
�� � � � � � � � 	 � 
 � �
" �
 � � � � � � � � � � � � � � ��� � � � � � � � � � � � � "

        
�� � � � � � � � � � � � � �  !"� � #$%� &� � � ' � ( "

� �  �� ) � � * �� � +� � , $�� &� � - �� . / � � 0� � �� � 1� . %2&� � 34�� � ' � � � 4� �� 5� ( � 6�� � � - 7� &� � * � +
���8� 9: � $
 ; � <=>� 2� &� ?� / 2&�  =>�� � 2� &� � � �� � � � � � ?� / 2� � @: � A/ � � � &� � 6�  � � � �
B� <� � � � �� � ,  3� �  3$� � ,  �� � � � , : 
 � �� ) +� C� � , : � @
 =D�� E� , : � @
 �3� � � @< F�  � � G�
��HBI � ,  �� � � � J �  >�� 1%&� � F�� � � � � � � � �� %E: � � � � �� J � � K�� � D� � C�� � ,�� L�@M; � N&O&,
=>�� � J � � � � >�� P� � Q�� � %2&� - �� 5� RJ� � � ES�� 2&� � T$�� � � >�� U� V� �� � � W� � � X�� 5� � � � � Y� &�

Z� � � +� $/ � � V� � � +�� L� � � �� ' , � <� � Y�� � &� � � O�� U� * �� � +� � �� � � ' [ � � 0� - � / &� � : $� � $#,
\ �� 
 ; � Q�� � &� �� � � ] � ^ �� _&� � @: � � � �� � 1` � 0� � � a� ] $&� � � � � b: � $
 ; � <� c� 
 � � de� 2%&�
f � � � _J� � , : � >� � &� � � � � g: � 6� � @>� � / � � 6� O&� 
 � �� e� &� � 0� 6� 4� � f � � 2&� � � @<� F�
������3� 12� � � � � � � � � 9� � 6� � � @>� � � / � � � � � K; � � / J � � � � h9� � � i j � &� , � � � � � � � ,  � k � 2�
=>� 2&�  K�� � � l , � R�� (  m
 �  ����� � / � � � � 3] >_� � Q� %2&� � * � +� 3] $
 &�  , 0� 3n� �� � 4&�
� � � * �� � +� nnR�� &� : o� � �  , � � � � � � ) 2� J� � � >� n , ���, � <� � a] $J� � 6� � � f � � � ^&� Ac� (
��� >� J� � p� � - � � c / � � .
, �q� 9� >( � $# r � �� / &� � � � �� � � � � =$�� s � � �� � � 8j >( � t &� � � � a� ] $&�  �=>� 2&� � 6�  * � +
$� T * �� � +, � n>
 +� � / � ] :  n� $2� �  u� � �  � , $�� &� � 6� � i a� ,� � L�de� 2%&� � � � � ' ,
Z� � 
 � � �  ��� � � � ' � � � >a, : � � $�� %5� , : � K�� _&� � , : � F�� � g� v&� � , : � � $%&>U� 6� � � � � � �
�  � � � : .  �?� / 2� � 	 �  �� � � � � � �  ?� 1� & o� �� � � � 3� ��  � � � 6�� a� 0� * � ) 2� J� � @>� � $� ,
� � �� a>2J� � - w� >%�� a� 0� � �� e� � &� A�� / � � � &� � >�� 1%&� � - � � $&� � � S2� , � <� � >P� � =>� (

6� 4�� � � ?� �� � � ?� � +: � K� � � � � �  � J � � f � � ) &� � 6a� @>� � $� , � <N&	 � $/ � � � � ,�� L�� D� � ,
���- w� � � � � n$� w� 3� � � � � ?� � � : � f � � 25� � x � ; , � 3� ; >&� � x � ; � n� n4( � 3R� &� � N� ( .

 , qa] >� � ) %J� � � OU� ?� + N� (  � � � � �� c&� � y �� 9, � � , � s , � � � a� ] $&�  � � / ; $�� � � t &�
�� � � � � � �  � , $�� &>� � @: � F�� � #� 6�� � � C� � - � 2h9� 6�  6� � � � K� 2� � � 15 �� � a� ] n� 3$+<
� 12� � ,  � �� � � � � � p� � - �� � � � +� i #� >&� � ] � c&�  � ��  � J � � f � � �� ) &� � C�� � , � z>� � &� .
��  � �� ) &� � N�� ; � � �� &, � { � 6�� � � |B$�� � � � ES�� 2&� � y �� 9, � * �� � +� ] >�� ) %J� � � O�� U� 45� �� � ,
�$�� � $} � 0� � ( � 12�� aB� , � =>�� � J � � � � >� �� � &� 3$�� 
 / J �  ~�� E$s� � �  K�� / � � =>� �  6�
?� � � : .  ���• ] � $�� J � � 0� f � �� � ^&� � 3n� �� � g� o� � a� @: � l >� j >� � � � � . � � � B� W� � €/ � � A� ;

?] � � � 6�� � � o�� � � 
 &� � @, g, � � � T>2�� � � � , : � Z� �� 5� &� � @� 5� |DX��� LT� �� � : � � B� �� � � 0,
@> �  6�  • � Z� � � 5� &� � , : � 3n� 1� &� � 
 � #$&� � � � G� 4‚ � � @: � 8j � >&� 
  �� � ] , � o� � &�
?� �� J � � 3n� � g.  @� �� 5� � J,  $�� %+� � � E>� � � 3$+� 6� � V� � � � � � 3� X � � @>� � %2� � � ) � &�
� �� � � 2ƒ� 65� �� � : � 0� 3n$�� / 2� � � � 4� 5� ( <� $�� � $} � F� �� � &� � 6� � Q� � ;  ��, : � =>� � � 
 :
��o� � &� � @� 5� \ � � �  � 3� �� � „ � � � � � �� 9[ � � , : � 3� ; >&�� LV� $�� ' � 8�� j � >&� � 6�� � � ~� : � B�
@, n� N�� &	 , � � �� #� +[ � � � - � � � �� _� , � � � �� � � � � � F�� / � &� � � F2
 � � � � >P� � =>� ( � @: � @� �
� 1X� � � � $' � 
 : .

� 0� � � �� � � � � � * �� � +� � � >�� P� � =>�� � ( � � ES�� ( � 6�� +� � 1� � � � a� ] n� � , : � � � ) � � $#,1966
�n$�� +� @>X� � �� � &� � ] � �� 2� � � …�� � � � � R�� � †� � 0�  �� � � 5�  ‡� 6� O�� &� � � � �� � � � � � 6�� �
@>�� ) � / � � 6� O�� &� � � >� ] � �� #� ˆ � 3nB>�� &� � $�� %+� - � � %� (  - � %�  � �� � &� +� ‰� � �� %� � 0

F�� #: � � � >�� U� =>�� � ( � � �� Š� ‰� � �� %� � 0� @>�� ) � / � � 6� O&� � i � � =>� 2&��� L�� � � � � � � � k ;

  � � ������ �� � 	
 ��������	
 �� ����� ��   	� ����������2003



‰� � �� %J� � 0� �� � � 
 >e� �� &� � f � � �� 2&B� , � >� � �� &� � ‹D�� X� � �� � � ] $�� _&� � F� a: � 0� � � � 9[ �
������* � 
 � � � � ‰� � � %J� � 0� � � � � %&� � H� / � j : � � � EDE� Œ� � E>� ( � � X5� � .

��� 0,19650� � �� a� ] n� � ] � �� ! : �
Q�� � � � � � � � p� � � �� � � � � � � &nD� ;

�• � � � • B�� � L� q�� � ] � #� $
 ;1346
� �� � � 3] � �� � g
 - � � � � � � � #� p� � ?
� � �� � � � � � * � �� ) 2� � � 0� Ž] � >� &�
0� ~�� � � : � @>X� � �� � � &� � $�� � ' , ,
��� � � � � ; � $� � � 4� � t � � &� � Z� � � � � �

� � �� � ' ] $� � =>�� � � 2&�"� b>h� � "
���� � g: � o� � � � � � ] � � 4&� � q� +� c(
�=D� E� >� � &� 3 H� / j : .
- � � �� &� � 0� f � �� _J� :  m
 �
3nB>�� &� � $�� %+� @g>&�  <
, � 3� �� � � 2� J � � 3nB>�� � &� ,
� � � • >) ( �K� %' :
@>��  � � 
 O�� &� � $� &>&�  " m#� �
@g>&� "  3nB>�� &� � $%+ <� 
 :

��� 6� � � � F� � #: � @4�� � � 
 O�� &�5. 5
: • ] � � � �� � � � &� � �� j � +� @> � � <Œ�

�?� � � � � � � � � 6� � � �� � •� � F� +
, � � � � #� +�  � � � � $� '
, � � , � � �� � � � � � 1� � / ( � � � � #� +�
� � � � � � %( <� � � �� XJ� � F� � a� * � +
� � � � _W� � B.  , n>� � ' , � q� E� $#
� � 9 y/ �� j , � � � >�� P� � =>� ( � K�

�$� &>&� � @g,�� L$#,  �K� � (  N&	
$� $h2&� � < � �� 
 � 
 � � 3] >_� , <
6�  �0� q� � ‘ � t � � &� � � � � � a� ] $&�
u� �� � ! � � � �� � ’ , � � �� � � � ] >� � &� 5
�3$� � � � � � h2J� � � � � � � � � � � B>&�
, � � �� � � � � � �  � � � � � � � �� � � ] >� “
N� ) 2&� � �  � � ] >5, .
� >�� � 
 J � � 6� ,  � � >1+ �=>� ( � @:
��o� � � � � � � @: � 6� � �  ” � � � >� � � P�
�?� � � • � �  n>�� � � &>J� � @g, � 0.
$� � h2� � � � $%/ ;  � � � � ! : � $� :
�� � � E>� J� <� >U,  �$� � 5: � � , :
�K� >�� � ' >1� U� i �� � � <@>� � ��  &�
�Kk�� � � 5–&� F�� � � � W� � Z$�� � &� <
@> (  ��f � O� � †� � 3>� � #� ~� � &
$� 4( 230 3� �  0� � � �� � � %+
�Kk� � � 5� � < �0� Z>� � 
 � � >� � U,
- �� � ‚ � � � � �� c+: � ‰�� %—� i �� #� >&�
� � $� �� � &� � � �� &� � � 0, � <3� �  &�
K�� � � %‚ � � ‰�� � � %̃ � <F�� � � � � >W�
�� � � � g� � @> ( � 
 O&� � @> 2J�

� � �� %� � * �� � +: � ~�� � $&� Kk�� � 5� �
Z� � � T$�� � & � >� � h%�500�
�� � e� J � .
, @>� � ��  &� � $� �� � 5: � � , : � d2%�
6+ @>� �  &� � � � � ™̂ &� � n>#>&�
�- �� � h� &� � , : � K&, g� �� � ‚ � � �� � �
uR�� � s � B� � � $�� � %+� �� � � � ‹D�� � X�
, : � � � ] >�� ( >� � � � �� a� >� � � �� � � 5
� �� � G� n] � , : � � �� � ” $#� $�� � #� >�
- � 1_2&� .  �o� � � � >U,  F/ � &� �
�?� � � • � �  $�� � � � &� >J� � @g, � 0
�� � $� � &� � T$& �� � %� $� J�  …� �
����6� � @>� �  &� � $� � 5: � � , : � d2%�
�uR� � � š � � › � � � � 2&� .  , � 5O(
] n� _�  � h�� � _&� � � �� � 1. %�
�� � � J � / &�  : o� �� � � J � � ~�� � �
@� g, : � ?� �� � � � • B� A�� � � � � e� &�
�$� � &� >J� .
6�� � � � � >�� P� � =>�� � ( � @� 5� � 	 � ,
o� �� � � � @: � 6 ” � � e� k � &� � � � � '
�: � <n>� � &>J� � @g, � ?� � � � • � �D� ;
�N&	 � @> �  � � � � � %&� � � Œ� h� h9
��6� � � � %2� � A� � ( D&� � � � $� � � � � &
� � ] � � �� � &� � 6� � =>� ( � $#� œ� � >U
� , � � D#� �� � � %&� , �� D; � � � W���� <
�� >G� � J � 3 �� 6+77� � � � e� J � � 0�
����@>� �  &� � $� � 5: � � , : � � � � � � 6�
�Œ� � � 1� � #� .
N�� &	 � =$�� s � @: � 6 ”  i � � &� �  �
~�� � M; � <� � �� a� ] n� 3$/ &� Œ� 
 � � ,
�F� � / � &� � � =$� � s.  0� O�� � � �
�A� � � � � � � ] � � 2+B� :

