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��� 0HFKDQLVPV�RI�$QWLWK\URLG�0HGLDWHG�1HRSODVLD�LQ�5RGHQWV � � � � � � � � � � � � � � � � � � ����

��� 0DLQ�6\PSWRPV�DQG�(IIHFWV�RI�+\SRWK\URLGLVP � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

��� 0LQLPXP�'DWDEDVH�IRU�'HULYDWLRQ�RI�DQ�2UDO�5HIHUHQFH�'RVH � � � � � � � � � � � � � � � � ����

��� )DFWRUV�IRU�8QFHUWDLQWLHV�LQ�$SSOLHG�([WUDSRODWLRQV�8VHG�7R�'HULYH�
5HIHUHQFH�'RVHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

��� 3HUFKORUDWH�3HHU�5HYLHZ�5HFRPPHQGHG�6WXGLHV�6XPPDU\ � � � � � � � � � � � � � � � � � � � ����

��� 7K\URLG�'LVRUGHUV�DQG�7KHLU�$SSUR[LPDWH�3UHYDOHQFHV�LQ�WKH�+XPDQ�
1HRQDWDO�3HULRG � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� 6XPPDU\�RI�1R�2EVHUYHG�$GYHUVH�(IIHFW�/HYHOV�IRU�WKH�&DOGZHOO�HW�DO��������
���'D\�6WXG\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

��� &RPELQHG�,QFLGHQFH�'DWD�DQG�$YHUDJH�6HYHULW\�6FRUHV�IRU�0DOH�DQG�)HPDOH
3RVWQDWDO�'D\���5DW�3XSV�IRU�)ROOLFXODU�(SLWKHOLDO�&HOO�+\SHUWURSK\�DQG
'HFUHDVH�LQ�)ROOLFXODU�/XPHQ�6L]H�%DVHG�RQ�6WDQGDUG�+LVWRORJ\ � � � � � � � � � � � � � � ����

��� 5DWLR�RI�$OO�5DWV�ZLWK�$Q\�(YLGHQFH�RI�)ROOLFXODU�(SLWKHOLDO�&HOO�+\SHUWURSK\
RI�WKH�7K\URLG�*ODQG�WR�7RWDO�1XPEHU�RI�5DW�3XSV�([DPLQHG�%DVHG�RQ
6WDQGDUG�+LVWRORJ\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

��� 3HUFHQW�,QKLELWLRQ�RI�,RGLGH�8SWDNH�LQ�WKH�7K\URLG�*ODQG�RI�6SUDJXH�'DZOH\
5DWV�'RVHG�ZLWK�3HUFKORUDWH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

���$ 6XPPDU\�RI�7ULLRGRWK\URQLQH�7K\URLG�+RUPRQH�(IIHFWV � � � � � � � � � � � � � � � � � � � � � � ���

���% 6XPPDU\�RI�7K\UR[LQH�7K\URLG�+RUPRQH�(IIHFWV � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
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���& 6XPPDU\�RI�7K\URLG�6WLPXODWLQJ�+RUPRQH�3LWXLWDU\�+RUPRQH�(IIHFWV � � � � � � � � � � � ���

���' 6XPPDU\�RI�7K\URLG�+LVWRSDWKRORJ\�(IIHFWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� 6XPPDU\�RI�+RUPRQH�DQG�+LVWRORJ\�(IIHFWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� 'HIDXOW�'RVH�5HVSRQVH�3URFHGXUHV�IRU�7K\URLG�&DUFLQRJHQV � � � � � � � � � � � � � � � � � ����

��� 'DWD�'HPRQVWUDWLQJ�$QWLWK\URLG�$FWLYLW\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

�$�� 3HDUVRQ¶V�U�&RUUHODWLRQV�%HWZHHQ�7K\URLG�+RUPRQHV�DQG�7K\URLG�6WLPXODWLQJ
+RUPRQHV�LQ�5DWV�RI�WKH�&DOGZHOO�HW�DO������������'D\�6WXG\ � � � � � � � � � � � � � � � � �$��

�$�� 6SHDUPDQ¶V�U
6

�&RUUHODWLRQV�%HWZHHQ�WKH�5DQN�2UGHU�RI�+RUPRQH
/HYHOV�DQG�WKH�6WDQGDUG�+LVWRORJLFDO�6HYHULW\�5DWLQJ�RI�)ROOLFXODU�(SLWKHOLDO
&HOO�+\SHUWURSK\�RU�'HFUHDVH�LQ�)ROOLFXODU�/XPHQ�6L]H�LQ�5DWV�RI�WKH
&DOGZHOO�HW�DO������������'D\�6WXG\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �$��

�$�� 3HDUVRQ¶V�U�&RUUHODWLRQV�%HWZHHQ�7K\URLG�+RUPRQHV�DQG�7K\URLG�6WLPXODWLQJ
+RUPRQHV�LQ�5DWV�IRU�WKH�&RPELQHG�����DQG����'D\�'DWD�RI�WKH�6SULQJERUQ
/DERUDWRULHV��,QF���������6XEFKURQLF�5DW�6WXG\ � � � � � � � � � � � � � � � � � � � � � � � � � � � �$��

�$�� 6SHDUPDQ¶V�U
6

�&RUUHODWLRQV�%HWZHHQ�WKH�5DQN�2UGHU�RI�+RUPRQH
/HYHOV�DQG�WKH�6WDQGDUG�+LVWRORJLFDO�6HYHULW\�5DWLQJ�RI�)ROOLFXODU�(SLWKHOLDO
&HOO�+\SHUWURSK\�+\SHUSODVLD�RU�'HFUHDVH�LQ�)ROOLFXODU�/XPHQ�6L]H�IRU�WKH
&RPELQHG�����DQG����GD\�'DWD�RI�WKH�6SULQJERUQ�/DERUDWRULHV��,QF��������
6XEFKURQLF�5DW�6WXG\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �$��

�$�� 3HDUVRQ¶V�U�&RUUHODWLRQV�%HWZHHQ�7K\URLG�+RUPRQHV�DQG�7K\URLG�6WLPXODWLQJ
+RUPRQHV�IRU�WKH����'D\�'DWD�RI�WKH�6SULQJERUQ�/DERUDWRULHV��,QF��������
6XEFKURQLF�5DW�6WXG\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �$��

�$�� 6SHDUPDQ¶V�U
6

�&RUUHODWLRQV�%HWZHHQ�WKH�5DQN�2UGHU�RI�+RUPRQH
/HYHOV�DQG�WKH�6WDQGDUG�+LVWRORJLFDO�6HYHULW\�5DWLQJ�RI�)ROOLFXODU�(SLWKHOLDO
&HOO�+\SHUWURSK\�+\SHUSODVLD�IRU�WKH����'D\�'DWD�RI�WKH�6SULQJERUQ
/DERUDWRULHV��,QF���������6XEFKURQLF�5DW�6WXG\ � � � � � � � � � � � � � � � � � � � � � � � � � � � �$��

�$�� 3HDUVRQ¶V�U�&RUUHODWLRQV�%HWZHHQ�7K\URLG�+RUPRQHV�DQG�7K\URLG�6WLPXODWLQJ
+RUPRQHV�RI�WKH����'D\�'DWD�RI�WKH�6SULQJERUQ�/DERUDWRULHV��,QF��������
6XEFKURQLF�5DW�6WXG\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �$��
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�$�� 6SHDUPDQ¶V�U
6

�&RUUHODWLRQV�%HWZHHQ�WKH�5DQN�2UGHU�RI�+RUPRQH
/HYHOV�DQG�WKH�6WDQGDUG�+LVWRORJLFDO�6HYHULW\�5DWLQJ�RI�)ROOLFXODU�(SLWKHOLDO
&HOO�+\SHUWURSK\�+\SHUSODVLD�IRU�WKH����'D\�'DWD�RI�WKH�6SULQJERUQ
/DERUDWRULHV��,QF���������6XEFKURQLF�5DW�6WXG\ � � � � � � � � � � � � � � � � � � � � � � � � � � � �$��

�$�� 3HDUVRQ¶V�U�&RUUHODWLRQV�%HWZHHQ�7K\URLG�+RUPRQHV�DQG�7K\URLG�
6WLPXODWLQJ�+RUPRQHV�IRU�WKH�)LUVW�*HQHUDWLRQ�5DW�3XSV�RQ�3RVWQDWDO
'D\���LQ�WKH�'HYHORSPHQWDO�1HXURWR[LFLW\�6WXG\��$UJXV�5HVHDUFK
/DERUDWRULHV��,QF�������D� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �$��

�$��� 6SHDUPDQ¶V�U
6

�&RUUHODWLRQV�%HWZHHQ�WKH�5DQN�2UGHU�RI�+RUPRQH
/HYHOV�DQG�WKH�6WDQGDUG�+LVWRORJLFDO�6HYHULW\�5DWLQJ�RI�)ROOLFXODU
(SLWKHOLDO�&HOO�+\SHUWURSK\�IRU�WKH�)LUVW�*HQHUDWLRQ�5DW�3XSV�RQ�3RVWQDWDO
'D\���LQ�WKH�'HYHORSPHQWDO�1HXURWR[LFLW\�6WXG\��$UJXV�5HVHDUFK
/DERUDWRULHV��,QF�������D� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �$��

�$��� 3HDUVRQ¶V�U�&RUUHODWLRQV�%HWZHHQ�7K\URLG�+RUPRQHV�DQG�7K\URLG�6WLPXODWLQJ
+RUPRQHV�LQ�5DEELWV�RQ�*HVWDWLRQ�'D\����RI�WKH�'HYHORSPHQWDO�6WXG\��$UJXV
5HVHDUFK�/DERUDWRULHV��,QF�������F� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �$��

�$��� 6SHDUPDQ¶V�U
6

�&RUUHODWLRQV�%HWZHHQ�WKH�5DQN�2UGHU�RI�+RUPRQH
/HYHOV�DQG�WKH�6WDQGDUG�+LVWRORJLFDO�6HYHULW\�5DWLQJ�RI�)ROOLFXODU�(SLWKHOLDO
&HOO�+\SHUWURSK\�IRU�5DEELWV�RQ�*HVWDWLRQ�'D\����RI�WKH�'HYHORSPHQWDO
6WXG\��$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������F� � � � � � � � � � � � � � � � � � � � � � � � � � �$��

�%�� )XQFWLRQV�8VHG�LQ�%HQFKPDUN�'RVH�0RGHOLQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �%��

�%�� %HQFKPDUN�'RVH�(VWLPDWHV�IRU�0DOH�+RUPRQH�'DWD�RI�&DOGZHOO�HW�DO��������
���'D\�5DW�6WXG\��8VLQJ�.RGHOO�:HVW�$OJRULWKP � � � � � � � � � � � � � � � � � � � � � � � � � � �%��

�%�� &RHIILFLHQWV�DQG�*RRGQHVV�2I�)LW�6WDWLVWLFV�RI�.RGHOO�:HVW�0RGHO�)LWV�WR
0DOH�+RUPRQH�'DWD�RI�&DOGZHOO�HW�DO������������'D\�5DW�6WXG\ � � � � � � � � � � � � � � � �%��

�%�� %HQFKPDUN�'RVH�DQG�%HQFKPDUN�'RVH�����/RZHU�/LPLW�(VWLPDWHV�RI�WKH
,QFLGHQFH�RI�)ROOLFXODU�(SLWKHOLDO�&HOO�+\SHUWURSK\�LQ�WKH�&DOGZHOO�HW�DO��������
���'D\�6WXG\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �%��



December 31, 1998 Draft-Do Not Quote or Citexi

/LVW�RI�7DEOHV
�FRQW¶G�

1XPEHU 3DJH

�%�� %HQFKPDUN�'RVH�DQG�%HQFKPDUN�'RVH�����/RZHU�/LPLW�(VWLPDWHV�RI�WKH
,QFLGHQFH�RI�)ROOLFXODU�(SLWKHOLDO�&HOO�+\SHUWURSK\�+\SHUSODVLD�IRU�WKH
���'D\�7LPH�3RLQW�RI�WKH�6SULQJERUQ�/DERUDWRULHV��,QF��������
6XEFKURQLF�6WXG\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �%��

�%�� %HQFKPDUN�'RVH�DQG�%HQFKPDUN�'RVH�����/RZHU�/LPLW�(VWLPDWHV�RI�WKH
,QFLGHQFH�RI�)ROOLFXODU�(SLWKHOLDO�&HOO�+\SHUWURSK\�+\SHUSODVLD�IRU�WKH
���'D\�7LPH�3RLQW�RI�WKH�6SULQJERUQ�/DERUDWRULHV��,QF��������
6XEFKURQLF�6WXG\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �%��

�%�� %HQFKPDUN�'RVH�DQG�%HQFKPDUN�'RVH�����/RZHU�/LPLW�(VWLPDWHV�RI�WKH
,QFLGHQFH�RI�)ROOLFXODU�(SLWKHOLDO�&HOO�+\SHUWURSK\�LQ�WKH�)LUVW�*HQHUDWLRQ
3XSV�RQ�3RVWQDWDO�'D\���IURP�WKH�'HYHORSPHQWDO�1HXURWR[LFLW\�6WXG\� � � � � � � � � � �%��

�%�� %HQFKPDUN�'RVH�(VWLPDWHV�8VLQJ�3RZHU�)XQFWLRQ�)LW�WR�&RPELQHG�0DOH
DQG�)HPDOH�+RUPRQH�'DWD�RI�&DOGZHOO�HW�DO������������'D\�5DW�6WXG\ � � � � � � � � � �%��

�%�� %HQFKPDUN�'RVH�DQG�%HQFKPDUN�'RVH�����/RZHU�/LPLW�(VWLPDWHV�8VLQJ
3RZHU�)XQFWLRQ�)LW�WR�&RPELQHG�0DOH�DQG�)HPDOH�+RUPRQH�'DWD�RI
&DOGZHOO�HW�DO������������'D\�5DW�6WXG\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �%��

�%��� %HQFKPDUN�'RVH�DQG�%HQFKPDUN�'RVH�����/RZHU�/LPLW�(VWLPDWHV�IRU
&RPELQHG�0DOH�DQG�)HPDOH�+RUPRQH�'DWD�RI����'D\�7LPH�3RLQW�LQ�WKH
6SULQJERUQ�/DERUDWRULHV��,QF���������6XEFKURQLF�6WXG\ � � � � � � � � � � � � � � � � � � � � � � �%��

�%��� %HQFKPDUN�'RVH�DQG�%HQFKPDUN�'RVH�����/RZHU�/LPLW�(VWLPDWHV�IRU
&RPELQHG�0DOH�DQG�)HPDOH�+RUPRQH�'DWD�RI����'D\�7LPH�3RLQW�LQ�WKH
6SULQJERUQ�/DERUDWRULHV��,QF���������6XEFKURQLF�6WXG\ � � � � � � � � � � � � � � � � � � � � � � �%��

�%��� %HQFKPDUN�'RVH�(VWLPDWHV�IRU�&RPELQHG�0DOH�DQG�)HPDOH�+RUPRQH�'DWD
RI����'D\�7LPH�3RLQW�LQ�WKH�6SULQJERUQ�/DERUDWRULHV��,QF��������
6XEFKURQLF�6WXG\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �%���

�%��� %HQFKPDUN�'RVH�DQG�%HQFKPDUN�'RVH�����/RZHU�/LPLW�(VWLPDWHV�IRU
&RPELQHG�0DOH�DQG�)HPDOH�+RUPRQH�'DWD�RI����'D\�7LPH�3RLQW�LQ�WKH
6SULQJERUQ�/DERUDWRULHV��,QF���������6XEFKURQLF�6WXG\ � � � � � � � � � � � � � � � � � � � � � �%���

�%��� %HQFKPDUN�'RVH�DQG�%HQFKPDUN�'RVH�����/RZHU�/LPLW�(VWLPDWHV�IRU
+RUPRQH�DQG�7K\URLG�0RUSKRPHWU\�'DWD�RI�)LUVW�*HQHUDWLRQ�3XSV�DW
3RVWQDWDO�'D\���LQ�WKH�'HYHORSPHQWDO�1HXURWR[LFLW\�6WXG\ � � � � � � � � � � � � � � � � � � �%���
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�%��� %HQFKPDUN�'RVH�DQG�%HQFKPDUN�'RVH�����/RZHU�/LPLW�(VWLPDWHV�IRU
+RUPRQH�'DWD�RI�)LUVW�*HQHUDWLRQ�3XSV�DW�3RVWQDWDO�'D\���LQ�WKH
'HYHORSPHQWDO�1HXURWR[LFLW\�6WXG\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �%���

�%��� %HQFKPDUN�'RVH�DQG�%HQFKPDUN�'RVH�����/RZHU�/LPLW�(VWLPDWHV�8VLQJ
WKH�/LQHDU�0RGHO�)LW�WR�WKH�0RWRU�$FWLYLW\�'DWD�RI�)LUVW�*HQHUDWLRQ
3XSV�DW�3RVWQDWDO�'D\����LQ�WKH�'HYHORSPHQWDO�1HXURWR[LFLW\�6WXG\ � � � � � � � � � � �%���

�%��� %HQFKPDUN�'RVH�DQG�%HQFKPDUN�'RVH�����/RZHU�/LPLW�(VWLPDWHV�8VLQJ
WKH�3RZHU�0RGHO�)LW�WR�WKH�+RUPRQH�'DWD�RI�)HPDOH�5DEELWV�RQ�*HVWDWLRQ
'D\����LQ�WKH�'HYHORSPHQWDO�6WXG\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �%���

�%��� %HQFKPDUN�'RVH�DQG�%HQFKPDUN�'RVH�����/RZHU�/LPLW�(VWLPDWHV�8VLQJ
WKH�3RZHU�0RGHO�)LW�WR�WKH�+RUPRQH�'DWD�RI�)HPDOH�5DEELWV�RQ�*HVWDWLRQ
'D\����LQ�WKH�'HYHORSPHQWDO�6WXG\��$UJXV������F� � � � � � � � � � � � � � � � � � � � � � � � � �%���

��� 5HVXOWV�RI�3HUFKORUDWH�7R[LFLW\�7HVWV�LQ�$TXDWLF�6SHFLHV � � � � � � � � � � � � � � � � � � � � � ����

��� 3URFHGXUH�IRU�'HULYLQJ�7LHU�,,�:DWHU�4XDOLW\�9DOXHV�IRU�6RGLXP�3HUFKORUDWH � � � � � ����
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��� 6RXUFHV�DQG�SDWKZD\V�RI�JURXQGZDWHU�FRQWDPLQDWLRQ�IRU�SHUFKORUDWH � � � � � � � � � � � � ���

��� 6WDWHV�LQGLFDWHG�DV�KDYLQJ�FRQILUPHG�SHUFKORUDWH�PDQXIDFWXUHUV�RU�XVHUV�
DUH�EDVHG�RQ�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�,QIRUPDWLRQ�5HTXHVW�
UHVSRQVHV�IURP�FXUUHQW�PDQXIDFWXUHUV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� 6WDWHV�ZLWK�FRQILUPHG�UHOHDVHV��LQ�ZKLFK�IDFLOLWLHV�KDYH�GLUHFWO\�PHDVXUHG�
SHUFKORUDWH�LQ�JURXQGZDWHU�RU�VXUIDFH�ZDWHU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� /RFDWLRQV�RI�IDFLOLWLHV�LQ�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�5HJLRQ��
DQG�LQ�0DJQD��87��5HJLRQ�����DW�ZKLFK�SHUFKORUDWH�KDV�EHHQ�UHOHDVHG�WR�
JURXQGZDWHU�RU�VXUIDFH�ZDWHU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� &RQVLGHUDWLRQV�IRU�FRPSUHKHQVLYH�FKDUDFWHUL]DWLRQ�RI�SHUFKORUDWH�
FRQWDPLQDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

��� 6WUXFWXUH�DQG�PHPEHUVKLS�RI�WKH�H[HFXWLYH�FRPPLWWHH��VXEFRPPLWWHH�DUHDV��
DQG�FR�FKDLUV�RI�WKH�,QWHUDJHQF\�3HUFKORUDWH�6WHHULQJ�&RPPLWWHH � � � � � � � � � � � � � � ����

��� &KHPLFDO�VWUXFWXUH�RI�SHUFKORUDWH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� 6FKHPDWLF�UHSUHVHQWDWLRQ�RI�WK\URLG�KRUPRQH�ELRV\QWKHVLV�DQG�VHFUHWLRQ�LQ�D�
VLQJOH�WK\URLG�IROOLFXODU�FHOO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� 6FKHPDWLF�RI�WKH�K\SRWKDODPLF�SLWXLWDU\�WK\URLG�D[LV�DQG�IHHGEDFN�PHFKDQLVPV � � � ���

��� 6FKHPDWLF�RI�DQWLWK\URLG�HIIHFWV�WKDW�LQIOXHQFH�WK\URLG�FDUFLQRJHQHVLV � � � � � � � � � � ����

��� 3UROLIHUDWLYH�FKDQJHV�LQYROYHG�LQ�WKH�PXOWLVWDJH�FKDUDFWHUL]DWLRQ�RI�WK\URLG�
IROOLFXODU�FHOO�QHRSODVLD�LQ�URGHQWV�UHSUHVHQW�D�PRUSKRORJLF�FRQWLQXXP � � � � � � � � � � ����

��� 3RVVLEOH�PROHFXODU�HYHQWV�LQ�KXPDQ�WK\URLG�IROOLFXODU�FDUFLQRJHQHVLV � � � � � � � � � � � ����

��� 6FKHPDWLF�UHSUHVHQWDWLRQ�RI�WKH�UROH�RI�WKH�SODFHQWD�LQ�WK\URLG�KRUPRQH�
PHWDEROLVP�GXULQJ�KXPDQ�SUHJQDQF\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

��� 6FKHPDWLF�LOOXVWUDWLQJ�WKDW�D�KLJK�FRQILGHQFH�RUDO�UHIHUHQFH�GRVH�LV�EDVHG�RQ
GDWD�WKDW�DGGUHVV�DOO�SRWHQWLDOO\�FULWLFDO�VWDJHV�RYHU�D�OLIHWLPH � � � � � � � � � � � � � � � � � ����

��� 6FKHPDWLF�FKDUDFWHUL]DWLRQ�RI�FRPSUHKHQVLYH�H[SRVXUH�GRVH�UHVSRQVH�
FRQWLQXXP�DQG�WKH�HYROXWLRQ�RI�SURWHFWLYH�WR�SUHGLFWLYH�GRVH�UHVSRQVH�
HVWLPDWHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
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��� (IIHFWV�LQ�WKH�&DOGZHOO�HW�DO���������VWXG\�RI����GD\�GULQNLQJ�ZDWHU�
DGPLQLVWUDWLRQ�RI�DPPRQLXP�SHUFKORUDWH�WR�6SUDJXH�'DZOH\�UDWV�RQ
VHUXP�WRWDO�WULLRGRWK\URQLQH�FRQFHQWUDWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

��� (IIHFWV�LQ�WKH�&DOGZHOO�HW�DO���������VWXG\�RI����GD\�GULQNLQJ�ZDWHU
DGPLQLVWUDWLRQ�RI�DPPRQLXP�SHUFKORUDWH�WR�6SUDJXH�'DZOH\�UDWV�RQ
VHUXP�WRWDO�WK\UR[LQH�FRQFHQWUDWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

��� (IIHFWV�LQ�WKH�&DOGZHOO�HW�DO���������VWXG\�RI����GD\�GULQNLQJ�ZDWHU
DGPLQLVWUDWLRQ�RI�DPPRQLXP�SHUFKORUDWH�WR�6SUDJXH�'DZOH\�UDWV�RQ
VHUXP�WK\URLG�VWLPXODWLQJ�KRUPRQH�FRQFHQWUDWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � ����

��� (IIHFWV�LQ�WKH�&DOGZHOO�HW�DO���������VWXG\�RI����GD\�GULQNLQJ�ZDWHU
DGPLQLVWUDWLRQ�RI�DPPRQLXP�SHUFKORUDWH�WR�6SUDJXH�'DZOH\�UDWV�RQ
VHUXP�UHYHUVH�WULLRGRWK\URQLQH�FRQFHQWUDWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

��� (IIHFWV�LQ�WKH�&DOGZHOO�HW�DO���������VWXG\�RI����GD\�GULQNLQJ�ZDWHU
DGPLQLVWUDWLRQ�RI�DPPRQLXP�SHUFKORUDWH�WR�6SUDJXH�'DZOH\�UDWV
RQ�VHUXP�WK\URJOREXOLQ�FRQFHQWUDWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

��� (IIHFWV�IURP����GD\�GULQNLQJ�ZDWHU�DGPLQLVWUDWLRQ�RI�DPPRQLXP�SHUFKORUDWH
WR�6SUDJXH�'DZOH\�UDWV�RQ�VHUXP�WRWDO�WULLRGRWK\URQLQH�FRQFHQWUDWLRQV � � � � � � � � � � ����

��� (IIHFWV�IURP����GD\�GULQNLQJ�ZDWHU�DGPLQLVWUDWLRQ�RI�DPPRQLXP�SHUFKORUDWH
WR�6SUDJXH�'DZOH\�UDWV�RQ�VHUXP�WRWDO�WK\UR[LQH�FRQFHQWUDWLRQV � � � � � � � � � � � � � � � ����

��� (IIHFWV�IURP����GD\�GULQNLQJ�ZDWHU�DGPLQLVWUDWLRQ�RI�DPPRQLXP�SHUFKORUDWH
WR�6SUDJXH�'DZOH\�UDWV�RQ�VHUXP�WRWDO�WK\UR[LQH � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

��� (IIHFWV�IURP����GD\�GULQNLQJ�ZDWHU�DGPLQLVWUDWLRQ�WR�DPPRQLXP�SHUFKORUDWH
WR�6SUDJXH�'DZOH\�UDWV�RQ�VHUXP�WRWDO�WK\URLG�VWLPXODWLQJ�KRUPRQH � � � � � � � � � � � � ����

���� (IIHFWV�IURP�PDWHUQDO�GULQNLQJ�ZDWHU�DGPLQLVWUDWLRQ�RI�DPPRQLXP�SHUFKORUDWH�
WR�6SUDJXH�'DZOH\�UDWV�RQ�WK\URLG�JODQG�IROOLFXODU�OXPHQ�VL]H�LQ�ILUVW�JHQHUDWLRQ�
RIIVSULQJ�RQ�3RVWQDWDO�'D\�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

���� (IIHFWV�IURP�PDWHUQDO�GULQNLQJ�ZDWHU�DGPLQLVWUDWLRQ�RI�DPPRQLXP�SHUFKORUDWH
WR�6SUDJXH�'DZOH\�UDWV�RQ�VHUXP�WRWDO�WULLRGRWK\URQLQH�FRQFHQWUDWLRQV�LQ�
ILUVW�JHQHUDWLRQ�RIIVSULQJ�RQ�3RVWQDWDO�'D\�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
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���� (IIHFWV�IURP�PDWHUQDO�DGPLQLVWUDWLRQ�RI�DPPRQLXP�SHUFKORUDWH�WR�
6SUDJXH�'DZOH\�UDWV�RQ�VHUXP�WRWDO�WK\UR[LQH�FRQFHQWUDWLRQV�LQ
ILUVW�JHQHUDWLRQ�RIIVSULQJ�RQ�3RVWQDWDO�'D\�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

���� (IIHFWV�IURP�PDWHUQDO�GULQNLQJ�ZDWHU�DGPLQLVWUDWLRQ�RI�DPPRQLXP�
SHUFKORUDWH�WR�6SUDJXH�'DZOH\�UDWV�RQ�VHUXP�WK\URLG�VWLPXODWLQJ�KRUPRQH
FRQFHQWUDWLRQV�LQ�ILUVW�JHQHUDWLRQ�RIIVSULQJ�RQ�3RVWQDWDO�'D\�� � � � � � � � � � � � � � � � � ����

���� 7KH�HIIHFWV�RI�GHYHORSPHQWDO�H[SRVXUH�WR�SHUFKORUDWH�RQ�PRWRU�DFWLYLW\�LQ
PDOH�UDWV�RQ�3RVWQDWDO�'D\��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

���� /DFN�RI�HIIHFWV�IURP�DPPRQLXP�SHUFKORUDWH�GULQNLQJ�ZDWHU�DGPLQLVWUDWLRQ
LQ�SUHJQDQW�1HZ�=HDODQG�UDEELWV�GXULQJ�*HVWDWLRQ�'D\V���WR����RQ
WULLRGRWK\URQLQH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

���� (IIHFWV�IURP�DPPRQLXP�SHUFKORUDWH�GULQNLQJ�ZDWHU�DGPLQLVWUDWLRQ�LQ�SUHJQDQW
1HZ�=HDODQG�UDEELWV�GXULQJ�*HVWDWLRQ�'D\V���WR����RQ�WK\UR[LQH � � � � � � � � � � � � � � ����

���� /DFN�RI�HIIHFWV�IURP�DPPRQLXP�SHUFKORUDWH�GULQNLQJ�ZDWHU�DGPLQLVWUDWLRQ
LQ�SUHJQDQW�1HZ�=HDODQG�UDEELWV�GXULQJ�*HVWDWLRQ�'D\V���WR����RQ�WK\URLG
VWLPXODWLQJ�KRUPRQHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

���� (IIHFWV�IURP�GULQNLQJ�ZDWHU�DGPLQLVWUDWLRQ�RI�DPPRQLXP�SHUFKORUDWH�LQ�PLFH
RQ�WRWDO�VHUXP�WK\UR[LQH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

���� (IIHFWV�IURP�GULQNLQJ�ZDWHU�DGPLQLVWUDWLRQ�RI�DPPRQLXP�SHUFKORUDWH�H[SRVXUH�
LQ�PLFH�RQ�WRWDO�VHUXP�WK\URLG�VWLPXODWLQJ�KRUPRQHV � � � � � � � � � � � � � � � � � � � � � � � � ����

���� ,QKLELWLRQ�E\�SHUFKORUDWH�RI�LRGLGH�XSWDNH�LQ�WKH�WK\URLG�RI�UDWV�JLYHQ�D�VLQJOH
LY�LQMHFWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

��� 6FKHPDWLF�RI�WKH�H[SRVXUH�GRVH�UHVSRQVH�FRQWLQXXP�FRQVLGHUHG�LQ�WKH�FRQWH[W�
RI�ELRPDUNHUV�DQG�OHYHO�RI�RUJDQL]DWLRQ�DW�ZKLFK�WR[LFLW\�LV�REVHUYHG � � � � � � � � � � � ����

��� 3DWWHUQ�RI�FKDQJH�LQ�IHWDO�DQG�QHRQDWDO�WK\URLG�IXQFWLRQ�SDUDPHWHUV�GXULQJ�
SUHJQDQF\�DQG�H[WUDXWHULQH�DGDSWDWLRQ�LQ�WKH�KXPDQ � � � � � � � � � � � � � � � � � � � � � � � � ����

��� &RUUHODWLRQV�EHWZHHQ�WULLRGRWK\URQLQH�YHUVXV�WK\UR[LQH�DQG�WK\UR[LQH
YHUVXV�WK\URLG�VWLPXODWLQJ�KRUPRQH�LQ�UDWV�RI�WKH����GD\�VWXG\�RI�
&DOGZHOO�HW�DO�������� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
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��� &RUUHODWLRQV�EHWZHHQ�WKH�UDQN�RUGHU�RI�WK\UR[LQH�YHUVXV�VWDQGDUG�KLVWRORJLFDO
VHYHULW\�UDWLQJ�RI�IROOLFXODU�HSLWKHOLDO�FHOO�K\SHUWURSK\�RU�RI�GHFUHDVH�LQ�IROOLFXODU
OXPHQ�VL]H�IRU�WKH�UDWV�RI�WKH����GD\�VWXG\�RI�&DOGZHOO�HW�DO�������� � � � � � � � � � � � � ����

��� &RUUHODWLRQV�EHWZHHQ�WKH�UDQN�RUGHU�RI�WK\URLG�VWLPXODWLQJ�KRUPRQHV�YHUVXV
VWDQGDUG�KLVWRORJLFDO�VHYHULW\�UDWLQJ�RI�IROOLFXODU�HSLWKHOLDO�FHOO�K\SHUWURSK\�RU
RI�GHFUHDVH�LQ�IROOLFXODU�OXPHQ�VL]H�IRU�WKH�UDWV�RI�WKH����GD\�VWXG\�RI
&DOGZHOO�HW�DO�������� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

��� &RUUHODWLRQV�EHWZHHQ�WULLRGRWK\URQLQH�YHUVXV�WK\UR[LQH�DQG�WK\UR[LQH�YHUVXV
WK\URLG�VWLPXODWLQJ�KRUPRQHV�IRU�WKH�FRPELQHG�GDWD�RI�WKH����GD\�DQG����GD\
WLPH�SRLQWV�IURP�WKH�VXEFKURQLF�VWXG\�LQ�UDWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

��� &RUUHODWLRQ�EHWZHHQ�WKH�UDQN�RUGHU�RI�WK\UR[LQH�RU�WK\URLG�VWLPXODWLQJ
KRUPRQHV�YHUVXV�VWDQGDUG�KLVWRSDWKRORJ\�VHYHULW\�UDWLQJ�RI�WK\URLG
K\SHUWURSK\�K\SHUSODVLD�IRU�WKH�FRPELQHG�GDWD�RI�WKH����GD\�DQG
���GD\�WLPH�SRLQWV�IURP�WKH�VXEFKURQLF�VWXG\�LQ�UDWV � � � � � � � � � � � � � � � � � � � � � � � � ����

��� &RUUHODWLRQV�EHWZHHQ�WULLRGRWK\URQLQH�YHUVXV�WK\UR[LQH�DQG�WK\UR[LQH�YHUVXV
WK\URLG�VWLPXODWLQJ�KRUPRQHV�IRU�WKH�FRPELQHG�GDWD�RI�WKH����GD\�WLPH�SRLQW
IURP�WKH�VXEFKURQLF�VWXG\�LQ�UDWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

��� &RUUHODWLRQV�EHWZHHQ�WKH�UDQN�RUGHU�RI�WK\UR[LQH�RU�WK\URLG�VWLPXODWLQJ
KRUPRQHV�YHUVXV�VWDQGDUG�KLVWRSDWKRORJ\�VHYHULW\�UDWLQJ�RI�WK\URLG
K\SHUWURSK\�K\SHUSODVLD�IRU�WKH����GD\�WLPH�SRLQW�IURP�WKH
VXEFKURQLF�VWXG\�LQ�UDWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

���� &RUUHODWLRQV�EHWZHHQ�WULLRGRWK\URQLQH�YHUVXV�WK\UR[LQH�DQG�WK\UR[LQH�YHUVXV
WK\URLG�VWLPXODWLQJ�KRUPRQHV�IRU�WKH�FRPELQHG�GDWD�RI�WKH����GD\�WLPH�SRLQW
IURP�WKH�VXEFKURQLF�VWXG\�LQ�UDWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

���� &RUUHODWLRQV�EHWZHHQ�WKH�UDQN�RUGHU�RI�WK\UR[LQH�RU�WK\URLG�VWLPXODWLQJ
KRUPRQHV�YHUVXV�VWDQGDUG�KLVWRSDWKRORJ\�VHYHULW\�UDWLQJ�RI�WK\URLG
K\SHUWURSK\�K\SHUSODVLD�IRU�WKH����GD\�WLPH�SRLQW�IURP�WKH
VXEFKURQLF�VWXG\�LQ�UDWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

���� &RUUHODWLRQV�EHWZHHQ�WULLRGRWK\URQLQH�YHUVXV�WK\UR[LQH�DQG�WK\UR[LQH�YHUVXV
WK\URLG�VWLPXODWLQJ�KRUPRQHV�IRU�WKH�ILUVW�JHQHUDWLRQ�UDW�SXSV�RQ�3RVWQDWDO
'D\���LQ�WKH�GHYHORSPHQWDO�QHXURWR[LFLW\�VWXG\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
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���� &RUUHODWLRQV�EHWZHHQ�WKH�UDQN�RUGHU�RI�WK\UR[LQH�YHUVXV�VWDQGDUG
KLVWRSDWKRORJ\�VHYHULW\�UDWLQJ�RI�WK\URLG�IROOLFXODU�HSLWKHOLDO�FHOO
K\SHUWURSK\�UDWLQJ�RU�IRU�VWDQGDUG�KLVWRSDWKRORJ\�VHYHULW\�UDWLQJ
RI�WKH�GHFUHDVH�LQ�IROOLFXODU�OXPHQ�VL]H�IRU�WKH�3RVWQDWDO�'D\���SXSV
LQ�WKH�QHXURGHYHORSPHQWDO�VWXG\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

���� &RUUHODWLRQV�EHWZHHQ�WKH�UDQN�RUGHU�RI�WK\URLG�VWLPXODWLQJ�KRUPRQHV�YHUVXV
VWDQGDUG�KLVWRSDWKRORJ\�UDWLQJ�RI�WK\URLG�IROOLFXODU�HSLWKHOLDO�FHOO�K\SHUWURSK\
UDWLQJ�RU�IRU�VWDQGDUG�KLVWRSDWKRORJ\�VHYHULW\�UDWLQJ�RI�WKH�GHFUHDVH�LQ�IROOLFXODU
OXPHQ�VL]H�IRU�WKH�3RVWQDWDO�'D\���SXSV�LQ�WKH�QHXURGHYHORSPHQWDO
VWXG\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

���� &RUUHODWLRQV�EHWZHHQ�WULLRGRWK\URQLQH�YHUVXV�WK\UR[LQH�DQG�WK\UR[LQH�YHUVXV
WK\URLG�VWLPXODWLQJ�KRUPRQHV�IRU�WKH�GDWD�LQ�WKH�SDUHQW�JHQHUDWLRQ�RQ
*HVWDWLRQ�'D\����UDEELWV�IURP�WKH�GHYHORSPHQWDO�VWXG\ � � � � � � � � � � � � � � � � � � � � � � ����

���� &RUUHODWLRQV�EHWZHHQ�WKH�UDQN�RUGHU�RI�WK\UR[LQH�RU�WK\URLG�VWLPXODWLQJ
KRUPRQHV�DQG�WKH�VWDQGDUG�KLVWRSDWKRORJLFDO�VHYHULW\�UDWLQJ�RI�IROOLFXODU
K\SHUWURSK\�LQ�WKH�SDUHQW�JHQHUDWLRQ�RQ�*HVWDWLRQ�'D\����UDEELWV�IURP
WKH�GHYHORSPHQWDO�VWXG\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

���� %HQFKPDUN�GRVH�HVWLPDWHV�GHULYHG�IURP�ILWV�RI�YDULRXV�PRGHO�IXQFWLRQV�WR�WKH
GRVH�UHVSRQVH�RI�LQFLGHQFH�RI�VWDQGDUG�KLVWRSDWKRORJLFDO�GHWHFWLRQ�LQ�UDWV
RI�IROOLFXODU�HSLWKHOLDO�FHOO�K\SHUWURSK\�RU�K\SHUWURSK\�K\SHUSODVLD � � � � � � � � � � � � � ����

���� %HQFKPDUN�GRVH�����ORZHU�FRQILGHQFH�OLPLW�HVWLPDWHV�GHULYHG�IURP�ILWV
RI�YDULRXV�PRGHO�IXQFWLRQV�WR�WKH�GRVH�UHVSRQVH�RI�LQFLGHQFH�RI�VWDQGDUG
KLVWRSDWKRORJLFDO�GHWHFWLRQ�LQ�UDWV�RI�IROOLFXODU�HSLWKHOLDO�FHOO�K\SHUWURSK\�RU
K\SHUWURSK\�K\SHUSODVLD � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

���� %R[�DQG�ZKLVNHU�SORWV�RI�EHQFKPDUN�GRVH�HVWLPDWHV�GHULYHG�IURP�WKH�ILWV�RI
YDULRXV�PRGHO�IXQFWLRQV�WR�WKH�GRVH�UHVSRQVH�RI�LQFLGHQFH�RI�VWDQGDUG
KLVWRSDWKRORJLFDO�GHWHFWLRQ�LQ�UDWV�RI�IROOLFXODU�HSLWKHOLDO�FHOO�K\SHUWURSK\
RU�K\SHUWURSK\�K\SHUSODVLD� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

���� %R[�DQG�ZKLVNHU�SORWV�RI�EHQFKPDUN�GRVH�����ORZHU�FRQILGHQFH�OLPLW
HVWLPDWHV�GHULYHG�IURP�WKH�ILWV�RI�YDULRXV�PRGHO�IXQFWLRQV�WR�WKH�GRVH�UHVSRQVH
RI�LQFLGHQFH�RI�VWDQGDUG�KLVWRSDWKRORJLFDO�GHWHFWLRQ�LQ�UDWV�RI�IROOLFXODU
HSLWKHOLDO�FHOO�K\SHUWURSK\�RU�K\SHUWURSK\�K\SHUSODVLD � � � � � � � � � � � � � � � � � � � � � � � ����
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���� 0RGHO�ILW�RI�WKH�4XDQWDO�/LQHDU�:HLEXOO�*DPPD�IXQFWLRQV�WR�WKH�OLWWHU�E\�OLWWHU
LQFLGHQFH�RI�VWDQGDUG�KLVWRSDWKRORJLFDO�GHWHFWLRQ�RI�IROOLFXODU�HSLWKHOLDO�FHOO
K\SHUWURSK\�IRU�WKH�ILUVW�JHQHUDWLRQ�UDW�SXSV�RQ�3RVWQDWDO�'D\���LQ�WKH
GHYHORSPHQWDO�QHXURWR[LFLW\�VWXG\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

���� )UHTXHQF\�RI�RFFXUUHQFH�SHU�OLWWHU�E\�GRVH�JURXS�RI�HDFK�VWDQGDUG
KLVWRSDWKRORJLFDO�VHYHULW\�UDWLQJ�IRU�IROOLFXODU�HSLWKHOLDO�FHOO�K\SHUWURSK\
LQ�WKH�ILUVW�JHQHUDWLRQ�UDW�SXSV�RQ�3RVWQDWDO�'D\���RI�WKH�GHYHORSPHQWDO
QHXURWR[LFLW\�VWXG\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

���� )UHTXHQF\�RI�RFFXUUHQFH�E\�GRVH�JURXS�RI�HDFK�VWDQGDUG�KLVWRSDWKRORJLFDO
VHYHULW\�UDWLQJ�IRU�IROOLFXODU�HSLWKHOLDO�FHOO�K\SHUWURSK\�IRU�WKH�UDWV�LQ�WKH����GD\
VWXG\�RI�&DOGZHOO�HW�DO�������� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

���� %HQFKPDUN�GRVH�DQG�EHQFKPDUN�GRVH�����ORZHU�FRQILGHQFH�OLPLW�HVWLPDWHV
GHULYHG�IURP�ILWV�RI�YDULRXV�PRGHO�IXQFWLRQV�WR�WKH�GRVH�UHVSRQVH�GDWD�IRU
KRUPRQH��WK\URLG�PRUSKRPHWU\��DQG�PRWRU�DFWLYLW\�HQGSRLQWV�IURP�WKH
YDULRXV�VWXGLHV�LQ�WKH�PRGH�RI�DFWLRQ�WHVWLQJ�VWUDWHJ\ � � � � � � � � � � � � � � � � � � � � � � � � ����

���� %R[�DQG�ZKLVNHU�SORW�RI�EHQFKPDUN�GRVH�DQG�EHQFKPDUN�GRVH�����ORZHU
FRQILGHQFH�OLPLW�HVWLPDWHV�GHULYHG�IURP�WKH�ILWV�RI�YDULRXV�PRGHO�IXQFWLRQV
WR�WKH�GRVH�UHVSRQVH�GDWD�IRU�KRUPRQH��WK\URLG�PRUSKRPHWU\��DQG�PRWRU
DFWLYLW\�HQGSRLQWV�IURP�WKH�YDULRXV�VWXGLHV�LQ�WKH�PRGH�RI�DFWLRQ�WHVWLQJ
VWUDWHJ\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

���� &RQVLGHUDWLRQ�RI�XQFHUWDLQW\�DQG�YDULDELOLW\�LQIOXHQFH�LQWHUVSHFLHV�DQG
LQWUDKXPDQ�H[WUDSRODWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

���� 6FKHPDWLF�RI�XQFHUWDLQW\�IDFWRU�FRPSRQHQWV�LQFRUSRUDWHG�LQWR�H[SRVXUH�GRVH�
UHVSRQVH�FKDUDFWHUL]DWLRQ�IRU�LQWHUVSHFLHV�DQG�LQWUDKXPDQ�H[WUDSRODWLRQV � � � � � � � � ����

���� 6FKHPDWLF�RI�SK\VLRORJLFDOO\�EDVHG�SKDUPDFRNLQHWF�PRGHO�WKDW�LV�XQGHU
GHYHORSPHQW�WR�SURYLGH�PHFKDQLVWLF�GDWD�DQG�LPSURYH�TXDQWLWDWLYH
LQWHUVSHFLHV�H[WUDSRODWLRQ�DQG�SRVVLEO\�LQWUDKXPDQ�YDULDELOLW\ � � � � � � � � � � � � � � � � � ����

��� $�FRQFHSWXDO�PRGHO�RI�H[SRVXUH�WR�HFRORJLFDO�HQGSRLQW�UHFHSWRUV�WR�SHUFKORUDWH � � � ���

$�� 6FKHPDWLF�RI�WKH�QHXUREHKDYLRUDO�GHYHORSPHQWDO�VWXG\�RI�DPPRQLXP
SHUFKORUDWH�DGPLQLVWHUHG�RUDOO\�LQ�GULQNLQJ�ZDWHU�WR�6SUDJXH�'DZOH\�UDWV � � � � � � � $��
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$�� 6FKHPDWLF�RI�WKH�RUDO��WZR�JHQHUDWLRQ�UHSURGXFWLRQ�VWXG\�RI�DPPRQLXP
SHUFKORUDWH�LQ�6SUDJXH�'DZOH\�UDWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � $��

$�� 6FKHPDWLF�RI�WKH�RUDO�GHYHORSPHQWDO�WR[LFLW\�VWXG\�RI�DPPRQLXP�SHUFKORUDWH
LQ�1HZ�=HDODQG�UDEELWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � $��
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&RQWULEXWRUV�DQG�5HYLHZHUV

&KHPLFDO�0DQDJHU�$VVHVVPHQW�$XWKRU

$QQLH�0��-DUDEHN
1DWLRQDO�&HQWHU�IRU�(QYLURQPHQWDO�$VVHVVPHQW
8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\
5HVHDUFK�7ULDQJOH�3DUN��1&

&RQWULEXWLQJ�$VVHVVPHQW�$XWKRUV
0HPEHUV�RI�WKH�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�SHUFKORUDWH�ULVN�DVVHVVPHQW�UHYLHZ
WHDP�DUH�OLVWHG�EHORZ�LQ�DOSKDEHWLFDO�RUGHU�

5DQG\�%UXLQV��3K�'�
1DWLRQDO�&HQWHU�IRU�(QYLURQPHQWDO
$VVHVVPHQW

&LQFLQQDWL��2+

+DUODO�&KRXGKXU\��3K�'�
1DWLRQDO�&HQWHU�IRU�(QYLURQPHQWDO
$VVHVVPHQW

&LQFLQQDWL��2+

(ULF�&OHJJ��3K�'�
1DWLRQDO�&HQWHU�IRU�(QYLURQPHQWDO
$VVHVVPHQW

:DVKLQJWRQ��'&

.HYLQ�&URIWRQ��3K�'�
1DWLRQDO�+HDOWK�DQG�(QYLURQPHQWDO�(IIHFWV
/DERUDWRU\

5HVHDUFK�7ULDQJOH�3DUN��1&

9LFNL�'HOODUFR��3K�'�
2IILFH�RI�:DWHU
:DVKLQJWRQ��'&

$QGUHZ�*HOOHU��3K�'�
1DWLRQDO�+HDOWK�DQG�(QYLURQPHQWDO�(IIHFWV
/DERUDWRU\

5HVHDUFK�7ULDQJOH�3DUN��1&

*DU\�.LPPHO��3K�'�
1DWLRQDO�&HQWHU�IRU�(QYLURQPHQWDO
$VVHVVPHQW

:DVKLQJWRQ��'&

0DU\�0DQLEXVDQ
2IILFH�RI�:DWHU
:DVKLQJWRQ��'&

5DOSK�6PLDORZLF]��3K�'�
1DWLRQDO�+HDOWK�DQG�(QYLURQPHQWDO�(IIHFWV
/DERUDWRU\

5HVHDUFK�7ULDQJOH�3DUN��1&

*OHQQ�6XWHU��3K�'�
1DWLRQDO�&HQWHU�IRU�(QYLURQPHQWDO
$VVHVVPHQW

&LQFLQQDWL��2+
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,QWHUQDO�(3$�5HYLHZHUV

'RURWK\�&DQWHU��3K�'�
2IILFH�RI�6ROLG�:DVWH�DQG�(PHUJHQF\
5HVSRQVH

:DVKLQJWRQ��'&

&KULVWRSKHU�&XEELVRQ��3K�'�
1DWLRQDO�&HQWHU�IRU�(QYLURQPHQWDO
$VVHVVPHQW

&LQFLQQDWL��2+

-R\FH�'RQRKXH��3K�'�
2IILFH�RI�:DWHU
:DVKLQJWRQ��'&

5LFKDUG�+LOO��3K�'�
2IILFH�RI�3UHYHQWLRQ��3HVWLFLGHV��DQG�7R[LF
6XEVWDQFHV

:DVKLQJWRQ��'&

&DUROH�.LPPHO��3K�'�
1DWLRQDO�&HQWHU�IRU�(QYLURQPHQWDO
$VVHVVPHQW

:DVKLQJWRQ��'&

&KULV�/DX��3K�'�
1DWLRQDO�+XPDQ�DQG�(FRORJLFDO�(IIHFWV
5HVHDUFK�/DERUDWRU\

5HVHDUFK�7ULDQJOH�3DUN��1&

6XVDQ�0DNULV��3K�'�
2IILFH�RI�3UHYHQWLRQ��3HVWLFLGHV��DQG�7R[LF
6XEVWDQFHV

:DVKLQJWRQ��'&

9LQFH�1DEKRO]��3K�'�
2IILFH�RI�3UHYHQWLRQ��3HVWLFLGHV��DQG�7R[LF
6XEVWDQFHV

:DVKLQJWRQ��'&

:LOOLDP�YDQ�GHU�6FKDOLH��3K�'�
1DWLRQDO�&HQWHU�IRU�(QYLURQPHQWDO
$VVHVVPHQW

:DVKLQJWRQ��'&

-HQQLIHU�6HHG��3K�'�
2IILFH�RI�3UHYHQWLRQ��3HVWLFLGHV��DQG�7R[LF
6XEVWDQFHV

:DVKLQJWRQ��'&

6KHUU\�6HOHYDQ��3K�'�
1DWLRQDO�&HQWHU�IRU�(QYLURQPHQWDO
$VVHVVPHQW

:DVKLQJWRQ��'&

0DU\-DQH�6HOJUDGH��3K�'�
1DWLRQDO�+XPDQ�DQG�(FRORJLFDO�(IIHFWV
5HVHDUFK�/DERUDWRU\

5HVHDUFK�7ULDQJOH�3DUN��1&

&DURO\Q�6PDOOZRRG
1DWLRQDO�&HQWHU�IRU�(QYLURQPHQWDO
$VVHVVPHQW

&LQFLQQDWL��2+

6WDQ�6PXFNHU��3K�'�
8�6��(3$�5HJLRQ����6XSHUIXQG�'LYLVLRQ
6DQ�)UDQFLVFR��&$

'DQ�6WUDOND��3K�'�
8�6��(3$�5HJLRQ����6XSHUIXQG�'LYLVLRQ
6DQ�)UDQFLVFR��&$
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3UHIDFH

7KH�SXUSRVH�RI�WKLV�UHYLHZ�LV�WR�SURYLGH�VFLHQWLILF�VXSSRUW�DQG�UDWLRQDOH�IRU�KD]DUG

LGHQWLILFDWLRQ�DQG�GRVH�UHVSRQVH�DVVHVVPHQWV�EDVHG�RQ�WKH�HPHUJLQJ�GDWD�IRU�ERWK�KXPDQ�KHDOWK

DQG�HFRORJLFDO�HIIHFWV�FDXVHG�E\�H[SRVXUHV�WR�SHUFKORUDWH���,W�LV�QRW�LQWHQGHG�WR�EH�D

FRPSUHKHQVLYH�WUHDWLVH�RQ�WKH�FKHPLFDO�RU�WKH�WR[LFRORJLFDO�QDWXUH�RI�SHUFKORUDWH�

,Q�6HFWLRQ����WKH�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��(3$��KDV�FKDUDFWHUL]HG�LWV�RYHUDOO

FRQILGHQFH�LQ�WKH�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�DVSHFWV�RI�KD]DUG�DQG�GRVH�UHVSRQVH��8�6�

(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\����������0DWWHUV�FRQVLGHUHG�LQ�WKLV�FKDUDFWHUL]DWLRQ�LQFOXGH

NQRZOHGJH�JDSV��XQFHUWDLQWLHV��TXDOLW\�RI�GDWD��DQG�VFLHQWLILF�FRQWURYHUVLHV���7KLV�FKDUDFWHUL]DWLRQ

LV�SUHVHQWHG�LQ�DQ�HIIRUW�WR�PDNH�DSSDUHQW�WKH�OLPLWDWLRQV�RI�WKH�LQGLYLGXDO�DVVHVVPHQWV�DQG�WR�DLG

DQG�JXLGH�WKH�ULVN�DVVHVVRU�LQ�WKH�HQVXLQJ�VWHSV�RI�WKH�ULVN�DVVHVVPHQW�SURFHVV�

'HYHORSPHQW�RI�WKHVH�KD]DUG�LGHQWLILFDWLRQV�DQG�GRVH�UHVSRQVH�DVVHVVPHQWV�IRU�SHUFKORUDWH

KDYH�IROORZHG�WKH�JHQHUDO�JXLGHOLQHV�IRU�ULVN�DVVHVVPHQWV�VHW�IRUWK�E\�WKH�1DWLRQDO�5HVHDUFK

&RXQFLO����������2WKHU�(3$�JXLGHOLQHV�WKDW�ZHUH�XVHG�LQ�WKH�GHYHORSPHQW�RI�WKLV�KHDOWK�ULVN

DVVHVVPHQW�LQFOXGH�WKH�$VVHVVPHQW�RI�7K\URLG�)ROOLFXODU�&HOO�7XPRUV��8�6��(QYLURQPHQWDO

3URWHFWLRQ�$JHQF\������D���*XLGHOLQHV�IRU�1HXURWR[LFLW\�5LVN�$VVHVVPHQW��8�6��(QYLURQPHQWDO

3URWHFWLRQ�$JHQF\������E��������3URSRVHG�*XLGHOLQHV�IRU�&DUFLQRJHQ�5LVN�$VVHVVPHQW��)HGHUDO

5HJLVWHU���������*XLGHOLQHV�IRU�5HSURGXFWLYH�7R[LFLW\�$VVHVVPHQW��8�6��(QYLURQPHQWDO

3URWHFWLRQ�$JHQF\���������8VH�RI�WKH�%HQFKPDUN�'RVH�$SSURDFK�LQ�+HDOWK�5LVN�$VVHVVPHQW

�&UXPS�HW�DO����������0HWKRGV�IRU�'HULYDWLRQ�RI�,QKDODWLRQ�5HIHUHQFH�&RQFHQWUDWLRQV�DQG

$SSOLFDWLRQ�RI�,QKDODWLRQ�'RVLPHWU\��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\������D���3URSRVHG

,QWHULP�3ROLF\�IRU�3DUWLFOH�6L]H�DQG�/LPLW�&RQFHQWUDWLRQ�,VVXHV�LQ�,QKDODWLRQ�7R[LFRORJ\�6WXGLHV

�:KDODQ�DQG�5HGGHQ���������*XLGHOLQHV�IRU�'HYHORSPHQWDO�7R[LFLW\�5LVN�$VVHVVPHQW��)HGHUDO

5HJLVWHU���������5HFRPPHQGDWLRQV�IRU�DQG�'RFXPHQWDWLRQ�RI�%LRORJLFDO�9DOXHV�IRU�8VH�LQ�5LVN

$VVHVVPHQW��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\���������DQG�7KH�5LVN�$VVHVVPHQW

*XLGHOLQHV�RI�������8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��������

7KH�GRFXPHQW�SUHVHQWV�WKH�KD]DUG�LGHQWLILFDWLRQ�RU�GRVH�UHVSRQVH�DVVHVVPHQW�IRU�QRQFDQFHU

WR[LFLW\�IRU�HDFK�URXWH�RI�H[SRVXUH��HLWKHU�WKH�RUDO�UHIHUHQFH�GRVH��5I'��RU�WKH�LQKDODWLRQ

UHIHUHQFH�FRQFHQWUDWLRQ��5I&����7KH�5I'�DQG�5I&�DUH�PHDQW�WR�SURYLGH�LQIRUPDWLRQ�RQ�ORQJ�WHUP

HIIHFWV�RWKHU�WKDQ�FDUFLQRJHQLFLW\��DOWKRXJK�PRUH�UHFHQWO\��WKH�YDOXH�RI�PRGH�RI�DFWLRQ
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LQIRUPDWLRQ�WR�LQIRUP�WKH�SRWHQWLDO�IRU�D�FRQWLQXXP�IURP�QRQFDQFHU�WR[LFLW\�DV�SUHFXUVRU�OHVLRQV

WR�FDUFLQRJHQLFLW\�SUHVHQWHG�DV�WXPRUV�KDV�EHHQ�UHFRJQL]HG��)HGHUDO�5HJLVWHU��������:LOWVH�DQG

'HOODUFR����������&RQVLGHUDWLRQ�RI�WKLV�FRQWLQXXP�LV�HVSHFLDOO\�SHUWLQHQW�WR�WKH�HYDOXDWLRQ�RI�WKH

SRWHQWLDO�WR[LFLW\�RI�SHUFKORUDWH���:KHQ�VXFK�D�FRQWLQXXP�FDQ�EH�FKDUDFWHUL]HG��WKH�GLFKRWRPRXV

DSSURDFKHV�WR�³QRQFDQFHU´�YHUVXV�³FDQFHU´�WR[LFLW\�FDQ�EH�KDUPRQL]HG�LQWR�RQH�URXWH�VSHFLILF

HVWLPDWH���7KH�REMHFWLYH�LV�WR�VHOHFW�D�SURPLQHQW�WR[LF�HIIHFW�WKDW�LV�SHUWLQHQW�WR�WKH�FKHPLFDO¶V

NH\�PRGH�RI�DFWLRQ��GHILQHG�DV�D�FKHPLFDO¶V�LQIOXHQFH�RQ�PROHFXODU��FHOOXODU��DQG�SK\VLRORJLFDO

IXQFWLRQV���:LOWVH�DQG�'HOODUFR����������,Q�D�GHIDXOW�FKDUDFWHUL]DWLRQ�ZLWKRXW�PRGH�RI�DFWLRQ

LQIRUPDWLRQ��WKH�5I'�W\SLFDOO\�LV�EDVHG��LQ�SDUW��RQ�WKH�DVVXPSWLRQ�WKDW�D�WKUHVKROG�H[LVWV�IRU

FHUWDLQ�WR[LF�HIIHFWV��ERWK�IRU�WKH�LQGLYLGXDO�DQG�WKH�SRSXODWLRQ��ZKHUHDV�D�WKUHVKROG�PD\�QRW

H[LVW�IRU�RWKHU�FDUFLQRJHQLF�HIIHFWV���7KXV��LI�WKH�FULWLFDO�WR[LF�HIIHFW�LV�SUHYHQWHG��WKHQ�DOO�WR[LF

HIIHFWV�DUH�SUHYHQWHG���,Q�JHQHUDO��WKH�5I'�RU�5I&�LV�DQ�HVWLPDWH��ZLWK�XQFHUWDLQW\�VSDQQLQJ

SHUKDSV�DQ�RUGHU�RI�PDJQLWXGH��RI�D�GDLO\�RUDO�H[SRVXUH�RU�FRQWLQXRXV�LQKDODWLRQ�H[SRVXUH�WR�WKH

KXPDQ�SRSXODWLRQ��LQFOXGLQJ�VHQVLWLYH�VXESRSXODWLRQV��WKDW�LV�OLNHO\�WR�EH�ZLWKRXW�GHOHWHULRXV

QRQFDQFHU�HIIHFWV�GXULQJ�D�OLIHWLPH���7KH�RUDO�5I'�LV�H[SUHVVHG�LQ�XQLWV�RI�PLOOLJUDPV�SHU

NLORJUDP�SHU�GD\���7KH�LQKDODWLRQ�5I&�FRQVLGHUV�WR[LF�HIIHFWV�IRU�ERWK�WKH�UHVSLUDWRU\�WUDFW�DV�WKH

SRUWDO�RI�HQWU\��DV�ZHOO�DV�IRU�HIIHFWV�UHPRWH�WR�WKH�UHVSLUDWRU\�WUDFW��H[WUDUHVSLUDWRU\�RU�V\VWHPLF

HIIHFWV����7KH�5I&�LV�H[SUHVVHG�LQ�XQLWV�RI�PLOOLJUDPV�SHU�FXELF�PHWHU�

7KH�FDUFLQRJHQLFLW\�DVVHVVPHQW�LV�PHDQW�WR�SURYLGH�LQIRUPDWLRQ�RQ�WKUHH�DVSHFWV�RI�WKH

FDUFLQRJHQLF�ULVN�DVVHVVPHQW�IRU�SHUFKORUDWH���WKH�(3$�FODVVLILFDWLRQ�DQG�TXDQWLWDWLYH�HVWLPDWHV

RI�ULVN�IURP�ERWK�RUDO�DQG�LQKDODWLRQ�H[SRVXUH���7KH�FODVVLILFDWLRQ�UHIOHFWV�D�ZHLJKW�RI�HYLGHQFH

MXGJPHQW�RI�WKH�OLNHOLKRRG�WKDW�WKH�DJHQW�LV�D�KXPDQ�FDUFLQRJHQ�DQG�WKH�FRQGLWLRQV�XQGHU�ZKLFK

WKH�FDUFLQRJHQLF�HIIHFWV�PD\�EH�H[SUHVVHG���
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$FNQRZOHGJPHQWV

7KH�DXWKRUV�DUH�LQGHEWHG�WR�WKH�IROORZLQJ�LQGLYLGXDOV�ZKR�LPSDUWHG�WKHLU�LQVLJKWV��GDWD

DQDO\VLV��DQG�H[SHUWLVH�WR�LPSURYH�VSHFLILF�DUHDV�RI�WKH�UHSRUW��LQFOXGLQJ�'U��$OODQ�0DUFXV��(3$�

1DWLRQDO�&HQWHU�IRU�(QYLURQPHQWDO�$VVHVVPHQW�>1&($@���'U��(GZDUG�8UEDQVN\��(3$��1DWLRQDO

5LVN�0DQDJHPHQW�5HVHDUFK�/DERUDWRU\���.HYLQ�0D\HU��(3$��5HJLRQ�����DQG�'U��0DUWKD�0RRUH

�(3$��1DWLRQDO�+HDOWK�DQG�(QYLURQPHQWDO�(IIHFWV�/DERUDWRU\��

$V�QRWHG�LQ�WKH�LQWURGXFWLRQ��&KDSWHU�����WKLV�DVVHVVPHQW�FRXOG�QRW�KDYH�EHHQ�DFFRPSOLVKHG

ZLWKRXW�WKH�FRRSHUDWLRQ�RI�LQGLYLGXDOV�ZKR�ZRUN�IRU�WKH�JRYHUQPHQWDO�HQWLWLHV�UHSUHVHQWHG�LQ�WKH

,QWHUDJHQF\�3HUFKORUDWH�6WHHULQJ�&RPPLWWHH���(DFK�DQG�HYHU\�RQH�RI�WKH�VXEFRPPLWWHH�PHPEHUV

FRQWULEXWHG�WR�GLVFXVVLRQV�DV�WKH�SURFHVV�HYROYHG��YLD�VWDNHKROGHU�IRUXPV�RU�PHHWLQJV��DQG�WKH

LQWHJUDWHG�DSSURDFK�WR�WKH�RYHUDOO�ULVN�FKDUDFWHUL]DWLRQ�IUDPHZRUN�EHJDQ�WR�PDWHULDOL]H���6SHFLDO

DFNQRZOHGJPHQW�IRU�RYHUVLJKW�RI�WKH�WHVWLQJ�VWUDWHJ\�HQGHDYRU��QRWDEO\�FRPPXQLFDWLRQ�ZLWK�WKH

FRQWUDFW�ODEV��H[SHGLWLQJ�GDWD�GHOLYHU\��DQG�ZULWLQJ�UHSRUWV�JRHV�WR�/W��&RO��'DQ�5RJHUV��8�6��$LU

)RUFH�0DWHULHO�&RPPDQG���'U��'DYH�0DWWLH�DQG�&DSW��'DYLG�7VXL��$LU�)RUFH�5HVHDUFK

/DERUDWRU\�+XPDQ�(IIHFWLYHQHVV�'LUHFWRUDWH�>$)5/�+(67@��2SHUDWLRQDO�7R[LFRORJ\�%UDQFK��

DQG�&RUQHOO�/RQJ�DQG�'U��5RQ�3RUWHU��$)5/�+(67��+XPDQ�6\VWHPV�&HQWHU���

2WKHU�LQGLYLGXDOV�DW�$)5/�+(67�DW�:ULJKW�3DWWHUVRQ�$LU�)RUFH�%DVH�VKRXOG�EH�QRWHG�IRU

WKHLU�LQYDOXDEOH�WHFKQLFDO�FRQWULEXWLRQV���'U��:LOOLDP�%DNHU��IRU�DOO�WKH�KLVWRSDWKRORJ\�DQDO\VLV

DQG�UHSRUWV�WKDW�KH�JHQHUDWHG�LQ�D�VKRUW�SHULRG�RI�WLPH��/DWKD�1DUD\DQDQ��IRU�KHU�H[SHUW�DQG

UHOLDEOH�DQDO\VHV�RI�WK\URLG�DQG�SLWXLWDU\�KRUPRQH�GDWD��DQG�'UV��-HII�)LVKHU�DQG�.\XQJ�<X�IRU

WKHLU�ZRUN�RQ�LRGLGH�DQG�SHUFKORUDWH�NLQHWLFV�

7KH�3HUFKORUDWH�6WXG\�*URXS��36*���SDUWLFXODUO\�0LFKDHO�*LUDUG��DOVR�LV�UHFRJQL]HG�IRU�LWV

DLG�LQ�VSRQVRULQJ�VWXGLHV�DQG�HQVXULQJ�WLPHO\�GDWD�GHOLYHU\�LQ�DSSURSULDWH�IRUPDWV�IRU�(3$

DQDO\VHV���7R[LFRORJ\�([FHOOHQFH�IRU�5LVN�$VVHVVPHQW�DOVR�ZDV�YHU\�UHVSRQVLYH�LQ�WKLV�UHJDUG�RQ

EHKDOI�RI�WKH�36*�

$GGLWLRQDO�JUDWLWXGH�LV�H[SUHVVHG�WR�WKRVH�LQGLYLGXDOV�ZKR�VXEPLWWHG�XQSXEOLVKHG�UHSRUWV

DQG�OLWHUDWXUH�VXPPDULHV�IRU�FRQVLGHUDWLRQ�E\�WKH�(3$�UHYLHZ�WHDP���1RWDEOH�FRQWULEXWLRQV�ZHUH

SURYLGHG�E\�'U��6WHYHQ�/DPP�RI�&RQVXOWDQWV�LQ�(SLGHPLRORJ\�DQG�2FFXSDWLRQDO�+HDOWK��,QF��

DQG�'UV��*D\�*RRGPDQ�DQG�5LFKDUG�3OHXV�RI�,QWHUWR[�



December 31, 1998 Draft-Do Not Quote or Citexxvi

7KH�DXWKRUV�DOVR�DUH�LQGHEWHG�WR�WKH�GHGLFDWLRQ�DQG�H[SHUWLVH�RI�WKH�IROORZLQJ�LQGLYLGXDOV�RI

2$2�&RUSRUDWLRQ�IRU�WKHLU�UROHV�LQ�GRFXPHQW�SURGXFWLRQ���-RKQ�%DUWRQ��IRU�SURMHFW�FRRUGLQDWLRQ

DQG�WHFKQLFDO�HGLWLQJ��&DURO\Q�3HUU\��%HWW\H�.LUNODQG��DQG�<YRQQH�+DUULVRQ��IRU�ZRUG

SURFHVVLQJ��'DYH�/HRQKDUG�DQG�9HGD�:LOOLDPV��IRU�JUDSKLF�DUWV��DQG�'DYLG�%HOWRQ��IRU�UHIHUHQFH

UHWULHYDO�DQG�HGLWLQJ�

5LFKDUG�:LOVRQ��(3$��1&($��LV�DSSODXGHG�IRU�KLV�WLUHOHVV�DQG�FKHHUIXO�GHGLFDWLRQ�WR�WKH

WDVN�RI�SKRWRFRS\LQJ�WKH�GRFXPHQW�DQG�LWV�VXSSRUWLQJ�PDWHULDOV�
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(;(&87,9(�6800$5<�

�

�

7KH�SXUSRVHV�RI�WKLV�GRFXPHQW�LV�WR�SUHVHQW�DQ�DVVHVVPHQW�WKDW�XSGDWHV�SUHYLRXV�

SURYLVLRQDO�YDOXHV�LVVXHG�E\�WKH�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��(3$��IRU�DQ�RUDO�

UHIHUHQFH�GRVH��5I'��IRU�SHUFKORUDWH��WR�HYDOXDWH�WKH�SRWHQWLDO�IRU�SHUFKORUDWH�FDUFLQRJHQLFLW\��

DQG�WR�SURYLGH�D�VFUHHQLQJ�HFRORJLFDO�ULVN�DVVHVVPHQW�IRU�SHUFKORUDWH�EDVHG�RQ�WR[LFLW\�GDWD�WKDW�

UHFHQWO\�KDYH�EHFRPH�DYDLODEOH���0RVW�RI�WKHVH�GDWD�ZHUH�REWDLQHG�DV�UHVXOWV�RI�D�WHVWLQJ�VWUDWHJ\�

WKDW�ZDV�GHVLJQHG�ZLWK�NQRZOHGJH�RI�WKH�PRGH�RI�DFWLRQ�IRU�SHUFKORUDWH�WR[LFLW\�WKDW�LGHQWLILHG�

PDMRU�GDWD�JDSV�LQ�WKH�GDWD�DYDLODEOH�SULRU�WR��������7KLV�H[HFXWLYH�VXPPDU\�FRQFLVHO\�SUHVHQWV��

NH\�ILQGLQJV�IURP�WKH�SUHVHQW�DVVHVVPHQW���

��

6800$5<�),1',1*6��

6RXUFHV�RI�3HUFKORUDWH�&RQWDPLQDWLRQ�DQG�2FFXUUHQFH��

� 3HUFKORUDWH�LV�DQ�R[LGL]LQJ�DQLRQ�WKDW�RULJLQDWHV�DV�D�FRQWDPLQDQW�LQ�JURXQG�DQG�VXUIDFH�ZDWHUV��

IURP�WKH�GLVVROXWLRQ�RI�DPPRQLXP��SRWDVVLXP��PDJQHVLXP��RU�VRGLXP�VDOWV���3HUFKORUDWH�LV��

H[FHHGLQJO\�PRELOH�LQ�DTXHRXV�V\VWHPV�DQG�FDQ�SHUVLVW�IRU�PDQ\�GHFDGHV�XQGHU�W\SLFDO�JURXQG��

DQG�VXUIDFH�ZDWHU�FRQGLWLRQV���

� $PPRQLXP�SHUFKORUDWH�LV�PDQXIDFWXUHG�IRU�XVH�DV�WKH�R[LGL]HU�FRPSRQHQW�DQG�SULPDU\��

LQJUHGLHQW�LQ�VROLG�SURSHOODQW�IRU�URFNHWV��PLVVLOHV��DQG�ILUHZRUNV���%HFDXVH�LW�LV�D�UHGXFLQJ��

DJHQW��LW�FDQ�XQGHUJR�D�YDULHW\�RI�LQWUDPROHFXODU�UHGR[�UHDFWLRQV�WKDW�OHDG�WR�WKH�UHOHDVH�RI��

JDVHRXV�SURGXFWV��DQG��WKXV��LW�FDQ�DFW�DV�D�WKUXVW�ERRVWHU���3HUFKORUDWH�VDOWV�DOVR�DUH�XVHG�RQ�D��

ODUJH�VFDOH�DV�D�FRPSRQHQW�RI�DLU�EDJ�LQIODWRUV���

� 2WKHU�XVHV�RI�SHUFKORUDWH�VDOWV�LQFOXGH�WKHLU�XVH�LQ�QXFOHDU�UHDFWRUV�DQG�HOHFWURQLF�WXEHV��DV��

DGGLWLYHV�LQ�OXEULFDWLQJ�RLOV��LQ�WDQQLQJ�DQG�ILQLVKLQJ�OHDWKHU��DV�D�PRUGDQW�IRU�IDEULFV�DQG�G\HV���

LQ�HOHFWURSODWLQJ��LQ�DOXPLQXP�UHILQLQJ��DQG�LQ�UXEEHU�PDQXIDFWXUH��DV�D�PRUGDQW�IRU�IDEULFV��

DQG�G\HV��DQG�LQ�WKH�SURGXFWLRQ�RI�SDLQWV�DQG�HQDPHOV���&KHPLFDO�IHUWLOL]HU�DOVR�KDV�EHHQ��

UHSRUWHG�WR�EH�D�SRWHQWLDO�VRXUFH�RI�SHUFKORUDWH�FRQWDPLQDWLRQ���

� /DUJH�VFDOH�SURGXFWLRQ�RI�SHUFKORUDWH�FRQWDLQLQJ�FKHPLFDOV�LQ�WKH�8QLWHG�6WDWHV�EHJDQ�LQ�WKH��

PLG�����V���%HFDXVH�RI�LWV�VKHOI�OLIH��SHUFKORUDWH�PXVW�EH�ZDVKHG�RXW�RI�WKH�8QLWHG�6WDWHV¶��
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PLVVLOH�DQG�URFNHW�LQYHQWRU\�WR�EH�UHSODFHG�ZLWK�D�IUHVK�VXSSO\���7KXV��ODUJH�YROXPHV�KDYH�

EHHQ�GLVSRVHG�RI�LQ�YDULRXV�VWDWHV�VLQFH�WKH�����V��

� 3HUFKORUDWH�EHJDQ�WR�EH�GLVFRYHUHG�DW�YDULRXV�PDQXIDFWXULQJ�VLWHV�DQG�LQ�ZHOO�ZDWHU�DQG�

GULQNLQJ�ZDWHU�VXSSOLHV�ZLWKLQ�WKH�PRQWKV�IROORZLQJ�WKH�$SULO������GHYHORSPHQW�RI�D�

ORZ�OHYHO����SSE��GHWHFWLRQ�PHWKRG���7KHUH�DUH����VWDWHV�ZLWK�FRQILUPHG�UHOHDVHV�LQ�JURXQG�RU�

VXUIDFH�ZDWHU���7KHUH�DUH����VWDWHV�WKDW�KDYH�FRQILUPHG�SHUFKORUDWH�PDQXIDFWXUHUV�RU�XVHUV�

EDVHG�RQ�(3$�,QIRUPDWLRQ�5HTXHVW�UHVSRQVHV���,Q�&DOLIRUQLD��PRVW�RI�WKH�ORFDWLRQV�ZKHUH�

SHUFKORUDWH�KDV�EHHQ�GHWHFWHG�DUH�DVVRFLDWHG�ZLWK�IDFLOLWLHV�WKDW�KDYH�PDQXIDFWXUHG�RU�WHVWHG�

VROLG�URFNHW�IXHOV�IRU�WKH�'HSDUWPHQW�RI�'HIHQVH�RU�WKH�1DWLRQDO�$HURQDXWLFV�DQG�6SDFH�

$GPLQLVWUDWLRQ���

� $W�WKLV�WLPH��WKHUH�KDV�QRW�EHHQ�D�V\VWHPDWLF�QDWLRQDO�VXUYH\�RI�SHUFKORUDWH�RFFXUUHQFH����

,GHQWLILFDWLRQ�RI�WKH�PDJQLWXGH�DQG�H[WHQW�RI�SHUFKORUDWH�RFFXUUHQFH�LQ�WKH�HQYLURQPHQW�LV��

LPSRUWDQW�LQ�DVVHVVLQJ�WKH�URXWHV�RI�H[SRVXUH�WR�KXPDQV�DQG�WR�GHWHUPLQLQJ�WKH�GLIIHUHQW�W\SHV��

RI�RUJDQLVPV�DQG�HFRV\VWHPV�WKDW�PD\�EH�DIIHFWHG���

��

$Q�,QWHJUDWHG�$SSURDFK�WR�&RPSUHKHQVLYH�5LVN�&KDUDFWHUL]DWLRQ��

� 3HUFKORUDWH�LV�RI�FRQFHUQ�EHFDXVH�RI�H[LVWLQJ�XQFHUWDLQWLHV�LQ�WKH�WR[LFRORJLFDO�GDWDEDVH��

DYDLODEOH�WR�DGHTXDWHO\�DGGUHVV�WKH�SRWHQWLDO�IRU�SHUFKORUDWH�WR�SURGXFH�KXPDQ�KHDOWK�HIIHFWV�DW��

ORZ�OHYHOV�LQ�GULQNLQJ�ZDWHU��WKH�DFWXDO�H[WHQW�RI�WKH�RFFXUUHQFH�RI�SHUFKORUDWH�LQ�JURXQG�DQG��

VXUIDFH�ZDWHUV��ZKLFK�LV�FRPSRXQGHG�E\�VRPH�XQFHUWDLQW\�LQ�WKH�YDOLGDWLRQ�RI�WKH�DQDO\WLFDO��

GHWHFWLRQ�PHWKRG��WKH�HIILFDF\�RI�GLIIHUHQW�WUHDWPHQW�WHFKQRORJLHV�IRU�YDULRXV�ZDWHU�XVHV��VXFK��

DV�GULQNLQJ�ZDWHU�RU�DJULFXOWXUDO�DSSOLFDWLRQ��DQG�WKH�H[WHQW�DQG�QDWXUH�RI�HFRORJLFDO�LPSDFW�RU��

WUDQVSRUW�DQG�WUDQVIRUPDWLRQ�SKHQRPHQD�LQ�YDULRXV�HQYLURQPHQWDO�PHGLD���

� 7R�DGHTXDWHO\�DQG�FRPSUHKHQVLYHO\�FKDUDFWHUL]H�WKH�ULVN�RI�SHUFKORUDWH�FRQWDPLQDWLRQ�WR��

SURYLGH�VFLHQWLILF�LQSXW�WR�GHFLVLRQ�PDNLQJ�UHJDUGLQJ�PDQDJHPHQW�VWUDWHJLHV�WR�PLWLJDWH��

SRWHQWLDO�ULVN��D�QXPEHU�RI�NH\�SLHFHV�RI�LQIRUPDWLRQ�DUH�QHFHVVDU\���$FFXUDWH�FKDUDFWHUL]DWLRQ��

RI�H[SRVXUHV�UHOLHV�RQ�UHOLDEOH�DQDO\WLFDO�PHWKRGV���7KH�H[SRVXUH�HVWLPDWHV�FDQQRW�EH�JDXJHG��

ZLWK�UHVSHFW�WR�WKHLU�ULVN�XQOHVV�UREXVW�KHDOWK�DQG�HFRORJLFDO�ULVN�HVWLPDWHV�DUH�DYDLODEOH����

7UHDWPHQW�WHFKQRORJLHV�VKRXOG�EH�WDUJHWHG�WR�OHYHOV�RI�FRQFHUQ�DQG�WDLORUHG�WR�WKH�LQWHQGHG��

ZDWHU�XVH���7HFKQRORJ\�WUDQVIHU�LV�QHFHVVDU\�VR�WKDW�DOO�DIIHFWHG�SDUWLHV�DQG�FRQFHUQHG�FLWL]HQV��
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DUH�DSSULVHG�RI�DFFXUDWH�DQG�UHOLDEOH�LQIRUPDWLRQ�WKDW�LV�XS�WR�GDWH�ZLWK�WKH�HYROYLQJ�VWDWH�RI�

WKH�VFLHQFH��

� 7KH�WR[LFLW\��WHVWLQJ�VWUDWHJ\�ZDV�H[SHGLWHG�WKURXJK�D�XQLTXH�SDUWQHUVKLS�EHWZHHQ�WKH�

'HSDUWPHQW�RI�'HIHQVH�DQG�(3$��WRJHWKHU�ZLWK�PHPEHUV�RI�DQ�,QWHUDJHQF\�3HUFKORUDWH�

6WHHULQJ�&RPPLWWHH��,36&���ZKLFK��DOVR�LQFOXGHV�RWKHU�JRYHUQPHQWDO�UHSUHVHQWDWLYHV�IURP�WKH�

$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\�DQG�WKH�1DWLRQDO�,QVWLWXWH�IRU�

(QYLURQPHQWDO�+HDOWK�6FLHQFHV�DQG�DIIHFWHG�VWDWH��WULEDO��DQG�ORFDO�JRYHUQPHQWV��

� 7KH�FKDUWHU�RI�WKH�,36&�LV�WR�IDFLOLWDWH�DQG�FRRUGLQDWH�DFFXUDWH�DFFRXQWV�RI�UHODWHG�

WHFKQRORJLFDO�LVVXHV��RFFXUUHQFH�VXUYH\V��KHDOWK�DVVHVVPHQW��HFRWR[LFRORJ\�DVVHVVPHQW��

WUHDWDELOLW\��ZDVWH�VWUHDP�KDQGOLQJ��DQG�DQDO\WLFDO�GHWHFWLRQ����7KLV�DVVHVVPHQW�LV�LQWHQGHG�WR��

DGGUHVV�WKH�QHHG�IRU�HYDOXDWLRQ�RI�SHUFKORUDWH¶V�SRWHQWLDO�WR�FDXVH�KXPDQ�KHDOWK�HIIHFWV�RU��

LPSDFW�RQ�HFRORJLFDO�V\VWHPV��EDVHG�RQ�FXUUHQWO\�DYDLODEOH�DQG�HPHUJLQJ�GDWD���

� 7KHUH�LV�FXUUHQWO\�QR�1DWLRQDO�3ULPDU\�'ULQNLQJ�:DWHU�5HJXODWLRQ�IRU�SHUFKORUDWH���3HUFKORUDWH��

ZDV�SODFHG�RQ�WKH�&RQWDPLQDQW�&DQGLGDWH�/LVW�LQ�0DUFK��������7KH�OLVW�VHUYHV�DV�WKH�VRXUFH�IRU��

SULRULW\�FRQWDPLQDQWV��GHILQHG�DV�HLWKHU�NQRZQ�RU�DQWLFLSDWHG�WR�RFFXU�LQ�SXEOLF�ZDWHU�V\VWHPV���

IRU�UHVHDUFK��JXLGDQFH�GHYHORSPHQW��DQG�VHOHFWLRQ�RI�FRQWDPLQDQWV�IRU�PDNLQJ�UHJXODWRU\��

GHWHUPLQDWLRQV�RU�PRQLWRULQJ�E\�WKH�VWDWHV���3HUFKORUDWH�ZDV�OLVWHG�DV�D�FRQWDPLQDQW�WKDW��

UHTXLUHG�DGGLWLRQDO�UHVHDUFK�DQG�RFFXUUHQFH�LQIRUPDWLRQ�EHIRUH�UHJXODWRU\�GHWHUPLQDWLRQV��

FRXOG�EH�FRQVLGHUHG���

��

3K\VLFRFKHPLFDO�&KDUDFWHULVWLFV��

� $V�DQ�R[LGDQW��SHUFKORUDWH�LV�NLQHWLFDOO\�QRQODELOH���7KLV�PHDQV�WKH�UHGXFWLRQ�RI�WKH�FHQWUDO��

FKORULQH�DWRP�IURP�DQ�R[LGDWLRQ�VWDWH�RI�����SHUFKORUDWH��WR�!���FKORULGH�LRQ��RFFXUV�H[WUHPHO\��

VORZO\���6RUSWLRQ�LV�QRW�H[SHFWHG�WR�DWWHQXDWH�SHUFKORUDWH�EHFDXVH�LW�DEVRUEV�ZHDNO\�WR�PRVW��

VRLO�PLQHUDOV���1DWXUDO�FKHPLFDO�UHGXFWLRQ�LQ�WKH�HQYLURQPHQW�LV�QRW�H[SHFWHG�WR�EH�VLJQLILFDQW����

7KHVH�WZR�IDFWRUV�DFFRXQW�IRU�SHUFKORUDWH�EHLQJ�ERWK�YHU\�PRELOH�LQ�DTXHRXV�V\VWHPV�DQG��

SHUVLVWHQW�IRU�PDQ\�GHFDGHV�XQGHU�W\SLFDO�JURXQG�DQG�VXUIDFH�ZDWHU�FRQGLWLRQV���

� 7KH�DFWLYDWLRQ�HQHUJ\�WR�SHUFKORUDWH�UHGXFWLRQ�LV�VR�KLJK�WKDW�LW�FDQQRW�EH�H[SHFWHG�WR�DFW�DV�DQ��

R[LGDQW�XQGHU�KXPDQ�SK\VLRORJLFDO�FRQGLWLRQV��L�H���GLOXWH�VROXWLRQ��XQHOHYDWHG�WHPSHUDWXUHV���

QHXWUDO�S+����7KLV�LV�VXSSRUWHG�E\�DEVRUSWLRQ��GLVWULEXWLRQ��PHWDEROLVP��DQG�HOLPLQDWLRQ�VWXGLHV��

WKDW�VKRZ�SHUFKORUDWH�LV�H[FUHWHG�YLUWXDOO\�XQFKDQJHG�LQ�WKH�XULQH�DIWHU�DEVRUSWLRQ���
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+D]DUG�,GHQWLILFDWLRQ�DQG�0RGH�RI�$FWLRQ�7HVWLQJ�6WUDWHJ\�

� 7KH�KHDOWK�HIIHFWV�DQG�WR[LFLW\�GDWDEDVH�DYDLODEOH�LQ�WKH�VSULQJ�RI������ZDV�GHWHUPLQHG�WR�EH�

LQDGHTXDWH�IRU�TXDQWLWDWLYH�ULVN�DVVHVVPHQW���$�WHVWLQJ�VWUDWHJ\�ZDV�GHYHORSHG�EDVHG�RQ�D�

KD]DUG�LGHQWLILFDWLRQ�XVLQJ�WKH�DYDLODEOH�GDWD�DQG�WKH�VXVSHFWHG�PRGH�RI�DFWLRQ�IRU�SHUFKORUDWH�

WR�WDUJHW�WHVWLQJ�RQ�SRWHQWLDO�HIIHFWV�RI�SHUFKORUDWH��

� 3HUFKORUDWH�LV�UHDGLO\�DEVRUEHG�IURP�WKH�LQWHVWLQDO�WUDFW��DQG�RUDO�XSWDNH�LV�FRQVLGHUHG�WR�EH�WKH�

PDMRU�URXWH�RI�H[SRVXUH���%HFDXVH�RI�LWV�KLJK�FKDUJH��SHUFKORUDWH�GRHV�QRW�SDVV�UHDGLO\�WKURXJK�

WKH�VNLQ���([SRVXUH�YLD�LQKDODWLRQ�LV�H[SHFWHG�WR�EH�QHJOLJLEOH�EHFDXVH�WKH�YDSRU�SUHVVXUH�RI�

SHUFKORUDWH�VDOWV�DQG�DFLGV�LV�H[SHFWHG�WR�EH�ORZ�DW�URRP�WHPSHUDWXUHV���'URSOHW�VL]H�GXULQJ�

VKRZHULQJ�OLNHO\�ZRXOG�SUHFOXGH�LQKDODWLRQ�RI�SHUFKORUDWH�FRQWDPLQDWHG�ZDWHU�DV�DQ�DHURVRO���

� 3HUFKORUDWH�LV�NQRZQ�WR�LQKLELW�WKH�XSWDNH�RI�LRGLGH�LQ�WKH�WK\URLG��WKHUHE\�FDXVLQJ�D�UHGXFWLRQ��

LQ�WKH�KRUPRQHV�WK\UR[LQH��7���DQG�WULLRGRWK\URQLQH��7�����:KHQ�WKHVH�KRUPRQHV�HQWHU�WKH��

EORRG�FLUFXODWLRQ��WKH\�DUH�ERXQG�WR�SODVPD�SURWHLQV���'LIIHUHQFHV�LQ�SODVPD�SURWHLQ�ELQGLQJ��

EHWZHHQ�UDWV�DQG�KXPDQV�DFFRXQW�IRU�GLIIHUHQFHV�LQ�WKH�FLUFXODWLQJ�KDOI�OLIH�RI�WKH�KRUPRQHV��

DQG�LQ�WK\URLG�VWUXFWXUH�EHWZHHQ�WKH�VSHFLHV���7KHUH�PD\�EH�RWKHU�ORFDWLRQV�RI�LQKLELWLRQ�RI��

LRGLGH�WUDQVSRUW�LQ�WKH�JODQG��EXW�SHUFKORUDWH�LWVHOI�LV�QRW�PHWDEROL]HG�LQ�WKH�WK\URLG�RU��

SHULSKHUDO�WLVVXHV���

� &RQWURO�RI�WKH�FLUFXODWLQJ�FRQFHQWUDWLRQV�RI�WKHVH�KRUPRQHV�LV�UHJXODWHG�SULPDULO\�E\�D�QHJDWLYH��

IHHGEDFN�LQYROYLQJ�WKUHH�RUJDQV�����WKH�WK\URLG��ZKLFK�SURGXFHV�7��DQG�7���DQG�����WKH��

SLWXLWDU\�JODQG�DQG�����WKH�K\SRWKDODPXV��ZKLFK�UHVSRQG�WR�DQG�KHOS�PDLQWDLQ�RSWLPDO�7��DQG��

7��OHYHOV�E\�ZKDW�LV�NQRZQ�DV�WKH�K\SRWKDODPLF�SLWXLWDU\�WK\URLG�D[LV�RU�IHHGEDFN�V\VWHP����

7KH�K\SRWKDODPXV�VWLPXODWHV�WKH�SLWXLWDU\�JODQG�WKURXJK�WK\URWURSKLF�UHOHDVLQJ�KRUPRQH��

�75+��WR�SURGXFH�WK\URLG�VWLPXODWLQJ�KRUPRQH��76+���ZKLFK�WKHQ�SURPSWV�WKH�WK\URLG�WR��

SURGXFH�7��DQG�7����&HOOV�LQ�WKH�K\SRWKDODPXV�DQG�SLWXLWDU\�JODQG�UHVSRQG�WR�WKH�OHYHOV�RI��

FLUFXODWLQJ�7��DQG�7���VXFK�WKDW��ZKHQ�WK\URLG�SURGXFWLRQ�OHYHOV�DUH�ORZ��WKHUH�LV�D�VLJQDO�WR��

LQFUHDVH�WKH�RXWSXW�RI�75+�DQG�76+���&LUFXODWLQJ�KRUPRQH�OHYHOV��7���7���DQG�76+��FDQ�EH��

PRQLWRUHG�UHDGLO\�WR�VHUYH�DV�ELRPDUNHUV�RI�H[SRVXUH�DQG�HIIHFW�RI�DJHQWV�WKDW�GLVUXSW�WKH�VWDWXV��

RI�WKLV�QHJDWLYH�IHHGEDFN�V\VWHP���

� 3RWHQWLDO�HIIHFWV�RI�SHUFKORUDWH��JLYHQ�LWV�PRGH�RI�DFWLRQ�DV�DQ�LQKLELWRU�RI�LRGLGH�XSWDNH�WKDW��

UHVXOWV�LQ�GLVWXUEDQFHV�RI�WKH�K\SRWKDODPLF�SLWXLWDU\�WK\URLG�D[LV��LQFOXGHG�FRQFHUQV�IRU��

FDUFLQRJHQLF��QHXURGHYHORSPHQWDO��GHYHORSPHQWDO��UHSURGXFWLYH��DQG�LPPXQRWR[LF�HIIHFWV����
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$GGLWLRQDOO\��QR�VWXG\�KDG�HYHU�HYDOXDWHG�WKH�SRWHQWLDO�IRU�RWKHU�V\VWHPLF�HIIHFWV���)XUWKHU��

WKHUH�ZDV�FRQFHUQ�IRU�HFRWR[LFRORJ\�HIIHFWV�RQ�YDULRXV�DTXDWLF�DQG�WHUUHVWULDO�SODQWV�DQG�

DQLPDOV��

� 7KH�KXPDQ�KHDOWK�WHVWLQJ�VWUDWHJ\�LQFOXGHG�HLJKW�GLIIHUHQW�UHFRPPHQGHG�VWXGLHV�WR�DGGUHVV�

GDWD�JDSV�DQG�HQKDQFH�WKH�PHFKDQLVWLF�LQIRUPDWLRQ�RQ�WKH�PRGH�RI�DFWLRQ�WR�SURYLGH�D�

FRPSUHKHQVLYH�GDWDEDVH�RQ�ZKLFK�WR�DUULYH�DW�D�UHYLVHG�KXPDQ�KHDOWK�ULVN�DVVHVVPHQW�ZLWK��

JUHDWHU�FRQILGHQFH�WKDQ�SUHYLRXV�SURYLVLRQDO�YDOXHV���7KHVH�VWXGLHV�DUH�GHVFULEHG�EHORZ��

��� $����GD\�RUDO�ELRDVVD\�WR�LGHQWLI\�RWKHU�WDUJHW�WLVVXHV�LQ�\RXQJ�DGXOW�UDWV��WR�SURYLGH�GDWD�

RQ�WKH�HIIHFWV�RI�UHSHDWHG�H[SRVXUHV�WR�SHUFKORUDWH�RQ�7���7���DQG�76+�OHYHOV��WR�HYDOXDWH�

UHFRYHU\�RI�HIIHFWV�DIWHU����GD\V��DQG�WR�VFUHHQ�IRU�VRPH�UHSURGXFWLYH�SDUDPHWHUV����

$�JHQRWR[LFLW\�DVVD\�DOVR�ZDV�SHUIRUPHG�RQ�UDWV�IURP�WKH�WHUPLQDO�VDFULILFH���

��� $�QHXURGHYHORSPHQWDO�VWXG\�LQ�UDWV�WR�HYDOXDWH�WKH�SRWHQWLDO�IRU�IXQFWLRQDO�DQG��

PRUSKRORJLFDO�HIIHFWV�LQ�RIIVSULQJ�IURP�WKH�PRWKHU�H[SRVHG�GXULQJ�SUHJQDQF\�DQG��

ODFWDWLRQ���

��� $�6HJPHQW�,,�GHYHORSPHQWDO�VWXG\�LQ�UDEELWV�WR�HYDOXDWH�WKH�SRWHQWLDO�IRU�SHUFKORUDWH�WR��

FDXVH�ELUWK�GHIHFWV�DQG�WR�SURYLGH�GDWD�RQ�WK\URLG�KRUPRQH�HIIHFWV�LQ�D�VHFRQG�VSHFLHV��

RWKHU�WKDQ�WKH�UDW���

��� $�WZR�JHQHUDWLRQ�UHSURGXFWLYH�WR[LFLW\�VWXG\�WR�HYDOXDWH�WKH�SRWHQWLDO�IRU�SHUFKORUDWH�WR��

FDXVH�GHILFLWV�LQ�UHSURGXFWLYH�SHUIRUPDQFH�LQ�DGXOW�UDWV�DQG�IRU�WR[LFLW\�LQ�WKH�\RXQJ��

RIIVSULQJ���

��� $EVRUSWLRQ��GLVWULEXWLRQ��PHWDEROLVP��DQG�HOLPLQDWLRQ��$'0(��VWXGLHV�WR�FKDUDFWHUL]H�WKH��

SKDUPDFRNLQHWLFV�RI�SHUFKORUDWH�LQ�ODERUDWRU\�DQLPDOV�DQG�KXPDQV�DQG�WR�SURYLGH�GDWD��

QHFHVVDU\�WR�DOORZ�FRQVWUXFWLRQ�RI�PRGHOV�IRU�TXDQWLWDWLYH�GHVFULSWLRQ�RI�GLIIHUHQW�LQWHUQDO��

GRVH�PHWULFV�DQG�LQWHUVSHFLHV�H[WUDSRODWLRQ���

��� 0HFKDQLVWLF�VWXGLHV�WKDW�FKDUDFWHUL]H�WKH�HIIHFWV�RI�SHUFKORUDWH�RQ�WKH�LRGLGH�XSWDNH��

PHFKDQLVP�DFURVV�VSHFLHV�DV�D�OLQN�ZLWK�WKH�$'0(�VWXGLHV�WR�DLG�LQ�WKH�TXDQWLWDWLYH��

H[WUDSRODWLRQ�RI�GRVH�DFURVV�VSHFLHV���

��� *HQRWR[LFLW\�DVVD\V�WR�HYDOXDWH�WKH�SRWHQWLDO�IRU�FDUFLQRJHQLFLW\�E\�HYDOXDWLQJ�WKH��

SRWHQWLDO�IRU�GLUHFW�HIIHFWV�RQ�GHR[\ULERQXFOHLF�DFLG���

��� ,PPXQRWR[LFLW\�VWXGLHV�WR�HYDOXDWH�WKH�SRWHQWLDO�IRU�SHUFKORUDWH�WR�GLVUXSW�LPPXQH��

IXQFWLRQ���
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� $�EDWWHU\�RI��HFRORJLFDO�VFUHHQLQJ�WHVWV�ZDV�FRQGXFWHG�LQ�ODERUDWRU\�RUJDQLVPV�UHSUHVHQWDWLYH�

RI�HFRORJLFDO�UHFHSWRUV�DFURVV�VRLO��VHGLPHQW��DQG�ZDWHU�WR�HYDOXDWH�GRVH�UHVSRQVH�

UHODWLRQVKLSV���7KHVH�ZHUH�FRQVLGHUHG�WR�EH�D�WLHU�RI�WHVWV�WR�JLYH�DQ�LGHD�RI�JURVV�WR[LFLW\�WKDW�

ZRXOG�GHWHUPLQH�WKH�QHHG�IRU�DQG�W\SHV�RI�WHVWV�WR�EH�SHUIRUPHG�LQ�WKH�QH[W�WLHU���7KH�WHVWV�GLG�

QRW�PHDVXUH�WKH�DPRXQW�RI�SHUFKORUDWH�LQ�WKH�WLVVXHV�RI�WKH�VSHFLHV�EHLQJ�WHVWHG���%DVHG�RQ�

VWDNHKROGHU�LQSXW�DQG�WKH�QHHG�IRU�D�PRUH�IRFXVHG�EDWWHU\�RI�WHVWV��WKH�IROORZLQJ�VSHFLHV�ZHUH�

VHOHFWHG�IRU�WKH�ILUVW�URXQG�RI�WHVWLQJ���/HWWXFH�ZDV�VXEVWLWXWHG�IRU�GXFNZHHG�EHFDXVH�RI�WULEDO�

FRQFHUQV�UHJDUGLQJ�WKH�VL]DEOH�OHWWXFH�FURS�DORQJ�WKH�&RORUDGR�ULYHU��

��� 'DSKQLD�PDJQD��ZDWHU�IOHD��WR�UHSUHVHQW�DQ�DTXDWLF�LQYHUWHEUDWH�

��� &HULRGDSKQLD�PDJQD��ZDWHU�IOHD��WR�UHSUHVHQW�DQ�DTXDWLF�LQYHUWHEUDWH��

��� /DFWXFD�VDWLYD��OHWWXFH��WR�UHSUHVHQW�D�YDVFXODU�SODQW��

��� 3LPHSKDOHV�SURPHODV��IDWKHDG�PLQQRZ��WR�UHSUHVHQW�DQ�DTXDWLF�LQYHUWHEUDWH��

��� (LVHQLD�IRHWLGD��HDUWKZRUP��WR�UHSUHVHQW�D�VRLO�LQYHUWHEUDWH��

��� 0LFURWXV�SHQQV\OYDQLFXV��PHDGRZ�YROH��WR�UHSUHVHQW�DQ�KHUELYRUH��

��� )URJ�(PEU\R�7HUDWRJHQHVLV�$VVD\���;HQRSXV��

��� 3K\WRUHPHGLDWLRQ�VWXG\�WR�H[DPLQH�XSWDNH��GLVWULEXWLRQ��DQG�GHJUDGDWLRQ�LQ�H[SHULPHQWDO��

V\VWHPV�ZLWK�URRWHG�FXWWLQJV�RI�ZRRG\�SODQWV��LQFOXGLQJ�ZLOORZ��(DVWHUQ�&RWWRQZRRG��DQG��

HXFDO\SWXV���

��

+XPDQ�+HDOWK�$VVHVVPHQW��

� 7KH�WHVWLQJ�VWUDWHJ\�FRQILUPHG�WKDW�WKH�WDUJHW�WLVVXH�IRU�SHUFKORUDWH�WR[LFLW\�ZDV�WKH�WK\URLG��

JODQG��DV�LQGLFDWHG�E\�ERWK�SHUWXUEDWLRQV�RI�7���7���DQG�76+�KRUPRQHV�DQG�E\�WK\URLG��

KLVWRSDWKRORJ\�LQ�ERWK�DGXOW�DQG�SRVWQDWDO�UDWV���7KH�KRUPRQH�HIIHFWV�RFFXUUHG�DW�WKH�ORZHU��

UDQJH�RI�H[SRVXUHV�WHVWHG��IURP������WR�����PJ�NJ�GD\��ZKHUHDV�WKH�KLVWRSDWKRORJ\�W\SLFDOO\��

RFFXUUHG�DW�KLJKHU�GRVHV��ZLWK�WKH�H[FHSWLRQ�RI�IROOLFXODU�HSLWKHOLDO�FHOO�K\SHUSODVLD�REVHUYHG�LQ��

UDW�SXSV�RQ�3RVWQDWDO�'D\����31'���DQG�LQ�D����GD\�VWXG\�RI�\RXQJ�UDWV���1HXUREHKDYLRUDO��

HIIHFWV�DQG�HIIHFWV�LQ�WKH�EUDLQV�RI�RIIVSULQJ�RFFXUUHG�DW�KLJKHU�FRQFHQWUDWLRQV���3UHOLPLQDU\��

GDWD�RQ�UHSURGXFWLYH�SDUDPHWHUV�DQG�LPPXQRWR[LFLW\�LQGLFDWH�SRWHQWLDO�IRU�DQ�HIIHFW����

1R�HIIHFWV�ZHUH�REVHUYHG�LQ�UDEELWV�RI�WKH�GHYHORSPHQWDO�VWXG\���

� 7K\URLG�WXPRUV�ZHUH�REVHUYHG�LQ�SUHYLRXV�VWXGLHV�LQ�UDWV�H[SRVHG�LQ�ORQJ�WHUP�ELRDVVD\V�DW��

KLJK�GRVHV���3HUFKORUDWH�ZDV�QRW�IRXQG�WR�EH�JHQRWR[LF�LQ�DQ\�DVVD\�RI�WKH�JHQRWR[LFLW\�EDWWHU\���
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DOWKRXJK�UHSHDWHG�H[SHULPHQWV�KDYH�EHHQ�UHTXHVWHG�IRU�WZR�DVVD\V���7KH�SUHOLPLQDU\�GDWD�RQ�

WKHVH�UHSHDWHG�VWXGLHV�FRQILUP�WKH�ODFN�RI�JHQRWR[LFLW\�E\�SHUFKORUDWH��

� %HFDXVH�RI�VWURQJ�FRUUHODWLRQV�EHWZHHQ�FKDQJHV�LQ�7��DQG�7��ZLWK�FKDQJHV�LQ�76+�DQG�

EHWZHHQ�FKDQJHV�LQ�7���7���RU�76+�ZLWK�WK\URLG�KLVWRSDWKRORJ\��DQ�DVVHVVPHQW�PRGHO�ZDV�

SURSRVHG�WKDW�XVHG�WKH�FKDQJHV�LQ�7���7���DQG�76+�DV�WKH�SUHFXUVRU�OHVLRQV�WR�VXEVHTXHQW�

HIIHFWV�RQ�WK\URLG�K\SHUSODVLD�WKDW�SRWHQWLDOO\�FRXOG�OHDG�WR�WK\URLG�WXPRUV�RU�WR�DOWHUHG�

QHXURGHYHORSPHQW���7KLV�DVVHVVPHQW�DSSURDFK�HVVHQWLDOO\�KDUPRQL]HV�QRQFDQFHU�DQG�FDQFHU�

DSSURDFKHV�EHFDXVH�LW�LV�SUHVXPHG�WKDW�WKH�QR�REVHUYHG�DGYHUVH�HIIHFW�OHYHO��12$(/��IRU�WKH�

SUHFXUVRU�OHVLRQ�ZLOO�SUHFOXGH�DQ\�VXEVHTXHQW�VHTXHODH�DW�KLJKHU�GRVHV��

� 7KH�UDW�PRGHO�LV�FRQVLGHUHG�UHOHYDQW�\HW�FRQVHUYDWLYH�IRU�KXPDQ�KHDOWK�ULVN�DVVHVVPHQW�RI��

SRWHQWLDO�WK\URLG�QHRSODVLD�EHFDXVH�RI�WKH�GLIIHUHQFHV�LQ�WK\URLG�VWUXFWXUH�DQG�KRUPRQH��

KDOI�OLYHV��DV�GHVFULEHG��VR�WKDW�UDWV�DSSHDU�WR�EH�PRUH�VHQVLWLYH�WR�WK\URLG�FDQFHU�FDXVHG�E\��

WK\URLG�SLWXLWDU\�GLVUXSWLRQ���7KLV�DSSURDFK�UHTXLUHV�GHPRQVWUDWLRQ�WKDW�WKH�LQGLUHFW�GLVUXSWLRQ��

LV�WKH�RQO\�PRGH�RI�DFWLRQ��DQG�WKDW�WKH�FKHPLFDO�LV�QRW�JHQRWR[LF���$GYHUVH�QRQFDQFHU�WK\URLG��

HIIHFWV��VXFK�DV�WK\URLG�HQODUJHPHQW�DQG�KLVWRSDWKRORJ\��DUH�SUHVXPHG�WR�SRVH�D�KXPDQ��

QRQFDQFHU�KHDOWK�KD]DUG���3HUFKORUDWH�ZDV�GHPRQVWUDWHG�WR�EH�QRQJHQRWR[LF�LQ�WKH�WHVWLQJ��

EDWWHU\�HPSOR\HG��VXJJHVWLQJ�WKH�LQGLUHFW�PRGH�RI�DFWLRQ�IRU�SRWHQWLDO�WXPRU�IRUPDWLRQ���

� 7KH�UHYLVHG�5I'��DVVXPHG�DOVR�WR�EH�SURWHFWLYH�RQ�SRWHQWLDO�FDUFLQRJHQFLW\�ZDV�GHULYHG�XVLQJ��

HIIHFWV�LQ�WK\URLG�KLVWRSDWKRORJ\�REVHUYHG�LQ�SXSV�RQ�31'��LQ�WKH�QHXURGHYHORSPHQWDO�VWXG\��

DW�����PJ�NJ�GD\���7KH�HIIHFWV�LQ�WKH�WK\URLGV�RI�WKH�UDW�SXSV�DW�ORZHU�OHYHOV�WKDQ�LQ�WKH�PRWKHU��

ZHUH�FRUURERUDWHG�E\�HIIHFWV�LQ�SXSV�RI�SUHYLRXV�VWXGLHV�RI�JXLQHD�SLJV�DQG�UDEELWV���

$�FRPSRVLWH�XQFHUWDLQW\�IDFWRU�RI�����ZDV�XVHG�WR�DGGUHVV�XQFHUWDLQWLHV�UHVXOWLQJ�IURP�GDWD��

JDSV�EHFDXVH�RI�SHQGLQJ�VWXGLHV�DQG�IRU�H[WUDSRODWLRQ�RI�D�PLQLPDO�ORZHVW�REVHUYHG�DGYHUVH���

HIIHFW�OHYHO��/2$(/��DQG�LQWUDKXPDQ�SKDUPRFRG\QDPLF�GLIIHUHQFHV�DQG�IRU�LQWHUVSHFLHV��

GLIIHUHQFHV���%HFDXVH�WKH�WHVW�DUWLFOH�ZDV�DPPRQLXP�SHUFKORUDWH��DQ�DGMXVWPHQW�IDFWRU�RI��

�����DOVR�ZDV�PDGH�IRU�WKH�SHUFHQW�RI�PROHFXODU�ZHLJKW�RI�WKH�VDOW�IURP�DPPRQLXP������������

VR�WKDW�WKH�5I'�LV�H[SUHVVHG�IRU�SHUFKORUDWH�DV�WKH�DQLRQ�DORQH���7KLV�ZDV�GRQH�WR�EH��

FRPSDWLEOH�ZLWK�WKH�DQDO\WLFDO�PHWKRGV�WKDW�PHDVXUH�WKH�DQLRQ�LQ�HQYLURQPHQWDO�VDPSOHV���7KH��

UHVXOWDQW�UHYLVHG�5I'�YDOXH�IRU�SHUFKORUDWH�LV��������PJ�NJ�GD\���&RQILGHQFH�LQ�WKH�5I'�ZDV��

GHVLJQDWHG�DV�PHGLXP���
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� 3HQGLQJ�GDWD�RQ�WKH�UHVXOWV�RI�WKH�WZR�JHQHUDWLRQ�UHSURGXFWLYH�VWXG\��LPPXQRWR[LFLW\�VWXGLHV��

DQG�FKDUDFWHUL]DWLRQ�RI�SHUFKORUDWH�NLQHWLFV�DQG�LRGLGH�LQKLELWLRQ�DUH�H[SHFWHG�WR�LPSDFW�WKLV�

DVVHVVPHQW���$Q\�ULVN�DVVHVVPHQW�LV�DQ�LWHUDWLYH�SURFHVV��DQG�LQFRUSRUDWLRQ�RI�QHZ�GDWD�PD\�

UHTXLUH�DGGLWLRQDO�HYDOXDWLRQ�DQG�FRQVLGHUDWLRQ��

�

6FUHHQLQJ�(FRORJLFDO�5LVN�$VVHVVPHQW�

� $�VHFRQGDU\�DFXWH�YDOXH�RI���PJ�/��DV�SHUFKORUDWH��ZDV�GHULYHG�WR�EH�SURWHFWLYH�RI�����RI�

DTXDWLF�RUJDQLVPV�GXULQJ�VKRUW�WHUP�H[SRVXUHV�ZLWK�����FRQILGHQFH���7KH�VHFRQGDU\�FKURQLF�

YDOXH�RI������DV�SHUFKORUDWH��OLNHZLVH�ZDV�GHULYHG�WR�EH�SURWHFWLYH�RI�����RI�DTXDWLF�RUJDQLVPV�

GXULQJ�VKRUW�WHUP�H[SRVXUHV�ZLWK�����FRQILGHQFH���7KHVH�YDOXHV�ZHUH�GHULYHG�EDVHG�RQ��

VRGLXP�SHUFKORUDWH�DQG�DUH�SUREDEO\�SURWHFWLYH�HYHQ�LI�DPPRQLXP�SHUFKORUDWH�LV�WKH��

FRQWDPLQDQW�UHOHDVHG���&DOFXODWHG�DPPRQLD�QLWURJHQ�FRQFHQWUDWLRQV�FRUUHVSRQGLQJ�WR�WKRVH��

YDOXHV�DUH�EHORZ�WKH�DFXWH�DQG�FKURQLF�DPELHQW�ZDWHU�TXDOLW\�FULWHULD�IRU�DPPRQLD��UHJDUGOHVV��

RI�S+���

� )RU�WHUUHVWULDO�SODQWV��WKH�TXDUWLOH�LQKLELWRU\�FRQFHQWUDWLRQV�IRU�JURZWK�LQ�VRLO�DQG�VDQG�ZHUH��

���PJ�NJ������PJ�/��DQG����PJ�NJ������PJ�/���UHVSHFWLYHO\���$�IDFWRU�RI����ZDV�DSSOLHG�WR��

DFFRXQW�IRU�LQWHUVSHFLHV�YDULDQFH�WR�REWDLQ�D�VFUHHQLQJ�EHQFKPDUN�RI���PJ�NJ���

� %HFDXVH�RI�OLPLWHG�GDWD�RQ�HIIHFWV�IRU�VRLO�LQYHUWHEUDWHV��D�FRQVHUYDWLYH�HVWLPDWH�RI�D�WKUHVKROG��

IRU�VRLO�FRPPXQLW\�HIIHFWV�ZDV�GHULYHG�DW���PJ�NJ��7KH�HTXLYDOHQW�DTXHRXV�SKDVH�EHQFKPDUN��

LV�����PJ�/���

� $�IDFWRU�RI����IRU�LQWHUVSHFLHV�YDULDQFH�DQG�/2$(/�WR�12$(/�H[WUDSRODWLRQ�ZDV�DSSOLHG�WR��

WKH�KXPDQ�KHDOWK�ULVN�/2$(/�HVWLPDWH�EDVHG�RQ�UDW�GDWD������PJ�NJ�GD\��WR�REWDLQ�D�VFUHHQLQJ��

EHQFKPDUN�RI������PJ�NJ�GD\�IRU�WKH�UHSUHVHQWDWLYH�KHUELYRUH��PHDGRZ�YROH��EHFDXVH�LW�DOVR�LV��

D�URGHQW���7KH�SRSXODWLRQ�OHYHO�LPSOLFDWLRQV�RI�WKLV�HIIHFW�DUH�XQNQRZQ��EXW�LW�VHHPV�OLNHO\�WKDW��

VXFK�HIIHFWV�RQ�WKH�WK\URLG�FRXOG�GLPLQLVK�VXUYLYRUVKLS�DQG�IHFXQGLW\��ZKLFK�ZRXOG�GLPLQLVK��

SRSXODWLRQ�SURGXFWLRQ���

� 1R�ELRDFFXPXODWLRQ�GDWD�DUH�DYDLODEOH�WR�LQGLFDWH�ZKHWKHU�SHUFKORUDWH�DFFXPXODWHV�LQ�DQLPDO��

WLVVXHV���/LPLWHG�GDWD�VXJJHVW�WKDW�SHUFKORUDWH�LV�WDNHQ�XS�DQG�FRQFHQWUDWHG�LQ�DHULDO�SODQW�SDUWV���

HVSHFLDOO\�OHDYHV���,Q�DGGLWLRQ��WKHVH�VWXGLHV�ZHUH�SK\WRUHPHGLDWLRQ�VWXGLHV��VR�WKDW��

FRQFHQWUDWLRQ�IDFWRUV�WKDW�PD\�UHVXOW�IURP�VWHDG\�VWDWH�FRXOG�QRW�EH�HVWLPDWHG���

��
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8QFHUWDLQWLHV�DQG�$VVHVVPHQW�5HVHDUFK�1HHGV�

� $FFXUDWH�H[SRVXUH�LQIRUPDWLRQ�LV�D�UHTXLVLWH�IRU�ULVN�FKDUDFWHUL]DWLRQ�IRU�ERWK�KXPDQ�DQG�

HFRORJLFDO�DVVHVVPHQWV���7KHVH�GDWD�VKRXOG�LQFOXGH�WUDQVSRUW�DQG�WUDQVIRUPDWLRQ�SURFHVVHV��

QRWDEO\�WKH�IDWH�RI�SHUFKORUDWH�LQ�LUULJDWHG�VRLOV�EHFDXVH�RI�WKH�SRWHQWLDO�IRU�HYDSRUDWLYH�

FRQFHQWUDWLRQ��

� +XPDQ�KHDOWK�ULVN�UHVHDUFK�QHHGV�LQFOXGH�D�PRUH�DFFXUDWH�OLQNDJH�EHWZHHQ�WKH�ELRORJLFDOO\�

HIIHFWLYH�LQWHUQDO�GRVH��H�J���FKDUDFWHUL]DWLRQ�RI�WKH�GRVH�UHVSRQVH�IRU�SHUFKORUDWH�LQKLELWLRQ�RI�

LRGLGH�XSWDNH��LQ�ERWK�DGXOW�DQG�IHWXV���0RUH�GHILQLWLYH�VWXGLHV�RI�WKH�GHJUHH�RI�SHUWXUEDWLRQ�RI�

WKH�K\SRWKDODPLF�SLWXLWDU\�WK\URLG�D[LV��L�H���FKDQJHV�LQ�7���7���DQG�76+�OHYHOV�DVVRFLDWHG�

ZLWK�WK\URLG�KLVWRSDWKRORJ\���DQG�QHXUREHKDYLRUDO�HIIHFWV�HVSHFLDOO\��ZRXOG�LPSURYH��

GUDPDWLFDOO\�WKH�FRQILGHQFH�LQ�WKH�DVVHVVPHQW���4XDQWLWDWLYH�LQWHUVSHFLHV�H[WUDSRODWLRQ�UHTXLUHV��

DFXWH�DQG�VWHDG\�VWDWH�FKDUDFWHUL]DWLRQ�RI�SHUFKORUDWH�WR[LFRNLQHWLFV�DQG�WR[LFRG\QDPLFV���

� %HFDXVH�RQO\�D�VFUHHQLQJ�WLHU�RI�WHVWV�KDV�EHHQ�SHUIRUPHG��WKH�PDMRU�XQFHUWDLQW\�GHULYHV�IURP��

GDWD�JDSV���'DWD�RQ�ELRDFFXPXODWLRQ�LQ�DTXDWLF�ELRWD�ZRXOG�DOORZ�HYDOXDWLRQ�RI�H[SRVXUH�RI��

RUJDQLVPV�WKDW�IHHG�RQ�ILVK�DQG�RWKHU�DTXDWLF�RUJDQLVPV���(IIHFWV�RI�SHUFKORUDWH�RQ�DOJDH�DQG��

DTXDWLF�PDFURSK\WHV�DUH�UHTXLUHG�WR�HVWLPDWH�ULVNV�WR�DTXDWLF�SULPDU\�SURGXFHUV���'DWD�RQ��

ELRDFFXPPXODWLRQ�LQ�DTXDWLF�SODQWV�DUH�QHFHVVDU\�WR�DVVHVV�GLUHFW�LPSDFW�WR�SULPDU\�FRQVXPHUV��

�L�H���SODQNWRQLF�DQG�EHQWKLF�LQYHUWHEUDWH�FRPPXQLWLHV����'DWD�RQ�DFFXPXODWLRQ�LQ�WHUUHVWULDO��

YDVFXODU�SODQWV�DOVR�VKRXOG�EH�LQYHVWLJDWHG�IXUWKHU���7KH�IDFWRU�DSSOLHG�IRU�WKH�XVH�RI��

VXEFKURQLF�GDWD�LQ�ILVK�FRXOG�EH�DGGUHVVHG�E\�FKURQLF�HIIHFW�WHVWLQJ���(IIHFWV�DOVR�VKRXOG�EH��

GHWHUPLQHG�LQ�QRQGDSKQLG�LQYHUWHEUDWHV�DQG�RI�GLHWDU\�H[SRVXUH�LQ�ELUGV�DQG�KHUELYRURXV�RU��

OLWWHU�IHHGLQJ�LQYHUWHEUDWHV���

��

5LVN�&KDUDFWHUL]DWLRQ��

� $V�QRWHG�DERYH��WKH�ODFN�RI�H[SRVXUH�LQIRUPDWLRQ�SUHFOXGHV�FRPSDULVRQ�ZLWK�WKH�KXPDQ�KHDOWK��

DQG�HFRORJLFDO�WR[LFLW\�DVVHVVPHQW�IRU�DFFXUDWH�FKDUDFWHUL]DWLRQ�RI�ULVN���,QGLUHFW�KXPDQ��

H[SRVXUH�SDWKZD\V�FDQ�EH�DGGUHVVHG�EHVW�E\�D�QHZ�(3$�GRFXPHQW��0HWKRGRORJ\�IRU��

$VVHVVLQJ�+HDOWK�5LVNV�$VVRFLDWHG�ZLWK�0XOWLSOH�3DWKZD\�RI�([SRVXUH�WR�&RPEXVWRU��

(PLVVLRQV��ZKLFK�LV�VFKHGXOHG�IRU�ILQDO�UHOHDVH�LQ�0DUFK��������

� 3HUFKORUDWH�KDV�FDXVHG�WXPRUV�LQ�URGHQWV�RQO\�DW�KLJK�H[SRVXUHV�IRU�ORQJ�SHULRGV���1RQFDQFHU��

QHXUREHKDYLRUDO�HIIHFWV�KDYH�EHHQ�VKRZQ�DW�ORZHU�GRVHV���7KH�HVWLPDWH�IRU�SHUFKORUDWH�KDV��
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EHHQ�EDVHG�RQ�SUHFXUVRU�HIIHFWV�FRQVLGHUHG�SURWHFWLYH�IRU�ERWK�WKH�WK\URLG�QHRSODVLD�DQG�

QHXURGHYHORSPHQWDO�HIIHFWV���,W�LV�DSSURSULDWH�IRU�FRPSDULVRQ�DJDLQVW�GLUHFW�RUDO�H[SRVXUHV���

7KH�IUHTXHQF\�DQG�PDJQLWXGH�RI�H[SRVXUH�DUH�NH\�DWWULEXWHV�IRU�FKDUDFWHUL]DWLRQ�FRPSDUHG�

ZLWK�WKRVH�DVVXPSWLRQV�RI�FRQWLQXRXV�OLIHWLPH�H[SRVXUH�DVVXPHG�LQ�WKH�GHULYDWLRQ���7KH�GHJUHH�

WR�ZKLFK�WKH�SDUWLFXODU�VXVSHFWHG�SRSXODWLRQ�DW�ULVN�ILWV�ZLWK�WKH�DVVXPSWLRQV�XVHG�LQ�WKH�5I'�

GHULYDWLRQ�VKRXOG�EH�NHSW�LQ�PLQG�ZKHQ�SHUIRUPLQJ�DQ\�ULVN�FKDUDFWHUL]DWLRQ���)XUWKHU��5I'�

HVWLPDWHV�DUH�QRW�LQWHQGHG�WR�VHUYH�DV�D�³EULJKW�OLQH´�EHFDXVH��E\�GHILQLWLRQ��WKHUH�LV�DQ�RUGHU��

RI�PDJQLWXGH�XQFHUWDLQW\�DURXQG�WKH�HVWLPDWH���7KLV�W\SLFDOO\�WUDQVODWHV�LQWR�D�UDQJH�RI�

WKUHHIROG�EHORZ�WR�WKUHHIROG�DERYH�WKH�5I'���

� (FRORJLFDO�ULVN�FRXOG�QRW�EH�SUHFOXGHG�QRU�DFFXUDWHO\�FKDUDFWHUL]HG�EHFDXVH�RI�WKH�VLJQLILFDQW��

GDWD�JDSV�GHVFULEHG�DERYH���

��
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����,1752'8&7,21�

�

�

7KH�SXUSRVH�RI�WKLV�FKDSWHU�LV�WR�SURYLGH�EDFNJURXQG�LQIRUPDWLRQ�RQ�WKH�FXUUHQW�VWDWXV�RI�

SHUFKORUDWH��&O2
�

���FRQWDPLQDWLRQ�DQG�D�KLVWRULFDO�SHUVSHFWLYH�RQ�KRZ�FHUWDLQ�LVVXHV�KDYH�

HYROYHG�WR�SURPLQHQFH��DQG�WR�SODFH�WKH�VFRSH�RI�WKLV�FXUUHQW�DVVHVVPHQW�LQ�FRQWH[W�ZLWK�WKH�

RYHUDOO�LQWHJUDWHG�DSSURDFK�WR�DGGUHVVLQJ�SHUFKORUDWH�FRQWDPLQDWLRQ��

�

�

��� 352'8&7,21�86(6�$1'�6285&(6�2)�3(5&+/25$7(��
&217$0,1$7,21��

3HUFKORUDWH�LV�DQ�R[LGL]LQJ�DQLRQ�WKDW�RULJLQDWHV�DV�D�FRQWDPLQDQW�LQ�JURXQG�DQG�VXUIDFH��

ZDWHUV�IURP�WKH�GLVVROXWLRQ�RI�DPPRQLXP��SRWDVVLXP��PDJQHVLXP��RU�VRGLXP�VDOWV���2I�WKHVH��DOO��

DUH�H[WUHPHO\�VROXEOH��H[FHSW�IRU�SRWDVVLXP�SHUFKORUDWH��ZKLFK�JHQHUDOO\�LV�UHJDUGHG�DV�VSDULQJO\��

VROXEOH���+RZHYHU��LW�GRHV�GLVVROYH�FRPSOHWHO\�JLYHQ�WKH�FRQGLWLRQV�XQGHU�ZKLFK�WKH��

FRQWDPLQDWLRQ�KDV�RFFXUUHG���$PPRQLXP�SHUFKORUDWH�LV�WKH�R[LGL]HU�DQG�SULPDU\�LQJUHGLHQW��E\��

PDVV��LQ�VROLG�SURSHOODQW�IRU�URFNHW�PRWRUV���)RU�H[DPSOH��DPPRQLXP�SHUFKORUDWH��1+
�

&O2
�

���

PDNHV�XS�������RI�WKH�SURSHOODQW�IRU�WKH�VSDFH�VKXWWOH�URFNHW�PRWRUV�DQG����WR����RI�WKH�6WDJH�,��

PRWRUV�RI�WKH�0LQXWHPDQ�,,,�DQG�����RI�WKH�7LWDQ�PLVVLOH�PRWRUV��5RJHUV����������%HFDXVH��

DPPRQLXP�LRQ�LV�D�UHGXFLQJ�DJHQW��DPPRQLXP�SHUFKORUDWH�FDQ�XQGHUJR�D�YDULHW\�RI��

LQWUDPROHFXODU�UHGR[�UHDFWLRQV�WKDW�OHDG�WR�WKH�UHOHDVH�RI�JDVHRXV�SURGXFWV���7KH�H[SORVLYH��

GHFRPSRVLWLRQ�VKRZQ�LQ�(TXDWLRQ�����LV�LQGXFHG�WKHUPDOO\�DQG�RFFXUV�DW�WHPSHUDWXUHV�EHORZ��

�����&��6FKLOW����������

��

��1+
�

&O2
�

�V��6����&O
�

�J������2
�

�J������1
�

2�J������+
�

2�J� �������

��

7KURXJK�VXFK�UHDFWLRQV��DPPRQLXP�SHUFKORUDWH�DOVR�DFWV�DV�D�WKUXVW�ERRVWHU���(YHQ�DIWHU�VXFK��

GHFRPSRVLWLRQ��WKH�GLFKORULQH�DQG�GLR[\JHQ�WKXV�SURGXFHG�UHPDLQ�FDSDEOH�RI�HQJDJLQJ�LQ��

VXEVHTXHQW�UHGR[�UHDFWLRQV�ZLWK�IXHOV���6SHFLILF�XVHV�RI�YDULRXV�SHUFKORUDWH�VDOWV�LQFOXGH�VROLG��

URFNHW�IXHO�R[LGL]HU��IODUHV��DQG�S\URWHFKQLFV��SRWDVVLXP���VROLG�URFNHW�IXHO�R[LGL]HU��H[SORVLYHV���
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FKHPLFDOV��DQG�S\URWHFKQLFV��DPPRQLXP���SUHFXUVRU�WR�SRWDVVLXP�DQG�DPPRQLXP�SHUFKORUDWH�

DQG�LQ�H[SORVLYHV��VRGLXP���DQG�PLOLWDU\�EDWWHULHV��PDJQHVLXP���5RJHUV����������3HUFKORUDWH�VDOWV�

DOVR�DUH�XVHG�RQ�D�ODUJH�VFDOH�DV�D�FRPSRQHQW�RI�DLU�EDJ�LQIODWRUV���2WKHU�LQGXVWULDO�RU�FRPPHUFLDO�

DSSOLFDWLRQV�RI�SHUFKORUDWH�VDOWV�LQFOXGH�WKHLU�XVH�LQ�QXFOHDU�UHDFWRUV�DQG�HOHFWURQLF�WXEHV��

DV�DGGLWLYHV�LQ�OXEULFDWLQJ�RLOV��LQ�WDQQLQJ�DQG�ILQLVKLQJ�OHDWKHUV��DV�D�PRUGDQW�IRU�IDEULFV�DQG�

G\HV��LQ�HOHFWURSODWLQJ��DOXPLQXP�UHILQLQJ��DQG�UXEEHU�PDQXIDFWXUH��DQG�LQ�WKH�SURGXFWLRQ�RI�

SDLQWV�DQG�HQDPHOV��6LGGLTXL�HW�DO�����������&KHPLFDO�IHUWLOL]HU�DOVR�KDV�EHHQ�UHSRUWHG�WR�EH�D�

SRWHQWLDO�VRXUFH�RI�SHUFKORUDWH�FRQWDPLQDWLRQ��75&�(QYLURQPHQWDO�&RUSRUDWLRQ����������%HVLGHV�

WKHLU�ODUJH�VFDOH�FRPPHUFLDO�XVHV��SHUFKORUDWH�VDOWV�RIWHQ�DUH�HPSOR\HG�RQ�D�VPDOO�VFDOH�LQ�

ODERUDWRU\�FKHPLFDO�VWXGLHV�DV�LRQLF�VWUHQJWK�DGMXVWRUV�RU�DV�QRQFRPSOH[LQJ�FRXQWHULRQV���6RPH��

VWLOO�DUH�XVHG�LQ�PHGLFDO�GLDJQRVWLFV�LQ�WK\URLG�IXQFWLRQ�WHVWV���:HW�DVKLQJ�RUJDQLF�PDWWHU�ZLWK��

SHUFKORULF�DFLG�VWLOO�LV�SHUIRUPHG�WRGD\�DV�D�PHDQV�RI�SUHSDUDWLRQ�IRU�FHUWDLQ�VDPSOHV��$QK\GURXV��

PDJQHVLXP�SHUFKORUDWH�LV�D�VWURQJ�GHVLFFDQW��KRZHYHU��KLVWRULFDOO\��$QK\GURQH���D�VOLJKWO\��

K\GUDWHG�IRUP�RI�0J�&O2
�

�
�

��KDV�EHHQ�XVHG�WR�FROOHFW�WKH�ZDWHU�IRUPHG�LQ�FRPEXVWLRQ�DQDO\VLV���

7KH�ODUJH�VFDOH�SURGXFWLRQ�RI�SHUFKORUDWH�FRQWDLQLQJ�FKHPLFDOV�LQ�WKH�8QLWHG�6WDWHV�EHJDQ��

LQ�WKH�PLG�����V���7KH�DSSUR[LPDWH�SHUFHQWDJH�IRU�HQG�XVH�RI�SURGXFWLRQ�VROG�ZDV�����DV�DQ��

R[LGL]HU�����DV�DQ�H[SORVLYH��DQG����RWKHU�XVHV���7KH�W\SLFDO�YROXPH�RI�SURGXFWLRQ�UDQJHG�IURP��

��WR����PLOOLRQ�OE�SHU�\HDU��5RJHUV����������6ROLG�URFNHW�IXHO�LQYHQWRULHV�DUH�JURZLQJ�DW�D��

VLJQLILFDQW�UDWH�DV�V\VWHPV�UHDFK�WKH�HQG�RI�WKHLU�VHUYLFH�OLIH�DQG�DV�WUHDWLHV�PDQGDWH�PRWRU��

GLVSRVDO���7KH�FXUUHQW�GLVSRVDO�PHWKRG�IRU�WKHVH�PRWRUV�LV�RSHQ�EXUQLQJ�RU�RSHQ�GHWRQDWLRQ��ERWK��

RI�ZKLFK�DUH�EHFRPLQJ�LQFUHDVLQJO\�GLIILFXOW�WR�SHUIRUP�XQGHU�LQWHQVH�SXEOLF�DQG�UHJXODWRU\��

SUHVVXUH���&XUUHQWO\��WKH�ODUJH�VROLG�URFNHW�PRWRU�GLVSRVDO�LQYHQWRU\�VKRZV����PLOOLRQ�OE�RI��

SURSHOODQW�DZDLWV�GLVSRVDO��DQG�WKLV�QXPEHU�LV�H[SHFWHG�WR�EH�RYHU�����PLOOLRQ�OE�E\�WKH�\HDU��

������6LGGLTXL�HW�DO�����������$�VLJQLILFDQW�SRUWLRQ�RI�WKLV�LQYHQWRU\�FRQWDLQV�DPPRQLXP��

SHUFKORUDWH��ZKLFK�QRZ�FDQ�EH�UHFODLPHG�DQG�UHF\FOHG�LQWR�QHZ�PRWRU�SURSHOODQWV���7KH�DFFHSWHG��

PHWKRG�IRU�UHPRYDO�DQG�UHFRYHU\�RI�VROLG�URFNHW�SURSHOODQW�IURP�URFNHW�PRWRUV�LV�KLJK�SUHVVXUH��

ZDWHU�ZDVKRXW���7KLV�PHWKRG�JHQHUDWHV�ODUJH�DPRXQWV�RI�DTXHRXV�VROXWLRQ�FRQWDLQLQJ�ORZ��

FRQFHQWUDWLRQV�RI�DPPRQLXP�SHUFKORUDWH���$OWKRXJK�DPPRQLXP�SHUFKORUDWH�FDQ�EH�UHFRYHUHG��

IURP�WKHVH�DTXHRXV�VROXWLRQV��LW�LV�FRVW�SURKLELWLYH�WR�UHPRYH�LW�HQWLUHO\���0RVW�RI�WKH�ORFDWLRQV��

ZKHUH�SHUFKORUDWH�KDV�EHHQ�GHWHFWHG�LQ�JURXQG�RU�VXUIDFH�ZDWHUV�DUH�SULPDULO\�LQ�DUHDV�DVVRFLDWHG��
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ZLWK�GHYHORSPHQW��WHVWLQJ��RU�PDQXIDFWXUH�RI�DHURVSDFH�PDWHULDOV���3HUFKORUDWH�FRQWDPLQDWLRQ�

DOVR�PD\�RFFXU�ZKHUH�PLQLQJ�DFWLYLWLHV�XVH�H[SORVLYHV�H[WHQVLYHO\��6LGGLTXL�HW�DO����������

$OWKRXJK�DPPRQLXP�SHUFKORUDWH�LV�UHOHDVHG�LQLWLDOO\��WKH�VDOW�LV�KLJKO\�VROXEOH�DQG�

GLVVRFLDWHV�FRPSOHWHO\�WR�DPPRQLXP��1+
�

��DQG�SHUFKORUDWH�LRQV�RQ�GLVVROYLQJ�LQ�ZDWHU��

�

� 1+ &O2�V� 1+ �DT� &O2 �DT� �
�

+ 2

� �

�→ ++ − (1-2)

�

7KH�KLJK�VROXELOLW\�LV�QRW�DIIHFWHG�E\�S+�RU�WHPSHUDWXUH���,W�LV�OLNHO\�WKDW�PRVW�RI�WKH�DPPRQLXP�

KDV�EHHQ�ELRGHJUDGHG��DQG�WKH�FDWLRQ�LQ�WKH�HQYLURQPHQW�LV�EHVW�YLHZHG�DV�PRVWO\�VRGLXP��1D���

RU�SRVVLEO\�K\GURJHQ��+����HVSHFLDOO\�ZKHUH�FRQWDPLQDWLRQ�OHYHOV�DUH�EHORZ�����SSE���

QHYHUWKHOHVV�WKRVH�UHJLRQV�ZLWK�KLJK�FRQFHQWUDWLRQV�RI�SHUFKORUDWH�LRQ�SUREDEO\�UHWDLQ�DW�OHDVW��

VRPH�DPPRQLXP�LRQ��8UEDQVN\����������$W�WKRVH�VLWHV�ZKHUH�FRQWDPLQDWLRQ�KDV�RFFXUUHG�IRU��

GHFDGHV��YHU\�OLWWOH��LI�DQ\��DPPRQLXP�LRQ�KDV�EHHQ�IRXQG���7R�GDWH��WKHUH�KDV�EHHQ�QR��

TXDQWLWDWLYH�GHWHUPLQDWLRQ�RI�WKH�FDWLRQV�UHVSRQVLEOH�IRU�WKH�FKDUJH�EDODQFH���$V�DQ�R[LGDQW���

SHUFKORUDWH�LV�NLQHWLFDOO\�QRQODELOH���7KLV�PHDQV�WKDW�UHGXFWLRQ�RI�WKH�FHQWUDO�FKORULQH�DWRP�IURP��

DQ�R[LGDWLRQ�VWDWH�RI�����SHUFKORUDWH��WR�!���FKORULGH�LRQ��RFFXUV�H[WUHPHO\�VORZO\���7KLV�ZLOO�EH��

HODERUDWHG�RQ�LQ�&KDSWHU���LQ�WKH�GLVFXVVLRQ�RI�SK\VLFRFKHPLFDO�FKDUDFWHULVWLFV���6RUSWLRQ�LV�QRW��

H[SHFWHG�WR�DWWHQXDWH�SHUFKORUDWH�EHFDXVH�LW�DEVRUEV�ZHDNO\�WR�PRVW�VRLO�PLQHUDOV���1DWXUDO��

FKHPLFDO�UHGXFWLRQ�LQ�WKH�HQYLURQPHQW�LV�QRW�H[SHFWHG�WR�EH�VLJQLILFDQW���7KHVH�WZR�IDFWRUV��

DFFRXQW�IRU�SHUFKORUDWH�EHLQJ�ERWK�YHU\�PRELOH�LQ�DTXHRXV�V\VWHPV�DQG�SHUVLVWHQW�IRU�PDQ\��

GHFDGHV�XQGHU�W\SLFDO�JURXQGZDWHU�DQG�VXUIDFH�ZDWHU�FRQGLWLRQV���)LJXUH�����VXPPDUL]HV�WKH��

YDULRXV�SDWKZD\V�WKURXJK�ZKLFK�SHUFKORUDWH�FDQ�UHDFK�JURXQG�DQG�VXUIDFH�ZDWHU�VRXUFHV���

��

��

��� 2&&855(1&(�$1'�+,6725,&$/�+80$1�+($/7+�5,6.��
&+$5$&7(5,=$7,21��

7KH�5HJLRQ���2IILFH�RI�WKH�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��(3$��ILUVW�EHFDPH��

DZDUH�RI�WKH�SRWHQWLDO�FRQWDPLQDWLRQ�LVVXHV�ZLWK�SHUFKORUDWH�LQ�������ZKHQ�VDPSOHV�PHDVXUHG��

ZLWK�D�FRORULPHWULF�PHWKRG�UHSRUWHG�FRQWDPLQDWLRQ�LQ����ZHOOV�UDQJLQJ�IURP������WR�����SSP��

�7DNDWD����������7KH�5HJLRQ���RIILFH�UHTXHVWHG�DVVLVWDQFH�IURP�WKH�&HQWHUV�IRU�'LVHDVH�&RQWURO��



Figure 1-1. Sources and pathways of groundwater contamination for perchlorate.

Source:  Siddiqui et al. (1998).
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DQG�3UHYHQWLRQ��&'&��WR�HYDOXDWH�WKH�SRWHQWLDO�KHDOWK�HIIHFWV�RI�WKHVH�OHYHOV�RI�SHUFKORUDWH�

�7DNDWD����������7KH�&'&�UHFRPPHQGHG�LQ�UHVSRQVH�YDOLGDWLRQ�RI�WKH�FRORULPHWULF�PHDVXUHV�EXW�

FRXOG�QRW�DQVZHU�ZLWK�UHVSHFW�WR�WKH�SRWHQWLDO�IRU�WR[LFLW\�RI�WKH�FKHPLFDO�EHFDXVH�RI�WR[LFLW\�GDWD�

LQVXIILFLHQFLHV��0DUJROLV����������$GGLWLRQDO�WHVWLQJ��SDUWLFXODUO\�WR�GHWHUPLQH�SRWHQWLDO�WDUJHW�

WLVVXHV�DQG�WKH�HIIHFWV�IURP�ORQJ�WHUP��ORZ�OHYHO�H[SRVXUHV�ZDV�UHFRPPHQGHG���7KH�DEVHQFH�RI�D�

YDOLG�DQDO\WLFDO�PHWKRG�IRU�ORZ�FRQFHQWUDWLRQV�RI�SHUFKORUDWH�DQG�RI�GDWD�WR�FKDUDFWHUL]H�WKH�ULVN�

RI�WR[LFLW\�OHG�5HJLRQ���RI�(3$�WR�IRFXV�RQ�FKHPLFDOV�RWKHU�WKDQ�SHUFKORUDWH�DW�WKHVH�VLWHV���

%\�WKH�HDUO\�����V��KRZHYHU��SHUFKORUDWH�DW�GHWHFWDEOH�OHYHOV��!��PJ�/��ZHUH�IRXQG�LQ�

PRQLWRULQJ�ZHOOV�DW�D�&DOLIRUQLD�6XSHUIXQG�VLWH��DQG�(3$�5HJLRQ���LQFUHDVHG�LWV�HIIRUW�WR�

HVWDEOLVK�D�KXPDQ�KHDOWK�EDVHG�UHIHUHQFH�GRVH��5I'��LQ�RUGHU�WR�KHOS�JDXJH�WKH�ULVN�RI�WKH��

FRQWDPLQDWLRQ�WKDW�ZDV�EHJLQQLQJ�WR�EH�FKDUDFWHUL]HG���

7KH�(3$�5HJLRQ���RIILFH�WKHQ�UHTXHVWHG�HYDOXDWLRQ�RI�WKH�WR[LFRORJ\�GDWD�IURP�WKH�(3$��

6XSHUIXQG�7HFKQLFDO�6XSSRUW�&HQWHU��6WUDOND����������7KH�(3$�6XSHUIXQG�7HFKQLFDO�6XSSRUW��

&HQWHU�LVVXHG�D�SURYLVLRQDO�5I'�LQ�������'ROODUKLGH��������DQG�D�UHYLVHG�SURYLVLRQDO�5I'�LQ��

������'ROODUKLGH���������EDVHG�RQ�D�OLWHUDWXUH�UHYLHZ��(QYLURQPHQWDO�5HVRXUFHV�0DQDJHPHQW���

,QF���������VXEPLWWHG�E\�WKH�3HUFKORUDWH�6WXG\�*URXS��36*����,GHDOO\��DQ�5I'�LV�EDVHG�RQ�D��

GDWDEDVH�WKDW�HYDOXDWHV�DQ�DUUD\�RI�HQGSRLQWV�WKDW�DGGUHVV�SRWHQWLDO�WR[LFLW\�GXULQJ�YDULRXV�FULWLFDO��

OLIH�VWDJHV��IURP�GHYHORSLQJ�IHWXV�WKURXJK�DGXOW�DQG�UHSURGXFWLYH�VWDJHV���7KH�SURYLVLRQDO�5I'��

YDOXHV�������DQG�������ZHUH�EDVHG�RQ�DQ�DFXWH�VWXG\�LQ�ZKLFK�VLQJOH�GRVHV�RI�SRWDVVLXP��

SHUFKORUDWH�FDXVHG�WKH�UHOHDVH�RI�LRGLGH��,���IURP�WKH�WK\URLGV�RI�SDWLHQWV�ZLWK�*UDYHV¶�GLVHDVH��DQ��

DXWRLPPXQH�FRQGLWLRQ�WKDW�UHVXOWV�LQ�K\SHUWK\URLGLVP���,W�ZDV�GLIILFXOW�WR�HVWDEOLVK�D��

GRVH�UHVSRQVH�IRU�WKH�HIIHFWV�RQ�WK\URLG�IXQFWLRQ�IURP�GDLO\�RU�UHSHDWHG�H[SRVXUHV�LQ�QRUPDO��

KXPDQV�IURP�WKH�GDWD�RQ�SDWLHQWV�ZLWK�*UDYHV¶�GLVHDVH�EHFDXVH�RI�D�YDULHW\�RI�FRQIRXQGLQJ��

IDFWRUV��LQFOXGLQJ�WKDW�WKH�GLVHDVH�LWVHOI�KDV�HIIHFWV��WKDW�RIWHQ�RQO\�D�VLQJOH�H[SRVXUH��UDWKHU�WKDQ��

UHSHDWHG�H[SRVXUHV�ZDV�WHVWHG��WKDW�RQO\�RQH�RU�WZR�GRVHV�ZHUH�HPSOR\HG��DQG�WKDW�RIWHQ�WKH�RQO\��

HIIHFW�PRQLWRUHG�ZDV�LRGLGH�UHOHDVH�IURP�WKH�WK\URLG�RU�FRQWURO�RI�WKH�K\SHUWK\URLG�VWDWH����

1HYHUWKHOHVV��D�QR�REVHUYHG�DGYHUVH�HIIHFW�OHYHO��12$(/��ZDV�GHWHUPLQHG�WR�EH��

�����PJ�NJ�GD\�EDVHG�RQ�UHOHDVH�RI�LRGLGH�LQ�WKH�WK\URLG��IROORZHG�E\�LQFRPSOHWH�LQKLELWLRQ�RI��

LRGLGH�XSWDNH���8QFHUWDLQW\�IDFWRUV�WKDW�UDQJHG�IURP�����WR�������ZHUH�DSSOLHG�WR�DFFRXQW�IRU��

GDWD�PLVVLQJ�RQ�DGGLWLRQDO�HQGSRLQWV�DQG�H[WUDSRODWLRQV�UHTXLUHG�WR�FDOFXODWH�D�OLIHWLPH�KXPDQ��

H[SRVXUH�OHYHO���7KH�SURYLVLRQDO�5I'�YDOXHV�LVVXHG�DUH�OLVWHG�DV�VXFK�E\�(3$�EHFDXVH�WKH\�GLG��
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QRW�XQGHUJR�WKH�LQWHUQDO�(3$�DQG�H[WHUQDO�SHHU�UHYLHZ�UHTXLUHG�RI�HVWLPDWHV�DYDLODEOH�RQ�WKH�

(3$¶V�,QWHJUDWHG�5LVN�,QIRUPDWLRQ�6\VWHP��,5,6����6WDQGDUG�DVVXPSWLRQV�IRU�LQJHVWLRQ�UDWH�DQG�

ERG\�ZHLJKW�ZHUH�DSSOLHG�WR�WKH�5I'�WR�FDOFXODWH�WKH�UHSRUWHG�UDQJH�LQ�WKH�JURXQGZDWHU�FOHDQXS�

JXLGDQFH�OHYHOV�RI���WR����SSE���7KH�&DOLIRUQLD�'HSDUWPHQW�RI�+HDOWK�6HUYLFHV��&$�'+6��

DGRSWHG����SSE�DV�LWV�SURYLVLRQDO�DFWLRQ�OHYHO�LQ������DIWHU�SHUFKORUDWH�ZDV�GLVFRYHUHG�LQ�D�

QXPEHU�RI�&DOLIRUQLD�ZDWHU�VXSSOLHV����

,Q�-DQXDU\�������WKH�&DOLIRUQLD�'HSDUWPHQW�RI�+HDOWK�6HUYLFHV¶�'LYLVLRQ�RI�'ULQNLQJ�:DWHU�

DQG�(QYLURQPHQWDO�0DQDJHPHQW�UHTXHVWHG�WKH�6DQLWDWLRQ�DQG�5DGLDWLRQ�/DERUDWRU\�%UDQFK�

�65/%��WR�WHVW�IRU�SHUFKORUDWH�LQ�GULQNLQJ�ZDWHU�ZHOOV�SRWHQWLDOO\�DIIHFWHG�E\�JURXQGZDWHU�

PLJUDWLQJ�IURP�WKH�$HURMHW�IDFLOLW\�QHDU�6DFUDPHQWR���%DVHG�RQ�LWV�SURYLVLRQDO�DFWLRQ�OHYHO���

5HJLRQ���RI�(3$�LQGLFDWHG�WKDW�D�UHSRUWLQJ�OLPLW�RI�DW�OHDVW���SSE�ZRXOG�EH�QHFHVVDU\����

1R�SURFHGXUHV�ZHUH�DYDLODEOH�IRU�PHDVXULQJ�SHUFKORUDWH�DW�VXFK�ORZ�OHYHOV���$Q�LRQ��

FKURPDWRJUDSKLF��,&��PHWKRG�ZDV�FDSDEOH�RI�GHWHFWLQJ�����SSE��DQG��GXULQJ�WKH�SUHYLRXV�\HDU���

$HURMHW�KDG�LPSURYHG�WKH�PHWKRG�WR�GHWHFW�����SSE���%\�0DUFK�������65/%�DQG�DQ�DQDO\WLFDO��

HTXLSPHQW�PDQXIDFWXUHU�KDG�GHYHORSHG�DQ�,&�PHWKRG�WKDW�DFKLHYHG�D�PHWKRG�GHWHFWLRQ�OLPLW�RI��

DSSUR[LPDWHO\���SSE�DQG�D�UHSRUWLQJ�OLPLW�RI���SSE���

:LWKLQ�VHYHUDO�PRQWKV�IROORZLQJ�WKH�0DUFK������GHYHORSPHQW�RI�WKH�ORZ�OHYHO�GHWHFWLRQ��

PHWKRG��SHUFKORUDWH�KDG�EHHQ�GLVFRYHUHG�DW�YDULRXV�PDQXIDFWXULQJ�VLWHV�DQG�LQ�ZHOO�ZDWHU�DQG��

GULQNLQJ�ZDWHU�VXSSOLHV�LQ�&DOLIRUQLD��1HYDGD��DQG�8WDK���$W�WKLV�WLPH��WKHUH�KDV�QRW�EHHQ�D��

V\VWHPDWLF�QDWLRQDO�VXUYH\�RI�SHUFKORUDWH�RFFXUUHQFH���2QO\�D�UHODWLYHO\�VPDOO�QXPEHU�RI�ZDWHU��

VXSSOLHV�KDYH�EHHQ�PRQLWRUHG�XVLQJ�WKH�PRUH�VHQVLWLYH�PHWKRG��SULPDULO\�LQ�WKH�ZHVWHUQ�VWDWHV���

ZLWK�D�IHZ�VDPSOH�UHVXOWV�QRZ�DYDLODEOH�LQ�WKH�6RXWK���

,QIRUPDWLRQ�RQ�RWKHU�SRWHQWLDO�VLWHV�DFURVV�WKH�FRXQWU\�LV�EHLQJ�JDWKHUHG�IURP�WKH��

'HSDUWPHQW�RI�'HIHQVH��'R'��DQG�1DWLRQDO�$HURQDXWLFV�DQG�6SDFH�$GPLQLVWUDWLRQ��1$6$���

VHDUFKHV�DQG�IURP�(3$�LQIRUPDWLRQ�UHTXHVWV�PDGH�WR�SHUFKORUDWH�PDQXIDFWXUHUV���7KH�(3$�KDV��

QRWLILHG�VWDWH��WULEDO��DQG�ORFDO�JRYHUQPHQWV�ZKHQ�LW�KDV�HYLGHQFH�RI�SHUFKORUDWH�PDQXIDFWXUH�DQG��

XVH�LQ�WKHVH�JRYHUQPHQWDO�MXULVGLFWLRQV���7KH�$PHULFDQ�:DWHU�:RUNV�$VVRFLDWLRQ�5HVHDUFK��

)RXQGDWLRQ�LV�FRRUGLQDWLQJ�D�VXUYH\�WR�FKDUDFWHUL]H�SRVVLEOH�SHUFKORUDWH�FRQWDPLQDWLRQ�RI��

GULQNLQJ�ZDWHU�VRXUFHV�LQ�DUHDV�RI�KLJK�ULVN���7KH�(3$�ZLOO�EXLOG�RQ�WKHVH�VXUYH\�GDWD�DQG�RWKHU��

LQIRUPDWLRQ�WR�GLVFRYHU�SRWHQWLDO�VRXUFHV�DQG�HYDOXDWH�WKUHDWV�WR�ZDWHU�UHVRXUFHV���)LJXUH������

LQGLFDWHV�VWDWHV�ZLWK�FRQILUPHG�SHUFKORUDWH�PDQXIDFWXUHUV�RU�XVHUV�DQG�)LJXUH�����LQGLFDWHV�WKRVH��
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Figure 1-2. States indicated as having confirmed perchlorate manufacturers or users
(hatch marks) are based on EPA Information Request responses from current
manufacturers (identifying shipments of at least 500 pounds in any year). 
States noted by shading resulted from database searches for types of facilities
where releases have occurred in California (rocket manufacturing and testing
and explosives manufacturing).  No facilities have been identified in Alaska,
Hawaii, Maine, Vermont, Connecticut, or Rhode Island.

VWDWHV�ZLWK�FRQILUPHG�UHOHDVHV�LQ�ZKLFK�IDFLOLWLHV�KDYH�GLUHFWO\�PHDVXUHG�SHUFKORUDWH�LQ�

JURXQGZDWHU�RU�VXUIDFH�ZDWHU��

,Q�&DOLIRUQLD��PRVW�RI�WKH����VHSDUDWH�GHWHFWLRQV�DUH�DVVRFLDWHG�ZLWK����IDFLOLWLHV�WKDW�KDYH�

PDQXIDFWXUHG�RU�WHVWHG�VROLG�URFNHW�IXHOV�IRU�'R'�RU�1$6$���7ZR�IDFLOLWLHV�WKDW�PDQXIDFWXUHG�

DPPRQLXP�SHUFKORUDWH�LQ�1HYDGD�ZHUH�IRXQG�WR�KDYH�UHOHDVHG�SHUFKORUDWH�WR�JURXQGZDWHU�WKDW�LV�

WKH�VRXUFH�IRU�ORZ�OHYHOV����WR����SSE��LQ�/DNH�0HDG�DQG�WKH�&RORUDGR�5LYHU���7KLV�ZDWHU�LV�XVHG�

IRU�GULQNLQJ�ZDWHU��LUULJDWLRQ��DQG�UHFUHDWLRQ�IRU�PLOOLRQV�RI�SHRSOH�LQ�1HYDGD��&DOLIRUQLD��
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Figure 1-3. States with confirmed releases (hatch marks), in which facilities have directly
measured perchlorate in groundwater or surface water.  Perchlorate measured
in water in West Virginia for a confidential client has been reported at a
public conference but has not been confirmed independently by EPA. 
Monitoring for perchlorate releases in most states is very limited or
nonexistent.

$UL]RQD��DQG�1DWLYH�$PHULFDQ�WULEHV��VHH�)LJXUH��������7KH�FRQFHQWUDWLRQV�UHSRUWHG�LQ�ZHOOV�DQG�

VXUIDFH�ZDWHU�YDU\�ZLGHO\���$W�RQH�IDFLOLW\�QHDU�+HQGHUVRQ��19��SHUFKORUDWH�LQ�JURXQGZDWHU�

PRQLWRULQJ�ZHOOV�ZDV�PHDVXUHG�DV�KLJK�DV������������PLOOLRQ�SSE����:DWHU�VXSSOLHUV�LQ�ERWK�

QRUWKHUQ�DQG�VRXWKHUQ�&DOLIRUQLD�KDYH�GHWHFWHG�SHUFKORUDWH�LQ�����SXEOLF�ZDWHU�VXSSO\�ZHOOV��

ZLWK����RI�WKHVH�DERYH�WKH�SURYLVLRQDO�DFWLRQ�OHYHO�LQ�&DOLIRUQLD�RI����SSE���7KH�KLJKHVW�OHYHO�RI�

SHUFKORUDWH�UHSRUWHG�LQ�DQ\�SXEOLF�ZDWHU�VXSSO\�ZHOO�ZDV�����SSE��ZLWK�IHZ�RWKHUV�JUHDWHU�WKDQ�

����SSE����
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Figure 1-4. Locations of facilities in EPA Region 9 and in Magna, UT (Region 8), at which
perchlorate has been released to groundwater or surface water.  Facilities that
have resulted in perchlorate entering public water supplies are identified with
a [.  In Nevada, two facilities are noted, although it is not certain that
perchlorate from one of these sites has yet reached the Colorado River. 
Additional potential releases in the region are still under investigation.
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7DEOH�����SURYLGHV�LQIRUPDWLRQ�RQ�WKH�RFFXUUHQFH�DQG�SRWHQWLDO�VRXUFHV�RI�SHUFKORUDWH�LQ�

WKH�GULQNLQJ�ZDWHU�V\VWHPV�LQ�(3$�5HJLRQ�����3HUFKORUDWH�DOVR�KDV�HQWHUHG�D�SULYDWH�ZDWHU�VXSSO\�

ZHOO�LQ�8WDK�IURP�FRQWDPLQDWLRQ�RQ�WKH�SURSHUW\�RI�D�URFNHW�PRWRU�PDQXIDFWXUHU�QHDU�0DJQD��

ZHVW�RI�6DOW�/DNH�&LW\���0F*UHJRU�1DYDO�:HDSRQV�,QGXVWULDO�5HVHUYH�3ODQW�LQ�QRUWK�7H[DV�ZDV�

GLVFRYHUHG�WR�KDYH�UHOHDVHG�GHWHFWDEOH�OHYHOV�RI�SHUFKORUDWH�WR�RII�VLWH�VSULQJV�DQG�VWUHDPV��

3HUFKORUDWH�KDV�EHHQ�FRQILUPHG�LQ�PRQLWRULQJ�ZHOOV�QHDU�0F*UHJRU��7;��DQG�(DVW�&DPGHQ��$5���

5HOHDVHV�RI�SHUFKORUDWH�WR�VXUIDFH�ZDWHU�RU�JURXQGZDWHU�KDYH�EHHQ�LGHQWLILHG�LQ�8WDK�DQG�

0DU\ODQG�QHDU�URFNHW�PDQXIDFWXUH�DQG�WHVWLQJ�IDFLOLWLHV���3HUFKORUDWH�ZDV�IRXQG�LQ�D�QXPEHU�RI�

ZDWHU�VXSSO\�ZHOOV�RQ�/RQJ�,VODQG��1<���,W�KDV�EHHQ�VSHFXODWHG�WKDW�WKH�ZLGH�GLVWULEXWLRQ�SDWWHUQ�

RI�WKH�1HZ�<RUN�FRQWDPLQDWLRQ�FRXOG�EH�D�UHVXOW�RI�ORZ�OHYHOV�RI�SHUFKORUDWH�FRQWDLQHG�LQ��

IHUWLOL]HU�LPSRUWHG�IURP�&KLOH��75&�(QYLURQPHQWDO�&RUSRUDWLRQ����������3HUFKORUDWH�KDV�EHHQ��

UHSRUWHG�LQ�JURXQGZDWHU�RU�VXUIDFH�ZDWHU�LQ�:HVW�9LUJLQLD��1HZ�0H[LFR��,RZD��,QGLDQD��DQG��

3HQQV\OYDQLD��6LGLTTXL�HW�DO�������������

0RWLYDWHG�E\�WKH�DQWLFLSDWHG�LPSDFW�RI�WKH�UHGXFHG�DQDO\WLFDO�GHWHFWLRQ�PHWKRG��D��

UHHYDOXDWLRQ�RI�WKH�SURYLVLRQDO������DQG������5I'V�WKDW�VHUYH�DV�WKH�EDVLV�RI�WKH�SURYLVLRQDO��

DFWLRQ�OHYHO�ZDV�ZDUUDQWHG���7KH�RXWFRPH�RI�DQ�H[WHUQDO�SHHU�UHYLHZ�FRQYHQHG�LQ�0DUFK������RI��

DQ�DQDORJRXV�5I'�GHULYDWLRQ�E\�DQ�LQGHSHQGHQW�RUJDQL]DWLRQ��7R[LFRORJ\�([FHOOHQFH�IRU�5LVN��

$VVHVVPHQW��������ZDV�WKH�GHWHUPLQDWLRQ�WKDW�WKH�KHDOWK�HIIHFWV�DQG�WR[LFLW\�GDWD�ZHUH��

LQVXIILFLHQW�IRU�D�FUHGLEOH�TXDQWLWDWLYH�ULVN�DQDO\VLV��7R[LFRORJ\�([FHOOHQFH�IRU�5LVN�$VVHVVPHQW���

����D����7KH�H[WHUQDO�SHHU�UHYLHZ�SDQHO�FRQFOXGHG�WKDW�WKH�OLPLWHG�GDWDEDVH�ZDV�LQVXIILFLHQW�WR��

UXOH�RXW�HIIHFWV�RI�SHUFKORUDWH�RQ�RWKHU�RUJDQV��VR�LW�FRXOG�QRW�EH�GHWHUPLQHG�XQHTXLYRFDOO\�WKDW��

WKH�HIIHFW�RQ�WKH�WK\URLG�ZDV�WKH�FULWLFDO�HIIHFW���,Q�SDUWLFXODU��WKH�UHYLHZHUV�ZHUH�FRQFHUQHG�WKDW��

GHYHORSPHQWDO�WR[LFLW\��QRWDEO\�QHXURORJLFDO�GHYHORSPHQW�DIIHFWHG�E\�K\SRWK\URLGLVP�GXULQJ��

SUHJQDQF\��FRXOG�EH�D�FULWLFDO�HIIHFW�RI�SHUFKORUDWH�WKDW�KDG�QRW�EHHQ�H[DPLQHG�DGHTXDWHO\�LQ��

VWXGLHV�WR�GDWH���,Q�UHVSRQVH�WR�WKH�0DUFK������H[WHUQDO�SHHU�UHYLHZ�RI�WKH�SURYLVLRQDO�5I'�YDOXH���

D�VXEVHTXHQW�H[WHUQDO�SHHU�UHYLHZ�RI�H[SHUWV�ZDV�FRQYHQHG�LQ�0D\������WR�UHFRPPHQG�DQG��

SULRULWL]H�D�VHW�RI�VWXGLHV�WR�DGGUHVV�WKH�NH\�GDWD�JDSV�DQG�UHGXFH�XQFHUWDLQWLHV�LQ�YDULRXV��

H[WUDSRODWLRQV��7R[LFRORJ\�([FHOOHQFH�IRU�5LVN�$VVHVVPHQW������E����7KH�REMHFWLYH�RI�WKH�QHZ��

VWXGLHV�LV�WR�SURYLGH�D�FRPSUHKHQVLYH�GDWDEDVH�WKDW�SURYLGHV�IRU�GHYHORSPHQW�RI�D�UREXVW�5I'��

HVWLPDWH�WKDW�UHGXFHV�WKH�XQFHUWDLQWLHV�LQKHUHQW�LQ�WKH�SURYLVLRQDO�YDOXHV���7KH�VWUDWHJ\�WKDW���
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7$%/(�������2&&855(1&(�$1'�327(17,$/�6285&(6�2)�3(5&+/25$7(
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$*(1&<�5(*,21��������������D

7\SH /RFDWLRQ 6XVSHFWHG�6RXUFH :DWHU�6\VWHP�$IIHFWHG 0D[��SSE

*URXQGZDWHU 6DFUDPHQWR
5DQFKR�&RUGRYD�
&$

$HURMHW�*HQHUDO
5RFNHW�PDQXIDFWXUHU

$UGHQ�&RUGRYD
6DFUDPHQWR�&RXQW\�:&
0DWKHU�$)%��QRW�LQ�XVH�

���

*URXQGZDWHU 8SSHU�6DQWD�$QD
9DOOH\
5HGODQGV��&$

/RFNKHHG�3URSXOVLRQ
5RFNHW�PDQXIDFWXUHU

9LFWRULD�)DUPV
&LW\�RI�/RPD�/LQGD
&LW\�RI�5HGODQGV
&LW\�RI�5LYHUVLGH
/RPD�/LQGD�8QLYHUVLW\

���

*URXQGZDWHU 5D\PRQG�%DVLQ
3DVDGHQD��&$

1$6$�-HW�3URSXOVLRQ�/DE
5RFNHW�UHVHDUFK

&DO�$PHULFDQ
&LW\�RI�3DVDGHQD
/DV�)ORUHV�:&
/LQFROQ�$YH��:&�
5XELR�&DQ\RQ
9DOOH\�:&

��

*URXQGZDWHU 6DQ�*DEULHO�9DOOH\
%DOGZLQ�3DUN��&$

$HURMHW�*HQHUDO
5RFNHW�PDQXIDFWXUHU

$]XVD�/LJKW�DQG�3RZHU
/D�3XHQWH�9DOOH\�:'
6DQ�*DEULHO�9DOOH\�:&
6XEXUEDQ�:DWHU�6\VWHP
9DOOH\�&RXQW\�:'

���

*URXQGZDWHU 6DQWD�&ODULWD�9DOOH\�
&$

:KLWWDNHU�%HUPLWH
2UGLQDQFH�DQG�URFNHWV

1HZKDOO�&:'
6DQWD�&ODULWD�:&
9DOHQFLD�:&

��

*URXQGZDWHU 5LDOWR��&$ %�)��*RRGULFK
5RFNHW�PDQXIDFWXUHU

&LW\�RI�5LDOWR�:'
:HVW�6DQ�%HUQDUGLQR�&R��

��
�����

*URXQGZDWHU 6DQWD�6XVDQQD��&$ 5RFNHWG\QH
5RFNHW�PDQXIDFWXUHU

0RQLWRULQJ�ZHOOV�RQO\ 1$

*URXQGZDWHU +ROOLVWHU��&$ :KLWWDNHU
2UGLQDQFH

2QH�SULYDWH�ZHOO�DQG�
DJULFXOWXUDO��DQG
PRQLWRULQJ�ZHOOV

���

*URXQGZDWHU 6DQ�-RVH��&$ 87&��8QLWHG�7HFK��
5RFNHW�UHVHDUFK

0RQLWRULQJ�ZHOOV�DQG�
VHDVRQDO�VXUIDFH�ZDWHU

1$

*URXQGZDWHU 6DQ�)HUQDQGR�9DOOH\
*OHQGDOH��&$

*UDQG�&HQWUDO�5RFNHW
5RFNHW�PDQXIDFWXUHU

0RQLWRULQJ�ZHOO�RQO\ 1$

*URXQGZDWHU (GZDUGV�$)%
(GZDUGV��&$

-HW�3URSXOVLRQ�/DE��1RUWK
%DVH
5RFNHW�UHVHDUFK

6RLO�DQG�PRQLWRULQJ�ZHOOV 1$

*URXQGZDWHU /DZUHQFH�/LYHUPRUH
1DWLRQDO�/DERUDWRU\
6LWH����
7UDF\��&$

8�6��'HSW��RI�(QHUJ\
([SORVLYHV�UHVHDUFK

0RQLWRULQJ�ZHOOV�RQO\ 1$

*URXQGZDWHU (O�7RUR�0&$6
2UDQJH�&R���&$

0DULQH�&RUSV�$LU�6WDWLRQ
8QNQRZQ�VRXUFH

0RQLWRULQJ�ZHOOV�RQO\ 1$
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7$%/(������FRQW¶G����2&&855(1&(�$1'�327(17,$/�6285&(6�2)
3(5&+/25$7(�,1�'5,1.,1*�:$7(5�6<67(06�,1�8�6��(19,5210(17$/�

3527(&7,21�$*(1&<�5(*,21��������������D

7\SH /RFDWLRQ 6XVSHFWHG�6RXUFH :DWHU�6\VWHP�$IIHFWHG 0D[��SSE

6XUIDFH�:DWHU &RRQ�&UHHN
/LQFROQ��&$

$OSKD�([SORVLYHV
([SORVLYHV

&RRQ�&UHHN 1$

6XUIDFH�:DWHU +HQGHUVRQ��19
/DV�9HJDV�:DVK
/DNH�0HDG
/RZHU�&RORUDGR
��5LYHU

.HUU�0F*HH�3DFLILF
(QJLQHHULQJ�DQG�3URGXFWLRQ
&RPSDQ\��3(3&21�
3HUFKORUDWH�PDQXIDFWXUHU

6RXWKHUQ�19�:DWHU
��$XWKRULW\
0HWURSROLWDQ�:'�RI
��6RXWKHUQ�&DOLIRUQLD
&HQWUDO�$UL]RQD�3URMHFW
0XOWLSOH�WULEHV�DQG�FLWLHV

��

*URXQGZDWHU 3KRHQL[�*RRG\HDU
$LUSRUW
*RRG\HDU��$=

8QLG\QDPLFV
([SORVLYHV�2UGLQDQFH

0RQLWRULQJ�DQG
DJULFXOWXUDO�ZHOOV�RQO\

1$

D:&� �:DWHU�&RPPLVVLRQ��:'� �:DWHU�'HSDUWPHQW���1$� �QRW�DYDLODEOH�

6RXUFH���0D\HU��������

IRUPHG�WKH�EDVLV�RI�WKH�QHZ�EDWWHU\�RI�WR[LFLW\�VWXGLHV�LV�GLVFXVVHG�LQ�&KDSWHU�����7KHVH�GDWD�

IHDWXUH�SURPLQHQWO\�LQ�WKLV�DVVHVVPHQW�WR�UHFRPPHQG�D�UHYLVHG�KXPDQ�KHDOWK�ULVN�

FKDUDFWHUL]DWLRQ��LQFOXGLQJ�D�UHYLVHG�5I'�IRU�SHUFKORUDWH��

�

�

��� (&272;,&2/2*<�$66(660(17�

7KH�PRELOLW\�DQG�SHUVLVWHQFH�RI�SHUFKORUDWH�WKDW�LV�GLVFXVVHG�DERYH�DOVR�PD\�SRVH�D�WKUHDW�

WR�HFRORJLFDO�UHFHSWRUV�DQG�ZKROH�HFRV\VWHPV��HLWKHU�E\�GLUHFW�KDUP�WR�RUJDQLVPV�RU�E\�LQGLUHFWO\�

DIIHFWLQJ�WKHLU�DELOLW\�WR�VXUYLYH�DQG�UHSURGXFH���&XUUHQWO\��WKHUH�DUH�YHU\�OLPLWHG�GDWD�WR�HYDOXDWH�

WKH�HIIHFWV�RI�SHUFKORUDWH�RQ�HFRORJLFDO�V\VWHPV�QRU�DUH�WKHUH�GDWD�DERXW�WKH�SRVVLEOH�XSWDNH�RI��

SHUFKORUDWH�LQWR�DJULFXOWXUDO�SURGXFWV�WKURXJK�LUULJDWLRQ�RI�WKH�IRRG�FURSV���$QDO\WLFDO�WHVWV�KDYH��

EHHQ�GHULYHG�WR�GHWHFW�SHUFKORUDWH�LQ�ZDWHU��EXW�OLWWOH�LV�NQRZQ�DERXW�WHVWLQJ�IRRG�FURSV�IRU��

SHUFKORUDWH����

6HDUFKHV�RI�DYDLODEOH�GDWDEDVHV�KDYH�UHYHDOHG�PLQLPDO�LQIRUPDWLRQ�RQ�WKH�HFRORJLFDO��

HIIHFWV�RI�DPPRQLXP�SHUFKORUDWH�RU�DQ\�RI�SHUFKORUDWH¶V�RWKHU�VDOWV���/LWWOH�GDWD�H[LVW�WR�GHVFULEH��

SHUFKORUDWH¶V�HIIHFWV�RQ�YDULRXV�VRLO��VHGLPHQW��RU�DTXDWLF�UHFHSWRUV��LQFOXGLQJ�DTXDWLF�YHUWHEUDWHV���

DTXDWLF�RU�VHGLPHQW�LQYHUWHEUDWHV��DQG�EDFWHULD�RU�SODQWV���7KH�GDWD�WKDW�DUH�DYDLODEOH�VXJJHVW��
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HIIHFWV�RQ�WK\URLG�KRUPRQH�PHGLDWHG�GHYHORSPHQW�LQ�WKH�6RXWK�$IULFDQ�FODZHG�IURJ��

;HQRSXV�ODHYLV��LQ�WKH�UDQJH�RI����WR�����SSP��DQG�������SSP��LQ�UHFHQW�VWXGLHV��KDV�EHHQ�VKRZQ�

WR�FRPSOHWHO\�EORFN�WKH�PHWDPRUSKRVLV�RI�WDGSROHV���(IIHFWV�RQ�GHYHORSPHQW�DQG�SRSXODWLRQ�

JURZWK�DOVR�KDYH�EHHQ�LQGLFDWHG�LQ�WKH�IUHVKZDWHU�VHD�ODPSUH\�DW�����SSP�DQG�WKH�IUHVKZDWHU�

K\GUD�DW�����SSP���0RUWDOLW\�ZDV�REVHUYHG�LQ�FROG�ZDWHU�WURXW��������WR�������SSP��DQG�'DSKQLD�

PDJQD������SSP����(IIHFWV�RQ�VHHG�JHUPLQDWLRQ�DQG�JURZWK�RI�DJULFXOWXUDO�SODQWV�ZHUH�UHSRUWHG�

DW����SSP��

8QGHU�WKH�DXVSLFHV�RI�WKH�(FRORJLFDO�7UDQVSRUW�DQG�7UDQVIRUPDWLRQ�6XEFRPPLWWHH�RI�WKH�

,QWHUDJHQF\�3HUFKORUDWH�6WHHULQJ�&RPPLWWHH��VHH�,36&�EHORZ�LQ�6HFWLRQ�������WKH�8�6��$LU�)RUFH�

�86$)��'HWDFKPHQW����+XPDQ�6\VWHPV�&HQWHU��%URRNV�$LU�)RUFH�%DVH��$)%���LQ�FRQMXQFWLRQ��

ZLWK�(3$��GHYHORSHG�D�SURSRVDO�IRU�D�EDWWHU\�RI�VFUHHQLQJ�OHYHO�ELRDVVD\V�LQ�ODERUDWRU\�UHDUHG��

RUJDQLVPV�UHSUHVHQWDWLYH�RI�HFRORJLFDO�UHFHSWRUV��DFURVV�VRLO��VHGLPHQW��DQG�ZDWHU�FROXPQ��

UHFHSWRUV��WR�HYDOXDWH�GRVH�UHVSRQVH�UHODWLRQVKLSV���7KH�LGHQWLILHG�WHVWV�IRFXV�RQ�LGHQWLI\LQJ�JURVV��

�GLUHFW��WR[LFLW\�WHVWV�ZKRVH�HQGSRLQWV�FDQ�LQFOXGH�PRUWDOLW\��JURZWK��DQG�UHSURGXFWLYH�VXFFHVV����

%LRDVVD\V�ZLWK�VWDQGDUG�SURWRFROV�DQG�JHQHUDO�UHJXODWRU\�DFFHSWDQFH�ZHUH�FKRVHQ���$OWKRXJK��

WKHVH�DUH�VFUHHQLQJ�OHYHO�WHVWV�DQG�ZLOO�SURYLGH�RQO\�DQ�LGHD�RI�JURVV�WR[LFLW\��WKH\�ZLOO�SURYLGH��

QHHGHG�GRVH�UHVSRQVH�LQIRUPDWLRQ�WR�PDNH�GHFLVLRQV�RQ�WKH�QHHG�IRU�D�QH[W�WLHU�RI�WHVWV�WR�EH��

FRPSOHWHG��H�J���ELRDYDLODELOLW\��ELRDFFXPXODWLRQ��KLVWRSDWKRORJ\����7KHVH�WHVWV�ZLOO�QRW�PHDVXUH��

WKH�DPRXQW�RI�SHUFKORUDWH�LQ�WKH�WLVVXHV�RI�WKH�VSHFLHV�EHLQJ�WHVWHG���7HVWLQJ�RI�ELRORJLFDO�WLVVXHV��

LV�FXUUHQWO\�EHLQJ�FRQVLGHUHG�E\�WKH�$QDO\WLFDO�6XEFRPPLWWHH�RI�WKH�,36&���&KDSWHU���SURYLGHV��

WKH�HFRWR[LFRORJ\�DVVHVVPHQW�EDVHG�RQ�WKHVH�QHZ�VFUHHQLQJ�GDWD�DQG�WKH�,36&�UHSRUW���

��

��

��� )8785(�5(*8/$725<�3/$16��

7KLV�VHFWLRQ�EULHIO\�GHVFULEHV�SHQGLQJ�UHJXODWRU\�DFWLYLWLHV�WKDW�DUH�DQWLFLSDWHG�WR�EH��

LPSDFWHG�E\�WKLV�HYDOXDWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�SHUFKORUDWH�FRQWDPLQDWLRQ��QRWDEO\�WKH��

UHYLVHG�KHDOWK�ULVN�DVVHVVPHQW�DQG�HFRWR[LFRORJ\�DVVHVVPHQWV�����

��

��
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����� 8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�5HJXODWRU\�3ODQV�

7KH�6DIH�'ULQNLQJ�:DWHU�$FW��6':$���HQDFWHG�E\�&RQJUHVV�LQ������DQG�DPHQGHG�LQ������

DQG�DJDLQ�LQ�������SURYLGHV�WKH�EDVLV�IRU�VDIHJXDUGLQJ�SXEOLF�GULQNLQJ�ZDWHU�V\VWHPV�IURP�

FRQWDPLQDQWV�WKDW�SRVH�D�WKUHDW�WR�SXEOLF�KHDOWK���7KH�SXUSRVH�RI�WKH�6':$�LV�WR�SURWHFW�SXEOLF�

KHDOWK�E\�HQVXULQJ�WKDW�SXEOLF�GULQNLQJ�ZDWHU�V\VWHPV�SURYLGH�WDS�ZDWHU�WKDW�LV�VDIH�IRU�GULQNLQJ�

DQG�EDWKLQJ���:LWKLQ�(3$��WKH�2IILFH�RI�*URXQG�:DWHU�DQG�'ULQNLQJ�:DWHU�GHYHORSV�1DWLRQDO�

3ULPDU\�'ULQNLQJ�:DWHU�5HJXODWLRQV��13':5��WR�FRQWURO�WKH�OHYHOV�FRQWDPLQDQWV�WKDW�PD\�

RFFXU�LQ�SXEOLF�GULQNLQJ�ZDWHU�V\VWHPV��

7KH������DPHQGPHQWV�WR�WKH�6':$�UHTXLUH�(3$�WR�SXEOLVK�D�OLVW�RI�FRQWDPLQDQWV�WKDW�DUH�

QRW�FXUUHQWO\�VXEMHFW�WR�D�13':5�DQG�DUH�NQRZQ�RU�DQWLFLSDWHG�WR�RFFXU�LQ�SXEOLF�ZDWHU�V\VWHPV����

7KLV�OLVW��NQRZQ�DV�WKH�&RQWDPLQDQW�&DQGLGDWH�/LVW��&&/���ZLOO�EH�WKH�VRXUFH�RI�SULRULW\��

FRQWDPLQDQWV�IRU�UHVHDUFK��JXLGDQFH�GHYHORSPHQW��DQG�VHOHFWLRQ�RI�FRQWDPLQDQWV�IRU�PDNLQJ��

UHJXODWRU\�GHWHUPLQDWLRQV�RU�PRQLWRULQJ�E\�WKH�VWDWHV���7KH�6':$�UHTXLUHV�(3$�WR�PDNH�D��

GHWHUPLQDWLRQ�RI�ZKHWKHU�RU�QRW�WR�UHJXODWH�QRW�OHVV�WKDQ�ILYH�FRQWDPLQDQWV�IURP�WKH�&&/�E\��

�������7KH�&&/�DOVR�PXVW�EH�UHYLHZHG�DQG�XSGDWHG�HYHU\���\HDUV��QH[W�LQ���������

:LWK�EURDG�SXEOLF�LQSXW�DQG�FRQVXOWDWLRQ�ZLWK�WKH�VFLHQWLILF�FRPPXQLW\��D�GUDIW�&&/�ZDV��

SXEOLVKHG�RQ�2FWREHU�����������7KH�GUDIW�&&/�VSHFLILFDOO\�UHTXHVWHG�FRPPHQW�RQ�ZKHWKHU�WR��

LQFOXGH�SHUFKORUDWH�RQ�WKH�&&/�EDVHG�RQ�WKH�OLPLWHG�LQIRUPDWLRQ�(3$�KDG�UHFHLYHG�RQ�LWV��

RFFXUUHQFH�LQ�GULQNLQJ�ZDWHU�VXSSOLHV�DW�WKH�WLPH�RI�SXEOLFDWLRQ���$V�D�UHVXOW�RI�WKH�SXEOLF��

FRPPHQWV�DQG�DGGLWLRQDO�RFFXUUHQFH�LQIRUPDWLRQ�REWDLQHG��(3$�GHWHUPLQHG�WKDW�VXIILFLHQW��

LQIRUPDWLRQ�H[LVWV�WR�UDLVH�FRQFHUQ�RYHU�SHUFKORUDWH¶V�SRWHQWLDO�SXEOLF�KHDOWK�LPSDFW��DQG�LW�ZDV��

DGGHG�WR�WKH�ILQDO�&&/�SXEOLVKHG�RQ�0DUFK�������������

7KH�&&/�FRQVLVWV�RI����FKHPLFDO�DQG����PLFURELRORJLFDO�FRQWDPLQDQWV�DQG�LV�GLYLGHG�LQWR��

WZR�FDWHJRULHV�������FRQWDPLQDQWV�IRU�ZKLFK�VXIILFLHQW�LQIRUPDWLRQ�H[LVWV�WR�EHJLQ�WR�PDNH��

UHJXODWRU\�GHWHUPLQDWLRQV�E\�������DQG�����FRQWDPLQDQWV�IRU�ZKLFK�DGGLWLRQDO�UHVHDUFK�DQG��

RFFXUUHQFH�LQIRUPDWLRQ�LV�QHFHVVDU\�EHIRUH�UHJXODWRU\�GHWHUPLQDWLRQV�FDQ�EH�PDGH���3HUFKORUDWH��

IDOOV�LQWR�WKH�ODWWHU�FDWHJRU\�EHFDXVH�RI�QHHGV�IRU�DGGLWLRQDO�UHVHDUFK�LQ�WKH�DUHDV�RI�KHDOWK�HIIHFWV���

WUHDWPHQW�WHFKQRORJLHV��DQG�DQDO\WLFDO�PHWKRGV�DQG�PRUH�FRPSOHWH�RFFXUUHQFH�GDWD�����

��

��
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����� 6WDWH�5HJXODWRU\�3ODQV�

$V�GLVFXVVHG�DERYH��WKH�&$�'+6�DQG�WKH�&DOLIRUQLD�(3$�2IILFH�RI�(QYLURQPHQWDO�+HDOWK�

+D]DUG�$VVHVVPHQW�UHYLHZHG�WKH�(3$�ULVN�DVVHVVPHQW�UHSRUWV�IRU�SHUFKORUDWH�DQG�HVWDEOLVKHG�LWV�

DFWLRQ�OHYHO�DW����SSE��EDVHG�RQ�WKH�SURYLVLRQDO�5I'�YDOXHV�IURP�WKH�(3$�6XSHUIXQG�7HFKQLFDO�

6XSSRUW�&HQWHU���7KH�&$�'+6�DGYLVHV�ZDWHU�XWLOLWLHV�WR�UHPRYH�GULQNLQJ�ZDWHU�VXSSOLHV�IURP�

VHUYLFH�LI�WKH\�H[FHHG�WKH����SSE�DFWLRQ�OHYHO���,I�WKH�FRQWDPLQDWHG�VRXUFH�LV�QRW�UHPRYHG�IURP�

VHUYLFH�EHFDXVH�RI�V\VWHP�GHPDQGV��DQG�LI�GULQNLQJ�ZDWHU�WKDW�LV�SURYLGHG�E\�WKH�XWLOLW\�H[FHHGV�

WKH�DFWLRQ�OHYHO��&$�'+6�ZLOO�DGYLVH�WKH�XWLOLW\�WR�DUUDQJH�IRU�SXEOLF�QRWLILFDWLRQ�WR�LWV�FXVWRPHUV���

2Q�$XJXVW����������&$�'+6�LQIRUPHG�GULQNLQJ�ZDWHU�XWLOLWLHV�RI�LWV�LQWHQWLRQ�WR�GHYHORS�D�

UHJXODWLRQ�WR�UHTXLUH�PRQLWRULQJ�IRU�SHUFKORUDWH�DV�DQ�XQUHJXODWHG�FKHPLFDO���/HJLVODWLYH�DFWLRQ�WR��

HVWDEOLVK�D�VWDWH�GULQNLQJ�ZDWHU�VWDQGDUG�IRU�SHUFKORUDWH�E\�-DQXDU\�������&DOLIRUQLD�6HQDWH��

%LOO�������ZDV�YHWRHG�E\�WKH�JRYHUQRU�DIWHU�SDVVDJH�E\�ERWK�KRXVHV���7KH�JRYHUQRU�VXSSRUWHG�WKH��

SULRULWL]DWLRQ�RI�UHJXODWLQJ�SHUFKORUDWH�LQ�GULQNLQJ�ZDWHU�EXW�REMHFWHG�WR�WKH�VWULFW�WLPH�VFKHGXOH��

UHTXLUHG�����

7KH�1HYDGD�'LYLVLRQ�RI�(QYLURQPHQWDO�3URWHFWLRQ��1'(3��KDV�DXWKRULW\�XQGHU�1HYDGD��

:DWHU�3ROOXWLRQ�&RQWURO�5HJXODWLRQV�WR�DGGUHVV�SROOXWDQWV�LQ�VRLO�RU�JURXQGZDWHU���7KH�VWDWH¶V��

&RUUHFWLYH�$FWLRQ�5HJXODWLRQV�GLUHFW�1'(3�WR�HVWDEOLVK�DFWLRQ�OHYHOV�IRU�KD]DUGRXV�VXEVWDQFHV���

SROOXWDQWV��RU�FRQWDPLQDQWV��XVLQJ�GULQNLQJ�ZDWHU�VWDQGDUGV�VXFK�DV�D�PD[LPXP�FRQWDPLQDQW��

OHYHO��0&/���KHDOWK�DGYLVRULHV��RU�EDFNJURXQG�RU�SURWHFWLYH�OHYHOV��GHWHUPLQHG�E\�,5,6�RU�WKH��

HTXLYDOHQW����,Q�$XJXVW�������1HYDGD�GHWHUPLQHG�WKDW�WKH�DFWLRQ�OHYHO�RI����SSE��DV�HVWDEOLVKHG��

E\�(3$��ZRXOG�EH�WKH�UHFRPPHQGHG�DFWLRQ�OHYHO�IRU�FOHDQXS��SHQGLQJ�D�PRUH�FXUUHQW�ULVN��

DVVHVVPHQW���

��

��

��� 6800$5<��

7KH�SHUFKORUDWH�FRQWDPLQDWLRQ�LV�RI�FRQFHUQ�EHFDXVH�RI�WKH�H[LVWLQJ�XQFHUWDLQWLHV�LQ�WKH��

WR[LFRORJLFDO�GDWDEDVH�DYDLODEOH�WR�DGHTXDWHO\�DGGUHVV�SHUFKORUDWH¶V�SRWHQWLDO�WR�SURGXFH�KXPDQ��

KHDOWK�HIIHFWV�DW�ORZ�OHYHOV�LQ�GULQNLQJ�ZDWHU��WKH�DFWXDO�H[WHQW�RI�WKH�RFFXUUHQFH�RI�SHUFKORUDWH�LQ��

JURXQG�DQG�VXUIDFH�ZDWHUV��ZKLFK�LV�FRPSRXQGHG�E\�VRPH�XQFHUWDLQW\�LQ�WKH�YDOLGDWLRQ�RI�WKH��

DQDO\WLFDO�GHWHFWLRQ�PHWKRG��WKH�HIILFDF\�RI�GLIIHUHQW�WUHDWPHQW�WHFKQRORJLHV�IRU�YDULRXV�ZDWHU��
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XVHV��VXFK�DV�GULQNLQJ�ZDWHU�RU�DJULFXOWXUDO�DSSOLFDWLRQ��DQG�WKH�H[WHQW�DQG�QDWXUH�RI�HFRORJLFDO�

LPSDFW�RU�WUDQVSRUW�DQG�WUDQVIRUPDWLRQ�SKHQRPHQD�LQ�YDULRXV�HQYLURQPHQWDO�PHGLD����

7KXV��D�QXPEHU�RI�NH\�SLHFHV�RI�LQIRUPDWLRQ�DUH�QHFHVVDU\�WR�DGHTXDWHO\�FKDUDFWHUL]H�WKH�

ULVN�RI�SHUFKORUDWH�FRQWDPLQDWLRQ�LQ�RUGHU�WR�SURYLGH�VFLHQWLILF�LQSXW�WR�GHFLVLRQ�PDNLQJ�

UHJDUGLQJ�PDQDJHPHQW�VWUDWHJLHV�WR�PLWLJDWH�SRWHQWLDO�ULVN���$FFXUDWH�FKDUDFWHUL]DWLRQ�RI�

H[SRVXUHV�UHOLHV�RQ�UHOLDEOH�DQDO\WLFDO�GHWHFWLRQ�PHWKRGV���7KH�H[SRVXUH�HVWLPDWHV�FDQ�QRW�EH�

JDXJHG�ZLWK�UHVSHFW�WR�WKHLU�ULVN�XQOHVV�D�UREXVW�KHDOWK�ULVN�HVWLPDWH�LV�DYDLODEOH���7UHDWPHQW�

WHFKQRORJLHV�VKRXOG�EH�WDUJHWHG�WR�OHYHOV�RI�FRQFHUQ�DQG�WDLORUHG�WR�WKH�LQWHQGHG�ZDWHU�XVH���

7HFKQRORJ\�WUDQVIHU�LV�QHFHVVDU\�VR�WKDW�DOO�DIIHFWHG�SDUWLHV�DQG�FRQFHUQHG�FLWL]HQV�DUH�DSSULVHG�

RI�DFFXUDWH�DQG�UHOLDEOH�LQIRUPDWLRQ�WKDW�LV�XS�WR�GDWH�ZLWK�WKH�HYROYLQJ�VWDWH�RI�WKH�VFLHQFH���

7KH�1DWLRQDO�&HQWHU�IRU�(QYLURQPHQWDO�$VVHVVPHQW��1&($��LQ�WKH�2IILFH�RI�5HVHDUFK�DQG��

'HYHORSPHQW��25'��RI�(3$�KDV�HYDOXDWHG�WKH�HPHUJLQJ�LQIRUPDWLRQ�DQG�QHZ�KXPDQ��

KHDOWK�WR[LFLW\�DQG�HFRWR[LFLW\�GDWD�IURP�WKH�WHVWLQJ�VWUDWHJ\��VHH�&KDSWHU����RU�RWKHU�VRXUFHV�WKDW��

ZHUH�DYDLODEOH�E\�HDUO\�1RYHPEHU��������7KH�SXUSRVH�LV�WR�GHWHUPLQH�UHYLVHG�ULVN��

FKDUDFWHUL]DWLRQV�WR�VHUYH�LQ�WKLV�LQWHJUDWLYH�DSSURDFK�DV�PRUH�UREXVW�ULVN�HVWLPDWHV�WKDQ�WKRVH��

WKDW�H[LVW�SURYLVLRQDOO\�WR�EHWWHU�JDXJH�WKH�SRWHQWLDO�KXPDQ�KHDOWK�DQG�HFRORJLFDO�LPSDFW�LQ�D��

FRPSUHKHQVLYH�IDVKLRQ��)LJXUH��������$V�ZLWK�DQ\�ULVN�DVVHVVPHQW��LQFRUSRUDWLRQ�RI�QHZ�GDWD�LV��

DQ�LWHUDWLYH�SURFHVV���,Q�WKLV�FDVH��VRPH�RI�WKH�GDWD�IURP�WKH�RULJLQDOO\�SURSRVHG�VWUDWHJLHV�ZLOO��

QRW�EH�DYDLODEOH�XQWLO�-DQXDU\�DQG�)HEUXDU\��������%HFDXVH�RI�UHJXODWRU\�VFKHGXOH�FRQVWUDLQWV���

WKLV�DVVHVVPHQW�KDV�JRQH�IRUZDUG�ZLWK�WKH�UHFRJQLWLRQ�WKDW�DGGLWLRQDO�GDWD�PD\�DOZD\V�ZDUUDQW��

IXUWKHU�UHYLVLRQ���'DWD�WKDW�ZLOO�EH�DUULYLQJ�LQ�WKH�SHULRG�EHWZHHQ�WKH�LVVXDQFH�RI�WKH�H[WHUQDO�SHHU��

UHYLHZ�GUDIW�DQG�WKH�H[WHUQDO�SHHU�UHYLHZ�ZRUNVKRS�DUH�LGHQWLILHG�KHUHLQ�DV�³WR�EH�GHWHUPLQHG´��

DQG�PD\�EH�SUHVHQWHG�DW�WKH�PHHWLQJ���

,QGHSHQGHQW��H[WHUQDO�SHHU�UHYLHZ�RI�WKH�VWXG\�SURWRFROV��WR[LFLW\�VWXGLHV��DQG�UHYLVHG��

5I'�KHDOWK�DVVHVVPHQW�IRU�SHUFKORUDWH�ZLOO�EH�FULWLFDO�WR�HQVXULQJ�WKDW�IXWXUH�GHFLVLRQV�ZLOO�EH��

SURWHFWLYH�RI�KXPDQ�KHDOWK��DQG�WKDW�WKH�SRWHQWLDO�IRU�HFRWR[LFRORJ\�LV�FKDUDFWHUL]HG��

DSSURSULDWHO\���7KH�(3$�2IILFH�RI�6ROLG�:DVWH�DQG�(PHUJHQF\�5HVSRQVH��26:(5��KDV�WDVNHG�D��

TXDOLILHG�FRQWUDFWRU�WR�PDQDJH�SHHU�UHYLHZ�RI�WHFKQLFDO�LVVXHV�UHODWHG�WR�WKH�GHYHORSPHQW�RI�WKH��

KXPDQ�KHDOWK�DQG�HFRWR[LFRORJ\�DVVHVVPHQWV��LQFOXGLQJ�VWXG\�GHVLJQ��FRQGXFW�RI�WR[LFLW\�VWXGLHV���

VWDWLVWLFDO�WUHDWPHQW�RI�GDWD��VHOHFWLRQ�RI�FULWLFDO�HIIHFW�DQG�XQFHUWDLQW\�IDFWRUV��DQG�ULVN��

FKDUDFWHUL]DWLRQ���7KH�SHHU�UHYLHZ�ZLOO�EH�FRQGXFWHG�E\�D�SDQHO�RI�WHFKQLFDO�H[SHUWV�LQ���
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Figure 1-5. Considerations for comprehensive characterization of perchlorate
contamination.

Source:  Modified from Underwood (1998).

HFRWR[LFRORJ\��QHXURWR[LFRORJ\��GHYHORSPHQWDO��UHSURGXFWLYH��JHQHWLF��DQG�JHQHUDO�WR[LFRORJ\��

SDWKRORJ\��ELRVWDWLVWLFV��GRVH�UHVSRQVH�PRGHOLQJ��DQG�ULVN�DVVHVVPHQW���3HHU�UHYLHZHUV�ZLOO�EH�

VHOHFWHG�IURP�D�SRRO�RI�FDQGLGDWHV�QRPLQDWHG�E\�VWDNHKROGHUV�LQ�WKH�SHUFKORUDWH�LVVXHV���7KH�ULVN�

FKDUDFWHUL]DWLRQ�DVVHVVPHQW�SDFNDJH��VXSSRUWLQJ�VWXGLHV��DQG�VWXG\�SURWRFROV�IRU�WKH�QHZ�GDWD�

ZLOO�EH�GLVWULEXWHG�WR�WKH�SHHU�UHYLHZ�SDQHO�LQ�DGYDQFH�RI�WKH�SHHU�UHYLHZ�PHHWLQJ���3HHU�

UHYLHZHUV�ZLOO�UHYLHZ�LQGHSHQGHQWO\�WKH�ULVN�DVVHVVPHQW�SDFNDJH�DQG�VXSSRUWLQJ�VWXGLHV�DQG�ZLOO�

VXEPLW�WKHLU�ZULWWHQ�FRPPHQWV�WR�26:(5¶V�FRQWUDFWRU�SULRU�WR�WKH�SHHU�UHYLHZ�PHHWLQJ���7KH�

SHHU�UHYLHZHUV¶�FRPPHQWV�ZLOO�EH�FRPSLOHG�E\�26:(5¶V�FRQWUDFWRU�DQG�ZLOO�EH�GLVWULEXWHG�WR�DOO�

RI�WKH�SHHU�UHYLHZHUV�DQG�WKH�SXEOLF�LQ�DGYDQFH�RI�WKH�PHHWLQJ���7KH�SHHU�UHYLHZHUV�ZLOO�JDWKHU�

IRU�D���GD\�PHHWLQJ�LQ�D�ORFDWLRQ�VHOHFWHG�IRU�LWV�DFFHVVLELOLW\�WR�VWDNHKROGHUV�DQG�SHHU�UHYLHZHUV����

7KH�SXEOLF�ZLOO�EH�LQYLWHG�WR�DWWHQG�DQG�REVHUYH�WKH�SHHU�UHYLHZ�PHHWLQJ���)ROORZLQJ�WKH�SHHU��

UHYLHZ�PHHWLQJ��WKH�SHHU�UHYLHZ�SDQHO�ZLOO�JHQHUDWH�D�UHSRUW�GHWDLOLQJ�WKHLU�FRPPHQWV�RQ�WKH��

UHIHUHQFH�GRVH�SDFNDJH�DQG�VXSSRUWLQJ�VWXGLHV���7KH�1&($�WKHQ�ZLOO�JHQHUDWH�D�UHVSRQVLYHQHVV��
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VXPPDU\�UHSRUW�WKDW�ZLOO�GLVFXVV�LQ�GHWDLO�KRZ�FRPPHQWV�PDGH�E\�WKH�SHHU�UHYLHZHUV�KDYH�EHHQ�

DGGUHVVHG���7KH�UHYLVHG�ULVN�FKDUDFWHUL]DWLRQ�ZLOO�EH�LVVXHG�VXEVHTXHQWO\�E\�(3$��

,W�VKRXOG�EH�QRWHG�WKDW�WKLV�DVVHVVPHQW�HIIRUW�ZDV�DFFRPSOLVKHG�LQ�DQ�H[WUDRUGLQDULO\�

H[SHGLWHG�WLPH�IUDPH�WKURXJK�WKH�SDUWQHUVKLS�DQG�FRRSHUDWLRQ�RI�D�QXPEHU�RI�JRYHUQPHQWDO�

HQWLWLHV���7KH�,36&�ZDV�IRUPHG�LQ�-DQXDU\������WR�EULQJ�WRJHWKHU�JRYHUQPHQW�UHSUHVHQWDWLYHV�

IURP�(3$��'R'��WKH�$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5���WKH�1DWLRQDO�

,QVWLWXWH�IRU�(QYLURQPHQWDO�+HDOWK�6FLHQFHV��DQG�DIIHFWHG�VWDWH��WULEDO��DQG�ORFDO�JRYHUQPHQWV���

3DUWLFLSDWLRQ�LQ�WKH�,36&�DOVR�KDV�EHHQ�VROLFLWHG�IURP�RWKHU�JRYHUQPHQWDO�HQWLWLHV���7KH�FKDUWHU�RI�

WKH�,36&�LV�WR�IDFLOLWDWH�DQG�FRRUGLQDWH�DFFXUDWH�DFFRXQWV�RI�UHODWHG�WHFKQRORJLFDO�LVVXHV�

�RFFXUUHQFH��KHDOWK�HIIHFWV��WUHDWDELOLW\��ZDVWH�VWUHDP�KDQGOLQJ��DQDO\WLFDO�GHWHFWLRQ��DQG��

HFRORJLFDO�LPSDFWV��DQG�WR�FUHDWH�LQIRUPDWLRQ�WUDQVIHU�OLQNV�IRU�LQWHUDJHQF\�DQG��

LQWHUJRYHUQPHQWDO�DFWLYLWLHV�UHJDUGLQJ�WKHVH�DUHDV�RI�FRQFHUQ�����

)LJXUH�����SURYLGHV�WKH�VWUXFWXUH�RI�WKH�,36&��PHPEHUV�RI�LWV�H[HFXWLYH�FRPPLWWHH��DQG��

FR�FKDLUV�RI�WKH�VXEFRPPLWWHHV���1RWH�WKDW�D�VXEFRPPLWWHH�H[LVWV�IRU�HDFK�RI�WKH�RXWVWDQGLQJ��

FRQWURYHUVLDO�LVVXHV�UHJDUGLQJ�SHUFKORUDWH�FRQWDPLQDWLRQ��ZKLFK�DUH�LGHQWLILHG�LQ�WKH��

FRPSUHKHQVLYH�FKDUDFWHUL]DWLRQ�IUDPHZRUN�LQ�)LJXUH�������5HVHDUFK�WR�REWDLQ�DGGLWLRQDO�GDWD�DQG��

GHYHORSPHQW�RI�QHZ�PHWKRGV�RU�DSSOLFDWLRQV�LV�XQGHUZD\��LQ�WKHVH�KXPDQ�KHDOWK�DQG��

HFRWR[LFRORJ\�DUHDV��DV�ZHOO�DV�LQ�PRVW�RI�WKH�RWKHUV��WR�HQVXUH�WKDW�WKH�VWDWH�RI�WKH�VFLHQFH�LV��

EURXJKW�WR�EHDU�RQ�DGGUHVVLQJ�WKH�XQLTXH�LVVXHV�RI�WKH�SHUFKORUDWH�FRQWDPLQDWLRQ���7KH�,36&��

UHFHQWO\�FROODERUDWHG�ZLWK�(3$�25'�RQ�D�UHSRUW�WR�D�&RQJUHVVLRQDO�FRPPLWWHH�WKDW�DVVHVVHV�WKH��

VWDWH�RI�WKH�VFLHQFH�RQ�WKH�KHDOWK�HIIHFWV�RI�SHUFKORUDWH�RQ�KXPDQV�DQG�WKH�HQYLURQPHQW�DQG�WKH��

H[WHQW�RI�SHUFKORUDWH�FRQWDPLQDWLRQ���7KH�UHSRUW�DOVR�FRQWDLQHG�UHFRPPHQGDWLRQV�IRU�IXWXUH��

UHVHDUFK�WR�DGGUHVV�HPHUJLQJ�LVVXHV��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\������F����8SGDWHV�RQ��

DFWLYLWLHV�RI�WKH�,36&�FDQ�EH�IRXQG�RQ�WKH�(3$�2IILFH�RI�:DWHU��2:��ZHE�VLWH�DW�WKH�IROORZLQJ��

DGGUHVV��KWWS���ZZZ�HSD�JRY��RJZGRRR�FFO�SHUFKORU�LQGH[NH\V�KWPO���'LVFXVVLRQ�SDSHUV��

SUHVHQWHG�E\�WKH�,36&�SUHVHQW�DGGLWLRQDO�LQIRUPDWLRQ�RQ�WKH�DUHDV��H�J���DQDO\WLFDO�DQG�WUHDWPHQW��

WHFKQRORJ\��WKDW�KDYH�QRW�EHHQ�GLVFXVVHG�LQ�GHWDLO�KHUHLQ���

��
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Figure 1-6. Structure and membership of the executive committee, subcommittees areas,
and co-chairs of IPSC.  The IPSC is designed to ensure an integrated
approach to addressing the perchlorate contamination challenge and to
informing stakeholders with accurate accounts of technical issues.  (OERR =
Office of Emergency Response and Remediation, NRMRL = National Risk
Management Research Laboratory, UT DEP = Utah Department of
Environmental Quality)
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Figure 2-1.  Chemical structure of perchlorate.
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,Q�WKH�VROLG�VWDWH��WKH�SHUFKORUDWH�DQLRQ�KDV�EHHQ�GHWHUPLQHG�E\�;�UD\�GLIIUDFWLRQ�WR�KDYH�D�

QHDUO\�SHUIHFW�WHWUDKHGUDO�JHRPHWU\��ZLWK�WKH�IRXU�R[\JHQ�DWRPV�DW�WKH�YHUWLFHV�DQG�WKH�FKORULQH�

DWRP�DW�WKH�FHQWHU��DV�VKRZQ�LQ�)LJXUH�������,Q�DTXHRXV�VROXWLRQ��WKH�JHRPHWU\�LV�SUREDEO\�

SHUIHFWO\�WHWUDKHGUDO���7KH�DYHUDJH�FKORULQH�WR�R[\JHQ�ERQG�GLVWDQFH�LV������SP��6FKLOW���������

DQG�WKH�R[\JHQ�WR�R[\JHQ�GLVWDQFH�LV������SP���7KH�SDUWLDO�PRODU�LRQLF�YROXPH�LV������FP��PRO�

DW����E&��FRPSDUHG�ZLWK������IRU�LRGLGH��

3HUFKORUDWH�LV�ZLGHO\�NQRZQ�WR�EH�D�YHU\�SRRU�FRPSOH[LQJ�DJHQW�DQG�LV�XVHG�H[WHQVLYHO\�DV�

D�FRXQWHU�DQLRQ�LQ�VWXGLHV�RI�PHWDO�FDWLRQ�FKHPLVWU\��HVSHFLDOO\�LQ�QRQDTXRXV�VROXWLRQ��8UEDQVN\��

��������,Q�WKLV�XVH��LW�LV�FRPSDUDEOH�ZLWK�RWKHU�QRQFRPSOH[LQJ�RU�ZHDNO\�OLJDWLQJ�DQLRQV��H�J���
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7KLV�ORZ�DVVRFLDWLRQ�ZLWK�FDWLRQV�LV�UHVSRQVLEOH�IRU�WKH�H[WUHPHO\�KLJK�VROXELOLWLHV�RI�SHUFKORUDWH�

VDOWV�LQ�DTXHRXV�DQG�QRQDTXHRXV�PHGLD���$V�QRWHG��WKH�DPPRQLXP�DQG�WKH�DONDOL�PHWDO�VDOWV�RI�

SHUFKORUDWH�JHQHUDOO\�DUH�UHDGLO\�VROXEOH�LQ�ZDWHU���6DOWV�RI�WKH�VPDOOHU�XQLYDOHQW�FDWLRQV��L�H���

DPPRQLXP�>1+
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XQLYDOHQW�FDWLRQV�DUH�OHVV�VR��L�H���SRWDVVLXP�>.�@��UXELGLXP�>5E�@��DQG�FHVLXP�>&V�@���DQG�

TXDWHUQDU\�DPPRQLXP�VDOWV�DUH�OHVV�VROXEOH�VWLOO���7KH�RXWVWDQGLQJ�H[DPSOH�LV�VRGLXP�
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>&$651����������@��VRGLXP�SHUFKORUDWH�>&$651����������@��SRWDVVLXP�SHUFKORUDWH�

>&$651����������@��DQG�OLWKLXP�SHUFKORUDWH�>&$651����������@���7KH�HVWLPDWH�LV�QRW�

DSSURSULDWH�WR�FKDUDFWHUL]H�WKH�ULVN�RI�HIIHFWV�RI�SHUFKORULF�DFLG��+&O2
�

��>&$651����������@�

EHFDXVH�LW�LV�D�VWURQJ�DFLG��DQG�WKH�GRPLQDQW�WR[LFLW\�UHVXOWV�PRUH�IURP�WKH�LUULWDWLQJ�DFWLRQ�RQ�

VNLQ�DQG�PXFRXV�PHPEUDQHV�RI�WKH�K\GURJHQ�LRQ��

3HUFKORUDWH�LV�D�VWURQJ�R[LGL]LQJ�DJHQW�DV�LQGLFDWHG�E\�LWV�KLJK�UHGXFWLRQ�SRWHQWLDO��

WKHUHIRUH��WKH�TXHVWLRQ�KDV�DULVHQ�DV�WR�ZKHWKHU�RU�QRW�LW�KDV�WKH�SRWHQWLDO�WR�EHKDYH�DV�DQ�R[LGDQW�

LQ�ELRORJLFDO�V\VWHPV���7KH�WKHUPRG\QDPLFV�RI�WKH�KDORJHQ�R[RDQLRQV�DQG�R[RDFLGV�WR�SDUWLFLSDWH�

LQ�UHGR[�UHDFWLRQV�DUH�ZHOO�XQGHUVWRRG���8QGHU�VWDQGDUG�FRQGLWLRQV�LQ���0�DFLG��ZKHUH�WKH�VSHFLHV�

LV�UHGXFHG�WR�FKORULGH��WKH�R[LGL]LQJ�VWUHQJWK�DQG�VWDQGDUG�UHGXFWLRQ�SRWHQWLDO��(���LQFUHDVH�DV��

IROORZV���&O
��

��+2&O���+&O2
�

���&O2
�

±���&O2
�

±���7KH�UHGXFWLRQ�SRWHQWLDOV�IRU�WKH�R[RDQLRQV��

LQFUHDVH�ZLWK�LQFUHDVLQJ�DFLGLW\��GHFUHDVLQJ�S+����L�H���WKH\�DUH�VWURQJHU�R[LGL]LQJ�DJHQWV�LQ�DFLGLF��

VROXWLRQ����&RQVLGHU��IRU�H[DPSOH��WKH�UHGXFWLRQ�RI�FKORULQH�9,,��WR�FKORULQH�9��XQGHU�ERWK�DFLGLF��

DQG�DONDOLQH�FRQGLWLRQV���,Q�����0�+��DT��VROXWLRQ��S+� ������

��

&O2
�

±�����+������H±�6�&O2
�

±���+
�

2�����������(�� ������9� �������

��

,Q�����0�2+±�DT��VROXWLRQ��S+� �������

��

&O2
�

±���+
�

2�����H±�6�&O2
�

±�����2+±�������(�� ������9� �������

��

7KH�HIIHFW�RI�S+�FDQ�EH�H[SODLQHG�LQ�WHUPV�RI�/H�&KkWHOLHU¶V�SULQFLSOH���,Q�5HDFWLRQ�������

K\GURJHQ�LRQ�LV�SOHQWLIXO����0��DQG�DFWV�D�UHDFWDQW��WKLV�GULYHV�WKH�UHDFWLRQ�IRUZDUGV���,Q�5HDFWLRQ��

�����KRZHYHU��K\GUR[LGH�LRQ�LV�D�SURGXFW�RI�WKH�UHDFWLRQ�DQG�DOUHDG\�SUHVHQW�DW���0��WKLV�UHGXFHV��

WKH�GULYLQJ�IRUFH�IRU�WKLV�UHDFWLRQ�WR�WDNH�SODFH���7KH�UHDFWLRQ�LV�VWLOO�VSRQWDQHRXV��DV�VKRZQ�E\��

WKH�SRVLWLYH�YDOXH�RI�(���QRQHWKHOHVV��WKH�GULYLQJ�IRUFH�LV�FRQVLGHUDEO\�VPDOOHU�IRU�WKLV�FDVH�����

7KHUPRG\QDPLFDOO\��SHUFKORUDWH�LV�D�VWURQJHU�R[LGDQW�LQ�WKH�FKORULQH�R[RDQLRQ�VHULHV�DW�WKH��

H[WUHPHV�RI�WKH�S+�VFDOH��KRZHYHU��VXFK�H[WUHPHV�DUH�GLIILFXOW�WR�DFKLHYH�LQ�YLYR��7VXL����������

,Q�&KDSWHU����SHUFKORUDWH�DQLRQ�ZDV�GHVFULEHG�DV�D�QRQODELOH�R[LGDQW���$OWKRXJK�WKH�GULYLQJ��

IRUFH�IRU�UHGXFWLRQ�LV�YHU\�KLJK��WKH�DFWLYDWLRQ�HQHUJ\�UHTXLUHG�WR�VWDUW�WKH�SURFHVV�LV�DOVR�YHU\��

KLJK���7KLV�LV�DQDORJRXV�WR�D�FDU�ZLWK�D�YHU\�VWURQJ�SDUNLQJ�EUDNH�SDUNHG�RQ�D�YHU\�VWHHS�KLOO���7KH��



1This is the case with reactions occurring exposed to the open air, for instance, rather than inside a sealed
container.  In a sealed container, where volume is constant and pressure changes, a different thermodynamic
quantity, the Helmholtz free energy )A°rxn , is used instead.  The superscript circle indicates standard state conditions
(i.e., solution concentrations of 1 mol dm%3 and gas pressures of 1 bar).  All of the thermodynamic relationships
herein still apply at other conditions, but reference tables exist only for standard conditions.  To use other
conditions, appropriate correction must be made. All thermodynamic data are for a temperature of 298 K.

2Expansion work is significant only when a reaction has a net change in the number of gas molecules and
can be calculated from the equation of state for a perfect gas:  Wexp = %P)V = )nRT (T, P, and R are constant). For
reactions occurring in the condensed phases, Wexp . 0.

3To obtain the maximal nonexpansion work, it is assumed that the process occurs reversibly, so the loss of
energy as heat is minimized.  Although this is approximately true for an electrochemical cell, most chemical
reactions do not take place under conditions that even approach reversibility.  For example, explosions are so
irreversible, and so much internal energy is lost as heat that the nonexpansion work is much smaller than )G°rxn.
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GULYLQJ�IRUFH��JUDYLW\��IRU�WKH�FDU�WR�UROO�GRZQ�WKH�KLOO�LV�YHU\�ODUJH��EXW�WKH�FDU�GRHV�QRW�UROO�GRZQ�

WKH�KLOO�EHFDXVH�WKH�SDUNLQJ�EUDNH�LV�DOVR�YHU\�VWURQJ���:LWK�WKH�FKORULQH�R[RDQLRQV��NLQHWLF�

ODELOLW\�UXQV�FRXQWHU�WR�WKH�WKHUPRG\QDPLF�VWDELOLW\���7KDW�LV��WKH�PRVW�VWDEOH�VSHFLHV��

K\SRFKORULWH��&O2±���UHDFWV�IDVWHVW��ZKHUHDV�WKH�OHDVW�VWDEOH�VSHFLHV��SHUFKORUDWH��&O2
�

±���UHDFWV�WKH�

VORZHVW���,W�LV�LPSRUWDQW�WR�SRLQW�RXW�WKDW�WKH�DFWLYDWLRQ�HQHUJ\�UHTXLUHG�IRU�WKH�UHGXFWLRQ�RI�

SHUFKORUDWH�WR�WDNH�SODFH�LV�D�IXQFWLRQ�QRW�RQO\�RI�WKH�SHUFKORUDWH��EXW�DOVR�RI�WKH�FKHPLFDO�QDWXUH�

RI�WKH�UHGXFWDQW���:LWK�FRPPRQ�UHGXFLQJ�DJHQWV��H�J���WKLRVXOIDWH��VXOILWH��RU�IHUURXV�LRQV���WKH�

DFWLYDWLRQ�HQHUJ\�LV�WRR�KLJK�IRU�DQ\�UHDFWLRQ�WR�EH�REVHUYHG���,Q�IDFW��WKLV�SURSHUW\��ODFN�RI�

ODELOLW\��LV�H[SORLWHG�URXWLQHO\�LQ�FKHPLFDO�VWXGLHV�ZKHUH�SHUFKORUDWH�VDOWV�DUH�XVHG�WR�FRQWURO�WKH�

LRQLF�PHGLXP�DQG�VWUHQJWK��EXW�GR�QRW�WKHPVHOYHV�UHDFW���

$QRWKHU�ZD\�RI�H[SUHVVLQJ�WKH�WKHUPRG\QDPLF�GULYLQJ�IRUFH�IRU�D�UHDFWLRQ�LV�WKH�*LEEV�IUHH��

HQHUJ\�IXQFWLRQ���$OWKRXJK�WKH�GULYLQJ�IRUFH�IRU�UHGR[�UHDFWLRQV�LV�RIWHQ�FRQYHQLHQWO\�H[SUHVVHG��

LQ�WHUPV�RI�WKH�SRWHQWLDO��WKHUH�DUH�SUDFWLFDO�OLPLWDWLRQV�WR�WKLV�DSSURDFK��VXFK�DV�WKH��

GHFRPSRVLWLRQ�RI�DPPRQLXP�SHUFKORUDWH�LQ�5HDFWLRQ������ZKHUH�DQ�HOHFWULF�SRWHQWLDO�FDQQRW�EH��

PHDVXUHG���7KH�*LEEV�IUHH�HQHUJ\�RI�UHDFWLRQ� *�
U[Q

�LV�D�PHDVXUH�RI�WKH�HQHUJ\�DYDLODEOH�WR�GR��

ZRUN�ZKHQ�D�UHDFWLRQ�LV�SHUIRUPHG�XQGHU�FRQVWDQW�SUHVVXUH�DW�VWDQGDUG�VWDWH�FRQGLWLRQV����:KHQ��

DPPRQLXP�SHUFKORUDWH�H[SORGHV��WKH�JDVHRXV�SURGXFWV�SXVK�DJDLQVW�WKH�VXUURXQGLQJ�DLU�DQG��

WKHUHE\�SHUIRUP�H[SDQVLRQ�ZRUN�RQ�WKH�DWPRVSKHUH���� *�
U[Q

�VSHFLILHV�WKH�PD[LPDO�QRQH[SDQVLRQ��

PHFKDQLFDO�ZRUN��WKDW�FDQ�EH�REWDLQHG�IURP�D�FKHPLFDO�UHDFWLRQ�FDUULHG�RXW�DW�FRQVWDQW��

WHPSHUDWXUH�DQG�SUHVVXUH����,I�WKH�QRQH[SDQVLRQ�ZRUN�LV�WKH�HOHFWULFDO�ZRUN�RI�D�UHGR[�SURFHVV���

WKHQ�DQ�DGGLWLRQDO�UHODWLRQVKLS�DSSOLHV��(TXDWLRQ�������ZKHUH�Q�LV�WKH�QXPEHU�RI�HOHFWURQV��



4Readers who have studied thermodynamics will undoubtedly recall that the true determining factor for the
spontaneity of a chemical process is a net increase in the entropy of the universe (i.e., )S°univ > 0). It can be shown
that )G°rxn = %T)S°univ; therefore, )S°univ > 0 means )G°rxn < 0, and )S°univ > 0 means )G°rxn < 0 (because T > 0). As a
consequence of these relationships, it can be stated definitively that negative free energy available to do positive
nonexpansion work is a measure of the thermodynamic spontaneity of a chemical reaction. This implies that any
chemical reaction capable of performing positive nonexpansion work will occur spontaneously. Conversely,
positive free energy suggests that the reverse reaction is spontaneous.
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WUDQVIHUUHG��)�LV�WKH�)DUDGD\�FRQVWDQW���������&��PRO�H�±���DQG�(��LV�WKH�HOHFWULF�SRWHQWLDO�IRU�WKH�

UHDFWLRQ�XQGHU�VWDQGDUG�VWDWH�FRQGLWLRQV��

�

*�
U[Q

� ��±Z
PD[

� �±Q)(�����������7��3�FRQVWDQW� ������

�

7KH�QHJDWLYH�VLJQ�LV�QHFHVVDU\�EHFDXVH�WKH�ZRUN�GRQH�RQ�WKH�HQYLURQPHQW�UHSUHVHQWV�D�ORVV�RI�

IUHH�HQHUJ\�IURP�WKH�FKHPLFDO�V\VWHP���1RQH[SDQVLRQ�ZRUN�LQFOXGHV��EXW�LV�QRW�OLPLWHG�WR��

FDXVLQJ�DQ�HOHFWULF�FXUUHQW�WR�IORZ�RU�OLIWLQJ�DQ�REMHFW�DJDLQVW�JUDYLW\���:KHQHYHU�D�FKHPLFDO�

UHDFWLRQ�KDV�WKH�DELOLW\�WR�GR�ZRUN�RQ�WKH�VXUURXQGLQJV��LW�ZLOO�WDNH�SODFH�VSRQWDQHRXVO\���� *�
U[Q

�LV�

FDOFXODWHG�DV�IROORZV�XVLQJ�+HVV¶V�ODZ���

��

*�
U[Q

� �G� *�
I

���DOO�SURGXFWV��±�G� *�
I

���DOO�UHDFWDQWV�� �������

��

7KH�*LEEV�IUHH�HQHUJ\�RI�IRUPDWLRQ�� *�
I

��LV�FDOFXODWHG�IRU�WKH�IRUPDWLRQ�RI�D�FRPSRXQG�IURP�LWV��

VWDQGDUG�VWDWH�DV�DQ�HOHPHQW��FRQVHTXHQWO\�� *�
I

�� ���IRU�&O
�

�J��DQG�2
�

�J����)RU�5HDFWLRQ��������

��

*�
U[Q

� �� *�
I

��>1
�
2�J�@���� *�

I

��>+
�
2�J�@�±�� *�

I

��>1+
�
&O2

�
�V�@��

 ������������±�����±���±����N-� ��±������N-� �������

��

7KLV�ODUJH�QHJDWLYH�YDOXH�IRU� *�
U[Q

�VXJJHVWV�WKDW�WKH�GHFRPSRVLWLRQ�RI�DPPRQLXP�SHUFKORUDWH�LV��

VSRQWDQHRXV�DQG�KDV�D�JUHDW�GHDO�RI�HQHUJ\�DYDLODEOH�WR�GR�ZRUN���:KHQ���PROHV������J��RI��

DPPRQLXP�SHUFKORUDWH�GHFRPSRVH��HQRXJK�HQHUJ\�LV�UHOHDVHG�WR�OLIW�D���NJ�PDVV�����NP��KHDW�XS��

DQG�FRPSOHWHO\�ERLO�����NJ�RI�ZDWHU��VWDUWLQJ�IURP�����&����RU�SRZHU�D�����:�OLJKW�EXOE�IRU�����K����

(DFK�PROHFXOH�FRQWDLQV�D�ODUJH�DPRXQW�RI�SRWHQWLDO�FKHPLFDO�HQHUJ\��KRZHYHU��D�KDQGIXO�RI��

DPPRQLXP�SHUFKORUDWH�GRHV�QRW�VXGGHQO\�H[SORGH���7KH�IUHH�HQHUJ\�LV�QRW�UHOHDVHG�EHFDXVH�WKH��

UHDFWLRQ�NLQHWLFV�DUH�WRR�VORZ�DW�URRP�WHPSHUDWXUH²RQO\�DQ�LQILQLWHVLPDO�IUDFWLRQ�RI�WKH��



5Note that )G°rxn = 0 because the reactants and products are chemically identical.  This suggests a process at
equilibrium where the forward and reverse rates are equal.
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PROHFXOHV�SRVVHVVHV�HQRXJK�HQHUJ\�WR�UHDFK�WKH�DFWLYDWLRQ�HQHUJ\�RI�WKH�WUDQVLWLRQ�VWDWH���7KH�

DFWLYDWLRQ�HQHUJ\�IRU�WKH�UHDFWLRQ�EHWZHHQ�DQ�DPPRQLXP�FDWLRQ�DQG�D�SHUFKORUDWH�DQLRQ�LV�WRR�

JUHDW�IRU�DQ\�UHDFWLRQ�WR�EH�REVHUYHG����

7KH�LPSRUWDQW�GLVWLQFWLRQ�EHWZHHQ�WKHUPRG\QDPLF�VSRQWDQHLW\�DQG�NLQHWLF�ODELOLW\�PXVW�EH�

HPSKDVL]HG���$�UHDFWLRQ�ZLWK� *�
U[Q

������DQG�(��!!���LV�WKHUPRG\QDPLFDOO\�IDYRUHG��EXW�PD\�EH�

VR�VORZ�DV�WR�WDNH�YLUWXDOO\�DQ�LQILQLWH�DPRXQW�RI�WLPH�WR�RFFXU��DV�LV�WKH�FDVH�ZLWK�PRVW�

SHUFKORUDWH�UHGXFWLRQV����2Q�WKH�RWKHU�KDQG��D�UHDFWLRQ�WKDW�RFFXUV�YHU\�TXLFNO\�PD\�KDYH�D�YHU\�

VPDOO�GULYLQJ�IRUFH���5HDFWLRQ�UDWHV�DUH�IDVW�ZKHQ�WKH�FRPELQHG�LQWHUQDO�HQHUJLHV�RI�WKH�UHDFWDQWV�

DUH�FORVH�WR�WKH�DFWLYDWLRQ�HQHUJ\�UHTXLUHG�WR�IRUP�WKH�WUDQVLWLRQ�VWDWH���,Q�D�VLPLODU�FDVH��WKH�

NLQHWLF�EDUULHU��DFWLYDWLRQ�HQHUJ\��LV�UHVSRQVLEOH�IRU�WKH�IDFW�WKDW�DQ�RSHQ�JDV�MHW�GRHV�QRW�EXUVW��

LQWR�IODPH�XQWLO�WKH�KHDW�RI�D�PDWFK�LV�DSSOLHG�����

,W�LV�ZHOO�HVWDEOLVKHG�WKDW��LQ�DTXHRXV�VROXWLRQ��FKORULQH�,���FKORULQH�,,,���DQG�FKORULQH�9���

VSHFLHV�XQGHUJR�WKHLU�PRVW�IDFLOH�UHGXFWLRQV�YLD�QXFOHRSKLOLF�DWWDFN�DW�WKH�FKORULQH�DWRP�UDWKHU��

WKDQ�DW�WKH�R[\JHQ�DWRP���:KHQ�R[RDQLRQV�DUH�GLVVROYHG�LQ�ZDWHU��WKH�UDWH�RI�QHW�R[\JHQ�DWRP��

H[FKDQJH��(TXDWLRQ������FDQ�EH�XVHG�WR�XQGHUVWDQG�KRZ�UHDFWLRQV�SURFHHG���

��

2&O2
Q

±���+
�

��¢��&O2
Q

±���+
�

2��������D�ODEHOOHG�R[\JHQ�DWRP����#�Q�#��� �������

��

5HDFWLRQ�����SURFHHGV�WKURXJK�DQ�DVVRFLDWLYH�PHFKDQLVP�ZKHUH�WKH�LQFRPLQJ�ZDWHU�PROHFXOH��

DWWDFNV�WKH�FHQWUDO�FKORULQH�DWRP���&RQVLGHU�WKH�VLPSOHVW�H[DPSOH��K\SRFKORURXV�DFLG��ZKHUH�WKH��

IROORZLQJ�PHFKDQLVP�LV�WKH�DFFHSWHG�H[SODQDWLRQ���

��

+2&O���+
�

��¢�>+2æ&Oæ�+@Á�¢�+
�

2���&O�+ �������

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

�������������������������������������������������������������������+��

��

7KH�VSHFLHV�>+2&O�+�+@Á�UHSUHVHQWV�WKH�DFWLYDWHG�FRPSOH[��DQG�LW�LV�WKH�WUDQVLWLRQ�VWDWH�RI��

5HDFWLRQ�������7KLV�VSHFLHV�PD\�JR�EDFN�WR�UHDFWDQWV�RU�RQ�WR�SURGXFWV����$V�WKH�QXPEHU�RI��

R[\JHQ�DWRPV�LQFUHDVHV��WKH�ZDWHU�KDV�JUHDWHU�GLIILFXOW\�HQWHULQJ���7KH�R[LGDWLRQ�VWDWH�RI�WKH��
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FKORULQH�LQFUHDVHV����ZLWK�HDFK�DGGLWLRQDO�R[\JHQ�DWRP��DFFRUGLQJO\��WKH�FKORULQH�EHFRPHV�PRUH�

DQG�PRUH�HOHFWURQ�SRRU�DQG�WULHV�WR�KROG�WKH�R[\JHQ�DWRPV�FORVHU�WR�VKDUH�WKHLU�HOHFWURQV���7KLV�

IDFWRU�ZLOO�EH�H[SDQGHG�RQ�IXUWKHU�ZKHQ�SHUFKORUDWH�LV�H[DPLQHG�VSHFLILFDOO\��

:LWK�SHUFKORUDWH��ZKLFK�FRQWDLQV�FKORULQH�9,,���WKH�FHQWUDO�FKORULQH�DWRP�LV�EORFNHG�

VWHULFDOO\�IURP�WKH�DWWDFN�RI�DQ�LQFRPLQJ�UHGXFLQJ�DJHQW�E\�WKH�WHWUDKHGUDOO\�RULHQWHG�R[\JHQ�

DWRPV���&RQVHTXHQWO\��SHUFKORUDWH�UHGXFWLRQ�LV�FRQVWUDLQHG�WR�RFFXU�E\�R[\JHQ�DWRP�DEVWUDFWLRQ�

DV�WKH�ILUVW�VWHS���$V�WKH�R[LGDWLRQ�VWDWH�RI�WKH�FHQWUDO�FKORULQH�DWRP�LQFUHDVHV��WKH�VWUHQJWK�RI�WKH�

FKORULQH�R[\JHQ�ERQGV�DOVR�LQFUHDVHV���7KH�HOHFWURQ�GHILFLHQW�FKORULQH�9,,��WULHV�WR�GUDZ�HOHFWURQ�

GHQVLW\�EDFN�IURP�WKH�R[\JHQ�OLJDQGV��ZKLFK�UHVXOWV�LQ�LQFUHDVHG�2�S �6&O�G ��EDFN�GRQDWLRQ�

GHVSLWH�WKH�KLJK�HOHFWURQHJDWLYLW\�RI�WKH�R[\JHQ�DWRPV���,QFUHDVHG�2�&O�ERQG�VWUHQJWK�WKXV�IXUWKHU��

FRPSOLFDWHV�R[RDQLRQ�UHGXFWLRQ�E\�PDNLQJ�R[\JHQ�DWRP�DEVWUDFWLRQ�PRUH�GLIILFXOW�����

3HUFKORULF�DFLG�QRUPDOO\�H[KLELWV�LWV�R[LGL]LQJ�EHKDYLRU�ZKHQ�KRW�DQG�FRQFHQWUDWHG���8QGHU��

WKHVH�FRQGLWLRQV��K\GURJHQ�LRQV�FDQ�DFW�DV�R[LGH�LRQ��EXW�QRW�R[\JHQ�DWRP��DFFHSWRUV�WR�SURGXFH��

ZDWHU��EXW�WKHUPDO�VWLPXODWLRQ�LV�VWLOO�UHTXLUHG���:KHQ�FROG�DQG�GLOXWH��+&O2
�

�DFWV�RQO\�DV�D��

VWURQJ�%U¡QVWHG�/RZU\�DFLG�ZLWK�QR�PRUH�R[LGL]LQJ�FKDUDFWHU�WKDQ�RWKHU�PLQHUDO�DFLGV��VXFK�DV��

VXOIXULF�RU�K\GURFKORULF�DFLGV���,Q�WKH�DEVHQFH�RI�IUHH�+���DV�LQ�YLYR��D�UHGXFHU�RU�D�FDWDO\VW�ZLWK�D��

ORW�RI�IUHH�SRWHQWLDO�HQHUJ\�ZRXOG�EH�UHTXLVLWH�WR�LQFUHDVH�WKH�UDWH��7VXL����������

$OO�REVHUYDEOH�SHUFKORUDWH�UHGXFWLRQV�UHSRUWHG�LQ�WKH�OLWHUDWXUH�DUH�LQLWLDWHG�YLD�R[\JHQ��

DWRP�DEVWUDFWLRQ�E\�DLU�VHQVLWLYH�WUDQVLWLRQ�PHWDO�VSHFLHV��8UEDQVN\����������7KH�PHWDO�FDWLRQV��

WKDW�GR�UHDFW�ZLWK�SHUFKORUDWH�DUH�DOO�VHQVLWLYH�WR�DWPRVSKHULF�R[\JHQ�EHFDXVH�WKH\�DUH�VXFK��

VWURQJ��WKHUPRG\QDPLFDOO\��DQG�ODELOH��NLQHWLFDOO\�IDFLOH��UHGXFWDQWV���1RQH�RI�WKHVH�PHWDO�LRQV��

ZRXOG�VXUYLYH�XQGHU�KXPDQ�SK\VLRORJLF�FRQGLWLRQV���&HUWDLQO\��DQ\�UHGXFWDQW�FDSDEOH�RI�UHDFWLQJ��

ZLWK�SHUFKORUDWH��H�J���WHWUDK\GULGRERUDWH�>,,,@�RU�WHWUDK\GULGRDOXPLQDWH�>,,,@��ZKLFK�DUH�ERWK��

H[FHOOHQW�VRXUFHV�RI�K\GULGH�LRQ�>8UEDQVN\������@��ZRXOG�EH�VR�YLROHQW�WKDW�GHR[\ULERQXFOHLF��

DFLG��'1$��ZRXOG�EH�DWWDFNHG�E\�LW���7KXV��WKH�DFWLYDWLRQ�HQHUJ\�WR�SHUFKORUDWH�UHGXFWLRQ�LV�VR��

KLJK�WKDW�LW�FDQQRW�EH�H[SHFWHG�WR�DFW�DV�DQ�R[LGDQW�XQGHU�KXPDQ�SK\VLRORJLFDO�FRQGLWLRQV��L�H����

GLOXWH�VROXWLRQ��DYRLGDQFH�RI�HOHYDWHG�WHPSHUDWXUHV��DQG�QHXWUDO�S+����7KLV�LV�VXSSRUWHG�E\��

DEVRUSWLRQ��GLVWULEXWLRQ��PHWDEROLVP��DQG�HOLPLQDWLRQ�VWXGLHV�WKDW�VKRZ�SHUFKORUDWH�LV�H[FUHWHG��

YLUWXDOO\�XQFKDQJHG�DIWHU�DEVRUSWLRQ��VHH�6HFWLRQ��������

(DUOLHU��D�FRPSDULVRQ�ZDV�PDGH�EHWZHHQ�DFWLYDWLRQ�HQHUJ\�DQG�D�SDUNLQJ�EUDNH���6XSSRVH��

JUHDVH�ZHUH�DSSOLHG�WR�WKH�EUDNH�SDG���7KLV�ZHDNHQV�WKH�SDUNLQJ�EUDNH��DQG�WKH�FDU�UROOV�GRZQ�WKH��
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KLOO���7KLV�LV�H[DFWO\�KRZ�D�FDWDO\VW�ZRUNV���$�FDWDO\VW�VSHHGV�XS�D�FKHPLFDO�UHDFWLRQ�E\�UHGXFLQJ�

WKH�DFWLYDWLRQ�HQHUJ\��LQFUHDVLQJ�WKH�QXPEHU�RI�FROOLVLRQV��RU�RULHQWLQJ�FKHPLFDO�UHDFWDQWV�WR�

SURPRWH�UHDFWLRQ���0DQ\�FDWDO\VWV�UHGXFH�WKH�DFWLYDWLRQ�HQHUJ\��DQG�VRPH�KDYH�PXOWLSOH�HIIHFWV���

:KHQ�D�SHUFKORUDWH�LRQ�FROOLGHV�ZLWK�D�UHGXFLQJ�DJHQW��WKH�WZR�HQWLWLHV�FDQ�UHFRLO�XQDIIHFWHG��RU�

WKH\�FDQ�LQWHUDFW���,I�WKH\�LQWHUDFW��WKH�HQWLW\�WKH\�IRUP�LV�FDOOHG�DQ�DFWLYDWHG�FRPSOH[��DQG�LW�LV�WKH�

WUDQVLWLRQ�VWDWH�ZKHUH�WKH\�FDQ�VWLOO�VHSDUDWH�DQG�JR�EDFN�WR�WKH�RULJLQDO�UHDFWDQWV���,I�WKH\�KDYH�

VXIILFLHQW�LQWHUQDO�HQHUJ\��WKH�DFWLYDWLRQ�HQHUJ\���WKH\�FDQ�UHDFW���)RU�SHUFKORUDWH��WKLV�PHDQV�DQ�

R[\JHQ�DWRP�LV�EHLQJ�WUDQVIHUUHG�WR�WKH�UHGXFWDQW���,I�D�FDWDO\VW�LV�LQYROYHG��LW�FDQ�DFW�DV�DQ�

LQWHUPHGLDU\��WDNLQJ�R[\JHQ�DWRPV�IURP�WKH�SHUFKORUDWH�DQG�JLYLQJ�WKHP�WR�WKH�UHGXFWDQW���6RPH�

EDFWHULD�KDYH�FDWDO\VWV�WKDW�GR�MXVW�WKDW���7KHVH�ELRORJLFDO�FDWDO\VWV��HQ]\PHV��FDOOHG�UHGXFWDVHV��

DOORZ�WKH�PLFUREHV�WR�XVH�SHUFKORUDWH�DV�DQ�R[LGDQW��HOHFWURQ�DFFHSWRU��LQ�DQDHURELF�PHWDEROLF��

SDWKZD\V���$OWKRXJK�PDQ\�RI�WKHP�SUHIHU�R[\JHQ�WR�SHUFKORUDWH��WKH\�ZLOO�FRQVXPH�WKH��

SHUFKORUDWH�XQGHU�ORZ�R[\JHQ�FRQGLWLRQV���9HU\�OLWWOH�LV�NQRZQ�DERXW�WKH�FKHPLFDO�PDNH�XS�RI��

WKHVH�UHGXFWDVHV���1RQHWKHOHVV��SHUFKORUDWH�UHGXFLQJ�PRQHUD�XVH�WKHVH�HQ]\PHV�XQGHU�FRQGLWLRQV��

ZKHUH�FRQYHQWLRQDO�LQRUJDQLF�FKHPLVWU\�VXJJHVWV�WKDW�UHDFWLRQ�VKRXOG�EH�LPSHUFHSWLEO\�VORZ��

�8UEDQVN\��������/RJDQ����������

��

��
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�

�

7KLV�FKDSWHU�EULHIO\�VXPPDUL]HV�WKH�SHUFKORUDWH�GDWDEDVH�H[LVWLQJ�SULRU�WR�WKH�LQLWLDWLRQ�RI�

WKH�WHVWLQJ�VWUDWHJ\�GHVFULEHG�LQ�&KDSWHU�����0DQ\�RI�WKHVH�KDYH�EHHQ�H[FHUSWHG�IURP�WKH�

7R[LFRORJ\�([FHOOHQFH�IRU�5LVN�$VVHVVPHQW��7(5$�������GDWDEDVH�DQG�$OOUHG��������UHYLHZV���

7KH�PDMRULW\�RI�VWXGLHV�HYDOXDWHG�RQO\�WK\URLG�SDUDPHWHUV��ZLWK�WKH�H[FHSWLRQ�RI�VRPH�

KHPDWRORJLFDO�HIIHFWV�WKDW�ZHUH�REVHUYHG�LQ�*UDYHV¶�GLVHDVH�SDWLHQWV���0RVW�RI�WKH�VWXGLHV�ZHUH�

SHUIRUPHG�ZLWK�SRWDVVLXP�SHUFKORUDWH��ZKLFK��DV�GLVFXVVHG�LQ�&KDSWHU����LV�QRW�DV�UHDGLO\�VROXEOH�

DV�VRPH�RI�WKH�RWKHU�VDOWV���+RZHYHU��SRWDVVLXP�SHUFKORUDWH�LV�VXIILFLHQWO\�VROXEOH�IRU�FOLQLFDO��

XVH��DQG�WKH�HIIHFWV�REVHUYHG�FDQ�EH�DWWULEXWHG�WR�WKRVH�RI�WKH�DQLRQ���

7KH�UHVXOWV�RI�WKH�VWXGLHV�DUH�OLVWHG�DV�³VXJJHVWLYH´�RI�HIIHFW�OHYHOV�EHFDXVH�HDFK�VXIIHUHG��

IURP�H[SHULPHQWDO�GHVLJQ�OLPLWDWLRQV�WKDW�SUHFOXGHG�WKHLU�XVH�LQ�TXDQWLWDWLYH�GRVH�UHVSRQVH��

DVVHVVPHQW��DV�GHWHUPLQHG�E\�DQ�H[WHUQDO�SHHU�UHYLHZ�LQ�0DUFK�������7R[LFRORJ\�([FHOOHQFH�IRU��

5LVN�$VVHVVPHQW����������1HYHUWKHOHVV��WKH�VWXGLHV�DUH�XVHIXO�WR�KD]DUG�LGHQWLILFDWLRQ��SURYLGH��

VRPH�KXPDQ�GDWD��DQG�ZHUH�WKH�EDVLV�RI�WKH�WHVWLQJ�VWUDWHJ\�GLVFXVVHG�LQ�&KDSWHU�����

��

��

��� +80$1�'$7$��

����� (SLGHPLRORJLFDO�'DWD��

5RFNHWWH�DQG�$UHQD��������UHYLHZHG�GHDWK�FHUWLILFDWHV�IRU�ZRUNHUV�NQRZQ�WR�KDYH�EHHQ��

H[SRVHG�WR�SHUFKORULF�DFLG��PDJQHVLXP�SHUFKORUDWH��DQG�RWKHU�FKHPLFDOV�LQ�D�8�6��FKHPLFDO�SODQW����

%HFDXVH�WKH�ZRUNHUV�KDG�UHFHLYHG�PXOWLSOH�FKHPLFDO�H[SRVXUHV��WKH�DXWKRUV�FRXOG�QRW�DVVRFLDWH��

DQ�HOHYDWHG�GHDWK�UDWH�IRU�D�SDUWLFXODU�WLPH�SHULRG�RU�ZRUN�DUHD�DQG�D�VSHFLILF�FKHPLFDO���

��

����� 6WXGLHV�LQ�3DWLHQWV�ZLWK�*UDYHV¶�'LVHDVH��

3RWDVVLXP�SHUFKORUDWH�KDV�EHHQ�XVHG�WR�WUHDW�*UDYHV¶�GLVHDVH�LQ�KXPDQV��DQG�PRVW�RI�WKH��

SULRU�GDWD�RQ�SHUFKORUDWH�HIIHFWV�RQ�KXPDQV�DUH�LQ�SDWLHQWV�ZLWK�WKLV�GLVHDVH���*UDYHV¶�GLVHDVH�LV��

DQ�DXWRLPPXQH�GLVRUGHU�LQ�ZKLFK�SDWLHQWV�FDUU\�LPPXQRJOREXOLQV�LQ�WKHLU�EORRG�WKDW�ELQG�WR�WKH��

WK\URLG�VWLPXODWLQJ�KRUPRQH��76+��UHFHSWRUV�RQ�WK\URLG�FHOOV�DQG�DFW�OLNH�76+�WR�VWLPXODWH�'1$��



6Unless otherwise indicated, for human studies in which the actual body weight of the subjects was not
reported, the dose in milligrams per kilogram per day was calculated assuming a body weight of 70 kg.  Thus, a
dose of 100 mg/day ÷ 70 kg is 1.4 mg/kg-day.
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V\QWKHVLV�DQG�FHOO�GLYLVLRQV�OHDGLQJ�WR�D�K\SHUWK\URLG�VWDWH���6\PSWRPV�RI�WKH�GLVHDVH�LQFOXGH�

LQFUHDVHG�V\QWKHVLV�DQG�VHFUHWLRQ�RI�LRGLGH�FRQWDLQLQJ�KRUPRQHV�LQWR�WKH�EORRG�E\�WKH�WK\URLG�

JODQG��WK\URLG�JODQG�HQODUJHPHQW��LQFUHDVHG�EDVDO�PHWDEROLVP��DQG�ORVV�RI�ZHLJKW���3HUFKORUDWH�

LQKLELWV�WKH�H[FHVVLYH�V\QWKHVLV�DQG�VHFUHWLRQ�RI�WK\URLG�KRUPRQHV��7+��E\�LQKLELWLQJ�WKH�XSWDNH�

RI�LRGLGH�LQWR�WKH�WK\URLG�DQG�FDXVHV�DQ�HIIOX[��GLVFKDUJH��RI�DFFXPXODWHG�LRGLGH�LQ�WKH�JODQG��

6WDQEXU\�DQG�:\QJDDUGHQ��������HYDOXDWHG�WKHUDSHXWLF�SHUFKORUDWH�XVH�LQ�SDWLHQWV��Q� ����

DOWKRXJK�UHSRUWLQJ�RI�H[DFW�QXPEHUV�IRU�YDULRXV�DVSHFWV�>H�J���GLIIHUHQW�GRVH�OHYHOV@�RI�WKH�VWXG\�

LV�VNHWFK\��ZLWK�*UDYHV¶�GLVHDVH�DQG�IRXQG�WKDW�SHUFKORUDWH�FDXVHG�WKH�GLVFKDUJH�RI�LRGLGH�

DFFXPXODWHG�LQ�WKH�WK\URLG�DQG�EORFNHG�WKH�XSWDNH�RI�LRGLGH�LQWR�WKH�WK\URLG���:LWKLQ����PLQ�RI�

DGPLQLVWUDWLRQ��D�VLQJOH�GRVH�RI�����PJ�SRWDVVLXP�SHUFKORUDWH�FDXVHG�WKH�QHDUO\�FRPSOHWH�UHOHDVH��

�.�����RI����,�IURP�WKH�WK\URLGV�RI�*UDYHV¶�GLVHDVH�SDWLHQWV�SUHYLRXVO\�WUHDWHG�ZLWK�WUDFHU��

DPRXQWV�RI����,�DQG���PHWK\O���PHUFDSWRLPLGD]ROH��00,$����7KH�00,$�SUHYHQWV�WKH�R[LGDWLRQ��

RI�LRGLGH�LRQ�WR�LRGLQH�DQG�LWV�DWWDFKPHQW�WR�W\URV\O�JURXSV��VHH�&KDSWHU�����VR�WKDW�WKH�00,$��

ZDV�JLYHQ�WR�FDXVH�DFFXPXODWLRQ�RI����,�LQ�WKH�WK\URLG���$�VLQJOH�GRVH�RI����PJ�SHUFKORUDWH��

DSSHDUHG�WR�FDXVH�DERXW�D�����UHOHDVH�RI�DFFXPXODWHG�LRGLQH���7KH�DXWKRUV�UHSRUWHG�WKDW��

SHUFKORUDWH�GRVHV�DV�ORZ�DV���PJ�FDXVHG�GHWHFWDEOH��EXW�LQFRPSOHWH��UHOHDVH�RI�LRGLGH�IURP�WKH��

WK\URLG��DOWKRXJK�TXDQWLWDWLYH�GDWD�IRU�GRVHV�OHVV�WKDQ����PJ�ZHUH�QRW�SUHVHQWHG����,Q�DGGLWLRQ���

6WDQEXU\�DQG�:\QJDDUGHQ��������UHSRUWHG�WKDW�WKH�XSWDNH�RI�WUDFHU�OHYHOV�RI����,�LQWR�WKH�WK\URLG��

JODQGV�RI�WZR�SDWLHQWV�ZLWK�*UDYHV¶�GLVHDVH�ZDV�PDUNHGO\�LQKLELWHG�IRU�DV�ORQJ�DV���K�ZKHQ��

����PJ�RI�SRWDVVLXP�SHUFKORUDWH�ZDV�JLYHQ�RUDOO\���K�SULRU�WR�DGPLQLVWUDWLRQ�RI�WKH�WUDFHU����

%H\RQG���K��DFFXPXODWLRQ��XSWDNH��RI����,�UHFRPPHQFHG���,QKLELWLRQ�RI�LRGLGH�XSWDNH�DOVR��

RFFXUUHG�LQ�WKUHH�SDWLHQWV�ZLWKRXW�00,$�WUHDWPHQW���7KH�DXWKRUV�VWDWHG�WKDW�QR�WR[LF�HIIHFWV�ZHUH��

HQFRXQWHUHG�LQ�DQ\�RI�WKHVH�SDWLHQWV�ZKR�ZHUH�JLYHQ�RQ�PRUH�WKDQ�WKUHH�GRVHV�IRU�D�WRWDO�RI�QRW��

PRUH�WKDQ�����PJ�SRWDVVLXP�SHUFKORUDWH���7KLV�VWXG\�ZDV�XVHG�WR�LGHQWLI\�D�ORZHVW�REVHUYHG���

DGYHUVH�HIIHFW�OHYHO��/2$(/��RI�����PJ�NJ�GD\��IRU�FRPSOHWH�UHOHDVH�RI�LRGLQH�IURP�WKH�WK\URLG��

IRU�WKH�5I'�UHYLHZHG�LQ�0DUFK�������7R[LFRORJ\�([FHOOHQFH�IRU�5LVN�$VVHVVPHQW�����������

%HFDXVH�LW�ZDV�QRW�FOHDU�ZKDW�GHJUHH�RI�LRGLGH�HIIOX[�FRQVWLWXWHV�DQ�DGYHUVH�HIIHFW��D�12$(/��
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ZDV�QRW�GHVLJQDWHG�IRU�WKLV�VWXG\���7KLV�VWXG\�ODWHU�ZDV�GHWHUPLQHG�E\�DQ�H[SHUW�SHHU�UHYLHZ�

SDQHO�WR�EH�LQDGHTXDWH�IRU�5I'�GHULYDWLRQ��7R[LFRORJ\�([FHOOHQFH�IRU�5LVN�$VVHVVPHQW���������

*RGOH\�DQG�6WDQGEXU\��������UHSRUW�XVLQJ�SRWDVVLXP�SHUFKORUDWH�WR�WUHDW����SDWLHQWV�ZLWK�

*UDYHV¶�GLVHDVH���3DWLHQWV�ZHUH�WUHDWHG�ZLWK�����WR�������PJ�GD\��W\SLFDOO\�����PJ�HYHU\���K��

IRU�DW�OHDVW����ZHHNV�ZLWK�D�IHZ�DV�ORQJ�DV����WR����ZHHNV���$�GHFUHDVH�LQ�LRGLGH�XSWDNH�ZDV�

REVHUYHG���)LYH�SDWLHQWV�EHFDPH�HXWK\URLG�DIWHU�FRQWLQXRXV�DGPLQLVWUDWLRQ�IRU����ZHHNV���7ZR�

SDWLHQWV�GHYHORSHG�JDVWURLQWHVWLQDO�SUREOHPV�WKDW�ZHUH�DVVXPHG�WR�UHVXOW�IURP�SHUFKORUDWH�

WUHDWPHQW���,Q�RQH�SDWLHQW��WKHVH�HIIHFWV�RFFXUUHG�DW�����PJ�GD\��EXW�WKH�GRVH�WKDW�WKH�RWKHU�SDWLHQW�

UHFHLYHG�LV�QRW�VSHFLILHG���2WKHU�VLGH�HIIHFWV�RI�DQWLWK\URLG�DJHQWV��VXFK�KHPDWRORJLFDO�FKDQJHV��

OLYHU�GDPDJH��DQG�VNLQ�UDVK��ZHUH�QRW�REVHUYHG���7KLV�VWXG\�VXJJHVWHG�D�/2$(/�RI���PJ�NJ�GD\��

LQ�KXPDQV�IRU�VKRUW�WHUP�H[SRVXUHV���

&URRNV�DQG�:D\QH��������REVHUYHG�RQH�FDVH�RI�VNLQ�UDVK�DQG�WKUHH�FDVHV�RI�QDXVHD�������

DPRQJ����SDWLHQWV�WUHDWHG�ZLWK�����PJ�GD\����PJ�NJ�GD\��DQG�����SDWLHQWV�JLYHQ�������PJ�GD\��

����PJ�NJ�GD\����$OO�SDWLHQWV�KDG�GLIIXVH�JRLWHUV�DQG�H[RSKWKDOPRV��FODVVLF�VLJQV�RI�*UDYHV¶��

GLVHDVH���,Q�DQRWKHU�JURXS�RI����SDWLHQWV�JLYHQ�������PJ�GD\�����PJ�NJ�GD\��DQG����SDWLHQWV��

JLYHQ�������PJ�GD\�����PJ�NJ�GD\���ILYH�FDVHV�RI�VNLQ�UDVK��WZR�FDVHV�RI�QDXVHD��DQG�RQH�FDVH�RI��

DJUDQXORF\WRVLV�RFFXUUHG���������/HXNRF\WH�FRXQWV�UHWXUQHG�WR�QRUPDO�LQ�WKH�SDWLHQW�ZLWK�WKH��

DJUDQXORF\WRVLV�ZKHQ�SHUFKORUDWH�WUHDWPHQW�ZDV�VWRSSHG���7KH�OHQJWK�RI�WUHDWPHQW�ZDV�XQFOHDU��

EXW�JHQHUDOO\�DSSHDUV�WR�KDYH�EHHQ�OHVV�WKDQ���ZHHNV��DOWKRXJK�LW�DSSHDUV�WKDW�RQH�SDWLHQW�ZDV��

IROORZHG�IRU����ZHHNV���7KH�DXWKRUV�UHSRUW�WKH�³WLPH�WR�FXUH´�*UDYHV¶�GLVHDVH�IRU�SHUFKORUDWH�RI��

DSSUR[LPDWHO\���ZHHNV���7KH�DXWKRUV�DOVR�UHSRUW���RI����LQIDQWV�ERUQ�RI�PRWKHUV�JLYHQ�����WR��

������PJ�GD\��ZDV�ERUQ�ZLWK�D�YHU\�VOLJKWO\�HQODUJHG�WK\URLG��ZKLFK�UHWXUQHG�WR�QRUPDO�VL]H�LQ��

��ZHHNV��QR�RWKHU�DEQRUPDOLWLHV�ZHUH�QRWHG���7KLV�VWXG\�VXJJHVWHG�D�/2$(/�EHWZHHQ���DQG��

���PJ�NJ�GD\���

0RUJDQV�DQG�7URWWHU��������UHSRUWHG�WKDW����RI�����SDWLHQWV�WUHDWHG�ZLWK�����WR��

������PJ�GD\����WR����PJ�NJ�GD\��SRWDVVLXP�SHUFKORUDWH�DQG�����RI����SDWLHQWV�WUHDWHG�ZLWK��

������WR�������PJ�GD\�����WR����PJ�NJ�GD\��GLVSOD\HG�D�YDULHW\�RI�DGYHUVH�UHDFWLRQV�WKDW��

LQFOXGHG�VNLQ�UDVK��VRUH�WKURDW��JDVWURLQWHVWLQDO�LUULWDWLRQ��DQG�O\PSKDGHQRSDWK\���5HDFWLRQV��

RFFXUUHG�ZLWKLQ���WR���ZHHNV�RI�GUXJ�DGPLQLVWUDWLRQ���7KLV�VWXG\�VXJJHVWHG�D�/2$(/�EHWZHHQ��

��DQG����PJ�NJ�GD\���
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&RQQHOO��������UHSRUWHG�D�FDVH�VWXG\�RI�D�VLQJOH����\HDU�ROG�IHPDOH�*UDYHV¶�GLVHDVH�SDWLHQW�

ZKR�ZDV�WUHDWHG�ZLWK�����PJ�GD\����PJ�NJ�GD\��SRWDVVLXP�SHUFKORUDWH�IRU����\HDUV�ZLWKRXW�DQ\�

LQGLFDWLRQ�RI�DGYHUVH�VLGH�HIIHFWV���7K\URWR[LFRVLV�UHFXUUHG���ZHHNV�DIWHU�VWRSSLQJ�SRWDVVLXP�

SHUFKORUDWH�DGPLQLVWUDWLRQ��VXJJHVWLQJ�WKDW�WKLV�GRVH�OHYHO�SURYLGHG�VXIILFLHQW�FOLQLFDO�FRQWURO�RI�

WKH�K\SHUWK\URLGLVP���7KH�VWXG\�DOVR�VXJJHVWHG�WKDW�WKH�DGYHUVH�UHDFWLRQV�VHHQ�DW�KLJKHU�GRVHV�

PD\�QRW�RFFXU�DW�ORZHU�GRVHV��HYHQ�DIWHU�ORQJ�WHUP�WUHDWPHQW��

�

����� 6WXGLHV�LQ�+HDOWK\�+XPDQ�6XEMHFWV�

)DU�OHVV�GDWD�DUH�DYDLODEOH�WR�GHPRQVWUDWH�WKH�HIIHFWV�RI�SHUFKORUDWH�LQ�KHDOWK\�LQGLYLGXDOV���

,Q�WKH�DYDLODEOH�VWXGLHV��H[SRVXUH�WR�SHUFKORUDWH�ZDV�VKRUW��IURP�D�IHZ�GD\V�WR���ZHHNV���%XUJL��

HW�DO���������H[DPLQHG�WKH�HIIHFWV�RI�SHUFKORUDWH�RQ�WKH�VHFUHWLRQ�RI�HQGRJHQRXV�LRGLQH�E\�WKH��

QRUPDO�KXPDQ�WK\URLG�JODQG���)LYH�KHDOWK\�YROXQWHHUV����PDOHV����IHPDOHV��DJHV����WR����\HDUV���

UHFHLYHG�WUDFHUV�RI����,�LRGLGH�DQG����,�WK\UR[LQH�IRU����GD\V��IROORZHG�E\�����PJ�GD\�SHUFKORUDWH��

�����PJ�NJ�GD\��EDVHG�RQ�DFWXDO�UHSRUWHG�DYHUDJH�ERG\�ZHLJKW�RI������NJ��SHUFKORUDWH�IRU���GD\V����

8ULQH�DQG�VHUXP�ZHUH�DQDO\]HG�IRU����,�DQG����,�WR�GHWHUPLQH�LI�SHUFKORUDWH�FDQ�FDXVH�WKH��

GLVFKDUJH�RI�HQGRJHQRXV��DV�ZHOO�DV�H[RJHQRXV�LRGLGH��IURP�WKH�WK\URLG���5HVXOWV�VKRZ�WKDW�WKLV��

GRVH�RI�SHUFKORUDWH�DOVR�ZDV�VXIILFLHQW�WR�FRPSOHWHO\�EORFN�LRGLGH�XSWDNH�E\�WKH�WK\URLG����

,Q�DGGLWLRQ��SHUFKORUDWH�FDXVHG�D�����LQFUHDVH�LQ�H[FUHWLRQ�RI�QRQWK\UR[LQH�LRGLGH�RYHU��

EDFNJURXQG���7KH�DXWKRUV�DWWULEXWHG�WKLV�LQFUHDVH�WR�DGGLWLRQDO�VHFUHWLRQ�RI�HQGRJHQRXV�LRGLGH��

IURP�WKH�WK\URLG��7UHDWPHQW�ZLWK�FDUELPD]ROH�SOXV�SHUFKORUDWH�FDXVHG�D�IXUWKHU�LQFUHDVH�LQ�WKH��

VHFUHWLRQ�RI�QRQWK\UR[LQH�LRGLGH��VXJJHVWLQJ�WKDW�SHUFKORUDWH�FDXVHV�RQO\�D�SDUWLDO�UHOHDVH�RI��

HQGRJHQRXV�LRGLGH���7KLV�VWXG\�VXJJHVWV�D�/2$(/�RI�����PJ�NJ�GD\�IRU�WK\URLG�HIIHFWV�LQ�KHDOWK\��

SDWLHQWV���

%UDEDQW�HW�DO���������DGPLQLVWHUHG�SRWDVVLXP�SHUFKORUDWH�WR�ILYH�KHDOWK\�PDOH�YROXQWHHUV��

�DJH����WR����\HDUV��WR�VWXG\�FKDQJHV�LQ�76+�FRQFHQWUDWLRQ�DQG�UHOHDVH�LQ�UHVSRQVH�WR�D�GHFUHDVH��

LQ�LRGLQH�VXSSO\�WR�WKH�WK\URLG���'XULQJ�WKH�ILUVW���ZHHNV�RI�WKH�VWXG\��WKH�YROXQWHHUV�ZHUH�JLYHQ��

����FJ�GD\�LRGLQH���$IWHU�LRGLQH�VXSSOHPHQWDWLRQ�ZDV�GLVFRQWLQXHG��WKH�YROXQWHHUV�ZHUH��

DGPLQLVWHUHG�RUDOO\�����PJ�GD\�RI�SRWDVVLXP�SHUFKORUDWH�IRU���ZHHNV�WR�LQGXFH�D�VWDWH�RI�LRGLQH��

GHSOHWLRQ���$W�WKH�HQG�RI�WKH���ZHHN�SHUFKORUDWH�WUHDWPHQW��OHYHOV�RI�WK\URLG�KRUPRQHV�ZHUH��

PHDVXUHG���$OWKRXJK�SHUFKORUDWH�WUHDWPHQW�KDG�QR�HIIHFW�RQ�WK\URLG�YROXPH�RU�OHYHOV�RI��

WULLRGRWK\URQLQH��7���DQG�WK\UR[LQH��7����LQWUDWK\URLGDO�LRGLGH�FRQFHQWUDWLRQ�DQG�VHUXP�OHYHOV�RI��
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76+�ZHUH�GHFUHDVHG�VLJQLILFDQWO\��DQG�VHUXP�OHYHOV�RI�WK\URJOREXOLQ�ZHUH�QHDUO\�GRXEOHG���7KH�

DXWKRUV�VSHFXODWH�WKDW�WKH�GHFUHDVH�RI�76+��ZKLFK�LV�WKH�RSSRVLWH�RI�WKH�H[SHFWHG�UHVSRQVH��PD\�

EH�DQ�HDUO\�DGDSWLYH�PHFKDQLVP�WR�WKH�LRGLQH�GHILFLHQF\�LQGXFHG�E\�SHUFKORUDWH���7KH\�VXJJHVW�

WKDW��HDUO\�LQ�LRGLGH�GHILFLHQF\��WKH�WK\URLG�EHFRPHV�PRUH�VHQVLWLYH�WR�76+��FUHDWLQJ�D�IHHGEDFN�

PHFKDQLVP�WKDW�GHFUHDVHV�76+�OHYHOV���2QO\�DV�LRGLGH�GHILFLHQF\�EHFRPHV�PRUH�SURORQJHG�GR�

76+�OHYHOV�LQFUHDVH���7KLV�VWXG\�GHILQHG�D�/2$(/�RI����PJ�NJ�GD\�IRU�WK\URLG�HIIHFWV���,Q�D�

IROORZ�XS�VWXG\��%UDEDQW��������UHSHDWHG�WKH�HDUOLHU�VWXGLHV��%UDEDQW�HW�DO���������ZLWK�

SHUFKORUDWH�WUHDWPHQW�ORQJHU�WKDQ���ZHHNV���$V�D�UHVXOW�RI�WKH�ORQJHU�WUHDWPHQW��WK\URLG�YROXPHV�

LQFUHDVHG�LQ�DOO�VXEMHFWV��DOWKRXJK�76+�OHYHOV�GLG�QRW�LQFUHDVH��

��

����� +HPDWRORJLFDO�(IIHFWV��

%HWZHHQ������DQG�������WKH�RFFXUUHQFH�RI�VHYHUH�KHPDWRORJLFDO�VLGH�HIIHFWV�LQ�SDWLHQWV��

UHFHLYLQJ�ORQJ�WHUP�SRWDVVLXP�SHUFKORUDWH�WUHDWPHQW�IRU�*UDYHV¶�GLVHDVH�OHG�WR�D�GHFUHDVHG�XVH�RI��

SRWDVVLXP�SHUFKORUDWH�DV�D�WKHUDSHXWLF�DJHQW���6HYHUDO�DXWKRUV��+REVRQ��������-RKQVRQ�DQG��

0RRUH��������)DZFHWW�DQG�&ODUNH��������.UHYDQV�HW�DO���������*MHPGDO��������UHSRUW�FDVH�VWXGLHV��

LQ�ZKLFK�D�VLQJOH�SDWLHQW�VXIIHUHG�IDWDO�DSODVWLF�DQHPLD�DIWHU�WUHDWPHQW�ZLWK�GRVHV�UDQJLQJ�IURP��

��WR����PJ�NJ�GD\���7KH�GXUDWLRQ�RI�WUHDWPHQW�UDQJHG�IURP���PR��-RKQVRQ�DQG�0RRUH��������WR��

��PR��+REVRQ����������,Q�DOO�FDVHV��SDWLHQWV�ZHUH�VWDUWHG�RXW�DW�WKH�KLJK�HQG�RI�WKH�WUHDWPHQW��

UDQJH�IRU�D�SHULRG�RI�WLPH�DQG�WKHQ�ZHUH�UHGXFHG�WR�WKH�ORZHU�HQG�RI�WKH�WUHDWPHQW�UDQJH�DIWHU�WKH��

DSSHDUDQFH�RI�VLGH�HIIHFWV���,Q�WZR�FDVHV��+REVRQ��������*MHPGDO���������SDWLHQWV�KDG��

FR�H[SRVXUHV�WR�RWKHU�GUXJV���2WKHU�FDVH�UHSRUWV�DUH�DYDLODEOH�WKDW�UHSRUW�QRQIDWDO�DJUDQXORF\WRVLV��

LQ�SDWLHQWV�WUHDWHG�ZLWK���PJ�NJ�GD\�IRU����GD\V��6RXWKZHOO�DQG�5DQGDOO��������RU���PR��6XQDU���

��������%DU]LODL�DQG�6KHLQIHOG��������UHSRUW�WKDW�����RI����SDWLHQWV�GHYHORSHG�OHXNRSHQLD�RU��

RWKHU�XQVSHFLILHG�VLGH�HIIHFWV�DIWHU�WUHDWPHQW�ZLWK�������PJ�GD\�����PJ�NJ�GD\��IRU�D�OLWWOH�DV��

��PR���:LWKLQ�WKLV�JURXS��WKHUH�ZDV�RQH�FDVH�RI�IDWDO�DSODVWLF�DQHPLD�DQG�RQH�FDVH�RI�IDWDO��

DJUDQXORF\WRVLV�����

7KHVH�VWXGLHV�VXJJHVW�WKDW�GRVHV�LQ�WKH�UDQJH�RI���WR����PJ�NJ�GD\�PD\�UHSUHVHQW�D�IUDQN��

HIIHFW�OHYHO�LQ�SDWLHQWV�ZLWK�*UDYHV¶�GLVHDVH��DOWKRXJK�WKHUH�ZHUH�TXHVWLRQV�DV�WR�ZKHWKHU�WKHVH��

HIIHFWV�ZHUH�FDXVHG�E\�WKH�GLVHDVH�LWVHOI��ZKHWKHU�WKHUH�ZDV�VRPH�FRQWDPLQDWLRQ��RU�ZKHWKHU�WKH��

HIIHFWV�RFFXUUHG�RQO\�DW�KLJK�GRVHV���$�UHYLHZ�E\�:HQ]HO�DQG�/HQWH��������FRQFOXGHG�WKDW�WKH��

³VHYHUH�DGYHUVH�UHDFWLRQV��VXFK�DV�DJUDQXORF\WRVLV��ZKHUH�OLNHO\�WR�RFFXU�RQO\�ZKHQ�ODUJH�GRVHV��
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RI�PRUH�WKDQ�������PJ�SRWDVVLXP�SHUFKORUDWH�ZHUH�DGPLQLVWHUHG�´��7KHUH�LV�QR�LQIRUPDWLRQ�WR�

VXJJHVW�WKDW�KXPDQV�ZLWKRXW�*UDYHV¶�GLVHDVH�ZRXOG�KDYH�D�VLPLODU�UHDFWLRQ�WR�SHUFKORUDWH��

$QWLWK\URLG�GUXJV�DSSHDU�WR�H[HUW�WKHLU�HIIHFWV�RQ�WKH�KHPDWRSRLHWLF�V\VWHP�WKURXJK�DQ�

LPPXQH�PHFKDQLVP���:LQJ�DQG�)DQWXV��������UHYLHZHG�WKH�DGYHUVH�HIIHFWV�RI�WZR�DQWLWK\URLG�

GUXJV��SURS\OWKLRXUDFLO�DQG�PHWKLPD]ROH��DQG�FRQFOXGHG�WKDW�PRVW�UHDFWLRQV�ZHUH�UHODWHG�WR�

LPPXQRORJLF�HIIHFWV�RI�WKHVH�GUXJV���7KH\�QRWHG�WKDW�VNLQ�UDVK�DQG�JUDQXORF\WRSHQLD�ZHUH�DPRQJ�

WKH�PRVW�FRPPRQO\�UHSRUWHG�DGYHUVH�HIIHFWV�RI�WKHVH�GUXJV���/HVV�FRPPRQO\�UHSRUWHG�HIIHFWV�

LQFOXGH�DSODVWLF�DQHPLD��OHXNRSHQLD��DQG�DQWLERGLHV�WR�LQVXOLQ�DQG�JOXFDJRQ���,Q�IDFW��:LQJ�DQG�

)DQWXV��������UHFRPPHQG�WKDW�SDWLHQWV�EH�LQVWUXFWHG�WR�UHSRUW�VNLQ�UDVK�LPPHGLDWHO\��DV�WKLV�PD\�

EH�DQ�HDUO\�VLJQ�RI�DGYHUVH�LPPXQH�UHDFWLRQ�FDXVHG�E\�WKH�DQWLWK\URLG�GUXJV���$OWKRXJK�WKHVH��

DXWKRUV�GLG�QRW�LQFOXGH�SHUFKORUDWH�LQ�WKHLU�LQYHVWLJDWLRQ��WKH�VLPLODULW\�RI�WKH�HIIHFWV�VHHQ�DIWHU��

SHUFKORUDWH�WUHDWPHQW��LQFOXGLQJ�UDVK��OHXNRSHQLD��DJUDQXORF\WRVLV��DQG�DSODVWLF�DQHPLD��VXJJHVW��

WKDW�SHUFKORUDWH�DOVR�PD\�DFW�LQ�D�VLPLODU�IDVKLRQ�WR�LQGXFH�DQ�LPPXQH�HIIHFW���

7KHUH�LV�D�WLJKW�IXQFWLRQDO�FRQQHFWLYLW\�EHWZHHQ�WKH�LPPXQH�DQG�HQGRFULQH�V\VWHPV��ZKLFK��

LV�PHGLDWHG��DW�OHDVW�SDUWO\��E\�VKDUHG�UHFHSWRUV�DQG�PHGLDWRUV�DPRQJ�WKH�V\VWHPV��.DPPXOOHU���

��������7KXV��DOWKRXJK�WKH�PHFKDQLVP�RI�SHUFKORUDWH�DFWLRQ�RQ�WKH�KHPDWRSRLHWLF�V\VWHP�LV�QRW��

NQRZQ��LW�LV�OLNHO\�WR�EH�DQ�LPPXQH�UHDFWLRQ���$OWKRXJK�LW�LV�SRVVLEOH�WKDW�SHFKORUDWH�PD\�FDXVH��

WKH�KHPDWRORJLFDO�HIIHFWV�LQ�KHDOWK\�KXPDQV��LW�DSSHDUV�WKDW�*UDYHV¶�GLVHDVH�SDWLHQWV�DUH�OLNHO\�WR��

EH�PRUH�VHQVLWLYH�WR�WKLV�W\SH�RI�LPPXQH�LQGXFHG�DGYHUVH�HIIHFW�KHDOWK\�QRUPDO�KXPDQV���7KH��

XQGHUO\LQJ�DEQRUPDO�LPPXQRORJLF�IXQFWLRQ�LQ�*UDYHV¶�GLVHDVH�PDNH�WKHVH�SDWLHQWV�PRUH��

VHQVLWLYH�WR�LPPXQRORJLF�FKDOOHQJHV���,PPXQRUHDFWLYLW\�WR�DQWLWK\URLG�GUXJV�LV�DQRWKHU��

H[SUHVVLRQ�RI�WKH�FRPSURPLVHG�LPPXQH�V\VWHP�LQ�WKHVH�SDWLHQWV��:DOO�HW�DO���������:LQJ�DQG��

)DQWXV���������WKXV��WKH\�DUH�H[SHFWHG�WR�KDYH�GUXJ�DOOHUJLHV�ZLWK�LQFUHDVHG�IUHTXHQF\��:DOO��

HW�DO�����������

��

��

��� /$%25$725<�$1,0$/�%,2$66$<6��

����� 6KRUW�7HUP�DQG�6XEFKURQLF�6WXGLHV��

0DQQLVWR�HW�DO���������PHDVXUHG�VHUXP�OHYHOV�RI�76+��7���DQG�7��E\�UDGLRLPPXQDVVD\V�LQ��

JURXSV�RI���WR���PDOH�6SUDJXH�'DZOH\��6'��UDWV�ZHLJKLQJ�����WR�����J�WKDW�ZHUH�H[SRVHG�WR��
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SRWDVVLXP�SHUFKORUDWH�LQ�WKHLU�GULQNLQJ�ZDWHU�DW�FRQFHQWUDWLRQV�RI�����������������RU�����PJ�/�IRU�

��GD\V���3RWDVVLXP�SHUFKORUDWH�GRVHV�RI��������������������RU������PJ�NJ�GD\��UHVSHFWLYHO\��ZHUH�

FDOFXODWHG�DVVXPLQJ�D�ERG\�ZHLJKW�RI�����NJ�DQG�D�ZDWHU�FRQVXPSWLRQ�UDWH�RI��������/�GD\��8�6��

(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\����������3HUFKORUDWH�SURGXFHG�VWDWLVWLFDOO\�VLJQLILFDQW�LQFUHDVHV�

LQ�VHUXP�76+�OHYHOV�DQG�GHFUHDVHV�LQ�VHUXP�7��DQG�7��OHYHOV���6LJQLILFDQW�FKDQJHV�LQ�DOO�WKUHH�

SDUDPHWHUV�ZHUH�PHDVXUHG�LQ�WKH������DQG�����PJ�/��������DQG������PJ�NJ�GD\��UHVSHFWLYHO\��

GRVH�JURXSV���,Q�WKH����PJ�/������PJ�NJ�GD\��GRVH�JURXS��OHYHOV�RI�7��DQG�7��ZHUH�GHFUHDVHG�

VLJQLILFDQWO\��76+�OHYHOV�ZHUH�LQFUHDVHG�VOLJKWO\��EXW�WKH�LQFUHDVH�ZDV�QRW�VLJQLILFDQW���$W�WKH�ORZ�

GRVH��7���7���DQG�76+�OHYHOV�ZHUH�XQFKDQJHG�IURP�FRQWUROV���7KLV�VWXG\�VXJJHVWHG�D�12$(/�RI�

����PJ�NJ�GD\�DQG�D�/2$(/�RI�����PJ�NJ�GD\�IRU�VKRUW�WHUP�H[SRVXUHV�WR�SRWDVVLXP��

SHUFKORUDWH���

&DOGZHOO�HW�DO���������DGPLQLVWHUHG�DPPRQLXP�SHUFKORUDWH�LQ�GULQNLQJ�ZDWHU�DW��

FRQFHQWUDWLRQV�RI����������������������������������RU�����PJ�/�WR�6SUDJXH�'DZOH\�UDWV��

���VH[�JURXS��IRU����GD\V���7KH�DXWKRUV�FDOFXODWHG�WKH�FRUUHVSRQGLQJ�GRVHV�WR�EH�����������������

�������������������������RU�������PJ�NJ�GD\�IRU�PDOHV�DQG������������������������������������������

RU�������PJ�NJ�GD\�IRU�IHPDOHV���7K\URLGV�ZHUH�ZHLJKHG��DQG�WK\URLG�KRUPRQH�OHYHOV�ZHUH��

PHDVXUHG�ZLWK�D�UDGLRLPPXQH�DVVD\�WHFKQLTXH���5HODWLYH�WK\URLG�ZHLJKWV�ZHUH�VWDWLVWLFDOO\��

VLJQLILFDQWO\�LQFUHDVHG�LQ�WKH�WZR�KLJKHVW�GRVH�JURXSV�FRPSDUHG�ZLWK�FRQWUROV���7K\URJOREXOLQ��

OHYHOV�DQG�76+�LQFUHDVHG�LQ�ERWK�PDOH�DQG�IHPDOH�UDWV�LQ�D�GRVH�GHSHQGHQW�PDQQHU���7KH�76+��

LQFUHDVH�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW�DW�WKH������PJ�NJ�GD\�GRVH�IRU�IHPDOHV�DQG�DW�WKH��

�����PJ�NJ�GD\�GRVH�IRU�PDOHV���%RWK�7��DQG�7��VKRZHG�VWDWLVWLFDOO\�VLJQLILFDQW�GHFUHDVHV���

KRZHYHU��WKH�7��HIIHFW�GLG�QRW�VKRZ�D�GRVH�UHODWLRQVKLS���)RU�7���WKH�GHFUHDVH�ZDV�VWDWLVWLFDOO\��

VLJQLILFDQW�DW�WKH�ORZHVW�GRVH�������PJ�NJ�GD\��LQ�IHPDOHV�DQG�DW�WKH������PJ�NJ�GD\�GRVH�OHYHO��

LQ�PDOHV���7KLV�VWXG\�VXJJHVWHG�WKDW�IHPDOH�UDWV�DUH�PRUH�VHQVLWLYH�WKDQ�PDOH�UDWV�WR�WKH�HIIHFWV�RI��

SHUFKORUDWH���7KLV�VWXG\�VXJJHVWV�D�/2$(/�LQ�IHPDOHV�RI������PJ�NJ�GD\��DQG�WKH�VDPH�GRVH�LQ��

PDOHV�LV�D�12$(/���5HDQDO\VHV�RI�WKHVH�GDWD�DQG�HIIHFW�OHYHOV�DUH�GHVFULEHG�LQ�6HFWLRQ���������

6KLJDQ��������DGPLQLVWHUHG�����PJ�NJ�GD\�LQ�ZDWHU�WR�UDEELWV�DQG�ZKLWH�UDWV��QXPEHU��VH[���

DQG�VWUDLQ�QRW�LGHQWLILHG��IRU���PR���7KH�DXWKRU�GRHV�QRW�LQGLFDWH�ZKHWKHU�WKH�FRPSRXQG�ZDV��

DGPLQLVWHUHG�LQ�GULQNLQJ�ZDWHU�RU�E\�JDYDJH�ZLWK�ZDWHU���7KH�DQLPDOV�ZHUH�H[DPLQHG�IRU�FDUGLDF��

IXQFWLRQ��OLYHU�IXQFWLRQ��EDVHG�RQ�FKDQJHV�LQ�VHUXP�SURWHLQV��LPPXQH�IXQFWLRQ��EDVHG�RQ��

OHXNRF\WH�SKDJRF\WRVLV��DQG�DGUHQDO�IXQFWLRQ���3HUFKORUDWH�DW�WKH�GRVH�WHVWHG�FDXVHG�D�FKDQJH�LQ��
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WKH�HOHFWURFDUGLRJUDP�DQG�D�GHFUHDVH�LQ�VHUXP�SURWHLQV��LQGLFDWLQJ�D�GLVUXSWLRQ�RI�WKH�JO\FRJHQ��

IRUPLQJ�IXQFWLRQ�RI�WKH�OLYHU���7KH�DXWKRU�GRHV�QRW�LQGLFDWH�WKDW�WKHVH�FKDQJHV�ZHUH�REVHUYHG�LQ�

ERWK�UDEELWV�DQG�UDWV���3HUFKORUDWH�KDG�QR�HIIHFW�LQ�WKH�UHPDLQLQJ�WHVWV���7KLV�VWXG\�VXJJHVWV�D�

/2$(/�RI�����PJ�NJ�GD\��DOWKRXJK�WKH�VWXG\�WUDQVODWLRQ�LV�UHSRUWHG�LQFRPSOHWHO\��ZKLFK�OLPLWV�

LWV�XVHIXOQHVV�IRU�ULVN�DVVHVVPHQW��

,Q�D�VHFRQG�VHW�RI�H[SHULPHQWV��6KLJDQ��������DOVR�WUHDWHG�UDEELWV�DQG�ZKLWH�UDWV��QXPEHU��

VH[��DQG�VWUDLQ�QRW�LGHQWLILHG��ZLWK���������������DQG����PJ�NJ�GD\�RI�SRWDVVLXP�SHUFKORUDWH�IRU�

��PR���7KH�PHGLXP�IRU�GRVLQJ�ZDV�QRW�UHSRUWHG���7KH�DQLPDOV�ZHUH�H[DPLQHG�IRU�FDUGLDF�DQG�

OLYHU�IXQFWLRQ��IRU�FRQGLWLRQHG�UHIOH[HV��DQG��LQ�DGGLWLRQ��IRU�XSWDNH�DQG�GLVFKDUJH�RI�LRGLGH�E\�

WKH�WK\URLG���,Q�WKH�WZR�KLJKHVW�GRVH�JURXSV��WKHUH�ZDV�D�VWDWLVWLFDOO\�VLJQLILFDQW�LQFUHDVH�LQ�WKH��

DPRXQW�RI�LRGLGH�H[FUHWHG�IURP�WKH�WK\URLG��WKLV�LQFUHDVH�ZDV�QRW�REVHUYHG�LQ�WKH������PJ�NJ���

GD\�GRVH�JURXS���7KH�VWXG\�GRHV�QRW�LQGLFDWH�LI�WKH�HIIHFW�ZDV�VHHQ�LQ�RQH�RU�ERWK�VSHFLHV�WHVWHG����

7KLV�VWXG\�VXJJHVWV�D�12$(/�RI������PJ�NJ�GD\�DQG�D�/2$(/�RI���PJ�NJ�GD\�IRU�WK\URLG��

HIIHFWV���

+LDVD�HW�DO���������PHDVXUHG�VHUXP�OHYHOV�RI�7���7���DQG�76+�E\�UDGLRLPPXQDVVD\�LQ��

JURXSV�RI����PDOH�:LVWDU�UDWV�DGPLQLVWHUHG���RU�������SSP�SRWDVVLXP�SHUFKORUDWH�LQ�WKH�GLHW�IRU��

���ZHHNV���$VVXPLQJ�D�ERG\�ZHLJKW�RI������NJ��WKH�DYHUDJH�ILQDO�ERG\�ZHLJKW�RI�UDWV�WUHDWHG�ZLWK��

SHUFKORUDWH��DQG�D�IRRG�FRQVXPSWLRQ�UDWH�RI������J�GD\��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\���

�������DQ�HVWLPDWHG�GRVH�RI������PJ�NJ�GD\�FDQ�EH�FDOFXODWHG���$EVROXWH�DQG�UHODWLYH�WK\URLG��

ZHLJKWV�ZHUH�VLJQLILFDQWO\�LQFUHDVHG�FRPSDUHG�ZLWK�FRQWUROV�LQ�SHUFKORUDWH�WUHDWHG�UDWV����

1R�HIIHFWV�ZHUH�VHHQ�RQ�OLYHU�ZHLJKWV���7KH�7��OHYHOV�GHFUHDVHG�VOLJKWO\��EXW�WKH�GHFUHDVH�ZDV��

QRW�VWDWLVWLFDOO\�VLJQLILFDQW���7KH�7��OHYHOV�ZHUH�XQFKDQJHG�FRPSDUHG�ZLWK�FRQWUROV���7KH�76+��

OHYHOV�ZHUH�LQFUHDVHG�VWDWLVWLFDOO\�VLJQLILFDQWO\�FRPSDUHG�ZLWK�FRQWUROV���+LVWRORJLFDO��

H[DPLQDWLRQ�RI�WKH�WK\URLG�UHYHDOHG�GLIIXVHG�VPDOO�IROOLFOHV�LQ�SHUFKORUDWH�WUHDWHG�UDWV�DQG�RQH��

FDVH�RI�IROOLFXODU�K\SHUSODVLD���7KXV��WKH������PJ�NJ�GD\�GRVH�FRXOG�EH�FRQVLGHUHG�D�/2$(/���

*DXVV��������IHG�IHPDOH�105,�PLFH�D�GLHW�FRQWDLQLQJ���RU����SRWDVVLXP�SHUFKORUDWH�IRU��

XS�WR�����GD\V���0LFH�ZHUH�EHWZHHQ����DQG����GD\V�ROG�DW�WKH�EHJLQQLQJ�RI�WUHDWPHQW�DQG��

ZHLJKHG�EHWZHHQ����DQG����J��DYHUDJH��������J����'XULQJ�WKH�ILUVW���PR�RI�WUHDWPHQW��ERG\��

ZHLJKWV�LQFUHDVHG�DERXW������ERG\�ZHLJKW�GDWD�IRU�ORQJHU�WUHDWPHQW�SHULRGV�ZHUH�QRW�UHSRUWHG����

$VVXPLQJ�D�ERG\�ZHLJKW�RI����J�DQG�D�IRRG�FRQVXPSWLRQ�YDOXH�RI�������J�GD\��8�6���

(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\���������D�GRVH�RI�������PJ�NJ�GD\�FDQ�EH�FDOFXODWHG���7K\URLG��
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JODQGV�ZHUH�H[DPLQHG�KLVWRORJLFDOO\�DW�����WR����GD\�LQWHUYDOV�WKURXJKRXW�WKH�����GD\�VWXG\�

SHULRG���7K\URLG�DQG�QXFOHL�YROXPHV�DQG�KHLJKW�RI�HSLWKHOLDO�IROOLFOHV�ZHUH�LQFUHDVHG�LQ�WUHDWHG�

PLFH�WKURXJKRXW�WKH�WUHDWPHQW�SHULRG�FRPSDUHG�ZLWK�FRQWUROV���7KH�(QJOLVK�WUDQVODWLRQ�VXPPDU\�

RI�WKH�KLVWRORJLFDO�H[DPLQDWLRQV�GHVFULEHG�D�SURJUHVVLYH�FKDQJH�LQ�WKH�KLVWRORJLFDO�DSSHDUDQFH�RI�

WKH�WK\URLG�RI�WUHDWHG�PLFH��EHJLQQLQJ�ZLWK�FROORLG�ORVV��QXFOHL�YROXPH�H[SDQVLRQ��DQG�ULVLQJ�

HSLWKHOLXP�KHLJKW��IROORZHG�E\�WKH�DSSHDUDQFH�RI�K\SHUSODVLD�DQG�K\SHUWURSK\�RI�WKH�WK\URLG�

SDUHQFK\PD���$W�ODWHU�VWDJHV�RI�WKH�WUHDWPHQW�SHULRG��K\SHUSODVWLF�IROOLFOHV��DUHDV�RI�DGHQRPDWLF�

WLVVXH��DGHQRPD�FRPSOH[HV��DQG�VHFUHWLQJ�F\VWDGHQRPDV�ZHUH�REVHUYHG��KRZHYHU��QR�SURJUHVVLRQ�

WR�PDOLJQDQF\�ZDV�DSSDUHQW���7KH�������PJ�NJ�GD\�GRVH�VXJJHVWHG�D�IUHH�VWDQGLQJ�/2$(/�

EHFDXVH�QR�RWKHU�GRVHV�ZHUH�WHVWHG���

��

����� /RQJ�7HUP�6WXGLHV��

.HVVOHU�DQG�.UXQNHPSHU��������SURYLGHG�SRWDVVLXP�SHUFKORUDWH�LQ�GULQNLQJ�ZDWHU�DW�D��

FRQFHQWUDWLRQ�RI���RU����WR�PDOH�:LVWDU�UDWV�IRU���\HDUV���%RG\�ZHLJKWV�DQG�WK\URLG�ZHLJKWV�ZHUH��

UHSRUWHG�IRU�JURXSV�RI���WR���UDWV�VDFULILFHG�DIWHU������������������DQG�����GD\V�RI�WUHDWPHQW����

7K\URLG�JODQGV�IURP�WKH�DQLPDOV�ZHUH�H[DPLQHG�KLVWRORJLFDOO\���8VLQJ�ERG\�ZHLJKW�GDWD��

SURYLGHG�LQ�WKH�UHSRUW�WR�FDOFXODWH�D�WLPH�ZHLJKWHG�DYHUDJH�ERG\�ZHLJKW�RI�������NJ�DQG�XVLQJ�DQ��

HVWLPDWHG�ZDWHU�FRQVXPSWLRQ�RI�������/�GD\��FDOFXODWHG�ZLWK�WKH�DOORPHWULF�HTXDWLRQ��

UHFRPPHQGHG�E\�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�>����@���D�GRVH�RI�������PJ�NJ�GD\�FDQ��

EH�GHULYHG���%RG\�ZHLJKWV�RI�FRQWURO�DQG�WUHDWHG�DQLPDOV�ZHUH�FRPSDUDEOH�WKURXJKRXW�WKH��

H[SHULPHQW���,Q�FRQWUDVW��WK\URLG�ZHLJKWV��ERWK�UHODWLYH�DQG�DEVROXWH��ZHUH�LQFUHDVHG�PDUNHGO\�LQ��

WUHDWHG�UDWV�FRPSDUHG�ZLWK�FRQWUROV�DW�HDFK�H[DPLQDWLRQ�LQWHUYDO���+LVWRORJLFDO�H[DPLQDWLRQ�RI��

WK\URLGV�IURP�WUHDWHG�UDWV�DW����GD\V�UHYHDOHG�IROOLFXODU�FHOO�K\SHUSODVLD���7KH�DXWKRUV��

FKDUDFWHUL]HG�WKHVH�FKDQJHV�DV�W\SLFDO�IRU�D�WK\URLG�JODQG�VWLPXODWHG�E\�76+�IRU�D�UHODWLYHO\�VKRUW��

SHULRG�RI�WLPH���$IWHU�����GD\V�RI�SHUFKORUDWH�WUHDWPHQW��GLIIXVHO\�GHJHQHUDWLYH�FKDQJHV�ZLWK��

ILEURVLV�DQG�LQFUHDVHG�FROORLG�ZHUH�REVHUYHG���7KH�DXWKRUV�FRPPHQWHG�WKDW�WKH�FRXUVH�RI�WKH��

KLVWRORJLFDO�FKDQJHV�LQ�WKH�WK\URLG�ZDV�VLPLODU�WR�WKDW�SURGXFHG�E\�ORQJ�WHUP�DGPLQLVWUDWLRQ�RI��

WKLRXUDFLO��DQRWKHU�DQWLWK\URLG�DJHQW���7KH�DXWKRUV�IXUWKHU�UHSRUWHG�WKDW���RI����UDWV�WUHDWHG�ZLWK��

SRWDVVLXP�SHUFKORUDWH�IRU���\HDUV�GLVSOD\HG�EHQLJQ�WXPRU�RI�WKH�WK\URLG�JODQG��DQG�WKDW�����

XQWUHDWHG�:LVWDU�FRQWURO�UDWV�GLVSOD\HG�QR�WK\URLG�JODQG�WXPRUV���7KH�������PJ�NJ�GD\�GRVH��

VXJJHVWHG�D�IUHH�VWDQGLQJ�/2$(/�EHFDXVH�QR�RWKHU�GRVHV�ZHUH�WHVWHG���
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3DMHU�DQG�.DOLVQLN��������DGPLQLVWHUHG���RU������VRGLXP�SHUFKORUDWH�LQ�GULQNLQJ�ZDWHU�WR�

JURXSV�RI����IHPDOH�%$/%�F�PLFH�����JURXS��IRU�XS�WR����ZHHNV���(LJKW�RU����ZHHNV�DIWHU�WKH�

EHJLQQLQJ�RI�WKH�H[SHULPHQW��RQH�JURXS�RI�WUHDWHG�DQG�FRQWURO�PLFH�ZHUH�WRWDOO\�LUUDGLDWHG�ZLWK�

����*\�RQ���FRQVHFXWLYH�GD\V��DW�D�GRVH�UDWH�RI������*\�PLQ��VR�WKDW�HDFK�PRXVH�UHFHLYHG�D�WRWDO�

RI���*\���$VVXPLQJ�D�ERG\�ZHLJKW�RI��������NJ�DQG�D�ZDWHU�FRQVXPSWLRQ�UDWH�RI��������/�GD\�

�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\���������D�GRVH�RI�������PJ�NJ�GD\�FDQ�EH�FDOFXODWHG���

7KLUW\�DQLPDOV�GLHG�GXULQJ�WKH�H[SHULPHQWDO�SHULRG��DOWKRXJK�GHWDLOV�DERXW�WKH�FDXVH�RI�GHDWK�

ZHUH�QRW�SURYLGHG���)RUW\�WZR�DQLPDOV�ZHUH�VDFULILFHG�DW����ZHHNV�IRU�KLVWRORJLFDO�H[DPLQDWLRQ�

RI�WKH�WK\URLG�DQG�SLWXLWDU\�JODQG���1R�RWKHU�WLVVXHV�ZHUH�H[DPLQHG���2EYLRXV�WUHDWPHQW�UHODWHG�

KLVWRORJLFDO�FKDQJHV�ZHUH�REVHUYHG�LQ�WKH�WK\URLG�DQG�SLWXLWDU\�JODQG��LQFOXGLQJ�WK\URLG�IROOLFXODU��

FHOO�FDUFLQRPD���,PPXQRSHUR[LGDVH�VWDLQLQJ�RI�SLWXLWDU\�WK\URWURSLF�FHOOV�DQG�DQWLKXPDQ�76+��

VHUXP�SURYLGHG�TXDOLWDWLYH�HYLGHQFH�RI�LQFUHDVHG�76+�SURGXFWLRQ�LQ�WKH�SLWXLWDU\�JODQG����

3HUFKORUDWH�WUHDWPHQW�ZDV�DVVRFLDWHG�ZLWK�LQFUHDVHG�WRWDO�YROXPH�RI�WKH�WK\URLG�DQG�WKH�GLVWDO��

SDUWV�RI�WKH�DQWHULRU�SLWXLWDU\�JODQG��DGHQRK\SRSK\VLV����,Q�DGGLWLRQ��LQFUHDVHG�DYHUDJH�YROXPH��

DQG�QXPEHUV�RI�HSLWKHOLDO��WK\URWURSLF��DQG�SDUDIROOLFXODU�FHOOV�ZHUH�REVHUYHG���,UUDGLDWLRQ��

DSSHDUHG�WR�HQKDQFH�WKH�HIIHFWV�RI�SHUFKORUDWH�WUHDWPHQW���7KLV�VWXG\�VXJJHVWHG�D�/2$(/�RI��

������PJ�NJ�GD\�IRU�WK\URLG�HIIHFWV���

��

��

��� '(9(/230(17$/�$1'�5(352'8&7,9(�678',(6��

%URZQ�*UDQW��������H[DPLQHG�WKH�HIIHFWV�RI�SHUFKORUDWH�RQ�LPSODQWDWLRQ�DQG�SUHJQDQF\��

RXWFRPH�LQ�:LVWDU�UDWV���3RWDVVLXP�SHUFKORUDWH�RU�SRWDVVLXP�FKORULGH��FRQWURO��ZDV�DGPLQLVWHUHG��

DW�������Z�Y��LQ�GULQNLQJ�ZDWHU�IURP�*'��WKURXJK�*'����7KH�GDLO\�FDOFXODWHG�LQWDNH�UDWHV�ZHUH��

����DQG�����PJ�UDW�IRU�SRWDVVLXP�SHUFKORUDWH�DQG�SRWDVVLXP�FKORULGH��UHVSHFWLYHO\���5DWV�ZHUH��

DGPLQLVWHUHG�PHWK\WKLRXUDFLO����PLQ�EHIRUH�LQMHFWLRQ�RI����&L�VRGLXP�UDGLRLRGLGH�����,���DQG��

VDFULILFHG���K�ODWHU���5DWV�FOHDUO\�QRW�SUHJQDQW�ZHUH�VDFULILFHG�RQ�'D\�����ZKHUHDV�SUHJQDQW�UDWV��

ZHUH�DOORZHG�WR�GHOLYHU�SULRU�WR�VDFULILFH���3UHJQDQF\�ZDV�VXFFHVVIXO�LQ������FRQWURO�UDWV�DQG��

�����SHUFKORUDWH�WUHDWHG�UDWV���$PRQJ�QRQSUHJQDQW�DQLPDOV��LPSODQWDWLRQ�VLWHV�ZHUH�QRW�IRXQG����

/LWWHU�VL]H��QXPEHU�RI�SXSV��DQG�SUHJQDQF\�ZHUH�QRW�DIIHFWHG�����

,Q�WKH�VDPH�VWXG\��IDOVH�SUHJQDQF\�ZDV�LQGXFHG�E\�PDWLQJ�IHPDOHV�ZLWK�YDVHFWRPL]HG��

PDOHV���)HPDOHV�ZHUH�GRVHG�DV�EHIRUH�RQ�*'��WKURXJK�*'��WR������RU������SRWDVVLXP��
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SHUFKORUDWH�RU�SRWDVVLXP�FKORULGH��FRQWURO��DQG�WKHVH�GRVHV�FRUUHVSRQG�WR����DQG�����PJ�

SRWDVVLXP�SHUFKORUDWH�UDW�DQG����DQG�����PJ�SRWDVVLXP�FKORULGH�SHU�UDW��UHVSHFWLYHO\���

'HFLGXRPD�IRUPDWLRQ�ZDV�LQGXFHG�WKURXJK�WUDXPDWL]LQJ�RQH�XWHULQH�KRUQ�ZKLOH�XQGHU�

DQHVWKHVLD���5DWV�H[SRVHG�WR�WKH�������GRVH�ZHUH�WUDXPDWL]HG�RQ�*'��DQG�VDFULILFHG�RQ�*'���

WUDXPD�DQG�VDFULILFH�RFFXUUHG�RQ�*'��DQG�*'���UHVSHFWLYHO\��LQ�WKH������GRVH�JURXS���

0HWK\OWKLRXUDFLO�DQG�VRGLXP�UDGLRLRGLGH�����,���ZHUH�DGPLQLVWHUHG�SULRU�WR�VDFULILFH�DV�EHIRUH���

'HFLGXRPD�IRUPDWLRQ�ZDV�QRW�GLIIHUHQW�EHWZHHQ�GRVHG�DQG�FRQWURO�UDWV���7K\URLG�ZHLJKWV�ZHUH�

LQFUHDVHG�VLJQLILFDQWO\�LQ�WKH�UDWV�RI�WKH������GRVH�JURXS����

$�UHODWHG�VWXG\�ZDV�SHUIRUPHG�E\�%URZQ�*UDQW�DQG�6KHUZRRG����������:LVWDU�UDWV�ZHUH�

PDWHG�VKRUWO\�SRVWSDUWXP��DQG�WKH�SUHVHQW�OLWWHU�ZDV�FXOOHG�WR�QLQH���7KH�GDPV�ZHUH�WKHQ��

DGPLQLVWHUHG������SRWDVVLXP�LRGLGH�RU������SRWDVVLXP�FKORULGH��SRWDVVLXP�SHUFKORUDWH��RU��

SRWDVVLXP�LRGLGH�LQ�WKH�GULQNLQJ�ZDWHU�XQWLO�VDFULILFH���7KH�DYHUDJH�GDLO\�LQWDNH�RI�SRWDVVLXP��

SHUFKORUDWH�DQG�SRWDVVLXP�FKORULGH�ZDV�����DQG�����PJ�UDW��UHVSHFWLYHO\��FDOFXODWHG�GDLO\�GRVHV��

ZHUH�DSSUR[LPDWHO\�������DQG�������PJ�NJ�ERG\�ZHLJKW���7KH�OLWWHUV�ZHUH�VDFULILFHG�RQ�*'��RU��

*'�����7KH�GDPV�WKHQ�ZHUH�VDFULILFHG�RQ�*'���RU�*'����DOORZLQJ�WLPH�IRU�WKH�QHZ�EODVWRF\VWV��

WR�LPSODQW���3RWDVVLXP�SHUFKORUDWH�DJDLQ�GLG�QRW�DIIHFW�EODVWRF\VW�DELOLW\�WR�VXUYLYH�SULRU�WR��

LPSODQWDWLRQ�RU�LPSODQWDWLRQ�UDWH�DIWHU�ODFWDWLRQ�FHDVHG���5HODWLYH�WK\URLG�ZHLJKWV�RI�WKH�GDPV�DQG��

OLWWHUV�ZHUH�LQFUHDVHG�VLJQLILFDQWO\�FRPSDUHG�ZLWK�SRWDVVLXP�FKORULGH�GRVHG�FRQWUROV���7KH�KLJK��

GRVH�RI�SRWDVVLXP�LRGLGH��DYHUDJH�GDLO\�LQWDNH�RI�����PJ�UDW�>DSSUR[LPDWHO\�������PJ�NJ@��ZDV��

PDWHUQDOO\�WR[LF���

$OO�GDPV�ZHUH�VDFULILFHG�RQ�'D\����RU����DQG�H[DPLQHG�IRU�WKH�QXPEHU�RI�LPSODQWDWLRQ��

VLWHV���7KHUH�ZDV������LQFLGHQFH�RI�GDPV�ZLWK�LPSODQWDWLRQ�VLWHV�IRU�DOO�JURXSV�H[FHSW�WKH��

SHUFKORUDWH�WUHDWHG�JURXS��LQ�ZKLFK�RQO\�����RI�WKH�GDPV�KDG�LPSODQWDWLRQ�VLWHV���7KH�QXPEHU�RI��

LPSODQWDWLRQ�VLWHV�SHU�GDP�ZDV�FRPSDUDEOH�IRU�DOO�JURXSV���7K\URLG�ZHLJKWV�LQ�WKH�SHUFKORUDWH���

WUHDWHG�GDPV�DSSHDUHG�WR�EH�LQFUHDVHG�FRPSDUHG�ZLWK�WKH�FKORULGH��RU�LRGLGH�WUHDWHG�GDPV���$OVR���

WK\URLG�ZHLJKWV�RI�WKH�RIIVSULQJ�RI�SHUFKORUDWH�WUHDWHG�GDPV�ZHUH�LQFUHDVHG�FRPSDUHG�ZLWK��

RIIVSULQJ�IURP�LRGLGH�WUHDWHG�GDPV���7KH�DXWKRUV�FRQFOXGHG�WKDW�WUHDWPHQW�ZLWK�SRWDVVLXP��

SHUFKORUDWH�KDG�QR�VLJQLILFDQW�HIIHFW�RQ�EODVWRF\VW�VXUYLYDO�RU�WKH�DELOLW\�WR�LPSODQW�XQGHU��

FRQGLWLRQV�GHOD\LQJ�LPSODQWDWLRQ��L�H���FRQFXUUHQW�ODFWDWLRQ������

3RVWHO��������UHSRUWHG�DGPLQLVWUDWLRQ�RI����SRWDVVLXP�SHUFKORUDWH�LQ�GULQNLQJ�ZDWHU�WR��

���SUHJQDQW�JXLQHD�SLJV�DQG�D�FRQWURO�JURXS��Q� ����UHFHLYLQJ�D�GLHW�RI�������J�LRGLQH�SHU�JUDP����
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'RVLQJ�ZLWK�SHUFKORUDWH�GXULQJ�*'���WKURXJK�*'���SURGXFHG�HQODUJHG�WK\URLGV�LQ�WKH�IHWXVHV�

FRPSDUHG�ZLWK�WKH�WK\URLGV�RI�FRQWURO�IHWXVHV���,Q�FRQWUDVW��SHUFKORUDWH�WUHDWPHQW�GLG�QRW�KDYH�DQ\�

HIIHFW�RQ�WKH�WK\URLGV�LQ�GDPV���(QODUJHG�IHWDO�WK\URLGV�DOVR�RFFXUUHG�ZKHQ�SHUFKORUDWH�WUHDWPHQW�

ZDV�DFFRPSDQLHG�E\�GDLO\�VXEFXWDQHRXV�WUHDWPHQW�ZLWK�7��GRVHV�DV�KLJK�DV����FJ�NJ�GD\���)URP�

ZDWHU�LQWDNH�DQG�ERG\�ZHLJKW�GDWD��WKH�DXWKRU�FDOFXODWHG�DQ�DYHUDJH�GDLO\�GRVH�WR�WKH�GDPV�RI�

����PJ�NJ�GD\���7KH�IHWXVHV�ZHUH�QRW�H[DPLQHG�IRU�RWKHU�GHYHORSPHQWDO�HIIHFWV���7KLV�VWXG\�

VXJJHVWHG�D�IUHH�VWDQGLQJ�/2$(/�RI�����PJ�NJ�GD\�IRU�IHWDO�WK\URLG�HQODUJHPHQW�EHFDXVH�QR�

RWKHU�GRVHV�ZHUH�WHVWHG���,Q�D�VHSDUDWH�H[SHULPHQW�WR�WHVW�HIIHFWV�RQ�DGXOW�JXLQHD�SLJV����RU����

SRWDVVLXP�SHUFKORUDWH�ZDV�DGPLQLVWHUHG�WR�QRQSUHJQDQW�IHPDOH�JXLQHD�SLJV�IRU���������RU����

GD\V���7K\URLG�HQODUJHPHQW�DQG�K\SHUSODVLD�ZHUH�DSSDUHQW�LQ�WUHDWHG�DQLPDOV�DIWHU����RU����GD\V��

RI�WUHDWPHQW����

6LPLODU�UHVXOWV�LQ�UDEELWV�ZHUH�GHVFULEHG�E\�/DPSH�HW�DO�����������'DPV�ZHUH�GRVHG�ZLWK��

����PJ�SRWDVVLXP�SHUFKORUDWH�NJ�E\�ZHLJKW�GDLO\�PL[HG�ZLWK�IHHG���'RVLQJ�RFFXUUHG�IURP��

FRQFHSWLRQ�WKURXJK�*'���RU�*'�����0DWHUQDO�WK\URLG�ZHLJKWV�LQ�WUHDWHG�DQLPDOV�ZHUH�WKUHH��

WLPHV�KLJKHU�WKDQ�FRQWURO�WK\URLGV��IHWDO�WK\URLGV�ZHUH�QHDUO\�IRXU�WLPHV�WKH�FRQWURO�ZHLJKWV���7KH��

QXPEHU�RI�HSLWKHOLDO�FHOOV�ZHUH�LQFUHDVHG��DQG�WKH�DPRXQW�RI�FROORLG�GHFUHDVHG�LQ�WUHDWHG�DQLPDOV����

7KH�UHODWLYH�YROXPH�RI�WKH�VWURPD��WKH�VXSSRUWLQJ�PDWUL[��ZDV�LQFUHDVHG�EHFDXVH�RI�WKH�UHGXFHG��

IROOLFOH�VL]HV���/LNHZLVH��PDWHUQDO�WK\URLGV�VKRZHG�GHFUHDVHG�OXPLQDO�VL]H�DQG�LQFUHDVHG��

HSLWKHOLDO�FHOOV���7KH�DXWKRUV�IHOW�WKHVH�UHVXOWV�GHPRQVWUDWHG�WKDW�WKH�SODFHQWD�LV�SHUPHDEOH�WR��

SHUFKORUDWH���%HFDXVH�IHWDO�WK\URLGV�ZHUH�PRUH�HQODUJHG�UHODWLYH�WR�PDWHUQDO�JODQGV��WKH�IHWDO��

WK\URLG�V\VWHP�LV�LQGHSHQGHQW�RI�WKH�PDWHUQDO�V\VWHP�DQG�PRUH�VHQVLWLYH�WR�FKDQJHV�LQ�LRGLQH��

DYDLODELOLW\�����

��

��

��� $%62537,21��',675,%87,21��0(7$%2/,60��$1'��
(/,0,1$7,21�678',(6��

/LPLWHG�DEVRUSWLRQ��GLVWULEXWLRQ��PHWDEROLVP��DQG�HOLPLQDWLRQ��$'0(��VWXGLHV�ZHUH�LQ��

H[LVWHQFH�SULRU�WR�WKH�WHVWLQJ�VWUDWHJ\�GLVFXVVHG�LQ�&KDSWHU���WR�FKDUDFWHUL]H�WKH�SKDUPDFRNLQHWLFV��

RI�SHUFKORUDWH���$OWKRXJK�H[SHULPHQWDO�VWXGLHV�LQ�ODERUDWRU\�VSHFLHV�DQG�KXPDQV�KDYH�EHHQ��

SHUIRUPHG�XVLQJ�UDGLRODEHOLQJ�WHFKQLTXHV��PRVW�KDYH�EHHQ�DW�KLJK�FRQFHQWUDWLRQV��DQG�WKH��

SXEOLVKHG�GDWD�DUH�H[SUHVVHG�VLPSO\�DV�WK\URLG�EORRG�UDWLRV�RI�UDGLRDFWLYLW\�FRXQWV�WKDW�SURYLGH��
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QR�LQIRUPDWLRQ�RQ�LQWHUQDO�GRVH�WR�ELRORJLFDO�WLVVXHV���2UDO�DGPLQLVWUDWLRQ��WKH�PRVW�UHOHYDQW�WR�

WKH�FRQWDPLQDWLRQ�LVVXH��ZDV�QRW�WKH�QRUP���7LPH�FRXUVH�VWXGLHV�DUH�YHU\�OLPLWHG�DQG�HVVHQWLDOO\�

FRPSOHWHO\�ODFNLQJ�IRU�UHSHDWHG�DGPLQLVWUDWLRQ���0RUH�LPSRUWDQWO\��QR�GDWD�H[LVW�RQ�WKH�

FR�DGPLQLVWUDWLRQ�RI�LRGLGH�DQG�SHUFKORUDWH��DQG�VXFK�GDWD�DUH�QHFHVVDU\�WR�GHYHORS�D�

SK\VLRORJLFDOO\�EDVHG�SKDUPDFRNLQHWLF�PRGHO��)LVKHU������D����7KLV�VHFWLRQ�GHVFULEHV�WKH�OLPLWHG�

SKDUPDFRNLQHWLF�LQIRUPDWLRQ�WKDW�ZDV�FRQVLGHUHG�ZKHQ�WKH�GDWD�JDS�ZDV�KLJKOLJKWHG�GXULQJ�WKH�

GHYHORSPHQW�RI�SURWRFROV�IRU�WKH�WHVWLQJ�VWUDWHJ\��

�

����� +XPDQ�6WXGLHV�

7KH�PDMRULW\�RI�WKH�KXPDQ�GDWD�RQ�SHUFKORUDWH�$'0(�LV�FRPSULVHG�RI�WKH�WKHUDSHXWLF�FDVH��

DQG�FOLQLFDO�VWXGLHV�RI�*UDYHV¶�GLVHDVH�SDWLHQWV�SUHYLRXVO\�GHVFULEHG�LQ�6HFWLRQ�������$QEDU�HW�DO���

�������GHPRQVWUDWHG�WKDW�SHUFKORUDWH�ZDV�QRW�PHWDEROL]HG�LQ�KXPDQV���)RXU�SDWLHQWV�ZHUH��

DGPLQLVWHUHG�����PJ��DSSUR[LPDWHO\�����PJ�NJ�XVLQJ�D�GHIDXOW�ERG\�ZHLJKW�RI����NJ���

GRXEOH�ODEHOHG�.��&O��2
�

���8ULQH�ZDV�FROOHFWHG���K�DIWHU�GRVLQJ���3HUFKORUDWH�ZDV�IRXQG�WR�EH��

H[FUHWHG�DW�DSSUR[LPDWHO\������J�PLQ�LQ�WKH�XULQH���7RWDO�XULQH�UDGLRDFWLYLW\�ZDV�GLYLGHG�RXW��

DPRQJ���&O�����&O��2
�

���DQG���&O2
�

������&O��DQG�LQGLFDWHG�WKDW�SHUFKORUDWH�ZDV�H[FUHWHG�XQFKDQJHG��

LQ�WKH�XULQH���7KXV��QR�KXPDQ�GDWD�H[LVW�WR�DGHTXDWHO\�FKDUDFWHUL]H�WKH�SKDUPDFRNLQHWLFV�RI��

SHUFKORUDWH�GXULQJ�VWHDG\�VWDWH��ORZ�GRVH��UHSHDWHG�DGPLQLVWUDWLRQ���

��

����� /DERUDWRU\�$QLPDO�6WXGLHV��

$OWKRXJK�WKH�SHUFKORUDWH�GLVFKDUJH�WHVW�KDV�EHHQ�SHUIRUPHG�LQ�UDWV��$WWHUZLOO�HW�DO�����������

WKH�SURFHGXUH�LV�YHU\�GLIIHUHQW�WKDQ�WKDW�XVHG�LQ�KXPDQV�DQG�GRHV�QRW�UHDGLO\�DOORZ�IRU��

FRPSDULVRQ�RU�H[WUDSRODWLRQ���5DWV�DUH�GRVHG�LS�ZLWK������/�����&L�����,���WKHQ�GRVHG�LS�ZLWK��

SRWDVVLXP�SHUFKORUDWH�DW������������RU����PJ�NJ�ERG\�ZHLJKW�IURP���WR���K�DIWHUZDUGV���5HVXOWV��

DUH�H[SUHVVHG�DV�WK\URLG�EORRG�UDWLRV��ZKLFK�LV�QRW�KRZ�PRVW�RI�WKH�KXPDQ�GDWD�DUH�H[SUHVVHG���

DQG�WKH�WLPH�SRLQWV�WR�PHDVXUH�XSWDNH�DOVR�DUH�KLJKO\�GLVVLPLODU�WR�WKRVH�PHDVXUHG�LQ�KXPDQV���

$QEDU�HW�DO���������DOVR�DWWHPSWHG�WR�FRQILUP�WKH�ODFN�RI�SHUFKORUDWH�DFFXPXODWLRQ�DQG�ODFN��

RI�PHWDEROLVP�LQ�WKH�WK\URLG�LQ�UDWV���:KLWH�UDWV�ZHUH�LQMHFWHG�LS�ZLWK���.&O2
�

��DQG�WKH�VSHFLILF��

DFWLYLW\�SHU�JUDP�RI�WLVVXH�ZDV�PHDVXUHG�DW����PLQ����K��DQG����K���7KH�DFWLYLW\�ZDV�JUHDWHVW�LQ��

WKH�WKU\RLG�DQG�SHDNHG�DW���K���7KH�VDOLYDU\�DQG�DGUHQDO�JODQGV�DOVR�KDG�KLJK�DFWLYLW\�OHYHOV����
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5DEELWV�DOVR�ZHUH�WHVWHG��WKH�WK\URLG�DFWLYLW\�OHYHOV�ZHUH�DJDLQ�WKH�KLJKHVW�RI�DQ\�WLVVXH�DQG�

SHDNHG�DW���K���5DEELW�WHVWHV�KDG�WKH�QH[W�KLJKHVW�VSHFLILF�DFWLYLWLHV����

,Q�WKH�RQH�RI�WKH�RQO\�FR�DGPLQLVWUDWLRQ�VWXGLHV��$QEDU�HW�DO���������DGPLQLVWHUHG����,��DQG�
��&O2

�

��LQ�HTXLPRODU�FRQFHQWUDWLRQV�DW�WKH�VDPH�WLPH���7KH�WK\URLG�EORRG�VSHFLILF�DFWLYLW\�IRU�

LRGLGH�ZDV�VOLJKWO\�KLJKHU�WKDQ�WKH�UDWLR�IRU�SHUFKORUDWH�������DQG�������UHVSHFWLYHO\�����

+DOPL�HW�DO���������H[DPLQHG�LRGLGH�XSWDNH�LQ�PDOH�6SUDJXH�'DZOH\�UDWV�ZKHQ�DFWLYH�

WUDQVSRUW�ZDV�FRPSOHWHO\�EORFNHG�ZLWK�WKH�XVH�RI�VRGLXP�SHUFKORUDWH���7KH�UDWV�ZHUH�ILUVW�

DGPLQLVWHUHG���PJ�RI�378�VXEFXWDQHRXVO\�WR�SUHYHQW�LRGLGH�RUJDQLILFDWLRQ���,RGLGH�XSWDNH�ZDV�

SUHYHQWHG�E\�DGPLQLVWUDWLRQ�RI�����������RU�����PJ�VRGLXP�SHUFKORUDWH�ZLWK�KDOI�RI�HDFK�GRVH�

DGPLQLVWHUHG�DORQJ�ZLWK�WKH�378��DQG�WKH�RWKHU�KDOI�DGPLQLVWHUHG����PLQ�ODWHU��WRJHWKHU�ZLWK���WR��

����&L����,����7KH�UDWV�ZHUH�VDFULILFHG�����WR�����K�DIWHU�WKH�LRGLGH�DGPLQLVWUDWLRQ���3HUFKORUDWH��

UHGXFHG�WKH�WKU\RLG�EORRG�UDWLR�IURP������WR�������UDGLRLRGLGH�ZDV�IRXQG�WR�WDNH�XS�����RI�WKH��

WK\URLG�JODQG�YROXPH�ZKHQ�HQWHULQJ�WKH�JODQG�E\�GLIIXVLRQ�DORQH���5DWV�VDFULILFHG�����WR�����K��

DIWHU�LRGLGH�DGPLQLVWUDWLRQ�SURGXFHG�VLPLODU�UHVXOWV��LQGLFDWLQJ�WKDW�HTXLOLEULXP�LV�UHDFKHG�SULRU��

WR�����WR�����K���7KH�GLVWULEXWLRQ�RI�UDGLRLRGLGH�LQ�GLIIHUHQW�WLVVXHV�DOVR�ZDV�H[DPLQHG����

3HUFKORUDWH�GLG�QRW�DIIHFW�WKH�RUJDQ�VHUXP�LRGLGH�UDWLRV�RI�WKH�IROORZLQJ�WLVVXHV���VXEPD[LOODU\��

JODQG��SDURWLG��SLWXLWDU\��DGUHQDOV��WHVWHV��VSOHHQ��NLGQH\��OXQJ��VNLQ��RU�GLDSKUDJP���+RZHYHU���

SHUFKORUDWH�DGPLQLVWUDWLRQ�GLG�DIIHFW�WKH�VWRPDFK�ZDOO�VHUXP�DQG�JDVWULF�MXLFH�VHUXP�LRGLGH��

UDWLRV�������DQG�������UHVSHFWLYHO\��FRPSDUHG�ZLWK�UDWLRV�IRU�FRQWUROV�DGPLQLVWHUHG�VRGLXP��

FKORULGH�������DQG�������UHVSHFWLYHO\���VXJJHVWLQJ�D�JDVWULF�LRGLGH�SXPS�VXEMHFW�WR�LQKLELWLRQ�E\��

SHUFKORUDWH�����

*ROGPDQ�DQG�6WDQEXU\��������DGPLQLVWHUHG������&L�RI�WKH�SRWDVVLXP�VDOW�RI���&O�ODEHOHG��

SHUFKORUDWH��.��&O2
�

��E\�LS�LQMHFWLRQ�WR�PDOH�6SUDJXH�'DZOH\�UDWV�WKDW�KDG�EHHQ�PDLQWDLQHG�RQ�D��

ORZ�LRGLQH�GLHW�IRU�����WR�����ZHHNV�SULRU�WR�GRVLQJ��DSSUR[LPDWHO\�����J�VWDEOH�SHUFKORUDWH�SHU��

LQMHFWLRQ����7KH�UDGLRQXFOHLGH�UHWHQWLRQ�LQ�WKH�WK\URLG��H[SUHVVHG�DV�SHUFHQW�RI�GRVH�SHU�JUDP�RI��

WLVVXH��ZDV�UHFRUGHG�DW���K����UDWV�����K����UDWV�����K����UDWV������K����UDWV������K����UDWV���DQG����K��

���UDWV����7KH�SHDN�ZDV�UHSRUWHG�WR�DSSHDU�DURXQG���K�DQG�WKHQ�IHOO�WR�DSSUR[LPDWHO\����RI�WKLV��

SHDN�YDOXH�E\����K���$Q�H[SRQHQWLDO�IXQFWLRQ�ZDV�XVHG�WR�HVWLPDWH�D�KDOI�OLIH�RI����K���8ULQDU\��

H[FUHWLRQ�GDWD�LQGLFDWHG�WKDW�WKH�GLVDSSHDUDQFH�UDWH�IURP�WKH�SODVPD�DQG�WK\URLG�DQG�WKH��

DSSHDUDQFH�UDWH�LQ�WKH�XULQH�FRUUHVSRQGHG�FORVHO\��DOWKRXJK�WKH�TXHVWLRQ�KDV�EHHQ�UDLVHG�DV�WR��

ZKHWKHU�WKHUH�LV�VRPH�FXUYLOLQHDULW\�WR�WKH�XULQDU\�H[FUHWLRQ��VXJJHVWLQJ�VRPH�VDWXUDWLRQ���7KH��
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UHWDLQHG�GRVH�DQG�LWV�VWDQGDUG�GHYLDWLRQ�LQ�WLVVXHV�DW����K�ZHUH�UHSRUWHG�DV��������������

������������������������������������������DQG�EDFNJURXQG�IRU�WKH�WK\URLG��NLGQH\��VSOHHQ��OLYHU��

DQG�EUDLQ��UHVSHFWLYHO\��

&KRZ�HW�DO���������FRPSDUHG�WKH�XSWDNH�RI�UDGLRODEHOHG�SHUFKORUDWH�DQG�LRGLGH�LRQV�ZLWK�

VWDEOH�LRQV�LQ�QRUPDO�DQG�WK\URLG�LPSDLUHG�URGHQWV���,QWDFW�PDOH�6SUDJXH�'DZOH\�UDWV�ZHUH�

LQMHFWHG�LS�ZLWK�����������RU�����PHT�NJ�VWDEOH�SRWDVVLXP�SHUFKORUDWH����������RU�����PJ�NJ��

UHVSHFWLYHO\����K�SULRU�WR�VDFULILFH���7KH�VSHFLILF�DFWLYLW\�RI�WKH���&O��ZDV�������&L�PPRO���

7K\URLG�LPSDLUPHQW�ZDV�HIIHFWHG�E\�SUHWUHDWPHQW�ZLWK�76+����,8�76+�LQ������VDOLQH�VROXWLRQ�

LS����K�SULRU�WR�SHUFKORUDWH�DGPLQLVWUDWLRQ���K\SRSK\VHFWRPL]DWLRQ��UHPRYDO�RI�WKH�SLWXLWDU\���

76+�DQG�K\SRSK\VHFWRPL]DWLRQ��RU�378�������378�LQ�GULQNLQJ�ZDWHU�IRU���ZHHNV�SULRU�WR��

SHUFKORUDWH�DGPLQLVWUDWLRQ����3HUFKORUDWH�DW�WKH������DQG�����PHT�NJ�GRVH�OHYHOV�ZDV�IRXQG�WR��

FRQFHQWUDWH�LQ�WKH�UDW�WK\URLG�FRPSDUHG�ZLWK�WKH�SODVPD��DQG�WKH�FRQFHQWUDWLRQ�ZDV�UHODWHG��

LQYHUVHO\�WR�GRVH���7KH�KLJK�GRVH�OHYHO�GLG�QRW�UHVXOW�LQ�FRQFHQWUDWLRQ�RI�SHUFKORUDWH�LQ�WKH��

WKU\RLG���5DWV�SUHWUHDWHG�ZLWK�76+�RU�378�DOVR�FRQFHQWUDWHG�SHUFKORUDWH�DW�WKH�ORZHU�GRVH�OHYHOV����

+\SRSK\VHFWRPL]HG�UDWV�ZHUH�QRW�DEOH�WR�FRQFHQWUDWH�SHUFKORUDWH�FRPSDUHG�ZLWK�LQWDFW�UDWV�DW�WKH��

WZR�ORZHU�OHYHOV��EXW�WKH�WK\URLG�SHUFKORUDWH�FRQFHQWUDWLRQ�DW�WKH�KLJK�GRVH�OHYHO�ZDV�QRW��

GLIIHUHQW�IRU�LQWDFW�YHUVXV�DOWHUHG�UDWV���,Q�D�VHFRQG�VXEVHW�RI�WKH�VDPH�VWXG\��UDWV�ZHUH�H[SRVHG�WR��

�������������������������RU������PHT�NJ�SHUFKORUDWH�����������������������RU����PJ�NJ��UHVSHFWLYHO\���

XQGHU�WKH�VDPH�JHQHUDO�FRQGLWLRQV���&RQFHQWUDWLRQ�LQ�WKH�WK\URLG�DJDLQ�ZDV�UHODWHG�LQYHUVHO\�WR��

SHUFKORUDWH�GRVH���0DOH�DOELQR�JXLQHD�SLJV�DOVR�ZHUH�H[SRVHG�WR�WKH�VDPH�GRVHV���7KH�JXLQHD�SLJV��

GLVSOD\HG�WKH�VDPH�UHODWLRQVKLSV�DV�WKH�UDWV��EXW�FRQFHQWUDWHG�PRUH�SHUFKORUDWH�LQ�WKH�WK\URLG��

FRPSDUHG�ZLWK�SODVPD�OHYHOV�����

&KRZ�DQG�:RRGEXU\��������GHPRQVWUDWHG�WKDW�SHUFKORUDWH�LV�DFWLYHO\�VHTXHVWHUHG�E\�WKH��

WK\URLG�JODQG�DW�ORZ�GRVHV��EXW�WKDW�WKH�FDSDFLW\�RI�WKH�V\PSRUWHU��VHH�&KDSWHU����WR�DFWLYHO\��

VHTXHVWHU�SHUFKORUDWH�LV�H[FHHGHG�DW�KLJKHU�GRVHV���0DOH�6SUDJXH�'DZOH\�UDWV�ZHUH�IXQFWLRQDOO\��

QHSUKHFWRPL]HG�E\�OLJDWLQJ�WKH�UHQDO�SHGLFOH�RI�ERWK�NLGQH\V����K�EHIRUH�WKH�UDWV�ZHUH�VDFULILFHG����

3HUFKORUDWH�ZDV�DGPLQLVWHUHG�DV�WKH�UDGLRODEHOHG�SRWDVVLXP�VDOW��.��&O2
�

��LQ�VROXWLRQ�E\��

LS�LQMHFWLRQ�DW������������RU�����PPRO�NJ�VWDEOH�SRWDVVLXP�SHUFKORUDWH������������DQG�����PJ�NJ��

ERG\�ZHLJKW��UHVSHFWLYHO\��DVVXPLQJ�������NJ�ERG\�ZHLJKW��DFWXDO�ZHLJKW���������J����WR�����PLQ��

EHIRUH�VDFULILFH���$�JURXS�RI�FRQWURO�UDWV�UHFHLYHG�>��&@�LQVXOLQ����62
�

���RU���&O����K�SULRU�WR��

VDFULILFH�WR�GHWHUPLQH�WK\URLG�IROOLFOH�YROXPH�DQG�LQWUDIROOLFXODU�PHPEUDQH�SRWHQWLDO����
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&RQFHQWUDWLRQV�RI�SHUFKORUDWH�LQ�WKH�WK\URLG�DQG�SODVPD�ZHUH�PHDVXUHG�DW��������������������������

����������������DQG�����K�DIWHU�VDFULILFH���$JDLQ�SHUFKORUDWH�ZDV�DFWLYHO\�VHTXHVWHUHG�E\�WKH�WK\URLG�

JODQG�DW�WKH�ORZ�GRVH��EXW�WKH�FDSDFLW\�RI�WKH�V\PSRUWHU�WR�DFWLYHO\�VHTXHVWHU�SHUFKORUDWH�ZDV�

H[FHHGHG�DW�WKH�KLJKHU�GRVHV��H�J���WKH�WK\URLG�SODVPD�>PLOOLJUDPV�SHU�JUDP�PLOOLJUDPV�SHU�OLWHU@��

UDWLRV�DW����PLQ�RU���K�SRVWGRVLQJ�ZHUH������������DQG������RU�������������DQG������DW�WKH������������

RU�������PJ�NJ�GRVHV��UHVSHFWLYHO\���7KHVH�GDWD�VXJJHVW�WKDW�PD[LPDO�LQKLELWLRQ�E\�SHUFKORUDWH�RI�

DFWLYH�XSWDNH�RI�LRGLGH�SUREDEO\�RFFXUV�EHORZ����PJ�NJ�SRWDVVLXP�SHUFKORUDWH�������PJ�NJ�DV�

SHUFKORUDWH����,I�SHUFKORUDWH�LQGXFHG�LQKLELWLRQ�RI�DFWLYH�LRGLGH�XSWDNH�LV�VXEVWDQWLDO��LRGLGH�VWLOO�

PD\�HQWHU�WKH�WK\URLG�E\�GLIIXVLRQ��EXW�LQ�D�VPDOOHU�DPRXQW���/LNHZLVH��LI�LQKLELWLRQ�E\�

SHUFKORUDWH�RI�LRGLGH�XSWDNH�LV�LQFRPSOHWH��WKHQ�LRGLGH�VWLOO�PD\�EH�DFWLYHO\�VHTXHVWHUHG�LQWR�WKH��

WK\URLG��DJDLQ�LQ�D�VPDOOHU�DPRXQW���7KXV��SHUFKORUDWH�LQGXFHG�WK\URLG�KRUPRQH�SHUWXUEDWLRQV��

PD\�SODWHDX�LQ�DGXOW�UDWV�GRVHG�ZLWK�SHUFKORUDWH�JUHDWHU�WKDQ�DSSUR[LPDWHO\���WR����PJ�NJ�RI��

SHUFKORUDWH��)LVKHU������D����

:ROII�DQG�0DXUH\��������GHPRQVWUDWHG�WKH�FRPSHWLWLYH�QDWXUH�RI�WKH�SHUFKORUDWH�LQKLELWLRQ��

LQ�VKHHS�WK\URLG�WLVVXH�VOLFHV�LQFXEDWHG�DW����E&�IRU�����PLQ���7KLV�VWXG\�VKRZHG�WKDW�WKH��

.
P

�FRQVWDQWV�IRU�DQLRQ�DFFXPXODWLRQ�DQG�WKH�.
L

�FRQVWDQWV�IRU�LQKLELWLRQ�RI�DFFXPXODWLRQ�ZHUH��

LGHQWLFDO�ZLWKLQ�WKH�HUURU�RI�WKH�PHWKRG���

(LFKOHU�DQG�+DFNHQWKDO��������SUHVHQWHG�SHUFKORUDWH�HOLPLQDWLRQ�GDWD�IRU�PDOH�DQG�IHPDOH��

:LVWDU�UDWV�GRVHG�VXEFXWDQHRXVO\�ZLWK�����������RU�����RI�WKH���&O��VRGLXP�SHUFKORUDWH�VDOW��

�1D��&O2
�

��SHU�����J�ERG\�ZHLJKW���������RU����PJ�NJ����7KH�HOLPLQDWLRQ�FXUYHV�VKRZHG�QHDUO\��

OLQHDU��UDSLG�H[FUHWLRQ�RI�SHUFKORUDWH�XQWLO���K��DW�ZKLFK�WLPH�WKH�FXUYH�VORSH�VWDUWHG�WR�GHFUHDVH����

7KH�UDWH�RI�H[FUHWLRQ�LQFUHDVHG�ZLWK�GRVH���7KH�HOLPLQDWLRQ�UDWHV�RI�WKH�GLIIHUHQW�GRVHV�SULRU�WR��

���K�ZHUH�VLJQLILFDQWO\�GLIIHUHQW�IURP�HDFK�RWKHU�EXW�ZHUH�VLPLODU�DIWHU����K���2YHU����K�������WR��

������RI�WKH�DGPLQLVWHUHG�GRVH�ZDV�UHFRYHUHG��DJDLQ�VXJJHVWLQJ�QR�PHWDEROLVP�RI�SHUFKORUDWH���

,Q�D�UHFHQW�UHYLHZ��9RQ�%XUJ���������SHUFKORUDWH�HOLPLQDWLRQ�FXUYHV�LQ�UDWV�DQG�FDOYHV�ZHUH��

GHVFULEHG�DV�ELSKDVLF�LQ�ERWK�VSHFLHV���)RU�UDWV������RI�DGPLQLVWHUHG�SHUFKORUDWH�LV�HOLPLQDWHG���

ZLWK�D�KDOI�OLIH�RI���WR���K���7KH�VHFRQG�SRUWLRQ�RI�WKH�FXUYH�DFFRXQWV�IRU�RQO\����RI�WKH�GRVH���

DQG�WKH�KDOI�OLIH�ZDV����WR����K���&DOYHV�KDYH�D�IDVWHU�RYHUDOO�UDWH�RI�HOLPLQDWLRQ��EXW�WKH�LQLWLDO��

HOLPLQDWLRQ�LV�VORZHU���7KH�ILUVW�SKDVH�KDOI�OLIH�ZDV�IRXQG�WR�EH�DSSUR[LPDWHO\�����WR�����K��DQG��

WKH�VHFRQG�SKDVH�KDOI�OLIH�UDQJHG�IURP����WR����K���

��



December 31, 1998 Draft-Do Not Quote or Cite3-17

��� 6800$5<�

7KH�DYDLODEOH�GDWDEDVH�SULRU�WR�LQLWLDWLRQ�RI�WKH�WHVWLQJ�VWUDWHJ\��VHH�&KDSWHU����RQ�WKH�

KHDOWK�HIIHFWV�DQG�WR[LFRORJ\�RI�SHUFKORUDWH�RU�LWV�VDOWV�ZDV�YHU\�OLPLWHG���7KH�PDMRULW\�RI�KXPDQ�

GDWD�ZHUH�FOLQLFDO�UHSRUWV�RI�SDWLHQWV�WUHDWHG�ZLWK�SRWDVVLXP�SHUFKORUDWH�IRU�K\SHUWK\URLGLVP�

UHVXOWLQJ�IURP�DQ�DXWRLPPXQH�FRQGLWLRQ�NQRZQ�DV�*UDYHV¶�GLVHDVH���3RWDVVLXP�SHUFKORUDWH�VWLOO�

LV�XVHG�GLDJQRVWLFDOO\�WR�WHVW�76+��7���DQG�7��SURGXFWLRQ�LQ�VRPH�FOLQLFDO�VHWWLQJV���7KH�EDVLV�IRU�

WKH�HIIHFW�RQ�WK\URLG�KRUPRQH�IXQFWLRQ�LV�WKH�FRPSHWLWLYH�LQKLELWLRQ�RI�LRGLGH�DQLRQ�XSWDNH�LQWR�

WKH�WK\URLG�E\�&O2
�

���ZKLFK�WKHQ�UHVXOWV�LQ�UHGXFHG�WK\URLG�KRUPRQH�SURGXFWLRQ���3HUFKORUDWH�DOVR�

FDXVHV�DQ�HIIOX[��GLVFKDUJH��RI�VWRUHG�LRGLGH�LQ�WKH�WK\URLG�JODQG��

,W�ZDV�GLIILFXOW�WR�HVWDEOLVK�D�GRVH�UHVSRQVH�IRU�WKH�HIIHFWV�RQ�WK\URLG�IXQFWLRQ�IURP�GDLO\�RU��

UHSHDWHG�H[SRVXUHV�LQ�KHDOWK\�KXPDQV�EDVHG�RQ�WKH�GDWD�LQ�SDWLHQWV�ZLWK�*UDYHV¶�GLVHDVH�EHFDXVH��

RI�D�YDULHW\�RI�FRQIRXQGLQJ�IDFWRUV��LQFOXGLQJ�WKH�HIIHFW�RI�WKH�GLVHDVH��WKDW�RIWHQ�RQO\�D�VLQJOH��

H[SRVXUH�DQG�QRW�UHSHDWHG�H[SRVXUHV�ZHUH�WHVWHG��WKDW�RQO\�RQH�RU�WZR�GRVHV�ZHUH�HPSOR\HG��DQG��

WKDW�RIWHQ�WKH�RQO\�HIIHFW�PRQLWRUHG�ZDV�LRGLQH�UHOHDVH�IURP�WKH�WK\URLG�RU�FRQWURO�RI�WKH��

K\SHUWK\URLG�VWDWH���7KHUH�ZHUH�OLPLWHG�GDWD�LQ�QRUPDO�KXPDQ�VXEMHFWV�DQG�ODERUDWRU\�DQLPDOV��

WKDW�VXSSRUW�WKH�HIIHFW�RI�SHUFKORUDWH�RQ�WK\URLG�KRUPRQHV��EXW�WKH�PDMRULW\�RI�WKHVH�VWXGLHV�VXIIHU��

IURP�WKH�VDPH�OLPLWDWLRQV�DV�WKRVH�ZLWK�WKH�*UDYHV¶�GLVHDVH�SDWLHQWV��ZLWK�UHVSHFW�WR�WKH�QXPEHU��

RI�GRVHV�DQG�H[SRVXUHV���7KHVH�OLPLWDWLRQV�SUHYHQW�HVWDEOLVKPHQW�RI�D�TXDQWLWDWLYH�GRVH�UHVSRQVH��

HVWLPDWH�IRU�WKH�HIIHFWV�RQ�WK\URLG�KRUPRQHV�DIWHU�ORQJ�WHUP�UHSHDWHG�H[SRVXUHV�WR�SHUFKORUDWH�LQ��

KHDOWK\�KXPDQ�VXEMHFWV���

7KH�WK\URLG�KRUPRQH�GHILFLHQFLHV��VXFK�DV�WKRVH�LQGXFHG�E\�SHUFKORUDWH��FDQ�DIIHFW�QRUPDO��

PHWDEROLVP��JURZWK��DQG�GHYHORSPHQW���1R�UREXVW�GDWD�H[LVWHG�WR�HYDOXDWH�SRWHQWLDO�WDUJHW�WLVVXHV��

RU�HIIHFWV�RWKHU�WKDQ�WKRVH�LQ�WKH�WK\URLG���7KH�GDWD�RQ�WKH�WK\URLG�HIIHFWV�ZHUH�LQVXIILFLHQW�IRU��

TXDQWLWDWLYH�GRVH�UHVSRQVH�DVVHVVPHQW���7KHUH�ZHUH�QR�GDWD�WR�HYDOXDWH�WKH�HIIHFWV�RI�SHUFKORUDWH��

LQ�SRWHQWLDOO\�VXVFHSWLEOH�SRSXODWLRQV��VXFK�DV�GHYHORSLQJ�IHWXVHV��QRU�ZHUH�WKHUH�GDWD�RQ�WKH��

HIIHFWV�RI�SHUFKORUDWH�RQ�UHSURGXFWLYH�FDSDFLW\�RI�PDOH�RU�IHPDOH�ODERUDWRU\�DQLPDOV���

%HQLJQ�WXPRUV�KDYH�EHHQ�UHSRUWHG�LQ�WKH�WK\URLGV�RI�PDOH�:LVWDU�UDWV�DQG�IHPDOH�%$/%�F��

PLFH�WUHDWHG�ZLWK�UHSHDWHG��KLJK�GRVH�H[SRVXUHV����\HDUV�DW�������PJ�NJ�GD\�DQG����ZHHNV�DW��

������PJ�NJ�GD\��UHVSHFWLYHO\��RI�SRWDVVLXP�SHUFKORUDWH�LQ�GULQNLQJ�ZDWHU���%HQLJQ�WXPRUV�LQ�WKH��

WK\URLG�KDYH�EHHQ�HVWDEOLVKHG�WR�EH�WKH�UHVXOW�RI�D�VHULHV�RI�SURJUHVVLYH�FKDQJHV�WKDW�RFFXU�LQ�WKH��

WK\URLG�LQ�UHVSRQVH�WR�LQWHUIHUHQFH�ZLWK�WK\URLG�SLWXLWDU\�KRPHRVWDVLV��L�H���SHUWXUEDWLRQ�RI�WKH��
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QRUPDO�VWDEOH�VWDWH�RI�WKH�KRUPRQHV�DQG�IXQFWLRQV�VKDUHG�EHWZHHQ�WKHVH�WZR�UHODWHG�JODQGV����

7KLV�SURJUHVVLRQ�LV�VLPLODU�UHJDUGOHVV�RI�WKH�FDXVH�RI�WKH�WK\URLG�KRUPRQH�LQWHUIHUHQFH��+LOO�HW�DO���

������&DSHQ��������+XUOH\�HW�DO�����������7KH�(3$�KDV�DGRSWHG�WKH�SROLF\�WKDW�DQ�DVVXPSWLRQ�RI�

D�WKUHVKROG�IRU�FDUFLQRJHQLFLW\�EDVHG�RQ�WKHVH�SUHFXUVRU�OHVLRQV�DORQJ�WKH�SURJUHVVLRQ�LV�

DSSURSULDWH�IRU�WKH�GRVH�UHVSRQVH�RI�FKHPLFDOV�WKDW�FDXVH�WKLV�W\SH�RI�GLVUXSWLRQ�LQ�WKH�WK\URLG�

ZKHQ�WKH\�GR�QRW�KDYH�JHQRWR[LF�DFWLYLW\��L�H���FDXVH�GDPDJH�WR�'1$�RU�VKRZ�RWKHU�JHQHWLF�

GLVUXSWLRQ�>8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\������D@����7KLV�DVVHVVPHQW�ZLOO�H[SORUH�WKH�

SRVVLELOLW\�RI�HVWDEOLVKLQJ�D�GRVH�UHVSRQVH�HVWLPDWH�XVLQJ�WKH�12$(/�IRU�KRUPRQH��7���7���DQG�

76+��DQG�LQLWLDO�WK\URLG�KLVWRSDWKRORJ\�DV�WKH�SUHFXUVRU�OHVLRQV�WR�EH�DQ�HVWLPDWH�DOVR�SURWHFWLYH�

IRU�SRWHQWLDO�EHQLJQ�WXPRU�GHYHORSPHQW���([LVWLQJ�VKRUWHU�WHUP�VWXGLHV�LQGLFDWH�WKDW�SHUFKORUDWH��

FDXVHV�FKDQJHV�LQ�WKH�WK\URLG�W\SLFDO�RI�WKH�SURJUHVVLRQ�GHVFULEHG��DQG�JHQRWR[LF�VWXGLHV�DUH��

UHTXLUHG�WR�HVWDEOLVK�WKDW�SHUFKORUDWH�GRHV�QRW�KDYH�DQ\�DFWLYLW\�UHOHYDQW�WR�FDUFLQRJHQLFLW\���

��



December 31, 1998 Draft-Do Not Quote or Cite4-1

����72;,&2.,1(7,&6�72;,&2'<1$0,&6�$1'�

02'(�2)�$&7,21�7(67,1*�675$7(*<�

�

�

%DVHG�RQ�WKH�KD]DUG�FKDUDFWHUL]DWLRQ�RI�&KDSWHU���DQG�WKH�UHFRPPHQGDWLRQV�RI�WKH������

7(5$�H[WHUQDO�UHYLHZ�SDQHO��WKLV�FKDSWHU�H[SODLQV�WKH�UDWLRQDOH�WKDW�ZDV�WKH�EDVLV�XQGHUO\LQJ�WKH�

WHVWLQJ�VWUDWHJ\�WR�HYDOXDWH�WKH�SRWHQWLDO�FULWLFDO�WDUJHWV�IRU�SHUFKORUDWH�WR�HVWDEOLVK�D�GDWDEDVH�

UREXVW�HQRXJK�WR�VXSSRUW�D�TXDQWLWDWLYH�ULVN�DVVHVVPHQW���$VSHFWV�RI�WKH�WR[LFRNLQHWLFV�DQG�

WR[LFRG\QDPLFV�RI�SHUFKORUDWH�DQG�LWV�LQWHUDFWLRQ�ZLWK�WKH�WK\URLG�DUH�GLVFXVVHG�DV�WKH�EDVLV�IRU�

WKH�GHYHORSPHQW�RI�D�WHVWLQJ�VWUDWHJ\�EDVHG�RQ�WKH�PRGH�RI�DFWLRQ�RI�SHUFKORUDWH���0RGH�RI�DFWLRQ��

LV�GHILQHG�DV�D�FKHPLFDO¶V�LQIOXHQFH�RQ�PROHFXODU��FHOOXODU��DQG�SK\VLRORJLFDO�IXQFWLRQV��)HGHUDO��

5HJLVWHU��������:LOWVH�DQG�'HOODUFR����������8QGHUVWDQGLQJ�WKH�PRGH�RI�DFWLRQ�KHOSV�WR�LQWHUSUHW��

WKH�UHOHYDQF\�RI�WKH�ODERUDWRU\�DQLPDO�DQG�KXPDQ�GDWD�WR�LQIRUP�WKH�PRVW�DSSURSULDWH��

GRVH�UHVSRQVH�SURFHGXUH��VHH�&KDSWHU������

��

��

��� $%62537,21��',675,%87,21��0(7$%2/,60��$1'��
(/,0,1$7,21�2)�3(5&+/25$7(��

$V�GLVFXVVHG�LQ�&KDSWHU����SHUFKORUDWH�VDOWV�DUH�GLVVROYHG�UHDGLO\�LQ�ZDWHU���7KH�UHVXOWDQW��

DQLRQ�LV�HDVLO\�DEVRUEHG�IURP�WKH�JDVWURLQWHVWLQDO�WUDFW���+RZHYHU��EHFDXVH�RI�LWV�KLJK�FKDUJH���

SHUFKORUDWH�GRHV�QRW�SDVV�UHDGLO\�WKURXJK�WKH�VNLQ���(OHFWURO\WHV�DSSOLHG�IURP�DTXHRXV�VROXWLRQV��

GR�QRW�SHQHWUDWH�WKH�VNLQ�UHDGLO\��6FKXHSOHLQ�DQG�%URQDXJK����������8SWDNH�RI�LQRUJDQLF�LRQV��

VXFK�DV�SHUFKORUDWH�LV�W\SLFDOO\�OHVV�WKDQ�����DQG�IUHTXHQWO\�OHVV�WKDQ����WKURXJK�WKH�VNLQ����

([SRVXUH�YLD�LQKDODWLRQ�WR�IXPHV�RU�YDSRUV�LV�H[SHFWHG�WR�EH�QHJOLJLEOH�EHFDXVH�WKH�YDSRU��

SUHVVXUH�RI�SHUFKORUDWH�VDOWV�DQG�DFLGV�LV�H[SHFWHG�WR�EH�ORZ�DW�URRP�WHPSHUDWXUHV���([SRVXUH�WR��

SDUWLFOHV�ZRXOG�GHSHQG�RQ�WKH�SDUWLFOH�VL]H��DHURG\QDPLF�GLDPHWHU��GLVWULEXWLRQ���

3HUFKORUDWH�DSSHDUV�WR�EH�HOLPLQDWHG�UDSLGO\��SULPDULO\�LQ�WKH�XULQH��!������DQG�YLUWXDOO\��

XQFKDQJHG�ERWK�LQ�WKH�UDW��(LFKOHU�DQG�+DFNHQWKDO��������DQG�KXPDQV��$QEDU�HW�DO�������������

'XUDQG��������PHDVXUHG�XULQDU\�HOLPLQDWLRQ�IURP�WZR�KXPDQ�VXEMHFWV�ZKR�LQJHVWHG�����PJ�RI��

VRGLXP�SHUFKORUDWH�LQ�����J�RI�ZDWHU���8ULQDU\�HOLPLQDWLRQ�DFFRXQWHG�IRU�����RI�WKH��
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DGPLQLVWHUHG�GRVH�ZLWKLQ���K�DQG�����ZLWKLQ����K���+DOI�OLYHV�KDYH�EHHQ�UHSRUWHG�IRU�WKH�UDW�

IURP����K������LQ����K��WR�.���K��:ROII����������6WDQEXU\�DQG�:\QJDDUGHQ��������UHSRUWHG�WKDW�

SHUFKORUDWH�DSSHDUV�LQ�WKH�XULQH�ZLWKLQ����WR����PLQ�RI�RUDO�GRVLQJ��DQG�SHDN�SODVPD�OHYHOV�RFFXU�

ZLWKLQ���K���3HUFKORUDWH�ZDV�UHSRUWHG�WR�XQGHUJR�D�WZR�SKDVHG�XULQDU\�HOLPLQDWLRQ�SURFHVV�LQ�UDWV�

DQG�FDOYHV���,Q�UDWV��WKH�ILUVW�SKDVH�DFFRXQWHG�IRU�DSSUR[LPDWHO\�����RI�WKH�DGPLQLVWHUHG�GRVH�

DQG�KDG�D�KDOI�OLIH�RI���WR���K���7KH�VHFRQG�SKDVH�DFFRXQWHG�IRU����DQG�KDG�D�KDOI�OLIH�WKDW�UDQJHG�

IURP����WR����K���,Q�FDOYHV��WKH�ILUVW�SKDVH�KDOI�OLIH�ZDV�UHSRUWHG�WR�EH���WR�����K��DQG�WKH�VHFRQG�

���WR����K��6HOLYDQRYD�HW�DO���������DV�FLWHG�LQ�$OOUHG����������7KH�NLQHWLFV�RI�ORQJ�WHUP�

DGPLQLVWUDWLRQ�RI�SHUFKORUDWH�KDYH�QRW�EHHQ�FKDUDFWHUL]HG���7KH�GLVWULEXWLRQ�DQG�PHWDEROLVP�RI�

SHUFKORUDWH�DQG�LWV�UHOHYDQFH�WR�SRWHQWLDO�WR[LFLW\�LQ�WKH�WK\URLG�ZLOO�EH�GLVFXVVHG�LQ�JUHDWHU�GHWDLO��

LQ�6HFWLRQ������IROORZLQJ�GLVFXVVLRQV�RI�LRGLQH�PHWDEROLVP�DQG�WK\URLG�SK\VLRORJ\�LQ�6HFWLRQ�������

��

��

��� ,2',1(�0(7$%2/,60�$1'�7+<52,'�3+<6,2/2*<��

,RGLQH�SOD\V�D�FHQWUDO�UROH�LQ�WK\URLG�SK\VLRORJ\��EHLQJ�ERWK�D�FRQVWLWXHQW�RI�WK\URLG��

KRUPRQHV�DQG�D�UHJXODWRU�RI�WK\URLG�JODQG�IXQFWLRQ���/LNH�SHUFKORUDWH��LRGLQH�LV�DEVRUEHG��

HIILFLHQWO\�LQ�WKH�JDVWURLQWHVWLQDO�WUDFW���,RGLQH�LQ�RUJDQLF�IRUP�LV�FRQYHUWHG�PRVWO\�WR�LRGLGH��,����

EHIRUH�DEVRUSWLRQ��&DYDOLHUL����������7KH�NLGQH\V�DFFRXQW�IRU�DERXW�WZR�WKLUGV�RI�WKH�LRGLGH��

FOHDUHG�IURP�SODVPD�DQG�PRUH�WKDQ�����RI�WKH�LRGLGH�FOHDUHG�IURP�WKH�ERG\���6ZHDW�DQG�EUHDVW��

PLON�DFFRXQW�IRU�YDULRXV�IUDFWLRQV�RI�LRGLGH�ORVV��DQG�IHFDO�HOLPLQDWLRQ�FRQVWLWXWHV�RQO\�DERXW�����

RI�WRWDO�ERG\�LRGLGH�FOHDUDQFH���

7KH�WK\URLG�JODQG�FRQFHQWUDWHV�LRGLGH�DJDLQVW�DQ�HOHFWURFKHPLFDO�JUDGLHQW�E\�D�FDUULHU���

PHGLDWHG�PHFKDQLVP�GULYHQ�E\�DGHQRVLQH�WULSKRVSKDWH��$73����7KH�DFWLYDWLRQ�HQHUJ\�UHTXLUHG��

IRU�SHUFKORUDWH�UHGXFWLRQ�LV�VR�KLJK�WKDW�LW�FDQQRW�DFW�DV�DQ�R[LGDQW�XQGHU�SK\VLRORJLFDO�FRQGLWLRQV��

�L�H���GLOXWH�VROXWLRQ��DYRLGDQFH�RI�HOHYDWHG�WHPSHUDWXUHV��DQG�QHXWUDO�S+����3ODVPD�PHPEUDQH��

H[SHULPHQWV�LQGLFDWH�WKDW�WKH�VRGLXP�FDWLRQ��1D���DQG�LRGLGH�FRWUDQVSRUW�DUH�HOHFWURJHQLF��ZLWK�D��

WKHUPRG\QDPLFDOO\�GRZQKLOO�WUDQVSRUW�RI�DSSUR[LPDWHO\�WZR�1$��LRQV�GULYLQJ�RQH�LRGLGH�LRQ��

DJDLQVW�LWV�HOHFWURFKHPLFDO�JUDGLHQW�LQWR�WKH�FHOO���7KH�WUDQVSRUW�LV�VHQVLWLYH�WR�RXDEDLQ��DQ��

LQKLELWRU�RI�$73DVH���7KH�PROHFXOH�UHVSRQVLEOH�IRU�WKH�WUDQVSRUW�RI�LRGLGH�KDV�EHHQ�QDPHG�WKH��

VRGLXP�LRGLGH�V\PSRUWHU���7KH�WK\URLG�WKXV�KDV�D�VSHFLDOL]HG�DELOLW\�WR�FRQFHQWUDWH�LRGLGH��

VHOHFWLYHO\�IURP�WKH�VXUURXQGLQJV�ZKHUH�WKH�FRQFHQWUDWLRQ�LV�YHU\�ORZ�������WR������0��DQG�ZKHUH��
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WKH�FRQFHQWUDWLRQ�RI�FKORULGH�LRQV�ZLOO�EH�RI�WKH�RUGHU�RI������WR�����0���7KH�WUDQVSRUW�LV�³DFWLYH´�

QRW�RQO\�E\�HOHFWURFKHPLFDO�FULWHULD�EXW�DOVR�E\�PHWDEROLF�RQHV���LW�GRHV�QRW�RFFXU�LQ�WKH�FROG��LW�

UHTXLUHV�R[\JHQ��DQG��DV�PHQWLRQHG��LV�D�IXQFWLRQ�RI�WKH�$73�OHYHO���,Q�DGGLWLRQ�WR�WKH�WK\URLG��

RWKHU�RUJDQV�WKDW�FDQ�FRQFHQWUDWH�LRGLGH�LQFOXGH�WKH�VDOLYDU\�JODQGV��JDVWULF�PXFRVD��FKRURLG�

SOH[XV��PDPPDU\�JODQGV��DQG�WKH�SODFHQWD���,RGLGH�VHFUHWHG�LQWR�WKH�VDOLYD�DQG�JDVWULF�MXLFH�LV�

UHDEVRUEHG�LQ�WKH�VPDOO�LQWHVWLQH��&DYDOLHUL���������

1HYHUWKHOHVV��LW�LV�HVVHQWLDOO\�RQO\�LQ�WKH�WK\URLG�WKDW�WKH�QHZO\�FRQFHQWUDWHG�LRGLGH�FDQ�EH�

PHWDEROL]HG�IXUWKHU�WR�IRUP�WK\URLG�KRUPRQH��DQG��RQO\�LQ�WKH�WK\URLG��GRHV�76+�UHJXODWH�WKH�

SURFHVV���7K\URLG�KRUPRQHV�SOD\�QXPHURXV�DQG�SURIRXQG�UROHV�LQ�UHJXODWLQJ�PHWDEROLVP��JURZWK��

GHYHORSPHQW��DQG�PDLQWHQDQFH�RI�KRPHRVWDVLV���,W�LV�JHQHUDOO\�WKRXJKW�WKDW�WKHVH�DFWLRQV�UHVXOW��

IURP�HIIHFWV�RI�WKH�WK\URLG�KRUPRQHV�RQ�SURWHLQ�V\QWKHVLV��+LOO�HW�DO�����������

)LJXUH�����VKRZV�D�VFKHPDWLF�UHSUHVHQWDWLRQ�RI�WK\URLG�KRUPRQH�ELRV\QWKHVLV�DQG�VHFUHWLRQ��

LQ�D�VLQJOH�WK\URLG�IROOLFXODU�FHOO���7KH�WK\URLG�KRUPRQHV�DUH�VWRUHG�DV�DPLQR�DFLG�UHVLGXHV�LQ��

WK\URJOREXOLQ��7J���D�SURWHLQ�FRQVWLWXWLQJ�PRVW�RI�WKH�FROORLG�LQ�WKH�WK\URLG�IROOLFOHV�����

7KH�IROOLFXODU�FHOO�LQ�VLWX�GLVSOD\V�IXQFWLRQDO�DQG�VWUXFWXUDO�SRODULW\���7KH�YDVFXODU�VSDFH�LV�DW�WKH��

ERWWRP��DQG�WKH�OXPHQ�RI�WKH�IROOLFOH�LV�DW�WKH�WRS���7KH�VWULDWHG�FLUFOH�VWUDGGOLQJ�WKH�EDVRODWHUDO��

PHPEUDQH�UHSUHVHQWV�WKH�LRGLGH�WUDQVSRUWHU���7KH�SURFHVV�RI�WK\URLG�KRUPRQH�ELRV\QWKHVLV�LV�ILUVW��

VWLPXODWHG�E\�76+�ELQGLQJ�WR�WKH�IROOLFXODU�FHOO�76+�UHFHSWRU�DQG�F\FOLF�DGHQRVLQH��

PRQRSKRVSKDWH��F$03��DFWLYDWLRQ��+DUG����������7KH�SURWHLQ�SRUWLRQ�RI�7J�LV�V\QWKHVL]HG�RQ��

URXJK�HQGRSODVPLF�UHWLFXOXP��(5���DQG�FDUERK\GUDWH�PRLHWLHV�DUH�DGGHG�E\�WKH�*ROJL�DSSDUDWXV��

�*$����7K\URJOREXOLQ�SURFHHGV�WR�WKH�DSLFDO�VXUIDFH�LQ�VHFUHWRU\�YHVLFOHV��VPDOO�RSHQ�FLUFOHV��WKDW��

IXVH�ZLWK�WKH�FHOO�PHPEUDQH�DQG�GLVFKDUJH�WKHLU�FRQWHQWV�LQWR�WKH�IROOLFXODU�OXPHQ���,RGLGH�HQWHUV��

WKH�FHOO�E\�DFWLYH�WUDQVSRUW��DQG�WKHQ��DW�WKH�DSLFDO�VXUIDFH��LV�R[LGL]HG�E\�WK\URLG�SHUR[LGDVH��

�732����7KH�K\GURJHQ�SHUR[LGH�JHQHUDWLQJ�V\VWHP�LV�UHSUHVHQWHG�E\�K\GURJHQ�SHUR[LGH��+
�

2
�

�����

2UJDQLILFDWLRQ�RFFXUV�DW�RU�QHDU�WKLV�DSLFDO�FHOO�FROORLG�LQWHUIDFH��WKH�R[LGL]HG�LRGLGH�LV��

LQFRUSRUDWHG�LQWR�W\URVLQH�UHVLGXHV�LQ�SHSWLGH�OLQNDJH�LQ�7J���7ZR�LRGLQDWHG�W\URV\O�JURXSV�FRXSOH��

LQ�HWKHU�OLQNDJH�WR�IRUP�7���ZKLFK�LV�VWLOO�WUDSSHG�LQ�7J���+RUPRQH�VHFUHWLRQ�ILUVW�LQYROYHV��

SLQRF\WRVLV�RI�FROORLG�FRQWDLQLQJ�LRGLQDWHG�7J��ODUJH�RSHQ�FLUFOH��DW�WKH�DSLFDO�ERUGHU�RI�WKH��

IROOLFXODU�OXPHQ�DQG�UHVROYHG�LQWR�YHVLFOHV�WKDW�IXVH�ZLWK�O\VRVRPHV��/<��GDUN�FLUFOH����/\VRVRPH��

SURWHRO\VLV��VWULDWHG�FLUFOH��EUHDNV�GRZQ�7J�WR�DPLQR�DFLGV��7���7���GLLRGRW\URVLQH��',7��DQG���
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Figure 4-1. Schematic representation of thyroid hormone biosynthesis and secretion in a
single thyroid follicular cell. 

Source:  Modified from Hill et al. (1989), Cavalieri (1997), and Fisher (1996).

PRQRLRGRW\URVLQH��0,7����,RGRWU\RVLQH�GHKDORJHQDVH�UHJHQHUDWHV�LRGLGH�IURP�0,7�DQG�',7�IRU�

UHXVH�ZLWKLQ�WKH�WK\URLG�RU�UHOHDVH�LQWR�WKH�EORRG��DFFRXQWLQJ�IRU�WKH�LRGLGH�OHDN�LQ�WKH�FKURQLF�

VWDWH�RI�LRGLQH�H[FHVV�DQG�LQ�FHUWDLQ�WK\URLG�GLVRUGHUV���7\SH�,�LRGRWK\URQLQH�GHLRGLQDVH�FRQYHUWV�

VRPH�RI�WKH�IUHH�7��LQWR�7����%RWK�KRUPRQHV��7��DQG�7���DUH�UHOHDVHG�LQWR�WKH�EORRG�FLUFXODWLRQ�

E\�D�SURFHVV�WKDW�LV�QRW�ZHOO�XQGHUVWRRG���7KH�WK\URLG�DOVR�UHOHDVHV�7J��RI�ZKLFK�VRPH�LV�

LRGLQDWHG�DQG�VRPH�XQLRGLQDWHG�DV�QHZO\�V\QWKHVL]HG�SURWHLQ��

$OWKRXJK�7��LV�E\�IDU�WKH�PDMRU�KRUPRQH�VHFUHWHG�E\�WKH�WK\URLG��W\SLFDOO\���WR����WLPHV�WKH�

UDWH�RI�7����DQG�LW�FDQ�YDU\�DV�D�IXQFWLRQ�RI�WKH�LRGLQH�LQWDNH��7��LV�FRQVLGHUHG�WR�EH�D�
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SURKRUPRQH���7KXV��7��LV�DERXW�IRXUIROG�PRUH�SRWHQW�WKDQ�7���DQG�DERXW�����RI�WKH�7��VHFUHWHG�

XQGHUJRHV��
�GHLRGLQDWLRQ�WR�7��LQ�WKH�SHULSKHUDO�WLVVXHV��DQRWKHU�����XQGHUJRHV�GHLRGLQDWLRQ�RI�

WKH�LQQHU�ULQJ�WR�\LHOG�WKH�LQDFWLYH�PDWHULDO��UHYHUVH�WULLRGRWK\URQLQH��U7����ZKLFK�UHFHQWO\�KDV�

EHHQ�WKRXJKW�WR�SOD\�DQ�LQKLELWRU\�UROH�RQ�WKH�FRQYHUVLRQ�RI�7��WR�7����2Q�HQWHULQJ�WKH�

FLUFXODWLRQ��ERWK�7��DQG�7��DUH�ERXQG�DQG�WUDQVSRUWHG�LQ�VWURQJ��EXW�QRW�FRYDOHQW��DVVRFLDWLRQ�

ZLWK�SODVPD�SURWHLQV���7KH�PDMRU�FDUULHU�LQ�KXPDQV�LV�WK\UR[LQH�ELQGLQJ�JOREXOLQ��D�JO\FRSURWHLQ�

ZLWK�D�YHU\�KLJK�DIILQLW\�IRU�7��DQG�D�ORZHU�DIILQLW\�IRU�7����,Q�UDWV��WKH�7��DQG�7��DUH�ERXQG�WR�

SUHDOEXPLQ�RU�DOEXPLQ�ZLWK�D�OHVV�VWURQJ�DWWDFKPHQW���&RQWURO�RI�WKH�FLUFXODWLQJ�FRQFHQWUDWLRQV�

RI�WKHVH�KRUPRQHV�LV�UHJXODWHG�SULPDULO\�E\�D�QHJDWLYH�IHHGEDFN�LQYROYLQJ�WKUHH�RUJDQV�������WKH�

WK\URLG��ZKLFK�SURGXFHV�WK\URLG�KRUPRQH��DQG�����WKH�SLWXLWDU\�JODQG�DQG�����K\SRWKDODPXV���

ZKLFK�UHVSRQG�WR�DQG�KHOS�PDLQWDLQ�RSWLPDO�7��DQG�7��OHYHOV��+LOO�HW�DO�����������)LJXUH������

VKRZV�WKH�VFKHPDWLF�IRU�WKLV�K\SRWKDODPLF�SLWXLWDU\�D[LV�DQG�WKH�IHHGEDFN�PHFKDQLVPV���

7KH�K\SRWKDODPXV�VWLPXODWHV�WKH�SLWXLWDU\�JODQG�WKURXJK�WK\URWURSLQ�UHOHDVLQJ�KRUPRQH��

�75+��WR�SURGXFH�76+��ZKLFK�WKHQ�SURPSWV�WKH�WK\URLG�WR�HYHQWXDOO\�SURGXFH�7��DQG�7����2QFH��

VHFUHWHG�LQWR�WKH�EORRG��7��DQG�7��DUH�ERXQG�WR�SODVPD�SURWHLQV��WK\URLG�ELQGLQJ�JOREXOLQ�>7%*@��

LQ�KXPDQV�RU�SUHDOEXPLQ�DQG�DOEXPLQ�>3$@�LQ�UDWV����,Q�DGGLWLRQ�WR�WKH�DIRUHPHQWLRQHG��

FRQYHUVLRQ�RI�7��WR�7��LQ�SHULSKHUDO�WLVVXHV��WK\URLG�KRUPRQH�DOVR�LV�PHWDEROL]HG�LUUHYHUVLEO\�LQ��

WKH�OLYHU�E\�XULGLQH�GLSKRVSK\O�JOXFXURQRV\O�WUDQVIHUDVHV��8'3*7V��WR�HLWKHU�JOXFXURQLF��7���RU��

VXOIDWH��PDLQO\�7���FRQMXJDWHV�WKDW�DUH�H[FUHWHG�LQ�WKH�ELOH���$�SRUWLRQ�RI�WKH�FRQMXJDWHG�PDWHULDO��

LV�K\GURO\]HG�LQ�WKH�LQWHVWLQH��DQG�WKH�IUHH�KRUPRQHV�WKXV�UHOHDVHG�DUH�UHDEVRUEHG�LQWR�WKH�EORRG��

YLD�HQWHURKHSDWLF�FLUFXODWLRQ���7KH�UHPDLQLQJ�SRUWLRQ�RI�WKH�FRQMXJDWHG�PDWHULDO�LV�H[FUHWHG�LQ�WKH��

IHFHV���

&HOOV�LQ�WKH�K\SRWKDODPXV�DQG�SLWXLWDU\�JODQG�UHVSRQG�WR�OHYHOV�RI�FLUFXODWLQJ�7��DQG�7����

VXFK�WKDW��ZKHQ�WK\URLG�SURGXFWLRQ�OHYHOV�DUH�KLJK��WKHUH�LV�D�VLJQDO�WR�UHGXFH�WKH�RXWSXW�RI�75+��

DQG�76+���6LPLODUO\��ZKHQ�WK\URLG�KRUPRQH�OHYHOV�DUH�UHGXFHG��WKH�SLWXLWDU\�LV�SURPSWHG�WR��

GHOLYHU�PRUH�76+�WR�WKH�WK\URLG�WR�LQFUHDVH�WKH�RXWSXW�RI�7��DQG�7����7KLV�QHJDWLYH�IHHGEDFN��

ORRS�KHOSV�WKH�ERG\�WR�UHVSRQG�WR�YDU\LQJ�GHPDQGV�IRU�WK\URLG�KRUPRQH�DQG�WR�PDLQWDLQ�KRUPRQH��

KRPHRVWDVLV���&LUFXODWLQJ�7���7���DQG�76+�WKXV�DUH�PRQLWRUHG�UHDGLO\�LQ�H[SHULPHQWDO�DQLPDOV��

DQG�KXPDQV�WR�VHUYH�DV�ELRPDUNHUV�RI�H[SRVXUH�DQG�HIIHFW�RI�DJHQWV�WKDW�GLVUXSW�WKH�VWDWXV�RI�WKH��

K\SRWKDODPLF�SLWXLWDU\�WK\URLG�D[LV��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\������D����

��



December 31, 1998 Draft-Do Not Quote or Cite4-6

Figure 4-2. Schematic of the hypothalamic-pituitary-thyroid axis and feedback
mechanisms (PP-TH = plasma protein-thyroid hormone, PTU =
propylthiouracil, UDPGT = uridine diphosphyl glucuronosyl transferase,
T4 GLUC = T4-glucuronide conjugate). 

Source:  Modified from U.S. Environmental Protection Agency (1998a), Hill et al. (1998), and Capen (1997).
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,Q�WKH�DEVHQFH�RI�WK\URLG�ELQGLQJ�JOREXOLQ��DV�LQ�WKH�UDW�DQG�PRXVH��PRUH�WK\URLG�KRUPRQH�

LV�IUHH�RI�SURWHLQ�ELQGLQJ�DQG�VXEMHFW�WR�PHWDEROLVP�DQG�UHPRYDO�IURP�WKH�ERG\���$V�D�

FRQVHTXHQFH��WKH�KDOI�OLIH�RI�7��LQ�WKH�UDW�LV�RQO\�DERXW���WR����K��LQ�FRQWUDVW�WR���WR���GD\V�LQ�

KXPDQV���5DWV�FRPSHQVDWH�IRU�WKH�LQFUHDVHG�WXUQRYHU�UDWH�E\�VHFUHWLQJ�PRUH�76+�IURP�WKH�

SLWXLWDU\�JODQG���7DEOH�����SURYLGHV�WKH�LQWHUVSHFLHV�DQG�LQWUDVSHFLHV�GLIIHUHQFHV�LQ�ERWK�WK\URLG�

KRUPRQH�DQG�JODQG�VWUXFWXUH�EHWZHHQ�UDWV�DQG�KXPDQV���7KH�FRQVHTXHQFHV�RI�GLVUXSWLQJ�WKH�

VWDWXV�RI�WKH�K\SRWKDODPLF�SLWXLWDU\�D[LV�ZLOO�EH�GLVFXVVHG�LQ�6HFWLRQ������

�
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�3URGXFWLRQ�UDWH�NJ�ERG\�ZHLJKW ��î ���î�WKDW�LQ�KXPDQV

76+ ��î ��WR����î�WKDW�LQ�KXPDQV

)ROOLFXODU�FHOO�PRUSKRORJ\ /RZ�FXERLGDO &XERLGDO

6H[�GLIIHUHQFHV

6HUXP�76+ 0� �) 0G�#���î�)H

&DQFHU�VHQVLWLYLW\ )� �����î�0 0�!�)

D0� �PDOH��)� �IHPDOH�

6RXUFH���8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\������D��

��� 72;,&2.,1(7,&6�2)�3(5&+/25$7(�

%HFDXVH�RI�WKH�FRPSOH[�DQDWRP\�RI�WKH�WK\URLG�IROOLFOH��DOO�RI�WKH�ORFDWLRQV�ZKHUH�

SHUFKORUDWH�LQKLELWLRQ�LV�H[HUWHG�UHPDLQ�WR�EH�HVWDEOLVKHG��:ROII����������,W�LV�HVWDEOLVKHG�DV�D�

FRPSHWLWLYH�LQKLELWRU�RI�LRGLGH�XSWDNH�DFURVV�WKH�EDVRODWHUDO�PHPEUDQH��L�H���RI�WKH�V\PSRUWHU����

3HUFKORUDWH�DQG�VHYHUDO�UHODWHG�PRQRYDOHQW�DQLRQV�DUH�VHOHFWHG�E\�WKH�V\PSRUWHU���7KH�IROORZLQJ�

SRWHQF\�VHULHV�ZDV�FRQVWUXFWHG�IRU�PRQRYDOHQW�DQLRQ�EDVHG�LQKLELWLRQ�RI�LRGLGH�WUDQVSRUW�LQ�
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+RZHYHU��LW�LV�QRW�FOHDU�ZKHWKHU�WKLV�DQLRQ�VHTXHQFH��PHDVXUHG�DW�YHU\�KLJK�FRQFHQWUDWLRQV��KDV�

DQ\�QHFHVVDU\�PHFKDQLVWLF�UHODWLRQ�WR�ZKDW�JRHV�RQ�DW�ORZ�FRQFHQWUDWLRQV�LQ�WKH�WK\URLG���,W�LV�

LPSRUWDQW�WR�GHWHUPLQH�ZKLFK�VROXWLRQ�SURSHUWLHV�RI�WKH�DQLRQV�GHWHUPLQHG�WKLV�VHULHV��H�J���

FU\VWDO�UDGLXV��K\GUDWHG�UDGLXV��K\GUDWLRQ�HQWKDOS\��FKDUJH�GHQVLW\����6WURQJ�EDVH�DQLRQ�H[FKDQJH�

UHVLQV��XVXDOO\�D�ODUJH�FDWLRQ�ZLWK�ZHDN�ILHOG��H[KLELW�D�PDUNHG�SUHIHUHQFH�IRU�&O2
�

���H�J���

FRPSDUHG�WR�&O����WKXV��LW�VHHPV�OLNHO\�WKDW�VHOHFWLYLW\�IRU�LRGLGH�RU�SHUFKORUDWH�LQ�WKH�WK\URLG�PD\�

EH�EDVHG�RQ�DQ�DQLRQ�H[FKDQJH�PHFKDQLVP�XVLQJ�D�ODUJH�FDWLRQ�VXFK�DV�D�TXDWHUQDUQ\�DPLQH�

�H�J���DUJLQLQH���:ROII���������

3HUFKORUDWH�DOVR�KDV�EHHQ�XVHG�WR�VWLPXODWH�HIIOX[�RI�LRGLGH�DOUHDG\�VWRUHG�LQ�WKH�IROOLFXODU��

OXPHQ�RI�WKH�JODQG��$WWHUZLOO�HW�DO�����������7KH�H[DFW�QDWXUH�RI�WKH�PHFKDQLVP�IRU�WKLV�HIIHFW�KDV��

QRW�EHHQ�HVWDEOLVKHG��KRZHYHU���7UDQVSRUW�RI�LRGLGH�RXW�RI�WKH�FHOO�LV�GRZQKLOO�HOHFWULFDOO\��EXW��

WKLV�FRXOG�EH�DFFRXQWHG�IRU�E\�WKH�KLJK�FRQFHQWUDWLRQ�JUDGLHQW�WKDW�LV�HVWDEOLVKHG�IURP�IROOLFXODU��

OXPHQ��LRGLGH�VWRUHG�LQ�WKH�FROORLG��WR�WKH�EDVRODWHUDO�DQG�H[WUDFHOOXODU�VSDFH���7KLV�FRXOG�EH�WKH��

UDWH�OLPLWLQJ�DVSHFW�IRU�SHUFKORUDWH�HIIOX[�HIIHFW���3HUFKORUDWH�DGGHG�WR�WKH�DSLFDO�VLGH�RI�D��

SRODUL]HG�WK\URLG�FHOO�PRQROD\HU�LV�VXEVWDQWLDOO\�OHVV�HIIHFWLYH�WKDQ�ZKHQ�DGGHG�WR�WKH�EDVRODWHUDO��

VLGH��:ROII����������0RUHRYHU��SHUFKORUDWH�UDSLGO\�LQFUHDVHV�WKH�VHFUHWRU\�UHVSRQVH�WR�76+��DQG��

76+�LQFUHDVHV�LRGLGH�HIIOX[�EHIRUH�LW�LQFUHDVHV�LRGLGH�LQIOX[��ZKLFK�VXJJHVWV�WKDW�DGGLWLRQDO��

FRQWURO�SRLQWV�PD\�H[LVW�����

7KXV��SHUFKORUDWH�DSSHDUV�WR�KDYH�QR�HIIHFW�RQ�WKH�LRGLQDWLRQ�SURFHVV�LWVHOI�EXW��UDWKHU���

GLVSODFHV�WKH�LRGLGH�E\�WKH�FRPSHWLWLYH�XSWDNH�DW�WKH�V\PSRUWHU���3HUFKORUDWH�LV�FRQFHQWUDWHG�E\��

WK\URLG�WLVVXH�LQ�D�PDQQHU�VLPLODU�WR�LRGLGH��EXW�LW�LV�QRW�VLJQLILFDQWO\�PHWDEROL]HG�LQ�WKH�JODQG��

QRU�SHULSKHUDOO\��DV�PHQWLRQHG�SUHYLRXVO\���,W�LV�QRW�XQHTXLYRFDOO\�HVWDEOLVKHG�ZKHWKHU�WKHUH�DUH��

DGGLWLRQDO�HIIHFWV�RI�SHUFKORUDWH�RQ�LRGLGH�WUDQVSRUW�ZLWKLQ�WKH�WK\URLG���3KDUPDFRNLQHWLF�VWXGLHV��

ZLWK�SHUFKORUDWH��ERWK�DFXWH�DQG�SDUWLFXODUO\�RQFH�VWHDG\�VWDWH�KDV�EHHQ�DFKLHYHG��ZRXOG�SURYLGH��

XVHIXO�GDWD�WR�JDLQ�LQVLJKW�RQ�WKLV�LVVXH���7KH�SRWHQWLDO�LPSDFWV�DV�KHDOWK�HQGSRLQWV�RI�LQWHUHVW�IRU��

KXPDQ�KHDOWK�ULVN�DVVHVVPHQW�RI�WKLV�SHUWXUEDWLRQ�LQ�WKH�K\SRWKDODPLF�SLWXLWDU\�WK\URLG�D[LV�DQG��

KRUPRQH�HFRQRP\�ZLOO�EH�GLVFXVVHG�LQ�6HFWLRQ�������

��

��
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����� &DUFLQRJHQLF�(IIHFWV�

,Q�KLJKHU�RUJDQLVPV��ZKHQ�GHPDQGV�IRU�PRUH�WK\URLG�KRUPRQH�DUH�VPDOO��H[LVWLQJ�WK\URLG�

IROOLFXODU�FHOOV�FDQ�PHHW�WKH�GHPDQG���:LWK�LQFUHDVHG�QHHG��DV�D�UHVXOW�RI�FHUWDLQ�FKHPLFDO�

H[SRVXUHV�RU�LRGLQH�GHILFLHQF\��WKH�WK\URLG�UHVSRQGV�E\�LQFUHDVLQJ�WKH�VL]H��K\SHUWURSK\��DQG�

QXPEHU��K\SHUSODVLD��RI�WK\URLG�IROOLFXODU�FHOOV�WR�HQKDQFH�KRUPRQH�RXWSXW���:LWK�FRQWLQXHG�76+�

VWLPXODWLRQ��WKHUH�LV�DFWXDO�HQODUJHPHQW�RI�WKH�WK\URLG��JRLWHU��DQG��DW�OHDVW�LQ�URGHQWV��HYHQWXDOO\�

QHRSODVLD�RI�WKH�WK\URLG�IROOLFXODU�FHOOV���%HFDXVH�76+�SURGXFLQJ�SLWXLWDU\�FHOOV�DOVR�DUH�

VWLPXODWHG��WKH\�WRR�VRPHWLPHV�XQGHUJR�K\SHUSODVLD�DQG�QHRSODVLD��8�6��(QYLURQPHQWDO�

3URWHFWLRQ�$JHQF\������D��+LOO�HW�DO�����������7KH�(3$�$VVHVVPHQW�RI�7K\URLG�)ROOLFXODU�&HOO��

7XPRUV��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\������D���DV�ZHOO�DV�UHYLHZV�UHFRPPHQGHG��

WKHUHLQ��SURYLGHV�GHWDLOV�DERXW�WK\URLG�IROOLFXODU�FHOO�FDUFLQRJHQHVLV���)LJXUH�����VKRZV��

VFKHPDWLFDOO\�WKH�SRVVLEOH�DQWLWK\URLG�HIIHFWV�WKDW�FRXOG�LQIOXHQFH�FDUFLQRJHQHVLV���1RWH�WKDW��

HIIHFWV��QRW�RQO\�LQ�WKH�WK\URLG�EXW�DOVR�LQ�SHULSKHUDO�WLVVXHV�DQG�WKH�OLYHU��PD\�FDXVH�GHPDQG�RQ��

WK\URLG�KRUPRQH�SURGXFWLRQ��VXFK�WKDW�WKH�76+�VWLPXODWLRQ�RI�WKH�WK\URLG�WR�SURGXFH�PRUH��

KRUPRQH�LV�HQOLVWHG���7DEOH�����OLVWV�PHFKDQLVPV�RI�DQWLWK\URLG�PHGLDWHG�QHRSODVLD�LQ�URGHQWV����

7KH�SRWHQWLDO�IRU�DQ�LQGLUHFW�HIIHFW�RI�SHUFKORUDWH�KDV�EHHQ�HVWDEOLVKHG��EXW�JHQRWR[LFLW\��

LQIRUPDWLRQ�ZRXOG�EH�UHTXLUHG�WR�HYDOXDWH�LWV�SRWHQWLDO�IRU�GLUHFW�HIIHFWV���$V�ZLOO�EH�GLVFXVVHG�LQ��

6HFWLRQ������D�EDWWHU\�RI�VXFK�DVVD\V�ZDV�LQFOXGHG�LQ�WKH�WHVWLQJ�VWUDWHJ\���

/RQJ�WHUP�SHUWXUEDWLRQV�LQ�WKH�K\SRWKDODPLF�SLWXLWDU\�WK\URLG�D[LV�E\�YDULRXV�LQIOXHQFHV��

OLVWHG�LQ�7DEOH�����DUH�PRUH�OLNHO\�WR�SUHGLVSRVH�WKH�ODERUDWRU\�UDW�WR�D�KLJKHU�LQFLGHQFH�RI��

SUROLIHUDWLYH�OHVLRQV��&DSHQ����������2QH�IDFWRU�WKDW�PD\�SOD\�D�UROH�LQ�WKLV�LQWHUVSHFLHV��

TXDQWLWDWLYH�GLIIHUHQFH�LQ�VHQVLWLYLW\�WR�WK\URLG�VWLPXODWLRQ�GHDOV�ZLWK�WKH�LQIOXHQFH�RI�SURWHLQ��

FDUULHUV�RI�WK\URLG�KRUPRQHV�LQ�WKH�EORRG��7DEOH��������%RWK�KXPDQV�DQG�URGHQWV�KDYH��

QRQVSHFLILF��ORZ�DIILQLW\�SURWHLQ�FDUULHUV�RI�WK\URLG�KRUPRQHV��H�J���DOEXPLQ����+RZHYHU��LQ��

KXPDQV��RWKHU�SULPDWHV��DQG�GRJV��WKHUH�LV�D�KLJK�DIILQLW\�ELQGLQJ�SURWHLQ��WK\UR[LQH�ELQGLQJ��

JOREXOLQ��ZKLFK�ELQGV�7���DQG�7��WR�D�OHVVHU�GHJUHH���WKLV�SURWHLQ�LV�PLVVLQJ�LQ�URGHQWV�DQG�ORZHU��

YHUWHEUDWHV���$V�D�UHVXOW��7��LV�ERXQG�WR�SURWHLQV�ZLWK�ORZHU�DIILQLW\�LQ�WKH�URGHQW�DQG�LV�PRUH��

VXVFHSWLEOH�WR�UHPRYDO�IURP�WKH�EORRG��E\�PHWDEROLVP��DQG�WKURXJK�H[FUHWLRQ�WKDQ�LQ�GRJV�DQG��

SULPDWHV���,Q�NHHSLQJ�ZLWK�WKLV�ILQGLQJ��WKH�VHUXP�KDOI�OLIH�RI�7��LV�PXFK�VKRUWHU�LQ�UDWV��OHVV�WKDQ���



December 31, 1998 Draft-Do Not Quote or Cite4-10

Figure 4-3. Schematic of antithyroid effects that influence thyroid carcinogenesis.

Source: U.S. Environmental Protection Agency (1998a) and Hill et al. (1998).

��GD\��WKDQ�LW�LV�LQ�KXPDQV����WR���GD\V���WKLV�GLIIHUHQFH�LQ�7��KDOI�OLIH�UHVXOWV�LQ�D����IROG�JUHDWHU�

UHTXLUHPHQW�IRU�H[RJHQRXV�7��LQ�WKH�UDW�ZLWK�D�QRQIXQFWLRQLQJ�WK\URLG�WKDQ�LQ�WKH�DGXOW�KXPDQ���

6HUXP�7��OHYHOV�DOVR�VKRZ�D�VSHFLHV�GLIIHUHQFH��WKH�KDOI�OLIH�LQ�WKH�UDW�LV�DERXW���K��ZKHUHDV�LQ�

KXPDQV��LW�LV�DERXW����K���+LJK�WK\URLG�KRUPRQH�V\QWKHWLF�DFWLYLW\�LV�GHPRQVWUDWHG�LQ�WK\URLG�

IROOLFOHV�LQ�URGHQWV��ZKHUH�WKH�IROOLFOHV�DUH�UHODWLYHO\�VPDOO�DQG�DUH�VXUURXQGHG�E\�FXERLGDO�

HSLWKHOLXP���)ROOLFOHV�LQ�SULPDWHV�GHPRQVWUDWH�OHVV�DFWLYLW\�DQG�DUH�ODUJH�ZLWK�DEXQGDQW�FROORLG��

DQG�IROOLFXODU�FHOOV�DUH�UHODWLYHO\�IODWWHQHG��ORZ�FXERLGDO���0F&ODLQ���������

7KH�DFFHOHUDWHG�SURGXFWLRQ�RI�WK\URLG�KRUPRQHV�LQ�WKH�UDW�LV�GULYHQ�E\�VHUXP�76+�OHYHOV�

WKDW�DUH�SUREDEO\�DERXW����WR����IROG�KLJKHU�WKDQ�LQ�KXPDQV���7KLV�DVVXPHV�D�EDVDO�76+�OHYHO�LQ�

UDWV�DQG�KXPDQV�RI�����QJ�P/�DQG���F8�P/��UHVSHFWLYHO\��DQG�D�SRWHQF\�RI�KXPDQ�76+�RI�����WR��

���,8�PJ�RI�KRUPRQH��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\������D����7KXV��LW�DSSHDUV�WKDW�WKH���
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6RXUFH���8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\������D��

URGHQW�WK\URLG�JODQG�LV�FKURQLFDOO\�VWLPXODWHG�E\�76+�OHYHOV�WR�FRPSHQVDWH�IRU�WKH�LQFUHDVHG�

WXUQRYHU�RI�WK\URLG�KRUPRQHV���,W�IROORZV�WKDW�LQFUHDVHV�LQ�76+�OHYHOV�DERYH�EDVDO�OHYHOV�LQ�UDWV�

FRXOG�PRUH�UHDGLO\�PRYH�WKH�JODQG�WRZDUGV�LQFUHDVHG�JURZWK�DQG�SRWHQWLDO�QHRSODVWLF�FKDQJH�

WKDQ�LQ�KXPDQV���,Q�DGGLWLRQ�WR�FRQVLGHUDWLRQV�DERXW�WKH�LQIOXHQFH�RI�VHUXP�WK\URLG�KRUPRQH�

FDUULHU�SURWHLQV��WKHUH�DUH�GLIIHUHQFHV�EHWZHHQ�KXPDQV�DQG�ODERUDWRU\�DQLPDOV�LQ�VL]H�DQG�OLIH�

VSDQ�DQG�LQ�WKH�SKDUPDFRNLQHWLFV�DQG�SKDUPDFRG\QDPLFV�RI�HQGRJHQRXV�DQG�H[RJHQRXV�

FKHPLFDOV���$Q\�FRPSDULVRQ�RI�WK\URLG�FDUFLQRJHQLF�UHVSRQVHV�DFURVV�VSHFLHV�VKRXOG�EH�

FRJQL]DQW�RI�DOO�WKHVH�IDFWRUV��

$�QXPEHU�RI�JRLWURJHQLF�FRPSRXQGV��WKRVH�WKDW�HLWKHU�LQWHUIHUH�ZLWK�WK\URLG�KRUPRQH�

V\QWKHVLV�RU�VHFUHWLRQ��KDYH�EHHQ�GHPRQVWUDWHG�WR�UHVXOW�LQ�WK\URLG�IROOLFXODU�FHOO�DGHQRPDV�LQ��

UDWV���([FHVVLYH�VHFUHWLRQ�RI�76+�DORQH�DOVR�KDV�EHHQ�UHSRUWHG�WR�SURGXFH�D�KLJK�LQFLGHQFH���7KH��

SDWKRJHQLF�PHFKDQLVP�RI�WK\URLG�IROOLFXODU�FHOO�WXPRU�GHYHORSPHQW�LQ�URGHQWV�LQYROYHV�D��

VXVWDLQHG�H[FHVVLYH�VWLPXODWLRQ�RI�WKH�WK\URLG�E\�76+���,Q�WKH�PXOWLVWDJH�PRGHO�RI�WKLV��

SDWKRJHQHVLV��WKH�SUROLIHUDWLYH�OHVLRQV�RIWHQ�EHJLQ�DV�K\SHUSODVLD��PD\�SURFHHG�WR�WKH��

GHYHORSPHQW�RI�EHQLJQ�WXPRU��DGHQRPDV���DQG�LQIUHTXHQWO\�GHYHORS�LQWR�D�PDOLJQDQW�WXPRU��

�)LJXUH��������7KH�SUHFLVH�PROHFXODU�VWHSV�LQ�WKH�FDUFLQRJHQLF�SURFHVV�OHDGLQJ�WR�WK\URLG�IROOLFXODU���
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Figure 4-4. Proliferative changes involved in the multistage characterization of thyroid
follicular cell neoplasia in rodents represent a morphologic continuum. 
Although these lesions typically are classified as discrete entities, the overlap in
morphologic features should be emphasized because only imprecise criteria to
separate borderline proliferative lesions exist.  Thyroid neoplasia in rodents is
considered relevant to human risk assessment (U.S. Environmental Protection
Agency, 1998a) but thought to be conservative (protective).

Source:  Capen (1997).

FHOO�FDQFHU�KDYH�QRW�EHHQ�HOXFLGDWHG�WRWDOO\��DOWKRXJK�VLJQLILFDQW�LQVLJKWV�LQWR�WKH�SUREOHP�KDYH�

EHHQ�GHVFULEHG��)DULG�HW�DO���������6DLG�HW�DO�����������1RUPDO�FHOO�GLYLVLRQ�LQ�WKH�WK\URLG�VHHPV�WR�

EH�DIIHFWHG�E\�DQ�LQWHUSOD\�DPRQJ�VHYHUDO�PLWRJHQLF�IDFWRUV��QDPHO\�76+��LQVXOLQ�OLNH�JURZWK�

IDFWRU����,*)�����LQVXOLQ��HSLGHUPDO�JURZWK�IDFWRU��(*)���DQG�SRVVLEO\�ILEUREODVW�JURZWK�IDFWRU�

�)*)����6WLOO�RWKHU�IDFWRUV��VXFK�DV�WUDQVIRUPLQJ�JURZWK�IDFWRU� ��FHUWDLQ�LQWHUIHURQV��DQG�

LQWHUOHXNLQ����PD\�LQKLELW�JURZWK��
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)LJXUH�����VKRZV�WKH�SRVVLEOH�PROHFXODU�HYHQWV�LQ�KXPDQ�WK\URLG�IROOLFXODU�FDUFLQRJHQHVLV���

,Q�VSLWH�RI�WKH�SRWHQWLDO�TXDOLWDWLYH�VLPLODULWLHV��WKHUH�LV�HYLGHQFH�WKDW�KXPDQV�PD\�QRW�EH�DV�

VHQVLWLYH�TXDQWLWDWLYHO\�WR�WK\URLG�FDQFHU�GHYHORSPHQW�IURP�WK\URLG�SLWXLWDU\�GLVUXSWLRQ�DV�DUH�

URGHQWV���5RGHQWV�UHDGLO\�UHVSRQG�WR�UHGXFHG�LRGLGH�LQWDNH�ZLWK�WKH�GHYHORSPHQW�RI�FDQFHU��

KXPDQV�GHYHORS�SURIRXQG�K\SHUSODVLD�ZLWK�³DGHQRPDWRXV´�FKDQJHV�ZLWK�RQO\�VXJJHVWLYH�

HYLGHQFH�RI�PDOLJQDQF\���(YHQ�ZLWK�FRQJHQLWDO�JRLWHUV�IURP�LQKHULWHG�EORFNV�LQ�WK\URLG�KRUPRQH�

SURGXFWLRQ��RQO\�D�IHZ�PDOLJQDQFLHV�KDYH�EHHQ�IRXQG�LQ�KXPDQV���7KXV��GHVSLWH�D�FRPPRQ�

SK\VLRORJ\�LQ�UHJDUG�WR�WKH�WK\URLG�SLWXLWDU\�IHHGEDFN�V\VWHP��WKH�UROH�RI�GLVUXSWLRQ�RI�WKLV�D[LV�LQ�

KXPDQ�FDQFHU�GHYHORSPHQW�LV�PXFK�OHVV�FRQYLQFLQJ���7KH�(3$�KDV�DGRSWHG�WKH�IROORZLQJ�VFLHQFH�

SROLF\�WKDW�UHFRJQL]HV�WKH�UROH�RI�PRGH�RI�DFWLRQ�LQIRUPDWLRQ�UHJDUGLQJ�WK\URLG�SLWXLWDU\��

GLVUXSWLRQ�DQG�PXWDJHQHVLV�WR�SRWHQWLDO�WK\URLG�FDUFLQRJHQHVLV��8�6��(QYLURQPHQWDO�3URWHFWLRQ��

$JHQF\������D����

� ,W�LV�SUHVXPHG�WKDW�FKHPLFDOV�WKDW�SURGXFH�URGHQW�WK\URLG�WXPRUV�PD\�SRVH�D�FDUFLQRJHQLF��

KD]DUG�IRU�WKH�KXPDQ�WK\URLG���

� ,Q�WKH�DEVHQFH�RI�FKHPLFDO�VSHFLILF�GDWD��KXPDQV�DQG�URGHQWV�DUH�SUHVXPHG�WR�EH�HTXDOO\��

VHQVLWLYH�WR�WK\URLG�FDQFHU�FDXVHG�E\�WK\URLG�SLWXLWDU\�GLVUXSWLRQ���7KLV�LV�D�FRQVHUYDWLYH��

SRVLWLRQ�ZKHQ�WK\URLG�SLWXLWDU\�GLVUXSWLRQ�LV�WKH�VROH�PRGH�RI�DFWLRQ��EHFDXVH�URGHQWV�DSSHDU�WR��

EH�PRUH�VHQVLWLYH�WR�WKLV�FDUFLQRJHQLF�PRGH�RI�DFWLRQ�WKDQ�DUH�KXPDQV���:KHQ�WKH�WK\URLG��

FDUFLQRJHQ�LV�D�PXWDJHQLF�FKHPLFDO��WKH�SRVVLELOLW\�WKDW�FKLOGUHQ�PD\�EH�PRUH�VHQVLWLYH�WKDQ��

DGXOWV�QHHGV�WR�EH�HYDOXDWHG�RQ�D�FDVH�E\�FDVH�EDVLV���

� $GYHUVH�URGHQW�QRQFDQFHU�WK\URLG�HIIHFWV��H�J���WK\URLG�HQODUJHPHQWV��IROORZLQJ�VKRUW��DQG��

ORQJ�WHUP�UHGXFWLRQV�LQ�WK\URLG�KRUPRQH�OHYHOV�DUH�SUHVXPHG�WR�SRVH�KXPDQ�QRQFDQFHU�KHDOWK��

KD]DUGV���

7KH�QHZ�GDWD�RQ�WKH�DQWLWK\URLG�DFWLYLW\�RI�SHUFKORUDWH�WKDW�KDV�UHVXOWHG�IURP�WKH�WHVWLQJ��

VWUDWHJ\�ZLOO�EH�HYDOXDWHG�LQ�&KDSWHU���DFFRUGLQJ�WR�FULWHULD�SURYLGHG�LQ�WKH�JXLGDQFH��8�6���

(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\������D��WR�GHWHUPLQH�WKH�OLNHOLKRRG�WKDW�WKH�FKHPLFDO�ZRXOG��

DFW�LQGLUHFWO\��YLD�GLVUXSWLRQ�RI�WKH�WK\URLG�SLWXLWDU\�D[LV��RU�GLUHFWO\�RQ�'1$���

��

����� 2WKHU�3RWHQWLDO�$GYHUVH�(IIHFWV�5HVXOWLQJ�IURP�7K\URLG�'LVUXSWLRQ��

$V�H[SUHVVHG�E\�WKH������7(5$�H[WHUQDO�UHYLHZ�SDQHO��FRQFHUQ�H[LVWHG�IRU�RWKHU�SRWHQWLDO��

DGYHUVH�HIIHFWV�RI�SHUFKORUDWH�LQGXFHG�K\SRWK\URLGLVP���)RU�LQVWDQFH��WK\URLG�KRUPRQH�LV�FULWLFDO���
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Figure 4-5. Possible molecular events in human thyroid follicular carcinogenesis
(ras = ras protooncogene, gsp = GTP-binding protein mutation,
p53 = p53 tumor suppressor gene).

Source: U.S. Environmental Protection Agency (1998a) and Hill et al. (1998).

WR�QRUPDO�EUDLQ�DQG�SK\VLFDO�GHYHORSPHQW���7KLV�GHSHQGHQF\�EHJLQV�LQ�WKH�XWHUXV�DQG�H[WHQGV�WR�

��\HDUV�RI�DJH�LQ�KXPDQV���7KXV��WKHUH�ZDV�FRQFHUQ�WKDW�K\SRWK\URLGLVP�GXULQJ�SUHJQDQF\�FRXOG�

UHVXOW�LQ�QHXURGHYHORSPHQWDO�HIIHFWV���7KH�UROH�RI�WKH�SODFHQWD�LQ�WK\URLG�KRUPRQH�PHWDEROLVP�LV��

VKRZQ�LQ�)LJXUH�������7KH�IHWXV�LV�GHSHQGHQW�RQ�PDWHUQDO�KRUPRQH�OHYHOV�IRU�VRPH�WLPH���2QFH�

WKH�IHWDO�WK\URLG�EHJLQV�WR�SURGXFH�RQ�LWV�RZQ��EHFDXVH�SHUFKORUDWH�FDQ�FURVV�WKH�SODFHQWD�WKH�

SRWHQWLDO�IRU�GLVUXSWLRQ�RI�IHWDO�KRUPRQH�SURGXFWLRQ�UHPDLQV���'LVUXSWLRQ�RI�FLUFXODWLQJ�WK\URLG�

KRUPRQHV�FDQ�KDYH�GUDVWLFDOO\�GLIIHUHQW�HIIHFWV�RQ�IHWXVHV�DQG�LQIDQWV�WKDQ�RQ�DGXOWV��GHSHQGLQJ�

RQ�WKH�GHYHORSPHQWDO�VWDJH�DW�H[SRVXUH��7DEOH��������,W�LV�LPSRUWDQW�WR�HPSKDVL]H�WKDW�HYHQ�

WUDQVLHQW�GLVUXSWLRQ�PD\�OHDG�WR�SHUPDQHQW�HIIHFWV�LQ�WKH�GHYHORSLQJ�RUJDQLVP��

��
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Figure 4-6. Schematic representation of the role of the placenta in thyroid hormone
metabolism during human pregnancy.  The placenta produces estrogens and
hCG that increase maternal TBG levels and stimulate maternal thyroid
hormone production, respectively.  Both activities tend to increase maternal
T4 and T3 concentrations and to inhibit maternal TSH secretion.  Iodide and
TRH readily cross the placenta, and the placenta itself synthesizes TRH.  The
placenta is impermeable to TSH and only partially permeable to T4 and T3. 
Placental Type III iodothyronine monodeiodinase enzymes degrade T4 to rT3
and T3 to 3,3’-diiodothyronine (T2).  Propylthiouracil and methimazole
readily cross the placenta.  Given its physicochemical characteristics and
similarity to iodide, perchlorate also is anticipated to cross readily. 

Source:  Modified from Fisher (1996) and Underwood (1998).
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7$%/(�������0$,1�6<037206�$1'�())(&76�2)�+<327+<52,',60

'HYHORSPHQWDO
�7UDQVLHQW�GLVUXSWLRQ�OHDGV�WR�SHUPDQHQW�HIIHFWV��

$GXOW
�7UDQVLHQW�GLVUXSWLRQ�OHDGV�WR�WUDQVLHQW�HIIHFWV��

� 'HOD\HG�UHIOH[�RQWRJHQ\
� ,PSDLUHG�ILQH�PRWRU�VNLOOV
� 'HDI�PXWLVP��VSDVWLFLW\
� *DLW�GLVWXUEDQFHV
� 0HQWDO�UHWDUGDWLRQ
� 6SHHFK�LPSDLUPHQWV

� 5XQ�GRZQ��VORZ��GHSUHVVHG
� 6OXJJLVK��FROG��WLUHG
� 'U\QHVV�DQG�EULWWOHQHVV�RI�KDLU
� 'U\�DQG�LWFK\�VNLQ��FRQVWLSDWLRQ
� 0XVFOH�FUDPSV
� ,QFUHDVHG�PHQVWUXDO�IORZ
� 7K\URLG�WXPRUV�LQ�URGHQWV

7KH�DGYHUVH�FRQVHTXHQFHV�RI�K\SRWK\URLGLVP�DQG�K\SRWK\UR[HQHPLD�GXULQJ�GHYHORSPHQW�

PD\�UHVXOW�LQ�HQWLUHO\�GLIIHUHQW�RXWFRPHV�FRPSDUHG�ZLWK�DGXOW�H[SRVXUH���&KHPLFDO�LQGXFHG�

DOWHUDWLRQV�LQ�WK\URLG�KRUPRQH�KRPHRVWDVLV�DUH�NQRZQ�WR�DGYHUVHO\�LPSDFW�WKH�GHYHORSPHQW�RI�

PDQ\�RUJDQ�V\VWHPV��LQFOXGLQJ�WKH�QHUYRXV�DQG�UHSURGXFWLYH�V\VWHPV��3RUWHUILHOG��������-DQQLQL�

HW�DO�����������6HYHUH�GHYHORSPHQWDO�K\SRWK\URLGLVP�FDXVHG�E\�LRGLQH�GHILFLHQFLHV�RU�D�FRQJHQLWDO�

FRQGLWLRQ�KDV�GHYDVWDWLQJ�HIIHFWV�RQ�IHWDO�DQG�SRVWQDWDO�GHYHORSPHQW��LQFOXGLQJ�PHQWDO�

GHILFLHQFLHV�DQG�KHDULQJ��VSHHFK��DQG�PRWRU�GHILFLWV��3RUWHUILHOG��������6KHU�HW�DO�����������7KHVH�

HIIHFWV�DUH�FDXVHG�E\�D�ODFN�RI�WK\URLG�KRUPRQHV��UDWKHU�WKDQ�E\�WXPRU�GHYHORSPHQW�RU�WK\URLG�

K\SHUWURSK\�K\SHUSODVLD���'XULQJ�GHYHORSPHQW��WK\URLG�KRUPRQHV�UHJXODWH�FHOO�SUROLIHUDWLRQ��

PLJUDWLRQ��DQG�GLIIHUHQWLDWLRQ���,QWUDFHOOXODUO\��7+V�ELQG�WR�WK\URLG�KRUPRQH�UHFHSWRUV�WKDW�WKHQ��

LQWHUDFW�ZLWK�WK\URLG�UHVSRQVH�HOHPHQWV�WR�DOWHU�H[SUHVVLRQ�RI�P51$V�DQG�VXEVHTXHQW�SURWHLQ��

V\QWKHVLV���7KH�SLWXLWDU\�WK\URLG�76+�IHHGEDFN�ORRS�PD\�RU�PD\�QRW�EH�DFWLYDWHG�GXULQJ��

GHYHORSPHQW��GHSHQGLQJ�RQ�WKH�PHFKDQLVP�RI�DFWLRQ�RI�WKH�FKHPLFDO���7KH�DGYHUVLW\�RI��

FRQJHQLWDO�K\SRWK\URLGLVP��XVXDOO\�OHVV�VHYHUH�WKDQ�HQGHPLF�FUHWLQLVP��FDQ�EH�DPHOLRUDWHG�YLD��

HDUO\�SRVWQDWDO�WK\UR[LQH�WKHUDS\���,Q�FRQWUDVW��WKH�HIIHFWV�RI�GHYHORSPHQWDO�LRGLQH�GHILFLHQF\�FDQ��

QRW�EH�FRUUHFWHG�ZLWK�RQO\�SRVWQDWDO�WKHUDS\��LQGLFDWLQJ�WKDW�LRGLQH�GHILFLHQF\�GXULQJ�SUHJQDQF\��

LV�WKH�FDXVDWLYH�DFWLRQ��&DR�HW�DO�����������&OHDUO\��[HQRELRWLFV�WKDW�FRQWULEXWH�WR�IHWDO�RU�PDWHUQDO��

K\SRWK\URLGLVP�RU�K\SRWK\UR[HQHPLD�DUH�RI�FRQFHUQ���

$V�PHQWLRQHG�DERYH��UHSURGXFWLYH�WR[LFLW\�ZDV�DOVR�D�FRQFHUQ���,Q�IHPDOHV��WK\URLG��

KRUPRQHV�DSSHDU�WR�KDYH�D�UROH�LQ�VWLPXODWLQJ�WKH�RQVHW�RI�KXPDQ�FKRULRQLF�JRQDGRWURSLQ��K&*���

SURGXFWLRQ�E\�WKH�SODFHQWD�HDUO\�LQ�SUHJQDQF\���+XPDQ�FKRULRQLF�JRQDGRWURSLQ�LV�HVVHQWLDO�IRU�WKH��
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PDLQWHQDQFH�RI�SUHJQDQF\���7KHUHIRUH��D�K\SRWK\URLG�FRQGLWLRQ�KDV�SRWHQWLDO�WR�LQWHUIHUH�ZLWK�

QRUPDO�SODFHQWDO�IXQFWLRQ�DQG�IHWDO�VXUYLYDO��DV�ZHOO�DV�WKH�SRWHQWLDO�WR�LQWHUIHUH�ZLWK�ODFWDWLRQ���

6XSSUHVVLRQ�RI�WK\URLG�KRUPRQH�VHFUHWLRQ�ZLWK�UDGLRDFWLYH�LRGLQH�RU�JRLWURJHQV�UHGXFHV�PLON�

\LHOG�LQ�ODFWDWLQJ�DQLPDOV���7KLV�HIIHFW�PD\�EH�FDXVHG�E\�VXSSUHVVLRQ�RI�SODFHQWDO�ODFWRJHQ�

SURGXFWLRQ���7K\URLG�UHOHDVLQJ�KRUPRQH�LV�NQRZQ�WR�SOD\�D�UROH�LQ�SURODFWLQ�UHOHDVH�GXULQJ�WKH�

HVWURXV�F\FOH���2EYLRXVO\��SURODFWLQ�LV�DQ�LPSRUWDQW�KRUPRQH�LQ�ODFWDWLRQ���$OVR��WKH�WK\URLG�LV�

QHFHVVDU\�IRU�WKH�WUDQVLWLRQ�WR�WKH�DQHVWUXV�VWDWH�LQ�VHDVRQDOO\�EUHHGLQJ�VSHFLHV���,Q�VXPPDU\��

HIIHFWV�RQ�WK\URLG�KRUPRQH�OHYHOV�KDYH�UROHV�LQ�HVWURXV�F\FOH�UHJXODWLRQ��SUHJQDQF\�PDLQWHQDQFH��

IHWDO�JURZWK��DQG�ODFWDWLRQ��

,Q�PDOHV��WKH�SULPDU\�HIIHFWV�RI�K\SRWK\URLGLVP�DSSHDU�WR�RFFXU�GXULQJ�WHVWLFXODU��

GHYHORSPHQW���7KH�WHVWLV�LV�UHVSRQVLYH�WR�WK\URLG�KRUPRQHV�RQO\�GXULQJ�D�OLPLWHG�WLPH�GXULQJ�WKH��

SHULQDWDO�DQG�SUHSXEHUWDO�SHULRGV���7K\URLG�KRUPRQH�LV�D�PDMRU�UHJXODWRU�RI�VHPLQLIHURXV��

HSLWKHOLXP�GHYHORSPHQW�E\�LQGXFLQJ�WKH�QRUPDO�GLIIHUHQWLDWLRQ�RI�6HUWROL�FHOOV��JRQRF\WHV��DQG��

/H\GLJ�FHOOV��WKHUHE\�OLPLWLQJ�WKH�SUROLIHUDWLRQ�RI�WKRVH�FHOO�W\SHV���,Q�WKH�K\SRWK\URLG�FRQGLWLRQ���

WKRVH�FHOOV�SUROLIHUDWH�EH\RQG�WKH�QRUP��DQG�WKH�VWHURLGRJHQLF�IXQFWLRQ�RI�WKH�/H\GLJ�FHOOV��RQ�D��

SHU�FHOO�EDVLV��EXW�QRW�QHFHVVDULO\�LQ�WRWDO���LV�LPSDLUHG���6HFUHWRU\�DFWLYLW\�RI�WKH�6HUWROL�FHOOV�DOVR��

DSSHDUV�WR�EH�LPSDLUHG���,Q�ER\V��XQWUHDWHG�K\SRWK\URLGLVP�LV�DVVRFLDWHG�ZLWK�PDUNHG�DQG��

SUHFRFLRXV�WHVWLV�HQODUJHPHQW��EXW�ORZ�DQGURJHQ�DFWLYLW\���,Q�D�VPDOO�VWXG\��K\SRWK\URLG�PHQ�KDG��

FRPSODLQWV�RI�UHGXFHG�OLELGR��SUREDEO\�UHODWHG�WR�D�GHIHFWLYH�OHXWHQL]LQJ�KRUPRQH�UHVSRQVH�WR��

JRQDGRWURSLQ�UHOHDVLQJ�KRUPRQH���

7KH�LQFOXVLRQ�RI�DQ�LPPXQRORJLFDO�HYDOXDWLRQ�RI�PLFH�H[SRVHG�WR�SHUFKORUDWH�ZDV��

ZDUUDQWHG�EHFDXVH�RI�HYLGHQFH�IURP�HDUOLHU�FOLQLFDO�VWXGLHV�WKDW�LQGLFDWHG�D�OLQN�EHWZHHQ�WKH��

WUHDWPHQW�RI�*UDYHV¶�GLVHDVH�ZLWK�SHUFKORUDWHV�DQG�VHULRXV�KHPDWRORJLFDO�HIIHFWV��ZKLFK�PD\�EH��

OLQNHG�WR�LPPXQH�PHFKDQLVPV���$�VPDOO�QXPEHU�RI�SDWLHQWV�XQGHUJRLQJ�SHUFKORUDWH�WKHUDS\�KDYH��

EHHQ�UHSRUWHG�WR�GHYHORS�DSODVWLF�DQHPLD��DJUDQXORF\WRVLV��O\PSKDGHQRSDWK\��RU�OHXNRSHQLD����

,Q�DGGLWLRQ��VNLQ�UDVK�KDV�EHHQ�UHSRUWHG�WR�RFFXU�DV�D�FRQVHTXHQFH�RI�SHUFKORUDWH�WKHUDS\���7KH��

DQWLWK\URLG�GUXJV�SURS\OWKLRXUDFLO�DQG�PHWKLPD]ROHV�DUH�UHSRUWHG�WR�H[HUW�WKHLU�HIIHFWV�RQ�WKH��

KHPDWRSRLHWLF�V\VWHP�WKURXJK�LPPXQH�PHFKDQLVPV���%HFDXVH�WKH�XVH�RI�WKHVH�DQWLWK\URLG�GUXJV��

E\�D�VPDOO�QXPEHU�RI�SDWLHQWV�DOVR�UHVXOWHG�LQ�VHTXHODH�VLPLODU�WR�WKDW�RI�VRPH�SDWLHQWV�XQGHU��

SHUFKORUDWH�WUHDWPHQW��LW�KDV�EHHQ�SRVWXODWHG�WKDW�SHUFKORUDWH�DOVR�PD\�DFW�YLD�WKH�LPPXQH��

V\VWHP���
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%HFDXVH�WKH�5I'�LV�LQWHQGHG�DV�D�OLIHWLPH�GRVH�UHVSRQVH�HVWLPDWH��WKH�W\SLFDO�REMHFWLYH�RI�D�

GDWDEDVH�WR�VXSSRUW�VXFK�D�TXDQWLWDWLYH�DVVHVVPHQW�LV�WR�HYDOXDWH�D�FRPSUHKHQVLYH�DUUD\�RI�WHVWLQJ�

HQGSRLQWV�WKDW�UHSUHVHQW�YDULRXV�OLIH�VWDJHV�LQ�ZKLFK�SRWHQWLDO�HIIHFWV�FRXOG�RFFXU��H�J���WKH�

GHYHORSLQJ�IHWXV�WKURXJK�DGXOW��DQG�IRU�HIIHFWV�RQ�UHSURGXFWLYH�FDSDELOLW\��VKRZQ�VFKHPDWLFDOO\�

LQ�)LJXUH��������$V�GLVFXVVHG�LQ�WKH�SUHYLRXV�VHFWLRQV�DQG�LQ�&KDSWHU����WK\URLG�KRUPRQH�

GHILFLHQFLHV��VXFK�DV�WKRVH�LQGXFHG�E\�SHUFKORUDWH��FDQ�DIIHFW�QRUPDO�PHWDEROLVP��JURZWK��DQG�

GHYHORSPHQW���1R�UREXVW�GDWD�H[LVWHG�SULRU�WR�WKLV�WLPH�WR�HYDOXDWH�RWKHU�SRWHQWLDO�WDUJHW�WLVVXHV�RU�

HIIHFWV���7KHUH�ZHUH�OLPLWHG�GDWD�RI�HIIHFWV�FDXVHG�E\�ORQJ�WHUP�H[SRVXUHV�DQG�QR�GDWD�WR�HYDOXDWH��

WKH�HIIHFWV�RI�SHUFKORUDWH�LQ�D�SRWHQWLDOO\�VXVFHSWLEOH�SRSXODWLRQ�VXFK�DV�GHYHORSLQJ�IHWXVHV��QRU��

ZHUH�WKHUH�GDWD�RQ�WKH�HIIHFWV�RI�SHUFKORUDWH�RQ�UHSURGXFWLYH�FDSDFLW\�RI�PDOH�RU�IHPDOH��

ODERUDWRU\�DQLPDOV���7DEOH�����VKRZV�WKH�PLQLPXP�GDWDEDVH�IRU�GHULYDWLRQ�RI�DQ�5I'�ZLWK�ORZ��

FRQILGHQFH��D����GD\�ELRDVVD\��DQG�WKH�UDWLRQDOH�IRU�RWKHU�WHVWV�W\SLFDOO\�LQFOXGHG�WR�EROVWHU�WKH��

FRQILGHQFH�LQ�WKH�GHULYDWLRQ��WKH�VDPH�VXLWH�RI�WHVWV�WKDW�KDV�EHHQ�GLVFXVVHG�IRU�SHUFKORUDWH����

7KHVH�GDWD�W\SLFDOO\�DOVR�UHGXFH�WKH�XQFHUWDLQW\�IRU�ZKLFK�XQFHUWDLQW\�IDFWRUV�DUH�DSSOLHG��VHH��

7DEOH�������HLWKHU�EHFDXVH�RI�WKH�DEVHQFH�RI�GDWD�RQ�D�VXVSHFWHG�HQGSRLQW��H�J���GHYHORSPHQWDO��

WR[LFLW\��KDV�EHHQ�DGGUHVVHG�RU�EHFDXVH�PHFKDQLVWLF�GDWD�SURYLGH�LQVLJKW�RQ�WKH�UHOHYDQFH�RI�WKH��

ODERUDWRU\�DQLPDO�PRGHO��LQFOXGLQJ�WKH�PDJQLWXGH�RI�LQWHUVSHFLHV�DQG�LQWUDKXPDQ�YDULDELOLW\�LQ��

WR[LFRNLQHWLFV�DQG�WR[LFRG\QDPLFV���$Q\�LQGLYLGXDO�FKHPLFDO�GDWDEDVH�PD\�IDOO�LQ�EHWZHHQ�WKLV��

UDQJH�RI�KLJK�DQG�ORZ��H�J���GHSHQGLQJ�RQ�WKH�TXDOLW\�RI�WKH�LQGLYLGXDO�VWXGLHV�DQG�ZKHWKHU�WKH��

GRVH�UHVSRQVH�IRU�VXVSHFWHG�HQGSRLQWV�LV�FKDUDFWHUL]HG�ZHOO����

7KH�REMHFWLYH�RI�WKH�QHZ�VWXGLHV�LV�WR�SURYLGH�D�FRPSUHKHQVLYH�GDWDEDVH�WKDW�GHVFULEHV�WKH��

PRGH�RI�DFWLRQ�EDVHG�SDWKRJHQHVLV�LQ�TXDQWLWDWLYH�WHUPV��VR�WKDW�WKH�UHVXOWDQW�HVWLPDWH�FDQ�EH��

PRUH�SUHGLFWLYH�DQG�XOWLPDWHO\�SURYLGH�IRU�GHYHORSPHQW�RI�D�UREXVW�5I'�HVWLPDWH�WKDW�UHGXFHV�WKH��

XQFHUWDLQWLHV�LQKHUHQW�LQ�WKH�SURYLVLRQDO��SUHVXPDEO\�SURWHFWLYH�YDOXHV��VHH�)LJXUH��������$V��

LOOXVWUDWHG�LQ�)LJXUH������LW�LV�XOWLPDWHO\�GHVLUDEOH�WR�KDYH�D�FRPSUHKHQVLYH�ELRORJLFDOO\�EDVHG��

GRVH�UHVSRQVH�PRGHO�WKDW�LQFRUSRUDWHV�WKH�PHFKDQLVWLF�GHWHUPLQDQWV�RI�FKHPLFDO�GLVSRVLWLRQ���

WR[LFDQW�WDUJHW�LQWHUDFWLRQV��DQG�WLVVXH�UHVSRQVHV�LQWHJUDWHG�LQWR�DQ�RYHUDOO�TXDQWLWDWLYH�PRGHO�RI��

WKH�SDWKRJHQHVLV��-DUDEHN������D����%HFDXVH�WKH�LQWHUQDO�WLVVXH�GRVH�RI�WKH�FKHPLFDO�RU�LWV�WR[LF��

PRLHW\�LQ�D�WDUJHW�WLVVXH�LV�QRW�DOZD\V�SURSRUWLRQDO�WR�WKH�DSSOLHG�GRVH�RI�D�FRPSRXQG��HPSKDVLV��
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Figure 4-7. Schematic illustrating that a high confidence RfD is based on data that address
all potentially critical stages over a lifetime.
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Figure 4-8. Schematic characterization of comprehensive exposure-dose-response
continuum and the evolution of protective to predictive dose-response
estimates.

Source: U.S. Environmental Protection Agency (1994) and Jarabek (1995b).

KDV�EHHQ�SODFHG�RQ�WKH�QHHG�WR�GLVWLQJXLVK�FOHDUO\�EHWZHHQ�H[SRVXUH�FRQFHQWUDWLRQ�DQG�GRVH�WR�

FULWLFDO�WDUJHW�WLVVXHV���&RQVHTXHQWO\��WKH�WHUP�³H[SRVXUH�GRVH�UHVSRQVH´�KDV�EHHQ�UHFRPPHQGHG�

DV�PRUH�DFFXUDWH�DQG�FRPSUHKHQVLYH��$QGHUVHQ�HW�DO�����������7KLV�H[SUHVVLRQ�UHIHUV�QRW�RQO\�WR�

WKH�GHWHUPLQDWLRQ�RI�WKH�TXDQWLWDWLYH�UHODWLRQVKLS�EHWZHHQ�H[SRVXUH�FRQFHQWUDWLRQV�DQG�WDUJHW�

WLVVXH�GRVH�EXW�DOVR�WR�WKH�UHODWLRQVKLS�EHWZHHQ�WLVVXH�GRVH�DQG�WKH�REVHUYHG�RU�H[SHFWHG�

UHVSRQVHV�LQ�ODERUDWRU\�DQLPDOV�DQG�KXPDQV���7KH�SURFHVV�RI�GHWHUPLQLQJ�WKH�H[SRVXUH�GRVH��

UHVSRQVH�FRQWLQXXP�LV�DFKLHYHG�E\�OLQNLQJ�WKH�PHFKDQLVPV�RU�FULWLFDO�ELRORJLFDO�IDFWRUV�WKDW�

UHJXODWH�WKH�RFFXUUHQFH�RI�D�SDUWLFXODU�SURFHVV�DQG�WKH�QDWXUH�RI�WKH�LQWHUUHODWLRQVKLSV�DPRQJ�
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WKHVH�IDFWRUV���7KLV�FDQ�EH�HVSHFLDOO\�LPSRUWDQW�IRU�LQWHUVSHFLHV�H[WUDSRODWLRQ�DQG�WR�

XQGHUVWDQGLQJ�LQWUDKXPDQ�YDULDELOLW\��

'RVH�UHVSRQVH�HVWLPDWHV�EDVHG�RQ�FKDUDFWHUL]DWLRQ�RI�WKH�H[SRVXUH�GRVH�UHVSRQVH�

FRQWLQXXP�DW�WKH�UXGLPHQWDU\��³EODFN�ER[´��OHYHO�QHFHVVDULO\�LQFRUSRUDWH�ODUJH�XQFHUWDLQW\�

IDFWRUV�WR�HQVXUH�WKDW�WKH�HVWLPDWHV�DUH�SURWHFWLYH�LQ�WKH�SUHVHQFH�RI�VXEVWDQWLDO�GDWD�JDSV���:LWK�

HDFK�SURJUHVVLYH�OHYHO��LQFRUSRUDWLRQ�DQG�LQWHJUDWLRQ�RI�PHFKDQLVWLF�GHWHUPLQDQWV�DOORZ�

HOXFLGDWLRQ�RI�WKH�H[SRVXUH�GRVH�UHVSRQVH�FRQWLQXXP�DQG��GHSHQGLQJ�RQ�WKH�NQRZOHGJH�RI�PRGHO�

SDUDPHWHUV�DQG�ILGHOLW\�WR�WKH�ELRORJLFDO�V\VWHP��D�PRUH�DFFXUDWH�FKDUDFWHUL]DWLRQ�RI�WKH�

SDWKRJHQHVLV�SURFHVV��-DUDEHN������D����%HFDXVH�RI�WKH�LQFUHDVH�LQ�DFFXUDF\�RI�WKH�

FKDUDFWHUL]DWLRQ�ZLWK�HDFK�SURJUHVVLYH�OHYHO��GRVH�UHVSRQVH�HVWLPDWHV�DOVR�SURJUHVV�IURP�PRUH��

SURWHFWLYH�WR�IDFWXDOO\�EDVHG��SUHGLFWLYH����

(LJKW�QHZ�VWXGLHV�ZHUH�UHFRPPHQGHG�DV�SDUW�RI�WKH�WHVWLQJ�VWUDWHJ\�WR�SURYLGH�VXFK�D��

FRPSUHKHQVLYH�DUUD\�RI�HQGSRLQWV���7KHVH�VWXGLHV�DUH�GHVFULEHG�EHORZ�DORQJ�ZLWK�WKHLU��

DQWLFLSDWHG�UROH�LQ�LQIRUPLQJ�WKH�UHYLVHG�KHDOWK�ULVN�DVVHVVPHQW��VHH�7DEOH��������

��� ���'D\�6XEFKURQLF�2UDO�%LRDVVD\�6WXG\���7KLV�VWXG\�LV�FRQVLGHUHG�WKH�PLQLPXP�GDWD��

UHTXLUHPHQW�IRU�GHULYDWLRQ�RI�DQ�RUDO�5I'���7KH�VWXG\�ZLOO�LGHQWLI\�RWKHU�WDUJHW�WLVVXHV��WHVW��

\RXQJ�DGXOW�UDWV��DQG�DOVR�SURYLGH�GDWD�RQ�WKH�HIIHFW�RI�UHSHDWHG�H[SRVXUH�WR�SHUFKORUDWH�RQ��

WK\URLG�KRUPRQH�OHYHOV���7KHVH�GDWD�DOVR�PD\�DOORZ�UHGXFWLRQ�RI�WKH�XQFHUWDLQW\�IDFWRU��

DSSOLHG�IRU�GDWDEDVH�GHILFLHQFLHV���

��

��� 1HXUREHKDYLRUDO�'HYHORSPHQWDO�6WXG\���7KLV�VWXG\�ZLOO�HYDOXDWH�WKH�SRWHQWLDO�IRU��

GHYHORSPHQWDO�QHXURWR[LFLW\�RI�SHUFKORUDWH�E\�DVVHVVLQJ�IXQFWLRQDO�DQG�PRUSKRORJLFDO��

HQGSRLQWV�LQ�RIIVSULQJ�IURP�WKH�PRWKHU�H[SRVHG�GXULQJ�SUHJQDQF\�DQG�ODFWDWLRQ����

1HXURWR[LFLW\�HQGSRLQWV�PD\�EH�D�FULWLFDO�HIIHFW��DQG�WKH�GHYHORSLQJ�RUJDQLVP�D�VHQVLWLYH��

VXESRSXODWLRQ���7KHVH�GDWD�PD\�DOORZ�UHGXFWLRQ�RI�WKH�XQFHUWDLQW\�IDFWRUV�DSSOLHG�IRU��

LQWUDKXPDQ�YDULDELOLW\�DQG�GDWDEDVH�GHILFLHQFLHV���

��

��� 6HJPHQW�,,�'HYHORSPHQWDO�6WXG\���7KLV�VWXG\�ZLOO�HYDOXDWH�WKH�SRWHQWLDO�IRU�SHUFKORUDWH�WR��

FDXVH�ELUWK�GHIHFWV�LQ�UDEELWV�DQG�PD\�LGHQWLI\�D�SRWHQWLDOO\�FULWLFDO�HIIHFW�DQG�VXESRSXODWLRQ����

7KLV�VWXG\�DOVR�ZLOO�SURYLGH�GDWD�RQ�WKH�WK\URLG�KRUPRQH�HIIHFWV�LQ�D�VHFRQG�VSHFLHV���
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6WXG\ 'HVFULSWLRQ 3RWHQWLDO�8VH�LQ�$VVHVVPHQW

'HYHORSPHQWDO�QHXURWR[LFLW\���7+ (YDOXDWHV�QHUYRXV�V\VWHP�LQ�IHWDO
DQG�SRVWQDWDO�UDWV��7+�LQ�GRHV
�3��JHQHUDWLRQ��DQG�SXSV
�)��JHQHUDWLRQ�

3RWHQWLDOO\�FULWLFDO�HIIHFW�
FRPSDULVRQ�RI�GHYHORSPHQWDO
YHUVXV�DGXOW�HIIHFWV�RQ�7+

���'D\�VXEFKURQLF�ELRDVVD\���7+
��UHSURGXFWLYLW\���JHQRWR[LFLW\��
UHFRYHU\

7HVWV�IRU�RWKHU�WDUJHW�WLVVXHV�
HYDOXDWHV�HIIHFW�RQ�7+�LQ�\RXQJ
DGXOW�UDWV��UHSURGXFWLYH�SDUDPHWHUV
DGGHG��PRXVH�PLFURQXFOHL�DQG�D
UHFRYHU\�JURXS

0LQLPXP�GDWDEDVH�IRU�5I'�GRVH�
UHVSRQVH�IRU�7+�LQ�\RXQJ�DGXOW
UDWV��DGGLWLRQDO�LQIRUPDWLRQ�RQ
RWKHUV��PD\�DOORZ�GHFUHDVH�LQ�8)
IRU�GDWDEDVH�GHILFLHQFLHV

*HQRWR[LFLW\�DVVD\V 7HVW�IRU�WR[LFLW\�WR�'1$ 0RGH�RI�DFWLRQ�LQIRUPDWLRQ�IRU
WK\URLG�QHRSODVLD��PD\�UHGXFH�8)
IRU�GDWDEDVH�GHILFLHQFLHV

0HFKDQLVWLF�VWXGLHV� (YDOXDWH�PHFKDQLVP�RI�7+
UHVSRQVH�DQG�VHQVLWLYLW\�LQ�UDWV�DQG
KXPDQV

,QWHUVSHFLHV�H[WUDSRODWLRQ�
GHWHUPLQH�VXVFHSWLEOH
VXESRSXODWLRQ

$'0(�VWXGLHV &KDUDFWHUL]H�DEVRUSWLRQ�
GLVWULEXWLRQ��PHWDEROLVP��DQG
HOLPLQDWLRQ�LQ�UDWV�DQG�KXPDQV�
LRGLQH�LQKLELWLRQ�DQG�SHUFKORUDWH
NLQHWLFHV�DQG�KRUPRQH�KRPHRVWDVLV

,QWHUVSHFLHV�H[WUDSRODWLRQ

'HYHORSPHQWDO�VWXG\���7+ (YDOXDWHV�ELUWK�GHIHFWV�LQ�UDEELWV�
7+�LQ�GRHV�DW�HQG�RI�JHVWDWLRQ

3RWHQWLDOO\�FULWLFDO�HIIHFW��GDWD�LQ
VHFRQG�VSHFLHV�IRU�7+�HIIHFWV��PD\
UHGXFH�8)�IRU�GDWDEDVH
GHILFLHQFLHV

7ZR�*HQHUDWLRQ�UHSURGXFWLYH
WR[LFLW\���7+

(YDOXDWHV�IHUWLOLW\�RI�DGXOW�UDWV�DQG
WR[LFLW\�LQ�RIIVSULQJ�RYHU�WZR
JHQHUDWLRQV��7+�LQ�SDUHQWV
�)��JHQHUDWLRQ��DQG�RIIVSULQJ
�)���DQG�)��JHQHUDWLRQV�

3RWHQWLDOO\�FULWLFDO�HIIHFW��PD\
UHGXFH�8)�IRU�GDWDEDVH
GHILFLHQFLHV

,PPXQRWR[LFLW\ (YDOXDWHV�LPPXQH�V\VWHP�VWUXFWXUH
DQG�IXQFWLRQ

0D\�UHGXFHG�8)�IRU�GDWDEDVH
GHILFLHQFLHV�LI�QRW�FULWLFDO�HIIHFWV

�LQ�DGGLWLRQ�WR�UDWV����7KHVH�GDWD�PD\�DOORZ�UHGXFWLRQ�RI�WKH�XQFHUWDLQW\�IDFWRU�DSSOLHG�IRU�

GDWDEDVH�GHILFLHQFLHV��

�

��� 7ZR�*HQHUDWLRQ�5HSURGXFWLYH�7R[LFLW\�6WXG\���7KLV�VWXG\�ZLOO�HYDOXDWH�WKH�SRWHQWLDO�IRU�

SHUFKORUDWH�WR�FDXVH�GHILFLWV�LQ�UHSURGXFWLYH�SHUIRUPDQFH�LQ�DGXOW�UDWV�DQG�IRU�WR[LFLW\�LQ�WKH�
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\RXQJ�RIIVSULQJ���7KLV�VWXG\�PD\�LGHQWLI\�D�SRWHQWLDOO\�FULWLFDO�HIIHFW�DQG�DOORZ�IRU�UHGXFWLRQ�

RI�WKH�XQFHUWDLQW\�IDFWRU�DSSOLHG�IRU�GDWDEDVH�GHILFLHQFLHV��

�

��� $EVRUSWLRQ��'LVWULEXWLRQ��0HWDEROLVP��DQG�(OLPLQDWLRQ�6WXGLHV���7KHVH�$'0(�VWXGLHV�

ZLOO�EH�SHUIRUPHG�WR�XQGHUVWDQG�WKH�SKDUPDFRNLQHWLFV��L�H���KRZ�SHUFKORUDWH�LV�DEVRUEHG��

GLVWULEXWHG��PHWDEROL]HG��DQG�H[FUHWHG��RI�SHUFKORUDWH�LQ�WHVW�DQLPDOV�DQG�KXPDQV��7KHVH�

GDWD�ZLOO�SURYLGH�LQIRUPDWLRQ�WKDW�ZLOO�DOORZ�FRQVWUXFWLRQ�RI�TXDQWLWDWLYH�H[WUDSRODWLRQ�RI�

GRVH�DFURVV�VSHFLHV��H�J���UDW�WR�KXPDQ���

�

��� 3HUFKORUDWH�0HFKDQLVP�6WXGLHV���7KHVH�VWXGLHV�SURYLGH�D�OLQN�WR�WKH�SKDUPDFRNLQHWLF��

VWXGLHV�DQG�ZLOO�EH�FRQGXFWHG�WKURXJK�D�FRPSDULVRQ�RI�WKH�H[LVWLQJ�OLWHUDWXUH�DQG�RI�QHZ�LQ��

YLWUR�DQG�LQ�YLYR�GDWD�WKDW�HYDOXDWH�WKH�HIIHFWV�RI�SHUFKORUDWH�RQ�WKH�LRGLGH�XSWDNH��

PHFKDQLVP�DFURVV�VSHFLHV�WR�DLG�LQ�WKH�TXDQWLWDWLYH�H[WUDSRODWLRQ�RI�GRVH���

��

��� *HQRWR[LFLW\�$VVD\V���7KHVH�VWXGLHV�ZLOO�HYDOXDWH�WKH�SRWHQWLDO�IRU�FDUFLQRJHQLFLW\�E\��

HYDOXDWLQJ�PXWDWLRQV�DQG�WR[LF�HIIHFWV�RQ�'1$���7KHVH�GDWD�ZLOO�EH�XVHIXO�WR�HYDOXDWH��

ZKHWKHU�WKH�EHQLJQ�WK\URLG�WXPRUV�DUH�OLNHO\�WR�EH�D�UHVXOW�RI�WKH�SURSRVHG�WKUHVKROG��

SDWKRJHQHVLV�SURFHVV���

��

��� ,PPXQRWR[LFLW\�6WXGLHV���7KHVH�VWXGLHV�ZLOO�HYDOXDWH�WKH�SRWHQWLDO�IRU�SHUFKORUDWH�WR��

GLVUXSW�LPPXQH�IXQFWLRQ�DQG�LGHQWLI\�D�SRWHQWLDOO\�FULWLFDO�HIIHFW���7KHVH�GDWD�PD\�KHOS�WR��

UHGXFH�WKH�XQFHUWDLQW\�IDFWRU�DSSOLHG�IRU�GDWDEDVH�GHILFLHQFLHV���%HFDXVH�FRQFHUQ�ZDV�UDLVHG��

IRU�WKHVH�SRWHQWLDO�DGYHUVH�HIIHFWV�EDVHG�RQ�WKH�SUHYLRXV�FOLQLFDO�H[SHULHQFH�ZLWK�WUHDWPHQW��

RI�*UDYHV¶�GLVHDVH�SDWLHQWV��WKHVH�VWXGLHV�ZHUH�FRQVLGHUHG�QHFHVVDU\�WR�D�FRPSUHKHQVLYH��

GDWDEDVH�IRU�SHUFKORUDWH���

7KH�UHVXOWV�RI�WKH�VWXGLHV�LQ�WKH�WHVWLQJ�VWUDWHJ\�ZLOO�QRZ�EH�UHSRUWHG�WRJHWKHU�ZLWK�(3$¶V��

LQWHUSUHWDWLRQ�DQG�HYDOXDWLRQ�LQ�&KDSWHU�����

��
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��� 678',(6�,1�+80$16�

7KH�(QYLURQPHQWDO�+HDOWK�,QYHVWLJDWLRQV�%UDQFK�ZLWKLQ�WKH�&$�'+6��XQGHU�D�FRRSHUDWLYH�

DJUHHPHQW�ZLWK�$76'5��KDV�FRQGXFWHG�KHDOWK�DVVHVVPHQW�DFWLYLWLHV�DQG�FRQVXOWDWLRQV�RQ�WKH�

$HURMHW�*HQHUDO�&RUSRUDWLRQ�6XSHUIXQG�VLWH�LQ�6DFUDPHQWR�&RXQW\��&$��&DOLIRUQLD�'HSDUWPHQW�

RI�+HDOWK�6HUYLFHV������������D�E�F�G�H����,Q�DQ�LQLWLDO�SUHOLPLQDU\�KHDOWK�UHYLHZ��&DOLIRUQLD�

'HSDUWPHQW�RI�+HDOWK�6HUYLFHV���������VHYHUDO�VWDWHZLGH�GDWDEDVHV�ZHUH�UHYLHZHG�IRU�SRVVLEOH��

SHUFKORUDWH�UHODWHG�RXWFRPHV�GXULQJ�WKH�VXVSHFWHG�\HDUV�RI�FRQWDPLQDWLRQ�DQG�OLPLWHG�WR�WKH��

OLNHO\�DUHDV�RI�H[SRVXUH�E\�]LS�FRGH���,Q�&DOLIRUQLD��QHZERUQ�WK\URLG�KRUPRQH�OHYHOV�DUH�GUDZQ��

DQG�PDLQWDLQHG�RQ�ILOH�ZLWK�WKH�*HQHWLF�'LVHDVH�%UDQFK�RI�WKH�&HQWHUV�IRU�'LVHDVH�&RQWURO�DQG��

3UHYHQWLRQ���'DWD�IRU�WKH�SHULRG������WKURXJK������ZHUH�DEVWUDFWHG�IRU�UHOHYDQW�]LS�FRGHV�IRU�D��

WRWDO�RI��������WK\URLG�KRUPRQH�VFUHHQV��DQG�IRXU�FDVHV�RI�K\SRWK\URLGLVP�ZHUH�REVHUYHG����

$Q�H[SHFWHG�YDOXH�EDVHG�RQ�WKH�VWDWHZLGH�UDWH�ZRXOG�KDYH�EHHQ��������7KH�QRQ�H[SRVHG�DUHDV��

IRXQG�VL[�FDVHV�RI�K\SRWK\URLGLVP�ZLWK������FDVHV�H[SHFWHG���7KHVH�GDWD�GLG�QRW�VXJJHVW�DQ��

DVVRFLDWLRQ�EHWZHHQ�UHVLGHQFH�LQ�WKH�SRWHQWLDOO\�H[SRVHG�]LS�FRGHV�DQG�QHRQDWDO�K\SRWK\URLGLVP����

7KH�76+�OHYHOV��DVFHUWDLQHG�RQO\�LQ�QHRQDWHV�ZLWK�LQLWLDOO\�ORZ�7��OHYHOV��LQ�WKH�SRWHQWLDOO\��

H[SRVHG�DUHDV�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQWO\�ORZHU�WKDQ�WKRVH�IURP�WKH�QRQH[SRVHG�DUHDV���7KH��

GDWDEDVH�DOVR�ZDV�HYDOXDWHG�IRU�GLDJQRVLV�RI�JRLWHU�DPRQJ�WKH�ILUVW�ILYH�UHSRUWHG�KRVSLWDOL]HG��

LQGLYLGXDOV�UHVLGLQJ�LQ�WKH�]LS�FRGH�RI�PRVW�OLNHO\�FRQWDPLQDWLRQ�IURP�WKH�\HDUV������WR���������

%HFDXVH�WKHUH�DUH�VR�PDQ\�GLVHDVHV�RU�FRQGLWLRQV�WKDW�FDQ�SURGXFH�D�JRLWHU�RWKHU�WKDQ�SHUFKORUDWH��

LQJHVWLRQ��DQG�WKH�GDWDEDVH�FDQ�QRW�GLIIHUHQWLDWH�WKLV�DVSHFW��LW�ZDV�FRQFOXGHG�WKDW�WKHVH�GDWD��

ZRXOG�QRW�EH�XVHIXO�LQ�GHWHUPLQLQJ�WKH�SUHYDOHQFH�RI�WK\URLG�HQODUJHPHQW�LQ�WKH�DIIHFWHG�ZDWHU��

GLVWULFW���7KH�VDPH�]LS�FRGH�DOVR�ZDV�HYDOXDWHG�IRU�DJUDQXORF\WRVLV�RU�DSODVWLF�DQHPLD�DV�RQH�RI��

WKH�WRS�ILYH�GLDJQRVHV�IRU�WKH�\HDUV������WR��������7KHUH�ZHUH�D�WRWDO�RI����FDVHV�LQ���\HDUV���

ZKLFK�LV�OHVV�WKDQ�WKH�VWDWHZLGH�UDWH�RI������\HDU���7KH�UDWH�IRU�DSODVWLF�DQHPLD�ZDV������

KRVSLWDOL]DWLRQV�SHU���������LQGLYLGXDOV�SHU�\HDU��ZKLFK�LV�KLJKHU�WKDQ�WKH�VWDWHZLGH�UDWH�RI��������

+RZHYHU��DOO�EXW�RQH�RI�WKH�KRVSLWDOL]DWLRQV�DOVR�KDG�DQ�DGGLWLRQDO�GLDJQRVLV�RI�FDQFHU��ZLWK��
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FKHPRWKHUDS\�RU�UDGLDWLRQ�WUHDWPHQW��ZKLFK�ZRXOG�VHHP�WR�EH�WKH�OLNHO\�H[SODQDWLRQ�IRU�WKLV�

RXWFRPH��DQG�DFTXLUHG�LPPXQRGHILFLHQF\�V\QGURPH�PD\�EH�DQRWKHU���7KH�UHJLVWU\�DOVR�ZDV�

VHDUFKHG�IRU�FKLOGKRRG�OHXNHPLD��HLWKHU�DFXWH�O\PSKRF\WLF�OHXNHPLD�RU�DFXWH�P\HORJHQRXV�

OHXNHPLD��FDVHV���7KH�UDWH�IRU�WKH�SRWHQWLDOO\�H[SRVHG�]LS�FRGH�ZDV�OHVV�WKDQ�WKH�FRUUHVSRQGLQJ�

UDWH�IRU�&DOLIRUQLD����

7KH�&$�'+6�FRQFOXGHG�WKDW�WKH�GDWD�RQ�JRLWHU��DJUDQXORF\WRVLV��DQG�DSODVWLF�DQHPLD�GLG�

QRW�LQGLFDWH�DQ�LQFUHDVH�LQ�LQFLGHQFH��WKHVH�GDWD�ZHUH�DOVR�QRW�LQIRUPDWLYH�EHFDXVH�RI�WKH�RWKHU�

OLNHO\�FDXVHV�IRU�WKHVH�FRQGLWLRQV���1R�LQFUHDVH�LQ�LQFLGHQFH�IRU�RWKHU�PHDVXUHV��GHFUHDVHG�

QHRQDWDO�WK\URLG�OHYHOV��K\SRWK\URLGLVP��RU�FKLOGKRRG�OHXNHPLD�UDWHV��ZHUH�REVHUYHG���7KH�

&$�'+6�QRWHG�WKDW�WKH�PDMRU�OLPLWDWLRQ�ZLWK�VWXGLHV�RI�WKLV�QDWXUH�LV�WKH�OLPLWDWLRQ�LPSRVHG�E\��

WKH�DEVHQFH�RI�JRRG�H[SRVXUH�HVWLPDWLRQV�DQG�WKH�DEVHQFH�RI�GDWD�RQ�WUDQVSRUW�DQG��

WUDQVIRUPDWLRQ�PRGHOV�WR�SURYLGH�GRVH�UHFRQVWUXFWLRQ�IRU�WKH�DIIHFWHG�SRSXODWLRQ���,W�LV�XQFOHDU��

ZKHQ�WKH�FRQWDPLQDWHG�SOXPH�HQWHUHG�WKH�GULQNLQJ�ZDWHU�VXSSO\��DQG�WKH�WLPH�SHULRG�DQDO\]HG��

PD\�KDYH�EHHQ�WRR�EURDG���,PSURYLQJ�WKLV�H[SRVXUH�LQIRUPDWLRQ�ZDV�RQH�RI�WKH�UHFRPPHQGDWLRQV��

PDGH�LQ�WKH�UHSRUW�WR�&RQJUHVV�UHJDUGLQJ�SHUFKORUDWH��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\���

����F����)LQDOO\��WKH�RWKHU�GLIILFXOW\�ZLWK�DVVHVVLQJ�WKHVH�RXWFRPH�VXUYH\V�LV�WKDW�SHUFKORUDWH�LV��

QRW�VSHFLILF�IRU�SURGXFLQJ�WK\URLG�G\VIXQFWLRQ�RU�KHPDWRORJLFDO�DEQRUPDOLWLHV���7DEOH�����VKRZV��

WKH�DSSUR[LPDWH�SUHYDOHQFH�RI�WKHVH�GLVRUGHUV�LQ�WKH�QHRQDWDO�SHULRG��LQ�WKLV�FDVH��UDQJLQJ�IURP��

���������WR������������VXJJHVWLQJ�WKDW�VWXGLHV�ZLWK�ODUJH�QXPEHUV�PD\�EH�QHFHVVDU\�WR�GHWHFW��

VXEWOH�HIIHFWV���

%DVHG�RQ�WKHVH�UHVXOWV��WKH�&$�'+6�FRQGXFWHG�H[SRVXUH�LQYHVWLJDWLRQV�RI�VHYHUDO�RWKHU��

ZDWHU�VHUYLFH�DUHDV��&DOLIRUQLD�'HSDUWPHQW�RI�+HDOWK�6HUYLFHV������D�E�F�G�H��DQG�DVFHUWDLQHG��

WKDW�FRPSOHWHG�H[SRVXUH�SDWKZD\V�WR�SHUFKORUDWH�FRQWDPLQDWHG�ZDWHU�H[LVW�LQ�VHYHUDO�RI�WKHVH��

DUHDV���7KHVH�VWXGLHV�UHLQIRUFH�WKH�QHHG�IRU�ERWK�EHWWHU�H[SRVXUH�HVWLPDWHV�DQG�D�UHYLVHG�KHDOWK��

ULVN�HVWLPDWH��WKH�JRDO�RI�WKLV�GRFXPHQW��LQ�RUGHU�WR�SHUIRUP�D�SURSHU�ULVN�FKDUDFWHUL]DWLRQ���

*LEEV�HW�DO���������SHUIRUPHG�D�FDVH�FRQWURO�RFFXSDWLRQDO�HSLGHPLRORJ\�VWXG\�WR�HYDOXDWH��

WK\URLG�IXQFWLRQ�DQG�VWDQGDUG�FOLQLFDO�EORRG�WHVW�SDUDPHWHUV�RI�OLYHU��NLGQH\��DQG�ERQH�PDUURZ��

IXQFWLRQ�LQ�HPSOR\HHV�H[SRVHG�WR�DPPRQLXP�SHUFKORUDWH�DLUERUQH�GXVW�DW�D�SURGXFWLRQ�IDFLOLW\��

DQG�DQ�DVVRFLDWHG�FURVV�EOHQGLQJ�IDFLOLW\���([SRVXUH�HVWLPDWHV�ZHUH�EDVHG�RQ�³PXOWLSOH�VDPSOHV´��

�DSSUR[LPDWH�DYHUDJH������IRU�HLJKW�KRPRJHQRXV�H[SRVXUH�JURXSV�GHILQHG��EDVHG�RQ�VLPLODU�MRE��

DFWLYLWLHV���FRQWURO��PDLQWHQDQFH�IRUHPDQ��DQG�VL[�GLVFUHWH�RSHUDWRU�MRE�FDWHJRULHV��XVLQJ�HLWKHU��
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7$%/(�������7+<52,'�',625'(56�$1'�7+(,5�$3352;,0$7(
35(9$/(1&(6�,1�7+(�+80$1�1(21$7$/�3(5,2'

7K\URLG�'\VJHQHVLV
$JHQHVLV
+\SRJHQHVLV
(FWRSLD

������

7K\URLG�'\VKRUPRQRJHQHVLV
76+�XQUHVSRQVLYHQHVV
,RGLGH�WUDSSLQJ�GHIHFW
2UJDQLILFDWLRQ�GHIHFW
'HIHFW�LQ�WK\URJOREXOLQ
,RGRW\URVLQH�GHLRGLQDVH�GHILFLHQF\

��������

+\SRWKDODPLF�3LWXLWDU\�+\SRWK\URLGLVP
+\SRWKDODPLF�SLWXLWDU\�DQRPDO\
3DQK\SRSLWXLWDULVP
,VRODWHG�76+�GHILFLHQF\
7K\URLG�KRUPRQH�UHVLVWDQFH

���������

7UDQVLHQW�+\SRWK\URLGLVP
'UXJ�LQGXFHG
0DWHUQDO�DQWLERG\�LQGXFHG
,GLRSDWKLF

��������

6RXUFH���)LVKHU��������

SHUVRQDO�EUHDWKLQJ�]RQH�VDPSOHV��Q� ������IRU�WKH�ZRUN�FDWHJRULHV�RU�IXOO�VKLIW�DUHD�VDPSOHV�IRU�

WKH�FRQWURO�JURXS��Q� �������7KH�FRQWURO�H[SRVXUH�ZDV�QRW�]HUR�EXW�ZDV�VHYHUDO�RUGHUV�RI�

PDJQLWXGH�EHORZ�DQ\�H[SRVXUH�FDWHJRU\���7KH������DQDO\VHV�ZHUH�EDVHG�RQ�WKH�TXDQWLILFDWLRQ�RI�

DPPRQLXP�LRQ�XVLQJ�1DWLRQDO�,QVWLWXWH�IRU�2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK�0HWKRG�������ZLWK�D�

PLQLPXP�UHSRUWLQJ�OLPLW�RI�������PJ�P���DQG�D�ODUJH�QXPEHU�RI�WKH�VDPSOHV�ZHUH�UHSRUWHG�DV�

QRQGHWHFWDEOH���7KH������DQDO\VHV�ZHUH�SHUIRUPHG�E\�XVLQJ�WKH�PRGLILHG�(3$�������

PHWKRGRORJ\��ZKLFK�GHWHUPLQHV�SHUFKORUDWH�XVLQJ�LRQ�FKURPDWRJUDSK\�DQG�KDV�D�UHSRUWLQJ�OLPLW�

RI�DSSUR[LPDWHO\���������PJ�P���

(IIHFWV�ZHUH�H[DPLQHG�LQ�HLWKHU�D�VLQJOH�VKLIW�GHVLJQ��SUH��DQG�SRVWVKLIW�SDUDPHWHU�

PHDVXUHPHQWV��RU�ZRUNLQJ�OLIHWLPH�GHVLJQ�EDVHG�RQ�PHGLFDO�VXUYHLOODQFH�GDWD�WKDW�LQFOXGHG��

WK\URLG�H[DPLQDWLRQ�VLQFH�������EORRG�WHVWV��SK\VLFDO�H[DP��DQG�KLVWRU\�VLQFH���������'RVH�ZDV��

UHFRQVWUXFWHG�EDVHG�RQ�SHUVRQQHO�UHFRUGV�IRU�MRE�W\SH�DQG�DUHD�VDPSOHV���
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UHVSLUDWRU\
UDWH

LQKDODWLRQ
FRQFHQWUDWLRQ

H[SRVXUH
GXUDWLRQ

IUDFWLRQ
DEVRUEHG







 ×







 ×







 ×







� (5-1)

�PHDQJURXSH[SRVXUH�� ��\HDUV LQH[SRVXUH JURXS�� �������× ×∑ (5-2)

'HVSLWH�WKH�ODFN�RI�SDUWLFOH�VL]H�GLDPHWHU�GLVWULEXWLRQ�GDWD��DQ�LQKDOHG�³GRVH´�ZDV�

FDOFXODWHG�IRU�D�VLQJOH�VKLIW�DV��*LEEV�HW�DO����������

�

:RUNLQJ�OLIHWLPH�H[SRVXUH�HVWLPDWHV�ZHUH�FDOFXODWHG�DV��

�

�

ZKHUH�WKH�������ZDV�DQ�DYHUDJH�RI�WKH�QXPEHU�RI�KRXUV�ZRUNHG�\HDUO\�EDVHG�RQ�W\SLFDO�RYHUWLPH�

UDWHV�DW�WKH�IDFLOLWLHV����

'DLO\�UHVSLUDWRU\�UDWHV�RI��������P��NJ�K�DQG��������P��NJ�K�ZHUH�HVWLPDWHG�IRU�³DFWLYH´�

DQG�³VHGHQWDU\´�ZRUNHUV��UHVSHFWLYHO\��EDVHG�RQ�%HDOV�HW�DO������������7KHVH�HVWLPDWHV�DUH�VOLJKWO\��

ORZHU�WKDQ�WKH�GHIDXOW�(3$�UHVSLUDWRU\�UDWHV�DQG�DUH�PRGHUDWHO\�VPDOOHU�WKDQ�WKRVH�UHFRPPHQGHG��

E\�WKH�,QWHUQDWLRQDO�&RPPLVVLRQ�RQ�5DGLRORJLFDO�3URWHFWLRQ�LQ�LWV�UHFHQW�KXPDQ�UHVSLUDWRU\�WUDFW��

PRGHO��,QWHUQDWLRQDO�&RPPLVVLRQ�RQ�5DGLRORJLFDO�3URWHFWLRQ����������$YHUDJH�ERG\�ZHLJKWV�RI��

WKH�ZRUNHUV�ZHUH�ODUJHU�WKDQ�WKH�W\SLFDO�GHIDXOW�ERG\�ZHLJKWV��DQG�FXUUHQW�SUDFWLFH�XVXDOO\�VFDOHV��

YHQWLODWLRQ�UDWH�EDVHG�RQ�ERG\�ZHLJKW��VR�WKDW�D�KLJKHU�YHQWLODWLRQ�UDWH�ZRXOG�EH�H[SHFWHG���

7KH�DEVHQFH�RI�SDUWLFOH�VL]H�GLDPHWHU�DQG�GLVWULEXWLRQ�GDWD�LV�SHUKDSV�RQH�RI�WKH�PRVW��

VLJQLILFDQW�OLPLWDWLRQV�RI�WKH�VWXG\���,WV�SURSHU�LQWHUSUHWDWLRQ�UHTXLUHV�WKH�SDUWLFOH�GLVWULEXWLRQ�GDWD��

WKDW�(3$�VFLHQWLVWV�RQ�VHYHUDO�RFFDVLRQV�UHFRPPHQGHG�REWDLQLQJ�WR�JDLQ�EHWWHU�LQVLJKW�RQ�WKH��

SRWHQWLDO�LQKDODELOLW\�RI�WKH�DPPRQLXP�SHUFKORUDWH�DHURVRO���'DWD�IURP�DQRWKHU�SURGXFWLRQ��

IDFLOLW\�LQGLFDWH�WKH�PDMRULW\�RI�SDUWLFOHV�DUH������P��+DQFRFN����������3DUWLFOHV�ODUJHU�WKDQ��

����P�DUH�W\SLFDOO\�QRW�DYDLODEOH�WR�LQKDODWLRQ�E\�KXPDQV��8�6��(QYLURQPHQWDO�3URWHFWLRQ��

$JHQF\������E����)XUWKHU��WKHUH�ZDV�QR�PHQWLRQ�RI�IDFH�YROXPH�SHUIRUPDQFH�RI�WKH�SHUVRQDO��

VDPSOHUV�XVLQJ����P�ILOWHUV��FHUWDLQO\�D�FRQVLGHUDWLRQ�LQ�GXVW\�HQYLURQPHQWV�ZLWK�ODUJH�GLDPHWHU��

SDUWLFOHV��HVSHFLDOO\�ZKHQ�LW�LV�PHQWLRQHG�WKDW�WKH�ILOWHU�FDVVHWWHV�ZHUH�FKDQJHG�ZKHQ�UHVSLUDWRUV��

ZHUH�XVHG���(YHQ�LI�D����P�SDUWLFOH�GLDPHWHU�FRXOG�EH�DVVXPHG��WKH�LQKDOHG�³GRVH´�FDOFXODWLRQ��

VKRXOG�KDYH�LQFOXGHG�DQ�DGMXVWPHQW�IRU�LQKDODELOLW\�DQG�GHSRVLWLRQ�HIILFLHQF\�WR�FDOFXODWH��
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GHSRVLWLRQ�IUDFWLRQ��ZKLFK�ZRXOG�EH�DSSUR[LPDWHO\�����DW����P��8�6��(QYLURQPHQWDO�3URWHFWLRQ�

$JHQF\������E���

7KH�DVVXPSWLRQ�ZLWK�UHVSHFW�WR�VROXELOLW\�RI�WKH�LQKDOHG�SDUWLFOHV�LV�DOVR�SUREOHPDWLF�

EHFDXVH�WKLV�LV�DOVR�SDUWLFOH�GLDPHWHU�GHSHQGHQW���7KH�SDUWLFOH�GLDPHWHU�GLFWDWHV�ZKHUH�LQ�WKH�

UHVSLUDWRU\�WUDFW�D�SDUWLFOH�GHSRVLWV�DQG�WKH�YDULRXV�UHJLRQV��H[WUDWKRUDFLF��WUDFKHREURQFKLDO��

SXOPRQDU\��ZLWK�ORFDO�PLOLHX�WKDW�ZRXOG�LQIOXHQFH�VROXELOLW\���6ROXELOLW\�DQG�FOHDUDQFH�ERWK�KDYH�

EHHQ�VKRZQ�WR�EH�VL]H�GHSHQGHQW��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\������E��6QLSHV�HW�DO���

��������7KH�VROXELOLW\�RI�FHVLXP�FKORULGH��&V&O��LQ�EHDJOHV�ZDV�XVHG�WR�HVWLPDWH�D�IUDFWLRQ�

DEVRUEHG���$OWKRXJK�&V&O�DQG�1+
�

&O2
�

�PD\�KDYH�VLPLODU�VROXELOLWLHV��DGGLWLRQDO�XQFHUWDLQW\�LV�

LQWURGXFHG�EHFDXVH�WKH�&V&O�SDUWLFOH�GLDPHWHU�RU�LQKDODELOLW\�IXQFWLRQ�IRU�WKH�EHDJOHV�ZDV�QRW��

DFFRXQWHG�IRU��DQG�WKH�K\GURVFRSLFLW\��ZKLFK�LQIOXHQFHV�LQLWLDO�GHSRVLWLRQ�VLWH��PD\�QRW�EH�WKH��

VDPH���7KH�DVVXPSWLRQV�ZLWK�UHVSHFW�WR�GRVH�ZRXOG�KDYH�EHQHILWWHG�IURP�VRPH�YDOLGDWLRQ�E\��

HYDOXDWLRQ�RI�PDVV�EDODQFH���3HUFKORUDWH�FRXOG�KDYH�EHHQ�PHDVXUHG�LQ�WKH�EORRG�ZKHQ�VDPSOHV��

ZHUH�WDNHQ�IRU�WK\URLG�KRUPRQH�DQDO\VHV��DQG��EHFDXVH�LW�LV�H[FUHWHG�LQ�WKH�XULQH��WKLV�WRR�FRXOG��

KDYH�EHHQ�PRQLWRUHG�IRU�SHUFKORUDWH�FRQFHQWUDWLRQ�WR�DIIRUG�VRPH�FRQILGHQFH�WKDW�WKH�LQKDOHG��

GRVH�HVWLPDWHV�ZHUH�UHDVRQDEOH���

6WDQGDUG�FOLQLFDO�WK\URLG�SURILOHV�LQFOXGHG�D�WRWDO�VHUXP�7���WULLRGRWK\URQLQH�UHVLQ�XSWDNH���

DQG�76+���%RQH�PDUURZ�IXQFWLRQ�ZDV�HYDOXDWHG�ZLWK�VWDQGDUG�WHVWV�IURP�WKH�FRPSOHWH�EORRG��

FRXQW�REWDLQHG�GXULQJ�PHGLFDO�VXUYHLOODQFH�H[DPLQDWLRQV��LQFOXGLQJ�KHPRJORELQ��KHPDWRFULW��UHG��

EORRG�FHOO�FRXQW��PHDQ�FRUSXVFXODU�YROXPH��ZKLWH�EORRG�FHOO�FRXQW�DQG�SODWHOHW�FRXQW���6WDQGDUG��

VHUXP�FKHPLVWULHV�ZHUH�XVHG�WR�DVVHVV�NLGQH\��VHUXP�FUHDWLQLQH�OHYHO�DQG�EORRG�XUHD�QLWURJHQ���

DQG�OLYHU��VHUXP�JOXWDP\O�S\UXYLF�WUDQVDPLQDVH��VHUXP�JOXWDP\O�R[DORDFHWLF�WUDQVDPLQDVH��

>6*27@��J�JOXWDP\O�WUDQVSHSWLGDVH�>**73@��DQG�DONDOLQH�SKRVSKDWDVH��IXQFWLRQV���

'HSHQGHQW�YDULDEOHV�IRU�WKH�VLQJOH�VKLIW�VWXG\�ZHUH�WKH�FURVV�VKLIW�FKDQJH�LQ�PHDVXUHV�RI��

WK\URLG�IXQFWLRQ���([SODQDWRU\�YDULDEOHV�HYDOXDWHG�LQFOXGHG�UDFH��JHQGHU��DJH��KRXUV�DZDNH�SULRU��

WR�WKH�SUHVKLIW�WHVW��QXPEHU�RI�KRXUV�VOHSW�GXULQJ�WKH�PRVW�UHFHQW�SHULRG�SULRU�WR�WKH�WHVW��WLPH�RI��

GD\��DQG�VKLIW�OHQJWK���'HSHQGHQW�YDULDEOHV�IRU�WKH�ZRUNLQJ�OLIHWLPH�LQFOXGHG�PHDVXUHV�RI�WK\URLG���

ERQH�PDUURZ��OLYHU��DQG�NLGQH\�IXQFWLRQV���)RU�WKH�WK\URLG�WHVWV��DQ�DGGLWLRQDO�H[SODQDWRU\��

YDULDEOH�ZDV�XVHG�WR�LQGLFDWH�LI�WKH�PHDVXUHPHQW�ZDV�IURP�D�URXWLQH�SK\VLFDO�LQ������RU�IRU�D��

SUHVKLIW�RU�D�SRVWVKLIW�H[DPLQDWLRQ�LQ������RU��������7KH�GRVH�YDULDEOHV�ZHUH�JURXS��FRQWURO��ORZ��

GRVH��RU�KLJK�GRVH��DQG�HVWLPDWHG�FXPXODWLYH�H[SRVXUH���7KH�GRVH�JURXS�GHVLJQDWLRQ�ZDV�DQ��
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DUELWUDU\�VWUDWLILFDWLRQ�RI����PJ�NJ�GD\�DQG�!��PJ�NJ�GD\���0XOWLSOH�UHJUHVVLRQ�ZDV�XVHG�WR�

DQDO\]H�WKH�UHODWLRQVKLS�EHWZHHQ�HIIHFW�PHDVXUHV�DQG�H[SODQDWRU\�YDULDEOHV���$�VHTXHQWLDO�

DSSURDFK�ZDV�XVHG�WR�GHWHUPLQH�ZKHWKHU�D�GHSHQGHQW�YDULDEOH�ZRXOG�EH�ORJ�WUDQVIRUPHG��DQG�

ZKHWKHU�DQ\�RXWOLHUV��GHILQHG�DV�D�YDOXH�FRUUHVSRQGLQJ�WR�D�UHVLGXDO�ODUJHU�LQ�DEVROXWH�YDOXH�WKDQ�

WKUHH�VWDQGDUG�GHYLDWLRQV��ZRXOG�EH�HOLPLQDWHG�IURP�DQ�DQDO\VLV��

(VWLPDWHG�GRVHV�IRU�WKH�VLQJOH�VKLIW�VWXG\�UDQJHG�IURP��������WR�������PJ�NJ�GD\�ZLWK�D�

PHDQ�RI�������PJ�NJ�GD\�DQG�PHGLDQ�RI�������PJ�NJ�GD\���7KH�GRVH�HVWLPDWH�ZDV�QRW�D�

VLJQLILFDQW�SUHGLFWRU�RI�WK\URLG�IXQFWLRQ�SDUDPHWHUV�PHDVXUHG�LQ����FRQWURO�����PDOH�����IHPDOH��

RU����H[SRVHG�����PDOH����IHPDOH��LQGLYLGXDOV���7KH�RQO\�VLJQLILFDQW�ILQGLQJ��S� �������ZDV�WKDW�

FURVV�VKLIW�76+�FKDQJHV�ZHUH�JUHDWHU�IRU�WKRVH�ZKR�ZRUNHG�D����K�VKLIW�WKDQ�IRU�WKRVH�ZKR��

ZRUNHG���K�VKLIWV��DFFRXQWLQJ�IRU�D������XULQDU\�LQWHUQDWLRQDO�XQLW�P/�LQFUHDVH�DFURVV�WKH�VKLIW����

7KLV�ZDV�DWWULEXWHG�WR�WKH�LQIOXHQFH�RI�FLUFDGLDQ�FKDQJHV�LQ�VHUXP�76+���

:RUNLQJ�OLIHWLPH�H[SRVXUH�HVWLPDWHV�UDQJHG�IURP�����WR������PHDQ������PJ�NJ�IRU�WKH��

ORZ�GRVH�JURXS�DQG�IURP�����WR�������PHDQ�������PJ�NJ�IRU�WKH�KLJK�GRVH�JURXS���'XUDWLRQ�RI��

H[SRVXUH�UDQJHG�IURP���WR����\HDUV��PHDQ��������1R�VLJQLILFDQW�FRUUHODWLRQV�ZHUH�GHWHFWHG�LQ�DQ\��

PHDVXUHV�RI�WK\URLG��ERQH�PDUURZ��OLYHU��RU�NLGQH\�IXQFWLRQ���6LJQLILFDQW�JHQGHU�DQG�UDFH��

GLIIHUHQFHV�ZHUH�DSSDUHQW�LQ�WKH�FOLQLFDO�WHVWV�RI�ERQH�PDUURZ��OLYHU��DQG�NLGQH\�IXQFWLRQV����

)HPDOHV�ZHUH�VOLJKWO\�ORZHU�LQ�KHPRJORELQ��KHPDWRFULW��6*37��**73��DQG�FUHDWLQLQH�WKDQ��

PDOHV��EODFN�ZRUNHUV�ZHUH�VOLJKWO\�ORZHU�WKDQ�ZKLWHV�LQ�KHPRJORELQ�DQG�KHPDWRFULW�DQG�VOLJKWO\��

KLJKHU�LQ�FUHDWLQLQH���

7KH�(3$�ZDV�UHOXFWDQW�WR�DVVLJQ�D�12$(/�RU�/2$(/�HVWLPDWH�IURP�WKLV�VWXG\�EHFDXVH�RI��

WKH�FRQVLGHUDEOH�XQFHUWDLQWLHV�LQ�WKH�H[SRVXUH�HVWLPDWHV��UHODWLYHO\�VPDOO�VDPSOH�VL]HV��DQG�WKH��

ODFN�RI�FRUUHFWLRQ�IRU�76+�FLUFDGLDQ�FKDQJHV���

7KH�(3$�LV�DOVR�DZDUH�RI�DQ�DGGLWLRQDO�VWXG\�RQ����HPSOR\HHV�LQ�SHUFKORUDWH�SURGXFWLRQ���

7K\URLG�+HDOWK�6WDWXV�RI�$PPRQLXP�3HUFKORUDWH�:RUNHUV���$�&URVV�6HFWLRQDO�2FFXSDWLRQDO��

+HDOWK�6WXG\��WKDW�KDV�EHHQ�VXEPLWWHG�IRU�SXEOLFDWLRQ�E\�'U��6WHYH�/DPP�DQG�DVVRFLDWHV���$IWHU��

SHHU�UHYLHZ�DQG�DFFHSWDQFH�E\�WKH�MRXUQDO��WKHVH�GDWD�ZLOO�EH�IRUPDOO\�FRQVLGHUHG�E\�(3$����

'HVSLWH�LWV�VPDOO�VDPSOH�VL]H��WKH�VWXG\�GLG�LQFOXGH�SHUFKORUDWH�XULQDU\�DQDO\VLV�DQG�DWWHPSWHG�WR��

DGGUHVV�LQKDODELOLW\�RI�WKH�DHURVROV���

��

��
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��� /$%25$725<�$1,0$/�%,2$66$<6�

7KLV�VHFWLRQ�SUHVHQWV�QHZ�DQDO\VHV�IRU�WKH�&DOGZHOO�HW�DO������������GD\�VWXG\�GLVFXVVHG�LQ�

&KDSWHU�����,W�DOVR�HYDOXDWHV�WKH�UHVXOWV�RI�WKH����GD\�VWXG\��ZKLFK�LQFOXGHG�D����GD\�VDFULILFH��

WKDW�ZDV�SDUW�RI�WKH�WHVWLQJ�VWUDWHJ\��6SULQJERUQ�/DERUDWRULHV��,QF����������

�

����� &DOGZHOO�HW�DO������������'D\�6WXG\�

$V�SDUW�RI�WKLV�DVVHVVPHQW��(3$�UHTXHVWHG�IURP�WKH�$LU�)RUFH�5HVHDUFK�/DERUDWRU\�+XPDQ�

(IIHFWLYHQHVV�'LUHFWRUDWH��$)5/�+(67��WKH�SUHYLRXVO\�XQSXEOLVKHG�KLVWRSDWKRORJ\�GDWD�IURP�

WKH����GD\�RUDO�GRVLQJ�VWXG\�SHUIRUPHG�E\�&DOGZHOO�HW�DO���������GLVFXVVHG�LQ�&KDSWHU�����7KH�

KLVWRSDWKRORJ\�ZDV�GLVFXVVHG�LQ�WKH�SDSHU�RQ�WKH�VWXG\�GHVLJQ��&DOGZHOO�DQG�0DWWLH��������EXW��

KDG�QRW�EHHQ�SXEOLVKHG�LQ�HLWKHU�&DOGZHOO�HW�DO���������RU�.LQJ����������7KHVH�KLVWRSDWKRORJ\��

GDWD�GLVFXVVHG�KHUHLQ�ZHUH�SURYLGHG�LQ�D�FRQVXOWDWLYH�OHWWHU�IURP�WKH�$)5/�+(67��&KDQQHO���

����D����7KH�(3$�DOVR�SHUIRUPHG�D�UHDQDO\VLV�RI�WKH�WK\URLG�KRUPRQH�GDWD��7���7���U7���76+���

DQG�WK\URJOREXOLQ�>K7*@��IRXQG�LQ�WKH�&DOGZHOO�HW�DO���������DQG�.LQJ��������UHSRUWV��&URIWRQ���

����D����%HFDXVH�WKHVH�LQGLYLGXDO�GDWD�ZHUH�VXSSOLHG�RQO\�HOHFWURQLFDOO\�RQ�0LFURVRIW�([FHO���

VSUHDGVKHHWV�DQG�QRW�VXEPLWWHG�IRUPDOO\�WR�(3$��&URIWRQ�������D��UHSUHVHQWV�RIILFLDO�SXEOLFDWLRQ��

RI�WKHVH�GDWD���

��

������� 7K\URLG�+LVWRORJ\�'DWD��

7KH�FRQVXOWDWLYH�OHWWHU�RI�&KDQQHO������D��SURYLGHV�UHVXOWV�DQG�FRPPHQWV�RQ�D��

KLVWRSDWKRORJLFDO�DQDO\VLV�RI�WKH�UDW�WK\URLGV�IURP�WKH�&DOGZHOO�HW�DO������������GD\�VWXG\�WKDW��

ZDV�SHUIRUPHG�E\�$)5/�+(67�DQG�QHYHU�RIILFLDOO\�SXEOLVKHG��(JJHUV��������DV�FLWHG�LQ��

&KDQQHO������D����7KH�FRQFHQWUDWLRQV�RI�DPPRQLXP�SHUFKORUDWH�WHVWHG�LQ�6SUDJXH�'DZOH\�UDWV��

���VH[�JURXS��ZHUH����������������������������������DQG�����PJ�/���7KH�DFWXDO�GRVH�DGPLQLVWHUHG��

WR�HDFK�DQLPDO�ZDV�FDOFXODWHG�E\�PXOWLSO\LQJ�WKH�FRQFHQWUDWLRQ�RI�DPPRQLXP�SHUFKORUDWH��

DGPLQLVWHUHG�LQ�WKH�GULQNLQJ�ZDWHU�E\�HDFK�UDW¶V�DYHUDJH�ZDWHU�FRQVXPSWLRQ�RYHU�WKH����GD\��

SHULRG�DQG�GLYLGLQJ�WKLV�QXPEHU�E\�HDFK�DQLPDO¶V�DYHUDJH�ERG\�ZHLJKW�IRU�WKH�VDPH�SHULRG���

UHVXOWLQJ�LQ�GRVHV��PDOH�IHPDOH��RI������������������������������������������������������������

�������������DQG�������������PJ�NJ�GD\��UHVSHFWLYHO\��&DOGZHOO�HW�DO�����������&DXWLRQ�PXVW�EH��

XVHG�ZKHQ�UHDGLQJ�WKHVH�UHSRUWV�EHFDXVH�WKH�FRQYHUVLRQ�LV�VRPHWLPHV�QRW�LQFOXGHG��H�J���WKH��
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&KDQQHO�>����D@��FRQVXOWDWLYH�OHWWHU�UHSRUWV�UHVXOWV�LQ�XQLWV�RI�WKH�WHVW�FRQFHQWUDWLRQV�UDWKHU�WKDQ�

WKH�GRVH�FRQYHUWHG�WR�PLOOLJUDPV�SHU�NLORJUDP�SHU�GD\��

&KDQQHO������D��VXEPLWV�WKDW�WKH�LQFLGHQFH�RI�WK\URLG�IROOLFXODU�FHOO�K\SHUWURSK\�

GHWHUPLQHG�E\�VWDQGDUG�KLVWRORJ\�ZDV�VLJQLILFDQWO\�GLIIHUHQW�IURP�FRQWURO�DW�D�ORZHU�GRVH��������

�����PJ�NJ�GD\��WKDQ�IRU�WKH�LQFLGHQFH�RI�GHFUHDVH�LQ�IROOLFXODU�OXPHQ�VL]H��������

�����PJ�NJ�GD\���EXW�WKH�VWDWLVWLFV�LQGLFDWH�D�12$(/�DW������������PJ�NJ�GD\���+RZHYHU��WKH�

GRFXPHQWDWLRQ�RI�WKH�VWDWLVWLFV�LV�QRW�SURYLGHG��DQG�(JJHUV��������DSSDUHQWO\�FRPELQHG�ERWK�

VH[HV�IRU�WKH�DQDO\VHV���,W�LV�UHFRPPHQGHG�LQ�WKH�UHSRUW��&KDQQHO������D���DQG�(3$�FRQFXUV��WKDW�

D�UHDQDO\VLV�LV�ZDUUDQWHG���7KLV�LV�SDUWLFXODUO\�VR�IRU�D�QXPEHU�RI�UHDVRQV�������WKHUH�ZDV�D�JHQGHU��

E\�WUHDWPHQW�LQWHUDFWLRQ�REVHUYHG�LQ�WKH�WK\URLG�KRUPRQH�DQDO\VHV��VHH�6HFWLRQ���������������WKHUH��

ZDV�DQ�DSSDUHQW�GRVH�WUHQG��GHVSLWH�WKH�OLPLWHG�VDPSOH�VL]H��LQ�WKH�LQFLGHQFH�RI�UHVSRQVH���PDOH��

DQG�IHPDOH�FRPELQHG�ZDV������������������������������������������������DQG��������PDOH�RQO\��

ZDV������������������������������������DQG������DQG�IHPDOH�RQO\�ZDV�������������������������������������

DQG�����IRU�WKH��������������������������������������DQG�����PJ�NJ�GD\�JURXSV��UHVSHFWLYHO\��DQG��

����WKH�DQDO\VLV�GLG�QRW�FRPELQH�VHYHULW\�DQG�LQFLGHQFH�GDWD�IRU�WKH�GHFUHDVH�LQ�OXPHQ�VL]H�EXW��

WKH�PHDQ�VHYHULW\�VFRUHV�DORQH�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW�IURP�FRQWURO�DERYH�WKH��

����������PJ�NJ�GD\�JURXS���$�VHSDUDWH�FRPSXWHUL]HG�PRUSKRPHWULF�DQDO\VLV�RI�IROOLFXODU�OXPHQ��

VL]H�ZDV�SHUIRUPHG�RQ�WKH�����������������������������������������DQG�������������PJ�NJ�GD\��

JURXSV��DQG�D�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�LQFLGHQFH�RI�GHFUHDVH�LQ�OXPHQ�VL]H�ZDV��

HYLGHQW�LQ�WKH�PDOHV�DW�WKH������PJ�NJ�GD\�GRVH�DQG��LQ�IHPDOHV��DW�WKH������PJ�NJ�GD\�GRVH���

KRZHYHU��WKH�JHQGHU�E\�WUHDWPHQW�HIIHFW�ZDV�QRW�WDNHQ�LQWR�DFFRXQW���

7KH�(3$�FRQFOXGHV�WKDW�WKHVH�KLVWRSDWKRORJ\�GDWD�DV�SUHVHQWHG�GR�QRW�LGHQWLI\�D�12$(/��

EXW�UDWKHU�D�/2$(/�DW�����������PJ�NJ�GD\�E\�VWDQGDUG�KLVWRORJ\�IRU�IROOLFXODU�HSLWKHOLDO�FHOO��

K\SHUWURSK\���7KH�LQFLGHQFH�RI�GHFUHDVH�LQ�IROOLFXODU�OXPHQ�VL]H�DV�GHWHUPLQHG�E\�VWDQGDUG��

KLVWRORJ\�LGHQWLILHV�D�12$(/�DW�WKH�����������PJ�NJ�GD\�GRVH�DQG�D�/2$(/�DW�WKH��

����������PJ�NJ�GD\�GRVH��ZKHUHDV�WKH�PRUSKRPHWULF�DQDO\VLV�ZDV�OHVV�VHQVLWLYH�IRU�WKLV�VDPH��

PHDVXUH��LGHQWLI\LQJ�D�12$(/�DW�WKH����������PJ�NJ�GD\�GRVH�DQG�D�/2$(/�DW�WKH��

����������PJ�NJ�GD\�GRVH���,W�LV�LQWHUHVWLQJ�WR�QRWH�WKH�GLIIHUHQFH�LQ�VHQVLWLYLW\�EHWZHHQ�VWDQGDUG��

KLVWRSDWKRORJ\�DQG�WKH�FRPSXWHUL]HG�PRUSKRPHWU\�IRU�GHFUHDVH�LQ�IROOLFXODU�OXPHQ�VL]H�DQDO\VLV����

7KH�(3$�KDV�H[HUFLVHG�DGGLWLRQDO�VWDWLVWLFDO�PRGHOV�WR�HYDOXDWH�WKH�LQFLGHQFH�GDWD�IRU�WKHVH��

KLVWRORJ\�GDWD�DQG�WKHVH�DUH�GLVFXVVHG�LQ�&KDSWHU�����
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������� 7K\URLG�DQG�3LWXLWDU\�+RUPRQH�$QDO\VHV�

7KH�WK\URLG�DQG�SLWXLWDU\�KRUPRQH�GDWD�ZHUH�UHDQDO\]HG�XVLQJ�ILYH�WZR�ZD\�DQDO\VLV�RI�

YDULDQFH��$129$��WHVWV��RQH�HDFK�IRU�DOO�RI�WKH�KRUPRQHV��&URIWRQ������D����'DWD�IURP�

GHSHQGHQW�PHDVXUHV��7���7���U7���76+��DQG�K7*��ZHUH�VXEMHFWHG�WR�VHSDUDWH�WZR�ZD\�$129$V��

ZLWK�JHQGHU��PDOH�DQG�IHPDOH���DQG�WUHDWPHQW��GRVH��DV�LQGHSHQGHQW��EHWZHHQ�VXEMHFW�YDULDEOHV���

6WHS�GRZQ�$129$�WHVWV�ZHUH�FRQGXFWHG�DV�LQGLFDWHG�E\�VLJQLILFDQW�LQWHUDFWLRQV���0HDQ�

FRQWUDVWV�ZHUH�SHUIRUPHG�XVLQJ�7XNH\¶V�6WXGHQWL]HG�5DQJH��+6'��7HVW���7R�FRUUHFW�IRU�PXOWLSOH�

FRPSDULVRQV��L�H���ILYH�VHSDUDWH�WZR�ZD\�$129$�WHVWV���WKH�DFFHSWDEOH�DOSKD�IRU�VLJQLILFDQFH�

�IRU�DOO�LQWHUDFWLRQ�PDLQ�HIIHFWV�WHVWV��ZDV�FRUUHFWHG�WR���������DOSKD�RI������GLYLGHG�E\�WKH�

VTXDUH�URRW�RI�WKH�QXPEHU�RI�GHSHQGHQW�YDULDEOHV����5HVXOWV�RI�WKHVH�UHDQDO\VHV�DUH�VLPLODU�WR��

WKRVH�VWDWHG�LQ�WKH�&DOGZHOO�HW�DO���������DQG�.LQJ��������UHSRUWV��ZLWK�VRPH�QRWDEOH�H[FHSWLRQV��

�VHH�EHORZ����

7KHUH�ZDV�D�VLJQLILFDQW�JHQGHU�E\�WUHDWPHQW�LQWHUDFWLRQ�RQ�WRWDO�VHUXP�7���DQG�VXEVHTXHQW��

VWHS�GRZQ�$129$�WHVWV�VKRZHG�VLJQLILFDQW�WUHDWPHQW�HIIHFWV�IRU�ERWK�JHQGHUV��)LJXUH������

LOOXVWUDWHV�GRVH�GHSHQGHQW�GHFUHDVHV�LQ�7��IRU�ERWK�JHQGHUV���)HPDOHV�ZHUH�VOLJKWO\�PRUH��

VHQVLWLYH�FRPSDUHG�ZLWK�PDOHV���7KH�RYHUDOO�JHQGHU�E\�WUHDWPHQW�LQWHUDFWLRQ�ZDV�QRW�VLJQLILFDQW��

IRU�7���EXW�WKHUH�ZDV�D�VLJQLILFDQW�PDLQ�HIIHFW�RI�WUHDWPHQW���7KHUHIRUH��GDWD�IURP�PDOHV�DQG��

IHPDOHV�ZHUH�FRPELQHG�IRU�DOO�VXEVHTXHQW�DQDO\VHV��WKHVH�GDWD�DUH�SORWWHG�LQ�)LJXUH��������

)LJXUH�����FOHDUO\�LQGLFDWHV�WKDW�SHUFKORUDWH�GHFUHDVHV�7��LQ�D�GRVH�GHSHQGHQW�PDQQHU���7KHUH��

ZDV�D�VLJQLILFDQW�JHQGHU�E\�WUHDWPHQW�LQWHUDFWLRQ�RQ�WRWDO�VHUXP�76+��DQG�VXEVHTXHQW�VWHS�GRZQ��

$129$�WHVWV�VKRZHG�VLJQLILFDQW�WUHDWPHQW�HIIHFWV�IRU�ERWK�JHQGHUV��)LJXUH�����LOOXVWUDWHV��

GRVH�GHSHQGHQW�LQFUHDVHV�LQ�76+�IRU�ERWK�JHQGHUV���)HPDOHV�ZHUH�VOLJKWO\�PRUH�VHQVLWLYH��

FRPSDUHG�ZLWK�PDOHV���

7KH�&DOGZHOO�HW�DO���������VWXG\�LV�WKH�RQO\�RQH�LQ�ZKLFK�DQ�DGGLWLRQDO�WK\URLG�KRUPRQH���

U7���DQG�K7*�ZHUH�DVVD\HG��7*�LQ�UDWV�ZDV�DVVD\HG�ZLWK�D�KXPDQ�5,$�NLW��WKXV�WKH�QRWDWLRQ��

³K´����7KHUH�ZDV�QR�VLJQLILFDQW�JHQGHU�E\�WUHDWPHQW�LQWHUDFWLRQ�RQ�U7���EXW�WKHUH�ZDV�D��

VLJQLILFDQW�PDLQ�HIIHFW�RI�WUHDWPHQW���7KHUHIRUH��GDWD�IURP�PDOHV�DQG�IHPDOHV�ZHUH�FRPELQHG�IRU��

DOO�VXEVHTXHQW�DQDO\VHV�DQG�SORWWHG�LQ�)LJXUH�������7KLV�ILJXUH�FOHDUO\�LQGLFDWHV�WKDW�SHUFKORUDWH��

LQFUHDVHV�U7��LQ�D�GRVH�GHSHQGHQW�PDQQHU���7KHUH�ZDV�D�VLJQLILFDQW�JHQGHU�E\�WUHDWPHQW��

LQWHUDFWLRQ�RQ�K7*��DQG�VXEVHTXHQW�VWHS�GRZQ�$129$�WHVWV�VKRZHG�VLJQLILFDQW�WUHDWPHQW���
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Figure 5-1. Effects in the Caldwell et al. (1995) study of 14-day drinking water
administration of ammonium perchlorate to SD rats on serum total T3
concentrations.  Data of Channel (1998a) and Crofton (1998a).  There was a
significant gender-by-treatment (gender*treatment) interaction and
significant treatment effects for both genders; therefore, data were plotted
separately by gender.  Means with different letters were significantly different
(p < 0.05, Tukey’s Studentized Range (HSD) Test after significant main
effect).  Daily dose was estimated from water consumption data.

HIIHFWV�IRU�ERWK�JHQGHUV���)LJXUH�����LOOXVWUDWHV�WKH�GRVH�GHSHQGHQW�LQFUHDVHV�LQ�K7*�IRU�ERWK�

JHQGHUV���%RWK�JHQGHUV�ZHUH�HTXDOO\�VHQVLWLYH��ZLWK�PDOHV�H[KLELWLQJ�D�VOLJKWO\�JUHDWHU�UHVSRQVH�

WR�WKH�ORZHVW�GRVDJH��

3HUFKORUDWH�H[SRVXUH�GHFUHDVHG�FLUFXODWLQJ�7��DQG�7��DQG�LQFUHDVHG�76+���7KLV�UHSRUW�DOVR�

SURYLGHV�HYLGHQFH�WKDW�U7���IRUPHG�PRVWO\�LQ�H[WUDWK\URLGDO�WLVVXHV��ZDV�LQFUHDVHG�E\�WKLV�

H[SRVXUH���7K\URJOREXOLQ�DOVR�ZDV�LQFUHDVHG���7KHUH�ZDV�QR�12$(/�HVWDEOLVKHG�E\�WKLV�VWXG\����
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Figure 5-2. Effects in the Caldwell et al. (1995) study of 14-day drinking water
administration of ammonium perchlorate to SD rats on serum total T4
concentrations.  Data of Channel (1998a) and Crofton (1998a).  There was no
gender*treatment interaction, but there was a main treatment effect;
therefore, data were collapsed across gender.  Means with different letters
were significantly different (p < 0.05, Tukey’s Studentized Range (HSD) Test
after significant main effect).  Daily dose was estimated from water
consumption data.

7KH�ORZHVW�GRVDJH�RI������PJ�NJ�GD\�ZDV�D�/2$(/�IRU�7���7���DQG�K7*����7DEOH�����

VXPPDUL]HV�WKH�UHVXOWV�RI�WKHVH�QHZ�(3$�DQDO\VHV��

�

����� 7KH����'D\�7HVWLQJ�6WUDWHJ\�%LRDVVD\�LQ�5DWV�

7KH����GD\�VWXG\�WKDW�ZDV�SDUW�RI�WKH�VWUDWHJ\�WHVWHG�RUDO�DGPLQLVWUDWLRQ�RI�DPPRQLXP�

SHUFKORUDWH�YLD�GULQNLQJ�ZDWHU�WR�PDOH�DQG�IHPDOH�6SUDJXH�'DZOH\�UDWV�DW�GRVHV�RI����������������

����������DQG����PJ�NJ�GD\��6SULQJERUQ�/DERUDWRULHV��,QF�����������$����GD\�VDFULILFH�DOVR�ZDV��
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Figure 5-3. Effects in the Caldwell et al. (1995) study of 14-day drinking water
administration of ammonium perchlorate to SD rats on serum TSH
concentrations.  Data of Channel (1998a) and Crofton (1998a).  There was a
significant gender*treatment interaction and significant treatment effects for
both genders; therefore, data were plotted separately by gender.  Means with
different letters were significantly different (p < 0.05, Tukey’s Studentized
Range (HSD) Test after significant main effect).  Daily dose was estimated
from water consumption data.

LQFOXGHG�LQ�WKH�VWXG\�IRU�FRPSDULVRQ�ZLWK�WKH�&DOGZHOO�HW�DO���������VWXG\�RI�WKDW�VDPH�GXUDWLRQ���

7HQ�UDWV�VH[�GRVH�ZHUH�XVHG��DQG�DQ�DGGLWLRQDO����UDWV�VH[�GRVH�ZHUH�VDFULILFHG�DIWHU�WKH����GD\�

UHFRYHU\�SHULRG�IROORZLQJ�FHVVDWLRQ�RI�WKH����GD\�H[SRVXUH�DW�GRVHV�RI���������������DQG�

���PJ�NJ�GD\�WR�HYDOXDWH�UHYHUVLELOLW\�RI�DQ\�REVHUYHG�OHVLRQV��

7KH�VWRFN�VROXWLRQ�RI�WKH�WHVW�DUWLFOH�ZDV�GLOXWHG�ZLWK�UHYHUVH�RVPRVLV��52��ZDWHU�DQG�

SUHSDUHG�IUHVK�ILYH�WLPHV�GXULQJ�WKH�VWXG\��DW�OHDVW�RQFH�HYHU\���ZHHNV����6WDELOLW\�DQDO\VHV�ZHUH��
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Figure 5-4. Effects in the Caldwell et al. (1995) study of 14-day drinking water
administration of ammonium perchlorate to SD Rats on serum rT3
concentrations.  Data of Channel (1998a) and Crofton (1998a).  There was no
gender*treatment interaction, but there was a main treatment effect;
therefore, data were collapsed across gender.  Means with different letters
were significantly different (p < 0.05, Tukey’s Studentized Range (HSD) Test
after significant main effect).  Daily dose was estimated from water
consumption data.

SHUIRUPHG�E\�WKH�VSRQVRU��$)5/�+(67��DQG�VKRZHG�WKDW�DPPRQLXP�SHUFKORUDWH�VROXWLRQV�ZHUH�

VWDEOH�IRU�����GD\V��7VXL�HW�DO�����������7KH�VSRQVRU�DOVR�FRQILUPHG�WKDW�WKH�VWRFN�DQG�GRVLQJ�

VROXWLRQV�ZHUH�ZLWKLQ�DFFHSWDEOH�UDQJH��6SULQJERUQ�/DERUDWRULHV��,QF���������$SSHQGL[�%����

&RQWURO�GULQNLQJ�ZDWHU�VROXWLRQV�DOVR�ZHUH�DQDO\]HG�E\�WKH�VSRQVRU�WR�FRQILUP�QR�FRQWDPLQDWLRQ�

RI�GHWHFWDEOH�QLWUDWH��DQ�LRQ�WKDW�FRXOG�FDXVH�SRVVLEOH�LQWHUIHUHQFH�WR�HVWLPDWLQJ�WKH�GRVH�RI�WHVW�

DUWLFOH���'RVLQJ�VROXWLRQV�ZHUH�SUHSDUHG�IUHVK�IRU�HDFK�ZHHN��DQG�WKH�DGPLQLVWHUHG�FRQFHQWUDWLRQV�

ZHUH�DGMXVWHG�EDVHG�RQ�PHDVXUHG�ERG\�ZHLJKWV�DQG�ZDWHU�LQWDNH���
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Figure 5-5. Effects in the Caldwell et al. (1995) study of 14-day drinking water
administration of ammonium perchlorate to SD rats on serum hTg
concentrations.  Data of Channel (1998a) and Crofton (1998a).  There was
a significant gender*treatment interaction, and significant treatment effects
for both genders; therefore, data were plotted separately by gender.  Means
with different letters were significantly different (p < 0.05, Tukey’s
Studentized Range (HSD) Test after significant main effect).  Daily dose was
estimated from water consumption data.

7$%/(�������6800$5<�2)�12$(/6�)25�7+(�&$/':(//�HW�DO��������
���'$<�678'<D

7� 7� 76+ U7� K7*

)HPDOHV
����E

����E ����
����

����E

0DOHV ���� ���� ����E

D�$PPRQLXP�SHUFKORUDWH�LQ�PLOOLJUDPV�SHU�NLORJUDP�SHU�GD\��HVWLPDWHG�IURP�ZDWHU�FRQVXPSWLRQ�GDWD�E\�WKH
DXWKRUV�

E� �/2$(/��QR�12$(/�ZDV�GHILQHG�
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7KH�SDUDPHWHUV�HYDOXDWHG�LQFOXGHG�FOLQLFDO�REVHUYDWLRQV��ERG\�DQG�RUJDQ�ZHLJKWV��IRRG�DQG�

ZDWHU�FRQVXPSWLRQ��KHPDWRORJ\��FOLQLFDO�FKHPLVWU\��RSKWKDOPRORJ\��DQG�JURVV�QHFURSV\��

+LVWRSDWKRORJ\�ZDV�SHUIRUPHG�RQ�DOO�WLVVXHV�IURP�WKH�FRQWURO�DQG�KLJK�GRVH�JURXSV���7KH�OLYHU��

NLGQH\V��OXQJV��WK\URLG�SDUDWK\URLG�DQG�JURVV�OHVLRQV�IURP�DOO�LQWHUPHGLDWH�GRVH�JURXSV�DQG�IRU�

WKH�UHFRYHU\�JURXSV�DOVR�ZHUH�H[DPLQHG�PLFURVFRSLFDOO\���(YDOXDWLRQ�RI�DGGLWLRQDO�UHSURGXFWLYH�

SDUDPHWHUV��HVWURXV�F\FOLFLW\�LQ�IHPDOHV�DQG�VSHUP�PRWLOLW\�DQG�PRUSKRORJ\�LQ�PDOHV��DOVR�ZDV�

SHUIRUPHG���7K\URLG�KRUPRQH�DQDO\VHV�ZHUH�SHUIRUPHG�DW�WKH�����������DQG�����GD\�VDFULILFHV���

$OO�KRUPRQH�DQG�WLVVXH�FROOHFWLRQ�ZDV�EDODQFHG�RYHU�WLPH�RI�GD\�WR�FRQWURO�IRU�FLUFDGLDQ�UK\WKPV�

RI�KRUPRQHV��

��

������� *HQHUDO�7R[LFLW\�DQG�+LVWRORJ\�5HVXOWV��

7KHUH�ZHUH�QR�FOLQLFDO�VLJQV�RI�WR[LFLW\�REVHUYHG�GXULQJ�WKH�WUHDWPHQW�RU�UHFRYHU\�SHULRGV����

$OO�UDWV�VXUYLYHG�WR�VFKHGXOHG�VDFULILFH�H[FHSW�RQH�IHPDOH�UDW�LQ�WKH������PJ�NJ�GD\�JURXS�WKDW��

ZDV�IRXQG�GHDG�GXULQJ�WKH�UHFRYHU\�SHULRG��EXW�WKLV�ZDV�FRQVLGHUHG�XQUHODWHG�WR�WUHDWPHQW��

EHFDXVH�QR�GHDWKV�RFFXUUHG�LQ�DQ\�RI�WKH�KLJKHU�GRVH�JURXSV��DQG�WKH�KLVWRSDWKRORJLF�HYDOXDWLRQ��

IRU�FDXVH�RI�GHDWK�ZDV�LQFRQFOXVLYH���1R�VWDWLVWLFDOO\�VLJQLILFDQW�RU�UHPDUNDEOH�WR[LFRORJ\��

ILQGLQJV�ZHUH�REVHUYHG�DPRQJ�WKH�JURXSV�ZLWK�UHVSHFW�WR�FOLQLFDO�REVHUYDWLRQV��ERG\�ZHLJKWV���

IRRG�RU�ZDWHU�FRQVXPSWLRQ��RSKWKDOPRORJ\��KHPDWRORJ\��RU�FOLQLFDO�FKHPLVWU\���$EVROXWH�WK\URLG��

ZHLJKW�DQG�WK\URLG�ZHLJKW�UHODWLYH�WR�ERWK�ILQDO�ERG\�ZHLJKW�DQG�EUDLQ�ZHLJKW�ZHUH�LQFUHDVHG��

VLJQLILFDQWO\�LQ�PDOHV�RI�WKH����PJ�NJ�GD\�GRVH�JURXS�DIWHU����DQG����GD\V�RI�WUHDWPHQW�DQG�LQ��

IHPDOHV�DW�WKH����PJ�NJ�GD\�GRVH�JURXS�DIWHU����GD\V���7KHVH�WK\URLG�ZHLJKW�PHDVXUHV�ZHUH��

FRPSDUDEOH�WR�FRQWURO�YDOXHV�LQ�ERWK�PDOHV�DQG�IHPDOHV�RI�WKH����PJ�NJ�GD\�JURXS�DW�WKH�HQG�RI��

WKH����GD\�UHFRYHU\�SHULRG���7KH�RQO\�WUHDWPHQW�UHODWHG�OHVLRQV�RQ�JURVV�QHFURSV\�ZHUH�UHGGHQHG��

WK\URLGV��DWWULEXWHG�WR�PLQLPDO�FRQJHVWLRQ�RI�WKH�EORRG�YHVVHOV���$�WUHDWPHQW�UHODWHG�HIIHFW�LQ�WKH��

WK\URLG��GLDJQRVHG�DV�IROOLFXODU�FHOO�K\SHUSODVLD��DOVR�ZDV�REVHUYHG��ZLWK�KLVWRSDWKRORJ\�LQ�ERWK��

VH[HV�DW�WKH�KLJK�GRVH���7KH�K\SHUSODVLD�ZDV�FKDUDFWHUL]HG�E\�DQ�LQFUHDVHG�QXPEHU�RI�VPDOO��

IROOLFOHV�LQ�WKH�FHQWUDO�SRUWLRQ�RI�WKH�WK\URLG�DQG�DQ�LQFUHDVH�LQ�WKH�KHLJKW�RI�WKH�IROOLFXODU��

HSLWKHOLXP�FRPSDUHG�WR�WKDW�RI�FRQWUROV���2FFDVLRQDO�VHFRQGDU\��VPDOO�IROOLFOHV�ZHUH�QRWHG�ZLWKLQ��

ODUJHU�IROOLFOHV���7KH�GHJUHH�RI�VHYHULW\�RI�WKH�K\SHUSODVLD�ZDV�UHSRUWHG�DV�PLQLPDO�LQ�PRVW��

WK\URLGV���7KH�LQFLGHQFH�RI�WKH�IROOLFXODU�FHOO�K\SHUSODVLD�LQ�PDOHV�DW�WKH��������������������������

������DQG����PJ�NJ�GD\�OHYHO�ZDV������������������������������DQG�������RU��������������������������
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������DQG������IRU�WKH����GD\�RU����GD\�HYDOXDWLRQV��UHVSHFWLYHO\���7KH�LQFLGHQFH�LQ�IHPDOHV�DW�

WKHVH�VDPH�GRVH�OHYHOV�ZDV�������������������������������DQG������DW�WKH����GD\�HYDOXDWLRQ�DQG�

������������������������������DQG������DW�WKH����GD\�HYDOXDWLRQ���1R�SDWKRORJ\�ZDV�REVHUYHG�LQ�

WKH�WK\URLGV�RI�HLWKHU�PDOH�RU�IHPDOH�UDWV�DW�WKH�����GD\�����GD\�UHFRYHU\��HYDOXDWLRQ��LQGLFDWLQJ�

UHFRYHU\��UHYHUVLELOLW\��RI�WKH�OHVLRQV���0LVFHOODQHRXV�OHVLRQV�WKDW�RFFXUUHG�ZLWK�HTXDO�LQFLGHQFH�

DQG�VHYHULW\�LQ�DOO�GRVH�JURXSV�DQG�FRQWUROV�LQFOXGHG�H[WUDPHGXOODU\�KHPDWRSRLHVLV�LQ�WKH�OLYHUV��

LQIODPPDWLRQ�LQ�WKH�OXQJV��PLQLPDO�QHSKURSDWK\�LQ�WKH�NLGQH\V�DQG�LQIODPPDWLRQ�RI�WKH�KHDUW���

%HFDXVH�QRQH�RI�WKHVH�OHVLRQV�GHPRQVWUDWHG�D�GRVH�UHVSRQVH��DQG�VRPH�DUH�FRPPRQO\�VHHQ�LQ�

\RXQJ�UDWV��WKH\�ZHUH�QRW�FRQVLGHUHG�WUHDWPHQW�UHODWHG��

(VWURXV�F\FOLFLW\�ZDV�HYDOXDWHG�IRU���ZHHNV�SULRU�WR�VDFULILFH�LQ�DOO�IHPDOHV�RI�WKH�����DQG��

����GD\�WHUPLQDWLRQ�JURXSV�E\�H[DPLQLQJ�GDLO\�YDJLQDO�VPHDUV���7KH�QXPEHU�DQG�SHUFHQWDJH�RI��

IHPDOHV�F\FOLQJ�DQG�WKH�PHDQ�F\FOH�OHQJWK�ZHUH�GHWHUPLQHG�IRU�HDFK�JURXS���7KHUH�LV�DQ�DSSDUHQW��

GRVH�UHODWHG�UHVSRQVH�IRU�WKH�DEVROXWH�QXPEHU�DQG�SURSRUWLRQ�RI�IHPDOHV�ZLWK�DQ�DEQRUPDO�HVWUXV��

F\FOH��GHILQHG�DV�OHVV�WKDQ���RU�PRUH�WKDQ���GD\V����7KH�QXPEHU�DQG�SHUFHQWDJH�RI�IHPDOHV�ZLWK�DW��

OHDVW�RQH�DEQRUPDO�F\FOH�LQ�WKRVH�IHPDOHV�F\FOLQJ�ZDV�����������������������������������������

�����������������DQG�����������DW�WKH�������������������������������DQG����PJ�NJ�GD\�GRVHV���7KH��

SURSRUWLRQ�EHJDQ�WR�LQFUHDVH�DW�WKH������PJ�NJ�GD\�GRVH�OHYHO��SHDNHG�DW�WKH�����PJ�NJ�GD\�GRVH��

OHYHO��DQG�WKHQ�GHFOLQHG�DW�WKH�WZR�KLJKHU�GRVHV���7KLV�VXJJHVWV�WKH�SRVVLELOLW\�RI�DQ�LQYHUWHG��

8�VKDSHG�GRVH�UHVSRQVH�SDWWHUQ���([DPLQDWLRQ�RI�WKH�����GD\�GDWD��DIWHU����GD\�UHFRYHU\��DOVR��

UHYHDOHG��FKDQJHV�LQ�F\FOLFLW\�ZLWK����������������������������������DQG������������QRW�F\FOLQJ��

LQ�WKH��������������������DQG����PJ�NJ�GD\�JURXSV��UHVSHFWLYHO\���%HFDXVH�WKH�QXPEHU�RI�UDWV�LQ�WKH��

DGG�RQ�JURXSV��Q� �����GRHV�QRW�SURYLGH�WKH�OHYHO�RI�VWDWLVWLFDO�SRZHU�WKDW�ZRXOG�EH�GHVLUHG��WKLV��

LQGLFDWLRQ�RI�DQ�HIIHFW�LQ�D�VWXG\�ZLWK�OLPLWHG�SRZHU�LV�RI�FRQFHUQ�DQG�QHHGV�WR�EH�HYDOXDWHG��

FDUHIXOO\�ZKHQ�WKH�UHVXOWV�RI�WKH�WZR�JHQHUDWLRQ�UHSURGXFWLYH�VWXG\�EHFRPH�DYDLODEOH���

6SHUP�VDPSOHV�ZHUH�REWDLQHG�IURP�DOO�PDOH�UDWV�WHUPLQDWHG�DIWHU����RU�����GD\V�IRU��

HYDOXDWLRQ�RI�VSHUP�FRXQW��FRQFHQWUDWLRQ��PRWLOLW\��DQG�PRUSKRORJ\���7KH�PHDQ�SHUFHQWDJH�RI��

QRUPDO�VSHUP�ZDV�FDOFXODWHG�IRU�HDFK�JURXS���7KHUH�ZHUH�QR�WUHDWPHQW�UHODWHG�HIIHFWV�RQ�VSHUP��

SDUDPHWHUV�QRWHG��DOWKRXJK�DJDLQ�WKH�QXPEHU�WHVWHG�LV�VPDOO���7KH�HIIHFWV�RQ�WKH�SHUFHQWDJH�RI��

QRUPDO�VSHUP�DSSHDU�WR�EH�DUWLIDFWV�EHFDXVH�RI�D�VLQJOH�RXWOLHU�LQ�HDFK�RI�WKH�WZR�JURXSV�ZLWK��

ORZHU�PHDQV���7KHVH�RFFXUUHG�DW�GLIIHUHQW�GRVH�OHYHOV�LQ�WKH�H[SRVXUH�YHUVXV�UHFRYHU\�SKDVHV���

��
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������� 7K\URLG�DQG�3LWXLWDU\�+RUPRQH�$QDO\VHV�

7KH�DVVD\V�IRU�7���7���DQG�76+�ZHUH�SHUIRUPHG�XVLQJ�UDGLRLPPXQRDVVD\��5,$��NLWV�

DFFRUGLQJ�WR�WKH�PDQXIDFWXUHU¶V�VWDQGDUG�SURFHGXUHV���$VVD\�NLWV�IURP�WKH�VDPH�EDWFK�QXPEHU�

DQG�ZLWK�WKH�VDPH�H[SLUDWLRQ�GDWH�ZHUH�XVHG�IRU�HDFK�DQLPDO�WHUPLQDWLRQ�SHULRG��6WXG\�'D\V�����

����RU��������6DPSOHV�DQG�VWDQGDUGV�ZHUH�UXQ�LQ�WULSOLFDWH���7KH�6SULQJERUQ�/DERUDWRULHV�UHSRUW�

LQFOXGHG�DQ�DSSHQGL[��6SULQJERUQ�/DERUDWRULHV��,QF���������$SSHQGL[�,��FRQWDLQLQJ�WKH�UHVXOWV�RI�

WKHVH�WK\URLG�KRUPRQH�DVVD\V���7KH�6SULQJERUQ�UHSRUW�XVHG�D�VHULHV�RI�LQGLYLGXDO�$129$�WHVWV�WR�

GHWHUPLQH�PDLQ�HIIHFWV�RI�WUHDWPHQW�IRU�DOO�WKUHH�KRUPRQHV�LQ�ERWK�JHQGHUV�DQG�DW�WKUHH�WLPH�

SRLQWV�GXULQJ�WKH�VWXG\��'D\V����DQG����DQG�D�'D\�����UHFRYHU\�WLPH����$V�SDUW�RI�LWV�DVVHVVPHQW��

(3$�UHDQDO\]HG�WKHVH�WK\URLG�KRUPRQH�GDWD�XVLQJ�WKUHH�ZD\�$129$�WHVWV��RQH�IRU�HDFK�RI�WKH��

WKUHH�KRUPRQHV��WR�DOORZ�IRU�D�VWDWLVWLFDO�FRPSDULVRQ�RI�WKH�LQWHUDFWLRQ�EHWZHHQ�JHQGHU��WLPH��DQG��

WUHDWPHQW��&URIWRQ������E����7KH�&URIWRQ������E��DQDO\VLV�DOVR�FRQWDLQV�D�SULQWRXW�RI�DOO�RI�WKH��

LQGLYLGXDO�DQLPDO�GDWD��DQ�RPLVVLRQ�IURP�6SULQJERUQ�/DERUDWRULHV��,QF�����������'DWD�IURP�HDFK��

KRUPRQH�ZHUH�VXEMHFWHG�WR�VHSDUDWH��WKUHH�ZD\�$129$�WHVWV��ZLWK�GD\��'D\V���������DQG��������

JHQGHU��PDOH�DQG�IHPDOH���DQG�WUHDWPHQW��GRVH��DV�LQGHSHQGHQW�EHWZHHQ�VXEMHFW�YDULDEOHV����

'HSHQGHQW�YDULDEOHV�ZHUH�7���7���DQG�76+���6WHS�GRZQ�$129$�WHVWV�ZHUH�FRQGXFWHG�DV��

LQGLFDWHG�E\�VLJQLILFDQW�LQWHUDFWLRQV���0HDQ�FRQWUDVWV�ZHUH�SHUIRUPHG�XVLQJ�7XNH\¶V�6WXGHQWL]HG��

5DQJH��+6'��7HVW���7R�FRUUHFW�IRU�PXOWLSOH�FRPSDULVRQV��L�H���WKUHH�VHSDUDWH�WKUHH�ZD\�$129$��

WHVWV��WKH�DFFHSWDEOH�DOSKD�IRU�VLJQLILFDQFH�ZDV�FRUUHFWHG�WR���������DOSKD�RI������GLYLGHG�E\�WKH��

VTXDUH�URRW�RI�WKH�QXPEHU�RI�PDLQ�FRPSDULVRQV����

5HVXOWV�RI�WKH�(3$�UHDQDO\VHV�DUH�VLPLODU�WR�WKRVH�VWDWHG�LQ�WKH�FRQWUDFW�UHSRUW��6SULQJERUQ��

/DERUDWRULHV��,QF���������ZLWK�D�IHZ�QRWDEOH�H[FHSWLRQV���)LUVW��WKHUH�LV�RQO\�D�PDUJLQDO��

LQWHUDFWLRQ�EHWZHHQ�JHQGHU�DQG�WUHDWPHQW��DQG�WKLV�UHVXOWV�IURP�D�VOLJKW�GLIIHUHQFH�LQ�PDJQLWXGH��

RI�HIIHFWV�EHWZHHQ�JHQGHUV��EXW�QR�GLIIHUHQFHV�LQ�/2$(/V�EHWZHHQ�JHQGHUV��ZLWK�PLQRU��

H[FHSWLRQV�OLNHO\�FDXVHG�E\�VPDOO�FKDQJHV�LQ�YDULDQFH�EHWZHHQ�JURXSV��ZKLFK�DUH�SUREDEO\�QRW��

ELRORJLFDOO\�VLJQLILFDQW�>VHH�EHORZ@����6HFRQG��WKH�QHZ�(3$�DQDO\VHV�IDLOHG�WR�GHWHFW�D�VLJQLILFDQW��

HIIHFW�RI�SHUFKORUDWH�RQ�76+�DW�WKH�����GD\�WLPH�SRLQW���5HVXOWV�RI�WKH�DQDO\VHV�IRU�HDFK�WK\URLG��

KRUPRQH�DQG�76+�DUH�GLVFXVVHG�LQGLYLGXDOO\�EHORZ���

7KHUH�ZDV�D�VLJQLILFDQW�GD\�E\�JHQGHU�E\�WUHDWPHQW�LQWHUDFWLRQ�IRU�7���DQG�VXEVHTXHQW��

VWHS�GRZQ�$129$�WHVWV�VKRZHG�VLJQLILFDQW�JHQGHU�E\�WUHDWPHQW�LQWHUDFWLRQV�IRU�WKH�����DQG��

���GD\�WLPH�SRLQWV���7KHUHIRUH��VHSDUDWH�$129$�WHVWV�ZHUH�FRQGXFWHG�RQ�HDFK�JHQGHU�WR�WHVW�IRU��
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D�PDLQ�HIIHFW�RI�WUHDWPHQW���/DFN�RI�D�VLJQLILFDQW�JHQGHU�E\�WUHDWPHQW�LQWHUDFWLRQ�RQ�WKH�����GD\�

GDWD�OHG�WR�RQH�VXEVHTXHQW�$129$�WR�WHVW�IRU�D�PDLQ�HIIHFW�RI�WUHDWPHQW���'DWD�IURP�'D\����

UHYHDOHG�D�/2$(/�RI������PJ�NJ�GD\�IRU�PDOHV��VHH�)LJXUH��������7KHUH�ZDV�QR�VWDWLVWLFDOO\�

VLJQLILFDQW�HIIHFW�RI�DQ\�GRVH�RI�SHUFKORUDWH�RQ�IHPDOHV�DW�'D\������7KH�ODFN�RI�HIIHFW�RI�

SHUFKORUDWH�RQ�7��LQ�IHPDOHV�DW�WKH����GD\�WLPH�SRLQW�PD\�EH�DUWLIDFWXDO���1RW�SORWWHG�RQ�WKH�

ILJXUH�IRU�'D\����DUH�DOO�WKH�DYDLODEOH�GDWD�IURP�FRQWURO�IHPDOH�UDWV�IURP�WKLV�ODERUDWRU\��

LQFOXGLQJ�WKH�'D\����DQG�'D\�����WLPH�SRLQWV��DQG�WKH�GDWD�IURP�WZR�RWKHU�VWXGLHV���7KHVH�

KLVWRULFDO�GDWD�VKRZ�WKDW�WKH�JURXS�PHDQ�IRU�IHPDOHV�LQ�)LJXUH�����IRU�WKH����GD\�WLPH�SRLQW�PD\�

EH�DUWLILFLDOO\�ORZ�UHODWLYH�WR�VRPH�RI�WKH�RWKHU�GDWD�IURP�WKH�$)5/�+(67�ODERUDWRU\���7KXV��WKH�

ELRORJLFDO�VLJQLILFDQFH�RI�WKLV�JHQGHU�GHSHQGHQW�HIIHFW�RI�SHUFKORUDWH�DIWHU����GD\V�RI�H[SRVXUH�LV��

VXVSHFW���&RQVLVWHQW�ZLWK�WKLV�FRQFOXVLRQ�LV�WKH�VLJQLILFDQW�GRVH�GHSHQGHQW�GHFUHDVH�LQ�7���

FRQFHQWUDWLRQV�LQ�IHPDOH�UDWV�H[SRVHG�WR�������WR�����PJ�NJ�GD\�SHUFKORUDWH�LQ�D�SUHYLRXV����GD\��

H[SRVXUH�VWXG\�E\�WKLV�VDPH�ODERUDWRU\��&DOGZHOO�HW�DO�����������7KH�/2$(/�EDVHG�RQ�7��IRU��

ERWK�PDOHV�DQG�IHPDOHV�ZDV������RQ�'D\������7KH�/2$(/�IRU�'D\�����ZDV����PJ�NJ�GD\���

LQGLFDWLYH�RI�D�UHFRYHU\�RI�7��FRQFHQWUDWLRQV�DIWHU�FHVVDWLRQ�RI�WUHDWPHQW���

7KH�RYHUDOO�GD\�E\�JHQGHU�E\�WUHDWPHQW�LQWHUDFWLRQ�IRU�7��ZDV�QRW�VLJQLILFDQW��EXW�WKHUH��

ZHUH�VLJQLILFDQW�GD\�E\�WUHDWPHQW�DQG�JHQGHU�E\�WUHDWPHQW�LQWHUDFWLRQV���7KXV��VXEVHTXHQW��

VWHS�GRZQ�$129$V�ZHUH�FRQGXFWHG�DV�IROORZV���PDLQ�HIIHFWV�RI�WUHDWPHQW�DW�HDFK�WLPH�SRLQW��

DQG�PDLQ�HIIHFWV�RI�WUHDWPHQW�IRU�HDFK�JHQGHU���7KHVH�GDWD�DUH�SORWWHG�LQ�)LJXUHV�����DQG��������

)LJXUH�����FOHDUO\�LQGLFDWHV�WKDW�SHUFKORUDWH�GHFUHDVHV�7��LQ�D�WLPH��DQG�GRVH�UHODWHG�PDQQHU����

7KH�HIIHFW�DW�WKH����GD\�WLPH�SRLQW�ZDV�OLPLWHG�WR�WKH�KLJK�GRVH�RQO\���7KH�ODFN�RI�HIIHFW�DW�WKH��

ORZHU�GRVHV�LV�LQFRQVLVWHQW�ZLWK�WKH�SUHYLRXV����GD\�VWXG\��&DOGZHOO�HW�DO����������ZKHUH��

VLJQLILFDQW�GHFUHDVHV�ZHUH�IRXQG�DW�DOO�GRVHV�WHVWHG��VHH�)LJXUH��������7KH�UHDVRQ�IRU�WKLV��

GLVFUHSDQF\�UHPDLQV�WR�EH�GHWHUPLQHG���7KH�SRWHQF\�LQFUHDVHG�DW�WKH����GD\�WLPH�SRLQW��ZKHUH�DOO��

GRVHV�ZHUH�VLJQLILFDQWO\�GLIIHUHQW�IURP�FRQWUROV���7KHUH�DSSHDUV�WR�EH�D�ODFN�RI�UHFRYHU\�DW�WKH��

����GD\�WLPH�SRLQW��KRZHYHU��WKH�ODFN�RI�D������PJ�NJ�GD\�JURXS�DW�WKLV�WLPH�SRLQW�PDNHV�D��

GHILQLWLYH�FRQFOXVLRQ�GLIILFXOW���7KH�DSSDUHQW�ODFN�RI�UHFRYHU\�RI�7��LV�QRW�FRQVLVWHQW�ZLWK�WKH��

UHFRYHU\�RI�7��DW�DOO�EXW�WKH�KLJKHVW�GRVH��FRPSDUH�ORZHU�SDQHOV�RI�)LJXUHV�����DQG��������

7KH�ELRORJLFDO�SODXVLELOLW\�RI�WKLV�GLIIHUHQFH�LV�XQNQRZQ���)LJXUH�����LOOXVWUDWHV�WKH�VLJQLILFDQW��

JHQGHU�E\�WUHDWPHQW�LQWHUDFWLRQ���$OWKRXJK�WKH�LQWHUDFWLRQ�ZDV�VLJQLILFDQW�EHFDXVH�RI�WKH�VOLJKWO\��

JUHDWHU�PDJQLWXGH�RI�WKH�HIIHFW�LQ�PDOHV��WKH�12$(/V�ZHUH�QRW�GLIIHUHQW�EHWZHHQ�WKH�JHQGHUV���
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)LJXUH����� (IIHFWV�IURP����GD\�GULQNLQJ�ZDWHU�DGPLQLVWUDWLRQ�RI�DPPRQLXP�SHUFKORUDWH
WR�6'�UDWV�RQ�VHUXP�WRWDO�7��FRQFHQWUDWLRQV���'DWD�RI�6SULQJERUQ
/DERUDWRULHV��,QF�����������7KHUH�ZDV�D�VLJQLILFDQW�GD\�E\�JHQGHU�E\�WUHDWPHQW
�GD\
JHQGHU
WUHDWPHQW��LQWHUDFWLRQ��)>�����@� �������S�����������DQG
VLJQLILFDQW�JHQGHU�E\�WUHDWPHQW�LQWHUDFWLRQV�IRU�'D\����DQG�'D\�����EXW�QRW
IRU�'D\������WKHUHIRUH��GDWD�ZHUH�SORWWHG�E\�JHQGHU�IRU�'D\����DQG�'D\����DQG
FROODSVHG�DFURVV�JHQGHU�DQG�SORWWHG�E\�GRVH�IRU�'D\�������0HDQV�ZLWK�GLIIHUHQW
OHWWHUV�ZHUH�VLJQLILFDQWO\�GLIIHUHQW��S���������7XNH\¶V�6WXGHQWL]HG�5DQJH��+6'�
7HVW�DIWHU�VLJQLILFDQW�PDLQ�HIIHFW����7KH�����GD\�WLPH�SRLQW�LV����GD\V�DIWHU
FHVVDWLRQ�RI�H[SRVXUH�
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)LJXUH����� (IIHFWV�IURP����GD\�GULQNLQJ�ZDWHU�DGPLQLVWUDWLRQ�RI�DPPRQLXP�SHUFKORUDWH
WR�6'�UDWV�RQ�VHUXP�WRWDO�7��FRQFHQWUDWLRQV���'DWD�RI�6SULQJERUQ
/DERUDWRULHV��,QF�����������7KHUH�ZDV�QR�GD\�E\�JHQGHU�E\�WUHDWPHQW
LQWHUDFWLRQ��)>�����@� �������S������������EXW�WKHUH�ZDV�D�PDLQ�GD\
WUHDWPHQW
LQWHUDFWLRQ��)>�����@� �������S������������WKHUHIRUH��GDWD�ZHUH�FROODVSHG�DFURVV
JHQGHU�DQG�SORWWHG�E\�GRVH�IRU�HDFK�GD\���0HDQV�ZLWK�GLIIHUHQW�OHWWHUV�ZHUH
VLJQLILFDQWO\�GLIIHUHQW��S���������7XNH\¶V�6WXGHQWL]HG�5DQJH��+6'��7HVW�DIWHU
VLJQLILFDQW�PDLQ�HIIHFW����7KH�����GD\�WLPH�SRLQW�LV����GD\V�DIWHU�FHVVDWLRQ�RI
H[SRVXUH�



December 31, 1998 Draft-Do Not Quote or Cite5-21

Figure 5-8. Effects from 90-day drinking water administration of ammonium perchlorate
to SD rats on serum total T4.  Data of Springborn Laboratories, Inc. (1998). 
There was a significant gender*treatment interaction; therefore, data was
collapsed across days.  Means with different letters are significantly different
(p < 0.05, Tukey’s Studentized Range (HSD) Test after significant main effect).

VXSSRUWLQJ�WKH�FRQFOXVLRQ�WKDW�ERWK�JHQGHUV�DUH�HTXDOO\�VXVFHSWLEOH�WR�WKH�K\SRWK\UR[HQHPLF�

HIIHFWV�RI�SHUFKORUDWH��

7KHUH�ZDV�D�VLJQLILFDQW�GD\�E\�JHQGHU�E\�WUHDWPHQW�LQWHUDFWLRQ�IRU�76+��DQG�VXEVHTXHQW�

VWHS�GRZQ�$129$�WHVWV�VKRZHG�D�VLJQLILFDQW�JHQGHU�E\�WUHDWPHQW�LQWHUDFWLRQ�IRU�WKH����GD\�

WLPH�SRLQW�RQO\���7KHUHIRUH��VHSDUDWH�$129$�WHVWV�ZHUH�FRQGXFWHG�RQ�HDFK�JHQGHU�WR�WHVW�IRU�D�

PDLQ�HIIHFW�RI�WUHDWPHQW�IRU�WKH����GD\�WLPH�SRLQW���/DFN�RI�D�VLJQLILFDQW�JHQGHU�E\�WUHDWPHQW�

LQWHUDFWLRQ�IRU�WKH�����DQG�����GD\�GDWD�OHG�WR�VXEVHTXHQW�RQH�ZD\�$129$�WHVWV�DW�HDFK�WLPH�

SRLQW�WR�WHVW�IRU�D�PDLQ�HIIHFW�RI�WUHDWPHQW���3HUFKORUDWH�FDXVHG�D�GRVH�GHSHQGHQW�LQFUHDVH�LQ�76+�
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WKDW�ZDV�DSSDUHQW�DW�WKH�����DQG����GD\�WLPH�SRLQWV��VHH�)LJXUH��������7KH�12$(/�IRU�WKH�'D\����

GDWD�ZDV������PJ�NJ�GD\�IRU�WKH�IHPDOHV�DQG������PJ�NJ�GD\�IRU�WKH�PDOHV���7KLV�GLIIHUHQFH�

EHWZHHQ�PDOHV�DQG�IHPDOHV�OLNHO\�LV�FDXVHG�E\�VPDOO�FKDQJHV�LQ�YDULDQFH�EHWZHHQ�JURXSV��UDWKHU�

WKDQ�E\�D�ELRORJLFDOO\�VLJQLILFDQW�GLIIHUHQFH��WKH�DEVROXWH�LQFUHDVH�UHODWLYH�WR�WKH�FRQWURO�PHDQ�LQ�

WKH������PJ�NJ�GD\�IHPDOH�JURXS�LV�DFWXDOO\�VPDOOHU�WKDQ�WKH�VDPH�FRPSDULVRQ�LQ�WKH�PDOHV����

7KH�76+�FRQFHQWUDWLRQV�UHFRYHUHG�WR�FRQWURO�YDOXHV����GD\V�DIWHU�FHVVDWLRQ�RI�WUHDWPHQW��

7KH�GDWD�GHPRQVWUDWH�D�GRVH��DQG�WLPH�GHSHQGHQW�HIIHFW�RI�SHUFKORUDWH�RQ�WK\URLG�KRUPRQHV�

DQG�76+���7KH�/2$(/��EDVHG�RQ�GHFUHDVHV�LQ�7��DQG�7��DW����GD\V��LV������PJ�NJ�GD\���

1R�12$(/�FRXOG�EH�FDOFXODWHG�IRU�7��DQG�7����7KH�12$(/�IRU�76+�LV������PJ�NJ�GD\��

EDVHG�RQ�VLJQLILFDQW�LQFUHDVHV�LQ�ERWK�JHQGHUV�RQ�ERWK�'D\V����DQG������3DUWLDO�UHFRYHU\�DW�WKH��

����GD\�HYDOXDWLRQ�����GD\V�DIWHU�FHVVDWLRQ�RI�WUHDWPHQW��DOVR�ZDV�GHPRQVWUDWHG���

��
����� 1HXURGHYHORSPHQWDO�7R[LFLW\�6WXG\�LQ�5DWV��

7KH�QHXUREHKDYLRUDO�GHYHORSPHQWDO�VWXG\�RI�DPPRQLXP�SHUFKORUDWH�WKDW�ZDV�SDUW�RI�WKH��

WHVWLQJ�VWUDWHJ\�ZDV�SHUIRUPHG�E\�GULQNLQJ�ZDWHU�DGPLQLVWUDWLRQ�LQ�6SUDJXH�'DZOH\�UDWV��$UJXV��

5HVHDUFK�/DERUDWRULHV��,QF�������D����$�VFKHPDWLF�RI�WKLV�VWXG\�GHVLJQ�LV�SURYLGHG�DV�)LJXUH�$����

�$SSHQGL[�$��RI�WKLV�GRFXPHQW�WR�DLG�XQGHUVWDQGLQJ�RI�WHUPLQRORJ\�DQG�WKH�SURWRFRO����

6XEVHTXHQW�VXSSOHPHQWDO�GDWD�VXEPLWWDOV�DQG�DGGLWLRQDO�DQDO\VHV�ZHUH�UHTXHVWHG�E\�(3$�DQG��

SURYLGHG�E\�$UJXV�/DERUDWRULHV�SHUWDLQLQJ�WR�WKLV�VWXG\��<RUN������D�E�F�G�H����)HPDOH�UDWV��

����GRVDJH�JURXS��ZHUH�DGPLQLVWHUHG�WDUJHW�GRVHV�RI�������������������DQG����PJ�NJ�GD\�E\��

FRQWLQXDO�DFFHVV�WR�DPPRQLXP�SHUFKORUDWH�LQ�QRQFKORULQDWHG�52�GHLRQL]HG�ZDWHU�EHJLQQLQJ�RQ��

*'��DQG�HQGLQJ�DW�VFKHGXOHG�VDFULILFH���7HVW�VXEVWDQFH�FRQFHQWUDWLRQV�ZHUH�HYDOXDWHG�ZHHNO\���

EDVHG�RQ�DFWXDO�ZDWHU�FRQVXPSWLRQ�OHYHOV�UHFRUGHG�WKH�SUHYLRXV�ZHHN�DQG�DGMXVWHG�DV�QHFHVVDU\��

WR�PRUH�FORVHO\�DFKLHYH�WKH�WDUJHW�GRVH�OHYHOV���7HVW�VROXWLRQV�ZHUH�SUHSDUHG�ZHHNO\���7KH��

VWDELOLW\�RI�WKH�VWRFN�VROXWLRQ�DQG�WKDW�FRQFHQWUDWLRQV�DJUHHG�ZHOO�ZLWK�QRPLQDO�FRQFHQWUDWLRQV��

ZHUH�GHWHUPLQHG�E\�$)5/�+(67��$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������D��$SSHQGL[�-����)HHG��

DQG�ZDWHU�FRQVXPSWLRQ�ZHUH�UHFRUGHG�GDLO\�GXULQJ�H[SRVXUH���

$IWHU�DFFOLPDWLRQ�IRU����GD\V��YLUJLQ�IHPDOH�UDWV�ZHUH�FRKDELWHG�ZLWK�EUHHGHU�PDOH�UDWV��RQH��

PDOH�UDW�SHU�IHPDOH�UDW��IRU�D�PD[LPXP�RI���GD\V���)HPDOH�UDWV�ZLWK�VSHUPDWR]RD�REVHUYHG�LQ�D��

YDJLQDO�VPHDU�RU�D�FRSXODWRU\�SOXJ�REVHUYHG�LQ�VLWX�ZHUH�FRQVLGHUHG�WR�EH�DW�*'����7KH���
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WUHDWPHQW�LQWHUDFWLRQ�IRU�'D\����EXW�QRW
'D\V����DQG������WKHUHIRUH��GDWD�DUH�SUHVHQWHG�VHSDUDWHO\�IRU�PDOHV�DQG
IHPDOHV�RQ�'D\����DQG�FROODSVHG�DFURVV�JHQGHU�IRU�'D\V����DQG�������0HDQV
ZLWK�GLIIHUHQW�OHWWHUV�ZHUH�VLJQLILFDQWO\�GLIIHUHQW��S���������7XNH\¶V
6WXGHQWL]HG�5DQJH��+6'��7HVW�DIWHU�VLJQLILFDQW�PDLQ�HIIHFW����7KH�����GD\�WLPH
SRLQW�LV����GD\V�DIWHU�FHVVDWLRQ�RI�H[SRVXUH�
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)��JHQHUDWLRQ�GDPV�ZHUH�H[DPLQHG�DW�DSSUR[LPDWHO\�WKH�VDPH�WLPH�HDFK�GD\�GXULQJ�WKH�H[SRVXUH�

SHULRG�IRU�VLJQV�RI�PDWHUQDO�EHKDYLRU��DXWRQRPLF�G\VIXQFWLRQ��DEQRUPDO�SRVWXUHV��DEQRUPDO�

PRYHPHQWV�RU�EHKDYLRU�SDWWHUQV��DQG�XQXVXDO�DSSHDUDQFH���3UHJQDQF\�RXWFRPH�PHDVXUHV�

HYDOXDWHG�DW�ELUWK�LQFOXGHG�SUHJQDQF\�UDWH��GXUDWLRQ�RI�JHVWDWLRQ��QXPEHU�RI�LPSODQWDWLRQ�VLWHV��

JHVWDWLRQ�LQGH[��QXPEHU�ZLWK�OLYH�SXSV�QXPEHU�SUHJQDQW���QXPEHU�RI�SXSV�OLWWHU��VH[�UDWLR�RI�

SXSV��DQG�YLDELOLW\�DQG�ODFWDWLRQ�LQGLFHV���0DWHUQDO�ERG\�ZHLJKW�ZDV�UHFRUGHG�RQ�*'���GDLO\�

GXULQJ�WKH�H[SRVXUH�SHULRG��ZHHNO\�GXULQJ�WKH�SRVWZHDQLQJ�SHULRG��DQG�DW�VDFULILFH���7KH�VDPH�VHW�

RI�VLJQV�DV�H[DPLQHG�GXULQJ�H[SRVXUH�ZHUH�HYDOXDWHG�RQ�D�ZHHNO\�EDVLV�GXULQJ�SRVWZHDQLQJ���

7K\URLGV�IURP�DOO�)��JHQHUDWLRQ�UDWV�ZHUH�ZHLJKHG�DQG�HYDOXDWHG�KLVWRORJLFDOO\���)LYH�GDPV�SHU�

JURXS�ZHUH�VHOHFWHG�IRU�VDFULILFH�DQG�EORRG�FROOHFWLRQ�RQ�31'���IURP�WKRVH�ZLWK�QR�VXUYLYLQJ��

SXSV�RU�ZLWK�OLWWHUV�RI�OHVV�WKDQ�HLJKW�SXSV���7K\URLG�DQG�SLWXLWDU\�KRUPRQH�DQDO\VHV��7���7���DQG��

76+��ZHUH�GRQH�RQ�WKH�EORRG��VHH�6HFWLRQ������������$OO�GDPV�QRW�VHOHFWHG�IRU�FRQWLQXHG��

REVHUYDWLRQ�ZHUH�VDFULILFHG�RQ�31'�����

3XSV��)��JHQHUDWLRQ��ZHUH�FRXQWHG�DQG�FOLQLFDO�VLJQV�ZHUH�UHFRUGHG�RQFH�GDLO\�GXULQJ��

SUH�DQG�SRVWZHDQLQJ���%RG\�ZHLJKW�ZDV�UHFRUGHG�RQ�31'V����������������������DQG����DQG�WKHQ��

ZHHNO\�GXULQJ�SRVWZHDQLQJ���)HHG�FRQVXPSWLRQ�YDOXHV�ZHUH�UHFRUGHG�ZHHNO\�GXULQJ��

SRVWZHDQLQJ���3XSV�WKDW�DSSHDUHG�VWLOOERUQ�DQG�WKRVH�WKDW�GLHG�EHIRUH�LQLWLDO�H[DPLQDWLRQ�RQ��

31'��ZHUH�H[DPLQHG�IRU�YLWDO�VWDWXV��DQG�WKH�JURVV�OHVLRQV�ZHUH�SUHVHUYHG���3XSV�WKDW�ZHUH�QRW��

VHOHFWHG�IRU�FRQWLQXHG�REVHUYDWLRQ�ZHUH�VDFULILFHG�DQG�QHFURSVLHG�RQ�31'����%ORRG�ZDV�VDPSOHG��

IRU�WK\URLG�DQG�SLWXLWDU\�KRUPRQH�DQDO\VLV��DQG�WKH�WK\URLGV�ZHUH�H[DPLQHG�KLVWRORJLFDOO\���7KH��

)��JHQHUDWLRQ�SXSV�QRW�VHOHFWHG�IRU�FRQWLQXHG�REVHUYDWLRQ�RQ�31'����Q� ������ZHUH�VDFULILFHG��

DQG�H[DPLQHG�IRU�JURVV�OHVLRQV���3RVWZHDQLQJ�SXSV�WKDW�ZHUH�VHOHFWHG�IRU�FRQWLQXHG�REVHUYDWLRQ��

ZHUH�JLYHQ�DPPRQLXP�SHUFKORUDWH�LQ�52�GHLRQL]HG�ZDWHU�ZLWK�FKORULQH��DGGHG�DW�D�PD[LPXP�RI��

����SSP�DV�D�EDFWHULRVWDW������

2WKHU�SXSV��)��JHQHUDWLRQ��ZHUH�DVVLJQHG�WR�IRXU�GLIIHUHQW�VXEVHWV�IRU�DGGLWLRQDO��

HYDOXDWLRQV���7KH�ILUVW�PDOH�DQG�IHPDOH�SXS����VH[�GRVH��WRWDO�RI����PDOH�DQG�����IHPDOH�SXSV���

ZHUH�DVVLJQHG�UDQGRPO\�WR�6XEVHW���IRU�EUDLQ�ZHLJKW�DQG�QHXURKLVWRORJLFDO�H[DPLQDWLRQ��

�LQFOXGLQJ�PRUSKRPHWULF�PHDVXUHPHQWV����$OO�SXSV�ZHUH�VHOHFWHG�IRU�IL[HG�EUDLQ�ZHLJKWV�RQ��

31'������VH[�GRVH��WRWDO�RI����PDOH�DQG����IHPDOH�SXSV��ZHUH�VHOHFWHG�IRU�QHXURKLVWRORJLFDO��

H[DPLQDWLRQ���7KH�VHFRQG�PDOH�DQG�IHPDOH�SXS����VH[�GRVH��WRWDO�RI�����PDOH�DQG�����IHPDOH��

SXSV��ZHUH�DVVLJQHG�UDQGRPO\�WR�6XEVHW���IRU�SDVVLYH�DYRLGDQFH�WHVWLQJ�RQ�31'V�����WR����DQG��
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31'V����WR�����ZDWHU�PD]H�WHVWLQJ�RQ�31'V����WR����DQG�31'V����WR����DQG�VFKHGXOHG�VDFULILFH�

DW�31'V����WR�����ZLWK�EORRG�FROOHFWLRQ�IRU�WK\URLG�DQG�SLWXLWDU\�KRUPRQH�DQDO\VLV���7KH�WKLUG�

PDOH�DQG�IHPDOH�SXS����VH[�GRVH��WRWDO�RI�����PDOH�DQG�����IHPDOH�SXSV��ZHUH�DVVLJQHG�

UDQGRPO\�WR�6XEVHW���IRU�PRWRU�DFWLYLW\�HYDOXDWLRQ�RQ�31'V�������������DQG�����DXGLWRU\�VWDUWOH�

KDELWXDWLRQ�RQ�31'V����DQG�����DQG�VFKHGXOHG�VDFULILFH�RQ�31'V����WR������7KH�IRXUWK�PDOH�DQG�

IHPDOH�SXS����VH[�GRVH��WRWDO�RI�����PDOH�DQG�����IHPDOH�SXSV��ZHUH�DVVLJQHG�UDQGRPO\�WR�

6XEVHW���IRU�UHJLRQDO�EUDLQ�ZHLJKW�HYDOXDWLRQ�RQ�31'V����WR�������VH[�GRVH��WRWDO�RI����PDOH�DQG�

���IHPDOH�UDWV��DQG�QHXURKLVWRORJLFDO�H[DPLQDWLRQ�RQ�31'V����WR�������VH[�GRVH��WRWDO�RI����

PDOH�DQG����IHPDOH�UDWV����)HPDOH�SXSV�DOVR�ZHUH�HYDOXDWHG�IRU�WKH�DJH�RI�YDJLQDO�SDWHQF\�

EHJLQQLQJ�RQ�31'�����DQG�PDOH�SXSV�ZHUH�HYDOXDWHG�IRU�WKH�DJH�RI�SUHSXWLDO�VHSDUDWLRQ��

EHJLQQLQJ�RQ�31'������$�IHZ�RI�WKHVH�PHDVXUHPHQWV�LQDGYHUWHQWO\�ZHQW�XQUHFRUGHG��EXW�WKH��

ODERUDWRU\�DVVHUWHG�WKDW�WKLV�GLG�QRW�DIIHFW�WKH�UHVXOWV�EHFDXVH�D�VXIILFLHQW�DPRXQW�RI�GDWD�RQ�RWKHU��

UDWV�ZDV�UHFRUGHG���

��

������� 5HVXOWV�RI�*HQHUDO�7R[LFLW\�0HDVXUHV��1HXURKLVWRORJ\��DQG�0RUSKRORJ\��

5HVXOWV�LQ�WKH�GDPV��)��*HQHUDWLRQ��UHYHDOHG�QR�WUHDWPHQW�UHODWHG�HIIHFWV�RQ�IRRG�RU�ZDWHU��

FRQVXPSWLRQ��$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������D��$SSHQGL[�%��7DEOHV�%��WKURXJK�%������

PRUWDOLW\��$SSHQGL[�%��7DEOHV�%��DQG�%�����FOLQLFDO�VLJQV��$SSHQGL[�%��7DEOH�%����QHFURSV\��

�$SSHQGL[�%��7DEOH�%�����ERG\�ZHLJKW��$SSHQGL[HV�$�DQG�%��)LJXUH�$��DQG�7DEOHV�%��WKURXJK��

%����RU�SUHJQDQF\�RXWFRPH�PHDVXUHV��$SSHQGL[�%��7DEOHV�%���WKURXJK�%������(IIHFWV�RQ�WK\URLG��

ZHLJKW��KLVWRSDWKRORJ\��DQG�WK\URLG�DQG�SLWXLWDU\�KRUPRQH�DQDO\VHV�ZLOO�EH�GLVFXVVHG�EHORZ�LQ��

6HFWLRQV���������DQG�������������

5HVXOWV�LQ�WKH�SXSV��)��JHQHUDWLRQ��UHYHDOHG�QR�WUHDWPHQW�UHODWHG�HIIHFWV�RQ�IHHG��

FRQVXPSWLRQ��$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������D��$SSHQGL[�&��7DEOHV�&���DQG�&������

PRUWDOLW\��$SSHQGL[�&��7DEOHV�&��DQG�&����FOLQLFDO�VLJQV��$SSHQGL[�&��7DEOHV�&��DQG�&����ERG\��

ZHLJKW��$SSHQGL[HV�$�DQG�&��)LJXUHV�$��DQG�$��DQG�7DEOHV�&��WKURXJK�&����RU�VH[XDO��

GHYHORSPHQW�ODQGPDUNV��$SSHQGL[�&��7DEOH�&������1R�WUHDWPHQW�UHODWHG�HIIHFWV�ZHUH�REVHUYHG��

RQ�PRUWDOLW\��EUDLQ�ZHLJKW��RU�ERG\�ZHLJKW�LQ�WKH�SXSV�RI�6XEVHW���DW�31'����$UJXV�5HVHDUFK��

/DERUDWRULHV��,QF�������D��7DEOHV�'��DQG�'����6XEVHW���DW�31'V����WR�����7DEOHV�(��DQG�(����RU��

6XEVHW���DW�31'V����WR�����7DEOHV�)��DQG�)�����5HVXOWV�RI�WKH�QHXUREHKDYLRUDO�WHVWV�IURP��

6XEVHWV���DQG���ZLOO�EH�GLVFXVVHG�LQ�6HFWLRQ�����������
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,Q�WKH�6XEVHW���VXEJURXS�VXEMHFWHG�WR�QHXURKLVWRORJLFDO�H[DPLQDWLRQ��WKH�)��SXSV�VDFULILFHG�

RQ�31'�����PRUSKRPHWULF�DQDO\VHV�UHYHDOHG�D�������LQFUHDVH�LQ�WKH�VL]H�RI�WKH�FRUSXV�FDOORVXP�

LQ�IHPDOHV�DQG�D�������LQFUHDVH�LQ�PDOHV��QRW�VLJQLILFDQW��DW�WKH�KLJK�GRVH�����PJ�NJ�GD\����

6OLJKW�GHFUHDVHV�LQ�EUDLQ�ZHLJKW�DOVR�ZHUH�QRWHG�DW�WKH�KLJKHVW�GRVH�LQ�IHPDOHV���,Q�6XEVHW����WKH�

)��SXSV�VDFULILFHG�RQ�31'�����WKHUH�ZDV�D�FRQWLQXHG�HIIHFW�RQ�WKH�VL]H�RI�WKH�FRUSXV�FDOORVXP�

�������LQFUHDVH��LQ�PDOHV�EXW�QR�HIIHFW�LQ�IHPDOHV�DW�WKH�KLJKHVW�GRVH���7KHUH�ZDV�DOVR�D������

LQFUHDVH�LQ�WKH�EUDLQ�ZHLJKW�LQ�PDOHV�DQG�LQFUHDVHV�LQ�WKH�VL]H�RI�WKH�IURQWDO�FRUWH[��������DQG�WKH�

FDXGDWH�SXWDPHQ�����������7KH�(3$�FRQFOXGHG�WKDW�WKH�HIIHFWV�PD\�QRW�EH�VLJQLILFDQW��EXW�WKDW�

DQDO\VHV�RI�WKH�QH[W�ORZHU�GRVH��RU��DW�OHDVW��KLVWRULFDO�FRQWURO�GDWD�IRU�WKH�DIIHFWHG�HQGSRLQWV��

ZHUH�ZDUUDQWHG�DQG�UHTXHVWHG�DGGLWLRQDO�DQDO\VHV�IURP�WKH�VSRQVRU��36*����<RUN������G���

UHVSRQGHG�ZLWK�PRUSKRPHWU\�DQDO\VHV�RI�WKH�QH[W�ORZHU�GRVH������PJ�NJ�GD\��RI�WKH�6XEVHW���)���

SXSV�DW�31'�����7KH�QHZ�DQDO\VLV�QRWHG��LQ�DGGLWLRQ�WR�SUHYLRXV�ILQGLQJV��D�VWDWLVWLFDOO\��

VLJQLILFDQW�LQFUHDVH�LQ�WKH�DQWHULRU�SRVWHULRU�FHUHEHOOXP�VL]H��D�VWDWLVWLFDOO\�VLJQLILFDQW�GHFUHDVH�LQ��

WKH�FDXGDWH�SXWDPHQ�IRU�WKH�)��31'���IHPDOH�SXSV��DQG�D�VWDWLVWLFDO�VLJQLILFDQW�GHFUHDVH�LQ�WKH��

KLSSRFDPSDO�J\UXV�VL]H�IRU�WKH�)��31'���PDOH�SXSV���7KHVH�HIIHFWV�ZHUH�QRW�FRQVLGHUHG��

WUHDWPHQW�UHODWHG�E\�WKH�3ULPHGLFD�$UJXV�SDWKRORJLVW�EHFDXVH�WKH\�ZHUH�QRW�GRVH�GHSHQGHQW�����

$�SUHOLPLQDU\�UHDQDO\VLV�E\�(3$��&URIWRQ������F��IRU�WKLV�UHYLHZ�RI�WKH�FRQWURO�����DQG��

���PJ�NJ�GD\�JURXSV��<RUN�����G���ZDV�UHVWULFWHG�WR�WKH�FRUSXV�FDOORVXP�EHFDXVH�WKLV�ZDV�WKH��

DUHD�ZLWK�WKH�ODUJHVW�HIIHFW���7KH�DQDO\VLV�UHYHDOHG�QR�LQWHUDFWLRQ�RI�JHQGHU�DQG�WUHDWPHQW���

KRZHYHU��WKHUH�ZDV�D�VLJQLILFDQW�HIIHFW�RI�WUHDWPHQW��)>����@� �������S�������������7KHUH�ZDV�D��

VLJQLILFDQW�LQFUHDVH�LQ�WKH�VL]H�RI�WKH�FRUSXV�FDOORVXP�RQO\�LQ�WKH����PJ�NJ�GD\�JURXS���*URXS��

PHDQV�ZHUH�����������DQG�����IRU�WKH�FRQWUROV�DQG����DQG����PJ�NJ�GD\�JURXSV��UHVSHFWLYHO\����

,QFRUSRUDWLRQ�RI�KLVWRULFDO�FRQWURO�GDWD�IURP�ERWK�31'���DQG�����PHDQ�IRU�FRQWUROV� �����IRU��

31'V����DQG�����IRU�31'����<RUN������D��VXSSRUWV�WKH�FRQFOXVLRQ�WKDW�WKH�FRQWURO�YDOXHV�IRU��

FRUSXV�FDOORVXP�VL]H�LQ�WKH��<RUN�����D��VHH�DOVR�$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������D��GDWD��

VHW�DUH�ZLWKLQ�WKH�³QRUPDO´�UDQJH���7KH�(3$�GRHV�QRW�DJUHH�ZLWK�WKH�DUJXPHQW�SXW�IRUWK�LQ�$UJXV��

5HVHDUFK�/DERUDWRULHV��,QF�������D��WKDW�WKHVH�HIIHFWV�DUH�³QRW�VXJJHVWLYH�RI�D�QHXURWR[LF�HIIHFW´��

EHFDXVH�RI�³DQ�XQNQRZQ�ELRORJLFDO�VLJQLILFDQFH�´��7KH�(3$�FRQVLGHUV�D�����LQFUHDVH�LQ�WKH�VL]H��

RI�DQ\�EUDLQ�UHJLRQ�WR�EH�D�SRWHQWLDOO\�DGYHUVH�HIIHFW��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\���

����E����7KHUHIRUH��WKH�/2$(/�LV����PJ�NJ�GD\��DQG�WKH�12$(/�LV���PJ�NJ�GD\�IRU�WKHVH��

FKDQJHV�LQ�EUDLQ�KLVWRORJ\���1R�DGGLWLRQDO�HYDOXDWLRQ�RI�WKH�EUDLQV�IURP�WKH�QHXURKLVWRORJLFDO��
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H[DPLQDWLRQ�RI�6XEVHW���SXSV��31'���WR�31'����KDV�EHHQ�VXEPLWWHG�WR�(3$��DOWKRXJK�LW�ZDV�

VXJJHVWHG�DJDLQ�WKDW�WKH�QH[W�ORZHU�GRVH�JURXS�EH�DQDO\]HG�EHFDXVH�RI�WKH�VLJQLILFDQW�LQFUHDVHV�LQ�

EUDLQ�ZHLJKWV�DQG�LQ�WKH�IURQWDO�FRUWH[�DQG�FRUSXV�FDOORVXP�PHDVXUHPHQWV�IRU�WKH�PDOHV�LQ�WKH�

KLJK�GRVH�JURXS��

�

������� (YDOXDWLRQ�RI�7K\URLG�+LVWRORJ\�

$SSHQGL[�2�RI�WKH�$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������D��QHXURGHYHORSPHQWDO�VWXG\�

SUHVHQWV�WK\URLG�KLVWRORJ\�GDWD�SURYLGHG�E\�WKH�VSRQVRU��$)5/�+(67����$GGLWLRQDO�

PRUSKRPHWULF�GDWD�ZHUH�SURYLGHG�E\�'U��:LOOLDP�+��%DNHU��$)5/�+(67��:ULJKW�3DWWHUVRQ�

$)%��LQ�0LFURVRIW�([FHO��VSUHDGVKHHWV�DQG�VXEVHTXHQWO\�IRUPDOO\�WUDQVPLWWHG�WR�(3$�E\��

FRQVXOWDWLYH�OHWWHU��&KDQQHO������E����1RWH�WKDW�WKH�GDWD�DQDO\]HG�E\�(3$�IRU�31'��)��UDWV��

�SXSV��DUH�IURP�WKH�ILQDO�UHSRUW�IRU�WKH�31'��WLPH�SRLQW��&KDQQHO������E���ZKLFK�ZHUH�ILUVW��

SURYLGHG�RQ�6HSWHPEHU�����������EXW�KDG�WR�EH�UHYLVHG�E\�$)5/�+(67�EHFDXVH�RI�HUURUV�LQ��

WUHDWPHQW�FRGHV���7KH�(3$�UHDQDO\VLV�XVLQJ�DGGLWLRQDO�VWDWLVWLFDO�PHWKRGV�RI�WKH�31'���WLPH��

SRLQW�GDWD�LQ�WKH�)��JHQHUDWLRQ�UDWV�LV�SHQGLQJ�XQWLO�WKH�H[WHUQDO�SHHU�UHYLHZ�EHFDXVH�(3$�GLG�QRW��

UHFHLYH�WKHVH�UHYLVHG�GDWD�XQWLO�WKH�2FWREHU�����������FRQVXOWDWLYH�OHWWHU��&KDQQHO������E���DQG��

DVVHVVPHQW�FRQFHUQ�DOUHDG\�ZDV�IRFXVHG�RQ�GDWD�DQDO\VHV�IRU�WKH�SXSV�DW�31'����&KDQQHO��

�����E��UHSRUWV�WKDW�WKH�GHFUHDVH�LQ�IROOLFXODU�OXPHQ�DUHD�LQ�WKHVH�SXSV�DW�31'���WR�31'����

VKRZHG�QR�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�GRVH�JURXSV�DQG�FRQWUROV�IRU�HLWKHU�IHPDOHV�RU�PDOHV��

EDVHG�RQ�W�WHVW�RU�0DQQ�:KLWQH\�5DQN�6XP�7HVW��0�:567����7KHVH�GDWD�VXJJHVW�D�UHFRYHU\��

IURP�WKH�HIIHFWV�REVHUYHG�LQ�WKH�WK\URLGV�RI�WKH�SXSV�DW�31'������

7KH�KLVWRORJ\�GDWD�LQ�$SSHQGL[�2�RI�WKH�$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������D��UHSRUW��

FRQWDLQ�PHDVXUHPHQWV�SHUIRUPHG�E\�'U��:LOOLDP�%DNHU�RI�ERWK�IROOLFXODU�HSLWKHOLDO�FHOO�KHLJKW��

DQG�WKH�IROOLFXODU�OXPHQ�GLDPHWHU���)RU�WKH�ILQDO�PRUSKRPHWULF�VWXG\��&KDQQHO������E���DQ��

DUELWUDU\�GHFLVLRQ�EDVHG�RQ�HDVH�RI�GHWHFWLRQ�RI�WKLV�UHJLRQ�LQ�GLJLWL]HG�LPDJHV�ZDV�PDGH�E\�'U���

:LOOLDP�%DNHU�WR�IRFXV�RQ�RQO\�D�OXPHQ�DUHD�PHDVXUHPHQW�EHFDXVH�RI�WLPH�FRQVWUDLQWV��-DUDEHN���

��������7KH�PHDQ�IROOLFXODU�OXPHQ�DUHD�UHSUHVHQWV�WKH�PHDQ�DUHD�RI�DOO�IROOLFXODU�OXPHQV��

PHDVXUHG�IURP�WKH�WKUHH�KLVWRORJLFDO�VHFWLRQV�VDPSOHG�IURP�HDFK�UDW�DQG�LV�H[SUHVVHG�LQ�PLFURQV����

,Q�WKH�RSLQLRQ�RI�'U��&KDUOHV�&DSHQ��2KLR�6WDWH�8QLYHUVLW\��&URIWRQ������G���WKH�PHDVXUHPHQW�RI��

IROOLFXODU�KHLJKW�LV�XVXDOO\�PRUH�VHQVLWLYH�WKDQ�WKRVH�RI�IROOLFOH�GLDPHWHU�DQG�OXPHQ�DUHD����

,Q�VXSSRUW�RI�WKLV�RSLQLRQ��GDWD�FROOHFWHG�E\�'U��%DNHU��$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������D���
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$SSHQGL[�2��GHPRQVWUDWHG�VLJQLILFDQW�LQFUHDVHV�LQ�PDOHV�UDWV�LQ�WKH�LQFLGHQFH�RI�IROOLFXODU�

HSLWKHOLDO�FHOO�K\SHUWURSK\�DW�GRVHV�PXFK�ORZHU�WKDQ�WKRVH�GRVHV�WKDW�LQFUHDVHG�WKH�LQFLGHQFH�RI�

GHFUHDVHG�OXPHQ�DUHD���$OVR��DV�GHVFULEHG�LQ�6HFWLRQ��������WKH�VWDQGDUG�KLVWRSDWKRORJ\�VXEPLWWHG�

IRU�WKH����GD\�³&DOGZHOO�6WXG\´��&KDQQHO������D��LGHQWLILHV�D�/2$(/�IRU�IROOLFXODU�HSLWKHOLDO�

FHOO�K\SHUWURSK\�DW�����������PJ�NJ�GD\�LQ�PDOHV�IHPDOHV��ZKHUHDV�WKH�/2$(/�IRU�OXPHQ�DUHD�

ZDV�KLJKHU�DW�����������PJ�NJ�GD\�LQ�PDOHV�IHPDOHV��&KDQQHO������D����7KLV�FRUURERUDWHV�WKDW�

WKH�OXPHQ�DUHD�PHDVXUHPHQWV�PD\�EH�XQGHUHVWLPDWLQJ�WKH�HIIHFWV�RI�SHUFKORUDWH�LQ�WKH�31'��)��

DQLPDOV���7KLV�FRQFOXVLRQ�DOVR�LV�VXSSRUWHG�E\�WKH�KLVWRSDWKRORJ\�VHHQ�LQ�WKH�GHYHORSPHQWDO�

VWXG\�RI�UDEELWV��6HFWLRQ��������LQ�ZKLFK�DQ�HIIHFW�RQ�WKH�IROOLFOH�KHLJKW�ZDV�D�PRUH�IUHTXHQWO\�

QRWHG�SDUDPHWHU�RI�K\SHUWURSK\�WKDQ�ZHUH�GHFUHDVHV�LQ�OXPHQ�VL]H���$�GLIIHUHQFH�EHWZHHQ��

VWDQGDUG�KLVWRORJ\�DQG�PRUSKRPHWU\�WR�GLVFHUQ�D�GHFUHDVH�LQ�IROOLFXODU�OXPHQ�VL]H�DOVR�LV�QRWHG����

7KH�12$(/�DQG�/2$(/�IRU�GHFUHDVH�LQ�IROOLFXODU�OXPHQ�DUHD�XVLQJ�VWDQGDUG�KLVWRSDWKRORJ\��

ZHUH�����������DQG�����������PJ�NJ�GD\�LQ�PDOHV�IHPDOHV�RI�WKH�&KDQQHO������D��VXEPLVVLRQ���

ZKHUHDV�WKH�12$(/�DQG�/2$(/�LGHQWLILHG�E\�PRUSKRPHWU\�ZHUH�����������DQG��

����������PJ�NJ�GD\�IRU�PDOHV�IHPDOHV���

7KH�GLVSDULW\�EHWZHHQ�VWDQGDUG�KLVWRSDWKRORJ\�DQG�PRUSKRPHWU\�LV�LOOXVWUDWHG�DJDLQ�LQ�WKH��

GDWD�RI�$SSHQGL[�2�RI�WKH�$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������D��UHSRUW�IRU�WKH�WK\URLG��

KLVWRORJ\�LQ�WKH�SXSV�RQ�31'����7DEOH�����SUHVHQWV�WKH�FRPELQHG�LQFLGHQFH�DQG�GDWD�DQG��

DYHUDJHG�VHYHULW\�VFRUHV�IRU�PDOH�DQG�IHPDOH�UDW�SXSV�IRU�IROOLFXODU�FHOO�K\SHUWURSK\�DQG�GHFUHDVH��

LQ�IROOLFXODU�OXPHQ�VL]H���6FRULQJ�RI�IROOLFXODU�VL]H�UDQJHG�IURP����QRUPDO��WR�����$�VLPLODU��

DVVHVVPHQW�ZDV�PDGH�RI�IROOLFXODU�HSLWKHOLDO�FHOOV�QRWLQJ�WKHLU�JHQHUDO�KHLJKW���6FRUHV�IRU�WKLV��

PHDVXUH�UDQJHG�IURP����QRUPDO��WR����QRWLQJ�D�PLOG�LQFUHDVH�LQ�IROOLFXODU�HSLWKHOLDO�KHLJKW���7KH��

SORWV�RI�WKH�GDWD�DUH�IRXQG�LQ�$SSHQGL[�2��$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������D��7DEOHV����

DQG����)LJXUHV���DQG������'U��:LOOLDP�%DNHU��$)5/�+(67��SURYLGHG�([FHO��VSUHDGVKHHWV�RI�WKH��

LQGLYLGXDO�DQLPDO�GDWD�DQG�VHYHULW\�UDWLQJ�VR�WKDW�(3$�FRXOG�SHUIRUP�FRQWLQJHQF\�WDEOH�DQDO\VHV��

WKDW�DOORZHG�VHYHULW\�DQG�LQFLGHQFH�WR�EH�FRQVLGHUHG�WRJHWKHU��0DUFXV����������:KHQ�GDWD�RQ��

ERWK�VH[HV�ZHUH�FRPELQHG��WKH�ORZHVW�GRVH������PJ�NJ�GD\�ZDV�VLJQLILFDQW�DW��������GI� ����IRU��

WKH�IROOLFXODU�FHOO�K\SHUWURSK\�DQG�IRU�WKH�OXPHQ�VL]H�DW��������GI� �������([DFW�WHVWV�DOVR��

LQGLFDWHG�WKDW�WKLV�GRVH�ZDV�VLJQLILFDQWO\�GLIIHUHQW�WKDQ�WKDW�RI�WKH�FRQWUROV���7KH�GDWD�SUHVHQWHG�LQ��

WKH�$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������D��UHSRUW�GLG�QRW�FRPELQH�WKH�PDOH�DQG�IHPDOH�GDWD����
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3HUFKORUDWH��PJ�NJ�GD\�

0HDVXUH &RQWURO ��� ��� ��� ����

&HOO�K\SHUWURSK\ ,QFLGHQFHD ���� ���� ���� ���� �����

6HYHULW\E ���� ���� ���� ���� ����

/XPHQ�VL]H ,QFLGHQFH ���� ����� ����� ����� �����

6HYHULW\ ���� ���� ���� ���� ����

D1XPEHU�RI�DQLPDOV�REVHUYHG�ZLWK�K\SHUWURSK\�RYHU�WRWDO��
E0HDQ�RI�VFRUHV�IRU�FRPELQHG�PDOH�DQG�IHPDOH�GDWD�

UHSRUWHG�VWDWLVWLFDO�VLJQLILFDQFH�RQO\�IRU�WKH�PDOHV�DW����DQG���PJ�NJ�GD\��DQG�GLG�QRW�SURYLGH�D�

UHDVRQ�IRU�GLVFRXQWLQJ�WKH�VLJQLILFDQFH�DW������EXW�QRW�DW��������7KH�FRPELQLQJ�RI�WKH�GDWD�JDYH�

EHWWHU�SRZHU�WR�HYDOXDWH�WKH�HIIHFW��DQG�WKH�FRQWLQJHQF\�DQDO\VLV�DOORZHG�VHYHULW\�WR�EH�IDFWRUHG�

GLUHFWO\���7KHUHIRUH��EDVHG�RQ�WKH�SUHFHGLQJ�GLVFXVVLRQ�RI�UHODWLYH�VHQVLWLYLW\�EHWZHHQ�IROOLFXODU�

HSLWKHOLDO�FHOO�K\SHUWURSK\�DQG�GHVUHDVH�LQ�OXPHQ�VL]H��DV�ZHOO�DV�RQ�WKLV�DQDO\VLV�RI�GLIIHUHQFHV�

EHWZHHQ�VWDQGDUG�KLVWRORJ\�DQG�PRUSKRPHWU\��(3$�GHVLJQDWHG�����PJ�NJ�GD\�D�/2$(/�EDVHG�

RQ�VWDQGDUG�KLVWRSDWKRORJ\�FKDQJHV�LQ�IROOLFXODU�HSLWKHOLDO�FHOO�K\SHUWURSK\�DQG�GHFUHDVH�LQ�

IROOLFXODU�OXPHQ�VL]H�REVHUYHG�LQ�WKH�31'��SXSV���7KH�(3$�DOVR�GHFLGHG�WR�UHO\�RQ�WKH�VWDQGDUG�

KLVWRORJ\�IRU�FRUUHODWLQJ�WK\URLG�KRUPRQH�FRQFHQWUDWLRQV�WR�WK\URLG�KLVWRSDWKRORJ\��DV�DVVHVVHG�

E\�FKDQJHV�LQ�IROOLFXODU�HSLWKHOLDO�FHOO�K\SHUWURSK\��VHH�6HFWLRQ����������

7KH�PRUSKRPHWU\�GDWD�SUHVHQWHG�IRU�WKHVH�VDPH�PHDVXUHV�LQ�$SSHQGL[�2��$UJXV�5HVHDUFK��

/DERUDWRULHV��,QF�������D��VKRZ�VWDWLVWLFDO�VLJQLILFDQFH�RQO\�IRU�PDOHV�DW�WKH����PJ�NJ�GD\�JURXS����

$Q�DQDO\VLV�RI�WKH�FRPELQHG�PRUSKRPHWU\�GDWD�IRU�WKH�VH[HV�ZDV�QRW�SHUIRUPHG���

7KHUH�ZDV�DOVR�VRPH�HYLGHQFH�RI�WK\URLG�K\SHUWURSK\�DW���DQG����PJ�NJ�RQO\�LQ�WKH�31'����

JURXS���7KLV�FRQFOXVLRQ�LV�EDVHG�RQ�LQFUHDVHG�LQFLGHQFH�RI�PLQLPDOO\�DQG�PRGHUDWHO\�UDQNHG��

WK\URLG��$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������D��$SSHQGL[�1��7DEOH�1�����7KH�LQFUHDVH�LQ�WRWDO��

LQFLGHQFH�UDWLR�LV�VKRZQ�LQ�7DEOH�������

��
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5DWLR

3HUFKORUDWH��PJ�NJ�GD\� &RQWURO ���� ���� ���� �����

$OO ���� ���� ���� ���� ����

31'��D ���� ���� ���� ���� ����

31'��E ���� ���� ���� ���� ����

D,QFOXGHV�DQLPDOV�WHUPLQDWHG�RQ�31'����GRVLQJ�VWRSSHG�RQ�31'����
E,QFOXGHV�RQO\�D�OLPLWHG�QXPEHU�RI�DQLPDOV�WHUPLQDWHG�RQ�31'���

'DWD�IURP�WKH�GHSHQGHQW�PHDVXUH��IROOLFOH�OXPHQ�VL]H���EDVHG�RQ�WKH�PRUSKRPHWULF�

DQDO\VHV��&KDQQHO������E���ZHUH�VXEMHFWHG�WR�WKUHH�ZD\�$129$�WHVWV��ZLWK�JHQGHU��PDOH�DQG�

IHPDOH���WUHDWPHQW��GRVH���DQG�EORFN��WZR�VHSDUDWH�DQDO\VHV�RI�VHSDUDWH�EORFNV�RI�GDWD��DV�

LQGHSHQGHQW�EHWZHHQ�VXEMHFWV�YDULDEOHV��&URIWRQ������H����6WHS�GRZQ�$129$�WHVWV�ZHUH�

FRQGXFWHG�DV�LQGLFDWHG�E\�VLJQLILFDQW�LQWHUDFWLRQV���0HDQ�FRQWUDVWV�ZHUH�SHUIRUPHG�XVLQJ�7XNH\¶V�

6WXGHQWL]HG�5DQJH��+6'��7HVW���7KHUH�ZDV�D�VLJQLILFDQW�PDLQ�HIIHFW�RI�WUHDWPHQW�IRU�WKH�OXPHQ�

VL]H�GDWD�IRU�WKH����DQG����PJ�NJ�GD\�JURXSV�FRPSDUHG�WR�FRQWUROV���7KH�GDWD�DUH�SORWWHG�LQ�

)LJXUH�������

5HVXOWV�RI�WKHVH�(3$�UHDQDO\VHV�DUH�VLPLODU�WR�WKRVH�VWDWHG�LQ�WKH�UHSRUW��$UJXV�5HVHDUFK�

/DERUDWRULHV��,QF�������D���H[FHSW�WKDW�WKHUH�ZHUH�QR�JHQGHU�UHODWHG�HIIHFWV�GHWHFWHG���7KHUH�ZDV�D��

VLJQLILFDQW�GHFUHDVH�LQ�WKH�IROOLFXODU�OXPHQ�VL]H�PHDVXUHPHQW�RQ�31'��LQ�ERWK�WKH����DQG��

���PJ�NJ�GD\�JURXSV���7KHUHIRUH��WKH�12$(/�IRU�WK\URLG�KLVWRSDWKRORJ\��EDVHG�RQ�WKH��

PRUSKRPHWULF�DVVHVVPHQWV��LV�����PJ�NJ�GD\���7KHVH�UHVXOWV�DUH�FRQVLVWHQW�ZLWK�WKH�NQRZQ��

PHFKDQLVP�RI�DFWLRQ�RI�SHUFKORUDWH��L�H���FRPSHWLWLYH�LQKLELWLRQ�RI�LRGLQH�XSWDNH�DQG�VXEVHTXHQW��

GHFUHDVHG�V\QWKHVLV�DQG�UHOHDVH�RI�WK\URLG�KRUPRQH����7KH�UHVXOWLQJ�LQFUHDVH�LQ�76+�ZLOO�UHVXOW�LQ��

LQFUHDVHG�XWLOL]DWLRQ�RI�VWRUHG�WK\URLG�KRUPRQHV�DQG��WKHUHE\��HIIHFW�D�GHFUHDVH�LQ�WKH�IROOLFOH��

OXPHQ�VL]H���

��

��
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Figure 5-10. Effects from maternal drinking water administration of ammonium
perchlorate to SD rats on thyroid gland follicular lumen size in
F1-generation offspring on PND5.  Data of Channel (1998b) and Argus
Research Laboratories, Inc. (1998a).  Means with different letters were
significantly different (p < 0.05).  Daily dose was estimated from water
consumption data.

������� 7K\URLG�DQG�3LWXLWDU\�+RUPRQH�$QDO\VHV�

6HUXP�ZDV�FROOHFWHG�DQG�WK\URLG�KRUPRQH�DQDO\VHV�SHUIRUPHG�DV�SDUW�RI�WKH�

QHXURGHYHORSPHQWDO�VWXG\��$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������D����7KH�IROORZLQJ�LV�D�

VWDWLVWLFDO�DQDO\VLV�RI�WKH�WK\URLG�DQG�SLWXLWDU\�KRUPRQH�GDWD��7���7���DQG�76+��IRXQG�LQ�WKDW�

UHSRUW��&URIWRQ������I����$W�WKH�WLPH�RI�WKLV�DVVHVVPHQW��LQGLYLGXDO�DQLPDO�GDWD�ZHUH�DYDLODEOH�

IURP�ERWK�WKH�)��JHQHUDWLRQ�SXSV��PDOH�DQG�IHPDOH�VDPSOHV�ZHUH�SRROHG�IRU�HDFK�OLWWHU��RQ�

31'��DQG�WKH�)��JHQHUDWLRQ��SDUHQWV��RQ�33�����2QO\�WKH�)��GDWD�ZHUH�UHDQDO\]HG�EHFDXVH�RI�WKH�

YHU\�OLPLWHG��Q� ���WR���JURXS��GDWD�IRU�WKH�SDUHQWDO�)��33���JURXS��
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7KH�LQGLYLGXDO�DQLPDO�GDWD�DQDO\]HG�KHUHLQ�ZHUH�QRW�VXEPLWWHG�IRUPDOO\�WR�(3$�DW�WKH�WLPH�

RI�WKLV�DVVHVVPHQW���$OO�GDWD�ZHUH�VXSSOLHG�LQ�0LFURVRIW�([FHO��VSUHDGVKHHWV�YLD�(�PDLO�E\�

'U��'DYLG�0DWWLH��$)5/�+(67����'DWD�IRU�GHSHQGHQW�PHDVXUHV��7���7���DQG�76+��ZHUH�

VXEMHFWHG�WR�VHSDUDWH�RQH�ZD\�$129$�WHVWV���7UHDWPHQW��GRVH��ZDV�DV�WKH�LQGHSHQGHQW��

EHWZHHQ�VXEMHFWV�YDULDEOH���0HDQ�FRQWUDVWV�ZHUH�SHUIRUPHG�XVLQJ�7XNH\¶V�6WXGHQWL]HG�5DQJH�

�+6'��7HVW���7R�FRUUHFW�IRU�PXOWLSOH�FRPSDULVRQV��L�H���VHSDUDWH�DQDO\VHV�IRU�7��DQG�76+���WKH�

DFFHSWDEOH�DOSKD�IRU�VLJQLILFDQFH��IRU�DOO�LQWHUDFWLRQ�PDLQ�HIIHFWV�WHVWV��ZDV�FRUUHFWHG�WR�

�������DOSKD�RI������GLYLGHG�E\�WKH�VTXDUH�URRW�RI�WKH�QXPEHU�RI�$129$�WHVWV���

7KHUH�ZHUH�VLJQLILFDQW�PDLQ�HIIHFWV�RI�WUHDWPHQW�IRU�DOO�WKH�KRUPRQHV���7KH�GDWD�DUH�SORWWHG�

LQ�)LJXUHV������WKURXJK��������5HVXOWV�RI�WKHVH�UHDQDO\VHV�DUH�VLPLODU�WR�WKRVH�VWDWHG�LQ�WKH�UHSRUW��

�$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������D����7KHUH�ZDV�D�VLJQLILFDQW�GHFUHDVH�LQ�ERWK�7��DQG�7����

DV�ZHOO�DV�WKH�H[SHFWHG�LQFUHDVH�LQ�76+���7KH�12$(/�IRU�WKH�HIIHFWV�RI�SHUFKORUDWH�RQ�7���7����

DQG�76+�DUH�����������DQG�����PJ�NJ�GD\��UHVSHFWLYHO\���7KH�GLIIHUHQFH�EHWZHHQ�/2$(/V�IRU�7���

DQG�7��OLNHO\�DUH�QRW�ELRORJLFDOO\�SODXVLEOH���%RWK�7��DQG�7��ZHUH�UHGXFHG�DSSUR[LPDWHO\�����DW��

WKH�����PJ�NJ�GD\�GRVH��VWDWLVWLFDO�VLJQLILFDQFH�ZDV�IRXQG�ZLWK�WKH�7��GDWD�EHFDXVH�RI�D�VOLJKWO\��

ORZHU�YDULDELOLW\�DW�WKLV�GRVH���7KHVH�UHVXOWV�DUH�FRQVLVWHQW�ZLWK�WKH�NQRZQ�PHFKDQLVP�RI�DFWLRQ��

RI�SHUFKORUDWH��LQKLELWLRQ�RI�WK\URLG�KRUPRQHV����7KH�LQFUHDVHG�76+�LV�OLNHO\�D�UHVXOW�RI�WKH��

DFWLYDWLRQ�RI�WKH�SLWXLWDU\�WK\URLG�IHHGEDFN�PHFKDQLVP���

��

������� %HKDYLRUDO�(YDOXDWLRQV��

7KH�(3$�UHYLHZ�RI�WKH�EHKDYLRUDO�HYDOXDWLRQV�SHUIRUPHG�RQ�6XEVHW���SXSV�DJUHHV�ZLWK�WKH��

$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������D��UHSRUW�ZLWK�WKH�H[FHSWLRQ�RI�DQ�LQFUHDVH�LQ�PRWRU��

DFWLYLW\�LQ�PDOH�UDWV�RQ�31'����WKDW�QR�SHUFKORUDWH�LQGXFHG�FKDQJHV�ZHUH�GHWHFWHG�LQ�DQ\�RI�WKH��

RWKHU�EHKDYLRUDO�LQGLFHV��L�H���SDVVLYH�DYRLGDQFH��ZDWHU�PD]H��DXGLWRU\�VWDUWOH����7KH�(3$��

GLVDJUHHV�ZLWK�WKH�$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������D��UHSRUW�DQG�VXEVHTXHQW�VXEPLVVLRQV��

�<RUN������D�E�F�G�H��LQ�UHJDUG�WR�WKH�VLJQLILFDQFH�RI�WKH�PRWRU�DFWLYLW\�FKDQJHV���

7KH�GDWD�RULJLQDOO\�ZHUH�DQDO\]HG�E\�XVLQJ�WZR�VHSDUDWH�WKUHH�ZD\�$129$�WHVWV��DJH���

WUHDWPHQW��DQG�KDELWXDWLRQ�EORFN���RQH�IRU�HDFK�JHQGHU��$UJXV�5HVHDUFK�/DERUDWRULHV��,QF����

����D����7KLV�DQDO\VLV�GHPRQVWUDWHG�D�VLJQLILFDQW�GHFUHDVH�LQ�WKH�DPRXQW�RI�KDELWXDWLRQ�LQ�WKH��

WZR�KLJKHVW�GRVH�JURXSV�RQ�31'���LQ�WKH�PDOH�SXSV���7KHUH�ZHUH�QR�FKDQJHV�GHWHFWHG�DW�DQ\��

RWKHU�DJHV��L�H���31'����31'����31'������2Q�LQLWLDO�UHYLHZ�E\�(3$��LW�ZDV�UHFRPPHQGHG�WR�WKH���
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Figure 5-11. Effects from maternal drinking water administration of ammonium
perchlorate to SD rats on serum total T3 concentrations in F1-generation
offspring (pups) on PND5.  Data of Argus Research Laboratories, Inc.
(1998a).  Means with different letters were significantly different (p < 0.05). 
Daily dose was estimated from water consumption data.

VSRQVRU��36*��WKDW�DQ�DGGLWLRQDO�DQDO\VLV�RI�WKH�GDWD�EH�FRQGXFWHG�XVLQJ�JHQGHU�DV�D�

ZLWKLQ�VXEMHFW�YDULDEOH��RU�DOWHUQDWLYHO\��XVLQJ�D�QHVWHG�GHVLJQ�ZLWK�JHQGHU�QHVWHG�XQGHU�OLWWHU�

�VHH�+ROVRQ�DQG�3HDUFH�>����@�DQG�&R[�>����@��IRU�D�UHYLHZ�RI�VWDWLVWLFDO�PHWKRGV�XVHG�LQ�

GHYHORSPHQWDO�VWXGLHV�DQG�WKH�LPSRUWDQFH�RI�XVLQJ�OLWWHU�DV�WKH�XQLW�RI�PHDVXUH����7KH�(3$�DOVR�

TXHVWLRQHG�ZK\�WKH�PHWKRG�RU�VWDWLVWLFV�GLG�QRW�GHWHFW�DQ\�VLJQLILFDQFH�WR�WKH�GRVH�GHSHQGHQW�

LQFUHDVH�LQ�WRWDO�VHVVLRQ�FRXQWV�WKDW�DPRXQWHG�WR�D�����LQFUHDVH�RYHU�FRQWUROV�LQ�WKH�KLJKHVW�

GRVDJH�JURXS��VHH�)LJXUH���������7KH�UHVSRQVH�IURP�$UJXV�/DERUDWRU\��<RUN������E��LQFOXGHG�D�

QHZ�DQDO\VLV�LQ�ZKLFK�JHQGHU�ZDV�XVHG�DV�D�EHWZHHQ�VXEMHFWV�YDULDEOH���1R�LQWHUDFWLRQV�ZLWK��RU�

PDLQ�HIIHFWV�RI��WUHDWPHQW�ZHUH�IRXQG�LQ�WKLV�DQDO\VLV���7KH�(3$�QRWHV�WKDW�WKH�VXEVHTXHQW��
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Figure 5-12. Effects from maternal administration of ammonium perchlorate to SD rats
on serum total T4 concentrations in F1-generation offspring (pups) on PND5. 
Data of Argus Research Laboratories, Inc. (1998a).  Means with different
letters were significantly different (p < 0.05).  Daily dose was estimated from
water consumption data.  

VHFRQGDU\�DQDO\VLV�VXEPLWWHG�LV�VWLOO�QRW�ZKDW�(3$�UHTXHVWHG���,W�ZDV�UHTXHVWHG�WKDW�JHQGHU�EH�

QHVWHG�XQGHU�OLWWHU��UDWKHU�WKDQ�XVHG�DV�D�EHWZHHQ�VXEMHFW�YDULDEOH��

5HJDUGOHVV�RI�WKH�DGHTXDF\�RI�WKH�DQDO\VHV��$UJXV�/DERUDWRU\�DQG�WKH�VSRQVRU��36*��KDYH�

IDLOHG�WR�UHVSRQG�DGHTXDWHO\�WR�WKH�UHTXHVW�IRU�DQ�H[SODQDWLRQ�RI�ZK\�WKH�DQDO\VLV�IDLOHG�WR�GHWHFW�

VLJQLILFDQFH�LQ�WKH�31'���PRWRU�DFWLYLW\�IRU�WKH�PDOH�UDWV���)LJXUH������LOOXVWUDWHV�WKH�FOHDU�

GRVH�GHSHQGHQW�LQFUHDVH�LQ�WZR�GLIIHUHQW�PHDVXUHPHQWV�RI�PRWRU�DFWLYLW\�������WLPH�VSHQW�LQ��

PRYHPHQW��³WLPH´��DQG�����WRWDO�QXPEHU�RI�PRYHPHQWV��³PRYHPHQWV´����7KH�WLPH�YDULDEOH�

LQFUHDVHG�RYHU�����DW�WKH�KLJKHVW�GRVH�UHODWLYH�WR�FRQWUROV��JURXS�PHDQV�RI�����DQG������

UHVSHFWLYHO\����7KH�QXPEHU�RI�PRYHPHQWV�YDULDEOH�LQFUHDVHG�DSSUR[LPDWHO\�����UHODWLYH�WR��
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Figure 5-13. Effects from maternal drinking water administration of ammonium
perchlorate to SD rats on serum TSH concentrations in F1-generation
offspring (pups) on PND5.  Data of Argus Research Laboratories, Inc.
(1998a).  *= Significantly different from control group, p < 0.05. 

FRQWUROV���([SHUW�RSLQLRQ�RI�(3$�QHXURWR[LFRORJLVWV�ZDV�VRXJKW��DQG�LW�LV�WKHLU�RSLQLRQ�WKDW�

LQFUHDVHV�LQ�PRWRU�DFWLYLW\�RYHU������HVSHFLDOO\�LQ�GHYHORSLQJ�DQLPDOV��DUH�FOHDUO\�RI�FRQFHUQ�

IURP�D�ELRORJLFDO�SHUVSHFWLYH��&URIWRQ��HW��DO�����������7KH�FULWLFDO�LVVXH�IRU�HYDOXDWLRQ�RI�WKHVH�

PRWRU�DFWLYLW\�GDWD�LV�KRZ�WR�UHVROYH�WKH�GLIIHUHQFH�EHWZHHQ�ZKDW�LV�D�FOHDUO\�ELRORJLFDOO\�

VLJQLILFDQW�DOWHUDWLRQ�LQ�EHKDYLRU�ZLWK�WKH�ODFN�RI�VWDWLVWLFDO�VLJQLILFDQFH���,Q�DQ�DWWHPSW�WR�UHVROYH�

WKH�LVVXH��(3$�DOVR�UHTXHVWHG�SRVLWLYH�FRQWURO�GDWD�IURP�WKH�WHVWLQJ�ODERUDWRU\�IRU�WKLV�GHYLFH�WKDW�

ZDV�QRW�SURYLGHG�LQ�WKH�RULJLQDO�UHSRUW��DV�ZHOO�DV�DQ\�DYDLODEOH�KLVWRULFDO�FRQWURO�GDWD���<RUN�

�����D��UHSOLHG�ZLWK�D�QXPEHU�RI�SRVLWLYH�FRQWURO�VWXGLHV�DQG�D�OLPLWHG�DPRXQW�RI�KLVWRULFDO�

FRQWURO�GDWD�IURP�31'���SXSV��

��
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Figure 5-14. The effects of developmental exposure to perchlorate on motor activity in
male rats on PND14.  Data of Argus Research Laboratories, Inc. (1998a). 
The dose-dependent increases in both number of movements and time spent
in movement were not statistically different, even though the increases were
substantial at the higher dosages. 

7KH�SRVLWLYH�FRQWURO�GDWD�ZHUH�UHTXHVWHG�WR�KHOS�XQGHUVWDQG�WKH�VHQVLWLYLW\�RI�WKH�GHYLFH�LQ�

GHWHFWLQJ�LQFUHDVHV�LQ�PRWRU�DFWLYLW\��L�H���ZKDW�LV�WKH�VPDOOHVW�LQFUHDVH�LQ�PRWRU�DFWLYLW\�WKDW�KDV�

EHHQ�GHWHFWHG�E\�WKLV�GHYLFH����8QIRUWXQDWHO\��WKH�SRVLWLYH�FRQWURO�GDWD�ZHUH�RI�OLPLWHG�XVH�LQ�

LQWHUSUHWLQJ�WKH�VHQVLWLYLW\�RI�WKH�GHYLFH���7KH�VXEPLVVLRQ��<RUN������D��FRQWDLQHG�GDWD�IURP�

H[SHULPHQWV�ZLWK�DPSKHWDPLQH�DQG�WULDGLPHIRQ�LQ�DGXOW�UDWV���7KH�VPDOOHVW�LQFUHDVH�LQ�DFWLYLW\�

WKDW�ZDV�LQGXFHG�E\�HLWKHU�FKHPLFDO�ZDV�D������LQFUHDVH�UHODWLYH�WR�FRQWUROV���$OWKRXJK�WKHVH�

HIIHFWV�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW��WKH\�DUH�JUHDWHU�WKDQ�WKH�HIIHFWV�SURGXFHG�E\�WKH�KLJKHVW�

GRVDJH�RI�SHUFKORUDWH�LQ�WKH�31'���SXSV���7KHUH�ZHUH�DOVR�SRVLWLYH�FRQWURO�GDWD�IURP��
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FKORUSURPD]LQH�WUHDWHG�DQLPDOV�WKDW�VKRZHG�VLJQLILFDQW�GHFUHDVHV��$�����LQ�DFWLYLW\���+RZHYHU��

DELOLW\�WR�GHWHFW�GHFUHDVHV�GRHV�QRW�QHFHVVDULO\�WUDQVODWH�WR�LQFUHDVHV��

7KH�KLVWRULFDO�FRQWURO�GDWD�IURP�31'���UDWV�ZDV�UHTXHVWHG�WR�KHOS�XQGHUVWDQG�WKH�

YDULDELOLW\�QRUPDOO\�IRXQG�LQ�FRQWURO�DQLPDOV���8QIRUWXQDWHO\��WKH�KLVWRULFDO�FRQWURO�GDWD�

VXEPLWWHG�ZHUH�RQO\�XVHIXO�LQ�WKDW�WKH�GDWD�UDLVHG�PRUH�VXVSLFLRQ�WKDW�WKH�GHJUHH�RI�H[SHULPHQWDO�

FRQWURO�RYHU�WKLV�EHKDYLRU�E\�WKH�WHVWLQJ�IDFLOLW\�ZDV�LQDGHTXDWH���)RU�WKH�WLPH�GDWD��WKH�FRQWURO�

PHDQ�IRU�WKH�SHUFKORUDWH�GDWD�VHW�ZDV�����VHF���)RU�WKH�WKUHH�UHOHYDQW�KLVWRULFDO�FRQWURO�GDWD�VHWV��

WKH�PHDQV�ZHUH������������DQG�����VHF���(LWKHU�WKH�ODE�KDV�YHU\�OLWWOH�FRQWURO�RYHU�WKH�EHKDYLRU��

RU�WKH�GDWD�DUH�IURP�D�GLIIHUHQW�WHVW�DSSDUDWXV�RU�IURP�D�GLIIHUHQW�XVDJH�RI�WKH�VDPH�DSSDUDWXV���,Q�

DQ\�FDVH��WKH�GDWD�DUH�RI�QR�XVH�LQ�KHOSLQJ�(3$�WR�GHWHUPLQH�WKH�KLVWRULFDO�SURILOH�RI�FRQWURO��

DQLPDOV�EHKDYLRU�LQ�WKLV�WHVW�DSSDUDWXV���

,Q�OLHX�RI�WKH�DEVHQFH�RI�XVHIXO�SRVLWLYH�FRQWURO�DQG�KLVWRULFDO�FRQWURO�GDWD��(3$�LV�VWLOO�OHIW��

ZLWK�WKH�LVVXH�RI�VWDWLVWLFDO�YHUVXV�ELRORJLFDO�VLJQLILFDQFH���7KHUH�DUH�D�QXPEHU�RI�UHDVRQV�IRU�WKH��

ODFN�RI�VWDWLVWLFDO�VLJQLILFDQFH���7KH�ILUVW�UHDVRQ�LV�WKH�H[WUHPHO\�ODUJH�ZLWKLQ�JURXS�YDULDELOLW\��

H[HPSOLILHG�E\�FRHIILFLHQWV�RI�YDULDWLRQ��&9��JUHDWHU�WKDQ��������,W�ZDV�WKH�RSLQLRQ�RI�&URIWRQ��

HW�DO���������WKDW�WKLV�LV�OLNHO\�FDXVHG�E\�WKH�LQDELOLW\�RI�WKH�WHVWLQJ�ODERUDWRU\�WR�JDLQ�DGHTXDWH��

FRQWURO�RYHU�WKH�EHKDYLRU�EHLQJ�WHVWHG���7KLV�ODUJH�YDULDELOLW\�UHVXOWV�LQ�YHU\�OLWWOH�VWDWLVWLFDO�SRZHU��

DQG�LQFUHDVHV�WKH�SRWHQWLDO�IRU�7\SH�,,�HUURUV���1RUPDOO\��DQ�LQFUHDVH�LQ�VDPSOH�VL]H��E\�DGGLWLRQDO��

WHVWLQJ��DOORZV�IRU�DGHTXDWH�SRZHU�WR�UHIXWH�RU�VXSSRUW�WKH�FRQFOXVLRQ�RI�DQ�HIIHFW���*LYHQ�WKH��

&9V�RI�DERXW�������VLPSOH�SRZHU�FDOFXODWLRQV��VHH�&RKHQ��������IRU�GHWHFWLQJ�D�����FKDQJH�LQ��

RQH�JURXS�RXW�RI�ILYH�UHVXOWV�LQ�QHHGHG�JURXS�VL]HV�RI�DERXW����WR����DQLPDOV�SHU�JURXS���7KH��

VHFRQG�UHDVRQ�LV�WKDW�WKH�HIIHFW��D�����LQFUHDVH��ZKLOH�UDWKHU�ODUJH�IURP�D�ELRORJLFDO�SHUVSHFWLYH���

RFFXUV�LQ�RQO\�RQH�JHQGHU�RQ�RQO\���GD\�RXW�RI���WHVW�GD\V���7KH�ODUJH�YDULDELOLW\�FRXSOHG�ZLWK�WKH��

FRPSOLFDWHG�GHVLJQ��WUHDWPHQW��DJH��JHQGHU��DQG�EORFN��ZLOO�WHQG�WR�ZDVK�RXW�DQ\WKLQJ�RWKHU�WKDQ��

H[WUHPHO\�ODUJH�HIIHFWV���7KLV�FRQFOXVLRQ�LV�FRQVLVWHQW�ZLWK�WKH�FRQWHQW�RI�D�SKRQH�FRQYHUVDWLRQ��

�&URIWRQ������J��ZLWK�'U��6LPRQ�0DWV���'U��0DWV�LV�WKH�VWDWLVWLFLDQ�IURP�WKH�FRQWUDFW�ODERUDWRU\��

�3ULPHGLFD�$UJXV��ZKR�FRQGXFWHG�WKH�UHYLVHG�VWDWLVWLFDO�DQDO\VLV�RI�WKHVH�GDWD���/DVWO\��WKH�HIIHFW��

VHHQ�LQ�WKH�PDOHV�RQ�31'���PD\�LQGHHG�EH�D�7\SH�,�HUURU�DQG�ZRXOG�QRW�EH�IRXQG�DJDLQ�LI�WKLV��

H[SHULPHQW�ZDV�UHSHDWHG���

7KH�FRQFOXVLRQ�RI�D�ELRORJLFDO�VLJQLILFDQFH�WR�WKH�HIIHFW�VHHQ�LQ�WKLV�UHSRUW�LV�VXSSRUWHG�E\��

ERWK�WKH�XQGHUO\LQJ�PRGH�RI�DFWLRQ�RI�SHUFKORUDWH�DQG�WKH�HIIHFWV�RI�RWKHU�FKHPLFDO�DQG�SK\VLFDO��
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LQVXOWV�RQ�WKH�PRWRU�DFWLYLW\�RI�SRVWQDWDO�UDWV���7KH�K\SRWKHVLV�WKDW�D�WK\URWR[LF�FKHPLFDO�ZRXOG�

LQGXFH�D�GHOD\�LQ�DQ\�DVSHFW�RI�QHUYRXV�V\VWHP�GHYHORSPHQW�LV�KLJKO\�SODXVLEOH���$�GHOD\�LQ�WKH�

RQVHW�RI�KDELWXDWLRQ�ZRXOG�EH�HYLGHQFHG�E\�DQ�LQFUHDVH�LQ�RYHUDOO�FRXQWV��DV�ZHOO�DV�D�GHFUHDVH�LQ�

WKH�UDWH�RI�D�KDELWXDWLRQ��5XSSHUW�HW�DO�������D�E����7KLV�GHOD\�FRXOG�EH�TXLWH�WUDQVLHQW���2WKHU�

DJHQWV�WKDW�LQWHUIHUH�ZLWK�WK\URLG�KRUPRQHV�GXULQJ�GHYHORSPHQW�DUH�NQRZQ�WR�LQGXFH�GHOD\V�RI�D�

IHZ�GD\V�PDJQLWXGH�LQ�GHYHORSPHQWDO�ODQGPDUNV�VXFK�DV�H\H�RSHQLQJ��*ROGH\�HW�DO�������D�E����

7KLV�LV�H[DFWO\�WKH�W\SH�RI�HIIHFW�VHHQ�RQ�31'���LQ�WKH�$UJXV�5HVHDUFK�/DERUDWRULHV��,QF��

�����D��UHSRUW���'HYHORSPHQWDO�H[SRVXUH�WR�QXPHURXV�K\SRWK\URLG�LQGXFLQJ�DJHQWV��H�J���

SURS\OWKLRXUDFLO��PHWKLPD]ROH��DUH�NQRZQ�WR�UHVXOW�LQ�GHOD\V�LQ�WKH�RQWRJHQ\�LQ�PDQ\�EHKDYLRUV�

�FI���&RPHU�DQG�1RUWRQ��������*ROGH\�HW�DO�������D�E��6FKQHLGHU�DQG�*ROGHQ��������7DPDV\��

HW�DO����������LQFOXGLQJ�WKH�GHYHORSPHQW�RI�KDELWXDWLRQ���+RZHYHU��HIIHFWV�RI�WKHVH�FKHPLFDOV�RQ��

WRWDO�PRWRU�DFWLYLW\�FRXQWV�YDU\�IURP�LQFUHDVHG�WR�GHFUHDVHG��GHSHQGLQJ�RQ�WKH�FKHPLFDO�DQG�DJH��

RI�WHVWLQJ���7KH�PHFKDQLVP�IRU�WKH�JHQGHU�GHSHQGHQW�QDWXUH�RI�WKH�HIIHFW�RI�SHUFKORUDWH�DOVR��

UHPDLQV�WR�EH�GHWHUPLQHG���,Q�DGGLWLRQ��WKHUH�DUH�QXPHURXV�UHSRUWV�IURP�WKH�OLWHUDWXUH�WKDW�VXSSRUW��

WKH�ELRORJLFDO�VLJQLILFDQFH�RI�D����WR�����LQFUHDVH�LQ�PRWRU�DFWLYLW\�LQ�SRVWQDWDO�UDWV��FI����

&DPSEHOO�HW�DO���������5XSSHUW�HW�DO�������D�E����

,Q�VXPPDU\��(3$�PDLQWDLQV�WKDW�WKH�LQFUHDVH�LQ�DFWLYLW\�VKRXOG�EH�FRQVLGHUHG�ELRORJLFDOO\��

VLJQLILFDQW�XQWLO�DGGLWLRQDO�GDWD�FDQ�EH�PDUVKDOHG�WR�VXJJHVW�RU�SURYH�RWKHUZLVH���7KH�LQDGHTXDF\��

RI�VWDQGDUG�SDUDPHWULF�VWDWLVWLFV�WR�GHWHFW�D�VLJQLILFDQW�GLIIHUHQFH�VXJJHVWV�WKDW�DOWHUQDWLYH��

DQDO\VHV�VKRXOG�EH�XVHG�RQ�WKHVH�GDWD��VXFK�DV�WKH�EHQFKPDUN�DSSURDFK���7KLV�W\SH�RI�VWDWLVWLFDO��

DSSURDFK�PD\�EH�XVHIXO�EHFDXVH�RI�WKH�LQYHUVH�UHODWLRQVKLS�EHWZHHQ�WKH�GDWD�YDULDELOLW\�DQG�WKH��

EHQFKPDUN�GRVH��%0'���VHH�6HFWLRQ����������

��

����� 7ZR�*HQHUDWLRQ�5HSURGXFWLYH�7R[LFLW\�6WXG\�LQ�5DWV��

$W�WKH�WLPH�RI�WKLV�UHYLHZ��WKH�UHSRUW�DYDLODEOH�RQ�WKH�WZR�JHQHUDWLRQ��RQH�OLWWHU�SHU��

JHQHUDWLRQ��VWXG\�LQ�6SUDJXH�'DZOH\�UDWV��$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������E��ZDV�OLPLWHG��

WR�WKH�SDUHQWDO��3���JHQHUDWLRQ�GDWD�DQG�GLG�QRW�LQFOXGH�WLVVXH�KLVWRSDWKRORJ\��WK\URLG�KRUPRQH���

RU�VSHUP�PRUSKRORJ\�UHVXOWV���'DWD�ZHUH�QRW�UHSRUWHG�IRU�WKH�)��JHQHUDWLRQ�EH\RQG�ZHDQLQJ����

7KHUHIRUH��WKHVH�LQWHULP�UHSRUW�GDWD�VKRXOG�QRW�EH�FRQVWUXHG�DV�SURYLGLQJ�D�FRPSOHWH�HYDOXDWLRQ��

RI�WKH�HIIHFWV�RI�DPPRQLXP�SHUFKORUDWH�RQ�WKH�UDW�UHSURGXFWLYH�V\VWHP�DW�WKLV�WLPH���$GGLWLRQDO��

UHVXOWV�IURP�WKLV�VWXG\�ZLOO�EH�SUHVHQWHG�DW�WKH�H[WHUQDO�SHHU�UHYLHZ���$�VFKHPDWLF�RI�WKH�VWXG\��
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GHVLJQ�LV�SURYLGHG�DV�)LJXUH�$���RI�WKLV�GRFXPHQW��$SSHQGL[�$��WR�DLG�XQGHUVWDQGLQJ�RI�

WHUPLQRORJ\�DQG�WKH�SURWRFRO����

*HQHUDOO\��WKH�VWXG\�TXDOLW\�DSSHDUV�WR�DFFHSWDEOH���7KH�WDUJHW�GRVHV�����UDWV�VH[�JURXS��

ZHUH��������������DQG����PJ�NJ�GD\�RI�DPPRQLXP�SHUFKORUDWH�LQ�52�ZDWHU�SURYLGHG�E\�FRQWLQXDO�

DFFHVV���&RQFHQWUDWLRQV�ZHUH�DGMXVWHG�EDVHG�RQ�DFWXDO�ZDWHU�FRQVXPSWLRQ�DQG�ERG\�ZHLJKWV�

UHFRUGHG�WKH�SUHYLRXV�ZHHN���'RVLQJ�VROXWLRQV�RI�DPPRQLXP�SHUFKORUDWH�ZHUH�SUHSDUHG�ZHHNO\��

DQG�WKH�UHVXOWV�RI�FRQFHQWUDWLRQ�DQDO\VHV�ZHUH�ZLWKLQ�DFFHSWDEOH�UDQJHV���������ZLWK�RQH�

H[FHSWLRQ�LQ�WKH�����PJ�NJ�GD\�WDUJHW�JURXS�RQ�0D\�������������������7KH�VWRFN�VROXWLRQ�ZDV�WR�

EH�SUHSDUHG�DW�OHDVW�RQFH��EXW�WKH�H[DFW�QXPEHU�ZDV�QRW�UHSRUWHG���6WDELOLW\�RI�VROXWLRQV�ZDV�

DVVXPHG�EDVHG�RQ�GHWHUPLQDWLRQV�E\�$)5/�+(67�IRU�WKH����GD\�ELRDVVD\��DV�GLVFXVVHG�LQ��

6HFWLRQ����������

2Q�DUULYDO��UDWV�ZHUH�DVVLJQHG�UDQGRPO\�WR�LQGLYLGXDO�KRXVLQJ��DQG�WKHQ�FRQVHFXWLYH�RUGHU��

ZDV�XVHG�WR�DVVLJQ�WKH�3��JHQHUDWLRQ�UDWV�WR�FRKDELWDWLRQ��RQH�PDOH�UDW�SHU�IHPDOH�UDW�����

&RKDELWDWLRQ�SHULRG�FRQVLVWHG�RI�D�PD[LPXP�RI����GD\V���)HPDOHV�ZLWK�VSHUPDWR]RD�REVHUYHG�LQ��

D�YDJLQDO�VPHDU�RU�ZLWK�D�FRSXODWRU\�SOXJ�REVHUYHG�LQ�VLWX�ZHUH�FRQVLGHUHG�WR�EH�DW�*'��DQG��

DVVLJQHG�WR�LQGLYLGXDO�KRXVLQJ���(VWURXV�F\FOLQJ�ZDV�HYDOXDWHG�GDLO\�E\�H[DPLQDWLRQ�RI�YDJLQDO��

F\WRORJ\�EHJLQQLQJ����GD\V�EHIRUH�WKH�VFKHGXOHG�FRKDELWDWLRQ�SHULRG�DQG�FRQWLQXLQJ�XQWLO�*'�����

7KH�UDWV�ZHUH�REVHUYHG�IRU�YLDELOLW\�DW�OHDVW�WZLFH�HDFK�GD\�RI�WKH�VWXG\�DQG�GDLO\�IRU�FOLQLFDO��

VLJQV���%RG\�ZHLJKWV�ZHUH�UHFRUGHG�ZHHNO\�GXULQJ�DFFOLPDWLRQ��RQ�WKH�ILUVW�GD\�RI�GRVDJH�DQG��

ZHHNO\�WKHUHDIWHU��DQG�DW�VFKHGXOHG�VDFULILFH���)HHG�FRQVXPSWLRQ�DQG�ZDWHU�FRQVXPSWLRQ�YDOXHV��

ZHUH�UHFRUGHG�DW�OHDVW�WKUHH�WLPHV�SHU�ZHHN���)HPDOHV�ZHUH�HYDOXDWHG�IRU�GXUDWLRQ�RI�JHVWDWLRQ��

�*'��WR�WKH�GD\�WKH�ILUVW�SXS�ZDV�GHOLYHUHG����'D\���RI�ODFWDWLRQ��/'���SRVWSDUWXP��ZDV�GHILQHG��

DV�WKH�GD\�RI�ELUWK�DQG�ZDV�WKH�ILUVW�GD\�RQ�ZKLFK�DOO�SXSV�LQ�D�OLWWHU�ZHUH�ZHLJKHG�LQGLYLGXDOO\����

0DWHUQDO�EHKDYLRU�ZDV�REVHUYHG�RQ�/'�������������DQG������5DWV�WKDW�GLG�QRW�GHOLYHU�D�OLWWHU�ZHUH��

VDFULILFHG�RQ�*'���DQG�H[DPLQHG�IRU�SUHJQDQF\�VWDWXV���(DFK�OLWWHU�ZDV�HYDOXDWHG�IRU�OLWWHU�VL]H��

�OLYH�DQG�GHDG�SXSV�YHUVXV�OLYH�SXSV�RQO\��DQG�SXS�YLDELOLW\�DW�OHDVW�WZLFH�HDFK�GD\�RI�WKH����GD\��

SRVWSDUWXP�SHULRG��DQG�SXSV�ZHUH�FRXQWHG�GDLO\���'HYLDWLRQV�IURP�H[SHFWHG�QXUVLQJ�EHKDYLRU��

DOVR�ZHUH�UHFRUGHG���$OO�)��JHQHUDWLRQ�UDWV�ZHUH�ZHDQHG�DW�WKH�VDPH�DJH��EDVHG�RQ�REVHUYHG��

JURZWK�DQG�YLDELOLW\�DW�/'����XQOHVV�UHTXLUHG�WR�EH�H[WHQGHG�WR�/'�������

$W�WKH�HQG�RI�WKH����GD\�SRVWSDUWXP�SHULRG��DOO�VXUYLYLQJ�3��UDWV�ZHUH�VDFULILFHG���*URVV��

QHFURSV\�ZDV�SHUIRUPHG�RQ�DOO�DQLPDOV��DQG�DOO�JURVV�OHVLRQV�ZLOO�EH�H[DPLQHG�KLVWRORJLFDOO\����
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2UJDQ�ZHLJKWV�ZHUH�REWDLQHG�IRU�WKH�WK\URLG��DGUHQDO�JODQGV��EUDLQ��HSLGLG\PLGHV��KHDUW��NLGQH\V��

OLYHU��RYDULHV��SLWXLWDU\��SURVWDWH��VHPLQDO�YHVLFOHV��VSOHHQ��DQG�WHVWHV���7KH�WK\URLGV�DQG�

SDUDWK\URLGV�ZHUH�VXEPLWWHG�IRU�KLVWRSDWKRORJLFDO�H[DPLQDWLRQ���+LVWRSDWKRORJ\�RI�RWKHU�RUJDQV�

ZLOO�EH�SHUIRUPHG�IRU�WKH�FRQWURO�DQG�KLJK�GRVH�JURXSV���%ORRG�ZDV�FROOHFWHG�IRU�GHWHUPLQDWLRQ�

RI�KRUPRQH�OHYHOV��7���7���DQG�76+����3RUWLRQV�RI�WKH�HSLGLG\PLGHV�ZHUH�XVHG�HLWKHU�IRU�

HYDOXDWLRQ�RI�VSHUP�FRXQW�RU�PRWLOLW\���7KH�OHIW�WHVWLV�ZDV�KRPRJHQL]HG�DIWHU�ZHLJKLQJ�IRU�

DQDO\VLV�RI�VSHUPDWLG�FRQFHQWUDWLRQ��VSHUPDWLGV�SHU�JUDP�RI�WLVVXH�����

3XSV�QRW�VHOHFWHG�IRU�FRQWLQXHG�HYDOXDWLRQ�LQ�WKH�VWXG\�DOVR�ZHUH�VDFULILFHG�RQ�/'�����

%ORRG�ZDV�SRROHG�E\�VH[�SHU�OLWWHU�IRU�DQDO\VLV�RI�7���7���DQG�76+���$W�OHDVW���SXSV�VH[�OLWWHU�

ZHUH�QHFURSVLHG�DQG�H[DPLQHG�IRU�JURVV�OHVLRQV��LQFOXGLQJ�D�VLQJOH�FURVV�VHFWLRQ�RI�WKH�KHDG�DW��

WKH�OHYHO�RI�WKH�IURQWDO�SDULHWDO�VXWXUH�DQG�H[DPLQDWLRQ�RI�WKH�KHDG�IRU�DSSDUHQW�K\GURFHSKDO\����

%UDLQ��WK\PXV��VSOHHQ��DQG�WK\URLG�SDUDWK\URLG�RUJDQ�ZHLJKWV�ZHUH�REWDLQHG�SULRU�WR�IL[DWLRQ����

7KH�DGUHQDO�JODQGV��WK\URLG�SDUDWK\URLG��NLGQH\V��DQG�OLYHU�ZHUH�UHWDLQHG�LQ�IRUPDOLQ���

��

������� *HQHUDO�7R[LFLW\�5HVXOWV�DQG�(YDOXDWLRQ�RI�5HSURGXFWLYH�3DUDPHWHUV��

7KHUH�ZDV�D�VWDWLVWLFDOO\�VLJQLILFDQW�GHFUHDVH�LQ�ZDWHU�FRQVXPSWLRQ�E\�PDOHV��EXW�QRW�E\��

IHPDOHV���7KH�GHFUHDVH�ZLWK�PDOHV�DQG�D�VPDOOHU�GHFUHDVH�ZLWK�IHPDOHV�ZHUH�VXIILFLHQWO\�VPDOO��

WKDW�WKH\�DUH�QRW�FRQVLGHUHG�WR�EH�ELRORJLFDOO\�VLJQLILFDQW��$UJXV�5HVHDUFK�/DERUDWRULHV��,QF����

����D��7DEOHV�%��DQG�%�����$EVROXWH�WK\URLG�ZHLJKW�ZDV�LQFUHDVHG�VLJQLILFDQWO\�LQ�WKH�3��PDOHV��

DW�WKH������DQG����PJ�NJ�GD\�GRVH�OHYHOV���$Q�LQFUHDVH�ZDV�VLJQLILFDQW�LQ�IHPDOHV�DW����PJ�NJ���

GD\���$�VLJQLILFDQW�LQFUHDVH�LQ�WK\URLG�ZHLJKW�UHODWLYH�WR�ERWK�ERG\�ZHLJKW�DQG�EUDLQ�ZHLJKW��

RFFXUUHG�DW����PJ�LQ�ERWK�VH[HV��$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������D��7DEOHV�%���WKURXJK��

%���DQG�&���WKURXJK�&������7KHUH�ZDV�D�VLJQLILFDQW�LQFUHDVH�LQ�RYDULDQ�ZHLJKW�DW�WKH�����PJ�NJ���

GD\�GRVH�OHYHO�RQO\��$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������D��7DEOH�&������7KHUH�DOVR�ZDV��

VOLJKWO\�LQFUHDVHG��QRW�VWDWLVWLFDOO\�VLJQLILFDQW��SLWXLWDU\�ZHLJKW�LQ�IHPDOHV�DW�WKH������DQG��

����PJ�NJ�GD\�GRVH�OHYHOV���

7KH�IHUWLOLW\�UHVXOWV�DUH�SRWHQWLDOO\�RI�FRQFHUQ��EXW�WKH�VWDWLVWLFDO�DQDO\VHV�GLG�QRW�VKRZ�DQ\��

VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�JURXSV�IRU�DQ\�RI�WKH�WHVWHG�SDUDPHWHUV��$UJXV�5HVHDUFK��

/DERUDWRULHV��,QF�������D��7DEOH�&���WKURXJK�&������+RZHYHU��DW�����PJ�NJ�GD\��WKHUH�ZHUH�IRXU��

SDLUV�WKDW�GLG�QRW�PDWH�FRPSDUHG�ZLWK�RQH�RU�WZR�SDLUV�LQ�WKH�RWKHU�JURXSV���$OVR�DW��

����PJ�NJ�GD\��WKHUH�ZHUH�WKUHH�IHPDOHV�WKDW�VKRZHG�DW�OHDVW�RQH�REVHUYDWLRQ�RI�SHUVLVWHQW��
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GLHVWUXV�DQG�RQH�ZLWK�DQ�REVHUYDWLRQ�RI�SHUVLVWHQW�HVWUXV��$UJXV�5HVHDUFK�/DERUDWRULHV��,QF���

����D��7DEOH�&������,QFLGHQFHV�ZHUH�ORZHU�LQ�DOO�RWKHU�JURXSV���2QO\�RQH�RI�WKRVH�IHPDOHV�GLG�QRW�

KDYH�HYLGHQFH�RI�PDWLQJ��EXW�WKHUH�ZHUH�DOVR�IRXU�IHPDOHV�WKDW�GLG�QRW�KDYH�HYLGHQFH�RI�PDWLQJ�LQ�

WKH����PJ�NJ�GD\�JURXS���:KHQ�PDWLQJ�DQG�FRQFHSWLRQ�IDLOXUHV�DUH�FRPELQHG��SUHJQDQF\�UDWHV�

ZHUH����������������������DQG�������IRU�WKH�����������������DQG����PJ�NJ�GD\�JURXSV��UHVSHFWLYHO\���

2I�WKRVH�IHPDOHV�WKDW�ZHUH�SUHJQDQW��OLWWHU�VL]H�ZDV�VOLJKWO\�ORZHU�DW������DQG����PJ�NJ�GD\�GRVH�

OHYHOV��ZLWK�WKH�YDOXHV�EHLQJ�������������������DQG������ZLWK�LQFUHDVLQJ�GRVH�OHYHO��ZLWK�D�VLPLODU�

WUHQG�VHHQ�LQ�QXPEHUV�RI�LPSODQWDWLRQ�VLWHV��������������������DQG���������$OWKRXJK�QRQH�RI�WKHVH�

UHVXOWV�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW�IRU�WKH�3��JHQHUDWLRQ��FORVH�DWWHQWLRQ�VKRXOG�EH�JLYHQ�WR�WKHVH�

SDUDPHWHUV�LQ�HYDOXDWLQJ�WKH�UHVXOWV�IURP�WKH�)��JHQHUDWLRQ��SDUWLFXODUO\�ZKHQ�WKH�UHVXOWV�RQ��

HVWURXV�F\FOLQJ�DUH�FRQVLGHUHG���1RWH�VKRXOG�EH�PDGH�WKDW�IHPDOH�LQWDNH�RI�SHUFKORUDWH�GXULQJ�WKH��

ODVW�ZHHN�RI�JHVWDWLRQ�ZDV�KLJKHU��$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������D��7DEOH�&�����$OVR��LQ��

PDQ\�RI�WKH�SHUFKORUDWH�LQWDNH�DQG�IHHG�FRQVXPSWLRQ�VXPPDU\�GDWD��REVHUYDWLRQV�ZHUH�UHSRUWHG��

IRU�ORZ�QXPEHUV�RI�UDWV��DSSDUHQWO\�EHFDXVH�RI�VSLOODJH���7KHUH�ZHUH�QR�VLJQLILFDQW�GLIIHUHQFHV�RU��

WUHQGV�LQ�WKH�VSHUP�GDWD�DYDLODEOH�DW�WKLV�WLPH���

7R�VXPPDUL]H�WKH�UHVXOWV�UHSRUWHG�WR�GDWH��D�SRWHQWLDO�DGYHUVH�HIIHFW�ZDV�VHHQ�LQ�WK\URLG��

ZHLJKW��ZLWK�D�/2$(/�IRU�PDOHV�RI���PJ�NJ�GD\���)RU�IHPDOHV��WKH�/2$(/�IRU�WKH�VDPH�HIIHFW�LV��

���PJ�NJ�GD\���7KLV�RUJDQ�ZHLJKW�HIIHFW�QHHGV�WR�EH�VXSSRUWHG�E\�WKH�KLVWRSDWKRORJ\�RU�KRUPRQH��

GDWD�WKDW�DUH�QRW�\HW�DYDLODEOH�IRU�WKLV�VWXG\��EXW�WKH�HIIHFWV�DSSHDU�WR�EH�FRQVLVWHQW�ZLWK�WKH�RWKHU��

VWXGLHV�LQ�WKH�WHVWLQJ�VWUDWHJ\���7KHUH�DUH�KLQWV�RI�HIIHFWV�LQ�WKH�����PJ�NJ�GD\�GRVH�JURXS�LQ�WKH��

PDWLQJ��IHUWLOLW\��HVWURXV�F\FOH��DQG�RYDULDQ�DQG�SLWXLWDU\�ZHLJKWV��EXW�WKH�HIIHFWV�GLG�QRW�VKRZ�D��

SURJUHVVLYH�GRVH�UHVSRQVH���,I�VLPLODU�REVHUYDWLRQV�DUH�PDGH�ZLWK�WKH�)��JHQHUDWLRQ�RU�LQ�RWKHU��

VWXGLHV�LQYROYLQJ�HQGRFULQH�UHODWHG�HIIHFWV��FRQVLGHUDWLRQ�VKRXOG�EH�JLYHQ�WR�WKH�SRVVLELOLW\�RI�DQ��

LQYHUWHG�8�GRVH�UHVSRQVH�EHKDYLRU��DV�ZDV�VXJJHVWHG�E\�WKH�UHSURGXFWLYH�HVWURXV�F\FOLQJ��

SDUDPHWHU�UHVXOWV�IURP�WKH����GD\�ELRDVVD\��6SULQJERUQ�/DERUDWRULHV��,QF���������LQ��

6HFWLRQ���������7KHVH�UHVXOWV�PD\�ZDUUDQW�D�PRGLILFDWLRQ�WR�WKH�PHWKRGV�E\�ZKLFK�HVWURXV�F\FOH��

GDWD�DUH�HYDOXDWHG�DQG�WKH�SUHVHQWDWLRQ�RI�WKH�VSHUP�HYDOXDWLRQ�LQIRUPDWLRQ�IRU�WKH�ILQDO�UHSRUW����

$UJXV�ODERUDWRU\�KDV�DJUHHG�WR�SURYLGH�WKH�VSHUP�PRUSKRORJ\�DQG�HVWURXV�F\FOLFLW\�GDWD�WR�(3$��

LQ�PLG�-DQXDU\�������VR�WKDW�WKH\�PD\�EH�DQDO\]HG�DQG�SUHVHQWHG�DW�WKH�H[WHUQDO�SHHU�UHYLHZ���

��

��



December 31, 1998 Draft-Do Not Quote or Cite5-42

������� (YDOXDWLRQ�RI�7K\URLG�+LVWRORJ\�

6RPH�WK\URLG�KLVWRORJ\�GDWD�IURP�WKLV�VWXG\�PD\�EH�DYDLODEOH�IRU�DQDO\VLV�E\�(3$�LQ�WLPH�

IRU�SUHVHQWDWLRQ�DW�WKH�H[WHUQDO�SHHU�UHYLHZ�PHHWLQJ���

�

������� 7K\URLG�DQG�3LWXLWDU\�+RUPRQH�$QDO\VHV�

8QDXGLWHG�KRUPRQH�GDWD�PD\�EH�DYDLODEOH�WR�(3$�LQ�WLPH�IRU�DQDO\VLV�IRU�WKH�H[WHUQDO�SHHU�

UHYLHZ�PHHWLQJ����

�

����� 6HJPHQW�,,�'HYHORSPHQWDO�7R[LFLW\�6WXG\�LQ�5DEELWV�

$�GHYHORSPHQWDO�WR[LFLW\�VWXG\�ZDV�SHUIRUPHG�LQ�1HZ�=HDODQG�:KLWH��+UD���>1=:@63)���

UDEELWV�DV�SDUW�RI�WKH�RYHUDOO�WHVWLQJ�VWUDWHJ\��$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������F�����

$�VFKHPDWLF�RI�WKH�VWXG\�GHVLJQ�LV�SURYLGHG�LQ�)LJXUH�$���RI�$SSHQGL[�$�WR�WKLV�GRFXPHQW�WR�DLG��

XQGHUVWDQGLQJ�RI�WHUPLQRORJ\�DQG�WKH�SURWRFRO���7KH�VWXG\�GHVLJQ�PHHWV�WKH�UHTXLUHPHQWV�RI�WKH��

�����(3$�2IILFH�RI�3ROOXWLRQ�3UHYHQWLRQ�DQG�7R[LF�6XEVWDQFHV����������JXLGHOLQH���$�GHYLDWLRQ��

IURP�WKH�XVH�RI�GRXEOH�VWDLQLQJ�ZDV�QRWHG�LQ�$SSHQGL[�'�RI�WKH�$UJXV�UHSRUW��EXW�(3$�KDV��

GHWHUPLQHG�WKDW�WKLV�VKRXOG�QRW�KDYH�DQ�HIIHFW�RQ�WKH�RYHUDOO�RXWFRPH�RI�WKLV�VWXG\���7KH�GRVH��

JURXSV�WHVWHG�ZHUH����������������������DQG�����PJ�NJ�GD\�RI�DPPRQLXP�SHUFKORUDWH�LQ�52�ZDWHU��

SURYLGHG�E\�FRQWLQXDO�DFFHVV�RQ�SUHVXPHG�*'��WR�*'�����(DFK�JURXS�ZDV�FRPSULVHG�RI��

���WLPH�PDWHG�GRHV�DVVLJQHG�RQ�D�UDQGRPL]HG�EDVLV�VWUDWLILHG�E\�ZHLJKW���'RVHV�ZHUH�VHOHFWHG�RQ��

WKH�EDVLV�RI�D�GRVH�UDQJH�VWXG\��$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������G��LQ�ZKLFK�WK\URLG��

KLVWRSDWKRORJ\�ZDV�HYLGHQW�LQ�WKH�GRHV�DW���������DQG�����PJ�NJ�GD\��WK\URLG�KRUPRQH�OHYHOV��

�7���7���DQG�76+��LQ�WKH�GRHV�ZHUH�UHGXFHG�DW�DOO�GRVHV��DQG�WKUHH�PDOIRUPHG�IHWXVHV�IURP�WKUHH��

OLWWHUV�LQ�WKH����PJ�NJ�GD\�JURXS�ZHUH�REVHUYHG�DW�JURVV�H[WHUQDO�H[DPLQDWLRQ���7KH�(3$�ZDV��

FRQFHUQHG�DERXW�WKHVH�SLORW�VWXG\�UHVXOWV��SDUWLFXODUO\�EHFDXVH�WKH�RULJLQDO�WDUJHW�GRVHV�RI�����DQG��

���PJ�NJ�GD\�ZHUH�FKDQJHG�RQ�*'���WR����DQG�����PJ�NJ�GD\��EDVHG�RQ�WKH�ODFN�RI�FOLQLFDO��

WR[LFLW\�DW�WKHVH�GRVHV���7KH�IDFW�WKDW�WKHVH�ZHUH�WKH�GRVHV�DW�ZKLFK�HIIHFWV�ZHUH�REVHUYHG���

WRJHWKHU�ZLWK�WKH�ORZ�QXPEHU�RI�DQLPDOV��Q� ����XVHG�LQ�D�UDQJH�ILQGLQJ�VWXG\��FDXVHG�(3$�WR��

FRXQVHO�WKH�VSRQVRU��36*��WR�SHUIRUP�DQ�H[SDQGHG�UDQJH�RI�GRVHV�LQ�WKH�GHILQLWLYH�VWXG\���7KH��

GRVH�JURXSV�FKRVHQ�IRU�WKH�GHILQLWLYH�GHYHORSPHQWDO�VWXG\�ZHUH�WKXV�DLPHG�WR�EUDFNHW�WKH�GRVH��

OHYHOV�LQ�WKH�UDQJH�ILQGLQJ�VWXG\�DQG�JR�EHORZ�WKRVH�GRVHV�FDXVLQJ�WK\URLG�KRUPRQH��

SHUWXUEDWLRQV�DQG�DERYH�WKRVH�DVVRFLDWHG�ZLWK�WKH�IHWDO�PDOIRUPDWLRQV����
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'RVLQJ�VROXWLRQV�RI�DPPRQLXP�SHUFKORUDWH�ZHUH�SUHSDUHG�DW�OHDVW�ZHHNO\�IURP�VWRFN�

VROXWLRQ��DQG�WKH�UHVXOWV�RI�WKH�FRQFHQWUDWLRQ�DQDO\VHV�ZHUH�ZLWKLQ�DFFHSWDEOH�UDQJHV���6WDELOLW\�RI�

VROXWLRQV�ZDV�DVVXPHG�EDVHG�RQ�GHWHUPLQDWLRQV�E\�$)5/�+(67�IRU�WKH����GD\�ELRDVVD\�DV�

GLVFXVVHG�LQ�6HFWLRQ���������5DEELWV�ZHUH�REVHUYHG�IRU�YLDELOLW\�DW�OHDVW�WZLFH�GDLO\��DQG�ERG\�

ZHLJKW��IRRG�DQG�ZDWHU�FRQVXPSWLRQ��FOLQLFDO�REVHUYDWLRQV��GHDWKV��DERUWLRQV��DQG�SUHPDWXUH�

GHOLYHULHV�ZHUH�HYDOXDWHG�GDLO\���2Q�*'����UDEELWV�ZHUH�WHUPLQDWHG�DQG�FHVDUHDQ�VHFWLRQV�ZHUH�

SHUIRUPHG���%ORRG�VDPSOHV�IURP�WKH�GRHV�ZHUH�WDNHQ�IRU�HYDOXDWLRQ�RI�WK\URLG�DQG�SLWXLWDU\�

KRUPRQHV��7���7���DQG�76+����*URVV�QHFURSV\�ZDV�SHUIRUPHG�RQ�WKH�WKRUDFLF��DEGRPLQDO��DQG�

SHOYLF�YLVFHUD�RI�HDFK�GRH���3DUDPHWHUV�HYDOXDWHG�LQ�WKH�GRHV�LQFOXGHG�SUHJQDQF\�VWDWXV��JUDYLG�

XWHULQH�ZHLJKW��QXPEHU�RI�FRUSRUD�OXWHD�LQ�HDFK�RYDU\��QXPEHU�DQG�GLVWULEXWLRQ�RI�LPSODQWDWLRQV���

HDUO\�DQG�ODWH�UHVRUSWLRQV��DQG�OLYH�DQG�GHDG�IHWXVHV���7KH�WK\URLGV�SDUDWK\URLGV�ZHUH�HYDOXDWHG��

KLVWRORJLFDOO\���:HLJKW��JURVV�H[WHUQDO�DOWHUDWLRQV��VH[��LQ�VLWX�EUDLQ�VWDWXV��LQ�RQH�KDOI�RI�WKH��

IHWXVHV�LQ�HDFK�OLWWHU���EUDLQ�KLVWRORJ\��LQ�WKH�RWKHU�RQH�KDOI�RI�DOO�IHWXVHV�LQ�HDFK�OLWWHU���FDYLWDWHG��

RUJDQV��DQG�VNHOHWDO�DQG�FDUWLODJLQRXV�DOWHUDWLRQV�ZHUH�H[DPLQHG�LQ�WKH�IHWXVHV���1R��

PHDVXUHPHQWV�RI�WK\URLG�VWUXFWXUH�RU�IXQFWLRQ�ZHUH�PDGH�LQ�WKH�IHWXVHV���

��

������� 5HVXOWV�RI�0DWHUQDO�([DPLQDWLRQV��

7ZR�GRHV�LQ�WKH�����PJ�NJ�GD\�JURXS�DERUWHG�HLWKHU�GHDG�SXSV�RU�ODWH�UHVRUSWLRQV�RQ��

*'�����%RWK�RI�WKHVH�DERUWLRQV�ZHUH�FRQVLGHUHG�XQUHODWHG�WR�WUHDWPHQW�EHFDXVH�WKH�LQFLGHQFHV��

ZHUH�QRW�GRVH�GHSHQGHQW�DQG�ZHUH�FRQVLVWHQW�ZLWK�KLVWRULFDO�FRQWURO�GDWD�IRU�UDEELWV�LQ�WKDW��

ODERUDWRU\��$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������F��$SSHQGL[�-����2QH�GRH�LQ�WKH�����PJ�NJ���

GD\�JURXS�GHOLYHUHG�SUHPDWXUHO\�RQ�*'����QRUPDO�GHOLYHU\�LQ�UDEELWV�RFFXUV�RQ�*'�����EXW�LW��

ZDV�DVVXPHG�WKDW�WKLV�UDEELW�KDG�EHHQ�LQFRUUHFWO\�LGHQWLILHG�DQG�VKLSSHG�E\�WKH�VXSSOLHU�EHFDXVH��

WKH�SXSV�DSSHDUHG�WR�EH�IXOO�WHUP��WKH\�KDG�IXU�DQG�ZHUH�QXUVLQJ����7KHUH�ZHUH�QR��

WUHDWPHQW�UHODWHG�HIIHFWV�RQ�PDWHUQDO�FOLQLFDO�VLJQV��ERG\�ZHLJKW��ERG\�ZHLJKW�FKDQJH��JUDYLG��

XWHULQH�ZHLJKW��RU�IRRG�DQG�ZDWHU�FRQVXPSWLRQ���,W�LV�LQWHUHVWLQJ�WR�QRWH�WKDW�WKHUH�ZHUH�GHFUHDVHV��

�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��LQ�VHYHUDO�RI�WKHVH�HQGSRLQWV��DW�WKH�����PJ�NJ�GD\�JURXS��WKH�VDPH��

DW�ZKLFK�WKH�DERUWLRQV�RFFXUUHG��DV�GLG�RQH�DGYHUVH�QHFURSV\�REVHUYDWLRQ�RI�D�PRWWOHG�OLYHU��EXW��

QRQH�RI�WKHVH�UHVSRQVHV�VKRZHG�D�GRVH�UHVSRQVH�ZLWK�WKH�FXUUHQW�WUHDWPHQW�UHJLPHQ��DQG�QRQH��

ZHUH�RXW�RI�WKH�UDQJH�RI�QRUPDO�RFFXUUHQFH���7KHUH�ZDV�DQ�DSSDUHQW�GRVH�UHODWHG�GHFUHDVH�LQ��

WK\URLG�ZHLJKW��QRW�VWDWLVWLFDOO\�VLJQLILFDQW����7KH�RQO\�UHPDUNDEOH�KLVWRSDWKRORJ\�LQ�WKH�GRHV�ZDV��
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REVHUYHG�LQ�WKH�WK\URLGV���+\SHUWURSK\�RI�WKH�IROOLFXODU�HSLWKHOLXP�WKDW�FRQVLVWHG�RI�DQ�LQFUHDVHG�

KHLJKW�RU�HQODUJHPHQW�RI�WKH�HSLWKHOLXP��ZDV�REVHUYHG�LQ�����������������������������DQG�������RI�

WKH����������������������DQG�����PJ�NJ�GD\�GRVH�JURXSV��UHVSHFWLYHO\���7KH�VHYHULW\�RI�WKH�OHVLRQ�

ZDV�DOVR�GRVH�GHSHQGHQW��UDQJLQJ�IURP���ZLWK�PLQLPDO�K\SHUWURSK\�DW�WKH����PJ�NJ�GD\�OHYHO�WR�

���ZLWK�PLQLPDO����ZLWK�PLOG��DQG���ZLWK�PRGHUDWH�DW�WKH�����PJ�NJ�GD\�OHYHO���7KH�K\SHUWURSK\�

RFFDVLRQDOO\�UHVXOWHG�LQ�D�GHFUHDVH�LQ�WKH�OXPHQ�RI�WKH�IROOLFOHV��ZKLFK�FRQWDLQHG�SDOH�DQG�

RFFDVLRQDOO\�YDFXRODWHG�FROORLG���7KH�PDWHUQDO�12$(/�DQG�/2$(/��EDVHG�RQ�WKH�WK\URLG�

KLVWRSDWKRORJ\��DUH�GHVLJQDWHG�DW�����PJ�NJ�GD\�DQG������PJ�NJ�GD\��UHVSHFWLYHO\����

�

������� 'HYHORSPHQWDO�(QGSRLQWV��

7KHUH�ZHUH�QR�WUHDWPHQW�UHODWHG�HIIHFWV�RQ�JURVV�H[WHUQDO�HQGSRLQWV��$UJXV�5HVHDUFK��

/DERUDWRULHV��,QF������F��7DEOH�������:LWK�UHJDUG�WR�VRIW�WLVVXH�DQRPDOLHV��$UJXV�5HVHDUFK��

/DERUDWRULHV��,QF������F��7DEOH������WKHUH�ZHUH�VHYHUDO�RFFXUUHQFHV�RI�OXQJ�OREH�DQG�JDOOEODGGHU��

DEVHQFH��EXW�WKHLU�LQFLGHQFH�ZDV�QRW�WUHDWPHQW�UHODWHG���7KH�UHDVRQ�IRU�WKH�VWDWLVWLFDOO\�VLJQLILFDQW��

GHFUHDVH�LQ�IROGHG�UHWLQD�ZDV�DWWULEXWHG�WR�EH�DQ�DUWLIDFW�RI�WLVVXH�SURFHVVLQJ���7KHUH�ZHUH�QR��

WUHDWPHQW�UHODWHG�HIIHFWV�LQ�VNHOHWDO�RU�RVVLILFDWLRQ�DOWHUDWLRQV��$UJXV�5HVHDUFK�/DERUDWRULHV���

,QF������F��7DEOHV����DQG�����DQG�QR�LQGLFDWLRQ�RI�DQ�LQFUHDVHG�LQFLGHQFH�RI�WKH�PRUH�DSLFDO��

HQGSRLQW��³DQ\�VNHOHWDO�FKDQJH´���7KH�IHWDO�12$(/�WKXV�LV�LGHQWLILHG�DV�JUHDWHU�WKDQ��

����PJ�NJ�GD\�IRU�HPEU\R�IHWDO�GHYHORSPHQWDO�WR[LFLW\��RWKHU�WKDQ�WKDW�ZKLFK�PD\�KDYH�RFFXUUHG��

LQ�WKH�WK\URLG�����

��

������� 0DWHUQDO�7K\URLG�DQG�3LWXLWDU\�+RUPRQH�$QDO\VHV��

7KH�WK\URLG�DQG�SLWXLWDU\�KRUPRQH��7���7���DQG�76+��DQDO\VHV�ZHUH�SHUIRUPHG�E\��

$QL/\WLFV��,QF���IRU�WKH�GRHV�RI�WKH�GHYHORSPHQWDO�UDEELW�VWXG\��$UJXV�5HVHDUFK�/DERUDWRULHV���

,QF������F����$VVD\V�IRU�7��DQG�7��ZHUH�SHUIRUPHG�XVLQJ�5,$�NLWV�DFFRUGLQJ�WR�PDQXIDFWXUHU¶V��

VWDQGDUG�SURFHGXUHV���$VVD\�NLWV�IURP�WKH�VDPH�EDWFK�QXPEHU�DQG�ZLWK�WKH�VDPH�H[SLUDWLRQ�GDWH��

ZHUH�XVHG�IRU�WKH�7��DQG�7��PHDVXUHPHQWV�IRU�HDFK�UDEELW���7KH�76+�DVVD\�ZDV�D��

GRXEOH�DQWLERG\��5,$�SURFHGXUH�GHYHORSHG�IRU�UDEELWV�DQG�SHUIRUPHG�E\�$QL/\WLFV��,QF���7KH��

DQDO\VHV�GLVFXVVHG�LQ�WKH�$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������F��UHSRUW�FRQWDLQ�GDWD�IURP��

ERWK�SUHJQDQW�DQG�QRQSUHJQDQW�UDEELWV��ZLWK�ERWK�JURXSV�FRPELQHG�LQ�WKH�DQDO\VHV���%HFDXVH�RI��

WKH�NQRZQ�HIIHFWV�RI�SUHJQDQF\�RQ�WK\URLG�KRUPRQHV��(3$�GHFLGHG�WR�UHDQDO\]H�VHSDUDWHO\�WKH��
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GDWD�IURP�WKH�SUHJQDQW�DQG�QRQSUHJQDQW�DQLPDOV���+RZHYHU��(3$�GHWHUPLQHG�WKDW�WKH�DQDO\VHV�

IRU�QRQSUHJQDQW�DQLPDOV�ZHUH�QRW�XVHIXO�EHFDXVH�RI�WKH�YHU\�OLPLWHG�QXPEHU�RI�VXEMHFWV�SHU�

JURXS��ILQDO�QXPEHU�RI�GRHV���Q� ����������������DQG���QRQSUHJQDQW�GRHV�JURXS��DQG�Q� �������������

����DQG����SUHJQDQW�GRHV�JURXS�IRU�WKH�����������������������������DQG�����PJ�NJ�GD\�JURXSV��

UHVSHFWLYHO\��DQG��WKHUHIRUH��FRQGXFWHG�UHDQDO\VHV�IRU�WKHVH�WZR�JURXSV�VHSDUDWHO\��&URIWRQ��

����K����$OO�GDWD�ZHUH�WDNHQ�IURP�$SSHQGL[�,�RI�WKH�UHSRUW��$UJXV�5HVHDUFK�/DERUDWRULHV��

,QF������F���DQG�WKH�DQDO\VHV�DOVR�XVHG�WKH�SUHJQDQF\�VWDWXV�GDWD�VXEVHTXHQWO\�VXEPLWWHG��<RUN��

����H����'DWD�IURP�GHSHQGHQW�PHDVXUHV��7���7���DQG�76+��ZHUH�VXEMHFWHG�WR�VHSDUDWH�RQH�ZD\�

$129$�WHVWV��ZLWK�WUHDWPHQW��GRVH��DV�WKH�LQGHSHQGHQW�EHWZHHQ�VXEMHFWV�YDULDEOH���0HDQ�

FRQWUDVWV�ZHUH�SHUIRUPHG�XVLQJ�7XNH\¶V�6WXGHQWL]HG�5DQJH��+6'��7HVW���7R�FRUUHFW�IRU�PXOWLSOH��

FRPSDULVRQV��L�H���WKUHH�VHSDUDWH�$129$�WHVWV��WKH�DFFHSWDEOH�DOSKD�IRU�VLJQLILFDQFH��IRU�DOO��

LQWHUDFWLRQ�PDLQ�HIIHFWV�WHVWV��ZDV�FRUUHFWHG�WR���������DOSKD�RI������GLYLGHG�E\�WKH�VTXDUH�URRW��

RI�WKH�QXPEHU�RI�GHSHQGHQW�YDULDEOHV����,QGLYLGXDO�DQDO\VHV�IRU�HDFK�KRUPRQH�DUH�GLVFXVVHG��

EHORZ����

7KH�PDLQ�HIIHFW�RI�WUHDWPHQW�ZDV�QRW�VLJQLILFDQW�IRU�7����7KH�7��GDWD�DUH�SORWWHG�LQ��

)LJXUH��������7KHUH�ZDV�D�PDLQ�HIIHFW�RI�WUHDWPHQW�DQG�D�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�JURXS��

PHDQV�IRU�WKH�FRQWURO�YHUVXV�����������������DQG�����PJ�NJ�GD\�JURXSV�RQ�7����7KHVH�GDWD�DUH��

SORWWHG�LQ�)LJXUH��������7KH�PDLQ�HIIHFW�RI�WUHDWPHQW�ZDV�QRW�VLJQLILFDQW�IRU�76+��)LJXUH���������

5HVXOWV�RI�WKHVH�(3$�UHDQDO\VHV�DUH�GLIIHUHQW�IURP�WKRVH�VWDWHG�LQ�WKH�UHSRUW���7KH�UHSRUW��$UJXV��

5HVHDUFK�/DERUDWRULHV��,QF�������F��VWDWHV�WKDW�WKH�12$(/�IRU�7��ZDV����PJ�NJ�GD\���7KH��

FXUUHQW�(3$�DQDO\VHV��&URIWRQ������K���H[FOXGLQJ�QRQSUHJQDQW�DQLPDOV��GHPRQVWUDWHV�D�12$(/��

DW�����PJ�NJ�GD\�IRU�7����7KHUH�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW�GHFUHDVHV�LQ�7��GHPRQVWUDWHG�IRU�WKH��

����������������DQG�����PJ�NJ�GD\�JURXSV���7KHUH�ZDV�QR�VWDWLVWLFDO�VLJQLILFDQFH�RI�DQ\�GRVH�RQ��

7��RU�76+�����

7KH�ODFN�RI�HIIHFW�RI�DQ\�GRVH�RI�SHUFKORUDWH�RQ�7��DQG�76+�LV�KDUG�WR�H[SODLQ���2QH�PXVW��

QRWH�WKDW�WKHVH�GDWD�DUH�IURP�UDEELWV��WKH�PDMRULW\�RI�RWKHU�GDWD�DUH�IURP�UDWV���WKH�GDWD�ZHUH��

FROOHFWHG���GD\�SULRU�WR�ELUWK��DOO�RWKHU�GDWD�ZHUH�FROOHFWHG�LQ�DGXOWV�RU�IURP�SRVWQDWDO�GD\�WLPH��

SRLQWV��DQG�ZHUH�FROOHFWHG�IURP�WKH�PDWHUQDO�FRPSDUWPHQW���,Q�D�SUHYLRXV�VWXG\�LQ�JXLQHD�SLJV��

�3RVWHO���������HQODUJHG�WK\URLGV�ZHUH�IRXQG�LQ�IHWXVHV��ZKHUHDV�WKHUH�ZDV�QR�FKDQJH�LQ�PDWHUQDO��

ZHLJKW�RU�KLVWRORJ\���/DPSH�HW�DO���������GHPRQVWUDWHG�D�ODUJHU�HIIHFW�RQ�IHWDO�WK\URLG�ZHLJKW��

FRPSDUHG�WR�PDWHUQDO�WK\URLG�ZHLJKWV�GXULQJ�ODWH�JHVWDWLRQDO�H[SRVXUH�WR�SHUFKORUDWH�LQ�UDEELWV�����
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Figure 5-15. Lack of effects from ammonium perchlorate drinking water administration
in pregnant New Zealand rabbits during GD6 to GD28 on T3.  Data of Argus
Research Laboratories, Inc. (1998c).  Samples were obtained on GD28. 
There was no significant effect of treatment.  Daily dose was estimated from
water consumption data.

7KHVH�GDWD�ZDUUDQW�FDXWLRQ�ZKHQ�FRPSDULQJ�HIIHFWV�RI�SHUFKORUDWH�LQ�WKH�PDWHUQDO�ZLWK�WKH�

IHWDO�SRVWQDWDO�FRPSDUWPHQWV��

�

����� ,PPXQRWR[LFLW\�6WXG\�LQ�0LFH�

$Q�DUUD\�RI�����DQG����GD\�H[SHULPHQWV�WR�HYDOXDWH�WKH�HIIHFWV�RI�GULQNLQJ�ZDWHU�

DGPLQLVWUDWLRQ�RI�DPPRQLXP�SHUFKORUDWH�RQ�LPPXQRWR[LFRORJLFDO�DQG�KHPDWRORJLFDO�SDUDPHWHUV�

ZDV�SHUIRUPHG�XVLQJ�IHPDOH�%�&�)��PLFH��.HLO�HW�DO�����������3DUDPHWHUV�DOVR�ZHUH�HYDOXDWHG�

���GD\V�DIWHU�RQH����GD\�VWXG\�WR�DVVHVV�WKH�UHYHUVLELOLW\�RQ�DQ\�REVHUYHG�HIIHFW���7KH�PRXVH�LV�

WKH�W\SLFDO�H[SHULPHQWDO�VSHFLHV�IRU�LPPXQRWR[LFRORJLFDO�VWXGLHV���,Q�DGGLWLRQ��GDWD�ZHUH��
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Figure 5-16. Effects from ammonium perchlorate drinking water administration in
pregnant New Zealand rabbits during GD6 to GD28 on T4.  Data of Argus
Research Laboratories, Inc. (1998c).  Samples were obtained on GD28. 
There was a main effect of treatment.  Means with different letters were
significantly different (p < 0.05, Tukey’s Studentized Range (HSD) Test after
significant main effect).  Daily dose was estimated from water consumption
data.

FROOHFWHG�RQ�WK\URLG�DQG�SLWXLWDU\�KRUPRQHV�DQG�WK\URLG�KLVWRORJ\�WR�SURYLGH�DGGLWLRQDO�LQVLJKW�RQ�

LQWHUVSHFLHV�YDULDELOLW\�E\�FRPSDULVRQ�ZLWK�UHVXOWV�RI�WKH�UDEELW�DQG�UDW�VWXGLHV�LQFOXGHG�LQ�WKH�

WHVWLQJ�VWUDWHJ\���7KH�%�&�)��PLFH����WR����ZHHNV�RI�DJH��ZHUH�DFFOLPDWHG�IRU���ZHHN�SULRU�WR�

LQLWLDWLRQ�RI�DQ\�VWXG\���$PPRQLXP�SHUFKORUDWH�ZDV�REWDLQHG�IURP�WKH�VSRQVRU��$)5/�+(67���

DQG�WKH�VDPH�ORW�ZDV�XVHG�IRU�DOO�VWXGLHV���3ULPDU\�VWRFN�VROXWLRQ�ZDV�SUHSDUHG�DSSUR[LPDWHO\�

HYHU\���WR���PR��DQG�GRVLQJ�VROXWLRQV�ZHUH�SUHSDUHG�ZHHNO\���7KHUH�ZDV�DQ�LQGLFDWLRQ�RI�D�WUHQG�

WKDW�PLFH�H[SRVHG�DW�WKH����PJ�NJ�GD\�OHYHO�FRQVXPHG�VOLJKWO\�OHVV�ZDWHU�RQ�D�ZHHNO\�EDVLV�

�.��P/�ZHHN�OHVV�WKDQ�FRQWURO���FRQVHTXHQWO\��GLIIHUHQFHV�ZHUH�QRWHG�LQ�WKH�DFWXDO�H[SRVXUH�IRU�

WKH�KLJK�GRVH�JURXS�LQ�WKH����GD\�VWXGLHV���7KLV�GLIIHUHQFH�ZDV�QRW�DV�PDUNHG�LQ�WKH����GD\��
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Figure 5-17. Lack of effects from ammonium perchlorate drinking water administration
in pregnant New Zealand rabbits during GD6 to GD28 on TSH.  Data of
Argus Research Laboratories, Inc. (1998b).  Samples were obtained on
GD28.  There was no significant effect of treatment.  Daily dose was
estimated from water consumption data.

VWXGLHV���&RQFHQWUDWLRQ�RI�GRVLQJ�VROXWLRQV�ZDV�YHULILHG�E\�WKH�VSRQVRU��$)5/�+(67��GDWD�QRW�

VKRZQ����7KH�RQH�DSSDUHQW�GLVSDULW\�LQ�GRVH�OHYHO������PJ�NJ�GD\��H[SHULPHQW�QRW�VSHFLILHG��ZDV�

UHFWLILHG�DIWHU�UHH[DPLQDWLRQ�RI�FDOFXODWLRQV��GDWD�QRW�VKRZQ����7KH�PLFH�ZHUH�H[SRVHG�WR�OHYHOV�

RI�������������������RU����PJ�NJ�GD\���7KH�GRVHV�ZHUH�HVWDEOLVKHG�EDVHG�RQ�WKH�PHDQ�ERG\�ZHLJKW�

IRU�HDFK�WUHDWPHQW�JURXS�SHU�ZHHN���(DFK�GRVH�JURXS�FRQVLVWHG�RI���PLFH�IRU�D�WRWDO�RI����SHU�

H[SHULPHQW��

$�QXPEHU�RI����GD\�H[SHULPHQWV�ZHUH�FRQGXFWHG���,Q�([SHULPHQWV�³&´��³*´��³,´��³-´��³7´��

DQG�³.´��WKH�PLFH�ZHUH�VDFULILFHG�DW�'D\�����DQG�ERG\�ZHLJKW��RUJDQ�ZHLJKW�DQG�FHOOXODULW\�

�WK\PXV��VSOHHQ��OLYHU��DQG�NLGQH\���D�QXPEHU�RI�LPPXQRWR[LFRORJ\�DQG�KHPDWRORJLFDO�
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SDUDPHWHUV��WK\URLG�KLVWRORJ\��DQG�WK\URLG�DQG�SLWXLWDU\�KRUPRQH�OHYHOV�ZHUH�PHDVXUHG���

,Q�([SHULPHQWV�³8´�DQG�³9´��PLFH�ZHUH�FKDOOHQJHG�ZLWK�VXEOHWKDO�DPRXQWV��������RU�

������FRORQ\�IRUPLQJ�XQLWV�>&)8@��RI�/LVWHULD�PRQRF\WRJHQHV�RQ�'D\���DQG�WKHQ�VDFULILFHG�RQ�

'D\������7KH�VSOHHQV�ZHUH�UHPRYHG�IRU�D�GHOD\HG�W\SH�K\SHUVHQVLWLYLW\��'7+��DVVD\���

,Q�H[SHULPHQWV�³+´��³)´��DQG�³0´��PLFH�ZHUH�FKDOOHQJHG�ZLWK�3����WXPRU�FHOOV�E\�LS�LQMHFWLRQ���

$W�WKH����GD\�WHUPLQDO�VDFULILFH��WKH�VSOHHQV�ZHUH�UHPRYHG�IRU�WKH�F\WRWR[LF�7�O\PSKRF\WH��&7/��

DFWLYLW\�DVVD\��

$�VHULHV�RI����GD\�H[SHULPHQWV�DOVR�ZHUH�FRQGXFWHG���,Q�([SHULPHQWV�³$´��³'´��DQG�³1´��

PLFH�ZHUH�VDFULILFHG�DIWHU����GD\V��DQG�ERG\�ZHLJKW��RUJDQ�ZHLJKW�DQG�FHOOXODULW\��ERQH�PDUURZ��

WK\PXV��VSOHHQ��OLYHU��DQG�NLGQH\���D�QXPEHU�RI�LPPXQRWR[LFRORJ\�DQG�KHPDWRORJLFDO��

SDUDPHWHUV��WK\URLG�KLVWRORJ\��DQG�WK\URLG�DQG�SLWXLWDU\�KRUPRQH�OHYHOV�ZHUH�PHDVXUHG����

,Q�([SHULPHQWV�³%´�DQG�³(´��WKHVH�VDPH�HQGSRLQWV�ZHUH�PHDVXUHG�DIWHU�D����GD\�UHFRYHU\��

SHULRG���,Q�([SHULPHQW�³3´��PLFH�ZHUH�FKDOOHQJHG�ZLWK�3����WXPRU�FHOOV�E\�LS�LQMHFWLRQ�RQ��

'D\������6SOHHQV�ZHUH�UHPRYHG�DW�WHUPLQDO�VDFULILFH�IRU�WKH�&7/�DFWLYLW\�DVVD\���

7ZR����GD\�VWXGLHV�XVLQJ�KRVW�UHVLVWDQFH�PRGHOV�DOVR�ZHUH�FRQGXFWHG���0LFH�LQ��

([SHULPHQW�³/´�ZHUH�FKDOOHQJHG�ZLWK�/LVWHULD�PRQRF\WRJHQHV�E\�LY�LQMHFWLRQ���$W�WHUPLQDO��

����GD\��VDFULILFH��WKH�VSOHHQV�DQG�OLYHUV�ZHUH�UHPRYHG�DQG�FXOWXUHG�IRU�/LVWHULD�PRQRF\WRJHQHV��

JURZWK���,Q�([SHULPHQWV�³4´�DQG�³2´��PLFH�ZHUH�FKDOOHQJHG�ZLWK�%��)���WXPRU�FHOOV�E\��

LQWUDYHQRXV�LQMHFWLRQ�RQ�'D\������$W�WKH����GD\�VDFULILFH��WKH�OXQJV�ZHUH�UHPRYHG��DQG�WKH��

QXPEHU�RI�WXPRU�QRGXOHV�LQ�ERWK�OXQJV�ZHUH�HQXPHUDWHG���

$QDO\VLV�RI�YDULDQFH�ZDV�SHUIRUPHG�XVLQJ�7XNH\¶V�PXOWLFRPSDULVRQ��S���������IRU�WKH��

YDULRXV�SDUDPHWHUV�PHDVXUHG���$�)LVKHU¶V�PXOWLFRPSDULVRQ�WHVW�ZDV�XVHG�LQ�SUHYLRXV�LQWHULP��

UHSRUWV�EXW�QRW�LQ�WKH�ILQDO�RQH���7KH�SUHYLRXV�DQDO\VHV�UHSRUWHG�HIIHFWV���5HVXOWV�IRU�WKH�JHQHUDO��

WR[LFLW\�DQG�RUJDQ�ZHLJKW�PHDVXUHV�ZLOO�EH�GLVFXVVHG�LQ�6HFWLRQ�����������7K\URLG�KLVWRSDWKRORJ\��

HYDOXDWLRQV�ZLOO�EH�UHSRUWHG�LQ�6HFWLRQ����������DQG�DQDO\VHV�RI�7���7���DQG�76+�LQ��

6HFWLRQ�����������5HVXOWV�IRU�WKH�LPPXQRWR[LFRORJLFDO�DQG�KHPDWRORJLFDO�SDUDPHWHUV�DUH��

GLVFXVVHG�LQ�6HFWLRQV���������DQG�����������$�VXPPDU\�RI�WKH�UHVXOWV�DQG�WKH�SRWHQWLDO�VLJQLILFDQFH��

RI�WKH�SDUDPHWHUV�\HW�WR�EH�PHDVXUHG�LQ�H[SHULPHQWV�LQ�SURJUHVV�ZLOO�EH�SUHVHQWHG�LQ��

6HFWLRQ�����������

��

��
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������� 5HVXOWV�IRU�*HQHUDO�7R[LFLW\��2UJDQ�:HLJKW��DQG�&HOOXODULW\�0HDVXUHV�

7KHUH�ZHUH�QR�HIIHFWV�REVHUYHG�RQ�ERG\��WK\PXV��VSOHHQ��OLYHU��RU�NLGQH\�ZHLJKWV�LQ�WKH�

����������RU�����GD\�VWXGLHV���7KHUH�ZDV�QR�FRQVLVWHQW�DOWHUDWLRQ�LQ�VSOHQLF�FHOOXODULW\�REVHUYHG�LQ�

WKH���±�������RU�����GD\�VWXGLHV��QRU�LQ�VSOHQRF\WH�&'��&'��VXEVHWV���$�GHFUHDVH�LQ�VSOHQLF�

FHOOXODULW\�ZDV�REVHUYHG�LQ�WKH����GD\�H[SHULPHQW�³-´�DQG�WKH����GD\�([SHULPHQW�³1´�DW�WKH�

���DQG����PJ�NJ�GD\�DPPRQLXP�SHUFKORUDWH�GRVHV���,QFUHDVHG�VSOHQLF�FHOOXODULW\�ZDV�REVHUYHG�LQ�

WKH����GD\�([SHULPHQW�³&´�DW����DQG���PJ�NJ�GD\�GRVHV���7KH�GHFUHDVHV�RU�LQFUHDVHV�LQ�WRWDO�

VSOHHQ�FHOOV��DW�UDQGRP�GRVHV��LQ�([SHULPHQWV�³-´��³1´��DQG�³&´�PD\�KDYH�EHHQ�FDXVHG�E\�

WHFKQLFDO�HUURU��EHFDXVH��LQ�HDFK�RI�WKHVH�WKUHH�H[SHULPHQWV��WKH�VSOHHQ�ZHLJKWV�RU�VSOHHQ�ZHLJKW��

WR�ERG\�ZHLJKW�UDWLRV�ZHUH�QRW�GLIIHUHQW�IURP�WKH�FRQWUROV��DQG�WKH�FKDQJHV�LQ�FHOOXODULW\�ZHUH�QRW��

GRVH�GHSHQGHQW���)XUWKHUPRUH��VSOHQLF�FHOOXODULW\�ZDV�QRW�DIIHFWHG�LQ�WZR�RWKHU����GD\�VWXGLHV��

�³*´�DQG�³,´��RU�LQ�WZR�RWKHU����GD\�VWXGLHV��³$´�DQG�³'´����$Q�LQFUHDVH�LQ�VSOHQLF�FHOOXODULW\�LV��

LQGLFDWHG�IRU�PLFH�H[SRVHG�WR����PJ�NJ�GD\�LQ�WKH�ILJXUH�IRU�WKH�����GD\�([SHULPHQW�³%´���

KRZHYHU��WKH�VWDWLVWLFV�IRU�WKHVH�GDWD�ZHUH�QRW�IRXQG�LQ�WKH�UHSRUW��.HLO�HW�DO�����������6LPLODUO\���

QR�VWDWLVWLFV�ZHUH�IRXQG�IRU�([SHULPHQW�³(´��DQRWKHU�����GD\�VWXG\�SUHVHQWHG�DV�D�ILJXUH�ZLWK�QR��

HIIHFWV�LQGLFDWHG���

1R�FRQVLVWHQW�DOWHUDWLRQ�LQ�WK\PXV�WRWDO�FHOOXODULW\�ZDV�REVHUYHG�LQ�����DQG����GD\�VWXGLHV���

QR�����GD\�VWXG\�GDWD�DUH�SUHVHQWHG���7K\PXV�FHOOXODULW\��KRZHYHU��ZDV�DIIHFWHG�LQ�WKH����GD\��

([SHULPHQW�³&´�DW���PJ�NJ�GD\���%HFDXVH�WKLV�UHGXFWLRQ�RFFXUUHG�LQ�WKH�DEVHQFH�RI�D�GHFUHDVH�LQ��

WK\PXV�ZHLJKWV��WKHVH�UHVXOWV�VXJJHVW�WKDW�WHFKQLFDO�HUURUV�PD\�KDYH�SOD\HG�D�UROH�LQ�WKH��

GHYHORSPHQW�RI�WKHVH�GDWD���1R�FRQVLVWHQW�DOWHUDWLRQ�LQ�WK\PRF\WH�VXEVHWV�ZDV�REVHUYHG�LQ��

����DQG����GD\�VWXGLHV��QR�����GD\�VWXG\�GDWD�DUH�SUHVHQWHG���7KH�&'��&'���WK\PRF\WHV�ZHUH��

LQFUHDVHG�LQ�PLFH�H[SRVHG�WR�������������DQG����PJ�NJ�GD\�GRVHV�LQ�WKH����GD\�([SHULPHQW�³&´���

ZKHUHDV�&'��&'���WK\PRF\WHV�ZHUH�GHFUHDVHG�DW�WKH�����PJ�NJ�GD\�GRVH���+RZHYHU��LQ�DQRWKHU��

���GD\�VWXG\��³*´���QR�FKDQJH�LQ�WK\PRF\WH�VXESRSXODWLRQV�ZDV�REVHUYHG���$Q�LQFUHDVH�LQ�WKH��

SHUFHQWDJH�RI�&'��&'���WK\PRF\WHV�DQG�D�GHFUHDVH�LQ�&'��&'���WK\PRF\WHV�ZHUH�REVHUYHG��

LQ�PLFH�H[SRVHG�WR����PJ�NJ�GD\�LQ�WKH����GD\�([SHULPHQW�³'´��KRZHYHU��LQ�WZR�RWKHU����GD\��

VWXGLHV��³$´�DQG�³1´���QR�FKDQJHV�LQ�WK\PRF\WH�VXESRSXODWLRQV�ZHUH�REVHUYHG���

1R�FRQVLVWHQW�DOWHUDWLRQ�LQ�SHULWRQHDO�PDFURSKDJH�FHOOXODULW\�ZDV�REVHUYHG�LQ�����������DQG��

����GD\�VWXGLHV���$�GHFUHDVH�LQ�FHOOXODULW\�ZDV�QRWHG�LQ�WKH���PJ�NJ�GD\�JURXS�LQ�WKH����GD\���

VWXG\��³'´���ZKHUHDV�DQ�LQFUHDVH�LQ�FHOOXODULW\��DW�WKLV�VDPH�GRVDJH��ZDV�REVHUYHG�LQ�WKH����GD\��
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VWXG\��³$´����,Q�D�UHSHDW����GD\�VWXG\��³1´���QR�FKDQJHV�LQ�SHULWRQHDO�PDFURSKDJH�FHOOXODULW\�

ZHUH�REVHUYHG�LQ�DQ\�GRVDJH�JURXS�FRPSDUHG�ZLWK�WKH�FRQWURO�JURXS���1R�HIIHFWV�ZHUH�REVHUYHG�

RQ�ERQH�PDUURZ�FHOOXODULW\�LQ�����DQG����GD\�H[SHULPHQWV���%HFDXVH�RI�WKH�DEVHQFH�RI�HIIHFWV�LQ�

WKHVH�VWXGLHV��QR�����GD\�VWXG\�ZDV�SHUIRUPHG��

�

������� (YDOXDWLRQ�RI�7K\URLG�+LVWRORJ\�

7KH�(3$�H[SHFWV�WR�UHFHLYH�WK\URLG�KLVWRORJ\�GDWD�IRU�WKHVH�PLFH�E\�-DQXDU\����DQG�ZLOO�

SUHVHQW�UHVXOWV�RI�WKH�DQDO\VHV�WKHUHRI�DW�WKH�H[WHUQDO�SHHU�UHYLHZ�PHHWLQJ����

�

������� 7K\URLG�DQG�3LWXLWDU\�+RUPRQH�$QDO\VHV��

7KH�UHSRUW��.HLO�HW�DO���������FRQWDLQV�WK\URLG�KRUPRQH�DQG�WK\URWURSKLQ��76+��GDWD�IURP��

����DQG����GD\�H[SRVXUHV�WR�DPPRQLXP�SHUFKORUDWH�LQ�%�&�)��PLFH���7KH�IROORZLQJ�LV�D��

VWDWLVWLFDO�DQDO\VLV�RI�WKH�WK\URLG�DQG�SLWXLWDU\�KRUPRQH�GDWD��7��DQG�76+��IRXQG�LQ�WKDW�UHSRUW����

7KHUH�ZHUH�QR�GDWD�IRU�7��UHSRUWHG��.HLO�HW�DO�����������7KH�(3$�UHDQDO\]HG�WKH�GDWD�WKDW�ZHUH��

VXSSOLHG�LQ�([FHO��VSUHDGVKHHWV�WR�(3$�E\�'U��'HERUDK�.HLO��DQG�WKH�GDWD�DUH�SXEOLVKHG�WKHUHLQ��

�&URIWRQ������L����'DWD�IRU�GHSHQGHQW�PHDVXUHV��7��DQG�76+��ZHUH�VXEMHFWHG�WR�VHSDUDWH��

DQDO\VHV���7KH�7��GDWD�ZHUH�DQDO\]HG�ZLWK�D�WZR�ZD\�$129$��ZLWK�GXUDWLRQ����������DQG��

����GD\V��DQG�WUHDWPHQW��GRVH��DV�WKH�LQGHSHQGHQW�EHWZHHQ�VXEMHFWV�YDULDEOHV���7KH�76+�GDWD��

ZHUH�DQDO\]HG�ZLWK�D�WZR�ZD\�$129$�ZLWK�GXUDWLRQ�����DQG�����GD\V��DQG�WUHDWPHQW��GRVH��DV��

WKH�LQGHSHQGHQW�EHWZHHQ�VXEMHFWV�YDULDEOHV���0HDQ�FRQWUDVWV�ZHUH�SHUIRUPHG�XVLQJ�7XNH\¶V��

6WXGHQWL]HG�5DQJH��+6'��7HVW���7R�FRUUHFW�IRU�PXOWLSOH�FRPSDULVRQV��L�H���VHSDUDWH�DQDO\VHV�IRU��

7��DQG�76+���WKH�DFFHSWDEOH�DOSKD�IRU�VLJQLILFDQFH��IRU�DOO�LQWHUDFWLRQ�PDLQ�HIIHFWV�WHVWV��ZDV��

FRUUHFWHG�WR��������DOSKD�RI������GLYLGHG�E\�WKH�VTXDUH�URRW�RI�WKH�QXPEHU�RI�GHSHQGHQW��

YDULDEOHV����

7KHUH�ZDV�D�VLJQLILFDQW�GXUDWLRQ�E\�WUHDWPHQW�LQWHUDFWLRQ�RQ�7��DQG�VLJQLILFDQW�PDLQ�HIIHFW��

RI�WUHDWPHQW�IRU�WKH�����DQG����GD\�GDWD���7KHUH�ZDV�QR�PDLQ�HIIHFW�RI�WUHDWPHQW�IRU�WKH�����GD\��

GDWD���7KH�7��GDWD�DUH�SORWWHG�LQ�)LJXUH��������7KHUH�ZDV�QR�VLJQLILFDQW�LQWHUDFWLRQ�RI�GXUDWLRQ��

DQG�WUHDWPHQW��QRU�ZDV�WKHUH�D�PDLQ�HIIHFW�RI�WUHDWPHQW�RQ�76+���'DWD�DUH�SORWWHG�LQ�)LJXUH��������

5HVXOWV�RI�WKHVH�(3$�UHDQDO\VHV�DUH�GLIIHUHQW�IURP�WKRVH�VWDWHG�LQ�WKH��.HLO�HW�DO����������

UHSRUW���7KH�(3$�UHDQDO\VLV�RI�WKH�GDWD�LQGLFDWHV�D�VWDWLVWLFDOO\�VLJQLILFDQW�WLPH��DQG��

GRVDJH�GHSHQGHQW�GHFUHDVH�LQ�7��IROORZLQJ�SHUFKORUDWH�H[SRVXUH��DIWHU����GD\V�RI�H[SRVXUH�DW���
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Figure 5-18. Effects from drinking water administration of ammonium perchlorate in
mice on total serum T4.  Data of Keil et al. (1998).  Mice were exposed for
90 days.  Samples were obtained on Days 14 and 90 and 30 days after
cessation of exposure (Day 120).  There was a significant interaction of
duration and treatment, and main effects of treatment on Days 14 and 90. 
Means with different letters were significantly different (p < 0.05).  Daily
dose was estimated from water consumption data.

���PJ�NJ�GD\�DQG�DIWHU����GD\V�RI�H[SRVXUH�DW�������DQG����PJ�NJ�GD\���7KH�GHFUHDVH�LQ�

7��UHFRYHUHG�WR�FRQWURO�YDOXHV����GD\V�DIWHU�FHVVDWLRQ�RI�H[SRVXUH��'D\��������7KH�12$(/�IRU�

WKH�HIIHFWV�RI�SHUFKORUDWH�RQ�7��LQ�WKH�PRXVH�ZDV�����PJ�NJ�GD\���7KHUH�ZDV�QR�VWDWLVWLFDO�

VLJQLILFDQFH�RI�DQ\�GRVH�RI�SHUFKORUDWH�RQ�76+��

�

������� 5HVXOWV�RI�,PPXQH�)XQFWLRQ�$VVD\V�

1R�FRQVLVWHQW�DOWHUDWLRQ�LQ�&7/�DFWLYLW\�ZDV�REVHUYHG�LQ�WKUHH����GD\�VWXGLHV��³0´��³+´��

DQG�³)´����1R�HIIHFWV�ZHUH�REVHUYHG�RQ�&7/�DFWLYLW\�LQ�([SHULPHQWV�³0´�DQG�³+´���+RZHYHU���
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Figure 5-19. Effects from drinking water administration of ammonium perchlorate
exposure in mice on total serum TSH.  Data of Keil et al. (1998).  Mice were
exposed for 90 days. Samples were obtained at the end of exposure (Day 90)
and 30 days after cessation of exposure on Day 120.  There was no significant
interaction of duration and treatment, nor was there a main effect of
treatment.  Daily dose was estimated from water consumption data.

LQ�([SHULPHQW�³)´��LQFUHDVHV�LQ�&7/�DFWLYLW\�ZHUH�REVHUYHG�DW�WKH�����PJ�NJ�GD\�DPPRQLXP�

SHUFKORUDWH�GRVH�IRU�(�7�UDWLRV�RI��������������DQG�������DQG��DW�WKH����DQG���PJ�NJ�GD\�GRVHV��IRU�

DQ�(�7�UDWLR�RI��������,Q�D����GD\�VWXG\��³3´��WKHUH�ZHUH�QR�DOWHUDWLRQV�LQ�&7/�DFWLYLW\�DW�DQ\�

GRVDJHV�RU�(�7�UDWLRV���7KHUH�ZDV�DOVR�QR�FRQVLVWHQW�DOWHUDWLRQ�LQ�WKH�'7+�UHVSRQVH��DV�PHDVXUHG�

E\�WKH�O\PSKRSUROLIHUDWLRQ��/3��RI��VSOHQRF\WHV�IURP�/��PRQRF\WRJHQHV�FKDOOHQJHG�PLFH�

LQFXEDWHG�ZLWK�VROXEOH�/LVWHULD�DQWLJHQ��6/$���LQ�WZR����GD\�VWXGLHV��³8´�DQG�³9´����7KH�

/3�UHVSRQVH�ZDV�LQFUHDVHG�RQO\�LQ�FXOWXUHG�VSOHQRF\WHV�IURP�PLFH�LQ�WKH����PJ�NJ�GD\�JURXS�

VWLPXODWHG�ZLWK������J�P/�6/$�LQ�([SHULPHQW�³8´�DQG�LQ�VSOHQRF\WH�FXOWXUHV�IURP�PLFH�LQ�WKH�
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��PJ�NJ�GD\�JURXS�VWLPXODWHG�ZLWK����J�P/�6/$�LQ�([SHULPHQW�³9´���7KH�³5HVXOWV�6XPPDU\�

DQG�6WDWXV´�SDJH��.HLO�HW�DO���������LQGLFDWHV�WKDW�D����GD\�'7+�VWXG\�LV�SODQQHG��

1R�DOWHUDWLRQ�LQ�VSOHQLF�QDWXUDO�NLOOHU��1.��FHOO�DFWLYLW\�ZDV�REVHUYHG�LQ�WZR����GD\�VWXGLHV�

�³*´�DQG�³7´����7KH����GD\�([SHULPHQW�³7´�GDWD�DUH�SUHVHQWHG�LQ�D�WDEOH��KRZHYHU��WKH�UDZ�GDWD�

DQG�VWDWLVWLFV�IRU�WKLV�VWXG\�ZHUH�QRW�IRXQG�LQ�WKH�VXEPLVVLRQ���,QFRQVLVWHQW�UHVXOWV�ZHUH�REWDLQHG�

LQ�WZR����GD\�VWXGLHV��³'´�DQG�³1´��LQ�ZKLFK�1.�FHOO�DFWLYLW\�ZDV�LQFUHDVHG�DW�WKH����PJ�NJ��

GD\�DPPRQLXP�SHUFKORUDWH�LQ�([SHULPHQW�³1´��EXW�QR�HIIHFWV�ZHUH�REVHUYHG�DW�DQ\�GRVHV�LQ�

([SHULPHQW�³'´���$�VLPLODU�LQFUHDVH�LQ�1.�FHOO�DFWLYLW\�DW�WKH����PJ�NJ�GD\�GRVH�ZDV�REVHUYHG�

LQ�WKH�����GD\�([SHULPHQW�³(´���7KH�ODFN�RI�DQ\�FKDQJH�LQ�WKH�QXPEHU�RI�%��)���WXPRU�QRGXOHV�

LQ�WKH�OXQJV�RI�PLFH�IURP�WKH����GD\�³4´�VWXG\��SDUWLFXODUO\�DW����PJ�NJ�GD\��VXJJHVWV�WKDW�WKH��

LQFUHDVHG�1.�DFWLYLW\�GRHV�QRW�UHIOHFW�D�VLJQLILFDQW�ELRORJLFDO�HIIHFW��VHH�EHORZ����7KH�(3$�QRWHV��

WKDW�WKHUH�LV�D�JRRG�GHDO�RI�YDULDWLRQ�LQ�1.�DFWLYLW\�GDWD�IRU�WKH�FRQWUROV�LQ�WKH����GD\�³*´�VWXG\���

WKH����GD\�³'´�DQG�³1´�VWXGLHV��DQG�WKH�����GD\�³(´�VWXG\��ZKLFK�ZHUH����������������DQG��

�����O\WLF�XQLWV�����VSOHQRF\WHV��UHVSHFWLYHO\���

'HFUHDVHG�SKDJRF\WRVLV�ZDV�REVHUYHG�DW���DQG����PJ�NJ�GD\�RI�DPPRQLXP�SHUFKORUDWH�LQ��

WKH����GD\�³&´�DQG����GD\�³$´�VWXGLHV���,Q�WKH����GD\�³1´�VWXG\��PDFURSKDJH�SKDJRF\WRVLV�ZDV��

GHFUHDVHG�LQ�DOO�GRVDJH�JURXSV���+RZHYHU��LQ�WKH����GD\�³*´�DQG����GD\�³'´�VWXGLHV�DQG�LQ�WZR��

����GD\�VWXGLHV��³%´�DQG�³(´���QR�HIIHFW�RQ�PDFURSKDJH�SKDJRF\WRVLV�ZDV�REVHUYHG���7KHVH�GDWD��

VXJJHVW�WKDW�DPPRQLXP�SHUFKORUDWH�VXSSUHVVHV�WKH�SKDJRF\WLF�FDSDFLW\�RI�SHULWRQHDO��

PDFURSKDJHV��EXW�WKDW�WKLV�VXSSUHVVLRQ�PD\�EH�UHYHUVHG�DIWHU�D����GD\�UHFRYHU\�SHULRG����

1R�FRQVLVWHQW�DOWHUDWLRQ�LQ�SHULWRQHDO�PDFURSKDJH�QLWULWH�SURGXFWLRQ�ZDV�REVHUYHG�LQ������������

DQG�����GD\�VWXGLHV���,QFUHDVHG�QLWULWH�SURGXFWLRQ�IURP�PDFURSKDJHV�FXOWXUHG�ZLWK�LQWHUIHURQ��

�,)1��RFFXUUHG�DW�GRVDJHV�RI���DQG����PJ�NJ�GD\�DQG�IURP�PDFURSKDJHV�FXOWXUHG�ZLWK�,)1�DQG��

OLSRSRO\VDFFKDULGH�IRU�WKH����PJ�NJ�GD\�GRVH�LQ�WKH����GD\�³'´�VWXG\���$OVR��LQFUHDVHG�QLWULWH��

SURGXFWLRQ�IURP�PDFURSKDJHV�FXOWXUHG�ZLWK�,)1�ZDV�REVHUYHG�DW���PJ�NJ�GD\�LQ�WKH����GD\�³1´��

VWXG\���$Q�LQFUHDVH�LQ�QLWULWH�SURGXFWLRQ�IRU�PDFURSKDJHV�FXOWXUHG�ZLWK�,)1�RU�/36�DORQH�DOVR��

RFFXUUHG�IRU�WKH����PJ�NJ�GD\�JURXS�LQ�WKH�����GD\�³%´�VWXG\���7KHVH�GDWD��VXJJHVW�D�³WUHQG´��

WRZDUG�LQFUHDVHG�QLWULWH�SURGXFWLRQ�DW�WKH�KLJKHU�GRVDJHV�RI�DPPRQLXP�SHUFKORUDWH�����

$�VLQJOH�VWXG\�����GD\�([SHULPHQW�³/´��KDV�EHHQ�SHUIRUPHG�WR�GHWHUPLQH�LI�H[SRVXUH�RI��

PLFH�WR�DPPRQLXP�SHUFKORUDWH�UHVXOWV�LQ�DOWHUDWLRQV�LQ�UHVLVWDQFH�WR�LQIHFWLRQ�ZLWK��

/��PRQRF\WRJHQHV���$�³WUHQG´�WRZDUG�LQFUHDVHG�UHVLVWDQFH�ZDV�VXJJHVWHG�E\�WKH�GDWD��KRZHYHU���
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WHFKQLFDO�GLIILFXOWLHV�ZHUH�HQFRXQWHUHG���)RU�H[DPSOH��WKHUH�ZDV�YDULDELOLW\�LQ�WKH�QXPEHU�RI�

/��PRQRF\WRJHQHV�&)8�J�OLYHU�UHFRYHUHG�IURP�FRQWURO�PLFH���$OVR��LW�ZDV�QRW�SRVVLEOH�WR�

HQXPHUDWH�WKH�QXPEHU�RI�&)8�J�VSOHHQ�LQ�PLFH�EHFDXVH�RI�LQDGHTXDWH�GLOXWLRQ�RI�VSOHHQ�

VXVSHQVLRQV���$GGLWLRQDO�DVVD\V�DUH�FXUUHQWO\�LQ�SURJUHVV��VHH�.HLO�HW�DO���������³5HVXOWV�

6XPPDU\�DQG�6WDWXV´�SDJH����1R�HIIHFWV�ZHUH�REVHUYHG�LQ�WKH�VLQJOH����GD\�%�)���WXPRU�

FKDOOHQJH�KRVW�UHVLVWDQFH�PRGHO��([SHULPHQW�³4´����$QRWKHU�H[SHULPHQW��³2´��LV�LQ�SURJUHVV��

�

������� 5HVXOWV�IRU�(YDOXDWLRQV�RI�+HPDWRORJLFDO�3DUDPHWHUV�

7KHUH�ZHUH�QR�GLIIHUHQFHV�REVHUYHG�EHWZHHQ�FRQWURO�DQG�GRVHG�PLFH�LQ�����RU����GD\�

H[SHULPHQWV�IRU�HU\WKURF\WH�FHOO�FRXQW��KHPRJORELQ��KHPDWRFULW��PHDQ�FRUSXVFXODU�YROXPH��PHDQ��

FRUSXVFXODU�KHPRJORELQ��DQG�PHDQ�FRUSXVFXODU�KHPRJORELQ�FRQFHQWUDWLRQ��QRU�LQ�OHXNRF\WH�FHOO��

FRXQW�DQG�GLIIHUHQWLDO�FRXQWV���%HFDXVH�RI�WKH�DEVHQFH�RI�HIIHFWV�LQ�WKHVH�VWXGLHV��QR�����GD\��

VWXG\�ZDV�SHUIRUPHG���1R�HIIHFWV�ZHUH�REVHUYHG�LQ�D�VLQJOH����GD\�VWXG\��([SHULPHQW�³7´��RQ��

SODWHOHW�FRXQWV���$Q�LQFUHDVH�LQ�WKH�SHUFHQWDJH�RI�UHWLFXORF\WHV�ZDV�REVHUYHG�LQ�WKH�SHULSKHUDO��

EORRG�RI�PLFH�H[SRVHG�WR���PJ�NJ�GD\�RI�DPPRQLXP�SHUFKORUDWH�LQ�D����GD\�VWXG\��³1´����1R��

RWKHU�UHWLFXORF\WH�GDWD�DUH�DYDLODEOH�EHFDXVH�RI�³WKH�PLQLPDO�DYDLODELOLW\�RI�EORRG�REWDLQHG�IURP��

HDFK�PRXVH´�LQ�RWKHU�VWXGLHV��KRZHYHU��D����GD\�VWXG\�LV�SODQQHG��VHH�.HLO�HW�DO���������³5HVXOWV��

6XPPDU\�DQG�6WDWXV´�SDJH����

1R�FRQVLVWHQW�DOWHUDWLRQ�LQ�WKH�ERQH�PDUURZ�VWHP�FHOO�DVVD\�ZDV�REVHUYHG���$Q�LQFUHDVH�LQ��

WKH�QXPEHU�RI�FRORQ\�IRUPLQJ�XQLWV�ZDV�REVHUYHG�LQ�ERQH�PDUURZ�FHOO�FXOWXUHV�IURP�PLFH�GRVHG��

DW����PJ�NJ�GD\�LQ�D����GD\�VWXG\��³.´����+RZHYHU��WKHUH�ZDV�QR�HIIHFW�RI�DPPRQLXP��

SHUFKORUDWH�H[SRVXUH�RQ�WKH�VWHP�FHOO�DVVD\�LQ�D����GD\�VWXG\��³'´����5HSHDW�����DQG����GD\��

VWXGLHV�RQ�WKH�VWHP�FHOO�DVVD\�DUH�LQ�SURJUHVV��VHH�.HLO�HW�DO���������³5HVXOWV�6XPPDU\�DQG��

6WDWXV´�SDJH����

��

������� 5HVXOWV�6XPPDU\�ZLWK�D�'LVFXVVLRQ�RI�3DUDPHWHUV�RI�([SHULPHQWV�LQ�3URJUHVV��

$OWKRXJK�LQQDWH��L�H���PDFURSKDJH�DQG�1.�FHOO�IXQFWLRQ��DQG�FHOO�PHGLDWHG��L�H���F\WRWR[LF��

7�O\PSKRF\WHV�>&7/@��&'���DQG�&'���LPPXQH�IXQFWLRQV�ZHUH�HYDOXDWHG��(3$�QRWHG�WKDW��

KXPRUDO�LPPXQLW\��L�H���%�FHOOV�DQG�DQWLERG\�UHVSRQVH��ZDV�QRW��DOWKRXJK�VXJJHVWHG�E\�DQ�(3$��

UHYLHZHU�RQ�SURWRFRO�UHYLHZ���7KH�(3$�VXJJHVWHG�VWURQJO\�WKDW�WKH�DQWLERG\�UHVSRQVH�WR�VKHHS��

UHG�EORRG�FHOO�UHVSRQVH��65%&��LV�RQH�RI�WKH�PRVW�FRPPRQO\�HIIHFWHG�IXQFWLRQDO�SDUDPHWHUV�LQ��
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DQLPDOV�H[SRVHG�WR�FKHPLFDO�LPPXQRVXSSUHVVDQWV��/XVWHU�HW�DO�����������,Q�IDFW��LW�LV�RQH�RI�WKH�

DVVD\V�UHTXLUHG�E\�(3$�IRU�WHVW�UXOHV���7KH�VSRQVRU�DQG�LQYHVWLJDWRUV��.HLO�HW�DO����������KDYH�

DJUHHG�WR�SHUIRUP�WKLV�DVVD\��DQG�WKH�UHVXOWV�ZLOO�EH�DYDLODEOH�DW�WKH�HQG�RI�-DQXDU\��������7KH�

(3$�ZLOO�HYDOXDWH�WKH�UHVXOWV�DQG�SUHVHQW�WKHP�DW�WKH�H[WHUQDO�SHHU�UHYLHZ�PHHWLQJ���

8QIRUWXQDWHO\��UHVXOWV�RI�WKH�WZR�KRVW�UHVLVWDQFH�PRGHOV�ZLOO�QRW�EH�DYDLODEOH�XQWLO�-XQH��������

7KHVH�GDWD�ZRXOG�SURYLGH�D�PRUH�FRPSUHKHQVLYH�HYDOXDWLRQ�RI�WKH�SRWHQWLDO�IRU�

LPPXQRVXSSUHVVLRQ���1R�RIILFLDO�UHVSRQVH�IRU�DQ�(3$�UHTXHVW�WR�SHUIRUP�D�VHQVLWL]DWLRQ�WHVW�KDV�

EHHQ�UHFHLYHG�DW�WKLV�GDWH���)LQDOO\��WKH�WK\URLG�KLVWRORJ\�DQG�WK\URLG�DQG�SLWXLWDU\�KRUPRQH�GDWD�

ZLOO�SURYLGH�DGGLWLRQDO�LQVLJKWV�RQ�LQWHUVSHFLHV�YDULDELOLW\�IRU�WKLV�HIIHFW��

7R�GDWH��WKH�PRVW�³FRQVLVWHQW´�DQG�SRWHQWLDOO\�VLJQLILFDQW�LPPXQH�IXQFWLRQ�SDUDPHWHU��

HIIHFWHG�LV�WKH�VXSSUHVVLRQ�RI�SHULWRQHDO�PDFURSKDJH�SKDJRF\WRVLV�RI�/��PRQRF\WRJHQHV����

'HFUHDVHG�SKDJRF\WRVLV�RI�WKLV�EDFWHULXP�ZDV�REVHUYHG�DW����DQG����PJ�NJ�GD\�GRVHV�RI��

DPPRQLXP�SHUFKORUDWH�LQ�D����GD\�VWXG\��³&´��DQG�LQ�D����GD\�VWXG\��³$´���ZKHUHDV��LQ�WKH��

���GD\�³1´�VWXG\��WKH�SKDJRF\WRVLV�ZDV�GHFUHDVHG�LQ�DOO�GRVDJH�JURXSV���+RZHYHU��LQ�WKH����GD\��

VWXG\��³*´��DQG����GD\�VWXG\��³'´���QR�DOWHUDWLRQ�LQ�PDFURSKDJH�SKDJRF\WLF�DFWLYLW\�ZDV��

REVHUYHG���,Q�WKH�WZR�����GD\�����GD\�UHFRYHU\��³%´�DQG�³(´�VWXGLHV��QR�HIIHFW�RQ�PDFURSKDJH��

SKDJRF\WRVLV�ZDV�REVHUYHG���7DNHQ�WRJHWKHU��WKHVH�GDWD�VXJJHVW�WKDW�DPPRQLXP�SHUFKORDUWH��

VXSSUHVVHV�WKH�SKDJRF\WLF�FDSDFLW\�RI�SHULWRQHDO�PDFURSKDJHV��EXW�WKDW�WKLV�VXSSUHVVLRQ�LV��

UHYHUVHG�DIWHU�D����GD\�UHFRYHU\�SHULRG���

7KLV�GHFUHDVH�LQ�PDFURSKDJH�SKDJRF\WLF�DFWLYLW\�FRXOG�EH�H[SHFWHG�WR�EH�UHIOHFWHG�LQ�WKH��

UHVXOWV�RI�WKH�/��PRQRF\WRJHQHV�LQIHFWLYLW\�GDWD�EHFDXVH��DORQJ�ZLWK�RWKHU�LPPXQH�V\VWHP��

FRPSRQHQWV��PDFURSKDJHV�SOD\�D�SLYRWDO�UROH�LQ�UHVLVWDQFH�WR�LQIHFWLRQ�E\�WKLV�EDFWHULXP����

)RU�H[DPSOH��WKH�SDWKRJHQHVLV�RI�/��PRQRF\WRJHQHV�LV�DVVRFLDWHG�ZLWK�LWV�DELOLW\�WR�JURZ�ZLWKLQ��

PRQRQXFOHDU�SKDJRF\WHV���&RPSOHPHQW��&¶��SOD\V�DQ�LPSRUWDQW�UROH�LQ�/��PRQRF\WRJHQHV��

LQIHFWLRQV��DV�GHPRQVWUDWHG�E\�WKH�IDFW�WKDW�&¶�GHILFLHQW�PLFH�KDYH�LPSDLUHG�KRVW�UHVLVWDQFH�WR��

WKLV�EDFWHULXP���7KLV�LPSDLUPHQW�LQ�&¶�GHILFLHQW�PLFH�LV�FDXVHG�E\�WKH�DEVHQFH�RI�PDFURSKDJH���

DVVRFLDWHG�&¶���7KH�7�O\PSKRF\WHV�DOVR�SOD\�D�PDMRU�UROH�LQ�GHIHQVH�DJDLQVW�/��PRQRF\WRJHQHV��

EHFDXVH�FRPSOHWH�HOLPLQDWLRQ�RI�EDFWHULD�IURP�LQIHFWHG�WLVVXH�LV�DFFRPSOLVKHG�E\�PDFURSKDJHV��

DFWLYDWHG�E\�7�FHOO�GHSHQGHQW�PHFKDQLVPV���

+RZHYHU��D�³WUHQG´�WRZDUG�LQFUHDVHG�UHVLVWDQFH�WR�/��PRQRF\WRJHQHV�LQIHFWLRQ�ZDV��

VXJJHVWHG�E\�WKH�RQO\�LQIHFWLYLW\�GDWD�DYDLODEOH�DW�WKLV�WLPH��L�H������GD\�([SHULPHQW�³/´����7KHVH��
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GDWD��KRZHYHU��DUH�VXVSHFW��JLYHQ�WKDW�WHFKQLFDO�GLIILFXOWLHV�ZHUH�HQFRXQWHUHG���7KHVH�LQFOXGHG�

FRQVLGHUDEOH�YDULDELOLW\�LQ�WKH�QXPEHU�RI�/��PRQRF\WRJHQHV�&)8�J�OLYHU�UHFRYHUHG�IURP�FRQWURO�

PLFH��DV�ZHOO�DV�WKH�LQDELOLW\�WR�HQXPHUDWH�WKH�QXPEHU�RI�&)8�J�VSOHHQ�LQ�PLFH�EHFDXVH�RI�

LQDGHTXDWH�GLOXWLRQ�RI�VSOHHQ�VXVSHQVLRQV���$GGLWLRQDO�DVVD\V�DUH�LQ�SURJUHVV��VHH�.HLO�HW�DO���

������³5HVXOWV�6XPPDU\�DQG�6WDWXV´�SDJH���DQG�SHUKDSV�WKHVH�H[SHULPHQWV�ZLOO�GHFUHDVH�WKH�

YDULDELOLW\��DQG�D�FRQVLVWHQW�SDWWHUQ�ZLOO�HPHUJH���7KH�(3$�TXHVWLRQHG�ZK\�WKH�SKDJRF\WLF�LQGH[�

�L�H���QXPEHU�RI�EDFWHULD�SHU�PDFURSKDJH��ZDV�QRW�SHUIRUPHG�WR�EHWWHU�DVVHVV�WKH�SKDJRF\WLF�

FDSDFLW\�RI�PDFURSKDJHV���7KLV�LV�URXWLQHO\�GRQH�ZLWK�WKH�SHUFHQWDJH�RI�PDFURSKDJHV�WKDW�

SKDJRF\WL]HG�EDFWHULD�DV�ZHOO���7KH�(3$�KDV�UHTXHVWHG�WKDW�WKHVH�LQGLFHV�EH�PHDVXUHG�LQ�WKH�

UHPDLQLQJ�H[SHULPHQWV���

2WKHU�WUHQGV�ZHUH�VXJJHVWHG�LQ�YDULRXV�H[SHULPHQWV��H�J���PDFURSKDJH�QLWULWH�SURGXFWLRQ���

ERQH�PDUURZ�VWHP�FHOO�DVVD\���EXW�WKH�YDULDELOLW\�DQG�LVVXH�RI�SRVVLEOH�WHFKQLFDO�GLIILFXOWLHV��

EHWZHHQ�VWXGLHV�RU�ODFN�RI�VWDWLVWLFDO�DQDO\VHV�SUHFOXGHG�GHILQLWLYH�FRQFOXVLRQV���6RPH�RI�WKH��

UHSHDW�DVVD\V�SODQQHG�PD\�SURYLGH�D�PRUH�FRKHUHQW�SLFWXUH���$W�WKLV�SRLQW��WKH����GD\��

([SHULPHQW�³1´�LGHQWLILHV�D�/2$(/�IRU�DQ�HIIHFW�RQ�PDFURSKDJH�SKDJRF\WRVLV�DW�����PJ�NJ�GD\���

ZKHUHDV�WZR�RWKHUV��WKH�����DQG����GD\�³&´�DQG�³$´�VWXGLHV��LGHQWLI\�WKH�12$(/�DW��

����PJ�NJ�GD\�DQG�WKH�/2$(/�DW�����PJ�NJ�GD\��DQG�D�FRQFHUQ�IRU�SRWHQWLDO�LPPXQRWR[LFLW\��

UHPDLQV�WR�EH�UHVROYHG�ZLWK�PRUH�GHILQLWLYH�WHVWLQJ���

��

��

��� *(1272;,&,7<�$66$<6��

0DQ7HFK�(QYLURQPHQWDO�7HFKQRORJ\��,QF���SHUIRUPHG�D�EDWWHU\�RI�WKUHH�JHQRWR[LFLW\�DVVD\V��

�6DOPRQHOOD�W\SKLPXULXP�PLFURVRPH�PXWDJHQHVLV�DVVD\�>$PHV�DVVD\@��WKH�PRXVH�O\PSKRPD�FHOO��

PXWDJHQHVLV�DVVD\�>/����<�7.�WHVW@��DQG�WKH�LQ�YLYR�PRXVH�ERQH�PDUURZ�PLFURQXFOHXV��

LQGXFWLRQ�DVVD\��ZLWK�DPPRQLXP�SHUFKORUDWH�WR�KHOS�GHWHUPLQH�LWV�SRWHQWLDO�IRU�YDULRXV��

LQWHUDFWLRQV�ZLWK�'1$�DQG�WR�JDLQ�LQVLJKW�RQ�LWV�SRVVLEOH�FDUFLQRJHQLFLW\��0DQ7HFK��

(QYLURQPHQWDO�7HFKQRORJ\��,QF�����������

$PPRQLXP�3HUFKORUDWH�ZDV�HYDOXDWHG�LQ�WKH�$PHV�DVVD\��6DOPRQHOOD�W\SKLPXULXP���

PLFURVRPH�PXWDJHQHVLV�DVVD\���ZKLFK�LV�D�ZHOO�GHILQHG�DVVD\�IRU�GHWHFWLRQ�RI�FDUFLQRJHQV���

PXWDJHQV���,W�PHDVXUHV�WKH�UHYHUVLRQ�IURP�D�KLV���KLVWLGLQH�LQGHSHQGHQW��VWDWH�LQGXFHG�E\��

FKHPLFDOV�WKDW�FDXVH�EDVH�SDLU�FKDQJHV�RU�IUDPHVKLIW�PXWDWLRQV�LQ�WKH�JHQRPH�RI�WKH�RUJDQLVP��
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�L�H���LW�PHDVXUHV�IRU�SRLQW�PXWDWLRQV�>H�J���VXEVWLWXWLRQ��DGGLWLRQ��RU�GHOHWLRQ�RI�RQH�RU�D�IHZ�'1$�

EDVH�SDLUV�ZLWKLQ�D�JHQH@����,Q�WKLV�DVVD\��EDFWHULD�DUH�H[SRVHG�WR�WKH�WHVW�FKHPLFDO�ZLWK�DQG�

ZLWKRXW�D�PHWDEROLF�DFWLYDWLRQ�V\VWHP��$URFKORU������LQGXFHG�UDW�OLYHU�6��ZLWK�FR�IDFWRUV����

7KH�PXWDJHQLFLW\�LV�HYDOXDWHG�E\�WKH�LQFUHDVH�LQ�WKH�QXPEHU�RI�UHYHUWDQW�FRORQLHV���7KH�/����<�

PRXVH�O\PSKRPD�DVVD\�LV�DQRWKHU�VKRUW�WHUP�LQ�YLWUR�DVVD\�WR�GHWHFW�ERWK�SRLQW�PXWDWLRQV�DQG�

VWUXFWXUDO�FKURPRVRPDO�FKDQJHV���7KH�LQ�YLYR�PDPPDOLDQ�PLFURQXFOHXV�WHVW�GHWHFWV�WKH�GDPDJH�

RI�FKURPRVRPHV�RU�RI�WKH�PLWRWLF�DSSDUDWXV�FDXVHG�E\�D�FODVWRJHQLF�FKHPLFDO�LQ�ERQH�PDUURZ�

FHOOV��SRO\FKURPDWLF�HU\WKURF\WH�>3&(@�VWHP�FHOOV��RI�WUHDWHG�DQLPDOV���0LFURQXFOHL�DUH�EHOLHYHG�

WR�EH�IRUPHG�IURP�FKURPRVRPHV�RU�FKURPRVRPH�IUDJPHQWV�OHIW�EHKLQG�GXULQJ�DQDSKDVH�RI�

PLWRVLV���7KH�LQGXFWLRQ�RI�PLFURQXFOHL�LQGLFDWHV�FKDQJHV�LQ�HLWKHU�FKURPRVRPH�VWUXFWXUH�RU��

QXPEHU�LQ�ERQH�PDUURZ�FHOOV���0DQ7HFK�(QYLURQPHQWDO�7HFKQRORJ\��,QF���SHUIRUPHG�WKLV�DVVD\��

LQ�6ZLVV�&'���PLFH���7KH�DVVD\�DOVR�ZDV�SHUIRUPHG�DV�SDUW�RI�WKH����GD\�ELRDVVD\�LQ��

6SUDTXH�'DZOH\�UDWV��6SULQJERUQ�/DERUDWRULHV��,QF�����������7KLV�LV�DQ�DGHTXDWH�VHULHV�RI�WHVWV�WR��

GHWHUPLQH�WKH�PXWDJHQLF�DQG�FODVWRJHQLF��FKURPRVRPDO�EUHDNLQJ��SRWHQWLDO�RI�DQ�DJHQW����

,W�VKRXOG�EH�QRWHG�WKDW�SHUFKORUDWH�LV�QRW�OLNHO\�WR�EH�PXWDJHQLF��JLYHQ�LWV�SK\VLFDO�DQG�FKHPLFDO��

SURSHUWLHV��L�H���LW�LV�VLPSO\�DQ�DQLRQ����$OWKRXJK�SHUFKORUDWH�LV�DQ�R[LGL]LQJ�DJHQW��LW�LV�QRW��

H[SHFWHG�WR�SURGXFH�R[LGDWLYH�'1$�GDPDJH�EHFDXVH�RI�WKH�NLQHWLF�FRQVLGHUDWLRQV�GLVFXVVHG�LQ��

&KDSWHU�����

��

����� ,Q�9LWUR�$VVD\V��

$PPRQLXP�SHUFKORUDWH�ZDV�QRW�IRXQG�WR�EH�PXWDJHQLF�LQ�WKH�6DOPRQHOOD�W\SKLPXULXP��

�$PHV�DVVD\��ZLWK�DQG�ZLWKRXW�$URFKORU������LQGXFHG�UDW�OLYHU�6��DFWLYDWLRQ���7KH�DPPRQLXP��

SHUFKORUDWH�ZDV�GLVVROYHG�LQ�GLVWLOOHG�ZDWHU�DQG�WHVWHG�DW�ILYH�FRQFHQWUDWLRQV������������������������

�����DQG��������J�SODWH��LQ�WHVWHU�VWUDLQV�7$����7$�����7$������DQG�7$������XVLQJ�WKH�SODWH��

LQFRUSRUDWLRQ�DVVD\���7KH�(3$�UHTXHVWHG�WKDW�WKH�DVVD\�EH�UHSHDWHG�E\�WKH�1DWLRQDO�7R[LFRORJ\��

3URJUDP��173����7KH�173�HYDOXDWHG�DPPRQLXP�SHUFKORUDWH�LQ�WKH�6DOPRQHOOD�$PHV�DVVD\�LQ��

WHVWHU�VWUDLQV�7$����7$�����7$������7$����7$�����DQG�7$�����=HLJHU������D����$PPRQLXP��

SHUFKORUDWH�ZDV�GLVVROYHG�LQ�GLVWLOOHG�ZDWHU�DQG�WHVWHG�XVLQJ�WKH�SUHLQFXEDWLRQ�SURFHGXUH�DW�GRVHV��

RI����������������������������DQG������J�SODWH��ZLWK�DQG�ZLWKRXW�PHWDEROLF�DFWLYDWLRQ�IURP��

$URFKORU�LQGXFHG�UDW�DQG�KDPVWHU�OLYHUV���$PPRQLXP�SHUFKORUDWH�ZDV�QHLWKHU�WR[LF�QRU��
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PXWDJHQLF�XQGHU�WKH�FRQGLWLRQV�RI�WKH�173�DVVD\���,W�VKRXOG�EH�QRWHG�WKDW�WKH�DGGLWLRQDO�WHVWHU�

VWUDLQV�XVHG�E\�173��7$����DQG�7$�����DUH�DEOH�WR�GHWHFW�D�YDULHW\�RI�R[LGDWLYH�PXWDJHQV��

7KH�/����<�WN����PRXVH�O\PSKRPD�DVVD\�DOVR�ZDV�XVHG�WR�HYDOXDWH�WKH�PXWDJHQLF�DQG�

FKURPRVRPDO�EUHDNLQJ�SRWHQWLDO�RI�DPPRQLXP�SHUFKORUDWH�LQ�YLWUR���$PPRQLXP�SHUFKORUDWH�ZDV�

UHSRUWHG�WR�EH�QHJDWLYH�ERWK�LQ�WKH�DEVHQFH�DQG�SUHVHQFH�RI�UDW�$URFKORU�LQGXFHG�6��OLYHU�

DFWLYDWLRQ��0DQ7HFK�(QYLURQPHQWDO�7HFKQRORJ\��,QF�����������$PPRQLXP�SHUFKORUDWH�ZDV�

HYDOXDWHG�DW����������������������������DQG�������PJ�P/�ZLWKRXW�6��DFWLYDWLRQ��DQG�DW�����������

������������DQG�������PJ�P/�ZLWK�6��DFWLYDWLRQ���$OWKRXJK�D�VPDOO�LQFUHDVH�LQ�PXWDWLRQ�

IUHTXHQF\�ZDV�IRXQG�LQ�WKH�DEVHQFH�RI�6��DFWLYDWLRQ�DW�����PJ�P/��ZKLFK�DSSHDUHG�WR�EH�

VWDWLVWLFDOO\�VLJQLILFDQW��S���������E\�WKH�WZR�WDLO��6WXGHQW¶V�W�WHVW��D�UHSHDW�DVVD\�IRXQG�QR��

LQFUHDVH�LQ�PXWDWLRQ�IUHTXHQF\�DW�WKLV�FRQFHQWUDWLRQ�FRPSDUHG�ZLWK�FRQWUROV���7KHUHIRUH���

DPPRQLXP�SHUFKORUDWH�LV�FRQVLGHUHG�WR�EH�QHJDWLYH�LQ�WKH�DEVHQFH�RI�6��DFWLYDWLRQ���&RQILGHQFH��

LQ�WKH�QHJDWLYH�ILQGLQJV�ZLWKRXW�6��DFWLYDWLRQ�LV�UHLQIRUFHG�E\�WKH�ZLGH�UDQJH�RI�DPPRQLXP��

SHUFKORUDWH�FRQFHQWUDWLRQV�HYDOXDWHG���$OWKRXJK�DPPRQLXP�SHUFKORUDWH�DOVR�ZDV�UHSRUWHG�DV��

QHJDWLYH�LQ�WKH�SUHVHQFH�RI�6��DFWLYDWLRQ��WKH�UHVSRQVH�RI�WKH�SRVLWLYH�FRQWURO����PHWK\O��

FKRODQWKUHQH��0&$���LQ�WKH�DFWXDO�H[SHULPHQW�ZDV�WRR�ORZ��������î��������WR�EH�DFFHSWDEOH���7KH��

KLJKHVW�GRVH�RI�DPPRQLXP�SHUFKORUDWH�SURGXFHG�D�PXWDWLRQ�IUHTXHQF\�RI�����î��������7KH�0&$��

DW������J�P/�VKRXOG�LQGXFH�D�PXWDWLRQ�IUHTXHQF\�RI�����WR�����î������RU�KLJKHU���6XFK�D�ORZ��

SRVLWLYH�FRQWURO�UHVSRQVH�ZHDNHQV�WKH�FRQILGHQFH�IRU�WKH�QHJDWLYH�ILQGLQJ�ZLWK�6��DFWLYDWLRQ���,Q��

DGGLWLRQ��WKH�FORQLQJ�HIILFLHQFLHV�IRU�WKH�6��WHVW�DSSHDU�WR�EH�WRR�KLJK���������IXUWKHU�UHGXFLQJ��

WKH�FRQILGHQFH�LQ�D�QHJDWLYH�ILQGLQJ���7KHUHIRUH��RQO\�WKH�DVVD\V�RQ�DPPRQLXP�SHUFKORUDWH��

ZLWKRXW�6��DUH�FRQVLGHUHG�XQHTXLYRFDOO\�WR�EH�QHJDWLYH���$OWKRXJK�SHUFKORUDWH�LV�QRW�H[SHFWHG�WR��

EH�PHWDEROL]HG�WR�D�PXWDJHQLF�LQWHUPHGLDWH��WKHVH�6��GDWD�DUH�QRW�RI�VXIILFLHQW�TXDOLW\�WR�VXSSRUW��

D�QHJDWLYH�UHVSRQVH�FRQFOXVLRQ���7KH�VSRQVRU��36*��KDV�DJUHHG�WR�UHSHDW�WKH�PRXVH�O\PSKRPD��

DVVD\��DQG�WKH�UHVXOWV�DUH�H[SHFWHG�WR�EH�UHSRUWHG�DW�WKH�H[WHUQDO�SHHU�UHYLHZ�PHHWLQJ���

��

����� ,Q�9LYR�$VVD\V��

7KH�SRWHQWLDO�IRU�DPPRQLXP�SHUFKORUDWH�WR�LQGXFH�PLFURQXFOHL�ZDV�HYDOXDWHG�LQ�PLFH�DQG��

UDWV���$PPRQLXP�SHUFKORUDWH�ZDV�DGPLQLVWHUHG�E\�GULQNLQJ�ZDWHU�JDYDJH�IRU���FRQVHFXWLYH�GD\V��

WR�6ZLVV�&'���PLFH����IHPDOHV�DQG���PDOHV�SHU�GRVH�JURXS��DW�����������������������DQG��

�����PJ�NJ�GD\��0DQ7HFK�(QYLURQPHQWDO�7HFKQRORJ\��,QF�����������7ZHQW\�IRXU�KRXUV�DIWHU�WKH��
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ODVW�GRVH��WKH�PLFH�ZHUH�VDFULILFHG��DQG�WKH�IUHTXHQF\�RI�PLFURQXFOHDWHG�FHOOV�ZHUH�HYDOXDWHG�E\�

FRXQWLQJ�������3&(V�SHU�DQLPDO���7KH�DVVD\�ZDV�FRQGXFWHG�LQ�DFFRUGDQFH�ZLWK�H[LVWLQJ�(3$�

),)5$�76&$�WHVWLQJ�JXLGHOLQHV���1R�LQFUHDVH�LQ�WKH�IUHTXHQF\�RI�PLFURQXFOHL�ZHUH�IRXQG�IRU�

DQ\�GRVH�JURXS���7KH�QHJDWLYH�ILQGLQJV�UHSRUWHG�LQ�WKLV�VWXG\�DUH�FRQVLGHUHG�HTXLYRFDO�EHFDXVH�LW�

LV�XQFHUWDLQ�ZKHWKHU�D�PD[LPXP�WROHUDWHG�GRVH��07'��ZDV�UHDFKHG�LQ�WKLV�VWXG\���7KH�VWXG\�

DXWKRUV�UHSRUWHG�WKDW�DW�������PJ�NJ����RXW�RI���DQLPDOV�GLHG�DIWHU�RQH�GRVLQJ�RI�DPPRQLXP�

SHUFKORUDWH���7\SLFDOO\��WKH�DVVD\�LV�SHUIRUPHG�DW�����RI�WKH�07'��DQG�WKH�������PJ�NJ�GD\�

UHSUHVHQWV�DSSUR[LPDWHO\�����RI�WKH�/'
��

���7KHUH�ZDV�QR�LQGLFDWLRQ�RI�WR[LFLW\�WR�WKH�ERQH�

PDUURZ�FHOOV�EHFDXVH�WKH�3&(�1&(�UDWLR�ZDV�QRW�GLIIHUHQW�IURP�QHJDWLYH�FRQWUROV���)XUWKHUPRUH��

WKH�VWXG\�DXWKRUV�GLG�QRW�UHSRUW�DQ\�LQGLFDWLRQ�RI�FOLQLFDO�VLJQV�RI�WR[LFLW\�LQ�WKH�KLJKHVW�GRVH��

JURXS���'HVSLWH�D�UHEXWWDO�VXEPLWWHG�E\�'RXUVRQ��������RQ�EHKDOI�RI�WKH�VSRQVRU��36*���(3$��

UHPDLQV�FRQFHUQHG�EHFDXVH�RI�WKH�LPSRUWDQFH�RI�WKLV�WHVW�LQ�WKH�RYHUDOO�GHWHUPLQDWLRQ�RI�WKH��

DSSURDFK�WR�EH�WDNHQ�IRU�WKH�FDUFLQRJHQLFLW\�DVVHVVPHQW��L�H���WR�UXOH�RXW�GLUHFW�JHQRWR[LFLW\������

7KH�173�DJUHHG�WR�H[SHGLWH�DQG�UHSHDW�WKLV�WHVW�LQ�UHVSRQVH�WR�DQ�(3$�UHTXHVW���7KH�DVVD\��

ZDV�SHUIRUPHG�E\�LS�LQMHFWLRQ�WR�HQVXUH�WKH�JUHDWHVW�GHOLYHU\�WR�WKH�ERQH�PDUURZ���0DOH�%�&�)���

PLFH�ZHUH�WUHDWHG�ZLWK������������������������������DQG�������PJ�NJ�DPPRQLXP�SHUFKORUDWH�LQ��

EXIIHUHG�VDOLQH��SOXV�VROYHQW�DQG�SRVLWLYH��F\FORSKRVSKDPLGH��FRQWUROV���1RWH�WKDW�WKLV�VWXG\�XVHV��

WZR�GRVH�JURXSV�KLJKHU�WKDQ�WKRVH�XVHG�LQ�WKH�SUHYLRXV�VWXG\��L�H���������DQG�������PJ�NJ����)LYH��

PLFH�SHU�JURXS�ZHUH�LQMHFWHG�GDLO\�IRU���FRQVHFXWLYH�GD\V�DQG�ZHUH�VDFULILFHG����K�DIWHU�WKH�ODVW��

LQMHFWLRQ��������3&(V�ZHUH�VFRUHG�SHU�DQLPDO�IRU�PLFURQXFOHL���$�SUHOLPLQDU\�FRPPXQLFDWLRQ�RI��

WKH�UHVXOWV�RI�WKLV�VWXG\��=HLJHU������E��LQGLFDWHV�WKDW�DOO�DQLPDOV�LQ�WKH��������DQG�������PJ�NJ��

JURXSV�GLHG�DIWHU�WKH�ILUVW�LS�LQMHFWLRQ��DQG�����DQLPDOV�GLHG�LQ�WKH�������PJ�NJ�JURXS�DIWHU�WKH��

VHFRQG�LS�LQMHFWLRQ���1R�LQFUHDVHV�LQ�3&(�ZHUH�REVHUYHG�LQ�DQ\�RI�WKH�UHPDLQLQJ�WHVW�JURXSV��

�����������DQG�����PJ�NJ����1R�ERQH�PDUURZ�WR[LFLW\�ZDV�VHHQ�DV�LQGLFDWHG�E\�WKH�SHUFHQW�RI��

3&(���7KHVH�UHVXOWV�DSSHDU�WR�EH�FRQVLVWHQW�ZLWK�WKRVH�RI�WKH�0DQ7HFK�(QYLURQPHQWDO��

7HFKQRORJ\��,QF���������VWXG\�WKDW�XVHG�JDYDJH�GULQNLQJ�ZDWHU�DGPLQLVWUDWLRQ��DQG�VXJJHVW�WKDW��

SHUFKORUDWH�GRHV�QRW�LQGXFH�PLFURQXFOHL���7KH�ILQDO�173�UHSRUW�UHVXOWV�ZLOO�EH�DYDLODEOH�IRU�WKH��

H[WHUQDO�UHYLHZ�PHHWLQJ��DQG�D�SUHOLPLQDU\�(3$�DQDO\VLV�ZLOO�EH�SURYLGHG���

7KH����GD\�VXEFKURQLF�ELRDVVD\�XVLQJ�6SUDTXH�'DZOH\�UDWV�DOVR�HYDOXDWHG�PLFURQXFOHL��

LQGXFWLRQ��6SULQJERUQ�/DERUDWRULHV��,QF�����������7KH�IUHTXHQF\�RI�PLFURQXFOHL�LQGXFWLRQ�ZDV��

H[DPLQHG�LQ�ERWK�WKH�PDOHV�DQG�IHPDOHV�DIWHU�WKH����GD\�VDFULILFH�LQ�WKH����PJ�NJ�GD\�GRVH��
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JURXS�RI�DPPRQLXP�SHUFKORUDWH�DGPLQLVWHUHG�E\�GULQNLQJ�ZDWHU���$OWKRXJK�WKHUH�ZDV�QR�

LQGXFWLRQ�RI�PLFURQXFOHL�DW�WKLV�GRVH�����PJ�NJ�GD\�GRHV�QRW�DSSHDU�WR�UHDFK�D�07'�EHFDXVH�

WKHUH�ZHUH�QR�RYHUW�VLJQV�RI�WR[LFLW\��DOWKRXJK�WKH�GHILQLWLRQ�RI�07'�PD\�EH�VRPHZKDW�PRRW��

JLYHQ�WKH�FKDQJHV�LQ�WK\URLG�KRUPRQH�HFRQRP\�DQG�KLVWRSDWKRORJ\�VHHQ�LQ�WKH�WK\URLGV�DW�WKDW�

GRVH���7KHUH�ZDV�VLJQLILFDQW�UHGXFWLRQ�LQ�WKH�3&(�1&(�UDWLR��L�H��DQ�LQGLFDWRU�RI�WR[LFLW\�WR�WKH�

ERQH�PDUURZ�FHOOV����

�

����� 6XPPDU\�RI�*HQRWR[LFLW\�%DWWHU\�5HVXOWV�

1HJDWLYH�UHVXOWV�ZHUH�UHSRUWHG�LQ�DOO�JHQRWR[LFLW\�DVVD\V�FRQGXFWHG�RQ�DPPRQLXP�

SHUFKORUDWH���$PPRQLXP�SHUFKORUDWH�ZDV�QRW�PXWDJHQLF�LQ�WKH�$PHV�DVVD\��ZLWK�RU�ZLWKRXW��

6��DFWLYDWLRQ��ZKHQ�HYDOXDWHG�E\�WZR�LQGHSHQGHQW�ODERUDWRULHV���$PPRQLXP�SHUFKORUDWH�ZDV��

QHJDWLYH�LQ�WKH�PRXVH�O\PSKRPD�DVVD\�ZLWKRXW�6��DFWLYDWLRQ���$OWKRXJK�WKH�ILQGLQJV�ZHUH��

HTXLYRFDO�ZLWK�6��DFWLYDWLRQ�LQ�WKH�PRXVH�O\PSKRPD�DVVD\��SHUFKORUDWH�LV�QRW�H[SHFWHG�WR�EH��

PHWDEROL]HG�WR�D�PXWDJHQLF�PHWDEROLWH���,W�VKRXOG�EH�QRWHG�WKDW�WKH�PRXVH�O\PSKRPD�DVVD\�ZLWK��

6��DFWLYDWLRQ�ZLOO�EH�UHSHDWHG�WR�SURYLGH�DQ�DGHTXDWH�VWXG\���5HVXOWV�DUH�H[SHFWHG�WR�EH�SURYLGHG��

E\�WKH�VSRQVRU��36*��LQ�ODWH�-DQXDU\��������7KH�QHJDWLYH�ILQGLQJV�IURP�WKH�UDW�DQG�PRXVH��

PLFURQXFOHL�DVVD\V�DUH�DOVR�HTXLYRFDO�EHFDXVH�LW�DSSHDUV�WKDW�WKH�KLJKHVW�GRVHV�WHVWHG�GLG�QRW��

SURGXFH�VRPH�LQGLFDWLRQ�RI�RYHUW�WR[LFLW\��DOWKRXJK�WKH�6SUDTXH�'DZOH\�UDWV�IURP�WKH����GD\��

VWXG\�DW�WKH�KLJKHVW�GRVH�KDG�ERWK�WK\URLG�KRUPRQH�SHUWXUEDWLRQV�DQG�IROOLFXODU�FHOO�K\SHUSODVLD����

$OWKRXJK�DPPRQLXP�SHUFKORUDWH�LV�QRW�OLNHO\�WR�EH�D�GLUHFW�'1$�UHDFWLYH�PXWDJHQ��DQG�WKH��

LQ�YLWUR�VWXGLHV�GLVFXVVHG�DERYH�SURYLGH�VXSSRUW�IRU�WKDW�FRQFOXVLRQ��(3$�DOVR�KDV�UHTXHVWHG�WKDW��

WKH�173�UHSHDW�WKH�URGHQW�PLFURQXFOHXV�WHVW�WR�DGGUHVV�WKH�OLPLWDWLRQV�RI�WKH�LQ�YLYR�JHQRWR[LFLW\��

WHVWLQJ���7KH�ILQDO�UHSRUW�IRU�WKHVH�GDWD�DOVR�ZLOO�EH�DYDLODEOH�DW�WKH�H[WHUQDO�SHHU�UHYLHZ�PHHWLQJ���

EXW�SUHOLPLQDU\�UHVXOWV�FRQILUP�WKDW�SHUFKORUDWH�LV�QHJDWLYH�LQ�WKH�PLFURQXFOHL�DVVD\���

��

��

��� $%62537,21��',675,%87,21��0(7$%2/,60��$1'��
(/,0,1$7,21�$1'�0(&+$1,67,&�678',(6��

$V�GLVFXVVHG�LQ�&KDSWHU����OLPLWHG�GDWD�H[LVW�RQ�WKH�GLVSRVLWLRQ�NLQHWLFV��DEVRUSWLRQ���

GLVWULEXWLRQ��PHWDEROLVP��DQG�HOLPLQDWLRQ��RI�SHUFKORUDWH��SDUWLFXODUO\�DW�VWHDG\�VWDWH�H[SRVXUHV���

RU�RQ�D�FRPSUHKHQVLYH�FKDUDFWHUL]DWLRQ�RI�LWV�PHFKDQLVP�RI�DFWLRQ�LQ�WKH�WK\URLG���$�QXPEHU�RI��
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VWXGLHV�DUH�XQGHUZD\�DV�SDUW�RI�WKH�PRGH�RI�DFWLRQ�WHVWLQJ�VWUDWHJ\�LQ�ERWK�UDWV�DQG�KXPDQV�WKDW�

ZLOO�KHOS�WR�FKDUDFWHUL]H�WKHVH�GHILFLHQFLHV�DQG�SUHOLPLQDU\��UHVXOWV�DUH�GHVFULEHG�KHUHLQ���

$�UHFHQWO\�FRPSOHWHG�VLQJOH�GRVH�LQWUDYHQRXV�VWXG\�LQ�6SUDJXH�'DZOH\�UDWV�ZLWK�

SHUFKORUDWH�WR�FKDUDFWHUL]H�LWV�LQKLELWLRQ�RI�LRGLGH�XSWDNH�VXSSRUWV�WKDW�WKHUH�LV�LQKLELWLRQ�DW�ORZ�

FRQFHQWUDWLRQV��ZLWK�D�JUDGXDO�SODWHDX�DW�KLJKHU�FRQFHQWUDWLRQV��0H\HU����������5DWV�ZHUH�GRVHG�

RQFH�E\�LY�WDLO�YHLQ�LQMHFWLRQ�ZLWK�HLWKHU�����������������RU�����PJ�NJ�RI�FROG��L�H���QRW�

UDGLRODEHOHG��DPPRQLXP�SHUFKORUDWH�PL[HG�LQ�VDOLQH���3HUFKORUDWH�ZDV�DGPLQLVWHUHG�DV�

DPPRQLXP�SHUFKORUDWH��DQG�WKH�GDWD�DUH�SUHVHQWHG�DV�PLOOLJUDPV�SHUFKORUDWH�SHU�NLORJUDP�ERG\�

ZHLJKW���7ZR�KRXUV�DIWHU�GRVLQJ�ZLWK�SHUFKORUDWH��WKH�UDWV�ZHUH�GRVHG�DJDLQ�E\�LY�WDLO�YHLQ�

LQMHFWLRQ�ZLWK�����J�NJ����,�GLVVROYHG�LQ�VDOLQH���5DWV�ZHUH�VDFULILFHG�DW�VHOHFWHG�WLPHV��Q� ���SHU��

WLPH�SRLQW��XS�WR����K���7RWDO�DQG�IUHH����,�ZHUH�PHDVXUHG�LQ�VHUXP��WK\URLG��DQG�XULQH����

3HUFKORUDWH�VHUXP��WK\URLG��WLVVXH��DQG�XULQH�DQDO\VHV�ZLOO�EHJLQ�LQ�-DQXDU\��������)RU�FRQWURO��

FRPSDULVRQ��UDWV�ZHUH�GRVHG�RQFH�E\�LY�WDLO�YHLQ�LQMHFWLRQ�ZLWK�����J�NJ�QRQUDGLRODEHOHG�LRGLGH��

DQG����,�PL[HG�LQ�SK\VLRORJLF�VDOLQH���5DWV��Q� ����ZHUH�VDFULILFHG�DW�WKH�VDPH�VHOHFWHG�WLPH�SRLQWV��

XS�WR����K���

)LJXUH������VKRZV�WKH�LQKLELWLRQ�RI����,�XSWDNH�E\�SHUFKORUDWH�LQWR�WKH�WK\URLG�DV�PHDVXUHG��

E\�ERXQG�RU�IUHH����,�LQ�WKH�WK\URLG�DW�YDULRXV�WLPH�SRLQWV�DIWHU�WKH�VLQJOH�GRVH�RI�SHUFKORUDWH����

%HFDXVH�WKH����,�ZDV�DGPLQLVWHUHG���K�DIWHU�GRVLQJ�ZLWK�DPPRQLXP�SHUFKORUDWH��WKHVH�WLPH�SRLQWV��

FRUUHVSRQG�WR�������DQG����K�DIWHU�GRVLQJ���7KH�PRVW�SURIRXQG�LQKLELWRU\�HIIHFWV�ZHUH�IRXQG�DW�WKH��

�����DQG�����PJ�SHUFKORUDWH�NJ�GRVH�JURXS��KRZHYHU��WKH�WUHQG�IRU����,�LQKLELWLRQ�LV�HYLGHQW�DW�WKH��

������DQG�����PJ�NJ�OHYHOV��0H\HU����������%\����K�����K�DIWHU�GRVLQJ�ZLWK�SHUFKORUDWH����

LQKLELWRU\�HIIHFWV�RQ����,�XSWDNH�ZHUH�VWLOO�REVHUYHG�DW�WKH������DQG�����PJ�NJ�GRVH�JURXSV����

7DEOH�����SURYLGHV�WKH�SHUFHQW�RI�LQKLELWLRQ�RI����,�XSWDNH�DV�PHDVXUHG�E\�ERXQG����,�LQ�WKH��

WK\URLG�����

5HFRYHU\�RI����,�LQ�XULQH����K�DIWHU�GRVLQJ�ZLWK����,�����K�DIWHU�DPPRQLXP�SHUFKORUDWH��ZDV��

EHWZHHQ����DQG�����IRU�FRQWURO����,�GRVHG�UDWV�DQG�SHUFKORUDWH�GRVHG�UDWV���7KH�FRQWURO����,�GRVHG��

UDWV�H[FUHWHG��������6'���������RI�WKH����,�GRVH�RYHU�WKH����K�SHULRG���7KH�SHUFKORUDWH�GRVHG�UDWV��

H[FUHWHG������6'���������������6'����������������6'����������DQG�������6'����������RI�WKH����,��

GRVH�LQ�XULQH�DW�WKH��������������������DQG�����PJ�NJ�GRVH�OHYHOV��UHVSHFWLYHO\���7KH�DPRXQW�RI����,��

LQ�VHUXP�ZDV�HOHYDWHG�LQ�WKH�SHUFKORUDWH�GRVHG�DQLPDOV�FRPSDUHG�ZLWK�WKH�FRQWURO����,�GRVHG�UDWV��

IRU�XS�WR���K�LQ�DOO�GRVH�JURXSV��VXJJHVWLQJ�WKDW�WK\URLG�IXQFWLRQ�ZDV�DOWHUHG�E\�SHUFKORUDWH��DQG�D��
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Figure 5-20. Inhibition by perchlorate of iodide uptake in the thyroid of rats given a single
iv injection.  Data of Meyer (1998).  Dose is expressed as milligrams
perchlorate per kilogram body weight.

WUDQVLHQW�³GLVFKDUJH´�RI�RUJDQLILHG����,�RFFXUUHG��DV�SUHYLRXVO\�UHSRUWHG�LQ�VWXGLHV�VXPPDUL]HG�LQ�

&KDSWHU�����)UHH����,�OHYHOV�LQ�VHUXP�ZHUH�VLPLODU�EHWZHHQ�SHUFKORUDWH�GRVHG�DQG�FRQWURO����,��

GRVHG�UDWV��0H\HU����������7KHVH�UHVXOWV�DUH�FRQVLVWHQW�ZLWK�WKRVH�RI�&KRZ�HW�DO���������DQG�

&KRZ�DQG�:RRGEXU\��������GLVFXVVHG�LQ�6HFWLRQ��������
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D7LPH�SRLQWV�FRUUHVSRQG�WR�GRVLQJ�ZLWK����,�DQG�WR�������DQG����K�DIWHU�GRVLQJ�ZLWK�DPPRQLXP�SHUFKORUDWH�
E'RVHG�ZLWK�RQO\�LRGLGH������J�NJ��

5HSHDWHG�GRVH�VWXGLHV�DOVR�DUH�SODQQHG�LQ�UDWV��)LVKHU������D��DQG�LQ�KXPDQV��&KDQQHO��

����F��WR�HVWDEOLVK�WKH�NLQHWLFV�RI�SHUFKORUDWH�DW�VWHDG\�VWDWH�DQG�WR�IXUWKHU�FKDUDFWHUL]H�WKH�

LQKLELWLRQ�RI�LRGLGH�XSWDNH�E\�SHUFKORUDWH���7KHVH�GDWD�ZLOO�EH�XVHG�WR�GHYHORS�D�SK\VLRORJLFDOO\�

EDVHG�SKDUPDFRNLQHWLF��3%3.��PRGHO�WR�GHVFULEH�WKH�$'0(�RI�SHUFKORUDWH�DQG�DLG�LQ�

LQWHUVSHFLHV�H[WUDSRODWLRQ���7KHVH�GDWD�DOVR�WKHUHE\�OLNHO\�ZLOO�DOORZ�D�EHWWHU�HVWLPDWH�RI�LQWHUQDO�

GRVH�WKDW�PD\�KHOS�WR�UHILQH�GRVH�UHVSRQVH�UHODWLRQVKLSV��L�H���SURYLGH�D�GLIIHUHQW�GRVH�PHWULF�IRU�

XVH�LQ�GRVH�UHVSRQVH�DQDO\VHV�RWKHU�WKDQ�DGPLQLVWHUHG�GRVH����7KH�SDWWHUQ�IRU�WKH�LQKLELWLRQ�RI�
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LRGLGH�XSWDNH��DOEHLW�RQO\�DIWHU�D�VLQJOH�GRVH��LV�VWULNLQJO\�VLPLODU�WR�WKH�SDWWHUQV�VKRZQ�IRU�WKH�

WK\URLG�KRUPRQH�GHFUHDVHV���2EWDLQLQJ�GDWD�RQ�WKH�VSHFLHV�GLIIHUHQFHV��L�H���UDW�YHUVXV�KXPDQ�LQ�

SDUWLFXODU��LQ�SHUFKORUDWH�LQKLELWLRQ�RI�WKH�V\PSRUWHU�ZLOO�SURYLGH�D�EDVLV�IRU�HYDOXDWLRQ�RI�WKH�

GHJUHH�RI�XQFHUWDLQW\�WKDW�VKRXOG�EH�DSSOLHG�ZKHQ�XWLOL]LQJ�ODERUDWRU\�DQLPDO�GDWD�DV�WKH�PRGHO�

�VHH�&KDSWHU�����
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7KLV�FKDSWHU�SUHVHQWV�WKH�V\QWKHVLV�RI�WKH�PRVW�UHOHYDQW�GDWD�IRU�GHULYLQJ�D�UHYLVHG�

TXDQWLWDWLYH�DVVHVVPHQW�RI�KXPDQ�KHDOWK�ULVN�IRU�SHUFKORUDWH���7KH�QHZ�GDWD�ZHUH�FRQVLVWHQW�ZLWK�

WKH�OLPLWHG�KLVWRULFDO�FKDUDFWHUL]DWLRQ�LQ�WKDW�WKH�WK\URLG�UHPDLQHG�D�SULQFLSDO�WDUJHW�WLVVXH���

+RZHYHU��WKH�GDWD�IURP�WKH�WHVWLQJ�VWUDWHJ\�DOORZHG�D�PRUH�FRPSUHKHQVLYH�HYDOXDWLRQ�RI�WKH�

SRVVLEOH�VHTXHODH�RI�WKH�WK\URLG�SLWXLWDU\�D[LV�SHUWXUEDWLRQV�ZLWK�UHVSHFW�WR�RWKHU�HQGSRLQWV��

QRWDEO\�HIIHFWV�LQ�WKH�RIIVSULQJ�RI�H[SRVHG�GDPV�DQG�RQ�UHSURGXFWLYH�DQG�LPPXQRWR[LFLW\��

SDUDPHWHUV���

��

��

��� 25$/�5()(5(1&(�'26(��

7KLV�VHFWLRQ�ZLOO�UHYLHZ�WKH�UHVXOWV�RI�DOO�WKH�GDWD�IURP�WKH�WHVWLQJ�VWUDWHJ\��WRJHWKHU�ZLWK��

RWKHU�GDWD�WKDW�SURYLGH�UREXVW�GRVH�UHVSRQVH�LQIRUPDWLRQ��WR�DVFHUWDLQ�WKH�FULWLFDO�HIIHFW�IRU��

SHUFKORUDWH���7KH�FULWLFDO�HIIHFW�LV�GHILQHG�DV�WKH�HIIHFW�WKDW�LV�DGYHUVH�WKDW�ILUVW�DSSHDUV�LQ�WKH�GRVH��

VFDOH�DV�LW�LV�LQFUHDVHG�RU�LV�D�NQRZQ�SUHFXUVRU�WR�WKH�ILUVW�DGYHUVH�HIIHFW���7KH�SUHPLVH�RI�WKLV��

GHVLJQDWLRQ�LV�WKDW��LI�WKH�FULWLFDO�HIIHFW�LV�SUHYHQWHG��WKHQ�DOO�VXEVHTXHQW�DGYHUVH�HIIHFWV�DW�KLJKHU��

GRVHV�DUH�SUHYHQWHG���7KH�SULQFLSDO�VWXG\�LV�WKDW�VWXG\�WKDW�EHVW�FKDUDFWHUL]HV�WKH�GRVH�UHVSRQVH��

IRU�WKH�FULWLFDO�HIIHFW���

,Q�WKLV�FDVH�IRU�SHUFKORUDWH��DQ�RYHUDOO�PRGHO�EDVHG�RQ�LWV�PRGH�RI�DFWLRQ�LV�GHYHORSHG��ERWK��

WR�VXSSRUW�WKH�KRUPRQH�DQG�WK\URLG�KLVWRORJ\�GDWD�DV�SUHFXUVRU�OHVLRQV�WR�PRUH�VHYHUH�HIIHFWV�DQG��

WKH�KDUPRQL]DWLRQ�RI�³QRQFDQFHU´�DQG�³FDQFHU´�DSSURDFKHV���&KRLFH�RI�WKH�SRLQW�RI�GHSDUWXUH�IRU��

WKH�DVVHVVPHQW�EDVHG�RQ�WKH�FULWLFDO�HIIHFW�WKHQ�ZLOO�EH�GLVFXVVHG�LQ�6HFWLRQ���������$SSOLFDWLRQ�RI��

IDFWRUV�WR�DFFRXQW�IRU�XQFHUWDLQW\�DQG�YDULDELOLW\�LQ�WKH�H[WUDSRODWLRQV�UHTXLUHG�WR�XVH�WKH�GDWD��

ZLOO�EH�GLVFXVVHG�LQ�6HFWLRQ��������DQG�WKH�DVVLJQPHQW�RI�FRQILGHQFH�OHYHOV�ZLOO�EH�GLVFXVVHG�LQ��

6HFWLRQ���������7KH�RYHUDOO�RSHUDWLRQDO�GHULYDWLRQ�WKHQ�LV�SUHVHQWHG�LQ�6HFWLRQ���������
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6HFWLRQ�����GLVFXVVHV�WKH�LQKDODWLRQ�UHIHUHQFH�FRQFHQWUDWLRQ���6HFWLRQ�����SUHVHQWV�D�

GLVFXVVLRQ�RI�WKH�FDQFHU�DVVHVVPHQW�LQ�WKH�FRQWH[W�RI�WKH�5I'���6XVFHSWLEOH�SRSXODWLRQ�

FRQVLGHUDWLRQV�DUH�GLVFXVVHG�LQ�6HFWLRQ����������

�

����� &KRLFH�RI�&ULWLFDO�(IIHFW�DQG�3ULQFLSDO�6WXG\�

%HFDXVH�QR�RWKHU�WDUJHW�WLVVXH�IRU�V\VWHPLF�WR[LFLW\�ZDV�REVHUYHG��WKH�RYHUZKHOPLQJ�ZHLJKW�

RI�WKH�HYLGHQFH�IURP�WKHVH�VWXGLHV�VXSSRUW�WKH�XVH�RI�WKH�KRUPRQH�DQG�WK\URLG�KLVWRORJ\�HYLGHQFH�

DV�WKH�FKRLFH�IRU�FULWLFDO�HIIHFWV���$OWKRXJK�WKHUH�DUH�VRPH�FRQFHUQV�UHJDUGLQJ�SRWHQWLDO�

LPPXQRWR[LFLW\�DQG�UHSURGXFWLYH�SDUDPHWHUV�WKDW�ZLOO�KDYH�WR�ZDLW�WR�EH�UHVROYHG�XQWLO�WKH�ILQDO�

GDWD�DUH�VXEPLWWHG��WKH�UHVXOWV�RI�WKH�WHVWLQJ�VWUDWHJ\�SUHGRPLQDQWO\�LQGLFDWH�WKDW�WKHVH�HIIHFWV��

ZRXOG�OLNHO\�EH�DW�KLJKHU�FRQFHQWUDWLRQV�WKDQ�WKRVH�DW�ZKLFK�SHUWXUEDWLRQV�LQ�WK\URLG�KRUPRQH��

HFRQRP\�LV�RFFXUULQJ���7KHUH�ZDV�VRPH�TXHVWLRQ�RI�D�UHSURGXFWLYH�HIIHFW�LQ�UDWV�RFFXUULQJ�DW�WKH��

����PJ�NJ�GRVH��ZKHUH�WK\URLG�KLVWRSDWKRORJ\�DOVR�ZDV�REVHUYHG��DQG��LQ�WKH�LPPXQRWR[LFLW\��

GDWD��WKHUH�ZDV�DQ�LQGLFDWLRQ�RI�DQ�HIIHFW�RQ�PDFURSKDJH�IXQFWLRQ�DW���PJ�NJ�GD\�LQ�PLFH���7KH��

OLNHO\�12$(/�IRU�HIIHFWV�RQ�PRWRU�DFWLYLW\�DSSHDUV�WR�EH�DW���PJ�NJ�GD\���%UDLQ�ZHLJKW�FKDQJHV��

DOVR�DSSHDU�WR�KDYH�D�12$(/�DW���PJ�NJ�GD\���

7KH�HIIHFWV�RQ�WK\URLG�SLWXLWDU\�KRUPRQHV�ZHUH�FOHDUO\�WKH�PRVW�VHQVLWLYH��ZLWK�QR�12$(/��

LGHQWLILHG�LQ�VRPH�VWXGLHV�DV�ORZ�DV������PJ�NJ�GD\��7DEOH����$�WKURXJK����&����7KH�FKDQJHV�LQ��

7��DQG�7��W\SLFDOO\�VHHPHG�WR�SUHFHGH�FKDQJHV�LQ�76+��EXW�WKHUH�ZHUH�RYHUODSV���$V�DQWLFLSDWHG���

KRZHYHU��DV�UHYHDOHG�E\�WKH�OLJKW�VKDGHG�FHOOV��12$(/V��YHUVXV�GDUN�VKDGHG�FHOOV��/2$(/V���D��

SDWWHUQ�HPHUJHV�RI�WK\URLG�KRUPRQH�SHUWXUEDWLRQV�SUHFHGLQJ�LQFUHDVHV�LQ�76+��ZLWK��

KLVWRSDWKRORJ\�LQ�WKH�WK\URLG�HQVXLQJ�DW�WKH�VDPH�GRVH�RU�VOLJKWO\�DERYH���6WDQGDUG��

KLVWRSDWKRORJ\�LGHQWLILHG�WK\URLG�IROOLFXODU�FHOO�K\SHUSODVLD�DV�D�/2$(/�ERWK�LQ�WKH�UDWV�RI�WKH��

���GD\�&DOGZHOO�HW�DO���������VWXG\�DQG�LQ�UDW�SXSV�RI�WKH�QHXURGHYHORSPHQWDO�WR[LFLW\�VWXG\�RQ��

31'��DW�����PJ�NJ�GD\�IRU�ERWK�IROOLFXODU�HSLWKHOLDO�FHOO�K\SHUSODVLD�DQG�GHFUHDVHV�LQ�IROOLFXODU��

OXPHQ�VL]H��7DEOH����'����

7DEOH�����VXPPDUL]HV�WKHVH�GDWD�WRJHWKHU�ZLWK�WKRVH�VWXGLHV�SHUIRUPHG�LQ�UDWV�SUHFHGLQJ��

WKRVH�WZR�SHUIRUPHG�LQ�RWKHU�VSHFLHV��WKH�UDEELW�GHYHORSPHQWDO�VWXG\�DQG�WKH�LPPXQRWR[LFLW\��

VWXGLHV�LQ�PLFH���$OWKRXJK�WKH�UDW�ZDV�PRUH�VHQVLWLYH��WKHUH�GLG�QRW�DSSHDU�WR�EH�D�YHU\�VLJQLILFDQW��

LQWHUVSHFLHV�HIIHFW�RQ�WK\URLG�KRUPRQHV�EHWZHHQ�UDEELWV�DQG�UDWV��DOWKRXJK�WKH�VDPSOH�VL]H�ZDV��

VPDOO�IRU�WKH�WK\URLG�DQG�SLWXLWDU\�KRUPRQH�DQDO\VHV�LQ�WKH�UDEELW�GHYHORSPHQWDO�VWXG\����
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,Q�DGGLWLRQ��OLPLWHG�VDPSOH�VL]H�DQG�GLIIHUHQFHV�LQ�GRVH�VSDFLQJ�DQG�LQ�WLPH��H�J���HQG�RI�JHVWDWLRQ�

YHUVXV�SRVWQDWDO��FRPSOLFDWH�WKHVH�FRPSDULVRQV���'LIIHUHQFHV�LQ�SDWKRORJLVWV�DFURVV�WKH�VWXGLHV�

PD\�FRQIRXQG�LQWHUSUHWDWLRQ�RI�WKH�KLVWRORJ\�GDWD���$OWKRXJK�WKH�ODERUDWRULHV�ZHUH�FDUHIXO�WR�

FROOHFW�VDPSOHV�IURP�HDFK�WUHDWPHQW�JURXS�DW�GLIIHUHQW�WLPHV�RI�WKH�GD\��WKH�PHDQ�YDOXHV�ZRXOG�

WKHUHE\�LQFOXGH�GXUQDO�UK\WKPV���7KLV�ZRXOG�FRQWULEXWH�WR�³ZLWKLQ�JURXS�HUURU´�DQG�UHGXFH�WKH�

VWDWLVWLFDO�SRZHU�WR�GHWHFW�GLIIHUHQFHV���:LWK�UHVSHFW�WR�JHQGHU�GLIIHUHQFHV��LW�LV�GLIILFXOW�WR�DVFULEH�

DQ\�ELRORJLFDO�VLJQLILFDQFH�WR�WKHVH�ILQGLQJV�ZKHQ�WKH�GDWD�DUH�YLHZHG�DFURVV�WKH�DUUD\�RI�VWXGLHV���

)XUWKHU��PLQLPDO�GLIIHUHQFHV�EHWZHHQ�JHQGHU�DUH�JHQHUDOO\�DVVRFLDWHG�ZLWK�FKHPLFDOO\�LQGXFHG�

K\SRWK\URLGLVP���(YDOXDWLRQ�RI�WKH�KRUPRQH�GDWD�IRU�PLFH�DZDLWV�UHSHDW�DVVD\V�DQG�WKH�

FRPSOHWLRQ�RI�7��GDWD���

%DVHG�RQ�WKH�SDWWHUQ�WKDW�HPHUJHG�IURP�WKHVH�GDWD��D�VHTXHQWLDO�PRGH�RI�DFWLRQ�PRGHO�ZDV��

SURSRVHG�WR�PDS�WKH�UHODWLRQVKLSV�EHWZHHQ�H[WHUQDO�GRVH��LQWHUQDO�GRVH��WKH�ELRORJLFDOO\�HIIHFWLYH��

GRVH��DQG�DOWHUHG�VWUXFWXUDO�DQG�IXQFWLRQDO�SDUDPHWHUV�RI�HVWDEOLVKHG�UHOHYDQFH�WR�ULVN�DVVHVVPHQW��

�)LJXUH��������7KLV�VFKHPH�HVVHQWLDOO\�IOHVKHV�RXW�LQ�ILQHU�GHWDLO�WKH�SURJUHVVLYH�VWHSV�DORQJ�WKH��

H[SRVXUH�GRVH�UHVSRQVH�FRQWLQXXP�GLVFXVVHG�LQ�&KDSWHU����VHH�)LJXUH������DQG�LV�FRXFKHG�LQ��

WHUPV�RI�HVWDEOLVKLQJ�ELRPDUNHUV�RI�H[SRVXUH�DQG�HIIHFW���$Q\�³FRPSDUWPHQW´�DORQJ�WKH��

FRQWLQXXP�PD\�KDYH�SURJQRVWLF�VLJQLILFDQFH�WR�HVWDEOLVKHG�RXWFRPHV�RI�LQWHUHVW��H�J���WK\URLG��

KLVWRORJ\��DQG�EH�UHOHYDQW�WR�ULVN�DVVHVVPHQW�ZLWKRXW�FRPSUHKHQVLYH�TXDQWLILFDWLRQ�RI��

PHFKDQLVWLF�GHWHUPLQDQWV���1RWH�WKDW�WKH�HDUOLHVW�ELRORJLFDO�HIIHFW��FKDQJHV�LQ�WK\URLG�DQG��

SLWXLWDU\�KRUPRQHV��LV�WKH�SUHFXUVRU�OHVLRQ�IRU�ERWK�WKH�SRWHQWLDO�FDUFLQRJHQLF�DQG��

QHXURGHYHORSPHQWDO�HIIHFWV����

7KH�GLIILFXOW\�LQ�GHVLJQDWLQJ�DQ�HIIHFW�OHYHO�IRU�WKHVH�SHUWXUEDWLRQV��KRZHYHU��ZDV�LQ�WKH��

GHJUHH�RI�FKDQJH�WR�GHVLJQDWH�DV�DGYHUVH���6FUHHQLQJ�QHXURGHYHORSPHQWDO�VWXGLHV�PD\�QRW�KDYH��

WKH�SRZHU�WR�DVFHUWDLQ�QHXURORJLFDO�HIIHFWV�WKDW�PLJKW�UHVXOW�IURP�VPDOO�FKDQJHV�LQ��

WK\URLG�SLWXLWDU\�KRUPRQH�HFRQRP\���$V�SRLQWHG�RXW�E\�&URIWRQ������M���WKH�VHQVLWLYLW\�RI�DQLPDO��

PRGHOV�XVHG�WR�H[SORUH�WKH�UROH�RI�WK\URLG�KRUPRQHV�LQ�QHXUDO�GHYHORSPHQW�LV�FXUUHQWO\��

HTXLYRFDO���0RVW�RI�WKH�GDWD�FROOHFWHG�DQG�SXEOLVKHG�WR�GDWH�ZHUH�ZLWK�KLJK�GRVHV�RI�WK\URWR[LF��

FKHPLFDOV��H�D���PHWKLPD]ROH��SURS\OWKLRXUDFLO��RU�WK\URLGHFWRP\���,W�LV�QRW�NQRZQ�ZKHWKHU�WKH��

DYDLODEOH�WHVWV�DUH�FDSDEOH�RI�GHWHFWLQJ�PRUH�VXEWOH�FKDQJHV�LQ�QHUYRXV�V\VWHP�GHYHORSPHQW��$Q��

DQDO\VLV�SUHVHQWHG�E\�&URIWRQ������M��VXJJHVW�WKDW�PHDVXUHPHQWV�RI�QHUYRXV�V\VWHP�GHYHORSPHQW��

DUH�OHVV�VHQVLWLYH�WKDQ�PHDVXUHPHQWV�RI�7����7ZR�RI�UHDVRQV�IRU�WKLV�UHODWLRQVKLS�DUH�SUHVHQWHG�����
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Figure 6-1. Schematic of the exposure-dose-response continuum considered in the context
of biomarkers (classified as measures of exposure, effect, and susceptibility)
and level of organization at which toxicity is observed (U.S. Environmental
Protection Agency, 1994a; Schulte, 1989).  An overall model of how to map the
toxicity from perchlorate can be developed on this basis by establishing causal
linkage or prognostic correlations of precursor lesions.

)LUVW��WKH�EUDLQ�PD\�EH�SURWHFWHG�IURP�SHUWXUEDWLRQV�LQ�FLUFXODWLQJ�FRQFHQWUDWLRQV�RI�7���DV�

GHPRQVWUDWHG�E\�XSUHJXODWLRQ�RI�GHLRGLQDVHV�LQ�EUDLQ�WLVVXH�WKDW�FRPSHQVDWH�IRU�YHU\�ODUJH�

GHFUHDVHV�LQ�FLUFXODWLQJ�7����7KH�VHFRQG�UHDVRQ�DQG�RQH�IRU�FRQFHUQ�LQ�WKH�FRQWH[W�RI�WKLV�PRGHO�

GHYHORSPHQW�LV�WKDW�FXUUHQWO\�DYDLODEOH�WHVWLQJ�PHWKRGV��SDUWLFXODUO\�VFUHHQLQJ�PHWKRGV��PD\�QRW�

EH�YHU\�VHQVLWLYH��5HFHQW�GDWD�VXJJHVW�WKDW�WKH�EDWWHU\�LV�LQVHQVLWLYH�WR�DOWHUDWLRQV�LQ�WK\URLG�

KRUPRQHV�GXULQJ�GHYHORSPHQW��*ROGH\������D�E����$V�QRWHG�LQ�&KDSWHU����WKH�LQFUHDVHG�VL]H�RI�

WKH�FRUSXV�FDOORVXP��6HFWLRQ����������DQG�WKH�DOWHUDWLRQ�LQ�WKH�RQWRJHQ\�RI�PRWRU�DFWLYLW\�

�6HFWLRQ����������DUJXH�WKDW�WKHUH�PD\��LQ�IDFW��EH�DQ�DIIHFW�RI�SHUFKORUDWH�RQ�WKH�VWUXFWXUH�DQG�

IXQFWLRQ�RI�WKH�GHYHORSLQJ�QHUYRXV�V\VWHP�RFFXUULQJ�DW�ORZHU�FRQFHQWUDWLRQV��
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$�SDUWLFXODU�FRQFHUQ�ZDV�WKH�WK\URLG�IROOLFXODU�FHOO�K\SHUSODVLD�DQG�WKH�GHFUHDVH�LQ�

IROOLFXODU�OXPHQ�VL]H�REVHUYHG�DW�WKH�����PJ�NJ�GD\�GRVH�LQ�WKH�SXSV�RI�WKH�QHXURGHYHORSPHQWDO�

VWXG\�DW�31'����)LJXUH�����VKRZV�WKH�SDWWHUQ�RI�FKDQJH�LQ�IHWDO�DQG�QHRQDWDO�WKU\RLG�IXQFWLRQ�

GXULQJ�SUHJQDQF\�LQ�KXPDQV��DQG�DQ�DQDORJRXV�SDWWHUQ�LV�OLNHO\�WR�H[LVW�LQ�WKH�UDWV���,I�WKH�76+�

ZDV�LQFUHDVHG�VXIILFLHQWO\�WR�FDXVH�K\SHUWURSK\�LQ�WKHVH�SXSV��WKHUH�LV�D�FRQFHUQ�WKDW�LW�FRXOG�

KDYH�RFFXUUHG�LQ�XWHUR��EHFDXVH���GD\V�RI�SRVWSDUWXP�H[SRVXUH�YLD�ODFWDWLRQ�DORQH�SUREDEO\�LV�QRW�

VXIILFLHQW�WR�GHYHORS�WKDW�GHJUHH�RI�FKDQJH�LQ�WKH�JODQG���)XUWKHU��DFFRUGLQJ�WR�)LVKHU������E���

ZKR�KDV�ZRUNHG�ZLWK�PRGHOV�RI�ODFWDWLRQDO�WUDQVIHU�RI�LRQL]HG�VPDOO�PROHFXOHV���H�J���

WULFKORURDFHWLH�IRUPHG�E\�PHWDEROLVP�RI�WULFKORURHWK\OHQH���DSSUR[LPDWHO\�����WR����RI�WKH�

DGPLQLVWHUHG�GRVH�ZDV�DYDLODEOH�RYHU�WKH�FRXUVH�RI����GD\V�RI�ODFWDWLRQ���)LVKHU������E���

HVWLPDWHG�WKDW�OHVV�WKDQ����RI�WKH�DGPLQLVWHUHG�SHUFKORUDWH�GRVH�ZRXOG�EH�WUDQVIHUUHG�YLD��

ODFWDWLRQ�RYHU�WKH�HQWLUH�ODFWDWLRQ�SHULRG�DQG�WKDW�PRVW�ZRXOG�EH�H[FUHWHG�LQ�WKH�XULQH���

��

������� &RUUHODWLRQ�$QDO\VHV�RI�+RUPRQH�DQG�7K\URLG�+LVWRSDWKRORJ\��

7R�IXUWKHU�VXSSRUW�WKH�PRGH�RI�DFWLRQ�PDSSLQJ��D�VHULHV�RI�FRUUHODWLRQV�ZHUH�SHUIRUPHG��

HYDOXDWLQJ�WKH�UHODWLRQVKLSV�EHWZHHQ�WKH�WK\URLG�KRUPRQHV��76+��DQG�WK\URLG�KLVWRORJ\��*HOOHU���

����D����%HFDXVH�RI�WKH�FRQWUROOLQJ�IHHGEDFN�PHFKDQLVPV�LQYROYHG�LQ�WKH�K\SRWKDODPLF�SLWXLWDU\���

WK\URLG�D[LV��DV�SHUFKORUDWH�H[SRVXUHV�SHUWXUE�WK\URLG�HFRQRP\��RQH�ZRXOG�H[SHFW�FHUWDLQ��

UHODWLRQVKLSV�LQ�WKH�FRUUHODWLRQV���7KH�WK\URLG�SURGXFHV�7��LQ�ODUJH�TXDQWLWLHV�DQG�7��LQ�VPDOOHU��

DPRXQWV��PRVW�7��LV�SURGXFHG�E\�GHLRGLQDWLRQ�RI�7��DW�WDUJHW�WLVVXHV���/RZ�OHYHOV�RI�FLUFXODWLQJ��

7��DQG�7��OHDG�WR�LQFUHDVHG�SURGXFWLRQ�DQG�UHOHDVH�RI�76+�E\�WKH�SLWXLWDU\���/RQJ�SHULRGV�RI��

HOHYDWHG�76+�FDQ�UHVXOW�LQ�K\SHUWURSK\�RU�K\SHUSODVLD�RI�WKH�IROOLFXODU�HSLWKHOLDO�FHOOV��DV�ZHOO�DV��

D�GHFUHDVH�LQ�WKH�VL]H�RI�WKH�IROOLFXODU�OXPHQ���7KXV��SRVLWLYH�FRUUHODWLRQV�EHWZHHQ�7��DQG�7����

ZKHUHDV�QHJDWLYH�FRUUHODWLRQV�EHWZHHQ�7��RU�7��DQG�76+�DUH�H[SHFWHG�LI�WKHVH�SHUWXUEDWLRQV�DUH��

DIIHFWLQJ�WKH�WK\URLG�HFRQRP\���3RVLWLYH�FRUUHODWLRQV�EHWZHHQ�76+�DQG�WK\URLG�KLVWRSDWKRORJ\��

DUH�H[SHFWHG��ZKHUHDV�7��RU�7��ZRXOG�EH�FRUUHODWHG�QHJDWLYHO\��LQYHUVHO\��ZLWK�WK\URLG��

KLVWRSDWKRORJ\���

7KH�FRUUHODWLRQ�DQDO\VHV�ZHUH�RI�WZR�W\SHV���+RUPRQH�OHYHOV�DUH�FRQWLQXRXV��UDWLR�VFDOHG��

YDOXHV��VR�FRUUHODWLRQV�ZHUH�FRPSXWHG�XVLQJ�WKH�FRQYHQWLRQDO�3HDUVRQ¶V�U�VWDWLVWLF���&RUUHODWLRQV��

EHWZHHQ�UDWLR�VFDOHG�KRUPRQH�OHYHOV�DQG�RUGLQDOO\�VFDOHG�VWDQGDUG�KLVWRORJ\�UDWLQJV�PXVW�EH��

FRPSXWHG�XVLQJ�QRQSDUDPHWULF�FRUUHODWLRQV���7R�FRPSDUH�YDULDEOHV�IURP�WKH�GLIIHUHQW�VFDOHV��LW�LV��
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Figure 6-2. Pattern of change in fetal and neonatal thyroid function parameters during
pregnancy and extrauterine adaptation in the human.  A similar pattern is
thought to exist in the rat (see text for further details).

Source:  Fisher (1996).

VLPSOHVW�WR�UHFRGH�WKH�GDWD�E\�FRQYHUWLQJ�WKH�YDULDEOH�YDOXHV�LQWR�UDQN�VFRUHV���6SHDUPDQ¶V�UDQN�

RUGHU��U
V

��FRUUHODWLRQ�ZDV�XVHG�WR�FRPSXWH�WKH�FRUUHODWLRQ�EHWZHHQ�WKH�UDQNLQJV�RI�WZR�YDULDEOHV���

:KHQ�WKHUH�ZHUH�WLHV�LQ�WKH�UDQNV��DV�WKHUH�ZHUH�LQ�WKLV�GDWD�VHW��HDFK�YDOXH�ZDV�DVVLJQHG�WKH�



December 31, 1998 Draft-Do Not Quote or Cite6-14

PHDQ�RI�WKH�UDQNV�WKDW�WKH\�ZRXOG�RWKHUZLVH�RFFXS\���$�FRUUHODWLRQ�FRHIILFLHQW�ZDV�WKHQ�

FRPSXWHG�IRU�WKH�UDQNLQJV�RI�WKH�YDULDEOHV�RI�LQWHUHVW��

$Q�DOWHUQDWLYH�VWDWLVWLF�XVHG�IRU�FRPSDULQJ�WKH�GDWD�VHWV�ZDV�.HQGDOO¶V�WDX��EHVW�WKRXJKW�RI�

DV�D�PHDVXUH�RI�DJUHHPHQW�RU�FRQFRUGDQFH�EHWZHHQ�WZR�VHWV�RI�UDQNHG�GDWD���,W�VHDUFKHV�IRU�WKH�

QXPEHU�RI�LQYHUVLRQV�LQ�WZR�VHWV�RI�UDQNHG�GDWD��L�H���REVHUYDWLRQV�DUH�UDQNHG�DFFRUGLQJ�WR�WKH�

ILUVW�YDULDEOH��WKHQ�UHUDQNHG�DFFRUGLQJ�WR�WKH�VHFRQG��DQG�WKH�QXPEHU�RI�LQWHUFKDQJHV�WKDW�RFFXU�LV�

XVHG�WR�FRPSXWH�WKH�VWDWLVWLF����7KH�6SHDUPDQ�DQG�.HQGDOO�VWDWLVWLFV�SURGXFHG�QHDUO\�LGHQWLFDO�

UHVXOWV���6WDWLVWLFV�ZHUH�FRPSXWHG�XVLQJ�6$6��VRIWZDUH��352&�5$1.�DQG�352&�&255��

6$6�,QVWLWXWH��&DU\��1&����$OO�VWDWLVWLFV�FRUUHVSRQGLQJ�WR�)LJXUHV�����WKURXJK������FDQ�EH�IRXQG�

LQ�$SSHQGL[��$���

,Q�JHQHUDO��SRVLWLYH�FRUUHODWLRQV�ZHUH�H[SHFWHG�EHWZHHQ�7��DQG�7��DQG�EHWZHHQ�76+�DQG��

WKH�KLVWRSDWKRORJ\�UDWLQJ���1HJDWLYH�FRUUHODWLRQV�ZHUH�H[SHFWHG�EHWZHHQ�7��DQG�76+�DQG��

EHWZHHQ�7��DQG�KLVWRSDWKRORJ\���

)LJXUH�����VKRZV�WKH�FRUUHODWLRQV�EHWZHHQ�7��DQG�7��DQG�EHWZHHQ�7��DQG�76+�OHYHOV�IURP��

WKH����GD\�&DOGZHOO�HW�DO���������VWXG\�LQ�UDWV���5REXVW�UHODWLRQVKLSV�DUH�LOOXVWUDWHG��D�SRVLWLYH��

FRUUHODWLRQ�LV�VKRZQ�EHWZHHQ�7��DQG�7���ZKHUHDV�WKH�7��DQG�76+�YDULHG�LQYHUVHO\���+RUPRQH��

OHYHOV�FRUUHODWHG�KLJKO\�ZLWK�WZR�VWDQGDUG�KLVWRSDWKRORJLFDO�UDWLQJV�RI�WK\URLG�SDWKRORJ\���

IROOLFXODU�HSLWKHOLDO�FHOO�K\SHUWURSK\�DQG�GHFUHDVH�LQ�IROOLFXODU�OXPHQ�VL]H���)LJXUH�����VKRZV�WKH��

UDQN�RI�7��OHYHO�YHUVXV�WKH�VHYHULW\�UDWLQJ�IRU�WKHVH�WZR�VWDQGDUG�KLVWRSDWKRORJ\�PHDVXUHV�WR�EH��

KLJKO\�FRUUHODWHG�LQYHUVHO\���)LJXUH�����LOOXVWUDWHV�WKDW�WKH�76+�OHYHOV�DOVR�DUH�VWURQJO\�SRVLWLYHO\��

FRUUHODWHG�ZLWK�WKHVH�VDPH�PHDVXUHV���7DEOH���$��LQ�$SSHQGL[��$�VKRZV�WKDW�WKH�VHYHULW\�UDWLQJV��

IRU�WKH�WZR�VWDQGDUG�KLVWRSDWKRORJ\�PHDVXUHV��IROOLFXODU�HSLWKHOLDO�FHOO�K\SHUWURSK\�DQG�GHFUHDVH��

LQ�IROOLFXODU�OXPHQ�VL]H��DOVR�DUH�KLJKO\�FRUUHODWHG�ZLWK�HDFK�RWKHU���

)LJXUHV�����DQG�����VKRZ�WKH�FRUUHODWLRQV�IRU�WKH����GD\�DQG����GD\�WLPH�SRLQWV�FRPELQHG��

IRU�WKH�VXEFKURQLF�VWXG\�SHUIRUPHG�LQ�UDWV��6SULQJERUQ�/DERUDWRULHV��,QF�����������$V�VKRZQ�LQ��

)LJXUH������WRS�SDQHO���7��DQG�7��ZHUH�KLJKO\�VLJQLILFDQWO\�FRUUHODWHG��ZLWK�ORZ�OHYHOV�RI�7��DQG��

7��DVVRFLDWHG�ZLWK�KLJK�GRVHV���%RWK�7��DQG�76+�ZHUH�VLJQLILFDQWO\�QHJDWLYHO\�FRUUHODWHG��

�ERWWRP�SDQHO���DQG�ERWK�ZHUH�QHJDWLYHO\�DQG�SRVLWLYHO\�FRUUHODWHG��)LJXUH������ZLWK�WKH�VWDQGDUG��

KLVWRSDWKRORJ\�PHDVXUHV�RI�K\SHUSODVLD�XVHG�LQ�WKLV�VWXG\���$IWHU����GD\V�RI�GRVLQJ��)LJXUH��������

7��DQG�7��DUH�KLJKO\�DVVRFLDWHG��WRS�SDQHO���EXW�WKHUH�LV�DQ�XQH[SHFWHG�SRVLWLYH�UHODWLRQ�EHWZHHQ��

7��DQG�76+��ERWWRP�SDQHO����+RZHYHU��DV�H[SHFWHG��7��DQG�76+�DUH�DVVRFLDWHG�QHJDWLYHO\�DQG��
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Figure 6-3. Correlations between T3 versus T4 (top panel) and T4 versus TSH (bottom
panel) in rats of the 14-day study of Caldwell et al. (1995).  Data of Channel
(1998a) and Crofton (1998a).
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Figure 6-4. Correlations between the rank order of T4 versus standard histological
severity rating of follicular epithelial cell hypertrophy (top panel) or of
decrease in follicular lumen size (bottom panel) for the rats of the 14-day study
of Caldwell et al. (1995).  Data of Channel (1998a) and Crofton (1998a).
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Figure 6-5. Correlations between the rank order of TSH versus standard histological
severity rating of follicular epithelial cell hypertrophy (top panel) or of
decrease in follicular lumen size (bottom panel) for the rats of the 14-day study
of Caldwell et al. (1995).  Data of Channel (1998a) and Crofton (1998a).
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Figure 6-6. Correlations between T3 versus T4 (top panel) and T4 versus TSH (bottom
panel) for the combined data of the 14-day and 90-day time points from the
subchronic study in rats (Springborn Laboratories, Inc., 1998). 
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Figure 6-7. Correlation between the rank order of T4 (top panel) or TSH (bottom panel)
versus standard histopathology severity rating of thyroid hypertrophy/
hyperplasia for the combined data of the 14-day and 90-day time points from
the subchronic study in rats (Springborn Laboratories, Inc., 1998).
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Figure 6-8. Correlations between T3 versus T4 (top panel) and T4 versus TSH (bottom
panel) for the combined data of the 14-day time point from the subchronic
study in rats (Springborn Laboratories, Inc., 1998).
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Figure 6-9. Correlations between the rank order of T4 (top panel) or TSH (bottom panel)
versus standard histopathology severity rating of thyroid hypertrophy/
hyperplasia for the 14-day time point from the subchronic study in rats
(Springborn Laboratories, Inc., 1998). 
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Figure 6-10. Correlations between T3 versus T4 (top panel) and T4 versus TSH (bottom
panel) for the combined data of the 90-day time point from the subchronic
study in rats (Springborn Laboratories, Inc., 1998).
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Figure 6-11. Correlations between the rank order of T4 (top panel) or TSH (bottom panel)
versus standard histopathology severity rating of thyroid hypertrophy/
hyperplasia for the 90-day time point from the subchronic study in rats
(Springborn Laboratories, Inc., 1998).
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Figure 6-12. Correlations between T3 versus T4 (top panel) and T4 versus TSH (bottom
panel) for the F1 rat pups on PND5 in the developmental neurotoxicity study. 
Data of Argus Research Laboratories, Inc. (1998a), York (1998c), Channel
(1998b), and Crofton (1998f).
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Figure 6-13. Correlations between the rank order of T4 versus standard histopathology
severity rating of thyroid follicular epithelial cell hypertrophy rating (top
panel) or for standard histopathology severity rating of the decrease in
follicular lumen size (bottom panel) for the Postnatal Day 5 (PND5) pups in
the neurodevelopmental study.  Data of Argus Research Laboratories, Inc.
(1998b), York (1998c), Channel (1998b), and Crofton (1998e,f).
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Figure 6-14. Correlations between the rank order of TSH versus standard histopathology
rating of thyroid follicular epithelial cell hypertrophy rating (top panel) or
for standard histopathology severity rating of the decrease in follicular
lumen size (bottom panel) for the PND5 pups in the neurodevelopmental
study.  Data of Argus Research Laboratories, Inc. (1998a), York (1998c),
Channel (1998b), and Crofton (1998e,f).
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Figure 6-15. Correlations between T3 versus T4 (top panel) and T4 versus TSH (bottom
panel) for the data in parent F0 generation on Gestation Day 29 (GD29)
rabbits from the developmental study (Argus Research Laboratories, Inc.,
1998c).



December 31, 1998 Draft-Do Not Quote or Cite6-28

Figure 6-16. Correlations between the rank order of T4 (top panel) or TSH (bottom
panel) and the standard histopathological severity rating of follicular
hypertrophy in parent F0 generation on GD29 rabbits from the
developmental study (Argus Research Laboratories, Inc., 1998c).
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SRVLWLYHO\�ZLWK�IROOLFXODU�K\SHUSODVLD��)LJXUH������WRS�DQG�ERWWRP�SDQHOV�UHVSHFWLYHO\����$W�WKH�

���GD\�WLPH�SRLQW��WKHUH�DUH�WKH�H[SHFWHG�VWURQJ�FRUUHODWLRQV�EHWZHHQ�7��DQG�7���)LJXUH�������

WRS�SDQHO���EHWZHHQ�7��DQG�76+��ERWWRP�SDQHO���DQG�7��RU�76+�ZLWK�IROOLFXODU�FHOO�K\SHUSODVLD�

�)LJXUH�������WRS�DQG�ERWWRP�SDQHOV��UHVSHFWLYHO\��

&RUUHODWLRQV�DOVR�ZHUH�SHUIRUPHG�RQ�WKH�GDWD�IURP�WKH�QHXURGHYHORSPHQWDO�VWXG\�IRU�WKH�

31'��SXSV��7��DQG�7��ZHUH�VWURQJO\�SRVLWLYHO\�FRUUHODWHG��DQG�7��DQG�76+�ZHUH�QHJDWLYHO\�

FRUUHODWHG��)LJXUH���������)LJXUH�������WRS�SDQHO��VKRZV�WKDW�7��LV�QHJDWLYHO\�DVVRFLDWHG�ZLWK�

ERWK�IROOLFXODU�FHOO�K\SHUWURSK\�DQG�GHFUHDVH�LQ�OXPHQ�DUHD��ERWWRP�SDQHO���EXW�WKH�FRUUHODWLRQ�

UHDFKHV�VLJQLILFDQFH�RQO\�IRU�GHFUHDVH�LQ�OXPHQ�DUHD���)LJXUH������VKRZV�WKDW�76+�LV�SRVLWLYHO\�

FRUUHODWHG�ZLWK�IROOLFXODU�K\SHUWURSK\��WRS�SDQHO��DQG�GHFUHDVH�LQ�OXPHQ�VL]H��ERWWRP�SDQHO���EXW��

WKH�FRUUHODWLRQ�UHDFKHV�D�VLJQLILFDQFH�OHYHO�RQO\�ZLWK�WKH�K\SHUSODVLD���

&RUUHODWLRQV�DOVR�ZHUH�SHUIRUPHG�IRU�WKH�GHYHORSPHQWDO�WR[LFLW\�VWXG\�LQ�UDEELWV��$UJXV��

5HVHDUFK�/DERUDWRULHV��,QF�������F���7��DQG�7��DUH�VWURQJO\�SRVLWLYHO\�FRUUHODWHG��)LJXUH��������

WRS�SDQHO���EXW�WKHUH�ZDV�QR�VLJQLILFDQW�FRUUHODWLRQ�EHWZHHQ�7��DQG�76+���)LJXUH������VKRZV�WKDW��

7��LV�ERUGHUOLQH�VLJQLILFDQW�ZLWK�IROOLFXODU�FHOO�K\SHUSODVLD��WRS�SDQHO���ZKHUHDV�76+�LV�QRW��

FRUUHODWHG�ZLWK�IROOLFXODU�FHOO�K\SHUSODVLD��WRS�SDQHO����

,Q�WRWDO��WKHVH�FRUUHODWLRQV�OHQGHG�VWURQJ�VXSSRUW�WR�WKH�PDSSLQJ�PRGHO�SURSRVHG���6WURQJ��

FRUUHODWLRQV�ZHUH�REVHUYHG�EHWZHHQ�7��DQG�7��OHYHOV��7��RU�7��DQG�76+�OHYHOV��DQG�KRUPRQH��

OHYHOV�DQG�VWDQGDUG�UDWLQJV�RI�WK\URLG�KLVWRSDWKRORJ\���7KHVH�UHODWLRQVKLSV�ZHUH�PRVW�GHILQLWLYH�LQ��

WKH�&DOGZHOO�HW�DO���������VWXG\��LQ�ZKLFK�VWURQJ�FRUUHODWLRQV�H[LVWHG�EHWZHHQ�WKH�HOHPHQWV�RI�WKH��

WK\URLG�KRUPRQH�KRPHRVWDVLV�IHHGEDFN�ORRS�DQG�EHWZHHQ�KRUPRQH�OHYHOV�DQG�VHYHULW\�UDWLQJV�IRU��

WZR�PHDVXUHV�RI�WK\URLG�KLVWRSDWKRORJ\���,Q�WKH�VXEFKURQLF��6SULQJERUQ�/DERUDWRULHV��,QF����������

VWXG\��FRUUHODWLRQV�ZHUH�HVWDEOLVKHG�EHWZHHQ�KRUPRQH�OHYHOV�DQG�IROOLFXODU�HSLWKHOLDO�FHOO��

K\SHUWURSK\�K\SHUSODVLD�DFURVV�ERWK�WKH�����DQG����GD\�GRVLQJ�SRLQWV�DQG�IRU�HDFK�WLPH�SRLQW��

LQGLYLGXDOO\���$W����GD\V�RI�GRVLQJ��WKH�H[SHFWHG�LQYHUVH�UHODWLRQVKLS�EHWZHHQ�7��DQG�76+�ZDV��

QRW�IRXQG���$W�WKH����GD\�GRVLQJ�SRLQW��WKH�LQYHUVH�UHODWLRQVKLSV�EHWZHHQ�7��RU�7��DQG�76+�ZHUH��

DOVR�IRXQG��DORQJ�ZLWK�VLJQLILFDQW�FRUUHODWLRQV�RI�WKHVH�KRUPRQH�OHYHOV�ZLWK�WKH�VHYHULW\�UDWLQJV��

RI�WK\URLG�KLVWRSDWKRORJ\���

6LPLODU�UHODWLRQVKLSV�ZHUH�REVHUYHG�LQ�SXSV�RQ�31'���RI��WKH�GHYHORSPHQWDO�QHXURWR[LFLW\��

VWXG\��$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������D��<RUN������F����7KH�7��DQG�76+�ZHUH��

VLJQLILFDQWO\�FRUUHODWHG�QHJDWLYHO\��DV�H[SHFWHG���7KH�7���7��DQG�76+�ZHUH�DOO�VLJQLILFDQWO\��
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FRUUHODWHG�ZLWK�RQH�RU�WKH�RWKHU�RI�WKH�WK\URLG�KLVWRSDWKRORJ\�PHDVXUHV���7KH�FRUUHODWLRQV�LQ�WKH�

UDW�VWXGLHV�VXSSRUW�WKH�PRGHO�WKDW�PDQLSXODWLRQV�UHVXOWLQJ�LQ�GHFUHDVHG�OHYHOV�RI�FLUFXODWLQJ�

WK\URLG�KRUPRQH�DUH�OLQNHG�WR�WK\URLG�KLVWRSDWKRORJLFDO�FKDQJHV��ZKLFK�DUH�WKRXJKW�WR�UHVXOW�

GLUHFWO\�IURP�HOHYDWLRQ�RI�76+���

7KH�UDEELW�GHYHORSPHQWDO�VWXG\��$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������F��\LHOGHG�

VLJQLILFDQW�FRUUHODWLRQV�EHWZHHQ�7��DQG�7���DQG�EHWZHHQ�7��DQG�KLVWRSDWKRORJ\���,W�GLG�QRW��

KRZHYHU��VKRZ�WKH�H[SHFWHG�UHODWLRQVKLSV�EHWZHHQ�7��DQG�76+�RU�EHWZHHQ�76+�DQG�

KLVWRSDWKRORJ\�VHHQ�LQ�WKH�UDW�VWXGLHV���7KLV�PD\�EH�EHFDXVH�RI�VDPSOH�VL]H�DQG�WKH�WLPH�DW�ZKLFK�

WKH�KRUPRQH�OHYHOV�ZHUH�GHWHUPLQHG��*'������

��

������� :HLJKW�RI�(YLGHQFH�6XPPDU\��

%DVHG�RQ�WKH�KLVWRULFDO�KD]DUG�HYDOXDWLRQ�GLVFXVVHG�LQ�&KDSWHU���DQG�EROVWHUHG�E\�WKH��

VWURQJ�FRUUHODWLRQV�IRU�WKH�PDSSLQJ�RI�WKH�PRGH�RI�DFWLRQ�DFURVV�WKH�VWXGLHV��HVSHFLDOO\�LQ�UDWV��WKH��

GLVWXUEDQFHV�LQ�WK\URLG�KRPHRVWDVLV�EDVHG�RQ�SHUWXUEDWLRQV�RI�WKH�K\SRWKDODPLF�SLWXLWDU\�WK\URLG��

D[LV�ZHUH�IRFXVHG�RQ�IRU�FKRLFH�RI�WKH�FULWLFDO�HIIHFW���&KDQJHV�LQ�WK\URLG�KRUPRQHV�DQG�76+��

W\SLFDOO\�SUHFHGH�WK\URLG�KLVWRSDWKRORJ\��DOWKRXJK�WKH�H[DFW�GHJUHH�RI�FKDQJH�QHFHVVDU\�WR�LQGXFH��

WK\URLG�KLVWRSDWKRORJ\�RU�WR�HIIHFW�QHXURORJLFDO�GHYHORSPHQW�LV�XQNQRZQ���$V�HYLGHQFHG�E\�WKH��

GDWD�LQ�&KDSWHU����DV�ZHOO�DV�E\�WKH�UHVXOWV�RI�WKH�QHZ�WHVWLQJ�VWUDWHJ\��HIIHFWV�RQ�GHYHORSPHQWDO��

WR[LFLW\�DQG�UHSURGXFWLYH�DQG�LPPXQH�V\VWHP�IXQFWLRQ�DSSHDU�OLNHO\�WR�RFFXU�DW�FRQFHQWUDWLRQV��

DERYH�WKRVH�DW�ZKLFK�SHUWXUEDWLRQV�LQ�WK\URLG�KRUPRQH�HFRQRP\�RFFXUV���

&RQFHUQ�RYHU�WKH�PDJQLWXGH�WR�FRQVLGHU�PHDQLQJIXO�LQ�WKH�KRUPRQH�GDWD�UHPDLQV�D��

GLOHPPD���,Q�FOLQLFDO�VWXGLHV��D�QRUPDO�UDQJH�W\SLFDOO\�LV�GHILQHG�E\�D�FRQWURO��KHDOWK\�SRSXODWLRQ����

+RZHYHU��WKH�$129$�DSSURDFK�LV�DQ�HTXDOO\�YDOLG�DSSURDFK�LQ�WKDW�D�VWDWLVWLFDOO\�VLJQLILFDQW��

YDOXH�UHSUHVHQWV�D�VKLIW�LQ�WKH�PHDQ�IRU�WKH�SRSXODWLRQ���7KH�FRQWURO�JURXS�GHILQHV�WKH�UDQJH�IRU��

WKH�XQH[SRVHG��SUHVXPDEO\�KHDOWK\�SRSXODWLRQ��DQG�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�LQGLFDWH��

WKDW�WKH�PHDQ�IRU�DQ�H[SRVHG�JURXS�LV�RXWVLGH�RI�WKDW�QRUPDO�UDQJH���&LUFDGLDQ�IOXFWXDWLRQV�DUH��

DGGUHVVHG�EHFDXVH�WKH�VDPH�IOXFWXDWLRQ�LQ�WKH�FRQWURO�SRSXODWLRQ�RFFXUUHG�DV�WKDW�LQ�WKH�H[SRVHG��

SRSXODWLRQ�DW�WKH�WLPH�RI�PHDVXUHPHQW���$�VPDOO�VKLIW�LQ�WKH�PHDQ�RI�D�SRSXODWLRQ�FDQ�KDYH��

VLJQLILFDQW�FRQVHTXHQFHV�WR�LQGLYLGXDOV�LQ�WKH�WDLOV�RI�WKH�GLVWLEUXWLRQV�RI�WKRVH�SRSXODWLRQV����

,QGHHG��VXFK�DQ�HYDOXDWLRQ�XQGHUOLHV�WKH�EDVLV�IRU�WKH�EORRG�OHDG�OHYHO�XVHG�WR�UHJXODWH�WKH��

1DWLRQDO�$PELHQW�$LU�4XDOLW\�6WDQGDUG��'DYLV�DQG�(OLDV����������0XUUHOO�HW�DO���������SRLQW�RXW��
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WKDW�D�FRQWLQXRXV�TXDQWLW\�PHDVXUHPHQW�VXFK�DV�WKH�KRUPRQH�GDWD�VKRXOG�EH�VFDOHG�E\�WKH�UDQJH�

IURP�EDFNJURXQG�UHVSRQVH�OHYHO�WR�PD[LPXP�UHVSRQVH�OHYHO��IRU�LQFUHDVLQJ�UHVSRQVH�IXQFWLRQV����

7KH�DXWKRUV�JR�RQ�WR�QRWH�WKDW�LW�LV�D�ELRORJLFDO�UHDOLW\�WKDW��ZKDWHYHU�WKH�PHFKDQLVP�RI�HIIHFW�RI�

WKH�WR[LFDQW��WKHUH�LV�VRPH�GRVH�OHYHO�EH\RQG�ZKLFK�QR�IXUWKHU�FKDQJH�LQ�UHVSRQVH�LV�VHHQ�RU�LV�

WKHRUHWLFDOO\�IHDVLEOH���,Q�JHQHUDO��WKHUH�LV�VRPH�W\SH�RI�OLPLWDWLRQ�RU�VDWXUDWLRQ�SKHQRPHQRQ�WKDW�

RFFXUV�DW�KLJK�HQRXJK�GRVHV��H�J���LQ�WKH�VDWXUDWLRQ�RI�WKH�V\PSRUWHU�FDSDFLW\��DV�VXJJHVWHG�E\�WKH�

GDWD�RI�&KRZ�DQG�:RRGEXU\�>����@�DQG�RI�0H\HU�>����@����$Q�DQDORJ\�WR�WKH�FDVH�RI�TXDQWDO�

GDWD�IRU�ZKLFK�DQ�HIIHFW�LV�GHILQHG�DV�D�SUREDELOLW\�PHWULF��ZKHUH�WKH�UHVSRQVH�UHDFKHV�D�

PD[LPXP�DW�RQH��LV��WKDW�IRU�FRQWLQXRXV�PHDVXUHV��WKH�H[WUD�HIIHFW�FDQ�EH�GHILQHG�DV�WKH�FKDQJH�

LQ�HIIHFW�IURP�EDFNJURXQG�VWDQGDUGL]HG�E\�WKH�WRWDO�UDQJH�RI�UHVSRQVH��0XUUHOO�HW�DO�����������7KH��

WRWDO�UHVSRQVH�UDQJH�LV�QRW�QHFHVVDULO\�WKH�UHVSRQVH�UDQJH�RI�WKH�REVHUYHG�UHVSRQVHV�LQ�D�VWXG\���

UDWKHU��LW�LV�GHILQHG�E\�D�GHWHUPLQDWLRQ�RI�WKH�PLQLPXP�DQG�PD[LPXP�SRVVLEOH�UHVSRQVHV��

DFFRUGLQJ�WR��IRU�H[DPSOH��D�PRGHO�HTXDWLRQ�ILWWHG�WR�WKH�GDWD��VHH�6HFWLRQ��������

,Q�OLJKW�RI�WKLV�VWDQFH�RQ�WKH�KRUPRQH�$129$�DQDO\VHV�DQG�UHIHUULQJ�WR�WKH�GDWD�LQ��

7DEOH������LW�LV�QRWHG�WKDW�WKH�12$(/V�IRU�WKH�KRUPRQHV�LQ�WKH�SXSV�RQ�31'��RI�WKH��

QHXURGHYHORSPHQWDO�VWXG\������������DQG�����PJ�NJ�GD\�IRU�7���7���DQG�76+���UHVSHFWLYHO\����

LQ�WKLV�FDVH��IDOO�EHORZ��7��DQG�7���RU�DW�DERXW�WKH�VDPH�OHYHO��76+��DV�WKRVH�IRU�PRWRU�DFWLYLW\����

7KLV�PD\�EH�EHFDXVH�RI�WKH�SRVVLEOH�VDWXUDWLRQ�HIIHFWV�DW�WKH�V\PSRUWHU��ZLWK�VXEVHTXHQW�SDVVLYH��

GLIIXVLRQ�RI�SHUFKORUDWH�DW�KLJKHU�FRQFHQWUDWLRQV��UHVXOWLQJ�LQ�DQ�LQLWLDO�VWHHS�VORSH�IRU�KRUPRQH��

FKDQJHV��IROORZHG�E\�D�ORQJ�VKDOORZ�VORSH�IRU�FKDQJHV�DW�WKH�KLJKHU�FRQFHQWUDWLRQV��RU�PD\�EH���

LQ�SDUW��EHFDXVH�RI�GLIIHUHQFHV�LQ�VHQVLWLYLW\�DPRQJ�WKH�PHDVXUHV��DV�GLVFXVVHG�LQ�&KDSWHU�����7KH��

SDWWHUQ�LV�FRQVLVWHQW�ZLWK�WKDW�VHHQ�LQ�WKH�VXEFKURQLF�UDW�VWXG\��6SULQJERUQ�/DERUDWRULHV��,QF����

������ZKHUH�WKHUH�LV�D�VHYHUDO�RUGHU�RI�PDJQLWXGH�GLIIHUHQFH�EHWZHHQ�WKH�WKH�LQLWLDO�FKDQJHV�LQ��

KRUPRQH�VWDWXV�DQG�WKH�/2$(/�IRU�WK\URLG�KLVWRORJ\�������PJ�NJ�GD\����

7KH�H[FHSWLRQV�WR�WKLV�SDWWHUQ��KRZHYHU��ZHUH�WKH�VWDQGDUG�KLVWRORJ\�PHDVXUH�RI�IROOLFXODU��

HSLWKHOLDO�FHOO�K\SHUSODVLD�LQ�WKH�&DOGZHOO�HW�DO������������GD\�VWXG\�DW�����PJ�NJ�GD\�DQG�WKH��

VDPH�PHDVXUH�WKDW�DOVR�ZDV�REVHUYHG�LQ�WKH�SXSV�RQ�31'��RI�WKH�GHYHORSPHQWDO�QHXURWR[LFLW\��

VWXG\��$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������D����,W�FRXOG�EH�DUJXHG�WKDW�WKH�&DOGZHOO�HW�DO���

�������GDWD�UHSUHVHQW�DQ�LQLWLDO�UHVSRQVH�����GD\��LQ�KRUPRQH�KRPHRVWDVLV�WKDW�FRPHV�WR�VRPH��

OHYHO�RI�WROHUDQFH�E\�WKH����GD\�WLPH�SHULRG��HVSHFLDOO\�RQFH�WKH�VDWXUDEOH�DVSHFW�RI�WKH�V\PSRUWHU��

LV�FRQVLGHUHG���+RZHYHU��WKH�WK\URLG�KLVWRSDWKRORJ\�LQ�WKH�SXSV�RQ�31'��OLNHO\�LV�QRW�FDXVHG�E\��
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WKLV�SKHQRPHQRQ�DQG�UHSUHVHQWV�D�FDXVH�IRU�FRQFHUQ���7KH�ILQGLQJV�DUH�FRQVLVWHQW�ZLWK�WKRVH�LQ�

JXLQHD�SLJV�RI�WKH�3RVWHO��������VWXG\�DQG�WKRVH�RI�/DPSH�HW�DO���������LQ�UDEELWV�ZKHUH�WKH�IHWDO�

FKDQJHV�LQ�WK\URLG�ZHUH�VKRZQ�WR�EH�LQGHSHQGHQW�DQG�PRUH�VHQVLWLYH�WKDQ�WKRVH�RI�WKH�GDPV���

7KH�WK\URLG�KLVWRORJ\�/2$(/�VKLIWV�WR�KLJKHU�GRVHV�DW�31'���DQG�31'����PRVW�OLNHO\�EHFDXVH�

RI�GHFUHDVHV�LQ�GRVH�YLD�ODFWDWLRQ��DV�GLVFXVVHG�LQ�&KDSWHU����

7KH�(3$�WKXV�FKRVH�WR�IRFXV�RQ�WKH�KLVWRORJ\�/2$(/�DW�����PJ�NJ�GD\�LQ�WKH�31'��SXSV�

DV�WKH�FULWLFDO�HIIHFW���,Q�WKLV�FDVH��WKLV�HIIHFW�DSSHDUV�WR�SUHFHGH�WKH�KRUPRQDO�DQG�

QHXUREHKDYLRUDO�FKDQJHV���7KH�HIIHFW�DOVR�RFFXUV�DW�GRVHV�ORZHU�WKDQ�WKRVH�DVVRFLDWHG�ZLWK�

KLVWRORJ\�DIWHU�ORQJHU�WHUP�H[SRVXUHV�LQ�DGXOWV���%HQFKPDUN�GRVH�DQDO\VHV��GLVFXVVHG�LQ�6HFWLRQ�

�����ZHUH�WKHQ�DWWHPSWHG�WR�UHILQH�WKLV�LQLWLDO�GHFLVLRQ�UHJDUGLQJ�WKH�FULWLFDO�HIIHFW���

��

������� 3RVVLEOH�6XVFHSWLELOLW\��

%DVHG�RQ�WKH�PRGH�RI�DFWLRQ�IRU�SHUFKORUDWH��WKH�FRPSHWLWLYH�LQKLEWLRQ�RI�LRGLGH�XSWDNH���

DQG�WKH�VXEVHTXHQW�SHUWXUEDWLRQ�RI�WK\URLG�KRUPRQH�KRPHRVWDVWLV��D�QXPEHU�RI�IDFWRUV�SRWHQWLDOO\��

FRXOG�FDXVH�DQ�LQFUHDVH�LQ�VXVFHSWLELOLW\�RI�D�SRSXODWLRQ�WR�SHUFKORUDWH�WR[LFLW\���$V�DOUHDG\��

LQGLFDWHG�E\�WKH�FKRLFH�RI�FULWLFDO�HIIHFW��WKH�IHWXV�DQG�SHUKDSV�WKH�GHYHORSLQJ�FKLOG�PD\�UHSUHVHQW��

VXVFHSWLEOH�SRSXODWLRQV��DOWKRXJK�FULWLFDO�GDWD�RQ�WKH�VWHDG\�VWDWH�SKDUPDFRNLQHWLFV�DQG�SODFHQWDO��

GRVLPHWU\�DUH�ODFNLQJ�WR�GHILQLWLYHO\�VWDWH�ZKHWKHU�RU�QRW�WKHUH�LV�DQ�LQKHUHQW�SKDUPDFRG\QDPLF��

FRPSRQHQW�WR�WKH�DSSDUHQW�VHQVLWLYLW\�RI�SXSV�YHUVXV�GDPV�LQ�WKH�ODERUDWRU\�DQLPDO�PRGHOV����

,QGLYLGXDOV�WKDW�DUH�LRGLQH�GHILFLHQW�PD\�EH�DQRWKHU�VXVFHSWLEOH�SRSXODWLRQ���7KH�HOGHUO\�DQG��

K\SRWK\URLG�LQGLYLGXDOV�RU�WKRVH�DQWL�WK\URLG�WUHDWHG�ZLWK�GUXJV��PD\�EH�RWKHUV�PRUH�VXVFHSWLEOH��

WKDQ�WKH�JHQHUDO�SRSXOWDWLRQ�WR�WKH�HIIHFWV�RI�SHUFKORUDWH���

��

����� 3RLQW�RI�'HSDUWXUH�$QDO\VLV��

%HFDXVH�WKH�(3$�DGYRFDWHV�WKH�XVH�RI�TXDQWLWDWLYH�GRVH�UHVSRQVH�PRGHOLQJ��&UXPS�HW�DO����

������DQG�LQ�WKH�KRSHV�RI�JDLQLQJ�PRUH�LQVLJKW�RQ�KRZ�WR�LQWHJUDWH�WKH�WK\URLG�KRUPRQH�DQG��

KLVWRSDWKRORJ\�GDWD��D�VHULHV�RI�EHQFKPDUN�GRVH��%0'��DQDO\VHV�ZHUH�SHUIRUPHG�RQ�DOO�WKH�GDWD��

IURP�WKH�VWXGLHV�LQ�WKH�WHVWLQJ�VWUDWHJ\��*HOOHU������E����7DEOH��%���RI�$SSHQGL[��%�SURYLGHV�WKH��

IXQFWLRQDO�IRUPV�XVHG�IRU�WKH�PRGHOLQJ�RI�FRQWLQXRXV�GDWD��KRUPRQH�DQG�PRWRU�DFWLYLW\�DQDO\VHV���

DQG�GLFKRWRPRXV�GDWD��WK\URLG�KLVWRSDWKRORJ\����7KH�%0'�DQG�WKH�����ORZHU�OLPLW��%0'/���

ZHUH�FRPSDUHG�WR�12$(/�DQG�/2$(/�HVWLPDWHV�GHULYHG�E\�$129$���
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)RU�WKH�FRQWLQXRXV�GDWD��WKH�%0'�DQG�%0'/�HVWLPDWHV�ZHUH�FDOFXODWHG�XVLQJ�D�YDULHW\�RI�

EHQFKPDUN�UHVSRQVH��%05��YDOXHV���*HQHUDOO\��WKH�%05�ZDV�HTXDO�WR�D�UHVSRQVH�����OHVV�WKDQ�

WKH�FRQWURO�PHDQ��L�H�������RI�WKH�DFWXDO�FRQWURO�UHVSRQVH�ZDV�VXEWUDFWHG�IURP�WKH�HVWLPDWH�RI�WKH�

FRQWURO�YDOXH�JHQHUDWHG�E\�WKH�ILW�WR�WKH�GDWD����7KLV�LV�D�OHVV�ULJRURXV�VWDQGDUG�WKDQ�WKH��FRQWURO�

PLQXV����RI�FRQWURO��%05�WKDW�SURYLGHG�D�FORVH�PDWFK�WR�12$(/V�LQ�WKH�HYDOXDWLRQ�RI�%0'�

IRU�GHYHORSPHQWDO�WR[LFLW\�E\�.DYORFN�HW�DO����������DOWKRXJK�WKLV�PD\�EH�ZDUUDQWHG�EHFDXVH�

RWKHU�HQGSRLQWV��WK\URLG�KRUPRQH�DQG�KLVWRSDWKRORJ\��DUH�EHLQJ�HYDOXDWHG���)RU�WKH�QDWXUDO�ORJ�

�OQ��WUDQVIRUPHG�GDWD��WKLV�PHDQV�VXEWUDFWLQJ�WKH�FRQVWDQW��������IURP�WKH�FRQWURO�YDOXH��

HTXLYDOHQW�WR�PXOWLSO\LQJ�WKH�FRQWURO�YDOXH�E\��������7KH�%0'�DQG�%0'/V�DW����DQG�����OHVV�

WKDQ�FRQWURO�DQG�FRQWURO�VWDQGDUG�GHYLDWLRQV�DOVR�DUH�SURYLGHG�DV�D�\DUGVWLFN�IRU�HYDOXDWLQJ�KRZ��

RWKHU�FOLQLFDO�FULWHULD�PD\�DIIHFW�WKH�HVWLPDWHV���+RUPRQH�GDWD�ZHUH�ILW�ZLWK�SRO\QRPLDO��OLQHDU�RU��

TXDGUDWLF��RU�SRZHU�IXQFWLRQV���

7KH�%0'�DQG�%0'/�HVWLPDWHV�ZHUH�FDOFXODWHG�IRU�WKH�LQFLGHQFH�RI�VWDQGDUG�WK\URLG��

KLVWRSDWKRORJ\�PHDVXUHV�XVLQJ�D�%05�RI�D�����LQFLGHQFH�RYHU�FRQWURO��L�H���%0'���DQG��

%0'/������7KH�KLVWRSDWKRORJ\�GDWD�ZHUH�UHFRGHG�WR�FRXQW�DQ\�VHYHULW\�UDWLQJ�JUHDWHU�WKDQ�]HUR��

DV�DQ�LQFLGHQW�RI�KLVWRSDWKRORJ\���'DWD�ZHUH�ILW�ZLWK�WKH�HQWLUH�JDPXW�RI�IXQFWLRQV�DYDLODEOH��

WKURXJK�WKH�(3$�%HQFKPDUN�'RVH�6RIWZDUH��%HWD�YHUVLRQV������DQG��������

$GHTXDF\�RI�ILW�IRU�FRQWLQXRXV�GDWD�ZDV�HYDOXDWHG�E\�WKH�VWDWLVWLFDO�JRRGQHVV�RI�ILW��

�!��î�ORJ�OLNHOLKRRG�UDWLR��WHVW�SURYLGHG�E\�WKH�(3$�%0'�SURJUDP�RXWSXW��YLVXDO�FRPSDULVRQ���

DQG�ZKHWKHU�WKH�ILW�ZDV�ELRORJLFDOO\�SODXVLEOH���7KH�ODWWHU�FULWHULRQ�LQ�PRVW�FDVHV���

QRQPRQRWRQLFLWLHV�LQ�WKH�IXQFWLRQ�ILW�WR�WKH�GDWD��SUHFOXGHG�D�ILW�IURP�FRQVLGHUDWLRQ���,Q�JHQHUDO���

WKH�VHFRQG�RUGHU�TXDGUDWLF�ILWV�VXIIHUHG�IURP�PLQLPD�RU�PD[LPD�EHWZHHQ�WKH�GDWD�SRLQWV�IURP�WKH��

WZR�KLJKHVW�GDWD�SRLQWV�LQ�D�JLYHQ�H[SHULPHQW���7KLV�FRQVLGHUDWLRQ�DOVR�SUHFOXGHG�WKH�XVH�RI��

SRO\QRPLDOV�RI�KLJKHU�WKDQ�VHFRQG�RUGHU��EHFDXVH�WKHVH�KLJKHU�RUGHU�SRO\QRPLDOV�JHQHUDOO\�KDG�D��

ORFDO�PD[LPD�RU�PLQLPD�EHWZHHQ�GDWD�SRLQWV��GRVH�OHYHOV��DQG�GLG�QRW�PRGHO�WKH�GDWD�SODXVLEO\����

,W�VKRXOG�EH�QRWHG�WKDW�WKH�LQWHUSUHWDWLRQ�RI�WKH�WHVW�IRU�FRQVWDQW�YDULDQFH�LQFOXGHG�LQ�WKH�RXWSXW�RI��

WKH�YHUVLRQ�RI�WKH�%0'�VRIWZDUH��YHUVLRQ�������LV�QRW�UHOLDEOH���

��

������� %HQFKPDUN�'RVH�(VWLPDWHV�6XEPLWWHG�WR�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��

7ZR�VHWV�RI�%0'�FDOFXODWLRQV�ZHUH�GHULYHG�IURP�WKH�&DOGZHOO�HW�DO������������GD\�VWXG\��

DQG�VXEPLWWHG�WR�WKH�(3$��'ROODUKLGH�DQG�'RXUVRQ����������2QH�VHW�ZDV�FDOFXODWHG�IRU�76+�DQG��
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7��OHYHOV�IRU�PDOHV�DQG�IHPDOHV�VHSDUDWHO\�XVLQJ�WKH�7+&��SRO\QRPLDO�ILW��PRGXOH�RI�WKH�&UXPS�

VRIWZDUH��DQG�WKH�PRGHO�FRHIILFLHQWV�ZHUH�UHVWULFWHG�WR�EH�QRQQHJDWLYH�WR�SUHYHQW�

QRQPRQRWRQLFLW\���7KLV�UHVXOWHG�LQ�OLQHDU�ILWV�WR�FXUYLOLQHDU�GDWD��DQG�WKH�ILWV�ZHUH�MXGJHG�WR�EH�

SRRU�E\�ERWK�YLVXDO�LQVSHFWLRQ�DQG�VWDWLVWLFDO�JRRGQHVV�RI�ILW�FULWHULD��*HOOHU������E����

$Q�DOWHUQDWLYH�DSSURDFK�WR�FDOFXODWLQJ�%0'�HVWLPDWHV�EDVHG�RQ�DGGLWLRQDO�ULVN�DOVR�ZDV�

GHULYHG�XVLQJ�WKH�.RGHOO�:HVW�DOJRULWKP��.RGHOO�:HVW����������7KH�PRGHO�JHQHUDWHV�D�TXDGUDWLF�

ILW�WR�WKH�GRVH�UHVSRQVH�GDWD�XVLQJ�D�PD[LPXP�OLNHOLKRRG�HVWLPDWRU��GHILQHV�DQ�DGYHUVH�HIIHFW�

OHYHO�EDVHG�RQ�WKH�YDULDELOLW\�SUHVHQW�LQ�WKH�GDWD��DQG�WKHQ�FDOFXODWHV�DGGLWLRQDO�ULVN���7KH�(3$�

UHFDOFXODWHG�WKHVH�ILWV�XVLQJ�.RGHOO¶V�6$6��SURJUDP��*HOOHU������E����7KH�(3$�HVWLPDWHV�

FRUUHVSRQG�WR�WKRVH�SUHYLRXVO\�UHSRUWHG��DV�VKRZQ�LQ�7DEOH��%���RI�$SSHQGL[��%���7KH��

FRHIILFLHQWV�RI�WKH�ILWV�DUH�SURYLGHG�LQ�7DEOH��%�����1RQH�RI�WKH�ILWV�WR�WKH�GDWD�UHDFKHG�VWDWLVWLFDO��

VLJQLILFDQFH��DQG�DOO�FRQWDLQ�PLQLPD��7��DQG�7���RU�PD[LPD��76+��ZLWKLQ�WKH�GRVH�UDQJH�WHVWHG����

$JDLQ��WKH�ODFN�RI�ILW�UDLVHV�GLIILFXOWLHV�ZLWK�LQWHUSUHWDWLRQ�DQG�VXJJHVWV�WKDW�WKHVH�HVWLPDWHV��

VKRXOG�QRW�EH�XVHG�DV�WKH�EDVLV�IRU�ULVN�DVVHVVPHQW���7KH�(3$�DOVR�FDOFXODWHG�%0'�HVWLPDWHV�RQ��

OQ�WUDQVIRUPHG�GDWD�EHFDXVH�WKH�.RGHOO�:HVW�DOJRULWKP�DVVXPHV�FRQVWDQW�YDULDQFH��DQG�WKH��

WUDQVIRUPHG�GDWD�LV�PRUH�OLNHO\�WR�ILW�WKLV�DVVXPSWLRQ���7KH�%0'�HVWLPDWHV�FDOFXODWHG�ZLWK�WKH�OQ��

WUDQVIRUP��KRZHYHU��ZHUH�YLUWXDOO\�LGHQWLFDO�WR�WKRVH�RI�WKH�SUHYLRXV�HVWLPDWHV���

��

������� 8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�%HQFKPDUN�'RVH�(VWLPDWHV�IRU�6WDQGDUG��
7K\URLG�+LVWRSDWKRORJ\��

7KH�%0'�HVWLPDWHV�ZHUH�JHQHUDWHG�XVLQJ�D�%05�RI�����LQFUHDVH�LQ�LQFLGHQFH�RYHU��

FRQWURO��)LJXUHV������DQG������SURYLGH�JUDSKLFDO�LOOXVWUDWLRQ�RI�WKH�UDQJH�RI�%0'�DQG�%0'/��

HVWLPDWHV�ILW�WR�WKH�VWDQGDUG�KLVWRSDWKRORJ\�RI�IROOLFXODU�HSLWKHOLDO�FHOO�K\SHUWURSK\�K\SHUSODVLD��

GDWD�IRU�WKH�&DOGZHOO�HW�DO������������GD\�VWXG\�LQ�UDWV��WKH�VXEFKURQLF�VWXG\�LQ�UDWV��6SULQJERUQ��

/DERUDWRULHV��,QF����������DQG�WKH�GHYHORSPHQWDO�QHXURWL[LFLW\�VWXG\��$UJXV�5HVHDUFK��

/DERUDWRULHV��,QF�������D��<RUN��D�E�F�G�H����)LJXUHV������DQG������VXPPDUL]H�WKHVH�VDPH��

HVWLPDWHV�DV�³ER[�DQG�ZKLVNHU´�SORWV���

$V�VKRZQ�LQ�7DEOH��%����DOO�WKH�IXQFWLRQV�SURYLGHG�DGHTXDWH�ILWV�WR�WKH�IROOLFXODU�HSLWKHOLDO��

FHOO�K\SHUWURSK\�GDWD�RI�&DOGZHOO�HW�DO����������DQG�WKH�%0'�DQG�%0'/�ZHUH�ZLWKLQ�D�IDFWRU�RI��

��RU���RI�RQH�DQRWKHU���
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Figure 6-17. BMD estimates derived from fits of various model functions to the dose-
response of incidence of standard histopathological detection in rats of
follicular epithelial cell hypertrophy (Caldwell et al., 1995 14-day study) or
hypertrophy/hyperplasia (Argus Research Laboratories, Inc., 1998a
developmental neurotoxicity study; 14-day and 90-day data of Springborn
Laboratories, Inc., 1998).  A benchmark response level of 10% was used. 
Details on analyses and graphical displays can be found in Geller (1998b). 
Tables 6B-2 through 6B-7 in Appendix 6B provide statistical output.

7DEOH��%���VKRZV�WKDW�PRGHO�ILWV�\LHOGHG�KLJKHU�%0'�DQG�%0'/�HVWLPDWHV�IRU�WKH�GDWD�RI�

WKH�VXEFKURQLF�VWXG\��6SULQJERUQ�/DERUDWRULHV��,QF���������WKDQ�IRU�WKRVH�RI�WKH�RWKHU�

KLVWRSDWKRORJ\�GDWD��LQ�NHHSLQJ�ZLWK�WKH�KLJKHU�YDOXHV�QRWHG�SUHYLRXVO\�IRU�WKLV�VWXG\���)RU�WKH�

���GD\�WLPH�SRLQW��DOO�RI�WKH�%0'�DQG�%0'/�HVWLPDWHV�ZHUH�ZLWKLQ�D�IDFWRU�RI�����RI�WKH�

12$(/�RI�����PJ�NJ�GD\���)RU�WKH����GD\�WLPH�SRLQW��WKH�%0'�DQG�%0'/�HVWLPDWHV�ZHUH�

ZLWKLQ�D�IDFWRU�RI�����RI�WKH�12$(/��
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Figure 6-18. BMDL (95% lower confidence limit on BMD) estimates derived from fits of
various model functions to the dose-response of incidence of standard
histopathological detection in rats of follicular epithelial cell hypertrophy
(Caldwell et al., 1995 14-day study) or hypertrophy/hyperplasia (Argus
Research Laboratories, Inc., 1998a developmental neurotoxicity study;
14-day and 90-day data of Springborn Laboratories, Inc., 1998). 
A benchmark response level of 10% was used.  Details on analyses and
graphical displays can be found in Geller (1998b).  Tables 6B-2 through 6B-7
in Appendix 6B provide statistical output.

7KH�4XDQWDO�/LQHDU��:HLEXOO��DQG�*DPPD�IXQFWLRQV�SURGXFHG�LGHQWLFDO�ILWV�WR�WKH�IROOLFXODU�

HSLWKHOLDO�FHOO�K\SHUWURSK\�GDWD�REVHUYHG�LQ�WKH�SXSV�RQ�31'��RI�WKH�QHXURGHYHORSPHQWDO�VWXG\�

�$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������D��<RUN��D�E�F�G�H����)LJXUH������SURYLGHV�WKH�JUDSKLFDO�

GLVSOD\�RI�WKH�PRGHO�ILW���7KH�%0'�HVWLPDWH�ZDV�������PJ�NJ�GD\���7KH�%0'/�HVWLPDWH�ZDV�

����PJ�NJ�GD\��LGHQWLFDO�WR�WKH�/2$(/�GHWHUPLQHG�E\�$129$���7KH�ILWV�RI�WKH�RWKHU�IXQFWLRQV�
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Figure 6-19. Box and whisker plots of BMD estimates derived from the fits of various
model functions to the dose-response of incidence of standard
histopathological detection in rats of follicular epithelial cell hypertrophy
(Caldwell et al., 1995 14-day study) or hypertrophy/hyperplasia (Argus
Research Laboratories, Inc., 1998a developmental neurotoxicity study;
14-day and 90-day data of Springborn Laboratories, Inc., 1998). 
A benchmark response level of 10% was used.  Box outlines 25th and 75th

percentiles with line at the median; whiskers illustrate the 10th and 90th

percentiles and the points show outliers.  Details on analyses and graphical
displays can be found in Geller (1998b).  Tables 6B-2 through 6B-7 in
Appendix 6B provide statistical output.

\LHOGHG�VOLJKWO\�KLJKHU�YDOXHV���%HFDXVH�WKH�%0'/�W\SLFDOO\�LV�XVHG�DV�D�12$(/�VXUURJDWH�IRU�

5I'�GHULYDWLRQ��WKH�IUHTXHQF\�RI�RFFXUUHQFH�IRU�HDFK�VHYHULW\�UDWLQJ�RI�WKH�IROOLFXODU�HSLWKHOLDO�

FHOO�K\SHUWURSK\�ZDV�HYDOXDWHG���)LJXUH������VKRZV�WKLV�DV�D�KLVWRJUDP�IRU�WKH�GHYHORSPHQWDO�
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Figure 6-20. Box and whisker plots of BMDL (95% lower confidence limit on BMD)
estimates derived from the fits of various model functions to the dose-
response of incidence of standard histopathological detection in rats of
follicular epithelial cell hypertrophy (Caldwell et al., 1995 14-day study) or
hypertrophy/hyperplasia (Argus Research Laboratories, Inc., 1998a
developmental neurotoxicity study; 14-day and 90-day data of Springborn
Laboratories, Inc., 1998).  Box outlines 25th and 75th percentiles with line at
the median; whiskers illustrate the 10th and 90th percentiles and the points
show outliers.  Details on analyses and graphical displays can be found in
Geller (1998b).  Tables 6B-2 through 6B-7 in Appendix 6B provide statistical
output.

QHXURWR[LFLW\�GDWD���1RWH�WKDW��DW�WKH�����PJ�NJ�GD\�GRVH��PRVW�RI�WKH�UDWLQJV�DUH�LQ�WKH�ORZHU�

UDQJH��DQG�WKDW�WKHUH�LV�YDULDELOLW\�DFURVV�WKH�GRVH�OHYHOV��DOWKRXJK�WKH�ODWWHU�PD\�EH�EHFDXVH�RI�

WKH�SKHQRPHQRQ�RI�VDWXUDWLRQ�RI�WKH�V\PSRUWHU�WKDW�KDV�EHHQ�VXJJHVWHG����
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Figure 6-21. Model fit of the Quantal Linear/Weibull/Gamma functions to the litter-by-
litter incidence of standard histopathological detection of follicular epithelial
cell hypertrophy for the F1 rat pups on PND5 in the developmental
neurotoxicity study.  Data are shown by diamond symbols with 95%
confidence limits.  Model fit is solid line and lower limit is shown by dotted
line.  The BMD estimate is 0.234 and the BMDL is 0.10 mg/kg-day.  Data of
Argus Research Laboratories, Inc. (1998a) and York (1998a,b,c,d,e). 

)LJXUH������LOOXVWUDWHV�WKH�VDPH�RFFXUUHQFH�IUHTXHQF\�DQDO\VLV�IRU�WKH�GDWD�RI�WKH�&DOGZHOO�

HW�DO���������VWXG\���1RWH�WKDW��DW�WKH�����PJ�NJ�GD\�GRVH��WKHUH�DUH�QR�UDWLQJV�JUHDWHU�WKDQ����

LQGLFDWLQJ�D�PLOG�HIIHFW��DQG�WKDW�WKH�VHYHULW\�FOHDUO\�LV�GRVH�GHSHQGHQW��ZLWK������RI�WKH�VHYHULW\�

DW�WKH�UDWLQJ�RI���DW�WKH�������PJ�NJ�GD\�GRVH���7KLV�DJDLQ�HPSKDVL]HV�WKH�DSSDUHQW�JUHDWHU�

VHQVLWLYLW\�RI�WKH�IHWXV�YHUVXV�DGXOW�ZLWK�UHVSHFW�WR�KRUPRQH�SHUWXUEDWLRQV�DQG�VXSSRUWV�WKH�

����PJ�NJ�GD\�YDOXH�DV�RQH�WKDW�LV�DOVR�SURWHFWLYH�IRU�WKH�GHYHORSPHQW�RI�VXEVHTXHQW�QHRSODVLD�LQ�

DGXOWV��

�

�
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Figure 6-22. Frequency of occurrence per litter by dose group of each standard
histopathological severity rating for follicular epithelial cell hypertrophy in
the F1 rat pups on PND5 of the developmental neurotoxicity study.  Data of
Argus Research Laboratories, Inc. (1998a) and York (1998a,b,c,d,e).

������� 8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�%HQFKPDUN�'RVH�(VWLPDWHV�IRU�
7ULLRGRWK\URQLQH��7K\UR[LQH��DQG�7K\URLG�6WLPXODWLQJ�+RUPRQHV�

7KH�KRUPRQH�GDWD�IURP�WKH�&DOGZHOO�HW�DO����������VXEFKURQLF��6SULQJERUQ�/DERUDWRULHV��

,QF����������DQG�UDEELW�GHYHORSPHQWDO�VWXGLHV��$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������F��ZHUH�

EHVW�ILW�E\�XQUHVWULFWHG�SRZHU�IXQFWLRQV���7KH�KRUPRQH�GDWD�IURP�WKH�GHYHORSPHQWDO�QHXURWR[LFLW\�

VWXG\��$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������D��<RUN��D�E�F�G�H��DQG�PRXVH�LPPXQRWR[LFLW\�

VWXG\��.HLO�HW�DO���������ZHUH�ILW�E\�HLWKHU�XQUHVWULFWHG�SRZHU�RU�SRO\QRPLDO�IXQFWLRQV���,W�LV�QRWHG�

WKDW�WKH�XQUHVWULFWHG�SRZHU�IXQFWLRQ�ILWV�JHQHUDOO\�KDYH�DQ�H[WUHPHO\�KLJK�VORSH�DV�GRVH�
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Figure 6-23. Frequency of occurrence by dose group of each standard histopathological
severity rating for follicular epithelial cell hypertrophy for the rats in the
14-day study of Caldwell et al. (1995).  Data of Channel (1998a).

DSSURDFKHV�]HUR���7KH�DUJXPHQW�IRU�WKH�ODFN�RI�ELRORJLFDO�SODXVLELOLW\�RI�XQUHVWULFWHG�IXQFWLRQV�LV�

EDVHG�RQ�FDQFHU�PRGHOLQJ�WKHRU\�IURP�WKH�HDUO\�����V��0DQWHO�DQG�%U\DQ��������DWWHPSWLQJ�WR�

GHULYH�D�GHIDXOW�SURFHGXUH�IRU�PRGHOLQJ�WXPRU�GDWD�DW�WKH�WLPH�ZKHQ�FDQFHU�ZDV�WKRXJKW�WR�EH�D�

RQH�VWDJH�SURFHVV��DQG�PDQ\�ELRDVVD\V�XVHG�RQO\���GRVH�DQG�FRQWURO���*LYHQ�WKH�LQFUHDVHG�

VRSKLVWLFDWLRQ�RI�FRQWHPSRUDU\�ELRDVVD\V�DQG�WKH�OHYHO�RI�RUJDQL]DWLRQ�DW�ZKLFK�HIIHFWV�DUH�QRZ�

EHLQJ�LGHQWLILHG��L�H���SUHFXUVRU�HYHQWV�DW�WKH�FHOOXODU�DQG�PROHFXODU�OHYHOV���+DVVHOEODG�HW�DO��

�������KDYH�DUJXHG�WKDW�UHVWULFWLQJ�WKH�VORSHV�RI�ILWV�WR�WKH�GDWD�SULRULWL]HV�PDWKHPDWLFDO�

FRQYHQLHQFH�RYHU�ILWWLQJ�WKH�GDWD���7KH�WK\URLG�KRUPRQH�GDWD�VKRZ�HTXLVLWH�VHQVLWLYLW\�WR�YHU\�
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ORZ�GRVHV�RI�SHUFKORUDWH���7KLV�VXJJHVWV�WKDW�WR�ILW�PRGHOV�ZLWK�QRQVXSUDOLQHDU�VORSHV��ORZHU�

GRVHV�QHHG�WR�EH�WHVWHG��

0DQ\�RI�WKH�%0'/�HVWLPDWHV�GHULYHG�IURP�WKHVH�VWXGLHV�ZHUH�ORZHU�WKDQ�WKH�12$(/�RU�

/2$(/�YDOXHV�GHULYHG�E\�$129$��SDUWLFXODUO\�WKRVH�GHULYHG�IURP�SRZHU�IXQFWLRQ�ILWV���0XUUHOO�

HW�DO���������VXJJHVWHG�WKDW�WKLV�RFFXUV�ZKHQ�VDPSOLQJ�VWDWLVWLFV��L�H���VPDOO�JURXS�VDPSOH�VL]HV�

DQG�IHZ�GRVH�JURXSV��SOD\�D�ODUJH�UROH�LQ�LQIODWLQJ�12$(/V��ZKLOH�GHSUHVVLQJ�%0'/�HVWLPDWHV���

7KLV�PD\�EH�WKH�FDVH�IRU�VRPH�RI�WKH�GDWD�H[DPLQHG�KHUHLQ���0XUUHOO�HW�DO���������VXJJHVWHG�WKDW��

XQGHU�VXFK�FRQGLWLRQV��XVLQJ�WKH�%0'�SRLQW�HVWLPDWH��UDWKHU�WKDQ�WKH�ORZHU�FRQILGHQFH�OLPLW��

ZRXOG�EH�D�PRUH�DFFXUDWH�UHSUHVHQWDWLRQ�RI�WKH�GRVH�UHVSRQVH�EHKDYLRU��

7KH�%0'�HVWLPDWHV�FDOFXODWHG�ZLWK�D�EHQFKPDUN�UHVSRQVH�RI�����OHVV�WKDQ�FRQWURO�RQ�WKH��

76+�KRUPRQH�GRVH�UHVSRQVH�GDWD�DUH�VSUHDG�RYHU�����RUGHUV�RI�PDJQLWXGH��)LJXUHV������DQG��

�������D�VLPLODU�UDQJH�WR�WKDW�VHHQ�LQ�WKH�GLVWULEXWLRQ�RI�12$(/V�FDOFXODWHG�IRU�76+���7KH��

%0'/�HVWLPDWHV�DUH�GLVWULEXWHG�PRUH�ZLGHO\��RYHU���RUGHUV�RI�PDJQLWXGH���7KHVH�UHIOHFW�WKH��

VWHHSQHVV�RI�WKH�FRQILGHQFH�OLPLWV�RQ�WKH�VORSH�DW�ORZ�GRVHV���

7KH�7��%0'�HVWLPDWHV�DUH�VSUHDG�RYHU�DSSUR[LPDWHO\���RUGHUV�RI�PDJQLWXGH��VLPLODU�WR�WKH��

YDULDELOLW\�VHHQ�DFURVV�VWXGLHV�LQ�WKH�/2$(/�DQG�12$(/�HVWLPDWHV���7KH�7��%0'�HVWLPDWHV�DUH��

����IROG�ORZHU�WKDQ�WKH�12$(/�/2$(/�HVWLPDWHV��KRZHYHU���$�%0'/�FRXOG�EH�FDOFXODWHG�IRU��

RQO\�RQH�RI�WKH�GDWD�VHWV��DQG�WKLV�YDOXH�ZDV�DSSUR[LPDWHO\��������WLPHV�ORZHU�WKDQ�WKH�/2$(/��

7KH�%0'�HVWLPDWHV�FRPSULVLQJ�WKH���WK�WR���WK�SHUFHQWLOHV�IRU�7���)LJXUH�������FRYHU�WKH��

VDPH�����RUGHUV�RI�PDJQLWXGH�DV�WKRVH�FRYHUHG�E\�WKH�12$(/�DQG�/2$(/�HVWLPDWHV�IRU�7�����

7KH�%0'/�HVWLPDWHV�IRU�WKLV�VDPH�SHUFHQWLOH�UDQJH�DUH�GLVWULEXWHG�D�OLWWOH�PRUH�ZLGHO\��EXW�GR��

LQFOXGH�WKH�UDQJH�RI�7��12$(/�DQG�/2$(/�HVWLPDWHV���

��

������� 8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�%HQFKPDUN�'RVH�(VWLPDWHV�IRU��
0RWRU�$FWLYLW\��

7KHUH�ZHUH�QR�VWDWLVWLFDOO\�VLJQLILFDQW�HIIHFWV�LQ�WKH�PRWRU�DFWLYLW\�GDWD�IURP�31'���SXSV��

LQ�WKH�GHYHORSPHQWDO�QHXURWR[LFLW\�VWXG\��$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������D����7KH��

%0'/�HVWLPDWHV�ZHUH�FDOFXODWHG�IRU�GDWD�RQ�WKH�PRYHPHQW��QXPEHU�RI�PRYHPHQWV��DQG�WLPH��

�WLPH�VSHQW�PRYLQJ��PHDVXUHV�IURP�WKH�PRWRU�DFWLYLW\�WHVW�IURP�31'���SXSV���7KHVH�GDWD�ZHUH��

ILW�E\�D�OLQHDU�IXQFWLRQ�ZLWK�IDLUO\�VKDOORZ�VORSH��\LHOGLQJ�%0'�HVWLPDWHV�IRU�PRYHPHQW�DQG�WLPH���
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Figure 6-24. BMD (top panel) and lower 95% confidence limit BMDL (bottom panel)
estimates derived from fits of various model functions to the dose-response
data for hormone, thyroid morphometry, and motor activity endpoints from
the various studies in the mode-of-action testing strategy.  Data for rats
include those of Caldwell et al. (1995), Channel (1998a), Crofton (1998a),
Springborn Laboratories, Inc. (1998), Argus Research Laboratories, Inc.
(1998a); for rabbits those of Argus Research Laboratories, Inc. (1998b) and
for mice those of Keil et al. (1998).  Details on analyses and graphical displays
can be found in Geller (1998b).  Tables 6B-8 through 6B-18 in Appendix 6B
provide statistical output.  *Indicates nonmontonic fit to the data.
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Figure 6-25. Box and whisker plot of BMD (top panel) and lower 95% confidence limit
BMDL (bottom panel) estimates derived from the fits of various model
functions to the dose-response data for hormone, thyroid morphometry, and
motor activity endpoints from the various studies in the mode-of-action
testing strategy.  Data for rats include those of Caldwell et al. (1995),
Channel (1998a), Crofton (1998a), Springborn (1998), Argus Research
Laboratories, Inc. (1998a); for rabbits those of Argus Research Laboratories,
Inc. (1998b) and for mice those of Keil et al. (1998).  Box outlines 25th and 75th

percentiles with line at the median; whiskers illustrate the 10th and 90th

percentiles and the points show outliers.  Details on analyses and graphical
displays can be found in Geller (1998b).  Tables 6B-8 through 6B-18 in
Appendix 6B provide statistical output.
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RI������DQG������PJ�NJ�GD\�DQG�%0'/�HVWLPDWHV�RI������DQG������PJ�NJ�GD\��UHVSHFWLYHO\���

7KHVH�%0'�DQG�%0'/�HVWLPDWHV�FRXOG�VHUYH�DV�HVWLPDWHV�RI�/2$(/�DQG�12$(/�IRU�WKLV�GDWD�

VHW���7KH�HVWLPDWHV�DUH�LQ�DFFRUG�ZLWK�GRVHV�ZLWK�DFWLYLW\�YDOXHV�WKDW�PD\�KDYH�HPHUJHG�DV�

VLJQLILFDQWO\�GLIIHUHQW�IURP�FRQWURO�KDG�WKH�GDWD�VHW�QRW�KDG�LWV�XQXVXDOO\�KLJK�YDULDELOLW\��VHH�

6HFWLRQ����������)LJXUH���������7KHVH�%0'�DQDO\VHV�EULQJ�WKH�PRWRU�DFWLYLW\�12$(/�PRUH�

ZLWKLQ�WKH�UDQJH�RI�WKH�7��DQG�7��12$(/�DQG�EHORZ�WKDW�IRU�76+���

�

������� 6XPPDU\�RI�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�%HQFKPDUN�'RVH�$QDO\VHV�

7KH�%0'�DQDO\VHV�RI�SUHYLRXVO\�UHSRUWHG�HVWLPDWHV�IRU�WKH�KRUPRQH�GDWD�RI�&DOGZHOO�HW�DO���

���������GD\�VWXG\�LQ�UDWV��'ROODUKLGH�DQG�'RXUVRQ��������ZHUH�VKRZQ�WR�EH�EDVHG�RQ��

LQDGHTXDWH�PRGHO�ILWV���(3$�ZDV�DEOH�WR�VXFFHVVIXOO\�PRGHO�WKH�KRUPRQH�GDWD��KRZHYHU��DQG��

WKHVH�HVWLPDWHV�UDLVHG�D�QXPEHU�RI�LVVXHV�ZLWK�UHVSHFW�WR�DSSURDFKHV�IRU�WKHVH�W\SHV�RI�GDWD���

$Q�DOWHUQDWLYH�PD\�EH�WR�SXUVXH�D�PRGHO�IRUP�RI�WKH�+LOO�HTXDWLRQ��ZKLFK�UHFHQWO\�KDV�EHHQ��

XVHG�IRU�HQGRFULQH�GLVUXSWLRQ�GDWD��%DUWRQ�HW�DO�����������7KHVH�DQDO\VHV�DUH�EHLQJ�FRQVLGHUHG���

DV�ZHOO�DV�%D\HVLDQ�PHWD�DQDO\VLV�RI�WKH�GDWD�VHWV�����

*LYHQ�WKDW�WKH�%0'/�HVWLPDWH�ZDV�����PJ�NJ�GD\��DQG�WKDW�WKH�FRQWLQJHQF\�WDEOH�DQDO\VLV��

FRQILUPHG�VWDWLVWLFDO�VLJQLILFDQFH�RI�WKH�����PJ�NJ�GD\�OHYHO�IRU�WKH�WK\URLG�KLVWRORJ\�LQ�WKH��

31'��SXSV��(3$�UHPDLQHG�FRPIRUWDEOH�ZLWK�XVLQJ�WKLV�DV�D�SRLQW�RI�GHSDUWXUH���,W�ZDV��

GHVLJQDWHG�DV�D�PLQLPDO�/2$(/�EHFDXVH�RI�WKH�XQFHUWDLQW\�LQ�PRGHOLQJ�DQG�EHFDXVH�LI�IHOO�DERYH��

WKH�/2$(/�YDOXHV�EDVHG�RQ�$129$�IRU�WKH�KRUPRQHV���

��

����� $SSOLFDWLRQ�RI�8QFHUWDLQW\�)DFWRUV��

0XFK�RI�WKH�XQFHUWDLQW\�VXUURXQGLQJ�WKH�SURYLVLRQDO�5I'�KDV�EHHQ�DGGUHVVHG�E\�WKH�GDWD��

SURYLGHG�E\�WKH�WHVWLQJ�VWUDWHJ\���$�SDUWLDO�XQFHUWDLQW\�IDFWRU��8)��RI���IRU�GDWDEDVH�ZDV�UHWDLQHG���

KRZHYHU��RXW�RI�FRQFHUQ�IRU�WKH�RXWVWDQGLQJ�GDWD�IURP�WKH�WZR�JHQHUDWLRQ�UHSURGXFWLYH�VWXG\�DQG��

WKH�LPPXQRWR[LFLW\�GDWD���7KLV�ZDV�ZDUUDQWHG�EHFDXVH�HIIHFWV�ZHUH�VXJJHVWHG�LQ�ERWK�RI�WKHVH��

VWXGLHV���$OWKRXJK�WKH�GRVH�VSDFLQJ�LQ�WKHVH�VWXGLHV�PD\�EH�VXFK�WKDW�WKH�LPSDFW�RI�WKH�QHZ�GDWD��

ZLOO�EH�DW�KLJKHU�GRVHV�WKDQ�WKDW�DOUHDG\�FKRVHQ�DV�WKH�SRLQW�RI�GHSDUWXUH��WKH�8)�DSSOLHG�IRU�WKH��

GDWDEDVH�LV�D�IDFWRU�DSSOLHG�IRU�XQFHUWDLQW\��L�H���WKLV�FDQ�EH�UHFWLILHG�E\�SURYLGLQJ�WKH�DSSURSULDWH��

LQIRUPDWLRQ����
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7KH�VXEFKURQLF�WR�FKURQLF�8)�ZDV�QRW�FRQVLGHUHG�QHFHVVDU\�EHFDXVH�WKH�PRGH�RI�DFWLRQ�RI�

SHUFKORUDWH�LQGLFDWHV�WKDW��LI�WKH�SRLQW�RI�GHSDUWXUH�LV�EDVHG�RQ�OHYHOV�EHORZ�ZKLFK�VLJQLILFDQW�

SUHFXUVRU�OHVLRQV�RFFXU��WKHQ�LW�ZLOO�EH�SURWHFWLYH�RI�³GRZQVWUHDP´�HYHQWV���7KH�OHYHO�FKRVHQ�LQ�

WKH�SXSV������PJ�NJ�GD\��LV�VXSSRUWHG�E\�PLQLPDO�WK\URLG�KLVWRSDWKRORJ\�HIIHFWV�VHHQ�LQ�WKH�

&DOGZHOO�HW�DO���������VWXG\�DQG�LV�EHORZ�WKDW�DW�ZKLFK�WK\URLG�KLVWRSDWKRORJ\�ZDV�VHHQ�LQ�WKH�

VXEFKURQLF��6SULQJERUQ�/DERUDWRULHV��,QF���������VWXG\���%RWK�WKH�WK\URLG�OHVLRQV�DQG�WKH�

KRUPRQH�FKDQJHV�KDYH�EHHQ�VKRZQ�WR�EH�UHYHUVLEOH�DIWHU�FHVVDWLRQ�RI�H[SRVXUH���7KH�UHODWLYHO\�

VKRUW�KDOI�OLIH�RI�SHUFKORUDWH�DOVR�DUJXHV�DJDLQVW�WKH�DSSOLFDWLRQ�RI�WKLV�IDFWRU��

$�SDUWLDO�IDFWRU�RI���ZDV�DSSOLHG�WR�WKH�PLQLPDO�/2$(/�EHFDXVH�WKH�KLVWRSDWKRORJ\�VHHQ�

ZDV�PLOG�DQG�WKH�%0'/��W\SLFDOO\�XVHG�DV�D�12$(/�VXUURJDWH�IRU�5I'�GHULYDWLRQ�ZDV�DW��

����PJ�NJ�GD\���7KH�FRQWLQJHQF\�DQDO\VLV�LQGLFDWHG�VPDOO�VWDWLVWLFDO�VLJQLILFDQFH���7KH�FRQFHUQ��

ZDV�WKDW�WKH�IHWXV�PD\�EH�D�VXVFHSWLEOH�VWDJH�RI�GHYHORSPHQW���7KH�KRUPRQH�DQDO\VHV�LQGLFDWH�D��

UDQJH�RI�HVWLPDWHV��VRPH�EHORZ�WKH�����PJ�NJ�OHYHO��EXW�KRZ�WR�LQWHUSUHW�WKHVH�LQ�OLJKW�RI�WKH��

YDULDELOLW\�DFURVV�WKH�VWXGLHV��DQG�SDUWLFXODUO\�WR�WKH�VKDUS�LQFUHDVH�LQ�VORSH�DW�WKH�ORZHU�GRVHV����

6RPH�LQWHUQDO�UHYLHZHUV�GLG�QRW�DJUHH�ZLWK�WKH�XVH�RI�WKLV�IDFWRU�DQG�IHOW�WKDW�WKH�YDOXH�VKRXOG�EH��

GHVLJQDWHG�D�12$(/���+RZHYHU��WKH�PDMRULW\�RI�UHYLHZHUV�IHOW�WKDW�D�IDFWRU�VKRXOG�EH�DSSOLHG�IRU��

LQWUDKXPDQ�SKDUPDFRG\QDPLFV��VHH�EHORZ����%DVHG�RQ�WKHVH�FRQVLGHUDWLRQV��WKH�IDFWRU�ZDV��

EHOLHYHG�DOVR�WR�DFFRXQW�IRU�SRWHQWLDO�SKDUPDFRG\QDPLF�GLIIHUHQFHV�LQ�LQWUDKXPDQ�YDULDELOLW\�DV��

ZHOO�EHFDXVH�LW�LV�WKH�KRUPRQH�GDWD�WKDW�PHGLDWH�WKH�REVHUYHG�KLVWRSDWKRORJ\���7KH�LVVXH�ZLOO�EH��

DGGUHVVHG�EHVW�E\�GHYHORSPHQW�RI�D�3%3.�PRGHO�WR�SURYLGH�DOWHUQDWLYH�GRVH�PHWULFV�IRU�WKH��

DGXOWV���H�J���SHUFHQW�RI�V\PSRUWHU�LQKLELWLRQ�DV�RSSRVHG�WR�DGPLQLVWHUHG�GRVH��DQG�DQ�H[WHQGHG��

3%3.�PRGHO�WKDW�DGGUHVVHV�WK\URLG�KRUPRQH�GRVLPHWU\�LQ�WKH�SUHJQDQW�UDW��SODFHQWDO�WUDQVIHU���

IHWXV��ODFWDWLQJ�UDW��DQG�QXUVLQJ�SXS��H�J���SHUFHQW�RI�LQKLELWLRQ�LQ�WKH�SXS��DV�RSSRVHG�WR�WKH�GRVH��

DGPLQLVWHUHG�WR�WKH�GRH����

)LJXUH������LOOXVWUDWHV�VFKHPDWLFDOO\�WKDW�WKH�LQWHUVSHFLHV�DQG�LQWUDVSHFLHV�8)V�HPERG\��

DWWULEXWHV�RI�ERWK�XQFHUWDLQW\�DQG�YDULDELOLW\���2EYLRXVO\�WKHUH�LV�XQFHUWDLQW\�LQ�WKH�H[WUDSRODWLRQ��

IURP�UDW�WR�KXPDQ��EXW�DOVR�YDULDELOLW\�LQ�WKH�SDUDPHWHUV��H�J���GRVH��XVHG�WR�FKDUDFWHUL]H�WKH��

UHVSRQVH���9DULDELOLW\�DFURVV�KXPDQV�W\SLFDOO\�LV�DSSOLHG�WR�DFFRXQW�IRU�SRWHQWLDOO\�VXVFHSWLEOH��

SRUWLRQV�RI�WKH�SRSXODWLRQ���$V�VKRZQ�LQ�)LJXUH�������-DUDEHN������E���ERWK�RI�WKHVH�IDFWRUV��

W\SLFDOO\�DUH�EURNHQ�LQWR�FRPSRQHQWV�RI�DSSUR[LPDWHO\�WKUHH�HDFK�IRU�SKDUPDFRNLQHWLFV���
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Figure 6-27. Schematic of uncertainty factor components incorporated into exposure-
dose-response characterization for interspecies and intrahuman
extrapolations.

Source:  Jarabek (1995b).

Figure 6-26. Consideration of uncertainty and variability influence interspecies and
intrahuman extrapolation.
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�WR[LFRNLQHWLFV��DQG�SKDUPDFRG\QDPLF��WR[LFRG\QDPLF��SURFHVVHV���7KLV�VFKHPH�LV�FRQVLVWHQW�

ZLWK�WKDW�XVHG�E\�WKH�:RUOG�+HDOWK�2UJDQL]DWLRQ��

,Q�WKH�FDVH�RI�WKH�SURSRVHG�PRGH�RI�DFWLRQ�PRGHO��WKH�FRPSRQHQW�IRU�WKH�

SKDUPDFRG\QDPLF�SRUWLRQ�RI�WKH�PRGHO�ZDV�WKRXJKW�XQQHFHVVDU\�LQ�WKH�LQWHUVSHFLHV�8)�EHFDXVH�

LW�LV�IDLUO\�ZHOO�HVWDEOLVKHG�WKDW�UDWV�DUH�PRUH�VHQVLWLYH�WR�WK\URLG�SLWXLWDU\�SHUWXUEDWLRQV�EHFDXVH�

RI�SODVPD�SURWHLQ�ELQGLQJ�GLIIHUHQFHV�RI�WKH�WK\URLG�KRUPRQHV�DQG�76+�OHYHOV���$�SDUWLDO�IDFWRU�

RI���ZDV�UHWDLQHG��KRZHYHU��IRU�WKH�SKDUPDFRNLQHWLF�SRUWLRQ�RI�WKH�8)�EHFDXVH�WKHUH�DUH�

H[WUHPHO\�OLPLWHG�GDWD�RQ�SHUFKORUDWH�NLQHWLFV���7KH�NH\�SLHFH�RI�LQIRUPDWLRQ�WKDW�ZRXOG�REYLDWH�

WKLV�8)�LV�WR�HVWDEOLVK�ZKHWKHU�RU�QRW�WKH�UDW�V\PSRUWHU�LV�PRUH�RU�OHVV�VHQVLWLYH�WKDQ�WKDW�RI�WKH�

KXPDQ�WR�WKH�FRPSHWLWLYH�LQKLELWLRQ�RI�LRGLGH�XSWDNH�E\�SHUFKORUDWH���$�SDUWLDO�IDFWRU�RI���DOVR�LV��

UHWDLQHG�IRU�WKH�SKDUPDFRNLQHWLF�SRUWLRQ�RI�WKH�LQWUDKXPDQ�8)�����

7KH�SKDUPDFRG\QDPLF�SRUWLRQ�ZDV�UHGXFHG�EHFDXVH�WKH�DQLPDO�PRGHO�XVHG�LV�IRU�D�IHWDO��

HIIHFW��DQG�LW�LV�OLNHO\�WKDW�WKH�KXPDQ�KRUPRQH�KRPHRVWDVLV�PD\�KDYH�PRUH�VWDELOLW\���7KH�IDFWRU��

LV�DOVR�DGGUHVVHG�E\�WKH�FRQWURYHUVLDO�DSSOLFDWLRQ�RI�WKH���WR�WKH�PLQLPDO�/2$(/�LQ�UDW�SXSV��

EHFDXVH�VRPH�UHYLHZHUV�IHOW�WKDW�WKLV�IDFWRU�ZDV�QRW�QHFHVVDU\���2YHUODS�DPRQJ�WKH�IDFWRUV�XVHG��

LQ�WKH�5I'�5I&�PHWKRGV�DOZD\V�KDV�EHHQ�DFNQRZOHGJHG���,Q�WKH�RYHUDOO�DVVHVVPHQW��D�FRPSRVLWH��

IDFWRU�RI�����ZDV�YLHZHG�DV�DSSURULDWH�E\�WKH�DVVHVVPHQW�WHDP��DOWKRXJK�VHYHUDO�LQWHUQDO��

UHYLHZHUV�DUJXHG�IRU�D�IDFWRU�RI�DW�OHDVW�������1DUURZLQJ�WKH�UDQJH�RI�WKLV�FRPSRVLWH�IDFWRU�DZDLWV��

WKH�SHQGLQJ�GDWD�DQG�PHFKDQLVWLF�LQIRUPDWLRQ���

3DUFHOLQJ�RI�WKH�8)�LQWR�WKHVH�FRPSRQHQWV��DV�VKRZQ�LQ�)LJXUH�������LV�OLPLWHG�ZKHQ�D��

GDWDEDVH�VXFK�DV�WKH�RQH�IRU�SHUFKORUDWH�EHJLQV�WR�DPDVV�D�VLJQLILFDQW�DPRXQW�RI�PHFKDQLVWLF��

LQIRUPDWLRQ���$W�VRPH�SRLQW��PRGHOV�FDQ�PRUH�DFFXUDWHO\�GHVFULEH�WKH�PHFKDQLVWLF�GHWHUPLQDQWV��

�H�J���RI�SKDUPDFRNLQHWLFV��IRU�ZKLFK�WKHVH�IDFWRUV�DUH�DSSOLHG��-DUDEHN������D����)LJXUH�������

SURYLGHV�D�VFKHPDWLF�IRU�D�SK\VLRORJLFDOO\�EDVHG�SKDUPDFRNLQHWLF��3%3.��PRGHO��ZKLFK�LV�XQGHU��

XQGHU�GHYHORSPHQW�DW�$)5/�+(67��WKDW�OLNHO\�ZLOO�SURYLGH�D�PRUH�DFFXUDWH�GHVFULSWLRQ�RI�WKH��

LQWHUVSHFLHV�NLQHWLFV��LQFOXGLQJ�WKH�VSHFLHV�GLIIHUHQFHV�RQ�SHUFKORUDWH�LQKLELWLRQ�RI�LRGLGH�XSWDNH��

�)LVKHU������E����7KH�PRGHO�ZLOO�PRGLI\�SUHYLRXVO\�SXEOLVKHG�SUHJQDQF\�DQG�ODFWDWLRQ�PRGHOV�LQ��

WKH�UDW��)LVKHU�HW�DO����������������1R�TXDQWLWDWLYH�PRGHOV�RI�WKLV�W\SH�H[LVW�WR�GHVFULEH�LRGLGH��

XSWDNH�DQG�KRUPRQH�IRUPDWLRQ��DOWKRXJK�.RKQ�HW�DO���������GHYHORSHG�RQH�IRU�WK\URLG�KRUPRQHV��

RQO\�DQG�WKH�HIIHFWV�RI�GLR[LQ���7KH�PRGHO�ZLOO�EH�DEOH�WR�DGGUHVV�WKH�TXHVWLRQ�UDLVHG�LQ�&KDSWHU����

UHJDUGLQJ�WKH�GLIIXVLRQ�RI�LRGLGH�LQWR�WKH�OXPHQ�ZKHQ�WKHUH�LV�VLJQLILFDQW�LRGLGH�H[FHVV�DQG�WKDW���
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Figure 6-28. Schematic of PBPK model that is under development to provide mechanistic
data and improve quantitative interspecies extrapolation and possibly
intrahuman variability.

Source: Fisher (1998b).

RI�WKH�SHUFKORUDWH�LQGXFHG�HIIOX[�IURP�WKH�OXPHQ���7KLV�ZLOO�EH�DQ�LPSRUWDQW�DVSHFW�RI�GHVFULELQJ�

DQ\�SRWHQWLDO�IRU�QRQOLQHDULWLHV�DQG�PD\�KHOS�WR�PDS�WKH�RXWFRPH�PHDVXUHV�PRUH�PHDQLQJIXOO\���

6RPH�SUHOLPLQDU\�GDWD�IURP�WKLV�PRGHO�ZLOO�EH�DYDLODEOH�LQ�PLG�'HFHPEHU��DQG�UHVXOWV�ZLOO�EH�

UHSRUWHG�LQ�WKH�H[WHUQDO�UHYLHZ�GUDIW���$�SUHVHQWDWLRQ�DW�WKH�ZRUNVKRS�RQ�WKH�SURJUHVV�RQ�PRGHO�

YDOLGDWLRQ�LV�DQWLFLSDWHG��

�

����� 'HVLJQDWLRQ�RI�&RQILGHQFH�/HYHOV�

&RQILGHQFH�LQ�WKH�SULQFLSDO�VWXG\�LV�PHGLXP���7KH�GRVH�OHYHO�RI�����PJ�NJ�GD\�ZDV�WKH�

ORZHVW�WHVWHG��DQG�LW�ZDV�GHWHUPLQHG�WR�EH�D�PLQLPDO�/2$(/��QRW�12$(/����7KH�VPDOO�VDPSOH�
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VL]H�IRU�WKH�FULWLFDO�HIIHFW�DOVR�UHGXFHV�WKH�FRQILGHQFH�LQ�WKH�VWXG\���7KH�FRQILGHQFH�DW�WKLV�WLPH�LQ�

WKH�GDWDEDVH�LV�PHGLXP��JLYHQ�WKH�SHQGLQJ�WZR�JHQHUDWLRQ�UHSURGXFWLYH�DQG�LPPXQRWR[LFLW\�

GDWD���&RQILGHQFH�LV�OLNHO\�WR�EH�KLJK�RQFH�WKHVH�GHILFLHQFLHV�DUH�UHFWLILHG���%HFDXVH�FRQILGHQFH�LQ�

WKH�GDWDEDVH�WDNHV�SUHFHGHQFH�LQ�VHWWLQJ�WKH�RYHUDOO�FRQILGHQFH�LQ�WKH�5I'��WKH�FRQILGHQFH�LQ�WKH�

5I'�FXUUHQWO\�LV�PHGLXP��

�

����� 2SHUDWLRQDO�'HULYDWLRQ�

7KH�RSHUDWLRQDO�GHULYDWLRQ�RI�WKH�5I'�LV�DV�IROORZV���WKH�FRPSRVLWH�IDFWRU�RI������SDUWLDO�

IDFWRUV�RI���HDFK�IRU�GDWDEDVH�DQG�H[WUDSRODWLRQV�RI�D�PLQLPDO�/2$(/�DQG�LQWHUVSHFLHV�DQG�

LQWUDKXPDQ�YDULDELOLW\��LV�DSSOLHG�WR�WKH�/2$(/�RI�����PJ�NJ�GD\�IRU�WK\URLG�KLVWRORJ\�REVHUYHG��

LQ�WKH�SXSV�RI�WKH�QHXURGHYHORSPHQWDO�VWXG\�RQ�31'���$UJXV�5HVHDUFK�/DERUDWRULHV��,QF����

����D����$FFRUGLQJ�WR�'ROODUKLGH���������ZKR�VSRNH�ZLWK�$UJXV�ODERUDWRU\�RQ�EHKDOI�RI�WKH��

VSRQVRU��36*���WKH�UHSRUWHG�GRVHV�ZHUH�DPPRQLXP�SHUFKORUDWH�DQG�QRW�WKH�DQLRQ�LWVHOI���7KXV��DQ��

DGMXVWPHQW�IRU�SHUFHQW�RI�WKH�PROHFXODU�ZHLJKW�RI�WKH�VDOW�IURP�DPPRQLXP�����������DOVR�PXVW��

EH�PDGH���)XUWKHU��EHFDXVH�WKH�DQDO\WLFDO�PHWKRGV�PHDVXUH�WKH�DQLRQ�FRQFHQWUDWLRQ�LQ��

HQYLURQPHQWDO�VDPSOHV��WKLV�LV�WKH�DSSURSULDWH�H[SUHVVLRQ�IRU�WKH�5I'�WR�PDNH�YDOLG�FRPSDULVRQV��

IRU�ULVN�FKDUDFWHUL]DWLRQ���7KXV��WKH�GHULYDWLRQ�IRU�DQ�5I'�IRU�WKH�SHUFKORUDWH�DQLRQ�DV�LWVHOI�LV�DV��

IROORZV���

��

����PJ�NJ�GD\�î������������ ��������PJ�NJ�GD\� �������

��

1RWH�WKDW�WKH�DSSURSULDWH�DGMXVWPHQW�IRU�DQ\�VDOW�RI�SHUFKORUDWH��H�J���DGMXVWPHQW�E\�D�IDFWRU�RI��

�����IRU�SRWDVVLXP�SHUFKORUDWH��VKRXOG�EH�PDGH�ZKHQ�HYDOXDWLQJ�WR[LFLW\�GDWD�IRU�VLPLODU��

DVVHVVPHQW�DFWLYLWLHV���

��

��

��� ,1+$/$7,21�5()(5(1&(�&21&(175$7,21��

'HULYDWLRQ�RI�DQ�LQKDODWLRQ�UHIHUHQFH�FRQFHQWUDWLRQ�LV�SUHFOXGHG�EHFDXVH�WKHUH�DUH�QR��

LQKDODWLRQ�GDWD�DYDLODEOH�WR�FKDUDFWHUL]H�GRVH�UHVSRQVH�RU�WKH�SRUWDO�RI�HQWU\�PRGXODWLRQ�RI��

LQWHUQDO�GRVH���+RZHYHU��(3$�KDV�EHHQ�TXHVWLRQHG�DV�WR�ZKHWKHU�WKH�SRWHQWLDO�IRU�LQKDODWLRQ��
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H[SRVXUH�RI�SHUFKORUDWH�IURP�VKRZHULQJ�ZLWK�FRQWDPLQDWHG�ZDWHU�LV�D�KHDOWK�ULVN���*LYHQ�WKH�ORZ�

YDSRU�SUHVVXUH�RI�SHUFKORUDWH��LW�LV�QRW�OLNHO\�WKDW�LW�ZRXOG�FRPH�RXW�RI�VROXWLRQ���)XUWKHU��

*LDUGLQR�HW�DO���������FKDUDFWHUL]HG�VKRZHU�SDUWLFOH�GURSOHW�VL]H�DV�UDQJLQJ�IURP�����WR�

������FP���7KXV��WKHUH�LV�PLQLPDO�FKDQFH�IRU�LQKDODWLRQ�RU�GHSRVLWLRQ�RI�SHUFKORUDWH�ODGHQ�

GURSOHWV�LQ�WKH�UHVSLUDWRU\�WUDFW��

�

�

��� &$1&(5�$66(660(17�

7KH�(3$�$VVHVVPHQW�RI�7K\URLG�)ROOLFXODU�&HOO�7XPRUV��8�6��(QYLURQPHQWDO�3URWHFWLRQ�

$JHQF\������D��VHWV�IRUWK�GDWD�QHHGV�WR�HVWDEOLVK�WKH�GHIDXOW�GRVH�UHVSRQVH�SURFHGXUH�WKDW�VKRXOG��

EH�XVHG�WR�HVWDEOLVK�WKDW�D�FKHPLFDO�KDV�DQWLWK\URLG�DFWLYLW\��L�H���WKDW�LW�LV�GLVUXSWLQJ�WKH�WK\URLG���

SLWXLWDU\�KRUPRQH�VWDWXV����7DEOH�����OLVWV�WKH�GHIDXOW�SURFHGXUHV�IRU�WK\URLG�FDUFLQRJHQV�WKDW��

ZRXOG�EH�XVHG���:KDW�KDV�EHHQ�SURSRVHG�LQ�WKLV�DVVHVVPHQW�LV�WKH�KDUPRQL]DWLRQ�RI�WKH��

³QRQFDQFHU´�DQG�³FDQFHU´�DSSURDFKHV�EHFDXVH�WKH�WDUJHW�WLVVXH�LV�WKH�WK\URLG�DQG�WKH�XWLOL]DWLRQ��

RI�WKH�SRLQW�RI�GHSDUWXUH�IRU�WKH�RUDO�5I'�DV�D�SURWHFWLYH�HVWLPDWH�RI�VXEVHTXHQW�FDQFHU��

GHYHORSPHQW�DV�ZHOO�EHFDXVH�LW�LV�EDVHG�WKH�IROOLFXODU�FHOO�K\SHUWURSK\��ZKLFK�LV�RQH�RI�WKH��

UHTXLUHG�OHVLRQV�WR�GHPRQVWUDWH�DQWLWK\URLG�DFWLYLW\���7DEOH�����VKRZV�WKH�W\SHV�RI�GDWD�UHTXLUHG���

��

��

7$%/(�������'()$8/7�'26(�5(63216(�352&('85(6�)25
7+<52,'�&$5&,12*(16

([DPSOH

$UUD\�RI�(IIHFWV

'RVH�5HVSRQVH�0HWKRGRORJ\0XWDJHQLF $QWLWK\URLG

� (LWKHU�RU�ERWK�XQNQRZQ /LQHDU

� <HV 1R /LQHDU

� 1R <HV 0DUJLQ�RI�H[SRVXUH

� <HV <HV /LQHDU�DQG�PDUJLQ�RI�H[SRVXUH

6RXUFH���8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\������D��
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7$%/(�������'$7$�'(021675$7,1*�$17,7+<52,'�$&7,9,7<

5HTXLUHG 'HVLUDEOH

����,QFUHDVHV�LQ�FHOOXODU�JURZWK ����/HVLRQ�SURJUHVVLRQ

����+RUPRQH�FKDQJHV ����6WUXFWXUH�DFWLYLW\�UHODWLRQVKLSV

����6LWH�RI�DFWLRQ ����2WKHU�VWXGLHV

����'RVH�FRUUHODWLRQV

����5HYHUVLELOLW\

6RXUFH���8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\������D��

3HUFKORUDWH�KDV�GHPRQVWUDWHG�FOHDUO\�DQ�HIIHFW�LQ�ERWK�DGXOW�DQG�IHWDO�VWDJHV�LQ�WK\URLG�

IROOLFXODU�HSLWKHOLDO�FHOO�K\SHUWURSK\�K\SHUSODVLD��DV�ZHOO�DV�D�GHFUHDVH�LQ�OXPHQ�VL]H�LQ�D�

GRVH�GHSHQGHQW�IDVKLRQ���7K\URLG�DQG�SLWXLWDU\�KRUPRQH�FKDQJHV�DQG�H[SHFWHG�FRUUHODWLRQV�DOO�

KDYH�EHHQ�GHPRQVWUDWHG�IRU�7���7���DQG�76+�DFURVV�DQ�DUUD\�RI�VWXGLHV�DW�GLIIHUHQW�WLPH�SRLQWV���

7KH�VLWH�RI�DFWLRQ�KDV�EHHQ�HVWDEOLVKHG�DV�FRPSHWLWLYH�LQKLELWLRQ�RI�WKH�LRGLGH�V\PSRUWHU��

DOWKRXJK�WKHUH�UHPDLQV�VRPH�XQFHUWDLQW\�DV�WR�ZKHWKHU�WKDW�LV�WKH�RQO\�ORFXV�IRU�WKH�HIIHFW��H�J���

HYLGHQFH�IRU�LQWUDWK\URLGDO�DFWLYLW\��EHFDXVH�RI�WR�WKH�HIIOX[��GLVFKDUJH��SKHQRPHQRQ���'RVH��

FRUUHODWLRQV�LQ�WKLV�FDVH�ZHUH�QRW�ZLWK�WXPRUV�EXW�UDWKHU�IRU�SUHFXUVRU�OHVLRQV��K\SHUWURSK\��

K\SHUSODVLD��DQG�GHFUHDVHG�IROOLFXODU�OXPHQ�VL]H����5HYHUVLELOLW\�KDV�EHHQ�GHPRQVWUDWHG�LQ�ZHLJKW��

K\SHUWURSK\��K\SHUSODVLD��DQG�WK\URLG�DQG�SLWXLWDU\�KRUPRQHV�LQ�WKH����GD\�UHFRYHU\�SHULRG�DIWHU��

WKH����GD\�LQKDODWLRQ�VWXG\�LQ�UDWV�DQG�LQ�7��OHYHOV�LQ�WKH�YDULRXV�LPPXQRWR[LFLW\�H[SHULPHQWV�LQ��

PLFH���

/HVLRQ�SURJUHVVLRQ�ZDV�GLIILFXOW�WR�GHWHUPLQH�EHFDXVH�RI�GRVH�VSDFLQJ�DQG�GLIIHUHQFHV�LQ��

VDPSOH�VL]H�DQG�KLVWRORJLFDO�PHWKRGV�DPRQJ�WKH�VWXGLHV���7KHUH�ZDV�D�SURJUHVVLRQ�ZLWKLQ�WKH��

���GD\�VWXG\��KRZHYHU��EHWZHHQ�WKH�����DQG����GD\�WLPH�SRLQWV���

$QDO\VHV�RI�RWKHU�DQLRQV�KDYH�IDLUO\�ZHOO�HVWDEOLVKHG�WKDW�WKH�PRGH�RI�DFWLRQ�RI�SHUFKORUDWH��

LV�EDVHG�RQ�LW�EHLQJ�DQ�DQLRQ�WKDW�LV�UHFRJQL]HG�E\�WKH�1D��,��V\PSRUWHU���

7KH�JHQRWR[LFLW\�EDWWHU\�KDV�IDLUO\�ZHOO�HVWDEOLVKHG�WKDW�SHUFKORUDWH�LV�QRW�JHQRWR[LF���

DOWKRXJK�(3$�ZLOO�UHPDLQ�RQO\�VOLJKWO\�HTXLYRFDO�RQ�WKLV�LVVXH�XQWLO�WKH�UHSHDW�RI�WKH�PRXVH��

O\PSKRPD�DQG�PLFURQXFOHL�DVVD\V���3HUFKORUDWH�LV�QRW�OLNHO\�WR�EH�JHQRWR[LF���
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7KXV��WKH�5I'�GHULYHG�KHUHLQ�DOVR�VKRXOG�DIIRUG�SURWHFWLRQ�IRU�DQ\�SRWHQWLDO�FDUFLQRJHQLFLW\�

RI�LQJHVWHG�SHUFKORUDWH��DQG�WKH�HVWLPDWH�VKRXOG�EH�FRQVLGHUHG�WR�KDUPRQL]H�QRQFDQFHU�DQG�

FDQFHU�HVWLPDWHV�IRU�RUDO�H[SRVXUHV����

�
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Models for Continuous Data

Power function f(dose) = control + slope * dose
power

Polynomial function
(includes linear and
quadratic)

f(dose) = $0 + $1 * dose + $2 * dose2 +...

Models for Dichotomous Data

Gamma P(response) = bckgrd + (1-bckgrd) * CumGamma (slope * dosepower)

Logistic P(response) = 1/(1+e(- intercept - slope*dose))

Probit P(response) = CumNorm(intercept + slope*dose)

Quantal Linear P(response) = bckgrd + (1 ! bckgrd)*(1!e(-slope*dose))

Quantal Quadratic P(response) = bckgrd + (1 ! bckgrd)*(1!e(-slope*dose2))

Weibull P(response) = bckgrd + (1 ! bckgrd)*(1!e(-slope*dose power))

Multistage P(response) = bckgrd + (1 ! bckgrd)*(1!e
(-($1*dose + $2*dose2 + ...))
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TABLE 6B-2.  BENCHMARK DOSE (BMD) ESTIMATES FOR MALE HORMONE
DATA OF CALDWELL et al. (1995) 14-DAY RAT STUDY, USING

KODELL-WEST ALGORITHM

Responders
BMD Associated with 1%

Additional Risk (mg/kg-day)
BMD Associated with 10%

Additional Risk (mg/kg-day)
BMD:N(L)OAEL

1%; 10%

TSH EPAa D&D, 1997b EPAa D&D, 1997b 1.11

k = 3 0.832 0.823 2.078 2.074 0.75; 1.87

k = 2 0.176 0.172 0.972 0.970 0.16; 0.88

ln TSH 1.11

k = 3 0.845 2.115 0.76; 1.91

k = 2 0.181 0.987 0.16; 0.89

T3 EPAa D&D, 1997b EPAa D&D, 1997b 0.11c,d

k = 3 0.980 0.983 2.485 2.495 8.1; 22.59

k = 2 0.209 0.207 1.146 1.151 1.9; 10.42

lnT3 0.11c,d

k = 3 0.891 2.244 8.1; 20.4

k = 2 0.190 1.042 1.73; 9.47

T4 EPAa D&D, 1997b EPAa D&D, 1997b 0.11c,d

k = 3 0.797 0.658 1.969 1.639 7.25; 17.9

k = 2 0.172 0.136 0.927 0.774 1.56; 8.43

ln (T4) 0.11c,d

k = 3 1.002 2.490 9.11; 22.64

k = 2 0.215 1.169 1.95; 10.63

aEPA refers to BMD estimates calculated using SAS® software received from Dr. Ralph Kodell for Kodell-West
 calculations (Geller, 1998b).
bD&D refers to BMDs included in Dollarhide and Dourson (1997).
cLOAEL; otherwise, value indicates NOAEL.
dLOAEL from combined male and female.
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TABLE 6B-3.  COEFFICIENTS AND GOODNESS-OF-FIT STATISTICS OF
KODELL-WEST (QUADRATIC POLYNOMIAL) MODEL FITS TO

MALE HORMONE DATA OF CALDWELL et al. (1995) 14-DAY RAT STUDYa

Responders B0 B1 B2
Dose (mg/kg/day) of

Global Max/Min p of Fitb

TSH 17.182 2.895 -0.0914 max: 15.84 <0.00001

ln TSH 2.825 0.1269 -0.004202 max: 15.11 <0.00001

T3 112.871 -8.987 0.3169 min: 14.18 <0.00001

lnT3 4.7114 -0.09702 0.0034 min: 14.27 <0.00001

T4 4.7712 -0.1791 0.00445 min: 20.11 <0.00001

ln (T4) 1.563 -0.0414 0.0009 min: 23.00 0.00012

aCoefficients generated by using SAS software received from Dr. Ralph Kodell (Geller, 1998b).  Identical
coefficients were generated by using EPA BMD software.

ap > 0.05 denotes significant fit. Goodness-of-fit derived using -2 log (likelihood ratio) test from EPA BMD
software (see Geller, 1998b).

TABLE 6B-4.  BENCHMARK DOSE (BMD) AND BMD 95% LOWER LIMIT (BMDL)
ESTIMATES OF THE INCIDENCE OF FOLLICULAR EPITHELIAL CELL

HYPERTROPHY IN THE CALDWELL et al. (1995) 14-DAY STUDY
(Benchmark response based on 10% extra risk.)

Model p of fit,df BMD BMDL LOAEL
BMD:

LOAEL
BMDL:
LOAEL

Gamma 0.75, 6 0.077 0.044 0.1 0.77 0.44

Logistic 0.70, 6 0.123 0.115 0.1 1.23 1.15

Probit 0.71, 6 0.135 0.0134 0.1 1.35 0.134

Quantal Linear 0.75, 6 0.077 0.044 0.1 0.77 0.44

Quantal Quadratic 0.54, 6 0.37 0.243 0.1 3.70 2.43

Weibull 0.746, 6 0.077 0.044 0.1 0.77 0.44
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TABLE 6B-5.  BENCHMARK DOSE (BMD) AND BMD 95% LOWER LIMIT (BMDL)
ESTIMATES OF THE INCIDENCE OF FOLLICULAR EPITHELIAL CELL
HYPERTROPHY/HYPERPLASIA FOR THE 14-DAY TIME POINT OF THE

SPRINGBORN LABORATORIES, INC. (1998) SUBCHRONIC STUDY
(Benchmark response based on 10% extra risk.)

Model p of fit,df BMD BMDL NOAEL
BMD:

NOAEL
BMDL:
NOAEL

Gamma 0.39, 3 5.32 2.10 1.0 5.32 2.10

Logistic 0.43, 4 3.37 2.21 1.0 3.37 2.21

Probit 0.40, 4 2.85 1.96 1.0 2.85 1.96

Quantal Linear 0.10, 4 0.683 0.44 1.0 0.683 0.44

Quantal Quadratic 0.49, 4 2.25 1.76 1.0 2.25 1.76

Weibull 0.39, 3 5.45 3.37 1.0 5.45 3.37

Multistage 0.33, 3 2.25 1.25 1.0 2.25 1.25

TABLE 6B-6.  BENCHMARK DOSE (BMD) AND BMD 95% LOWER LIMIT (BMDL)
ESTIMATES OF THE INCIDENCE OF FOLLICULAR EPITHELIAL

CELL HYPERTROPHY/HYPERPLASIA FOR THE 90-DAY TIME POINT OF THE
SPRINGBORN LABORATORIES, INC. (1998) SUBCHRONIC STUDY

(Benchmark response based on 10% extra risk.)

Model p of fit,df BMD BMDL NOAEL
BMD:

NOAEL
BMDL:
NOAEL

Gamma 0.14, 3 1.91 0.81 1.0 1.91 0.81

Logistic 0.21, 4 2.50 2.18 1.0 2.50 2.18

Probit 0.18, 4 2.20 1.93 1.0 2.20 1.93

Quantal Linear 0.02, 4 0.55 0.36 1.0 0.55 0.36

Quantal Quadratic 0.22, 4 1.93 1.46 1.0 1.93 1.46

Weibull 0.14, 3 2.23 0.82 1.0 2.23 0.82

Multistage 0.13, 3 1.93 0.87 1.0 1.93 0.87
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TABLE 6B-7.  BENCHMARK DOSE (BMD) AND BMD 95% LOWER LIMIT (BMDL)
ESTIMATES OF THE INCIDENCE OF FOLLICULAR EPITHELIAL

CELL HYPERTROPHY IN THE F1 PUPS ON PND5 FROM THE
DEVELOPMENTAL NEUROTOXICITY STUDY

(Argus Research Laboratories, Inc., 1998a)
(Benchmark response based on 10% extra risk.)

Model p of fit,df BMD BMDL LOAEL
BMD:

LOAEL
BMDL:
LOAEL

Gamma 0.85, 3 0.234 0.10 0.1 2.34 1.0

Logistic 0.84, 3 0.35 0.27 0.1 3.5 2.7

Probit 0.84, 3 0.379 0.376 0.1 3.79 3.76

Quantal Linear 0.85, 3 0.234 0.10 0.1 2.34 1.0

Quantal Quadratic 0.74, 3 0.96 0.53 0.1 9.6 5.3

Weibull 0.85, 3 0.234 0.10 0.1 2.34 1.0
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TABLE 6B-8.  BENCHMARK DOSE (BMD) ESTIMATES USING POWER FUNCTION
FIT TO COMBINED MALE AND FEMALE HORMONE DATA OF

CALDWELL et al. (1995) 14-DAY RAT STUDY
(Benchmark response based on 10% change from control value.)

Endpoint p of Fit BMD BMDL
NOAEL/
LOAEL

BMD:
N(L)OAEL

BMDL:
N(L)OAEL

BMR:
10% CTL

SD

TSHa 0.272 0.014 0.0002 0.44 0.032 4.55e-4  1.29
 1.88

ln TSHa 0.099 0.017 0.002 0.44 0.039 4.55e-3  -0.1053

Female
TSHb

0.077 0.19 0.032 0.1 1.90 0.32 1.125
  0.48

Female
ln(TSH)a

0.50   0.078 0.035 0.1 0.78 0.35  -0.1053

Male TSH No significant fits to male TSH
or male ln(TSH) data

T3a 0.107 0.00035 0.00 0.1c 0.0035 NA 13.07
10.21

lnT3a 0.091 0.0004 2e-6 0.1c 0.004 2.00e-5  -0.1053

T4a 0.303 0.243 0.096 0.1c 2.43 0.96c  0.506
 0.321

ln (T4)d 0.172 0.340    0.0997 0.1c 3.40 1.00c -0.1053

aUnrestricted quadratic: fit nonmonotonic, not significant.  Restricted polynomial (linear): fit not significant.
bUnrestricted quadratic: fit monotonic but not significant.   Restricted polynomial (linear): fit not significant.
cLOAEL; otherwise, value is NOAEL.
dUnrestricted quadratic: fit not significant, global minimum at approximate high dose.  Restricted polynomial
 (linear): fit not significant.
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TABLE 6B-9.  BENCHMARK DOSE (BMD) AND BMD 95% LOWER LIMIT (BMDL)
ESTIMATES USING POWER FUNCTION  FIT TO COMBINED MALE AND FEMALE

HORMONE DATA OF CALDWELL et al. (1995) 14-DAY RAT STUDY 
(Benchmark response based on 10, 20, and 40% changes from control value.)

Endpoint p of Fit

BMD
BMDL
(10%)

BMD
BMDL
(20%)

BMD
BMDL
(40%) Mean NOAEL

TSH 0.272 0.014
0.0002

0.083
0.0038

0.507
0.0604

12.861 0.44

ln(TSH)a 0.099 0.002 0.043 1.11 0.44

T3 0.0108 0.00035
0.00

0.0338
0.000036

3.27
0.042c

130.69 0.10b

ln(T3)a 0.091 0.000002 0.000642 0.478 0.10b

T4 0.303 0.243
0.096

2.28
1.299

21.44
16.78

5.06 0.10b

ln(T4)a 0.172 0.100 1.213 16.89 0.10b

aFor ln transformed data, only BMDL estimates are displayed.
bLOAEL, not NOAEL.
cBMDL calculation failed at some values.  This means BMDL value may not be accurate.
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TABLE 6B-10.  BENCHMARK DOSE (BMD) AND BMD 95%
LOWER LIMIT (BMDL) ESTIMATES FOR COMBINED MALE AND

FEMALE HORMONE DATA OF 14-DAY TIME POINT IN THE
SPRINGBORN LABORATORIES, INC. (1998) SUBCHRONIC STUDY

(Benchmark response based on 10% change from control value.)

Endpoint Model
p of
Fit BMD BMDL

NOAEL/
LOAEL

BMDL:
N(L)OAEL

BMD:
N(L)OAEL

BMR:
10% CTL

SD

TSH Power 0.45 0.037 0.000075 0.01 0.0075 3.7 1.26
2.52

Quadratic 0.069 Fit significant, but not
monotonic

0.01

ln TSH Power 0.43 0.043 Could not
calculate

0.01 NA 4.3 -0.1053

Quadratic Fit not significant, nonmonotonic 0.01

T3 Power 0.41 �������� Lower limit
includes 0

0.01a NA 0.0033 16.65
38.51

Quadratic Fit not significant, nonmonotonic 0.01a

lnT3 Power 0.35 0.000168 Lower limit
includes 0

0.01a NA 0.0168 -0.1053

Quadratic Fit not significant, nonmonotonic 0.01a

T4 Power 0.203 1.16 0.0035 1.0 0.0035 1.16 0.506
0.603

Quadraticb 0.12 3.27 1.09 1.0 1.09 3.27

ln (T4) Power 0.22 1.64 0.04 1.0 0.04 1.64 -0.1053

Quadraticb 0.16 3.25 1.06 1.0 1.06 3.25

aLOAEL; otherwise, value is NOAEL.
bGlobal minimum of quadratic function is at dose .9.50 mg/kg-day.
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TABLE 6B-11.  BENCHMARK DOSE (BMD) AND BMD 95% LOWER LIMIT
(BMDL) ESTIMATES FOR COMBINED MALE AND FEMALE HORMONE

DATA OF 14-DAY TIME POINT IN THE SPRINGBORN LABORATORIES, INC.
(1998) SUBCHRONIC STUDY

(Benchmark response based on 10, 20, and 40% changes from control value.)

Endpoint Model
p of
Fit

BMD
BMDL
(10%)

BMD
BMDL
(20%)

BMD
BMDL
(40%) Mean NOAEL

T4 Power 0.203 1.16
0.0035

12.73
1.21

138.94
38.33

5.066 1.0

ln(T4) Power 0.22 0.037 3.899 36.48 1.0

T3 Power 0.41 0.000033
& 

0.207
&  

129.39
0.129a

166.5 0.01b

ln(T3) Power 0.35 Lower limit
includes 0

0.000054a 43.16a 0.01b

TSH Power 0.45 0.037
0.000076

0.326
0.005

2.89
0.36

12.616 0.01

ln(TSH) Power 0.43 0.0015 0.098 6.587 0.01

aBMDL calculation failed at a number of values.  This means BMDL value may not be accurate.
bLOAEL, not NOAEL.
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TABLE 6B-12.  BENCHMARK DOSE (BMD) ESTIMATES FOR COMBINED MALE
AND FEMALE HORMONE DATA OF 90-DAY TIME POINT IN THE
SPRINGBORN LABORATORIES, INC. (1998) SUBCHRONIC STUDY

(Benchmark response based on 10% change from control value.)

Endpoint p of Fit BMD BMDL
NOAEL/
LOAEL

BMD:
N(L)OAEL

BMDL:
N(L)OAEL

BMR:
10% CTL

SD

TSHa 0.42 0.269 0.018 0.05 5.38 0.36 1.633
1.464

ln TSHa 0.40 0.492 0.0796 0.05 9.84 1.6 -0.1053

T3a 0.01 No fit No fit 0.01b NA NA 17.50
18.924

lnT3a 0.01 No fit No fit 0.01b NA NA NA

T4a 0.14 6e-6 Lower limit
includes 0

0.01b 6e-4 NA 0.475
0.576

ln (T4)a 0.17 1.10e-5 0.00 0.01b 1.1e-3 4 -0.1053

aUnrestricted quadratic: fit nonmonotonic, not significant.  Restricted polynomial (linear): fit not significant.
bLOAEL; otherwise, value is NOAEL.

TABLE 6B-13.  BENCHMARK DOSE (BMD) AND BMD 95%
LOWER LIMIT (BMDL) ESTIMATES FOR COMBINED MALE AND

FEMALE HORMONE DATA OF 90-DAY TIME POINT IN THE
SPRINGBORN LABORATORIES, INC. (1998) SUBCHRONIC STUDY

(Benchmark response based on 10, 20, and 40% changes from control value.)

Model
p of
Fit

BMD
BMDL
(10%)

BMD
BMDL
(20%)

BMD
BMDL
(40%) Mean NOAEL

T4 Power 0.14 0.000006
& 

0.01
0.000001

15.09
0.52a

4.75 0.01b

ln(T4) Power 0.165 0.00 0.004 4.87 0.01b

T3 Power 0.01 No significant fit 174.96 0.01b

ln(T3) Power 0.01 No significant fit 0.01b

TSH Power 0.43 0.272
0.019

8.808
2.404

285.52
73.80

16.33 0.05

ln(TSH) Power 0.40 0.082 7.94 405.14 0.05

aBMDL calculation failed at a number of values.  This means BMDL value may not be accurate.
bLOAEL not NOAEL.
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TABLE 6B-14.  BENCHMARK DOSE (BMD) AND BMD 95% LOWER LIMIT
(BMDL) ESTIMATES FOR HORMONE AND THYROID MORPHOMETRY
DATA OF F1-GENERATION PUPS AT PND5 IN THE DEVELOPMENTAL

NEUROTOXICITY STUDY
(Argus Research Laboratories, Inc., 1998a, and Channel, 1998b)a

(Benchmark response based on 10% change from control value.)

Endpoint Model p of Fit BMD BMDL
NOAEL or

LOAEL
BMD:

N(L)OAEL
BMDL:

N(L)OAEL

BMR:
10% CTL

SD

TSH Linear 0.50 4.64 3.77 3.0 1.55 1.26 0.45
0.465

Power 0.31 4.48 1.43 3.0 1.49 0.48

ln TSH Linear 0.48 5.51 4.43 3.0 1.84 0.54 -0.1054

Power 0.30 5.03 2.11 3.0 1.68 0.70

T3 Neither linear,
quadratic, or power

FCNS fit data

<0.00001
for all

No
fit

No fit 0.1 NA NA

lnT3 Neither linear,
quadratic, or power

FCNS fit data

<0.00001
for all

No
fit

No fit 0.1 NA NA

T4 Nonmonotonic
quadratic

significant fit 

0.50
 min = 7.45

mg/kg

1.26 0.98 1.0 1.26 0.98 0.341
0.370

ln (T4) Nonmonotonic
quadratic

significant fit

0.50
 min = 7.14

mg/kg

1.18 0.92 1.0 1.18 0.92

Morphometr
y

CTL-10% CTL
(=31.78); SD = 0.37

Nonmonotonic
quadratic significant

fit
Power FCN  BMDL

interval includes 0.00

0.19
global min

= 6.81
mg/kg

1.053 0.644 1.00 1.053 0.644

ln (morph) CTL-10% CTL
(= 0.341); SD = 0.37

Nonmonotonic
quadratic significant

fit
Power FCN BMDL

computational
failures

0.19
global min

= 7.01
mg/kg

0.822 0.538 1.00 0.822 0.538

aItalics denote estimates derived from nonmonotonic fits to data.  FCN = function, CTL = control, and
 SD = standard deviation.
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TABLE 6B-15.  BENCHMARK DOSE (BMD) AND BMD 95% LOWER LIMIT
(BMDL) ESTIMATES FOR HORMONE DATA OF F1-GENERATION PUPS

AT PND5 IN THE DEVELOPMENTAL NEUROTOXICITY STUDY
(Argus Research Laboratories, Inc., 1998a, and Channel, 1998b)

(Benchmark response based on 10, 20, and 40% changes from control value.)

p of Fit

BMD
BMDL
(10%)

BMD
BMDL
(20%)

BMD
BMDL
(40%) Mean NOAEL

T4 0.50a 1.26a

0.973a
2.89a

2.16a
BMD set toa

1,000a
3.41 1.0

ln(T4) 0.50a 0.92a NCa NCa 1.0

T3 <0.00001 NC NC NC 87.97 0.1

ln(T3) <0.00001 NC NC 0.1

TSH 0.50 4.64
3.77

9.30
7.55

18.61
15.10

4.51 3.0

ln(TSH) 0.48 NC NC NC 3.0

aUnderlined values from nonmonotonic fits to data.  (NC = not computed.)  The BMDL calculation failed at a
 number of values.  This means BMDL value may not be accurate. 

TABLE 6B-16.  BENCHMARK DOSE (BMD) AND BMD 95% LOWER LIMIT
(BMDL) ESTIMATES USING THE LINEAR MODEL FIT TO THE
MOTOR ACTIVITY DATA OF F1-GENERATION PUPS AT PND14

IN THE DEVELOPMENTAL NEUROTOXICITY STUDY
(Argus Research Laboratories, Inc., 1998a)

(Benchmark response based on 10% change from control value.)

Endpoint p of Fit BMD BMDL
NOAEL/
LOAEL

BMD:
N(L)OAEL

BMDL:
N(L)OAEL

BMR:
10% CTL

SD

Movementa 0.72 1.94 1.04 None NA NA 24.45
162.75

Timeb 0.69 1.33 0.66 None NA NA 18.60
184.78

aNumber of movements.
bTime spent in activity.
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TABLE 6B-17.  BENCHMARK DOSE (BMD) AND BMD 95% LOWER LIMIT (BMDL)
ESTIMATES USING THE POWER MODEL FIT TO THE HORMONE DATA OF

FEMALE RABBITS ON GESTATION DAY 29 IN THE DEVELOPMENTAL STUDY
(Argus Research Laboratories, Inc., 1998c)

(Benchmark response based on 10% change from control value.)

Endpoint p of Fit BMD BMDL
NOAEL/
LOAEL

BMD:
N(L)OAEL

BMDL:
N(L)OAE

L
BMR

TSH, ln TSH NA No effect of
dose

T3, ln T3 NA No effect of
dose

T4 0.06 0.54 Lower
limit

includes
0

0.1 5.4 NA 0.187

ln (T4) 0.0503 1.69 0.002 0.1 16.9 0.02 0.1053

TABLE 6B-18.  BENCHMARK DOSE (BMD) AND BMD 95% LOWER LIMIT (BMDL)
ESTIMATES  USING THE POWER MODEL FIT TO THE HORMONE DATA OF

FEMALE RABBITS ON GESTATION DAY 29 IN THE DEVELOPMENTAL STUDY
(Argus Research Laboratories, Inc., 1998c)

(Benchmark response based on 10, 20, and 40% changes from control value.)

p of Fit (10%) (20%) (40%) Mean NOAEL

T4 0.06 0.54
& 

7.05
& 

91.76
0.63

1.874 0.1

ln(T4) 0.05 1.69
0.0018

10.97
0.033

86.19
7.278

0.1

T3 No effect

ln(T3) No effect

TSH No effect

ln(TSH) No effect
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����6&5((1,1*�(&2/2*,&$/�5,6.�$66(660(17�

)25�3(5&+/25$7(�

�

�

�����,1752'8&7,21�

$V�GLVFXVVHG�LQ�6HFWLRQ������SHUFKORUDWH�VDOWV�LQFOXGLQJ�DPPRQLXP��SRWDVVLXP��VRGLXP��

DQG�PDJQHVLXP�SHUFKORUDWH��DUH�PDQXIDFWXUHG�DV�R[LGL]HU�FRPSRQHQWV�IRU�SURSHOODQWV�DQG�

H[SORVLYHV���7KH�PDQXIDFWXUH�RU�XVH�RI�SHUFKORUDWH�VDOWV�KDV�EHHQ�UHSRUWHG�LQ�PRVW�RI�WKH�VWDWHV�RI�

WKH�FRQWLQHQWDO�8QLWHG�6WDWHV��)LJXUH��������,Q�VRPH�DUHDV�LQYROYHG�ZLWK�WKH�PDQXIDFWXUH��XVH��RU�

GLVSRVDO�RI�SHUFKORUDWH�VDOWV��WKH�SHUFKORUDWH��DV�WKH�DQLRQ�GLVVRFLDWHG�IURP�WKHVH�VDOWV��KDV��

FRQWDPLQDWHG�VRLOV�RU�JURXQG�RU�VXUIDFH�ZDWHUV��)LJXUH��������7KHVH�UHOHDVHV�KDYH�EHHQ�FRQILUPHG��

LQ����VWDWHV��HVSHFLDOO\�WKRVH�ORFDWHG�LQ�WKH�VRXWKZHVWHUQ�8QLWHG�6WDWHV��ZKHUH�WKH�PDMRULW\�RI��

VDPSOLQJ�KDV�RFFXUUHG��)LJXUHV�����DQG��������7KHUH�LV�D�QHHG�WR�GHWHUPLQH�WKH�OLNHOLKRRG�WKDW�WKH��

SHUFKORUDWH�LRQ�LV�FDXVLQJ�HIIHFWV�RQ�HFRV\VWHPV�RU�HFRV\VWHP�FRPSRQHQWV���7KLV�FKDSWHU�SUHVHQWV��

D�VFUHHQLQJ�OHYHO�HFRORJLFDO�ULVN�DVVHVVPHQW�RI�HQYLURQPHQWDO�FRQWDPLQDWLRQ�E\�WKH�SHUFKORUDWH��

LRQ���,Q�RUJDQL]DWLRQ��LW�ZLOO�IROORZ�WKH�RXWOLQH�RI�WKH�*XLGHOLQHV�IRU�(FRORJLFDO�5LVN�$VVHVVPHQW��

�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\������G����

��

����� 0DQDJHPHQW�*RDOV�DQG�'HFLVLRQV��

7KH�GLVFRYHU\�WKDW�SHUFKORUDWH�KDV�FRQWDPLQDWHG�JURXQG�DQG�VXUIDFH�ZDWHUV�LQ�FHUWDLQ��

ORFDWLRQV�KDV�UDLVHG�SXEOLF�DQG�UHJXODWRU\�DJHQF\�FRQFHUQV���0RVW�RI�WKHVH�FRQFHUQV�KDYH�IRFXVHG��

RQ�SRWHQWLDO�SXEOLF�H[SRVXUHV�WKURXJK�GULQNLQJ�ZDWHU�DQG�WKH�SRVVLEOH�QHHG�WR�LPSURYH�DQDO\WLFDO��

DQG�WUHDWPHQW�PHWKRGV�DQG�WR�GHYHORS�GULQNLQJ�ZDWHU�UHJXODWLRQV��6HFWLRQ�������DQG�DQ�H[WHQVLYH��

VFLHQWLILF�DVVHVVPHQW�HIIRUW�LV�XQGHUZD\�WR�DGGUHVV�WKRVH�FRQFHUQV��6HFWLRQ��������$�EDODQFHG��

DSSURDFK�UHTXLUHV�WKH�DVVHVVPHQW�RI�HFRORJLFDO�HIIHFWV�DV�ZHOO���7KH�JRDOV�RI�WKLV�VFUHHQLQJ�OHYHO��

HFRORJLFDO�ULVN�DVVHVVPHQW�DUH�WKHUHIRUH�WR�SURYLGH�DQ�LQGLFDWLRQ�RI�WKH�OLNHOLKRRG�WKDW�DGYHUVH��

HFRORJLFDO�HIIHFWV��L�H���WR[LFLW\�WR�VSHFLILF�RUJDQLVPV�RU�HIIHFWV�RQ�DTXDWLF�RU�WHUUHVWULDO��

HFRV\VWHPV��ZLOO�UHVXOW�IURP�REVHUYHG�OHYHOV�RI�HQYLURQPHQWDO�FRQWDPLQDWLRQ�E\�SHUFKORUDWH����

7KH�UHVXOWV�RI�WKLV�DVVHVVPHQW�ZLOO�EH�XVHG�WR�DGGUHVV�WKH�IROORZLQJ�TXHVWLRQV����
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�$UH�HFRORJLFDO�H[SRVXUHV�EHORZ�OHYHOV�RI�FRQFHUQ��RU�DUH�PDQDJHPHQW�DFWLRQV�QHHGHG�WR�UHGXFH�

WKRVH�H[SRVXUHV"�

�$UH�DQDO\WLFDO�GHWHFWLRQ�PHWKRGV�IRU�SHUFKORUDWH�VXIILFLHQW��RU�LV�WKHUH�D�OLNHOLKRRG�RI�DGYHUVH�

HFRORJLFDO�HIIHFWV�RFFXUULQJ�DW�OHYHOV�EHORZ�GHWHFWLRQ�OLPLWV"�

�,V�WKH�DYDLODEOH�HFRWR[LFRORJLFDO�LQIRUPDWLRQ�RQ�SHUFKORUDWH�VXIILFLHQW��RU�DUH�DGGLWLRQDO�VWXGLHV�

QHHGHG"�

�

����� 6FRSH��&RPSOH[LW\��DQG�)RFXV�

7KLV�VFUHHQLQJ�OHYHO�DVVHVVPHQW�LV�YHU\�OLPLWHG�LQ�VFRSH�LQ�WKDW�LW�UHOLHV�RQ�D�OLPLWHG�VHW�RI�

VRXUFH�PDWHULDOV���7KHVH�PDWHULDOV�DUH�GHVFULEHG�LQ�WKLV�VHFWLRQ���

,QWHUDJHQF\�3HUFKORUDWH�6WHHULQJ�&RPPLWWHH�5HSRUW���3HUFKORUDWH�(FRORJLFDO�5LVN��

6WXGLHV�LV�D�UHSRUW�RI�WKH�,36&¶V�(FRORJLFDO�5LVN�7UDQVSRUW�DQG�7UDQVIRUPDWLRQ�6XEFRPPLWWHH���

GDWHG�1RYHPEHU�����������,QWHUDJHQF\�3HUFKORUDWH�6WHHULQJ�&RPPLWWHH����������7KLV�UHSRUW��

SUHVHQWV�D�OLWHUDWXUH�UHYLHZ�RQ�SHUFKORUDWH�WR[LFLW\�WR�QRQPDPPDOLDQ�RUJDQLVPV��IHZ�VWXGLHV��

ZHUH�DYDLODEOH���DQG�D�UDWLRQDOH�IRU�WKH�VHOHFWLRQ�RI�D�EDWWHU\�RI�HFRWR[LFRORJ\�WHVWV�WR�EH��

FRQGXFWHG�IRU�WKH�86$)�$UPVWURQJ�/DERUDWRU\�E\�($�(QJLQHHULQJ��6FLHQFH�DQG�7HFKQRORJ\���

,QF���,W�WKHQ�VXPPDUL]HV�WKRVH�WHVW�UHVXOWV��GLVFXVVHV�WKH�ILQGLQJV�LQ�WKH�FRQWH[W�RI�REVHUYHG��

H[SRVXUHV��GLVFXVVHV�XQFHUWDLQWLHV��DQG�PDNHV�UHFRPPHQGDWLRQV�IRU�IXUWKHU�VWXG\���7KH�SUHVHQW��

UHSRUW�FRQVWLWXWHV�D�UHHYDOXDWLRQ�RI�PXFK�RI�WKH�VDPH�LQIRUPDWLRQ�IURP�(3$¶V�SHUVSHFWLYH���

H[FHSW�WKDW�(3$�GLG�QRW�H[DPLQH�WKH�RSHQ�OLWHUDWXUH�VWXGLHV�UHYLHZHG�E\�WKH�,36&�VXEFRPPLWWHH���

7HVW�%DWWHU\�5HSRUW���7KH�($�(QJLQHHULQJ��6FLHQFH�DQG�7HFKQRORJ\��,QF���������ILQDO��

UHSRUW��5HVXOWV�RI�$FXWH�DQG�&KURQLF�7R[LFLW\�7HVWLQJ�ZLWK�6RGLXP�3HUFKORUDWH��GDWHG�1RYHPEHU��

������GHWDLOV�WKH�WHVW�PHWKRGV�DQG�UHVXOWV�RI�WKH�HFRWR[LFRORJ\�EDWWHU\���

%ORFN�(QYLURQPHQWDO�6HUYLFHV��,QF���5HSRUW���7KH�UHSRUW��/&
��

�$TXDWLF�7R[LFLW\�7HVW��

5HVXOWV�IRU�$PPRQLXP�3HUFKORUDWH²$�7ZR�VSHFLHV�&KURQLF�'HILQLWLYH�%LRDVVD\��%ORFN��

(QYLURQPHQWDO�6HUYLFHV��,QF���������SUHVHQWV�DGGLWLRQDO�ELRDVVD\�UHVXOWV�WKDW�ZHUH�QRW�LQFOXGHG�LQ��

WKH�,36&�UHSRUW���

)URJ�(PEU\R�7HUDWRJHQHVLV�$VVD\���;HQRSXV��)(7$;��6WXG\���7KH�UHSRUW��)(7$;��

$QDO\VLV�RI�$PPRQLXP�3HUFKORUDWH��'XPRQW�DQG�%DQWOH���������SUHSDUHG�E\�WKH�'HSDUWPHQW�RI��

=RRORJ\��2NODKRPD�6WDWH�8QLYHUVLW\��DQG�GDWHG�0D\�����������SUHVHQWV�UHVXOWV�RI�WKH�)URJ��

(PEU\R�7HUDWRJHQHVLV�$VVD\���;HQRSXV��)(7$;��FRQGXFWHG�ZLWK�DPPRQLXP�SHUFKORUDWH���
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3K\WRWUDQVIRUPDWLRQ�6WXG\���7KH�VWXG\��/DERUDWRU\�&KDUDFWHUL]DWLRQ�RI�

3K\WR�WUDQVIRUPDWLRQ�3URGXFWV�RI�3HUFKORURHWK\OHQH��3&(���7ULFKORURHWK\OHQH��7&(��DQG�

3HUFKORUDWH��1]HQJXQJ��Q�G���H[DPLQHG�SHUFKORUDWH�GLVWULEXWLRQ�DQG�GHJUDGDWLRQ�LQ�H[SHULPHQWDO�

V\VWHPV�FRQWDLQLQJ�VDQG��DTXHRXV�SHUFKORUDWH�VROXWLRQ��DQG�URRWHG�FXWWLQJV�RI�ZRRG\�SODQW�

VSHFLHV���7KH�VWXG\�DOVR�H[DPLQHG�V\VWHPV�FRQWDLQLQJ�FKRSSHG�OHDYHV�RU�PLFURELDO�PDWV�DQG�

DTXHRXV�SHUFKORUDWH�VROXWLRQ��

�

�

��� 352%/(0�)2508/$7,21�

7KH�FKDUDFWHULVWLFV�RI�SHUFKORUDWH�DQG�LWV�VRXUFHV�DUH�GHVFULEHG�HDUOLHU�LQ�WKLV�GRFXPHQW��

�&KDSWHUV���DQG�����DQG�WKLV�DVVHVVPHQW�LV�VLWH�LQGHSHQGHQW���7KHUHIRUH��WKLV�SUREOHP�IRUPXODWLRQ��

IRFXVHV�RQ�WKH�VHOHFWLRQ�RI�DVVHVVPHQW�HQGSRLQWV��GHULYDWLRQ�RI�WKH�FRQFHSWXDO�PRGHO��DQG�WKH��

DQDO\VLV�SODQ���

��

����� $VVHVVPHQW�(QGSRLQWV��

$VVHVVPHQW�HQGSRLQWV�DUH�RSHUDWLRQDO�GHILQLWLRQV�RI�WKH�HQYLURQPHQWDO�YDOXHV�WR�EH��

SURWHFWHG���)RU�HFRORJLFDO�ULVN�DVVHVVPHQWV��WKH\�DUH�FKRVHQ�EDVHG�RQ�SROLF\�JRDOV�DQG�VRFLHWDO��

YDOXHV��WKHLU�HFRORJLFDO�UHOHYDQFH��DQG�WKHLU�VXVFHSWLELOLW\�WR�WKH�VWUHVVRU���7KH\�DUH�GHILQHG�LQ��

WHUPV�RI�DQ�HQWLW\�DQG�D�SURSHUW\�RI�WKDW�HQWLW\���7KH�HQGSRLQWV�IRU�WKLV�DVVHVVPHQW�DUH�GHVFULEHG��

LQ�WKH�IROORZLQJ�ILYH�VXEVHFWLRQV���

��

������� )LVK�&RPPXQLW\�5LFKQHVV�DQG�3URGXFWLYLW\��

)LVK�FRPPXQLWLHV�DUH�YDOXHG�VRFLHWDOO\�DQG�DUH�HFRORJLFDOO\�LPSRUWDQW���7KH�SURGXFWLYLW\�RI��

WKHVH�FRPPXQLWLHV�LV�LPSRUWDQW�LQ�WHUPV�RI�WKH�VXSSRUW�RI�ILVKHULHV���6SHFLHV�ULFKQHVV�LV�LPSRUWDQW��

LQ�WHUPV�RI�WKH�SROLF\�RI�PDLQWDLQLQJ�ELRGLYHUVLW\���7KLV�LPSRUWDQFH�LV�UHIOHFWHG�E\�WKH�XVH�RI��

VSHFLHV�VHQVLWLYLW\�GLVWULEXWLRQV�LQ�WKH�GHULYDWLRQ�RI�QDWLRQDO�DPELHQW�ZDWHU�TXDOLW\�FULWHULD�DQG�WKH��

XVH�RI�ILVK�VSHFLHV�ULFKQHVV�DV�DQ�LPSRUWDQW�FRPSRQHQW�RI�ELRDVVHVVPHQW�SURFHGXUHV�IRU��

HQIRUFHPHQW�RI�WKH�&OHDQ�:DWHU�$FW���

��

��
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������� $TXDWLF�,QYHUWHEUDWH�&RPPXQLW\�5LFKQHVV�DQG�3URGXFWLYLW\��

$TXDWLF�LQYHUWHEUDWH�FRPPXQLWLHV�KDYH�OLWWOH�GLUHFW�VRFLHWDO�YDOXH�EXW�DUH�LPSRUWDQW�WR�

HQHUJ\�DQG�QXWULHQW�G\QDPLFV�LQ�DTXDWLF�HFRV\VWHPV���7KH�SURGXFWLYLW\�RI�WKHVH�FRPPXQLWLHV�LV�

LQGLUHFWO\�LPSRUWDQW�LQ�WHUPV�RI�WURSKLF�VXSSRUW�RI�ILVKHULHV�DQG�RI�VRPH�WHUUHVWULDO�LQVHFWLYRUHV���

6SHFLHV�ULFKQHVV�LV�LPSRUWDQW�LQ�WHUPV�RI�WKH�SROLF\�RI�PDLQWDLQLQJ�ELRGLYHUVLW\���7KLV�LPSRUWDQFH�

LV�UHIOHFWHG�E\�WKH�XVH�RI�VSHFLHV�VHQVLWLYLW\�GLVWULEXWLRQV�LQ�WKH�GHULYDWLRQ�RI�QDWLRQDO�DPELHQW�

ZDWHU�TXDOLW\�FULWHULD�DQG�WKH�XVH�RI�LQYHUWHEUDWH�VSHFLHV�ULFKQHVV�DV�DQ�LPSRUWDQW�FRPSRQHQW�RI�

ELRDVVHVVPHQW�SURFHGXUHV�IRU�HQIRUFHPHQW�RI�WKH�&OHDQ�:DWHU�$FW��

�

������� $TXDWLF�3ODQW�3URGXFWLYLW\��

$OJDH�DQG�RWKHU�DTXDWLF�SODQWV�KDYH�OLWWOH�GLUHFW�VRFLHWDO�YDOXH�EXW�DUH�LPSRUWDQW�WR�HQHUJ\��

DQG�QXWULHQW�G\QDPLFV�LQ�DTXDWLF�HFRV\VWHPV���%HFDXVH�RI�WKHLU�LPSRUWDQFH�WR�WKH�WURSKLF�VXSSRUW��

RI�ILVKHULHV�DQG�RWKHU�DTXDWLF�FRQVXPHUV��SURGXFWLYLW\�LV�WKH�HQGSRLQW�SURSHUW\�IRU�WKLV��

DVVHPEODJH���

��

������� 6RLO�,QYHUWHEUDWH�&RPPXQLW\�5LFKQHVV�DQG�3URGXFWLYLW\��

6RLO�LQYHUWHEUDWH�FRPPXQLWLHV�KDYH�OLWWOH�GLUHFW�VRFLHWDO�YDOXH��EXW��LQ�QHDUO\�DOO�WHUUHVWULDO��

HFRV\VWHPV��WKH\�DUH�LPSRUWDQW�WR�HQHUJ\�DQG�QXWULHQW�G\QDPLFV�DQG�WR�PDLQWHQDQFH�RI�VRLO��

VWUXFWXUH���7KH�SURGXFWLYLW\�RI�WKHVH�FRPPXQLWLHV�LV�LQGLUHFWO\�LPSRUWDQW�LQ�WHUPV�RI�WURSKLF��

VXSSRUW�RI�VRPH�WHUUHVWULDO�LQVHFWLYRUHV���6SHFLHV�ULFKQHVV�LV�LPSRUWDQW�LQ�WHUPV�RI�WKH�SROLF\�RI��

PDLQWDLQLQJ�ELRGLYHUVLW\���

��

������� 7HUUHVWULDO�3ODQW�3URGXFWLYLW\��

7HUUHVWULDO�SODQWV�DUH�YDOXHG�KLJKO\�E\�VRFLHW\�IRU�SURGXFWLRQ�RI�IRRG��ILEHU��DQG�WLPEHU�DV��

ZHOO�DV�WKHLU�DHVWKHWLF�YDOXH���7KH�SULPDU\�YDOXHG�SURSHUW\�RI�WHUUHVWULDO�SODQWV�LV�WKHLU��

SURGXFWLYLW\���%HFDXVH�WKHUH�DUH�LQVXIILFLHQW�GDWD�IRU�HVWLPDWLQJ�WKH�VHQVLWLYLW\�RI�D�SODQW�VSHFLHV���

DQG�PHWKRGV�IRU�HVWLPDWLQJ�WKH�GLVWULEXWLRQ�RI�VHQVLWLYLW\�FRPSDUDEOH�WR�WKRVH�IRU�DTXDWLF�VSHFLHV��

GR�QRW�H[LVW��QR�HQGSRLQW�VSHFLHV�LV�VSHFLILHG��DQG�VSHFLHV�ULFKQHVV�RI�WKH�SODQW�FRPPXQLW\�LV�QRW��

XVHG�DV�DQ�HQGSRLQW�SURSHUW\���

��
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������� 3RSXODWLRQ�3URGXFWLYLW\�RI�+HUELYRURXV�:LOGOLIH�

+HUELYRURXV�ZLOGOLIH�DUH�LQFOXGHG�DV�DQ�HQGSRLQW�HQWLW\�EHFDXVH�RI�WKH�DSSDUHQW�

ELRFRQFHQWUDWLRQ�RI�SHUFKORUDWH�LQ�SODQW�IROLDJH���7KH�PHDGRZ�YROH��0LFURWXV�SHQQV\OYDQLFXV��LV�

XVHG�DV�D�UHSUHVHQWDWLYH�VSHFLHV�IRU�WKLV�JURXS���3RSXODWLRQ�SURGXFWLYLW\�LV�XVHG�DV�WKH�HQGSRLQW�

SURSHUW\�EHFDXVH�JURZWK�DQG�UHSURGXFWLRQ�DUH�JHQHUDOO\�VHQVLWLYH�SURSHUWLHV��DQG�EHFDXVH�

KHUELYRUHV�DUH�YDOXHG�IRU�WKHLU�SURGXFWLRQ�RI�IRRG�IRU�KXPDQ�DQG�QRQKXPDQ�FDUQLYRUHV��

�

����� &RQFHSWXDO�0RGHOV�

7KH�FRQFHSWXDO�PRGHO�GHVFULEHV�WKH�UHODWLRQVKLSV�EHWZHHQ�VRXUFHV�RI�SHUFKORUDWH�DQG�WKH�

HQGSRLQW�UHFHSWRUV��)LJXUH��������2QH�VRXUFH�LV�VSLOOV�WR�VRLO�RI�SHUFKORUDWH�VROXWLRQV�IURP��

IOXVKLQJ�URFNHWV��FRPEXVWLRQ�RI�URFNHW�IXHO��RU�LPSURSHU�GLVSRVDO�RI�URFNHW�IXHO��H[SORVLYHV��RU��

PDQXIDFWXULQJ�ZDVWHV���7KH�RWKHU�LV�DTXHRXV�GLVFKDUJH�RI�ZDVWH�ZDWHU�IURP�PDQXIDFWXULQJ��RU��

SRVVLEO\�IHUWLOL]HU�XVH���7KH�VSLOOV�FRQWDPLQDWH�WKH�VRLO�DW�WKH�VLWH�DQG��WKURXJK�OHDFKLQJ�DQG��

UXQ�RII��FRQWDPLQDWH�WKH�VXUIDFH�ZDWHU�DQG�JURXQGZDWHU���'LVFKDUJH�RI�JURXQGZDWHU�WR�VXUIDFH��

ZDWHU�PD\�UHVXOW�LQ�ORFDOO\�KLJK�OHYHOV�RI�SHUFKORUDWH�LQ�VXUIDFH�ZDWHUV���$TXDWLF�FRPPXQLWLHV�DUH��

H[SRVHG�GLUHFWO\�WR�FRQWDPLQDWHG�VXUIDFH�ZDWHU���6RLO�LQYHUWHEUDWH�DQG�SODQW�FRPPXQLWLHV�DUH��

H[SRVHG�WR�SHUFKORUDWH�LQ�VRLO�DW�WKH�VSLOO�VLWH�DQG�WKURXJK�LUULJDWLRQ�ZLWK�HLWKHU�VXUIDFH�RU��

JURXQGZDWHU���+HUELYRURXV�WHUUHVWULDO�ZLOGOLIH�FRQVXPH�SODQWV�WKDW�KDYH�ELRFRQFHQWUDWHG��

SHUFKORUDWH���

7KH�UHODWLYH�VLPSOLFLW\�RI�WKLV�FRQFHSWXDO�PRGHO�UHVXOWV�IURP�WKH�H[FOXVLRQ�RI�VRPH��

SRWHQWLDO�URXWHV�DQG�UHFHSWRUV���'LHWDU\�H[SRVXUHV�DUH�H[FOXGHG�IURP�DTXDWLF�V\VWHPV�EHFDXVH��

SHUFKORUDWH�LV�QRW�EHOLHYHG�WR�ELRFRQFHQWUDWH�RU�ELRDFFXPXODWH�WR�DQ\�VLJQLILFDQW�H[WHQW���:LOGOLIH��

DUH�DVVXPHG�WR�KDYH�QHJOLJLEOH�H[SRVXUH�IURP�DLU�RU�GLUHFW�H[SRVXUH�WR�VRLO���([SRVXUHV�RI��

ZHWODQGV�WR�JURXQGZDWHU�RU�VXUIDFH�ZDWHU�DUH�QRW�LQFOXGHG�H[SOLFLWO\�EHFDXVH�WKHLU�H[SRVXUHV�DQG��

HIIHFWV�DUH�DVVXPHG�WR�EH�HTXLYDOHQW�WR�LUULJDWLRQ�H[SRVXUHV���7KDW�LV��SODQWV�DQG�LQYHUWHEUDWHV�LQ��

ERWK�FDVHV�DUH�DVVXPHG�WR�EH�H[SRVHG�WR�SRUH�ZDWHU�FRQFHQWUDWLRQV�HTXDO�WR�VXUIDFH�RU��

JURXQGZDWHU�FRQFHQWUDWLRQV���([SRVXUHV�WR�FRQWDPLQDWHG�VHGLPHQWV�DOVR�DUH�QRW�LQFOXGHG��

H[SOLFLWO\�EHFDXVH�WKH\�DUH�EHOLHYHG�WR�EH�HTXLYDOHQW�WR�VXUIDFH�ZDWHU�H[SRVXUHV���3HUFKORUDWH�LV��

KLJKO\�VROXEOH�DQG�LV�XQOLNHO\�WR�DGVRUE�WR�SDUWLFOHV�WR�D�VLJQLILFDQW�H[WHQW���7KHUHIRUH��VHGLPHQW��

H[SRVXUHV�DUH�H[SHFWHG�WR�EH�GRPLQDWHG�E\�H[SRVXUH�WR�SRUH�ZDWHU��ZKLFK�LV�DVVXPHG�WR�EH�HTXDO��

WR�VXUIDFH�ZDWHU���



)LJXUH����� $�FRQFHSWXDO�PRGHO�RI�H[SRVXUH�RI�HFRORJLFDO�HQGSRLQW�UHFHSWRUV�WR�SHUFKORUDWH���6SHFLILF�HQGSRLQW�WD[D�DUH
LGHQWLILHG�LQ�LWDOLF�IRQW��DOO�RWKHU�HQGSRLQWV�DUH�GHILQHG�DW�WKH�FRPPXQLW\�OHYHO���3URFHVVHV�DUH�GHVLJQDWHG
E\�KH[DJRQDO�ER[HV��FRPSDUWPHQWV�E\�UHFWDQJXODU�ER[HV�
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����� $QDO\VLV�3ODQ1

7KLV�VFUHHQLQJ�DVVHVVPHQW�XVHV�H[LVWLQJ�LQIRUPDWLRQ�WR�GHWHUPLQH�ZKHWKHU�WKH�H[LVWLQJ2

HQYLURQPHQWDO�FRQWDPLQDWLRQ�E\�SHUFKORUDWH�SRVHV�D�FOHDUO\�VLJQLILFDQW�ULVN��SRVHV�D�FOHDUO\3

LQVLJQLILFDQW�ULVN��RU�SRVHV�DQ�DPELJXRXV�ULVN���+HQFH��WKH�ULVN�DVVHVVPHQW�GRHV�QRW�LQFOXGH�DQ\4

RULJLQDO�UHVHDUFK�RU�WHVWLQJ���7KH�DQDO\VLV�RI�HIIHFWV�ZLOO�FRQVLVW�RI�WKH�GHULYDWLRQ�RI�VFUHHQLQJ5

EHQFKPDUNV�WKURXJK�WKH�DSSOLFDWLRQ�RI�FRQVHUYDWLYH�H[WUDSRODWLRQ�PRGHOV���7KH�DQDO\VLV�RI6

H[SRVXUH�IRU�DTXHRXV�HQGSRLQWV�FRQVLVWV�RI�PHDVXUHG�FRQFHQWUDWLRQV�UHSRUWHG�LQ�&KDSWHU����7

6RLO�H[SRVXUH�HVWLPDWHV�DUH�EDVHG�RQ�H[SRVXUH�WR�SHUFKORUDWH�LQ�LUULJDWLRQ�ZDWHU�8

9

10

��� $1$/<6,611

����� &KDUDFWHUL]DWLRQ�RI�([SRVXUH12

������� :DWHU�&RQFHQWUDWLRQV13

)LVKHV�DQG�DTXDWLF�LQYHUWHEUDWHV�PD\�EH�H[SRVHG�GLUHFWO\�WR�FRQFHQWUDWLRQV�RI�SHUFKORUDWH�LQ14

VXUIDFH�ZDWHUV��WKHVH�FRQFHQWUDWLRQV�PD\�UHVXOW�IURP�VXUIDFH�UXQ�RII�IURP�SHUFKORUDWH�15

FRQWDPLQDWHG�VRLO��IURP�OHDFKLQJ�RI�SHUFKORUDWH�IURP�FRQWDPLQDWHG�VRLO�YLD�VKDOORZ�JURXQGZDWHU�16

RU�IURP�GLUHFW�GLVFKDUJH�RI�DTXHRXV�ZDVWHV���6XUIDFH�RU�JURXQGZDWHU�PD\�EH�XVHG�IRU�LUULJDWLRQ�17

UHVXOWLQJ�LQ�GLUHFW�H[SRVXUH�RI�VRLO�LQYHUWHEUDWHV�RU�SODQWV��)LJXUH������18

3HUFKORUDWH�VDOWV�DUH�GLVVROYHG�UHDGLO\�JLYHQ�WKH�FRQGLWLRQV�XQGHU�ZKLFK�WKH�FRQWDPLQDWLRQ19

KDV�RFFXUUHG��UHVXOWLQJ�LQ�SHUFKORUDWH�DQG�WKH�DVVRFLDWHG�FDWLRQ���%HFDXVH�VRUSWLRQ�LV�QRW�H[SHFWHG20

WR�DWWHQXDWH�SHUFKORUDWH�EHFDXVH�LW�DEVRUEV�ZHDNO\�WR�PRVW�VRLO�PLQHUDOV��DQG�QDWXUDO�FKHPLFDO21

UHGXFWLRQ�LQ�WKH�HQYLURQPHQW�LV�QRW�H[SHFWHG�WR�EH�VLJQLILFDQW��SHUFKORUDWH�LV�ERWK�YHU\�PRELOH�LQ22

DTXHRXV�V\VWHPV�DQG�SHUVLVWHQW�IRU�PDQ\�GHFDGHV�XQGHU�W\SLFDO�JURXQG�DQG�VXUIDFH�ZDWHU23

FRQGLWLRQV��6HFWLRQ������24

/LWWOH�LQIRUPDWLRQ�LV�DYDLODEOH�RQ�SHUFKORUDWH�FRQFHQWUDWLRQV�LQ�VXUIDFH�ZDWHUV���3HUFKORUDWH25

IURP�DQ�DPPRQLXP�SHUFKORUDWH�PDQXIDFWXULQJ�DUHD�KDV�EHHQ�GHWHFWHG�DW���WR�����J�/�LQ26

/DNH�0HDG�DQG�WKH�&RORUDGR�5LYHU��6HFWLRQ��������,QIRUPDWLRQ�RQ�WKH�IUHTXHQF\�RU�FHQWUDO27

WHQGHQF\��PHDQ�RU�PHGLDQ��RI�SHUFKORUDWH�GHWHFWLRQ�LQ�WKRVH�ZDWHU�ERGLHV�ZDV�QRW�DYDLODEOH�IRU28

WKLV�UHYLHZ��EXW�LW�LV�DVVXPHG�WKDW�VRPH�DTXDWLF�RUJDQLVPV�DUH�H[SRVHG�FKURQLFDOO\�WR29

FRQFHQWUDWLRQV�DV�KLJK�DV�����J�/���2Q�WKH�RWKHU�KDQG��SHUFKORUDWH�FRQFHQWUDWLRQV�KDYH�EHHQ30
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PHDVXUHG�DV�KLJK�DV�����������î������J�/��LQ�JURXQGZDWHU�PRQLWRULQJ�ZHOOV�DW�IDFLOLWLHV�WKDW1

PDQXIDFWXUH�RU�WHVW�URFNHW�PRWRUV�DQG�DW������J�/�LQ�SXEOLF�ZDWHU�VXSSO\�ZHOOV��6HFWLRQ������2

6PDOOHU�VXUIDFH�ZDWHU�ERGLHV��LQFOXGLQJ�VRPH�WKDW�DUH�GRPLQDWHG�E\�JURXQGZDWHU��DUH�OLNHO\�WR3

H[LVW�QHDU�VLWHV�RI�VRLO�FRQWDPLQDWLRQ�DQG�WR�KDYH�SHUFKORUDWH�FRQFHQWUDWLRQV�PXFK�KLJKHU�WKDQ4

WKRVH�UHSRUWHG�IRU�/DNH�0HDG�DQG�WKH�&RORUDGR�5LYHU���6XIILFLHQW�LQIRUPDWLRQ�LV�QRW�DYDLODEOH�WR5

FKDUDFWHUL]H�WKRVH�ZDWHU�ERGLHV�DQG�FRQFHQWUDWLRQV���,W�LV�DOVR�SRVVLEOH�WKDW��ZLWKLQ�ODUJH�ZDWHU6

ERGLHV��WKHUH�DUH�ORFDOO\�HOHYDWHG�FRQFHQWUDWLRQV�DW�VLWHV�RI�JURXQGZDWHU�GLVFKDUJH�7

,W�LV�DVVXPHG�WKDW�LUULJDWLRQ�ZDWHUV�SXPSHG�IURP�/DNH�0HDG�RU�WKH�&RORUDGR�5LYHU�DUH�LQ8

WKH�UDQJH�JLYHQ�DERYH���*URXQGZDWHU�LUULJDWLRQ�PD\�EH�FRQWDPLQDWHG�DW�OHYHOV�VLPLODU�WR�WKRVH9

REVHUYHG�LQ�SXEOLF�ZDWHU�VXSSOLHV��#����FJ�/���XQOHVV�WKH�ZHOO�LV�DSSUHFLDEO\�QHDUHU�D10

SHUFKORUDWH��FRQWDPLQDWHG�VLWH�11

12

������� $TXDWLF�%LRDFFXPXODWLRQ13

$V�GLVFXVVHG�DERYH��QR�LQIRUPDWLRQ�LV�DYDLODEOH�WR�LQGLFDWH�WKDW�WKH�SHUFKORUDWH�LRQ14

DFFXPXODWHV�LQ�DQLPDO�WLVVXHV�15

16

������� 6RLO�/HYHOV17

2II�VLWH�VRLOV�PD\�EH�FRQWDPLQDWHG�YLD�LUULJDWLRQ��)LJXUH��������%HFDXVH�RI�LWV�KLJK�ZDWHU18

VROXELOLW\��SHUFKORUDWH�LV�XQOLNHO\�WR�DFFXPXODWH�YLD�DGVRUSWLRQ�WR�LUULJDWHG�VRLOV��DTXHRXV19

SHUFKORUDWH�ZDV�IRXQG�QRW�WR�DGVRUE�WR�VDQG�LQ�ODERUDWRU\�UHDFWRUV��1]HQJXQJ��Q�G�����)XUWKHU�20

URRWHG�FXWWLQJV�RI�ZRRG\�SODQWV�SODFHG�LQ�WKHVH�UHDFWRUV�ZHUH�IRXQG�WR�UHDGLO\�GHJUDGH21

SHUFKORUDWH��1]HQJXQJ��Q�G����VXJJHVWLQJ�WKDW�SHUFKORUDWH�LQ�DPELHQW�VRLOV�PD\�EH�VXEMHFW�WR22

SK\WRGHJUDGDWLRQ���%\�JURVV�DSSUR[LPDWLRQ��WKHQ��VRLO�FRQFHQWUDWLRQV��H[SUHVVHG�DV�PLOOLJUDPV23

SHU�NLORJUDP��ZRXOG�EH�XQOLNHO\�WR�H[FHHG�FRQFHQWUDWLRQV��H[SUHVVHG�DV�PLOOLJUDPV�SHU�OLWHU��LQ24

LUULJDWLRQ�ZDWHU���+RZHYHU��WKH�FRQFHQWUDWLRQ�RI�SHUFKORUDWH�VDOWV�LQ�LUULJDWHG�VRLOV�ZLWK�KLJK25

HYDSRUDWLRQ�UDWHV�FDQQRW�EH�UXOHG�RXW���6LPLODUO\��FRQFHQWUDWLRQV�RI�SHUFKORUDWH�LQ�VRLO�SRUH�ZDWHU26

PD\�EH�DVVXPHG�WR�EH�HTXDO�WR�WKH�FRQFHQWUDWLRQ�LQ�LUULJDWLRQ�ZDWHU��ERWK�LQ�WKH�ILHOG�DQG�LQ�VRLO27

WR[LFLW\�WHVWV���28

29

30
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������� 8SWDNH�E\�9HJHWDWLRQ1

$Q�H[SHULPHQW�ZLWK�SODQWV�WKDW�PD\�EH�FDQGLGDWHV�IRU�XVH�LQ�SK\WRUHPHGLDWLRQ�RI2

SHUFKORUDWH�FRQWDPLQDWHG�VLWHV�VKRZHG�WKDW�SHUFKORUDWH�PD\�FRQFHQWUDWH�LQ�YHJHWDWLRQ3

�1]HQJXQJ��Q�G�����5RRWHG�FXWWLQJV�RI�ZRRG\�SODQWV��ZLOORZ��6DOL[�VSS����(DVWHUQ�&RWWRQZRRG4

�IXUWKHU�LGHQWLILHG�RQO\�DV�³SRSODU´���DQG�HXFDO\SWXV��(XFDO\SWXV�FLQHULD���SODQWHG�LQ�VDQG�ZLWK5

QXWULHQW�VROXWLRQ�FRQWDLQLQJ�SHUFKORUDWH�DW����RU�����PJ�/�IRU����WR����GD\V��WRRN�XS�SHUFKORUDWH6

LQWR�WKH�DHULDO�SODQW�SDUWV�DQG�GHJUDGHG�D�IUDFWLRQ�RI�WKH�FRPSRXQG�WR�FKORULGH���)UDFWLRQ7

GHJUDGHG�YDULHG�ZLWK�VSHFLHV�DQG�DOVR�VHHPHG�WR�EH�FRQIRXQGHG�E\�FKDQJHV�LQ�LRQLF�VWUHQJWK�RI8

WKH�QXWULHQW�VROXWLRQ�GXULQJ�WKH�H[SHULPHQWV���,Q�HDFK�FDVH��KRZHYHU��SHUFKORUDWH�ZDV�WDNHQ�XS9

DQG�FRQFHQWUDWHG�LQ�DHULDO�SODQW�SDUWV��HVSHFLDOO\�OHDYHV���&RQFHQWUDWLRQ�IDFWRUV��H[SUHVVHG�DV�WKH10

UDWLR�RI�OHDI�FRQFHQWUDWLRQ��PLOOLJUDPV�SHU�NLORJUDP��ZHW�ZHLJKW��WR�LQLWLDO�VROXWLRQ�FRQFHQWUDWLRQ11

�PLOOLJUDPV�SHU�OLWHU���UDQJHG�IURP�����WR����12

7KHUH�LV�QR�UHDVRQ�WR�H[SHFW�WKDW�WKHVH�DUH�VWHDG\�VWDWH�FRQFHQWUDWLRQ�IDFWRUV���7KHVH13

H[SHULPHQWV�ZHUH�GHVLJQHG�WR�TXDQWLI\�SK\WRWUDQVIRUPDWLRQ�RI�DQ�LQLWLDOO\�LQWURGXFHG�SHUFKORUDWH14

TXDQWLW\��UDWKHU�WKDQ�ELRFRQFHQWUDWLRQ��ZLWK�UHVSHFW�WR�DQ�DPELHQW�SHUFKORUDWH�FRQFHQWUDWLRQ��15

$V�WKH�SHUFKORUDWH�DPHQGHG�QXWULHQW�VROXWLRQ�ZDV�WUDQVSLUHG��DQG�VRPH�SHUFKORUDWH�ZDV�WDNHQ�XS16

RU�GHJUDGHG��LW�ZDV�UHSOHQLVKHG�E\�VROXWLRQ��ZLWKRXW�DGGHG�SHUFKORUDWH��WKXV��SHUFKORUDWH�LQ�WKH17

WHVW�FKDPEHU�GLPLQLVKHG�WKURXJKRXW�WKH�H[SHULPHQW���&RQFHQWUDWLRQ�IDFWRUV�WKDW�ZRXOG�EH18

REVHUYHG�DW�VWHDG\�VWDWH��VXFK�DV�PD\�UHVXOW�IURP�FRQWLQXDO�LUULJDWLRQ�ZLWK�SHUFKORUDWH�19

FRQWDPLQDWHG�ZDWHU��FDQQRW�EH�HVWLPDWHG�IURP�WKLV�VWXG\���7KHUHIRUH��D�VLPSOH��VFUHHQLQJ�OHYHO20

DVVXPSWLRQ�WKDW�FRQFHQWUDWLRQV�LQ�OHDYHV�FDQ�H[FHHG�ZDWHU�FRQFHQWUDWLRQV�E\�D�IDFWRU�RI�����ZDV21

PDGH�22

,I�LUULJDWLRQ�LV�IURP�VXUIDFH�ZDWHU�VRXUFHV�VLPLODU�WR�WKH�&RORUDGR�5LYHU�RU�/DNH�0HDG��ZLWK23

FRQFHQWUDWLRQV�DV�KLJK�DV�����J�/��WKHQ�SODQW�FRQFHQWUDWLRQV�DUH�DVVXPHG�WR�EH�DV�KLJK�DV24

����PJ�NJ���,I�LUULJDWLRQ�LV�IURP�JURXQGZDWHU�VRXUFHV�VLPLODU�WR�SRWDEOH�ZDWHU�VXSSOLHV��ZLWK25

FRQFHQWUDWLRQV�DV�KLJK�DV������J�/��WKHQ�SODQW�FRQFHQWUDWLRQV�ZLOO�EH�DVVXPHG�WR�EH�DV�KLJK�DV26

���PJ�NJ�27

28

������� +HUELYRUH�([SRVXUH29

7KH�UHSUHVHQWDWLYH�KHUELYRUH�VHOHFWHG�IRU�WKLV�DVVHVVPHQW��0��SHQQV\OYDQLFXV��KDV�D�GLHW30

FRQVLVWLQJ�PDLQO\�RI�PRQRFRW�DQG�GLFRW�VKRRWV��LW�KDV�DQ�HVWLPDWHG�IRRG�FRQVXPSWLRQ�UDWH�RI31
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������NJ�GD\��ZHW�ZHLJKW��DQG�D�ERG\�ZHLJKW�RI�������NJ��6DPSOH�DQG�6XWHU����������8VLQJ�WKH1

DVVXPSWLRQV�VWDWHG�DERYH��GDLO\�H[SRVXUHV�UHVXOWLQJ�IURP�VXUIDFH�ZDWHU�DQG�JURXQGZDWHU2

LUULJDWLRQ��PD\�EH�DV�KLJK�DV������PJ�NJ�GD\�DQG�����PJ�NJ�GD\��UHVSHFWLYHO\�3

4

����� &KDUDFWHUL]DWLRQ�RI�(IIHFWV5

������� $TXDWLF�2UJDQLVPV6

(IIHFWV�RQ�WKH�ULFKQHVV�DQG�SURGXFWLYLW\�RI�ILVK�DQG�DTXDWLF�LQYHUWHEUDWH�FRPPXQLWLHV�DUH7

MRLQWO\�FKDUDFWHUL]HG�XVLQJ�WKH�SURFHGXUHV�IRU�GHULYLQJ�7LHU�,,�ZDWHU�TXDOLW\�YDOXHV��8�6�8

(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��������6XWHU�DQG�7VDR����������7LHU�,,�YDOXHV�DUH�GHULYHG�ZKHUH9

GDWD�DUH�QRW�VXIILFLHQW�IRU�GHULYLQJ�DPELHQW�ZDWHU�TXDOLW\�FULWHULD��$:4&����7KH�7LHU�,,�YDOXH10

GHULYDWLRQ�SURFHGXUHV�DFFRXQW�IRU�PLVVLQJ�LQIRUPDWLRQ�ZLWK�DSSUR[LPDWHO\�����FRQILGHQFH�11

7HVW�UHVXOWV�SRWHQWLDOO\�XVHIXO�IRU�GHULYLQJ�7LHU�,,�YDOXHV�ZHUH�DYDLODEOH�IRU�IRXU�DTXDWLF12

VSHFLHV��7DEOH��������,Q�DFXWH�WHVWV�����DQG����K��ZLWK�VRGLXP�SHUFKORUDWH��XVLQJ�WKH�ZDWHU�IOHD13

'DSKQLD�PDJQD�DQG�WKH�IDWKHDG�PLQQRZ�3LPHSKDOHV�SURPHODV��UHVSHFWLYHO\��WKH�HQGSRLQW14

VWXGLHG�ZDV�OHWKDOLW\���,Q���GD\�WHVWV�ZLWK�D�GLIIHUHQW�ZDWHU�IOHD��&HULRGDSKQLD�GXELD��DQG�ZLWK15

3��SURPHODV��DFXWH�OHWKDOLW\�ZDV�VWXGLHG�LQ�DGGLWLRQ�WR�PRUH�VHQVLWLYH�HQGSRLQWV���7KH�ODWWHU16

LQFOXGHG�WKH�QXPEHU�RI�RIIVSULQJ�SHU�IHPDOH��&��GXELD��DQG�JURZWK��L�H���ERG\�ZHLJKW�17

3��SURPHODV����$���GD\�WHVW�ZLWK�&��GXELD�JHQHUDOO\�LV�FRQVLGHUHG�D�FKURQLF�WHVW�EHFDXVH�WHVW18

RUJDQLVPV�SURGXFH�WKUHH�EURRGV�GXULQJ�WKH�WHVW��D���GD\�WHVW�ZLWK�3��SURPHODV�LV�DUJXDEO\19

VXEFKURQLF�EHFDXVH�RI�WKH�WHVW¶V�VKRUW�GXUDWLRQ�UHODWLYH�WR�WKH�RUJDQLVP¶V�OLIHVSDQ��6XWHU�������20

1RUEHUJ�.LQJ����������21

6WHSV�IROORZHG�LQ�WKH�GHULYDWLRQ�RI�WKH�7LHU�,,�YDOXH�IRU�VRGLXP�SHUFKORUDWH�DUH�SUHVHQWHG�LQ22

7DEOH�������7KH�VHFRQGDU\�DFXWH�YDOXH��6$9�����PJ�/��DV�&O2
�

����LV�GHULYHG�WR�EH�SURWHFWLYH�RI23

����RI�VSHFLHV�GXULQJ�VKRUW�WHUP�H[SRVXUHV��ZLWK�����FRQILGHQFH���7KH�VHFRQGDU\�FKURQLF�YDOXH24

�6&9�������PJ�/��DV�&O2
�

���OLNHZLVH�LV�GHULYHG�WR�EH�SURWHFWLYH�RI�����RI�VSHFLHV�GXULQJ25

ORQJ�WHUP�H[SRVXUHV��ZLWK�����FRQILGHQFH���$�VRGLXP�FKORULGH�FRQWURO�WHVW�VKRZHG�WKDW�VRPH�RI26

WKH�WR[LFLW\�WR�3��SURPHODV�ZDV�SRWHQWLDOO\�DWWULEXWDEOH�WR�WKH�VRGLXP�FDWLRQ���7KLV�REVHUYDWLRQ27

UDLVHV�WKH�SRVVLELOLW\�WKDW�WKH�6&9�PD\�EH�ORZHU�WKDQ�LV�QHFHVVDU\�WR�SURWHFW�DJDLQVW�SHUFKORUDWH28

LRQ�WR[LFLW\�LI�LW�ZHUH�DVVRFLDWHG�ZLWK�D�OHVV�WR[LF�FDWLRQ�29

6LPLODU�FKURQLF��RU�VXEFKURQLF��WHVWV�ZHUH�FRQGXFWHG�ZLWK�DPPRQLXP�SHUFKORUDWH30

�7DEOH��������5HVXOWV��H[SUHVVHG�DV�&O2
�

���ZHUH�YHU\�VLPLODU�IRU�&��GXELD��EXW�3��SURPHODV�ZDV31
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� �&RQFHQWUDWLRQ�LQKLELWLQJ�D�SURFHVV��H�J���JURZWK��UHSURGXFWLRQ��E\������&/� �FRQILGHQFH�OLPLWV�

E6RGLXP�FKORULGH�FRQWURO�VKRZHG�QR�DGYHUVH�HIIHFWV�RI�VRGLXP�LRQ�H[FHSW�DV�LQGLFDWHG���5HSRUWHG�YDOXHV�DUH�EDVHG�RQ�QRPLQDO�FRQFHQWUDWLRQV�
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FRQFHQWUDWLRQ�PD\�KDYH�EHHQ�FDXVHG�LQ�SDUW�E\�VRGLXP�LRQ�WR[LFLW\�

G$PPRQLXP�FRQWURO�ZDV�QRW�XVHG��DGYHUVH�HIIHFWV�RI�DPPRQLXP�LRQ�FDQQRW�EH�UXOHG�RXW�DW�DOO�HIIHFW�FRQFHQWUDWLRQV���&��GXELD�DQG�3��SURPHODV�UHVXOWV�DUH
EDVHG�RQ�PHDVXUHG�FRQFHQWUDWLRQV���;HQRSXV�UHVXOWV�DUH�EDVHG�RQ�QRPLQDO�FRQFHQWUDWLRQV���&RQILGHQFH�OLPLWV�DUH�QRW�UHSRUWHG�

H1RW�UHSRUWHG��DVVXPHG�EDVHG�RQ�VWDQGDUG�SURWRFROV�
I,&

��
�IRU�PDOIRUPDWLRQV�
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6WHS
9DOXH�

�PJ�/�&O2
�
� 5DWLRQDOH

,GHQWLI\�WKH�ORZHVW�JHQXV�PHDQ�DFXWH�YDOXH��*0$9� �� /RZHVW�*0$9�LV�IRU�JHQXV�&HULRGDSKQLD��EDVHG�RQ�&��GXELD�

'HWHUPLQH�WKH�ILQDO�DFXWH�YDOXH�IDFWRU��)$9)���D�IDFWRU�WKDW
FRPSHQVDWHV�IRU�ODFN�RI�GDWD�RQ�D�VXIILFLHQW�QXPEHU�RI
WD[RQRPLF�JURXSV

����
�XQLWOHVV�

7KH�)$9)�YDULHV�DFFRUGLQJ�WR�WKH�QXPEHU�RI�VSHFLILHG�WD[RQRPLF�JURXSV
IRU�ZKLFK�*0$9V�ZHUH�DYDLODEOH���,Q�WKLV�FDVH��WZR�VSHFLILHG�YDOXHV�ZHUH
DYDLODEOH��D�QRQVDOPRQLG�ILVK�DQG�D�SODQNWRQLF�FUXVWDFHDQ���RI�ZKLFK�RQH�LV
D�GDSKQLG��WKH�YDOXH�VHOHFWHG�IURP�WKH�)$9)�WDEOH��8�6��(QYLURQPHQWDO
3URWHFWLRQ�$JHQF\��������6XWHU�DQG�7VDR��������LV������

&DOFXODWH�WKH�VHFRQGDU\�DFXWH�YDOXH��6$9� ��� 6$9�� �*0$9�·�)$9)
 ����·�����

,GHQWLI\�WKUHH�RU�PRUH�DFXWH�FKURQLF�UDWLRV��$&5V���ZKLFK
DUH�UDWLRV�RI�DFXWH�YDOXH��$9��WR�FKURQLF�YDOXH��&9��IRU�D
JLYHQ�VSHFLHV��EXW�UDWLRV�PXVW�EH�JHRPHWULFDOO\�DYHUDJHG
ZLWKLQ�DQ\�VLQJOH�JHQXV�

�������������� $&5V�FDQ�EH�GHULYHG�IRU�WZR�VSHFLHV�LQ�GLIIHUHQW�JHQHUD���)RU�&���GXELD�
$&5  �$9�·�&9�

 ����·������ ����
)RU�3��SURPHODV��WZR�$9V�DUH�DYDLODEOH���7KH�ORZHU�������LV�WKURZQ�RXW
EHFDXVH�WKH�ODUYDO�VWDJH�LV�QRW�VWDQGDUG�IRU�DFXWH�WHVWV��WKH�KLJKHU��������
LV�XVHG�
$&5  �������·����� ����
%HFDXVH�D�WKLUG�YDOXH�LV�QRW�DYDLODEOH��D�GHIDXOW�YDOXH�RI�������ZKLFK
SURYLGHV�����FRQILGHQFH�EDVHG�RQ�RWKHU�WR[LFDQWV��LV�VXEVWLWXWHG��DFFRUGLQJ
WR�WKH�7LHU�,,�PHWKRG�

'HULYH�WKH�VHFRQGDU\�DFXWH�FKURQLF�UDWLR��6$&5� ��� 7KH�6$&5�LV�WKH�JHRPHWULF�PHDQ�RI�WKH�$&5V�

'HULYH�WKH�VHFRQGDU\�FKURQLF�YDOXH��6&9� ��� 6&9  �6$9�·�6$&5
����·����
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7Ammonia/ammonium toxicity increases as test-water pH increases (U.S. Environmental Protection
Agency, 1998e).  The value of 13 mg NH3-N/L corresponds to a pH of 8.0, but, unless the test water pH had
exceeded 8.8, it is doubtful that 3.4 mg NH3-N/L was responsible for the observed effects.
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PRUH�VHQVLWLYH�WR�DPPRQLXP�SHUFKORUDWH�WKDQ�WR�VRGLXP�SHUFKORUDWH���7LHU�,,�YDOXHV�IRU1

DPPRQLXP�SHUFKORUDWH�DUH�QRW�SUHVHQWHG��KRZHYHU��IRU�VHYHUDO�UHDVRQV��LQFOXGLQJ�WKH�ODFN�RI2

DPPRQLXP�FRQWUROV��PDNLQJ�LW�GLIILFXOW�WR�GHWHUPLQH�ZKHWKHU�REVHUYHG�HIIHFWV�ZHUH�FDXVHG�E\3

WKH�SHUFKORUDWH�DQLRQ��WKH�ODFN�RI�DFXWH�YDOXHV�IRU�&��GXELD�DQG�3��3LPHSKDOHV��DQG�WKH�IDFW�WKDW4

WKH�)(7$;��;HQRSXV��WHVW�LV�GHVLJQHG�WR�GHWHFW�WHUDWRJHQLF�SRWHQWLDO��DQG�WKH�HPEU\R�LV�QRW�D5

SDUWLFXODUO\�VHQVLWLYH�OLIH�VWDJH�IRU�WR[LFLW\���:KHQ�SHUFKORUDWH�LV�DGPLQLVWHUHG�DV�WKH�DPPRQLXP6

VDOW��DPPRQLXP�LRQ�FRQFHQWUDWLRQ�H[SUHVVHG�RQ�DQ�DPPRQLD�QLWURJHQ��LQ�PLOOLJUDPV�RI7

1+
�
�1�/��EDVLV�LV�����RI�WKH�UHVSHFWLYH�SHUFKORUDWH�LRQ�FRQFHQWUDWLRQ���$�ORZHVW�REVHUYHG�HIIHFW8

FRQFHQWUDWLRQ��/2(&��IRU�&��GXELD�RI����PJ�/�SHUFKORUDWH��7DEOH������WKXV�FRUUHVSRQGV�WR9

����PJ�1+
�
�1�/���%DVHG�RQ�D�VSHFLHV�PHDQ�FKURQLF�YDOXH��60&9��RI����PJ�1+

�
�1�/�IRU10

&��GXELD�H[SRVHG�WR�DPPRQLD�DORQH��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\������H���WKH�IRUPHU11

YDOXH�LV�SUREDEO\�WRR�ORZ�WR�EH�UHVSRQVLEOH�IRU�WKH�REVHUYHG�HIIHFWV����2Q�WKH�RWKHU�KDQG��WKH12

/2(&�REVHUYHG�ZLWK�3��SURPHODV�DW����PJ�/��7DEOH������FRUUHVSRQGV�WR����PJ�1+
�
�1�/��ZKLFK13

H[FHHGV�D�60&9�RI������PJ�1+
�
�1�/��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\������H���14

7KHUHIRUH��DPPRQLXP�H[SRVXUH�DORQH�FRXOG�KDYH�EHHQ�UHVSRQVLEOH�IRU�WKH�HIIHFWV�RI�DPPRQLXP15

SHUFKORUDWH�REVHUYHG�LQ�3��SURPHODV�16

7KH�6$9�DQG�6&9�GHULYHG�DERYH�EDVHG�RQ�VRGLXP�SHUFKORUDWH�DUH�SUREDEO\�SURWHFWLYH17

HYHQ�LI�DPPRQLXP�SHUFKORUDWH�LV�WKH�IRUP�UHOHDVHG��KRZHYHU���&DOFXODWHG�1+
�
�1�FRQFHQWUDWLRQV18

FRUUHVSRQGLQJ�WR�WKRVH�YDOXHV�DUH�EHORZ�WKH�DFXWH�DQG�FKURQLF�DPELHQW�ZDWHU�TXDOLW\�FULWHULD�IRU19

DPPRQLD��UHJDUGOHVV�RI�S+��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\������H��20

21

������� 7HUUHVWULDO�2UJDQLVPV22

3ODQWV���7KH�RQO\�DYDLODEOH�SK\WRWR[LFLW\�LQIRUPDWLRQ�FRPHV�IURP����GD\�VHHGOLQJ�JURZWK23

WHVWV�RI�OHWWXFH��/DFWXFD�VDWLYD��SHUIRUPHG�LQ�VRLO�DQG�VDQG�FXOWXUHV�ZLWK�VRGLXP�SHUFKORUDWH��24

7KH�H[SRVXUH�ZDV�WR�VRGLXP�SHUFKORUDWH�VROXWLRQ�DGGHG�WR�WKH�VROLG�PHGLD���7KH�UHVXOWV�PD\�EH25

H[SUHVVHG�DV�PLOOLJUDPV�SHU�NLORJUDP�VRLO�RU�VDQG��RU�DV�PLOOLJUDPV�SHU�OLWHU�RI�LUULJDWLRQ�VROXWLRQ��26

$OWKRXJK�WKH�H[SRVXUH�ZDV�WR�VRGLXP�SHUFKORUDWH�VROXWLRQ�DGGHG�WR�WKH�VROLG�PHGLXP��WKH�UHVXOWV27

DUH�UHSRUWHG�DV�PLOOLJUDPV�SHU�NLORJUDPV�RI�VRLO�RU�VDQG���*URZWK�ZDV�D�PRUH�VHQVLWLYH�UHVSRQVH28
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WKDQ�JHUPLQDWLRQ�RU�VXUYLYDO���7KH�TXDUWLOH�LQKLELWRU\�FRQFHQWUDWLRQV��,&
��
V��IRU�JURZWK�LQ�VRLO�DQG1

VDQG�ZHUH����PJ�NJ������PJ�/��DQG���PJ�NJ������PJ�/���UHVSHFWLYHO\���6XUYLYDO�ZDV�UHGXFHG2

����DW�����PJ�NJ��������PJ�/��LQ�VRLO�DQG�����DW�����PJ�NJ������PJ�/��LQ�VDQG���7R�DFFRXQW3

IRU�LQWHUVSHFLHV�YDULDQFH��D�IDFWRU�RI����LV�DSSOLHG�WR�WKH�ORZHVW�,&
��
�WR�REWDLQ�D�VFUHHQLQJ4

EHQFKPDUN�RI���PJ�NJ�5

6RLO�,QYHUWHEUDWHV���7KH�RQO\�DYDLODEOH�WR[LFLW\�GDWD�IRU�VRLO�LQYHUWHEUDWHV�LV�D����GD\�DFXWH6

OHWKDOLW\�WHVW�RI�WKH�HDUWKZRUP��(LVHQLD�IRHWLGD��SHUIRUPHG�LQ�DUWLILFLDO�VRLO�LUULJDWHG�ZLWK�VRGLXP7

SHUFKORUDWH���7KH�/&
��
�DW�ERWK���DQG����GD\V�ZDV�������PJ�NJ���1R�IDFWRUV�RU�RWKHU�PRGHOV�DUH8

DYDLODEOH�WR�H[WUDSRODWH�IURP�WKDW�/&
��
�WR�FKURQLF�HIIHFWV�RQ�VXUYLYDO��JURZWK��RU�IHFXQGLW\�RU�WR9

H[WUDSRODWH�IURP�WKLV�VSHFLHV�WR�WKH�VRLO�LQYHUWHEUDWH�FRPPXQLW\�DV�D�ZKROH���7KHUHIRUH��WKH10

IDFWRUV�DSSOLHG�IRU�DTXDWLF�FRPPXQLWLHV�LQ�FDVHV�ZKHUH�WKHUH�LV�RQO\�RQH�/&
��
��VHH11

6HFWLRQ����������WR�REWDLQ�D�FRQVHUYDWLYH�HVWLPDWH�RI�D�WKUHVKROG�IRU�VRLO�FRPPXQLW\�HIIHFWV��DUH12

DV�IROORZV�13

7KUHVKROG  /&
��
�·��IDFWRU�IRU�LQWHUVSHFLHV�YDULDQFH�î�DFXWH�FKURQLF�UDWLR�14

 ������PJ�NJ�·������î����15

 ��PJ�NJ�16

7KH�HTXLYDOHQW�DTXHRXV�SKDVH�EHQFKPDUN�LV�����PJ�/���7KLV�DSSURDFK�UHTXLUHV�WKH�DVVXPSWLRQV17

WKDW�WKH�YDULDQFH�DPRQJ�VRLO�VSHFLHV�LV�DSSUR[LPDWHO\�WKH�VDPH�DV�DPRQJ�DTXDWLF�VSHFLHV��DQG18

WKDW�WKH�GLVWULEXWLRQ�RI�DFXWH�FKURQLF�UDWLRV�DFURVV�FKHPLFDOV�LV�DSSUR[LPDWHO\�WKH�VDPH�IRU�ERWK19

FRPPXQLWLHV���7KH�LQWHUVSHFLHV�YDULDQFH�IDFWRU�LV�WKH�RQH�IRU�D�WHVW�VSHFLHV�WKDW�KDV�QRW�EHHQ20

GHPRQVWUDWHG�WR�EH�KLJKO\�VHQVLWLYH���21

+HUELYRUHV���7KH�KXPDQ�KHDOWK�ULVN�DVVHVVPHQW�IRU�SHUFKORUDWH�XVHV�����PJ�NJ�GD\�DV�WKH22

/2$(/�IURP�ZKLFK�WKH�5I'�LV�GHULYHG��&KDSWHU������7KDW�YDOXH�LV�EDVHG�RQ�WK\URLG23

KLVWRSDWKRORJ\�LQ�)��JHQHUDWLRQ�UDW�SXSV�RQ�31'����%HFDXVH�WKH�UHSUHVHQWDWLYH�VSHFLHV�IRU�WKH24

KHUELYRUH�HQGSRLQW��PHDGRZ�YROH��LV�D�URGHQW��WKDW�YDOXH�LV�XVHG�DV�ZHOO���7KH�SRSXODWLRQ�OHYHO25

LPSOLFDWLRQV�RI�WKLV�HIIHFW�DUH�XQNQRZQ��EXW�LW�VHHPV�OLNHO\�WKDW�VXFK�HIIHFWV�RQ�WKH�WK\URLG�FRXOG26

GLPLQLVK�VXUYLYRUVKLS�DQG�IHFXQGLW\��ZKLFK�ZRXOG�GLPLQLVK�SRSXODWLRQ�SURGXFWLRQ���7R�DFFRXQW27

IRU�LQWHUVSHFLHV�YDULDQFH�DQG�/2$(/�WR�12$(/�H[WUDSRODWLRQ��DQ�XQFHUWDLQW\�IDFWRU�RI����LV28

DSSOLHG�WR�REWDLQ�D�VFUHHQLQJ�EHQFKPDUN�RI������PJ�NJ�GD\�29

30
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����� +D]DUG�3RWHQWLDO7

3HUFKORUDWH�LV�DQ�DQLRQ�WKDW�RULJLQDWHV�DV�D�FRQWDPLQDQW�LQ�JURXQG�DQG�VXUIDFH�ZDWHUV�IURP8

WKH�GLVVROXWLRQ�RI�DPPRQLXP��SRWDVVLXP��PDJQHVLXP��RU�VRGLXP�VDOWV���$PPRQLXP�SHUFKORUDWH9

LV�WKH�R[LGL]HU�DQG�SULPDU\�LQJUHGLHQW�LQ�VROLG�SURSHOODQW�IRU�URFNHW�PRWRUV���3HUFKORUDWH�VDOWV�DOVR10

DUH�XVHG�RQ�D�ODUJH�VFDOH�DV�D�FRPSRQHQW�RI�DLU�EDJ�LQIODWRUV�DQG�LQ�WKH�PDQXIDFWXUH�RI11

S\URWHFKQLFV�DQG�H[SORVLYHV���6ROLG�URFNHW�LQYHQWRULHV�DUH�JURZLQJ�DW�D�VLJQLILFDQW�UDWH�DV�V\VWHPV12

UHDFK�WKH�HQG�RI�WKHLU�VHUYLFH�OLIH��DQG�WKH�VROLG�URFNHW�GLVSRVDO�LQYHQWRU\�LV�H[SHFWHG�WR�EH�RYHU13

����PLOOLRQ�OE�E\�WKH�\HDU��������%HFDXVH�WKH�DFFHSWHG�PHWKRG�IRU�UHPRYDO�DQG�UHFRYHU\�RI�VROLG14

URFNHW�SURSHOODQW�LV�KLJK�SUHVVXUH�ZDWHU�ZDVKRXW��D�ODUJH�DPRXQW�RI�DTXHRXV�VROXWLRQ�FRQWDLQLQJ15

DPPRQLXP�SHUFKORUDWH�LV�JHQHUDWHG���$�QXPEHU�RI�ORFDWLRQV�ZKHUH�SHUFKORUDWH�KDV�EHHQ�GHWHFWHG16

LQ�JURXQGZDWHU�RU�VXUIDFH�ZDWHUV�DUH�SULPDULO\�LQ�DUHDV�DVVRFLDWHG�ZLWK�GHYHORSPHQW��WHVWLQJ��RU17

PDQXIDFWXULQJ�RI�DHURVSDFH�PDWHULDOV���$QRWKHU�SRWHQWLDO�VRXUFH�RI�SHUFKORUDWH�FRQWDPLQDWLRQ18

RFFXUV�ZKHQ�PLQLQJ�DFWLYLWLHV�XVH�H[SORVLYHV�H[WHQVLYHO\�19

3HUFKORUDWH�LV�UDSLGO\�DEVRUEHG�IURP�WKH�JDVWURLQWHVWLQDO�WUDFW��EXW�GHUPDO�DQG�LQKDODWLRQ20

H[SRVXUHV�DUH�QRW�H[SHFWHG�WR�EH�VLJQLILFDQW�H[SRVXUH�URXWHV���7KH�NQRZQ�PRGH�RI�DFWLRQ�IRU21

SHUFKORUDWH�LV�WKDW�LW�DFWV�DV�D�FRPSHWLWLYH�LQKLELWRU�RI�DFWLYH�LRGLGH�XSWDNH�E\�WKH�V\PSRUWHU�LQ22

PRVW�PDPPDOV��LQFOXGLQJ�KXPDQ�DQG�ODERUDWRU\�WHVW�VSHFLHV���7KLV�GHFUHDVH�LQ�LQWUDWK\URLGDO23

LRGLGH�UHVXOWV�LQ�D�GHFUHDVHG�SURGXFWLRQ�RI�7��DQG�7��WK\URLG�KRUPRQHV���7KLV�GHFUHDVH�FDQ24

SRWHQWLDOO\�SHUWXUE�WKH�K\SRWKDODPLF�SLWXLWDU\�WK\URLG�D[LV�WR�LQFUHDVH�76+�IURP�WKH�SLWXLWDU\�WR25

VWLPXODWH�SURGXFWLRQ�RI�WK\URLG�KRUPRQH���3URORQJHG�VWLPXODWLRQ�PD\�UHVXOW�LQ�WK\URLG�QHRSODVLD�26

SDUWLFXODUO\�LQ�URGHQWV�NQRZQ�WR�EH�VHQVLWLYH���7XPRUV�KDYH�RFFXUUHG�LQ�UDWV�GRVHG�ZLWK�KLJK27

OHYHOV�RI�SHUFKORUDWH�IRU�ORQJ�SHULRGV�28

7KH�WDUJHW�WLVVXH�IRU�V\VWHPLF�HIIHFWV�RI�SHUFKORUDWH�LV�WKH�WK\URLG���&KDQJHV�LQ�WKH�WK\URLG29

KRUPRQH�KRPHVWDVLV�DUH�WKH�LQLWLDO�KDUELQJHUV�IRU�WKH�VXEVHTXHQW�LQLWLDO�KLVWRSDWKRORJLFDO30
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FKDQJHV��LQFOXGLQJ�IROOLFXODU�K\SHUWURSK\�DQG�GHFUHDVH�LQ�IROOLFXODU�OXPHQ�VL]H���,I�SHUFKORUDWH1

H[SRVXUH�LV�VWRSSHG��WKH�WK\URLG�HIIHFWV�KDYH�EHHQ�VKRZQ�WR�EH�UHYHUVLEOH�DIWHU�H[SRVXUHV�DV�ORQJ2

DV����GD\V�LQ�UDWV���7KHUH�DUH�DOVR�VRPH�FDVH�VWXGLHV�LQ�KXPDQV�WUHDWHG�WKHUDSHXWLFDOO\�ZLWK3

SHUFKORUDWH�LQGLFDWLQJ�UHYHUVLELOLW\�RI�WK\URLG�KRUPRQH�FKDQJHV�DIWHU�\HDUV�RI�H[SRVXUH���2WKHU4

SRWHQWLDOO\�DGYHUVH�DQG�SHUPDQHQW�HIIHFWV�IURP�GHFUHDVHG�WK\URLG�KRUPRQH�LQFOXGH�HIIHFWV�GXULQJ5

GHYHORSPHQW�LQ�XWHUR�DQG�JURZWK��SDUWLFXODUO\�RI�WKH�QHUYRXV�V\VWHP�LI�WKH�SUHJQDQW�PRWKHU�ZDV6

K\SRWK\URLG���7KH�SRWHQWLDO�IRU�PDMRU�GLVWXUEDQFHV�LQ�WK\URLG�KRUPRQH�KRPHRVWDVLV�WR�GLVWXUE7

UHSURGXFWLYH�FDSDFLW\�RU�WR�LQGXFH�LPPXQH�HIIHFWV�DOVR�H[LVWV���8

9

����� 'RVH�5HVSRQVH10

7KH�UHYLVHG�5I'�LV�EDVHG�RQ�DQ�DVVHVVPHQW�WKDW�UHYLHZHG�D�VHW�RI�VWXGLHV�WKDW�ZHUH11

GHYHORSHG�WR�H[SOLFLWO\�HYDOXDWH�WKHVH�SRWHQWLDO�WR[LFLWLHV���7KH�TXDQWLWDWLYH�HVWLPDWH�RI�ULVN�LV12

EDVHG�RQ�WKHVH�ODERUDWRU\�DQLPDO�GDWD�EHFDXVH�WKHUH�DUH�QR�JRRG�GRVH�UHVSRQVH�GDWD�LQ�KXPDQ13

VXEMHFWV�H[SRVHG�DW�ORZ�OHYHOV�IRU�ORQJ�SHULRGV�RI�WLPH���$Q�DSSURDFK�ZDV�SURSRVHG�ZKHUHE\�14

LI�WKH�SUHFXUVRU�OHVLRQ�WR�WKH�SRWHQWLDO�WXPRUV�ZDV�XVHG�DV�WKH�SRLQW�RI�GHSDUWXUH��VXFK�DV�DQ15

LQFUHDVH�LQ�K\SHUSODVLD�FDXVHG�E\�WK\URLG�SLWXLWDU\�D[LV�GLVWXUEDQFH��WKHQ�WKH�HVWLPDWH�GHULYHG16

XVLQJ�WKDW�SRLQW�RI�GHSDUWXUH�ZRXOG�EH�SURWHFWLYH�RI�FDQFHU�GHYHORSPHQW�DV�ZHOO���7KH�FULWLFDO17

HIIHFW�ZDV�GHWHUPLQHG�WR�EH�WKH�GRVH�OHYHO�WKDW�FDXVHG�WK\URLG�IROOLFXODU�FHOO�K\SHUWURSK\�LQ�UDW18

SXSV�RQ�31'��RI�D�QHXURGHYHORSPHQWDO�WR[LFLW\�VWXG\�WKDW�H[SRVHG�WKH�PRWKHUV�GXULQJ�JHVWDWLRQ��19

$�FRPSRVLWH�XQFHUWDLQW\�IDFWRU�RI�����ZDV�DSSOLHG�LQ�WKH�GHULYDWLRQ���$Q�DGMXVWPHQW�DOVR�ZDV20

PDGH�IRU�DGPLQLVWUDWLRQ�RI�SHUFKORUDWH�DV�DPPRQLXP�SHUFKORUDWH���7KH�5I'�LV�IRU�SHUFKORUDWH�DV21

WKH�DQLRQ�EHFDXVH�WKDW�LV�ZKDW�LV�VDPSOHG�DQG�DQDO\]HG�LQ�HQYLURQPHQWDO�PHGLD���3DUWLDO22

XQFHUWDLQW\�IDFWRUV�ZHUH�DSSOLHG�IRU�LQWHUVSHFLHV�DQG�LQWUDKXPDQ�H[WUDSRODWLRQ��WKH�XVH�RI�D23

PLQLPDO�/2$(/��DQG�GDWDEDVH�GHILFLHQFLHV���,W�VKRXOG�EH�QRWHG�WKDW�VRPH�RI�WKHVH�GDWDEDVH24

GHILFLHQFLHV�DUH�OLNHO\�WR�EH�UHFRQFLOHG�E\�WKH�WLPH�RI�WKH�H[WHUQDO�SHHU�UHYLHZ���&RQILGHQFH�LQ�WKH25

VWXG\��WKH�GDWDEDVH��DQG�WKH�5I'�LV�UDWHG�DV�PHGLXP���7KH�PDMRU�DUHDV�RI�XQFHUWDLQW\�DUH26

LQWHUVSHFLHV�GLIIHUHQFHV�LQ�SKDUPDFRNLQHWLFV�DQG�WKH�OHYHO�RI�KRUPRQH�SHUWXUEDWLRQ�WR�GHVLJQDWH27

DV�DGYHUVH��SDUWLFXODUO\�YLV�j�YLV�SRWHQWLDO�QHXURGHYHORSPHQWDO�HIIHFWV�28

7KH�GDLO\�SHUFKORUDWH�H[SRVXUH�WR�WKH�KXPDQ�SRSXODWLRQ�WKDW�LV�OLNHO\�WR�EH�ZLWKRXW29

DSSUHFLDEOH�ULVN�RI�HLWKHU�FDQFHU�RU�QRQFDQFHU�WR[LFLW\�GXULQJ�D�OLIHWLPH�LV��������PJ30

SHUFKORUDWH�NJ�GD\���,W�DJDLQ�LV�QRWHG�WKDW�WKLV�5I'�LV�VSHFLILF�IRU�WKH�DQLRQ�EHFDXVH�WKDW�LV�ZKDW�LV31
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GHWHFWHG�LQ�PRVW�HQYLURQPHQWDO�VDPSOHV���%HFDXVH�RI�WKH�DSSOLFDWLRQ�RI�XQFHUWDLQW\�IDFWRUV��WKLV1

GRVH�LV�DSSUR[LPDWHO\�������RI�WKH�GRVH�WKDW�UHVXOWHG�LQ�WK\URLG�IROOLFXODU�K\SHUWURSK\��LQ�UDW�SXSV2

H[SRVHG�LQ�XWHUR�DQG�H[DPLQHG�RQ�31'���$UJXV�5HVHDUFK�/DERUDWRULHV�,QF������D��3

4

����� 5LVN�&KDUDFWHUL]DWLRQ5

&RPSUHKHQVLYH�ULVN�FKDUDFWHUL]DWLRQ�IRU�WKH�SHUFKORUDWH�FRQWDPLQDWLRQ�LVVXH��DV�GLVFXVVHG6

LQ�&KDSWHU����VHH�)LJXUH�������UHTXLUHV�DFFXUDWH�LQIRUPDWLRQ�RQ�H[SRVXUH�OHYHOV�GHWHUPLQHG�E\�D7

YDOLGDWHG�DQDO\WLFDO�PHWKRG���'RVH�UHVSRQVH�HVWLPDWHV�VXFK�DV�WKH�YDOXH�GHULYHG�KHUHLQ�FDQ�WKHQ8

EH�XVHG�WR�JDXJH�WKH�SRWHQWLDO�WR[LFLW\�RI�WKRVH�H[SRVXUHV���([SRVXUH�FDQ�EH�HLWKHU�GLUHFW��PRVW9

OLNHO\�E\�LQJHVWLRQ��RU�LQGLUHFW��VXFK�DV�E\�FRQVXPSWLRQ�RI�FRQWDPLQDWHG�IRRG���:KHQ�XVLQJ�WKH10

GRVH�UHVSRQVH�DVVHVVPHQW�GHULYHG�KHUHLQ�WR�FRPSDUH�ZLWK�H[SRVXUH�HVWLPDWHV��RQH�VKRXOG�UHPDLQ11

NHHQO\�DZDUH�WKDW�PDQ\�RI�WKHVH�H[SRVXUH�DVSHFWV�KDYH�QRW�\HW�EHHQ�FKDUDFWHUL]HG�DFFXUDWHO\�IRU12

SHUFKORUDWH���)DWH�DQG�WUDQVSRUW�LQIRUPDWLRQ�GR�QRW�H[LVW�WR�WUDFN�VSDWLDO�DQG�WHPSRUDO�GLVWULEXWLRQ13

RI�SHUFKORUDWH��WKH�SRWHQWLDO�IRU�HYDSRUDWLYH�FRQFHQWUDWLRQ�LQ�VRLOV�KDV�QRW�EHHQ�FKDUDFWHUL]HG��QRU14

KDV�LWV�XSWDNH�LQ�SODQWV�RU�KHUELYRUHV���,Q�DGGLWLRQ��WKHUH�DUH�XQFHUWDLQWLHV�UHPDLQLQJ�LQ�WKH�GRVH�15

UHVSRQVH�HVWLPDWH�LWVHOI���7KHVH�DOVR�VKRXOG�EH�FRQVLGHUHG�ZKHQHYHU�DWWHPSWLQJ�ULVN16

FKDUDFWHUL]DWLRQ�RI�D�VSHFLILF�KXPDQ�SRSXODWLRQ�H[SRVHG�WR�D�SDUWLFXODU�VFHQDULR�17

18

������� 'LUHFW�([SRVXUHV19

7\SLFDOO\�WKH�5I'�LV�XVHG�DV�D�FRPSDULVRQ�IRU�RUDO�LQJHVWLRQ��VXFK�DV�E\�GULQNLQJ�ZDWHU��20

7KH�5I'�LV�FRPSDUHG�ZLWK�DQ�H[SRVXUH�HVWLPDWH�RI�WKH�GULQNLQJ�ZDWHU�FRQFHQWUDWLRQ�WR21

FKDUDFWHUL]H�SRWHQWLDO�WR[LFLW\���:KHQ�PDNLQJ�WKLV�FRPSDULVRQ��WKH�DVVXPSWLRQV�XQGHUO\LQJ22

GHULYDWLRQ�RI�WKH�5I'�PXVW�EH�NHSW�LQ�PLQG���7KH�5I'�LV�LQWHQGHG�WR�EH�SURWHFWLYH�RI�VXVFHSWLEOH23

SRSXODWLRQV�H[SRVHG�GDLO\���7KH�IUHTXHQF\�DQG�PDJQLWXGH�RI�H[SRVXUH�LV�D�NH\�DWWULEXWH�RI24

DFFXUDWH�GRVH�UHVSRQVH�FKDUDFWHUL]DWLRQ��-DUDEHN������F��DQG�DQ�HTXDOO\�LPSRUWDQW�FRPSRQHQW�RI25

ULVN�FKDUDFWHUL]DWLRQ���7KLV�LV�HVSHFLDOO\�LPSRUWDQW�IRU�SHUFKORUDWH�EHFDXVH�WKH�WK\URLG26

KLVWRSDWKRORJ\�HIIHFWV�KDYH�EHHQ�VKRZQ�WR�EH�UHYHUVLEOH���&DXWLRQ�LV�ZDUUDQWHG�IROORZLQJ27

WUDQVLHQW�H[SRVXUHV�ZLWK�UHVSHFW�WR�SRWHQWLDOO\�SHUPDQHQW�HIIHFWV�FDXVHG�E\�GHFUHPHQWV�LQ�WK\URLG28

KRUPRQHV�LQ�WKH�GHYHORSLQJ�IHWXV��KRZHYHU���7KXV��WKH�GHJUHH�WR�ZKLFK�WKH�SDUWLFXODU�VXVSHFWHG29

SRSXODWLRQ�DW�ULVN�ILWV�ZLWK�WKH�XQGHUO\LQJ�DVVXPSWLRQV�RI�WKH�5I'�GHULYDWLRQ�VKRXOG�EH�NHSW�LQ30

PLQG���$OVR��WKH�HVWLPDWH�ZDV�EDVHG�RQ�H[WUDSRODWLRQ�IURP�ODERUDWRU\�DQLPDOV�XVLQJ�GHIDXOW31
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DSSURDFKHV���7KH�GHULYDWLRQ�KDV�QRW�\HW�KDG�WKH�EHQHILW�RI�WDNLQJ�LQWHUQDO�GRVLPHWU\�LQWR�DFFRXQW1

WR�GHULYH�DQ�HVWLPDWH�EDVHG�RQ�3%3.�PRGHOV�RI�WKH�WR[LFRNLQHWLFV�DQG�WR[LFRG\QDPLFV�RI2

SHUFKORUDWH���1HYHUWKHOHVV��PDQ\�XVHIXO�5I'�HVWLPDWHV�DUH�GHULYHG�ZLWKRXW�XVLQJ�3%3.�PRGHOV�3

DQG�WKLV�HVWLPDWH�LV�FRQVLGHUHG�WR�EH�EDVHG�RQ�VRXQG�VFLHQFH�DSSURDFKHV�WR�WKH�QHZO\�DYDLODEOH4

GDWDEDVH���)LQDOO\��WKH�GHJUHH�RI�LPSUHFLVLRQ�LQ�WKH�GHULYDWLRQ�RI�DQ�5I'�VKRXOG�EH�WDNHQ�LQWR5

DFFRXQW���7KH�5I'�HVWLPDWHV�DUH�QRW�LQWHQGHG�WR�VHUYH�DV�³EULJKW�OLQH´�HVWLPDWHV���%\�GHILQLWLRQ�6

WKHUH�LV�DQ�RUGHU�RI�PDJQLWXGH�XQFHUWDLQW\�DURXQG�WKH�HVWLPDWH���7KLV�W\SLFDOO\�WUDQVODWHV�LQWR�D7

UDQJH�RI�WKUHHIROG�EHORZ�WR�WKUHHIROG�DERYH�WKH�5I'�8

9

������� ,QGLUHFW�([SRVXUHV10

:KHUH�FURSV�DUH�LUULJDWHG�ZLWK�SHUFKORUDWH�FRQWDPLQDWHG�ZDWHU��KXPDQ�H[SRVXUHV�PD\11

UHVXOW���$�QXPEHU�RI�IDFWRUV�QHHG�WR�EH�FRQVLGHUHG�LQ�HVWLPDWLQJ�KXPDQ�H[SRVXUH�WKURXJK�FURSV�12

&RQFHQWUDWLRQ�LQ�SODQW�SDUWV�DV�D�UHVXOW�RI�URRW�XSWDNH�QRUPDOO\�LV�FDOFXODWHG�XVLQJ�D�VRLO�WR�13

SODQW�WUDQVIHU�IDFWRU��ZKLFK�LV�H[SUHVVHG�DV�WKH�UDWLR�RI�SODQW�WR�VRLO�FRQFHQWUDWLRQ���,I�SHUFKORUDWH14

LV�VXEMHFW�WR�HYDSRUDWLYH�FRQFHQWUDWLRQ�LQ�LUULJDWHG�VRLOV��WKHQ�VRLO�FRQFHQWUDWLRQ��DQG�WKHUHIRUH15

XSWDNH��PD\�EH�KLJKHU�WKDQ�WKDW�H[SHFWHG�VLPSO\�EDVHG�RQ�FRQFHQWUDWLRQ�LQ�LUULJDWLRQ�ZDWHU���,I�D16

OHDI�FURS�VXFK�DV�OHWWXFH�LV�VSUD\�LUULJDWHG��SHUFKORUDWH�FRXOG�EH�FRQFHQWUDWHG�HYDSRUDWLYHO\�RQ17

H[WHUQDO�OHDI�VXUIDFHV���%HFDXVH�RI�SHUFKORUDWH¶V�KLJK�ZDWHU�VROXELOLW\��WKLV�FRQWDPLQDWLRQ�18

SUREDEO\�ZRXOG�EH�UHPRYHG�ODUJHO\�E\�ZDVKLQJ���2Q�WKH�RWKHU�KDQG��LI�SHUFKORUDWH�LV19

SK\WRGHJUDGHG��DV�RQH�VWXG\�KDV�VXJJHVWHG��1]HQJXQJ��Q�G����VRLO�RU�SODQW�FRQFHQWUDWLRQV�PD\�EH20

ORZHU�WKDQ�RWKHUZLVH�H[SHFWHG���6WXGLHV�DUH�QHHGHG�RI�SHUFKORUDWH�EHKDYLRU�DQG�IDWH�LQ�SODQW�VRLO�21

ZDWHU�V\VWHPV��LQFOXGLQJ�VWXGLHV�WKDW�VLPXODWH�OHDI�FURS�LUULJDWLRQ�22

%HVLGHV�HVWLPDWHV�RI�SHUFKORUDWH�FRQFHQWUDWLRQV�LQ�FURSV��WKH�FDOFXODWLRQ�RI�KXPDQ�GDLO\23

LQWDNH�GHSHQGV�RQ�WKH�QXPEHU�RI�FURS�W\SHV�WKDW�DUH�FRQWDPLQDWHG��WKH�H[WHQW�WR�ZKLFK�D24

SDUWLFXODU�LQGLYLGXDO�REWDLQV�WKH�FURSV�IURP�D�FRQWDPLQDWHG�VRXUFH��DQG�WKH�LQGLYLGXDO¶V�GDLO\25

FRQVXPSWLRQ�RI�WKH�FURSV���7KHVH�IDFWRUV�PD\�YDU\�ZLGHO\�LQ�WKH�H[SRVHG�SRSXODWLRQ��DQG26

PHWKRGV�IRU�DFFRXQWLQJ�IRU�WKH�FRPELQHG�YDULDELOLW\�VKRXOG�EH�XVHG�LQ�FKDUDFWHUL]LQJ�WKHVH27

H[SRVXUHV�28

0HWKRGV�IRU�HVWLPDWLQJ�KXPDQ�H[SRVXUHV�UHVXOWLQJ�IURP�FURS�XSWDNH�RI�VRLO�GHSRVLWHG29

FRQWDPLQDQWV�DUH�SUHVHQWHG�LQ�&KDSWHUV����'HWHUPLQLQJ�([SRVXUH�7KURXJK�WKH�7HUUHVWULDO�)RRG30

&KDLQ��DQG�����5LVN�$VVHVVPHQW��RI�WKH�(3$�GRFXPHQW��³0HWKRGRORJ\�IRU�$VVHVVLQJ�+HDOWK31
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5LVNV�$VVRFLDWHG�ZLWK�0XOWLSOH�3DWKZD\V�RI�([SRVXUH�WR�&RPEXVWRU�(PLVVLRQV��(3$�����1

5���������´��7KDW�GRFXPHQW�FXUUHQWO\�LV�XQGHUJRLQJ�UHYLVLRQ�DQG�LV�VFKHGXOHG�IRU�ILQDO�UHOHDVH�E\2

0DUFK��������,I�WKH�QHHGHG�LQIRUPDWLRQ�FDQ�EH�REWDLQHG�RQ�SHUFKORUDWH�EHKDYLRU�DQG�IDWH��WKHVH3

PHWKRGV�FDQ�EH�XVHG�WR�GHYHORS�HVWLPDWHV�RI�KXPDQ�H[SRVXUH�DQG�ULVN�4

5

����� 0DMRU�8QFHUWDLQWLHV�DQG�5HVHDUFK�1HHGV6

7KH�QHHG�IRU�DFFXUDWH�H[SRVXUH�HVWLPDWHV�DOUHDG\�KDV�EHHQ�KLJKOLJKWHG�DV�QHFHVVDU\�IRU7

DFFXUDWH�DQG�FRPSUHKHQVLYH�FKDUDFWHUL]DWLRQ�RI�WKH�ULVN�RI�SHUFKORUDWH�FRQWDPLQDWLRQ���7KLV8

VHFWLRQ�ZLOO�VXPPDUL]H�EULHIO\�UHVHDUFK�QHHGV�DVVRFLDWHG�ZLWK�DVSHFWV�RI�XQFHUWDLQW\�IRU�WKH9

KXPDQ�KHDOWK�ULVN�GRVH�UHVSRQVH�HVWLPDWH�WKDW�ZHUH�KLJKOLJKWHG�LQ�&KDSWHU���10

7KH�JUHDWHVW�QHHG�IRU�LPSURYLQJ�WKH�GRVH�UHVSRQVH�LV�D�PRUH�DFFXUDWH�FKDUDFWHUL]DWLRQ�RI11

WKH�OLQNDJH�EHWZHHQ�WKH�ELRORJLFDOO\�HIIHFWLYH�LQWHUQDO�GRVH��H�J���WKH�GRVH�UHVSRQVH�IRU12

SHUFKORUDWH�LQKLELWLRQ�RI�LRGLGH�XSWDNH�LQ�WKH�WK\URLG�JODQG����7KLV�QHHG�PXVW�EH�DGGUHVVHG�LQ�WKH13

IHWDO�FRPSDUWPHQW�DV�ZHOO��VR�DFFXUDWH�FKDUDFWHUL]DWLRQ�RI�WR[LFRNLQHWLFV�GXULQJ�SUHJQDQF\�DQG14

ODFWDWLRQ�DOVR�DUH�UHTXLUHG���0RUH�GHILQLWLYH�VWXGLHV�RI�WKH�GHJUHH�RI�FKDQJH�LQ�SHUWXUEDWLRQ�RI�WKH15

K\SRWKDODPLF�SLWXLWDU\�WK\URLG�D[LV��L�H���FKDQJH�LQ�KRUPRQH�OHYHOV��WKDW�LV�DVVRFLDWHG�ZLWK�WKH16

WK\URLG�KLVWRORJ\��DQG�QHXUREHKDYLRUDO�GHILFLWV�HVSHFLDOO\��ZRXOG�LPSURYH�GUDPDWLFDOO\�WKH17

FRQILGHQFH�WKDW�WKH�FKDUDFWHUL]DWLRQ�RI�WKH�H[SRVXUH�GRVH�UHVSRQVH�FRQWLQXXP�LV�DFFXUDWH���7KH18

FXUUHQW�VWXGLHV�PD\�ZDUUDQW�UHSHDWLQJ�ZLWK�ODUJHU�VDPSOH�VL]HV�DQG�ORZHU�GRVHV��DV�ZHOO�DV19

HYDOXDWLRQ�RI�IHWDO�KRUPRQH�OHYHOV�DQG�PRUH�VSHFLILF�QHXUREHKDYLRUDO�DVVD\V���)LQDOO\�20

PHFKDQLVWLF�GHWHUPLQDQWV�RI�WKHVH�WR[LFRNLQHWLF�DQG�WR[LFRG\QDPLF�SDUDPHWHUV�DQG�SURFHVVHV21

VKRXOG�EH�FKDUDFWHUL]HG�LQ�ERWK�ODERUDWRU\�DQLPDOV�DQG�KXPDQV���22

23

24

��� (&272;,&2/2*<25

����� $TXDWLF�/LIH26

3URFHGXUHV�IRU�GHULYLQJ�7LHU�,,�ZDWHU�TXDOLW\�YDOXHV�ZHUH�XVHG�LQ�6HFWLRQ���������WR�MRLQWO\27

FKDUDFWHUL]H�SRWHQWLDO�HIIHFWV�RI�WKH�SHUFKORUDWH�LRQ�RQ�WKH�ULFKQHVV�DQG�SURGXFWLYLW\�RI�ILVK�DQG28

DTXDWLF�LQYHUWHEUDWH�DQG�SODQW�FRPPXQLWLHV���7LHU�,,�YDOXHV�DUH�GHULYHG�ZKHQ�GDWD�DUH�QRW29

VXIILFLHQW�IRU�GHULYLQJ�DPELHQW�ZDWHU�TXDOLW\�FULWHULD���7KH�7LHU�,,�YDOXH�GHULYDWLRQ�SURFHGXUHV30
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DFFRXQW�IRU�PLVVLQJ�LQIRUPDWLRQ�ZLWK�DSSUR[LPDWHO\�����FRQILGHQFH���,Q�WKLV�FDVH��WKH�7LHU�,,1

YDOXHV�GHULYHG��WHUPHG�VHFRQGDU\�DFXWH�DQG�FKURQLF�YDOXHV��ZHUH���DQG�����PJ�/��L�H���������DQG2

�����J�/���UHVSHFWLYHO\���3HUFKORUDWH�OHYHOV�UHSRUWHG�IRU�ODUJH�VXUIDFH�ZDWHUV��DV�KLJK�DV�����J�/�3

DQG�JURXQG�ZDWHUV��DV�KLJK�DV������J�/�LQ�SXEOLF�VXSSO\�ZHOOV��DUH�ZHOO�EHORZ�WKH�VHFRQGDU\4

DFXWH�DQG�FKURQLF�YDOXHV���7KXV��DW�WKHVH�H[SRVXUH�OHYHOV��WKH�OLNHOLKRRG�RI�HIIHFWV�RQ�WKH�ULFKQHVV5

DQG�SURGXFWLYLW\�RI�ILVK�DQG�DTXDWLF�LQYHUWHEUDWH�DQG�SODQW�FRPPXQLWLHV�DSSHDUV�WR�EH�ORZ��6

+RZHYHU��EHFDXVH�PXFK�KLJKHU�SHUFKORUDWH�FRQFHQWUDWLRQV�����î������J�/��KDYH�EHHQ�UHSRUWHG�LQ7

PRQLWRULQJ�ZHOOV�DW�URFNHW�PRWRU�PDQXIDFWXUH�RU�WHVWLQJ�VLWHV��WKHUH�LV�D�OLNHOLKRRG�WKDW�VPDOOHU8

VXUIDFH�ZDWHU�V\VWHPV�FORVH�WR�VLWHV�RI�FRQWDPLQDWLRQ��HVSHFLDOO\�V\VWHPV�WKDW�DUH�JURXQGZDWHU9

GRPLQDWHG��PD\�H[LVW�WKDW�KDYH�SHUFKORUDWH�FRQFHQWUDWLRQV�KLJK�HQRXJK�WR�FDXVH�WR[LFLW\�WR10

DTXDWLF�OLIH���6HQVLWLYH�DTXDWLF�RUJDQLVPV�VXFK�DV�GDSKQLGV�PD\�EH�WKH�PRVW�OLNHO\�WR�H[SHULHQFH11

HIIHFWV��LQ�WKH�UHSRUWHG�WHVWV��HIIHFWV�ZHUH�VHHQ�RQ�ERWK�VXUYLYDO�DQG�UHSURGXFWLRQ��QHRQDWHV�SHU12

RUJDQLVP����$�WHUDWRJHQLFLW\�DVVD\��)(7$;��VKRZHG�PDOIRUPDWLRQV�LQ�IURJ�HPEU\RV�RFFXUULQJ�DW13

RQO\�VOLJKWO\�ORZHU�FRQFHQWUDWLRQV�WKDQ�OHWKDOLW\��LQGLFDWLQJ�WKDW�SHUFKORUDWH�LV�QRW�D�SRWHQW14

WHUDWRJHQ�15

7KH�SHUFKORUDWH�DQLRQ�FDQ�EH�DVVRFLDWHG�ZLWK�YDULRXV�FDWLRQV�LQFOXGLQJ�VRGLXP�16

DPPRQLXP��DQG�SRWDVVLXP���:KHQ�VRGLXP�SHUFKORUDWH�ZDV�WHVWHG��WKH�VRGLXP�FDWLRQ�ZDV�QRW17

WR[LF�WR�GDSKQLGV�LQ�VRGLXP�FKORULGH�FRQWURO�WHVWV�EXW�GLG�VKRZ�WR[LFLW\�WR�PLQQRZV��18

$PPRQLXP�FRQWUROV�ZHUH�QRW�XVHG�LQ�WHVWV�ZLWK�DPPRQLXP�SHUFKORUDWH��EXW�DPPRQLXP�LRQ�LV�D19

NQRZQ�WR[LFDQW��ZLWK�WR[LFLW\�WKDW�YDULHV�DFFRUGLQJ�WR�ZDWHU�WHPSHUDWXUH�DQG�S+���,Q�DQ\�DTXDWLF20

V\VWHP�ZKHUH�SHUFKORUDWH�LV�SUHVHQW��DWWHQWLRQ�VKRXOG�EH�JLYHQ�WR�GHWHUPLQLQJ�WKH�FRQFHQWUDWLRQV21

RI�SRWHQWLDOO\�WR[LF�FDWLRQV�WKDW�PD\�FRQWULEXWH�WR�HFRORJLFDO�HIIHFWV�22

23

����� 5LVNV�WR�&RQVXPHUV�RI�$TXDWLF�/LIH24

1R�LQIRUPDWLRQ�ZDV�DYDLODEOH�WR�LQGLFDWH�WKDW�SHUFKORUDWH�LV�ELRFRQFHQWUDWHG�E\�DTXDWLF�OLIH�25

DQG��WKHUHIRUH��WKHUH�FXUUHQWO\�LV�QR�LQGLFDWLRQ�WKDW�DTXDWLF�OLIH�FRQVXPHUV�DUH�DW�ULVN�IURP26

SHUFKORUDWH�27

28

29

30

31
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����� 7HUUHVWULDO�/LIH1

������� 3ODQWV2

7HUUHVWULDO�SODQWV�PD\�EH�H[SRVHG�WR�SHUFKORUDWH�LQ�VRLO�DW�GLVSRVDO�VLWHV�DQG�DW�VLWHV3

LUULJDWHG�ZLWK�FRQWDPLQDWHG�VXUIDFH�ZDWHU�RU�JURXQGZDWHU���3HUFKORUDWH�FRQFHQWUDWLRQV�LQ�VRLO�DW4

GLVSRVDO�VLWHV�DUH�XQNQRZQ�EXW�DUH�OLNHO\�WR�EH�KLJKHU�WKDQ�WKH�VFUHHQLQJ�EHQFKPDUN�RI���PJ�NJ5

DQG�HYHQ�WKH�OHWKDO�FRQFHQWUDWLRQV���!����PJ�NJ����,Q�WKH�DEVHQFH�RI�LQIRUPDWLRQ�FRQFHUQLQJ6

DFFXPXODWLRQ�RI�SHUFKORUDWH�LQ�LUULJDWHG�VRLOV��LW�LV�DVVXPHG�WKDW�VRLO�FRQFHQWUDWLRQV�HTXDO7

LUULJDWLRQ�ZDWHU�FRQFHQWUDWLRQV��6HFWLRQ������������5HSRUWHG�VXUIDFH�ZDWHU�FRQFHQWUDWLRQV�LQ�WKH8

&RORUDGR�5LYHU����WR�����J�/��ZRXOG�WUDQVODWH�WR�������WR�������PJ�NJ���7KH�KLJKHU�FRQFHQWUDWLRQ9

LV�D�IDFWRU�RI�����ORZHU�WKDQ�WKH�EHQFKPDUN�YDOXH���7KH�UHSRUWHG�JURXQGZDWHU�FRQFHQWUDWLRQ�LQ10

SXEOLF�ZHOOV�RI������J�/�ZRXOG�WUDQVODWH�WR������PJ�NJ��ZKLFK�LV�D�IDFWRU�RI����ORZHU�WKDQ�WKH11

EHQFKPDUN�YDOXH���$OWHUQDWLYHO\��WKH�WHVW�UHVXOWV�FRQYHUWHG�WR�FRQFHQWUDWLRQV�LQ�DGGHG�VROXWLRQV12

FDQ�EH�XVHG��DQG�H[SRVXUH�WR�WKDW�VROXWLRQ�FDQ�EH�DVVXPHG�HTXLYDOHQW�WR�LUULJDWLRQ�ZDWHU���7KH13

DTXHRXV�EHQFKPDUN�����PJ�/��LV�D�IDFWRU�RI�������OHVV�WKDQ�WKH�&RORUDGR�5LYHU�ZDWHU�DQG�D14

IDFWRU�RI����OHVV�WKDQ�WKH�SXEOLF�ZHOO�ZDWHU���+HQFH��SHUFKORUDWH�GRHV�QRW�DSSHDU�WR�FRQVWLWXWH�D15

KD]DUG�WR�SODQWV�LUULJDWHG�ZLWK�VXUIDFH�ZDWHU���+RZHYHU��JLYHQ�WKH�ODUJH�XQFHUWDLQWLHV�FRQFHUQLQJ16

H[SRVXUH��D�KD]DUG�IURP�JURXQGZDWHU�LUULJDWLRQ�FDQQRW�EH�SUHFOXGHG�17

18

������� 6RLO�,QYHUWHEUDWHV19

6RLO�LQYHUWHEUDWHV�PD\�EH�H[SRVHG�WR�SHUFKORUDWH�LQ�VRLO�DW�GLVSRVDO�VLWHV�DQG�DW�VLWHV20

LUULJDWHG�ZLWK�FRQWDPLQDWHG�VXUIDFH�ZDWHU�RU�JURXQGZDWHU���3HUFKORUDWH�FRQFHQWUDWLRQV�DW�GLVSRVDO21

VLWHV�DUH�XQNQRZQ�EXW�DUH�OLNHO\�WR�EH�KLJKHU�WKDQ�WKH�VRLO�VFUHHQLQJ�EHQFKPDUN�RI���PJ�NJ�DQG22

PD\�H[FHHG�WKH�DFXWH�OHWKDO�FRQFHQWUDWLRQV��������PJ�NJ����,Q�WKH�DEVHQFH�RI�LQIRUPDWLRQ23

FRQFHUQLQJ�DFFXPXODWLRQ�RI�SHUFKORUDWH�LQ�LUULJDWHG�VRLOV��LW�LV�DVVXPHG�WKDW�VRLO�FRQFHQWUDWLRQV24

HTXDO�LUULJDWLRQ�ZDWHU�FRQFHQWUDWLRQV��6HFWLRQ������������5HSRUWHG�VXUIDFH�ZDWHU�FRQFHQWUDWLRQV�LQ25

WKH�&RORUDGR�5LYHU����WR�����J�/��ZRXOG�WUDQVODWH�WR�������WR�������PJ�NJ���7KH�KLJKHU26

FRQFHQWUDWLRQ�LV�D�IDFWRU�RI����ORZHU�WKDQ�WKH�VRLO�VFUHHQLQJ�EHQFKPDUN�YDOXH����PJ�NJ����7KH27

UHSRUWHG�JURXQGZDWHU�FRQFHQWUDWLRQ�LQ�SXEOLF�ZHOOV�RI������J�/�ZRXOG�WUDQVODWH�WR������PJ�NJ�28

ZKLFK�LV�D�IDFWRU�RI���ORZHU�WKDQ�WKH�EHQFKPDUN�YDOXH���$OWHUQDWLYHO\��WKH�WHVW�UHVXOWV�FRQYHUWHG�WR29

FRQFHQWUDWLRQV�LQ�DGGHG�VROXWLRQV�FDQ�EH�XVHG��DQG�H[SRVXUH�WR�WKDW�VROXWLRQ�FDQ�EH�DVVXPHG�30

HTXLYDOHQW�WR�LUULJDWLRQ�ZDWHU���7KH�DTXHRXV�VFUHHQLQJ�EHQFKPDUN������PJ�/��LV�D�IDFWRU�RI31
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����OHVV�WKDQ�&RORUDGR�5LYHU�ZDWHU�DQG�D�IDFWRU�RI����OHVV�WKDQ�WKH�SXEOLF�ZHOO�ZDWHU���+HQFH�1

SHUFKORUDWH�GRHV�QRW�DSSHDU�WR�FRQVWLWXWH�D�KD]DUG�WR�VRLO�LQYHUWHEUDWHV�LQ�VRLO�LUULJDWHG�ZLWK2

VXUIDFH�ZDWHU���+RZHYHU��JLYHQ�WKH�ODUJH�XQFHUWDLQWLHV�FRQFHUQLQJ�H[SRVXUH��D�KD]DUG�IURP3

JURXQGZDWHU�LUULJDWLRQ�FDQQRW�EH�SUHFOXGHG�4

5

������� +HUELYRUHV6

(VWLPDWHG�H[SRVXUHV�RI�YROHV�RQ�VLWHV�LUULJDWHG�ZLWK�VXUIDFH�ZDWHU�������PJ�NJ�GD\��DQG7

JURXQGZDWHU������PJ�NJ�GD\��H[FHHG�WKH�/2$(/�RI�����PJ�NJ�GD\�DV�ZHOO�DV�WKH�VFUHHQLQJ8

EHQFKPDUN�RI������PJ�NJ�GD\���+HQFH��WKHUH�LV�D�SRWHQWLDO�KD]DUG�WR�DOO�KHUELYRURXV�ZLOGOLIH9

RFFXUULQJ�LQ�DUHDV�WKDW�PD\�EH�LUULJDWHG�ZLWK�FRQWDPLQDWHG�ZDWHU���$W�GLVSRVDO�VLWHV��ZLOGOLIH10

ZRXOG�EH�DW�ULVN�IURP�WKH�HIIHFWV�RI�ORVV�RI�IRRG�DQG�KDELWDW�IURP�WR[LF�HIIHFWV�RQ�SODQWV��DV�ZHOO11

DV�WKH�SRWHQWLDO�IRU�GLUHFW�WR[LF�HIIHFWV�12

13

����� 8QFHUWDLQWLHV14

7KLV�GLVFXVVLRQ�RI�XQFHUWDLQWLHV�LV�OLPLWHG�WR�TXDOLWDWLYH�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�PDMRU15

JDSV�LQ�WKH�GDWD�DYDLODEOH�IRU�HFRORJLFDO�ULVN�DVVHVVPHQW�RI�SHUFKORUDWH���7KLV�LV�EHFDXVH��DV�ZLWK16

RWKHU�VFUHHQLQJ�DVVHVVPHQWV��TXDQWLWDWLYH�XQFHUWDLQWLHV�DUH�WUHDWHG�WKURXJK�WKH�XVH�RI�FRQVHUYDWLYH17

DVVXPSWLRQV���,W�LV�DOVR�EHFDXVH�WKH�GDWD�JDSV�DUH�WKH�PDMRU�VRXUFHV�RI�XQFHUWDLQW\��QRW18

LPSUHFLVLRQ�RU�LQDFFXUDF\�RI�WKH�DYDLODEOH�GDWD�19

20

������� 8QFHUWDLQWLHV�&RQFHUQLQJ�$TXDWLF�5LVNV21

$TXDWLF�([SRVXUHV22

7KH�SULPDU\�XQFHUWDLQW\�DVVRFLDWHG�ZLWK�WKLV�DVVHVVPHQW�RI�DTXDWLF�ULVNV�LV�WKH�SDXFLW\�RI23

GDWD�RQ�SHUFKORUDWH�RFFXUUHQFH�LQ�VXUIDFH�ZDWHUV���)RU�ODFN�RI�V\VWHPDWLF�VDPSOLQJ�DQG�DQDO\VLV�24

WKH�VSDWLDO�DQG�WHPSRUDO�GLVWULEXWLRQ�RI�SHUFKORUDWH�LQ�ZDWHU�LV�XQNQRZQ���,W�LV�QRW�FHUWDLQ�WKDW�WKH25

UHSRUWHG�FRQFHQWUDWLRQV�LQ�ZDWHU�UHSUHVHQW�WKH�KLJKHVW�H[LVWLQJ�OHYHOV���7KLV�LV�QRW�D�ODUJH�VRXUFH26

RI�XQFHUWDLQW\�IRU�WKLV�VFUHHQLQJ�DVVHVVPHQW�LI�LW�LV�DVVXPHG�WKDW�VDPSOLQJ�KDV�EHHQ�ELDVHG�WR27

DUHDV�RI�KLJKHVW�OLNHO\�FRQWDPLQDWLRQ���+RZHYHU��LW�ZRXOG�EH�D�PDMRU�VRXUFH�RI�XQFHUWDLQW\�LQ�DQ\28

VXEVHTXHQW�GHILQLWLYH�DVVHVVPHQW�29

%HFDXVH�SHUFKORUDWH�KDV�EHHQ�VKRZQ�WR�EH�ELRFRQFHQWUDWHG�E\�SODQWV��FRQFHQWUDWLRQ�RI30

SHUFKORUDWH�IURP�ZDWHU�DQG�ELRDFFXPXODWLRQ�IURP�DTXDWLF�SODQWV�DUH�SUHYLRXVO\�XQDQWLFLSDWHG31
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FRQFHUQV���%HFDXVH�RI�WKH�DEVHQFH�RI�WKLV�LQIRUPDWLRQ�FRQFHUQLQJ�SHUFKORUDWH�DFFXPXODWLRQ�E\1

DTXDWLF�ELRWD��H[SRVXUH�RI�RUJDQLVPV�WKDW�IHHG�RQ�ILVK�DQG�RWKHU�DTXDWLF�RUJDQLVPV�FRXOG�QRW�EH2

DVVHVVHG�3

$TXDWLF�(IIHFWV���7KH�HIIHFWV�RI�SHUFKORUDWH�RQ�DOJDH�DQG�DTXDWLF�PDFURSK\WHV�DUH4

XQNQRZQ���$V�D�UHVXOW��ULVNV�WR�DTXDWLF�SULPDU\�SURGXFHUV�FRXOG�QRW�EH�HVWLPDWHG�5

$OJDH��DTXDWLF�PDFURSK\WHV��DQG�WHUUHVWULDO�OHDI�OLWWHU�DUH�WKH�EDVHV�RI�IRRG�FKDLQV�LQ�PDQ\6

DTXDWLF�HFRV\VWHPV���%HFDXVH�SHUFKORUDWH�KDV�EHHQ�VKRZQ�WR�FRQFHQWUDWH�LQ�OHDYHV�RI�WHUUHVWULDO7

SODQWV�DQG�PD\�DFFXPXODWH�LQ�DTXDWLF�SODQWV�DV�ZHOO��WKH�SRWHQWLDO�IRU�GLUHFW�LPSDFWV�WR�SULPDU\8

FRQVXPHUV��L�H���SODQNWRQLF�DQG�EHQWKLF�LQYHUWHEUDWH�FRPPXQLWLHV��LV�D�FRQFHUQ�WKDW�FRXOG�QRW�EH9

DGGUHVVHG�LQ�WKLV�DVVHVVPHQW�10

(IIHFWV�RI�SHUFKORUDWH�RQ�ILVK�ZHUH�HVWLPDWHG�XVLQJ�D�VXEFKURQLF�WHVW�RI�RQH�OLIH�VWDJH��11

%HFDXVH�RI�WKH�SRWHQWLDO�IRU�FKURQLF�HIIHFWV�FDXVHG�E\�WK\URLG�G\VIXQFWLRQ��FKURQLF��L�H���OLIH12

F\FOH��HIIHFWV�PD\�EH�XQGHUHVWLPDWHG�E\�DW�OHDVW�D�IDFWRU�RI����13

7KH�XQFHUWDLQW\�IDFWRUV�LQ�WKH�VHFRQGDU\�FKURQLF�YDOXH�DUH�KLJK�EHFDXVH�RI�WKH�ODFN�RI�WHVW14

UHVXOWV�IRU�DTXDWLF�RUJDQLVPV�RWKHU�WKDQ�IDWKHDG�PLQQRZV�DQG�GDSKQLGV���15

16

������� 8QFHUWDLQWLHV�&RQFHUQLQJ�7HUUHVWULDO�5LVNV17

7HUUHVWULDO�([SRVXUH���7KH�DYDLODEOH�GDWD�FRQFHUQLQJ�DTXHRXV�SHUFKORUDWH�OHYHOV�LV�VSDUVH18

DQG�KDV�QRW�EHHQ�FROOHFWHG�V\VWHPDWLFDOO\���$V�D�UHVXOW��WKH�VSDWLDO�DQG�WHPSRUDO�GLVWULEXWLRQ�RI19

SHUFKORUDWH�LQ�LUULJDWLRQ�ZDWHU�LV�XQNQRZQ���,W�LV�QRW�FOHDU�WKDW�WKH�UHSRUWHG�FRQFHQWUDWLRQV�LQ20

ZDWHU�UHSUHVHQW�WKH�KLJKHVW�H[LVWLQJ�OHYHOV���7KLV�LV�QRW�D�PDMRU�VRXUFH�RI�XQFHUWDLQW\�IRU�WKLV21

VFUHHQLQJ�DVVHVVPHQW�LI�LV�LV�DVVXPHG�WKDW�VDPSOLQJ�KDV�EHHQ�ELDVHG�WR�DUHDV�RI�KLJKHVW�OLNHO\22

FRQWDPLQDWLRQ���+RZHYHU��LW�ZRXOG�EH�D�PDMRU�VRXUFH�RI�XQFHUWDLQW\�LQ�DQ\�VXEVHTXHQW�GHILQLWLYH23

DVVHVVPHQW�24

3HUFKORUDWH�OHYHOV�LQ�GLUHFWO\�DQG�LQGLUHFWO\�FRQWDPLQDWHG�VRLOV�KDYH�QRW�EHHQ�UHSRUWHG��25

$V�D�UHVXOW��ULVNV�DW�GLUHFWO\�FRQWDPLQDWHG�VLWHV�FRXOG�QRW�EH�DVVHVVHG�26

7KH�IDWH�RI�SHUFKORUDWH�LQ�VRLO��LQFOXGLQJ�LWV�WHQGHQF\�IRU�HYDSRUDWLYH�FRQFHQWUDWLRQ�27

LV�XQNQRZQ���$V�D�UHVXOW��VRLO�FRQFHQWUDWLRQV�ZHUH�DVVXPHG�WR�EH�HTXDO�WR�LUULJDWLRQ�ZDWHU28

FRQFHQWUDWLRQV���7KLV�VRUW�RI�DVVXPSWLRQ�FRXOG�EH�ORZ�E\�PXOWLSOH�RUGHUV�RI�PDJQLWXGH�LI29

HYDSRUDWLYH�FRQFHQWUDWLRQ�RFFXUV�ZLWK�SHUFKORUDWH��DV�LW�GRHV�ZLWK�PHWDOV�30
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7KH�ELRFRQFHQWUDWLRQ�RI�SHUFKORUDWH�E\�SODQWV�VXJJHVWV�WKDW�SHUFKORUDWH�PD\�EH�HOHYDWHG�LQ1

OHDYHV�DQG�OHDI�OLWWHU�WR�OHYHOV�WKDW�PD\�DIIHFW�LQYHUWHEUDWH�KHUELYRUHV�DQG�VRLO�LQYHUWHEUDWH2

FRPPXQLWLHV���)RU�ODFN�RI�GDWD�FRQFHUQLQJ�GLHWDU\�WR[LFLW\��ULVNV�WR�LQYHUWHEUDWHV�E\�WKLV�URXWH3

ZHUH�QRW�DVVHVVHG�4

7KH�ELRFRQFHQWUDWLRQ�RI�SHUFKORUDWH�E\�SODQWV�VXJJHVWV�WKDW�DFFXPXODWLRQ�LQ�RWKHU�WHUUHVWULDO5

RUJDQLVPV�PD\�EH�SRVVLEOH��EXW�LW�LV�XQNQRZQ���$V�D�UHVXOW��IRRG�FKDLQ�H[SRVXUHV�ZHUH�QRW6

DVVHVVHG�7

7HUUHVWULDO�(IIHFWV���7KH�WR[LFLW\�RI�SHUFKORUDWH�WR�QRQPDPPDOLDQ�YHUWHEUDWH�ZLOGOLIH�LV8

XQNQRZQ���$V�D�UHVXOW��ULVNV�WR�ELUGV��UHSWLOHV��DQG�DPSKLELDQV�ZHUH�QRW�DVVHVVHG�9

7KH�WR[LFLW\�RI�SHUFKORUDWH�WR�WHUUHVWULDO�LQYHUWHEUDWHV��RWKHU�WKDQ�DFXWH�OHWKDOLW\�WR10

HDUWKZRUPV��LV�XQNQRZQ���$V�D�UHVXOW��ULVNV�WR�WHUUHVWULDO�LQYHUWHEUDWHV�ZHUH�LQDGHTXDWHO\11

DVVHVVHG�12

13

����� 5HVHDUFK�1HHGV14

7KH�IROORZLQJ�PDMRU�UHVHDUFK�QHHGV�IRU�H[SRVXUH�DQG�HIIHFWV�DQDO\VLV�DUH�OLVWHG�LQ15

DSSUR[LPDWH�SULRULW\�RUGHU�16

17

������� ([SRVXUH18

�%HFDXVH�FRQFHQWUDWLRQV�RI�SHUFKORUDWH�LQ�ZDWHU�DUH�SRRUO\�NQRZQ��DQG�FRQFHQWUDWLRQV�LQ�VRLO�DQG19

ELRWD�DUH�XQNQRZQ��D�VXUYH\�RI�SHUFKORUDWH�FRQWDPLQDWLRQ�VKRXOG�EH�FRQGXFWHG�20

�%HFDXVH��FRQWUDU\�WR�H[SHFWDWLRQV��SHUFKORUDWH�DFFXPXODWHV�WR�KLJK�FRQFHQWUDWLRQV�LQ�WHUUHVWULDO21

YDVFXODU�SODQWV��WKH�DFFXPXODWLRQ�RI�SHUFKORUDWH�LQ�DTXDWLF�SODQWV�DQG�LQ�DQLPDOV�VKRXOG�EH22

LQYHVWLJDWHG�23

�%HFDXVH�WKH�DYDLODEOH�LQIRUPDWLRQ�RQ�DFFXPXODWLRQ�LQ�WHUUHVWULDO�YDVFXODU�SODQWV�LV�IURP�D�VWXG\24

WKDW�ZDV�QRW�GHVLJQHG�WR�TXDQWLI\�DFFXPXODWLRQ�IDFWRUV��WKH�DFFXPXODWLRQ�RI�SHUFKORUDWH�LQ25

WHUUHVWULDO�SODQWV�VKRXOG�EH�IXUWKHU�LQYHVWLJDWHG�26

�%HFDXVH�RI�WKH�SRWHQWLDO�IRU�HYDSRUDWLYH�FRQFHQWUDWLRQ��WKH�IDWH�RI�SHUFKORUDWH�LQ�LUULJDWHG�VRLOV27

VKRXOG�EH�LQYHVWLJDWHG�28

29

30
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������� (IIHFWV1

�7KH�HIIHFWV�RI�H[SRVXUH�RI�DTXDWLF�SODQWV�VKRXOG�EH�GHWHUPLQHG�2

�7KH�HIIHFWV�RI�H[SRVXUH�RI�QRQGDSKQLG�LQYHUWHEUDWHV�VKRXOG�EH�GHWHUPLQHG�3

�7KH�HIIHFWV�RI�FKURQLF�H[SRVXUH�RI�ILVK�VKRXOG�EH�GHWHUPLQHG�4

�7KH�HIIHFWV�RI�GLHWDU\�H[SRVXUH�WR�SHUFKORUDWH�VKRXOG�EH�GHWHUPLQHG�LQ�ELUGV�DQG�LQ�KHUELYRURXV5

RU�OLWWHU�IHHGLQJ�LQYHUWHEUDWHV�6

�,I�SHUFKORUDWH�RFFXUV�DW�VLJQLILFDQW�OHYHOV�LQ�HVWXDULQH�V\VWHPV��LWV�WR[LFLW\�LQ�VDOLQH�ZDWHUV�VKRXOG7

EH�GHWHUPLQHG�8

9
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����5()(5(1&(61

$OOUHG��0���������&KHPLFDO�VSHFLILF�FRQVXOWDWLRQ�IRU�SHUFKORUDWH��$WODQWD��*$��8�6��'HSDUWPHQW�RI�+HDOWK�DQG2
+XPDQ�6HUYLFHV��$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��2FWREHU���3

4
$QEDU��0���*XWWPDQQ��6���/HZLWXV��=���������7KH�PRGH�RI�DFWLRQ�RI�SHUFKORUDWH�LRQV�RQ�WKH�LRGLQH�XSWDNH�RI�WKH5

WK\URLG�JODQG��,QW��-��$SSO��5DGLDW��,VRW�����������6
7

$QGHUVHQ��0��(���.ULVKQDQ��.���&RQROO\��5��%���0F&OHOODQ��5��2���������0HFKDQLVWLF�WR[LFRORJ\�UHVHUDFK�DQG8
ELRORJLFDOO\�EDVHG�PRGHOLQJ��SDUWQHUV�IRU�LPSURYLQJ�TXDQWLWDWLYH�ULVN�DVVHVVPHQWV��&,,7�$FWLYLWLHV9
�����������10

11
$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������D��$�QHXUREHKDYLRUDO�GHYHORSPHQWDO�VWXG\�RI�DPPRQLXP�SHUFKORUDWH12

DGPLQLVWHUHG�RUDOO\�LQ�GULQNLQJ�ZDWHU�WR�UDWV�>UHSRUW�DPHQGPHQW��-XO\���@��+RUVKDP��3$��$UJXV�5HVHDUFK13
/DERUDWRULHV��,QF���SURWRFRO�QR�����������14

15
$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������E��2UDO��GULQNLQJ�ZDWHU��WZR�JHQHUDWLRQ��RQH�OLWWHU�SHU�JHQHUDWLRQ�16

UHSURGXFWLRQ�VWXG\�RI�DPPRQLXP�SHUFKORUDWH�LQ�UDWV��+RUVKDP��3$��$UJXV�5HVHDUFK�/DERUDWRULHV��,QF��17
SURWRFRO�QR�����������18

19
$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������F��2UDO��GULQNLQJ�ZDWHU��GHYHORSPHQWDO�WR[LFLW\�VWXG\�RI�DPPRQLXP20

SHUFKORUDWH�LQ�UDEELWV�>UHSRUW�DPHQGPHQW��6HSWHPEHU���@��+RUVKDP��3$��$UJXV�5HVHDUFK�/DERUDWRULHV��,QF��21
SURWRFRO�QR�����������22

23
$UJXV�5HVHDUFK�/DERUDWRULHV��,QF�������G��2UDO��GULQNLQJ�ZDWHU��GRVDJH�UDQJH�GHYHORSPHQWDO�WR[LFLW\�VWXG\�RI24

DPPRQLXP�SHUFKORUDWH�LQ�UDEELWV��)LQDO�SLORW�UHSRUW��+RUVKDP��3$��$UJXV�5HVHDUFK�/DERUDWRULHV��,QF��25
SURWRFRO�QR����������3��'HFHPEHU����26

27
$WWHUZLOO��&��.���&ROOLQV��3���%URZQ��&��*���+DUODQG��5��)���������7KH�SHUFKORUDWH�GLVFKDUJH�WHVW�IRU�H[DPLQLQJ28

WK\URLG�IXQFWLRQ�LQ�UDWV��-��3KDUPDFRO��0HWKRGV�������������29
30

%DUWRQ��+��$���$QGHUVHQ��0��(���$OOHQ��%���������'RVH�UHVSRQVH�FKDUDFWHULVWLFV�RI�XWHULQH�UHVSRQVHV�LQ�UDWV�H[SRVHG31
WR�HVWURJHQ�DJRQLVWV��5HJXO��7R[LFRO��3KDUPDFRO��>LQ�SUHVV@�32

33
%DU]LODL��'���6KHLQIHOG��0���������)DWDO�FRPSOLFDWLRQV�IROORZLQJ�XVH�RI�SRWDVVLXP�SHUFKORUDWH�LQ�WK\URWR[LFRVLV�34

UHSRUW�RI�WZR�FDVHV�DQG�D�UHYLHZ�RI�WKH�OLWHUDWXUH��,VUDHO�-��0HG�������������35
36

%HDOV��-��$��-���)XQN��/��0���)RXQWDLQ��5���6HGPDQ��5���������4XDQWLI\LQJ�WKH�GLVWULEXWLRQ�RI�LQKDODWLRQ�H[SRVXUH�LQ37
KXPDQ�SRSXODWLRQV��GLVWULEXWLRQ�RI�PLQXWH�YROXPHV�LQ�DGXOWV�DQG�FKLOGUHQ��(QYLURQ��+HDOWK�3HUVSHFW�38
�������������39

40
%ORFN�(QYLURQPHQWDO�6HUYLFHV��,QF���������/&���DTXDWLF�WR[LFLW\�WHVW�UHVXOWV�IRU�DPPRQLXP�SHUFKORUDWH²41

D�WZR�VSHFLHV�FKURQLF�GHILQLWLYH�ELRDVVD\��6DQ�-RVH��&$��6DQWD�&ODUD�9DOOH\�:DWHU�'LVWULFW��$XJXVW����42
43

%UDEDQW��*���������3HUVRQDO�FRPPXQLFDWLRQ�ZLWK�'U��*��%UDEDQW�FRQFHUQLQJ�RQJRLQJ�SHUFKORUDWH�ZRUN�LQ�KXPDQV44
E\�'UV��'RQDOG�7RFFR�DQG�%UXFH�0XOKROW�LQ�0DUFK�DQG�$SULO������>DV�FLWHG�LQ�7R[LFRORJ\�([FHOOHQFH�IRU45
5LVN�$VVHVVPHQW������@�46

47
%UDEDQW��*���%HUJPDQQ��3���.LUVFK��&��0���.RKUOH��-���+HVFK��5��'���9RQ�=XU�0XKOHQ��$���������(DUO\�DGDSWDWLRQ�RI48

WK\URWURSLQ�DQG�WK\URJOREXOLQ�VHFUHWLRQ�WR�H[SHULPHQWDOO\�GHFUHDVHG�LRGLQH�VXSSO\�LQ�PDQ��0HWDEROLVP49
��������������50

51
%UDYHUPDQ��/��(���8WLJHU��5��'���������,QWURGXFWLRQ�WR�WK\URWR[LFRVLV��,Q��:HUQHU�DQG�,QJEDU
V�WKH�WK\URLG�52

D�IXQGDPHQWDO�DQG�FOLQLFDO�WH[W���WK�HG��3KLODGHOSKLD��3$��-�%��/LSSLQFRWW�&R���SS����������53
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%URZQ�*UDQW��.���������)DLOXUH�RI�RUDOO\�DGPLQLVWHUHG�SHUFKORUDWH�WR�DIIHFW�GHFLGXRPD�IRUPDWLRQ�RU�SUHJQDQF\�LQ1
WKH�UDW��-��5HSURG��)HUWLO��������������2

3
%URZQ�*UDQW��.���6KHUZRRG��0��5���������9LDELOLW\�RI�WKH�UDW�EODVWRF\VW�IROORZLQJ�WKH�RUDO�DGPLQLVWUDWLRQ�RI4

SRWDVVLXP�SHUFKORUDWH�RU�SRWDVVLXP�LRGLGH�WR�WKH�PRWKHU��-��5HSURG��)HUWLO��������������5
6

%XUJL��+���%HQJXHUHO��0���.QRSS��-���.RKOHU��+���6WXGHU��+���������,QIOXHQFH�RI�SHUFKORUDWH�RQ�WKH�VHFUHWLRQ�RQ7
QRQ�WK\UR[LQH�LRGLQH�E\�WKH�QRUPDO�KXPDQ�WK\URLG�JODQG��(XU��-��&OLQ��,QYHVW�����������8

9
&DOGZHOO��'��-���0DWWLH��'��5���������6WXG\�GHVLJQ�IRU�WKH�WR[LFLW\�HYDOXDWLRQ�RI�DPPRQLXP�SHUFKORUDWH�10

,Q��3URFHHGLQJV�RI�WKH������-$11$)�VDIHW\�DQG�HQYLURQPHQWDO�SURWHFWLRQ�VXEFRPPLWWHH�MRLQW�ZRUNVKRS�11
HQYLURQPHQWDOO\�VRXQG�SURFHVVLQJ�WHFKQRORJ\��-XO\��7DPSD��)/��&ROXPELD��0'��&KHPLFDO�3URSXOVLRQ12
,QIRUPDWLRQ�$JHQF\��-RLQW�$UP\��1DY\��1$6$��$LU�)RUFH��-$11$)��LQWHUDJHQF\�SURSXOVLRQ�FRPPLWWHH13
SXEOLFDWLRQ�����14

15
&DOGZHOO��'��-���.LQJ��-��+���-U���.LQNHDG��(��5���:ROIH��5��(���1DUD\DQDQ��/���0DWWLH��'��5���������5HVXOWV�RI�D16

IRXUWHHQ�GD\�RUDO�GRVLQJ�WR[LFLW\�VWXG\�RI�DPPRQLXP�SHUFKORUDWH��,Q��3URFHHGLQJV�RI�WKH������-$11$)17
VDIHW\�DQG�HQYLURQPHQWDO�SURWHFWLRQ�VXEFRPPLWWHH�PHHWLQJ��YROXPH����'HFHPEHU��7DPSD��)/��&ROXPELD�18
0'��&KHPLFDO�3URSXOVLRQ�,QIRUPDWLRQ�$JHQF\��-RLQW�$UP\��1DY\��1$6$��$LU�)RUFH��-$11$)�19
LQWHUDJHQF\�SURSXOVLRQ�FRPPLWWHH�SXEOLFDWLRQ�����20

21
&DOLIRUQLD�'HSDUWPHQW�RI�+HDOWK�6HUYLFHV���������3UHOLPLQDU\�KHDOWK�UHYLHZV�LQ�5DQFKR�&RUGRYD��6DFUDPHQWR22

&RXQW\��&DOLIRUQLD��$WODQWD��*$��8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��$JHQF\�IRU�7R[LF23
6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��&(5&/,6�QR��&$'�����������2FWREHU����24

25
&DOLIRUQLD�'HSDUWPHQW�RI�+HDOWK�6HUYLFHV�������D��3HUFKORUDWH�FRQWDPLQDWLRQ�LQ�WKH�&LWL]HQV�8WLOLWLHV
�VXEXUEDQ�DQG26

6HFXULW\�3DUN�ZDWHU�VHUYLFH�DUHDV��$WODQWD��*$��8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��$JHQF\27
IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��KHDOWK�FRQVXOWDWLRQ��0DUFK����28

29
&DOLIRUQLD�'HSDUWPHQW�RI�+HDOWK�6HUYLFHV�������E��3HUFKORUDWH�FRQWDPLQDWLRQ�LQ�WKH�$UGHQ�&RUGRYD�ZDWHU�VHUYLFH30

DUHD��$WODQWD��*$��8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG31
'LVHDVH�5HJLVWU\��KHDOWK�FRQVXOWDWLRQ��$SULO����32

33
&DOLIRUQLD�'HSDUWPHQW�RI�+HDOWK�6HUYLFHV�������F��3HUFKORUDWH�FRQWDPLQDWLRQ�LQ�WKH�0DWKHU�$LU�)RUFH�%DVH�ZDWHU34

VHUYLFH�DUHD��$WODQWD��*$��8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��$JHQF\�IRU�7R[LF�6XEVWDQFHV35
DQG�'LVHDVH�5HJLVWU\��KHDOWK�FRQVXOWDWLRQ��0D\���36

37
&DOLIRUQLD�'HSDUWPHQW�RI�+HDOWK�6HUYLFHV�������G��3HUFKORUDWH�FRQWDPLQDWLRQ�LQ�WKH�)DLU�2DNV�ZDWHU�GLVWULFW�38

$WODQWD��*$��8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH39
5HJLVWU\��KHDOWK�FRQVXOWDWLRQ��-XQH���40

41
&DOLIRUQLD�'HSDUWPHQW�RI�+HDOWK�6HUYLFHV�������H��3HUFKORUDWH�FRQWDPLQDWLRQ�LQ�WKH�6XQULVH�GLVWULFW�RI�WKH42

6DFUDPHQWR�&RXQW\�ZDWHU�VHUYLFH��$WODQWD��*$��8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��$JHQF\43
IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��KHDOWK�FRQVXOWDWLRQ��-XQH����44

45
&DPSEHOO��%��$���/\WOH��/��'���)LELJHU��+��&���������2QWRJHQ\�RI�DGUHQHUJLF�DURXVDO�DQG�FKROLQHUJLF�LQKLELWRU\46

PHFKDQLVPV�LQ�WKH�UDW��6FLHQFH��:DVKLQJWRQ��'&���������������47
48

&DR��;��<���-LDQJ��;��0���'RX��=��+���5DNHPDQ��0��$���=KDQJ��0��/���2
'RQQHO��.���0D��7���$PHWWH��.��49
'H/RQJ��1���'H/RQJ��*��5���������7LPLQJ�RI�YXOQHUDELOLW\�RI�WKH�EUDLQ�WR�LRGLQH�GHILFLHQF\�LQ�HQGHPLF50
FUHWLQLVP��1��(QJO��-��0HG�����������������51

52
&DSHQ��&��&���������0HFKDQLVWLF�GDWD�DQG�ULVN�DVVHVVPHQW�RI�VHOHFWHG�WR[LF�HQG�SRLQWV�RI�WKH�WK\URLG�JODQG��7R[LFRO�53

3DWKRO������������54
55
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IURP�D�IRXUWHHQ�GD\�RUDO�GRVLQJ�WR[LFLW\�VWXG\�RI�DPPRQLXP�SHUFKORUDWH�>PHPRUDQGXP�ZLWK�DWWDFKPHQWV�WR9
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7R[LFRORJ\�%UDQFK��2FWREHU����11
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&KDQQHO��6��5���0DM�������F��&RQVXOWDWLYH�OHWWHU��$)5/�+(�:3�&/������������SKDUPDFRNLQHWLF�VWXG\�RI13

SHUFKORUDWH�DGPLQLVWHUHG�RUDOO\�WR�KXPDQV�>PHPRUDQGXP�WR�$QQLH�-DUDEHN@��:ULJKW�3DWWHUVRQ�$LU�)RUFH14
%DVH��2+��$LU�)RUFH�5HVHDUFK�/DERUDWRU\��+XPDQ�(IIHFWLYHQHVV�'LUHFWRUDWH��'HFHPEHU����15

16
&KRZ��6��<���:RRGEXU\��'��0���������.LQHWLFV�RI�GLVWULEXWLRQ�RI�UDGLRDFWLYH�SHUFKORUDWH�LQ�UDW�DQG�JXLQHD�SLJ17

WK\URLG�JODQGV��-��(QGRFULQRO��������������18
19

&KRZ��6��<���&KDQJ��/��5���<HQ��0��6���������$�FRPSDULVRQ�EHWZHHQ�WKH�XSWDNHV�RI�UDGLRDFWLYH�SHUFKORUDWH�DQG20
LRGLGH�E\�UDW�DQG�JXLQHD�SLJ�WK\URLG�JODQGV��-��(QGRFULQRO����������21

22
&RKHQ��-���������6WDWLVWLFDO�SRZHU�DQDO\VLV�IRU�WKH�EHKDYLRUDO�VFLHQFHV��+LOOVGDOH��1-��/DZUHQFH�(UOEDXP23

$VVRFLDWHV��3XEOLVKHUV�24
25

&RPHU��&��3���1RUWRQ��6���������(IIHFWV�RI�SHULQDWDO�PHWKLPD]ROH�H[SRVXUH�RQ�D�GHYHORSPHQWDO�WHVW�EDWWHU\�IRU26
QHXUREHKDYLRUDO�WR[LFLW\�LQ�UDWV��7R[LFRO��$SSO��3KDUPDFRO��������������27

28
&RQQHOO��-��0���������/RQJ�WHUP�XVH�RI�SRWDVVLXP�SHUFKORUDWH��3RVWJUDG��0HG��-��������������29

30
&R[��&���������6WDWLVWLFDO�LVVXHV�IRU�DQLPDO�VWXGLHV�RI�GHYHORSPHQWDO�QHXURWR[LFLW\��,Q��:HLVV��%���2
'RQRJKXH�31

-��/���HGV��1HXUREHKDYLRUDO�WR[LFLW\��DQDO\VLV�DQG�LQWHUSUHWDWLRQ��1HZ�<RUN��1<��5DYHQ�3UHVV��SS���������32
33

&URIWRQ��.��0�������D��$QDO\VLV�DQG�JUDSKLFV�RI�WK\URLG�KRUPRQH�GDWD�IURP�WKH�UDW����GD\��&DOGZHOO��SHUFKORUDWH34
VWXG\�>PHPRUDQGXP�ZLWK�DWWDFKPHQW�WR�$QQLH�-DUDEHN@��5HVHDUFK�7ULDQJOH�3DUN��1&��8�6��(QYLURQPHQWDO35
3URWHFWLRQ�$JHQF\��1DWLRQDO�+HDOWK�DQG�(QYLURQPHQWDO�(IIHFWV�5HVHDUFK�/DERUDWRU\��2FWREHU�����UHYLVHG36
1RYHPEHU�����37

38
&URIWRQ��.��0�������E��5H�DQDO\VLV�RI�WK\URLG�KRUPRQH�GDWD�IURP�WKH�VXEFKURQLF�SHUFKORUDWH�VWXG\�VXEPLWWHG�E\39

6SULQJERUQ�/DERUDWRULHV��6/,�VWXG\�QR����������>PHPRUDQGXP�ZLWK�DWWDFKPHQW�WR�$QQLH�-DUDEHN@�40
5HVHDUFK�7ULDQJOH�3DUN��1&��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��1DWLRQDO�+HDOWK�DQG�(QYLURQPHQWDO41
(IIHFWV�5HVHDUFK�/DERUDWRU\��-XO\�����UHYLVHG�2FWREHU����DQG�1RYHPEHU�����42

43
&URIWRQ��.��0�������F��3UHOLPLQDU\�DQDO\VLV�RI�WKH�SRVWQDWDO�GD\����QHXURPRUSKRORJ\�GDWD�IURP�WKH�UDW44

GHYHORSPHQWDO�QHXURWR[LFRORJ\�VWXG\�>PHPRUDQGXP�WR�$QQLH�-DUDEHN@��5HVHDUFK�7ULDQJOH�3DUN��1&�45
8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��1DWLRQDO�+HDOWK�DQG�(QYLURQPHQWDO�(IIHFWV�5HVHDUFK�/DERUDWRU\�46
'HFHPEHU����47

48
&URIWRQ��.��0�������G��3HUVRQDO�FRPPXQLFDWLRQ�>ZLWK�&KDUOHV�&DSHQ�RI�2KLR�6WDWH�8QLYHUVLW\�FRQFHUQLQJ�WKH49

FRPSDUDWLYH�VHQVLWLYLW\�RI�VWDQGDUG�KLVWRORJ\�YHUVXV�PRUSKRPHWULF�PHDVXUHPHQWV�DQG�RI�IROOLFXODU�HSLWKHOLDO50
FHOO�KHLJKW�YHUVXV�OXPHQ�DUHD�UHJDUGLQJ�FKHPLFDOO\�LQGXFHG�FKDQJHV�LQ�WK\URLG�JODQG�VWUXFWXUH@��5HVHDUFK51
7ULDQJOH�3DUN��1&��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��1DWLRQDO�+HDOWK�DQG�(QYLURQPHQWDO�(IIHFWV52
5HVHDUFK�/DERUDWRU\��1RYHPEHU���53
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5
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>PHPRUDQGXP�ZLWK�DWWDFKPHQW�WR�$QQLH�-DUDEHN@��5HVHDUFK�7ULDQJOH�3DUN��1&��8�6��(QYLURQPHQWDO7
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�UHYLVHG�1RYHPEHU����9
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&URIWRQ��.��0�������J��3HUVRQDO�FRPPXQLFDWLRQ��>:LWK�'U��6LPRQ�0DWV��3ULPHGLFD��:RUFHVWHU��0$��FRQFHUQLQJ11

WKH�ODFN�RI�XVH�RI�OLWWHU�DV�GHSHQGHQW�YDULDEOH�LQ�WKH�UHDQDO\VLV�RI�WKH�PRWRU�DFWLYLW\�GDWD�IURP�WKH�$UJXV12
GHYHORSPHQWDO�QHXURWR[LFLW\�VWXG\@��5HVHDUFK�7ULDQJOH�3DUN��1&��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�13
1DWLRQDO�+HDOWK�DQG�(QYLURQPHQWDO�(IIHFWV�5HVHDUFK�/DERUDWRU\��1RYHPEHU���14

15
&URIWRQ��.��0�������K��$QDO\VLV�DQG�JUDSKLFV�RI�WK\URLG�KRUPRQH�GDWD�IURP�WKH�UDEELW�GHYHORSPHQWDO�SHUFKORUDWH16

VWXG\�>PHPRUDQGXP�ZLWK�DWWDFKPHQW�WR�$QQLH�-DUDEHN@��5HVHDUFK�7ULDQJOH�3DUN��1&��8�6��(QYLURQPHQWDO17
3URWHFWLRQ�$JHQF\��1DWLRQDO�+HDOWK�DQG�(QYLURQPHQWDO�(IIHFWV�5HVHDUFK�/DERUDWRU\��2FWREHU�����UHYLVHG18
2FWREHU�����19

20
&URIWRQ��.��0�������L��$QDO\VLV�DQG�JUDSKLFV�RI�WK\URLG�KRUPRQH�GDWD�IURP�WKH�PRXVH�LPPXQRWR[LFRORJ\�VWXG\21

>PHPRUDQGXP�ZLWK�DWWDFKPHQW�WR�$QQLH�-DUDEHN@��5HVHDUFK�7ULDQJOH�3DUN��1&��8�6��(QYLURQPHQWDO22
3URWHFWLRQ�$JHQF\��1DWLRQDO�+HDOWK�DQG�(QYLURQPHQWDO�(IIHFWV�5HVHDUFK�/DERUDWRU\��2FWREHU�����UHYLVHG23
1RYHPEHU����DQG�����24

25
&URIWRQ��.��0�������M��6HQVLWLYLW\�RI�QHXURGHYHORSPHQWDO�WHVWV�YHUVXV�WK\URLG�KRUPRQH�FRQFHQWUDWLRQV26

>PHPRUDQGXP�WR�$QQLH�-DUDEHN@��5HVHDUFK�7ULDQJOH�3DUN��1&��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�27
1DWLRQDO�+HDOWK�DQG�(QYLURQPHQWDO�(IIHFWV�5HVHDUFK�/DERUDWRU\��'HFHPEHU����28

29
&URIWRQ��.��0���0DF3KDLO��5��&���7LOVRQ��+��$���������$QDO\VLV�RI�WKH�PRWRU�DFWLYLW\�GDWD�IURP�WKH�UDW30

GHYHORSPHQWDO�QHXURWR[LFRORJ\�VWXG\�>PHPRUDQGXP�WR�$QQLH�-DUDEHN@��5HVHDUFK�7ULDQJOH�3DUN��1&�31
8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��2IILFH�RI�5HVHDUFK�DQG�'HYHORSPHQW��1RYHPEHU���32

33
&URRNV��-���:D\QH��(��-���������$�FRPSDULVRQ�RI�SRWDVVLXP�SHUFKORUDWH��PHWK\OWKLRXUDFLO��DQG�FDUELPD]ROH�LQ�WKH34

WUHDWPHQW�RI�WK\URWR[LFRVLV��/DQFHW��)HEUXDU\��������������35
36

&UXPS��.��6���$OOHQ��%��&���)DXVWPDQ��(��0���������7KH�XVH�RI�WKH�EHQFKPDUN�GRVH�DSSURDFK�LQ�KHDOWK�ULVN37
DVVHVVPHQW��:DVKLQJWRQ��'&��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��5LVN�$VVHVVPHQW�)RUXP��UHSRUW�QR�38
(3$�����5���������$YDLODEOH�IURP��17,6��6SULQJILHOG��9$��3%����������;$%�39

40
'HDQ��-��$���HG���������/DQJH
V�KDQGERRN�RI�FKHPLVWU\����WK�HG��1HZ�<RUN��1<��0F*UDZ�+LOO�%RRN�&RPSDQ\�41

42
'ROODUKLGH��-��6���������3URYLVLRQDO�QRQ�FDQFHU�DQG�FDQFHU�WR[LFLW\�YDOXHV�IRU�SRWDVVLXP�SHUFKORUDWH��&$65143

������������$HURMHW�*HQHUDO�&RUS��&$��>PHPRUDQGXP�ZLWK�DWWDFKPHQW�WR�'DQ�6WUDNOD@��&LQFLQQDWL��2+�44
8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��(QYLURQPHQWDO�&ULWHULD�DQG�$VVHVVPHQW�2IILFH��'HFHPEHU���45

46
'ROODUKLGH��-��6���������5HYLHZ�RI�SURSRVHG�5I'�IRU�SHUFKORUDWH�>PHPRUDQGXP�ZLWK�DWWDFKPHQW�WR�0LNH�*LUDUG@�47

&LQFLQQDWL��2+��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��1DWLRQDO�&HQWHU�IRU�(QYLURQPHQWDO�$VVHVVPHQW�48
2FWREHU����49

50
'ROODUKLGH��-��6���������3HUVRQDO�FRPPXQLFDWLRQ�>UHJDUGLQJ�GRVLQJ�VROXWLRQV�RI�DPPRQLXP�SHUFKORUDWH�YHUVXV�DQLRQ51

RQO\@��&LQFLQQDWL��2+��7R[LFRORJ\�([FHOOHQFH�IRU�5LVN�$VVHVVPHQW��1RYHPEHU����52
53
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4
'XPRQW��-��1���%DQWOH��-��$���������)(7$;�DQDO\VLV�RI�DPPRQLXP�SHUFKORUDWH��6WLOOZDWHU��2.��2NODKRPD�6WDWH5

8QLYHUVLW\��'HSDUWPHQW�RI�=RRORJ\��0D\����6
7

'XUDQG��-���������5HFKHUFKHV�VXU�O
HOLPLQDWLRQ�GHV�SHUFKORUDWHV��VXU�OHXU�UHSDUWLWLRQ�GDQV�OHV�RUJDQHV�HW�VXU�OHXU8
WR[LFLWH��%XOO��6RF��&KLP��%LRO��������������9

10
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6FKHPDWLFV�RI�6WXG\�'HVLJQV�IRU�1HXURGHYHORSPHQWDO�
7ZR�*HQHUDWLRQ�5HSURGXFWLYH�DQG�'HYHORSPHQWDO�6WXGLHV



Figure A-1. Schematic of the neurobehavioral developmental study of ammonium perchlorate administered
orally in drinking water to SD rats (Argus Research Laboratories, Inc., 1998a).
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Figure A-2. Schematic of the oral (drinking water), two-generation (one litter per
generation) reproduction study of ammonium perchlorate in SD rats (Argus
Research Laboratories, Inc., 1998b).
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Figure A-3. Schematic of the oral (drinking water) developmental toxicity study of
ammonium perchlorate in New Zealand rabbits (Argus Research
Laboratories, Inc., 1998c).
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