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Criegee Intermediates: New atmos-

pheric oxidants from old chemistry? 
William J. Bloss (University of Birmingham)  

$WPRVSKHULF� FRPSRVLWLRQ� LV� DIIHFWHG� E\�

UHDFWLRQ� ZLWK� R[LGDQW� JDVHV�� PDLQO\� WKH�

K\GUR[\O� UDGLFDO� �2+��� WKH� QLWUDWH� UDGLFDO�

�12��� DQG� R]RQH� �2���� 7KHVH� UHDFWLRQV�

LQLWLDWH� UHPRYDO� RI� UHDFWLYH� WUDFH� JDVHV��

LQFOXGLQJ�YRODWLOH�RUJDQLF�FRPSRXQGV�DQG�

VRPH� LQRUJDQLF� VSHFLHV� VXFK� DV� VXOSKXU�

GLR[LGH� �62���� 8QWLO� UHFHQWO\�� RQO\� 2+�

ZDV� WKRXJKW� WR� UHDFW� GLUHFWO\� ZLWK� JDV-

SKDVH� 62��� 7KLV� FKDQJHG� ZLWK� WKH�

UHDOLVDWLRQ� WKDW� &ULHJHH� ,QWHUPHGLDWHV�

�&,V�� FDQ� UHDFW� DW� UDWHV� UHOHYDQW� IRU�

DWPRVSKHULF�FKHPLVWU\� 

���–�•�‘�•�’�Š�‡�”�‹�…�� �����t�� �‹�•�� �–�Š�‡�� �’�”�‡�…�—�”�•�‘�”�� �–�‘�� �•�—�Ž�’�Š�ƒ�–�‡�� �‹�•�� �ƒ�‡�”�‘�•�‘�Ž��
�’�ƒ�”�–�‹�…�Ž�‡�•�ä�� ���•�� �ƒ�†�†�‹�–�‹�‘�•�� �–�‘�� �„�‡�‹�•�‰�� �Š�ƒ�”�•�ˆ�—�Ž�� �–�‘�� �Š�—�•�ƒ�•�� �Š�‡�ƒ�Ž�–�Š��
�:�����t�� �ƒ�•�†�� �•�—�Ž�’�Š�ƒ�–�‡�� �ƒ�‡�”�‘�•�‘�Ž�•�� �™�‡�”�‡�� �•�ƒ�Œ�‘�”�� �…�‘�•�’�‘�•�‡�•�–�•�� �‘�ˆ��
�–�Š�‡�� ���‘�•�†�‘�•�� �ò�’�‡�ƒ�� �•�‘�—�’�‡�”�ó�� �•�•�‘�‰�•�� �‹�•�� �–�Š�‡�� �s�{�w�r�•�;�á�� �•�—�Ž�’�Š�—�”�‹�…��
�ƒ�…�‹�†���•�—�’�’�‘�”�–�•���–�Š�‡���ˆ�‘�”�•�ƒ�–�‹�‘�•���‘�ˆ���•�‡�™���’�ƒ�”�–�‹�…�Ž�‡�•�á���™�Š�‹�…�Š���ƒ�ˆ�ˆ�‡�…�–��



5R\DO�6RFLHW\�RI�&KHPLVWU\²(QYLURQPHQWDO�&KHPLVWU\�*URXS²Bulletin²-XO\����� � 

,QYHVW�LQ�\RXU�)XWXUH

$GYDQFH�\RXU� FDUHHU�DV�D�&KDUWHUHG�(QYLURQPHQWDOLVW� �&(QY��DQG�VWDQG�RXW� IURP�

WKH�FURZG� 

7KH�5R\DO�6RFLHW\�RI�&KHPLVWU\�KDV�UHFHQWO\�EHHQ�OLFHQVHG�WR�DZDUG�&KDUWHUHG�(Q�

YLURQPHQWDOLVW��&(QY��RQ�EHKDOI�RI�WKH�6RFLHW\�IRU�WKH�(QYLURQPHQW��6RF(QY���$V�D�

0HPEHU��056&��RU�)HOORZ��)56&���\RX�FDQ�QRZ�DSSO\�IRU�&KDUWHUHG�(QYLURQPHQ�

WDOLVW��&(QY��VWDWXV� 

7KH�HQYLURQPHQWDO�FKDOOHQJHV�ZH�IDFH�PHDQ�WKDW�WKH�UROH�RI�WKH�&KDUWHUHG�(QYLURQ�

PHQWDOLVW�LV�PRUH�LPSRUWDQW�WKDQ�HYHU� 

*DLQLQJ� FKDUWHUHG� HQYLURQPHQWDOLVW� VWDWXV� VHWV� \RX� DSDUW� IURP� RWKHUV� ZRUNLQJ� LQ�

\RXU� ILHOG�� ,W� GHPRQVWUDWHV� SURYHQ� NQRZOHGJH�� H[SHULHQFH�� GHGLFDWLRQ� DQG��

FRPPLWPHQW�WR�SURIHVVLRQDO�VWDQGDUGV� 

7R�ILQG�RXW�KRZ�\RX�FDQ�DSSO\�WR�EH�D�&KDUWHUHG�(QYLURQPHQWDOLVW� 

JR�WR�http://rsc.li/chartered-status  
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7KLV� \HDU¶V� 'LVWLQJXLVKHG� *XHVW� /HFWXUH�

DQG� 6\PSRVLXP� RQ� *HRHQJLQHHULQJ� WKH�

&OLPDWH�WRRN�SODFH�RQ����0DUFK������DW�
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�…�Ž�‘�—�†�á���…�‘�•�’�‘�•�‡�†���‘�ˆ���•�‘�”�‡���•�—�•�‡�”�‘�—�•���„�—�–���•�•�ƒ�Ž�Ž�‡�”���†�”�‘�’�Ž�‡�–�•��
�–�Š�ƒ�•�� �•�‹�‰�Š�–�� �‘�–�Š�‡�”�™�‹�•�‡�� �‡�š�‹�•�–�á�� �™�‘�—�Ž�†�� �Š�ƒ�˜�‡�� �Š�‹�‰�Š�‡�”��
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�–�Š�”�‘�—�‰�Š�� �–�Š�‡�� �—�•�‡�� �‘�ˆ�� �•�‘�”�‡�� �”�‡�Ð�Ž�‡�…�–�‹�˜�‡�� �…�”�‘�’�•�á�� �‘�”�� �„�›�� �…�‘�˜�‡�”�‹�•�‰��
�†�‡�•�‡�”�–�•�� �™�‹�–�Š�� �Š�‹�‰�Š�Ž�›�� �”�‡�Ð�Ž�‡�…�–�‹�˜�‡�� �•�ƒ�–�‡�”�‹�ƒ�Ž�á�� �‘�”�� �„�›�� �’�ƒ�‹�•�–�‹�•�‰��
�—�”�„�ƒ�•�� �•�‡�–�–�Ž�‡�•�‡�•�–�•�� �™�Š�‹�–�‡�ä�� ���Š�‡�•�‡�� �•�…�Š�‡�•�‡�•�� �–�‡�•�†�� �–�‘�� �„�‡�� �˜�‡�”�›��
�‡�š�’�‡�•�•�‹�˜�‡�� �ƒ�•�†�� �•�ƒ�›�� �’�”�‘�†�—�…�‡�� �—�•�†�‡�•�‹�”�ƒ�„�Ž�‡�� �Ž�‘�…�ƒ�Ž�� �‡�…�‘�Ž�‘�‰�‹�…�ƒ�Ž��
�‹�•�’�ƒ�…�–�•�ä 