 0� � �� � � � � � � � � � a� ] n� 0
� � N� �� ) 2&� � � � ] >� “ � �  mh;
$�� � � � &� >J� � @>X� � �� � � � &�
� � >�� P� � =>�� � ( � � � � >2�� � � ,

��� 067������� 
 � %� � .  �� $' , � $#,
�K� �  � � � � j � / 2J� � � � $� � &�

� q�� � � v  &� � $� �� � � 5�•
 O&�
n>�� #>&� � u� R� � � $%+� d2%�
F�� � X� � q�� � � v  &� � � ™�� � ^&�

�� 4� $&� , � - h� &��� ž0� � �� 9� �
� � p, � � � F� � � � � � � � �  6�
� �F� 1W< �� B$� / �  �6� � * � +:
��- � � kW� � ] � ^ � � 9� $� � � &� >J�
6� � �� � � 2� J � � $�� � � &� >J� , .
�� � $� � � � � � &� � $� � � � � &� >� ,
�n� >� � � � 1� &� � � � � � � j � / 2J�
�4� ‚ � 
 �� � � � � 
 � / J � � � � � � � � e

� � � � � �  &�•>� � U, � <Z� 5� &�
u� R�� � � � 6�� +� d( � �� � � Œ� �� c � :

- h� &�� � žq� � 5  �- � P � � 9
$�� %+� @g>�� &� � m�� 
 %� � � c � :
�3nB>� &� .

@>� � ��  &� � $� � 5:� � L, q� � 5
�$� �� � 5: � � , : � K�� � � � � �� _&�
] � ^ �� 9� $� &� >J� , � @>� �  &�
�- � kW�  � hj � ,  0� Œ� � � � c � :
0� q�� � � ' : � t �� &� � � � a� ] $&�
� � � ] >� � &� 5� A� >%' .

 ��K� � � � � � � � _&� � q� � � � 5,
��� � � � � �� E>� J� � • O�� U� i �� � “
�@>� � � � �  &� � $� � � � � 5: � � , :
n� >�� J � , � q�� � v  &� � $� � 5: ,
�4� ‚ � 
 i �� � � &� � � �� � � � e� � 
 &
�� � � � � �  &�  @g>�� &� � m
 � ,
��� h� � j � , � $� � � &� >J� � $� � %+
q�� � � ' : � � � �� a� ] n� 0� � �� c � :
q�� � � 5� N&O�� 5, � <� �� � ] >5� 0
� � �$� �� � a� 5: � i �� � � � � � �� � 9

� K� � � ' , R� %&�•�6+� d( � %&�
�6�� � � � � �� � 9� � � <u� R�� � � B�
�Z, � � � � #� � &� � � � � � � { � � 5� �

� � ] � � � &�� � Lž@] � � � #� $#,
� � 1� / &�  �� B� � �  276763
��� � � >2� � � � � i � � � � Œ� n>� � &>�

�� 6�� � � � �� / 1Ÿ� � =>�� � 2&�21
• � �� � #� i #>�  � �� � � ; � � X (
� � �� W� � >U� � 15� <� � ] � � � &�
@$�� � J � , � � �� � � � ] >� � &� 5� 0
� � &� 1) &�  � � …�� � � � � � #� !
��] $� � _J� � A� � U� � � ] � � � � � &�
=>�� � 2� &� A�� � � e� &�  …� �
  � �� � &� � � �� E� � � l >j >� � K� (
���@g, � * � +� � � ] � � � &� � Zn� / &
�n>� &>J� .
K�� � � � � a� ] $&� � €/ � � q� � ] � $#,
� � � � �� 9� � K�� � , � � � >�� P� � =>�� � (
�$�� � &� >J� � � � �� 
 � / 2� � T� �� � : .
‹D�� � X� � � �� � � � ] >� � &� 5� A�� � � ; <
�d� � � � � � $' >�  � �f >� +� � � #� � �
�$� � &� >J� < @] � �� #� � � $�� %+,
�i �� � � � - w� �� � � � � � � � � �� � 1� / &�
� , $�� ' , � <� � >P� � =>� ( � � � � � � #
‰� � � ( � h�� j � , � � :  ��� n� g� 	 �

� o�� � � 
 &� � f >�� � � +•f >� +  0
� � �0� f >� � � � 
 E� , : � � � � � 1� � � � 9
�$� ‚ � � ]  � � 	 
  K�� � � F�� _� �
0� K�� � %� � � &�  A� � �� � &� � � 4‚ �

o� 
 � &� � ži �� � � o�� a� %2� � � $�� / ¡
�� , : � p� � � � � � � � � � � � � ?� � � � � / (
�� � �� ) &� � 0� @>� � ��  &� � $� �� � 5:
F�� 1h� &� A� � X&� .  � n� g� � �� 15
t �� &� � F�� X� � <T� �� � � � � f >�� � / &�
�, : � o� � � � � � 
 &� � @� � � � � � � � ! � 0
~( � � � 19< �?� � � / 2&� � i � � �
�0� Z� � � � � 5� &� � , : � @, g, –� � � � &
F1h� &� A� � X&� � � � ) &� .

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

				������ � � � �	
 ��������	
 �� ����� ��� 	� � ����� ��	� � ����� �
			� ������������ � 	� � ��������� 	� � � ���������! 	" ���������#�#$��

			� ������%&�� � 	
 ������' 	( � )������� �� 	*	� ������)��
	+���� 	, ���! 	�� ���- � � � : Dr.John Balmes

Dr. Shankar Prasad, Dr. George Thurston . ����&�  
" �� ������%��	
 ������/	01�����2�� 3�� 
 ����������)��:

HCAN, 1100 Eleventh Street, Suite 311,

Sacramento, California 95814, USA. +�����43��
51���67� 		� � ���� ���	� �� ���89	: ���;8 ��������  �� � ;� �

		� ������<� 3��	: ������;8	��������  ��$)�� � :
www.healthandcleanair .org



, t �� &� � � � �� a� ] $&� � 6� � K� (
0, � 6� �� � � a>� � 0� q�� � � � � ' :
@$�� � � i �� � ] : � 0, � � � � &nD� ;
u� �� ) &� � � � 1�� ) &� � 0� T� �� � :
�@: � 3$� � � h2J� � � � � � � � B>� &
q�� � v  &� � $� �� a� 5� � ?� / 2&�
�3n� � � � � g� p� � Œ� � � � c � : � Tn:
T$�� &� @g>�� &� � m�� 
 � � � B� �� �
�@� �� 5� N&O�� 5, � <$�� � &� >J�
�� � � � � � %&� � � � � W� � , :

��6� � �  ” � � � >� � � P� � =>� � � � ( � @�
0� Œ� �� � >� +� o� �� � � � @: � F�� / � &� �
N�� &	 � � �� � . � , � 
 � ) � &� � n>&>J�
�@� �� � n� 6�� +� T� �� � : � � �� a� ] n� 0
�$�� � : � v2�� / � � 
 O�� &� � <› �� � 2&�

� � �� � 5� J � � � �� � � :� � L• ] n� $�� #,
� @>X� � � � � &�32�� � � h� � j � 6� � � �

�� �� � e� k � &� � 3� �� ; >&� � 3� U� �� b
n>&>1� & ( SI DS) <� �@: � � , $' , ,
�� � � � / �� � ) &� � K�� � � � � ; � �� � � J �
�0� � � � � e� >P�

� e]  � >�� j � / ( � 6� O&� � $� &� >J�
�- � � �� &� � 0� � e� k �� � &� � @� � $�� &
- �� U� 7� T$&� � � %� � i a, : .  , � OU

 nY�� � � $�� #� • ] , $�  ‰� �� � j � p�
�N&� � � J �  �� � � e� >P�  - � � $&
, p�  y/ j  Q�� � %2&� � 3� � � 5.
� � :  y � 5� ES�� ( � � �� �  =>� (
- �� 2� � � � $�� %+� � �� 9� � � <� � >�� P�
�� D�� � � 6�� � � F�� � � &� � p� � ~�� � 
 �
Z� � <� ] >�� � b� 0 �f >� / &� � • OU
� � 4�� ( � D;  8� � j � , � � 73.  i � ,
H� <N� � &	 �3� ^ � � _&� � $� � � &� >J�
�3� �� � 2� J � � $�� � &� >J� , � - �� kW�
3nB>� � &� � $%+� f >� / &� ,  q� � &
� �� 
 � W� � T>�� � a p, � �  0
Q� a� � &
x[ � � �=Y� ( � t &� � � � � � � * � +� ]
�y � � � � � Q� � � � � � � o� � =>&
�� � >� P� .
�� � � � � 9[ � � • OU� � � � : ,
• A�  Q� � � 3� ; >&� � � U<
q&� � 
  �6� � � � =$� }
��� � � E>� J� � � ES� ( .

�$� � &� >J� � � � � ; , :
~b� AES2&� � ] � F( � 
 &� � ]
q&� ~&� � =>&� F+� � � , � T
�� � � � � � �  l >j >�  0 � ' >�
 " � � � f � � �� � c&� 8a� 5"  
 O&�
l � 2' �
 � 0� @$� � %&1952��F2#� 
 O&� , � <
�Œ� � � � ¢]
4000 � ; n< n$� � / &� � @� 5,
A� / � &�  � p� � f � �� � #:8000, : �
��� � ¡ ] � <C� � < ��� p�12000 .
• O�� U� F�� X� � y �� 9>( � � �� � � Œ� � X5,
��F� � � � � #� 6� � � � � � <=� $� � � � � � �
� �� £: � * �� � +� <K� e� �� � 2J�  �n� � `
� �� � � U� ES( � @: � , : � � ; n� �� � � _�
q+� �� a: � � �� ¡ ] � � £: � >U� $� � >&�
�=, $� ¤ =$h2�� a� q�� � � 5� � � � ; ,
�3$�� +� � D�� � � 0� � � �� � � 
 : � * �� � +
Z� � : <� �i � � � 9� �  �6� &� � ] � � 5.
����@: � B�  � � �� � ; , � � �� / ' � � �
f � � �� � c&� � � � �� � %E: � � � �� � � � � �
� � � � 8a� 5�� � � +nB� � � OU� f O5.

