0 0.0

� � �� 500G/T�� 63 27 427 706 639 67 11.2 10.2 1.1

500�1,000G/T�� 193 160 831 2,840 2,045 795 14.7 10.6 4.1

1,000�3,000G/T�� 493 932 1,890 9,587 6,890 2,698 19.4 14.0 5.5

3,000�6,000G/T�� 483 2,106 4,360 8,808 6,481 2,326 18.2 13.4 4.8

6,000�10,000G/T�� 300 2,379 7,928 5,490 4,139 1,351 18.3 13.8 4.5

10,000�30,000G/T�� 603 11,354 18,829 13,858 9,572 4,286 23.0 15.9 7.1

30,000�60,000G/T�� 238 9,793 41,147 7,101 4,723 2,379 29.8 19.8 10.0

60,000�100,000G/T�� 128 10,770 84,143 4,692 2,810 1,882 36.7 22.0 14.7

100,000G/T�� 206 24,882 120,785 7,366 4,896 2,470 35.8 23.8 12.0

�� 500G/T�� 27,802 7,995 288 363,871 108,252 255,619 13.1 3.9 9.2

500�1,000G/T�� 6,273 4,578 730 61,034 32,394 28,640 9.7 5.2 4.6

1,000�3,000G/T�� 2,553 6,005 2,352 26,760 19,474 7,286 10.5 7.6 2.9

3,000�6,000G/T�� 1,094 4,688 4,285 12,206 9,991 2,215 11.2 9.1 2.0

6,000�10,000G/T�� 315 2,415 7,666 3,810 3,380 431 12.1 10.7 1.4

10,000�30,000G/T�� 346 4,179 12,078 1,616 153 1,463 4.7 0.4 4.2

30,000�60,000G/T�� 0 0 0 0 0 0.0 0.0 0.0

60,000�100,000G/T�� 1 68 67,524 21 17 5 21.1 16.5 4.5

100,000G/T�� 0 0 0 0 0 0.0 0.0 0.0

!"� �� 500G/T�� 131 57 436 3,382 2,012 1,370 25.8 15.4 10.5

500�1,000G/T�� 354 292 824 6,773 3,744 3,029 19.1 10.6 8.6

1,000�3,000G/T�� 1,592 3,201 2,011 40,445 18,603 21,843 25.4 11.7 13.7

3,000�6,000G/T�� 3,158 13,550 4,291 67,831 28,155 39,676 21.5 8.9 12.6

6,000�10,000G/T�� 3,079 24,779 8,048 57,309 25,522 31,787 18.6 8.3 10.3

10,000�30,000G/T�� 4,284 75,999 17,740 88,630 38,399 50,230 20.7 9.0 11.7

30,000�60,000G/T�� 2,237 92,109 41,175 40,224 18,659 21,565 18.0 8.3 9.6

60,000�100,000G/T�� 401 28,548 71,191 8,040 6,327 1,713 20.1 15.8 4.3

100,000G/T�� 65 9,134 140,518 3,184 1,999 1,186 49.0 30.7 18.2

�� 500G/T�� 25,541 8,043 315 293,544 143,534 150,010 11.5 5.6 5.9

500�1,000G/T�� 8,315 6,024 724 84,371 48,899 35,473 10.1 5.9 4.3

1,000�3,000G/T�� 2,685 6,138 2,286 27,437 13,476 13,961 10.2 5.0 5.2

3,000�6,000G/T�� 2,619 10,235 3,908 24,317 16,286 8,031 9.3 6.2 3.1

6,000�10,000G/T�� 166 1,216 7,323 2,086 1,513 573 12.6 9.1 3.5

10,000�30,000G/T�� 98 2,114 21,573 1,158 234 924 11.8 2.4 9.4

30,000�60,000G/T�� 30 1,486 49,546 479 332 147 16.0 11.1 4.9

60,000�100,000G/T�� 52 3,377 64,939 864 593 271 16.6 11.4 5.2

100,000G/T�� 0 0 0 0 0 0.0 0.0 0.0

�� ��#$
%&
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�/� ��� ��/� �/� �/� �/� �/��/��/�

��� �� 500G/T�� 42 21 491 564 235 329 13.4 5.6 7.8

500�1,000G/T�� 369 290 787 8,201 5,414 2,787 22.2 14.7 7.6

1,000�3,000G/T�� 1,596 3,214 2,014 47,145 29,565 17,581 29.5 18.5 11.0

3,000�6,000G/T�� 948 3,932 4,148 26,290 15,670 10,620 27.7 16.5 11.2

6,000�10,000G/T�� 315 2,306 7,322 8,883 5,111 3,771 28.2 16.2 12.0

10,000�30,000G/T�� 1,135 22,090 19,462 41,236 23,244 17,992 36.3 20.5 15.9

30,000�60,000G/T�� 406 18,576 45,753 12,813 8,218 4,596 31.6 20.2 11.3

60,000�100,000G/T�� 158 12,962 82,038 5,897 3,365 2,532 37.3 21.3 16.0

100,000G/T�� 153 21,563 140,933 6,883 4,359 2,523 45.0 28.5 16.5

�� 500G/T�� 58,310 18,287 314 730,348 381,869 348,479 12.5 6.5 6.0

500�1,000G/T�� 12,895 9,407 729 162,353 99,322 63,031 12.6 7.7 4.9

1,000�3,000G/T�� 6,126 13,888 2,267 79,219 62,367 16,852 12.9 10.2 2.8

3,000�6,000G/T�� 2,301 9,345 4,061 29,222 25,154 4,068 12.7 10.9 1.8

6,000�10,000G/T�� 192 1,389 7,234 2,092 1,900 191 10.9 9.9 1.0

10,000�30,000G/T�� 296 4,822 16,290 4,283 3,880 403 14.5 13.1 1.4

30,000�60,000G/T�� 0 0 0 0 0 0.0 0.0 0.0

60,000�100,000G/T�� 1 68 67,524 24 18 6 24.4 18.2 6.2

100,000G/T�� 0 0 0 0 0 0.0 0.0 0.0

�� ��� 500G/T�� 10 5 492 247 176 71 24.7 17.6 7.1

500�1,000G/T�� 62 54 870 2,028 1,271 757 32.7 20.5 12.2

1,000�3,000G/T�� 525 924 1,761 22,993 12,541 10,452 43.8 23.9 19.9

3,000�6,000G/T�� 178 772 4,335 8,355 4,231 4,124 46.9 23.8 23.2

6,000�10,000G/T�� 53 409 7,722 2,371 1,203 1,168 44.7 22.7 22.0

10,000�30,000G/T�� 160 2,728 17,048 7,581 3,835 3,746 47.4 24.0 23.4

30,000�60,000G/T�� 35 1,394 39,827 1,486 791 695 42.5 22.6 19.9

60,000�100,000G/T�� 186 15,651 84,144 8,082 4,233 3,849 43.5 22.8 20.7

100,000G/T�� 86 9,777 113,687 3,083 2,046 1,038 35.8 23.8 12.1

�� 500G/T�� 22,459 7,515 335 256,005 239,534 16,472 11.4 10.7 0.7

500�1,000G/T�� 1,879 1,283 683 22,170 19,060 3,109 11.8 10.1 1.7

1,000�3,000G/T�� 226 364 1,609 3,589 3,128 461 15.9 13.8 2.0

3,000�6,000G/T�� 105 442 4,209 2,003 1,628 375 19.1 15.5 3.6

6,000�10,000G/T�� 11 72 6,581 175 153 23 15.9 13.9 2.0

10,000�30,000G/T�� 152 1,633 10,744 3,370 2,597 773 22.2 17.1 5.1

30,000�60,000G/T�� 0 0 0 0 0 0.0 0.0 0.0

60,000�100,000G/T�� 0 0 0 0 0 0.0 0.0 0.0

100,000G/T�� 0 0 0 0 0 0.0 0.0 0.0

!"#��� 500G/T�� 4 2 379 116 74 42 29.1 18.5 10.6

500�1,000G/T�� 15 10 655 602 324 277 39.0 21.0 18.0

1,000�3,000G/T�� 11 32 2,937 329 208 122 29.9 18.9 11.0

3,000�6,000G/T�� 0 0 0 0 0 0.0 0.0 0.0

6,000�10,000G/T�� 102 735 7,169 1,795 1,366 429 17.5 13.3 4.2

10,000�30,000G/T�� 279 5,970 21,416 3,193 2,624 570 11.5 9.4 2.0

30,000�60,000G/T�� 0 0 0 0 0 0.0 0.0 0.0

60,000�100,000G/T�� 0 0 0 0 0 0.0 0.0 0.0

100,000G/T�� 0 0 0 0 0 0.0 0.0 0.0

�� 500G/T�� 13,157 3,552 270 138,149 55,259 82,889 10.5 4.2 6.3

500�1,000G/T�� 1,049 762 727 16,572 5,213 11,359 15.8 5.0 10.8

1,000�3,000G/T�� 8,085 22,049 2,727 25,331 2,057 23,274 3.1 0.3 2.9

3,000�6,000G/T�� 44 143 3,239 2,112 1,056 1,056 48.0 24.0 24.0