CDR versus SRM? 
�������� �–�‡�…�Š�•�‹�“�—�‡�•�� �•�‹�‰�Š�–�� �„�‡�� �˜�‹�‡�™�‡�†�� �ƒ�•�� �’�”�‡�ˆ�‡�”�ƒ�„�Ž�‡�� �–�‘�� ��������
�–�‡�…�Š�•�‹�“�—�‡�•���‹�•���–�Š�ƒ�–���–�Š�‡�›���ƒ�–�–�‡�•�’�–���–�‘���”�‡�–�—�”�•���–�Š�‡���…�Ž�‹�•�ƒ�–�‡���–�‘���ƒ��
�•�‘�”�‡�� �•�ƒ�–�—�”�ƒ�Ž�� �•�–�ƒ�–�‡�� �ƒ�•�†�� �–�Š�‡�›�� �™�‘�—�Ž�†�á�� �‹�•�� �‰�‡�•�‡�”�ƒ�Ž�á�� �„�‡�� �•�ƒ�ˆ�‡�”�ä��
���‘�™�‡�˜�‡�”�á�� �������� �–�‡�•�†�•�� �–�‘�� �„�‡�� �˜�‡�”�›�� �•�Ž�‘�™�� �–�‘�� �–�ƒ�•�‡�� �‡�ˆ�ˆ�‡�…�–�� �ƒ�•�†��
�…�—�”�”�‡�•�–�� �•�…�Š�‡�•�‡�•�� �ƒ�”�‡�� �˜�‡�”�›�� �…�‘�•�–�Ž�›�� �‹�ˆ�� �–�Š�‡�›�� �ƒ�”�‡�� �–�‘�� �•�ƒ�•�‡��
�•�‹�‰�•�‹�Ð�‹�…�ƒ�•�–�� �‹�•�’�ƒ�…�–�� �:�	�‹�‰�—�”�‡�� �t�;�ä�� �	�—�”�–�Š�‡�”�•�‘�”�‡�� �–�Š�‡�� �•�‡�–�Š�‘�†�•��
�ˆ�‘�”�� �–�Š�‡�� �…�ƒ�”�„�‘�•�� �•�‡�“�—�‡�•�–�”�ƒ�–�‹�‘�•�� �”�‡�“�—�‹�”�‡�†�� �ƒ�•�� �’�ƒ�”�–�� �‘�ˆ�� �•�‘�•�–�� �‘�ˆ��
�–�Š�‡�•�‡�� �•�…�Š�‡�•�‡�•�� �ƒ�”�‡�� �•�‘�–�� �™�‡�Ž�Ž-�’�”�‘�˜�‡�•�� �–�‘�� �„�‡�� �™�‹�–�Š�‘�—�–��
�—�•�†�‡�•�‹�”�ƒ�„�Ž�‡���‡�•�˜�‹�”�‘�•�•�‡�•�–�ƒ�Ž���•�‹�†�‡���‡�ˆ�ˆ�‡�…�–�•�ä�� 
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�‡�•�‹�•�•�‹�‘�•�•�ó���–�Š�ƒ�–�� �‹�•�á�� �•�‡�–�� �’�‡�”�•�ƒ�•�‡�•�–�� �”�‡�•�‘�˜�ƒ�Ž�� �‘�ˆ��
�‰�”�‡�‡�•�Š�‘�—�•�‡�� �‰�ƒ�•�� �‡�•�‹�•�•�‹�‘�•�•�� �ˆ�”�‘�•�� �–�Š�‡�� �ƒ�–�•�‘�•�’�Š�‡�”�‡�ä�� ���ˆ�� �–�Š�‡��
�v�r�r�� ���������� �…�Ž�‹�•�ƒ�–�‡�� �•�…�‡�•�ƒ�”�‹�‘�•�� �–�Š�ƒ�–�� �Š�ƒ�˜�‡�� �ƒ�� �w�r�¨�� �‘�”�� �„�‡�–�–�‡�”��
�…�Š�ƒ�•�…�‡���‘�ˆ���Ž�‡�•�•���–�Š�ƒ�•���t���¹�����™�ƒ�”�•�‹�•�‰�á���•�‘�”�‡���–�Š�ƒ�•���u�r�r���ƒ�•�•�—�•�‡��
�–�Š�‡�� �•�—�…�…�‡�•�•�ˆ�—�Ž�� �ƒ�•�†�� �Ž�ƒ�”�‰�‡-�•�…�ƒ�Ž�‡�� �—�’�–�ƒ�•�‡�� �‘�ˆ�� �•�‡�‰�ƒ�–�‹�˜�‡-
�‡�•�‹�•�•�‹�‘�•���–�‡�…�Š�•�‘�Ž�‘�‰�‹�‡�•�ä�� 

���Š�‡���•�‘�•�–���’�‘�’�—�Ž�ƒ�”���‘�ˆ���–�Š�‡�•�‡���–�‡�…�Š�•�‘�Ž�‘�‰�‹�‡�•���‹�•�����‹�‘�‡�•�‡�”�‰�›���™�‹�–�Š��
���ƒ�”�„�‘�•�� ���ƒ�’�–�—�”�‡�� �ƒ�•�†�� ���–�‘�”�ƒ�‰�‡�� �:�����������;�ä�� ���Š�‡�� �‹�†�‡�ƒ�� �„�‡�Š�‹�•�†��
�������������‹�•���ˆ�ƒ�‹�”�Ž�›���•�‹�•�’�Ž�‡�ã���‰�”�‘�™���‡�•�‡�”�‰�›���…�”�‘�’�•���ƒ�•�†���„�—�”�•���–�Š�‡�•��
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7KH� WHUP� FOLPDWH� HQJLQHHULQJ� �RU�

JHRHQJLQHHULQJ�� UHIHUV� WR�D�EURDG� UDQJH�

RI� FRQFHSWV�� VRPH� ZLWK� D� KLVWRU\� RI�

SUDFWLFDO� UHVHDUFK�� RWKHUV� VWLOO� ODUJHO\�

WKHRUHWLFDO�� 7KHVH� FRQFHSWV� UDQJH� IURP�

DUWLILFLDOO\� HQKDQFHG� PLQHUDO� ZHDWKHULQJ�

DQG� ODUJH-VFDOH� RFHDQ� IHUWLOLVDWLRQ� WR�

PRGLI\LQJ� WKH� FKHPLVWU\� RI� WKH� XSSHU�

DWPRVSKHUH�RU�PDNLQJ�FURSODQGV�RU�VHDV�

PRUH� UHIOHFWLYH�� $VVHVVPHQWV� RI� WKHLU�

OLNHO\� HIIHFWLYHQHVV� LQ� PLWLJDWLQJ� FOLPDWH�

FKDQJH� DQG� WKHLU� SRWHQWLDO� IRU� DGYHUVH�

HIIHFWV� KDYH� KLJKOLJKWHG� VXEVWDQWLDO�

XQFHUWDLQWLHV� DQG� XQNQRZQV� ����� ����� ,Q�

������ WKH� 5R\DO� 6RFLHW\� FRQFOXGHG� WKDW�

DOWKRXJK� ³JHRHQJLQHHULQJ� RI� WKH� (DUWK¶V�

FOLPDWH� LV� YHU\� OLNHO\� WR� EH� WHFKQLFDOO\�

SRVVLEOH«� WKH� WHFKQRORJ\� WR� GR� VR� LV�

EDUHO\� IRUPHG�� DQG� WKHUH� DUH� PDMRU�

XQFHUWDLQWLHV� UHJDUGLQJ� LWV� HIIHFWLYHQHVV��
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�’�”�‘�’�‘�•�‡�†�� �ƒ�…�–�‹�‘�•�•�� �‘�ˆ�� �ƒ�� �Š�ƒ�•�†�ˆ�—�Ž�� �‘�ˆ�� �…�‘�•�•�‡�”�…�‹�ƒ�Ž�Ž�›�� �†�”�‹�˜�‡�•��
�…�‘�•�’�ƒ�•�‹�‡�•�� �ˆ�‘�…�—�•�‡�†�� �–�Š�‡�� �ƒ�–�–�‡�•�–�‹�‘�•�� �‘�ˆ�� �‹�•�–�‡�”�•�ƒ�–�‹�‘�•�ƒ�Ž��
�”�‡�‰�—�Ž�ƒ�–�‘�”�›�� �„�‘�†�‹�‡�•�� �™�‹�–�Š�� �”�‡�•�’�‘�•�•�‹�„�‹�Ž�‹�–�›�� �ˆ�‘�”�� �’�”�‘�–�‡�…�–�‹�•�‰�� �–�Š�‡��
�•�ƒ�”�‹�•�‡�� �‡�•�˜�‹�”�‘�•�•�‡�•�–�ä�� ���•�� �’�ƒ�”�–�‹�…�—�Ž�ƒ�”�á�� �ƒ�� �Š�‹�‰�Š-�’�”�‘�Ð�‹�Ž�‡��
�ƒ�•�•�‘�—�•�…�‡�•�‡�•�–�� �„�›�� �–�Š�‡�� �…�‘�•�’�ƒ�•�›�� ���Ž�ƒ�•�•�–�‘�•�� �‘�ˆ�� �‹�–�•�� �‹�•�–�‡�•�–�� �–�‘��
�…�‘�•�†�—�…�–���ƒ���Ž�ƒ�”�‰�‡-�•�…�ƒ�Ž�‡���‹�”�‘�•���ˆ�‡�”�–�‹�Ž�‹�•�ƒ�–�‹�‘�•���‡�š�’�‡�”�‹�•�‡�•�–���‹�•���–�Š�‡��
���‘�—�–�Š�����ƒ�…�‹�Ð�‹�…�����…�‡�ƒ�•���:�•�‡�ƒ�”���–�Š�‡���
�ƒ�Ž�ƒ�’�ƒ�‰�‘�•�����•�Ž�ƒ�•�†�•�;���ƒ�•�†���–�‘��
�…�”�‡�ƒ�–�‡�� �ƒ�•�†�� �•�‡�Ž�Ž�� �…�ƒ�”�„�‘�•�� �…�”�‡�†�‹�–�•�� �ƒ�•�� �ƒ�� �”�‡�•�—�Ž�–�á�� �Ž�‡�†�� �”�ƒ�’�‹�†�Ž�›�� �–�‘��
�–�Š�‡�� �‹�•�•�—�ƒ�•�…�‡�� �‘�ˆ�� �ƒ�� �•�–�ƒ�–�‡�•�‡�•�–�� �‘�ˆ�� �…�‘�•�…�‡�”�•�� �„�›�� �–�Š�‡�� ���…�‹�‡�•�–�‹�Ð�‹�…��
�
�”�‘�—�’�•���–�Š�ƒ�–���ƒ�†�˜�‹�•�‡���–�Š�‡�����ƒ�”�–�‹�‡�•���–�‘���–�Š�‡�����‘�•�†�‘�•�����‘�•�˜�‡�•�–�‹�‘�•��
�ƒ�•�†�� ���”�‘�–�‘�…�‘�Ž�� �:����-�����;�ä�� ���Š�‡�•�‡��
�…�‘�•�…�‡�”�•�•�� �™�‡�”�‡�� �‡�•�†�‘�”�•�‡�†�� �ƒ�–�� �ƒ��
�’�‘�Ž�‹�–�‹�…�ƒ�Ž�� �Ž�‡�˜�‡�Ž�� �‹�•�� �–�Š�‡�� �•�ƒ�•�‡��
�›�‡�ƒ�”�ä�����›�����…�–�‘�„�‡�”���t�r�r�z�á���–�Š�‡������
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*HRHQJLQHHULQJ� LV� WKH� ³GHOLEHUDWH� ODUJH-

VFDOH� PDQLSXODWLRQ� RI� WKH� SODQHWDU\�

HQYLURQPHQW�WR�FRXQWHUDFW�DQWKURSRJHQLF�

FOLPDWH� FKDQJH´� ������ 3URSRVHG� VFKHPHV�

LQFOXGH� FDUERQ� GLR[LGH� UHGXFWLRQ� �&'5��

DQG� UDGLDWLRQ� PDQDJHPHQW� �50��� &'5�

WHFKQRORJ\� H[LVWV� EXW� LV� YHU\� H[SHQVLYH��

DQG� QR� IDFLOLWLHV� H[LVW� IRU� GRLQJ� LW� RQ� D�

ODUJH� VFDOH�� ,W� SUHVHQWV� YHU\� GLIIHUHQW�

HQJLQHHULQJ�� VFLHQWLILF�� JRYHUQDQFH�� DQG�

HWKLFDO� LVVXHV� WKDQ�50��+HUH� ,� IRFXV�RQ�

WKH�PRVW� VWXGLHG�SURSRVHG�50�VFKHPH��

DUWLILFLDO�FUHDWLRQ�RI�VWUDWRVSKHULF�DHURVRO�

FORXGV�� ,� XVH� WKH� WHUP� ³JHRHQJLQHHULQJ´�

WR�UHIHU�WR�WKDW�VFKHPH������� 
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�ƒ�•�� �•�…�‡�’�–�‹�…�ƒ�Ž�� �–�Š�ƒ�–�� �‰�‡�‘�‡�•�‰�‹�•�‡�‡�”�‹�•�‰�� �™�‹�Ž�Ž�� �‡�˜�‡�”�� �„�‡�� �†�‡�’�Ž�‘�›�‡�†�ä��
���ˆ�� �…�‘�—�”�•�‡�á�� �”�‡�ƒ�Ž-�™�‘�”�Ž�†�� �†�‡�…�‹�•�‹�‘�•�•�� �ƒ�”�‡�� �•�ƒ�†�‡�� �™�‹�–�Š�‘�—�–�� �ˆ�—�Ž�Ž��
�•�•�‘�™�Ž�‡�†�‰�‡�� �ƒ�•�†�� �•�‘�•�‡�–�‹�•�‡�•�� �—�•�†�‡�”�� �’�”�‡�•�•�—�”�‡�� �ˆ�”�‘�•��
�‡�š�–�”�ƒ�‘�”�†�‹�•�ƒ�”�›�� �‡�˜�‡�•�–�•�ä�� ���—�…�Š�� �•�‘�”�‡�� �”�‡�•�‡�ƒ�”�…�Š�� �‹�•��
�•�–�”�ƒ�–�‘�•�’�Š�‡�”�‹�…�� �‰�‡�‘�‡�•�‰�‹�•�‡�‡�”�‹�•�‰�á�� �…�‘�•�†�—�…�–�‡�†�� �–�”�ƒ�•�•�’�ƒ�”�‡�•�–�Ž�›��
�ƒ�•�†�� �’�—�„�Ž�‹�•�Š�‡�†�� �‘�’�‡�•�Ž�›�á�� �‹�•�� �•�‡�‡�†�‡�†�� �ˆ�‘�”�� �ˆ�—�–�—�”�‡�� �’�‘�Ž�‹�…�›��
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Forthcoming meeting 