� � � 0� � � � � � ; >&� �6� O&� � � � � � :
F
 (  - U] � 1+:  �� 6+14Œ� � � � � +�
n� g � 6�� �38����� p� �67 < 
 :

� � U] $�� � #� 3n� �� � � 4�760�
�� � e� J � .
�� � � � � � %E: � =>� � � � � 2&� � @: � B�
f � � c&�  8a�  &�  Œ� �� � � X5� @� 5
�@: � � � � ' ] $&� Œ� $� � '  �K
 e� � � &�
� , � � j �  0, � <] � � �� %&� � \ �� a, � 0
�3R� ;  � �� � . &� � $�� / � <� p�
- w� ] � � �� a� � � >�� j : � � � 1/ 2�� a� .
6 &,  ~2; � X5 @� 5v�� � 5: � �
6�� +� � �� X �  • � � �� � � � A�� ! � 
 :
�� , $� &� � - . / � � 0� Z>� &� .
             , €�� / � &� � � S� �
� � ‰� � 6+� �  ¥� �
                  � 	 �
Q%&� � q� � 5� ��¦ � � f � � X� n<

�q� � J � � F#: � @> ( � @: � ?] <

i ( � �B� Z: � � � � ( � #� F/ � &� � � n.

�- � / � � AU� � � � ' [ � , .

�0� ‹D� � � X1;  � � �� � � ] >� “

§2&� � N� � � � <� u� Z�

…� � � &� � 8� � � @, � x
 

��Z� $� � &� >J� � i � � “ � @
 

¥� � Z�1989q� � � T

1991< N&O5� ,  �A� “ � ¥

�0, � � B� � � � � �̈ � >� � J � � � � � n
                  �t � &�

� q^ � �24943� ; , � � &� � � .
             F�� 5� � �� � ] � 
 ¡ ,
� � � >2� � � i � � N&	
 � � �� � ; , � @: � � , $�� ' , � =>�� � 2&�
�� � �� � � %( � f � � �� aS� � $�� � &� >J�
� � � >2�� � � ¡ � � �� � � � ( � � � q�� � � � 5
4�� � ‚ � � 3n� �� � J � 
 � � e< €^ �

�� �� EY� � =>�� � 2� &� ?� �� / 2&� � @:
���F� � � #� K� � %‚ � � * � � � +� Œ� � � � � � a
�3nB>� &� “ .
�� � �� � � 1� / &� � \ �� � � � ] � $�� � � #,
�� � � � � � � � ; , � @>� � � g� v � � � � � &�
3n� �� J � � � \ �� 
 ; � Q�� � &� $� &� >J�
�4� ‚ � 
 ��� � � � E>� ¡ � � � � ©� , � � � � � e

Œ� �� c � : � T� �� � :� � •$� �� � 5: � � , :
� 3n� �� � 4� � \ �� � ( ] � � @>� �  &�15

�� � �� � � ; >&� � 6�� � � � � �� � e� J � � 0
� � �� � � � � � 0� � � �� � � %( � f � � �� aS�
Q�� ª � 6�� +� - U] � 1+: � F
 ( � 6� O&�
� � >%a< �q� � � v  &� � $� � � � 5: ,

� 3n� �� � � 4�3� �� � � � � � e� J � � 0� <
, : � � �� � � � � G� 4‚ � � 3n� �� � � � J � ,
6�� +� ~�� 1k� � F
 � � 
 O&� � Z� 5� &�
10 �� @, �  � �•� ¨ � >�� �50������ � %� �
�6�� � � 3� / �� ! � ?� �� +� * �� � +� y �� 
 (

�@� � � � [ �� � ž0� 3n� � � � � � � 4�
� � U] $�� � #� � � �� � � ; >&�70�

�� � e� J �� � L=>�� � ( � o�� � � � q� � 5,
n>�� #>&� � u� R�� � � � $�� %+� � � >P�
‹D�� X� � o�� ) „ � � �� � � 
 >c+� F9: � 6�
�65� �� � � � � 0� � �� X � � * �� � +: � �� �
��65� � � � � � � 0� � � � � %+� � � � 
 � ^ J �

�� � � >2� J��� L� ES� � � 2&� � @: � B�
� �� ^2� � B� � � �� E>� 1� &� F( � 
 &� .
��� � � / ' � � � � $� � / � , � <i � 
 &� � � � ,
q�� � � ’ � <� � �� � a� ] $� &� � �� � 
 U� �
�0� =>�� � 2� &� � �� � � / ; � � � �� a� � #
$�� � : � ] $�� #� <� �� 
 � ^ J � � 65� � � �

��� $� � ' >( � ~� � � : � KX� � � � � &�4. 1
6�� � � Œ� � >%a� 3� ; , � � &� � � @>� � �
T$�� &� 3n� �� � � � � �� � � %( � ?� � �� � :
� � >%�� a� Q�� ª � 6�� � � F#: � � � � � � �

�� � � � � � %&� � � , $� � &� � 0� � L� OU
� i �� � � � � ] � 
 J � �3�3� ; , � @>� � � �

, � � �� � >/ � � ?� � �� � : � o� �� � �0. 68
��� � � ] DJ� � 6� � � @>� � � .
� �� � e� � � � �� 7� � � ] � ! � � � , :
] � c � &:
� � >�� P� � =>�� � ( � @: � 6� � - 7� &� �
3� �� � ; >&� � o� �� � � � � @: � 6�� �  ” <
6�� � � � �� X5� 0� F/ � &� � � � � � � � � ,
��� ] � � � EI � ~� � &� @M�� ; � <� B� � � W�



f � � �� c � &� ‰� � � &� � ¥>� a� � � A� ;
� � 8a� 5<� � «>� � (15Œ� n>� � &>� �
��� 1/ &� � � G; � 6�  �i � � � a: � � / � ] :
�F#: � , : .  � � :  �f � � c&� � � � %E: <
$
 ;  � p� � - #� �� &� � � OU� 4� #28 <

�� � U] $� � #� 3n� � � � 4� � 
 :870�
�� � e� J � .  N&O5 4� # n$+
� � �� � � � � � 6� � � � � ; >&�  �� G; � 6�
� 1/ &�  4 i � � � a:  p�  Z� +

��� 6� � $� � ,12��� p� �26�3n� � 4� � <
� � U] $� � #116� �� � � � � e� J � � 0� .

, �¥>� 1` � @: � � 5O&� � � � � $'  n$+

$�� %+� n>�� &>J� � @g, � 6+� � . %&�
�, : � F�� 1W� � 3$�� � � , : � 3nB>�� &�
F�� � � >+� � �� � : � , : � 3� �� a� � � F� n
T� �� � : � � � n� �� _2#� � � � +� 12' � .
�@, � �� � I � @>X� � �� � � m�� h; � $�� #,
Z� �� � +� 0� $�� � � &� >J� � � � �� � � ; ,
1980 � C� � � � ,1982� � � � %E: �
Tn: � 
 O�� &� � 
 n� _2#B� � n>5� &�
�=>�� � 2&� � 0� � �� � 5� ?� �� � • � � p�
�‰� � �� %J� � €�� / � � 0� � � �� G� 4‚ � �
�3$� � � � � h2J� � � � � � � � � � B>&� � 0

�� � �  � � � � �� � L~�� � : � � , $�� ' , ,
�3n� �� J � � o�� � � � q�� c � • � � � �� 1� 5
�� �� � �  &� � � �� 
 � / J � � � �� � e4‚ � <
�� � �� � ; , � � $�� / � � � �� � / � � €�� � • �
�, : � 3nB>�� &� � $�� %+� $�� � &� >J�
K�� � � � �� � � ] � �� 1+� � � 0� � � � ; >&�
� � �� � ) &� , � $�� � � � >&� � Z>�� � � &�

$� � >&�� � L� � �� 1� / &� � $' , � $
 ;
” �?� �� � � • B� Œ� h�� � j � , � Œ� � ES�� � (
� B$�� / � � ?� �� � • � � * �� � +� =>� 2&�
$�� � � � � � &� >J� � � � �� � � � � � ; , “ <

�� @: � � � � � %� � � >k2%2� � a� ,¬N&	
�p� � � � � ) �

��3n$/ 2� , � � X� � � � T� � :�� L�6�  ” ,
� � � � �� 9[ � � • O�� U� €�� / � � H� ) 25�
�3� ��  � � � � �� � � � � � 0� ?� � �� � � � ,
�• � �� � #� Z� $­ 2�� a� � ‰� � �� � � 6�� +
Q� %2&�  spi r omet r y @: � �� �
3>�� #� * �� _#S� � €� � �� J � � Q�� � %2�
� D�� � � 6�� � � i � � 2� � � � � � ¥� aS� ,
de� �� 2%&� � • � �� 
 ( � ˆ � � �� � >� � : .
�] � � �� � j � � � H� �� � ) 25� � 6�� �  ” ,
, : � y �� � . %( � ‰� � �� � � 6�� +� T� � � �
��� � � � � � � � � � � � � � � � 1J� � F� � � � 7
� �� � ' >&>� � � ] � �� EI � 6+� …h� &� ,

�� � � ; � ] � c � &� � L�…h� � � � � $%+,
���• O� � U� F� � X� � 6� � +� � � � � 1� / &�
�B� 3n� �� � +� � �� � £M; � <� �� � &n� �
3n>' >� � @> ( .
��@] � � � � #� � $� � � %&>U� 0� ‹D� � � X�
� � �� � � : � 6�� � � � �� +>1` � � � 1� / &�
6�� � � � � �� � � e� $2� B� � � �� � � � � J �
6; >� 2� � �

( Bi l t hoven)  6�� � � - £� � #: � i �
q� � ( , :  ( Ut r echt )  …� �

� � � � >2�� � �"n>�� a� � � @� � $�� &� "
�$� � � � 5: � � , : � , : � Z� � � 5� &� � , :
K�� ' , R%&� � $� �� � 5: , � @>� � ��  &�
( � � ] � � �� � &� � A� � e� &� � � U] $_�
�� � � � � � � >( , � � , � � � %� � � � ) &� , )

���� 6� � � � � %� � * � +:50��� p� �190
�� � � e� J � � 0.
�0� � � � � � � � � � � � @: � � , $� � � � ' , ,
q� � ( , :
�3] >� _� � Q� %2&� � @>/ � � 2� � � B
- � � ; >� : � � >� 7� @: , � 3$� '
� � � EI � * � � +� 
 >� 2� � ]
��̈ >� � &� � €� 1W� � x � _2� �
�$� � � � � � � 5: , � � B4� &� ,
��� � � / � “ , � � � � 6� � ' , R%&�
 ��6� +� � � • � � � � � � � � 2&B� ] � EI
��] � � c&� � � ] n� - � � ‚ � � � &, � { .
�� � �� � � G� � F�� � / � &� � � ®� �� � %U,
� � a� ] $&�

�� Š� � � � ) J �� � L�� � � a� ] $&� � • OU
�0� q� � ‘
�3$� � � � � � h2J� � � � � � � � � � � B>&�
�� � �  � � � � / J � � 0� <� � � � �  � � � � �
* �� � +� T� � : � � , n� 0, � <� � � � _&�
�� � �� � � : � K�� � � � � �� � ] � 
 � � F �� !
0� - £� � �� � � � #: , � A� � >�� � � � c&�
6�� � � � �� +>%2� � � �� +>1` , � <@$J�

T� �� � � � � � � � � �� � ^2J�� � LQ� &,
] n� >�� � � @: � 0� N�� ! � ¯ n: � ®� �� %U
�=>�� � ( � o� �� � � � ] � �� c&� � ] � �� EI
��0� ?� � � � � • B� � A� � � U� � � >� � � P�

�3� � k%W� ,� � ž�f � � � 2&B� ,
�3n� �� � � 3n� �� � g� �� � � 
 >e� �� &� .
� � � � �� ) 2� J � � � >� n� o� � � � n� g,
� �� � e� >P� � � � _
 &� � f � � 2&� � 6�

�� � � � � � � %� � n� � � � W�45. 70�
f � � �� � 2&� � � �� � � � � � � <� �� � e� J �

� � � �� � %� � ‰�� � W�45. 3�������>� � &� , �
31. 3 ��� � e� &� � f � � 2&� ,23. 3 .
T� � : � � a� ] n� � $' , ,
                � >�� � n� 6�� +
��f � � � a� � � � � � � ) 2� J �

�A� � ; � � � � � � � � T$&� � � � � %(

��0� 3] � � 2ƒ� � � � � � ) 2� �

@: � � $� % � � >� 2� ] >(

�� � � � � >2� � � � J �

��Œ� � � � � � � � � � c � ­ %J�

�y � � � _&� � � � E>� J

�, : � @, g, � � � � � � �

�3n� � � J � , � Z� � 5� &�

��q� v � �  � &� � � � � e4‚ � <

�* � � � +� Œ� � &� 7� $U� ) ( � AU,
                 F � !
q� � 5� � � A� � � 9� - � � 7

� �� � � � � � � � � � � � � � � 2� D( : � 0, <
o�� � � � � � � � <‹DX� <� �� � � � � � ' ] >'
@: � K
 e� �� � &� � 6�� � � @>&>G�� � J �
��� � � � %E: � - w� ] � � � � a� � >� � � #>�

� n� �� � � J , :1996�� L�� >� / ; � $#,
�@: � � �� k � 2%&� � q�� � � 5, � <N�� &	
��� � � >2� � � � � 6� � � � F� � 5� q�� c � • �
3n� �� J � , � Z� �� 5� &� � , : � @, g, � �
�̈ � �� 2&� � , � <3$�� ) � � � �� � G� 4‚ �
?� � �� � � � � � � B$�� � / � � q�� � c � • � .
q�� c � • � � � �� %� $J� � T>2� � � * � +,
� �� � � +] � � �� � � � 2J� � � � ] � �� � 4&�
� >�� � � � n, � 3n� �� � � � � ?� � �� � � � �
>� � �� &� � � � � ' � 6� � � � � � ) 2� J � <
K� S�� 2&� � T, �  �� ! � q�� c � • � � � 15

� Ah�� � _&�•� ¨ � >�� � � � ¤410�
�� � e� J ��� ž� >� n,  HMO ( �̈ � >� � ¤

44 �� � � e� J � � 0) .
� Š� �� ) � � � �� � � • � ®� �� %U� q�� � � 5,
� � #� �� ) &� � � �� � � � J : � n� } � � $/ �

� � � � ^&� ,� � LZ� �� � #� $�� � 
 ;
�0� � h�� _&� � …�� h� � � @>&>G�� � J �
��q� � &� £: � � � � � 6� � � %! � a� � � � � B,
( Sanchensen- Anhal t )  0
1992 �� �1993q� � � � 5� � � $%+�
* �� � +: � � � >P� � =>� ( � � � � >2� � <

���� 0,1998� �� � � �1999� � $�� %+�
�0, � ° F�� #: � � � � >2�� � J � � q�� � � 5
1995 �� �1996q� � � � 5� � � $%+�

� � �� a>2� � � � � >2�� � J �� � L� 1� 5,
�=>�� � 2&� � � � � >2�� � � � q�� c � • � <
� � � � � �� � 2&� � � �� � � / � � q�� � c � • �
� � � � � �� 2&� , � � � e� >P� � � � _
 &�

�$� � &� >J�
��- � kW� � 3� ^ � _&�

�$� � &� >J� ,
�3� � � 2� J �

$%+� f >� / &� ,
�3nB>� &�  q� � &

�� � 
 � W� � T>a
p, � �  0  � � � � a

��t � &� � � � � � � 9[ �
* � +� � EY(

�o� � � � � � � � � � �
�� � >� P� � =>� ( .



3] >�� _� � Q�� � %2&� � * � +� 3] $
 &�
o� � �� _� � � �� � � Œ� � �� X5, � <� � / � � �
� �� e� &� � 0� f � � �� 2&� � ] � EI � N&	
�� � � � � � e� >P� � � � � � � � � 1J� � , : <
0� � � �� � � � � � : $�� � � � � O�� � e$%+,
��] � � � j � � � � � . � D� .
��f � � � ^&� , � o� � � � &� � � � ] � � g
��� >� � � � n, � • ] � $� � � J � � 6� � � �
�� � � � � ) 2� J� :
����6� � ] � c � &� � � ' ] � � � 3] � ! � � � , :
��� � � � � Œ� � � � &� 7� � � >� � P� � =>�� � (
?� �� J � � 6�� � � F� � &� � T> ! � @> (
6�� � � f � �� � ^&� � p� � 
 nY�� � � 
 O&�
��o� � � � � &� � 3] � � � � g, � � � � a] $J�

A� �� ) 2� J � � � >� n,�� L0� ‹D�� � � X1;
� � $�� � %+� <� $�� � % � � >�� � 2� ] >(
@, g, � � � � � � >2�� � � � � q�� � / � ( ] �
� �� 1� ; � � �� a� ] $&� � � � R; � � � %E:

� K�� �1980�� � �1994��� >� n� n� g� <
p� � K� � �� +� 6�� � � F�� #: � � � �� � � � �
��?� � � � � : � o� � � � � � � � � � � � ) 2� J �
��>� � � � &� � � � � � 3n� � � � � � � � � � � %(
� �� � e� >P� � � � �� _
 &� � f � � �� 2&� ,

� ‰�� � W� � f � � �� 2&� , � n� W�•- ­ c(
�‰� � W�

         ��� � � ] , � o� � &�160�
• O�� U� � >�� � n� o�� � � � 6�� � � � e� J �
�� � � � � ) 2� J � .
3� �� ! � � � � ?� � �� � � � � • OU� - ' R( ,
�• ] � $�� J � � 0� f � �� � 7� Z� �� � : � p�
�� � � �� a� � � 3� �� � W� � F�� � / ( � p� ,

� �� P� � � � � �� _J�� � L0� ‹D� � � � X1;
� � $�� %+� <� �� � � ] >� � &� 5� f >�� %'
6� � �� ) / � � @, g, � � � o� � � q/ � ( ] �
� �� ^ ( � >�� U, � <@>� � � &� � 0� � � 4'
��� � � � I � p� � Z>� � � � 6� � � � A�� / � � �
�f � �� � ^&� � o�� � � � � n� g� <®� �� %U

3� � � � 5� � ' ] $�� � •�� � � � %�62. 9
�?� � � � � � � � � –&� � � � � � � � e� J � � 0
��f � � � � ^&� � � B$� � / ¡ � � � � 
 � / 2J�
( 82. 9 �?� � � � � � � � � � � � e� J � � 0

� <� � �� � � %(45. 1� �� � � � e� J � � 0�
g� �� � � k � &� � � �� � � � %( � ?� � �� � � �

��, � 
 >� / &� � A� � %2&�173. 90�
��A� � � � %2&� � g� � � � k � &� � � � e� J �
� � / �� � � � � � � >h�� � _� � A� � �� � � &�

- ^ � � ,� � Lžy�� � ) 25� � $�� � #,
�@: � � � � � � ( >� � 0� @>X� � � � � � � &�
��3n� � � J � � Q� � � %( � 0� 3n� � � � 4&�
�� � � G� 4‚ �  ( PM10)  �6+� � &>G� �
40 ¨ � �� � “ � � 6�� � � � � �� � e� J � � 0
• ] � $�� J � � 6�� � � � � �� � � � � � f � � 7.
i �� � � 2( � <� �� � � ] > � � � >�� � a� 0,

�� @>X� � � &�12643$�� J � Œ� �� � &� � �
� � >%� � a� i � ] : � ¨ � >��� L� , $' >;

� � � >2�� � � � 3n� �� � g� $�� %+� ~�� � :
o� �� � � � f � �� � ^&� � n� g� <=>� 2&�

�?� � � � � �� � L8� h�� 9� Q��  / &� ,
�Œ� � c � :� � •=>�� � ( � €� ­ %� � � � $%+

��?� � � � � � � €� � ­ %( � <� � >P� .

� � ] � �� � 4&� , � � �� � � � � � � f >�� � ‚ �
�3] � �  2J� � � � � � &� .
��@: � @4� � � š � � 6� � � � � ~� � � � : � B�
~�� ' >� � <� � >P� � =>� ( � � � � >2� �
�� 	 � � , : � <€� � � � ­ %( � B� <Z� � � � +
�B� � �� � £M; � <€�� � � ­ %( � q�� � � � 5
�� �� � � ; � 5� � +� �� � � � � €�� � � ­ %( .
��� � � $� � _&� � @M� � ; � <Œ� � ±] $� � ( ,
�* �� � +� � �� EY( � t �� &� � 3] � ��  2J�
A�� U� � �� c^&� � � � �� � � � � � Z� �� � ' :

61X&�� � L�� � � ES� � 2&� � $� � � : ,
g� �� � ‚ � � >�� ©� � \ �� � � >U� 3�  � J �
?� � +S�� � � � � >h�� _� � <A�� � � %2&�
���� � � 7� @>� �  ( � � � � ¡ ] , � � � � 1e� n

�� � � � � ) � &� � � � � � � #� � L�m� 2” ,
� �� ' ] $� � ~� >� � %2� � � � � � � � � � �
@>�� c 
 � , � <] � �� �  &� � 6�� � � A� +:
�65� �� � � � � � 0� � X�� � 5: � Œ� �� � 2#,
@M�� � ; � <- �� � U� � , � <� �� � � >2� J�
� � �� � � � � � � %2&� � - w4�� � � � � � ' :
q�� &� g� � � � �� U� 7, � � �� � � >� � P� ,
� �� £M; � ¨ � �� 2&� � , � >�� 1%( , � v (
] � c � &� � j � +� � X5: .
�� � e� &� � >©� � \ � :
=>�� � ( � @: � 8�� j � >&� � 6�� � � , $� �
��6� � � � \ � � 
 ; � F� � � 
 � � B� � � >�� P�
3] >�� _� � Q�� � %2&� � * � +� 3] $
 &�
i �� #� >&� � 0� <~% &, � <� � / � � � <
� �� e� &� � ye� �� b, � >�� ©� F�� #� / � .
� � � b,

� �� a� ] n� 0� l >�� j >� � � &� W� � • OU
�i �� � 2( � ‡� …�� � � � <A�� a� ' >� � � 0
779 - U] � �� 1+: � \ �� a>2� � ‹D�� � �
8. 2 K� � �� +� 3$�� J � Œ� �� � � +�� L$#,
@� � � �� ! � � � ] � �� � 2� � � � � � �� ' � � ‡

�� 
 >e]4��F� � � F &� � � � � ��� L6� ,
��� � � ©� � � � 1� 5� ~� � � : � A�� / � � � &�
�� � >�� P� � � �� � 15� � n� g� F�� � � &�
� n� g, � � � �� � � %( � i � � 2�� � � � t &�
O�� � : � i � � 2�� � � � � Š� t &� � 3>
 &�
��� ; 4� � &� � ² � � � � � � , � ‰� � � � ) &� .
• O�� U� � �� &� � � A�� U� • O�� U� q� � 5,
�H� � ) 25� � i � � 6 &, � � � � � � �

³ >h� �� •�@, g, � � � =>� � � ( � @:
�� � � � � � � 0� o� � ( � ~� : � , $� �
�� � e� &� � >©.
��� >� � � 5� � � � � � � � � � � BYU
�3� � ) +� 0� @>� ) � / �
��� � 1� � � 
 ( � ‡� � � � / 12`
�� � � &� +� @, g, : � ‰� � %� � p�
� � c � ­ %� , � � � � a>2� , <
����=>� 2&� � n� g� � 1� 5� ~� : � ´ � >&,

