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Executive Summary 
 

HUFXU\ �LV�D�SRWHQW�QHXURWR[ LQ��SDUWLFXODUO\ �GDPDJLQJ�WR�WKH�GHYHORSPHQW�RI�WKH�
IHWXV��LQIDQW�DQG�\ RXQJ�FKLOG���&RDO�EXUQLQJ�SRZHU�SODQWV�DUH�WKH�ODUJHVW�VRXUFH�
RI�PHUFXU\ �HPLVVLRQV�UHODWHG�WR�KXPDQ�DFWLYLW\ �LQ�WKH�8 �6���,Q�' HFHPEHU�� � � � ��
WKH�( QYLURQPHQWDO�3URWHFWLRQ�$JHQF\ ��( 3$ ��ZLOO�LVVXH�D�SURSRVHG�UHJXODWLRQ�WR�

FRQWURO�PHUFXU\ �HPLVVLRQV�IURP�WKHVH�VRXUFHV���2 XU�DELOLW\ �WR�DGHTXDWHO\ �SURWHFW�WKH�SXEOLF�
IURP�WKH�DGYHUVH�KHDOWK�HIIHFWV�DVVRFLDWHG�ZLWK�H[ SRVXUH�WR�PHUFXU\ �LV�FORVHO\ �WLHG�WR�WKH�
HIIHFWLYHQHVV�DQG�WKH�VWULQJHQF\ �RI�WKLV�UXOH��
�
7KH�( 3$ ��&HQWHUV�IRU�' LVHDVH�&RQWURO�DQG�3UHYHQWLRQ��1 DWLRQDO�5HVHDUFK�&RXQFLO�RI�WKH�
1 DWLRQDO�$FDGHPLHV�RI�6FLHQFHV��DQG�: RUOG�+ HDOWK�2 UJDQL] DWLRQ�DOO�DJUHH�WKDW�PHUFXU\ �
H[ SRVXUH�FDQ�SUHVHQW�DQ�XQDFFHSWDEOH�SXEOLF�KHDOWK�ULVN�WR�VRPH�VHJPHQWV�RI�WKH�
SRSXODWLRQ���$ �VXUYH\ �FRQGXFWHG�E\ �WKH�&HQWHUV�IRU�' LVHDVH�&RQWURO�DQG�3UHYHQWLRQ�DQG�
SXEOLVKHG�LQ�HDUO\ �� � � � �IRXQG�WKDW�RQH�LQ�� � ��HLJKW�SHUFHQW��$PHULFDQ�ZRPHQ�RI�
FKLOGEHDULQJ�DJH�KDG�PHUFXU\ �LQ�WKHLU�EORRG�DERYH�WKH�OHYHOV�FRQVLGHUHG�VDIH�E\ �( 3$ ���
7KLV�FRXOG�UHVXOW�LQ�DV�PDQ\ �DV�� �� �PLOOLRQ�ZRPHQ�RI�FKLOGEHDULQJ�DJH�ZLWK�HOHYDWHG�OHYHOV�
RI�PHUFXU\ ��DQG�SXW�DSSUR[ LPDWHO\ �� � � �� � � �QHZERUQV�DW�ULVN�IRU�QHXURORJLFDO�GHILFLWV�HDFK�
\ HDU���5HFHQW�VWXGLHV�DOVR�VXJJHVW�WKDW�PHUFXU\ �H[ SRVXUH�FDQ�OHDG�WR�DGYHUVH�FDUGLRYDVFXODU�
HIIHFWV�LQ�DGXOWV���) XUWKHU��PHUFXU\ �KDV�D�GHOHWHULRXV�HIIHFW�RQ�ILVK�HDWLQJ�ZLOGOLIH��
�
( [ SRVXUH�WR�PHWK\ OPHUFXU\ ��WKH�PRVW�WR[ LF�IRUP�RI�PHUFXU\ �WR�ZKLFK�KXPDQV�DQG�
ZLOGOLIH�DUH�UHJXODUO\ �H[ SRVHG��FRPHV�SULPDULO\ �IURP�WKH�FRQVXPSWLRQ�RI�FRQWDPLQDWHG�ILVK�
DQG�VKHOOILVK���5HOHDVHV�RI�PHUFXU\ �WR�WKH�HQYLURQPHQW�KDYH�FRQWDPLQDWHG�IUHVK�DQG�
VDOWZDWHU�ILVKHULHV�WR�VXFK�DQ�H[ WHQW�WKDW�IRUW\ �ILYH�VWDWHV�DQG�RQH�8 �6��WHUULWRU\ �KDYH�LVVXHG�
DGYLVRULHV�ZDUQLQJ�RI�WKH�GDQJHUV�RI�HDWLQJ�ILVK�ZLWK�HOHYDWHG�FRQFHQWUDWLRQV�RI�PHUFXU\ ���
/ LPLWLQJ�ILVK�LQWDNH�GXH�WR�FRQFHUQV�DERXW�PHUFXU\ �FRQWDPLQDWLRQ�DOVR�UHGXFHV�WKH�GLHWDU\ �
EHQHILWV�DVVRFLDWHG�ZLWK�ILVK�FRQVXPSWLRQ��
�
0 HUFXU\ �LQ�WKH�DWPRVSKHUH�FRPHV�IURP�ERWK�KXPDQ��RU�DQWKURSRJHQLF��DQG�QDWXUDO��H�J���
YROFDQLF�DFWLYLW\ ��VRXUFHV��ZLWK�DQWKURSRJHQLF�HPLVVLRQV�IDU�H[ FHHGLQJ�WKRVH�IURP�QDWXUDO�
VRXUFHV���,Q�WKH�8 �6���FRDO�ILUHG�SRZHU�SODQWV�DUH�WKH�ODUJHVW�XQUHJXODWHG�VRXUFH�RI�PHUFXU\ �
HPLVVLRQV�DQG�DUH�UHVSRQVLEOH�IRU�DSSUR[ LPDWHO\ �� � �SHUFHQW�RI�WKH�FRXQWU\ ·V�LQGXVWULDO�
HPLVVLRQV���,Q�SDUW�EHFDXVH�RWKHU�ODUJH�GRPHVWLF�VRXUFHV�RI�PHUFXU\ �HPLVVLRQV�VXFK�DV�
PXQLFLSDO�ZDVWH�FRPEXVWRUV�DUH�DOUHDG\ �VXEMHFW�WR�IHGHUDO�DQG�PRUH�VWULQJHQW�VWDWH�
UHJXODWLRQV��WKH�SURSRUWLRQ�RI�8 �6��PHUFXU\ �HPLVVLRQV�DWWULEXWDEOH�WR�FRDO�EXUQLQJ�SRZHU�
SODQWV�LV�LQFUHDVLQJ���0 RUHRYHU��PHUFXU\ �HPLVVLRQV�IURP�FRDO�ILUHG�SRZHU�SODQWV�DUH�
H[ SHFWHG�WR�LQFUHDVH�EDVHG�RQ�SURMHFWLRQV�RI�HQHUJ\ �SURGXFWLRQ�DQG�FRDO�XVH��DEVHQW�DQ\ �
VWDWH�DQG�IHGHUDO�DFWLRQV�WR�UHTXLUH�PHUFXU\ �HPLVVLRQ�UHGXFWLRQV����

0 �
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�
: KLOH�WKH�VSHFLILF�SHUFHQWDJH�RI�8 �6��PHUFXU\ �GHSRVLWLRQ�DWWULEXWDEOH�WR�GRPHVWLF�VRXUFHV�
YDULHV�UHJLRQDOO\ �DQG�LV�WKH�VXEMHFW�RI�VFLHQWLILF�XQFHUWDLQW\ ��( 3$ �HVWLPDWHV�WKDW�URXJKO\ �
WZR�WKLUGV�RI�DOO�PHUFXU\ �GHSRVLWHG�LQ�WKH�8 �6��FRPHV�IURP�GRPHVWLF�VRXUFHV�DQG�WKDW�8 �6��
SRZHU�SODQWV�DFFRXQW�IRU�DERXW�RQH�WKLUG�RI�WKH�PHUFXU\ �GHSRVLWHG�LQ�WKH�FRXQWU\ ���5HFHQW�
ILHOG�VWXGLHV�VXJJHVW�WKDW�UHGXFLQJ�PHUFXU\ �HPLVVLRQV�WUDQVODWHV�WR�PHDVXUDEOH�GHFUHDVHV�LQ�
PHUFXU\ �GHSRVLWLRQ�DQG�VXEVHTXHQW�UHGXFWLRQV�LQ�ILVK�PHUFXU\ �FRQFHQWUDWLRQV���* LYHQ�WKH�
JOREDO�QDWXUH�RI�WKH�SUREOHP��D�VLJQLILFDQW�UHGXFWLRQ�LQ�8 �6��SRZHU�VHFWRU�PHUFXU\ �
HPLVVLRQV�ZLOO�EH�LQVXIILFLHQW�E\ �LWVHOI�WR�DGHTXDWHO\ �DGGUHVV�PHUFXU\ �FRQWDPLQDWLRQ�RI�ILVK�
DQG�WKH�UHVXOWLQJ�DGYHUVH�KHDOWK�LPSDFWV���+ RZHYHU��FRQWUROOLQJ�PHUFXU\ �HPLVVLRQV�IURP�
SRZHU�SODQWV�UHSUHVHQWV�D�FULWLFDO�FRPSRQHQW�RI�D�FRPSUHKHQVLYH�DSSURDFK�WR�PLQLPL] LQJ�
WKH�SXEOLF�KHDOWK�WKUHDW�IURP�WKLV�WR[ LF�SROOXWDQW��
�
6HYHUDO�VWDWHV�KDYH�DOUHDG\ �EHJXQ�WR�DGGUHVV�WKLV�SUREOHP�E\ �DGRSWLQJ�VWULQJHQW�OLPLWDWLRQV�
RQ�PHUFXU\ �HPLVVLRQV�IURP�QHZ�DQG�H[ LVWLQJ�SRZHU�SODQWV���7KHVH�UHJXODWLRQV�DQG�SHUPLWV�
DUH�EDVHG�RQ�DQ�DVVHVVPHQW�RI�WKH�IHDVLELOLW\ �RI�YDULRXV�FRQWURO�WHFKQRORJLHV���$ IWHU�D�
GHFDGH·V�GHOD\ ��( 3$ �LV�QRZ�UHTXLUHG�E\ �D�FRXUW�DSSURYHG�VHWWOHPHQW�DJUHHPHQW�WR�LVVXH�
SURSRVHG�UHJXODWLRQV�OLPLWLQJ�WKH�PHUFXU\ �HPLVVLRQV�RI�SRZHU�SODQWV�RQ�D�QDWLRQDO�EDVLV�E\ �
' HFHPEHU�� � � � �DQG�ILQDO�UHJXODWLRQV�E\ �' HFHPEHU�� � � � ���$OWKRXJK�WKH�&OHDQ�$LU�$FW�
ZRXOG�W\ SLFDOO\ �UHTXLUH�FRPSOLDQFH�ZLWKLQ�WKUHH�\ HDUV�RI�SURPXOJDWLRQ��WKDW�LV��E\ �
' HFHPEHU�� � � � ��WKH�$GPLQLVWUDWLRQ�KDV�DOUHDG\ �LQGLFDWHG�WKDW�LW�PD\ �FRQVLGHU�D�RQH�\ HDU�
H[ WHQVLRQ����
�
$PRQJ�RWKHU�WKLQJV��WKH�&OHDQ�$LU�$FW�UHTXLUHV�WKDW�( 3$ �HVWDEOLVK�D�´0 $&7��0 D[ LPXP�
$FKLHYDEOH�&RQWURO�7HFKQRORJ\ ��IORRUµ�IRU�H[ LVWLQJ�VRXUFHV���7KH�0 $&7�IORRU�FDQQRW�EH�
OHVV�VWULQJHQW�WKDQ�WKH�DYHUDJH�HPLVVLRQ�OLPLWDWLRQ�DFKLHYHG�E\ �WKH�EHVW�SHUIRUPLQJ�� � �
SHUFHQW�RI�WKH�H[ LVWLQJ�VRXUFHV�IRU�ZKLFK�( 3$ �KDV�HPLVVLRQV�LQIRUPDWLRQ�DQG�UHSUHVHQWV�
WKH�PLQLPXP�OHYHO�RI�FRQWURO�UHTXLUHG�DW�D�IDFLOLW\ ���,I�WKH�FRDO�ILUHG�XWLOLW\ �ERLOHUV�IRU�
ZKLFK�( 3$ �KDV�GDWD�DUH�UDQNHG�ZLWK�UHIHUHQFH�WR�WKHLU�SHUFHQWDJH�PHUFXU\ �UHGXFWLRQ�DV�
PHDVXUHG�IURP�WKH�PHUFXU\ �FRQWHQW�RI�WKH�FRDO�WKH\ �EXUQ��WKH�DYHUDJH�RI�WKH�WRS�� � �
SHUFHQW�LV�D�� � �SHUFHQW�UHGXFWLRQ���( 3$ �KDV�VRPH�GLVFUHWLRQ�WR�DGMXVW�WKH�DYHUDJH�RI�WKH�
WRS�� � �SHUFHQW�E\ �VXEFDWHJRUL] LQJ�FRDO�ILUHG�XWLOLW\ �ERLOHUV�EDVHG�RQ�FODVV��W\ SH��RU�VL] H�RI�
WKHVH�XQLWV���$ �� � �SHUFHQW�UHGXFWLRQ�RI�WKH�PHUFXU\ �FRQWDLQHG�LQ�WKH�FRPEXVWHG�FRDO�
ZRXOG�UHVXOW�LQ�DQQXDO�PHUFXU\ �HPLVVLRQV�IURP�FRDO�ILUHG�SRZHU�SODQWV�RI�DSSUR[ LPDWHO\ �� �
WRQV��DV�FRPSDUHG�WR�WKH�FXUUHQW�HPLVVLRQV�RI�� � �WRQV�IURP�WKH�LQGXVWU\ ����7R�SXW�WKLV�LQ�
FRQWH[ W��WKH�VWDNHKROGHU�JURXSV�WKDW�SDUWLFLSDWHG�LQ�( 3$ ·V�8 WLOLW\ �0 $&7�: RUNLQJ�* URXS�
KDYH�UHFRPPHQGHG�D�UDQJH�RI�VWDQGDUGV�WKDW�HTXDWH�WR�DQQXDO�QDWLRQDO�HPLVVLRQV�IURP�
FRDO�ILUHG�XWLOLW\ �ERLOHUV�RI�EHWZHHQ�� �DQG�� � �WRQV���
�
: KLOH�VRPH�XWLOLW\ �FRPSDQ\ �UHSUHVHQWDWLYHV�DUJXH�WKDW�PHUFXU\ �UHGXFWLRQ�DW�WKH�ORZHU�HQG�
RI�WKLV�UDQJH�LV�XQDFKLHYDEOH��WKH�H[ LVWLQJ�GDWD�FRQWUDGLFW�WKHVH�FODLPV���7KHUH�LV�LQFUHDVLQJ�
HYLGHQFH��ZLWK�UHJDUG�WR�DOO�FRDO�W\ SHV��WKDW�H[ LVWLQJ�FRQWURO�GHYLFHV�GHVLJQHG�WR�UHGXFH�
RWKHU�SROOXWDQWV�FDQ�GHOLYHU�VXEVWDQWLDO�PHUFXU\ �UHGXFWLRQV��VR�FDOOHG�´FR�EHQHILWVµ����) RU�
H[ DPSOH��HYHQ�ZLWKRXW�HIIRUWV�DW�RSWLPL] LQJ�QRQ�PHUFXU\ �FRQWURO�V\ VWHPV��VRPH�SODQWV�
EXUQLQJ�ELWXPLQRXV�FRDO�KDYH�REWDLQHG�PHUFXU\ �UHGXFWLRQ�FR�EHQHILWV�RI�� � �SHUFHQW��IRU�
VXEELWXPLQRXV�FRDO��FR�EHQHILWV�RI�RYHU�� � �SHUFHQW�KDYH�EHHQ�GRFXPHQWHG�XVLQJ�WKHVH�
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QRQ�PHUFXU\ �FRQWUROV���$W�SUHVHQW��FR�EHQHILWV�DORQH�ZLOO�DOORZ�VRPH�EXW�QRW�DOO�SODQWV�WR�
PHHW�D�VWULQJHQW�PHUFXU\ �VWDQGDUG���
�
&RQWURO�WHFKQRORJLHV�VSHFLILF�IRU�UHGXFLQJ�PHUFXU\ �HPLVVLRQV�DUH�DOVR�ZHOO�RQ�WKHLU�ZD\ �WR�
FRPPHUFLDO�DYDLODELOLW\ ���) RU�H[ DPSOH��DFWLYDWHG�FDUERQ�LQMHFWLRQ�WHFKQRORJ\ �LV�EHLQJ�
VXFFHVVIXOO\ �GHPRQVWUDWHG�LQ�ERWK�SLORW�DQG�IXOO�VFDOH�DSSOLFDWLRQV���7KH�UHVXOWV�LQGLFDWH�
WKDW�PHUFXU\ �FRQWURO�HIILFLHQF\ �RI�RYHU�� � �SHUFHQW�LV�IHDVLEOH�IRU�SRZHU�SODQWV��ZLWK�FRVWV�
WKDW�DUH�FRPSDUDEOH�WR�WKH�FRVWV�RI�1 2 [ �UHPRYDO�UHTXLUHG�XQGHU�WKH�IHGHUDO�SURJUDP�WR�
DFKLHYH�QDWLRQDO�DPELHQW�DLU�TXDOLW\ �VWDQGDUGV�IRU�R] RQH����
�
: KLOH�WKHUH�DUH�UHOHYDQW�GLIIHUHQFHV�EHWZHHQ�PXQLFLSDO�ZDVWH�FRPEXVWRUV�DQG�SRZHU�
SODQWV��PRVW�PXQLFLSDO�ZDVWH�FRPEXVWRUV�KDYH�UHGXFHG�WKHLU�PHUFXU\ �HPLVVLRQV�E\ �PRUH�
WKDQ�� � �SHUFHQW�WKURXJK�WKH�DSSOLFDWLRQ�RI�DFWLYDWHG�FDUERQ�LQMHFWLRQ�WHFKQRORJ\ �LQ�WKH�
ZDNH�RI�IHGHUDO�DQG�PXFK�PRUH�VWULQJHQW�VWDWH�HPLVVLRQ�FRQWURO�UHTXLUHPHQWV���0 DQ\ �
PXQLFLSDO�ZDVWH�IDFLOLWLHV�WKDW�DUH�DOVR�HTXLSSHG�ZLWK�EDJKRXVHV�DUH�DFKLHYLQJ�UHGXFWLRQV�RI�
RYHU�� � �SHUFHQW���( YHQ�ZKHQ�WKHVH�GLIIHUHQFHV�DUH�WDNHQ�LQWR�DFFRXQW��WKH�DSSOLFDWLRQ�RI�
WKH�DFWLYDWHG�FDUERQ�WHFKQRORJ\ �WR�FRDO�ILUHG�ERLOHUV�DSSHDUV�WR�EH�VLPSO\ �D�PDWWHU�RI�
WUDGLWLRQDO�WHFKQRORJ\ �WUDQVIHU�WR�ODUJHU�FRDO�ILUHG�ERLOHUV��ZKLFK�GRHV�QRW�GHSHQG�XSRQ�
DQ\ �QHZ�WHFKQRORJ\ �EUHDNWKURXJK����
�
$ �6HSWHPEHU�� � � � �UHSRUW�E\ �WKH�1 RUWKHDVW�6WDWHV�IRU�&RRUGLQDWHG�$LU�8 VH�0 DQDJHPHQW�
�1 ( 6&$8 0 ��GRFXPHQWHG�WKH�WHFKQRORJ\ �IRUFLQJ�HIIHFWV�RI�HQYLURQPHQWDO�UHJXODWRU\ �
UHTXLUHPHQWV�DQG�FRQFOXGHG�WKDW�UHJXODWLRQV�ZLWK�ZHOO�GHILQHG�WDUJHWV�DQG�GHDGOLQHV�GULYH�
LQQRYDWLRQ�LQ�FRQWURO�WHFKQRORJ\ ��UHVXOWLQJ�LQ�GUDPDWLFDOO\ �ORZHU�LPSOHPHQWDWLRQ�FRVWV�
WKDQ�LQLWLDOO\ �SURMHFWHG����
�
* LYHQ�WKH�FXUUHQW�SURPLVLQJ�VWDWH�RI�WHFKQRORJ\ �GHYHORSPHQW�IRU�PHUFXU\ �VSHFLILF�
FRQWUROV�ZLWKLQ�WKLV�KLVWRULFDO�FRQWH[ W��WKHUH�LV�FRQVLGHUDEOH�UHDVRQ�IRU�FRQILGHQFH�WKDW�
SRZHU�SODQWV�ZLOO�EH�DEOH�WR�FRPSO\ �ZLWK�D�VWULQJHQW�0 $&7�VWDQGDUG�IRU�PHUFXU\ �LQ�D�
WLPHO\ �DQG�FRVW�HIIHFWLYH�PDQQHU���7KH�H[ LVWHQFH�RI�VWULQJHQW�VWDWH�PHUFXU\ �VWDQGDUGV�IRU�
SRZHU�SODQWV�UDLVHV�D�VHULRXV�TXHVWLRQ�DV�WR�KRZ�D�OHVV�VWULQJHQW�IHGHUDO�VWDQGDUG�IRU�WKHVH�
VRXUFHV�FRXOG�EH�MXVWLILHG�
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Chapter 1 

Human Health and Wildlife  
Impacts of Mercury Exposure 
 

+ XP DQ�+ HDOWK� 
 

KH�JHQHUDO�SRSXODWLRQ�LV�H[ SRVHG�WR�YDULRXV�IRUPV�RI�PHUFXU\ �WKURXJK�LQKDODWLRQ��
FRQVXPSWLRQ�RI�FRQWDPLQDWHG�IRRG�RU�ZDWHU��DQG�H[ SRVXUH�WR�VXEVWDQFHV�
FRQWDLQLQJ�PHUFXU\ ��VXFK�DV�SHVWLFLGHV���' LIIHUHQW�FKHPLFDO�W\ SHV�RI�PHUFXU\ �FDQ�
DGYHUVHO\ �DIIHFW�VHYHUDO�RUJDQ�V\ VWHPV��ZLWK�WKH�VHYHULW\ �RI�HIIHFWV�GHSHQGLQJ�

ODUJHO\ �RQ�WKH�PDJQLWXGH�DQG�WLPLQJ�RI�WKH�H[ SRVXUH��L�H���GXULQJ�IHWDO�GHYHORSPHQW�RU�DV�D�
FKLOG�RU�DGXOW��

�

��2 XWVLGH�RI�RFFXSDWLRQDO�VHWWLQJV��PHWK\ OPHUFXU\ �LV�WKH�PRVW�WR[ LF�IRUP�RI�
PHUFXU\ �WR�ZKLFK�KXPDQV�DUH�UHJXODUO\ �H[ SRVHG�DQG�WKLV�IRUP�RI�PHUFXU\ �LV�WKH�IRFXV�RI�
WKH�KHDOWK�LPSDFWV�GLVFXVVHG�LQ�WKLV�FKDSWHU���( [ SRVXUH�WR�PHWK\ OPHUFXU\ �LQ�WKH�8 �6��
FRPHV�SULPDULO\ �IURP�WKH�FRQVXPSWLRQ�RI�ILVK�DQG�VKHOOILVK���
�
7KHUH�DUH�H[ WHQVLYH�GDWD�WKDW�SURYLGH�HYLGHQFH�RI�WKH�DGYHUVH�HIIHFWV�RI�PHWK\OPHUFXU\ �RQ�
WKH�GHYHORSPHQW�RI�WKH�EUDLQ��QHXURGHYHORSPHQWDO�HIIHFWV��LQ�KXPDQV�DQG�DQLPDOV���7KH�
PRVW�VHYHUH�HIIHFWV�UHSRUWHG�LQ�KXPDQV�IROORZHG�KLJK�GRVH�SRLVRQLQJ�HSLVRGHV�LQ�,UDT�DQG�
-DSDQ���&KLOGUHQ�H[ SRVHG�WR�PHWK\ OPHUFXU\ �LQ�XWHUR�VXIIHUHG�YDULRXV�DGYHUVH�HIIHFWV�
LQFOXGLQJ��PHQWDO�UHWDUGDWLRQ��FHUHEUDO�SDOV\ ��GHDIQHVV��EOLQGQHVV�DQG�G\ VDUWKULD��D�VSHHFK�
GLVRUGHU�WKDW�LV�GXH�WR�D�ZHDNQHVV�RU�ODFN�RI�FRRUGLQDWLRQ�RI�WKH�VSHHFK�PXVFOHV����6HQVRU\ �
DQG�PRWRU�LPSDLUPHQW�ZHUH�DOVR�GRFXPHQWHG�LQ�DGXOWV���

7�

Methylmercury Bioaccumulation 

After mercury is deposited from the atmosphere, its greatest adverse impact occurs in the 
aquatic ecosystem.a In a series of chemical reactions, mercury can be converted by bacteria in 
the sediments to methylmercury, a form that is especially toxic to humans and wildlife.  Fish 
absorb methylmercury from the water as it passes over their gills and as they feed on other 
organisms.  As larger fish eat smaller ones, methylmercury concentrations increase in the 
bigger fish, a process known as bioaccumulation.  Consequently, larger predator fish usually 
have higher concentrations of methylmercury from eating contaminated prey.  Humans, birds 
and other wildlife that eat fish are exposed to methylmercury in this way. 
 
a U.S. EPA, 1997b. Mercury Study Report to Congress, Volume III: Fate and Transport of Mercury in the Environment. 
EPA-452/R-97-005.�
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3RLVRQLQJ�HSLVRGHV�OLNH�WKRVH�LQ�,UDT�DQG�-DSDQ�DUH�UDUH���,Q�FRQWUDVW��FKURQLF�ORZ�GRVH�
PHWK\ OPHUFXU\ �H[ SRVXUH�IURP�PDWHUQDO�FRQVXPSWLRQ�RI�ILVK�LV�FRPPRQ�DQG�KDV�EHHQ�
DVVRFLDWHG�ZLWK�VXEWOH�QHXURGHYHORSPHQWDO�HIIHFWV�LQ�FKLOGUHQ���7KH�( 3$ ��WKH�&HQWHUV�IRU�
' LVHDVH�&RQWURO�DQG�3UHYHQWLRQ��WKH�1 DWLRQDO�5HVHDUFK�&RXQFLO�RI�WKH�1 DWLRQDO�
$FDGHPLHV�RI�6FLHQFHV��DQG�WKH�: RUOG�+ HDOWK�2 UJDQL] DWLRQ�KDYH�DOO�GHWHUPLQHG�WKDW�
SRWHQWLDOO\ �VLJQLILFDQW�SXEOLF�KHDOWK�ULVNV�H[ LVW�IURP�ZLGHVSUHDG�H[ SRVXUH�WR�PHWK\ OPHUFXU\ �
LQ�XWHUR�GXH�WR�FRQVXPSWLRQ�RI�FRQWDPLQDWHG�ILVK�DQG�VKHOOILVK.  7KH�DYDLODEOH�VFLHQFH�DOVR�
LQGLFDWHV�WKDW�DGYHUVH�KHDOWK�HIIHFWV�DVVRFLDWHG�ZLWK�PHWK\ OPHUFXU\ �H[ SRVXUH�PD\ �QRW�EH�
UHYHUVLEOH��LQFUHDVLQJ�WKH�VLJQLILFDQFH�RI�WKH�SRWHQWLDO�KHDOWK�ULVNV�

�

��
�
7KH�DGYHUVH�HIIHFWV�RI�PHWK\ OPHUFXU\ �H[ SRVXUH�KDYH�EHHQ�VWXGLHG�LQ�WKUHH�ODUJH�
LQYHVWLJDWLRQV�LQ�WKH�) DURH�,VODQGV��WKH�6H\ FKHOOHV�,VODQGV�DQG�1 HZ�=HDODQG��DV�ZHOO�DV�LQ�
RWKHU�VPDOOHU�VWXGLHV�LQ�) UHQFK�* XLDQD�DQG�WKH�$PD] RQ���7KHVH�VWXGLHV�ORRNHG�DW�D�ZLGH�
UDQJH�RI�HIIHFWV��LQFOXGLQJ�DJH�DW�DFKLHYHPHQW�RI�GHYHORSPHQW�PLOHVWRQHV��LQIDQW�DQG�
SUHVFKRRO�GHYHORSPHQW��VHQVRU\ �DQG�ILQH�PRWRU�IXQFWLRQ�DQG�RWKHU�HQGSRLQWV�LQ�FKLOGUHQ���
,Q�WKH�) DURH�,VODQGV�DQG�1 HZ�=HDODQG�VWXGLHV��FKLOGUHQ�H[ SRVHG�WR�PHWK\ OPHUFXU\ �LQ�
XWHUR�DSSHDUHG�HQWLUHO\ �QRUPDO�GXULQJ�LQIDQF\ ��EXW�ODWHU�GLVSOD\ HG�QHXURORJLFDO�GHILFLWV�
ZKHQ�WHVWHG���7KHVH�LQFOXGHG�SRRU�SHUIRUPDQFH�RQ�QHXUREHKDYLRUDO�WHVWV��SDUWLFXODUO\ �RQ�
WHVWV�RI�DWWHQWLRQ��ILQH�PRWRU�IXQFWLRQ��ODQJXDJH��YLVXDO�VSDWLDO�DELOLWLHV��H�J���GUDZLQJ���DQG�
PHPRU\ ���7KH�ILQGLQJV�RI�WKH�6H\ FKHOOHV�,VODQG�VWXG\ �FRQIOLFW�ZLWK�WKH�) DURH�,VODQG�DQG�
1 HZ�=HDODQG�VWXGLHV�LQ�WKDW�WKH\ �GR�QRW�VKRZ�DGYHUVH�QHXURGHYHORSPHQW�HIIHFWV�LQ�
FKLOGUHQ�����
�
,Q�� � � � ��&RQJUHVV�UHTXHVWHG�WKDW�WKH�1 DWLRQDO�5HVHDUFK�&RXQFLO�RI�WKH�1 DWLRQDO�
$FDGHPLHV�RI�6FLHQFHV�SURYLGH�DQ�LQGHSHQGHQW�VFLHQWLILF�UHYLHZ�RI�DOO�RI�WKH�DYDLODEOH�
VFLHQWLILF�GDWD�RQ�KXPDQ�H[ SRVXUH�WR�PHUFXU\ ���8 OWLPDWHO\ ��WKH�1 DWLRQDO�5HVHDUFK�
&RXQFLO·V�UHYLHZ�RI�DOO�RI�WKH�VFLHQWLILF�GDWD�OHG�WR�WKH�FRQFOXVLRQ�WKDW�WKH�SRVLWLYH�ILQGLQJV�
RI�WKH�) DURH�,VODQG�VWXG\ �SURYLGH�WKH�PRVW�DSSURSULDWH�SXEOLF�KHDOWK�EDVLV�IRU�GHYHORSLQJ�
WKH�KHDOWK�JXLGHOLQH�YDOXH�IRU�( 3$ �

�

��7KLV�JXLGHOLQH�YDOXH�LV�XVHG�IRU�D�QXPEHU�RI�ULVN�
PDQDJHPHQW�GHFLVLRQV�DQG�UHJXODWRU\ �SROLFLHV�LQFOXGLQJ�DVVHVVPHQW�RI�ORZ�GRVH�FKURQLF�
H[ SRVXUH�IURP�FRQVXPSWLRQ�RI�PHUFXU\ �FRQWDPLQDWHG�ILVK�DQG�VHDIRRG��� 7KH�1 5&�DOVR�
FRQFOXGHG�WKDW�QHXUREHKDYLRUDO�GHILFLWV�RI�WKH�PDJQLWXGH�UHSRUWHG�LQ�WKH�) DURH�,VODQGV�
DQG�1 HZ�=HDODQG�DUH�OLNHO\ �WR�EH�DVVRFLDWHG�ZLWK�LQFUHDVHV�LQ�WKH�QXPEHU�RI�FKLOGUHQ�ZKR�
KDYH�WR�VWUXJJOH�WR�NHHS�XS�LQ�D�VWDQGDUG�FODVVURRP�RU�ZKR�PD\ �UHTXLUH�UHPHGLDO�FODVVHV�RU�
VSHFLDO HGXFDWLRQ�

�

���
�
: RPHQ�RI�FKLOGEHDULQJ�DJH��L�H���� � �WR�� � �\ HDUV�RI�DJH��DQG�SUHJQDQW�ZRPHQ�DUH�RI�VSHFLDO�
FRQFHUQ�LQ�WHUPV�RI�PHWK\ OPHUFXU\ �H[ SRVXUH�

�

��0 HWK\ OPHUFXU\ �H[ SRVXUH�SULRU�WR�
SUHJQDQF\ �FDQ�DFWXDOO\ �SODFH�WKH�GHYHORSLQJ�IHWXV�DW�ULVN�EHFDXVH�PHWK\ OPHUFXU\ �SHUVLVWV�LQ�
ERG\ �WLVVXH�DQG�LV�RQO\ �VORZO\ �H[ FUHWHG�IURP�WKH�ERG\ ���$V�D�UHVXOW��DQG�LQ�OLJKW�RI�WKH�IDFW�
WKDW�ZRPHQ�RIWHQ�GR�QRW�NQRZ�WKH\ �DUH�SUHJQDQW�XQWLO�WKH�SUHJQDQF\ �LV�SDVW�PDQ\ �RI�WKH�
FULWLFDO�VWDJHV�RI�IHWDO�GHYHORSPHQW��H�J���VL[ �ZHHNV���WKH�IHWXV�PD\ �EH�H[ SRVHG�WR�
PHWK\ OPHUFXU\ �FRQFHQWUDWLRQV�RI�FRQFHUQ�DV�D�UHVXOW�RI�PDWHUQDO�H[ SRVXUH�SULRU�WR�
SUHJQDQF\ ���
�
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,QIDQWV�PD\ �LQJHVW�PHWK\ OPHUFXU\ �IURP�EUHDVW�PLON�DQG�FKLOGUHQ�DUH�H[ SRVHG�WKURXJK�WKHLU�
GLHW���&KLOGUHQ�DQG�LQIDQWV�DUH�PRUH�VHQVLWLYH�WKDQ�DGXOWV�WR�WKH�HIIHFWV�RI�PHWK\ OPHUFXU\ �
EHFDXVH�WKHLU�QHUYRXV�V\ VWHPV�FRQWLQXH�WR�GHYHORS�XQWLO�DERXW�DJH�� � ���&KLOGUHQ�DUH�DOVR�DW�
JUHDWHU�ULVN�WKDQ�DGXOWV�EHFDXVH�WKH\ �HDW�PRUH�IRRG�WKDQ�DGXOWV�UHODWLYH�WR�ERG\ �ZHLJKW���$V�
D�UHVXOW��FKLOGUHQ�IDFH�D�KLJKHU�ULVN�RI�DGYHUVH�KHDOWK�HIIHFWV�

�

��
�
7KHUH�LV�DOVR�HYLGHQFH�WKDW�H[ SRVXUH�WR�PHWK\ OPHUFXU\ �FDQ�KDYH�DGYHUVH�HIIHFWV�RQ�WKH�
GHYHORSLQJ�DQG�DGXOW�FDUGLRYDVFXODU�V\ VWHP��EORRG�SUHVVXUH�UHJXODWLRQ��KHDUW�UDWH�
YDULDELOLW\ ��DQG�PD\ �FRQWULEXWH�WR�KHDUW�GLVHDVH�

�

��7KH�HIIHFW�RI�PHWK\ OPHUFXU\ �RQ�WKH�
LPPXQH�V\ VWHP�LV�SRRUO\ �XQGHUVWRRG��KRZHYHU��ODERUDWRU\ �DQG�DQLPDO�VWXGLHV�VXJJHVW�WKDW�
PHWK\ OPHUFXU\ �H[ SRVXUH�PD\ �LQFUHDVH�KXPDQ�VXVFHSWLELOLW\ �WR�LQIHFWLRXV�GLVHDVH�DQG�
DXWRLPPXQH�GLVRUGHUV�E\ �GDPDJLQJ�WKH�LPPXQH�V\ VWHP�

�

�
�

* RYHUQP HQW�6WDQGDUGV�DQG�* XLGDQFH�IRU�0 HWK\ OP HUFXU\ �
( [ SRVXUH�

 
,Q�OLJKW�RI�WKH�KXPDQ�KHDOWK�ULVNV�DVVRFLDWHG�ZLWK�H[ SRVXUH�WR�PHWK\ OPHUFXU\ ��VHYHUDO�
JRYHUQPHQW�DQG�LQWHUQDWLRQDO�KHDOWK�DJHQFLHV�KDYH�GHYHORSHG�KHDOWK�VWDQGDUGV�IRU�
PHWK\ OPHUFXU\ �H[ SRVXUH���7KHVH�VWDQGDUGV�DUH�XWLOL] HG�LQ�ULVN�DVVHVVPHQW��UHJXODWRU\ �
GHYHORSPHQW�DQG�LQ�LVVXLQJ�ILVK�DGYLVRULHV���7KHUH�LV�VXEVWDQWLDO�DJUHHPHQW�DPRQJ�WKHVH�
DJHQFLHV�RQ�WKH�OHYHO�RI�PHWK\ OPHUFXU\ �H[ SRVXUH�WKDW�FDXVHV�DGYHUVH�HIIHFWV��ZLWK�WKH�
FULWLFDO�GHEDWH�UHODWLQJ�WR�KRZ�WR�FKDUDFWHUL] H�DQG�TXDQWLI\ �XQFHUWDLQWLHV���$V�D�UHVXOW�RI�WKH�
XVH�RI�GLIIHUHQW�XQFHUWDLQW\ �IDFWRUV��WR�SURYLGH�WKH�SRSXODWLRQ�ZLWK�DQ�DPSOH�PDUJLQ�RI�
VDIHW\ ���DJHQFLHV�KDYH�DUULYHG�DW�D�UDQJH�RI�KHDOWK�VWDQGDUGV��DV�VKRZQ�LQ�7DEOH�� �� ���
�
Table 1.1 Methylmercury Health Standards 
Population Group Highest acceptable 

level of mercury in 
maternal hair 
(parts per million)  

Uncertainty 
Factor 

Amount of 
methylmercury that can 
safely be consumed 
every day over a 
lifetime without effect 

Women of Reproductive Age, Pregnant Women and Children 

U.S. EPA Reference Dose (RfD) 12 10 0.1 mg/kg/da 

ATSDR Minimal Risk Level (MRL)  15.3 4.5 0.3 mg/kg/db 

Canada Provisional Tolerable Daily 
Intake (pTDI) 

10 5 0.2 mg/kg/dc 

Joint FAO/WHO Expert Committee 
on Food Additives 

14 6.4 0.23 mg/kg/dd 

Adults 

FDA TDI  NA NA 0.47 mg/kg/de 
aBased on Faroe Islands study to protect fetal brain development. 
bBased on no observed effects in Seychelles study of infants up to 66 months of age. 
cBased on no effect level in maternal hair from Iraq, New Zealand, Seychelles and Faroe Islands studies. 
dBased on no effect level in umbilical cord blood and maternal hair from Iraq, New Zealand, Seychelles 
and Faroe Islands studies. 
eBased on tolerable daily intake with a reasonable certainty of no harm to adults. 
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Fish Consumption Advisories 

Widespread methylmercury contamination, primarily as a result the deposition of mercury from 
the atmosphere, has resulted in elevated levels of mercury in fish.  In fact, methylmercury 
contamination of fish is so pervasive in the U.S. that health departments in 45 states and 
American Samoa have issued freshwater fish consumption advisories. a  A consumption advisory 
may include recommendations to limit or avoid eating certain fish species caught from specific 
water bodies.  In most cases, sensitive individuals – which may include pregnant women, nursing 
women, women of child-bearing age, children (typically under age 14) and consumers of large 
quantities of fish – are specifically targeted by the advisories.  Eleven states have consumption 
advisories for every inland water body for at least one fish species; 10 states have consumption 
advisories for canned tuna; and eight southern states have statewide coastal marine advisories 
for king mackerel.  Limitations on fish intake have public health impacts of their own, in light of 
the fact that fish is in most respects a healthful food source. 
 
The amount of methylmercury in different fish varies considerably.  High intake of methylmercury 
can occur from frequent consumption of fish with relatively low methylmercury levels, and/or 
infrequent consumption of fish species with high levels of methylmercury.b��
�
EPA has issued a fish consumption advisory for women who are pregnant or may become 
pregnant, nursing mothers and young children.  These populations are advised to limit 
consumption of fish from non-commercial sources to one meal per week.  Consumers are also 
advised to check with their state and local health department for local information.  
 
The Food and Drug Administration (FDA) does not have jurisdiction over freshwater bodies 
within state borders and its advisories are therefore limited to marine species.  The FDA has 
issued a consumer advisory for pregnant women, women of childbearing age, nursing mothers 
and young children. These groups are advised not to eat swordfish, tilefish, shark and king 
mackerel because of high methylmercury levels.c   In July 2002, an independent committee of 
food safety advisors convened by the FDA recommended that consumption advisories be issued 
for canned tuna, but the Agency has not yet acted on the recommendation.d 
 
Health Canada and the British Food Standards Agency have also provided guidance to 
consumers about mercury exposure from fish consumption.  Health Canada advises consumers 
to limit their consumption of swordfish, shark and fresh and frozen tuna to one meal per week. 
For young children and women of childbearing age, the recommended limit for swordfish, shark 
and fresh or frozen tuna is one meal per month.  The advisory does not apply to canned tuna.e 
The British Food Standards Agency advises pregnant and breastfeeding women and women 
who intend to become pregnant to limit their consumption of tuna to no more than two medium-
sized cans or one fresh tuna steak per week.  These women are also advised to avoid eating 
shark, swordfish and marlin.  Infants and children under 16 are advised to avoid eating shark, 
swordfish and marlin.f 
 
a U.S. EPA. Fish Advisories Website. http://www.epa.gov/ost/fish 
b U.S. EPA. An Assessment of Exposure to Mercury in the United States. Volume IV of Mercury Study Report to 
Congress. 1997e. (EPA-452/R-97-006). 
c FDA Consumer Advisory for Pregnant Women and Women of Child-bearing Age who may become Pregnant about the 
Risks of Mercury in Fish. March 2001. http://vm.cfsan.fda.gov/~dms/admehg.html 
d Mercury Policy Project, 2003. Can the Tuna. http://www.mercurypolicy.org 
e Canada Food Inspection Fact Sheet. http://www.inspection.gc.ca/english/corpaffr/foodfacts/mercurye.shtml 
f Food Standards Agency. Agency updates advice to pregnant and breastfeeding women on eating certain fish. February 
17, 2003. http://www.foodstandards.gov.uk/news/pressreleases/tuna_mercury 
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Figure 1.1 Mercury Fish Advisories in the U.S. (2002)  

 
Source: U.S. EPA. Fish Advisories Website. http://www.epa.gov/ost/fish 

 
( 3$ �XVHV�D�UHIHUHQFH�GRVH��5I' ��WR�DVVHVV�WKH�ULVN�RI�PHWK\ OPHUFXU\ �H[ SRVXUH���$Q�5I' �LV�
D�GRVH�WKDW�FDQ�EH�LQJHVWHG�GDLO\ �RYHU�D�OLIHWLPH�ZLWKRXW�KDUPIXO�KHDOWK�HIIHFWV���,Q�� � � � ��
( 3$ �LVVXHG�DQ�5I' �RI�� �� �PLFURJUDPV�RI�PHWK\ OPHUFXU\ �SHU�NLORJUDP�RI�ERG\ �ZHLJKW�SHU�
GD\ ��RU�� �� �—J� NJ� GD\ ��EDVHG�RQ�WKH�GDWD�FROOHFWHG�LQ�,UDT���,Q�� � � � ��D�1 DWLRQDO�5HVHDUFK�
&RXQFLO�FRPPLWWHH��SDUW�RI�WKH�1 DWLRQDO�$FDGHPLHV�RI�6FLHQFHV��UHYLHZHG�DOO�RI�WKH�
DYDLODEOH�VFLHQWLILF�GDWD�RQ�KXPDQ�H[ SRVXUH�WR�PHWK\ OPHUFXU\ �DQG�FRQFOXGHG�WKDW�( 3$ ·V�
5I' �ZDV�VFLHQWLILFDOO\ �MXVWLILHG�

� 	 
 �

�
 
7KH�$JHQF\ �IRU�7R[ LF�6XEVWDQFHV�DQG�' LVHDVH�5HJLVWU\ ��$76' 5��SDUW�RI�WKH�&HQWHUV�IRU�
' LVHDVH�&RQWURO�DQG�3UHYHQWLRQ��VSHFLILHV�D�GLIIHUHQW�ULVN�OHYHO�IURP�( 3$ ·V�5I' ���7KH�
$76' 5·V�0 LQLPDO�5LVN�/ HYHO��0 5/ ��LV�� �� �—J� NJ� GD\ ��RU�WKUHH�WLPHV�OHVV�VWULQJHQW�WKDQ�
( 3$ ·V���$V�VKRZQ�LQ�7DEOH�� �� ��WKH�0 5/ �DQG�5I' �DUH�LQ�VXEVWDQWLDO�DJUHHPHQW�RQ�WKH�
OHYHO�RI�PHUFXU\ �LQ�PDWHUQDO�KDLU�WKDW�FDXVHV�KDUP���7KH�SULQFLSDO�GLIIHUHQFH�EHWZHHQ�WKH�
WZR�LV�WKH�DSSOLFDWLRQ�RI�XQFHUWDLQW\ �IDFWRUV��7KH�$76' 5�FDOFXODWHG�DQ�XQFHUWDLQW\ �IDFWRU�
RI�� �� ��FRPSDUHG�WR�WKH�XQFHUWDLQW\ �IDFWRU�RI�� � �XVHG�E\ �WKH�( 3$ ����,PSRUWDQWO\ ��WKH�
$76' 5��WKH�0 5/ �LV�QRW�WR�EH�XVHG�DV�JXLGDQFH�IRU�GHYHORSLQJ�ILVK�DGYLVRULHV��EXW�UDWKHU�
WR�GHILQH�VXEVWDQFH�VSHFLILF�OHYHOV�WKDW�SRVH�PLQLPDO�ULVN�WR�SXEOLF�KHDOWK�DW�6XSHUIXQG�
VLWHV�
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7KH�) RRG�DQG�' UXJ�$GPLQLVWUDWLRQ��) ' $ ��KDV�HVWDEOLVKHG�DQ�´DFWLRQ�OHYHOµ�RI�� �� �SDUW�
SHU�PLOOLRQ��SSP��IRU�ILVK�DQG�VKHOOILVK�VROG�LQ�LQWHUVWDWH�FRPPHUFH���) LVK�DQG�VKHOOILVK�
ZLWK�PHWK\ OPHUFXU\ �FRQFHQWUDWLRQV�DERYH�WKLV�OLPLW�DUH�QRW�WR�EH�VROG���7KH�DFWLRQ�OHYHO�
ZDV�RULJLQDOO\ �HVWDEOLVKHG�LQ�� � � � �DW�� �� �SSP���,W�ZDV�LQFUHDVHG�WR�� �� �SSP�LQ�� � � � �DV�WKH�
UHVXOW�RI�OLWLJDWLRQ�EURXJKW�E\ �FRPPHUFLDO�ILVKLQJ�LQWHUHVWV��ZKLFK�DUJXHG�VXFFHVVIXOO\ �WKDW�
WKH�DFWLRQ�OHYHO�VKRXOG�WDNH�LQWR�DFFRXQW�WKH�HFRQRPLF�LPSDFWV�RI�FRPSO\ LQJ�ZLWK�WKH�
VWDQGDUG�


 �

��7KH�DFWLRQ�OHYHO�WDNHV�LQWR�FRQVLGHUDWLRQ�WKH�7ROHUDEOH�' DLO\ �,QWDNH��7' ,��IRU�
PHWK\ OPHUFXU\ ��ZKLFK�LV�DQDORJRXV�WR�( 3$ ·V�5I' ��L�H���WKH�DPRXQW�RI�PHWK\ OPHUFXU\ �WKDW�
FDQ�EH�FRQVXPHG�GDLO\ �RYHU�D�OLIHWLPH�ZLWKRXW�KDUP����7KH�) ' $ ·V�7' ,�RI�� �� � �—J� NJ� GD\ �
LV�QHDUO\ �ILYH�WLPHV�OHVV�VWULQJHQW�WKDQ�( 3$ ·V�5I' �DQG�LV�KLJKHU�WKDQ�DOO�RWKHU�IHGHUDO�DQG�
LQWHUQDWLRQDO�JXLGHOLQHV��DV�VKRZQ�LQ�7DEOH�� �� ���7KH�7' ,�ZDV�FDOFXODWHG�IURP�GDWD�
GHYHORSHG��LQ�SDUW��IURP�VWXGLHV�RI�-DSDQHVH�DGXOWV�SRLVRQHG�E\ �FRQWDPLQDWHG�ILVK�


 


��
+ HDOWK�&DQDGD·V�7' ,�RI�� �� �—J� NJ� GD\ �LV�EDVHG�RQ�VHYHUDO�GLIIHUHQW�VWXGLHV�RI�SRLVRQLQJ�
HSLVRGHV�DQG�ORZ�OHYHO�H[ SRVXUHV�


 �

�
�
,Q�-XQH�� � � � ��D�MRLQW�SDQHO�RI�WKH�8 QLWHG�1 DWLRQV·�) RRG�DQG�$JULFXOWXUH�2 UJDQL] DWLRQ�DQG�
WKH�: RUOG�+ HDOWK�2 UJDQL] DWLRQ�KDOYHG�WKH�LQWHUQDWLRQDO�VWDQGDUG�IRU�PHWK\ OPHUFXU\ �
FRQVXPSWLRQ�IURP�� �� � �—J� NJ� GD\ �WR�� �� � �—J� NJ� GD\ �


 �

��7KH�NH\ �GLIIHUHQFH�EHWZHHQ�WKH�
QHZ�LQWHUQDWLRQDO�VWDQGDUG�DQG�( 3$ ·V�5I' �LV��DJDLQ��QRW�WKH�OHYHO�RI�PHWK\ OPHUFXU\ �WKDW�
FDXVHV�DGYHUVH�HIIHFWV���5DWKHU��LQ�FDOFXODWLQJ�WKH�PDUJLQ�RI�VDIHW\ ��( 3$ �XVHV�DQ�XQFHUWDLQW\ �
IDFWRU�RI�� � ��DV�FRPSDUHG�WR�WKH�: RUOG�+ HDOWK�2 UJDQL] DWLRQ·V�XVH�RI�� �� �DV�DQ�XQFHUWDLQW\ �
IDFWRU��
 

0 HWK\ OP HUFXU\ �( [ SRVXUH�LQ�WKH�8 �6���
 
* LYHQ�WKH�HIIHFWV�RI�PHWK\ OPHUFXU\ �RQ�IHWDO�DQG�FKLOG�GHYHORSPHQW��LW�LV�LPSRUWDQW�WR�
DVVHVV�WKH�DPRXQW�RI�PHWK\ OPHUFXU\ �WR�ZKLFK�WKH�8 �6��SRSXODWLRQ�LV�H[ SRVHG���2 QH�
DSSURDFK�IRU�HVWLPDWLQJ�PHWK\ OPHUFXU\ �H[ SRVXUH�IURP�ILVK�FRQVXPSWLRQ�LV�E\ �FRPELQLQJ�
ILVK�FRQVXPSWLRQ�UDWHV�LQ�WKH�8 �6��SRSXODWLRQ�ZLWK�VSHFLHV�VSHFLILF�FRQFHQWUDWLRQV�RI�
PHWK\ OPHUFXU\ �PHDVXUHG�LQ�ILVK���8 VLQJ�WKLV�DSSURDFK�LQ�WKH�� � � � �0 HUFXU\�6WXG\�5HSRUW�WR�
&RQJUHVV��( 3$ �HVWLPDWHG�WKDW�� �SHUFHQW�RI�ZRPHQ�RI�FKLOGEHDULQJ�DJH�H[ FHHG�WKH�5I' �
SULPDULO\ �IURP�VHDIRRG�FRQVXPSWLRQ�


 �

��0 HUFXU\ �H[ SRVXUH�HVWLPDWHV�IRU�VRPH�JURXSV�WKDW�
UHJXODUO\ �FRQVXPH�IUHVKZDWHU�ILVK�KDV�DOVR�EHHQ�HVWLPDWHG�WR�EH�LQ�WKH�UDQJH�RI�PHUFXU\ �
GRVDJHV�WKDW�PD\ �FDXVH�DGYHUVH�KHDOWK�HIIHFWV��) RU�H[ DPSOH��D�VWXG\ �FRQGXFWHG�LQ�WKH�
1 RUWKHDVW�FRQFOXGHG�WKDW�IUHTXHQW�LQJHVWLRQ��L�H���ZHHNO\ ��E\ �D�SUHJQDQW�ZRPDQ�RI�HLJKW�
RXQFHV�RU�OHVV�RI�IUHVKZDWHU�ILVK�FRQWDLQLQJ�PHWK\ OPHUFXU\ �OHYHOV�RI�� �� �WR�� �� �SSP��RU�
PRUH��FDQ�SURGXFH�EORRG�DQG�KDLU�OHYHOV�LQ�WKH�UDQJH�HVWLPDWHG�WR�EH�RI�FRQFHUQ�IRU�VRPH�
LQGLYLGXDOV�


 �

���
�
$QRWKHU�DSSURDFK�IRU�HVWLPDWLQJ�H[ SRVXUH�WR�PHWK\OPHUFXU\ �LV�E\ �VDPSOLQJ�KXPDQ�EORRG�
DQG�KDLU���,Q�WKH�ILUVW�VWXG\ �RI�WKLV�NLQG��WKH�� � � � �� � � � �1 DWLRQDO�+ HDOWK�DQG�1 XWULWLRQ�
( [ DPLQDWLRQ�6XUYH\ ��1 + $1 ( 6���WKH�&HQWHUV�IRU�' LVHDVH�&RQWURO�DQG�3UHYHQWLRQ�
SHUIRUPHG�KRXVHKROG�LQWHUYLHZV��SK\ VLFDO�H[ DPLQDWLRQV�DQG�EORRG�PHUFXU\ �DVVHVVPHQWV�
RQ�� � � �FKLOGUHQ�DQG�� �� � � �ZRPHQ���7KH�VXUYH\ �UHYHDOHG�WKDW�RQH�LQ�� � �ZRPHQ�RI�
FKLOGEHDULQJ�DJH��HLJKW�SHUFHQW��WHVWHG�DERYH�( 3$·V�VDIH�5I' �


 �

��7KLV�WUDQVODWHV�QDWLRQDOO\ �
WR�� �� �PLOOLRQ�ZRPHQ�RI�FKLOGEHDULQJ�DJH�ZLWK�HOHYDWHG�OHYHOV�RI�PHUFXU\ �DQG�
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DSSUR[ LPDWHO\ �� � � �� � � �QHZERUQV�ZKR�DUH�DW�ULVN�RI�QHXURORJLFDO�HIIHFWV�IURP�EHLQJ�
H[ SRVHG�LQ�XWHUR�WR�PHWK\ OPHUFXU\ ��%ORRG�PHUFXU\ �OHYHOV�ZHUH�IRXU�WLPHV�KLJKHU�LQ�
ZRPHQ�ZKR�KDG�HDWHQ�ILVK�WKUHH�RU�PRUH�WLPHV�ZLWKLQ�WKH�ODVW�� � �GD\ V��FRPSDUHG�ZLWK�
ZRPHQ�ZKR�DWH�QR�ILVK�GXULQJ�WKDW�SHULRG��
�
6LQFH�WKH�1 + $1 ( 6�LV�GHVLJQHG�WR�FROOHFW�LQIRUPDWLRQ�RQ�WKH�JHQHUDO�SRSXODWLRQ��WKHVH�
ILQGLQJV�DUH�GLUHFWO\ �DSSOLFDEOH�RQO\ �WR�WKRVH�ZKR�HDW�DYHUDJH�DPRXQWV�RI�ILVK���7KXV��
VXEVLVWHQFH�DQG�SURIHVVLRQDO�ILVKHUPHQ��FHUWDLQ�HWKQLF�JURXSV�OLNH�$VLDQ�$PHULFDQV��DQG�
VRPH�VSRUW�DQJOHUV�ZKR�HDW�PRUH�ILVK�WKDQ�WKH�DYHUDJH�$PHULFDQ�DUH�OLNHO\ �WR�KDYH�HYHQ�
KLJKHU�H[ SRVXUH�WKDQ�WKH�LQGLYLGXDOV�VXUYH\ HG�LQ�WKH�1 + $1 ( 6���
�
2 WKHU�VWXGLHV�UDLVH�HYHQ�PRUH�VHULRXV�FRQFHUQV���,Q�1 HZ�-HUVH\ ��D�VWXG\ �RI�SUHJQDQW�
ZRPHQ�IRXQG�� � �SHUFHQW�ZLWK�KDLU�PHUFXU\ �FRQFHQWUDWLRQV�JUHDWHU�WKDQ�( 3$ ·V�5I' �


 �

��,Q�
$UNDQVDV��� � � �LQGLYLGXDOV�ZHUH�VFUHHQHG�WR�HYDOXDWH�EORRG�PHUFXU\ �OHYHOV�LQ�SHRSOH�ZKR�
DWH�ILVK�FDXJKW�IURP�PHUFXU\ �FRQWDPLQDWHG�ZDWHUV��7KH�DYHUDJH�EORRG�PHUFXU\ �OHYHO�RI�
WKLV�JURXS�ZDV�KLJKHU�WKDQ�WKH�( 3$ �5I' �

� �

��$ �RQH�\ HDU�VXUYH\ �RI�DQ�LQWHUQDO�PHGLFLQH�
SUDFWLFH�LQ�6DQ�) UDQFLVFR�IRXQG�� � �SHUFHQW�RI�SDWLHQWV�ZLWK�GLHWV�KLJK�LQ�ILVK�KDG�EORRG�
PHUFXU\ �OHYHOV�DERYH�WKH�( 3$ �5I' �

� 


��
 

: LOGOLIH�,P SDFWV�
 
6WXGLHV�RI�WKH�HQYLURQPHQWDO��DV�RSSRVHG�WR�SXEOLF�KHDOWK��HIIHFWV�RI�PHUFXU\ �KDYH�IRFXVHG�
DOPRVW�H[ FOXVLYHO\ �RQ�ZLOGOLIH�LPSDFWV���,Q�WKH�VDPH�ZD\ �WKDW�KXPDQV�ZKR�HDW�ILVK�DVVXPH�
WKH�ODUJHVW�ULVN�IURP�PHUFXU\ �H[ SRVXUH��ILVK�HDWLQJ�ELUGV�DQG�PDPPDOV�DW�WKH�WRS�RI�WKH�
IRRG�ZHE�DUH�DW�ULVN�IURP�FRQVXPLQJ�HOHYDWHG�FRQFHQWUDWLRQV�RI�PHUFXU\ ���$V�ZLWK�
KXPDQV��WKH�\ RXQJ�DQG�XQERUQ�DUH�PXFK�PRUH�VHQVLWLYH�WKDQ�DGXOWV��DQG�ORZ�OHYHO�GLHWDU\ �
H[ SRVXUHV�WKDW�KDYH�QR�DSSDUHQW�LPSDFW�RQ�DGXOWV�FDQ�VHYHUHO\ �LPSDLU�WKH�VXUYLYDO�RI�WKH�
\ RXQJ�

� �

�
�
,Q�LWV�� � � � �0 HUFXU\�6WXG\�5HSRUW�WR�&RQJUHVV��( 3$ �DWWHPSWHG�WR�DVVHVV�WKH�LPSDFWV�RI�DLUERUQH�
PHUFXU\ �RQ�ZLOGOLIH�

� 


��,Q�GRLQJ�VR��LW�IRFXVHG�RQ�WKH�HIIHFWV�RI�PHUFXU\ �RQ�HQWLUH�ZLOGOLIH�
SRSXODWLRQV�RU�VSHFLHV��RQ�D�QDWLRQZLGH�EDVLV���$OWKRXJK�D�SRSXODWLRQ�IRFXV�LV�WKH�
DFFHSWHG�DSSURDFK�WR�ZLOGOLIH�DQG�HFRORJLFDO�ULVN�DVVHVVPHQW��( 3$ �LWVHOI�UDLVHG�WKH�
TXHVWLRQ�DV�WR�ZKHWKHU�QDWLRQDO�DVVHVVPHQWV�DOORZ�IRU�XVHIXO�FRQFOXVLRQV��$V�WR�VSHFLHV�
ZLGH�LPSDFWV��( 3$ �FRQFOXGHG�WKDW�ILHOG�GDWD�DUH�LQVXIILFLHQW�WR�UHDFK�D�FRQFOXVLRQ�WKDW�
HQWLUH�ZLOGOLIH�SRSXODWLRQV�DUH�DW�ULVN�H[ FHSW��SRVVLEO\ ��IRU�WKH�) ORULGD�SDQWKHU���+ RZHYHU��
ZKLOH�( 3$ �FRQFOXGHG�WKDW�HQWLUH�VSHFLHV�RI�KLJKO\ �H[ SRVHG�ILVK�HDWLQJ�DQLPDOV��H�J���
NLQJILVKHUV��EDOG�HDJOHV��DUH�QRW�DW�ULVN��LQGLYLGXDO�DQLPDOV�KDYH�VXIIHUHG�WR[ LF�HIIHFWV�IURP�
WKH�FRQVXPSWLRQ�RI�PHUFXU\ �FRQWDPLQDWHG�ILVK�DQG�FHUWDLQ�VXESRSXODWLRQV�PD\ �EH�DW�ULVN���
�
6LQFH�WKH�0 HUFXU\�6WXG\�5HSRUW�WR�&RQJUHVV�ZDV�SXEOLVKHG��D�QXPEHU�RI�VWXGLHV�KDYH�HPHUJHG�
WKDW�GHVFULEH�UHJLRQDO�DQG�ORFDO�LPSDFWV�RI�ILVK�PHUFXU\ �FRQWDPLQDWLRQ�RQ�YDULRXV�VSHFLHV�
WKDW�GHSHQG�RQ�D�ILVK�GLHW���: KLOH�WKHVH�VWXGLHV�GR�QRW�QHFHVVDULO\ �VLJQDO�WKH�GHFOLQH�RI�
HQWLUH�VSHFLHV��WKH\ �GR�LOOXVWUDWH�WKH�DGYHUVH�LPSDFW�RQ�ZLOGOLIH�RI�PHUFXU\ �FRQWDPLQDWLRQ�
LQ�GLIIHUHQW�UHJLRQV�RI�WKH�8 �6��
�
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) RU�D�QXPEHU�RI�SUDFWLFDO�UHDVRQV��WKH�FRPPRQ�ORRQ�KDV�HPHUJHG�DV�D�VSHFLHV�RQ�ZKLFK�
LQYHVWLJDWLRQ�RI�PHUFXU\ �H[ SRVXUHV�KDV�IRFXVHG�

� �

��&RPSDUHG�WR�RWKHU�VSHFLHV��ORRQV�DUH�
UHODWLYHO\ �HDV\ �WR�VWXG\ �VLQFH�WKH\ �DUH�WHUULWRULDO��ORQJ�OLYHG��XS�WR�� � �\ HDUV���DQG�FRQVXPH�
ODUJH�DPRXQWV�RI�ILVK���: KHQ�ILVK�FRQVXPSWLRQ�LV�H[ SUHVVHG�DV�D�SHUFHQWDJH�RI�ERG\ �PDVV��
WKH�UDWH�RI�ILVK�FRQVXPSWLRQ�RI�D�FRPPRQ�ORRQ�H[ FHHGV�WKDW�RI�D�KXPDQ�E\ �D�IDFWRU�RI�
� � � �

� �

��5HVHDUFK�RQ�ORRQV�LV�YDOXDEOH�QRW�RQO\ �IRU�LWV�RZQ�VDNH��EXW�DOVR�EHFDXVH�LW�PD\ �EH�
SRVVLEOH�WR�XVH�WKH�ORRQ�DV�DQ�LQGLFDWRU�VSHFLHV��WKXV�VLJQDOLQJ�ZKHUH�WKHUH�PD\ �EH�LPSDFWV�
RQ�RWKHU�VSHFLHV�ZLWK�KLJK�ILVK�GLHWV�

� �

�
�
$ �VWXG\ �RI�FRPPRQ�ORRQV�LQ�0 LQQHVRWD��: LVFRQVLQ�DQG�0 LFKLJDQ�IRXQG�WKDW�FKLFNV�KDG�
HOHYDWHG�FRQFHQWUDWLRQV�RI�PHUFXU\ �LQ�WKHLU�EORRG�LI�WKH\ �ZHUH�UHDUHG�RQ�DFLGLF�ODNHV�
FRQWDLQLQJ�SUH\ �ILVK�ZLWK�KLJKHU�PHUFXU\ �OHYHOV�FRPSDUHG�WR�QHDUE\ ��OHVV�DFLGLF�ODNHV�

� �

��
/ RRQV�LQ�QRUWK�FHQWUDO�: LVFRQVLQ�KDG�WKH�KLJKHVW�DYHUDJH�EORRG�PHUFXU\ �FRQFHQWUDWLRQV�² �
FRQFHQWUDWLRQV�FDSDEOH�RI�LPSDLULQJ�WKH�VXUYLYDELOLW\ �RI�\ RXQJ�ORRQV�

� �

��$OVR�LQ�: LVFRQVLQ��
ORRQ�FKLFN�SURGXFWLRQ�VKRZHG�D�GHFOLQH�LQ�ODNHV�ZKHUH�WKH�PHUFXU\ �FRQWHQW�RI�FKLFN�EORRG�
ZDV�HOHYDWHG�

� �

�
��
: KLOH�VLJQLILFDQWO\ �PRUH�ILHOG�UHVHDUFK�KDV�EHHQ�FRQGXFWHG�RQ�ORRQV��WKH�UHVXOWV�PD\ �EH�
UHOHYDQW�WR�XQGHUVWDQGLQJ�WKH�LPSDFWV�RI�PHWK\ OPHUFXU\ �FRQVXPSWLRQ�RQ�RWKHU�ELUGV�
ZKRVH�ILVK�GLHW�DOVR�SODFHV�WKHP�DW�KLJK�ULVN�IRU�PHUFXU\ �H[ SRVXUH���0 RVW�QRWDEOH�RI�WKHVH�
DUH�PHUJDQVHU�GXFNV��RVSUH\ ��HDJOHV��KHURQV�DQG�NLQJILVKHUV�


 �

�
�
0 DPPDOV�ZKRVH�GLHWV�FRQWDLQ�ODUJH�TXDQWLWLHV�RI�PHUFXU\ �FRQWDPLQDWHG�ILVK�DOVR�KDYH�
KLJK�OHYHOV�RI�PHUFXU\ �LQ�WKHLU�IXU��EUDLQV��OLYHUV�DQG�NLGQH\ V���0 HUFXU\ �KDV�EHHQ�IRXQG�LQ�
WKH�KLJKHVW�FRQFHQWUDWLRQV�LQ�ILVK�HDWLQJ�PLQN�DQG�RWWHU�


 
 	 
 �

��,Q�DUHDV�ZKHUH�PHUFXU\ �
GHSRVLWLRQ�OHYHOV�DUH�KLJK�WKHUH�LV�VRPH�HYLGHQFH�RI�UHGXFHG�VXUYLYRUVKLS�LQ�RWWHUV�


 


�
�
5HODWLYHO\ �OLWWOH�LV�NQRZQ�DERXW�WKH�KHDOWK�LPSDFWV�RI�PHWK\ OPHUFXU\ �RQ�ILVK�SRSXODWLRQV���
) LVK�HPEU\ RV�H[ SHULHQFH�WR[ LF�HIIHFWV�DW�PHUFXU\ �OHYHOV�WKDW�DUH�PXFK�ORZHU�WKDQ��SHUKDSV�
DV�ORZ�DV�RQH�WR�� � �SHUFHQW�RI��OHYHOV�UHTXLUHG�WR�FDXVH�VLPLODU�HIIHFWV�LQ�DGXOWV�


 �

��/ RZHU�
KDWFKLQJ�VXFFHVV�DQG�UHGXFHG�VXUYLYDO�RI�HPEU\ RV�ZHUH�DVVRFLDWHG�ZLWK�KLJK�
PHWK\ OPHUFXU\ �FRQFHQWUDWLRQV�LQ�ZDOOH\H�HJJV�IURP�WZR�QRUWKHUQ�: LVFRQVLQ�ODNHV���
%HFDXVH�ZDOOH\ HV�LQ�DW�OHDVW�HLJKW�RWKHU�DFLGLILHG�: LVFRQVLQ�ODNHV�KDYH�KLJKHU�
PHWK\ OPHUFXU\ �ORDGV�WKDQ�WKRVH�LQ�WKH�WZR�ODNHV�VWXGLHG��LW�LV�SRVVLEOH�WKDW�WKH�LPSDFW�RQ�
ILVK�UHSURGXFWLRQ�PD\ �EH�PRUH�ZLGHVSUHDG�


 �

��
�

&RQFOXVLRQV�
 
+ XPDQ�H[ SRVXUH�WR�PHWK\ OPHUFXU\ �UHVXOWV�PDLQO\ �IURP�WKH�FRQVXPSWLRQ�RI�ILVK�DQG�
VKHOOILVK���&KURQLF�ORZ�GRVH�PHWK\ OPHUFXU\ �H[ SRVXUH�IURP�PDWHUQDO�FRQVXPSWLRQ�RI�ILVK�
LV�FRPPRQ�DQG�KDV�EHHQ�DVVRFLDWHG�ZLWK�QHXURGHYHORSPHQWDO�HIIHFWV�LQ�FKLOGUHQ���,QIDQWV�
PD\ �DOVR�LQJHVW�PHWK\ OPHUFXU\ �IURP�EUHDVW�PLON��FKLOGUHQ��ZKRVH�QHUYRXV�V\ VWHPV�
FRQWLQXH�WR�GHYHORS�XQWLO�DERXW�DJH�� � ��DUH�H[ SRVHG�WKURXJK�WKHLU�GLHW��$GGLWLRQDOO\ ��WKHUH�
LV�HYLGHQFH�WKDW�H[ SRVXUH�WR�PHWK\ OPHUFXU\ �FDQ�DGYHUVHO\ �DIIHFW�WKH�GHYHORSLQJ�DQG�DGXOW�
FDUGLRYDVFXODU�V\ VWHP�DQG�PD\ �FRQWULEXWH�WR�KHDUW�GLVHDVH�LQ�DGXOWV���0 HWK\ OPHUFXU\ �
FRQWDPLQDWLRQ�RI�ILVK�LV�VR�SHUYDVLYH�LQ�WKH�8 �6��WKDW�KHDOWK�GHSDUWPHQWV�LQ�� � �VWDWHV�DQG�
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$PHULFDQ�6DPRD�KDYH�LVVXHG�ILVK�FRQVXPSWLRQ�DGYLVRULHV���/ LPLWDWLRQV�RQ�ILVK�LQWDNH�SRVH�
SXEOLF�KHDOWK�LPSDFWV�RI�WKHLU�RZQ��LQ�OLJKW�RI�WKH�EHQHILFLDO�UROH�RI�ILVK�LQWDNH�LQ�D�KHDOWK\ �
GLHW��
�
' LIIHUHQW�JRYHUQPHQW�DQG�LQWHUQDWLRQDO�KHDOWK�DJHQFLHV�KDYH�GHYHORSHG�KHDOWK�VWDQGDUGV�
IRU�PHWK\ OPHUFXU\ �H[ SRVXUH���6LJQLILFDQWO\ ��WKHUH�LV�VXEVWDQWLDO�DJUHHPHQW�DPRQJ�WKHVH�
DJHQFLHV�RQ�WKH�OHYHO�RI�PHWK\ OPHUFXU\ �H[ SRVXUH�WKDW�FDXVHV�DGYHUVH�HIIHFWV���7R�WKH�H[ WHQW�
WKDW�WKH�VWDQGDUGV�GLYHUJH��LW�LV�ODUJHO\ �D�FRQVHTXHQFH�RI�VFLHQWLILF�GHEDWH�DV�WR�KRZ�WR�
TXDQWLI\ �XQFHUWDLQWLHV���$ �QDWLRQDO�VXUYH\ �FRQGXFWHG�E\ �WKH�&HQWHUV�IRU�' LVHDVH�&RQWURO�
DQG�3UHYHQWLRQ�IRXQG�WKDW�RQH�LQ�� � ��RU�HLJKW�SHUFHQW��RI�$PHULFDQ�ZRPHQ�RI�
FKLOGEHDULQJ�DJH�KDG�DPRXQWV�RI�PHUFXU\ �LQ�WKHLU�EORRG�DERYH�WKH�OHYHOV�WKDW�( 3$ �
FRQVLGHUV�VDIH���$ �QXPEHU�RI�RWKHU�VWXGLHV�LQ�WKH�8 �6��GRFXPHQW�HYHQ�KLJKHU�H[ SRVXUHV��
�
6WXGLHV�RI�WKH�HQYLURQPHQWDO�HIIHFWV�RI�DLUERUQH�PHUFXU\ �KDYH�IRFXVHG�DOPRVW�H[ FOXVLYHO\ �
RQ�ZLOGOLIH�LPSDFWV���$OWKRXJK�WKH�VWXGLHV�GR�QRW�JHQHUDOO\ �VLJQDO�WKH�GHFOLQH�RI�HQWLUH�
VSHFLHV��WKH\ �GR�LOOXVWUDWH�WKH�DGYHUVH�LPSDFW�RQ�ZLOGOLIH�RI�PHUFXU\ �FRQWDPLQDWLRQ�LQ�
GLIIHUHQW�UHJLRQV�RI�WKH�8 �6���) RU�H[ DPSOH��ORRQ�FKLFN�SURGXFWLRQ�LQ�: LVFRQVLQ�KDV�VKRZQ�
D�GHFOLQH�RQ�ODNHV�ZKHUH�WKH�PHWK\ OPHUFXU\ �FRQWHQW�RI�FKLFN�EORRG�ZDV�HOHYDWHG���7KHUH�LV�
DOVR�HYLGHQFH�RI�UHGXFHG�VXUYLYRUVKLS�LQ�RWWHUV�LQ�DUHDV�ZKHUH�PHUFXU\ �GHSRVLWLRQ�OHYHOV�
DUH�KLJK� 
 
 
 

Endnotes 
 �
�8 �6��( 3$ ��+ HDOWK�( IIHFWV�RI�0 HUFXU\ �DQG�0 HUFXU\ �&RPSRXQGV��9ROXPH�9 �RI�0 HUFXU\ �6WXG\ �5HSRUW�WR�

&RQJUHVV��� � � � I���( 3$ �� � � � 5�� � �� � � ����

�

�%URZQ��' ��DQG�0 ��7DWVXWDQL��1 RUWKHDVW�6WDWHV�DQG�( DVWHUQ�&DQDGLDQ�3URYLQFHV�0 HUFXU\ �6WXG\ ��$ �
) UDPHZRUN�IRU�$FWLRQ��&KDSWHU�,,,��+ HDOWK�( IIHFWV�RI�0 HUFXU\ �DQG�6WUDWHJLHV�WR�3URWHFW�3XEOLF�+ HDOWK��
) HEUXDU\ �� � � � ��
��
�&RPPLWWHH�RQ�WKH�7R[ LFRORJLFDO�( IIHFWV�RI�0 HWK\ OPHUFXU\ ��%RDUG�RQ�( QYLURQPHQWDO�6WXGLHV�DQG�

7R[ LFRORJ\ ��&RPPLVVLRQ�RQ�/ LIH�6FLHQFHV��1 DWLRQDO�5HVHDUFK�&RXQFLO��7R[ LFRORJLFDO�( IIHFWV�RI�
0 HWK\ OPHUFXU\ ��� � � � ��1 DWLRQDO�$FDGHP\ �3UHVV��2 QOLQH��$YDLODEOH��
KWWS�� � ZZZ�QDS�HGX� ERRNV� � � � � � � � � � � � KWPO� �

�

�&RPPLWWHH�RQ�WKH�7R[ LFRORJLFDO�( IIHFWV�RI�0 HWK\ OPHUFXU\ ��%RDUG�RQ�( QYLURQPHQWDO�6WXGLHV�DQG�
7R[ LFRORJ\ ��&RPPLVVLRQ�RQ�/ LIH�6FLHQFHV��1 DWLRQDO�5HVHDUFK�&RXQFLO��7R[ LFRORJLFDO�( IIHFWV�RI�
0 HWK\ OPHUFXU\ ��� � � � ��1 DWLRQDO�$FDGHP\ �3UHVV��2 QOLQH��$YDLODEOH��
KWWS�� � ZZZ�QDS�HGX� ERRNV� � � � � � � � � � � � KWPO� �

�

�8 �6��( 3$ ��&KDUDFWHUL] DWLRQ�RI�+ XPDQ�DQG�: LOGOLIH�5LVNV�IURP�0 HUFXU\ �( [ SRVXUH�LQ�WKH�8 QLWHG�6WDWHV��
9ROXPH�9 ,,�RI�0 HUFXU\ �6WXG\ �5HSRUW�WR�&RQJUHVV��� � � � E���( 3$ �� � � � 5�� � �� � � ���

�

8 �6��( 3$ ��&KDUDFWHUL] DWLRQ�RI�+ XPDQ�DQG�: LOGOLIH�5LVNV�IURP�0 HUFXU\ �( [ SRVXUH�LQ�WKH�8 QLWHG�6WDWHV��
9ROXPH�9 ,,�RI�0 HUFXU\ �6WXG\ �5HSRUW�WR�&RQJUHVV��� � � � E���( 3$ �� � � � 5�� � �� � � ���

�

8 �6��( 3$ ��&KDUDFWHUL] DWLRQ�RI�+ XPDQ�DQG�: LOGOLIH�5LVNV�IURP�0 HUFXU\ �( [ SRVXUH�LQ�WKH�8 QLWHG�6WDWHV��
9ROXPH�9 ,,�RI�0 HUFXU\ �6WXG\ �5HSRUW�WR�&RQJUHVV��� � � � E���( 3$ �� � � � 5�� � �� � � ���
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 �
�&RPPLWWHH�RQ�WKH�7R[ LFRORJLFDO�( IIHFWV�RI�0 HWK\ OPHUFXU\ ��%RDUG�RQ�( QYLURQPHQWDO�6WXGLHV�DQG�

7R[ LFRORJ\ ��&RPPLVVLRQ�RQ�/ LIH�6FLHQFHV��1 DWLRQDO�5HVHDUFK�&RXQFLO��7R[ LFRORJLFDO�( IIHFWV�RI�
0 HWK\ OPHUFXU\ ��� � � � ��1 DWLRQDO�$FDGHP\ �3UHVV��2 QOLQH��$YDLODEOH��
KWWS�� � ZZZ�QDS�HGX� ERRNV� � � � � � � � � � � � KWPO� �
��
�&RPPLWWHH�RQ�WKH�7R[ LFRORJLFDO�( IIHFWV�RI�0 HWK\ OPHUFXU\ ��%RDUG�RQ�( QYLURQPHQWDO�6WXGLHV�DQG�

7R[ LFRORJ\ ��&RPPLVVLRQ�RQ�/ LIH�6FLHQFHV��1 DWLRQDO�5HVHDUFK�&RXQFLO��7R[ LFRORJLFDO�( IIHFWV�RI�
0 HWK\ OPHUFXU\ ��� � � � ��1 DWLRQDO�$FDGHP\ �3UHVV��2 QOLQH��$YDLODEOH��
KWWS�� � ZZZ�QDS�HGX� ERRNV� � � � � � � � � � � � KWPO� �

� �

�8 �6��( 3$ ��,QWHJUDWHG�5LVN�,QIRUPDWLRQ�6\ VWHP��ZZZ�HSD�JRY� LULV�
�� �

�$JHQF\ �IRU�7R[ LF�6XEVWDQFHV�DQG�' LVHDVH�5HJLVWU\ ��4 V�DQG�$V�IRU�UHOHDVH�RI�$76' 5·V�7R[ LFRORJLFDO�3URILOH�
RQ�0 HUFXU\ �WR�6XSSOHPHQW�,QIRUPDWLRQ�LQ�WKH�. H\ �&RPPXQLFDWLRQ�3RLQWV��$SULO�� � ��� � � � ��8 6) ' $ �&HQWHU�
IRU�) RRG�6DIHW\ �DQG�$SSOLHG�1 XWULWLRQ��2 QOLQH��$YDLODEOH��KWWS�� � ZZZ�FIVDQ�IGD�JRY� aDFUREDW� KJVWXG� � �SGI��

�

�

�� � �) HG��5HJ��� � � � ��� � �-DQXDU\ �� � � � ���
�

�

�8 �6��( 3$ ��+ HDOWK�( IIHFWV�RI�0 HUFXU\ �DQG�0 HUFXU\ �&RPSRXQGV��9ROXPH�9 �RI�0 HUFXU\ �6WXG\ �5HSRUW�WR�
&RQJUHVV��' HFHPEHU�� � � � ���( 3$ �� � � � 5�� � �� � � ����

�

�

�´0 HHWLQJ�WKH�&KDOOHQJHV�RI�&RQWLQHQWDO�3ROOXWDQW�3DWKZD\ V�0 HUFXU\ �&DVH�6WXG\ �µ��) LQDO�5HSRUW�WR�WKH�
6HFUHWDULDW�RI�WKH�&( &��) HEUXDU\ �� � � � ��2 QOLQH��$YDLODEOH��KWWS�� � ZZZ�HPDQ�
UHVH�FD� HPDQ� UHSRUWV� SXEOLFDWLRQV� � � BPHUFXU\ ZNVKS� SDJH� �KWPO�
��

�

�) $2 � : + 2 ��� � � � ��6XPPDU\ �DQG�FRQFOXVLRQV�RI�WKH�VL[ W\ �ILUVW�PHHWLQJ�RI�WKH�-RLQW�) $2 � : + 2 �( [ SHUW�
&RPPLWWHH�RQ�) RRG�$GGLWLYHV��-( &) $ ���5RPH��� � �� � �-XQH�� � � � ���-( &) $ � � � � 6&��2 QOLQH��$YDLODEOH��
IWS�� � IWS�IDR�RUJ� HV� HVQ� MHFID� MHFID� � VF�SGI���
��

�

�8 �6��( 3$ ��&KDUDFWHUL] DWLRQ�RI�+ XPDQ�+ HDOWK�DQG�: LOGOLIH�5LVNV�IURP�0 HUFXU\ �( [ SRVXUH�LQ�WKH�8 QLWHG�
6WDWHV��9ROXPH�9,,�RI�0 HUFXU\ �6WXG\ �5HSRUW�WR�&RQJUHVV��' HFHPEHU�� � � � ���( 3$ �� � � � 5�� � �� � � ���
��

�

�%URZQ��' ��DQG�0 ��7DWVXWDQL��1 RUWKHDVW�6WDWHV�DQG�( DVWHUQ�&DQDGLDQ�3URYLQFHV�0 HUFXU\ �6WXG\ ��$ �
) UDPHZRUN�IRU�$FWLRQ��&KDSWHU�,,,��+ HDOWK�( IIHFWV�RI�0 HUFXU\ �DQG�6WUDWHJLHV�WR�3URWHFW�3XEOLF�+ HDOWK��
) HEUXDU\ �� � � � ��
�� �

�6FKREHU��6�( ��HW�DO��´%ORRG�0 HUFXU\ �/ HYHOV�RQ�8 6�&KLOGUHQ�DQG�: RPHQ�RI�&KLOGEHDULQJ�$JH��� � � � �� � � � �µ�
� � � � ��-$0 $ �9RO��� � � ��1 R�� � ��$SULO�� ��� � � � ���� � � � �� � � � ��

�
�

�6WHUQ��$ �+ ���0 ��* RFKIHOG��&��: HLVHO�DQG�-��%HUJHU��´0 HUFXU\ �DQG�0 HWK\ OPHUFXU\ �( [ SRVXUH�LQ�WKH�1 HZ�
-HUVH\ �3UHJQDQW�3RSXODWLRQ�µ�$UFK��( QYLURQ��+ HDOWK�9RO��� � ��-DQ� ) HE�� � � � ����� �� � ��

�

�

�%XUJH��3��DQG�6��( YDQV��´0 HUFXU\ �&RQWDPLQDWLRQ�LQ�$UNDQVDV�* DPHILVK��D�3XEOLF�+ HDOWK�3HUVSHFWLYH�µ�-�
$UN�0 HG�6RF��9RO��� � ��1 R��� � ��$SULO�� � � � ���� � � �� � � ��

�

�

�+ LJKWRZHU��-��´0 HUFXU\ �/ HYHOV�LQ�+ LJK�( QG�&RQVXPHUV�RI�) LVK�µ�( QYLURQPHQWDO�+ HDOWK�3HUVSHFWLYHV��
1 RYHPEHU�� ��� � � � ��2 QOLQH��$YDLODEOH��( KSRQOLQH�RUJ��

� �

�6FKHXKDPPHU��$ ��0 ���´ ( IIHFWV�RI�$FLGLILFDWLRQ�RQ�WKH�$YDLODELOLW\ �RI�7R[ LF�0 HWDOV�DQG�&DOFLXP�WR�: LOG�
%LUGV�DQG�0 DPPDOV�µ�( QYLURQPHQWDO�3ROOXWLRQ�� � ��� � � � ���� � � �� � � ��

�

�

�8 �6��( 3$ ��$Q�( FRORJLFDO�$VVHVVPHQW�IRU�$QWKURSRJHQLF�0 HUFXU\ �( PLVVLRQV�LQ�WKH�8 QLWHG�6WDWHV��9ROXPH�
9,�RI�0 HUFXU\ �6WXG\ �5HSRUW�WR�&RQJUHVV��' HFHPEHU�� � � � ���( 3$ �� � � � 5�� � �� � � ���



�

MERCURY EMISSIONS FROM COAL-FIRED POWER PLANTS 1-11 
 

 
� �

�( YHUV��' ���-��. DSODQ��0 ��0 H\ HU��3��5HDPDQ��: ��( ��%UDVHOWRQ��$ ��0 DMRU��1 ��%XUJHVV�DQG�$ �0 ��
6FKHXKDPPHU��´ * HRJUDSKLF�7UHQG�LQ�0 HUFXU\ �0 HDVXUHG�LQ�&RPPRQ�/ RRQ�) HDWKHUV�DQG�%ORRG�µ�
( QYLURQPHQWDO�7R[ LFRORJ\ �DQG�&KHPLVWU\ �9RO�� � �1 XPEHU�� �� � � � ���� � � �� � � ��

�
�

�. UDEEHQKRIW��' �3���DQG�-�* ��: HLQHU��´0 HUFXU\ �&RQWDPLQDWLRQ��$ �1 DWLRQZLGH�7KUHDW�WR�2 XU�$TXDWLF�
5HVRXUFHV��DQG�D�3URSRVHG�5HVHDUFK�$JHQGD�IRU�WKH�8 �6��* HRORJLFDO�6XUYH\ �µ�LQ�0 RUJDQZDOS��' �: ���DQG�
%X[ WRQ��+ �7���HGV���8 �6��* HRORJLFDO�6XUYH\ �7R[ LF�6XEVWDQFHV�+ \ GURORJ\ �3URJUDP��3URFHHGLQJV�RI�WKH�
WHFKQLFDO�PHHWLQJ��&KDUOHVWRQ��6�&���0 DUFK�� �� � ��� � � � ��8 �6��* HRORJLFDO�6XUYH\ �: DWHU�5HVRXUFHV�,QYHVWLJDWLRQ�
5HSRUW�� � �� � � � %���

� �

�0 H\ HU��0 ���' ��( YHUV��-��+ DUWLJDQ�DQG�3��5DVPXVVHQ��´3DWWHUQV�RI�&RPPRQ�/ RRQ��* DYLD�,PPHU��0 HUFXU\ �
( [ SRVXUH��5HSURGXFWLRQ��DQG�6XUYLYDO�LQ�: LVFRQVLQ��8 6$ �µ�( QYLURQPHQWDO�7R[ LFRORJ\ �DQG�&KHPLVWU\ ��
9ROXPH�� � �1 XPEHU�� ��� � � � ���� � � �� � � ��

� �

�( YHUV��' ���-��. DSODQ��0 ��0 H\ HU��3��5HDPDQ��: ��( ��%UDVHOWRQ��$ ��0 DMRU��1 ��%XUJHVV�DQG�$ �0 ��
6FKHXKDPPHU��´ * HRJUDSKLF�7UHQG�LQ�0 HUFXU\ �0 HDVXUHG�LQ�&RPPRQ�/ RRQ�) HDWKHUV�DQG�%ORRG�µ�
( QYLURQPHQWDO�7R[ LFRORJ\ �DQG�&KHPLVWU\ �9ROXPH�� � �1 XPEHU�� ��� � � � ���� � � �� � � ��

�

�

�( YHUV��' ���-��. DSODQ��0 ��0 H\ HU��3��5HDPDQ��: ��( ��%UDVHOWRQ��$ ��0 DMRU��1 ��%XUJHVV�DQG�$ �0 ��
6FKHXKDPPHU��´ * HRJUDSKLF�7UHQG�LQ�0 HUFXU\ �0 HDVXUHG�LQ�&RPPRQ�/ RRQ�) HDWKHUV�DQG�%ORRG�µ�
( QYLURQPHQWDO�7R[ LFRORJ\ �DQG�&KHPLVWU\ �9ROXPH�� � �1 XPEHU�� ��� � � � ���� � � �� � � ��

�

�

�0 H\ HU��0 ���' ��( YHUV��-��+ DUWLJDQ�DQG�3��5DVPXVVHQ���´3DWWHUQV�RI�&RPPRQ�/ RRQ��* DYLD�,PPHU��0 HUFXU\ �
( [ SRVXUH��5HSURGXFWLRQ��DQG�6XUYLYDO�LQ�: LVFRQVLQ��8 6$ �µ�( QYLURQPHQWDO�7R[ LFRORJ\ �DQG�&KHPLVWU\ �
9ROXPH�� � �1 XPEHU�� ��� � � � ���� � � �� � � ��

�

�

�6FKHXKDPPHU��$ ��0 ��´0 HWK\ OPHUFXU\ �( [ SRVXUH�DQG�( IIHFWV�LQ�3LVFLYRURXV�%LUGV�µ�LQ�3URFHHGLQJV�� � � � �
&DQDGLDQ�0 HUFXU\ �1 HWZRUN�: RUNVKRS��<RUN�8 QLYHUVLW\ ��7RURQWR��2 QWDULR��� � � � ��

�

�

�6FKUHLEHU��5��. ��DQG�-��1 HZPDQ��´ ( IIHFWV�RI�$LU�3ROOXWLRQ�RQ�: LOGOLIH��$ �6\ QWKHVLV�µ�LQ�3URFHHGLQJV�; ,; �
: RUOG�&RQJUHVV��,QWHUQDWLRQDO�8 QLRQ�RI�) RUHVW�5HVHDUFK�2 UJDQL] DWLRQV��� � � � ��� � � �� � � ��

�

�

�) DFHPLUH��&�) ��´0 HUFXU\ �LQ�: LOGOLIH�µ�LQ�8 �6��( 3$ ��1 DWLRQDO�) RUXP�RQ�0 HUFXU\ �LQ�) LVK��3URFHHGLQJV��
� � � � ���( 3$ �� � � �55�� � �� � � ���

� �

�0 LHUOH��* ���( ��$GGLVRQ��. �6��0 DF' RQDOG�DQG�' �* ��-RDFKLP��´0 HUFXU\ �/ HYHOV�LQ�7LVVXHV�RI�2 WWHUV�IURP�
2 QWDULR��&DQDGD��9DULDWLRQ�ZLWK�$JH��6H[ �DQG�/ RFDWLRQ�µ�( QYLURQPHQWDO�7R[ LFRORJ\ �DQG�&KHPLVWU\ �9ROXPH�
� � �1 XPEHU�� � ��� � � � ���� � � � �� � � � ��

�

�

�: LVFRQVLQ�' HSDUWPHQW�RI�1 DWXUDO�5HVRXUFHV��0 HUFXU\ �LQ�: LVFRQVLQ·V�( QYLURQPHQW��$ �6WDWXV�5HSRUW��
� � � � ��

�

�

�/ DWKURS��5�&��HW�DO��0 HUFXU\ �/ HYHOV�LQ�: DOOH\ HV�IURP�: LVFRQVLQ�/ DNHV�RI�' LIIHUHQW�: DWHU�DQG�6HGLPHQW�
&KHPLVWU\ �&KDUDFWHULVWLFV��: LVFRQVLQ�' HSDUWPHQW�RI�1 DWXUDO�5HVRXUFHV��7HFKQLFDO�%XOOHWLQ�1 R��� � � ��� � � � ��
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Chapter 2 

Mercury Emissions  
and Deposition in the U.S.  
 