Environmental chemistry of water, sed-

iment and soil: early-career researcher 

meeting 
When:  0RQGD\���WK�1RYHPEHU����� 

Where: 5R\DO�6RFLHW\�RI�&KHPLVWU\��%XUOLQJWRQ�+RXVH��3LFFDGLOO\��/RQGRQ�:�-��%$ 

-RLQ�XV�IRU�WKLV�RQH±GD\�PHHWLQJ�DLPHG�DW�3K'�VWXGHQWV��SRVWGRFWRUDO�UHVHDUFKHUV��

DQG�HDUO\-FDUHHU�VFLHQWLVWV� LQ� LQGXVWU\��<RX�ZLOO�KDYH� WKH�RSSRUWXQLW\� WR�VKDUH�\RXU�

UHVHDUFK� LQ� D� VXSSRUWLYH� HQYLURQPHQW�� QHWZRUN� ZLWK� IHOORZ� HDUO\� FDUHHU� VFLHQWLVWV��

DQG�KHDU�DERXW�WKH�FDUHHU�RSSRUWXQLWLHV�DYDLODEOH�WR�HQYLURQPHQWDO�FKHPLVWV�� 

3UL]HV�ZLOO�EH�DZDUGHG�IRU�WKH�EHVW�RUDO�DQG�SRVWHU�SUHVHQWDWLRQV� 

Contact: 7RP�6L]PXU��8QLYHUVLW\�RI�5HDGLQJ

Forthcoming meeting 

What's new in the analysis of complex 

environmental matrices? 
When:  )ULGD\����0DUFK������ 

Where: 5R\DO�6RFLHW\�RI�&KHPLVWU\��%XUOLQJWRQ�+RXVH��3LFFDGLOO\��/RQGRQ�:�-��%$ 

7KLV�HYHQW�LV�WKH�WKLUG�LQ�WKH�VHULHV�RI�KLJKO\�VXFFHVVIXO�ELHQQLDO�PHHWLQJV�MRLQWO\�RU�

JDQLVHG� E\� WKH� 56&¶V� (QYLURQPHQWDO� &KHPLVWU\� *URXS� DQG� 6HSDUDWLRQ� 6FLHQFH�

*URXS� �$QDO\WLFDO�'LYLVLRQ���7KH�PHHWLQJ� ZLOO� GHVFULEH� UHFHQW� GHYHORSPHQWV� LQ� WKH�

DQDO\VLV�RI�YDULRXV�FRPSOH[�PDWULFHV��KLJKOLJKWLQJ�GLIIHUHQW�DQDO\WLFDO��*&��/&��06��

105��DSSURDFKHV� 

)RU�UHSRUWV�IURP�SUHYLRXV�PHHWLQJV�VHH� 

(&*��%�X�O�O�H�W�L�Q��-XO\����� 

KWWS���ZZZ�UVF�RUJ�LPDJHV�(&*-%XOOHWLQ--XO\-����-ILQDOBWFP��-�������SGI 

(&*��%�X�O�O�H�W�L�Q��-XO\����� 

KWWS���ZZZ�UVF�RUJ�LPDJHV�(&*-%XOOHWLQ--XO\-����BWFP��-�������SGI� 

Contact: 5RJHU�5HHYH��8QLYHUVLW\�RI�6XQGHUODQG

*UDKDP�0LOOV��8QLYHUVLW\�RI�3RUWVPRXWK 
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7KH� 8.�� DORQJ� ZLWK� RWKHU� LQGXVWULDOLVHG�

QDWLRQV�� KDV� D� OHJDF\� RI� ODUJH� VFDOH�

ZDVWH� JHQHUDWLRQ� IURP� GRPHVWLF��

FRPPHUFLDO� DQG� LQGXVWULDO� VHFWRUV�� 2YHU�

WKH�SDVW�FHQWXU\��PRVW�RI� WKLV�ZDVWH�KDV�

EHHQ� GLVSRVHG� RI� LQ� ODQGILOO�� :DVWH�

UHTXLUHV� DSSURSULDWH� VWRUDJH� DQG� UREXVW�

GLVSRVDO��UHF\FOLQJ�DQG�UHFRYHU\�RSWLRQV��

EHFDXVH�SRRU�SUDFWLFHV�FDQ�UHVXOW� LQ�DLU��

VRLO� DQG� JURXQGZDWHU� SROOXWLRQ�� ZLWK�

SRWHQWLDO� ULVNV� WR� KXPDQ� KHDOWK� DQG� WKH�

HQYLURQPHQW�� 7KLV� (QYLURQPHQWDO� %ULHI�

RXWOLQHV�WKH�EURDG�UHTXLUHPHQWV�RI�ZDVWH�

FODVVLILFDWLRQ�LQ�WKH�8.� 

���Š�‡���…�Ž�ƒ�•�•�‹�Ð�‹�…�ƒ�–�‹�‘�•���‘�ˆ���™�Š�‡�–�Š�‡�”���ƒ���™�ƒ�•�–�‡���‹�•���Š�ƒ�œ�ƒ�”�†�‘�—�•���‘�”���•�‘�•
-�Š�ƒ�œ�ƒ�”�†�‘�—�•���‹�•�˜�‘�Ž�˜�‡�•���–�Š�‡���•�•�‹�Ž�Ž�•���ƒ�•�†���•�•�‘�™�Ž�‡�†�‰�‡���‘�ˆ���…�Š�‡�•�‹�•�–�•��
�™�Š�‘���—�•�†�‡�”�•�–�ƒ�•�†���–�Š�‡���„�‡�Š�ƒ�˜�‹�‘�—�”���ƒ�•�†���–�‘�š�‹�…�‹�–�›���‘�ˆ���…�Š�‡�•�‹�…�ƒ�Ž�•�ä��
���Š�‡�›���•�—�•�–���‡�˜�ƒ�Ž�—�ƒ�–�‡���–�Š�‡���”�‡�•�—�Ž�–�•���‘�ˆ���…�Š�‡�•�‹�…�ƒ�Ž���–�‡�•�–�‹�•�‰�á���„�ƒ�•�‡�†��
�‘�•���ƒ�•���—�•�†�‡�”�•�–�ƒ�•�†�‹�•�‰���‘�ˆ���–�Š�‡���ƒ�•�ƒ�Ž�›�–�‹�…�ƒ�Ž���•�‡�–�Š�‘�†�•���—�•�‡�†���ƒ�•�†��
�–�Š�‡�� �‹�•�ˆ�‘�”�•�ƒ�–�‹�‘�•�� �–�Š�‡�›�� �’�”�‘�˜�‹�†�‡�á�� �–�‘�� �ƒ�•�•�‡�•�•�� �’�‘�–�‡�•�–�‹�ƒ�Ž��
�Š�ƒ�œ�ƒ�”�†�‘�—�•���’�”�‘�’�‡�”�–�‹�‡�•�ä 

���ƒ�”�‡�ˆ�—�Ž�� �ƒ�•�†�� �”�‘�„�—�•�–�� �…�Ž�ƒ�•�•�‹�Ð�‹�…�ƒ�–�‹�‘�•�� �‘�ˆ�� �™�ƒ�•�–�‡�� �•�ƒ�–�‡�”�‹�ƒ�Ž�•�� �‹�•��
�‹�•�’�‘�”�–�ƒ�•�–�� �‰�‹�˜�‡�•�� �–�Š�‡�� �•�–�”�‹�…�–�� �…�‘�•�–�”�‘�Ž�•�� �”�‡�“�—�‹�”�‡�†�� �ˆ�‘�”�� �•�–�‘�”�ƒ�‰�‡�á��
�–�”�‡�ƒ�–�•�‡�•�–�� �ƒ�•�†�� �†�‹�•�’�‘�•�ƒ�Ž�� �‘�ˆ�� �Š�ƒ�œ�ƒ�”�†�‘�—�•�� �™�ƒ�•�–�‡�á�� �‹�•�� �ƒ�†�†�‹�–�‹�‘�•��
�–�‘�� �–�Š�‡�� �Š�‹�‰�Š�‡�”�� �…�‘�•�–�•�� �‹�•�˜�‘�Ž�˜�‡�†�� �…�‘�•�’�ƒ�”�‡�†�� �™�‹�–�Š�� �‘�–�Š�‡�”�� �™�ƒ�•�–�‡��
�–�›�’�‡�•�ä�� �� ���–�� �‹�•�� �ƒ�Ž�•�‘�� �‹�•�’�‘�”�–�ƒ�•�–�� �–�‘�� �‡�•�•�—�”�‡�� �–�Š�ƒ�–�� �™�ƒ�•�–�‡�•�� �ƒ�”�‡��
�†�‹�•�’�‘�•�‡�†�� �‘�ˆ�� �‹�•�� �–�Š�‡�� �…�‘�”�”�‡�…�–�� �Ž�ƒ�•�†�Ð�‹�Ž�Ž�� �•�‹�–�‡�•�ä�� ���‘�•-�Š�ƒ�œ�ƒ�”�†�‘�—�•��
�™�ƒ�•�–�‡�� �•�Š�‘�—�Ž�†�� �•�‘�–�� �„�‡�� �†�‹�•�’�‘�•�‡�†�� �‘�ˆ�� �‹�•�� �Š�ƒ�œ�ƒ�”�†�‘�—�•�� �™�ƒ�•�–�‡��
�Ž�ƒ�•�†�Ð�‹�Ž�Ž���•�‹�–�‡�•���„�‡�…�ƒ�—�•�‡���Ž�‹�•�‹�–�‡�†���†�‹�•�’�‘�•�ƒ�Ž���˜�‘�Ž�—�•�‡���‹�•���ƒ�˜�ƒ�‹�Ž�ƒ�„�Ž�‡��
�‹�•�� �–�Š�‡�� �����ä�� ���•�� �–�Š�‡�� �‘�–�Š�‡�”�� �Š�ƒ�•�†�á�� �†�‹�•�’�‘�•�ƒ�Ž�� �‘�ˆ�� �Š�ƒ�œ�ƒ�”�†�‘�—�•��
�™�ƒ�•�–�‡�� �‹�•�� �Ž�ƒ�•�†�Ð�‹�Ž�Ž�•�� �•�‘�–�� �†�‡�•�‹�‰�•�‡�†�� �–�‘�� �ƒ�…�…�‡�’�–�� �‹�–�� �…�ƒ�•�� �”�‡�•�—�Ž�–�� �‹�•��
�’�‘�–�‡�•�–�‹�ƒ�Ž���”�‹�•�•�•���–�‘���–�Š�‡���‡�•�˜�‹�”�‘�•�•�‡�•�–�ä 