‡� z>�� � � &� � 6�� a� @, n� � � �� � � � �
��0� K� � � � � +� 3$� � � J � - � � � � / � 2(
>5� � 5( Kr akow) � $�� � � %&>� � 0<
6�� � � � >� � �� 5� - �� £: � 6� � - 7� &� �
�\ � 
 ; � K%� &� .
�µ� � 1e� n� � � � � 9[ � � • OU� FU

����N&	 � - 7] � 8� � � � � Ya� * 
 � ��� LFU
ZgD�� � � ( � � � � �� � � ^2&� � • O�� � � U
�� � � � � � �  f � � �� ) &� � � � � � � � p� <
F�� U� <� � W� � >U� � OU� @� 5� � 	 � ,
���v2� / ( � � � � � ^2&� � • O� U� i � “
                  � � ] � ! �
�� � %� 4� � ?� � � � � � � &, :

�� � � � � ' [ � � @: � , $� � � µ3� � �

�K� � &� Y� � &� � * � � +

��8� c2� � � � 15� f � ±[ � �

� � � a� ] n� 3$+� 6�

�0� F�� � X12( � Œ� $�� � ' � � �� � � 
 � 
 �
A�� � �  � P� � � �� � ^2&� , � ] � �� � c&�
�� � � � � � � � � e� &� - e� $&� .
�� �� ) � &� � F�� 2#� 6��  ” � B� ~�� � � ,
�� �� �  2� � � $�� � 
 ; � <- � s � �� � ) ( ,
��� � � � � 
 � +� Fe� � � a, � � � � � 1� / &�
=>�� � ( � @� �� 5� � 	 � � � �� � � $� $h2&
� �� ) � &� � � � �� � � S� � � �� c � � � � >P�
� �� Š� � �� c � � t &� � � 
 � � � &� � Q� %�

�� � � � � >� W�� � L• O�� U� T$�� � � ,
� � �� � � � � � F� k �� � ( � AU� Fe� a>&�
T$�� � J � � � �� � � � >� � � � �� � a� ] n� 0
� �� 1+� …�� h� &� , � - � 2h9� � / � � 2J
� � � >2�� � � � K�� � , � � � �� %� � � \ � � �

� � >� � P� � =>� (� � L@>� �  ( � � ¡ ] ,
�A�� U� � � �� a� ] $&� � • O�� U� F�� c; :
f >�� %' � 0� � � �� � � � � � � h9� � a� ] n
q�� � � � n� t �� � &� � � �� � � � ] >� � &� 5
q�� / � 2( , � @� �� � 4&� � 6�� � � Œ� $�� 
 +
5500 � 0� o�� � &� �12� � � / 12` � <
n$�� / &� � � O�� U� AX� E� >¶� F� n: ,
��0� � >� � � � 5� K� � � � � � � a� ] $&� � 0

6� � , $� �
@: � 8j � >&�

�� � >� P� � =>� (
�\ � 
 ; � F� 
 � � B

* � +� 3] $
 &� � 6�
3] >_� � Q� %2&�

� � / � � � <
�0� <~� % &,

F#� / � � <i #� >&�



@� 5
�S�� � � : � � �� e� &� � ye� �� b, � >�� ©.
S� � : � ´ � >&,
‰� � �� � � %J� � � X�� � � 5: � 0� >�� � � ©
��� � � � � � ( , � @, g, � � � � � � Œ� � � E>� (
�=>�� � 2&� � � � �� a>2J� � ‰� � �� %J�
�� � � � � � c � ­ %J� � ‰� � � � � � � %J� � ˆ

=>� 2&��� L@: � p� � � �� ) � � � O�� U,
� �� � � Y� � @: � i � � 2�� � � � � @, g, � �
�~�� � : , � <� �� e� &� � ye� �� b, � >�� ©

��� K� � � � � � � #D+� $� � ' >("�� � +� ‚ �
F/ � &� � n] , " .
d� >�� U� 0� @>X� � �� � &� � $' , � $#,
� � $�� %+� � Š� �� ) � � de� �� 2� � d� >5
�� � �� � � %2&� � � h�� _&� � � >� ] � �� #
� � �� � � � � � � � 6�� � � � � K2+>�� � � 1Ÿ

� K�� � � - U] � �� 1+: � l , � R(8, �12
� �� 
 � %� � 6�� � � � U� $�� � � � <Œ� �� � � +
��6� � � � T� � � � � � , � � � � E>� ( � F�� #:

��� E>� ( � � X5: � � 
 � %��� L‡� $�� #,
�6�� +� K� �� _� %� � K�� %� &� � F�� � � }
� � �� � � � � � @: � � , $' , , � <� � %� &�
���� � � 
 � %J� � 6� � � � K� � � %‚ � � 6� � �
i � 2�� � � ( � r � � �� � E>� ( � � X�� � 5� �
3>�� 
 � � B, � � +� a� Q� %� � Q� %2&�
F�� #� � � � �� 
 � %J� � 6�� � � � � �� � � � �
y �� � � 2&� 3] � �� ! � � AU, � � � � E>� (
��� k � � � � � � � � D� 9, .
��0� � � � � � 1� / &� � $� � � ' , � $� � � #,

� Œ� �� c � : � � �� � � ] >� � &� 5"�Œ� � � >� +
� �� e� &� � ye� �� b, � >©� 0� � hj � , "
�K�� j � / J � � � � �� � � � � � � � �� � � ( � �
6�� � � � �� � 1. / � � <� � �� E>� � � 3$/ &
] � $�� � � * �� � +� <� � ] � � � &� � Zn� +

�� � >%a� � / � ] :� � L�� \ � &� � Q� � ,
�� 0� � � � b� >1%&� � A� ;10016� � �

� � � � U� L�o� � ±,

�• O� U� p� � � � . %&�

�� >� j � 0� � � a� ] $&�

�q� ‘ � A� 2&� � � � � a� ] $&�
                     * � +
�~� � : � N&	 � � � � � � � >� W�
             �� � � � � 7� 6� � � � �
��� � � ) � &� � Z� $­ 2� � a� � A� � #D� � �
q�� 2� E: � $�� #, � � � f ] � • � Fe� a>5
� � � � �� 9� � n>' , � � � a� ] $&� � N� (
� � >�� P� � =>�� � ( � � � � � � � � 3� � � <
�Z� � 5� &� � , : � @, g, � � � � 9� � .
6�� � � � � � � $X&� � qj � / ( � � � $%+,
�@, g, � � � p� � ¥� >� � � � � � � i � � � � “
�� � �� ^ ( � � �� £M; � <� �� � � >� � 3$�� J
� �� ' ] $� � � Š� �� ) � � ] >�� _� � � � / � “
� � � �� ^2&� � • O�� U� i � “ , � <� � UO�

� G� a� � •��i � � � “ � q� � � 2#� $� � 
 ;
�� �� � $� J � � � �� � / � � � &� � � �� � D„ �
( � � � � � &�  ( Ci l i a<� A�� U� t &�
~� �� � � ! : � 3� ^ �� � � 9� � � �� � � %e� 5
��Z� � � � ' � � � n� � � � ( � ² � � � � �  &� �
F�� � � $�� #, � <� � � � ^&� � � � c+� � ,
��o� � � 9: , � N� � ¢: � � � � � D� � � � � � � {

� � � � $� � � � 7,� � L�N&O� � @> 22;
�Œ� � �� X5� ~� �� ) ( � l , � �� ' , � f , $�� �
��� � � � e] � 0� 3n>� � � ' >J� � N� � � � (
��=>� � � 2� &� ?� � � / J � � @� � � � � [ � .
�~� �� ) � � t �� &� � <3n� �� 
 &� � A�� � ;
Œ� � �� � X5� A�� � � � %2&� � � �� � Ug� � '
N�� � ( � � $�� ' , � <
 � �� ) � &� � g� � ‚ �
��‰� � � � %� � ‰� � 1+: � 0� � f , $� � %&�
� e� &� .
$�� ! : � de� �� 2%&� � • O�� U� , $�� � ( ,
��� O� � U� � � � � ] � 
 � � $� � %+� Œ� � >�� a
3� �� � W� � 0� =$�� s � � �� ¡ � ?� �� / 2&�
� � +� �� a� 3$/ &� 
 : � � � � � / #� >&�

� 3$�� � J � Œ� �� � � � >�90Œ� �� � � >� � .
$�� %+� ~�� � : � >U� 3] >� � � � X5� � ,
f , $�� %&� � @M�� ; � <?� / 2&� � y#>(

F� $�� %( � B�� L¨ � � � �� ) � � N�� &	 � F5
� � � �  � �

�Ae� $� 2� B� � i � � � &� � y_&� .
0� � � �� � � � � � � h�� 9� � �� a� ] n
� � � ] >� � &� 5� f >%' :
�• O�� � P� � �� � � UOJ� � de� �� � 2%&�
A� � � � � � F1) ( � � a� ] $&� :

 o� �� � � � f � �� � ^&� � 3n� � g
� � � �� � %� � A�� j � �62. 9$�� %+�

� ] � $�� 
 ¡ � 3n� �� � g� =, $�� �20
��6� � � � @>� � � � � &� � 0� � � 4� � '
6�� � � � �� � � 5	 � � �� 15<@, g, � �
F� #.

 � �� e� &� � >�� ©� 0� m#� %( .
�0� m#� �� %2&� � � O�� U� ´ �� � D�
�@>�� c 
 � � 6� O�� &� � � � �� � � � �
�65� �� � � � � 0� � >�� � : � Œ� �� 2#,
� �� 1+� $�� � 4� � >U, � � � >2� J�
�� � � � � � � � � � � � 0� ´ � � � � � � D�
��@� � � � n� � � � G� � &� K� � j � / J �
› � 2&� .

 >�� � U� v�� � 5� � � � �� � � „ � ,
� �� � EDE� � U] $�� � #� 3n� �� � � g
� � � �� � � � 9[ � � 0� H� / �� � � � j :
��� � � � � � � � � T$� � &� >� � &� � � �
‰� � �� %� � 0� @>�� ) � / � � 6� O&�
�� � � � � � � � 	 �  @, g, � � � o�� � �
6� O�� � � &� , � Z� �� � � 5� &� � , :
��� � � � j � � ] � =D� � E� @>� � a] � ”

F�� #� � � * �� � +� � Ln$�� +� @� 5,
� >� � �� 9: � 6� O�� &� � � � �� � � � �
Œ� � ^ �� � 9� >� � �� � &� � � �� � � gS�
• O�� U� @M�� ; � N&O�� &, � Œ� � � � �
p� � � �� ' � ¤� q�� � � 5� � k � 2%&�
$� 5S2&� � 6� � $� 4� .
���� h9� � a� ] n� de� 2� � $� 5S(
f >�� � � � %' � 0� � � �� � � � � � � �
� � � ] >� � &� 5:
q�� � � ' : � T� �� � : � � � �� a� ] n� � �� ) (
�u� �� � � � T� �� � : � � � �� / 12` � * �� � +
• O�� U� de� �� 2� � Q�� � � � p� � � � � 2ƒ
� a� ] $&� .  61�� j � 6�� � � <‹D�� X1;
520 �� �� � 7� 6�� � � � Œ� �� � � &� �
F�� � � � � � � �� � � / � � · � K%� $�� � � J �
( Yal e)  �@: � K� � (

���@>) � / � � � >� � 5� 6� O&� � � � � � &�
� X�� 5: � , : � � � >%�� a� i �� � ] : � 3$J
��@, g, : � o� � � � � � � � Š� ‰� � � � %� � 0