6,000�10,000G/T�� 559 3,386 6,057 4,320 4,320 0 7.7 7.7 0.0

10,000�30,000G/T�� 0 0 0 0 0 0.0 0.0 0.0

30,000�60,000G/T�� 0 0 0 0 0 0.0 0.0 0.0

60,000�100,000G/T�� 0 0 0 0 0 0.0 0.0 0.0

100,000G/T�� 0 0 0 0 0 0.0 0.0 0.0

$%
&'�

�� ��()
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���

�� SO
2

NO� �PM SOOT� SO
4

CO NMVOC

�t/y �t/y �t/y �t/y �t/y �t/y �t/y �t/y

	
� � 33.7 1.4 1.9 0.18 0.04 0.13 0.25 0.08

� 17.9 0.4 0.7 0.05 0.02 0.03 0.13 0.04

� 51.7 1.8 2.6 0.22 0.06 0.16 0.38 0.12

��� � 18.6 0.8 1.0 0.10 0.02 0.07 0.14 0.04

� 19.8 0.3 0.7 0.04 0.02 0.02 0.15 0.05

� 38.4 1.1 1.7 0.14 0.04 0.09 0.28 0.09

��� � 75.3 2.9 4.0 0.36 0.09 0.26 0.56 0.18

� 16.4 0.3 0.6 0.03 0.02 0.02 0.12 0.04

� 91.7 3.2 4.6 0.39 0.11 0.28 0.68 0.22

��� � 31.4 1.2 1.6 0.15 0.04 0.11 0.23 0.08

� 40.4 0.6 1.5 0.08 0.04 0.03 0.30 0.10

� 71.9 1.9 3.1 0.22 0.08 0.14 0.53 0.17

���� � 15.5 0.7 0.9 0.09 0.02 0.07 0.11 0.04

� 5.4 0.1 0.2 0.01 0.01 0.00 0.04 0.01

� 20.9 0.8 1.1 0.10 0.03 0.07 0.15 0.05

���� � 1.3 0.0 0.1 0.01 0.00 0.00 0.01 0.00

� 4.5 0.1 0.1 0.01 0.01 0.00 0.03 0.01

� 5.9 0.1 0.2 0.01 0.01 0.01 0.04 0.01

�� � 175.8 7.1 9.4 0.87 0.22 0.65 1.30 0.42

� 104.6 1.8 3.9 0.21 0.11 0.10 0.77 0.25

� 280.4 9.0 13.3 1.08 0.33 0.75 2.08 0.67

��

�� SO
2

NO� �PM SOOT� SO
4

CO NMVOC

�t/y �t/y �t/y �t/y �t/y �t/y �t/y �t/y

	
� � 48.4 2.3 3.8 0.29 0.06 0.23 0.36 0.12

� 39.2 1.2 2.6 0.16 0.04 0.12 0.29 0.09

� 87.7 3.5 6.4 0.45 0.10 0.35 0.65 0.21

��� � 10.9 0.5 0.8 0.06 0.01 0.05 0.08 0.03

� 25.8 0.6 1.5 0.08 0.02 0.06 0.19 0.06

� 36.7 1.1 2.3 0.14 0.04 0.11 0.27 0.09

��� � 86.9 3.9 6.4 0.50 0.11 0.39 0.64 0.21

� 19.3 0.5 1.1 0.06 0.02 0.04 0.14 0.05

� 106.3 4.4 7.4 0.56 0.13 0.43 0.79 0.26

��� � 19.7 0.9 1.4 0.11 0.03 0.09 0.15 0.05

� 57.9 1.3 3.2 0.18 0.05 0.12 0.43 0.14

� 77.6 2.3 4.7 0.29 0.08 0.21 0.57 0.19

���� � 5.9 0.3 0.5 0.04 0.01 0.03 0.04 0.01

� 9.4 0.2 0.5 0.02 0.01 0.02 0.07 0.02

� 15.3 0.5 1.0 0.06 0.02 0.04 0.11 0.04

���� � 1.1 0.1 0.1 0.01 0.00 0.01 0.01 0.00

� 10.3 0.3 0.7 0.04 0.01 0.03 0.08 0.02

� 11.5 0.4 0.8 0.05 0.01 0.04 0.09 0.03

�� � 173.0 8.0 12.9 1.01 0.22 0.79 1.28 0.42

� 162.0 4.2 9.5 0.54 0.15 0.39 1.20 0.39

� 335.0 12.2 22.4 1.55 0.37 1.17 2.48 0.80

������

�� SO
2

NO� �PM SOOT� SO
4

CO NMVOC

�t/y �t/y �t/y �t/y �t/y �t/y �t/y �t/y

	
� � 82.2 3.7 5.7 0.47 0.10 0.36 0.61 0.20

� 57.2 1.6 3.4 0.20 0.06 0.14 0.42 0.14

� 139.3 5.3 9.0 0.67 0.16 0.51 1.03 0.33

��� � 29.5 1.3 1.8 0.16 0.04 0.12 0.22 0.07

� 45.5 0.9 2.2 0.12 0.04 0.07 0.34 0.11

� 75.0 2.3 4.0 0.28 0.08 0.20 0.56 0.18

��� � 162.2 6.9 10.3 0.85 0.20 0.65 1.20 0.39

� 35.8 0.8 1.7 0.10 0.04 0.06 0.26 0.09

� 198.0 7.7 12.0 0.95 0.24 0.71 1.47 0.48

��� � 51.1 2.1 3.0 0.26 0.06 0.20 0.38 0.12

� 98.4 2.0 4.7 0.25 0.09 0.16 0.73 0.24

� 149.5 4.1 7.7 0.51 0.16 0.35 1.11 0.36

���� � 21.4 1.0 1.4 0.12 0.03 0.09 0.16 0.05

� 14.8 0.3 0.7 0.04 0.01 0.02 0.11 0.04

� 36.2 1.3 2.1 0.16 0.04 0.11 0.27 0.09

���� � 2.5 0.1 0.2 0.01 0.00 0.01 0.02 0.01

� 14.9 0.4 0.8 0.05 0.02 0.03 0.11 0.04

� 17.4 0.5 1.0 0.06 0.02 0.04 0.13 0.04

�� � 348.9 15.2 22.4 1.88 0.44 1.44 2.58 0.84

� 266.6 6.0 13.4 0.75 0.26 0.49 1.97 0.64

� 615.4 21.1 35.8 2.63 0.70 1.93 4.55 1.48

�� ��

�� ��

�� ��
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���

�� SO
2

NO� �PM SOOT� SO
4

CO NMVOC

�t/y �t/y �t/y �t/y �t/y �t/y �t/y �t/y

	
� � 33.7 0.3 1.9 0.05 0.02 0.03 0.25 0.08

� 17.9 0.2 0.7 0.03 0.02 0.01 0.13 0.04

� 51.7 0.5 2.6 0.08 0.04 0.04 0.38 0.12

��� � 18.6 0.2 1.0 0.03 0.01 0.02 0.14 0.04

� 19.8 0.2 0.7 0.03 0.02 0.01 0.15 0.05

� 38.4 0.4 1.7 0.06 0.03 0.03 0.28 0.09

��� � 75.3 0.7 4.0 0.11 0.05 0.06 0.56 0.18

� 16.4 0.2 0.6 0.03 0.02 0.01 0.12 0.04

� 91.7 0.9 4.6 0.14 0.06 0.07 0.68 0.22

��� � 31.4 0.3 1.6 0.05 0.02 0.03 0.23 0.08

� 40.4 0.4 1.5 0.06 0.04 0.03 0.30 0.10

� 71.9 0.7 3.1 0.11 0.06 0.05 0.53 0.17

���� � 15.5 0.1 0.9 0.02 0.01 0.01 0.11 0.04

� 5.4 0.1 0.2 0.01 0.01 0.00 0.04 0.01

� 20.9 0.2 1.1 0.03 0.02 0.02 0.15 0.05

���� � 1.3 0.0 0.1 0.00 0.00 0.00 0.01 0.00

� 4.5 0.0 0.1 0.01 0.00 0.00 0.03 0.01

� 5.9 0.1 0.2 0.01 0.01 0.00 0.04 0.01

�� � 175.8 1.6 9.4 0.26 0.11 0.15 1.30 0.42

� 104.6 1.0 3.9 0.17 0.10 0.07 0.77 0.25

� 280.4 2.6 13.3 0.43 0.21 0.22 2.08 0.67

��

�� SO
2

NO� �PM SOOT� SO
4

CO NMVOC

�t/y �t/y �t/y �t/y �t/y �t/y �t/y �t/y

	
� � 48.4 0.5 3.8 0.07 0.03 0.04 0.36 0.12

� 39.2 0.4 2.6 0.06 0.02 0.03 0.29 0.09

� 87.7 0.8 6.4 0.13 0.05 0.08 0.65 0.21

��� � 10.9 0.1 0.8 0.02 0.01 0.01 0.08 0.03

� 25.8 0.2 1.5 0.04 0.02 0.02 0.19 0.06

� 36.7 0.3 2.3 0.05 0.02 0.03 0.27 0.09

��� � 86.9 0.8 6.4 0.13 0.05 0.08 0.64 0.21

� 19.3 0.2 1.1 0.03 0.01 0.02 0.14 0.05

� 106.3 1.0 7.4 0.16 0.06 0.09 0.79 0.26

��� � 19.7 0.2 1.4 0.03 0.01 0.02 0.15 0.05

� 57.9 0.5 3.2 0.09 0.04 0.05 0.43 0.14

� 77.6 0.7 4.7 0.11 0.05 0.07 0.57 0.19

���� � 5.9 0.1 0.5 0.01 0.00 0.01 0.04 0.01

� 9.4 0.1 0.5 0.01 0.01 0.01 0.07 0.02

� 15.3 0.1 1.0 0.02 0.01 0.01 0.11 0.04

���� � 1.1 0.0 0.1 0.00 0.00 0.00 0.01 0.00

� 10.3 0.1 0.7 0.02 0.01 0.01 0.08 0.02

� 11.5 0.1 0.8 0.02 0.01 0.01 0.09 0.03

�� � 173.0 1.6 12.9 0.25 0.10 0.15 1.28 0.42

� 162.0 1.5 9.5 0.24 0.10 0.14 1.20 0.39

� 335.0 3.1 22.4 0.49 0.20 0.29 2.48 0.80

������

�� SO
2

NO� �PM SOOT� SO
4

CO NMVOC

�t/y �t/y �t/y �t/y �t/y �t/y �t/y �t/y

	
� � 82.2 0.8 5.7 0.12 0.05 0.07 0.61 0.20

� 57.2 0.5 3.4 0.09 0.04 0.05 0.42 0.14

� 139.3 1.3 9.0 0.21 0.09 0.12 1.03 0.33

��� � 29.5 0.3 1.8 0.04 0.02 0.02 0.22 0.07

� 45.5 0.4 2.2 0.07 0.04 0.03 0.34 0.11

� 75.0 0.7 4.0 0.11 0.05 0.06 0.56 0.18

��� � 162.2 1.5 10.3 0.24 0.10 0.14 1.20 0.39

� 35.8 0.3 1.7 0.06 0.03 0.03 0.26 0.09

� 198.0 1.9 12.0 0.29 0.13 0.17 1.47 0.48

��� � 51.1 0.5 3.0 0.08 0.03 0.04 0.38 0.12

� 98.4 0.9 4.7 0.15 0.07 0.08 0.73 0.24

� 149.5 1.4 7.7 0.23 0.11 0.12 1.11 0.36

���� � 21.4 0.2 1.4 0.03 0.01 0.02 0.16 0.05

� 14.8 0.1 0.7 0.02 0.01 0.01 0.11 0.04

� 36.2 0.3 2.1 0.05 0.02 0.03 0.27 0.09

���� � 2.5 0.0 0.2 0.00 0.00 0.00 0.02 0.01

� 14.9 0.1 0.8 0.02 0.01 0.01 0.11 0.04

� 17.4 0.2 1.0 0.03 0.01 0.01 0.13 0.04

�� � 348.9 3.3 22.4 0.51 0.21 0.30 2.58 0.84

� 266.6 2.5 13.4 0.41 0.20 0.21 1.97 0.64

� 615.4 5.8 35.8 0.92 0.41 0.50 4.55 1.48

�� ��

�� ��

�� ��
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���

�� SO
2

NO� �PM SOOT� SO
4

CO NMVOC

�t/y �t/y �t/y �t/y �t/y �t/y �t/y �t/y

	
� � 33.7 0.1 1.9 0.02 0.02 0.00 0.25 0.08

� 17.9 0.0 0.7 0.01 0.01 0.00 0.13 0.04

� 51.7 0.1 2.6 0.03 0.03 0.01 0.38 0.12

��� � 18.6 0.0 1.0 0.01 0.01 0.00 0.14 0.04

� 19.8 0.0 0.7 0.02 0.02 0.00 0.15 0.05

� 38.4 0.1 1.7 0.03 0.03 0.00 0.28 0.09

��� � 75.3 0.1 4.0 0.05 0.04 0.01 0.56 0.18

� 16.4 0.0 0.6 0.01 0.01 0.00 0.12 0.04

� 91.7 0.2 4.6 0.06 0.05 0.01 0.68 0.22

��� � 31.4 0.1 1.6 0.02 0.02 0.00 0.23 0.08

� 40.4 0.1 1.5 0.04 0.03 0.00 0.30 0.10

� 71.9 0.1 3.1 0.06 0.05 0.01 0.53 0.17

���� � 15.5 0.0 0.9 0.01 0.01 0.00 0.11 0.04

� 5.4 0.0 0.2 0.01 0.00 0.00 0.04 0.01

� 20.9 0.0 1.1 0.01 0.01 0.00 0.15 0.05

���� � 1.3 0.0 0.1 0.00 0.00 0.00 0.01 0.00

� 4.5 0.0 0.1 0.00 0.00 0.00 0.03 0.01

� 5.9 0.0 0.2 0.01 0.01 0.00 0.04 0.01

�� � 175.8 0.3 9.4 0.11 0.09 0.02 1.30 0.42

� 104.6 0.2 3.9 0.09 0.08 0.01 0.77 0.25

� 280.4 0.5 13.3 0.20 0.17 0.03 2.08 0.67

��

�� SO
2

NO� �PM SOOT� SO
4

CO NMVOC

�t/y �t/y �t/y �t/y �t/y �t/y �t/y �t/y

	
� � 48.4 0.1 3.8 0.03 0.02 0.01 0.36 0.12

� 39.2 0.1 2.6 0.02 0.02 0.01 0.29 0.09

� 87.7 0.2 6.4 0.05 0.04 0.01 0.65 0.21

��� � 10.9 0.0 0.8 0.01 0.00 0.00 0.08 0.03

� 25.8 0.0 1.5 0.02 0.01 0.00 0.19 0.06

� 36.7 0.1 2.3 0.02 0.02 0.00 0.27 0.09

��� � 86.9 0.2 6.4 0.05 0.04 0.01 0.64 0.21

� 19.3 0.0 1.1 0.01 0.01 0.00 0.14 0.05

� 106.3 0.2 7.4 0.06 0.05 0.01 0.79 0.26

��� � 19.7 0.0 1.4 0.01 0.01 0.00 0.15 0.05

� 57.9 0.1 3.2 0.04 0.03 0.01 0.43 0.14

� 77.6 0.1 4.7 0.05 0.04 0.01 0.57 0.19

���� � 5.9 0.0 0.5 0.00 0.00 0.00 0.04 0.01

� 9.4 0.0 0.5 0.01 0.00 0.00 0.07 0.02

� 15.3 0.0 1.0 0.01 0.01 0.00 0.11 0.04

���� � 1.1 0.0 0.1 0.00 0.00 0.00 0.01 0.00

� 10.3 0.0 0.7 0.01 0.00 0.00 0.08 0.02

� 11.5 0.0 0.8 0.01 0.01 0.00 0.09 0.03

�� � 173.0 0.3 12.9 0.10 0.08 0.02 1.28 0.42

� 162.0 0.3 9.5 0.10 0.08 0.02 1.20 0.39

� 335.0 0.6 22.4 0.20 0.16 0.04 2.48 0.80

������

�� SO
2

NO� �PM SOOT� SO
4

CO NMVOC

�t/y �t/y �t/y �t/y �t/y �t/y �t/y �t/y

	
� � 82.2 0.2 5.7 0.05 0.04 0.01 0.61 0.20

� 57.2 0.1 3.4 0.04 0.03 0.01 0.42 0.14

� 139.3 0.3 9.0 0.08 0.07 0.02 1.03 0.33

��� � 29.5 0.1 1.8 0.02 0.01 0.00 0.22 0.07

� 45.5 0.1 2.2 0.03 0.03 0.01 0.34 0.11

� 75.0 0.1 4.0 0.05 0.04 0.01 0.56 0.18

��� � 162.2 0.3 10.3 0.10 0.08 0.02 1.20 0.39

� 35.8 0.1 1.7 0.03 0.02 0.00 0.26 0.09

� 198.0 0.4 12.0 0.12 0.10 0.02 1.47 0.48

��� � 51.1 0.1 3.0 0.03 0.03 0.01 0.38 0.12

� 98.4 0.2 4.7 0.07 0.06 0.01 0.73 0.24

� 149.5 0.3 7.7 0.10 0.09 0.02 1.11 0.36

���� � 21.4 0.0 1.4 0.01 0.01 0.00 0.16 0.05

� 14.8 0.0 0.7 0.01 0.01 0.00 0.11 0.04

� 36.2 0.1 2.1 0.02 0.02 0.00 0.27 0.09

���� � 2.5 0.0 0.2 0.00 0.00 0.00 0.02 0.01

� 14.9 0.0 0.8 0.01 0.01 0.00 0.11 0.04

� 17.4 0.0 1.0 0.01 0.01 0.00 0.13 0.04

�� � 348.9 0.7 22.4 0.21 0.17 0.04 2.58 0.84

� 266.6 0.5 13.4 0.19 0.16 0.03 1.97 0.64

� 615.4 1.1 35.8 0.40 0.33 0.08 4.55 1.48

�� ��

�� ��

�� ��
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���

�� Tier1 Tier2 Tier3 2020��	 2025��	


t/y 
t/y 
t/y 
t/y 
t/y 
t/y

�� �� 1.9 1.5 1.2 0.31 1.38 1.12

�� 0.7 0.6 0.5 0.14 0.55 0.45

� 2.6 2.0 1.6 0.45 1.93 1.56

�� �� 1.0 0.8 0.6 0.17 0.75 0.60

�� 0.7 0.6 0.4 0.15 0.53 0.43

� 1.7 1.4 1.1 0.32 1.28 1.04

�� �� 4.0 3.1 2.4 0.65 2.89 2.33

�� 0.6 0.5 0.4 0.12 0.45 0.37

� 4.6 3.5 2.8 0.78 3.34 2.70


� �� 1.6 1.2 1.0 0.27 1.16 0.94

�� 1.5 1.2 0.9 0.30 1.09 0.89

� 3.1 2.4 1.9 0.57 2.26 1.83

��� �� 0.9 0.7 0.6 0.15 0.67 0.54

�� 0.2 0.1 0.1 0.04 0.14 0.11

� 1.1 0.9 0.7 0.19 0.81 0.65

��� �� 0.1 0.1 0.0 0.01 0.05 0.04

�� 0.1 0.1 0.1 0.03 0.11 0.09

� 0.2 0.2 0.1 0.05 0.16 0.13

�� �� 9.4 7.3 5.8 1.56 6.90 5.57

�� 3.9 3.1 2.4 0.80 2.87 2.34

� 13.3 10.3 8.2 2.35 9.77 7.92

���

�� Tier1 Tier2 Tier3 2020 2025


t/y 
t/y 
t/y 
t/y 
t/y 
t/y

�� �� 3.8 2.9 2.4 0.59 2.76 2.24

�� 2.6 2.0 1.6 0.41 1.91 1.54

� 6.4 4.9 4.1 1.00 4.67 3.78

�� �� 0.8 0.6 0.5 0.13 0.59 0.48

�� 1.5 1.1 0.9 0.24 1.06 0.85

� 2.3 1.7 1.4 0.36 1.65 1.33

�� �� 6.4 4.9 4.1 1.00 4.68 3.79

�� 1.1 0.8 0.7 0.18 0.78 0.63

� 7.4 5.7 4.7 1.18 5.46 4.42


� �� 1.4 1.1 0.9 0.23 1.05 0.85

�� 3.2 2.5 1.9 0.53 2.34 1.89

� 4.7 3.6 2.9 0.75 3.39 2.74

��� �� 0.5 0.3 0.3 0.07 0.33 0.27

�� 0.5 0.4 0.3 0.08 0.37 0.30

� 1.0 0.7 0.6 0.15 0.70 0.57

��� �� 0.1 0.1 0.1 0.01 0.06 0.05

�� 0.7 0.5 0.4 0.11 0.50 0.40

� 0.8 0.6 0.5 0.12 0.56 0.45

�� �� 12.9 10.0 8.3 2.03 9.48 7.69

�� 9.5 7.3 5.8 1.55 6.95 5.61

� 22.4 17.3 14.1 3.58 16.42 13.29

�������

�� Tier1 Tier2 Tier3 2020 2025


t/y 
t/y 
t/y 
t/y 
t/y 
t/y

�� �� 5.7 4.4 3.6 0.89 4.15 3.36

�� 3.4 2.6 2.1 0.56 2.46 1.99

� 9.0 7.0 5.7 1.45 6.60 5.35

�� �� 1.8 1.4 1.1 0.29 1.34 1.08

�� 2.2 1.7 1.3 0.39 1.59 1.29

� 4.0 3.1 2.5 0.68 2.92 2.37

�� �� 10.3 8.0 6.5 1.66 7.57 6.13

�� 1.7 1.3 1.0 0.30 1.23 1.00

� 12.0 9.3 7.5 1.96 8.80 7.12


� �� 3.0 2.3 1.9 0.50 2.22 1.79

�� 4.7 3.6 2.8 0.83 3.44 2.78

� 7.7 6.0 4.7 1.33 5.65 4.57

��� �� 1.4 1.1 0.9 0.22 1.00 0.81

�� 0.7 0.5 0.4 0.12 0.51 0.41

� 2.1 1.6 1.3 0.34 1.50 1.22

��� �� 0.2 0.1 0.1 0.02 0.11 0.09

�� 0.8 0.6 0.5 0.14 0.60 0.49

� 1.0 0.8 0.6 0.17 0.71 0.58

�� �� 22.4 17.2 14.1 3.58 16.37 13.26

�� 13.4 10.4 8.2 2.34 9.82 7.95

� 35.8 27.6 22.3 5.93 26.20 21.21

� ��

� ��

� ��
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�� ��

BLG Bulk Liquids and Gases ���	
�����������������������

MARPOL  !"�#$%&'(�)*+,�-.+/)*+,�012345����

6789:;<=>?@89"����ABCDE���

CMAQ CMAQ(Community Multiscale Air Quality model)F�5G4+HIJKL(EPA)M 1998N�

OPQRS�T.UV,TW*XY/��S�Z�[\]S�=>��C�=>��^_

�`abcd'ef�ghi��Mjk�	��XY/l�F����mn:opqr�

st'�01u��ev�^_wxyz�{�wxCg
hi�^wxqr�01u��

|}~�����qrCg
hi�5��/qr��Z���ly���01u���

�wxCg
hi�^wxqr]����wxqr��01y��MS�|�����

�������qry���{�'01y��MS�|������������q

r]����qrCcd'g
h�'(������S�=>T.UV,TW*Mjk]

XY/�	��]�����(R�,�W*� CMAQ�F�SOx�NOx�; ���wx

Fg
h�'(](�

CMB¡ ¢4£¤),XY/¥¦§

EMEP EMEP(Co-operative Programme for Monitoring and Evaluation of the Long-Range Transmission 

of Air Pollutants in Europe ¨ ©ªX«)4*¬®¤�¬¯° )F�1977N�±²©ª³

´���(UNECE)�µ¶�·¸�¹º�(WMO)�{»±²HI¼½(UNEP)�¾¿�{


OÀQ�1983 N�FÁÂÃÄIS�=> ! (LRTAP¨Convention on Long Range 

Transboundary Air Pollution)�ÅÆ��¼½�]�R�

EMEP�ÇÈÉF�S�=>������ÊË����ÌÍ�±ICÄt'ÁÂÃCÎÏ

��S�=>���Ð]�����ÌÍC¦s±�ÑÒ�����	����ÈÉ�Ó�

�Rd� EMEPF~� 3Ô�ÕÏCZÖÉ�×�'(��

EMPC Marine Environment Protection Committee���	
�;<HIJK�������IMO�

ØÙÚÛ�	
�ÜÝ�Þß��;<=>�?@����±à !�áâ�ãäå»æ±

��çÍ� !�èéCêë��ìí�îï"C×i�

IMO International Maritime Organization���		
�±à;Aº�����IMOFÜÝ�67

å»ÜÝ|�;<=>�?@"�;Aðñ����±à¾¿Cêë��Rd�±²�ò

óº��Q'�1958 N�ôõ%&R�±àö÷�øA��;ù�`a�	��ú'�û

ü�ýþÉAB�������#�å»�×�Ô('�����¾¿�Rd�º��]


����{���Éìíå»	
8]����C��Q�;��67�k�É]ÜÝ

�ù��;<=>�?@��Q�b��]ìí���"C×i��CÈÉ�Q'(��

MM5 MM5(5th generation Mesoscale Model)F���*T/�«5ªõS���±S���£*)

,(NCAR)��O%&R 3~����¹XY/�	
��Ë�� ��!":!#����

�$��]���¹�%�f�&�CT.UV,'�(�XY/�	��

NMHC Non-Methane hydrocarbons¨)G)**��+�G)*C,01u�*��+ü���

�	��S�Z�z��wx������PM�z��-2T.*'���/ß�]��

PAHs 0H123*��+ (polycyclic aromatic hydrocarbons, PAH)����%�ÐM4t��Ô&

PAH�OM5�F4SQ�6�7�F89���PAH � 1Ô�	�:*�;V*F�<

�O=%&ROM5��>��	��

PM Particulate Matter���	
���u������S�Z�?�@RF���A�BC�

�D�]��C(i�

PM
10
�SPM S�HIZ�BC�� PM�iE���FG�H 10 mmIØ�������JK�F SPM 

(Suspended Particulate Matter¨BC��u��)�Q'HILMMô$%&'(��

PM
2.5

S�HIZ�BC�� PM�iE���FG�H 2.5 mmIØ�������

�±�+N.�-,1'¯45]��LMO�]�'�
�WHO |bPQOMR%&

'(��

RAMS RAMS(Regional Atmospheric Modeling System)F�S�¯TªõS���O%&R 3~��

��¹XY/�	
��Ë�� ��!":!#�����$��]���¹�%�f�

&�CT.UV,'�(�XY/�	��

RFO Residual Fuel Oil���	
�UVWXY����JIS#Z� C[Y�^\�

RoRoÜ Roll-on/roll-off ship ����]^4,�{i�¯*¤C_t�'V,¯,]��`aCb

c��`adeCfE�gh�ij/kl�(��m�n�Ü�	��op�F LO-LOÜ

(Lift-on/lift-off ship)�

1
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�� ��

SCR Selective Catalytic Reduction���	
�JK��F¢qâ(É)rst�¥Cuv���w

x01y�ýþ�zÔ��{+|��(NOx)Cy���ýþ�	��

SECA SO} Emission Control Area(SOxwx#�;�)���z~;�{
�Q( SOxwx#�(Ü

������7'�WXY���%M 1.5%IØ�	���)M��&��45�	
�

2008N 5�f����/';;���;;�MP$%&('(��

TSP S�HIZ�BC��7 PM(Total Suspended Particulates)���

VOC Volatile Organic Compounds���	
��O��º�>������������Z��

÷��O���������Ç���>�%&Rb�CP��S�Z��x%&�z��

wx�{�'-2T.*'y SPM(BC��u��)�O����Q'(���t&'

(��*��+(���)CÇ���M�C�HI���+M��'(�b�bcFRd�*

��+ü(HC){
��É�F�(�

WHO World Health Organization���	
�·¸J�º�������CLKÉ�����Ô�

�t���Ó�CÈÉ�Q' 1948N�ôõ%&R±²�òóº��Ç]ÕÏl�F�

��������ÌÍ�ÑÒy0�T¯�*O�ô$�0±�¾¿� ë�¡¢f£6o

¤�¥>¦o¤]��	��

z~�� ��u��F���º��§(|z~���}~���¨%�(��z~��F�O�

©|S�Z����Q'ª«wx%&����	
�Y¬,/�*�*|wx%&

���y�g®Þ©�; ���¯°��]�M�&�c@&��

HILM HILK¡(1993)�± 16 �L²('���M$d�HIJ7×���È³�����C

JKQ�å»��ÕHICJ7����´f%&���Mµ@Q(LM�S�=>�¶�

HILMM$d&'(�BÈ�Q'F�}|����}|�{+�BC��u��(SPM)�

z|�*+�z��-2T.*'�·|��¢S�=>���Q':**"M	��

���� [¿�{���yop��P¸��¹º]��{
�S�Z|S�=>��M�%&

�qr����z$f�l������{
S�|�%&�ÐC����"Ë�(

i�

�^wx ¢CMAQ¥¦§

»¼��� W½���M¾º|wx%&Rª¿�ÀÁ%&����������

Â¯1),%Ã Â¯1),%ÃF�o¹�]�Y,)ÄCÅ�É�üÆQ'(�Ç*¤/ev�È~¬/

,;*¬��É¡����	��Â¯1),%Ã�ÊËF�Y,)Ä�üÆ�CÌÍÉ�

R�Y*T�¬¯°(ÎAÏ)�Q'PÐ%&��

���� |���{i��S�=>��M���g
Ñ@&R�E��P��Ø�����

gÏ` NOx:PM¡ äÒÓ�F¢gÏ`|wx%&�{+|���{»��u���Ô$����Õ��Ð

�Ö8"����Ô�ìí¡¥�×� 4N� NOx��Co¹((ØÙ�¢gÏ` NOx¡¥)

�Q'�$%&RM�×� 13N� PMCÚsQgÏ` NOx:PM¡�Q'�$%&R�

ÛS�� S�ZCBC����u���iE���FG�H 2Ü10 μm���C(i�Ç�Q'º

ÝÉ]¿�{
ÞpQR¯°��y; ��]��g®Þ©�z~��|]��

ßàÉ® HILMM 1f�Oy 1J×áO�$d&'(�BÈ�Ô('�â$C×�RJ@RF

f��Ô('®C×i���

ãD��� ��FG 0.1 μmIØ����Nä��	�(F PM
0.1
�bå�&�æN�]�'���`

a�¸|çÈ%&'(��

Nä�� ¢ãD���¥¦§

}~�� ��u��F���º��§(|z~���}~���¨%�(��}~��F�O�

©|S�Z�01u���Q'wx%&R SOx�NOx�VOC(�O��º�>�)|z

��wx]��{
��%&��

�èÂ¬¯é*TÊË z~��èÂ¬¯é*TÊËF�çÈQ'(�O�©I��`a�{�'ê$%&�ÊË

yg®¸��èÂ¬¯é*T�Q'ëìQ'(�ÊË�(iuv���%&���M0

(�Kíî�F�ÜÝwx©�`a�çÈQ'(�Rd�ÜÝI���ïÞ©�O�©�

g®Þ©�O�©|�`aC�èÂ¬¯é*TÊË�$pQR�

D��� S�ZCBC����u���iE���FG�H 2 μmIØ���C(i��0.1 μmIØ

CãD����Q'�̈ ���ð>b	��Ç�Q'W½qr�{��ïÞ©�z~��

y�S�Z�01M���Q'�(��ïÞ©:g®Þ©�}~��|]��

2
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�� ��

ñ,Â4èTÂÃ Y,)Ä�üÆ��ò$LMF(,Ô|	�M�ghM�÷]ñ,Â4èTÂÃMó,�

(&��ô]�Y,)Ä��8+��� 2õöC���ô]�Y,)��ÂÃ�P³�

��b����&Mæ(·� 2Ô�Y,)ÄFüÆQ'(�P³�]��

4£¤),XY/ ÷¼Éø¡�{
 PM�O�©ù�CúÃ��É¡�	
�4£¤),XY/�ûPÉ]

ø¡�Q'�CMB¡(Chemical Mass Balance Method;���Ðbü¡)M	��CMB¡�F�

HIZ�	���� PMCágQRð>�ág%&R PMM[\]O�©|wx%&R

PM�>¼�	�����O�©MÔýÉ]�%Ú�CfÔ��Cþ�Q�O�©��%

Ú��HIZ�ág%&R PM��%Ú�|÷¼É�O�©��ù�C $��É¡
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