Legislation and regulations 
���Š�‡�� ������ ���ƒ�•�–�‡�� �	�”�ƒ�•�‡�™�‘�”�•�� ���‹�”�‡�…�–�‹�˜�‡�� �:���	���;�á��
�‹�•�’�Ž�‡�•�‡�•�–�‡�†���‹�•���–�Š�‡���������˜�‹�ƒ���†�‘�•�‡�•�–�‹�…���Ž�‡�‰�‹�•�Ž�ƒ�–�‹�‘�•�á���•�‡�–�•���‘�—�–��
�™�Š�ƒ�–���™�ƒ�•�–�‡���‹�•���ƒ�•�†���Š�‘�™���‹�–���•�Š�‘�—�Ž�†���„�‡���•�ƒ�•�ƒ�‰�‡�†�ä�����‹�–�Š�‹�•���–�Š�‡��
�†�‹�”�‡�…�–�‹�˜�‡�á���–�Š�‡�����‹�•�–���‘�ˆ�����ƒ�•�–�‡�•���:���‘���;���’�”�‘�˜�‹�†�‡�•���•�‘�”�‡���†�‡�–�ƒ�‹�Ž��
�‘�•���–�Š�‡���–�›�’�‡�•���‘�ˆ���™�ƒ�•�–�‡�•�ä�����Š�‡���ƒ�•�•�‡�•�•�•�‡�•�–���ƒ�•�†���…�Ž�ƒ�•�•�‹�Ð�‹�…�ƒ�–�‹�‘�•��
�‘�ˆ�� �™�ƒ�•�–�‡�� �‹�•�� �†�‡�”�‹�˜�‡�†�� �ˆ�”�‘�•�� ���•�•�‡�š�� �������� �‘�ˆ�� �–�Š�‡�� ���ƒ�•�–�‡��

�	�”�ƒ�•�‡�™�‘�”�•�� ���‹�”�‡�…�–�‹�˜�‡�� �ƒ�•�†�� �ƒ�’�’�Ž�‹�‡�•�� �–�‘�� �™�ƒ�•�–�‡�•�� �™�‹�–�Š�‹�•�� �–�Š�‡��
�•�…�‘�’�‡���‘�ˆ���–�Š�‹�•���†�‹�”�‡�…�–�‹�˜�‡���ƒ�•�†���†�‘�•�‡�•�–�‹�…���������Ž�‡�‰�‹�•�Ž�ƒ�–�‹�‘�•���:�s�;�ä 

���—�”�‹�•�‰�� �t�r�s�w�á�� �–�Š�‡�”�‡�� �™�‡�”�‡�� �•�‡�˜�‡�”�ƒ�Ž�� �•�‹�‰�•�‹�Ð�‹�…�ƒ�•�–�� �Ž�‡�‰�‹�•�Ž�ƒ�–�‹�˜�‡��
�…�Š�ƒ�•�‰�‡�•�� �–�Š�ƒ�–�� �ƒ�ˆ�ˆ�‡�…�–�� �–�Š�‡�� �…�Ž�ƒ�•�•�‹�Ð�‹�…�ƒ�–�‹�‘�•�� �‘�ˆ�� �™�ƒ�•�–�‡�á�� �‹�•�…�Ž�—�†�‹�•�‰�ã��
�ƒ�•�‡�•�†�•�‡�•�–�•���–�‘���–�Š�‡�����‹�•�–���‘�ˆ�����ƒ�•�–�‡�•�â���…�”�‹�–�‡�”�‹�ƒ���ˆ�‘�”���’�‡�”�•�‹�•�–�‡�•�–��
�‘�”�‰�ƒ�•�‹�…�� �’�‘�Ž�Ž�—�–�ƒ�•�–�•�â�� �•�ƒ�Œ�‘�”�� �”�‡�˜�‹�•�‹�‘�•�� �‘�ˆ�� �Š�ƒ�œ�ƒ�”�†�‘�—�•��
�’�”�‘�’�‡�”�–�‹�‡�•�� �‹�•�� �–�Š�‡�� ���	���â�� �ƒ�•�†�� �–�Š�‡�� �ƒ�†�‘�’�–�‹�‘�•�� �‘�ˆ�� �–�Š�‡��
���Ž�ƒ�•�•�‹�Ð�‹�…�ƒ�–�‹�‘�•�á�� ���ƒ�„�‡�Ž�Ž�‹�•�‰���ƒ�•�†�� ���ƒ�…�•�ƒ�‰�‹�•�‰�� ���‡�‰�—�Ž�ƒ�–�‹�‘�•�� �:�������;��
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�‹�•�� ���•�•�‡�š�� �������� �‘�ˆ�� �–�Š�‡�� ���	���� �‘�”�� �…�‘�•�–�ƒ�‹�•�•�� �’�‡�”�•�‹�•�–�‡�•�–�� �‘�”�‰�ƒ�•�‹�…��
�’�‘�Ž�Ž�—�–�ƒ�•�–�•���ƒ�„�‘�˜�‡���•�’�‡�…�‹�Ð�‹�‡�†���…�‘�•�…�‡�•�–�”�ƒ�–�‹�‘�•���Ž�‹�•�‹�–�•�ä 

Mirror entry 
���‘���†�‡�–�‡�”�•�‹�•�‡���™�Š�‡�–�Š�‡�”���ƒ���•�‹�”�”�‘�”���‡�•�–�”�›���™�ƒ�•�–�‡���‹�•���Š�ƒ�œ�ƒ�”�†�‘�—�•��
�‘�”�� �•�‘�–�á�� �‹�–�•�� �…�Š�‡�•�‹�…�ƒ�Ž�� �…�‘�•�’�‘�•�‹�–�‹�‘�•�� �•�‡�‡�†�•�� �–�‘�� �„�‡�� �•�•�‘�™�•�ä��
���Š�‡�”�‡���ƒ�”�‡���–�Š�”�‡�‡���•�ƒ�‹�•���™�ƒ�›�•���–�‘���†�‡�–�‡�”�•�‹�•�‡���–�Š�‡���…�‘�•�’�‘�•�‹�–�‹�‘�•��
�‘�ˆ�� �–�Š�‡�� �™�ƒ�•�–�‡�ã�� �•�ƒ�•�—�ˆ�ƒ�…�–�—�”�‡�”�ï�•�� �‹�•�ˆ�‘�”�•�ƒ�–�‹�‘�•�â�� �—�•�‹�•�‰��
�•�•�‘�™�Ž�‡�†�‰�‡���‘�ˆ���–�Š�‡���’�”�‘�…�‡�•�•���…�Š�‡�•�‹�•�–�”�›���‹�•�˜�‘�Ž�˜�‡�†���–�‘���‡�Ž�—�…�‹�†�ƒ�–�‡��
�–�Š�‡���…�‘�•�’�‘�•�‹�–�‹�‘�•�â���‘�”���•�ƒ�•�’�Ž�‹�•�‰���ƒ�•�†���–�‡�•�–�‹�•�‰���‘�ˆ���–�Š�‡���™�ƒ�•�–�‡���–�‘��
�†�‡�–�‡�”�•�‹�•�‡�� �‹�–�•�� �…�‘�•�’�‘�•�‹�–�‹�‘�•�ä�� �	�‘�”�� �™�ƒ�•�–�‡�•�� �‘�ˆ�� �—�•�•�•�‘�™�•��
�…�Š�‡�•�‹�…�ƒ�Ž�� �…�‘�•�’�‘�•�‹�–�‹�‘�•�á�� �•�—�…�Š�� �ƒ�•�� �•�‘�‹�Ž�•�� �ƒ�•�†�� �•�–�‘�•�‡�•�� �ˆ�”�‘�•��
�…�‘�•�–�ƒ�•�‹�•�ƒ�–�‡�†�� �•�‹�–�‡�•�� �:�•�‡�‡�� �„�‡�Ž�‘�™�;�á�� �•�ƒ�•�’�Ž�‹�•�‰�� �ƒ�•�†�� �–�‡�•�–�‹�•�‰�� �‘�ˆ��
�–�Š�‡�� �™�ƒ�•�–�‡�� �ƒ�•�†�� �•�—�„�•�‡�“�—�‡�•�–�� �†�ƒ�–�ƒ�� �‹�•�–�‡�”�’�”�‡�–�ƒ�–�‹�‘�•�� �‹�•�� �–�Š�‡��
�’�”�‹�•�ƒ�”�›���•�‡�ƒ�•�•���‘�ˆ���†�‡�–�‡�”�•�‹�•�‹�•�‰���–�Š�‡���™�ƒ�•�–�‡���…�Ž�ƒ�•�•�‹�Ð�‹�…�ƒ�–�‹�‘�•�ä���� 