� � �� � � &� +•�0� ‰� � � � � %� � 6� � � �
�• >�� � � †: � • >�� � &, � � �� � � , 4� ] :
$�� � � � D� ] � � , � � � �� � �  � 2� � >5,
� �� ( >� , � ®] >� >� � , � Aa� ' >� � , )
�� � / �� a� 6�� � � @>� � �� / � � � >� � �� 5
6�� � � � X�� 5: � ] $�� _&� � 0� 4�� � g: ,
���@>) � / � � � >� � 5� 6� O&� � � � � � &�

� � �� 
 � � � X5: � ‰� � %� � 0�� L�K� � ( ,
��* � � � +� q� � � � ' : � � � � � a� ] n� 6�� �

� � ' � 2%2�� aB� � • O�� U� , $� ( � � ¡ ]
���6� � � � � � � 
 � #] � i � � � #� � � � £S5,
‰� � �� ; � � � / � 1k2� � Z� #� FeB$&�
6� � Q1h2�
�3] >�� � 9� � � �� � � +[ � KX� � �� � � &�
@, g, � � � � �� � � � � 6�� � +� � �� � � � ƒ.
$�� #� T� � � � � � � � � %&� � 6� � 6 &,
� � ' � 2%2�� � aB� � • O�� � U� @>�� �  (

� h� h9�� •] O� � %&� � @> ( � $#� 	 �
� �� � � � 6�� +� � \ �� � � � i �� 1k2( � t &�
��� � � � � � : � � h� � 9� n$� � � � � - � � � � '

�r � � / &��� L� � � � � � � @> � � $#� , :

����~� S� � g] >( >� � � � � %' � � 5� ! � 6�
��Œ� � � � ' >&>% ( � F� h2� � � J � � 6� � �
� � ] � � �� � &� � Zn� +� =� / � � � � €� �
@S�� � � f � ' : � <f >� � J � � ] $
 &� � :
" �Q� � � � � Ÿ� p, � � � � � &, Y� � � � � J �
� � ] � � �� #� F�� 1+� q�� � � &� ¸ >� ) &�
�� � � � � n� �� _2#� � , : � � � ' >&>% (
�, $�� � � � � �� ¡ � $�� � 
 2&� � C�� � � B,
��, : � � � � � ' >&>% ( � 6� �  ¹ � ~� � � :
6�� � 1 ( � � �� � ©� , � <� � n� �� � _2#�
Q� �� � � � aS( � 0� � %2� &, Y�� � � � � �
6�� � � Z� �� / &� � ¦ � �� _&� � � � � � � 2�

��>� ©� 0� m#� � %(
� e� &�� L�� O� U� ´ � D�

�0� m#� � %2&�
�6� O� &� � � � � � � �

�� >� � : � Œ� 2#, � @>c
 �
�65� � � � � � � 0

�>� U, � � � >2� J�
�́ � � D� � � 1+� $� 4�

�� � � � � � � � � 0



@: � <d� >�� 5� d� >�� U� 0� � � �� � � � �
�0� @>�� ) � / � � 6� O�� &� � � � �� � � � �
�B� � �� � E>� ( � � X�� � 5: � ‰� � �� � %�
3>�� #� Q� %� � Q� %2&� � @>/ � � 2� �
6�� � � - £� � �� #: � � +� �� a� Q� %� � B,
��� � E>� ( � F� #� � � ‰� � %J� .

� * �� � +� � a� ] n� q� � ' : � N&O5130
��l , � R� � ( � � � � / � � ‚ � � 0� Œ� � � � &� �

��� 6� � - U] � 1+:17��� p� �21����� %a�
� �� � � � &� � 3] $�� #� @: � � � %� � K� (
�f >�� � � %' � 6�� � � � � K� n� �� � � 
 &�
�� �� 
 � %� � A�� U, � <� �� � � ] >� � &� 5
Q�� � %2&� � * � +� <=>� 2&� � � � &� +
3] $�� #� 6� � � b>h� � � 3] >_� � F#:
� �� 
 � %� � 6�� � � K� n� 
 &� � - £� � #:

� �� E>� ( � F�� #� � � d� � „ ��� L� ^ � � ,
�de� �� 2%&� � q�� � � 5� <� � �� 1� / &�
" ² 	 >�� � 1%&� � i �� � � � � � �� � ! � 12�
�� � � ES� � � � 2� &� A� � � � ' >&>� � &�
��* � � � � +� @, g, –� � � &� � � � � %� 4J�
�� � � � � � � � e� >P� � N&� � � � � � � � J �

� 
 � #$&�"� �� � � � I � º �� � � / ¡ , � < <
��¥>� � � � i � � � � Œ� � � � � ‘ � � � � � ! � 12�
��3n� � � 
 &� � 0� ´ � � � DJ� � ] � � � c&�
��@, g, � � � Q� � %2( � t � &� .
de� �� 2%&� � • O�� U� T4^ � � � �
�� � �� a� � � &� � � �� � � � � � 6�� �
� � � / &� :

®� 	 , � � O�� U� K�� � � Œ� G� �� !� � LB�
* �� � +� � �� ) ( � � � a� ] $&� � • OU� @:
�K2� � �� U� K�� 2� 
 � � p� � F�� #� � :
��6� � � � � � @� � � � � 5� � � � � � J � <‹B, :
� ES�� � 2&� � $�� � � $} � F� h2�� � � J �
, : � ~�� %� / � � =>� ¡ � ~� � ] , � � #$�
² � �� 2¶� � �� %� M; � � <K�� / � � ] � �� c �
i �� � � � “ � F�� � � � 
 ( � � >�� � � � � � p�
��* � � � +� � � � _2
 ( � B, � � � � � E>� J�
$� � , � =>� � .
�4� �� � 5� ( � 3] , � �� � j � <Œ� �� � � � � E
� �� � � � � * �� � +� - . %&� , � K� � >
 &�
�� �� � � „ � � @� � <� �� � ) � &� � � h�� � 9
��>� � U� i � � 12Ÿ� � * � � � +� A�� 
 � 
 W�
�T$�� � � Q�� � &, � <� � >�� P� � =>�� � (
�N�� &	 , � <=>�� � 2&� � 0� - ��  h2&�
���� � � � +n� � 6� � � � - 7� � � &� � * � � � +
� �� � � � � E>� J� � � � +� %�� � � � � _&�
��N� &	 � Q�  / � � - � %+� K/ ; � $J� , .
 � �� +n� 
 O&� � >U� ¥� %2#B� � � OU

�� 0� ¸ >� � � ) &� � Q� � � `1970p� �
y �� � . %&� � � � >�� P� � @>� � �� #� i j ,
� �� ) � &� � � h�� 9� � �� � � � � F' : � 6� .
�o�� � ( �  &� � ~�� � ' , , � � � $�� � %+,
��>� � U, � <@>� � � � 
 � &� A� � � � e� &�
A � � � � � � $� >� n�  Edmund S.
Muski e  ,  oe� %&�
�6� � � � A� � � 
 ” $� � &�  Mai ne<
� � � � +n� �

�n� � �� ; � � � � �� � � � � F�� ' :� � L$#,
• � �� %&� � 6� � o� � � � @: � N&	 � ™/ �
� >�� � >
 � � @: � � � +� %�� _&� � 6�� � ,
0� ‹D� h2�� � � � � � , $�� � � � � � � �� � � ¡

¨ � �� W� � q�� #>&��� L��F' : � 6� � 6 &,
���6� � � � $� � � B� <� h� � _&� � � � � � � �

��� � � $h2&� � • OU� � � ' � >��� L� � : ,
���6� �  1J� � 6� � � � ~� � � : � i � � %2
 �
N&O� � Z� � 
 &� . "
� �� � � � h�� 9� »� ] � 2&� � q� E: � $#,
q�� ‘ � 	 � � <A a>� � oe� %&� � ~&� #
��N� � � � ( � � � � � � ' � >� � F� � � / � &� �

� � � $h2&�� � Lq�� � � � � 5� � 	 � ,
��� O� � U� 0� � � � j , � / J � � FeB$� � &�
��q� � � R#� , � <� h� h� � 9� ] >� � ) %J�
� � �� E� / � � D&� 3$�� � $' � � � �� c � � ¼
� � �� � � � � � 3� �� � � � � � � � � F' : � 6�
@, $�� � � ?� J � �� � � @>� � _� � 6� O&�
��² � � � ˜ � H>� � � ; � <@>� � ( >” , � ¥� n
� >�� 
 � � 6�� � � <N! � @, $� � <� %� � +
�F�� 1} � i � � 2�� � � � B� i �� 12Ÿ� � @�
� �� � : � @: � , : � y � &� ��  2&� � • O�� U
�=>�� � � ( � 0� T� �� � � : � � � �� � c � � ¼
� �� � � � %&� � 6� � � � � h2� � � � � >P�

� � ' >&>% 2&�� � L�����@: � B�
� h�� 9� * �� � +� $U� ! � � � � »� ] � 2&�
y
 � �� a, � A �� a>� � oe� %&� � y#>�
�� � %&� � � : � o� � ' � p� .

��� � � � � � � � * � � +� � � � ES2&� � 6+� y)  &� :

o( �  � & Davi d V.  Bat es ( FRSC, FACP, FRCPC, FRCP, MD, CM)

��‰� � � &� � � � >� P� � 0� � � j � � ] .

= ��������� >)3��	?� ����������;�:



=>�� � ( � � ES�� ( � 6�� +� � �� 1� � � � �� a� ] n� � , : � q� � 5
0� � U� �� ) � � t �� &� � N�� � ( � � � �� � � � � � * �� � +� � � >P�
1966 � �� � � &� , � , � • D�� � ' , n ( Dougl as &
Wal l er )  � R� � � � � †� � 0� � L� � � � %� +� � O� : � $
 ;
� � �� E>� J� , � � �� � %� ‚ � � F�� � � >/ &� � 6� � � � e� >) +
�� � >� � X&� � � � G� � &�  SES ��i � � 2( � ‰� � � � � 6+
���‡� 6� O� � &� � $� � � &� >J� � 6� � � � 3� � � � 5� � � � +>1`
���T� � � � : � � � � a: � 0� 3nB>� � &� � $� � %+� - � � � � %� ( <
��0� @>� � ) � / � � 6� O� � &� � � � � � � � � � � @: � � , $� � ' , ,
0� ?� � � S�� � � @>� � �� _� � =>�� � 2&� � � � &� +� ‰� � %�
��� � � EDX� � � X� � 5: � ] $� � _� &� * � � � � � &� � � � � 
 � %J�
� � � c � ­ %� � ‰� � %� � 0� @>) � / � � 6� O&� � 6� � H� / j :

� �� &, $&� � 0� =>�� � 2&�� � L� �� a� ] $&� � • O�� P� @� 5,
����̧ >� � � ) &� � Q� � � ` � � B, � $� � � � 0� � � � � 5� � ES� � (
6�� +� @>� � �� #� � , � � n� $�� +[ � � � � �� %E: � A � � � � �

y � � � . %&� � � � >P�� � L��� 0,1995i � � � 1k2� � q1#�
� � >�� P� � =>�� � ( � � ES�� ( � 6�� +� o�� 25� � � � m� ­ � ( ,

� � $�� ' , , � � � � � � � � * � +49N&O�� &� Œ� / ' � � ��� L$#,
q� � � ( � t &� � � ) %&� � 3n� +� � � � � � � � n$/ � � qG' >;
6�� � � ] >�� ) %� � � , : � @� �� 5� � O�� U� @� � � �� ¡ ] � <N&	

• � �� ) � � - 2� � ~+>�� � L@: � p� � ~�� � ; � � � �� ! : � $�� #,
���� � � E] � 5� 0� � � � � � � � � � 0� � � � � � ; >&� � 3n� � � � g

�� @� � n19523] >�� _� � n� g� $�� #� @� �� 5� @$�� %&� 0�
� p� � <� �� � � b>h� �67¥>� �� a: � � � �� %E: � <3� �� ; , �

��n� � � 2/ J � � A+>� � � a� � � ¨ � � � “ [ � � 6� � +� @� � $� � &�
�� >U,38‰� � �� � &� � ¥>� �� a� � � 0� =$� � $#� 
 O&� , �

~&� � L���3� ^ � � 9� Z� � � #] � � � q� � � � 5� i � � &� � � � ,
€�� 7� � � ] , � o� �� � &� � >�� U� N�� &	 � @� �� 5� Œ� �� � &� 7,

3n� � � � 4&� � • OU� 6+� � _� &�� � Li �� � j >&� � @: � B�
��6� � � � � � � � � 5� � n$� � +� @� � <Œ� � � � X5� y� � � 2ƒ� @� �

� U� �� ) � � ‡� $�� #� � � � � � � � 6+� � � a� ] $&��� L� OU,
� � �� � >� / J � � • O�� U� i �� � 1k2� � Z>�� 
 � � ] >�� ) %J� .
o�� � � � y �� � 2¼� � 	 � �� J � >�� U� � %U� - � J � � � � Y� &� ,
� 	 � � � �� � , � ‰� � �� %J� � HD�� 2� � � i � � >� � &� � � � g:
� �� #D+� � �� � : � ~�� &� ¨ � �� W� � � � >�� P� � =>�� � ( � @� 5

o�� � %&� � • O�� U� 3n� �� � 4�� � L• O�� � U� ] � �� � � � � 0,
��� � � � � . � DJ� � Z$� � � 
 � � @: � 6� � �  ” � <� � � � #D/ &�
�� � � ( � � :
1_ �0� n] >; ] � �� � U� 0� � �� � 
 � #$&� � � � �� � . � DJ�

� @: � � � � � � b: � � �  � 2� � >519�6� � � � � � � e� J � � 0�
� �� � g: � 6�� � � @>� � �� / � � � %� $J� � • OU� 0� � � � � � �
��T$� � &� $� � � 4( � � � � � � 9[ � � o� � � � � @: , � <>� � � � &�
f >�� %' � 6�� � � , : � A��  � ] >( ] >� � F9: � 6� � � � � � � �
�l , � R�� � ( � 6� O�� � &� , � � �� � �  � � � � � � 3] � �� � 
 &�

� K� � � � � � - U] � 1+:5�10�K� � %� &� � 0, � <� � >%�� a�
� 6� � a� C�10$�� / � � C�� � � � � �� %� &� � 0, � <� � >%�� a�

�� 6a15����� %a �� � L� $�� / � � y / �� j � >�� U� � $/ J � � � OU,
���� � � �  � � � : � 0� 3n� � � � +� ?R� � � � J � � � � � � � � 9[ �
� � &� 1) &� .
2_ @: � o�� � ±� � � � �� � 9[ � � o�� � � � � 0� � � � �� � ^2&�
� � � �� ^ ( � o� �� � � � =$�� } � $�� #� � �� £� � ] O�� ¤� O�� � Y(
��½� � &� � m� ­ � ) 2&� � 0.
3_ �f >�� � %' � 0� 3$�� � � ' � � �� � a� ] n� � ] � �� � ! :
>� � &� �� � � � � � �� 9[ � � � �� � � � @: � p� � � � � ] >� � &� 5
�0� 3$�� � � � 5: � � X�� � 5� � � ‰� � �� � %J� � 0� $�� � � 4(
��@>� � a] � ” � 6� O� &� � � � � � � �

4_ 6��  ” � � � ] � � �� � &� � Zn� �� / &� ?� / 2&� � 3n� � g
�>� � &� � � � � � � 9¾&� 
 nY� � @: .
5_ � � ES�� ("A�� � � %2&� � g� � ‚ � � � � � � � 2&��� "0
���0� � � � � � . � � � � � � a� ] $&� � 6� � � a� 0� � � � � � � � � �
�� � �� � � � £� � � �� � a� � #� 0� 8�� � j � >&� � ?� �� � � • B�
F�� � � &� � 3n>�� +� $�� / � � C�� � � � �� � e� >P� � N&� � J �
‰� �� j � ] � � 12�� a� � p� � � �� ) � � � �� ¹ � <� �� a] $J� � p�
��� � 
 � #$&� � � � � e� >P� � N&� � J � .
�
 ] � �� ‚ � � � � >�� P� � =>�� � 2&� ?� �� / 2&� � 3n� �� � g,
>� � &� �� � � � � � �� 9[ � � � � �� � � � 6� � F/ � &� � � $� 4� <

�� - � � a� � � H, � � � / J �"½�� � &� � m� ­ �� ) 2&� � >�� � ] " .
] � � � ) 2� � � 0� 3n� � 4&� � � � � � � 8j � >&� � 6� � Q� &,
���?� � / 2&� � � O� U� p� � T4� / ( � t &� � ?� J � .
�� O�� U� * �� � +� � �� � � ' [ � � � � >/ �� 9� 6�� � � $�� � 4� � ,

� >�� ¶� F�� ’ � …� $�� � � …�� ¤� de� �� 2� � � � Y� &�25000
� 6�� +� - U] � �� 1+: � $�� � 4( � ~1� �11�6�� � � Œ� �� � � +�

��� @: � $�� ' , � …�� h� &� � � O�� U� �� � � � R�� � †�320�
, � Q�� � %2&� � 4� gS�� � � K� � �� _J� � 6�� � � � �� e� J �27

� K� � �� � _J� � 6�� � � � � �� � e� J � � 0"�m� ­ ) 2&� � >� � �
�½� � &��� "F�� _� � 0� 3n� �� � g� - � � $�� &� 6 � � r  I gE

���0� B,  I gE t o house dust  mi t es.
�� � >�� P� � =>�� � ( � o� �� � � � @: � 6��  1J� � 6�� � � F�� U
� �� � e� >P� � � � �� _
 &� � 0� � �� %� 4� � � 
 � �� j � 
 ] � ‚ �
* �� � +� S�� � � � � �� � � � � @: � <3� �� X5� � B� � � 0� <6 ”
µ>� ] � ~� :
�T� � � : � � � � ES( , � >� � &� � - #� � ( :

 ] � �� ‚ � � � � >�� P� � =>�� � 2&� ?� �� / 2&� � @� 5� � � >a
Z: � >� � &� �� � � � � � �� 9[ � � * �� � +� ³ >h� � � � ES( � ~&
� � �� � � � � &� � i �� #� , � 6�� � � N! � $' >� � B� ~� M; � <B
³ >�� h� � � ² � �� 2� � >U� >� � &� � - #� � ( � @: � � � � 2J�
>�� U� � O�� U, � <?� / 2&� � 6� � � � &� W� � � � � >2� 1� &
3] � �� �  2J� � � � �� � � g� � � i �� � � � � �� � c � : � � � �� � W�
�g� �� � � ‚ � � 6�� � � � F� �� � a� � � � 4�� � ‚ � � f � � �� � 2&B

A� � %2&��� LQ�� � &� @: � ?R�� � � � @: � 6��  ” � B� t �� &�
��T$� J� � � � � � >� � o#� >+� � P.
@� � <- �� � � &� � � � / �� 9� K�� %‚ � � * �� � +� � � � ES2&� ,

Œ� $�� ' � � � � G�� j � � �� w� � &I � 6+� � %( � � >� / ��� L0,
$�� #� � �  �� ) J � � • O�� P� \ �� � � � � , : � @M�� ; � i #� >&�
� �� e] � ?� �� / ( � 6�� +� 3� �� �  &� � � �� a� ] $&� � @>��  �
��K� $� � ( � 6� � � � @� � $� � � &� - � � � � &� � 0� $� � � &� >J�
��0� � � � � �  � U� � � � � ; D2� � � � $� � ' , � t � � &� , � <Z� �
��@� � $� � &� � � O� � P� � � � j � / J � � $� � � &� >J� � � � � e] .
…�� � � � <\ �� � „ � � � O�� U� @, � � I � i � 22� � @: � F� S� ,
A� � e] � \ � � � ~� : � q� E.
��=>� � � 2&� � 6� � � � * � � � +: � � � � >2� � � J � ?� � � / 2&� ,
3R�� ; � � � �� %E: � - �� h� &� � u� � �� � � � 6�� +� d( � �� %&�
0� � � �� � ; D2� � � p� � 
 nY�� � � � @: � 6�� �  ” � F�� � 1W�
6�� � � - 7� &� �� � � <A+� �� %J� � g� �� � ‚ � � F� � >+� €/ �
N�� &	 � � � �� � &I � 6+� 3n, ${ � � � 4( � B� � %( �  ; � @:
����F� � � >� &� � T$� � J � � * � � � +� � � � w� � ES( � 6� � +, .
���@: � 0� o� � � &� � 6� +� Œ� � c � : � 3n, ${ � � %( �  ; ,

�@$�� J � � 0� 
 ] � �� ‚ � � � � >�� P� � =>�� � 2&� ?� �� / 2&� � � �� a� ] n� q� � 5,"f >� "  ( Pope)  �6+� 3$e� � &�



��� � � � � � � � � 
 $� � &� >� � 1%&� � � � � � � � � � 0� o� � � � 2�
��B� � H� � � / � � B� � � � %� � � N� � &	 , � <~� � &� K� � j � / J �
������ e� � &� A/ � � � &� � ] >� 2&� � � � � &I � 6+� F� � 
 &� .
�• O�� U� 6�� +� � � �� � >� / J � � 3] $�� %� � � �� � ] � 
 J � � ,
$�� 5Y� � @: � 0� � �  �� ) � � � %� $�� &� Q�� � &� <� � Ga� �
��, : � <� � ] � � � � � � &� � =� � � � / � � B� ?� � � � / 2&� � @:
@, g, � � � F�� X� � <~�� %+� � �� • � %&� � � � � , � 1�  � &<
� �� e� &� � >�� ©� � � S�� ( � * � +� � ES( � ~&� @> � � $#<
� O�� U� � � � ES�� ( � 6�� +� � �� 
 E>� � $U� >! � $' >( � 	 �
������N&	 � o� � _� � � � , � <� e� &� � ye� b, � * � +� ?� / 2&�
��� O�� U� 6�� +� d( � �� � � � �� e� &� � 0� f � � �� 2&� � 6�� �
Œ� �� c � : � ‰�� � / ( � � � $�� � 5YJ� � @: � 6�� +, � <?� / 2&�
�� � � � � � � � e� >P� � � D� � � � � � _� >W� � ye� � � � � � � b,
�� � � ; , �  J � ( Al veol ar  macr ophages) .  � OU,
�� � � � � �� 2&� � p� � Œ� �� c � : � 
 nY�� � � $�� #� � ES�� 2&�
g� �� � ‚ � � 0� � �� � � 2ƒ� ¥� >�� � : � 6�� � , � 3$�� � � � X5:

A� � %2&�� � LN�� �  � ( � A�� U� � � �� ; , �  J � � � � � b, ,
� �� � � � $&� � � � %e�  &� � � � $( ,�� L� � �� � E� � ‡� $#,

��K� � ' , R%&� � $� � � a� 5: , � @, g, � � � 6� � � � ‹D� � 5� @:
� � � b>&� � • OU� @� 
 � / � .
K�� � � 3S�� ' � � J � � p� � >+$�� � � � �� � � ®� �� %U� Q�� � &,
��0� � � � � � � ) 2� 1� &� $� � � &� >J� � � >� � � n� @: � $� � †
�o� �� � � � � � �� � �  � � � � � � 3$�� � h2J� � � � �� � � B>&�
� X�� 5: � n� g� $�� #� � � e� >P� � � � _
 &� � 0� f � � 2&�

� A� � �� +� K�� � � � �� 1� ; � y / �� c&� � 6�1980, �1996 .
���� � � � � � � � � � � ˜ � r � ~� � � : � >� � U� FUO� � J � � 6� �  &,
3n� �� � � g� @>�� �  ( � @: � � �� � � � �  � � � K&, Y�� � � J �
@$�� J � � 0� � �� � e4‚ � � 3n� �� J � � =>�� � 2&� ?� �� / 2&�
3n� � 4&� � • OU� f � � a: � $� : .

?� � �� � : � o� �� � � � � � � � �� ) 2� 1� &� � � �� � � � � � � >� n
� � 12�� a� � t �� &� � <� �� ( >� � 0� <>; , � � � 0� � � � � %(
$�� � $� � i %�� _� � F� ^ �� ) ( � � � %E: � K� � +� 
 $� � * � +
� D�� � � � Œ� �� � c � : , � <� �� � 
 � %J� � • O�� � U� 0� A�� � � {
����i %� � _J� � uD� � 7� � ~� � � ; � ‡� 
 O� � &� � Z� � � / &� <
�t �� &� � � � �� a� ] $&� � F�� e� , : � T$�� � � � p� � D� $�� �
��- �� � +, � � �� G� , � � � - �� � +� de� �� 2� � K�� � � q�� � � ]

� � �� � b: � � � $%+� Z>1� &�">� ' "  ( Ghi o)  6� � n,
( Devi n)  � � h�� ! � � � 6�� � � � � �� G� 4‚ � � @:  PM10

�� X�� 5: � q�� � � 5� F�� 1/ � � i %�� _J� � @� �� 5� � � $�� %+
��~�� #D7� � $�� %+� q�� � � 5� � �� ¹ � � �� X � � Œ� 11�� � ( .
@>��  J � � ¥� �� � ( ] � � o� �� � � � Œ� �� � &� 7� N�� &	 � @� 5,
�� � � � ; � A� $/ J� .
��F� � e� , : � @: � p� � ‰� � � a� � � � 1� ; � � � � � � ! : � $� � #,
� � / �� 9� K�� %‚ � � * �� � +� � ES�� 2&� � 6�� +� � � a� ] $&�
� , � �� s � � � $�� %+� Œ� �� c � : � 8� h�� 9� � OU, � <� � � 2&�
�A�� U� � �� � � 6�� +� � � Y�� a� * �� � +� � �� � � ' [ � � � � �� J �
�� � �� � � � � � 0� 3] � ��  2J� � � � �� � � %2&� � =� $�� � � �
��� � �  � J � � - Š� � � � ! � � � >%�� a� p� � � 12� � � ( � t � � &�

�N�� &	 � $�� / � � � �� � � p� ,� � L� �� . %&� � � �� � ' , � 6� ,
@: � 
 ] , � �� c&� � 6�� � � Q�� � &� ~�� � M; � <� � 1� . %2&�
�̈ � �� W� � ?� �� / 2&� � F�� � � 
 ( � p� � � �� ' � W� � @>��  (
T$�� J � � � �� � � >� � ] � � �� j : � 6+� FeBn� * � +� � 1e� #
6�� � +� � �� � • � %&� � � �� � � +� 12' B� � 3] � �� � � „ � � @�
- #� �� � 2&� � , : � <• ] � $�� J � � 6�� � � f � � ^&� � 3n� � g
� �� w� 	 � $�� � � 0� � �� � ; � 5� <>� � �� &� � � �� � g� � n� W�
�0� - ��  h2&� � \ � � >�� j � 0� n� �� ' � � �� � ^ ( � � � �� � n[
=>� 2&� .

�u� � ; � @, $� � � � ; D2� � :
�K� � � � � � u� � � � � ; � $� � � � ' >� � B
� �� ) � &� � � �� c( � t &� � � � E>� J�
� � � � O�� } � o� �� � ( � t �� &� � N� ( ,

�� � � J � +� � L�� O� � U� n� � � ±� ,
u>�� � / � � i %� �� � _J� � u� �� � � &�
��� � � � � ; � - � �  h2&� � � � n>� � � `
�Œ� � � / � “ .

� h_&� � � ] � c&� � - � ^&� :
�K� � ' , R%&� � $� � � a� 5: � o�� / � (
F�� 5� 6� >��  ( � 0� Œ� �� ' � � � Œ� ] , n
o� � � � 
 &� � @, g, � � � T>2� � � 6�
, : � <?] � � � 8� �� � � � a� 6�� � � � �
�� � � � � � G� 4‚ � , � <Z� � � � � 5� &�

� 
 � #$&��� L��®� %U� @M; � N&O&,

 O�� &� � ] , $�� &� � FU� k2&� F� �
��0� - � � � � %� � F� � � 5� ~� � � � / � �

  ��F� 
 2� � J � � n� $� +: � 0. . . . .



�� � ) � &� � � h_� � ] � � j [ � .

� 5O&� � � � � $'
� � �� 1� / &� � 3] $�� #� q%�� � } � � 1� 5
��� � � � � ; >&� � - � � 5� $� � � $} � * � � � +
� � >�� P� � =>�� � ( � 6�� +� � �� • � %&� <
@>� n� �� _2#B� � €�� / � � Z� #� � 1� 5
¿>�� � � 3] � n� � Q� ` � Q� e] � FX� � �
�� � �� � � >� / J � � @>G�� � ! � o�� � 2 J
��� � � Z� �� U� � ' � @>�� ' � <- �� . %&� ,
��� � � � &� J � � � � � 1� 
 &� � F� � � � 
 2�
��� � � � ; >� &� 3n$� š� .
F' : � 6� � \ ^ c&� � � Z� U� � ' � Z>
 �
* � +� A� > � � d� � � � � � ‰� � � (

� � &, $&� � T>2� �"€� ­ � & "
,"�3� � � � W� � � � >%� � � &� � "AU,

Žn� � �
�� � � ] � 
 � � F' : � 6� � Œ� a� a: � q/ j ,
d�� � 2%� � t �� � &� � � � ] � 1X2�� � aB�
� � %+

A� � 
 2� � � F� n� LZ� U� � ' � $� � � ,
- �� . � � * �� � +� Q�� a� � � • OU� ‰� � � (
	 � 
 � �
�‰� � � � &� � $� 1/ &� � >U, � <3� � W�
� � � �� � � ­ J � � F�� � � � � } � 45� �� � � J
�� � / � � ·
] � ; ] � Un �Z>� � 
 ( � 
 O� � &� ,
~� � >12�
F� � >� � @>� 5� � � 5� ! � 3>
 �
( Exxon Mobi l )  3$+� i �
T� � : � � � 5� ! .
�: $�� � J � � � �� � � e� &� � 3� ��  � &� ,
" � � >%a

�3� � � W��� "6� � � &� � ] � � 5� @: � >U
n$�� +� - � � $�� &� @� � F#: � - � 21� #
�0� � �� � � 
 � 2� � F�� � #: � � � >%�� � a
��@M� � ; � ¨ � � � 2&� � , � <- U] � � � 1+:

���� › � � � � 
 O&� � n� � &�70Œ� �� � � +�
� ¨ � >�� � � ~�� 21� #258000� � À� �0

� F�� � � 
 �2. 3] B, n� @>� � � � � � � �
�• � � ^&.

,"�€� � „ �� � "�3� � � � W� � @: � ™� � / �
��0� � � U	 � 
 � � � - � 2� � t &�

6�� � � F�� #: � � � �� 21� #� F� 
 2�� � J �
Z>�� � &� � � �� U	 � 
 � � � - �� 2� � t &� <
��€� � � � ¼� >� � U� ¨ � � � “ [ � � º � � / J � ,
��- � � � . %( � ¨ � � � 2&� � , � <� � � 1� #<
?� � �� � � � � $�� j � � �� � � 1W� � K� � >#
�
 $�� X&� , � � �� e� &� � 0� � �� X� � „ �
��� � U� 7, � »� J � , .
                F#� / ( ,

� Qa:"�€� � „ � "
                ,"� � >%a

�3� � � W�� "��Œ� � / #� , � Œ� � c � :
                �Œ� � � JY� :
�� � � � Œ� � &� 7� AU� 3� ; >&� � @:
                @> (
�� D�� ! � 0� � �� � e� � %&� � � �� � š �
                �� � � ES� (
� G� � &� � � h_&� .
                �* � +� � � %� ,

�n� F� � � }� L² ] >'
                @>2a] >E
               ( Geor ge
Thur st on)  6�
                    � / � � '

� <®] >� >� �•�0� 8� � j >J�
                F ) &�

�A� � � P�� ž� F &� ~� M;75
                �3� ; , � � &� �
$' >( � <=>� 2&� � 6�
                �K� � � D�
��?� � J � � i � � � ®] � / J �
                � h_&� ,
� G� � &� .
                N�� &	 � F�� 5,
��� � � � � 5� � � 
 � 
 W� � � � . � � B
                6�
���� >� 
 ( � t � &� � � � ” $
 &� � � &>
 J�
               6�� � � � ~�� � � :
�� / � a� H� / � � @: � 6 1J�
               � A�� � ! � F�� � 5
�� � 1� #� H� / � � B� � %% &,
               � A! � 
 : .

��� � Á� � � � � � ) 2� J� � � >� n, � � � � ; >&�
" ��
 $� � � ‚ � � F� � ‚ � � � 1#"

�=>� � 2&� � � � � ES2&
�] $� _J�� •²� L�̧ >� � ) &� � Q� ` � >c+� � � @>2a] >E  U. S Senat e Test i mony< 2/ 5/ 1997

�����‰� � � � ( � ‰� � � � � 6� +� � � � � %• � 6�  ” � t &� � � � >%� &� � � � � � � &� � @, g, � � � � � � ES( � <®] >� >� � � Z� U
��3$� � $‚ � � � � � >2� � J�

�� � � � � R
 J�•���� � � &� W� � 6� � � ‹B$� �� Lž���- � a] � • � � � 
 � � 
 : � * � � +� - a� &� � 0� i � � 
 J � � - a] � - 2� � r

75
���������� ��

����������������������������������������������������	 
 ����� 
� � �� � ���� � �� �������	 
 � 
� � �� � � � �� ��� ���
����������� ���� 
 ���� �� � ��� ��  240������������������������������������������285�  � ������ � ! ��" � ����������� ��

��  � ���� �#���������������������������������������������������������� �������������0.01�$�%&%� ���� �� � ' ��( ) �� �* �+, �" �

- . �� / ���� � � � �� ��� �3500
� �� 
 �
���� �� � ' ��" �

18000�  . �� � ! ����� ��
0� 1� 23� �� � �&! �4� %� �5��6��� �&��7�� �� ���	 �8+ 

�9��: ;�5�� � �� 3/ 
��9
���<=>� �?�  � ���� � ! ��� �� � ��9�@

930000����A�� B�%&%2
��<�� � &������ ��
0�� � +���� ��  �CD��E�� B�( �%2��9
���� �&��7�� �� ���	 �8+ @

2000000��� � �� �� �� 
 ���� �� � ' �<�� � &������ ��
0��.%F���9��G�: �H>� �� �� 
���� �� � ��4� %� �5��6��� �&��7�� �� ���	 �8+ I 
�
���J&! �� �� 2K���

��L M� +���� � �����NNNO�;N@�




