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7KLV�UHSRUW�ZDV�SUHSDUHG�E\�WKH�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\
V��(3$
V��2IILFH�RI
$LU�4XDOLW\�3ODQQLQJ�DQG�6WDQGDUGV��2$436����

(3$�ZLVKHV�WR�WKDQN�WKH�DXWKRUV�IRU�WKH�WLPH�DQG�HIIRUW�WKH\�VSHQW�SUHSDULQJ�DQG�UHYLHZLQJ
WKH�GUDIWV�RI�WKH�GRFXPHQW���7KH�OHDG�FRQWULEXWRUV�WR�WKH�ZULWLQJ��HGLWLQJ��DQG�UHYLHZ�RI�WKLV
GRFXPHQW�ZHUH�PHPEHUV�RI�WKH�2$436
V�*UHDW�:DWHUV�7HDP���-RKQ�$FNHUPDQQ��0HOLVVD
0F&XOORXJK��(ULF�*LQVEXUJ��'LDQQH�%\UQH��DQG�/DXUHO�'ULYHU���5HFRJQL]LQJ�WKH�EUHDGWK�RI�WKH�WDVN
RI�SUHSDULQJ�WKLV�UHSRUW��2$436�ZRUNHG�ZLWK�LQGLYLGXDOV�LQ�(3$�RIILFHV�WR�FRRUGLQDWH�LQSXW�LQWR
WKH�UHSRUW���7KHVH�LQGLYLGXDOV�UHSUHVHQW�WKH��*UHDW�:DWHUV�&RUH�*URXS��DQG�LQFOXGH�WKH�IROORZLQJ
LQGLYLGXDOV���$QJHOD�%DQGHPHKU��5LFK�%DWLXN��*DU\�(YDQV��-LP�*LDWWLQD��0DUWKD�.HDWLQJ��0DJJLH
.HUFKQHU��9LUJLQLD�.LEOHU��&DUO�1DVK��'RULV�3ULFH��5R\�6PLWK��DQG�-RH�7RXPD��

,Q�DGGLWLRQ��VXEVWDQWLDO�UHYLHZ�RI�WKH�GRFXPHQW�DOVR�ZDV�SURYLGHG�E\�WKH�IROORZLQJ�(3$
RIILFHV���

&KHVDSHDNH�%D\�3URJUDP�2IILFH 2IILFH�RI�3ROLF\��3ODQQLQJ�DQG�(YDOXDWLRQ
*XOI�RI�0H[LFR�3URJUDP�2IILFH 2IILFH�RI�5HVHDUFK�DQG�'HYHORSPHQW
*UHDW�/DNHV�1DWLRQDO�3URJUDP�2IILFH 2IILFH�RI�:DWHU
1DWLRQDO�+HDOWK�DQG�(QYLURQPHQWDO�(IIHFWV 5HJLRQ�,,
���5HVHDUFK�/DERUDWRU\ 5HJLRQ�9
2IILFH�RI�$LU�DQG�5DGLDWLRQ

7KH�IROORZLQJ�RUJDQL]DWLRQV�DOVR�KDYH�EHHQ�LQFOXGHG�LQ�UHYLHZ�RI�WKH�GRFXPHQW�

$WPRVSKHULF�(QYLURQPHQW�6HUYLFH��(QYLURQPHQW�&DQDGD
&HQWUH�IRU�$WPRVSKHULF�5HVHDUFK�([SHULPHQWV��(QYLURQPHQW�&DQDGD
'HSDUWPHQW�RI�&RPPHUFH�1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF�$GPLQLVWUDWLRQ��12$$�
(QYLURQPHQWDO�'HIHQVH�)XQG
0DLQH�'HSDUWPHQW�RI�(QYLURQPHQWDO�3URWHFWLRQ
0LFKLJDQ�'HSDUWPHQW�RI�(QYLURQPHQWDO�4XDOLW\
:LVFRQVLQ�'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV
:LVFRQVLQ�(OHFWULF�3RZHU�&RPSDQ\�DQG�(OHFWULF�3RZHU�5HVHDUFK�,QVWLWXWH

,Q�DGGLWLRQ��WKLV�GRFXPHQW�ZDV�UHYLHZHG�E\�D�SDQHO�RI�H[WHUQDO�VFLHQWLILF�H[SHUWV�ZKRVH
FRQVWUXFWLYH�FRPPHQWV�SURYLGHG�FULWLFDO�DVVLVWDQFH�LQ�LPSURYLQJ�WKH�VFLHQWLILF�SHUVSHFWLYH�RI�WKH
ILQDO�UHSRUW���7KHVH�H[SHUWV�LQFOXGH�

'U��$QGHUV�:��$QGUHQ 6HD�*UDQW�,QVWLWXWH��8QLYHUVLW\�RI�:LVFRQVLQ�0DGLVRQ
'U��:LOOLDP�)��)LW]JHUDOG 'HSDUWPHQW�RI�0DULQH�6FLHQFHV��8QLYHUVLW\�RI�&RQQHFWLFXW
'U��/RXLV�-��*XLOOHWWH�-U� 'HSDUWPHQW�RI�=RRORJ\��8QLYHUVLW\�RI�)ORULGD
'U��+DQV�:��3DHUO ,QVWLWXWH�RI�0DULQH�6FLHQFHV��8QLYHUVLW\�RI�1RUWK�&DUROLQD

7KH�IROORZLQJ�LQGLYLGXDOV�DOVR�SURYLGHG�VSHFLILF�FRPPHQWV�RQ�WKH�GUDIW�GRFXPHQW���
0DU\�$QQ�$OODQ��5LFKDUG�$UW]��7HUU\�)��%LGOHPDQ��5RQD�%LUQEDXP��0DUW\�%XUNKROGHU��'DYLG
&OHYHUO\��(OOHQ�&RRWHU��&DURO\Q�&XUULQ��6WDQ�'XUNHH��'DYLG�:��(YDQV��7KHUHVD�)DEHU��3HWHU



)LQNHOVWHLQ��-LP�*DOORZD\��(OOHQ�+HDWK��6WHYHQ�)��+HGWNH��5RODQG�+HPPHWW��%UXFH�+LFNV��5D\PRQG
0��+RII��6X]DQQH�.LQJ��3HWHU�/DQGUXP��1DQF\�/DXUVRQ��6X]DQQH�0F0DVWHU��'DYLG�7��0LFKDXG�
7RGG�1HWWHVKHLP��(OOHQ�(��3DUU�'RHULQJ��-RQ�7D\ORU��0LNH�7KULIW��5LFN�7RQLHOOL��DQG�5LFKDUG
9DOLJXUD�

7HFKQLFDO�VXSSRUW�LQ�SUHSDULQJ�WKLV�GRFXPHQW�KDV�EHHQ�SURYLGHG�E\�,&)�.DLVHU�XQGHU��(3$
&RQWUDFW�1RV����'�������DQG���'���������7KH�HIIRUWV�RI�.DUHQ�*DQ�DQG�$QQH�&RZDQ�DUH
HVSHFLDOO\�DSSUHFLDWHG�

$SSUHFLDWLRQ�LV�JLYHQ�WR�DOO�RWKHUV�ZKR�KDYH�FRQWULEXWHG�WR�WKLV�UHSRUW�DQG�ZHUH
LQDGYHUWHQWO\�QRW�PHQWLRQHG�DERYH��
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7KLV�UHSRUW�LV�WKH�6HFRQG�5HSRUW�WR�&RQJUHVV�RQ�WKH�DWPRVSKHULF�GHSRVLWLRQ�RI�SROOXWDQWV�WR
WKH�*UHDW�:DWHUV���6HFWLRQ�����RI�WKH�&OHDQ�$LU�$FW��&$$��SURYLGHV�WKH�OHJLVODWLYH�EDVLV�IRU
KD]DUGRXV�DLU�SROOXWDQW��+$3��SURJUDPV�GLUHFWHG�E\�WKH�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\
�(3$����,Q�UHVSRQVH�WR�PRXQWLQJ�HYLGHQFH�WKDW�DLU�SROOXWLRQ�FRQWULEXWHV�WR�ZDWHU�SROOXWLRQ��&RQJUHVV
LQFOXGHG�VHFWLRQ�����P���$WPRVSKHULF�'HSRVLWLRQ�WR�*UHDW�/DNHV�DQG�&RDVWDO�:DWHUV��LQ�WKH������&$$��
8QGHU�WKLV�VWDWXWH��(3$�LV�UHTXLUHG�WR�SHULRGLFDOO\�UHSRUW�WR�&RQJUHVV�RQ�WKH�UHVXOWV�RI�WKLV�SURJUDP��
&RQFXUUHQW�ZLWK�WKH�6HFRQG�5HSRUW�WR�&RQJUHVV��(3$�LV�WR�GHWHUPLQH�WKH�DGHTXDF\�RI�VHFWLRQ����
WR�SUHYHQW�DGYHUVH�HIIHFWV�WR�SXEOLF�KHDOWK�DQG�VHULRXV�RU�ZLGHVSUHDG�HQYLURQPHQWDO�HIIHFWV
DVVRFLDWHG�ZLWK�DWPRVSKHULF�GHSRVLWLRQ�RI�+$3V�WR�WKH�*UHDW�:DWHUV�

+RZ�GRHV�WKLV�UHSRUW�GLIIHU�IURP�WKH������5HSRUW�WR�&RQJUHVV"

7KH�)LUVW�5HSRUW�WR�&RQJUHVV�SUHVHQWHG�LQIRUPDWLRQ�DERXW�WKH�KHDOWK�DQG�HQYLURQPHQWDO
HIIHFWV�DVVRFLDWHG�ZLWK�WKH�SROOXWDQWV�RI�FRQFHUQ��UHODWLYH�DWPRVSKHULF�ORDGLQJV��DQG�WKH�SRWHQWLDO
VRXUFHV�RI�WKHVH�ORDGLQJV���7KH�FXUUHQW�UHSRUW�GRFXPHQWV�ILQGLQJV�VLQFH�WKH�)LUVW�5HSRUW�WR�&RQJUHVV
DQG�GHVFULEHV�UHFHQW�SURJUHVV�LQ�WKHVH�LVVXHV���7KLV�UHSRUW�SODFHV�HPSKDVLV�RQ�ORFDO�DQG�IHGHUDO
DFWLYLWLHV��LQFOXGLQJ�PDQ\�WKDW�VXSSRUW�VHFWLRQ�����P��GLUHFWLYHV��WDNLQJ�SODFH�DW�VSHFLILF�ZDWHUERGLHV
VXFK�DV�WKH�*UHDW�/DNHV��/DNH�&KDPSODLQ��DQG�&KHVDSHDNH�%D\��DV�ZHOO�DV�FRDVWDO�HVWXDULHV
GHVLJQDWHG�WKURXJK�WKH�1DWLRQDO�(VWXDU\�3URJUDP�DQG�1DWLRQDO�(VWXDULQH�5HVHDUFK�5HVHUYH�6\VWHP��
'XH�WR�WKH�VKRUW�WLPH�SHULRG�VLQFH�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��PXFK�RI�WKH�UHVHDUFK�GDWD�FROOHFWHG
GXULQJ�WKLV�WLPH�DUH�VWLOO�LQ�WKH�SURFHVV�RI�EHLQJ�DQDO\]HG��KRZHYHU��WKH�REMHFWLYHV�DQG�VWDWXV�RI�WKHVH
HIIRUWV�DUH�GHVFULEHG�LQ�WKH�UHSRUW���)XUWKHUPRUH��WKLV�UHSRUW�GRHV�QRW�DVVHVV�WKH�OLQNDJH�EHWZHHQ�WKH
SRWHQWLDO�VRXUFHV��ORDGLQJV��DQG�HIIHFWV�RI�SROOXWDQWV�RI�FRQFHUQ�EHFDXVH��DV�LQ�WKH�)LUVW�5HSRUW�WR
&RQJUHVV��WKH�VFLHQWLILF�LQIRUPDWLRQ�LV�FXUUHQWO\�QRW�VXIILFLHQWO\�FRPSOHWH���$V�VXFK��XQDQVZHUHG
TXHVWLRQV�VWLOO�UHPDLQ�DV�ZHOO�DV�XQFHUWDLQWLHV�IRU�VRPH�LVVXHV���7KLV�UHSRUW�SURSRVHV�D�QXPEHU�RI
IXWXUH�GLUHFWLRQV�WR�UHGXFH�XQFHUWDLQW\�LQ�VHYHUDO�DUHDV�

%HFDXVH�WKLV�UHSRUW�LV�DQ�XSGDWH�RI�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��WKH�LQIRUPDWLRQ�SUHVHQWHG
KHUH�FDQQRW�EH�XVHG�DORQH�WR�GHYHORS�UHFRPPHQGDWLRQV�UHJDUGLQJ�DWPRVSKHULF�GHSRVLWLRQ�RI
SROOXWDQWV�WR�WKH�*UHDW�:DWHUV���5DWKHU��WKH�VFLHQWLILF�LQIRUPDWLRQ�VXPPDUL]HG�LQ�WKLV�UHSRUW�
WRJHWKHU�ZLWK�WKH�ILQGLQJV�DQG�UHFRPPHQGDWLRQ�LGHQWLILHG�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��FDQ�EH
XVHG�WR�DVVHVV�WKH�H[WHQW�RI�SURJUHVV�DV�D�UHVXOW�RI�UHFRPPHQGDWLRQV�IURP�WKH�)LUVW�5HSRUW�WR
&RQJUHVV�DQG�WR�GHWHUPLQH�ZKDW�JDSV�LQ�LQIRUPDWLRQ�VWLOO�H[LVW���

+DV�WKH�OLVW�RI�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ�FKDQJHG"�

7KH�SROOXWDQWV�RI�FRQFHUQ�WR�WKH�*UHDW�:DWHUV�KDYH�QRW�FKDQJHG�VLQFH�WKH�)LUVW�5HSRUW�WR
&RQJUHVV���7KH�OLVW�FRQVLVWV�RI����SROOXWDQWV��VHH�VLGHEDU�RQ�QH[W�SDJH��LQFOXGLQJ�SHVWLFLGHV��PHWDO
FRPSRXQGV��FKORULQDWHG�RUJDQLF�FRPSRXQGV��DQG�QLWURJHQ�FRPSRXQGV���7KHVH�SROOXWDQWV�KDYH�EHHQ
VHOHFWHG�EDVHG�RQ�LQIRUPDWLRQ�UHJDUGLQJ�WKHLU�KHDOWK�DQG�HQYLURQPHQWDO�HIIHFWV�DQG�HYLGHQFH�WKDW
WKH\�DUH�DWPRVSKHULFDOO\�GHSRVLWHG�WR�WKH�*UHDW�:DWHUV���0RVW�DUH�ELRDFFXPXODWLYH�FKHPLFDOV�WKDW
SHUVLVW�LQ�WKH�HQYLURQPHQW�IRU�ORQJ�SHULRGV���0DQ\�RI�WKHVH�SROOXWDQWV�DUH�OLVWHG�DV�FKHPLFDOV�RI
FRQFHUQ�RQ�WR[LFV�OLVWV�IRU�LQGLYLGXDO�ZDWHUERGLHV�DW�WKH�ORFDO�DQG�VWDWHZLGH�OHYHO���
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The 15 Great Waters
Pollutants of Concern

Cadmium and cadmium compounds
Chlordane
DDT/DDE
Dieldrin
Hexachlorobenzene (HCB)
�-Hexachlorocyclohexane (�-HCH)
Lindane (�-hexachlorocyclohexane; �-HCH)
Lead and lead compounds
Mercury and mercury compounds
Polychlorinated biphenyls (PCBs)
Polycyclic organic matter (POM)
Tetrachlorodibenzo-p-dioxin (TCDD; dioxins)
Tetrachlorodibenzofuran (TCDF; furans)
Toxaphene
Nitrogen compounds
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:KDW�DUH�WKH�HQYLURQPHQWDO�DQG�
SXEOLF�KHDOWK�HIIHFWV�RI�WKH�
SROOXWDQWV�RI�FRQFHUQ�WR�WKH�*UHDW�
:DWHUV"

5HFHQW�VFLHQWLILF�LQIRUPDWLRQ�FRQILUPV
DGYHUVH�HIIHFWV�GDWD�SUHVHQWHG�LQ�WKH�)LUVW
5HSRUW���7KH�SROOXWDQWV�DUH�DVVRFLDWHG�ZLWK
GHOHWHULRXV�HIIHFWV�RQ�PDQ\�WDUJHW�RUJDQV�LQ
KXPDQV�DQG�DQLPDOV��LQFOXGLQJ�WKH�OLYHU��NLGQH\�
QHUYRXV�V\VWHP��HQGRFULQH�V\VWHP��UHSURGXFWLYH
RUJDQV��DQG�LPPXQRORJLFDO�V\VWHP���)HZ�QHZ
GHYHORSPHQWV�KDYH�RFFXUUHG�LQ�WKLV�DUHD�
DOWKRXJK�WKHUH�LV�D�JURZLQJ�LQWHUHVW�DERXW�WKH
SRWHQWLDO�IRU�VRPH�SROOXWDQWV�WR�DFW�RQ�DQG
GLVUXSW�WKH�HQGRFULQH�V\VWHP�LQ�ZLOGOLIH�DQG
SRVVLEO\�LQ�KXPDQV���

$V�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��WKH�FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�RI�WKH
SROOXWDQWV�DQG�VXEVHTXHQW�H[SRVXUH�WR�SRWHQWLDO�KXPDQ�KHDOWK�DQG�HFRORJLFDO�HIIHFWV�FDQQRW�EH
TXDQWLILHG�DW�WKLV�WLPH���3ROOXWDQWV�GHSRVLWHG�IURP�WKH�DLU�GLUHFWO\�LQWR�D�ZDWHUERG\�PD\�KDYH�URXWHV
RI�H[SRVXUH�WR�DTXDWLF�OLIH�WKDW�GLIIHU�IURP�H[SRVXUH�E\�ZDWHUERUQH�LQSXWV��KRZHYHU��WKHUH�DUH�IHZ
VWXGLHV�DYDLODEOH�WR�DGGUHVV�WKLV�LVVXH���7KHUH�LV�FXUUHQWO\�QR�LQIRUPDWLRQ�WR�VXJJHVW�WKDW�HIIHFWV
SURGXFHG�E\�SROOXWDQWV�GHSRVLWHG�IURP�WKH�DLU�ZLOO�EH�GLIIHUHQW�IURP�HIIHFWV�E\�WKHVH�SROOXWDQWV
FDUULHG�LQ�ZDWHU�RU�IRXQG�LQ�VHGLPHQW���&RQWDPLQDWLRQ�LQ�ILVK�FDQ�HQWHU�WKH�GLHW�RI�KXPDQV�DQG�RWKHU
DQLPDOV�DQG��WKHUHIRUH��ILVK�HDWLQJ�ELUGV�RU�PDPPDOV�DUH�HVSHFLDOO\�DW�ULVN�IURP�SROOXWDQWV�WKDW
ELRPDJQLI\�EHFDXVH�WKH\�DUH�H[SRVHG�WR�FRQFHQWUDWHG�OHYHOV�RI�WKHVH�SROOXWDQWV���(YDOXDWLRQ�RI
SRWHQWLDO�KXPDQ�KHDOWK�HIIHFWV�RI�SROOXWDQWV�RI�FRQFHUQ�LV�EDVHG�DOPRVW�FRPSOHWHO\�RQ�ODERUDWRU\
VWXGLHV�LQ�DQLPDOV���7KH�GDWD�IURP�WKHVH�VWXGLHV�PD\�EH�H[WUDSRODWHG�WR�DVVHVV�SRWHQWLDO�DGYHUVH
HIIHFWV�LQ�KXPDQV��KRZHYHU��XQFHUWDLQWLHV�PD\�H[LVW�DV�WR�WKH�H[SRVXUH�OHYHOV�DW�ZKLFK�WKHVH�SRWHQWLDO
HIIHFWV�PD\�RFFXU���$WPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ�FRPSRXQGV�FDQ�FRQWULEXWH�VLJQLILFDQWO\�WR
HXWURSKLFDWLRQ�LQ�FRDVWDO�ZDWHUV��ZKHUH�SODQW�SURGXFWLYLW\�LV�XVXDOO\�OLPLWHG�E\�QLWURJHQ�DYDLODELOLW\��
$FFHOHUDWHG�HXWURSKLFDWLRQ�DQG�LWV�VXEVHTXHQW�HIIHFWV�VXFK�DV�QXLVDQFH�DOJDO�EORRPV�DQG�UHGXFHG
R[\JHQ�OHYHOV�SRVH�VLJQLILFDQW�SUREOHPV�IRU�&KHVDSHDNH�%D\�DQG�PDQ\�RWKHU�HVWXDULHV��

'R�ZDWHU�TXDOLW\�H[FHHGDQFHV�RU�ILVK�DGYLVRULHV�FRQWLQXH�WR�RFFXU�DV�D�UHVXOW�
RI�SROOXWLRQ�ORDGLQJV�WR�WKH�*UHDW�:DWHUV"

&XUUHQW�ZDWHU�TXDOLW\�FULWHULD�H[FHHGDQFHV�DQG�ILVK�DGYLVRULHV�VXJJHVW�WKDW�WR[LF
FRQWDPLQDWLRQ�E\�SHUVLVWHQW�WR[LFV�LV�SUHVHQW�LQ�WKH�*UHDW�:DWHUV���7KH�FRQWULEXWLRQ�RI�DWPRVSKHULF
GHSRVLWLRQ�WR�WKH�ZDWHU�TXDOLW\�H[FHHGDQFHV�DQG�FRQWDPLQDQW�OHYHOV�LQ�ILVK�LV�QRW�NQRZQ�DW�WKLV�WLPH��
0RUH�LQIRUPDWLRQ�RQ�UHODWLYH�ORDGLQJV�RI�SROOXWDQWV�LV�QHHGHG�WR�DVVHVV�WKH�H[WHQW�RI�FRQWDPLQDWLRQ
DWWULEXWHG�WR�DWPRVSKHUH�

:DWHU�TXDOLW\�FULWHULD�KDYH�EHHQ�GHYHORSHG�VSHFLILFDOO\�IRU�WKH�*UHDW�/DNHV��DQG�H[FHHGDQFHV
RI�WKHVH�FULWHULD�FRQWLQXH�WR�RFFXU���5HFHQW�LQIRUPDWLRQ�LV�DYDLODEOH�IRU�VRPH�SROOXWDQWV��DQG�LQ
JHQHUDO��WKHVH�H[FHHGDQFHV�KDYH�GHFOLQHG�LQ�UHFHQW�\HDUV���)LVK�DGYLVRULHV�WKDW�DUH�LVVXHG�E\�VWDWHV�IRU
LQGLYLGXDO�SROOXWDQWV�SURYLGH�TXDOLWDWLYH�LQIRUPDWLRQ�DERXW�SRWHQWLDO�H[SRVXUH�DQG�WKH�H[WHQW�RI
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FRQWDPLQDWLRQ�LQ�D�ZDWHUERG\���3&%V�DUH�PRVW�FRPPRQO\�WKH�IRFXV�RI�ILVK�DGYLVRULHV�LVVXHG�LQ�WKH
*UHDW�:DWHUV�DQG�WKHLU�EDVLQV��ZLWK�GLR[LQV�KDYLQJ�WKH�QH[W�KLJKHVW�RFFXUUHQFH�RI�DGYLVRULHV��
(OHYDWHG�OHYHOV�LQ�ILVK�RI�RWKHU�SROOXWDQWV��VXFK�DV�FKORUGDQH�DQG�PHUFXU\��DOVR�KDYH�ZDUUDQWHG�ILVK
DGYLVRULHV�LQ�PDQ\�VWDWHV�DURXQG�WKH�*UHDW�:DWHUV���

:KDW�LV�FXUUHQWO\�NQRZQ�DERXW�WKH�DWPRVSKHULF�GHSRVLWLRQ�RI�WKH�SROOXWDQWV�
RI�FRQFHUQ�WR�WKH�*UHDW�:DWHUV"

7KH�FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�RYHUDOO�SROOXWDQW�ORDGLQJV�LQ�WKH�*UHDW�:DWHUV
FRQWLQXHV�WR�EH�VWXGLHG���$WPRVSKHULF�ORDGLQJV�RI�SROOXWDQWV�UHVXOW�IURP�ZHW�GHSRVLWLRQ�DQG�GU\
SDUWLFOH�GHSRVLWLRQ�DQG�WKURXJK�DLU�ZDWHU�JDV�H[FKDQJH���'HVFULEHG�LQ�WKLV�UHSRUW�DUH�PRQLWRULQJ�DQG
PRGHOLQJ�VWXGLHV�UHOHYDQW�WR�DWPRVSKHULF�GHSRVLWLRQ�WKDW�DUH�FXUUHQWO\�WDNLQJ�SODFH�DW�WKH�PDMRU
ZDWHUERGLHV�RI�WKH�*UHDW�:DWHUV���

5HFHQW�DWPRVSKHULF�PRQLWRULQJ�GDWD�IURP�D�ELQDWLRQDO�PRQLWRULQJ�QHWZRUN�DVVHVVLQJ�WUHQGV
RI�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�*UHDW�/DNHV�UHJLRQ�LQGLFDWH�WKDW�DWPRVSKHULF�OHYHOV�RI�WR[LF
SROOXWDQWV�DUH�GHFOLQLQJ�VOLJKWO\�RU�OHYHOLQJ�RII�DQG�UHPDLQ�D�VLJQLILFDQW�FRQFHUQ�LQ�WKH�*UHDW�/DNHV��
6HYHUDO�UHFHQW�DFWLYLWLHV�LQ�WKH�*UHDW�/DNHV�KDYH�EHHQ�LQLWLDWHG�WR�FKDUDFWHUL]H�DQG�UHGXFH�WR[LF
FRQWDPLQDWLRQ�DQG�GHSRVLWLRQ�WR�WKHVH�ZDWHUV���,Q�WKH�/DNH�&KDPSODLQ�EDVLQ��UHVHDUFK�RQ
DWPRVSKHULF�ORDGLQJ�RI�PHUFXU\�LV�FXUUHQWO\�XQGHUZD\�LQ�WKH�EDVLQ���(DUO\�GDWD�VKRZ�WKDW
DWPRVSKHULF�PHUFXU\�OHYHOV�DQG�GHSRVLWLRQ�DUH�FRPSDUDEOH�WR�WKRVH�PHDVXUHG�DURXQG�WKH�*UHDW
/DNHV��

1LWURJHQ�DQG�WR[LF�FRQWDPLQDQWV�DUH�D�FRQFHUQ�LQ�&KHVDSHDNH�%D\�DQG�RWKHU�FRDVWDO�ZDWHUV��
([FHVVLYH�QLWURJHQ�ORDGLQJ�FDQ�DFFHOHUDWH�HXWURSKLFDWLRQ�DQG�LWV�DGYHUVH�HIIHFWV��VXFK�DV�QXLVDQFH
DOJDO�EORRPV�DQG�ILVK�NLOOV���6XEVWDQWLDO�SURJUHVV�KDV�EHHQ�PDGH�LQ�DGGUHVVLQJ�QLWURJHQ
FRQWDPLQDWLRQ�LVVXHV�LQ�&KHVDSHDNH�%D\��WKH�ODUJHVW�8�6��HVWXDU\���$�VWUDWHJ\�KDV�EHHQ�GHYHORSHG�E\
WKH�&KHVDSHDNH�%D\�3URJUDP�IRU�UHGXFLQJ�WKH�QLWURJHQ�ORDG�WR�WKH�%D\���3DUW�RI�WKLV�SURFHVV
LQFOXGHV�WKH�ODUJH�VFDOH�PRGHOLQJ�DQG�XQGHUVWDQGLQJ�RI�WKH�W\SH�DQG�JHRJUDSKLF�RULJLQ�RI�DLUERUQH
QLWURJHQ�WR�WKH�%D\���6LJQLILFDQW�GDWD�DOVR�KDYH�EHHQ�FROOHFWHG�RQ�UDWHV�DQG�DPRXQWV�RI�QLWURJHQ
GHSRVLWLRQ��LQFOXGLQJ�FRPSDULVRQ�RI�GLUHFW�DQG�LQGLUHFW�GHSRVLWLRQ�DQG�RI�ZHW�DQG�GU\�GHSRVLWLRQ��
DQG�PRGHOV�KDYH�EHHQ�GHYHORSHG�WR�HYDOXDWH�WKH�LPSDFW�RI�VHYHUDO�QLWURJHQ�UHGXFWLRQ�VFHQDULRV�RQ
WKH�%D\
V�ZDWHU�TXDOLW\��

6LQFH�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��VWXGLHV�RI�RWKHU�FRDVWDO�ZDWHUV��DW�1DWLRQDO�(VWXDU\
3URJUDP�ZDWHUV�LQ�SDUWLFXODU��KDYH�LQYHVWLJDWHG�WKH�VLJQLILFDQFH�RI�DWPRVSKHULF�GHSRVLWLRQ�RI
QLWURJHQ�FRPSRXQGV�WR�WKHLU�ZDWHUV���7R�LPSURYH�XQGHUVWDQGLQJ�DQG�UHGXFWLRQ�RI�QLWURJHQ
GHSRVLWLRQ�WR�&KHVDSHDNH�%D\�DQG�RWKHU�FRDVWDO�ZDWHUV��WKH�&KHVDSHDNH�%D\�3URJUDP��YDULRXV
1DWLRQDO�(VWXDU\�3URJUDPV��DQG�WKH�*XOI�RI�0H[LFR�3URJUDP�FRQWLQXH�WR�GHYHORS�DQG�UHILQH
PRGHOLQJ�DQG�PRQLWRULQJ�HIIRUWV�E\�DGGUHVVLQJ�XQFHUWDLQWLHV�VXFK�DV�QLWURJHQ�UHWHQWLRQ�LQ
ZDWHUVKHGV��WKH�GLIIHUHQFHV�LQ�WUDQVSRUW�DQG�IDWH�RI�YDULRXV�QLWURJHQ�FRPSRXQGV��DQG�WKH
FRQWULEXWLRQ�RI�QHDUVKRUH�RFHDQ�ZDWHUV�WR�WKH�QLWURJHQ�LQSXWV�WR�HVWXDULHV�

:KDW�LV�FXUUHQWO\�NQRZQ�DERXW�WKH�VRXUFHV�RI�DWPRVSKHULF�SROOXWDQW�
GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV"

%RWK�ORFDO�DQG�ORQJ�UDQJH�HPLVVLRQ�VRXUFHV�FRQWULEXWH�WR�DWPRVSKHULF�GHSRVLWLRQ�LQ�WKH
*UHDW�:DWHUV���(PLVVLRQ�LQYHQWRULHV�RQ�VSHFLILF�VRXUFHV�RI�WKH�SROOXWDQWV�RI�FRQFHUQ�DUH�DFWLYHO\
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EHLQJ�GHYHORSHG�DQG�HIIRUWV�WR�JDWKHU�PRUH�LQIRUPDWLRQ�RQ�WKH�SRWHQWLDO�VRXUFHV�RI�FRQWDPLQDWLRQ
FRQWLQXH���)RU�H[DPSOH��(3$�UHFHQWO\�FRPSOHWHG�D�QDWLRQDO�HPLVVLRQV�LQYHQWRU\�RI�NQRZQ�8�6�
VRXUFHV�RI�VHYHQ�KD]DUGRXV�SROOXWDQWV�RI�FRQFHUQ�OLVWHG�XQGHU�&$$�VHFWLRQ�����F�������,GHQWLILFDWLRQ
RI�WKH�VRXUFHV�IRU�WRWDO�HPLVVLRQV�RI�WKHVH�SROOXWDQWV�LV�OHDGLQJ�WR�DQ�HYDOXDWLRQ�RI�WKH�VWDWLRQDU\�
DQWKURSRJHQLF�VRXUFH�FDWHJRULHV�WR�GHWHUPLQH�ZKHWKHU�WKH\�DUH�FXUUHQWO\�UHJXODWHG�RU�VFKHGXOHG�IRU
UHJXODWLRQ�XQGHU�WKH�&$$���6RPH�SHUVLVWHQW�SROOXWDQWV�DUH�QR�ORQJHU�SURGXFHG�WKURXJK�KXPDQ
DFWLYLWLHV�EXW�PD\�FRQWLQXH�WR�DIIHFW�WKH�*UHDW�:DWHUV�HQYLURQPHQW�WKURXJK�UHOHDVHV�IURP�H[LVWLQJ
HTXLSPHQW�DQG�UHSHDWHG�F\FOLQJ�EHWZHHQ�WKH�DWPRVSKHUH��ODQG��DQG�ZDWHUERGLHV���

8QGHUVWDQGLQJ�DWPRVSKHULF�SURFHVVHV�LV�QHFHVVDU\�IRU�DQDO\]LQJ�WKH�UHODWLRQVKLSV�EHWZHHQ
VRXUFH�HPLVVLRQV��UHODWLYH�ORDGLQJV��DQG�WKH�SRWHQWLDO�IRU�DGYHUVH�HIIHFWV�LQ�KXPDQV�DQG�WKH
HQYLURQPHQW���%HFDXVH�LW�LV�RIWHQ�GLIILFXOW�WR�HVWDEOLVK�WKHVH�UHODWLRQVKLSV�FOHDUO\�DQG�TXDQWLWDWLYHO\
WKURXJK�DYDLODEOH�PHDVXUHPHQW�GDWD��H�J���LW�FDQ�EH�GLIILFXOW�WR�GLIIHUHQWLDWH�EHWZHHQ�WKH�FRQWULEXWLRQ
RI�GLVWDQW�YHUVXV�ORFDO�VRXUFHV�WR�WKH�ORDGLQJ�RI�D�SROOXWDQW�WR�D�SDUWLFXODU�ZDWHUERG\���LQYHVWLJDWRUV
IUHTXHQWO\�XVH�PDWKHPDWLFDO�PRGHOV�RI�DWPRVSKHULF�WUDQVSRUW�DQG�GHSRVLWLRQ���7KLV�UHSRUW�SUHVHQWV
WKH�DSSOLFDWLRQ�RI�VHYHUDO�DWPRVSKHULF�WUDQVSRUW�DQG�GHSRVLWLRQ�PRGHOV�WR�WKH�*UHDW�:DWHUV�DQG
KRZ�WKHVH�PRGHOV�FRPSDUHG�WR�DFWXDO�GDWD�IURP�WKH�ZDWHUERGLHV���([WHQVLYH�PRGHOLQJ�RI�QLWUDWH
HPLVVLRQV�DQG�WUDQVSRUW�WKDW�FDQ�GHSRVLW�WR�&KHVDSHDNH�%D\�KDV�FDOFXODWHG�WKH��DLUVKHG��RI�GLVWDQW
DV�ZHOO�DV�ORFDO�VRXUFHV�

:KDW�DUH�(3$
V�FXUUHQW�FRQFOXVLRQV�IURP�WKLV�6HFRQG�5HSRUW�WR�&RQJUHVV"�

7KH�LQIRUPDWLRQ�SUHVHQWHG�LQ�WKLV�UHSRUW�DGYDQFHV�VFLHQWLILF�NQRZOHGJH�RQ�LVVXHV�UHODWHG�WR
DWPRVSKHULF�GHSRVLWLRQ�RI�SROOXWDQWV�WR�WKH�*UHDW�:DWHUV�DQG�FRQILUPV�WKH�ILQGLQJV�DQG�FRQFOXVLRQV
SUHVHQWHG�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV���,Q�JHQHUDO��FRQFHQWUDWLRQV�RI�VRPH�SHUVLVWHQW�SROOXWDQWV
LQ�WKH�*UHDW�/DNHV��DV�PRQLWRUHG�E\�VDPSOH�PHDVXUHPHQWV�RI�FRQWDPLQDQW�OHYHOV�LQ�WKH�DLU��ZDWHU�
DQG�ELRWD��DSSHDU�WR�KDYH�OHYHOHG�RII�RU�GHFOLQHG�RQO\�VOLJKWO\�LQ�UHFHQW�\HDUV�

(3$�DOVR�KDV�LVVXHG�GUDIW�GHWHUPLQDWLRQV�WKDW�WKH�SURYLVLRQV�RI�&$$�VHFWLRQ�����DUH
DGHTXDWH�WR�SUHYHQW�VHULRXV�DGYHUVH�KXPDQ�KHDOWK�HIIHFWV�DQG�VHULRXV�RU�ZLGHVSUHDG�HQYLURQPHQWDO
HIIHFWV�DV�D�UHVXOW�RI�DWPRVSKHULF�GHSRVLWLRQ�RI�+$3V�HPLWWHG�E\�GRPHVWLF�VWDWLRQDU\�VRXUFHV���$W
WKLV�WLPH��(3$�EHOLHYHV�WKDW�WKHUH�LV�QR�LQIRUPDWLRQ�WR�VXJJHVW�WKDW�DGGLWLRQDO�UHJXODWLRQV�EH\RQG
WKRVH�DXWKRUL]HG�RU�UHTXLUHG�E\�VHFWLRQ�����DUH�QHFHVVDU\�RU�DSSURSULDWH�WR�SUHYHQW�VXFK�HIIHFWV��
7KH�GUDIW�GHWHUPLQDWLRQV�ZLOO�EH�LVVXHG�IRU�SXEOLF�QRWLFH�DQG�FRPPHQW�E\�-XQH�����������DQG�ILQDO
GHWHUPLQDWLRQV�ZLOO�EH�PDGH�E\�0DUFK�����������

:KDW�IXWXUH�GLUHFWLRQV�PD\�EH�WDNHQ�E\�(3$�WR�VXSSRUW�VHFWLRQ�����P�"��

'HVFULEHG�WKURXJKRXW�WKH�UHSRUW�DUH�DFWLYLWLHV�WKDW�KDYH�LQFUHDVHG�RXU�NQRZOHGJH�RI
DWPRVSKHULF�GHSRVLWLRQ�RI�SROOXWDQWV�WR�WKH�*UHDW�:DWHUV��$V�QHZ�LQIRUPDWLRQ�EHFRPHV�DYDLODEOH�RQ
DWPRVSKHULF�SROOXWDQW�GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV��DGGLWLRQDO�TXHVWLRQV�RU�LVVXHV�DUH�H[SHFWHG�WR
DULVH�WKDW�ZLOO�UHTXLUH�IXUWKHU�LQYHVWLJDWLRQ�RU�DFWLRQ���$W�WKLV�WLPH��(3$�KDV�LGHQWLILHG�WKH�IROORZLQJ
DUHDV�ZKHUH�LQIRUPDWLRQ�LV�OLPLWHG�DQG�VRPH�VSHFLILF�VWHSV�WKDW�QHHG�WR�EH�WDNHQ�WR�DGYDQFH�RXU
XQGHUVWDQGLQJ�RI�LVVXHV�UHOHYDQW�WR�WKH�*UHDW�:DWHUV�SURJUDP�

� 'HILQH�DQG�SURFHHG�ZLWK�PDQDJHPHQW�DQG�UHJXODWRU\�DFWLRQV�IRU�*UHDW�:DWHUV
SROOXWDQWV�RI�FRQFHUQ��ZLWK�D�SDUWLFXODU�IRFXV�JLYHQ�WR�SROOXWDQWV�FXUUHQWO\�EHLQJ
HPLWWHG�WR�WKH�DLU�IURP�VRXUFHV�WKDW�FDQ�EH�VXEMHFW�WR�UHJXODWLRQV�XQGHU�WKH�&$$��IRU
H[DPSOH��WKH�VHYHQ�SROOXWDQWV�RI�FRQFHUQ�LQ�VHFWLRQ�����F������



(;(&87,9(�6800$5<

�Y�

� &RQWLQXH�WR�VXSSRUW�PRQLWRULQJ�DQG�UHVHDUFK�HIIRUWV�RQ�GHSRVLWLRQ�WR�PDNH
LQIRUPHG�PDQDJHPHQW�GHFLVLRQV�DQG�WR�WUDFN�UHGXFWLRQV�

� 3HUIRUP�H[SRVXUH�DQG�HIIHFWV�VWXGLHV�WKDW�ZLOO�EXLOG�RQ�WKH�UHFHQW�*UHDW�/DNHV�:DWHU
4XDOLW\�&ULWHULD��ZKLFK�FRQVLGHU�ELRPDJQLILFDWLRQ���7KHVH�VWXGLHV�ZLOO�EH�FRRUGLQDWHG
ZLWK�DQ�LQWHJUDWHG�UHVHDUFK�VWUDWHJ\�RQ�WKH�SHUVLVWHQW�SROOXWDQWV��WKHLU�GLVWULEXWLRQ
DQG�FRQFHQWUDWLRQV��H[SRVXUH�URXWHV��DQG�DVVRFLDWHG�HIIHFWV�

� ,PSURYH�PRGHOLQJ�HIIRUWV�WR�HVWLPDWH�DWPRVSKHULF�ORDGLQJV�WR�*UHDW�:DWHUV���)RU
H[DPSOH��DGDSW�DQG�DSSO\�WKH�FRPSUHKHQVLYH�DSSURDFK�GHYHORSHG�IRU�WKH�/DNH
0LFKLJDQ�0DVV�%DODQFH�0RGHO�WR�DGGLWLRQDO�ZDWHUERGLHV�

� ,QFUHDVH�HIIRUWV�WR�LGHQWLI\�VSHFLILF�HPLVVLRQV�VRXUFHV�RI�DWPRVSKHULF�GHSRVLWLRQ�WR
WKH�*UHDW�:DWHUV��ERWK�QHDUE\�DQG�UHODWLYHO\�GLVWDQW�IURP�WKH�ZDWHUERG\��WR�GHYHORS
ULVN�PDQDJHPHQW�VWUDWHJLHV��DV�ZHOO�DV�LQYHVWLJDWH�WKH�LPSDFW�IURP�F\FOLQJ�RI
SROOXWDQWV�WKDW�DUH�QR�ORQJHU�XVHG�RU�PDQXIDFWXUHG�LQ�WKH�8QLWHG�6WDWHV�

� &RQWLQXH�WR�SURPRWH�SROOXWLRQ�UHGXFWLRQ�LQ�WKH�*UHDW�:DWHUV�WKURXJK�ORFDO��UHJLRQDO�
DQG�IHGHUDO�LQLWLDWLYHV��DV�ZHOO�DV�FRRUGLQDWHG�LQWHUQDWLRQDO�HIIRUWV��DQG

� $VVHVV�HFRQRPLF�FRVWV�DQG�EHQHILWV�DVVRFLDWHG�ZLWK�UHGXFWLRQV�RI�SROOXWDQWV�WR�WKH
*UHDW�:DWHUV��LQFOXGLQJ�LGHQWLI\LQJ�DQG�TXDQWLI\LQJ��ZKHUH�SRVVLEOH��HFRQRPLF
LPSDFWV�DVVRFLDWHG�ZLWK�H[SRVXUH�DQG�HIIHFWV�LQGLFDWRUV�VXFK�DV�ILVK�DGYLVRULHV�
KDELWDW�GHFOLQH��GLPLQLVKHG�VSHFLHV�GLYHUVLW\��ILVK�NLOOV��DQG�GHFOLQLQJ�RU�FRQWDPLQDWHG
VKHOOILVK�DQG�ILVK�SRSXODWLRQV�
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*UHDW�:DWHUV�3ROOXWDQWV�RI�&RQFHUQ�DQG�5HDVRQV�IRU�,QFOXVLRQ � � � � � � � � � � � � � � � � � � � � � ���
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V�$SSURSULDWH�5DQJH�RI

5LVN�WR�+XPDQ�+HDOWK � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
,,,�� 6XPPDU\�RI�$WPRVSKHULF�7UDQVSRUW�DQG�'HSRVLWLRQ�0RGHOV�$SSOLHG�WR�WKH�*UHDW�:DWHUV � � � � � � ���
,9�� $WPRVSKHULF�/RDGLQJ�(VWLPDWHV�IRU�6HOHFWHG�3ROOXWDQWV�LQ�WKH�*UHDW�/DNHV � � � � � � � � � � � � � � � � � � � ���
,9�� $YHUDJH�(VWLPDWHG�$WPRVSKHULF�/RDGLQJV�RI�6HOHFWHG�3ROOXWDQWV�WR�WKH�*UHDW�/DNHV������������ � ���
,9�� 6SHFLILF�3ROOXWDQW�5HGXFWLRQ�*RDOV�8QGHU�WKH�*UHDW�/DNHV�%LQDWLRQDO�7R[LFV

6WUDWHJ\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
,9�� 6XPPDU\�RI�6RPH�0DMRU�3URJUDPV�WR�$GGUHVV�$WPRVSKHULF�&RQWDPLQDWLRQ�LQ�WKH�*UHDW�/DNHV � ����
,9�� &RPSDULVRQ�RI�0HDQ�7RWDO�$WPRVSKHULF�0HUFXU\�&RQFHQWUDWLRQV��*DVHRXV�DQG�3DUWLFXODWH�3KDVHV

DQG�LQ�3UHFLSLWDWLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
,9�� &RPSDULVRQ�RI�$QQXDO�0HUFXU\�'HSRVLWLRQ�(VWLPDWHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
,9�� &KHVDSHDNH�%D\�%DVLQ�1XWULHQW�5HGXFWLRQ�DQG�/RDGLQJ�&DSV�E\�0DMRU�7ULEXWDU\�%DVLQ � � � � � � � ���
,9�� 1LWURJHQ�5HWHQWLRQ�$VVXPSWLRQV�8VHG�LQ�&KHVDSHDNH�%D\�/RDGLQJ�6WXGLHV � � � � � � � � � � � � � � � � � ����
,9�� $QQXDO�$WPRVSKHULF�/RDGLQJV�RI�7UDFH�0HWDOV�DQG�2UJDQLF�&RQWDPLQDQWV�WR�WKH�&KHVDSHDNH�%D\����
,9��� 5HODWLYH�,PSRUWDQFH�RI�6RXUFHV�RI�7UDFH�0HWDOV�DQG�2UJDQLF�&RQWDPLQDQWV�WR�&KHVDSHDNH�%D\ � ����
,9��� (VWLPDWHV�RI�$WPRVSKHULF�1LWURJHQ�/RDGLQJV�WR�6HOHFWHG�&RDVWDO�:DWHUV � � � � � � � � � � � � � � � � � � � ����
,9��� 6WXGLHV�RI�$WPRVSKHULF�/RDGLQJV�RI�7R[LF�3ROOXWDQWV�WR�1(3�&RDVWDO�:DWHUV � � � � � � � � � � � � � � � ����
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,�� /RFDWLRQV�RI�WKH�*UHDW�:DWHUV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
,,�� $VVHVVLQJ�&RQWDPLQDWLRQ�LQ�D�:DWHUERG\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
,,�� 5ROH�RI�$K�5HFHSWRU�LQ�%LRORJLFDO�5HVSRQVHV�WR�'LR[LQ�([SRVXUH � � � � � � � � � � � � � � � � � � � � � � � � � � ���
,,,�� $WPRVSKHULF�'HSRVLWLRQ�3URFHVVHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
,9�� *UHDW�/DNHV�%DVLQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
,9�� 3&%V�DQG�''7�LQ�/DNH�7URXW�IURP�/DNH�0LFKLJDQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
,9�� 6HDVRQDO�$WPRVSKHULF�/RDGLQJV�RI�3&%V�LQ�/DNH�0LFKLJDQ������� � � � � � � � � � � � � � � � � � � � � � � � � � � ���
,9�� $WPRVSKHULF�/RDGLQJV�RI�/HDG�WR�WKH�*UHDW�/DNHV������������ � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
,9�� $WPRVSKHULF�0RQLWRULQJ�6LWHV�LQ�WKH�*UHDW�/DNHV�5HJLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
,9�� /DNH�&KDPSODLQ�%DVLQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
,9�� $WPRVSKHULF�0HUFXU\�LQ�/DNH�&KDPSODLQ�%DVLQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
,9�� &KHVDSHDNH�%D\�:DWHUVKHG � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
,9�� 0DMRU�7ULEXWDU\�%DVLQV�RI�WKH�&KHVDSHDNH�%D\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
,9��� &KHVDSHDNH�%D\�$LUVKHG � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
,9��� 12 �(PLVVLRQ�6RXUFHV�LQ�WKH�0DMRU�%D\�,QIOXHQFLQJ�6WDWHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����[

,9��� 5$'0�7RWDO��:HW�DQG�'U\��1LWUDWH�'HSRVLWLRQ�IURP�8WLOLW\�6RXUFHV� � � � � � � � � � � � � � � � � � � � � � � ����
,9��� 5$'0�7RWDO��:HW�DQG�'U\��1LWUDWH�'HSRVLWLRQ�IURP�0RELOH�6RXUFHV � � � � � � � � � � � � � � � � � � � � � ����
,9��� :DWHUVKHG�DQG�(VWXDU\�0RGHO�,QWHJUDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
,9��� ,QWHJUDWHG�0RGHO�,PSURYHPHQWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
,9��� 5HGXFWLRQV�LQ�$QR[LD�8QGHU�1XWULHQW�5HGXFWLRQ�6FHQDULRV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
,9��� 6DPSOLQJ�/RFDWLRQV�IRU�&KHVDSHDNH�%D\�7R[LF�&RQWDPLQDQW�$WPRVSKHULF

'HSRVLWLRQ�6WXGLHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
,9��� &RPSDULVRQ�RI����3$+V�DQG�7RWDO�3&%V�LQ�3UHFLSLWDWLRQ��������IURP

&KHVDSHDNH�%D\�DQG�*UHDW�/DNHV�6DPSOLQJ�6LWHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
,9��� &RPSDULVRQ�RI�&KHVDSHDNH�%D\�DQG�*UHDW�/DNHV�$WPRVSKHULF�'HSRVLWLRQDO

)OX[HV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
,9��� /RFDWLRQV�RI�1(3�DQG�1(556�6LWHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
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$K $U\O�K\GURFDUERQ
$2& $UHD�RI�&RQFHUQ
$460 $LU�TXDOLW\�VLPXODWLRQ�PRGHO
$76'5 $JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\
$:4& $PELHQW�ZDWHU�TXDOLW\�FULWHULRQ�RU�FULWHULD
%�D�3 %HQ]R�D�S\UHQH
&$$ &OHDQ�$LU�$FW
&%$'6 &KHVDSHDNH�%D\�$WPRVSKHULF�'HSRVLWLRQ�6WXG\
&%26 &KHVDSHDNH�%D\�2EVHUYLQJ�6\VWHP
&%3 &KHVDSHDNH�%D\�3URJUDP
&&03 &RPSUHKHQVLYH�&RQVHUYDWLRQ�DQG�0DQDJHPHQW�3ODQ
&0% &KHPLFDO�PDVV�EDODQFH
&:$ &OHDQ�:DWHU�$FW
''' 'LFKORURGLSKHQ\OGLFKORURHWKDQH
''( 'LFKORURGLSKHQ\OGLFKORURHWK\OHQH
''7 'LFKORURGLSKHQ\OWULFKORURHWKDQH
'(6 'LHWK\OVWLOEHVWURO
G/ 'HFLOLWHU
(0$3 (QYLURQPHQWDO�0RQLWRULQJ�DQG�$VVHVVPHQW�3URJUDP
(3$ 8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\
)'$ )RRG�DQG�'UXJ�$GPLQLVWUDWLRQ
J *UDP
*/:4$ *UHDW�/DNHV�:DWHU�4XDOLW\�$JUHHPHQW
*/:4% *UHDW�/DNHV�:DWHU�4XDOLW\�%RDUG
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*/:4* *UHDW�/DNHV�:DWHU�4XDOLW\�*XLGDQFH
*/:42 *UHDW�/DNHV�:DWHU�4XDOLW\�2EMHFWLYH
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+$3 +D]DUGRXV�DLU�SROOXWDQW
+&% +H[DFKORUREHQ]HQH
��+&+����+&+ DOSKD�+H[DFKORURF\FORKH[DQH��JDPPD�+H[DFKORURF\FORKH[DQH
+J 0HUFXU\
,$'1 ,QWHJUDWHG�$WPRVSKHULF�'HSRVLWLRQ�1HWZRUN
,-& ,QWHUQDWLRQDO�-RLQW�&RPPLVVLRQ
NJ .LORJUDP
NP��NP ��NP .LORPHWHU��VTXDUH�NLORPHWHU��FXELF�NLORPHWHU� � �

/ /LWHU
/D03 /DNHZLGH�0DQDJHPHQW�3ODQ
/&%3 /DNH�&KDPSODLQ�%DVLQ�3URJUDP
/08$76 /DNH�0LFKLJDQ�XUEDQ�DLU�WR[LFV�VWXG\
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0&/ 0D[LPXP�FRQWDPLQDQW�OHYHO
P ��P 6TXDUH�PHWHU��FXELF�PHWHU� � �

)J��XJ 0LFURJUDP
PJ 0LOOLJUDP
1$$46 1DWLRQDO�DPELHQW�DLU�TXDOLW\�VWDQGDUG
1$'3 1DWLRQDO�$WPRVSKHULF�'HSRVLWLRQ�3URJUDP
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12$$ 1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF�$GPLQLVWUDWLRQ
12 2[LGHV�RI�QLWURJHQ[

16	7 1DWLRQDO�6WDWXV�DQG�7UHQGV
2$436 2IILFH�RI�$LU�4XDOLW\�3ODQQLQJ�DQG�6WDQGDUGV
27& 2]RQH�7UDQVSRUW�&RPPLVVLRQ�
3$+ 3RO\F\FOLF�DURPDWLF�K\GURFDUERQ
3&$ 3ULQFLSDO�FRPSRQHQW�DQDO\VLV
3&% 3RO\FKORULQDWHG�ELSKHQ\O
S*/:4& 3URSRVHG�*UHDW�/DNHV�ZDWHU�TXDOLW\�FULWHULD
320 3RO\F\FOLF�RUJDQLF�PDWWHU
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5$'0 5HJLRQDO�$FLG�'HSRVLWLRQ�0RGHO
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5$3,'6 5HJLRQDO�$LU�3ROOXWDQW�,QYHQWRU\�'HYHORSPHQW�6\VWHP
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5(06$' 5HJLRQDO�0RGHOLQJ�6\VWHP�IRU�$HURVROV�DQG�$WPRVSKHULF�'HSRVLWLRQ
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FIGURE I-1
Locations of the Great Waters
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6HFWLRQ�����RI�WKH�&OHDQ�$LU�$FW��&$$��SURYLGHV�WKH�OHJLVODWLYH�EDVLV�IRU�KD]DUGRXV�DLU
SROOXWDQW��+$3��SURJUDPV�GLUHFWHG�E\�WKH�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��(3$����,Q
UHVSRQVH�WR�PRXQWLQJ�HYLGHQFH�WKDW�DLU�SROOXWLRQ�FRQWULEXWHV�WR�ZDWHU�SROOXWLRQ��&RQJUHVV�LQFOXGHG
VHFWLRQ�����P���$WPRVSKHULF�'HSRVLWLRQ�WR�*UHDW�/DNHV�DQG�&RDVWDO�:DWHUV��LQ�WKH������$PHQGPHQWV�WR
WKH�&$$�WR�HVWDEOLVK�UHVHDUFK��UHSRUWLQJ��DQG�SRWHQWLDO�UHJXODWRU\�UHTXLUHPHQWV�UHODWHG�WR
DWPRVSKHULF�GHSRVLWLRQ�RI�+$3V�WR�WKH��*UHDW�:DWHUV����(3$�FRRUGLQDWHV�DFWLYLWLHV�WR�DGGUHVV�WKH
UHTXLUHPHQWV�RI�VHFWLRQ�����P��XQGHU�WKH�*UHDW�:DWHUV�SURJUDP�

7KLV�UHSRUW�IXOILOOV�WKH�UHTXLUHPHQWV�LQ�VHFWLRQ�����P������ZKLFK�GLUHFWV�(3$��LQ�FRRSHUDWLRQ
ZLWK�1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF�$GPLQLVWUDWLRQ��12$$���WR�SHULRGLFDOO\�VXEPLW�D�5HSRUW
WR�&RQJUHVV�RQ�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV���7KH�UHSRUW�LV�WR�GHVFULEH��UHVXOWV�RI
DQ\�PRQLWRULQJ��VWXGLHV��DQG�LQYHVWLJDWLRQV�FRQGXFWHG�SXUVXDQW�WR��VHFWLRQ�����P����7KH�)LUVW
5HSRUW�WR�&RQJUHVV�RQ�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV��UHIHUUHG�WR�WKURXJKRXW�WKLV
UHSRUW�DV�WKH��)LUVW�5HSRUW�WR�&RQJUHVV���ZDV�SXEOLVKHG�LQ�0D\�������8�6��(3$�����D����7KLV
GRFXPHQW�LV�WKH�6HFRQG�5HSRUW�WR�&RQJUHVV�DQG�LV�LQWHQGHG�WR�EH�DQ�XSGDWH�RI�WKH�LQIRUPDWLRQ
SUHVHQWHG�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV���

7KH�ZDWHUERGLHV�FROOHFWLYHO\�UHIHUUHG�WR�DV�WKH��*UHDW�:DWHUV��LQ�WKLV�UHSRUW�DUH�WKH�*UHDW
/DNHV��/DNH�&KDPSODLQ��&KHVDSHDNH�%D\��DQG�VSHFLILF�FRDVWDO�ZDWHUV��L�H���GHILQHG�LQ�WKH�VWDWXWH�DV
FRDVWDO�ZDWHUV�GHVLJQDWHG�WKURXJK�WKH�1DWLRQDO�(VWXDU\�3URJUDP�DQG�WKH�1DWLRQDO�(VWXDULQH
5HVHDUFK�5HVHUYH�6\VWHP�����6HH�)LJXUH�,���IRU�WKH�ORFDWLRQV�RI�WKHVH�ZDWHUERGLHV��
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,�$ 7KH�6HFRQG�5HSRUW�WR�&RQJUHVV

*RDOV�RI�WKH�5HSRUW

7KH�PDLQ�REMHFWLYH�RI�WKLV�UHSRUW�LV�WR�XSGDWH�ZKDW�LV�NQRZQ�DERXW�DWPRVSKHULF�GHSRVLWLRQ
RI�SROOXWDQWV�WR�WKH�*UHDW�:DWHUV�EDVHG�RQ�WKH�VFLHQWLILF�GDWD�DYDLODEOH�VLQFH�SXEOLFDWLRQ�RI�WKH�)LUVW
5HSRUW�WR�&RQJUHVV���7KH�UHSRUW�IRFXVHV�RQ�UHVHDUFK�DQG�DFWLYLWLHV�LQ�VSHFLILF�ZDWHUERGLHV�WR�IXUWKHU
XQGHUVWDQG�DQG�SURPRWH�UHGXFWLRQV�RI�RYHUDOO�FRQWDPLQDQW�ORDGLQJV�WR�WKH�*UHDW�:DWHUV���,Q
DGGLWLRQ��WKLV�UHSRUW�LQFOXGHV�D�EULHI�GLVFXVVLRQ�RI�(3$
V�GUDIW�GHWHUPLQDWLRQ�RI�WKH�DGHTXDF\�RI
VHFWLRQ�����WR�SURWHFW�WKH�*UHDW�:DWHUV�IURP�GHSRVLWLRQ�RI�+$3�HPLVVLRQV�IURP�GRPHVWLF
VWDWLRQDU\�VRXUFHV��VHH�&KDSWHU�9����

(3$�LQWHQGV�IRU�WKLV�UHSRUW�WR�EH�DQ�XSGDWH�RI�WKH�)LUVW�5HSRUW�WR�&RQJUHVV�DQG�KDV
DWWHPSWHG�WR�PLQLPL]H�UHVWDWLQJ�LQIRUPDWLRQ���,Q�VRPH�LQVWDQFHV��LPSRUWDQW�ILQGLQJV�RU�LVVXHV�UDLVHG
LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV�DUH�UHLWHUDWHG�LQ�WKLV�UHSRUW�WR�SURYLGH�EDFNJURXQG�LQIRUPDWLRQ�RU�WR
KLJKOLJKW�DQ�LVVXH�WKDW�FRQWLQXHV�WR�EH�VLJQLILFDQW�WR�WKH�*UHDW�:DWHUV���)RU�PRUH�GHWDLOHG
LQIRUPDWLRQ�RQ�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV��UHDGHUV�DUH�HQFRXUDJHG�WR�UHIHU�WR�WKH
)LUVW�5HSRUW�WR�&RQJUHVV��8�6��(3$�����D���ZKLFK�VXPPDUL]HG�WKH�VFLHQWLILF�XQGHUVWDQGLQJ�RI
DWPRVSKHULF�GHSRVLWLRQ�DW�WKDW�WLPH�DQG�LGHQWLILHG�UHJXODWRU\�DQG�UHVHDUFK�QHHGV���

7KH�VFLHQWLILF�LQIRUPDWLRQ�SUHVHQWHG�LQ�WKLV�UHSRUW��WRJHWKHU�ZLWK�WKH�ILQGLQJV�DQG
UHFRPPHQGDWLRQV�LGHQWLILHG�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��VKRXOG�EH�XVHG�WRJHWKHU�WR�DVVHVV�WKH
SURJUHVV�VLQFH�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��DQG�ZKDW�GDWD�JDSV�VWLOO�H[LVW���%HFDXVH�RI�WKH�VKRUW�WLPH
SHULRG�VLQFH�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��SURMHFWV�WKDW�ZHUH�LQLWLDWHG�DIWHU�WKH�UHOHDVH�RI�WKH�UHSRUW
RU�PXOWL�\HDU�ILHOGZRUN�SURMHFWV��LQ�PRVW�LQVWDQFHV��DUH�VWLOO�LQ�WKH�GDWD�JDWKHULQJ�VWDJH���7KHUHIRUH�
WKH�UHVXOWV�RI�WKHVH�HIIRUWV�FDQQRW�\HW�EH�DQDO\]HG���+RZHYHU��WKH�REMHFWLYHV�DQG�VWDWXV�RI�WKHVH
HIIRUWV�DUH�GHVFULEHG�LQ�WKH�UHSRUW�

$V�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��WKH�6HFRQG�5HSRUW�VKRZV�WKDW�GDWD�RQ�HIIHFWV��ORDGLQJV�
DQG�VRXUFHV�DUH�DYDLODEOH�WR�D�FHUWDLQ�H[WHQW��KRZHYHU��LQIRUPDWLRQ�WR�DVVHVV�WKH�OLQNDJH�EHWZHHQ
WKHVH�FRPSRQHQWV�UHPDLQV�LQDGHTXDWH��DQG�WKHUHIRUH��XQDQVZHUHG�TXHVWLRQV��DV�ZHOO�DV�XQFHUWDLQWLHV�
SHUVLVW�IRU�VRPH�RI�WKHVH�LVVXHV���7KLV�UHSRUW�SURSRVHV�D�QXPEHU�RI�IXWXUH�GLUHFWLRQV��VHH�&KDSWHU�9�
WR�UHGXFH�XQFHUWDLQW\�LQ�VHYHUDO�DUHDV�

5HSRUW�3UHSDUDWLRQ

7KH�LQIRUPDWLRQ�LQ�WKLV�UHSRUW�ZDV�FROOHFWHG�IURP�VHYHUDO�VRXUFHV���7KH�UHIHUHQFHV�FLWHG�DUH
JHQHUDOO\�IURP�SXEOLVKHG�SHHU�UHYLHZHG�MRXUQDOV��JRYHUQPHQW�UHSRUWV��DQG�FRQIHUHQFH�SURFHHGLQJV��
7KH�UHSRUW�XVHV�VRXUFHV�WKDW�SURYLGH�UHOHYDQW�LQIRUPDWLRQ�RQ�*UHDW�:DWHUV�LVVXHV��EXW�GRHV�QRW
DWWHPSW�WR�EH�FRPSUHKHQVLYH�LQ�WKH�UHIHUHQFHV�FLWHG���,Q�JHQHUDO��OLWHUDWXUH�SXEOLVKHG�E\�ODWH�IDOO�����
LV�LQFOXGHG���'DWD�RQ�KXPDQ�KHDOWK�DQG�HFRORJLFDO�HIIHFWV�RI�SROOXWDQWV�RI�FRQFHUQ�DUH�EDVHG�RQ�D
VHDUFK�IRU�VFLHQWLILF�OLWHUDWXUH�SXEOLVKHG�EHWZHHQ�FRPSOHWLRQ�RI�WKH�EDFNJURXQG�GRFXPHQW�RQ
H[SRVXUH�DQG�HIIHFWV�IURP�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��6ZDLQ�HW�DO������D��WKURXJK��������,Q�D�IHZ
LQVWDQFHV�WKURXJKRXW�WKH�UHSRUW��PRUH�UHFHQW�DUWLFOHV�DUH�LQFOXGHG���,Q�DGGLWLRQ��LQ�VHFWLRQV�WKDW�DUH
QHZ�WR�WKLV�UHSRUW��ROGHU�DUWLFOHV�PD\�EH�FLWHG���,QWHUHVWHG�SDUWLHV�ZKR�NQRZ�RI�RWKHU�VWXGLHV�WKDW
PD\�EH�SHUWLQHQW�WR�LVVXHV�UHJDUGLQJ�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV�DUH�HQFRXUDJHG�WR
VXEPLW�D�FRS\�RI�WKH�DUWLFOH�RU�D�FRPSOHWH�FLWDWLRQ�RI�WKH�UHIHUHQFH�WR�(3$���(YHU\�HIIRUW�ZLOO�EH
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PDGH�E\�(3$�WR�UHYLHZ�WKH�DUWLFOH�DQG�WR�GHWHUPLQH�ZKHWKHU�WKH�LQIRUPDWLRQ�LV�UHOHYDQW�IRU�WKH
7KLUG�5HSRUW�WR�&RQJUHVV�RQ�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV�

,Q�DGGLWLRQ�WR�OLWHUDWXUH�VHDUFKHV�IRU�FXUUHQW�LQIRUPDWLRQ�RQ�HIIHFWV��FXUUHQW�VFLHQWLILF
LQIRUPDWLRQ�DERXW�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV�ZDV�FRPSLOHG�IURP�WZR�V\PSRVLD
KHOG�DW�WKH�DQQXDO�PHHWLQJ�RI�WKH�6RFLHW\�RI�(QYLURQPHQWDO�7R[LFRORJ\�DQG�&KHPLVWU\��6(7$&��LQ
'HQYHU��&RORUDGR��IURP�2FWREHU����WKURXJK�1RYHPEHU�����������,QYLWHG�UHVHDUFKHUV�SUHVHQWHG
ILQGLQJV�IURP�FXUUHQW�UHVHDUFK�UHOHYDQW�WR�WKH�*UHDW�:DWHUV�SURJUDP���7KHVH�ILQGLQJV�KDYH�EHHQ
DVVHPEOHG�LQ�D�ERRN�HQWLWOHG�$WPRVSKHULF�'HSRVLWLRQ�RI�&RQWDPLQDQWV�WR�WKH�*UHDW�/DNHV�DQG�&RDVWDO�:DWHUV
�%DNHU������� ��,Q�DGGLWLRQ��(3$�LQFRUSRUDWHG�ILQGLQJV�IURP�UHFHQW�LQYHVWLJDWLRQV�WKDW�KDYH�EHHQ�

IXQGHG�E\�DQG�RU�FRQGXFWHG�LQ�FRQQHFWLRQ�ZLWK�WKH�*UHDW�:DWHUV�SURJUDP��DQG�KDV�LQWHJUDWHG
ILQGLQJV�IURP�RWKHU�VLJQLILFDQW�(3$�SURMHFWV�VXFK�WKH�UHDVVHVVPHQW�RI�GLR[LQ�DQG�GLR[LQ�OLNH
FRPSRXQGV��8�6��(3$�����F������G����0XFK�RI�WKH�ZDWHUERG\�VSHFLILF�LQIRUPDWLRQ�SUHVHQWHG�LQ
WKLV�UHSRUW�ZDV�SURYLGHG�E\�WKH�(3$�RIILFHV�WKDW�FRRUGLQDWH�LQYHVWLJDWLRQ��UHVWRUDWLRQ��DQG
PDLQWHQDQFH�HIIRUWV�LQ�WKDW�ZDWHUERG\��H�J���*UHDW�/DNHV�1DWLRQDO�3URJUDP�2IILFH��&KHVDSHDNH�%D\
3URJUDP�2IILFH��

�7KH�DYDLODEOH�ZDWHUERG\�VSHFLILF�LQIRUPDWLRQ�RQ�GHSRVLWLRQ�RI�DLU�SROOXWDQWV�IRFXVHV�LQ�ODUJH
SDUW�RQ�WKH�*UHDW�/DNHV�DQG�&KHVDSHDNH�%D\���7KH�*UHDW�/DNHV�KDYH�EHHQ�D�IRFXV�RI�WKH�*UHDW
:DWHUV�5HSRUWV�WR�&RQJUHVV�EHFDXVH��ZLWK�WKHLU�LPSRUWDQFH�DV�WKH�ODUJHVW�IUHVKZDWHU�V\VWHP�LQ�WKH
8QLWHG�6WDWHV�DQG�WKH�REVHUYDWLRQV�UHSRUWHG�IRU�GHFDGHV�RI�WR[LF�FRQWDPLQDWLRQ�LQ�RUJDQLVPV�OLYLQJ
LQ�WKH�*UHDW�/DNHV��WKHUH�H[LVWV�WKH�EHVW�EDVH�RI�LQIRUPDWLRQ�RQ�ZKLFK�WR�EXLOG���,Q�DGGLWLRQ��VWXGLHV
IURP�WKH�����V�VKRZ�DWPRVSKHULF�GHSRVLWLRQ�WR�EH�D�VLJQLILFDQW�URXWH�RI�LQWURGXFLQJ�SROOXWDQWV�WR
WKH�/DNHV���.QRZOHGJH�JDLQHG�RI�WKH�FRQGLWLRQV�RI�WKH�*UHDW�/DNHV�LV�XVHIXO�LQ�HYDOXDWLQJ
DWPRVSKHULF�GHSRVLWLRQ�LQ�RWKHU�IUHVKZDWHUV�DV�ZHOO���)RU�H[DPSOH��UHVHDUFKHUV�DW�/DNH�&KDPSODLQ
KDYH�GHYHORSHG�VFLHQWLILF�SURJUDPV�WR�GHWHUPLQH�WKH�UROH�RI�DWPRVSKHULF�GHSRVLWLRQ��SDUWLFXODUO\
PHUFXU\��LQ�ZDWHU�SROOXWLRQ���7KLV�UHSRUW�DOVR�IRFXVHV�RQ�&KHVDSHDNH�%D\�EHFDXVH�DFFHOHUDWHG
HXWURSKLFDWLRQ�DQG�LWV�HIIHFWV�RQ�WKH�%D\�KDYH�EHHQ�UHFRJQL]HG�IRU�RYHU�D�GHFDGH���$FFHOHUDWHG
HXWURSKLFDWLRQ�LQ�WKH�%D\�LV�DWWULEXWHG��LQ�SDUW��WR�QLWURJHQ�ORDGLQJV�GHSRVLWHG�IURP�WKH�DWPRVSKHUH
WR�WKH�VXUURXQGLQJ�ZDWHUVKHG��DV�ZHOO�DV�GLUHFWO\�LQWR�WKH�%D\�LWVHOI���6LPLODU�FLUFXPVWDQFHV�DIIHFW
RWKHU�8�6��HVWXDULHV��DQG�LQIRUPDWLRQ�FROOHFWHG�DQG�DSSOLHG�LQ�&KHVDSHDNH�%D\�ZLOO�EH�XVHIXO�IRU
WKHVH�ZDWHUERGLHV���)RU�H[DPSOH��(3$�KDV�VSRQVRUHG�VWXGLHV�WR�UHILQH�WKH�PHWKRGRORJ\�XVHG�IRU
HVWLPDWLQJ�VRXUFHV�RI�QLWURJHQ�LQ�&KHVDSHDNH�%D\�DQG�WR�DSSO\�WKH�PHWKRGRORJ\�WR�HVWXDULHV�LQ
*DOYHVWRQ�%D\��7H[DV��DQG�7DPSD�%D\��)ORULGD���$�GLVFXVVLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�VSHFLILF�WR
HDFK�RI�WKH�*UHDW�:DWHUV�³�*UHDW�/DNHV��/DNH�&KDPSODLQ��&KHVDSHDNH�%D\��DQG�RWKHU�FRDVWDO
ZDWHUV�³�LV�SUHVHQWHG�LQ�&KDSWHU�,9�

7KH�UHPDLQLQJ�VHFWLRQV�RI�WKLV�FKDSWHU�SURYLGH�DQ�RYHUYLHZ�RI�WKH�ILQGLQJV�IURP�WKH�)LUVW
5HSRUW�WR�&RQJUHVV��DV�ZHOO�DV�UHFHQW�UHVHDUFK�DFWLYLWLHV�LQ�WKH�*UHDW�:DWHUV��IROORZHG�E\�GLVFXVVLRQ
RI�WKH�DLU�SROOXWDQWV�WKDW�DUH�RI�SDUWLFXODU�FRQFHUQ�WR�WKH�*UHDW�:DWHUV�
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,�% 7KH�)LUVW�5HSRUW�WR�&RQJUHVV

7KH�REMHFWLYH�RI�WKH�)LUVW�5HSRUW�WR�&RQJUHVV�ZDV�WR�GHVFULEH�ZKDW�ZDV�NQRZQ�DERXW
DWPRVSKHULF�GHSRVLWLRQ�RI�WR[LF�FKHPLFDOV�WR�WKH�*UHDW�:DWHUV�DQG�SUHVHQW�DQ\�DSSURSULDWH
UHJXODWRU\�UHFRPPHQGDWLRQV�EDVHG�RQ�WKH�VFLHQWLILF�LQIRUPDWLRQ�DYDLODEOH�DW�WKH�WLPH���7KH�VFLHQWLILF
FRQWHQW�RI�WKH�)LUVW�5HSRUW�WR�&RQJUHVV�ZDV�EDVHG�PDLQO\�RQ�WKUHH�EDFNJURXQG�GRFXPHQWV�SUHSDUHG
E\�FRPPLWWHHV�RI�OHDGLQJ�LQGHSHQGHQW�VFLHQWLVWV��%DNHU�HW�DO��������.HHOHU�HW�DO��������6ZDLQ�HW�DO�
����D����7KH�LQIRUPDWLRQ�LQ�WKHVH�GRFXPHQWV�ZDV�XVHG�WR�DQVZHU�WKUHH�PDLQ�VFLHQWLILF�TXHVWLRQV�
GHYHORS�VFLHQWLILF�DQG�SROLF\�FRQFOXVLRQV��DQG�UHFRPPHQG�QH[W�VWHSV���7KH�WKUHH�VFLHQWLILF�TXHVWLRQV
ZHUH�

�� :KDW�KXPDQ�KHDOWK�DQG�HQYLURQPHQWDO�HIIHFWV�DUH�DVVRFLDWHG�ZLWK�WKH�SROOXWDQWV�RI
FRQFHUQ�LQ�WKH�*UHDW�:DWHUV"

�� :KDW�LV�WKH�UHODWLYH�LPSRUWDQFH�RI�DWPRVSKHULF�GHSRVLWLRQ�LQ�FDXVLQJ�FRQWDPLQDWLRQ
LQ�WKH�*UHDW�:DWHUV"

�� :KDW�VRXUFHV�DUH�VLJQLILFDQW�FRQWULEXWRUV�WR�DWPRVSKHULF�ORDGLQJV�WR�WKH�*UHDW
:DWHUV"

)URP�WKH�GDWD�FRPSLOHG��WKUHH�JHQHUDO�UHVSRQVHV�WR�WKHVH�TXHVWLRQV�ZHUH�GHYHORSHG�

® $GYHUVH�HIIHFWV��H�J���FDQFHU��GHYHORSPHQWDO�HIIHFWV��LQ�KXPDQV�DQG�DQLPDOV�DVVRFLDWHG�ZLWK
H[SRVXUH�WR�WKH�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ�DUH�IDLUO\�ZHOO�XQGHUVWRRG���+RZHYHU�
GDWD�DUH�LQVXIILFLHQW�WR�HVWDEOLVK�D�TXDQWLWDWLYH�OLQN�EHWZHHQ�DWPRVSKHULF�GHSRVLWLRQ�RI�WKHVH
SROOXWDQWV�DQG�WKHLU�UHODWHG�HIIHFWV�

® $WPRVSKHULF�GHSRVLWLRQ�FDQ�EH�D�VLJQLILFDQW�FRQWULEXWRU�RI�WR[LF�FKHPLFDOV�WR�WKH�*UHDW
:DWHUV���7KH�UHODWLYH�LPSRUWDQFH�RI�DWPRVSKHULF�ORDGLQJ�IRU�D�SDUWLFXODU�FKHPLFDO�LQ�D�JLYHQ
ZDWHUERG\�GHSHQGV�RQ�FKDUDFWHULVWLFV�RI�WKH�ZDWHUERG\��SURSHUWLHV�RI�WKH�FKHPLFDO��DQG�WKH
NLQG�DQG�DPRXQW�RI�DLUERUQH��ZDWHUERUQH��DQG�RWKHU�VRXUFHV���

® 0DQ\�VRXUFHV�DQG�VRXUFH�FDWHJRULHV�RI�SROOXWDQWV�RI�FRQFHUQ�WR�WKH�*UHDW�:DWHUV�KDYH�EHHQ
LGHQWLILHG���+RZHYHU��LGHQWLILFDWLRQ�RI�SDUWLFXODU�VRXUFHV�UHVSRQVLEOH�IRU�WKH�GHSRVLWHG
SROOXWDQWV�LQ�VSHFLILF�ZDWHUERGLHV�LV�FRPSOLFDWHG�VLQFH�DWPRVSKHULF�ORDGLQJV�FDQ�RULJLQDWH
IURP�ORFDO��UHJLRQDO��DQG�JOREDO�VRXUFHV��

6SHFLILF�FRQFOXVLRQV�IURP�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��EDVHG�RQ�VFLHQWLILF�GDWD�DYDLODEOH�DW
WKDW�WLPH��LQFOXGHG�

® 3HUVLVWHQFH�DQG�WKH�WHQGHQF\�WR�ELRDFFXPXODWH��FULWLFDO�FKDUDFWHULVWLFV�RI�WKH�*UHDW�:DWHUV
SROOXWDQWV�RI�FRQFHUQ��UHVXOW�LQ�SRWHQWLDOO\�JUHDWHU�KXPDQ�DQG�HFRORJLFDO�H[SRVXUH�WR�D
SROOXWDQW�LQ�WKH�HQYLURQPHQW�

® ([FHHGDQFHV�RI�ZDWHU�TXDOLW\�FULWHULD�DQG�VWDQGDUGV�KDYH�RFFXUUHG�IRU�VRPH�RI�WKH�SROOXWDQWV
LQ�VRPH�ZDWHUERGLHV�
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® $GYHUVH�HIIHFWV�RQ�KXPDQ�KHDOWK�DQG�ZLOGOLIH�KDYH�EHHQ�REVHUYHG�GXH�WR�H[SRVXUH��HVSHFLDOO\
WKURXJK�ILVK�FRQVXPSWLRQ��WR�SHUVLVWHQW�SROOXWDQWV�WKDW�ELRDFFXPXODWH�

® ,Q�DGGLWLRQ�WR�FDQFHU��QRQFDQFHU�HIIHFWV��H�J���QHUYRXV�V\VWHP�GDPDJH��LPPXQRORJLFDO
HIIHFWV��FDXVHG�E\�WKH�SROOXWDQWV�FDQ�EH�D�VLJQLILFDQW�KXPDQ�KHDOWK�FRQFHUQ��DQG�PD\�DIIHFW
VRPH�LQGLYLGXDOV�H[SRVHG�WR�OHYHOV�DERYH�FHUWDLQ�WKUHVKROGV���'HYHORSLQJ�HPEU\RV�DQG
IHWXVHV�DQG�EUHDVW�IHG�LQIDQWV�DUH�JLYHQ�JUHDWHU�DWWHQWLRQ�EHFDXVH�WKH\�PD\�EH�PRUH
VXVFHSWLEOH�WKDQ�WKH�JHQHUDO�SRSXODWLRQ�WR�WKH�DGYHUVH�HIIHFWV�RI�WKHVH�FKHPLFDOV�

® (FRORJLFDO�HIIHFWV�RQ�DQLPDO�SRSXODWLRQV�GXH�WR�WKH�SROOXWDQWV�RI�FRQFHUQ�FDQ�EH�VLJQLILFDQW�
VXFK�DV�LPPXQH�IXQFWLRQ�LPSDLUPHQW��UHSURGXFWLYH�SUREOHPV��DQG�QHXURORJLFDO�FKDQJHV�WKDW
DIIHFW�VXUYLYDO���6RPHWLPHV�WKH�HIIHFWV�RQ�ZLOGOLIH�PD\�EH�GHOD\HG�DQG�RU�WKH�V\PSWRPV
VXEWOH�VR�WKDW�WKH�HIIHFWV�DUH�HDVLO\�RYHUORRNHG�

® (XWURSKLFDWLRQ�UHVXOWLQJ�IURP�H[FHVV�QLWURJHQ�LQSXWV�LV�D�PDMRU�SUREOHP�LQ�VRPH�8�6�
HVWXDULQH�DQG�FRDVWDO�ZDWHUV��DQG�WKH�UHODWLYH�FRQWULEXWLRQ�IURP�DWPRVSKHULF�GHSRVLWLRQ�RI
QLWURJHQ�WR�WKLV�SUREOHP�FDQ�EH�VLJQLILFDQW���(FRORJLFDO�HIIHFWV��UDQJLQJ�IURP�QXLVDQFH�DOJDO
EORRPV�WR�R[\JHQ�GHSOHWLRQ�DQG�ILVK�NLOOV��DQG�DGYHUVH�HFRQRPLF�LPSDFWV�WR�WKH�ZDWHUERG\
UHJLRQ�PD\�UHVXOW�

® &DVH�VWXGLHV�KDYH�VKRZQ�WKDW�DWPRVSKHULF�GHSRVLWLRQ�FDQ�EH�D�PDMRU�FRQWULEXWRU�RI�PHUFXU\�
QLWURJHQ��SRO\F\FOLF�RUJDQLF�PDWWHU��320���DQG�SRO\FKORULQDWHG�ELSKHQ\OV��3&%V��LQ
ZDWHUERGLHV���7KH�DYDLODEOH�LQIRUPDWLRQ�JHQHUDOO\�LQFOXGHV�UHODWLYH�ORDGLQJV�HVWLPDWHV��
$WWHQWLRQ�DOVR�VKRXOG�EH�JLYHQ�WR�WKH�DEVROXWH�TXDQWLW\�RI�WKH�ORDGLQJV�EHFDXVH�HYHQ�VPDOO
DPRXQWV�RI�SROOXWDQWV�WKDW�ELRDFFXPXODWH�PD\�SURGXFH�D�VLJQLILFDQW�EXUGHQ�LQ�ILVK�DQG�
XOWLPDWHO\��LQ�KXPDQV�DQG�RWKHU�ILVK�HDWLQJ�DQLPDOV�

® $LUERUQH�HPLVVLRQV�IURP�ERWK�ORFDO�DQG�GLVWDQW�VRXUFHV�FRQWULEXWH�WR�DWPRVSKHULF�GHSRVLWLRQ
RI�SROOXWDQWV�WR�ZDWHUERGLHV���'HSRVLWLRQ�SDWWHUQV�FDQ�EH�LQIOXHQFHG�E\�FKDUDFWHULVWLFV�RI�WKH
SROOXWDQWV�DQG�WKH�VRXUFH��DQG�E\�ZHDWKHU�DQG�WUDQVSRUW�SDWWHUQV�

® &RQWLQXHG�UHVHDUFK�LV�QHHGHG��HVSHFLDOO\�WR�KHOS�GHWHUPLQH�DWPRVSKHULF�FRQWULEXWLRQV��WR
LGHQWLI\�VRXUFHV��WR�HYDOXDWH�HIIHFWV�IURP�ORZ�H[SRVXUH�OHYHOV��DQG�WR�WDUJHW�+$3V�WKDW�PD\
SRVH�WKH�PRVW�VLJQLILFDQW�ULVN�WR�KXPDQ�KHDOWK�DQG�DTXDWLF�UHVRXUFHV�

5HDGHUV�VKRXOG�UHIHU�WR�WKH�)LUVW�5HSRUW�WR�&RQJUHVV�IRU�GLVFXVVLRQ�RI�WKH�VSHFLILF
FRQFOXVLRQV��

%DVHG�RQ�WKH�VFLHQWLILF�FRQFOXVLRQV�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��(3$
V�SULQFLSDO�SROLF\
FRQFOXVLRQ�ZDV�WKDW�UHDVRQDEOH�DFWLRQV�DUH�MXVWLILHG�E\�WKH�DYDLODEOH�VFLHQWLILF�LQIRUPDWLRQ��HYHQ
WKRXJK�WKHUH�DUH�VLJQLILFDQW�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�WKLV�LQIRUPDWLRQ���:KLOH�DGGLWLRQDO�UHVHDUFK
LV�QHHGHG�WR�UHGXFH�WKHVH�XQFHUWDLQWLHV��UHDVRQDEOH�DFWLRQV�WR�GHFUHDVH�DWPRVSKHULF�ORDGLQJV�QHHG
QRW�ZDLW�IRU�UHVXOWV�RI�VXFK�LQIRUPDWLRQ���7R�FDUU\�RXW�LWV�SROLF\�FRQFOXVLRQ��(3$�LGHQWLILHG�VHYHUDO
UHFRPPHQGDWLRQV�IRU�DFWLRQ��ZKLFK�ZHUH�GLYLGHG�LQWR�WKUHH�VWUDWHJLF�WKHPHV�

�� (3$�ZLOO�FRQWLQXH�RQJRLQJ�HIIRUWV�WR�LPSOHPHQW�VHFWLRQ�����DQG�RWKHU�VHFWLRQV�RI
WKH�&$$��DV�DPHQGHG�LQ�������DQG�XVH�WKH�UHVXOWV�RI�WKH�)LUVW�5HSRUW�WR�&RQJUHVV�LQ
WKH�GHYHORSPHQW�RI�SROLF\�WKDW�ZLOO�UHGXFH�HPLVVLRQV�RI�WKH�*UHDW�:DWHUV�SROOXWDQWV
RI�FRQFHUQ�
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EPA Activities Addressing
Section 112(m) Requirements

Section 112(m) directs EPA, in cooperation with NOAA, to
identify and assess the extent of atmospheric deposition of toxic
pollutants to the Great Waters.  As part of the assessment, EPA
supports the following activities:

& Monitoring of atmospheric deposition, including the
establishment of monitoring networks in the Great Lakes,
Chesapeake Bay, Lake Champlain, and coastal waters;

& Investigation of sources and deposition rates of air pollutants;

& Research for developing and improving monitoring methods
and for determining the relative contribution of atmospheric
pollutants to total pollutants in the Great Waters;

& Evaluation of adverse human health and environmental
effects;

& Identification of exceedances of water quality and drinking
water standards;

& Sampling of fish and wildlife for pollutants of concern; 

& Characterization of sources of pollutants of concern; and

& Determinations of whether section 112 authority is "adequate
to prevent serious adverse effects to public health and
serious or widespread environmental effects" associated with
atmospheric deposition of HAPs to the Great Waters, and of
whether further emissions standards or control measures to
prevent such effects are necessary and appropriate.  Based
on these determinations, EPA is directed to take additional
measures, as necessary and appropriate, to prevent such
adverse effects to human health and the environment.

�� (3$�UHFRJQL]HV�WKH�QHHG�IRU�DQ�LQWHJUDWHG�PXOWLPHGLD�DSSURDFK�WR�WKH�SUREOHP�RI
DWPRVSKHULF�GHSRVLWLRQ�RI�SROOXWDQWV�WR�ZDWHUERGLHV�DQG��WKHUHIRUH��ZLOO�XWLOL]H
DXWKRULWLHV�EH\RQG�WKH�&$$�WR�UHGXFH�WKH�KXPDQ�DQG�HQYLURQPHQWDO�H[SRVXUH�WR
*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ���

�� (3$�ZLOO�FRQWLQXH�WR�VXSSRUW�UHVHDUFK�DFWLYLWLHV�DQG�ZLOO�GHYHORS�DQG�LPSOHPHQW�D
VWUDWHJ\�GHVFULELQJ�QHFHVVDU\�UHVHDUFK�DQG�SROLF\�DVVHVVPHQWV�WR�DGGUHVV�WKH
PDQGDWHV�RI�VHFWLRQ�����P��

7KH�VSHFLILF�DFWLRQ�LWHPV�EDVHG�RQ�WKHVH�WKUHH�VWUDWHJLF�WKHPHV�DUH�GHVFULEHG�LQ�GHWDLO�LQ�WKH
)LUVW�5HSRUW�WR�&RQJUHVV���7KH�FXUUHQW�VWDWXV�RI�HDFK�RI�WKH�UHFRPPHQGHG�DFWLRQ�LWHPV�LV�SUHVHQWHG
LQ�$SSHQGL[�$�

,�& +LJKOLJKWV�RI�3URJUHVV�6LQFH�WKH�)LUVW�5HSRUW�WR�&RQJUHVV

0XFK�SURJUHVV�KDV�EHHQ
PDGH�VLQFH�WKH�)LUVW�5HSRUW�WR
&RQJUHVV�RQ�UHVHDUFK�DQG�RWKHU
DFWLYLWLHV�UHODWHG�WR�DWPRVSKHULF
GHSRVLWLRQ��HVSHFLDOO\�DFWLYLWLHV�WKDW
VXSSRUW�VHFWLRQ�����P��PDQGDWHV
�VHH�VLGHEDU����7KH�DFWLYLWLHV
GHVFULEHG�LQ�WKLV�UHSRUW�LQFOXGH
WKRVH�FDUULHG�RXW�E\�PDQ\�QDWLRQDO
DQG�UHJLRQDO�(3$�RIILFHV��DV�ZHOO�DV
12$$�DQG�D�QXPEHU�RI�VWDWHV
�L�H���WKH�SURJUDPV�DQG�UHVHDUFK
ZHUH�QRW�DOO�SHUIRUPHG�E\�WKH
*UHDW�:DWHUV�SURJUDP�LQ�(3$
V
2IILFH�RI�$LU�DQG�5DGLDWLRQ����7KLV
UHSRUW�GRHV�QRW��KRZHYHU��DWWHPSW
WR�EH�FRPSUHKHQVLYH�LQ�GHVFULELQJ
DOO�WKH�DFWLYLWLHV�RI�WKHVH�RIILFHV���$
EULHI�RYHUYLHZ�RI�VRPH�RI�WKH
DFWLYLWLHV�XQGHUWDNHQ�LV�SUHVHQWHG
EHORZ�

® (3$�KDV�ZRUNHG�ZLWK�WKH
*UHDW�/DNHV�6WDWHV�WR
FRQWLQXH�GHYHORSPHQW�RI
UHJLRQDO�HPLVVLRQ
LQYHQWRULHV�IRU�WKH�*UHDW
/DNHV�DQG�D�GDWD�VWRUDJH
DQG�UHWULHYDO�V\VWHP���'DWD
FROOHFWLRQ�ZDV�UHFHQWO\
FRPSOHWHG��DQG�WKH�GDWD
EDVH�ZLOO�EH�XSGDWHG
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DQQXDOO\���:RUN�ZLOO�FRQWLQXH�WR�FKDUDFWHUL]H�PRELOH�VRXUFH�HPLVVLRQV�DQG�WR�LPSURYH�WKH
DFFXUDF\�RI�WKH�HPLVVLRQV�LQYHQWRU\���'HWHUPLQLQJ��FDWHJRUL]LQJ��DQG�HVWLPDWLQJ�WKH
PDJQLWXGH�RI�SROOXWDQW�VRXUFHV�ZLOO�EH�D�VLJQLILFDQW�VWHS�WRZDUG�UHGXFWLRQ�RI�DWPRVSKHULF
ORDGLQJ�RI�SROOXWDQWV�WR�WKH�*UHDW�/DNHV�

® 4XDQWLWDWLYH�GDWD�FRQWLQXH�WR�EH�JDWKHUHG�RQ�DWPRVSKHULF�GHSRVLWLRQ�RI�SROOXWDQWV�LQFOXGLQJ
3&%V��''7��GLHOGULQ��DQG�OLQGDQH�LQ�HDFK�RI�WKH�*UHDW�/DNHV�WKURXJK�WKH�,QWHJUDWHG
$WPRVSKHULF�'HSRVLWLRQ�1HWZRUN��,$'1���D�MRLQW�8�6��&DQDGLDQ�PRQLWRULQJ�QHWZRUN���
5HFHQW�GDWD�KDYH�EHHQ�LQFRUSRUDWHG�LQWR�GHSRVLWLRQ�HVWLPDWHV�IRU�������WKHUHE\�DOORZLQJ
FRPSDULVRQ�RI�GDWD�WR������UHVXOWV�

® $WPRVSKHULF�PHUFXU\�FRQFHQWUDWLRQ�DQG�GHSRVLWLRQ�KDYH�EHHQ�PRQLWRUHG�FRQWLQXRXVO\�LQ
WKH�/DNH�&KDPSODLQ�UHJLRQ�LQ�WKH�ODVW�IHZ�\HDUV��ZKLFK�ZLOO�EH�LPSRUWDQW�IRU�GHWHUPLQLQJ
DWPRVSKHULF�GHSRVLWLRQ�WUHQGV�LQ�WKH�ODNH�EDVLQ�

® $�ODUJH�VFDOH�DLUVKHG�PRGHO�IRU�&KHVDSHDNH�%D\�KDV�EHHQ�GHYHORSHG�WR�GHWHUPLQH�WKH�JHQHUDO
JHRJUDSKLFDO�ORFDWLRQ�DQG�W\SH�RI�VRXUFHV�RI�QLWURJHQ�HPLVVLRQV��DQG�WKH�UHODWLYH
FRQWULEXWLRQV�RI�GLIIHUHQW�VRXUFHV�DQG�SDWWHUQV�RI�QLWURJHQ�GHSRVLWLRQ�WR�WKH�%D\�ZDWHUVKHG
DQG�GLUHFWO\�WR�WLGDO�VXUIDFH�ZDWHUV���0RGHOV�RI�WKH�&KHVDSHDNH�%D\�DLUVKHG��ZDWHUVKHG��DQG
WLGDO�ZDWHUV�ZHUH�H[WHQVLYHO\�UHYLVHG�WR�OLQN�GDLO\�DWPRVSKHULF�GHSRVLWLRQ�ORDGLQJ�GDWD�WR
PRGHOV�RI�ZDWHU�TXDOLW\�LPSDFWV�LQ�WKH�WLGDO�%D\�DQG�UHVXOWDQW�LQIOXHQFHV�RQ�%D\�XQGHUZDWHU
JUDVVHV��ERWWRP�EHQWKLF�FRPPXQLWLHV��DQG�RYHUO\LQJ�ILVK�KDELWDW�

® 7KH�&KHVDSHDNH�%D\�$WPRVSKHULF�'HSRVLWLRQ�6WXG\��&%$'6��QHWZRUN�ZDV�HVWDEOLVKHG�DQG
WKH�UHVXOWDQW�GDWD�KDYH�EHHQ�XVHG�WR�TXDQWLI\�DWPRVSKHULF�ORDGLQJV�DQG�GHSRVLWLRQDO�IOX[HV�RI
WR[LF�FRQWDPLQDQWV�WR�WKH�%D\��DV�SDUW�RI�WKH�GHYHORSPHQW�RI�D�ODUJHU�EDVLQZLGH�FKHPLFDO
FRQWDPLQDQW�ORDGLQJ�DQG�UHOHDVH�LQYHQWRU\�

® 5HVHDUFK�VWDWLRQV�KDYH�EHHQ�HVWDEOLVKHG�WR�PHDVXUH�DWPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ�DQG
RWKHU�VHOHFWHG�SROOXWDQWV�LQ�7DPSD�%D\��*DOYHVWRQ�%D\��DQG�3DPOLFR�6RXQG�DQG�DGMDFHQW
HVWXDULHV��H�J��1HXVH�5LYHU�(VWXDU\��1HZSRUW�5LYHU�(VWXDU\���FROOHFWHG�GDWD�ZLOO�EH�XVHG�WR
GHWHUPLQH�DQQXDO�DWPRVSKHULF�ORDGLQJV�RI�WKHVH�SROOXWDQWV�DQG�WKH�UHODWLYH�FRQWULEXWLRQ�RI
UHPRWH�DQG�ORFDO�VRXUFHV�WR�DWPRVSKHULF�GHSRVLWLRQ�LQ�WKH�ZDWHUERGLHV�

&KDSWHU�,9�RI�WKLV�5HSRUW�WR�&RQJUHVV�SURYLGHV�PRUH�GHWDLOV�RQ�WKH�DFWLYLWLHV�KLJKOLJKWHG
DERYH�

,�' 3ROOXWDQWV�RI�&RQFHUQ

*UHDW�:DWHUV�3ROOXWDQWV�RI�&RQFHUQ�DQG�5HDVRQV�IRU�,QFOXVLRQ

$V�GLG�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��WKLV�UHSRUW�IRFXVHV�RQ�VHOHFWHG�SROOXWDQWV�RI�FRQFHUQ
�VHH�VLGHEDU�RQ�QH[W�SDJH����7KHVH�SROOXWDQWV�DUH�SRWHQWLDOO\�RI�FRQFHUQ�IRU�DWPRVSKHULF�GHSRVLWLRQ



&+$37(5�,
7+(�),567�5(3257�72�&21*5(66

����� �7KH�SROOXWDQWV�RI�FRQFHUQ�DUH�QRW�FRQVLGHUHG�WR�EH�LQFOXVLYH�RI�DOO�FKHPLFDOV�WKDW�PD\��QRZ�RU�LQ�WKH�IXWXUH��EH�DQ�LPSRUWDQW�

FRPSRQHQW�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV���:KLOH�QLWURJHQ�LV�QRW�OLVWHG�DV�D�+$3�XQGHU�VHFWLRQ�����E��RI�WKH�&$$�
WKLV�UHSRUW�H[DPLQHV�WKH�FRQWULEXWLRQ�RI�H[FHVV�OHYHOV�RI�QLWURJHQ�WR�HXWURSKLFDWLRQ���$FLGLILFDWLRQ�RU��DFLG�UDLQ��LV�QRW�GLVFXVVHG
EHFDXVH�LW�LV�DGGUHVVHG�XQGHU�D�VHSDUDWH�&$$�SURJUDP�

���

Great Waters Pollutants of Concern

Cadmium and cadmium compounds
Chlordane
DDT/DDE
Dieldrin
Hexachlorobenzene (HCB)
�-Hexachlorocyclohexane (�-HCH)
Lindane (�-hexachlorocyclohexane; �-HCH)
Lead and lead compounds
Mercury and mercury compounds
Polychlorinated biphenyls (PCBs)
Polycyclic organic matter (POM)
Tetrachlorodibenzo-p-dioxin, 2,3,7,8- 
   (TCDD; dioxins)
Tetrachlorodibenzofuran, 2,3,7,8- 
   (TCDF; furans)
Toxaphene
Nitrogen compounds

Under Evaluation for Addition to Great Waters List
Atrazine
Hexachlorobutadiene
Methoxychlor

WR�WKH�*UHDW�:DWHUV� ��7KH�JHQHUDO�W\SHV�RI�VRXUFHV�DQG�XVHV��DQG�XVH�UHVWULFWLRQV��RI�WKHVH�SROOXWDQWV�

DUH�EULHIO\�VXPPDUL]HG�LQ�7DEOH�,���

7KH�OLVW�RI����*UHDW�:DWHUV�SROOXWDQWV
RI�FRQFHUQ�KDV�QRW�EHHQ�H[SDQGHG�VLQFH�WKH
)LUVW�5HSRUW�WR�&RQJUHVV���7KUHH�SHVWLFLGHV�
DWUD]LQH��KH[DFKORUREXWDGLHQH��DQG
PHWKR[\FKORU��PHQWLRQHG�LQ�WKH�)LUVW�5HSRUW�
FRQWLQXH�WR�EH�FRQVLGHUHG�E\�(3$�DV�SRWHQWLDO
IXWXUH�DGGLWLRQV�WR�WKH�*UHDW�:DWHUV�OLVW�RI
SROOXWDQWV�RI�FRQFHUQ���$WUD]LQH�ZDUUDQWV
FRQWLQXHG�DWWHQWLRQ�DV�D�SRWHQWLDO�SROOXWDQW�RI
FRQFHUQ�EHFDXVH�RI�LWV�ZLGHVSUHDG�RFFXUUHQFH
�H�J���FRPPRQO\�XVHG�LQ�WKH�*UHDW�/DNHV
EDVLQ���LWV�DW�OHDVW�PRGHUDWH�SHUVLVWHQFH��DQG�LWV
SRWHQWLDO�WR�FDXVH�D�YDULHW\�RI�HIIHFWV�RQ�ELRWD��
)RU�WKHVH�UHDVRQV��DWUD]LQH�LV�DOVR�RQH�RI�WKH
FKHPLFDOV�RI�IRFXV�IRU�WKH�/DNH�0LFKLJDQ�0DVV
%DODQFH�6WXG\��GLVFXVVHG�LQ�&KDSWHU�,9����7KH
RWKHU�WZR�SHVWLFLGHV�XQGHU�FRQVLGHUDWLRQ�IRU
IXWXUH�DGGLWLRQ��KH[DFKORUREXWDGLHQH�DQG
PHWKR[\FKORU��DUH�ERWK�RQ�WKH�&$$�+$3V�OLVW
DQG�KDYH�WKH�SRWHQWLDO�WR�ELRDFFXPXODWH�LQ�WKH
IRRG�ZHE���$GGLWLRQDO�LQIRUPDWLRQ�VXJJHVWV
WKDW�DWUD]LQH�DQG�PHWKR[\FKORU�DUH�SRWHQWLDO
HQGRFULQH�GLVUXSWRUV��D�JURXS�RI�FKHPLFDOV�WKDW
PLPLF�RU�RWKHUZLVH�LQWHUIHUH�ZLWK�KRUPRQHV�LQ�WKH�ERG\��UHVXOWLQJ�LQ�YDULRXV�DGYHUVH�ELRORJLFDO
HIIHFWV�

7KH����SROOXWDQWV�RI�FRQFHUQ�IRU�WKH�*UHDW�:DWHUV�ZHUH�VHOHFWHG�EDVHG�RQ�DYDLODEOH�GDWD�RQ
WKHLU�HIIHFWV�DQG�GHSRVLWLRQ���5HDVRQV�IRU�VHOHFWLQJ�WKHVH�SROOXWDQWV�LQFOXGH�

® $OO�WKH�SROOXWDQWV��H[FHSW�IRU�QLWURJHQ�FRPSRXQGV��SHUVLVW�LQ�WKH�HQYLURQPHQW�DQG�RU�KDYH�D
KLJK�SRWHQWLDO�WR�DFFXPXODWH�LQ�OLYLQJ�RUJDQLVPV���$OO�WKH�SROOXWDQWV�FDQ�FDXVH�DGYHUVH�HIIHFWV
LQ�KXPDQV�DQG�WKH�HQYLURQPHQW�

® $OO����SROOXWDQWV�DUH�NQRZQ�DLU�SROOXWDQWV�DQG�DUH�NQRZQ�WR�EH�SUHVHQW�LQ�DWPRVSKHULF
GHSRVLWLRQ��H�J���UDLQIDOO��GU\�GHSRVLWLRQ��

® 'DWD�LQGLFDWH�WKDW�WKHVH�SROOXWDQWV�DUH�SUHVHQW�LQ�WKH�ZDWHUV�DQG�ELRWD�RI�WKH�*UHDW�:DWHUV
DQG�WKDW�RQH�URXWH�RI�SROOXWDQWV�WR�WKHVH�ZDWHUERGLHV�LV�DWPRVSKHULF�GHSRVLWLRQ�
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TABLE I-1
Pollutants of Concern in the Great Waters a

Pollutant Examples of Uses b

Cadmium and compounds Naturally occurring element used in metals production processes, batteries, and solder.  Often released
during combustion of fossil fuels and waste oil, and during mining and smelting operations.

Chlordane Insecticide used widely in the 1970s and 1980s.  All U.S. uses except termite control cancelled in 1978;
use for termite control voluntarily suspended in 1988.  Use of existing stocks permitted.

DDT/DDE Insecticide used widely from introduction in 1946 until significantly restricted in U.S. in 1972.  Still used
in other countries.  Used in U.S. for agriculture and public health purposes only with special permits.

Dieldrin Insecticide used widely after introduction in late 1940s.  Used in U.S. for termite control from 1972 until
registration voluntarily suspended in 1987.

Hexachlorobenzene Fungicide used as seed protectant until 1985.  By-product of chlorinated compound and pesticide
manufacturing.  Also a by-product of combustion of chlorine-containing materials.  Present as a
contaminant in some pesticides.

�-Hexachlorocyclohexane Component of technical-HCH, an insecticide for which use is restricted in U.S., but which is used widely
(�-HCH) in other countries.

Lindane An insecticide used on food crops and forests, and to control lice and scabies in livestock and humans. 
(�-Hexachlorocyclohexane; Currently used primarily in China, India, and Mexico.  U.S. production stopped in 1977.  Use was
�-HCH) restricted in 1983; however, many uses are still registered, but are expected to be voluntarily cancelled

in the future.

Lead and compounds Naturally occurring element commonly used in gasoline and paint additives, storage batteries, solder,
and ammunition.  Released from many combustion and manufacturing processes and from motor
vehicles.  Use in paint additives restricted in U.S. in 1971.  U.S. restrictions on use in gasoline additives
began in 1973 and have continued through the present, with a major use reduction in the mid-1980s.

Mercury and compounds Naturally occurring element often used in thermometers, electrical equipment (such as batteries and
switching equipment), and industrial control instruments.  Released from many combustion,
manufacturing, and natural processes.  Banned as a paint additive in U.S. in both interior (1990) and
exterior (1991) paint.

Polychlorinated biphenyls (PCBs) Industrial chemicals used widely in the U.S. from 1929 until 1978 for many purposes, such as coolants
and lubricants and in electrical equipment (e.g., transformers and capacitors).  In the U.S., manufacture
stopped in 1977 and uses were significantly restricted in 1979.  Still used for some purposes because of
stability and heat resistance, and still present in certain electrical equipment used throughout the United
States.

Polycyclic organic matter (POM) Naturally occurring substances that are by-products of the incomplete combustion of fossil fuels andc

plant and animal biomass (e.g., forest fires).  Also, by-products from steel and coke production and
waste incineration.

TCDD (dioxins) By-product of combustion of organic material containing chlorine, chlorine bleaching in pulp and paper
manufacturing, and diesel-fueled vehicles.  Also a contaminant in some pesticides.

TCDF (furans) By-product of combustion of organic material containing chlorine, chlorine bleaching in pulp and paper
manufacturing, and diesel-fueled vehicles.  Also a contaminant in some pesticides.

Toxaphene Insecticide used widely on cotton in the southern U.S. until the late 1970s.  Most U.S. uses banned in
1982; remaining uses cancelled in 1987.

Nitrogen compounds By-products of power generation, industrial, and motor vehicle fossil fuel combustion processes (NO x

and NH ).  Also, compounds used in fertilizers and released from agricultural animal manures (NH ).3              3

 Source:  See the First Report to Congress for references for this table (U.S. EPA 1994a).a

 Applicable restrictions (including bans) on use or manufacture in United States also are described.b

 POM is a large class of chemicals consisting of organic compounds having multiple benzene rings and a boiling point greater thanc

100° C.  Polycyclic aromatic hydrocarbons (PAHs) are a chemical class that is a subset of POM.
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����� �6HYHUDO�SROOXWDQWV�RI�FRQFHUQ�DUH�OLVWHG�E\�D�GLIIHUHQW�QDPH�LQ�VHFWLRQ�����E����7KH�SROOXWDQWV�RI�FRQFHUQ�DUH�OLVWHG�LQ�VHFWLRQ�

����E��DV���FDGPLXP�FRPSRXQGV��FKORUGDQH��''(��KH[DFKORUREHQ]HQH��OLQGDQH��DOO�LVRPHUV��ZKLFK�LQFOXGHV���+&+���OHDG
FRPSRXQGV��PHUFXU\�FRPSRXQGV��3&%V��320����������7&''��GLEHQ]RIXUDQV��DQG�WR[DSKHQH���,Q�DGGLWLRQ��KH[DFKORUREXWDGLHQH�DQG
PHWKR[\FKORU�DUH�OLVWHG�LQ�VHFWLRQ�����E��

����� �(VWDEOLVKHG�LQ������WR�D�SURYLGH�FRQVLVWHQW�OHYHO�RI�HQYLURQPHQWDO�SURWHFWLRQ�IRU�WKH�*UHDW�/DNHV�HFRV\VWHP��WKLV�,QLWLDWLYH�

VXSSRUWHG�SULQFLSOHV�DQG�JRDOV�RI�WKH������*UHDW�/DNHV�7R[LF�6XEVWDQFHV�&RQWURO�$JUHHPHQW��*RYHUQRUV
�$JUHHPHQW��

����� �7KH�)LQDO�:DWHU�4XDOLW\�*XLGDQFH�IRU�WKH�*UHDW�/DNHV�6\VWHP�ZDV�UHOHDVHG�LQ����������)HGHUDO�5HJLVWHU��������DQG�UHVXOWHG�LQ�WKH�

GHOHWLRQ�RI�VL[�FKHPLFDOV��LQFOXGLQJ�DOGULQ��HQGULQ��PHWKR[\FKORU��IURP�WKH�SURSRVHG������OLVW�RI�ELRDFFXPXODWLYH�FKHPLFDOV�RI
FRQFHUQ���7KH�ILQDO�JXLGDQFH�DOVR�HOLPLQDWHG�WKH�OLVW�RI����SROOXWDQWV�FRQVLGHUHG�SRWHQWLDO�ELRDFFXPXODWLYH�FKHPLFDOV�RI�FRQFHUQ��
$OWKRXJK�IXUDQV����������7&')��DUH�QRW�VSHFLILHG�LQ�WKH������JXLGDQFH��FULWHULD�IRU�IXUDQV�PD\�HYHQWXDOO\�EH�VHW�

����� �$WUD]LQH�LV�DOVR�IRXQG�RQ�WKH�&KHVDSHDNH�%D\�7R[LFV�RI�&RQFHUQ�/LVW��

����

® 7KHVH�SROOXWDQWV�RYHUODS�VXEVWDQWLDOO\�ZLWK�WKH�WR[LF�DLU�SROOXWDQWV�WKDW�UDQNHG�KLJKHVW�LQ�DQ
(3$�VSRQVRUHG�VWXG\��,&)�������WR�LGHQWLI\�SULRULW\�FKHPLFDOV�KDYLQJ�FKDUDFWHULVWLFV�WKDW
OHDG�WR�SRWHQWLDO�DGYHUVH�HIIHFWV�LQ�WKH�*UHDW�:DWHUV�

® :LWK�WKH�H[FHSWLRQ�RI�GLHOGULQ�DQG�QLWURJHQ�FRPSRXQGV��DOO�RI�WKHVH�SROOXWDQWV�DUH�OLVWHG�DV
+$3V�XQGHU�VHFWLRQ�����E��RI�WKH�&$$��

® :LWK�WKH�H[FHSWLRQ�RI���������7&')�DQG�QLWURJHQ�FRPSRXQGV��WKHVH�SROOXWDQWV�DUH�LQFOXGHG
RQ�WKH�OLVW�RI�SROOXWDQWV�WKDW�ZHUH�WKH�LQLWLDO�IRFXV�RI�WKH�(3$�VWDWH�*UHDW�/DNHV�:DWHU
4XDOLW\�,QLWLDWLYH� ��7KH\�DUH�FRQVLGHUHG�WR�EH�SRWHQWLDOO\�VLJQLILFDQW�DV�DLU�SROOXWDQWV�

GHSRVLWHG�WR�WKH�*UHDW�/DNHV�

® 7HQ�RI�WKH����SROOXWDQWV�DUH�GHVLJQDWHG�DV�ELRDFFXPXODWLYH�FKHPLFDOV�RI�FRQFHUQ�XQGHU
(3$
V�*UHDW�/DNHV�:DWHU�4XDOLW\�*XLGDQFH��

® 6L[�RI�WKH����SROOXWDQWV��FDGPLXP��FKORUGDQH��OHDG��PHUFXU\��3&%V��DQG�VHYHUDO�3$+V��ZKLFK
DUH�SDUW�RI�WKH�320�FODVV�RI�FRPSRXQGV���DUH�RQ�WKH�&KHVDSHDNH�%D\�7R[LFV�RI�&RQFHUQ
/LVW� �DQG�WZR�PRUH�SROOXWDQWV��GLHOGULQ�DQG�WR[DSKHQH��DUH�OLVWHG�DV�SRWHQWLDO�IXWXUH�DGGLWLRQV�

WR�WKLV�OLVW�

® 1LWURJHQ�FRPSRXQGV�SOD\�DQ�LPSRUWDQW�UROH�LQ�H[FHVVLYH�QXWULHQW�HQULFKPHQW�LQ�PDQ\
HVWXDULHV�DQG�FRDVWDO�ZDWHUV��DQG�QXPHURXV�VWXGLHV�LQGLFDWH�WKDW�DWPRVSKHULF�ORDGLQJV�RI
QLWURJHQ�WR�WKH�&KHVDSHDNH�%D\�DQG�RWKHU�FRDVWDO�ZDWHUV�DUH�D�VLJQLILFDQW�SRUWLRQ�RI�WRWDO
QLWURJHQ�ORDGLQJV���,Q�PRVW�IUHVKZDWHUV��QLWURJHQ�FRPSRXQGV�SOD\�D�OHVV�LPPHGLDWH�UROH�LQ
SURPRWLQJ�H[FHVVLYH�HQULFKPHQW���)RU�H[DPSOH��DLUERUQH�QLWURJHQ�FRPSRXQGV�DUH�QRW�RI
FRQFHUQ�FXUUHQWO\�LQ�WKH�*UHDW�/DNHV�

® 7KH�SROOXWDQW�OLVW�RYHUODSV�VXEVWDQWLDOO\�ZLWK�VHYHUDO�VHWV�RI�*UHDW�/DNHV�FKHPLFDOV�RI�FRQFHUQ
VHOHFWHG�E\�RWKHU�VFLHQWLILF�DQG�UHJXODWRU\�JURXSV��LQFOXGLQJ�WKH�*UHDW�/DNHV�:DWHU�4XDOLW\
%RDUG��*/:4%��RI�WKH�,QWHUQDWLRQDO�-RLQW�&RPPLVVLRQ��,-&���D�FRRSHUDWLYH�FRPPLWWHH
FRPSULVHG�RI�8�6��DQG�&DQDGLDQ�UHSUHVHQWDWLYHV�
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8VH�RI�3ROOXWDQW�*URXSV

,Q�VRPH�VHFWLRQV�RI�WKLV�UHSRUW��GLVFXVVLRQ�RI�WKH�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ�LV
RUJDQL]HG�E\�SROOXWDQW�JURXS���7KH�ILYH�SROOXWDQW�JURXSV�XVHG�LQ�WKLV�UHSRUW�DUH�GHVFULEHG�EHORZ��
0DQ\�RI�WKH�SROOXWDQWV�PD\�ILW�LQWR�PRUH�WKDQ�RQH�JURXS��EXW�KDYH�EHHQ�SODFHG�LQ�WKH�PRVW
DSSURSULDWH�FDWHJRU\�

(3$�KDV�RUJDQL]HG�WKH�SROOXWDQWV�RI�FRQFHUQ�LQ�WKHVH�ILYH�JURXSV�IRU�VHYHUDO�UHDVRQV���)LUVW�
WKH�SROOXWDQWV�LQ�HDFK�JURXS�JHQHUDOO\�RULJLQDWH�IURP�VLPLODU�VRXUFHV�RU�DUH�UHOHDVHG�WKURXJK�VLPLODU
PHFKDQLVPV���7KXV��DFWLRQ�SURSRVHG�WR�UHGXFH�HPLVVLRQV�RI�LQGLYLGXDO�SROOXWDQWV�PD\�EH�DSSOLHG
PRUH�EURDGO\�WR�WKH�HQWLUH�JURXS���6HFRQG��SROOXWDQWV�LQ�HDFK�JURXS�PD\�KDYH�VLPLODU�FKHPLFDO
FKDUDFWHULVWLFV��DOORZLQJ�IRU�JHQHUDOL]DWLRQV�UHODWHG�WR�GHSRVLWLRQ�DQG�F\FOLQJ�ZLWKLQ�WKH�HQYLURQPHQW��
7KLUG��VHSDUDWLQJ�WKH�SROOXWDQWV�LQWR�YDULRXV�JURXSV�DOORZV�IRU�SROOXWDQWV�ZLWK�XQLTXH�UHJXODWRU\
FRQFHUQV��VXFK�DV�PHUFXU\�DQG�QLWURJHQ��WR�EH�KLJKOLJKWHG�DQG�HPSKDVL]HG�LQ�WKH�5HSRUW�WR
&RQJUHVV���)LQDOO\��JURXSLQJ�WKH�SROOXWDQWV�KHOSV�GHFLVLRQ�PDNHUV�GHYHORS�FRQFOXVLRQV�DERXW
SROOXWDQWV�ZLWK�VLPLODU�FKHPLFDO�SK\VLFDO�EHKDYLRU�RU�VRXUFHV��ZKHUH�WKHUH�DUH�OLPLWHG�GDWD���

® 0HUFXU\�DQG�PHUFXU\�FRPSRXQGV���0HUFXU\�LV�UHOHDVHG�DV�DQ�DLU�SROOXWDQW�IURP�D�YDULHW\
RI�QDWXUDO�DQG�DQWKURSRJHQLF�DUHD�DQG�SRLQW�VRXUFHV��LQFOXGLQJ�FRPEXVWLRQ�DQG
PDQXIDFWXULQJ�VRXUFHV����$OWKRXJK�PHUFXU\�LV�D�PHWDO��LW�LV�WUHDWHG�LQ�WKLV�UHSRUW�DV�D�VHSDUDWH
SROOXWDQW�JURXS�EHFDXVH�LW�EHKDYHV�GLIIHUHQWO\�LQ�WKH�HQYLURQPHQW�WKDQ�RWKHU�PHWDOV�DQG
SURGXFHV�GLIIHUHQW�W\SHV�RI�HIIHFWV��DV�ZHOO�DV�EHFDXVH�RI�WKH�FRPSUHKHQVLYH�GDWD�WKDW�DUH
DYDLODEOH�IRU�LW���0HUFXU\�FDQ�EH�IRXQG�LQ�HOHPHQWDO��LQRUJDQLF��RU�RUJDQLF�IRUPV�LQ�WKH
HQYLURQPHQW���,Q�DTXDWLF�VSHFLHV��PHUFXU\�H[LVWV�SULPDULO\�DV�RUJDQLF�PHUFXU\��H�J��
PHWK\OPHUFXU\���ZKLFK�FDQ�ELRDFFXPXODWH�LQ�WLVVXHV�DQG�ELRPDJQLI\�LQ�WKH�IRRG�ZHE���,Q
DGGLWLRQ��VSHFLDO�HPSKDVLV�LV�JLYHQ�WR�PHUFXU\�HPLVVLRQV�LQ�WKH�&$$���6HYHUDO�VXEVHFWLRQV�RI
VHFWLRQ�����UHTXLUH�VWXGLHV�WR�EH�FRQGXFWHG�RQ�PHUFXU\�DV�D�WR[LF�DLU�SROOXWDQW��D�UHYLHZ�GUDIW
RI�DQ�(3$�UHSRUW�UHODWHG�WR�DWPRVSKHULF�HPLVVLRQV�RI�PHUFXU\�ZDV�VXEPLWWHG�WR�WKH�6FLHQFH
$GYLVRU\�%RDUG��6$%��LQ��������:KHQ�VXEPLWWHG�WR�&RQJUHVV��WKH�ILQDO�0HUFXU\�6WXG\
5HSRUW�ZLOO�IXOILOO�WKH�PDQGDWH�XQGHU�&$$�VHFWLRQ�����Q�����%��WKDW�WKH�VWXG\�FRQVLGHU�

& 7KH�UDWH�DQG�PDVV�RI�PHUFXU\�HPLVVLRQV�
& 7KH�KHDOWK�DQG�HQYLURQPHQWDO�HIIHFWV�RI�VXFK�HPLVVLRQV�
& 7HFKQRORJLHV�WKDW�DUH�DYDLODEOH�WR�FRQWURO�VXFK�HPLVVLRQV��DQG
& 7KH�FRVW�RI�WKHVH�FRQWURO�WHFKQRORJLHV�

® 2WKHU�PHWDOV���&DGPLXP�FRPSRXQGV�DQG�OHDG�FRPSRXQGV�FRPSULVH�WKLV�JURXS���7KHVH
PHWDO�FRPSRXQGV�DUH�UHOHDVHG�IURP�YDULRXV�FRPEXVWLRQ�DQG�SURGXFWLRQ�SURFHVVHV���1RWH�
KRZHYHU��WKDW�D�VLJQLILFDQW�VRXUFH�RI�OHDG�ZDV�UHGXFHG�IROORZLQJ�WKH�SKDVHRXW�RI�OHDG�LQ
JDVROLQH�DGGLWLYHV�WKDW�EHJDQ�LQ�WKH�HDUO\�����V�

® &RPEXVWLRQ�HPLVVLRQV���7KH�SROOXWDQWV�LQ�WKLV�JURXS�LQFOXGH�3&%V��320����������7&''�
DQG���������7&')����6HH�WKH�VLGHEDU�RQ�WKH�QH[W�SDJH�IRU�D�GLVFXVVLRQ�RI�7&''�DQG�7&')���
7KHVH�SROOXWDQWV�JHQHUDOO\�DUH�UHOHDVHG�GXULQJ�LQFRPSOHWH�FRPEXVWLRQ�RI�IRVVLO�IXHOV�DQG�RU
FRPEXVWLRQ�GXULQJ�PDQXIDFWXULQJ�RU�LQFLQHUDWLRQ�SURFHVVHV���3&%V��WKRXJK�KLVWRULFDOO\�XVHG
LQ�HOHFWULFDO�HTXLSPHQW�DQG�K\GUDXOLF�IOXLGV��DUH�LQFOXGHG�LQ�WKLV�JURXS�EHFDXVH�WKH\�PD\�EH
UHOHDVHG�WR�WKH�DWPRVSKHUH�LQ�FRPEXVWLRQ�JDVHV�ZKHQ�3&%�FRQWDLQLQJ�PDWHULDOV�DUH�EXUQHG�
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Dioxins and Furans

Section 112(b) of the CAA includes in its list of
HAPs "2,3,7,8-tetrachlorodibenzo-p-dioxin" and
"dibenzofuran."  These two substances are part of a
much larger class of compounds, as discussed below.

Dibenzo-p-dioxin and dibenzofuran molecules
both carry single hydrogen atoms bonded to carbon
atoms at the outside corners.  When chlorine atoms
are substituted for any (or all) of these hydrogens, the
compounds become chlorinated dibenzo-p-dioxins and
chlorinated dibenzofurans (CDDs and CDFs).  The
presence of chlorine may increase the toxicity of the
compound by many orders of magnitude, depending
on their number and location.  There are 75 possible
CDD compounds and 135 possible CDF compounds. 
Each of these individual CDD and CDF forms is called
a "congener."  It is these CDD and CDF congeners that
are commonly referred to as "dioxins" and "furans." 
The terms "dioxins" or "TCDD" and "furans" or "TCDF"
are used in this report to refer to all CDD and CDF
congeners, respectively.

® 3HVWLFLGHV���7KLV�JURXS�LQFOXGHV
FKORUGDQH��''7�''(��GLHOGULQ�
KH[DFKORUREHQ]HQH����+&+�
OLQGDQH��DQG�WR[DSKHQH���$OWKRXJK
WKH�XVH�RI�WKHVH�SHVWLFLGHV�LV
VLJQLILFDQWO\�OLPLWHG�LQ�WKH�8QLWHG
6WDWHV��WKH\�FRQWLQXH�WR�EH�RI
FRQFHUQ�LQ�WKH�*UHDW�:DWHUV
EHFDXVH�RI�WKHLU�SHUVLVWHQFH�LQ�WKH
HQYLURQPHQW�DQG�WKH�ORQJ�UDQJH
WUDQVSRUW�IURP�RWKHU�FRXQWULHV�LQ
ZKLFK�WKH�SHVWLFLGHV�DUH�VWLOO�XVHG��
$WUD]LQH��KH[DFKORUREXWDGLHQH��DQG
PHWKR[\FKORU�DUH�SRWHQWLDO�IXWXUH
DGGLWLRQV�WR�WKLV�JURXS�

® 1LWURJHQ�FRPSRXQGV���7KLV
JURXS�LQFOXGHV�QLWURJHQ�R[LGHV�
UHGXFHG�QLWURJHQ�FRPSRXQGV��VXFK
DV�DPPRQLD�DQG�DPPRQLXP���DQG
RUJDQLF�QLWURJHQ���7KHVH�SROOXWDQWV
DUH�UHOHDVHG�WKURXJK�ERWK�QDWXUDO
DQG�DQWKURSRJHQLF�SDWKZD\V��
$OWKRXJK�QLWURJHQ�R[LGHV�DUH�IRVVLO�IXHO�FRPEXVWLRQ�E\�SURGXFWV��QLWURJHQ�FRPSRXQGV�DUH
WUHDWHG�DV�D�VHSDUDWH�SROOXWDQW�JURXS�EHFDXVH�������RWKHU�PHDVXUHV�DUH�EHLQJ�WDNHQ�WR�FRQWURO
QLWURJHQ�WKURXJK�SURJUDPV�UHODWHG�WR�JURXQG�OHYHO�R]RQH�DQG�DFLG�SUHFLSLWDWLRQ������QLWURJHQ�
XQOLNH�WKH�RWKHU�VHOHFWHG�SROOXWDQWV�RI�FRQFHUQ��LV�DQ�HVVHQWLDO�QXWULHQW�DQG�LV�QRW�OLVWHG�DV�D
+$3�XQGHU�&$$�VHFWLRQ�����E���DQG�����ZKHQ�SUHVHQW�LQ�H[FHVVLYH�DPRXQWV��QLWURJHQ��LQ
R[LGHV�DQG�RWKHU�FRPSRXQGV�WKDW�DUH�SODQW�QXWULHQWV��LV�WKH�QXWULHQW�GULYLQJ�WKH�DFFHOHUDWHG
HXWURSKLFDWLRQ�RI�PRVW�HVWXDULQH�DQG�FRDVWDO�ZDWHUV��UHVXOWLQJ�LQ�VLJQLILFDQW�DGYHUVH
HFRV\VWHP�HIIHFWV���8QOLNH�WKH�RWKHU�SROOXWDQWV��QLWURJHQ�LV�D�UHTXLUHG�QXWULHQW�WKDW�VXSSRUWV
WKH�HFRV\VWHP�DQG�EHFRPHV�D�SROOXWDQW�ZKHQ�LW�UHDFKHV�OHYHOV�WKDW�UHVXOW�LQ�RYHUIHUWLOL]DWLRQ
ZLWK�GHWHULRUDWLRQ�RI�ZDWHU�TXDOLW\�

5HODWLRQVKLS�RI�3ROOXWDQWV�RI�&RQFHUQ�WR�6HFWLRQ�����DQG�2WKHU�
&$$�5HTXLUHPHQWV

7DEOH�,���SUHVHQWV�WKH�VHFWLRQ�����UHTXLUHPHQWV�WKDW�PD\�UHJXODWH�HPLVVLRQV�RI�HDFK�SROOXWDQW
RI�FRQFHUQ���$V�VKRZQ��HPLVVLRQV�RI�PHUFXU\�DUH�FRYHUHG�PRVW�FRPSUHKHQVLYHO\�E\�VHFWLRQ����
UHTXLUHPHQWV��IROORZHG�E\�HPLVVLRQV�RI�OHDG�FRPSRXQGV��320��7&''��DQG�7&')����(PLVVLRQV�RI
OHDG�FRPSRXQGV�DOVR�DUH�UHJXODWHG�XQGHU�WKH�&$$�7LWOH�,�FULWHULD�DLU�SROOXWDQW�SURJUDP����(PLVVLRQV�RI
KH[DFKORUREHQ]HQH�DQG�3&%V�PD\�EH�UHJXODWHG�XQGHU�WKH�PD[LPXP�DFKLHYDEOH�FRQWURO�WHFKQRORJ\
�0$&7��VWDQGDUGV�UHTXLUHG�E\�VHFWLRQV�����G����J���DQG��M���DQG�XQGHU�����F������(PLVVLRQV�RI�FDGPLXP
FRPSRXQGV�DUH�FRYHUHG�XQGHU�WKH�0$&7�VWDQGDUGV�DQG��IRU�HOHFWULF�XWLOLW\�VWHDP�JHQHUDWLQJ�XQLWV�
XQGHU�����Q�����$����)RU�VHYHUDO�SHVWLFLGHV��WKH�GHYHORSPHQW�RI�0$&7�VWDQGDUGV�LV�WKH�PDLQ�VHFWLRQ
����UHTXLUHPHQW�WKDW�PD\�FRQWURO�HPLVVLRQV�RI�WKHVH�SROOXWDQWV��WR�WKH�H[WHQW�WKDW�PDMRU�VRXUFHV�RI�DLU
HPLVVLRQV�VWLOO�H[LVW�LQ�WKH�8QLWHG�6WDWHV���6HFWLRQ�����I���ZKLFK�LV�QRW�LQFOXGHG�LQ�WKH�WDEOH��LV�LQWHQGHG
WR�DGGUHVV�WKH�SXEOLF�KHDOWK�ULVNV�DQG�DGYHUVH�HQYLURQPHQWDO�HIIHFWV�IURP�+$3
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TABLE I-2
Great Waters Pollutants of Concern and CAA Section 112

Pollutant
Applicable CAA Section 112 Activities a

112(b) 112(c)(6) 112(d),(g),(h),(j) 112(n)(1)(A) 112(n)(1)(B) 112(n)(1)(C)

Cadmium and compounds 0 0 0

Chlordane 0 0

DDT/DDE 0 0

Dieldrin

Hexachlorobenzene 0 0 0

�-HCH 0 0

Lead and compounds 0 0 0 0
b

Lindane 0 0

Mercury and compounds 0 0 0 0 0 0

PCBs 0 0 0

Polycyclic organic matter (POM) 0 0 0 0

TCDD (dioxins) 0 0 0 0

TCDF (furans) 0 0 0 0

Toxaphene 0 0

Nitrogen compoundsc

 112(b) = HAP list; the pollutants of concern are regulated under section 112 only by their name as listed in section 112(b) (cadmium compounds,a

chlordane, DDE, hexachlorobenzene, lindane (all isomers, which includes �-HCH), lead compounds, mercury compounds, PCBs, POM, 2,3,7,8-
TCDD, dibenzofurans, and toxaphene).
112(c)(6) = Sources accounting for 90 percent of these emissions to be subject to regulation
112(d),(g),(h),(j) = Emissions of HAPs from major sources subject to regulation by MACT standards
112(n)(1)(A) = Emissions of these six HAPs from electric utility steam generating units to be evaluated for regulation
112(n)(1)(B) = Emissions of mercury from electric utilities, municipal waste combustors, and other sources to be studied
112(n)(1)(C) = Report required on "threshold" level for human health effects from mercury 
Does not include section 112(f), which is intended to address the public health risks and adverse environmental effects from HAP emissions remaining
after implementation of 112(d) standards.
 Lead compounds also regulated under the criteria air pollutant program.b

 Nitrogen oxides (NO ) regulated under several other CAA programs, such as those that control criteria air pollutants, mobile source emissions, andc
x

acid rain.
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HPLVVLRQV�UHPDLQLQJ�DIWHU�LPSOHPHQWDWLRQ�RI�VHFWLRQ�����G��0$&7�VWDQGDUGV��WKHVH�VWDQGDUGV�FRXOG�DSSO\�WR
DQ\�+$3�IRU�ZKLFK�LW�LV�GHWHUPLQHG�WKDW��UHVLGXDO�ULVN��UHPDLQV���(PLVVLRQV�RI�GLHOGULQ�DQG�QLWURJHQ
FRPSRXQGV�DUH�QRW�FXUUHQWO\�DGGUHVVHG�E\�WKH�VHFWLRQ�����UHTXLUHPHQWV�OLVWHG�LQ�7DEOH�,�����(PLVVLRQV�RI
FHUWDLQ�QLWURJHQ�FRPSRXQGV��KRZHYHU��DUH�UHJXODWHG�XQGHU�VHYHUDO�&$$�SURJUDPV�RWKHU�WKDQ�VHFWLRQ�����
LQFOXGLQJ�WKH�7LWOH�,�FULWHULD�DLU�SROOXWDQW�SURJUDP��WKH�7LWOH�,,�PRELOH�VRXUFHV�SURJUDP��DQG�WKH�7LWOH�,9�DFLG
GHSRVLWLRQ�SURJUDP���

2WKHU�VHFWLRQV�RI�WKH�&$$�PD\�DOVR�UHJXODWH�HPLVVLRQV�RI�WKH�SROOXWDQWV�RI�FRQFHUQ���)RU�H[DPSOH�
XQGHU�VHFWLRQ�����RI�WKH�&$$��ZKLFK�DSSOLHV�WR�PXQLFLSDO�ZDVWH�FRPEXVWRUV��(3$�LV�WR�GHYHORS�QXPHULFDO
HPLVVLRQ�OLPLWDWLRQV�IRU�VHYHUDO�SROOXWDQWV��LQFOXGLQJ�WKH�IROORZLQJ�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ��
FDGPLXP��GLR[LQV��IXUDQV��OHDG��PHUFXU\��DQG�QLWURJHQ�FRPSRXQGV��QLWURJHQ�R[LGHV��
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6HFWLRQ�����P��RI�WKH�&$$�UHTXLUHV�(3$�WR�DVVHVV�WKH�HQYLURQPHQWDO�DQG�KXPDQ�KHDOWK
HIIHFWV�DWWULEXWDEOH�WR�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV�DQG�WR�DVVHVV�ZKHWKHU
DWPRVSKHULF�SROOXWDQW�ORDGLQJV�WR�WKH�*UHDW�:DWHUV�FDXVH�RU�FRQWULEXWH�WR�H[FHHGDQFHV�RI
GULQNLQJ�ZDWHU�RU�ZDWHU�TXDOLW\�VWDQGDUGV���

$GYHUVH�HIIHFWV�RQ�HQYLURQPHQWDO�DQG�KXPDQ�KHDOWK�DQG�H[FHHGDQFHV�RI�GULQNLQJ�ZDWHU
RU�ZDWHU�TXDOLW\�VWDQGDUGV�WKDW�UHVXOW�IURP�WKH�SROOXWDQWV�RI�FRQFHUQ�DUH�SLHFHV�RI�D�ODUJHU�SX]]OH
RI�ZKDW�KDSSHQV�WR�WKH�SROOXWDQWV�RI�FRQFHUQ�DIWHU�WKH\�DUH�GHSRVLWHG�WR�WKH�*UHDW�:DWHUV���$IWHU
EHLQJ�GHSRVLWHG�WR�ZDWHU��WKH�SROOXWDQWV�FDQ�ELQG�WR�SDUWLFOHV��FRQFHQWUDWH�DW�WKH�ZDWHU�VXUIDFH�
GLVVROYH�LQ�WKH�ZDWHU��DQG�RU��LI�VXIILFLHQWO\�YRODWLOH��HVFDSH�DV�JDVHV�EDFN�LQWR�WKH�DLU���(FRV\VWHPV
DQG�KXPDQV�PD\�EH�H[SRVHG�WR�WKHVH�SROOXWDQWV�WKURXJK�YDULRXV�H[SRVXUH�URXWHV��H�J���IRRG
FRQVXPSWLRQ����([FHHGDQFHV�RI�ZDWHU�TXDOLW\�FULWHULD�RU�VWDQGDUGV�DUH�RQH�PHDQV�RI�DVVHVVLQJ�WKH
OHYHOV�RI�WKH�SROOXWDQWV�LQ�ZDWHU�DQG�ELRWD�WR�ZKLFK�HFRV\VWHPV�DQG�KXPDQV�PD\�EH�H[SRVHG��
)ROORZLQJ�H[SRVXUH�WR�WKH�SROOXWDQWV�RI�FRQFHUQ��HFRV\VWHPV�DQG�KXPDQV�PD\�H[SHULHQFH
DGYHUVH�KHDOWK�HIIHFWV�

$W�WKLV�WLPH��LW�LV�QRW�SRVVLEOH�WR�GLVWLQJXLVK�EHWZHHQ�HIIHFWV�FDXVHG�E\�DLUERUQH�SROOXWDQWV
DQG�WKH�VDPH�SROOXWDQWV�GHOLYHUHG�E\�ZDWHUERUQH�RU�RWKHU�URXWHV���,Q�WKH�DEVHQFH�RI�GDWD�WR�WKH
FRQWUDU\��(3$�WDNHV�WKH�SRVLWLRQ�WKDW�WKH�FRQWULEXWLRQ�RI�DLUERUQH�SROOXWDQWV�WR�DGYHUVH�HIIHFWV
FRUUHVSRQGV�WR�WKH�UHODWLYH�DLU�FRQWULEXWLRQ�E\�YDULRXV�URXWHV�WR�SROOXWDQW�ORDGV��LQFOXGLQJ
UHOHDVHV�RI�KLVWRULF�ORDGLQJV�IURP�VHGLPHQWV�

7KLV�FKDSWHU�LV�GLYLGHG�LQWR�ILYH�VHFWLRQV�WKDW�GLVFXVV�

& ([SRVXUH�URXWHV�DQG�H[WHQW�RI�FRQWDPLQDWLRQ�LQ�WKH�*UHDW�:DWHUV��6HFWLRQ�,,�$��

& /HYHO�RI�FRQWDPLQDWLRQ�LQ�ELRWD�RI�WKH�*UHDW�:DWHUV��6HFWLRQ�,,�%���

& 3RWHQWLDO�HFRORJLFDO�HIIHFWV�WKDW�PD\�UHVXOW�IURP�H[SRVXUH�WR�WKH�SROOXWDQWV�RI
FRQFHUQ��6HFWLRQ�,,�&��

& 3RWHQWLDO�KXPDQ�KHDOWK�HIIHFWV�WKDW�PD\�UHVXOW�IURP�H[SRVXUH�WR�WKH�SROOXWDQWV�RI
FRQFHUQ��6HFWLRQ�,,�'���DQG

& 2WKHU�SRWHQWLDO�HIIHFWV��VXFK�DV�UHFUHDWLRQDO�ILVKLQJ�ORVVHV��DWWULEXWDEOH�WR�WKH
SROOXWDQWV�RI�FRQFHUQ��6HFWLRQ�,,�(��

6HFWLRQV�,,�$��,,�&��DQG�,,�'�XSGDWH�LQIRUPDWLRQ�WKDW�ZDV�SUHVHQWHG�LQ�WKH�)LUVW�5HSRUW�WR
&RQJUHVV��8�6��(3$�����D����7KHVH�VHFWLRQV�EHJLQ�ZLWK�D�EULHI�VXPPDU\�RI�WKH�LQIRUPDWLRQ
SUHVHQWHG�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV�WR�SURYLGH�D�IRXQGDWLRQ�IRU�WKH�VXEVHTXHQW�GLVFXVVLRQ
RI�WKH�UHFHQW�LQIRUPDWLRQ�DYDLODEOH�IRU�WKLV�UHSRUW�
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,,�$��([SRVXUH�5RXWHV�DQG�([WHQW�RI�&RQWDPLQDWLRQ

7KLV�VHFWLRQ�SUHVHQWV�LQIRUPDWLRQ�RQ�WKH�H[SRVXUH�URXWHV�RI�FRQFHUQ�IRU�KXPDQV�DQG
HFRV\VWHPV�DQG�WKH�H[WHQW�RI�FRQWDPLQDWLRQ�LQ�WKH�*UHDW�:DWHUV���7KH�PHDVXUHV�XVHG�LQ�WKLV
UHSRUW�WR�DVVHVV�SROOXWDQW�H[SRVXUH�DQG�WKH�H[WHQW�RI�FRQWDPLQDWLRQ�DUH�H[FHHGDQFHV�RI�ZDWHU
TXDOLW\�FULWHULD�DQG�WKH�LVVXDQFH�RI�ILVKLQJ�UHVWULFWLRQV�DQG�ILVK�FRQVXPSWLRQ�DGYLVRULHV���/HYHOV�RI
FRQWDPLQDWLRQ�LQ�ELRWD�DUH�GLVFXVVHG�VHSDUDWHO\�LQ�6HFWLRQ�,,�%�

$V�QRWHG�HDUOLHU��WKH�UHODWLRQVKLS�EHWZHHQ�H[SRVXUH�DQG�UHVXOWLQJ�DGYHUVH�HIIHFWV�RI�WR[LF
SROOXWDQWV�DQG�DWPRVSKHULF�GHSRVLWLRQ�LV�QRW�ZHOO�XQGHUVWRRG���$V�GHVFULEHG�LQ�WKH�)LUVW�5HSRUW�
VRPH�FRUUHODWLRQV�DQG�OLQNDJHV�KDYH�EHHQ�HVWDEOLVKHG�EHWZHHQ�VSHFLILF�SROOXWDQWV�RI�FRQFHUQ�DQG
H[SRVXUH�DQG�HIIHFWV�LQ�WKH�*UHDW�:DWHUV���0DQ\�SROOXWDQWV�WKDW�DUH�D�FRQFHUQ�GXH�WR�DWPRVSKHULF
GHSRVLWLRQ�DOVR�KDYH�D�ORQJ�KLVWRU\�RI�GLUHFW�VXUIDFH�ZDWHU�GLVFKDUJHV�WR�WKH�*UHDW�:DWHUV���,Q
DGGLWLRQ��FXUUHQW�SROOXWDQW�OHYHOV�LQ�ZDWHUERGLHV�PD\�LQFOXGH�WKH�FRQWULEXWLRQ�RI�SROOXWDQWV�WKDW
HQWHU�WKURXJK�JURXQGZDWHU��WKDW�DUH�UHF\FOHG�IURP�VHGLPHQWV��RU�WKDW�DUH�UHVXVSHQGHG��IROORZLQJ
HDUOLHU�GHSRVLWLRQ��DQG�UHGHSRVLWHG�DW�RWKHU�ORFDWLRQV���7KHUH�FXUUHQWO\�LV�QR�HYLGHQFH�DYDLODEOH�WR
VXJJHVW�WKDW�WKH�SROOXWDQWV�GHSRVLWHG�IURP�WKH�DLU�ZLOO�KDYH�HIIHFWV�RQ�ELRWD�DQ\�GLIIHUHQW�IURP
WKH�HIIHFWV�RI�WKHVH�VDPH�SROOXWDQWV�FDUULHG�LQ�ZDWHU�RU�IRXQG�LQ�VHGLPHQW�

&RQFOXVLRQV�IURP�WKH�)LUVW�5HSRUW�WR�&RQJUHVV

$V�PHQWLRQHG�DERYH��LQIRUPDWLRQ�IURP�WKH�)LUVW�5HSRUW�WR�&RQJUHVV�LV�SUHVHQWHG�KHUH�WR
SURYLGH�D�IRXQGDWLRQ�IRU�WKH�VXEVHTXHQW�GLVFXVVLRQ�RI�WKH�UHFHQW�LQIRUPDWLRQ�DYDLODEOH�IRU�WKH
6HFRQG�5HSRUW���7KH�UHVHDUFK�ILQGLQJV�DQG�VWXGLHV�SUHVHQWHG�LQ�WKH�)LUVW�5HSRUW��DV�ZHOO�DV�WKH
EDFNJURXQG�GRFXPHQW�RQ�H[SRVXUH�DQG�HIIHFWV��6ZDLQ�HW�DO������D���OHG�WR�WKH�IROORZLQJ
FRQFOXVLRQV�FRQFHUQLQJ�H[SRVXUH�URXWHV�DQG�H[WHQW�RI�FRQWDPLQDWLRQ�LQ�WKH�*UHDW�:DWHUV�

® )RU�ZDWHU�SROOXWDQWV�WKDW�DUH�GHULYHG�IURP�DWPRVSKHULF�GHSRVLWLRQ��WKH�PDMRU�URXWHV�RI
H[SRVXUH�DUH�IDLUO\�ZHOO�XQGHUVWRRG���7KH�PDLQ�H[SRVXUH�URXWHV�RI�FRQFHUQ�IRU�DQLPDOV�
DUH�LQWDNH�RI�IRRG��LQWDNH�RI�GULQNLQJ�ZDWHU��DQG�GLUHFW�FRQWDFW�ZLWK�ZDWHU���([SRVXUH
URXWHV�IRU�SODQWV�LQFOXGH�ZDWHU�XSWDNH�DQG�GLUHFW�FRQWDFW���)RU�KXPDQV�DQG�ILVK�HDWLQJ
ELUGV�DQG�PDPPDOV��LQWDNH�RI�IRRG��H�J���FRQWDPLQDWHG�ILVK��LV�WKH�PDLQ�H[SRVXUH������
URXWH�RI�FRQFHUQ�IRU�SROOXWDQWV�WKDW�DUH�SHUVLVWHQW�LQ�WKH�HQYLURQPHQW�DQG�WKDW�WHQG�WR
ELRDFFXPXODWH�

® 7KH�SROOXWDQWV�RI�FRQFHUQ�JHQHUDOO\�DUH�SHUVLVWHQW�LQ�WKH�HQYLURQPHQW�DQG�WHQG�WR
DFFXPXODWH�LQ�IDW�RU�PXVFOH�WLVVXH�DQG��DV�D�UHVXOW�RI�IRRG�ZHE�LQWHUDFWLRQV��UHDFK�WKH
KLJKHVW�FRQFHQWUDWLRQV�LQ�DQLPDOV�DW�WKH�WRS�RI�WKH�IRRG�ZHE��LQFOXGLQJ�KXPDQV��������
7KHVH�FKDUDFWHULVWLFV�DOORZ�WKH�SROOXWDQWV�WR�UHPDLQ�LQ�WKH�HQYLURQPHQW�DQG�DQLPDO��
WLVVXH�IRU�ORQJ�SHULRGV�RI�WLPH��LQFUHDVLQJ�WKH�RSSRUWXQLW\�IRU�H[SRVXUH�DQG�UHVXOWLQJ�����
LQ�JUHDWHU�H[SRVXUHV�WR�DQLPDOV�DW�WKH�WRS�RI�WKH�IRRG�ZHE�

® 7KH�WHQGHQF\�RI�WKH�SROOXWDQWV�RI�FRQFHUQ�WR�ELRFRQFHQWUDWH�DQG�ELRPDJQLI\�ZDV
VXSSRUWHG�E\�QXPHURXV�VWXGLHV�VXPPDUL]HG�LQ�WKH�)LUVW�5HSRUW����6HH�VLGHEDU�RQ�QH[W
SDJH�IRU�GHILQLWLRQ�RI�WHUPV���1RWH�WKDW�WKHVH�WHUPV�PD\�EH�XVHG�ZLWK�VRPHZKDW��
GLIIHUHQW�HPSKDVLV�E\�GLIIHUHQW�DXWKRUV���7KLV�VXPPDU\�LV�EDVHG�RQ�FRPPRQ�XVDJHV��
IURP�PDQ\�DUWLFOHV�UHYLHZHG�IRU�WKLV�UHSRUW����(YLGHQFH�SUHVHQWHG�E\�WKHVH�VWXGLHV
LQFOXGHG�������GRFXPHQWHG�FDVHV�RI�HOHYDWHG�OHYHOV�RI�SHUVLVWHQW�WR[LF�SROOXWDQWV�LQ�
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Distinguishing Common Terms
Describing Bioaccumulation

Bioaccumulation  is the uptake and retention
of a chemical by a living organism as a result of
intake of food, intake of drinking water, direct
contact, or inhalation.

Bioconcentration  is the phenomenon by
which chemicals become more concentrated in an
organism than in its surrounding environment.

Biomagnification  is the phenomenon by
which chemicals become more concentrated in
animals at higher levels in the food web.

YDULRXV�ILVK�VSHFLHV�FRPSDUHG�WR�OHYHOV�LQ
ZDWHU�DQG��LQ�PDQ\�FDVHV��OHYHOV�LQ�VHGLPHQW�
����GDWD�VKRZLQJ�WKDW�SUHGDWRUV��H�J���WKH
KHUULQJ�JXOO��EDOG�HDJOH��DQG�WXUWOH��LQ�WKH
*UHDW�/DNHV�UHJLRQ�KDYH�KDG�VRPH�RI�WKH
KLJKHVW�UHSRUWHG�FRQFHQWUDWLRQV�RI�SHUVLVWHQW
WR[LF�FKHPLFDOV�LQ�WKHLU�WLVVXHV��DQG�����GDWD
LQGLFDWLQJ�WKDW�SHRSOH�ZKR�UHJXODUO\
FRQVXPHG�ILVK�IURP�/DNH�0LFKLJDQ�LQ�WKH
����V�KDG�VLJQLILFDQWO\�KLJKHU�FRQFHQWUDWLRQV
RI�3&%V�DQG�SHVWLFLGHV��VXFK�DV�''7��LQ�WKHLU
WLVVXHV�FRPSDUHG�ZLWK�WKRVH�ZKR�GLG�QRW
FRQVXPH�ILVK�

® %DVHG�RQ�WKH�PRVW�FXUUHQW
LQIRUPDWLRQ�DYDLODEOH�IRU�WKH�)LUVW
5HSRUW�WR�&RQJUHVV��SRUWLRQV�RI�DOO�RI�WKH�*UHDW�/DNHV�DQG�PDQ\�DVVRFLDWHG�ZDWHUERGLHV�
&KHVDSHDNH�%D\��DQG�/DNH�&KDPSODLQ�KDG�VRPH�NLQG�RI�DGYLVRU\�RQ�ILVK�FRQVXPSWLRQ�DW
WKDW�WLPH�

® 8QGHUVWDQGLQJ�RI�WKH�FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�RYHUDOO�H[SRVXUH�ZDV
OLPLWHG�IRU�WKH�)LUVW�5HSRUW�WR�&RQJUHVV�EHFDXVH�������RYHUDOO�H[SRVXUH�WR�WR[LF�ZDWHU
SROOXWDQWV�KDG�QRW�EHHQ�DGHTXDWHO\�TXDQWLILHG������VXIILFLHQW�DQG�DFFXUDWH�LQIRUPDWLRQ�RQ
DOO�SROOXWDQW�LQSXWV�DQG�RXWSXWV�ZDV�QRW�DYDLODEOH�DW�WKDW�WLPH��DQG�����WKH�GLIILFXOW\�LQ
GLVWLQJXLVKLQJ�WKH�RULJLQ�RI�D�SROOXWDQW��H�J���RULJLQDWHG�IURP�WKH�DLU��DIWHU�LW�LV�LQ�WKH
ZDWHU�PDGH�LW�GLIILFXOW�WR�OLQN�H[SRVXUH��DQG�UHVXOWDQW�HIIHFWV��WR�SDUWLFXODU�SDWKZD\V��H�J��
DWPRVSKHULF�GHSRVLWLRQ��

® $OWKRXJK�WKH�H[SRVXUH�URXWHV�RI�FRQFHUQ�KDYH�EHHQ�LGHQWLILHG��WKH�FRQFHQWUDWLRQV�RI
SROOXWDQWV�LQ�ZDWHU�WR�ZKLFK�KXPDQV��DQLPDOV��DQG�SODQWV�DUH�H[SRVHG��L�H���WKH�H[WHQW�RI
FRQWDPLQDWLRQ��ZHUH�QRW�HDVLO\�GHWHUPLQHG�JLYHQ�DYDLODEOH�GDWD�DW�WKDW�WLPH�

® )HZ�YLRODWLRQV�RI�H[LVWLQJ�GULQNLQJ�ZDWHU�VWDQGDUGV��L�H���PD[LPXP�FRQWDPLQDQW�OHYHOV�RU
0&/V��IRU�WKH�SROOXWDQWV�RI�FRQFHUQ�ZHUH�IRXQG�LQ�*UHDW�/DNHV�GULQNLQJ�ZDWHU�V\VWHPV�
IRU�WKH�SROOXWDQWV�WKDW�H[FHHGHG�WKHLU�0&/V��PXFK�RI�WKH�SUREOHP�ZDV�WKRXJKW�WR�EH
FDXVHG�E\�WKH�GLVWULEXWLRQ�V\VWHP�UDWKHU�WKDQ�WKH�ZDWHU�VRXUFH�

® :KHQ�PD[LPXP�RSHQ�ZDWHU�FRQFHQWUDWLRQV�IURP�*UHDW�/DNHV�VDPSOLQJ�GDWD�WDNHQ
EHWZHHQ�����������ZHUH�FRPSDUHG�WR�ZDWHU�TXDOLW\�FULWHULD��VL[�SROOXWDQWV�RI�FRQFHUQ
�FDGPLXP��GLHOGULQ��''7�''(��KH[DFKORUREHQ]HQH��PHUFXU\��DQG�3&%V��SRWHQWLDOO\
H[FHHGHG�DW�OHDVW�RQH�FULWHULRQ�LQ�DW�OHDVW�RQH�RI�WKH�*UHDW�/DNHV��VHH�$SSHQGL[�%�RI�WKH
)LUVW�5HSRUW�WR�&RQJUHVV����0D[LPXP�FRQFHQWUDWLRQV�RI�PRVW�RI�WKH�UHPDLQLQJ�*UHDW
:DWHUV�SROOXWDQWV�LQ�PRVW�RI�WKH�ODNHV�DSSURDFKHG�OHYHOV�RI�FRQFHUQ���$Q�XSGDWHG
FRPSDULVRQ�RI�VDPSOLQJ�GDWD�WR�ZDWHU�TXDOLW\�FULWHULD�LV�SUHVHQWHG�ODWHU�LQ�WKLV�VHFWLRQ�

® ,Q�/DNH�&KDPSODLQ��OLPLWHG�VDPSOLQJ�GDWD�LQGLFDWHG�WKDW�OHDG�ZDV�WKH�RQO\�SROOXWDQW�����
RI�FRQFHUQ�WKDW�H[FHHGHG�DSSOLFDEOH�ZDWHU�TXDOLW\�FULWHULD���,Q�&KHVDSHDNH�%D\��D����
OLPLWHG�QXPEHU�RI�PHDVXUHG�FRQFHQWUDWLRQV�RI�FDGPLXP�DQG�OHDG�LQ�WKH�WLGDO����
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WULEXWDULHV�WR�WKH�&KHVDSHDNH�%D\�H[FHHGHG�(3$�ZDWHU�TXDOLW\�FULWHULD�DQG�VWDWH�ZDWHU
TXDOLW\�VWDQGDUGV�SULRU�WR������

7KH�UHPDLQGHU�RI�WKLV�VHFWLRQ�SUHVHQWV�XSGDWHG�LQIRUPDWLRQ�RQ�H[SRVXUH�URXWHV�DQG
H[WHQW�RI�FRQWDPLQDWLRQ�

&XUUHQW�8QGHUVWDQGLQJ�RI�([SRVXUH�5RXWHV�DQG�([WHQW�RI�&RQWDPLQDWLRQ

$V�LQGLFDWHG�DERYH�DQG�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��WKH�H[SRVXUH�URXWHV�RI�FRQFHUQ�IRU
KXPDQV�DQG�HFRV\VWHPV�DUH�IDLUO\�ZHOO�XQGHUVWRRG���([SRVXUHV�FDQ�RFFXU�WKURXJK�LQWDNH�RI
GULQNLQJ�ZDWHU��GLUHFW�FRQWDFW�ZLWK�ZDWHU��DQG��HVSHFLDOO\�LPSRUWDQW�IRU�KXPDQV�DQG�ILVK�HDWLQJ
ELUGV�DQG�PDPPDOV��LQWDNH�RI�IRRG���7KLV�VHFWLRQ�SUHVHQWV�XSGDWHG�LQIRUPDWLRQ�RQ�PHDVXUHV�IRU
DVVHVVLQJ�WKH�H[WHQW�RI�FRQWDPLQDWLRQ�LQ�WKH�*UHDW�:DWHUV�

&203$5,621�72�:$7(5�48$/,7<�&5,7(5,$

2QH�PHDQV�RI�DVVHVVLQJ�WKH�H[WHQW�RI�FRQWDPLQDWLRQ�LQ�WKH�*UHDW�:DWHUV�FDXVHG�E\�WKH
SROOXWDQWV�RI�FRQFHUQ�LV�WR�FRPSDUH�DYDLODEOH�ZDWHU�VDPSOLQJ�GDWD�WR�GULQNLQJ�ZDWHU�VWDQGDUGV
DQG�RWKHU�ZDWHU�TXDOLW\�FULWHULD���6XFK�FRPSDULVRQV�DUH�FRQVLVWHQW�ZLWK�WKH�UHTXLUHPHQW�LQ
VHFWLRQ�����P��RI�WKH������&$$�$PHQGPHQWV�IRU�(3$�WR�DVVHVV�WKH�FRQWULEXWLRQ�RI�DWPRVSKHULF
GHSRVLWLRQ�WR�H[FHHGDQFHV�RI�GULQNLQJ�ZDWHU�VWDQGDUGV�DQG�RWKHU�ZDWHU�TXDOLW\�VWDQGDUGV�DQG
FULWHULD�

)RU�QDWLRQDO�GULQNLQJ�ZDWHU�VWDQGDUGV��IHZ�H[FHHGDQFHV�DUH�NQRZQ�IRU�WKH�*UHDW�:DWHUV
SROOXWDQWV�RI�FRQFHUQ�EDVHG�RQ�FXUUHQW�LQIRUPDWLRQ�LQ�WKH�*UHDW�/DNHV���6LQFH�WKH�)LUVW�5HSRUW�WR
&RQJUHVV��WKHUH�FRQWLQXH�WR�EH�IHZ�YLRODWLRQV�RI�H[LVWLQJ�PD[LPXP�FRQWDPLQDQW�OHYHOV��0&/V��LQ
*UHDW�/DNHV�GULQNLQJ�ZDWHU�V\VWHPV���,QWHUSUHWDWLRQ�RI�WKLV�LQIRUPDWLRQ�LV�OLPLWHG�EHFDXVH�WKH
H[FHHGDQFH�RI�WKH�0&/�IRU�D�SROOXWDQW�PD\�EH�D�UHVXOW�RI�D�SUREOHP�LQ�WKH�GLVWULEXWLRQ�V\VWHP�
UDWKHU�WKDQ�WKH�ZDWHU�VRXUFH�

)RU�RWKHU�ZDWHU�TXDOLW\�FULWHULD�DQG�VWDQGDUGV��WKUHH�VHWV�RI�UHOHYDQW�ZDWHU�TXDOLW\�FULWHULD
DUH�FRPSDUHG�ZLWK�DYDLODEOH�*UHDW�:DWHUV�VDPSOLQJ�GDWD���(3$
V�QDWLRQDO�DPELHQW�ZDWHU�TXDOLW\
FULWHULD��$:4&���WKH�8�6��&DQDGLDQ�*UHDW�/DNHV�ZDWHU�TXDOLW\�REMHFWLYHV��*/:42V���DQG�*UHDW
/DNHV�ZDWHU�TXDOLW\�FULWHULD��*/:4&��GHYHORSHG�E\�(3$�DQG�*UHDW�/DNHV�VWDWHV���7KH�ILUVW�WZR
VHWV�RI�FULWHULD�DUH�WKH�VDPH�DV�WKRVH�XVHG�LQ�WKH�)LUVW�5HSRUW��ZKLOH�WKH�WKLUG�VHW��*/:4&��ZDV
UHOHDVHG�LQ��������3URSRVHG�*/:4&��S*/:4&��ZHUH�XVHG�LQ�WKH�)LUVW�5HSRUW��EXW�WKHVH�FULWHULD
KDYH�VLQFH�EHHQ�ILQDOL]HG��8�6��(3$�����D���VHH�&KDSWHU�,9�IRU�PRUH�GLVFXVVLRQ�RQ�WKH
GHYHORSPHQW�RI�*/:4&���7KH�WKUHH�VHWV�RI�FULWHULD�DUH�EULHIO\�GHILQHG�LQ�7DEOH�,,���

:DWHU�VDPSOLQJ�GDWD�DUH�FRPSDUHG�ZLWK�ZDWHU�TXDOLW\�FULWHULD��UDWKHU�WKDQ�FRPSDULQJ
VHGLPHQW�FRQWDPLQDWLRQ�GDWD�RU�ELRORJLFDO�FRQWDPLQDWLRQ�GDWD�WR�DSSURSULDWH�VWDQGDUGV��IRU�
WZR�PDLQ�UHDVRQV�������WKH�VSHFLILF�UHTXLUHPHQW�LQ�VHFWLRQ�����P��WR�UHSRUW�H[FHHGDQFHV�RI�
ZDWHU�TXDOLW\�VWDQGDUGV�DQG�EHQFKPDUNV��DQG�����WKH�OLPLWHG�DYDLODELOLW\�RI�IHGHUDO�RU�RWKHU
ZLGHO\�DFFHSWHG�QXPHULFDO�EHQFKPDUNV�IRU�VHGLPHQWV�RU�OLYLQJ�RUJDQLVPV�IRU�WKH�VHOHFWHG
SROOXWDQWV�RI�FRQFHUQ���%HFDXVH�PDQ\�RI�WKH�SROOXWDQWV�RI�FRQFHUQ�ELRFRQFHQWUDWH�DQG
ELRPDJQLI\��ZDWHU�FRQFHQWUDWLRQV�PD\�XQGHUVWDWH�WKH�IXOO�SRWHQWLDO�IRU�ILVK�DQG�ZLOGOLIH�WR
FRQWDLQ�KLJK�FRQFHQWUDWLRQ�OHYHOV��RQO\�WKH�*/:4&�DFFRXQW�IRU�WKH�SRWHQWLDO�IRU
ELRPDJQLILFDWLRQ���7KHUHIRUH��WKH�DEVHQFH�RI�ZDWHU�TXDOLW\�FULWHULD�H[FHHGDQFHV�IRU�SROOXWDQWV�
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WKDW�KDYH�D�VWURQJ�WHQGHQF\�WR�ELQG�WR�VHGLPHQWV�DQG�WR�ELRDFFXPXODWH�GRHV�QRW�QHFHVVDULO\
LQGLFDWH�WKH�DEVHQFH�RI�FRQWDPLQDWLRQ�OHYHOV�RI�SRWHQWLDO�KXPDQ�KHDOWK�RU�HFRORJLFDO�FRQFHUQ��
&RQWDPLQDWLRQ�OHYHOV�LQ�ELRWD�DQG�VHGLPHQWV�LQ�WKH�*UHDW�:DWHUV�DUH�GLVFXVVHG�LQ�6HFWLRQ�,,�%�

7DEOH�,,���FRPSDUHV�UHFHQW�HVWLPDWHV�RI�WRWDO�ZDWHU�FROXPQ�FRQFHQWUDWLRQV�LQ�WKH�*UHDW
/DNHV�IRU�VHYHQ�SROOXWDQWV�RI�FRQFHUQ�IRU�ZKLFK�VDPSOLQJ�GDWD�H[LVW��L�H���''7�''(��GLHOGULQ�
KH[DFKORUREHQ]HQH��+&%�����+&+��OLQGDQH��3&%V��DQG�320����7KH�GDWD�DUH�WDNHQ�IURP�VWXGLHV
FRQGXFWHG�EHWZHHQ������DQG������E\�(3$��UHVHDUFKHUV�IXQGHG�E\�(3$��DQG�(QYLURQPHQW
&DQDGD���6DPSOLQJ�GDWD�IRU�WKH�RWKHU�SROOXWDQWV�RI�FRQFHUQ�DQG�IRU�RWKHU�*UHDW�:DWHUV�ZHUH�QRW
UHDGLO\�DYDLODEOH�

TABLE II-1
Summary of Water Quality Criteria Used for Comparison in This Report

Criteria Set Summarya

Ambient water quality Designed to protect humans, and freshwater and saltwater animals and
criteria (AWQC) plants from harmful effects resulting from chronic and acute exposures. 

Reflect current knowledge on health and welfare effects, dispersal of
pollutants across media, and effects on animal and plant reproduction and
communities.  Derived entirely with risk-based data (not cost or technology
considerations).  National criteria provided by EPA as guidelines to states
for developing regulations.

Great Lakes water Developed through joint U.S.-Canadian agreement.  Set for certain
quality objectives chemicals to protect the most sensitive user of the water among humans,
(GLWQOs) aquatic life, and wildlife.  For chemicals with no specific GLWQO,

concentrations in water (does not specify whether ambient water) and in
aquatic organisms should be lower than detection levels.

Great Lakes water Developed by EPA and Great Lakes States.  Specific to the Great Lakes
quality criteria system.  Form basis for new state water quality standards for ambient
(GLWQC) waters of the Great Lakes system.  Provided as guidelines to protect

aquatic life (for both acute and chronic exposure), wildlife (for exposure
through food webs), and humans (for chronic exposure through
consumption of both fish and drinking water and through water-related
recreation).  Includes consideration of biomagnification.

 Sources:  U.S. EPA 1986, IJC 1978, and U.S. EPA 1995a, respectively.a

$V�VKRZQ�LQ�7DEOH�,,����WRWDO�ZDWHU�FROXPQ�FRQFHQWUDWLRQV�RI�GLHOGULQ�DQG�3&%V�H[FHHG
WKHLU�*/:4&�DW�VRPH�ORFDWLRQV�LQ�DOO�RI�WKH�*UHDW�/DNHV��ZKHUH�GDWD�DUH�DYDLODEOH���1RWH�WKDW
''7�''(�PD\�DOVR�H[FHHG�LWV�*/:4&��VDPSOLQJ�GDWD�RI�����������J�/�YHUVXV�*/:4&�RI
����������J�/���DQG�WKDW�WKH�FULWHULRQ�IRU�320�LV�IRU�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV��3$+V���D
VXEVHW�RI�320��ZKLOH�VDPSOLQJ�GDWD�ZHUH�DYDLODEOH�RQO\�IRU�RQH�320�FRPSRXQG��L�H��
EHQ]R�D�S\UHQH��RU�%�D�3����,Q�DGGLWLRQ��WKH�FRQFHQWUDWLRQV�RI�3&%V�DW�VRPH�ORFDWLRQV�LQ�/DNHV
(ULH��+XURQ��DQG�2QWDULR�DUH�DERYH�WKH�$:4&�IRU�KXPDQ�KHDOWK���)RU�WKH�SROOXWDQWV�ZLWK
VDPSOLQJ�GDWD�UHSRUWHG�LQ�ERWK�WKH�)LUVW�5HSRUW�WR�&RQJUHVV�DQG�WKLV�UHSRUW��L�H���GLHOGULQ�
''7�''(��+&%��DQG�3&%V���WKH�WRWDO�ZDWHU�FROXPQ�FRQFHQWUDWLRQV�SUHVHQWHG�LQ�7DEOH�,,���DUH
JHQHUDOO\�ORZHU�WKDQ�WKH�FRQFHQWUDWLRQV�UHSRUWHG�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV�DQG�WKH�OHYHOV
IRU�''7�''(�DQG�+&%�QR�ORQJHU�H[FHHG�DQ\�RI�WKH�ZDWHU�TXDOLW\�FULWHULD�
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TABLE II-2
Comparison of Water Quality Criteria to Pollutant Concentrations in the Great Lakes (µg/L)

Pollutant Aquatic Life Health Objective Criterion

National National Great Lakes Great Lakes Total Water Column Concentration
AWQC: Fresh AWQC: Water Quality Water

Water Human Agreement Quality
a b c d

e

Lake Lake Lake Lake
Superior Michigan Huron Lake Ontario

Erie

DDT/DDE 0.001 0.00024 0.003 0.000011  <0.00006 NA <0.00006 <0.00006 <0.00006f

Dieldrin 0.0019 0.00071 0.001 0.0000065 0.00026  NA 0.00032- 0.00038 0.00028-g

0.00035 0.00032

HCB — 0.0072 — 0.00045  <0.00004 NA  0.000036
0.000072 0.000047

�-HCH — 0.092 — —  0.0011  0.0016 0.0015  0.0011 0.0008-
0.0009

Lindane 0.08 0.186 0.01 0.47  0.0004 0.00034 0.00038  0.00049 0.00036

Total PCBs 0.014 0.00079 — 0.0000039 0.00018 0.00020- 0.0007- 0.00122 0.0012
0.00036 0.0009

POM — 0.028 — —  <0.00046 NA <0.00046 <0.00046 <0.00046h

NA=No data available.
Highlighted boxes indicate exceedances of GLWQC; shaded boxes indicate exceedances of AWQC for human health.

 Values are for freshwater chronic criteria (U.S. EPA 1986).a

 Values are for human chronic exposure through both fish consumption and drinking water (U.S. EPA 1986).b

 Values are for protection of the most sensitive user of the water among humans, aquatic life and wildlife (IJC 1978).c

 Values are the most stringent (i.e., lowest) among those for protection of human health, aquatic life, or wildlife (U.S. EPA 1995a).d

 Concentrations are taken from De Vault et al. (1995) and L'Italien (1993).  Concentrations of dieldrin and PCBs that are reported as ranges represent twoe

different concentrations reported in two different studies.  For �-HCH, the range of concentrations in Lake Ontario represents the range reported in a single
study.
 Sampling data are for p,p'-DDE.f

 Value for aldrin and dieldrin combined.g

 AWQC for human health is for polycyclic aromatic hydrocarbons (PAHs), a subset of POM; sampling data are for benzo(a)pyrene, a PAH.h
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0HDQLQJIXO�WUHQG�GDWD�RQ�SROOXWDQW�FRQFHQWUDWLRQV�LQ�WKH�*UHDW�/DNHV�DUH�OLPLWHG�PDLQO\
EHFDXVH�WKH�WHFKQRORJ\�UHTXLUHG�WR�PHDVXUH�SROOXWDQWV�DW�WKH�WUDFH�FRQFHQWUDWLRQV�IRXQG�LQ�WKH
ZDWHU�FROXPQ�RI�WKH�*UHDW�/DNHV�KDV�EHFRPH�ZLGHO\�DYDLODEOH�RQO\�LQ�WKH�ODVW�IHZ�\HDUV��'H
9DXOW�HW�DO����������2QH�UHFHQW�VWXG\��KRZHYHU��KDV�SURYLGHG�LQVLJKW�LQWR�ZDWHU�FROXPQ�WUHQGV�IRU
3&%V�LQ�/DNH�6XSHULRU��-HUHPLDVRQ�HW�DO����������$V�VKRZQ�LQ�7DEOH�,,����WRWDO�3&%�FRQFHQWUDWLRQV
LQ�WKH�/DNH�6XSHULRU�ZDWHU�FROXPQ�VKRZ�DQ�RYHUDOO�GHFOLQH�IURP������WR�������WKRXJK�WKHUH�LV
VRPH�YDULDWLRQ�IURP�\HDU�WR�\HDU���,Q�DGGLWLRQ��EDVHG�RQ�WKH�FRQFHQWUDWLRQV�RI�WKH�VDPH����3&%
FRQJHQHUV�PHDVXUHG�LQ�VXUIDFH�ZDWHU�VDPSOHV�FROOHFWHG�EHWZHHQ������DQG������E\�WKH�VDPH
ODERUDWRU\��DOVR�VKRZQ�LQ�7DEOH�,,�����WKH�FRQFHQWUDWLRQV�RI�WKHVH�3&%�FRQJHQHUV�KDV�GHFUHDVHG�DW
D�UDWH�RI�DSSUR[LPDWHO\�����������J�/�SHU�\HDU����)RU�GHWDLOV�RQ�WKH�FROOHFWLRQ�PHWKRGV�DQG�ODERUD�
WRU\�WHFKQLTXHV�XVHG�LQ�WKLV�VWXG\��UHIHU�WR�-HUHPLDVRQ�HW�DO������������7KH�UHVHDUFKHUV�EHOLHYH�WKDW�
GXH�WR�WKH�UHPRWH�ORFDWLRQ�RI�/DNH�6XSHULRU�DQG�WKH�DEVHQFH�RI�VLJQLILFDQW�SRLQW�VRXUFH�ORDGLQJV�
WKH�GHFOLQH�LQ�3&%�FRQFHQWUDWLRQV�UHSUHVHQWV�D�FRQWLQHQWDO�GHFUHDVH�LQ�DWPRVSKHULF�ORDGLQJ�RI
3&%V����2WKHU�UHVHDUFK�VXJJHVWV�WKDW�F\FOLQJ�RI�3&%V�LQ�WKH�HQYLURQPHQW��LQFOXGLQJ�YRODWLOL]DWLRQ
RI�JDVHRXV�3&%V�IURP�ZDWHUERGLHV��LV�DQ�LPSRUWDQW�FRQVLGHUDWLRQ��VHH�&KDSWHU�,9�����$FFRUGLQJ�WR
WKH�GDWD��WKH�FRQFHQWUDWLRQV�RI�3&%V�LQ�/DNH�6XSHULRU�ZHUH�DERYH�WKH�$:4&�IRU�KXPDQ�KHDOWK
XQWLO�DSSUR[LPDWHO\������DQG�VWLOO�UHPDLQ�DERYH�WKH�*/:4&��FULWHULD�VKRZQ�LQ�7DEOH�,,����

TABLE II-3
Concentration of Total PCBs in Lake Superior Water Column

Year Concentration (µg/L) PCB Congeners (µg/L)
Total PCB Total Concentration of 25

1978 0.00173 ± 0.00065 NA

1979 0.00404 ± 0.00056 NA

1980 0.00113 ± 0.00011 0.00099 ± 0.00010

1983 0.0008  ± 0.00007 0.00073 ± 0.00006

1986 0.00056 ± 0.00016 0.00055 ± 0.00015

1988 0.00033 ± 0.00004 0.00020 ± 0.00001

1990 0.00032 ± 0.00003 0.00021 ± 0.00001

1992 0.00018 ± 0.00002 0.00009 ± 0.00001

NA = Not applicable
Source:  Jeremiason et al. 1994.

),6+,1*�5(675,&7,216�$1'�),6+�&2168037,21�$'9,625,(6

$QRWKHU�PHDVXUH�RI�FRQWDPLQDWLRQ�RI�WKH�*UHDW�:DWHUV�FDXVHG�E\�VHOHFWHG�SROOXWDQWV�
RI�FRQFHUQ�LV�WKH�H[LVWHQFH�RI�ILVKLQJ�UHVWULFWLRQV�RU�ILVK�FRQVXPSWLRQ�DGYLVRULHV���7KHVH�
DGYLVRULHV�DUH�HVWDEOLVKHG�DV�D�PHDQV�RI�OLPLWLQJ�KXPDQ�H[SRVXUH�ZKHQ�ILVK�WDNHQ�IURP�D
SDUWLFXODU�ERG\�RI�ZDWHU�DUH�IRXQG�WR�FRQWDLQ�OHYHOV�RI�SROOXWDQWV�WKDW�H[FHHG�UHFRPPHQGHG
LQWDNH�OHYHOV��VHH�VLGHEDU�RQ�QH[W�SDJH����6XFK�DGYLVRULHV�KDYH�LPPHGLDWH�VLJQLILFDQFH�WR�WKH
JHQHUDO�SXEOLF�E\�SURYLGLQJ�FRQFUHWH�H[DPSOHV�RI�KHDOWK�FRQFHUQV�DQG�DIIHFWLQJ�WKH�SXEOLF�������
XVH�RI�ZDWHUV�DQG�DTXDWLF�UHVRXUFHV���6WDWHV�LVVXH�VHYHUDO�GLIIHUHQW�W\SHV�RI�DGYLVRULHV�IRU
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Interpreting Fish Advisory Data

Individual states are responsible for issuing
fish advisories.  Generally, an advisory is issued
for a particular waterbody (or portion of
waterbody), pollutant, fish species, and advisory
type.  In many advisories, the size of the fish
affects the type of advisory issued (e.g., for
walleye < 22", restricting meals in the general
population may be advised, while for walleye > 22"
not consuming the fish may be advised).  For
several reasons, comparing advisories
quantitatively (e.g., counting the number of
advisories per waterbody) is difficult and therefore,
this Report does not do so.  For example, a
waterbody may appear to have more fish
advisories than another waterbody, but it may be
that:  (1) more states are involved (e.g., advisories
in Lake Ontario are issued only by New York, while
four states issue advisories for Lake Michigan; (2)
states have different methods or use different
standards for identifying fish species affected by
advisories, some of which may be more
comprehensive than others; or (3) a state may
issue an advisory for "all fish" making it difficult to
count this advisory with advisories for particular
fish species.

ZDWHUERGLHV�LQ�DQ�HIIRUW�WR�UHGXFH�KHDOWK�ULVNV
DVVRFLDWHG�ZLWK�H[SRVXUH�WR�SROOXWDQWV�LQ
FHUWDLQ�IUHVKZDWHU�ILVK�DQG�VKHOOILVK�VSHFLHV�

& ,QIRUPDWLRQDO�KHDOWK�DGYLVRULHV��
DGYLVRULHV�WKDW�ILVK�WLVVXH
FRQWDLQV�FRQWDPLQDQWV�EXW�QRW
DW�OHYHOV�KLJK�HQRXJK�WR
ZDUUDQW�DGYLVLQJ�SHRSOH�WR
OLPLW�FRQVXPSWLRQ�

& $GYLVRULHV�WR�OLPLW�ILVK
FRQVXPSWLRQ���DGYLVRULHV�WR
HLWKHU�WKH�JHQHUDO�SRSXODWLRQ
RU�VXERSXODWLRQV�SRWHQWLDOO\�DW
JUHDWHU�ULVN��H�J���SUHJQDQW�RU
QXUVLQJ�ZRPHQ��WKRVH�ZKR
ILVK�IRU�VXEVLVWHQFH�UHDVRQV��WR
UHVWULFW�WKH�VL]H�DQG�IUHTXHQF\
RI�PHDOV�RI�ILVK�DQG�VKHOOILVK��

& $GYLVRULHV�DJDLQVW�ILVK�FRQVXPS�
WLRQ���DGYLVRULHV�WR�HLWKHU�WKH
JHQHUDO�SRSXODWLRQ�RU�VXESRS�
XODWLRQV�SRWHQWLDOO\�DW�JUHDWHU
ULVN��H�J���SUHJQDQW�RU�QXUVLQJ�ZRPHQ��DJDLQVW�FRQVXPLQJ�ILVK�DQG�VKHOOILVK�

& 1R�NLOO�]RQHV���QRWLILFDWLRQ�WKDW�LW�LV�LOOHJDO�WR�WDNH��NLOO��RU�SRVVHVV�DQ\�ILVK�IURP�WKH
VSHFLILHG�ZDWHUV��DQG

& &RPPHUFLDO�ILVKLQJ�EDQV���EDQV�RQ�WKH�FRPPHUFLDO�KDUYHVW�DQG�VDOH�RI�ILVK�DQG
VKHOOILVK�IURP�WKH�VSHFLILHG�ZDWHUERG\�

6WDWH�DGYLVRU\�GDWD�DUH�FROOHFWHG�E\�(3$�LQ�D�QDWLRQDO�GDWD�EDVH���)RU�HDFK�DGYLVRU\��WKH
GDWD�EDVH�FRQWDLQV�LQIRUPDWLRQ�VXFK�DV�ZDWHUERG\�QDPH��SROOXWDQW�QDPH��ILVK�VSHFLHV��SRSXODWLRQ
WDUJHWHG�E\�DGYLVRU\��FDOOHG�DGYLVRU\�W\SH�LQ�WKLV�UHSRUW���DGYLVRU\�VWDWXV��H�J���DFWLYH���DQG�D
FRQWDFW�QDPH�DQG�WHOHSKRQH�QXPEHU���7KH�GDWD�EDVH�GRHV�QRW��KRZHYHU��FRQWDLQ�LQIRUPDWLRQ�RQ
WKH�OHYHOV�RI�SROOXWDQWV�LQ�ILVK�RU�WKH�EHQFKPDUN�OHYHOV�VHW�E\�D�SDUWLFXODU�VWDWH�IRU�HDFK�DGYLVRU\
W\SH���7KH�LQIRUPDWLRQ�LQ�WKH�GDWD�EDVH�DYDLODEOH�IRU�XVH�LQ�WKLV�UHSRUW�ZDV�FXUUHQW�WKURXJK�����
�8�6��(3$�����E����)RU�WKLV�UHSRUW��(3$�UHYLHZHG�WKH�GDWD�EDVH�IRU�DQ\�RI�WKH�DERYH�DGYLVRULHV
UHODWHG�WR�WKH�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ�LQ�WKH�*UHDW�/DNHV��/DNH�&KDPSODLQ�
&KHVDSHDNH�%D\��DQG�VHYHUDO�FRDVWDO�ZDWHUV� ���

$FFRUGLQJ�WR�WKH�ILVK�DGYLVRU\�GDWD�EDVH��QR�LQIRUPDWLRQDO�KHDOWK�DGYLVRULHV�ZHUH�LQ��
HIIHFW�LQ�DQ\�RI�WKH�*UHDW�:DWHUV���$�SRUWLRQ�RI�WKH�+XGVRQ�5LYHU��ZKLFK�HPSWLHV�LQWR�WKH������
1HZ�<RUN�1HZ�-HUVH\�+DUERU��KDG�DQ�DFWLYH�QR�NLOO�]RQH�IRU�DOO�ILVK�UHODWHG�WR�3&%V���7DEOH�,,��
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OLVWV�WKH�FRPPHUFLDO�ILVKLQJ�EDQV�WKDW�ZHUH�LQ�HIIHFW�LQ�WKH�*UHDW�:DWHUV���$V�WKH�WDEOH�VKRZV��WKH
FRPPHUFLDO�ILVKLQJ�EDQV�LQ�WKH�*UHDW�:DWHUV�DUH�DOO�GXH�WR�3&%V�RU�GLR[LQV�

TABLE II-4
Commercial Fishing Bans in the Great Waters

Waterbody Great Waters
(State Issuing Advisory) Pollutant of Concern Fish Species

Lake Champlain (NY) PCBs Yellow perch

Lake Ontario (NY) Dioxins, PCBs Eel

Long Island Sound (NY) PCBs Striped bass

New York/New Jersey Harbor PCBs American eel, blue crab, carp, goldfish,
(various waters; NJ, NY) striped bass

Dioxins Blue crab, crustaceans, fish, shellfish,
striped bass

Source:  U.S. EPA 1996b.

7KHUH�DUH�PDQ\�DFWLYH�DGYLVRULHV�WR�OLPLW�RU�DYRLG�ILVK�FRQVXPSWLRQ�LQ�WKH�*UHDW�:DWHUV��
7DEOH�,,����WKH�*UHDW�/DNHV�DQG�/DNH�&KDPSODLQ��DQG�7DEOH�,,����VHOHFWHG�FRDVWDO�ZDWHUV�
LQFOXGLQJ�&KHVDSHDNH�%D\��LQGLFDWH�WKH�W\SH�RI�DGYLVRULHV�LQ�HIIHFW�IRU�WKH�*UHDW�:DWHUV
SROOXWDQWV�RI�FRQFHUQ��LQ�LQFUHDVLQJ�RUGHU�RI�VHYHULW\�RI�WKH�DGYLVRU\��L�H���IURP�DGYLVRULHV�WR�DW�
ULVN�VXESRSXODWLRQV�WR�UHVWULFW�ILVK�FRQVXPSWLRQ�XS�WR�DGYLVRULHV�WR�WKH�JHQHUDO�SRSXODWLRQ�WR�QRW
HDW�FHUWDLQ�ILVK����)RU�WKH�*UHDW�/DNHV�DQG�/DNH�&KDPSODLQ��RQO\�ODNHZLGH�DGYLVRULHV�DUH�LQFOXGHG
LQ�7DEOH�,,�����$GYLVRULHV�IRU�SDUWLFXODU��KRW�VSRWV��LQ�WKHVH�ODNHV��H�J���*UHHQ�%D\���DV�ZHOO�DV�WKH
ODNHZLGH�DGYLVRULHV��DUH�SUHVHQWHG�LQ�$SSHQGL[�%���,Q�7DEOH�,,����WKH�DGYLVRULHV�IRU�FRDVWDO�ZDWHUV
UHSUHVHQW�WKH�DGYLVRULHV�DV�WKH\�DUH�LGHQWLILHG�LQ�WKH�GDWD�EDVH���7KHUHIRUH��DGYLVRULHV�IRU�VRPH
FRDVWDO�ZDWHUV�UHSUHVHQW�WKH�HQWLUH�ZDWHUERG\��H�J���7DPSD�%D\���ZKLOH�RWKHUV�UHSUHVHQW�VPDOOHU
HVWXDULHV�RU�SRUWLRQV�RI�WKH�ZDWHUERG\��H�J���%DOWLPRUH�+DUERU����$SSHQGL[�%�SURYLGHV�GHWDLOV�RQ
WKH�ZDWHUERGLHV�WKDW�UHSUHVHQW�WKH�FRDVWDO�ZDWHU�DGYLVRULHV���7KH�ILVK�FRQVXPSWLRQ�DGYLVRULHV
VKRZQ�LQ�WKH�WDEOHV�KDYH�EHHQ�LVVXHG�IRU�DW�OHDVW�RQH�ILVK�VSHFLHV�DQG��LQ�PDQ\�FDVHV��KDYH�EHHQ
LVVXHG�IRU�VHYHUDO�ILVK�VSHFLHV���)RU�PRUH�GHWDLO�RQ�WKH�ILVK�VSHFLHV�DIIHFWHG�E\�WKH�DGYLVRULHV�DQG
WKH�VWDWHV�WKDW�LVVXHG�WKH�DGYLVRULHV��UHIHU�WR�$SSHQGL[�%�

$V�VKRZQ�LQ�7DEOH�,,����ILVK�FRQVXPSWLRQ�DGYLVRULHV�LQ�WKH�ODNHV�RI�WKH�*UHDW�:DWHUV�DUH
PRVW�FRPPRQO\�DVVRFLDWHG�ZLWK�3&%V��IROORZHG�E\�PHUFXU\��GLR[LQV��DQG�FKORUGDQH���)RU�RQH
ODNH��/DNH�6XSHULRU��DQ�DGYLVRU\�UHODWHG�WR�WR[DSKHQH�DOVR�KDV�EHHQ�LVVXHG���,Q�WKH�VHOHFWHG
FRDVWDO�ZDWHUV��DV�VKRZQ�LQ�7DEOH�,,����ILVK�FRQVXPSWLRQ�DGYLVRULHV�DUH�PRVW�FRPPRQO\
DVVRFLDWHG�ZLWK�3&%V��IROORZHG�E\�GLR[LQV���6HYHUDO�DGYLVRULHV�UHODWHG�WR�PHUFXU\��FKORUGDQH��DQG
''7�DOVR�KDYH�EHHQ�LVVXHG���&XUUHQW�ILVK�DGYLVRULHV�JHQHUDOO\�DUH�DVVRFLDWHG�ZLWK�WKH�VDPH
SROOXWDQWV�RI�FRQFHUQ�DV�LQ�WKH�)LUVW�5HSRUW���)XUWKHUPRUH��LQ�WKLV�UHSRUW��ILVK�DGYLVRU\�GDWD�DUH
DYDLODEOH�LQ�PRUH�GHWDLO�WKDQ�ZHUH�UHSRUWHG�LQ�WKH�)LUVW�5HSRUW��H�J���DGYLVRULHV�E\�HDFK�VWDWH��
HVSHFLDOO\�EHFDXVH�RI�WKH�UHFHQW�DYDLODELOLW\�RI�WKH�ILVK�DGYLVRU\�GDWD�EDVH���,Q�DGGLWLRQ��VRPH
VWDWHV�PD\�KDYH�EHFRPH�PRUH�DJJUHVVLYH�LQ�WKHLU�ILVK�DGYLVRU\�SURJUDPV���7KHUHIRUH��WKH�LQFUHDVH
LQ�QXPEHU�RI�DGYLVRULHV�SUHVHQWHG�LQ�$SSHQGL[�%�GRHV�QRW�QHFHVVDULO\�UHIOHFW�D�KLJKHU�OHYHO�RI
FRQWDPLQDWLRQ�LQ�WKH�*UHDW�:DWHUV�
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TABLE II-5
Fish Consumption Advisories in the Great Lakes and Lake Champlain

Pollutants Lake
of Concern Champlain

Great Lakes

Lake Lake Connecting
Superior Michigan Lake Huron Lake Erie Lake Ontario Channels

Chlordane 2 0 * 2 0 * 2 2

Dioxins 0 * 2 0 * 2 0 * 2

Mercury ) 0 * 2 ) 0 ) 0 2 0 *

PCBs 0 * 2 0 * 2 0 * 2 0 2 0 * 2 0 * 2 0 *

Toxaphene 2

TABLE II-6
Fish Consumption Advisories in Selected Coastal Waters

Pollutants Chesapeake
of Concern Bay

Other Coastal Waters

Long Island New York/New Galveston San Francisco
Sound Jersey Harbor Delaware Bay Tampa Bay Bay Bay

Chlordane 0 0 2 0

Dioxins ) 0 * 2 0 * ) 0 * 2

DDT ) 0 * 2

Mercury ) 0 * 2

PCBs 0 0 * 2 0 * 2 ) 0 2 0 ) 0 * 2

KEY: ) Advisories to subpopulations potentially at greater risk (e.g., pregnant women) to restrict the size and frequency of meals of fish and shellfish
0 Advisories to the general population to restrict the size and frequency of meals of fish and shellfish
* Advisories to subpopulations potentially at greater risk (e.g., pregnant or nursing women) against consuming fish and shellfish
2 Advisories to the general population against consuming fish and shellfish

Source:  U.S. EPA 1996b.
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An Example of Bioaccumulation
in the Food Web

Of the pathways by which ecosystems and
components of ecosystems may be exposed to
atmospheric mercury, exposure of high trophic
level predatory wildlife to mercury in food is
particularly important.  Mercury biomagnifies in
aquatic food chains, with the result that mercury
concentrations in tissue increase as trophic levels
increase.  Therefore, the trophic level and feeding
habits of an animal influence the degree to which
that species is exposed to mercury.  Predatory
animals primarily associated with aquatic food
chains accumulate more mercury than those
associated with terrestrial food chains.  Thus, fish
eaters and their predators generally have the
highest exposure to mercury.  Species with high
tissue levels of mercury include otter and mink,
which are top mammalian predators of aquatic
food chains.  Top avian predators of aquatic-
based food chains include raptors such as the
osprey and bald eagle.

Sources:  Bloom 1992; Eisler 1987a; Roelke et al.
1997; Wobeser and Swift 1976; Wren 1985.

,,�%��&RQWDPLQDWLRQ�RI�%LRWD

0HDVXUHPHQWV�RI�SROOXWDQW�OHYHOV�LQ�ELRWD�SURYLGH�LQIRUPDWLRQ�DERXW�WKH�H[WHQW�RI
FRQWDPLQDWLRQ�LQ�WKH�ZDWHUERG\��DV�ZHOO�DV�SRWHQWLDO�ELRDFFXPXODWLRQ�LQ�WKH�IRRG�ZHE���6HFWLRQ
����P�����(��RI�WKH�&$$�UHTXLUHV�(3$�WR�VDPSOH�ELRWD��LQFOXGLQJ�ILVK�DQG�ZLOGOLIH��LQ�WKH�*UHDW
:DWHUV�IRU�KD]DUGRXV�DLU�SROOXWDQWV�DQG�WR�LGHQWLI\�WKH�VRXUFHV�RI�WKHVH�SROOXWDQWV���%HFDXVH
VWXGLHV�DUH�DOUHDG\�EHLQJ�SHUIRUPHG�XQGHU�QDWLRQDO�SURJUDPV�VXFK�DV�WKH�1DWLRQDO�6WDWXV�DQG
7UHQGV�3URJUDP��*UHDW�/DNHV�1DWLRQDO�3URJUDP�2IILFH��&KHVDSHDNH�%D\�3URJUDP��DV�ZHOO�DV�VWDWH
SURJUDPV��(3$�UHOLHV�ODUJHO\�RQ�WKHVH�VWXGLHV�WR�VXSSRUW�LPSOHPHQWDWLRQ�RI�WKLV�&$$
UHTXLUHPHQW���7KHVH�SURJUDPV�SURYLGH�LQIRUPDWLRQ�RQ�WKH�H[WHQW�RI�FRQWDPLQDWLRQ�LQ�WKH
ZDWHUERGLHV��DV�UHIOHFWHG�LQ�WLVVXHV�RI�OLYLQJ�RUJDQLVPV���&RQWDPLQDWLRQ�RI�ELRWD�DOVR�VXJJHVWV
SRWHQWLDO�FRQWULEXWLRQ�IURP�YDULRXV�H[SRVXUH�URXWHV�VXFK�DV�DLU�DQG�ZDWHU��DV�ZHOO�DV
ELRDFFXPXODWLRQ�LQ�WKH�IRRG�ZHE���7KLV�VHFWLRQ�SUHVHQWV�D�EULHI�RYHUYLHZ�RI�ELRWD�VDPSOLQJ
DSSURDFKHV�DQG�KRZ�WKH�VDPSOLQJ�GDWD�SURYLGH�XVHIXO�LQIRUPDWLRQ�IRU�DVVHVVLQJ�WKH�H[WHQW�RI
SROOXWDQW�FRQWDPLQDWLRQ�LQ�D�ZDWHUERG\���7KLV�RYHUYLHZ�LQFOXGHV�D�VXPPDU\�RI�WZR�ODUJH�VFDOH
VWXGLHV�WKDW�DUH�GHVLJQHG�WR�DVVHVV�QDWLRQDO�SROOXWDQW�OHYHOV�LQ�DTXDWLF�ELRWD��DQG�KRZ�WKH�UHVXOWV
IURP�WKHVH�VWXGLHV�FDQ�DSSO\�WR�WKH�*UHDW�:DWHUV���7KLV�GLVFXVVLRQ�LV�IROORZHG�E\�D�VXPPDU\�RI
UHVHDUFK�HIIRUWV�DGGUHVVLQJ�ELRWD�FRQWDPLQDWLRQ�VSHFLILF�WR�WKH�*UHDW�:DWHUV�

6DPSOLQJ�%LRWD�IRU�&RQWDPLQDWLRQ

'LIIHUHQW�VDPSOLQJ�DSSURDFKHV�DUH
XVHG�WR�GHWHUPLQH�SROOXWDQW�OHYHOV�LQ�ELRWD
EHFDXVH�HDFK�PRQLWRULQJ�VWXG\�KDV�LWV�RZQ
REMHFWLYHV��VXFK�DV�WR�LGHQWLI\��KRW�VSRWV��RU
FKDUDFWHUL]H�D�ZDWHUERG\
V�JHQHUDO�FRQGLWLRQ��
7KHUHIRUH��FDXWLRQ�PXVW�EH�WDNHQ�LQ�WKH
LQWHUSUHWDWLRQ�RI�GDWD��DV�ZHOO�DV�VWDWLVWLFDO
DQDO\VHV�DSSOLHG�WR�WKHVH�GDWD���7R�HVWLPDWH
VSDWLDO�RU�WHPSRUDO�SDWWHUQV�RI
FRQWDPLQDWLRQ��VRSKLVWLFDWHG�VDPSOLQJ
GHVLJQV�DUH�RIWHQ�XVHG���)LJXUH�,,���LOOXVWUDWHV
WKH�LPSRUWDQFH�RI�VDPSOLQJ�YDULRXV
FRPSRQHQWV�RI�DQ�DTXDWLF�HFRV\VWHP�ZKHQ
DWWHPSWLQJ�WR�FKDUDFWHUL]H�WKH�FRQGLWLRQ�RI
WKH�V\VWHP�

,Q�DVVHVVLQJ�FRQWDPLQDWLRQ�LQ�D
ZDWHUERG\��DTXDWLF�DQG�WHUUHVWULDO�VSHFLHV�
DUH�RIWHQ�FROOHFWHG�DQG�DQDO\]HG���*DPH�
ILVK�DUH�XVHIXO�ELRLQGLFDWRUV�EHFDXVH�WKH\
KDYH�ORQJ�OLIH�VSDQV��GRPLQDWH�WKH�XSSHU�
HQG�RI�WKH�DTXDWLF�IRRG�ZHE��DQG�FDQ
ELRDFFXPXODWH�PDQ\�RI�WKH�SHUVLVWHQW
SROOXWDQWV��VHH�VLGHEDU����7KHLU�SRSXODWLRQ
OHYHOV�PD\�EH�DIIHFWHG�E\�FRQWLQXHG�
H[SRVXUH�WR�HQYLURQPHQWDO�VWUHVVHV��VXFK�DV�HXWURSKLFDWLRQ�DQG�SROOXWDQW�FRQWDPLQDWLRQ��DQG
SHRSOH�EHFRPH�DZDUH�RI�FKDQJHV�LQ�DEXQGDQFH�RI�JDPH�ILVK���5HGXFHG�GLVVROYHG�R[\JHQ
FRQFHQWUDWLRQV�LQ�WKH�ZDWHU�PD\�DIIHFW�JURZWK��VXUYLYDO��RU�VWUXFWXUDO�GHYHORSPHQW�RI�ILVK��
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FIGURE II-1
Assessing Contamination in a Waterbody
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EPA Guidance For Issuing
Fish and Wildlife Consumption Advisories

In response to a 1990 request from the states,
EPA established The Fish and Wildlife
Contamination Program to assist states and tribes
assess and reduce health risks associated with
exposure to chemical contaminants in
noncommercially harvested (e.g., subsistence) fish
and wildlife.  In partnership with states and tribes,
EPA has developed a series of guidance
documents which provide a scientifically sound,
cost-effective method for developing, issuing,
managing, and communicating fish consumption
advisories.  Though many states use the EPA
guidance for developing fish and wildlife
consumption advisories, some states use parts of
the guidance selectively.  A few states still apply
outdates methods for characterizing contaminants. 
EPA continues to work with the states and tribes to
establish a national consistency in the methods
used for characterizing the risks posed by
contaminants in noncommercial fish and wildlife.

The Fish and Wildlife Contamination Program
has also worked with the states and tribes in
organizing training workshops and national
conferences.  In addition, EPA manages national
data bases such as the Listing of Fish and Wildlife
Consumption Advisories (discussed in Section
II.A).  The listing, which is updated annually,
includes an inventory of all fish and wildlife
consumption advisories issued by the states and
tribes.  Because of additional sampling due to the
increased attention given to fish contamination, the
number of advisories issued by the states and
tribes has increased 72 percent, from 1,278
advisories in 1993 to 2,193 advisories issued in
1996.  Most of these advisories have been issued
due to mercury contamination.

ZKLOH�SROOXWDQW�FRQWDPLQDWLRQ�PD\�UHVXOW�LQ
GHFUHDVHG�JURZWK��UHSURGXFWLRQ��RU�VXUYLYDO�RI
ILVK��VHH�6HFWLRQ�,,�&�IRU�LQIRUPDWLRQ�RQ
HFRORJLFDO�HIIHFWV����&RQWDPLQDWLRQ�LQ�ILVK�FDQ
HQWHU�WKH�GLHW�RI�KXPDQV�DQG�RWKHU�DQLPDOV
�VHH�VLGHEDU����7KHUHIRUH��WHUUHVWULDO�ZLOGOLIH�
VXFK�DV�ILVK�HDWLQJ�ELUGV�RU�PDPPDOV��DUH�RIWHQ
PRQLWRUHG���:KLOH�DOO�DQLPDOV�LQ�WKH�DTXDWLF
HQYLURQPHQW�KDYH�WKH�SRWHQWLDO�WR�EH�DIIHFWHG
E\�SROOXWDQWV��ILVK�HDWLQJ�ELUGV�DQG�PDPPDOV
DUH�HVSHFLDOO\�DW�ULVN�IURP�SROOXWDQWV�WKDW
ELRPDJQLI\�EHFDXVH�WKH\�DUH�IUHTXHQWO\
H[SRVHG�WR�KLJK�OHYHOV�RI�WKHVH�SROOXWDQWV�

&RQWDPLQDWHG�VHGLPHQWV�SRVH�D
SRWHQWLDO�KD]DUG�WR�KXPDQ�KHDOWK�GXH�WR
ELRPDJQLILFDWLRQ�XS�WKH�IRRG�ZHE���0DQ\
SROOXWDQWV�LQ�WKH�ZDWHU�VHWWOH�WR�WKH�ERWWRP�DQG
ELQG�WR�VHGLPHQWV�RU�UHPDLQ�LQ�VROXWLRQ�LQ�WKH
ZDWHU�EHWZHHQ�WKH�VHGLPHQW�SDUWLFOHV��
$OWKRXJK�VRPH�SROOXWDQWV�FDQ�EH�GHJUDGHG�E\
EDFWHULD��PDQ\�SHUVLVW�LQ�VHGLPHQWV�IRU�\HDUV�
HYHQ�DIWHU�WKH�RULJLQDO�VRXUFH�RI�FRQWDPLQDWLRQ
KDV�EHHQ�UHPRYHG��+RZGHVKHOO�DQG�+LWHV
��������7KHUHIRUH��SROOXWDQW�OHYHOV�LQ�WKH
VHGLPHQW�PD\�EH�KLJKHU�WKDQ�WKH
FRQFHQWUDWLRQV�LQ�WKH�VXUURXQGLQJ�ZDWHU
DQG�RU�ELRWD��DQG�VKRXOG�EH�LQWHUSUHWHG
FDXWLRXVO\�ZKHQ�H[WUDSRODWLQJ�WR�SRWHQWLDO
OHYHOV�LQ�ELRWD���3ROOXWDQWV�LQ�WKH�FRQWDPLQDWHG
VHGLPHQW�FDQ�DOVR�EH�UHLQWURGXFHG�LQWR�WKH
ZDWHU�FROXPQ�DQG�FDQ�HQWHU�WKH�IRRG�ZHE
WKURXJK�EHQWKLF��ERWWRP�GZHOOLQJ��RUJDQLVPV
�H�J���FODPV��FUXVWDFHDQV��DQG�ZRUPV���ZKLFK
DUH�SUH\�WR�ODUJHU�ILVK���%HQWKLF�FRPPXQLW\
VWUXFWXUH��DV�ZHOO�DV�SROOXWDQWV�LQ�WLVVXHV�RI
EHQWKLF�RUJDQLVPV��PD\�VHUYH�DV�XVHIXO�LQGLFDWRUV�RI�VHGLPHQW�FRQWDPLQDWLRQ�

:LGH�VFDOH�PRQLWRULQJ�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�RQ�SROOXWDQW�FRQWDPLQDWLRQ�RI�ELRWD
WR�DVVHVV�ODUJH�VFDOH�UHJLRQDO�DQG�QDWLRQDO�LPSDFWV�LQ�8�6��ZDWHUV���7KHVH�SURJUDPV�SURYLGH
YDOXDEOH�LQIRUPDWLRQ�DERXW�PDMRU�SROOXWDQWV��H�J���ZKHUH�WKH\�DUH�IRXQG�DQG�ZKHUH�WKH\
ELRDFFXPXODWH��DQG�WKH�H[WHQW�RI�FRQWDPLQDWLRQ�LQ�WKH�ZDWHUERGLHV��DOWKRXJK�WKH�VRXUFH�RI
FRQWDPLQDWLRQ��RU�FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ��LV�JHQHUDOO\�QRW�HYDOXDWHG�

7ZR�ODUJH�VFDOH�SURJUDPV�WKDW�DVVHVV�WKH�FRQWDPLQDWLRQ�RI�ELRWD�LQ�PDMRU�8�6�
ZDWHUERGLHV�RU�FRDVWDO�DUHDV�DUH�WKH�12$$�1DWLRQDO�6WDWXV�DQG�7UHQGV��16	7��3URJUDP�DQG�
WKH�(3$�(QYLURQPHQWDO�0RQLWRULQJ�DQG�$VVHVVPHQW�3URJUDP��(0$3����7KH�16	7�3URJUDP
PRQLWRUV�WUHQGV�RI�PRUH�WKDQ����FKHPLFDO�FRQWDPLQDQWV��RUJDQLF�FRPSRXQGV�DQG�WUDFH�
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Systematic Sampling Approach

The Mussel Watch project is designed to
provide long-term and large-scale monitoring of
pollutant distribution, looking for temporal (not
spatial) trends.  The sampling design is set up to
be representative of large areas rather than small-
scale patches of contamination. The objective is
to get a representative picture of the general or
"average" conditions of the U.S. coastal waters. 
Therefore, a systematic sampling approach is
used.  Also, it is useful for estimating statistically
the average concentration of pollutants when
general trends or patterns in concentration are
known from other sources of information.

PHWDOV��LQ�ERWWRP�IHHGLQJ�ILVK��VKHOOILVK��DQG�VHGLPHQWV�DW�DOPRVW�����FRDVWDO�DQG�HVWXDULQH
ORFDWLRQV�WKURXJKRXW�WKH�8QLWHG�6WDWHV���$�ZHOO�NQRZQ�SURMHFW�RI�WKH�16	7�LV�WKH�0XVVHO�:DWFK��
(0$3�KDV�FDUULHG�RXW�UHJLRQDO�VFDOH�VWXGLHV��RQ�ERWK�WHUUHVWULDO�DQG�DTXDWLF�VSHFLHV���7KH�GDWD
FROOHFWHG�IRU�(0$3�(VWXDULHV��WR�TXDQWLI\�FRQGLWLRQV�LQ�FRDVWDO�UHJLRQV�RI�WKH�8QLWHG�6WDWHV��DUH
XVHIXO�WR�WKH�*UHDW�:DWHUV���6DPSOLQJ�DQG�VXEVHTXHQW�DQDO\VHV�LQ�(0$3�VWXGLHV�DUH�JHQHUDOO\
QRW�GLUHFWHG�DW�D�VSHFLILF�ZDWHUERG\��EXW�HQFRPSDVV�D�ODUJHU�JHRJUDSKLF�UHJLRQ��ZKLFK�PD\
LQFOXGH�ZDWHUERGLHV�RI�WKH�*UHDW�:DWHUV���7KHVH�WZR�SURMHFWV�SURYLGH�LQIRUPDWLRQ�RQ�DVVHVVLQJ
WKH�H[WHQW�RI�SROOXWDQW�FRQWDPLQDWLRQ�LQ�8�6��ZDWHUERGLHV��KRZHYHU��WKH�DSSOLFDWLRQ�RI�WKHLU
ILQGLQJV�WR�LQGLYLGXDO�ZDWHUERGLHV�LV�OLPLWHG�VLQFH�WKHVH�SURMHFWV�ZHUH�QRW�GHVLJQHG�WR�DGGUHVV
FRQFHUQV�VSHFLILF�WR�WKH�*UHDW�:DWHUV�

16	7�0866(/�:$7&+�352-(&7

,QLWLDWHG�LQ�������WKLV�FRQWLQXLQJ
SURMHFW�LV�GLUHFWHG�DW�WUDFNLQJ�WHPSRUDO�WUHQGV
LQ�FRQFHQWUDWLRQV�RI�SROOXWDQWV��H�J���3$+V�
3&%V��SHVWLFLGHV��PHWDOV��IRXQG�LQ�ZKROH�VRIW�
SDUWV�RI�PROOXVNV�DW�DERXW�����FRDVWDO�DQG
HVWXDULQH�VLWHV�RQ�WKH�$WODQWLF��3DFLILF��DQG�*XOI
FRDVWV��LQFOXGLQJ�*UHDW�:DWHUV�VXFK�DV
&KHVDSHDNH�%D\�DQG�*DOYHVWRQ�%D\��

6LQFH�QR�VLQJOH�VSHFLHV�RI�PROOXVN�LV
FRPPRQ�WR�DOO�ZDWHUV��D�QXPEHU�RI�VSHFLHV
KDYH�EHHQ�VDPSOHG�IRU�WKLV�SURMHFW��LQFOXGLQJ
VHYHUDO�FRPPRQ�WR�WKH�*UHDW�:DWHUV�³�EOXH
PXVVHOV��0\WLOXV�HGXOLV��IURP�WKH�1RUWKHDVW
DQG�:HVW�&RDVWV��$PHULFDQ�R\VWHUV��&UDVVRVWUHD
YLUJLQLFD��IURP�WKH�0LG�$WODQWLF�DQG�*XOI�FRDVWV��DQG�]HEUD�PXVVHOV��'UHLVVHQD�SRO\PRUSKD��IURP
WKH�*UHDW�/DNHV���0XVVHOV�DQG�R\VWHUV�DUH�XVHIXO�IRU�PRQLWRULQJ�FKDQJHV�LQ�WKH�SROOXWDQW�OHYHOV
EHFDXVH�WKH\�UHPDLQ�DW�IL[HG�VLWHV��DQG�FRQFHQWUDWLRQV�LQ�WKHLU�WLVVXHV�UHIOHFW��LQ�JHQHUDO��FKDQJHV
LQ�WKH�FRQFHQWUDWLRQV�LQ�WKH�VXUURXQGLQJ�ZDWHU���7KHUH�DUH�VSHFLHV�GLIIHUHQFHV��VR�GDWD�QHHG
FDUHIXO�LQWHUSUHWDWLRQ���6DPSOLQJ�IRU�WKLV�SURMHFW�LV�SHUIRUPHG�GXULQJ�WKH�VDPH�VHDVRQ�HDFK�\HDU
WR�UHGXFH�WKH�LQIOXHQFH�RI�VHDVRQDO�F\FOHV�RQ�QDWXUDO�IDFWRUV��H�J���VDOLQLW\��UHSURGXFWLYH�VWDWH���
6LWHV�WKDW�ZHUH�VHOHFWHG�VXSSRUW�DGHTXDWH�SRSXODWLRQV�RI�WKHVH�PROOXVNV�VXFK�WKDW�VXIILFLHQW
VDPSOHV�DUH�DYDLODEOH�DQQXDOO\�RYHU�PDQ\�\HDUV��2
&RQQRU�������2
&RQQRU�DQG�%HOLDHII�������

7DEOH�,,���LV�D�JHQHUDO�UHSUHVHQWDWLRQ�RI�WKH�SROOXWDQW�WUHQGV�LQ�PROOXVNV�GXULQJ�WKH������
�����SHULRG�DW�*UHDW�:DWHUV�VLWHV�EDVHG�RQ�DQDO\VLV�RI�GDWD�FROOHFWHG�IRU�WKH�0XVVHO�:DWFK�3URMHFW
�2
&RQQRU�DQG�%HOLDHII���������$OO�RI�WKH�WUHQGV�VKRZQ�LQ�7DEOH�,,���DUH�VWDWLVWLFDOO\�VLJQLILFDQW
�FRQILGHQFH�OHYHO�RI����SHUFHQW�DQG�DERYH���KRZHYHU��TXDQWLWDWLYH�LQIRUPDWLRQ�UHJDUGLQJ�WKH
FKDQJHV�LQ�SROOXWDQW�OHYHOV�ZDV�QRW�SURYLGHG�E\�2
&RQQRU�DQG�%HOLDHII����������&RQVHTXHQWO\�
WKH�PDJQLWXGHV�RI�WKH�LQFUHDVHV�RU�GHFUHDVHV�FDQQRW�EH�FRPSDUHG�EHWZHHQ�VLWHV��L�H���RQH�FDQQRW
GHWHUPLQH�ZKLFK�VLWHV�VKRZHG�WKH�PRVW�LPSURYHPHQW����+RZHYHU��XVHIXO�LQIRUPDWLRQ�UHJDUGLQJ
JHQHUDO�SROOXWDQW�WUHQGV�LV�SUHVHQWHG�

$V�VKRZQ�LQ�7DEOH�,,����PRVW�RI�WKH�*UHDW�:DWHUV�VLWHV�GLG�QRW�H[KLELW�D�VWDWLVWLFDOO\
VLJQLILFDQW�WUHQG�RU�FKDQJH�LQ�SROOXWDQW�OHYHOV�LQ�PROOXVN�WLVVXHV�GXULQJ�WKH�HLJKW�\HDU�SHULRG��
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7UHQGV��ZKHQ�SUHVHQW��ZHUH�PDLQO\�GRZQZDUG�VLQFH�������L�H���IRU�FDGPLXP��3&%V��''7��3$+V�
FKORUGDQH��DQG�GLHOGULQ����$FFRUGLQJ�WR�WKH�LQYHVWLJDWRUV��GHFUHDVHV�LQ�OHYHOV�RI�WKHVH�FKHPLFDOV
DUH�SUREDEO\�WKH�UHVXOW�RI�EDQV�RQ�WKH�XVH�RI�FKORULQDWHG�K\GURFDUERQV�DQG�WKH�UHGXFHG�XVH�RI
FHUWDLQ�SROOXWDQWV��2
&RQQRU�DQG�%HOLDHII�������

7KH�OHYHO�RI�PHUFXU\�LQ�PROOXVNV�VKRZHG�DQ�LQFUHDVLQJ�WUHQG�RYHU�WKH�HLJKW�\HDU�SHULRG
RQO\�LQ�RQH�*DOYHVWRQ�%D\�VLWH��2
&RQQRU�DQG�%HOLDHII���������'XULQJ�WKH�IRXU�\HDU�SHULRG�IURP
�����WR�������PHUFXU\�FRQFHQWUDWLRQV�LQFUHDVHG�DW�VHYHUDO�RWKHU�VLWHV��2
&RQQRU��������KRZHYHU�
PHUFXU\�OHYHOV�VWDELOL]HG�DW�WKHVH�VLWHV�E\������VR�WKDW�QR�VWDWLVWLFDOO\�VLJQLILFDQW�WUHQG�ZDV
DSSDUHQW�RYHU�WKH�HLJKW�\HDU�SHULRG��2
&RQQRU�DQG�%HOLDHII���������/HDG�OHYHOV�LQ�PROOXVNV�DOVR
H[KLELWHG�DQ�LQFUHDVLQJ�WUHQG�DW�RQH�VLWH�LQ�*DOYHVWRQ�%D\�DQG�RQH�VLWH�LQ�7DPSD�%D\�GXULQJ�WKH
HLJKW�\HDU�SHULRG��2
&RQQRU�DQG�%HOLDHII��������KRZHYHU��QR�FKDQJH�LQ�OHDG�OHYHOV�ZDV�HYLGHQW�DW
WKHVH�VLWHV�EHWZHHQ������DQG�������2
&RQQRU���������7KH�LQYHVWLJDWRUV�FRQFOXGHG�WKDW�EHFDXVH
WKH�KLJK�FRQFHQWUDWLRQV�RI�PHUFXU\�DQG�OHDG�ZHUH�IRXQG��IRU�WKH�PRVW�SDUW��LQ�WKH�YLFLQLW\�RI
SRSXODWLRQ�FHQWHUV��WKH\�PD\�EH�DWWULEXWDEOH�WR�KXPDQ�DFWLYLWLHV��2
&RQQRU�DQG�%HOLDHII�������

7KH�LQIRUPDWLRQ�SUHVHQWHG�LQ�7DEOH�,,���DQG�GLVFXVVHG�DERYH�IRFXVHV�RQO\�RQ�WUHQGV�LQ
FRQWDPLQDQW�OHYHOV�LQ�PROOXVNV�EDVHG�RQ�WKH�0XVVHO�:DWFK�3URMHFW�GDWD���)RU�WKH�SROOXWDQWV�WKDW
VKRZ�QR�VLJQLILFDQW�WUHQGV�RYHU�WKH�HLJKW�\HDU�SHULRG��LW�GRHV�QRW�QHFHVVDULO\�PHDQ�WKDW�QR
FKDQJHV�DUH�RFFXUULQJ�ZLWK�UHVSHFW�WR�FRQWDPLQDWLRQ�RI�ELRWD�DW�*UHDW�:DWHUV�VLWHV���2WKHU
DQDO\VHV�RI�WKH�0XVVHO�:DWFK�3URMHFW�GDWD�PD\�LQGLFDWH�GLIIHUHQW�SDWWHUQV�RI�SROOXWDQW
FRQFHQWUDWLRQV�LQ�PROOXVNV���,Q�DGGLWLRQ��JDPHILVK�DQG�ILVK�HDWLQJ�ELUGV�DQG�PDPPDOV�DUH�PXFK
KLJKHU�LQ�WKH�IRRG�ZHE�WKDQ�PXVVHOV�DQG�R\VWHUV��DQG�WKHUHIRUH��PD\�H[KLELW�GLIIHUHQW�SDWWHUQV�RI
SROOXWDQW�FRQFHQWUDWLRQV�LQ�WKHLU�WLVVXHV�

TABLE II-7
Eight-Year Trends of Pollutant Concentrations in Mussel Watch Project (1986-1993)

Waterbodies
(number of sites examined)

Contaminant Trend (number of sites affected) a

Mercury Lead Cadmium PCB DDT PAH Chlordane Dieldrin

Chesapeake Bay Û(5) Û(5) � (1) � (3) � (3) Û(5)  � (4) � (3)
(5 sites) Û(4) Û(2) Û(2) Û(1) Û(2)

Delaware Bay Û(4) Û(4) � (1) � (2) Û(4) Û(4) � (1) Û(4)
(4 sites) Û(3) Û(2) Û(3)

Long Island Sound Û(9) � (1) � (4) � (5) � (2) � (1) � (3) � (1)
(9 sites) Û(8) Û(5) Û(4) Û(7) Û(8) Û(6) Û(8)

Narragansett Bay Û(2) � (1) Û(2) Û(2) Û(2) Û(2) Û(2) Û(2)
(2 sites) Û(1)

Tampa Bay Û(3) � (1) Û(3) � (1) � (1) Û(3) � (2) Û(3)
(3 sites) Û(2) Û(2) Û(2) Û(1)

Galveston Bay � (1) � (1) Û(6) � (2) � (1) Û(6) � (4) � (3)
(6 sites) Û(5) Û(5) Û(4) Û(5) Û(2) Û(3)

 Represents trends in annually measured concentrations of contaminants in mollusks over 8-year period; trend indicated bya

arrow (i.e., � = decreasing trend; � = increasing trend; � = no trend).  Number of sites showing trend within each waterbody is
indicated in parentheses.  Sites were sampled in at least six of the eight years.  All trends shown are statistically significant.

Adapted from O'Connor and Beliaeff (1995).
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EMAP is a national program initiated in 1989 in
response to the EPA Science Advisory Board's
recommendation to monitor the status and trends
of the U.S. ecological resources -- terrestrial,
freshwater, and marine.  The program is directed
by EPA's Office of Research and Development,
with participation by other federal agencies (e.g.,
NOAA, U.S. Forest Service, U.S. Fish and Wildlife
Service).

(0$3�(678$5,(6

2QH�JRDO�RI�(0$3�LV�WR
TXDQWLWDWLYHO\�HYDOXDWH�WKH�FRQGLWLRQ�RI
FRDVWDO�HVWXDULHV��E\�LQYHVWLJDWLQJ�VHYHUDO
HQYLURQPHQWDO�FRQGLWLRQV���K\SR[LD��ORZ
R[\JHQ�OHYHOV���VHGLPHQW�FRQWDPLQDWLRQ�
FRDVWDO�HXWURSKLFDWLRQ��DQG�KDELWDW�ORVV���$
SUREDELOLW\�EDVHG�DSSURDFK�LV�XVHG��ZKLFK
DOORZV�HVWLPDWHV�WR�EH�PDGH�RI�WKH
XQFHUWDLQW\�DVVRFLDWHG�ZLWK�DVVHVVPHQWV�DQG
LPSURYHV�WKH�DELOLW\�WR�LGHQWLI\�HFRORJLFDO
UHVSRQVHV�WR�SROOXWLRQ���2I�LQWHUHVW�WR�WKH�*UHDW�:DWHUV�DUH�WKH�(0$3�(VWXDULHV�UHVXOWV�REWDLQHG
IRU�WKH�9LUJLQLDQ�3URYLQFH��&DSH�&RG�WR�WKH�&KHVDSHDNH�%D\��DQG�/RXLVLDQLDQ�3URYLQFH��7H[DV�WR
ZHVW�FRDVW�RI�)ORULGD����6WDWLVWLFDO�GDWD�FROOHFWHG�SURYLGH�SULPDULO\�TXDQWLWDWLYH�LQIRUPDWLRQ�RQ�D
UHJLRQDO�VFDOH�

5HVXOWV�DUH�DYDLODEOH�IRU�WKH�9LUJLQLDQ�3URYLQFH�IRU�������WUHQG�GDWD�IRU�����������DUH
FXUUHQWO\�EHLQJ�DQDO\]HG���ZKLFK�LQFOXGH�VDPSOLQJ�UHVXOWV�IRU�WZR�UHOHYDQW�*UHDW�:DWHUV�VLWHV�
WKH�&KHVDSHDNH�%D\��DV�ZHOO�DV�FRQQHFWLQJ�WULEXWDULHV�DQG�VPDOO�ZDWHU�V\VWHPV������VDPSOLQJ
VWDWLRQV��DQG�/RQJ�,VODQG�6RXQG�����VWDWLRQV����7RJHWKHU��WKH�WZR�ZDWHUERGLHV�UHSUHVHQW
DSSUR[LPDWHO\����SHUFHQW�RI�WKH�VXUIDFH�DUHD�RI�WKH�HQWLUH�SURYLQFH���2QH�RI�WKH�HQYLURQPHQWDO
LQGLFDWRUV�DVVHVVHG�LQ�WKH�VWXG\�ZDV�VHGLPHQW�FRQWDPLQDWLRQ���5HVXOWV�VKRZHG�WKDW�PHWDO
FRQFHQWUDWLRQV�LQ�WKH�VHGLPHQW�IRU�WKH�&KHVDSHDNH�%D\�ZHUH�VLPLODU�WR�WKH�FRQFHQWUDWLRQV�IRU�WKH
RYHUDOO�3URYLQFH�������J�J�IRU�OHDG����������J�J�IRU�PHUFXU\����������J�J�IRU�FDGPLXP����,Q�/RQJ
,VODQG�6RXQG��WKH�FRQFHQWUDWLRQV�RI�VRPH�PHWDOV�LQ�WKH�VHGLPHQW��������J�J�OHDG���������J�J�IRU
PHUFXU\��ZHUH�KLJKHU�WKDQ�WKRVH�UHSRUWHG�IRU�WKH�&KHVDSHDNH�%D\�DQG�WKH�RYHUDOO�9LUJLQLDQ
3URYLQFH���7KHVH�UHVXOWV�VXJJHVW�WKDW�/RQJ�,VODQG�6RXQG�H[KLELWV�VOLJKWO\�KLJKHU�FRQWDPLQDWLRQ�RI
VRPH�PHWDOV�LQ�VHGLPHQW�FRPSDUHG�WR�PRVW�RWKHU�ZDWHUERGLHV�LQ�WKH�HDVW�FRDVW�RI�WKH�8QLWHG
6WDWHV���&RPSDULQJ�UHVXOWV�DPRQJ�VSHFLILF�ZDWHUERGLHV�ZLWKLQ�WKH�UHJLRQDO�DUHD�LV�OLPLWHG�EHFDXVH
WKH�GHQVLW\�RI�VDPSOLQJ�SRLQWV�ZDV�QRW�GHVLJQHG�WR�WKRURXJKO\�FKDUDFWHUL]H�HDFK�ZDWHUERG\
VHSDUDWHO\���$OVR��XQFHUWDLQW\�H[LVWV�LQ�WKH�DQDO\VLV�RI�WKHVH�ZDWHUERGLHV�GXH�WR�WKH�VKRUW�GDWD
FROOHFWLRQ�SHULRG��RQH�\HDU���6WUREHO�HW�DO��������

%LRWD�&RQWDPLQDWLRQ�E\�0DMRU�:DWHUERG\

7KLV�VXEVHFWLRQ�SUHVHQWV�LQIRUPDWLRQ�IURP�VRPH�PRQLWRULQJ�VWXGLHV�DQG�LQYHVWLJDWLRQV
RI�WKH�SROOXWDQW�OHYHOV�LQ�WLVVXHV�RI�ELRWD�OLYLQJ�LQ�WKH�*UHDW�:DWHUV���7KHVH�VWXGLHV��PRVW�RI�ZKLFK
PHDVXUH�FRQFHQWUDWLRQV�RI�PHWDOV�DQG�RUJDQRFKORULQHV�LQ�ILVK��SURYLGH�HYLGHQFH�WKDW�WR[LF
FRQWDPLQDWLRQ�LV�RFFXUULQJ�LQ�ELRWD�IURP�WKHVH�ZDWHUV���,Q�PRVW�LQVWDQFHV��WKH�UHVHDUFKHUV�IRFXVHG
RQ�SROOXWDQW�OHYHOV�LQ�WLVVXHV�RI�WKH�ELRWD��DQG�GLG�QRW�ORRN�IRU�WR[LF�OHVLRQV�RU�RWKHU�DGYHUVH
HIIHFWV���1HYHUWKHOHVV��VRPH�RI�WKH�ORQJ�WHUP�VWXGLHV�SURYLGH�LQIRUPDWLRQ�RQ�SRWHQWLDO
FRQWDPLQDWLRQ�WUHQGV�LQ�WKH�VSHFLHV�H[DPLQHG���,Q�DGGLWLRQ��VWXGLHV�WKDW�PRQLWRU�WR[LF
FRQWDPLQDWLRQ�LQ�VHGLPHQW�DUH�SUHVHQWHG�EHFDXVH�FRQWDPLQDWHG�VHGLPHQW�PD\�EH�D�ORQJ�WHUP
VRXUFH�RI�SROOXWDQW�H[SRVXUH�WR�WKH�DTXDWLF�ELRWD�DQG�IRRG�ZHE���7KHVH�VWXGLHV�VXJJHVW
FRQWLQXLQJ�FRQWDPLQDWLRQ�LQ�WKH�ZDWHUERG\�
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PCB Contamination in
Great Lakes Biota

Lake Trout/Walleye :  During the period 1977-
1992, PCB concentrations in lake trout, as well as
walleye in Lake Erie, declined significantly, but in
recent years, concentrations have generally
remained stable or increased slightly in Lakes
Michigan, Huron, Superior, and Erie.

Coho Salmon :  PCB concentrations in coho
salmon collected from Lake Michigan declined
from 1.9 )g/g (1980) to 0.38 )g/g (1983), but then
increased to 1.09 )g/g (1992).  A similar pattern
was observed in Lake Erie and the upper reaches
of the Saint Lawrence River.

Herring Gull Eggs :  Monitored since 1974, the
greatest decline in PCB contamination in herring
gull eggs occurred between 1974 and 1981. 
Since then, the rate of decrease has leveled off,
and by 1991, slight increases were reported in the
levels of some PCBs.

Sources:  De Vault et al. 1995, 1996.

*5($7�/$.(6

&RQWDPLQDQW�FRQFHQWUDWLRQV�LQ
JDPHILVK�IURP�WKH�RSHQ�ZDWHUV�RI�WKH�*UHDW
/DNHV�KDYH�EHHQ�PRQLWRUHG�IRU�RYHU����\HDUV
DQG�SURYLGH�RQH�RI�WKH�PRVW�H[WHQVLYH�GDWD
EDVHV�RQ�WUHQGV�RI�HQYLURQPHQWDO
FRQWDPLQDQWV�LQ�RUJDQLVPV�DW�WKH�XSSHU�HQG
RI�WKH�IRRG�ZHE���7KUHH�PRQLWRULQJ�HIIRUWV
WKDW�GDWD�KDYH�FRPH�IURP�LQFOXGH�������ODNH
WURXW�PRQLWRUHG�E\�)LVKHULHV�DQG�2FHDQV
&DQDGD������ODNH�WURXW�DQG�ZDOOH\H
FRRSHUDWLYHO\�PRQLWRUHG�LQ�8�6��ZDWHUV�E\
(3$
V�*UHDW�/DNHV�1DWLRQDO�3URJUDP�2IILFH�
8�6��1DWLRQDO�%LRORJLFDO�6HUYLFH��DQG�WKH
*UHDW�/DNHV�6WDWHV��DQG�����FRKR�VDOPRQ
ILOOHWV�FRRSHUDWLYHO\�PRQLWRUHG�LQ�8�6��ZDWHUV
E\�WKH�*UHDW�/DNHV�6WDWHV��)'$��DQG�(3$
V
*UHDW�/DNHV�1DWLRQDO�3URJUDP�2IILFH�

7KHVH�PRQLWRULQJ�HIIRUWV�KDYH
GHPRQVWUDWHG�WKDW��ZKLOH�VLJQLILFDQW�GHFOLQHV
LQ�3&%�DQG�''7�FRQFHQWUDWLRQV�LQ�ODNH�WURXW�
ZDOOH\H��DQG�FRKR�VDOPRQ�KDYH�EHHQ
REVHUYHG�RYHU�WKH�SDVW�WZR�GHFDGHV��WKH
DPRXQW�RI�UHVLGXHV�RI�3&%V�DQG�''7�LQ
WKHVH�ILVK�KDYH�OHYHOHG�RII�RU�HYHQ�LQFUHDVHG�VOLJKWO\�LQ�WKH�ODVW�WHQ�\HDUV��'H�9DXOW�HW�DO�������
�������VHH�VLGHEDU����7KLV�FKDQJH�LQ�WUHQG�KDV�RFFXUUHG�GHVSLWH�GHFOLQLQJ�DPELHQW�ZDWHU
FRQFHQWUDWLRQV�RI�3&%V���$�VLPLODU�WUHQG�KDV�EHHQ�QRWHG�LQ�WKH�OHYHOV�RI�3&%V�DQG�''7�LQ�KHUULQJ
JXOO�HJJV��ZKLFK�KDYH�EHHQ�PRQLWRUHG�E\�WKH�&DQDGLDQ�:LOGOLIH�6HUYLFH�VLQFH������

/DNH�FRQGLWLRQ�FKDQJHV�FDQ�FRPSOLFDWH�SROOXWDQW�FRQWDPLQDWLRQ�LVVXHV���7KH�VWURQJ
FRUUHODWLRQ�EHWZHHQ�WUHQGV�LQ�''7�DQG�3&%V�VXJJHVWV�WKDW�FKDQJHV�LQ�WKH�FRPSRVLWLRQ�RI�WKH
IRRG�ZHE��RU�WURSKLF�VWUXFWXUH��PD\�EH�SDUWO\�UHVSRQVLEOH�IRU�LQFUHDVHV�LQ�FRQWDPLQDQW
FRQFHQWUDWLRQV�DW�WKH�XSSHU�HQG�RI�WKH�IRRG�ZHE��L�H���JDPHILVK���'H�9DXOW�HW�DO����������������)RU
H[DPSOH��UHVHDUFK�E\�+DIIQHU��������DQG�6WRZ�HW�DO���������RQ�WKH�H[SRVXUH�G\QDPLFV�RI�RUJDQLF
SROOXWDQWV�LQ�/DNHV�(ULH�DQG�0LFKLJDQ�VXJJHVWV�WKDW�FKDQJHV�LQ�WKH�IRRG�ZHE�FRXOG�EH�WKH�FDXVH
RI�WKH�REVHUYHG�LQFUHDVH�LQ�3&%�FRQWDPLQDWLRQ�LQ�ELRWD���/DUJH��UHJLRQDO�SRROV�RI�3&%V�FDQ�EH
UHLQWURGXFHG�IURP�VHGLPHQWV�E\�EHQWKLF�RUJDQLVPV���&KDQJHV�LQ�WKH�VSHFLHV�FRPSRVLWLRQ�DW�WKH
PLG�WURSKLF�OHYHOV�RI�WKH�IRRG�ZHE�PD\�ELRPDJQLI\�JUHDWHU�DPRXQWV�RI�3&%V�WR�KLJKHU�WURSKLF
OHYHOV���,QFUHDVHG�3&%�OHYHOV�LQ�FHUWDLQ�SUHGDWRU�ILVK�DOVR�PD\�EH�GXH�WR�UHGXFWLRQV�LQ�WKHLU
JURZWK�UDWH�

(YLGHQFH�RI�FKDQJHV�LQ�WKH�H[SRVXUH�G\QDPLFV�RI�RUJDQLF�FRQWDPLQDQWV�KDV�EHHQ
REVHUYHG�LQ�WKH�ZHVWHUQ�EDVLQ�RI�/DNH�(ULH�ZLWK�WKH�LQYDVLRQ�RI�]HEUD�DQG�TXDJJD�PXVVHOV
�+DIIQHU���������7KHVH�PXVVHOV�LQFUHDVH�ELRPDJQLILFDWLRQ�RI�SROOXWDQWV�LQ�WKH�EHQWKLF�IRRG������
ZHE�E\�FRQVXPLQJ�VLJQLILFDQW�DPRXQWV�RI�SK\WRSODQNWRQ�WKDW�DUH�FRQWDPLQDWHG�ZLWK���
SROOXWDQWV���7KH�PDMRU�SUHGDWRU�RI�WKH�]HEUD�PXVVHO�LV�WKH�GUXP��D�ORZ�WURSKLF�OHYHO�ILVK������
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Sediment Core Data in the Great Lakes

Atmospheric pollutant loadings into the Great
Lakes region are estimated from mass balance
studies and modeling data, although indirect
measures of contaminant loadings, such as
sediment core data, are also desirable.  Recent
measurements of sediment core data have shown
declining concentrations of PAHs in Lake
Michigan, PCBs and DDT in Lakes Michigan and
Ontario, and lead and mercury in Lakes Superior,
Michigan, and Ontario.  Comparison of sediment
data between the Great Lakes provides additional
information on sources of loadings.  For example,
toxaphene has long been thought to result from
long-range atmospheric transport from the
southeastern U.S.; however, sediment cores from
Lake Superior and upper Lake Michigan suggest
little decline in toxaphene (contrary to declines
observed for DDT, mercury, and PCBs in these
lakes).  Efforts are underway to examine this
issue.

Sources:  De Vault et al. 1995; Simcik et al. 1996.

ZKLFK�LQ�WXUQ�LV�D�SUHIHUUHG�SUH\�RI�WKH�KHUULQJ�JXOO���%\�FRQFHQWUDWLQJ�FRQWDPLQDQWV�FRQWDLQHG
LQ�SK\WRSODQNWRQ�DQG�RWKHU�VXVSHQGHG�RUJDQLF�SDUWLFOHV��]HEUD�DQG�TXDJJD�PXVVHOV�FDQ�FDXVH
3&%�OHYHOV�LQ�FHUWDLQ�ILVK�DQG�LQ�KHUULQJ�JXOOV�WR�LQFUHDVH�HYHQ�WKRXJK�DPELHQW�ZDWHU
FRQFHQWUDWLRQV�RI�FRQWDPLQDQWV�DUH�GHFUHDVLQJ�

7KH�WKUHH�PRQLWRULQJ�SURJUDPV
GLVFXVVHG�DERYH�DOVR�SURYLGH�LQIRUPDWLRQ�RQ
WKH�OHYHOV�RI�WZR�SHVWLFLGHV��GLHOGULQ�DQG
WR[DSKHQH��LQ�XSSHU�WURSKLF�OHYHO�ILVK�IURP
WKH�*UHDW�/DNHV���'LHOGULQ�FRQFHQWUDWLRQV
KDYH�H[KLELWHG�D�JHQHUDO�SDWWHUQ�RI�GHFOLQH�LQ
WKH�*UHDW�/DNHV�VLQFH�WKH�����V��'H�9DXOW�HW
DO����������������3HDN�OHYHOV�ZHUH�QRWHG�LQ
�����LQ�/DNHV�0LFKLJDQ��6XSHULRU��+XURQ�
DQG�2QWDULR�DQG�DJDLQ�LQ������LQ�/DNHV
6XSHULRU��+XURQ��2QWDULR��DQG�(ULH��
7R[DSKHQH�FRQFHQWUDWLRQV�DUH�KLJKHVW�LQ�ODNH
WURXW�IURP�/DNHV�0LFKLJDQ�DQG�6XSHULRU�DQG
ORZHVW�LQ�ODNH�WURXW�IURP�/DNHV�(ULH�DQG
2QWDULR��'H�9DXOW�HW�DO����������/DNH�WURXW
IURP�/DNH�0LFKLJDQ�VDPSOHG�EHWZHHQ�����
DQG������VXJJHVW�GHFOLQLQJ�OHYHOV�RI
WR[DSKHQH�GXULQJ�WKLV�SHULRG��KRZHYHU�
WKHUH�ZDV�QR�VLJQLILFDQW�FKDQJH�LQ
FRQFHQWUDWLRQV�RI�/DNH�6XSHULRU�ODNH�WURXW
�*ODVVPH\HU�HW�DO����������$�VLPLODU�WUHQG�ZDV
REVHUYHG�LQ�UDLQERZ�VPHOW���7KH�GURS�LQ
WR[DSKHQH�FRQFHQWUDWLRQV�FRLQFLGHV�ZLWK�WKH
8�6��EDQ�RQ�WR[DSKHQH�LQ��������7KH�LQYHVWLJDWRUV�VSHFXODWH�WKDW�WKH�ODFN�RI�GHFOLQH�LQ�/DNH
6XSHULRU�LV�GXH�WR�HLWKHU�D�ODNH�VSHFLILF�VRXUFH�WKDW�FRQWLQXHV�WR�ORDG�WR[DSKHQH�LQWR�/DNH
6XSHULRU�RU�D�VORZHU�UHPRYDO�UDWH�LQ�/DNH�6XSHULRU�FRPSDUHG�WR�WKH�RWKHU�*UHDW�/DNHV��PRUH
GLVFXVVLRQ�LQ�6HFWLRQ�,9�$�RQ�WKH�*UHDW�/DNHV��

,Q�FRQWUDVW�WR�WKH�PRQLWRULQJ�VWXGLHV�RI�JDPHILVK��PRQLWRULQJ�RI�IRUDJH�ILVK�SURYLGHV�DQ
LQGLFDWLRQ�RI�FRQWDPLQDWLRQ�DW�ORZHU�OHYHOV�RI�WKH�IRRG�ZHE���5DLQERZ�VPHOW�KDYH�EHHQ�URXWLQHO\
PRQLWRUHG�LQ�/DNHV�6XSHULRU��+XURQ��(ULH��DQG�2QWDULR�E\�)LVKHULHV�DQG�2FHDQV�&DQDGD�VLQFH
�������'XULQJ�WKLV�WLPH��FRQFHQWUDWLRQV�RI�3&%V��PHUFXU\��DQG�WRWDO�''7�KDYH�GHFOLQHG�VLJQLIL�
FDQWO\�LQ�VPHOW�IURP�WKHVH�ODNHV��'H�9DXOW�HW�DO����������6PHOW�IURP�/DNH�2QWDULR�FRQVLVWHQWO\�KDYH
WKH�KLJKHVW�WLVVXH�FRQFHQWUDWLRQV�RI�3&%V��a���²������J�J��DQG�WRWDO�''7��a����²�����J�J���ZKLOH
WKRVH�IURP�/DNH�6XSHULRU�KDYH�WKH�KLJKHVW�PHUFXU\�OHYHOV��a����²�����J�J��

&RQWDPLQDQW�FRQFHQWUDWLRQV�LQ�\RXQJ�RI�WKH�\HDU�VSRWWDLO�VKLQHUV�DUH�XVHIXO�LQGLFDWRUV
RI�ORFDO��UHFHQW�SROOXWDQW�LQSXWV�LQWR�DTXDWLF�HFRV\VWHPV�EHFDXVH�WKH\�GR�QRW�WUDYHO�H[WHQVLYHO\
GXULQJ�WKHLU�ILUVW�\HDU�RI�OLIH���6XUYHLOODQFH�RI�WKHVH�ILVK�E\�WKH�2QWDULR�0LQLVWU\�RI�(QYLURQPHQW
DQG�(QHUJ\��SULPDULO\�LQ�&DQDGLDQ�ZDWHUV��KDV�VKRZQ�D�JHQHUDO�GHFOLQH�LQ�WLVVXH�3&%�DQG�''7
FRQFHQWUDWLRQV��'H�9DXOW�HW�DO����������&RQWDPLQDQW�OHYHOV�DOVR�KDYH�EHHQ�DVVHVVHG�LQ�\RXQJ�RI�
WKH�\HDU�ILVK�IURP�WKH�1HZ�<RUN�ZDWHUV�RI�WKH�*UHDW�/DNHV��6NLQQHU�HW�DO����������(OHYDWHG
FRQFHQWUDWLRQV�RI�3&%V�ZHUH�IRXQG�PDLQO\�LQ�ILVK�IURP�WKH�6W��/DZUHQFH�5LYHU�GUDLQDJH�DUHD
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EHORZ�WKH�0RVHV�6DXQGHUV�'DP�LQ�0DVVHQD��WKHVH�OHYHOV�ZHUH�DWWULEXWHG�WR�LQGXVWULDO�DFWLYLWLHV
LQ�WKH�DUHD���/HYHOV�RI�PHUFXU\�LQ�WKHVH�ILVK�ZHUH�ORZ�������QJ�J��

=HEUD�PXVVHOV�KDYH�EHHQ�FRQVLGHUHG�WR�EH�SRWHQWLDO�V\VWHP�ZLGH�ELRPRQLWRUV�RI�RUJDQLF
FRQWDPLQDWLRQ�WUHQGV�LQ�WKH�*UHDW�/DNHV��&RPED�HW�DO����������5HVHDUFKHUV�FROOHFWHG�DQG�DQDO\]HG
VSHFLPHQV�IURP����VLWHV�LQ�/DNH�(ULH��/DNH�2QWDULR��DQG�WKH�6W��/DZUHQFH�5LYHU�EHWZHHQ������DQG
�����IRU�UHVLGXHV�RI�3&%V�DQG�RUJDQRFKORULQH�SHVWLFLGHV���0HDQ�FRQFHQWUDWLRQV�RI�����QJ�J�WRWDO
3&%V������QJ�J�WRWDO�''7��DQG�����QJ�J�WRWDO�FKORUGDQH��ZKROH�PXVVHO�GU\�ZHLJKW�EDVLV��ZHUH
UHSRUWHG���&RQFHQWUDWLRQV�YDULHG�JUHDWO\�EHWZHHQ�VLWHV��H�J�����²����QJ�J�WRWDO�3&%V���ZKLFK�WKH
UHVHDUFKHUV�DWWULEXWHG�WR�WKH�VHQVLWLYLW\�RI�WKHVH�PXVVHOV�WR�GLIIHUHQW�OHYHOV�RI�FRQWDPLQDWLRQ
�&RPED�HW�DO����������7KH�LQYHVWLJDWRUV�DOVR�LQGLFDWHG�WKDW�WKH�REVHUYDWLRQV�RI�VSDWLDO�FRQWDPLQDQW
WUHQGV�LQ�WKH�VWXG\�ZHUH�VLPLODU�WR�ILQGLQJV�IURP�RWKHU�ELRPRQLWRULQJ�SURJUDPV�

/$.(�&+$03/$,1

&XUUHQW�HIIRUWV�WR�PRQLWRU�WR[LF�SROOXWLRQ�LQ�/DNH�&KDPSODLQ�KDYH�IRFXVHG�RQ�ILVK�DQG
VHGLPHQW�FRQWDPLQDWLRQ�E\�PHWDOV�DQG�RUJDQLF�FRPSRXQGV���7KH�9HUPRQW�'HSDUWPHQW�RI
(QYLURQPHQWDO�&RQVHUYDWLRQ�LPSOHPHQWHG�D�VWXG\�WR�DQDO\]H�VRIW�WLVVXH�IURP�PXVVHOV��(OOLSWLR
FRPSODQDWD��DV�D�ELRLQGLFDWRU�IRU�WKH�ODNH���0XVVHOV�ZHUH�FROOHFWHG�DW�PRXWKV�RI�VHYHUDO�/DNH
&KDPSODLQ�WULEXWDULHV��FKORUGDQH�DQG�3$+V�ZHUH�GHWHFWHG�LQ�WKH�PXVVHOV��/&%3���������,Q������
������WKH�6WDWHV�RI�9HUPRQW�DQG�1HZ�<RUN�DQDO\]HG�ILVK�WLVVXH�FROOHFWHG�IURP�/DNH�&KDPSODLQ
IRU����FRQWDPLQDQWV���(OHYDWHG�OHYHOV�RI�3&%V�ZHUH�IRXQG�LQ�ODUJH�ODNH�WURXW�DQG�LQ�$PHULFDQ�HHO
DQG�EURZQ�EXOOKHDG���7KH�ILQGLQJV�RI�WKLV�VWXG\�OHG��LQ�SDUW��WR�KHDOWK�DGYLVRULHV�EHLQJ�LVVXHG
DJDLQVW�HDWLQJ�WKHVH�ILVK�VSHFLHV�LQ�/DNH�&KDPSODLQ��/&%3�������

%HFDXVH�RI�HOHYDWHG�OHYHOV�RI�SROOXWDQWV�LQ�/DNH�&KDPSODLQ��WKH�/DNH�&KDPSODLQ
6HGLPHQW�7R[LFV�$VVHVVPHQW�3URJUDP�ZDV�LQLWLDWHG��0F,QWRVK���������3ROOXWDQWV�WKDW�ZHUH
PHDVXUHG�LQFOXGHG�WUDFH�PHWDOV��FDGPLXP��PHUFXU\��OHDG��DQG�RUJDQLF�FRPSRXQGV��3&%V��3$+V�
GLR[LQV�IXUDQV����3ROOXWDQW�OHYHOV�ZHUH�PHDVXUHG�DW�QLQH�VLWHV�GXULQJ������DQG��������)LQGLQJV
DIWHU�WKH�HQG�RI�WKH�ILUVW�SKDVH��0D\�������SURYLGHG�OLWWOH�HYLGHQFH�RI�ZLGHVSUHDG�KLJK�OHYHO
FRQWDPLQDWLRQ��DOWKRXJK�KLJK�OHYHOV�RI�3&%V�DQG�3$+V�ZHUH�PHDVXUHG�LQ�VHGLPHQW�QHDU�WZR
GRFN�VLWHV����7KH�VWXG\�GLG�ILQG�ZLGHO\�YDU\LQJ�SDWWHUQV�RI�FRQWDPLQDWLRQ���,W�DSSHDUV�WKDW��DW
VRPH�VLWHV��VRPH�SROOXWDQWV�KDG�KLJKHU�FRQFHQWUDWLRQV�LQ�WKH�GHHSHU�OD\HUV�RI�WKH�VHGLPHQWV��ZLWK
WKH�XSSHU�OD\HUV�RI�VHGLPHQW�VKRZLQJ�OHVV�FRQWDPLQDWLRQ��ZKLOH�RWKHU�SROOXWDQWV�H[KLELWHG�D
UHYHUVDO�RI�WKLV�SDWWHUQ��0F,QWRVK��������KRZHYHU��WKH�LQYHVWLJDWRU�GLG�QRW�SURYLGH�DQ
H[SODQDWLRQ�IRU�WKLV�GHSRVLWLRQ�SDWWHUQ���7KH�ORFDO�DQG�RU�UHJLRQDO�VRXUFH�RI�WKH�FRQWDPLQDWLRQ�LV
QRW�NQRZQ�

$V�SDUW�RI�WKH�/DNH�&KDPSODLQ�6HGLPHQW�7R[LFV�$VVHVVPHQW�3URJUDP��D�ELRORJLFDO
DVVHVVPHQW�RI�WKH�FRQWDPLQDWHG�VHGLPHQWV�ZDV�DOVR�SHUIRUPHG��0F,QWRVK���������0RVW�RI�WKH
\HDU��ODNH�WURXW�GR�QRW�LQKDELW�ERWWRP�ZDWHUV�QHDU�WKH�VHGLPHQW�ZDWHU�LQWHUIDFH���+RZHYHU�
FRQFHUQV�H[LVW�IRU�WKH�PHFKDQLVPV�WKDW�PD\�OLQN�ODNH�WURXW�WR�3&%�FRQWDPLQDWHG�VHGLPHQW���7KLV
LVVXH�ZDV�HYDOXDWHG�E\�ORRNLQJ�DW�RQH�SRVVLEOH�OLQN��WKH�IUHVKZDWHU�VKULPS�0\VLV�UHOLFWD��RU
P\VLGV����0\VLGV�DUH�EHOLHYHG�WR�EH�D�PDMRU�FRPSRQHQW�LQ�WKH�/DNH�&KDPSODLQ�IRRG�ZHE��DQG�WKH
KLJK�OLSLG�FRQWHQW�RI�WKHVH�RUJDQLVPV�PDNH�WKHP�SRWHQWLDO�DFFXPXODWRUV�RI�3&%V���/DERUDWRU\
H[SHULPHQWV�GHPRQVWUDWHG�WKDW�H[SRVXUH�WR�3&%�FRQWDPLQDWHG�VHGLPHQW�UHVXOWV�LQ�KLJK�OHYHOV�RI
3&%V�LQ�WKH�P\VLGV��0F,QWRVK���������+RZHYHU��WKHUH�ZDV�QR�DWWHPSW�WR�SUHGLFW�WKH�SRWHQWLDO�RI
P\VLGV�WR�UHGLVWULEXWH�3&%V�ZLWKLQ�WKH�VHGLPHQWV�LQ�/DNH�&KDPSODLQ�
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$GYHUVH�HIIHFWV�WKDW�FRXOG�EH�UHODWHG�WR�SROOXWDQWV�DFFXPXODWLQJ�LQ�WKH�WLVVXHV�RI
RUJDQLVPV��VXFK�DV�UHGXFHG�JURZWK��UHSURGXFWLRQ�HIIHFWV��DQG�WXPRU�GHYHORSPHQW��KDYH�EHHQ
UHSRUWHG�LQ�DTXDWLF�RUJDQLVPV�LQ�D�YDULHW\�RI�KDELWDWV�LQ�WKH�%D\�IURP�WKH�����V�WR�WKH�HDUO\�����V��
7KH�&KHVDSHDNH�%D\�3URJUDP�KDV�VSRQVRUHG�IRUXPV�WR�DVVHVV�FRQWDPLQDQW�OHYHOV�LQ�ELRWD�DQG�WR
UHDFK�D�FRQVHQVXV�UHJDUGLQJ�WKH�WUHQGV�LQ�WKH�SROOXWDQWV�IRXQG�LQ�ELRWD�DQG�LQ�VHGLPHQW���:KLOH
VLJQLILFDQW�GHFOLQHV�LQ�PHWDO�FRQWDPLQDWLRQ�RI�ILVK�WLVVXH�KDYH�EHHQ�REVHUYHG�RYHU�WKH�SDVW�WZR
GHFDGHV��HOHYDWHG�PHWDO�FRQFHQWUDWLRQV�KDYH�EHHQ�PHDVXUHG�LQ�ILVK�LQ�VSHFLILF��PRUH
LQGXVWULDOL]HG�DUHDV�RI�&KHVDSHDNH�%D\��&%3�����E��

6WXGLHV�FRQGXFWHG�IURP������WR������VKRZ�WKDW�FKHPLFDO�FRQWDPLQDWLRQ�KDV�FDXVHG
YDULRXV�HIIHFWV�WR�ZLOGOLIH�LQ�WKH�&KHVDSHDNH�%D\�GXULQJ�WKH�����V�DQG�����V��&%3�����E����,Q
������WKH�6WDWXV�DQG�$VVHVVPHQW�RI�&KHVDSHDNH�%D\�:LOGOLIH�&RQWDPLQDWLRQ�)RUXP�ZDV�KHOG�WR�FULWLFDOO\
UHYLHZ�GDWD�RQ�WKH�HIIHFWV�RI�H[SRVXUH�DQG�XSWDNH�RI�SROOXWDQWV�RQ�&KHVDSHDNH�%D\�EDVLQ�ELUGV�
PDPPDOV��UHSWLOHV��DQG�DPSKLELDQV���7KH�FRPPLWWHH�FRQFOXGHG�WKDW�WKHUH�ZDV�OLWWOH�HYLGHQFH�WR
VXJJHVW�SROOXWDQWV�ZHUH�SRVLQJ�D�VHULRXV�GLUHFW�KD]DUG�WR�ELUGV�LQ�WKH�HDUO\�����V���,QVWHDG��LW�LV
PRUH�OLNHO\�WKDW�LQGLUHFW�HIIHFWV�RQ�ZLOGOLIH�KDELWDWV�DQG�IRRG�VRXUFHV��H�J���H[FHVVLYH�QXWULHQWV�
VXVSHQGHG�VHGLPHQWV��KHUELFLGHV��KDYH�JUHDWHU�LPSDFWV�RQ�ELUG�SRSXODWLRQV���7KH�IRUXP�IRXQG
WKDW�WKHUH�ZHUH�LQVXIILFLHQW�LQIRUPDWLRQ�DYDLODEOH�DW�WKH�WLPH�WR�IXOO\�DVVHVV�SRWHQWLDO�DGYHUVH
LPSDFWV�RI�FKHPLFDO�FRQWDPLQDWLRQ�RQ�PDPPDOLDQ��UHSWLOH��DQG�DPSKLELDQ�SRSXODWLRQV�LQ�WKH
&KHVDSHDNH�%D\�EDVLQ��&%3�����E����'XH�WR�PRUH�UHFHQW�VFLHQWLILF�LQIRUPDWLRQ�RQ�VRPH
SROOXWDQWV
�PHFKDQLVPV�RI�DFWLRQ�VXFK�DV�HQGRFULQH�GLVUXSWLRQ��VHH�6HFWLRQV�,,�&�DQG�,,�'���WKH
FRQFOXVLRQV�RI�WKH������IRUXP�PD\�QHHG�WR�EH�UHHYDOXDWHG�ZLWK�PRUH�FXUUHQW�GDWD�RQ�SROOXWDQW
FRQWDPLQDWLRQ�LQ�&KHVDSHDNH�%D\�ELRWD�

,Q�������WKH�&KHVDSHDNH�%D\�)LQILVK�DQG�6KHOOILVK�7LVVXH�&RQWDPLQDWLRQ�&ULWLFDO�,VVXHV�)RUXP
ZDV�KHOG�WR�DGGUHVV�WKH�IROORZLQJ�LVVXHV�������PDJQLWXGH�DQG�H[WHQW�RI�ILVK�DQG�VKHOOILVK�FRQWDP�
LQDWLRQ�LQ�WKH�&KHVDSHDNH�%D\�DQG�LWV�EDVLQ������LPSDFW��L�H���ELRDFFXPXODWLRQ��WR[LFLW\��RI�WKH
FRQWDPLQDWLRQ�DW�EDVLQZLGH��ED\ZLGH��UHJLRQDO��RU�ORFDO�VFDOHV��DQG�����FRPSDULVRQ�RI�WKH�FRQWDP�
LQDWLRQ�WR�WKDW�RI�RWKHU�ZDWHUERGLHV��H�J���3XJHW�6RXQG��*UHDW�/DNHV���&%3�����E����7KH�GDWD�FRP�
SLOHG�E\�WKH�IRUXP�LQGLFDWH�WKDW�ILQILVK�DQG�VKHOOILVK�WLVVXH�FRQWDPLQDQW�FRQFHQWUDWLRQV�GHFOLQHG
VLJQLILFDQWO\�DIWHU�WKH�����V�IRU�VHYHUDO�PHWDOV��SHVWLFLGHV��DQG�RUJDQLF�FKHPLFDOV���)RU�ILVK�VSHFLHV
FRPELQHG��FRQFHQWUDWLRQV�RI�3&%V�DQG�''7�LQ�ILVK�OLYHU�WLVVXH�DUH�LQ�WKH�ORZ�UDQJH�UHODWLYH�WR
QDWLRQDO�GDWD���+RZHYHU��DW�WKH�VSHFLHV�VSHFLILF�OHYHO��$WODQWLF�FURDNHU�DQG�VSRW�FROOHFWHG�IURP
�����WR������KDG�OHYHOV�RI�FKORUGDQH��3&%V��GLHOGULQ��DQG�WRWDO�''7�LQ�WKH�OLYHU�DERYH�WKH�QDWLRQDO
DYHUDJH�DQG�QDWLRQDO�PHGLDQ�IRU�WKHVH�VSHFLHV���/HDG�DQG�PHUFXU\�FRQFHQWUDWLRQV�LQ�FURDNHU
OLYHUV�ZHUH�JHQHUDOO\�DERYH�WKH�QDWLRQDO�DYHUDJH�DQG�QDWLRQDO�PHGLDQ��ZKLOH�OHDG�FRQFHQWUDWLRQV
LQ�VSRW�OLYHUV�ZHUH�VSRUDGLFDOO\�KLJK���7KH�FRQFHQWUDWLRQV�RI�3&%V��FKORUGDQH��GLHOGULQ��''7�
FDGPLXP��DQG�PHUFXU\�LQ�R\VWHUV�LQ�WKH�&KHVDSHDNH�%D\�KDYH�GHFOLQHG�EHWZHHQ������DQG�������
/HYHOV�RI�PHUFXU\��FKORUGDQH��WR[DSKHQH��DQG�3&%V�LQ�ILQILVK�IURP�WKH�&KHVDSHDNH�%D\�EDVLQ��KRW
VSRWV���H�J���%DOWLPRUH�+DUERU��%DFN�5LYHU��DUH�JHQHUDOO\�ZHOO�EHORZ�WKRVH�IRXQG�DW�RWKHU�DUHDV
FRQVLGHUHG�FRQWDPLQDWHG��H�J���1HZ�<RUN�1HZ�-HUVH\�+DUERU��/DNH�0LFKLJDQ��%RVWRQ�+DUERU���

27+(5�&2$67$/�$5($6

6HYHUDO�PRQLWRULQJ�VWXGLHV�RI�ELRWD�FRQWDPLQDWLRQ�DOVR�KDYH�EHHQ�SHUIRUPHG�LQ�RWKHU
FRDVWDO�ZDWHUERGLHV�RI�WKH�*UHDW�:DWHUV���6RPH�UHOHYDQW�ILQGLQJV�DUH�KLJKOLJKWHG�EHORZ�
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KRZHYHU��DGGLWLRQDO�UHVHDUFK�LV�QHHGHG�WR�SURYLGH�D�PRUH�FRPSOHWH�SLFWXUH�RI�ELRWD
FRQWDPLQDWLRQ�LQ�VRPH�RI�WKHVH�FRDVWDO�DUHDV�

® *DOYHVWRQ�%D\���7KHUH�LV�OLWWOH�LQIRUPDWLRQ�DERXW�KLVWRULFDO�WUHQGV�DQG�FRQFHQWUDWLRQV�RI
SROOXWDQWV�LQ�DTXDWLF�RUJDQLVPV�IURP�*DOYHVWRQ�%D\���)RU�WKLV�UHDVRQ��WKH�*DOYHVWRQ�%D\
1DWLRQDO�(VWXDU\�3URJUDP�LQLWLDWHG�D�VWXG\�WR�FKDUDFWHUL]H�SROOXWDQW�FRQWDPLQDWLRQ�LQ
HGLEOH�ILVK�DQG�VKHOOILVK�LQ�WKH�ED\���%HWZHHQ������DQG����������ILVK�VSHFLHV��WZR�VKHOOILVK
VSHFLHV��DQG�WKUHH�ELUG�VSHFLHV�ZHUH�VDPSOHG�IRU�QXPHURXV�SROOXWDQWV��LQFOXGLQJ�VHYHUDO
*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ���1R��KRW�VSRWV��RI�ELRWD�FRQWDPLQDWLRQ�ZHUH�GHWHFWHG
DQG�WKH�ILVK�WLVVXH�FRQFHQWUDWLRQV�UDUHO\�H[FHHGHG�)'$�FULWHULD�IRU�WKHVH�FRQWDPLQDQWV
�%URRNV�HW�DO����������7KH�VWXG\�GLG�QRW�HYDOXDWH�GLR[LQV��EXW�ILVK�FRQVXPSWLRQ�DGYLVRULHV
WR�SURWHFW�WKH�JHQHUDO�SRSXODWLRQ�FXUUHQWO\�H[LVW�IRU�GLR[LQV�LQ�*DOYHVWRQ�%D\�

® 7DPSD�%D\���7LVVXH�FRQFHQWUDWLRQV�RI�RUJDQLF�FRPSRXQGV�DQG�WUDFH�PHWDOV�LQ�7DPSD�%D\
R\VWHUV��&��9LUJLQLFD���VDPSOHG�EHWZHHQ������DQG�������ZHUH�FRPSDUHG�WR�UHSRUWHG�OHYHOV
IRU�DGYHUVH�HIIHFWV�WR�PXVVHOV�DW�RWKHU�VLWHV��/RQJ�HW�DO����������7KH�DYHUDJH�FRQFHQWUDWLRQ
RI�WRWDO�3&%V�LQ�WKH�7DPSD�%D\�R\VWHUV�FROOHFWHG�RYHU�IRXU�\HDUV�ZDV������SSP�GU\
ZHLJKW��WRWDO�3&%�FRQFHQWUDWLRQ�RI������SSP�RU�JUHDWHU�RFFXUUHG�LQ����RI����VDPSOHV��
,QYHVWLJDWRUV�GHWHUPLQHG�WKDW��IRU�WRWDO�3&%V��DGYHUVH�HIIHFWV��H�J���UHSURGXFWLYH�HIIHFWV�
FHOOXODU�GDPDJH��DQG�ELRFKHPLFDO�FKDQJHV��LQ�PXVVHOV�ZHUH�DVVRFLDWHG�ZLWK�WLVVXH
FRQFHQWUDWLRQV�RI������WR������SSP�GU\�ZHLJKW���7KH�DYHUDJH�FRQFHQWUDWLRQ�RI�PHUFXU\�LQ
WKH�7DPSD�%D\�R\VWHUV�FROOHFWHG�RYHU�IRXU�\HDUV�ZDV������SSP�GU\�ZHLJKW��PHUFXU\
FRQFHQWUDWLRQ�RI�����SSP�RU�JUHDWHU�RFFXUUHG�LQ����RI����VDPSOHV���$GYHUVH�HIIHFWV��H�J��
SDWKRORJLFDO�DQG�HQ]\PDWLF�UHVSRQVHV��LQ�PXVVHOV�ZHUH�DVVRFLDWHG�ZLWK�PHUFXU\�WLVVXH
FRQFHQWUDWLRQ�RI�����SSP�GU\�ZHLJKW���%DVHG�RQ�WKHVH�GDWD��/RQJ�HW�DO���������FRQFOXGHG
WKDW�WKH�3&%�DQG�PHUFXU\�FRQFHQWUDWLRQV�LQ�VRPH�R\VWHUV�LQ�7DPSD�%D\�PD\�EH
VXIILFLHQW�WR�FDXVH�SRWHQWLDO�DGYHUVH�ELRORJLFDO�HIIHFWV�

® 1HZ�<RUN�1HZ�-HUVH\�+DUERU�DQG�1HZ�<RUN�%LJKW���,Q����������VSHFLHV�RI�ILVK��VL[�VSHFLHV�RI
ELYDOYHV��WZR�VSHFLHV�RI�FUXVWDFHDQV��DQG�RQH�VSHFLHV�RI�FHSKDORSRG�ZHUH�FROOHFWHG�IURP
VL[�DUHDV�RI�WKH�1HZ�<RUN�1HZ�-HUVH\�+DUERU��LQFOXGLQJ�WKH�1HZ�<RUN�%LJKW�$SH[
�6NLQQHU�HW�DO����������7KH�VDPSOHV�ZHUH�DQDO\]HG�IRU�FRQWDPLQDQWV��LQFOXGLQJ�3&%V�
RUJDQRFKORULQH�SHVWLFLGHV��DQG�PHUFXU\���2I�WKHVH�FRPSRXQGV��3&%V�ZHUH�WKH�SULPDU\
FKHPLFDO�FRQWDPLQDQWV�RI�FRQFHUQ��$YHUDJH�WRWDO�3&%�FRQFHQWUDWLRQV�IRU�$PHULFDQ�HHO�
VWULSHG�EDVV��ZKLWH�SHUFK��EOXHILVK��UDLQERZ�VPHOW��DQG�WKH�KHSDWRSDQFUHDV�RI�EOXH�FUDE
DQG�$PHULFDQ�OREVWHU�LQ�RQH�RU�PRUH�DUHDV�RI�WKH�KDUERU�HVWXDU\�H[FHHGHG�WKH�)'$
WROHUDQFH�OHYHO�IRU�3&%V��������QJ�J����,Q�EOXH�FUDE�DQG�$PHULFDQ�OREVWHU��3&%�DQG
RUJDQRFKORULQH�SHVWLFLGH�UHVLGXH�FRQFHQWUDWLRQV�ZHUH�SDUWLFXODUO\�HOHYDWHG�LQ�WLVVXHV
ZLWK�KLJK�OLSLG�FRQWHQW��H�J���KHSDWRSDQFUHDV����7KH�UHVHDUFKHUV�QRWHG�WKDW�DOWKRXJK
UHODWLYHO\�ORZ�OHYHOV�RI�FRQWDPLQDWLRQ�ZHUH�IRXQG�LQ�PXVFOH�WLVVXH��LQFUHDVHG
FRQWDPLQDQW�OHYHOV�LQ�WKH�KHSDWRSDQFUHDV�PD\�SUHVHQW�D�VXEVWDQWLDOO\�LQFUHDVHG�ULVN�WR
WKRVH�SHRSOH�ZKR�FKRRVH�WR�HDW�WKLV�WLVVXH��6NLQQHU�HW�DO����������3&%�FRQFHQWUDWLRQV�ZHUH
KLJKHVW�LQ�WKH�+XGVRQ�5LYHU�DQG�8SSHU�%D\��WKH�(DVW�5LYHU��DQG�WKH�$UWKXU�.LOO�.LOO�9DQ
.XOO�1HZDUN�FRPSOH[��FRQFHQWUDWLRQV�ZHUH�ORZHVW�LQ�-DPDLFD�%D\�DQG�WKH�1HZ�<RUN
%LJKW�$SH[���7KH�SULQFLSDO�FRPSRQHQWV�RI�WKH�3&%�FRQFHQWUDWLRQV�REVHUYHG�ZHUH�WKH
KLJKHU�FKORULQDWHG�FRQJHQHUV�
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5HVLGXHV�RI�FHUWDLQ�RWKHU�FRQWDPLQDQWV��H�J���''7��FKORUGDQH��GLHOGULQ��DQG�PHUFXU\�
DOVR�H[FHHGHG�UHJXODWRU\�FULWHULD�LQ�VRPH�ILVK�WLVVXH�VDPSOHV��6NLQQHU�HW�DO����������
$QDO\VHV�ZHUH�SHUIRUPHG�IRU�KH[DFKORUREHQ]HQH�DQG�WR[DSKHQH��EXW�WKH\�ZHUH�VHOGRP
RU�QHYHU�GHWHFWHG�
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7KLV�VHFWLRQ�LV�LQWHQGHG�WR�SURYLGH�D�EULHI�RYHUYLHZ�RI�WKH�FXUUHQW�OLWHUDWXUH�RQ�WKH
SRWHQWLDO�HFRORJLFDO�HIIHFWV��JHQHUDOO\��DGYHUVH�HIIHFWV�WR�DTXDWLF�RUJDQLVPV��ELUGV��DQG�PDPPDOV�
IURP�H[SRVXUH�WR�WKH�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ���,Q�JHQHUDO��WKH�LQIRUPDWLRQ�SUHVHQWHG
LQ�WKLV�VHFWLRQ�UHSUHVHQWV�GDWD�SXEOLVKHG�VLQFH�WKH�EDFNJURXQG�GRFXPHQW�IURP�WKH�)LUVW�5HSRUW�WR
&RQJUHVV�RQ�H[SRVXUH�DQG�HIIHFWV��6ZDLQ�HW�DO������D��ZDV�FRPSOHWHG�WKURXJK��������%HFDXVH�WKH
LQIRUPDWLRQ�SUHVHQWHG�LQ�WKLV�UHSRUW�FRYHUV�RQO\�UHFHQW�VWXGLHV��LW�FDQQRW�EH�XVHG�DORQH�WR
GHWHUPLQH�ZKHWKHU�WKHVH�HIIHFWV�DUH�ZLGHVSUHDG�LQ�WKH�HQYLURQPHQW���$V�LQ�WKH�)LUVW�5HSRUW�WR
&RQJUHVV��WKH�FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�WR[LF�FRQWDPLQDWLRQ�DQG�SRWHQWLDO
HFRORJLFDO�HIIHFWV�DVVRFLDWHG�ZLWK�H[SRVXUH�WR�WKH�SROOXWDQWV�FDQQRW�EH�TXDQWLILHG�DW�WKLV�WLPH�

7KLV�VHFWLRQ�SUHVHQWV�LQIRUPDWLRQ�RQ�HIIHFWV�REVHUYHG�LQ�ERWK�ODERUDWRU\�DQG�ILHOG
VWXGLHV��LW�GRHV�QRW��KRZHYHU�DWWHPSW�WR�HVWDEOLVK�D�UHODWLRQVKLS�EHWZHHQ�WKH�WZR�W\SHV�RI�VWXGLHV��
7KLV�VHFWLRQ�DOVR�GRHV�QRW�SURYLGH�LQIRUPDWLRQ�RQ�WKH�H[SRVXUH�OHYHOV�RI�WKH�SROOXWDQWV
UHVSRQVLEOH�IRU�WKH�REVHUYHG�HIIHFWV���,Q�DGGLWLRQ��WKLV�VHFWLRQ�GRHV�QRW�GLVWLQJXLVK�HIIHFWV�WKDW
PD\�RFFXU�LQ�ZLOGOLIH�ZLWK�ORQJ�WHUP�H[SRVXUH�WR�WKH�SROOXWDQWV�RI�FRQFHUQ�IURP�HIIHFWV�FDXVHG
E\�DFXWH��KLJK�OHYHO�H[SRVXUHV��H�J���DFFLGHQWDO�VSLOOV����7KH�SRWHQWLDO�HIIHFWV�RI�D�SROOXWDQW�PD\
YDU\�ZLWK�GXUDWLRQ�RI�H[SRVXUH��SRVVLEO\�GXH�WR�D�EUHDNGRZQ�RI�WKH�FKHPLFDO�LQ�WKH�ERG\�WR
DQRWKHU�FKHPLFDO�WKDW�LV�PRUH�WR[LF�RU�DIIHFWV�RWKHU�WDUJHW�RUJDQV�WKDQ�WKH�H[SRVHG�FKHPLFDO��
)XUWKHUPRUH��DGYHUVH�HIIHFWV�RQ�HFRORJLFDO�KHDOWK�FDXVHG�E\�H[SRVXUH�WR�WR[LF�FRQWDPLQDQWV�DUH
QRW�RIWHQ�HDV\�WR�GLVWLQJXLVK�IURP�RWKHU�VWUHVVHV���)RU�H[DPSOH��ILVK�SRSXODWLRQV�LQ�WKH�*UHDW
/DNHV�VXIIHU�IURP�KDELWDW�ORVV��RYHUILVKLQJ��DQG�WKH�LQWURGXFWLRQ�RI�QRQ�QDWLYH�VSHFLHV��LQ
DGGLWLRQ�WR�WKH�HIIHFWV�IURP�WR[LF�FRQWDPLQDQW�H[SRVXUH��8�6��(3$�����D����)LQDOO\��VWXGLHV�RQ
HFRORJLFDO�HIIHFWV�JHQHUDOO\�GR�QRW�GHWHUPLQH�WKH�H[SRVXUH�SDWKZD\�RI�WKH�SROOXWDQWV��H�J��
DWPRVSKHULF�GHSRVLWLRQ����,Q�WKLV�UHSRUW��XQGHU�IXWXUH�GLUHFWLRQV�IRU�UHVHDUFK��(3$�UHFRPPHQGV
FRRUGLQDWHG�DQDO\VHV�RI�SHUVLVWHQW�SROOXWDQWV�WKDW�UHODWH�ILHOG�PHDVXUHPHQWV�RI�FRQFHQWUDWLRQV�WR
HVWLPDWHG�H[SRVXUH�DQG�DVVRFLDWHG�HIIHFWV�REVHUYHG�LQ�ELRWD�

&RQFOXVLRQV�IURP�WKH�)LUVW�5HSRUW�WR�&RQJUHVV

,QIRUPDWLRQ�IURP�WKH�)LUVW�5HSRUW�WR�&RQJUHVV�LV�SUHVHQWHG�KHUH�WR�SURYLGH�D�IRXQGDWLRQ
IRU�WKH�VXEVHTXHQW�GLVFXVVLRQ�RI�WKH�UHFHQW�LQIRUPDWLRQ�DYDLODEOH�IRU�WKLV�UHSRUW���7KH�)LUVW�5HSRUW
WR�&RQJUHVV��DV�ZHOO�DV�WKH�EDFNJURXQG�GRFXPHQW�RQ�H[SRVXUH�DQG�HIIHFWV��6ZDLQ�HW�DO������D��
LGHQWLILHG�PDQ\�DGYHUVH�HFRORJLFDO�HIIHFWV��DW�ERWK�WKH�LQGLYLGXDO�VSHFLHV�OHYHO�DQG�WKH�HFRV\VWHP
OHYHO��DVVRFLDWHG�ZLWK�WKH�SROOXWDQWV�RI�FRQFHUQ���,Q�DGGLWLRQ��WKH�)LUVW�5HSRUW�WR�&RQJUHVV
GLVFXVVHG�HXWURSKLFDWLRQ�RI�HVWXDULQH�ZDWHUV��ZKLFK�LV�WKH�PDLQ�HFRORJLFDO�HIIHFW�UHOHYDQW�WR�WKLV
UHSRUW�DVVRFLDWHG�ZLWK�QLWURJHQ�ORDGLQJ���5HVHDUFK�ILQGLQJV�DQG�VWXGLHV�SUHVHQWHG�LQ�WKH�)LUVW
5HSRUW�WR�&RQJUHVV�OHG�WR�WKH�IROORZLQJ�JHQHUDO�FRQFOXVLRQV�FRQFHUQLQJ�SRWHQWLDO�HFRORJLFDO
HIIHFWV�

® 7KH�VHOHFWHG�SROOXWDQWV�RI�FRQFHUQ�KDYH�EHHQ�OLQNHG�WR�D�EURDG�UDQJH�RI�HIIHFWV�DW�WKH
LQGLYLGXDO�VSHFLHV�OHYHO�LQ�DTXDWLF�RUJDQLVPV�DQG�RWKHU�ZLOGOLIH��LQFOXGLQJ�HIIHFWV�RQ�WKH
UHSURGXFWLYH��QHUYRXV��LPPXQH��DQG�HQGRFULQH�V\VWHPV��DQG�FKDQJHV�LQ�HQ]\PH
IXQFWLRQLQJ�

® 5HSURGXFWLYH�HIIHFWV�RI�FHUWDLQ�SROOXWDQWV�RI�FRQFHUQ�LQFOXGH�UHGXFHG�IHUWLOLW\��LQFUHDVHG
HPEU\R�WR[LFLW\��UHGXFHG�KDWFKDELOLW\��UHGXFHG�VXUYLYDO�RI�RIIVSULQJ��DEQRUPDOLWLHV�LQ
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W\SLFDOO\�WDNHV�SODFH�RYHU�KXQGUHGV�RI�\HDUV��EXW�FDQ�EH�JUHDWO\�DFFHOHUDWHG�E\�DGGLWLRQV�RI�QXWULHQWV�IURP�KXPDQ
DFWLYLWLHV�

����

Pollutants of Concern for Reproduction

Pollutants of concern that have been linked
with reproductive impairment in aquatic and
terrestrial wildlife include cadmium, DDT/DDE,
dieldrin, lead, lindane, mercury, PCBs, and
2,3,7,8-TCDD.  

RIIVSULQJ��SDUHQWDO�EHKDYLRU�FKDQJH�
DQG�FKDQJHV�LQ�PDWLQJ�EHKDYLRU
�H�J���LPSDLUHG�KRUPRQH�DFWLYLW\�
FKDQJHG�DGXOW�VH[XDO�EHKDYLRU����)RU
H[DPSOH��HJJVKHOO�WKLQQLQJ�LQ�D
QXPEHU�RI�ELUG�VSHFLHV�DQG
DVVRFLDWHG�UHSURGXFWLYH�ORVV�ZHUH
OLQNHG�WR�H[SRVXUH�WR�''7��DQG�LWV
PHWDEROLWH�''(��LQ�WKH�����V�DQG
����V���5HFHQW�GHFUHDVHV�LQ�HQYLURQPHQWDO�FRQFHQWUDWLRQV�RI�UHSURGXFWLYH�SROOXWDQWV�RI
FRQFHUQ��VXFK�DV�''7�DQG�3&%V��DUH�FRUUHODWHG�ZLWK�SRSXODWLRQ�UHFRYHULHV�LQ�PDQ\�ELUG
DQG�RWKHU�ZLOGOLIH�VSHFLHV��KRZHYHU��VRPH�SRSXODWLRQV�LQ�FHUWDLQ�UHJLRQV�RI�WKH�*UHDW
/DNHV�VWLOO�H[KLELW�KLJKHU�UDWHV�RI�UHSURGXFWLYH�IDLOXUH�WKDQ�LQ�RWKHU�DUHDV�

® (IIHFWV�RQ�WKH�QHUYRXV�DQG�HQGRFULQH�V\VWHPV�PD\�RFFXU�DW�YHU\�ORZ�H[SRVXUH�OHYHOV��
)RU�H[DPSOH��ZLOG�SRSXODWLRQV�RI�*UHDW�/DNHV�KHUULQJ�JXOOV��)RUVWHU
V�WHUQV��DQG�ULQJ�
ELOOHG�JXOOV�H[SRVHG�WR�YDULRXV�SROOXWDQWV�RI�FRQFHUQ�KDYH�H[KLELWHG�EHKDYLRUDO�FKDQJHV
VXFK�DV�IHPDOH�IHPDOH�SDLULQJV��ZKLFK�UHVXOW�LQ�DEQRUPDO�LQFXEDWLRQ�DFWLYLWLHV�DQG
QHVWLQJ�EHKDYLRU��LQFOXGLQJ�QHVW�DEDQGRQPHQW�

® 6HYHUDO�RI�WKH�SROOXWDQWV�RI�FRQFHUQ�FDXVH�FKDQJHV�LQ�HQ]\PH�IXQFWLRQLQJ���6WXGLHV
UHSRUWHG�WKDW�WKH�DFWLYLW\�RI�HQ]\PHV�UHVSRQVLEOH�IRU�WKH�EUHDNGRZQ�RI�IRUHLJQ
FRPSRXQGV�LV�JUHDWO\�LQFUHDVHG�E\�PRVW�RI�WKH�SROOXWDQWV�RI�FRQFHUQ���,Q�ILVK��WKH
LQFUHDVHG�DFWLYLW\�RI�WKHVH�HQ]\PHV�KDV�EHHQ�VKRZQ�WR�UHVXOW�IURP�H[SRVXUH�WR�3&%V�DQG
3$+V���,Q�ELUGV���ZDVWLQJ��V\QGURPH��L�H���WKH�FRQGLWLRQ�LQ�ZKLFK�DQ�DQLPDO�VORZO\�ORVHV
ERG\�ZHLJKW�XQWLO�LW�FDQ�QR�ORQJHU�VXVWDLQ�LWVHOI��KDV�EHHQ�UHODWHG�WR�DOWHUHG�HQ]\PH
DFWLYLW\�UHVXOWLQJ�IURP�H[SRVXUH�WR�SROOXWDQWV�VXFK�DV�7&''�

® ([SRVXUH�RI�FRPPXQLWLHV�RI�ERWWRP�GZHOOLQJ�DTXDWLF�VSHFLHV�LQ�WKH�*UHDW�/DNHV�WR�WR[LF
FKHPLFDOV�KDV�UHVXOWHG�LQ�VLJQLILFDQW�FKDQJHV�LQ�VSHFLHV�GLYHUVLW\�DQG�SRSXODWLRQV���,Q
DGGLWLRQ��ILVK�HDWLQJ�ELUGV�VXFK�DV�EDOG�HDJOHV��KHUULQJ�JXOOV��DQG�)RUVWHU
V�WHUQV�LQ�WKH
*UHDW�/DNHV�UHJLRQ�KDYH�XQGHUJRQH�VLJQLILFDQW�SRSXODWLRQ�GHFOLQHV�VLQFH�WKH�����V��
2QO\�LQ�UHFHQW�\HDUV��DV�ZDWHU�FRQFHQWUDWLRQV�RI�SROOXWDQWV�LQ�WKH�*UHDW�/DNHV�KDYH
GHFOLQHG��KDYH�VRPH�VSHFLHV�EHJXQ�WR�UHFRYHU���&HUWDLQ�FXUUHQW�SRSXODWLRQ�UHFRYHULHV�RI
ILVK�HDWLQJ�ELUGV�DUH�VWLOO�GHSHQGHQW�RQ�PLJUDWLRQ�WR�*UHDW�/DNHV�EUHHGLQJ�FRORQLHV�IURP
RWKHU�DUHDV�

® (XWURSKLFDWLRQ �LV�RQH�RI�WKH�PRVW�VHULRXV�SROOXWLRQ�SUREOHPV�IDFLQJ�HVWXDULQH�ZDWHUV�RI�

WKH�8QLWHG�6WDWHV���$WPRVSKHULF�GHSRVLWLRQ�RI�YDULRXV�QLWURJHQ�FRPSRXQGV��PRVWO\
QLWUDWHV�DQG�DPPRQLXP��FDQ�FRQWULEXWH�VLJQLILFDQWO\�WR�HXWURSKLFDWLRQ�LQ�FRDVWDO�ZDWHUV
ZKHUH�SURGXFWLYLW\�LV�XVXDOO\�OLPLWHG�E\�QLWURJHQ�DYDLODELOLW\���$FFHOHUDWHG�HXWURSKL�
FDWLRQ�UHVXOWV�LQ�VHYHUH�HFRORJLFDO�HIIHFWV�VXFK�DV�QXLVDQFH�DOJDO�EORRPV��GLHEDFN�RI
XQGHUZDWHU�SODQWV��GXH�WR�UHGXFHG�OLJKW�SHQHWUDWLRQ���UHGXFHG�R[\JHQ�OHYHOV�LQ�WKH
ZDWHU��DQG�UHGXFHG�SRSXODWLRQV�RI�ILVK�DQG�VKHOOILVK���7KH�UHGXFWLRQ�LQ�R[\JHQ�OHYHOV
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PD\�UHGXFH�RU�HOLPLQDWH�ERWWRP�IHHGHU�SRSXODWLRQV��FUHDWH�FRQGLWLRQV�WKDW�IDYRU
GLIIHUHQW�VSHFLHV��RU�FDXVH�GUDPDWLF�ILVK�NLOOV��UHVXOWLQJ�LQ�DQ�DOWHUHG�IRRG�ZHE�

7KH�UHPDLQGHU�RI�WKLV�VHFWLRQ�SUHVHQWV�XSGDWHG�LQIRUPDWLRQ�RQ�HFRORJLFDO�HIIHFWV
DVVRFLDWHG�ZLWK�WKH�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ�

&XUUHQW�8QGHUVWDQGLQJ�RI�(FRORJLFDO�(IIHFWV

6LQFH�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��XSGDWHG�LQIRUPDWLRQ�RQ�WKH�SROOXWDQWV�RI�FRQFHUQ
DQG�WKHLU�HIIHFWV�RQ�DTXDWLF�DQG�WHUUHVWULDO�ZLOGOLIH�KDV�EHFRPH�DYDLODEOH���7KLV�VHFWLRQ�ILUVW
GLVFXVVHV�VRPH�QRWDEOH�UHVHDUFK�HIIRUWV�RQ�HFRORJLFDO�HIIHFWV�UHOHYDQW�WR�VRPH�*UHDW�:DWHUV
SROOXWDQWV�RI�FRQFHUQ�DQG�WKHQ�SURYLGHV�D�EULHI�RYHUYLHZ�RI�UHFHQW�GDWD�RQ�WKH�SRWHQWLDO
HFRORJLFDO�HIIHFWV�VSHFLILF�WR�HDFK�SROOXWDQW�RI�FRQFHUQ�

$V�LQWURGXFHG�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��WKH�UROH�RI�HQGRFULQH�GLVUXSWRUV�LQ�FDXVLQJ
DGYHUVH�HIIHFWV�ZLOGOLIH�DQG�KXPDQV�LV�DQ�HPHUJLQJ�DQG�FRQWURYHUVLDO�LVVXH���(QGRFULQH
GLVUXSWRUV�ZHUH�WHUPHG��HQYLURQPHQWDO�HVWURJHQV��LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��KRZHYHU�
EHFDXVH�WKH�LQWHUIHUHQFH�ZLWK�KRUPRQH�DFWLRQ�ZDV�IRXQG�QRW�WR�EH�OLPLWHG�WR�HVWURJHQ��WKHVH
SROOXWDQWV�DUH�QRZ�PRUH�JHQHUDOO\�UHIHUUHG�WR�DV��HQGRFULQH�GLVUXSWRUV����)RU�H[DPSOH��S�S
�''(
�D�EUHDNGRZQ�SURGXFW�RI�''7��KDV�EHHQ�VKRZQ�WR�LQKLELW�WKH�ELQGLQJ�RI�DQGURJHQ��D�PDOH
KRUPRQH��WR�UHFHSWRUV��DPRQJ�RWKHU�DQGURJHQ�DFWLRQV��.HOFH�HW�DO����������6HYHUDO�SROOXWDQWV�KDYH
EHHQ�LGHQWLILHG�DV�SRVVLEOH�HQGRFULQH�GLVUXSWRUV��LQFOXGLQJ����RI�WKH����SROOXWDQWV�RI�FRQFHUQ�IRU
DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV���FKORUGDQH��GLHOGULQ��''7�''(��KH[DFKORUREHQ]HQH�
OHDG��OLQGDQH��PHUFXU\��LQ�WKH�IRUP�GLPHWK\OPHUFXU\���3&%V��7&''V��7&')V��DQG�WR[DSKHQH
�H�J���&DVVLG\�HW�DO��������&KRZGKXU\�HW�DO��������&ROERUQ�HW�DO��������0F.LQQH\�������6RWR�HW�DO�
������8�6��(3$�����F����6LQFH�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��VFLHQWLILF�UHVHDUFK�RQ�HQGRFULQH
GLVUXSWRUV�KDV�FRQWLQXHG�WR�SURYLGH�HYLGHQFH�RI�WKHLU�DGYHUVH�HIIHFWV�DQG�KDV�LQYHVWLJDWHG�WKHLU
PHFKDQLVPV�RI�DFWLRQ��L�H���KRZ�WKH\�GLVUXSW�WKH�HQGRFULQH�V\VWHP�ZLWKLQ�WKH�ERG\��

7KH�H[LVWHQFH�DQG�HIIHFWV�RI�WKH�KRUPRQH�OLNH�DFWLRQ�RI�HQYLURQPHQWDO�SROOXWDQWV�ZHUH
ILUVW�K\SRWKHVL]HG�LQ�WKH�����V�DQG�����V���,Q�WKH�ODWH�����V��VFLHQWLVWV�FRQFHUQHG�ZLWK�QRQFDQFHU
HIIHFWV�RI�WR[LF�SROOXWDQWV�EURXJKW�WKLV�LVVXH�LQWR�IRFXV���,Q�-XO\�������PDQ\�VFLHQWLVWV�ZKRVH
GLYHUVH�UHVHDUFK�LQWHUHVWV�WRXFKHG�RQ�VRPH�DVSHFW�RI�HQGRFULQH�V\VWHP�GLVUXSWLRQ�FRQYHQHG�DW
WKH�:LQJVSUHDG�&RQIHUHQFH���7KH�FRQIHUHQFH�KHOSHG�LGHQWLI\�IXWXUH�UHVHDUFK�QHHGV�IRU
LPSURYLQJ�WKH�XQGHUVWDQGLQJ�RI�HQGRFULQH�GLVUXSWRUV��WKHLU�PHFKDQLVPV�RI�DFWLRQ��DQG�WKHLU
HIIHFWV��1:)���������0DQ\�RI�WKH�DGYHUVH�HIIHFWV�LQ�ZLOGOLIH�DQG�KXPDQV��H�J���UHSURGXFWLYH�
GHYHORSPHQWDO��DQG�LPPXQRORJLFDO�HIIHFWV��DVVRFLDWHG�ZLWK�WKH�SROOXWDQWV�RI�FRQFHUQ�DUH�QRZ
WKHRUL]HG�WR�EH�DVVRFLDWHG�ZLWK�WKH�HQGRFULQH�GLVUXSWLQJ�DFWLRQ�RI�WKH�SROOXWDQWV���5HFHQW�DUWLFOHV
SXEOLVKHG�LQ�WKH�PDVV�PHGLD�KDYH�EURXJKW�WKLV�LVVXH�ZLGHVSUHDG�DWWHQWLRQ��%HJOH\�DQG�*OLFN
������6XSOHH�������:HLVV�������:HLVV�DQG�/HH�������

(QGRFULQH�GLVUXSWRUV�DUH�EHOLHYHG�WR�LQWHUIHUH�ZLWK�WKH�RSHUDWLRQ�RI�WKH�HQGRFULQH
V\VWHP�LQ�PDQ\�ZD\V��VXFK�DV�E\�PLPLFNLQJ�QDWXUDO�KRUPRQHV�RU�E\�EORFNLQJ�QDWXUDO�KRUPRQHV��
7KLV�LQWHUIHUHQFH�FDQ�SRWHQWLDOO\�GLVUXSW�WKH�UHSURGXFWLYH�DQG�LPPXQH�V\VWHPV�DQG�DGYHUVHO\
DIIHFW�PHWDEROLVP��JURZWK��DQG�EHKDYLRU�

6RPH�RI�WKH�UHFHQW�DUWLFOHV�GHPRQVWUDWLQJ�HQGRFULQH�GLVUXSWLRQ�E\�D�IHZ�RI�WKH�*UHDW
:DWHUV�SROOXWDQWV�RI�FRQFHUQ�LQ�DTXDWLF�DQG�WHUUHVWULDO�ZLOGOLIH�DUH�EULHIO\�VXPPDUL]HG�EHORZ�
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® 6FLHQWLVWV�LQ�FHQWUDO�)ORULGD�KDYH�EHHQ�REVHUYLQJ�DOOLJDWRUV�IURP�D�FRQWDPLQDWHG�ODNH�DQG
D�FRQWURO�ODNH���7KH�UHVHDUFKHUV�KDYH�IRXQG�WKDW�DOOLJDWRU�HJJV�DQG�QHZERUQV�IURP�WKH
FRQWDPLQDWHG�ODNH�GLIIHU�VLJQLILFDQWO\�IURP�WKRVH�LQ�WKH�FRQWURO�ODNH��VKRZLQJ�UHGXFHG
KDWFKDELOLW\��UHGXFHG�YLDELOLW\�RI�RIIVSULQJ��HQGRFULQH��GHPDVFXODWLRQ��RI�PDOHV��DQG
�VXSHUIHPLQL]DWLRQ��RI�IHPDOHV��*XLOOHWWH�HW�DO����������-XYHQLOH�DOOLJDWRUV�H[KLELW
VLJQLILFDQWO\�VPDOOHU�SHQLV�VL]H�����SHUFHQW�GHFUHDVH��DQG�ORZHU�SODVPD�FRQFHQWUDWLRQV�RI
WHVWRVWHURQH�����SHUFHQW�ORZHU��ZKHQ�FRPSDUHG�WR�DOOLJDWRUV�IURP�WKH�FRQWURO�ODNH
�*XLOOHWWH�HW�DO����������7KH�DOOLJDWRUV�IURP�WKH�FRQWDPLQDWHG�ODNH�KDYH�HOHYDWHG�OHYHOV�RI
S�S
�''(��D�NQRZQ�HQGRFULQH�GLVUXSWRU��LQ�WKHLU�WLVVXHV��ZKLFK�UHVHDUFKHUV�EHOLHYH�DUH
DVVRFLDWHG�ZLWK�D�ODUJH�VSLOO�RI�D�SHVWLFLGH�FRQWDLQLQJ�''7���6WXGLHV�LQWR�WKH�PHFKDQLVP
RI�DFWLRQ�RI�WKHVH�HIIHFWV�DUH�RQJRLQJ��*XLOOHWWH�HW�DO��������������

® 5HVHDUFKHUV�KDYH�EHHQ�VWXG\LQJ�WKH�PHFKDQLVP�RI�DFWLRQ�RI�HQGRFULQH�GLVUXSWLRQ�LQ�D
FRPPRQ�WXUWOH�VSHFLHV��WKH�UHG�HDUHG�VOLGHU��DQG�WKH�$IULFDQ�FODZHG�IURJ��3DOPHU�DQG
3DOPHU���������7KHLU�ZRUN�KDV�IRFXVHG�RQ�D�SRWHQWLDO�ELRPDUNHU�IRU�H[SRVXUH�WR�HQGR�
FULQH�GLVUXSWRUV�FDOOHG�YLWHOORJHQLQ��HJJ�\RON�SURWHLQ�LQ�WKH�EORRG�RI�HJJ�OD\LQJ�YHUWH�
EUDWHV����:KHQ�VWLPXODWHG�E\�HVWURJHQ��WKH�OLYHU�SURGXFHV�WKLV�SURWHLQ�DQG�UHOHDVHV�WKH
SURWHLQ�LQWR�WKH�EORRGVWUHDP��ZKHUH�LW�WKHQ�FLUFXODWHV�WR�WKH�RYDULHV�DQG�LV�GHSRVLWHG�LQWR
DQ�HJJ���8VXDOO\�RQO\�IHPDOHV�SRVVHVV�D�VXIILFLHQW�DPRXQW�RI�HVWURJHQ�WR�SURGXFH�YLWHO�
ORJHQLQ��KRZHYHU��LQ�D�ODERUDWRU\�VWXG\��''7�LQGXFHG�YLWHOORJHQLQ�SURGXFWLRQ�LQ�PDOH
WXUWOHV�DQG�IURJV���,Q�DQRWKHU�VWXG\��3&%V�DQG�OLQGDQH�ZHUH�IRXQG�WR�LQGXFH�HVWURJHQ
UHFHSWRU�DQG�YLWHOORJHQLQ�DFFXPXODWLRQ�LQ�UDLQERZ�WURXW�OLYHU��)ORXURLW�HW�DO��������

® ,Q�PDQ\�HJJ�OD\LQJ�UHSWLOHV��WKH�WHPSHUDWXUH�RI�WKH�LQFXEDWLQJ�HJJ�GHWHUPLQHV�WKH�VH[�RI
WKH�RIIVSULQJ���3&%V�DSSOLHG�WR�WKH�VKHOOV�RI�WXUWOH�HJJV�GXULQJ�WKH�SHULRG�RI�VH[XDO
GLIIHUHQWLDWLRQ�FRXQWHUDFWHG�PDOH�SURGXFLQJ�WHPSHUDWXUHV�DQG�LQGXFHG�RYDULDQ
GHYHORSPHQW��%HUJHURQ�HW�DO����������)XUWKHU�VWXG\�RI�WKH�PHFKDQLVP�RI�DFWLRQ�DQG
V\QHUJLVWLF�HIIHFWV�RI�GLIIHUHQW�3&%�FRQJHQHUV�DUH�RQJRLQJ��&UHZV�HW�DO��������

® 5HVHDUFKHUV�KDYH�UHFHQWO\�EHHQ�WHVWLQJ�WKH�K\SRWKHVLV�WKDW�HQGRFULQH�GLVUXSWRUV��VXFK�DV
''(��PHUFXU\��DQG�3&%V��DUH�SOD\LQJ�D�UROH�LQ�WKH�GHFOLQH�RI�WKH�HQGDQJHUHG�)ORULGD
SDQWKHU�SRSXODWLRQ��)DFHPLUH�HW�DO�����������0DQ\�KDYH�FRQVLGHUHG�LQEUHHGLQJ�WKH�PDLQ
IDFWRU�XS�WR�WKLV�SRLQW����$�ODUJH�SHUFHQWDJH�RI�PDOHV�KDYH�H[KLELWHG�DEQRUPDO�UHSURGXF�
WLYH�RUJDQV��VWHULOLW\��DQG�SURGXFWLRQ�RI�DEQRUPDO�RU�GHIRUPHG�VSHUP���%RWK�PDOHV�DQG
IHPDOHV�H[KLELW�DEQRUPDO�KRUPRQH�UDWLRV��ZLWK�OLWWOH�GLIIHUHQFH�LQ�HVWUDGLRO�OHYHOV
EHWZHHQ�PDOHV�DQG�IHPDOHV��L�H���HYLGHQFH�WKDW�PDOHV�KDYH�EHHQ�GHPDVFXODWHG�DQG
IHPLQL]HG��

® 7KH�HIIOXHQW�IURP�VHZDJH�WUHDWPHQW�SODQWV�KDV�EHHQ�VKRZQ�WR�LQGXFH�YLWHOORJHQLQ
V\QWKHVLV�LV�PDOH�ILVK��)ROPDU�HW�DO��������6XPSWHU�DQG�-REOLQJ���������7KH�LQYHVWLJDWRUV
DWWULEXWH�WKLV�HIIHFW�WR�WKH�HVWURJHQLF�SURSHUWLHV�RI�HQYLURQPHQWDO�FRQWDPLQDQWV�LQ�WKH
HIIOXHQW��WKRXJK�VSHFLILF�FKHPLFDOV�ZHUH�QRW�LGHQWLILHG�

,Q�UHFHQW�\HDUV��VHYHUDO�RUJDQL]DWLRQV�DQG�JRYHUQPHQWDO�DJHQFLHV��LQFOXGLQJ�(3$��KDYH
EHJXQ�WR�VXSSRUW�UHVHDUFK�HIIRUWV�WR�IXUWKHU�VWXG\�HQGRFULQH�GLVUXSWRUV���)RU�H[DPSOH�

® 7KH�1DWLRQDO�6FLHQFH�DQG�7HFKQRORJ\�&RXQFLO��ZKLFK�DGYLVHV�WKH�3UHVLGHQW�DQG�KLV
&DELQHW�RQ�GLUHFWLRQV�IRU�IHGHUDO�UHVHDUFK�DQG�GHYHORSPHQW�HIIRUWV��KDV�JLYHQ�(3$������
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Research Planning Workshops on
Endocrine Disruptors

Purpose :  To develop a national research strategy
on endocrine disruptors, in response to growing
public concern over their adverse effects.

Findings :  The hypothesis that endocrine
disruptors cause a variety of adverse effects in
wildlife and humans is of sufficient concern to
warrant a concerted research effort.  Research
priorities include:  identifying and characterizing
effects on developing reproductive systems; and
refining exposure assessments and research on
toxicology of mixtures.

Outcomes :  EPA has published workshop findings
and recommendations in scientific literature,
begun implementing some of the identified
research initiatives, and has formed an Endocrine
Disruptor Research Coordination Committee.

Sources:  Ankley et al. 1997; CENR 1996; Kavlok
et al. 1996; U.S. EPA 1995b.

WKH�WDVN�RI�GHYHORSLQJ�D�QDWLRQDO
UHVHDUFK�VWUDWHJ\�RQ�HQGRFULQH
GLVUXSWRUV�E\��������(3$�UHFHQWO\
FRQGXFWHG�WZR�ZRUNVKRSV�WR�SODQ
UHVHDUFK�LQ�WKLV�DUHD��VHH�VLGHEDU��

® 7KH�&KHPLFDO�,QGXVWU\�,QVWLWXWH�RI
7R[LFRORJ\��&,,7��KDV�GHYHORSHG�D
FRPSUHKHQVLYH�UHVHDUFK�SURJUDP�WR
HYDOXDWH�WKH�SRWHQWLDO�IRU�VHOHFWHG
FKHPLFDOV�WR�DIIHFW�WKH�KXPDQ
HQGRFULQH�V\VWHP���2QH�RI�WKH�FULWLFDO
JRDOV�RI�WKLV�SURJUDP�LV�WR
XQGHUVWDQG�WKH�UHODWLRQVKLS�EHWZHHQ
GRVH�OHYHOV�WKDW�SURGXFH�DQ�HIIHFW�LQ
ODERUDWRU\�FHOO�FXOWXUHV�DQG�WKH�GRVH
OHYHO�QHHGHG�IRU�HIIHFWV�WR�EH�VHHQ�LQ
ODERUDWRU\�DQLPDOV�

® (3$
V�5LVN�$VVHVVPHQW�)RUXP��ZKLFK
SURPRWHV�VFLHQWLILF�FRQVHQVXV�RQ�ULVN
DVVHVVPHQW�LVVXHV��DVVHPEOHG�D
WHFKQLFDO�SDQHO�WR�VWXG\�HQYLURQPHQWDO�HQGRFULQH�GLVUXSWRUV���7KH�SDQHO�KDV�UHOHDVHG�D
GUDIW�UHSRUW�WKDW�LV�LQWHQGHG�WR�VHUYH�DV�DQ�LQWHULP�DVVHVVPHQW�DQG�DQDO\VLV�RI�WKH
HQYLURQPHQWDO�HQGRFULQH�GLVUXSWLRQ�K\SRWKHVLV�XQWLO�D�PRUH�H[WHQVLYH�H[SORUDWLRQ�RI
WKH�LVVXH�FDQ�EH�FRPSOHWHG�E\�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFH��8�6��(3$�����G��

,Q�DGGLWLRQ�WR�WKH�UHFHQW�IRFXV�RQ�HQGRFULQH�GLVUXSWRUV�DQG�WKHLU�SRWHQWLDO�LPSDFW�RQ
HFRORJLFDO�KHDOWK��RWKHU�UHVHDUFK�HIIRUWV�UHOHYDQW�WR�SRWHQWLDO�HFRORJLFDO�HIIHFWV�RI�WKH�SROOXWDQWV�RI
FRQFHUQ�LQFOXGH�WKH�IROORZLQJ�

® (3$�VXEPLWWHG�D�GUDIW�0HUFXU\�6WXG\�5HSRUW�WR�WKH�6FLHQFH�$GYLVRU\�%RDUG��6$%��IRU
UHYLHZ�LQ�-XQH��������7KH�UHSRUW�ZDV�UHYLHZHG�E\�6$%�LQ�)HEUXDU\��������(3$�H[SHFWV�WR
UHFHLYH�WKH�RSLQLRQ�RI�6$%�LQ�WKH�VXPPHU�RI��������7KH�ILQDO�0HUFXU\�6WXG\�5HSRUW�ZLOO
IXOILOO�WKH�UHTXLUHPHQWV�RI�&$$�VHFWLRQ�����Q�����%���LQFOXGLQJ�D�UHTXLUHPHQW�WR�DVVHVV�WKH
HQYLURQPHQWDO�HIIHFWV�RI�PHUFXU\�HPLVVLRQV�

® 'LR[LQ�KDV�EHHQ�FODVVLILHG�DV�WKH�PRVW�SRWHQW�NQRZQ�DQLPDO�FDUFLQRJHQ��DQG�DV�D
SUREDEOH�KXPDQ�FDUFLQRJHQ��VLQFH��������,QFUHDVHG�FRQFHUQV�WKDW�GLR[LQV�LQ�DTXDWLF
HQYLURQPHQWV�PD\�EH�D�PDMRU�FRQWULEXWRU�WR�RYHUDOO�KXPDQ�GLR[LQ�H[SRVXUH�WKURXJK
ILVK�DQG�VKHOOILVK�FRQVXPSWLRQ��DV�ZHOO�DV�LQFUHDVHG�HYLGHQFH�RI�LWV�KD]DUG�WR�ILVK�DQG
ZLOGOLIH��SURPSWHG�(3$�WR�UHDVVHVV�GLR[LQ
V�HIIHFWV�RQ�DTXDWLF�HFRV\VWHPV���:RUN�RQ
FKDUDFWHUL]LQJ�HFRORJLFDO�ULVNV�LV�LQ�SURJUHVV�DW�(3$
V�0LG�&RQWLQHQW�(FRORJ\�'LYLVLRQ���
RI�WKH�1DWLRQDO�+HDOWK�DQG�(FRORJLFDO�(IIHFWV�5HVHDUFK�/DERUDWRU\��1+((5/��LQ���
'XOXWK��0LQQHVRWD���(3$�SXEOLVKHG�WKH�,QWHULP�5HSRUW�RQ�'DWD�DQG�0HWKRGV�IRU���
$VVHVVPHQW�RI���������7HWUDFKORURGLEHQ]R�S�GLR[LQ�5LVNV�WR�$TXDWLF�/LIH�DQG�$VVRFLDWHG����
:LOGOLIH��8�6��(3$�����D��RQ�WKLV�UHVHDUFK���7KH�JRDO�RI�WKH�UHSRUW�LV�WR�UHYLHZ�DQG
HYDOXDWH�UHOHYDQW�SXEOLVKHG�DQG�XQSXEOLVKHG�GDWD�DQG�PRGHOV�FXUUHQWO\�DYDLODEOH�IRU
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Pollutants of Concern and Health Effects
in St. Lawrence Estuary Beluga Whales

A 9-year epidemiological study in an isolated
population of beluga whales documented higher
levels of many pollutants of concern, including
dieldrin, DDT, HCB, lead, mercury, PAHs, and
PCBs, in these whales compared to Arctic belugas
(Beland et al. 1993). The St. Lawrence whales
exhibited high prevalence of tumors; high incidence
of lesions to the digestive system, mammary glands,
and other glandular structures; some evidence of
immune system suppression; and frequent tooth
loss and gum disease.  No such lesions were
observed in Arctic belugas or in other St. Lawrence
aquatic mammals (e.g., seals).  Researchers
propose this case as a model for the potential long-
term consequences of pollutants in the environment
on human health (De Guise et al. 1995).

DQDO\]LQJ�GLR[LQ�H[SRVXUH�WR�DQG�HIIHFWV�RQ�DTXDWLF�OLIH�DQG�ZLOGOLIH���,QIRUPDWLRQ�RQ
UHODWHG�FRPSRXQGV��VXFK�DV�7&')�DQG�3&%V��LV�QRW�GLVFXVVHG�LQ�GHWDLO�LQ�WKH�LQWHULP
UHSRUW��KRZHYHU��LW�LV�H[SHFWHG�WKDW�WKH�ILQDO�UHSRUW�ZLOO�DVVHVV�WKH�FRQWULEXWLRQ�RI�WKHVH
UHODWHG�FRPSRXQGV�WR�WKH�ULVN�IRU�DTXDWLF�OLIH�DQG�ZLOGOLIH���7KH�LQWHULP�UHSRUW�ILQGLQJV
DUH�SUHVHQWHG�XQGHU�WKH�GLVFXVVLRQ�RI�7&''�LQ�WKLV�VHFWLRQ�

%DVHG�RQ�LQIRUPDWLRQ�IURP�WKH�DERYH
UHVHDUFK�RQ�HFRORJLFDO�HIIHFWV�RI�SROOXWDQWV�RI
FRQFHUQ��DV�ZHOO�DV�ILQGLQJV�IURP�UHFHQWO\
SXEOLVKHG�GDWD��D�VXPPDU\�RI�WKH�SRWHQWLDO
HFRORJLFDO�HIIHFWV�RI�WKH�SROOXWDQWV�RI�FRQFHUQ
LV�SUHVHQWHG�LQ�7DEOH�,,�����)RU�HDFK�HIIHFW
DWWULEXWDEOH�WR�D�SROOXWDQW�RI�FRQFHUQ��WKH
WDEOH�LGHQWLILHV�WKH�RUJDQLVP�W\SH�V��LQ�ZKLFK
WKH�HIIHFW�KDV�EHHQ�REVHUYHG��L�H���SODQWV�
LQYHUWHEUDWHV��ILVK��DPSKLELDQV�UHSWLOHV��ELUGV�
DQG�PDPPDOV����7DEOH�,,���SUHVHQWV�GDWD�RQ
WKH�IROORZLQJ�W\SHV�RI�HIIHFWV���GHDWK��FDQFHU�
UHSURGXFWLYH�GHYHORSPHQWDO��LPPXQRORJLFDO�
PHWDEROLF�HQ]\PH��DQG�QHXURORJLFDO�
EHKDYLRUDO�HIIHFWV��GDPDJH�WR�WKH�NLGQH\�
OLYHU��KHDUW��OXQJV�RU�JLOOV��RU�JDVWURLQWHVWLQDO
WUDFW��H[WHULRU�FKDQJHV��DQG�GHFUHDVHG�JURZWK
RU�ELRPDVV���7KH�LQIRUPDWLRQ�LQ�WKLV�WDEOH�LV
EDVHG�RQ�ERWK�ILHOG�DQG�ODERUDWRU\�VWXGLHV��
7KLV�UHSRUW�GRHV�QRW�DWWHPSW�WR�DVVHVV�KRZ�WKH�REVHUYHG�HIIHFWV�RQ�LQGLYLGXDO�DQLPDOV
FRQWULEXWHV�WR�FKDQJHV�LQ�VSHFLHV�SRSXODWLRQV�ZLWKLQ�DQ�HFRV\VWHP�RU�KRZ�WKH�ODERUDWRU\�VWXGLHV
UHODWH�WR�VWXGLHV�RI�HIIHFWV�REVHUYHG�LQ�WKH�HQYLURQPHQW���,Q�DGGLWLRQ��LQIRUPDWLRQ�RQ�WKH
H[SRVXUH�OHYHOV�UHODWHG�WR�WKHVH�HIIHFWV�LV�QRW�SURYLGHG�

)ROORZLQJ�WKH�WDEOH��UHFHQW�LQIRUPDWLRQ�RQ�WKH�HFRORJLFDO�HIIHFWV�RI�WKH�SROOXWDQWV�RI
FRQFHUQ�LV�GLVFXVVHG�E\�SROOXWDQW�JURXS���7KH�HFRORJLFDO�HIIHFWV�RI�QLWURJHQ��L�H���HXWURSKLFDWLRQ
DQG�LWV�FRQVHTXHQFHV��DOVR�DUH�GLVFXVVHG�LQ�WKLV�VHFWLRQ�

0(5&85<�$1'�&203281'6

7KH�GDWD�SUHVHQWHG�LQ�7DEOH�,,���VXPPDUL]H�WKH�SRWHQWLDO�HIIHFWV�RI�PHUFXU\�H[SRVXUH�RQ
SODQWV��LQYHUWHEUDWHV��ILVK��ELUGV��DQG�PDPPDOV���$�EULHI�VXPPDU\�RI�VRPH�UHFHQW�UHVHDUFK
ILQGLQJV�LV�SUHVHQWHG�EHORZ�

® 7KH�HIIHFWV�RI�PHUFXU\�RQ�SODQWV�PD\�LQFOXGH�GHDWK��JURZWK�LQKLELWLRQ��OHDI�RU�URRW
GDPDJH��FKORURSK\OO�GHFOLQH��DQG�UHGXFHG�SKRWRV\QWKHVLV��*RGEROG�������/LQGTXLVW
������6FKOHJHO�HW�DO��������

® ,Q�ILVK�DQG�DTXDWLF�LQYHUWHEUDWHV��PHUFXU\�H[SRVXUH�FDQ�FDXVH�GHDWK��UHGXFHG
UHSURGXFWLYH�VXFFHVV��LPSDLUHG�JURZWK�DQG�GHYHORSPHQW��DQG�EHKDYLRUDO�DEQRUPDOLWLHV
�8�6��(3$�������
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TABLE II-8
Potential Effects of the Pollutants of Concern on Aquatic Life and Wildlife

Pollutant of Concern

Potential Ecological Effects a

Death Cancer Developmental Immunological Enzyme Behavioral
Reproductive/ Metabolic/ Neurological/

b

Cadmium and compounds I F I F B F B M I B

Chlordane I F A B M M I F A B M M I M F B M

DDT/DDE P I I B A M M F B

Dieldrin B A B

HCB P I F B I F I B

�-HCH

Lead and compounds I F A B M I F A B M F A I F B M F A B M

Lindane I I F I

Mercury and compounds I F A B M M I F A B M B P F B I F B M

PCBs P I F B M M I F B M F M F B M F B M

POM (PAHs) I F M F A M I F B M F B M F I F

TCDD (dioxins) F B M F B M M B

TCDF (furans)

Toxaphene I F A B M M I F B M A F B

 Blank areas indicate that no data were found correlating the effect with the pollutant of concern (as opposed to data found indicating noa

correlation between the effect and the pollutant of concern).
 Includes endocrine-disrupting effects.b

Key : P = Plants     I = Invertebrates     F = Fish     A = Amphibians/Reptiles     B = Birds     M = Mammals

Sources:  Arkoosh et al. 1994; Baturo et al. 1995; Constable and Orr 1994; Di Pinto et al. 1993; Doust et al. 1994; Dunier and Siwicki 1994;
Eisler 1985, 1986a, 1986b, 1987a, 1987b, 1988, 1990; Eisler and Jacknow 1985; Ferrando et al. 1995; Fitchko 1986; Geyer et al. 1993;
Government of Canada 1994; Hermsen et al. 1994; Hill and Nelson 1992; Hugget et al. 1992; Johnson et al. 1993; Lahvis 1995; Malbouisson et
al. 1994; Schulz and Liess 1995; Tidou et al. 1992; Trust et al. 1994; and U.S. EPA 1993a, 1993b, 1993c.
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TABLE II-8
Potential Effects of the Pollutants of Concern on Aquatic Life and Wildlife

(continued)

Pollutant of Concern
Potential Ecological Effects a

Kidney Liver Heart Lung/Gill Gastrointestinal External Decreased
Damage Damage Damage Damage Damage Damage Growth/Biomass

Cadmium and compounds B B I F B

Chlordane M M M M M I M

DDT/DDE P

Dieldrin B

HCB F B P I B

�-HCH

Lead and compounds F B F B F A M F B I Mb

Lindane I

Mercury and compounds B M B M I F Bb

PCBs F M B M B M F B M P I F B

POM (PAHs) M F M M F Bb

TCDDs M F M M M F M F

TCDFs

Toxaphene F B F F B I F B

 Blank areas indicate that no data were found correlating the effect with the pollutant of concern (as opposed to data found indicating no correlationa

between the effect and the pollutant of concern).
 Also causes other noncancer effects in plants, such as leaf and root damage, chlorophyll decline, and reduced photosynthesis.b

Key : P = Plants     I = Invertebrates     F = Fish     A = Amphibians/Reptiles     B = Birds     M = Mammals

Sources:  Arkoosh et al. 1994; Baturo et al. 1995; Constable and Orr 1994; Di Pinto et al. 1993; Doust et al. 1994; Dunier and Siwicki 1994; Eisler
1985, 1986a, 1986b, 1987a, 1987b, 1988, 1990; Eisler and Jacknow 1985; Ferrando et al. 1995; Fitchko 1986; Geyer et al. 1993; Government of
Canada 1994; Hermsen et al. 1994; Hill and Nelson 1992; Hugget et al. 1992; Johnson et al. 1993; Lahvis 1995; Malbouisson et al. 1994; Schulz and
Liess 1995; Tidou et al. 1992; Trust et al. 1994; and U.S. EPA 1993a, 1993b, 1993c.



&+$37(5�,,
(&2/2*,&$/�())(&76

����

Population-level Effects of Mercury

Studies conducted on various communities
have shown mercury to:  (1) reduce species
diversity of freshwater, brackish-water, and soil
microbial communities; (2) reduce carbon fixation
in phytoplankton communities; and (3) change the
species composition of phytoplankton in an
aquatic community.  Although clear causal links
between mercury contamination and population
declines in various wildlife species have not been
established, mercury may be a contributing factor
to population declines of the endangered Florida
panther and the common loon.  Other researchers
have concluded, however, that mercury levels in
most areas are not sufficient to adversely affect
bird populations.

Sources:  Barr 1986; Ensor et al. 1992; FPIC
1989; Roelke et al. 1991.

® (IIHFWV�RI�PHUFXU\�RQ�ELUGV�PD\
LQFOXGH�GHDWK��OLYHU�DQG�NLGQH\
GDPDJH��QHXUREHKDYLRUDO�HIIHFWV�
LPSDLUHG�JURZWK�DQG�GHYHORSPHQW�
DQG�UHSURGXFWLYH�HIIHFWV��(LVOHU�����D�
0'15�������6FKHXKDPPHU������
��������5HSURGXFWLYH�HIIHFWV�DUH�WKH
SULPDU\�FRQFHUQ�IRU�DYLDQ�PHUFXU\
SRLVRQLQJ�DQG�PD\�RFFXU�DW�GLHWDU\
FRQFHQWUDWLRQV�ZHOO�EHORZ�WKRVH�WKDW
FDXVH�RYHUW�WR[LFLW\�

® ([WHQVLYH�UHVHDUFK�RQ�WKH�WR[LFLW\�RI
PHUFXU\�WR�PDPPDOV�LQGLFDWHV�WKDW
HIIHFWV�YDU\�GHSHQGLQJ�RQ�WKH�IRUP�RI
PHUFXU\�LQJHVWHG��ZLWK
PHWK\OPHUFXU\�EHLQJ�WKH�PRVW�WR[LF
IRUP���0HWK\OPHUFXU\�LQJHVWLRQ�E\
PDPPDOV�PD\�FDXVH�GHDWK�
QHXURORJLFDO�DQG�EHKDYLRUDO�HIIHFWV��DQG�GDPDJH�WR�WKH�KHDUW��OXQJ��OLYHU��NLGQH\��DQG
VWRPDFK��$76'5�����H��

27+(5�0(7$/6

&DGPLXP���$V�VKRZQ�LQ�7DEOH�,,����DGYHUVH�HIIHFWV�IURP�H[SRVXUH�WR�FDGPLXP�KDYH�EHHQ
GHPRQVWUDWHG�LQ�LQYHUWHEUDWHV��ILVK��DQG�ELUGV���5HFHQW�VWXGLHV�KDYH�IRFXVHG�RQ�WKH�WR[LFLW\�RI
FDGPLXP�WR�DTXDWLF�VSHFLHV��.UDDN�HW�DO��������:HLQVWHLQ�HW�DO��������DQG�WKH�LGHQWLILFDWLRQ�RI
SRWHQWLDO�LQGLFDWRU�VSHFLHV�IRU�FDGPLXP�H[SRVXUH��1DLPR�HW�DO����������)RU�H[DPSOH��UHVHDUFKHUV
FRQFOXGHG�WKDW�DFFXPXODWLRQ�RI�VRPH�PHWDOV�FRQWULEXWHV�WR�OHVLRQV�WR�WKH�VKHOO�RI�EOXH�FUDEV�LQ
WKH�$OEHPDUOH�3DPOLFR�(VWXDULQH�6\VWHP��KRZHYHU��WKH�UHVHDUFKHUV�GLG�QRW�REVHUYH�WKLV�UHVXOW�IRU
FDGPLXP�DQG�OHDG��:HLQVWHLQ�HW�DO��������

/HDG���0DQ\�QRQFDQFHU�HFRORJLFDO�HIIHFWV�DUH�DVVRFLDWHG�ZLWK�OHDG�H[SRVXUH��DV�VKRZQ�LQ
7DEOH�,,�����+RZHYHU��WKH�DYDLODELOLW\�RI�UHFHQW�VWXGLHV�RQ�WKH�HFRORJLFDO�HIIHFWV�RI�OHDG�LV�OLPLWHG��
5DWKHU��WKHUH�LV�D�VWURQJ�LQWHUHVW�FXUUHQWO\�IRFXVHG�RQ�WKH�QHXURORJLFDO�DQG�EHKDYLRUDO�HIIHFWV�LQ
LQIDQWV�DQG�FKLOGUHQ��VHH�6HFWLRQ�,,�'����2QH�UHFHQW�VWXG\�RI�ILVK�GHPRQVWUDWHG�WKDW�H[SRVXUH�WR
ZDWHUERUQH�OHDG�PD\�UHVXOW�LQ�PXOWLSOH�HIIHFWV�RQ�UHSURGXFWLYH�EHKDYLRU�DQG�RYHUDOO
UHSURGXFWLYH�VXFFHVV�LQ�IDWKHDG�PLQQRZV��:HEHU���������$�UHFHQW�UHYLHZ�RI�ZLOGOLIH
FRQWDPLQDWLRQ�LQ�&KHVDSHDNH�%D\�FLWHG�ROGHU�DUWLFOHV�WKDW�IRXQG�WKDW�OHDG�DGYHUVHO\�DIIHFWHG
HPEU\R�GHYHORSPHQW�DQG�QHXURORJLFDO�EHKDYLRU�LQ�WKH�JUHHQ�DQG�EXOO�IURJV��+HLQ]�HW�DO��������

&20%867,21�(0,66,216

$V�GLVFXVVHG�LQ�&KDSWHU�,��WKLV�SROOXWDQW�JURXS�LV�FRPSULVHG�RI���������WHWUDFKORURGLEHQ]R�
S�GLR[LQ��7&''��GLR[LQV�����������WHWUDFKORURGLEHQ]RIXUDQ��7&')��IXUDQV���DQG�SRO\F\FOLF�RUJDQLF
PDWWHU��320����3RO\FKORULQDWHG�ELSKHQ\OV��3&%V��DUH�DOVR�GLVFXVVHG�XQGHU�WKLV�SROOXWDQW�JURXS�
WKH\�ZHUH�KLVWRULFDOO\�SURGXFHG�IRU�XVH�LQ�HOHFWULFDO�HTXLSPHQW�DQG�K\GUDXOLF�IOXLGV�EXW�DUH�RIWHQ
QRZ�UHOHDVHG�LQWR�WKH�HQYLURQPHQW�LQ�FRPEXVWLRQ�JDV�HPLVVLRQV�ZKHQ�3&%�FRQWDLQLQJ�PDWHULDOV
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Ecological Effects of TCDD in Lake Trout
Population in Lake Ontario

Commercial over-fishing and sea lamprey
predation are thought to be the primary causes of
lake trout decline in Lake Ontario.  However,
several findings suggest that TCDD toxicity could
have contributed to the reproductive failure of
stocked lake trout in Lake Ontario in the post-
1950s:  (1) the strong association between the
occurrence of blue-sac disease (a stress
syndrome) in sac-fry from TCDD-exposed fish in
laboratory studies and from eggs collected from
Lake Ontario; (2) the historical record of lake trout
exposure to TCDD and related chemicals in Lake
Ontario; and (3) the consistency of predicted
toxicity with the field sampling record of no natural
reproduction until 1986.  Attainment of a self-
sustaining population of lake trout in Lake Ontario
requires exposures to TCDD and related
chemicals below the level that causes significant
reproductive impairment, in addition to sea
lamprey control, maintenance of adequate
spawning beds and water quality, and introduction
of lake trout strains appropriate for Lake Ontario's
conditions and food web.

Source:  U.S. EPA 1993a.

DUH�LQFRPSOHWHO\�EXUQHG���7KH�SRWHQWLDO�HFRORJLFDO�HIIHFWV�DVVRFLDWHG�ZLWK�WKHVH�SROOXWDQWV�DUH
GLVFXVVHG�EHORZ�

7&''���$V�VKRZQ�LQ�7DEOH�,,���
GLR[LQV�DUH�DVVRFLDWHG�ZLWK�HIIHFWV�LQ�ILVK�
ELUGV��DQG�PDPPDOV��LQFOXGLQJ�UHSURGXFWLYH
HIIHFWV�DQG�RWKHU�QRQFDQFHU�HIIHFWV���(3$
V
DVVHVVPHQW�RI�HFRORJLFDO�HIIHFWV�LQ�DTXDWLF�OLIH
DQG�DVVRFLDWHG�ZLOGOLIH�GLVFXVVHV�WKH�HIIHFWV
RI�7&''�LQ�GHWDLO��8�6��(3$�����D����$�EULHI
VXPPDU\�RI�VRPH�RI�WKH�ILQGLQJV�LV
SUHVHQWHG�EHORZ��SOHDVH�UHIHU�WR�WKLV
GRFXPHQW�IRU�WKH�SULPDU\�UHIHUHQFHV�IRU
WKHVH�VWXGLHV�

® $YDLODEOH�ODERUDWRU\�WR[LFLW\
LQIRUPDWLRQ�LQGLFDWHV�WKDW�DTXDWLF
LQYHUWHEUDWHV��SODQWV��DQG�DPSKLELDQV
PD\�EH�VXEVWDQWLDOO\�OHVV�VHQVLWLYH�WR
7&''�WKDQ�ILVK���7KH�UHSRUW
HPSKDVL]HG�WKDW�WKH�GDWD�DUH�OLPLWHG�

® 7KH�GDWD�LQGLFDWH�WKDW�\RXQJ�ILVK�PD\
EH�PRUH�VHQVLWLYH�WR�7&''�WKDQ�ROGHU
ILVK���)LVK�IU\�ZHUH�PRVW�VHQVLWLYH�WR
HIIHFWV�IURP�7&''�IROORZLQJ
H[SRVXUH�RI�HJJV�EHIRUH�RU�VKRUWO\
DIWHU�IHUWLOL]DWLRQ�

® ,Q�PDPPDOV�DQG�ELUGV��WKH�SULPDU\�HIIHFW�RI�FRQFHUQ�LV�UHSURGXFWLYH�LPSDLUPHQW���,Q
DGGLWLRQ��EHFDXVH�RI�WKH�ELRDFFXPXODWLRQ�RI�7&''�LQ�DTXDWLF�IRRG�ZHEV��WKH�VSHFLHV�PRVW
H[SRVHG�WR�7&''�DUH�WKRVH�VSHFLHV�ZKRVH�GLHW�FRQVLVWV�PRVWO\�RI�ILVK�

2QH�RI�WKH�PDLQ�LVVXHV�RI�FXUUHQW�LQWHUHVW�LV�WKH�PHFKDQLVP�RI�DFWLRQ�RI�GLR[LQV��L�H���KRZ
WKH\�EULQJ�DERXW�WKH�HIIHFWV����7KH�XQXVXDO�SRWHQF\�RI�GLR[LQV�LQ�HOLFLWLQJ�WR[LF�HIIHFWV�VXJJHVWHG
WR�UHVHDUFKHUV�WKDW�D�GLR[LQ�UHFHSWRU�H[LVWHG���%DVHG�RQ�D�VXEVWDQWLDO�DPRXQW�RI�ELRORJLFDO�DQG
JHQHWLF�HYLGHQFH��DQ�LQWUDFHOOXODU�SURWHLQ�FDOOHG�WKH�DU\O�K\GURFDUERQ�UHFHSWRU��$K�UHFHSWRU��LV
EHOLHYHG�WR�PHGLDWH�ELRORJLFDO�UHVSRQVHV�WR�7&''�DQG�UHODWHG�FRPSRXQGV���)LJXUH�,,���SUHVHQWV�D
VLPSOLILHG�GLDJUDP�RI�KRZ�ELRORJLFDO�UHVSRQVHV�WR�GLR[LQ�OLNH�FRPSRXQGV�DUH�PHGLDWHG�E\�WKH
$K�UHFHSWRU���$OWKRXJK�RXU�XQGHUVWDQGLQJ�RI�WKH�$K�UHFHSWRU�LV�OLPLWHG��PDPPDOV��LQFOXGLQJ
KXPDQV���ELUGV��DQG�ILVK�DOO�KDYH�H[KLELWHG�GHWHFWDEOH�FRQFHQWUDWLRQV�RI�WKH�$K�UHFHSWRU�LQ�D
QXPEHU�RI�GLIIHUHQW�WLVVXHV���,Q�ODERUDWRU\�PDPPDO�VWXGLHV��ELQGLQJ�RI�GLR[LQV�WR�WKH�$K�UHFHSWRU
KDV�EHHQ�DVVRFLDWHG�ZLWK�ZHLJKW�ORVV��HGHPD��OLYHU�GDPDJH��SURPRWLRQ�RI�WXPRUV��DQG�DGYHUVH
HIIHFWV�RQ�WKH�LPPXQH�DQG�UHSURGXFWLYH�V\VWHPV��)R[���������5HVHDUFKHUV�EHOLHYH�WKDW�UHVSRQVHV
WR�7&''�DUH�OLNHO\�WR�YDU\�ZLWKLQ�DQG�EHWZHHQ�VSHFLHV��DV�ZHOO�DV�EHWZHHQ�WLVVXHV�LQ�LQGLYLGXDO
VSHFLHV��EDVHG�RQ�GLIIHUHQWLDO�UHVSRQVHV�WR�$K�UHFHSWRU�ELQGLQJ���6HYHUDO�SURWHLQV�DUH�EHOLHYHG�WR
FRQWULEXWH�WR�7&''
V�JHQH�UHJXODWRU\�HIIHFWV��WKH�UHVSRQVH�WR�7&''�SUREDEO\�LQYROYHV�D�FRPSOH[
UHODWLRQVKLS�EHWZHHQ�PXOWLSOH�JHQHWLF�DQG�HQYLURQPHQWDO�IDFWRUV�
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FIGURE II-2
Role of Ah Receptor in Biological
Responses to Dioxin Exposure
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Source:  Adapted from EPA 1994c.

5HFHQW�VWXGLHV�RI�GLR[LQV�DQG�IXUDQV
WKDW�ZHUH�IRXQG�WKURXJK�WKH�OLWHUDWXUH
VHDUFK�FRQGXFWHG�IRU�WKLV�5HSRUW�WR
&RQJUHVV�GHPRQVWUDWHG�UHSURGXFWLYH�HIIHFWV
�H�J���HPEU\R�DQRPDOLHV��GHFUHDVHG�KDWFKLQJ
VXFFHVV��LQ�QHVWLQJ�ZRRG�GXFNV�LQ�DQ
$UNDQVDV�ED\RX��:KLWH�DQG�+RIIPDQ������
DQG�SRWHQWLDO�QHXURWR[LF�HIIHFWV�LQ�JUHDW
EOXH�KHURQ�KDWFKOLQJV��DV�LQGLFDWHG�E\
DV\PPHWULFDO�EUDLQ�GHYHORSPHQW��+HQVFKHO
HW�DO��������

3&%V���$V�VKRZQ�LQ�7DEOH�,,����3&%V
DUH�DVVRFLDWHG�ZLWK�DGYHUVH�HIIHFWV�LQ�SODQWV�
LQYHUWHEUDWHV��ILVK��ELUGV��DQG�PDPPDOV��
7KHVH�HIIHFWV�LQFOXGH�UHSURGXFWLYH�
GHYHORSPHQWDO��PHWDEROLF�HQ]\PH��DQG
QHXURORJLFDO�EHKDYLRUDO�HIIHFWV���7KH�VSHFLILF
HIIHFWV�DQG�WKH�OHYHOV�DW�ZKLFK�WKHVH�HIIHFWV
DUH�VHHQ�PD\�YDU\�DPRQJ�WKH�GLIIHUHQW�3&%
FRQJHQHUV�DQG�PL[WXUHV���5HFHQW�DUWLFOHV�RQ
WKH�HFRORJLFDO�HIIHFWV�RI�3&%�H[SRVXUH�DUH
VXPPDUL]HG�EHORZ���7KHVH�VWXGLHV�IRFXVHG
RQ�UHSURGXFWLYH�HIIHFWV�LQ�LQYHUWHEUDWHV��ILVK�
ELUGV��DQG�PDPPDOV��LPPXQH�HIIHFWV�LQ�ILVK
DQG�DTXDWLF�PDPPDOV��DQG�RWKHU�HIIHFWV�LQ
SODQWV�DQG�ILVK�

® 5HSURGXFWLYH�DQG�'HYHORSPHQWDO
(IIHFWV���$�JURXS�RI�UHODWHG�VWXGLHV�LQYHVWLJDWHG�WKH�UHSURGXFWLYH�HIIHFWV�RI�FRPPHUFLDO
3&%�DQG�FRPELQDWLRQV�RI�3&%�FRQJHQHUV�LQ�PLQN���7ZR�RI�WKHVH�VWXGLHV�IRXQG�WKDW
FRPPHUFLDO�3&%V�DQG�FRPELQDWLRQV�RI�3&%�FRQJHQHUV�DGYHUVHO\�DIIHFWHG�UHSURGXFWLRQ�
EXW�WKDW�H[SRVXUH�WR�VLQJOH�3&%�FRQJHQHUV�GLG�QRW�SURGXFH�WKHVH�VDPH�HIIHFWV��%lFNOLQ
DQG�%HUJPDQ�������.LKOVWU|P�HW�DO����������2QH�RI�WKHVH�VWXGLHV�VKRZHG�D�GLIIHUHQFH�LQ
DGYHUVH�UHSURGXFWLYH�HIIHFWV��H�J���ODWH�IHWDO�GHDWK�YHUVXV�HDUO\�IHWDO�GHDWK��EHWZHHQ�WZR
GLIIHUHQW�FRPPHUFLDO�3&%V��&ORSKHQ�$���DQG�$URFORU�������%lFNOLQ�DQG�%HUJPDQ��������
,Q�DQRWKHU�VWXG\��3&%V�ZHUH�IRXQG�WR�UHGXFH�HJJ�SURGXFWLRQ�DQG�WRWDO�UHSURGXFWLYH
FDSDFLW\�LQ�D�VPDOO�FUXVWDFHDQ�VSHFLHV�XQGHU�ODERUDWRU\�FRQGLWLRQV��'L3LQWR�HW�DO����������$
VWXG\�WKDW�LQYHVWLJDWHG�WKH�GHYHORSPHQWDO�WR[LFLW\�RI�3&%�FRQJHQHUV�LQ�PLQQRZV
GHWHUPLQHG�WKDW�VHYHUDO�FRQJHQHUV�FDXVHG�VHYHUH�WHUDWRJHQLF�HIIHFWV��H�J���LQKLELWLRQ�RI
\RON�DEVRUSWLRQ��DQG�HDUO\�KDWFKLQJ��6LOEHUKRUQ�HW�DO����������5HFHQW�VWXGLHV�RI�*UHDW
/DNHV�ELUG�SRSXODWLRQV��H�J���FRPPRQ�WHUQV��SURYLGHG�IXUWKHU�HYLGHQFH�RI�WKH
GHYHORSPHQWDO�SUREOHPV�OLQNHG�WR�3&%V�GXULQJ�WKH�����V��%HFNHU�HW�DO��������+RIIPDQ�HW
DO��������<DPDVKLWD�HW�DO����������$�OLWHUDWXUH�UHYLHZ�RI�ZLOGOLIH�FRQWDPLQDWLRQ�LQ
&KHVDSHDNH�%D\�FLWHG�KLVWRULFDO�HYLGHQFH�RI�HOHYDWHG�SRVW�KDWFK�PRUWDOLW\�LQ�WKH�OHRSDUG
IURJ�DQG�LQ�XQVSHFLILHG�WRDG�VSHFLHV�UHODWHG�WR�3&%�H[SRVXUH��+HLQ]�HW�DO��������
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® ,PPXQH�6\VWHP�(IIHFWV���,Q�D�UHFHQW�VWXG\��SURGXFWLRQ�RI�DQWLERGLHV�ZDV�VXSSUHVVHG�LQ
MXYHQLOH�FKLQRRN�VDOPRQ�H[SRVHG�WR�WKH�FRPPHUFLDO�3&%�PL[WXUH��$URFORU�������$UNRRVK
HW�DO����������,Q�DQRWKHU�VWXG\��GHOD\HG�LPPXQH�V\VWHP�UHVSRQVHV�LQ�KDUERU�VHDOV�IHG
KHUULQJ�IURP�WKH�%DOWLF�6HD�ZHUH�DVVRFLDWHG�ZLWK�3&%�H[SRVXUH��5RVV�HW�DO����������,Q�D
VWXG\�RI�GROSKLQV��GHFUHDVHG�LPPXQH�V\VWHP�UHVSRQVH�ZDV�DVVRFLDWHG�ZLWK�HOHYDWHG
OHYHOV�RI�''7�DQG�3&%V�LQ�WKHLU�EORRG��/DKYLV�HW�DO��������

® 2WKHU�1RQFDQFHU�(IIHFWV���5HVHDUFKHUV�KDYH�FRUUHODWHG�GHWULPHQWDO�HIIHFWV�RQ�WKH�TXDOLW\
DQG�TXDQWLW\�RI�JURZWK��DV�ZHOO�DV�LQFUHDVHG�PRUWDOLW\��LQ�DTXDWLF�SODQWV�ZLWK
FRQFHQWUDWLRQV�RI�3&%V��'RXVW�HW�DO����������2QH�VWXG\�RI�ZLQWHU�IORXQGHU�GLG�QRW�ILQG�D
VWURQJ�DVVRFLDWLRQ�EHWZHHQ�H[SRVXUH�WR�3&%V�DQG�WKH�GHYHORSPHQW�RI�SDUWLFXODU�OLYHU
OHVLRQV��-RKQVRQ�HW�DO����������6RPH�UHFHQW�VWXGLHV�KDYH�VKRZQ�WKDW�HIIHFWV�IURP�3&%
H[SRVXUH�PD\�EH�DPSOLILHG�LQ�WKH�SUHVHQFH�RI�RWKHU�FKHPLFDOV���)RU�H[DPSOH��D�VWXG\�LQ
TXDLO�IRXQG�WKDW�KLJK�OHYHOV�RI�FDGPLXP�FDQ�DPSOLI\�ERWK�WKH�TXDQWLWDWLYH�DQG�TXDOLWDWLYH
UHWHQWLRQ�RI�3&%�FRQJHQHUV�LQ�PXVFOH�WLVVXH��HVSHFLDOO\�VRPH�RI�WKH�FRQJHQHUV�WKDW�DUH
PRVW�WR[LF�DQG�UHVLVWDQW�WR�PHWDEROLF�GHJUDGDWLRQ��/HRQ]LR�HW�DO��������

320���7KH�GDWD�LQ�7DEOH�,,���LQGLFDWH�WKDW�320�LV�DVVRFLDWHG�ZLWK�D�UDQJH�RI�DGYHUVH
HIIHFWV�WR�DTXDWLF�DQG�WHUUHVWULDO�ZLOGOLIH���6WXGLHV�RQ�WKH�DGYHUVH�HFRORJLFDO�HIIHFWV�IURP�H[SRVXUH
WR�3$+V��D�VXEVHW�RI�320��WKDW�KDYH�EHHQ�FRPSOHWHG�LQ�WKH�ODVW�IHZ�\HDUV�DUH�VXPPDUL]HG
EHORZ���7KHVH�VWXGLHV�H[DPLQHG�LPPXQH�HIIHFWV�LQ�ILVK�DQG�ELUGV�DV�ZHOO�DV�YDULRXV�RWKHU�HIIHFWV
LQ�DOJDH��DTXDWLF�LQYHUWHEUDWHV��ILVK��DQG�ELUGV�

® ,PPXQH�6\VWHP�(IIHFWV���,Q�D�UHFHQW�VWXG\��SURGXFWLRQ�RI�DQWLERGLHV�ZDV�VXSSUHVVHG�LQ
MXYHQLOH�FKLQRRN�VDOPRQ�H[SRVHG�WR�3$+V��$UNRRVK�HW�DO����������$QRWKHU�VWXG\�IRXQG
WKDW�3$+�H[SRVXUH�VXSSUHVVHG�WKH�LPPXQH�V\VWHP�LQ�ERWK�DGXOW�DQG�\RXQJ�VWDUOLQJV�
DOWKRXJK�RQO\�\RXQJ�VWDUOLQJ�VKRZHG�RYHUW�VLJQV�RI�JHQHUDO�WR[LFLW\��H�J���GHFUHDVHG�ERG\
ZHLJKW�DQG�EORRG�KHPRJORELQ�FRQFHQWUDWLRQ���7UXVW�HW�DO����������$�VWXG\�RI�HIIHFWV�RQ�ILVK
IURP�3$+�H[SRVXUH�IRXQG�WKDW�PDFURSKDJH�DFWLYLW\��DQ�LPSRUWDQW�FRPSRQHQW�RI�WKH
FHOOXODU�LPPXQH�V\VWHP��L�H���SURWHFWV�WKH�KRVW�E\�HOLPLQDWLQJ�IRUHLJQ�PDWHULDO���ZDV
PDUNHGO\�UHGXFHG��+XJJHWW�HW�DO����������7KH�VWXG\�UHVXOWV�VXJJHVWHG�WKDW�WKHVH�HIIHFWV
PD\�EH�UHYHUVLEOH�

® 2WKHU�1RQFDQFHU�(IIHFWV���5HFHQW�UHVHDUFK�KDV�LQYHVWLJDWHG�WKH�LQFUHDVHG�WR[LFLW\�RI�3$+V
IROORZLQJ�H[SRVXUH�RI�WKH�SROOXWDQWV�WR�VRODU�UDGLDWLRQ���2QH�VWXG\�WKDW�LQYHVWLJDWHG�WKH
SKRWR�LQGXFHG�WR[LFLW\�RI�DQWKUDFHQH��D�3$+�FRPSRXQG��WR�D�VSHFLHV�RI�JUHHQ�DOJDH
VKRZHG�WKDW�WKH�FRPELQDWLRQ�RI�XOWUDYLROHW��89�$��UDGLDWLRQ�DQG�DQWKUDFHQH�SURGXFHG
VLJQLILFDQW�WR[LF�HIIHFWV���7KH�VWXG\�DOVR�FRQFOXGHG�WKDW�DOJDH�PD\�EH�VOLJKWO\�PRUH
UHVLVWDQW�WR�SKRWR�LQGXFHG�WR[LFLW\�WKDQ�ILVKHV�DQG�LQYHUWHEUDWHV��*DOD�DQG�*LHV\��������
7ZR�UHFHQW�VWXGLHV�RQ�ILVK�VXJJHVW�D�VWURQJ�DVVRFLDWLRQ�EHWZHHQ�H[SRVXUH�WR�3$+V�DQG
WKH�GHYHORSPHQW�RI�LQWHUQDO�OHVLRQV��FRPPRQO\�IRXQG�LQ�WKH�OLYHU�DQG�NLGQH\��DV�ZHOO�DV
H[WHUQDO�OHVLRQV��VXFK�DV�OHQV�FDWDUDFWV��+XJJHWW�HW�DO��������-RKQVRQ�HW�DO����������2QH�RI
WKHVH�VWXGLHV�IRXQG�D�VWURQJ�FRUUHODWLRQ�EHWZHHQ�VHGLPHQW�3$+�FRQFHQWUDWLRQ�DQG
VWLPXODWLRQ�RI�HQ]\PH�DFWLYLW\��ZKLFK�VXJJHVWV�WKDW�WKH�3$+V�DUH�D�PDLQ�FRPSRQHQW�RI
WKH�DGYHUVH�HIIHFWV�REVHUYHG�LQ�WKH�ILVK��+XJJHWW�HW�DO����������,Q�DQRWKHU�VWXG\��GUDPDWLF
GHFOLQHV�LQ�3$+�FRQFHQWUDWLRQV�LQ�VHGLPHQW�IROORZLQJ�WKH�FORVXUH�RI�D�VWHHO�IDFLOLW\�ZHUH
IROORZHG�E\�D�GHFUHDVHG�LQFLGHQFH�RI�OLYHU�FDQFHU�DQG�OLYHU�OHVLRQV�LQ�EURZQ�EXOOKHDG
FDWILVK��%DXPDQQ�DQG�+DUVKEDUJHU���������$�VWXG\�RI�DTXDWLF�LQVHFW�ODUYDH�IURP�D
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FRQWDPLQDWHG�DUHD�RI�WKH�1LDJDUD�5LYHU�IRXQG�WKDW�KLJKHU�ERG\�EXUGHQV�RI�3$+V�ZHUH
DVVRFLDWHG�ZLWK�PHQWD���WHHWK���GHIRUPLWLHV���7KH�UHVHDUFKHUV�GHWHUPLQHG�WKDW�WKH
GHIRUPLWLHV�ZHUH�QRW�SDVVHG�RQ�WR�IXWXUH�JHQHUDWLRQV��L�H���WKDW�3$+V�FDXVHG
PDOIRUPDWLRQV�EXW�GLG�QRW�SHUPDQHQWO\�DOWHU�JHQHV�RU�FKURPRVRPHV���'LFNPDQ�HW�DO�
������

3(67,&,'(6

,QIRUPDWLRQ�RQ�WKH�DGYHUVH�HIIHFWV�RI�WKH�SHVWLFLGHV�RI�FRQFHUQ�LQ�WKH�*UHDW�:DWHUV
�FKORUGDQH��GLHOGULQ����+&+��''7�''(��+&%��OLQGDQH��DQG�WR[DSKHQH��LV�VXPPDUL]HG�LQ�7DEOH
,,�����7KHVH�GDWD�VXJJHVW�WKDW�WKH�SHVWLFLGHV�RI�FRQFHUQ�PD\�SURGXFH�D�ZLGH�UDQJH�RI�DGYHUVH
HIIHFWV�LQ�WHUUHVWULDO�DQG�DTXDWLF�ZLOGOLIH�RI�WKH�*UHDW�:DWHUV���5HFHQW�OLWHUDWXUH�RQ�WKH�HFRORJLFDO
HIIHFWV�RI�SHVWLFLGHV�ZDV�DYDLODEOH�PDLQO\�IRU�''7�''(��+&%��DQG�OLQGDQH��WKLV�LQIRUPDWLRQ�
H[FHSW�IRU�LQIRUPDWLRQ�RQ�WKH�SRWHQWLDO�IRU�HQGRFULQH�GLVUXSWLQJ�HIIHFWV��ZKLFK�ZDV�GLVFXVVHG
HDUOLHU�LQ�WKLV�VHFWLRQ���LV�VXPPDUL]HG�EHORZ�

''7���0XFK�RI�WKH�UHFHQW�OLWHUDWXUH�RQ�WKH�HFRORJLFDO�HIIHFWV�RI�''7��DQG�''(��IRFXVHV
RQ�UHSURGXFWLYH�LPSDLUPHQW�LQ�ELUGV���2WKHU�VWXGLHV�GHPRQVWUDWH�HIIHFWV�WR�WKH�LPPXQH�V\VWHPV
RI�PDPPDOV�DQG�LPSDLUHG�JURZWK�DQG�VXUYLYDO�RI�DTXDWLF�SODQWV�IROORZLQJ�''7�H[SRVXUH�

® 5HSURGXFWLYH�DQG�'HYHORSPHQWDO�(IIHFWV���5HFHQW�VWXGLHV�RQ�QDWXUDO�ELUG�FRORQLHV�LQ�WKH�*UHDW
/DNHV�LQGLFDWH�D�GHFUHDVHG�UROH�RI�''7�''(�LQ�WKH�UHSURGXFWLYH�VXFFHVV�RI�WKHVH
SRSXODWLRQV��:HVHORK�HW�DO��������:HVHORK�DQG�(ZLQV�������%RZHUPDQ�HW�DO����������2QH
RI�WKHVH�VWXGLHV�GHWHUPLQHG�WKDW�IRU�KHUULQJ�JXOO�FRORQLHV�LQ�/DNH�6XSHULRU��HJJVKHOOV
ZHUH�RQO\�HLJKW�SHUFHQW�WKLQQHU�WKDQ�EHIRUH�WKH�LQWURGXFWLRQ�RI�''7��:HVHORK�HW�DO�
��������,Q�WKLV�VWXG\��UHSURGXFWLYH�IDLOXUH�ZDV�DWWULEXWHG�WR�FDXVHV�RWKHU�WKDQ�WR[LF
FRQWDPLQDWLRQ��H�J���SUHGDWLRQ�DQG�VKRUWDJH�RI�IRRG�VXSSO\����6LPLODUO\��DQRWKHU�VWXG\
DWWULEXWHG�LQFUHDVLQJ�SRSXODWLRQV�RI�GRXEOH�FUHVWHG�FRUPRUDQWV�LQ�/DNH�2QWDULR�WR
UHGXFHG�OHYHOV�RI�FRQWDPLQDQWV��HVSHFLDOO\�''7�''(��DQG�LQFUHDVHG�DYDLODELOLW\�RI�IRUDJH
ILVK��:HVHORK�DQG�(ZLQV���������$�VWXG\�LQYHVWLJDWLQJ�WKH�FRPELQHG�HIIHFWV�RI�''(�DQG
GHFUHDVHG�IRRG�LQWDNH�RQ�UHSURGXFWLRQ�LQ�ULQJHG�WXUWOH�GRYHV�IRXQG�WKDW�WKH�ORZHU�WKH
SHUFHQWDJH�RI�QRUPDO�IRRG�LQWDNH��WKH�JUHDWHU�WKH�HIIHFWV�RI�''(�H[SRVXUH�RQ�EUHHGLQJ
VXFFHVV���''(�UHVWULFWHG�EUHHGLQJ�VXFFHVV�DSSDUHQWO\�E\�OLPLWLQJ�OHYHOV�RI�KRUPRQHV
QHFHVVDU\�WR�GHYHORS�DQG�PDLQWDLQ�DFWLYH�JRQDGV��DGHTXDWH�FRXUWVKLS�DQG�EURRGLQJ
EHKDYLRU��DQG�IXQFWLRQDO�FURS�JODQGV��.HLWK�DQG�0LWFKHOO���������$�VWXG\�RI�IUHVKZDWHU
SRQG�VQDLOV��ZKLFK�DUH�DQ�LPSRUWDQW�FRPSRQHQW�RI�LQYHUWHEUDWH�IDXQD�LQ�PRVW�HXWURSKLF
DQG�PHVRWURSKLF�ODNHV��IRXQG�WKDW�''7�H[SRVXUH�UHGXFHG�WKHLU�UHSURGXFWLYH�RXWSXW
�:RLQ�DQG�%U|QPDUN�������

® ,PPXQH�6\VWHP�(IIHFWV���,Q�D�VWXG\�RI�GROSKLQV��GHFUHDVHG�LPPXQH�V\VWHP�UHVSRQVH�ZDV
DVVRFLDWHG�ZLWK�HOHYDWHG�OHYHOV�RI�''7�DQG�3&%V�LQ�WKHLU�EORRG��/DKYLV�HW�DO��������

® 2WKHU�1RQFDQFHU�(IIHFWV���,Q�RQH�VWXG\�LQ�DTXDWLF�SODQWV��H[SRVXUH�WR�''(�FDXVHG�PRUWDOLW\
DQG�KDG�GHWULPHQWDO�HIIHFWV�RQ�WKH�TXDOLW\�DQG�TXDQWLW\�RI�JURZWK��'RXVW�HW�DO��������

+H[DFKORUREHQ]HQH���5HFHQW�VWXGLHV�RQ�HFRORJLFDO�HIIHFWV�IURP�+&%�H[SRVXUH
GHPRQVWUDWH�UHSURGXFWLYH�DQG�QHXURORJLFDO�HIIHFWV�LQ�DTXDWLF�SODQWV�DQG�DQLPDOV���,PSDLUHG
JURZWK�DQG�VXUYLYDO�RI�DTXDWLF�VSHFLHV�DQG�OLYHU�GDPDJH�LQ�ILVK�DQG�ELUGV�KDYH�DOVR�EHHQ�VKRZQ�
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® 5HSURGXFWLYH�DQG�'HYHORSPHQWDO�(IIHFWV���5HSURGXFWLYH�HIIHFWV�IURP�+&%�H[SRVXUH
GRFXPHQWHG�LQ�UHFHQW�OLWHUDWXUH�LQFOXGH�UHGXFHG�UHSURGXFWLRQ�LQ�SURWR]RD�DQG�IDWKHDG
PLQQRZV�DQG�UHGXFHG�IHUWLOLW\�LQ�ZDWHUIOHD�FUXVWDFHDQV��&RQVWDEOH�DQG�2UU������
*RYHUQPHQW�RI�&DQDGD�������

® 1HXURORJLFDO�%HKDYLRUDO�(IIHFWV���,Q�IUHVKZDWHU�VQDLOV��H[SRVXUH�WR�+&%�LQKLELWHG�ERG\
JURZWK��DOWHUHG�PHWDEROLF�DFWLYLW\��DQG�VWLPXODWHG�HJJ�SURGXFWLRQ��ZKLFK�UHVHDUFKHUV
DWWULEXWHG�WR�QHXURWR[LF�HIIHFWV��%DWXUR�HW�DO����������.HVWUHOV��D�VPDOO�IDOFRQ�VSHFLHV��KDYH
VKRZQ�UXIIOLQJ�RI�IHDWKHUV�DQG�WUHPRUV�IROORZLQJ�H[SRVXUH�WR�+&%��*RYHUQPHQW�RI
&DQDGD�������

® 2WKHU�1RQFDQFHU�(IIHFWV���,Q�DTXDWLF�VSHFLHV��+&%�ZDV�OHWKDO�WR�VRPH�PDULQH�LQYHUWHEUDWHV
DQG�VLJQLILFDQWO\�UHGXFHG�WKH�VXUYLYDO�UDWHV�RI�IUHVKZDWHU�FDGGLVIO\�ODUYDH�DQG�IDWKHDG
PLQQRZV��&RQVWDEOH�DQG�2UU�������*RYHUQPHQW�RI�&DQDGD�������6FKXO]�DQG�/LHVV��������
,Q�DQRWKHU�VWXG\��H[SRVXUH�WR�+&%�FDXVHG�PRUWDOLW\�DQG�KDG�GHWULPHQWDO�HIIHFWV�RQ�WKH
TXDOLW\�DQG�TXDQWLW\�RI�JURZWK�LQ�DTXDWLF�SODQWV��'RXVW�HW�DO����������2QH�UHSRUW
GRFXPHQWHG�WKH�IROORZLQJ�RWKHU�HIIHFWV�LQ�DTXDWLF�VSHFLHV�UHODWHG�WR�+&%�H[SRVXUH��
UHGXFHG�SURGXFWLRQ�RI�FKORURSK\OO��GU\�PDWWHU��FDUERK\GUDWH�DQG�QLWURJHQ�LQ�VRPH�DOJDH�
GHFUHDVHG�JURZWK�RI�DOJDH�DQG�SURWR]RD��GLJHVWLYH�JODQG�GDPDJH�LQ�FUD\ILVK��DQG�OLYHU
QHFURVLV�LQ�ODUJHPRXWK�EDVV��*RYHUQPHQW�RI�&DQDGD���������,Q�ELUGV��+&%�H[SRVXUH
LQGXFHG�SRUSK\ULD��D�JURXS�RI�GLVRUGHUV�UHODWHG�WR�DOWHUHG�PHWDEROLVP�RI�EUHDNGRZQ
SURGXFWV�RI�KHPRJORELQ�NQRZQ�DV�SRUSK\ULQV���LQFUHDVHG�OLYHU�ZHLJKW��DQG�VOLJKWO\
GDPDJHG�OLYHUV�LQ�-DSDQHVH�TXDLO�DQG�SURGXFHG�VLJQLILFDQW�ZHLJKW�ORVV��LQFUHDVHG�OLYHU
ZHLJKW��DQG�GHFUHDVHG�KHDUW�UDWH�LQ�NHVWUHOV��*RYHUQPHQW�RI�&DQDGD�������

/LQGDQH���5HFHQW�VWXGLHV�VKRZ�HIIHFWV�LQ�DTXDWLF�VSHFLHV�IROORZLQJ�H[SRVXUH�WR�OLQGDQH�
LQFOXGLQJ�UHSURGXFWLYH�HIIHFWV�LQ�DTXDWLF�LQYHUWHEUDWHV��LPPXQH�HIIHFWV�LQ�ILVK��DQG�EHKDYLRUDO
HIIHFWV�LQ�DTXDWLF�LQYHUWHEUDWHV�

® 5HSURGXFWLYH�DQG�'HYHORSPHQWDO�(IIHFWV���2QH�VWXG\�GRFXPHQWHG�UHGXFHG�UHSURGXFWLRQ�LQ
ZDWHUIOHD�FUXVWDFHDQV�IURP�OLQGDQH�H[SRVXUH��)HUUDQGR�HW�DO��������

® ,PPXQH�6\VWHP�(IIHFWV���/DERUDWRU\�H[SHULPHQWV�RQ�UDLQERZ�WURXW�IRXQG�WKDW�DQWLERG\
SURGXFWLRQ�ZDV�VLJQLILFDQWO\�VXSSUHVVHG�IURP�OLQGDQH�H[SRVXUH�DW�GRVHV�FRPSDUDEOH�WR
WKRVH�IRXQG�LQ�ILVK�LQ�SROOXWHG�IUHVK�ZDWHUV��DQG�WKDW�DV�WKH�GRVH�LQFUHDVHG�WKH�PRUH�WKH
LPPXQH�V\VWHP�ZDV�VXSSUHVVHG��'XQLHU�DQG�6LZLFNL�������'XQLHU�HW�DO��������

® 1HXURORJLFDO�%HKDYLRUDO�(IIHFWV���$V�D�UHVXOW�RI�EULHI�H[SRVXUHV�WR�KLJK�FRQFHQWUDWLRQV�RI
OLQGDQH��WKH�PDWLQJ�EHKDYLRU�RI�IUHVKZDWHU�FUXVWDFHDQV�ZDV�GLVUXSWHG��0DOERXLVVRQ�HW�DO�
��������,Q�DQRWKHU�VWXG\��WKH�FRPPRQ�PXVVHO��0\WLOXV�HGXOLV��VKRZHG�ORZHU�UDWHV�RI
IHHGLQJ�W\SH�EHKDYLRU�DIWHU�H[SRVXUH�WR�OLQGDQH�FRQWDPLQDWHG�VHGLPHQWV��+HUPVHQ�HW�DO�
��������$OVR��DQ�DQQHOLG�ZRUP�H[SRVHG�WR�OLQGDQH�LQ�VHDZDWHU�H[KLELWHG�GHOD\V�LQ
VHWWOHPHQW�DQG�PHWDPRUSKRVLV��WKLV�VSHFLHV�LV�RWKHUZLVH�NQRZQ�WR�EH�D�FRORQL]HU�RI
GLVWXUEHG�RU�SROOXWHG�DUHDV��+LOO�DQG�1HOVRQ�������
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® 2WKHU�1RQFDQFHU�(IIHFWV���,Q�WZR�GLIIHUHQW�VWXGLHV��VXUYLYDO�RI�D�ZDWHUIOHD�FUXVWDFHDQ�VSHFLHV
ZDV�LQKLELWHG�E\�OLQGDQH�H[SRVXUH��)HUUDQGR�HW�DO��������7LGRX�HW�DO���������LQ�RQH�RI�WKHVH
VWXGLHV��OLQGDQH�DOVR�VLJQLILFDQWO\�UHSUHVVHG�JURZWK�LQ�WKH�ZDWHUIOHD�FUXVWDFHDQV
�)HUUDQGR�HW�DO����������,Q�VWXGLHV�FRPSDULQJ�GDWD�IRU�VHYHUDO�VSHFLHV�RI�ILVK��DFXWH�WR[LFLW\
RI�OLQGDQH�GHFUHDVHG�ZLWK�LQFUHDVLQJ�WRWDO�ERG\�IDW�LQ�ILVK��*H\HU�HW�DO��������������

1,752*(1�&203281'6

7KH�DYDLODELOLW\�RI�ELRORJLFDOO\�XVDEOH�QLWURJHQ�QRUPDOO\�OLPLWV�ELRORJLFDO�SURGXFWLYLW\�LQ
FRDVWDO�ZDWHUV��EXW�DQ�RYHU�DEXQGDQFH�RI�QLWURJHQ�LV�D�FRQFHUQ�LQ�DUHDV�ZKHUH�QXWULHQW
HQULFKPHQW�SUREOHPV��NQRZQ�DV�HXWURSKLFDWLRQ��KDYH�GHYHORSHG���,Q�DGGLWLRQ�WR�LQFUHDVLQJ
SURGXFWLYLW\��QXWULHQW�HQULFKPHQW�JHQHUDOO\�DOWHUV�WKH�QRUPDO�UDWLRV�RI�QLWURJHQ�WR�SKRVSKRUXV
DQG�WR�RWKHU�HOHPHQWV��VXFK�DV�VLOLFRQ���7KLV�DOWHUDWLRQ�PD\�LQGXFH�FKDQJHV�WR�SK\WRSODQNWRQ
FRPPXQLW\�VWUXFWXUH���6SHFLHV�WKDW�QRUPDOO\�RFFXU�LQ�ORZ�DEXQGDQFH�PD\�EH�IDYRUHG��DQG�LQ
VRPH�FDVHV��WR[LF�DQG�RU�QR[LRXV�DOJDO�EORRPV�PD\�UHVXOW���2Q�WKH�1HZ�(QJODQG�FRDVW��IRU
H[DPSOH��WKH�QXPEHU�RI�UHG�DQG�EURZQ�WLGHV�DQG�VKHOOILVK�SUREOHPV�IURP�QXLVDQFH�DQG�WR[LF
SODQNWRQ�EORRPV�KDYH�LQFUHDVHG�RYHU�WKH�SDVW�WZR�GHFDGHV���,Q�FRDVWDO�DUHDV�ZLWK�SRRU�RU
VWUDWLILHG�FLUFXODWLRQ�SDWWHUQV��H�J���&KHVDSHDNH�%D\��/RQJ�,VODQG�6RXQG���WKH��RYHUSURGXFHG�
DOJDH�WHQGV�WR�VLQN�WR�WKH�ERWWRP�DQG�GHFD\��XVLQJ�DOO��DQR[LD��RU�PRVW��K\SR[LD��RI�WKH�DYDLODEOH
R[\JHQ�LQ�WKH�SURFHVV��NLOOLQJ�RU�GULYLQJ�DZD\�RUJDQLVPV�WKDW�UHTXLUH�R[\JHQ���,Q�DGGLWLRQ��WKH
LQFUHDVH�LQ�VXVSHQGHG�PDWWHU�GXH�WR�RYHUSURGXFWLRQ�RI�DOJDH�GHFUHDVHV�OLJKW�SHQHWUDWLRQ��FDXVLQJ
D�ORVV�RI�XQGHUZDWHU�VHDJUDVV�DQG�FRUDO�FRPPXQLWLHV�

$WPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ�FRPSRXQGV�LV�UHFRJQL]HG�E\�DOO�8�6��HVWXDULQH
SURJUDPV�RQ�WKH�HDVW�FRDVW�DV�HLWKHU�D�VLJQLILFDQW�FRQWULEXWRU�WR�HVWXDULQH�HXWURSKLFDWLRQ�RU�D
PHFKDQLVP�RI�SRVVLEOH�FRQFHUQ��(&$5$���������$Q�LPSRUWDQW�FRQVLGHUDWLRQ�IRU�FRQWUROOLQJ
DWPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ�LV�WKDW�WKH�UHJLRQ�IURP�ZKLFK�WKH�DWPRVSKHULF�QLWURJHQ
SROOXWLRQ�DULVHV��L�H���WKH��DLUVKHG���LV�ODUJHU�WKDQ�WKH�ZDWHUVKHG�WKDW�GUDLQV�LQWR�WKH�ZDWHUERG\
DQG�PXFK�ODUJHU�WKDQ�WKH�ZDWHU�VXUIDFH�WKDW�LV�SRWHQWLDOO\�DIIHFWHG���7KH�H[WHQW�RI��DLUVKHGV��LV
QRZ�VWDUWLQJ�WR�EH�UHFRJQL]HG��H�J���VHH�WKH�GLVFXVVLRQ�RI�WKH�&KHVDSHDNH�%D\�DLUVKHG�LQ�6HFWLRQ
&�RI�&KDSWHU�,9��
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Potential Human Health Effects
Caused by Pollutants of Concern

& Cancer
& Reproductive effects
& Developmental effects, including effects on

embryos, fetuses, and children
& Neurological (i.e., brain and nervous system)

effects
& Immune system effects
& Endocrine system effects, including effects on

hormone synthesis and function
& Other noncancer effects, including liver and

kidney damage

,,�'��+XPDQ�+HDOWK�(IIHFWV

7KLV�VHFWLRQ�LV�LQWHQGHG�WR�SURYLGH�D�EULHI�RYHUYLHZ�RI�WKH�FXUUHQW�OLWHUDWXUH�RQ�WKH
SRWHQWLDO�KXPDQ�KHDOWK�HIIHFWV�IURP�H[SRVXUH�WR�WKH�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ���,Q
JHQHUDO��WKH�LQIRUPDWLRQ�SUHVHQWHG�LQ�WKLV�VHFWLRQ�UHSUHVHQWV�GDWD�SXEOLVKHG�VLQFH�WKH
EDFNJURXQG�GRFXPHQW�IURP�WKH�)LUVW�5HSRUW�WR�&RQJUHVV�RQ�H[SRVXUH�DQG�HIIHFWV��6ZDLQ�HW�DO�
����D��ZDV�FRPSOHWHG�WKURXJK��������%HFDXVH�WKH�LQIRUPDWLRQ�SUHVHQWHG�LQ�WKLV�UHSRUW�FRYHUV
RQO\�UHFHQW�VWXGLHV��LW�FDQQRW�EH�XVHG�DORQH�WR�GHWHUPLQH�ZKHWKHU�WKHVH�HIIHFWV�DUH�ZLGHVSUHDG�LQ
WKH�HQYLURQPHQW���$V�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��WKH�FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ
WR�WR[LF�FRQWDPLQDWLRQ�DQG�SRWHQWLDO�KXPDQ�KHDOWK�HIIHFWV�DVVRFLDWHG�ZLWK�H[SRVXUH�WR�WKH
SROOXWDQWV�FDQQRW�EH�TXDQWLILHG�DW�WKLV�WLPH�

0XFK�RI�WKH�LQIRUPDWLRQ�SUHVHQWHG�LQ�WKLV�VHFWLRQ�RQ�KXPDQ�KHDOWK�HIIHFWV�LV�EDVHG�RQ
HIIHFWV�REVHUYHG�LQ�DQLPDOV��PDLQO\�LQ�ODERUDWRU\�DQLPDO�VWXGLHV��WKDW�DUH�VXJJHVWLYH�RI�SRWHQWLDO
KXPDQ�KHDOWK�HIIHFWV���8QOLNH�WKH�HIIHFWV�RI�FHUWDLQ�SROOXWDQWV�RI�FRQFHUQ�RQ�HFRORJLFDO�KHDOWK�LQ
WKH�*UHDW�:DWHUV��GLVFXVVHG�LQ�6HFWLRQ�,,�&���GDWD�RQ�DGYHUVH�KHDOWK�HIIHFWV�REVHUYHG�LQ�KXPDQV
IURP�QRQ�RFFXSDWLRQDO�H[SRVXUH�WR�WKH�SROOXWDQWV�RI�FRQFHUQ�DUH�OLPLWHG���7KLV�VHFWLRQ�IRFXVHV�RQ
WKH�HIIHFWV�RI�WKH�SROOXWDQWV�RI�FRQFHUQ�DQG�GRHV�QRW�DWWHPSW�WR�VXPPDUL]H�WKH�H[SRVXUH�OHYHOV
UHVSRQVLEOH�IRU�WKH�REVHUYHG�HIIHFWV���,Q�DGGLWLRQ��WKLV�VHFWLRQ�GRHV�QRW�DWWHPSW�WR�GLVWLQJXLVK
HIIHFWV�WKDW�PD\�RFFXU�ZLWK�ORQJ�WHUP�H[SRVXUH�WR�WKH�SROOXWDQWV�RI�FRQFHUQ�IURP�WKRVH�HIIHFWV
FDXVHG�E\�DFXWH��KLJK�OHYHO�H[SRVXUHV��H�J���DFFLGHQWDO�VSLOOV����7KH�SRWHQWLDO�HIIHFWV�RI�D�SROOXWDQW
PD\�YDU\�ZLWK�GXUDWLRQ�RI�H[SRVXUH��SRVVLEO\�GXH�WR�D�EUHDNGRZQ�RI�WKH�FKHPLFDO�LQ�WKH�ERG\�WR
DQRWKHU�FKHPLFDO�WKDW�LV�PRUH�WR[LF�RU�DIIHFWV�RWKHU�WDUJHW�RUJDQV�WKDQ�WKH�H[SRVHG�FKHPLFDO�

&RQFOXVLRQV�IURP�WKH�)LUVW�5HSRUW�WR�&RQJUHVV

,QIRUPDWLRQ�IURP�WKH�)LUVW�5HSRUW�WR�&RQJUHVV�LV�SUHVHQWHG�KHUH�WR�SURYLGH�D�IRXQGDWLRQ
IRU�WKH�VXEVHTXHQW�GLVFXVVLRQ�RI�WKH�UHFHQW�LQIRUPDWLRQ�DYDLODEOH�IRU�WKLV�UHSRUW���7KH�UHVHDUFK
ILQGLQJV�DQG�VWXGLHV�SUHVHQWHG�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��DV�ZHOO�DV�WKH�EDFNJURXQG
GRFXPHQW�RQ�H[SRVXUH�DQG�HIIHFWV��6ZDLQ�HW�DO������D���OHG�WR�WKH�IROORZLQJ�FRQFOXVLRQV
UHJDUGLQJ�WKH�SRWHQWLDO�KXPDQ�KHDOWK�HIIHFWV�IURP�H[SRVXUH�WR�WKH�SROOXWDQWV�RI�FRQFHUQ�

® 1XPHURXV�VWXGLHV�LQGLFDWHG�SRWHQWLDO
KXPDQ�KHDOWK�HIIHFWV�DVVRFLDWHG�ZLWK
WKH�SROOXWDQWV�RI�FRQFHUQ��VHH
VLGHEDU��

® 7KRXJK�PDQ\�RI�WKH�SROOXWDQWV�RI
FRQFHUQ�DUH�SUREDEOH�FDUFLQRJHQV��WKH
QRQFDQFHU�HIIHFWV�RI�WKHVH�SROOXWDQWV
DUH�DOVR�D�VLJQLILFDQW�FRQFHUQ�DQG�PD\
EH�DV�GHWULPHQWDO�DV�FDQFHU��RU�PRUH
VR��WR�LQGLYLGXDOV�DQG�SRSXODWLRQV�

® ,W�LV�SRVVLEOH�IRU�ORZ�OHYHO�H[SRVXUH�WR
VHYHUDO�RI�WKH�SROOXWDQWV�WR�KDYH�OLWWOH
RU�QR�PHDVXUDEOH�HIIHFW�RQ�DQ�DGXOW�
\HW�DOWHU�WKH�IRUPDWLRQ�DQG�IXQFWLRQ�RI�FULWLFDO�SK\VLRORJLFDO�V\VWHPV�DQG�RUJDQV�LQ
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Human Exposure to Endocrine Disruptors

Accidental exposure to cooking oil
contaminated with PCBs occurred in Japan in
1968 and Taiwan in 1979, affecting 3,000 to 5,000
people overall.  Children born to women who
consumed the oil when pregnant exhibited birth
defects and developmental and behavioral
deficiencies that scientists believe may be related
to hormonal changes caused by exposure (Lai et
al. 1993; Rogan and Gladen 1992).  Upon
reexamination of the Taiwanese children in the
early 1990s, researchers found that the children
scored lower than controls on IQ tests, girls were
shorter than average, and boys' penises were
significantly smaller than normal (Chen and Hsu
1994; Guo et al. 1993).

FKLOGUHQ�RI�WKH�H[SRVHG�DGXOW��HVSHFLDOO\�ZKHQ�WKH�FKLOG�LV�H[SRVHG�DW�FULWLFDO
GHYHORSPHQWDO�VWDJHV�LQ�WKH�PRWKHU
V�ZRPE�

® 6RPH�KXPDQ�KHDOWK�HIIHFWV�FDXVHG�E\�WKH�SROOXWDQWV�RI�FRQFHUQ�DUH�VXEWOH��UHVXOW�IURP
ORQJ�WHUP�H[SRVXUHV�WR�ORZ�OHYHOV�RI�SROOXWDQWV��DQG�PD\�EH�GHOD\HG�LQ�RQVHW�DQG�RFFXU
DFURVV�VHYHUDO�JHQHUDWLRQV���)RU�H[DPSOH��ORQJ�WHUP�H[SRVXUH�WR�ORZ�OHYHOV�RI�PHUFXU\
PD\�UHVXOW�LQ�NLGQH\�RU�QHUYRXV�V\VWHP�GDPDJH�RQO\�DIWHU�JUDGXDO�H[SRVXUH�DQG
ELRDFFXPXODWLRQ�LQ�WKH�ERG\�

7KH�UHPDLQGHU�RI�WKLV�VHFWLRQ�SUHVHQWV�XSGDWHG�LQIRUPDWLRQ�RQ�KXPDQ�KHDOWK�HIIHFWV
DVVRFLDWHG�ZLWK�WKH�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ�

&XUUHQW�8QGHUVWDQGLQJ�RI�+XPDQ�+HDOWK�(IIHFWV

6LQFH�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��XSGDWHG�LQIRUPDWLRQ�RQ�WKH�SRWHQWLDO�KXPDQ�KHDOWK
HIIHFWV�IURP�H[SRVXUH�WR�WKH�SROOXWDQWV�RI�FRQFHUQ�KDV�EHFRPH�DYDLODEOH���7KLV�VHFWLRQ
VXPPDUL]HV�WKH�LQIRUPDWLRQ�ILUVW�E\�GLVFXVVLQJ�VRPH�QRWDEOH�UHVHDUFK�HIIRUWV�UHOHYDQW�WR�WKH
SRWHQWLDO�KXPDQ�KHDOWK�HIIHFWV�RI�VRPH�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ��IROORZHG�E\�D�EULHI
RYHUYLHZ�RI�UHFHQW�GDWD�RQ�WKH�SRWHQWLDO�KXPDQ�KHDOWK�HIIHFWV�IRU�HDFK�SROOXWDQW�RI�FRQFHUQ�

$V�GLVFXVVHG�LQ�6HFWLRQ�,,�&��WKH�UROH
RI�HQGRFULQH�GLVUXSWRUV�LQ�FDXVLQJ�DGYHUVH
HIIHFWV�LQ�ZLOGOLIH�DQG�KXPDQV�LV�DQ�HPHUJLQJ
DQG�FRQWURYHUVLDO�LVVXH���(IIHFWV�RI�HQGRFULQH
GLVUXSWRUV�KDYH�EHHQ�VHHQ�PRVWO\�LQ�ZLOGOLIH
DQG�ODERUDWRU\�H[SHULPHQWV��KRZHYHU��WKHUH
DUH�D�IHZ�NQRZQ�FDVHV�RI�DFFLGHQWDO�H[SRVXUH
RI�KXPDQV�WR�KLJK�FRQFHQWUDWLRQV�RI
HQGRFULQH�GLVUXSWRUV��VHH�VLGHEDU�IRU�DQ
H[DPSOH����+XPDQV�DUH�HVSHFLDOO\�VXVFHSWLEOH
WR�DGYHUVH�HIIHFWV�ZKHQ�H[SRVXUH�WR
HQGRFULQH�GLVUXSWRUV�RFFXUV�GXULQJ�SHULRGV
WKDW�DUH�WLJKWO\�FRQWUROOHG�E\�KRUPRQDO
DFWLYLW\��VXFK�DV�GXULQJ�HPEU\R�DQG�IHWDO
GHYHORSPHQW��%HUQ���������$V�DQ�H[DPSOH�
WKH�FKHPLFDO�KRUPRQH�GLHWK\OVWLOEHVWURO
�'(6��ZDV�JLYHQ�WR�PLOOLRQV�RI�ZRPHQ�WR
SUHYHQW�PLVFDUULDJHV�EHWZHHQ�WKH�����V�DQG�����V���7KRXJK�WKH�ZRPHQ�ZHUH�ODUJHO\�XQDIIHFWHG
E\�WKHLU�H[SRVXUH�WR�'(6��WKHLU�FKLOGUHQ�H[KLELWHG�DGYHUVH�UHSURGXFWLYH�HIIHFWV�VXFK�DV�GHFUHDVHG
IHUWLOLW\�LQ�ERWK�VH[HV��WHVWLFXODU�FDQFHU�LQ�PDOHV��DQG�DEQRUPDO�SUHJQDQFLHV�LQ�IHPDOHV��&ROERUQ
HW�DO��������+LOHPDQ���������6FLHQWLVWV�XVH�WKH�'(6�LQFLGHQW�DV�D�PRGHO�RI�KRZ�HQGRFULQH
GLVUXSWRUV�PD\�DIIHFW�KXPDQV�

6RPH�UHVHDUFKHUV�KDYH�FDXWLRQHG�WKDW�EHFDXVH�RI�WKH�FRPSOH[�LQWHUDFWLRQV�LQYROYHG�
SURYLQJ�D�FDXVH�DQG�HIIHFW�OLQN�EHWZHHQ�DGYHUVH�HIIHFWV�LQ�KXPDQV�DQG�HQGRFULQH�GLVUXSWRUV�ZLOO
EH�GLIILFXOW���6RPH�UDLVH�GRXEWV�DERXW�WKH�VHYHULW\�RI�WKH�HIIHFWV�RI�HQGRFULQH�GLVUXSWRUV�VKRZQ�LQ
VRPH�RI�WKH�VFLHQWLILF�OLWHUDWXUH��6DIH���������7KH�LQYHVWLJDWRUV�QRWH�WKDW�WKHVH�FKHPLFDOV�DUH�RQO\
ZHDN�KRUPRQHV��QDWXUDO�HVWURJHQV�KDYH�EHHQ�VKRZQ�WR�EH�RYHU�D�WKRXVDQG�WLPHV�VWURQJHU�WKDQ



&+$37(5�,,
+80$1�+($/7+�())(&76

����

HVWURJHQLF�SHVWLFLGHV��%LUQEDXP���������,Q�DGGLWLRQ��VRPH�UHVHDUFKHUV�WKHRUL]H�WKDW�WKH�QHW�HIIHFW
RI�QDWXUDO�DQG�FKHPLFDO�HQGRFULQH�GLVUXSWRUV�PD\�EH�]HUR��HVSHFLDOO\�JLYHQ�WKDW�VRPH
HQYLURQPHQWDO�HVWURJHQV�DUH�IRXQG�LQ�SODQWV�DQG�KDYH�EHHQ�VKRZQ�WR�KDYH�EHQHILFLDO�HIIHFWV�
VXFK�DV�LQKLELWLQJ�WXPRU�IRUPDWLRQ��6DIH���������7KH�VLJQLILFDQFH�RI�HQGRFULQH�GLVUXSWLQJ�HIIHFWV
LQ�KXPDQV�UHPDLQV�XQFOHDU�

5HFHQW�ZRUN�RQ�PL[WXUHV�RI�HQGRFULQH�GLVUXSWRUV�UDLVHV�SRVVLEOH�DQVZHUV�WR�VRPH�RI�WKHVH
DUJXPHQWV���5HVHDUFKHUV�IRXQG�WKDW��LQ�D�VLPSOH�\HDVW�HVWURJHQ�V\VWHP��FRPELQDWLRQV�RI�WZR
ZHDN�HQGRFULQH�GLVUXSWRUV��VXFK�DV�GLHOGULQ�DQG�WR[DSKHQH��ZHUH����WR�������WLPHV�PRUH�SRWHQW
WKDQ�LQGLYLGXDO�FRPSRXQGV�LQ�HOLFLWLQJ�ELQGLQJ�DQG�DFWLYDWLRQ�RI�WKH�KXPDQ�HVWURJHQ�UHFHSWRU
�$UQROG�HW�DO����������7KLV�UHVHDUFK�LV�SUHOLPLQDU\��EXW�KDV�LPSRUWDQW�LPSOLFDWLRQV��HVSHFLDOO\
EHFDXVH�SROOXWDQWV�LQ�WKH�HQYLURQPHQW�DUH�W\SLFDOO\�IRXQG�LQ�PL[WXUHV�

,Q�DGGLWLRQ�WR�WKH�UHFHQW�IRFXV�RQ�HQGRFULQH�GLVUXSWRUV��RWKHU�UHVHDUFK�HIIRUWV�UHOHYDQW�WR
WKH�SRWHQWLDO�KXPDQ�KHDOWK�HIIHFWV�RI�WKH�SROOXWDQWV�RI�FRQFHUQ�LQFOXGH�WKH�IROORZLQJ�

® (3$�VXEPLWWHG�D�GUDIW�0HUFXU\�6WXG\�5HSRUW�WR�WKH�6FLHQFH�$GYLVRU\�%RDUG��6$%��IRU
UHYLHZ�LQ�-XQH��������7KH�UHSRUW�ZDV�UHYLHZHG�E\�6$%�LQ�)HEUXDU\��������(3$�H[SHFWV�WR
UHFHLYH�WKH�RSLQLRQ�RI�6$%�LQ�WKH�VXPPHU�RI��������7KH�ILQDO�0HUFXU\�6WXG\�5HSRUW�ZLOO
IXOILOO�WKH�UHTXLUHPHQWV�RI�&$$�VHFWLRQ�����Q�����%���LQFOXGLQJ�D�UHTXLUHPHQW�WR�DVVHVV�WKH
SXEOLF�KHDOWK�LPSDFWV�RI�PHUFXU\�HPLVVLRQV�

® ,Q�UHVSRQVH�WR�JURZLQJ�VFLHQWLILF�FRQWURYHUV\�UHJDUGLQJ�WKH�SRWHQWLDO�HIIHFWV�IURP
H[SRVXUH�WR�GLR[LQV�DQG�UHODWHG�FRPSRXQGV��(3$�EHJDQ�D�VFLHQWLILF�UHDVVHVVPHQW�RI�WKH
KHDOWK�ULVNV�IURP�H[SRVXUH�WR�7&''�DQG�FKHPLFDOO\�UHODWHG�FRPSRXQGV��NQRZQ
FROOHFWLYHO\�DV�GLR[LQV�DQG�LQFOXGLQJ�7&')V��LQ�$SULO��������$FWLYLWLHV�XQGHU�WKH�GLR[LQ
UHDVVHVVPHQW�LQFOXGHG�XSGDWLQJ�DQG�UHYLVLQJ�WKH�KHDOWK�DVVHVVPHQW�DQG�H[SRVXUH
DVVHVVPHQW�GRFXPHQWV�DQG�SHUIRUPLQJ�UHVHDUFK�WR�FKDUDFWHUL]H�HFRORJLFDO�ULVNV�LQ�DTXDWLF
HFRV\VWHPV���7KH�GLR[LQ�UHDVVHVVPHQW�GRFXPHQW�ZDV�SXEOLVKHG�LQ�GUDIW�IRUP�LQ�-XQH�����
DQG�LV�IRXQG�LQ�WZR�UHSRUWV��HDFK���YROXPHV����WKH�KHDOWK�DVVHVVPHQW�GRFXPHQW��8�6��(3$
����F��DQG�WKH�H[SRVXUH�GRFXPHQW��8�6��(3$�����G����0RUH�GHWDLOHG�LQIRUPDWLRQ�RQ�WKH
KXPDQ�KHDOWK�HIIHFWV�UHODWHG�WR�7&''V�DQG�7&')V�DUH�GLVFXVVHG�ODWHU�LQ�WKLV�VHFWLRQ�

%DVHG�RQ�WKH�DERYH�UHVHDUFK�DUHDV�RI�LQWHUHVW�SOXV�KXPDQ�KHDOWK�HIIHFWV�GDWD�IURP�WKH
)LUVW�5HSRUW�WR�&RQJUHVV�DQG�IURP�UHFHQWO\�SXEOLVKHG�VWXGLHV��7DEOH�,,���SUHVHQWV�WKH�SRWHQWLDO
KXPDQ�KHDOWK�HIIHFWV�DVVRFLDWHG�ZLWK�WKH�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ��H[FHSW�QLWURJHQ��
1LWURJHQ�FRPSRXQGV�DUH�QRW�LQFOXGHG�LQ�WKLV�WDEOH�EHFDXVH�QLWURJHQ�FRPSRXQGV�WKDW�DUH
DWPRVSKHULFDOO\�GHSRVLWHG�JHQHUDOO\�DUH�QRW�D�GLUHFW�KD]DUG�WR�KXPDQ�KHDOWK����1LWUDWHV�LQ
GULQNLQJ�ZDWHU�IURP�ZHOOV�DUH�RI�FRQFHUQ�LQ�PDQ\�DUHDV��EXW�DUH�QRW�OLQNHG�WR�DWPRVSKHULF
GHSRVLWLRQ����)RU�EDODQFH�LQ�XQGHUVWDQGLQJ�WKH�LPSRUWDQFH�RI�QLWURJHQ�R[LGHV�DQG�RWKHU�QLWURJHQ
HPLVVLRQV�WR�WKH�DWPRVSKHUH��HIIHFWV�RQ�KXPDQ�KHDOWK�GXH�WR�R]RQH�IRUPDWLRQ�UHVXOWLQJ�IURP
QLWURJHQ�FRPSRXQGV�DUH�EULHIO\�GLVFXVVHG�ODWHU�LQ�WKLV�VHFWLRQ���7KH�GDWD�LQ�7DEOH�,,���JHQHUDOO\
DUH�EDVHG�RQ�D�FRPSLODWLRQ�RI�UHVXOWV�IURP�ODERUDWRU\�VWXGLHV�RQ�ZKROH�DQLPDOV��WR[LFLW\�FHOOXODU
VWXGLHV�LQ��WHVW�WXEHV���L�H���LQ�YLWUR�VWXGLHV���DQG�KXPDQ�HSLGHPLRORJLFDO�VWXGLHV�GHVFULELQJ
RFFXSDWLRQDO�RU�DFFLGHQWDO�H[SRVXUH�WR�KLJK�FRQFHQWUDWLRQV�RI�FKHPLFDOV���$OWKRXJK�WKHVH�VWXGLHV
LGHQWLI\�VHULRXV�SRWHQWLDO�HIIHFWV�IRU�KXPDQV��LW�LV�GLIILFXOW�WR�GHWHUPLQH�WKH�DGYHUVH�HIIHFWV�WKDW
ZRXOG�DFWXDOO\�RFFXU�ZLWK�FKURQLF�DQG�ORZ�OHYHO�H[SRVXUH�WR�WKHVH�SROOXWDQWV�LQ�WKH
HQYLURQPHQW���6LQFH�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��7DEOH�,,���KDV�EHHQ�XSGDWHG�WR�UHFRJQL]H�WKH
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TABLE II-9
Potential Human Health Effects Associated With Pollutants of Concern a

Pollutant

Potential Effects on Human Health b

Cancer Developmental Behavioral Immunological Endocrine Noncancerc
Reproductive/ Neurological/ Other

d

Cadmium and Probable 0 0 0 Respiratory and
compounds kidney toxicity

Chlordane Probable 0 0 0 0 Liver toxicity

DDT/DDE Probable 0 0 0 0 Liver toxicity

Dieldrin Probable 0 0 0 0 Liver toxicity

Hexachloro- Probable 0 0 0 0 Liver toxicity
benzene

�-HCH Probable Kidney and
liver toxicity

Lead and Probable 0 0 0 0 Kidney toxicity
compounds

Lindane Probable 0 0 0 0 Kidney andf

liver toxicity

Mercury and Possible 0 0 0 0 Kidney toxicity
compounds

g

PCBs Probable 0 0 0 0 Liver toxicity

Polycyclic Probable 0 0 0 Blood cell
organic matter toxicitye

TCDF (furans) Not 0 0 0 Liver toxicity
classifiable

TCDD (dioxins) Probable 0 0 0 0 Chloracnef

Toxaphene Probable 0 0 0 0 Cardiovascular
effects; liver
toxicity

 Sources:  Barnea and Shurtz-Swirski 1992; Cassidy et al. 1994; Chowdhury et al. 1993; Clayton and Clayton 1994; Colborn et al. 1993;a

Howard 1991; Linder et al. 1992; Soto et al. 1993; ATSDR Toxicological Profiles (see list in References chapter); and U.S. EPA 1987a,
1987b, 1988, 1989, 1990, 1991a, 1993d, and 1994c.
 For purposes of this table, a pollutant was considered to induce an effect if human or laboratory mammal data indicating a positive resultb

were available.  Blanks mean that no data indicating a positive result were found in the references cited (not necessarily that the chemical
does not cause the effect).
 Cancer classifications:  (1) "probable human carcinogen" when there is limited or no evidence of human carcinogenicity fromc

epidemiological studies but sufficient evidence of carcinogenicity in animals (corresponds to EPA weight-of-evidence category B); (2)
"possible human carcinogen" when there is limited evidence of carcinogenicity in animals and inadequate or lack of human data
(corresponds to EPA weight-of-evidence category C); and (3) "not classifiable as to human carcinogenicity" when there is inadequate
human and animal evidence of carcinogenicity or when no data are available (corresponds to EPA weight-of-evidence category D).  Data
on cancer classifications are obtained from EPA's Integrated Risk Information System (IRIS), unless otherwise noted.
 This column reports only a sample of other noncancer effects that may occur as a result of chronic exposure to the pollutant.  Additionald

adverse human health effects may be associated with each chemical.
 POM represents a class of numerous compounds; not every compound is responsible for the potential effects on human health.e

 Data from Health Effects Assessment Summary Tables (HEAST), which classify these chemicals as probable human carcinogens;f

however, these carcinogenic evaluations are currently under review by EPA.
 Inorganic (mercuric chloride) and organic (methylmercury) forms are classified as "possible," whereas elemental is "not classifiable."g
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�SRWHQWLDO�HQGRFULQH�GLVUXSWLQJ�HIIHFWV�RI�''7�''(�DQG�OLQGDQH��DQG�WKH��SRVVLEOH�KXPDQ
FDUFLQRJHQ��FODVVLILFDWLRQ�IRU�PHUFXU\��RUJDQLF�DQG�LQRUJDQLF�IRUPV��

�7KH�FXUUHQW�LQIRUPDWLRQ�RQ�WKH�KXPDQ�KHDOWK�HIIHFWV�DVVRFLDWHG�ZLWK�HDFK�RI�WKH
SROOXWDQW�JURXSV�LV�KLJKOLJKWHG�LQ�WKH�UHPDLQGHU�RI�WKH�VHFWLRQ�

0(5&85<�$1'�&203281'6

0HUFXU\��D�PHWDO��LV�GLVFXVVHG�VHSDUDWHO\�IURP�RWKHU�PHWDOV�EHFDXVH�RI�WKH�VLJQLILFDQW
HPSKDVLV�SODFHG�RQ�PHUFXU\�LQ�VHFWLRQ�����RI�WKH�&$$�DQG�WKH�GLIIHUHQFH�LQ�LWV�EHKDYLRU�DQG
HIIHFWV�FRPSDUHG�WR�RWKHU�PHWDOV���,W�KDV�ORQJ�EHHQ�NQRZQ�WKDW�RUJDQLF�PHUFXU\��PHWK\OPHUFXU\�
ELRDFFXPXODWHV�LQ�ILVK��DQG�FDQ�ELRPDJQLI\�LQ�WKH�IRRG�ZHE���,Q�WKH�DLU��PHUFXU\�H[LVWV�SULPDULO\
DV�HOHPHQWDO��+J ��DQG�LQRUJDQLF��+J>,,@��PHUFXU\���0RVW�RI�WKH�PHUFXU\�LQ�ZDWHU��VRLO��RU�

VHGLPHQWV�RFFXU�LQ�WKH�IRUP�RI�HOHPHQWDO�PHUFXU\�DQG�LQRUJDQLF�PHUFXU\�VDOWV�

+XPDQV�DUH�PRVW�OLNHO\�H[SRVHG�WR�PHUFXU\�LQGLUHFWO\�DV�PHWK\OPHUFXU\�WKURXJK�D�GLHW
FRQWDLQLQJ�FRQWDPLQDWHG�ILVK��LQVWHDG�RI�GLUHFWO\�IURP�LQKDODWLRQ�RI�PHUFXU\�LQ�DLU���,QJHVWLRQ�RI
PHUFXU\�FRQWDPLQDWHG�ILVK�FDQ�UHVXOW�LQ�YDULRXV�KHDOWK�HIIHFWV��SDUWLFXODUO\�WR[LFLW\�WR�WKH
QHUYRXV�V\VWHP�LQ�DGXOWV�DQG�LQ�FKLOGUHQ�H[SRVHG�DV�IHWXVHV���$V�VKRZQ�LQ�7DEOH�,,����PHUFXU\
PD\�DOVR�DIIHFW�WKH�UHSURGXFWLYH�DQG�LPPXQH�V\VWHPV���6LQFH�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��(3$
KDV�UHFRPPHQGHG�WKH�FXUUHQW�UDWLQJ�RI�WKH�VFLHQWLILF�ZHLJKW�RI�HYLGHQFH�UHJDUGLQJ�WKH�KXPDQ
FDUFLQRJHQLFLW\�RI�PHUFXU\��8�6��(3$�����G��

& (OHPHQWDO�PHUFXU\���QRW�FODVVLILDEOH�DV�WR�KXPDQ�FDUFLQRJHQLFLW\�

& ,QRUJDQLF��PHUFXULF�FKORULGH��DQG�RUJDQLF��PHWK\OPHUFXU\��PHUFXU\���SRVVLEOH
KXPDQ�FDUFLQRJHQV�

,Q�UHFHQW�\HDUV��UHVHDUFKHUV��LQFOXGLQJ�(3$��KDYH�IRFXVHG�RQ�VHYHUDO�LVVXHV�UHODWHG�WR�WKH
KHDOWK�HIIHFWV�RI�PHWK\OPHUFXU\�������LPSURYLQJ�WKH�TXDQWLWDWLYH�HVWLPDWH�RI�WKH�UHODWLRQVKLS
EHWZHHQ�PHUFXU\�OHYHOV�LQ�DLU�DQG�H[SRVXUH�OHYHOV������XVLQJ�UHILQHG�VWDWLVWLFDO�DSSURDFKHV�DQG
WKH�DSSOLFDWLRQ�RI�SK\VLRORJLFDOO\�EDVHG�SKDUPDFRNLQHWLF�PRGHOV�WR�HYDOXDWH�WKH�FULWLFDO�GRVH
OHYHOV�DW�ZKLFK�KHDOWK�HIIHFWV�RFFXU�IURP�PHUFXU\��DQG�����HIIHFWV�RQ�QHUYRXV�V\VWHP�GHYHORS�
PHQW�LQ�SRSXODWLRQV�WKDW�FRQVXPH�PHUFXU\�FRQWDPLQDWHG�ILVK���1HZ�GDWD�DUH�DYDLODEOH�IURP�D
UHFHQWO\�SXEOLVKHG�VWXG\�LQYHVWLJDWLQJ�QHXURORJLFDO�HIIHFWV�LQ�FKLOGUHQ�EHORQJLQJ�WR�D�ILVK�
FRQVXPLQJ�SRSXODWLRQ�LQ�WKH�6H\FKHOOHV�,VODQGV���'DWD�IURP�HYDOXDWLRQ�RI�WKHVH�FKLOGUHQ��XS�WR
VL[�\HDUV�RI�DJH��KDYH�EHHQ�FROOHFWHG�DQG�DUH�EHLQJ�DQDO\]HG���'DWD�IURP�D�VLPLODU�VWXG\�LQ�WKH
)DURH�,VODQGV�KDYH�EHHQ�SXEOLVKHG�LQ�DEVWUDFW�IRUP��KRZHYHU��IXUWKHU�LQYHVWLJDWLRQ�LV�EHLQJ
FRQGXFWHG�WR�GHWHUPLQH�LI�WKH�VWXG\�VXEMHFWV�DOVR�PD\�KDYH�EHHQ�H[SRVHG�WR�3&%V���6PDOOHU�VFDOH
VWXGLHV�HYDOXDWLQJ�HIIHFWV�LQ�SRSXODWLRQV�DURXQG�WKH�*UHDW�/DNHV�DOVR�DUH�LQ�SURJUHVV���7KH�DERYH
GDWD�DQG�PHWKRGRORJLHV�KDYH�QRW�\HW�EHHQ�LQFRUSRUDWHG�LQWR�DQ�(3$�ULVN�DVVHVVPHQW�RI�PHWK\O�
PHUFXU\�EHFDXVH�D�PDMRULW\�RI�WKH�QHZ�GDWD�DUH�HLWKHU�QRW�\HW�SXEOLVKHG�RU�KDYH�QRW�\HW�EHHQ
VXEMHFWHG�WR�ULJRURXV�UHYLHZ�

27+(5�0(7$/6

&DGPLXP���$V�LQGLFDWHG�LQ�7DEOH�,,����FDGPLXP�KDV�EHHQ�OLQNHG�WR�QXPHURXV�DGYHUVH
KXPDQ�KHDOWK�HIIHFWV��LQFOXGLQJ�UHVSLUDWRU\�DQG�NLGQH\�WR[LFLW\��SUREDEOH�FDUFLQRJHQLFLW\�
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Low-Level Lead Exposure

Because of the adverse human health effects
associated with low-level lead exposure coupled
with the numerous exposure pathways for lead,
EPA has abandoned its standard approach for
evaluating chemical toxicity in favor of a site-
specific modeling approach.  In 1994, EPA
released a revised version of the Integrated
Exposure Uptake Biokinetic Model for Lead in
Children as its recommended methodology for
assessing lead exposure.  The model considers
the principal lead exposure pathways (e.g.,
drinking water, diet, inhalation) to estimate lead
levels in blood of children.  Overall lead intake is
then integrated in the model to estimate blood lead
concentration.  This concentration can then be
used to predict:  (1) the percentage of the exposed
population that will have blood lead levels greater
than 10 µg/dL; or (2) the probability that a child
exposed to this level will have a blood lead level
greater than 10 µg/dL.  EPA defines 10 µg/dL
blood lead as the lower bound of the range that is
known to cause adverse effects on behavior in
young children.

Source:  U.S. EPA 1994b.

UHSURGXFWLYH�DQG�GHYHORSPHQWDO�HIIHFWV��DQG�LPPXQRORJLFDO�HIIHFWV���5HFHQW�OLWHUDWXUH�GLVFXVVLQJ
WKH�DGYHUVH�KXPDQ�KHDOWK�HIIHFWV�RI�H[SRVXUH�WR�FDGPLXP�LV�OLPLWHG�DQG�JHQHUDOO\�LV�IRFXVHG�RQ
KRZ�FDGPLXP�DOWHUV�WKH�IXQFWLRQ�RI�WKH�NLGQH\��ZKLFK�LV�NQRZQ�WR�EH�WKH�FULWLFDO�RUJDQ�IRU
FDGPLXP�H[SRVXUHV��:+2���������&DGPLXP�H[SRVXUH�KDV�EHHQ�IRXQG�WR�FDXVH�GHILFLHQW�YLWDPLQ
'�PHWDEROLVP�LQ�WKH�NLGQH\��ZKLFK�VXEVHTXHQWO\�DIIHFWV�WKH�FDOFLXP�EDODQFH�DQG�ERQH�GHQVLW\
DQG�PD\�UHVXOW�LQ�RVWHRSRURVLV�RU�RVWHRPDODFLD��ERWK�ERQH�GLVHDVHV�FKDUDFWHUL]HG�E\�D�FKDQJH�LQ
WKH�PLQHUDO�DQG�PDWUL[�SKDVHV�RI�ERQH�WLVVXH����([SRVXUH�WR�FDGPLXP�KDV�DOVR�EHHQ�OLQNHG�WR
GHYHORSPHQWDO�HIIHFWV��H�J���SDUWLFXODUO\�ORZ�ELUWK�ZHLJKW��

/HDG���5HFHQW�OLWHUDWXUH�RQ�KXPDQ
KHDOWK�HIIHFWV�IURP�OHDG�H[SRVXUH�JHQHUDOO\
VXSSRUWV�WKH�ILQGLQJV�SUHVHQWHG�LQ�,,�����OHDG
LV�FRQVLGHUHG�D�SUREDEOH�FDUFLQRJHQ�DQG�PD\
DIIHFW�UHSURGXFWLRQ�DQG�GHYHORSPHQW��DOWHU
WKH�LPPXQH��QHUYRXV��DQG�HQGRFULQH
V\VWHPV��DQG�GDPDJH�WKH�NLGQH\���:KLOH�WKH
FRUUHODWLRQ�EHWZHHQ�KLJK�OHYHOV�RI�OHDG�LQ
EORRG�DQG�DGYHUVH�KXPDQ�KHDOWK�HIIHFWV�LV
UHODWLYHO\�ZHOO�NQRZQ��FXUUHQW�UHVHDUFK�KDV
IRFXVHG�RQ�WKH�DGYHUVH�HIIHFWV�DVVRFLDWHG
ZLWK�ORZ�OHYHOV�RI�OHDG�LQ�EORRG�����
PLFURJUDPV�RI�OHDG�SHU�GHFLOLWHU�RI�EORRG��RU
�J�G/���VHH�VLGHEDU����/RZ�OHYHOV�RI�OHDG�PD\
EH�IRXQG�LQ�EORRG�RI�D�VLJQLILFDQW�SRUWLRQ�RI
WKH�JHQHUDO�SXEOLF��8�6��(3$�����E����(IIHFWV
IURP�ORZ�OHYHO�H[SRVXUH�UDQJH�IURP�VXEWOH
FHOOXODU�FKDQJHV��VXFK�DV�HIIHFWV�RQ�UHG�EORRG
FHOO�PHWDEROLVP��WR�SURQRXQFHG�HIIHFWV�RQ
SK\VLFDO�DQG�PHQWDO�GHYHORSPHQW��+RYLQJD
HW�DO��������+XVHPDQ�HW�DO��������.LP�HW�DO�
��������%ORRG�OHDG�OHYHOV�DV�ORZ�DV�����J�G/
�DQG�SRVVLEO\�ORZHU��PD\�UHVXOW�LQ�DGYHUVH
KXPDQ�KHDOWK�HIIHFWV��0XVKDN�HW�DO�������
8�6��(3$�����E����(3$�KDV�DOVR�QRWHG�WKDW
LQIDQWV�DQG�\RXQJ�FKLOGUHQ�PD\�EH�PRVW�VXVFHSWLEOH�WR�DGYHUVH�HIIHFWV�UHVXOWLQJ�IURP�OHDG
H[SRVXUHV��8�6��(3$�����E����

&20%867,21�(0,66,216

7&''�DQG�7&')���$V�VKRZQ�LQ�7DEOH�,,����WKH�SRWHQWLDO�KXPDQ�KHDOWK�HIIHFWV�IURP
H[SRVXUH�WR�7&''�LQFOXGH�SUREDEOH�FDUFLQRJHQLFLW\��DQG�UHSURGXFWLYH�DQG�GHYHORSPHQWDO�
QHXURORJLFDO�DQG�EHKDYLRUDO��LPPXQRORJLFDO��DQG�HQGRFULQH�V\VWHP�HIIHFWV���)RU�7&')��WKH
SRWHQWLDO�KXPDQ�KHDOWK�HIIHFWV�DUH�UHSURGXFWLYH�DQG�GHYHORSPHQWDO��LPPXQRORJLFDO��DQG
HQGRFULQH�V\VWHP�HIIHFWV��DQG�OLYHU�WR[LFLW\���7KH�GLR[LQ�UHDVVHVVPHQW�GRFXPHQW��8�6��(3$�����F�
GLVFXVVHV�WKH�HIIHFWV�RI�7&''�DQG�UHODWHG��FRPSRXQGV�FROOHFWLYHO\�UHIHUUHG�WR�DV�GLR[LQV��LQ
GHWDLO���$�VXPPDU\�RI�VRPH�RI�WKH�UHVHDUFK�SUHVHQWHG�LQ�WKH�UHDVVHVVPHQW�LV�GLVFXVVHG�EHORZ�
SOHDVH�UHIHU�WR�WKH�UHDVVHVVPHQW�GRFXPHQW�IRU�WKH�SULPDU\�OLWHUDWXUH�UHIHUHQFHV�IRU�WKHVH�VWXGLHV�
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® &DUFLQRJHQLFLW\���$�QXPEHU�RI�QHZ�VWXGLHV�SURYLGH�IXUWKHU�HYLGHQFH�WKDW�GLR[LQV�DUH
SUREDEOH�KXPDQ�FDUFLQRJHQV���%HFDXVH�DYDLODEOH�KXPDQ�VWXGLHV�DORQH�FDQQRW�FRQILUP
ZKHWKHU�WKHUH�LV�D�FDXVDO�UHODWLRQVKLS�EHWZHHQ�GLR[LQ�H[SRVXUH�DQG�LQFUHDVHG�FDQFHU
LQFLGHQFH��DVVHVVRUV�KDYH�H[WUDSRODWHG�IURP�DYDLODEOH�DQLPDO�GDWD�WR�SRWHQWLDO�KXPDQ
FDQFHU���5HFHQW�DQLPDO�VWXGLHV�KDYH�GHPRQVWUDWHG�GLR[LQV�WR�EH�FDUFLQRJHQLF�LQ�KDPVWHUV
DQG�VPDOO�ILVK���$OO�RI�WKHVH�GDWD�KDYH�FRQWULEXWHG�WR�WKH�ZHLJKW�RI�HYLGHQFH�WKDW�GLR[LQV
DQG�UHODWHG�FRPSRXQGV�PD\�EH�FDUFLQRJHQLF��XQGHU�FHUWDLQ�FLUFXPVWDQFHV��LQ�KXPDQV�

® 5HSURGXFWLYH�DQG�'HYHORSPHQWDO�(IIHFWV���7KH�SRWHQWLDO�IRU�GLR[LQV�DQG�UHODWHG�FRPSRXQGV
WR�FDXVH�DGYHUVH�UHSURGXFWLYH�DQG�GHYHORSPHQWDO�HIIHFWV�LQ�DQLPDOV�KDV�EHHQ�UHFRJQL]HG
IRU�PDQ\�\HDUV���5HFHQW�ODERUDWRU\�VWXGLHV�KDYH�VXJJHVWHG�WKDW�DOWHUHG�GHYHORSPHQW�PD\
EH�DPRQJ�WKH�PRVW�VHQVLWLYH�7&''�HQGSRLQW�LQ�ODERUDWRU\�DQLPDOV��DOWKRXJK�WKH
OLNHOLKRRG�DQG�OHYHO�RI�UHVSRQVH�LQ�KXPDQV�LV�PXFK�OHVV�FOHDU���2QH�VWXG\�RI�PRQNH\V
IRXQG�WKDW�FKURQLF�H[SRVXUH�WR�7&''�LQFUHDVHG�WKH�ULVN�RI�HQGRPHWULRVLV��D�IHPDOH
UHSURGXFWLYH�V\VWHP�GLVRUGHU�WKDW�FDQ�EH�SDLQIXO�DQG�SURGXFH�LQIHUWLOLW\���+XPDQ
HSLGHPLRORJLF�VWXGLHV�RQ�WKH�UHODWLRQVKLS�EHWZHHQ�GLR[LQ�H[SRVXUH�DQG�HQGRPHWULRVLV
DUH�SODQQHG�DV�SDUW�RI�IROORZ�XS�UHVHDUFK�WR�D������GLR[LQ�UHOHDVH�LQ�6HYHVR��,WDO\�

® ,PPXQH�6\VWHP�(IIHFWV���5HFHQW�DQLPDO�VWXGLHV�FRQILUP�WKDW�GLR[LQV�PD\�FDXVH
LPPXQRORJLFDO�HIIHFWV�DQG�VXJJHVW�WKDW�VRPH�HIIHFWV�PD\�RFFXU�DIWHU�ORZ�OHYHO�H[SRVXUH��
7KHUH�LV�FRQIOLFWLQJ�HYLGHQFH��KRZHYHU��FRQFHUQLQJ�WKH�HIIHFWV�RI�WKHVH�FRPSRXQGV�RQ
KXPDQV���$�GHYHORSLQJ�KXPDQ�LPPXQH�V\VWHP�LV�EHOLHYHG�WR�EH�SDUWLFXODUO\�VHQVLWLYH�WR
WKH�HIIHFWV�RI�H[SRVXUH�WR�GLR[LQV�FRPSDUHG�WR�DGXOWV��EXW�DGGLWLRQDO�UHVHDUFK�LV�QHFHVVDU\
WR�FRQILUP�WKLV�K\SRWKHVLV�

® (QGRFULQH�6\VWHP�(IIHFWV���7ZR�KXPDQ�HSLGHPLRORJLF�VWXGLHV�OLQNHG�H[SRVXUH�WR�7&''
ZLWK�FKDQJHV�LQ�PDOH�UHSURGXFWLYH�KRUPRQH�OHYHOV���7ZR�RI�WKUHH�VWXGLHV�IRXQG
GHFUHDVHG�WHVWRVWHURQH�OHYHOV�DQG�RQH�RI�WZR�VWXGLHV�REVHUYHG�DQ�LQFUHDVH�LQ�D�IHPDOH
RYXODWLRQ�KRUPRQH�LQ�PDOHV���$QLPDO�VWXGLHV�KDYH�SURGXFHG�VLPLODU�UHVXOWV�

® 2WKHU�1RQFDQFHU�(IIHFWV���&KORUDFQH�LV�D�VHYHUH�DFQH�OLNH�GLVRUGHU�WKDW�GHYHORSV�ZLWKLQ
KXPDQV�DIWHU�D�IHZ�PRQWKV�RI�H[SRVXUH�WR�GLR[LQ���,W�PD\�GLVDSSHDU�LQ�VRPH�LQGLYLGXDOV
DIWHU�H[SRVXUH�LV�GLVFRQWLQXHG��RU�SHUVLVW�LQ�RWKHUV�IRU�PDQ\�\HDUV���/LPLWHG�GDWD�H[LVW�WR
GHWHUPLQH�WKH�GRVHV�DW�ZKLFK�FKORUDFQH�LV�OLNHO\�WR�RFFXU��EXW�ORQJ�ODVWLQJ��KLJK�LQWHQVLW\
H[SRVXUHV�WKDW�EHJLQ�DW�DQ�HDUO\�DJH�DUH�EHOLHYHG�WR�LQFUHDVH�DQ�LQGLYLGXDO
V�FKDQFHV�RI
FRQWUDFWLQJ�WKLV�VNLQ�GLVRUGHU���$QRWKHU�SRWHQWLDO�HIIHFW�LV�HQ]\PH�LQGXFWLRQ��ZKLFK�KDV
RFFXUUHG�LQ�DQLPDOV�H[SRVHG�WR�7&''�FRPSRXQGV���7KH�ELRFKHPLFDO�DOWHUDWLRQ�PD\
HLWKHU�EHQHILW�WKH�DQLPDO�RU�UHVXOW�LQ�DGYHUVH�HIIHFWV�WR�WKH�DQLPDO��L�H���DOWHU�PHWDEROLVP�RI
FHUWDLQ�FKHPLFDOV�E\�LQFUHDVLQJ�RU�GHFUHDVLQJ�WR[LFLW\����6WXGLHV�OLQNLQJ�WKLV�HIIHFW�GLUHFWO\
WR�KXPDQV�DUH�QRW�DYDLODEOH�

0RVW�GLR[LQV�DUH�WKRXJKW�WR�DIIHFW�DQLPDOV�DQG�KXPDQV�E\�ELQGLQJ�ZLWK�WKH�$K�UHFHSWRU��
7KH�$K�UHFHSWRU��ZKLFK�KDV�EHHQ�GHWHFWHG�LQ�KXPDQV��DQG�LWV�PHFKDQLVP�RI�DFWLRQ�DUH�GLVFXVVHG
LQ�6HFWLRQ�,,�&�

3&%V���7KLV�VHFWLRQ�VXPPDUL]HV�WKH�SRWHQWLDO�KXPDQ�KHDOWK�HIIHFWV�WKDW�DUH�JHQHUDOO\
FRPPRQ�WR�DOO�3&%�FRPSRXQGV��DOWKRXJK�WKH�OHYHOV�DW�ZKLFK�WKHVH�HIIHFWV�PD\�RFFXU�YDU\
EHWZHHQ�FRPSRXQGV���,Q�DGGLWLRQ��VSHFLILF�FRPSRXQGV�PD\�SURGXFH�WKHLU�RZQ�UDQJH�RI�HIIHFWV��
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Changes in Serum PCB Levels in Great Lakes Populations

Hovinga et al. (1992) compared data from a 1982 study that examined 115 individuals who
consumed Great Lakes fish and 95 who did not eat fish (i.e., controls) to a similar study in 1989 that
reevaluated these individuals.  Comparison of the data from the two studies (Table II-10) shows a
significant decrease in mean serum DDT levels in both fish-eaters (almost 40 percent) and controls
(approximately 30 percent).  In contrast, serum PCB levels decreased only slightly in fish-eaters and
remained relatively constant in controls.  These results support other studies that have found stable PCB
levels over time when DDT levels have been decreasing and suggest that, despite their ban, restrictions
on PCBs have not been as effective in reducing levels of contamination in humans as those placed on
DDT.

TABLE II-10
Mean Serum PCB and DDT Levels in Fish Eaters and Controls (1982 vs. 1989) a

Fish Eaters Controls

1982 1989 1982 1989

Serum PCB (ppb) 20.5 19.0 6.6 6.8

Serum DDT (ppb) 25.8 15.6 9.6 6.8

 Values represent 111 fish eaters and 90 controls (out of original 115 and 95,a

respectively).

$V�VKRZQ�LQ�7DEOH�,,����3&%V�DUH�FODVVLILHG�DV�SUREDEOH�FDUFLQRJHQV��DQG�SRWHQWLDOO\�DIIHFW
UHSURGXFWLYH��QHXURORJLFDO��LPPXQRORJLFDO��DQG�HQGRFULQH�SURFHVVHV�LQ�WKH�KXPDQ�ERG\���5HFHQW
UHVHDUFK�VXJJHVWV�WKDW�3&%V�PD\�EH�DEOH�WR�DFW�DV�HQGRFULQH�GLVUXSWRUV�LQ�ZD\V�VLPLODU�WR�PDQ\
SHVWLFLGHV�DQG�GLR[LQV��0F.LQQH\�DQG�:DOOHU�������

3&%V�UHPDLQ�D�VLJQLILFDQW�FRQFHUQ�EHFDXVH��DOWKRXJK�WKH\�KDYH�QRW�EHHQ�SURGXFHG�LQ�WKLV
FRXQWU\�IRU�RYHU�D�GHFDGH��WKH\�DUH�RIWHQ�UHOHDVHG�LQWR�WKH�HQYLURQPHQW�LQ�FRPEXVWLRQ�JDV
HPLVVLRQV�ZKHQ�3&%�FRQWDLQLQJ�PDWHULDOV�DUH�LQFRPSOHWHO\�EXUQHG���,Q�DGGLWLRQ��DSSUHFLDEOH
FRQFHQWUDWLRQV�DUH�VWLOO�IRXQG�LQ�ZDWHU��DQG�DQLPDO�DQG�KXPDQ�WLVVXH��PLON��DQG�EORRG���$V
UHSRUWHG�LQ�6HFWLRQ�,,�$��WKH�PDMRULW\�RI�ILVK�DGYLVRULHV�LQ�WKH�*UHDW�:DWHUV�DUH�GXH�WR�WKH
SUHVHQFH�RI�3&%V�

2QH�UHFHQW�VWXG\�FRPSDULQJ�VHUXP�3&%�OHYHOV�LQ�SHRSOH�ZKR�DWH�*UHDW�/DNHV�ILVK��L�H��
FRQVXPHUV��WR�D�FRQWURO�SRSXODWLRQ�IRXQG�WKDW�VHUXP�3&%�OHYHOV�GLG�QRW�FKDQJH�VXEVWDQWLDOO\
RYHU�D�VHYHQ�\HDU�SHULRG��+RYLQJD�HW�DO���������DV�VKRZQ�LQ�7DEOH�,,������7KH�VWXG\�SURSRVHV�D
QXPEHU�RI�UHDVRQV�IRU�WKH�VWDWLF�3&%�OHYHOV�LQ�WKH�ILVK�FRQVXPLQJ�SRSXODWLRQ�������UHVWULFWLRQV�RQ
3&%�SURGXFWLRQ�DORQH�PD\�QRW�HQVXUH�GHFUHDVLQJ�OHYHOV�RI�3&%�H[SRVXUH�LQ�KXPDQ�SRSXODWLRQV�
����RWKHU�VRXUFHV�RI�3&%�FRQWDPLQDWLRQ�PD\�EH�PDMRU�VRXUFHV�RI�H[SRVXUH��RU�����VHYHQ�\HDUV�PD\
QRW�EH�D�ORQJ�HQRXJK�WLPH�WR�VHH�D�GHFUHDVH�LQ�ERG\�EXUGHQV�RI�3&%V��GXH�WR�WKH�SHUVLVWHQW
QDWXUH�RI�WKHVH�FRPSRXQGV��LQ�KXPDQ�SRSXODWLRQV�

3RWHQWLDO�VRXUFHV�RI�H[SRVXUH�WR�3&%V�RWKHU�WKDQ�ILVK�FRQVXPSWLRQ�DUH�GLVSRVDO�RI
SUHYLRXVO\�PDQXIDFWXUHG�SURGXFWV�FRQWDLQLQJ�3&%V��DWPRVSKHULF�WUDQVSRUW�IURP�RWKHU�FRXQWULHV
ZKHUH�3&%V�DUH�VWLOO�SURGXFHG�DQG�XVHG��DQG�F\FOLQJ�RI�3&%V�LQ�WKH�HQYLURQPHQW���7KH
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Workshop on Developmental Neurotoxic
Effects Associated With PCB Exposure

In September 1992, EPA sponsored a
workshop on the developmental nervous system
effects of PCBs.  At this meeting, experts
addressed whether currently available health
effects data are sufficient to support develop-
mental neurotoxicity data in risk assessment. 
Some current findings regarding human health
effects associated with PCBs were discussed and
are summarized below.

& Women exposed to PCBs through
contaminated cooking oil experienced
irregularities in menstrual cycles, which may
suggest alteration in ovarian function. 

& Potential nondevelopmental nervous system
effects include headaches, numbness, altered
peripheral nerve function, and decreased
neurobehavioral function measured through
visual memory and problem solving ability.  In
animals, PCB exposure has been shown to
affect the actions of dopamine (a brain
neurotransmitter).

& PCB exposure has been associated with
atrophy of the thymus and immunosuppression
in animals (i.e., inhibition of immune cells
required for tumor resistance).  

& Chloracne and liver dysfunction are associated
with occupational exposure to PCBs in humans. 
In animal studies, increased mortality, skin
ailments, hepatotoxicity, and weight loss have
been demonstrated.

Source:  U.S. EPA 1993b.

ZLGHVSUHDG�XVH�RI�3&%V�LQ�HOHFWULFDO�HTXLSPHQW�LV�RI�FRQFHUQ��EXW�WKHUH�KDV�EHHQ�DQ�LQFUHDVHG
DZDUHQHVV�RI�WKH�FRPEXVWLRQ�RI�ZDVWH�FRQWDLQLQJ�3&%V���7KH�FRQWLQXHG�GHWHFWLRQ�RI�3&%
FRQFHQWUDWLRQV�LQ�WKH�HQYLURQPHQW�VXJJHVWV�WKDW�WKHUH�LV�D�UHVHUYRLU�RI�3&%V�IURP��ROG��SROOXWLRQ
WKDW�F\FOHV�EHWZHHQ�VHGLPHQWV��ZDWHU��DQG�DLU�

,Q�YLHZ�RI�WKLV�HYLGHQFH�RI�FRQWLQXLQJ
SHUVLVWHQFH�RI�3&%V�LQ�WKH�HQYLURQPHQW�DQG
LQ�WKH�KXPDQ�SRSXODWLRQ��HIIHFWV�RQ�KXPDQV
UHODWHG�WR�WKLV�JURXS�RI�FKHPLFDOV�UHPDLQ�D
FRQFHUQ�DQG�PDQ\�VWXGLHV�DVVHVVLQJ�WKHLU
HIIHFWV�DUH�FXUUHQWO\�XQGHUZD\���$�����
ZRUNVKRS�VSRQVRUHG�E\�(3$�GRFXPHQWHG
VHYHUDO�KXPDQ�KHDOWK�HIIHFWV�IURP�H[SRVXUH
WR�3&%V��VHH�VLGHEDU����2WKHU�UHFHQW�ILQGLQJV
LQFOXGH�

® &DUFLQRJHQLFLW\���,Q�UHVSRQVH�WR
HYLGHQFH�WKDW�WKH�GHYHORSPHQW�RI
FDQFHU�PD\�LQYROYH�PLVFRPPXQ�
LFDWLRQ�EHWZHHQ�FHOOV��D�UHFHQW�VWXG\
LQYHVWLJDWHG�WKH�HIIHFW�RI�3&%�H[SR�
VXUH�RQ�LQWHUFHOOXODU�FRPPXQLFDWLRQ
LQ�KXPDQ�EUHDVW�FHOOV�DQG�IRXQG�WKDW
FHOO�FRPPXQLFDWLRQ�ZDV�LQKLELWHG�ZLWK
LQFUHDVLQJ�GRVHV��.DQJ�HW�DO��������

® 5HSURGXFWLYH�DQG�'HYHORSPHQWDO�(IIHFWV��
,Q�IHPDOH�UDW�SXSV�JLYHQ�GRVHV�RI
3&%V��RQH�VWXG\�REVHUYHG�GHOD\HG
SXEHUW\��IHUWLOLW\�LPSDLUPHQW��DQG
LUUHJXODU�HVWUXV�F\FOH�SDWWHUQV��6DJHU
DQG�*LUDUG���������7KH�LQYHVWLJDWRUV
VXJJHVWHG�WKDW�WKHVH�UHSURGXFWLYH
HIIHFWV�PD\�EH�UHODWHG�WR�LPSDLUPHQW
RI�HQGRFULQH�IXQFWLRQ���2QH�VWXG\
IRXQG�WKDW�FRQVXPSWLRQ�RI�3&%�
FRQWDPLQDWHG�VSRUW�ILVK�IURP�/DNH
2QWDULR�GLG�QRW�LQFUHDVH�WKH�ULVN�IRU
VSRQWDQHRXV�IHWDO�GHDWK�LQ�KXPDQV�
ZKLFK�KDV�EHHQ�REVHUYHG�LQ�YDULRXV
PDPPDOLDQ�VSHFLHV�DIWHU�3&%�H[SRVXUH��0HQGROD�HW�DO��������

® 1HXURORJLFDO�%HKDYLRUDO�(IIHFWV���7KH�HIIHFWV�RI�SUHQDWDO�H[SRVXUH�WR�3&%V�RQ�QHXURORJLFDO
IXQFWLRQ�LQ�FKLOGUHQ�ZHUH�LQYHVWLJDWHG�LQ�D�IROORZ�XS�VWXG\�RI�FKLOGUHQ�IURP�WKH
FRQWDPLQDWHG�ULFH�RLO�LQFLGHQW�LQ�7DLZDQ��LQWURGXFHG�LQ�WKH�GLVFXVVLRQ�RI�HQGRFULQH
GLVUXSWRUV�HDUOLHU�LQ�WKLV�VHFWLRQ����5HVHDUFKHUV�FRQFOXGHG�WKDW�H[SRVXUH�RI�WKH�IHWXV�WR
3&%V�PD\�LPSDLU�WKH�SV\FKRORJLFDO�IXQFWLRQV�RI�WKH�EUDLQ�LQ�WKH�FKLOG�DQG�WKDW�3&%V�PD\
SHUVLVW�LQ�WKH�EUDLQ�IRU�D�ORQJ�SHULRG��&KHQ�DQG�+VX�������
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® 2WKHU�1RQFDQFHU�(IIHFWV���3UHQDWDO�H[SRVXUH�WR�3&%V�ZDV�DVVRFLDWHG�ZLWK�ORZHUHG
LQWHOOHFWXDO�IXQFWLRQ�LQ�VFKRRO�DJH�FKLOGUHQ��-DFREVHQ�DQG�-DFREVHQ���������7KH�PRVW
KLJKO\�H[SRVHG�FKLOGUHQ�ZHUH�WKUHH�WLPHV�DV�OLNHO\�WR�KDYH�ORZ�DYHUDJH�,4�VFRUHV�DQG
WZLFH�DV�OLNHO\�WR�EH�DW�OHDVW�WZR�\HDUV�EHKLQG�LQ�UHDGLQJ�FRPSUHKHQVLRQ���(IIHFWV�ZHUH
DVVRFLDWHG�RQO\�ZLWK�SUHQDWDO�H[SRVXUH��HYHQ�WKRXJK�ODUJHU�TXDQWLWLHV�RI�3&%V�DUH
WUDQVIHUUHG�E\�EUHDVW�IHHGLQJ�WKDQ�DFURVV�WKH�SODFHQWD�

$V�GLVFXVVHG�LQ�WKH�UHFHQWO\�SXEOLVKHG�KHDOWK�HIIHFWV�UHDVVHVVPHQW�IRU�GLR[LQ��VRPH�3&%V
KDYH�EHHQ�IRXQG�WR�SURGXFH�VLPLODU�HIIHFWV�DV�GLR[LQV�

320���$V�VKRZQ�LQ�7DEOH�,,����DGYHUVH�KXPDQ�KHDOWK�HIIHFWV�DVVRFLDWHG�ZLWK�320
LQFOXGH�UHSURGXFWLYH�DQG�LPPXQRORJLFDO�HIIHFWV��DV�ZHOO�DV�SUREDEOH�FDUFLQRJHQLFLW\���+HDOWK
HIIHFWV�GDWD�RQ�320�DUH�DYDLODEOH�SULPDULO\�IRU�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV��3$+V���RQH
JURXS�RI�320�FKHPLFDOV���5HFHQW�OLWHUDWXUH�RQ�KHDOWK�HIIHFWV�RI�3$+V�FRUURERUDWHV�SUHYLRXV
ILQGLQJV�DQG�LQYHVWLJDWHV�WKH�PHFKDQLVP�RI�DFWLRQ�IRU�3$+�HIIHFWV�

® &DUFLQRJHQLFLW\���7KHUH�LV�VRPH�VSHFXODWLRQ�WKDW�XOWUDYLROHW�OLJKW�DFWV�DV�D�FRIDFWRU�LQ�WKH
GHYHORSPHQW�RI�3$+�DVVRFLDWHG�VNLQ�FDQFHU��DOWKRXJK�WKLV�K\SRWKHVLV�UHTXLUHV�IXUWKHU
HYDOXDWLRQ��6DERRUL�DQG�1HZFRPEH��������

® 5HSURGXFWLYH�DQG�'HYHORSPHQWDO�(IIHFWV���,W�KDV�EHHQ�GHPRQVWUDWHG�LQ�KXPDQ�SODFHQWD�VDPSOHV
WKDW�VKRUW�WHUP�H[SRVXUH�WR�WZR�3$+V��EHQ]R>D@S\UHQH�DQG���PHWK\OFKRODQWKUHQH�
LQFUHDVHV�WKH�VHFUHWLRQ�RI�KXPDQ�FKRULRQLF�JRQDGRWURSKLQ��+&*���DQ�LPSRUWDQW�KRUPRQH
LQ�WKH�KXPDQ�SODFHQWD��LQ�WKH�ILUVW�WULPHVWHU���7KLV�HIIHFW�ZDV�PDLQWDLQHG�DIWHU�DSSOLFDWLRQ�RI
WKH�3$+V�ZDV�GLVFRQWLQXHG���7KH�VHFUHWLRQ�RI�WKLV�KRUPRQH�PD\�EH�LQYROYHG�LQ�DGYHUVH
UHSURGXFWLYH�HIIHFWV�REVHUYHG�ZLWK�WKHVH�SROOXWDQWV��%DUQHD�DQG�6KXUW]�6ZLUVNL�������

® ,PPXQH�6\VWHP�(IIHFWV���([SRVXUH�RI�H[SHULPHQWDO�DQLPDOV�LQ�WKH�ZRPE�WR�3$+V�ZDV
IRXQG�WR�DOWHU�GHYHORSPHQW�RI�WKH�LPPXQH�V\VWHP�DQG�FDXVH�VHYHUH�DQG�VXVWDLQHG
SRVWQDWDO�LPPXQRVXSSUHVVLRQ��L�H���LQKLELWLRQ�RI�LPPXQH�FHOOV�QHFHVVDU\�IRU�WXPRU
UHVLVWDQFH���+ROODGD\�DQG�/XVWHU���������

3(67,&,'(6

7KH�SHVWLFLGHV�RI�FRQFHUQ�IRU�WKH�*UHDW�:DWHUV�DUH�FKORUGDQH��''7�''(��GLHOGULQ�
KH[DFKORUREHQ]HQH����+&+��OLQGDQH��DQG�WR[DSKHQH���$V�VKRZQ�LQ�7DEOH�,,����WKHVH�SHVWLFLGHV�DUH
SUREDEOH�KXPDQ�FDUFLQRJHQV�DQG�SRWHQWLDOO\�UHVXOW�LQ�WR[LF�HIIHFWV�WR�UHSURGXFWLYH��LPPXQH��DQG
HQGRFULQH�V\VWHPV��DV�ZHOO�DV�RWKHU�QRQFDQFHU�HIIHFWV�

0XFK�RI�WKH�UHFHQW�OLWHUDWXUH�FRQFHUQLQJ�DGYHUVH�KHDOWK�HIIHFWV�IURP�H[SRVXUH�WR�WKH
SHVWLFLGHV�RI�FRQFHUQ�LQ�WKH�*UHDW�:DWHUV�GLVFXVVHV�WKHLU�HVWURJHQLF�DQG�RWKHU�KRUPRQDO�HIIHFWV
�VHH�HDUOLHU�GLVFXVVLRQ�RI�HQGRFULQH�GLVUXSWRUV���DV�ZHOO�DV�PHFKDQLVPV�RI�DFWLRQ�RI�WKHVH�HIIHFWV
�&KRZGKXU\�HW�DO��������)RVWHU�HW�DO������D������E��-RKQVRQ�HW�DO��������-XEHUJ�DQG�/RFK�&DUXVR
������0F1XWW�DQG�+DUULV���������&XUUHQW�UHVHDUFK�WKDW�KDV�IXUWKHU�H[SORUHG�WKH�PHFKDQLVPV�RI
DFWLRQ�RI�WKH�SHVWLFLGHV�LQ�SURGXFLQJ�WKHLU�NQRZQ�HIIHFWV��RWKHU�WKDQ�HQGRFULQH�GLVUXSWLRQ��DUH
VXPPDUL]HG�EHORZ�

® &DUFLQRJHQLFLW\���,Q�UHVSRQVH�WR�HYLGHQFH�WKDW�WKH�GHYHORSPHQW�RI�FDQFHU�PD\�LQYROYH
PLVFRPPXQLFDWLRQ�EHWZHHQ�FHOOV��D�IHZ�UHFHQW�VWXGLHV�KDYH�LQYHVWLJDWHG�WKH�HIIHFWV�DQG
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PHFKDQLVP�RI�DFWLRQ�RI�FDQFHU�SURPRWLQJ�FKHPLFDOV��LQFOXGLQJ�GLHOGULQ��''7��OLQGDQH�
DQG�WR[DSKHQH��RQ�LQWHUFHOOXODU�FRPPXQLFDWLRQ��.DQJ�HW�DO��������/HLEROG�DQG�6FKZDU]
������5LYHGDO�HW�DO��������7DWHQR�HW�DO����������7KH\�KDYH�IRXQG�WKDW�FHOO�FRPPXQLFDWLRQ�LV
LQKLELWHG�ZLWK�LQFUHDVLQJ�GRVHV�RI�WKHVH�FKHPLFDOV�

® 5HSURGXFWLYH�DQG�'HYHORSPHQWDO�(IIHFWV���,Q�DGGLWLRQ�WR�VWXGLHV�RI�UHSURGXFWLYH�HIIHFWV
DVVRFLDWHG�ZLWK�HQGRFULQH�GLVUXSWLRQ��UHFHQW�VWXGLHV�GLVFXVV�WKH�HIIHFWV�DQG�DFFXPXODWLRQ
RI�WKH�SHVWLFLGHV�LQ�UHSURGXFWLYH�RUJDQV��H�J���RYDU\���%RXUTXH�HW�DO��������/LQGHQDX�HW�DO�
������6LQJK�HW�DO����������2QH�UHFHQW�VWXG\�FRQFOXGHG�WKDW�''7�LV�QRW�WR[LF�WR�VSHUP
�/LQGHU�HW�DO��������

® 1HXURORJLFDO�%HKDYLRUDO�(IIHFWV���6WXGLHV�RQ�WKH�DGYHUVH�HIIHFWV�IURP�H[SRVXUH�WR�QHXURWR[LF
SHVWLFLGHV�SURYLGHG�IXUWKHU�VXSSRUW�RI�WKHLU�DGYHUVH�QHXURORJLFDO�HIIHFWV��LQYHVWLJDWHG�WKH
PHFKDQLVPV�RI�DFWLRQ�SURGXFLQJ�WKHVH�HIIHFWV��WKH�VSHFLILF�UHJLRQV�RI�WKH�FHQWUDO�QHUYRXV
V\VWHP�DIIHFWHG��H�J���WKH�PRWRU�SULPDU\�FRUWH[�DQG�KLSSRFDPSXV�LQ�WKH�EUDLQ���DQG
ZKHWKHU�WKHUH�LV�D�FULWLFDO�H[SRVXUH�SHULRG�IRU�WKHVH�HIIHFWV��%DUUyQ�HW�DO��������(ULNVVRQ�HW
DO��������������*LOEHUW�DQG�0DFN�������*ROGH\�DQG�7D\ORU�������*RSDO�HW�DO�������
-RKDQQVRQ�HW�DO��������.LOEXUQ�DQG�7KRUWRQ�������1DJDWD�HW�DO��������5LYHUD�HW�DO���������
0DQ\�RI�WKHVH�VWXGLHV�HYDOXDWHG�QHUYRXV�V\VWHP�HIIHFWV�GXULQJ�GHYHORSPHQW�LQ�\RXQJ
DQLPDOV��DQG�GHWHUPLQHG�WKDW�SURJUHVVLRQ�RI�WKH�HIIHFWV��DV�ZHOO�DV�VHYHULW\�RI�WKHVH
HIIHFWV��LV�LQIOXHQFHG�E\�WKH�WLPH�RI�H[SRVXUH��H�J���IRUPDWLRQ�RI�WKH�QHUYRXV�V\VWHP�LV�D
VHQVLWLYH�VWDJH�RI�GHYHORSPHQW����'DWD�DOVR�VXJJHVW�WKDW�VRPH�HIIHFWV�RI�HDUO\�H[SRVXUH�WR
SHVWLFLGHV�RQ�FHUWDLQ�UHJLRQV�RI�WKH�FHQWUDO�QHUYRXV�V\VWHP�PD\�EH�UHYHUVLEOH�

® ,PPXQH�6\VWHP�(IIHFWV���6WXGLHV�LQYHVWLJDWLQJ�WKH�PHFKDQLVPV�RI�DFWLRQ�IRU�SURGXFLQJ
LPPXQRORJLFDO�HIIHFWV�DQG�WKH�HIIHFWV�RQ�VSHFLILF�RUJDQV�LQ�WKH�LPPXQH�V\VWHP��H�J��
VSOHHQ��KDYH�FRQILUPHG�WKH�SRWHQWLDO�DGYHUVH�LPPXQRORJLFDO�HIIHFWV�UHODWHG�WR�WKHVH
SHVWLFLGHV���,PPXQH�V\VWHP�HIIHFWV��H�J���VXSSUHVVLRQ��DXWRLPPXQLW\��ZHUH�REVHUYHG�LQ
KXPDQV�ZLWK�HOHYDWHG�OHYHOV�RI�FKORUGDQH��0F&RQQDFKLH�DQG�=DKDOVN\���������$QLPDO
GDWD�KDYH�GHPRQVWUDWHG�WKDW�LPPXQH�V\VWHP�VWLPXODWLRQ��L�H���LQFUHDVHG�DQWLERGLHV�
DQG�RU�VXSSUHVVLRQ��H�J���GHFUHDVHG�SURGXFWLRQ�RI�FHUWDLQ�DQWLERG\�IRUPLQJ�FHOOV��PD\
UHVXOW�ZLWK�H[SRVXUH�WR�''7��GLHOGULQ��+&%��DQG�OLQGDQH��)OLSR�HW�DO��������0HHUD�HW�DO�
������5HKDQD�DQG�5DR�������6DERRUL�DQG�1HZFRPEH�������6DKD�DQG�%DQHUMHH������
6FKLHOHQ�HW�DO����������

® 2WKHU�1RQFDQFHU�(IIHFWV���$�UHYLHZ�RI�OLWHUDWXUH�RQ�KXPDQ�KHDOWK�HIIHFWV�IURP�ORQJ�WHUP
H[SRVXUH�WR�SHVWLFLGHV�FRQFOXGHG�WKDW�����FKORUGDQH�PD\�FDXVH�GLVRUGHUV�LQ�ERQH�PDUURZ�
����''7�FDQ�FDXVH�FKORUDFQH��FKURPRVRPH�DEHUUDWLRQV��WUHPRUV��PXVFXODU�ZHDNQHVV��DQG
KLJK�OHYHOV�RI�FKROHVWHURO�DQG�WULJO\FHULGH��DQG�����KH[DFKORUREHQ]HQH�PD\�FDXVH
PHWDEROLF�DEQRUPDOLWLHV�DQG�OLYHU�FDQFHU��0DURQL�DQG�)DLW���������$QRWKHU�VWXG\
GHPRQVWUDWHG�WKDW�OLQGDQH�PD\�LPSDLU�GHYHORSPHQW�RI�EORRG�FHOOV�LQ�WKH�ERQH�PDUURZ
�3DUHQW�0DVVLQ�DQG�7KRXYHQRW�������

1,752*(1�&203281'6

1LWURJHQ�LQ�WKH�PROHFXODU�IRUP�1 �LV�WKH�PRVW�DEXQGDQW�JDV�LQ�WKH�HDUWK
V�DWPRVSKHUH��

DQG�LV�HVVHQWLDOO\�FKHPLFDOO\�LQHUW�XQGHU�DPELHQW�HQYLURQPHQWDO�FRQGLWLRQV���2WKHU�FRPSRXQGV
RI�QLWURJHQ��SDUWLFXODUO\�R[LGHV�RI�QLWURJHQ��DUH�FRPPRQ�LQ�WKH�DLU�GXH�WR�WKHLU�IRUPDWLRQ�PDLQO\
WKURXJK�FRDO�DQG�RLO�IRVVLO�IXHOHG�HOHFWULF�SRZHU�JHQHUDWLRQ�DQG�DXWRPRELOH�IRVVLO�IXHO
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FRPEXVWLRQ��DQG�SURGXFH�D�YDULHW\�RI�HIIHFWV�RQ�KXPDQ�KHDOWK�DQG�WKH�HQYLURQPHQW���(3$�KDV
VHYHUDO�SURJUDPV��LQ�DGGLWLRQ�WR�WKH�*UHDW�:DWHUV�SURJUDP��WKDW�DUH�HYDOXDWLQJ�DQG�DWWHPSWLQJ�WR
UHGXFH�WKH�WKUHDW�WR�KXPDQ�KHDOWK�IURP�DWPRVSKHULF�QLWURJHQ�GLR[LGH��R]RQH��DQG�DFLGLF
SUHFLSLWDWLRQ�RU�SDUWLFXODWHV��8�6��(3$�����F������G��DQG�����H����7KHVH�RWKHU�SURJUDPV�DOVR
H[DPLQH�JHQHUDO�HQYLURQPHQWDO�HIIHFWV�RI�WKH�QLWURJHQ�FRPSRXQGV��ZKLOH�WKH�*UHDW�:DWHUV
SURJUDP�FRQFHQWUDWHV�RQ�WKH�HIIHFWV�IURP�QXWULHQW�HQULFKPHQW��RU�HXWURSKLFDWLRQ��LQ�ZDWHUERGLHV
IURP�DWPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ�FRPSRXQGV��VHH�6HFWLRQ�,,�&�RQ�HFRORJLFDO�HIIHFWV��

2[LGHV�RI�QLWURJHQ�DUH�SURGXFHG�DEXQGDQWO\�E\�PDQ\�PRGHUQ�FRPEXVWLRQ�SURFHVVHV���2I
WKH�R[LGHV�RI�QLWURJHQ��QLWURJHQ�GLR[LGH��12 ��LV�WKH�PRVW�DEXQGDQW�LQ�HPLVVLRQ�SOXPHV�RU�

YHKLFOH�H[KDXVW���$W�WLPHV��12 �LWVHOI�FDQ�UHDFK�DPELHQW�FRQFHQWUDWLRQV�DVVRFLDWHG�ZLWK�D�YDULHW\�

RI�DFXWH�DQG�FKURQLF�KHDOWK�HIIHFWV���$�PRUH�FRPPRQ�SUREOHP�LV�WKDW��LQ�WKH�SUHVHQFH�RI�VXQOLJKW�
QLWURJHQ�R[LGHV�LQ�WKH�DWPRVSKHUH�UHDFW�ZLWK�YRODWLOH�RUJDQLF�FRPSRXQGV��92&V��WR�IRUP�R]RQH��
$OWKRXJK�R]RQH�LQ�WKH�VWUDWRVSKHUH�LV�HVVHQWLDO�IRU�SURWHFWLQJ�WKH�HDUWK�IURP�KDUVK�XOWUDYLROHW
UD\V��ORZHU�OHYHO�R]RQH��RU�SKRWRFKHPLFDO�VPRJ��FRQWULEXWHV�WR�D�YDULHW\�RI�KHDOWK�SUREOHPV��
$GGLWLRQDO�SUREOHPV�DUH�SRVHG�E\�ILQH�SDUWLFOHV�LQ�WKH�DWPRVSKHUH���8QGHU�FHUWDLQ�FRQGLWLRQV�LQ
WKH�DLU��R[LGHV�RI�QLWURJHQ�FDQ�XQGHUJR�DGGLWLRQDO�UHDFWLRQV�UHVXOWLQJ�LQ�ILQH�SDUWLFOHV�RU
FRQWULEXWH�WR�DFLGV�LQ�DHURVRO�GURSOHWV���(3$�KDV�VHW�KHDOWK�EDVHG�1DWLRQDO�$PELHQW�$LU�4XDOLW\
6WDQGDUGV��1$$46��IRU�12 ��IRU�R]RQH��DQG�IRU�ILQH�SDUWLFXODWHV��ZKLFK�KDYH�PDQ\�VRXUFHV�LQ�

DGGLWLRQ�WR�QLWURJHQ�R[LGHV����$FLGLF�SUHFLSLWDWLRQ�LV�DOVR�DIIHFWHG�E\�QLWURJHQ�R[LGH�HPLVVLRQV�
DQG�LV�WKH�IRFXV�RI�DQRWKHU�(3$�SURJUDP���5HFHQW�SXEOLFDWLRQV�IURP�WKRVH�SURJUDPV�DQG�1$$46
UHYLHZV�VKRXOG�EH�FRQVXOWHG�IRU�GHWDLOV�RQ�WKH�KXPDQ�KHDOWK�HIIHFWV�RI�QLWURJHQ���7KH�*UHDW
:DWHUV�SURJUDP�HYDOXDWHV�WKH�UHGXFWLRQV�LQ�QLWURJHQ�FRPSRXQGV�WKDW�WKHVH�SURJUDPV�KDYH
DFKLHYHG�DQG�KDYH�SURSRVHG��DQG�FRQVLGHUV�WKH�QHW�HIIHFWV�RQ�ZDWHUERGLHV��EXW�GRHV�QRW�DQDO\]H
GLUHFW�KXPDQ�KHDOWK�HIIHFWV�IURP�LQKDODWLRQ��
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Subpopulations with Higher Lifetime Cancer Risks

In developing the Great Lakes Water Quality Guidance (GLWQG), EPA estimated baseline human
health (cancer and noncancer) risks for certain subpopulations in each of the Great Lakes.  Baseline health
risks were based on fish tissue concentrations of chlordane, DDT, dieldrin, hexachlorobenzene, mercury,
PCBs, 2,3,7,8-TCDD, and toxaphene.  Table II-11 presents the low and high estimated lifetime cancer risks,
as well as EPA's "acceptable" range of lifetime cancer risk for human health.  As shown in the table, the risks
to the subpopulations are well above the accepted risk range.

TABLE II-11
Lifetime Cancer Risks in Various Great Lakes Subpopulations Versus

EPA's Appropriate Range of Risk to Human Health a

Subpopulations Low High

Native Americans (subsistence anglers) 18 in 10,000 370 in 10,000

Low income minority sport anglers 25 in 10,000 120 in 10,000

Other sport anglers 9.7 in 10,000 450 in 10,000

EPA's Acceptable Range of Lifetime Cancer Risk for
General Populationb

0.01 in 10,000 to 1 in 10,000

 Cancer risks were driven by fish tissue PCB concentrations which were lowest in Lake Superiora

and highest in Lake Michigan.  Therefore, low end of range represents Lake Superior and high
end represents Lake Michigan.
 EPA's acceptable range of lifetime cancer risk is based on the National Oil and Hazardousb

Substances Pollution Contingency Plan (NCP) [40 CFR Part 300].

Sources:  U.S. EPA 1995a, 1995h.

,,�(��2WKHU�(IIHFWV

,Q�DGGLWLRQ�WR�DGYHUVH�HIIHFWV�RQ�KXPDQ�DQG�HFRORJLFDO�KHDOWK��DWPRVSKHULF�GHSRVLWLRQ�RI
WKH�SROOXWDQWV�RI�FRQFHUQ�PD\�FRQWULEXWH�WR�RWKHU�DGYHUVH�HIIHFWV�LQFOXGLQJ�HQYLURQPHQWDO�MXVWLFH
FRQFHUQV��H�J���HIIHFWV�RQ�VXEVLVWHQFH�ILVKHUPHQ���FRPPHUFLDO�DQG�UHFUHDWLRQDO�ILVKLQJ�ORVVHV��DQG
RWKHU�UHFUHDWLRQDO�ORVVHV���7KLV�VHFWLRQ�SURYLGHV�D�YHU\�EULHI�RYHUYLHZ�RI�WKHVH�RWKHU�SRWHQWLDO
HIIHFWV���7KLV�VHFWLRQ�GRHV�QRW�DWWHPSW�WR�HVWDEOLVK�D�OLQN�EHWZHHQ�WKHVH�HIIHFWV�DQG�DWPRVSKHULF
GHSRVLWLRQ�RI�WKH�SROOXWDQWV�RI�FRQFHUQ�WR�WKH�*UHDW�:DWHUV�

(QYLURQPHQWDO�-XVWLFH�&RQFHUQV

$V�LQWURGXFHG�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��DQ�LPSRUWDQW�HQYLURQPHQWDO�MXVWLFH�LVVXH
LQ�WKH�*UHDW�:DWHUV�LV�ZKHWKHU�FHUWDLQ�JURXSV�RI�SHRSOH�PD\�KDYH�KLJKHU�H[SRVXUHV�WR�WKH
SROOXWDQWV�RI�FRQFHUQ�WKDQ�WKH�JHQHUDO�SRSXODWLRQ��DQG�WKHUHIRUH�SRWHQWLDOO\�JUHDWHU�ULVNV�IRU
DGYHUVH�KHDOWK�HIIHFWV���2QH�SRWHQWLDO�HIIHFW��FDQFHU��LV�GLVFXVVHG�LQ�WKH�ER[�EHORZ��QRWH�WKDW
QRQFDQFHU�HIIHFWV�PD\�EH�DV�RU�PRUH�LPSRUWDQW��
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6RPH�SRSXODWLRQV�DUH�DW�KLJKHU�ULVN�EHFDXVH�WKH\�PD\�EH�PRUH�YXOQHUDEOH�WR�HIIHFWV��H�J��
FKLOGUHQ����2WKHU�SRSXODWLRQV�PD\�EH�PRUH�KLJKO\�H[SRVHG�EHFDXVH�WKH\�FRQVXPH�ODUJHU
TXDQWLWLHV�RI�*UHDW�:DWHUV�ILVK�WKDQ�WKH�JHQHUDO�SRSXODWLRQ��H�J���IRU�VXEVLVWHQFH�UHDVRQV���WKHVH
SRSXODWLRQV�LQFOXGH�1DWLYH�$PHULFDQV��WKH�XUEDQ�SRRU��DQG�VSRUW�DQJOHUV���)RU�H[DPSOH�
UHVHDUFKHUV�IRXQG�D�UHODWLRQVKLS�EHWZHHQ�ILVK�FRQVXPSWLRQ�OHYHOV�DQG�VRFLRHFRQRPLF
FKDUDFWHULVWLFV�LQ�D�VWXG\�RI�0LFKLJDQ�OLFHQVHG�VSRUW�DQJOHUV���$�FRPELQDWLRQ�RI�PLQRULW\�VWDWXV
DQG�UHODWLYHO\�ORZ�DQQXDO�LQFRPH��OHVV�WKDQ����������ZDV�FRUUHODWHG�ZLWK�KLJKHU�OHYHOV�RI�ILVK
FRQVXPSWLRQ��:HVW�HW�DO����������+LJKHU�ILVK�FRQVXPSWLRQ�UDWHV�KDYH�EHHQ�FRUUHODWHG�ZLWK�KLJKHU
OHYHOV�RI�FRQWDPLQDQWV�LQ�WKH�EORRG�

® +LJK�OHYHOV�RI�GLR[LQV�DQG�IXUDQV�ZHUH�IRXQG�LQ�IUHTXHQW�FRQVXPHUV�RI�ILVK�OLYLQJ�QHDU
WKH�%DOWLF�6HD�LQ�6ZHGHQ���,QGLYLGXDOV�ZLWK�WKH�KLJKHVW�SHUFHQWDJH�RI�ILVK�LQ�WKHLU�GLHW�
VSHFLILFDOO\�ILVKHUPHQ�DQG�ILVKLQJ�LQGXVWU\�ZRUNHUV��KDG�EORRG�OHYHOV�WKDW�ZHUH
DSSUR[LPDWHO\�WKUHH�WLPHV�WKDW�RI�QRQ�ILVK�FRQVXPHUV��6YHQVVRQ�HW�DO��������

® 2Q�WKH�QRUWK�VKRUH�RI�WKH�*XOI�RI�WKH�6W��/DZUHQFH�5LYHU��ILVKHUPHQ�ZKR�FRQVXPHG�ODUJH
DPRXQWV�RI�VHDIRRG�KDG�HOHYDWHG�OHYHOV�RI�3&%V�LQ�WKH�EORRG���7KH�EORRG�OHYHOV�DPRQJ�WKH
KLJKO\�H[SRVHG�ILVKHUPDQ�ZHUH����WLPHV�KLJKHU�WKDQ�FRQWUROV��'HZDLOO\�HW�DO��������

$V�LQGLFDWHG�LQ�6HFWLRQ�,,�$��ILVK�FRQVXPSWLRQ�DGYLVRULHV�DUH�GHVLJQHG�WR�WDNH�LQWR
DFFRXQW�WKH�IDFW�WKDW�VRPH�SRSXODWLRQV�DUH�SRWHQWLDOO\�DW�D�JUHDWHU�ULVN�IRU�H[SRVXUH�DQG�SRWHQWLDO
HIIHFWV�WKDQ�WKH�JHQHUDO�SRSXODWLRQ���5HFHQW�VWXGLHV�LQGLFDWH�WKDW�VRPH�KLJK�ULVN�SRSXODWLRQV�DUH
FKDQJLQJ�WKHLU�ILVK�FRQVXPSWLRQ�DQG�SUHSDUDWLRQ�KDELWV�LQ�UHVSRQVH�WR�ILVK�FRQVXPSWLRQ
DGYLVRULHV���$�VXUYH\�RI�������VSRUW�DQJOHUV�LQ�WKH�*UHDW�/DNHV�VWDWHV�IRXQG�WKDW����SHUFHQW�RI�WKH
UHVSRQGHQWV�KDG�FKDQJHG�WKHLU�ILVK�FRQVXPSWLRQ�EHKDYLRUV��LQFOXGLQJ�PRGLI\LQJ�ILVK�FOHDQLQJ
DQG�SUHSDUDWLRQ�PHWKRGV�DQG�HDWLQJ�OHVV�*UHDW�/DNHV�ILVK��&RQQHOO\�DQG�.QXWK���������$QRWKHU
VWXG\�IRXQG�WKDW�SUHJQDQW�ZRPHQ�RI�WKH�0RKDZN�QDWLRQ�KDG�VXEVWDQWLDOO\�UHGXFHG�WKHLU�ILVK
FRQVXPSWLRQ��)LW]JHUDOG�HW�DO��������

:KLOH�ILVK�DGYLVRULHV�DUH�GHVLJQHG�WR�WKH�UHGXFH�WKH�KDUPIXO�KHDOWK�HIIHFWV�IURP�HDWLQJ
FRQWDPLQDWHG�ILVK��WKH\�PD\�KDYH�QHJDWLYH�FXOWXUDO��VRFLHWDO��DQG�HFRQRPLF�LPSDFWV���$�IHZ�RI
WKHVH�IDFWRUV�DUH�GHVFULEHG�EULHIO\�EHORZ��DGDSWHG�IURP�8�6��(3$�����D��

® 1XWULWLRQDO�9DOXH���)LVK�DUH�NQRZQ�WR�EH�KLJK�LQ�LPSRUWDQW�QXWULHQWV�VXFK�DV�SURWHLQ�DQG
DUH�JHQHUDOO\�ORZ�LQ�IDW���%\�KHHGLQJ�DGYLVRULHV�WR�OLPLW�RU�DYRLG�ILVK�FRQVXPSWLRQ��SHRSOH
PD\�UHGXFH�WKHLU�LQWDNH�RI�DQ�LPSRUWDQW�IRRG�VRXUFH�ZLWKRXW�VXSSOHPHQWLQJ�WKHLU�GLHW
ZLWK�RWKHU�QXWULWLRQDO�IRRGV�RU�YLWDPLQ�VXSSOHPHQWV���7KLV�LV�HVSHFLDOO\�WUXH�IRU�SRRU
VXEVLVWHQFH�ILVKHUV��DIWHU�ILVK�FRQVXPSWLRQ�DGYLVRULHV�DUH�LVVXHG��WKHVH�SHRSOH�PD\�QRW�EH
DEOH�WR�DIIRUG�RWKHU�PHDQV�IRU�HDWLQJ�D�ZHOO�EDODQFHG�GLHW�

® +HDOWK�%HQHILWV�RI�)LVK�&RQVXPSWLRQ���$�GLHW�ULFK�LQ�ILVK�PD\�KDYH�VRPH�LPSRUWDQW�KHDOWK
EHQHILWV��DV�GHPRQVWUDWHG�E\�VWXGLHV�WKDW�KDYH�FRPSDUHG�GLHWV�KLJK�LQ�ILVK�ZLWK
WUDGLWLRQDO�ZHVWHUQ�GLHWV��VXPPDUL]HG�LQ�8�6��(3$�����D����([DPSOHV�RI�SRVVLEOH�KHDOWK
EHQHILWV�IURP�GLHWV�ZLWK�D�KLJK�SURSRUWLRQ�RI�ILVK�DUH�UHGXFHG�ULVN�IRU�FDUGLRYDVFXODU
GLVHDVH�DQG�FHUWDLQ�FDQFHUV���7KHUHIRUH��WKH�KHDOWK�ULVNV�IURP�QRW�HDWLQJ�ILVK�PD\
RXWZHLJK�WKH�SRWHQWLDO�KHDOWK�ULVNV�IURP�HDWLQJ�FRQWDPLQDWHG�ILVK�
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The Arkansas Game and Fish Commission
has estimated a loss of fishing expenditures due
to mercury fish consumption advisories of over $5
million dollars from 1991 to 1992.

Source:  Armstrong 1994.

® 7UDGLWLRQDO�$FWLYLWLHV���(DWLQJ�DQG�FDWFKLQJ�ILVK�DUH�LPSRUWDQW�FXOWXUDO�DFWLYLWLHV�IRU�PDQ\
VXEJURXSV���)RU�H[DPSOH��IRU�FHQWXULHV�VRPH�1DWLYH�$PHULFDQ�WULEHV�KDYH�EXLOW�FXOWXUDO
WUDGLWLRQV�DURXQG�VSHDULQJ�ILVK�DQG�VKDULQJ�WKH�FDWFK��8�6��(3$���������7ULEHV�WKDW�OLYH
QHDU�ODUJH�ZDWHUERGLHV�RIWHQ�XVH�FHUWDLQ�ILVK�VSHFLHV�WR�V\PEROL]H�FKDUDFWHULVWLFV�RU�LGHDV��
)RU�VSRUW�DQJOHUV��ILVKLQJ�DQG�HDWLQJ�WKHLU�FDWFK�DUH�LPSRUWDQW�VRFLDO�DFWLYLWLHV���,VVXLQJ
ILVK�DGYLVRULHV�FDQ�LPSRVH�RQ�WKHVH�LPSRUWDQW�FXOWXUDO�DFWLYLWLHV��JUHDWO\�DIIHFWLQJ�D
VXEJURXSV
�WUDGLWLRQDO�YDOXHV�

® 'LHWDU\�3DWWHUQV���6XEJURXSV�VXFK�DV�1DWLYH�$PHULFDQ�DQG�$VLDQ�$PHULFDQ�FRPPXQLWLHV
KDYH�ORQJ�VWDQGLQJ�WUDGLWLRQV�RI�HDWLQJ�ILVK�DQG�SODFH�LPSRUWDQFH�RQ�FHOHEUDWRU\�PHDOV
KLJKOLJKWHG�E\�ILVK���3HRSOH�PD\�QRW�ZDQW�WR�VXEVWLWXWH�GLIIHUHQW�LQJUHGLHQWV�RU�FRRN�LQ
GLIIHUHQW�ZD\V���,Q�DGGLWLRQ��WKH�SRWHQWLDO�VXEVWLWXWHV�IRU�ILVK�PD\�EH�PRUH�XQKHDOWK\�DQG
H[SHQVLYH�

® )LVKLQJ�DQG�7RXULVP�,QGXVWULHV���$V�GLVFXVVHG�EHORZ��ILVKLQJ�DGYLVRULHV�PD\�QHJDWLYHO\
DIIHFW�WKH�ILVKLQJ�DQG�WRXULVP�LQGXVWULHV�

$Q�RQ�JRLQJ�&DQDGLDQ�VWXG\�HVWDEOLVKHG�DV�D�)LUVW�1DWLRQV�+HDOWK�&DQDGD�SDUWQHUVKLS�LV
DVVHVVLQJ�WKH�H[WHQW�RI�H[SRVXUH�RI�1DWLYH�SHRSOH�OLYLQJ�LQ�WKH�*UHDW�/DNHV�EDVLQ�WR�ELRDFFXPXODWLYH
SROOXWDQWV�DQG�WKH�DVVRFLDWHG�ULVN�WR�WKHLU�KHDOWK�DQG�ZHOO�EHLQJ���7KH�SURMHFW��(IIHFWV�RQ�$ERULJLQDOV
IURP�WKH�*UHDW�/DNHV�(QYLURQPHQW��($*/(���EHJDQ�LQ�6HSWHPEHU������DQG�LV�H[SHFWHG�WR�EH�FRP�
SOHWHG�LQ��������($*/(�LV�D�FRPPXQLW\�EDVHG�HSLGHPLRORJLFDO�SURMHFW�LQYROYLQJ�WKH�DSSUR[LPDWHO\
��������)LUVW�1DWLRQV�SHRSOH�OLYLQJ�LQ����DERULJLQDO�FRPPXQLWLHV�LQ�WKH�*UHDW�/DNHV�%DVLQ���7KH
SURMHFW�EXLOGV�RQ�HDUOLHU�VWXGLHV�DQG�LV�H[DPLQLQJ�H[SRVXUH�LQ�ERWK�DGXOWV�DQG�FKLOGUHQ��VRFLR�
HFRQRPLF�HIIHFWV��DQG�WKH�LPSDFWV�RQ�WUDGLWLRQDO�ZD\V�RI�OLIH��FXOWXUH��DQG�YDOXHV��0DQQR�HW�DO��������

&RPPHUFLDO�DQG�5HFUHDWLRQDO�)LVKLQJ�/RVVHV

%DQV�DQG�DGYLVRULHV�RQ�FRPPHUFLDO
ILVKLQJ�GXH�WR�SROOXWLRQ�FDQ�FDXVH�HFRQRPLF
DQG�VRFLDO�ORVVHV�WR�RZQHUV�DQG�HPSOR\HHV�RI
FRPPHUFLDO�ILVKLQJ�HQWHUSULVHV���,Q�DGGLWLRQ�
EDQV�DQG�DGYLVRULHV�RQ�UHFUHDWLRQDO�ILVKLQJ
KDYH�SRWHQWLDOO\�IDU�UHDFKLQJ�HIIHFWV�RQ�WKH
8�6��HFRQRP\��H[SHQGLWXUHV�RQ�UHFUHDWLRQDO
ILVKLQJ�VWLPXODWH�WKH�HFRQRP\��SURYLGH�MREV
LQ�WKH�LQGXVWU\��DQG�JHQHUDWH�VWDWH�DQG�IHGHUDO�WD[HV��)HGOHU�DQG�1LFNXP���������,Q�������PRUH
WKDQ������PLOOLRQ�$PHULFDQV�RYHU����\HDUV�RI�DJH�VSHQW�D�WRWDO�RI�����ELOOLRQ�RQ�VSRUW�ILVKLQJ�
DYHUDJLQJ����WULSV�HDFK�DQG����GD\V�D�\HDU��8�6��):6���������$V�VKRZQ�LQ�WKH�VLGHEDU��ORVVHV�GXH
WR�ILVK�FRQVXPSWLRQ�DGYLVRULHV�FDQ�EH�VLJQLILFDQW�

2WKHU�5HFUHDWLRQDO�/RVVHV

,Q�DGGLWLRQ�WR�UHFUHDWLRQDO�ILVKLQJ��UHFUHDWLRQDO�KXQWLQJ��H�J���IRU�IRRG�RU�IXU��PD\�EH
QHJDWLYHO\�LPSDFWHG�E\�H[SRVXUH�RI�ZLOGOLIH�WR�WKH�SROOXWDQWV�RI�FRQFHUQ���7KHVH�LPSDFWV�LQFOXGH
GHFUHDVHV�LQ�WKH�SRSXODWLRQV�RI�KXQWHG�VSHFLHV��H�J���VWHPPLQJ�IURP�DGYHUVH�UHSURGXFWLYH
HIIHFWV��DQG�LQFUHDVHG�KHDOWK�ULVNV�WR�WKH�KXQWHUV�ZKR�FRQVXPH�WKHLU�NLOO���3RRU�ZDWHU�TXDOLW\
�DQG�RU�SXEOLF�SHUFHSWLRQ�RI�SRRU�ZDWHU�TXDOLW\��PD\�QHJDWLYHO\�DIIHFW�UHFUHDWLRQDO�XVHV�RWKHU
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EPA is currently funding a project that will
assess the value of certain recreational services
(e.g., bird watching, windsurfing, fishing) to the
Corpus Christi Bay National Estuary Program. 
The objective of this project is to assist in
prioritizing management actions for this estuary. 
Findings from the project will be used, in part, to
provide a framework for assessing both economic
and natural resource value losses due to negative
impacts associated with excess nitrogen loadings
to Corpus Christi Bay and other estuaries.

WKDQ�ILVKLQJ�DQG�KXQWLQJ��VXFK�DV�ERDWLQJ�
VZLPPLQJ��DQG�YLVLWLQJ�SDUNV���'HFUHDVHG
UHFUHDWLRQDO�XVH�DOVR�PD\�DIIHFW�WKH�UHODWHG
WRXULVP�HFRQRPLHV��WKH�DQQXDO�RXWGRRU
UHFUHDWLRQ�ZLOGOLIH�LQGXVWU\�LQ�*UHDW�/DNHV
VWDWHV�JHQHUDWHV�DSSUR[LPDWHO\�����ELOOLRQ
�1:)���������$Q�H[DPSOH�RI�HIIRUWV�WR�VWXG\
WKH�LPSDFW�RI�UHFUHDWLRQDO�ORVVHV�LQ�RQH�RI�WKH
*UHDW�:DWHUV�LV�SUHVHQWHG�LQ�WKH�VLGHEDU�
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6HFWLRQ�����P��RI�WKH�&OHDQ�$LU�$FW��&$$��GLUHFWV�(3$��LQ�FRRSHUDWLRQ�ZLWK�WKH�1DWLRQDO
2FHDQLF�DQG�$WPRVSKHULF�$GPLQLVWUDWLRQ��12$$���WR�DVVHVV�WKH�H[WHQW�RI�DWPRVSKHULF
GHSRVLWLRQ�RI�KD]DUGRXV�DLU�SROOXWDQWV�WR�WKH�*UHDW�:DWHUV���$V�SDUW�RI�WKLV�DVVHVVPHQW��(3$�LV
GLUHFWHG�WR��DPRQJ�RWKHU�WKLQJV��PRQLWRU�DWPRVSKHULF�GHSRVLWLRQ�RI�SROOXWDQWV��LQYHVWLJDWH
SROOXWDQW�VRXUFHV�DQG�GHSRVLWLRQ�UDWHV��DQG�FRQGXFW�UHVHDUFK�WR�LPSURYH�PRQLWRULQJ�PHWKRGV��
$FFRPSOLVKLQJ�WKHVH�WDVNV�UHTXLUHV�DQ�XQGHUVWDQGLQJ�RI�WKH�SURFHVVHV�E\�ZKLFK�WKH�SROOXWDQWV�RI
FRQFHUQ�DUH�WUDQVSRUWHG�IURP�WKHLU�HPLVVLRQ�VRXUFHV�DQG�GHSRVLWHG�WR�WKH�*UHDW�:DWHUV��
5HVHDUFKHUV�XVH�PDWKHPDWLFDO�PRGHOV�RI�DWPRVSKHULF�WUDQVSRUW�DQG�GHSRVLWLRQ�RI�SROOXWDQWV�WR
DQDO\]H�WKH�PRYHPHQW�RI�SROOXWDQWV�LQ�WKH�HQYLURQPHQW��WR�GHYHORS�UHODWLRQVKLSV�EHWZHHQ
VRXUFHV�DQG�UHFHSWRUV�RI�SROOXWDQWV��DQG�WR�HYDOXDWH�SURVSHFWLYH�FRQWURO�VWUDWHJLHV�

7KLV�FKDSWHU�LQWURGXFHV�VRPH�EDVLF�FRQFHSWV�DQG�VFLHQWLILF�WHUPV�WKDW�DUH�UHOHYDQW�WR
DWPRVSKHULF�WUDQVSRUW�DQG�GHSRVLWLRQ�RI�SROOXWDQWV��DQG�WKDW�DUH�XVHG�WKURXJKRXW�WKLV�UHSRUW���,W
DOVR�GLVFXVVHV�JHQHUDO�W\SHV�RI�WUDQVSRUW�DQG�GHSRVLWLRQ�PRGHOV��IRFXVLQJ�RQ�PRGHOLQJ
DFKLHYHPHQWV�RI�WKH�PRVW�UHFHQW�\HDUV�DQG�RQ�HIIRUWV�E\�(3$�DQG�12$$�SOXV�RWKHU�UHVHDUFKHUV�
PRVWO\�LQ�DFDGHPLD���)XUWKHU�GLVFXVVLRQ�RI�WKH�XVHV�RI�D�IHZ�RI�WKHVH�PRGHOV�LV�LQFOXGHG�LQ
&KDSWHU�,9�

7KHUH�LV�FXUUHQWO\�D�JHQHUDO�XQGHUVWDQGLQJ�RI�WKH�PDMRU�IDFWRUV�WKDW�DIIHFW�WKH�WUDQVSRUW�RI
DLU�SROOXWDQWV�EHWZHHQ�WKHLU�VRXUFHV�DQG�UHFHSWRUV��DV�ZHOO�DV�KRZ�WKHVH�IDFWRUV�LQWHUUHODWH���7KH
GHYHORSPHQW�RI�QHZ�PRGHOV�DQG�UHILQHPHQW�RI�H[LVWLQJ�RQHV�KDYH�EHHQ�DGYDQFHG�LQ�UHFHQW
\HDUV��DV�VKRZQ�LQ�WKLV�FKDSWHU���5HVHDUFK�RQ�WKH�FKDUDFWHUL]DWLRQ�RI�VRXUFHV��SURFHVVHV��DQG
SDUDPHWHUV�KDV�FRQWLQXHG�LQ�SDUDOOHO�ZLWK�PRQLWRULQJ�HIIRUWV���7KH�*UHDW�:DWHUV�KDYH�EHHQ�DQG
ZLOO�FRQWLQXH�WR�EH�WKH�IRFXV�RI�PDQ\�RI�WKH�LQYHVWLJDWLRQV�SUHVHQWHG�LQ�WKLV�FKDSWHU�

'HVSLWH�UHFHQW�DGYDQFHV�LQ�RXU�XQGHUVWDQGLQJ�RI�WUDQVSRUW�DQG�GHSRVLWLRQ�RI
FRQWDPLQDQWV�LQ�WKH�DWPRVSKHUH��WKHUH�LV�VWLOO�D�SDXFLW\�RI�GDWD�ZLWK�ZKLFK�WR�FDOLEUDWH�PRGHOV
�PHDVXUHPHQW�RI�GU\�GHSRVLWLRQ�DQG�VRXUFH�LQYHQWRULHV�DUH�W\SLFDO�H[DPSOHV����)XUWKHU�DQDO\VLV�LV
DOVR�UHTXLUHG�IRU�VRPH�WUDQVSRUW�DQG�GHSRVLWLRQ�SKHQRPHQD��VXFK�DV�WKH�LPSRUWDQFH�RI
HQYLURQPHQWDO�F\FOLQJ�RI�FRQWDPLQDQWV�HPLWWHG�DQG�GHSRVLWHG�LQ�WKH�SDVW�

7KLV�FKDSWHU�LV�GLYLGHG�LQWR�WKUHH�VHFWLRQV���6HFWLRQ�,,,�$�GLVFXVVHV�VRPH�NH\�WHUPV��VXFK
DV�GHSRVLWLRQ�DQG�HQYLURQPHQWDO�F\FOLQJ���6HFWLRQ�,,,�%�SUHVHQWV�D�EULHI�GHVFULSWLRQ�RI�JHQHUDO
W\SHV�RI�WUDQVSRUW�DQG�GHSRVLWLRQ�PRGHOV���6HFWLRQ�,,,�&�FRPSDUHV�VRPH�PRGHOV�WKDW�KDYH�EHHQ
UHFHQWO\�XVHG�LQ�*UHDW�:DWHUV�VWXGLHV��DQG�GLVFXVVHV�PRGHOLQJ�DQG�GDWD�OLPLWDWLRQV�

,,,�$��$WPRVSKHULF�'HSRVLWLRQ�DQG�(QYLURQPHQWDO�&\FOLQJ

/RQJ�UDQJH�DWPRVSKHULF�WUDQVSRUW�DQG�GHSRVLWLRQ�RI�SROOXWDQWV�KDYH�EHHQ�ZLGHO\
DFNQRZOHGJHG�WR�PDNH�D�VLJQLILFDQW�FRQWULEXWLRQ�WR�FRQWDPLQDQW�LQSXWV�WR�VXUIDFH�ZDWHUV�
LQFOXGLQJ�WKH�*UHDW�:DWHUV���$WPRVSKHULF�GHSRVLWLRQ�UHIHUV�WR�WKH�UHPRYDO�RI�SROOXWDQWV
�IROORZLQJ�WUDQVSRUW��IURP�WKH�DLU�WR�VRLO��ZDWHU��DQG�RWKHU�VXUIDFHV���'HSRVLWLRQ�PD\�RFFXU
GLUHFWO\�WR�WKH�ZDWHU�VXUIDFH�DQG�RU�LQGLUHFWO\�WR�WKH�ODQG�VXUIDFH�LQ�WKH�ZDWHUVKHG��ZLWK
VXEVHTXHQW�UXQRII�IURP�UDLQIDOO�FDUU\LQJ�FRQWDPLQDQWV�WR�WKH�ZDWHUERG\���,W�LV�LPSRUWDQW�WR
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UHFRJQL]H�WKDW�ERWK�ORFDO�DQG�GLVWDQW�DLU�HPLVVLRQ�VRXUFHV�PD\�FRQWULEXWH�WR�WKH�SROOXWDQW�ORDGLQJ
DW�D�JLYHQ�ORFDWLRQ�DQG�WLPH���$OVR��SROOXWDQWV�PD\�EH�HPLWWHG�IURP�D�FRPELQDWLRQ�RI�SRLQW�
PRELOH��RU�DUHD�VRXUFHV��RU�HYHQ�IURP�UHVXVSHQVLRQ�LQ�WKH�DLU�RI�SUHYLRXVO\�GHSRVLWHG�PDWHULDO�

7KHUH�DUH�WKUHH�PDMRU�SURFHVVHV�RI�GLUHFW�DWPRVSKHULF�GHSRVLWLRQ�WR�QDWXUDO�ZDWHUERGLHV��
ZHW�GHSRVLWLRQ��GU\�GHSRVLWLRQ��DQG�JDV�H[FKDQJH�DFURVV�WKH�DLU�ZDWHU�LQWHUIDFH���$�VFKHPDWLF�RI
WKHVH�SURFHVVHV�LV�SUHVHQWHG�LQ�)LJXUH�,,,�����,Q�DGGLWLRQ�WR�WKHVH�SURFHVVHV��F\FOLQJ�RI�VHPL�
YRODWLOH�FRPSRXQGV��H�J���SRO\FKORULQDWHG�ELSKHQ\OV��3&%V���DQG�SHUVLVWHQW�FRPSRXQGV�DPRQJ
HQYLURQPHQWDO�PHGLD��H�J���DLU��ZDWHU��VHGLPHQW��FDQ�EH�DQ�LPSRUWDQW�LQSXW�RI�SROOXWDQWV�LQ
ZDWHUERGLHV�

FIGURE III-1
Atmospheric Deposition Processes

0RQLWRULQJ�DQG�DVVHVVPHQW�RI�WKHVH�SURFHVVHV�SURYLGH�LPSRUWDQW�LQIRUPDWLRQ�RQ�WKH
DWPRVSKHULF�FRQWULEXWLRQ�RI�D�JLYHQ�SROOXWDQW�WR�D�VSHFLILF�VLWH��DV�ZHOO�DV�H[WHQW�RI�GHSRVLWLRQ�RI
WKH�SROOXWDQW���+HQFH��PRQLWRULQJ�DW�*UHDW�:DWHUV�VWXG\�VLWHV�UHTXLUHV�PHWHRURORJLFDO
PHDVXUHPHQWV�DQG�PHDVXUHV�RI�FRQWDPLQDQW�FRQFHQWUDWLRQV�YHU\�QHDU�WR�WKH�VLWH�DQG��LI�SRVVLEOH�
RYHU�WKH�VXUIDFH�RI�WKH�ZDWHUERG\�LWVHOI���8QGHUVWDQGLQJ�RI�WKHVH�SURFHVVHV�DOORZV�UHVHDUFKHUV�WR
HYDOXDWH�TXDQWLWDWLYHO\�WKH�ORQJ�WHUP�GLVWULEXWLRQ�RI�D�SROOXWDQW�LQ�DQ�DTXDWLF�V\VWHP���(3$
VSRQVRUV�UHVHDUFK�RQ�DWPRVSKHULF�GHSRVLWLRQ�VR�WKDW�IXWXUH�PRQLWRULQJ�FDQ�EHFRPH�OHVV�UHVHDUFK�
RULHQWHG�DQG�PRUH�IRFXVHG�RQ�HYDOXDWLQJ�WUHQGV�LQ�DWPRVSKHULF�ORDGLQJ�RI�SROOXWDQWV�DQG
GHWHUPLQLQJ�WKH�HIIHFWV�UHVXOWLQJ�IURP�HIIRUWV�WR�UHGXFH�HPLVVLRQV�

:HW�'HSRVLWLRQ

:HW�GHSRVLWLRQ��RU�LQ�PRUH�JHQHUDO�WHUPV��UHPRYDO�YLD�SUHFLSLWDWLRQ��UHIHUV�WR�WKH
LQFRUSRUDWLRQ�RI�ERWK�JDVHV�DQG�SDUWLFOHV�LQWR�FORXG�GURSOHWV�DQG�LQWR��K\GURPHWHRUV���H�J���VQRZ�
VOHHW��DQG�UDLQ��ZKHUH�WKH\�DUH�FDUULHG�WR�WKH�(DUWK
V�VXUIDFH�LQ�SUHFLSLWDWLRQ���3ROOXWDQWV�PD\�EH
UHPRYHG�IURP�DLU�E\�ZHW�GHSRVLWLRQ�WKURXJK�WKUHH�PDLQ�PHFKDQLVPV�
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Research on Dry Deposition

In 1994, a research program was established
among the EPA, the University of Michigan, the Illinois
Institute of Technology, Carnegie-Mellon University,
and Oak Ridge National Laboratory to develop and test
new techniques for measuring dry deposition of
mercury and other trace elements to natural water
surfaces.  The data will be used to develop new
mathematical models for predicting dry deposition onto
water surfaces under a variety of atmospheric and
surface conditions.  Measurement methodologies have
been developed and tested, and modeling is underway. 
Field studies in 1996-1997 are planned to gather basic
data, and to compare with model predictions.

����PLQXWH�SROOXWDQW�EHDULQJ�SDUWLFOHV�FDQ�VHUYH�DV�FORXG�FRQGHQVDWLRQ�QXFOHL�DQG�EHFRPH
QDWXUDOO\�HPEHGGHG�LQWR�ZDWHU�GURSOHWV�GXULQJ�FORXG�IRUPDWLRQ������SDUWLFOHV�PD\�EH
LQFRUSRUDWHG�LQWR�IDOOLQJ�K\GURPHWHRUV�E\�FROOLVLRQV��RU�����JDVHRXV�SROOXWDQWV�PD\�EH�GLVVROYHG
LQWR�FORXG�GURSOHWV�DQG�IDOOLQJ�UDLQ���&ORXG�DQG�SUHFLSLWDWLRQ�GURSOHWV��WKHUHIRUH��PD\�FRQWDLQ
SROOXWDQWV�LQ�ERWK�SDUWLFXODWH�DQG�GLVVROYHG�IRUPV���7KH�UHPRYDO�RI�JDVHV�E\�ZHW�GHSRVLWLRQ�LV
GHSHQGHQW�RQ�WKHLU�VROXELOLWLHV�LQ�WKH�HOHPHQWV�RI�SUHFLSLWDWLRQ���:HW�GHSRVLWLRQ�LV�HVVHQWLDOO\�DQ
LQWHUPLWWHQW�SURFHVV��DOWKRXJK�LI�SUHFLSLWDWLRQ�HYHQWV�DUH�IUHTXHQW�RU�ORQJ�ODVWLQJ��ZHW�GHSRVLWLRQ
PD\�EH�WKH�PDMRU�SDWKZD\�IRU�GHSRVLWLRQ�RI�DLU�SROOXWDQWV��VSHFLILFDOO\�IRU�WRWDOO\�SDUWLFXODWH
VSHFLHV��H�J���PHWDOV�RWKHU�WKDQ�PHUFXU\����)RU�VHPL�YRODWLOH�FRPSRXQGV��DLU�ZDWHU�JDV�H[FKDQJH
DSSHDUV�WR�EH�D�GRPLQDQW�IDFWRU��+RII�HW�DO��������

7R�JHW�XVHIXO�DQG�TXDQWLWDWLYH�PHDVXUHPHQWV�RI�ZHW�GHSRVLWLRQ��ZHOO�SUHSDUHG�SURWRFROV
DQG�TXDOLW\�DVVXUDQFH�DSSURDFKHV�DUH�GHVLJQHG�DQG�XVHG��ZLWK�FDUHIXO�KDQGOLQJ�RI�ILHOG
HTXLSPHQW��VDPSOHV��DQG�VXEVHTXHQW�FKHPLFDO�DQDO\VHV���)RU�H[DPSOH��ZHW�GHSRVLWLRQ�UDWHV�DUH
GHWHUPLQHG�XVLQJ�FROOHFWRUV�WKDW�DUH�GHVLJQHG�WR�RSHQ�RQO\�GXULQJ�SUHFLSLWDWLRQ�HYHQWV���:RUN
PXVW�EH�GHVLJQHG�DQG�FDUULHG�RXW�VR�DV�WR�PLQLPL]H�PHDVXUHPHQW�SUREOHPV�ZLWK�WKH�VDPSOHV
WKDW�FDQ�DULVH�IURP�FKHPLFDO�RU�ELRORJLFDO�DFWLYLW\��HYDSRUDWLRQ�RI�JDVHRXV�SROOXWDQWV��RU�SRVVLEOH
FRQWDPLQDWLRQ�GXULQJ�VWRUDJH�DQG�KDQGOLQJ���7KH�FRQFHQWUDWLRQV�RI�PRVW�RI�WKH�SROOXWDQWV�RI
FRQFHUQ�LQ�DQ\�RQH�SUHFLSLWDWLRQ�HYHQW�PD\�EH�VPDOO��VR�UDWKHU�DGYDQFHG�ILHOG�DQG�FKHPLFDO�
DQDO\WLFDO�PHWKRGV�DUH�QHHGHG�IRU�TXDQWLWDWLYHO\�DVVHVVLQJ�WKH�FRQFHQWUDWLRQV���7KRXJK
PHDVXUHPHQWV�PXVW�EH�WDNHQ�RI�VKRUW�WHUP�HYHQWV�LQ�ZKLFK�WKH�FRQFHQWUDWLRQV�PD\�EH�VPDOO��LW�LV
LPSRUWDQW�WR�WUDFN�WKH�FRQFHQWUDWLRQV�RI�WKH�SROOXWDQWV�RI�FRQFHUQ�GHSRVLWHG�RYHU�WLPH�EHFDXVH�RI
WKHLU�SHUVLVWHQFH�DQG�WHQGHQF\�WR�ELRDFFXPXODWH���7KXV��WKH�NLQG�RI�PRQLWRULQJ�XVHG�LQ�WKH�*UHDW
:DWHUV�SURJUDP�LQYROYHV�UHVHDUFK�LQWR�QHZ�DQG�PRUH�DFFXUDWH�PRQLWRULQJ�WHFKQLTXHV�DQG�PXVW
EH�FDUHIXOO\�GHVLJQHG�WR�IRFXV�HIIRUWV�RQ�ZHOO�ORFDWHG�VLWHV��SURWRFROV��DQG�PHWKRGV�

'U\�'HSRVLWLRQ

'U\�GHSRVLWLRQ�UHIHUV�WR�UHPRYDO
IURP�WKH�DLU�RI�SROOXWDQWV��ERXQG�WR
SDUWLFOHV�RU�LQ�WKH�JDVHRXV�IRUP��WR�WKH
ODQG�RU�ZDWHU�VXUIDFH�LQ�WKH�DEVHQFH�RI
SUHFLSLWDWLRQ���'U\�GHSRVLWLRQ�LV
HVVHQWLDOO\�D�FRQWLQXRXV�SURFHVV�DQG�RIWHQ
UHSUHVHQWV�D�VXEVWDQWLDO�UHPRYDO�RI�WKH
SROOXWDQWV�IURP�WKH�DWPRVSKHUH���7KH
SROOXWDQWV�UHDFK�WKH�VXUIDFH�E\�WKH
WXUEXOHQW�PRYHPHQWV�RI�WKH�DLU�RU��IRU
ODUJH�SDUWLFOHV��WKURXJK�JUDYLWDWLRQDO
VHWWOLQJ���'U\�GHSRVLWLRQ�RI�SDUWLFXODWHV
ZLWK�KLJK�GHSRVLWLRQ�YHORFLWLHV�LV�DQ
LPSRUWDQW�FRQWULEXWLRQ�WR�SROOXWDQW
ORDGLQJV�WR�ZDWHUERGLHV�ORFDWHG�QHDU
FLWLHV���)RU�ODUJH�RSHQ�ZDWHUERGLHV��DLU�ZDWHU�JDV�H[FKDQJH�DSSHDUV�WR�FRQWULEXWH�PRUH�WKDQ�GU\
SDUWLFOH�GHSRVLWLRQ��+RII�HW�DO����������$�UHYLHZ�RI�PRGHOV�RI�GU\�GHSRVLWLRQ�WR�ZDWHU�LV�SUHVHQWHG
E\�=XIDOO�DQG�'DYLGVRQ���������
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'U\�GHSRVLWLRQ�LV�PHDVXUHG�IURP�SROOXWDQW�DFFXPXODWLRQ�RQ�DUWLILFLDO�VXUIDFHV��H�J���D
SOH[LJODVV�SODWH����$OWHUQDWLYHO\��DWPRVSKHULF�SROOXWDQW�FRQFHQWUDWLRQV�DQG�WKHLU�PDVV�VL]H
GLVWULEXWLRQ�FDQ�EH�FRPELQHG�ZLWK�PLFURPHWHRURORJ\�GDWD�WR�PRGHO�GU\�GHSRVLWLRQ�UDWHV���7KH
PDMRU�GLIILFXOW\�LQ�PHDVXULQJ�GU\�GHSRVLWLRQ�LV�WKDW�WKHUH�LV�QR�PHWKRG�WKDW�FDQ�EH�URXWLQHO\�XVHG
EHFDXVH�WKH�IOX[�GHQVLW\�LV�VR�ORZ�DQG�EHFDXVH�WKH�H[FKDQJH�UDWH�LV�XVXDOO\�JRYHUQHG�E\�GHWDLOV�RI
WKH�VXUIDFH�WKDW�FDQQRW�EH�UHSURGXFHG�LQ�DUWLILFLDO�GHYLFHV���7KH�GLIILFXOWLHV�RI�PHDVXULQJ�GU\
GHSRVLWLRQ�KDYH�PRWLYDWHG�QHZ�UHVHDUFK�RQ�PHDVXUHPHQW�PHWKRGRORJLHV�DQG�PRGHOLQJ�RI�GU\
GHSRVLWLRQ�XQGHU�WKH�*UHDW�:DWHUV�SURJUDP��VHH�VLGHEDU�RQ�WKH�SUHYLRXV�SDJH��

*DV�([FKDQJH�$FURVV�WKH�$LU�:DWHU�,QWHUIDFH

,Q�DGGLWLRQ�WR�ZHW�DQG�GU\�GHSRVLWLRQ�RI�SROOXWDQWV��JDVHRXV�SROOXWDQWV�PD\�EH�GLUHFWO\
H[FKDQJHG�EHWZHHQ�DLU�DQG�ZDWHU��L�H���WUDQVIHUUHG�LQ�HLWKHU�GLUHFWLRQ�DFURVV�WKH�DLU�ZDWHU
LQWHUIDFH����7KH�JDVHRXV�H[FKDQJH�RI�RUJDQLF�FRPSRXQGV�DW�WKH�DLU�ZDWHU�LQWHUIDFH�LV�DQ
LPSRUWDQW�SKHQRPHQRQ�LQ�WKH�EDODQFH�RI�SROOXWDQWV�RFFXUULQJ�LQ�DLU�DQG�ZDWHU��(LVHQUHLFK�HW�DO�
�������DQG�H[WHQVLYH�1RUWK�$PHULFDQ�ZDWHUERGLHV��VXFK�DV�WKH�*UHDW�/DNHV�DQG�&KHVDSHDNH�%D\�
SURYLGH�ODUJH�VXUIDFH�DUHDV�IRU�WKLV�H[FKDQJH�WR�RFFXU���$QDORJRXV�JDV�H[FKDQJH�SKHQRPHQD
RFFXU�EHWZHHQ�SODQWV�DQG�DLU��DQG�ODQG�DQG�DLU�

*DV�H[FKDQJH�LV�D�WZR�ZD\�SURFHVV�LQYROYLQJ�ERWK�JDV�DEVRUSWLRQ�RU�LQYDVLRQ��DLU�WR
ZDWHU��DQG�YRODWLOL]DWLRQ�RU�HYDVLRQ��ZDWHU�WR�DLU��DFURVV�DQ�DLU�ZDWHU�LQWHUIDFH�RI�D�YRODWLOH
FKHPLFDO��XVXDOO\�LQ�JDVHRXV�IRUP�XQGHU�HYHU\�GD\�FRQGLWLRQV��RU�D�VHPL�YRODWLOH�FKHPLFDO��H�J��
SRO\F\FOLF�DURPDWLF�K\GURFDUERQV��3$+V���3&%V����7KH�GLUHFWLRQ�RI�JDV�PRYHPHQW��IURP�DLU�WR
ZDWHU�RU�IURP�ZDWHU�WR�DLU��GHSHQGV�RQ�WKH�IXJDFLW\�GLIIHUHQFH��L�H���WKH�UHODWLRQ�RI�WKH�+HQU\
V
ODZ�VFDOHG�DLU�FRQFHQWUDWLRQ�WR�WKH�ZDWHU�FRQFHQWUDWLRQ����7KH�GLUHFWLRQ�RI�JDV�H[FKDQJH�ZLOO�WHQG
WR�UHGXFH�WKLV�GLIIHUHQFH�DQG�PRYH�WRZDUG�D�QHDU�HTXLOLEULXP�FRQGLWLRQ���7KH�GLUHFWLRQ�DQG
PDJQLWXGH�RI�JDV�WUDQVIHU�LV�D�IXQFWLRQ�RI�WKH�FKHPLFDO�FRQFHQWUDWLRQV�LQ�DLU�DQG�ZDWHU��ZLQG
VSHHG��WHPSHUDWXUHV�LQ�DLU�DQG�ZDWHU��ZDYHV��KHLJKW��IUHTXHQF\���SK\VLFDO�DQG�FKHPLFDO
SURSHUWLHV�RI�WKH�SROOXWDQW��H�J���PROHFXODU�ZHLJKW��YDSRU�SUHVVXUH��+HQU\
V�/DZ�FRQVWDQW�
VROXELOLW\���DQG�LQ�VRPH�FDVHV�FKDUDFWHULVWLFV�RI�WKH�ZDWHU��H�J���S+�IRU�DFLGLF�DQG�EDVLF�VSHFLHV�
DQG�VDOLQLW\�LQ�HVWXDULHV��

*DV�DEVRUSWLRQ�DQG�YRODWLOL]DWLRQ�RFFXU�VLPXOWDQHRXVO\��HYHQ�ZKHQ�QHDU�HTXLOLEULXP�KDV
EHHQ�DFKLHYHG���7DNHQ�WRJHWKHU��YRODWLOL]DWLRQ�DQG�JDV�DEVRUSWLRQ�FRQWULEXWH�WR�WKH�QHW�IOX[��WKH
GLIIHUHQFH�EHWZHHQ�WKH�DPRXQW�RI�SROOXWDQW�LQYDGLQJ�DQG�WKH�DPRXQW�HYDGLQJ��RU�HIIHFWLYH
PRYHPHQW�RI�D�FKHPLFDO�DFURVV�WKH�DLU�ZDWHU�LQWHUIDFH���1HW�IOX[�PD\�EH�H[SUHVVHG�DV�WKH�PDVV�RI
JDV�PRYLQJ�DFURVV�D�XQLW�RI�DUHD�RYHU�D�XQLW�RI�WLPH��H�J�����QJ�SHU�P �RI�ZDWHU�VXUIDFH�SHU�GD\����

7R�DFKLHYH�TXDQWLWDWLYH�HVWLPDWHV�IRU�WKH�*UHDW�:DWHUV�RI�QHW�GHSRVLWLRQ�RI�SROOXWDQWV�RI�FRQFHUQ�
PDQ\�RI�ZKLFK�DUH�VHPL�YRODWLOH��VXFK�SK\VLFDO�DQG�FKHPLFDO�SURFHVVHV�PXVW�EH�TXDQWLILHG�VR
WKH\�PD\�EH�FRUUHFWO\�XVHG�LQ�PRGHOV���6RPH�HDUOLHU�ZRUN�RQ�SROOXWDQW�ORDGLQJ�PDGH�VLPSOLI\LQJ
DVVXPSWLRQV�RI��RQH�ZD\��IOX[�RU�GHSRVLWLRQ�ZLWKRXW�TXDQWLI\LQJ�JDV�H[FKDQJHV��EXW�UHFHQW�ZRUN
VKRZV�WKH�QHHG�IRU�PRUH�FRPSOHWH�UHSUHVHQWDWLRQ�RI�WKH�QDWXUDO�SURFHVVHV�IRU�HDFK�SROOXWDQW��
)XUWKHUPRUH��LW�LV�LPSRUWDQW�LQ�VRPH�FDVHV�WR�GHWHUPLQH�ERWK�DEVRUSWLRQ�DQG�YRODWLOL]DWLRQ�
LQVWHDG�RI�QHW�IOX[�DORQH���(YHQ�XQGHU�FRQGLWLRQV�FORVH�WR�DLU�ZDWHU�HTXLOLEULXP��ZLWK�VPDOO�QHW
IOX[��WKH�DEVRUSWLRQ�DQG�YRODWLOL]DWLRQ�PD\�EH�TXLWH�ODUJH��PDNLQJ�JDV�H[FKDQJH�D�NH\�IDFWRU�LQ
WKH�DQDO\VLV�RI�SROOXWDQW�PRYHPHQWV��VHH�7DEOH�,9���LQ�6HFWLRQ�,9�$�RQ�WKH�*UHDW�/DNHV��
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7KHUH�DUH�WZR�PRGHOV�FRPPRQO\�XVHG�WR�GHVFULEH�JDV�H[FKDQJH�DW�WKH�DLU�ZDWHU�LQWHUIDFH��
7KH�6WDJQDQW�7ZR�ILOP�0RGHO��/LVV�DQG�6ODWHU�������:KLWPDQ�������LV�XVHG�WR�HVWLPDWH�JDV
H[FKDQJH�DW�ORZ�ZLQG�VSHHGV��ZKLFK�UHVXOWV�LQ�DQ�HVVHQWLDOO\�VWDJQDQW�ERXQGDU\�OD\HU�MXVW�DERYH
WKH�ZDWHU���+RZHYHU��DV�KLJKHU�ZLQG�VSHHGV�JHQHUDWH�PRUH�WXUEXOHQFH�LQ�WKH�ERXQGDU\�OD\HUV�RI
ERWK�DLU�DQG�ZDWHU��WXUEXOHQW�HGGLHV�EULQJ�VPDOO�SDUFHOV�RI�ZDWHU�WR�WKH�VXUIDFH��ZKHUH�WKH\�EHJLQ
WR�HTXLOLEUDWH�ZLWK�WKH�DWPRVSKHUH��DQG�PRUH�UDSLG�JDV�H[FKDQJH�RI�FKHPLFDOV�RFFXUV���7R
FKDUDFWHUL]H�WKLV�VLWXDWLRQ��WKH�6XUIDFH�5HQHZDO�0RGHO�PD\�EH�XVHG��EXW�WKH�FKRLFH�RI�PRGHO�IRU�D
JLYHQ�VLWXDWLRQ�LV�QRW�DOZD\V�FOHDU�FXW���7KH�DLU�ZDWHU�JDV�H[FKDQJH�PRGHOV�FRQWLQXH�WR�EH
LPSURYHG�WR�LQFRUSRUDWH�QHZ�IDFWRUV�VXFK�DV�HIIHFW�RI�EXEEOHV��EUHDNLQJ�ZDYHV��DQG�VXUIDFH�ILOPV��
)RU�D�UHYLHZ�RI�WKHVH�PRGHOV��UHDGHUV�VKRXOG�UHIHU�WR�7KHRIDQQRXV��������DQG�(LVHQUHLFK�HW�DO�
�������

(QYLURQPHQWDO�&\FOLQJ�RI�6HPL�9RODWLOH�&RPSRXQGV�

7KH�H[FKDQJH�DQG�F\FOLQJ�RI�JDVHV�EHWZHHQ�DLU��ZDWHU��DQG�VRLO�LV�HVSHFLDOO\�LPSRUWDQW�IRU
WKH�SROOXWDQWV�RI�FRQFHUQ�WKDW�DUH�FKDUDFWHUL]HG�E\�FKHPLVWV�DV��VHPL�YRODWLOH��LQ�QDWXUH���7KHVH
VHPL�YRODWLOH�SROOXWDQWV�FRH[LVW�LQ�WKH�DWPRVSKHUH�LQ�ERWK�WKH�JDV�DQG�SDUWLFOH�SKDVHV��DQG�FDQ
UHYRODWLOL]H�LQWR�WKH�DLU�DIWHU�GHSRVLWLRQ��WKRXJK�QRW�DV�UHDGLO\�DV�YRODWLOH�FRPSRXQGV�VXFK�DV
EHQ]HQH�RU�YLQ\O�FKORULGH����6HPL�YRODWLOH�RUJDQLF�FRPSRXQGV�LQFOXGH�3$+V��3&%V��DQG�VHYHUDO
SHVWLFLGHV��H�J���KH[DFKORUREHQ]HQH����+&+��DQG�OLQGDQH���DV�ZHOO�DV�WKH�PHWDOOLF�IRUP�RI
PHUFXU\�DQG�PDQ\�RI�WKH�RWKHU�����WR[LF�SROOXWDQWV�OLVWHG�DV�KD]DUGRXV�DLU�SROOXWDQW��+$3V��LQ
VHFWLRQ�����E��RI�WKH�&$$���%HFDXVH�WKHVH�FRPSRXQGV�SRVVHVV�YHU\�ORZ�YDSRU�SUHVVXUHV�DQG
ZDWHU�VROXELOLWLHV��WKH\�DUH�GLVWULEXWHG�EHWZHHQ�WKH�JDVHRXV�DQG�SDUWLFXODWH�SKDVH�ERWK�LQ�WKH
DWPRVSKHUH�DQG�LQ�WKH�ZDWHU�FROXPQ��DQG�WKHLU�GLVWULEXWLRQ�DPRQJ�DLU��ZDWHU��VRLO��DQG
YHJHWDWLRQ�LV�YHU\�FRPSOH[���7KLV�PDNHV�WUDFNLQJ�RU�PRGHOLQJ�PRYHPHQWV�RI�VHPL�YRODWLOH
FRPSRXQGV�YHU\�GLIILFXOW���(DFK�SROOXWDQW�KDV�SDUWLFXODU�FKHPLFDO�SK\VLFDO�DWWULEXWHV�DIIHFWLQJ
SKDVH�GLVWULEXWLRQ��VR�TXDQWLWDWLYH�DVVHVVPHQW�UHTXLUHV�WKDW�HDFK�SROOXWDQW�EH�ZHOO�XQGHUVWRRG��
6RPH�RI�WKH�SROOXWDQWV�RI�FRQFHUQ�FDQ�EH�FKHPLFDOO\�SHUVLVWHQW��PDLQWDLQLQJ�FKHPLFDO�LGHQWLW\
�QRW�EHLQJ�EURNHQ�GRZQ��DV�WKH\�PRYH�DPRQJ�SK\VLFDO�SKDVHV�DQG��LQ�PDQ\�FDVHV��LQWR�ELRORJLFDO
WLVVXHV���6RPH�RWKHU�SROOXWDQWV��VXFK�DV�3$+V��PD\�FKDQJH�WR�FRPSRXQGV�WKDW�DUH
ELRDFFXPXODWLYH�DQG�PRUH�WR[LF�WKDQ�WKH�SDUHQW�FRPSRXQGV���2WKHU�JURXSV�RI�FRPSRXQGV�PD\
VHSDUDWH�LQWR�LQGLYLGXDO�FRPSRQHQWV�GXH�WR�LQWHUDFWLRQV�DQG�UHODWLYH�PRYHPHQW�DPRQJ�VROLGV
DQG�OLTXLGV�LQ�WKH�HQYLURQPHQW��:DQLD�DQG�0DFND\�������

2QFH�UHOHDVHG�WR�WKH�HQYLURQPHQW��SHUVLVWHQW�VHPL�YRODWLOH�FRPSRXQGV�PD\�UHSHDWHGO\
F\FOH�EHWZHHQ�WKH�DWPRVSKHUH��ODQG��DQG�ZDWHUERGLHV���7KLV�F\FOH�FDQ�H[WHQG�RYHU�ORQJ�WLPH
SHULRGV��UHVXOWLQJ�LQ�WUDQVSRUW�RI�WKH�FRPSRXQGV�IRU�ORQJ�GLVWDQFHV���/RQJ�GLVWDQFH�WUDQVSRUW
ZLWK�UHSHDWHG�GHSRVLWLRQ�WR�ODQG�RU�ZDWHU�DQG�WKHQ�UHYRODWLOL]DWLRQ�WR�WKH�DWPRVSKHUH�KDV�EHHQ
VKRZQ�WR�RFFXU�LQ�UHVSRQVH�WR�VHDVRQDO�WHPSHUDWXUH�FKDQJHV��DPRQJ�RWKHU�IDFWRUV��:DQLD�DQG
0DFND\���������2WKHU�IDFWRUV�WKDW�LQIOXHQFH�WKH�H[WHQW�DQG�GXUDWLRQ�RI�WKLV�F\FOLQJ�LQFOXGH
YRODWLOLW\�DQG�SHUVLVWHQFH�RI�WKH�VXEVWDQFH��PROHFXODU�ZHLJKW��FRQFHQWUDWLRQV�DQG�WHPSHUDWXUHV�LQ
DLU��VRLO��DQG�ZDWHU��DQG�DWPRVSKHULF�FLUFXODWLRQ��SUHVVXUH��DQG�ZHDWKHU�FRQGLWLRQV���$V�WKH
VHDVRQV�FKDQJH��WKH�EHKDYLRUV�RI�DWPRVSKHULF�FRQWDPLQDQWV�FKDQJH�UHODWLYH�WR�WKHLU�ORFDWLRQ�LQ
SK\VLFDO�PHGLD��WKHUHIRUH��VDPSOLQJ�ZRUN�DQG�PRGHOLQJ�FDOFXODWLRQV�PXVW�EH�DGMXVWHG��IRU�HDFK
FRPSRXQG��WR�FRUUHFWO\�HVWLPDWH�WKHLU�SUHVHQFH�DQG�LPSDFWV���:DUPHU�FRQGLWLRQV�RQ�VHDVRQDO
DQG�JOREDO�VFDOHV�JHQHUDOO\�IDYRU�QHW�PRYHPHQW�LQWR�WKH�DWPRVSKHUH���2IWHQ�UHGHSRVLWLRQ�WDNHV
SODFH�LQ�DUHDV�RI�FROGHU�DWPRVSKHULF�WHPSHUDWXUHV��:DOODFH�HW�DO��������:DQLD�DQG�0DFND\������
��������7KH�PRGHOLQJ�RI�FKHPLFDO�IDWH�DQG�FRQFHQWUDWLRQV�RI�VHPL�YRODWLOH�SROOXWDQWV�RYHU�YHU\
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ODUJH�DUHDV�LV�FKDOOHQJLQJ��DQG�ODFN�RI�GDWD�RQ�SROOXWDQW�VRXUFH�DQG�UHOHDVH�PDNHV�WKH�YDOLGDWLRQ
RI�H[LVWLQJ�PRGHOV�GLIILFXOW��:DQLD�DQG�0DFND\���������$OVR��WKH�ODFN�RI�GHILQLWLYH�PHWKRGV�WR
PHDVXUH�WKH�FRQFHQWUDWLRQ�RI�WKH�PL[�RI�JDVHV��SDUWLFOHV��DQG�OLTXLG�GURSOHWV�WKDW�FRQVWLWXWHV�VRPH
RI�WKH�RUJDQLF�VHPL�YRODWLOH�SROOXWDQWV�EHLQJ�GHSRVLWHG�SRVHV�VLJQLILFDQW�FKDOOHQJHV�IRU�YDOLGDWLRQ
RI�PRGHOV�

,,,�%��$WPRVSKHULF�7UDQVSRUW�DQG�'HSRVLWLRQ�0RGHOV

7KH�HPLVVLRQ��WUDQVSRUW��WUDQVIRUPDWLRQ��DQG�GHSRVLWLRQ�RI�SROOXWDQWV�WR�WKH�*UHDW�:DWHUV
LV�D�FRPSOH[�VHULHV�RI�SURFHVVHV�LQYROYLQJ�GLIIHUHQW�SROOXWDQWV�WKDW�KDYH�GLIIHUHQW�EHKDYLRUV�LQ�DLU
DQG�ZDWHU�V\VWHPV��RYHU�YHU\�ODUJH�JHRJUDSKLF�DUHDV���7KHUHIRUH��QXPHURXV�PRGHOV��DV�ZHOO�DV
LQSXW�SDUDPHWHUV�IRU�WKHVH�PRGHOV��KDYH�EHHQ�DQG�FRQWLQXH�WR�EH�GHYHORSHG�RU�HYDOXDWHG�IRU
HVWLPDWLQJ�WKH�DWPRVSKHULF�WUDQVSRUW�DQG�GHSRVLWLRQ�SURFHVVHV�IRU�WKH�YDULRXV�SROOXWDQWV
DVVRFLDWHG�ZLWK�WKH�*UHDW�:DWHUV�

�$WPRVSKHULF�WUDQVSRUW�DQG�GHSRVLWLRQ�PRGHOV�DUH�XVHG�WR�

& 3UHGLFW�WKH�GLUHFWLRQ�DQG�GLVWDQFHV�SROOXWDQWV�ZLOO�WUDYHO�LQ�WKH�HQYLURQPHQW�

& 7HVW�K\SRWKHVHV�DERXW�FKDUDFWHUL]DWLRQV�RI�DWPRVSKHULF�WUDQVIRUPDWLRQV�DQG
UHPRYDO�

& $VVLVW�LQ�GHVLJQLQJ�PRQLWRULQJ�QHWZRUNV�IRU�HIILFLHQF\�DQG�VSHFLILF�DQDO\VHV��DQG
LQ�SODFLQJ�D�OLPLWHG�QXPEHU�RI�PRQLWRUV�HIIHFWLYHO\�

& 3URYLGH�FDOFXODWHG�HVWLPDWHV�WR�ILOO�VSDWLDO�DQG�WHPSRUDO�JDSV�LQ�PRQLWRULQJ
QHWZRUNV��WR�SURYLGH�D�VPRRWK�RU�FRKHUHQW�SLFWXUH�IRU�DQDO\VHV�

& 'HYHORS�UHODWLRQVKLSV�EHWZHHQ�VRXUFHV�DQG�UHFHSWRUV�RI�SROOXWDQWV��DQG

& (YDOXDWH�SURVSHFWLYH�SROOXWDQW�FRQWURO�VWUDWHJLHV�

7KLV�VHFWLRQ�GLVFXVVHV�GLIIHUHQW�W\SHV�RI�PRGHOV�UHODWHG�WR�DWPRVSKHULF�WUDQVSRUW�DQG
GHSRVLWLRQ�SURFHVVHV���5HVXOWV�IURP�DSSOLFDWLRQ�RI�VRPH�PRGHOV�SUHVHQWHG�LQ�WKLV�VHFWLRQ�DUH
GHVFULEHG�LQ�&KDSWHU�,9���7KH�PRGHOV�SUHVHQWHG�LQ�WKLV�VHFWLRQ�FDQ�EH�FODVVLILHG�LQ�WKUHH
FDWHJRULHV���PDVV�EDODQFH�PRGHOV��VRXUFH�DSSRUWLRQPHQW�WHFKQLTXHV��DQG�DLU�TXDOLW\�VLPXODWLRQ
PRGHOV���

0DVV�EDODQFH�PRGHOV�DQDO\]H�DOO�ZD\V�WKDW�SROOXWDQWV�FDQ�HQWHU�DQG�H[LW�D�ZDWHUERG\�
DQG�WKHLU�FRUUHVSRQGLQJ�DPRXQWV�RYHU�D�SHULRG�RI�WLPH��FRPPRQO\�UHIHUUHG�WR�DV�WKH�SROOXWDQW
ORDGLQJ����,Q�RWKHU�ZRUGV��PDVV�EDODQFH�PRGHOV�FRQVLGHU�WKH�PDVV��RU�ZHLJKW��RI�D�SROOXWDQW�WKDW
LV�H[FKDQJHG�DFURVV�LQWHUIDFHV�EHWZHHQ�DLU��ZDWHU��ODQG��DQG�VHGLPHQWV�DV�LQSXWV�DQG�RXWSXWV��WR
DVVHVV�WKH�UHODWLYH�ORDGLQJV�RI�D�SROOXWDQW�LQWR�D�ZDWHUERG\�E\�GLIIHUHQW�SDWKZD\V���

6RXUFH�DSSRUWLRQPHQW�WHFKQLTXHV�DWWHPSW�WR�OLQN�VRXUFHV�DQG�UHFHSWRUV�RI�SROOXWDQWV�RI
LQWHUHVW���3ULPDU\�VRXUFH�DSSRUWLRQPHQW�WHFKQLTXHV�LQFOXGH�GLVSHUVLRQ�PRGHOV��UHFHSWRU�PRGHOV��DQG
K\EULG�PRGHOV���'LVSHUVLRQ�PRGHOV�WUDFH�SROOXWDQWV�IURP�WKHLU�VRXUFHV�WR�WKH�DLU�DW�JLYHQ�ORFDWLRQV
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Mass Balance Models.   Estimate inputs and
outputs of a pollutant to a waterbody (i.e., total
amounts of a given pollutant that enter and exit a
water body by each of the various pathways). 

Source Apportionment Techniques.   Estimate
the relative contribution of different sources to air
pollutant levels at a specific receptor site (e.g., a
particular air mass over Lake Michigan on a
particular day).

Air Quality Simulation Models.   Use extensive
source emission inventories, meteorological data,
and algorithms to simulate processes such as
dispersion of pollutants in the atmosphere,
transformation of compounds, and deposition.

�H�J���D�ZDWHUERG\����5HFHSWRU�PRGHOV�WUDFH
SROOXWDQWV�LQ�WKH�DLU�DW�D�JLYHQ�ORFDWLRQ�EDFN
WR�SDUWLFXODU�VRXUFH�W\SHV���+\EULG�PRGHOV�DUH
VLPLODU�WR�UHFHSWRU�PRGHOV��EXW�DOVR
LQFRUSRUDWH�PHWHRURORJLFDO�GDWD��DQG�ZRUN
IURP�ERWK�WKH�VRXUFH�HQG�DQG�WKH�UHFHSWRU
HQG�RI�WKH�SROOXWDQW�WUDQVSRUW�DQDO\VLV���2QH
LPSRUWDQW�XQFHUWDLQW\�UHODWHG�WR�VRXUFH
DSSRUWLRQPHQW�WHFKQLTXHV�LV�WKH�ODFN�RI
FRPSOHWH�DQG�UHOLDEOH�LQSXW�GDWD��VXFK�DV�WKH
FRPSRVLWLRQ�DQG�HPLVVLRQV�RI�VRPH�SROOXWDQW
VRXUFHV���,Q�DGGLWLRQ��VRXUFH�DSSRUWLRQPHQW
WHFKQLTXHV�FDQQRW�EH�DSSOLHG�ZHOO�IRU�DLU
SROOXWDQWV�WKDW�DUH�ZLGHVSUHDG�LQ�WKH
HQYLURQPHQW��WUDYHO�RYHU�ORQJ�GLVWDQFHV�
DQG�RU�DUH�HPLWWHG�LQ�ODUJH�TXDQWLWLHV�IURP
QDWXUDO�VRXUFHV�RU�EURDG�DUHD�VRXUFHV���$�UHYLHZ�RI�VRXUFH�DSSRUWLRQPHQW�WHFKQLTXHV�IRU�RUJDQLF
FRPSRXQGV��ZLWK�VSHFLDO�HPSKDVLV�RQ�WKH�*UHDW�:DWHUV��LV�SUHVHQWHG�E\�.HHOHU�HW�DO���������

$LU�4XDOLW\�6LPXODWLRQ�0RGHOV��$460V��DUH�XVHG�WR�FKDUDFWHUL]H�ERWK�WKH�WUDQVSRUW�DQG
GHSRVLWLRQ�RI�SROOXWDQWV���$V�LQSXW�GDWD��WKHVH�PRGHOV�XVH�H[WHQVLYH�VRXUFH�HPLVVLRQ�LQYHQWRULHV
DQG�PHWHRURORJLFDO�GDWD���$460V�LQFOXGH�DOJRULWKPV�WR�VLPXODWH�SURFHVVHV�VXFK�DV�GLVSHUVLRQ�RI
SROOXWDQWV�LQ�WKH�DWPRVSKHUH��WUDQVIRUPDWLRQ�RI�FRPSRXQGV��DQG�GHSRVLWLRQ���7KH�PRGHOV
�UHVXOWV
W\SLFDOO\�LQFOXGH�DLU�FRQFHQWUDWLRQV�DQG�GHSRVLWLRQ�UDWHV�RI�SROOXWDQWV�RYHU�D�JLYHQ�DUHD�IRU�D
VSHFLILHG�SHULRG�RI�WLPH���$OWKRXJK�FRPSUHKHQVLYH��$460V�DUH�OLPLWHG�E\�WKH�TXDOLW\�RI�LQSXW
GDWD��WKH�FRPSXWDWLRQDO�GLIILFXOWLHV�RI�WKHLU�DOJRULWKPV��DQG�WKH�PRGHOLQJ�RI�VRPH�SURFHVVHV��H�J��
DLU�VXUIDFH�H[FKDQJH��

7KH�UHPDLQGHU�RI�WKLV�VHFWLRQ�SUHVHQWV�DGGLWLRQDO�LQIRUPDWLRQ�RQ�VSHFLILF�DSSOLFDWLRQV�RI
WKH�PRGHO�W\SHV�PHQWLRQHG�DERYH��HVSHFLDOO\�WKRVH�WKDW�KDYH�EHHQ�UHFHQWO\�DSSOLHG�WR�*UHDW
:DWHUV�VWXGLHV���7KH�IROORZLQJ�VXEVHFWLRQV�IRFXV�RQ�PDVV�EDODQFH�PRGHOV��UHFHSWRU�PRGHOV��DQG
$460V�

0DVV�%DODQFH�0RGHOV

�$�PDVV�EDODQFH�PRGHO�SURYLGHV�WKH�HVVHQWLDO�IUDPHZRUN�IRU�GHWHUPLQLQJ�WKH�UHODWLYH
FRQWULEXWLRQ�RI�SROOXWDQW�ORDGLQJV�IURP�YDULRXV�PHFKDQLVPV�RI�LQSXW��H�J���GLUHFW�GLVFKDUJH��ULYHU
LQSXW��DWPRVSKHULF�GHSRVLWLRQ��DQG�RXWSXW��H�J���VHGLPHQWDWLRQ��YRODWLOL]DWLRQ��RXWIORZ��WR�DQG
IURP�D�ZDWHUERG\���0DVV�EDODQFH�PRGHOV�DUH�DOVR�KHOSIXO�WR�UHODWH�FRQFHQWUDWLRQ�PHDVXUHPHQWV
WR�SROOXWDQW�PDVV�IOX[HV�EHWZHHQ�GLIIHUHQW�PHGLD��DLU��ZDWHUERGLHV��ODQG�VXUIDFH��DQG�WR�PDVV�RI�D
FRQWDPLQDQW�LQ�GLIIHUHQW�HQYLURQPHQWDO��SRROV���H�J���D�ZDWHUERG\��D�ODQG�UHJLRQ����$V�LQWURGXFHG
LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��ZKHQ�UHOLDEOH�LQIRUPDWLRQ�LV�DYDLODEOH�IRU�FRQWULEXWLRQV�IURP�WKH
YDULRXV�VRXUFHV��PDVV�EDODQFH�PRGHOV�PD\�EH�XVHG�WR�HVWLPDWH�WKH�LPSRUWDQFH�RI�DWPRVSKHULF
GHSRVLWLRQ��RU�DQ\�RWKHU�PHFKDQLVP��LQ�FDXVLQJ�FRQWDPLQDWLRQ�RI�D�ZDWHUERG\���0DVV�EDODQFH
PRGHOV�XVXDOO\�DUH�JRRG�DW�UHFRJQL]LQJ�VL]DEOH�SROOXWDQW�VRXUFHV�DQG�UHFHSWRUV��EXW�RIWHQ�ODFN�WKH
UHVROXWLRQ�QHHGHG�WR�GHDO�ZLWK�PXOWLSOH�VPDOOHU�VRXUFHV�WKDW�E\�WKHPVHOYHV�DUH�QRW�VLJQLILFDQW�
EXW�DGGHG�WRJHWKHU�FRXOG�EH�LPSRUWDQW�LQ�VRPH�VLWXDWLRQV�
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Receptor Model for Great Waters

A project on atmospheric deposition in the
Great Waters, entitled Atmospheric Exchange
Over Lakes and Oceans (AEOLOS), was started in
1993 by EPA and scientists from the Universities
of Minnesota, Michigan, Maryland, Delaware, and
the Illinois Institute of Technology.  The objectives
of this 4-year research program are to determine: 
(1) the dry depositional fluxes of critical urban
contaminants to northern Chesapeake Bay off
Baltimore and southern Lake Michigan off Chicago;
(2) the contributions of urban source categories to
measured atmospheric concentrations and
deposition; and (3) the air-water exchange of
contaminants and their partitioning into aquatic
phases.  The contaminants being studied include
mercury, trace metals, PAHs, and PCBs. 
Techniques involve using all three modeling
approaches described below -- CMB, PCA, and
trajectory analyses.  Research is expected to be
published in 1998.

0DVV�EDODQFH�VWXGLHV�KDYH�SURYLGHG�LQVLJKWV�RQ�DWPRVSKHULF�GHSRVLWLRQ�LVVXHV�UHOHYDQW�WR
WKH�*UHDW�:DWHUV���$�UHYLHZ�RI�VWXGLHV�RQ�UHODWLYH�DWPRVSKHULF�ORDGLQJV�RI�WR[LF�FRQWDPLQDQWV
DQG�QLWURJHQ�WR�WKH�*UHDW�:DWHUV�LV�SUHVHQWHG�E\�%DNHU�HW�DO�����������7KHVH�VWXGLHV�KDYH�SURYLGHG
TXDQWLWDWLYH�HVWLPDWHV�LQGLFDWLQJ�WKDW�������DWPRVSKHULF�GHSRVLWLRQ�FDQ�EH�WKH�PDLQ�FRQWULEXWRU�RI
WR[LF�FKHPLFDO�FRQWDPLQDWLRQ�DQG�QLWURJHQ�HQULFKPHQW�WR�WKH�*UHDW�:DWHUV��DOWKRXJK
XQFHUWDLQWLHV�VWLOO�H[LVW������WKH�LPSRUWDQFH�RI�DWPRVSKHULF�ORDG�IRU�D�VSHFLILF�SROOXWDQW�LQ�D�JLYHQ
ZDWHUERG\�GHSHQGV�RQ�FKDUDFWHULVWLFV�RI�WKH�ZDWHUERG\��FKHPLFDO�SURSHUWLHV��DQG�VRXUFH
ORFDWLRQV��DQG�����FKHPLFDOV�PD\�F\FOH�EHWZHHQ�VRLO��DLU��ZDWHU��DQG�ELRWD�IRU�PDQ\�\HDUV���

7KH�)LUVW�5HSRUW�WR�&RQJUHVV�SUHVHQWHG�PDVV�EDODQFH�FDVH�VWXGLHV�IRU�VRPH�*UHDW�:DWHUV
SROOXWDQWV�RI�FRQFHUQ��VXFK�DV�3&%V�LQ�/DNH�6XSHULRU��PHUFXU\�LQ�ODNHV�LQ�:LVFRQVLQ��DQG
QLWURJHQ�LQ�WKH�FRDVWDO�ZDWHUV�RI�VHYHUDO�$WODQWLF�VWDWHV���&RQVLGHUDEOH�UHVHDUFK�FRQWLQXHV�RQ�WKH
GHYHORSPHQW�DQG�XVH�RI�PDVV�EDODQFH�PRGHOV�IRU�WKH�SROOXWDQWV�RI�FRQFHUQ�LQ�WKH�*UHDW�:DWHUV��
7KH�/DNH�0LFKLJDQ�0DVV�%DODQFH�6WXG\��DQ�(3$�VSRQVRUHG�UHVHDUFK�SURMHFW��LV�UHVSRQVLEOH�IRU�D
FRPSUHKHQVLYH�VDPSOLQJ�HIIRUW�LQ�/DNH�0LFKLJDQ��LQFOXGLQJ�PHDVXUHPHQWV�RI�SROOXWDQWV�VXFK�DV
3&%V��WUDQV�QRQDFKORU��D�FRPSRQHQW�RI�WHFKQLFDO�JUDGH�FKORUGDQH���PHUFXU\��DQG�DWUD]LQH�LQ�WKH
DWPRVSKHUH��WULEXWDULHV��RSHQ�ODNH�ZDWHU��VHGLPHQWV��DQG�IRRG�FKDLQ��ILVK�WLVVXH����6DPSOHV
FROOHFWHG�RYHU�D�WZR�\HDU�SHULRG�������������IRU�PRGHOLQJ�ZLOO�EH�XVHG�WR�LPSURYH�XQGHUVWDQGLQJ
RI�NH\�HQYLURQPHQWDO�SURFHVVHV�WKDW�JRYHUQ�F\FOLQJ�DQG�ELRDYDLODELOLW\�RI�FRQWDPLQDQWV�ZLWKLQ
WKH�/DNH�0LFKLJDQ�HFRV\VWHP���7KH�DSSURDFK�PRGLILHV�WKH�FODVVLF�PDVV�EDODQFH�ZLWKLQ�D�FORVHG
V\VWHP�WR�FRQVLGHU�LQSXWV�IURP�WUDQVSRUW��LQFOXGLQJ�ORQJ�UDQJH�WUDQVSRUW���$QDO\VLV�RI�VRPH
VHOHFWHG�PRGHOLQJ�UXQV�LV�H[SHFWHG�LQ��������$�PRUH�GHWDLOHG�GLVFXVVLRQ�RI�WKLV�PDVV�EDODQFH
SURMHFW�LV�GHVFULEHG�LQ�6HFWLRQ�,9�$�

5HFHSWRU�0RGHOV

5HFHSWRU�PRGHOV��ZKLFK�DUH�RQH�W\SH
RI�VRXUFH�DSSRUWLRQPHQW�WHFKQLTXH��WUDFH
SROOXWDQWV�LQ�WKH�DLU�DW�YDULRXV�ORFDWLRQV��VXFK
DV�RYHU�D�ZDWHUERG\��EDFN�WR�SDUWLFXODU�VRXUFH
W\SHV�LQ�RUGHU�WR�HVWLPDWH�WKH�FRQWULEXWLRQ�WR
SROOXWDQW�OHYHOV�IURP�D�JURXS�RI�VRXUFHV�ZLWK
VLPLODU�HPLVVLRQV���7KLV�W\SH�RI�PRGHO�GRHV
QRW�XVH�WKH�GHWDLOHG�PHWHRURORJLFDO�GDWD�RU
H[WHQVLYH�HPLVVLRQ�LQYHQWRULHV�XVHG�LQ�DLU
TXDOLW\�VLPXODWLRQ�PRGHOV���5HFHSWRU�PRGHOV
DVVXPH�WKDW�FKHPLFDOV�RI�FRQFHUQ�DUH�DIIHFWHG
LQ�WKH�VDPH�ZD\�E\�DOO�RI�WKH�SURFHVVHV
LQYROYHG�LQ�SROOXWDQW�WUDQVSRUW�DQG
GLVSHUVLRQ���7KLV�LV�D�SDUWLFXODUO\�XVHIXO
DVVXPSWLRQ��EXW�LW�SUHVHQWV�VRPH�GLIILFXOWLHV
ZKHQ�FORXGV�DUH�SUHVHQW��ZKHQ�SUHFLSLWDWLRQ
RFFXUV��RU�ZKHQ�H[WHQVLYH�FKHPLFDO
WUDQVIRUPDWLRQV�RI�D�SROOXWDQW�DUH�NQRZQ�WR
RFFXU���$�OLPLWDWLRQ�RI�WKH�UHFHSWRU�PRGHOV�LV
WKH�ODFN�RI�DGHTXDWH��VRXUFH�SURILOH��GDWD�
ZKLFK�DOORZ�DLU�SROOXWLRQ�WR�EH�OLQNHG�WR�D
SDUWLFXODU�VRXUFH�W\SH���6RXUFH�SURILOHV�UHIHU�WR��VLJQDWXUHV��RU��ILQJHUSULQWV��RI�HPLVVLRQV�IURP�D
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Trajectory Clustering Technique
in the Great Lakes

To determine the sources of mercury
deposition to the Great Lakes Basin, a regional
network of 10 monitoring sites was established in
1993 by EPA and the University of Michigan to
measure atmospheric mercury over several years. 
The sampling will continue into 1997.  Data will be
analyzed, using an improved trajectory clustering
technique, to determine the sources and source
areas most responsible for mercury deposition to
the Great Lakes.

Source:  Burke and Keeler 1995.

W\SH�RU�FDWHJRU\�RI�VRXUFHV��WKHVH�SURILOHV�DUH�GHWHUPLQHG�WKURXJK�VDPSOHV�WDNHQ�IURP�WKH�DFWXDO
HPLVVLRQV��L�H���IURP�WKH��VPRNHVWDFNV���IROORZHG�E\�DQDO\VHV�FRPSDULQJ�WKH�FKHPLFDO�VLJQDWXUH
WR�WKRVH�RI�RWKHU�FDWHJRULHV�RI�VRXUFHV���'HVSLWH�WKH�OLPLWDWLRQV�RI�UHFHSWRU�PRGHOV��WKHVH�PRGHOV
SURYLGH�XVHIXO�LQVLJKWV�LQWR�FRQWDPLQDQW�WUDQVSRUW�WR�WKH�*UHDW�:DWHUV��VHH�VLGHEDU�RQ�WKH
SUHYLRXV�SDJH��

6RPH�UHFHSWRU�PRGHO�W\SHV�LQFOXGH�

® &KHPLFDO�PDVV�EDODQFH��&0%����7KH�&0%�PRGHO�DVVXPHV�WKDW�HPLVVLRQ�FKDUDFWHULVWLFV��L�H��
FKHPLFDO�DQG�HOHPHQWDO�FRPSRVLWLRQ��SK\VLFDO�VL]H��PRUSKRORJ\��RI�YDULRXV�VRXUFH�W\SHV
DUH�VXIILFLHQWO\�GLIIHUHQW�IURP�RQH�DQRWKHU�WKDW�WKHLU�FRQWULEXWLRQV�WR�D�UHFHSWRU�PD\�EH
LGHQWLILHG�E\�PHDVXULQJ�WKH�FKDUDFWHULVWLFV�LQ�VDPSOHV�FROOHFWHG�DW�WKH�VLWH���7KH�REVHUYHG
FRQFHQWUDWLRQ�SDWWHUQ�RI�DQ�DPELHQW�VDPSOH�DW�WKH�UHFHSWRU�VLWH�LV�HTXDWHG�WR�D�OLQHDU
FRPELQDWLRQ�RI�WKH�DSSURSULDWH�SROOXWDQW�VRXUFH�SDWWHUQV��HDFK�ZHLJKWHG�E\�DQ�XQNQRZQ
VRXUFH�VWUHQJWK�WHUP���7KH�SULPDU\�DSSOLFDWLRQ�RI�WKH�&0%�PRGHO�KDV�EHHQ�WR�XUEDQ�DUHDV
VXFK�DV�&KLFDJR�DQG�%DOWLPRUH���&0%�PRGHOV�DVVXPH�FRPSRVLWLRQ�RI�DOO�FRQWULEXWLQJ
VRXUFHV�DUH�NQRZQ��DQG�ZKHQ�WKLV�LV�QRW�WKH�FDVH�WKH�XVHV�RI�WKH�PRGHO�DUH�OLPLWHG�

® 3ULQFLSDO�FRPSRQHQW�DQDO\VLV��3&$����7KH�REMHFWLYH�RI�3&$�LV�WR�XVH�PDWKHPDWLFDO�DQDO\VHV
WR�ILQG�D�PLQLPXP�QXPEHU�RI�IDFWRUV��RU�VRXUFH�FDWHJRULHV��WKDW�H[SODLQ�PRVW�RI�WKH
YDULDQFH�LQ�D�VHW�RI�PHDVXUHPHQWV�IURP�D�UHFHSWRU�VLWH��LQVWHDG�RI�XVLQJ�DOO�VRXUFHV�DV�LQ
WKH�&0%�PRGHOV���7KH�QXPEHU�RI�VWDWLVWLFDOO\�VLJQLILFDQW�IDFWRUV�LV�XVXDOO\�IRXQG�WR�EH�VL[
RU�OHVV���3&$�LV�RIWHQ�OLPLWHG�EHFDXVH�LW�ODFNV�ILQH�UHVROXWLRQ�RI�FRQWULEXWLRQ�IURP�YDULRXV
GLVWDQW�VRXUFHV���$Q�DGYDQWDJH�RI�3&$�LV�WKDW�DQFLOODU\�PHDVXUHPHQWV��H�J���ZLQG�VSHHG�
ZLQG�GLUHFWLRQ��UHODWLYH�KXPLGLW\��PD\�EH�LQFRUSRUDWHG�LQWR�WKH�DQDO\VLV�DORQJ�ZLWK
SROOXWDQW�FRQFHQWUDWLRQV�

® 7UDMHFWRU\�FOXVWHULQJ���,Q�WKHVH�PRGHOV�
D�EDFN�WUDMHFWRU\�LV�FRPSXWHG�XVLQJ
ZLQG�GDWD��DQG�WKH�VSDWLDO�SUREDELOLW\
RI�DQ�DLU��SDUFHO��UHDFKLQJ�D�SDUWLFXODU
UHFHSWRU�VLWH�DW�D�SDUWLFXODU�WLPH�LV
FDOFXODWHG���8QGHU�GLIIHUHQW
PHWHRURORJLFDO�FRQGLWLRQV��DOO
SRWHQWLDO�WUDMHFWRULHV�DQG�FRQFXUUHQW
SROOXWDQW�PHDVXUHPHQWV�DUH�JURXSHG
LQWR�D�PRUH�PDQDJHDEOH�VHW�RI�VRXUFH
FOXVWHUV�DQG�UHJLRQV���$�YDULDQW�RI�WKLV
DSSURDFK�LV�EHLQJ�XVHG�WR�DVVHVV
PHUFXU\�GHSRVLWLRQ�LQ�WKH�*UHDW�/DNHV
EDVLQ��VHH�VLGHEDU��

$LU�4XDOLW\�6LPXODWLRQ�0RGHOV

$LU�TXDOLW\�VLPXODWLRQ�PRGHOV��$460V��DUH�XVHG�WR�FKDUDFWHUL]H�WKH�HPLVVLRQ��WUDQVSRUW�
DQG�GHSRVLWLRQ�RI�KD]DUGRXV�DLU�SROOXWDQWV�RYHU�ODUJH�JHRJUDSKLF�DUHDV���7KHVH�PRGHOV
LQFRUSRUDWH�IDLUO\�H[WHQVLYH�VRXUFH�HPLVVLRQ�LQYHQWRULHV�DQG�PHWHRURORJLFDO�GDWD�EDVHV��H�J��
ZLQG�ILHOGV��WHPSHUDWXUH��PL[LQJ�KHLJKW���DQG�DSSO\�WKH�FROOHFWHG�GDWD�WR�VLPXODWHG�SURFHVVHV
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A Model for Assessing Atmospheric
Deposition to the Great Waters

EPA has recently developed a new modeling tool
for the assessment of atmospheric deposition of
pollutants to the Great Waters.  The Regulatory
Modeling System for Aerosols and Deposition
(REMSAD) is a work station-based Eulerian model
intended for use in assessing the impacts of regulatory
activities, such as the MACT standards, on loadings of
pollutants of concern to the Great Waters.  REMSAD is
currently capable of simulating short-, medium-, and
long-range transport and deposition of cadmium,
dioxins, mercury, and POM.  Nitrate deposition
distributions have been produced through REMSAD
simulation, but have not yet been compared to other
models such as RADM.  Other pollutants, including
other toxics, be incorporated in future work.  Initial
model demonstration and evaluation will be completed
during 1997.  The model is currently available on the
OAQPS Support Center for Regulatory Air Models
(SCRAM) bulletin board.

VXFK�DV�GLVSHUVLRQ��WUDQVIRUPDWLRQ��DQG�GHSRVLWLRQ���7KH�PRGHOV�DUH�UXQ�WR�JHQHUDWH�HVWLPDWHV�RI
SROOXWDQW�FRQFHQWUDWLRQV�DQG�GHSRVLWLRQ�UDWHV�RYHU�D�VSDWLDO�DQG�WHPSRUDO�SDWWHUQ���$460V�DUH
EDVHG�RQ�WZR�DSSURDFKHV���,Q�RQH�DSSURDFK��FKDUDFWHULVWLFV�RU�SURSHUWLHV�RI�DLU�DUH�DVVLJQHG�WR
IL[HG�SRLQWV�LQ�VSDFH�DW�D�JLYHQ�WLPH���7KH�VHFRQG�DSSURDFK�LV�EDVHG�RQ�D�WZR��RU�WKUHH�
GLPHQVLRQDO�JULG�V\VWHP�IRU�WKH�JHRJUDSKLFDO�SDWWHUQ�RI�LQWHUHVW��DQG�DOO�WKH�IXQGDPHQWDO
SURFHVVHV��H�J���HPLVVLRQV��FKHPLFDO�DQG�SK\VLFDO�WUDQVIRUPDWLRQV��GHSRVLWLRQ��RI�GLVFUHWH�DLU
SDUFHOV�DUH�FRQVLGHUHG�WR�RFFXU�ZLWKLQ�WKH�LQGLYLGXDO�JULGV�RU�ER[HV�

7KH�PDWKHPDWLFDO�UHODWLRQVKLSV�EHWZHHQ�HPLVVLRQV�DQG�FRQFHQWUDWLRQ��RU�GHSRVLWLRQ��DUH
W\SLFDOO\�QRQOLQHDU��GXH�WR�WKH�LQIOXHQFHV�RI�DWPRVSKHULF�WUDQVSRUW��FKHPLFDO�DQG�SK\VLFDO
WUDQVIRUPDWLRQ��DQG�GHSRVLWLRQ�SURFHVVHV���$460V�DWWHPSW�WR�PRGHO�WKH�QRQOLQHDU�SK\VLFDO�DQG
FKHPLFDO�SURFHVVHV�LQIOXHQFLQJ�DWPRVSKHULF�FRQFHQWUDWLRQV�DQG�GHSRVLWLRQ���$460V�PD\�EH
XVHIXO�WRROV�LQ�SURYLGLQJ�WKH�DQDO\WLFDO�IUDPHZRUN�UHTXLUHG�WR�SUHGLFW�WKH�HQYLURQPHQWDO�LPSDFWV
RI�SURSRVHG�HPLVVLRQ�FRQWURO�SURJUDPV�DQG��FRQVHTXHQWO\��SHUIRUPLQJ�ERWK�VFLHQWLILF�DQG
UHJXODWRU\�DVVHVVPHQWV���

7KLV�VHFWLRQ�GHVFULEHV�WZR�RI�WKH
YDULRXV�$460V�WKDW�KDYH�EHHQ�GHYHORSHG
DQG�SHHU�UHYLHZHG�LQ�UHFHQW�\HDUV��WKH
5HJLRQDO�/DJUDQJLDQ�0RGHO�RI�$LU
3ROOXWLRQ��5(/0$3��DQG�WKH�5HJLRQDO
$FLG�'HSRVLWLRQ�0RGHO��5$'0����7KHVH
WZR�PRGHOV��DPRQJ�RWKHUV�SUHVHQWHG�LQ
6HFWLRQ�,,,�&��KDYH�EHHQ�XVHG�LQ�*UHDW
:DWHUV�VWXGLHV��DQG�WKHLU�UHVXOWV�DUH
SUHVHQWHG�LQ�&KDSWHU�,9���$QRWKHU�PRGHO
EHLQJ�GHYHORSHG�IRU�DSSOLFDWLRQ�WR
DWPRVSKHULF�GHSRVLWLRQ�LQ�WKH�*UHDW
:DWHUV�LV�GLVFXVVHG�LQ�WKH�VLGHEDU�

5(/0$3�LV�XVHG�WR�VLPXODWH�WKH
HPLVVLRQ��WUDQVSRUW��DQG�GLIIXVLRQ�RI
SROOXWDQWV��WKHLU�FKHPLFDO
WUDQVIRUPDWLRQV��DQG�ZHW�DQG�GU\
GHSRVLWLRQ���7KH�PRGHO�ZDV�RULJLQDOO\
GHVLJQHG�IRU�VXOIXU�DQDO\VLV��WKH�8VHU
V
*XLGH�LV�SUHVHQWHG�LQ�(GHU�HW�DO������������,W
KDV�DOVR�EHHQ�DSSOLHG�WR�PHUFXU\�DQG�RWKHU�WR[LF�PHWDOV��%XOORFN�HW�DO��������&ODUN�HW�DO��������
DPRQJ�RWKHUV���)RU�H[DPSOH��WKH�JRDO�RI�RQH�VWXG\�ZDV�WR�GHWHUPLQH�WKH�H[WHQW�RI�PHUFXU\
HPLVVLRQV�WR�DLU�LQ�WKH�8QLWHG�6WDWHV�RYHU�DQ�HQWLUH�\HDU��WKH�GHSRVLWLRQ�WR�8�6��VRLO�DQG
ZDWHUERGLHV��DQG�WKH�FRQWULEXWLRQ�E\�VRXUFH�FDWHJRU\�WR�WKH�WRWDO�DPRXQW�RI�PHUFXU\�HPLWWHG
DQG�GHSRVLWHG�ZLWKLQ�WKH�8QLWHG�6WDWHV��%XOORFN�HW�DO����������6HFWLRQ�,,,�&�SUHVHQWV�UHOHYDQW
DSSOLFDWLRQV�DQG�OLPLWDWLRQV�RI�WKLV�PRGHO�

5$'0�KDV�EHHQ�GHYHORSHG�RYHU�WKH�ODVW�WHQ�\HDUV�XQGHU�WKH�1DWLRQDO�$FLG�3UHFLSLWDWLRQ
$VVHVVPHQW�3URJUDP��1$3$3��WR�DGGUHVV�SROLF\�DQG�WHFKQLFDO�LVVXHV�DVVRFLDWHG�ZLWK�DFLGLF
GHSRVLWLRQ��&KDQJ�HW�DO��������'HQQLV�HW�DO����������7KH�YHUVLRQ�RI�5$'0�XVHG�IRU�1$3$3�PRGHOV
DQ�DUHD�HDVW�RI�&HQWUDO�7H[DV�DQG�VRXWK�RI�-DPHV�%D\��&DQDGD��WR�WKH�VRXWKHUQ�WLS�RI�)ORULGD���7KLV
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PD\�DOVR�EH�TXDQWLWDWLYHO\�LPSRUWDQW�WR�WKH�%D\�
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DUHD�LV�GLYLGHG�LQ�D�JULG��DQG�IRU�HDFK�JULG�FHOO�WKH�PRGHO�FRQVLGHUV�SROOXWDQW�HPLVVLRQV��WUDQVSRUW
LQ�DQG�RXW�RI�WKH�FHOO��WXUEXOHQW�PRWLRQ�LQ�WKH�DWPRVSKHUH��FKHPLFDO�UHDFWLRQV�WKDW�SURGXFH�RU
GHSOHWH�WKH�FKHPLFDO��YHUWLFDO�WUDQVSRUW�E\�FORXGV��DQG�UHPRYDO�E\�GU\�GHSRVLWLRQ���5$'0�LV
GHVLJQHG�WR�PRGHO�����FKHPLFDO�UHDFWLRQV�DPRQJ����SROOXWDQWV�����RI�ZKLFK�DUH�RUJDQLF
FRPSRXQGV���$�IHDWXUH�RI�5$'0�LV�WKH�VLPXOWDQHRXV�PRGHOLQJ�RI�VXOIXU�DQG�QLWURJHQ�GHSRVLWLRQ��
7KLV�LV�DQ�LPSRUWDQW�FRQVLGHUDWLRQ�EHFDXVH�WKH�DPRXQW�RI�VXOIXU�GLR[LGH��62 ��SUHVHQW�LQ�WKH�

DWPRVSKHUH�DIIHFWV�WKH�IRUPDWLRQ�RI�ERWK�VXOIDWHV�DQG�QLWUDWHV�DQG�WKXV��WKH�DPRXQW�DQG�VSDWLDO
GLVWULEXWLRQ�RI�QLWURJHQ�GHSRVLWHG�EDFN�WR�ZDWHUERGLHV���5$'0�LV�DOVR�XVHIXO�IRU�DQDO\]LQJ�ORQJ�
UDQJH�WUDQVSRUW�LVVXHV��EXW�LW�LV�YHU\�FRPSOH[�FRPSXWDWLRQDOO\���5HFHQWO\��LW�KDV�EHHQ�DSSOLHG�WR
WKH�VWXG\�RI�QLWURJHQ�GHSRVLWLRQ�LQ�WKH�&KHVDSHDNH�%D\�ZDWHUVKHG��'HQQLV������� ��7KH�UHVXOWV�RI�

WKLV�VWXG\�DUH�SUHVHQWHG�LQ�6HFWLRQ�,9�&���7KH�OLPLWDWLRQV�RI�WKLV�VWXG\��DV�ZHOO�DV�PRUH
EDFNJURXQG�LQIRUPDWLRQ�RQ�5$'0��DUH�SUHVHQWHG�LQ�'HQQLV��������

$460V�DUH�OLPLWHG�E\�WKH�TXDOLW\�RI�WKH�DOJRULWKPV�XVHG�WR�VLPXODWH�YDULRXV�SURFHVVHV
DIIHFWLQJ�SROOXWDQWV�RI�LQWHUHVW��H�J���FKHPLFDO�WUDQVIRUPDWLRQ��GHSRVLWLRQ���TXDOLW\�RI�LQSXW�GDWD
�H�J���HPLVVLRQV��PHWHRURORJ\���DQG�ODFN�RU�LQDGHTXDF\�RI�PRGHOLQJ�RI�FHUWDLQ�SURFHVVHV��H�J��
DLU�ZDWHU�JDV�H[FKDQJH����7KH�TXDQWLW\�DQG�TXDOLW\�RI�DYDLODEOH�LQSXW�GDWD�LV�DQ�LPSRUWDQW�OLPLWLQJ
IDFWRU�LQ�WKH�DSSOLFDWLRQ�RI�$460V��HVSHFLDOO\�IRU�DWPRVSKHULF�SROOXWDQWV��VXFK�DV�PDQ\
SHVWLFLGHV�DQG�3&%V��WKDW�KDYH�UHODWLYHO\�SRRUO\�GHYHORSHG�HPLVVLRQ�LQYHQWRULHV��RU�IRU�ZKLFK�UH�
HPLVVLRQ�DQG�HQYLURQPHQWDO�F\FOLQJ�DUH�VLJQLILFDQW���

(IIRUWV�VSRQVRUHG�E\�WKH�*UHDW�:DWHUV�SURJUDP�DUH�XQGHUZD\�WR�LPSURYH�WKH�TXDOLW\�RI
HPLVVLRQ�HVWLPDWHV�IRU�WKH�+$3V��ZKLFK�KLVWRULFDOO\�KDYH�EHHQ�LQYHQWRULHG�RQO\�LQ�D�IHZ�SODFHV
DQG�IRU�VKRUW�WLPH�LQWHUYDOV���,Q�RQH�HIIRUW��WKH�HLJKW�VWDWHV�WKDW�ERUGHU�WKH�*UHDW�/DNHV�KDYH
ZRUNHG�WRJHWKHU��ZLWK�(3$��WR�GHYHORS�DQ�DSSURYHG�SURWRFRO�IRU�D�FRRUGLQDWHG�HPLVVLRQ
LQYHQWRU\�RI����+$3V��LQFOXGLQJ�WKH�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ�RWKHU�WKDQ�SHVWLFLGHV��
7KH�LQYHQWRULHV�IRU�SRLQW�VRXUFHV�DQG�DUHD�VRXUFHV��DV�ZHOO�DV�PRELOH�VRXUFHV��VKRXOG�EH
FRPSOHWHG�E\�������������7KH�GDWD�DUH�VWRUHG�LQ�D�UHJLRQDO�GDWD�EDVH�V\VWHP��WKH�5HJLRQDO�$LU
3ROOXWDQW�,QYHQWRU\�'HYHORSPHQW�6\VWHP��RU�5$3,'6��GHYHORSHG�IRU�WKLV�SURMHFW���,Q�DQRWKHU
HIIRUW��(3$�LV�LQ�WKH�SURFHVV�RI�GHYHORSLQJ�QDWLRQDO�LQYHQWRULHV�RI�VRXUFHV�DQG�HPLVVLRQV�IRU
VHYHQ�VSHFLILF�+$3V��KH[DFKORUREHQ]HQH��DON\ODWHG�OHDG�FRPSRXQGV��3&%V��320��PHUFXU\�
��������7&''��DQG���������7&')��LQ�UHVSRQVH�WR�WKH�PDQGDWH�LQ�VHFWLRQ�����F�����RI�WKH�&$$��

,,,�&��&RPSDULQJ�0RGHOV�8VHG�LQ�*UHDW�:DWHUV�6WXGLHV

6HYHUDO�QXPHULFDO�DWPRVSKHULF�WUDQVSRUW�DQG�GHSRVLWLRQ�PRGHOV�RU�PRGHOLQJ�VWUDWHJLHV
KDYH�EHHQ�DQG�FRQWLQXH�WR�EH�GHYHORSHG�DQG�XVHG�IRU�XQGHUVWDQGLQJ�GHSRVLWLRQ�RI�SROOXWDQWV�WR
WKH�*UHDW�:DWHUV���0RGHOV�KDYH�PDQ\�UROHV�LQ�(3$
V�DWPRVSKHULF�SURJUDPV�DQG�DUH�ZLGHO\�XVHG
WR�OLQN�HPLVVLRQV�GDWD��PHWHRURORJ\��UHFHSWRU�VLWHV��H�J���SHRSOH��RU�ODNHV��H[SRVHG�WR�SROOXWDQWV��
DQG�PRQLWRULQJ�RI�WKH�DPELHQW�DLU��LQ�FLWLHV��RU�RYHU�ODNHV�IRU�WKH�*UHDW�:DWHUV����1HZ�DSSURDFKHV
WR�PRGHOLQJ�KDYH�EHHQ�QHHGHG�WR�GHDO�ZLWK�WKH�SDUWLFXODU�FRPSOH[LWLHV�RI�WKH�LVVXHV�LQ�*UHDW
:DWHUV�VWXGLHV���7R�GLVFXVV�WKHVH�PRGHOV�DQG�WKHLU�DSSOLFDWLRQV�WR�WKH�*UHDW�:DWHUV�ZLWK�WKH
JHQHUDO�VFLHQWLILF�FRPPXQLW\��WKH�(3$�*UHDW�:DWHUV�SURJUDP�FR�VSRQVRUHG�D�VHVVLRQ�DW�WKH���WK
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DQQXDO�PHHWLQJ�RI�WKH�6RFLHW\�RI�(QYLURQPHQWDO�7R[LFRORJ\�DQG�&KHPLVWU\��6(7$&��LQ������RQ
�$WPRVSKHULF�'HSRVLWLRQ�RI�1XWULHQWV�	�&RQWDPLQDQWV�����)ROORZLQJ�WKDW�PHHWLQJ��WKH�SUHVHQWHUV
DQG�RWKHU�VFLHQWLVWV�SUHSDUHG�ZULWWHQ�FKDSWHUV�IRU�D�6(7$&�6SHFLDO�3XEOLFDWLRQ���$WPRVSKHULF
'HSRVLWLRQ�RI�&RQWDPLQDQWV�WR�7KH�*UHDW�/DNHV�DQG�&RDVWDO�:DWHUV��-�(��%DNHU��HGLWRU��%DNHU��������
7KLV�VHFWLRQ�EULHIO\�GHVFULEHV�WKH�PDLQ�DSSOLFDWLRQV�DQG�OLPLWDWLRQV�RI�WKH�PRGHOV�SUHVHQWHG�LQ
WKH�6(7$&�VHVVLRQ���7KLV�SUHVHQWDWLRQ�LV�QRW�LQWHQGHG�WR�EH�D�FRPSUHKHQVLYH�OLVW�RI�DOO�H[LVWLQJ
PRGHOV�DQG�WKHLU�XVHV��DV�WKH�GHYHORSPHQW�RI�WUDQVSRUW�DQG�GHSRVLWLRQ�PRGHOV�LV�D�YHU\�DFWLYH
UHVHDUFK�DUHD���7KH�GRFXPHQW�EDVHG�RQ�WKH�6(7$&�VHVVLRQ��%DNHU�������SURYLGHV�DQ�LQ�GHSWK
WHFKQLFDO�UHIHUHQFH�WKDW�VXSSOHPHQWV�WKH�LQIRUPDWLRQ�LQ�WKLV�UHSRUW���

7DEOH�,,,���VXPPDUL]HV�VRPH�RI�WKH�UHOHYDQW�PRGHOLQJ�HIIRUWV���7KHVH�PRGHOV�DUH�IXUWKHU
GLVFXVVHG�EHORZ��ZLWK�D�YHU\�EULHI�GHVFULSWLRQ�RI�WKH�PRGHO��LWV�DSSOLFDWLRQ�WR�*UHDW�:DWHUV
VWXGLHV��DQG�KRZ�WKH�PRGHO�FRPSDUHV�ZLWK�DFWXDO�PRQLWRULQJ�GDWD��IXUWKHU�LQIRUPDWLRQ�LV
SUHVHQWHG�LQ�%DNHU����������

7KH�ILUVW�PRGHOLQJ�HIIRUW�OLVWHG�LQ�7DEOH�,,,���LV�WKH�UHJLRQDO�VFDOH�DQDO\VLV�RI�QLWURJHQ
GHSRVLWLRQ�WR�WKH�&KHVDSHDNH�%D\�ZDWHUVKHG��'HQQLV���������7KH�DQDO\VLV�ZDV�GHYHORSHG�XVLQJ
5$'0��GHVFULEHG�LQ�6HFWLRQ�,,,�%���7KH�RYHUDOO�JRDOV�RI�WKLV�VWXG\�DUH��ILUVW��WR�GHILQH�WKH�VRXUFH
UHJLRQ�WKDW�FRQWULEXWHV�PRVW�RI�WKH�QLWURJHQ�GHSRVLWLRQ�DIIHFWLQJ�WKH�&KHVDSHDNH�%D\�ZDWHUVKHG
DQG��VHFRQG��WR�GHILQH�ZKLFK�VRXUFH�W\SHV�DUH�PRVW�UHVSRQVLEOH���7KH�PRGHOLQJ�UHVXOWV�LQGLFDWH
WKDW�WKH�UDQJH�RI�LQIOXHQFH�RI�QLWURJHQ�HPLVVLRQV�LV�RQ�WKH�RUGHU�RI�����NLORPHWHUV��NP���WKRXJK
WKLV�LV�FRQVLGHUHG�D�FRQVHUYDWLYH�HVWLPDWH��JLYHQ�WKH�PRGHO�ELDV�GHVFULEHG�LQ�WKH�VWXG\����7KH
PRGHO�LQGLFDWHV�WKDW�WKH�VRXUFH�UHJLRQ�IRU�QLWURJHQ�GHSRVLWLRQ�LQ�WKH�&KHVDSHDNH�%D\�ZDWHUVKHG
LV�URXJKO\���������NP ��RU�PRUH�WKDQ�����WLPHV�ODUJHU�WKDQ�WKH�ZDWHUVKHG���'HQQLV��������DOVR�XVHV�

WKH�PRGHO�WR�DQDO\]H�WKH�VSDWLDO�GLVWULEXWLRQ�RI�QLWURJHQ�GHSRVLWLRQ�E\�HPLVVLRQ�VHFWRU���)RU
H[DPSOH��WKH�PRGHO�UHVXOWV�LQGLFDWH�WKDW�XWLOLW\�HPLVVLRQV�WHQG�WR�EH�PRUH�UHVSRQVLEOH�IRU
QLWURJHQ�GHSRVLWLRQ�WR�WKH�%D\�EDVLQV�WKHPVHOYHV��ZKLOH�PRELOH�HPLVVLRQV�DSSHDU�WR�LQIOXHQFH
GHSRVLWLRQ�WR�WKH�PRXWKV�RI�WKH�WULEXWDULHV�DQG�WKH�%D\�LWVHOI���$GGLWLRQDO�UHVXOWV�RI�WKLV�PRGHOLQJ
HIIRUW�DUH�SUHVHQWHG�LQ�6HFWLRQ�,9�&��DOWKRXJK�WKH�VWXG\�GRHV�QRW�SUHVHQW�DQ\�FRPSDULVRQ�WR
PRQLWRULQJ�GDWD���7KH�VWXG\�GRHV�KLJKOLJKW�WKH�LPSRUWDQFH�RI�DGGLWLRQDO�UHVHDUFK�RQ�WKH�ELDV�LQ
5$'0�IRU�QLWURJHQ�GHSRVLWLRQ�HVWLPDWHV��SURFHVVHV�VXFK�DV�IRUHVW�RU�WHUUHVWULDO�UHWHQWLRQ�RI
QLWURJHQ��DQG�WKH�FRPELQHG�XVH�RI�DLU�ZDWHU�PRGHOV�

�� 7KH�VHFRQG�PRGHOLQJ�DQDO\VLV�LQ�7DEOH�,,,���ORRNV�DW�ZHW�DQG�GU\�GHSRVLWLRQ�RI�VHPL�
YRODWLOH�RUJDQLF�FRPSRXQGV�DW�D�UHJLRQDO�VFDOH��ZLWK�HPSKDVLV�RQ�WKH�*UHDW�/DNHV��&KLQJ�HW�DO�
��������7KH�PRGHO�XVHG�LV�D�YHUVLRQ�RI�WKH�5HJLRQDO�3DUWLFXODWH�0RGHO��530���ZKLFK�LV�LWVHOI�D
PRGLILFDWLRQ�RI�5$'0�WKDW�FRPSXWHV�WKH�FKHPLFDO�FRPSRVLWLRQ�DQG�VL]H�GLVWULEXWLRQ�RI�WKH
VHFRQGDU\�VXOIXU�DQG�QLWURJHQ�VSHFLHV��%LQNRZVNL�DQG�6KDQNDU���������&KLQJ�HW�DO���������XVH
530�WR�DQDO\]H�WKH�VL]H��FKHPLFDO�FRPSRVLWLRQ��DQG�PRLVWXUH�FRQWHQW�RI�DLUERUQH�SDUWLFOHV�WKDW
VHUYH�DV�VLWHV�IRU�FRQGHQVDWLRQ�DQG�YRODWLOL]DWLRQ�RI�VHPL�YRODWLOH�RUJDQLF�FRPSRXQGV��
'HSRVLWLRQ�RI�VHPL�YRODWLOH�RUJDQLF�FRPSRXQGV�LV�WUDFNHG�LQ�WKH�PRGHO�DV�SURSRUWLRQDO�WR�SDUWLFOH
GHSRVLWLRQ���7KLV�PRGHOLQJ�HIIRUW�LV�D�VWHS�WRZDUG�WKH�XVH�RI�UHJLRQDO�VFDOH�PRGHOV�WR�FRPSXWH�DLU
FRQFHQWUDWLRQV�RI�WKHVH�SROOXWDQWV��DQG�WR�SURYLGH�EHQFKPDUN�WHVWLQJ�RI�VLPSOHU�DQG
FRPSXWDWLRQDOO\�OHVV�GHPDQGLQJ�PRGHOV���6RPH�FKDOOHQJHV�DKHDG�LQ�WKLV�OLQH�RI�PRGHOLQJ
LQFOXGH�EHWWHU�DOJRULWKPV�DQG�GDWD�RQ�DLU�ZDWHU�JDV�H[FKDQJH��WKH�UROH�RI�FORXGV�DV�ERWK
WUDQVSRUWHUV�DQG�FKHPLFDO�WUDQVIRUPHUV��DQG�PRGHOLQJ�RI�UHVXVSHQVLRQ�RI�SROOXWDQWV�IURP
GLIIHUHQW�ODQG�XVHV�
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$V�SUHVHQWHG�LQ�7DEOH�,,,����WKH�QXPHULFDO�PRGHOLQJ�RI�DWPRVSKHULF�PHUFXU\�E\�%XOORFN�HW
DO���������XVHV�WKH�PRGHO�5(/0$3��(GHU�HW�DO���������GHVFULEHG�LQ�6HFWLRQ�,,,�%��ZLWK�UHODWLYHO\
VLPSOH�PHUFXU\�SDUDPHWHUL]DWLRQV���$Q�HQWLUH�\HDU�RI�WUDQVSRUW�DQG�GHSRVLWLRQ�RI�DLUERUQH
PHUFXU\�ZDV�VLPXODWHG�RYHU�WKH�FRQWLQHQWDO�8QLWHG�6WDWHV���7KH�JRDOV�RI�WKLV�PRGHOLQJ�HIIRUW
ZHUH�WR�DQDO\]H�WKH�DPRXQW�RI�PHUFXU\�HPLWWHG�WR�WKH�DLU�DQQXDOO\�RYHU�WKH�8QLWHG�6WDWHV�WKDW�LV
GHSRVLWHG�EDFN�WR�8�6��VRLOV�DQG�ZDWHUERGLHV��WKH�FRQWULEXWLRQ�RI�PHUFXU\�E\�VRXUFH�FDWHJRU\�
DQG�WKH�LPSRUWDQFH�RI�ORQJ�UDQJH�WUDQVSRUW���7KH�5(/0$3�VLPXODWHG�DQQXDO�UHVXOWV�DJUHH�ZLWK
WKH�PDMRULW\�RI�WKH�OLPLWHG�DQQXDO�GHSRVLWLRQ�DQG�FRQFHQWUDWLRQ�GDWD�DYDLODEOH�DURXQG�WKH�*UHDW
/DNHV�DQG�LQ�)ORULGD��DV�ZHOO�DV�RWKHU�DUHDV��XVXDOO\�ZLWKLQ�D�IDFWRU�RI�WZR���6RPH�5(/0$3
HVWLPDWHV�RI�ZHW�GHSRVLWLRQ�RI�PHUFXU\�DUH�VRPHZKDW�KLJK�ZKHQ�FRPSDUHG�WR�DFWXDO
PHDVXUHPHQWV�DW�WKRVH�ORFDWLRQV���+RZHYHU��WKH�PRGHO�FDQQRW�EH�ZHOO�WHVWHG�RYHU�WKH�HQWLUH
PRGHO�GRPDLQ�ZLWKRXW�DQQXDO�REVHUYDWLRQV�LQ�D�ODUJH�QXPEHU�RI�DGGLWLRQDO�ORFDWLRQV���7KH
OLPLWDWLRQV�RI�WKLV�FXUUHQW�UHVHDUFK�HIIRUW��LQFOXGLQJ�PRGHOLQJ�RI�FHUWDLQ�PHWHRURORJLFDO
FRQGLWLRQV��DTXHRXV�FKHPLVWU\�RI�PHUFXU\��DQG�WUDQVSRUW�DQG�GLIIXVLRQ�PRGHOLQJ�DUH�SUHVHQWHG
LQ�%XOORFN�HW�DO�����������

3LUURQH�DQG�.HHOHU��������SURSRVH�D�K\EULG�UHFHSWRU�GHSRVLWLRQ�PRGHOLQJ�DSSURDFK�WR
HVWLPDWH�WKH�GU\�GHSRVLWLRQ�IOX[�DQG�DLU�ZDWHU�JDV�H[FKDQJH�RI�YDULRXV�+$3V�WR�/DNH�0LFKLJDQ��
7KH�DSSURDFK�FRPELQHV�PRGHOLQJ�RI�RYHU�ZDWHU�WUDQVSRUW�RI�DLU�PDVVHV�DQG�PRGHOLQJ�RI
GHSRVLWLRQ�DQG�JDV�H[FKDQJH���7KH�PRGHO�SDUDPHWHUV�ZHUH�FDOLEUDWHG�XVLQJ�GDWD�IURP�WKH�/DNH
0LFKLJDQ�8UEDQ�$LU�7R[LFV�6WXG\��/08$76��WR�ILQG�ERWK�WKH�WHPSRUDO�DQG�VSDWLDO�YDULDWLRQ�RI
FULWLFDO�SDUDPHWHUV�FRQWUROOLQJ�WKH�WUDQVSRUW�DQG�GHSRVLWLRQ�RI�DWPRVSKHULF�FRQWDPLQDQWV���7KH
UHVXOWV�RI�WKLV�VWXG\�LQGLFDWH�ODUJH�YDULDWLRQV�LQ�WKH�SDUDPHWHU�YDOXHV�DQG�KHQFH�WKH�XQFHUWDLQW\
DVVRFLDWHG�ZLWK�WKH�FRPPRQ�SUDFWLFH�RI�XVLQJ�FRQVWDQW�SDUDPHWHU�YDOXHV�IRU�PRGHOLQJ���7KH
ZRUN�E\�3LUURQH�DQG�.HHOHU��������GHPRQVWUDWHV�D�GLIIHUHQW�DSSURDFK�WR�HVWLPDWLQJ�VXUIDFH�IOX[
TXDQWLWLHV�WKDW�FXUUHQWO\�FDQQRW�EH�GLUHFWO\�PHDVXUHG�ZLWK�FRQILGHQFH�
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TABLE III-1
Summary of Atmospheric Transport and Deposition Models Applied to the Great Waters a

Model Description of Model Great Waters Related Application Goodness of Fit Referencesb

Regional Acid Developed under the NAPAP to predict Project quantity and spatial distribution of Comparisons within a Dennis
Deposition regional changes that may occur as a deposition to the Chesapeake Bay watershed factor of 2 for sulfur (1997)
Model result of nitrogen and sulfur deposition. from sources in eastern U.S. and Canada. deposition, and generally
(RADM) The geographic area covered by the Estimate fraction that each of 15 subregions in within a factor of 2 for

model is the eastern U.S. and Canada. the area contribute to total annual load of nitrogen deposition.
atmospherically deposited nitrogen to the Bay
watershed and tidal waters.

Regional Based on RADM; computes the chemical Predict wet and dry deposition of airborne Theoretical only and has Ching et al.
Particulate composition and size distribution of the semi-volatile organic toxic compounds to the not been compared with (1997)
Model secondary sulfur and nitrogen species, to Great Lakes on a regional scale. actual data.
(RPM) identify airborne particles that may serve

as sites for condensation or volatilization.

Regional Simulates concentrations of wet and dry Model deposition of metals including cadmium Wet deposition results Bullock et al.
Lagrangian deposition patterns of gaseous pollutants and lead to Lake Superior; model the from RELMAP for (1997)
Model of Air and particulate matter (both fine and emission, transport, and fate of airborne atmospheric mercury
Pollution coarse), and can generate source-receptor mercury in the U.S., including the Great Lakes agree with the majority of
(RELMAP) matrices for user-defined regions. and Florida. actual measurements

within a factor of 2.

Hybrid Uses backward trajectory calculations and Estimate deposition of trace metals and semi- Experimental model; Pirrone and
receptor- estimates dry deposition and gas volatile organic compounds to Lake Michigan variation in the model Keeler (1997)
deposition exchange flux.  Parameters incorporated for the Lake Michigan Urban Air Toxics Study. depended on the nature
model into the model include transport distance, of the chemical species

meteorological conditions, particle size and was ± 3-fold that of
distribution, and water surface roughness. values in literature.

 Models were presented at 1994 SETAC Annual Meeting and are described in Baker (1997).a

 "Goodness of fit" refers to how well the deposition estimates from the models correspond to actual measured deposition data.b
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6HFWLRQ�����P��RI�WKH�&OHDQ�$LU�$FW�VSHFLILFDOO\�GHVLJQDWHV�WKH�*UHDW�/DNHV��/DNH
&KDPSODLQ��&KHVDSHDNH�%D\��DQG�FHUWDLQ�RWKHU�8�6��FRDVWDO�ZDWHUV�DV�ZDWHUERGLHV�(3$�LV�WR
FRQVLGHU�LQ�LGHQWLI\LQJ�DQG�DVVHVVLQJ�DWPRVSKHULF�GHSRVLWLRQ�RI�KD]DUGRXV�DLU�SROOXWDQWV��+$3V�
WR�WKH�*UHDW�:DWHUV���5HVHDUFKHUV�KDYH�IRXQG�WKDW�WKH�*UHDW�:DWHUV�KDYH�EHHQ�DIIHFWHG�E\�PHWDOV�
SHVWLFLGHV��WR[LF�FKHPLFDOV��DQG�QXWULHQWV�WKDW�HQWHU�WKH�ZDWHUV�WKURXJK�GLIIHUHQW�SDWKZD\V�
LQFOXGLQJ�DWPRVSKHULF�GHSRVLWLRQ�

�7KLV�FKDSWHU�SUHVHQWV�LQIRUPDWLRQ�FXUUHQWO\�NQRZQ�DERXW�FRQWDPLQDWLRQ�RFFXUULQJ�DW�WKH
LQGLYLGXDO�*UHDW�:DWHUV��LQFOXGLQJ�SUREOHPV�RU�LVVXHV�WKDW�FKDOOHQJH�HDFK�ZDWHUERG\��IROORZHG
E\�GLVFXVVLRQ�RI�FXUUHQW�VWUDWHJLHV�RU�HIIRUWV�WR�UHVSRQG�WR�WKHVH�FRQFHUQV���0RVW�RI�WKH�LQIRU�
PDWLRQ�KDV�EHHQ�JHQHUDWHG�IURP�DFWLYLWLHV�RFFXUULQJ�DW�WKH�*UHDW�/DNHV�DQG�&KHVDSHDNH�%D\���,Q
WKH�*UHDW�/DNHV��VHYHUDO�LQLWLDWLYHV�KDYH�EHHQ�LQWURGXFHG�LQ�UHFHQW�\HDUV��UDQJLQJ�IURP�UHVHDUFK
SURMHFWV�WR�JDWKHU�TXDQWLWDWLYH�HVWLPDWHV�RI�DWPRVSKHULF�ORDGLQJV�WR�UHJXODWRU\�DQG�YROXQWDU\
DFWLYLWLHV�SURPRWLQJ�UHGXFWLRQ�RI�ORDGLQJV�WR�WKH�ZDWHUERG\���(IIRUWV�DW�&KHVDSHDNH�%D\�KDYH
IRFXVHG�RQ�GHYHORSLQJ�PRGHOV�WR�LPSURYH�FKDUDFWHUL]DWLRQ�RI�QLWURJHQ�DQG�WR[LF�FRQWDPLQDQW
ORDGLQJV��DV�SDUW�RI�PDMRU�UHGXFWLRQ�VWUDWHJLHV���5HVHDUFK�LV�PRUH�OLPLWHG�IRU�/DNH�&KDPSODLQ�DQG
IRU�WKH�RWKHU�FRDVWDO�ZDWHUV���,Q�WKHVH�ZDWHUERGLHV��VPDOOHU�VFDOH�LQYHVWLJDWLRQV�KDYH�EHHQ�FDUULHG
RXW�WR�VWXG\�FHUWDLQ�SROOXWDQWV�RI�FRQFHUQ�LQ�WKHLU�UHVSHFWLYH�ZDWHUERGLHV��DQG�LQ�PDQ\�FDVHV�
FRPSUHKHQVLYH�VWUDWHJLF�SODQV�KDYH�EHHQ�GHYHORSHG�WR�DGGUHVV�FRQWDPLQDWLRQ�LVVXHV�

7KLV�FKDSWHU�LV�RUJDQL]HG�E\�VHFWLRQV�RQ�HDFK�RI�WKHVH�PDMRU�ZDWHUERGLHV�RI�WKH�*UHDW
:DWHUV�DQG�GLYLGHG�DFFRUGLQJO\�

� 6HFWLRQ�,9�$�SUHVHQWV�LQIRUPDWLRQ�DYDLODEOH�RQ�DWPRVSKHULF�GHSRVLWLRQ�RI
SHUVLVWHQW�WR[LF�SROOXWDQWV�LQWR�WKH�*UHDW�/DNHV�DQG�WKH�PDQ\�SURJUDPV�WR
FKDUDFWHUL]H�DQG�UHGXFH�ORDGLQJV�

� 6HFWLRQ�,9�%�GHVFULEHV�/DNH�&KDPSODLQ�DQG�FXUUHQW�UHVHDUFK�WR�DVVHVV�DWPRVSKHULF
PHUFXU\�GHSRVLWLRQ�LQ�WKH�EDVLQ�

� 6HFWLRQ�,9�&�GLVFXVVHV�WKH�GHSRVLWLRQ�RI�QLWURJHQ�DQG�WR[LF�SROOXWDQWV�WR
&KHVDSHDNH�%D\�DQG�WKH�UHODWHG�PRQLWRULQJ�DQG�PRGHOLQJ�HIIRUWV��DQG

� 6HFWLRQ�,9�'�SURYLGHV�DQ�RYHUYLHZ�RI�8�6��HVWXDU\�SURJUDPV�DQG�VRPH�PDMRU
HIIRUWV�WR�FKDUDFWHUL]H�ORDGLQJV�RI�QLWURJHQ�DQG�WR[LF�SROOXWDQWV�WR�FRDVWDO�ZDWHUV�

$OWKRXJK�WKLV�FKDSWHU�GHVFULEHV�FXUUHQW�GDWD�DQG�SURJUDPV�VSHFLILF�WR�WKH�VXEMHFW�ZDWHUERG\�
PXFK�RI�WKH�LQIRUPDWLRQ�LV�UHOHYDQW�WR�RWKHU�ZDWHUV�DV�ZHOO���)RU�H[DPSOH��WKRVH�LQWHUHVWHG�LQ
VPDOOHU�HVWXDULHV�ZLOO�JDLQ�LQVLJKW�IURP�LQIRUPDWLRQ�SUHVHQWHG�LQ�WKH�&KHVDSHDNH�%D\�VHFWLRQ�

7KH�*UHDW�/DNHV�DQG�/DNH�&KDPSODLQ�UHSUHVHQW�WZR�LPSRUWDQW�IUHVKZDWHU�V\VWHPV�LQ�WKH
8QLWHG�6WDWHV���/DNHV�DUH�VHQVLWLYH�WR�SROOXWLRQ�LQSXWV�EHFDXVH�WKH\�ODFN�DQ\�GRPLQDQW�
XQLGLUHFWLRQDO�IORZ��DQG�DV�D�UHVXOW��WKHUH�LV�D�VORZ�FKDQJH�RI�ZDWHU�DQG�D�UHVXOWLQJ�UHWHQWLRQ�RI
SROOXWDQWV���
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7KH�*UHDW�/DNHV�FRQWDLQ�DSSUR[LPDWHO\�RQH�ILIWK�RI�WKH�ZRUOG
V�VXSSO\�RI�IUHVK�VXUIDFH
ZDWHU���7KHVH�ODNHV�KDYH�SOD\HG�D�YLWDO�UROH�LQ�WKH�KLVWRU\�DQG�GHYHORSPHQW�RI�WKH�8QLWHG�6WDWHV
DQG�&DQDGD���7KH\�DUH�VWUHVVHG�E\�D�ZLGH�UDQJH�RI�SROOXWLRQ�VRXUFHV�DVVRFLDWHG�ZLWK�WKH�ODUJH
XUEDQ�FHQWHUV�ORFDWHG�RQ�WKHLU�VKRUHV���%HFDXVH�WKH�*UHDW�/DNHV�V\VWHP�LV�D�UHODWLYHO\�FORVHG�ZDWHU
V\VWHP��YHU\�ODUJH�YROXPH��ZLWK�UHODWLYHO\�VPDOO�ZDWHU�LQIORZV�DQG�RXWIORZV���PDQ\�RI�WKH
SROOXWDQWV�WKDW�UHDFK�WKH�*UHDW�/DNHV�UHPDLQ�LQ�WKH�V\VWHP�IRU�H[WHQGHG�SHULRGV�RI�WLPH���)RU
H[DPSOH��/DNH�6XSHULRU�UHSODFHV�DOO�WKH�ZDWHU�LQ�WKH�ODNH�HYHU\�����\HDUV��/DNH�(ULH�HYHU\����
\HDUV�

/DNH�&KDPSODLQ�LV�ORFDWHG�LQ�WKH�QRUWKHDVWHUQ�8QLWHG�6WDWHV��VKDUHG�E\�WKH�VWDWHV�RI�1HZ
<RUN�DQG�9HUPRQW�DQG�WKH�3URYLQFH�RI�4XHEHF���$OWKRXJK�PXFK�VPDOOHU�LQ�VXUIDFH�DUHD�WKDQ�WKH
*UHDW�/DNHV��/DNH�&KDPSODLQ�LV�VWLOO�RQH�RI�WKH�ODUJHVW�IUHVKZDWHU�ODNHV�LQ�WKH�8QLWHG�6WDWHV�DQG
LWV�QDWXUDO�UHVRXUFHV�DUH�LPSRUWDQW�WR�WKH�ORFDO�HFRQRP\���7KH�/DNH�&KDPSODLQ�EDVLQ��RU
ZDWHUVKHG��LV�PXFK�ODUJHU�UHODWLYH�WR�LWV�ZDWHU�VXUIDFH�DUHD�WKDQ�WKH�*UHDW�/DNHV��DQG�VR
ZDWHUVKHG�WKURXJKSXW�LV�PXFK�PRUH�RI�DQ�LVVXH�IRU�/DNH�&KDPSODLQ���7R[LF�SROOXWDQWV�DUH�DQ
LVVXH�RI�ZLGH�SXEOLF�FRQFHUQ�LQ�WKH�/DNH�&KDPSODLQ�%DVLQ��GXH�LQ�ODUJH�SDUW�WR�ILVK�FRQVXPSWLRQ
DGYLVRULHV�IRU�3&%V�DQG�PHUFXU\�LVVXHG�E\�ERWK�1HZ�<RUN�DQG�9HUPRQW��DQG�WKH�SRWHQWLDO
LPSDFW�RQ�GULQNLQJ�ZDWHU�DQG�WKH�/DNH
V�PDQ\�RWKHU�XVHV��

�&RDVWDO�ZDWHUV���IRU�WKH�SXUSRVHV�RI�&$$�VHFWLRQ�����P���DUH�GHILQHG�DV�WKRVH�HVWXDULHV
GHVLJQDWHG�IRU�WKH�1DWLRQDO�(VWXDU\�3URJUDP��SXUVXDQW�WR�VHFWLRQ�����D�����$��RI�WKH�IHGHUDO
:DWHU�3ROOXWLRQ�&RQWURO�$FW��RU�GHVLJQDWHG�IRU�WKH�1DWLRQDO�(VWXDULQH�5HVHDUFK�5HVHUYH�6\VWHP
�SXUVXDQW�WR�VHFWLRQ�����RI�WKH�&RDVWDO�=RQH�0DQDJHPHQW�$FW����&KHVDSHDNH�%D\�LV�LGHQWLILHG�E\
QDPH�LQ�VHFWLRQ�����P��

(VWXDULHV�RFFXU�ZKHUH�ULYHUV�HPSW\�LQWR�WKH�RFHDQ��PL[LQJ�WRJHWKHU�IUHVK�ZDWHU�DQG�VDOW
ZDWHU��DQG�FUHDWLQJ�DQ�HFRV\VWHP�GLVWLQFW�IURP��DQG�RIWHQ�PRUH�SURGXFWLYH�WKDQ��HLWKHU�IUHVK�RU
VDOW�ZDWHU�V\VWHPV���(VWXDULQH�ZDWHUV�LQFOXGH�ED\V��VRXQGV��PDUVKHV��VZDPSV��LQOHWV��DQG�VORXJKV��
7KHVH�HQYLURQPHQWV�DUH�FKDUDFWHUL]HG�E\�YDU\LQJ�GHJUHHV�RI�VDOLQLW\��KLJK�WXUELGLW\�OHYHOV��DQG
FRPSOH[�ZDWHU�PRYHPHQW�DIIHFWHG�E\�RFHDQ�WLGHV��ULYHU�FXUUHQWV��DQG�ZLQG���(VWXDULHV�DUH�FULWLFDO
FRDVWDO�KDELWDWV�WKDW�VHUYH�DV�VSDZQLQJ�JURXQGV��QXUVHULHV��VKHOWHUV��DQG�IRRG�VRXUFHV�IRU�PDQ\
GLIIHUHQW�VSHFLHV�RI�VKHOOILVK��ILVK��ELUGV��DQG�RWKHU�ZLOGOLIH���7KH�OHDGLQJ�HQYLURQPHQWDO�SUREOHPV
LQ�HVWXDULQH�V\VWHPV�DW�SUHVHQW�DUH�HXWURSKLFDWLRQ� �FRQWDPLQDWLRQ�E\�WR[LF�FKHPLFDOV�DQG��

SDWKRJHQV��GLVHDVH�FDXVLQJ�RUJDQLVPV���RYHU�KDUYHVWLQJ��DQG�ORVV�RI�KDELWDW�

,Q�������&KHVDSHDNH�%D\�EHFDPH�WKH�QDWLRQ
V�ILUVW�HVWXDU\�WR�EH�WDUJHWHG�IRU�SURWHFWLRQ
DQG�UHVWRUDWLRQ���2YHU�WKH�SDVW�GHFDGH��RWKHU�FRDVWDO�SURJUDPV��VXFK�DV�WKH�1DWLRQDO�(VWXDU\
3URJUDP��WKH�1DWLRQDO�(VWXDULQH�5HVHDUFK�5HVHUYH�6\VWHP��DQG�WKH�*XOI�RI�0H[LFR�3URJUDP�
KDYH�EHHQ�HVWDEOLVKHG�WR�SURWHFW�DQG�UHVWRUH�ZDWHU�TXDOLW\�DQG�OLYLQJ�UHVRXUFHV�LQ�8�6��HVWXDULHV
DQG�FRDVWDO�ZDWHUV���&KHVDSHDNH�%D\�ZDV�DOVR�DPRQJ�WKH�ILUVW�HVWXDULHV�ZKHUH�DWPRVSKHULF
VRXUFHV�RI�QXWULHQWV�DQG�WR[LF�SROOXWDQWV�ZHUH�UHFRJQL]HG�DV�VLJQLILFDQW�LQSXWV�WR�WKH�ZDWHUERG\��
5HFHQWO\��UHVHDUFK�RQ�RWKHU�8�6��FRDVWDO�ZDWHUV�KDV�EHJXQ�WR�HYDOXDWH�WKH�ORDGLQJV�RI�QXWULHQWV
DQG�WR[LF�SROOXWDQWV�WR�WKHLU�ZDWHUVKHGV�IURP�DWPRVSKHULF�VRXUFHV���7KH�*UHDW�:DWHUV�SURJUDP
KDV�IRFXVHG�SULPDULO\�RQ�&KHVDSHDNH�%D\�IRU�HVWXDULQH�LVVXHV��DQG�KDV�IRXQG�WKDW�LQIRUPDWLRQ
GHYHORSHG�IRU�WKLV�ZDWHUERG\�LV�JHQHUDOO\�DSSOLFDEOH�WR�VHYHUDO�RWKHU�(DVW�&RDVW�HVWXDULHV��ZKHQ
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DGMXVWPHQWV�DUH�PDGH�IRU�UHVSHFWLYH�ZDWHUERG\
V�SK\VLFDO��FKHPLFDO��DQG�JHRPRUSKRORJLFDO
FKDUDFWHULVWLFV���
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Economic Highlights of the Great Lakes

� Approximately 11% of total employment and
15% of manufacturing employment of
combined U.S. and Canadian workers are
located in the Great Lakes basin.

� Trade between Canada and the eight Great
Lakes States in 1992 was valued at $106
billion (56.2% of the U.S.-Canada total).

� An estimated 900,000 to 1 million U.S. and
Canadian boats operate each year, resulting
in a direct spending impact on the regional
economy of more than $2 billion.

� About 2.55 million U.S. anglers fish the Great
Lakes; total trip-related and equipment
expenditures were $1.33 billion in 1991.

Source:  Allardice and Thorp 1995.

,9�$��7KH�*UHDW�/DNHV

7KH�*UHDW�/DNHV��FRPSULVHG�RI�/DNHV�6XSHULRU��0LFKLJDQ��+XURQ��(ULH��DQG�2QWDULR��DUH
DQ�LPSRUWDQW�SDUW�RI�WKH�SK\VLFDO��FXOWXUDO��DQG�LQGXVWULDO�KHULWDJH�RI�1RUWK�$PHULFD��VHH�)LJXUH
,9������7KH�*UHDW�/DNHV�HFRV\VWHP��WKH�LQWHUDFWLQJ�FRPSRQHQWV�RI�DLU��ODQG��ZDWHU��DQG�OLYLQJ
RUJDQLVPV��LQFOXGLQJ�KXPDQV��LV�RQH�RI�WKH�ODUJHVW�VXUIDFH�V\VWHPV�RI�IUHVKZDWHU�RQ�HDUWK���7KLV
HFRV\VWHP�FRQWDLQV����SHUFHQW�RI�WKH�ZRUOG
V�IUHVKZDWHU�VXSSO\�DQG����SHUFHQW�RI�WKH�VXUIDFH
IUHVKZDWHU�ZLWKLQ�WKH�8QLWHG�6WDWHV���2QO\�WKH�SRODU�LFH�FDSV�DQG�/DNH�%DLNDO�LQ�6LEHULD�FRQWDLQ
PRUH�IUHVKZDWHU�WKDQ�WKH�*UHDW�/DNHV���%\�YLUWXH�RI�WKHLU�VL]H��WKH�*UHDW�/DNHV�DIIHFW�WKH�FOLPDWH
RI�WKH�VXUURXQGLQJ�UHJLRQ���$UHDV�RI�0LFKLJDQ��2QWDULR��DQG�1HZ�<RUN�JHQHUDOO\�KDYH�ZDUPHU�
WKRXJK�VQRZLHU��ZLQWHUV�WKDQ�RWKHU�SDUWV�RI�1RUWK�$PHULFD�DW�VLPLODU�ODWLWXGHV�EHFDXVH��DV�D
UHVXOW�RI�OLWWOH�FRQWLQXDO�FXUUHQW��WKH�ODNHV�UHWDLQ�D�ODUJH�DPRXQW�RI�KHDW���,Q�VSULQJ�DQG�HDUO\
VXPPHU��WKH�ODNHV�DUH�VORZ�WR�ZDUP��WKHUHE\�NHHSLQJ�WKH�QHDUE\�ODQG�DUHDV�FRRO�

7KH�*UHDW�/DNHV�VXVWDLQ�D�ULFK
GLYHUVLW\�RI�ILVK��ELUGV��DQG�RWKHU�ZLOGOLIH��
1DWLYH�ILVKHV�LPSRUWDQW�IRU�FRPPHUFLDO�DQG
UHFUHDWLRQDO�KDUYHVW�LQFOXGH�ODNH�WURXW��ODNH
ZKLWHILVK��DQG�ZDOOH\H���1RQ�QDWLYH�VSHFLHV
VXFK�DV�VPHOW��ZKLWH�SHUFK��EURZQ�WURXW�
UDLQERZ�WURXW��DQG�VHYHUDO�3DFLILF�VDOPRQ
VSHFLHV�DOVR�FRQWULEXWH�VXEVWDQWLDOO\�WR�WKH
WRWDO�DQQXDO�ILVK�KDUYHVW���$SSUR[LPDWHO\
WKUHH�PLOOLRQ�ZDWHUIRZO�IROORZ�WKH�$WODQWLF
DQG�0LVVLVVLSSL�IO\ZD\V�WKURXJK�WKH�*UHDW
/DNHV�EDVLQ�HDFK�\HDU���1DWLYH�DQLPDOV
LQFOXGH�GHHU��IR[��PRRVH��ZROYHV��EHDYHU�
PLQN��DQG�PXVNUDW���,Q�DGGLWLRQ��WKH�*UHDW
/DNHV�HFRV\VWHP�VXSSRUWV�PRUH�WKDQ����
JOREDOO\�HQGDQJHUHG�RU�UDUH�VSHFLHV��1DWXUH
&RQVHUYDQF\�������

7KH�*UHDW�/DNHV�EDVLQ�LV�KRPH�WR
PRUH�WKDQ����PLOOLRQ�SHRSOH��LQFOXGLQJ
���SHUFHQW�RI�WKH�8�6��SRSXODWLRQ�DQG����SHUFHQW�RI�WKH�&DQDGLDQ�SRSXODWLRQ���2YHU����PLOOLRQ�RI
WKHVH�SHRSOH�GHSHQG�RQ�WKH�*UHDW�/DNHV�IRU�GULQNLQJ�ZDWHU���,QGXVWULHV�XVH�WKH�ZDWHU�WR�PDNH
SURGXFWV��WR�FRRO�PDQXIDFWXULQJ�SURFHVVHV�RU�SRZHU�JHQHUDWLRQ�HTXLSPHQW��DQG�WR�VKLS�UDZ
PDWHULDOV�DQG�ILQLVKHG�SURGXFWV���5HVLGHQWV�DQG�YLVLWRUV�DOLNH�HQMR\�DQ�DEXQGDQFH�RI�UHFUHDWLRQDO
DFWLYLWLHV��LQFOXGLQJ�ERDWLQJ��VZLPPLQJ��ILVKLQJ��VLJKWVHHLQJ��FDPSLQJ��DQG�KLNLQJ�

7KH�FRQFHQWUDWLRQ�RI�KXPDQ�DFWLYLWLHV�LQ�WKH�*UHDW�/DNHV�EDVLQ��H�J���PDQXIDFWXULQJ�
WUDQVSRUWDWLRQ��DJULFXOWXUH��ILVKLQJ��LPSRVHV�VWUHVVHV�RQ�WKH�HFRV\VWHP�DQG�KDV�SURPSWHG
VLJQLILFDQW�FRQFHUQV�IRU�WKH�KHDOWK�DQG�ZHOO�EHLQJ�RI�WKH�KXPDQ�UHVLGHQWV���0DQ\�RI�WKH�PDMRU
VWUHVVRUV�DQG�UHVXOWDQW�HIIHFWV�ZHUH�GRFXPHQWHG�LQ�WKH�)LUVW�*UHDW�:DWHUV�5HSRUW�WR�&RQJUHVV��
7KH�FXUUHQW�UHSRUW�EXLOGV�RQ�WKLV�LQIRUPDWLRQ�DQG�SUHVHQWV�VRPH�RI�WKH�SRWHQWLDO�SUREOHPV�WKDW
PD\�DIIHFW�WKH�*UHDW�/DNHV�EDVLQ�IURP�WKH�SHUVSHFWLYH�RI�WKH�&$$��DQG�PDMRU�SURJUDPV�WKDW�DUH
XQGHUZD\�WR�DGGUHVV�WKRVH�SUREOHPV���
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FIGURE IV-1
Great Lakes Basin  

Physical Features of the Great Lakes

Superior Michigan Huron Erie Ontario Totals

Volume (km ) 12,100 4,920 3,540 484 1,640 22,6843

Maximum Depth (meters)  406 282 229  64 244 NA

Water Area (km ) 82,100 57,800 59,600 25,700 18,960 244,1602

Land Drainage Area (km ) 127,700 118,000 134,100 78,000 64,030 521,8302

Retention Time (years) 191 99 22 2.6 6 NA

            NA = not applicable
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Common Terminology for Pollutant
Movement in a Waterbody

FLUX

Transport of a chemical across an interface
(e.g., between air and water) for a given
area and time, accounting for both inputs
and outputs.  Net flux is equal to all positive
loadings minus all negative loadings.

INPUTS (positive loading)

Wet Deposition:   Gases and particles
carried in precipitation (rain, snow, sleet)
and deposited on land and water surfaces.
Dry Particle Deposition:   Pollutants,
bound to particles, deposited on land and
water surfaces in the absence of
precipitation.
Gas Absorption:   Gaseous form of
pollutants crossing air-water interface into
the water (portrayed as a positive number
in a flux calculation).
Waterborne Discharge:   Pollutants
discharged directly to water (e.g., by
industrial discharge, urban storm-runoff).
Tributary Loading:   Pollutants entering
waterbody through connecting channels,
streams, and rivers.

OUTPUTS (negative loading)

Volatilization or Gas Evasion:   Gaseous
form of pollutants crossing air-water
interface into the air (portrayed as a
negative number in a flux calculation).
Sedimentation:   Settling of particles by
gravity to bottom sediments.
Outflow:   Pollutants flowing with water out
to rivers or to the ocean.

7KH�UHPDLQGHU�RI�6HFWLRQ�,9�$�SUHVHQWV���

� &XUUHQW�NQRZOHGJH�DQG�UHFHQW
PHDVXUHPHQWV�RI�DWPRVSKHULF
OHYHOV�DQG�GHSRVLWLRQ�RI�WR[LF
SROOXWDQWV�WR�WKH�*UHDW�/DNHV��

� ,QIRUPDWLRQ�RQ�PDMRU
DFWLYLWLHV�SURJUDPV�FXUUHQWO\�LQ
SURJUHVV�WR�DVVHVV�DWPRVSKHULF
GHSRVLWLRQ�RI�DLU�SROOXWDQWV�WR�WKH
*UHDW�/DNHV��

� (IIRUWV�VXSSRUWHG�E\�WKH�8QLWHG
6WDWHV��DV�ZHOO�DV�&DQDGD��WR
UHGXFH�DQG�PLWLJDWH�DWPRVSKHULF
HPLVVLRQV�LQ�WKH�*UHDW�/DNHV
EDVLQ��DQG�

� %ULHI�GLVFXVVLRQ�RQ�FXUUHQW
LQIRUPDWLRQ�JDSV��DQG�IXWXUH
UHVHDUFK�QHHGV�WR�LPSURYH
XQGHUVWDQGLQJ�RI�DWPRVSKHULF
GHSRVLWLRQ�RI�SROOXWDQWV�LQWR�WKH
*UHDW�/DNHV�

$WPRVSKHULF�'HSRVLWLRQ�RI�*UHDW
/DNHV�&RQWDPLQDQWV

+XQGUHGV�RI�DQWKURSRJHQLF�FKHPLFDOV
KDYH�EHHQ�LGHQWLILHG�LQ�WKH�*UHDW�/DNHV
HFRV\VWHP���+LJK�OHYHOV�RI�FHUWDLQ
ELRDFFXPXODWLYH�SROOXWDQWV�UHPDLQ�LQ�FHUWDLQ�ILVK
DQG�ZLOGOLIH�VSHFLHV��DQG�ILVK�DGYLVRULHV�KDYH
EHHQ�LVVXHG�E\�PDQ\�*UHDW�/DNHV�VWDWHV�IRU
VHYHUDO�SROOXWDQWV�RI�FRQFHUQ��VSHFLILFDOO\�FKORUGDQH��GLR[LQV��PHUFXU\��3&%V��DQG�WR[DSKHQH
�VSHFLILF�DGYLVRULHV�DUH�OLVWHG�LQ�$SSHQGL[�%����)RU�H[DPSOH��DOWKRXJK�FRQFHQWUDWLRQV�RI�3&%V�DQG
''7�LQ�/DNH�0LFKLJDQ�ODNH�WURXW�DUH�FXUUHQWO\�DERXW�RQH�WHQWK�RI�WKRVH�RI����\HDUV�DJR��)LJXUH
,9�����WKH�FRQFHQWUDWLRQV�DUH�VWLOO�DW�OHYHOV�WKDW�ZDUUDQW�LVVXDQFH�RI�SXEOLF�KHDOWK�DGYLVRULHV
UHJDUGLQJ�WKH�FRQVXPSWLRQ�RI�WKHVH�ILVK���$GYLVRULHV�PD\�HVSHFLDOO\�DSSO\�WR�VSHFLILF
VXESRSXODWLRQV��VXFK�DV�FKLOGUHQ�DQG�ZRPHQ�ZKR�DUH�SUHJQDQW�RU�DQWLFLSDWH�EHDULQJ�FKLOGUHQ�

7KH�SROOXWDQWV�RI�FRQFHUQ�KDYH�EHHQ�DVVRFLDWHG�ZLWK�KHDOWK�SUREOHPV�LQ�FHUWDLQ�ILVK�DQG
ZLOGOLIH�VSHFLHV��DOWKRXJK�ZLWK�WKH�GHFOLQH�RI�VRPH�SROOXWDQW�OHYHOV��PDQ\�VSHFLHV�PD\�EH
UHFRYHULQJ���)RU�H[DPSOH��WKH�QXPEHU�RI�GRXEOH�FUHVWHG�FRUPRUDQWV�OLYLQJ�RQ�WKH�*UHDW�/DNHV�KDV
LQFUHDVHG�PRUH�WKDQ����IROG�GXULQJ�WKH�SDVW����\HDUV���3ULRU�WR�WKLV��QXPEHUV�RI�WKHVH�ILVK�HDWLQJ
ELUGV�GHFOLQHG�GXULQJ�WKH�����V�GXH�WR�UHSURGXFWLYH�IDLOXUH�IURP�''(�LQGXFHG�HJJ�VKHOO
WKLQQLQJ���+HDOWK�SUREOHPV�SHUVLVW�IRU�ILVK�DQG�ZLOGOLIH�LQ�FHUWDLQ�ORFDWLRQV��SDUWLFXODUO\�LQ�ZDWHUV�
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)LJXUH�,9��
3&%V�DQG�''7�LQ�/DNH�7URXW�IURP�/DNH�0LFKLJDQ

ZLWK�KLJKO\�FRQWDPLQDWHG�ERWWRP�VHGLPHQWV��DQG�IRU�SUHGDWRUV�KLJK�LQ�WKH�IRRG�ZHE��VXFK�DV
ODNH�WURXW��PLQN��DQG�EDOG�HDJOHV�

'XULQJ�WKH�����V��VWXGLHV�LQ�WKH�*UHDW�/DNHV�VKRZHG�WKDW�DWPRVSKHULF�GHSRVLWLRQ�PD\�EH
D�PDMRU�URXWH�RI�LQWURGXFWLRQ�RI�D�QXPEHU�RI�SROOXWDQWV�WR�WKH�*UHDW�/DNHV���)RU�H[DPSOH�
DWPRVSKHULF�WUDQVSRUW�RI�WR[DSKHQH�ZDV�LPSOLFDWHG�ZKHQ�WKH�LQVHFWLFLGH�ZDV�IRXQG�LQ�ILVK�LQ
/DNH�6LVNLZLW��ORFDWHG�RQ�DQ�LVODQG�LQ�/DNH�6XSHULRU��%HFDXVH�WKH�HOHYDWLRQ�RI�/DNH�6LVNLZLW�LV
DERYH�WKDW�RI�/DNH�6XSHULRU��LW�GRHV�QRW�UHFHLYH�DQ\�JURXQGZDWHU�IURP�/DNH�6XSHULRU�DQG�WKXV
SROOXWDQW�LQSXW���7KLV�SHVWLFLGH�ZDV�XVHG�PDLQO\�RQ�FRWWRQ�FURSV�LQ�WKH�VRXWKHUQ�8QLWHG�6WDWHV�
SULRU�WR�LWV�FDQFHOODWLRQ�LQ�������0F9HHW\�DQG�+LWHV�������

$V�D�UHVXOW�RI�WKLV�DQG�RWKHU�ILQGLQJV��WKH�8QLWHG�6WDWHV�DQG�&DQDGD�HVWDEOLVKHG�D�MRLQW
PRQLWRULQJ�QHWZRUN�FDOOHG�WKH�,QWHJUDWHG�$WPRVSKHULF�'HSRVLWLRQ�1HWZRUN��,$'1����7KH�,$'1
LV�GHVLJQHG�WR�DVVHVV�WKH�PDJQLWXGH�DQG�WUHQGV�RI�DWPRVSKHULF�GHSRVLWLRQ�RI�WDUJHW�FKHPLFDOV�WR
WKH�*UHDW�/DNHV��DQG�WR�GHWHUPLQH�HPLVVLRQ�VRXUFHV�ZKHUHYHU�SRVVLEOH���7KH�SURJUDP�UHVSRQGV
WR�WKH�*UHDW�/DNHV�:DWHU�4XDOLW\�$JUHHPHQW��*/:4$��EHWZHHQ�WKH�8QLWHG�6WDWHV�DQG�&DQDGD�
VSHFLILFDOO\�WR�WKH�QHHGV�RI�$QQH[����ZKLFK�DGGUHVVHV�LVVXHV�FRQFHUQLQJ�DLUERUQH�FRQWDPLQDQWV
LQ�WKH�*UHDW�/DNHV�EDVLQ���$�PRUH�GHWDLOHG�GLVFXVVLRQ�RI�WKH�UDWLRQDOH��GHVLJQ��DQG�UHVXOWV�RI�WKH
,$'1��DV�ZHOO�DV�WKH�XQFHUWDLQWLHV�WKDW�H[LVW�LQ�FDOFXODWLQJ�DWPRVSKHULF�GHSRVLWLRQ�HVWLPDWHV��LV
SUHVHQWHG�LQ�WKH�IROORZLQJ�VXEVHFWLRQ��3URJUDP�$FWLRQV�WR�&KDUDFWHUL]H�$WPRVSKHULF
&RQWDPLQDWLRQ�LQ�*UHDW�/DNHV��



&+$37(5�,9
7+(�*5($7�/$.(6

����

TABLE IV-1
Atmospheric Loading Estimates for Selected

Pollutants (kg/year) in the Great Lakes

Pollutant of
Concern Superior Michigan Huron Erie Ontario

PCBs (Wet and Dry) a 

1988 550 400 400 180 140

1992 160 110 110 53 42

1994 85 69 180 37 64

PCBs  (Net Gas Transfer)a   b

1988 -1900 -5140 -2560 -1100 -708

1994 -1700 -2700 -- -420 -440

DDT (Wet and Dry)

1988 90 64 65 33 26

1992 34 25 25 12 10

1994 17 32 37 46 16

DDT (Net Gas Transfer)

1988 -681 -480 -495 -213 -162

1994 30 67 -- 34 13

Benzo(a)pyrene (Wet and Dry)

1988 69 180 180 81 62

1992c 120 84 84 39 31

1994 200 250 -- 240 120

-- Not determined or reported.
 Data presented for PCB congeners 18, 44, 52, and 101 (eacha

with 3-5 chlorines in chemical structure).
 The convention is to assign a negative number to loss ofb

pollutant from the lake (i.e., volatilization).  Thus, the resulting
number expresses the mass of a pollutant going into or coming
out of the lake per year (i.e., a positive net gas transfer indicates
a net input of the pollutant to the lake and a negative net gas
transfer indicates a net loss or output from the lake). 
 Data from 1992 may represent an underestimation in thec

measurement of benzo(a)pyrene.

Sources:  Eisenreich and Strachan 1992; Hillery et al. 1996; Hoff
et al. 1996; and Strachan and Eisenreich 1988. 

7KH�ILUVW�FRQVHQVXV�GDWD
UHSRUW�IRU�,$'1��(LVHQUHLFK�DQG
6WUDFKDQ�������UHYLVHG�DQG
LPSURYHG�WKH�YHU\�EURDG
HVWLPDWHV�RI�DWPRVSKHULF
GHSRVLWLRQ�RI�WR[LF�FRQWDPLQDQWV
WKDW�ZHUH�SUHYLRXVO\�FRPSLOHG
�6WUDFKDQ�DQG�(LVHQUHLFK��������
0RUH�UHFHQW�GDWD�ZHUH
LQFRUSRUDWHG�LQWR�GHSRVLWLRQ
HVWLPDWHV�IRU������DQG�FRPSDUHG
WR�WKH�HDUOLHU�UHVXOWV��+RII�HW�DO��
�������DV�VKRZQ�LQ�7DEOH�,9�����$
JHQHUDO�GHFOLQH�LQ�VRPH�SROOXWDQW
OHYHOV�LV�VXJJHVWHG�IURP�WKH
HVWLPDWHV�LQ�7DEOH�,9�����$YHUDJH
HVWLPDWHG�DWPRVSKHULF�ORDGLQJV�RI
FHUWDLQ�SROOXWDQWV�WR�WKH�ILYH�*UHDW
/DNHV�EHWZHHQ������DQG������DUH
SUHVHQWHG�LQ�7DEOH�,9�����7KH�GDWD
LQ�7DEOHV�,9���DQG�,9���PD\�QRW�EH
FRPSDUDEOH�EHFDXVH�WKH�HVWLPDWHV
UHSUHVHQW�PHDVXUHPHQWV�DW
GLIIHUHQW�WLPH�IUDPHV���,W�LV
LPSRUWDQW�WR�UHFRJQL]H�WKDW�WKH
YDOXHV�SUHVHQWHG�LQ�WKHVH�WDEOHV
DUH�EDVHG�RQ�SUHOLPLQDU\�GDWD�DQG
OLPLWHG�VDPSOHV���)XUWKHUPRUH�
FRQWULEXWLRQV�IURP�ZDWHU�LQSXWV
DQG�RXWSXWV�DUH�QRW�LQFOXGHG���$V
VXFK��RYHUDOO�ORDGLQJV�WR�WKH�ODNHV
FDQQRW�EH�HVWDEOLVKHG�IURP�WKHVH
GDWD�DORQH��

$WPRVSKHULF�ORDGLQJV�RI
SROOXWDQWV�DUH�FDOFXODWHG�XVLQJ
DWPRVSKHULF�FRQFHQWUDWLRQ�GDWD
JDWKHUHG�E\�,$'1�DQG�HVWLPDWHV
IRU�YDULRXV�SDUDPHWHUV�VXFK�DV�ODNH�VXUIDFH�DUHD���7KH�ZHW�GHSRVLWLRQ�GDWD�DUH�EDVHG�RQ�HVWLPDWHG
DQQXDO�SUHFLSLWDWLRQ�UDWHV��DQG�GR�QRW�XVH�DFWXDO�UDLQIDOO�DPRXQWV���$OWKRXJK�XQFHUWDLQWLHV�H[LVW
IRU�WKH�SDUDPHWHUV�ZKLFK�FDQ�OHDG�WR�VRPH�GHJUHH�RI�HUURU��WKH�DWPRVSKHULF�GHSRVLWLRQ�HVWLPDWHV
DUH�EDVHG�RQ�WKH�EHVW�VFLHQWLILF�GDWD�FXUUHQWO\�DYDLODEOH���

7KH�UHPDLQGHU�RI�WKLV�VXEVHFWLRQ�SUHVHQWV�DWPRVSKHULF�FRQFHQWUDWLRQ�DQG�GHSRVLWLRQ�GDWD
FROOHFWHG�SULPDULO\�IURP�,$'1�RQ�VRPH�SROOXWDQWV�RI�FRQFHUQ��DV�ZHOO�DV�LQIRUPDWLRQ�RQ�FXUUHQW
WUHQGV�RI�SROOXWDQW�GHSRVLWLRQ���7KH�SROOXWDQWV�RI�FRQFHUQ�GLVFXVVHG�LQFOXGH�3$+V��3&%V�
SHVWLFLGHV��H�J���''(��''7��OLQGDQH��WR[DSKHQH���DQG�WUDFH�PHWDOV��H�J���OHDG��PHUFXU\����3&%V��
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TABLE IV-2
Average Estimated Atmospheric Loadings  of Selected Pollutantsa

to the Great Lakes (kg/year) (1991-1993)

 Atmospheric Process Lake Superior Lake Michigan Lake Huron Lake Erie Lake Ontariob

PCBs

 Wet deposition 58 52 180 21 58

 Dry deposition 27 16 --- 16 5.7

 Net gas transfer -1700 -2700 --- -420 -440c

   Absorption 320 390 --- 340 130

   Volatilization -2000 -3100 --- -760 -560

Dieldrin

 Wet deposition 21 58 10 28 11

 Dry deposition 7.4 8 --- 5.6 1.7

 Net gas transfer -780  --- ---     -610 -320

   Absorption 120 200 --- 67 43

   Volatilization -910  --- ---     -680 -370

DDE

 Wet deposition 2.6 3.8 10 4.6 4.5

 Dry deposition 0.4 0.5 --- 0.5 0.2

 Net gas transfer --- --- --- --- -170

   Absorption 10 26 --- 14 12

   Volatilization --- --- --- --- -180

Lindane

 Wet deposition 62 65 140 46 51d

 Dry deposition 0.6 1.1 --- 0.4 0.2

 Net gas transfer 140 1200 --- 61 16

   Absorption 340 1400 --- 180 72

   Volatilization -200 -140 --- -110 -56

Benzo(a)pyrene

 Wet deposition 140 170 --- 180 56

 Dry deposition 58 77 --- 63 60

 Net gas transfer 87 --- ---  --- ---

   Absorption 100 92 --- 51 7.5

   Volatilization -17 --- --- --- ---

 and based on atmospheric concentration data collected
   Values calculated from atmospheric loading equations,       a

  from Integrated Atmospheric Deposition Network (IADN); summarized from Hoff et al. (1996).
   Wet deposition based on estimated annual precipitation rates, and does not use actual rainfall amounts.b

  Dry deposition represents only data for particle form of pollutant (i.e., gaseous form included in absorption values).
   Net gas transfer is the sum of gas absorption and volatilization.  Water concentration data are taken from pastc

  literature and compared with the more recent air measurements, which may lead to some potential error in gas
  transfer estimates.  Values for net gas transfer are rounded off and thus estimates may not add up in the table.
   High estimated value may be due to very limited number of samples for 1992 season and should bed

  reconsidered as more data become available (Hoff et al. 1996).
  ---  Not determined or reported.
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WR[DSKHQH��DQG�PHUFXU\�DUH�JLYHQ�JUHDWHU�IRFXV�EHFDXVH�ILVK�DGYLVRULHV�DUH�FXUUHQWO\�LVVXHG�IRU
WKHVH�SROOXWDQWV���)LVK�DGYLVRULHV�DOVR�H[LVW�IRU�FKORUGDQH�DQG�GLR[LQV�IRU�WKH�*UHDW�/DNHV��EXW
WKH\�DUH�QRW�DGGUHVVHG�LQ�WKLV�VHFWLRQ�EHFDXVH�UHFHQW�LQIRUPDWLRQ�LV�OLPLWHG���3RWHQWLDO�VRXUFHV�RI
WKH�SROOXWDQWV�DUH�DOVR�GLVFXVVHG��DV�ZHOO�DV�XQFHUWDLQWLHV�LQ�WKH�GDWD�

3$+6

3RO\F\FOLF�DURPDWLF�K\GURFDUERQV��3$+V���D�VXEVHW�RI�320��DUH�D�FODVV�RI�VHPL�YRODWLOH
FRPSRXQGV�SURGXFHG�LQ�FRPEXVWLRQ�SURFHVVHV�DQG�DUH�ZLGHO\�GLVWULEXWHG�LQ�WKH�HQYLURQPHQW��
$V�LQGLFDWHG�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��DSSUR[LPDWHO\����WR����SHUFHQW�RI�WKH�WRWDO�DQQXDO
ORDGLQJ�RI�RQH�FRPPRQ�3$+��EHQ]R�D�S\UHQH��WR�/DNHV�6XSHULRU��0LFKLJDQ��DQG�+XURQ�LV
DWWULEXWHG�WR�DWPRVSKHULF�GHSRVLWLRQ�

� 3$+V�DUH�GHWHFWHG�ERWK�LQ�WKH�JDVHRXV�DQG�SDUWLFXODWH�SKDVHV��EXW�VRPH�RI�WKH�PRVW�WR[LF
3$+V�DUH�ODUJHO\�LQ�WKH�SDUWLFXODWH�SKDVH�LQ�WKH�DWPRVSKHUH���)RU�WKH�PRVW�WR[LF�3$+V��GU\
GHSRVLWLRQ�LV�JHQHUDOO\�WKH�PDLQ�URXWH�RI�GHSRVLWLRQ�WR�WKH�ODNHV��+RII�DQG�%ULFH���������)RU
EHQ]R�D�S\UHQH��KRZHYHU��ZHW�GHSRVLWLRQ�VHHPV�WR�EH�WKH�PDMRU�VRXUFH�RI�DWPRVSKHULF�ORDGLQJV
WR�/DNH�0LFKLJDQ�LQ�DOO�VHDVRQV�RI�WKH�\HDU���7KH�,$'1�GDWD�VXJJHVW�WKDW��IRU�/DNH�6XSHULRU��WKH
QHW�PRYHPHQW�RI�WKH�JDVHRXV�SKDVH�EHQ]R�D�S\UHQH�LV�ODUJHO\�WR�WKH�ZDWHU��GDWD�DUH�OLPLWHG�IRU
WKH�RWKHU�ODNHV��VHH�7DEOH�,9������&RPSDULQJ�UHFHQW�ZHW�DQG�GU\�GHSRVLWLRQ�YDOXHV�ZLWK�KLVWRULF
GDWD��WKH�ORDGLQJ�RI�EHQ]R�D�S\UHQH�WR�WKH�ODNHV�DSSHDUV�WR�KDYH�LQFUHDVHG��7DEOH�,9�����
+RZHYHU��WKH������ILQGLQJ�PD\�EH�DWWULEXWHG�WR�DQ�XQGHUHVWLPDWLRQ�LQ�WKH�PHDVXUHPHQW�RI
EHQ]R�D�S\UHQH��+RII�HW�DO��������

$�UHFHQW�VWXG\�IRXQG�WKDW�WRWDO�ZHW�DQG�GU\�GHSRVLWLRQ�IRU�EHQ]R�D�S\UHQH�ZDV����WLPHV
KLJKHU�DW�DQ�XUEDQ�VLWH��&KLFDJR��WKDQ�DW�UHPRWH�,$'1�VLWHV�LQ�/DNHV�0LFKLJDQ�DQG�6XSHULRU
�6ZHHW�DQG�+DUOLQ���������7KH�LQYHVWLJDWRUV�FRQFOXGHG�WKDW�ODUJH�DUHDV�RI�/DNH�(ULH��/DNH�2QWDULR�
DQG�VRXWKHUQ�/DNH�0LFKLJDQ�KDYH�HOHYDWHG�3$+�GHSRVLWLRQ�UDWHV�GXH�WR�HPLVVLRQV�IURP�QHDUE\
XUEDQ�DUHDV���$OWKRXJK�WKH�WRWDO�GHSRVLWLRQ�RI�3$+V�DUH�ORZHU�LQ�UXUDO�WKDQ�XUEDQ�VLWHV��WKH�UHOD�
WLYH�DPRXQWV�RI�WKH�LQGLYLGXDO�3$+V��L�H���UHODWLYH�UDWLRV�RI�WKH�LQGLYLGXDO�3$+V��LV�YHU\�VLPLODU�DW
XUEDQ�DQG�QRQXUEDQ�VLWHV��VXJJHVWLQJ�WKDW�OLWWOH�FKHPLFDO�GHJUDGDWLRQ�RFFXUV�GXULQJ�WUDQVSRUW�RI
3$+V�IURP�XUEDQ�VRXUFH�DUHDV�WR�UXUDO�DQG�UHPRWH�VLWHV�VHYHUDO�KXQGUHG�NLORPHWHUV�DZD\���

� 3&%6

3&%V�DUH�D�FODVV�RI�KLJKO\�WR[LF��SHUVLVWHQW��DQG�ELRDFFXPXODWLYH�FKHPLFDO�FRPSRXQGV��
3&%V�LQ�*UHDW�/DNHV�ILVK�KDYH�ORQJ�EHHQ�OLQNHG�WR�GHYHORSPHQWDO�DQG�JURZWK�SUREOHPV�LQ
LQIDQWV�ERUQ�WR�ZRPHQ�ZKR�UHJXODUO\�FRQVXPHG�3&%�FRQWDPLQDWHG�ILVK�LQ�WKH�ODWH�����V����3&%V
ZHUH�SURGXFHG�IURP������WR������IRU�WKH�SXUSRVH�RI�LQVXODWLQJ�DQG�FRROLQJ�HOHFWULFDO�HTXLSPHQW��
,Q�WKH�ODWH�����V��0RQVDQWR�&RPSDQ\��VROH�PDQXIDFWXUHU�RI�3&%V�LQ�WKH�8QLWHG�6WDWHV�
YROXQWDULO\�VWRSSHG�SURGXFWLRQ�RI�3&%V���(VWLPDWHV�VXJJHVW�WKDW�����PLOOLRQ�SRXQGV�RI�SXUH
3&%V�������SHUFHQW�RI�3&%V�HYHU�SURGXFHG����ZHUH�VWLOO�LQ�VHUYLFH�DW�WKH�HQG�RI��������

3&%V�PDQXIDFWXUHG�EHIRUH�SURGXFWLRQ�ZDV�VWRSSHG�DUH�VWLOO�IRXQG�LQ�WKH�*UHDW�/DNHV��
7KH\�DUH�SUHVHQW�LQ�ROGHU�FRPPHUFLDO�DQG�LQGXVWULDO�HTXLSPHQW��H�J���WUDQVIRUPHUV��FDSDFLWRUV���
7KHUH�DUH�QR�SKDVHRXW�GHDGOLQHV�WKDW�UHTXLUH�UHPRYDO�RI�WKH�HTXLSPHQW�WR�DYRLG�EUHDNDJH�DQG
UHOHDVH��DOWKRXJK�WKLV�HTXLSPHQW�LV�WLJKWO\�UHJXODWHG�XQGHU�WKH�7R[LF�6XEVWDQFHV�&RQWURO�$FW
�76&$����$V�D�UHVXOW�RI�SDVW�XVH�DQG�GLVSRVDO�SUDFWLFHV��3&%V�PD\�UHVLGH�LQ�VHGLPHQWV�LQ�VXUIDFH
ZDWHUV�DQG�LQ�RWKHU�DUHDV��VXFK�DV�ZDVWH�VLWHV���$V�WKH�FRQWDPLQDWHG�VHGLPHQW�LV�GLVWXUEHG��WKH
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3&%V�PD\�EH�UH�UHOHDVHG�DQG�UHVXVSHQGHG�LQ�WKH�ZDWHU��DOORZLQJ�IRU�FRQWLQXHG�ELRDFFXPXODWLRQ
LQ�*UHDW�/DNHV�ILVK���5HPHGLDWLRQ�SURJUDPV�DUH�LQ�SODFH�WR�DGGUHVV�3&%�FRQWDPLQDWHG�ZDVWH
VLWHV���2WKHU�FRQWLQXLQJ�3&%�VRXUFHV�LQFOXGH�XQUHJXODWHG�VRXUFHV�WKDW�SRWHQWLDOO\�FRQWDLQ�3&%V
DQG�UHOHDVHV��DV�ZHOO�DV�UHOHDVHV�E\�WKRVH�3&%�RZQHUV�ZKR�DUH�QRW�DZDUH�RI�WKH�SUHVHQFH�RI�3&%V
RU�RI�WKH�VSHFLDO�PDQDJHPHQW�UHTXLUHPHQWV�IRU�3&%�FRQWDLQLQJ�HTXLSPHQW��

'HVSLWH�WKH�IDFW�WKDW�3&%V�DUH�RQH�RI�WKH�PRVW�WLJKWO\�UHJXODWHG�DQG�FRQWUROOHG�JURXS�RI
SROOXWDQWV�XQGHU�IHGHUDO�UHJXODWRU\�SURJUDPV��ILVK�FRQVXPSWLRQ�DGYLVRULHV�VWLOO�H[LVW�IRU�3&%V�LQ
DOO�ILYH�RI�WKH�*UHDW�/DNHV��VHH�$SSHQGL[�%����)RU�H[DPSOH��DOWKRXJK�3&%�OHYHOV�KDYH�GHFOLQHG�LQ
/DNH�0LFKLJDQ�ZDWHU��WKHUH�KDV�EHHQ�D�FRQVWDQW�RU�LQFUHDVLQJ�OHYHO�RI�3&%V�LQ�VRPH�/DNH
0LFKLJDQ�ILVK�LQ�WKH�ODVW�IHZ�\HDUV��SRVVLEO\�GXH�WR�UHVXVSHQVLRQ�IURP�VHGLPHQW�RU�IURP�FKDQJHV
LQ�WKH�/DNH�0LFKLJDQ�IRRG�FKDLQ��VHH�6HFWLRQ�,,�%��

9RODWLOL]DWLRQ�LV�WKH�GRPLQDQW�PHFKDQLVP�LQ�DLU�ZDWHU�JDV�H[FKDQJH�RI�3&%V��7DEOH�,9�����
9RODWLOL]DWLRQ�RI�3&%V�IURP�WKH�*UHDW�/DNHV�LV�HVWLPDWHG�WR�EH�DV�KLJK�DV�������NJ�\HDU�IRU�/DNH
0LFKLJDQ�DQG�������NJ�\HDU�IRU�/DNH�6XSHULRU���,Q�FRQWUDVW��HVWLPDWHV�RI�ZHW�GHSRVLWLRQ�RI�3&%V
DUH�OHVV�WKDQ�WKRVH�IRU�YRODWLOL]DWLRQ�DQG�DUH�QHDUO\�WKH�VDPH�IRU�/DNHV�6XSHULRU��0LFKLJDQ��DQG
2QWDULR��������NJ�\HDU��ZLWK�/DNH�(ULH�VKRZLQJ�D�ORZHU�UDWH�����NJ�\HDU��DQG�/DNH�+XURQ
VKRZLQJ�WKH�KLJKHVW�UDWH������NJ�\HDU���7DEOH�,9������'U\�GHSRVLWLRQ�UDWHV�RI�3&%V�DUH�VLPLODU�LQ
/DNHV�6XSHULRU��0LFKLJDQ��DQG�(ULH��������NJ�\HDU���ZLWK�/DNH�2QWDULR�VKRZLQJ�D�ORZHU�UDWH�����
NJ�\HDU����$V�SUHVHQWHG�LQ�7DEOH�,9����IURP������WR�������ZHW�DQG�GU\�GHSRVLWLRQ�RI�3&%V�WR�HDFK
RI�WKH�*UHDW�/DNHV�KDV�GHFUHDVHG���7KHUHIRUH��WKH�QHW�ORVV�WR�WKH�DWPRVSKHUH�ZRXOG�VXJJHVW�WKDW
WKH�DPRXQW�RI�3&%V�LQ�ZDWHU�LV�GHFOLQLQJ���7DEOHV�,9���DQG�,9����KRZHYHU��UHSUHVHQW�GDWD�RQO\�IRU
WKH�DWPRVSKHULF�PRYHPHQW�RI�SROOXWDQWV�DQG�WKHUHIRUH��GR�QRW�LQGLFDWH�WKH�ZDWHUERUQH�LQSXWV�WR
HDFK�ODNH��VXFK�DV�SDUWLFOHV�LQ�WKH�ZDWHU��LQGXVWULDO�ZDWHU�GLVFKDUJHV��DQG�HVSHFLDOO\�XUEDQ�VWRUP�
UXQRII�ZKLFK�JRHV�GLUHFWO\�LQWR�WKH�ODNHV����$OVR��WKLV�VWXG\�RQ�JDV�H[FKDQJH�LV�SUHOLPLQDU\�DQG
WKHUH�DUH�FRQVLGHUDEOH�XQFHUWDLQWLHV�LQ�WKH�HVWLPDWHV���$GGLWLRQDO�ZRUN�DGGUHVVLQJ�WKH
XQFHUWDLQWLHV�DQG�RWKHU�URXWHV�RI�SROOXWDQW�PRYHPHQW�PD\�JLYH�D�GLIIHUHQW�EDODQFH��DOWKRXJK�WKH
LPSRUWDQFH�RI�JDV�H[FKDQJH�LV�FOHDU���

:HW�DQG�GU\�GHSRVLWLRQ�RI�3&%V�DUH�VLPLODU�RYHU�VHDVRQV��ZKLOH�QHW�JDV�H[FKDQJH�LV
KLJKO\�VHDVRQDO��H[KLELWLQJ�PXFK�JUHDWHU�HIIHFW�ZLWK�KLJK�WHPSHUDWXUHV��)LJXUH�,9�������7R�GDWH�
QR�VWXGLHV�RQ�VHDVRQDO�YDULDWLRQ�LQ�3&%�FRQFHQWUDWLRQV�LQ�ZDWHU�KDYH�EHHQ�SXEOLVKHG�WR�FRPSDUH
ZLWK�WKH�VHDVRQDO�DWPRVSKHULF�ORDGLQJ�GDWD���$V�VWDWHG�HDUOLHU��XQFHUWDLQWLHV�H[LVW�LQ�FDOFXODWLQJ
GHSRVLWLRQ�HVWLPDWHV��VLQFH�VRPH�HVWLPDWHV�DUH�EDVHG�RQ�URXJK�DSSUR[LPDWLRQV�RU�DVVXPSWLRQV
XVLQJ�WKH�EHVW�VFLHQFH�DYDLODEOH�DW�WKLV�WLPH��

3(67,&,'(6

9RODWLOL]DWLRQ�RI�WKH�SHVWLFLGHV�GLHOGULQ�DQG�''(��D�PHWDEROLWH�RI�''7��LQ�PDQ\�RI�WKH
*UHDW�/DNHV�LV�D�VLJQLILFDQW�SURFHVV���1HW�DWPRVSKHULF�ORDGLQJ�LV�QHJDWLYH��LQGLFDWLQJ�WKDW
PRYHPHQW�RI�WKHVH�WZR�SHVWLFLGHV�EHWZHHQ�DLU�DQG�ZDWHU�LV�PRVWO\�YRODWLOL]DWLRQ��7DEOH�,9�����
)OXFWXDWLRQV�LQ�JDV�HTXLOLEULXP�FRQGLWLRQV�PD\�EH�LQIOXHQFHG�E\�WKH�ZDWHU�FRQFHQWUDWLRQ�GDWD�
GLIIHUHQFHV�LQ�WHPSHUDWXUH��DQG�RU�HUURUV�LQ�WKH�+HQU\
V�/DZ�FRQVWDQW�XVHG�LQ�FDOFXODWLQJ�JDV
PRYHPHQW���)RU�H[DPSOH��''7�QHW�JDV�WUDQVIHU�HVWLPDWHV�DUH�KLQGHUHG�E\�GLIILFXOWLHV�LQ�REWDLQLQJ
SUHFLVH�ZDWHU�FRQFHQWUDWLRQ�GDWD�EHFDXVH�''7�OHYHOV�LQ�WKH�ODNHV�DUH�FORVH�WR�WKH�DQDO\WLFDO
GHWHFWLRQ�OLPLW���)URP�7DEOH�,9����''7�ZHW�DQG�GU\�GHSRVLWLRQ�ORDGLQJV�GHFOLQHG�EHWZHHQ�����
DQG�������EXW�URVH�VOLJKWO\�IRU�DOO�ODNHV�H[FHSW�/DNH�6XSHULRU�LQ�������+LOOHU\�HW�DO���������
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FIGURE IV-3
Seasonal Atmospheric Loadings of PCBs in Lake Michigan (1994)

Toxaphene in Lake Trout

Since 1991, the state of Michigan has issued a
consumption advisory for Siskiwit lake trout from
Lake Superior based on exceedance of the FDA's
5.0 ppm action level for toxaphene.  In 1995, the
Canadian Province of Ontario issued fish consump-
tion advisories for several different species in Lake
Superior and upper Lake Huron, triggered by their
toxaphene levels and a lowering of Health Canada's
action level for toxaphene to 0.2 ppm.

:HW�DQG�GU\�GHSRVLWLRQ�RI�OLQGDQH�DSSHDUHG�WR�EH�IDLUO\�XQLIRUP�DFURVV�DOO�ODNHV��VHH
7DEOH�,9������*DVHRXV�OLQGDQH�JHQHUDOO\�VHHPHG�WR�EH�LQ�HTXLOLEULXP�ZLWKLQ�/DNHV�(ULH�DQG
2QWDULR��ZKLOH�JDV�DEVRUSWLRQ�LV�WKH�GRPLQDQW�PHFKDQLVP�LQ�DLU�ZDWHU�H[FKDQJH�IRU�/DNHV
6XSHULRU�DQG�0LFKLJDQ��7DEOH�,9������7KH�QHW�JDV�WUDQVIHU�RI�OLQGDQH�LQ�/DNH�0LFKLJDQ�LV�LQWR�WKH
ODNH�LQ�WKH�ZLQWHU�DQG�VSULQJ�DQG�RXW�RI�WKH�ODNH�LQ�WKH�VXPPHU�DQG�IDOO���)RU�PDQ\�SHVWLFLGHV�
JDV�WUDQVIHU�LV�VWURQJO\�GHSHQGHQW�RQ�VHDVRQV��ZLWK�QHW�RXWSXWV�LQ�WKH�VXPPHU�DQG�QHW�LQSXWV�LQ
WKH�ZLQWHU��$FKPDQ�HW�DO��������+RII�HW�DO��������0F&RQQHOO�HW�DO��������5LGDO�HW�DO��������

7R[DSKHQH�LQ�WKH�*UHDW�/DNHV�%DVLQ��
7R[DSKHQH��D�VHPL�YRODWLOH�LQVHFWLFLGH
FRQWDLQLQJ�D�PL[WXUH�RI�FKORULQDWHG�ERUQDQHV
�FODVV�RI�DURPDWLF�K\GURFDUERQV���KDV�EHHQ
UHFRJQL]HG�DV�RQH�RI�WKH�FRQWDPLQDQWV�ZLWK
WKH�KLJKHVW�FRQFHQWUDWLRQV�LQ�*UHDW�/DNHV
ILVK��5LELFN�HW�DO��������6FKPLWW�HW�DO�������
��������������%HFDXVH�RI�LWV�YRODWLOLW\�DQG
SHUVLVWHQFH��WR[DSKHQH�LV�VWLOO�ZLGHO\
GLVWULEXWHG�WKURXJK�WKH�DWPRVSKHUH��HYHQ
WKRXJK�LW�LV�QR�ORQJHU�XVHG�LQ�WKH�8QLWHG
6WDWHV��5DSDSRUW�DQG�(LVHQUHLFK��������
7R[DSKHQH�ZDV�EHHQ�IRXQG�WR�EH�D�PDMRU�FRQWDPLQDQW�LQ�ODNH�WURXW�DQG�ZKLWHILVK�IURP�6LVNLZLW
/DNH�RQ�,VOH�5R\DOH��/DNH�6XSHULRU��'H�9DXOW�HW�DO���������VHH�VLGHEDU����
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7R[DSKHQH
V�GLVFRYHU\�RQ�SULVWLQH�,VOH�5R\DOH��H[SRVHG�RQO\�WR�DWPRVSKHULF�GHSRVLWLRQ�
VHHPHG�LQGLFDWLYH�RI�ORQJ�UDQJH�WUDQVSRUW�YLD�WKH�DWPRVSKHUH�VLQFH�LW�KDG�EHHQ�XVHG�SULPDULO\�DV
D�SHVWLFLGH�LQ�WKH�VRXWKHUQ�8QLWHG�6WDWHV��+RII�HW�DO����������7KLV�K\SRWKHVLV�KDV�EHHQ�VXSSRUWHG
E\�VWXGLHV�WKDW�IRXQG�WR[DSKHQH�FRQFHQWUDWLRQV�LQ�&DQDGLDQ�DLU�PDVVHV�WKDW�KDG�RULJLQDWHG�LQ
WKH�VRXWKHUQ�8QLWHG�6WDWHV���+RZHYHU��WKHUH�LV�DOVR�HYLGHQFH�WR�VXJJHVW�WKDW�VRPH�RI�WKH
WR[DSKHQH�IRXQG�LQ�/DNH�6XSHULRU�DQG�QRUWKHUQ�/DNH�0LFKLJDQ�PD\�KDYH�ORFDO�RULJLQV���$�VWXG\
WKDW�DQDO\]HG�ILVK�IURP�ULYHUV�LQ�WKH�VRXWKHDVWHUQ�8QLWHG�6WDWHV��WKH�*UHDW�/DNHV��DQG�,VOH�5R\DOH�
FROOHFWHG�GXULQJ�������IRXQG�GLIIHUHQFHV�LQ�FRPSRVLWLRQ�RI�WR[DSKHQH�LQ�ILVK�EHWZHHQ�VLWHV�
VXJJHVWLQJ�WKDW�SRWHQWLDO�ORFDO�LQIOXHQFH�PD\�EH�LPSRUWDQW��UDWKHU�WKDQ�ORQJ�GLVWDQFH
DWPRVSKHULF�WUDQVSRUW�IURP�WKH�VRXWKHDVWHUQ�8QLWHG�6WDWHV�WR�WKH�*UHDW�/DNHV��3HWW\�HW�DO����������

(3$�UHFHQWO\�VXSSRUWHG�PRQLWRULQJ�RI�WR[DSKHQH�LQ�*UHDW�/DNHV�ILVK�DQG�VHGLPHQW�ZKLFK
KDV�UHYHDOHG�WZR�WUHQGV���)LUVW��WKHUH�KDV�EHHQ�D�VWDWLVWLFDOO\�VLJQLILFDQW�GHFOLQH�LQ�WKH
FRQFHQWUDWLRQ�RI�WR[DSKHQH�LQ�ILVK�IURP�PRVW�ZDWHUV��DV�PLJKW�EH�H[SHFWHG�IROORZLQJ�UHGXFHG
XVH�DQG�ODWHU�FDQFHOODWLRQ�RI�WKH�SHVWLFLGH���6HFRQG��WKHUH�KDV�EHHQ�QR�GLVFHUQLEOH�GHFOLQH�LQ
WR[DSKHQH�OHYHOV�LQ�/DNH�6XSHULRU�ODNH�WURXW��WR[DSKHQH�OHYHOV�DUH�KLJKHU�WKDQ�OHYHOV�RI�RWKHU
PHDVXUHG�FRQWDPLQDQWV�LQ�ILVK�IURP�DQ\ZKHUH�LQ�WKH�*UHDW�/DNHV�

$W�WKLV�WLPH��WKHUH�DUH�VHYHUDO�K\SRWKHVHV�IRU�WKH�UHODWLYHO\�HOHYDWHG�OHYHOV�RI�WR[DSKHQH
REVHUYHG�LQ�/DNH�6XSHULRU�DQG�QRUWKHUQ�/DNH�0LFKLJDQ���)LUVW��WKH�FRQWLQXHG�XVH�RI�WR[DSKHQH
E\�RWKHU�FRXQWULHV�DQG�VXEVHTXHQW�DWPRVSKHULF�WUDQVSRUW�WR�WKH�*UHDW�/DNHV�EDVLQ�PD\�LQFUHDVH
OHYHOV���$QRWKHU�SRVVLELOLW\�LV�WKH�SUHYLRXV�ORFDO�XVH�RI�WKH�SHVWLFLGH���7R[DSKHQH�ZDV�RQFH�XVHG�WR
NLOO�XQGHVLUDEOH�ILVK�FRPPXQLWLHV��/RFNKDUW�HW�DO��������6WHUQ�HW�DO����������7KLV�SUDFWLFH�RFFXUUHG
LQ�SDUWV�RI�&DQDGD�DQG�WKH�QRUWKHUQ�8QLWHG�6WDWHV�IRU�ILVK�UHVWRFNLQJ�RQ�VPDOO�JODFLDO�ODNHV��LW�ZDV
DSSOLHG�WR�DW�OHDVW����ODNHV�GXULQJ�WKH�����V�DQG�����V�LQ�:LVFRQVLQ��+XJKHV���������,W�KDV�DOVR
EHHQ�SURSRVHG�WKDW�/DNH�6XSHULRU�ODNH�WURXW�PD\�EH�VORZHU�WR�UHIOHFW�D�GHFUHDVH�LQ�FRQWDPLQDQW
OHYHOV�LQ�WKHLU�IRRG�ZHE�GXH�WR�WKHLU�JUHDWHU�DJH��KRZHYHU��*ODVVPH\HU�HW�DO���������IRXQG�WKDW
WR[DSKHQH�OHYHOV�LQ�/DNH�6XSHULRU�ILVK�ZHUH�VWLOO�HOHYDWHG�FRPSDUHG�WR�OHYHOV�LQ�ILVK�IURP�WKH
RWKHU�ODNHV���$QRWKHU�H[SODQDWLRQ�WKDW�KDV�EHHQ�VXJJHVWHG�LV�WKDW�WR[DSKHQH�SHUVLVWV�ORQJHU�LQ
FROGHU��OHVV�SURGXFWLYH�ZDWHUV�VXFK�DV�/DNH�6XSHULRU���)LQDOO\��WKH�KLJK�WR[DSKHQH�OHYHOV�PD\�EH�D
UHVXOW�RI�WKH�UHOHDVH�RI�WR[DSKHQH�LQWR�WKH�ZDWHUV�DV�D�E\SURGXFW�LQ�WKH�SURGXFWLRQ�RI�SDSHU�
WKHUH�DUH����SXOS�DQG�SDSHU�PLOOV�WKDW�GLUHFWO\�GLVFKDUJH�WR�DOO�WKH�*UHDW�/DNHV��,-&��������ZLWK
WKH�SDSHU�LQGXVWU\�PRVW�FRQFHQWUDWHG�QHDU�/DNH�6XSHULRU�DQG�XSSHU�/DNH�0LFKLJDQ��*UHHQ�%D\��

75$&(�0(7$/6

$�QXPEHU�RI�WUDFH�PHWDOV�DUH�RI�FRQFHUQ�LQ�WKH�*UHDW�/DNHV��WKRXJK�QHZ�GDWD�DUH�OLPLWHG��
'DWD�IURP������VXJJHVW�WKDW�ZHW�GHSRVLWLRQ�LV�WKH�GRPLQDQW�DWPRVSKHULF�WUDQVSRUW�PHFKDQLVP
IRU�WUDFH�PHWDOV�WR�WKH�*UHDW�/DNHV��+RII�DQG�%ULFH���������7KH�PRVW�FRQVLVWHQW�WUHQG�LQ�WKH
GHSRVLWLRQ�RI�WUDFH�PHWDOV�ZDV�WKH�UHGXFWLRQ�LQ�OHDG�LQ������FRPSDUHG�ZLWK������YDOXHV�IRU�DOO�WKH
ODNHV��)LJXUH�,9������7KLV�ILQGLQJ�LV�QRW�VXUSULVLQJ�JLYHQ�WKH�SKDVHRXW�RI�OHDGHG�JDVROLQH�LQ�WKH
8QLWHG�6WDWHV�EHJLQQLQJ�LQ�WKH�����V�DQG�DFFHOHUDWLQJ�LQ�WKH�PLG�����V���7KH�JDVHRXV�SKDVH�RI
OHDG�LV�DVVXPHG�QRZ�WR�EH�QHJOLJLEOH���$UVHQLF�GHSRVLWLRQ�DOVR�KDV�GHFUHDVHG���7KH�UHDVRQ�IRU�WKLV
ILQGLQJ�LV�QRW�DV�FOHDU�EXW�LW�KDV�EHHQ�K\SRWKHVL]HG�WKDW�SURFHVV�FKDQJHV�E\�1RUDQGD��D�PDMRU
HPLWWHU�RI�DUVHQLF�LQ�&DQDGD�WKURXJK�PLQLQJ��VPHOWLQJ��DQG�UHILQLQJ�RI�PHWDO�SURGXFWV��PD\�KDYH
OHG�WR�WKH�GHFOLQH�
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FIGURE IV-4
Atmospheric Loadings of Lead to the Great Lakes (1988-1994)

0HUFXU\�LQ�WKH�*UHDW�/DNHV�%DVLQ���&XUUHQWO\��VL[�RI�WKH�HLJKW�*UHDW�/DNHV�VWDWHV��0LFKLJDQ�
2KLR��:LVFRQVLQ��1HZ�<RUN��3HQQV\OYDQLD��DQG�0LQQHVRWD��KDYH�LVVXHG�DGYLVRULHV�UHVWULFWLQJ
FRQVXPSWLRQ�RI�ILVK�IURP�VRPH�VWDWH�ZDWHUV�GXH�WR�PHUFXU\�FRQWDPLQDWLRQ���0HUFXU\�FRQWDPLQD�
WLRQ��RU�KLJK�PHUFXU\�OHYHOV�LQ�ILVK�WLVVXH��LV�DOVR�WKH�PRVW�IUHTXHQW�EDVLV�IRU�ILVK�DGYLVRULHV�LVVXHG
E\�WKH�3URYLQFH�RI�2QWDULR���0DQ\�RI�WKHLU�DGYLVRULHV�DUH�DSSOLFDEOH�WR�DUHDV�RI�WKH�*UHDW�/DNHV�

'XULQJ�WKH�HDUO\�����V��PHUFXU\�ZDV�IRXQG�LQ�ILVK�IURP�/DNH�+XURQ��/DNH�6W��&ODLU�
ZHVWHUQ�/DNH�(ULH��HDVWHUQ�/DNH�2QWDULR��DQG�WKH�6W��/DZUHQFH�5LYHU�DW�OHYHOV�WKDW�OHG�WKH�8QLWHG
6WDWHV�DQG�&DQDGD�WR�FORVH�FRPPHUFLDO�ILVKHULHV���6XEVHTXHQWO\��PHUFXU\�OHYHOV�IHOO�LQ�WKHVH
ZDWHUV��EHFDXVH�RI�PRGLILFDWLRQ�RU�FORVXUH�RI�FHUWDLQ�FKORUDONDOL�IDFLOLWLHV�DQG�SXOS�DQG�SDSHU
PLOOV�ZKRVH�ZDVWHZDWHU�GLVFKDUJHV�FRQWDLQHG�ODUJH�TXDQWLWLHV�RI�PHUFXU\���,Q�������PHUFXU\
OHYHOV�LQ�/DNH�6W��&ODLU�ZDOOH\H�ZHUH���SDUWV�SHU�PLOOLRQ��SSP���E\�WKH�PLG�����V��OHYHOV�LQ�WKHVH
ZDOOH\H�KDG�VXEVLGHG�WR�����SSP��(QYLURQPHQW�&DQDGD�HW�DO����������7KHUH�DUH�RWKHU�VLJQV�RI
UHGXFHG�PHUFXU\�OHYHOV�LQ�WKH�*UHDW�/DNHV�WKURXJK�GDWHG�VHGLPHQW�FRUHV�DQG�SRSXODWLRQV�RI
VPHOW�LQ�WKH�ODNHV�
�

%HFDXVH�RI�ODUJH�GLUHFW�GLVFKDUJHV�RI�PHUFXU\�EHLQJ�WHUPLQDWHG�IROORZLQJ�LPSOHPHQWDWLRQ
RI�WKH�&OHDQ�:DWHU�$FW��&:$���WKH�DWPRVSKHUH�LV�QRZ�WKH�GRPLQDQW�SDWKZD\�E\�ZKLFK�PHUFXU\
UHDFKHV�WKH�*UHDW�/DNHV���&XUUHQWO\��WKH�EHVW�HVWLPDWH�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�ILYH�*UHDW
/DNHV�LV�DSSUR[LPDWHO\�������NJ�SHU�\HDU���������SRXQGV���(LVHQUHLFK�DQG�6WUDFKDQ��������
/RDGLQJV�RI�PHUFXU\�WR�/DNHV�6XSHULRU�DQG�0LFKLJDQ�DUH�SULPDULO\�IURP�WKH�DWPRVSKHUH���)RU
/DNH�2QWDULR��WKH�SHUFHQWDJH�RI�DWPRVSKHULF�FRQWULEXWLRQ�RI�PHUFXU\�LV�UHODWLYHO\�PRGHVW
EHFDXVH�WKH�ODNH�UHFHLYHV�PHUFXU\�IURP�ZDWHUV�WKDW�IORZ�IURP�WKH�XSSHU�ODNHV��6LWDU]�HW�DO���������
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(YHQ�VRPH�RI�WKH�PHUFXU\�ERUQH�WR�WKH�*UHDW�/DNHV�YLD�WKHLU�WULEXWDULHV�LQFOXGHV�FRQWDPLQDWLRQ
SUHYLRXVO\�GHSRVLWHG�IURP�WKH�DWPRVSKHUH�WR�WKHLU�ZDWHUVKHGV��

8QOLNH�RWKHU�WUDFH�PHWDOV��PHUFXU\�H[LVWV�LQ�WKH�DLU�SUHGRPLQDQWO\�LQ�WKH�JDVHRXV�SKDVH
GXH�WR�LWV�YRODWLOLW\���(VWLPDWHV�RI�ZHW�DQG�GU\�GHSRVLWLRQ�RI�PHUFXU\�WR�/DNH�6XSHULRU�DUH�DERXW
ILYH�WLPHV�KLJKHU�WKDQ�QHW�JDV�WUDQVIHU�WR�WKH�DWPRVSKHUH���7KH�QHW�DQQXDO�DWPRVSKHULF�ORDGLQJ�RI
PHUFXU\�WR�/DNH�6XSHULRU�LV�FDOFXODWHG�WR�EH�DERXW�����NJ�\HDU��+RII�HW�DO���������ZKLFK�LV
FRPSULVHG�RI�WKH�IROORZLQJ�HVWLPDWHV�

� ����NJ�\HDU�DV�ZHW�GHSRVLWLRQ�
� ����NJ�\HDU�DV�GU\�GHSRVLWLRQ��
� ���NJ�\HDU�DV�DEVRUSWLRQ��DQG�
� �����NJ�\HDU�DV�YRODWLOL]DWLRQ���

,Q�DQ�HDUOLHU�VWXG\��JDVHRXV�SKDVH�PHUFXU\�LQ�WKH�DWPRVSKHUH�ZDV������QJ�P ��SDUWLFXODWH�SKDVH�

PHUFXU\�������QJ�P ��DQG�SUHFLSLWDWLRQ�PHUFXU\�������QJ�/��DW�D�QRUWKHUQ�:LVFRQVLQ�VLWH�QHDU�/DNH�

0LFKLJDQ��)LW]JHUDOG�HW�DO����������&RPSDULVRQ�RI�WKHVH�YDOXHV�ZLWK�RWKHU�8�6��VLWHV�LV�SUHVHQWHG�LQ
7DEOH�,9���LQ�6HFWLRQ�,9�%�

,Q�0LFKLJDQ��DWPRVSKHULF�FRQFHQWUDWLRQV�DQG�ZHW�GHSRVLWLRQ�RI�PHUFXU\�KDYH�EHHQ
REVHUYHG�WR�YDU\�JHRJUDSKLFDOO\���1RUWKHUQ�0LFKLJDQ�UHFHLYHG�RQO\�RQH�KDOI�WKH�ZHW�GHSRVLWLRQ
RI�PHUFXU\�GHSRVLWHG�WR�VRXWKHUQ�SRUWLRQV�RI�WKH�VWDWH���:HW�GHSRVLWLRQ�YDULHG�E\�VHDVRQ��ZLWK
PHUFXU\�FRQFHQWUDWLRQV�LQ�SUHFLSLWDWLRQ�WZR�WLPHV�JUHDWHU�GXULQJ�VSULQJ�DQG�VXPPHU�WKDQ
GXULQJ�ZLQWHU���+LJKHU�OHYHOV�RI�SDUWLFXODWH�PHUFXU\�ZHUH�REVHUYHG�LQ�ODUJH�XUEDQ�DUHDV��
0RGHOLQJ�LQGLFDWHG�WKDW�WKH�GRPLQDQW�VRXUFHV�RI�PHUFXU\�ZHUH�ORFDWHG�PRVWO\�WR�WKH�VRXWK�DQG
ZHVW�RI�0LFKLJDQ��.HHOHU�DQG�+R\HU�������

3URJUDP�$FWLRQV�WR�&KDUDFWHUL]H�$WPRVSKHULF�&RQWDPLQDWLRQ�LQ�WKH�*UHDW
/DNHV

5HVHDUFK�KDV�RFFXUUHG�LQ�WKH�SDVW�IHZ�\HDUV�WR�LQFUHDVH�XQGHUVWDQGLQJ�RI�WKH�HIIHFWV��IDWH�
DQG�WUDQVSRUW�RI�WR[LF�VXEVWDQFHV�LQ�WKH�*UHDW�/DNHV�HFRV\VWHP���7KHVH�HIIRUWV�DUH�GHVLJQHG�WR
SURYLGH�LQIRUPDWLRQ�WR�IXUWKHU�FKDUDFWHUL]H��DV�ZHOO�DV�UHGXFH��DWPRVSKHULF�FRQWDPLQDWLRQ�LQ�WKH
*UHDW�/DNHV�UHJLRQ���6RPH�RI�WKH�SURJUDPV�WR�DVVHVV�WKH�H[WHQW�RI�DWPRVSKHULF�FRQWDPLQDWLRQ�LQ
WKH�*UHDW�/DNHV�EDVLQ�DUH�GHVFULEHG�EHORZ���$W�WKLV�WLPH��PDQ\�RI�WKHVH�SURMHFWV�DUH�FROOHFWLQJ
DQG�RU�FRPSLOLQJ�GDWD��DQG�UHVXOWV�DUH�QRW�\HW�DYDLODEOH�IRU�HYDOXDWLRQ���$OVR��VHYHUDO�QRWDEOH
SURJUDPV�DFWLYLWLHV�KDYH�EHHQ�LQWURGXFHG�LQ�UHFHQW�\HDUV�WR�EHJLQ�WR�UHGXFH�ORDGLQJV�DQG�WR
PLWLJDWH�H[LVWLQJ�FRQWDPLQDWLRQ�DQG�DUH�GLVFXVVHG�LQ�WKH�IROORZLQJ�VHFWLRQ��7R[LFV�5HGXFWLRQ
(IIRUWV�LQ�WKH�*UHDW�/DNHV���

� /$.(�0,&+,*$1�021,725,1*�352*5$0

$�PRQLWRULQJ�SURJUDP�IRU�/DNH�0LFKLJDQ�KDV�EHHQ�LPSOHPHQWHG�E\�(3$
V�*UHDW�/DNHV
1DWLRQDO�3URJUDP�2IILFH�WR�VXSSRUW�D�QXPEHU�RI�DFWLYLWLHV�WKDW�DGGUHVV�UHGXFWLRQV�LQ�WKH�UHOHDVH
RI�WR[LF�VXEVWDQFHV��SDUWLFXODUO\�SHUVLVWHQW��ELRDFFXPXODWLYH�VXEVWDQFHV��WR�WKH�*UHDW�/DNHV
V\VWHP���7KH�SURJUDP�LV�D�NH\�HOHPHQW�RI�WKH�/DNHZLGH�0DQDJHPHQW�3ODQ��/D03��IRU�/DNH
0LFKLJDQ��VHH�QH[W�VXEVHFWLRQ��7R[LFV�5HGXFWLRQ�(IIRUWV�LQ�WKH�*UHDW�/DNHV��IRU�JHQHUDO
LQIRUPDWLRQ�DERXW�WKH�REMHFWLYHV�RI�/D03V��
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Application of Modeling Tools from the
Green Bay Mass Balance Study 

In a pilot mass balance study by EPA and the
Wisconsin Department of Natural Resources, water-
insoluble organic compounds were monitored in Green
Bay, Wisconsin, from 1988 to 1992.  The analytical
and modeling tools used in the study may be applied to
the Great Lakes, Lake Champlain, and coastal
estuaries.  The Lake Michigan Mass Balance study
is the first full-scale application of this methodology for
toxic pollutants and will serve as the basis of any future
mass balance efforts for persistent, bioaccumulative
chemicals.  Data collected for this study are anticipated
in 1997.

7KH�ZDWHU�TXDOLW\�FULWHULD�DQG�YDOXHV�SURYLGHG�LQ�WKH�*/:4�*XLGDQFH��RQFH�DGRSWHG�E\
WKH�*UHDW�/DNHV�VWDWHV��ZRXOG�DSSO\�WR�WKH�HQWLUH�*UHDW�/DNHV�V\VWHP��UHJDUGOHVV�RI�WKH�VRXUFH�RI
SROOXWDQWV�WR�WKRVH�ZDWHUV���,Q�WKLV�PDQQHU��WKH�SURSRVHG�ZDWHU�TXDOLW\�FULWHULD�DQG�WKH�PHDVXUHG
YDOXHV�SURYLGH�WKH�EDVLV�IRU�LQWHJUDWLQJ�DFWLRQV�FDUULHG�RXW�XQGHU�WKH�UDQJH�RI�HQYLURQPHQWDO
SURJUDPV�DYDLODEOH�WR�IHGHUDO��VWDWH��DQG�WULEDO�DJHQFLHV�WR�SURWHFW�DQG�UHVWRUH�WKH�*UHDW�/DNHV
HFRV\VWHP���7KH�PDVV�EDODQFH�DSSURDFK�ZLOO�IDFLOLWDWH�WKLV�LQWHJUDWLRQ�E\�HYDOXDWLQJ�PXOWL�PHGLD
ORDG�UHGXFWLRQ�DFWLRQV�UHTXLUHG�WR�HQVXUH�WKDW�/DNH�0LFKLJDQ�ZDWHU�TXDOLW\�PHHWV�WKH�*UHDW
/DNHV�ZDWHU�TXDOLW\�FULWHULD��*/:4&��

7KH�SULPDU\�JRDO�RI�WKH�/DNH�0LFKLJDQ�0RQLWRULQJ�3URJUDP�LV�WR�GHYHORS�D�VRXQG�
VFLHQWLILF�EDVH�RI�LQIRUPDWLRQ�WR�JXLGH�IXWXUH�WR[LF�ORDG�UHGXFWLRQ�HIIRUWV�DW�IHGHUDO��VWDWH��WULEDO�
DQG�ORFDO�OHYHOV���,Q�SDUWLFXODU��WKH�IROORZLQJ�VSHFLILF�REMHFWLYHV�DUH�LGHQWLILHG�

& (YDOXDWH�UHODWLYH�ORDGLQJ�UDWHV�RI�FULWLFDO�SROOXWDQWV�E\�PHGLXP��DWPRVSKHULF
GHSRVLWLRQ��FRQWDPLQDWHG�VHGLPHQWV��WULEXWDULHV��WR�HVWDEOLVK�D�EDVHOLQH�ORDGLQJ
HVWLPDWH�WR�JDXJH�IXWXUH�SURJUHVV�

& 'HYHORS�WKH�SUHGLFWLYH�DELOLW\�WR�GHWHUPLQH�WKH�HQYLURQPHQWDO�EHQHILWV�RI�VSHFLILF
ORDG�UHGXFWLRQ�VFHQDULRV�IRU�WR[LF�VXEVWDQFHV�DQG�WKH�WLPH�UHTXLUHG�WR�UHDOL]H
WKRVH�EHQHILWV��LQFOXGLQJ�HYDOXDWLRQ�RI�EHQHILWV�RI�H[LVWLQJ�HQYLURQPHQWDO�VWDWXWHV
DQG�UHJXODWLRQV��DQG

& ,PSURYH�RXU�XQGHUVWDQGLQJ�RI�WKH�NH\�HQYLURQPHQWDO�SURFHVVHV�WKDW�JRYHUQ�WKH
F\FOLQJ�DQG�ELRDYDLODELOLW\�RI�FRQWDPLQDQWV�ZLWKLQ�UHODWLYHO\�FORVHG�HFRV\VWHPV�

/DNH�0LFKLJDQ�0DVV�%DODQFH
6WXG\���2QH�RI�WKH�ZD\V�WR�DGGUHVV�WKH
REMHFWLYHV�RI�WKH�/DNH�0LFKLJDQ
0RQLWRULQJ�3URJUDP��DV�ZHOO�DV�WR�DVVLVW
(3$�LQ�LPSOHPHQWLQJ�VHFWLRQ�����P��RI
WKH�&$$��LV�WKURXJK�D�PDVV�EDODQFH
VWXG\���7KH�PDVV�EDODQFH�VWXG\�ZLOO
FKDUDFWHUL]H�WKH�ORDGLQJV��WUDQVSRUW��DQG
IDWH�RI�VHOHFWHG�SROOXWDQWV�LQ�D�GHILQHG
HFRV\VWHP��WKURXJK�PRQLWRULQJ�DQG
PRGHOLQJ���7KHVH�PHDVXULQJ�DQG
HVWLPDWLQJ�WHFKQLTXHV�FDQ�EH�DSSOLHG�WR
RWKHU�HFRV\VWHPV���(3$�LQLWLDWHG�WKH�/DNH
0LFKLJDQ�0DVV�%DODQFH�6WXG\��D�FRP�
SUHKHQVLYH�VDPSOLQJ�HIIRUW�WKDW�LQFOXGHV
PHDVXUHPHQWV�RI�FRQWDPLQDQWV�LQ�WKH
DWPRVSKHUH��WULEXWDULHV��ODNHZDWHU��VHGLPHQWV��DQG�IRRG�FKDLQ��WR�VXSSRUW�PRGHO�FRPSRQHQWV��
7KH�DWPRVSKHULF�VDPSOLQJ�VLWHV�IRU�WKLV�PDVV�EDODQFH�VWXG\�DUH�VKRZQ�LQ�)LJXUH�,9���

7KH�/DNH�0LFKLJDQ�0DVV�%DODQFH�PRGHO�LV�FRQVWUXFWHG�IRU�D�OLPLWHG�JURXS�RI�SROOXWDQWV
�3&%V��WUDQV�QRQDFKORU�>D�ELRDFFXPXODWLYH�FRPSRQHQW�RI�FKORUGDQH@��DQG�WRWDO�PHUFXU\��SUHVHQW
LQ�/DNH�0LFKLJDQ�DW�FRQFHQWUDWLRQV�WKDW�SRVH�D�ULVN�WR�DTXDWLF�DQG�WHUUHVWULDO�RUJDQLVPV
�LQFOXGLQJ�KXPDQV��ZLWKLQ�WKH�HFRV\VWHP��RU�WKDW�PD\�DFFXPXODWH�WR�SUREOHPDWLF�FRQFHQWUDWLRQV�
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FIGURE IV-5
Atmospheric Monitoring Sites in the Great Lakes Region

LQ�WKH�IXWXUH�DQG�WKDW�FDQ�VHUYH�DV�H[DPSOHV�IRU�RWKHU�FKHPLFDOV���,Q�DGGLWLRQ��DWUD]LQH��XQGHU
FRQVLGHUDWLRQ�IRU�DGGLWLRQ�DV�D�*UHDW�:DWHUV�SROOXWDQW�RI�FRQFHUQ���D�FRPPRQO\�XVHG�KHUELFLGH�LQ
WKH�*UHDW�/DNHV�EDVLQ�DQG�HOVHZKHUH�LQ�WKH�8QLWHG�6WDWHV��LV�DOVR�LQFOXGHG�LQ�WKH�PRGHO���7KLV
KHUELFLGH�KDV�EHHQ�UHSRUWHG�DW�HOHYDWHG�FRQFHQWUDWLRQV�LQ�/DNH�(ULH�WULEXWDULHV��LQ�WKH�RSHQ
ZDWHUV�RI�WKH�*UHDW�/DNHV��DQG�LQ�WKH�DWPRVSKHUH�RYHU�WKH�ODNHV���7KH�LQFOXVLRQ�RI�WKLV�FKHPLFDO
ZLOO�SURYLGH�D�PRGHO�IRU�WKH�PRUH�UHDFWLYH��ELRGHJUDGDEOH�FRPSRXQGV�LQ�FXUUHQW�XVH���7KH�PRGHO
ZLOO�EH�OHVV�FRPSUHKHQVLYH�WKDQ�WKDW�IRU�3&%V�DQG�WUDQV�QRQDFKORU��EHFDXVH�DWUD]LQH�GRHV�QRW
DSSUHFLDEO\�ELRDFFXPXODWH�DQG�LW�ZLOO�QRW�EH�DQDO\]HG�LQ�WKH�IRRG�FKDLQ�

7KH�FKHPLFDOV�FKRVHQ�FRYHU�D�ZLGH�UDQJH�RI�FKHPLFDO�DQG�SK\VLFDO�SURSHUWLHV�DQG�DUH
UHSUHVHQWDWLYH�RI�RWKHU�FODVVHV�RI�FRPSRXQGV�WKDW�FRXOG�SRVH�ZDWHU�TXDOLW\�SUREOHPV���7KLV
DSSURDFK�ZLOO�DOORZ�PRGHOLQJ�RI�PDQ\�RWKHU�FKHPLFDOV�ZLWK�OLPLWHG�GDWD���5HVRXUFH�OLPLWDWLRQV�
TXDOLW\�DVVXUDQFH�UHTXLUHPHQWV��DQG�DQDO\WLFDO�DQG�GDWD�KDQGOLQJ�OLPLWDWLRQV�SUHFOXGH�LQWHQVLYH
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PRQLWRULQJ�DQG�PRGHO�FDOLEUDWLRQ�IRU�PRUH�WKDQ�WKH�DERYH�GHVFULEHG�WDUJHW�FKHPLFDOV���:KLOH
PDVV�EDODQFH�PRGHOLQJ�ZLOO�IRFXV�RQ�WKH�DERYH�FKHPLFDOV��WKH�GHWHUPLQDWLRQ�RI�ORDGLQJV�DQG
FRQFHQWUDWLRQV�IRU�DGGLWLRQDO�FRQWDPLQDQWV�DQG�FRPSRXQGV�XVHIXO�IRU�VRXUFH�DSSRUWLRQPHQW
DQG�GHSRVLWLRQ�PRGHOLQJ�ZLOO�EH�XQGHUWDNHQ�DV�SDUW�RI�WKH�/DNH�0LFKLJDQ�0RQLWRULQJ�3URJUDP���

7KH�/DNH�0LFKLJDQ�0DVV�%DODQFH�6WXG\�LQFOXGHV�DQ�DWPRVSKHULF�PRQLWRULQJ�FRPSRQHQW
WR�DGGUHVV�UHVHDUFK�LVVXHV�FRQFHUQLQJ�XUEDQ�DQG�DWPRVSKHULF�GHSRVLWLRQ�DQG�H[FKDQJH
SURFHVVHV���7KH�GDWD�ZLOO�EH�XVHG�WR�FDOFXODWH�DWPRVSKHULF�ORDGV�WR�WKH�HFRV\VWHP���:LWKLQ�WKLV�DLU
WUDQVSRUW�FRPSRQHQW��VSHFLDO�VWXGLHV�DUH�EHLQJ�SHUIRUPHG�WR�GHWHUPLQH�ZKHWKHU�HPLVVLRQV�RI
KD]DUGRXV�DLU�SROOXWDQWV�IURP�WKH�XUEDQ�FRDVWDO�UHJLRQV��&KLFDJR��,/��DQG�*DU\��,1��FRQWULEXWH
VLJQLILFDQWO\�WR�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�DGMDFHQW�ZDWHUERGLHV���7KH�REMHFWLYHV�RI�WKHVH
VSHFLDO�VWXGLHV�DUH�WR�����PHDVXUH�ZHW�DQG�GU\�GHSRVLWLRQ�IOX[HV�RI�XUEDQ�FRQWDPLQDQWV�����
GHWHUPLQH�FRQWULEXWLRQV�RI�XUEDQ�VRXUFH�FDWHJRULHV�WR�PHDVXUHG�FRQFHQWUDWLRQV�DQG�GHSRVLWLRQ
UDWHV��DQG�����DVVHVV�WKH�H[WHQW�RI�DLU�ZDWHU�H[FKDQJH�RI�FRQWDPLQDQWV���

3UHYLRXV�VWXGLHV�LQGLFDWHG�WKDW�XUEDQ�HPLVVLRQV�KDYH�D�ODUJH�LPSDFW�RQ�DWPRVSKHULF
FRQFHQWUDWLRQV�RI�DLU�WR[LFV�DQG�RQ�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�*UHDW�/DNHV���'U\�GHSRVLWLRQDO
IOX[�RI�3&%V�IURP�&KLFDJR�ZDV�VKRZQ�SUHYLRXVO\�WR�EH�WKUHH�RUGHUV�RI�PDJQLWXGH�KLJKHU�WKDQ
WKDW�RI�QRQ�XUEDQ�DUHDV��+ROVHQ�HW�DO����������,Q�DGGLWLRQ��WKH�/DNH�0LFKLJDQ�8UEDQ�$LU�7R[LFV
6WXG\�GHPRQVWUDWHG�WKDW�FRQFHQWUDWLRQV�RI�VHYHUDO�SROOXWDQWV�ZHUH�VLJQLILFDQWO\�KLJKHU�LQ
&KLFDJR�XUEDQ�DUHDV�WKDQ�DW�OHVV�XUEDQL]HG�VLWHV��.HHOHU���������$Q�LQWHQVLYH�VWXG\�ZDV�UHFHQWO\
FRQGXFWHG�DURXQG�&KLFDJR�WR�DVVHVV�WKH�LPSDFW�RI�WKH�XUEDQ�DUHD�RQ�DWPRVSKHULF�GHSRVLWLRQ�DQG
H[FKDQJH�ZLWK�/DNH�0LFKLJDQ��ZLWK�WKUHH�ODQG�EDVHG�PRQLWRULQJ�VLWHV�DURXQG�&KLFDJR�DQG�RQH
RYHU�ZDWHU�VLWH�RQ�D�UHVHDUFK�YHVVHO�DSSUR[LPDWHO\�ILYH�PLOHV�RII�WKH�VKRUH�RI�&KLFDJR���7KH�WKUHH
VDPSOLQJ�SHULRGV�WKDW�RFFXUUHG�EHWZHHQ������DQG������ZHUH�GHVLJQHG�WR�SURYLGH�LQIRUPDWLRQ�WR
WUDFN�DWPRVSKHULF�SOXPHV�RYHU�DQG�DFURVV�WKH�ODNH���:HW�GHSRVLWLRQ��GU\�GHSRVLWLRQ��DQG�ODNH
ZDWHU�ZHUH�DQDO\]HG�IRU�VHPL�YRODWLOH�FRPSRXQGV��VXFK�DV�3&%V�DQG�3$+V��DQG�WUDFH�PHWDOV
�VXFK�DV�DUVHQLF��PHUFXU\��DQG�OHDG����$OO�VDPSOHV�ZHUH�WDNHQ�RQ�WKH�VDPH�GD\�WR�SURYLGH
LQIRUPDWLRQ�RQ�DLU�ZDWHU�H[FKDQJH�RI�FRQWDPLQDQWV���5HVXOWV�IURP�WKLV�VWXG\�DUH�H[SHFWHG�LQ
������ZLWK�PRGHOLQJ�UHVXOWV�H[SHFWHG�LQ��������7KLV�VWXG\�LV�H[SHFWHG�WR�FRQWULEXWH�XVHIXO
LQIRUPDWLRQ�RQ�XUEDQ�LPSDFW�WR�/DNH�0LFKLJDQ��DV�ZHOO�DV�WR�DGGUHVV�SURFHVV�RULHQWHG�UHVHDUFK
LVVXHV�DQG�SURYLGH�GDWD�LQ�VXSSRUW�RI�VRXUFH�DSSRUWLRQPHQW�DQG�WUDMHFWRU\�PRGHOLQJ���

,17(*5$7('�$70263+(5,&�'(326,7,21�1(7:25.��,$'1�

$V�PHQWLRQHG�HDUOLHU�LQ�WKLV�FKDSWHU��,$'1�LV�D�ORQJ�WHUP��ELQDWLRQDO�SURJUDP�EHWZHHQ
WKH�8QLWHG�6WDWHV�DQG�&DQDGD�WR�DVVHVV�WKH�PDJQLWXGH�DQG�WUHQGV�RI�DWPRVSKHULF�GHSRVLWLRQ�RI
WDUJHW�FKHPLFDOV�WR�WKH�*UHDW�/DNHV�DQG�WR�GHWHUPLQH�HPLVVLRQ�VRXUFHV�ZKHUHYHU�SRVVLEOH���7KH
SURJUDP�DGGUHVVHV�WKH�PDQGDWH�RI�WKH�*UHDW�:DWHUV�SURJUDP�DQG�WKH�QHHGV�RI�$QQH[����RI�WKH
*/:4$�EHWZHHQ�&DQDGD�DQG�WKH�8QLWHG�6WDWHV���,W�LV�GHVLJQHG�WR�����SURYLGH�WKH�QHFHVVDU\
VWDQGDUGL]HG�PHWKRGV��PRQLWRULQJ�GDWD��DQG�ORDGLQJV�HVWLPDWHV�WR�DVVHVV�WKH�UHODWLYH�LPSRUWDQFH
RI�DWPRVSKHULF�GHSRVLWLRQ�FRPSDUHG�WR�RWKHU�LQSXWV������GHWHUPLQH�WHPSRUDO�WUHQGV�DQG
JHRJUDSKLF�YDULDWLRQV�LQ�GHSRVLWLRQ��DQG�����XOWLPDWHO\�SURYLGH�LQIRUPDWLRQ�RQ�VRXUFHV�RI�WKHVH
DWPRVSKHULF�SROOXWDQWV���,W�LV�D�FRPELQDWLRQ�RI�D�VXUYHLOODQFH��PRQLWRULQJ�QHWZRUN�DQG�D�UHVHDUFK
SURJUDP���,WV�JRDOV�DUH�VRXUFH�DWWULEXWLRQ��SURFHVV�LGHQWLILFDWLRQ��DQG�DVVHVVPHQW�RI�DWPRVSKHULF
LPSDFWV�RQ�HQYLURQPHQWDO�V\VWHPV���$W�WKLV�WLPH��DQQXDO�DQG�VHDVRQDO�DYHUDJHV�KDYH�EHHQ
FRPSOHWHG�IRU�IRXU�\HDUV�RI�,$'1�RSHUDWLRQ���'DWD�IRU�VHOHFWHG�SROOXWDQWV�ZHUH�SUHVHQWHG�HDUOLHU
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Compounds Measured in IADN

� Highest priority group:  PCBs, lindane, PAHs, and
lead.  These pollutants were chosen for the first
phase of IADN (1990-1992) to demonstrate the
feasibility and accuracy of sampling and analytical
methods.

� Second priority group:  Chlorinated pesticides
(such as HCB, DDT/DDE/DDD, trans-nonachlor,
methoxychlor, mirex, dieldrin, aldrin) and trace
metals (such as arsenic, selenium, cadmium, and
mercury).  Except for mercury, the sampling and
analysis methods for most of these species had
been implemented by 1993.  Mercury monitoring
was added at each IADN site by 1995.

� Third priority group:  Compounds such as
toxaphene, dioxins/furans, and agrochemicals which
have an important atmospheric component but
require additional methods development to
accurately measure their concentrations in
atmospheric deposition samples. 

LQ�WKLV�VHFWLRQ���$GGLWLRQDO�GHWDLOV�PD\�EH
IRXQG�LQ�(LVHQUHLFK�DQG�6WUDFKDQ��������
*DW]�HW�DO����������DQG�+RII�HW�DO���������

7DUJHW�FRPSRXQGV�ZHUH�FKRVHQ
IRU�,$'1�EDVHG�RQ�WKHLU�SRWHQWLDO�WR
ELRDFFXPXODWH��WKHLU�WHQGHQF\�WR�EH
WUDQVSRUWHG�DWPRVSKHULFDOO\��DQG�WKH
DYDLODELOLW\�DQG�HIILFLHQF\�RI�GHWHFWLRQ
PHWKRGV��VHH�VLGHEDU����$�PDMRU�EHQHILW�RI
,$'1�LV�WKH�DELOLW\�WR�PRQLWRU�ORQJ�WHUP
DWPRVSKHULF�FRQFHQWUDWLRQ�FKDQJHV�RI
VXFK�FRPSRXQGV�DV�3&%V�DQG�RWKHU
FKHPLFDOV�RI�FRQFHUQ���,Q�WKH�SDVW��VXFK
UHJLRQDO�VFDOH�DWPRVSKHULF�GDWD�KDYH
EHHQ�VSDUVH�

,W�ZDV�RULJLQDOO\�SURMHFWHG�WKDW��WR
EH�UHSUHVHQWDWLYH�RI�UHJLRQDO�GHSRVLWLRQ
SDWWHUQV��WKH�,$'1�UHTXLUHG�RQH��PDVWHU�
VWDWLRQ�DQG�VHYHUDO��VDWHOOLWH��VWDWLRQV�RQ
HDFK�ODNH���7KH�PDVWHU�VWDWLRQV�DUH���(DJOH
+DUERU��0,��6OHHSLQJ�%HDU�'XQHV��0,��%XUQW�,VODQG��2QWDULR��6WXUJHRQ�3RLQW��1<��DQG�3W��3HWUH�
2QWDULR��VHH�)LJXUH�,9������6HYHUDO�VDWHOOLWH�VLWHV�ZHUH�ODWHU�DGGHG��LQFOXGLQJ�DQ�XUEDQ�VLWH�LQ
&KLFDJR��VHH�ER[�RQ�QH[W�SDJH����7KH�,$'1�LPSOHPHQWDWLRQ�GHVLJQ�DOORZV�IRU�SHULRGLF�HYDOXDWLRQ
RI�WKH�H[LVWLQJ�VLWHV�WR�GHWHUPLQH�ZKHWKHU�RWKHU�VLWHV�DUH�QHHGHG�

$W�HDFK�,$'1�VLWH��FRQFHQWUDWLRQV�RI�WDUJHW�FKHPLFDOV�DUH�PHDVXUHG�LQ�UDLQ�DQG�VQRZ��ZHW
GHSRVLWLRQ���DLUERUQH�SDUWLFOHV��GU\�GHSRVLWLRQ���DQG�DLUERUQH�RUJDQLF�YDSRUV���,Q�DGGLWLRQ�
SUHFLSLWDWLRQ�UDWH��WHPSHUDWXUH��UHODWLYH�KXPLGLW\��ZLQG�VSHHG�DQG�GLUHFWLRQ��DQG�VRODU�UDGLDWLRQ
DUH�PHDVXUHG�DW�HDFK�VLWH���,$'1�UHVXOWV�IRU�VHOHFWHG�SROOXWDQWV�DUH�SUHVHQWHG�LQ�7DEOHV�,9���DQG
,9���

$W�WKLV�WLPH��DIWHU�ILYH�\HDUV�RI�RSHUDWLRQ��PDQ\�RI�WKH�VDPSOLQJ�DQG�DQDO\VLV�LVVXHV�RI
,$'1�KDYH�EHHQ�UHVROYHG���)RU�H[DPSOH��FRPSDUDELOLW\�RI�VDPSOLQJ�DQG�DQDO\WLFDO�SURFHGXUHV
EHWZHHQ�MXULVGLFWLRQV�ZDV�DFKLHYHG�WKURXJK�H[WHQVLYH�ODERUDWRU\�LQWHUFRPSDULVRQ�VWXGLHV��
+RZHYHU��WKH�XQFHUWDLQW\�LQ�WKH�DQDO\WLFDO�PHDVXUHPHQW�RI�VRPH�FRPSRXQGV�LV�VWLOO�DERYH�WKH
XQFHUWDLQW\�WKUHVKROG�DFFHSWDEOH�WR�PRVW�SROLF\�PDNHUV���7R[LF�FKHPLFDOV�DW�H[WUHPHO\�ORZ
FRQFHQWUDWLRQV�LQ�DLU��VXFK�DV�3&%V�DQG�VRPH�DJULFXOWXUDO�FKHPLFDOV��KDYH�WKH��KLJKHVW
XQFHUWDLQWLHV�LQ�VDPSOLQJ��RYHU����SHUFHQW����5HODWLYH�VWDQGDUG�GHYLDWLRQV�RI�DLU�FRQFHQWUDWLRQV�RI
RUJDQRFKORULQDWHG�FRPSRXQGV�PD\�YDU\�IURP����WR����SHUFHQW��GXH�WR�VHDVRQDO�DQG�DQQXDO
IOXFWXDWLRQV�LQ�WKH�DLU��UDWKHU�WKDQ�SUHFLVLRQ�RI�WKH�PHDVXUHPHQW��+RII�HW�DO����������

8QFHUWDLQW\�LQ�WKH�GHSRVLWLRQ�HVWLPDWHV�PD\�UHVXOW�IURP�YDULRXV�IDFWRUV�������JHQHUDO
DSSUR[LPDWLRQV�IRU�HVWLPDWLQJ�GHSRVLWLRQ������FOLPDWLF�DQG�PHWHRURORJLFDO�YDULDWLRQV�����
GLIIHUHQFHV�LQ�WKH�LQVWUXPHQWDWLRQ�DQG�WKH�VFRSH�DQG�REMHFWLYHV�RI�WKH�YDULRXV�MXULVGLFWLRQV�DQG
DJHQFLHV�LQYROYHG��DQG�����HVWLPDWLRQ�RI�IDFWRUV�XVHG�WR�FDOFXODWH�ORDGLQJV��H�J���PDJQLWXGH�RI
+HQU\
V�/DZ�FRQVWDQWV��UDWHV�RI�FRQWDPLQDQW�WUDQVIHU�EHWZHHQ�WKH�DLU�DQG�ZDWHU����'HVSLWH�WKHVH�
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Urban Influence on Atmospheric Deposition of Contaminants

The primary focus of IADN is to determine regionally representative atmospheric deposition loadings of
toxic chemicals to the Great Lakes.  Thus, monitoring stations were positioned to minimize the influence of
local sources and to monitor the atmospheric environment over the lakes as much as possible.  This
approach does not directly enable the determination of the role of urban air pollution.  Recent research
suggests that deposition of contaminated large particles carried by winds passing over urban areas can
result in substantial inputs of toxic chemicals to the Great Lakes (Falconer et al. 1995; Holsen et al. 1991).

The influence of pollution from the Chicago-northwest Indiana area on water quality in southern Lake
Michigan was studied by Sweet and Basu (1994).  The Sleeping Bear Dunes site (in the State of Michigan) is
located one kilometer from the northeastern shore of Lake Michigan and 50 kilometers from the nearest
urban area or major source and, thus, is considered a "remote" site.  The first urban site is located 1.5
kilometers from the shore on the campus of the Illinois Institute of Technology, which is near major
expressways and surrounded by commercial and residential areas.  The second urban site is located at the
Indiana Dunes National Lakeshore in the vicinity of large steel mills.  Particulate concentrations were
measured for target compounds (PCBs, pesticides, and trace metals).  Gas concentrations of PCBs and
pesticides were determined, and rain was analyzed only for PCBs.  

Results from Sweet and Basu (1994) indicate that, for PCBs, DDT (and its metabolites), dieldrin,
chlordane, and several trace metals (manganese, zinc, chromium, and lead), the measured particulate and
gas concentration values were 10 to 40 times higher in urban areas than at the remote site.  For other
pesticides (�-HCH, lindane, HCB) and trace metals (arsenic and selenium), concentrations were nearly the
same at all three sites, indicating these pollutants were well mixed in the air throughout the region (and that
there were probably few local sources).

Though 90 to 99 percent of the PCBs were found in the gas phase, the most toxic PCB congeners were
enriched in the particulate phase (Falconer et al. 1995; Holsen et al. 1991; Sweet and Basu 1994).  Thus, dry
deposition may be an important transport mechanism for certain, especially toxic, PCBs to the lakes.  Urban
particulate matter also carried high concentrations of trace metals and pesticides, causing dry deposition of
these materials to southern Lake Michigan.  Dry deposition of large particles may be especially significant for
Lake Michigan because 200 kilometers of the southwest shoreline are heavily developed.  Prevailing
southwest winds carry emissions over the lake where they travel for 100 to 150 kilometers before reaching
land again, allowing a significant portion of the deposition to enter the lake.  Finally, the concentration of
PCBs in precipitation is roughly the same in urban and rural sites.  The relatively low levels found in urban
precipitation may be due to the fact that many contaminants are collected in clouds or by rain upwind of
polluted areas.

Clearly the influence of urban areas on atmospheric deposition of certain pollutants to the Great Lakes is
substantial, especially in heavily developed areas, such as the southwestern shores of Lake Michigan.

OLPLWDWLRQV��WKH�UHSRUWHG�HVWLPDWHV�DUH�WKH�EHVW�WKDW�DUH�FXUUHQWO\�DYDLODEOH���$OVR��GDWD�RQ�WKH
FRQFHQWUDWLRQ�RI�FRQWDPLQDQWV�LQ�WKH�ZDWHU�FROXPQ�IRU�DOO�WKH�*UHDW�/DNHV�KDYH�LPSURYHG
UHFHQWO\�ZLWK�PRUH�VDPSOHV�EHLQJ�FROOHFWHG�DQG�DQDO\]HG�

*5($7�/$.(6�(0,66,216�,19(1725,(6

$�VLJQLILFDQW�VWHS�WRZDUG�DVVHVVLQJ�WKH�QHHG�WR�UHGXFH�DWPRVSKHULF�ORDGV�RI�KD]DUGRXV�
DLU�SROOXWDQWV�WR�WKH�*UHDW�/DNHV�LV�WR�LGHQWLI\��FDWHJRUL]H��DQG�HVWLPDWH�WKH�PDJQLWXGH�RI�WKH
SROOXWDQW�VRXUFHV���%\�FUHDWLQJ�DQ�HPLVVLRQV�LQYHQWRU\�GDWD�EDVH��LW�LV�SRVVLEOH�WR�LGHQWLI\�WKH
VRXUFHV�DQG�VRXUFH�FDWHJRULHV�WKDW�FRQWULEXWH�PRVW�WR�WKH�WRWDO�HPLVVLRQV�LQ�D�JLYHQ�JHRJUDSKLF
DUHD��DV�ZHOO�DV�WR�PRGHO�HPLVVLRQV�WUDQVSRUW�DQG�GHSRVLWLRQ���$Q�DLU�HPLVVLRQV�LQYHQWRU\�LV
W\SLFDOO\�EDVHG�RQ�PDWKHPDWLFDO�HVWLPDWHV�RI�SROOXWDQW�UHOHDVHV�WKURXJK�WKH�XVH�RI�HPLVVLRQ
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Components of Great Lakes
Emissions Inventory

To date, the Great Lakes States have
developed and tested two fundamental
components of the inventory effort:  

1. The Air Toxics Emissions Inventory Protocol
for the Great Lakes - A guide for each state's
efforts to identify sources and estimate
emissions so that the inventory is complete,
accurate, and consistent from state to state.

2. RAPIDS - A client/server relational database
software and data management and emissions
estimation system.  It was designed so that the
Great Lakes states may adopt RAPIDS (or
some variant of it) for their state system, and
may also submit their data for incorporation with
the regional RAPIDS data base at EPA.

IDFWRUV��H�J���D�QXPEHU�WKDW�UHSUHVHQWV�HPLVVLRQV�SHU�XQLW�EXUQHG��SURGXFHG��RU�SURFHVVHG���
7KHVH�HPLVVLRQ�IDFWRUV�DUH�GHULYHG�IURP�DFWXDO�PHDVXUHPHQWV�RI�WKH�HPLVVLRQV�IURP
UHSUHVHQWDWLYH�VRXUFHV�DQG�DUH�GHULYHG�VSHFLILFDOO\�IRU�RQH�W\SH�RI�SURFHVV�RU�SURFHVV�HTXLSPHQW��
(PLVVLRQ�IDFWRUV�FDQ�EH�XVHG��IRU�H[DPSOH��WR�HVWLPDWH�ERWK�WKH�DPRXQW�DQG�W\SH�RI�SROOXWDQWV
EHLQJ�HPLWWHG�IURP�DQ�DLU�SROOXWLRQ�VRXUFH�EDVHG�XSRQ�WKH�TXDQWLWLHV�RI�PDWHULDO�SURFHVVHG�

7KH������*UHDW�/DNHV�*RYHUQRUV
�7R[LF�6XEVWDQFHV�&RQWURO�$JUHHPHQW�VSHFLILHG
SURYLVLRQV�WR�DGGUHVV�DWPRVSKHULF�GHSRVLWLRQ��LQFOXGLQJ�D�FRPPLWPHQW��WR�FRRSHUDWH�LQ
TXDQWLI\LQJ�WKH�ORDGLQJV�RI�WR[LF�VXEVWDQFHV�RULJLQDWLQJ�IURP�DOO�VRXUFHV��ZLWK�WKH�SXUSRVH�RI
GHYHORSLQJ�WKH�PRVW�HQYLURQPHQWDOO\�DQG�HFRQRPLFDOO\�VRXQG�FRQWURO�SURJUDPV����,Q�UHVSRQVH
WR�WKH�JRYHUQRUV
�GLUHFWLRQ��WKH�DLU�UHJXODWRU\�DJHQFLHV�LQ�WKH�HLJKW�*UHDW�/DNHV�VWDWHV�DQG�WKH
SURYLQFH�RI�2QWDULR�EHJDQ�WR�ZRUN�FRRSHUDWLYHO\�LQ������WR�LQYHVWLJDWH��WKH�GHYHORSPHQW�RI�D
FRPSXWHUL]HG�DLU�WR[LFV�GDWD�EDVH�IRU�WKH�SXUSRVH�RI�REWDLQLQJ�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH
QDWXUH�DQG�VRXUFHV�RI�WR[LF�DLU�HPLVVLRQV�DQG�WKHLU�PLJUDWLRQ��GLVSHUVLRQ��DQG�UHVXOWLQJ�LPSDFW
XSRQ�WKH�*UHDW�/DNHV�EDVLQ����8QGHU�WKH�DXVSLFHV�DQG�PDQDJHPHQW�RI�WKH�*UHDW�/DNHV
&RPPLVVLRQ��UHSUHVHQWLQJ�WKH�HLJKW�*UHDW�/DNHV�VWDWHV��DQG�ZLWK�PDMRU�IXQGLQJ�IURP�(3$
V
*UHDW�:DWHUV�SURJUDP��WKH�*UHDW�/DNHV�VWDWHV�EHJDQ�GHYHORSLQJ�D�UHJLRQDO�DLU�WR[LFV�HPLVVLRQV
LQYHQWRU\���7KLV�ILUVW�UHJLRQDO�LQYHQWRU\�LV�VFKHGXOHG�IRU�FRPSOHWLRQ�LQ������DQG�LV�H[SHFWHG�WR
FRPSLOH������HPLVVLRQV�GDWD�IRU����WR[LF�DLU�SROOXWDQWV�IURP�SRLQW�DQG�DUHD�VRXUFHV���(PLVVLRQV
GDWD�RQ�WR[LF�DLU�SROOXWDQWV�IURP�PRELOH�VRXUFHV�ZLOO�EH�GHYHORSHG�LQ�������������7KHVH
���SROOXWDQWV�LQFOXGH����RI�WKH�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ��FDGPLXP��FKORUGDQH�
KH[DFKORUREHQ]HQH��OHDG�DON\ODWHG�OHDG��PHUFXU\��3&%V��3$+V��320V��7&''��7&')����7KH
FRQWLQXHG�SDUWQHUVKLS�RI�WKH�UHJLRQ
V�DLU�UHJXODWRU\�DJHQFLHV��QRZ�LQ�LWV�HLJKWK�\HDU��DQG�WKH
KLJK�OHYHO�RI�UHJLRQDO�FRRSHUDWLRQ�DQG�FRRUGLQDWLRQ�H[HPSOLILHV�WKH�FRPPLWPHQW�WR�GHFUHDVLQJ
WR[LF�GHSRVLWLRQ�LQWR�WKH�*UHDW�/DNHV�HFRV\VWHP���<HW�WKH�LQYHQWRU\�PXVW�EH�DFFRPSDQLHG�E\�DQ
RQJRLQJ�FRPPLWPHQW�WR�IXUWKHU�TXDQWLI\��DVVHVV��DQG�UHSRUW�RQ�WKH�HIIHFWV�RI�YROXQWDU\�DQG
UHJXODWRU\�UHGXFWLRQV�RI�DLU�WR[LFV�HPLVVLRQV�

� 7KH�NH\�WR�WKH�VWDWH
V�FRRUGLQDWHG
HIIRUWV�LV�7KH�$LU�7R[LFV�(PLVVLRQV�,QYHQWRU\
3URWRFRO�IRU�WKH�*UHDW�/DNHV�6WDWHV��GHYHORSHG
LQ�-XQH�������VHH�VLGHEDU����7KH�3URWRFRO�ZLOO
EH�IROORZHG�E\�HDFK�SDUWLFLSDWLQJ�VWDWH
HQVXULQJ�WKDW�FRQVLVWHQW��DJUHHG�XSRQ�EHVW
PHWKRGRORJLHV�DUH�XVHG�DPRQJ�DOO�VWDWHV
ZKHQ�FRPSLOLQJ�D�TXDOLW\�DVVXUHG�LQYHQWRU\��
7KLV�3URWRFRO�LV�DQ�HYROYLQJ�GRFXPHQW�DQG
ZLOO�EH�XSGDWHG�RU�UHYLVHG�DV�QHHGHG�DQG
DJUHHG�XSRQ�E\�DOO�WKH�*UHDW�/DNHV�VWDWHV�

7KH�VHFRQG�IXQGDPHQWDO�FRPSRQHQW
LQ�GHYHORSLQJ�D�WR[LF�DLU�HPLVVLRQV�LQYHQWRU\
LV�WKH�5HJLRQDO�$LU�3ROOXWDQW�,QYHQWRU\
'HYHORSPHQW�6\VWHP��5$3,'6���D�PXOWL�
VWDWH�SROOXWDQW�HPLVVLRQV�HVWLPDWLRQ�DQG
VWRUDJH�VRIWZDUH�V\VWHP���5$3,'6�LV�D�VWDWH�
RI�WKH�DUW��QHWZRUNHG��UHODWLRQDO�GDWD
PDQDJHPHQW�DQG�HPLVVLRQ�HVWLPDWLRQ
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V\VWHP��EULGJLQJ�HDFK�VWDWH
V�LQGLYLGXDO�LQYHQWRU\�DQG�FRPSXWHU�V\VWHP�WR�WKH�UHJLRQDO�5$3,'6
UHSRVLWRU\�RI�LQYHQWRU\�GDWD���5$3,'6
�VWUHQJWK�LV�LWV�YHUVDWLOLW\���6WDWHV�FDQ�PRGLI\�RU�EXLOG�XSRQ
LW�WR�VHUYH�WKHLU�SDUWLFXODU�QHHGV���,W�FDQ�EH�XVHG�WR�HVWLPDWH�ERWK�WR[LF�DQG�FULWHULD�SROOXWDQW
HPLVVLRQV�IURP�D�VLQJOH�GHYLFH�ZLWKLQ�D�IDFLOLW\�RU�D�FRPSOH[�JURXSLQJ�RI�GHYLFHV�DQG�FRQWUROV��RU
HYHQ�DFURVV�JHRJUDSKLF�DUHDV��UDQJLQJ�LQ�VL]H�IURP�RQH�IDFLOLW\�WR�WKH�HQWLUH�*UHDW�/DNHV�UHJLRQ���,W
LV�GHVLJQHG�WR�UXQ�RQ�D�SHUVRQDO�FRPSXWHU�DQG�DSSOLHV�D�IOH[LEOH�GDWD�PRGHO�WKDW�FDQ�EH�HDVLO\
H[SDQGHG�LQ�WKH�IXWXUH�WR�VXSSRUW�PXOWL�PHGLD��SHUPLWWLQJ��PRQLWRULQJ��UHSRUWLQJ��DQG
FRPSOLDQFH�DFWLYLWLHV�LQ�WKH�VWDWHV���(PLVVLRQ�IDFWRUV�DUH�XSORDGHG�IURP�(3$
V�)DFWRU�,QIRUPDWLRQ
5HWULHYDO�6\VWHP��),5(���ZKLFK�FRQWDLQV�TXDOLW\�UDWHG�HPLVVLRQ�IDFWRUV�IRU�ERWK�FULWHULD�DQG
KD]DUGRXV�DLU�SROOXWDQWV�

8VLQJ�5$3,'6��WKH�*UHDW�/DNHV�VWDWHV
�DLU�UHJXODWRU\�DJHQFLHV�DUH�EXLOGLQJ�D
FRPSUHKHQVLYH��XSGDWDEOH�VWDWHZLGH�DQG�UHJLRQDO�DLU�WR[LFV�LQYHQWRU\�IRU�SRLQW��DUHD��DQG��LQ�WKH
IXWXUH��PRELOH�VRXUFHV�IRU�WKH����DLU�SROOXWDQWV���(DFK�RI�WKH�HLJKW�*UHDW�/DNHV�VWDWHV�ZLOO�EH
UHVSRQVLEOH�IRU�FRPSLOLQJ��XSORDGLQJ��DQG�YDOLGDWLQJ�WKHLU�VWDWH�HPLVVLRQV�LQYHQWRU\�GDWD���,W�LV
DQWLFLSDWHG�WKDW�WKH�LQYHQWRULHV�ZLOO�EH�XSGDWHG�RQ�D�RQH��RU�WZR�\HDU�EDVLV�

)RXU�VWDWHV��,OOLQRLV��,QGLDQD��:LVFRQVLQ��DQG�0LFKLJDQ��FRPSOHWHG�D�SLORW�VWXG\�RI�PDMRU
XUEDQ�DUHDV�DORQJ�WKH�VRXWKZHVW�VKRUH�RI�/DNH�0LFKLJDQ�LQ�'HFHPEHU������XVLQJ�5$3,'6�DQG
WKH�3URWRFRO���7KH�VWDWHV�FUHDWHG�DQ�LQYHQWRU\�RI�VPDOO�SRLQW�DQG�DUHD�VRXUFH�FDWHJRULHV�LQ�WKH���
VKRUHOLQH�FRXQWLHV�HQFRPSDVVLQJ�&KLFDJR��,OOLQRLV���*DU\��,QGLDQD���DQG�0LOZDXNHH��:LVFRQVLQ�
WKDW�FRQWULEXWH�WKH�PRVW�WR�WKH�WRWDO�HPLVVLRQV�RI�WKH����SROOXWDQWV�RI�FRQFHUQ���7KHVH�DUHD�VRXUFHV
LQFOXGH�JDVROLQH�VWDWLRQV��IRXQGULHV��DVSKDOW�DQG�FHPHQW�SODQWV��DQG�KRVSLWDOV��DPRQJ�RWKHUV��
7KH�SURMHFW�ZDV�WKH�ILUVW�ULJRURXV�WHVW�RI�WKH�UHJLRQDO�3URWRFRO�DQG�WKH�5$3,'6�VRIWZDUH���7RWDO
SROOXWDQW�HPLVVLRQV�IURP�WKH�LQYHQWRULHG�VRXUFHV�ZHUH�FROOHFWHG��EXW�GDWD�LQWHUSUHWDWLRQV�DQG
FRQFOXVLRQV�ZHUH�QRW�GHYHORSHG�IURP�WKH�UHVXOWV���,QVWHDG��WKH�SURFHVV�RI�FRPSLOLQJ�WKH�UHJLRQDO
LQYHQWRU\�ZDV�XVHG�DV�D�PHDQV�RI�UHVROYLQJ�PDQ\�WHFKQLFDO��PHWKRGRORJLFDO��DQG�SROLF\�UHODWHG
LVVXHV�WKDW�LPSDFW�D�PXOWLVWDWH��UHJLRQDO�WR[LF�DLU�HPLVVLRQV�LQYHQWRU\���)XUWKHUPRUH��WKH�SLORW
VWXG\�SURYLGHG�XVHIXO�LQIRUPDWLRQ�RQ�VHULRXV�VKRUWFRPLQJV�WKDW�VWLOO�H[LVW�LQ�WKH�UHJLRQDO
HPLVVLRQV�HVWLPDWHV�DQG�VXJJHVWHG�QHFHVVDU\�VWHSV�WKDW�PXVW�EH�PDGH�WR�HQVXUH�GDWD�TXDOLW\�IRU
HVWLPDWLQJ�YDULRXV�SROOXWDQW�JURXSV���7KH�UHVXOWV�IURP�WKLV�SLORW�VWXG\�ZLOO�DOVR�FRQWULEXWH�IRU
EHWWHU�PHWKRGRORJ\�IRU�XVH�LQ�WKH�IXOO�HLJKW�VWDWH�UHJLRQDO�LQYHQWRU\�

7KH�OHYHO�RI�HPLVVLRQV�UHVROXWLRQ�DQG�WKH�VRXUFH�FDWHJRULHV�FRQWDLQHG�LQ�5$3,'6�ZHUH
SODQQHG�WR�PHHW�WKH�PRGHOLQJ�QHHGV�RI�*UHDW�/DNHV�DLU�TXDOLW\�UHVHDUFKHUV���7KLV�LQYHQWRU\�ZLOO
EH�DYDLODEOH�IRU�GLVSHUVLRQ�DQG�GHSRVLWLRQ�PRGHOV�WR�FKDUDFWHUL]H�VRXUFH��VRXUFH�FDWHJRU\��DQG
JHRJUDSKLF�FRQWULEXWLRQV��DQG�IRU�PDVV�EDODQFH�PRGHOV�WR�FKDUDFWHUL]H�PHGLD�FRQWULEXWLRQV�

7R[LFV�5HGXFWLRQ�(IIRUWV�LQ�WKH�*UHDW�/DNHV�

,Q�UHFHQW�\HDUV��VHYHUDO�SURJUDPV�DFWLYLWLHV�KDYH�GHYHORSHG�DSSURDFKHV�WR�UHGXFH
ORDGLQJV�DQG�WR�PLWLJDWH�H[LVWLQJ�FRQWDPLQDWLRQ���7KHVH�SURJUDPV�DUH�GHVFULEHG�EHORZ���7KH\
PD\�SURYLGH�LQIRUPDWLRQ�WR�IXUWKHU�FKDUDFWHUL]H�DQG�UHGXFH�DWPRVSKHULF�FRQWDPLQDWLRQ�LQ�WKH
*UHDW�/DNHV�UHJLRQ���
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7KH�*UHDW�/DNHV�:DWHU�4XDOLW\�$JUHHPHQW�RI������EHWZHHQ�WKH�8QLWHG�6WDWHV�DQG
&DQDGD�FDOOHG�IRU�WKH��YLUWXDO�HOLPLQDWLRQ��RI�SHUVLVWHQW�WR[LF�VXEVWDQFHV��HVSHFLDOO\�WKRVH�ZKLFK
ELRDFFXPXODWH��IURP�WKH�*UHDW�/DNHV�EDVLQ���,Q�NHHSLQJ�ZLWK�WKH�REOLJDWLRQV�RI�WKH�*UHDW�/DNHV
:DWHU�4XDOLW\�$JUHHPHQW��WZR�PDMRU�HIIRUWV�KDYH�RFFXUUHG�������D�SLORW�SURMHFW�VSRQVRUHG�E\�(3$
WR�GHYHORS�WKH�IUDPHZRUN�WR�DFKLHYH�YLUWXDO�HOLPLQDWLRQ�RI�WZR�SROOXWDQWV���PHUFXU\�DQG�3&%V�
DQG�����GHYHORSPHQW�RI�WKH�*UHDW�/DNHV�%LQDWLRQDO�7R[LFV�6WUDWHJ\��UHOHDVHG�LQ�$SULO������
EHWZHHQ�WKH�8QLWHG�6WDWHV�DQG�&DQDGD�WR�VHW�JRDOV�WR�UHGXFH�WKH�XVH�DQG�UHOHDVH�RI�VHOHFWHG
SROOXWDQWV���0DQ\�RI�WKH�UHFRPPHQGDWLRQV�IURP�WKH�SLORW�SURMHFW�ZHUH�LQFRUSRUDWHG�LQWR�WKH
%LQDWLRQDO�7R[LFV�6WUDWHJ\�

9LUWXDO�(OLPLQDWLRQ�3LORW�3URMHFW����6LQFH�������ERWK�WKH�8QLWHG�6WDWHV�DQG�&DQDGD�KDYH
LQLWLDWHG�VHSDUDWH�HIIRUWV�IRU�YLUWXDO�HOLPLQDWLRQ���(3$�EHJDQ�WKH�9LUWXDO�(OLPLQDWLRQ�3LORW�3URMHFW
LQ�������ZKLFK�ZDV�GHVLJQHG�WR�DQVZHU�WKH�IROORZLQJ�TXHVWLRQ����:KDW�RSWLRQV�H[LVW�IRU
LPSURYLQJ�WKH�FXUUHQW�UHJXODWRU\�DQG�QRQ�UHJXODWRU\�IUDPHZRUN�WR�HQFRXUDJH�FRQWLQXLQJ
UHGXFWLRQV�WRZDUGV�]HUR�LQ�WKH�XVH��JHQHUDWLRQ��DQG�UHOHDVH�RI�VHOHFWHG�WR[LF�VXEVWDQFHV"���7KH
DLP�RI�WKH�SURMHFW�ZDV�WR�LGHQWLI\�EDUULHUV�WR�DFKLHYLQJ�YLUWXDO�HOLPLQDWLRQ�DQG�WR�GHYHORS
VWUDWHJLHV�WR�RYHUFRPH�WKHVH�EDUULHUV�

7KH�ILUVW�LWHUDWLRQ�RU��SLORW��SRUWLRQ�RI�WKH�8�6��SURMHFW�IRFXVHG�RQ�WKH�UHGXFWLRQ
RSSRUWXQLWLHV�IRU�WZR�VXEVWDQFHV��PHUFXU\�DQG�3&%V���(3$�KHOG�D�PHHWLQJ�ZLWK�VWDNHKROGHUV�LQ
WKH�*UHDW�/DNHV�UHJLRQ�LQ������WR�VKDUH�LQIRUPDWLRQ�RQ�PHUFXU\�DQG�3&%V��DQG�WR�RIIHU
SDUWLFLSDQWV�WKH�RSSRUWXQLW\�WR�PDNH�UHFRPPHQGDWLRQV�RQ�ZD\V�WR�UHGXFH�WKH�XVH�DQG�UHOHDVH�RI
HDFK�SROOXWDQW���%DVHG�RQ�WKH�UHVXOWV�RI�WKLV�PHHWLQJ��D�GUDIW�UHSRUW�ZDV�GHYHORSHG�E\�(3$�WR
LGHQWLI\�RSWLRQV�WR�UHGXFH�PHUFXU\��*/132���������$�GUDIW�RSWLRQV�SDSHU�IRU�WKH�YLUWXDO
HOLPLQDWLRQ�RI�3&%V�LV�FXUUHQWO\�EHLQJ�SUHSDUHG�E\�(3$���,W�LV�H[SHFWHG�WKDW�WKLV�SURMHFW�ZLOO
FRQWLQXH�ZLWK�WKH�DQDO\VHV�RI�FODVVHV�RI�VXEVWDQFHV�UDWKHU�WKDQ�WKH�XVH�RI�D�FKHPLFDO�E\�FKHPLFDO
DSSURDFK�

0HUFXU\�SUHVHQWV�DQ�XQXVXDO�FKDOOHQJH�WR�VRFLHW\�EHFDXVH�RI�LWV�VHPL�YRODWLOLW\�
SHUVLVWHQFH��FRPSOH[�HQYLURQPHQWDO�FKHPLVWU\��DQG�WHQGHQF\�WR�ELRDFFXPXODWH�LQ�ILVK���7KH�GUDIW
PHUFXU\�RSWLRQV�SDSHU��*/132�������SURSRVHG�UHJXODWRU\�DQG�YROXQWDU\�PHDVXUHV�WR�SUHYHQW
RU�UHGXFH�DWPRVSKHULF�PHUFXU\�FRQWDPLQDWLRQ��DQG�LQWURGXFHG�WKH�FRQFHSW�RI�WKH�PHUFXU\��OLIH
F\FOH����$�FRPSUHKHQVLYH�DSSURDFK�WR�YLUWXDOO\�HOLPLQDWLQJ�PHUFXU\�UHOHDVHV�ZDV�SURSRVHG�

� ,QFUHDVH�SXEOLF�DZDUHQHVV�RI�PHUFXU\�SUREOHPV�DQG�PHUFXU\�FRQWDLQLQJ�LWHPV�

� ,QIOXHQFH�VXSSO\�RI�PHUFXU\�WR�PLQLPL]H�SULPDU\�SURGXFWLRQ�DQG�PDQDJH�IHGHUDO
KROGLQJV�

� 0LQLPL]H�XVH�RI�PHUFXU\�WKURXJK�SROOXWLRQ�SUHYHQWLRQ�DQG�DOWHUQDWLYH
WHFKQRORJLHV�

� 5HGXFH�XQFRQWUROOHG�UHOHDVHV�E\�HQFRXUDJLQJ�UHF\FOLQJ�DQG�UHJXODWLQJ�UHOHDVHV�
DQG

� 0DQDJH�GLVSRVDO�RI�PHUFXU\�FRQWDLQLQJ�LWHPV�DQG�PHUFXULF�ZDVWHV�
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Regulatory and Voluntary Options that may Prevent
or Reduce Atmospheric Mercury Contamination

® Pollution Prevention.  Mercury use in the United States has substantially declined during the past two
decades.  This trend parallels that of western Europe.  Ebbing use implies that less mercury will be
included in waste streams reaching incinerators and landfills, or released during production processes. 
The decline in use is attributable to both government bans and technological advances that create
environmentally safer products.  Mercury has been banned in pesticides (1972-1976 and 1993) and in
paints.  The number of U.S. chloralkali facilities using a mercury cell process has declined from 25 during
the early 1970s to 14 in recent years.  Minnesota, Wisconsin, and New York restricted mercury content
in batteries, and consequently, national use of mercury in batteries fell from 448 tons during 1988 to 10
tons during 1993.  Mercury content in fluorescent bulbs has also declined.

® Recycling .  A number of users of mercury are taking steps to boost recycling.  Various municipal
wastewater treatment plants are working with dental associations to encourage recovery of mercury in
dentist offices so that mercury amalgam does not enter their treatment systems.  Some manufacturers
who rely on mercury in instruments are starting or considering take-back programs; EPA and states are
working with several such firms to ensure that liability concerns do not preclude voluntary efforts.  A
number of hospitals are diverting mercury-containing wastes from incineration.  Several states require
that fluorescent bulbs be recycled (e.g., Florida, Minnesota), because such bulbs are commonly broken
in or en route to landfills, allowing mercury vapors to escape to the atmosphere.  While the quantity of
mercury contained in a single bulb is minuscule, the number of discarded bulbs is great.

® Management .  Pursuant to implementation of the CAA, EPA has proposed performance standards for
municipal and medical waste incinerators.  A final rule for municipal waste combustors (new sources with
individual capacity of >250 tons/day) was promulgated in December 1995 (60 Federal Register 65387)
and a proposed rule for medical waste incinerators in June 1996 (61 Federal Register 31736).  There are
about 2,400 medical and 180 municipal incinerators across the nation.  These sectors are estimated to
generate about one-half of current national emissions of mercury, primarily through combustion of
discarded products that contain mercury.  When fully implemented by 2002 through state plans, these
proposed standards hold promise of reducing mercury emissions from these two classes of incinerators
by 95 and 80 percent, respectively.  Performance standards will also be evaluated for other sectors that
also emit mercury, including the Portland Cement industry; commercial and industrial boilers; primary
lead smelters; the chloralkali sector; primary copper smelters; sewage sludge incinerators; and lime
manufacturing.

® Global Production and Release of Mercury .  During recent years, the U.S. government has held a
significant stockpile of mercury on the world commodity market.  To dispose of its holding, the
Department of Defense has periodically auctioned mercury.  From 1988 through 1993, sales totaled four
million pounds.  Sales were suspended in 1994, pending consideration of their environmental impacts. 
One positive environmental impact of sales is that they may forestall virgin production of mercury; the
last mercury mines in the United States closed several years ago.  Both western Europe and the United
States have become substantial net exporters as their mercury consumption has fallen, whereas world
use may be growing (Lawrence 1994).  Because of diminished use of mercury, the United States is
nearly meeting its entire need for mercury through recycling.  Much of the mercury sold by the federal
government has been exported.  Foreign use and release, due to less stringent controls, can contribute
to global atmospheric contamination which can travel for long distances, and directly contaminate U.S.
surface waters.  Suspension of government sales has positioned the United States to seek needed
international cooperation in minimizing mercury releases on a global scale.

7KH�*UHDW�/DNHV�%LQDWLRQDO�7R[LFV�6WUDWHJ\���7KH�&DQDGD�8QLWHG�6WDWHV�6WUDWHJ\�IRU�WKH
9LUWXDO�(OLPLQDWLRQ�RI�3HUVLVWHQW�7R[LF�6XEVWDQFHV�LQ�WKH�*UHDW�/DNHV��DOVR�NQRZQ�DV�WKH�%LQDWLRQDO
*UHDW�/DNHV�7R[LFV�6WUDWHJ\��ZDV�VLJQHG�EHWZHHQ�WKH�WZR�FRXQWULHV�RQ�$SULO����������8�6��(3$
DQG�(QYLURQPHQW�&DQDGD���������7KLV�%LQDWLRQDO�6WUDWHJ\�ZDV�GHYHORSHG�MRLQWO\�E\�(3$�DQG
(QYLURQPHQW�&DQDGD��LQ�NHHSLQJ�ZLWK�WKH�REMHFWLYHV�RI�WKH������*/:4$���%RWK�&DQDGD�DQG
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A Four-Step Process Toward
Virtual Elimination

1. Gather information on generation, uses, and
sources of the pollutant within and outside the
Great Lakes Basin;

2. Analyze current regulatory and non-regulatory
programs and initiatives that manage or
control the pollutants and identify the gaps in
these regulations that offer opportunities for
reductions;

3. Develop cost-effective options and provide
recommendations for increasing the pace and
level of reductions; and 

4. Recommend and implement actions to
achieve goal. 

8QLWHG�6WDWHV�KDYH�GRPHVWLF�YLUWXDO�HOLPLQDWLRQ�VWUDWHJLHV�EXW�D�FRRUGLQDWHG�VWUDWHJ\�LV�QHFHVVDU\
IRU�WKH�JUHDWHVW�UHGXFWLRQ�LQ�WR[LF�VXEVWDQFHV�WKURXJKRXW�WKH�%DVLQ���%RWK�QDWLRQV�HQFRXUDJH�DQG
VXSSRUW�YROXQWDU\�SURJUDPV�E\�DOO�VWDNHKROGHUV�WR�UHGXFH�WKH�JHQHUDWLRQ��XVH��DQG�UHOHDVH�RI
WR[LF�VXEVWDQFHV�WR�WKH�*UHDW�/DNHV�

7KH�%LQDWLRQDO�6WUDWHJ\�SURYLGHV�WKH
IUDPHZRUN�WR�DFKLHYH�TXDQWLILDEOH�JRDOV�LQ�D
VSHFLILHG�WLPH�IUDPH�������WR�������IRU
WDUJHWHG�SHUVLVWHQW�WR[LF�VXEVWDQFHV�
HVSHFLDOO\�WKRVH�ZKLFK�ELRDFFXPXODWH��
)OH[LELOLW\�LV�SURYLGHG�LQ�WKH�6WUDWHJ\�WR�DOORZ
IRU�WKH�UHYLVLRQ�RI�WDUJHWV��WLPH�IUDPHV��DQG
WKH�OLVW�RI�SROOXWDQWV���$OO�DFWLRQV�DQG
DFWLYLWLHV��ERWK�UHJXODWRU\�DQG�QRQUHJXODWRU\�
ZLOO�EH�FRQVLGHUHG�WR�KHOS�VSHHG�UHGXFWLRQV��
7KH�6WUDWHJ\�DOVR�UHFRPPHQGV�WKDW�JRDOV�EH
DFFRPSOLVKHG�WKURXJK�D�IRXU�VWHS�SURFHVV
�VHH�VLGHEDU����7KH�SROOXWDQWV�LGHQWLILHG�LQ�WKH
6WUDWHJ\�IDOO�LQWR�WZR�OLVWV���7KH�/HYHO�,
VXEVWDQFHV�UHSUHVHQW�DQ�LPPHGLDWH�SULRULW\
DQG�DUH�WDUJHWHG�IRU�UHGXFWLRQ�DQG�HYHQWXDO
YLUWXDO�HOLPLQDWLRQ�WKURXJK�SROOXWLRQ
SUHYHQWLRQ�DQG�RWKHU�LQFHQWLYH�EDVHG
DFWLRQV���7KHVH�SROOXWDQWV�DUH�DOGULQ�GLHOGULQ�
EHQ]R�D�S\UHQH��FKORUGDQH��''7�''(�''(��KH[DFKORUREHQ]HQH��DON\O�OHDG��PHUFXU\�DQG
PHUFXU\�FRPSRXQGV��PLUH[��RFWDFKORURVW\UHQH��3&%V��GLR[LQV�IXUDQV��DQG�WR[DSKHQH���)RU
SROOXWDQWV�WKDW�DUH�FRQVLGHUHG�/HYHO�,,�VXEVWDQFHV��WKH�JRYHUQPHQWV�HQFRXUDJH�VWDNHKROGHUV�WR
XQGHUWDNH�SROOXWLRQ�SUHYHQWLRQ�DFWLYLWLHV�WR�UHGXFH�OHYHOV�LQ�WKH�HQYLURQPHQW�RI�WKRVH�VXEVWDQFHV
QRPLQDWHG�MRLQWO\�E\�ERWK�FRXQWULHV��DQG�WR�FRQIRUP�ZLWK�WKH�ODZV�DQG�SROLFLHV�RI�HDFK�FRXQWU\�
LQFOXGLQJ�SROOXWLRQ�SUHYHQWLRQ��ZLWK�UHVSHFW�WR�WKRVH�VXEVWDQFHV�QRPLQDWHG�E\�RQO\�RQH�FRXQWU\�
XQWLO�DQG�XQOHVV�WKHVH�SROOXWDQWV�DUH�SODFHG�RQ�WKH�/HYHO�,�OLVW���7KH�/HYHO�,,�SROOXWDQWV�DUH
FDGPLXP�DQG�FDGPLXP�FRPSRXQGV������GLFKORUREHQ]HQH�����
�GLFKORUREHQ]LGLQH��GLQLWURS\UHQH�
HQGULQ��KHSWDFKORU��DQG�KHSWDFKORU�HSR[LGH���KH[DFKORUREXWDGLHQH��DQG�KH[DFKORUR�����
EXWDGLHQH���KH[DFKORURF\FORKH[DQH�����
�PHWK\OHQHELV���FKORURDQLOLQH���3$+V�
SHQWDFKORUREHQ]HQH��SHQWDFKORURSKHQRO��WHWUDFKORUREHQ]HQH�����������DQG������������DQG�WULEXW\O
WLQ�

%RWK�WKH�8QLWHG�6WDWHV�DQG�&DQDGD�KDYH�VHW��FKDOOHQJH��JRDOV�WR�DFKLHYH�UHGXFWLRQV
WKURXJK�LPSOHPHQWDWLRQ�RI�YROXQWDU\�HIIRUWV�DQG�UHJXODWRU\�DFWLRQV���2QH�RI�WKHVH�FKDOOHQJHV�LV
WKH�FRPPLWPHQW�RI�WKHVH�FRXQWULHV�WR�ZRUN�WRJHWKHU�WR�DVVHVV�DWPRVSKHULF�LQSXWV�RI�SHUVLVWHQW
WR[LF�VXEVWDQFHV�WR�WKH�*UHDW�/DNHV��ZLWK�WKH�JRDO�RI�HYDOXDWLQJ�DQG�UHSRUWLQJ�MRLQWO\�RQ�WKH
FRQWULEXWLRQ�DQG�VLJQLILFDQFH�RI�ORQJ�UDQJH�WUDQVSRUW�RI�WKHVH�VXEVWDQFHV�IURP�ZRUOGZLGH
VRXUFHV���(IIRUWV�ZLOO�EH�PDGH�WR�ZRUN�ZLWKLQ�WKH�H[LVWLQJ�LQWHUQDWLRQDO�IUDPHZRUN�WR�UHGXFH
UHOHDVHV�RI�VXFK�SROOXWDQWV�IURP�UHPDLQLQJ�ORQJ�UDQJH�VRXUFHV���$FWLYLWLHV�E\�(3$�DQG
(QYLURQPHQW�&DQDGD�WR�PHHW�WKLV�SDUWLFXODU�FKDOOHQJH�LQFOXGH�

� &RRUGLQDWH�HIIRUWV�WR�LGHQWLI\�VRXUFHV�LQ�RUGHU�WR�EHWWHU�GHILQH�DQG�FRRUGLQDWH
HPLVVLRQ�FRQWURO�SURJUDPV�
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� 0DLQWDLQ�DWPRVSKHULF�GHSRVLWLRQ�PRQLWRULQJ�VWDWLRQV�WR�GHWHFW�GHSRVLWLRQ�DQG
WUDQVSRUW�RI�WR[LF�VXEVWDQFHV�

� &RQWLQXH�UHVHDUFK�RQ�DWPRVSKHULF�VFLHQFH�RI�WR[LF�SROOXWDQWV�WR�UHILQH�DQG�WR
LPSURYH�H[LVWLQJ�VRXUFH��UHFHSWRU��DQG�GHSRVLWLRQ�PRGHOV��DV�ZHOO�DV�LPSURYH
LQWHJUDWLRQ�RI�H[LVWLQJ�DLU�WR[LF�PRQLWRULQJ�QHWZRUNV�DQG�GDWD�PDQDJHPHQW
V\VWHPV�WR�WUDFN�GHSRVLWLRQ�RI�FRQWDPLQDQWV�ZLWKLQ�WKH�*UHDW�/DNHV��DQG�

� &RQGXFW�DQ�DVVHVVPHQW�RI�ORQJ�UDQJH�WUDQVSRUW�RI�SHUVLVWHQW�WR[LF�SROOXWDQWV�IURP
ZRUOGZLGH�VRXUFHV

,Q�DGGLWLRQ�WR�WKHVH�FRRUGLQDWHG�ELQDWLRQDO�HIIRUWV��(QYLURQPHQW�&DQDGD�ZLOO�DOVR�GHPRQVWUDWH
DOWHUQDWLYH�SURFHVVHV�WR�OHVVHQ�HPLVVLRQV�IURP�ILYH�SUHGRPLQDQW�VRXUFHV�E\������DQG�FRPSOHWH
LQYHQWRULHV�RI����VHOHFWHG�DLU�SROOXWLRQ�VRXUFHV�WR�VXSSRUW�DVVHVVPHQW�RI�HQYLURQPHQWDO�LPSDFWV
RI�DLU�WR[LFV�E\������

%HVLGHV�WKH�DERYH�FKDOOHQJH��WKH�6WUDWHJ\�LQFOXGHV�VHYHUDO�VSHFLILF�UHGXFWLRQ�JRDOV�RU�FKDO�
OHQJHV�IRU�WKH�/HYHO�,�SROOXWDQWV��7DEOH�,9������)RU�WKH�8QLWHG�6WDWHV��WKH�EDVHOLQH�IURP�ZKLFK�WKHVH
UHGXFWLRQV�ZLOO�EH�PHDVXUHG�ZLOO�EH�WKH�PRVW�UHFHQW�DQG�DSSURSULDWH�LQYHQWRU\��H�J���PHUFXU\�ZLOO
EH�EDVHG�RQ�HVWLPDWHG�HPLVVLRQV�GXULQJ�WKH�HDUO\�����V����&DQDGD�SODQV�WR�XVH�WKHLU������HPLVVLRQV
LQYHQWRU\���

7ZR�DGGLWLRQDO�FKDOOHQJHV�IURP�WKH�6WUDWHJ\�DUH�������FRPSOHWH�RU�EH�ZHOO�DGYDQFHG�LQ
UHPHGLDWLRQ�RI�SULRULW\�VLWHV�ZLWK�FRQWDPLQDWHG�ERWWRP�VHGLPHQWV�LQ�WKH�*UHDW�/DNHV�%DVLQ�E\
������DQG�����SURPRWH�SROOXWLRQ�SUHYHQWLRQ�DQG�VRXQG�PDQDJHPHQW�RI�/HYHO�,,�VXEVWDQFHV��WR�
UHGXFH�OHYHOV�LQ�WKH�HQYLURQPHQW���7KH�%LQDWLRQDO�6WUDWHJ\�LV�LQWHQGHG�WR�ILOO�LQ�WKH�JDSV�WKDW�H[LVW
ZKHUH�RQJRLQJ�SURJUDPV�RU�HPHUJLQJ�LQLWLDWLYHV�GR�QRW�DGGUHVV�WR[LF�UHOHDVHV��WR�SURYLGH�D
FRQWH[W�RI�EDVLQZLGH�JRDOV�IRU�ORFDOL]HG�DFWLRQV��DQG�WR�SURYLGH��RXW�RI�EDVLQ��VXSSRUW�WR
SURJUDPV�VXFK�DV�/D03V�

/$.(:,'(�0$1$*(0(17�3/$16��/$036�

,Q�$UWLFOH�9,��$QQH[���RI�WKH�*/:4$��WKH�8�6��DQG�&DQDGLDQ�JRYHUQPHQWV�DJUHHG�WR
GHYHORS�DQG�LPSOHPHQW�/D03V�IRU�HDFK�RI�WKH�ILYH�*UHDW�/DNHV���7KH�SXUSRVH�RI�WKH�/D03V�LV�WR
GRFXPHQW�DQ�DSSURDFK�WR�UHGXFLQJ�LQSXW�RI�FULWLFDO�SROOXWDQWV�WR�WKH�*UHDW�/DNHV�DQG�UHVWRULQJ
DQG�PDLQWDLQLQJ�*UHDW�/DNHV�LQWHJULW\���/D03V�DUH�PDQDJHPHQW�WRROV�GHVLJQHG�WR�����LQWHJUDWH
IHGHUDO��VWDWH��SURYLQFLDO��DQG�ORFDO�SURJUDPV�WR�UHGXFH�ORDGLQJV�RI�WR[LF�VXEVWDQFHV�IURP�ERWK
SRLQW�DQG�QRQSRLQW�VRXUFHV������DVVHVV�ZKHWKHU�WKHVH�SURJUDPV�ZLOO�HQVXUH�DWWDLQPHQW�RI�ZDWHU
TXDOLW\�VWDQGDUGV�DQG�GHVLJQDWHG�EHQHILFLDO�XVHV��DQG�����UHFRPPHQG�DQ\�PHGLD�VSHFLILF
SURJUDP�DFWLRQV�RU�HQKDQFHPHQWV�WR�UHGXFH�WR[LF�ORDGLQJV�LQ�ZDWHUV�FXUUHQWO\�QRW�DWWDLQLQJ
ZDWHU�TXDOLW\�VWDQGDUGV�DQG�RU�GHVLJQDWHG�EHQHILFLDO�XVHV���8QOLNH�WKH�RWKHU�IRXU�/DNHV��/DNH
0LFKLJDQ�OLHV�HQWLUHO\�ZLWKLQ�WKH�ERXQGDULHV�RI�WKH�8QLWHG�6WDWHV�DQG�WKHUHIRUH��WKH�/DNH
0LFKLJDQ�/D03�KDV�EHHQ�GHYHORSHG�VROHO\�E\�8�6��IHGHUDO�DQG�VWDWH�DJHQFLHV�ZLWK�LQSXW�IURP�D
SXEOLF�IRUXP���7KH�GHYHORSPHQW�RI�WKLV�SURJUDP��DV�ZHOO�DV�WKH�GHDGOLQHV�HVWDEOLVKHG�IRU�WKH
FRPSOHWLRQ�RI�WKH�SURJUDP��LV�PDQGDWHG�XQGHU�VHFWLRQ�����RI�WKH�&:$���,Q�DGGLWLRQ��DV�QRWHG�LQ
&KDSWHU�,��VHFWLRQ�����P��RI�WKH�&$$�UHTXLUHV�WKDW�(3$��LQ�FRRSHUDWLRQ�ZLWK�12$$��PRQLWRU�WKH
*UHDW�/DNHV��LQYHVWLJDWH�DWPRVSKHULF�GHSRVLWLRQ�UDWHV�DQG�SROOXWDQW�VRXUFHV��LPSURYH�PRQLWRULQJ
PHWKRGV��DQG�GHWHUPLQH�WKH�UHODWLYH�FRQWULEXWLRQ�RI�DWPRVSKHULF�SROOXWDQWV�WR�WKH�WRWDO�SROOXWLRQ
ORDGLQJV�WR�WKH�*UHDW�/DNHV�DQG�RWKHU�*UHDW�:DWHUV��
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TABLE IV-3
  Specific Pollutant Reduction Goals Under the Great Lakes Binational Toxics Strategy a

Level I
 Substances United States Challenge Canadian Challenge

Aldrin/Dieldrin, Confirm by 1998 that there is no longer use Report by 1997 that there is no longer use,
Chlordane, DDT, or release from sources that enter Great generation, or release from Ontario sources
Toxaphene, Lakes Basin.  If ongoing long-range sources that enter Great Lakes Basin.  If ongoing
Mirex, from outside of U.S. are confirmed, use long-range sources outside of Canada are
Octachlorostyrene existing international frameworks to reduce confirmed, use existing international

or phase out releases. frameworks to reduce or phase out releases.

Alkyl lead Confirm by 1998, there is no longer use in Seek by 2000, 90 percent reduction in use,
automotive gasoline; support and encourage generation, or release.
stakeholder efforts to reduce releases from
other sources.

PCBs Seek by 2006, a 90 percent reduction Seek by 2000, a 90 percent reduction
nationally of high level PCBs (>500 ppm) in nationally of high-level PCBs (>1 percent
electrical equipment; ensure all PCBs retired PCBs) that were once, or are currently, in
from use are properly managed and service and accelerate destruction of stored
disposed of to prevent accidental releases high-level PCB wastes that may enter the
within or to the Great Lakes Basin. Great Lakes Basin.

Mercury Seek by 2006, a 50 percent reduction Seek by 2000, a 90 percent reductionb

nationally in deliberate use of mercury and a nationally in releases of mercury, or where
50 percent reduction in release from sources warranted the use of mercury, from polluting
resulting from human activity. sources resulting from human activity in thec

Great Lakes Basin.

Dioxins/Furans Seek by 2006, a 75 percent reduction in total Seek by 2000, a 90 percent reduction in
releases of dioxins/furans (2,3,7,8-TCDD releases of dioxins/furans (focus on 2,3,7,8-
toxicity equivalents) from sources resulting substitute congeners) from sources resulting
from human activity. from human activity in Great Lakes Basin. c

Benzo(a)pyrene, Seek by 2006, reductions in releases that Seek by 2000, a 90 percent reduction in
HCB are within or may have potential to enter the releases from sources resulting from human

Great Lakes Basin from sources resulting activity in the Great Lakes Basin.
from human activity.

nted in The Great Lakes Binational Toxics Strategy 
  Detailed descriptions of these challenges are prese         a

 (U.S. EPA and Environment Canada 1997).
  Mercury challenges are considered interim reduction targets for mercury and, in consultation with stakeholders,b

 will be revised if warranted, following completion of EPA's Mercury Study Report to Congress (U.S. challenge) and
 1997 Canada-Ontario Agreement Respecting the Great Lakes Basin Ecosystem (Canadian challenge). 
  The release challenge applies to the aggregate of releases to the air nationwide and of releases to the waterc

 within the Great Lakes Basin.

$�/D03�LV�D�G\QDPLF��DFWLRQ�RULHQWHG�SURFHVV�HQFRPSDVVLQJ�D�QXPEHU�RI�FRPSRQHQWV��
7KHVH�LQFOXGH�DQ�HYDOXDWLRQ�RI�EHQHILFLDO�XVH�LPSDLUPHQWV�DQG�SROOXWDQWV�FRQWULEXWLQJ�WR�WKRVH
LPSDLUPHQWV��D�VXPPDU\�RI�VRXUFHV�DQG�ORDGV�RI�WKHVH�FULWLFDO�SROOXWDQWV��LGHQWLILFDWLRQ�RI
RQJRLQJ�SUHYHQWLRQ��FRQWURO��DQG�UHPHGLDWLRQ�DFWLRQV��DV�ZHOO�DV�DGGLWLRQDO�HIIRUWV�QHHGHG�WR
UHGXFH�SROOXWDQW�ORDGV�DQG�WR�UHVWRUH�EHQHILFLDO�XVHV��DQG�PRQLWRULQJ�DFWLYLWLHV�WR�HYDOXDWH�WKH
HIIHFWLYHQHVV�RI�SURJUDP�DFWLRQV���7KLV�DSSURDFK�IRU�GHYHORSLQJ�DQG�LPSOHPHQWLQJ�/D03V�LV�DQ
HYROXWLRQDU\�DQG�LWHUDWLYH�SURFHVV�IRU�LGHQWLI\LQJ�DQG�UHGXFLQJ�FULWLFDO�SROOXWDQWV���3XEOLF
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Current Status of LaMPs in the Great Lakes

Superior Binational Program to Restore and Protect the
Lake Superior Basin announced (1991)

Stage 1 LaMP submitted to IJC (1995) 

Stage 2 LaMP released for public review (1996)

Michigan LaMP published in Federal Register (1994)

Huron LaMP not established 

Erie LaMP Management Committee formed (1994)

Ontario Lake Ontario Toxics Management Plan (1989)

LaMP Workplan signed (1993)

SDUWLFLSDWLRQ�DQG�FRRSHUDWLRQ�ZLWK�VWDWHV�DQG�ORFDO�JRYHUQPHQWV�LV�D�NH\�FRPSRQHQW�WR�WKH
/D03�GHYHORSPHQW�SURFHVV�

/D03V�DUH�LQ�YDULRXV�VWDJHV
RI�GHYHORSPHQW�IRU�HDFK�RI�WKH�*UHDW
/DNHV��VHH�VLGHEDU����1RW�DOO�RI�WKH
/DNHV�KDYH�/D03V�SXEOLVKHG�LQ�WKH
)HGHUDO�5HJLVWHU��KRZHYHU��FRP�
PLWPHQWV�KDYH�EHHQ�PDGH�E\�NH\
VWDNHKROGHUV�LQ�WKH�UHVSHFWLYH�EDVLQV
WR�SXUVXH�WR[LFV�UHGXFWLRQ���$FWLRQV
DUH�EHLQJ�WDNHQ�WR�DFKLHYH�WKLV�JRDO��
(DFK�/D03�DGGUHVVHV�D�GLIIHUHQW�OLVW
RI�FULWLFDO�SROOXWDQWV��EXW�VRPH
FRPPRQ�RQHV�DUH�PHUFXU\��3&%V�
KH[DFKORUREHQ]HQH��GLR[LQV��IXUDQV�
FKORUGDQH��''7�DQG�PHWDEROLWHV�
DQG�GLHOGULQ��DOO�RI�ZKLFK�DUH�*UHDW
:DWHUV�SROOXWDQWV�RI�FRQFHUQ��

6HYHUDO�DFWLYLWLHV�KDYH�EHHQ�LQLWLDWHG�WKURXJK�/D03V�

® ,Q�WKH�/DNH�0LFKLJDQ�EDVLQ��DJULFXOWXUDO��FOHDQ�VZHHSV��WR�SURSHUO\�FROOHFW�DQG�GLVSRVH�RI
XQXVHG�SHVWLFLGHV�KDYH�EHHQ�FRQGXFWHG�LQ�,QGLDQD��0LFKLJDQ��DQG�:LVFRQVLQ���$OVR��D
YDULHW\�RI�SROOXWLRQ�SUHYHQWLRQ�DQG�WHFKQLFDO�DVVLVWDQFH�SURMHFWV�KDYH�WDNHQ�SODFH�LQ
0LOZDXNHH��&KLFDJR��DQG�ZHVWHUQ�0LFKLJDQ���

® ,Q�PRVW�ODNH�EDVLQV��WULEXWDU\�DQG�DWPRVSKHULF�GHSRVLWLRQ�PRQLWRULQJ�LV�RFFXUULQJ���7KH
/DNH�0LFKLJDQ�/D03�LV�XWLOL]LQJ�WKH�LQIRUPDWLRQ�JHQHUDWHG�IURP�WKH�/DNH�0LFKLJDQ�0DVV
%DODQFH�6WXG\��GHVFULEHG�HDUOLHU�LQ�WKH�VHFWLRQ��WR�LGHQWLI\�DQG�UHGXFH�ORDGLQJV�DV�GDWD
EHFRPH�DYDLODEOH�

® 7KH�/DNH�6XSHULRU�/D03�ZDV�LQLWLDWHG�DV�D�FRPSRQHQW�RI�WKH�ELQDWLRQDO�HIIRUWV�WR�UHVWRUH
DQG�SURWHFW�/DNH�6XSHULRU���2QH�RI�WKH�JRDOV�RI�WKH�/D03�LV�WR�DFKLHYH�]HUR�GLVFKDUJH�DQG
HPLVVLRQ�RI�SHUVLVWHQW�WR[LF�SROOXWDQWV�WKURXJK�LWV�=HUR�'LVFKDUJH�'HPRQVWUDWLRQ�3URMHFW��
$QRWKHU�HIIRUW�RI�WKH�/DNH�6XSHULRU�/D03�LV�DQ�H[WHQVLYH�SROOXWLRQ�SUHYHQWLRQ�RXWUHDFK
DQG�HGXFDWLRQ�SURJUDP�GHYHORSHG�IRU�PHUFXU\���$PRQJ�WKH�DFWLYLWLHV�DUH�EDWWHU\�FROOHF�
WLRQ��HQHUJ\�HIILFLHQF\��DQG�SURGXFW�WDNHEDFN�SURJUDPV���)RU�H[DPSOH��+RQH\ZHOO��,QF��
WKH�ODUJHVW�PDQXIDFWXUHU�RI�PHUFXU\�WKHUPRVWDWV�XVHG�LQ�UHJXODWLQJ�KHDWLQJ�LQ�WKH�KRPH�
KDV�LQVWLWXWHG�D�WKHUPRVWDW�WDNHEDFN�SURJUDP�LQ�ZKLFK�WKH�FRPSDQ\�UHF\FOHV�WKH�PHUFXU\��

7KH�/D03V�RIWHQ�SURYLGH�WKH�QHHGHG�FRRUGLQDWLRQ�DQG�RYHUVLJKW�IRU�PDQ\�VXFK�SURMHFWV
EHLQJ�LPSOHPHQWHG�DOO�RYHU�WKH�*UHDW�/DNHV�%DVLQ��

7+(�*5($7�/$.(6�:$7(5�48$/,7<��*/:4��*8,'$1&(

$QRWKHU�QRWDEOH�WR[LFV�UHGXFWLRQ�HIIRUW�ZDV�WKH�*/:4�*XLGDQFH��8�6��(3$�����D����,W�LV
WKH�FXOPLQDWLRQ�RI�D�VL[�\HDU�FRRSHUDWLYH�HIIRUW�WKDW�LQFOXGHG�SDUWLFLSDWLRQ�E\�WKH�HLJKW�*UHDW
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/DNHV�VWDWHV��WKH�HQYLURQPHQWDO�FRPPXQLW\��DFDGHPLD��LQGXVWU\��PXQLFLSDOLWLHV��DQG�(3$
V
UHJLRQDO�DQG�QDWLRQDO�RIILFHV��DQG�VWHPV�IURP�WKH�*UHDW�/DNHV�:DWHU�4XDOLW\�,QLWLDWLYH��ZKLFK
EHJDQ�ZKHQ�WKH�VWDWHV�RI�WKH�*UHDW�/DNHV�5HJLRQ�UHFRJQL]HG�WKH�LPSRUWDQW�IHDWXUH�RI�WKH�*UHDW
/DNHV�HFRV\VWHP�WR�DFFXPXODWH�SHUVLVWHQW�SROOXWDQWV����7KH�JXLGDQFH�LV�QRW�RQO\�GHVLJQHG�WR
DGGUHVV�H[LVWLQJ�SUREOHPV��EXW�DOVR�WR�SUHYHQW�HPHUJLQJ�DQG�SRWHQWLDO�SUREOHPV�SRVHG�E\�DGGL�
WLRQDO�FKHPLFDOV�LQ�WKH�IXWXUH��ZKLFK�PD\�GDPDJH�WKH�RYHUDOO�KHDOWK�RI�WKH�*UHDW�/DNHV�V\VWHP��
7KH�JXLGDQFH�LQFOXGHV�FULWHULD�IRU�WKH�SURWHFWLRQ�RI�KXPDQ�OLIH��ZLOGOLIH��DQG�DTXDWLF�OLIH��WDNLQJ
LQWR�DFFRXQW�WKH�DELOLW\�RI�PDQ\�SROOXWDQWV�WR�ELRPDJQLI\���$QWLGHJUDGDWLRQ�UHTXLUHPHQWV�DVVXUH
WKDW�FXUUHQW�ZDWHU�TXDOLW\�ZLOO�QRW�EH�GLPLQLVKHG���7KH�JXLGDQFH�DOVR�RXWOLQHV�SURFHGXUHV�WR�HQVXUH
FRQVLVWHQW�LPSOHPHQWDWLRQ�DQG�DSSURSULDWH�IOH[LELOLW\�IRU�ORQJ�WHUP�SURWHFWLRQ�RI�WKH�*UHDW�/DNHV�

7KH�*/:4�*XLGDQFH�SURPRWHV�WKH�XVH�RI�SROOXWDQW�PLQLPL]DWLRQ�SODQV�WR�VWRS�SROOXWLRQ
EHIRUH�LW�HQWHUV�WKH�HQYLURQPHQW���5HGXFLQJ�SROOXWLRQ�DW�LWV�VRXUFH�LV�WKH�PRVW�HIIHFWLYH�ZD\�RI
SURWHFWLQJ�SXEOLF�KHDOWK�DQG�WKH�HQYLURQPHQW��DQG�LV�RIWHQ�PRUH�HFRQRPLFDO�WKDQ�FOHDQLQJ�XS
DIWHU�D�SROOXWDQW�LV�UHOHDVHG�

7KH�ZDWHU�TXDOLW\�FULWHULD�LQ�WKH�*/:4�*XLGDQFH�DSSO\�WR�DOO�RI�WKH�ZDWHUV�LQ�WKH�*UHDW
/DNHV�V\VWHP��UHJDUGOHVV�RI�WKH�VRXUFH�RI�SROOXWLRQ���3ROOXWDQWV�HQWHU�WKH�*UHDW�/DNHV�IURP�WKH�DLU�
VWLUUHG�XS�ERWWRP�VHGLPHQWV��XUEDQ�DQG�DJULFXOWXUDO�UXQRII��KD]DUGRXV�ZDVWH�DQG�6XSHUIXQG
VLWHV��VSLOOV��DQG�LQGXVWULDO�DQG�PXQLFLSDO�ZDVWHZDWHU�GLVFKDUJHV���$OWKRXJK�WKH�LPSOHPHQWDWLRQ
SURFHGXUHV�RI�WKH�JXLGDQFH�DSSO\�PRVWO\�WR�LQGXVWULDO�DQG�PXQLFLSDO�ZDWHU�GLVFKDUJHV��D�VWDWH
PD\�ILQG�LW�LV�PRUH�HIIHFWLYH��RU�FRVW�HIIHFWLYH��WR�LPSURYH�ZDWHU�TXDOLW\�E\�UHGXFLQJ�DLU�HPLVVLRQV
RU�FOHDQLQJ�XS�FRQWDPLQDWHG�VHGLPHQWV��DQG�PD\�FKRRVH�QRW�WR�LPSRVH�DGGLWLRQDO�UHTXLUHPHQWV
RQ�ZDVWHZDWHU�GLVFKDUJHUV�

*5($7�/$.(6�5(0(',$/�$&7,21�3/$16

7KH������*/:4$��DORQJ�ZLWK�WKH������DPHQGPHQWV��HVWDEOLVKHG�JXLGHOLQHV�IRU�UHVWRULQJ
WKH�TXDOLW\�RI�WKH�*UHDW�/DNHV���$V�D�UHVSRQVH�WR�WKLV�PHDVXUH��JHRJUDSKLFDO��SUREOHP�DUHDV��RU
$UHDV�RI�&RQFHUQ��$2&V��ZHUH�LGHQWLILHG�LQ�WKH�*UHDW�/DNHV�ZKHUH�*/:4$�REMHFWLYHV�KDG�EHHQ
H[FHHGHG�DQG�VXFK�H[FHHGDQFH�KDG�FDXVHG��RU�ZDV�OLNHO\�WR�FDXVH��LPSDLUPHQW�RI�EHQHILFLDO�XVH
RU�WKH�DUHD
V�DELOLW\�WR�VXSSRUW�DTXDWLF�OLIH���7KH�GHILQHG�$2&V�LQFOXGH�ULYHUV��FRQQHFWLQJ
FKDQQHOV��KDUERUV��DQG�HPED\PHQWV�RI�WKH�*UHDW�/DNHV��ZLWK�WKH�8�6��VWDWHV�DQG�&DQDGLDQ
SURYLQFHV�UHVSRQVLEOH�IRU�UHPHGLDWLQJ�WKHVH�DUHDV���7KH�:DWHU�4XDOLW\�%RDUG��:4%��RI�WKH�,-&
GHWHUPLQHV�WKH�$2&V��EXW�WKH�VSHFLILF�JHRJUDSKLFDO�ERXQGDULHV�RI�WKH�$2&V�DUH�VHW�E\�WKH�VWDWHV
DQG�RU�SURYLQFLDO�JRYHUQPHQWV���&XUUHQWO\��WKHUH�DUH����$2&V�����DUH�XQGHU�&DQDGLDQ
MXULVGLFWLRQ�����XQGHU�8�6��MXULVGLFWLRQ��DQG�ILYH�XQGHU�MXULVGLFWLRQ�RI�ERWK�FRXQWULHV���7KH�VRXUFHV
RI�FRQWDPLQDWLRQ�KDYH�XVXDOO\�EHHQ�ZDWHU�GLVFKDUJHV�IURP�SRLQW�DQG�QRQ�SRLQW�VRXUFHV���

,Q�RUGHU�WR�SURYLGH�PRUH�XQLIRUP�JXLGDQFH�RQ�KRZ�WR�UHPHGLDWH�WKH�$2&V��5HPHGLDO
$FWLRQ�3ODQV��5$3V��ZHUH�LQWURGXFHG�LQ��������,Q�������HLJKW�8�6��VWDWHV�ZHUH�LQYROYHG�LQ�WKH�5$3
SURFHVV���,QGLDQD��,OOLQRLV��0LQQHVRWD�DQG�3HQQV\OYDQLD����$2&�HDFK���2KLR����$2&V���:LVFRQVLQ
���$2&V���1HZ�<RUN����$2&V���DQG�0LFKLJDQ�����$2&V����&XUUHQWO\��IRU�PRVW�$2&V��WKH�SUREOHP
GHILQLWLRQ�VWDJH�RI�WKH�5$3�SURFHVV�KDV�EHHQ�DGGUHVVHG�DQG�WKH�SODQQLQJ�DQG�LPSOHPHQWDWLRQ
VWDJHV�DUH�WR�EH�LQLWLDWHG���2QH�RI�WKH�PDMRU�SUREOHPV�IDFLQJ�WKH�$2&V�WRGD\�LV�WR[LF�FRQWDPLQD�
WLRQ�RI�WKH�VHGLPHQWV���$OO�RI�WKH�8�6��$2&V�KDYH�LPSDLUHG�EHQHILFLDO�XVHV�DWWULEXWDEOH�WR
FRQWDPLQDWHG�VHGLPHQWV��8�6��(3$�DQG�(QYLURQPHQW�&DQDGD���������$V�D�UHVXOW��VHGLPHQW
UHPHGLDWLRQ�LV�D�NH\�FRPSRQHQW�RI�5$3�UHPHGLDWLRQ���
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7KH�SURJUHVV�RI�$2&�UHPHGLDWLRQ�LV�SUHVHQWHG�LQ�DQ�(3$�UHSRUW��3URJUHVV�LQ�WKH�*UHDW�/DNHV
5HPHGLDO�$FWLRQ�3ODQV���,PSOHPHQWLQJ�WKH�(FRV\VWHP�$SSURDFK�LQ�WKH�*UHDW�/DNHV�$UHDV�RI�&RQFHUQ��8�6�
(3$�DQG�(QYLURQPHQW�&DQDGD���������7KLV�UHSRUW�SURYLGHV�DQ�XSGDWH�IRU�HDFK�$2&�LQ�WKH�*UHDW
/DNHV�DQG�VXPPDUL]HV�WKH�PDMRU�EDUULHUV�WR�DQG�EHQHILWV�RI�WKH�5$3�SURFHVV���,W�FRQFOXGHV�WKDW�D
FRPSUHKHQVLYH�GHFLVLRQ�PDNLQJ�SURFHVV�WKDW�OHDGV�WR�FRPPLWPHQW�IRU�DFWLRQ�LV�DQ�HVVHQWLDO
DVSHFW�RI�LPSOHPHQWLQJ�DQ�HFRV\VWHP�DSSURDFK��DV�UHTXLUHG�LQ�D�5$3���*UHDW�/DNHV�IHGHUDO��VWDWH�
DQG�SURYLQFLDO�JRYHUQPHQWV�KDYH�SURYLGHG�OHDGHUVKLS�DQG�UHVRXUFHV�IRU�GHYHORSPHQW�DQG
LPSOHPHQWDWLRQ�RI�5$3V���7KURXJK�JRYHUQPHQW�DQG�FRPPXQLW\�EDVHG�SDUWQHUVKLSV��5$3V�DUH
EHLQJ�GHYHORSHG�WR�EH�D�FRRUGLQDWHG��PXOWL�VWDNHKROGHU�UHVSRQVH�WR�UHVWRULQJ�LPSDLUHG�EHQHILFLDO
XVHV�LQ�$2&V���

620(�$'',7,21$/�$&7,216�5(/$7('�72�72;,&�&217$0,1$7,21�$1'�5('8&7,21

,Q�DGGLWLRQ�WR�DFWLYLWLHV�GHVFULEHG�DERYH��PDQ\�SROOXWDQW�VSHFLILF�HIIRUWV�SURYLGH
VLJQLILFDQW�LQIRUPDWLRQ�RQ�DWPRVSKHULF�FRQWDPLQDWLRQ�LQ�WKH�*UHDW�/DNHV���)RU�H[DPSOH��(3$
GHYHORSHG�VWDQGDUGV�IRU�PXQLFLSDO�ZDVWH�FRPEXVWRUV��H[FOXGHV�QHZ�VRXUFHV�ZLWK�LQGLYLGXDO
FDSDFLW\�RI������WRQV�\HDU������)HGHUDO�5HJLVWHU��������DQG�SURSRVHG�VWDQGDUGV�IRU�PHGLFDO�ZDVWH
LQFLQHUDWRUV�����)HGHUDO�5HJLVWHU��������ZKLFK�ZLOO��ZKHQ�LPSOHPHQWHG�E\�������SURYLGH�DERXW�D���
WRQ�UHGXFWLRQ�LQ�PHUFXU\�HPLVVLRQV��RU����SHUFHQW�RI�FXUUHQW�WRWDO�8�6��HPLVVLRQV��EDVHG�RQ�����
HPLVVLRQV�HVWLPDWHV���,PSOHPHQWDWLRQ�RI�RWKHU�0D[LPXP�$YDLODEOH�&RQWURO�7HFKQRORJ\��0$&7�
VWDQGDUGV��LQFOXGLQJ�WKRVH�SURSRVHG�LQ������IRU�KD]DUGRXV�ZDVWH�FRPEXVWRUV��RIIHU�WKH
SUREDELOLW\�RI�IXUWKHU�PHUFXU\�HPLVVLRQ�UHGXFWLRQV�LQ�WKH�IXWXUH�

)RU�WR[DSKHQH��PDQ\�LVVXHV�UHPDLQ�DERXW�LWV�VRXUFHV�DQG�FRQWLQXLQJ�SUHVHQFH�LQ�WKH
*UHDW�/DNHV���(3$�KHOG�D�UHVHDUFK�ZRUNVKRS�RQ�0DUFK��������������ZLWK�VFLHQWLVWV�WR�DVVHVV�WKHVH
FRQFHUQV��8�6��(3$�����F����%DVHG�RQ�WKH�PHHWLQJ��WKH�IROORZLQJ�DFWLRQV�ZHUH�UHFRPPHQGHG�WR
PDLQWDLQ�SURJUHVV�WRZDUG�UHVROYLQJ�VHYHUDO�TXHVWLRQV�FRQFHUQLQJ�FRQFHQWUDWLRQV�DQG�WUHQGV
�VSDWLDO�DQG�WHPSRUDO��LQ�YDULRXV�*UHDW�/DNHV�PHGLD�DQG�WKH�VRXUFHV�RI�WR[DSKHQH�LQ�WKH�*UHDW
/DNHV�

& 0HDVXUH�FRQFHQWUDWLRQ�JUDGLHQW�RI�WR[DSKHQH�DFURVV�DLU�ZDWHU�LQWHUIDFH�DQG�OLQN
ZLWK�DWPRVSKHULF�VRXUFH�SURILOH�WR�HVWDEOLVK�VHDVRQDO�DQG�DQQXDO�IOX[HV�WR�DQG
IURP�/DNHV�6XSHULRU�DQG�0LFKLJDQ��DV�ZHOO�DV�FRUUHODWLYH�PHDVXUHPHQWV�LQ�RWKHU
*UHDW�ODNHV�WR�SHUPLW�VSDWLDO�FRPSDULVRQV�

& &ROOHFW�DGGLWLRQDO�VHGLPHQW�FRUHV�LQ�/DNHV�6XSHULRU�DQG�0LFKLJDQ�WR�GHWHUPLQH
FRQFHQWUDWLRQV��DFFXPXODWLRQ�UDWHV��DQG�LQYHQWRULHV�WR�KHOS�HVWDEOLVK�SDVW
G\QDPLFV�RI�WR[DSKHQH�DQG�DVVLVW�LQ�HIIRUWV�WR�IRUHFDVW�IXWXUH�FRQGLWLRQV�LQ�WKH
*UHDW�/DNHV�

& 4XDQWLI\�DTXDWLF�IRRG�ZHE�G\QDPLFV�WR�HVWDEOLVK�KRZ�IRRG�ZHE�LQIOXHQFHV�VSDWLDO
DQG�WHPSRUDO�YDULDWLRQV�LQ�WR[DSKHQH�FRQFHQWUDWLRQV�LQ�ELRWD�

& 0HDVXUH�SK\VLFDO�FKHPLFDO�SURSHUWLHV�RI�WR[DSKHQH�KRPRORJV�DQG�FRQJHQHUV�

%HVLGHV�SURYLGLQJ�LQIRUPDWLRQ�RQ�VHGLPHQW�GHSRVLWLRQ�DQG�F\FOLQJ�RI�WR[DSKHQH�LQ�WKH�*UHDW
/DNHV��LW�LV�DQWLFLSDWHG�WKDW�UHVXOWV�IURP�WKHVH�UHFRPPHQGDWLRQV�ZRXOG�SURYLGH�D�PRUH�ILUP
WHFKQLFDO�EDVLV�XSRQ�ZKLFK�WR�H[SORUH�WKH�QHHG�IRU�DQG�H[WHQW�RI�DSSURSULDWH�PDQDJHPHQW�DFWLRQV���
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State of the Lakes Ecosystem Conference
(SOLEC)

As part of the continuing response by the
governments of the United States and Canada to
the binational Great Lakes Water Agreement,
SOLEC was initiated and held in October 1994.
The second meeting of SOLEC was held in
Windsor, Ontario, on November 6-8, 1996. 
SOLEC is viewed as part of a process of sharing
information needed to make well informed
decisions that affect the ecosystem of the Great
Lakes.  It is attended by managers and other
decision makers from the private sector, and
government and non-government environmental
organizations. 

$QRWKHU�PDMRU�ELQDWLRQDO�HIIRUW�WR�EURDGO\�DGGUHVV�*UHDW�/DNHV�LVVXHV�LV�WKH�6WDWH�RI�WKH
/DNHV�(FRV\VWHP�&RQIHUHQFH��62/(&��RUJDQL]HG�E\�WKH�JRYHUQPHQWV�RI�WKH�8QLWHG�6WDWHV�DQG
&DQDGD���,Q�WKH�ILUVW�62/(&�LQ�������D�UHSRUW��DQG�ILYH�EDFNJURXQG�SDSHUV��ZDV�UHOHDVHG�RQ�WKH
FXUUHQW�FRQGLWLRQ�RI�WKH�*UHDW�/DNHV
�(QYLURQPHQW�&DQDGD�DQG�8�6��(3$��������
7KH�UHSRUW�DGGUHVVHG�WKH�HQWLUH�*UHDW�/DNHV
V\VWHP�LQ�WHUPV�RI�HFRORJLFDO�DQG�KXPDQ
KHDOWK��DQG�WKH�VWUHVVRUV�ZKLFK�DIIHFW�LW���7KH
VL[�DUHDV�RI�GLVFXVVLRQ�ZHUH�KXPDQ�KHDOWK�
DTXDWLF�FRPPXQLW\�KHDOWK��DTXDWLF�KDELWDW�
WR[LF�FRQWDPLQDQWV��QXWULHQWV��DQG�WKH
HFRQRP\���$OWKRXJK�WKH�UHSRUW�GLG�QRW
GHVFULEH�RU�HYDOXDWH�SROOXWLRQ�FRQWURO�RU
QDWXUDO�UHVRXUFH�PDQDJHPHQW�SURJUDPV��LW
GLG�IRFXV�RQ�HQYLURQPHQWDO�FRQGLWLRQV
ZLWKLQ�WKH�*UHDW�/DNHV�V\VWHP���7KH�62/(&
UHSRUW�LQGLFDWHG�WKDW�WKHUH�KDV�EHHQ
FRQVLGHUDEOH�LPSURYHPHQW�LQ�DOO�WKH�*UHDW
/DNHV�FRPSDUHG�WR����\HDUV�DJR��DOWKRXJK
VHULRXV�ORVVHV�LQ�KDELWDW�IRU�QDWLYH�SODQWV�DQG
DQLPDOV�FRQWLQXHV���1XWULHQW�DQG�WR[LF
FRQWDPLQDQW�FRQFHQWUDWLRQV�DSSHDU�WR�EH�GHFUHDVLQJ��DOWKRXJK�ELRDFFXPXODWLYH�SROOXWDQWV�VWLOO
FDXVH�SUREOHPV���7KH�UHSRUW�SUHVHQWHG�D��PL[HG�SLFWXUH��RI�WKH�FXUUHQW�FRQGLWLRQV�RI�WKH�*UHDW
/DNHV�DQG�FKDOOHQJHV�PDQDJHUV�DQG�GHFLVLRQ�PDNHUV�WKURXJKRXW�WKH�EDVLQ�WR�REWDLQ�DGHTXDWH
LQIRUPDWLRQ��GHDO�ZLWK�VXEWOH�HIIHFWV�RI�ORQJ�WHUP�H[SRVXUH�WR�ORZ�OHYHOV�RI�WR[LF�FRQWDPLQDQWV�
SURWHFW�ELRGLYHUVLW\��UHVWRUH�KDELWDW�IRU�QDWLYH�SODQWV�DQG�DQLPDOV��FRQQHFW�GHFLVLRQV�ZLWK
HFRV\VWHP�UHVXOWV��DQG�DWWDLQ�VXVWDLQDELOLW\���

%XLOGLQJ�RQ�WKH�ILQGLQJV�RI�WKH�ILUVW�62/(&��WKH������62/(&��(QYLURQPHQW�&DQDGD�DQG
8�6��(3$�������IRFXVHG�RQ�QHDUVKRUH�DUHDV�RI�WKH�*UHDW�/DNHV�EDVLQ��L�H���ZDUP�DQG�VKDOORZ
ZDWHUV��FRDVWDO�ZHWODQGV����7KHVH�DUHDV�UHSUHVHQW�WKH�PRVW�GLYHUVH�DQG�SURGXFWLYH�SDUWV�RI�WKH
*UHDW�/DNHV�HFRV\VWHP��DQG�SURYLGH�VXSSRUW�IRU�PRVW�LQWHQVH�KXPDQ�DFWLYLW\�DQG�VXEVHTXHQWO\�
DUH�VXEMHFWHG�WR�JUHDWHVW�VWUHVV���.H\�WKHPHV�IURP�WKH�FRQIHUHQFH�ZHUH�LPPHGLDWH�DFWLRQV�
ORFDO�FRPPXQLW\�OHYHO�LQYROYHPHQW��GHYHORSPHQW�RI�FRPPRQ�HFRV\VWHP�KHDOWK�LQGLFDWRUV�WR
PHDVXUH�SURJUHVV��HVVHQWLDOLW\�RI�FRRSHUDWLRQ�DQG�SDUWQHUVKLS�GXH�WR�FRPSOH[LW\�RI�LVVXHV�DQG
GHYHORSPHQW�RI�QHZ�LGHDV��DSSURDFKHV�WKDW�UHFRJQL]H�ORQJ�WHUP�SHUVSHFWLYH��DQG�IRFXV�RQ
SUHYHQWLRQ�DQG�SUHVHUYDWLRQ���7KH�*UHDW�:DWHUV�SURJUDP�ZLOO�EHQHILW�IURP�PDQ\�DVSHFWV�RI
62/(&��VXFK�DV�WKH�LQIRUPDWLRQ�JDWKHUHG�RQ�WKH�LPSDFW�RI�DLU�SROOXWDQWV�RQ�KXPDQ�KHDOWK�DQG
HFRORJLFDO�HIIHFWV�DQG�WKH�SURPRWLRQ�RI�SROOXWLRQ�SUHYHQWLRQ�PHDVXUHV�

$GGUHVVLQJ�'DWD�*DSV�)XWXUH�1HHGV

&RQVLGHUDEOH�SURJUHVV�KDV�EHHQ�PDGH�LQ�WKH�UHFHQW�SDVW�LQ�FKDUDFWHUL]LQJ�DQG�UHGXFLQJ
WR[LF�SROOXWLRQ�LQ�WKH�*UHDW�/DNHV���7KH�SURJUDPV�SUHVHQWHG�DERYH�DQG�VXPPDUL]HG�LQ�7DEOH��,9�
��SURYLGH�DQ�RYHUYLHZ�RI�VRPH�QRWDEOH�DQG�UHFHQW�DFWLYLWLHV�E\�WKH�8QLWHG�6WDWHV��DV�ZHOO�DV
&DQDGD��WR�UHVSRQG�WR�FRQFHUQV�UHODWHG�WR�DWPRVSKHULF�SROOXWLRQ�LQ�WKH�*UHDW�/DNHV���6RPH�RI
WKHVH�PHDVXUHV�LQFOXGH�LGHQWLI\LQJ�HPLVVLRQ�VRXUFHV��FKDUDFWHUL]LQJ�FRQWDPLQDWLRQ�IURP
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TABLE IV-4
Summary of Some Major Programs to Address Atmospheric Contamination in the Great Lakes

Data Collection/Research Projects

Lake Michigan Monitoring Scientific base for future load reduction effort at all
Program/Lake Michigan Mass government levels.  Mass balance study addresses CAA
Balance Study section 112(m) through coordinated effort to quantify and

understand loadings, transport, and fate of selected HAPs. 
Also to provide a validated method to estimate loading for
other waterbodies.

Integrated Atmospheric Binational monitoring network and research program to
Deposition Network (IADN) determine magnitude and trends of atmospheric deposition

for the region.

Great Lakes Emissions Inventory of sources and source category emissions in
Inventories Great Lakes region, with a multi-state data base (RAPIDS).

Toxics Reduction Efforts

Virtual Elimination Pilot Program/ Regulatory and non-regulatory efforts to encourage
Great Lakes Binational Toxics reduction in use and release of bioaccumulative pollutants in
Strategy Great Lakes.

Lakewide Management Plan Management tool to document approach to decrease
(LaMP) pollutant input to each of the Great Lakes.

Great Lakes Water Quality Promotion of pollution minimization plans to stop pollution
(GLWQ) Guidance before it reaches the environment, and consistent standards

to protect human health, wildlife, and aquatic life.

Remedial Action Plans for Great Action-planning process for implementing remedial and
Lakes Areas of Concern (AOCs) preventive actions to restore impaired beneficial uses of

specific areas.

�SROOXWDQWV��GHYHORSLQJ�DQG�LPSOHPHQWLQJ�YROXQWDU\�DQG�UHJXODWRU\�PHDVXUHV��DQG�GHYHORSLQJ
JXLGDQFH�IRU�HYDOXDWLQJ�OHYHOV�RI�ULVN�RI�SROOXWDQW�FRQWDPLQDWLRQ���7KHVH�SURJUDPV�KDYH�XVXDOO\
LQYROYHG�FRRUGLQDWLRQ�DPRQJ�YDULRXV�IHGHUDO��VWDWH��DQG�RU�ORFDO�DJHQFLHV���7KRXJK�HDFK�SURJUDP
LV�GHVLJQHG�WR�DGGUHVV�VSHFLILF�JRDOV��PDQ\�RI�WKHVH�SURJUDPV�FRRUGLQDWH�WKHLU�HIIRUWV�WR�HQVXUH
WKDW�UHVXOWV�DUH�QRW�GXSOLFDWHG���)RU�H[DPSOH��WKH�%LQDWLRQDO�9LUWXDO�(OLPLQDWLRQ�6WUDWHJ\�ZDV
GHYHORSHG�WR�DFKLHYH�YLUWXDO�HOLPLQDWLRQ�RI�SHUVLVWHQW�WR[LF�SROOXWDQWV�LQ�WKH�*UHDW�/DNHV��EXW�LW
DOVR�VXSSRUWV�DQG�EXLOGV�XSRQ�RQJRLQJ�SURFHVVHV�LQ�WKH�/D03V��VXFK�DV�WKH�=HUR�'LVFKDUJH
'HPRQVWUDWLRQ�3URMHFW�WKURXJK�WKH�/DNH�6XSHULRU�/D03���)XUWKHUPRUH��WKH�*UHDW�/DNHV
(PLVVLRQV�,QYHQWRULHV�ZLOO�HYHQWXDOO\�SURYLGH�LQIRUPDWLRQ�IRU�GHWHUPLQLQJ�ZKHWKHU�WKH
UHGXFWLRQ�JRDOV�VHW�LQ�WKH�*UHDW�/DNHV�%LQDWLRQDO�7R[LFV�6WUDWHJ\�KDYH�EHHQ�PHW���7KH�,$'1�ZLOO
PRQLWRU�ZKHWKHU�SROOXWDQW�OHYHOV�DUH�DFWXDOO\�GHFUHDVLQJ�

7KH�*UHDW�/DNHV�SURJUDPV�GHVFULEHG�LQ�WKLV�FKDSWHU�DOVR�FRPSOHPHQW�WKH�*UHDW�:DWHUV
SURJUDP�LQ�DVVHVVLQJ�DQG�LGHQWLI\LQJ�WKH�H[WHQW�RI�DWPRVSKHULF�FRQWDPLQDWLRQ�RI�KD]DUGRXV�DLU
SROOXWDQWV�WR�WKH�*UHDW�/DNHV���)XUWKHU�FRRUGLQDWHG�SURJUHVV�LV�QHHGHG�WR�LPSURYH�NQRZOHGJH
DQG�XQGHUVWDQGLQJ�RI�SROOXWDQW�FRQWDPLQDWLRQ��DV�ZHOO�DV�WR�LQFUHDVH�SXEOLF�DZDUHQHVV���,Q
DGGLWLRQ�WR�WKH�FRQWLQXDWLRQ�RI�WKH�FXUUHQW�SURJUDPV�DFWLYLWLHV��VRPH�KLJK�SULRULW\�HIIRUWV�IRU�WKH
*UHDW�/DNHV�EDVLQ�LQFOXGH���
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® ,PSURYHPHQW�LQ�UHVHDUFK�DQG�PRQLWRULQJ�WHFKQLTXHV�WR�UHGXFH�XQFHUWDLQWLHV�LQ�ORDGLQJ
FDOFXODWLRQV��VXFK�DV�WKRVH�IRU�WKH�,$'1��DQG�WKHUHIRUH��UHVXOW�LQ�EHWWHU�HVWLPDWHV�RI
DWPRVSKHULF�SROOXWDQW�OHYHOV�DQG�GHSRVLWLRQ�

® ,PSURYHPHQW�LQ�GLVSHUVLRQ�DQG�GHSRVLWLRQ�PRGHOV�FXUUHQWO\�EHLQJ�GHYHORSHG�WR�OLQN
HPLVVLRQ�LQYHQWRU\�LQIRUPDWLRQ�WR�DWPRVSKHULF�ORDGLQJV�RI�*UHDW�/DNHV�SROOXWDQWV�DW�WKH
ZDWHU
V�VXUIDFH�

® $IWHU�/DNH�0LFKLJDQ�0DVV�%DODQFH�GDWD�KDYH�EHHQ�DQDO\]HG��DSSOLFDWLRQ�RI�UHVXOWV�DQG
PRGHOLQJ�WRROV�IURP�WKH�VWXG\�WR�WKH�GHYHORSPHQW�RI�D�JHQHUDO�PDVV�EDODQFH�PRGHO�IRU
RWKHU�KD]DUGRXV�DLU�SROOXWDQWV�

® ,QFUHDVH�LQ�HIIRUWV�WR�LGHQWLI\�ORFDO�DQG�ORQJ�UDQJH�VRXUFHV�RI�*UHDW�/DNHV�SROOXWDQWV
WKURXJK�YDULRXV�VRXUFH�DSSRUWLRQPHQW�PRGHOLQJ�DQG�HPLVVLRQV�LQYHQWRULHV��VXFK�DV�LQ
WKH�5$3,'6�GDWD�EDVH��DQG�

® &RQWLQXDWLRQ�RI�HIIRUWV�WR�GHYHORS�DQG�LPSOHPHQW�VWUDWHJLHV�DQG�UHFRPPHQGDWLRQV�WR
UHGXFH�XVH��JHQHUDWLRQ��DQG�UHOHDVH�RI�SROOXWDQWV�DIIHFWLQJ�WKH�*UHDW�/DNHV��SDUWLFXODUO\
WKURXJK�ELQDWLRQDO�HIIRUWV�VXFK�DV�WKH�UHGXFWLRQ�FKDOOHQJHV�SURSRVHG�XQGHU�WKH
%LQDWLRQDO�9LUWXDO�(OLPLQDWLRQ�6WUDWHJ\�

$V�PRUH�LQIRUPDWLRQ�LV�JDWKHUHG�RQ�WKH�FKDUDFWHUL]DWLRQ�DQG�UHGXFWLRQ�RI�DWPRVSKHULF
GHSRVLWLRQ�RI�WR[LF�SROOXWDQWV�WR�WKH�*UHDW�/DNHV��WKH�UHVXOWV�RI�WKHVH�HIIRUWV��DV�ZHOO�DV�WKH�WRROV
XVHG��PD\�EH�DSSOLHG�WR�RWKHU�ZDWHUERGLHV��VXFK�DV�/DNH�&KDPSODLQ���
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Economic Highlights of 
Lake Champlain Basin

& Twenty-five percent of the workforce is
employed in natural resource-related activities
(e.g., agriculture, mining, forestry).

& Resources of the Lake are a major reason
why many Basin residents reside in this
region.

& Tourism represents a significant economic
factor for the region, generating $2.2 billion in
1990, of which 40 percent were Lake related
(e.g., marina, white-water rafting).  Part of
tourism income comes from recreational
activities, including $81 million per year from
fishing industry (in 1991) and $50 million per
year from bird and wildlife viewing (in 1990). 

Sources:  LCBP 1994, 1996.

,9�% /DNH�&KDPSODLQ

/RFDWHG�DURXQG�WKH�QRUWKHUQPRVW�ERUGHUV�RI�WKH�VWDWHV�RI�1HZ�<RUN�DQG�9HUPRQW�DQG
WKH�VRXWKHUQ�ERUGHU�RI�WKH�SURYLQFH�RI�4XHEHF��/DNH�&KDPSODLQ�LV�RQH�RI�WKH�ODUJHVW�IUHVKZDWHU
ODNHV�LQ�WKH�8QLWHG�6WDWHV��ZLWK�������NP �RI�VXUIDFH�ZDWHU��RYHU����LVODQGV��DQG�����NP�RI�

VKRUHOLQH��VHH�)LJXUH�,9������,W�IORZV�QRUWK�IURP�:KLWHKDOO��1HZ�<RUN��DOPRVW�����NP�DFURVV�WKH
8�6��&DQDGLDQ�ERUGHU�WR�LWV�RXWOHW�DW�WKH�5LFKHOLHX�5LYHU�LQ�4XHEHF��ZKHUH�LW�MRLQV�WKH�6W�
/DZUHQFH�5LYHU���/DNH�&KDPSODLQ�LV�XQLTXH�EHFDXVH�RI�LWV�QDUURZ�ZLGWK�����NP�DW�LWV�ZLGHVW
SRLQW���JUHDW�GHSWK��RYHU�����PHWHUV�LQ�VRPH�SDUWV���DQG�ODUJH�VL]H�RI�WKH�ZDWHUVKHG�UHODWLYH�WR�WKH
ODNH�VXUIDFH�

7KH�/DNH�&KDPSODLQ�%DVLQ��FRPSRVHG�RI�WKH�HQWLUH�ZDWHUVKHG�RU�GUDLQDJH�DUHD��VSDQV
IURP�WKH�$GLURQGDFN�0RXQWDLQV�LQ�WKH�ZHVW�WR�WKH�*UHHQ�0RXQWDLQV�LQ�WKH�HDVW��DQG�IURP�WKH
7DFRQLF�0RXQWDLQV�LQ�WKH�VRXWKHDVW�WR�WKH�6W��/DZUHQFH�9DOOH\�LQ�WKH�QRUWK��)LJXUH�,9������7KH
WRWDO�DUHD�RI�WKH�%DVLQ�LV��������NP ��RI�ZKLFK����SHUFHQW�LV�LQ�9HUPRQW�����SHUFHQW�LV�LQ�1HZ�

<RUN��DQG���SHUFHQW�LV�LQ�4XHEHF���7KH�%DVLQ�LV�FKDUDFWHUL]HG�E\�DQ������UDWLR�RI�ZDWHUVKHG�WR�ODNH
VXUIDFH�DUHD��LQGLFDWLQJ�WKDW�WKH�ODNH�UHSUHVHQWV�RQO\�DERXW���SHUFHQW�RI�WKH�WRWDO�EDVLQ�DUHD��
$SSUR[LPDWHO\����SHUFHQW�RI�WKH�%DVLQ�LV�FDWHJRUL]HG�DV�IRUHVW�DQG�DJULFXOWXUDO�ODQG�

%\�WKH�HQG�RI�������DSSUR[LPDWHO\
��������SHRSOH�UHVLGHG�LQ�WKH�/DNH
&KDPSODLQ�%DVLQ��ZLWK�WKH�SRSXODWLRQ
LQFUHDVLQJ�HDFK�\HDU�E\�DERXW�����SHUFHQW
�/&%3���������0RVW�RI�WKH�UHJLRQ�LV�FODVVLILHG
DV�UXUDO��ZLWK�RQO\�%XUOLQJWRQ��9HUPRQW�
UHFRJQL]HG�DV�D�PHWURSROLWDQ�DUHD������
SRSXODWLRQ�RI�����������7KH�/DNH�&KDPSODLQ
%DVLQ�KDV�WUDGLWLRQDOO\�KDG�D�UXUDO�UHVRXUFH�
EDVHG�HFRQRP\��LQFOXGLQJ�DJULFXOWXUH�
UHQHZDEOH�QDWXUDO�UHVRXUFHV��H�J���WLPEHU�
ILVK��PDSOH�V\UXS���DQG�QRQ�UHQHZDEOH
QDWXUDO�UHVRXUFHV��H�J���LURQ�RUH��PDUEOH�
JUDYHO����,Q�UHFHQW�\HDUV��WKH�HFRQRP\�KDV
GLYHUVLILHG�LQWR�RWKHU�DFWLYLWLHV��EXW�LV�VWLOO
GHSHQGHQW�RQ�WKH�QDWXUDO�UHVRXUFHV��VHH
VLGHEDU��

/DNH�&KDPSODLQ��XQOLNH�PDQ\�RWKHU
ODNHV�WKDW�WHQG�WR�EH�PRUH�HYHQO\�PL[HG��LV
PDGH�XS�RI�ILYH�GLVWLQFW�DUHDV�RU�ODNH�VHJPHQWV��HDFK�ZLWK�GLIIHUHQW�SK\VLFDO�DQG�FKHPLFDO
FKDUDFWHULVWLFV��)LJXUH�,9������,Q�WKHVH�ODNH��GLYLVLRQV���SROOXWDQWV�PD\�DFFXPXODWH�LQ�VKDOORZ
DUHDV�RU�ED\V�ZKHUH�IOXVKLQJ�DQG�ZDWHU�FLUFXODWLRQ�DUH�UHGXFHG��DQG�PD\�EH�GHSRVLWHG�DW�WKH
PRXWKV�RI�ULYHUV�ZKHUH�UXQRII�FDUU\LQJ�VHGLPHQW�DQG�RWKHU�SROOXWDQWV�IURP�WKH�ZDWHUVKHG�LV
GLVFKDUJHG���+XPDQ�DFWLYLWLHV�DOVR�FRQFHQWUDWH�LQ�PDQ\�RI�WKHVH�DUHDV�RI�WKH�ODNH��LQFUHDVLQJ�WKH
SRWHQWLDO�IRU�FRQWDPLQDWLRQ�DQG�H[SRVXUH���
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FIGURE IV-6
Lake Champlain Basin
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Atmospheric Sources of Toxic
Contamination in Lake Champlain

Local Mobile emissions
Residential energy consumption
  (e.g., wood burning)
Waste incinerators

Regional/ Smelters (Quebec)
Long-distance Utilities (midwestern United States)

$Q�XQGHUVWDQGLQJ�RI�WKH�K\GURG\QDPLFV�RI�/DNH�&KDPSODLQ�LV�HVVHQWLDO�WR�SUHGLFWLQJ
KRZ�DQG�ZKHUH�SROOXWDQWV�DUH�WUDQVSRUWHG��DQG�ZKHUH�WKH\�ZLOO�HQG�XS�LQ�WKH�ODNH���$�VLPSOLILHG
WKUHH�GLPHQVLRQDO�K\GURG\QDPLF�WUDQVSRUW�PRGHO��EHLQJ�GHYHORSHG�ZLWK�IXQGLQJ�E\�WKH�/DNH
&KDPSODLQ�%DVLQ�3URJUDP��/&%3���ZLOO�EH�XVHG�DV�D�PDQDJHPHQW�WRRO�WR�GHWHUPLQH�SRWHQWLDO
HIIHFWV�RI�SROOXWDQW�LQSXWV�DQG�RWKHU�FKDQJHV�WR�WKH�ZDWHUERG\��/&%3�������

&KDUDFWHUL]LQJ�7R[LF�&RQWDPLQDQWV�LQ�/DNH�&KDPSODLQ

/HYHOV�RI�WR[LF�FRQWDPLQDWLRQ�LQ�/DNH�&KDPSODLQ�DUH�ORZ�FRPSDUHG�WR�WKH�*UHDW�/DNHV�
KRZHYHU��FRQFHUQV�IRU�SURWHFWLQJ�WKH�SXEOLF�KHDOWK�VWLOO�H[LVW���)LVK�FRQVXPSWLRQ�DGYLVRULHV�IRU
WZR�*UHDW�:DWHUV�SROOXWDQWV��PHUFXU\�DQG�3&%V��DUH�FXUUHQWO\�LQ�HIIHFW�LQ�ERWK�1HZ�<RUN�DQG
9HUPRQW�IRU�ILVK�IURP�/DNH�&KDPSODLQ��VHH�$SSHQGL[�%���/&%3���������7HVWLQJ�RI�ODNH�ERWWRP
VHGLPHQW�QHDU�WKH�XUEDQL]HG�VLWHV�DORQJ�WKH�/DNH�VKRZV�SROOXWDQWV�OHYHOV�WKDW�PD\�EH�RI�FRQFHUQ
DQG�LQGLFDWHV�SRWHQWLDO�ULVNV�WR�DTXDWLF�OLIH��VHH�6HFWLRQ�,,�%����%HFDXVH�RI�WKHVH�ILQGLQJV��DV�ZHOO�DV
H[FHHGDQFHV�RI�ZDWHU�TXDOLW\�VWDQGDUGV�VHW�E\�(3$��12$$��DQG�WKH�SURYLQFH�RI�2QWDULR��/&%3
JLYHV�KLJKHVW�SULRULW\�WR�WKHVH�WZR�SROOXWDQWV��

7KH�FRQWULEXWLRQ�RI�DLU�GHSRVLWLRQ�DV
D�VRXUFH�RI�ORDGLQJV�IRU�SROOXWDQWV��VXFK�DV
PHWDOV�DQG�RUJDQLF�FRPSRXQGV��LV�RI
FRQFHUQ�IRU�/DNH�&KDPSODLQ�DQG�WKH�%DVLQ�
DQG�KDV�EHHQ�WKH�VXEMHFW�RI�UHFHQW�VWXGLHV��
$OWKRXJK�HPLVVLRQV�RI�WR[LF�SROOXWDQWV
ZLWKLQ�WKH�%DVLQ�DUH�FRQVLGHUHG�ORZ
EHFDXVH�RI�WKH�IHZ�LQGXVWULHV�DQG�XWLOLWLHV�LQ
WKH�ORFDO�DUHD��KLJK�OHYHOV�RI�SROOXWDQWV�PD\
UHDFK�WKH�/DNH�IURP�PRUH�GLVWDQW�VRXUFHV
�/&%3���������������'DWD�KDYH�EHHQ�OLPLWHG
UHJDUGLQJ�DWPRVSKHULF�VRXUFHV��RU�WKH�PRYHPHQW�RI�SROOXWDQWV�IURP�WKH�DWPRVSKHUH�WR�WKH�/DNH
GLUHFWO\�RU�WKURXJK�WKH�ZDWHUVKHG�

$�����������DLU�PRQLWRULQJ�VWXG\�PHDVXUHG�WKH�FRQFHQWUDWLRQ�RI�WR[LF�PHWDOV�DW�IRXU�VLWHV
LQ�WKH�/DNH�&KDPSODLQ�%DVLQ��:KLWHIDFH�0RXQWDLQ��1<��:LOOLVERUR�%D\��1<��%XUOLQJWRQ��97��DQG
8QGHUKLOO��97���/&%3���������3UHOLPLQDU\�GDWD�UHYHDOHG�HOHYDWHG�OHYHOV�RI�]LQF�LQ�WKH�DLU
VXUURXQGLQJ�%XUOLQJWRQ��SRVVLEO\�GXH�WR�UHIXVH�LQFLQHUDWLRQ��WLUH�ZHDU��DQG�LQGXVWULHV���7KHUH
ZHUH�DOVR�SHULRGLF�LQFUHDVHV�LQ�DUVHQLF�OHYHOV�DW�WKHVH�DQG�RWKHU�VLWHV�DFURVV�WKH�1RUWKHDVW���7KH
VRXUFH�RI�WKHVH�DUVHQLF�FRQFHQWUDWLRQV�LQ�WKH�DLU�LV�EHOLHYHG�WR�EH�D�VPHOWHU�LQ�4XHEHF��/&%3
��������0HUFXU\��OHDG��DQG�FDGPLXP�FRPSRXQGV�ZHUH�DOVR�PHDVXUHG�LQ�WKLV�VWXG\��KRZHYHU�
WKHUH�ZDV�QR�LQGLFDWLRQ�WKDW�WKH�FRQFHQWUDWLRQV�IRU�WKHVH�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ
ZHUH�RI�FRQFHUQ�DW�WKH�PRQLWRULQJ�VLWHV�

7KH�IROORZLQJ�VXEVHFWLRQ�IRFXVHV�RQ�FXUUHQWO\�RQJRLQJ�PHUFXU\�UHVHDUFK�WR�GHWHUPLQH
DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�/DNH�&KDPSODLQ�%DVLQ���,QIRUPDWLRQ�RQ�DWPRVSKHULF�GHSRVLWLRQ�RI
WKH�RWKHU�KLJK�SULRULW\�SROOXWDQW�WR�WKH�EDVLQ��3&%V��LV�ODFNLQJ�DW�WKLV�WLPH��
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Principal Phases of Atmospheric Mercury

Gaseous (Vapor) Phase Mercury :  consists
primarily of elemental mercury (Hg ; predominanto

form in the atmosphere), although divalent
mercury (Hg ) may also be present; Hg  is+2      +2

deposited more rapidly than elemental mercury.

Particulate Phase Mercury : consists of fine
particles that are not readily deposited from the
atmosphere; bound Hg  is the predominant form+2

and exists as the nucleus in dust particles.

Mercury in Precipitation :  consists of mercury
either as dissolved gas or bound to fine particles;
primarily particulate Hg  that has been taken up+2

by rain droplets. 

$70263+(5,&�'(326,7,21�2)�0(5&85<�,1�7+(�/$.(�&+$03/$,1�%$6,1

0HUFXU\�EXUGHQ�LQ�/DNH�&KDPSODLQ�LV�HYLGHQFHG�E\�ILVK�FRQVXPSWLRQ�DGYLVRULHV���'LUHFW
GLVFKDUJHV�RI�PHUFXU\�DUH�TXLWH�OLPLWHG�ZKLFK�KDV�OHG�WR�FRQFHUQV�WKDW�WKH�DWPRVSKHUH�PD\�EH
WKH�PDMRU�URXWH�RI�PHUFXU\�WR�WKH�ODNH���5HFHQW�VWXGLHV�VXSSRUWHG�E\�12$$�DQG�(3$
V�*UHDW
:DWHUV�SURJUDP�KDYH�LQYHVWLJDWHG�WKH�GHSRVLWLRQ�RI�DWPRVSKHULF�PHUFXU\�LQ�WKH�/DNH
&KDPSODLQ�%DVLQ��%XUNH�HW�DO��������6FKHUEDWVNR\�HW�DO����������7KH�DLU�PRQLWRULQJ�GDWD�FROOHFWHG
IURP�WKHVH�HIIRUWV�VKRXOG�SURYLGH�DQ�LQLWLDO�IUDPHZRUN�IRU�D�PRUH�FRPSUHKHQVLYH�DQDO\VLV�RI
PHUFXU\�F\FOLQJ��L�H���GHSRVLWLRQ��WUDQVSRUW��WUDQVIRUPDWLRQ��DQG�DFFXPXODWLRQ��LQ�WKH�UHJLRQ��DQG
EH\RQG���7KHUH�LV�FXUUHQWO\�QR�LQIRUPDWLRQ�WKDW�FRPSDUHV�WKH�HVWLPDWHG�DPRXQW�RI�PHUFXU\
HQWHULQJ�WKH�ODNH�YLD�ZDWHU��H�J���UXQRII��ZLWK�WKH�DPRXQW�GHSRVLWHG�IURP�WKH�DLU�

$WPRVSKHULF�PHUFXU\�FRQFHQWUDWLRQ�DQG�GHSRVLWLRQ�LQ�/DNH�&KDPSODLQ�ZDV�LQYHVWLJDWHG
DW�D�ORFDWLRQ�MXVW�HDVW�RI�WKH�/DNH�LQ�8QGHUKLOO��9HUPRQW��EHWZHHQ������DQG�������6FKHUEDWVNR\�HW
DO����������7KH�DWPRVSKHULF�FRQFHQWUDWLRQ�RI�PHUFXU\�ZDV�PHDVXUHG�DV�JDVHRXV�DQG�SDUWLFXODWH
SKDVHV�LQ�WKH�DPELHQW�DLU�DQG�LQ�SUHFLSLWDWLRQ��VQRZ��UDLQ���VHH�VLGHEDU����)LQGLQJV�RQ�WKH
DWPRVSKHULF�PHUFXU\�OHYHOV�QHDU�/DNH�&KDPSODLQ�DUH�SUHVHQWHG�EHORZ�DQG�LQ�)LJXUH�,9���

® $WPRVSKHULF�JDVHRXV�PHUFXU\
FRQFHQWUDWLRQ���$YHUDJH�JDVHRXV
FRQFHQWUDWLRQ�IRU������ZDV
�����QJ�PHUFXU\�P ��FRPSDUDEOH�WR�

RWKHU�VLWHV�QHDU�WKH�*UHDW�/DNHV��
VWD\LQJ�UHODWLYHO\�FRQVWDQW
WKURXJKRXW�WKH�\HDU��7DEOH�,9����
&RQFHQWUDWLRQV�DUH�W\SLFDOO\�WZR
RUGHUV�RI�PDJQLWXGH������WLPHV�
KLJKHU�WKDQ�SDUWLFXODWH�PHUFXU\�

® $YHUDJH�SDUWLFXODWH�SKDVH�PHUFXU\
FRQFHQWUDWLRQ���8QOLNH�WKH�JDVHRXV
SKDVH��SDUWLFXODWH�SKDVH�PHUFXU\�LQ
WKH�DLU�H[KLELWHG�VHDVRQDO�YDULDELOLW\�
ZLWK�OHYHOV�KLJKHU�LQ�ZLQWHU�WKDQ�LQ
VXPPHU��)LJXUH�,9������7KH�VRXUFH�RI
WKH�LQFUHDVHG�SDUWLFXODWH�PHUFXU\�FRQFHQWUDWLRQ�LQ�WKH�ZLQWHU�KDV�QRW�EHHQ�LGHQWLILHG��EXW
SUHOLPLQDU\�PHWHRURORJLFDO�DQDO\VLV�VXJJHVWV�WKDW�D�PRUH�UHJLRQDO�LQIOXHQFH�LV�LPSRUWDQW
LQ�WKH�WUDQVSRUW�RI�SDUWLFXODWH�SKDVH�PHUFXU\�LQ�WKH�ZLQWHU��GXH�WR�KLJKHU�DYHUDJH�ZLQG
VSHHGV�DQG�FROGHU�WHPSHUDWXUHV�GXULQJ�WKLV�VHDVRQ���,W�DOVR�LV�VXJJHVWHG�WKDW�FROGHU
WHPSHUDWXUHV�LQ�WKH�ZLQWHU�PD\�IDYRU�FRQGHQVDWLRQ�RI�JDV�RQWR�SDUWLFOHV��LQFUHDVLQJ
PHUFXU\�SDUWLFXODWH�FRQFHQWUDWLRQ�LQ�WKH�DWPRVSKHUH��6FKHUEDWVNR\�HW�DO���������
)XUWKHUPRUH��GDLO\�PHUFXU\�FRQFHQWUDWLRQV�GLG�QRW�IOXFWXDWH�VLJQLILFDQWO\��DV�ZRXOG�EH
H[SHFWHG�IRU�VWURQJ�ORFDO�VRXUFHV�
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FIGURE IV-7
Atmospheric Mercury in Lake Champlain Basin a

      Values are annual average, unless otherwise specified.      Source:  Scherbatskoy et al. 1997a
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TABLE IV-5
Comparison of Mean Total Atmospheric Mercury Concentrations a

(Gaseous and Particulate Phases and in Precipitation)

Location Gaseous Phase Phase (volume-weighted)
(ng/m ) (ng/m )3

Particulate Precipitation (ng/L)

3

Lake Champlain 1.94 ± 0.5 0.011 ± 0.007 8.3 ± 5.2

Northern Michigan NA 0.011 7.9 ± 7.4b

Southern Michigan NA 0.022 10.2 ± 9.8b

Northern Wisconsin 1.57 ± 0.4 0.02 ± 0.02 10.5 ± 4.8c

Northern Wisconsin 1.8 ± 0.4 0.01 ± 0.02 6.7 ± 5.6d

NA = Not Available
 Data are means for varying years and periods; different sampling methods for the studies. a

Gaseous and particulate phase mercury data represent total dry deposition.
 Hoyer et al. 1995; Keeler et al. 1995b

 Fitzgerald et al. 1991c

 Lamborg et al. 1995d

Adapted from Scherbatskoy et al. (1997).

® $YHUDJH�PHUFXU\�FRQFHQWUDWLRQ�LQ�SUHFLSLWDWLRQ���/HYHOV�DSSHDUHG�WR�EH�W\SLFDOO\�KLJKHU�LQ�WKH
VXPPHU�WKDQ�WKH�ZLQWHU���3DUWLDO�GDWD�IURP������VXJJHVW�WKDW�WKH�SDWWHUQ�REVHUYHG�LQ�����
LV�W\SLFDO�IRU�WKLV�DUHD���%DVHG�RQ�PHWHRURORJLFDO�GDWD��SUHFLSLWDWLRQ�HYHQWV�ZLWK�WKH
KLJKHVW�PHUFXU\�OHYHOV�GXULQJ�WKH�\HDU�ZHUH�DVVRFLDWHG�ZLWK�UHJLRQDO�WUDQVSRUW�IURP�WKH
VRXWK�RU�ZHVW��WUDQVSRUW�IURP�WKH�ZHVW�RFFXUUHG�RQO\�GXULQJ�WKH�VXPPHU�PRQWKV��%XUNH
HW�DO����������7KH�REVHUYHG�PHUFXU\�OHYHOV�DUH�ORZ��VWXGLHV�KDYH�UHSRUWHG�PHUFXU\
FRQFHQWUDWLRQ�LQ�SUHFLSLWDWLRQ�JHQHUDOO\�OHVV�WKDQ�����QJ�/�LQ�DUHDV�QRW�GLUHFWO\�LQIOXHQFHG
E\�HPLVVLRQ�VRXUFHV���7KH�W\SH�RI�PHUFXU\�LQ�SUHFLSLWDWLRQ�ZDV�QRW�TXDQWLWDWLYHO\
GHWHUPLQHG��6FKHUEDWVNR\�HW�DO���������KRZHYHU��RWKHU�VWXGLHV�RI�SUHFLSLWDWLRQ�IRXQG
PHUFXU\�WR�EH�LQ�WKH�LQRUJDQLF��+J ��IRUP��SUREDEO\�DV�PHUFXULF�FKORULGH��%XUNH�HW�DO���

�������ZLWK�RQO\���WR����SHUFHQW�LQ�WKH�RUJDQLF��PHWK\O��IRUP��%ORRP�DQG�:DWUDV������
'ULVFROO�HW�DO��������

® <HDUO\�GHSRVLWLRQ�RI�PHUFXU\���'HSRVLWLRQ�WR�WKH�HQWLUH�/DNH�&KDPSODLQ�%DVLQ��QRW�MXVW�WR
VXUIDFH�ZDWHU��ZDV�HVWLPDWHG�IURP�SUHFLSLWDWLRQ��ZHW�GHSRVLWLRQ��DQG�GU\�GHSRVLWLRQ��
GDWD���7RWDO�DQQXDO�PHUFXU\�GHSRVLWLRQ�ZDV�QRW�YHU\�GLIIHUHQW�IURP�WKDW�REVHUYHG�DW�
RWKHU�8�6��ORFDWLRQV��7DEOH�,9������'U\�GHSRVLWLRQ�ZDV�FDOFXODWHG�E\�XVLQJ�WKH�VDPH
PRQWKO\�SURSRUWLRQ�RI�JDV�GHSRVLWLRQ�WR�JDV�FRQFHQWUDWLRQ�UHSRUWHG�LQ�/LQGEHUJ�HW�DO�
���������'HSRVLWLRQ�RI�SDUWLFXODWH�SKDVH�PHUFXU\�ZDV�QRW�D�VLJQLILFDQW�VRXUFH�RI
DWPRVSKHULF�PHUFXU\�ORDGLQJV�ZKHQ�FRPSDUHG�WR�GHSRVLWLRQ�RI�PHUFXU\�LQ���
SUHFLSLWDWLRQ�DQG�IURP�WKH�JDV�SKDVH���7KH�DWPRVSKHULF�PHUFXU\�SDUWLFXODWH
FRQFHQWUDWLRQ�LQ�WKH�DUHD��������QJ�P ��ZDV�PXFK�ORZHU�WKDQ�WKH�JDV�FRQFHQWUDWLRQ�������

�����QJ�P ���WKHUHIRUH��WKH�HVWLPDWH�RI�PHUFXU\�GU\�GHSRVLWLRQ�ZDV�EDVHG�VROHO\�RQ�

JDVHRXV�PHUFXU\��ZKLFK�PD\�EH�DQ�XQGHUHVWLPDWH�RI�GHSRVLWLRQ�WR�VRPH�H[WHQW����$V
VKRZQ�LQ�)LJXUH�,9����WKH�DQQXDO�GU\�GHSRVLWLRQ�LV������J�PHUFXU\�P ��ZLWK�OHYHOV����

KLJKHU�LQ�WKH�VXPPHU�WKDQ�WKH�ZLQWHU����0HUFXU\�GHSRVLWLRQ�LQ�SUHFLSLWDWLRQ�IRU������
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TABLE IV-6
Comparison of Annual Mercury Deposition Estimates a

Location Deposition Deposition Deposition
Estimated Wet Estimated Dry Total Mercury

(µg/m /year) (µg/m /year) (µg/m /year)2 2 2

Lake Champlain basin 9.27 5.7 14.97b

Michigan 5.5-13.0 NA NAc

Little Rock Lake, WI 4.5 ± 2 from rain 3.5 ± 3 10.3 ± 3.6d

2.3 ± 0.3 from snow

Minnesota and Northern Wisconsin NA NA 12.5e

NA = not available

 Methods and assumptions for estimating these values varied with studies.a

 Scherbatskoy et al. 1997  Fitzgerald et al. 1991b    d

 Hoyer et al. 1995    Engstrom et al. 1994; Swain et al. 1992c       e

ZDV�������J�P ��ZLWK�GHSRVLWLRQ�KLJKHU�LQ�WKH�VXPPHU�����J�P �PRQWK��FRPSDUHG�WR� � � � � � � � � �

ZLQWHU�������J�P �PRQWK����7KH�SDWWHUQ�IRU�PHUFXU\�GHSRVLWLRQ�LQ�SUHFLSLWDWLRQ�LV�SUREDEO\�

D�UHVXOW�RI�KLJKHU�PHUFXU\�FRQFHQWUDWLRQV�DQG�KLJKHU�DPRXQWV�RI�UDLQ�GXULQJ�WKH
VXPPHU��KRZHYHU��LQVXIILFLHQW�GDWD�DUH�DYDLODEOH�WR�GHWHUPLQH�WKH�VRXUFH�RI�WKH�LQFUHDVHG
PHUFXU\�FRQFHQWUDWLRQ�LQ�WKH�VXPPHU�

$WPRVSKHULF�PHUFXU\�FDQ�DOVR�HQWHU�WKH�ODNH�IURP�VQRZPHOW��ZKLFK�DGGV�KLJKHU
FRQFHQWUDWLRQV�RI�PHUFXU\�WR�WKH�ULYHUV�HPSW\LQJ�LQWR�/DNH�&KDPSODLQ���7KH�WRWDO�PHUFXU\
FRQFHQWUDWLRQ�DW�WKUHH�ULYHU�VDPSOLQJ�VLWHV�LQFUHDVHG�WZR��WR�VL[�IROG�GXULQJ�WKH�SHDN�VQRZPHOW
HYHQW�DV�FRPSDUHG�WR�WKH�PHDQ�OHYHOV�RYHU�WKH�FRXUVH�RI�WKH�\HDU��6FKHUEDWVNR\�HW�DO����������

%HFDXVH�WKH�/DNH�&KDPSODLQ�EDVLQ�KDV�VXFK�D�ODUJH�UDWLR�RI�ZDWHUVKHG�WR�ODNH�VXUIDFH
DUHD��LW�LV�LPSRUWDQW�WR�XQGHUVWDQG�WKH�GHSRVLWLRQ�DQG�F\FOLQJ�RI�DWPRVSKHULF�SROOXWDQWV�E\�WKH
ODUJHVW�FDWHJRULHV�RI�ODQG�XVH��IRUHVWV�DQG�DJULFXOWXUH��SULRU�WR�WKHLU�HQWU\�LQWR�WKH�ODNH�LQ�UXQRII��
8QOLNH�WKH�*UHDW�/DNHV�ZDWHUVKHG��ZKLFK�KDV�UHODWLYHO\�PRUH�ODNH�VXUIDFH�DUHD��/DNH�&KDPSODLQ
V
ZDWHU�VXUIDFH�DUHD�PDNHV�XS�RQO\�ILYH�SHUFHQW�RI�WKH�EDVLQ�DUHD���7KHUHIRUH��LW�LV�LPSRUWDQW�WR
XQGHUVWDQG�PHUFXU\�F\FOLQJ�WKURXJK�WKH�WHUUHVWULDO��DWPRVSKHULF��DQG�DTXDWLF�V\VWHPV�RI�WKH
/DNH�&KDPSODLQ�%DVLQ��DV�RQJRLQJ�VWXGLHV�DUH�EHJLQQLQJ�WR�DGGUHVV�

620(�352*5$06�5(/$7('�72�72;,&6�(0,66,216�$1'�5('8&7,21�,1�/$.(�&+$03/$,1�

6RPH�SURJUDPV�E\�VWDWHV�KDYH�EHHQ�HVWDEOLVKHG�WR�DGGUHVV�WR[LFV�UHGXFWLRQ�DQG�WR
LGHQWLI\�DQG�FRQWURO�VRXUFH�HPLVVLRQV�LQ�WKH�VXUURXQGLQJ�UHJLRQ���7KHVH�HIIRUWV�PD\�KDYH
LPSRUWDQW�LPSDFW�RQ�DWPRVSKHULF�GHSRVLWLRQ�WR�/DNH�&KDPSODLQ�EDVLQ���6RPH�RI�WKHVH�SURJUDPV
DUH�KLJKOLJKWHG�EHORZ�
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Lake Champlain Basin Program

The Lake Champlain Special Designation Act,
sponsored by senators from Vermont and New
York, was signed in 1990 and states that Lake
Champlain is a resource of national significance. 
The intent of the Act is to create a comprehensive
plan for protecting the future of Lake Champlain
and its watershed.  The coordination of the
activities stated in the Act is the responsibility of
the Lake Champlain Basin Program (LCBP), which
is jointly administered by the U.S. EPA, the States
of Vermont and New York, and the New England
Interstate Water Pollution Control Commission. 
EPA was given $10 million in funds for five years
to develop a comprehensive pollution prevention,
control, and restoration plan for Lake Champlain;
the final plan was released in 1996.  Other
cooperating agencies include the U.S. Fish and
Wildlife Service, U.S. Department of Agriculture,
U.S. Geological Survey, NOAA, and National Park
Service.  Formal involvement of Quebec is through
the Lake Champlain Steering Committee. 

® 7KH�6WDWH�RI�1HZ�<RUN�UHFHQWO\�EHJDQ�D�SURJUDP�IRU�UHGXFLQJ�WR[LFV�WKURXJK�D�PXOWL�
PHGLD�DSSURDFK���7KH�0XOWLPHGLD�3URJUDP�IRU�3ROOXWLRQ�3UHYHQWLRQ��ZKHQ�IXOO\
LPSOHPHQWHG��ZLOO�LQWHJUDWH�HQYLURQPHQWDO�SURWHFWLRQ�SURJUDPV�DFURVV�DOO��PHGLD���VXFK
DV�DLU��ZDWHU��DQG�ODQG��WR�FRUUHFW�WKH�SUREOHP�ZLWK�VLQJOH�PHGLD�SURJUDPV�

® 7KH�6WDWH�RI�9HUPRQW�FRQGXFWV�D�UHJXODWRU\�SURJUDP�IRU�WKH�VRXUFHV�RI�DERXW�����
KD]DUGRXV�DLU�FRQWDPLQDQWV��FDUFLQRJHQV��FKURQLF�V\VWHPLF�WR[LFDQWV��DQG�VKRUW�WHUP
LUULWDQWV����+D]DUGRXV�$PELHQW�$LU�6WDQGDUGV�DUH�HVWDEOLVKHG�IRU�HDFK�RI�WKHVH
FRQWDPLQDQWV��ZLWK�UHTXLUHPHQWV�LPSRVHG�RQ�QHZ�DQG�H[LVWLQJ�VRXUFHV��H[FOXGHV�IRVVLO
IXHO�FRPEXVWLRQ��HPLWWLQJ�DQ\�RI�WKHVH�FRQWDPLQDQWV�LQ�H[FHVV�RI�D�SUH�GHWHUPLQHG
�DFWLRQ�OHYHO��IRU�HDFK�SROOXWDQW�

® 1HZ�<RUN�DQG�9HUPRQW�HVWDEOLVKHG�D�3HUPLW�([FKDQJH�$JUHHPHQW�LQ�DFFRUGDQFH�ZLWK
WKH������0HPRUDQGXP�RI�8QGHUVWDQGLQJ��LQ�ZKLFK�ERWK�VWDWHV�DUH�LQIRUPHG�RI�SHUPLWWHG
SURMHFWV�LQ�WKH�EDVLQ���,W�DOORZV�WKH�DIIHFWHG�SXEOLF�WR�SDUWLFLSDWH�LQ�WKH�FRPPHQW�DQG
UHYLHZ�SURFHVV�IRU�WKH�SHUPLWV���3RWHQWLDO�WR[LFV�VRXUFHV�VXEMHFW�WR�WKLV�DJUHHPHQW�LQFOXGH
DLU�SROOXWLRQ�VRXUFHV�ZLWKLQ����NP�RI�HDFK�VWDWH�ERUGHU�WKDW�DQQXDOO\�HPLW����WRQV�RI
YRODWLOH�RUJDQLF�FRPSRXQGV��VXOIXU�GLR[LGHV��QLWURJHQ�R[LGHV��FDUERQ�PRQR[LGH��RU
SDUWLFXODWH�PDWWHU��RU���WRQV�RI�OHDG��DQG�RU�DUH�VXEMHFW�WR�7LWOH�9�RI�WKH�&$$�

$GGUHVVLQJ�7R[LF�&RQWDPLQDWLRQ�5HGXFWLRQ�LQ�/DNH�&KDPSODLQ

7KH�/DNH�&KDPSODLQ�%DVLQ�3URJUDP
�/&%3���VHH�VLGHEDU��KDV�EHHQ�WKH
LQVWLWXWLRQDO�IUDPHZRUN�IRU�FRRUGLQDWLQJ�WKH
GHYHORSPHQW�RI�D�FRPSUHKHQVLYH�SROOXWLRQ
SUHYHQWLRQ��FRQWURO�DQG�UHVWRUDWLRQ�SODQ�IRU
WKH�IXWXUH�RI�/DNH�&KDPSODLQ���7KH�ILQDO�SODQ
ZDV�UHOHDVHG�LQ�2FWREHU�������/&%3�������
IROORZLQJ�SXEOLF�PHHWLQJV�WKDW�DOORZHG
LQWHUHVWHG�SDUWLHV�WR�FRPPHQW�RQ�WKH�DQ
HDUOLHU�SODQ���,W�LV�DQWLFLSDWHG�WKDW�WKH
REMHFWLYHV�RI�WKH�ILQDO�SODQ�ZLOO�EH
LPSOHPHQWHG�E\�WKH�/DNH�&KDPSODLQ
6WHHULQJ�&RPPLWWHH��ZKLFK�LV�UHSUHVHQWHG�E\
HQYLURQPHQWDO�RIILFLDOV�IURP�1HZ�<RUN�
9HUPRQW��DQG�4XHEHF���

2QH�PDMRU�LVVXH�DGGUHVVHG�LQ�WKH
SODQ�LV�WKH�SUHYHQWLRQ�RI�SROOXWLRQ�IURP�WR[LF
VXEVWDQFHV�LQ�RUGHU�WR�SURWHFW�SXEOLF�KHDOWK
DQG�WKH�/DNH�&KDPSODLQ�HFRV\VWHP��
,PSOHPHQWDWLRQ�RI�WKH�SODQ�ZLOO�UHTXLUH
FRRUGLQDWLRQ�DORQJ�DOO�OHYHOV�RI�JRYHUQPHQW�
RUJDQL]DWLRQV��DQG�LQGLYLGXDOV���7KH�SODQ�LGHQWLILHG�WKH�IROORZLQJ�PDMRU�WHFKQLFDO�DQG�SROLF\
LVVXHV�LQYROYHG�LQ�GHWHUPLQLQJ�WKH�PRVW�DSSURSULDWH�DQG�FRVW�HIIHFWLYH�DFWLRQV�WR�UHGXFH�WR[LF
FRQWDPLQDWLRQ�RI�/DNH�&KDPSODLQ�
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Toxic Substances of Concern in
Lake Champlain by Priority Group

Group 1: PCBs, mercury

Group 2: Arsenic, cadmium, chromium, dioxins/
furans, lead, nickel, PAHs, silver, zinc

Group 3: Ammonia, persistent chlorinated
pesticides, phthalates, chlorinated
phenols, chlorine, copper

Group 4: Other contaminants known to be used
or known to occur in the Basin (e.g.,
volatile organic compounds such as
benzene, pesticides such as atrazine,
strong acids and bases)

Source:  LCBP 1996.

® 'HILQH�VFRSH�RI�WR[LFV�UHGXFWLRQ�HIIRUW���5HVHDUFK�LV�QHHGHG�WR�GHILQH�WKH�H[WHQW�RI�SUREOHPV
UHODWHG�WR�WR[LF�SROOXWLRQ�LQ�WULEXWDULHV�DQG�LQ�WKH�DLU���(IIRUWV�VKRXOG�EH�PDGH�WR�LPSURYH
VRXUFH�LGHQWLILFDWLRQ��ZLWK�DWWHQWLRQ�JLYHQ�WR�UHGXFLQJ�ERWK�QRQSRLQW�DQG�SRLQW�VRXUFHV
WKURXJK�DOO�PHGLD�DQG�UHPHGLDWLQJ�FXUUHQW�VRXUFHV�RI�FRQWDPLQDWLRQ�WKURXJKRXW�WKH
%DVLQ��

® )RFXV�HIIRUWV�RQ�/DNH�&KDPSODLQ
SROOXWDQWV�RI�FRQFHUQ�DQG�VLWHV�RI�FRQFHUQ��
7KH�/LVW�RI�7R[LF�6XEVWDQFHV�RI
&RQFHUQ�ZDV�HVWDEOLVKHG�E\�/&%3�
ZKLFK�LGHQWLILHG�PHUFXU\�DQG�3&%V
DV�*URXS���FKHPLFDOV�DQG�PHULWLQJ
KLJKHVW�SULRULW\�IRU�PDQDJHPHQW
DFWLRQ��VHH�VLGHEDU����7KHVH�WZR
SROOXWDQWV�DUH�IRXQG�LQ�WKH�VHGLPHQW�
ZDWHU��DQG�ELRWD�DW�OHYHOV�DERYH
DSSURSULDWH�VWDQGDUGV�RU�JXLGHOLQHV
LQ�/DNH�&KDPSODLQ���%HFDXVH�RI
OLPLWHG�UHVRXUFHV�WR�VWXG\�DQG
PRQLWRU�WR[LF�VXEVWDQFHV��DVVHVVPHQWV
VKRXOG�IRFXV�RQ�VSHFLILF�VLWHV�ZKHUH
FRQWDPLQDWLRQ�LV�NQRZQ�

® ,GHQWLI\�VRXUFHV�DQG�TXDQWLI\�ORDGV�RI
WR[LF�VXEVWDQFHV���(IIRUWV�WR�GHWHUPLQH
VRXUFHV�RI�WR[LF�VXEVWDQFHV�ZLWKLQ�/DNH�&KDPSODLQ�KDYH�EHHQ�LQLWLDWHG��DQG�IHZ��DFWLYH�
VRXUFHV�KDYH�EHHQ�LGHQWLILHG���7ZR�PDMRU�LQIRUPDWLRQ�JDSV�LQ�WKLV�DUHD�WKDW�QHHG�WR�EH
DGGUHVVHG�LQFOXGH�WKH�H[WHQW�RI�FRQWDPLQDWLRQ�IURP�RXWVLGH�WKH�EDVLQ��DQG�WKH�UROH�RI
KLVWRULFDO�VRXUFHV��H�J���GLVFKDUJHG�OHDG�EDWWHULHV�UHOHDVHG�LQWR�WKH�ZDWHUERG\��DQG
FRQWDPLQDWHG�VHGLPHQW�

® $GRSW�VWUDWHJ\�WR�SUHYHQW�SROOXWLRQ���3ROOXWLRQ�SUHYHQWLRQ�WHFKQLTXHV��H�J���VRXUFH�UHGXFWLRQ�
PD\�EH�XVHG�WR�DFKLHYH�UHGXFWLRQV�DW�WKH�VRXUFH�RI�WKH�SUREOHP��DQG�HYHQWXDOO\�UHGXFH
SROOXWDQWV�LQ�WKH�ODNH���9HUPRQW�DQG�1HZ�<RUN�KDYH�LQLWLDWHG�SURJUDPV�WR�DFFRPSOLVK
WKLV�JRDO��DOWKRXJK�WKHVH�SURJUDPV�DUH�QRW�\HW�LQWHJUDWHG�LQWR�WKH�H[LVWLQJ�SROOXWLRQ
FRQWURO�SURJUDPV�

® (VWDEOLVK�ILUP�DQG�GHIHQVLEOH�WR[LF�UHGXFWLRQ�JRDOV���7KH�FXUUHQW�FKHPLFDO�E\�FKHPLFDO
DSSURDFK�WR�PDQDJLQJ�SROOXWLRQ�LQ�/DNH�&KDPSODLQ�FDQQRW�DFFRXQW�IRU�WKH�LPSDFW�RI
FXPXODWLYH�RU�FRPELQHG�HIIHFWV��DQG�GRHV�QRW�SURWHFW�DJDLQVW�XQUHJXODWHG��DQG
SRWHQWLDOO\�PRUH�WR[LF��FKHPLFDOV�HQWHULQJ�WKH�ODNH��WKHUHIRUH��WKH�UHGXFWLRQ�VWUDWHJ\
VKRXOG�EH�H[SDQGHG�WR�DGGUHVV�WR[LF�VXEVWDQFHV�WKDW�GR�QRW�\HW�H[FHHG�KXPDQ�KHDOWK
VWDQGDUGV�RU�FDXVH�PHDVXUDEOH�LPSDFWV�ZLWKLQ�WKH�EDVLQ���

,Q�DGGLWLRQ��DV�SDUW�RI�WKHVH�HIIRUWV��UHOHYDQW�LQIRUPDWLRQ�JDWKHUHG�IURP�RWKHU�SURJUDPV�
VXFK�DV�WKRVH�LQLWLDWHG�LQ�WKH�*UHDW�/DNHV��VKRXOG�EH�DSSOLHG�WR�/DNH�&KDPSODLQ���$V�GLVFXVVHG�LQ
6HFWLRQ�,9�$��WKH�*UHDW�/DNHV�:DWHU�4XDOLW\�$JUHHPHQW�3DUWLHV�DGRSWHG�D�ORQJ�WHUP�JRDO�IRU
YLUWXDO�HOLPLQDWLRQ�RI�VRXUFHV�RI�VSHFLILF�SROOXWDQWV���7KLV�HIIRUW�GHPRQVWUDWHV�WKH�LPSRUWDQFH�RI
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ELQDWLRQDO�FRRSHUDWLRQ�WR�DGGUHVV�FRQFHUQV�UHODWHG�WR�UHGXFLQJ�WR[LF�HPLVVLRQV�LQ�WKH�*UHDW
/DNHV��DV�ZHOO�DV�LQ�/DNH�&KDPSODLQ�
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Economic Highlights of Chesapeake Bay

& In 1992, the dockside value of commercial
shellfish and finfish harvests from
Chesapeake Bay was close to $80 million.

& In 1993, more than 175,000 pleasure craft
(e.g., sail boats) were registered in the Bay.

& Close to 1 million anglers in Maryland and
Virginia made an estimated 600,000 fishing
trips in 1991.  Recreational fishing in these
states is estimated at more than $1 billion
annually.

& The Chesapeake is a key commercial
waterway, and home to two of the nation's five
major North Atlantic ports (Port of Baltimore,
MD, and Hampton Roads Complex, VA). 
More than 90 million tons of cargo were
shipped via the Bay in 1992.

,9�&��&KHVDSHDNH�%D\

7KH�&KHVDSHDNH�%D\��ODUJHVW�RI�WKH�����HVWXDULHV�LQ�WKH�8QLWHG�6WDWHV��ZDV�WKH�ILUVW�LQ�WKH
QDWLRQ�WR�EH�WDUJHWHG�IRU�UHVWRUDWLRQ�DV�DQ�LQWHJUDWHG�ZDWHUVKHG��DLUVKHG��DQG�HFRV\VWHP���7KH
��������NP �GUDLQDJH�EDVLQ��RU�ZDWHUVKHG���VKRZQ�LQ�)LJXUH�,9����FRYHUV�SDUWV�RI�VL[�VWDWHV�

�'HODZDUH��0DU\ODQG��1HZ�<RUN��3HQQV\OYDQLD��9LUJLQLD��DQG�:HVW�9LUJLQLD��DQG�WKH�'LVWULFW�RI
&ROXPELD��DQG�LQFOXGHV�PRUH�WKDQ�����ULYHUV�DQG�VWUHDPV���7KH�PDMRU�WULEXWDU\�EDVLQV�ZLWKLQ�WKH
&KHVDSHDNH�%D\�ZDWHUVKHG�DUH�VKRZQ�LQ�)LJXUH�,9����ZKLFK�LV�IRXQG�ODWHU�LQ�WKLV�VHFWLRQ�

6WUHWFKLQJ�IURP�+DYUH�GH�*UDFH�
0DU\ODQG��WR�1RUIRON��9LUJLQLD��WKH
&KHVDSHDNH�%D\�LV�����NP�ORQJ��DQG�UDQJHV
IURP���WR����NP�ZLGH���7KH�%D\�KDV�RYHU
�������NP�RI�VKRUHOLQH��PRUH�WKDQ�WKH�HQWLUH
:HVW�&RDVW�RI�WKH�FRQWLQHQWDO�8QLWHG�6WDWHV�
DQG�D�VXUIDFH�DUHD�RI�DSSUR[LPDWHO\�������
NP ���*HQHUDOO\�VKDSHG�OLNH�D�VKDOORZ�WUD\��

WKH�%D\
V�DYHUDJH�GHSWK��LQFOXGLQJ�DOO�WLGDO
WULEXWDULHV��LV�RQO\���PHWHUV��ZLWK�D�IHZ�GHHS
WURXJKV�UXQQLQJ�DORQJ�PXFK�RI�LWV�OHQJWK�WKDW
DYHUDJH����WR����PHWHUV��DQG�UHDFKLQJ���
PHWHUV�DW�WKH�GHHSHVW�SRLQW���7R�YLVXDOL]H�WKH
UHODWLYHO\�ODUJH�ZDWHUVKHG�LQ�FRQWUDVW�WR�WKH
VPDOO�%D\�YROXPH��LPDJLQH�WKDW�WKH�%D\
V
ZDWHUVKHG�LV�UHGXFHG�WR�WKH�VL]H�RI�WKLV�SDJH�
WKH�UHODWLYH�VL]H�RI�WKH�&KHVDSHDNH�%D\�ZRXOG
EH�D�VHFWLRQ�����LQFKHV�E\�����LQFKHV�LQ�WKH
ORZHU�ULJKW�KDQG�FRUQHU��DQG�WKH�DYHUDJH
GHSWK�RI�WKH�%D\�ZRXOG�EH�UHSUHVHQWHG�E\
RQH�VL[WLHWK�WKH�WKLFNQHVV�RI�WKH�SDSHU��VHH�DOVR�)LJXUH�,9����

6XSSRUWLQJ�����VSHFLHV�RI�ILQILVK�����VSHFLHV�RI�VKHOOILVK��DQG��������SODQW�VSHFLHV��WKH
&KHVDSHDNH�%D\�LV�D�QDWLRQDO�HFRORJLFDO�WUHDVXUH���7KH�&KHVDSHDNH�%D\�LV�DOVR�KRPH�WR����VSHFLHV
RI�ZDWHUIRZO�DQG�LV�D�PDMRU�UHVWLQJ�JURXQG�DORQJ�WKH�$WODQWLF�0LJUDWRU\�%LUG�)O\ZD\���(YHU\
\HDU��RQH�PLOOLRQ�ZDWHUIRZO�ZLQWHU�LQ�WKH�%D\
V�EDVLQ���(FRQRPLF�KLJKOLJKWV�RI�WKH�&KHVDSHDNH
%D\�DUH�SUHVHQWHG�LQ�WKH�VLGHEDU�DERYH���,Q�DOO��WKH�&KHVDSHDNH�LV�D�FRPPHUFLDO�DQG�UHFUHDWLRQDO
UHVRXUFH�IRU�PRUH�WKDQ����PLOOLRQ�%D\�EDVLQ�UHVLGHQWV�

7KH�UHPDLQGHU�RI�6HFWLRQ�,9�&�SUHVHQWV�LQIRUPDWLRQ�RQ���WKH�&KHVDSHDNH�%D\�3URJUDP�
DWPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ�WR�WKH�&KHVDSHDNH�%D\��DQG�DWPRVSKHULF�GHSRVLWLRQ�RI�WR[LF
FRQWDPLQDQWV�WR�WKH�&KHVDSHDNH�%D\�

&KHVDSHDNH�%D\�3URJUDP

1RZ�LQ�LWV�IRXUWHHQWK�\HDU��WKH�&KHVDSHDNH�%D\�3URJUDP�LV�D�XQLTXH��UHJLRQDO
SDUWQHUVKLS�WKDW�KDV�GLUHFWHG�DQG�FRRUGLQDWHG�&KHVDSHDNH�%D\�UHVWRUDWLRQ�VLQFH�WKH�VLJQLQJ�RI
WKH�KLVWRULF������&KHVDSHDNH�%D\�$JUHHPHQW���7KH�SULQFLSDO�SDUWQHUV�LQ�WKH�&KHVDSHDNH�%D\
3URJUDP�LQFOXGH�WKH�6WDWH�RI�0DU\ODQG��WKH�&RPPRQZHDOWKV�RI�9LUJLQLD�DQG�3HQQV\OYDQLD��
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FIGURE IV-8
Chesapeake Bay Watershed
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The state of the Chesapeake restoration
and protection effort was described in the
latest State of the Chesapeake Bay report
(CBP 1995b):

"If the health of the Bay could be likened to that of
a hospital patient, the doctor would report that the
patient's vital signs, such as living resources,
habitat, and water quality, are stabilized and the
patient is out of intensive care.  Some vital signs,
such as striped bass and Bay grasses have
improved dramatically, while a few, such as
oysters, are in decline.  Other vital signs are mixed
but stable.  Nutrients are being reduced, with
phosphorus levels down considerably more than
nitrogen levels and dissolved oxygen remains
steady.  Overall, the patient still suffers stress from
an expanding population and changing land use,
but it is on the road to recovery.  Taken as a
whole, the concentrated restoration and
management effort begun ten years ago has
produced tangible results--a state of the Bay that
is better today than when we started..."

WKH�'LVWULFW�RI�&ROXPELD��WKH�&KHVDSHDNH�%D\�&RPPLVVLRQ��UHSUHVHQWLQJ�WKH�VWDWH�OHJLVODWXUHV��
DQG�(3$�RQ�EHKDOI�RI�WKH�IHGHUDO�JRYHUQPHQW�

,Q�������(3$�LGHQWLILHG�DQ�H[FHVV�RI
WKH�QXWULHQWV�QLWURJHQ�DQG�SKRVSKRUXV��DQG
WKH�UHVXOWLQJ�DFFHOHUDWHG�HXWURSKLFDWLRQ��DV
WKH�SULPDU\�UHDVRQ�IRU�WKH�GHFOLQH�LQ�ZDWHU
TXDOLW\�LQ�&KHVDSHDNH�%D\��8�6��(3$��������
([FHVV�QXWULHQWV�VWLPXODWH��EORRPV��RI
SK\WRSODQNWRQ�DOJDH��ZKLFK�WKHQ�VLQN�WR�WKH
ERWWRP�RI�WKH�&KHVDSHDNH���,Q�WKH�ERWWRP
ZDWHUV��GHFD\�RI�WKH�SK\WRSODQNWRQ�FRQVXPHV
R[\JHQ��ZKLFK�H[SDQGV�WKH�DUHD�RI�DQR[LF
ERWWRP�ZDWHUV��L�H����GHDG�ZDWHUV��ODUJHO\
GHYRLG�RI�R[\JHQ�DQG�XQDEOH�WR�VXSSRUW�OLIH���
%ORRPV�RI�DOJDH�DOVR�UHGXFH�OLJKW�WR
VXEPHUJHG�DTXDWLF�YHJHWDWLRQ��6$9��
UHVXOWLQJ�LQ�WKH�ORVV�RI�DQ�LPSRUWDQW�KDELWDW
IRU�MXYHQLOH�ILVK�DQG�FUDEV����$�UHFHQW
DVVHVVPHQW�RI�WKH�VWDWH�RI�WKH�%D\�LV�SUHVHQWHG
LQ�WKH�VLGHEDU��

8VLQJ�WKH�ZDWHUVKHG�DV�WKH�FHQWUDO
IRFXV��WKH�&KHVDSHDNH�%D\�$JUHHPHQW�RI�����
UHFRJQL]HG�WKH�KLVWRULFDO�GHFOLQH�RI�WKH�%D\
V
OLYLQJ�UHVRXUFHV�DQG�UHFRPPHQGHG�D�FRRSHUDWLYH�DSSURDFK�DPRQJ�WKH�IHGHUDO�DQG�VWDWH
JRYHUQPHQWV�ZLWKLQ�WKH�ZDWHUVKHG�WR�DGGUHVV�SUREOHPV�GHILQHG�E\�WKH�����������&KHVDSHDNH
%D\�5HVHDUFK�3URJUDP���7KH�RQH�SDJH�DJUHHPHQW�FRPPLWWHG�WKH�VLJQDWRULHV�WR�ZRUN�WRJHWKHU�WR
�IXOO\�DGGUHVV�WKH�H[WHQW��FRPSOH[LW\��DQG�VRXUFHV�RI�SROOXWDQWV�HQWHULQJ�WKH�%D\����7KH�ZDWHUVKHG
DSSURDFK�RI�WKH�VWDWH�IHGHUDO�SDUWQHUVKLS�ZDV�FKRVHQ�DV�WKH�PRVW�SUDFWLFDO�PHWKRG�IRU
LPSOHPHQWLQJ�UHVWRUDWLRQ�HIIRUWV�RQ�ERWK�D�ORFDO�DQG�UHJLRQDO�VFDOH�

%XLOGLQJ�RQ�DQ�H[SDQGHG�XQGHUVWDQGLQJ�RI�WKH�%D\�V\VWHP�DQG�LQFUHDVLQJ�H[SHULHQFH
ZLWK�RQ�WKH�JURXQG�LPSOHPHQWDWLRQ�ZLWKLQ�WKH�FRRSHUDWLYH�EDVLQZLGH�SDUWQHUVKLS��D�QHZ
&KHVDSHDNH�%D\�$JUHHPHQW�ZDV�VLJQHG�LQ������WKDW�VHW�IRUWK�D�FRPSUHKHQVLYH�DUUD\�RI�JRDOV�
REMHFWLYHV��DQG�FRPPLWPHQWV�WR�DGGUHVV�OLYLQJ�UHVRXUFHV��ZDWHU�TXDOLW\��JURZWK��SXEOLF
LQIRUPDWLRQ��DQG�JRYHUQDQFH��&KHVDSHDNH�([HFXWLYH�&RXQFLO���������7KH�FHQWHUSLHFH�RI�WKH
DJUHHPHQW�ZDV�D�FRPPLWPHQW�WR�DFKLHYH�D����SHUFHQW�UHGXFWLRQ�RI�QLWURJHQ�DQG�SKRVSKRUXV
HQWHULQJ�WKH�%D\�E\�WKH�\HDU��������7KLV�PHDVXUDEOH�JRDO�DGGHG�D�VSHFLILF�GLUHFWLRQ�WR�RQJRLQJ
PRQLWRULQJ��PRGHOLQJ��DQG�QXWULHQW�UHGXFWLRQ�LPSOHPHQWDWLRQ�SURJUDPV���7KURXJK�WKH������%D\
$JUHHPHQW��WKH�VLJQDWRULHV�DOVR�FRPPLWWHG�WR��TXDQWLI\�WKH�LPSDFWV�DQG�LGHQWLI\�WKH�VRXUFHV�RI
DWPRVSKHULF�LQSXWV�RQ�WKH�%D\�V\VWHP����7KLV�VHHPLQJO\�PLQRU�FRPPLWPHQW�DW�WKH�WLPH�VHW�WKH
VWDJH�IRU�D�GHFDGH�ORQJ�SDWK�WR�IRUPDOO\�DGGUHVV�DWPRVSKHULF�GHSRVLWLRQ�DV�DQ�LQWHJUDO
FRPSRQHQW�RI�EDVLQZLGH�SROOXWLRQ�UHGXFWLRQ�VWUDWHJLHV�DQG�LPSOHPHQWDWLRQ�DFWLRQV�
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Sources of Nitrogen Entering the Bay

Sources of the 170.8 million kilograms of
nitrogen delivered annually to the Bay include:

& Point source water discharges (23% or 39.3
million kg), such as sewage treatment plants;

& Atmospheric deposition directly to tidal
waters(9% or 15.4 million kg) and indirectly to
tidal waters (18% or 30.2 million kg); and

& Other nonpoint sources (50% or 85.9 million
kg), such as runoff from agriculture and urban
areas.

$WPRVSKHULF�'HSRVLWLRQ�RI�1LWURJHQ�WR�&KHVDSHDNH�%D\

7KLV�VHFWLRQ�SUHVHQWV�LQIRUPDWLRQ�RQ�WKH�&KHVDSHDNH�%D\�1XWULHQW�5HGXFWLRQ�6WUDWHJ\�
DQ�RYHUYLHZ�RI�DWPRVSKHULF�QLWURJHQ�ORDGLQJV�WR�WKH�%D\��IURP�PRGHOLQJ�RI�WKH�DLUVKHG��WR
QLWURJHQ�ORDGLQJV�HVWLPDWHV��WR�PRGHOLQJ�RI�WKH�ZDWHUVKHG�DQG�HVWXDU\���DQG�DUHDV�RI�XQFHUWDLQW\
DQG�ZRUN�XQGHUZD\���$OWKRXJK�WKH�&KHVDSHDNH�%D\�$JUHHPHQW�DQG�WKH�ED\ZLGH�1XWULHQW
5HGXFWLRQ�6WUDWHJ\�IRFXV�RQ�WZR�PDLQ�QXWULHQWV��QLWURJHQ�DQG�SKRVSKRUXV��WKLV�VHFWLRQ�IRFXVHV
PDLQO\�RQ�QLWURJHQ�EHFDXVH�DWPRVSKHULF�GHSRVLWLRQ��WKH�IRFXV�RI�WKLV�UHSRUW��LV�D�VLJQLILFDQW
SDWKZD\�RI�FRQFHUQ�IRU�QLWURJHQ�ORDGLQJV�RQO\�

1875,(17�5('8&7,21�675$7(*<

7KH�&KHVDSHDNH�%D\�$JUHHPHQW
FRPPLWV�WKH�VLJQDWRULHV�WR�UHGXFH�WKH
�FRQWUROODEOH��QXWULHQW�ORDGV�E\����SHUFHQW�E\
WKH�\HDU��������&RQWUROODEOH�ORDGV�DUH�GHILQHG
DV�WKH�EDVHOLQH�\HDU�ORDGV�PLQXV�WKH�ORDGV
GHOLYHUHG�WR�WKH�%D\�XQGHU�DQ�DOO��IRUHVWHG
ZDWHUVKHG��L�H���D�ZDWHUVKHG�SURYLGLQJ�RQO\
QDWXUDO��XQFRQWUROODEOH�VRXUFHV�RI�QLWURJHQ�
ZLWKLQ�WKH�%D\�$JUHHPHQW�VLJQDWRU\�MXULV�
GLFWLRQV��/LQNHU�HW�DO����������,Q�RWKHU�ZRUGV�
FRQWUROODEOH�ORDGV�DUH�GHILQHG�DV�HYHU\WKLQJ
RYHU�DQG�DERYH�WKH�WRWDO�SKRVSKRUXV�RU�WRWDO
QLWURJHQ�ORDGV�WKDW�ZRXOG�KDYH�FRPH�IURP�DQ
HQWLUHO\�IRUHVWHG�ZDWHUVKHG�LQ�WKH�6WDWHV�RI
3HQQV\OYDQLD��0DU\ODQG��DQG�9LUJLQLD��DQG
WKH�'LVWULFW�RI�&ROXPELD��JLYHQ�H[LVWLQJ�UDWHV�RI�DWPRVSKHULF�GHSRVLWLRQ���,Q�WKLV�GHILQLWLRQ��SRLQW
VRXUFH�ORDGV�DUH�FRQVLGHUHG�HQWLUHO\�FRQWUROODEOH���,Q�DGGLWLRQ��IRU�WKH�%D\�$JUHHPHQW��HPLVVLRQV
RI�QLWURJHQ�FRPSRXQGV�OHDGLQJ�WR�DWPRVSKHULF�GHSRVLWLRQ�DUH�FRQVLGHUHG�XQFRQWUROODEOH��
1RQSRLQW�VRXUFHV�PD\�EH�FRQWUROODEOH�RU�XQFRQWUROODEOH�

7R�PHDVXUH�WKH�JRDO�RI�UHGXFLQJ�FRQWUROODEOH�QXWULHQW�ORDGV�E\����SHUFHQW��WKH�&KHVD�
SHDNH�%D\�3URJUDP�HVWDEOLVKHG�D������EDVHOLQH�RI�QXWULHQW�ORDGV���7KH������EDVHOLQH�ORDG�ZDV
GHILQHG�XVLQJ������SRLQW�VRXUFH�ORDGV�DQG�D�����������DYHUDJH�ORDG�IRU�QRQSRLQW�VRXUFHV���7KH
&KHVDSHDNH�%D\�3URJUDP�FKRVH�WKH�DYHUDJH�ORDG�RI�WKH�����������SHULRG�DV�WKH�EDVH�WR�EH�UHSUH�
VHQWDWLYH�RI�QRQSRLQW�VRXUFH�ORDGV�IRU�DOO�WULEXWDULHV��EHFDXVH�ULYHU�IORZ�DQG�DVVRFLDWHG�QRQSRLQW
VRXUFH�ORDGV�PD\�YDU\�GHSHQGLQJ�RQ�UDLQIDOO���7DEOH�,9���SUHVHQWV�WKH������EDVH�ORDG�DQG���
SHUFHQW�UHGXFWLRQ�WDUJHW�IRU�WKH�PDMRU�WULEXWDU\�EDVLQV�RI�WKH�%D\��DQG�)LJXUH�,9���SUHVHQWV�WKH
ORFDWLRQV�RI�WKH�WULEXWDU\�EDVLQV���$IWHU�WKH�\HDU�������WKH�WULEXWDU\�QXWULHQW�UHGXFWLRQ�WDUJHWV��L�H��
WKH������EDVH�ORDG�PLQXV�WKH����SHUFHQW�UHGXFWLRQ�WDUJHW��EHFRPH�QXWULHQW�FDSV�WKDW�DUH�QRW�WR�EH
H[FHHGHG�DW�DQ\�WLPH�LQ�WKH�IXWXUH�HYHQ�LQ�WKH�IDFH�RI�FRQWLQXHG�SRSXODWLRQ�JURZWK�DQG�GHYHORS�
PHQW�RI�WKH�ZDWHUVKHG�

,Q�������WKH�EDVLQZLGH�UHGXFWLRQ�JRDO�ZDV�UHHYDOXDWHG�DQG�DOORFDWHG�DPRQJ�WKH�WHQ�PDMRU
WULEXWDU\�ZDWHUVKHG�EDVLQV���7KH�VWDWH�MXULVGLFWLRQV��ZLWK�GLUHFW�LQYROYHPHQW�RI�WKH�SXEOLF��WKHQ
GHYHORSHG�FRPSUHKHQVLYH�WULEXWDU\�VSHFLILF�QXWULHQW�UHGXFWLRQ�VWUDWHJLHV�ZLWKLQ�WKH�LQGLYLGXDO
ZDWHUVKHGV���$V�SDUW�RI�WKH������DPHQGPHQWV�WR�WKH�&KHVDSHDNH�%D\�$JUHHPHQW��WKH�VLJQDWRULHV
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FRPPLWWHG��WR�LQFRUSRUDWH�LQ�WKH�1XWULHQW�5HGXFWLRQ�6WUDWHJLHV�DQ�DLU�GHSRVLWLRQ�FRPSRQHQW
ZKLFK�EXLOGV�XSRQ�WKH������$PHQGPHQWV�WR�WKH�IHGHUDO�&OHDQ�$LU�$FW�DQG�H[SORUHV�DGGLWLRQDO
LPSOHPHQWDWLRQ�RSSRUWXQLWLHV�WR�IXUWKHU�UHGXFH�DLUERUQH�VRXUFHV�RI�QLWURJHQ�HQWHULQJ
&KHVDSHDNH�%D\�DQG�LWV�WULEXWDULHV���&KHVDSHDNH�([HFXWLYH�&RXQFLO�������

TABLE IV-7
Chesapeake Bay Basin Nutrient Reduction and Loading Caps by Major Tributary Basin

(in millions of kilograms)

Major Tributary 1985 Base 40% Target Year 2000 Agreement
Watershed Basin Nutrient Load Reduction Loading Cap

Eastern Shore MD Nitrogen 10.34 2.54 7.80

Phosphorus 0.82 0.28 0.54

Eastern Shore VA Nitrogen 0.82 0.18 0.64

Phosphorus 0.04 0.01 0.03

James Nitrogen 19.82 6.39 13.43a

Phosphorus 2.80 0.97 1.83

Patuxent Nitrogen 2.22 0.64 1.59

Phosphorus 0.24 0.09 0.15

Potomac Nitrogen 31.16 8.48 22.68b

Phosphorus 2.41 0.78 1.64

Rappahannock Nitrogen 3.76 1.18 2.59

Phosphorus 0.39 0.15 0.24

Susquehanna Nitrogen 52.98 8.30 44.68c

Phosphorus 2.69 1.01 1.69

York Nitrogen 2.90 0.86 2.04

Phosphorus 0.42 0.15 0.27

Western Shore MD Nitrogen 12.02 4.39 7.62

Phosphorus 0.77 0.30 0.47

Western Shore VA Nitrogen 1.91 0.54 1.36

Phosphorus 0.23 0.09 0.14

 James loads include only loads from Virginia. a

 Potomac loads include only loads from Pennsylvania, Maryland, Virginia, and the District of Columbia.b

 Susquehanna loads include only loads from Pennsylvania and Maryland.c

Source:  Adapted from CBP 1992.
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FIGURE IV-9
Major Tributary Basins of the Chesapeake Bay

$Q\�UHGXFWLRQV�LQ
QLWURJHQ�ORDGV�EURXJKW�DERXW
E\�SURJUDPV�LPSOHPHQWLQJ
WKH�&$$�DUH�FRQVLGHUHG�WR�EH
DGGLWLRQDO�QXWULHQW�ORDG
UHGXFWLRQV�VHSDUDWH�IURP�WKH
SRLQW�DQG�QRQSRLQW�VRXUFH
UHGXFWLRQV�LGHQWLILHG�LQ�WKH
WULEXWDU\�QXWULHQW�UHGXFWLRQ
VWUDWHJLHV���&$$�LPSOHPHQWD�
WLRQ�LV�H[SHFWHG�WR�UHGXFH
QLWURJHQ�ORDGV�LQ�&KHVDSHDNH
%D\�EH\RQG�WKH�WULEXWDU\
VWUDWHJ\�UHGXFWLRQV��&%3
����D����+RZHYHU��WKHVH�DG�
GLWLRQDO�UHGXFWLRQV�PD\�ODVW
RQO\�D�VKRUW�WLPH��DW�VRPH�WLPH
DIWHU�WKH�\HDU�������SRSXODWLRQ
JURZWK�DQG�LQFUHDVHG�ODQG
GHYHORSPHQW�DUH�H[SHFWHG�WR
EHJLQ�HURGLQJ�WKH�JDLQV�PDGH
E\�WKH�&$$���7KLV�H[SHFWHG
LQFUHDVH�LQ�QXWULHQW�ORDGV�PD\
PDNH�LW�GLIILFXOW�WR�PHHW�WKH
FDSV�RQ�QXWULHQW�ORDGV�WR�WKH
%D\���,QGHHG��LW�ZDV�DFNQRZ�
OHGJHG�DW�WKH�WLPH�WKH
WULEXWDU\�VWUDWHJLHV�ZHUH
GHYHORSHG�WKDW��DFKLHYLQJ�D���
SHUFHQW�QXWULHQW�UHGXFWLRQ
JRDO��LQ�DW�OHDVW�VRPH�FDVHV�
FKDOOHQJHV�WKH�OLPLWV�RI�FXUUHQW
SRLQW�DQG�QRQSRLQW�VRXUFH�FRQWURO�WHFKQRORJLHV���&KHVDSHDNH�([HFXWLYH�&RXQFLO���������7R
PDLQWDLQ�WKH�UHVWRUDWLRQ�SURJUHVV�WKDW�ZLOO�EH�DFKLHYHG�E\�WKH�\HDU�������WKH�WHFKQRORJLFDO�OLPLWV
RI�FRQWUROV�RQ�UHGXFWLRQV�IURP�SRLQW�DQG�QRQSRLQW�VRXUFHV�PD\�KDYH�WR�EH�H[SDQGHG�WR�PDNH
IXUWKHU�UHGXFWLRQV�LQ�WKHVH�DUHDV�HFRQRPLFDOO\�DWWUDFWLYH��RU�RWKHU�VRXUFHV�RI�FRQWUROODEOH
QXWULHQWV�PD\�KDYH�WR�EH�FRQVLGHUHG�WR�DFKLHYH�FRVW�HIIHFWLYH�HFRV\VWHP�SURWHFWLRQ�LQ�WKH�%D\�

02'(/,1*�$,5�72�:$7(56+('�75$163257���7+(�&+(6$3($.(�%$<�$,56+('

$�VHULHV�RI�OLQNHG�FRPSXWHU�PRGHOV�KDYH�EHHQ�GHYHORSHG�E\�WKH�&KHVDSHDNH�%D\
3URJUDP�WR�VLPXODWH�WKH�WUDQVSRUW�RI�QLWURJHQ�IURP�LWV�HPLVVLRQ�VRXUFHV�WR�WKH�&KHVDSHDNH�%D\
ZDWHUVKHG�DQG�HYHQWXDOO\�LQWR�WKH�WLGDO�%D\�ZDWHUV���$V�D�ILUVW�VWHS�LQ�HVWDEOLVKLQJ�WKH�DLU�WR�WLGDO
ZDWHUV�FRQQHFWLRQ��WKH��DLUVKHG��RI�WKH�&KHVDSHDNH�%D\�ZDV�GHILQHG���7KH�ERXQGDULHV�RI�WKH
DLUVKHG�ZHUH�GHILQHG�DV�WKH�FRQWLJXRXV�DUHDV�ZKRVH�VRXUFHV��VLJQLILFDQWO\��FRQWULEXWHG��L�H�����
SHUFHQW��WR�DWPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ�WR�WKH�%D\�DQG�LWV�VXUURXQGLQJ�ZDWHUVKHG
�'HQQLV���������7KHVH�ERXQGDULHV�ZHUH�GHOLQHDWHG�E\�UXQQLQJ�D�VHULHV�RI�VFHQDULRV�RQ�WKH
5HJLRQDO�$FLG�'HSRVLWLRQ�0RGHO��5$'0���XVLQJ�D�SUHGHILQHG�SRLQW�RI�GLPLQLVKLQJ�UHWXUQ��L�H��
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FIGURE IV-10
Chesapeake Bay Airshed

ZKHQ�D����SHUFHQW�UHGXFWLRQ�LQ�HPLVVLRQV�IURP�ODUJH�VRXUFH�UHJLRQV�ZRXOG�EH�H[SHFWHG�WR
SURGXFH�OHVV�WKDQ�D����SHUFHQW�UHGXFWLRQ�LQ�GHSRVLWLRQ�RQWR�WKH�%D\�ZDWHUVKHG����7KH�UHVXOWLQJ
��������NP �DLUVKHG��VKRZQ�LQ�)LJXUH�,9�����LV�DERXW�����WLPHV�ODUJHU�WKDQ�WKH�%D\
V�ZDWHUVKHG�

DQG�LQFOXGHV���DOO�RI�0DU\ODQG��9LUJLQLD��3HQQV\OYDQLD��'HODZDUH��WKH�'LVWULFW�RI�&ROXPELD��:HVW
9LUJLQLD��DQG�2KLR��PRVW�RI�1HZ�<RUN��KDOI�RI�1HZ�-HUVH\��1RUWK�&DUROLQD��DQG�.HQWXFN\��DQG
SDUWV�RI�7HQQHVVHH��6RXWK�&DUROLQD��0LFKLJDQ��2QWDULR��DQG�4XHEHF��LQFOXGLQJ�/DNHV�(ULH�DQG
2QWDULR�����6HH�&KDSWHU�,,,�IRU�D�GHVFULSWLRQ�RI�5$'0�DQG�'HQQLV��������IRU�PRUH�LQIRUPDWLRQ�RQ
WKH�XVH�DQG�OLPLWDWLRQV�RI�5$'0�LQ�WKLV�VWXG\��

$FFRUGLQJ�WR�WKH�%D\�DLUVKHG�PRGHO��DERXW����SHUFHQW�RI�WKH�QLWURJHQ�WKDW�LV�GHSRVLWHG�RQ
WKH�%D\�DQG�LWV�VXUURXQGLQJ�ZDWHUVKHG�RULJLQDWHV�IURP�VRXUFHV�ZLWKLQ�WKH�%D\�ZDWHUVKHG��
6RXUFHV�ORFDWHG�ZLWKLQ�WKH�MXULVGLFWLRQV�RI�WKH�%D\�$JUHHPHQW�VLJQDWRULHV�RI�0DU\ODQG��9LUJLQLD�
3HQQV\OYDQLD��DQG�WKH�'LVWULFW�RI�&ROXPELD��LQFOXGLQJ�WKRVH�VRXUFHV�WKDW�DUH�ZLWKLQ�WKH�VWDWH
ERXQGDULHV�EXW�RXWVLGH�RI�WKH�%D\�ZDWHUVKHG��FRQWULEXWH�DERXW����SHUFHQW�RI�WKH�QLWURJHQ�WKDW
GHSRVLWV�RQ�WKH�%D\�DQG�LWV�ZDWHUVKHG��'HQQLV�������
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FIGURE IV-11
NO  Emission Sources in the Major Bay Influencing Statesx

$V�GHILQHG��WKH�%D\�DLUVKHG��ZKLFK�DFFRXQWV�IRU����SHUFHQW�RI�DOO�QLWURJHQ�HPLVVLRQV�LQ�WKH
HDVWHUQ�8QLWHG�6WDWHV�DQG�&DQDGD��DFFRXQWV�IRU����SHUFHQW�RI�WKH�DWPRVSKHULF�QLWURJHQ�GHSRVLWHG
RQWR�WKH�%D\�DQG�LWV�ZDWHUVKHG���7KH�UHPDLQLQJ����SHUFHQW�RI�WKH�GHSRVLWLRQ�RULJLQDWHV�IURP�HPLV�
VLRQ�VRXUFHV�RXWVLGH�WKH�GHILQHG�DLUVKHG��'HQQLV���������7KHUHIRUH��WKH�&KHVDSHDNH�%D\�DLUVKHG�DV
GHILQHG�KHUH�LV�VPDOOHU�WKDQ�WKH�DFWXDO�DUHDV�RI�WKH�8QLWHG�6WDWHV�DQG�&DQDGD�WKDW�FRQWULEXWH�WR
QLWURJHQ�GHSRVLWLRQ�WR�WKH�%D\�ZDWHUVKHG���$�VWLOO�XQUHVROYHG�SRUWLRQ�RI�WKH�DLUVKHG�LV�WKH�SRUWLRQ
WKDW�FRQWULEXWHV�WR�DWPRVSKHULF�GHSRVLWLRQ�WR�RIIVKRUH�RFHDQ�ZDWHUV�ZKLFK��LQ�WXUQ��FRQWULEXWHV�WR
WKH�LQIOX[�RI�QLWURJHQ�IURP�FRDVWDO�ZDWHUV�LQWR�WKH�VRXWKHUQ�&KHVDSHDNH�%D\��&%3�����E��

5HVHDUFKHUV�FRPSDUHG
UHVXOWV�IURP�WKH�%D\�DLUVKHG
PRGHO�WR�HPLVVLRQV�LQYHQWRU\
GDWD�RQ�VRXUFHV�RI�12 �HPLVVLRQV[

DQG�HYDOXDWHG�WKH�FRQWULEXWLRQ�RI
WKHVH�VRXUFHV�WR�QLWURJHQ�ORDGV�WR
WKH�%D\���$V�VKRZQ�LQ�)LJXUH�,9�
����GDWD�IURP�WKH�HPLVVLRQV
LQYHQWRU\�LQGLFDWH�WKDW�WKH
FRQWULEXWLRQV�IURP�XWLOLW\�DQG
PRELOH�VRXUFHV�LQ�WKH�PDMRU�%D\
LQIOXHQFLQJ�VWDWHV��L�H���0DU\ODQG�
1HZ�-HUVH\��1HZ�<RUN��2KLR�
3HQQV\OYDQLD��9LUJLQLD��:HVW
9LUJLQLD��WR�12 �HPLVVLRQV�DUH[

URXJKO\�HTXDO�DQG�PDNH�XS�WKH
PDMRULW\�RI�HPLVVLRQ�VRXUFHV��
7KURXJK�5$'0��WKHVH�GDWD�ZHUH
FRQILUPHG�DQG�WKH�SDWWHUQV�RI
QLWUDWH�GHSRVLWLRQ�IURP�WKH�WZR
VRXUFHV�ZHUH�VLPXODWHG���7KH
PRGHO�VLPXODWLRQV�VXJJHVW�WKDW
XWLOLWLHV�FRQWULEXWH�D�PDMRULW\�RI
WKH�QLWUDWH�WKDW�GHSRVLWV�RQ�WKH
ZHVWHUQ�VLGH�RI�WKH�%D\
ZDWHUVKHG�DQG�WKDW�QLWUDWH�GHSRVLWLRQ�IURP�XWLOLW\�HPLVVLRQV�VKRZV�D�GHFUHDVLQJ�WUHQG�IURP�WKH
ZHVWHUQ�WR�HDVWHUQ�SRUWLRQ�RI�WKH�ZDWHUVKHG��VHH�)LJXUH�,9��� ����7KHVH�VLPXODWLRQV�IXUWKHU��

VXJJHVW�WKDW�PRELOH�VRXUFHV��DVVRFLDWHG�ZLWK�12 �HPLVVLRQV�IURP�WKH�%RVWRQ�WR�:DVKLQJWRQ�[

'�&���PHWURSROLWDQ�DUHDV��FRQWULEXWH�D�PDMRULW\�RI�WKH�QLWUDWH�WKDW�GHSRVLWV�DORQJ�WKH�'HOPDUYD
3HQLQVXOD��WKH�&KHVDSHDNH�%D\�LWVHOI��DQG�WKH�ORZHU�SRUWLRQV�RI�WKH�ZHVWHUQ�VKRUH�WLGDO
WULEXWDULHV��VHH�)LJXUH�,9�������,Q�FRQWUDVW�WR�XWLOLW\�VRXUFHV��WKH�VLPXODWHG�GHSRVLWLRQ�IURP�PRELOH
VRXUFHV�VKRZV�D�GHFUHDVLQJ�WUHQG�IURP�WKH�HDVWHUQ�WR�ZHVWHUQ�SRUWLRQ�RI�WKH�EDVLQ���0RGHO
VFHQDULRV�VLPXODWLQJ�WKH�HIIHFWV�RI�D�XQLIRUP����SHUFHQW�UHGXFWLRQ�LQ�QLWURJHQ�HPLVVLRQV�IURP
XWLOLWLHV�DORQH�DQG�WKHQ�IURP�PRELOH�VRXUFHV�DORQH�VKRZ�WKH�VDPH�ZHVW�WR�HDVW��RU�HDVW�WR�ZHVW�
JUDGLHQWV�UHVSHFWLYHO\��'HQQLV�������
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FIGURE IV-13
RADM Total (Wet and Dry) Nitrate Deposition from Mobile Sources

FIGURE IV-12
RADM Total (Wet and Dry) Nitrate Deposition from Utility Sources

(as a percent contribution of 1990 Base Case)
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$WPRVSKHULF�QLWURJHQ�ORDGV�IURP�WKH�DLUVKHG�DUH�WUDQVSRUWHG�WR�WKH�&KHVDSHDNH�%D\�E\
WKUHH�URXWHV���GLUHFW�GHSRVLWLRQ��ERWK�ZHW�DQG�GU\��WR�WKH�%D\�WLGDO�ZDWHUV��L�H���GLUHFW�ORDGLQJV��
LQGLUHFW�GHSRVLWLRQ��ERWK�ZHW�DQG�GU\��WR�WKH�ZDWHUVKHG�ZLWK�VXEVHTXHQW�UXQRII�DQG�ULYHU
WUDQVSRUW�WR�WKH�%D\��L�H���LQGLUHFW�ORDGLQJV���DQG�GHSRVLWLRQ��ERWK�ZHW�DQG�GU\��WR�DGMDFHQW
RIIVKRUH�FRDVWDO�ZDWHUV�ZLWK�VXEVHTXHQW�WUDQVSRUW�WR�WKH�%D\�WKURXJK�FRDVWDO�FXUUHQWV���7KH�ILUVW
WZR�SURFHVVHV��GLUHFW�DQG�LQGLUHFW�GHSRVLWLRQ�WR�WKH�%D\��DUH�GLVFXVVHG�EHORZ��DV�DUH�VRPH
HVWLPDWHV�RI�WRWDO�ORDGLQJV�WR�WKH�%D\�XVLQJ�ERWK�D�PDVV�EDODQFH�DSSURDFK�DQG�FRPSXWHU�PRGHOV��
7KH�WKLUG�SDWKZD\��GHSRVLWLRQ�WR�RIIVKRUH�FRDVWDO�ZDWHUV��LV�WKH�OHDVW�XQGHUVWRRG�URXWH�DQG�LV
GLVFXVVHG�ODWHU�LQ�WKLV�VHFWLRQ�XQGHU�DUHDV�RI�XQFHUWDLQW\���'LIIHUHQW�QLWURJHQ�FRPSRXQGV�WKDW�DUH
PHDVXUHG�RU�HVWLPDWHG�LQ�QLWURJHQ�ORDGLQJV�DUH�GLVFXVVHG�LQ�WKH�ER[�RQ�WKH�QH[W�SDJH�

'LUHFW�/RDGLQJV���7KH�ILUVW�HVWLPDWHV�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�WLGDO�ZDWHUV�RI
&KHVDSHDNH�%D\�ZHUH�PDGH�WKURXJK�VSDWLDO�H[WUDSRODWLRQ�RI�WKH�1DWLRQDO�$WPRVSKHULF
'HSRVLWLRQ�3URJUDP��1$'3��VLWHV�LQ�WKH�&KHVDSHDNH�ZDWHUVKHG��&HUFR�DQG�&ROH���������7KH
1$'3�LV�D�ORQJ�WHUP�QDWLRQZLGH�PRQLWRULQJ�SURJUDP�WKDW�ZDV�VWDUWHG�LQ�WKH�����V���%DVHG�RQ
WKH�DQQXDO�ORDGV�UHSRUWHG�E\�1$'3��DQG�DQ�DVVXPSWLRQ�WKDW�GU\�GHSRVLWLRQ�RI�QLWUDWH�LV�HTXDO�WR
WKH�ORQJ�WHUP�DYHUDJH�RI�ZHW�GHSRVLWLRQ�RI�QLWUDWH��)LVKHU�DQG�2SSHQKHLPHU�������+LQJD�HW�DO�
������7\OHU��������DWPRVSKHULF�GHSRVLWLRQ�RI�LQRUJDQLF�QLWURJHQ�WR�WKH�WLGDO�ZDWHUV�RI�WKH
&KHVDSHDNH�ZDV�HVWLPDWHG�DV�����PLOOLRQ�NLORJUDPV�RI�QLWUDWH�DQG�����PLOOLRQ�NLORJUDPV�RI
DPPRQLD���,Q�DGGLWLRQ��RUJDQLF�QLWURJHQ�ZDV�HVWLPDWHG�DV�����PLOOLRQ�NLORJUDPV��6PXOOHQ�HW�DO�
��������6WXGLHV�KDYH�H[SORUHG�WKH�LGHD�WKDW�DWPRVSKHULF�GHSRVLWLRQ�PD\�FRQWULEXWH�D�VLJQLILFDQW
SURSRUWLRQ�RI�SK\WRSODQNWRQ�QLWURJHQ�GHPDQGV�LQ�FRDVWDO�DUHDV��3DHUO�������3DHUO�������3DHUO�HW
DO���������SK\WRSODQNWRQ�UHTXLUH�QLWURJHQ��ERWK�QHZ�DQG�UHF\FOHG��IRU�JURZWK���)RJHO�DQG�3DHUO
��������IRU�H[DPSOH��KDYH�HVWLPDWHG�WKDW����WR����SHUFHQW�RI�DQQXDO�QHZ�QLWURJHQ�GHPDQGV�IRU
SK\WRSODQNWRQ�LQ�$OEHPDUOH�3DPOLFR�6RXQG��1&��PD\�EH�VXSSOLHG�E\�GLUHFW�DWPRVSKHULF
GHSRVLWLRQ�WR�WKH�ZDWHU�VXUIDFH��ZHW�DQG�GU\��

8VLQJ�1$'3�GDWD��ZHW�GHSRVLWLRQ�GLUHFWO\�WR�WKH�&KHVDSHDNH�%D\�WLGDO�VXUIDFH�ZDWHUV�KDV
EHHQ�HVWLPDWHG�WR�UDQJH�IURP�����WR�����PLOOLRQ�NLORJUDPV�RI�QLWUDWH�SHU�\HDU��)LVKHU�DQG
2SSHQKHLPHU�������+LQJD�HW�DO��������7\OHU���������7KRXJK�1$'3�PRQLWRULQJ�GDWD�DOORZ�LQLWLDO
HVWLPDWHV�WR�EH�PDGH�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�WLGDO�%D\��LW�LV�QRW�FXUUHQWO\�NQRZQ�LI�WKH
RYHU�ODQG�PHDVXUHPHQWV�RI�ZHW�GHSRVLWLRQ�DFFXUDWHO\�UHSUHVHQW�RYHU�ZDWHU�ZHW�GHSRVLWLRQ���7R
LQYHVWLJDWH�WKLV�TXHVWLRQ��D�GDLO\�SUHFLSLWDWLRQ�FKHPLVWU\�VLWH�ZDV�HVWDEOLVKHG�RQ�6PLWK�,VODQG�
0DU\ODQG��LQ�ODWH��������7KLV�VLWH�LV�SURYLGLQJ�WKH�ILUVW�WLPH�VHULHV�PHDVXUHPHQWV�RI�RYHU�ZDWHU
ZHW�GHSRVLWLRQ�FROOHFWHG�RQ�WKH�HDVW�FRDVW�

$OWKRXJK�WKH�GU\�GHSRVLWLRQ�WR�VXUIDFH�ZDWHU�ORDGLQJ�UDWHV�RI�QLWURJHQ�FRPSRXQGV�KDYH
EHHQ�HVWLPDWHG�IRU�PRVW�QLWURJHQ�VSHFLHV�RYHU�RSHQ�RFHDQ��*DOORZD\�������'XFH�HW�DO���������WKHVH
UDWHV�PD\�QRW�DSSO\�WR�FRDVWDO�DUHDV�EHFDXVH�RI�WKH�GLIIHUHQW�PHWHRURORJLFDO�SURFHVVHV�LQYROYHG��
7KURXJK�WKH�XVH�RI�LQVWUXPHQWHG�&KHVDSHDNH�%D\�2EVHUYLQJ�6\VWHP��&%26��EXR\V�RZQHG�E\�WKH
8QLYHUVLW\�RI�0DU\ODQG��HVWLPDWHV�RI�QLWURJHQ��+12 ��12 ��1+ ��GU\�GHSRVLWLRQ�UDWHV�WR�WKH�%D\� � � � �

WLGDO�VXUIDFH�ZDWHUV�KDYH�EHHQ�GHYHORSHG��9DOLJXUD���������7KHVH�HVWLPDWHV�FRUURERUDWH�WKRVH�JLYHQ
E\�RWKHU�LQYHVWLJDWRUV�WR�VRPH�H[WHQW��EXW�VWLOO�FRYHU�D�ZLGH�UDQJH�RI�YDOXHV��IURP�����WR�����PLOOLRQ
NLORJUDPV�RI�QLWUDWH�SHU�\HDU���)URP�WKLV�GDWD�VHW��FDOFXODWLRQV�ZHUH�SHUIRUPHG�WR�GHWHUPLQH�WKH
HIIHFW�RI�DWPRVSKHULF�GU\�GHSRVLWLRQ�RQ�SK\WRSODQNWRQ�G\QDPLFV���7KLV�DQDO\VLV�GHPRQVWUDWHG�WKDW
GU\�GHSRVLWHG�QLWURJHQ�PD\�SURYLGH����SHUFHQW�RI�WKH�DQQXDO��QHZ�QLWURJHQ��GHPDQGV�E\
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Characterization of Nitrogen Compounds

Most atmospheric nitrogen compounds (excluding N  and N O, which are relatively unreactive in the2  2

lower atmosphere) fall into two categories:  reactive nitrogen and reduced nitrogen.  In addition, some
organic nitrogen species arise in the atmosphere from the interaction between nitrogen oxides and certain
hydrocarbons.  The relative portions of the different nitrogen forms in nitrogen loadings can vary widely
based on source types and locations, proximity of sources to receiving waters, atmospheric transport, and
physical and chemical transformations.  Current estimates are that reactive nitrogen is the largest contributor
to atmospheric deposition in coastal waters (40 to 60 percent), with ammonia (20 to 40 percent) and organic
nitrogen (0 to 20 percent) also contributing significant amounts.

Reactive nitrogen compounds , primarily oxides of nitrogen, are emitted to the atmosphere through
both natural and anthropogenic pathways, overwhelmingly (95 percent) as nitric oxide (NO).  Natural NO
sources include emissions from soils and generation by lightning; dominant anthropogenic sources include
emissions from automobiles, power plants, and biomass burning.  The dominant source of reactive nitrogen
oxides present in air over North America is high-temperature combustion (e.g., power plants, automobiles). 
NO generated by combustion reacts quickly in the lower atmosphere, forming nitrogen dioxide (NO ).  The2

NO  is rapidly converted back to NO by ultraviolet light (photochemistry), then NO reacts again, resulting in a2

cycle driven by volatile organic compounds.  From this photochemical cycle, ozone (O ) is produced.  The3

cycle is broken when NO  terminates into stable products, principally nitric acid vapor (HNO ), and the NO2         3

gets used up.  The ozone issue is therefore intimately related to the NO  (defined as NO + NO ) question. x     2

NO  slowly deposits to the underlying surface (too slowly to break the cycle), but nitric acid vapor (HNO ) is2                 3

easily and quickly deposited.  HNO  is the source of most of the reactive nitrogen deposited to the earth's3

surface.

Reduced nitrogen compounds  include ammonia (NH ) and ammonium (NH ).  NH  is emitted into the3    4   3
+

atmosphere through both natural and anthropogenic pathways.  Natural sources of NH  include microbial3

decomposition of organic nitrogen compounds in soils and ocean waters and volatilization from animal and
human wastes.  Anthropogenic sources include the manufacture and release of commercial and organic
fertilizers during and after application and fossil fuel combustion.  Human activities such as manure
management and biomass burning exacerbate emissions from otherwise natural processes.  NH  is a highly3

reactive compound and has a short residence time in the atmosphere.  It is primarily emitted at ground level
and quickly deposits to the area near its source unless it reacts with other gaseous chemicals (e.g., SO ,2
HNO ) and is converted to NH  aerosol (Asman 1994; Langland 1992).  NH  can be transferred regionally3      4        4

+       +

as ammonium salts, such as ammonium nitrate NH NO  and ammonium sulfate (NH ) SO , and these salts4 3    4 2 4

are the primary contributor to NH  concentrations measured in precipitation.  Scavenging of NH  by4         3
+

precipitation can also be a major source of NH  in precipitation.4
+

Organic nitrogen  may be a significant fraction of the total nitrogen measured in precipitation (Cornell et
al. 1995; Gorzelska et al. 1997; Milne and Zika 1993).  Data on the deposition of organic nitrogen has been
limited, however, because of the paucity of reliable measurements, the historical variability in analytical
techniques and results, and the current lack of suitable and uniform analytical measurement techniques.  In
fact, only wet deposition of dissolved organic nitrogen (DON) has been addressed.  Various estimates for the
relative flux of organic versus total nitrogen via wet deposition range from less than 10 percent to greater
than 60 percent.  The contribution of the unresolved organic fraction may significantly augment the
atmospheric deposition of nitrogen to coastal waters.  However, in addition to the lack of dry deposition data,
there remain many conceptual questions related to source identification and the bioavailability of
atmospheric organic nitrogen.

Sources:  Luke and Valigura 1997; Paerl et al. 1997; Valigura et al. 1996.

SK\WRSODQNWRQ�LQ�&KHVDSHDNH�%D\��DQG�WKDW�LQGLYLGXDO�HYHQWV�FRXOG�VXSSO\�XS�WR����SHUFHQW�RI�WKH
QHZ�GHPDQGV�IRU�SHULRGV�RI�VHYHUDO�GD\V��0DORQH�������2ZHQV�HW�DO��������
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,QGLUHFW�/RDGLQJV���4XDQWLI\LQJ�LQGLUHFW�ORDGLQJV�RI�QLWURJHQ�WR�&KHVDSHDNH�%D\��ZKLFK
UHIHUV�WR�WKH�DWPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ�WR�WKH�WHUUHVWULDO�ZDWHUVKHG�DQG�VXEVHTXHQW
WUDQVSRUW�RI�WKH�QLWURJHQ�IURP�WKH�WHUUHVWULDO�ZDWHUVKHG�WR�%D\�VXUIDFH�ZDWHUV��LV�DQ�LPSRUWDQW
FRPSRQHQW�RI�WKH�HVWLPDWH�RI�WRWDO�DWPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ�WR�WKH�%D\��\HW�LW�LV�ODUJHO\
XQFHUWDLQ���1$'3�PRQLWRULQJ�GDWD�SURYLGH�DQ�LQLWLDO�HVWLPDWH�RI�WKH�DWPRVSKHULF�GHSRVLWLRQ�WR
WKH�&KHVDSHDNH�%D\�ZDWHUVKHG���*HQHUDOO\��KLJKHU�GHSRVLWLRQ�OHYHOV�DUH�IRXQG�LQ�WKH�QRUWKHUQ
SRUWLRQV�RI�WKH�EDVLQ���,Q�IDFW��VRPH�RI�WKH�KLJKHVW�UHDGLQJV�IRU�DWPRVSKHULF�GHSRVLWLRQ�RI�QLWUDWH
LQ�WKH�1$'3�PRQLWRULQJ�QHWZRUN�FRPH�IURP�WKH�QRUWKHUQ�VHFWLRQV�RI�WKH�&KHVDSHDNH�EDVLQ��
*UHDWHVW�XQFHUWDLQW\�LV�LQ�GU\�GHSRVLWLRQ�RI�QLWURJHQ��ZKLFK�LV�QRW�URXWLQHO\�PHDVXUHG�E\�1$'3�

7KH�DPRXQW�RI�DWPRVSKHULF�QLWURJHQ�WUDQVIHUUHG�WR�VXUIDFH�ZDWHUV�ZLWKLQ�D�JLYHQ
ZDWHUVKHG�GHSHQGV�RQ�ODQG�XVH��WRWDO�QLWURJHQ�ORDGLQJ�IURP�DWPRVSKHULF��IHUWLOL]HU��DQLPDO
ZDVWH��DQG�ELRVROLG�VRXUFHV��WKH�DPRXQW�RI�VRLO�QLWURJHQ��FKDUDFWHULVWLFV�RI�WKH�VRLO��VLWH�UDLQIDOO
DQG�WHPSHUDWXUH��WKH�HOHYDWLRQ�DQG�VORSH�RI�WKH�ODQG��DQG�WKH�W\SH��DJH��DQG�KHDOWK�RI�WKH
YHJHWDWLYH�FRYHU���7KHVH�FKDUDFWHULVWLFV�YDU\�LQGHSHQGHQWO\��PDNLQJ�LW�GLIILFXOW�WR�GHWHUPLQH�WKH
IDWH�RI�DWPRVSKHULFDOO\�GHSRVLWHG�QLWURJHQ�RYHU�DQ\�DUHD�RI�VLJQLILFDQW�VL]H���+RZHYHU��VHYHUDO
FODVVLILFDWLRQ�VFKHPHV�IRU�IRUHVWHG�VLWHV�KDYH�EHHQ�GHYHORSHG�WR�HYDOXDWH�D�VLWH
V�SRWHQWLDO�WR
UHWDLQ�DQG�OHDFK�QLWURJHQ��0HOLOOR�HW�DO��������-RKQVRQ�DQG�/LQGEHUJ�������6WRGGDUG���������

2QH�FODVVLILFDWLRQ�VFKHPH�LQ�SDUWLFXODU�KDV�KHOSHG�RUJDQL]H�WKLQNLQJ�DERXW�QLWURJHQ
UHWHQWLRQ�E\�FODVVLI\LQJ�IRUHVW�V\VWHPV�EDVHG�RQ�VWDJHV�RI�QLWURJHQ�VDWXUDWLRQ��L�H���WKH�H[WHQW�WR
ZKLFK�WKH�V\VWHP�LV�VDWXUDWHG�ZLWK�QLWURJHQ��WKH�PRUH�VDWXUDWHG�D�V\VWHP��WKH�PRUH�OLNHO\�WR
OHDFK�QLWURJHQ���6WRGGDUG���������7KH�FODVVLILFDWLRQV�UDQJH�IURP�6WDJH����ZKHUH�IRUHVW�QLWURJHQ
WUDQVIRUPDWLRQV�DUH�GRPLQDWHG�E\�SODQW�DQG�PLFURELDO�DVVLPLODWLRQ��XSWDNH��ZLWK�OLWWOH�RU�QR�12�

H[SRUW�IURP�WKH�ZDWHUVKHG�GXULQJ�WKH�JURZLQJ�VHDVRQ��WR�6WDJH����ZKHUH�QLWURJHQ�GHSRVLWLRQ�LV
ZHOO�LQ�H[FHVV�RI�DVVLPLODWLRQ�DQG�KDV�UHGXFHG�SODQW�DQG�PLFURELDO�DVVLPLODWLRQ�FDSDFLWLHV
UHVXOWLQJ�LQ�JUHDWHU�H[SRUW�RI�DWPRVSKHULF�QLWURJHQ�DV�ZHOO�DV�ORVVHV�IURP�PLQHUDOL]DWLRQ�RI�VRLO
RUJDQLF�QLWURJHQ���6WXG\�VLWHV�LQ�WKH�VRXWKHUQ�SRUWLRQV�RI�WKH�&KHVDSHDNH�%D\�ZDWHUVKHG
JHQHUDOO\�IDOO�LQWR�WKH�ORZ�QLWUDWH�H[SRUW�FODVVLILFDWLRQ��6WDJHV�������ZKLOH�WKH�QRUWKHUQ�SRUWLRQV
KDYH�JHQHUDOO\�KLJK�WR�PHGLXP�H[SRUW�FODVVLILFDWLRQV��6WDJHV������

7RWDO�/RDGLQJV�(VWLPDWHV�8VLQJ�$�0DVV�%DODQFH�$SSURDFK ���7KH�UROH�RI�DWPRVSKHULF
WUDQVSRUW�DV�DQ�LPSRUWDQW�SDWK�IRU�QLWURJHQ�GHSRVLWLRQ�WR�HVWXDULQH�DUHDV�ZDV�ILUVW�SXEOLFL]HG�LQ
������)LVKHU�HW�DO����������%DVHG�RQ�D�PDVV�EDODQFH�DQDO\VLV�XVLQJ������K\GURORJ\�GDWD��WKH�DXWKRUV
HVWLPDWHG�WKDW�RQH�WKLUG�RI�WKH�QLWURJHQ�HQWHULQJ�WKH�&KHVDSHDNH�%D\�LV�GHSRVLWHG�IURP�WKH
DWPRVSKHUH���6HYHUDO�VXEVHTXHQW�HIIRUWV��)LVKHU�DQG�2SSHQKHLPHU�������+LQJD�HW�DO��������7\OHU
������WR�TXDQWLI\�DWPRVSKHULF�QLWURJHQ�ORDGLQJV�WR�&KHVDSHDNH�%D\�SURGXFHG��EHVW�HVWLPDWH
ORDGLQJV��UDQJLQJ�IURP����SHUFHQW��)LVKHU�DQG�2SSHQKHLPHU�������WR�DERXW����SHUFHQW��+LQJD�HW
DO��������RI�WKH�WRWDO�QLWURJHQ�ORDGV�WR�WKH�&KHVDSHDNH����$�GLVFXVVLRQ�RI�WKH�XQFHUWDLQWLHV�LQ�D
PDVV�EDODQFH�DSSURDFK�IURP�RQH�RI�WKHVH�VWXGLHV�LV�SUHVHQWHG�LQ�WKH�VLGHEDU�RQ�WKH�QH[W�SDJH��

7KH�DSSURDFK�WDNHQ�LQ�WKHVH�PDVV�EDODQFH�VWXGLHV�FDQ�EH�GLYLGHG�LQWR�WZR�FRPSRQHQWV��
����HVWLPDWLQJ�ZHW�DQG�GU\�GHSRVLWLRQ��DQG�����HVWLPDWLQJ�QLWURJHQ�UHWHQWLRQ���$�FHQWUDO�GLIILFXOW\
LQ�PDVV�EDODQFH�VWXGLHV�LV�WKH�XVH�RI�DYHUDJH�ODQG�XVH�YDOXHV�RI�QLWURJHQ�UHWHQWLRQ���1LWURJHQ
UHWHQWLRQ�DVVXPSWLRQV�XVHG�LQ�WKUHH�RI�WKH�&KHVDSHDNH�%D\�VWXGLHV�DUH�SUHVHQWHG�LQ�7DEOH�,9���
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Inherent Uncertainties in
Mass Balance Approach

"It would not be difficult to make the [mass balance]
calculations appear more elegant by subdividing the
watersheds into more land use types, using a detailed
data base of land uses, assembling more detailed lists
of point source and agricultural inputs, and using some
technique for contouring deposition over the
watershed.  None of these approaches are likely to
make better calculations.  More precise and reliable
estimates of the magnitudes of inputs of
atmospherically-deposited nitrogen to coastal waters
will require significant advances in the understanding
of many processes responsible for the behavior of
nitrogen in terrestrial ecosystems and in rivers and
streams."

Source:  Hinga et al. 1991.

TABLE IV-8
Nitrogen Retention Assumptions Used in Chesapeake Bay Loading Studies

(as a percentage of nitrogen loading)

Land Use Tyler 1988 Oppenheimer 1991  Hinga et al. 1991
Fisher and

a a

Forest 95.2-100.0 80.0 (51.0-100.0) 80.0 (25.0-95.0)

Pasture 93.7-99.96 70.0 (51.0-90.0) 80.0 (25.0-95.0)

Cropland 76.0-99.97 70.0 60.0 (45.0-75.0)

Residential 62.0-95.3 35.0 (0.0-70.0) 25.0 (10.0-50.0)

 Numbers in parentheses indicate range tested.a

$VVHPEOLQJ�DQ�DGHTXDWH�XQGHUVWDQGLQJ�RI�ORQJ�WHUP�EHKDYLRU�ZKHQ�WKH�SURFHVVHV
LQYROYHG�DUH�IXQGDPHQWDOO\�HSLVRGLF�LV�DQRWKHU�PDMRU�FKDOOHQJH�RI�FRQWHPSRUDU\�PRGHOV���6RPH
VWXGLHV�LQGLFDWH�WKDW�WKH�PDMRULW\�RI�WKH�DWPRVSKHULF�ZHW�GHSRVLWLRQ�RFFXUV�GXULQJ�D�IHZ
HSLVRGHV��'DQD�DQG�6OLQQ�������)RZOHU�DQG�&DSH��������VXFK�WKDW�WKH�ZHW�GHSRVLWHG�QLWURJHQ��DV
ZHOO�DV�SUHYLRXVO\�GU\�GHSRVLWHG�QLWURJHQ��LV�GHSRVLWHG�GLUHFWO\�WR��RU�IORZV�TXLFNO\�LQWR��WKH
VXUIDFH�ZDWHUV�ZLWKRXW�LQWHUPHGLDWH�UHGXFWLRQ�LQ�FRQFHQWUDWLRQ���'HVSLWH�WKHVH�GLIILFXOWLHV��PDVV
EDODQFH�VWXGLHV�SURYLGH�D�JRRG�ILUVW�RUGHU�HVWLPDWH�RI�QLWURJHQ�ORDGLQJ�WR�&KHVDSHDNH�%D\�

([SHULPHQWDO�PDQLSXODWLRQ�DW�WKH
ZDWHUVKHG�VFDOH�LV�EHLQJ�FRQGXFWHG�DW�D
IHZ�8�6��ORFDWLRQV��.DKO�HW�DO�������
1RUWRQ�HW�DO����������:RUN�IURP�WKHVH�VLWHV
LV�SURYLGLQJ�LQIRUPDWLRQ�RQ�WKH�F\FOLQJ�RI
QLWURJHQ�LQ�IRUHVWHG�FDWFKPHQWV�DQG�LV
IXOO\�VXSSRUWLYH�RI�WKH�FRQFOXVLRQ�WKDW
DWPRVSKHULF�GHSRVLWLRQ�FRQWULEXWHV�WR
QLWURJHQ�ORDGLQJ�RI�FRDVWDO�ZDWHUV
WKURXJK�WKH�H[SRUW�RI�DWPRVSKHULFDOO\
GHULYHG�QLWURJHQ���5HVXOWV�RI�WKHVH�ORQJ�
WHUP�H[SHULPHQWV�DUH�MXVW�EHJLQQLQJ�WR�EH
SXEOLVKHG���$Q�H[DPSOH�LV�WKH�%HDU�%URRN
ZDWHUVKHG�LQ�0DLQH���'LYLGHG�LQWR
WUHDWPHQW�DQG�FRQWURO�FDWFKPHQWV��WKH
WUHDWHG�FDWFKPHQW�UHFHLYHG�LQFUHDVHG
QLWURJHQ�ORDGLQJ�LQ�WKH�IRUP�RI�ODEHOHG
DPPRQLD���7KH�WUHDWHG�ZDWHUVKHG
UHVSRQVH�ZDV�DQ�LPPHGLDWH�LQFUHDVH�LQ
VWUHDP�QLWUDWH�H[SRUW��1RUWRQ�HW�DO��������8GGDPHUL�HW�DO��������

7RWDO�/RDGLQJV�(VWLPDWHV�8VLQJ�WKH�&KHVDSHDNH�:DWHUVKHG�DQG�(VWXDU\�0RGHOV ���7KH
&KHVDSHDNH�:DWHUVKHG�0RGHO��GLVFXVVHG�LQ�PRUH�GHWDLO�EHORZ��LV�RQH�DSSURDFK�WR
GLVDJJUHJDWLQJ�WKH�VHSDUDWH�FRPSRQHQWV�RI�WHUUHVWULDO�DQG�ULYHU�QLWURJHQ�G\QDPLFV�LQ�WKH�EDVLQ�
DORQJ�ZLWK�WKH�WHPSRUDO�HIIHFWV�RI�KLJK�ORDGLQJ�GXULQJ�UDLQIDOO�HYHQWV���7KH�HVWLPDWH�RI
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DWPRVSKHULF�QLWURJHQ�ORDGV�IRU�ERWK�GLUHFW�DQG�LQGLUHFW�GHSRVLWLRQ�LV����SHUFHQW�RI�WKH�DQQXDO
QLWURJHQ�ORDG�GHOLYHUHG�WR�WKH�&KHVDSHDNH�%D\���7KLV�HVWLPDWH�ZDV�GHYHORSHG�XVLQJ�WKH�����
:DWHUVKHG�0RGHO��/LQNHU�HW�DO��������DQG�LV�FRQVLVWHQW�ZLWK�WKH�UDQJH�UHSRUWHG�E\�&KHVDSHDNH
%D\�PDVV�EDODQFH�VWXGLHV��L�H������WR����SHUFHQW����)XUWKHU�UHILQHPHQWV�DUH�EHLQJ�PDGH�WR�WKH
:DWHUVKHG�0RGHO�DQG�DQ�XSGDWH�RI�WKH�HVWLPDWH�RI�DWPRVSKHULF�GHSRVLWLRQ�LV�H[SHFWHG�E\
6HSWHPEHU������

7R�HVWLPDWH�ZHW�GHSRVLWLRQ��WKH�&KHVDSHDNH�%D\�3URJUDP�FRPELQHG�RXWSXW�IURP�D
UHJUHVVLRQ�PRGHO�GHYHORSHG�IURP�1$'3�ZHHNO\�DQG�GDLO\�SUHFLSLWDWLRQ�FKHPLVWU\
PHDVXUHPHQWV�ZLWK�GDWD�IURP�WKH�12$$�UDLQIDOO�QHWZRUN���7KLV�DSSURDFK�\LHOGV�GDLO\�HVWLPDWHV
RI�UDLQIDOO�WR����VXE�EDVLQV�RI�WKH�&KHVDSHDNH�%D\�ZDWHUVKHG���'U\�GHSRVLWLRQ�ZDV�DVVXPHG�WR�EH
HTXDO�WR�ZHW�GHSRVLWLRQ�IRU�RYHU�ODQG�DUHDV�DQG����SHUFHQW�RI�ZHW�GHSRVLWLRQ�IRU�RYHU�ZDWHU
DUHDV���,QGLUHFW�DWPRVSKHULF�ORDGLQJV�IURP�WKH�RYHU�ODQG�SRUWLRQ�RI�WKH�ZDWHUVKHG�ZHUH
HVWLPDWHG�XVLQJ�WKH�&KHVDSHDNH�%D\�3URJUDP�:DWHUVKHG�0RGHO�

7KH�HVWLPDWH�RI�D����SHUFHQW�FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�WRWDO�QLWURJHQ
ORDGLQJV�WR�WKH�&KHVDSHDNH�%D\�IDOOV�ZLWKLQ�WKH�UDQJH�UHSRUWHG�IRU�RWKHU�PDMRU�HDVWHUQ�DQG�*XOI
FRDVW�HVWXDULHV��ZKLFK�DUH�GLVFXVVHG�LQ�6HFWLRQ�,9�'�DQG�VXPPDUL]HG�LQ�7DEOH�,9����LQ�WKDW
VHFWLRQ�

02'(/,1*�7+(�&+(6$3($.(�%$<
6�:$7(56+('�$1'�(678$5<

:DWHU�TXDOLW\�PRGHOV�RI�WKH�&KHVDSHDNH�%D\
V�ZDWHUVKHG�DQG�HVWXDU\�KDYH�EHHQ�LQ�XVH
VLQFH�WKH�PLG�����V��&%3�������'RQLJLDQ�HW�DO��������+DUWLJDQ�������7KRPDQQ�HW�DO����������7KH
�����%D\�$JUHHPHQW
V����SHUFHQW�QXWULHQW�UHGXFWLRQ�JRDO�ZDV�EDVHG��LQ�ODUJH�SDUW��RQ�ILQGLQJV
IURP�WKHVH�PRGHOV�

7KH�ILUVW�PRGHO�RI�WKH�%D\�ZDWHUVKHG�ZDV�FRPSOHWHG�LQ������DQG�SURYLGHG�D�EDVLQ�E\�
EDVLQ�DVVHVVPHQW�RI�WKH�UHODWLYH�LPSRUWDQFH�RI�SRLQW�VRXUFH�DQG�QRQSRLQW�VRXUFH�FRQWUROV�RI
QXWULHQWV��193'&���������6XEVHTXHQW�UHILQHPHQWV�RI�WKH�:DWHUVKHG�0RGHO�HVWDEOLVKHG�WKH
LPSRUWDQFH�RI�DQLPDO�ZDVWH�PDQDJHPHQW�LQ�WKH�ZDWHUVKHG��'RQLJLDQ�HW�DO���������WKH�GHOLYHU\�WR
WKH�%D\�RI�DWPRVSKHULF�GHSRVLWLRQ�ORDGV�IURP�WKH�ZDWHUVKHG��'RQLJLDQ�HW�DO���������DQG�WKH
GHYHORSPHQW�RI�WULEXWDU\�DOORFDWLRQ�ORDGV�RI�QLWURJHQ�DQG�SKRVSKRUXV�WR�DFKLHYH�WKH����SHUFHQW
QXWULHQW�UHGXFWLRQ�JRDO��7KRPDQQ�HW�DO��������

,Q�D�SDUDOOHO�HIIRUW��WKH�ILUVW�PRGHO�RI�WKH�&KHVDSHDNH�HVWXDU\�ZDV�FRPSOHWHG�LQ������WR
HYDOXDWH�WKH�LPSDFW�RI�QXWULHQW�UHGXFWLRQ�VFHQDULRV�RQ�WKH�%D\
V�GLVVROYHG�R[\JHQ�FRQFHQWUDWLRQV
�&%3���������5HVXOWV�IURP�WKH�VWHDG\�VWDWH�(VWXDU\�0RGHO�LQGLFDWHG�WKDW�D����SHUFHQW�UHGXFWLRQ�LQ
QXWULHQW�ORDGV�ZRXOG�VLJQLILFDQWO\�UHGXFH�DQR[LD��GLVVROYHG�R[\JHQ�FRQFHQWUDWLRQV�OHVV�WKDQ��
PJ�/��LQ�WKH�%D\�PDLQVWHP�GXULQJ�DYHUDJH�VXPPHU��-XQH�6HSWHPEHU��FRQGLWLRQV��&%3��������
7KH����SHUFHQW�FRQWUROODEOH�QXWULHQW�UHGXFWLRQ�JRDO��XQGHU�WKH������%D\�$JUHHPHQW��ZDV�EDVHG�LQ
ODUJH�SDUW�RQ�WKHVH�ILQGLQJV�

$�UHHYDOXDWLRQ�RI�WKH�%D\
V�QXWULHQW�UHGXFWLRQ�JRDO�DQG�D�UHYLHZ�RI�WKH�SURJUHVV�PDGH�LQ
UHGXFLQJ�QXWULHQWV�ZDV�VFKHGXOHG�IRU��������,Q�DGYDQFH�RI�WKLV�UHHYDOXDWLRQ��UHVHDUFKHUV�EHJDQ
UHILQLQJ�DQG�LQWHJUDWLQJ�WKH�:DWHUVKHG�DQG�(VWXDU\�0RGHOV��)LJXUH�,9�������)RU�H[DPSOH��WKH
:DWHUVKHG�0RGHO�ZDV�XSGDWHG�ZLWK�JUHDWHU�GHWDLO�RI�DJULFXOWXUDO�DQG�DWPRVSKHULF�VRXUFHV�DQG
ZDV�OLQNHG�WR�WKH�(VWXDU\�0RGHO��'RQLJLDQ�HW�DO����������3URYLGLQJ�D�SUHGLFWLYH�IUDPHZRUN�IRU
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FIGURE IV-14
Watershed and Estuary Model Integration

FIGURE IV-15
Integrated Model Improvements

GHWHUPLQLQJ�QXWULHQW�ORDGV�GHOLYHU�
HG�WR�WKH�WLGDO�%D\�XQGHU�GLIIHUHQW
VRXUFH�UHGXFWLRQ�VFHQDULRV��WKH
:DWHUVKHG�0RGHO�VLPXODWHG
GHOLYHUHG�QXWULHQW�ORDGV�ZLWK
FKDQJHV�LQ�ODQG�XVH�SUDFWLFHV�DQG
OHYHOV�RI�ZDVWHZDWHU�WUHDWPHQW
�7KRPDQQ�HW�DO����������7KH�(VWXDU\
0RGHO�ZDV�XSJUDGHG�WR�DGG�D�VHG�
LPHQW�SURFHVVHV�PRGHO�DQG�D�K\�
GURG\QDPLF�PRGHO��DQG�ZDV�OLQNHG
ZLWK�WKH�:DWHUVKHG�0RGHO�WR
DFFHSW�:DWHUVKHG�0RGHO�QXWULHQW
ORDGV�DV�GDWD�LQSXW��&HUFR�DQG�&ROH
������'L7RUR�DQG�)LW]SDWULFN������
-RKQVRQ�HW�DO��������

7KH�LQWHJUDWHG�:DWHUVKHG
DQG�(VWXDU\�0RGHO�RI�WKH�&KHVDSHDNH�%D\�ZDV�XVHG�WR�HVWLPDWH�ZDWHU�TXDOLW\�LPSURYHPHQWV�WKDW
ZRXOG�EH�UHDOL]HG�XSRQ�UHDFKLQJ�WKH�%D\�$JUHHPHQW�JRDO�RI�UHGXFLQJ�FRQWUROODEOH�QXWULHQWV�E\
���SHUFHQW���7KURXJK�WKH�DSSOLFDWLRQ�RI�WKHVH�PRGHOV��WKH�%D\�3URJUDP�SDUWQHUV�HVWDEOLVKHG�WKH
%D\�$JUHHPHQW�WULEXWDU\�QXWULHQW�DOORFDWLRQV�RI�QLWURJHQ�DQG�SKRVSKRUXV�WR�EH�DFKLHYHG�E\�WKH
\HDU������DQG�PDLQWDLQHG�WKHUHDIWHU�

:KLOH�WKLV�LQLWLDO�LQWHJUDWHG
PRGHO��)LJXUH�,9�����FRXOG
VLPXODWH�WKH�HIIHFWV�RI�DWPRVSKHULF
QLWURJHQ�GHSRVLWLRQ�RQ�ZDWHU
TXDOLW\��LW�FRXOG�QRW�SURMHFW�WKH
XOWLPDWH�LQIOXHQFH�RI�FKDQJHV�LQ
WRWDO�QLWURJHQ�ORDGLQJV��L�H��
LQFOXGLQJ�ORDGLQJV�RWKHU�WKDQ�IURP
WKH�DLU��WR�WKH�%D\���7R�SURYLGH�IRU
WKLV�SUHGLFWLYH�FDSDFLW\��WKH
&KHVDSHDNH�%D\�3URJUDP�UHFHQWO\
FRQILJXUHG�WKH�%D\�:DWHUVKHG
0RGHO�WR�DFFHSW�GDLO\�DWPRVSKHULF
ORDGLQJV�E\�ODQG�XVH�FDWHJRU\��L�H��
IRUHVW��SDVWXUH��FURSODQG��DQG
XUEDQ���/LQNHU�DQG�7KRPDQQ��������
7KH�%D\�:DWHUVKHG�0RGHO�FDQ�QRZ
VLPXODWH�WKH�WUDQVSRUW�RI�LQFUHDVHG
RU�GHFUHDVHG�DWPRVSKHULF�ORDGLQJV�WR�WKH�%D\�WLGDO�ZDWHUV�DORQJ�ZLWK�QXWULHQWV�IURP�RWKHU�ODQG�
EDVHG�SRLQW�DQG�QRQSRLQW�VRXUFHV���7KH�(VWXDU\�0RGHO�LV�EHLQJ�XSJUDGHG�WR�VLPXODWH�EDVLF
HFRV\VWHP�SURFHVVHV�RI�VXEPHUJHG�DTXDWLF�YHJHWDWLRQ��6$9���EHQWKLF�PLFURRUJDQLVPV��DQG�PDMRU
]RRSODQNWRQ�JURXSV���,Q�DGGLWLRQ��(3$
V�5$'0�LV�EHLQJ�GLUHFWO\�OLQNHG�WR�WKH�:DWHUVKHG�DQG
(VWXDU\�PRGHOV���7KLV�QHZ�LQWHJUDWHG�PRGHO��IXQFWLRQDOO\�OLQNLQJ�WKH�DLUVKHG��ZDWHUVKHG�
HVWXDU\��DQG�HFRV\VWHP��LV�H[SHFWHG�WR�EH�FRPSOHWHG�LQ�PLG��������:LWK�WKHVH�UHILQHPHQWV��WKH
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LQWHJUDWHG�PRGHO��)LJXUH�,9�����ZLOO�VLPXODWH�DQG�HYDOXDWH�WKH�RYHUDOO�ORDGV�RI�FRQWUROODEOH�DQG
XQFRQWUROODEOH�QLWURJHQ�IURP�WKH�VXUURXQGLQJ�DLUVKHG�DQG�ZDWHUVKHG��DQG�WKH�LPSDFW�RI�WKHVH
ORDGV�RQ�WKH�HFRV\VWHP���7KLV�PRGHO�ZLOO�EH�RQH�RI�WKH�WRROV�XVHG�E\�&KHVDSHDNH�%D\�3URJUDP
VWDWH�DQG�IHGHUDO�PDQDJHUV�WR�IRUPXODWH�DGGLWLRQDO�QLWURJHQ�UHGXFWLRQ�VWHSV�QHHGHG�WR�DFKLHYH
WKH����SHUFHQW�UHGXFWLRQ�JRDO�DQG�PDLQWDLQ�WKH�FDS�RQ�QXWULHQW�ORDGLQJV�DIWHU�WKH�\HDU�������

:$7(5�48$/,7<�%(1(),76�)520�5('8&,1*�1,752*(1�(0,66,216

8VLQJ�WKH�:DWHUVKHG�0RGHO��VHYHUDO�VFHQDULRV�ZHUH�GHYHORSHG�WR�H[DPLQH�WKH�HIIHFWLYH�
QHVV�RI�DLU�HPLVVLRQ�FRQWUROV�FRPSDUHG�WR�WUDGLWLRQDO�SRLQW�VRXUFH�DQG�QRQSRLQW�VRXUFH�FRQWUROV
RQ�WKH�GHOLYHU\�RI�QXWULHQW�ORDGV�WR�WKH�&KHVDSHDNH�%D\���7KH�:DWHUVKHG�0RGHO�VFHQDULRV�ZHUH�

® %DVH�&DVH�6FHQDULR���7KLV�VFHQDULR�UHSUHVHQWV�WKH�EDVH�\HDU������ORDGV�WR�WKH�&KHVDSHDNH
%D\�

® %D\�$JUHHPHQW�6FHQDULR���7KLV�VFHQDULR�UHSUHVHQWV�WKH����SHUFHQW�FRQWUROODEOH�QXWULHQW�ORDG
UHGXFWLRQ�WR�EH�DFKLHYHG�E\�WKH�\HDU�������DV�GLVFXVVHG�XQGHU�1XWULHQW�5HGXFWLRQ
6WUDWHJ\�LQ�WKLV�VHFWLRQ����

® %D\�$JUHHPHQW�SOXV�&$$�6FHQDULR���7KH�VFHQDULR�UHSUHVHQWV�WKH�FRQWUROV�RQ�SRLQW�DQG
QRQSRLQW�VRXUFH�ORDGV�WKURXJK�WKH�%D\�$JUHHPHQW��SOXV�WKH�DWPRVSKHULF�ORDG�UHGXFWLRQV
H[SHFWHG�XQGHU�IXOO�LPSOHPHQWDWLRQ�RI�WKH�&$$�WLWOHV�,��UHGXFWLRQV�LQ�JURXQG�OHYHO
R]RQH���,,��PRELOH�VRXUFHV���DQG�,9��XWLOLW\�VRXUFHV����

® %D\�$JUHHPHQW�SOXV�2]RQH�7UDQVSRUW�&RPPLVVLRQ��27&��6FHQDULR���7KH�VFHQDULR�HYDOXDWHV
UHGXFWLRQV�IURP�WKH�FRQWUROV�RQ�SRLQW�DQG�QRQSRLQW�VRXUFH�ORDGV�WKURXJK�WKH�%D\
$JUHHPHQW��SOXV�WKH�HIIHFWV�RI�LPSOHPHQWDWLRQ�RI�&$$�WLWOHV�,��,,�DQG�,9��DV�ZHOO�DV
DGGLWLRQDO�QLWURJHQ�UHGXFWLRQV�WR�UHGXFH�JURXQG�OHYHO�R]RQH�LQ�WKH�PLG�$WODQWLF�DQG�1HZ
(QJODQG�PHWURSROLWDQ�UHJLRQV�DV�FDOOHG�IRU�E\�WKH�2]RQH�7UDQVSRUW�&RPPLVVLRQ�

® /LPLW�RI�7HFKQRORJ\�6FHQDULR���7KLV�VFHQDULR�HVWLPDWHV�WKH�QXWULHQW�UHGXFWLRQV�WKDW�PD\�EH
UHDOL]HG�XVLQJ�WKH�FXUUHQW�SUDFWLFDO�OLPLW�RI�SRLQW�DQG�QRQSRLQW�VRXUFH�FRQWURO
WHFKQRORJLHV��LQFOXGLQJ�FRQVHUYDWLRQ�WLOODJH�IRU�DOO�FURSODQG�LPSOHPHQWHG��WKH
&RQVHUYDWLRQ�5HVHUYH�SURJUDP�IXOO\�LPSOHPHQWHG��QXWULHQW�PDQDJHPHQW��DQLPDO�ZDVWH
FRQWUROV��DQG�SDVWXUH�VWDELOL]DWLRQ�V\VWHPV�LPSOHPHQWHG�ZKHUH�QHHGHG��D����SHUFHQW
UHGXFWLRQ�LQ�XUEDQ�ORDGV��DQG�SRLQW�VRXUFH�HIIOXHQW�FRQWUROOHG�WR�D�OHYHO�RI�������PJ�/
WRWDO�SKRVSKRUXV�DQG�����PJ�/�WRWDO�QLWURJHQ���7KLV�VFHQDULR�LV�VLJQLILFDQW�EHFDXVH�LW
GHWHUPLQHV�WKH�OLPLW�RI�FXUUHQWO\�IHDVLEOH�FRQWURO�PHDVXUHV�

® 1R�$FWLRQ�6FHQDULR���7KLV�VFHQDULR�UHSUHVHQWV�ORDGV�WKDW�ZRXOG�RFFXU�LQ�WKH�\HDU������JLYHQ
SRSXODWLRQ�JURZWK�DQG�SURMHFWHG�FKDQJHV�LQ�ODQG�XVH���7KH�FRQWUROV�LQ�SODFH�LQ������ZHUH
DSSOLHG�WR�WKH�\HDU������SRLQW�VRXUFH�IORZV�DQG�ODQG�XVH��UHSUHVHQWLQJ�WKH�ORDGLQJ
FRQGLWLRQV�ZLWKRXW�WKH�QXWULHQW�UHGXFWLRQV�VWLSXODWHG�LQ�WKH�%D\�$JUHHPHQW�

7KHVH�UHGXFWLRQ�VFHQDULRV�DUH�SDUW�RI�DQ�HIIRUW�WR�HYDOXDWH�RSWLRQV�IRU�DFKLHYLQJ�WKH���
SHUFHQW�QXWULHQW�UHGXFWLRQ�JRDO���/DQG�EDVHG�QRQSRLQW�VRXUFH�DQG�ZDVWHZDWHU�WUHDWPHQW�IDFLOLW\�
EDVHG�SRLQW�VRXUFH�UHGXFWLRQ�DFWLRQV��SODQQHG�IRU�LPSOHPHQWDWLRQ�LQ�PDQ\�&KHVDSHDNH�WULEXWDU\
ZDWHUVKHGV��DUH�DSSURDFKLQJ�WKH�OLPLWV�RI�WHFKQRORJ\���2SWLRQV�IRU�UHGXFWLRQV�LQ�DLU�HPLVVLRQV�DUH
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FIGURE IV-16
Reductions in Anoxia Under Nutrient Reduction Scenarios

EHLQJ�H[SORUHG�IRU�PDLQWDLQLQJ�WKH�WDUJHWHG����SHUFHQW�QXWULHQW�ORDGLQJV�FDS�EH\RQG�WKH�\HDU
�����LQ�WKH�IDFH�RI�D�JURZLQJ�SRSXODWLRQ�DQG�UHVXOWDQW�GHYHORSPHQW�LQ�WKH�ZDWHUVKHG���'LIIHUHQW
RSWLRQV�ZLOO�KDYH�GLIIHUHQW�FRVWV�DQG�HIIHFWLYHQHVV�ZLWK�UHJDUG�WR�ZDWHU�TXDOLW\�LPSURYHPHQWV�
DQG�D�UDQJH�RI�RSWLRQV�VKRXOG�EH�HYDOXDWHG�WR�ILQG�WKH�EHVW�DSSURDFK�

7KH�ZDWHU�TXDOLW\�LPSURYHPHQW�IURP�WKH�H[SHFWHG�UHGXFWLRQ�LQ�QLWURJHQ�HPLVVLRQV�XQGHU
HDFK�VFHQDULR�DUH�VKRZQ�LQ�)LJXUH�,9������7KH�LPSURYHPHQW�LQ�ZDWHU�TXDOLW\�UHIOHFWV�WKH
HVWLPDWHG�UHGXFWLRQV�LQ�%D\�ERWWRP�ZDWHUV�KDYLQJ�QR�GLVVROYHG�R[\JHQ��L�H���UHGXFWLRQ�LQ
&KHVDSHDNH�DQR[LD�RU��GHDG�ZDWHUV�����'HFUHDVHG�QLWURJHQ�ORDGLQJV�ZLOO�UHVXOW�LQ�GHFUHDVHG�ZDWHU
FROXPQ�QLWURJHQ�ZKLFK�ZLOO��LQ�WXUQ��GHFUHDVH�WKH�JURZWK�RI�DOJDH�DQG�LPSURYH�WKH�OHYHO�RI�OLJKW
SHQHWUDWLRQ�QHFHVVDU\�WR�VXSSRUW�WKH�FULWLFDOO\�LPSRUWDQW�6$9��%DWLXN�HW�DO��������'HQQLVRQ�HW�DO�
������7KRPDQQ�HW�DO��������

7KH�&$$�DQG�27&�VFHQDULRV�LQGLFDWH�WKDW�WKHVH�FRQWUROV�SURYLGH�IRU�QLWURJHQ�ORDGLQJ
UHGXFWLRQV�DQG�ZDWHU�TXDOLW\�LPSURYHPHQWV�DERYH�DQG�EH\RQG�WKRVH�SURYLGHG�E\�LPSOHPHQ�
WDWLRQ�RI�WKH�&KHVDSHDNH�%D\�$JUHHPHQW�FRPPLWPHQW�RI����SHUFHQW�UHGXFWLRQ�LQ�FRQWUROODEOH
QLWURJHQ���5HODWLYH�UHGXFWLRQV�IURP�FRQWUROV�RQ�VRXUFHV�RI�DWPRVSKHULF�GHSRVLWLRQ�YDU\�E\
WULEXWDU\�EDVLQ��ZLWK�WKH�PRUH�VHQVLWLYH�WULEXWDULHV�EHLQJ�WKH�6XVTXHKDQQD�DQG�WKH�3RWRPDF��
7KHVH�EDVLQV�UHFHLYH�WKH�KLJKHVW�GHSRVLWLRQ�ORDGV�LQ�WKH�&KHVDSHDNH�ZDWHUVKHG�DQG�DUH�DPRQJ
WKH�PRVW�UHVSRQVLYH�WR�UHGXFWLRQV�LQ�DWPRVSKHULF�GHSRVLWLRQ���

7KRXJK�WKH�GLIIHUHQFHV�EHWZHHQ�VFHQDULRV�LQ�SHUFHQW�UHGXFWLRQV�LQ�DQR[LD�PLJKW�VHHP
VPDOO��DLU�HPLVVLRQ�FRQWUROV�FRXOG�DFFRXQW�IRU�D�ILIWK�DQG�D�WKLUG�RI�WKH�ED\ZLGH�QLWURJHQ�ORDG
UHGXFWLRQ�JRDO�WKURXJK�&$$�LPSOHPHQWDWLRQ�DQG�27&�UHGXFWLRQV��UHVSHFWLYHO\���6XFK�UHGXFWLRQV
FRXOG�PDNH�DFKLHYLQJ�WKH����SHUFHQW�UHGXFWLRQ�WDUJHW�PRUH�IHDVLEOH��DQG�PDNH�PDLQWDLQLQJ�D�FDS
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RQ�DQ\�IXUWKHU�LQFUHDVHV�LQ�QXWULHQW�ORDGLQJV�EH\RQG������SRVVLEOH���7KHVH�DGGLWLRQDO�UHGXFWLRQV
DUH�HVSHFLDOO\�LPSRUWDQW�LQ�WKH�IDFH�RI�LQFUHDVLQJ�SRSXODWLRQ�DQG�ZDWHUVKHG�GHYHORSPHQW�WKDW
VWXGLHV�SUHGLFW�ZLOO�LQFUHDVH�WKH�VLJQLILFDQFH�RI�DWPRVSKHULF�GHSRVLWLRQ�DV�D�VRXUFH�RI�QLWURJHQ
ORDGLQJV�WR�WKH�&KHVDSHDNH�%D\�LQ�WKH�FRPLQJ�GHFDGHV��)LVKHU�HW�DO��������3HFKDQ�������

$5($6�2)�81&(57$,17<�$1'�:25.�81'(5:$<

1LWURJHQ�UHWHQWLRQ��WKH�UHODWLYH�ORDGLQJV�RI�DPPRQLD�DQG�RUJDQLF�QLWURJHQ��DQG�GU\
GHSRVLWLRQ�WR�ZDWHU�VXUIDFHV�DUH�D�IHZ�RI�WKH�UHPDLQLQJ�DUHDV�RI�VLJQLILFDQW�XQFHUWDLQW\�LQ
HVWLPDWLQJ�DWPRVSKHULF�QLWURJHQ�ORDGV���6HYHUDO�VSHFLILF�H[DPSOHV�RI�DUHDV�RI�XQFHUWDLQW\�DUH
GLVFXVVHG�EHORZ�

® 1LWURJHQ�UHWHQWLRQ�ZLWKLQ�ZDWHUVKHGV�PDNHV�D�ELJ�GLIIHUHQFH�LQ�WKH�SURSRUWLRQ�RI�WKH
DWPRVSKHULF�FRQWULEXWLRQ�WR�QLWURJHQ�ORDGLQJ�WR�WKH�%D\���'LIIHUHQW�UHWHQWLRQ�DVVXPSWLRQV
LQ�PDVV�EDODQFH�DQDO\VHV�OHDG�WR�DQ�XQFHUWDLQW\�LQ�WKH�HVWLPDWH�RI�WKLV�FRQWULEXWLRQ�E\
PRUH�WKDQ�D�IDFWRU�RI�WZR�

® $PPRQLD�DQG�RUJDQLF�QLWURJHQ�FRQWULEXWH�D�ODUJH�SRUWLRQ�RI�QLWURJHQ�GHSRVLWLRQ��SHUKDSV
PRUH�WKDQ����SHUFHQW�RI�WKH�WRWDO�DWPRVSKHULF�QLWURJHQ�ORDG���+RZHYHU��LW�LV�XQNQRZQ�WR
ZKDW�GHJUHH�WKHLU�VRXUFHV�DUH�FRQWUROODEOH��DQG�WKH\�PD\�EH�FKDQJLQJ�ZLWK�WLPH���)RU
H[DPSOH��DLUERUQH�DPPRQLD�HPLVVLRQV�IURP�DJULFXOWXUDO�DQLPDO�RSHUDWLRQV�FRXOG
LQFUHDVH�

® (VWLPDWHV�RI�WKH�UHODWLYH�FRQWULEXWLRQ�RI�GU\�GHSRVLWLRQ�WR�WKH�WRWDO�DWPRVSKHULF�GHSRVLWLRQ
ORDGLQJV�UDQJH�IURP����WR����SHUFHQW���'XFH�HW�DO��������/HY\�DQG�0R[LP�������/RJDQ
������/RYHWW�DQG�/LQGEHUJ�������6LURLV�DQG�%DUULH�������:DOFKHN�DQG�&KDQJ���������)DFHG
ZLWK�WKLV�ZLGH�UDQJH�RI�HVWLPDWHV��PDQ\�LQYHVWLJDWRUV�FKRRVH�WR�VHW�WKH�GU\�GHSRVLWLRQ
ORDGLQJ�HTXDO�WR�WKH�PHDVXUHG�ZHW�GHSRVLWLRQ�ORDGLQJ���7KLV�DVVXPSWLRQ�LV�NQRZQ�WR�EH
TXHVWLRQDEOH���:KLOH�VLWH�VSHFLILF�GDWD�WR�UHILQH�WKH�HVWLPDWH�DUH�ODFNLQJ��UHFHQW
HYDOXDWLRQV�LQGLFDWH�WKDW�GU\�GHSRVLWLRQ�WR�WLGDO�ZDWHU�VXUIDFHV�LV�DERXW����SHUFHQW�RI�ZHW
GHSRVLWLRQ�WR�WLGDO�ZDWHU�VXUIDFHV��/XNH�DQG�9DOLJXUD�������

® �����EDVHOLQH�HPLVVLRQ�HVWLPDWHV�FRQWLQXH�WR�EH�UHILQHG���(VWLPDWHV�RI�HPLVVLRQV�IURP�RII�
URDG�YHKLFOHV�KDYH�EHHQ�VLJQLILFDQWO\�LPSURYHG���6KLS�HPLVVLRQV�LQ�KDUERUV�DUH�VXVSHFWHG
WR�EH�VLJQLILFDQWO\�XQGHUHVWLPDWHG��%RR]�$OOHQ�	�+DPLOWRQ���������:KLOH�HPLVVLRQV�IURP
WKHVH�VRXUFHV�DUH�QRW�ODUJH�LQ�WKH�DJJUHJDWH��WKH\�RFFXU�FORVH�WR�WKH�%D\�WLGDO�VXUIDFH
ZDWHUV��DQG�WKXV�KDYH�DQ�LQIOXHQFH�JUHDWHU�WKDQ�WKHLU�QDWLRQDO�IUDFWLRQV�ZRXOG�LPSO\��
1LWURJHQ�HPLVVLRQV�IURP�RQ�URDG�YHKLFOHV�FRQWLQXH�WR�EH�D�VRXUFH�RI�XQFHUWDLQW\�

® 3DUWLFXODWH�QLWUDWH��ZKLFK�KDV�D�ORZ�GHSRVLWLRQ�YHORFLW\��DQG�QLWULF�DFLG��ZKLFK�KDV�D�KLJK
GHSRVLWLRQ�YHORFLW\��DUH�FXUUHQWO\�LQGLVWLQJXLVKDEOH�E\�5$'0��OHDGLQJ�WR�PRGHOLQJ
XQFHUWDLQW\�

® 7KH�FRQWULEXWLRQ�RI�DWPRVSKHULF�QLWURJHQ�GHSRVLWLRQ�WR�RIIVKRUH�RFHDQ�ZDWHUV�KDV�QRW�\HW
EHHQ�FKDUDFWHUL]HG���7KH�RFHDQ�ZDWHUV�H[FKDQJH�ZLWK�ZDWHUV�RI�WKH�&KHVDSHDNH�%D\�DQG
WKXV�PD\�EH�D�VRXUFH��RU�D�VLQN��RI�QLWURJHQ�ORDGV�WR�WKH�%D\�
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7R�UHGXFH�H[LVWLQJ�XQFHUWDLQWLHV�LQ�DWPRVSKHULF�ORDGLQJV�HVWLPDWHV��WKH�&KHVDSHDNH�%D\
3URJUDP�FRQYHQHG�D�ZRUNVKRS�LQ�-XQH�������LQYLWLQJ�VFLHQWLVWV�DQG�PDQDJHUV�ZLWK�H[SHUWLVH�DQG
H[SHULHQFH�LQ�XQGHUVWDQGLQJ�RU�PDQDJLQJ�DWPRVSKHULF�GHSRVLWLRQ���7KH�FKDOOHQJH�JLYHQ�WR
DWWHQGHHV�ZDV�WR�FRQVWUXFW�D�OLVW�RI�SUDFWLFDO�VWXGLHV�WKDW�ZRXOG�PDNH�WKH�JUHDWHVW�LPSDFW�RQ
UHGXFLQJ�WKH�FXUUHQW�XQFHUWDLQW\�LQ�HVWLPDWHV�RI�WKH�FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�WR
GHFOLQLQJ�DTXDWLF�HFRV\VWHP�KHDOWK���7KH�UHVXOWLQJ�OLVW��&%3�����D��LV�VXPPDUL]HG�EHORZ�

® 3ULRULW\�����&RQGXFW�LQWHQVLYH��FRRUGLQDWHG��DQG�LQWHJUDWHG�PRQLWRULQJ�VWXGLHV�DW�VSHFLDO
ORFDWLRQV�ZLWKLQ�WKH�ZDWHUVKHG�WKDW�FKDUDFWHUL]H�ZHW�GHSRVLWLRQ��GU\�GHSRVLWLRQ��DQG�ORFDO
FDWFKPHQW�DUHD�

® 3ULRULW\�����,PSURYH�H[LVWLQJ�DWPRVSKHULF�PRGHOV��H�J���UHGXFH�JULG�VL]H��DFFRXQW�IRU�WKH
HIIHFW�RI�PRXQWDLQV��

® 3ULRULW\�����,PSURYH�PRGHOV�RI�FKHPLFDO�UHWHQWLRQ�LQ�ZDWHUVKHGV�

® 3ULRULW\�����,PSURYH�HPLVVLRQV�LQYHQWRULHV�DQG�SURMHFWLRQV�

® 3ULRULW\�����&RQGXFW�PHDVXUHPHQWV�WR�H[WHQG�YHUWLFDO�DQG�VSDWLDO�PHWHRURORJLFDO�DQG
FKHPLFDO�FRQFHQWUDWLRQ�FRYHUDJH�LQ�PRGHOV�

® 3ULRULW\�����(VWDEOLVK�DQ�H[WHQVLYH�DUUD\�RI�OHVV�LQWHQVLYH�PHDVXUHPHQW�VWDWLRQV�WR�LPSURYH
VSDWLDO�UHVROXWLRQ�IRU�VHOHFWHG�YDULDEOHV�

7R�LPSURYH�WKH�FURVV�PHGLD�PRGHOLQJ�FDSDELOLWLHV�DQG�WR�UHGXFH�H[LVWLQJ�VRXUFHV�RI
XQFHUWDLQW\�LQ�DWPRVSKHULF�GHSRVLWLRQ�ORDGLQJV�HVWLPDWHV��WKH�IROORZLQJ�ZRUN�LV�XQGHUZD\
WKURXJK�FRRSHUDWLRQ�EHWZHHQ�(3$��VWDWH�DQG�IHGHUDO�DJHQFLHV��DQG�XQLYHUVLWLHV�

& 0HDVXULQJ�WKH�FRQFHQWUDWLRQ�RI�DWPRVSKHULF�RUJDQLF�QLWURJHQ�ZLWKLQ�WKH
&KHVDSHDNH�%D\�ZDWHUVKHG��

& 0HDVXULQJ�GU\�GHSRVLWLRQ�RI�QLWUDWH�WR�WLGDO�VXUIDFH�ZDWHUV�RI�WKH�%D\�

& ,QYHVWLJDWLQJ�WKH�DWPRVSKHULF�GHSRVLWLRQ�RI�GLVVROYHG�RUJDQLF�QLWURJHQ�DQG�LWV
LVRWRSLF�FRPSRVLWLRQ��GHOWD���� 1����

& /LQNLQJ�GDLO\�DWPRVSKHULF�GHSRVLWLRQ�DQG�UHVXOWDQW�QLWURJHQ�UXQRII�IURP�SDVWXUH�
IRUHVWHG��DQG�XUEDQ�ODQGV�ZLWKLQ�WKH�&KHVDSHDNH�%D\�:DWHUVKHG�0RGHO�

& 'HFUHDVLQJ�WKH�JULG�VL]H�RI�5$'0�DFURVV�WKH�%D\�ZDWHUVKHG�WR�LQFUHDVH�WKH�VSDWLDO
UHVROXWLRQ�DQG�LPSURYH�WKH�UHVXOWDQW�PRGHO�VFHQDULR�RXWSXW��DQG

& /LQNLQJ�5$'0�ZLWK�WKH�:DWHUVKHG��(VWXDU\��DQG�:DWHU�4XDOLW\�PRGHOV�
LQFOXGLQJ�VLPXODWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�RIIVKRUH�RFHDQ�ZDWHUV�DQG
H[FKDQJH�RI�WKH�RFHDQ�ZDWHUV�ZLWK�&KHVDSHDNH�%D\�ZDWHUV�

7KH�UHVXOW�RI�WKLV�DQG�RWKHU�ZRUN�ZLOO�EHFRPH�SDUW�RI�WKH�LQWHJUDWHG�PRGHO�RI�WKH�%D\
V�DLUVKHG�
ZDWHUVKHG��HVWXDU\��DQG�HFRV\VWHP��GLVFXVVHG�DERYH���ZKLFK�LV�H[SHFWHG�WR�EH�FRPSOHWHG�LQ�HDUO\
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Chesapeake Bay Toxics of Concern

Toxics of Concern : atrazine, benz(a)anthracene, a

benzo(a)pyrene,  cadmium, chlordane, chromium,a

chrysene,  copper, fluoranthene,  lead, mercury,a  a

napthalene,  polychlorinated biphenyls (PCBs),a

and tributyltin.

Chemicals of Potential Concern : alachlor, aldrin,
arsenic, dieldrin, fenvalerate, metolachlor,
permethrin, toxaphene, and zinc.

 A polycyclic aromatic hydrocarbon (PAH).a

�������$�VHULHV�RI�PDQDJHPHQW�VFHQDULRV��VLPLODU�WR�WKH�PRGHOLQJ�VFHQDULRV�GLVFXVVHG�DERYH��DUH
DOVR�H[SHFWHG�WR�EH�FRPSOHWHG�LQ������WR�H[DPLQH�WKH�PRVW�IHDVLEOH�DQG�FRVW�HIIHFWLYH
FRPELQDWLRQ�RI�SRLQW�VRXUFH��QRQSRLQW�VRXUFH��DQG�DLU�GHSRVLWLRQ�UHGXFWLRQV�WR�PHHW�WKH
&KHVDSHDNH�%D\�$JUHHPHQW�FRPPLWPHQW�WR�FDS�QXWULHQW�ORDGLQJV�LQ������DW����SHUFHQW�RI�����
FRQWUROODEOH�EDVH�ORDGLQJV�DQG�WR�XOWLPDWHO\�UHVWRUH�WKH�ZDWHU�TXDOLW\�FRQGLWLRQV�QHFHVVDU\�WR
IXOO\�VXSSRUW�WKH�%D\
V�LQYDOXDEOH�OLYLQJ�UHVRXUFHV�

7R[LF�&RQWDPLQDQW�'HSRVLWLRQ�WR�WKH�&KHVDSHDNH�%D\

&+(6$3($.(�%$<�%$6,1:,'(�72;,&6�675$7(*<

7KH������&KHVDSHDNH�%D\�$JUHHPHQW�FRPPLWWHG�WKH�VLJQDWRULHV�WR��GHYHORS��DGRSW��DQG
EHJLQ�LPSOHPHQWDWLRQ�RI�D�EDVLQZLGH�VWUDWHJ\�WR�DFKLHYH�D�UHGXFWLRQ�RI�WR[LFV�FRQVLVWHQW�ZLWK�WKH
&OHDQ�:DWHU�$FW�RI�������ZKLFK�ZLOO�HQVXUH�SURWHFWLRQ�RI�KXPDQ�KHDOWK�DQG�OLYLQJ�UHVRXUFHV�
�&KHVDSHDNH�([HFXWLYH�&RXQFLO���������7KH�UHVXOWDQW�VWUDWHJ\��DGRSWHG�LQ�������LQLWLDWHG�D�PXOWL�
MXULVGLFWLRQDO�HIIRUW�WR�PRUH�DFFXUDWHO\�GHILQH�WKH�QDWXUH��H[WHQW��DQG�PDJQLWXGH�RI�&KHVDSHDNH
%D\�FKHPLFDO�FRQWDPLQDQW�SUREOHPV�DQG�WR�LQLWLDWH�VSHFLILF�FKHPLFDO�FRQWDPLQDQW�UHGXFWLRQ�DQG
SUHYHQWLRQ�DFWLRQV��&KHVDSHDNH�([HFXWLYH�&RXQFLO���������%XLOGLQJ�RQ�D�WZR�\HDU�UHHYDOXDWLRQ�RI
WKH�VWUDWHJ\�DQG�LQFUHDVHG�XQGHUVWDQGLQJ�RI�WKH�QDWXUH�RI�WKH�%D\
V�WR[LFV�SUREOHPV��D�UHYLVHG�
IDUWKHU�UHDFKLQJ�VWUDWHJ\�ZDV�DGRSWHG�LQ��������7KH������&KHVDSHDNH�%D\�%DVLQZLGH�7R[LFV
5HGXFWLRQ�DQG�3UHYHQWLRQ�6WUDWHJ\�UHFRJQL]HG�WKH�FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�DV�D
VLJQLILFDQW�VRXUFH�RI�FKHPLFDO�FRQWDPLQDQW�ORDGLQJV�WR�WKH�%D\���:LWKLQ�WKH�EDVLQZLGH�VWUDWHJ\�
WKH�VLJQDWRULHV�FRPPLWWHG�WR�HVWDEOLVKLQJ�D�PRUH�FRPSUHKHQVLYH�ORDGLQJV�EDVHOLQH�DQG�VHWWLQJ�DQ
DWPRVSKHULF�GHSRVLWLRQ�ORDGLQJ�UHGXFWLRQ�WDUJHW�WR�EH�DFKLHYHG�RYHU�WKH�QH[W�GHFDGH��&KHVDSHDNH
([HFXWLYH�&RXQFLO�������

,Q�������WKH�&KHVDSHDNH�%D\�3URJUDP�DGRSWHG�LWV�ILUVW�&KHVDSHDNH�%D\�7R[LFV�RI�&RQFHUQ
OLVW��SULQFLSDOO\�WR�LGHQWLI\�DQG�SURYLGH�FRQFLVH�GRFXPHQWDWLRQ�RQ�FKHPLFDO�FRQWDPLQDQWV�WKDW
DGYHUVHO\�DIIHFW�WKH�%D\�RU�KDYH�D�UHDVRQDEOH�SRWHQWLDO�WR�GR�VR���7KLV�OLVW�SURYLGHG�&KHVDSHDNH
%D\�UHJLRQ�UHVRXUFH�PDQDJHUV�DQG�UHJXODWRUV�ZLWK�D�ED\ZLGH�FRQVHQVXV�RI�SULRULW\�FKHPLFDOV
DQG�WKH�LQIRUPDWLRQ�QHFHVVDU\�WR�WDUJHW�WKHVH�FKHPLFDO�FRQWDPLQDQWV�IRU�VWUHQJWKHQHG�UHJXODWRU\
DQG�SUHYHQWLRQ�DFWLRQV�RU�DGGLWLRQDO�UHVHDUFK��PRQLWRULQJ��DQG�DVVHVVPHQW���%DVHG�RQ�DPELHQW
FRQFHQWUDWLRQV�RI�FKHPLFDO�FRQWDPLQDQWV�DQG�DTXDWLF�WR[LFLW\�GDWD��WKH�WR[LF�SROOXWDQWV�WKDW
UHSUHVHQWHG�LPPHGLDWH�RU�SRWHQWLDO�WKUHDWV�WR�WKH�&KHVDSHDNH�%D\�V\VWHP�ZHUH�LGHQWLILHG���7KH
7R[LFV�RI�&RQFHUQ�OLVW��VHH�VLGHEDU��LQFOXGHV
VHYHUDO�SROOXWDQWV�RI�FRQFHUQ�IRU�DWPRVSKHULF
GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV��FDGPLXP�
FKORUGDQH��OHDG��PHUFXU\��3$+V��DQG�3&%V���
,Q�DGGLWLRQ��D�&KHPLFDOV�RI�3RWHQWLDO�&RQFHUQ
OLVW�ZDV�LGHQWLILHG�IRU�WKH�&KHVDSHDNH�%D\
�VHH�VLGHEDU��DQG�LQFOXGHV�WZR�SROOXWDQWV�RI
FRQFHUQ�IRU�WKH�*UHDW�:DWHUV��GLHOGULQ�DQG
WR[DSKHQH����&OHDU�HYLGHQFH�LV�ODFNLQJ�WKDW�WKH
FRQWDPLQDQWV�RQ�WKH�&KHVDSHDNH�%D\�OLVW�RI
&KHPLFDOV�RI�3RWHQWLDO�&RQFHUQ�DFWXDOO\�FDXVH
RU�KDYH�UHDVRQDEOH�SRWHQWLDO�WR�FDXVH�DGYHUVH
HIIHFWV�LQ�WKH�HQYLURQPHQW��EXW�WKH
&KHVDSHDNH�%D\�3URJUDP�EHOLHYHV�WKHVH
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Extent of Toxic Contamination
in Chesapeake Bay

Prior to adoption of the 1994 Chesapeake
Bay Basinwide Toxics Reduction and Prevention
Strategy, the Chesapeake Bay Program
conducted a two-year, in-depth evaluation of the
nature, extent, and magnitude of toxic
contaminant-related problems within the
Chesapeake Bay.  Through the evaluation, no
evidence was found of severe baywide impacts
from chemical contamination, unlike other
problems facing the Chesapeake Bay, such as the
impacts from excess nutrients.  The Program did
document severe, localized toxicity problems,
adverse effects from chemical contamination on
aquatic organisms in areas previously considered
unaffected, and widespread low levels of chemical
contamination in all Bay habitats sampled.

Existing state and federal regulatory and
management programs continue to reduce the
input of potentially toxic chemicals to the
Chesapeake Bay.  Measured concentrations of
many of these chemical contaminants in the Bay's
bottom sediments, shellfish, fish, and wildlife have
also generally declined, although elevated levels
occur in several industrialized areas and some
increasing trends have been observed.  Progress
in reducing the point sources of these chemical
contaminants is offset by significant nonpoint
source inputs of chemical contaminants (e.g.,
urban stormwater runoff, atmospheric deposition)
from increasing development and urbanization of
the Bay watershed.

FKHPLFDOV�ZDUUDQW�HQRXJK�FRQFHUQ�WR�EH�FDUHIXOO\�PRQLWRUHG�DQG�WUDFNHG���)RU�H[DPSOH��D
QXPEHU�RI�WKH�FKHPLFDOV�OLVWHG�DV�EHLQJ�D�SRWHQWLDO�FRQFHUQ�DUH�HLWKHU�EDQQHG�RU�UHVWULFWHG
SHVWLFLGHV�WKDW�KDYH�UHVLGXHV�VWLOO�UHPDLQLQJ�LQ�WKH�HFRV\VWHP�DW�HOHYDWHG�OHYHOV�EXW�EHORZ
WKUHVKROGV�RI�FRQFHUQ��RWKHUV�DUH�FKHPLFDOV�RI�LQFUHDVLQJ�FRQFHUQ�GXH�WR�XVH�SDWWHUQV�RU�SRWHQWLDO
IRU�WR[LFLW\�WR�%D\�UHVRXUFHV�

,Q�UHVSRQVH�WR�D�FRPPLWPHQW�ZLWKLQ�WKH������%DVLQZLGH�7R[LFV�6WUDWHJ\��WKH�7R[LFV�RI
&RQFHUQ�OLVW�LV�FXUUHQWO\�EHLQJ�HYDOXDWHG�DQG�UHYLVHG�XVLQJ�D�ULVN�EDVHG�FKHPLFDO�UDQNLQJ�V\VWHP
LQFRUSRUDWLQJ�VRXUFH��IDWH��DQG�H[SRVXUH�HIIHFWV�UDQNLQJ�IDFWRUV���,Q�GHSWK�DQDO\VHV�RI�WKH�WRS�
UDQNHG�FKHPLFDOV�ZLOO�OHDG�WR�WKH�VHOHFWLRQ�RI�D�UHYLVHG�7R[LFV�RI�&RQFHUQ�OLVW�LQ������

&+(6$3($.(�%$<�72;,&�&217$0,1$17�$70263+(5,&�'(326,7,21�678',(6

6WXGLHV�FRQGXFWHG�LQ�WKH�VRXWKHUQ
&KHVDSHDNH�%D\�LQ�WKH�HDUO\�����V�VXJJHVW
WKDW�WKH�DWPRVSKHUH�LV�D�VLJQLILFDQW�VRXUFH�RI
RUJDQLF�FRQWDPLQDQWV�WR�WKH�%D\��VXFK�DV
RUJDQLF�FDUERQ��9HOLQVN\�HW�DO��������DQG
DQWKURSRJHQLF�K\GURFDUERQV��LQFOXGLQJ�3$+V
�:HEEHU���������:KLOH�WKHVH�HDUOLHU�VWXGLHV
GHPRQVWUDWHG�WKH�SRWHQWLDO�LPSRUWDQFH�RI�WKH
DWPRVSKHUH�LQ�VXSSO\LQJ�FRQWDPLQDQWV�WR�WKH
&KHVDSHDNH�%D\��WKH\�ZHUH�OLPLWHG�E\�WKHLU
PHWKRGRORJLHV��L�H���EXON�GHSRVLWLRQ
VDPSOLQJ��ZKLFK�LV�LPSUHFLVH��DQG�WKHLU
UHODWLYHO\�OLPLWHG�WHPSRUDO�DQG�VSDWLDO�VFRSH��
$Q�DVVHVVPHQW�RI�WKH�H[WHQW�RI�WR[LF
FRQWDPLQDWLRQ�LQ�WKH�%D\�LV�SUHVHQWHG�LQ�WKH
VLGHEDU�

7R�IXUWKHU�H[SORUH�WKH�LVVXH�RI
DWPRVSKHULF�ORDGLQJV�RI�WR[LF�FRQWDPLQDQWV�WR
WKH�%D\��WKH�&KHVDSHDNH�%D\�$WPRVSKHULF
'HSRVLWLRQ�6WXG\��&%$'6��QHWZRUN�ZDV
HVWDEOLVKHG�E\�D�WHDP�RI�VFLHQWLVWV�IURP�WKH
8QLYHUVLW\�RI�0DU\ODQG��9LUJLQLD�,QVWLWXWH�RI
0DULQH�6FLHQFHV��8QLYHUVLW\�RI�'HODZDUH��DQG
2OG�'RPLQLRQ�8QLYHUVLW\���7KH�SULPDU\
REMHFWLYH�RI�WKH�&%$'6�QHWZRUN�ZDV�WR
SURYLGH�WKH�EHVW�HVWLPDWH�RI�WRWDO�DQQXDO
DWPRVSKHULF�ORDGLQJV�RI�D�YDULHW\�RI�WUDFH
HOHPHQWV�DQG�RUJDQLF�FRQWDPLQDQWV�GLUHFWO\
WR�WKH�VXUIDFH�ZDWHUV�RI�WKH�&KHVDSHDNH�%D\��
%HFDXVH�DFFXUDWH�HVWLPDWHV�RI�ED\ZLGH�DQQXDO
ORDGLQJV�UHTXLUH�FKDUDFWHUL]LQJ�WKH�VSDWLDO
DQG�WHPSRUDO�YDULDELOLW\�LQ�FRQWDPLQDQW�ORDGV�LQ�WKH�DWPRVSKHUH�DQG�LQ�GHSRVLWLRQDO�IOX[HV�WR�WKH
%D\��&%$'6�FROOHFWHG�GDWD�WR�KHOS�FKDUDFWHUL]H�WKLV�YDULDELOLW\�
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%DVHG�RQ�SUHYLRXV�VWXGLHV�RI�ZHW�GHSRVLWLRQ�LQ�WKH�UHJLRQ��H�J���7\OHU�������DQG�JLYHQ�WKH
UHVRXUFHV�DYDLODEOH�IRU�WKH�QHWZRUN��WKUHH�QRQ�XUEDQ�VKRUHOLQH�ORFDWLRQV����:\H�,QVWLWXWH�DQG
(OPV�,QVWLWXWH��0DU\ODQG��DQG�+DYHQ�%HDFK��9LUJLQLD����ZHUH�VHOHFWHG�DQG�VDPSOHG�IURP������WR
�������7KHVH�WKUHH�VDPSOLQJ�VLWH�ORFDWLRQV��DV�ZHOO�DV�RWKHU�PRQLWRULQJ�VLWHV�DURXQG�&KHVDSHDNH
%D\��DUH�VKRZQ�LQ�)LJXUH�,9������,Q�HVWDEOLVKLQJ�WKLV�LQLWLDO�QHWZRUN��WKH�LQIOXHQFH�RI�XUEDQ�DUHDV
ZDV�SXUSRVHO\�DYRLGHG�E\�ORFDWLQJ�WKH�VLWHV�PRUH�WKDQ����NLORPHWHUV�IURP�PHWURSROLWDQ�DUHDV
�VLPLODU�WR�WKH�LQLWLDO�QRQ�XUEDQ�VWDWLRQV�IRU�WKH�*UHDW�/DNHV�GHSRVLWLRQ�QHWZRUN��WKH�,QWHJUDWHG
$WPRVSKHULF�'HSRVLWLRQ�1HWZRUN��,$'1�����%\�PLQLPL]LQJ�SRVVLEOH�XUEDQ�LQIOXHQFHV��WKH
UHVXOWLQJ�&%$'6�ORDGLQJ�HVWLPDWHV�DUH�FRQVLGHUHG�WR�EH�PLQLPXP�YDOXHV���

&%$'6�HYDOXDWHG�DWPRVSKHULF�ORDGLQJV�GLUHFWO\�WR�WKH�%D\�RQO\���$OWKRXJK�LW�LV�PRVW
OLNHO\�WKDW�VRPH�IUDFWLRQ�RI�WKH�WR[LF�FRQWDPLQDQWV�GHSRVLWHG�IURP�WKH�DWPRVSKHUH�WR�WKH
ZDWHUVKHG�RI�WKH�&KHVDSHDNH�%D\�DUH�XOWLPDWHO\�WUDQVSRUWHG�WR�WKH�VXUIDFH�ZDWHUV��WKLV�VWXG\�GLG
QRW�DWWHPSW�WR�FKDUDFWHUL]H�LQGLUHFW�ORDGLQJV�IRU�WZR�PDLQ�UHDVRQV�

& %HFDXVH�GHSRVLWLRQ�WR�WKH�YDULRXV�ODQG�VXUIDFHV�LV�OLNHO\�PXFK�GLIIHUHQW�WKDQ�WKDW
WR�WKH�ZDWHU�VXUIDFH��IOX[HV�PHDVXUHG�DW�WKH�VKRUH�EDVHG�VWDWLRQV�FDQQRW�EH
H[WUDSRODWHG�ZLWK�FRQILGHQFH�WR�WKH�ZDWHUVKHG��DQG

& 7KH�ODUJH�XQFHUWDLQW\�LQ�WKH�XQGHUVWDQGLQJ�RI�WKH�IDWH�RI�PDWHULDOV�GHSRVLWHG�WR
WKH�ODQG�VXUIDFH��L�H���WKH�IUDFWLRQ�WUDQVPLWWHG�WR�WKH�UHFHLYLQJ�ZDWHU��SUHFOXGHV�WKH
VLPSOH�HVWLPDWLRQ�RI�WKH�LQGLUHFW�DWPRVSKHULF�ORDGLQJ�RI�FRQWDPLQDQWV�WR�WKH
&KHVDSHDNH�%D\�LQ�PRUH�WKDQ�D�URXJK�HVWLPDWH���

7KH�&%$'6�GDWD�RQ�FRQFHQWUDWLRQV�LQ�DLU��FRQFHQWUDWLRQV�LQ�SUHFLSLWDWLRQ��DQG�ZHW�DQG
GU\�DHURVRO�GHSRVLWLRQDO�IOX[HV�DUH�SUHVHQWHG�LQ�%DNHU�HW�DO���������DQG�DUH�VXPPDUL]HG�EHORZ��
7KHVH�GDWD�ZHUH�FROOHFWHG�IRU�WZR�JURXSV�RI�FRQWDPLQDQWV���WUDFH�PHWDOV��DOXPLQXP��DUVHQLF�
FDGPLXP��FKURPLXP��FRSSHU��LURQ��PDQJDQHVH��QLFNHO��OHDG��VHOHQLXP��DQG�]LQF���DQG�RUJDQLF
FRQWDPLQDQWV�����GLIIHUHQW�3$+V�DQG�WRWDO�3&%V����&DGPLXP��OHDG��3$+V��DQG�3&%V�DUH
SROOXWDQWV�RI�FRQFHUQ�IRU�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV���0HUFXU\�GDWD�DUH�EHLQJ
FROOHFWHG�EXW�KDYH�QRW�\HW�EHHQ�FRPSLOHG��DQG�GDWD�RQ�RWKHU�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ
ZHUH�QRW�FROOHFWHG���)RU�GHWDLOHG�UHVXOWV��D�GLVFXVVLRQ�RI�VDPSOLQJ�PHWKRGV��RU�D�GHVFULSWLRQ�RI�WKH
OLPLWDWLRQV�RI�WKH�VWXG\��UHIHU�WR�%DNHU�HW�DO���������

&RQFHQWUDWLRQV�LQ�$LU���$LU�FRQFHQWUDWLRQV�IRU�WUDFH�PHWDOV�ZHUH�GHWHUPLQHG�E\
PHDVXULQJ�WKH�HOHPHQWDO�FRPSRVLWLRQ�RI�DHURVRO�SDUWLFOHV�OHVV�WKDQ����)P�LQ�GLDPHWHU���7KH
HOHPHQWDO�FRPSRVLWLRQ�ZDV�GRPLQDWHG�E\�WKH�FUXVWDO�HOHPHQWV�DOXPLQXP�DQG�LURQ��DV�ZHOO�DV
VXOIXU��LQ�WKH�IRUP�RI�VXOIDWH����'XULQJ������DQG�������FRQFHQWUDWLRQV�DYHUDJHG�RYHU�WKH�WKUHH
VDPSOLQJ�VLWHV�ZHUH�����������DQG�������QJ�P �IRU�DOXPLQXP��LURQ��DQG�VXOIXU��UHVSHFWLYHO\���7UDFH�

HOHPHQW�FRQFHQWUDWLRQV�DYHUDJHG�RYHU�WKH�VDPH�SHULRG�UDQJHG�IURP������QJ�P �IRU�FDGPLXP�WR�

�����QJ�P �IRU�]LQF��ZLWK�OHDG�DYHUDJLQJ������QJ�P ���7KH�IUDFWLRQ�RI�HDFK�HOHPHQW�GHULYHG�IURP�� � � � � � � �

QRQ�FUXVWDO��H�J���FRPEXVWLRQ��VRXUFHV�ZDV�HVWLPDWHG�EDVHG�RQ�WKH�DYHUDJH�FRQFHQWUDWLRQ�RI
HOHPHQWV�LQ�WKH�(DUWK
V�FUXVW��7XUHNLDQ�DQG�:HGHSRKO��������DQG�DVVXPLQJ�DOO�RI�WKH�PHDVXUHG
DOXPLQXP�DVVRFLDWHG�ZLWK�DHURVRO�SDUWLFOHV�LV�GHULYHG�IURP�HURVLRQ�RI�VRLOV���,Q�WKH�&KHVDSHDNH
%D\�UHJLRQ��QRQ�FUXVWDO�VRXUFHV�VXSSO\�JUHDWHU�WKDQ����SHUFHQW�RI�PRVW�RI�WKH�HOHPHQWV�PHDVXUHG
RQ�DHURVRO�SDUWLFOHV��:X�HW�DO����������$UVHQLF��FDGPLXP��OHDG��VXOIXU��DQG�VHOHQLXP�DUH�DOPRVW
H[FOXVLYHO\�QRQ�FUXVWDO��DQG�DUH�OLNHO\�LQWURGXFHG�LQWR�WKH�DWPRVSKHUH�DV�D�UHVXOW�RI�FRPEXVWLRQ
RI�IRVVLO�IXHOV�DQG�LQFLQHUDWLRQ�RI�PXQLFLSDO�ZDVWHV�
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FIGURE IV-17
Sampling Locations for

Chesapeake Bay Toxic Contaminant Atmospheric Deposition Studies
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7KH�PHDVXUHG�FRQFHQWUDWLRQV�RI�WUDFH�HOHPHQWV�ZHUH�JHQHUDOO\�ZLWKLQ�D�IDFWRU�RI�WZR
DPRQJ�WKH�WKUHH�VDPSOLQJ�VLWHV���2Q�DQ�DYHUDJH�DQQXDO�EDVLV��FRQFHQWUDWLRQV�VOLJKWO\�GHFUHDVH
IURP�QRUWK��:\H��WR�VRXWK��+DYHQ�%HDFK���H[FHSW�VXOIXU��ZKLFK�LV����SHUFHQW�KLJKHU�DW�(OPV������
DQG�������DQG�+DYHQ�%HDFK��������WKDQ�DW�WKH�:\H�VLWH���7KH�JHQHUDO�GHFUHDVLQJ�WUHQGV�REVHUYHG
IURP�QRUWK�WR�VRXWK��DORQJ�ZLWK�LQFUHDVLQJ�VXOIDWH��PD\�LQGLFDWH�KLJKHU�OHYHOV�RI�ORZ�VXOIXU
FRPEXVWLRQ�VRXUFHV��H�J���LQFLQHUDWRUV��YHKLFOHV��LQ�WKH�QRUWKHUQ�UHDFKHV�RI�WKH�&KHVDSHDNH�%D\��
,Q�JHQHUDO��WKH�VSDWLDO�YDULDELOLW\�LQ�WKH�DWPRVSKHULF�FRQFHQWUDWLRQV�RI�WUDFH�HOHPHQWV�EHWZHHQ
VLWHV��IURP�QRUWK�WR�VRXWK��LV�VXEVWDQWLDOO\�ORZHU�WKDQ�FRUUHVSRQGLQJ�WHPSRUDO�WUHQGV�

6HPLYRODWLOH�RUJDQLF�FKHPLFDOV�H[LVW�LQ�WKH�DWPRVSKHUH�DV�JDVHV�DQG�DOVR�DUH�DVVRFLDWHG
ZLWK�DHURVRO�SDUWLFOHV��3DQNRZ���������,Q�WKLV�VWXG\��ED\ZLGH�DQQXDO�DYHUDJH�FRQFHQWUDWLRQV�RI
3$+V�LQ�DLU�UDQJHG�IURP����QJ�P �IRU�GLEHQ]>D�K@DQWKUDFHQH�WR�������QJ�P �IRU�SKHQDQWKUHQH���� � � � � �

$WPRVSKHULF�FRQFHQWUDWLRQV�ZHUH�TXLWH�YDULDEOH�ZLWK�LQGLYLGXDO�PHDVXUHPHQWV�UDQJLQJ�IURP
RQH�WHQWK�WR�WHQ�WLPHV�WKH�DQQXDO�DYHUDJH�FRQFHQWUDWLRQV���7KHVH�YDULDWLRQV�OLNHO\�UHVXOW�IURP
VDPSOLQJ�DLU�PDVVHV�FRPLQJ�IURP�GLIIHULQJ�GLUHFWLRQV��IURP�FKDQJHV�LQ�ORFDO�DQG�UHJLRQDO
HPLVVLRQV��DQG�IURP�GLIIHUHQFHV�LQ�DWPRVSKHULF�GHJUDGDWLRQ�DQG�GHSRVLWLRQ�UDWHV���7KHVH
YDULDWLRQV�VKRZ�D�VHDVRQDO�SDWWHUQ���)RU�H[DPSOH��LQFUHDVHG�FRQFHQWUDWLRQV�RI�JDV�SKDVH�3$+V�
VXFK�DV�S\UHQH��GXULQJ�WKH�VXPPHU�PRQWKV�PD\�UHIOHFW�ERWK�KLJKHU�WHPSHUDWXUHV��L�H���HQKDQFHG
YRODWLOL]DWLRQ��DQG�LQFUHDVHG�FRDO�DQG�RLO�FRPEXVWLRQ�WR�PHHW�WKH�HOHFWULFLW\�GHPDQG�RI�DLU
FRQGLWLRQLQJ���,QFUHDVHV�LQ�WKH�DWPRVSKHUH�RI�SDUWLFXODWH�3$+V��VXFK�DV�EHQ]R>D@S\UHQH��PD\
UHVXOW�IURP�ORFDO�EXUQLQJ�RI�\DUG�ZDVWHV�DQG�RI�ZRRG�IRU�KRPH�KHDWLQJ���6RPH�YDULDWLRQ�LQ
DWPRVSKHULF�OHYHOV�RI�RUJDQLF�FKHPLFDOV�PD\�UHVXOW�IURP�WKH�HIILFLHQW�UHPRYDO�RI�SDUWLFXODWH
3$+V�E\�SUHFLSLWDWLRQ��3RVWHU�DQG�%DNHU�����D������E����,Q�JHQHUDO��WKH�PDJQLWXGH�RI�IOXFWXDWLRQV
LQ�DWPRVSKHULF�OHYHOV�RI�RUJDQLF�FKHPLFDOV�LV�ODUJHU�WKDQ�WKH�FRUUHVSRQGLQJ�YDULDWLRQV�LQ�WUDFH
HOHPHQWV�DQG�VXOIXU�GLVFXVVHG�DERYH��VXJJHVWLQJ�WKH�LPSRUWDQFH�RI�ORFDO�FRPEXVWLRQ�VRXUFHV���$LU
FRQFHQWUDWLRQ�GDWD�ZHUH�QRW�DYDLODEOH�IRU�3&%V�

&RQFHQWUDWLRQV�LQ�3UHFLSLWDWLRQ���7KH�RYHUDOO�YROXPH�ZHLJKWHG�PHDQ�FRQFHQWUDWLRQV�RI
WUDFH�HOHPHQWV�LQ�SUHFLSLWDWLRQ�FROOHFWHG�DW�WKH�WKUHH�VLWHV�UDQJH�IURP������)J�/�IRU�FDGPLXP�DW
(OPV�WR������)J�/�IRU�LURQ�DW�+DYHQ�%HDFK���)RU�OHDG��WKH�UDQJH�RI�RYHUDOO�YROXPH�ZHLJKWHG�PHDQ
FRQFHQWUDWLRQV�ZDV�EHWZHHQ������DQG������)J�/�DW�WKH�WKUHH�VLWHV���7KH�UHODWLYH�SURSRUWLRQ�RI�WUDFH
HOHPHQWV�LQ�SUHFLSLWDWLRQ�LV�QHDUO\�LGHQWLFDO�WR�WKDW�LQ�WKH�&KHVDSHDNH�%D\�DHURVRO�SDUWLFOHV�
FRQILUPLQJ�WKDW�DHURVRO�VFDYHQJLQJ�LV�WKH�VRXUFH�RI�WUDFH�PHWDOV�WR�ZHW�GHSRVLWLRQ���7UDFH�PHWDO
ZHW�GHSRVLWLRQDO�IOX[HV�DUH�KLJKO\�YDULDEOH��FKDQJLQJ�PRUH�WKDQ�WHQ�IROG�EHWZHHQ�FRQVHFXWLYH
PRQWKV�ZLWK�OLWWOH�DSSDUHQW�VHDVRQDO�GHSHQGHQFH���7KLV�YDULDELOLW\��ZKLFK�ZDV�VLPLODU�DW�HDFK�RI
WKH�WKUHH�VLWHV��UHVXOWV�QRW�RQO\�IURP�IOXFWXDWLRQV�LQ�WKH�DWPRVSKHULF�LQYHQWRULHV�RI�WUDFH�PHWDOV�
EXW�DOVR�IURP�FKDQJHV�LQ�WKH�DPRXQW�RI�SUHFLSLWDWLRQ���2Q�DQ�DQQXDO�EDVLV��WKH�YROXPH�ZHLJKWHG
PHDQ�FRQFHQWUDWLRQV�RI�PRVW�WUDFH�PHWDOV�GLG�QRW�V\VWHPDWLFDOO\�YDU\�EHWZHHQ�WKH�VXPPHU�RI
�����DQG�IDOO�RI�������DJDLQ�VXJJHVWLQJ�WKDW�WKHVH�UXUDO�VLWHV�ZHUH�PRVW�VWURQJO\�LQIOXHQFHG�E\�WKH
VDPH�UHJLRQDO�EDFNJURXQG�VLJQDO�WKURXJKRXW�WKH�VWXG\�

:KLOH�LQGLYLGXDO�SUHFLSLWDWLRQ�HYHQWV�UHVXOW�LQ�VSLNHV�LQ�WUDFH�PHWDO�GHSRVLWLRQ�DW�RQH�VLWH
WKDW�DUH�QRW�REVHUYHG�DW�WKH�RWKHU�WZR�ORFDWLRQV��WKHVH�LVRODWHG�HYHQWV�DYHUDJH�RXW�RYHU�WKH�\HDU��
$QQXDO�YROXPH�ZHLJKWHG�PHDQ�FRQFHQWUDWLRQV�RI�WUDFH�PHWDOV�LQ�SUHFLSLWDWLRQ�DUH�JHQHUDOO\
ZLWKLQ�D�IDFWRU�RI�WZR�DPRQJ�WKH�WKUHH�VLWHV��ZLWK�QR�FOHDU�V\VWHPDWLF�VSDWLDO�WUHQG�REVHUYHG�IRU
DOO�PHWDOV�
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2YHUDOO�YROXPH�ZHLJKWHG�PHDQ�FRQFHQWUDWLRQV�RI�3$+V�LQ�SUHFLSLWDWLRQ�UDQJHG�IURP����
QJ�/�IRU�DQWKUDFHQH�DQG�GLEHQ]>D�K@DQWKUDFHQH�DW�WKH�+DYHQV�%HDFK�VLWH�WR���QJ�/�IRU�S\UHQH�DW
WKH�(OPV�VLWH���9ROXPH�ZHLJKWHG�PHDQ�FRQFHQWUDWLRQV�IRU�WRWDO�3&%V�ZHUH�����DQG�����QJ�/�DW�WKH
(OPV�DQG�+DYHQ�%HDFK�VLWHV��FROOHFWHG�IURP�-XQH������WKURXJK�6HSWHPEHU��������DQG������QJ�/�DW
WKH�:\H�VLWH��FROOHFWHG�IURP�-DQXDU\�WR�6HSWHPEHU���������$V�ZDV�REVHUYHG�IRU�WUDFH�PHWDOV��ZHW
GHSRVLWLRQDO�IOX[HV�RI�RUJDQLF�FRQWDPLQDQWV�YDULHG�FRQVLGHUDEO\�ZLWK�WLPH��DQG�ZHUH�GRPLQDWHG
E\�HSLVRGLF�VSLNHV�DW�HDFK�ORFDWLRQ���([WUHPHO\�KLJK�FRQFHQWUDWLRQV�RI�VRPH�DQDO\WHV��LQFOXGLQJ
S\UHQH��WKDW�ZHUH�PHDVXUHG�LQ�ERWK�DLU�DQG�SUHFLSLWDWLRQ�DW�WKH�(OPV�VLWH�LQ�WKH�VXPPHU�RI������
PD\�KDYH�UHVXOWHG�IURP�ORFDO�YHJHWDWLRQ�EXUQLQJ���8QOLNH�3$+�OHYHOV�LQ�WKH�DWPRVSKHUH�
FRQFHQWUDWLRQV�LQ�SUHFLSLWDWLRQ�GLG�QRW�V\VWHPDWLFDOO\�YDU\�ZLWK�VHDVRQ���7KH�HQULFKPHQW�DW�WKH
(OPV�VLWH�LV�HVSHFLDOO\�SURQRXQFHG�IRU�KLJKHU�PROHFXODU�ZHLJKW�3$+V��VXJJHVWLQJ�D�ORFDO
FRPEXVWLRQ�VRXUFH��H�J���ZRRG�EXUQLQJ�IRU�UHVLGHQWLDO�KHDWLQJ��

&RQFHQWUDWLRQV�RI�RUJDQLF�FRQWDPLQDQWV�LQ�SUHFLSLWDWLRQ�PHDVXUHG�LQ�WKLV�VWXG\�DUH
FRQVLVWHQWO\�ORZHU�WKDQ�WKRVH�REVHUYHG�LQ�WKH�*UHDW�/DNHV�UHJLRQ��VHH�)LJXUH�,9�������)RU
H[DPSOH��3$+�FRQFHQWUDWLRQV�LQ�SUHFLSLWDWLRQ�DW�WKH�&KHVDSHDNH�%D\�VLWHV�DUH�RQH�WKLUG�WR�RQH�
KDOI�DV�KLJK�DV�DW�WKH�WKUHH�,$'1�VLWHV�ORFDWHG�DW�UXUDO��VKRUHOLQH�VLWHV�RQ�/DNHV�2QWDULR�
0LFKLJDQ��DQG�6XSHULRU��*DW]�HW�DO����������,Q�FRQWUDVW��OHYHOV�RI�WKH�VDPH�3$+V�LQ�WKH�DLU�RYHU
&KHVDSHDNH�%D\�DUH�HTXDO�WR�RU�SHUKDSV�KLJKHU�WKDQ�WKRVH�PHDVXUHG�RYHU�WKH�*UHDW�/DNHV��
:KHWKHU�WKH�DSSDUHQW�HQULFKPHQW�LQ�3$+V�LQ�*UHDW�/DNHV�SUHFLSLWDWLRQ�UHODWLYH�WR��WKDW�LQ�WKH
&KHVDSHDNH�%D\�UHJLRQ��DV�VKRZQ�LQ�)LJXUH�,9�����LV�GXH�WR�PRUH�HIILFLHQW�VFDYHQJLQJ�E\
SUHFLSLWDWLRQ�LQ�WKH�FROGHU��UHODWLYHO\�GULHU�*UHDW�/DNHV�UHJLRQ��RU�VLPSO\�UHIOHFWV�PHWKRGRORJLFDO
GLIIHUHQFHV�EHWZHHQ�WKH�WZR�QHWZRUNV��LV�XQFOHDU�

� :HW�DQG�'U\�$HURVRO�'HSRVLWLRQDO�)OX[HV���8VLQJ�&%$'6�GDWD��UHVHDUFKHUV�FDOFXODWHG
GHSRVLWLRQDO�IOX[HV��VHH�%DNHU�HW�DO���������IRU�PHWKRGRORJLHV����%HFDXVH�WKHVH��GHSRVLWLRQDO
IOX[HV��DUH�DFWXDOO\�JURVV�IOX[HV�GLUHFWO\�WR�WKH�ZDWHU�VXUIDFH�DQG�GR�QRW�DFFRXQW�IRU�QHW�JDV
H[FKDQJH�DFURVV�WKH�DLU�ZDWHU�LQWHUIDFH��WKH�WHUP��GHSRVLWLRQ�UDWHV��LV�XVHG�LQ�WKH�UHPDLQGHU�RI
WKLV�GLVFXVVLRQ�LQ�SODFH�RI��GHSRVLWLRQDO�IOX[HV��WR�EH�FRQVLVWHQW�ZLWK�WKH�UHVW�RI�WKH�UHSRUW�LQ�WKH
XVH�RI�WKH�WHUP��IOX[��

7RWDO�DQQXDO�GHSRVLWLRQ�UDWHV�LQ������UDQJHG�IURP������PJ�P �IRU�FDGPLXP�DW�WKH�:\H�

VLWH�WR�����PJ�P �IRU�DOXPLQXP�DW�WKH�(OPV�VLWH��WKH�KLJKHVW�DQQXDO�GHSRVLWLRQ�UDWH�IRU�OHDG�ZDV�

�����PJ�P �DW�WKH�:\H�VLWH���1RW�VXUSULVLQJO\��GU\�DHURVRO�GHSRVLWLRQ�FRPSULVHV�WKH�PDMRULW\�RI�

WKH�WRWDO�GHSRVLWLRQ�UDWH�IRU�WKH�VRLO�HOHPHQWV�DOXPLQXP�DQG�LURQ��ZKLFK�RFFXU�RQ�FRDUVH
SDUWLFOHV���:HW�GHSRVLWLRQ�FRQWULEXWHV�EHWZHHQ�RQH�WKLUG�DQG�RQH�KDOI�RI�WKH�WRWDO�GHSRVLWLRQDO
UDWH�RI�WKH�UHPDLQLQJ�WUDFH�HOHPHQWV���1DWXUDOO\��VSDWLDO�WUHQGV�LQ�WRWDO�GHSRVLWLRQ�UHVXOW�IURP
YDULDWLRQ�LQ�SUHFLSLWDWLRQ�FKHPLVWU\�DQG�DPRXQW��DQG�WKH�WUDFH�HOHPHQW�LQYHQWRULHV�DVVRFLDWHG
ZLWK�DHURVRO�SDUWLFOHV��JLYHQ�WKH�FRQVLGHUDEOH�XQFHUWDLQW\�LQ�WKH�GU\�DHURVRO�GHSRVLWLRQ
FDOFXODWLRQ��WKH�VDPH�GHSRVLWLRQ�YHORFLW\�ZDV�XVHG�DW�HDFK�VLWH����$OWKRXJK�D�GLVWLQFW�QRUWK�WR
VRXWK�WUHQG�LQ�SUHFLSLWDWLRQ�DPRXQW�RFFXUUHG�LQ�����������������DQG�����FP��UHVSHFWLYHO\���WRWDO
DQQXDO�GHSRVLWLRQ�UDWHV�ZHUH�UHPDUNDEO\�VLPLODU�DPRQJ�WKH�WKUHH�VWDWLRQV���7RWDO�GHSRVLWLRQ�UDWHV
ZHUH�DOVR�YHU\�VLPLODU�EHWZHHQ�\HDUV��DJDLQ�LQGLFDWLQJ�WKDW�WKH�UHODWLYHO\�UDUH�VSLNHV�LQ
FRQFHQWUDWLRQ�DUH�GDPSHQHG�DJDLQVW�WKH�FKURQLF�UHJLRQDO�EDFNJURXQG�VLJQDO�
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FIGURE IV-18
Comparison of 13 PAHs and Total PCBs in Precipitation (1992) from Chesapeake Bay and Great Lakes Sampling Sites



&+$37(5�,9
&+(6$3($.(�%$<

����� �%HFDXVH�WKH��IOX[HV��LQ�WKLV�VWXG\�DUH�DFWXDOO\�JURVV�IOX[HV�GLUHFWO\�WR�WKH�ZDWHU�VXUIDFH��WKHVH�GDWD�GR�QRW�WDNH�LQWR��

DFFRXQW�H[FKDQJH�RI�JDVHRXV�RUJDQLF�FRQWDPLQDQWV�DFURVV�WKH�DLU�ZDWHU�LQWHUIDFH���2WKHU�UHFHQW�VWXGLHV�KDYH�VKRZQ
WKDW�WKLV�LV�WKH�GRPLQDQW�DWPRVSKHULF�GHSRVLWLRQ�SURFHVV�IRU�VHPL�YRODWLOH�RUJDQLF�FRQWDPLQDQWV��LQFOXGLQJ�3&%V��%DNHU
DQG�(LVHQUHLFK�������$FKPDQ�HW�DO��������DQG�ORZ�PROHFXODU�ZHLJKW�3$+V��1HOVRQ�HW�DO����������,Q�WKRVH�VWXGLHV��WKH
QHW�GLUHFWLRQ�RI�H[FKDQJH�LV�RIWHQ�IURP�WKH�ZDWHU�WR�WKH�DLU�DQG�GLIIXVLYH�JDV�H[FKDQJH�LV�ODUJH�HQRXJK�WR�RIIVHW�ZHW
GHSRVLWLRQ�DQG�GU\�DHURVRO�GHSRVLWLRQ��

����� �%HFDXVH�DHURVRO�SDUWLFOH�DVVRFLDWHG�3&%V�ZHUH�SUHVHQW�EHORZ�DQDO\WLFDO�GHWHFWLRQ�OLPLWV��HVWLPDWHV�RI�3&%�GU\��

GHSRVLWLRQ�ZHUH�PDGH�XVLQJ�DQ�DHURVRO�3&%�OHYHO�FDOFXODWHG�IURP�WKH�PHDVXUHG�JDVHRXV�3&%�FRQFHQWUDWLRQ�DQG�WKH
-XQJH�3DQNRZ�VRUSWLRQ�PRGHO��3DQNRZ�������/HLVWHU�DQG�%DNHU�������

����� �7KLV�LV�GXH��LQ�SDUW��WR�WKH�FKRLFH�RI�GHSRVLWLRQ�YHORFLWLHV�XVHG�IRU�WKH�WZR�VWXGLHV������FP�VHF�IRU�DOO�VSHFLHV�LQ�WKH��

*UHDW�/DNHV�������FP�VHF�IRU�WUDFH�HOHPHQWV�DQG������FP�VHF�IRU�RUJDQLFV�LQ�WKH�&KHVDSHDNH�%D\����$OO�RI�WKHVH�YDOXHV
DUH�ZLWKLQ�WKH�JHQHUDOO\�DFFHSWHG�UDQJH�IRU�GU\�DHURVRO�GHSRVLWLRQ�YHORFLWLHV�

�����

)RU�3$+V��WRWDO�DQQXDO�GHSRVLWLRQ�UDWHV�IRU������UDQJH�IURP�����)J�P �IRU�DQWKUDFHQH�DW�

WKH�:\H�VLWH�WR������)J�P �IRU�EHQ]R>E@IOXRUDWKHQH�DW�WKH�(OPV�VLWH� ��%RWK�ZHW�GHSRVLWLRQ�DQG�� � � � � � ��

GU\�DHURVRO�GHSRVLWLRQ�FRQWULEXWH�WR�WRWDO�3$+�GHSRVLWLRQ��ZLWK�GU\�DHURVRO�GHSRVLWLRQ�EHFRPLQJ
UHODWLYHO\�PRUH�LPSRUWDQW�IRU�WKH�KLJKHU�PROHFXODU�ZHLJKW��OHVV�YRODWLOH�FRPSRXQGV���7RWDO
GHSRVLWLRQ�UDWHV�IRU�3$+V�GHFUHDVH�ZLWK�WLPH�GXULQJ�WKLV�VWXG\��ZLWK�WKH�ORZHVW�UDWHV�RFFXUULQJ
GXULQJ�WKH�ILUVW�QLQH�PRQWKV�RI��������:KLOH�VRPH�RI�WKLV�GHFUHDVH�LV�DWWULEXWHG�WR�EHJLQQLQJ�ZLWK
DQRPDORXVO\�KLJK�PHDVXUHPHQW�LQ�WKH�VXPPHU�RI�������GHFUHDVHV�LQ�ERWK�ZHW�DQG�GU\�DHURVRO
GHSRVLWLRQ�UDWHV�FRQWLQXHG�EHWZHHQ������DQG��������7KH�WRWDO�DQQXDO�GHSRVLWLRQ�UDWH�IRU�WRWDO
3&%V�LV�DERXW�����)J�P ��ZLWK�DSSUR[LPDWHO\�HTXDO�FRQWULEXWLRQ�IURP�ZHW�DQG�GU\�DHURVRO�

GHSRVLWLRQ���

2YHUDOO��WRWDO�DQQXDO�GHSRVLWLRQ�UDWHV�IRU�3$+V�DQG�3&%V�DUH�JHQHUDOO\�ZLWKLQ����SHUFHQW
DPRQJ�WKH�VLWHV���*LYHQ�WKH�XQFHUWDLQW\�LQ�WKH�GU\�DHURVRO�GHSRVLWLRQ�HVWLPDWHV��WKLV�SHUFHQWDJH
LQGLFDWHV�OLWWOH�VSDWLDO�YDULDELOLW\�ZKHQ�LQWHJUDWLQJ�RYHU�DQQXDO�F\FOHV���+RZHYHU��WKLV�VWXG\�GLG
QRW�VSHFLILFDOO\�DGGUHVV�WKH�SRVVLEOH�LQIOXHQFHV�RI�XUEDQ�DUHDV��VXFK�DV�WKH�FLWLHV�RI�%DOWLPRUH�
:DVKLQJWRQ��DQG�1RUIRON��RQ�DWPRVSKHULF�GHSRVLWLRQ��ZKLFK�PD\�EH�LPSRUWDQW�

7R�SODFH�WKH�DWPRVSKHULF�GHSRVLWLRQ�UDWHV�FDOFXODWHG�LQ�WKLV�VWXG\�LQ�SHUVSHFWLYH��WKH\�DUH
FRPSDUHG�WR�VLPLODU�HVWLPDWHV�PDGH�IRU�WKH�*UHDW�/DNHV�UHJLRQ��)LJXUH�,9�������:HW�GHSRVLWLRQ
UDWHV�IRU�OHDG�DQG�DUVHQLF�DUH�DOPRVW�WKUHH�WLPHV�KLJKHU�LQ�WKH�*UHDW�/DNHV�WKDQ�LQ�&KHVDSHDNH
%D\��GHVSLWH�VLJQLILFDQWO\�OHVV�UDLQIDOO�����YHUVXV�����FP�\HDU���ZHW�GHSRVLWLRQ�UDWHV�IRU�FDGPLXP
DUH�VLPLODU�IRU�ERWK�UHJLRQV���:HW�GHSRVLWLRQ�UDWHV�IRU�3$+V�DQG�WRWDO�3&%V�DUH�IDLUO\�VLPLODU
EHWZHHQ�WKH�WZR�UHJLRQV��DV�KLJKHU�FRQFHQWUDWLRQV�LQ�*UHDW�/DNHV�SUHFLSLWDWLRQ��VHH�)LJXUH�,9����
DUH�RIIVHW�E\�ORZHU�SUHFLSLWDWLRQ�DPRXQWV���'U\�DHURVRO�GHSRVLWLRQ�UDWH�HVWLPDWHV�DUH�KLJKHU�LQ�WKH
&KHVDSHDNH�UHJLRQ��HVSHFLDOO\�IRU�RUJDQLF�FRQWDPLQDQWV� ��,Q�DGGLWLRQ��PHDVXUHG�DHURVRO�ERXQG��

RUJDQLF�FRQFHQWUDWLRQV�ZHUH�JHQHUDOO\�KLJKHU�WKDQ�WKH�YDOXHV�XVHG�LQ�WKH�*UHDW�/DNHV�GU\�DHURVRO
GHSRVLWLRQ�FDOFXODWLRQV��(LVHQUHLFK�DQG�6WUDFKDQ���������'HVSLWH�WKH�GLIIHUHQFHV��HVWLPDWHG
DWPRVSKHULF�GHSRVLWLRQ�UDWHV�DUH�JHQHUDOO\�ZLWKLQ�D�IDFWRU�RI�WZR�EHWZHHQ�WKH�&KHVDSHDNH�%D\
DQG�WKH�*UHDW�/DNHV�UHJLRQV��ZKLFK��JLYHQ�WKH�QXPHURXV�RSSRUWXQLWLHV�IRU�HUURU�LQ�WKHVH
PHDVXUHPHQWV�DQG�FDOFXODWLRQV��LV�TXLWH�JRRG�DJUHHPHQW�
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FIGURE IV-19
Comparison of Chesapeake Bay and Great Lakes Atmospheric Depositional Fluxes

&+(6$3($.(�%$<�72;,&�&217$0,1$17�$70263+(5,&�/2$',1*6

7R�HVWLPDWH�WKH�DQQXDO�ED\ZLGH�ORDGLQJV�RI�WUDFH�HOHPHQWV�DQG�RUJDQLF�FRQWDPLQDQWV�WR
WKH�%D\��WKH�DQQXDO�VLWH�VSHFLILF�ZHW�DQG�GU\�DHURVRO�GHSRVLWLRQ�UDWHV�ZHUH�DYHUDJHG�DQG�WKH�WZR
DYHUDJH�UDWHV�ZHUH�PXOWLSOLHG�E\�WKH�VXUIDFH�DUHD�RI�WKH�%D\���8QFHUWDLQWLHV�LQ�WKHVH�ORDGLQJ
HVWLPDWHV�DUH�OLNHO\��RQ�WKH�RUGHU�RI�D�IDFWRU�RI�WZR��PDLQO\�GXH�WR�WKH�LQDELOLW\�WR�HVWLPDWH�GU\
DHURVRO�ORDGLQJV�RQ�D�ILQHU�WHPSRUDO�UHVROXWLRQ�

%D\ZLGH�DWPRVSKHULF�ORDGLQJV�RI�DOXPLQXP�DQG�LURQ�DUH�HVWLPDWHG�DW�����������DQG
��������NJ�\HDU��UHVSHFWLYHO\��VHH�7DEOH�,9������/RDGLQJV�RI�WUDFH�HOHPHQWV�UDQJH�IURP������
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NJ�\HDU�IRU�FDGPLXP�WR��������NJ�\HDU�IRU�QLFNHO��OHDG�ORDGLQJV�DUH�HVWLPDWHG�DW��������NJ�\HDU��
/RDGLQJ�HVWLPDWHV�DUH�JHQHUDOO\�VLPLODU�IRU������DQG�������H[FHSW�IRU�QLFNHO�DQG�]LQF�GXH�WR�
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TABLE IV-9
Annual Atmospheric Loadings of Trace Metals and Organic Contaminants

to the Chesapeake Bay a

Pollutant (kg/year) (kg/year) (kg/year)
Wet Deposition Dry Deposition Total Deposition

Aluminum 137,000  1,200,000 1,340,000b

Arsenic 607 1,050 1,660

Cadmium 867 240 1,110

Chromium 1,026 2,030 3,060

Copper 5,575 3,620 9,200

Iron 132,800 666,000 799,000

Manganese 13,200 13,600 26,800

Nickel 7,185 6,160 13,300

Lead 5,440 7,080 12,500

Selenium 1,390 2,930 4,320

Zinc 26,000 22,800 49,400

Total PCBs 13 20 37

PAHs

  Anthracene 6 6 13

  Benz(a)anthracene 9 34 44

  Benzo[a]pyrene 17 36 53

  Benzo[b]fluoranthene 36 98 134

  Benzo[e]pyrene 21 67 88

  Benzo[ghi]perylene 19 75 94

  Benzo[k]fluoranthene 22 65 88

  Chrysene 29 85 114

  Dibenz[ah]anthracene 7 16 22

  Fluoranthene 70 119 189

  Fluorene 16 12 27

  Indeno[123cd]pyrene 20 78 98

  Phenanthrene 63 92 155

  Pyrene 75 109 184

 To estimate annual baywide loadings of elements and organic contaminants to the entirea

Chesapeake Bay, the annual site-specific wet and dry aerosol fluxes were averaged and
these two average fluxes were multiplied by the surface area of the Bay.
 Contribution of aluminum is considered to be entirely from natural sources (i.e., not emittedb

through human activities).

Source:  Baker et al. 1997. 
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HOHYDWHG�ZHW�GHSRVLWLRQ�PHDVXUHG�DW�WKH�+DYHQ�%HDFK�VLWH�LQ��������/RDGLQJV�RI�3$+V�UDQJH
IURP����NJ�\HDU�IRU�DQWKUDFHQH�WR�����NJ�\HDU�IRU�IOXRUDQWKHQH���7RWDO�3&%�ORDGLQJV�DUH�HVWLPDWHG
WR�EH����NJ�\HDU���,QWHUHVWLQJO\��IRU�PDQ\�RI�WKH�SROOXWDQWV�LQ�7DEOH�,9�����ZHW�GHSRVLWLRQ�DQG�GU\
DHURVRO�GHSRVLWLRQDO�IOX[HV�DSSHDU�WR�GHFUHDVH�EHWZHHQ������DQG��������:KHWKHU�WKLV�UHIOHFWV�D
UHDO�LQWHU�DQQXDO�YDULDWLRQ�RU�VLPSO\�UHVXOWV�IURP�DJJUHJDWLQJ�PHDVXUHPHQWV�IURP�GLIIHUHQW
ORFDWLRQV�LV�XQFOHDU�

7R�SODFH�WKHVH�ORDGLQJV�LQ�SHUVSHFWLYH��WKH\�DUH�FRPSDUHG�LQ�7DEOH�,9����WR�UHFHQW
HVWLPDWHV�RI�WUDFH�PHWDO�DQG�RUJDQLF�FRQWDPLQDQW�ORDGLQJV�GHOLYHUHG�WR�WKH�&KHVDSHDNH�%D\�E\
WKH�6XVTXHKDQQD�5LYHU��&RQNR�������)RVWHU�������*RGIUH\�HW�DO����������7KH�6XVTXHKDQQD�5LYHU�LV
WKH�ODUJHVW�WULEXWDU\�RI�WKH�&KHVDSHDNH�%D\��VXSSO\LQJ�DSSUR[LPDWHO\����SHUFHQW�RI�WKH
IUHVKZDWHU�LQIORZ�WR�WKH�HVWXDU\���$QQXDO�ULYHULQH�ORDGLQJV�RI�GLVVROYHG�DQG�SDUWLFXODWH�WUDFH
PHWDOV�DQG�RUJDQLF�FRQWDPLQDQWV�ZHUH�GHWHUPLQHG�E\�DQDO\]LQJ�IORZ�ZHLJKWHG�VDPSOHV
FROOHFWHG�DW�&RQRZLQJR��0DU\ODQG��EHWZHHQ�)HEUXDU\������DQG�-DQXDU\�������&RQNR�������)RVWHU
��������$WPRVSKHULF�GHSRVLWLRQ�GLUHFWO\�WR�WKH�VXUIDFH�ZDWHUV�RI�WKH�&KHVDSHDNH�%D\�VXSSOLHV
3$+�ORDGV�WKDW�DUH�FRPSDUDEOH�WR�RU�JUHDWHU�WKDQ�WKH�ORDGV�RI�GLVVROYHG�3$+V�GHOLYHUHG�E\�WKH
6XVTXHKDQQD�5LYHU��7DEOH�,9�������3DUWLFXODWH�ERXQG�RUJDQLF�FRQWDPLQDQWV�GLVFKDUJHG�IURP�WKH
ULYHU�GRPLQDWH�WKH�ORDGLQJ�RI�3$+V��ZLWK�D�ODUJH�FRQWULEXWLRQ�IURP�WKH�KLJK�VHGLPHQW�EXUGHQ
FDUULHG�E\�WKH�ULYHU�GXULQJ�KLJK�IORZV���'LVVROYHG�WRWDO�3&%�ORDGV�IURP�WKH�ULYHU�DUH
DSSUR[LPDWHO\�WKUHH�WLPHV�WKRVH�IURP�WKH�DWPRVSKHUH����$WPRVSKHULF�GHSRVLWLRQDO�IOX[HV�RI
VHYHUDO�HOHPHQWV��LQFOXGLQJ�OHDG��FDGPLXP��DQG�FKURPLXP��DUH�ZLWKLQ�D�IDFWRU�RI�WZR�RI�WKH
GLVVROYHG�ORDG�IURP�WKH�6XVTXHKDQQD�5LYHU���$JDLQ��SDUWLFXODWH�PHWDO�ORDGV�IURP�WKH�ULYHU
GRPLQDWH�RYHU�ERWK�GLVVROYHG�ULYHULQH�ORDGV�DQG�DWPRVSKHULF�GHSRVLWLRQ�

:KLOH�LW�LV�LQWHUHVWLQJ�WR�FRPSDUH�WKH�UHODWLYH�LPSRUWDQFH�RI�ULYHULQH�DQG�DWPRVSKHULF
VRXUFHV�RI�WUDFH�HOHPHQWV�DQG�RUJDQLF�FRQWDPLQDQWV�WR�WKH�&KHVDSHDNH�%D\��WKH�UHVXOWV�VKRXOG�EH
FDUHIXOO\�LQWHUSUHWHG���:KLOH�WKH�6XVTXHKDQQD�5LYHU�GHOLYHUV�ODUJH�TXDQWLWLHV�RI�WKHVH�VXEVWDQFHV
WR�WKH�%D\��PXFK�RI�WKLV�ORDG�LV�UHPRYHG�LQ�WKH�QRUWKHUQ�H[WUHPH�RI�WKH�%D\��+HO]�DQG�+XJJHWW
������DQG�LV�GHOLYHUHG�HSLVRGLFDOO\�GXULQJ�KLJK�ULYHU�IORZV���:KHWKHU�SDUWLFXODWH�ERXQG�PHWDOV
DQG�RUJDQLF�FRQWDPLQDQWV�DUH�EURNHQ�GRZQ�LQ�IRUPV�WKDW�FDQ�EH�WDNHQ�XS�E\�DTXDWLF�RUJDQLVPV
LV�TXLWH�XQFOHDU���,Q�FRQWUDVW��DWPRVSKHULF�GHSRVLWLRQ�GLUHFWO\�WR�WKH�ZDWHU
V�VXUIDFH�VXSSOLHV�WKHVH
WR[LFV�GLUHFWO\�WR�WKH�ZDWHU�FROXPQ��ZLWKRXW�DQ\�FRPSDUDEOH�]RQH�RI�HIILFLHQW�UHPRYDO���+RZHYHU�
LW�KDV�UHFHQWO\�EHHQ�VXJJHVWHG�WKDW�FRPEXVWLRQ�GHULYHG�3$+V�DVVRFLDWHG�ZLWK�DHURVRO�SDUWLFOHV
ZDVKHG�LQWR�WKH�VXUIDFH�ZDWHUV�E\�SUHFLSLWDWLRQ�DOVR�PD\�QRW�EH�EURNHQ�GRZQ��0F*URGG\�DQG
)DUULQJWRQ���������)LQDOO\��WKH�GLVWLQFWLRQ�EHWZHHQ�ULYHULQH�DQG�DWPRVSKHULF�ORDGLQJV�LV�QRW�FOHDU��
6RPH�IUDFWLRQ�RI�WKH�SROOXWDQW�LQSXW�IURP�WKH�WULEXWDULHV�UHVXOWV�IURP�GHSRVLWLRQ�RI�DWPRVSKHULF
SROOXWDQWV�WR�WKH�ZDWHUVKHG��ZLWK�VXEVHTXHQW�WUDQVPLVVLRQ�WKURXJK�WKH�YHJHWDWLRQ�DQG�VRLO�OD\HUV
LQWR�VXUIDFH�ZDWHUV��L�H���LQGLUHFW�ORDGLQJ���KRZHYHU��WKLV�LQSXW�FDQQRW�\HW�EH�TXDQWLILHG��

$5($6�2)�81&(57$,17<�$1'�:25.�81'(5:$<

%XLOGLQJ�RQ�WKH�H[LVWLQJ�&$$�UHTXLUHPHQWV��WKH�&KHVDSHDNH�%D\�3URJUDP
V�VWDWH�DQG
IHGHUDO�SDUWQHUV�ZLOO�IRFXV�WKHLU�HIIRUWV�RQ�LPSOHPHQWDWLRQ�RI�WKH�&KHVDSHDNH�%D\�%DVLQZLGH
7R[LFV�5HGXFWLRQ�DQG�3UHYHQWLRQ�6WUDWHJ\�FRPPLWPHQW�WR��HVWDEOLVK�D�PRUH�FRPSOHWH�EDVHOLQH
DQG�VRXUFH�LGHQWLILFDWLRQ�IRU�DWPRVSKHULF�GHSRVLWLRQ���DQG�VHW�D�UHGXFWLRQ�WDUJHW�IURP�WKDW
EDVHOLQH�WR�EH�DFKLHYHG�RYHU�WKH�QH[W�GHFDGH���&KHVDSHDNH�([HFXWLYH�&RXQFLO���������+RZHYHU�
WKHUH�DUH�VHYHUDO�UHPDLQLQJ�DUHDV�RI�XQFHUWDLQW\�WR�EH�DGGUHVVHG�UHODWHG�WR�DWPRVSKHULF
GHSRVLWLRQ�RI�WR[LF�FRQWDPLQDQWV�WR�&KHVDSHDNH�%D\���7ZR�VLJQLILFDQW�RQHV�DUH�
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TABLE IV-10
Relative Importance of Sources of Trace Metals and Organic Contaminants to Chesapeake Bay

Pollutant (kg/year)

Susquehanna River Load (kg/year) Atmospherica

Deposition  Load
bDissolved Particulate

Aluminum 2,560,000 64,800,000 1,340,000

Arsenic 12,600 ND 1,660

Cadmium 2,130 26,700 1,110

Chromium 4,130 111,000 3,060

Copper 47,800 151,000 9,200

Iron 4,100,000 40,000,000 799,000

Manganese 3,290,000 1,530,000 26,800

Nickel 121,000 65,200 13,300

Lead 6,530 38,600 12,500

Zinc 77,900 360,000 49,400

Total PCBs 97 68 37

PAHs

  Benz[a]anthracene 12 364 44

  Benzo[a]pyrene 5 436 53

  Chrysene 15 316 114

  Fluoranthene 108 1,020 189

  Fluorene 37 85 27

  Phenanthrene 63 388 155

  Pyrene 104 925 184

 Annual loads entering the Chesapeake Bay via the Susquehanna River, measured at Conowingo, Maryland, betweena

February 1994 and January 1995 by Foster (1995) for organic compounds and Conko (1995) for metals.
 Total atmospheric deposition loads directly to the surface of the Chesapeake Bay as measured by CBADS.b

Source:  Baker et al. 1997.

® 'U\�'HSRVLWLRQ���'U\�GHSRVLWLRQ�LV�YLHZHG�DV�DQ�LPSRUWDQW�PHFKDQLVP�E\�ZKLFK�FKHPLFDO
FRQWDPLQDQWV�DUH�GHSRVLWHG�RQWR�WKH�%D\
V�WLGDO�VXUIDFH�ZDWHUV�DQG�VXUURXQGLQJ
ZDWHUVKHG���$V�LV�WKH�FDVH�ZLWK�QLWURJHQ��WKHUH�DUH�QR�ZLGHO\�DFFHSWHG
WHFKQLTXHV�IRU�GLUHFW�PHDVXUHPHQW�RI�GU\�GHSRVLWLRQ�IOX[HV�RI�PHWDO�RU�RUJDQLF
FRQWDPLQDQWV���$OWKRXJK�QR�GLUHFW�PHDVXUHPHQWV�RI�GU\�GHSRVLWLRQ�GLUHFWO\�WR�WKH�%D\
H[LVW��GHSRVLWLRQDO�IOX[HV�KDYH�EHHQ�HVWLPDWHG�EDVHG�RQ�D�SDUWLFOH�VL]H�GHSHQGHQW
GHSRVLWLRQ�YHORFLW\�IXQFWLRQ�DSSOLHG�WR�GLUHFW�PHDVXUHPHQWV�RI�DHURVRO�FRQFHQWUDWLRQV�RI
PHWDOV�DQG�RUJDQLF�FKHPLFDO�FRQWDPLQDQWV���*LYHQ�WKH�DEVHQFH�RI�GLUHFW�PHDVXUHV�RI�GU\
GHSRVLWLRQ�IOX[HV��WKHUH�LV�PXFK�XQFHUWDLQW\�DVVRFLDWHG�ZLWK�WKHVH�ORDGLQJ�HVWLPDWHV�

® 7UDQVSRUW�WKURXJK�WKH�:DWHUVKHG���$WPRVSKHULF�GHSRVLWLRQ�RI�D�SROOXWDQW�FDQ�EH�D�GLUHFW
LQSXW�WR�WKH�%D\�VXUIDFH�ZDWHUV�RU�FDQ�EH�WUDQVSRUWHG�IURP�WKH�ZDWHUVKHG�E\�VXUIDFH
ZDWHU�DQG�JURXQGZDWHU�WR�WKH�%D\���7UDQVSRUWHG�ORDGV�DUH�D�FRPSRQHQW�RI�WKH�WRWDO
IOXYLDO��L�H���VXUIDFH�ZDWHU��LQSXW�IURP�WKH�ZDWHUVKHG�WR�WKH�%D\���7KH�GHJUHH�RI�ODQGVFDSH
UHWHQWLRQ�IRU�D�JLYHQ�VXEVWDQFH�LV�UHODWHG�WR�WKH�JHRPRUSKRORJ\��ODQG�XVH��EDVLF
K\GURORJLFDO�FKDUDFWHULVWLFV�XQLTXH�IRU�HDFK�ZDWHUVKHG��DQG�VRLO�FKHPLVWU\���/LPLWHG



&+$37(5�,9
&+(6$3($.(�%$<

�����

VWXGLHV�WR�GDWH�VXJJHVW�WKDW�WKH�GHJUHH�RI�ZDWHUVKHG�WKURXJKSXW�LV�UHODWLYHO\�VPDOO������
SHUFHQW�RI�WKH�UDWH�RI�UDLQIDOO�YROXPH����+RZHYHU��HYLGHQFH�WR�GDWH�VXJJHVWV�WKDW
ZDWHUVKHGV�VHUYH�DV�D�´UHVHUYRLUµ�IRU�DWPRVSKHULFDOO\�GHSRVLWHG�PHWDOV��RUJDQLFDOO\
ERXQG�PHWDOV�DUH�VHTXHVWHUHG�EXW�PD\�EH�HSLVRGLFDOO\�PRELOL]HG�E\�DFLGLF�SUHFLSLWDWLRQ��
%HFDXVH�RI�WKH�UHODWLYHO\�ODUJH�ZDWHUVKHG�WR�RSHQ�ZDWHU�VXUIDFH�DUHD�UDWLR�W\SLFDO�RI
FRDVWDO�SODLQ�HVWXDULHV�VXFK�DV�&KHVDSHDNH�%D\���������UHFHQW�HVWLPDWHV�IRU�QLWURJHQ�DQG
WUDFH�HOHPHQWV�VXJJHVW�WKDW�WKH�LQGLUHFW�DWPRVSKHULF�ORDGLQJ�PD\�EH�DV�VLJQLILFDQW�DV�WKH
GLUHFW�LQSXW���7KXV��ZKLOH�LW�KDV�EHHQ�SRVVLEOH�WR�TXDQWLI\�GLUHFW�DWPRVSKHULF�IOX[�ZLWK�D
IDLU�GHJUHH�RI�FRQILGHQFH��RQH�RI�WKH�SULPDU\�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�UHVROYLQJ�WKH
WRWDO�DWPRVSKHULF�ORDGLQJ�WR�&KHVDSHDNH�%D\�LV�LQ�JDXJLQJ�WKH�LQGLUHFW�ORDGLQJ�DV�LW
UHODWHV�WR�WKH�ZDWHUVKHG�WUDQVPLVVLRQ�UHWHQWLRQ�IRU�WKH�P\ULDG�RI�VXE�EDVLQV��9DOLJXUD�HW
DO���������

7R�IXUWKHU�LPSURYH�H[LVWLQJ�HVWLPDWHV�RI�WKH�UHODWLYH�DWPRVSKHULF�GHSRVLWLRQ�FRQWULEXWLRQ
WR�WRWDO�FKHPLFDO�FRQWDPLQDQW�ORDGLQJV�WR�&KHVDSHDNH�%D\��WKH�IROORZLQJ�ZRUN�LV�XQGHUZD\���,Q
������WKH�8QLYHUVLW\�RI�'HODZDUH��LQ�FRRSHUDWLRQ�ZLWK�WKH�8�6��*HRORJLFDO�6XUYH\��LQLWLDWHG�D�SLORW
VWXG\�WR�LQYHVWLJDWH�WKH�WUDQVSRUW�RI�DWPRVSKHULFDOO\�GHSRVLWHG�WUDFH�HOHPHQWV�WKURXJK�D�SULVWLQH�
IRUHVWHG�ZDWHUVKHG�LQ�WKH�KHDGZDWHUV�RI�WKH�3RWRPDF�5LYHU��%HDU�%UDQFK���7KLV�VWXG\��IXQGHG�E\
WKH�0DU\ODQG�'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV
�3RZHU�3ODQW�5HVHDUFK�3URJUDP��KDV�WKH
IROORZLQJ�VSHFLILF�REMHFWLYHV�������WR�DFFXUDWHO\�GHWHUPLQH�WKH�ZHW�DQG�GU\�DWPRVSKHULF�WUDFH
HOHPHQW�ORDGV�LQWR�WKH�ZDWHUVKHG������WR�FRPSDUH�WKH�WRWDO�DWPRVSKHULF�ORDG�YHUVXV�IOXYLDO�RXWSXW
RI�WUDFH�PHWDOV�DQG�����WR�HVWLPDWH�WKH�WUDQVSRUW�RI�DWPRVSKHULFDOO\�GHSRVLWHG�WUDFH�HOHPHQWV
WKURXJK�WKH�ZDWHUVKHG�UHODWLYH�WR�WKH�WUDFH�PHWDOV�QDWXUDOO\�UHODSVHG�GXULQJ�ZHDWKHULQJ�RI�WKH
VRLO�DQG�URFN�ZLWKLQ�WKH�VWXG\�DUHD���7KH�%HDU�%UDQFK�ZDWHUVKHG�ZDV�FKRVHQ�DV�LW�KDV�EHHQ�ZHOO�
FKDUDFWHUL]HG�K\GURORJLFDOO\��LV�UHSUHVHQWDWLYH�RI�WKH�ODQG�XVH�LQ�WKH�3RWRPDF�EDVLQ�����SHUFHQW�RI
ZKLFK�LV�IRUHVWHG���DQG�SRVVHVVHV�DQ�XQUHDFWLYH�TXDUW]LWH�OLWKRORJ\�ZKLFK�VLPSOLILHV�LWV
JHRFKHPLFDO�ZHDWKHULQJ�EHKDYLRU���)XUWKHU�ZDWHUVKHG�WUDQVPLVVLRQ�VWXGLHV�EHJDQ�LQ�WKH�VSULQJ
RI������LQ�WKH�$SSDODFKLDQ�3ODWHDX�RI�:HVWHUQ�0DU\ODQG���:KLOH�WKH�UHVXOWV�RI�WKHVH�VWXGLHV�ZLOO
UHSUHVHQW�DQ�LQLWLDO�DWWHPSW�WR�TXDQWLI\�WKH�ZDWHUVKHG�UHWHQWLRQ�WUDQVSRUW�RI�DWPRVSKHULF�ORDGV�
IXUWKHU�ZRUN�LV�QHHGHG�WR�H[WHQG�WKH�VWXG\�WR�RWKHU�UHJLRQV�ZLWK�GLIIHULQJ�ODQG
XVH�JHRPRUSKRORJ\��LQ�RUGHU�WR�DFFXUDWHO\�GHWHUPLQH�DQ�LQWHJUDWHG��ED\ZLGH�ZDWHUVKHG
WUDQVSRUW�IDFWRU�

7KH�QH[W�VHFWLRQ�GHVFULEHV�SURJUDPV�LQ�RWKHU�FRDVWDO�ZDWHUV��DV�ZHOO�DV�UHVHDUFK�UHOHYDQW
WR�DWPRVSKHULF�GHSRVLWLRQ�LQ�WKHVH�FRDVWDO�ZDWHUV�
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,9�'��&RDVWDO�:DWHUV

$V�VWDWHG�SUHYLRXVO\��VHFWLRQ�����P��GHVLJQDWHV��FRDVWDO�ZDWHUV��DV�(3$
V�1DWLRQDO�(VWXDU\
3URJUDP��1(3��DQG�12$$
V�1DWLRQDO�(VWXDULQH�5HVHDUFK�5HVHUYH�6\VWHP��1(556��HVWXDULHV��
7KHVH�WZR�SURJUDPV�DQG�(3$
V�*XOI�RI�0H[LFR�3URJUDP�DUH�WKH�WKUHH�VLJQLILFDQW�FRDVWDO�ZDWHUV
SURJUDPV��RXWVLGH�WKH�&KHVDSHDNH�%D\�3URJUDP��HVWDEOLVKHG�LQ�WKH�ODVW�GHFDGH���$OWKRXJK�WKH
*XOI�LV�QRW�GHVLJQDWHG�E\�QDPH�XQGHU�VHFWLRQ�����P��RI�WKH�&$$�����HVWXDULHV�LQ�YDULRXV�ORFDWLRQV
VSDQQLQJ�WKH�*XOI�FRDVWOLQH�DUH�HLWKHU�1(3�RU�1(556��FXUUHQW�RU�SURSRVHG��GHVLJQDWHG�VLWHV�DQG�
WKXV��DUH�GHVLJQDWHG�*UHDW�:DWHUV�

7KH�1(3��1(556��DQG�*XOI�RI�0H[LFR�SURJUDPV�GLIIHU�LQ�SXUSRVH�DQG�SURFHGXUH��EXW
WKH\�DOO�VHUYH�WR�SURWHFW�DQG�UHVWRUH�WKH�QDWLRQ
V�YDOXDEOH�FRDVWDO�ZDWHU�UHVRXUFHV���7KH�UHPDLQGHU
RI�WKLV�VHFWLRQ�SURYLGHV�EDFNJURXQG�LQIRUPDWLRQ�RQ�HDFK�RI�WKHVH�SURJUDPV��IROORZHG�E\�D
GLVFXVVLRQ�RI�VWXGLHV�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�FRDVWDO�ZDWHUV�DQG�IXWXUH�UHVHDUFK�QHHGV�

1DWLRQDO�(VWXDU\�3URJUDP

&RQJUHVV�HVWDEOLVKHG�WKH�1DWLRQDO�(VWXDU\�3URJUDP��1(3��LQ������XQGHU�VHFWLRQ�����RI
WKH�&OHDQ�:DWHU�$FW���7KURXJK�WKH�1(3��VWDWHV�QRPLQDWH�HVWXDULHV�RI�QDWLRQDO�VLJQLILFDQFH�WKDW
DUH�WKUHDWHQHG�RU�LPSDLUHG�E\�SROOXWLRQ��GHYHORSPHQW��RU�RYHUXVH���(3$�HYDOXDWHV�WKH
QRPLQDWLRQV�DQG�VHOHFWV�WKRVH�HVWXDULHV�IRU�ZKLFK�WKHUH�LV�HYLGHQFH�RI�SROLWLFDO�VXSSRUW��FLWL]HQ
DQG�JRYHUQPHQW�LQYROYHPHQW��ORFDO��VWDWH��UHJLRQDO��IHGHUDO���DQG�DYDLODEOH�VFLHQWLILF�DQG
WHFKQLFDO�LQIRUPDWLRQ�WR�DGGUHVV�WKH�LGHQWLILHG�SUREOHPV���)RU�WKH�VHOHFWHG�HVWXDULHV��(3$
FRQYHQHV�PDQDJHPHQW�FRQIHUHQFHV�ZLWK�UHSUHVHQWDWLYHV�IURP�DOO�FRQFHUQHG�JURXSV��H�J��
LQGXVWU\��DJULFXOWXUH��HQYLURQPHQWDO�RUJDQL]DWLRQV��VWDWH�DJHQFLHV��WR�PRUH�IXOO\�FKDUDFWHUL]H
SUREOHPV�DQG�VHHN�VROXWLRQV�WKURXJK�D�FROODERUDWLYH�GHFLVLRQ�PDNLQJ�SURFHVV���7KURXJK�WKHVH
FRQIHUHQFHV��&RPSUHKHQVLYH�&RQVHUYDWLRQ�DQG�0DQDJHPHQW�3ODQV��&&03V��DUH�GHYHORSHG��IRU
ZKLFK�(3$�SURYLGHV�XS�WR����SHUFHQW�RI�WKH�IXQGLQJ���(DFK�PDQDJHPHQW�FRQIHUHQFH�PXVW
FRPSOHWH�GHYHORSPHQW�RI�WKH�&&03�ZLWKLQ�WKUHH�WR�ILYH�\HDUV�RI�WKH�GDWH�WKH�FRQIHUHQFH�ZDV
FRQYHQHG���8SRQ�DSSURYDO�RI�WKH�&&03��DFWLRQ�SODQV�DUH�FDUULHG�RXW�E\�LPSOHPHQWDWLRQ
DJHQFLHV�LQYROYHG�ZLWK�GHYHORSPHQW�RI�WKH�SODQ�

7KH�SXUSRVH�RI�WKH�1(3�LV�WR�LGHQWLI\�QDWLRQDOO\�VLJQLILFDQW�HVWXDULHV��SURWHFW�DQG
LPSURYH�WKHLU�ZDWHU�TXDOLW\��DQG�HQKDQFH�WKHLU�OLYLQJ�UHVRXUFHV���7KH�1(3�FXUUHQWO\�LQFOXGHV���
HVWXDULHV��LQGLYLGXDOO\�FDOOHG�1(3V��UHSUHVHQWLQJ�D�ZLGH�VSHFWUXP�RI�HQYLURQPHQWDO�FRQGLWLRQV
�VHH�)LJXUH�,9�������%HFDXVH�WKHUH�DUH�RYHU�����HVWXDULHV�LQ�WKH�8QLWHG�6WDWHV�DQG�RQO\�D�VPDOO
IUDFWLRQ�FDQ�EH�WDUJHWHG�IRU�DFWLRQ�WKURXJK�WKH�1(3��WKH�1(3�LV�LQWHQGHG�WR�DFW�DV�D�QDWLRQDO
GHPRQVWUDWLRQ�SURJUDP��VXFK�WKDW�UHVXOWV�DQG�OHVVRQV�OHDUQHG�LQ�WKH�1(3�HVWXDULHV�DUH�VKDUHG
DQG�DSSOLHG�E\�SDUWLHV�FRQFHUQHG�ZLWK�RWKHU�HVWXDULHV�WKURXJKRXW�WKH�FRXQWU\���,W�VKRXOG�EH
HPSKDVL]HG�WKDW�WKH�1(3�LV�D�PDQDJHPHQW�SURJUDP�UDWKHU�WKDQ�D�UHVHDUFK�SURJUDP�DQG�UHOLHV
RQ�WKH�UHVHDUFK�RI�RWKHU�DJHQFLHV�DQG�LQVWLWXWLRQV�WR�VXSSRUW�LWV�ZRUN���7KH�GHYHORSPHQW�RI
VXSSRUW�QHWZRUNV�DQG�FRRSHUDWLRQ�EHWZHHQ�ORFDO��VWDWH��UHJLRQDO��DQG�IHGHUDO�DJHQFLHV�LV�RQH�RI
WKH�SURJUDP
V�JUHDWHVW�DVVHWV�

6HYHUDO�1(3V�KDYH�LGHQWLILHG�DWPRVSKHULF�GHSRVLWLRQ�RI�SROOXWDQWV�DV�D�FRQFHUQ�WR�WKH
KHDOWK�RI�WKHLU�HVWXDULHV���7KHVH�1(3V�KDYH�HLWKHU�LQLWLDWHG�VWXGLHV�RQ�WKH�FRQWULEXWLRQ�RI
DWPRVSKHULF�GHSRVLWLRQ�WR�DQQXDO�ORDGLQJV�IRU�QLWURJHQ�DQG�RU�RWKHU�SROOXWDQWV�RU�H[SUHVVHG
VHULRXV�LQWHUHVW�WR�(3$�LQ�FRQGXFWLQJ�VXFK�SURMHFWV���1LQH�1(3V�VXEPLWWHG�SURSRVDOV�WR�(3$�LQ
HDUO\������IRU�IXQGLQJ�XQGHU�VHFWLRQ�����P��RI�WKH�&$$���7R�GDWH��RQO\�WZR�1(3V��7DPSD�
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FIGURE IV-20
Locations of NEP and NERRS Sites
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%D\�DQG�*DOYHVWRQ�%D\��KDYH�UHFHLYHG�IXQGLQJ�XQGHU�VHFWLRQ�����P��WR�FRQGXFW�VXFK�ZRUN����
2WKHU�1(3V��&DVFR�%D\��'HODZDUH�%D\��/RQJ�,VODQG�6RXQG��0DVVDFKXVHWWV�%D\V��DQG�3HFRQLF
%D\��KDYH�LQLWLDWHG�H[SORUDWRU\�VWXGLHV�IXQGHG�E\�WKHLU�RZQ�SURJUDP�DQG�RWKHU�VRXUFHV��
$WPRVSKHULF�GHSRVLWLRQ�UHVHDUFK�UHODWHG�WR�WKH�1(3V�LV�GLVFXVVHG�ODWHU�LQ�WKLV�VHFWLRQ�

1DWLRQDO�(VWXDULQH�5HVHDUFK�5HVHUYH�6\VWHP

$QRWKHU�SURJUDP�HVWDEOLVKHG�WR�UHFRJQL]H�WKH�LPSRUWDQFH�RI�HVWXDULHV�LV�WKH�1DWLRQDO
(VWXDULQH�5HVHDUFK�5HVHUYH�6\VWHP��1(556���ZKLFK�ZDV�FUHDWHG�E\�&RQJUHVV�LQ������XQGHU�WKH
&RDVWDO�=RQH�0DQDJHPHQW�$FW�DQG�ZKLFK�RSHUDWHV�XQGHU�WKH�DXWKRULW\�RI�12$$���7KH�PLVVLRQ
RI�1(556�LV�WR�HVWDEOLVK�DQG�PDQDJH��WKURXJK�WKH�FRRSHUDWLRQ�RI�IHGHUDO��VWDWH��DQG�FRPPXQLW\
HIIRUWV��D�QDWLRQDO�V\VWHP�RI�HVWXDULQH�UHVHDUFK�UHVHUYHV�WKDW�DUH�UHSUHVHQWDWLYH�RI�YDULRXV�UHJLRQV
DQG�HVWXDU\�W\SHV�LQ�WKH�8QLWHG�6WDWHV��LQ�RUGHU�WR�SURYLGH�RSSRUWXQLWLHV�IRU�ORQJ�WHUP�UHVHDUFK�
HGXFDWLRQ��DQG�VWHZDUGVKLS�

7KH�SURFHVV�IRU�GHVLJQDWLQJ�DQG�PDLQWDLQLQJ�D�1(556�VLWH�LQFOXGHV�ILYH�PDLQ�DFWLYLWLHV�
DOO�RI�ZKLFK�PD\�EH�SDUWLDOO\�IXQGHG�E\�12$$�������SUHGHVLJQDWLRQ�SKDVH��LQFOXGHV�VHOHFWLRQ�RI
WKH�VLWH�E\�WKH�VWDWH�DQG��DIWHU�DSSURYDO�RI�WKH�VLWH�E\�12$$��SUHSDUDWLRQ�RI�D�GUDIW�DQG�ILQDO
PDQDJHPHQW�SODQ�DQG�HQYLURQPHQWDO�LPSDFW�VWXG\�DQG�FRPSOHWLRQ�RI�EDVLF�FKDUDFWHUL]DWLRQ
VWXGLHV�������DFTXLVLWLRQ�RI�ODQG�DQG�GHYHORSPHQW�DFWLYLWLHV������DIWHU�GHVLJQDWLRQ�DV�DQ�1(556
VLWH��LPSOHPHQWDWLRQ�RI�UHVHDUFK��HGXFDWLRQDO��DQG�UHVHDUFK�SURJUDPV�GHWDLOHG�LQ�WKH�UHVHDUFK
UHVHUYH�PDQDJHPHQW�SODQ������HVWXDULQH�UHVHDUFK�DQG�PRQLWRULQJ��DQG�����HGXFDWLRQDO�DQG
LQWHUSUHWLYH�DFWLYLWLHV��

&XUUHQWO\�����DUHDV�DUH�GHVLJQDWHG�DV�1(556�VLWHV��LQFOXGLQJ�SRUWLRQV�RI�&KHVDSHDNH�%D\
DQG�DVVRFLDWHG�ODQGV�LQ�0DU\ODQG�DQG�9LUJLQLD��VHH�6HFWLRQ�,9�&�IRU�D�GHWDLOHG�GLVFXVVLRQ�RI
&KHVDSHDNH�%D\����6L[�DGGLWLRQDO�1(556�VLWHV�KDYH�EHHQ�SURSRVHG�RU�DUH�LQ�WKH�EHJLQQLQJ�VWDJHV
RI�GHYHORSPHQW���6HH�)LJXUH�,9����IRU�WKH�ORFDWLRQ�RI�WKH�1(556�HVWXDULHV�

6WXGLHV�RQ�WKH�GLUHFW�FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�1(556�ZDWHUV�DUH�OLPLWHG
DW�WKLV�WLPH���$YDLODEOH�LQIRUPDWLRQ�RQ�DWPRVSKHULF�GHSRVLWLRQ�UHVHDUFK�UHODWHG�WR�1(556�ZDWHUV
LV�SUHVHQWHG�ODWHU�LQ�WKLV�VHFWLRQ���)RU�H[DPSOH��WKH�LQGLUHFW�FRQWULEXWLRQ�RI�DWPRVSKHULFDOO\
GHSRVLWHG�QLWURJHQ�WR�:DTXRLW�%D\��0DVVDFKXVHWWV��WKURXJK�LWV�ZDWHUVKHG�KDV�EHHQ�HVWLPDWHG
DQG�PRGHOHG�DV�SDUW�RI�WKH�PXOWL�\HDU�:DTXRLW�%D\�(FRORJLFDO�5LVN�$VVHVVPHQW�&DVH�6WXG\
�12$$�DQG�0$�'(0�������8�6��(3$�����I��

*XOI�RI�0H[LFR�3URJUDP

7KH�*XOI�RI�0H[LFR�LV�D�YHU\�LPSRUWDQW�UHVRXUFH�WR�DOO�RI�1RUWK�$PHULFD���,WV�VXUIDFH�DUHD
LV�DERXW�����������NP ��ODUJH�HQRXJK�WR�FRYHU�RQH�ILIWK�RI�WKH�FRQWLQHQWDO�8QLWHG�6WDWHV���7KH�8�6��

SRUWLRQ�RI�WKH�*XOI
V�VKRUHOLQH�PHDVXUHV�RYHU�������NP�IURP�WKH�)ORULGD�.H\V�WR�WKH�5LR�*UDQGH��
7DNLQJ�LQWR�DFFRXQW�WKH�VKRUHOLQH�OHQJWK�RI�DOO�WKH�ED\V��HVWXDULHV�DQG�RWKHU�FRDVWDO�IHDWXUHV�RI
WKH�*XOI��LWV�HIIHFWLYH�VKRUHOLQH�OHQJWK�LV�DERXW�WHQ�WLPHV�WKDW�DPRXQW���7KH����PDMRU�HVWXDULHV
DORQJ�WKH�*XOI�FRDVW�DFFRXQW�IRU����SHUFHQW�RI�DOO�HVWXDULQH�DUHD�LQ�WKH����FRQWLJXRXV�VWDWHV��DQG
���SHUFHQW�RI�WKH�PDUVKHV���7KH�ZDWHUVKHG�RI�WKH�*XOI�LQFOXGHV�PRUH�WKDQ�WZR�WKLUGV�RI�WKH
FRQWLQHQWDO�8QLWHG�6WDWHV��SOXV�RQH�KDOI�RI�0H[LFR�DQG�SDUWV�RI�&DQDGD��*XDWHPDOD��DQG�&XED��
ZLWK�WKH�0LVVLVVLSSL�5LYHU�ZDWHUVKHG�DORQH�GUDLQLQJ�DERXW����SHUFHQW�RI�WKH�FRQWLQHQWDO�8QLWHG
6WDWHV�
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7KH�*XOI�RI�0H[LFR�3URJUDP��*03��ZDV�HVWDEOLVKHG�LQ������LQ�UHVSRQVH�WR�FLWL]HQV

FRQFHUQV�RYHU�GHFOLQHV�LQ�WKH�*XOI
V�ILVK��VKHOOILVK��DQG�ZLOGOLIH��WKH�TXDOLW\�RI�OLIH�LQ�PDQ\�FRDVWDO
FRPPXQLWLHV��WKH�QHHG�WR�SURWHFW�WKH�UHPDLQLQJ�YDOXDEOH�UHVRXUFHV�DQG�SUHYHQW�SUREOHPV�EHIRUH
WKH\�RFFXU��DQG�WR�IRUJH�D�SRVLWLYH�UHODWLRQVKLS�EHWZHHQ�HFRORJLFDO�KHDOWK�DQG�HFRQRPLF�YLWDOLW\
RI�WKH�*XOI�UHJLRQ���7KH�*03�LV�D�XQLTXH�RUJDQL]DWLRQ�WKDW�LQYROYHV�UHSUHVHQWDWLYHV�IURP
JRYHUQPHQW�DJHQFLHV��IHGHUDO��VWDWH��DQG�ORFDO���EXVLQHVV�DQG�LQGXVWU\��QRQ�SURILW�RUJDQL]DWLRQV
DQG�HGXFDWLRQDO�LQVWLWXWLRQV��DQG�LQWHUHVWHG�LQGLYLGXDOV�LQ�WKH�SURFHVV�RI�VHWWLQJ�HQYLURQPHQWDO
JRDOV�DQG�LPSOHPHQWLQJ�DFWLRQV�WR�DFKLHYH�WKRVH�JRDOV���7KH�DLP�LV�WR�IRVWHU�FRRUGLQDWLRQ�DQG
FRRSHUDWLRQ�DPRQJ�WKHVH�RUJDQL]DWLRQV�LQ�RUGHU�WR�UHGXFH�FRVWV�DQG�FRRUGLQDWH�DFWLRQV�

7KH�*03�LV�QRW�D�UHJXODWRU\�SURJUDP��EXW�UDWKHU�DQ�DSSURDFK�WR�HQYLURQPHQWDO
SURWHFWLRQ��VLPLODU�WR�WKH�&KHVDSHDNH�%D\�3URJUDP��WKDW�LV�IRXQGHG�RQ�WKH�SULQFLSOHV�RI�

& 3DUWQHUVKLS�DPRQJ�JRYHUQPHQW�DJHQFLHV��SULYDWH��DQG�QRQ�JRYHUQPHQW�LQWHUHVWV
WR�GHILQH�DQG�FKDUDFWHUL]H�FRQFHUQV�DQG�LPSOHPHQW�VROXWLRQV�

& 6RXQG�VFLHQFH�DQG�LQIRUPDWLRQ�DV�WKH�EDVLV�RI�LQIRUPHG�GHFLVLRQ�PDNLQJ�WR�JXLGH
DFWLRQV��DQG

& 3XEOLF�LQYROYHPHQW�WR�GHWHUPLQH�JRDOV��LGHQWLI\�VROXWLRQV��DQG�JHQHUDWH�WKH
FRQVHQVXV�QHHGHG�IRU�DFWLRQ�

6LQFH�LWV�EHJLQQLQJ��WKH�*03�KDV�PDGH�VLJQLILFDQW�SURJUHVV�LQ�HIIHFWLYHO\�LQYROYLQJ�D
EURDG�VSHFWUXP�RI�WKH�SXEOLF�LQ�GHILQLQJ�JRDOV�DQG�REMHFWLYHV�DQG�LQ�FKDUDFWHUL]LQJ�IXQGDPHQWDO
LVVXHV���7KH�IXQGDPHQWDO�JRDOV�RI�WKH�*03�DUH�WR�

& 3URWHFW�KXPDQ�KHDOWK�DQG�WKH�IRRG�VXSSO\�

& 0DLQWDLQ�DQG�LPSURYH�*XOI�KDELWDWV�WKDW�VXSSRUW�OLYLQJ�UHVRXUFHV��ILVK��VKHOOILVK�
DQG�ZLOGOLIH���DQG

& 0DLQWDLQ�DQG�HQKDQFH�WKH�VXVWDLQDELOLW\�RI�WKH�*XOI
V�OLYLQJ�UHVRXUFHV�

,Q�WKH�SDVW�IHZ�GHFDGHV��WKH�*XOI�RI�0H[LFR�KDV�EHHQ�GHJUDGHG��ODUJHO\�GXH�WR�QXWULHQW
HQULFKPHQW�DQG�KDELWDW�ORVV���7KH�FRQWULEXWLRQ�RI�DWPRVSKHULF�QLWURJHQ�WR�QXWULHQW�HQULFKPHQW�LV
QRW�ZHOO�XQGHUVWRRG�DQG�LV�SRVVLEO\�D�VLJQLILFDQW�FRQFHUQ���)HG�E\�QXWULHQW�HQULFKHG�ZDWHUV�RI�WKH
0LVVLVVLSSL�5LYHU��D�ODUJH�DUHD�RI�QHDU�ERWWRP�ZDWHUV�FRPPRQO\�EHFRPH�GHSOHWHG�LQ�R[\JHQ��RU
K\SR[LF���$W�LWV�SHDN��WKLV�DUHD��NQRZQ�DV�WKH��K\SR[LF�]RQH���FDQ�H[WHQG�RYHU�D��������NP �DUHD�

IURP�WKH�FRDVWDO�ZDWHUV�RI�WKH�0LVVLVVLSSL�5LYHU�'HOWD�RI�/RXLVLDQD�WR�WKRVH�RI�HDVWHUQ�7H[DV��
6WUHVVHV�WR�WKH�EHQWKLF��ERWWRP�GZHOOLQJ��FRPPXQLW\�KDYH�EHHQ�REVHUYHG�LQ�WKLV�]RQH��LQFOXGLQJ
PRUWDOLW\�RI�ODUJHU�QRQ�VZLPPLQJ�EHQWKLF�RUJDQLVPV���7KLV�DQG�RWKHU�SRVVLEOH�GLVUXSWLRQV�WR�WKH
IRRG�FKDLQ�WKUHDWHQ�WR�DIIHFW�WKH�FRPPHUFLDO�DQG�UHFUHDWLRQDO�ILVK�VSHFLHV�ZLWKLQ�WKH�K\SR[LF
DUHD���,Q�DGGLWLRQ�WR�WKH�/RXLVLDQD�6KHOI�K\SR[LF�]RQH�����RWKHU�FRDVWDO�DUHDV�LQ�WKH�*XOI�KDYH
H[SHULHQFHG�K\SR[LD�GXH�WR�LQFUHDVLQJ�QXWULHQW�FRQFHQWUDWLRQV�RU�ORDGV���(YDOXDWLRQ�RI
DWPRVSKHULF�GHSRVLWLRQ�RI�SROOXWDQWV�WR�WKH�*XOI�LV�GLVFXVVHG�EHORZ��LQFOXGLQJ�UHVHDUFK�LQ�1(3V
ORFDWHG�LQ�WKH�*XOI��DV�ZHOO�DV�WZR�VWXGLHV�FRQGXFWHG�LQ�WKH�*XOI�DV�D�ZKROH�
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Nitrogen Loadings to Coastal Waters

At least 40 studies around the world, the majority
of which have been published since 1990, have
addressed at least the direct loading component of
atmospheric nitrogen loadings.  However, the
measurement and modeling techniques used vary
considerably among individual studies, making
comparisons difficult.  Table IV-11 presents a summary
of selected studies performed along the East and Gulf
coasts of the United States that are comparable in
broad terms.  The two criteria for selecting these
studies were that the study results were either
published in a credible peer-reviewed journal or
advocated by a major management organization (e.g.,
an EPA NEP).  These studies can be divided into two
groups:  those that considered both direct and indirect
nitrogen loads and those that considered only direct
loads.  Data from these studies show that, in general,
the amount of atmospheric nitrogen input is related to
the size of the waterbody and its watershed.  To some
extent, the percent load from atmospheric deposition is
influenced by whether both direct and indirect
deposition were considered.

6WXGLHV�RI�$WPRVSKHULF�'HSRVLWLRQ�LQ�1(3�DQG�2WKHU�&RDVWDO�:DWHUV

0XQLFLSDO�DQG�LQGXVWULDO
ZDVWHZDWHU�GLVFKDUJHV�DQG�XUEDQ
UXQRII�VWRUP�VHZHU�LQSXWV�KDYH
KLVWRULFDOO\�EHHQ�FRQVLGHUHG�WKH�ODUJHVW
VRXUFHV�RI�SROOXWDQWV�WR�FRDVWDO�ZDWHUV��
5HFHQWO\��KRZHYHU��UHVHDUFKHUV�KDYH
EHJXQ�WR�LQYHVWLJDWH�WKH�UROH�RI
DWPRVSKHULF�GHSRVLWLRQ�DV�D�VRXUFH�RI
SROOXWDQWV�LQ�D�FRDVWDO�ZDWHUV��H�J���3DHUO
������������6FXGODUN�DQG�&KXUFK��������
$VVHVVLQJ�WKH�LPSDFW�RI�DWPRVSKHULF
GHSRVLWLRQ�RI�SROOXWDQWV�KDV�EHFRPH�D
SULRULW\�IRU�PDQ\�1(3V�DQG�RWKHU�FRDVWDO
ZDWHUVKHG�SURWHFWLRQ�SURJUDPV���7KHUH�LV
D�FOHDU�QHHG�WR�FKDUDFWHUL]H�WKH�W\SHV�
TXDQWLWLHV��DQG�VRXUFHV�RI�SROOXWDQWV�WKDW
DUH�EHLQJ�GLUHFWO\�DQG�LQGLUHFWO\
GHSRVLWHG�IURP�WKH�DWPRVSKHUH�LQWR�WKHVH
HVWXDULHV���5HFHQW�VWXGLHV�RQ�DWPRVSKHULF
GHSRVLWLRQ�WR�FRDVWDO�ZDWHUV�DUH�GLVFXVVHG
EULHIO\�EHORZ�DQG�DUH�SUHVHQWHG�LQ�7DEOHV
,9����DQG�,9������'DWD�DV�RI�'HFHPEHU
�����RQ�WKH�FRQWULEXWLRQ�RI�DWPRVSKHULF
GHSRVLWLRQ�WR�QLWURJHQ�ORDGLQJV�WR�&KHVDSHDNH�%D\�DQG�RWKHU�FRDVWDO�ZDWHUV�DUH�SUHVHQWHG�LQ
7DEOH�,9�����LQ�WKLV�WDEOH��LQIRUPDWLRQ�LV�SUHVHQWHG�ILUVW�IRU�&KHVDSHDNH�%D\�DQG�D�IHZ�UHODWHG
WULEXWDULHV��IROORZHG�E\�RWKHU�FRDVWDO�ZDWHUV�LQ�GHVFHQGLQJ�RUGHU�RI�WLGDO�ZDWHU�DUHD���'DWD�RQ�WKH
FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�ORDGLQJV�RI�WR[LF�SROOXWDQWV�LQ�FRDVWDO�ZDWHUV�DUH
SUHVHQWHG�LQ�7DEOH�,9�����WKH�FRDVWDO�ZDWHUV�DUH�OLVWHG�LQ�JHRJUDSKLFDO�RUGHU�FORFNZLVH�IURP�WKH
QRUWKHDVW�FRDVW�WR�WKH�QRUWKZHVW�FRDVW���,Q�JHQHUDO��WKH�VWXGLHV�GLVFXVVHG�EHORZ�KDYH�HYDOXDWHG
WKH�UHODWLYH�FRQWULEXWLRQ�RI�QLWURJHQ�DQG�RWKHU�SROOXWDQWV�RI�FRQFHUQ��DQG�GR�QRW�DWWHPSW�WR
LGHQWLI\�WKH�SDUWLFXODU�HPLVVLRQ�VRXUFHV�FRQWULEXWLQJ�WR�WKLV�SROOXWLRQ�

$V�PHQWLRQHG�DERYH��UHVHDUFK�RQ�DWPRVSKHULF�GHSRVLWLRQ�WR�7DPSD�%D\��)ORULGD��DQG
*DOYHVWRQ�%D\��7H[DV��KDV�EHHQ�FRQGXFWHG�XQGHU�WKH�*UHDW�:DWHUV�SURJUDP���7KH�7DPSD�%D\
DQG�*DOYHVWRQ�%D\�VWXGLHV�DUH�GLVFXVVHG�ILUVW��IROORZHG�E\�D�GHVFULSWLRQ�RI�RWKHU�VWXGLHV�RI
DWPRVSKHULF�GHSRVLWLRQ�WR�1(3�HVWXDULHV��L�H���WKRVH�WKDW�KDYH�EHHQ�IXQGHG�WKURXJK�VRXUFHV�RWKHU
WKDQ�(3$
V�*UHDW�:DWHUV�SURJUDP����,QLWLDO�REVHUYDWLRQV�IURP�WKHVH�VWXGLHV�VXJJHVW�WKDW�GLUHFW
DQG�LQGLUHFW�ORDGLQJV�IURP�DLU�GHSRVLWLRQ�PD\�EH�VLJQLILFDQW�VRXUFHV�RI�QLWURJHQ�DQG�WR[LF
SROOXWDQWV�WR�FRDVWDO�ZDWHUV�

7DPSD�%D\���$V�UHFHQWO\�DV�������DWPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ��DLU�WR[LFV��DQG�RWKHU
SROOXWDQWV�ZDV�DVVXPHG�WR�KDYH�D�PLQLPDO�HIIHFW�RQ�ZDWHU�TXDOLW\�LQ�7DPSD�%D\���+RZHYHU�
EDVHG�RQ�D�PHWKRGRORJ\�GHYHORSHG�E\�WKH�(QYLURQPHQWDO�'HIHQVH�)XQG��)LVKHU�HW�DO��������
HDUO\�FDOFXODWLRQV�SURYLGHG�DQ�HDUO\�LQGLFDWLRQ�RI�OLNHO\�QLWURJHQ�ORDGLQJV�IURP�DWPRVSKHULF
GHSRVLWLRQ�LQ�7DPSD�DQG�*DOYHVWRQ�%D\V����
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TABLE IV-11
Estimates of Atmospheric Nitrogen Loadings to Selected Coastal Waters a

(in millions of kg)

Coastal Water Watershed Tidal Waters Watershed Load Sources Atmosphere Reference

Surface Area (km ) Direct Indirect Atmos. Total Total Load2

Deposition to Deposition to Load From Atmospheric From All % Load from
bWatershed Tidal Waters

Chesapeake Bay (MD/VA) 165,886 11,400 175 16 29 45 170 27 5

   Rhode River (MD) 33 4.9 — 0.005 — 0.005 0.012 40 6

   Choptank River (MD) 1,779 361 — 0.57 — 0.57 1.54 37 11

   Patuxent River (MD) 2,393 137 — 0.22 — 0.22 12.6 13 11

   Potomac River (MD) 29,940 1,210 — 1.9 — 1.9 35.5 5 11

New York Bight (NY/NJ) 50,107 38,900 69 54 8 62 164 38 1c

Albemarle-Pamlico Sound (NC) 59,197 7,754 �39 3.3 6.7 10 23 44 4

Long Island Sound (NY/CT) 43,481 4,820 43 5 6 11 60 20 3

Massachusetts Bays (MA) — 3,700 — 1.6-6 — 1.6-6 22-30 5-27 15

Delaware Bay (DE) 36,905 1,846 53 3 5 8 54 15 2

Tampa Bay (FL) 6,216 1,031 — 1.1 — 1.1 3.8 28 14

Guadalupe Estuary (TX) — 551 — 0.31 — 0.31 4.2-15.9 2-8 13

Narragansett Bay (RI) 4,708 328 4.2 0.3 0.3 0.6 5 12 1

— 0.4 — 0.4 9 4 12

Newport River Coastal Waters (NC) 340 225-1,600 — 0.095-0.68 — 0.095-0.68 0.27-0.85 36-80 4

Sarasota Bay (FL) 524 135 — 0.16 — 0.16 0.6 26 10

Delaware Inland Bays (DE) 800 83 — 0.28 — 0.28 1.3 21 9

Flanders Bay (NY) 83 39 — 0.027 — 0.027 0.36 7 8

Waquoit Bay (MA) �70 �8 0.062 — 0.0065 0.0065 0.022 29 7

 Estimates as of December 1995.a

 (1) Hinga et al. 1991; (2) Scudlark and Church 1993; (3) Long Island Sound Study; (4) Paerl and Fogel 1994; (5) Linker et al. 1993; (6) Correll and Ford 1982; (7) Valiela et al.b

1996; (8) Peconic Bay NEP; (9) Delaware Bays NEP; (10) Sarasota Bay NEP 1995; (11) Boynton et al. 1995; (12) Nixon et al. 1995; (13) Brock et al 1995; (14) Tampa Bay NEP,
Zarbock et al. 1994; (15) Massachusetts Bays NEP 1996.
 New York Bight extends from Cape May, New Jersey, to Long Island Sound.c

Source:  Adapted from Valigura et al. 1996.
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TABLE IV-12
Studies of Atmospheric Loadings of Toxic Pollutants to NEP Coastal Waters

Coastal Water Evaluated for the Great Waters Pollutants of Concern Reference
Pollutants of Concern Relative Contribution of Atmospheric Deposition

a

Massachusetts Bays (MA) PAHs, PCBs, cadmium, lead, Direct atmospheric deposition estimated to contribute: PAHs, Menzie-Cura &
mercury 9-46%; PCBs, 28-82%; cadmium, 17-31%; lead, 39-45%; Associates 1991

mercury, 4-13%.

Narragansett Bay (RI) PCBs, PAHs Direct atmospheric deposition found to contribute 3% of Latimer 1997b

PCBs and 12% of PAHs.

New York-New Jersey Harbor Cadmium, lead, mercury, PCBs, Atmospheric deposition identified as a significant contributor NY-NJ Harbor
Estuary and Bight dioxins, PAHs, various pesticides to total pollutant loading for lead (39-54%), but may have NEP 1995
(NY/NJ) been over-estimated.  For other pollutants, either

atmospheric deposition was insignificant or estimates were
not developed.

Delaware Bay (DE/NJ/PA) Lead, mercury, PCBs, various Atmospheric deposition (both direct and indirect) found to be Frithsen et al.b

pesticides, volatile organic a significant source of mercury (80%) and PCBs (34%).  For 1995b
compounds (VOCs) lead, atmospheric deposition contributed less than 5%.  For

other pollutants, either atmospheric deposition was
insignificant or estimates were not developed.

Tampa Bay (FL) Cadmium, lead, mercury, Direct and indirect atmospheric deposition identified as a Frithsen et al.
chlordane, DDT, dieldrin, PCBs, significant contributor of cadmium (46%), lead (12%), and 1995a
PAHs PCBs , but not a significant source of chlordane, DDT,c

dieldrin, or mercury (1% each).  Estimates for PAHs were not
developed.

Cadmium, lead, mercury, On-going study - no results yet. U.S. EPA 1995f
chlordane, DDT, dieldrin, PCBs,
PAHs

Galveston Bay (TX) PAHs, PCBs, selected pesticides, On-going study - no results yet. U.S. EPA 1995g
lead, cadmium, mercury

Santa Monica Bay (CA) PAHs, metals, chlorinated Atmospheric deposition was estimated to be a significant SMBRP 1994
organics source of lead and PAHs.

 For a discussion of other pollutants evaluated, study methods, and uncertainties, see referenced study.a

 These NEPs also are NERRS designated sites.b

 Estimates of PCB loadings could be made for atmospheric deposition only; therefore, a relative comparison to other sources could not be made.c
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$�UHFHQW�VWXG\�RI�QXWULHQW��L�H���QLWURJHQ�DQG�SKRVSKRUXV��DQG�VXVSHQGHG�VROLGV�ORDGLQJV
FRQGXFWHG�IRU�WKH�7DPSD�%D\�1(3�VXJJHVWV�WKDW�GLUHFW�DWPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ�WR�WKH
WLGDO�ZDWHUV�RI�7DPSD�%D\�LV�WKH�VHFRQG�ODUJHVW�VRXUFH�RI�QLWURJHQ�HQWHULQJ�WKH�%D\��FRQWULEXWLQJ
XS�WR����SHUFHQW�RI�WKH�WRWDO�QLWURJHQ�ORDG��=DUERFN�HW�DO����������7KH�ODUJHVW�VRXUFH�RI�QLWURJHQ�
DFFRUGLQJ�WR�WKDW�VWXG\��LV�XUEDQ�VWRUP�ZDWHU�UXQRII���$�SRUWLRQ�RI�WKH�QLWURJHQ�HQWHULQJ�WKH�%D\
IURP�XUEDQ�VWRUP�UXQRII�UHSUHVHQWV�DWPRVSKHULFDOO\�GHSRVLWHG�QLWURJHQ�WR�LPSHUYLRXV�VXUIDFHV
VXFK�DV�SDYHG�URDGV�DQG�VLGHZDONV���7KHVH�VWXGLHV�SURPSWHG�WKH�7DPSD�%D\�1(3�WR�UHYLVH�LWV
&&03�WR�FRQVLGHU�DWPRVSKHULF�GHSRVLWLRQ�LVVXHV�

$QRWKHU�VWXG\��FRQGXFWHG�E\�WKH�7DPSD�%D\�1(3��)ULWKVHQ�HW�DO������D���LQYHVWLJDWHG�WKH
FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�UHODWLYH�WR�SRLQW�VRXUFHV��XUEDQ�UXQRII��DQG�RWKHU
QRQSRLQW�VRXUFHV�IRU�VSHFLILF�FKHPLFDO�FRQWDPLQDQWV�RI�FRQFHUQ���7KH�FRQWDPLQDQWV��ZKLFK�ZHUH
VHOHFWHG�EDVHG�RQ�WKHLU�SRWHQWLDO�IRU�WR[LF�HIIHFWV�DQG�WKHLU�FRQFHQWUDWLRQV�REVHUYHG�LQ�VHGLPHQW
VDPSOHV��LQFOXGHG���VL[�PHWDOV��FDGPLXP��FKURPLXP��FRSSHU��OHDG��PHUFXU\��DQG�]LQF���IRXU
RUJDQRFKORULQH�SHVWLFLGHV��FKORUGDQH��''7��GLHOGULQ��DQG�HQGULQ���DQG�WZR�FODVVHV�RI�RUJDQLF
FKHPLFDOV��SRO\FKORULQDWHG�ELSKHQ\OV��3&%V��DQG�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV��3$+V�����,Q
DGGLWLRQ��ORDGLQJV�ZHUH�HVWLPDWHG�IRU�DUVHQLF�DQG�LURQ�EHFDXVH�RI�WKH�SRWHQWLDO�RI�WKHVH�FKHPLFDOV
KDYH�IRU�HQYLURQPHQWDO�KDUP�RU�LQWHUDFWLRQ�ZLWK�FRQWDPLQDQWV�RI�FRQFHUQ�WKURXJK�FKHPLFDO
SURFHVVHV���%HFDXVH�WKH�VWXG\�XVHG�QXPHURXV�LQIRUPDWLRQ�VRXUFHV��UHSUHVHQWLQJ�D�ZLGH�UDQJH�RI
VSDWLDO�DQG�WHPSRUDO�FRQGLWLRQV��D�JUHDW�GHDO�RI�XQFHUWDLQW\�H[LVWV�UHJDUGLQJ�WKH�DEVROXWH
HVWLPDWHV�RI�DWPRVSKHULFDOO\�GHSRVLWHG�FKHPLFDO�FRQWDPLQDQWV�WR�7DPSD�%D\���6WXG\�UHVXOWV�DUH
LQWHQGHG�WR�HVWDEOLVK�WKH�UHODWLYH�PDJQLWXGHV�RI�GLIIHUHQW�FODVVHV�RI�VRXUFHV�LQ�RUGHU�WR�VHW
SULRULWLHV�IRU�PRUH�GHWDLOHG�UHVHDUFK�DQG�PRQLWRULQJ�DFWLYLWLHV���6RPH�JHQHUDO�FRQFOXVLRQV�
KRZHYHU��DUH�DSSDUHQW�

& &RQWDPLQDQW�LQSXWV�WR�7DPSD�%D\�IURP�UXQRII�DQG�WUDQVIHU�RI�DWPRVSKHULFDOO\
GHSRVLWHG�FRQWDPLQDQWV�WR�WKH�ZDWHUVKHG��L�H���LQGLUHFW�ORDGLQJ��DUH�DSSUR[LPDWHO\
WZR�WKLUGV�WKH�FRQWULEXWLRQ�RI�FRQWDPLQDQW�LQSXWV�IURP�GLUHFW�GHSRVLWLRQ�WR�WLGDO
ZDWHUV��L�H���GLUHFW�ORDGLQJ��

& $WPRVSKHULF�GHSRVLWLRQ�FRQWULEXWHV�D�VL]HDEOH�SHUFHQWDJH�WR�WRWDO�DQQXDO�ORDG�IRU
WKH�IROORZLQJ�PHWDOV���FDGPLXP��������FRSSHU��������FKURPLXP��������OHDG
�������DQG�LURQ�������

& $WPRVSKHULF�GHSRVLWLRQ�RI�PHUFXU\�LV�DURXQG���NJ�\U�DQG�DWPRVSKHULF�GHSRVLWLRQ
RI�SHVWLFLGHV�LV�HVWLPDWHG�DV����NJ�\U��HDFK�UHSUHVHQWLQJ�DERXW�RQH�SHUFHQW�RI�WKH
WRWDO�ORDG��DQG�

& $WPRVSKHULF�GHSRVLWLRQ�LV�WKH�RQO\�SDWKZD\�WKDW�FRQWULEXWHG�D�PHDVXUDEOH
DPRXQW�RI�3&%V��HVWLPDWHG�DV�D�PLQLPXP�WRWDO�ORDG�RI����NJ�\U���1R�HVWLPDWH
FRXOG�EH�GHYHORSHG�IRU�3$+V�XVLQJ�DYDLODEOH�GDWDVHWV�

2QJRLQJ�PRQLWRULQJ��GHVFULEHG�EHORZ��FRQGXFWHG�E\�WKH�7DPSD�%D\�1(3��ORFDO�JRYHUQPHQWV�
DQG�RWKHU�FROODERUDWRUV�ZLOO�EHWWHU�GHILQH�WKH�VSDWLDO�GLVWULEXWLRQ�RI�DWPRVSKHULFDOO\�GHSRVLWHG
FKHPLFDO�FRQWDPLQDQWV�DQG�QLWURJHQ�WKURXJKRXW�WKH����PDMRU�EDVLQV�RI�7DPSD�%D\�DQG�LWV
ZDWHUVKHG�DV�ZHOO�DV�WKH�UHODWLYH�FRQWULEXWLRQV�RI�ORFDO��UHJLRQDO��DQG�JOREDO�HPLVVLRQ�VRXUFHV�
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$Q�RQJRLQJ�FRRSHUDWLYH�VWXG\�DGPLQLVWHUHG�E\�WKH�7DPSD�%D\�1(3�ZLOO�VXEVWDQWLDOO\
H[SDQG�DLU�WUDQVSRUW�DQG�GHSRVLWLRQ�PRQLWRULQJ�DQG�PRGHOLQJ�SURMHFWV�LQ�DQ�HIIRUW�WR�GHYHORS
QDWLRQDOO\�UHFRJQL]HG�TXDQWLWDWLYH�DVVHVVPHQWV�IRU�LPSRUWDQW�DLU�GHSRVLWLRQ�SDUDPHWHUV���1RZ�LQ
LWV�VHFRQG�\HDU�RI�RSHUDWLRQ��WKH�7DPSD�%D\�$WPRVSKHULF�'HSRVLWLRQ�6WXG\��7%$'6��LQYROYHV
(3$
V�*UHDW�:DWHUV�SURJUDP��WKH�ORFDO�JRYHUQPHQWV�LQ�+LOOVERURXJK��3LQHOODV��DQG�0DQDWHH
&RXQWLHV��WKH�)ORULGD�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ��WKH�6RXWKZHVW�)ORULGD�:DWHU�0DQDJHPHQW
'LVWULFW��)ORULGD�6WDWH�8QLYHUVLW\��D�SULYDWH�FRQVXOWDQW��DQG�RWKHU�RUJDQL]DWLRQV���7%$'6�ZLOO
DWWHPSW�WR�GHWHUPLQH�������ZKDW�IUDFWLRQ�RI�WKH�QLWURJHQ�DQG�WR[LF�SROOXWDQWV�HPLWWHG�DQQXDOO\�E\
VSHFLILF�VRXUFHV�ZLWKLQ�WKH�7DPSD�%D\�ZDWHUVKHG�HQWHU�WKH�%D\�ZDWHUV��L�H���DUH�GHSRVLWHG�HLWKHU
RQWR�WKH�ZDWHU�VXUIDFH�GLUHFWO\�RU�RQWR�WKH�ZDWHUVKHG�DQG�VXEVHTXHQWO\�HQWHU�WKH�%D\�ZDWHUV
WKURXJK�UXQRII���DQG�����ZKDW�DUH�WKH�UHODWLYH�FRQWULEXWLRQV�RI�ORFDO�VRXUFHV��L�H��LQVLGH�WKH
ZDWHUVKHG��YHUVXV�UHPRWH�VRXUFHV��L�H��RXWVLGH�WKH�ZDWHUVKHG��WR�DWPRVSKHULFDOO\�GHSRVLWHG
QLWURJHQ�DQG�WR[LF�SROOXWDQWV�LQ�WKH�ZDWHUVKHG���3URMHFWV�WKDW�KDYH�EHHQ�LQLWLDWHG�WR�DGGUHVV
HOHPHQWV�RI�WKLV�DLU�GHSRVLWLRQ�SURJUDP�LQFOXGH�

& ,QWHQVLYH�GDLO\�ZHW�DQG�GU\�GHSRVLWLRQ�PRQLWRULQJ�DW�*DQG\�6LWH��ORFDWHG�RQ
7DPSD�%D\
V�,QWHUSHQLQVXOD��IRU�QLWURJHQ�DQG�WR[LF�SROOXWDQWV�IRU�DQ�DGGLWLRQDO���
PRQWKV��\LHOGLQJ�WZR�\HDUV�RI�FRQWLQXRXV�GDWD�FROOHFWHG�DQG�DQDO\]HG�DFFRUGLQJ
WR�$,50R1�SURWRFRO�

& $SSOLFDWLRQ��ZLWK�WKH�)ORULGD�6WDWH�8QLYHUVLW\�&HQWHU�IRU�7URSLFDO�0HWHRURORJ\��RI
D�UHJLRQDO�DLU�PDVV�PRYHPHQW�PRGHO�GHYHORSHG�E\�3HQQV\OYDQLD�6WDWH�8QLYHUVLW\
�3HQQ�6WDWH�1&$5�0HVRVFDOH�0RGHO�9HUVLRQ����WR�LQYHVWLJDWH�DLU�WUDQVSRUW�DW�D
FRDUVH�JULG�IRU�WKH�VRXWKHDVWHUQ�8QLWHG�6WDWHV�ZKLOH�PDLQWDLQLQJ�D�PXFK�KLJKHU
UHVROXWLRQ�JULG�RYHU�WKH�7DPSD�%D\�DUHD�WR�HVWLPDWH�UHWHQWLRQ�WLPHV�IRU�DLU�PDVVHV
ZLWKLQ�WKH�ZDWHUVKHG�XQGHU�GLIIHUHQW�PHWHRURORJLFDO�FRQGLWLRQV��

& ,QWHJUDWLRQ�RI�12$$
V�3K\VLFDO�2FHDQRJUDSKLF�5HDO�7LPH�6\VWHP��32576�
0HWHRURORJLFDO�GDWD�FROOHFWHG�DW�VHYHUDO�RYHU�ZDWHU�VWDWLRQV��ZLWK�12$$�DQG�WKH
8QLYHUVLW\�RI�)ORULGD���DQG

& ,QWHQVLYH�VWRUPZDWHU�VDPSOLQJ�WR�PHDVXUH�VWRUPZDWHU�UXQRII��QLWURJHQ��DQG�WR[LF
FRQWDPLQDQW�FRQFHQWUDWLRQV�DQG�ORDGV�DW�XS�WR�IRXU�JDJHG�VXEEDVLQV���'DWD�ZLOO�EH
XVHG�WR�HVWLPDWH�WKH�UHODWLYH�FRQWULEXWLRQ�RI�DWPRVSKHULF�ORDGLQJ�WR�VWRUPZDWHU
IRU�GLIIHUHQW�ODQG�XVH�W\SHV��UHVLGHQWLDO��XUEDQ��LQGXVWULDO��DQG�RU�XUEDQ�SDUNV���LW
LV�H[SHFWHG�WKDW�WKLV�WUDQVIHU�FRHIILFLHQW�LQIRUPDWLRQ�ZLOO�EH�XVHIXO�QRW�RQO\�WR
7DPSD�%D\�DQG�)ORULGD��EXW�DOVR�WR�ZDWHUVKHGV�QDWLRQZLGH�

$Q�LPSRUWDQW�HOHPHQW�RI�WKH�7DPSD�%D\�DWPRVSKHULF�GHSRVLWLRQ�SURJUDP�LV�WKH�SDUWLFLSDWLRQ
DQG�FRRUGLQDWLRQ�RI�ORFDO�DQG�IHGHUDO�JRYHUQPHQW�SURJUDPV�DQG�VWDWH�DJHQFLHV�ZLWK�WKH�*UHDW
:DWHUV�SURJUDP�DQG�WKH�7DPSD�%D\�1(3�

*DOYHVWRQ�%D\���7KH�*UHDW�:DWHUV�SURJUDP�FRQGXFWHG�D�VFUHHQLQJ�DWPRVSKHULF
GHSRVLWLRQ�PRQLWRULQJ�SURJUDP�LQ�*DOYHVWRQ�%D\��7H[DV��ZKLFK�ZDV�FKRVHQ�DV�WKH�VLWH�WR
HVWDEOLVK�PRQLWRULQJ�IRU�WKH�7H[DV�5HJLRQDO�,QWHJUDWHG�$WPRVSKHULF�'HSRVLWLRQ�6WXG\��75,$'6�
DV�D�UHSUHVHQWDWLYH�RI�D�*XOI�RI�0H[LFR�HVWXDU\���0RQLWRULQJ�DW�WKH�75,$'6�VLWH�EHJDQ�LQ�)HEUXDU\
�������7R�IDFLOLWDWH�FRPSDUDELOLW\��WKH�VDPSOLQJ�DQG�DQDO\WLFDO�GHVLJQ�RI�75,$'6�LV�VLPLODU�WR�WKDW
RI�H[LVWLQJ�PRQLWRULQJ�VLWHV�LQ�WKH�*UHDW�/DNHV�DQG�&KHVDSHDNH�%D\���7KH�JRDOV�RI�WKLV�VWXG\�DUH
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WR�HYDOXDWH�WKH�FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�RI�VHOHFWHG�FRQWDPLQDQWV�WR�WKH�%D\�DQG
WR�HYDOXDWH�ORQJ�UDQJH�WUDQVERXQGDU\�WUDQVSRUW�RI�FRQWDPLQDQWV���3ROOXWDQWV�PHDVXUHG�LQFOXGH
FDGPLXP��OHDG��PHUFXU\��QLWURJHQ��3$+V��3&%V��DQG�VHOHFWHG�SHVWLFLGHV���5HVXOWV�IURP�75,$'6
FRPSOHPHQW�DQG�DGG�WR�GDWD�IURP�RWKHU�LQYHVWLJDWLRQV�LQ�*DOYHVWRQ�%D\��LQFOXGLQJ�VWXGLHV�E\
WKH�*DOYHVWRQ�%D\�1(3��(3$
V�(QYLURQPHQWDO�0RQLWRULQJ�DQG�$VVHVVPHQW��(0$3��SURJUDP�
12$$�1DWLRQDO�6WDWXV�DQG�7UHQGV��16	7��SURJUDP��DQG�VSHFLDO�XUEDQ�SROOXWDQW�VWXGLHV�LQ
+RXVWRQ��7H[DV���'DWD�IURP�WKHVH�SURJUDPV�DQG�WKH�75,$'6�GDWD�ZLOO�EH�XVHG�WR�HVWLPDWH�WKH
FXPXODWLYH��GLUHFW�DQG�LQGLUHFW�LPSDFWV�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�SROOXWLRQ�RI�*DOYHVWRQ�%D\�

$OWKRXJK�HDUO\�FDOFXODWLRQV�VXJJHVWHG�WKDW�DWPRVSKHULF�GHSRVLWLRQ�FRXOG�EH�D�VLJQLILFDQW
FRQWULEXWRU�WR�QLWURJHQ�ORDGV�GHOLYHUHG�DQQXDOO\�WR�*DOYHVWRQ�%D\��WKH�UHOHYDQFH�RI�WKLV�ILQGLQJ
WR�WKH�KHDOWK�RI�WKH�HFRV\VWHP�IRU�*DOYHVWRQ�%D\�LV�QRW�DV�REYLRXV�DV�IRU�HLWKHU�&KHVDSHDNH�%D\
RU�7DPSD�%D\���:KLOH�DOO�WKUHH�HVWXDULHV�KDYH�H[SHULHQFHG�GHFOLQHV�LQ�VXEPHUJHG�DTXDWLF�YHJHWD�
WLRQ��6$9���VWXGLHV�RQ�6$9�LQ�*DOYHVWRQ�%D\�DUH�OLPLWHG�LQ�FRQWUDVW�WR�GRFXPHQWHG�FDVHV�RI�ODUJH�
VFDOH�FKDQJHV�LQ�RWKHU�PDMRU�HVWXDULHV��3XOLFK�HW�DO���������:KLOH�DWPRVSKHULF�QLWURJHQ�ORDGLQJ�PD\
FRQWULEXWH�WR�WKH�LQFLGHQFH�RI�K\SR[LD��RWKHU�IDFWRUV�DSSHDU�WR�EH�FDXVLQJ�WKLV�SKHQRPHQRQ��ZKLFK
LV�TXLWH�ORFDOL]HG�LQ�*DOYHVWRQ�%D\�FRPSDUHG�WR�LWV�PDQLIHVWDWLRQ�LQ�WKH�RWKHU�WZR�HVWXDULHV�

,Q�FRQWUDVW�WR�WKH�SHUFHLYHG�OLPLWHG�ELRORJLFDO�HIIHFWV�IURP�DWPRVSKHULF�GHSRVLWLRQ�RI
QLWURJHQ��SUHYLRXV�UHVHDUFK�KDV�VXJJHVWHG�WKDW�DWPRVSKHULF�GHSRVLWLRQ�RI�WR[LF�FRQWDPLQDQWV
PD\�EH�DIIHFWLQJ�ILVK�DQG�VKHOOILVK�LQ�*DOYHVWRQ�%D\��DQG�WKXV�FRQWULEXWLQJ�WR�KXPDQ�KHDOWK�ULVN��
$�SLORW�VWXG\�SHUIRUPHG�IRU�WKH�*DOYHVWRQ�%D\�1(3�GRFXPHQWHG�WKH�SUHVHQFH�RI�GLR[LQV��IXUDQV�
OHDG��PHUFXU\��3$+V��3&%V��DQG�SHVWLFLGHV�LQ�FHUWDLQ�VSHFLHV�RI�ILQILVK�DQG�VKHOOILVK��EXW�FRXOG�QRW
GHWHUPLQH�WKH�VRXUFHV�RI�WKHVH�FRQWDPLQDQWV��%URRNV�HW�DO����������0RQLWRULQJ�GDWD�IURP�WKH
75,$'6�VLWH�GHWHFWHG�WKH�SUHVHQFH�RI�DOO�WKHVH�FKHPLFDO�FRQWDPLQDQWV�LQ�DLU�VDPSOHV��VXJJHVWLQJ
WKDW�DWPRVSKHULF�GHSRVLWLRQ�PD\�EH�D�VLJQLILFDQW�VRXUFH��%DWWHOOH���������&RQWLQXHG�PRQLWRULQJ
ZLOO�HQDEOH�VFLHQWLVWV�DQG�PDQDJHUV�WR�PRUH�IXOO\�HYDOXDWH�WKLV�SUREOHP�DQG�GHWHUPLQH�WKH�UHOD�
WLYH�HIIHFW�RI�DWPRVSKHULF�GHSRVLWLRQ�YHUVXV�SRLQW�DQG�QRQSRLQW�VRXUFH�LQSXWV�LQWR�*DOYHVWRQ�%D\�

&DVFR�%D\���7KH�SULPDU\�SROOXWDQWV�RI�FRQFHUQ�IRU�DWPRVSKHULF�GHSRVLWLRQ�WR�&DVFR�%D\�
0DLQH��LQFOXGH�3$+V��3&%V��QLWURJHQ��SKRVSKRUXV��VXOIDWHV��SHVWLFLGHV��DQG�PHUFXU\�DQG�RWKHU
WUDFH�PHWDOV���5HFHQW�VHGLPHQW�VWXGLHV�KDYH�IRXQG�HOHYDWHG�FRQFHQWUDWLRQV�RI�VRPH�SROOXWDQWV��L�H��
FDGPLXP��OHDG��PHUFXU\��3$+V��3&%V��VLOYHU��DQG�]LQF��QHDU�SRSXODWLRQ�FHQWHUV�DQG�ZDVWH�GLV�
FKDUJHV��EXW�DOVR�REVHUYHG�HOHYDWHG�OHYHOV�LQ�UXUDO�HDVWHUQ�&DVFR�%D\�DZD\�IURP�WKHVH�NQRZQ
VRXUFHV��:DGH�HW�DO����������$�FLUFXODWLRQ�PRGHO�VWXG\�RI�WKH�%D\�GLG�QRW�FOHDUO\�LQGLFDWH�DQ\�SRV�
VLEOH�VRXUFHV�IRU�WKHVH�SROOXWDQWV��VXJJHVWLQJ�DWPRVSKHULF�GHSRVLWLRQ�DV�D�VLJQLILFDQW�VRXUFH��3HDUFH
HW�DO����������:KLOH�HOHYDWHG�OHYHOV�RI�OHDG�IRXQG�LQ�&DVFR�%D\�VHGLPHQWV�ZHUH�UHODWLYHO\�QHDU�SRWHQ�
WLDO�VRXUFHV��HOHYDWHG�OHYHOV�RI�FDGPLXP�ZHUH�IRXQG�IDU�IURP�DQ\�NQRZQ�ORFDO�VRXUFH���$�GHSRVLWLRQ
VWXG\�ZRXOG�SURYLGH�HPSLULFDO�YHULILFDWLRQ�RI�SURFHVVHV�EHOLHYHG�WR�EH�RFFXUULQJ�DW�&DVFR�%D\�

'HODZDUH�%D\���,Q�'HODZDUH�%D\��VWXGLHV�KDYH�VKRZQ�WKDW�GLUHFW�DQG�LQGLUHFW
DWPRVSKHULF�GHSRVLWLRQ�SURYLGH����SHUFHQW�RI�WKH�DQQXDO�QLWURJHQ�LQSXW��LQFUHDVLQJ�WR����SHUFHQW
LQ�ODWH�VSULQJ�DQG�HDUO\�VXPPHU��6FXGODUN�DQG�&KXUFK���������7KH�UHODWLYH�QLWURJHQ�ORDGLQJ�LV
VOLJKWO\�ORZHU�WKDQ�REVHUYHG�LQ�QHDUE\�&KHVDSHDNH�%D\�����SHUFHQW���DQG�PXFK�ORZHU�WKDQ�LQ�WKH
'HODZDUH�,QODQG�%D\V��5HKRERWK�DQG�,QGLDQ�5LYHU�%D\V��ZKHUH�GLUHFW�DWPRVSKHULF�GHSRVLWLRQ
DORQH�FRQWULEXWHV����SHUFHQW�RI�WKH�WRWDO�QLWURJHQ�ORDG��&HUFR�HW�DO����������7KH�FRQWULEXWLRQ�WR�WKH
'HODZDUH�%D\�LV�ORZHU�EHFDXVH�RI�KLJKHU�SRLQW�VRXUFH�QLWURJHQ�ORDGLQJ�WR�'HODZDUH�%D\�DQG�WKH
LQIOXHQFH�RI�D�KLJKO\�XUEDQL]HG�ZDWHUVKHG��
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Hypoxia Conference

A conference was convened in 1996 in
response to the hypoxia problem in the Gulf of
Mexico.  Topics addressed included:

& Characterization of the hypoxic zone;
& Economic impacts and trends in fisheries

attributable to the hypoxia;
& Causes of the hypoxic zone;
& Sources and delivery of nutrients in the

watershed, including atmospheric deposition;
& Current efforts to control nutrient loads; and
& Information and policy required for action.

$V�SDUW�RI�D�'HODZDUH�(VWXDU\�3URJUDP�VWXG\�WR�HVWLPDWH�FRQWDPLQDQW�LQSXWV�
DWPRVSKHULF�GHSRVLWLRQ�ZDV�IRXQG�WR�EH�D�VLJQLILFDQW�VRXUFH�RI�PHUFXU\�����SHUFHQW��DQG�3&%V
����SHUFHQW���)ULWKVHQ�HW�DO������E����$V�LV�WKH�FDVH�LQ�RWKHU�UHJLRQV��PRUH�UHVHDUFK�LV�ZDUUDQWHG�RQ
DWPRVSKHULF�LQSXWV�RI�PHUFXU\�DQG�WKH�UHVXOWLQJ�HIIHFWV�RQ�HVWXDULQH�DQG�KXPDQ�KHDOWK���7R
HYDOXDWH�WKH�HIIHFW�DWPRVSKHULF�GHSRVLWLRQ�RI�PHUFXU\�KDV�RQ�WKH�'HODZDUH��5HKRERWK��DQG
,QGLDQ�5LYHU�HVWXDULHV��D�SUHFLSLWDWLRQ�PRQLWRULQJ�VWDWLRQ�ZDV�HVWDEOLVKHG�DW�/HZHV��'HODZDUH��LQ
�����LQ�FRQMXQFWLRQ�ZLWK�(3$
V�1DWLRQDO�$WPRVSKHULF�'HSRVLWLRQ�3URJUDP�0HUFXU\�'HSRVLWLRQ
1HWZRUN�

*XOI�RI�0H[LFR���,W�LV�SUREDEOH�WKDW
VLJQLILFDQW�DPRXQWV�RI�QLWURJHQ�DUH�GHSRVLWHG
LQWR�WKH�0LVVLVVLSSL�5LYHU�%DVLQ�YLD
DWPRVSKHULF�GHSRVLWLRQ��EXW�WKHUH�KDV�EHHQ
OLWWOH�LQYHVWLJDWLRQ�FRQGXFWHG�UHJDUGLQJ
DWPRVSKHULF�QLWURJHQ�DV�D�VRXUFH�RI�QLWURJHQ
IRU�WKH�0LVVLVVLSSL�5LYHU�GUDLQDJH�EDVLQ��
6RPH�EDVLF�HVWLPDWHV�XVLQJ�1DWLRQDO
$WPRVSKHULF�'HSRVLWLRQ�3URJUDP��1$'3�
GDWD�ZHUH�SURYLGHG�DW�D�+\SR[LD�&RQIHUHQFH
KHOG�E\�WKH�*XOI�RI�0H[LFR�3URJUDP�LQ
$XJXVW��������7KHVH�HVWLPDWHV�VKRZHG
VLJQLILFDQW�YDULDELOLW\�LQ�TXDQWLW\�RI
DWPRVSKHULFDOO\�GHSRVLWHG�QLWURJHQ��ZLWK�D
UDQJH�RI������PLOOLRQ�WR������PLOOLRQ�WRQV���7KLV
YDULDELOLW\�LV�GXH�WR�GLIIHULQJ�DVVXPSWLRQV�RI�ZKDW�DWPRVSKHULF�QLWURJHQ�LQSXW�VRXUFHV�VKRXOG�EH
LQFOXGHG��ZKDW�IRUPV�RI�GHSRVLWLRQ�VKRXOG�EH�PHDVXUHG��H�J���GU\�GHSRVLWLRQ���DQG�ZKDW�QLWURJHQ
FRPSRXQGV�VKRXOG�EH�DQDO\]HG��H�J���DPPRQLXP����$W�WKH�KLJK�HQG��DWPRVSKHULF�QLWURJHQ�ZRXOG
EH�RQ�SDU�ZLWK�DQLPDO�PDQXUH��UDQNLQJ�DV�WKH�VHFRQG�KLJKHVW�VRXUFH�RI�QLWURJHQ�LQSXW�WR�WKH�ZDWHU�
VKHG���$W�WKH�ORZHU�HQG��HVWLPDWHG�DWPRVSKHULF�QLWURJHQ�LQSXWV�ZRXOG�UDQN�DV�WKH�ILIWK�KLJKHVW
VRXUFH�RI�QLWURJHQ�LQSXW�IRU�WKH�ZDWHUVKHG���7KLV�ZLGH�YDULDELOLW\�LQ�HVWLPDWHG�TXDQWLW\�SRLQWV�WR
WKH�QHHG�IRU�IXUWKHU�DQG�PRUH�UHILQHG�HVWLPDWHV�RI�DWPRVSKHULF�QLWURJHQ�LQSXWV�WR�WKH�*XOI�

/RQJ�,VODQG�6RXQG���$�FKURQLF�SUREOHP�LQ�/RQJ�,VODQG�6RXQG�LV�WKH�ORZ�R[\JHQ�OHYHOV
�K\SR[LD��WKDW�DUH�REVHUYHG�GXULQJ�WKH�VXPPHU���$Q�HDUO\�VWXG\�QRWHG�WKDW�H[FHVV�QLWURJHQ
ORDGLQJ�ZDV�D�PDMRU�FDXVH�RI�K\SR[LD�DQG�HVWLPDWHG�WKDW�DWPRVSKHULF�ORDGLQJ�GLUHFWO\�WR�WKH
ZDWHU�VXUIDFH�FRQWULEXWHG���SHUFHQW�RI�WKH�WRWDO�QLWURJHQ�GHOLYHUHG�WR�WKH�6RXQG��/,6�6WXG\��������
$�ODWHU�VWXG\�SURGXFHG�HVVHQWLDOO\�WKH�VDPH�HVWLPDWH�IRU�WKH�WRWDO�FRQWULEXWLRQ�RI�GLUHFW
DWPRVSKHULF�GHSRVLWLRQ��EXW�GLYLGHG�LW�LQWR�WZR�FRPSRQHQWV���DQ�DPRXQW�IURP��QDWXUDO��VRXUFHV
�L�H���EDFNJURXQG�DSSUR[LPDWLQJ��DPRXQW�EHOLHYHG�WR�KDYH�EHHQ�GHOLYHUHG�WR�/RQJ�,VODQG�6RXQG
LQ�SUH�&RORQLDO�GD\V���DQG�DQ�DPRXQW�IURP��KXPDQ�LQGXFHG��VRXUFHV��/,6�6WXG\���������8VLQJ
PHDVXUHPHQWV�RI�ZHW�DQG�GU\�GHSRVLWLRQ�IURP�WZR�VLWHV�DORQJ�WKH�&RQQHFWLFXW�VKRUH��0LOOHU�HW�DO�
�������HVWLPDWHG�GLUHFW�DWPRVSKHULF�ORDGLQJV�WR�/RQJ�,VODQG�6RXQG���7KH�/RQJ�,VODQG�6RXQG
6WXG\�XVHG�WKHVH�GDWD�DQG�OLWHUDWXUH�YDOXHV�WR�GHYHORS�WKH�HVWLPDWHV�VKRZQ�LQ�7DEOH�,9�����DQG
FRQFOXGHG�WKDW��GLUHFW�DQG�LQGLUHFW��DWPRVSKHULF�GHSRVLWLRQ�PD\�EH�UHVSRQVLEOH�IRU����WR���
SHUFHQW�RI�WRWDO�QLWURJHQ�HQWHULQJ�WKH�6RXQG���

,Q�WKH�PRVW�UHFHQW�VWXG\��DOO�VRXUFHV�RI�QLWURJHQ��LQFOXGLQJ�DWPRVSKHULF�GHSRVLWLRQ��DUH
GLYLGHG�LQWR��QDWXUDO��DQG��KXPDQ�FDXVHG��FRPSRQHQWV��6WDFH\���������7KLV�VWXG\�FRQFOXGHG�WKDW
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DWPRVSKHULF�GHSRVLWLRQ�IURP�KXPDQ�DFWLYLWLHV�LQ�WKH�1HZ�<RUN�DQG�&RQQHFWLFXW�SRUWLRQV�RI�WKH
/RQJ�,VODQG�6RXQG�ZDWHUVKHG�DFFRXQWV�IRU������SHUFHQW�RI�WKH�WRWDO�HQULFKHG�RU��KXPDQ�FDXVHG�
ORDG���)XUWKHU�ZRUN�LV�QHFHVVDU\�WR�PRGHO�UHODWLRQVKLSV�DPRQJ�DLU�TXDOLW\��GLUHFW�DQG�LQGLUHFW
DWPRVSKHULF�GHSRVLWLRQ��DQG�UXQRII�FRQFHQWUDWLRQV�WR�UHFHLYLQJ�ZDWHUV�RI�WKH�6RXQG�

0DVVDFKXVHWWV�%D\V���,Q�RQH�0DVVDFKXVHWWV�%D\V�1(3�VWXG\��GLUHFW�DWPRVSKHULF
GHSRVLWLRQ�ZDV�HVWLPDWHG�WR�FRQWULEXWH���WR����SHUFHQW�RI�WRWDO�QLWURJHQ�ORDG�WR�0DVVDFKXVHWWV
%D\V��0HQ]LH�&XUD�	�$VVRFLDWHV���������,Q�DQRWKHU�0DVVDFKXVHWWV�%D\V�1(3�VWXG\��GLUHFW
DWPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ�ZDV�HVWLPDWHG�WR�DFFRXQW�IRU���WR���SHUFHQW�RI�WRWDO�QLWURJHQ
ORDGLQJV�WR�WKH�%D\V��=HPED���������'LIIHUHQW�PHWKRGRORJLHV�ZHUH�XVHG�WR�HVWLPDWH�QLWURJHQ
ORDGLQJV�LQ�WKHVH�WZR�VWXGLHV���7KH�HVWLPDWH�E\�=HPED��������XVHG�OLWHUDWXUH�YDOXHV�DQG�WHQ�\HDUV
������������RI�ZHW�GHSRVLWLRQ�GDWD�IURP�WKH�1$'3���2WKHU�VWXGLHV�FLWHG�E\�WKH�0DVVDFKXVHWWV
%D\V�1(3�VXJJHVW�WKDW�WKH�FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�PD\�EH�KLJKHU��DERXW����WR���
SHUFHQW�RI�WRWDO�QLWURJHQ�ORDG��H[FOXGLQJ�H[FKDQJH�ZLWK�WKH�*XOI�RI�0DLQH��0DVVDFKXVHWWV�%D\V
1(3�������

$WPRVSKHULF�GHSRVLWLRQ�LV�DOVR�D�VLJQLILFDQW�FRQWULEXWRU�RI�RUJDQLF�SROOXWDQWV�DQG�WUDFH
PHWDOV�WR�0DVVDFKXVHWWV�%D\V���0HQ]LH�&XUD��������HVWLPDWHG�WKDW�GLUHFW�DWPRVSKHULF�GHSRVLWLRQ
ZDV�D�VLJQLILFDQW�VRXUFH�RI�3$+V�������SHUFHQW���3&%V��������SHUFHQW���FDGPLXP��������SHUFHQW��
DQG�OHDG��������SHUFHQW����$�VXEVHTXHQW�0DVVDFKXVHWWV�%D\V�1(3�VWXG\�JHQHUDOO\�FRUURERUDWHG
WKH�0HQ]LH�&XUD��������PHWDO�GHSRVLWLRQ�UHVXOWV��DOWKRXJK�OHDG�GHSRVLWLRQ�UDWHV�ZHUH�VOLJKWO\
ORZHU��*RORPE�HW�DO����������7KH�OHDG�GHSRVLWLRQ�HVWLPDWHV�PD\�EH�ORZHU�LQ�*RORPE�������
EHFDXVH�WKH�GDWD�XVHG�LQ�WKH�0HQ]LH�&XUD�VWXG\�ZHUH�REWDLQHG�SULRU�WR�WKH�SKDVH�RXW�RI�OHDGHG
JDVROLQH���*RORPE��������DOVR�LQGLFDWHG�WKDW�3$+�GHSRVLWLRQ�PD\�KDYH�EHHQ�XQGHUHVWLPDWHG�DQG
WKDW�3&%�FRQFHQWUDWLRQV�ZHUH�EHORZ�GHWHFWLRQ�OLPLWV�DQG��WKHUHIRUH��DWPRVSKHULF�GHSRVLWLRQ�UDWHV
IRU�3&%V�ZHUH�QRW�FDOFXODWHG���%HFDXVH�3&%�FRQFHQWUDWLRQV�ZHUH�EHORZ�WKH�GHWHFWLRQ�OLPLW��PRUH
SUHFLVH�ILHOG�PHDVXUHPHQWV�RI�ZHW�DQG�GU\�GHSRVLWLRQ�RI�3&%V�DUH�QHFHVVDU\�WR�YHULI\�WKH�LQLWLDO
HVWLPDWHV�DQG�WR�GHWHUPLQH�WKH�UHODWLYH�LPSDFW�RI�DWPRVSKHULF�GHSRVLWLRQ�RI�3&%V�WR
0DVVDFKXVHWWV�%D\V�

3HFRQLF�%D\���1LWURJHQ�IURP�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�3HFRQLF�5LYHU�DQG�)ODQGHUV
%D\��1HZ�<RUN��LV�HVWLPDWHG�WR�EH�DERXW����NJ�GD\��RU�DERXW�ILYH�SHUFHQW�RI�WKH�WRWDO�QLWURJHQ
ORDGLQJ�WR�WKDW�DUHD��6XIIRON�&RXQW\���������7KH�LPSDFW�RI�DWPRVSKHULF�GHSRVLWLRQ�RQ
HXWURSKLFDWLRQ�LQ�3HFRQLF�5LYHU�DQG�)ODQGHUV�%D\�LV�FRQVLGHUHG�WR�EH�UHODWLYHO\�VPDOO�LQ�UHODWLRQ
WR�RWKHU�SRLQW�DQG�QRQSRLQW�VRXUFHV���$WPRVSKHULF�GHSRVLWLRQ�LV�EHOLHYHG�WR�EH�PXFK�PRUH
VLJQLILFDQW�LQ�WHUPV�RI�UHODWLYH�HXWURSKLFDWLRQ�LPSDFWV�WR�3HFRQLF�(VWXDU\�VXUIDFH�ZDWHUV�HDVW�RI
)ODQGHUV�%D\���'HWDLOHG�ORDGLQJ�HVWLPDWHV�IRU�WKHVH�HDVWHUQ�DUHDV��DV�ZHOO�DV�IRU�VSHFLILF
VXEZDWHUVKHGV��DUH�EHLQJ�GHYHORSHG�IRU�WKH�3HFRQLF�1(3�ZDWHUV��DQG�WKH�UHODWLYH�HXWURSKLFDWLRQ
LPSDFWV�RI�VRXUFHV�DUH�EHLQJ�DVVHVVHG�WKURXJK�FRPSXWHU�PRGHOLQJ�

)XWXUH�5HVHDUFK�1HHGV�LQ�1(3�DQG�2WKHU�&RDVWDO�:DWHUV

5HVHDUFK�RQ�DWPRVSKHULF�GHSRVLWLRQ�WR�FRDVWDO�ZDWHUV�KDV�EHHQ�OLPLWHG�WR�D�IHZ�DUHDV��DQG
PRVW�VWXGLHV�KDYH�IRFXVHG�RQ�LGHQWLI\LQJ�DQG�GHWHUPLQLQJ�WKH�FRQFHQWUDWLRQ�RI�SROOXWDQWV�RI
FRQFHUQ�LQ�ZDWHU�DQG�VHGLPHQW��DQG�PHDVXULQJ�FRQFHQWUDWLRQV�RI�SROOXWDQWV�LQ�SUHFLSLWDWLRQ��
'XH�WR�OLPLWHG�IXQGLQJ��PDQ\�SUHOLPLQDU\�1(3�VWXGLHV�DUH�UHVWULFWHG�WR�XVLQJ�KLVWRULFDO�GDWD�WR
HVWLPDWH�DWPRVSKHULF�GHSRVLWLRQ���6RPH�1(3�VWXGLHV�KDYH�XVHG�D�URXJK�PDVV�EDODQFH�DSSURDFK
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WR�GHWHUPLQH�WKH�UHODWLYH�ORDGLQJ�RI�HDFK�SROOXWDQW�WR�WKH�HVWXDU\��EXW�PRUH�SUHFLVH�TXDQWLWDWLYH
PDVV�EDODQFHV�DUH�QHHGHG��ZKLFK�UHTXLUH�DFFXUDWH�DQG�FRPSUHKHQVLYH�DWPRVSKHULF�GDWD�

(VWDEOLVKLQJ�WKH�WRWDO�FRQWULEXWLRQ�RI�SROOXWDQWV�DQG�WKHLU�VRXUFHV�LV�DQ�LPSRUWDQW�SDUW�RI
GHYHORSLQJ�DQG�LPSOHPHQWLQJ�&&03V�IRU�1(3V��DQG�WKH�ODFN�RI�NQRZOHGJH�DERXW�WKH
FRQFHQWUDWLRQV��GHSRVLWLRQ��DQG�SRWHQWLDO�VRXUFHV�RI�DLUERUQH�SROOXWDQWV�PDNHV�VRXQG�SROLF\
IRUPDWLRQ�IRU�WKH�HVWXDULHV�GLIILFXOW���7KH�TXHVWLRQ�RI�WKH�PDJQLWXGH�RI�SROOXWDQW�GHSRVLWLRQ�IURP
WKH�DLU�KDV�EHFRPH�PRUH�LPSRUWDQW�DV�RWKHU�VRXUFHV�RI�SROOXWLRQ�WR�ULYHUV��ODNHV��VWUHDPV��DQG
FRDVWDO�ZDWHUV�KDYH�EHHQ�LGHQWLILHG�DQG�VLJQLILFDQWO\�UHGXFHG�

5HVHDUFK�TXHVWLRQV�IRU�WKH�1(3�HVWXDULHV�DQG�RWKHU�FRDVWDO�ZDWHUV�LQFOXGH�

& :KDW�DUH�WKH�FRQFHQWUDWLRQV�DQG�ORDGLQJV�RI�SROOXWDQWV�WKDW�DUH�EHLQJ�VXSSOLHG�E\
DWPRVSKHULF�GHSRVLWLRQ"

& :KDW�DUH�WKH�UHODWLYH�FRQWULEXWLRQV�RI�WKHVH�LQSXWV�WR�WKH�WRWDO�ORDG�RI�SROOXWDQWV
HQWHULQJ�WKH�HVWXDU\"

& :KDW�DUH�WKH�HPLVVLRQ�VRXUFHV�WKDW�DIIHFW�WKH�HVWXDULHV�DQG�ZKHUH�DUH�WKH\
JHRJUDSKLFDOO\�ORFDWHG"

& 'RHV�DWPRVSKHULF�GHSRVLWLRQ��GLUHFW�DQG�LQGLUHFW��RI�FRQWDPLQDQWV�FDXVH�RU
FRQWULEXWH�WR�ELRORJLFDO�KDUP�LQ�EHQWKLF��ERWWRP�GZHOOLQJ��RU�SHODJLF��VXVSHQGHG�
SODQNWRQLF��RU�ZDWHU�FROXPQ��FRPPXQLWLHV��RU�DIIHFW�KXPDQ�KHDOWK"

& :KDW�HFRQRPLFDOO\�DQG�WHFKQLFDOO\�IHDVLEOH�PHWKRGV�DUH�DYDLODEOH�WR�HIIHFWLYHO\
UHGXFH�DLUERUQH�SROOXWDQWV�DQG�WKHLU�HIIHFWV�RQ�HVWXDULHV"

7KH�1(3�HVWXDULHV�SURYLGH�DQ�H[FHOOHQW�RSSRUWXQLW\�WR�HYDOXDWH�WKH�HIIHFWV�DQG
FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�RI�FRQWDPLQDQWV�WR�D�YDULHG�VHW�RI�HFRORJLFDO�
HQYLURQPHQWDO��DQG�DQWKURSRJHQLF�FRQGLWLRQV���7KH�1(3�DOVR�SURYLGHV�D��JUDVVURRWV��IRUXP�IRU
DGGUHVVLQJ�DQG�FRUUHFWLQJ�UHJLRQDO�DQG�QDWLRQDO�DLU�TXDOLW\�LVVXHV�DV�WKH\�SHUWDLQ�WR�RXU�FRDVWDO
ZDWHUV���5HFRPPHQGDWLRQV�IRU�IXUWKHU�DWPRVSKHULF�GHSRVLWLRQ�UHVHDUFK�LQ�FRDVWDO�ZDWHUV�WR�KHOS
DQVZHU�WKH�DERYH�TXHVWLRQV�LQFOXGH�

& 8WLOL]H�H[LVWLQJ�GDWDEDVHV�DQG�RQJRLQJ�ZRUN�RI�HVWDEOLVKHG�UHVHDUFK�SURJUDPV�DQG
FRRUGLQDWH�UHVHDUFK�LQLWLDWLYHV�ZLWK�WKHVH�SURJUDPV�

& 3URWHFW�DQG�HQKDQFH�H[LVWLQJ�PRQLWRULQJ�SURJUDPV�

& (VWDEOLVK�ORQJ�WHUP�ZDWHU�DQG�DLU�TXDOLW\�PRQLWRULQJ�SURJUDPV�WKDW�LQFRUSRUDWH
VDPSOLQJ�IRU�DWPRVSKHULF�GHSRVLWLRQ�RI�FRQWDPLQDQWV�IRU�D�VXEVHW�RI�1(3
HVWXDULHV�UHSUHVHQWLQJ�YDULRXV�JHRJUDSKLFDO�UHJLRQV�DQG�HQYLURQPHQWDO
FRQGLWLRQV�

& 8VH�VDPSOLQJ�GDWD�IURP�PRQLWRULQJ�SURJUDPV�WR�WUDFN�WUHQGV�DQG�VSDWLDO
YDULDELOLW\�WR�GHYHORS�PRUH�DFFXUDWH�ORDGLQJ�HVWLPDWHV�
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& &RRUGLQDWH�HIIRUWV�EHWZHHQ�1(3�HVWXDULHV�DQG�RWKHU�*UHDW�:DWHUV�SURJUDP
VWXGLHV�WR�LGHQWLI\�ORFDO��UHJLRQDO��DQG�QDWLRQDO�VRXUFHV�RI�DLUERUQH�SROOXWDQWV�

& 3XUVXH�GHWDLOHG�DWPRVSKHULF�FKHPLVWU\�DQG�GHSRVLWLRQ�PRGHOV�IRU�HVWLPDWLQJ
DWPRVSKHULF�GHSRVLWLRQ�WR�1(3�HVWXDULHV�

& 'HYHORS�D�PXOWL�SDUW\�HIIRUW�WR�LGHQWLI\�DQG�GHPRQVWUDWH�DSSURSULDWH�SROOXWLRQ
SUHYHQWLRQ�WHFKQLTXHV��

& $SSO\�H[LVWLQJ�DWPRVSKHULF�FLUFXODWLRQ�PRGHOV�WR�ILOO�LQ�GDWD�JDSV�EHWZHHQ
PHDVXUHG�DQG�HVWLPDWHG�DWPRVSKHULF�GHSRVLWLRQ�DQG�WR�DLG�LQ�WUDFLQJ�WKH
SROOXWDQWV�LQ�WKH�HVWXDULHV�EDFN�WR�WKHLU�SUREDEOH�VRXUFHV��DQG

& 6XSSRUW�SURFHVV�UHODWHG�UHVHDUFK�WR�HVWDEOLVK�FDXVH�DQG�HIIHFW�UHODWLRQVKLSV
EHWZHHQ�DWPRVSKHULF�GHSRVLWLRQ�RI�FRQWDPLQDQWV�DQG�DOWHUDWLRQV�RI�ZDWHU�TXDOLW\�
ILVKHULHV��UHFUHDWLRQDO�DQG�RWKHU�HFRQRPLF�DQG�HFRORJLFDO�UHVRXUFHV�RI�UHFHLYLQJ
HVWXDULQH�DQG�FRDVWDO�ZDWHUV�

7KLV�UHVHDUFK�LV�QHHGHG�QRW�RQO\�WR�DVVLVW�GHFLVLRQ�PDNHUV�IRU�VSHFLILF�FRDVWDO�ZDWHUV��EXW�WR�IRUP
D�FRPSUHKHQVLYH�SLFWXUH�RI�DWPRVSKHULF�GHSRVLWLRQ�DFURVV�WKH�8QLWHG�6WDWHV���,Q�DGGLWLRQ�
FRRUGLQDWHG�XVH�RI�RWKHU�PHFKDQLVPV��VXFK�DV�YROXQWDU\�SROOXWLRQ�SUHYHQWLRQ��FDQ�KHOS�FRQWURO
WKH�QHJDWLYH�LPSDFWV�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�ZDWHU�TXDOLW\�LQ�1(3�HVWXDULHV��HVSHFLDOO\�DW
WKH�ORFDO�DQG�UHJLRQDO�OHYHO�



�����

Progress Since the First Report to Congress
in Cooperation With the Great Waters Program

� Initiation of a comprehensive mass balance model of
Lake Michigan, for which results will estimate relative
loadings, with the methodology to be adapted and
applied to other waterbodies;

� Improved and refined source emission inventories for
pollutants of concern;  

� Formal policy commitment of the U.S. and Canadian
governments to address Virtual Elimination of
Persistent Toxic Substances in the Great Lakes;

� Increased monitoring and modeling studies in progress
at the specific waterbodies;

� State-of-the-art air quality modeling of nitrogen
sources, transport, and deposition to the Chesapeake
Bay watershed;

� Increased activities at the coastal waters including
development and implementation of monitoring studies,
comprehensive pollution prevention plans, and
management programs;

� Understanding that atmospheric deposition contributes
significantly to excessive nitrogen loads in 13 of the 14
studied estuaries along the East and Gulf coasts; and

� Numerous programs and activities that are funded and
supported by the Great Waters program.
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7KLV�UHSRUW�DIILUPV�DQG�SURYLGHV�DGGHG�VXSSRUW�IRU�WKH�ILQGLQJV�RI�WKH�)LUVW�5HSRUW�WR
&RQJUHVV�WKDW��IRU�VWXGLHG�*UHDW�:DWHUV��DWPRVSKHULF�GHSRVLWLRQ�RI�WR[LF�SROOXWDQWV�DQG�H[FHVVLYH
QLWURJHQ�LV�RIWHQ�DQ�LPSRUWDQW�IDFWRU�DIIHFWLQJ�WKH�HQYLURQPHQWDO�FRQGLWLRQV�RI�WKHVH�ZDWHUERGLHV
DQG�FDQ�FRQWULEXWH�WR�DGYHUVH�HFRORJLFDO�DQG�KXPDQ�KHDOWK�HIIHFWV���0RUHRYHU��WKH�FRQWULEXWLRQ
RI�DWPRVSKHULF�GHSRVLWLRQ�FDQ�EH�VLJQLILFDQW�DV�SDUW�RI�WKH�WRWDO�ORDGLQJ�IRU�PDQ\�ZDWHUERGLHV��
)RU�WKH�IUHVKZDWHUV��VXFK�DV�WKH�*UHDW�/DNHV�DQG�/DNH�&KDPSODLQ��PHWDOV��RUJDQLF�FRPSRXQGV�
DQG�SHVWLFLGHV�UHOHDVHG�LQWR�WKH�DWPRVSKHUH�KDYH�EHHQ�PHDVXUHG�LQ�VLJQLILFDQW�TXDQWLWLHV�QHDU
WKHVH�ZDWHUERGLHV��DQG�WKHLU�GHSRVLWLRQ�KDV�EHHQ�PHDVXUHG�RU�FDOFXODWHG���)RU�&KHVDSHDNH�%D\
DQG�PDQ\�RWKHU�8�6��FRDVWDO�ZDWHUV��WKH�LPSDFW�RI�DWPRVSKHULF�GHSRVLWLRQ�LV�QRW�RQO\�IURP�WR[LF
SROOXWDQW�UHOHDVHV��EXW�DOVR�IURP�LQSXWV�RI�QLWURJHQ�FRPSRXQGV�WKDW�FRQWULEXWH�WR�HXWURSKLFDWLRQ
�DQ�RYHUDEXQGDQFH�RI�QXWULHQWV�LQ�D�ZDWHUERG\����6LJQLILFDQW�DWPRVSKHULF�ORDGLQJV�IRU�ERWK
QLWURJHQ�DQG�WR[LF�SROOXWDQWV�KDYH�EHHQ�GHWHUPLQHG�IRU�FHUWDLQ�HVWXDULHV�

6LQFH�WKH�)LUVW�5HSRUW�WR�&RQ�
JUHVV��VLJQLILFDQW�SURJUHVV�KDV�EHHQ
PDGH�WR�LQFUHDVH�RXU�NQRZOHGJH�RI
DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�*UHDW
:DWHUV��VHH�VLGHEDU�VXPPDU\����$V
KLJKOLJKWHG�LQ�WKLV�UHSRUW��JUHDWHU�DWWHQ�
WLRQ�KDV�EHHQ�SODFHG�RQ�PRQLWRULQJ�DQG
PRGHOLQJ�DWPRVSKHULF�GHSRVLWLRQ�DW�WKH
LQGLYLGXDO�*UHDW�:DWHUV��ZLWK�PDQ\�RI
WKHVH�VWXGLHV�IXQGHG�RU�VXSSRUWHG�E\
(3$
V�*UHDW�:DWHUV�SURJUDP���4XDQWLWD�
WLYH�LQIRUPDWLRQ�KDV�FRQWLQXHG�WR�EH
JDWKHUHG�RQ�WKH�DWPRVSKHULF�OHYHOV�RI
SROOXWDQWV�DQG�WKHLU�GHSRVLWLRQ�WR�WKH
*UHDW�:DWHUV���0RQLWRULQJ�VWXGLHV�KDYH
EHHQ�FRQGXFWHG�WR�SURYLGH�ZDWHUERG\�
VSHFLILF�GDWD�RQ�GHSRVLWLRQ�DQG�WKH
UHODWLYH�FRQWULEXWLRQ�RI�DWPRVSKHULF
GHSRVLWLRQ�WR�WRWDO�ORDGLQJV��DV�ZHOO�DV
WR�GHYHORS�DQG�LPSURYH�PHDVXUHPHQW
DQG�PRGHOLQJ�PHWKRGV���0RUHRYHU��WKH
ILQGLQJV�IURP�WKH�LQYHVWLJDWLRQ�RI�RQH
ZDWHUERG\�DUH�H[SHFWHG�WR�OHDG�WR�D
PRUH�LQIRUPHG�RU�HIILFLHQW�DVVHVVPHQW
RI�DWPRVSKHULF�GHSRVLWLRQ�DQG�LWV
HIIHFWV�IRU�RWKHU�ZDWHUERGLHV�

%DVHG�RQ�WKH�VFLHQWLILF
LQIRUPDWLRQ�FXUUHQWO\�DYDLODEOH��(3$
FRQWLQXHV�WR�VXSSRUW�WKH�WKUHH�EURDG
FRQFOXVLRQV�SUHVHQWHG�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV�UHJDUGLQJ�SRWHQWLDO�DGYHUVH�HIIHFWV��UHODWLYH
DWPRVSKHULF�ORDGLQJV��DQG�VRXUFHV�RI�DWPRVSKHULF�GHSRVLWLRQ�
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® $GYHUVH�HIIHFWV��H�J���FDQFHU�DQG�GHYHORSPHQWDO�HIIHFWV��WKDW�WKH�*UHDW�:DWHUV�SROOXWDQWV
RI�FRQFHUQ�FDQ�FDXVH�LQ�KXPDQV�DQG�ZLOGOLIH�DUH�IDLUO\�ZHOO�XQGHUVWRRG���+RZHYHU��GDWD
DUH�LQVXIILFLHQW�DW�WKLV�WLPH�WR�HVWDEOLVK�WKH�OLQNDJH�EHWZHHQ�DWPRVSKHULF�GHSRVLWLRQ�RI
WKHVH�SROOXWDQWV�DQG�DGYHUVH�HIIHFWV�

® $WPRVSKHULF�GHSRVLWLRQ�FDQ�EH�D�VLJQLILFDQW�FRQWULEXWRU�RI�WR[LF�FKHPLFDOV�DQG�QLWURJHQ
FRPSRXQGV�WR�WKH�*UHDW�:DWHUV���7KH�UHODWLYH�LPSRUWDQFH�RI�DWPRVSKHULF�ORDGLQJ�IRU�D
SDUWLFXODU�FKHPLFDO�LQ�D�JLYHQ�ZDWHUERG\�GHSHQGV�RQ�PDQ\�IDFWRUV��LQFOXGLQJ�FKDUDFWHULV�
WLFV�RI�WKH�ZDWHUERG\��SURSHUWLHV�RI�WKH�FKHPLFDO��DQG�WKH�NLQG�DQG�DPRXQW�RI�DWPR�
VSKHULF�RU�ZDWHU�GLVFKDUJHV��DLUERUQH�RU�ZDWHUERUQH��

® $LUERUQH�HPLVVLRQV�IURP�ORFDO�DV�ZHOO�DV�GLVWDQW�VRXUFHV�FRQWULEXWH�SROOXWDQW�ORDGLQJV�WR
ZDWHUV�WKURXJK�DWPRVSKHULF�GHSRVLWLRQ���'HWHUPLQLQJ�WKH�UHODWLYH�UROHV�RI�SDUWLFXODU
VRXUFHV�³�ORFDO��UHJLRQDO��QDWLRQDO�DQG�SRVVLEO\�JOREDO�³�WKDW�FRQWULEXWH�VLJQLILFDQW
GHSRVLWLRQ�WR�VSHFLILF�ZDWHUERGLHV�LV�FRPSOH[��UHTXLULQJ�FDUHIXO�PRQLWRULQJ��DWPRVSKHULF
PRGHOLQJ��DQG�RWKHU�DQDO\WLFDO�WHFKQLTXHV��

,Q�DGGLWLRQ�WR�WKHVH�FRQFOXVLRQV��(3$�DOVR�UHDIILUPV�LWV�VXSSRUW�IRU�WKH�WKUHH�PDMRU
VWUDWHJLF�WKHPHV�GHYHORSHG�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��ZKLFK�SURYLGH�D�EURDG�VFRSH�IRU
UHFRPPHQGDWLRQV�IRU�DFWLRQ�

��� (3$�ZLOO�FRQWLQXH�RQJRLQJ�HIIRUWV�WR�LPSOHPHQW�VHFWLRQ�����DQG�RWKHU�VHFWLRQV�RI�WKH
&$$�DQG�XVH�UHVXOWV�IURP�WKLV�UHSRUW�LQ�WKH�GHYHORSPHQW�RI�SROLF\�WKDW�ZLOO�UHGXFH
HPLVVLRQV�RI�WKH�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ�

��� (3$�UHFRJQL]HV�WKH�QHHG�IRU�DQ�LQWHJUDWHG�PXOWLPHGLD�DSSURDFK�WR�WKH�SUREOHP�RI
DWPRVSKHULF�GHSRVLWLRQ�RI�SROOXWDQWV�WR�ZDWHUERGLHV�DQG�ZLOO�FRQWLQXH�WR�SXUVXH�LPSOH�
PHQWDWLRQ�RI�SURJUDPV�DYDLODEOH�XQGHU�YDULRXV�IHGHUDO�ODZV�WR�UHGXFH�WKH�KXPDQ�DQG
HQYLURQPHQWDO�H[SRVXUH�WR�SROOXWDQWV�RI�FRQFHUQ�

��� (3$�LV�FRPPLWWHG�WR�VXSSRUWLQJ�UHVHDUFK�DFWLYLWLHV�WKDW�DGGUHVV�WKH�JRDOV�RI�&$$�VHFWLRQ
����P���

,Q�WKLV�FKDSWHU��6HFWLRQ�9�$�GLVFXVVHV�(3$
V�DVVHVVPHQW�RI�WKH�IDFWRUV�OLVWHG�LQ�&$$
VHFWLRQV�����P�����$��WKURXJK��(����7KLV�DVVHVVPHQW�LV�EDVHG�RQ�WKH�VFLHQWLILF�LQIRUPDWLRQ
VXPPDUL]HG�LQ�WKLV�UHSRUW��DV�ZHOO�DV�WKH�ILQGLQJV�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV���6HFWLRQ�9�%
GLVFXVVHV�IXWXUH�GLUHFWLRQV�DQG�DFWLRQV�WKDW�(3$�DQWLFLSDWHV�IRU�WKH�*UHDW�:DWHUV�SURJUDP�

6HFWLRQ�9�&�VXPPDUL]HV�(3$
V�GUDIW�GHWHUPLQDWLRQV�XQGHU�VHFWLRQ�����P������ZKLFK�
DUH�EHLQJ�SXEOLVKHG�VHSDUDWHO\�LQ�WKH�)HGHUDO�5HJLVWHU���(3$�DOVR�PXVW�FRQVLGHU�XQGHU�VHFWLRQ
����P�����WZR�TXHVWLRQV�FRQFHUQLQJ�WKH�DGHTXDF\�RI�WKH�DXWKRULW\�XQGHU�SURYLVLRQV�RI�VHFWLRQ
����DQG�WKH�SRVVLEOH�QHHG�IRU�IXUWKHU�VWDQGDUGV�RU�FRQWURO�PHDVXUHV���8QGHU�WKH�WHUPV�RI�D
FRQVHQW�GHFUHH�HQWHUHG�LQ�6LHUUD�&OXE�Y��%URZQHU��&LY��1R�����������(3$�LV�WR�LVVXH�GUDIW�GHWHU�
PLQDWLRQV�IRU�SXEOLF�QRWLFH�DQG�FRPPHQW�E\�-XQH�����������DQG�ILQDO�GHWHUPLQDWLRQV�E\�0DUFK����
�������

® (3$�LV�UHTXLUHG�WR�GHWHUPLQH�ZKHWKHU�WKH�RWKHU�SURYLVLRQV�RI�VHFWLRQ�����DUH�DGHTXDWH�WR
SUHYHQW�VHULRXV�DGYHUVH�HIIHFWV�WR�SXEOLF�KHDOWK�DQG�VHULRXV�RU�ZLGHVSUHDG�HQYLURQPHQWDO
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HIIHFWV�DVVRFLDWHG�ZLWK�DWPRVSKHULF�GHSRVLWLRQ�RI�KD]DUGRXV�DLU�SROOXWDQWV��+$3V��WR�WKH
*UHDW�/DNHV��WKH�&KHVDSHDNH�%D\��/DNH�&KDPSODLQ��DQG�FRDVWDO�ZDWHUV���

® %DVHG�RQ�WKH�LQIRUPDWLRQ�DYDLODEOH�LQ�WKLV�UHSRUW�DQG�RQ�WKH�GHWHUPLQDWLRQ�UHJDUGLQJ�WKH
DGHTXDF\�RI�VHFWLRQ�����DXWKRULW\��ZKLFK�LV�VSHFLILF�WR�+$3V���(3$�PXVW�DOVR�GHWHUPLQH
ZKHWKHU�DGGLWLRQDO�HPLVVLRQV�VWDQGDUGV�RU�FRQWURO�PHDVXUHV�XQGHU�VHFWLRQ�����P�����
EH\RQG�WKRVH�RWKHUZLVH�DXWKRUL]HG�RU�UHTXLUHG�E\�VHFWLRQ������DUH�QHHGHG�WR�SUHYHQW
VXFK�HIIHFWV�IURP�DWPRVSKHULF�GHSRVLWLRQ��LQFOXGLQJ�HIIHFWV�GXH�WR�ELRDFFXPXODWLRQ�DQG
LQGLUHFW�H[SRVXUH�SDWKZD\V�

9�$ 5HSRUWLQJ�RQ�WKH�5ROH�RI�$WPRVSKHULF�'HSRVLWLRQ�WR�WKH�*UHDW�:DWHUV
DQG�6SHFLILF�$FWLRQV�3URSRVHG

$V�VWDWHG�LQ�WKH�&$$��(3$�LV�UHTXLUHG�WR�DVVHVV�WKH�FRQWULEXWLRQ�RI�DWPRVSKHULF
GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV�RQ�VHYHUDO�LVVXHV��OLVWHG�EHORZ����:KLOH�WKHVH�LVVXHV�KDYH�EHHQ
GLVFXVVHG�DW�OHQJWK�DW�YDULRXV�SODFHV�LQ�WKH�ERG\�RI�WKLV�UHSRUW��WKLV�VHFWLRQ�VXPPDUL]HV�(3$
V
HIIRUWV�WR�DGGUHVV�WKHVH�ILYH�HOHPHQWV���

� 3ROOXWDQW�ORDGLQJV�³�VHFWLRQ�����P�����$���

� (QYLURQPHQWDO�DQG�SXEOLF�KHDOWK�HIIHFWV�³�VHFWLRQ�����P�����%���

� 3ROOXWDQW�VRXUFHV�³�VHFWLRQ�����P�����&����

� ([FHHGDQFHV�RI�ZDWHU�TXDOLW\�RU�GULQNLQJ�ZDWHU�VWDQGDUGV�³�VHFWLRQ�����P�����'��
DQG

� 'HVFULSWLRQ�RI�DQ\�QHFHVVDU\�UHYLVLRQV�WR�UHTXLUHPHQWV��VWDQGDUGV��DQG�OLPLWDWLRQV
SXUVXDQW�WR�WKH�&$$�DQG�RWKHU�IHGHUDO�ODZV�³�VHFWLRQ�����P�����(��

&RQWULEXWLRQ�RI�$WPRVSKHULF�'HSRVLWLRQ�WR�3ROOXWDQW�/RDGLQJV�LQ�WKH�*UHDW
:DWHUV

$�VXEVWDQWLDO�DPRXQW�RI�VFLHQWLILF�LQIRUPDWLRQ�KDV�GHPRQVWUDWHG�WKDW�DWPRVSKHULF
GHSRVLWLRQ�FRQWULEXWHV�WR�SROOXWDQW�ORDGLQJV�LQ�WKH�*UHDW�:DWHUV���,Q�DQG�DURXQG�WKH�*UHDW�/DNHV�
VWXGLHV�KDYH�VKRZQ�WKDW�DWPRVSKHULF�WUDQVSRUW�DQG�GHSRVLWLRQ�RI�SHUVLVWHQW�KD]DUGRXV�FKHPLFDOV
RFFXUV�DQG�LV�VLJQLILFDQW�LQ�WKH�RYHUDOO�LQSXWV�WR�WKH�ODNHV���7KH�*UHDW�:DWHUV�SURJUDP�KDV
IRFXVHG�RQ�D�VHW�RI�FKHPLFDOV�WKDW�VKRZ�SHUVLVWHQFH�LQ�WKH�HQYLURQPHQW��WHQGHQF\�WR�DFFXPXODWH
LQ�DQLPDO�WLVVXH��DQG�WR[LFLW\�WR�KXPDQV�DQG�RWKHU�DQLPDOV���'DWD�IURP�VHYHUDO�VWXGLHV�RI�WKH
ODNHV
�ZDWHUV��VHGLPHQWV��ILVK��DQG�ZLOGOLIH��VKRZ�D�JHQHUDO�GHFUHDVH�LQ�FRQFHQWUDWLRQV�RI
SHUVLVWHQW�WR[LFV�GXULQJ�WKH�����V�DQG�����V���7KHVH�GHFOLQHV�KDYH�UHVXOWHG�IURP�PDQ\�HIIRUWV
WDNHQ�WR�UHGXFH�GLVFKDUJHV�WR�ERWK�DLU�DQG�ZDWHU�RI�SRWHQWLDOO\�KDUPIXO�FKHPLFDOV��ZKLFK
LQFOXGHG�WKH�SROOXWDQWV�RI�FRQFHUQ����$OVR��VRPH�RI�WKHVH�GHFOLQHV�PD\�EH�DWWULEXWHG�WR
VLJQLILFDQWO\�UHGXFHG�XVH�RU�FDQFHOHG�UHJLVWUDWLRQV�RI�SHUVLVWHQW�SHVWLFLGHV�LQ�WKH�8QLWHG�6WDWHV��
,Q�WKH�����V��WKH�RYHUDOO�SLFWXUH�RI�SHUVLVWHQW�WR[LFV�LQ�WKH�*UHDW�/DNHV�EDVLQ�VKRZV�PXFK�PRUH
JUDGXDO�GHFOLQH��LI�DQ\��WKRXJK�SDUWLFXODUV�YDU\�IURP�ODNH�WR�ODNH�DQG�DPRQJ�SROOXWDQWV����'XH�WR
OLPLWDWLRQV�LQ�KLVWRULFDO�PRQLWRULQJ�WHFKQLTXHV��FRQVLGHUDEOH�XQFHUWDLQWLHV�H[LVW�IRU�HDUOLHU�GDWD



&+$37(5�9
&21&/86,216�

�����

DQG�WKXV��GHILQLWLYH�FRQFOXVLRQV�DERXW�DWPRVSKHULF�SROOXWDQW�WUHQGV�DUH�QRW�PDGH�LQ�WKLV�UHSRUW��
4XDQWLWDWLYH�PRQLWRULQJ�GDWD�RI�DWPRVSKHULF�FRQFHQWUDWLRQV�DQG�GHSRVLWLRQ�RI�WKH�SROOXWDQWV�RI
FRQFHUQ�KDYH�EHFRPH�DYDLODEOH�LQ�UHFHQW�\HDUV���,W�LV�DQWLFLSDWHG�WKDW��DV�PRUH�GDWD�EHFRPH
DYDLODEOH��EHWWHU�LQWHUSUHWDWLRQV�DQG�FRQFOXVLRQV�FDQ�EH�PDGH�DERXW�SROOXWDQW�WUHQGV��ZKLFK�LQ
WXUQ�ZLOO�EHWWHU�LQIRUP�(3$�DERXW�WKH�H[WHQW�WR�ZKLFK�DGGLWLRQDO�DFWLRQV�ZLOO�QHHG�WR�EH�WDNHQ�
ZLWK�SRVVLEOH�IRFXV�RQ�LQGLYLGXDO�SROOXWDQWV���0RQLWRULQJ�RI�WR[LFV�DQG�QLWURJHQ�FRPSRXQGV
�QLWUDWHV�DQG�RWKHUV��KDV�DOVR�EHHQ�SHUIRUPHG�LQ�&KHVDSHDNH�%D\�DQG�RWKHU�FRDVWDO�HVWXDULHV�DQG
�ZLWK�D�IRFXV�RQ�PHUFXU\��LQ�/DNH�&KDPSODLQ�

�7KH�,QWHJUDWHG�$WPRVSKHULF�'HSRVLWLRQ�1HWZRUN��,$'1��LV�DQ�RQJRLQJ��ELQDWLRQDO
PRQLWRULQJ�QHWZRUN�WKDW�DVVHVVHV�WKH�PDJQLWXGH�DQG�WUHQGV�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH
*UHDW�/DNHV�UHJLRQ�IRU�ZHW�DQG�GU\�GHSRVLWLRQ�DQG�QHW�JDV�H[FKDQJH���5HVXOWV�IURP�WKH�SDVW�IHZ
\HDUV�LQGLFDWH�WKDW�DWPRVSKHULF�GHSRVLWLRQ�RI�VRPH�KD]DUGRXV�SROOXWDQWV�LV�VWLOO�D�FRQFHUQ�IRU�WKH
*UHDW�/DNHV���,Q�VLPLODU�ZRUN��GDWD�KDYH�EHHQ�FROOHFWHG�WKURXJK�WKH�&KHVDSHDNH�%D\
$WPRVSKHULF�'HSRVLWLRQ�6WXG\��&%$'6��RQ�SROOXWDQW�FRQFHQWUDWLRQV�LQ�DLU�DQG�SUHFLSLWDWLRQ��%\
LQFRUSRUDWLQJ�HPLVVLRQV�GDWD�ZLWK�WKHVH�PHDVXUHPHQWV��DWPRVSKHULF�ORDGLQJ�UDWHV�KDYH�EHHQ
HVWLPDWHG���&HUWDLQ�WUDFH�PHWDOV�DSSHDU�WR�EH�GHSRVLWHG�LQWR�WKH�%D\�DV�WR[LF�FRQWDPLQDQWV��
+RZHYHU��LQIRUPDWLRQ�RQ�WR[LF�FRQWDPLQDQW�WUHQGV�LQ�WKH�%D\�LV�QRW�\HW�DYDLODEOH���$W�/DNH
&KDPSODLQ��UHVHDUFKHUV�KDYH�EHHQ�JDWKHULQJ�LQIRUPDWLRQ�RQ�GHSRVLWLRQ�RI�PHUFXU\�WR�WKH�EDVLQ
WR�FKDUDFWHUL]H�WKH�W\SHV�RI�PHUFXU\�GHSRVLWLRQ��JDVHRXV��ZHW��DQG�GU\�SDUWLFXODWH����7R�GDWH��QRW
HQRXJK�LQIRUPDWLRQ�LV�DYDLODEOH�WR�DVVHVV�WUHQGV�IRU�DWPRVSKHULF�PHUFXU\�LQ�WKH�/DNH�&KDPSODLQ
EDVLQ���

5HFHQW�VWXGLHV�RI�VHYHUDO�FRDVWDO�ZDWHUV�KDYH�LQYHVWLJDWHG�WKH�VLJQLILFDQFH�RI�DWPRVSKHULF
GHSRVLWLRQ�WR�WR[LF�SROOXWDQW�ORDGLQJV��DQG�SUHOLPLQDU\�UHVXOWV�VKRZ�WKDW�DWPRVSKHULF�GHSRVLWLRQ
FDQ�FRQWULEXWH�D�VLJQLILFDQW�SRUWLRQ�RI�ORDGLQJV�WR�FRDVWDO�ZDWHUV��H�J���7DPSD�%D\��'HODZDUH�%D\�
0DVVDFKXVHWWV�%D\V��IRU�SROOXWDQWV�VXFK�DV�FDGPLXP��OHDG��PHUFXU\��3$+V��DQG�3&%V���)RU
H[DPSOH��DWPRVSKHULF�GHSRVLWLRQ�RI�FDGPLXP�LV�HVWLPDWHG�WR�FRQWULEXWH����SHUFHQW�RI�WKH�WRWDO
DQQXDO�ORDG��GLUHFW�DQG�LQGLUHFW��WR�7DPSD�%D\�DQG����WR����SHUFHQW�RI�WKH�WRWDO�DQQXDO�ORDG
�GLUHFW��WR�0DVVDFKXVHWWV�%D\V���$WPRVSKHULF�GHSRVLWLRQ��GLUHFW�DQG�LQGLUHFW��KDV�EHHQ�HVWLPDWHG
WR�EH�D�VLJQLILFDQW�FRQWULEXWRU�RI�PHUFXU\�����SHUFHQW��WR�'HODZDUH�%D\���+RZHYHU��WKHUH�DUH
VHYHUDO�UHPDLQLQJ�DUHDV�RI�XQFHUWDLQW\�WR�EH�DGGUHVVHG�UHODWHG�WR�DWPRVSKHULF�GHSRVLWLRQ�RI�WR[LF
FRQWDPLQDQWV�WR�WKH�*UHDW�:DWHUV��LQFOXGLQJ���WKH�ODFN�RI�DFFHSWHG�WHFKQLTXHV�IRU�GLUHFW�
TXDQWLWDWLYH�PHDVXUHPHQW�RI�GU\�SDUWLFXODWH�GHSRVLWLRQ�DQG�WKH�XQNQRZQV�DVVRFLDWHG�ZLWK
LQGLUHFW�ORDGLQJV�RI�SROOXWDQWV��DV�WKH\�UHODWH�WR�ZDWHUVKHG�WUDQVPLVVLRQ�DQG�UHWHQWLRQ�

,QIRUPDWLRQ�RQ�UHODWLYH�ORDGLQJV�IURP�DLU�FRPSDUHG�WR�RWKHU�LQSXWV�RI�WR[LF�FRQWDPLQDQWV
LQ�WKH�*UHDW�:DWHUV�LV�VWLOO�EHLQJ�DVVHVVHG��DOWKRXJK�DGYDQFHV�KDYH�EHHQ�PDGH�LQ�(3$
V�DELOLW\�WR
DGGUHVV�WKLV�LVVXH���$�FRPSUHKHQVLYH�PDVV�EDODQFH�PRGHO�IRU�/DNH�0LFKLJDQ�KDV�EHHQ�LQLWLDWHG�WR
JDWKHU�LQIRUPDWLRQ�RQ�ORDGLQJV�IURP�GLIIHUHQW�SDWKZD\V��LQFOXGLQJ�WKH�DWPRVSKHUH��VHGLPHQW�
ELRWD��DQG�WULEXWDULHV��DV�ZHOO�DV�WR�VWXG\�WKH�YDULDELOLW\�LQ�PDJQLWXGH�RI�DWPRVSKHULF�ORDGLQJV
QHDU�PRUH�XUEDQL]HG�DUHDV�YHUVXV�UXUDO�DUHDV���3UHOLPLQDU\�PRGHOLQJ�UHVXOWV�IURP�WKLV�PDMRU�VWXG\
DUH�DQWLFLSDWHG�LQ�������DQG�ILQDO�UHVXOWV�E\�������ZKLFK�DUH�H[SHFWHG�WR�SURYLGH�D�EHWWHU�XQGHU�
VWDQGLQJ�RI�UHODWLYH�ORDGLQJV�DQG�WKH�PRYHPHQWV�RI�SHUVLVWHQW�SROOXWDQWV�LQ�WKH�HQYLURQPHQW��

1LWURJHQ�GHSRVLWLRQ�KDV�EHHQ�VWXGLHG�IRU�FRDVWDO�HVWXDULHV���,QYHVWLJDWLRQV�KDYH�JDWKHUHG
LQIRUPDWLRQ�RQ�DWPRVSKHULF�GHSRVLWLRQ�HVWLPDWHV�DV�ZHOO�DV�UHODWLYH�ORDGLQJV�WR�WKHVH�ZDWHUV��
&RPSXWHU�PRGHOLQJ�VWXGLHV�IRU�WKH�&KHVDSHDNH�%D\�LQGLFDWH�WKDW�DWPRVSKHULF�GHSRVLWLRQ
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DFFRXQWV�IRU�DSSUR[LPDWHO\����SHUFHQW�RI�WKH�WRWDO�DQQXDO�ORDGLQJ�RI�QLWURJHQ������PLOOLRQ
SRXQGV���ZKLOH����SHUFHQW�RI�WKH�ORDG�FRPHV�IURP�SRLQW�VRXUFH�ZDWHU�GLVFKDUJHV�DQG����SHUFHQW
IURP�QRQ�SRLQW�VRXUFHV�RWKHU�WKDQ�DLU��VXFK�DV�IHUWLOL]HUV�DQG�DQLPDO�ZDVWHV���6LQFH�WKH�)LUVW
5HSRUW�WR�&RQJUHVV��DGGLWLRQDO�VWXGLHV�KDYH�EHHQ�LQLWLDWHG�WR�PHDVXUH�QLWURJHQ�GHSRVLWLRQ�LQ
FRDVWDO�HVWXDULHV�RWKHU�WKDQ�&KHVDSHDNH�%D\��H�J���7DPSD�%D\��/RQJ�,VODQG�6RXQG��0DVVDFKXVHWWV
%D\����)RU�WKRVH�VWXGLHV�WKDW�HYDOXDWHG�ERWK�GLUHFW�DQG�LQGLUHFW�GHSRVLWLRQ��WKH�FRQWULEXWLRQ�RI
DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�QLWURJHQ�ORDG�UDQJHV�IURP�DSSUR[LPDWHO\����WR����SHUFHQW�

7R�SURMHFW�WKH�XOWLPDWH�LQIOXHQFH�RI�FKDQJHV�LQ�WRWDO�QLWURJHQ�ORDGLQJV�WR�WKH�%D\
�LQFOXGLQJ�ORDGLQJV�RWKHU�WKDQ�IURP�WKH�DLU���WKH�&KHVDSHDNH�%D\�3URJUDP�UHFHQWO\�FRQILJXUHG
WKH�%D\�:DWHUVKHG�0RGHO�WR�DFFHSW�GDLO\�DWPRVSKHULF�ORDGLQJV�E\�ODQG�XVH�FDWHJRU\��L�H���IRUHVW�
SDVWXUH��FURSODQG��DQG�XUEDQ����7KH�&KHVDSHDNH�(VWXDU\�0RGHO�LV�EHLQJ�XSJUDGHG�WR�VLPXODWH
EDVLF�HFRV\VWHP�SURFHVVHV�RI�VXEPHUJHG�DTXDWLF�YHJHWDWLRQ��6$9���EHQWKLF�PLFURRUJDQLVPV��DQG
PDMRU�]RRSODQNWRQ�JURXSV���,Q�DGGLWLRQ��(3$
V�5HJLRQDO�$FLG�'HSRVLWLRQ�0RGHO��5$'0��LV�EHLQJ
GLUHFWO\�OLQNHG�WR�WKH�:DWHUVKHG�DQG�(VWXDU\�PRGHOV���7KLV�QHZ�LQWHJUDWHG�PRGHO��IXQFWLRQDOO\
OLQNLQJ�WKH�DLUVKHG��ZDWHUVKHG��HVWXDU\��DQG�HFRV\VWHP��LV�H[SHFWHG�WR�EH�FRPSOHWHG�LQ�PLG�������
6RPH�RI�WKH�UHPDLQLQJ�DUHDV�RI�VLJQLILFDQW�XQFHUWDLQW\�LQ�HVWLPDWLQJ�DWPRVSKHULF�ORDGV�DUH��
QLWURJHQ�UHWHQWLRQ�LQ�ZDWHUVKHGV��WKH�UHODWLYH�ORDGLQJV�RI�DPPRQLD�DQG�RUJDQLF�QLWURJHQ
�FRPSDUHG�WR�QLWUDWH���DQG�GU\�SDUWLFXODWH�GHSRVLWLRQ�GLUHFWO\�WR�ZDWHU�VXUIDFHV��

&RQWULEXWLRQ�RI�$WPRVSKHULF�'HSRVLWLRQ�WR�$GYHUVH�+XPDQ�+HDOWK�(IIHFWV�RU
$GYHUVH�(QYLURQPHQWDO�(IIHFWV�LQ�WKH�*UHDW�:DWHUV

&XUUHQW�LQIRUPDWLRQ�RQ�SRWHQWLDO�H[SRVXUH�WR�DQG�HIIHFWV�RI�SROOXWDQWV�RI�FRQFHUQ�WR�WKH
*UHDW�:DWHUV�DGGV�JUHDWHU�ZHLJKW�WR�WKH�VFLHQWLILF�GDWD�DQG�FRQFOXVLRQV�UHDFKHG�LQ�WKH�)LUVW
5HSRUW�WR�&RQJUHVV���(IIHFWV�RQ�ILVK�DQG�ZLOGOLIH�WKDW�DUH�DVVRFLDWHG�ZLWK�H[SRVXUHV�WR�WKHVH
SHUVLVWHQW�FKHPLFDOV�FRQWLQXH�WR�EH�UHSRUWHG�LQ�UHVHDUFK�OLWHUDWXUH���$W�WKLV�WLPH��LW�LV�QRW�SRVVLEOH
WR�LGHQWLI\�ZKLFK�VSHFLILF�LQGLYLGXDO�SROOXWDQWV��RU�GHILQHG�PL[WXUHV��FDXVH�VSHFLILF�DGYHUVH
HIIHFWV�REVHUYHG�LQ�WKH�ELRWD�RI�WKH�*UHDW�:DWHUV���(YHQ�LI�PRUH�GLUHFW�DQG�GHILQLWH�OLQNV�EHWZHHQ
H[SRVXUH�DQG�HIIHFW�ZHUH�HVWDEOLVKHG��WKH�UHODWLYH�FRQWULEXWLRQ�RI�D�SROOXWDQW�IURP�FXUUHQW�DLU
GHSRVLWLRQ�FRPSDUHG�WR�RYHUDOO�ORDGLQJ�IRU�WKH�ZDWHUERG\�VWLOO�QHHGV�WR�EH�EHWWHU�FKDUDFWHUL]HG
DQG�TXDQWLILHG�WR�SURYLGH�D�EDVLV�IRU�VHWWLQJ�DSSURSULDWH�UHGXFWLRQ�WDUJHWV���%HFDXVH�PDQ\�RI�WKH
SROOXWDQWV�RI�FRQFHUQ�SHUVLVW�IRU�GHFDGHV��FXUUHQW�ORDGLQJ�PXVW�EH�FRQVLGHUHG�LQ�OLJKW�RI
FRQWDPLQDWLRQ�WKDW�KDV�FRPH�IURP�PDQ\�VRXUFHV�DQG�SHUVLVWHG�PDQ\�\HDUV���3HUVLVWHQFH�DOVR
PHDQV�WKDW�ZKLOH�HPLVVLRQV�DQG�GLVFKDUJHV�RI�WKHVH�FKHPLFDOV�PD\�DSSHDU�UDWKHU�VPDOO�LQ�RQH
\HDU��WKH�ORDGLQJ�LQ�WKH�HQYLURQPHQW�EXLOGV�XS�RYHU�WLPH���:KLOH�SROOXWDQW�FRPSRXQGV�GHSRVLWHG
IURP�WKH�DLU�GLUHFWO\�LQWR�D�ZDWHUERG\�FDQ�KDYH�GLIIHUHQW�URXWHV�RI�H[SRVXUH�WR�DTXDWLF�ELRWD�WKDQ
WKH�VDPH�SROOXWDQWV�EURXJKW�LQ�E\�ZDWHU�RU�LQ�VHGLPHQWV��WKHUH�DUH�OLPLWHG�TXDQWLWDWLYH�GDWD�RQ
VXFK�GLIIHUHQFHV�LQ�H[SRVXUH���7KHUH�LV�QR�FXUUHQW�HYLGHQFH�WKDW�HIIHFWV�RQ�ZLOGOLIH��DQG
SRWHQWLDOO\�RQ�KXPDQ�KHDOWK��FDXVHG�E\�VSHFLILF�SROOXWDQWV�GHSRVLWHG�IURP�WKH�DLU�DUH�GLIIHUHQW
IURP�HIIHFWV�RI�WKRVH�VDPH�FKHPLFDOV�FDUULHG�LQ�WKH�ZDWHU�RU�VHGLPHQW��RQFH�WKH�FKHPLFDO�UHDFKHV
DQ�RUJDQLVP·V�WLVVXHV��

([SRVXUH�RI�ZLOGOLIH�RU�KXPDQV�WR�WKH�SROOXWDQWV�RI�FRQFHUQ�FDQ�RFFXU�GLUHFWO\��H�J��
WKURXJK�LQWDNH�RI�GULQNLQJ�ZDWHU��GLUHFW�FRQWDFW�ZLWK�ZDWHU��RU�DV�D�UHVXOW�RI�IRRG�ZHE
FRQWDPLQDWLRQ���$Q�LQGLFDWRU�RI�SRWHQWLDO�KXPDQ�H[SRVXUH�WR�D�SROOXWDQW�LV�WKH�SUHVHQFH�RI�ILVK
FRQVXPSWLRQ�DGYLVRULHV�LVVXHG�E\�VWDWH�DJHQFLHV���7KHVH�ZDWHUERG\�VSHFLILF�DQG�ILVK�VSHFLHV�
VSHFLILF�DGYLVRULHV�FDXWLRQ�SHRSOH�DJDLQVW�HDWLQJ�ILVK�IURP�D�FRQWDPLQDWHG�ZDWHUERG\�DQG
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VXJJHVW�WKDW�FRQVXPSWLRQ�RI�ILVK�ZLWK�WKHVH�OHYHOV�RI�FRQWDPLQDWLRQ�PD\�UHVXOW�LQ�SRWHQWLDO
KXPDQ�KHDOWK�HIIHFWV���$FFRUGLQJ�WR�(3$
V������QDWLRQDO�OLVWLQJ�RI�ILVK�DQG�ZLOGOLIH�FRQVXPSWLRQ
DGYLVRULHV��FXUUHQW�VWDWH�DGYLVRULHV�IRU�WKH�*UHDW�:DWHUV�DUH�DVVRFLDWHG�ZLWK�WKH�VDPH�SROOXWDQWV
RI�FRQFHUQ�DV�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��VHH�$SSHQGL[�%����)LVK�FRQVXPSWLRQ�DGYLVRULHV�LQ
WKH�ODNHV�DUH�PRVW�FRPPRQO\�LVVXHG�IRU�3&%V��IROORZHG�E\�PHUFXU\�DQG�GLR[LQV��LQ�FRDVWDO
ZDWHUV��DGYLVRULHV�DUH�FRPPRQO\�LVVXHG�IRU�3&%V��IROORZHG�E\�GLR[LQV�

3HULRGLF�PRQLWRULQJ�RI�SROOXWDQW�OHYHOV�LQ�WLVVXHV�RI�DTXDWLF�RUJDQLVPV��VXFK�DV�JDPH�ILVK�
LV�DQRWKHU�LQGLFDWRU�RI�SROOXWDQW�FRQWDPLQDWLRQ�DQG�H[SRVXUH�DQG�SURYLGHV�LQIRUPDWLRQ�RQ
ELRDFFXPXODWLRQ�LQ�WKH�IRRG�ZHE���0RVW�VWXGLHV�DUH�EDVHG�RQ�PHDVXUHPHQWV�RI�SROOXWDQW
FRQFHQWUDWLRQ�LQ�ILVK�IURP�WKH�*UHDW�/DNHV���6WXGLHV�RI�VHYHUDO�SROOXWDQWV�VKRZ�WKDW��RYHU�PDQ\
\HDUV��SROOXWDQW�OHYHOV�LQ�ILVK�DUH�UHPDLQLQJ�FRQVWDQW�RU�GHFUHDVLQJ���,Q�VRPH�LQVWDQFHV��VOLJKW
LQFUHDVHV�RI�VRPH�SROOXWDQWV�KDYH�EHHQ�PHDVXUHG�UHFHQWO\�LQ�FHUWDLQ�ILVK�VSHFLHV���)RU�H[DPSOH�
DOWKRXJK�VLJQLILFDQW�GHFOLQHV�LQ�3&%�DQG�''7�FRQFHQWUDWLRQV�LQ�ODNH�WURXW��ZDOOH\H��DQG�FRKR
VDOPRQ�LQ�WKH�*UHDW�/DNHV�ZHUH�REVHUYHG�GXULQJ�WKH�����V��PRUH�UHFHQWO\��L�H���LQ�WKH�ODVW�HLJKW�WR
WHQ�\HDUV��WKH�UHVLGXHV�RI�3&%V�DQG�''7�LQ�WKHVH�ILVK�KDYH�OHYHOHG�RII�RU�HYHQ�LQFUHDVHG�VOLJKWO\��
&KHPLFDO�UHVLGXHV�LQ�ILVK�WLVVXH�DUH�SUREDEO\�WKH�UHVXOW�RI�PDQ\�IDFWRUV�LQ�DGGLWLRQ�WR�GHSRVLWLRQ
IURP�WKH�DLU���)RU�H[DPSOH��WKH�DSSDUHQW�LQFUHDVH�LQ�SROOXWDQWV�LQ�ILVK�WLVVXH�PD\�EH�D�UHVXOW�RI
UHVXVSHQVLRQ�RI�SROOXWDQWV�IURP�VHGLPHQW�RU�IURP�FKDQJHV�LQ�WKH�IRRG�ZHE�VWUXFWXUH�LQ�WKH�ODNH�

$GYHUVH�HIIHFWV�LQ�ZLOGOLIH�DQG�DTXDWLF�RUJDQLVPV�LQ�WKH�*UHDW�:DWHUV�FRQWLQXH�WR�EH
UHSRUWHG�LQ�WKH�VFLHQWLILF�OLWHUDWXUH���7KH�FRUUHODWLRQV�RI�WLVVXH�EXUGHQV�RI�SHUVLVWHQW�SROOXWDQWV
ZLWK�REVHUYHG�HIIHFWV�LQ�WKH�DQLPDOV�VXJJHVW�WKDW�H[SRVXUH�OHYHOV�IRU�VRPH�SROOXWDQWV�FRQWLQXH�WR
EH�KLJK�HQRXJK�WR�SURGXFH�DGYHUVH�HIIHFWV���+HDOWK�SUREOHPV�SHUVLVW�IRU�ILVK�DQG�RWKHU�ZLOGOLIH�LQ
FHUWDLQ�*UHDW�/DNHV�ORFDWLRQV��SDUWLFXODUO\�IRU�SUHGDWRUV�KLJK�LQ�WKH�IRRG�ZHE��VXFK�DV�ODNH�WURXW�
PLQN��DQG�EDOG�HDJOHV���5HFHQW�SRSXODWLRQ�VWXGLHV�RI�ILVK�HDWLQJ�ELUGV�LQ�WKH�*UHDW�/DNHV��H�J��
FRPPRQ�WHUQV��SURYLGH�HYLGHQFH�RI�WKH�GHYHORSPHQWDO�SUREOHPV�OLQNHG�WR�3&%V�GXULQJ�WKH
����V��

7KH�RFFXUUHQFH�RI�KHDOWK�HIIHFWV�LQ�KXPDQV�LV�OHVV�VWXGLHG�LQ�FRQQHFWLRQ�ZLWK�JHQHUDO
HQYLURQPHQWDO�H[SRVXUHV���0RVW�LQIRUPDWLRQ�LV�EDVHG�RQ�ODERUDWRU\�VWXGLHV�LQ�DQLPDOV��ZKLFK�FDQ
SURYLGH�XVHIXO�LQVLJKW�RQ�SRWHQWLDO�DGYHUVH�HIIHFWV�LQ�KXPDQV��KRZHYHU��IRU�PRVW�FKHPLFDOV��WKH
ORZHVW�H[SRVXUH�FRQFHQWUDWLRQ�DW�ZKLFK�WKHVH�HIIHFWV�ZRXOG�RFFXU�LQ�KXPDQV�LV�GLIILFXOW�WR
GHWHUPLQH���7KH�SROOXWDQWV�RI�FRQFHUQ�KDYH�EHHQ�LQYHVWLJDWHG�LQGLYLGXDOO\�DQG�DUH�NQRZQ�WR
FDXVH�D�YDULHW\�RI�KHDOWK�HIIHFWV��LQFOXGLQJ�FDQFHU��DQG�WR�DFW�RQ�PDQ\�WDUJHW�RUJDQV��LQFOXGLQJ
WKH�OLYHU�DQG�NLGQH\��DQG�RQ�WKH�HQGRFULQH��UHSURGXFWLYH��LPPXQH��DQG�QHUYRXV�V\VWHPV���7KHUH
DUH�IHZ�UHFHQW�VWXGLHV�RI�DFXWH�KXPDQ�H[SRVXUHV�WR�*UHDW�:DWHUV�SROOXWDQWV��DOWKRXJK
HYDOXDWLRQV�RI�SHRSOH�ZKR�IUHTXHQWO\�HDW�ILVK�IURP�WKH�*UHDW�/DNHV�VXJJHVW�FRQFHUQV���7KH
UHODWLYH�UROH�RI�SROOXWDQWV�GHSRVLWHG�IURP�WKH�DWPRVSKHUH�FRPSDUHG�ZLWK�RWKHU�SDWKZD\V
FRQWULEXWLQJ�WR�H[SRVXUH�KDV�QRW�EHHQ�TXDQWLILHG�LQ�WKHVH�VWXGLHV�

$OWKRXJK�PXFK�LQIRUPDWLRQ�LV�DYDLODEOH�RQ�SRWHQWLDO�H[SRVXUH�WR�WKH�SROOXWDQWV�RI
FRQFHUQ�DQG�DOVR�RQ�WKH�SRWHQWLDO�HIIHFWV�RI�WKHVH�SROOXWDQWV��XQFHUWDLQWLHV�VWLOO�H[LVW�UHJDUGLQJ�WKH
DVVRFLDWLRQ�EHWZHHQ�WKH�DFWXDO�H[SRVXUH�OHYHOV�H[SHULHQFHG�RYHU�WLPH�DQG�SRWHQWLDO�HIIHFWV��
(IIHFWV�WKDW�RFFXU�LQ�ZLOGOLIH�RU�KXPDQV�IURP�ORQJ�WHUP�H[SRVXUH�WR�SROOXWDQWV�RI�FRQFHUQ�PD\
GLIIHU�IURP�WKRVH�HIIHFWV�FDXVHG�E\�DFXWH��KLJK�OHYHO�H[SRVXUHV�EHFDXVH�ORQJHU�H[SRVXUH�WR�VRPH
FKHPLFDOV�FDQ�UHVXOW�LQ�PHWDEROLVP�RU�EUHDNGRZQ�RI�WKH�FKHPLFDO�LQ�WKH�ERG\�WR�DQRWKHU
FKHPLFDO�WKDW�LV�PRUH�RU�OHVV�WR[LF�DQG�FDQ�UHVXOW�LQ�FXPXODWLYH�H[SRVXUH�GXH�WR�ELRDFFXPXODWLRQ��
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&RPSDULVRQ�RI�WKH�HIIHFWV�UHSRUWHG�LQ�ODERUDWRU\�VWXGLHV�WR�DFWXDO�REVHUYDWLRQV�LQ�WKH�ILHOG��L�H��
ZLOGOLIH�DURXQG�WKH�ZDWHUERGLHV��DOVR�QHHGV�WR�EH�DGGUHVVHG���/DERUDWRU\�VWXGLHV�FDQ�SURYLGH
HYLGHQFH�WR�VXSSRUW�REVHUYDWLRQV�RI�HIIHFWV�LQ�WKH�ILHOG�DQG��IXUWKHUPRUH��JLYH�LQIRUPDWLRQ�RQ�WKH
SRVVLEOH�PHFKDQLVP�RI�DFWLRQ�RI�WKH�HIIHFW���+RZHYHU��WKHVH�VWXGLHV�JHQHUDOO\�GR�QRW�GXSOLFDWH
WKH�SRWHQWLDO�FXPXODWLYH�RU�FRPELQHG�HIIHFWV�WKDW�PD\�RFFXU�ZKHQ�SROOXWDQWV�LQWHUDFW�LQ�WKH
HQYLURQPHQW�RU�VLPXODWH�HIIHFWV�GXH�WR�H[SRVXUH�LQ�QDWXUDO�IRRG�FKDLQV�

$WPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ�FRPSRXQGV�FDQ�FRQWULEXWH�VLJQLILFDQWO\�WR
HXWURSKLFDWLRQ�LQ�FRDVWDO�ZDWHUV�ZKHUH�SODQW�SURGXFWLYLW\�LV�XVXDOO\�OLPLWHG�E\�QLWURJHQ
DYDLODELOLW\���(XWURSKLFDWLRQ�DQG�LWV�VXEVHTXHQW�HIIHFWV�RQ�HVWXDULQH�HFRV\VWHPV�SRVH�VLJQLILFDQW
SUREOHPV�IRU�&KHVDSHDNH�%D\�DQG�PDQ\�RWKHU�FRDVWDO�ZDWHUV���$FFHOHUDWHG�HXWURSKLFDWLRQ
IUHTXHQWO\�UHVXOWV�LQ�VHYHUH�HFRORJLFDO�HIIHFWV�VXFK�DV�QXLVDQFH�DOJDO�EORRPV�DQG�UHGXFHG�R[\JHQ
OHYHOV�LQ�WKH�ZDWHU��DV�XQVWDEOH�DOJDO�EORRPV�GLH�EDFN�RU�RUJDQLVPV�VLQN�LQWR�GHHSHU�ZDWHU����7KH
UHGXFWLRQ�LQ�R[\JHQ�OHYHOV�PD\�UHVXOW�LQ�DOWHUHG�IRRG�ZHEV�E\�UHGXFLQJ�RU�HOLPLQDWLQJ�ERWWRP�
IHHGHU�SRSXODWLRQV�RI�ILVK�RU�VKHOOILVK��FUHDWLQJ�FRQGLWLRQV�WKDW�IDYRU�GLIIHUHQW�VSHFLHV��RU�FDXVLQJ
GUDPDWLF�ILVK�NLOOV���,Q�VRPH�FDVHV��RYHUSURGXFWLRQ�RI�DOJDH�LQFUHDVHV�WKH�VXVSHQGHG�PDWWHU�LQ�WKH
ZDWHU��ZKLFK�GHFUHDVHV�OLJKW�SHQHWUDWLRQ�WR�VXEPHUJHG�DTXDWLF�YHJHWDWLRQ��6$9��RU�FRUDO���,Q
RWKHU�FDVHV��DOJDH�FDQ�RYHUJURZ�GLUHFWO\�RQ�VXEPHUJHG�OLYLQJ�RUJDQLVPV��RIWHQ�ZLWK�ORVVHV�RI�6$9
RU�FRUDO�FRPPXQLWLHV���0DMRU�DUHDV�RI�XQFHUWDLQW\�LQFOXGH�WKH�UHVSRQVH�RI�OLYLQJ�UHVRXUFHV�
SDUWLFXODUO\�6$9��WR�UHGXFWLRQV�LQ�QLWURJHQ�ORDGV�DQG�WKH�WLGDO�IORZ�H[FKDQJHV�EHWZHHQ�FRDVWDO
HVWXDULHV�DQG�RIIVKRUH�ZDWHUV��ZKLFK�DOVR�UHFHLYH�DWPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ
FRPSRXQGV���)XUWKHU�VWXG\�LV�QHHGHG�RQ�WKH�GLUHFW�OLQN�EHWZHHQ�DWPRVSKHULF�GHSRVLWLRQ�RI
QLWURJHQ�FRPSRXQGV�DQG�HFRV\VWHP�UHVSRQVHV���2[LGHV�RI�QLWURJHQ�DUH�LPSRUWDQW�FRPSRQHQWV�LQ
DFLGLF�GHSRVLWLRQ��ZHW�DQG�GU\��WR�IUHVK�ZDWHUV���,Q�DGGLWLRQ��QLWURJHQ�FRPSRXQGV�DQG�WKHLU
UHDFWLRQ�SURGXFWV�LQ�WKH�DPELHQW�DLU�FDQ�SURGXFH�GLUHFW�LPSDFWV�RQ�KXPDQ�KHDOWK�DQG�WHUUHVWULDO
YHJHWDWLRQ���,Q�FRQVLGHUDWLRQ�RI�WKHVH�SDUWLDO�LPSDFWV��(3$�KDV�HVWDEOLVKHG�SURJUDPV�WR�HYDOXDWH
DQG�UHGXFH�WKH�WKUHDW�WR�KXPDQ�DQG�HFRORJLFDO�KHDOWK�IURP�DWPRVSKHULF�QLWURJHQ�R[LGHV��R]RQH�
SDUWLFXODWHV��DQG�DFLGLF�DHURVROV�

(PLVVLRQ�6RXUFHV�WKDW�&RQWULEXWH�WR�$WPRVSKHULF�'HSRVLWLRQ�LQ�WKH�*UHDW
:DWHUV

)RU�WR[LF�FRQWDPLQDQWV��LQIRUPDWLRQ�OLQNLQJ�VSHFLILF�HPLVVLRQ�VRXUFHV�WR�LPSDFWV�RQ
DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV�KDV�EHHQ�OLPLWHG���6RPH�ZRUN�KDV�EHHQ�GRQH�RQ
LGHQWLILFDWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�VSHFLILF�VRXUFHV�LQ�WKH�*UHDW�/DNHV��DQG�PRUH�LV�SODQQHG��
6RPH�RI�WKLV�ZRUN�GRHV�QRW�LQYROYH�HPLVVLRQ�LQYHQWRULHV��EXW�FRQVLVWV�RI�SUHGLFWLQJ�WKH�RULJLQ�RI
DQ�DLU�PDVV��XVLQJ�PHWHRURORJ\��WKDW�SDVVHV�RYHU�D�PRQLWRULQJ�VWDWLRQ�DQG�GHWHUPLQLQJ�HPLVVLRQ
VRXUFHV�EDVHG�RQ�REVHUYHG�SROOXWDQWV�DQG�PHWDOV�UDWLRV�LQ�WKH�DLU�VDPSOHV���)RU�VRPH�VRXUFH
FDWHJRULHV��WKHUH�FXUUHQWO\�DUH�LQDGHTXDWH�UHOLDEOH�HPLVVLRQV�GDWD�DQG�GHWDLOHG�HPLVVLRQV
LQYHQWRULHV�WR�OLQN�SROOXWDQW�GHSRVLWLRQ�WR�VSHFLILF�VRXUFHV���+RZHYHU��IRU�PDQ\�VRXUFH�FDWHJRULHV�
VXEVWDQWLDO�SURJUHVV�KDV�EHHQ�PDGH�LQ�UHFHQW�\HDUV�WR�HVWDEOLVK�VRXUFH�HPLVVLRQV�LQYHQWRULHV
WKURXJK�VWDWH�DQG�IHGHUDO�HIIRUWV���)RU�H[DPSOH��WKH�*UHDW�/DNHV�(PLVVLRQV�,QYHQWRU\��UHFHQWO\
LPSOHPHQWHG�E\�WKH�HLJKW�*UHDW�/DNHV�VWDWHV�DQG�WKH�&DQDGLDQ�3URYLQFH�RI�2QWDULR��LV�FRPSLOLQJ
D�GDWD�EDVH�RQ�HPLVVLRQ�VRXUFHV�RI����WR[LF�DLU�SROOXWDQWV�WKDW�ZLOO�SURYLGH�LQIRUPDWLRQ�RQ�ORFDO
DQG�UHJLRQDO�VRXUFHV�RI�SROOXWDQWV�RI�FRQFHUQ���$�SLORW�SURMHFW�RI�PDMRU�XUEDQ�DUHDV�DORQJ�WKH
VRXWKZHVW�VKRUH�RI�/DNH�0LFKLJDQ�KDV�FUHDWHG�DQ�LQYHQWRU\�RI�VPDOO�SRLQW�DQG�DUHD�VRXUFH
FDWHJRULHV�LQ�WKH�VXUURXQGLQJ�UHJLRQ�WKDW�FRQWULEXWH�WKH�PRVW�WR�WKH�WRWDO�HPLVVLRQV�RI�PDMRU
SROOXWDQWV���$V�D�UHVXOW�RI�WKLV�SLORW�VWXG\��D�EHWWHU�PHWKRGRORJ\�KDV�EHHQ�GHYHORSHG�IRU�XVH�LQ�WKH
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What is CAA Section 112(c)(6)?

Under this section, EPA is required to identify
and list sources, categories, and subcategories of
alkylated lead compounds, hexachlorobenzene,
mercury, PCBs, POM, TCDD, and TCDF.  This list
is intended to assure that not less than 90 percent
of the aggregate emissions of each pollutant are
subject to standards under section 112(d)(2) or
112(d)(4).  To meet these requirements, national
inventories of sources and emissions of these
pollutants have been developed.  Because all
seven pollutants are of particular interest to the
Great Waters program, these inventories will be
useful in protecting the Great Waters and in
implementing section 112(m).

IXOO�UHJLRQDO�*UHDW�/DNHV�(PLVVLRQV�,QYHQWRU\���5HVHDUFK�VWXGLHV�RQ�WKH�LPSRUWDQFH�RI�ORFDO
�XUEDQ�SOXPHV��RI�SROOXWDQWV�KDYH�EHHQ�XQGHUZD\�LQ�UHFHQW�\HDUV�QHDU�&KLFDJR��LPSDFWLQJ�/DNH
0LFKLJDQ��DQG�QHDU�%DOWLPRUH��LPSDFWLQJ�&KHVDSHDNH�%D\����7KHVH�VWXGLHV�DUH�GXH�WR�EH
FRPSOHWHG�LQ�WKH�QH[W�IHZ�\HDUV���7KHLU�UHVXOWV��FRPELQHG�ZLWK�HPLVVLRQ�LQYHQWRULHV��ZLOO�DVVLVW�LQ
GHILQLQJ�WKH�UHODWLYH�LPSRUWDQFH�RI�ORFDO�HPLVVLRQV�XSRQ�GHSRVLWLRQ�DQG�LQ�IRFXVLQJ�HPLVVLRQ
UHGXFWLRQ�HIIRUWV���,Q�DGGLWLRQ��(3$�UHFHQWO\�FRPSOHWHG�D�QDWLRQDO�HPLVVLRQV�LQYHQWRU\�RI�NQRZQ
8�6��VRXUFHV�RI�VHYHQ�+$3V�OLVWHG�XQGHU�&$$�VHFWLRQ�����F�������,GHQWLILFDWLRQ�RI�WKH�VRXUFHV�IRU
WRWDO�HPLVVLRQV�RI�WKHVH�SROOXWDQWV�LV�QHFHVVDU\�WR�DVVXUH�WKDW�DW�OHDVW����SHUFHQW�RI�HPLVVLRQV�IURP
VWDWLRQDU\��DQWKURSRJHQLF�VRXUFHV�DUH�VXEMHFW�WR�UHJXODWLRQ�XQGHU�&$$�VHFWLRQ�����G��

$V�D�UHVXOW�RI�UHVHDUFK�IXQGHG�E\�WKH
*UHDW�:DWHUV�SURJUDP�DQG�RWKHUV��EHWWHU
SUHGLFWLRQV�FDQ�EH�PDGH�RQ�WKH�GLUHFWLRQ�DQG
PRYHPHQW�RI�HPLWWHG�DLU�SROOXWDQWV�RYHU�ODUJH
JHRJUDSKLF�DUHDV��DQG�PRUH�UHOLDEOH�HVWLPDWHV
RI�UDWHV�DW�ZKLFK�SROOXWDQWV�ZLOO�EH�GHSRVLWHG
RQ�ODQG�RU�ZDWHU�VXUIDFHV�DUH�SRVVLEOH���)RU
H[DPSOH��VRPH�UHVHDUFKHUV�DUH�GHWHUPLQLQJ
WKH�H[WHQW�RI�PHUFXU\�HPLVVLRQV�WR�DLU�LQ�WKH
8QLWHG�6WDWHV�RYHU�DQ�HQWLUH�\HDU��WKH
GHSRVLWLRQ�WR�WKH�ODQG�DQG�ZDWHUERGLHV��DQG
WKH�FRQWULEXWLRQ�E\�VRXUFH�FDWHJRU\�WR�WKH
WRWDO�DPRXQW�RI�PHUFXU\�HPLWWHG�DQG
GHSRVLWHG�ZLWKLQ�WKH�8QLWHG�6WDWHV���,Q�WKH
*UHDW�/DNHV��D�UHJLRQDO�QHWZRUN�RI�WHQ
PRQLWRULQJ�VLWHV�ZDV�HVWDEOLVKHG�LQ������E\
(3$�DQG�WKH�8QLYHUVLW\�RI�0LFKLJDQ�WR�PHDVXUH�DWPRVSKHULF�PHUFXU\�DQG�ZHW�DQG�GU\
GHSRVLWLRQ�RI�JDVHV�DQG�SDUWLFXODWHV���2QH�JRDO�LV�WR�GHWHUPLQH�WKH�VRXUFHV�DQG�VRXUFH�DUHDV�RI
PHUFXU\�GHSRVLWLRQ�WR�WKH�%DVLQ��XVLQJ�DQ�LPSURYHG�WUDMHFWRU\�FOXVWHULQJ�WHFKQLTXH���6XFK
VWXGLHV�ZLOO�HQDEOH�(3$�DQG�RWKHU�UHVHDUFKHUV�WR�EHWWHU�H[SORUH�VRXUFH�DWWULEXWLRQ���

6XEVWDQWLDO�SURJUHVV�DOVR�KDV�EHHQ�PDGH�RQ�LQYHVWLJDWLQJ�HPLVVLRQ�VRXUFHV�RI�QLWURJHQ
FRPSRXQGV�LQ�UHFHQW�\HDUV���'XH�WR�WKH�LPSDFWV�WKDW�QLWURJHQ�RYHUHQULFKPHQW�KDV�LQ�HVWXDULHV
DQG�FRDVWDO�ZDWHUV��VRXUFHV�RI�DLUERUQH�DQG�ZDWHUERUQH�QLWURJHQ�FRPSRXQGV�DUH�EHLQJ�HYDOXDWHG
E\�PRQLWRULQJ�DQG�PRGHOLQJ�VWXGLHV���5HFHQW�PRGHOLQJ�VWXGLHV�KDYH�ORRNHG�DW�ERWK�ORFDO�DQG
GLVWDQW�VRXUFHV��JHQHULF�W\SHV��WKDW�UHOHDVH�DWPRVSKHULF�QLWURJHQ�WKDW�GHSRVLWV�LQWR�WKH
&KHVDSHDNH�%D\�DQG�LWV�ZDWHUVKHG���8VLQJ�5$'0��WKH�&KHVDSHDNH�%D\�3URJUDP�KDV�HYDOXDWHG
VRXUFHV�FRQWULEXWLQJ�WR�WKH�GHSRVLWLRQ�RI�FHUWDLQ�QLWURJHQ�FRPSRXQGV�DQG�LGHQWLILHG�HOHFWULF
XWLOLWLHV�DQG�PRELOH�VRXUFHV�DV�PDMRU�FRQWULEXWRUV���+RZHYHU��WKH�PRGHO�UXQV�VKRZ�WKDW�WKH
SDWWHUQV�RI�QLWUDWH�GHSRVLWLRQ�DUH�GLIIHUHQW�IRU�WKHVH�WZR�EURDG�VRXUFH�FDWHJRULHV���8WLOLWLHV�DSSHDU
WR�FRQWULEXWH�D�PDMRULW\�RI�WKH�QLWUDWH�WKDW�GHSRVLWV�RQ�WKH�ZHVWHUQ�VLGH�RI�WKH�%D\�ZDWHUVKHG�DQG
H[KLELW�D�GHFUHDVLQJ�WUHQG�LQ�GHSRVLWLRQ�IURP�WKH�ZHVWHUQ�WRZDUGV�WKH�HDVWHUQ�SRUWLRQ�RI�WKH
ZDWHUVKHG���0RELOH�VRXUFH�HPLVVLRQV��RQ�WKH�RWKHU�KDQG��ODUJHO\�UHIOHFW�WKH�WUDIILF�DVVRFLDWHG�ZLWK
WKH�:DVKLQJWRQ��'�&��%RVWRQ�FRUULGRU�DQG�FRQWULEXWH�WKH�PDMRULW\�RI�WKH�QLWUDWH�WKDW�GHSRVLWV
DORQJ�WKH�'HOPDUYD�3HQLQVXOD��WKH�%D\�LWVHOI��DQG�ORZHU�SRUWLRQV�RI�WKH�ZHVWHUQ�VKRUH�WLGDO
WULEXWDULHV���:RUN�RQ�DGGUHVVLQJ�D�PRGHOLQJ�XQFHUWDLQW\�LQ�5$'0�³�FRUUHFW�SDUWLWLRQLQJ
EHWZHHQ�SDUWLFXODWH�QLWUDWH�DQG�QLWULF�DFLG�³�FRQWLQXHV�ZLWK�IXQGLQJ�IURP�(3$
V�+LJK
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3HUIRUPDQFH�&RPSXWLQJ�DQG�&RPPXQLFDWLRQV�3URJUDP��WKH�3DUWLFXODWH�3URJUDP��DQG�WKH�$FLG
5DLQ�3URJUDP�

&RQWULEXWLRQ�RI�$WPRVSKHULF�3ROOXWDQW�/RDGLQJ�WR�([FHHGDQFHV�RI�:DWHU
4XDOLW\�6WDQGDUGV�DQG�'ULQNLQJ�:DWHU�6WDQGDUGV�RU�([FHHGDQFHV�RI
2EMHFWLYHV�RI�WKH�*UHDW�/DNHV�:DWHU�4XDOLW\�$JUHHPHQW�

:KLOH�VRPH�SROOXWDQWV�UHPDLQ�DW�OHYHOV�H[FHHGLQJ�DSSOLFDEOH�FULWHULD�LQ�VRPH�ORFDWLRQV�RI
WKH�*UHDW�:DWHUV��QR�DGGLWLRQDO�SROOXWDQWV�KDYH�EHHQ�IRXQG�WR�H[FHHG�ZDWHU�TXDOLW\�VWDQGDUGV�LQ
WKH�*UHDW�:DWHUV�VLQFH�WKH�)LUVW�5HSRUW�WR�&RQJUHVV���:KHUH�H[FHHGDQFHV�RFFXU��LW�PD\�EH
UHDVRQDEOH�WR�DVVXPH�WKDW�DWPRVSKHULF�GHSRVLWLRQ�FRQWULEXWHV�WR�VRPH��TXDQWLW\�XQNQRZQ�
H[WHQW���7KH�FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�LV�HVSHFLDOO\�OLNHO\�IRU�RSHQ�ZDWHU
H[FHHGDQFHV��LQ�FRQWUDVW�WR�ORFDOL]HG��KRW�VSRWV��ZKHUH�RWKHU�ORDGLQJ�PHFKDQLVPV�PD\�GRPLQDWH��
:KHUH�GDWD�DUH�DYDLODEOH��WR[LF�FRQWDPLQDWLRQ�LQ�ZDWHU�GRHV�QRW�DSSHDU�WR�EH�LQFUHDVLQJ
VLJQLILFDQWO\�IRU�DQ\�RI�WKH�SROOXWDQWV�RI�FRQFHUQ��EXW�UDWKHU�DSSHDUV�WR�EH�UHPDLQLQJ�WKH�VDPH�RU
GHFUHDVLQJ���+RZHYHU��UHFHQW�GDWD�RQ�ZDWHU�FROXPQ�FRQFHQWUDWLRQV�DUH�DYDLODEOH�IRU�RQO\�D
OLPLWHG�QXPEHU�RI�WKH�SROOXWDQWV���&RQFHQWUDWLRQV�RI�''7�''(��GLHOGULQ��KH[DFKORUREHQ]HQH�
DQG�3&%V�LQ�WKH�ZDWHU�FROXPQ�RI�WKH�*UHDW�/DNHV�DUH�UHSRUWHG�LQ�ERWK�WKLV�UHSRUW�DQG�WKH�)LUVW
5HSRUW�WR�&RQJUHVV���&XUUHQW�OHYHOV�RI�GLHOGULQ�DQG�3&%V�DUH�ORZHU�WKDQ�WKRVH�SUHVHQWHG�LQ�WKH
)LUVW�5HSRUW�WR�&RQJUHVV��KRZHYHU��WKH\�FRQWLQXH�WR�H[FHHG�WKH�PRVW�VWULQJHQW�ZDWHU�TXDOLW\
FULWHULD�IRU�WKH�*UHDW�/DNHV�E\�D�VXEVWDQWLDO�PDUJLQ��WHQV�WR�KXQGUHGV�RI�WLPHV����7KHVH�PRVW
VWULQJHQW�FULWHULD�LQFRUSRUDWH�ELRPDJQLILFDWLRQ�XS�WKH�IRRG�FKDLQ��DQG�VR�GLIIHU�IURP�FULWHULD�IRU
GLUHFW�H[SRVXUH�WR�ZDWHU���,Q�DGGLWLRQ��WKH�UHSRUWHG�FRQFHQWUDWLRQV�RI�''7�''(�PD\�H[FHHG�WKH
FXUUHQW�ZDWHU�TXDOLW\�FULWHULD�XQGHU�WKH�*UHDW�/DNHV�,QLWLDWLYH��KRZHYHU��WKH�SRVVLEOH�H[FHHGDQFH
LV�GLIILFXOW�WR�HVWDEOLVK�JLYHQ�DQDO\VLV�OLPLWDWLRQV���7KXV��HYHQ�WKRXJK�PDVV�HPLVVLRQV�RI�WKHVH
SROOXWDQWV�KDYH�GHFUHDVHG�GUDPDWLFDOO\�DV�D�UHVXOW�RI�DFWLRQV�WDNHQ�WR�EDQ�RU�UHVWULFW�WKH
PDQXIDFWXUH�DQG�XVH�RI�WKHVH�VXEVWDQFHV��WKH�ORQJ�WHUP�SHUVLVWHQFH�RI�WKHVH�SROOXWDQWV�LQ�WKH
HQYLURQPHQW��DQG�DSSDUHQW�F\FOLQJ�DPRQJ�PHGLD��FDXVH�WKHVH�FRPSRXQGV�WR�UHPDLQ�SROOXWDQWV
RI�FRQFHUQ�WR�WKH�*UHDW�/DNHV���7KHUHIRUH��WKHVH�SROOXWDQWV�ZDUUDQW�FRQWLQXHG�PRQLWRULQJ�DQG
WUDFNLQJ�XQWLO�OHYHOV�QR�ORQJHU�H[FHHG�UHOHYDQW�FULWHULD�RU�VWDQGDUGV�

$PRQJ�WKH�*UHDW�:DWHUV��WKH�RQO\�VLJQLILFDQW�VRXUFHV�RI�GULQNLQJ�ZDWHU�DUH�WKH�*UHDW
/DNHV�DQG�/DNH�&KDPSODLQ���7KH�GULQNLQJ�ZDWHU�V\VWHPV�XVLQJ�WKHVH�VRXUFHV�DUH�QRW�NQRZQ�WR
KDYH�H[FHHGDQFHV�RI�GULQNLQJ�ZDWHU�VWDQGDUGV�IRU�WKH�SROOXWDQWV�RI�FRQFHUQ��LQFOXGLQJ�WR[LFV�DQG
QLWUDWHV�

'HVFULSWLRQ�RI�5HYLVLRQV�WR�5HTXLUHPHQWV��6WDQGDUGV��RU�/LPLWDWLRQV
3XUVXDQW�WR�WKH�&OHDQ�$LU�$FW�DQG�2WKHU�$SSOLFDEOH�)HGHUDO�/DZV��DV
1HFHVVDU\��

6HFWLRQ�����P�����(��UHTXLUHV�WKDW�(3$�GHVFULEH�LQ�WKLV�UHSRUW�DQ\�UHYLVLRQV�WR�WKH
UHTXLUHPHQWV��VWDQGDUGV��DQG�OLPLWDWLRQV�SXUVXDQW�WR�WKH�&OHDQ�$LU�$FW�DQG�RWKHU�DSSOLFDEOH
IHGHUDO�ODZV�WKDW�DUH�QHFHVVDU\�WR�DVVXUH�SURWHFWLRQ�RI�KXPDQ�KHDOWK�DQG�WKH�HQYLURQPHQW���,Q
UHYLHZLQJ�UHOHYDQW�UHTXLUHPHQWV��VWDQGDUGV��DQG�OLPLWDWLRQV�HVWDEOLVKHG�SXUVXDQW�WR�DSSOLFDEOH
VWDWXWHV��(3$�KDV�IRXQG�WKDW�VXFK�UHVWULFWLRQV�DUH�DFKLHYLQJ�VLJQLILFDQW�UHGXFWLRQV�LQ�UHOHDVHV�RI
WKH�SROOXWDQWV�RI�FRQFHUQ���)RU�H[DPSOH��WKH�WHFKQRORJ\�EDVHG�VWDQGDUGV�WKDW�KDYH�EHHQ��DQG�DUH
EHLQJ��GHYHORSHG�DQG�SURPXOJDWHG�IRU�VWDWLRQDU\�DLU�VRXUFHV�UHTXLUH�UHGXFWLRQV�LQ�DLU�HPLVVLRQV
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WKDW�UHIOHFW�WKH�PD[LPXP�WKDW�DUH�DFKLHYDEOH��LQ�DFFRUGDQFH�ZLWK�VHFWLRQ�����G����6HFWLRQ�����F����
VSHFLILFDOO\�OLVWV�IRU�VSHFLDO�DWWHQWLRQ�VHYHQ�SROOXWDQWV��DON\ODWHG�OHDG�FRPSRXQGV��SRO\F\FOLF
RUJDQLF�PDWWHU��320���KH[DFKORUREHQ]HQH��PHUFXU\��3&%V��IXUDQV����������7&')���DQG�GLR[LQV
���������7&''����7KHVH�VHYHQ�SROOXWDQWV�DUH�DOVR�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ���$
FRPSUHKHQVLYH�HPLVVLRQ�LQYHQWRU\�KDV�EHHQ�GHYHORSHG�XQGHU�VHFWLRQ�����F������DQG�IXUWKHU
VWDQGDUGV�DUH�EHLQJ�GHYHORSHG�XQGHU�VHFWLRQ�����G��

��$V�PHQWLRQHG�HDUOLHU��VHFWLRQ�����DXWKRULW\�LV�VSHFLILF�WR�+$3V�OLVWHG�XQGHU�VHFWLRQ�����E�
DQG��WKHUHIRUH��GRHV�QRW�DSSO\�WR�SROOXWDQWV�WKDW�DUH�QRW�FXUUHQWO\�OLVWHG��VXFK�DV�QLWURJHQ
FRPSRXQGV���+RZHYHU��VHYHUDO�PDMRU�SURJUDPV�KDYH�EHHQ�LPSOHPHQWHG�XQGHU�RWKHU�VHFWLRQV�RI
WKH�&OHDQ�$LU�$FW�WR�UHGXFH�HPLVVLRQV�RI�R[LGHV�RI�QLWURJHQ���VHFWLRQV�����DQG������SHUWDLQLQJ�WR
DPELHQW�DLU�VWDQGDUGV�IRU�VWDWLRQDU\�VRXUFHV�WR�SURWHFW�SXEOLF�KHDOWK�DQG�ZHOIDUH��VHFWLRQ�����
SHUWDLQLQJ�WR�DLU�UHJXODWLRQV�IRU�PRELOH�VRXUFHV��DQG�VHFWLRQ������SHUWDLQLQJ�WR�DFLG�GHSRVLWLRQ
FRQWURO��

� 1LWURJHQ�GLR[LGH�LV�OLVWHG�XQGHU�VHFWLRQ�����DV�D�SROOXWDQW�WKDW�FDXVHV�RU�FRQWULEXWHV�WR�DLU
SROOXWLRQ�WKDW�PD\�UHDVRQDEO\�EH�DQWLFLSDWHG�WR�HQGDQJHU�SXEOLF�KHDOWK�RU�ZHOIDUH���$LU�TXDOLW\
FULWHULD�KDYH�EHHQ�LVVXHG�E\�(3$�IRU�QLWURJHQ�GLR[LGH��DQG�DPELHQW�DLU�TXDOLW\�VWDQGDUGV�KDYH
EHHQ�HVWDEOLVKHG�IRU�QLWURJHQ�GLR[LGH�XQGHU�VHFWLRQ������ZKLFK�GLUHFWV�WKH�(3$�$GPLQLVWUDWRU�WR
SURSRVH�DQG�SURPXOJDWH�SULPDU\�DQG�VHFRQGDU\�1DWLRQDO�$PELHQW�$LU�4XDOLW\�6WDQGDUGV
�1$$46��IRU�SROOXWDQWV�LGHQWLILHG�XQGHU�VHFWLRQ�������$�SULPDU\�VWDQGDUG�LV�RQH�WKDW�LV�QHFHVVDU\
WR�SURWHFW�WKH�SXEOLF�KHDOWK��DOORZLQJ�DQ�DGHTXDWH�PDUJLQ�RI�VDIHW\���$�VHFRQGDU\�VWDQGDUG��DV
GHILQHG�LQ�VHFWLRQ������PXVW�VSHFLI\�D�OHYHO�RI�DLU�TXDOLW\�QHHGHG�WR�SURWHFW�WKH�SXEOLF�ZHOIDUH
IURP�DQ\�NQRZQ�RU�DQWLFLSDWHG�DGYHUVH�HIIHFWV�DVVRFLDWHG�ZLWK�WKH�SUHVHQFH�RI�WKH�SROOXWDQW�LQ
WKH�DPELHQW�DLU���:HOIDUH�HIIHFWV��GHILQHG�LQ�VHFWLRQ�����K���LQFOXGH��EXW�DUH�QRW�OLPLWHG�WR��HIIHFWV
RQ�VRLOV��ZDWHU��FURSV��YHJHWDWLRQ��PDWHULDOV��DQLPDOV��ZLOGOLIH��ZHDWKHU��YLVLELOLW\��DQG�FOLPDWH��
7KXV��VHFWLRQ�����SURYLGHV�DXWKRULW\�WR�DGGUHVV�D�EURDG�UDQJH�RI�SXEOLF�KHDOWK�LPSDFWV�DQG
DGYHUVH�HQYLURQPHQWDO�HIIHFWV�LQ�RUGHU�WR�DVVXUH�SURWHFWLRQ�RI�KXPDQ�KHDOWK�DQG�WKH
HQYLURQPHQW��

6HYHUDO�HIIRUWV�DUH�FXUUHQWO\�XQGHUZD\�WR�FRQWURO�HPLVVLRQV�RI�QLWURJHQ�R[LGHV���7KH
2]RQH�7UDQVSRUW�$VVHVVPHQW�*URXS��D�UHJLRQDO�ERG\�UHSUHVHQWLQJ����HDVWHUQ�DQG�PLGZHVWHUQ
VWDWHV��LV�FXUUHQWO\�HYDOXDWLQJ�DOWHUQDWLYH�UHGXFWLRQ�RSWLRQV�IRU�UHJLRQDO�FRQWURO�RI�QLWURJHQ
R[LGHV�DQG�YRODWLOH�RUJDQLF�FRPSRXQGV�LQ�RUGHU�WR�DFKLHYH�DWWDLQPHQW�RI�WKH�FXUUHQW�1$$46�IRU
R]RQH���,Q�DGGLWLRQ��(3$�LV�FRQVLGHULQJ�UHYLVLRQV�WR�WKH�1$$46�WR�DGGUHVV�WKH�PRVW�UHFHQW
LQIRUPDWLRQ�DERXW�KHDOWK�DQG�HQYLURQPHQWDO�HIIHFWV�RI�R]RQH�DQG�ILQH�SDUWLFXODWH�PDWWHU���$
VXEFRPPLWWHH�RI�WKH�&OHDQ�$LU�$FW�$GYLVRU\�&RPPLWWHH�FKDUWHUHG�XQGHU�WKH�)HGHUDO�$GYLVRU\
&RPPLWWHH�$FW�LV�HYDOXDWLQJ�UHJLRQDO�DSSURDFKHV�WR�WKH�PDQDJHPHQW�RI�HPLVVLRQV�RI�QLWURJHQ
R[LGHV��VXOIXU�GLR[LGH��ILQH�SDUWLFXODWH�PDWWHU��DQG�YRODWLOH�RUJDQLF�FRPSRXQGV�WR�DWWDLQ�WKH
SURSRVHG�UHYLVLRQV�WR�WKH�R]RQH�DQG�SDUWLFXODWH�PDWWHU�1$$46�DQG�WKH�QDWLRQDO�JRDOV�RI�WKH
UHJLRQDO�KD]H�SURJUDP���7RJHWKHU�WKHVH�HIIRUWV�DUH�H[SHFWHG�WR�UHVXOW�LQ�VXEVWDQWLDO�UHGXFWLRQV�LQ
HPLVVLRQV�RI�WKH�SROOXWDQWV�RI�FRQFHUQ��ZLWK�VLJQLILFDQW�DGGLWLRQDO�EHQHILWV�WR�JHRJUDSKLF�DUHDV
VXFK�DV�WKH�&KHVDSHDNH�%D\�ZDWHUVKHG�

)XUWKHUPRUH��VHFWLRQ�����UHTXLUHV�WKDW�VWDQGDUGV�IRU�PRWRU�YHKLFOHV�EH�HVWDEOLVKHG��DV
QHHGHG��WR�UHGXFH�HPLVVLRQV�WKDW�FDXVH�RU�FRQWULEXWH�WR�DLU�SROOXWLRQ�WKDW�PD\�UHDVRQDEO\�EH
DQWLFLSDWHG�WR�HQGDQJHU�SXEOLF�KHDOWK�RU�ZHOIDUH���5HJXODWLRQV�XQGHU�WKLV�VHFWLRQ�DSSO\�WR
HPLVVLRQV�RI�QLWURJHQ�R[LGHV���6HFWLRQ������$FLG�'HSRVLWLRQ�&RQWURO��LGHQWLILHV�WKH�SUHVHQFH�RI
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DFLGLF�FRPSRXQGV�DQG�WKHLU�SUHFXUVRUV�LQ�WKH�DWPRVSKHUH��DQG�LQ�GHSRVLWLRQ�IURP�WKH
DWPRVSKHUH��DV�D�WKUHDW�WR�QDWXUDO�UHVRXUFHV��HFRV\VWHPV��PDWHULDOV��YLVLELOLW\��DQG�SXEOLF�KHDOWK��
7KH�SULQFLSDO�VRXUFHV�RI�DFLGLF�FRPSRXQGV�DQG�WKHLU�SUHFXUVRUV�LQ�WKH�DWPRVSKHUH��DV�LGHQWLILHG
LQ�VHFWLRQ������LQFOXGH�QLWURJHQ�R[LGHV�IURP�WKH�FRPEXVWLRQ�RI�IRVVLO�IXHOV���$�SURJUDP�IRU
UHGXFLQJ�HPLVVLRQV�RI�QLWURJHQ�R[LGHV�IURP�FRDO�ILUHG�HOHFWULF�XWLOLW\�SRZHU�SODQWV�KDV�EHHQ
SURPXOJDWHG�XQGHU�VHFWLRQ�����RI�WKH�&OHDQ�$LU�$FW���,Q�WKH�$FLG�5DLQ�3KDVH�,,�12 �(PLVVLRQ[

5HGXFWLRQ�5XOH��)HGHUDO�5HJLVWHU��'HFHPEHU������������ZDWHU�TXDOLW\�EHQHILWV�DUH�FLWHG�LQ�WKH
SUHDPEOH�MXVWLILFDWLRQ�DV�D�EDVLV�IRU�(3$
V�GHFLVLRQ�WR�H[HUFLVH�VWDWXWRU\�GLVFUHWLRQ�WR�ORZHU
HPLVVLRQ�OLPLWV�IRU�FHUWDLQ�FRDO�ILUHG�XWLOLW\�ERLOHUV��NQRZQ�DV�*URXS����DQG�DV�DQ�HQYLURQPHQWDO
LPSDFW�RI�HVWDEOLVKLQJ�HPLVVLRQ�OLPLWV�IRU�RWKHU�ERLOHU�W\SHV��NQRZQ�DV�*URXS������(XWURSKLFDWLRQ
LV�OLVWHG�ZLWK�R]RQH�DQG�DFLG�GHSRVLWLRQ�LQ�WKH�VXPPDU\�WDEOH�RI�HQYLURQPHQWDO�HIIHFWV��

3HVWLFLGHV�WKDW�DUH�LQFOXGHG�DV�SROOXWDQWV�RI�FRQFHUQ�KDYH�EHHQ��DQG�FRQWLQXH�WR�EH�
HIIHFWLYHO\�DGGUHVVHG�E\�DFWLRQV�WDNHQ�XQGHU�UHOHYDQW�VWDWXWHV���$OVR��3&%�UHOHDVHV�KDYH�EHHQ��DQG
DUH�EHLQJ��HIIHFWLYHO\�UHGXFHG���:KLOH�FRQFHQWUDWLRQV�RI�VRPH�RI�WKHVH�SROOXWDQWV�RI�FRQFHUQ�LQ
WKH�ZDWHUERGLHV�RU�LQ�DQLPDO�WLVVXH�UHPDLQ�XQDFFHSWDEO\�KLJK��FXUUHQW�UHOHDVHV�RI�WKHVH
SROOXWDQWV�DUH�EHLQJ�HIIHFWLYHO\�PDQDJHG���,W�LV�LPSRUWDQW�WR�QRWH�WKDW��DOWKRXJK�FXUUHQW�HIIRUWV
DUH�HIIHFWLYH�DQG�DSSURSULDWH��VRPH�OHYHO�RI�ULVN�WR�WKH�SXEOLF�KHDOWK�DQG�WR�WKH�HQYLURQPHQW�PD\
FRQWLQXH�IRU�\HDUV�LQWR�WKH�IXWXUH�GXH�WR�SUHYLRXV�UHOHDVHV�RI�WKH�SROOXWDQWV�RI�FRQFHUQ�DQG�WKHLU
SHUVLVWHQFH�LQ�HQYLURQPHQWDO�PHGLD�IRU�PXOWLSOH�GHFDGHV�

9DULRXV�HIIRUWV�DUH�EHLQJ�WDNHQ�E\�(3$�WKDW�ZLOO�SURYLGH�VLJQLILFDQW�FRQFRPLWDQW�EHQHILWV
WKURXJK�UHGXFWLRQ�RI�SROOXWDQWV�(3$�DGGUHVVHV�XQGHU�VHFWLRQ�����P����$W�WKLV�WLPH��QR�VSHFLILF
UHYLVLRQV�WR�UHTXLUHPHQWV��VWDQGDUGV��DQG�OLPLWDWLRQV�SXUVXDQW�WR�WKH�&OHDQ�$LU�$FW�RU�RWKHU
UHOHYDQW�IHGHUDO�VWDWXWHV�KDYH�EHHQ�LGHQWLILHG�DV�QHFHVVDU\�WR�DVVXUH�SURWHFWLRQ�RI�KXPDQ�KHDOWK
DQG�WKH�HQYLURQPHQW�LQ�UHVSRQVH�WR�VHFWLRQ�����P��DVVHVVPHQWV���,Q�WKH�IXWXUH��DV�(3$�HYDOXDWHV
SURJUHVV�RI�RQJRLQJ�HIIRUWV�DQG�FRQVLGHUV�QHZ�LQIRUPDWLRQ�DV�LW�EHFRPHV�DYDLODEOH��QHZ
DSSURDFKHV�PD\�EH�SXUVXHG�

9�%��)XWXUH�'LUHFWLRQV�

$V�GHVFULEHG�WKURXJKRXW�WKH�UHSRUW��QRWDEOH�SURJUHVV�KDV�EHHQ�PDGH�WR�IXUWKHU�WKH
NQRZOHGJH�RI�DWPRVSKHULF�GHSRVLWLRQ�RI�SROOXWDQWV�WR�WKH�*UHDW�:DWHUV���$V�QHZ�LQIRUPDWLRQ
EHFRPHV�DYDLODEOH�RQ�DWPRVSKHULF�SROOXWDQW�GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV��TXHVWLRQV�RU�LVVXHV
DUH�H[SHFWHG�WR�DULVH�WKDW�ZLOO�UHTXLUH�IXUWKHU�LQYHVWLJDWLRQ�RU�DFWLRQ���$W�WKLV�WLPH��(3$�KDV
LGHQWLILHG�DUHDV�ZKHUH�LQIRUPDWLRQ�LV�OLPLWHG�DQG�KDV�LGHQWLILHG�VRPH�VSHFLILF�GLUHFWLRQV�WKDW
QHHG�WR�EH�WDNHQ�WR�DGYDQFH�WKH�XQGHUVWDQGLQJ�RI�LVVXHV�UHOHYDQW�WR�WKH�*UHDW�:DWHUV�SURJUDP�

'HWHUPLQH�0DQDJHPHQW�5HJXODWRU\�$FWLRQV�IRU�)RFXV�3ROOXWDQWV�

(3$�SODQV�WR�FRQWLQXH�HYDOXDWLQJ�WKH����SROOXWDQWV�RI�FRQFHUQ��IRFXVLQJ�RQ�WKRVH�WKDW�DUH
FXUUHQWO\�EHLQJ�HPLWWHG�WR�WKH�DLU�IURP�VRXUFHV�VXEMHFW�WR�UHJXODWLRQV�XQGHU�WKH�&$$���)RU
H[DPSOH��HPSKDVLV�ZLOO�EH�SODFHG�RQ�WKH�VHYHQ�SROOXWDQWV�RI�FRQFHUQ�DGGUHVVHG�LQ�VHFWLRQ
����F�������(PLVVLRQ�LQYHQWRULHV�KDYH�EHHQ�GHYHORSHG�IRU�WKHVH�SROOXWDQWV�DQG�ZLOO�SURYLGH�XVHIXO
LQIRUPDWLRQ�RQ�VRXUFHV�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV���(3$
V�$LU�7R[LFV�SURJUDP
KDV�UHFHQWO\�SUHSDUHG�VRPH�QRWDEOH�VWXGLHV�WKDW�PD\�KDYH�LPSOLFDWLRQV�WR�WKH�*UHDW�:DWHUV
SROOXWDQWV�RI�FRQFHUQ��LQFOXGLQJ�WKH�,QWHULP�5HSRUW�WR�&RQJUHVV�RQ�HPLVVLRQV�RI�KD]DUGRXV�DLU
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SROOXWDQWV�IURP�HOHFWULF�XWLOLWLHV���7KH�,QWHULP�5HSRUW��DORQJ�ZLWK�WKH�*UHDW�:DWHUV�6HFRQG�5HSRUW
WR�&RQJUHVV�DQG�VSRQVRUHG�VWXGLHV��FRQWULEXWH�LQIRUPDWLRQ�IRFXVHG�RQ�SHUVLVWHQW�SROOXWDQWV�WR
(3$
V�RQJRLQJ�DFWLRQV�HVWDEOLVKLQJ�HPLVVLRQ�VWDQGDUGV�XQGHU�VHFWLRQ�����G����$V�WKHVH�VWDQGDUGV
FRQWLQXH�WR�EHFRPH�LPSOHPHQWHG��VLJQLILFDQW�UHGXFWLRQV�LQ�+$3V�DUH�H[SHFWHG��LQFOXGLQJ�WKH
SHUVLVWHQW�FKHPLFDOV�RI�LPSRUWDQFH�WR�ZDWHUERGLHV���,Q�DGGLWLRQ�WR�WKHVH�DFWLYLWLHV��(3$�LV
FRQVLGHULQJ�IXWXUH�PDQDJHPHQW�DQG�RU�UHJXODWRU\�DFWLRQV�IRU�VRPH�SROOXWDQWV�RI�FRQFHUQ��VRPH
RI�ZKLFK�DUH�GHVFULEHG�EHORZ��

&RQWLQXH�0RQLWRULQJ�DQG�5HVHDUFK�(IIRUWV�WR�6XSSRUW
0DQDJHPHQW�5HJXODWRU\�$FWLRQV�

(3$�SODQV�WR�FRQWLQXH�VXSSRUWLQJ�PRQLWRULQJ�DQG�UHVHDUFK�HIIRUWV�WKDW�SURYLGH
LQIRUPDWLRQ�IRU�UHJXODWRU\�DQG�PDQDJHPHQW�DFWLRQV�IRU�SROOXWDQWV�RI�FRQFHUQ���0RQLWRULQJ
DOORZV�WUDFNLQJ�RI�FXUUHQW�DQG�IXWXUH�UHGXFWLRQV�DQG�HYDOXDWLRQ�RI�(3$�SURJUDP�HIIHFWLYHQHVV��
,Q�DGGLWLRQ��PRQLWRULQJ�VXSSRUWV�WKH�GHYHORSPHQW�DQG�YDOLGDWLRQ�RI�DWPRVSKHULF�WUDQVSRUW
PRGHOV�WKDW�HQKDQFH�(3$
V�SURJUDP�LPSOHPHQWDWLRQ�DQG�SUHGLFWLYH�FDSDELOLWLHV���5HVHDUFK
SURMHFWV�LQFOXGH�ZRUN�WKDW�H[SDQGV�FXUUHQW�PRQLWRULQJ�FDSDELOLWLHV��LQFUHDVHV�NQRZOHGJH�RI
F\FOLQJ�DQG�WUDQVSRUW�RI�FRQWDPLQDQWV��DQG�HYDOXDWHV�HQYLURQPHQWDO�HIIHFWV���

® ([SRVXUH�DQG�(IIHFWV���$�SURFHVV�WR�FRRUGLQDWH�UHVHDUFK�VWUDWHJLHV�RQ�SHUVLVWHQW�SROOXWDQWV
KDV�EHJXQ�DPRQJ�VHYHUDO�RIILFHV�ZLWKLQ�(3$���,W�LV�H[SHFWHG�WKDW�WKHVH�VWXGLHV�ZLOO
LPSURYH�RXU�XQGHUVWDQGLQJ�RI�WKH�UHODWLRQVKLS�EHWZHHQ�DPELHQW�FRQFHQWUDWLRQV�LQ
QDWXUDO�PHGLD��ZDWHU��DLU��DQG�VHGLPHQWV���EXUGHQV�RI�SROOXWDQWV�LQ�WLVVXHV�RI�OLYLQJ�ELRWD�
DQG�DVVRFLDWHG�HIIHFWV���([SRVXUH�DQG�HIIHFWV�UHVHDUFK�ZLOO�EXLOG�RQ�PHWKRGV�XVHG�WR
GHYHORS�WKH�*UHDW�/DNHV�:DWHU�4XDOLW\�&ULWHULD��ZKLFK�LQFRUSRUDWH�FRQVLGHUDWLRQ�RI
ELRPDJQLILFDWLRQ���7KHVH�W\SHV�RI�UHVHDUFK�DUH�FHQWUDO�WR�LQFUHDVLQJ�RXU�DELOLW\�WR�DVVHVV
WKH�LPSDFW�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV�DQG�GHILQH�HIILFLHQW�DSSURDFKHV
WR�UHGXFLQJ�H[SRVXUHV�DQG�ULVNV�WR�KXPDQV�DQG�ZLOGOLIH��

® 0HUFXU\�DQG�&RPSRXQGV���0HUFXU\�LV�D�JOREDO�SROOXWDQW��DQG�LV�XVHG�LQ�LQGXVWULHV�DQG
UHOHDVHG�IURP�FRPEXVWLRQ��PDQXIDFWXULQJ��DQG�QDWXUDO�SURFHVVHV���7KURXJK�FKDQJHV�LQ�LWV
LRQLF�DQG�PROHFXODU�FKHPLVWU\��PHUFXU\�FDQ�EH�PRELOH�DPRQJ�WKH�DWPRVSKHUH��ZDWHUV�
ELRWD��DQG�VRLO�RU�VHGLPHQWV���(3$�LV�FRPPLWWHG�WR�LGHQWLI\LQJ�IHDVLEOH�RSWLRQV�IRU
UHGXFLQJ�RU�SUHYHQWLQJ�HPLVVLRQV�RI�PHUFXU\���$OVR��IROORZLQJ�FRPSOHWLRQ�RI�(3$
V
0HUFXU\�6WXG\�5HSRUW�WR�&RQJUHVV��WKH�UHVXOWV�ZLOO�EH�XVHG�LQ�WKH�SURFHVV�RI�LGHQWLI\LQJ
VRXUFHV�RI�PHUFXU\�HPLVVLRQV�DQG�LQ�SULRULWL]LQJ�PHUFXU\�UHGXFWLRQ�VWUDWHJLHV���7R�GDWH�
PRVW�URXWLQH�PRQLWRULQJ�IRU�DWPRVSKHULF�PHUFXU\�GRHV�QRW�SURYLGH�NH\�LQIRUPDWLRQ
QHHGHG�WR�HYDOXDWH�WKH�VRXUFHV�DQG�LPSDFWV�RI�PHUFXU\�ORDGLQJV���7KLV�LV�GXH�WR�WKH
UHODWLYHO\�UHFHQW�GHYHORSPHQW�RI�PHUFXU\�WHFKQLTXHV�WKDW�GLIIHUHQWLDWH�EHWZHHQ�WKH
YDULRXV�PROHFXODU�VWDWHV�RI�PHUFXU\�DQG�KDYH�QRW�\HW�EHHQ�ZLGHO\�DQG�URXWLQHO\�XVHG��
+RZHYHU��WKHVH�WHFKQLTXHV�KDYH�EHHQ�XVHG�RQ�D�UHVHDUFK�EDVLV�FRQFXUUHQW�ZLWK
PRQLWRULQJ�IRU�RWKHU�PHWDOV��LQ�RUGHU�WR�REWDLQ�DQ�DWPRVSKHULF��ILQJHUSULQW��WKDW�DLGV�LQ
WKH�LGHQWLILFDWLRQ�RI�VRXUFHV���0RQLWRULQJ�IRU�PHUFXU\�LV�H[SHFWHG�WR�FRQWLQXH�LQ�ELRWD�
DWPRVSKHUH��DQG�RWKHU�FRPSRQHQWV�RI�HFRV\VWHPV��SDUWLFXODUO\�LQ�WKH�*UHDW�/DNHV�UHJLRQ��
0RQLWRULQJ�VKRXOG�FRQWLQXH��WR�WUDFN�IXWXUH�UHGXFWLRQV�RI�PHUFXU\��DV�HPLVVLRQV�LQ�WKH
8QLWHG�6WDWHV�DUH�H[SHFWHG�WR�GHFUHDVH�XSRQ�LPSOHPHQWLQJ�UHFHQW�&$$�UHJXODWLRQV�VXFK
DV�WKH�PXQLFLSDO�ZDVWH�FRPEXVWRU�UXOH��DQG�WKH�SURSRVHG�VWDQGDUGV�IRU�PHGLFDO�ZDVWH
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LQFLQHUDWRUV�DQG�IRU�KD]DUGRXV�ZDVWH�FRPEXVWRUV���7KH�HIIHFWLYHQHVV�RI�YROXQWDU\
LQLWLDWLYHV�DOVR�VKRXOG�EH�HYDOXDWHG�

® &RPEXVWLRQ�(PLVVLRQV���&RPEXVWLRQ�HPLVVLRQV��320�3$+V��GLR[LQV��IXUDQV��DQG�3&%V�
DUH�SDUW�RI�WKH�(3$
V�WR[LFV�FRQWURO�HIIRUWV�XWLOL]LQJ�UHJXODWLRQ��SROOXWLRQ�SUHYHQWLRQ�
YROXQWDU\�PHDVXUHV��DQG�RWKHU�DSSURDFKHV���5HOHDVHV�WKDW�DIIHFW�WKH�*UHDW�:DWHUV�LQFOXGH
SDVW�XVDJH��FRPEXVWLRQ��LQFOXGLQJ�FRPEXVWLRQ�RI�ZDVWHV���DQG�F\FOLQJ�RU�PRYHPHQWV
DPRQJ�WKH�FRPSRQHQWV�RI�HFRV\VWHPV���)RU�H[DPSOH��DOWKRXJK�3&%V�KDYH�QRW�EHHQ
PDQXIDFWXUHG�IRU�D�ORQJ�WLPH��WKH\�UHPDLQ�LQ�XVH�ZLWKLQ�H[LVWLQJ�HOHFWULFDO�HTXLSPHQW��
:KHQ�UHOHDVHG�LQWR�WKH�HQYLURQPHQW��3&%V�KDYH�SURYHQ�WR�EH�RQH�RI�WKH�PRVW�SHUVLVWHQW
RI�WKH�SROOXWDQWV�RI�FRQFHUQ���5HJXODWRU\�DFWLRQ�WR�FRQWURO�WKHVH�SROOXWDQWV�XQGHU�WKH�&$$
FDQ�EH�FRPSOH[�EHFDXVH�FXUUHQW�HPLVVLRQV�RI�WKHVH�WR[LFV�IURP�DQ\�RQH�VRXUFH�PD\�EH�D
VPDOO�SHUFHQW�RI�WRWDO�ORDGLQJV���+RZHYHU��WKHLU�SHUVLVWHQFH�DQG�WKH�WHQGHQF\�RI�PDQ\�RI
WKH�FKHPLFDO�VSHFLHV�WR�ELRPDJQLI\�JLYHV�WKHP�D�SDUWLFXODU�LPSRUWDQFH���5HVHDUFK�RQ
HIIHFWV�WR�ZLOGOLIH�DVVRFLDWHG�ZLWK�HQYLURQPHQWDO�H[SRVXUHV��LQFOXGLQJ�PL[WXUHV�RI�WR[LFV�
LV�H[SHFWHG�WR�FRQWLQXH���0RQLWRULQJ�RI�ILVK�HDWLQJ�ELUGV�DQG�RWKHU�ZLOGOLIH�LQ�WKH�*UHDW
/DNHV�VKRXOG�EH�SHUIRUPHG�ZLWK�UHVSHFW�WR�WKHLU�JHRJUDSKLF�UHODWLRQ�ZLWK�WKH�$UHDV�RI
&RQFHUQ��$2&V����7KH�FRPSRXQGV�JURXSHG�XQGHU�320��LQFOXGLQJ�3$+V��KDYH�KDG�OHVV
DWWHQWLRQ�LQ�PRQLWRULQJ�LQ�WKH�SDVW��EXW�EHFDXVH�WKH\�DUH�VWLOO�EHLQJ�HPLWWHG��VSHFLDO�IRFXV
RQ�PRQLWRULQJ�DQG�VWXGLHV�RI�HIIHFWV�DUH�H[SHFWHG���3$+�WUHQGV�DUH�FXUUHQWO\�WUDFNHG�LQ
WKH�*UHDW�/DNHV�

® 3HVWLFLGHV���3HUVLVWHQW�SHVWLFLGHV��FKORUGDQH��''7�''(��GLHOGULQ��KH[DFKORUREHQ]HQH�
��+&+��OLQGDQH��DQG�WR[DSKHQH��DUH�GLIILFXOW�WR�FRQWURO�WKURXJK�UHJXODWLRQ�XQGHU�WKH
&$$�VLQFH�WKH�PRVW�VLJQLILFDQW�SRWHQWLDO�VRXUFHV�WR�WKH�*UHDW�:DWHUV�PD\�QRW�EH�IURP
FXUUHQW�HPLVVLRQV���5HOHDVHV�E\�VHYHUDO�SDWKZD\V�WR�WKH�*UHDW�:DWHUV�DUH�GXH�LQ�PDQ\
FDVHV�WR�SDVW�XVH��RIWHQ�RYHU�FRQVLGHUDEOH�DUHDV��ZKLOH�F\FOLQJ�RU�PRYHPHQWV�DPRQJ�*UHDW
:DWHUV
�HFRV\VWHP�FRPSRQHQWV�FDQ�UHOHDVH�HDUOLHU�FRQWDPLQDWLRQ���,Q�DGGLWLRQ��FXUUHQW
KXPDQ�DFWLYLWLHV��LQFOXGLQJ�FRPEXVWLRQ��FDQ�VWLOO�HPLW�VPDOO�TXDQWLWLHV���8VH�RI�DOO�WKH
SHVWLFLGHV�RI�FRQFHUQ�DUH�HLWKHU�FDQFHOHG�RU�VHYHUHO\�UHVWULFWHG�LQ�WKH�8QLWHG�6WDWHV��\HW
WKH\�FRQWLQXH�WR�EH�IRXQG�LQ�VHGLPHQWV�RI�ZDWHUERGLHV���5HVHDUFK�LV�H[SHFWHG�WR�IRFXV�RQ
SRVVLEOH�FXUUHQW�VRXUFHV�DV�E\SURGXFWV�RU�ORQJ�UDQJH�WUDQVSRUW�RI�WR[DSKHQH�DQG�GLHOGULQ
GXH�WR�WKHLU�FRQWLQXHG�LPSRUWDQFH�LQ�VRPH�RI�WKH�*UHDW�/DNHV���7KHVH�FKHPLFDOV�DUH
UHWDLQHG�RQ�WKH�OLVW�RI�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ��DQG�(3$�EHOLHYHV�WKDW�HIIRUWV�DW
SUHYHQWLQJ�DQG�FRQWUROOLQJ�UHOHDVHV�RI�WKHVH�FKHPLFDOV�DUH�ZDUUDQWHG��LQFOXGLQJ
FRQWLQXHG�PRQLWRULQJ�XQWLO�OHYHOV�QR�ORQJHU�ZDUUDQW�ILVK�DGYLVRULHV�RU�H[FHHG�ZDWHU
TXDOLW\�FULWHULD�DQG�VWDQGDUGV���

® 1LWURJHQ�&RPSRXQGV���(3$�LV�IRFXVLQJ�RQ�PDQDJHPHQW�VWUDWHJLHV�WR�UHGXFH�QLWURJHQ
R[LGH��12 ��HPLVVLRQV���(3$�H[SHFWV�WKDW�WRWDO�12 �HPLVVLRQV�ZLOO�JUDGXDOO\�GHFOLQH�DERXW[ � �� � � � � [

VL[�SHUFHQW�IURP�FXUUHQW�OHYHOV�E\�WKH�\HDU������GXH�WR�PDQGDWRU\�&$$�SURJUDPV��$IWHU
WKH�\HDU�������WKH�WRWDO�QDWLRQDO�12 �HPLVVLRQV�DUH�H[SHFWHG�WR�JUDGXDOO\�LQFUHDVH�GXH�WR[

SRSXODWLRQ�JURZWK���(3$�LV�GHYHORSLQJ�WKH�,QWHJUDWHG�12 �6WUDWHJ\��ZKLFK�RXWOLQHV�DQ[

LQWHJUDWHG�DSSURDFK�WR�FRQWUROV�RQ�PRELOH�DQG�VWDWLRQDU\�VRXUFHV�WKURXJK�FRVW�HIIHFWLYH
PHFKDQLVPV���7KH�6WUDWHJ\�VWUHVVHV�WKDW�FRQVLGHUDWLRQ�RI�WKH�PDQ\�HQYLURQPHQWDO�HIIHFWV
RI�12 �HPLVVLRQV�VKRXOG�VWURQJO\�LQIOXHQFH�SROLF\�GHFLVLRQV�UHJDUGLQJ�WKH�FRQWURO�RI�12[� � � � � � � � � � � [

HPLVVLRQV���$FFRUGLQJO\��(3$�FRQWLQXHV�WR�ZRUN�LQ�FRRUGLQDWLRQ�ZLWK�D�ZLGH�UDQJH�RI
VWDNHKROGHUV�WR�GHYHORS�DQG�LPSOHPHQW�QHZ�PRELOH�DQG�VWDWLRQDU\�VRXUFH�FRQWURO
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SURJUDPV�DW�WKH�IHGHUDO��VWDWH��DQG�ORFDO�OHYHOV�WR�UHGXFH�12 �HPLVVLRQV���0RQLWRULQJ�RI[

IXWXUH�UHGXFWLRQV�LQ�FRQMXQFWLRQ�ZLWK�HVWXDULQH��ZDWHUVKHG��DQG�DFLG�GHSRVLWLRQ�VWXGLHV�LV
H[SHFWHG�WR�FRQWLQXH���0RQLWRULQJ�VKRXOG�FRQWLQXH�WR�LQFOXGH�D�FRPSUHKHQVLYH�DSSURDFK
WKDW�DGGUHVVHV�ZHW�DQG�GU\�GHSRVLWLRQ�RI�JDVHV�DQG�SDUWLFXODWHV���$GGLWLRQDO�UHVHDUFK�ZLOO
SURFHHG�RQ�LPSURYLQJ�PRQLWRULQJ�PHWKRGV�IRU�GU\�SDUWLFOHV�DQG�RQ�TXDQWLI\LQJ�WKH
UHODWLYH�FRQWULEXWLRQ�RI�WKH�FKHPLFDO�VSHFLHV�RI�QLWURJHQ�FRPSRXQGV�WR�WRWDO�ORDGLQJ��
0RGHOLQJ�ZLOO�EH�LPSRUWDQW�LQ�DGGUHVVLQJ�WKH�PXOWLSOH�TXHVWLRQV�DQG�EHQHILWV�WKDW
VWUDWHJLHV�IRU�UHGXFLQJ�12 �DUH�GHYHORSLQJ�LQ�FRQMXQFWLRQ�ZLWK�SURJUDPV�RQ�R]RQH�DQG[

ILQH�SDUWLFXODWH�PDWWHU��DV�ZHOO�DV�LPSDFWV�RQ�ZDWHUERGLHV�

([SDQG�0RGHOLQJ�(IIRUWV�WR�(VWLPDWH�$WPRVSKHULF�/RDGLQJV�WR�*UHDW�:DWHUV

$V�GDWD�FRQWLQXH�WR�EH�JDWKHUHG�IURP�VWXGLHV�WKDW�ZHUH�LQLWLDWHG�LQ�UHFHQW�\HDUV��WKH
UHVXOWV�ZLOO�OHDG�WR�EHWWHU�FKDUDFWHUL]DWLRQ�RI�DWPRVSKHULF�ORDGLQJV�WR�WKH�*UHDW�:DWHUV���2QH
SDUWLFXODU�VWXG\�WKDW�VKRXOG�SURYLGH�FRPSUHKHQVLYH�LQIRUPDWLRQ�LV�WKH�/DNH�0LFKLJDQ�0DVV
%DODQFH�0RGHO���7KLV�PRGHO�VKRXOG�EH�DGDSWHG�DQG�DSSOLHG�WR�DGGLWLRQDO�ZDWHUERGLHV���(3$�DOVR
EHOLHYHV�WKDW�PRUH�LQYHVWLJDWLRQ�LV�QHHGHG�WR�DVVHVV�WKH�FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�WR
SROOXWDQW�ORDGLQJV�IURP�XUEDQ��VWRUPZDWHU��DQG�DJULFXOWXUDO�UXQRII�IURP�WKH�ZDWHUVKHG���7KLV
NLQG�RI�ZRUN�LV�FXUUHQWO\�EHLQJ�SHUIRUPHG�IRU�QLWURJHQ�FRPSRXQGV�LQ�&KHVDSHDNH�%D\���5HVXOWV
IURP�VXFK�SURMHFWV�ZLOO�SURYLGH�PRUH�FRPSUHKHQVLYH�LQIRUPDWLRQ�WR�DVVHVV�WKH�FRPSOHWH�SLFWXUH
RI�DWPRVSKHULF�ORDGLQJV�WR�WKH�*UHDW�:DWHUV��

,QFUHDVH�)RFXV�RQ�,GHQWLILFDWLRQ�RI�(PLVVLRQ�6RXUFHV

6LJQLILFDQW�SURJUHVV�KDV�EHHQ�PDGH�LQ�HVWDEOLVKLQJ�VRXUFH�HPLVVLRQ�LQYHQWRULHV�IRU�VRPH
SROOXWDQWV�RI�FRQFHUQ���+RZHYHU��LQIRUPDWLRQ�LV�OLPLWHG�RQ�VSHFLILF�VRXUFHV�RI�DWPRVSKHULF
GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV��HVSHFLDOO\�VRXUFHV�WKDW�DUH�UHODWLYHO\�GLVWDQW�IURP�WKH�ZDWHUERG\��
%HFDXVH�WKLV�LQIRUPDWLRQ�LV�FULWLFDO�WR�GHYHORSLQJ�ULVN�PDQDJHPHQW�VWUDWHJLHV��(3$�EHOLHYHV�WKDW
PRUH�HIIRUW�VKRXOG�EH�SODFHG�RQ�GHWHUPLQLQJ�SRWHQWLDO�VRXUFHV�RI�WKHVH�DLUERUQH�SROOXWDQWV��ZLWK
HPSKDVLV�RQ�LGHQWLI\LQJ�VLJQLILFDQW�VRXUFHV��ERWK�ORFDO�DQG�ORQJ�UDQJH���$V�GHVFULEHG�DERYH�
VRXUFH�HPLVVLRQ�LQYHQWRULHV�KDYH�EHHQ�LQLWLDWHG�LQ�WKH�*UHDW�/DNHV�UHJLRQ�DQG�QDWLRQDOO\��ZKLFK
ZLOO�EH�LPSRUWDQW�LQ�LGHQWLI\LQJ�VRXUFH�FDWHJRULHV�RI�FRQFHUQ���7KH�&KHVDSHDNH�%D\�3URJUDP�KDV
PDGH�LPSRUWDQW�SURJUHVV�LQ�LGHQWLI\LQJ�ORFDO�DQG�GLVWDQW�VRXUFHV�IRU�QLWURJHQ�GHSRVLWLRQ�WR�WKH
EDVLQ��EXW�KDV�QRW�GHWHUPLQHG�WKH�VSHFLILF�VRXUFHV�WKDW�FRQWULEXWH�WKH�PRVW�WR�GHSRVLWLRQ���

$QRWKHU�IXWXUH�DUHD�RI�VWXG\�IRU�(3$�LV�DWPRVSKHULF�SROOXWDQW�GHSRVLWLRQ�IURP�VRXUFHV
RWKHU�WKDQ�FXUUHQW�DLU�HPLVVLRQV���$V�GLVFXVVHG�HDUOLHU��PDQ\�RI�WKH�SROOXWDQWV�RI�FRQFHUQ�WR�WKH
*UHDW�:DWHUV�DUH�QR�ORQJHU�XVHG�RU�PDQXIDFWXUHG�LQ�WKH�8QLWHG�6WDWHV���KRZHYHU��WKH\�F\FOH�LQ
WKH�HQYLURQPHQW��PD\�EH�WUDQVSRUWHG�FRQVLGHUDEOH�GLVWDQFHV��DQG�WKXV�FDQ�FRQWULEXWH�VRPH
XQNQRZQ�DPRXQW�WR�WKH�ZDWHUV���,QYHVWLJDWLRQV�RQ�WKH�UHODWLYH�FRQWULEXWLRQ�RI�GHSRVLWLRQ�IURP
FXUUHQW�DFWLYLWLHV�YHUVXV�SDVW�XVH�LV�DQ�LPSRUWDQW�FRQFHUQ�WR�(3$�EHFDXVH�VHYHUDO�RI�WKHVH
SROOXWDQWV�PD\�QHHG�WR�EH�DGGUHVVHG�WKURXJK�DSSURDFKHV�WKDW�VXSSOHPHQW�SUHYHQWLRQ�PHDVXUHV
DQG�HPLVVLRQ�FRQWUROV�GHYHORSHG�XQGHU�WKH�&$$��
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&RQWLQXH�WR�3URPRWH�3ROOXWLRQ�5HGXFWLRQ�LQ�WKH�*UHDW�:DWHUV�

,Q�WKH�SDVW�IHZ�\HDUV��ORFDO��UHJLRQDO��DQG�IHGHUDO�DJHQFLHV��DV�ZHOO�DV�LQWHUQDWLRQDO
RUJDQL]DWLRQV��KDYH�ZRUNHG�WRJHWKHU�WR�GHYHORS�LQLWLDWLYHV�DQG�DJUHHPHQWV�WKDW�SURPRWH
DFWLYLWLHV�VXSSRUWLQJ�SROOXWLRQ�SUHYHQWLRQ�DQG�UHGXFWLRQ�HIIRUWV�LQ�WKH�*UHDW�:DWHUV���$V�VXFK�
VHYHUDO�RI�WKHVH�DFWLYLWLHV�ZLOO�KHOS�WR�DGGUHVV�LVVXHV�XQGHU�&$$�VHFWLRQ�������0DQ\�RI�WKHVH
SURJUDPV��ZKLFK�DUH�GHVFULEHG�LQ�&KDSWHU�,9�RI�WKLV�UHSRUW��ZHUH�GHYHORSHG�UHFHQWO\��DQG
LPSOHPHQWDWLRQ�RI�WKHVH�LQLWLDWLYHV�LV�H[SHFWHG�WR�RFFXU�LQ�WKH�QHDU�IXWXUH���(3$�LV�FRPPLWWHG�WR
FRQWLQXH�LWV�VXSSRUW�IRU��DQG�LQYROYHPHQW�LQ��WKHVH�DFWLYLWLHV���6RPH�RI�WKHVH�EURDG�LQLWLDWLYHV�DUH
KLJKOLJKWHG�EHORZ�

® 6WUDWHJLF�SROOXWLRQ�SUHYHQWLRQ�SODQV�GHYHORSHG�WKURXJK�IHGHUDO��VWDWH��DQG�ORFDO�SDUWQHUVKLSV�
�0DQ\�ZDWHUERGLHV�RI�WKH�*UHDW�:DWHUV�FXUUHQWO\�KDYH�VSHFLILF�JRDOV�RU�VWUDWHJLHV�WR
FKDUDFWHUL]H�DQG�RU�UHGXFH�ZDWHU�SROOXWLRQ�LQ�WKHLU�UHVSHFWLYH�HFRV\VWHPV���0RVW�SODQV
SURPRWH�FRPSUHKHQVLYH�DSSURDFKHV�WR�UHGXFH�FRQWDPLQDWLRQ�LQ�D�ZDWHUERG\���:KHUH
DWPRVSKHULF�GHSRVLWLRQ�LV�D�VLJQLILFDQW�FRQWULEXWRU��(3$�LV�FRPPLWWHG�WR�XVLQJ�LWV�VHFWLRQ
����DXWKRULWLHV�WR�DVVLVW�LQ�DFKLHYLQJ�WKH�HPLVVLRQ�UHGXFWLRQV�IHDVLEOH���$V�DSSURSULDWH�
RWKHU�DXWKRULWLHV�PD\�EH�FRQVLGHUHG�DV�ZHOO��H�J���SURYLVLRQV�RI�WKH�&$$�WR�UHGXFH
HPLVVLRQV�RI�QLWURJHQ�FRPSRXQGV���

® 8VH�RI�YROXQWDU\�HIIRUWV�WR�PHHW�SROOXWLRQ�UHGXFWLRQ�JRDOV���3ROOXWLRQ�UHGXFWLRQ�JRDOV�KDYH
EHHQ�GHYHORSHG�IRU�PDQ\�*UHDW�:DWHUV�DQG��LQ�PRVW�LQVWDQFHV��LPSOHPHQWDWLRQ�RI�WKHVH
JRDOV�LQYROYHV�YROXQWDU\�LQLWLDWLYHV���)RU�H[DPSOH��VWDWH�DJHQFLHV�DQG�RWKHU�VWDNHKROGHUV
LQ�WKH�*UHDW�/DNHV�UHJLRQ�KDYH�ZRUNHG�WRJHWKHU�WR�SURSRVH�YROXQWDU\��DV�ZHOO�DV
UHJXODWRU\��PHDVXUHV�WR�SUHYHQW�RU�UHGXFH�DWPRVSKHULF�PHUFXU\�FRQWDPLQDWLRQ�LQ�WKH
*UHDW�/DNHV�WKURXJK�LQFUHDVHG�SXEOLF�DZDUHQHVV��GHYHORSPHQW�RI�DOWHUQDWLYH
WHFKQRORJLHV��DQG�FDSWXULQJ�DQG�UHF\FOLQJ�RI�XQFRQWUROOHG��IXJLWLYH��UHOHDVHV���0DQ\
DFWLYLWLHV�E\�LQGXVWULHV��LQGLYLGXDOV��DQG�FLWLHV�WKDW�UHGXFH�ZDVWH�RI�HQHUJ\�DQG�GHYHORS
HIILFLHQW�WUDQVSRUWDWLRQ�DOVR�KDYH�WKH�EHQHILW�RI�UHGXFLQJ�12 �HPLVVLRQV�[

® %LQDWLRQDO�DQG�LQWHUQDWLRQDO�HIIRUWV�WR�SURPRWH�SROOXWLRQ�UHGXFWLRQ���%LQDWLRQDO�HIIRUWV�FDQ
SOD\�D�FULWLFDO�UROH�LQ�FRQWUROOLQJ�DWPRVSKHULF�SROOXWLRQ�LQ�WKH�*UHDW�/DNHV���)RU�H[DPSOH�
WKH�*UHDW�/DNHV�:DWHU�4XDOLW\�$JUHHPHQW�DQG�WKH�UHFHQWO\�VLJQHG�%LQDWLRQDO�6WUDWHJ\�IRU
9LUWXDO�(OLPLQDWLRQ�EHWZHHQ�WKH�8QLWHG�6WDWHV�DQG�&DQDGD�KDYH�VHW�SHUFHQWDJH�UHGXFWLRQ
JRDOV�DV�VWHSV�WRZDUGV�YLUWXDO�HOLPLQDWLRQ�RI�SHUVLVWHQW��WR[LF��DQG�ELRDFFXPXODWLYH�SROOX�
WDQWV�IURP�WKH�*UHDW�/DNHV���7KURXJK�WKHVH�HQGHDYRUV��ERWK�QDWLRQV�DUH�HQFRXUDJLQJ�DQG
VXSSRUWLQJ�YROXQWDU\�SURJUDPV�DQG�RWKHU�DFWLRQV�WR�UHGXFH�JHQHUDWLRQ��XVH��DQG�UHOHDVH
RI�WR[LF�FRQWDPLQDQWV�WR�WKH�*UHDW�/DNHV���,Q�DGGLWLRQ��(3$�ZRUNV�LQ�FRRSHUDWLRQ�ZLWK
RWKHU�DJHQFLHV�DQG�GHSDUWPHQWV�WR�GHYHORS�DQG�VXSSRUW�DGGLWLRQDO�ELQDWLRQDO�DQG�JOREDO
DFWLRQV�WR�DGGUHVV�DWPRVSKHULF�VRXUFHV�RI�SHUVLVWHQW�RUJDQLF�DQG�KHDY\�PHWDO�HPLVVLRQV�

® ,PSOHPHQWDWLRQ�RI�WKH�*UHDW�/DNHV�:DWHU�4XDOLW\�,QLWLDWLYH���7KH�SULPDU\�SXUSRVH�RI�WKH
*UHDW�/DNHV�:DWHU�4XDOLW\�*XLGDQFH��*/:4*��LV�WR�SURYLGH�D�FRQVLVWHQW�OHYHO�RI
SURWHFWLRQ�WR�SHRSOH��DTXDWLF�OLIH��DQG�ZLOGOLIH�WKDW�PD\�EH�H[SRVHG�WR�WR[LF�SROOXWDQWV
IURP�WKH�*UHDW�/DNHV���7R�DFFRPSOLVK�WKLV�JRDO��WKH�*/:4*�HVWDEOLVKHV�SURWHFWLYH�OHYHOV�
RU�ZDWHU�TXDOLW\�FULWHULD��IRU�WR[LF�SROOXWDQWV�IURP�DOO�VRXUFHV���(VWLPDWHV�RI�EDVLQ�ZLGH
WR[LF�UHGXFWLRQV�WKDW�ZLOO�UHVXOW�IURP�LPSOHPHQWDWLRQ�RI�WKH�*UHDW�/DNHV�:DWHU�4XDOLW\
,QLWLDWLYH�UDQJH�IURP�����PLOOLRQ�WR�����PLOOLRQ�NLORJUDPV�RI�WR[LF�SROOXWDQWV�SHU�\HDU�
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® &RQWLQXH�WR�WDNH�VWUDWHJLF�DFWLRQV���6RPH�DUJXH�WKDW�DQ\�FRQWLQXLQJ�UHOHDVHV�RI�SHUVLVWHQW
ELRDFFXPXODWLYH�SROOXWDQWV�DGG�WR�DQ�HQYLURQPHQWDO�EXUGHQ�WKDW�LV�DOUHDG\�FDXVLQJ
HIIHFWV���(3$�EHOLHYHV�LW�LV�LPSRUWDQW�WR�EDODQFH�LWV�SUHVHQW�XQGHUVWDQGLQJ�RI�DWPRVSKHULF
GHSRVLWLRQ�DJDLQVW�WKH�LPSOLFDWLRQV�RI�LQDFWLRQ�LQ�RUGHU�WR�GHILQH�WKRVH�DFWLRQV�WKDW�DUH
MXVWLILHG�DW�WKLV�WLPH���(3$�LV�FRPPLWWHG�WR�SURWHFWLQJ�SXEOLF�KHDOWK�DQG�WKH�HQYLURQPHQW
DQG�ZLOO�SURPRWH�WDNLQJ�ZKDWHYHU�UHJXODWRU\�DFWLRQV�DQG�YROXQWDU\�LQLWLDWLYHV�DUH
DSSURSULDWH�LQ�WKH�PRVW�FRVW�HIIHFWLYH�ZD\�SRVVLEOH�

$VVHVV�(FRQRPLF�,PSDFW�RI�3ROOXWLRQ�WR�WKH�*UHDW�:DWHUV�

7KH�HFRQRPLF�LPSDFWV�DVVRFLDWHG�ZLWK�UHGXFWLRQV�RI�SROOXWDQWV�WR�WKH�*UHDW�:DWHUV�KDYH
QRW�EHHQ�VXIILFLHQWO\�LQYHVWLJDWHG��DOWKRXJK�D�UHJXODWRU\�LPSDFW�DQDO\VLV�ZDV�UHFHQWO\�SHUIRUPHG
RQ�WKH�*UHDW�/DNHV�:DWHU�4XDOLW\�*XLGDQFH��ZKLFK�DGGUHVVHG�WKH�LPSDFWV�RI�WKH�QHZ�JXLGDQFH��
)RU�WKH�*UHDW�:DWHUV�SURJUDP��(3$�SODQV�WR�LGHQWLI\�DQG�TXDQWLI\��ZKHUH�SRVVLEOH��HFRQRPLF
LPSDFWV�DVVRFLDWHG�ZLWK�H[SRVXUH�DQG�HIIHFWV�LQGLFDWRUV�VXFK�DV�ILVK�DGYLVRULHV��KDELWDW�GHFOLQH�
GLPLQLVKHG�VSHFLHV�GLYHUVLW\��ILVK�NLOOV��DQG�GHFOLQLQJ�SRSXODWLRQV�RI�FRQWDPLQDWHG�VKHOOILVK�DQG
ILVK�

9�& 'UDIW�'HWHUPLQDWLRQ�RI�:KHWKHU�&$$�6HFWLRQ�����$XWKRULWLHV�DUH
$GHTXDWH�WR�3UHYHQW�$GYHUVH�(IIHFWV�WR�3XEOLF�+HDOWK�DQG�WKH
(QYLURQPHQW�IURP�'HSRVLWLRQ�RI�+$3V

,Q�DFFRUGDQFH�ZLWK�VHFWLRQ�����P�����RI�WKH�&$$��(3$�LV�LVVXLQJ��DW�WKH�VDPH�WLPH�LW��
VXEPLWV�WKLV�5HSRUW�WR�&RQJUHVV��D�GUDIW�GHWHUPLQDWLRQ�RI�WKH�DGHTXDF\�RI�WKH�RWKHU�OHJDO
DXWKRULWLHV�DQG�PDQGDWHV�SURYLGHG�E\�VHFWLRQ�����RI�WKH�&$$�WR�SUHYHQW�VSHFLILHG�DGYHUVH
KXPDQ�KHDOWK�DQG�HQYLURQPHQWDO�HIIHFWV�DVVRFLDWHG�ZLWK�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�*UHDW
:DWHUV���%DVHG�RQ�WKH�LQIRUPDWLRQ�DYDLODEOH�LQ�WKLV�UHSRUW�DQG�LQ�WKH�GUDIW�GHWHUPLQDWLRQ
UHJDUGLQJ�WKH�DGHTXDF\�RI�VHFWLRQ�����DXWKRULW\��(3$�LV�DOVR�LVVXLQJ�D�GUDIW�GHWHUPLQDWLRQ�RI
ZKHWKHU�DGGLWLRQDO�HPLVVLRQV�VWDQGDUGV�RU�FRQWURO�PHDVXUHV��EH\RQG�WKRVH�DXWKRUL]HG�RU
UHTXLUHG�E\�VHFWLRQ������DUH�QHHGHG�WR�SUHYHQW�VXFK�HIIHFWV���7KHVH�GUDIW�GHWHUPLQDWLRQV�DUH
GHVFULEHG�LQ�D�)HGHUDO�5HJLVWHU�QRWLFH�SXEOLVKHG�VHSDUDWHO\�DQG�DUH�EULHIO\�VXPPDUL]HG�EHORZ�

6HFWLRQ�����P�����RI�WKH�&$$�UHTXLUHV�WKDW�(3$�GHWHUPLQH�ZKHWKHU�DGHTXDWH�DXWKRULW\
H[LVWV�ZLWKLQ�WKH�RWKHU��L�H���QRQ�*UHDW�:DWHUV��SURYLVLRQV�RI�VHFWLRQ�����WR�SUHYHQW�VHULRXV
DGYHUVH�HIIHFWV�WR�SXEOLF�KHDOWK�DQG�VHULRXV�RU�ZLGHVSUHDG�HQYLURQPHQWDO�HIIHFWV�UHVXOWLQJ�IURP
DWPRVSKHULF�GHSRVLWLRQ�RI�+$3V�WR�WKH�*UHDW�:DWHUV���,Q�PDNLQJ�WKLV�GHWHUPLQDWLRQ��(3$
UHYLHZHG�WKH�DXWKRULW\�JUDQWHG�E\�WKH�RWKHU�SURYLVLRQV��DV�WKH\�PD\�DSSO\�WR�GHSRVLWLRQ�RI�+$3V
WR�WKH�*UHDW�:DWHUV���,W�VKRXOG�EH�HPSKDVL]HG�WKDW�WKLV�GHWHUPLQDWLRQ�SHUWDLQV�WR�WKH�DXWKRULW\
ZLWKLQ�WKH�&$$�WR�WDNH�DFWLRQV�DV�DSSURSULDWH�WR�DGGUHVV�DGYHUVH�HIIHFWV��

,Q�DGGLWLRQ��(3$�KDV�IRFXVHG�RQ�WKH�DXWKRULW\�ZLWKLQ�VHFWLRQ�����WR�DGGUHVV�WKRVH
SROOXWDQWV�DQG�VRXUFHV�ZLWKLQ�WKH�VFRSH�RI�VHFWLRQ�������7KHUHIRUH��SROOXWDQWV�VXFK�DV�QLWURJHQ
FRPSRXQGV�WKDW�DUH�QRW�RQ�WKH�VHFWLRQ�����E��OLVW�RI�+$3V�DUH�QRW�ZLWKLQ�WKH�VFRSH�RI�WKLV
GHWHUPLQDWLRQ���6LPLODUO\��VRXUFHV�WKDW�DUH�UHJXODWHG�E\�RWKHU�VHFWLRQV�RI�WKH�&$$��H�J���PRELOH
VRXUFHV��RU�WKDW�DUH�DGGUHVVHG�E\�RWKHU�VWDWXWHV��H�J���ZDVWHZDWHU�GLVFKDUJHV��ZKLFK�DUH�DGGUHVVHG
E\�WKH�&OHDQ�:DWHU�$FW��DUH�DOVR�QRW�ZLWKLQ�WKH�VFRSH�RI�WKLV�DGHTXDF\�GHWHUPLQDWLRQ�



&+$37(5�9
&21&/86,216

�����

6HFWLRQ�����HVWDEOLVKHV�D�VWDWXWRU\�VFKHPH�E\�ZKLFK�(3$�LV�WR�LGHQWLI\�+$3V�WKDW�PD\
FDXVH�RU�FRQWULEXWH�WR�DGYHUVH�HIIHFWV�WR�SXEOLF�KHDOWK�RU�WKH�HQYLURQPHQW��GHYHORS�VWDQGDUGV�IRU
WKH�FRQWURO�RI�HPLVVLRQV�IURP�VWDWLRQDU\�VRXUFHV�RI�VXFK�+$3V��DQG�DGMXVW�WKHVH�FRQWURO
UHTXLUHPHQWV�DV�QHHGHG�WR�DGGUHVV�DQ\�UHPDLQLQJ�XQDFFHSWDEOH�ULVN�WKDW�PD\�EH�SUHVHQW�DIWHU
LPSRVLWLRQ�RI�VRXUFHV�KDYH�FRPSOLHG�ZLWK�WKH�HPLVVLRQ�VWDQGDUGV���7KH�W\SHV�RI�DGYHUVH
HQYLURQPHQWDO�HIIHFWV�WR�EH�SUHYHQWHG�DUH�GHILQHG�LQ�WKH�$FW�DQG�DUH�EURDG�LQ�VFRSH��

$XWKRULWLHV�SURYLGHG�E\�RWKHU�SURYLVLRQV�RI�VHFWLRQ�����WKDW�PD\�EH�SDUWLFXODUO\�UHOHYDQW
WR�WKH�*UHDW�:DWHUV�SROOXWDQWV�DQG�VRXUFHV�DUH�EULHIO\�VXPPDUL]HG�EHORZ�DQG��DV�VWDWHG�HDUOLHU�
DUH�GHVFULEHG�LQ�PRUH�GHWDLO�LQ�WKH�)HGHUDO�5HJLVWHU�QRWLFH���6HFWLRQ�����DXWKRUL]HV�(3$�WR�

� ,GHQWLI\�DQG�OLVW�DGGLWLRQDO�DLU�SROOXWDQWV�WKDW�PD\�FDXVH�DGYHUVH�HIIHFWV�GXH�WR
DWPRVSKHULF�GHSRVLWLRQ��VHFWLRQ�����E���

� ,GHQWLI\�DQG�OLVW�DQ\�VWDWLRQDU\�VRXUFH�FDWHJRU\�WKDW�HPLWV�SROOXWDQWV�ZLWK�WKH
SRWHQWLDO�WR�FDXVH�DGYHUVH�HIIHFWV��VHFWLRQ�����F���

� (VWDEOLVK�D�OHVVHU�TXDQWLW\��H�J���EHORZ�WHQ�WRQV�SHU�\HDU�IRU�D�VLQJOH�SROOXWDQW�
HPLVVLRQ�UDWH�IRU�GHILQLQJ�PDMRU�VRXUFHV�EDVHG�RQ�VHYHUDO�IDFWRUV��LQFOXGLQJ
SHUVLVWHQFH�DQG�SRWHQWLDO�WR�ELRDFFXPXODWH��VHFWLRQ������D������

�� 3URPXOJDWH�SHUIRUPDQFH�VWDQGDUGV�EDVHG�RQ�EHVW�SHUIRUPLQJ�WHFKQRORJLHV�IRU
PDMRU�VRXUFHV�DQG�OLVWHG�DUHD�VRXUFHV��VHFWLRQ�����G����DQG

�� 5HTXLUH�DGGLWLRQDO�FRQWUROV��EH\RQG�WKH�VHFWLRQ�����G��VWDQGDUGV��DV�QHFHVVDU\�WR
SURYLGH�DQ�DPSOH�PDUJLQ�RI�VDIHW\�WR�SURWHFW�SXEOLF�KHDOWK�RU�WR�SUHYHQW�DQ
DGYHUVH�HQYLURQPHQWDO�HIIHFW��VHFWLRQ�����I�����

%DVHG�RQ�LWV�DQDO\VLV�RI�WKHVH�DQG�RWKHU�VHFWLRQ�����SURYLVLRQV��(3$�KDV�LVVXHG�D�GUDIW
GHWHUPLQDWLRQ�WKDW�VHFWLRQ�����DXWKRULW\�LV�DGHTXDWH�WR�SUHYHQW�VHULRXV�DGYHUVH�HIIHFWV�WR�SXEOLF
KHDOWK�DQG�VHULRXV�RU�ZLGHVSUHDG�HQYLURQPHQWDO�HIIHFWV�DVVRFLDWHG�ZLWK�WKH�GHSRVLWLRQ�RI�+$3V
WR�*UHDW�:DWHUV���&RQVHTXHQWO\��(3$�DOVR�KDV�LVVXHG�D�GUDIW�GHWHUPLQDWLRQ�WKDW��DW�WKLV�WLPH��QR
IXUWKHU�HPLVVLRQV�VWDQGDUGV�RU�FRQWURO�PHDVXUHV�EH\RQG�WKRVH�DXWKRUL]HG�XQGHU�WKH�RWKHU
SURYLVLRQV�RI�VHFWLRQ�����DUH�QHFHVVDU\�DQG�DSSURSULDWH�IRU�VWDWLRQDU\�VRXUFHV�RI�+$3V�WR�SUHYHQW
VXFK�HIIHFWV���(3$�KDV�UHTXHVWHG�SXEOLF�FRPPHQW�RQ�WKHVH�GUDIW�GHWHUPLQDWLRQV��ZKLFK�ZLOO�EH
ILQDOL]HG�LQ�0DUFK������
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$FKPDQ��'�5���.�&��+RUQEXFNOH��DQG�6�-��(LVHQUHLFK����������9RODWL]DWLRQ�RI�SRO\FKORULQDWHG
ELSKHQ\OV�IURP�*UHHQ�%D\��/DNH�0LFKLJDQ���(QYLURQ��6FL��7HFKQRO�����������

$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5�����������7R[LFRORJLFDO�SURILOH�IRU
EHQ]R�D�S\UHQH���8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��8�6��3XEOLF�+HDOWK�6HUYLFHV�
:DVKLQJWRQ��'�&�

$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5��������D���7R[LFRORJLFDO�SURILOH�IRU
FKORUGDQH���8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��8�6��3XEOLF�+HDOWK�6HUYLFH�
:DVKLQJWRQ��'�&�

$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5��������E���7R[LFRORJLFDO�SURILOH�IRU
��������WHWUDFKORURGLEHQ]R�S�GLR[LQ���8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��8�6��3XEOLF
+HDOWK�6HUYLFHV��:DVKLQJWRQ��'�&�

$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5��������D���7R[LFRORJLFDO�SURILOH�IRU
KH[DFKORUREHQ]HQH���8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��8�6��3XEOLF�+HDOWK�6HUYLFH�
:DVKLQJWRQ��'�&�

$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5��������E���7R[LFRORJLFDO�SURILOH�IRU
SRO\F\FOLF�DURPDWLF�K\GURFDUERQV���8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��8�6��3XEOLF
+HDOWK�6HUYLFHV��:DVKLQJWRQ��'�&�

$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5��������F���7R[LFRORJLFDO�SURILOH�IRU
WR[DSKHQH���8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��8�6��3XEOLF�+HDOWK�6HUYLFHV�
:DVKLQJWRQ��'�&�

$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5��������D���7R[LFRORJLFDO�SURILOH�IRU
FDGPLXP���8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��8�6��3XEOLF�+HDOWK�6HUYLFHV�
:DVKLQJWRQ��'�&�

$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5��������E���7R[LFRORJLFDO�SURILOH�IRU
FKORULQDWHG�GLEHQ]RIXUDQV���8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��8�6��3XEOLF�+HDOWK
6HUYLFHV��:DVKLQJWRQ��'�&�

$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5��������F���7R[LFRORJLFDO�SURILOH�IRU�''7�
''(��DQG�'''���8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��8�6��3XEOLF�+HDOWK�6HUYLFH�
:DVKLQJWRQ��'�&�

$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5��������G���7R[LFRORJLFDO�SURILOH�IRU
SRO\FKORULQDWHG�ELSKHQ\OV���8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��8�6��3XEOLF�
+HDOWK�6HUYLFH��:DVKLQJWRQ��'�&�

$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5��������D���7R[LFRORJLFDO�SURILOH�IRU�OHDG��
8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��8�6��3XEOLF�+HDOWK�6HUYLFH��:DVKLQJWRQ��'�&�
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$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5��������E���7R[LFRORJLFDO�SURILOH�IRU
DOGULQ�GLHOGULQ���8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��8�6��3XEOLF�+HDOWK�6HUYLFHV�
:DVKLQJWRQ��'�&�

$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5��������D���7R[LFRORJLFDO�SURILOH�IRU�������
���DQG��KH[DFKORURF\FORKH[DQH���8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��8�6��3XEOLF
+HDOWK�6HUYLFH��:DVKLQJWRQ��'�&�

$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5��������E���7R[LFRORJLFDO�SURILOH�IRU
PHUFXU\���8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��8�6��3XEOLF�+HDOWK�6HUYLFH�
:DVKLQJWRQ��'�&�

$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5��������F���7R[LFRORJLFDO�SURILOH�IRU
WR[DSKHQH���8SGDWH��GUDIW�IRU�SXEOLF�FRPPHQW����8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV�
3XEOLF�+HDOWK�6HUYLFH��:DVKLQJWRQ��'�&�

$OODUGLFH��'�5���DQG�6��7KRUS����������7KH������6WDWH�RI�WKH�/DNHV�(FRV\VWHP�&RQIHUHQFH��6�2�/�(�&��
%DFNJURXQG�3DSHU��$�FKDQJLQJ�*UHDW�/DNHV�HFRQRP\��(FRQRPLF�DQG�HQYLURQPHQWDO�OLQNDJHV��
(QYLURQPHQW�&DQDGD�DQG�8�6��(3$���(3$�����5��������

$QNOH\��*�7���5�'��-RKQVRQ��*��7RWK��/�&��)ROPDU��1�(��'HWHQEHFN��DQG�6�3��%UDGEXU\���������
'HYHORSPHQW�RI�D�UHVHDUFK�VWUDWHJ\�IRU�DVVHVVLQJ�WKH�HFRORJLFDO�ULVN�RI�HQGRFULQH�GLVUXSWRUV���5HY�
7R[LFRO��6HU��%���(QYLURQ��7R[LFRO�

$UNRRVK��0�5���(��&OHPRQV��0��0\HUV��DQG�(��&DVWLOODV����������6XSSUHVVLRQ�RI�%�FHOO�PHGLDWHG
LPPXQLW\�LQ�MXYHQLOH�FKLQRRN�VDOPRQ�DIWHU�H[SRVXUH�WR�HLWKHU�D�SRO\F\FOLF�DURPDWLF�K\GURFDUERQ
RU�WR�SRO\FKORULQDWHG�ELSKHQ\OV���,PPXQRSKDUPDFRO��,PPXQRWR[LFRO����������������

$UPVWURQJ��0����������1RWHV�IURP�0LNH�$UPVWURQJ��)LVKHULHV�&RPPLVVLRQ��/LWWOH�5RFN��$5���0DUFK
�����

$UQROG��6�)���'�0��.ORW]��%�0��&ROOLQV��3�0��9RQLHU��/�-��*XLOOHWWH�-U���DQG�-�$��0F/DFKODQ���������
6\QHUJLVWLF�DFWLYDWLRQ�RI�HVWURJHQ�UHFHSWRU�ZLWK�FRPELQDWLRQV�RI�HQYLURQPHQWDO�FKHPLFDOV���6FLHQFH
��������������

$VPDQ��:�$�+����������(PLVVLRQ�DQG�GHSRVLWLRQ�RI�DPPRQLD�DQG�DPPRQLXP���1RYD�$FW
/HRSROGLQD��1)������������������

%lFNOLQ��%�0���DQG�$��%HUJPDQ����������0RUSKRORJLFDO�DVSHFWV�RQ�WKH�UHSURGXFWLYH�RUJDQV�LQ�IHPDOH
PLQN�PXVWHOD�YLVRQ�H[SRVHG�WR�3&%V�DQG�IUDFWLRQV�WKHUHRI���$PELR���������������

%DNHU��-�(���DQG�6�-��(LVHQUHLFK����������&RQFHQWUDWLRQV�DQG�IOX[HV�RI�SRO\F\FOLF�DURPDWLF
K\GURFDUERQV�DQG�SRO\FKORULQDWHG�ELSKHQ\OV�DFURVV�WKH�DLU�ZDWHU�LQWHUIDFH�RI�/DNH�6XSHULRU��
(QYLURQ��6FL��7HFKQRO�������������

%DNHU��-�(���7�0��&KXUFK��6�-��(LVHQUHLFK��:�)��)LW]JHUDOG��DQG�-�5��6FXGODUN����������5HODWLYH
DWPRVSKHULF�ORDGLQJV�RI�WR[LF�FRQWDPLQDQWV�DQG�QLWURJHQ�WR�WKH�*UHDW�:DWHUV���(3$�����5��������
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%DNHU��-�(���HG���������LQ�SUHVV����$WPRVSKHULF�GHSRVLWLRQ�RI�FRQWDPLQDQWV�WR�WKH�*UHDW�/DNHV�DQG
FRDVWDO�ZDWHUV���3URFHHGLQJV�IURP�D�VHVVLRQ�DW�WKH�6RFLHW\�RI�(QYLURQPHQWDO�7R[LFRORJ\�DQG
&KHPLVWU\
V��6(7$&
V����WK�$QQXDO�0HHWLQJ��2FWREHU����1RYHPEHU����������'HQYHU��&2���6(7$&
3UHVV��3HQVDFROD��)/��

%DNHU��-�(���'�/��3RVWHU��&�$��&ODUN��7�0��&KXUFK��-�5��6FXGODUN��-�0��2QGRY��5�0��'LFNKXW��DQG�*�
&XWWHU���������LQ�SUHVV����/RDGLQJV�RI�DWPRVSKHULF�WUDFH�HOHPHQWV�DQG�RUJDQLF�FRQWDPLQDQWV�WR�WKH
&KHVDSHDNH�%D\���,Q��$WPRVSKHULF�GHSRVLWLRQ�RI�FRQWDPLQDQWV�WR�WKH�*UHDW�/DNHV�DQG�FRDVWDO
ZDWHUV��-�(��%DNHU��HG���6RFLHW\�IRU�(QYLURQPHQWDO�7R[LFRORJ\�DQG�&KHPLVWU\��6(7$&��3UHVV�
3HQVDFROD��)/�

%DUQHD�(�5���DQG�5��6KXUW]�6ZLUVNL����������0RGLILFDWLRQ�RI�SXOVDWLOH�KXPDQ�FKRULRQLF
JRQDGRWURSKLQ�VHFUHWLRQ�LQ�ILUVW�WULPHVWHU�SODFHQWDO�H[SODQWV�LQGXFHG�E\�SRO\F\FOLF�DURPDWLF
K\GURFDUERQV���+XPDQ�5HSURG���������������

%DUU��-�)����������3RSXODWLRQ�G\QDPLFV�RI�WKH�FRPPRQ�ORRQ��*DYLD�LPPHU��DVVRFLDWHG�ZLWK�PHUFXU\�
FRQWDPLQDWHG�ZDWHUV�LQ�QRUWKZHVWHUQ�2QWDULR���2FFDVLRQDO�3DSHU�1R������&DQDGLDQ�:LOGOLIH
6HUYLFH�

%DUUyQ��6���-�0��7XVHOO��DQG�-��6HUUDWRVD����������(IIHFW�RI�JDPPD�KH[DFKORURF\FORKH[DQH�LQ
FDOPRGXOLQ�JHQH�H[SUHVVLRQ�LQ�WKH�FHQWUDO�QHUYRXV�V\VWHP���$EVWUDFW���6RFLHW\�IRU�1HXURVFLHQFH
�������������

%DWLXN��5���5�-��2UWK��.��0RRUH��:��'HQQLVRQ��-�&��6WHYHQVRQ��/��6WDYHU��9��&DUWHU��1��5\ELFNL��(�
+LFNPDQ��6��.ROODU��6��%LHEHU��3��%HUJVWURP��DQG�3��+HDVO\����������&KHVDSHDNH�%D\�VXEPHUJHG
DTXDWLF�YHJHWDWLRQ�KDELWDW�UHTXLUHPHQWV�DQG�UHVWRUDWLRQ�WDUJHWV���$�WHFKQLFDO�V\QWKHVLV��
&KHVDSHDNH�%D\�3URJUDP���$QQDSROLV��0'�

%DWWHOOH����������8QSXEOLVKHG�GDWD�FROOHFWHG�XQGHU�:RUN�$VVLJQPHQW������(3$�&RQWUDFW�1R�����&��
������75,$'6�SURJUDP�

%DWXUR��:���/��/DJDGLF��DQG�7��&DTXHW����������*URZWK��IHFXQGLW\�DQG�JO\FRJHQ�XWLOL]DWLRQ�LQ
/\PQDHD�3DOXVWULV�H[SRVHG�WR�DWUD]LQH�DQG�KH[DFKORUREHQ]HQH�LQ�IUHVKZDWHU�PHVRFRVPV��
(QYLURQ��7R[LFRO��&KHP����������������

%DXPDQQ��3�&���DQG�-�&��+DUVKEDUJHU����������'HFOLQH�LQ�OLYHU�QHRSODVPV�LQ�ZLOG�EURZQ�EXOOKHDG
FDWILVK�DIWHU�FRNLQJ�SODQW�FORVHV�DQG�HQYLURQPHQWDO�3$+V�SOXPPHW���(QYLURQ��+HDOWK�3HUVSHFW�
���������������

%HFNHU��3�+���6��6FKXKPDQQ��DQG�&��.RHSII����������+DWFKLQJ�IDLOXUH�LQ�FRPPRQ�WHUQV��6WHUQD
KLUXQGR��LQ�UHODWLRQ�WR�HQYLURQPHQWDO�FKHPLFDOV���(QYLURQ��3ROOXW����������������

%HJOH\��6���DQG�'��*OLFN���0DUFK������������7KH�HVWURJHQ�FRPSOH[���1HZVZHHN��SS��������

%pODQG��3���6��'H*XLVH��&��*LUDUG��$��/DJDFp��'��0DUWLQHDX��5��0LFKDXG��'�&�*��0XLU��5�-�
1RUVWURP��e��3HOOHWLHU��6��5D\��DQG�/�5��6KXJDUW����������7R[LF�FRPSRXQGV�DQG�KHDOWK�DQG
UHSURGXFWLYH�HIIHFWV�LQ�6W��/DZUHQFH�EHOXJD�ZKDOHV���-��*UHDW�/DNHV�5HV����������������
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%HUJHURQ��-�0���'��&UHZV��DQG�-�$��0DF/DFKODQ����������3&%V�DV�HQYLURQPHQWDO�HVWURJHQV��7XUWOH�VH[
GHWHUPLQDWLRQ�DV�D�ELRPDUNHU�RI�HQYLURQPHQWDO�FRQWDPLQDWLRQ���(QYLURQ��+HDOWK�3HUVSHFW�
���������������

%HUQ��+�$����������7KH�IUDJLOH�IHWXV���$GY��0RG��(QYLURQ��7R[LFRO����������

%LQNRZVNL��)�6���DQG�8��6KDQNDU����������7KH�UHJLRQDO�SDUWLFXODWH�PRGHO���3DUW����0RGHO�GHVFULSWLRQ
DQG�SUHOLPLQDU\�UHVXOWV���-��*HRSK\V��5HV�������������

%LUQEDXP��/�6����������(QGRFULQH�HIIHFWV�RI�SUHQDWDO�H[SRVXUH�WR�3&%V��GLR[LQV��DQG�RWKHU
[HQRELRWLFV��,PSOLFDWLRQV�IRU�SROLF\�DQG�IXWXUH�UHVHDUFK���(QYLURQ��+HDOWK�3HUVSHFW��������������

%ORRP��1�6����������2Q�WKH�FKHPLFDO�IRUP�RI�PHUFXU\�LQ�HGLEOH�ILVK�DQG�PDULQH�LQYHUWHEUDWH�WLVVXH��
&DQ��-��)LVK��$TXDW��6FL���������������

%ORRP��1�6���DQG�&�-��:DWUDV����������2EVHUYDWLRQ�RI�PHWK\OPHUFXU\�LQ�SUHFLSLWDWLRQ���6FLHQFH�7RWDO
(QYLURQ����������������

%RR]�$OOHQ�DQG�+DPLOWRQ����������&RPPHUFLDO�PDULQH�YHVVHO�FRQWULEXWLRQ�WR�HPLVVLRQ�LQYHQWRULHV��
)LQDO�UHSRUW�WR�8�6��(3$�0RWRU�9HKLFOH�(PLVVLRQ�/DERUDWRU\��$QQ�$UERU��0,���2FWREHU���������

%RXUTXH��$���$��6LQJK��$��'\NHPDQ��$��0DF0DKRQ��DQG�:��)RVWHU����������+H[DFKORUREHQ]HQH�DW
ORZ�GRVHV�SURGXFHV�OHVLRQV�LQ�QRQKXPDQ�SULPDWH�RYDU\���$EVWUDFW���([SHULHQWLD����$���

%RZHUPDQ��:�:���-�3��*LHV\��'�$��%HVW��DQG�9�-��.UDPHU����������$�UHYLHZ�RI�IDFWRUV�DIIHFWLQJ
SURGXFWLYLW\�RI�EDOG�HDJOHV�LQ�WKH�*UHDW�/DNHV�UHJLRQ��,PSOLFDWLRQV�IRU�UHFRYHU\���(QYLURQ��+HDOWK
3HUVSHFW������6XSSO����������

%R\QWRQ��:�5���-�+��*DUEHU��5��6XPPHUV��DQG�:�0��.HPS����������,QSXWV��WUDQVIRUPDWLRQV��DQG
WUDQVSRUW�RI�QLWURJHQ�DQG�SKRVSKRUXV�LQ�&KHVDSHDNH�%D\�DQG�VHOHFWHG�WULEXWDULHV���(VWXDULHV
�����������

%URFN��'�$���-��0DWVXPRWR��DQG�1��%R\G����������$�QLWURJHQ�EXGJHW�IRU�WKH�*XDGDOXSH�(VWXDU\�
7H[DV��RYHU�D�UDQJH�RI�IUHVKZDWHU�LQIORZ���&RQWULE��LQ�0DU��6FL�

%URRNV��-�0���7�/��:DGH��0�&��'HQQLFXWW��'�$��:LHVHQEXUJ��'��:LONLQVRQ��7�-��0F'RQDOG��DQG�6�-�
0F'RQDOG����������7R[LF�FRQWDPLQDQW�FKDUDFWHUL]DWLRQ�RI�DTXDWLF�RUJDQLVPV�LQ�*DOYHVWRQ�%D\��$
SLORW�VWXG\���)RU�WKH�*DOYHVWRQ�%D\�1DWLRQDO�(VWXDU\�3URJUDP���3XEOLFDWLRQ�1R��*%1(3�����
:HEVWHU��7;�

%XOORFN��2�5���-U���:�*��%HQMH\��DQG�0�+��.HDWLQJ���������LQ�SUHVV����0RGHOLQJ�RI�UHJLRQDO�VFDOH
DWPRVSKHULF�PHUFXU\�WUDQVSRUW�DQG�GHSRVLWLRQ�XVLQJ�5(/0$3���,Q��$WPRVSKHULF�GHSRVLWLRQ�RI
FRQWDPLQDQWV�WR�WKH�*UHDW�/DNHV�DQG�FRDVWDO�ZDWHUV��-�(��%DNHU�HG���6RFLHW\�IRU�(QYLURQPHQWDO
7R[LFRORJ\�DQG�&KHPLVWU\��6(7$&��3UHVV��3HQVDFROD��)/�

%XUNH��-���0��+R\HU��*��.HOOHU��DQG�7��6FKHUEDWVNR\����������:HW�GHSRVLWLRQ�RI�PHUFXU\�DQG�DPELHQW
PHUFXU\�FRQFHQWUDWLRQV�DW�D�VLWH�LQ�WKH�/DNH�&KDPSODLQ�%DVLQ���:DWHU�$LU�6RLO�3ROOXW��������������
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%XUNH��-�0��DQG�*�-��.HHOHU����������$WPRVSKHULF�PHUFXU\�LQ�WKH�*UHDW�/DNHV�UHJLRQ��6SDWLDO�DQG
VHDVRQDO�GLIIHUHQFHV�LQ�JDV��DQG�SDUWLFOH�SKDVH�PHUFXU\�FRQFHQWUDWLRQV���3URFHHGLQJV�RI�WKH�)RXUWK
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�0HUFXU\�DV�D�*OREDO�3ROOXWDQW���$XJXVW������

&DVVLG\��5�$���&�9��9RUKHHV��'�-��0LQQHPD��DQG�/��+DVWLQJV����������7KH�HIIHFWV�RI�FKORUGDQH
H[SRVXUH�GXULQJ�SUH��DQG�SRVWQDWDO�SHULRGV�DW�HQYLURQPHQWDOO\�UHOHYDQW�OHYHOV�RQ�VH[�VWHURLGV�
PHGLDWHG�EHKDYLRUV�DQG�IXQFWLRQV�LQ�WKH�UDW���7R[LFRO��$SSO��3KDUPDFRO�����������������

&HUFR��&�)���%��%XQFK��0�$��&LDORQH��DQG�+��:DQJ����������+\GURG\QDPLFV�DQG�HXWURSKLFDWLRQ
PRGHO�VWXG\�RI�,QGLDQ�5LYHU�DQG�5HKRERWK�%D\��'HODZDUH���3UHSDUHG�IRU�8�6��(3$��'HODZDUH
'15(&��DQG�8�6��$UP\�(QJLQHHU�'LVWULFW���3KLODGHOSKLD��3$�

&HUFR��&�)���DQG�7��&ROH����������$SSOLFDWLRQ�RI�WKH�WKUHH�GLPHQVLRQDO�HXWURSKLFDWLRQ�PRGHO�&(�
48$/�,&0�WR�&KHVDSHDNH�%D\���8�6��&RUSV�RI�(QJLQHHUV�:DWHUZD\V�([SHULPHQW�6WDWLRQ��
9LFNVEXUJ��06�

&KDQJ��-�6���)�6��%LQNRZVNL��1�/��6HDPDQ��'�:��%\XQ��-�1��0F+HQU\��3�-��6DPVRQ��:�5��6WRFNZHOO�
&�-��:DOFHN��6��0DGURQLFK��3�%��0LGGOHWRQ��-�(��3OHLP��DQG�+�/��/DQGVIRUG����������7KH�UHJLRQDO�DFLG
GHSRVLWLRQ�PRGHO�DQG�HQJLQHHULQJ�PRGHO��1$3$3�626�7�5HSRUW�����,Q��$FLGLF�GHSRVLWLRQ��6WDWH�RI
VFLHQFH�DQG�WHFKQRORJ\��9ROXPH�,���1DWLRQDO�$FLG�3UHFLSLWDWLRQ�$VVHVVPHQW�3URJUDP��:DVKLQJWRQ�
'�&�

&KHQ��<���DQG�&��+VX����������(IIHFWV�RI�SUHQDWDO�H[SRVXUH�WR�3&%V�RQ�WKH�QHXURORJLFDO�IXQFWLRQ�RI
FKLOGUHQ��$�QHXURSV\FKRORJLFDO�DQG�QHXURSK\VLRORJLFDO�VWXG\���'HYHORS��0HGLFLQH�DQG�&KLOG
1HXURORJ\���������������

&KHVDSHDNH�%D\�3URJUDP��&%3�����������$�VWHDG\�VWDWH�FRXSOHG�K\GURG\QDPLF�ZDWHU�TXDOLW\
PRGHO�RI�WKH�HXWURSKLFDWLRQ�DQG�DQR[LD�SURFHVVHV�LQ�&KHVDSHDNH�%D\���&KHVDSHDNH�%D\�3URJUDP
2IILFH��$QQDSROLV��0'�

&KHVDSHDNH�%D\�3URJUDP��&%3�����������7HFKQLFDO�DSSHQGL[�WR�D�FRPPLWPHQW�UHQHZHG��
UHVWRUDWLRQ�SURJUHVV�DQG�WKH�FRXUVH�DKHDG�XQGHU�WKH������%D\�$JUHHPHQW���&KHVDSHDNH�%D\
3URJUDP�2IILFH��$QQDSROLV��0'�

&KHVDSHDNH�%D\�3URJUDP��&%3�����������0HPRUDQGXP�IURP�5REHUW�3HUFLDVHSH�WR�&KHVDSHDNH�%D\
3URJUDP�SULQFLSDO�VWDII�FRPPLWWHH���6HSWHPEHU����������

&KHVDSHDNH�%D\�3URJUDP��&%3��������D���$FKLHYLQJ�WKH�&KHVDSHDNH�%D\�QXWULHQW�JRDOV��D�V\QWKHVLV
RI�WULEXWDU\�VWUDWHJLHV�IRU�WKH�%D\
V�WHQ�ZDWHUVKHGV���&KHVDSHDNH�%D\�3URJUDP��$QQDSROLV��0'�

&KHVDSHDNH�%D\�3URJUDP��&%3��������E���&KHVDSHDNH�%D\�EDVLQZLGH�WR[LFV�UHGXFWLRQ�VWUDWHJ\
UHHYDOXDWLRQ�UHSRUW���&KHVDSHDNH�%D\�3URJUDP��$QQDSROLV��0'���&%3�756��������

&KHVDSHDNH�%D\�3URJUDP��&%3��������D���$WPRVSKHULF�ORDGLQJV�WR�FRDVWDO�DUHDV��5HVROYLQJ�H[LVWLQJ
XQFHUWDLQWLHV���$�UHSRUW�RI�WKH�$WPRVSKHULF�/RDGLQJV�:RUNVKRS��-XQH��������������%DOWLPRUH��0'��
$LU�4XDOLW\�&RRUGLQDWLRQ�*URXS�DQG�6FLHQWLILF�DQG�7HFKQLFDO�$GYLVRU\�&RPPLWWHH��&KHVDSHDNH
%D\�3URJUDP�
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&KHVDSHDNH�%D\�3URJUDP��&%3��������E���6WDWH�RI�WKH�&KHVDSHDNH�%D\��������$QQDSROLV��0'�����
SS�

&KHVDSHDNH�([HFXWLYH�&RXQFLO���������������&KHVDSHDNH�%D\�$JUHHPHQW���$QQDSROLV��0'�

&KHVDSHDNH�([HFXWLYH�&RXQFLO����������&KHVDSHDNH�%D\�EDVLQZLGH�WR[LFV�UHGXFWLRQ�VWUDWHJ\��
$QQDSROLV��0'�

&KHVDSHDNH�([HFXWLYH�&RXQFLO����������&KHVDSHDNH�%D\�$JUHHPHQW������$PHQGPHQWV���$QQDSROLV�
0'�

&KHVDSHDNH�([HFXWLYH�&RXQFLO����������&KHVDSHDNH�%D\�%DVLQZLGH�7R[LFV�5HGXFWLRQ�DQG
3UHYHQWLRQ�6WUDWHJ\���$QQDSROLV��0'�����SS�

&KLQJ��-�.�6���)�6��%LQNRZVNL��DQG�2�5��%XOORFN��-U���������LQ�SUHVV����'HSRVLWLRQ�RI�VHPLYRODWLOH�WR[LF
DLU�SROOXWDQWV�WR�WKH�*UHDW�/DNHV��$�UHJLRQDO�PRGHOLQJ�DSSURDFK���,Q��$WPRVSKHULF�GHSRVLWLRQ�RI
FRQWDPLQDQWV�WR�WKH�*UHDW�/DNHV�DQG�FRDVWDO�ZDWHUV��-�(��%DNHU��HG���6RFLHW\�IRU�(QYLURQPHQWDO
7R[LFRORJ\�DQG�&KHPLVWU\��6(7$&��3UHVV��3HQVDFROD��)/�

&KRZGKXU\��5�$���%��9HQNDWNULVKQD��$�.��*DXWDP��DQG�'�1��*DQGKL����������/LQGDQH�LQGXFHG
FKDQJHV�LQ�HSLGLG\PLV��YDV�GHIHUHQV�DQG�VHPLQDO�YHVLFOH�LQ�UDWV�KLVWRORJLFDO�DQG�SKDUPDFRORJLFDO
VWXG\���,QG��-��3K\VLRO��	�$OOLHG�6FL����������������

&ODUN��7�/���3��%ODNHO\��DQG�*��0DSS����������0RGHO�FDOFXODWLRQV�RI�WKH�DQQXDO�DWPRVSKHULF
GHSRVLWLRQ�RI�WR[LF�PHWDOV�WR�/DNH�0LFKLJDQ�����WK�$QQXDO�0HHWLQJ�RI�WKH�$LU�DQG�:DWHU
0DQDJHPHQW�$VVRFLDWLRQ��-XQH��������������.DQVDV�&LW\��02�

&OD\WRQ��*�'���DQG�)�(��&OD\WRQ��HGV����������3DWW\
V�LQGXVWULDO�K\JLHQH�DQG�WR[LFRORJ\���)RXUWK
HGLWLRQ���9ROXPH�,,��3DUW�(��7R[LFRORJ\���-RKQ�:LOH\�	�6RQV��,QF�

&ROERUQ��7���)�6��9RP�6DDO��DQG�$�0��6RWR����������'HYHORSPHQWDO�HIIHFWV�RI�HQGRFULQH�GLVUXSWLQJ
FKHPLFDOV�LQ�ZLOGOLIH�DQG�KXPDQV���(QYLURQ��+HDOWK�3HUVSHFW��������������

&RPED��0�(���-�/��0HWFDOIH�6PLWK��DQG�.�/�(��.DLVHU����������=HEUD�PXVVHOV�DV�ELRPRQLWRUV�IRU
RUJDQLF�FRQWDPLQDQWV�LQ�WKH�ORZHU�*UHDW�/DNHV���:DWHU�4XDO��5HV��-����������������

&RPPLWWHH�RQ�(QYLURQPHQW�DQG�1DWXUDO�5HVRXUFHV��&(15�����������7KH�KHDOWK�DQG�HFRORJLFDO
HIIHFWV�RI�HQGRFULQH�GLVUXSWLQJ�FKHPLFDOV��$�IUDPHZRUN�IRU�SODQQLQJ���1DWLRQDO�6FLHQFH�DQG
7HFKQRORJ\�&RXQFLO���1RYHPEHU����������

&RQNR��.�0����������8QLYHUVLW\�RI�'HODZDUH��&ROOHJH�RI�0DULQH�6WXGLHV��SHUVRQDO�FRPPXQLFDWLRQ�WR
(3$�

&RQQHOO\��1�$���DQG�%��.QXWK����������*UHDW�/DNHV�ILVK�FRQVXPSWLRQ�DGYLVRULHV��$QJOHU�UHVSRQVH�WR
DGYLVRULHV�DQG�HYDOXDWLRQ�RI�FRPPXQLFDWLRQ�WHFKQLTXHV���*UHDW�/DNHV�3URWHFWLRQ�)XQG�)LQDO
5HSRUW�

&RQVWDEOH��0���DQG�3��2UU����������/HWKDO�DQG�VXE�OHWKDO�WR[LFLW\�RI�OLQGDQH�WR�3LPHSKDOHV�SURPHODV
DQG�&HULRGDSKQLD�GXELD���%XOO��(QYLURQ��&RQWDP��7R[LFRO����������������
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&RUQHOO��6���$��5HQGHOO��DQG�5��-LFNHOOV����������$WPRVSKHULF�LQSXWV�RI�GLVVROYHG�RUJDQLF�QLWURJHQ�WR
WKH�RFHDQV���1DWXUH�������������

&RUUHOO��'�/���DQG�'��)RUG����������&RPSDULVRQ�RI�SUHFLSLWDWLRQ�DQG�ODQG�UXQRII�DV�VRXUFHV�RI
HVWXDULQH�QLWURJHQ���(VWXDU��&RDVWDO�DQG�6KHOI�6FLHQFH����������

&UHZV��'���-�0��%HUJHURQ��DQG�-�$��0DF/DFKODQ����������7KH�UROH�RI�HVWURJHQ�LQ�WXUWOH�VH[
GHWHUPLQDWLRQ�DQG�WKH�HIIHFW�RI�3&%V���(QYLURQ��+HDOWK�3HUVSHFW������6XSSO����������

'DQD��0�7���DQG�:�*�1��6OLQQ����������$FLGLF�GHSRVLWLRQ�GLVWULEXWLRQ�DQG�HSLVRGH�VWDWLVWLFV�IURP�WKH
0$3�6�QHWZRUN�GDWDEDVH���$WPRV��(QYLURQ�������������

'H�*XLVH��6���'��0DUWLQHDX��3��%pODQG��DQG�0��)RXUQLHU����������3RVVLEOH�PHFKDQLVPV�RI�DFWLRQ�RI
HQYLURQPHQWDO�FRQWDPLQDQWV�RQ�6W��/DZUHQFH�EHOXJD�ZKDOHV��'HOSKLQDSWHUXV�OHXFDV����(QYLURQ�
+HDOWK�3HUVSHFW������6XSSO�����������

'H�9DXOW��'�6���3��%HUWUDP��'�0��:KLWWOH��DQG�6��5DQJ����������7KH������6WDWH�RI�WKH�/DNHV
(FRV\VWHP�&RQIHUHQFH��6�2�/�(�&��%DFNJURXQG�3DSHU��7R[LF�FRQWDPLQDQWV���(QYLURQPHQW�&DQDGD
DQG�8�6��(3$���(3$�����5��������

'H�9DXOW��'�6���5��+HVVHOEHUJ��3�:��5RGJHUV��DQG�7�-��)HLVW����������&RQWDPLQDQW�WUHQGV�LQ�ODNH�WURXW
DQG�ZDOOH\H�IURP�WKH�/DXUHQWLDQ�*UHDW�/DNHV���-��*UHDW�/DNHV�5HV����������������

'HODZDUH�%D\V�1(3���3HUVRQDO�FRPPXQLFDWLRQ�ZLWK�1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF
$GPLQLVWUDWLRQ��12$$����$V�FLWHG�LQ�9DOLJXUD�HW�DO�������

'HQQLV��5�/���:�5��%DUFKHW��7�/��&ODUN��DQG�6�.��6HLONRS����������(YDOXDWLRQ�RI�UHJLRQDO�DFLG
GHSRVLWLRQ�PRGHOV��SDUW�����1$3$3�626�7�5HSRUW�����,Q��$FLGLF�GHSRVLWLRQ��6WDWH�RI�VFLHQFH�DQG
WHFKQRORJ\���1DWLRQDO�$FLG�3UHFLSLWDWLRQ�$VVHVVPHQW�3URJUDP��:DVKLQJWRQ��'�&���6HSWHPEHU������

'HQQLV��5�/���������LQ�SUHVV����8VLQJ�WKH�5HJLRQDO�$FLG�'HSRVLWLRQ�0RGHO�WR�GHWHUPLQH�WKH�QLWURJHQ
GHSRVLWLRQ�DLUVKHG�RI�WKH�&KHVDSHDNH�%D\�ZDWHUVKHG���,Q��$WPRVSKHULF�GHSRVLWLRQ�RI�FRQWDPLQDQWV
WR�WKH�*UHDW�/DNHV�DQG�FRDVWDO�ZDWHUV��-�(��%DNHU��HG���6RFLHW\�IRU�(QYLURQPHQWDO�7R[LFRORJ\�DQG
&KHPLVWU\��6(7$&��3UHVV��3HQVDFROD��)/���

'HQQLVRQ��:�&���5�-��2UWK��.�$��0RRUH��-�&��6WHYHQVRQ��9��&DUWHU��6��.ROODU��3�:��%HUJVWURP��DQG
5�$��%DWLXN����������$VVHVVLQJ�ZDWHU�TXDOLW\�ZLWK�VXEPHUVHG�DTXDWLF�YHJHWDWLRQ��+DELWDW
UHTXLUHPHQWV�DV�EDURPHWHUV�RI�&KHVDSHDNH�%D\�KHDOWK���%LRVFLHQFH�������������

'HZDLOO\��(���-�-��5\DQ��&��/DOLEHUWp��6��%UXQHDX��-�3�:HEHU��6��*LQJUDV��DQG�*��&DUULHU���������
([SRVXUH�RI�UHPRWH�PDULWLPH�SRSXODWLRQV�WR�FRSODQDU�3&%V���(QYLURQ��+HDOWK�3HUVSHFW������6XSSO
�����������

'LFNPDQ��0���,��%ULQGOH��DQG�0��%HQVRQ����������(YLGHQFH�RI�WHUDWRJHQV�LQ�VHGLPHQWV�RI�WKH�1LDJDUD
5LYHU�ZDWHUVKHG�DV�UHIOHFWHG�E\�FKLURQRPLG��'LSWHUD��&KLURQRPLGDH��GHIRUPLWLHV���-��*UHDW�/DNHV
5HV����������������

'L3LQWR��/�0���%�&��&RXOO��DQG�*�7��&KDQGOHU����������/HWKDO�DQG�VXEOHWKDO�HIIHFWV�RI�WKH�VHGLPHQW
DVVRFLDWHG�3&%�$URFORU��������(QYLURQ��7R[LFRO��&KHP�������������������
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'L7RUR��'�0���DQG�-�-��)LW]SDWULFN����������&KHVDSHDNH�%D\�VHGLPHQW�IOX[�PRGHO���8�6��$UP\�&RUSV
RI�(QJLQHHUV�:DWHUZD\V�([SHULPHQW�6WDWLRQ���9LFNVEXUJ��06�

'RQLJLDQ��$�6���-U���%�5��%LFNQHOO��/�&��/LQNHU��-��+DQQDZDOG��&�+��&KDQJ��DQG�5��5H\QROGV���������
:DWHUVKHG�PRGHO�DSSOLFDWLRQ�WR�FDOFXODWH�%D\�QXWULHQW�ORDGLQJV��3KDVH�,�ILQGLQJV�DQG
UHFRPPHQGDWLRQV���&KHVDSHDNH�%D\�3URJUDP��$QQDSROLV��0'�

'RQLJLDQ��$�6���-U���%�5��%LFNQHOO��$�6��3DWZDUGKDQ��/�&��/LQNHU��&�+��&KDQJ��DQG�5��5H\QROGV���������
:DWHUVKHG�PRGHO�DSSOLFDWLRQ�WR�FDOFXODWH�%D\�QXWULHQW�ORDGLQJV��)LQDO�ILQGLQJV�DQG
UHFRPPHQGDWLRQV���&KHVDSHDNH�%D\�3URJUDP��$QQDSROLV��0'�

'RXVW��/�/���-�/��'RXVW��DQG�0��%LHUQDFNL����������$PHULFDQ�ZLOGFHOHU\��9DOOLVQHULD�DPHULFDQD�DV�D
ELRPRQLWRU�RI�RUJDQLF�FRQWDPLQDQWV�LQ�DTXDWLF�HFRV\VWHPV���-��*UHDW�/DNHV�5HV����������������

'ULVFROO��&�7���&��<DQ��&�/��6FKRILHOG��5��0XQVRQ��DQG�-��+ROVDSSOH����������7KH�PHUFXU\�F\FOH�DQG
ILVK�LQ�$GLURQGDFN�ODNHV���(QYLURQ��6FL��7HFKQRO��������$����$�

'XFH��5�$���3�6��/LVV��-�7��0HUULOO��(�/��$WODV��3��%XDW�0HQDUG��%�%��+LFNV��-�0��0LOOHU��-�0��3URVSHUR�
5��$ULPRWR��7�0��&KXUFK��:��(OOLV��-�1��*DOORZD\��/��+DQVHQ��7�'��-LFNQHOOV��$�+��.QDS��.�+�
5HLQKDUGW��%��6FKHLGHU��$��6RXGLQH��-�-��7RNRV��6��7VXQRJDL��5��:ROODVW��DQG�0��=KRX����������7KH
DWPRVSKHULF�LQSXW�RI�WUDFH�VSHFLHV�WR�WKH�ZRUOG�RFHDQ���*OREDO�%LRJHRFKHP��&\FOHV�����������

'XQLHU��0���DQG�$�.��6LZLFNL����������(IIHFWV�RI�OLQGDQH�H[SRVXUH�RQ�UDLQERZ�WURXW��2QFRUK\QFKXV
P\NLVV��LPPXQLW\���,��(IIHFW�RI�/LQGDQH�RQ�DQWLERG\�VHFUHWLQJ�FHOOV��$6&��PHDVXUHG�E\�(/,6327
DVVD\���(FRWR[��	�(QYLU��6DIHW\��������

'XQLHU��0���$�.��6LZLFNL��-��6FKROWHQV��6��'DO�0ROLQ��&��9HUJQHW��DQG�0��6WXGQLFND����������(IIHFWV�RI
OLQGDQH�H[SRVXUH�RQ�UDLQERZ�WURXW��2QFRUK\QFKXV�P\NLVV��LPPXQLW\���,,,��(IIHFW�RQ�QRQVSHFLILF
LPPXQLW\�DQG�%�O\PSKRF\WH�IXQFWLRQV���(FRWR[��	�(QYLU��6DIHW\������������

(DVW�&RDVW�$WPRVSKHULF�5HVRXUFH�$OOLDQFH��(&$5$�����������$LUVKHGV�DQG�:DWHUVKHGV���7KH�UROH�RI
DWPRVSKHULF�QLWURJHQ�GHSRVLWLRQ���$�UHSRUW�RI�WKH�6KDUHG�5HVRXUFHV�:RUNVKRS��2FWREHU�������
�������:DUUHQWRQ��9$��

(GHU��%�.���'�+��&RYHQWU\��7�/�&ODUN��DQG�&�(��%ROOLQJHU����������5(/0$3��$�UHJLRQDO�/DJUDQJLDQ
PRGHO�RI�DLU�SROOXWLRQ���XVHU
V�JXLGH���)LQDO�3URMHFW�5HSRUW���8�6��(3$��5HVHDUFK�7ULDQJOH�3DUN��1&��
(3$��������������

(LVHQUHLFK��6�-���DQG�:�0�-��6WUDFKDQ����������(VWLPDWLQJ�DWPRVSKHULF�GHSRVLWLRQ�RI�WR[LF�VXEVWDQFHV
WR�WKH�*UHDW�/DNHV���$Q�XSGDWH���5HSRUW�RQ�D�ZRUNVKRS�KHOG�DW�WKH�&DQDGD�&HQWUH�IRU�,QODQG
:DWHUV��-DQXDU\����)HEUXDU\����������%XUOLQJWRQ��2QWDULR���6SRQVRUHG�E\�WKH�*UHDW�/DNHV
3URWHFWLRQ�)XQG�DQG�(QYLURQPHQW�&DQDGD�

(LVHQUHLFK��6�-���.�&��+RUQEXFNOH��DQG�'�5��$FKPDQ���������LQ�SUHVV����$LU�ZDWHU�H[FKDQJH�RI
VHPLYRODWLOH�RUJDQLF�FKHPLFDOV�LQ�WKH�*UHDW�/DNHV���,Q��$WPRVSKHULF�GHSRVLWLRQ�RI�FRQWDPLQDQWV�WR
WKH�*UHDW�/DNHV�DQG�FRDVWDO�ZDWHUV��-�(��%DNHU��HG���6RFLHW\�IRU�(QYLURQPHQWDO�7R[LFRORJ\�DQG
&KHPLVWU\��6(7$&��3UHVV��3HQVDFROD��)/���
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(LVOHU��5����������&DGPLXP�KD]DUGV�WR�ILVK��ZLOGOLIH��DQG�LQYHUWHEUDWHV��$�V\QRSWLF�UHYLHZ���8�6��)LVK
DQG�:LOGOLIH�6HUYLFH���/DXUHO��0'�

(LVOHU��5�������D���3RO\FKORULQDWHG�ELSKHQ\O�KD]DUGV�WR�ILVK��ZLOGOLIH��DQG�LQYHUWHEUDWHV��$�V\QRSWLF
UHYLHZ���8�6��)LVK�DQG�:LOGOLIH�6HUYLFH���/DXUHO��0'�

(LVOHU��5�������E���'LR[LQ�KD]DUGV�WR�ILVK��ZLOGOLIH��DQG�LQYHUWHEUDWHV��$�V\QRSWLF�UHYLHZ���8�6��)LVK
DQG�:LOGOLIH�6HUYLFH���/DXUHO��0'�

(LVOHU��5�������D���0HUFXU\�KD]DUGV�WR�ILVK��ZLOGOLIH��DQG�LQYHUWHEUDWHV��$�V\QRSWLF�UHYLHZ���8�6��)LVK
DQG�:LOGOLIH�6HUYLFH���/DXUHO��0'�

(LVOHU��5�������E���3RO\F\FOLF�DURPDWLF�K\GURFDUERQ�KD]DUGV�WR�ILVK��ZLOGOLIH��DQG�LQYHUWHEUDWHV��$
V\QRSWLF�UHYLHZ���8�6��)LVK�DQG�:LOGOLIH�6HUYLFH���/DXUHO��0'�

(LVOHU��5����������/HDG�KD]DUGV�WR�ILVK��ZLOGOLIH��DQG�LQYHUWHEUDWHV��$�V\QRSWLF�UHYLHZ���8�6��)LVK�DQG
:LOGOLIH�6HUYLFH���/DXUHO��0'�

(LVOHU��5����������&KORUGDQH�KD]DUGV�WR�ILVK��ZLOGOLIH��DQG�LQYHUWHEUDWHV��$�V\QRSWLF�UHYLHZ���8�6�
)LVK�DQG�:LOGOLIH�6HUYLFH���/DXUHO��0'�

(LVOHU��5���DQG�-��-DFNQRZ����������7R[DSKHQH�KD]DUGV�WR�ILVK��ZLOGOLIH��DQG�LQYHUWHEUDWHV��$�V\QRSWLF
UHYLHZ���8�6��)LVK�DQG�:LOGOLIH�6HUYLFH���/DXUHO��0'�

(QJVWURP��'�5���(�%��6ZDLQ��7�$��+HQQLQJ��0�(��%ULJKDP��DQG�3�/��%UH]RQLFN����������$WPRVSKHULF
PHUFXU\�GHSRVLWLRQ�WR�ODNHV�DQG�ZDWHUVKHGV��$�TXDQWLWDWLYH�UHFRQVWUXFWLRQ�IURP�PXOWLSOH
VHGLPHQW�FRUHV���,Q��(QYLURQPHQWDO�&KHPLVWU\�RI�/DNHV�DQG�5HVHUYRLUV��-�(��%DNHU��HG��������

(QVRU��.�/���'�'��+HOZLJ��DQG�/�&��:HPPHU����������(QYLURQPHQWDO�PHUFXU\�DQG�OHDG�LQ
0LQQHVRWD�FRPPRQ�ORRQV��*DYLD�LPPHU����0LQQHVRWD�3ROOXWLRQ�&RQWURO�$JHQF\��:DWHU�4XDOLW\
'LYLVLRQ��6W��3DXO��01�

(QYLURQPHQW�&DQDGD�DQG�8�6��(3$����������6WDWH�RI�WKH�/DNHV�(FRV\VWHP�&RQIHUHQFH�
����62/(&���
&RQIHUHQFH�3URFHHGLQJV���1RYHPEHU�������������:LQGVRU��2QWDULR��&DQDGD�
�
(QYLURQPHQW�&DQDGD�DQG�8�6��(3$����������6WDWH�RI�WKH�*UHDW�/DNHV��������%\�WKH�*RYHUQPHQWV�RI
WKH�8QLWHG�6WDWHV�RI�$PHULFD�DQG�&DQDGD���(3$�����5����������-XO\������

(QYLURQPHQW�&DQDGD��'HSDUWPHQW�RI�)LVKHULHV�DQG�2FHDQV��DQG�+HDOWK�DQG�:HOIDUH�&DQDGD��
�������7R[LF�FKHPLFDOV�LQ�WKH�*UHDW�/DNHV�DQG�DVVRFLDWHG�HIIHFWV���7RURQWR��2QWDULR�

(ULNVVRQ��3���-��$KOERP��DQG�$��)UHGULNVVRQ����������([SRVXUH�WR�''7�GXULQJ�D�GHILQHG�SHULRG�LQ
QHRQDWDO�OLIH�LQGXFHV�SHUPDQHQW�FKDQJHV�LQ�EUDLQ�UHFHSWRUV�DQG�EHKDYLRU�LQ�DGXOW�PLFH���%UDLQ�5HV�
���������������

(ULNVVRQ��3���8��-RKDQVVRQ��-��$KOERP��DQG�$��)UHGULNVVRQ����������1HRQDWDO�H[SRVXUH�WR�''7
LQGXFHV�LQFUHDVHG�VXVFHSWLELOLW\�WR�S\UHWKURLG�H[SRVXUH�DW�DGXOW�DJH���&KDQJHV�LQ�FKROLQHUJLF
PXVFDULQLF�UHFHSWRU�DQG�EHKDYLRUDO�YDULDEOHV���7R[LFRORJ\���������������
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)DFHPLUH��&�)���7�6��*URVV��DQG�/�-��*XLOOHWWH��-U����������5HSURGXFWLYH�LPSDLUPHQW�LQ�WKH�)ORULGD
SDQWKHU��1DWXUH�RU�QXUWXUH"��(QYLURQ��+HDOWK�3HUVSHFW������6XSSO����������

)DOFRQHU��5�/���7�)��%LGOHPDQ��DQG�:�(��&RWKDP����������3UHIHUHQWLDO�VRUSWLRQ�RI�QRQ��DQG�PRQR�
RUWKR�SRO\FKORULQDWHG�ELSKHQ\OV�WR�XUEDQ�DHURVROV���(QYLURQ��6FL��7HFKQRO���������������

)HGOHU��$�-���DQG�'�0��1LFNXP����������7KH������HFRQRPLF�LPSDFW�RI�VSRUW�ILVKLQJ�LQ�WKH�8QLWHG
6WDWHV���3UHSDUHG�IRU�WKH�6SRUW�)LVKLQJ�,QVWLWXWH��6),��

)HUUDQGR��0�'���(��6DQFKR��DQG�(��$QGUHX�0ROLQHU����������(IIHFWV�RQ�OLQGDQH�RQ�'DSKQLD�PDJQD
GXULQJ�FKURQLF�H[SRVXUH���(QYLURQ��6FL��+HDOWK�%��������������

)LVKHU��'�&���DQG�0��2SSHQKHLPHU����������$WPRVSKHULF�QLWURJHQ�GHSRVLWLRQ�DQG�WKH�&KHVDSHDNH
%D\�HVWXDU\���$PELR������������

)LVKHU��'�&���-��&HUDVR��7��0DWKHZ��DQG�0��2SSHQKHLPHU����������3ROOXWHG�FRDVWDO�ZDWHUV��7KH�UROH
RI�DFLG�UDLQ���(QYLURQPHQWDO�'HIHQVH�)XQG��1HZ�<RUN�

)LWFKNR��-����������/LWHUDWXUH�UHYLHZ�RI�WKH�HIIHFWV�RI�SHUVLVWHQW�WR[LF�VXEVWDQFHV�RQ�*UHDW�/DNHV
ELRWD��5HSRUW�RI�WKH�+HDOWK�RI�$TXDWLF�&RPPXQLWLHV�7DVN�)RUFH���,QWHUQDWLRQDO�-RLQW�&RPPLVVLRQ�
*UHDW�/DNHV�5HJLRQDO�2IILFH���:LQGVRU��2QWDULR�

)LW]JHUDOG��(�)���*��+ZDQJ��.�$��%UL[��%��%XVK��DQG�-��4XLQQ����������&KHPLFDO�FRQWDPLQDWLRQ�LQ�WKH
PLON�RI�0RKDZN�ZRPHQ�IURP�$NZHVDVQH���1HZ�<RUN�6WDWH�'HSDUWPHQW�RI�+HDOWK��$OEDQ\��1HZ
<RUN�

)LW]JHUDOG��:�)���5�3��0DVRQ��DQG�*�0��9DQGDO����������$WPRVSKHULF�F\FOLQJ�DQG�DLU�ZDWHU
H[FKDQJH�RI�PHUFXU\�RYHU�PLG�FRQWLQHQWDO�ODFXVWULQH�UHJLRQV���:DWHU�$LU�6RLO�3ROOXW�������������

)OLSR��'���-��%HUQLHU��'��*LUDUG��.��.U\VW\QLDN��DQG�0��)RXUQLHU����������&RPELQHG�HIIHFWV�RI�VHOHFWHG
LQVHFWLFLGHV�RQ�KXPRUDO�LPPXQH�UHVSRQVH�LQ�PLFH���,QW��-��,PPXQRSKDUPDF����������������

)ORULGD�3DQWKHU�,QWHUDJHQF\�&RPPLWWHH��)3,&�����������0HUFXU\�FRQWDPLQDWLRQ�LQ�)ORULGD�SDQWKHUV��
6WDWXV�UHSRUW�RI�WKH�WHFKQLFDO�VXEFRPPLWWHH�

)ORXULRW��*���)��3DNGHO��%��'XFRXUHW��DQG�<��9DORWDLUH����������,QIOXHQFH�RI�[HQRELRWLFV�RQ�UDLQERZ
WURXW�OLYHU�HVWURJHQ�UHFHSWRU�DQG�YLWHOORJHQLQ�JHQH�H[SUHVVLRQ���-��0RO��(QGRFULQRO����������������

)ROPDU��/�&���1�'��'HQVORZ��9��5DR��0��&KRZ��'�$��&UDLQ��-��(QEORP��-��0DUFLQR��DQG�/�-��*XLOOHWWH�
-U����������9LWHOORJHQLQ�LQGXFWLRQ�DQG�UHGXFHG�VHUXP�WHVWRVWHURQH�FRQFHQWUDWLRQV�LQ�IHUDO�PDOH�FDUS
�&\USLQXV�FDUSLR��FDSWXUHG�QHDU�D�PDMRU�PHWURSROLWDQ�VHZDJH�WUHDWPHQW�SODQW���(QYLURQ��+HDOWK
3HUVSHFW��������������������

)RVWHU��*�'����������*HRUJH�0DVRQ�8QLYHUVLW\��'HSW��RI�&KHPLVWU\���3HUVRQDO�FRPPXQLFDWLRQ�WR
(3$�

)RVWHU��:�*���$��0F0DKRQ��DQG�'�&��9LOOHQHXYH�������D���+&%�VXSSUHVVHV�FLUFXODWLQJ�SURJHVWHURQH
FRQFHQWUDWLRQV�GXULQJ�WKH�OXWHDO�SKDVH�LQ�WKH�F\QRPROJXV�PRQNH\���-��$SSO��7R[LFRO��������������
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)RVWHU��:�*���-�$��3HQWLFN��$��0F0DKRQ��DQG�3�5��/HFDYDOLHU�������E���2YDULDQ�WR[LFLW\�RI�+&%�LQ�WKH
VXSHURYXODWHG�IHPDOH�UDW���-��%LRFKHP��7R[LFRORJ\����������

)RZOHU��'���DQG�-�1��&DSH����������2Q�WKH�HSLVRGLF�QDWXUH�RI�ZHW�GHSRVLWHG�VXOIDWH�DQG�DFLGLW\��
$WPRV��(QYLURQ���������������

)R[��*����������:KDW�KDYH�ELRPDUNHUV�WROG�XV�DERXW�WKH�HIIHFWV�RI�FRQWDPLQDQWV�RQ�WKH�KHDOWK�RI
ILVK�HDWLQJ�ELUGV�LQ�WKH�*UHDW�/DNHV"�7KH�WKHRU\�DQG�D�OLWHUDWXUH�UHYLHZ���-��*UHDW�/DNHV�5HV�
��������������

)ULWKVHQ��-�%���6�3��6FKUHLQHU��'�(��6WUHEHO��5�0��/DOMDQL��'�7��/RJDQ��DQG�+�:��=DUERFN�������D��
&KHPLFDO�FRQWDPLQDQWV�LQ�WKH�7DPSD�%D\�(VWXDU\��$�VXPPDU\�RI�GLVWULEXWLRQV�DQG�LQSXWV���)LQDO
5HSRUW�IRU�WKH�7DPSD�%D\�(VWXDU\�3URJUDP���3UHSDUHG�E\�9HUVDU�,QF���&ROXPELD��0'�DQG�&RDVWDO
(QYLURQPHQWDO��,QF���6W��3HWHUVEXUJ��)/�

)ULWKVHQ��-�%���'�(��6WUHEHO��6��6FKUHLQHU��DQG�7��6FKDZLWVFK�������E���(VWLPDWHV�RI�FRQWDPLQDQW
LQSXWV�WR�WKH�'HODZDUH�(VWXDU\���3UHSDUHG�IRU�WKH�'HODZDUH�(VWXDU\�3URJUDP��8�6��(3$�
3KLODGHOSKLD��3$���3UHSDUHG�E\�9HUVDU�,QF���&ROXPELD��0'�

*DOD��:�5���DQG�-�3��*LHV\����������3KRWR�LQGXFHG�WR[LFLW\�RI�DQWKUDFHQH�WR�WKH�*UHHQ�$OJD�
6HOHQDVWUXP�FDSULFRUQXWXP���$UFK��(QYLURQ��&RQWDLQ��7R[LFRO�������������

*DOORZD\��-�1����������7KH�GHSRVLWLRQ�RI�VXOIXU�DQG�QLWURJHQ�IURP�WKH�UHPRWH�DWPRVSKHUH���,Q�
%LRJHRFKHPLFDO�F\FOLQJ�RI�VXOIXU�DQG�QLWURJHQ�LQ�WKH�UHPRWH�DWPRVSKHUH��-�1��*DOORZD\��5�-�
&KDUOVRQ��0�2��$QGUHDH��DQG�+��5DGNH��HGV���'RUGUHFKW��1HWKHUODQGV��'��5HLGHO�3XEOLVKLQJ�&R�����
���

*DW]��'�)���&�:��6ZHHW��,��%DVX��6��9HUPHWWH��.��+DUOLQ��DQG�6��%DXHU����������*UHDW�/DNHV�,QWHJUDWHG
$WPRVSKHULF�'HSRVLWLRQ�1HWZRUN��,$'1���'DWD�5HSRUW�������������6:6�0LVFHOODQHRXV�3XEOLFDWLRQ
�����,OOLQRLV�6WDWH�:DWHU�6XUYH\��&KDPSDLJQ��,/�

*H\HU��+�-���,��6FKHXQHUW��5��%UXJJHPDQQ��0��0DWWKLHV��&�(�:��6WHLQEHUJ��9��=LWNR��$��.HWWUXS��DQG
:��*DUULVRQ����������7KH�UHOHYDQFH�RI�DTXDWLF�RUJDQLVPV
�OLSLG�FRQWHQW�WR�WKH�WR[LFLW\�RI�OLSRSKLOLF
FKHPLFDOV��7R[LFLW\�RI�OLQGDQH�WR�GLIIHUHQW�ILVK�VSHFLHV���(FRWR[��	�(QYLU��6DIHW\����������

*H\HU��+�-���&�(��6WHLQEHUJ��,��6FKHXQHUW��5��%UXJJHPDQQ��:��6FKXW]��$��.HWWUXS��DQG�.��5R]PDQ��
�������$�UHYLHZ�RI�WKH�UHODWLRQVKLS�EHWZHHQ�DFXWH�WR[LFLW\��/& ��RI�JDPPDKH[DFKORURF\FORKH[DQH��

�JDPPD�+&+��/LQGDQH��DQG�WRWDO�OLSLG�FRQWHQW�RI�GLIIHUHQW�ILVK�VSHFLHV���7R[LFRORJ\������������

*LOEHUW��0�(���DQG�&�0��0DFN����������6HL]XUH�WKUHVKROGV�LQ�NLQGOHG�DQLPDOV�DUH�UHGXFHG�E\�WKH
SHVWLFLGHV�OLQGDQH�DQG�HQGRVXOIDQ���1HXURWR[LFRO��7HUDWRO����������������

*ODVVPH\HU��6�7���'�6��'H�9DXOW��7�5��0\HUV��DQG�5�$��+LWHV����������7R[DSKHQH�LQ�*UHDW�/DNHV�ILVK�
$�WHPSRUDO��VSDWLDO��DQG�WURSKLF�VWXG\���(QYLURQ��6FL��7HFKQRO�����������

*RGEROG��'�/����������0HUFXU\�LQGXFHG�URRW�GDPDJH�LQ�VSUXFH�VHHGOLQJV���:DWHU�$LU�6RLO�3ROOXW�
�����������
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*RGIUH\��-�7���*�'��)RVWHU��DQG�.�$��/LSSD����������(VWLPDWHG�DQQXDO�ORDGV�RI�VHOHFWHG�RUJDQLF
FRQWDPLQDQWV�WR�&KHVDSHDNH�%D\�YLD�D�PDMRU�WULEXWDU\�

*ROGH\��(�6���DQG�'�+��7D\ORU����������'HYHORSPHQWDO�QHXURWR[LFLW\�IROORZLQJ�SUHPDWLQJ�PDWHUQDO
H[SRVXUH�WR�KH[DFKORUREHQ]HQH�LQ�UDWV���1HXURWR[LFRO��7HUDWRO�����������

*RORPE��'���'��5\DQ��1��(E\��-��8QGHUKLOO��DQG�7��:DGH����������$WPRVSKHULF�GHSRVLWLRQ�RI�WR[LF
PHWDOV�DQG�SRO\DURPDWLF�K\GURFDUERQV�RQWR�0DVVDFKXVHWWV�%D\���'UDIW���0DVVDFKXVHWWV�%D\V
3URJUDP�2IILFH��%RVWRQ��0$�

*RSDO��.���0��$QDQG��5�1��.KDQQD��'��$JDUZDO��*�6�'��*XSWD��DQG�.��6KDQNHU����������6RPH
QHXURWR[LFRORJLFDO�FRQVHTXHQFHV�RI�KH[DFKORURF\FORKH[DQH��+&+��VWUHVV�LQ�UDWV�IHG�RQ�SURWHLQ
GHILFLHQW�GLHW���7R[LFRO��(QYLURQ��&KHP����������������

*RU]HOVND��.���-�5��6FXGODUN��DQG�:�&��.HHQH���������LQ�SUHVV����'LVVROYHG�RUJDQLF�QLWURJHQ�LQ�WKH
DWPRVSKHULF�HQYLURQPHQW���,Q��$WPRVSKHULF�GHSRVLWLRQ�RI�FRQWDPLQDQWV�WR�WKH�*UHDW�/DNHV�DQG
FRDVWDO�ZDWHUV��-�(��%DNHU��HG���6RFLHW\�IRU�(QYLURQPHQWDO�7R[LFRORJ\�DQG�&KHPLVWU\��6(7$&��3UHVV�
3HQVDFROD��)/�

*RYHUQPHQW�RI�&DQDGD����������3ULRULW\�VXEVWDQFHV�OLVW�DVVHVVPHQW�UHSRUW���+H[DFKORUREHQ]HQH��
&DQDGLDQ�(QYLURQPHQWDO�3URWHFWLRQ�$FW���2WWDZD��2QWDULR������SS�

*UHDW�/DNHV�1DWLRQDO�3URJUDP�2IILFH��*/132�����������'UDIW�RSWLRQV�SDSHU��9LUWXDO�HOLPLQDWLRQ�RI
PHUFXU\���9LUWXDO�(OLPLQDWLRQ�3URMHFW��*UHDW�/DNHV�1DWLRQDO�3URJUDP�2IILFH���-XQH������

*XLOOHWWH��-U���/�-���7�6��*URVV��*�5��0DVVRQ��-�0��0DWWHU��+�)��3HUFLYDO��DQG�$�5��:RRGZDUG���������
'HYHORSPHQWDO�DEQRUPDOLWLHV�RI�WKH�JRQDG�DQG�DEQRUPDO�VH[�KRUPRQH�FRQFHQWUDWLRQV�LQ�MXYHQLOH
DOOLJDWRUV�IURP�FRQWDPLQDWHG�DQG�FRQWURO�ODNHV�LQ�)ORULGD���(QYLURQ��+HDOWK��3HUVSHFW�������������
����

*XLOOHWWH��-U���/�-���7�6��*URVV��'�$��*URVV��$�$��5RRQH\��DQG�+�)��3HUFLYDO����������*RQDGDO
VWHURLGRJHQHVLV�LQ�YLWUR�IURP�MXYHQLOH�DOOLJDWRUV�REWDLQHG�IURP�FRQWDPLQDWHG�RU�FRQWURO�ODNHV��
(QYLURQ��+HDOWK�3HUVSHFW������6XSSO�����������

*XLOOHWWH��-U���/�-���'�%��3LFNIRUG��'�$��&UDLQ��$�$��5RRQH\��DQG�+�)��3HUFLYDO����������5HGXFWLRQ�LQ
SHQLV�VL]H�DQG�SODVPD�FRQFHQWUDWLRQV�LQ�MXYHQLOH�DOOLJDWRUV�OLYLQJ�LQ�D�FRQWDPLQDWHG�HQYLURQPHQW��
*HQHUDO�DQG�&RPSDUDWLYH�(QGRFULQRORJ\�����������

*XR��<�/��7�-��/DL��6�+��-X��<�&��&KHQ��DQG�&�&��+VX����������6H[XDO�GHYHORSPHQWV�DQG�ELRORJLFDO
ILQGLQJV�LQ�<XFKHQJ�FKLOGUHQ���'LR[LQ�
������WK�,QWHUQDWLRQDO�6\PSRVLXP�RQ�&KORULQDWHG�DQG
5HODWHG�&RPSRXQGV��6HSWHPEHU�������9LHQQD��$XVWULD��YRO������������

+DIIQHU��*�'����������([SRVXUH�G\QDPLFV�RI�RUJDQLF�FRQWDPLQDQWV�LQ�WKH�ZHVWHUQ�EDVLQ�RI�/DNH
(ULH���*UHDW�/DNHV�5HVHDUFK�5HYLHZ�������������

+DUWLJDQ��-�3����������&KHVDSHDNH�%D\�%DVLQ�0RGHO���)LQDO�5HSRUW���3UHSDUHG�E\�WKH�1RUWKHUQ
9LUJLQLD�3ODQQLQJ�'LVWULFW�&RPPLVVLRQ�IRU�WKH�8�6��(3$�&KHVDSHDNH�%D\�3URJUDP���&KHVDSHDNH
%D\�3URJUDP�2IILFH��$QQDSROLV��0'�
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+HLQ]��*�+���6�1��:LHPH\HU��'�5��&ODUN��-U���3��$OEHUV��3��+HQU\��DQG�5��%DWLXN����������6WDWXV�DQG
DVVHVVPHQW�RI�&KHVDSHDNH�%D\�ZLOGOLIH�FRQWDPLQDWLRQ���3DWX[HQW�:LOGOLIH�5HVHDUFK�&HQWHU��/DXUHO
0'���8�6��(3$��&KHVDSHDNH�%D\�3URJUDP���&%3�756�������

+HO]��*�5���DQG�5�-��+XJJHWW����������&RQWDPLQDQWV�LQ�&KHVDSHDNH�%D\��7KH�UHJLRQDO�SHUVSHFWLYH��
,Q��&RQWDPLQDQW�3UREOHPV�DQG�0DQDJHPHQW�RI�/LYLQJ�&KHVDSHDNH�%D\�5HVRXUFHV��6�.��0DMXPGDU�
/�:��+DOO�-U���DQG�+�0��$XVWLQ��HGV���3HQQV\OYDQLD�$FDGHP\�RI�6FLHQFH��+DUULVEXUJ��3$�

+HQVKHO��'�6���-�:��0DUWLQ��5��1RUVWURP��3��:KLWHKHDG��-�'��6WHHYHV��DQG�.�0��&KHQJ���������
0RUSKRPHWULF�DEQRUPDOLWLHV�LQ�EUDLQV�RI�JUHDW�EOXH�KHURQ�KDWFKOLQJV�H[SRVHG�LQ�WKH�ZLOG�WR
3&''V���(QYLURQ��+HDOWK�3HUVSHFW������6XSSO�����������

+HUPVHQ��:���,��6LPV��DQG�0��&UDQH����������7KH�ELRDYDLODELOLW\�DQG�WR[LFLW\�WR�0\WLOXV�HGXOLV�/��RI
WZR�RUJDQRFKORULQH�SHVWLFLGHV�DGVRUEHG�WR�VXVSHQGHG�VROLGV���0DULQH�(QYLURQ��5HV�����������

+LOHPDQ��%���-DQ�������������(QYLURQPHQWDO�HVWURJHQV�OLQNHG�WR�UHSURGXFWLYH�DEQRUPDOLWLHV��FDQFHU��
&KHP��(QJ��1HZV�������������

+LOO��6�'���DQG�/��1HOVRQ����������/LQGDQH��������������KH[DFKORURF\FORKH[DQH��DIIHFWV
PHWDPRUSKRVLV�DQG�VHWWOHPHQW�RI�ODUYDH�RI�&DSLWHOOD�VSHFLHV�,��$QQHOLGD��3RO\FKDHWD����%LRO��%XOO�
������������

+LOOHU\��%�5���5�0��+RII��DQG�5�$��+LWHV���������LQ�SUHVV����$WPRVSKHULF�FRQWDPLQDQW�GHSRVLWLRQ�WR
WKH�*UHDW�/DNHV�GHWHUPLQHG�IURP�WKH�,QWHJUDWHG�$WPRVSKHULF�'HSRVLWLRQ�1HWZRUN���,Q�
$WPRVSKHULF�GHSRVLWLRQ�RI�FRQWDPLQDQWV�WR�WKH�*UHDW�/DNHV�DQG�FRDVWDO�ZDWHUV��-�(��%DNHU��HG��
6RFLHW\�IRU�(QYLURQPHQWDO�7R[LFRORJ\�DQG�&KHPLVWU\��6(7$&��3UHVV��3HQVDFROD��)/���

+LQJD��.�5���$�$��.HOOHU��DQG�&�$��2YLDWW����������$WPRVSKHULF�GHSRVLWLRQ�DQG�QLWURJHQ�LQSXWV�WR
FRDVWDO�ZDWHUV���$PELR������������

+RII��5�0���'�&�*��0XLU��1�3��*ULIW��DQG�.�$��%ULFH����������0HDVXUHPHQW�RI�3&&V�LQ�DLU�LQ�6RXWKHUQ
2QWDULR���&KHPRVSKHUH��������������

+RII��5�0���DQG�.�$��%ULFH����������$WPRVSKHULF�GU\�GHSRVLWLRQ�RI�3$+V�DQG�WUDFH�PHWDOV�WR�/DNH
2QWDULR�DQG�/DNH�+XURQ���,Q��3URFHHGLQJV�RI�WKH���WK�$QQXDO�0HHWLQJ�RI�WKH�$LU�DQG�:DVWH
0DQDJHPHQW�$VVRFLDWLRQ��3LWWVEXUJK��3$�

+RII��5�0���:�0�-��6WUDFKDQ��&�:��6ZHHW��'�)��*DW]��.��+DUOLQ��0��6KDFNOHWRQ��6��&XVVLRQ��&�+�
&KDQ��.�$��%ULFH��:�+��6KURHGHU��DQG�7�)��%LGOHPDQ����������$WPRVSKHULF�GHSRVLWLRQ�RI�WR[LF
FKHPLFDOV�WR�WKH�*UHDW�/DNHV��$�UHYLHZ�RI�GDWD�WKURXJK��������$WPRV��(QYLURQ�������������������

+RIIPDQ��'�-���*�-��6PLWK��DQG�%�$��5DWWQHU����������%LRPDUNHUV�RI�FRQWDPLQDQW�H[SRVXUH�LQ
FRPPRQ�WHUQV�DQG�EODFN�FURZQHG�QLJKW�KHURQV�LQ�WKH�*UHDW�/DNHV���(QYLURQ��7R[LFRO��&KHP�
����������������

+ROODGD\��6�'���DQG�0�,��/XVWHU����������'HYHORSPHQWDO�LPPXQRWR[LFRORJ\���'HYHORSPHQWDO
7R[LFRORJ\���QG�HG���������
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+ROVHQ��7�0���.�(��1ROO��6��/LX��DQG�:��/HH����������'U\�GHSRVLWLRQ�RI�3&%V�LQ�XUEDQ�DUHDV���(QYLURQ�
6FL��7HFKQRO���������������

+RYLQJD��0�(���0��6RZHUV��DQG�+�(�%��+XPSKUH\����������(QYLURQPHQWDO�H[SRVXUH�DQG�OLIHVW\OH
SUHGLFWRUV�RI�OHDG��FDGPLXP��3&%��DQG�''7�OHYHOV�LQ�*UHDW�/DNHV�ILVK�HDWHUV���$UFK��(QYLURQ�
+HDOWK��������������

+RZDUG��3�+���HG����������+DQGERRN�RI�HQYLURQPHQWDO�IDWH�DQG�H[SRVXUH�GDWD�IRU�RUJDQLF
FKHPLFDOV���9ROXPH�,,,��3HVWLFLGHV���/HZLV�3XEOLVKHUV��&KHOVHD��0,�

+RZGZVKHOO��0�-���DQG�5�$��+LWHV����������+LVWRULFDO�LQSXW�DQG�GHJUDGDWLRQ�RI�WR[DSKHQH�LQ�/DNH
2QWDULR�VHGLPHQWV���(QYLURQ��6FL��7HFKQRO����������������

+R\HU��0���-��%XUNH��DQG�*�-��.HHOHU����������$WPRVSKHULF�VRXUFHV��WUDQVSRUW�DQG�GHSRVLWLRQ�RI
PHUFXU\�LQ�0LFKLJDQ��7ZR�\HDUV�RI�HYHQW�SUHFLSLWDWLRQ���:DWHU�$LU�6RLO�3ROOXW�������������

+XJJHWW��5�-���3�$��9DQ�1HOG��&�/��6PLWK��:�-��+DUJLV��:�.��9ROJHOEHLQ��DQG�%�$��:HHNV����������7KH
HIIHFWV�RI�FRQWDPLQDWHG�VHGLPHQWV�LQ�WKH�(OL]DEHWK�5LYHU���,Q��6HGLPHQW�7R[LFLW\�$VVHVVPHQW��*�$�
%XUWRQ��HG���%RFD�5DWRQ��)/��/HZLV�3XEOLVKHUV���������

+XJKHV��5�$����������3HUVLVWHQFH�RI�WR[DSKHQH�LQ�QDWXUDO�ZDWHUV���0�6��WKHVLV��ZDWHU�FKHPLVWU\
SURJUDP��8QLY��RI�:LVFRQVLQ��0DGLVRQ��:,�

+XVHPDQ��&�$���0�0��9DUPD��DQG�&�5��$QJOH����������1HXURHQGRFULQH�HIIHFWV�RI�WR[LF�DQG�ORZ
EORRG�OHDG�OHYHOV�LQ�FKLOGUHQ���3HGLDWULFV���������������

,&)�,QFRUSRUDWHG����������)RFXV�FKHPLFDOV�IRU�WKH�&OHDQ�$LU�$FW�$PHQGPHQWV�*UHDW�:DWHUV�VWXG\��
'UDIW���3UHSDUHG�IRU�2IILFH�RI�$LU�4XDOLW\�3ODQQLQJ�DQG�6WDQGDUGV��8�6��(3$��5HVHDUFK�7ULDQJOH
3DUN��1&�

,QWHUQDWLRQDO�-RLQW�&RPPLVVLRQ��,-&�����������*UHDW�/DNHV�:DWHU�4XDOLW\�$JUHHPHQW�RI�������
:LQGVRU��2QWDULR�

,QWHUQDWLRQDO�-RLQW�&RPPLVVLRQ��,-&���������������������3ULRULWLHV�DQG�3URJUHVV�8QGHU�WKH�*UHDW
/DNHV�:DWHU�4XDOLW\�$JUHHPHQW���:LQGVRU��2QWDULR��&DQDGD���$XJXVW������������SS�

-DFREVHQ��-�/���DQG�6�:��-DFREVHQ����������,QWHOOHFWXDO�LPSDLUPHQW�LQ�FKLOGUHQ�H[SRVHG�WR
SRO\FKORULQDWHG�ELSKHQ\OV�LQ�XWHUR���1HZ�(QJO��-��0HG������������������

-HUHPLDVRQ��-�'���.�&��+RUQEXFNOH��DQG�6�-��(LVHQUHLFK����������3&%V�LQ�/DNH�6XSHULRU������������
'HFUHDVHV�LQ�ZDWHU�FRQFHQWUDWLRQV�UHIOHFW�ORVV�E\�YRODWLOL]DWLRQ���(QYLURQ��6FL��7HFKQRO�������������

-RKDQVVRQ��8���$��)UHGULNVVRQ��DQG�3��(ULNVVRQ����������/RZ�GRVH�HIIHFWV�RI�SDUDR[RQ�LQ�DGXOW�PLFH
QHRQDWDOO\�H[SRVHG�WR�''7���FKDQJHV�LQ�EHKDYLRU�DQG�FKROLQHUJLF�YDULDEOHV���1HXURWR[LFRORJ\
����������

-RKQVRQ��%�+���5�(��+HDWK��%�%��+VLHK��.�:��.LP��DQG�+�/��%XWOHU����������8VHUV�JXLGH�IRU�D�WKUHH�
GLPHQVLRQDO�QXPHULFDO�K\GURG\QDPLF��VDOLQLW\��DQG�WHPSHUDWXUH�PRGHO�RI�&KHVDSHDNH�%D\���8�6�
(3$�&KHVDSHDNH�%D\�3URJUDP��$QQDSROLV��0DU\ODQG�
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-RKQVRQ��'�&���0��6HQ��DQG�6�.��'H\����������'LIIHUHQWLDO�HIIHFWV�RI�GLFKORURGLSKHQ\OWULFKORURHWKDQH
DQDORJV��FKORUGHFRQH��DQG���������WHWUDFKORURGLEHQ]R�S�GLR[LQ�RQ�HVWDEOLVKPHQW�RI�SUHJQDQF\�LQ
WKH�K\SRSK\VHFWRPL]HG�UDW���3URFHHGLQJV�RI�WKH�6RFLHW\�IRU�([SHULPHQWDO�%LRORJ\�DQG�0HGLFLQH
����������

-RKQVRQ��'�:���DQG�6�(��/LQGEHUJ��HGV����������$WPRVSKHULF�GHSRVLWLRQ�DQG�IRUHVW�QXWULHQW�F\FOLQJ��
(FRORJLFDO�6HULHV������1HZ�<RUN��6SULQJHU�9HUODJ�

-RKQVRQ��/�/���&�0��6WHKU��3�2��2OVRQ��0�6��0\HUV��6�0��3LHUFH��*�$��:LJUHQ��%�%��0F&DLQ��DQG�8�
9DUDQDVL����������&KHPLFDO�FRQWDPLQDQWV�DQG�KHSDWLF�OHVLRQV�LQ�ZLQWHU�IORXQGHU�IURP�WKH�1RUWKHDVW
&RDVW�RI�WKH�8QLWHG�6WDWHV���(QYLURQ��6FL��7HFKQRO�������������������

-XEHUJ��'�5���DQG�5��/RFK�&DUXVR����������,QYHVWLJDWLRQ�RI�WKH�UROH�RI�HVWURJHQLF�DFWLRQ�DQG
SURVWDJODQGLQ�(��LQ�''7�VWLPXODWHG�UDW�XWHULQH�FRQWUDFWLRQV�H[�YLYR���7R[LFRORJ\�����������������

.DKO��-�6���6�$��1RUWRQ��,�-��)HUQDQGH]��.�-��1DGHOKRIIHU��&�7��'ULVFROO��DQG�-�'��$EHU���������
([SHULPHQWDO�LQGXFHPHQW�RI�QLWURJHQ�VDWXUDWLRQ�DW�WKH�ZDWHUVKHG�VFDOH���(QYLURQ��6FL��7HFKQRO�
��������������

.DQJ��.�6���0�5��:LOVRQ��7��+D\DVKL��&�&��&KDQJ��DQG�-�(��7URVNR����������,QKLELWLRQ�RI�JDS
MXQFWLRQDO�LQWHUFHOOXODU�FRPPXQLFDWLRQ�LQ�QRUPDO�EUHDVW�HSLWKHOLDO�FHOOV�DIWHU�WUHDWPHQW�ZLWK
SHVWLFLGHV��3&%V��DQG�3%%V��DORQH�RU�LQ�PL[WXUHV���(QYLURQ��+HDOWK�3HUVSHFW�����������������

.DYORFN��5�-���*�3��'DVWRQ��&��'H5RVD��3��)HQQHU�&ULVS��/�(��*UD\��6��.DDWWDUL��*��/XFLHU��0��/XVWHU�
0�-��0DF��&��0DF]ND��5��0LOOHU��-��0RRUH��5��5ROODQG��*��6FRWW��'�0��6KHHKDQ��7��6LQNV��DQG�+�$�
7LOVRQ����������5HVHDUFK�QHHGV�IRU�WKH�ULVN�DVVHVVPHQW�RI�KHDOWK�DQG�HQYLURQPHQWDO�HIIHFWV�RI
HQGRFULQH�GLVUXSWRUV��$�UHSRUW�RI�WKH�8�6��(3$�VSRQVRUHG�ZRUNVKRS���(QYLURQ��+HDOWK�3HUVSHFW�
����6XSSO������������

.HHOHU��*�-����������/DNH�0LFKLJDQ�XUEDQ�DLU�WR[LFV�VWXG\���)XQGHG�E\�8�6��(3$��$WPRVSKHULF
5HVHDUFK�DQG�([SRVXUH�$VVHVVPHQW�/DERUDWRU\���(3$�����65��������

.HHOHU��*�-���DQG�0��+R\HU���������LQ�SUHVV����5HFHQW�PHDVXUHPHQWV�RI�DWPRVSKHULF�PHUFXU\�LQ�WKH
*UHDW�/DNHV�UHJLRQ���,Q��$WPRVSKHULF�GHSRVLWLRQ�RI�FRQWDPLQDQWV�WR�WKH�*UHDW�/DNHV�DQG�FRDVWDO
ZDWHUV��-�(��%DNHU��HG���6RFLHW\�IRU�(QYLURQPHQWDO�7R[LFRORJ\�DQG�&KHPLVWU\��6(7$&��3UHVV�
3HQVDFROD��)/�

.HHOHU��*�-���-�0��3DF\QD��7�)��%LGOHPDQ��DQG�-�2��1ULDJX����������,GHQWLILFDWLRQ�RI�VRXUFHV
FRQWULEXWLQJ�WR�WKH�FRQWDPLQDWLRQ�RI�WKH�*UHDW�:DWHUV�E\�WR[LF�FRPSRXQGV���(3$�����5��������

.HHOHU��*���*��*OLQVRUQ��DQG�1��3LUURQH����������3DUWLFXODWH�PHUFXU\�LQ�WKH�DWPRVSKHUH��,WV
VLJQLILFDQFH��WUDQVSRUW��WUDQVIRUPDWLRQ�DQG�VRXUFHV���:DWHU�$LU�6RLO�3ROOXW�������������

.HLWK��-�2���DQG�&�$��0LWFKHOO����������(IIHFWV�RI�''(�DQG�IRRG�VWUHVV�RQ�UHSURGXFWLRQ�DQG�ERG\
FRQGLWLRQ�RI�ULQJHG�WXUWOH�GRYHV���$UFK��(QYLURQ��&RQWDP��7R[LFRO�����������������

.HOFH��:�5���&�5��6WRQH��6�&��/DZV��/�(��*UD\V��-�$��.HPSSDLQHQ��DQG�(�0��:LOVRQ����������3HUVLVWHQW
''7�PHWDEROLWH�S�S
�''(�LV�D�SRWHQW�DQGURJHQ�UHFHSWRU�DQWDJRQLVW���1DWXUH��/RQGRQ�
������������������
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.LKOVWU|P��-�(���$��-RKDQVVRQ��-��$KOERP��0��2OVVHQ��6��-HQVHQ��DQG�$��%HUJPDQ����������(IIHFWV�RI
3&%�DQG�GLIIHUHQW�IUDFWLRQV�RI�3&%�RQ�WKH�UHSURGXFWLRQ�RI�WKH�PLQN�0XVWHOD�9LVRQ���$PELR
��������������

.LOEXUQ��.�+��DQG�-�&��7KRUQWRQ����������3URWUDFWHG�QHXURWR[LFLW\�IURP�FKORUGDQH�VSUD\HG�WR�NLOO
WHUPLWHV���(QYLURQ��+HDOWK�3HUVSHFW�������������������

.LP��5���+��+X��$��5RWQLW]N\��'��%HOOLQJHU��DQG�+��1HHGOHPDQ����������$�ORQJLWXGLQDO�VWXG\�RI
FKURQLF�OHDG�H[SRVXUH�DQG�SK\VLFDO�JURZWK�LQ�%RVWRQ�FKLOGUHQ���(QYLURQ��+HDOWK�3HUVSHFW�
����������������

.UDDN��0�+�6���'��/DY\��+��6FKRRQ��0��7RXLVVDQW��:�0��3HHWHUV��DQG�1�0��YDQ�6WUDDOHQ���������
&KURQLF�HFRWR[LFLW\�RI�FRSSHU�DQG�FDGPLXP�WR�WKH�]HEUD�PXVVHO�'UHLVVHQD�SRO\PRUSKD���$UFK�
(QYLURQ��&RQWDP��7R[LFRO�������������

/
,WDOLHQ��6����������2UJDQLF�FRQWDPLQDWLRQ�LQ�WKH�*UHDW�/DNHV�������������5HSRUW�1R��(4%�7:'�
25�������,���(QYLURQPHQW�&DQDGD��(QYLURQPHQWDO�4XDOLW\�%UDQFK��2QWDULR�5HJLRQ���%XUOLQJWRQ�
2QWDULR�

/DKYLV��*�3���5�6��:HOOV��'�:��.XHKO��-�/��6WHZDUW��+�/��5KLQHKDUW��DQG�&�6��9LD����������'HFUHDVHG
O\PSKRF\WH�UHVSRQVHV�LQ�IUHH�UDQJLQJ�ERWWOHQRVH�GROSKLQV��7XUVLRSV�WUXQFDWXV��DUH�DVVRFLDWHG�ZLWK
LQFUHDVHG�FRQFHQWUDWLRQV�RI�3&%V�DQG�''7�LQ�SHULSKHUDO�EORRG���(QYLURQ��+HDOWK�3HUVSHFW�
����6XSSO����������

/DL��7�-��<�&�&KHQ��:�-�&KRX��<�/��*XR��+�&��.R��DQG�&�&��+VX����������&RJQLWLYH�GHYHORSPHQW�LQ
<XFKHQJ�FKLOGUHQ���'LR[LQ�
������WK�,QWHUQDWLRQDO�6\PSRVLXP�RQ�&KORULQDWHG�DQG�5HODWHG
&RPSRXQGV��6HSWHPEHU�������9LHQQD��$XVWULD��9RO�������������

/DNH�&KDPSODLQ�%DVLQ�3URJUDP��/&%3�����������2SSRUWXQLWLHV�IRU�DFWLRQ��$Q�HYROYLQJ�SODQ�IRU�WKH
IXWXUH�RI�WKH�/DNH�&KDPSODLQ�%DVLQ���/DNH�&KDPSODLQ�%DVLQ�3URJUDP���'UDIW��2FWREHU������

/DNH�&KDPSODLQ�%DVLQ�3URJUDP��/&%3�����������2SSRUWXQLWLHV�IRU�DFWLRQ��$Q�HYROYLQJ�SODQ�IRU�WKH
IXWXUH�RI�WKH�/DNH�&KDPSODLQ�%DVLQ���/DNH�&KDPSODLQ�%DVLQ�3URJUDP���'UDIW��-XQH������

/DPERUJ��&�+���:�)��)LW]JHUDOG��*�0��9DQGDO��DQG�.�5��5ROIKXV����������$WPRVSKHULF�PHUFXU\�LQ
QRUWKHUQ�:LVFRQVLQ��6RXUFHV�DQG�VSHFLHV���:DWHU�$LU�6RLO�3ROOXW�������������

/DQJODQG��0����������$WPRVSKHULF�GHSRVLWLRQ�RI�DPPRQLD�IURP�RSHQ�PDQXUH�VWRUDJH�ODJRRQV�LQ
VRXWK�FHQWUDO�3HQQV\OYDQLD���(QYLURQ��3URI�����������

/DWLPHU��-�6���������LQ�SUHVV����7KH�VLJQLILFDQFH�RI�DWPRVSKHULF�GHSRVLWLRQ�DV�D�VRXUFH�RI�3&%V�DQG
3$+V�WR�1DUUDJDQVHWW�%D\���,Q��$WPRVSKHULF�GHSRVLWLRQ�RI�FRQWDPLQDQWV�WR�WKH�*UHDW�/DNHV�DQG
FRDVWDO�ZDWHUV��-�(��%DNHU��HG���6RFLHW\�IRU�(QYLURQPHQWDO�7R[LFRORJ\�DQG�&KHPLVWU\��6(7$&��3UHVV�
3HQVDFROD��)/���

/DZUHQFH��%�-����������0HUFXU\���(QJLQHHULQJ�DQG�0LQLQJ�-RXUQDO�����������

/HLEROG��(���DQG�/�5��6FKZDU]����������,QKLELWLRQ�RI�LQWHUFHOOXODU�FRPPXQLFDWLRQ�LQ�UDW�KHSDWRF\WHV
E\�SKHQREDUELWDO��������WULFKORUR�����ELV�S�FKORURSKHQ\O�HWKDQH��''7��DQG�JDPPD�



5()(5(1&(6

�����

KH[DFKORURF\FORKH[DQH��OLQGDQH���0RGLILFDWLRQ�E\�DQWLR[LGDQWV�DQG�LQKLELWRUV�RI�F\FOR�R[\JHQDVH��
&DUFLQRJHQHVLV������������������

/HLVWHU��'�/���DQG�-�(��%DNHU����������$WPRVSKHULF�GHSRVLWLRQ�RI�RUJDQLF�FRQWDPLQDQWV�WR�WKH
&KHVDSHDNH�%D\���$WPRV��(QYLURQ���������������

/HRQ]LR��&���/��0DUVLOL��DQG�6��)RFDUGL����������,QIOXHQFH�RI�FDGPLXP�RQ�3&%�FRQJHQHU
DFFXPXODWLRQ�LQ�TXDLO���%XOO��(QYLURQ��&RQWDP��7R[LFRO�������������

/HY\��+���DQG�:�-��0R[LP����������)DWH�RI�8�6��DQG�&DQDGLDQ�FRPEXVWLRQ�QLWURJHQ�HPLVVLRQV��
1DWXUH�������������
�
/LQGEHUJ��6�(���7�3��0H\HUV��*�(��7D\ORU��-U���5�5��7XUQHU��DQG�:�+��6FKURHGHU����������$WPRVSKHUH�
VXUIDFH�H[FKDQJH�RI�PHUFXU\�LQ�D�IRUHVW��5HVXOWV�RI�PRGHOLQJ�DQG�JUDGLHQW�DSSURDFKHV���-�
*HRSK\V��5HV�����'�������������

/LQGHQDX��$���%��)LVFKHU��3��6HLOHU��DQG�+�0��%HLHU����������(IIHFWV�RI�SHUVLVWHQW�FKORULQDWHG
K\GURFDUERQV�RQ�UHSURGXFWLYH�WLVVXHV�LQ�IHPDOH�UDEELWV���+XP��5HSURG���������������

/LQGHU��5�(���/�)��6WUDGHU��9�/��6ORWW��DQG�-�'��6XDUH]����������(QGSRLQWV�RI�VSHUPDWRWR[LFLW\�LQ�WKH
UDW�DIWHU�VKRUW�GXUDWLRQ�H[SRVXUHV�WR�IRXUWHHQ�UHSURGXFWLYH�WR[LFDQWV���5HSURG��7R[LFRO������������

/LQGTXLVW��2����������0HUFXU\�LQ�WKH�6ZHGLVK�HQYLURQPHQW���5HFHQW�UHVHDUFK�RQ�FDXVHV�
FRQVHTXHQFHV�DQG�FRUUHFWLYH�PHDVXUHV���:DWHU�$LU�6RLO�3ROOXW�����������

/LQNHU��/�&���5�/��'HQQLV��DQG�'�<��$OHJUH����������,PSDFW�RI�WKH�&OHDQ�$LU�$FW�RQ�&KHVDSHDNH�%D\
ZDWHU�TXDOLW\���,QWHUQDWLRQDO�&RQIHUHQFH�RQ�WKH�(QYLURQPHQWDO�0DQDJHPHQW�RI�(QFORVHG�&RDVWDO
6HDV��(0(&6���%DOWLPRUH��0'��0DU\ODQG�6HD�*UDQW�&ROOHJH�

/LQNHU��/�&���&�*��6WLJDOO��&�+��&KDQJ��DQG�$�6��'RQLJLDQ����������$TXDWLF�DFFRXQWLQJ��&KHVDSHDNH
%D\�ZDWHUVKHG�PRGHO�TXDQWLILHV�QXWULHQW�ORDGV���:DWHU�(QYLURQ��7HFKQRO�������������

/LQNHU��/�&���DQG�5�9��7KRPDQQ����������&URVV�PHGLD�PRGHOV�RI�WKH�&KHVDSHDNH�%D\��'HILQLQJ�WKH
ERXQGDULHV�RI�WKH�SUREOHP���:DWHUVKHG�
����$�1DWLRQDO�&RQIHUHQFH�:DWHUVKHG�0DQDJHPHQW��
%DOWLPRUH��0'�

/LVV��3�6���DQG�3�*��6ODWHU����������)OX[�RI�JDVHV�DFURVV�WKH�DLU�VHD�LQWHUIDFH���1DWXUH�������������

/RFNKDUW��:�/���5��:DJHPDQQ��%��7UDFH\��'��6XWKHUODQG��DQG�'�-��7KRPDV����������3UHVHQFH�DQG
LPSOLFDWLRQV�RI�FKHPLFDO�FRQWDPLQDQWV�LQ�WKH�IUHVKZDWHUV�RI�WKH�&DQDGLDQ�$UFWLF���6FL��7RWDO
(QYLURQ��������������

/RJDQ��-�$����������1LWURJHQ�R[LGHV�LQ�WKH�WURSRVSKHUH��*OREDO�DQG�UHJLRQDO�EXGJHWV���-��*HRSK\V�
5HV�����&�����������������

/RQJ��(�5���'��0DF'RQDOG��DQG�&��&DLUQFURVV����������6WDWXV�DQG�WUHQGV�LQ�WR[LFDQWV�DQG�WKH
SRWHQWLDO�IRU�WKHLU�ELRORJLFDO�HIIHFWV�LQ�7DPSD�%D\��)ORULGD���1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF
$GPLQLVWUDWLRQ��12$$���12$$�7HFKQLFDO�0HPRUDQGXP�126�20$����
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/RQJ�,VODQG�6RXQG�6WXG\���3HUVRQDO�FRPPXQLFDWLRQ�ZLWK�1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF
$GPLQLVWUDWLRQ��12$$����$V�FLWHG�LQ�9DOLJXUD�HW�DO�������

/RQJ�,VODQG�6RXQG��/,6��6WXG\����������6WDWXV�UHSRUW�DQG�LQWHULP�DFWLRQV�IRU�K\SR[LD�PDQDJHPHQW��
'HFHPEHU������

/RQJ�,VODQG�6RXQG��/,6��6WXG\����������7KH�&RPSUHKHQVLYH�&RQVHUYDWLRQ�DQG�0DQDJHPHQW�3ODQ��
0DUFK������

/RYHWW��*�0���DQG�6�(��/LQGEHUJ����������'U\�GHSRVLWLRQ�RI�QLWUDWH�WR�D�GHFLGXRXV�IRUHVW��
%LRJHRFKHP������������

/XNH��:�7��DQG�5�$��9DOLJXUD���������LQ�SUHVV����0HWKRGRORJLHV�WR�HVWLPDWH�WKH�DLU�VXUIDFH�H[FKDQJH
RI�DWPRVSKHULF�QLWURJHQ�FRPSRXQGV���,Q��$WPRVSKHULF�GHSRVLWLRQ�RI�FRQWDPLQDQWV�WR�WKH�*UHDW
/DNHV�DQG�FRDVWDO�ZDWHUV��-�(��%DNHU��HG���6RFLHW\�IRU�(QYLURQPHQWDO�7R[LFRORJ\�DQG�&KHPLVWU\
�6(7$&��3UHVV��3HQVDFROD��)/���

0DOERXLVVRQ��-�)�&���7�:�.��<RXQJ��DQG�$�:��%DUN����������'LVUXSWLRQ�RI�SUHFRSXOD�LQ�*DPPDUXV
SXOHV�DV�D�UHVXOW�RI�EULHI�H[SRVXUH�WR�JDPPD�KH[DFKORURF\FORKH[DQH��OLQGDQH����&KHPRVSKHUH
�����������������

0DORQH��7�&����������(IIHFWV�RI�ZDWHU�FROXPQ�SURFHVVHV�RQ�GLVVROYHG�R[\JHQ��QXWULHQWV�
SK\WRSODQNWRQ�DQG�]RRSODQNWRQ���,Q��2[\JHQ�G\QDPLFV�LQ�WKH�&KHVDSHDNH�%D\��'�(��6PLWK��0�
/HIIOHU��DQG�0DFNLHUQDQ��HGV���&ROOHJH�3DUN��0'��0DU\ODQG�6HD�*UDQW�%RRN�

0DQQR��-���6��0H\HUV��'��5LHGHO��DQG�1��7UHPEHO\���������������6WDWH�RI�WKH�*UHDW�/DNHV�(FRV\VWHP
&RQIHUHQFH��6�2�/�(�&���%DFNJURXQG�3DSHU��(IIHFWV�RI�*UHDW�/DNHV�EDVLQ�FRQWDPLQDQWV�RQ�KXPDQ
KHDOWK���(QYLURQPHQW�&DQDGD�DQG�8�6��(3$���$XJXVW��������(3$�����5��������

0DURQL��0���DQG�$��)DLW����������+HDOWK�HIIHFWV�LQ�PDQ�IURP�ORQJ�WHUP�H[SRVXUH�WR�SHVWLFLGHV��$
UHYLHZ�RI�WKH�����������OLWHUDWXUH���7R[LFRORJ\���������������

0DVVDFKXVHWWV�%D\V�1(3���������������&RPSUHKHQVLYH�&RQVHUYDWLRQ�DQG�0DQDJHPHQW�3ODQ�
VHFWLRQ�RQ�ELRORJLFDO�SURFHVVHV��DQG�3URJUDP�)DFW�6KHHW�1R����

0F&RQQDFKLH��3�5���DQG�$�&��=DKDOVN\����������,PPXQH�DOWHUDWLRQV�LQ�KXPDQV�H[SRVHG�WR�WKH
WHUPLWLFLGH�WHFKQLFDO�FKORUGDQH���$UFK��(QYLURQ��+HDOWK���������������

0F&RQQHOO��/�/���:�(��&DWKDP��DQG�7�)��%LGOHPDQ����������*DV�H[FKDQJH�RI�KH[DFKORURKH[DQH�LQ
WKH�*UHDW�/DNHV���(QYLURQ��6FL��7HFKQRO���������������

0F*URGG\��6�(���DQG�-�:��)DUULQJWRQ����������6HGLPHQW�SRUHZDWHU�SDUWLWLRQLQJ�RI�SRO\F\FOLF
DURPDWLF�K\GURFDUERQV�LQ�WKUHH�FRUHV�IURP�%RVWRQ�+DUERU��0DVVDFKXVHWWV���(QYLURQ��6FL��7HFKQRO�
�������������

0F,QWRVK��$����������/DNH�&KDPSODLQ�6HGLPHQW�7R[LFV�$VVHVVPHQW�3URJUDP��$Q�DVVHVVPHQW�RI
VHGLPHQW�DVVRFLDWHG�FRQWDPLQDQWV�LQ�/DNH�&KDPSODLQ�SKDVH�����)RU�WKH�/DNH�&KDPSODLQ�%DVLQ
3URJUDP�
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0F.LQQH\��-�'���DQG�&�/��:DOOHU����������3RO\FKORULQDWHG�ELSKHQ\OV�DV�KRUPRQDOO\�DFWLYH�VWUXFWXUDO
DQDORJXHV���(QYLURQ��+HDOWK�3HUVSHFW�����������������

0F1XWW��7�/���DQG�&��+DUULV����������/LQGDQH�HPEU\RWR[LFLW\�DQG�GLIIHUHQWLDO�DOWHUDWLRQ�RI�F\VWHLQH
DQG�JOXWDWKLRQH�OHYHOV�LQ�UDW�FRQFHSWXVHV�LQ�YLWUR���$EVWUDFW���7HUDWRORJ\�����������

0F9HHW\��%�'���DQG�5�$��+LWHV����������$WPRVSKHULF�GHSRVLWLRQ�RI�SRO\DURPDWLF�K\GURFDUERQV�WR
ZDWHU�VXUIDFHV��$�PDVV�EDODQFH�DSSURDFK���$WPRV��(QYLURQ�������������

0HHUD��3���3�5��5DR��5��6KDQNHU��DQG�2��7ULSDWKL����������,PPXQRPRGXODWRU\�HIIHFWV�RI�JDPPD�
+&+��OLQGDQH��LQ�PLFH���,PPXQRSKDUPDFRO��,PPXQRWR[LFRO������������������

0HOLOOR��-�0���3�$��6WHXGOHU��-�'��$EHU��DQG�5�'��%RZGHQ����������$WPRVSKHULF�GHSRVLWLRQ�DQG
QXWULHQW�F\FOLQJ���,Q��([FKDQJH�RI�WUDFH�JDVHV�EHWZHHQ�WHUUHVWULDO�HFRV\VWHPV�DQG�WKH�DWPRVSKHUH�
0�2��$QGUHDH��DQG�'�6��6FKLPHO��HGV���5HS��RI�'DKOHP�ZRUNVKRS�RQ�H[FKDQJH�RI�WUDFH�JDVHV
EHWZHHQ�WHUUHVWULDO�HFRV\VWHPV�DQG�WKH�DWPRVSKHUH��%HUOLQ��������*UHDW�%ULWDLQ��:LOH\�,QWHUVFLHQFH
3XEOLFDWLRQ�

0HQGROD��3���*�0��%XFN��-�(��9HQD��0��=LHOH]Q\��DQG�/�(��6HYHU����������&RQVXPSWLRQ�RI�3&%�
FRQWDPLQDWHG�VSRUW�ILVK�DQG�ULVN�RI�VSRQWDQHRXV�IHWDO�GHDWK���(QYLURQ��+HDOWK�3HUVSHFW�������������
����

0HQ]LH�&XUD�	�$VVRFLDWHV��,QF����������6RXUFHV�DQG�ORDGLQJV�RI�SROOXWDQW�WR�WKH�0DVVDFKXVHWWV
%D\V���5HSRUW�WR�WKH�0DVVDFKXVHWWV�%D\�3URJUDP���3XE��1R����������������������1RYHPEHU������

0LFKLJDQ�'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV��0'15�����������0HUFXU\�LQ�0LFKLJDQ
V�HQYLURQPHQW�
(QYLURQPHQWDO�DQG�KXPDQ�KHDOWK�FRQFHUQV���$�VFLHQFH�UHSRUW�WR�*RYHUQRU�-RKQ�(QJOHU���5�'��6LOOV�
0LFKLJDQ�(QYLURQPHQW�6FLHQFH�%RDUG��/DQVLQJ��0,�

0LOOHU��'�5���1�3��1LNRODLGLV��/�+��<DQJ��0�$��*HLJHUW��-��+HLWHUW��DQG�+�0��&KHQ����������7HFKQLFDO
UHSRUW�RQ�WKH�/RQJ�,VODQG�6RXQG�DWPRVSKHULF�GHSRVLWLRQ�SURMHFW���3UHSDUHG�IRU�&RQQHFWLFXW�'(3��
6WRUUV��&7�

0LOQH��3�-���DQG�5�*��=LND����������$PLQR�DFLG�QLWURJHQ�LQ�DWPRVSKHULF�DHURVROV��2FFXUUHQFH�
VRXUFHV��DQG�SKRWRFKHPLFDO�PRGLILFDWLRQ���-��$WPRV��&KHP�������������

0XVKDN��3���-�0��'DYLV��$�)��&URFHWWL��DQG�/�'��*UDQW����������3UHQDWDO�DQG�SRVWQDWDO�HIIHFWV�RI�ORZ�
OHYHO�OHDG�H[SRVXUH��,QWHJUDWHG�VXPPDU\�RI�D�UHSRUW�WR�WKH�8�6��&RQJUHVV�RQ�FKLOGKRRG�OHDG
SRLVRQLQJ���(QYLURQ��5HV�����������

1DJDWD��.���%�-��+DPLOWRQ��'�%��&DUWHU��DQG�7��1DUDKDVKL����������6HOHFWLYH�HIIHFWV�RI�GLHOGULQ�RQ�WKH
*$%$�UHFHSWRU�FKDQQHO�VXEXQLWV�H[SUHVVHG�LQ�KXPDQ�HPEU\RQLF�NLGQH\�FHOOV���%UDLQ�5HV��������
���������

1DLPR��7�-���*�-��$WFKLVRQ��DQG�/�(��+ROODQG�%DUWHOV����������6XEOHWKDO�HIIHFWV�RI�FDGPLXP�RQ
SK\VLRORJLFDO�UHVSRQVHV�LQ�WKH�SRFNHWERRN�PXVVHO��/DPSVLOLV�YHQWULFRVD���(QYLURQ��7R[LFRO��&KHP�
����������������
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1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF�$GPLQLVWUDWLRQ��12$$��DQG�0DVVDFKXVHWWV�'HSDUWPHQW�RI
(QYLURQPHQWDO�0DQDJHPHQW��0$�'(0�����������7KH�HFRORJ\�RI�WKH�:DTXRLW�%D\�(VWXDULQH
5HVHDUFK�5HVHUYH���*HLVW��0�$���HG���3UHSDUHG�IRU�WKH�2IILFH�RI�&RDVWDO�5HVRXUFH�0DQDJHPHQW�
6DQFWXDULHV�DQG�5HVHUYHV�'LYLVLRQ��12$$��DQG�0$�'(0��)RUHVW�DQG�3DUNV��5HJLRQ�,�

1DWLRQDO�:LOGOLIH�)HGHUDWLRQ��1:)�����������2XU�SULFHOHVV�*UHDW�/DNHV��%HQHILWV�RI�WKH�*UHDW�/DNHV
ZDWHU�TXDOLW\�LQLWLDWLYH���*UHDW�/DNHV�1DWXUDO�5HVRXUFH�&HQWHU��$QQ�$UERU��0LFKLJDQ���-XQH���������

1DWLRQDO�:LOGOLIH�)HGHUDWLRQ��1:)�����������)HUWLOLW\�RQ�WKH�EULQN��7KH�OHJDF\�RI�WKH�FKHPLFDO�DJH��
:DVKLQJWRQ��'�&�

1DWXUH�&RQVHUYDQF\��7KH����������7KH�FRQVHUYDWLRQ�RI�ELRORJLFDO�GLYHUVLW\�LQ�WKH�*UHDW�/DNHV
HFRV\VWHP��,VVXHV�DQG�RSSRUWXQLWLHV���7KH�1DWXUH�&RQVHUYDQF\��*UHDW�/DNHV�3URJUDP��&KLFDJR�
,OOLQRLV�

1HOVRQ��(�'���-�(��%DNHU��/�/��0F&RQQHOO��DQG�&�3��5LFH����������$LU�ZDWHU�H[FKDQJH�RI�FRPEXVWLRQ�
GHULYHG�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV�RYHU�WKH�&KHVDSHDNH�%D\��7HPSRUDO�DQG�VSDWLDO
YDULDELOLW\�����WK�&RQIHUHQFH�RI�WKH�,QWHUQDWLRQDO�$VVRFLDWLRQ�IRU�*UHDW�/DNHV�5HVHDUFK�

1HZ�<RUN�1HZ�-HUVH\�+DUERU�(VWXDU\�3URJUDP��,QFOXGLQJ�WKH�%LJKW�5HVWRUDWLRQ�3URJUDP���������
3URSRVHG�&RPSUHKHQVLYH�&RQVHUYDWLRQ�DQG�0DQDJHPHQW�3ODQ���)HEUXDU\��������

1L[RQ��6�:���6�/��*UDQJHU��DQG�%�/��1RZLFNL����������$Q�DVVHVVPHQW�RI�WKH�DQQXDO�PDVV�EDODQFH�RI
FDUERQ��QLWURJHQ��DQG�SKRVSKRUXV�LQ�1DUUDJDQVHWW�%D\���%LRJHRFKHP�����������

1RUWKHUQ�9LUJLQLD�3ODQQLQJ�'LVWULFW�&RPPLVVLRQ��193'&�����������&KHVDSHDNH�%D\�EDVLQ�PRGHO��
3UHSDUHG�IRU�8�6��(3$�&KHVDSHDNH�%D\�3URJUDP��$QQDSROLV��0'�

1RUWRQ��6�$���-�6��.DKO��,�-��)HUQDQGH]��/�(��5XVWDG��-�3��6FRILHOG��DQG�7�$��+DLQHV����������5HVSRQVH
RI�WKH�:HVW�%HDU�%URRN�ZDWHUVKHG��0DLQH��86$��WR�WKH�DGGLWLRQ�RI��1+ � 62 ����\HDU�UHVXOWV��� � �

)RUHVW�(FRORJ\�DQG�0DQDJHPHQW����������

2
&RQQRU��7�3����������0XVVHO�ZDWFK�UHFHQW�WUHQGV�LQ�FRDVWDO�HQYLURQPHQWDO�TXDOLW\���1DWLRQDO
6WDWXV�DQG�7UHQGV�3URJUDP��1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF�$GPLQLVWUDWLRQ���$XJXVW��������

2
&RQQRU��7�3��DQG�%��%HOLDHII����������5HFHQW�WUHQGV�LQ�FRDVWDO�HQYLURQPHQWDO�TXDOLW\��5HVXOWV�IURP
WKH�0XVVHO�:DWFK�3URMHFW���1DWLRQDO�6WDWXV�DQG�7UHQGV�3URJUDP��1DWLRQDO�2FHDQLF�DQG
$WPRVSKHULF�$GPLQLVWUDWLRQ��-XQH������

2ZHQV��1�-�3���-�1��*DOORZD\��DQG�5�$��'XFH����������(SLVRGLF�DWPRVSKHULF�QLWURJHQ�GHSRVLWLRQ�WR
ROLJRWURSKLF�RFHDQV���1DWXUH�������������

3DHUO��+�:����������(QKDQFHPHQW�RI�PDULQH�SULPDU\�SURGXFWLRQ�E\�QLWURJHQ�HQULFKHG�DFLG�UDLQ��
1DWXUH������������

3DHUO��+�:����������1XLVDQFH�SK\WRSODQNWRQ�EORRPV�LQ�FRDVWDO��HVWXDULQH��DQG�LQODQG�ZDWHUV��
/LPQRO��2FHDQRJU������������
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3DHUO��+�:���-��5XGHN��DQG�0�$��0DOOLQ����������6WLPXODWLRQ�RI�SK\WRSODQNWRQ�SURGXFWLRQ�LQ�FRDVWDO
ZDWHUV�E\�QDWXUDO�UDLQIDOO�LQSXWV��1XWULWLRQDO�DQG�WURSKLF�LPSOLFDWLRQV���0DULQH�%LRO��������������

3DHUO��+�:���DQG�0�/��)RJHO����������,VRWRSLF�FKDUDFWHUL]DWLRQ�RI�DWPRVSKHULF�QLWURJHQ�LQSXWV�DV
VRXUFHV�RI�HQKDQFHG�SULPDU\�SURGXFWLRQ�LQ�FRDVWDO�$WODQWLF�2FHDQ�ZDWHUV���0DULQH�%LRO����������
����

3DHUO��+�:����������&RDVWDO�HXWURSKLFDWLRQ�LQ�UHODWLRQ�WR�DWPRVSKHULF�QLWURJHQ�GHSRVLWLRQ��&XUUHQW
SHUVSHFWLYHV���2SKHOLD������������

3DHUO��+�:��&��$JXLODU��DQG�0�/��)RJHO���������LQ�SUHVV����$WPRVSKHULF�QLWURJHQ�GHSRVLWLRQ�LQ
HVWXDULQH�DQG�FRDVWDO�ZDWHUV��%LRJHRFKHPLFDO�DQG�ZDWHU�TXDOLW\�LPSDFWV���,Q��$WPRVSKHULF
GHSRVLWLRQ�RI�FRQWDPLQDQWV�WR�WKH�*UHDW�/DNHV�DQG�FRDVWDO�ZDWHUV��-�(��%DNHU��HG���6RFLHW\�IRU
(QYLURQPHQWDO�7R[LFRORJ\�DQG�&KHPLVWU\��6(7$&��3UHVV��3HQVDFROD��)/���

3DOPHU��%�'���DQG�6�.��3DOPHU����������9LWHOORJHQLQ�LQGXFWLRQ�E\�[HQRELRWLF�HVWURJHQV�LQ�WKH�UHG�
HDUHG�WXUWOH�DQG�$IULFDQ�FODZHG�IURJ���(QYLURQ��+HDOWK�3HUVSHFW������6XSSO�����������

3DQNRZ��-�)����������5HYLHZ�DQG�FRPSDUDWLYH�DQDO\VLV�RI�WKH�WKHRULHV�RQ�SDUWLWLRQLQJ�EHWZHHQ�WKH
JDV�DQG�DHURVRO�SDUWLFXODWH�SKDVHV�LQ�WKH�DWPRVSKHUH���$WPRV��(QYLURQ���������������

3DUHQW�0DVVLQ��'���DQG�'��7KRXYHQRW����������,Q�YLWUR�VWXG\�RI�SHVWLFLGH�KHPDWRWR[LFLW\�LQ�KXPDQ
DQG�UDW�SURJHQLWRUV���-RXUQDO�RI�3KDUPDFRORJLFDO�DQG�7R[LFRORJLFDO�0HWKRGV���������������

3HDUFH��%���1��3HWWLJUHZ��DQG�%��*RQJ����������&DVFR�%D\�0DLQH�&LUFXODWLRQ�0RGHOLQJ���8QLYHUVLW\
RI�0DLQH�IRU�&DVFR�%D\�(VWXDU\�3URMHFW���'UDIW�

3HFKDQ��(�+����������%DFNJURXQG�GRFXPHQWDWLRQ�RI�62 �DQG�12 �IRUHFDVWV���(�+��3HFKDQ�DQG�� � [

$VVRFLDWHV��6SULQJILHOG��9$���(3$�&RQWUDFW�1R�����'������

3HFRQLF�%D\�1(3���3HUVRQDO�FRPPXQLFDWLRQ�ZLWK�1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF
$GPLQLVWUDWLRQ��12$$����$V�FLWHG�LQ�9DOLJXUD�HW�DO�������

3HWW\��-�'���7�5��6FKZDUW]��DQG�'�/��6WDOOLQJ����������*DV�FKURPDWRJUDSKLF�UHVLGXH�SDWWHUQV�RI
WR[DSKHQH�LQ�ILVK�VDPSOHV�IURP�WKH�*UHDW�/DNHV�DQG�IURP�ULYHUV�RI�WKH�VRXWKHDVWHUQ�8QLWHG�6WDWHV��
,Q��1HZ�$SSURDFKHV�WR�0RQLWRULQJ�$TXDWLF�(FRV\VWHPV��7�3��%R\OH��HG���$PHULFDQ�6RFLHW\�IRU
7HVWLQJ�DQG�0DWHULDOV�$670�673�����

3LUURQH��1���DQG�*�-��.HHOHU���������LQ�SUHVV����0RGHOLQJ�DWPRVSKHULF�GHSRVLWLRQ�DQG�JDV�H[FKDQJH
RI�KD]DUGRXV�DLU�SROOXWDQWV�RYHU�/DNH�0LFKLJDQ���,Q��$WPRVSKHULF�GHSRVLWLRQ�RI�FRQWDPLQDQWV�WR
WKH�*UHDW�/DNHV�DQG�FRDVWDO�ZDWHUV��-�(��%DNHU��HG���6RFLHW\�IRU�(QYLURQPHQWDO�7R[LFRORJ\�DQG
&KHPLVWU\��6(7$&��3UHVV��3HQVDFROD��)/���

3RVWHU��'�/���DQG�-�(��%DNHU�������D���,QIOXHQFH�RI�VXEPLFURQ�SDUWLFOHV�RQ�K\GURSKRELF�RUJDQLF
FRQWDPLQDQWV�LQ�SUHFLSLWDWLRQ������&RQFHQWUDWLRQV�DQG�GLVWULEXWLRQV�RI�SRO\F\FOLF�DURPDWLF
K\GURFDUERQV�DQG�SRO\FKORULQDWHG�ELSKHQ\OV�LQ�UDLQZDWHU���(QYLURQ��6FL��7HFKQRO����������������
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3RVWHU��'�/���DQG�-�(��%DNHU�������E���,QIOXHQFH�RI�VXEPLFURQ�SDUWLFOHV�RQ�K\GURSKRELF�RUJDQLF
FRQWDPLQDQWV�LQ�SUHFLSLWDWLRQ������6FDYHQJLQJ�RI�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV�E\�UDLQ��
(QYLURQ��6FL��7HFKQRO����������������

3XOLFK��-U���:���:�$��:KLWH��0��&DVWLJOLRQH��DQG�5�-��=LPPHUPDQQ����������6WDWXV�RI�VXEPHUJHG
YHJHWDWLRQ�LQ�*DOYHVWRQ�%D\�V\VWHP���3URFHHGLQJV���*DOYHVWRQ�%D\�&KDUDFWHUL]DWLRQ�:RUNVKRS�
)HEUXDU\���������������*DOYHVWRQ�%D\�1DWLRQDO�(VWXDU\�3URJUDP�5HSRUW���*%1(3����)HEUXDU\�����
�UHSULQWHG�0DUFK�������

5DSDSRUW��5�$���DQG�6�-��(LVHQUHLFK����������$WPRVSKHULF�GHSRVLWLRQ�RI�WR[DSKHQH�WR�HDVWHUQ�1RUWK
$PHULFD�GHULYHG�IURP�SHDW�DFFXPXODWLRQ���$WPRV��(QYLURQ���������������

5HKDQD��7���DQG�3�5��5DR����������(IIHFW�RI�''7�RQ�WKH�LPPXQH�V\VWHP�LQ�6ZLVV�DOELQR�PLFH�GXULQJ
DGXOW�DQG�SHULQDWDO�H[SRVXUH�KXPRUDO�UHVSRQVHV���%XOO��(QYLURQ��&RQWDP��7R[LFRO����������������

5LELFN��0�$���*�5��'XED\��-�'��3HWW\��'�/��6WDOOLQJ��DQG�&�-��6FKPLWW����������7R[DSKHQH�UHVLGXHV�LQ
ILVK��,GHQWLILFDWLRQ��TXDQWLILFDWLRQ��DQG�FRQILUPDWLRQ�DW�SDUW�SHU�ELOOLRQ�OHYHOV���(QYLURQ��6FL�
7HFKQRO�������������

5LGDO��-�-���%��.HUPDQ��/��'XUKDP��DQG�0�(��)R[����������6HDVRQDOLW\�RI�DLU�ZDWHU�IOX[HV�RI
KH[DFKORURF\FORKH[DQHV�LQ�/DNH�2QWDULR���(QYLURQ��6FL��7HFKQRO�������������

5LYHGDO��(���+��<DPDVDNL��DQG�7��6DQQHU����������,QKLELWLRQ�RI�JDS�MXQFWLRQDO�LQWHUFHOOXODU
FRPPXQLFDWLRQ�LQ�6\ULDQ�KDPVWHU�HPEU\R�FHOOV�E\�73$��UHWLQRLF�DFLG�DQG�''7���&DUFLQRJHQHVLV
��������������

5LYHUD��6���&��6DQIHOLX��DQG�(��5RGULJXH]�)DUUH����������&KDQJHV�LQ�UHJLRQDO�EUDLQ��>��&@
GHR[\JOXFRVH�XSWDNH�LQGXFHG�LQ�SRVWQDWDO�GHYHORSLQJ�UDWV�E\�VLQJOH�DQG�UHSHDWHG�QRQFRQYXOVDQW
GRVHV�RI�OLQGDQH���3HVWLF��%LRFKHP��3K\VLRO����������������

5RHONH��0�(���'�3��6FKXOW]��&�)��)DFHPLUH��6�)��6XQGORI��DQG�+�(��5R\DOV����������0HUFXU\
FRQWDPLQDWLRQ�LQ�)ORULGD�SDQWKHUV���$�UHSRUW�RI�WKH�)ORULGD�3DQWKHU�7HFKQLFDO�6XEFRPPLWWHH�WR�WKH
)ORULGD�3DQWKHU�,QWHUDJHQF\�&RPPLWWHH�

5RJDQ��:�-���DQG�%�&��*ODGHQ����������1HXURWR[LFLW\�RI�3&%V�DQG�UHODWHG�FRPSRXQGV��
1HXURWR[LFRORJ\����������

5RVV��3�6���5�/��'H�6ZDUW��3�-�+��5HLMQGHUV��+��9DQ�/RYHUHQ��-�*��9RV��DQG�$�'�0�(��2VWHUKDXV��
�������&RQWDPLQDQW�UHODWHG�VXSSUHVVLRQ�RI�GHOD\HG�W\SH�K\SHUVHQVLWLYLW\�DQG�DQWLERG\�UHVSRQVHV
LQ�KDUERU�VHDOV�IHG�KHUULQJ�IURP�WKH�%DOWLF�6HD���(QYLURQ��+HDOWK�3HUVSHFW�����������������

6DERRUL��$�0���DQG�'�6��1HZFRPEH����������(QYLURQPHQWDO�FKHPLFDOV�ZLWK�LPPXQRWR[LF�SURSHUWLHV��
,Q��&OLQLFDO�LPPXQRWR[LFRORJ\��'�6��1HZFRPEH��1�5��5RVH��DQG�-�&��%ORRP��HGV���1HZ�<RUN��1<�
5DYHQ�3UHVV���������

6DIH��6�+����������'R�HQYLURQPHQWDO�HVWURJHQV�SOD\�D�UROH�LQ�GHYHORSPHQW�RI�EUHDVW�FDQFHU�LQ
ZRPHQ�DQG�PDOH�UHSURGXFWLYH�SUREOHPV"��+XPDQ�DQG�(FRORJLFDO�5LVN�$VVHVVPHQW������������
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6DJHU��'�%���DQG�'�0��*LUDUG����������/RQJ�WHUP�HIIHFWV�RQ�UHSURGXFWLYH�SDUDPHWHUV�LQ�IHPDOH�UDWV
DIWHU�WUDQVODFWDWLRQDO�H[SRVXUH�WR�3&%V���(QYLURQ��5HVHDUFK����������

6DKD��6���DQG�%�'��%DQHUMHH����������(IIHFW�RI�VXE�FKURQLF�OLQGDQH�H[SRVXUH�RQ�KXPRUDO�DQG�FHOO�
PHGLDWHG�LPPXQH�UHVSRQVHV�LQ�DOELQR�UDWV���%XOO��(QYLURQ��&RQWDP��7R[LFRO����������������

6DQWD�0RQLFD�%D\�5HVWRUDWLRQ�3URMHFW��60%53����������������6WDWH�RI�WKH�%D\��&KDUDFWHUL]DWLRQ
VWXG\�RI�WKH�6DQWD�0RQLFD�%D\�UHVWRUDWLRQ�SODQ���60%53��0RQWHUH\�3DUN��&$���-DQXDU\������

6DUDVRWD�%D\�1(3����������$V�UHSRUWHG�LQ�&RDVWOLQHV����������:LQWHU������

6FKHUEDWVNR\��7���-�0��%XUNH��$�:��5HD��DQG�*�-��.HHOHU���������LQ�SUHVV����$WPRVSKHULF�PHUFXU\
GHSRVLWLRQ�DQG�F\FOLQJ�LQ�WKH�/DNH�&KDPSODLQ�EDVLQ�RI�9HUPRQW���,Q��$WPRVSKHULF�GHSRVLWLRQ�RI
FRQWDPLQDQWV�WR�WKH�*UHDW�/DNHV�DQG�FRDVWDO�ZDWHUV��-�(��%DNHU��HG���6RFLHW\�IRU�(QYLURQPHQWDO
7R[LFRORJ\�DQG�&KHPLVWU\��6(7$&��3UHVV��3HQVDFROD��)/��

6FKHXKDPPHU��$�0����������7KH�FKURQLF�WR[LFLW\�RI�DOXPLQXP��FDGPLXP��PHUFXU\��DQG�OHDG�LQ
ELUGV��$�UHYLHZ���(QYLURQ��3ROOXW�������������

6FKHXKDPPHU��$�0����������(IIHFWV�RI�DFLGLILFDWLRQ�RQ�WKH�DYDLODELOLW\�RI�WR[LF�PHWDOV�DQG�FDOFLXP�WR
ZLOG�ELUGV�DQG�PDPPDOV���(QYLURQ��3ROOXW�������������

6FKLHOHQ��3���:��6FKRR��-��7HNVWUD��+�+�$��2RVWHUPHLMHU��:��6LHQHQ��DQG�1��%ORNVPD���������
$XWRLPPXQH�HIIHFWV�RI�KH[DFKORUREHQ]HQH�LQ�WKH�UDW���7R[LFRO��$SSO��3KDUPDFRO�����������������

6FKOHJHO��+���'�/��*RGEROG��DQG�$��+XWWHUPDQQ����������:KROH�SODQW�DVSHFWV�RI�KHDY\�PHWDO
LQGXFHG�FKDQJHV�LQ�&2 �XSWDNH�DQG�ZDWHU�UHODWLRQV�RI�VSUXFH��3LFHD�DELHV��VHHGOLQJV���3K\VLRO��

3ODQW�������������

6FKPLWW��&�-���-�/��/XGNH��DQG�'�)��:DOVK����������2UJDQRFKORULQH�UHVLGXHV�LQ�ILVK��1DWLRQDO�SHVWLFLGH
PRQLWRULQJ�SURJUDP��������������3HVW��0RQLW��-���������������

6FKPLWW��&�-���-�/��=DMLFHN��DQG�0�$��5LELFN����������1DWLRQDO�SHVWLFLGH�PRQLWRULQJ�SURJUDP��5HVLGXHV
RI�RUJDQRFKORULQH�FKHPLFDOV�LQ�IUHVKZDWHU�ILVK��������������$UFK��(QYLURQ��&RQWDP��7R[LFRO���������
����

6FKPLWW��&�-���-�/��=DMLFHN��DQG�3�+��3HWHUPDQ����������1DWLRQDO�FRQWDPLQDQW�ELRPRQLWRULQJ
SURJUDP��5HVLGXHV�RI�RUJDQRFKORULQH�FKHPLFDOV�LQ�8�6��IUHVKZDWHU�ILVK��������������$UFK��(QYLURQ�
&RQWDP��7R[LFRO�������������

6FKXO]��5���DQG�0��/LHVV����������&KURQLF�HIIHFWV�RI�ORZ�LQVHFWLFLGH�FRQFHQWUDWLRQV�LQ�IUHVKZDWHU
FDGGLVIO\�ODUYDH���+\GURELRORJLD����������������

6FXGODUN��-�5���DQG�7�0��&KXUFK����������$WPRVSKHULF�LQSXW�RI�LQRUJDQLF�QLWURJHQ�WR�'HODZDUH�%D\��
(VWXDULHV���������������

6FXGODUN��-�5���DQG�7�0��&KXUFK���������LQ�SUHVV����$WPRVSKHULF�GHSRVLWLRQ�RI�WUDFH�HOHPHQWV�WR�WKH
PLG�$WODQWLF�ELJKW���,Q��$WPRVSKHULF�GHSRVLWLRQ�RI�FRQWDPLQDQWV�WR�WKH�*UHDW�/DNHV�DQG�FRDVWDO
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ZDWHUV��-�(��%DNHU��HG���6RFLHW\�IRU�(QYLURQPHQWDO�7R[LFRORJ\�DQG�&KHPLVWU\��6(7$&��3UHVV�
3HQVDFROD��)/���

6KHII\��7�%���DQG�-�5��6W��$PDQW����������0HUFXU\�EXUGHQV�LQ�IXUEHDUHUV�LQ�:LVFRQVLQ���-��:LOGO�
0DQDJH���������������

6LOEHUKRUQ��(�0���:�-��%LUJH��'�-��3ULFH��DQG�/�:��5REHUWVRQ����������&RPSDUDWLYH�GHYHORSPHQWDO
WR[LFLW\�RI�3&%�FRQJHQHUV�LQ�D�ILVK�HPEU\R�ODUYDO�DVVD\���$EVWUDFW���7R[LFRORJLVW��������

6LPFLN��0�)���6�-��(LVHQUHLFK��.�$��*ROGHQ��6��/LX��(��/LSLDWRX��'�/��6ZDFNKDPHU��DQG�'�7��/RQJ��
�������$WPRVSKHULF�ORDGLQJ�RI�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV�WR�/DNH�0LFKLJDQ�DV�UHFRUGHG�LQ
VHGLPHQWV���(QYLURQ��6FL��7HFKQRO���������������

6LQJK��$���:��)RVWHU��DQG�'��9LOOHQHXYH����������+H[DFKORUREHQ]HQH�LQGXFHG�DOWHUDWLRQV�LQ�WKH
RYDU\�RI�UDWV���$EVWUDFW��$QDW��5HF�����������D�

6LURLV��$���DQG�/�$��%DUULH����������$Q�HVWLPDWH�RI�WKH�LPSRUWDQFH�RI�GU\�GHSRVLWLRQ�DV�D�SDWKZD\�RI
DFLGLF�VXEVWDQFHV�IURP�WKH�DWPRVSKHUH�WR�WKH�ELRVSKHUH�LQ�HDVWHUQ�&DQDGD���7HOOXV���%�������

6LWDU]��:���'�7��/RQJ��$��+HIW��6�-��(LVHQUHLFK��DQG�'�/��6ZDFNKDPHU����������$FFXPXODWLRQ�DQG
SUHOLPLQDU\�LQYHQWRU\�RI�VHOHFWHG�WUDFH�PHWDOV�LQ�*UHDW�/DNHV�VHGLPHQWV���6L[WHHQWK�0LGZHVW
(QYLURQPHQWDO�&KHPLVWU\�:RUNVKRS��6HGLPHQWV���2FWREHU���������������

6NLQQHU��/�&���6�-��-DFNOLQJ��*��.LPEHU��-��:DOGPDQ��-��6KDVWD\��-U���DQG�$�-��1HZHOO����������&KHPLFDOV
LQ�ILVK��VKHOOILVK��DQG�FUXVWDFHDQV�IURP�WKH�1HZ�<RUN�1HZ�-HUVH\�KDUERU�HVWXDU\��3&%�
RUJDQRFKORULQH�SHVWLFLGHV��DQG�PHUFXU\���1HZ�<RUN�6WDWH�'HSDUWPHQW�RI�(QYLURQPHQWDO
&RQVHUYDWLRQ���1RYHPEHU������

6NLQQHU��/���6�/��-DFNLQJ��DQG�5�:��.DUFKHU����������,GHQWLILFDWLRQ�RI�DQG�FKDQJHV�LQ�FKHPLFDO
FRQWDPLQDQW�OHYHOV�LQ�\RXQJ�RI�WKH�\HDU�ILVK�IURP�1HZ�<RUN
V�*UHDW�/DNHV�EDVLQ���1HZ�<RUN�6WDWH
'HSDUWPHQW�RI�(QYLURQPHQWDO�&RQVHUYDWLRQ���7HFKQLFDO�5HSRUW�������%(3����$XJXVW�������

6PXOOHQ��-�7���-�/��7DII��DQG�-��0DFNQLV����������1XWULHQW�DQG�VHGLPHQW�ORDGV�WR�WKH�WLGDO�&KHVDSHDNH
%D\�V\VWHP���,Q��8�6��(3$�&KHVDSHDNH�%D\�3URJUDP�WHFKQLFDO�VWXGLHV��$�V\QWKHVLV���$QQDSROLV��0'�

6RWR��$�0���.�/��&KXQJ��DQG�&��6RQQHQVFKHLQ����������7KH�SHVWLFLGHV�HQGRVXOIDQ��WR[DSKHQH��DQG
GLHOGULQ�KDYH�HVWURJHQLF�HIIHFWV�RQ�KXPDQ�HVWURJHQ�VHQVLWLYH�FHOOV���(QYLURQ��+HDOWK�3HUVSHFW�
���������������

6WDFH\��3�(����������1LWURJHQ�DQG�RUJDQLF�FDUERQ�ORDGV�WR�/RQJ�,VODQG�6RXQG���'UDIW�/RQJ�,VODQG
6RXQG�6WXG\�UHSRUW��&RQQHFWLFXW�'(3��+DUWIRUG��&7���1RYHPEHU������

6WHUQ��*�$���'�&�*��0XLU��-�%��:HVWPRUH��DQG�:�'��%XFKDQQRQ����������0DVV�VSHFWURPHWULF�VWXGLHV
RI�WKH�WR[DSKHQH�FRPSRQHQWV���H[R���HQGR���H[R���HQGR�����������RFWDFKORURERUQDQH��7���DQG���
H[R���HQGR���H[R���HQGR�������������QRQDFKORURERUQDQH��7O�����%LRO��0DVV��6SHFWUXP����������

6WRGGDUG��-�/����������/RQJ�WHUP�FKDQJHV�LQ�ZDWHUVKHG�UHWHQWLRQ�RI�QLWURJHQ��,WV�FDXVHV�DQG�DTXDWLF
FRQVHTXHQFHV���,Q��(QYLURQPHQWDO�&KHPLVWU\�RI�/DNHV�DQG�5HVHUYRLUV��$GYDQFHV�LQ�&KHPLVWU\
6HULHV�1R�������-�(��%DNHU��HG���$PHULFDQ�&KHPLFDO�6RFLHW\��:DVKLQJWRQ�'�&�
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6WRZ��&���6��&DUSHQWHU��/��(E\��-�)��$PUKHLQ��DQG�5�-��+HVVHOEHUJ����������(YLGHQFH�WKDW�3&%V�DUH
DSSURDFKLQJ�VWDEOH�FRQFHQWUDWLRQV�LQ�/DNH�0LFKLJDQ�ILVKHV���(FRORJLFDO�$SSOLFDWLRQV�����������

6WUDFKDQ��:�0�-���DQG�6�-��(LVHQUHLFK����������0DVV�EDODQFLQJ�RI�WR[LF�FKHPLFDOV�LQ�WKH�*UHDW�/DNHV�
7KH�UROH�RI�DWPRVSKHULF�GHSRVLWLRQ���,QWHUQDWLRQDO�-RLQW�&RPPLVVLRQ��:LQGVRU��2QWDULR��&DQDGD�

6WUREHO��&���6�-��%HQ\L��'�-��.HLWK��+�:��%XIIXP��(�$��3HWURFHOOL��1�,��5XELQVWHLQ��DQG�%��0HO]LDQ��
�������(0$3�(VWXDULHV�9LUJLQLDQ�3URYLQFH�������6WDWLVWLFDO�VXPPDU\���(3$�����5��������

6XIIRON�&RXQW\��1<��'HSDUWPHQW�RI�+HDOWK�6HUYLFHV���1RYHPEHU��������%URZQ�WLGH�FRPSUHKHQVLYH
DVVHVVPHQW�DQG�PDQDJHPHQW�SURJUDP�VXPPDU\�

6XPSWHU��-�3���DQG�6��-REOLQJ����������9LWHOORJHQHVLV�DV�D�ELRPDUNHU�IRU�HVWURJHQLF�FRQWDPLQDWLRQ�RI
WKH�DTXDWLF�HQYLURQPHQW���(QYLURQ��+HDOWK�3HUVSHFW������6XSSO������������

6XSOHH��&����������(QYLURQPHQWDO�HVWURJHQV�PD\�SRVH�JUHDWHU�ULVN��VWXG\�VKRZV���:DVKLQJWRQ�3RVW�
-XQH����������S��$��

6YHQVVRQ��%�$��$��1LOVVRQ��0��+DQVVRQ��&��5DSSH��%��cNHVVRQ��DQG�6��6NHUIYLQJ����������([SRVXUH�WR
GLR[LQV�DQG�GLEHQ]RIXUDQV�WKURXJK�WKH�FRQVXPSWLRQ�RI�ILVK���1��(QJO��-��0HG����������

6ZDLQ��:���7��&ROERUQ��&��%DVRQ��5��+RZDUWK��/��/DPH\��%��3DOPHU��DQG�'��6ZDFNKDPHU�������D��
([SRVXUH�DQG�HIIHFWV�RI�DLUERUQH�FRQWDPLQDWLRQ���(3$�����5��������

6ZDLQ��(�%���'�$��(QJVWURP��0�(��%ULJKDP��7�$��+HQQLQJ��DQG�3�/��%UH]RQLN�������E���,QFUHDVLQJ
UDWHV�RI�DWPRVSKHULF�PHUFXU\�GHSRVLWLRQ�LQ�PLGFRQWLQHQWDO�1RUWK�$PHULFD���6FLHQFH�������������

6ZHHW��&�:���DQG�,��%DVX����������$WPRVSKHULF�GHSRVLWLRQ�RI�WR[LF�SROOXWDQWV�WR�/DNH�0LFKLJDQ�IURP
XUEDQ�DUHDV���,Q��3URFHHGLQJV�RI�WKH���WK�$QQXDO�0HHWLQJ�RI�WKH�$LU�DQG�:DVWH�0DQDJHPHQW
$VVRFLDWLRQ���3LWWVEXUJK��3$�

6ZHHW��&�:���DQG�.�6��+DUOLQ����������7R[LF�3$+V�LQ�DLUERUQH�SDUWLFOHV�DQG�SUHFLSLWDWLRQ�FROOHFWHG
QHDU�WKH�*UHDW�/DNHV���3UHVHQWHG�DW�WKH�$QQXDO�0HHWLQJ�RI�WKH�$LU�DQG�:DVWH�0DQDJHPHQW
$VVRFLDWLRQ��-XQH�����������1DVKYLOOH��71���

7DPSD�%D\�1(3���3HUVRQDO�FRPPXQLFDWLRQ�ZLWK�1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF
$GPLQLVWUDWLRQ��12$$����$V�FLWHG�LQ�9DOLJXUD�HW�DO�������

7DWHQR��&���6��,WR��0��7DQDND��0��2\DPDGD��DQG�$��<RVKLWDNH����������(IIHFW�RI�''7�RQ�KHSDWLF�JDS
MXQFWLRQDO�LQWHUFHOOXODU�FRPPXQLFDWLRQ�LQ�UDWV���&DUFLQRJHQHVLV���������������

7KHRIDQRXV��7�*����������&RQFHSWXDO�PRGHOV�RI�JDV�H[FKDQJH���,Q��*DV�WUDQVIHU�DW�ZDWHU�VXUIDFHV�
*�+��-LUND��HG���+LQJKDP��0$��'��5HLGHO�3XEOLVKHUV���������

7KRPDQQ��5�9���-�5��&ROOLHU��$��%XWW��(��&DVPDQ��DQG�/�&��/LQNHU����������5HVSRQVH�RI�WKH
&KHVDSHDNH�%D\�ZDWHU�TXDOLW\�PRGHO�WR�ORDGLQJ�VFHQDULRV���&KHVDSHDNH�%D\�3URJUDP�2IILFH�
$QQDSROLV��0'���&%3�756��������
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7LGRX��$�6���-�&��0RUHWHDX��DQG�)��5DPDGH����������(IIHFWV�RI�OLQGDQH�DQG�GHOWDPHWKULQ�RQ
]RRSODQNWRQ�FRPPXQLWLHV�RI�H[SHULPHQWDO�SRQGV���+\GURELRORJLD�������������

7UXVW��.�$���$��)DLUEURWKHU��DQG�0�-��+RRSHU����������(IIHFWV�RI������GLPHWK\OEHQ]>D@DQWKUDFHQH�RQ
LPPXQH�IXQFWLRQ�DQG�PL[HG�IXQFWLRQ�R[\JHQDVH�DFWLYLW\�LQ�WKH�(XURSHDQ�VWDUOLQJ���(QYLURQ�
7R[LFRO��&KHP����������������

7XUHNLDQ��.�.���DQG�.�+��:HGHSRKO����������'LVWULEXWLRQ�RI�WKH�HOHPHQWV�LQ�VRPH�PDMRU�XQLWV�RI�WKH
(DUWK
V�FUXVW���*HRO��6RF��$PHU��%XOO�������������

7\OHU��0����������&RQWULEXWLRQV�RI�DWPRVSKHULF�QLWUDWH�GHSRVLWLRQ�WR�QLWUDWH�ORDGLQJV�LQ�WKH
&KHVDSHDNH�%D\���0DU\ODQG�'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV���5HSRUW�53�������9(56$5��,QF�

8GGDPHUL��9���6�$��1RUWRQ��-�6��.DKO��DQG�-�3��6FRILHOG����������5DQGRPL]HG�LQWHUYHQWLRQ�DQDO\VLV�RI
WKH�UHVSRQVH�RI�WKH�:HVW�%HDU�%URRN�ZDWHUVKHG��0DLQH�WR�FKHPLFDO�PDQLSXODWLRQ���:DWHU�$LU�6RLO
3ROOXW�������������

8�6��(3$����������&KHVDSHDNH�%D\���$�IUDPHZRUN�IRU�DFWLRQ���$QQDSROLV��0DU\ODQG�

8�6��(3$����������$PELHQW�ZDWHU�TXDOLW\�FULWHULD�IRU�PHUFXU\����������2IILFH�RI�:DWHU��:DVKLQJWRQ�
'�&���(3$��������������

8�6��(3$����������4XDOLW\�&ULWHULD�IRU�:DWHU��������2IILFH�RI�:DWHU��:DVKLQJWRQ��'�&���(3$����������
����

8�6��(3$�������D���+HDOWK�(IIHFWV�$VVHVVPHQW�IRU�GLHOGULQ���(QYLURQPHQWDO�&ULWHULD�DQG�$VVHVVPHQW
2IILFH��2IILFH�RI�+HDOWK�DQG�(QYLURQPHQWDO�$VVHVVPHQW��8�6��(3$�

8�6��(3$�������E���+HDOWK�(IIHFWV�$VVHVVPHQW�IRU�WR[DSKHQH���(QYLURQPHQWDO�&ULWHULD�DQG
$VVHVVPHQW�2IILFH��2IILFH�RI�+HDOWK�DQG�(QYLURQPHQWDO�$VVHVVPHQW��8�6��(3$�

8�6��(3$����������+HDOWK�(IIHFWV�$VVHVVPHQW�IRU�FKORUGDQH���(QYLURQPHQWDO�&ULWHULD�DQG�$VVHVVPHQW
2IILFH��2IILFH�RI�+HDOWK�DQG�(QYLURQPHQWDO�$VVHVVPHQW��8�6��(3$�

8�6��(3$����������+HDOWK�(IIHFWV�$VVHVVPHQW�IRU�''7���(QYLURQPHQWDO�&ULWHULD�DQG�$VVHVVPHQW
2IILFH��2IILFH�RI�+HDOWK�DQG�(QYLURQPHQWDO�$VVHVVPHQW��8�6��(3$�

8�6��(3$����������5HSRUWDEOH�TXDQWLW\��54��GRFXPHQW�IRU�OHDG���(QYLURQPHQWDO�&ULWHULD�DQG
$VVHVVPHQW�2IILFH���&LQFLQQDWL��2+���(&$2�&,1�5���$�

8�6��(3$�������D���+HDOWK�(IIHFWV�$VVHVVPHQW��+($��VXPPDU\�WDEOHV���2IILFH�RI�+HDOWK�DQG
(QYLURQPHQWDO�$VVHVVPHQW���(QYLURQPHQWDO�&ULWHULD�DQG�$VVHVVPHQW�2IILFH��&LQFLQQDWL��2+��
3UHSDUHG�IRU�26:(5�2(55��:DVKLQJWRQ��'�&���2(55������������������

8�6��(3$�������E���7HFKQLFDO�VXSSRUW�GRFXPHQW�RQ�OHDG��GUDIW����2IILFH�RI�+HDOWK�DQG
(QYLURQPHQWDO�$VVHVVPHQW��:DVKLQJWRQ��'�&���(&$2�&,1�����
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8�6��(3$����������7ULEHV�DW�ULVN��7KH�:LVFRQVLQ�7ULEHV�FRPSDUDWLYH�ULVN�SURMHFW���5HJLRQDO�DQG�6WDWH
3ODQQLQJ�%UDQFK��2IILFH�RI�3ROLF\��3ODQQLQJ��DQG�(YDOXDWLRQ���(3$�����5����������$V�FLWHG�LQ�,&)
V
GUDIW�UHSRUW�HQWLWOHG�6RFLDO�&RVWV�RI�0HUFXU\�3ROOXWLRQ��$SULO������

8�6��(3$�������D���,QWHULP�UHSRUW�RQ�GDWD�DQG�PHWKRGV�IRU�DVVHVVPHQW�RI���������
WHWUDFKORURGLEHQ]R�S�GLR[LQ�ULVNV�WR�DTXDWLF�OLIH�DQG�DVVRFLDWHG�ZLOGOLIH���(QYLURQPHQWDO�5HVHDUFK
/DERUDWRU\��2IILFH�RI�5HVHDUFK�DQG�'HYHORSPHQW���(3$�����5����������0DUFK������

8�6��(3$�������E���:RUNVKRS�UHSRUW�RQ�GHYHORSPHQWDO�QHXURWR[LF�HIIHFWV�DVVRFLDWHG�ZLWK�H[SRVXUH
WR�3&%V���5HVHDUFK�7ULDQJOH�3DUN��1&���(3$�����5����������0D\������

8�6��(3$�������F���*UHDW�/DNHV�ZDWHU�TXDOLW\�LQLWLDWLYH�FULWHULD�GRFXPHQWV�IRU�WKH�SURWHFWLRQ�RI
DTXDWLF�OLIH�LQ�DPELHQW�ZDWHUV���2IILFH�RI�:DWHU��8�6��(3$��:DVKLQJWRQ��'�&�

8�6��(3$�������G���,QWHJUDWHG�5LVN�,QIRUPDWLRQ�6\VWHP��,5,6����2QOLQH���25'��2IILFH�RI�+HDOWK�DQG
(QYLURQPHQWDO�$VVHVVPHQW��(QYLURQPHQWDO�&ULWHULD�DQG�$VVHVVPHQW�2IILFH��&LQFLQQDWL��2+�

8�6��(3$�������H���5HJLRQDO�LQWHULP�HPLVVLRQ�LQYHQWRULHV��������������9ROXPH�,,��(PLVVLRQ
VXPPDULHV���2IILFH�RI�$LU�4XDOLW\�3ODQQLQJ�DQG�6WDQGDUGV��5HVHDUFK�7ULDQJOH�3DUN��1&���(3$
5HSRUW�����5�������E�

8�6��(3$�������D���'HSRVLWLRQ�RI�DLU�SROOXWDQWV�WR�WKH�*UHDW�:DWHUV��)LUVW�5HSRUW�WR�&RQJUHVV��
3UHSDUHG�IRU�WKH�2IILFH�RI�$LU�4XDOLW\�3ODQQLQJ�DQG�6WDQGDUGV��8�6��(3$��5HVHDUFK�7ULDQJOH�3DUN�
1&���(3$�����5��������

8�6��(3$�������E���*XLGDQFH�PDQXDO�IRU�WKH�LQWHJUDWHG�H[SRVXUH�XSWDNH�ELRNLQHWLF�PRGHO�IRU�OHDG
LQ�FKLOGUHQ���(3$�����5����������)HEUXDU\������

8�6��(3$�������F���+HDOWK�DVVHVVPHQW�GRFXPHQW�IRU���������WHWUDFKORURGLEHQ]R�S�GLR[LQ��7&''�
DQG�UHODWHG�FRPSRXQGV��WKUHH�YROXPHV����([WHUQDO�UHYLHZ�GUDIW���(3$�����%3�������F��

8�6��(3$�������G���(VWLPDWLQJ�H[SRVXUH�WR�GLR[LQ�OLNH�FRPSRXQGV��WKUHH�YROXPHV����([WHUQDO�UHYLHZ
GUDIW���(3$�������������&D��

8�6��(3$�������D���:DWHU�TXDOLW\�JXLGDQFH�IRU�WKH�*UHDW�/DNHV�6\VWHP��6XSSOHPHQWDU\�,QIRUPDWLRQ
'RFXPHQW��6,'����8�6��(3$��2IILFH�RI�:DWHU��(3$�����%����������0DUFK������

8�6��(3$�������E���(QGRFULQH�GLVUXSWHU�ZRUNVKRS�IDFW�VKHHW�DQG�UHSRUW�LQWURGXFWLRQ���1DWLRQDO
+HDOWK�DQG�(FRORJLFDO�(IIHFWV�5HVHDUFK�/DERUDWRU\��8�6��(3$��5HVHDUFK�7ULDQJOH�3DUN��1&�

8�6��(3$�������F���5HYLHZ�RI�QDWLRQDO�DPELHQW�DLU�TXDOLW\�VWDQGDUGV�IRU�QLWURJHQ�GLR[LGH�
$VVHVVPHQW�RI�VFLHQWLILF�DQG�WHFKQLFDO�LQIRUPDWLRQ���2$436�6WDII�3DSHU��(3$�����5���������
6HSWHPEHU������

8�6��(3$�������G���$FLG�GHSRVLWLRQ�VWDQGDUG�IHDVLELOLW\�VWXG\��5HSRUW�WR�&RQJUHVV���(3$�����5����
���D���2FWREHU������

8�6��(3$�������H���3URSRVHG�'HFLVLRQ�RI�12 �1$$46������)HGHUDO�5HJLVWHU��������3URSRVHG�5XOHV��

2FWREHU����������
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8�6��(3$�������I���7UDQVSRUW�GHSRVLWLRQ�PRGHO�IRU�7DPSD�%D\��)ORULGD���:RUNSODQ�LQIRUPDWLRQ�IURP
-RKQ�$FNHUPDQQ��2IILFH�RI�$LU�4XDOLW\�3ODQQLQJ�DQG�6WDQGDUGV��8�6��(3$�

8�6��(3$�������J���$LU�WR[LFV�GHSRVLWLRQ�PRGHOLQJ�LQ�*DOYHVWRQ�%D\��7H[DV���:RUNSODQ�LQIRUPDWLRQ
IURP�-RKQ�$FNHUPDQQ��2IILFH�RI�$LU�4XDOLW\�3ODQQLQJ�DQG�6WDQGDUGV��8�6��(3$�

8�6��(3$�������K���5HJXODWRU\�LPSDFW�DQDO\VLV�RI�WKH�ILQDO�*UHDW�/DNHV�:DWHU�4XDOLW\�*XLGDQFH��
)LQDO�5HSRUW���3UHSDUHG�IRU�WKH�2IILFH�RI�6FLHQFH�DQG�7HFKQRORJ\��8�6��(3$��:DVKLQJWRQ��'�&��
0DUFK������

8�6��(3$�������D���*XLGDQFH�IRU�DVVHVVLQJ�FKHPLFDO�FRQWDPLQDQW�GDWD�IRU�XVH�LQ�ILVK�DGYLVRULHV��
9ROXPH�,,,��2YHUYLHZ�RI�ULVN�PDQDJHPHQW���2IILFH�RI�:DWHU��8�6��(3$��:DVKLQJWRQ��'�&���-XQH
�������(3$�����%��������

8�6��(3$�������E���1DWLRQDO�OLVWLQJ�RI�ILVK�DQG�ZLOGOLIH�FRQVXPSWLRQ�DGYLVRULHV���9HUVLRQ�������2IILFH
RI�6FLHQFH�DQG�7HFKQRORJ\��8�6��(3$���(3$�����&��������

8�6��(3$�������F���3URFHHGLQJV��:RUNVKRS�RQ�WR[DSKHQH�LQ�WKH�*UHDW�/DNHV��&RQFHQWUDWLRQV�
WUHQGV��DQG�SDWKZD\V���+RZDUG�=DU��8�6��(3$�5HJLRQ�9���6HSWHPEHU������

8�6��(3$�������G���6SHFLDO�UHSRUW�RQ�HQYLURQPHQWDO�HQGRFULQH�GLVUXSWLRQ��$Q�HIIHFWV�DVVHVVPHQW
DQG�DQDO\VLV�GRFXPHQW���3UHSDUHG�IRU�WKH�5LVN�$VVHVVPHQW�)RUXP��8�6��(3$���:DVKLQJWRQ��'�&��
(3$�����5��������

8�6��(3$�������H���6WXG\�RI�KD]DUGRXV�DLU�SROOXWDQW�HPLVVLRQV�IRU�HOHFWULF�XWLOLW\�VWHDP�JHQHUDWLQJ
XQLWV����LQWHULP�ILQDO�UHSRUW���2IILFH�RI�$LU�4XDOLW\�3ODQQLQJ�DQG�6WDQGDUGV��5HVHDUFK�7ULDQJOH�3DUN�
1&���(3$�����5�������DEF�

8�6��(3$�������I���(FRORJLFDO�ULVN�DVVHVVPHQW�IRU�ZDWHUVKHGV��:DTXRLW�%D\�QLWURJHQ�ORDGLQJ�PRGHO
GHYHORSPHQW�DQG�UHVXOWV���)LQDO�UHSRUW�IRU�2IILFH�RI�6FLHQFH�DQG�7HFKQRORJ\��8�6��(3$�
:DVKLQJWRQ��'�&���6HSWHPEHU������

8�6��(3$����������1LWURJHQ�R[LGHV�LPSDFWV�RQ�SXEOLF�KHDOWK�DQG�WKH�HQYLURQPHQW���6WDII�ZRUNLQJ
GUDIW���0DUFK������

8�6��(3$�DQG�(QYLURQPHQW�&DQDGD����������3URJUHVV�LQ�*UHDW�/DNHV�UHPHGLDO�DFWLRQ�SODQV�
,PSOHPHQWLQJ�WKH�HFRV\VWHP�DSSURDFK�LQ�*UHDW�/DNHV�DUHDV�RI�FRQFHUQ���(3$�����5���������
6HSWHPEHU������

8�6��(3$�DQG�(QYLURQPHQW�&DQDGD����������7KH�*UHDW�/DNHV�ELQDWLRQDO�WR[LFV�VWUDWHJ\��&DQDGD�
8QLWHG�6WDWHV�VWUDWHJ\�IRU�WKH�YLUWXDO�HOLPLQDWLRQ�RI�SHUVLVWHQW�WR[LFV�VXEVWDQFHV�LQ�WKH�*UHDW�/DNHV��
$SULO���������

8�6��)LVK�DQG�:LOGOLIH�6HUYLFH��):6�����������1DWLRQDO�VXUYH\�RI�ILVKLQJ��KXQWLQJ��DQG�ZLOGOLIH�
DVVRFLDWHG�UHFUHDWLRQ�

9DOLHOD��,���*��&ROOLQV��-��.UHPHU��.��/DMWKD��0��*HLVW��%��6HHO\��-��%UDZOH\��DQG�&��+��&KDP����������
1LWURJHQ�ORDGLQJ�IURP�FRDVWDO�ZDWHUVKHG�WR�UHFHLYLQJ�ZDWHUV��5HYLHZ�RI�PHWKRGV�DQG�FDOFXODWLRQV
RI�ORDGLQJ�WR�:DTXRLW�%D\���(FRO��$SSO���������������
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9DOLJXUD��5�$����������,WHUDWLYH�EXON�H[FKDQJH�PRGHO�IRU�HVWLPDWLQJ�DLU�ZDWHU�WUDQVIHU�RI�+12 ���-��

*HRSK\V��5HV������������������

9DOLJXUD��5�$���-�(��%DNHU��-�5��6FXGODUN��DQG�/�/��0F&RQQHOO����������$WPRVSKHULF�GHSRVLWLRQ�RI
QLWURJHQ�DQG�FRQWDPLQDQWV�WR�&KHVDSHDNH�%D\�DQG�LWV�ZDWHUVKHG���,Q��3HUVSHFWLYHV�RQ�&KHVDSHDNH
%D\��������$GYDQFHV�LQ�HVWXDULQH�VFLHQFHV��6��1HOVRQ�DQG�3��(OOLRWW��HGV���&KHVDSHDNH�5HVHDUFK
&RQVRUWLXP��(GJHZDWHU��0'�

9DOLJXUD��5�$���:�7��/XNH��5�6��$UW]��DQG�%�%��+LFNV����������$WPRVSKHULF�QXWULHQW�LQSXW�WR�FRDVWDO
DUHDV��5HGXFLQJ�WKH�XQFHUWDLQWLHV���12$$�&RDVWDO�2FHDQ�3URJUDP�'HFLVLRQ�$QDO\VLV�6HULHV�1R�����
-XQH������

9HOLQVN\��'�-���7�/��:DGH��DQG�*�7�)��:RQJ����������$WPRVSKHULF�GHSRVLWLRQ�RI�RUJDQLF�FDUERQ�WR
&KHVDSHDNH�%D\���$WPRV��(QYLURQ����������������

:DGH��7�/���7�-��-DFNVRQ��/��&KDPEHUV��DQG�3��*DUGLQDOL����������$VVHVVPHQW�RI�EXW\OWLQV�
3&''�3&')�DQG�SODQDU�3&%�FRQWDPLQDQWV�LQ�VHGLPHQWV�IURP�&DVFR�%D\��0DLQH��86$���3UHSDUHG
IRU�WKH�&DVFR�%D\�(VWXDU\�3URMHFW�

:DOFHN��&�-���DQG�-�6��&KDQJ����������$�WKHRUHWLFDO�DVVHVVPHQW�RI�SROOXWDQW�GHSRVLWLRQ�WR�LQGLYLGXDO
ODQG�W\SHV�GXULQJ�D�UHJLRQDO�VFDOH�DFLG�GHSRVLWLRQ�HSLVRGH���$WPRV��(QYLURQ���������������

:DOODFH��-�&���/�3��%U]X]\��6�/��6LPRQLFK��6�0��9LVVFKHU��DQG�5�$��+LWHV����������&DVH�VWXG\�RI
RUJDQRFKORULQH�SHVWLFLGHV�LQ�WKH�LQGRRU�DLU�RI�D�KRPH���(QYLURQ��6FL��7HFKQRO���������������

:DQLD��)���DQG�'��0DFND\����������*OREDO�IUDFWLRQDWLRQ�DQG�FROG�FRQGHQVDWLRQ�RI�ORZ�YRODWLOLW\
RUJDQRFKORULQH�LQ�SRODU�UHJLRQV���$PELR����������

:DQLD�)���DQG�'��0DFND\����������7UDFNLQJ�WKH�GLVWULEXWLRQ�RI�SHUVLVWHQW�RUJDQLF�SROOXWDQWV��
(QYLURQ��6FL��7HFKQRO�����������$����$

:HEEHU��'�%����������$HULDO�IOX[�RI�SDUWLFXODWH�K\GURFDUERQV�WR�WKH�&KHVDSHDNH�%D\�HVWXDU\���0DU�
3ROO��%XOO�������������

:HEHU��'����������([SRVXUH�WR�VXEOHWKDO�OHYHOV�RI�ZDWHUERUQH�OHDG�DOWHUV�UHSURGXFWLYH�EHKDYLRU
SDWWHUQV�LQ�IDWKHDG�PLQQRZV��3LPHSKDOHV�SURPHODV����1HXURWR[LFRORJ\����������������

:HLQVWHLQ��-�(���7�/��:HVW��DQG�-�7��%UD\����������6KHOO�GLVHDVH�DQG�PHWDO�FRQWHQW�RI�EOXH�FUDEV�
&DOOLQHFWHV�VDSLGXV��IURP�WKH�$OEHPDUOH�3DPOLFR�HVWXDULQH�V\VWHP��1RUWK�&DUROLQD���$UFK��(QYLURQ�
&RQWDP��7R[LFRO�������������

:HLVV��5���-DQXDU\�����������(VWURJHQ�LQ�WKH�HQYLURQPHQW��:DVKLQJWRQ�3RVW��+HDOWK�6XSSOHPHQW��S�����

:HLVV��5���DQG�*��/HH����������3ROOXWLRQ
V�HIIHFW�RQ�KXPDQ�KRUPRQHV��:KHQ�IHDU�H[FHHGV�HYLGHQFH��
:DVKLQJWRQ�3RVW��0DUFK�����������S��$���

:HVHORK��'�9�&���DQG�3�-��(ZLQV����������&KDUDFWHULVWLFV�RI�D�UDSLGO\�LQFUHDVLQJ�FRORQ\�RI�GRXEOH�
FUHVWHG�FRUPRUDQWV��3KDODFURFRUD[�DXULWXV��LQ�/DNH�2QWDULR��3RSXODWLRQ�VL]H��UHSURGXFWLYH
SDUDPHWHUV�DQG�EDQG�UHFRYHULHV���-��*UHDW�/DNHV�5HV����������������
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:HVHORK��'�9�&���3�-��(ZLQV��-��6WUXJHU��3��0LQHDX��DQG�5�-��1RUVWURP����������*HRJUDSKLFDO
GLVWULEXWLRQ�RI�RUJDQRFKORULQH�FRQWDPLQDQWV�DQG�UHSURGXFWLYH�SDUDPHWHUV�LQ�KHUULQJ�JXOOV�RQ�/DNH
6XSHULRU���(QYLURQPHQWDO�0RQLWRULQJ�DQG�$VVHVVPHQW������������

:HVW��3�&���-�0��)O\��5��0DUDQV��DQG�'��5RVHQEODWW����������0LQRULWLHV�DQG�WR[LF�ILVK�FRQVXPSWLRQ�
,PSOLFDWLRQV�IRU�SRLQW�GLVFKDUJH�SROLF\�LQ�0LFKLJDQ���3UHSDUHG�IRU�WKH�0LFKLJDQ�*UHDW�/DNHV
3URWHFWLRQ�)XQG���$V�FLWHG�LQ�WKH�5HJXODWRU\�,PSDFW�$QDO\VLV�RI�WKH�)LQDO�*UHDW�/DNHV�:DWHU
4XDOLW\�*XLGDQFH��0DUFK������

:KLWH��'�+���DQG�'�-��+RIIPDQ����������(IIHFWV�RI�SRO\FKORULQDWHG�GLEHQ]R�S�GLR[LQV�DQG
GLEHQ]RIXUDQV�RQ�QHVWLQJ�ZRRG�GXFNV��$L[�VSRQVD��DW�%D\RX�0HWR��$UNDQVDV���(QYLURQ��+HDOWK
3HUVSHFW������6XSSO�����������

:KLWPDQ��:�*����������7KH�WZR�ILOP�WKHRU\�RI�JDV�DEVRUSWLRQ���&KHP��0HWDOO��(QJ�������������

:REHVHU��*���DQG�0��6ZLIW�,,,����������0HUFXU\�SRLVRQLQJ�LQ�ZLOG�PLQN���-��:LOGO��'LVHDV�������������

:RLQ��3���DQG�&��%URQPDUN����������(IIHFW�RI�''7�DQG�0&3$�RQ�UHSURGXFWLRQ�RI�WKH�SRQG�VQDLO�
/\PQDHD�VWDJQDOLV�/���%XOO��(QYLURQ��&RQWDP��7R[LFRO����������

:RUOG�+HDOWK�2UJDQL]DWLRQ��:+2�����������(QYLURQPHQWDO�+HDOWK�&ULWHULD������&DGPLXP���:RUOG
+HDOWK�2UJDQL]DWLRQ��*HQHYD��

:UHQ��&�'����������3UREDEOH�FDXVH�RI�PHUFXU\�SRLVRQLQJ�LQ�ZLOG�RWWHU��/XWUD�FDQDGHQVLV��LQ
QRUWKZHVWHUQ�2QWDULR���&DQ��)LHOG�1DW�������������

:X��=�<���0��+DQ��=�&��/LQ��DQG�-�0��2QGRY����������&KHVDSHDNH�%D\�DWPRVSKHULF�GHSRVLWLRQ
VWXG\��\HDU����6RXUFHV�DQG�GU\�GHSRVLWLRQ�RI�VHOHFWHG�HOHPHQWV�LQ�DHURVRO�SDUWLFOHV���$WPRV�
(QYLURQ���������������

<DPDVKLWD��1���6��7DQDEH��-�3��/XGZLJ��+��.XQWD��0�(��/XGZLJ��DQG�5��7DWVXNDZD���������
(PEU\RQLF�DEQRUPDOLWLHV�DQG�RUJDQRFKORULQH�FRQWDPLQDWLRQ�LQ�GRXEOH�FUHVWHG�FRUPRUDQWV
�3KDODFURFRUD[�DXULWXV��DQG�&DVSLDQ�WHUQV�IURP�WKH�8SSHU�*UHDW�/DNHV�LQ��������(QYLURQ��3ROOXW�
��������������

=DUERFN��3�(���$��-DQLFNL��'��:DGH��'��+LJPXFK��DQG�+��:LOVRQ����������(VWLPDWHV�RI�WRWDO�QLWURJHQ�
WRWDO�SKRVSKRUXV��DQG�WRWDO�VXVSHQGHG�VROLGV�ORDGLQJV�WR�7DPSD�%D\��)ORULGD���&RDVWDO
(QYLURQPHQWDO�,QF��IRU�WKH�7DPSD�%D\�(VWXDU\�3URJUDP�

=HPED��6����������$WPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ�FRPSRXQGV�WR�WKH�0DVVDFKXVHWWV�%D\V��
'UDIW���3UHSDUHG�IRU�WKH�0DVVDFKXVHWWV�%D\V�3URJUDP�2IILFH��%RVWRQ��0$�

=XIDOO��0�-���DQG�&�,��'DYLGVRQ���������LQ�SUHVV����'U\�GHSRVLWLRQ�RI�SDUWLFOHV�WR�ZDWHU�VXUIDFHV���,Q�
$WPRVSKHULF�GHSRVLWLRQ�RI�FRQWDPLQDQWV�WR�WKH�*UHDW�/DNHV�DQG�FRDVWDO�ZDWHUV��-�(��%DNHU��HG��
6RFLHW\�IRU�(QYLURQPHQWDO�7R[LFRORJ\�DQG�&KHPLVWU\��6(7$&��3UHVV��3HQVDFROD��)/�
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7KLV�DSSHQGL[�SURYLGHV�LQIRUPDWLRQ�RQ�WKH�VWDWXV�RI�WKH�DFWLRQV�WKDW�ZHUH�UHFRPPHQGHG�LQ
WKH�)LUVW�5HSRUW�WR�&RQJUHVV�RQ�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV��VHH�7DEOH�$����DQG�OLVWV
WKH�HPLVVLRQV�VWDQGDUGV�WKDW�PD\�FRQWURO�WKH�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ��VHH�7DEOH�$����
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����(3$�ZLOO�FRQWLQXH�RQJRLQJ�HIIRUWV�WR�LPSOHPHQW�VHFWLRQ�����DQG�RWKHU�VHFWLRQV�RI�WKH�&OHDQ�$LU�$FW��DV�DPHQGHG�LQ�������DQG�ZLOO�XVH�WKH
UHVXOWV�RI�WKLV�UHSRUW�LQ�WDNLQJ�UHDVRQDEOH�DFWLRQV�WR�UHGXFH�HPLVVLRQV�RI�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ�

D���(3$�LV�GHYHORSLQJ�VWDQGDUGV�XQGHU�VHFWLRQ�����G��IRU )LVFDO�\HDU������*UHDW�:DWHUV�IXQGV�VXSSOHPHQWHG�WKH�GHYHORSPHQW�RI
DSSUR[LPDWHO\����VRXUFH�FDWHJRULHV�RI�*UHDW�:DWHUV�KD]DUGRXV�DLU WKH�SULPDU\�DOXPLQXP�PD[LPXP�DFKLHYDEOH�FRQWURO�WHFKQRORJ\
SROOXWDQWV��+$3V��RI�FRQFHUQ��FRQVLVWHQW�ZLWK�WKH�VFKHGXOH �0$&7��UHJXODWLRQ���$V�D�UHVXOW��WKH�VWDQGDUG�ZDV�SURSRVHG�RQ
SXEOLVKHG�LQ�UHVSRQVH�WR�VHFWLRQ�����H�������:KHUH�SRVVLEOH��JLYHQ 6HSWHPEHU������������7KLV�UHJXODWLRQ�KDV�EHHQ�GHYHORSHG�YLD�D�VXFFHVVIXO
RWKHU�IDFWRUV��(3$�ZLOO�SXEOLVK�VHFWLRQ�����G��VWDQGDUGV�DKHDG�RI SDUWQHUVKLS�ZLWK�LQGXVWU\��VWDWHV��DQG�HQYLURQPHQWDO�DQG�WULEDO
VFKHGXOH�IRU�VSHFLILF�VRXUFH�FDWHJRULHV���*UHDW�:DWHUV�3URJUDP�IXQGV LQWHUHVWV���7KH�VWDQGDUG�SULPDULO\�DGGUHVVHV�IOXRULGH�HPLVVLRQV�EXW�ZLOO
ZLOO�EH�XVHG�WR�GHYHORS�DQG�SXEOLVK�DKHDG�RI�VFKHGXOH�VHFWLRQ DOVR�LQFOXGH�OLPLWV�IRU�SRO\F\FOLF�RUJDQLF�PDWWHU��320���WKH�*UHDW
����G��VWDQGDUGV�IRU�DW�OHDVW�RQH�VRXUFH�FDWHJRU\� :DWHUV�SROOXWDQW�WKDW�PDGH�WKLV�VRXUFH�FDWHJRU\�D�FKRLFH�IRU�*UHDW

:DWHUV�IXQGLQJ���3URPXOJDWLRQ�RI�WKLV�VWDQGDUG�LV�H[SHFWHG�LQ�ODWH������

E���'XULQJ�WKH�SURFHVV�RI�GHYHORSLQJ�HPLVVLRQ�VWDQGDUGV��(3$�ZLOO $W�SUHVHQW��WKH�WRROV�WR�TXDQWLWDWLYHO\�HYDOXDWH�D��VXIILFLHQW�OHYHO�RI
HYDOXDWH�ZKHWKHU�WKH�FXUUHQWO\�GHILQHG�0$&7�IORRU�IRU�H[LVWLQJ FRQWURO��IRU�*UHDW�:DWHUV�SROOXWDQWV�GR�QRW�H[LVW���1RQHWKHOHVV��LQ
VRXUFHV�UHSUHVHQWV�D�VXIILFLHQW�OHYHO�RI�FRQWURO�IRU�VRXUFHV�WKDW�HPLW VXSSRUW�RI�WKLV�UHFRPPHQGDWLRQ��*UHDW�:DWHUV�SROOXWDQWV�DUH�EHLQJ
*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ� FRQVLGHUHG�DV�YDULRXV�VRXUFH�FDWHJRULHV�DUH�HYDOXDWHG�IRU�SROOXWLRQ

FRQWURO���7DEOH�$���OLVWV�HPLVVLRQ�VWDQGDUGV�FXUUHQWO\�EHLQJ�GHYHORSHG�
RU�ZKLFK�KDYH�EHHQ�FRPSOHWHG��WKDW�DGGUHVV�HPLVVLRQV�RI�VRPH�RI�WKH
*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ�

F���$V�VRRQ�DV�SUDFWLFDEOH��(3$�ZLOO�SXEOLVK�DQ�DGYDQFH�QRWLFH�RI $W�WKLV�WLPH��(3$�KDV�SRVWSRQHG�GHYHORSPHQW�RI�/4(5V���7KH�SULPDU\
SURSRVHG�UXOHPDNLQJ��$135��WR�QRWLI\�WKH�SXEOLF�RI�(3$
V�LQWHUHVW LPSDFW�RI�GHYHORSLQJ�DQ�/4(5�IRU�D�SROOXWDQW�RU�VRXUFH�FDWHJRU\�LV�WKH
LQ�HVWDEOLVKLQJ�OHVVHU�TXDQWLW\�HPLVVLRQ�UDWHV�RU�/4(5V��L�H���OHVV FRQVHTXHQW�GHILQLWLRQ�RI�WKDW�VRXUFH�DV�D��PDMRU��VRXUFH�DQG�WKXV
WKDQ����WRQV�SHU�\HDU��IRU�VHOHFWHG�*UHDW�:DWHUV�+$3V�IRU�WKH VXEMHFWLQJ�WKDW�VRXUFH�WR�FHUWDLQ�UHTXLUHPHQWV�XQGHU�&$$�VHFWLRQ������
SXUSRVH�RI�GHILQLQJ�VRXUFHV�HPLWWLQJ�WKHVH�+$3V�DV��PDMRU�VRXUFHV� 0RVW�VRXUFHV�RI�WKH�SROOXWDQWV�IRU�ZKLFK�/4(5V�ZHUH�EHLQJ�FRQVLGHUHG
DQG�WR�VROLFLW�FRPPHQW���(3$�ZLOO�DOVR�HYDOXDWH�ZKHWKHU�DQ\�*UHDW DUH�DOUHDG\�GHILQHG�DV�PDMRU��DQG�WKXV�WKH�HVWDEOLVKPHQW�RI�DQ�/4(5
:DWHUV�+$3V�ZDUUDQW�HVWDEOLVKPHQW�RI�DQ�/4(5��DQG��LI ZRXOG�KDYH�OLWWOH�HIIHFW���)RU�WKRVH�VRXUFHV�WKDW�DUH�DUHD�VRXUFHV�
DSSURSULDWH��EDVHG�RQ�WKDW�HYDOXDWLRQ�DQG�WKH�FRPPHQWV�RQ�WKH SHUIRUPLQJ�DQ��DUHD�VRXUFH�ILQGLQJ��LV�D�PRUH�HIILFLHQW�ZD\�WR�DVVHVV
$135��(3$�ZLOO�GHYHORS�D�QRWLFH�WKDW�SURSRVHV�/4(5V�IRU�WKRVH VRXUFH�FDWHJRULHV�DV�WKH\�FRPH�XS�IRU�UHJXODWLRQ�UDWKHU�WKDQ�DQ�XS�IURQW
SROOXWDQWV�IRU�ZKLFK�DQ�/4(5�LV�ZDUUDQWHG��� /4(5�DQDO\VLV�ZLWK�PRUH�JHQHULF�GDWD���$OVR��WKHUH�LV�VXIILFLHQW�VWDWXWRU\

DXWKRULW\�WR�UHTXLUH�0$&7�RQ�VRXUFHV�RI�DQ\�VL]H�UHJDUGOHVV�RI�WKHLU
GHILQLWLRQ�DV�PDMRU�RU�DUHD�VRXUFHV���,Q�WKH�IXWXUH��KRZHYHU��(3$�PD\
GHFLGH�WKDW�/4(5V�DUH�ZDUUDQWHG�IRU�VSHFLILF�VRXUFH�FDWHJRULHV�RU
SROOXWDQWV�DW�ZKLFK�WLPH�WKLV�HIIRUW�FRXOG�EH�UH�LQLWLDWHG�
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G���'XULQJ�WKH�SURFHVV�RI�VWDQGDUGV�GHYHORSPHQW�IRU�PDMRU�VRXUFHV� (3$�KDV�HYDOXDWHG����DUHD�VRXUFH�FDWHJRULHV�WR�GHWHUPLQH�ZKHWKHU
(3$�ZLOO�GHWHUPLQH�ZKHWKHU�DUHD�VRXUFHV�RI�*UHDW�:DWHUV�+$3V UHJXODWLRQ�RI�WKHVH�VRXUFHV�LV�ZDUUDQWHG�XQGHU�VHFWLRQ�����G����7KHVH
ZDUUDQW�UHJXODWLRQ�XQGHU�VHFWLRQ�����G��DQG��LI�VR��ZKLFK�DUHD LQFOXGHG�IRXU�VRXUFH�FDWHJRULHV�HPLWWLQJ�OHDG�RU�GLR[LQV���7R�GDWH��QRQH
VRXUFHV���5HVXOWV�RI�WKH�DVVHVVPHQW�ZLOO�EH�LQWHJUDWHG�LQWR�WKH RI�WKH�VRXUFH�FDWHJRULHV�HPLWWLQJ�WKHVH�*UHDW�:DWHUV�SROOXWDQWV�KDV
VWUDWHJ\�IRU�DUHD�VRXUFHV�XQGHU�GHYHORSPHQW�LQ�DFFRUGDQFH�ZLWK ZDUUDQWHG�DQ��DUHD�VRXUFH�ILQGLQJ��EDVHG�RQ�D�ULVN�DVVHVVPHQW���$UHD
VHFWLRQ�����N��� VRXUFH�DQDO\VHV�ZLOO�FRQWLQXH�WR�EH�SHUIRUPHG�DV�DSSURSULDWH��

H���)RU�WKH�XUEDQ�DUHD�VRXUFH�VWUDWHJ\��VHFWLRQ�����N����(3$�ZLOO 7R�DVVHVV�WRWDO�H[SRVXUH�WR�+$3V�DQG�FULWHULD�SROOXWDQWV��(3$�LV
HYDOXDWH�SXEOLF�KHDOWK�HIIHFWV�RQ�WKH�EDVLV�RI�WRWDO�H[SRVXUH��ZKLFK FXUUHQWO\�GHYHORSLQJ�WKH�7RWDO�5LVN�,QWHJUDWHG�0RGHO��75,0����7KH
ZRXOG�LQFOXGH�H[SRVXUH�E\�LQKDODWLRQ�DV�ZHOO�DV�H[SRVXUH�WKURXJK 75,0�ZLOO�EH�D�SUREDELOLVWLF�PRGHO�FDSDEOH�RI�DVVHVVLQJ�ULVNV�WR�KXPDQV
LQJHVWLRQ�RI�IRRG�FRQWDLQLQJ�ELRDFFXPXODWHG�XUEDQ�WR[LFDQWV� DQG�WR�SRSXODWLRQV�LQ�DQ�HFRV\VWHP�UHVXOWLQJ�IURP�PXOWLPHGLD

FRQWDPLQDWLRQ��LQ�DLU��ZDWHU��VRLO��DQG�IRRG��DQG�PXOWLSDWKZD\�H[SRVXUH
�YLD�LQKDODWLRQ��LQJHVWLRQ��DQG�DEVRUSWLRQ�H[SRVXUH�URXWHV����7KH�75,0�LV
H[SHFWHG�WR�EH�DYDLODEOH�IRU�XVH�E\�'HFHPEHU������
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I���(3$�ZLOO�FRQGXFW�D�SLORW�SURMHFW�H[DPLQLQJ�WKH�XVH�RI�*UHDW (3$�KDV�UHFHQWO\�GHYHORSHG�D�QHZ�PRGHOLQJ�WRRO�IRU�WKH�DVVHVVPHQW�RI
:DWHUV�LPSDFWV�DQDO\VHV�LQ�WKH�GHYHORSPHQW�RI�VHFWLRQ�����G� DWPRVSKHULF�GHSRVLWLRQ�RI�SROOXWDQWV�WR�WKH�*UHDW�:DWHUV���5(06$'��WKH
VWDQGDUGV� 5HJXODWRU\�0RGHOLQJ�6\VWHP�IRU�$HURVROV�DQG�'HSRVLWLRQ��LV�D�ZRUN

VWDWLRQ�EDVHG�(XOHULDQ�PRGHO�LQWHQGHG�IRU�XVH�LQ�DVVHVVLQJ�WKH�LPSDFWV
RI�UHJXODWRU\�DFWLYLWLHV��VXFK�DV�VHFWLRQ�����G��0$&7�VWDQGDUGV��RQ
ORDGLQJV�RI�SROOXWDQWV�RI�FRQFHUQ�WR�WKH�*UHDW�:DWHUV���5(06$'�LV
FXUUHQWO\�FDSDEOH�RI�VLPXODWLQJ�VKRUW���PHGLXP��DQG�ORQJ�UDQJH
WUDQVSRUW�DQG�GHSRVLWLRQ�RI�PHUFXU\��FDGPLXP��GLR[LQV��DQG�320�
RWKHU�SROOXWDQWV��LQFOXGLQJ�RWKHU�WR[LFV�DV�ZHOO�DV�QLWURJHQ��PD\�EH
LQFRUSRUDWHG�LQ�IXWXUH�ZRUN���,QLWLDO�PRGHO�GHPRQVWUDWLRQ�DQG
HYDOXDWLRQ�ZLOO�EH�FRPSOHWHG�GXULQJ��������7KH�PRGHO�LV�FXUUHQWO\
DYDLODEOH�RQ�WKH�2$436�6XSSRUW�&HQWHU�IRU�5HJXODWRU\�$LU�0RGHOV
�6&5$0��EXOOHWLQ�ERDUG�

$V�SDUW�RI�WKH�5(06$'�GHYHORSPHQW�DQG�GHPRQVWUDWLRQ�DFWLYLWLHV��(3$
ZLOO�FRQGXFW�D�SLORW�VWXG\�WKDW�ZLOO�H[DPLQH�WKH�LPSDFWV�RI�WKH�(PLVVLRQV
*XLGHOLQHV�IRU�0XQLFLSDO�:DVWH�&RPEXVWRUV��0:&V��RQ�GHSRVLWLRQ�RI
SROOXWDQWV�RI�FRQFHUQ�WR�WKH�*UHDW�:DWHUV���/LNH�VHFWLRQ�����G��VWDQGDUGV�
WKH�0:&�VWDQGDUG�LV�EDVHG�RQ�0$&7���7KH�0:&�FDWHJRU\�ZDV�FKRVHQ
EHFDXVH�LW�VDWLVILHG�VHYHUDO�UHTXLUHPHQWV�IRU�DQ�HIIHFWLYH�SLORW�VWXG\������
LW�LQFOXGHV�D�ODUJH�QXPEHU�RI�VRXUFHV������LW�HPLWV�VLJQLILFDQW�TXDQWLWLHV�RI
VHYHUDO�SROOXWDQWV�RI�FRQFHUQ��LQFOXGLQJ�GLR[LQV��IXUDQV��FDGPLXP�
PHUFXU\��DQG�320������DQG�VXLWDEOH�HPLVVLRQV�GDWD�DUH�DYDLODEOH���7KH
SLORW�VWXG\�ZLOO�HVWLPDWH�FKDQJHV�LQ�DQQXDO�ORDGLQJV�RI�WKHVH�SROOXWDQWV
WR�WKH�*UHDW�:DWHUV�GXH�WR�LPSOHPHQWDWLRQ�RI�WKH�0:&�VWDQGDUG��

J���)RU�*UHDW�:DWHUV�+$3V��(3$�LV�SURSRVLQJ�D�FDS��L�H��������WRQ�SHU ,Q�WKH�SURSRVHG�VHFWLRQ�����J��UXOHPDNLQJ��GH�PLQLPLV�HPLVVLRQ�UDWHV
\HDU��WR�WKH�GH�PLQLPLV�OHYHOV�EHLQJ�GHYHORSHG�XQGHU�VHFWLRQ�����J�� ZHUH�SURSRVHG�IRU�+$3V�LGHQWLILHG�DV�EHLQJ�RI�FRQFHUQ�IRU�*UHDW�:DWHUV
VR�WKDW�FRQWUROV�ZRXOG�EH�UHTXLUHG�IRU�PRUH�VRXUFHV�RI�*UHDW�:DWHUV �EDVHG�RQ�WR[LFLW\��ELRDFFXPXODWLRQ��DQG�ELRFRQFHQWUDWLRQ����+RZHYHU�
+$3V�DV�WKH\�PRGLI\�WKHLU�SURFHVVHV���(3$�ZLOO�GHWHUPLQH�WKH WKH�����J��UXOHPDNLQJ�WKDW�ZDV�SURPXOJDWHG�GLG�QRW�LQFOXGH�WKH
DSSURSULDWH�GH�PLQLPLV�OHYHO�RQ�D�FKHPLFDO�E\� SURYLVLRQV�SHUWDLQLQJ�WR�PRGLILFDWLRQV�DQG��WKXV��WKH�GH�PLQLPLV�OHYHOV
FKHPLFDO�EDVLV��JLYLQJ�FRQVLGHUDWLRQ�WR�WKH�FKHPLFDO
V�SHUVLVWHQFH� ZHUH�QRW�QHHGHG�DQG�ZHUH�QRW�LQFOXGHG�LQ�WKH�ILQDO�UXOH�
SURSHQVLW\�WR�ELRDFFXPXODWH��DQG�VXFK�RWKHU�IDFWRUV�WKDW�(3$
FRQVLGHUV�UHOHYDQW���
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K���(3$�SODQV�WR�SURSRVH�D�UHYLVHG�0:&�UXOH��ZLWK�VWULQJHQW 2Q�6HSWHPEHU�����������(3$�SURSRVHG�1HZ�6RXUFH�3HUIRUPDQFH
FRQWUROV�RQ�PHUFXU\�HPLVVLRQV�DQG�HPLVVLRQV�RI�RWKHU�*UHDW�:DWHUV 6WDQGDUGV��1636��DQG�(PLVVLRQ�*XLGHOLQHV��(*��DSSOLFDEOH�WR�0:&
+$3V��QRW�ODWHU�WKDQ�VXPPHU������ SODQWV�ODUJHU�WKDQ����PHJDJUDP��0J��SHU�GD\�FDSDFLW\���7KHVH

UHJXODWLRQV�ZHUH�ILQDOL]HG�RQ�2FWREHU������������)RU�PHUFXU\��WKH�ILQDO
VWDQGDUG�IRU�QHZ�DQG�H[LVWLQJ�0:&V�LV������PLOOLJUDP��PJ��SHU�GU\
VWDQGDUG�FXELF�PHWHU��GVFP���RU�DERXW����SHUFHQW�FRQWURO���7KH�ILQDO�UXOHV
DOVR�DSSO\�WR�GLR[LQV���7KH�DLU�SROOXWLRQ�FRQWURO�V\VWHP�XVHG�WR�FRPSO\
ZLWK�WKH�&$$�VHFWLRQ�����JXLGHOLQHV�DFKLHYHV�JUHDWHU�WKDQ����SHUFHQW
GLR[LQ�UHGXFWLRQ�

L���(3$�LV�FRQGXFWLQJ�VWXGLHV�WKDW�ZLOO�SURYLGH�LQIRUPDWLRQ�IRU�IXWXUH (3$�KDV�SUHSDUHG�D�GUDIW�VHYHQ�YROXPH�5HSRUW�WR�&RQJUHVV�RQ�PHUFXU\
*UHDW�:DWHUV�UHSRUWV���7KH�PHUFXU\�VWXG\��XQGHU�VHFWLRQ ZKLFK�ZDV�VXEPLWWHG�WR�(3$
V�6FLHQFH�$GYLVRU\�%RDUG�IRU�SHHU�UHYLHZ
����Q�����%���ZLOO�HYDOXDWH�WKH�UDWH�DQG�PDVV�RI�PHUFXU\�HPLVVLRQV LQ�-XQH��������7KH�UHSRUW�ZDV�IDYRUDEO\�UHYLHZHG�LQ�)HEUXDU\������DQG
IURP�DOO�VRXUFHV��WKH�KHDOWK�DQG�HQYLURQPHQWDO�HIIHFWV�RI�VXFK (3$�H[SHFWV�WR�ILQDOL]H�DQG�VXEPLW�WKH�5HSRUW�WR�&RQJUHVV�LQ�ILVFDO�\HDU
HPLVVLRQV��WHFKQRORJLHV�WR�FRQWURO�VXFK�HPLVVLRQV��DQG�WKH�FRVWV�RI �����
WKHVH�FRQWURO�WHFKQRORJLHV���7KH�XWLOLW\�VWXG\��XQGHU�VHFWLRQ
����Q�����$���ZLOO�HYDOXDWH�WKH�KD]DUGV�WR�SXEOLF�KHDOWK�UHDVRQDEO\ ,Q�2FWREHU�������(3$�VXEPLWWHG�WR�&RQJUHVV�DQ�LQWHULP�UHSRUW�RQ�XWLOLW\
DQWLFLSDWHG�WR�RFFXU�DV�D�UHVXOW�RI�HPLVVLRQV�RI�DOO�+$3V�E\�HOHFWULF DLU�WR[LFV��8�6��(3$�����H����(QWLWOHG�6WXG\�RI�+D]DUGRXV�$LU�3ROOXWDQW
XWLOLW\�VWHDP�JHQHUDWLQJ�XQLWV���)LQGLQJV�RI�WKHVH�VWXGLHV�ZLOO�EH (PLVVLRQV�IRU�(OHFWULF�8WLOLW\�6WHDP�*HQHUDWLQJ�8QLWV����,QWHULP�)LQDO�5HSRUW
UHOLHG�XSRQ�LQ�IXWXUH�*UHDW�:DWHUV�UHSRUWV�LQ�WKH�GHYHORSPHQW�RI �(3$�����5�������DEF���WKLV�GRFXPHQW�DGGUHVVHV�LQKDODWLRQ�DQG�QRQ�
VWUDWHJLHV�IRU�UHGXFLQJ�HQYLURQPHQWDO�H[SRVXUHV�WR�*UHDW�:DWHUV LQKDODWLRQ�H[SRVXUHV�WR�XWLOLW\�HPLVVLRQV���$�ILQDO�UHSRUW��LQFOXGLQJ�D
SROOXWDQWV� UHJXODWRU\�GHWHUPLQDWLRQ�IRU�XWLOLW\�FRQWURO�XQGHU�VHFWLRQ�����LV�GXH

-DQXDU\������������7KH�([HFXWLYH�6XPPDU\�RI�WKH�LQWHULP�8WLOLW\�6WXG\
FDQ�EH�DFFHVVHG�WKURXJK�(3$
V�7HFKQRORJ\�7UDQVIHU�1HWZRUN��771��E\
FDOOLQJ��YLD�PRGHP���������������

M���(3$�LV�GHYHORSLQJ�HFRORJLFDO�HIIHFWV�DVVHVVPHQW�VFUHHQLQJ 7KLV�DFWLYLW\�LV�RQJRLQJ���8QGHU�VHFWLRQ�����I���(3$�LV�WR�FRQVLGHU�WKH�ULVN
PHWKRGV�IRU�UHYLHZLQJ�SHWLWLRQV�WR�DGG�DQG�GHOHWH�SROOXWDQWV�IURP WR�SXEOLF�KHDOWK�UHPDLQLQJ��RU�OLNHO\�WR�UHPDLQ��DIWHU�VRXUFHV�DUH
WKH�+$3�OLVW�DQG�WR�GHOHWH�VRXUFH�FDWHJRULHV�IURP�WKH�VRXUFH UHJXODWHG�XQGHU�WKH�VHFWLRQ�����G��0$&7�SURJUDP���7KHVH�DGGLWLRQDO
FDWHJRU\�OLVW���(3$�ZLOO�FRQVLGHU�WKH�%LRDFFXPXODWLRQ�)DFWRU VWDQGDUGV��VR�FDOOHG��UHVLGXDO�ULVN�VWDQGDUGV���ZLOO�FRQVLGHU
0HWKRGRORJ\�����)HGHUDO�5HJLVWHU��������LQ�WKH�GHYHORSPHQW�RI�WKHVH HQYLURQPHQWDO�DV�ZHOO�DV�SXEOLF�KHDOWK�LPSDFWV���8QGHU�WKLV�HIIRUW�
HFRORJLFDO�HIIHFWV�DVVHVVPHQW�PHWKRGV���7KH�SXUSRVH�LV�WR�KHOS HFRORJLFDO�HIIHFWV�DVVHVVPHQW�DQG�VFUHHQLQJ�PHWKRGV�DUH�EHLQJ
HQVXUH�WKDW�HFRORJLFDO�HIIHFWV��LQ�DGGLWLRQ�WR�KHDOWK�HIIHFWV��ZLOO�EH GHYHORSHG�
FRQVLGHUHG�LQ�GHWHUPLQLQJ�ZKHWKHU�UHJXODWLRQ�LV�ZDUUDQWHG�
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N���(3$�ZLOO�HYDOXDWH�ZKHWKHU�RWKHU�SROOXWDQWV��LQFOXGLQJ 7KLV�DFWLYLW\�LV�RQJRLQJ���,Q�DGGLWLRQ�WR�KH[DFKORUREXWDGLHQH�DQG
KH[DFKORUREXWDGLHQH�DQG�PHWKR[\FKORU��ZKLFK�DUH�SURSRVHG PHWKR[\FKORU��DWUD]LQH�LV�DOVR�XQGHU�FRQVLGHUDWLRQ�IRU�DGGLWLRQ�WR�WKH
%LRDFFXPXODWLYH�&KHPLFDOV�RI�&RQFHUQ�XQGHU�WKH�SURSRVHG�:DWHU OLVW�RI�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ�
4XDOLW\�*XLGDQFH�IRU�WKH�*UHDW�/DNHV�6\VWHP�����)HGHUDO�5HJLVWHU�
�������DQG�ZKLFK�KDYH�EHHQ�LGHQWLILHG�DV�KDYLQJ�SRWHQWLDOO\
VLJQLILFDQW�DLU�VRXUFHV��VKRXOG�EH�DGGHG�WR�WKH�OLVW�RI�*UHDW�:DWHUV
SROOXWDQWV�RI�FRQFHUQ�

O���(3$�LV�FRQWLQXLQJ�WR�HPSKDVL]H�SROOXWLRQ�SUHYHQWLRQ�DV�WKH�JRDO 7KHUH�DUH�D�QXPEHU�RI�RQJRLQJ�(3$�DFWLYLWLHV�WKDW�HPSKDVL]H�SROOXWLRQ
LQ�WKH�GHYHORSPHQW�RI�FRQWURO�PHDVXUHV�WR�UHGXFH�HPLVVLRQV�RI SUHYHQWLRQ�DV�D�JRDO�LQ�WKH�GHYHORSPHQW�RI�FRQWURO�PHDVXUHV���7KHVH
*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ�DQG�LV�HQFRXUDJLQJ�DQ\ DFWLYLWLHV�DUH�GHVFULEHG�LQ�GHWDLO�LQ�&KDSWHU�,9�RI�WKLV�UHSRUW�DQG�LQFOXGH
YROXQWDU\�SROOXWLRQ�SUHYHQWLRQ�DQG�RWKHU�HPLVVLRQ�UHGXFWLRQ VXFK�SURMHFWV�DV�WKH�9LUWXDO�(OLPLQDWLRQ�3LORW�3URMHFW��WKH�*UHDW�/DNHV
HIIRUWV�� %LQDWLRQDO�7R[LFV�6WUDWHJ\��GHYHORSPHQW�RI�/DNHZLGH�0DQDJHPHQW

3ODQV��/$03V���DQG�WKH�*UHDW�/DNHV�:DWHU�4XDOLW\�*XLGDQFH�
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P���,Q�WKH�GHYHORSPHQW�RI�UHJXODWLRQV�DQG�SROOXWLRQ�SUHYHQWLRQ�RU (3$
V�,QWHJUDWHG�12 �6WUDWHJ\�LV�GHVFULEHG�LQ�WKH�VWDII�ZRUNLQJ�GUDIW
UHGXFWLRQ�VWUDWHJLHV�XQGHU�WKH������&$$�$PHQGPHQWV��(3$�ZLOO GRFXPHQW�HQWLWOHG��1LWURJHQ�2[LGHV�,PSDFWV�RQ�3XEOLF�+HDOWK�DQG�WKH
H[DPLQH�WKH�SRWHQWLDO�IRU�UHGXFWLRQV�RI�R[LGHV�RI�QLWURJHQ�DQG�ZLOO (QYLURQPHQW���8�6��(3$���������7KLV�VWUDWHJ\�ZLOO�FRRUGLQDWH�FRQWURO
GHWHUPLQH�KRZ�DGGLWLRQDO�QLWURJHQ�R[LGH��12 ��UHGXFWLRQV�FDQ�EH HIIRUWV�WR�PD[LPL]H�HQYLURQPHQWDO�EHQHILWV�RI�UHGXFWLRQV�LQ�R]RQH[

DFKLHYHG�IRU�SURWHFWLRQ�RI�FRDVWDO�ZDWHU�TXDOLW\�DQG�UHODWHG SUHFXUVRUV��ILQH�SDUWLFXODWHV��DFLGLF�GHSRVLWLRQ�DQG�HXWURSKLFDWLRQ���7KH
UHVRXUFHV� GRFXPHQW�ZDV�GLVWULEXWHG�WR�WKH�&$$�$GYLVRU\�&RPPLWWHH�DW�WKHLU

[

'HFHPEHU���������PHHWLQJ�DQG�SXEOLF�FRPPHQWV�ZHUH�UHTXHVWHG�E\
-DQXDU\������������7KH�GRFXPHQW�ZDV�DOVR�GHVFULEHG�DW�DQ�2]RQH
7UDQVSRUW�$VVHVVPHQW�*URXS��27$*��PHHWLQJ�DQG�SODFHG�RQ�27$*
V
771�ZHE�VLWH��

6HYHUDO�1DWLRQDO�(VWXDU\�3URJUDP�VLWHV�DUH�LQYHVWLJDWLQJ�WKH�UROH�RI
DWPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ�FRPSRXQGV�LQ�HXWURSKLFDWLRQ�

$QRWKHU�(3$�DFWLYLW\�FDOOHG�WKH�&OHDQ�$LU�3RZHU�,QLWLDWLYH��&$3,�
SURGXFHG�DQ�2FWREHU������UHSRUW�WKDW�VXPPDUL]HV�D�VWUDWHJ\�WR�FRVW�
HIIHFWLYHO\�UHGXFH�HPLVVLRQV�RI�12 ��62 ��DQG�PHUFXU\�IURP�XWLOLW\[ � [

ERLOHUV���&$3,�LQIRUPDWLRQ�LV�DYDLODEOH�RQ�WKH�ZHE�VLWH��
ZZZ�HSD�JRY�FDSL�

(3$�KDV�DOVR�SURSRVHG�QHZ�R]RQH�DQG�SDUWLFXODWH�PDWWHUV�VWDQGDUGV
�'HFHPEHU�������������(3$�SODQV�WR�FRPSOHWH�WKH�ILQDO�UXOHPDNLQJ�E\
-XO\������������7KHVH�UXOHV�DUH�H[SHFWHG�WR�VLJQLILFDQWO\�UHGXFH�12[

HPLVVLRQV��DV�ZLOO�WKH�UHYLVHG�12 �1HZ�6RXUFH�3HUIRUPDQFH�6WDQGDUG[

�1636��IRU�XWLOLW\�DQG�QRQ�XWLOLW\�XQLWV���(3$�LV�UHTXLUHG�WR�SURSRVH�WKH
1636�E\�-XO\���������
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Q���(3$�ZLOO�GHYHORS�$OWHUQDWLYH�&RQWURO�7HFKQRORJ\�GRFXPHQWV 7KH�$&7�GRFXPHQWV�ZHUH�UHTXLUHG�XQGHU�VHFWLRQ�����RI�WKH�&$$��
�$&7V��IRU�12 ���7KLV�LV�H[SHFWHG�WR�UHVXOW�LQ�QDWLRQZLGH�12 7KHVH�GRFXPHQWV�GHVFULEH�D�ZLGH�UDQJH�RI�12 �FRQWURO�WHFKQRORJLHV�IRU[ �� � � � � � � � [

HPLVVLRQV�UHGXFWLRQV��WKXV�SURWHFWLQJ�FRDVWDO�ZDWHUV��DV�VWDWHV QLQH�VSHFLILF�VRXUFH�FDWHJRULHV��FHPHQW�PDQXIDFWXULQJ��JDV�WXUELQHV�
GHYHORS�UHJXODWLRQV�XQGHU�WKH�1DWLRQDO�$PELHQW�$LU�4XDOLW\ JODVV�PDQXIDFWXULQJ��LQWHUQDO�FRPEXVWLRQ�HQJLQHV��LURQ�DQG�VWHHO�
6WDQGDUGV�SURJUDP��1$$46�� QLWULF�DGLSLF�DFLGV��QRQ�XWLOLW\�ERLOHUV��SURFHVV�KHDWHUV��DQG�XWLOLW\

[

ERLOHUV����*UHDW�:DWHUV�IXQGV�ZHUH�XVHG�WR�GHYHORS�WZR�RI�WKHVH
GRFXPHQWV���7KH�SXUSRVH�RI�WKH�$&7�GRFXPHQWV�LV�WR�KHOS�VWDWHV�DGRSW
UXOHV�WR�PHHW�WKH�12 �5HDVRQDEOH�$YDLODEOH�&RQWURO�7HFKQRORJ\��5$&7�[

UHTXLUHPHQWV�E\�0D\������������,Q�DGGLWLRQ��WKH�$&7�GRFXPHQWV�VKRXOG
KHOS�VWDWHV�WKDW�GHYHORS�EH\RQG�5$&7�UXOHV�UHODWHG�WR�R]RQH�DWWDLQPHQW
SODQV���&RSLHV�RI�WKH�$&7�GRFXPHQWV�DUH�DYDLODEOH�IURP�WKH�1DWLRQDO
7HFKQLFDO�,QIRUPDWLRQ�6HUYLFH�DW�����������17,6�

����(3$�UHFRJQL]HV�WKH�QHHG�IRU�DQ�LQWHJUDWHG�PXOWLPHGLD�DSSURDFK�WR�WKH�SUREOHP�RI�DWPRVSKHULF�GHSRVLWLRQ�RI�SROOXWDQWV�WR�ZDWHUERGLHV
DQG��WKHUHIRUH��ZLOO�FRQVLGHU�DXWKRULWLHV�EH\RQG�WKH�&OHDQ�$LU�$FW�WR�UHGXFH�KXPDQ�DQG�HQYLURQPHQWDO�H[SRVXUH�WR�*UHDW�:DWHUV�SROOXWDQWV
RI�FRQFHUQ�

D���(3$�ZLOO�HVWDEOLVK�D�IXQGLQJ�DQG�RSHUDWLRQDO�PHFKDQLVP�IRU�DOO (YDOXDWLRQ�RI�WKH�RSSRUWXQLWLHV�IRU�SRROLQJ�UHVRXUFHV�EHWZHHQ�(3$
DSSURSULDWH�RIILFHV�WR�SRRO�WKHLU�UHVRXUFHV��ERWK�GROODUV�DQG RIILFHV�VKRZHG�WKDW�WKHUH�ZDV�QR�DYDLODEOH�IXQGLQJ�PHFKDQLVP�WR�GR�VR�
SHUVRQQHO��WR�PRUH�HIIHFWLYHO\�DQG�HIILFLHQWO\�PDQDJH�WKLV DQG�WKDW�LW�ZRXOG�EH�LPSUDFWLFDO�WR�GHYHORS�VXFK�D�PHFKDQLVP���7KH
PXOWLPHGLD�SUREOHP���7KH�*UHDW�:DWHUV�&RUH�3URMHFW�0DQDJHPHQW &RUH�$GYLVRU\�:RUN�*URXS�DJUHHG�LQVWHDG�WKDW�WKH�SDUWLFLSDWLQJ
*URXS�ZLOO�VHUYH�DV�WKH�OLDLVRQ�DPRQJ�(3$
V�$VVLVWDQW RIILFHV�DJHQFLHV�ZRXOG�LQWHJUDWH�&RUH�*URXS�LQSXW�LQWR�WKH�SODQQLQJ�IRU
$GPLQLVWUDWRUV��$$V��DQG�5HJLRQDO�$GPLQLVWUDWRUV��5$V����7KURXJK *UHDW�:DWHUV�UHODWHG�HIIRUWV�ZLWKLQ�WKHLU�RIILFHV�DJHQFLHV��DV�ZHOO�DV
WKLV�JURXS��FRPPLWPHQWV�ZLOO�EH�REWDLQHG�IURP�HDFK�RI�WKH�$$V�DQG SURYLGLQJ�WKHLU�LQSXW�LQ�SODQQLQJ�*UHDW�:DWHUV�IXQGHG�DFWLYLWLHV���7KLV
5$V�WR�HDUPDUN�IXQGV�IRU�LPSOHPHQWLQJ�WKH�UHFRPPHQGDWLRQV�RI LQWHJUDWLRQ�RI�DFWLYLWLHV�LV�RQJRLQJ�
WKH�)LUVW�5HSRUW�WR�&RQJUHVV�RU�WR�WDNH�D�OHDG�UROH�LQ�WKH
LPSOHPHQWDWLRQ�RI�VSHFLILF�UHFRPPHQGDWLRQV�
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E���(3$�VKRXOG�XVH�WKH�GLVFUHWLRQDU\�DXWKRULW\�LQ�H[LVWLQJ�VWDWXWHV�WR ,Q�������HIIRUWV�WR�UHDXWKRUL]H�WKH�&OHDQ�:DWHU�$FW�DUH�VWLOO�RQJRLQJ�
UHJXODWH�RU�SURKLELW�PXOWLPHGLD�HQYLURQPHQWDO�UHOHDVHV�WKDW�FDXVH
RU�FRQWULEXWH�WR�D�ZDWHU�TXDOLW\�LPSDLUPHQW���7KH�$GPLQLVWUDWLRQ
ZDQWV�WR�ZRUN�ZLWK�&RQJUHVV��H�J���RQ�&OHDQ�:DWHU�$FW
UHDXWKRUL]DWLRQ��WR�GHYHORS�DSSURDFKHV�WKDW�ZRXOG�DOORZ�HIIHFWLYH
SROOXWLRQ�FRQWURO�ZKHUH�RWKHU�IHGHUDO�HQYLURQPHQWDO�VWDWXWHV�DUH�QRW
HIIHFWLYH�DQG�ZKHUH�DQ�LQWHJUDWHG�PXOWLPHGLD�DSSURDFK�LV�WKH�PRVW
HIILFLHQW�PHDQV�WR�UHGXFH�XQDFFHSWDEOH�ULVN���7KLV�ZRXOG�QRW�DSSO\
WR�PRELOH�VRXUFHV�RU�SHVWLFLGH�SURJUDPV���(3$�ZRXOG�XVH�WKH�PRVW
DSSURSULDWH�H[LVWLQJ�HQYLURQPHQWDO�VWDWXWH��H�J���WKH�&OHDQ�$LU�$FW
IRU�DLU�UHOHDVHV��IRU�FRQWUROOLQJ�WKH�UHOHDVH�DQG�ZRXOG�WDNH�LQWR
DFFRXQW�WKH�IDFWRUV�RI�UHYLVHG�VHFWLRQ�����D�����RI�WKH�&OHDQ�:DWHU
$FW�

F���&RQJUHVV��ZLWK�WHFKQLFDO�VXSSRUW�IURP�(3$��VKRXOG�GHYHORS 6XFK�OHJLVODWLRQ�ZDV�LQWURGXFHG�LQWR�D�&RQJUHVVLRQDO�FRPPLWWHH�LQ������
OHJLVODWLRQ�WR�SURKLELW�WKH�H[SRUWDWLRQ�RI�DQ\�SHVWLFLGH�SURGXFW DQG�IDLOHG�WR�SDVV��
ZKLFK�FRQWDLQV�DQ�DFWLYH�LQJUHGLHQW�WKDW�KDV�EHHQ�EDQQHG�IRU�DOO�RU
YLUWXDOO\�DOO�XVHV�LQ�WKH�8QLWHG�6WDWHV���7KH�UHFRPPHQGDWLRQ�WR
SURKLELW�WKH�H[SRUW�RI�EDQQHG�SHVWLFLGHV�ZDV�SUHVHQWHG�LQ�WKH�5HSRUW
RI�WKH�1DWLRQDO�3HUIRUPDQFH�5HYLHZ���&UHDWLQJ�D�*RYHUQPHQW�7KDW�:RUNV
%HWWHU�DQG�&RVWV�/HVV�
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G���(3$�ZLOO�ZRUN�ZLWK�RWKHU�FRXQWULHV�WR�H[SORUH�SRVVLEOH 7KLV�DFWLYLW\�LV�RQJRLQJ���(3$�FXUUHQWO\�SDUWLFLSDWHV�LQ�WKH�1RUWK
DOWHUQDWLYHV�WR�UHGXFH�RU�HOLPLQDWH�WKH�SURGXFWLRQ��H[SRUW��DQG�XVH $PHULFDQ�&RPPLVVLRQ�IRU�(QYLURQPHQWDO�&RRSHUDWLRQ��ZKLFK�ZDV�VHW
RI�SHVWLFLGHV�EDQQHG�LQ�WKH�8QLWHG�6WDWHV� XS�DV�D�SDUDOOHO�DJUHHPHQW�WR�WKH�1RUWK�$PHULFD�)UHH�7UDGH�$JUHHPHQW��

,Q�WKDW�JURXS��(3$�LV�D�PHPEHU�RI�WKH�:RUNLQJ�*URXS�RQ�WKH�6RXQG
0DQDJHPHQW�RI�&KHPLFDOV��ZKLFK�KDV�HVWDEOLVKHG�WDVN�IRUFHV�RQ
PHUFXU\��3&%V��''7��DQG�FKORUGDQH���(3$�DOVR�UHSUHVHQWV�WKH�8QLWHG
6WDWHV�LQ�QHJRWLDWLRQV�RQ�WKH�/RQJ�5DQJH�7UDQVSRUW�RI�$LU�3ROOXWLRQ
�/57$3���ZKLFK�LQFOXGHV�D�QXPEHU�RI�WKHVH�VXEVWDQFHV���,Q�WKH�QHDU
IXWXUH��(3$�ZLOO�EH�UHSUHVHQWLQJ�WKH�SURJUDP�RQ�WKH�8QLWHG�1DWLRQV
(QYLURQPHQWDO�3URJUDP�QHJRWLDWLRQV�RQ�3HUVLVWHQW�2UJDQLF�3ROOXWDQWV�
WKH�OLVW�IRU�ZKLFK�LV�QRZ�XQGHU�FRQVLGHUDWLRQ��EXW�ZKLFK�ZLOO�OLNHO\
LQFOXGH�WKH�/57$3�VXEVWDQFHV��DV�ZHOO�DV�VRPH�RWKHUV�

(3$�LV�FXUUHQWO\�SDUWLFLSDWLQJ�LQ�WKH�QHJRWLDWLRQV�IRU�DQRWKHU�8QLWHG
1DWLRQV�WUHDW\�RQ�3ULRU�,QIRUPHG�&RQVHQW��ZKLFK�ZLOO�FRQWURO�WKH
LQWHUQDWLRQDO�WUDGH�RI�PDQ\��GHOLVWHG���L�H���EDQQHG��VXEVWDQFHV���

H���(3$�ZLOO�H[SORUH�WKH�IHDVLELOLW\�RI�FUHDWLQJ�DQ�LQYHQWRU\�RI (3$�EHOLHYHV�WKDW�FUHDWLQJ�VXFK�DQ�LQYHQWRU\�LV�SRVVLEOH�IURP�DQQXDO
SHVWLFLGH�XVH�ZLWKLQ�WKH�8QLWHG�6WDWHV�DQG�RI�HVWDEOLVKLQJ�D�SURJUDP LQIRUPDWLRQ�VXEPLWWHG�XQGHU�VHFWLRQ���RI�WKH�)HGHUDO�,QVHFWLFLGH�
WR�LGHQWLI\�DQG�TXDQWLI\�VWRFNSLOHV�DQG�HPLVVLRQV�RI�SHVWLFLGHV�RI )XQJLFLGH��DQG�5RGHQWLFLGH�$FW��),)5$��DV�DPHQGHG�E\�WKH�)RRG
NQRZQ�DQG�SRWHQWLDO�FRQFHUQ��LQFOXGLQJ�EDQQHG�SHVWLFLGHV� 4XDOLW\�3URWHFWLRQ�$FW�RI���������7KLV�LQIRUPDWLRQ�ZRXOG�FRYHU�EDVLF

SURGXFHU�DQG�IRUPXODWRU�LQYHQWRU\�FKDQJHV���$GGLWLRQDO�SURSULHWDU\
GDWD�VRXUFHV�FRXOG�FRYHU�IDUP�OHYHO�LQYHQWRULHV���:KLOH�WKLV�W\SH�RI
LQYHQWRU\�LV�IHDVLEOH��(3$�FXUUHQWO\�KDV�QR�SODQV�WR�FRPSLOH�WKLV
LQIRUPDWLRQ�

I���(3$�ZLOO�FRQWLQXH�WR�HPSKDVL]H�SROOXWLRQ�SUHYHQWLRQ�DV�D�JRDO 7KH�KLJKOLJKWV�RI�PDQ\�RI�WKHVH�HIIRUWV�DQG�PLOHVWRQHV�UHDFKHG�
DQG�WR�HQFRXUDJH�YROXQWDU\�SROOXWLRQ�SUHYHQWLRQ�HIIRUWV�WKDW�OHDG�WR LQFOXGLQJ�WKH�3&%�SKDVHRXW�SURJUDP�DQG�FOHDQ�VZHHS�DFWLRQV��FDQ�EH
UHGXFWLRQV�LQ�UHOHDVHV�RI�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ�� IRXQG�LQ�WKH�GRFXPHQW�7RZDUG�D�%ULJKWHU�)XWXUH��(3$�5HJLRQ����WKH�)LUVW
6HYHUDO�SROOXWLRQ�SUHYHQWLRQ�SURMHFWV�WKDW�DGGUHVV�*UHDW�:DWHUV ���<HDUV�������������(3$�����)��������������
SROOXWDQWV�RI�FRQFHUQ�DUH�FXUUHQWO\�XQGHUZD\�
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² $��9LUWXDO�(OLPLQDWLRQ�3LORW�3URMHFW��LV�XQGHUZD\�LQ�WKH�*UHDW 7KH��SLORW��SRUWLRQ�RI�WKH�9(�SURMHFW�IRFXVHG�RQ�WKH�UHGXFWLRQ�RI
/DNHV�%DVLQ��DV�SDUW�RI�D�FRPSUHKHQVLYH�WR[LFV�UHGXFWLRQ�HIIRUW�� PHUFXU\�DQG�3&%V���$�VWDNHKROGHU�PHHWLQJ�ZDV�KHOG�LQ�WKH�*UHDW�/DNHV
7KH�9LUWXDO�(OLPLQDWLRQ��9(��3LORW�3URMHFW�SURSRVHV�VHOHFWLQJ�D UHJLRQ�LQ��������%DVHG�RQ�WKH�PHHWLQJ��D�GUDIW�UHSRUW�ZDV�GHYHORSHG�E\
VPDOO�JURXS�RI�WR[LFV�DV�D�SLORW�DQG�SHUIRUPLQJ�DQ�LQ�GHSWK (3$�WR�LGHQWLI\�RSWLRQV�WR�UHGXFH�PHUFXU\���$�VLPLODU�SDSHU�LV�FXUUHQWO\
DQDO\VLV�RI�RSSRUWXQLWLHV�IRU�UHGXFWLRQ�IURP�DOO�VRXUFHV� EHLQJ�SUHSDUHG�E\�(3$�WR�DGGUHVV�3&%V���7KLV�SURMHFW�ZLOO�FRQWLQXH�ZLWK

DGGLWLRQDO�DQDO\VHV�RI�FODVVHV�RI�VXEVWDQFHV�UDWKHU�WKDQ�WKH�XVH�RI�D
FKHPLFDO�E\�FKHPLFDO�DSSURDFK�

² (3$�KDV�LQLWLDWHG�D�SURMHFW�WR�UHGXFH�ULVNV�IURP�3&%V�E\�DVNLQJ 7ZHOYH�PDMRU�XWLOLWLHV�LQ�WKH�*UHDW�/DNHV�EDVLQ�FRQGXFWHG�D�VWXG\�RI�WKH
DOO�XWLOLWLHV�LQ�WKH�*UHDW�/DNHV�DUHD�WR�YROXQWDULO\�GHFRPPLVVLRQ XWLOLW\�LQGXVWU\�LQ�(3$�5HJLRQ���DQG�UHSRUWHG�WKDW�WKH�XWLOLWLHV�KDYH
WKHLU�3&%�HOHFWULFDO�HTXLSPHQW� FROOHFWLYHO\�UHPRYHG�DOPRVW����SHUFHQW�RI�WKH�3&%V�WKH\�KDG�LQ�VHUYLFH

DV�RI��������,QGLYLGXDOO\��PRVW�RI�WKH����XWLOLWLHV�LQGLFDWHG�WKDW�WKH\
ZRXOG�FRQWLQXH�HIIRUWV�WR�UHPRYH�3&%�HOHFWULFDO�HTXLSPHQW�DQG�VHYHUDO
RWKHU�XWLOLWLHV�RIIHUHG�WR�DVVLVW�ZLWK�3&%�SKDVHRXW�RXWUHDFK�

,Q�'HFHPEHU�������1RUWKHUQ�,QGLDQD�3XEOLF�6HUYLFH�&RPSDQ\��1,36&2�
EHFDPH�WKH�ILUVW�XWLOLW\�WR�RIILFLDOO\�DQG�IRUPDOO\�FRPPLW�WR�SKDVH�GRZQ
LWV�UHPDLQLQJ�3&%�HOHFWULFDO�HTXLSPHQW�DV�SDUW�RI�WKH�3&%�3KDVHGRZQ
3URJUDP���7KHLU�FRPPLWPHQW�ZLOO�LQYROYH�WKH�UHSODFHPHQW�RU�UHPRYDO�RI
DOO�RI�WKHLU�3&%�HTXLSPHQW�RU�3&%�FRQWDPLQDWHG�RLO�LQ�WKH�HTXLSPHQW
RYHU�WKH�QH[W����\HDUV�ZLWK�WKH�YDVW�PDMRULW\�RI�WKH�3&%V�EHLQJ�SKDVHG
GRZQ�ZLWKLQ�WKH�QH[W�ILYH�\HDUV�

$V�GLVFXVVLRQV�RQ�FRPSDQ\�VSHFLILF�3&%�UHGXFWLRQV�FRQWLQXH��(3$
FRQFXUUHQWO\�GUDIWHG�D�SROLF\�WKDW�FRXOG�RIIHU�FHUWDLQ�HQIRUFHPHQW
UHODWHG�FUHGLWV�WR�IDFLOLWLHV�WKDW�PHHW�VSHFLILF�3&%�SKDVHRXW�WDUJHWV���2QFH
WKH�SROLF\�LV�ILQDOL]HG��(3$�H[SHFWV�UHQHZHG�LQWHUHVW�DQG�SDUWLFLSDWLRQ�LQ
WKH�3&%�3KDVHGRZQ�3URJUDP�

² 7KH�/DNH�6XSHULRU�3ROOXWLRQ�3UHYHQWLRQ�6WUDWHJ\�ZDV�UHOHDVHG�LQ 7KLV�HIIRUW�KDV�EHHQ�FRPSOHWHG���
2FWREHU������DV�SDUW�RI�WKH�/DNH�6XSHULRU�%LQDWLRQDO�3URJUDP�
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² (3$��WRJHWKHU�ZLWK�VWDWH�'HSDUWPHQWV�RI�$JULFXOWXUH�DQG�ORFDO ,Q�WKH�/DNH�0LFKLJDQ�EDVLQ��DJULFXOWXUDO��FOHDQ�VZHHSV��WR�SURSHUO\
JRYHUQPHQW�DJHQFLHV��KDV�IXQGHG�D�VHULHV�RI��&OHDQ�6ZHHSV��WR FROOHFW�DQG�GLVSRVH�RI�XQXVHG�SHVWLFLGHV�KDYH�EHHQ�FRQGXFWHG�LQ
FROOHFW�DQG�SURSHUO\�GLVSRVH�RI�H[LVWLQJ�VWRFNV�RI�FDQFHOHG ,QGLDQD��0LFKLJDQ��DQG�:LVFRQVLQ���$OVR��D�YDULHW\�RI�SROOXWLRQ
SHVWLFLGHV�IURP�UHVLGHQWV�LQ�WKH�*UHDW�/DNHV�DUHD� SUHYHQWLRQ�DQG�WHFKQLFDO�DVVLVWDQFH�SURMHFWV�KDYH�WDNHQ�SODFH�LQ

0LOZDXNHH��&KLFDJR��DQG�ZHVWHUQ�0LFKLJDQ���(3$�FRQWLQXHV�WR�IXQG
DJULFXOWXUDO�FOHDQ�VZHHSV�RQ�D�PRGHVW�EXW�FRQVLVWHQW�OHYHO��HQFRXUDJLQJ
VWDWHV�WR�GHYHORS�LQQRYDWLYH�DSSURDFKHV�WR�SHVWLFLGH�FROOHFWLRQV��
0LFKLJDQ��0LQQHVRWD��DQG�:LVFRQVLQ�DUH�VHWWLQJ�XS�SHUPDQHQW
FROOHFWLRQ�VLWHV��VLPLODU�WR�KRXVHKROG�KD]DUGRXV�ZDVWH�VLWHV��ZKHUH
SHVWLFLGHV�ZLOO�EH�FROOHFWHG�RYHU�D�QXPEHU�RI�\HDUV��

J���(3$�ZLOO�FRQWLQXH�LWV�ZRUN�ZLWK�&DQDGD��XQGHU�WKH�*UHDW�/DNHV (3$�LV�FRQWLQXLQJ�LWV�ZRUN�ZLWK�&DQDGD��DV�SDUWLHV�RI�WKH�*UHDW�/DNHV
:DWHU�4XDOLW\�$JUHHPHQW��RQ�DLUERUQH�WR[LF�VXEVWDQFHV���7KHVH :DWHU�4XDOLW\�$JUHHPHQW��DQG�ZLWK�WKH�DFWLYLWLHV�RI�WKH�,QWHUQDWLRQDO
FRQWLQXLQJ�ELODWHUDO�HIIRUWV�DUH�DVVLVWLQJ�DQG�ZLOO�FRQWLQXH�WR�DVVLVW�LQ -RLQW�&RPPLVVLRQ��DV�ZHOO�DV�KDYLQJ�&DQDGLDQ�LQSXW�RQ�PDMRU�*UHDW
PHHWLQJ�*UHDW�:DWHU�SURJUDP�REMHFWLYHV�GXULQJ�WKH�����V� :DWHUV�SODQQLQJ�DQG�UHSRUWLQJ�DFWLYLWLHV���,Q�$SULO�������WKH�8QLWHG

6WDWHV�DQG�&DQDGD�DOVR�DJUHHG�WR�D�VWUDWHJLF�SODQ�IRU�HOLPLQDWLQJ�WR[LF
VXEVWDQFHV�IURP�WKH�*UHDW�/DNHV�E\��������7KH�*UHDW�/DNHV�%LQDWLRQDO
7R[LFV�6WUDWHJ\�FDOOV�IRU�D�QXPEHU�RI�PLOHVWRQHV�WR�EH�DFKLHYHG�IURP
�����WR������LQFOXGLQJ�UHGXFWLRQV�LQ�PHUFXU\��3&%V��DQG�GLR[LQV���7KH
WZR�FRXQWULHV�KDYH�DOVR�DJUHHG�WR�ERRVW�ELODWHUDO�FRRSHUDWLRQ�WR�DGGUHVV
SROOXWLRQ�WKDW�FURVVHV�ERXQGDULHV�DQG�WR�FRRSHUDWH�RQ�HQYLURQPHQWDO
UHVHDUFK�DQG�WHFKQRORJ\���$�PHPRUDQGXP�RI�XQGHUVWDQGLQJ�LV�WR�EH
VLJQHG�LQ�6HSWHPEHU������

K���(3$�ZLOO�GLVWULEXWH�WHFKQLFDO�LQIRUPDWLRQ�WR�VWDWH�DQG�ORFDO�DLU 2XWUHDFK�WR�VWDWH�DQG�ORFDO�DLU�DQG�ZDWHU�DJHQFLHV�LV�DQ�RQJRLQJ�SURFHVV��
DQG�ZDWHU�DJHQFLHV�WR�IDFLOLWDWH�FRRSHUDWLYH�HIIRUWV�WRZDUG�FRPPRQ 7KHVH�HIIRUWV�DUH�H[HPSOLILHG�E\�VXFK�SURJUDPV�DV�WKH�*UHDW�/DNHV
JRDOV�WR�IXUWKHU�UHGXFH�KXPDQ�DQG�HQYLURQPHQWDO�H[SRVXUH�WR ,QIRUPDWLRQ�1HWZRUN��WKH�7HFKQRORJ\�7UDQVIHU�1HWZRUN��771���WKH
*UHDW�:DWHUV�+$3V� 5HJLRQDO�$LU�3ROOXWLRQ�,QYHQWRU\�'DWD�6\VWHP��5$3,'6���DQG�RWKHU

HOHFWURQLF�LQIRUPDWLRQ�VRXUFHV�VXFK�DV�D�QXPEHU�RI�(3$�KRPH�SDJHV�RQ
WKH�:RUOG�:LGH�:HE���,Q�DGGLWLRQ��(3$�FRQWLQXHV�WR�GHYHORS�HPLVVLRQ
IDFWRUV�IRU�VWDWH�DQG�ORFDO�XVH�LQ�GHYHORSLQJ�HPLVVLRQ�LQYHQWRULHV���7KHVH
GRFXPHQWV�DUH�DYDLODEOH�HOHFWURQLFDOO\�RQ�WKH�771�
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L���(3$�ZLOO�LQLWLDWH�GLVFXVVLRQV�DERXW�SRVVLEOH�PHFKDQLVPV�WKDW 7KLV�DFWLYLW\�KDV�\HW�WR�EH�LQLWLDWHG���,I��LQ�WKH�FRXUVH�RI�QHZ�SHUPLW
UHJLRQDO�(3$�RIILFHV�DQG�VWDWH�DJHQFLHV�FRXOG�XVH�IRU�VKDULQJ DSSOLFDWLRQV�DQG�UHQHZDOV��WKHUH�DSSHDU�WR�EH�FRPPRQ�LVVXHV�DPRQJ�WKH
LQIRUPDWLRQ�RQ�QHZ�RU�UHQHZDO�SHUPLW�DSSOLFDWLRQV�IRU�VRXUFHV�ZLWK VWDWHV�ZLWK�UHVSHFW�WR�*UHDW�:DWHUV�SROOXWDQWV��WKH�UHJLRQDO�(3$�RIILFHV
WKH�SRWHQWLDO�WR�HPLW�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ� PD\�LQLWLDWH�VRPH�PHFKDQLVP�WR�SURYLGH�LQIRUPDWLRQ�H[FKDQJH�DQG

FRQVLVWHQF\�EHWZHHQ�WKH�YDULRXV�SHUPLWWLQJ�DJHQFLHV���7R�GDWH��ZLWK�WKH
HDUO\�LPSOHPHQWDWLRQ�RI�WKH�SHUPLWWLQJ�SURJUDPV��WKLV�KDV�QRW�EHHQ�DQ
LVVXH�
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����(3$�ZLOO�FRQWLQXH�WR�VXSSRUW�UHVHDUFK�DFWLYLWLHV�DQG�ZLOO�GHYHORS�DQG�LPSOHPHQW�D�VWUDWHJ\�GHVFULELQJ�QHFHVVDU\�UHVHDUFK�DQG�SROLF\
DVVHVVPHQWV�WR�DGGUHVV�WKH�PDQGDWHV�RI�VHFWLRQ�����P��

D���(3$�LV�GHYHORSLQJ�D�VWUDWHJ\�WR�WDUJHW�UHVHDUFK�QHFHVVDU\�WR (3$�LV�ZRUNLQJ�RQ�D�UHVHDUFK�VWUDWHJ\�IRU�WKH�*UHDW�:DWHUV�SURJUDP�WKDW
DQVZHU�WKH�VFLHQWLILF�TXHVWLRQV�RXWOLQHG�LQ�VHFWLRQ�����P����7KH IRFXVHV�RQ�PDVV�EDODQFH�ZRUN��PRGHOLQJ�DQG�PRQLWRULQJ�VXSSRUW�
VWUDWHJ\�ZLOO�EH�UHYLHZHG�E\�(3$
V�6FLHQFH�$GYLVRU\�%RDUG�DQG�ZLOO FRQWURO�WHFKQRORJLHV�DQG�VWUDWHJLHV��DQG�GHYHORSPHQW�RI�DVVHVVPHQW
LQIOXHQFH�GHFLVLRQPDNLQJ�RQ�WKH�SULRULW\�DQG�IXQGLQJ�IRU�IXWXUH PHWKRGV�WKDW�FDQ�EH�XVHG�WR�HYDOXDWH�ZDWHUERGLHV�RWKHU�WKDQ�WKH�*UHDW
UHVHDUFK���7KLV�VWUDWHJ\�ZLOO�IRFXV�RQ�XWLOL]DWLRQ�RI�WKH�PDVV�EDODQFH /DNHV���7KH�SXUSRVH�RI�VXFK�D�VWUDWHJ\�LV�WR�DYRLG�GXSOLFDWLRQ�RI�HIIRUW�LQ
DSSURDFK�IRU�GHWHUPLQLQJ�UHODWLYH�ORDGLQJ�DQG�ZLOO�DFNQRZOHGJH�WKH IXQGHG�UHVHDUFK�DQG�WR�WDUJHW�VSHFLILF�DUHDV�ZKHUH�UHVHDUFK�LV�QHHGHG�WR
QHHG�IRU�D�EDODQFH�EHWZHHQ�PRQLWRULQJ��PRGHOLQJ��DQG�HPLVVLRQ UHVSRQG�WR�WKH�PDQGDWH�RI�WKH�*UHDW�:DWHUV�SURJUDP���,Q�DGGLWLRQ�
LQYHQWRU\�HIIRUWV�IRU�WKDW�ZRUN���7KH�VWUDWHJ\�ZLOO�DOVR�FRQVLGHU�KRZ (3$
V�0HUFXU\�7DVN�)RUFH�LV�LQ�WKH�SURFHVV�RI�GHYHORSLQJ�DQ�$JHQF\
WR�EHWWHU�LGHQWLI\�WKRVH�SHUVLVWHQW�FKHPLFDOV�ZLWK�WKH�WHQGHQF\�WR UHVHDUFK�VWUDWHJ\�VSHFLILF�WR�PHUFXU\���7KLV�HIIRUW�ZLOO�EH�IXOO\
ELRDFFXPXODWH�WKDW�PD\�EHFRPH�SUREOHPDWLF�LI�HPLVVLRQV�FRQWLQXH�� FRRUGLQDWHG�ZLWK�WKH�*UHDW�:DWHUV�SURJUDP���
,QFOXGHG�LQ�WKH�VWUDWHJ\�ZLOO�EH�DQ�DVVHVVPHQW�RI�WKH�QHHG�IRU
GHYHORSPHQW�RI�WRROV�WKDW�FDQ�EH�XVHG�WR�������DVVHVV�DQG�TXDQWLI\
WKH�KXPDQ�KHDOWK�DQG�HQYLURQPHQWDO�ULVN�IURP�H[SRVXUH�WR�DLU
WR[LFV��HVSHFLDOO\�YLD�LQGLUHFW�H[SRVXUH�URXWHV��DQG�����TXDQWLI\�WKH
VRFLDO��HQYLURQPHQWDO��DQG�HFRQRPLF�EHQHILWV�DQG�FRVWV�RI�SROOXWLRQ
SUHYHQWLRQ�DQG�UHJXODWRU\�DFWLRQV�

E���(3$�ZLOO�FRQWLQXH�WR�ZRUN�ZLWK�12$$�WR�SXUVXH�WKH 7KH�*UHDW�:DWHUV�SURJUDP�FRQWLQXHV�WR�IXQG�12$$
V�GHYHORSPHQW�RI
GHYHORSPHQW�DQG�DSSOLFDWLRQ�RI�WKH�DSSURSULDWH�WHFKQLFDO�WRROV�WR WUDQVSRUW�DQG�GHSRVLWLRQ�PRGHOV��DV�ZHOO�DV�ZRUN�WR�SDUDPHWHUL]H
IXUWKHU�GHILQH�DQG�HVWLPDWH�ORDGLQJV�WR�WKH�*UHDW�:DWHUV�DQG�WR LPSRUWDQW�DWPRVSKHULF�SURFHVVHV�IRU�WKRVH�PRGHOV���7KHVH�HIIRUWV�DUH
LGHQWLI\�VRXUFHV�RI�DWPRVSKHULFDOO\�GHSRVLWHG�SROOXWDQWV� H[HPSOLILHG�E\�WKH�GHYHORSPHQW�DQG�DSSOLFDWLRQ�RI�DPPRQLD�DQG

RUJDQLF�QLWURJHQ�PHDVXUHPHQW�PHWKRGV�ZKLFK�ZLOO�DLG�LQ
XQGHUVWDQGLQJ�WKH�HIIHFWV��WUDQVSRUW��DQG�VRXUFHV�RI�YDULRXV�VSHFLHV�RI
QLWURJHQ���12$$�DOVR�DVVLVWHG�LQ�WKH�GHYHORSPHQW�RI�(3$
V�ORQJ�UDQJH
WUDQVSRUW�DQDO\VHV�IRU�PHUFXU\�

F���7KURXJK�WKH�XVH�RI�*UHDW�:DWHUV�SURJUDP�IXQGV�DQG�RWKHU )XQGLQJ�RI�DSSURSULDWH�UHVHDUFK�DFWLYLWLHV�LV�DQ�RQJRLQJ�HIIRUW���$V
UHVRXUFHV��(3$�ZLOO�FRQWLQXH�WR�VXSSRUW�WKRVH�UHVHDUFK�DFWLYLWLHV PHQWLRQHG�DERYH��(3$�ZLOO�FRQWLQXH�WR�LGHQWLI\�DQG�HYDOXDWH�UHVHDUFK
LGHQWLILHG�DV�SULRULWLHV�E\�WKH�UHVHDUFK�FRPPXQLWLHV�DQG�DIILUPHG�E\ SULRULWLHV�GXULQJ�GHYHORSPHQW�RI�D�*UHDW�:DWHUV�SURJUDP�UHVHDUFK
WKH�*UHDW�:DWHUV�&RUH�3URMHFW�0DQDJHPHQW�*URXS�� VWUDWHJ\��
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² (3$�ZLOO�FRQWLQXH�ZRUN�RQ�WKH�FKDUDFWHUL]DWLRQ�RI�SURFHVVHV�DQG (3$�KDV�GHYHORSHG�DQG�IXQGHG��LQ�FRRSHUDWLRQ�ZLWK�D�QXPEHU�RI�RWKHU
SDUDPHWHUV�IRU�PDVV�EDODQFH�PRGHOLQJ�DQG�WKH�YHULILFDWLRQ�RI�WKH DJHQFLHV�DQG�RUJDQL]DWLRQV��WKH�/DNH�0LFKLJDQ�0DVV�%DODQFH�6WXG\
PDVV�EDODQFH�PHWKRGRORJ\��HVSHFLDOO\�WKH�GHYHORSPHQW�RI�WKH �/00%����7KH�/00%�LV�LQWHQGHG�WR�GHYHORS�WKH�SUHGLFWLYH�FDSDELOLW\�WR
SURWRW\SH�PDVV�EDODQFH�SURJUDP�EHLQJ�FRQGXFWHG�LQ�/DNH GHWHUPLQH�WKH�HQYLURQPHQWDO�EHQHILWV�RI�VSHFLILF�ORDG�UHGXFWLRQ
0LFKLJDQ� VFHQDULRV�DQG�WKH�WLPH�QHHGHG�WR�UHDOL]H�WKRVH�EHQHILWV���)RU�WKLV�VWXG\�

WKH�DWPRVSKHULF�GHSRVLWLRQ�RI�WR[LFV�LV�EHLQJ�PRQLWRUHG�DQG�WKH
FRQFHQWUDWLRQV�RI�WR[LFV�LQ�ILVK��SK\WRSODQNWRQ��VHGLPHQW��WULEXWDULHV�DUH
EHLQJ�PHDVXUHG���3ROOXWDQWV�FKRVHQ�IRU�WKH�/00%�DUH�WRWDO�PHUFXU\�
DWUD]LQH��WUDQV�QRQDFKORU��DQG�3&%V�

² (3$�ZLOO�ZRUN�ZLWK�VWDWH�DJHQFLHV�WR�FRPSOHWH�UHJLRQDO�HPLVVLRQ &RQWLQXDWLRQ�RI�WKH�*UHDW�/DNHV�UHJLRQDO�HPLVVLRQ�LQYHQWRU\�ZRUN�LV
LQYHQWRULHV�IRU�WKH�*UHDW�/DNHV�DQG�ZLOO�FRPSOHWH�D�QDWLRQDO PDGH�SRVVLEOH�E\�(3$�&$$�VHFWLRQ�����JUDQWV�WR�WKH�*UHDW�/DNHV�VWDWHV�
VFUHHQLQJ�OHYHO�HPLVVLRQ�LQYHQWRU\�IRU�VHFWLRQ�����F�����FKHPLFDOV DQG�IRU�WKH�VHFWLRQ�����F�����SURMHFW�E\�*UHDW�:DWHUV�FRQWUDFW�IXQGLQJ��
�VHYHQ�RI�WKH�*UHDW�:DWHUV�SROOXWDQWV���DQG�ZLOO�LGHQWLI\ )RXU�VWDWHV�FRPSOHWHG�D�SLORW�VWXG\�RI�PDMRU�XUEDQ�DUHDV�DORQJ�WKH�VKRUH
FDWHJRULHV�RI�VRXUFHV�RI�WKHVH�SROOXWDQWV� RI�/DNH�0LFKLJDQ�LQ�'HFHPEHU������XVLQJ�5$3,'6���:RUN�LV�FRQWLQXLQJ

E\�DOO�RI�WKH�*UHDW�/DNHV�VWDWHV�WR�QRZ�EXLOG�D�FRPSUHKHQVLYH�UHJLRQDO
DLU�WR[LFV�LQYHQWRU\�IRU����DLU�SROOXWDQWV���0RELOH�VRXUFH�HPLVVLRQV�ZLOO�EH
DGGHG�WR�WKH�HPLVVLRQV�LQYHQWRU\�LQ�WKH�IXWXUH���(3$
V�LQYHQWRU\�IRU
VHFWLRQ�����F�����RI�WKH�&$$�ZDV�PDGH�SXEOLFO\�DYDLODEOH�IRU�FRPPHQW�LQ
2FWREHU��������7KH�ILQDO�����F�����LQYHQWRU\�DQG�OLVWLQJ�GHFLVLRQV�ZLOO�EH
FRPSOHWHG�E\�'HFHPEHU��������7KH�GUDIW�LQYHQWRULHV�FDQ�EH�REWDLQHG
IURP�(3$
V�,QWHUQHW�ZHEVLWH�DW��
ZZZ�HSD�JRY�RDU�RDTSV�DLUWR[����F�IDF�KWPO�

²� (3$�ZLOO�FRQWLQXH�VRXUFH�FKDUDFWHUL]DWLRQ�DQG�LGHQWLILFDWLRQ 6RXUFH�FKDUDFWHUL]DWLRQ�ZRUN�LV�RQJRLQJ�LQ�VHYHUDO�DUHDV��UDQJLQJ�IURP
DFWLYLWLHV� UHJXODWRU\�ZRUN�E\�(3$�XQGHU�&$$�VHFWLRQ�����WR�LQYHQWRU\

GHYHORSPHQW�E\�VWDWH�DJHQFLHV���2WKHU�VSHFLILF�SURMHFWV�WR�FKDUDFWHUL]H
DQG�LGHQWLI\�HPLVVLRQ�VRXUFHV�LQFOXGH�WKH�0HUFXU\�6WDFN�7HVWLQJ�3URMHFW
LQ�WKH�/DNH�6XSHULRU�%DVLQ�ZKLFK�ZLOO�SURYLGH�VSHFLDWHG�PHUFXU\�GDWD
IRU�D�QXPEHU�RI�GLIIHUHQW�VRXUFH�W\SHV���$OVR��WKH�/DNH�0LFKLJDQ�8UEDQ
$LU�7R[LFV�6WXG\��/08$76��DQG�WKH�$WPRVSKHULF�([FKDQJH�2YHU�/DNHV
DQG�2FHDQV�6WXG\��$(2/26��IRFXVHG�RQ�WKH�VRXWKHUQ�/DNH�0LFKLJDQ
DUHD�WR�TXDQWLI\�DQG�FKDUDFWHUL]H�ZHW�DQG�GU\�GHSRVLWLRQDO�IOX[HV�RI
WUDFH�PHWDOV��3&%V��DQG�3$+V�UHVXOWLQJ�IURP�HPLVVLRQ�VRXUFHV�LQ�WKLV
XUEDQ�DUHD�



7$%/(�$��
6WDWXV�RI�$FWLRQV�5HFRPPHQGHG�LQ�)LUVW�5HSRUW�WR�&RQJUHVV

5HFRPPHQGHG�$FWLRQ 6WDWXV
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² (3$�ZLOO�FRPSOHWH�DQG�HYDOXDWH�PHUFXU\�VFUHHQLQJ�OHYHO (3$�KDV�SHUIRUPHG�DQG�GRFXPHQWHG�H[WHQVLYH�PHUFXU\�GHSRVLWLRQ
GHSRVLWLRQ�PRGHOV�XVLQJ�VFUHHQLQJ�HPLVVLRQ�LQYHQWRULHV�DQG�ZLOO PRGHOLQJ�LQ�WKH�GUDIW�0HUFXU\�6WXG\�5HSRUW�WR�&RQJUHVV���:RUN�LV
GHWHUPLQH�ZKHWKHU�WR�WUDQVIHU�WKH�PHWKRG�WR�RWKHU�FKHPLFDOV RQJRLQJ��DV�PHQWLRQHG�DERYH��LQ�WUDQVIHUULQJ�WKLV�PHWKRGRORJ\�WR�RWKHU
DQG�WR�SURYLGH�VXSSRUW�IRU�RWKHU�PRUH�LQWHQVLYH�UHJLRQDO�DLU FKHPLFDOV��QRWDEO\�320��GLR[LQ��DQG�FDGPLXP��RQ�D�UHJLRQDO�VFDOH�XVLQJ
HPLVVLRQ�LQYHQWRU\�HIIRUWV� WKH�5(06$'�PRGHO���'XULQJ�������WKHVH�HIIRUWV�ZLOO�IRFXV�RQ�PXOWL�

SROOXWDQW�PRGHOLQJ�RQ�D�UHJLRQDO�VFDOH�

² (3$�ZLOO�FRQWLQXH�WR�VXSSRUW�RQJRLQJ�PRQLWRULQJ�HIIRUWV� (3$�FRQWLQXHV�WR�VXSSRUW�WKH�,QWHJUDWHG�$WPRVSKHULF�'HSRVLWLRQ
1HWZRUN��,$'1����7KH�QHWZRUN�EHJDQ�FROOHFWLQJ�GDWD�LQ�������
&XUUHQWO\��WKHUH�DUH�WKUHH�PDVWHU�PRQLWRULQJ�VWDWLRQV�LQ�WKH�8QLWHG
6WDWHV�DQG�WZR�PDVWHU�PRQLWRULQJ�VWDWLRQV�LQ�&DQDGD���2WKHU�VDWHOOLWH
VLWHV�KDYH�DOVR�EHHQ�DGGHG�LQ�ERWK�FRXQWULHV���'DWD�FROOHFWLRQ�KDV
SURFHHGHG�DW�DOO�VLWHV��DQG�UHVHDUFK�DQG�GHYHORSPHQW�RI�VDPSOLQJ�DQG
DQDO\WLFDO�PHWKRGRORJLHV�LV�RQJRLQJ���$�ZRUNVKRS�WR�GLVFXVV�WKH�UHVXOWV
RI�WKH�,$'1�ZRUN�WR�GDWH�ZLOO�EH�KHOG�LQ�-XQH������

G���(3$�ZLOO�LQLWLDWH�GLVFXVVLRQV�DPRQJ�WKH�DSSURSULDWH�JURXSV�WR 7KLV�DFWLYLW\�ZLOO�EH�LQLWLDWHG�LQ������
LGHQWLI\�RQJRLQJ�EHQHILWV�DQDO\VLV�HIIRUWV�DQG�KXPDQ�KHDOWK��FDQFHU
DQG�QRQFDQFHU��DQG�HQYLURQPHQWDO�ULVN�DVVHVVPHQW�HIIRUWV�ZLWKLQ
WKH�$JHQF\��LQ�RWKHU�IHGHUDO�SURJUDPV��LQ�RWKHU�FRXQWULHV��LQ
DFDGHPLD��DQG�HOVHZKHUH���7KH�JRDO�LV�WR�GHILQH�PRUH�FOHDUO\�WKH
UHVHDUFK�GDWD�QHHGV�DQG�WR�GHYHORS�D�ORQJ�WHUP�SODQ�IRU�GHYHORSLQJ
WRROV�DQG�PHWKRGV�IRU�EHQHILWV�DQDO\VHV�DQG�ULVN�DVVHVVPHQWV�
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(PLVVLRQ�6WDQGDUGV�$GGUHVVLQJ�*UHDW�:DWHUV�3ROOXWDQWV�RI�&RQFHUQ

6WDQGDUG 3ROOXWDQWV�&RQWUROOHG

$VSKDOW�+RW�0L[�3URGXFWLRQ 3RO\F\FOLF�RUJDQLF�PDWWHU��320�

$VSKDOW�5RRILQJ�3URGXFWLRQ 320

%DWWHU\�3URGXFWLRQ 0HUFXU\

&DUEDPDWH�,QVHFWLFLGHV�3URGXFWLRQ 320

&DUERQ�5HDFWLYDWLRQ�)XUQDFHV 'LR[LQ

&DUERQ�%ODFN�3URGXFWLRQ 0HUFXU\��320

&KORULQH�3URGXFWLRQ 0HUFXU\

&KORULQDWHG�6ROYHQWV�3URGXFWLRQ +H[DFKORUREHQ]HQH

&RNH�2YHQV��&KDUJLQJ��7RSVLGH�	�'RRU�/HDNV 320

&RNH�2YHQV��3XVKLQJ��4XHQFKLQJ�	�%DWWHU\�6WDFNV 320

&RPPHUFLDO�&RDO�&RPEXVWLRQ� 0HUFXU\��320�

&RPPHUFLDO�1DWXUDO�*DV�&RPEXVWLRQ 320

&RPPHUFLDO�2LO�&RPEXVWLRQ 0HUFXU\��320

&RPPHUFLDO�:RRG�:RRG�5HVLGXH�&RPEXVWLRQ 320

&UHPDWRULHV 0HUFXU\��320

'HQWDO�3UHSDUDWLRQ�DQG�8VH 0HUFXU\

'UXP�DQG�%DUUHO�5HFODPDWLRQ 'LR[LQV��320

(OHFWULFDO�$SSDUDWXV�0DQXIDFWXULQJ 0HUFXU\

)HUURDOOR\�0DQXIDFWXUH 320

)OXRUHVFHQW�/DPS�5HF\FOLQJ 0HUFXU\

*DVROLQH�'LVWULEXWLRQ��$YLDWLRQ� /HDG

*DVROLQH�'LVWULEXWLRQ��6WDJH�,� /HDG��320

*DVROLQH�'LVWULEXWLRQ��6WDJH�,,� /HDG��320

*HQHUDO�/DERUDWRU\�$FWLYLWLHV 0HUFXU\

*HRWKHUPDO�3RZHU 0HUFXU\

+D]DUGRXV�:DVWH�,QFLQHUDWLRQ 'LR[LQV��PHUFXU\��3&%V��320

,QGXVWULDO�&RDO�&RPEXVWLRQ 0HUFXU\��320

,QGXVWULDO�1DWXUDO�*DV�&RPEXVWLRQ 320

,QGXVWULDO�2LO�&RPEXVWLRQ 0HUFXU\��3&%V��320

,QGXVWULDO�6WDWLRQDU\�,&�(QJLQHV���'LHVHO 320
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6WDQGDUG 3ROOXWDQWV�&RQWUROOHG
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,QGXVWULDO�6WDWLRQDU\�,&�(QJLQHV���1DWXUDO�*DV 320

,QGXVWULDO�:DVWH�2LO�&RPEXVWLRQ 320

,QGXVWULDO�:RRG�:RRG�5HVLGXH�&RPEXVWLRQ 'LR[LQV��320

,QVWUXPHQW�0DQXIDFWXULQJ 0HUFXU\

,URQ�DQG�6WHHO�)RXQGULHV 'LR[LQV��320

/DPS�%UHDNDJH 0HUFXU\

/DQGILOO��*DV��)ODUHV 'LR[LQV��PHUFXU\

/LJKWZHLJKW�$JJUHJDWH�.LOQV 'LR[LQV��PHUFXU\

/LPH�0DQXIDFWXULQJ 0HUFXU\

0HGLFDO�:DVWH�,QFLQHUDWLRQ &DGPLXP��GLR[LQV��PHUFXU\��3&%V��320

0XQLFLSDO�:DVWH�&RPEXVWLRQ &DGPLXP��GLR[LQV��PHUFXU\��3&%V��320

1DSKWKDOHQH���0LVFHOODQHRXV�8VHV 320

1DSKWKDOHQH�3URGXFWLRQ 320

1DSKWKDOHQH�6XOIRQDWHV�3URGXFWLRQ 320

1RQ�5HVLGHQWLDO�:RRG�&RPEXVWLRQ 0HUFXU\

1RQ�5RDG�9HKLFOHV�DQG�(TXLSPHQW��159(����$LUFUDIW 320

159(���2WKHU /HDG��320

2Q�5RDG�9HKLFOHV 'LR[LQV��320

2SHQ�%XUQLQJ�RI�6FUDS�7LUHV 320

2WKHU�%LRORJLFDO�,QFLQHUDWLRQ 'LR[LQ��3&%V��320

3HVWLFLGHV�$SSOLFDWLRQ +H[DFKORUREHQ]HQH

3HVWLFLGHV�0DQXIDFWXUH +H[DFKORUREHQ]HQH

3HWUROHXP�5HILQLQJ�&DWDO\WLF�&UDFNLQJ�8QLWV 320

3KWKDOLF�$QK\GULGH�3URGXFWLRQ 320

3RUWODQG�&HPHQW�0DQXIDFWXUH���+D]DUGRXV�:DVWH�.LOQV 'LR[LQV��PHUFXU\��320

3RUWODQG�&HPHQW�0DQXIDFWXUH���1RQ�+D]DUGRXV�:DVWH�.LOQV 'LR[LQV��PHUFXU\��320

3ULPDU\�$OXPLQXP�3URGXFWLRQ 320

3ULPDU\�&RSSHU�3URGXFWLRQ &DGPLXP��PHUFXU\

3ULPDU\�/HDG�6PHOWLQJ 0HUFXU\

3XOS�DQG�3DSHU���.UDIW�5HFRYHU\�)XUQDFHV 'LR[LQV��320
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3XOS�DQG�3DSHU���/LPH�.LOQV 320

3XOS�DQG�3DSHU���6XOILWH�5HFRYHU\�)XUQDFHV 320

5HVLGHQWLDO�&RDO�&RPEXVWLRQ 'LR[LQV��PHUFXU\��320

5HVLGHQWLDO�1DWXUDO�*DV�&RPEXVWLRQ 320

5HVLGHQWLDO�2LO�&RPEXVWLRQ 'LR[LQV��PHUFXU\��320

5HVLGHQWLDO�:RRG�&RPEXVWLRQ 'LR[LQV��320

6FUDS�RU�:DVWH�7LUH�,QFLQHUDWLRQ 'LR[LQV��3&%V��320

6HFRQGDU\�$OXPLQXP�6PHOWLQJ 'LR[LQV

6HFRQGDU\�&RSSHU�6PHOWLQJ 'LR[LQV

6HFRQGDU\�/HDG�6PHOWLQJ 'LR[LQV��320

6HFRQGDU\�0HUFXU\�3URGXFWLRQ 0HUFXU\

6HZDJH�6OXGJH�,QFLQHUDWLRQ 'LR[LQV��PHUFXU\��3&%V��320

6WDWLRQDU\�*DV�7XUELQHV���'LHVHO 320

6WDWLRQDU\�7XUELQHV���1DWXUDO�*DV 320

8WLOLW\�&RDO�&RPEXVWLRQ 'LR[LQV��PHUFXU\��320

8WLOLW\�1DWXUDO�*DV�&RPEXVWLRQ 320

8WLOLW\�2LO�&RPEXVWLRQ 'LR[LQV��PHUFXU\��3&%V��320

:LOGILUHV�DQG�3UHVFULEHG�%XUQLQJ 'LR[LQV��320

:RRG�7UHDWPHQW�:RRG�3UHVHUYLQJ &DGPLXP��GLR[LQV��320



����� �7KH�GDWD�EDVH�FRQWDLQV�ILVK�DGYLVRU\�GDWD�IRU�QXPHURXV�RWKHU�SROOXWDQWV�DQG�VHYHUDO�SROOXWDQW�PL[WXUHV��H�J���

PHWDOV��RUJDQLF�FRPSRXQGV��SHVWLFLGHV��RWKHU�WKDQ�WKH�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ���,Q�DGGLWLRQ��DOO�8�6�
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$V�VXPPDUL]HG�LQ�&KDSWHU�,,�RI�WKLV�UHSRUW��ILVK�DGYLVRU\�GDWD�IRU�HDFK�VWDWH�DUH�FROOHFWHG
LQ�D�QDWLRQDO�GDWD�EDVH���7KH�LQIRUPDWLRQ�LQ�WKH�GDWD�EDVH�DYDLODEOH�IRU�XVH�LQ�WKLV�UHSRUW�ZDV
FXUUHQW�WKURXJK�������8�6��(3$�����E����)RU�HDFK�DGYLVRU\��WKH�GDWD�EDVH�FRQWDLQV�LQIRUPDWLRQ
VXFK�DV�ZDWHUERG\�QDPH��ZDWHUERG\�W\SH��H�J���HVWXDU\��*UHDW�/DNH��ULYHU���SROOXWDQW�QDPH��ILVK
VSHFLHV��SRSXODWLRQ�WDUJHWHG�E\�WKH�DGYLVRU\��FDOOHG�DGYLVRU\�W\SH�LQ�WKLV�UHSRUW���DGYLVRU\�VWDWXV
�H�J���DFWLYH���DQG�D�VWDWH�FRQWDFW�QDPH�DQG�WHOHSKRQH�QXPEHU���7KH�GDWD�EDVH�GRHV�QRW��KRZHYHU�
FRQWDLQ�LQIRUPDWLRQ�RQ�WKH�OHYHOV�RI�SROOXWDQWV�LQ�ILVK�RU�WKH�EHQFKPDUN�OHYHOV�VHW�E\�D�SDUWLFXODU
VWDWH�IRU�HDFK�DGYLVRU\�W\SH�

)RU�WKLV�UHSRUW��(3$�UHYLHZHG�WKH�GDWD�EDVH�IRU�DQ\�DFWLYH�ILVK�DGYLVRULHV�UHODWHG�WR�WKH���
*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ�LQ�WKH�*UHDW�/DNHV��/DNH�&KDPSODLQ��&KHVDSHDNH�%D\��DQG
VHYHUDO�FRDVWDO�ZDWHUV� ���7KH�GDWD�EDVH�GRHV�QRW�LQFOXGH�LQ�LWV�OLVW�RI�SROOXWDQWV�WKUHH�RI�WKH�*UHDW�

:DWHUV�SROOXWDQWV�RI�FRQFHUQ�����+&+��QLWURJHQ��DQG�7&')��IXUDQV�����2WKHU�FULWHULD�XVHG�WR
VHOHFW�ILVK�DGYLVRU\�GDWD�IRU�WKLV�UHSRUW�LQFOXGH�

& 7KLV�UHSRUW�LQFOXGHV�DGYLVRU\�GDWD�RQO\�IRU�WKRVH�*UHDW�:DWHUV�SROOXWDQWV�RI
FRQFHUQ�OLVWHG�E\�QDPH�LQ�WKH�GDWD�EDVH���)RU�H[DPSOH���PHWDOV��LV�D�SROOXWDQW
LQFOXGHG�LQ�WKH�GDWD�EDVH��EXW�WKLV�UHSRUW�LQFOXGHV�DGYLVRULHV�DVVRFLDWHG�RQO\�ZLWK
VSHFLILF�OLVWLQJV�IRU�WKH�PHWDOV��FDGPLXP����OHDG���DQG��PHUFXU\��

& )RU�WKH�*UHDW�/DNHV��RQO\�DGYLVRULHV�IRU�ZKLFK�WKH�ZDWHUERG\�W\SH�ZDV�GHVLJQDWHG
LQ�WKH�GDWD�EDVH�DV��*UHDW�/DNH��DUH�LQFOXGHG���)RU�H[DPSOH��WKH�ZDWHUERG\�W\SH
IRU�DQ�HQWLUH�*UHDW�/DNH��H�J���/DNH�+XURQ��DQG�IRU�SRUWLRQV�RI�WKH�ODNH��H�J��
6DJLQDZ�%D\��DUH�GHVLJQDWHG�DV��*UHDW�/DNH���DV�DUH�WKH�PDMRU�*UHDW�/DNHV
FRQQHFWLQJ�FKDQQHOV��H�J���'HWURLW�5LYHU����1RWH��KRZHYHU��WKDW�WKH�WDEOHV�RI�ILVK
FRQVXPSWLRQ�DGYLVRULHV�LQ�6HFWLRQ�,,�$�RI�WKLV�UHSRUW�FRQWDLQ�RQO\�ODNHZLGH
DGYLVRULHV���7DEOH�%����EHORZ��LQFOXGHV�WKH�DGYLVRULHV�IRU�WULEXWDULHV�RU�SRUWLRQV�RI
WKH�ZDWHUERG\�WKDW�ZHUH�GHVLJQDWHG�DV��*UHDW�/DNH���DV�ZHOO�DV�ODNHZLGH
DGYLVRULHV�

& 7KH�DGYLVRULHV�IRU�FRDVWDO�ZDWHUV�UHSUHVHQW�WKH�DGYLVRULHV�DV�WKH\�DUH�LGHQWLILHG�LQ
WKH�GDWD�EDVH���7KHUHIRUH��DGYLVRULHV�IRU�VRPH�FRDVWDO�ZDWHUV�UHSUHVHQW�WKH�HQWLUH
ZDWHUERG\��H�J���7DPSD�%D\���ZKLOH�RWKHUV�UHSUHVHQW�VPDOOHU�HVWXDULHV�RU�SRUWLRQV
RI�WKH�ZDWHUERG\��H�J���%DOWLPRUH�+DUERU����7DEOH�%���SURYLGHV�GHWDLOV�RQ�WKH
ZDWHUERGLHV�WKDW�UHSUHVHQW�WKH�FRDVWDO�ZDWHU�DGYLVRULHV���7KH�FRDVWDO�ZDWHUV�IRU
ZKLFK�DGYLVRU\�GDWD�DUH�SUHVHQWHG�LQ�WKLV�UHSRUW�UHSUHVHQW�RQO\�D�VPDOO�VDPSOH�RI
FRDVWDO�ZDWHUV�IRU�ZKLFK�WKHUH�DUH�ILVK�FRQVXPSWLRQ�DGYLVRULHV�

& 7KLV�UHSRUW�GRHV�QRW�LQFOXGH�VWDWHZLGH�DGYLVRULHV���)ORULGD��0DVVDFKXVHWWV��0DLQH�
1HZ�-HUVH\��1HZ�<RUN��DQG�5KRGH�,VODQG�DOO�KDYH�LVVXHG�VWDWHZLGH�DGYLVRULHV�
ZKLFK�DUH�UHSRUWHG�LQ�WKH�GDWD�EDVH��WKDW�PD\�DIIHFW�WKH�*UHDW�:DWHUV��H�J��
1DUUDJDQVHWW�%D\�LQ�5KRGH�,VODQG��
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6HFWLRQ�,,�$�RI�WKLV�UHSRUW�GLVFXVVHV�WKH�ILYH�PDLQ�W\SHV�RI�DGYLVRULHV�LQFOXGHG�LQ�WKH�ILVK
DGYLVRU\�GDWD�EDVH���'DWD�RQ�LQIRUPDWLRQDO�KHDOWK�DGYLVRULHV��QR�NLOO�]RQHV��DQG�FRPPHUFLDO
ILVKLQJ�EDQV�DUH�VXPPDUL]HG�LQ�&KDSWHU�,,�DQG�DUH�QRW�UHSHDWHG�LQ�WKLV�DSSHQGL[���7KLV�DSSHQGL[
SURYLGHV�GHWDLOHG�LQIRUPDWLRQ�RQ�WKH�DGYLVRULHV�WR�OLPLW�ILVK�FRQVXPSWLRQ�DQG�WKRVH�WR�UHVWULFW
ILVK�FRQVXPSWLRQ�

7KLV�GHWDLOHG�ILVK�FRQVXPSWLRQ�DGYLVRU\�LQIRUPDWLRQ�LV�VXPPDUL]HG�LQ�7DEOH�%���IRU�WKH
*UHDW�/DNHV��/DNH�&KDPSODLQ��&KHVDSHDNH�%D\��DQG�RWKHU�VHOHFWHG�FRDVWDO�ZDWHUV���7KLV
LQIRUPDWLRQ�ZDV�XVHG�WR�GHYHORS�WKH�ILVK�FRQVXPSWLRQ�DGYLVRU\�WDEOHV�LQ�6HFWLRQ�,,�$�RI�WKLV
UHSRUW���)RU�HDFK�ZDWHUERG\��7DEOH�%���SUHVHQWV�WKH�VWDWH�LVVXLQJ�WKH�DGYLVRU\��WKH�UHOHYDQW�*UHDW
:DWHUV�SROOXWDQWV�RI�FRQFHUQ��WKH�ILVK�VSHFLHV�DIIHFWHG�E\�WKH�DGYLVRU\��DQG�WKH�DGYLVRU\�W\SH��
7KH�WZR�W\SHV�RI�ILVK�FRQVXPSWLRQ�DGYLVRULHV��OLPLW�ILVK�FRQVXPSWLRQ�DQG�UHVWULFW�ILVK
FRQVXPSWLRQ��DUH�LVVXHG�IRU�WZR�GLIIHUHQW�SRSXODWLRQV��WKH�JHQHUDO�SRSXODWLRQ�DQG
VXESRSXODWLRQV�SRWHQWLDOO\�DW�ULVN���UHVXOWLQJ�LQ�IRXU�FDWHJRULHV�RI�ILVK�FRQVXPSWLRQ�DGYLVRULHV�

& $GYLVRULHV�WR�VXESRSXODWLRQV�SRWHQWLDOO\�DW�ULVN�WR�UHVWULFW�WKH�VL]H�DQG�IUHTXHQF\
RI�PHDOV�RI�SDUWLFXODU�VSHFLHV��563��

& $GYLVRULHV�WR�WKH�JHQHUDO�SRSXODWLRQ�WR�UHVWULFW�WKH�VL]H�DQG�IUHTXHQF\�RI�PHDOV�RI
SDUWLFXODU�VSHFLHV��5*3���

& $GYLVRULHV�WR�VXESRSXODWLRQV�SRWHQWLDOO\�DW�ULVN��H�J���SUHJQDQW�RU�QXUVLQJ�ZRPHQ�
VPDOO�FKLOGUHQ��WR�QRW�FRQVXPH�SDUWLFXODU�VSHFLHV��1&63���DQG�

& $GYLVRULHV�WR�WKH�JHQHUDO�SRSXODWLRQ�WR�QRW�FRQVXPH�SDUWLFXODU�VSHFLHV��1&*3��

)RU�WKH�PRVW�UHFHQW�ILVK�DGYLVRU\�GDWD�IRU�ZDWHUERGLHV�LQ�D�SDUWLFXODU�VWDWH�RU�IRU�PRUH
GHWDLOV�RQ�KRZ�WKH�VWDWH�VHWV�LWV�DGYLVRULHV��WKH�VWDWH�RIILFH�UHVSRQVLEOH�IRU�FRRUGLQDWLQJ�WKH�ILVK
DGYLVRU\�SURJUDP�LQ�WKDW�VWDWH�VKRXOG�EH�FRQWDFWHG�

TABLE B-1
Fish Consumption Advisories in the Great Waters

Waterbody Pollutant of Concern Fish Species Typea
Great Waters Advisory

b

GREAT LAKES

Lake Erie

MI PCBs Carp, catfish NCGP

OH PCBs Carp, channel catfish, chinook salmon > 19", RGP
coho salmon, freshwater drum, lake trout,
smallmouth bass, steelhead trout, walleye,
white bass, white perch

PA Chlordane, PCBs Carp, channel catfish, lake trout NCGP

Maumee Bay (OH) PCBs Channel catfish NCGP
Carp RGP
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TABLE B-1
Fish Consumption Advisories in the Great Waters (continued)

Waterbody Pollutant of Concern Fish Species Typea
Great Waters Advisory

b

%��

Lake Huron

MI Chlordane, dioxins Lake trout > 22" NCGP
Lake trout < 22" NCSP, RGP

PCBs Lake trout > 22" NCGP
Brown trout > 21", lake trout NCSP, RGP

Saginaw Bay (MI) Chlordane Lake trout > 22" NCGP

Dioxins Lake trout > 22" NCGP, NCSP,
RGP

PCBs Carp, channel catfish, lake trout > 22" NCGP
Brown trout > 21", lake trout > 22" NCSP, RGP

Lake Michigan

IL Chlordane, PCBs Brown trout > 23", chinook salmon > 32", lake NCGP
trout > 23"
Brown trout < 23", chinook salmon 21-32", NCSP, RGP
coho salmon > 26", lake trout 20-23"

IN PCBs Brown trout > 23", carp, catfish, chinook NCGP
salmon > 32", lake trout > 23"
Brown trout < 23", chinook salmon 21-32", NCSP, RGP
coho salmon > 26", lake trout 20-23"

MI Chlordane Lake trout > 23", lake whitefish > 23" NCGP
Lake trout 20-25" NCSP, RGP

Mercury Walleye > 22" RGP, RSP

PCBs Brown trout > 23", carp, channel catfish NCGP
Lake trout > 23" NCSP, RGP

WI Chlordane Lake trout > 23" NCGP
Lake trout 20-23" NCSP, RGP

PCBs Brown trout > 23", carp, catfish, chinook NCGP
salmon > 32", lake trout > 23"
Brown trout < 23", chinook salmon 21-32", NCSP, RGP
coho salmon > 26", lake trout 20-23"

Green Bay (MI) PCBs Brook trout > 15", brown trout > 21", carp, NCGP
northern pike > 28", rainbow trout > 22", splake
trout > 20", sturgeon, walleye > 20", white bass
Brown trout < 21", splake trout < 20"

NCSP, RGP

Green Bay (WI) PCBs Brook trout > 15", brown trout > 12", carp, NCGP
chinook salmon > 25", northern pike > 28",
rainbow trout > 22", splake trout > 16", walleye
> 20", white bass
Splake trout < 16" NCSP, RGP

Little Bay de Ngoc Mercury Walleye > 22" RGP, RSP
(MI)

PCBs Brown trout > 23", carp, channel catfish NCGP
Lake trout > 23", longnose sucker > 16" NCSP, RGP
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TABLE B-1
Fish Consumption Advisories in the Great Waters (continued)

Waterbody Pollutant of Concern Fish Species Typea
Great Waters Advisory

b

%��

Lake Michigan (continued)

Old North Harbor, Chlordane, PCBs Alewife, carp NCGP
Waukegan (IL)

Lake Ontario

NY Dioxins, PCBs American eel, carp, channel catfish, chinook NCGP, NCSP
salmon, lake trout, white perch
Brown trout > 20", coho salmon > 21", rainbow NCGP
trout > 25"
Brown trout, coho salmon, rainbow trout, white NCSP
sucker
Brown trout < 20", coho salmon < 21", rainbow RGP
trout < 25", white perch, white sucker

Irondequoit Bay PCBs Carp NCGP, NCSP
(NY)

Lake Superior

MI Chlordane, mercury, Ciscowet > 18" NCGP
toxaphene

PCBs Ciscowet > 18", lake trout > 30" NCGP
Lake trout 20-30" NCSP, RGP

MN PCBs Ciscowet > 20" NCGP
Brown trout, chinook salmon, coho salmon, RGP
ciscowet < 20", lake herring, lake trout, lake
whitefish, rainbow trout

WI Chlordane Ciscowet > 20" NCGP

Mercury Walleye 26-30" NCGP
Walleye 18-26" NCSP, RGP
Walleye < 18" RSP

PCBs Ciscowet > 20", lake trout > 30" NCGP

Chequamegon Mercury Largemouth bass 15-18" NCGP
Waters (WI) Northern pike > 30" NCSP, RGP

Largemouth bass < 15", northern pike < 30" RSP

Thunder Bay (MI) Chlordane, dioxins Lake trout > 22" NCGP
Lake trout < 22" NCSP, RGP

PCBs Lake trout > 22" NCGP
Brown trout > 21", carp, lake trout < 22" NCSP, RGP
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TABLE B-1
Fish Consumption Advisories in the Great Waters (continued)

Waterbody Pollutant of Concern Fish Species Typea
Great Waters Advisory

b

%��

Connecting Channels

Detroit River (MI) Mercury Freshwater drum > 14" RGP, RSP

PCBs Carp NCGP

Lake St. Clair (MI) Mercury Muskellunge, sturgeon NCGP
Bluegill sunfish > 8", brown bullhead catfish > RGP, RSP
14", carpsucker > 18", freshwater drum > 14",
largemouth bass, northern pike > 26", rock
bass > 8", smallmouth bass > 18", walleye >
20", white bass > 13", white perch > 10"

PCBs Channel catfish > 22" NCGP
Carp > 22" NCSP, RGP

Niagara River Dioxins, PCBs American eel, carp, channel catfish, chinook NCGP, NCSP
(NY) salmon, lake trout, white perch

Brown trout > 20", coho salmon > 21", rainbow NCGP
trout > 25"
Brown trout, coho salmon, rainbow trout, NCSP
smallmouth bass, white sucker
Brown trout < 20", coho salmon < 21", rainbow RGP
trout < 25", smallmouth bass, white sucker

PCBs Carp RGP

St. Clair River (MI) Mercury Freshwater drum > 14" RGP, RSP

PCBs Carp > 21", gizzard shad > 10" NCSP, RGP

St. Lawrence Dioxins, PCBs American eel, carp, channel catfish, chinook NCGP, NCSP
River (NY) salmon, lake trout

Brown trout > 20", coho salmon > 21", rainbow NCGP
trout > 25"
Brown trout, coho salmon, rainbow trout NCSP
White perch NCSP, RGP
Brown trout < 20", coho salmon < 21", rainbow RGP
trout < 25"

PCBs Fish NCGP, NCSP

St. Mary's River Mercury Walleye > 19" RGP, RSP
(MI)

LAKE CHAMPLAIN

NY Mercury Walleye > 19" NCSP, RGP

PCBs Brown bullhead, eel, lake trout > 25", yellow NCSP, RGP
perch

VT Mercury Walleye NCSP, RGP

PCBs Lake trout > 25" NCSP, RGP
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TABLE B-1
Fish Consumption Advisories in the Great Waters (continued)

Waterbody Pollutant of Concern Fish Species Typea
Great Waters Advisory

b
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SELECTED COASTAL WATERS

Chesapeake Bay

Anacostia River/ Chlordane, PCBs American eel, carp, channel catfish RGP
Potomac River

(DC)

Back River (MD) Chlordane American eel, channel catfish RGP

Baltimore Harbor
(MD)

Lake Roland, Chlordane Black crappie, carp RGP
Jones Falls (MD)

Delaware Bay

Delaware Estuary PCBs Channel catfish, striped bass, white catfish, NCGP
(DE) white perch

Channel catfish, striped bass, white catfish RGP, RSP

Delaware River Chlordane, PCBs American eel, channel catfish, white perch NCGP
and Delaware
Estuary (PA)

Galveston Bay

Houston Ship Dioxins Blue crab, catfish NCSP, RGP
Channel (TX)

Long Island Sound

CT PCBs Bluefish > 25", striped bass NCSP, RGP

NY Chlordane Striped bass RGP

PCBs Striped bass NCGP

NY/NJ Harbor

Arthur Kill (NJ), Dioxins Blue crab, striped bass NCGP, NCSP
Kill van Kull (NJ)

PCBs American eel, bluefish > 24" > 6 lbs, striped NCSP, RGP
bass, white catfish, white perch

Newark Bay (NJ) Dioxins Blue crab, striped bass NCGP, NCSP
Bluefish > 24" > 6 lbs, striped bass RGP

PCBs White catfish, white perch NCSP, RGP
Bluefish > 24" > 6 lbs, striped bass NCSP

Raritan Bay (NJ), Dioxins Blue crab RGP, RSP
Raritan River (NJ),
Sandy Hook Bay

(NJ)
PCBs American eel, bluefish > 24" > 6 lbs, striped NCSP, RGP

bass, white catfish, white perch

Tidal Passaic Dioxins Crustaceans, fish, shellfish NCGP, NCSP
River (NJ)

PCBs Striped bass NCGP, NCSP
American eel, bluefish > 23" > 6 lbs, white NCSP, RGP
catfish, white perch
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TABLE B-1
Fish Consumption Advisories in the Great Waters (continued)

Waterbody Pollutant of Concern Fish Species Typea
Great Waters Advisory

b
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San Francisco Bay

San Francisco Dioxins, DDT, mercury, Striped bass > 35" NCGP
Bay delta region PCBs Sharks > 24", striped bass > 27" NCSP

(CA) Fish except anchovy, herring, salmon, and RGP, RSP
smelt

Tampa Bay (FL) Mercury Crevalle jack, gafftop sail catfish, ladyfish, RGP, RSP
spanish mackerel

 For the Great Lakes, the advisories are listed first by lakewide advisories, in alphabetical order by state,a

followed by portions of the waterbody and major tributaries that were designated in the data base as "Great
Lake."  Lake Champlain advisories are all lakewide.  For coastal waters, including Chesapeake Bay, the
advisories are presented by how the coastal water was designated in the data base, which may be by full name
or by waterbody portion.
 NCGP = advises against consumption by the general populationb

  NCSP = advises against consumption by subpopulations potentially at risk (e.g., pregnant or nursing women,
small children)

  RGP = advises the general population to restrict size and frequency of meals of the particular species
  RSP = advises subpopulations potentially at risk to restrict size and frequency of meals of the particular

species

Source:  U.S. EPA 1996b.