�	�‘�”���•�‘�‹�Ž���ˆ�”�‘�•���’�‘�–�‡�•�–�‹�ƒ�Ž�Ž�›���…�‘�•�–�ƒ�•�‹�•�ƒ�–�‡�†���•�‹�–�‡�•�á���–�Š�‡���…�Š�‡�•�‹�…�ƒ�Ž��
�…�‘�•�’�‘�•�‹�–�‹�‘�•�� �‘�ˆ�� �–�Š�‡�� �•�‘�‹�Ž�� �‹�•�� �‘�ˆ�–�‡�•�� �ƒ�˜�ƒ�‹�Ž�ƒ�„�Ž�‡�� �ˆ�”�‘�•�� �‹�•�–�”�—�•�‹�˜�‡��
�•�‹�–�‡�� �‹�•�˜�‡�•�–�‹�‰�ƒ�–�‹�‘�•�� �™�‘�”�•�� �…�ƒ�”�”�‹�‡�†�� �‘�—�–�� �ƒ�•�� �’�ƒ�”�–�� �‘�ˆ��
�”�‡�†�‡�˜�‡�Ž�‘�’�•�‡�•�–�� �™�‘�”�•�•�ä�� �� ���Š�‡�� �”�‡�†�‡�˜�‡�Ž�‘�’�•�‡�•�–�� �™�‘�”�•�•�� �•�ƒ�›��
�‰�‡�•�‡�”�ƒ�–�‡�� �•�‘�‹�Ž�•�� �”�‡�“�—�‹�”�‹�•�‰�� �‘�ˆ�ˆ-�•�‹�–�‡�� �†�‹�•�’�‘�•�ƒ�Ž�� �‘�”�� �”�‡-�—�•�‡�� �ƒ�•�†��
�™�ƒ�•�–�‡���…�Ž�ƒ�•�•�‹�Ð�‹�…�ƒ�–�‹�‘�•���‘�ˆ���–�Š�‹�•���•�ƒ�–�‡�”�‹�ƒ�Ž���…�‘�—�Ž�†���„�‡���ƒ�•���‡�‹�–�Š�‡�”���s�y��
�r�w�� �r�u���� �:�•�‘�‹�Ž�� �ƒ�•�†�� �•�–�‘�•�‡�•�� �…�‘�•�–�ƒ�‹�•�‹�•�‰�� �Š�ƒ�œ�ƒ�”�†�‘�—�•��
�•�—�„�•�–�ƒ�•�…�‡�•�;���‘�”���s�y���r�w���r�v���:�•�‘�‹�Ž���ƒ�•�†���•�–�‘�•�‡�•���‘�–�Š�‡�”���–�Š�ƒ�•���–�Š�‘�•�‡��
�•�‡�•�–�‹�‘�•�‡�†���‹�•���s�y���r�w���r�u�;�ä 

Example 
�	�Ž�›���ƒ�•�Š���‹�•���ƒ���™�ƒ�•�–�‡���‰�‡�•�‡�”�ƒ�–�‡�†���ˆ�”�‘�•���–�Š�‡���…�‘�•�„�—�•�–�‹�‘�•���‘�ˆ���…�‘�ƒ�Ž��
�ƒ�–���’�‘�™�‡�”���•�–�ƒ�–�‹�‘�•�•���ƒ�•�†���‘�–�Š�‡�”���…�‘�•�„�—�•�–�‹�‘�•���’�Ž�ƒ�•�–�•�ä�����	�”�‘�•���–�Š�‡��
���‹�•�–�� �‘�ˆ�� ���ƒ�•�–�‡�•�á�� �–�Š�‡�� �‡�•�–�”�›�� �…�ƒ�•�� �„�‡�� �…�‘�•�•�‹�†�‡�”�‡�†�� �–�‘�� �„�‡���s�r�� �r�s��
�s�x���� �:�Ð�Ž�›�� �ƒ�•�Š�� �ˆ�”�‘�•�� �…�‘-�‹�•�…�‹�•�‡�”�ƒ�–�‹�‘�•�� �…�‘�•�–�ƒ�‹�•�‹�•�‰�� �Š�ƒ�œ�ƒ�”�†�‘�—�•��
�•�—�„�•�–�ƒ�•�…�‡�•�;�� �‘�”���s�r�� �r�s�� �s�y�� �:�Ð�Ž�›�� �ƒ�•�Š�� �ˆ�”�‘�•�� �…�‘-�‹�•�…�‹�•�‡�”�ƒ�–�‹�‘�•��
�‘�–�Š�‡�”���–�Š�ƒ�•���–�Š�‘�•�‡���•�‡�•�–�‹�‘�•�‡�†���‹�•���s�r���r�s���s�x�;�ä 
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0DQ\� FKHPLFDO� UHDFWLRQV� LQ�

HQYLURQPHQWDO� PHGLD� DUH� NLQHWLFDOO\�

FRQWUROOHG�� WKDW� LV�� WKHLU� FRQFHQWUDWLRQ� LQ�

WKH�HQYLURQPHQW�LV�OLPLWHG�E\�WKHLU�UDWH�RI�

UHDFWLRQ�� 7KLV� LV� HVSHFLDOO\� WUXH� LQ� WKH�

ILHOG� RI� DWPRVSKHULF� FKHPLVWU\��

0HDVXUHPHQW� RI� WKH� UDWH� FRQVWDQW� IRU� D�

UHDFWLRQ� LV� WKXV� LPSRUWDQW�� 2QH� PHWKRG�

PDGH� SRSXODU� E\� $WNLQVRQ� ����� LQ� WKH�

DWPRVSKHULF� VFLHQFHV� LV� WKH� UHODWLYH-UDWH�

WHFKQLTXH�� ZKLFK� LV� SDUWLFXODUO\� XVHIXO� LQ�

FDVHV� ZHUH� WKH� FRQFHQWUDWLRQV� RI� RQH�

UHDFWDQW�DUH�GLIILFXOW�WR�PHDVXUH� 

���Š�‡�� �”�‡�Ž�ƒ�–�‹�˜�‡-�”�ƒ�–�‡�� �–�‡�…�Š�•�‹�“�—�‡�� �•�‡�ƒ�•�—�”�‡�•�� �–�Š�‡�� �Ž�‘�•�•�� �‘�ˆ�� �ƒ��
�•�—�„�•�–�”�ƒ�–�‡�� �…�‘�•�’�‘�—�•�†�� �:���;�� �”�‡�Ž�ƒ�–�‹�˜�‡�� �–�‘�� �–�Š�ƒ�–�� �‘�ˆ�� �ƒ�� �”�‡�ˆ�‡�”�‡�•�…�‡��
�…�‘�•�’�‘�—�•�†���:���;�á���„�‘�–�Š���•�‹�š�‡�†���‹�•���–�Š�‡���•�ƒ�•�‡���”�‡�ƒ�…�–�‹�‘�•���˜�‡�•�•�‡�Ž���‹�•��
�–�Š�‡���’�”�‡�•�‡�•�…�‡���‘�ˆ���ƒ���”�‡�ƒ�…�–�‹�˜�‡���•�’�‡�…�‹�‡�•�ä�����‹�–�Š���•�•�‘�™�Ž�‡�†�‰�‡���‘�ˆ���–�Š�‡��
�”�ƒ�–�‡���…�‘�•�•�–�ƒ�•�–�á���•�á���ˆ�‘�”���”�‡�ƒ�…�–�‹�‘�•���„�‡�–�™�‡�‡�•���–�Š�‡���”�‡�ƒ�…�–�‹�˜�‡���•�’�‡�…�‹�‡�•��
�ƒ�•�†�� ���á�� �‘�•�‡�� �…�ƒ�•�� �‹�•�ˆ�‡�”�� �–�Š�‡�� �”�ƒ�–�‡�� �…�‘�•�•�–�ƒ�•�–�� �‘�ˆ�� �–�Š�‡�� �”�‡�ƒ�…�–�‹�˜�‡��
�•�’�‡�…�‹�‡�•�� �™�‹�–�Š�� ���ä�� ���Š�‡�� �ƒ�†�˜�ƒ�•�–�ƒ�‰�‡�� �‹�•�� �–�Š�ƒ�–�� �”�‡�ƒ�…�–�‹�˜�‡�� �•�’�‡�…�‹�‡�•�á��
�™�Š�‹�…�Š���‘�ˆ�–�‡�•�� �Š�ƒ�˜�‡�� �•�Š�‘�”�–�� �Ž�‹�ˆ�‡�–�‹�•�‡�•�� �ƒ�•�†���ƒ�”�‡�� �’�”�‡�•�‡�•�–�� �‹�•�� �˜�‡�”�›��
�Ž�‘�™�� �…�‘�•�…�‡�•�–�”�ƒ�–�‹�‘�•�•�á�� �•�‡�‡�†�� �•�‘�–�� �„�‡�� �•�‡�ƒ�•�—�”�‡�†�ä�� ���Š�‡�� �˜�‡�•�•�‡�Ž��
�•�ƒ�›�� �„�‡�� �ƒ�•�� �ƒ�–�•�‘�•�’�Š�‡�”�‹�…�� �ƒ�‹�”�� �’�ƒ�”�…�‡�Ž�á�� �ƒ�•�� �‹�…�‡�� �…�‘�”�‡�� �‘�”�� �ƒ��
�”�‡�ƒ�…�–�‹�‘�•�� �…�Š�ƒ�•�„�‡�”�ä�� ���•�� �–�Š�‡�� �ˆ�‘�Ž�Ž�‘�™�‹�•�‰�á�� ���� �…�‘�•�•�‹�†�‡�”�� �–�Š�‡��
�”�‡�ƒ�…�–�‹�‘�•�•�� �‘�ˆ�� �ƒ�•�� �‹�•�’�‘�”�–�ƒ�•�–�� �•�‹�‰�Š�–-�–�‹�•�‡�� �ƒ�–�•�‘�•�’�Š�‡�”�‹�…��
�‘�š�‹�†�ƒ�•�–�á���–�Š�‡���•�‹�–�”�ƒ�–�‡���”�ƒ�†�‹�…�ƒ�Ž�������u�ã 

���� �u��
E�������o �����”�‘�†�—�…�–�•�� �:���; 
���� �u��
E�������o �����”�‘�†�—�…�–�• �:���; 

Derivation 
���Š�‡���”�ƒ�–�‡���‡�“�—�ƒ�–�‹�‘�•�•���…�ƒ�•���„�‡���™�”�‹�–�–�‡�•���ƒ�• 

�:�s�; 

�:�t�; 

���“�—�ƒ�–�‹�‘�•�•���:�s�;���ƒ�•�†���:�t�;���ƒ�”�‡���‹�•�–�‡�‰�”�ƒ�–�‡�†���–�‘ 

�:�u�; 

�:�v�; 

�ƒ�•�†���”�‡�ƒ�”�”�ƒ�•�‰�‡�†���–�‘ 

�:�w�; 

�:�x�; 

���“�—�ƒ�–�‹�‘�•�•���:�w�;���ƒ�•�†���:�x�;���…�ƒ�•���„�‡���‡�“�—�ƒ�–�‡�†���–�‘���‰�‹�˜�‡ 

�:�y�; 

���Š�—�•�á���ƒ���’�Ž�‘�–���‘�ˆ���Ž�•�:�>���?�–
L�r���>���?�–�;���˜�‡�”�•�—�•���Ž�•�:�>���?�–
L�r���>���?�–�;���•�Š�‘�—�Ž�†��
�„�‡�� �ƒ�� �•�–�”�ƒ�‹�‰�Š�–�� �Ž�‹�•�‡�� �™�‹�–�Š�� �ƒ�� �‰�”�ƒ�†�‹�‡�•�–�� �‘�ˆ���•�� ���•���� �ƒ�•�†�� �ƒ�•��
�‹�•�–�‡�”�…�‡�’�–�� �‘�ˆ�� �œ�‡�”�‘�ä�� ���•�‘�™�Ž�‡�†�‰�‡�� �‘�ˆ���•���� �ƒ�Ž�Ž�‘�™�•���•���� �–�‘�� �„�‡��
�†�‡�–�‡�”�•�‹�•�‡�†�ä�����•���‡�š�ƒ�•�’�Ž�‡���‘�ˆ���•�—�…�Š���ƒ���’�Ž�‘�–���‹�•���•�Š�‘�™�•���‹�•���	�‹�‰�—�”�‡��
�s�á�� �™�Š�‡�”�‡�� �–�Š�‡�� �”�‡�ƒ�…�–�‹�‘�•�� �”�ƒ�–�‡�� �…�‘�•�•�–�ƒ�•�–�� �ˆ�‘�”�� �”�‡�ƒ�…�–�‹�‘�•�� �‘�ˆ�� �–�Š�‡��
���� �u�� �”�ƒ�†�‹�…�ƒ�Ž�� �™�‹�–�Š�� �•�‘�•�‡�� �—�•�•�ƒ�–�—�”�ƒ�–�‡�†�� �…�ƒ�”�„�‘�•�›�Ž�•�� �‹�•��
�…�ƒ�Ž�…�—�Ž�ƒ�–�‡�†���”�‡�Ž�ƒ�–�‹�˜�‡���–�‘���–�Š�‡���”�‡�ƒ�…�–�‹�‘�•���™�‹�–�Š���‡�–�Š�ƒ�•�‡���:�t�;�ä 

Adaptation to the tracer 
���Š�‡�•�� �•�ƒ�•�’�Ž�‹�•�‰�� �ƒ�� �”�‡�ƒ�…�–�‹�‘�•�� �…�Š�ƒ�•�„�‡�”�� �ˆ�‘�”�� �–�Š�‡��
�…�‘�•�…�‡�•�–�”�ƒ�–�‹�‘�•�•�� �‘�ˆ�� ���� �ƒ�•�†�� ���á�� �‹�•�’�‡�”�ˆ�‡�…�–�� �•�‹�š�‹�•�‰�� �‹�•�� �–�Š�‡��
�…�Š�ƒ�•�‰�‡�”�� �‘�”�� �Ž�‘�•�•�� �‘�ˆ�� ���� �ƒ�•�†�� ���� �‘�™�‹�•�‰�� �–�‘�� �–�Š�‡�� �•�‡�ƒ�•�—�”�‡�•�‡�•�–��
�–�‡�…�Š�•�‹�“�—�‡�� �•�ƒ�›�� �ƒ�ˆ�ˆ�‡�…�–�� �–�Š�‡�� �†�‡�–�‡�”�•�‹�•�ƒ�–�‹�‘�•�� �‘�ˆ���•�� ���•���ä����
���•�’�‡�”�ˆ�‡�…�–�� �•�‹�š�‹�•�‰�� �‘�”�� �Ž�‘�•�•�� �‘�ˆ�� �•�ƒ�–�‡�”�‹�ƒ�Ž�� �‘�•�� �ƒ�•�ƒ�Ž�›�•�‹�•�� �…�ƒ�•�� �„�‡��
�…�‘�•�’�‡�•�•�ƒ�–�‡�†�� �„�›�� �ƒ�•�� �‹�•�–�‡�”�•�ƒ�Ž�� �•�–�ƒ�•�†�ƒ�”�†�� �…�Š�‡�•�‹�…�ƒ�Ž��
�…�‘�•�’�‘�—�•�†�� ���ä�� ���Š�‡�� �…�‘�•�…�‡�•�–�”�ƒ�–�‹�‘�•�� �‘�ˆ�� �–�Š�‹�•�� �‹�•�–�‡�”�•�ƒ�Ž�� �•�–�ƒ�•�†�ƒ�”�†��
�>���?���‹�•���—�•�‡�†���–�‘���ƒ�…�…�‘�—�•�–���ˆ�‘�”���ƒ�•�›���†�‹�Ž�—�–�‹�‘�•���‘�ˆ���…�‘�•�…�‡�•�–�”�ƒ�–�‹�‘�•���‘�ˆ��
�����ƒ�•�†�������„�›���•�ƒ�•�’�Ž�‹�•�‰�ä��

���Š�‡�� �–�‡�”�•�� �…�ƒ�•�� �„�‡�� �—�•�‡�†�� �–�‘�� �ƒ�†�ƒ�’�–��
�‡�“�—�ƒ�–�‹�‘�•���:�y�;���–�‘ 

�:�z�; 

���Š�—�•�á���ƒ���’�Ž�‘�–���‘�ˆ���Ž�•�:�>���?�–
L�r���>���?�–�;��
F�� �–�����˜�‡�”�•�—�•���Ž�•�:�>���?�–
L�r���>���?�–�;��
F��
�� �–��
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Regression and analysis of errors 
���Š�‡���”�‡�‰�”�‡�•�•�‹�‘�•���—�•�‡�†���‹�•���	�‹�‰�—�”�‡���s���–�‘���…�ƒ�Ž�…�—�Ž�ƒ�–�‡���–�Š�‡���‰�”�ƒ�†�‹�‡�•�–��
�ƒ�•�†�� �‹�•�–�‡�”�…�‡�’�–�� �•�—�•�–�� �…�‘�•�•�‹�†�‡�”�� �–�Š�‡�� �‡�”�”�‘�”�•�� �‹�•�� �–�Š�‡�� �‘�”�†�‹�•�ƒ�–�‡��
�ƒ�•�†�� �–�Š�‡�� �ƒ�„�•�…�‹�•�•�ƒ�ä�� ���‘�”�‡�� �‹�•�ˆ�‘�”�•�ƒ�–�‹�‘�•�� �…�ƒ�•�� �„�‡�� �ˆ�‘�—�•�†�� �‹�•�� �:�v�;�ä��

���Š�‡�� �‡�”�”�‘�”�� �‹�•�� �–�Š�‡�� �“�—�ƒ�•�–�‹�–�›�� �Ž�•�:�>���?�–
L�r���>���?�–�;�� 
F�� �Ž�•�:�>���?�–
L�r���>���?�–�;��
�…�ƒ�•���„�‡���…�ƒ�Ž�…�—�Ž�ƒ�–�‡�†���„�›���’�”�‘�’�ƒ�‰�ƒ�–�‹�‘�•���‘�ˆ���‡�”�”�‘�”�•���:�w�;���ƒ�• 

���:�{�; 
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Issues in Environmental 
Science and Technology 

 
 

 
 

���‡�”�‹�‡�•�����†�‹�–�‘�”�•�ã�����ä�����ä���� �ƒ�”�”�‹�•�‘�•�á�����•�‹�˜�‡�”�•�‹�–�›���‘�ˆ�����‹�”�•�‹�•�‰�Š�ƒ�•�á������ ���������ä�����ä�����‡�•�–�‡�”�á���������•�‹�˜�‡�”�•�‹�–�›���‘�ˆ�����‘�”�•�á�������������������ã���s�u�w�r-
�y�w�z�u 

�� � �̃‡�”� �̃‹�‡�™ 
���Š�‹�•���•�‡�”�‹�‡�•���Š�ƒ�•���„�‡�‡�•���†�‡�˜�‹�•�‡�†���–�‘���–�ƒ�…�•�Ž�‡���‹�•�’�‘�”�–�ƒ�•�–���‡�•�˜�‹�”�‘�•�•�‡�•�–�ƒ�Ž���–�‘�’�‹�…�•���‹�•���”�‡�•�’�‘�•�•�‡���–�‘���–�Š�‡���”�ƒ�’�‹�†���‰�”�‘�™�–�Š���‘�ˆ���‹�•�–�‡�”�æ
�‡�•�–���‹�•���–�Š�‹�•���ƒ�”�‡�ƒ���ƒ�•�†���–�Š�‡���•�‡�‡�†���ˆ�‘�”���ƒ�—�–�Š�‘�”�‹�–�ƒ�–�‹�˜�‡���”�‡�˜�‹�‡�™�•���‘� �̂��•�—�…�Š���–�‘�’�‹�…�•�ä�����”�‹�–�–�‡�•���„�›���™�‘�”�Ž�†���‡�š�’�‡�”�–�•���‹�•���–�Š�‡�‹�”���•�’�‡�…�‹�ƒ�Ž�æ
�‹�•�‡�†�� �Ð�‹�‡�Ž�†�•�á�� �–�Š�‡�� �•�‡�”�‹�‡�•�� �’�”�‡�•�‡�•�–�•�� �ƒ�� �•�—�Ž�–�‹�†�‹�•�…�‹�’�Ž�‹�•�ƒ�”�›�� �ƒ�’�’�”�‘�ƒ�…�Š�� �–�‘�� �’�‘�Ž�Ž�—�–�‹�‘�•�� �ƒ�•�†�� �‡�•�˜�‹�”�‘�•�•�‡�•�–�ƒ�Ž�� �•�…�‹�‡�•�…�‡�� �ƒ�•�†�á�� �‹�•��
�ƒ�†�†�‹�–�‹�‘�•���–�‘���…�‘�˜�‡�”�‹�•�‰���–�Š�‡���…�Š�‡�•�‹�•�–�”�›���‘�ˆ�� �‡�•�˜�‹�”�‘�•�•�‡�•�–�ƒ�Ž���’�”�‘�…�‡�•�•�‡�•�á����̂‘�…�—�•�‡�•���‘�•���„�”�‘�ƒ�†�‡�”���‹�•�•�—�‡�•�ã�� �•�‘�–�ƒ�„�Ž�›���‡�…�‘�•�‘�•�‹�…�á��
�Ž�‡�‰�ƒ�Ž���ƒ�•�†���’�‘�Ž�‹�–�‹�…�ƒ�Ž���…�‘�•�•�‹�†�‡�”�ƒ�–�‹�‘�•�•�ä 

�	�‘�”�–�Š�…�‘�•�‹�•�‰���–�‹�–�Ž�‡�•����̂”�‘�• ���–�Š�‡���� �‘�›�ƒ�Ž�����‘�…�‹�‡�–�›���‘� �̂����Š�‡�• �‹�•�–�”�› 

�� �‰�”�‹�…�—�Ž�–�—�”�ƒ�Ž�����Š�‡�•�‹�…�ƒ�Ž�•���ƒ�•�†���–�Š�‡�����•� �̃‹�”�‘�•�•�‡�•�–�ã�����•�•�—�‡�•���ƒ�•�†�����‘�–�‡�•�–�‹�ƒ�Ž�����‘�Ž�—�–�‹�‘�•�• 

���‰�”�‹�…�—
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