0 HUFXU\ �( P LVVLRQV�E\ �,QGXVWULDO�6HFWRU�
 

Q�LWV�� � � � �0 HUFXU\�6WXG\�5HSRUW�WR�&RQJUHVV��( 3$ �LGHQWLILHG�VRXUFHV�LQ�WKH�8 �6��WKDW�HPLW�
PHUFXU\ �WR�WKH�DLU���( 3$ �HVWLPDWHG�IRU�WKH�� � � � �WR�� � � � �WLPHIUDPH��WKHVH�VRXUFHV�
HPLWWHG�� � � �WRQV�SHU�\ HDU�




��7KH�$JHQF\ �KDV�UHFHQWO\ �UHOHDVHG�DQ�XSGDWHG�QDWLRQDO�
PHUFXU\ �LQYHQWRU\ �ZLWK�D�� � � � �HVWLPDWH�RI�� � � �� �WRQV�SHU�\ HDU�

�

��$V�VKRZQ�LQ�7DEOH�
� �� ��FRDO�ILUHG�SRZHU�SODQWV�UHPDLQ�WKH�ODUJHVW�VRXUFH�W\ SH�LQ�WKH�LQYHQWRU\ ���7KH\ �ZHUH�
HVWLPDWHG�LQ�� � � � �WR�HPLW�DERXW�� � �WRQV�SHU�\ HDU��RU�RYHU�� � �SHUFHQW�RI�WKH�8 �6��LQYHQWRU\ �
IURP�DQWKURSRJHQLF�VRXUFHV���,Q�DGGLWLRQ��PHUFXU\ �HPLVVLRQV�IURP�FRDO�ILUHG�SRZHU�SODQWV�
DUH�H[ SHFWHG�WR�LQFUHDVH�EDVHG�RQ�SURMHFWLRQV�RI�HQHUJ\ �SURGXFWLRQ�DQG�FRDO�XVH��DEVHQW�
DQ\ �VWDWH�RU�IHGHUDO�DFWLRQV�WR�UHTXLUH�PHUFXU\ �HPLVVLRQ�UHGXFWLRQV���
 
6LQFH�WKH�� � � � �LQYHQWRU\ ��FHUWDLQ�VRXUFH�FDWHJRULHV��PRVW�QRWDEO\ �KD] DUGRXV�DQG�PXQLFLSDO�
ZDVWH�FRPEXVWRUV�DQG�PHGLFDO�ZDVWH�LQFLQHUDWRUV��KDYH�EHHQ�UHTXLUHG�WR�VLJQLILFDQWO\ �
UHGXFH�WKHLU�PHUFXU\ �HPLVVLRQV���0 HUFXU\ �HPLVVLRQV�IURP�PHGLFDO�ZDVWH�LQFLQHUDWRUV�DQG�
PXQLFLSDO�ZDVWH�FRPEXVWRUV�KDYH�GHFOLQHG�FRQVLGHUDEO\ �VLQFH�� � � � �RQ�DFFRXQW�RI�SODQW�
FORVXUHV��UHGXFWLRQ�LQ�WKH�PHUFXU\ �FRQWHQW�RI�WKH�ZDVWH�VWUHDP�DQG�IHGHUDO�DQG�VWDWH�
UHJXODWRU\ �DFWLRQV����6HH�&KDSWHU�� ����
 
7KH�XVH�RI�PHUFXU\ �LQ�FRQVXPHU�SURGXFWV�LV�DOVR�GHFOLQLQJ���%RWK�WKH�XVH�DQG�GLVSRVDO�RI�
PHUFXU\ �LQ�WKHVH�SURGXFWV�DUH�FRPLQJ�XQGHU�LQFUHDVLQJ�VWDWH�UHJXODWLRQ���$V�RI�-XO\ �� � � � ��
� � �VWDWHV�KDG�SDVVHG�OHJLVODWLRQ�FRQFHUQLQJ�HLWKHU�WKH�XVH��VDOH�RU�ODEHOLQJ�RI�PHUFXU\ �
FRQWDLQLQJ�SURGXFWV���/ RFDO�RUGLQDQFHV�DUH�LQ�HIIHFW�LQ�VRPH�VWDWHV�DV�ZHOO�




���
�
3DVW�LQGXVWULDO�XVHV�RI�PHUFXU\ �DUH�QRW�FRQVLGHUHG�LQ�WKH�LQYHQWRU\ ��EXW�PDQ\ �KDYH�OHIW�D�
OHJDF\ �RI�VLJQLILFDQW�PHUFXU\ �FRQWDPLQDWLRQ���6RPH�RI�WKHVH�LQFOXGH�WKH�XVH�RI�PHUFXU\ �
IXQJLFLGHV�LQ�WH[ WLOHV��SXOS�DQG�SDSHU�SURGXFWLRQ��WXUI�JUDVV�DSSOLFDWLRQV��DQG�LQWHULRU�DQG�
H[ WHULRU�SDLQW���$V�D�UHVXOW�RI�WKHVH�JDSV��DFWXDO�PHUFXU\ �HPLVVLRQV�PD\ �EH�KLJKHU�WKDQ�WKH�
LQYHQWRU\ �VXJJHVWV���

,�
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Table 2.1 1999 National Emissions Inventory for Mercury by Source Type 
Source Category 1999 Estimated 

Emissions 
 (tons/year) 

Percent of Total U.S. 
Inventory (%) 

Utility Boilers 48.7 41.6 

Coal 47.8  40.8 

Oil 0.50 0.4 

Natural gas 0.44 0.4 

Municipal waste combustors 5.1 4.3 

Commercial/Industrial boilers 9.73 8.3 

Medical waste incinerators 2.84 2.4 

Hazardous waste combustors 2.94 2.5 

Residential boilers 1.23 1.1 

Coal 0.08 0.1 

Oil 1.15 1.0 

Wood-fired boilers 0.69 0.6 

Crematories 0.13 0.1 

Chlorine manufacturing 6.53 5.6 

Portland cement 2.36 2.0 

Pulp and paper 1.69 1.4 

All Other  35.36 30 

TOTAL 117.3 100 

Source: U.S. EPA, Office of Air Quality Planning and Standards.  1999 National Emissions 
Inventory for Hazardous Air Pollutants. 
http://www.epa.gov/ttn/chief/net/1999inventory.html#final3haps.�

�
* LYHQ�WKHVH�FRQVLGHUDWLRQV��LW�LV�GLIILFXOW�WR�GHWHUPLQH�WKH�H[ DFW�SHUFHQWDJH�RI�8 �6��
PHUFXU\ �HPLVVLRQV�DWWULEXWDEOH�WR�FRDO�ILUHG�SRZHU�SODQWV���+ RZHYHU��LQ�OLJKW�RI�WKH�IDFW�
WKDW�DOO�HPLVVLRQ�LQYHQWRULHV�UHSUHVHQW�D�VQDSVKRW�LQ�WLPH��WKH�ILJXUH�RI�� � �SHUFHQW�
�DSSUR[ LPDWHO\ �� � �WRQV��VKRXOG�EH�FRQVLGHUHG�( 3$ ·V�EHVW�DQG�PRVW�FXUUHQW�HVWLPDWH�RI�WKH�
FRQWULEXWLRQ�RI�FRDO�ILUHG�SRZHU�SODQWV�WR�WKH�QDWLRQDO�LQYHQWRU\ �RI�DQWKURSRJHQLF�
HPLVVLRQV��
 

,QGXVWULDO�6RXUFHV�LQ�WKH�* OREDO�&RQWH[ W�
�
&XUUHQW�UHOHDVHV�RI�PHUFXU\ �DGG�WR�WKH�JOREDO�LQYHQWRU\ �LQ�WKH�ELRVSKHUH���* HQHUDOO\ �
VSHDNLQJ��WKHUH�DUH�IRXU�W\SHV�RI�PHUFXU\ �HPLVVLRQV�WKDW�PXVW�EH�DFFRXQWHG�IRU�LQ�WKH�
JOREDO�LQYHQWRU\ �

�

�
�

·  &XUUHQW�DQWKURSRJHQLF��L�H���DVVRFLDWHG�ZLWK�KXPDQ�DFWLYLW\ ��UHOHDVHV�IURP�WKH�
PRELOL] DWLRQ�RI�PHUFXU\ �LPSXULWLHV�LQ�UDZ�PDWHULDOV�VXFK�DV�IRVVLO�IXHOV�² �
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SDUWLFXODUO\ �FRDO��DQG�WR�D�OHVVHU�H[ WHQW�RLO�² �DQG�RWKHU�H[ WUDFWHG��WUHDWHG�DQG�
UHF\ FOHG�PLQHUDOV��

·  &XUUHQW�DQWKURSRJHQLF�UHOHDVHV�UHVXOWLQJ�IURP�PHUFXU\ �XVHG�LQWHQWLRQDOO\ �LQ�
SURGXFWV�DQG�SURFHVVHV��GXH�WR�UHOHDVHV�GXULQJ�PDQXIDFWXULQJ��OHDNV��GLVSRVDO�RU�
LQFLQHUDWLRQ�RI�VSHQW�SURGXFWV�RU�RWKHU�UHOHDVHV��

·  5H�PRELOL] DWLRQ�RI�KLVWRULF�DQWKURSRJHQLF�PHUFXU\ �UHOHDVHV�SUHYLRXVO\ �GHSRVLWHG�LQ�
VRLOV��VHGLPHQWV��ZDWHU�ERGLHV��ODQGILOOV�DQG�ZDVWH� WDLOLQJV�SLOHV��DQG�

·  1 DWXUDO�VRXUFHV���UHOHDVHV�GXH�WR�QDWXUDO�PRELOL] DWLRQ�RI�QDWXUDOO\ �RFFXUULQJ�
PHUFXU\ �IURP�WKH�HDUWK
V�FUXVW��VXFK�DV�YROFDQLF�DFWLYLW\ �DQG�ZHDWKHULQJ�RI�URFNV��

�
0 HUFXU\ �LQ�WKH�JOREDO�LQYHQWRU\ �FRQWLQXRXVO\ �F\ FOHV³ LW�LV�PRELOL] HG��GHSRVLWHG�RQ�ODQG�DQG�
ZDWHU��DQG�UH�PRELOL] HG���7KH�RQO\ �ORQJ�WHUP�VLQNV�IRU�UHPRYDO�RI�PHUFXU\ �IURP�WKH�
ELRVSKHUH�DUH�GHHS�VHGLPHQWV�DQG��SRVVLEO\ ��FRQWUROOHG�ODQGILOOV�LQ�ZKLFK�WKH�PHUFXU\ �LV�
SK\ VLFDOO\ �RU�FKHPLFDOO\ �LPPRELOL] HG�DQG�UHPDLQV�XQGLVWXUEHG���
�
$ �UHFHQW�HVWLPDWH�RI�DQQXDO�JOREDO�PHUFXU\ �UHOHDVHV�LV�� �� � � �PHWULF�WRQV��� �� � � �PHWULF�WRQV�
IURP�DQWKURSRJHQLF�VRXUFHV�DQG�� �� � � �PHWULF�WRQV�IURP�QDWXUDO�UHOHDVHV��

�

��7KH�HVWLPDWH�RI�
DQWKURSRJHQLF�UHOHDVHV�LQFOXGHV�� � � �WRQV�RI�UH�HPLWWHG�PHUFXU\ �IURP�WKH�RFHDQV���7KXV��
FXUUHQW�DQQXDO�JOREDO�DQWKURSRJHQLF�HPLVVLRQV�DUH�DSSUR[ LPDWHO\ �� �� � � �PHWULF�WRQV���
�
$FFRUGLQJ�WR�WKH�8 QLWHG�1 DWLRQV·�( QYLURQPHQW�3URJUDPPH�* OREDO�0 HUFXU\ �$VVHVVPHQW���
�

7KH�HPLVVLRQV�IURP�VWDWLRQDU\ �FRPEXVWLRQ�RI�IRVVLO�IXHOV��HVSHFLDOO\ �FRDO��DQG�
LQFLQHUDWLRQ�RI�ZDVWH�PDWHULDOV�DFFRXQWV�IRU�DSSUR[ LPDWHO\ �� � �SHUFHQW�RI�WKH�WRWDO�
TXDQWLILHG�DWPRVSKHULF�HPLVVLRQV�IURP�VLJQLILFDQW�DQWKURSRJHQLF�VRXUFHV���$V�
FRPEXVWLRQ�RI�IRVVLO�IXHOV�LV�LQFUHDVLQJ�LQ�RUGHU�WR�PHHW�WKH�JURZLQJ�HQHUJ\ �
GHPDQGV�RI�ERWK�GHYHORSLQJ�DQG�GHYHORSHG�QDWLRQV��PHUFXU\ �HPLVVLRQV�FDQ�EH�
H[ SHFWHG�WR�LQFUHDVH�DFFRUGLQJO\ �LQ�WKH�DEVHQFH�RI�WKH�GHSOR\ PHQW�RI�FRQWURO�
WHFKQRORJLHV�RU�WKH�XVH�RI�DOWHUQDWLYH�HQHUJ\ �VRXUFHV�

�

�
�
7KH�VSDWLDO�GLVWULEXWLRQ�RI�JOREDO�PHUFXU\ �HPLVVLRQV�KDV�FKDQJHG�VLQFH�� � � � ���( PLVVLRQV�LQ�
( XURSH�DQG�1 RUWK�$PHULFD�GHFUHDVHG�VXEVWDQWLDOO\ �EHWZHHQ�� � � � �DQG�� � � � ��ZKHUHDV�LQ�
,QGLD�DQG�&KLQD�PHUFXU\ �HPLVVLRQV�LQFUHDVHG�VLJQLILFDQWO\ ���,Q�� � � � ��$VLDQ�VRXUFHV�
FRQWULEXWHG�DERXW�� � �SHUFHQW�RI�WKH�JOREDO�LQYHQWRU\ ��FRPSDUHG�WR�� � �SHUFHQW�LQ�� � � � ���
( VWLPDWHV�DUH�WKDW�&KLQD�VDZ�DQ�LQFUHDVH�RI�PRUH�WKDQ�� � � �PHWULF�WRQV�EHWZHHQ�� � � � �DQG�
� � � � ��UHODWHG�WR�WKH�LQFUHDVH�LQ�FRDO�FRPEXVWLRQ�

 

��) LJXUH�� �� �LOOXVWUDWHV�WKH�VSDWLDO�
GLVWULEXWLRQ�RI�JOREDO�PHUFXU\ �HPLVVLRQV�WR�WKH�DLU��IURP�8 1 ( 3��� � � � ���
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Figure 2.1  Spatial Distribution of Global Mercury Emissions 

 
Source: UNEP, Chemicals Global Mercury Assessment, 2002. Geneva, Switzerland: Inter-
Organization Programme for the Sound Management of Chemicals (IOMC), 2002. 

 
) DWH�DQG�7UDQVSRUW�RI�0 HUFXU\ �LQ�WKH�$WP RVSKHUH�

 
0 HUFXU\ �LV�HPLWWHG�IURP�SRZHU�SODQWV�DV�D�YDSRU�LQ�D�PL[ WXUH�RI�WKUHH�FKHPLFDO�VWDWHV�RU�
VSHFLHV��LQ�WKH�HOHPHQWDO�IRUP��DV�R[ LGL] HG�PHUFXU\ ��W\ SLFDOO\ �DV�PHUFXULF�FKORULGH�LQ�WKH�
SUHVHQFH�RI�FKORULQH���DQG�DGVRUEHG�WR�SDUWLFXODWHV���( DFK�SRZHU�SODQW�KDV�D�GLIIHUHQW�
VSHFLDWLRQ�SURILOH��ZLWK�WKH�GLIIHUHQFH�UHODWHG�SULPDULO\ �WR�WKH�W\ SH�RI�FRDO�EXUQHG�DQG�WKH�
SODQW·V�SROOXWLRQ�FRQWURO�GHYLFHV��
�
( DFK�RI�WKH�PHUFXU\ �VSHFLHV�KDV�D�GLIIHUHQW�IDWH�LQ�WKH�DWPRVSKHUH���* DVHRXV�HOHPHQWDO�
PHUFXU\ �FDQ�EH�WUDQVSRUWHG�RYHU�YHU\ �ORQJ�GLVWDQFHV��HYHQ�JOREDOO\ ��ZLWK�WKH�DLU�PDVVHV��
7KH�DWPRVSKHULF�UHVLGHQFH�WLPH�RI�HOHPHQWDO�PHUFXU\ �LV�LQ�WKH�UDQJH�RI�PRQWKV�WR�URXJKO\ �
RQH�\ HDU���7KXV��HPLVVLRQV�LQ�DQ\ �FRQWLQHQW�FDQ�FRQWULEXWH�WR�GHSRVLWLRQ�LQ�RWKHU�
FRQWLQHQWV�

!

��7KH�JOREDO�SRRO�RI�PHUFXU\ �LV�DOPRVW�HQWLUHO\ �HOHPHQWDO�PHUFXU\ ���2 [ LGL] HG�
PHUFXU\ �DQG�SDUWLFOH�ERXQG�PHUFXU\ �KDYH�D�PXFK�VKRUWHU�DWPRVSKHULF�OLIHWLPH�WKDQ�
HOHPHQWDO�PHUFXU\ �DQG�GHSRVLW�E\ �ZHW�RU�GU\ �GHSRVLWLRQ�ZLWKLQ�URXJKO\ �D�IHZ�GD\ V��RU�
ZLWKLQ�� � �WR�� � � �PLOHV�RI�WKH�VRXUFH���6LJQLILFDQW�FRQYHUVLRQ�EHWZHHQ�PHUFXU\ �VSHFLHV�PD\ �
RFFXU�GXULQJ�DWPRVSKHULF�WUDQVSRUW��RU�HYHQ�LQ�WKH�SOXPH�IURP�WKH�VWDFN���ZKLFK�DIIHFWV�
WKH�WUDQVSRUW�GLVWDQFH���
�
6LQFH�PHUFXU\ �LQ�WKH�DWPRVSKHUH�RULJLQDWHV�IURP�ORFDO��UHJLRQDO�DQG�JOREDO�VRXUFHV��WKHUH�LV�
FRQVLGHUDEOH�LQWHUHVW�LQ�KRZ�PXFK�GRPHVWLF�VRXUFHV�FRQWULEXWH�WR�PHUFXU\ �GHSRVLWLRQ�LQ�
WKH�8 �6��UHODWLYH�WR�JOREDO�LQSXWV���$ �QXPEHU�RI�HVWLPDWHV�KDYH�EHHQ�PDGH�UHODWLQJ�WR�WKH�
VRXUFHV�RI�PHUFXU\ �GHSRVLWHG�LQ�WKH�8 �6���7KHUH�DUH�FULWLFDO�YDULDEOHV�LQ�WKH�YDULRXV�
GHSRVLWLRQ�PRGHOV�WKDW�FDQ�OHDG�WR�GLIIHUHQW�UHVXOWV��HVSHFLDOO\ �HVWLPDWHV�RI�QDWXUDO�DQG�
JOREDO�HPLVVLRQV�DQG�RI�WKH�DWPRVSKHULF�WUDQVIRUPDWLRQ�RI�PHUFXU\ �VSHFLHV���( 3$ �KDV�
HVWLPDWHG�WKDW�URXJKO\ �� � �SHUFHQW�RI�DOO�RI�WKH�PHUFXU\ �GHSRVLWHG�LQ�WKH�8 �6��FRPHV�IURP�
8 �6��VRXUFHV��DQG�WKDW�� � �SHUFHQW�FRPHV�IURP�VRXUFHV�RXWVLGH�RI�WKH�8 �6���$FFRUGLQJ�WR�
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WKH�PRGHOLQJ�RI�LQWHUFRQWLQHQWDO�PHUFXU\ �WUDQVSRUW�SHUIRUPHG�E\ �WKH�&R�RSHUDWLYH�
3URJUDPPH�IRU�0 RQLWRULQJ�DQG�( YDOXDWLRQ�RI�WKH�/ RQJ�5DQJH�7UDQVPLVVLRQ�RI�$LU�
3ROOXWDQWV�LQ�( XURSH��XS�WR�� � �SHUFHQW�RI�DQWKURSRJHQLF�PHUFXU\ �GHSRVLWHG�LQ�1 RUWK�
$PHULFD�LV�IURP�H[ WHUQDO�VRXUFHV�

"

� ,Q�D�UHFHQW�DQDO\ VLV��WKH�( OHFWULF�3RZHU�5HVHDUFK�
,QVWLWXWH��( 35,��HVWLPDWHG�WKDW��GHSHQGLQJ�RQ�ORFDWLRQ��� � �WR�� � �SHUFHQW�RI�WKH�PHUFXU\ �
GHSRVLWHG�LQ�WKH�8 �6��FRPHV�IURP�GRPHVWLF�VRXUFHV���$FFRUGLQJ�WR�( 35,��PRVW�RI�WKH�
PHUFXU\ �WKDW�GHSRVLWV�ZHVW�RI�0 LQQHVRWD�FRPHV�IURP�QRQ�8 �6��VRXUFHV�

# $

���
�
) LJXUH�� �� �VKRZV�WKH�JHRJUDSKLFDO�DUHDV�LQ�WKH�8 �6��WKDW�KDYH�WKH�KLJKHVW�PRGHOHG�PHUFXU\ �
GHSRVLWLRQ���$V�LOOXVWUDWHG��WKH�PRVW�KLJKO\ �LPSDFWHG�DUHDV�DUH�WKH�VRXWKHUQ�* UHDW�/ DNHV�
DQG�2 KLR�9DOOH\ ��WKH�1 RUWKHDVW��LQFOXGLQJ�VRXWKHUQ�1 HZ�( QJODQG��DQG�VFDWWHUHG�DUHDV�LQ�
WKH�6RXWK���$FFRUGLQJ�WR�( 3$ ��8 �6��SRZHU�SODQWV�DFFRXQW�IRU�DERXW�� � �SHUFHQW�RI�WKH�
PHUFXU\ �GHSRVLWHG�LQ�WKH�FRXQWU\ �

# #

 �
�

Figure 2.2  Total Mercury Deposition (micrograms per square meter per year) 

Source: U.S. EPA. Fate and Transport of Mercury in the Environment. Volume III 
of Mercury Study Report to Congress. December 1997. (452/R-97-005). 

�
7KH�GHSRVLWLRQ�RI�PHUFXU\ �LQ�WKH�YLFLQLW\ �RI�D�SRZHU�SODQW�LV�KLJKO\ �YDULDEOH�DQG�LV�
LQIOXHQFHG�E\ �WKH�DPRXQW�RI�R[ LGL] HG�DQG�SDUWLFXODWH�ERXQG�PHUFXU\ �LQ�WKH�IOXH�JDV���
%HFDXVH�HOHPHQWDO�PHUFXU\ �LV�WKRXJKW�WR�UHPDLQ�LQ�WKH�DWPRVSKHUH�IRU�H[ WHQGHG�SHULRGV�RI�
WLPH��LW�GRHV�QRW�SOD\ �D�ODUJH�UROH�LQ�ORFDO�GHSRVLWLRQ���2 Q�WKH�RWKHU�KDQG��R[ LGL] HG�DQG�
SDUWLFXODWH�IRUPV�RI�PHUFXU\ �VXEVWDQWLDOO\ �FRQWULEXWH�WR�GHSRVLWLRQ�FORVH�WR�WKH�VRXUFH���
2 WKHU�IDFWRUV�DOVR�LQIOXHQFH�GHSRVLWLRQ�DQG��XOWLPDWHO\ ��KXPDQ�DQG�ZLOGOLIH�H[ SRVXUH���
7KHVH�LQFOXGH���WKH�SK\ VLFDO�FKDUDFWHULVWLFV�RI�WKH�SRZHU�SODQW��VXFK�DV�WKH�VL] H�RI�WKH�
IDFLOLW\ �DQG�KRZ�PXFK�FRDO�LW�EXUQV��VWDFN�KHLJKW��DQG�WKH�W\ SH�RI�DLU�SROOXWLRQ�FRQWURO�
GHYLFHV�LQ�SODFH���7DOO�VWDFNV�W\ SLFDOO\ �FDXVH�WKH�SOXPH�WR�GLVSHUVH�IXUWKHU�IURP�WKH�IDFLOLW\ ���
7KH�ORFDWLRQ�RI�WKH�SODQW�LV�DOVR�LPSRUWDQW�EHFDXVH�FOLPDWH��ZLQG�GLUHFWLRQ�DQG�WHUUDLQ�
�DPRQJ�RWKHU�IDFWRUV��DOO�LQIOXHQFH�WKH�DPRXQW�RI�PHUFXU\ �WKDW�GHSRVLWV�ORFDOO\ �

# %

���
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�
1 DWLRQDO�VFDOH�DQDO\ VHV�DUH�QRW�DEOH�WR�SUHGLFW�KRZ�D�SDUWLFXODU�HFRV\ VWHP�ZLOO�UHVSRQG�WR�
LQFUHDVHV�RU�GHFUHDVHV�LQ�PHUFXU\ �ORDGLQJ���/ RFDO�GLIIHUHQFHV�VLPSO\ �FDQQRW�EH�
LQFRUSRUDWHG�LQWR�QDWLRQDO�VFDOH�PRGHOV���6WXGLHV�RI�PHUFXU\ �GHSRVLWLRQ�WKDW�PHDVXUH��
UDWKHU�WKDQ�PRGHO��WKH�UHVSRQVH�RI�ORFDO�HQYLURQPHQWV�WR�GHFUHDVHV�LQ�PHUFXU\ �ORDGLQJ�DUH�
PXFK�PRUH�LQIRUPDWLYH���,Q�WKDW�UHJDUG��DQDO\ VHV�RI�VHGLPHQW�FRUHV�LQ�WKH�XSSHU�0 LGZHVW�
UHYHDO�WKDW�PHUFXU\ �GHSRVLWLRQ�LQ�WKH�UHJLRQ�LV�GHFUHDVLQJ��LQ�DOO�OLNHOLKRRG�EHFDXVH�RI�DLU�
SROOXWLRQ�FRQWUROV�RQ�LQFLQHUDWRUV��UHGXFHG�XVH�RI�PHUFXU\ �LQ�LQGXVWULDO�SURFHVVHV��DQG�
UHGXFHG�UHOLDQFH�RQ�FRDO�IRU�UHVLGHQWLDO�KHDWLQJ�

# &

��
�
,Q�DGGLWLRQ��WZR�UHFHQW�VWXGLHV�VXSSRUW�D�TXDQWLWDWLYH�OLQN�EHWZHHQ�GHFUHDVHV�LQ�PHUFXU\ �
GHSRVLWLRQ�DQG�PHUFXU\ �OHYHOV�LQ�ILVK���: LVFRQVLQ�UHVHDUFKHUV�IRXQG�WKDW�FKDQJHV�LQ�
DWPRVSKHULF�PHUFXU\ �GHSRVLWLRQ�FDQ�KDYH�UDSLG�HIIHFWV�RQ�WKH�ILVK�PHUFXU\ �
FRQFHQWUDWLRQV�

# �

��7KH\ �IRXQG�WKDW�D�� � �SHUFHQW�GHFUHDVH�LQ�PHUFXU\ �GHSRVLWLRQ�UHVXOWHG�LQ�
D�ILYH�SHUFHQW�GHFUHDVH�LQ�ILVK�WLVVXH�PHUFXU\ �OHYHOV���,W�LV�SRVWXODWHG�WKDW�WKH�DGGLWLRQ�RI�
´QHZµ�PHUFXU\ �WR�WKH�HFRV\ VWHP�LV�DQ�LPSRUWDQW�LQGLFDWRU�RI�KRZ�PXFK�PHUFXU\ �ZLOO�EH�
DYDLODEOH�IRU�LQWURGXFWLRQ�LQWR�WKH�IRRG�ZHE���6LPLODUO\ ��LQ�D�6RXWK�) ORULGD�VWXG\ ��
VLJQLILFDQWO\ �ORZHU�OHYHOV�RI�PHUFXU\ �LQ�ZDWHU�DQG�ILVK�WLVVXH�ZHUH�DVVRFLDWHG�ZLWK�GHFUHDVHG�
PHUFXU\ �GHSRVLWLRQ�RYHU�D�IRXU�\ HDU�SHULRG�

#
�

��7KHVH�OLPLWHG�VWXGLHV�DUH�HQFRXUDJLQJ�DQG�
VXJJHVW�WKDW��LQ�WKH�VWXGLHG�HFRV\ VWHPV��UHGXFLQJ�HPLVVLRQV�UHVXOWV�LQ�PHDVXUDEOH�GHFUHDVHV�
LQ�PHUFXU\ �GHSRVLWLRQ�DQG�VXEVHTXHQW�UHGXFWLRQV�LQ�ILVK�PHUFXU\ �FRQFHQWUDWLRQV��
�
$V�IHGHUDO�DQG�VWDWH�ODZPDNHUV�PRYH�WRZDUGV�HQDFWLQJ�OHJLVODWLRQ�WR�OLPLW�PHUFXU\ �UHOHDVHV�
WR�WKH�DLU��VRPH�LQGXVWU\ �VWDNHKROGHUV�DUJXH�WKDW�UHGXFLQJ�HPLVVLRQV�IURP�SRZHU�SODQWV�ZLOO�
QRW�PDNH�D�GLIIHUHQFH�LQ�UHGXFLQJ�OHYHOV�RI�PHUFXU\ �LQ�ILVK�WLVVXH�

# � ' #  

��7KH\ �FODLP�WKDW�
IRUHLJQ�HPLVVLRQV�DUH�SULPDULO\ �UHVSRQVLEOH�IRU�PHUFXU\ �FRQWDPLQDWLRQ�ZLWKLQ�WKH�8 �6��DQG�
WKDW�SRZHU�SODQWV�DUH�EXW�RQH�RI�PDQ\ �VRXUFHV�LQ�WKH�8 �6��DQG�JOREDOO\ ���$PRQJ�RWKHU�
WKLQJV��WKLV�FODLP�FRPSOHWHO\ �LJQRUHV�UHJLRQDO�GLIIHUHQFHV�ZLWKLQ�WKH�FRXQWU\ ���LQ�WKH�HDVWHUQ�
8 �6���IRU�H[ DPSOH��WKH�SUHGRPLQDQW�VRXUFHV�RI�PHUFXU\ �GHSRVLWLRQ�DUH�GRPHVWLF���$ �
PL[ WXUH�RI�ORFDO��UHJLRQDO�DQG�JOREDO�HPLVVLRQV�DOZD\ V�FRQWULEXWHV�WR�PHUFXU\ �GHSRVLWLRQ�DW�
D�JLYHQ�ORFDWLRQ���,Q�UXUDO�DUHDV�ZLWK�IHZ�SRLQW�VRXUFHV��WKH�UHJLRQDO�DQG�JOREDO�
FRPSRQHQWV�DUH�PRUH�OLNHO\ �WR�GRPLQDWH�GHSRVLWLRQ���,Q�LQGXVWULDOL] HG�DUHDV��WKH�ORFDO�
VRXUFHV�DUH�PRUH�OLNHO\ �WR�SUHGRPLQDWH���0 RUHRYHU��DV�UHVHDUFK�VWXGLHV�LQGLFDWH��WKHUH�LV�
HYLGHQFH�WKDW�UHGXFLQJ�HPLVVLRQV�IURP�GRPHVWLF�VRXUFHV�UHVXOWV�LQ�D�PHDVXUDEOH�GHFUHDVH�
LQ�GRPHVWLF�PHUFXU\ �GHSRVLWLRQ���7KXV��UHGXFLQJ�GRPHVWLF�VRXUFHV�RI�PHUFXU\ �HPLVVLRQV�LV�
NH\ �WR�UHGXFLQJ�PHUFXU\ �FRQWDPLQDWLRQ�ZLWKLQ�WKH�8 �6��
�
,W�LV�DOVR�WKH�FDVH�WKDW�WKH�8 �6��SRZHU�LQGXVWU\ �KDV�WKH�RSSRUWXQLW\ �WR�GHPRQVWUDWH�WKH�
WHFKQLFDO�DQG�HFRQRPLF�IHDVLELOLW\ �RI�PHDVXUHV�WR�PLQLPL] H�HPLVVLRQV�RI�PHUFXU\ ���) RU�
H[ DPSOH��FRQVLGHU�8 �6��OHDGHUVKLS�LQ�UHGXFLQJ�DXWRPRELOH�WDLOSLSH�HPLVVLRQV�DQG�UHPRYDO�
RI�OHDG�LQ�JDVROLQH��ZKLFK�KDV�UHVXOWHG�LQ�ZLGHVSUHDG�DGRSWLRQ�RI�VLPLODU�PHDVXUHV�LQ�
FRXQWULHV�DURXQG�WKH�ZRUOG��
�
: KLOH�D�VLJQLILFDQW�UHGXFWLRQ�LQ�8 �6��SRZHU�VHFWRU�PHUFXU\ �HPLVVLRQV�ZLOO�QRW�EH�VXIILFLHQW�
E\ �LWVHOI�WR�VROYH�WKH�SUREOHP��LW�LV�XQTXHVWLRQDEO\ �QHFHVVDU\ �WR�DGGUHVV�PHUFXU\ �
FRQWDPLQDWLRQ�RI�RXU�ILVK�DQG�WKH�UHVXOWLQJ�DGYHUVH�KHDOWK�LPSDFWV���
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 &RQFOXVLRQV�
�
7KH�SURSRUWLRQ�RI�8 �6��PHUFXU\ �HPLVVLRQV�DWWULEXWDEOH�WR�FRDO�EXUQLQJ�SRZHU�SODQWV�LV�
LQFUHDVLQJ��ERWK�EHFDXVH�RI�LQFUHDVHG�HQHUJ\ �SURGXFWLRQ�DQG�EHFDXVH�RI�UHGXFWLRQV�LQ�
PHUFXU\ �HPLVVLRQV�IURP�RWKHU�LQGXVWU\ �VHFWRUV���( 3$ ·V�EHVW�DYDLODEOH�HVWLPDWH�LV�WKDW�FRDO�
EXUQLQJ�SRZHU�SODQWV�DUH�UHVSRQVLEOH�IRU�RYHU�� � �SHUFHQW�RI�GRPHVWLF�PHUFXU\ �HPLVVLRQV��
�
&RQWULEXWLRQV�WR�WKH�JOREDO�LQYHQWRU\ �RI�PHUFXU\ �FRPH�IURP�DQWKURSRJHQLF�DQG�QDWXUDO�
VRXUFHV��ZLWK�DQWKURSRJHQLF�HPLVVLRQV�GRPLQDWLQJ�WKH�LQYHQWRU\ ���,Q�JOREDO�WHUPV��8 �6��
LQGXVWULDO�VRXUFHV�DFFRXQW�IRU�D�GHFUHDVLQJ�SURSRUWLRQ�RI�PHUFXU\ �HPLVVLRQV��ODUJHO\ �
EHFDXVH�RI�LQFUHDVHV�LQ�,QGLD�DQG�&KLQD�UHODWHG�WR�WKRVH�FRXQWULHV·�JURZLQJ�XVH�RI�FRDO��
�
0 HUFXU\ �LV�HPLWWHG�IURP�SRZHU�SODQWV�LQ�GLIIHUHQW�FKHPLFDO�VSHFLHV��ZLWK�HDFK�VSHFLHV�
KDYLQJ�D�GLIIHUHQW�IDWH�LQ�WKH�DWPRVSKHUH���&OLPDWH��ZLQG�GLUHFWLRQ�DQG�WHUUDLQ�DOVR�SOD\ �D�
UROH�LQ�WKH�WUDQVSRUW�RI�PHUFXU\ �HPLVVLRQV���) RU�WKLV�DQG�RWKHU�UHDVRQV��LW�LV�GLIILFXOW�WR�
PRGHO�GHSRVLWLRQ�SDWWHUQV�RU�WR�SUHGLFW�WKH�WUDQVSRUW�SDWWHUQV�RI�HPLVVLRQV���+ RZHYHU��
( 3$ �KDV�HVWLPDWHG�WKDW�URXJKO\ �� � �SHUFHQW�RI�DOO�RI�WKH�PHUFXU\ �GHSRVLWHG�LQ�WKH�8 �6��
FRPHV�IURP�8 �6��VRXUFHV�DQG�WKDW�GRPHVWLF��SRZHU�SODQWV�DFFRXQW�IRU�DERXW�� � �SHUFHQW�RI�
WKH�PHUFXU\ �GHSRVLWHG�LQ�WKH�FRXQWU\ ���/ LPLWHG�UHFHQW�VWXGLHV�VXJJHVW�D�TXDQWLWDWLYH�OLQN�
EHWZHHQ�GHFUHDVHV�LQ�PHUFXU\ �GHSRVLWLRQ�DQG�PHUFXU\ �OHYHOV�LQ�ILVK���7KXV��
QRWZLWKVWDQGLQJ�WKH�FRQWULEXWLRQ�RI�QDWXUDO�DQG�IRUHLJQ�HPLVVLRQV�VRXUFHV��LW�LV�HYLGHQW�
WKDW�UHGXFWLRQV�IURP�GRPHVWLF�HPLVVLRQV�VRXUFHV³ DQG�SRZHU�SODQWV�LQ�SDUWLFXODU³ DUH�
FULWLFDO���
 
 
 

Endnotes
 (
�8 �6��( 3$ ��$Q�,QYHQWRU\ �RI�$QWKURSRJHQLF�0 HUFXU\ �( PLVVLRQV�LQ�WKH�8 QLWHG�6WDWHV�9ROXPH�,,�RI�0 HUFXU\ �

6WXG\ �5HSRUW�WR�&RQJUHVV��� � � � ��( 3$ �� � � � 5�� � �� � � ���
�)
�8 �6��( 3$ ��2 IILFH�RI�$LU�4 XDOLW\ �3ODQQLQJ�DQG�6WDQGDUGV��� � � � �1 DWLRQDO�( PLVVLRQV�,QYHQWRU\ �IRU�

+ D] DUGRXV�$LU�3ROOXWDQWV��KWWS�� � ZZZ�HSD�JRY� WWQ� FKLHI� QHW� � � � � LQYHQWRU\ �KWPO� ILQDO� KDSV��
�*
�5HLQGO��-���5HF\ FOLQJ�0 DQDJHU�' DQH�&RXQW\ ��: ,�' HSDUWPHQW�RI�3XEOLF�: RUNV��´6WDWXV�RI�/ RFDO��6WDWH�DQG�

) HGHUDO�0 HUFXU\ �3URGXFW�/ HJLVODWLRQ�DQG�/ DZV��� � � � �� � � � �/ HJLVODWLYH�6HVVLRQV�µ�2 FWREHU�� � ��� � � � ��
�+
8 1 ( 3��&KHPLFDOV��* OREDO�0 HUFXU\ �$VVHVVPHQW��* HQHYD��6ZLW] HUODQG��,QWHU�2 UJDQL] DWLRQ�3URJUDPPH�IRU�

WKH�6RXQG�0 DQDJHPHQW�RI�&KHPLFDOV��,2 0 &���� � � � ��

,

/ DPERUJ��&��+ ���: ��) ��) LW] JHUDOG��-��2 ·' RQQHOO��DQG�7��7RUJHUVHQ��´$ �QRQ�VWHDG\ �VWDWH�FRPSDUWPHQWDO�
PRGHO�RI�JOREDO�VFDOH�PHUFXU\ �ELRJHRFKHPLVWU\ �ZLWK�LQWHUKHPLVSKHULF�DWPRVSKHULF�JUDGLHQWV�µ�* HRFKLPLFD�
HW�&RVPRFKLPLFD�$FWD�9ROXPH�� � �,VVXH�� ��� � � � ���� � � � �� � � � ���

-

�8 1 ( 3��&KHPLFDOV�* OREDO�0 HUFXU\ �$VVHVVPHQW��� � � � ��* HQHYD��6ZLW] HUODQG��,QWHU�2 UJDQL] DWLRQ�3URJUDPPH�
IRU�WKH�6RXQG�0 DQDJHPHQW�RI�&KHPLFDOV��,2 0 &���� � � � ��

.

�3LUURQH��1 ���3��&RVWD��-�0 �3DF\ QD�DQG�5��) HUUDUD��´$WPRVSKHULF�0 HUFXU\ �( PLVVLRQV�IURP�$QWKURSRJHQLF�
DQG�1 DWXUDO�6RXUFHV�LQ�WKH�0 HGLWHUUDQHDQ�5HJLRQ�µ�$WPRVSKHULF�( QYLURQPHQW�� � ��� � � � ���� � � � �� � � � ��
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 /
�8 1 ( 3��&KHPLFDOV�* OREDO�0 HUFXU\ �$VVHVVPHQW��� � � � ��* HQHYD��6ZLW] HUODQG��,QWHU�2 UJDQL] DWLRQ�3URJUDPPH�

IRU�WKH�6RXQG�0 DQDJHPHQW�RI�&KHPLFDOV��,2 0 &���� � � � ��
�0
�7UDYQLNRY��2 ��DQG�$ ��5\ DERVKDSNR���� � � � ���0 RGHOOLQJ�RI�PHUFXU\ �KHPLVSKHULF�WUDQVSRUW�DQG�GHSRVLWLRQV��

( 0 ( 3� 0 6&�( �7HFKQLFDO�5HSRUW�� � � � � � ��0 HWHRURORJLFDO�6\ QWKHVL] LQJ�&HQWUH���( DVW��0 RVFRZ��5XVVLD�DV�FLWHG�LQ��
8 1 ( 3��&KHPLFDOV�* OREDO�0 HUFXU\ �$VVHVVPHQW��� � � � ��* HQHYD��6ZLW] HUODQG��,QWHU�2 UJDQL] DWLRQ�3URJUDPPH�
IRU�WKH�6RXQG�0 DQDJHPHQW�RI�&KHPLFDOV��,2 0 &���� � � � ��
�( 1

�/ HYLQ��/ ���( OHFWULF�3RZHU�5HVHDUFK�,QVWLWXWH��´0 HUFXU\ �6FLHQFH��$Q�8 SGDWH�µ�3UHVHQWDWLRQ�WR�WKH�( GLVRQ�
( OHFWULF�,QVWLWXWH��' HFHPEHU�� ��� � � � ��
�( (

�8 �6��( 3$ ��) DWH�DQG�7UDQVSRUW�RI�0 HUFXU\ �LQ�WKH�( QYLURQPHQW��9ROXPH�,,,�RI�0 HUFXU\ �6WXG\ �5HSRUW�WR�
&RQJUHVV��' HFHPEHU�� � � � ���� � � � 5�� � �� � � ���

(
)

�8 �6��( 3$ ��) DWH�DQG�7UDQVSRUW�RI�0 HUFXU\ �LQ�WKH�( QYLURQPHQW��9ROXPH�,,,�RI�0 HUFXU\ �6WXG\ �5HSRUW�WR�
&RQJUHVV��' HFHPEHU�� � � � ���( 3$ �� � � � 5�� � �� � � ���
�( *

�( QJVWURP��' �5��DQG�( �%��6ZDLQ��´5HFHQW�' HFOLQHV�LQ�$WPRVSKHULF�0 HUFXU\ �' HSRVLWLRQ�LQ�WKH�8 SSHU�
0 LGZHVW�µ�( QYLU��6FL��7HFKQRO��� � ��� � � � ���� � � �� � � ��

(
+

�+ UDELN��7�5��DQG�&�-��: DWUDV��´5HFHQW�' HFOLQHV�LQ�0 HUFXU\ �&RQFHQWUDWLRQ�LQ�D�) UHVKZDWHU�) LVKHU\ ��
,VRODWLQJ�WKH�( IIHFWV�RI�' H�DFLGLILFDWLRQ�DQG�' HFUHDVHG�$WPRVSKHULF�0 HUFXU\ �' HSRVLWLRQ�LQ�/ LWWOH�5RFN�
/ DNH�µ�7KH�6FLHQFH�RI�WKH�7RWDO�( QYLURQPHQW��� � � � ��,Q�SUHVV��

(

,

�8 �6��( 3$ ��6RXWK�) ORULGD�( FRV\ VWHP�$VVHVVPHQW��3KDVH�,� ,,�² �( YHUJODGHV�6WUHVVRU�6\ VWHP�,QWHUDFWLRQV��
+ \ GURSDWWHUQV��( XWURSKLFDWLRQ��+ DELWDW�$OWHUDWLRQ�DQG�0 HUFXU\ �&RQWDPLQDWLRQ��6HSWHPEHU�� � � � ��( 3$ �� � � �
5�� � �� � � ���

(

-

�/ XWWHU��5��DQG�( ��,UZLQ�´0 HUFXU\ �LQ�WKH�( QYLURQPHQW��D�9RODWLOH�3UREOHP�µ�( QYLURQPHQW���1 RYHPEHU�
� � � � ���

(

.

�6HLJQHXU��&��HW�DO��0 RGHOLQJ�WKH�$WPRVSKHULF�) DWH�DQG�7UDQVSRUW�RI�0 HUFXU\ �2 YHU�1 RUWK�$PHULFD��
$WPRVSKHULF�DQG�( QYLURQPHQWDO�5HVHDUFK��,QF��8 QGDWHG��
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Chapter 3 

Legal Requirements to Regulate  
Mercury Emissions from Power Plants 
� �

) HGHUDO�5 HTXLUHP HQWV�
 
6HFWLRQ�� � � �Q��� ��$ ��RI�WKH�&OHDQ�$LU�$FW�$PHQGPHQWV�RI�� � � � �UHTXLUHG�( 3$ �WR�FRQGXFW�
D�VWXG\ �RI�KD] DUGRXV�DLU�SROOXWDQW��´+ $3µ��HPLVVLRQV�IURP�HOHFWULF�XWLOLW\ �VWHDP�JHQHUDWLQJ�
XQLWV�E\ �� � � � �DQG��DIWHU�FRQVLGHULQJ�WKH�UHVXOWV�RI�WKDW�VWXG\ ��WR�GHWHUPLQH�ZKHWKHU�
UHJXODWLRQ�OLPLWLQJ�WKRVH�HPLVVLRQV�ZDV�DSSURSULDWH�DQG�QHFHVVDU\ ����
�
7KH�UHVXOWV�RI�( 3$ ·V�VWXG\ �ZHUH�ILQDOO\ �GRFXPHQWHG�LQ�) HEUXDU\ �� � � � �LQ�WKH�Study of 
Hazardous Air Pollutant Emissions from Electric Utility Steam Generating Units: Final Report 
to Congress�

2

��,Q�WKDW�UHSRUW��( 3$ �VWDWHG�WKDW��IRU�WKH�XWLOLW\ �LQGXVWU\ ��PHUFXU\ �IURP�FRDO�
ILUHG�HOHFWULF�XWLOLW\ �VWHDP�JHQHUDWLQJ�XQLWV�ZDV�WKH�+ $3�RI�JUHDWHVW�FRQFHUQ�IRU�SXEOLF�
KHDOWK�

3

��+ RZHYHU��WKH�UHSRUW�GLG�QRW�LQFOXGH�D�UHJXODWRU\ �GHWHUPLQDWLRQ��ZKLFK�( 3$ �
GHIHUUHG�WR�D�ODWHU�XQVSHFLILHG�GDWH���%HFDXVH�( 3$ �GLG�QRW�PDNH�D�UHJXODWRU\ �ILQGLQJ�ZKHQ�
WKH�UHSRUW�ZDV�LVVXHG��HQYLURQPHQWDO�JURXSV�VXHG�WR�UHTXLUH�WKH�$JHQF\ �WR����� ��FROOHFW�
DGGLWLRQDO�LQIRUPDWLRQ�RQ�PHUFXU\ �HPLVVLRQV�DQG�FRQWURO�WHFKQRORJLHV���� ��LVVXH�D�
UHJXODWRU\ �ILQGLQJ�E\ �' HFHPEHU�� � ��� � � � ���� ��LVVXH�D�SURSRVHG�UHJXODWLRQ��LQ�WKH�FDVH�RI�D�
SRVLWLYH�UHJXODWRU\ �GHWHUPLQDWLRQ��E\ �' HFHPEHU�� � ��� � � � ��DQG��� ���LVVXH�D�ILQDO�UHJXODWLRQ�
E\ �' HFHPEHU�� � ��� � � � ����( 3$ �HQWHUHG�LQWR�D�MXGLFLDOO\ �DSSURYHG�VHWWOHPHQW�DJUHHPHQW�
DFFHSWLQJ�WKHVH�FRQGLWLRQV�

4

���
�
$ IWHU�D�GDWD�FROOHFWLRQ�HIIRUW�IRU�PHUFXU\ �HPLVVLRQV�IURP�FRDO�ILUHG�SRZHU�SODQWV��IXUWKHU�
VWXG\ �RI�WKH�KHDOWK�HIIHFWV�RI�PHUFXU\

5

�DQG�DGGLWLRQDO�WHVWLQJ�RI�YDULRXV�PHUFXU\ �HPLVVLRQ�
FRQWURO�WHFKQRORJLHV��( 3$ �DQQRXQFHG�LQ�' HFHPEHU�� � � � �WKDW�UHJXODWLRQ�RI�+ $3�
HPLVVLRQV�IURP�RLO��DQG�FRDO�ILUHG�HOHFWULF�XWLOLW\ �VWHDP�JHQHUDWLQJ�XQLWV�ZDV�QHFHVVDU\ �DQG�
DSSURSULDWH�

6

���
�
6HFWLRQ�� � � �RI�WKH�&OHDQ�$LU�$FW�HVWDEOLVKHV�D�WZR�SDUW�SURFHVV�IRU�UHJXODWLQJ�KD] DUGRXV�
DLU�SROOXWDQW�HPLVVLRQV���,Q�WKH�ILUVW�SKDVH�RI�WKLV�SURFHVV��VRXUFHV�ZLWKLQ�GHILQHG�VRXUFH�
FDWHJRULHV�DUH�UHTXLUHG�WR�FRPSO\ �ZLWK�HPLVVLRQ�VWDQGDUGV�WKDW�UHIOHFW�PD[ LPXP�DFKLHYDEOH�
FRQWURO�WHFKQRORJ\ ��´0 $&7µ���DV�GHILQHG�E\ �6HFWLRQ�� � � �G����7KHVH�DUH�WKH�0 $&7�
UHJXODWLRQV�WKDW�( 3$ �LV�UHTXLUHG�WR�SURSRVH�E\ �' HFHPEHU�� � � � ���7KH�VHFRQG�SKDVH�RI�WKH�
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UHJXODWRU\ �SURFHVV³ WKH�VR�FDOOHG�UHVLGXDO�ULVN�DVVHVVPHQW³ RFFXUV�ZLWKLQ�HLJKW�\ HDUV�DIWHU�
0 $&7�VWDQGDUGV�KDYH�EHHQ�ILQDOL] HG�IRU�WKH�VXEMHFW�VRXUFH�FDWHJRU\ �

7

���
��
) RU�H[ LVWLQJ�VRXUFHV��0 $&7�FDQQRW�EH�OHVV�VWULQJHQW�WKDQ�WKH�DYHUDJH�HPLVVLRQ�OLPLWDWLRQ�
DFKLHYHG�E\ �WKH�EHVW�SHUIRUPLQJ�� � �SHUFHQW�RI�WKH�H[ LVWLQJ�VRXUFHV�IRU�ZKLFK�WKH�
$GPLQLVWUDWRU�KDV�HPLVVLRQV�LQIRUPDWLRQ���7KLV�LV�NQRZQ�DV�WKH�´0 $&7�IORRU�µ��) RU�QHZ�
VRXUFHV��0 $&7�LV�GHILQHG�DV�WKH�PD[ LPXP�GHJUHH�RI�HPLVVLRQ�UHGXFWLRQ�DFKLHYHG�E\ �WKH�
EHVW�FRQWUROOHG�VLPLODU�VRXUFH�LQ�WKH�VRXUFH�FDWHJRU\ ���&RVW�RI�FRQWURO�GRHV�QRW�IDFWRU�LQWR�
WKH�GHILQLWLRQ�RI�WKH�0 $&7�IORRU���+ RZHYHU��IRU�´EH\ RQG�WKH�IORRUµ�DQDO\ VHV��L�H���
HPLVVLRQ�OLPLWV�PRUH�VWULQJHQW�WKDQ�WKH�0 $&7�IORRU���WKH�$GPLQLVWUDWRU�PXVW�WDNH�LQWR�
DFFRXQW�WKH�FRVW�RI�DFKLHYLQJ�VXFK�HPLVVLRQV�UHGXFWLRQV��DQ\ �QRQ�DLU�TXDOLW\ �KHDOWK�DQG�
HQYLURQPHQWDO�LPSDFWV�DQG�HQHUJ\ �UHTXLUHPHQWV�

8

��
�
7KH�LVVXH�RI�ZKDW�HPLVVLRQ�OLPLWDWLRQ�WKH�EHVW�SHUIRUPLQJ�� � �SHUFHQW�RI�VRXUFHV�DFWXDOO\ �
DFKLHYH�LV�FRPSOLFDWHG���( 3$ ·V�GDWD�FROOHFWLRQ�HIIRUWV�LQFOXGHG�HPLVVLRQ�WHVWV�IURP�DERXW�
� � �FRDO�ILUHG�ERLOHUV���7KHVH�ERLOHUV�FDQ�EH�UDQNHG�ZLWK�UHIHUHQFH�HLWKHU�WR�WKHLU�PHUFXU\ �
HPLVVLRQ�UDWH�RU�WR�WKHLU�SHUFHQW�UHGXFWLRQ�DV�PHDVXUHG�IURP�WKH�PHUFXU\ �FRQWHQW�RI�WKH�
FRPEXVWHG�FRDO���,I�WKH�ERLOHUV�DUH�UDQNHG�E\ �SHUFHQW�UHGXFWLRQ��WKH�DYHUDJH�RI�WKH�WRS�� � �
SHUFHQW�LV�D�� � �SHUFHQW�UHGXFWLRQ�IURP�WKH�PHUFXU\ �LQ�WKH�FRPEXVWHG�FRDO��DV�VKRZQ�RQ�
7DEOH�� �� �

9

��7KLV�LV�QRW�QHFHVVDULO\ �WKH�HQG�RI�WKH�LQTXLU\ ��DV�( 3$ �KDV�WKH�GLVFUHWLRQ�WR�
VXEFDWHJRUL] H�VRXUFH�FDWHJRULHV�EDVHG�RQ�FODVV��W\ SH��DQG�VL] H�RI�ERLOHUV

:

���+ RZHYHU��
VWDQGLQJ�DORQH��L�H���ZLWKRXW�DGMXVWPHQW�IRU�VXEFDWHJRUL] DWLRQ��DQG�XVLQJ�WKH�FXUUHQW�
HVWLPDWH�RI�PHUFXU\ �LQ�WKH�FRDO�FRPEXVWHG�E\ �DOO�FRDO�ILUHG�SRZHU�SODQWV�RI�DERXW�� � �WRQV��
D�� � �SHUFHQW�UHGXFWLRQ�ZRXOG�UHVXOW�LQ�PHUFXU\ �HPLVVLRQV�IURP�FRDO�ILUHG�SRZHU�SODQWV�RI�
DERXW�VHYHQ�WRQV��
�
�
Table 3.1 Determination of MACT Floor Based on Percent Reduction in Mercury 

Top 12% (10 Plants) from EPA 1999 ICR Data 
Plant Name Calculated Hg Reduction 

(% from coal) 

1   Scrubgrass Generating Company, L.P. 99 

2   Clover Plant Station 97 

3   Mecklenburg Cogeneration Facility 96 

4   Logan Generating Plant 96 

5   Dwayne Collier Battle Cogeneration Facility 92 

6   Stockton Cogen Company 90 

7   SEI - Birchwood Power Facility 87 

8   Clay Boswell 86 

9   Intermountain 84 

10 Big Bend 84 

Average of Top 12% 91.1% 

Source: Memo to the Utility MACT Workgroup from the Ranking Subgroup. February 5, 2002. 
Online. Available: http://www.epa.gov/ttn/atw/combust/utiltox/feb5memo.pdf.�



�

MERCURY EMISSIONS FROM COAL-FIRED POWER PLANTS 3-3 
 

,Q�RUGHU�WR�UHFHLYH�LQSXW�RQ�DSSURSULDWH�UHJXODWLRQ�RI�+ $3�HPLVVLRQV�IURP�SRZHU�SODQWV��
( 3$ �IRUPHG�DQG�FR�FKDLUHG�WKH�8 WLOLW\ �0 $&7�: RUNLQJ�* URXS���7KLV�JURXS�FRQVLVWHG�RI�
UHSUHVHQWDWLYHV�RI�LQGXVWU\ ��WKH�VWDWHV�DQG�WULEHV��DQG�HQYLURQPHQWDO�RUJDQL] DWLRQV��DQG�PHW�
IURP�$XJXVW�� � � � �WR�0 DUFK�� � � � �

2 ;

��7KH�: RUNLQJ�* URXS�PDGH�LWV�ILQDO�UHFRPPHQGDWLRQV�
WR�( 3$ �LQ�2 FWREHU�� � � � �

2 2

��7KH�PRVW�VWULQJHQW�VWDQGDUG�UHFRPPHQGHG�ZRXOG�UHVXOW�LQ�D�
� � �SHUFHQW�UHGXFWLRQ�LQ�8 �6��SRZHU�SODQW�PHUFXU\ �HPLVVLRQV��ZKLOH�WKH�OHDVW�VWULQJHQW�
VFHQDULR�ZRXOG�SURGXFH�VOLJKWO\ �OHVV�WKDQ�D�� � �SHUFHQW�UHGXFWLRQ�LQ�FXUUHQW�HPLVVLRQV���
* LYHQ�FXUUHQW�HVWLPDWHG�QDWLRQDO�PHUFXU\ �FRDO�ILUHG�SRZHU�SODQW�HPLVVLRQV�RI�DERXW�� � �
WRQV��WKLV�WUDQVODWHV�LQWR�QDWLRQDO�SRZHU�SODQW�PHUFXU\ �HPLVVLRQV�RI�EHWZHHQ�DSSUR[ LPDWHO\ �
WZR�DQG�� � �WRQV���
�
* HQHUDOO\ ��VRXUFHV�VXEMHFW�WR�D�0 $&7�VWDQGDUG�PXVW�FRPSO\ �ZLWK�WKH�VWDQGDUG�DV�
H[ SHGLWLRXVO\ �DV�SUDFWLFDEOH��EXW�ZLWK�VRPH�RSSRUWXQLW\ �IRU�H[ WHQVLRQV��QR�ODWHU�WKDQ�WKUHH�
\ HDUV�DIWHU�WKH�SURPXOJDWLRQ�GDWH�RI�WKH�VWDQGDUG�

2 3

��7KXV��DVVXPLQJ�WKDW�( 3$ �FRPSOLHV�
ZLWK�LWV�OHJDO�REOLJDWLRQ�WR�SURPXOJDWH�D�XWLOLW\ �0 $&7�UHJXODWLRQ�LQ�ODWH�� � � � ��FRPSOLDQFH�
ZLOO�EH�UHTXLUHG�E\ �ODWH�� � � � ���+ RZHYHU��WKH�$GPLQLVWUDWLRQ�KDV�UHFHQWO\ �LQGLFDWHG�WKDW�LW�
PD\ �FRQVLGHU�D�RQH�\HDU�H[ WHQVLRQ��
�
� 6WDWH�5HTXLUHP HQWV�
�
,Q�OLJKW�RI�WKH�VORZ�SDFH�RI�IHGHUDO�DFWLYLW\ ��D�QXPEHU�RI�VWDWHV�KDYH�WDFNOHG�WKH�SUREOHP�RI�
PHUFXU\ �HPLVVLRQV�IURP�SRZHU�SODQWV��WKHUHE\ �UDLVLQJ�D�VHULRXV�TXHVWLRQ�DV�WR�KRZ�D�OHVV�
VWULQJHQW�IHGHUDO�VWDQGDUG�IRU�WKH�UHOHYDQW�VXEFDWHJRU\ �FRXOG�EH�MXVWLILHG���$PRQJ�WKHVH�
DUH��
�
&RQQHFWLFXW���,Q�-XQH�� � � � ��&RQQHFWLFXW�HQDFWHG�OHJLVODWLRQ�WKDW�UHTXLUHV�FRDO�ILUHG�XQLWV�LQ�
WKH�VWDWH�WR�PHHW�DQ�HPLVVLRQ�OLPLW�RI�� �� �OEV� 7%WX�RU�D�� � �SHUFHQW�UHPRYDO�HIILFLHQF\ ��L�H���
DFURVV�WKH�FRQWURO�GHYLFH���ZKLFKHYHU�LV�PRUH�UHDGLO\ �DFKLHYDEOH�E\ �-XO\ �� ��� � � � �

2 4

���
�
0 DVVDFKXVHWWV���,Q�6HSWHPEHU�� � � � ��0 DVVDFKXVHWWV�UHOHDVHG�SURSRVHG�UHJXODWLRQV�WR�OLPLW�
PHUFXU\ �IURP�IRXU�SRZHU�SODQWV�LQ�WKH�VWDWH���8 QGHU�WKH�SURSRVDO��IDFLOLWLHV�ZLOO�KDYH�WKH�
FKRLFH�RI�PHHWLQJ�UHPRYDO�HIILFLHQFLHV�RU�HPLVVLRQV�UDWHV�IRU�HDFK�RI�WZR�SKDVHV����
�

3KDVH�,���E\ �2 FWREHU�� ��� � � � ��HLWKHU��
·  � � �SHUFHQW�UHPRYDO�RI�PHUFXU\ �FRQWDLQHG�LQ�WKH�FRPEXVWHG�FRDO��RU��
·  DQ�RXWSXW�EDVHG�PHUFXU\ �HPLVVLRQV�UDWH�RI�� �� � � � �OEV� * : K��

�
3KDVH�,,���E\ �2 FWREHU�� ��� � � � ��HLWKHU��

·  � � �SHUFHQW�UHPRYDO�RI�PHUFXU\ �FRQWDLQHG�LQ�WKH�FRPEXVWHG�FRDO��RU��
·  DQ�RXWSXW�EDVHG�PHUFXU\ �HPLVVLRQ�UDWH�RI�� �� � � � �OEV� * : K��

�
$YHUDJLQJ�DFURVV�XQLWV�DW�D�IDFLOLW\ �LV�SHUPLWWHG��EXW�QHLWKHU�HPLVVLRQV�WUDGLQJ�QRU�DYHUDJLQJ�
DFURVV�XQLWV�DW�GLIIHUHQW�SRZHU�SODQWV�LV�SHUPLWWHG���) DFLOLWLHV�FDQ�FRPSO\ �ZLWK�WKH�HPLVVLRQ�
UDWH�OLPLWDWLRQV�E\ �DFKLHYLQJ�RIIVLWH��EXW�ZLWKLQ�0 DVVDFKXVHWWV��UHGXFWLRQV�XQWLO�' HFHPEHU�
� � ��� � � � �

2 5

���
�
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: LVFRQVLQ��7KH�UXOHV�DGRSWHG�E\ �WKH�: LVFRQVLQ�1 DWXUDO�5HVRXUFHV�%RDUG�UHTXLUH�PDMRU�
HOHFWULF�XWLOLWLHV�LQ�WKH�VWDWH�WR�UHGXFH�WKHLU�FXUUHQW�HPLVVLRQV��EDVHG�RQ�WKH�PHUFXU\ �
FRQWHQW�RI�FRDO��E\ �� � �SHUFHQW�EHJLQQLQJ�LQ�� � � � ��DQG�E\ �� � �SHUFHQW�EHJLQQLQJ�LQ�� � � � �

2
6

��
7KH�: LVFRQVLQ�OHJLVODWXUH�KDV�DVNHG�WKH�1 DWXUDO�5HVRXUFHV�%RDUG�WR�UH�HYDOXDWH�FHUWDLQ�
DVSHFWV�RI�WKH�UXOHV��
�
1 HZ�-HUVH\���1 HZ�-HUVH\ �LV�H[ SHFWHG�WR�SURSRVH�D�UHYLVHG�PHUFXU\ �UXOH��ZKLFK�ZRXOG�LQFOXGH�
HPLVVLRQ�OLPLWV�RQ�FRDO�ILUHG�HOHFWULF�JHQHUDWLQJ�XQLWV��LQ�WKH�IDOO�RI�� � � � ��
�
,RZD:  %DVHG�RQ�D�GHWHUPLQDWLRQ�E\ �WKH�,RZD�' HSDUWPHQW�RI�1 DWXUDO�5HVRXUFHV��LQ�-XQH�
� � � � �WKH�0 LG$PHULFDQ�( QHUJ\ �&RPSDQ\ �WRRN�DQ�HQIRUFHDEOH�SHUPLW�FRQGLWLRQ�RQ�D�QHZ�
� � � �0 : �FRDO�ILUHG�XWLOLW\ �ERLOHU�EXUQLQJ�ZHVWHUQ�VXEELWXPLQRXV�FRDO���7KH�SUHFRQVWUXFWLRQ�
SHUPLW�UHTXLUHV�D�PHUFXU\ �UHGXFWLRQ�RI�� � �SHUFHQW��EDVHG�RQ�WKH�XVH�RI�DFWLYDWHG�FDUERQ�
LQMHFWLRQ�

2 7

���
�
� &RQFOXVLRQV�
�
,Q�D�FRQJUHVVLRQDOO\ �PDQGDWHG�VWXG\ ��( 3$ �KDV�FRQFOXGHG�WKDW�DPRQJ�KD] DUGRXV�DLU�
SROOXWDQWV��PHUFXU\ �HPLVVLRQV�DUH�WKH�JUHDWHVW�FRQFHUQ�IRU�SXEOLF�KHDOWK�IURP�FRDO�ILUHG�
HOHFWULF�XWLOLW\ �XQLWV���$ �GHFDGH�ODWHU�WKDQ�DQWLFLSDWHG�E\ �&RQJUHVV�ZKHQ�LW�HQDFWHG�WKH�� � � � �
&OHDQ�$LU�$FW�$PHQGPHQWV��( 3$ �LV�QRZ�IRUPXODWLQJ�LWV�0 $&7�VWDQGDUG�IRU�PHUFXU\ �
HPLVVLRQV�IURP�SRZHU�SODQWV���7KH�$JHQF\ �LV�UHTXLUHG�E\ �D�FRXUW�DSSURYHG�VHWWOHPHQW�
DJUHHPHQW�WR�SURPXOJDWH�D�GUDIW�UXOH�E\ �' HFHPEHU�� � ��� � � � �DQG�D�ILQDO�UXOH�E\ �' HFHPEHU�
� � ��� � � � ��&RPSOLDQFH�ZLOO�EH�UHTXLUHG�E\ �ODWH�� � � � ��DOWKRXJK�WKHUH�LV�VRPH�LQGLFDWLRQ�WKDW�
WKH�$GPLQLVWUDWLRQ�PD\ �FRQVLGHU�D�RQH�\ HDU�H[ WHQVLRQ��
�
7KH�GHEDWH�DERXW�WKH�VWDQGDUGV�LV�FXUUHQWO\ �IRFXVHG�RQ�HVWDEOLVKLQJ�WKH�´0 $&7�IORRUµ�IRU�
H[ LVWLQJ�VRXUFHV���$V�SUHVFULEHG�LQ�WKH�&OHDQ�$LU�$FW��WKH�0 $&7�IORRU�FDQQRW�EH�OHVV�
VWULQJHQW�WKDQ�WKH�DYHUDJH�HPLVVLRQ�OLPLWDWLRQ�DFKLHYHG�E\ �WKH�EHVW�SHUIRUPLQJ�� � �SHUFHQW�
RI�WKH�H[ LVWLQJ�VRXUFHV�IRU�ZKLFK�WKH�$GPLQLVWUDWRU�KDV�HPLVVLRQV�GDWD���,I�WKH�FRDO�ILUHG�
ERLOHUV�IRU�ZKLFK�( 3$ �KDV�GDWD�DUH�UDQNHG�ZLWK�UHIHUHQFH�WR�WKHLU�SHUFHQW�UHGXFWLRQ�IURP�
WKH�PHUFXU\ �FRQWHQW�RI�FRDO��WKH�DYHUDJH�RI�WKH�WRS�� � �SHUFHQW�LV�D�� � �SHUFHQW�UHGXFWLRQ���
( 3$ �KDV�VRPH�GLVFUHWLRQ�WR�DGMXVW�WKH�DYHUDJH�RI�WKH�WRS�� � �SHUFHQW��L�H���
VXEFDWHJRUL] DWLRQ�EDVHG�RQ�FODVV��W\ SH��DQG�VL] H�RI�VRXUFHV����$ �� � �SHUFHQW�UHGXFWLRQ�ZRXOG�
UHVXOW�LQ�PHUFXU\ �HPLVVLRQV�IURP�FRDO�ILUHG�SRZHU�SODQWV�RI�DERXW�VHYHQ�WRQV�QDWLRQDOO\ ���
�
7KLV�ILJXUH�FDQ�EH�SXW�LQ�FRQWH[ W�E\ �UHYLHZLQJ�WKH�UHFRPPHQGDWLRQV�IRU�D�VWDQGDUG�PDGH�
E\ �YDULRXV�VWDNHKROGHUV�LQ�( 3$ ·V�8 WLOLW\ �0 $&7�: RUNLQJ�* URXS���7KH�PRVW�VWULQJHQW�
VWDQGDUG�UHFRPPHQGHG�ZRXOG�UHVXOW�LQ�D�� � �SHUFHQW�UHGXFWLRQ�LQ�8 �6��SRZHU�SODQW�
PHUFXU\ �HPLVVLRQV��ZKLOH�WKH�OHDVW�VWULQJHQW�VFHQDULR�ZRXOG�SURGXFH�VOLJKWO\ �OHVV�WKDQ�D�� � �
SHUFHQW�UHGXFWLRQ���7KHVH�VWDQGDUGV�WUDQVODWH�WR�D�UHGXFWLRQ�RI�QDWLRQDO�SRZHU�SODQW�
PHUFXU\ �HPLVVLRQV�IURP�� � �WRQV�WR�EHWZHHQ�DSSUR[ LPDWHO\ �WZR�DQG�� � �WRQV��
�
,Q�OLJKW�RI�WKH�VORZ�SDFH�RI�IHGHUDO�DFWLYLW\ ��VWDWHV�VXFK�DV�&RQQHFWLFXW��,RZD��
0 DVVDFKXVHWWV��: LVFRQVLQ�DQG�1 HZ�-HUVH\ �DUH�VHWWLQJ�WKHLU�RZQ�OLPLWV�RQ�PHUFXU\ �
HPLVVLRQV�IURP�QHZ�DQG�H[ LVWLQJ�SRZHU�SODQWV���7KH�H[ LVWHQFH�RI�VWULQJHQW�VWDWH�VWDQGDUGV�
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UDLVHV�D�VHULRXV�TXHVWLRQ�DV�WR�KRZ�D�OHVV�VWULQJHQW�IHGHUDO�VWDQGDUG�IRU�WKH�UHOHYDQW�
VXEFDWHJRU\ �FRXOG�EH�MXVWLILHG��
�
�

Endnotes
 <
�8 �6��( 3$ ��6WXG\ �RI�+ D] DUGRXV�$LU�3ROOXWDQW�( PLVVLRQV�IURP�( OHFWULF�6WHDP�* HQHUDWLQJ�8 QLWV��) LQDO�

5HSRUW�WR�&RQJUHVV��9ROXPH�� ��) HEUXDU\ �� � � � ���( 3$ �� � � � 5�� � �� � � D����
�=
�7KH�UHSRUW�QRWHG�WKDW�QLFNHO�HPLVVLRQV�IURP�RLO�ILUHG�XQLWV�DQG�RWKHU�+ $3�HPLVVLRQV��H�J���GLR[ LQV��

K\ GURFKORULF�DQG�K\ GURIOXRULF�DFLGV��FKURPLXP��DUVHQLF��QLFNHO�DQG�FDGPLXP��IURP�FRDO�ILUHG�XQLWV�ZHUH�DOVR�
RI�FRQFHUQ��

>

�1 DWXUDO�5HVRXUFHV�' HIHQVH�&RXQFLO��,QF��Y��( QYLURQPHQWDO�3URWHFWLRQ�$JHQF\ ��1 R��� � �� � � � ��' �&��&LU��-DQ��
� � ��� � � � ����

?

��3XUVXDQW�WR�&RQJUHVVLRQDO�GLUHFWLRQ�LQ�FRQQHFWLRQ�ZLWK�( 3$ ·V�� � � � �IXQGLQJ��WKH�1 DWLRQDO�$FDGHP\ �RI�
6FLHQFHV��1 $6��FRQGXFWHG�DQ�� � �PRQWK�VWXG\ �RI�WKH�DYDLODEOH�GDWD�RQ�WKH�KHDOWK�HIIHFWV�RI�PHWK\ OPHUFXU\ �
DQG�SURYLGHG�( 3$ �D�UHSRUW�LQ�-XO\ �� � � � ��ILQGLQJ�WKDW�( 3$·V�KHDOWK�HIIHFWV�WKUHVKROG�ZDV�MXVWLILHG��WKLV�
DOORZHG�WKH�( 3$ �WR�SURFHHG�ZLWK�SRZHU�SODQW�+ $3�UHJXODWLRQ��

@

�� � �) HG��5HJ��� � � � � ��' HF��� � ��� � � � ���

A

�&OHDQ�$LU�$FW��� � �8 �6�&��VHF��� � � �I���

B

�&OHDQ�$LU�$FW��� � �8 �6�&��VHF��� � � �G���
�C
�0 HPR�WR�WKH�8 WLOLW\ �0 $&7�: RUNJURXS�IURP�WKH�5DQNLQJ�6XEJURXS��) HEUXDU\ �� ��� � � � ��2 QOLQH��$YDLODEOH��

KWWS�� � ZZZ�HSD�JRY� WWQ� DWZ� FRPEXVW� XWLOWR[ � IHE� PHPR�SGI�
�D
�&OHDQ�$LU�$FW��� � �8 �6�&��VHF��� � � ��G��� ���

�< E

�7KH�8 WLOLW\ �0 $&7�: RUNLQJ�* URXS�ZDV�IRUPHG�XQGHU�WKH�H[ LVWLQJ�3HUPLWV��1 HZ�6RXUFH�5HYLHZV��DQG�
7R[ LFV�6XEFRPPLWWHH�RI�WKH�&OHDQ�$LU�$FW�$GYLVRU\ �&RPPLWWHH��&$$$&���HVWDEOLVKHG�XQGHU�WKH�) HGHUDO�
$GYLVRU\ �&RPPLWWHH�$FW��) $&$���

< <

�: RUNLQJ�* URXS�RQ�WKH�8 WLOLW\ �0 $&7��&OHDQ�$LU�$FW�$GYLVRU\ �&RPPLWWHH�6XEFRPPLWWHH�IRU�
3HUPLWV� 1 HZ�6RXUFH�5HYLHZV� 7R[ LFV��5HFRPPHQGDWLRQV�IRU�WKH�8 WLOLW\ �$LU�7R[ LFV�0 $&7��) LQDO�: RUNLQJ�
* URXS�5HSRUW��6XEPLWWHG�WR�WKH�&OHDQ�$LU�$FW�$GYLVRU\ �&RPPLWWHH��2 FWREHU�� � � � ��2 QOLQH��$YDLODEOH��
KWWS�� � ZZZ�HSD�JRY� WWQ� DWZ� FRPEXVW� XWLOWR[ � XWR[ SJ�KWPO� &$$$&��

<
=

�&OHDQ�$LU�$FW��� � �8 �6�&��VHF��� � � �L���
<

>

�&RQQHFWLFXW�3XEOLF�$FW�� � �� � ��
�<

?

�0 DVVDFKXVHWWV�' UDIW�3URSRVHG�5HJXODWLRQ�PRGLI\ LQJ�� � � �&0 5�� �� � ��
�<

@

: LVFRQVLQ�' HSDUWPHQW�RI�1 DWXUDO�5HVRXUFHV��5HYLVHG�0 HUFXU\ �5XOHV��-XQH�� � ��� � � � ��2 QOLQH��$YDLODEOH��
KWWS�� � ZZZ�GQU�VWDWH�ZL�XV� RUJ� DZ� DLU� UHJ� PHUFXU\ � $0 � � � � B� � �SGI�

<

A

�,RZD�' HSDUWPHQW�RI�1 DWXUDO�5HVRXUFHV�( QYLURQPHQWDO�6HUYLFHV�' LYLVLRQ�$LU�4 XDOLW\ �%XUHDX��3UHYHQWLRQ�
RI�6LJQLILFDQW�' HWHULRUDWLRQ��36' ��3HUPLW�5HYLHZ�7HFKQLFDO�6XSSRUW�' RFXPHQW�,VVXDQFH�RI�36' �3HUPLWV�
IRU�3URMHFW�1 XPEHU�� � �� � � ��3ODQW�1 XPEHU�� � �� � �� � � ��0 LG$PHULFDQ�( QHUJ\ �&RPSDQ\ ��
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Chapter 4 

Status of Technology to Control  
Mercury Emissions from Power Plants 
 
) DFHG�ZLWK�WKH�LPPLQHQW�SURVSHFW�RI�DQ�HPLVVLRQ�VWDQGDUG�OLPLWLQJ�PHUFXU\ �HPLVVLRQV�IURP�
FRDO�EXUQLQJ�SRZHU�SODQWV��VRPH�FRPSDQLHV�ZLWKLQ�WKH�HOHFWULF�JHQHUDWLQJ�LQGXVWU\�FODLP�WKDW�
WKH�WHFKQRORJ\ �WR�UHGXFH�HPLVVLRQV�IURP�WKHVH�VRXUFHV�LV�XQDYDLODEOH�

2

��+ RZHYHU��WKH�HYLGHQFH�
VXJJHVWV�ZLWK�UHVSHFW�WR�DOO�FRDO�W\SHV�WKDW�H[ LVWLQJ�FRQWURO�GHYLFHV�GHVLJQHG�WR�FRQWURO�SROOXWDQWV�
RWKHU�WKDQ�PHUFXU\ ��H�J���R[ LGHV�RI�QLWURJHQ��VXOIXU�GLR[ LGH��DQG�SDUWLFXODWH�PDWWHU��FDQ�GHOLYHU�
VXEVWDQWLDO�PHUFXU\ �UHGXFWLRQV��DQG�WKDW�PHUFXU\ �VSHFLILF�FRQWURO�WHFKQRORJLHV�DUH�ZHOO�RQ�WKHLU�
ZD\ �WR�FRPPHUFLDO�DYDLODELOLW\ ���) XUWKHU��H[ WUHPHO\ �VXFFHVVIXO�ILHOG�H[ SHULHQFH�ZLWK�WKH�FRQWURO�
RI�PHUFXU\ �HPLVVLRQV�IURP�PXQLFLSDO�ZDVWH�FRPEXVWRUV�JLYHV�DGGLWLRQDO�UHDVRQ�IRU�FRQILGHQFH�
DV�WR�WKH�SRWHQWLDO�IRU�FRQWUROOLQJ�PHUFXU\ �HPLVVLRQV�IURP�WKH�HOHFWULF�VHFWRU�WR�VWULQJHQW�OHYHOV��
 
,W�LV�XVHIXO�WR�WKLQN�RI�PHUFXU\ �FRQWURO�WHFKQRORJLHV�DV�GLYLGHG�LQWR�WZR�PDMRU�FDWHJRULHV���
�

·  7HFKQRORJLHV�GHVLJQHG�WR�FRQWURO�SROOXWDQWV�RWKHU�WKDQ�PHUFXU\ �
�1 2 [ � 62 3 � 30 ���ZKLFK�SURYLGH�VRPH�PHUFXU\ �FRQWURO��VR�FDOOHG�´FR�EHQHILWVµ�
RU�LQFLGHQWDO�EHQHILWV���DQG��

·  7HFKQRORJLHV�VSHFLILFDOO\ �GHVLJQHG�WR�FRQWURO�PHUFXU\ �RU�D�FRPELQDWLRQ�RI�
PHUFXU\ �DQG�RWKHU�SROOXWDQWV��VR�FDOOHG�PXOWL�SROOXWDQW�FRQWURO�WHFKQRORJLHV����

��
: LWK�UHVSHFW�WR�WKH�ILUVW�FDWHJRU\ ��WKH�PRVW�FRPSUHKHQVLYH�VHW�RI�LQIRUPDWLRQ�LV�( 3$ ·V�
,QIRUPDWLRQ�&ROOHFWLRQ�5HTXHVW��,&5��GDWDEDVH���7KH�,&5�GDWD�KDYH�HPLVVLRQV�
LQIRUPDWLRQ�IRU�� � �XQLWV�UHSUHVHQWLQJ�D�YDULHW\ �RI�ERLOHU�W\ SHV��FRDOV��DQG�H[ LVWLQJ�FRQWURO�
WHFKQRORJLHV�WKDW�ZHUH�WHVWHG�IRU�PHUFXU\ �HPLVVLRQV���

The Fate of Mercury in Combustion Waste 

Though not the focus of this report, it is also important to acknowledge the fate of mercury in coal 
combustion systems.  Because mercury is a metal, it is not destroyed.  When captured by the air 
pollution control device it is transferred to other waste streams.  There is need for additional 
research on the fate of mercury in combustion waste (i.e., in terms of its potential for leaching or 
re-emission).  Both current coal combustion waste containing mercury and the added waste that 
will be created after controls are installed must be appropriately managed to ensure the mercury 
they contain is not released to the environment. 
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�
7KH�VHFRQG�FDWHJRU\ �LQFOXGHV�WHFKQRORJLHV�DW�YDULRXV�VWDJHV�RI�GHYHORSPHQW�RU�
GHPRQVWUDWLRQ��UDQJLQJ�IURP�HDUO\ �VWDJH�5	 ' �WR�IXOO�VFDOH�GHPRQVWUDWLRQV���$Q�HQRUPRXV�
DPRXQW�RI�DFWLYLW\ �LV�EHLQJ�IRFXVHG�RQ�PHUFXU\ �DQG�PXOWL�SROOXWDQW�WHFKQRORJLHV��DQG�
DFWLYLW\ �ZLOO�XQGRXEWHGO\ �DFFHOHUDWH�ZKHQ�IHGHUDO�UHJXODWRU\ �GULYHUV�DUH�LQ�SODFH��VHH�
&KDSWHU�� �IRU�D�GHWDLOHG�GLVFXVVLRQ����7KHVH�WHFKQRORJLHV�LQFOXGH�EXW�DUH�QRW�OLPLWHG�WR�
DFWLYDWHG�FDUERQ�LQMHFWLRQ��$&,���HQKDQFHG�ZHW�VFUXEELQJ��DSSURDFKHV�VXFK�DV�. ) ; ·V�. �
) XHO

F

�DQG�3RZHUVSDQ·V�( &2
G H

��VHYHUDO�QHZ�VRUEHQW�GHYHORSPHQWV��DPDOJDPDWLRQ��H�J���
JROG�SODWHG�VWUXFWXUHV��DSSURDFKHV�VXFK�DV�( 35,·V�0 HU&$3

G H

��DQG�D�YDULHW\ �RI�PHUFXU\ �
R[ LGDWLRQ�DSSURDFKHV���7KHVH�GHYHORSPHQWV�DUH�GLVFXVVHG�EHORZ��
 

&R�%HQHILW�7HFKQRORJLHV�
 �

$OO�FRDO�ILUHG�SRZHU�SODQWV�KDYH�DW�OHDVW�VRPH�DLU�SROOXWLRQ�FRQWURO�GHYLFHV��VXFK�DV�
HOHFWURVWDWLF�SUHFLSLWDWRUV�RU�EDJKRXVHV��DOVR�NQRZQ�DV�IDEULF�ILOWHUV��IRU�SDUWLFXODWH�FRQWURO��
ZHW�RU�GU\ �VFUXEEHUV�IRU�62 3 �FRQWURO��DQG�ORZ�1 2 [ �EXUQHUV��VHOHFWLYH�FDWDO\ WLF�UHGXFWLRQ�
�6&5���RU�VHOHFWLYH�QRQ�FDWDO\ WLF�UHGXFWLRQ��61 &5��IRU�1 2 [ �FRQWURO���0 RVW�RI�WKHVH�
FRQWUROV�FDQ�KDYH�LPSDFWV�RQ�PHUFXU\ �HPLVVLRQV�DQG�VSHFLDWLRQ��WKXV�IDU��HOHFWURVWDWLF�
SUHFLSLWDWRUV��IDEULF�ILOWHUV�DQG�ZHW�DQG�GU\ �VFUXEEHUV�VKRZ�SDUWLFXODU�SURPLVH�LQ�WKLV�
UHJDUG���
�
$ �QXPEHU�RI�SRZHU�SODQWV�DOUHDG\ �DFKLHYH�LPSUHVVLYH�PHUFXU\ �UHGXFWLRQV�ZLWK�
WHFKQRORJLHV�WKDW�DUH�GHVLJQHG�WR�FRQWURO�RWKHU�SROOXWDQWV���) RU�H[ DPSOH��
�

·  ) RXU�ELWXPLQRXV�FRDO�ILUHG�SODQWV�ZLWK�GU\ �VFUXEEHUV�DQG�IDEULF�ILOWHUV�HDFK�
FDSWXUHG�PRUH�WKDQ�� � �SHUFHQW�RI�WKH�PHUFXU\ �FRQWDLQHG�LQ�WKH�FRPEXVWHG�FRDO�
GXULQJ�HPLVVLRQ�WHVWV��0 HFNOHQEXUJ�&RJHQHUDWLRQ�) DFLOLW\ �LQ�9LUJLQLD��' ZD\ QH�
&ROOLHU�%DWWOH�&RJHQHUDWLRQ�3ODQW�LQ�1 RUWK�&DUROLQD��/ RJDQ�* HQHUDWLQJ�3ODQW�LQ�
1 HZ�-HUVH\ ��DQG�6( ,�%LUFKZRRG�LQ�9LUJLQLD��

3

��
�
6RPH�SODQWV�EXUQLQJ�VXEELWXPLQRXV�FRDO�WKDW�DUH�HTXLSSHG�ZLWK�IDEULF�ILOWHUV�DQG�RWKHU�
VWDFN�FRQWUROV�DFKLHYHG�FDSWXUH�RI�� � �WR�� � �SHUFHQW�RI�WKH�PHUFXU\ �LQ�WKH�FRPEXVWHG�FRDO�
GXULQJ�HPLVVLRQ�WHVWV�

4

��) RU�H[ DPSOH��
�

·  � � �SHUFHQW�PHUFXU\ �UHGXFWLRQ�ZDV�PHDVXUHG�DW�&OD\ �%RVZHOO��LQ�0 LQQHVRWD��DW�D�
ERLOHU�HTXLSSHG�ZLWK�D�IDEULF�ILOWHU�DQG�ORZ�1 2 [ �EXUQHU��

·  � � �SHUFHQW�PHUFXU\ �UHGXFWLRQ�ZDV�PHDVXUHG�DW�$( 6�+ DZDLL��,QF���DW�D�ERLOHU�XVLQJ�
OLPHVWRQH�LQMHFWLRQ�DQG�D�IDEULF�ILOWHU��DQG�

·  � � �SHUFHQW�PHUFXU\ �UHGXFWLRQ�ZDV�PHDVXUHG�DW�,QWHUPRXQWDLQ�3RZHU�$JHQF\ �LQ�
8 WDK��ZKLFK�EXUQV�VXEELWXPLQRXV�DQG�ELWXPLQRXV�FRDO�LQ�D�ERLOHU�HTXLSSHG�ZLWK�D�
ORZ�1 2 [ �EXUQHU��ZHW�VFUXEEHU��DQG�D�IDEULF�ILOWHU��

�
$V�WKHVH�H[ DPSOHV�LOOXVWUDWH��PHUFXU\ �FR�EHQHILWV�IURP�H[ LVWLQJ�DLU�SROOXWLRQ�FRQWURO�
WHFKQRORJLHV�FDQ�EH�VXEVWDQWLDO���0 RUHRYHU��DW�WKH�WLPH�RI�WKHVH�HPLVVLRQV�WHVWV��WKHUH�ZDV�
QR�DWWHPSW�WR�RSWLPL] H�PHUFXU\ �UHPRYDO���7KXV��WKHUH�H[ LVWV�WKH�SRWHQWLDO�WR�LQFUHDVH�
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PHUFXU\ �UHPRYDO�VXEVWDQWLDOO\ �XVLQJ�YDULRXV�RSWLPL] DWLRQ�VWUDWHJLHV�ZLWK�H[ LVWLQJ�FRQWUROV�
5

��
+ RZHYHU��LW�LV�VWLOO�QRW�SRVVLEOH�WR�SUHGLFW�RU�JXDUDQWHH�WKH�UHPRYDO�FDSDELOLWLHV�RI�WKH�
YDULRXV�W\ SHV�RI�FRQWUROV�DFURVV�DOO�SODQW�FRQILJXUDWLRQV�DQG�FRDO�W\ SHV���,Q�SUDFWLFDO�WHUPV��
WKLV�PHDQV�WKDW��DW�OHDVW�IRU�WKH�SUHVHQW��FR�EHQHILWV�DORQH�ZLOO�DOORZ�VRPH�EXW�QRW�DOO�SODQWV�
WR�PHHW�D�VWULQJHQW�PHUFXU\ �VWDQGDUG���
�

0 HUFXU\ �6SHFLILF�&RQWURO�7HFKQRORJLHV�
 
7KLV�GLVFXVVLRQ�IRFXVHV�RQ�VRPH�RI�WKH�WHFKQRORJLHV�FORVHVW�WR�FRPPHUFLDO�DYDLODELOLW\ ��

�
$ FWLYDWHG�&DUERQ�,QMHFWLRQ��$ &,��

�
$&,�UHIHUV�WR�WKH�LQMHFWLRQ�RI�GU\ ��SRZGHUHG�DFWLYDWHG�FDUERQ�LQWR�WKH�IOXH�JDV�GXFW�
EHWZHHQ�WKH�DLU�SUHKHDWHU�DQG�WKH�HOHFWURVWDWLF�SUHFLSLWDWRU�RU�EDJKRXVH��W\ SLFDOO\ �LQ�WKH�
� � � �WR�� � � �GHJUHH�) DKUHQKHLW�UDQJH����6HH�) LJXUH�� �� ����0 HUFXU\ �LV�DGVRUEHG�RQWR�WKH�
DFWLYDWHG�FDUERQ��ZKLFK�LV�WKHQ�FROOHFWHG�LQ�WKH�HOHFWURVWDWLF�SUHFLSLWDWRU�RU�EDJKRXVH���7KH�
PHUFXU\ � DFWLYDWHG�FDUERQ�LQWHUDFWLRQ�FRQWLQXHV�WR�RFFXU�LQ�WKH�HOHFWURVWDWLF�SUHFLSLWDWRU�RU�
EDJKRXVH��ZKHUH�DGGLWLRQDO�DGVRUSWLRQ�WDNHV�SODFH���%DJKRXVHV�DFKLHYH�KLJKHU�PHUFXU\ �
UHPRYDO�WKDQ�HOHFWURVWDWLF�SUHFLSLWDWRUV�EHFDXVH�RI�WKH�EXLOGXS�RI�D�FDUERQ�OD\HU�RQ�WKH�EDJ�
ILOWHUV���6LQFH�( 63V�DUH�OHVV�HIILFLHQW�LQ�UHPRYLQJ�PHUFXU\ ��D�PRUH�VWULQJHQW�UHTXLUHPHQW�WR�
UHPRYH�PHUFXU\ �ZRXOG�UHTXLUH�UHWURILWWLQJ�VRPH�( 63�HTXLSSHG�XQLWV�ZLWK�EDJKRXVHV����6HH�
ODWHU�GLVFXVVLRQ�DQG�) LJXUH�� �� ����7KH�$&,�WHFKQRORJ\ �FDQ�EH�XVHG�LQ�FRQMXQFWLRQ�ZLWK�IOXH�
JDV�WHPSHUDWXUH�FRQWURO�WR�RSWLPL] H�WKH�WHPSHUDWXUH�DW�ZKLFK�WKH�DFWLYDWHG�FDUERQ�
PHUFXU\ �DGVRUSWLRQ�RFFXUV��
�
�

Figure 4.1  Activated Carbon Injection System 

�Source: Michael Durham, ADA-Environmental Solutions 
�
9DULRXV�FRQILJXUDWLRQV�RI�WKH�EDVLF�WHFKQRORJ\ �DUH�SRVVLEOH��ZLWK�WKH�VLPSOHVW�EHLQJ�WKH�
LQMHFWLRQ�RI�DFWLYDWHG�FDUERQ�GLUHFWO\ �DKHDG�RI�DQ�H[ LVWLQJ�HOHFWURVWDWLF�SUHFLSLWDWRU���7KLV�LV�
WKH�OHDVW�FRVWO\ �DSSURDFK�LQ�WHUPV�RI�FDSLWDO�H[ SHQGLWXUHV��VLQFH�QR�QHZ�SDUWLFXODWH�FRQWURO�
GHYLFH�LV�UHTXLUHG��KRZHYHU��WKH�WUDGH�RII�EHWZHHQ�FDSLWDO�DQG�VRUEHQW�FRVWV�PD\ �IDYRU�
RWKHU�FRQILJXUDWLRQV�ZKHQ�OLIH�F\ FOH��OHYHOL] HG�FRVWV�DUH�FRQVLGHUHG���
�
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2 QH�FRQILJXUDWLRQ�LV�EDVHG�RQ�WKH�FRPELQDWLRQ�RI�DQ�HOHFWURVWDWLF�SUHFLSLWDWRU�DQG�D�
SDUWLFXODU�W\ SH�RI�EDJKRXVH�NQRZQ�DV�D�&2 + 3$&��ZLWK�$&,�LQWURGXFHG�EHWZHHQ�WKH�WZR�
SDUWLFXODWH�FRQWURO�GHYLFHV���$Q�LPSRUWDQW�IHDWXUH�RI�WKLV�W\ SH�RI�FRQILJXUDWLRQ�LV�WKDW�LW�
DOORZV�WKH�UDZ�IO\ DVK�LQ�WKH�IOXH�JDV�WR�EH�FROOHFWHG�SULRU�WR�WKH�LQMHFWLRQ�RI�WKH�DFWLYDWHG�
FDUERQ��WKHUHE\ �NHHSLQJ�WKH�IO\ DVK�IUHH�IURP�DFWLYDWHG�FDUERQ �DQG�DYDLODEOH�IRU�UH�XVH��
ZKLFK�LV�DQ�LPSRUWDQW�HFRQRPLF�FRQVLGHUDWLRQ�IRU�VRPH�SRZHU�SODQWV����
 

( QKDQFHG�: HW�6FUXEELQJ���
�
7KH�JRDO�RI�WKLV�WHFKQRORJ\ �LV�WR�SURPRWH�WKH�R[ LGDWLRQ�RI�HOHPHQWDO�PHUFXU\ �LQ�WKH�IOXH�
JDV�SULRU�WR�HQWHULQJ�WKH�VFUXEEHU��VXFK�WKDW�DV�KLJK�D�IUDFWLRQ�DV�SRVVLEOH�RI�WKH�WRWDO�
PHUFXU\ �LV�LQ�WKH�R[ LGL] HG�VWDWH�DQG�KHQFH�PRUH�HDVLO\ �UHPRYHG�LQ�WKH�VFUXEEHU�YHVVHO���
0 DQ\ �DSSURDFKHV�DUH�XQGHU�GHYHORSPHQW�WR�DFFRPSOLVK�WKLV�JRDO��LQFOXGLQJ�WKRVH�XVLQJ�
FKHPLFDO�UHDJHQWV��IL[ HG�FDWDO\ VWV�DQG�KLJK�HQHUJ\ �R[ LGDWLRQ���
�
� . �) XHO

I

�7HFKQRORJ\�
�
. ) ; ·V�. �) XHO

F

�LV�D�SURFHVVHG�FRDO�GHULYHG�IURP�ZHVWHUQ�VXEELWXPLQRXV�FRDOV���,W�LV�ORZHU�
LQ�DVK��KLJKHU�LQ�%78 �YDOXH��DQG�SURGXFHV�ORZHU�SROOXWDQW�HPLVVLRQV�WKDQ�WKH�SDUHQW�FRDOV���
. �) XHO

F

�LV�SURFHVVHG�LQ�WZR�VWHSV�² �SK\ VLFDO�VHSDUDWLRQ�DQG�WKHUPDO�SURFHVVLQJ�² �WR�
SURGXFH�D�IXHO�WKDW�LV�KLJKHU�YDOXH�DQG�´FOHDQHUµ�WKDQ�WKH�RULJLQDO�FRDO���7KH�SURFHVV�
LQYROYHV�HOHYDWHG�WHPSHUDWXUH�DQG�SUHVVXUH��JUHDWO\ �UHGXFLQJ�WKH�PRLVWXUH�FRQWHQW�RI�WKH�
FRDO���7KH�PHUFXU\ �LV�YRODWLOL] HG�DQG�VXEVHTXHQWO\ �FDSWXUHG�LQ�D�FDUERQ�EHG�UHDFWRU��
�

3RZHUVSDQ�² �( &2
J K

�
 
3RZHUVSDQ�( &2

G H

�LV�D�SRVW�FRPEXVWLRQ�PXOWL�SROOXWDQW�FRQWURO�WHFKQRORJ\ ���,W�FRQVLVWV�RI�
D�KLJK�HQHUJ\ �R[ LGDWLRQ�UHDFWRU�IROORZHG�E\ �DQ�DPPRQLD�EDVHG�VFUXEEHU�DQG�D�ZHW�
HOHFWURVWDWLF�SUHFLSLWDWRU��ZKLFK�FDSWXUHV�WKH�SURGXFWV�RI�R[ LGDWLRQ���) HUWLOL] HU�E\ SURGXFWV�
DUH�SURGXFHG��H�J���DPPRQLD�QLWUDWH�DQG�VXOIDWH���ZKLFK�VKRXOG�FRQWULEXWH�WR�WKH�RYHUDOO�
HFRQRPLFV�RI�WKH�WHFKQRORJ\ ��
�

' HP RQVWUDWLRQV�DQG�5 HVXOWV��
 

$ FWLYDWHG�&DUERQ�,QMHFWLRQ��$ &,��
 

7KH�' HSDUWPHQW�RI�( QHUJ\ �KDV�VSRQVRUHG�VHYHUDO�IXOO�VFDOH�GHPRQVWUDWLRQV�RI�$&,�
WHFKQRORJ\

6

��
�

·  $ODEDPD�3RZHU��* DVWRQ�3ODQW�² �EDJKRXVH��&2 + 3$&����ELWXPLQRXV�FRDO��

·  : ( 3&2 ��3OHDVDQW�3UDLULH�² �HOHFWURVWDWLF�SUHFLSLWDWRU���VXEELWXPLQRXV�FRDO���

·  3* ( �1 ( * ��6DOHP�+ DUERU�6WDWLRQ�² �HOHFWURVWDWLF�SUHFLSLWDWRU���ELWXPLQRXV�FRDO��
DQG�

·  3* ( �1 ( * ��%UD\ WRQ�3RLQW�6WDWLRQ�² �WZR�HOHFWURVWDWLF�SUHFLSLWDWRUV�LQ�VHULHV���
ELWXPLQRXV�FRDO��
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: KLOH�QRW�FRYHULQJ�DOO�SRVVLEOH�SODQW� FRQWUROV� FRDO�FRQILJXUDWLRQV��WKH�WHVWLQJ�SURJUDP�
LQFOXGHV�VHYHUDO�YDULDEOHV��VXFK�DV�FRDO�UDQN��ERLOHU�W\ SH��HOHFWURVWDWLF�SUHFLSLWDWRU�DQG�
EDJKRXVH�FRQILJXUDWLRQV��DV�ZHOO�DV�VHYHUDO�RWKHU�VLWH�VSHFLILF�DWWULEXWHV�DQG�RSHUDWLQJ�
FRQGLWLRQV��WR�SURYLGH�UHDVRQDEOH�EUHDGWK�RI�LQIRUPDWLRQ�IRU�$&,�WHFKQRORJ\ ���
$GGLWLRQDOO\ ��WKH�0 LG$PHULFDQ�( QHUJ\ �&RPSDQ\ �KDV�SURSRVHG�EXLOGLQJ�D�QHZ�ZHVWHUQ�
VXEELWXPLQRXV�FRDO�ILUHG�SODQW�LQ�,RZD�WKDW�LQFRUSRUDWHV�$&,�WHFKQRORJ\ ���7KH�
SUHFRQVWUXFWLRQ�SHUPLW�LVVXHG�E\ �WKH�,RZD�' HSDUWPHQW�RI�1 DWXUDO�5HVRXUFHV�LQ�-XQH�� � � � �
LPSRVHV�D�PHUFXU\ �UHGXFWLRQ�UHTXLUHPHQW�RI�� � �SHUFHQW�

7

����
�
7KH�UHVXOWV�IURP�WKH�' HSDUWPHQW�RI�( QHUJ\ �DQG�RWKHU�VPDOOHU�VFDOH�SURMHFWV�KDYH�EHHQ�
ZLGHO\ �SUHVHQWHG�DQG�GLVFXVVHG���) LJXUH�� �� �VXPPDUL] HV�WKH�PHUFXU\ �FDSWXUH�UHVXOWV�

8

���
�
�

Figure 4.2  Percent Mercury Removal vs. Activated Carbon Injection Rate 
�
�

“FF” stands for fabric filter, which is the same as a baghouse; “PRB” refers to Powder River 
Basin, which is a subbituminous coal; and “Macf” stands for million actual cubic feet. 
 
1Includes EPRI data on small-scale PRB/FF tests 
 
Source: Durham, M. “Tools for Planning and Implementing Mercury Control Technology”, 
American Coal Council. 2003. pp. 43-46. 

�
7KH�ILJXUH�LQGLFDWHV�PHUFXU\ �UHGXFWLRQV�LQ�WKH�� � �WR�� � �SOXV�SHUFHQW�UDQJH�DFURVV�FRQWURO�
GHYLFHV�IRU�ERWK�HOHFWURVWDWLF�SUHFLSLWDWRUV�DQG�EDJKRXVHV��DQG�ERWK�ELWXPLQRXV�DQG�
VXEELWXPLQRXV�FRDOV���$V�H[ SHFWHG��KLJKHU�FDSWXUH�HIILFLHQF\ ��L�H���KLJKHU�PHUFXU\ �
UHGXFWLRQ�DW�ORZHU�VRUEHQW�XVDJH��LV�DVVRFLDWHG�ZLWK�WKH�EDJKRXVH�FRQILJXUDWLRQ���7KLV�LV�
GXH�WR�WKH�LQFUHDVHG�FRQWDFW�EHWZHHQ�WKH�PHUFXU\ �LQ�WKH�IOXH�JDV�DQG�WKH�DFWLYDWHG�FDUERQ�
VRUEHQW�WKDW�RFFXUV�LQ�D�EDJKRXVH�DV�FRPSDUHG�WR�DQ�HOHFWURVWDWLF�SUHFLSLWDWRU���,Q�OLJKW�RI�
WKH�OLPLWHG�GDWD��LW�PD\ �EH�SUXGHQW�WR�DVVXPH�WKDW�HOHFWURVWDWLF�SUHFLSLWDWRUV�PD\ �QRW�
W\ SLFDOO\ �EH�DEOH�WR�DFKLHYH�WKH�� � �SHUFHQW�UHGXFWLRQV�VKRZQ�LQ�WKH�ILJXUH�IRU�WKH�´ ( 63�
%LWXPLQRXVµ�H[ DPSOH��EXW�DUH�PRUH�OLNHO\ �WR�KDYH�OLPLWV�LQ�WKH�� � �WR�� � �SHUFHQW�UDQJH���) RU�
UHGXFWLRQV�LQ�WKH�� � �SHUFHQW�UDQJH��WKH�XVH�RI�D�EDJKRXVH�ZLOO�SUREDEO\ �EH�UHTXLUHG�RU�
GHVLUDEOH��

   1 
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�
: KLOH�GDWD�IRU�OLJQLWH�ILUHG�SODQWV�DUH�HYHQ�PRUH�OLPLWHG��UHFHQW�SLORW�VFDOH�WHVWLQJ�LQGLFDWHV�
WKDW�OLJQLWH�DQG�VXEELWXPLQRXV�FRDOV�DUH�VLPLODU�ZLWK�UHVSHFW�WR�PHUFXU\ �VSHFLDWLRQ�DQG�
FRQWURO���7KHUHIRUH��DW�SUHVHQW�LW�VHHPV�DSSURSULDWH�WR�LQFOXGH�OLJQLWHV�ZLWKLQ�D�EURDGHU�
ORZ�UDQN�FRDO�FDWHJRU\ �² �VXEELWXPLQRXV�DQG�OLJQLWHV�² �IRU�SXUSRVHV�RI�XQGHUVWDQGLQJ�
PHUFXU\ �FRQWURO�RSWLRQV�

9

�
�
: LWK�WKLV�EDFNJURXQG��FRQVLGHU�WKH�IROORZLQJ�FRVW�LPSOLFDWLRQV�DVVRFLDWHG�ZLWK�WKH�FRQWURO�
RI�PHUFXU\ �XVLQJ�$&,��D�EDJKRXVH��RU�ERWK��
 

·  ) URP�) LJXUH�� �� ��LW�LV�DSSDUHQW�WKDW�� � �SHUFHQW�PHUFXU\ �UHPRYDO�UHTXLUHV�D�VRUEHQW�
LQMHFWLRQ�UDWH�RI�DERXW�� � �OE� 0 DFI��PLOOLRQ�DFWXDO�FXELF�IHHW��ZLWK�DQ�HOHFWURVWDWLF�
SUHFLSLWDWRU�DQG�DERXW�� �OE� 0 DFI�ZLWK�D�EDJKRXVH���,Q�RWKHU�ZRUGV��WR�JHW�WR�� � �
SHUFHQW�UHPRYDO�UHTXLUHV�ILYH�WLPHV�PRUH�VRUEHQW�ZLWK�DQ�( 63�WKDQ�ZLWK�D�EDJKRXVH��

·  7KLV�KLJKHU�VRUEHQW�UDWH�WUDQVODWHV�WR�DQ�LQFUHDVH�LQ�VRUEHQW�FRVW�RI�DERXW�WZR�PLOOV�
SHU�N: K�IRU�D�W\ SLFDO�FRDO�ILUHG�SODQW��RU�DERXW�� � �PLOOLRQ�SHU�\ HDU�IRU�D�� � � �
PHJDZDWW��0 : ��SODQW��EDVHG�RQ�FXUUHQW�FRVWV�RI�DFWLYDWHG�FDUERQ�RI�DERXW�� � �� � �
SHU�SRXQG��

:

��

·  %\ �FRQWUDVW��WKH�FDSLWDO�FRVW�RI�D�EDJKRXVH�LV�DSSUR[ LPDWHO\ �� � � �� � �SHU�N: ��RU�
DERXW�� � � �� � �PLOOLRQ�IRU�WKH�VDPH�� � � �0 : �SODQW�

2 ;

���

·  7KLV�WUDQVODWHV�WR�D�SD\ EDFN�SHULRG�IRU�D�EDJKRXVH�RI�WKUHH�WR�IRXU�\ HDUV��ZKLFK�
VKRXOG�SURYH�WR�EH�D�YHU\ �FRVW�HIIHFWLYH�RSWLRQ�LQ�PDQ\ �FDVHV��HVSHFLDOO\ �ZKHUH�
YHU\ �KLJK�OHYHOV�RI�PHUFXU\ �UHGXFWLRQV�DUH�UHTXLUHG���

,W�LV�LPSRUWDQW�WR�QRWH�WKDW�WKH�XVH�RI�EDJKRXVHV�LV�DOVR�EHQHILFLDO�IRU�YHU\ �KLJK�FDSWXUH�RI�
ILQH�SDUWLFXODWHV��LQFOXGLQJ�RWKHU�KD] DUGRXV�DLU�SROOXWDQWV�IURP�FRDO�ILUHG�SODQWV�VXFK�DV�
DUVHQLF��FKURPLXP��OHDG��PDQJDQHVH�DQG�QLFNHO��
��
,W·V�DOVR�LPSRUWDQW�WR�QRWH�WKDW�ZKHQ�WKH�FRVWV�RI�FRQWUROOLQJ�PHUFXU\ �ZLWK�$&,���ZLWK�RU�
ZLWKRXW�D�EDJKRXVH���DUH�H[ SUHVVHG�LQ�WHUPV�RI�FRVW�WR�WKH�UDWHSD\ HU��H�J���PLOOV�SHU�N: K�RI�
HOHFWULFLW\ ���WKH\ �DUH�TXLWH�FRPSDUDEOH�WR�WKH�FRVWV�FXUUHQWO\ �EHLQJ�LQFXUUHG�IRU�FRQWURO�RI�
SROOXWDQWV�VXFK�DV�1 2 [ ����6HH�7DEOH�� �� ����1 RWH�WKDW�WKH�WDEOH�UHIOHFWV�PHUFXU\ �FRQWURO�
FRVWV�IRU�FRQWURO�VWUDWHJLHV�WKDW�GR�QRW�LQYROYH�VLJQLILFDQW�FDSLWDO�FRVWV�VXFK�DV�WKRVH�WKDW�
ZRXOG�EH�DVVRFLDWHG�ZLWK�WKH�DGGLWLRQ�RI�D�EDJKRXVH���$V�LQGLFDWHG�LQ�WKH�GLVFXVVLRQ�DERYH��
WKH�OHYHOL] HG�FRVW�RI�D�EDJKRXVH�ZRXOG�FRQWULEXWH�DQ�DGGLWLRQDO�� �� �WR�� �� �PLOOV�SHU�N: K�WR�
WKH�YDOXHV�LQ�WKH�WDEOH��
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Table 4.1 Comparison of Mercury Control Costs with NOx Control Costs 
Control Type Total Annual Cost 

(mills/kWh) 

Mercury Controls 0.18 ± 1.15 

Low-NOx Burners 0.21 ± 0.83 

Selective Catalytic Reduction 1.85 ± 3.62 

Source: Srivastava, R.K., C.B. Sedman, and J.D. Kilgroe. ªPreliminary Performance and Cost 
Estimates of Mercury Emission Control Options for Electric Utility Boilers.º AWMA 93rd Annual 
Conference & Exhibition, Salt Lake City, UT, 2000. 

�
$OWKRXJK�$&,�WHFKQRORJ\ �LV�ZHOO�RQ�LWV�ZD\ �WR�ZLGHVSUHDG�FRPPHUFLDO�DYDLODELOLW\ ��D�
QXPEHU�RI�LVVXHV�UHPDLQ��LQFOXGLQJ�FRQFHUQV�DERXW�WKH�XQLYHUVDO�DSSOLFDELOLW\ �RI�WKH�WHVW�
GHPRQVWUDWLRQV��RSHUDWLRQDO�LPSDFWV�RQ�HTXLSPHQW�VXFK�DV�HOHFWURVWDWLF�SUHFLSLWDWRUV�DQG�
IDEULF�ILOWHUV��ZKLFK�PD\ �UHTXLUH�PRUH�IUHTXHQW�FOHDQLQJV���XQLQWHQGHG�HQYLURQPHQWDO�DQG�
FRVW�LPSDFWV��VXFK�DV�FRQWDPLQDWLRQ�RI�IO\ DVK�ZLWK�DFWLYDWHG�FDUERQ���DQG�VWDELOLW\ �RI�WKH�
PHUFXU\ �DIWHU�FDSWXUH���1 RWZLWKVWDQGLQJ�WKHVH�LVVXHV��LW�LV�ZRUWK�QRWLQJ�WKDW�PDQ\ �\ HDUV�
DIWHU�ZLGH�GHSOR\ PHQW��ORZ�1 2 [ �EXUQHUV�VWLOO�SURGXFH�KLJK�DPRXQWV�RI�XQEXUQHG�FDUERQ��
61 &5�SURGXFHV�´DPPRQLD�VOLS�µ�DQG�1 3 2 �DQG�6&5�LQFUHDVHV�62 4 �LQ�WKH�IOXH�JDV��DOO�
XQGHVLUDEOH�VLGH�HIIHFWV�EXW�LQVXIILFLHQW�WR�SUHFOXGH�WKHLU�DSSOLFDELOLW\ �IRU�1 2 [ �FRQWURO����
�

( QKDQFHG�: HW�6FUXEELQJ�
�
$QRWKHU�' 2 ( �VSRQVRUHG�SURJUDP�KDV�IRFXVHG�RQ�GHPRQVWUDWLQJ�PHUFXU\ �R[ LGDWLRQ�
WHFKQRORJ\ �IRU�DSSOLFDWLRQ�LQ�SODQWV�ZLWK�VFUXEEHU�V\ VWHPV���7ZR�PDMRU�GHPRQVWUDWLRQV
XVLQJ�WHFKQRORJ\ �GHYHORSHG�E\ �%DEFRFN�	 �: LOFR[ �DQG�0 F' HUPRWW�7HFKQRORJ\ ��,QF��ZHUH�
FRQGXFWHG�DW�0 LFKLJDQ�6RXWK�&HQWUDO�3RZHU�$JHQF\ ·V�( QGLFRWW�DQG�DW�&LQHUJ\ ·V�=LPPHU�
VWDWLRQV�

2 2 L 2 3

��7KLV�DSSURDFK�LQYROYHV�WKH�DGGLWLRQ�RI�D�SURSULHWDU\ �FKHPLFDO�UHDJHQW�WR�WKH�
VFUXEEHU�V\ VWHP��ZKLFK�LV�GHVLJQHG�WR�R[ LGL] H�WKH�HOHPHQWDO�PHUFXU\ �SUHVHQW�LQ�WKH�IOXH�
JDV���5HPRYDO�HIILFLHQFLHV�YDULHG�FRQVLGHUDEO\ �EHWZHHQ�WKH�WZR�VLWHV��DERXW�� � �WR�� � �
SHUFHQW�DW�( QGLFRWW�YHUVXV�DERXW�� � �SHUFHQW�DW�=LPPHU����6HYHUDO�IDFWRUV�DUH�SUREDEO\ �
UHVSRQVLEOH�IRU�WKLV�YDULDELOLW\ ��LQFOXGLQJ�GLIIHUHQW�VFUXEEHU�FKHPLVWULHV�EHWZHHQ�WKH�WZR�
SODQWV���2 QH�RI�WKH�EHQHILWV�RI�WKLV�DSSURDFK�IRU�SODQWV�ZLWK�VFUXEEHU�WHFKQRORJ\ �LV�WKH�
DEVHQFH�RI�DFWLYDWHG�FDUERQ�WR�FRQWDPLQDWH�WKH�DVK���: KLOH�WKHUH�LV�OHVV�LQIRUPDWLRQ�DERXW�
WKH�FRVWV�RI�WKLV�WHFKQRORJ\ ��%DEFRFN�	 �: LOFR[ �FODLP�LWV�FRVWV�VKRXOG�EH�ORZHU�WKDQ�IRU�D�
VLPLODUO\ �VL] HG�$&,�EDVHG�DSSOLFDWLRQ�

2 4

�
�
� . �) XHO

M

�7HFKQRORJ\�
�
. ) ; ·V�. �) XHO

F

�WHFKQRORJ\ �KDV�EHHQ�WHVWHG�LQ�VPDOO�VFDOH�IDFLOLWLHV�DQG�D�FRPPHUFLDO�SODQW��
LQFOXGLQJ�DW�WKH�6RXWKHUQ�5HVHDUFK�,QVWLWXWH�DQG�$PHULFDQ�( OHFWULF�3RZHU·V�&OLIW\ �&UHHN�
6WDWLRQ�LQ�,QGLDQD���7KH�ILUVW�ODUJH�FRPPHUFLDO�SURGXFWLRQ�SODQW�LV�EHLQJ�EXLOW�DW�WKH�%ODFN�
7KXQGHU�PLQH�LQ�: ULJKW��: \ RPLQJ��ZLWK�H[ SHFWHG�RSHUDWLRQ�LQ�� � � � ���7KLV�IDFLOLW\ �ZLOO�EH�
FDSDEOH�RI�SURGXFLQJ�RYHU�� � � �� � � �WRQV�SHU�\ HDU�RI�. �) XHO�

F

��5HVXOWV�IURP�WHVWLQJ�WR�GDWH�
KDYH�VKRZQ�PHUFXU\ �UHGXFWLRQV�RI�XS�WR�DERXW�� � �SHUFHQW�
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3RZHUVSDQ�( &2

N O

�
�

3RZHUVSDQ�( &2
G H

�WHVWV�WR�GDWH�VXJJHVW�WKDW�PHUFXU\ �UHPRYDOV�RI�JUHDWHU�WKDQ�� � �SHUFHQW�
DUH�SRVVLEOH���7KH�WHFKQRORJ\ �LV�FXUUHQWO\ �EHLQJ�GHPRQVWUDWHG�DW�DQ�DSSUR[ LPDWHO\ �� �0 : �
VL] H�DW�) LUVW�( QHUJ\ ·V�%XUJHU�6WDWLRQ�LQ�2 KLR���,W�LV�EHLQJ�VFDOHG�XS�WR�� � �0 : �DW�WKH�%XUJHU�
6WDWLRQ�ZLWK�H[ SHFWHG�RSHUDWLRQ�LQ�� � � � �

2
6

��
�

) HGHUDO�DQG�6WDWH�0 HUFXU\ �&RQWUROV�RQ�: DVWH�&RP EXVWRUV�
 
&RQVLGHULQJ�WKH�FRQWURO�RI�PHUFXU\ �HPLVVLRQV�IURP�SRZHU�SODQWV��LW�LV�ZRUWK�HPSKDVL] LQJ�
WKDW�PXQLFLSDO�ZDVWH�FRPEXVWRUV��0 : &V��KDYH�QRZ�FRPSOLHG�ZLWK�VWULQJHQW�PHUFXU\ �
FRQWURO�UHTXLUHPHQWV�IRU�RYHU�ILYH�\ HDUV���) RU�H[ DPSOH��1 HZ�-HUVH\ �VHW�PHUFXU\ �OLPLWV�RQ�
0 : &V�WKDW�UHVXOWHG�LQ�$&,�EHLQJ�LQVWDOOHG�RQ�� � �XQLWV�LQ�� � � � ���( 3$ �ILQDOL] HG�1 HZ�
6RXUFH�3HUIRUPDQFH�6WDQGDUGV�IRU�PHUFXU\ �HPLVVLRQV�IURP�0 : &V�LQ�� � � � ��ZLWK�
FRPSOLDQFH�UHTXLUHG�LQ�� � � � ���0 : &V�DUH�QRZ�UHTXLUHG�WR�FRPSO\ �ZLWK�D�IHGHUDO�VWDQGDUG�
RI�� �� � �PJ� GVFP��RU�� � �PLFURJUDPV�SHU�FXELF�PHWHU��

2 7

��
�
0 : &V�KDYH�PHW�WKLV�VWDQGDUG�DQG�LQ�VRPH�FDVHV�KDYH�EHHQ�UHTXLUHG�WR�PHHW�IDU�PRUH�
VWULQJHQW�HPLVVLRQ�OLPLWV���6HYHUDO�VWDWHV��IRU�H[ DPSOH��0 DVVDFKXVHWWV��1 HZ�+ DPSVKLUH��
&RQQHFWLFXW�DQG�1 HZ�-HUVH\ ��KDYH�SURPXOJDWHG�PHUFXU\ �VWDQGDUGV�WKDW�DUH�DOPRVW�WKUHH�
WLPHV�PRUH�VWULQJHQW�WKDQ�WKH�IHGHUDO�VWDQGDUG�

2 8

��0 : &V�KDYH�URXWLQHO\ �DFKLHYHG�HPLVVLRQ�
OHYHOV�IDU�EHORZ�HYHQ�WKH�PRVW�VWULQJHQW�VWDWH�VWDQGDUGV�E\ �XVLQJ�$&,�WHFKQRORJ\ ���
%DJKRXVH�HTXLSSHG�XQLWV�DUH�DFKLHYLQJ�HPLVVLRQ�UDWHV�DV�ORZ�DV�WZR�PLFURJUDPV�SHU�FXELF�
PHWHU���7KLV�PHDQV�WKDW�0 : &V�KDYH�UHGXFHG�WKHLU�PHUFXU\ �HPLVVLRQV�E\ �PRUH�WKDQ�� � �
SHUFHQW���ZLWK�VRPH�IDFLOLWLHV�DFKLHYLQJ�UHGXFWLRQV�RI�RYHU�� � �SHUFHQW���LQ�WKH�ZDNH�RI�
IHGHUDO�DQG�VXEVWDQWLDOO\ �PRUH�VWULQJHQW�VWDWH�HPLVVLRQ�FRQWURO�UHTXLUHPHQWV�

2 9

�
 
7KHUH�DUH��WR�EH�VXUH��UHOHYDQW�GLIIHUHQFHV�EHWZHHQ�0 : &V�DQG�SRZHU�SODQWV��VXFK�WKDW�WKH�
0 : &�H[ SHULHQFH�LV�QRW�HQWLUHO\ �DSSOLFDEOH�WR�FRDO�ILUHG�ERLOHUV���) RU�H[ DPSOH��WKH�YROXPH�
RI�IOXH�JDV�WR�EH�WUHDWHG�LV�KLJKHU�DW�D�SRZHU�SODQW��WKH�PHUFXU\ �FRQFHQWUDWLRQ�LQ�SRZHU�
SODQW�IOXH�JDV�LV�ORZHU�WKDQ�LQ�0 : &V��DQG�WKH�FKORULQH�FRQWHQW�RI�FRDO�LV�JHQHUDOO\ �ORZHU�
WKDQ�WKH�FKORULQH�FRQWHQW�RI�PXQLFLSDO�ZDVWH��UHVXOWLQJ�LQ�PRUH�HPLVVLRQV�RI�HOHPHQWDO�
PHUFXU\ ��ZKLFK�LV�KDUGHU�WR�FRQWURO�WKDQ�WKH�R[ LGL] HG�PHUFXU\ �IRUPHG�LQ�WKH�0 : &�IOXH�
JDV����( YHQ�ZKHQ�WKHVH�GLIIHUHQFHV�DUH�WDNHQ�LQWR�DFFRXQW��WKH�DSSOLFDWLRQ�RI�WKH�$&,�
WHFKQRORJ\ �WR�FRDO�ILUHG�ERLOHUV�DSSHDUV�WR�EH�VLPSO\ �DQ�LVVXH�RI�WHFKQRORJ\ �WUDQVIHU�WR�
ODUJHU�XQLWV��ZKLFK�GRHV�QRW�GHSHQG�RQ�DQ\ �QHZ�WHFKQRORJ\ �EUHDNWKURXJK����
��
7KHVH�GLIIHUHQFHV�DUH��LQ�SDUW��UHVSRQVLEOH�IRU�WKH�DEVHQFH�RI�IXOO\ �FRPPHUFLDOL] HG�
PHUFXU\ �VSHFLILF�WHFKQRORJLHV�IRU�WKH�FRQWURO�RI�PHUFXU\ �HPLVVLRQV�IURP�SRZHU�SODQWV���
3HUKDSV�PRUH�LPSRUWDQW��KRZHYHU��DV�ZH�GLVFXVV�LQ�WKH�QH[ W�FKDSWHU��LV�WKH�IDFW�WKDW�IHGHUDO�
DQG�VWDWH�DFWLYLWLHV�RQ�WKH�UHJXODWRU\ �IURQW�KDYH�EHJXQ�WR�VLJQDO�WR�WKH�PDUNHWSODFH�WR�
HQJDJH�LQ�VLJQLILFDQW�LQYHVWPHQWV�LQ�DSSO\ LQJ�WKHVH�WHFKQRORJLHV�WR�WKH�SRZHU�SODQW�VHFWRU��
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� &RQFOXVLRQV��
�
7KHUH�LV�LQFUHDVLQJ�HYLGHQFH�WKDW�H[ LVWLQJ�FRQWURO�GHYLFHV�GHVLJQHG�WR�FRQWURO�SROOXWDQWV�RWKHU�
WKDQ�PHUFXU\ �FDQ�GHOLYHU�VXEVWDQWLDO�PHUFXU\ �UHGXFWLRQV��DQG�WKDW�PHUFXU\ �VSHFLILF�FRQWURO�
WHFKQRORJLHV�DUH�EHLQJ�VXFFHVVIXOO\ �GHPRQVWUDWHG�LQ�IXOO�VFDOH�ILHOG�WHVWV���( YHQ�ZLWKRXW�HIIRUWV�
WR�RSWLPL] H�H[ LVWLQJ�FRQWUROV��VHYHUDO�ELWXPLQRXV�FRDO�ILUHG�SODQWV�ZLWK�GU\ �VFUXEEHUV�DQG�
IDEULF�ILOWHUV�KDYH�DFKLHYHG�PRUH�WKDQ�� � �SHUFHQW�PHUFXU\ �FDSWXUH�GXULQJ�HPLVVLRQ�WHVWV��
DQG�D�QXPEHU�RI�SODQWV�EXUQLQJ�VXEELWXPLQRXV�FRDO�WKDW�DUH�HTXLSSHG�ZLWK�IDEULF�ILOWHUV�
DQG�RWKHU�VWDFN�FRQWUROV�DFKLHYHG�RYHU�� � �SHUFHQW�PHUFXU\ �FDSWXUH���$OWKRXJK�GDWD�IRU�
OLJQLWH�ILUHG�SODQWV�DUH�PRUH�OLPLWHG��UHFHQW�SLORW�VFDOH�WHVWLQJ�LQGLFDWHV�WKDW�OLJQLWH�DQG�
VXEELWXPLQRXV�FRDOV�DUH�VLPLODU�ZLWK�UHVSHFW�WR�PHUFXU\ �VSHFLDWLRQ�DQG�FRQWURO���
�
0 HUFXU\ �VSHFLILF�FRQWUROV�DUH�GHYHORSLQJ�UDSLGO\ �WRZDUG�FRPPHUFLDOL] DWLRQ���) XOO�VFDOH�
GHPRQVWUDWLRQV�RI�$&,�WHFKQRORJ\ �LQGLFDWH�WKDW�PHUFXU\ �UHPRYDO�RI�RYHU�� � �SHUFHQW�LV�
IHDVLEOH��ZLWK�FRVWV�WKDW�DUH�FRPSDUDEOH�WR�WKH�FRVWV�RI�1 2 [ �UHPRYDO���) RU�H[ DPSOH��
SXUVXDQW�WR�D�UHFHQWO\ �LVVXHG�VWDWH�SHUPLW��$&,�KDV�EHHQ�VSHFLILHG�DV�WKH�UHTXLUHG�FRQWURO�
WHFKQRORJ\ �IRU�D�SURSRVHG�0 LG$PHULFDQ�( QHUJ\ �&RPSDQ\ �FRDO�ILUHG�SODQW�LQ�,RZD�
EXUQLQJ�VXEELWXPLQRXV�FRDO���2 WKHU�PHUFXU\ �VSHFLILF�FRQWURO�WHFKQRORJLHV��LQFOXGLQJ�
HQKDQFHG�ZHW�VFUXEELQJ��. �) XHO

F

�WHFKQRORJ\ ��DQG�3RZHUVSDQ�( &2
G H

��DPRQJ�WKHP��DOVR�
VKRZ�JUHDW�SURPLVH���( QKDQFHG�ZHW�VFUXEELQJ�UHVXOWHG�LQ�UHPRYDO�HIILFLHQFLHV�UDQJLQJ�
IURP�� � �� � �SHUFHQW��5HVXOWV�IURP�WHVWLQJ�RI�. �) XHO

F

�WHFKQRORJ\ �RQ�VXEELWXPLQRXV�FRDOV�
VKRZ�PHUFXU\ �UHGXFWLRQV�RI�XS�WR�DERXW�� � �SHUFHQW���3RZHUVSDQ�( &2

G H

�WHVW�UHVXOWV�DUH�LQ�
WKH�� � �SHUFHQW�UHPRYDO�UDQJH����
�
) XUWKHU��KLJKO\ �VXFFHVVIXO�H[ SHULHQFH�ZLWK�WKH�FRQWURO�RI�PHUFXU\ �HPLVVLRQV�IURP�
PXQLFLSDO�ZDVWH�FRPEXVWRUV�JLYHV�DGGLWLRQDO�UHDVRQ�IRU�FRQILGHQFH�UHJDUGLQJ�RXU�DELOLW\ �WR�
FRQWURO�PHUFXU\ �HPLVVLRQV�IURP�WKH�HOHFWULF�VHFWRU���
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�V
�' XUKDP��0 ���HW�DO��´ ) XOO�6FDOH�( YDOXDWLRQ�RI�6RUEHQW�,QMHFWLRQ�IRU�0 HUFXU\ �&RQWURO�RQ�3RZHU�3ODQWV�

%XUQLQJ�%LWXPLQRXV�DQG�6XEELWXPLQRXV�&RDOVµ��3RZHUJHQ�,QWHUQDWLRQDO�� � � � ��2 UODQGR��) / ��
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Chapter 5 

Effect of Regulatory Drivers  
on Technology Development and Costs 
 
0 DQ\ �RI�WKH�REMHFWLRQV�EHLQJ�UDLVHG�E\ �WKH�HOHFWULF�SRZHU�LQGXVWU\ �IRU�D�VWULQJHQW�
UHTXLUHPHQW�WR�FRQWURO�PHUFXU\ �HPLVVLRQV�IURP�FRDO�ILUHG�XWLOLW\ �ERLOHUV�FHQWHU�RQ�WKH�
OLNHO\ �DYDLODELOLW\ �DQG�FRVW�RI�FRQWURO�WHFKQRORJLHV�WKDW�DUH�QRW�\ HW�IXOO\ �FRPPHUFLDOL] HG��RQ�
WKH�OLPLWHG�H[ SHULHQFH�ZLWK�WKHVH�WHFKQRORJLHV��DQG�RQ�WKH�PL[ HG�UHVXOWV�REWDLQHG�IURP�
UHVHDUFK�DQG�GHYHORSPHQW���,Q�WKLV�UHJDUG��WKH�FXUUHQW�PHUFXU\ �GHEDWH�LV�FRQVLVWHQW�ZLWK�
HDUOLHU�UHJXODWRU\ �GHEDWHV�UHODWLQJ�WR�FRQWURO�RI�HPLVVLRQV�IURP�WKLV�DQG�RWKHU�LQGXVWU\ �
VHFWRUV����
   
,W�LV�LOOXPLQDWLQJ�WR�YLHZ�WKLV�FRQWURYHUV\ �LQ�WKH�FRQWH[ W�RI�WKH�HQFRXUDJLQJ�UHODWLRQVKLS�
HYLGHQW�RYHU�WKH�ODVW�VHYHUDO�GHFDGHV�EHWZHHQ�HQYLURQPHQWDO�UHJXODWRU\ �GULYHUV�DQG�
WHFKQRORJLFDO�GHYHORSPHQW���,Q�D�6HSWHPEHU�� � � � �VWXG\ �HQWLWOHG�´ ( QYLURQPHQWDO�5HJXODWLRQ�
DQG�7HFKQRORJ\�,QQRYDWLRQ��&RQWUROOLQJ�0 HUFXU\�( PLVVLRQV�IURP�&RDO�) LUHG�%RLOHUV�µ�1 ( 6&$8 0 �
XQGHUWRRN�FDVH�VWXGLHV�UHJDUGLQJ�WKH�GHYHORSPHQW�RI�FRQWURO�WHFKQRORJLHV�IRU�1 2 [ �DQG�
62 3 �IURP�SRZHU�SODQWV�DQG�RI�WKH�FRQWURO�RI�DXWRPRELOH�HPLVVLRQV�WKURXJK�WKH�XVH�RI�
WHFKQRORJLHV�DQG�IXHOV�

2

��7KH�PDMRU�ILQGLQJ�RI�WKLV�1 ( 6&$8 0 �UHSRUW�ZDV�WKDW�LQQRYDWLRQ�
LQ�FRQWURO�WHFKQRORJLHV�KDV�FRQVLVWHQWO\ �RFFXUUHG�RQO\ �DIWHU�UHJXODWRU\ �GULYHUV�ZLWK�ZHOO�
GHILQHG�WDUJHWV�DQG�GHDGOLQHV�ZHUH�DGRSWHG����
 
6LQFH�FRPSOLDQFH�FRVWV�DUH�DQ�LPSRUWDQW�IDFWRU�LQ�PRVW�UHJXODWRU\ �GHFLVLRQV��WKH�
1 ( 6&$8 0 �UHSRUW�DOVR�UHYLHZHG�WKH�FRVW�KLVWRULHV�DVVRFLDWHG�ZLWK�DOO�WKUHH�FDVHV���,Q�HYHU\ �
FDVH��HDUO\ �HVWLPDWHV�FRQVLVWHQWO\ �RYHUVWDWHG�DFWXDO�FRPSOLDQFH�FRVWV��RIWHQ�E\ �D�IDFWRU�RI�
WZR�RU�PRUH���/ LNHO\ �UHDVRQV�LQFOXGHG�SRRU�RU�LQFRPSOHWH�LQIRUPDWLRQ��RYHUO\ �FRQVHUYDWLYH�
DVVXPSWLRQV��JHQHUDOO\ �PRWLYDWHG�E\ �WKH�LQGXVWU\ ·V�GHVLUH�WR�EROVWHU�WKH�FDVH�DJDLQVW�
UHJXODWLRQ���DQG�D�IDLOXUH�WR�DFFRXQW�IRU�WKH�WHFKQRORJLFDO�LQQRYDWLRQ�WKDW�DSSHDUV�RQO\ �
DIWHU�FRQFUHWH�UHJXODWRU\ �GULYHUV�DUH�LQ�SODFH���( YHQ�´LQGHSHQGHQWµ�HVWLPDWHV�WHQGHG�WR�
H[ KLELW�WKHVH�ELDVHV��WKRXJK�W\ SLFDOO\ �WR�D�OHVVHU�GHJUHH���$ �UHFHQW�VWXG\ �E\ �UHVHDUFKHUV�DW�
&DUQHJLH�0 HOORQ�8 QLYHUVLW\ �FRQFXUV�ZLWK�1 ( 6&$8 0 ·V�FRQFOXVLRQ�WKDW�HQYLURQPHQWDO�
UHJXODWLRQV�VWLPXODWH�LQQRYDWLRQV�LQ�FRQWURO�WHFKQRORJ\ �

3

�
 
7KH�H[ SHULHQFH�ZLWK�UHTXLUHPHQWV�IRU�WKH�FRQWURO�RI�1 2 [ �DQG�62 3 �HPLVVLRQV�IURP�SRZHU�
SODQWV�LV�LQVWUXFWLYH���7RWDO�FRVWV��LQFOXGLQJ�ERWK�FDSLWDO�DQG�RSHUDWLQJ�DQG�PDLQWHQDQFH�
FRVWV��WHQGHG�WR�IDOO�GUDPDWLFDOO\ �DV�FRQWURO�WHFKQRORJLHV�SDVVHG�IURP�WKH�GHYHORSPHQW�
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SKDVH�WR�IXOO�VFDOH�GHPRQVWUDWLRQ�DQG�FRPPHUFLDOL] DWLRQ���,Q�WKH�FDVH�RI�1 2 [ ��FRVW�
HVWLPDWHV�GHFOLQHG�E\ �DV�PXFK�DV�� � �SHUFHQW��RQ�D�FRVW�SHU�WRQ�RI�1 2 [ �UHPRYHG�EDVLV��IRU�
6&5�WHFKQRORJ\ �EHWZHHQ�� � � � �DQG�� � � � �

4

���
 
7KH�FRVW�WUHQG�IRU�3KDVH�,,�RI�WKH�QDWLRQDO�$FLG�5DLQ�3URJUDP�LV�VLPLODUO\ �VWULNLQJ���,Q�
� � � � ��LQGXVWU\ �HVWLPDWHG�WKDW�DQQXDO�FRPSOLDQFH�FRVWV�ZRXOG�UDQJH�IURP�� � �� �WR�� � �� �
ELOOLRQ�SHU�\ HDU�ZLWK�WUDGLQJ���$ �\ HDU�ODWHU��( 3$ �SXW�WKH�UDQJH�DW�� � �� �WR�� � �� �ELOOLRQ�SHU�
\ HDU��%\ �� � � � ��WKH�HVWLPDWH�RI�WKH�( OHFWULF�3RZHU�5HVHDUFK�,QVWLWXWH�KDG�IDOOHQ�WR�� � �� �WR�
� � �� �ELOOLRQ�SHU�\HDU��WKUHH�WR�IRXU�WLPHV�ORZHU�WKDQ�WKH�ILJXUHV�ZLGHO\ �FLWHG�LQ�WKH�
&RQJUHVVLRQDO�GHEDWHV�WKDW�VKDSHG�WKH�� � � � �&OHDQ�$LU�$FW�$PHQGPHQWV�

5

��
 
2 YHUDOO��WKH�FDVH�VWXGLHV�RIIHU�WKHVH�EDVLF�LQVLJKWV��
�

·  &RVWV�DOPRVW�DOZD\ V�GHFOLQH�VXEVWDQWLDOO\ �RQFH�UHJXODWRU\ �PDQGDWHV�DUH�
LQWURGXFHG�DQG�FRQWURO�WHFKQRORJLHV�DUH�FRPPHUFLDOL] HG���$ �WURXEOLQJ�
LPSOLFDWLRQ�RI�WKLV�ILQGLQJ�LV�WKDW�WKHUH�LV�D�ULVN�RI�HQDFWLQJ�ZHDN�UHJXODWRU\ �
GULYHUV�WKDW�SURYLGH�D�ORZHU�OHYHO�RI�HQYLURQPHQWDO�SURWHFWLRQ�WKDQ�LV�UHDVRQDEO\ �
DIIRUGDEOH��LI�SROLFLHV�DUH�HVWDEOLVKHG�UHIOHFWLQJ�LQLWLDO�FRVW�RYHU�HVWLPDWHV���7KH�
$FLG�5DLQ�3URJUDP·V�UHTXLUHPHQW�RI�RQO\ �� � �SHUFHQW�62 3 �FRQWURO��ZKHQ�PRUH�
WKDQ�� � �SHUFHQW�FRQWURO�ZDV�UHDVRQDEOH�IURP�WKH�SHUVSHFWLYH�RI�FRVW�DQG�
WHFKQLFDO�IHDVLELOLW\ ��LV�D�JRRG�H[ DPSOH�RI�WKLV�XQIRUWXQDWH�RXWFRPH���

·  7KH�VWULQJHQF\ �DQG�WLPLQJ�RI�HPLVVLRQV�UHGXFWLRQ�UHTXLUHPHQWV�VWURQJO\ �
LQIOXHQFH�VXEVHTXHQW�WHFKQRORJ\ �FKRLFHV���: HDN�VWDQGDUGV�FDQ�SURYH�LQHIILFLHQW�
E\ �SURPRWLQJ�LQYHVWPHQW�LQ�FRQWURO�WHFKQRORJLHV�WKDW�XOWLPDWHO\ �DFKLHYH�
LQDGHTXDWH�HPLVVLRQV�UHGXFWLRQV���

·  $ �YDULHW\ �RI�XQSUHGLFWDEOH�IDFWRUV�FDQ�SURIRXQGO\ �DIIHFW�IXWXUH�WHFKQRORJ\ �
FKRLFHV���+ HQFH��WKH�PRVW�VXFFHVVIXO�UHJXODWLRQV�KDYH�DYRLGHG�SLFNLQJ�WHFKQRORJ\ �
´ZLQQHUV�µ��,QVWHDG��WKH\ �KDYH�IRFXVHG�RQ�HVWDEOLVKLQJ�ZHOO�GHILQHG�SHUIRUPDQFH�
UHTXLUHPHQWV�DQG�OHW�FRPSDQLHV�FKRRVH�RSWLPDO�WHFKQRORJLHV��

·  $ �FRPELQDWLRQ�RI�DJJUHVVLYH�SHUIRUPDQFH�UHTXLUHPHQWV�DQG�IOH[ LEOH�DWWDLQPHQW�
PHFKDQLVPV�KDV�SURYHQ�H[ WUHPHO\ �VXFFHVVIXO�LQ�WHUPV�RI�UHGXFLQJ�HPLVVLRQV�DQG�
FRVWV�LQ�WKH�SDVW��

�
: KDWHYHU�WHFKQRORJ\ �RU�PL[ �RI�WHFKQRORJLHV�XOWLPDWHO\ �HPHUJHV�DV�RSWLPDO�IRU�WKH�FRQWURO�
RI�PHUFXU\ �HPLVVLRQV�IURP�WKH�HOHFWULF�SRZHU�VHFWRU��RQH�WKLQJ�LV�FOHDU���HOHFWULF�LQGXVWU\ �
WHVWLQJ�RI�PHUFXU\ �FRQWUROV�WR�GDWH��DV�ZHOO�DV�WKH�H[ SHULHQFH�ZLWK�FRQWUROOLQJ�PHUFXU\ �
HPLVVLRQV�IURP�PXQLFLSDO�ZDVWH�FRPEXVWRUV��JLYHV�QR�UHDVRQ�WR�H[ SHFW�WKDW�DFKLHYLQJ�
PHUFXU\ �HPLVVLRQV�UHGXFWLRQV�IURP�SRZHU�SODQWV�ZLOO�SRVH�WHFKQRORJLFDO�RU�HFRQRPLF�
KXUGOHV�GLIIHUHQW�LQ�QDWXUH�RU�GHJUHH�IURP�WKRVH�H[ DPLQHG�LQ�WKH�1 ( 6&$8 0 �UHSRUW���
 

&RQFOXVLRQV�
�

$ �6HSWHPEHU�� � � � �1 ( 6&$8 0 �UHSRUW�XQGHUWRRN�FDVH�VWXGLHV�RI�FRQWURO�WHFKQRORJLHV�IRU�
1 2 [ �DQG�62 3 �IURP�SRZHU�SODQWV�DQG�RI�WKH�FRQWURO�RI�DXWRPRELOH�HPLVVLRQV�WKURXJK�WKH�
XVH�RI�WHFKQRORJLHV�DQG�IXHOV���1 ( 6&$8 0 �FRQFOXGHG�WKDW�UHJXODWRU\ �GULYHUV�ZLWK�ZHOO�
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GHILQHG�WDUJHWV�DQG�GHDGOLQHV�DUH�QHFHVVDU\ �WR�GULYH�LQQRYDWLRQ�LQ�FRQWURO�WHFKQRORJLHV���
7KXV��WKH�UHSRUW�FRQFOXGHG�WKDW�WHFKQRORJLFDO�LQQRYDWLRQ�IROORZV��UDWKHU�WKDQ�SUHFHGHV��
UHJXODWRU\ �UHTXLUHPHQWV���$GGLWLRQDOO\ ��LQ�HDFK�FDVH�HDUO\ �FRVW�HVWLPDWHV�GUDPDWLFDOO\ �
RYHUVWDWHG�DFWXDO�FRPSOLDQFH�FRVWV���&DXWLRQ�PXVW�EH�H[ HUFLVHG�QRW�WR�HVWDEOLVK�HPLVVLRQ�
UHGXFWLRQ�UHTXLUHPHQWV�RQ�WKH�EDVLV�RI�WKHVH�LQLWLDO�FRVW�HVWLPDWHV��OHVV�WKH\ �OHDG�WR�ZHDN�
UHJXODWRU\ �SROLFLHV�WKDW�SURYLGH�D�ORZHU�OHYHO�RI�HQYLURQPHQWDO�SURWHFWLRQ�WKDQ�LV�
UHDVRQDEO\ �DIIRUGDEOH�� 
 
 
 

Endnotes 
 Z
�$PDU��3���3URMHFW�' LUHFWRU���1 ( 6&$8 0 �UHSRUW��( QYLURQPHQWDO�5HJXODWLRQ�DQG�7HFKQRORJ\ �,QQRYDWLRQ��

&RQWUROOLQJ�0 HUFXU\ �( PLVVLRQV�IURP�&RDO�) LUHG�%RLOHUV��6HSWHPEHU�� � � � ��

[

�7D\ ORU��0 ��5���( ��6��5XELQ��DQG�' ��$ ��+ RXQVKHOO��´ ( IIHFW�RI�* RYHUQPHQW�$FWLRQV��
RQ�7HFKQRORJLFDO�,QQRYDWLRQ�IRU�62 [ �&RQWUROµ��( QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\ ��SXEOLVKHG�RQOLQH��
GRL�� � �� � � � � HV� � � � � � E��� � � � ���

\

�$PDU��3���3URMHFW�' LUHFWRU���1 ( 6&$8 0 �UHSRUW��( QYLURQPHQWDO�5HJXODWLRQ�DQG�7HFKQRORJ\ �,QQRYDWLRQ��
&RQWUROOLQJ�0 HUFXU\ �( PLVVLRQV�IURP�&RDO�) LUHG�%RLOHUV��&KDSWHU�9 ��6HSWHPEHU�� � � � ��

]

�$PDU��3���3URMHFW�' LUHFWRU���1 ( 6&$8 0 �UHSRUW��( QYLURQPHQWDO�5HJXODWLRQ�DQG�7HFKQRORJ\ �,QQRYDWLRQ��
&RQWUROOLQJ�0 HUFXU\ �( PLVVLRQV�IURP�&RDO�) LUHG�%RLOHUV��&KDSWHU�9 ��6HSWHPEHU�� � � � ��
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Conclusion 
 
0 RUH�WKDQ�D�GHFDGH�KDV�SDVVHG�VLQFH�&RQJUHVV�UHTXLUHG�( 3$ �WR�VWXG\ �WKH�HIIHFWV�RI�
PHUFXU\ �HPLVVLRQV�IURP�SRZHU�SODQWV�DQG�GHWHUPLQH�ZKHWKHU�UHJXODWLRQ�LV�QHFHVVDU\ �WR�
SURWHFW�SXEOLF�KHDOWK���7KH�$JHQF\ �KDV�GHWHUPLQHG�WKDW�VXFK�UHJXODWLRQ�LV�LQGHHG�
QHFHVVDU\ ���,Q�D�VXUYH\ �FRQGXFWHG�E\ �WKH�&HQWHUV�IRU�' LVHDVH�&RQWURO�DQG�3UHYHQWLRQ��RQH�
LQ�� � �$PHULFDQ�ZRPHQ�RI�FKLOGEHDULQJ�DJH�ZHUH�IRXQG�WR�KDYH�DPRXQWV�RI�PHUFXU\ �LQ�
WKHLU�EORRG�DERYH�WKH�OHYHOV�WKDW�( 3$ �FRQVLGHUV�VDIH���) RUW\ �ILYH�VWDWHV�DQG�$PHULFDQ�
6DPRD�KDYH�LVVXHG�ILVK�FRQVXPSWLRQ�DGYLVRULHV�ZDUQLQJ�RI�WKH�GDQJHUV�RI�HDWLQJ�PHUFXU\ �
FRQWDPLQDWHG�ILVK���8 �6��SRZHU�SODQWV�DORQH�DUH�HVWLPDWHG�WR�DFFRXQW�IRU�DSSUR[ LPDWHO\ �
RQH�WKLUG�RI�WKH�PHUFXU\ �GHSRVLWHG�LQ�WKH�FRXQWU\ ���7KHLU�FRQWULEXWLRQ�LV�H[ SHFWHG�WR�
LQFUHDVH�ERWK�SURSRUWLRQDOO\ �DQG�LQ�DEVROXWH�WHUPV³ XQOHVV�( 3$ �WDNHV�DSSURSULDWH�DFWLRQ��
�
( 3$ �LV�REOLJDWHG�E\ �D�FRXUW�DSSURYHG�VHWWOHPHQW�DJUHHPHQW�WR�LVVXH�SURSRVHG�UHJXODWLRQV�
LQ�' HFHPEHU�� � � � �DQG�ILQDO�UHJXODWLRQV�LQ�' HFHPEHU�� � � � �OLPLWLQJ�PHUFXU\ �HPLVVLRQV�
IURP�SRZHU�SODQWV���7KH�&OHDQ�$LU�$FW�UHTXLUHV�WKDW�WKH�VWDQGDUGV�IRU�H[ LVWLQJ�SODQWV�EH�VHW�
ZLWK�UHIHUHQFH�WR�WKH�HPLVVLRQ�OLPLWDWLRQV�DFKLHYHG�E\ �WKH�EHVW�SHUIRUPLQJ�SODQWV���6RPH�
LQGXVWU\ �UHSUHVHQWDWLYHV�FODLP�WKDW�VXFK�VWULQJHQW�OHYHOV�RI�PHUFXU\ �UHGXFWLRQ�DUH�
XQDFKLHYDEOH���0 RXQWLQJ�HYLGHQFH�UHJDUGLQJ�PHUFXU\ �FRQWURO�WHFKQRORJLHV�SRLQWV�WR�WKH�
FRQWUDU\ ���) XUWKHU��GHFDGHV�RI�H[ SHULHQFH�VXJJHVW�WKDW�VWULQJHQW�UHJXODWLRQV�ZLOO�OHDG�WR�
ERWK�DGGLWLRQDO�LQQRYDWLRQ�LQ�WHFKQRORJ\ �DQG�GHFUHDVHG�FRPSOLDQFH�FRVWV��


