
Health Consultation 
�
�
�
�
�
�
�
�
�
�

)LGDOJR�%D\�
$QDFRUWHV��6NDJLW�&RXQW\��:DVKLQJWRQ�
�
�
�
�
�
�
)HEUXDU\���������� �
�
�
�
�
�
�
Prepared by 
 
The Washington State Department of Health 
Under a Cooperative Agreement with the  
Agency for Toxic Substances and Disease Registry�
�
�

�
��������'2+���������)HEUXDU\������

�



Health Consultation:  A Note of Explanation  
�
�
$�KHDOWK�FRQVXOWDWLRQ�LV�D�YHUEDO�RU�ZULWWHQ�UHVSRQVH�IURP �$76'5�RU�$76'5¶V �
&RRSHUDWLYH�$JUHHPHQW�3DUWQHUV�WR�D�VSHFLILF�UHTXHVW�IRU�LQI RUPDWLRQ�DERXW�KHDOWK�ULVNV�
UHODWHG�WR�D�VSHFLILF�VLWH��D�FKHPLFDO�UHOHDVH� �RU�WKH�SUHVHQFH�RI�KD]DUGRXV�PDWHULDO��,Q �
RUGHU�WR�SUHYHQW�RU�PLWLJDWH�H[SRVXUHV��D�FRQVXOWDWLRQ�PD\�OHDG�WR�VSHFLILF�DFWLRQV��VXFK�
DV�UHVWULFWLQJ�XVH�RI�RU�UHSODFLQJ�ZDWHU�VXSSOLHV��LQWHQVLI\LQJ�HQYLURQPHQWDO�VDPSOLQJ��
UHVWULFWLQJ�VLWH�DFFHVV��RU�UHPRYLQJ�WKH�FRQWDPLQDWHG�PDWHULDO���
�
,Q�DGGLWLRQ� �FRQVXOWDWLRQV�PD\�UHFRPPHQG�DGGLWLRQDO�SXEOLF�KHDOWK�DFWLRQV��VXFK �DV �
FRQGXFWLQJ�KHDOWK�VXUYHLOODQFH�DFWLYLWLHV�WR�HYDOXDWH�H[SRVXUH�RU �WUHQGV�LQ�DGYHUVH�KHDOWK�
RXWFRPHV��FRQGXFWLQJ�ELRORJLFDO�LQGLFDWRUV�RI�H[SRVXUH�VWXGLHV�WR�DVVHVV�H[SRVXUH��DQG�
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Foreword 
7KH�:DVKLQJWRQ�6WDWH�'HSDUWPHQW�RI�+HDOWK��'2+��KDV�SUHSDUHG�WKLV�KHDOWK�FRQVXOWDWLRQ�LQ�
FRRSHUDWLRQ�ZLWK�WKH�$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5���$76'5�LV�
SDUW�RI�WKH�8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV�DQG�LV�WKH�SULQFLSDO�IHGHUDO�SXEOLF�
KHDOWK�DJHQF\�UHVSRQVLEOH�IRU�KHDOWK�LVVXHV�UHODWHG�WR�KD]DUGRXV�ZDVWH��7KLV�KHDOWK�FRQVXOWDWLRQ�
ZDV�SUHSDUHG�LQ�DFFRUGDQFH�ZLWK�PHWKRGRORJLHV�DQG�JXLGHOLQHV�GHYHORSHG�E\�$76'5��
�
7KH�SXUSRVH�RI�WKLV�KHDOWK�FRQVXOWDWLRQ�LV�WR�LGHQWLI\�DQG�SUHYHQW�KDUPIXO�KXPDQ�KHDOWK�HIIHFWV�
UHVXOWLQJ�IURP�H[SRVXUH�WR�KD]DUGRXV�VXEVWDQFHV�LQ�WKH�HQYLURQPHQW��+HDOWK�FRQVXOWDWLRQV�IRFXV�
RQ�VSHFLILF�KHDOWK�LVVXHV�VR�WKDW�'2+�FDQ�UHVSRQG�WR�UHTXHVWV�IURP�FRQFHUQHG�UHVLGHQWV�RU�
DJHQFLHV�IRU�KHDOWK�LQIRUPDWLRQ�RQ�KD]DUGRXV�VXEVWDQFHV��'2+�HYDOXDWHV�VDPSOLQJ�GDWD�FROOHFWHG�
IURP�D�KD]DUGRXV�ZDVWH�VLWH��GHWHUPLQHV�ZKHWKHU�H[SRVXUHV�KDYH�RFFXUUHG�RU�FRXOG�RFFXU��UHSRUWV�
DQ\�SRWHQWLDO�KDUPIXO�HIIHFWV��DQG�UHFRPPHQGV�DFWLRQV�WR�SURWHFW�SXEOLF�KHDOWK��7KH�ILQGLQJV�LQ�
WKLV�UHSRUW�DUH�UHOHYDQW�WR�FRQGLWLRQV�DW�WKH�VLWH�GXULQJ�WKH�WLPH�RI�WKLV�KHDOWK�FRQVXOWDWLRQ��DQG�
VKRXOG�QRW�QHFHVVDULO\�EH�UHOLHG�XSRQ�LI�VLWH�FRQGLWLRQV�RU�ODQG�XVH�FKDQJHV�LQ�WKH�IXWXUH���

�
)RU�DGGLWLRQDO�LQIRUPDWLRQ�RU�TXHVWLRQV�UHJDUGLQJ�'2+�RU�WKH�FRQWHQWV�RI�WKLV�KHDOWK�
FRQVXOWDWLRQ��SOHDVH�FDOO�WKH�KHDOWK�DGYLVRU�ZKR�SUHSDUHG�WKLV�GRFXPHQW���
�
/HQIRUG�2¶*DUUR�
:DVKLQJWRQ�6WDWH�'HSDUWPHQW�RI�+HDOWK�
2IILFH�RI�(QYLURQPHQWDO�+HDOWK�$VVHVVPHQWV�
3�2��%R[�������
2O\PSLD��:$�������������
���������������
)$;����������������
���������������
:HEVLWH���KWWS���ZZZ�GRK�ZD�JRY�FRQVXOWV
�
)RU�SHUVRQV�ZLWK�GLVDELOLWLHV�WKLV�GRFXPHQW�LV�DYDLODEOH�RQ�UHTXHVW�LQ�RWKHU�IRUPDWV���7R�VXEPLW�D�
UHTXHVW��SOHDVH�FDOO�����������������YRLFH��RU�����������������77<�7''���
�
)RU�PRUH�LQIRUPDWLRQ�DERXW�$76'5��FRQWDFW�WKH�$76'5�,QIRUPDWLRQ�&HQWHU�DW����������������
RU�YLVLW�WKH�DJHQF\¶V�:HE�VLWH��ZZZ�DWVGU�FGF�JRY���
�
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Agency for Toxic 
Substances and Disease 

Registry (ATSDR) 

7KH�SULQFLSDO�IHGHUDO�SXEOLF�KHDOWK�DJHQF\�LQYROYHG�ZLWK�KD]DUGRXV�ZDVWH�
LVVXHV�WKDW�LV�UHVSRQVLEOH�IRU�SUHYHQWLQJ�RU�UHGXFLQJ�WKH�KDUPIXO�HIIHFWV�RI�
H[SRVXUH�WR�KD]DUGRXV�VXEVWDQFHV�RQ�KXPDQ�KHDOWK�DQG�TXDOLW\�RI�OLIH��
$76'5�LV�SDUW�RI�WKH�8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��

Cancer Risk $�WKHRUHWLFDO�ULVN�IRU�GHYHORSLQJ�FDQFHU�LI�H[SRVHG�WR�D�VXEVWDQFH�HYHU\�GD\�
IRU����\HDUV��D�OLIHWLPH�H[SRVXUH���7KH�WUXH�ULVN�PLJKW�EH�ORZHU��

Cancer Risk Evaluation 
Guide (CREG) 

7KH�FRQFHQWUDWLRQ�RI�D�FKHPLFDO�LQ�DLU��VRLO�RU�ZDWHU�WKDW�LV�H[SHFWHG�WR�
FDXVH�QR�PRUH�WKDQ�RQH�H[FHVV�FDQFHU�LQ�D�PLOOLRQ�SHUVRQV�H[SRVHG�RYHU�D�
OLIHWLPH��7KH�&5(*�LV�D�comparison value�XVHG�WR�VHOHFW�FRQWDPLQDQWV�RI�
SRWHQWLDO�KHDOWK�FRQFHUQ�DQG�LV�EDVHG�RQ�WKH�cancer slope factor��&6)���

Cancer Slope Factor $�QXPEHU�DVVLJQHG�WR�D�FDQFHU�FDXVLQJ�FKHPLFDO�WKDW�LV�XVHG�WR�HVWLPDWH�LWV�
DELOLW\�WR�FDXVH�FDQFHU�LQ�KXPDQV��

Carcinogen $Q\�VXEVWDQFH�WKDW�FDXVHV�FDQFHU��

Comparison value 

&DOFXODWHG�FRQFHQWUDWLRQ�RI�D�VXEVWDQFH�LQ�DLU��ZDWHU��IRRG��RU�VRLO�WKDW�LV�
XQOLNHO\�WR�FDXVH�KDUPIXO��DGYHUVH��KHDOWK�HIIHFWV�LQ�H[SRVHG�SHRSOH��7KH�
&9�LV�XVHG�DV�D�VFUHHQLQJ�OHYHO�GXULQJ�WKH�SXEOLF�KHDOWK�DVVHVVPHQW�
SURFHVV���6XEVWDQFHV�IRXQG�LQ�DPRXQWV�JUHDWHU�WKDQ�WKHLU�&9V�PLJKW�EH�
VHOHFWHG�IRU�IXUWKHU�HYDOXDWLRQ�LQ�WKH�SXEOLF�KHDOWK�DVVHVVPHQW�SURFHVV��

Contaminant $�VXEVWDQFH�WKDW�LV�HLWKHU�SUHVHQW�LQ�DQ�HQYLURQPHQW�ZKHUH�LW�GRHV�QRW�
EHORQJ�RU�LV�SUHVHQW�DW�OHYHOV�WKDW�PLJKW�FDXVH�KDUPIXO��DGYHUVH��KHDOWK�
HIIHFWV��

Dermal�Contact� &RQWDFW�ZLWK��WRXFKLQJ��WKH�VNLQ��VHH�URXWH�RI�H[SRVXUH���

Dose 
(for chemicals that are not 

radioactive) 

7KH�DPRXQW�RI�D�VXEVWDQFH�WR�ZKLFK�D�SHUVRQ�LV�H[SRVHG�RYHU�VRPH�WLPH�
SHULRG���'RVH�LV�D�PHDVXUHPHQW�RI�H[SRVXUH���'RVH�LV�RIWHQ�H[SUHVVHG�DV�
PLOOLJUDP��DPRXQW��SHU�NLORJUDP��D�PHDVXUH�RI�ERG\�ZHLJKW��SHU�GD\��D�
PHDVXUH�RI�WLPH��ZKHQ�SHRSOH�HDW�RU�GULQN�FRQWDPLQDWHG�ZDWHU��IRRG��RU�
VRLO���,Q�JHQHUDO��WKH�JUHDWHU�WKH�GRVH��WKH�JUHDWHU�WKH�OLNHOLKRRG�RI�DQ�HIIHFW���
$Q�³H[SRVXUH�GRVH´�LV�KRZ�PXFK�RI�D�VXEVWDQFH�LV�HQFRXQWHUHG�LQ�WKH�
HQYLURQPHQW���$Q�³DEVRUEHG�GRVH´�LV�WKH�DPRXQW�RI�D�VXEVWDQFH�WKDW�
DFWXDOO\�JRW�LQWR�WKH�ERG\�WKURXJK�WKH�H\HV��VNLQ��VWRPDFK��LQWHVWLQHV��RU�
OXQJV��

Environmental Media 
Evaluation Guide 

(EMEG) 

$�FRQFHQWUDWLRQ�LQ�DLU��VRLO��RU�ZDWHU�EHORZ�ZKLFK�DGYHUVH�QRQ�FDQFHU�
KHDOWK�HIIHFWV�DUH�QRW�H[SHFWHG�WR�RFFXU��7KH�(0(*�LV�D�comparison value�
XVHG�WR�VHOHFW�FRQWDPLQDQWV�RI�SRWHQWLDO�KHDOWK�FRQFHUQ�DQG�LV�EDVHG�RQ�
$76'5¶V�minimal risk level��05/���
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Environmental Protection 
Agency (EPA��

�

8QLWHG�6WDWHV�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��

Exposure &RQWDFW�ZLWK�D�VXEVWDQFH�E\�VZDOORZLQJ��EUHDWKLQJ��RU�WRXFKLQJ�WKH�VNLQ�RU�
H\HV���([SRVXUH�PD\�EH�VKRUW�WHUP�>acute exposure@��RI�LQWHUPHGLDWH�
GXUDWLRQ��RU�ORQJ�WHUP�>chronic exposure@��

Groundwater :DWHU�EHQHDWK�WKH�HDUWK¶V�VXUIDFH�LQ�WKH�VSDFHV�EHWZHHQ�VRLO�SDUWLFOHV�DQG�
EHWZHHQ�URFN�VXUIDFHV�>FRPSDUH�ZLWK�VXUIDFH�ZDWHU@��

Hazardous substance 
$Q\�PDWHULDO�WKDW�SRVHV�D�WKUHDW�WR�SXEOLF�KHDOWK�DQG�RU�WKH�HQYLURQPHQW��
7\SLFDO�KD]DUGRXV�VXEVWDQFHV�DUH�PDWHULDOV�WKDW�DUH�WR[LF��FRUURVLYH��
LJQLWDEOH��H[SORVLYH��RU�FKHPLFDOO\�UHDFWLYH��

Ingestion�
7KH�DFW�RI�VZDOORZLQJ�VRPHWKLQJ�WKURXJK�HDWLQJ��GULQNLQJ��RU�PRXWKLQJ�
REMHFWV��$�KD]DUGRXV�VXEVWDQFH�FDQ�HQWHU�WKH�ERG\�WKLV�ZD\�>VHH�URXWH�RI�
H[SRVXUH@��

Ingestion rate (IR) 
7KH�DPRXQW�RI�DQ�HQYLURQPHQWDO�PHGLXP�WKDW�FRXOG�EH�LQJHVWHG�W\SLFDOO\�
RQ�D�GDLO\�EDVLV��8QLWV�IRU�,5�DUH�XVXDOO\�OLWHU�GD\�IRU�ZDWHU��DQG�PJ�GD\�IRU�
VRLO��

Inhalation� 7KH�DFW�RI�EUHDWKLQJ���$�KD]DUGRXV�VXEVWDQFH�FDQ�HQWHU�WKH�ERG\�WKLV�ZD\�
>VHH�route of exposure@��

Inorganic &RPSRXQGV�FRPSRVHG�RI�PLQHUDO�PDWHULDOV��LQFOXGLQJ�HOHPHQWDO�VDOWV�DQG�
PHWDOV�VXFK�DV�LURQ��DOXPLQXP��PHUFXU\��DQG�]LQF��

Lowest Observed Adverse 
Effect Level (LOAEL) 7KH�ORZHVW�WHVWHG�GRVH�RI�D�VXEVWDQFH�WKDW�KDV�EHHQ�UHSRUWHG�WR�FDXVH�

KDUPIXO��DGYHUVH��KHDOWK�HIIHFWV�LQ�SHRSOH�RU�DQLPDOV��

Maximum Contaminant 
Level (MCL) 

$�GULQNLQJ�ZDWHU�UHJXODWLRQ�HVWDEOLVKHG�E\�WKH�IHGHUDO�6DIH�'ULQNLQJ�:DWHU�
$FW��,W�LV�WKH�PD[LPXP�SHUPLVVLEOH�FRQFHQWUDWLRQ�RI�D�FRQWDPLQDQW�LQ�ZDWHU�
WKDW�LV�GHOLYHUHG�WR�WKH�IUHH�IORZLQJ�RXWOHW�RI�WKH�XOWLPDWH�XVHU�RI�D�SXEOLF�
ZDWHU�V\VWHP��0&/V�DUH�HQIRUFHDEOH�VWDQGDUGV��

Media 6RLO��ZDWHU��DLU��SODQWV��DQLPDOV��RU�DQ\�RWKHU�SDUW�RI�WKH�HQYLURQPHQW�WKDW�
FDQ�FRQWDLQ�FRQWDPLQDQWV��
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Minimal Risk Level 
(MRL) 

$Q�$76'5�HVWLPDWH�RI�GDLO\�KXPDQ�H[SRVXUH�WR�D�KD]DUGRXV�VXEVWDQFH�DW�
RU�EHORZ�ZKLFK�WKDW�VXEVWDQFH�LV�XQOLNHO\�WR�SRVH�D�PHDVXUDEOH�ULVN�RI�
KDUPIXO��DGYHUVH���QRQFDQFHURXV�HIIHFWV���05/V�DUH�FDOFXODWHG�IRU�D�URXWH�
RI�H[SRVXUH��LQKDODWLRQ�RU�RUDO��RYHU�D�VSHFLILHG�WLPH�SHULRG��DFXWH��
LQWHUPHGLDWH��RU�FKURQLF���05/V�VKRXOG�QRW�EH�XVHG�DV�SUHGLFWRUV�RI�
KDUPIXO��DGYHUVH��KHDOWK�HIIHFWV�>VHH�oral�reference dose@��

Model Toxics Control Act 
(MTCA) 7KH�KD]DUGRXV�ZDVWH�FOHDQXS�ODZ�IRU�:DVKLQJWRQ�6WDWH��

No Observed Adverse 
Effect Level (NOAEL) 

7KH�KLJKHVW�WHVWHG�GRVH�RI�D�VXEVWDQFH�WKDW�KDV�EHHQ�UHSRUWHG�WR�KDYH�QR�
KDUPIXO��DGYHUVH��KHDOWK�HIIHFWV�RQ�SHRSOH�RU�DQLPDOV��

Oral Reference Dose 
(RfD) 

$Q�DPRXQW�RI�FKHPLFDO�LQJHVWHG�LQWR�WKH�ERG\��L�H���GRVH��EHORZ�ZKLFK�
KHDOWK�HIIHFWV�DUH�QRW�H[SHFWHG��5I'V�DUH�SXEOLVKHG�E\�(3$��

Organic &RPSRXQGV�FRPSRVHG�RI�FDUERQ��LQFOXGLQJ�PDWHULDOV�VXFK�DV�VROYHQWV��RLOV��
DQG�SHVWLFLGHV�WKDW�DUH�QRW�HDVLO\�GLVVROYHG�LQ�ZDWHU��

Parts per billion 
(ppb)/Parts per million 

(ppm) 

8QLWV�FRPPRQO\�XVHG�WR�H[SUHVV�ORZ�FRQFHQWUDWLRQV�RI�FRQWDPLQDQWV��)RU�
H[DPSOH����RXQFH�RI�WULFKORURHWK\OHQH��7&(��LQ���PLOOLRQ�RXQFHV�RI�ZDWHU�
LV���SSP����RXQFH�RI�7&(�LQ���ELOOLRQ�RXQFHV�RI�ZDWHU�LV���SSE��,I�RQH�GURS�
RI�7&(�LV�PL[HG�LQ�D�FRPSHWLWLRQ�VL]H�VZLPPLQJ�SRRO��WKH�ZDWHU�ZLOO�
FRQWDLQ�DERXW���SSE�RI�7&(��

Plume 

$�YROXPH�RI�D�VXEVWDQFH�WKDW�PRYHV�IURP�LWV�VRXUFH�WR�SODFHV�IDUWKHU�DZD\�
IURP�WKH�VRXUFH��3OXPHV�FDQ�EH�GHVFULEHG�E\�WKH�YROXPH�RI�DLU�RU�ZDWHU�
WKH\�RFFXS\�DQG�WKH�GLUHFWLRQ�WKH\�PRYH��)RU�H[DPSOH��D�SOXPH�FDQ�EH�D�
FROXPQ�RI�VPRNH�IURP�D�FKLPQH\�RU�D�VXEVWDQFH�PRYLQJ�ZLWK�JURXQGZDWHU��

Reference Dose Media 
Evaluation Guide 

(RMEG) 

$�FRQFHQWUDWLRQ�LQ�DLU��VRLO��RU�ZDWHU�EHORZ�ZKLFK�DGYHUVH�QRQ�FDQFHU�
KHDOWK�HIIHFWV�DUH�QRW�H[SHFWHG�WR�RFFXU��7KH�50(*�LV�D�comparison value�
XVHG�WR�VHOHFW�FRQWDPLQDQWV�RI�SRWHQWLDO�KHDOWK�FRQFHUQ�DQG�LV�EDVHG�RQ�
(3$¶V�RUDO�UHIHUHQFH�GRVH��5I'���

Route of exposure 
7KH�ZD\�SHRSOH�FRPH�LQWR�FRQWDFW�ZLWK�D�KD]DUGRXV�VXEVWDQFH���7KUHH�
URXWHV�RI�H[SRVXUH�DUH�EUHDWKLQJ�>LQKDODWLRQ@��HDWLQJ�RU�GULQNLQJ�>LQJHVWLRQ@��
RU�FRQWDFW�ZLWK�WKH�VNLQ�>GHUPDO�FRQWDFW@��

Surface Water� :DWHU�RQ�WKH�VXUIDFH�RI�WKH�HDUWK��VXFK�DV�LQ�ODNHV��ULYHUV��VWUHDPV��SRQGV��
DQG�VSULQJV�>FRPSDUH�ZLWK�groundwater@��

Time Weighted Approach 
(TWA) 7KH�H[SRVXUH�FRQFHQWUDWLRQ RI�D�FRQWDPLQDQW�GXULQJ�D�JLYHQ�SHULRG��
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Volatile organic 
compound (VOC) 

2UJDQLF�FRPSRXQGV�WKDW�HYDSRUDWH�UHDGLO\�LQWR�WKH�DLU��92&V�LQFOXGH�
VXEVWDQFHV�VXFK�DV�EHQ]HQH��WROXHQH��PHWK\OHQH�FKORULGH��DQG�PHWK\O�
FKORURIRUP��

�
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Summary and Statement of Issues 
�
Introduction: 
,Q�WKH�)LGDOJR�%D\�FRPPXQLW\��:DVKLQJWRQ�6WDWH�'HSDUWPHQW�RI�+HDOWK¶V��'2+��WRS�SULRULW\�LV�
WR�HQVXUH�WKDW�WKH�FRPPXQLW\�KDV�WKH�EHVW�LQIRUPDWLRQ�SRVVLEOH�WR�VDIHJXDUG�LWV�KHDOWK��
:DVKLQJWRQ�6WDWH�'HSDUWPHQW�RI�(FRORJ\��(FRORJ\��DVNHG�'2+�WR�FRQGXFW�WKLV�KHDOWK�
FRQVXOWDWLRQ��7KH�SXUSRVH�RI�WKLV�KHDOWK�FRQVXOWDWLRQ�LV�WR�HYDOXDWH�WKH�SRWHQWLDO�KXPDQ�KHDOWK�
KD]DUG�SRVHG�E\�FRQWDPLQDQWV�LQ�VHGLPHQWV��FODPV��DQG�ERWWRP�ILVK�WLVVXH�DW�)LGDOJR�%D\�LQ�
$QDFRUWHV��6NDJLW�&RXQW\��:DVKLQJWRQ��'2+�SUHSDUHV�KHDOWK�FRQVXOWDWLRQV�XQGHU�D�FRRSHUDWLYH�
DJUHHPHQW�ZLWK�WKH�$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5���
�
Overview:�
'2+�UHDFKHG�WKUHH�LPSRUWDQW�FRQFOXVLRQV�DERXW�)LGDOJR�%D\�LQ�$QDFRUWHV��6NDJLW�&RXQW\��
:DVKLQJWRQ��
�
Conclusion 1: 
'2+�FRQFOXGHV�WKDW�HDWLQJ�VHDIRRG�DW�WULEDO�VFHQDULR�UDWHV�LV�H[SHFWHG�WR�KDUP�FKLOGUHQ�DQG�
DGXOWV¶�KHDOWK��7KH�6ZLQRPLVK��6DPLVK��/XPPL�DQG�WKH�8SSHU�6NDJLW�DUH�WULEHV�RU�QDWLRQV�WKDW�
ILVK�LQ�WKLV�DUHD�RU�LW�LV�LQ�WKHLU�XVXDO�DQG�DFFXVWRPHG�ILVKLQJ�ULJKWV�DUHDV���,I�DQ\�RI�WKH�WULEHV�RU�
QDWLRQV�DUH�XVLQJ�)LGDOJR�%D\�IRU�KDUYHVWLQJ�DQG�HDWLQJ�VHDIRRG�DW�WULEDO�VFHQDULR�UDWHV��WKLV�
ZRXOG�UHSUHVHQW�D�³SXEOLF�KHDOWK�KD]DUG´���
�
Basis for conclusion:�
%DVHG�RQ�WULEDO�VFHQDULR�FRQVXPSWLRQ�UDWHV��H[SRVXUHV�DUH�DERYH�OHYHOV�NQRZQ�WR�UHVXOW�LQ�QRQ�
FDQFHU�DQG�FDQFHU�KDUPIXO�KHDOWK�HIIHFWV��
 
Conclusion 2:��
'2+�FRQFOXGHV�WKDW�HDWLQJ�ERWWRP�ILVK�RU�VKHOOILVK�IURP�)LGDOJR�%D\�LV�QRW�H[SHFWHG�WR�KDUP�WKH�
general�SRSXODWLRQ¶V��FKLOGUHQ�RU�DGXOWV��KHDOWK���
�
Basis for conclusion:�
%DVHG�RQ�general�SRSXODWLRQ�FRQVXPSWLRQ�UDWHV��WKH�H[SRVXUH�VFHQDULR�LV�EHORZ�OHYHOV�NQRZQ�WR�
UHVXOW�LQ�QRQ�FDQFHU�KDUPIXO�KHDOWK�HIIHFWV��,Q�DGGLWLRQ��WKH�H[SRVXUH�VFHQDULR�GRHV�QRW�SUHVHQW�DQ�
HOHYDWHG�FDQFHU�ULVN���
�
Conclusion 3:�
'2+�FRQFOXGHV�WKDW�WRXFKLQJ��EUHDWKLQJ�RU�DFFLGHQWDOO\�HDWLQJ�VHGLPHQW�RQH�GD\�SHU�ZHHN�RU����
GD\V�SHU�\HDU�IURP�)LGDOJR�%D\�LV�QRW�H[SHFWHG�WR�KDUP�SHRSOH¶V�KHDOWK���
�
Basis for conclusion:�
7KH�PD[LPXP�OHYHO�RI�FDUFLQRJHQLF�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV��F3$+V��LQ�WKLV�H[SRVXUH�
VFHQDULR�LV�EHORZ�OHYHOV�NQRZQ�WR�UHVXOW�LQ�QRQ�FDQFHU�KDUPIXO�KHDOWK�HIIHFWV��,Q�DGGLWLRQ��WKH�
H[SRVXUH�VFHQDULR�GRHV�QRW�SUHVHQW�DQ�HOHYDWHG�FDQFHU�ULVN��
�
For More Information:  
3OHDVH�IHHO�IUHH�WR�FRQWDFW�/HQIRUG�2¶*DUUR�DW����������������RU����������������LI�\RX�KDYH�
DQ\�TXHVWLRQV�DERXW�WKLV�KHDOWK�FRQVXOWDWLRQ��
�



HC-Fidalgo Bay 

  
�

9

�
Background 
�
7KH�)LGDOJR�%D\�VLWH�LV�ORFDWHG�LQ�ZHVWHUQ�6NDJLW�&RXQW\��:DVKLQJWRQ��DQG�LV�ERUGHUHG�E\�WKH�
&LW\�RI�$QDFRUWHV�WR�WKH�ZHVW�DQG�0DUFK�3RLQW�WR�WKH�HDVW��)LJXUHV���������)LGDOJR�%D\�KDV�
VXSSRUWHG�ZRRG�SURGXFW�LQGXVWULHV��UHFUHDWLRQDO�PDULQDV��RLO�UHILQLQJ��DQG�ERDW�EXLOGLQJ��6HYHUDO�
VLWHV�DUH�OLVWHG�RQ�(FRORJ\¶V�&RQILUPHG�DQG�6XVSHFWHG�&RQWDPLQDWHG�6LWHV�/LVW�DV�FRQWULEXWLQJ�
FRQWDPLQDQWV�LQWR�)LGDOJR�%D\���7KHUHIRUH��)LGDOJR�%D\�KDV�EHHQ�LGHQWLILHG�E\�(FRORJ\��XQGHU�
WKH�7R[LFV�&OHDQXS�3URJUDP¶V��7&3��3XJHW�6RXQG�,QLWLDWLYH��IRU�IRFXVHG�VHGLPHQW�FOHDQXS�DQG�
VRXUFH�FRQWURO��
�
)LGDOJR�%D\�LV�D�JHQHUDOO\�VKDOORZ�HPED\PHQW�ZLWK�H[WHQVLYH�WLGH�IODWV�DQG�HHOJUDVV��7KH�WLGH�
IODWV�DUHD�VXSSRUWV�VSDZQLQJ�DQG�UHDULQJ�RI�IRUDJH�ILVK��H�J���3DFLILF�KHUULQJ��VXUI�VPHOW��DQG�VDQG�
ODQFH���MXYHQLOH�VDOPRQLGV��FODPV��FUDEV��DQG�DQ�DEXQGDQFH�RI�RWKHU�PDULQH�OLIH��0DQ\�VSHFLHV�RI�
ELUGV�XVH�WKH�DUHD�LQFOXGLQJ�EDOG�HDJOHV��SHUHJULQH�IDOFRQV��PLJUDWRU\�ZDWHUIRZO��DQG�ZDGLQJ�
ELUGV��
�
3DVW�DQG�FXUUHQW�LQGXVWULHV�DORQJ�WKH�ZHVW�VKRUHOLQH�RI�)LGDOJR�%D\�LQFOXGH�&DS�6DQWH�0DULQH��
'DNRWD�&UHHN�,QGXVWULHV��&XVWRP�3O\ZRRG��)RUPHU�6KHOO�2LO�7DQN�)DUP��DQG�)RUPHU�6FRWW�
3DSHU�0LOO��$FURVV�WKH�ED\�IURP�$QDFRUWHV�DORQJ�0DUFK�3RLQW�WR�WKH�HDVW��WKHUH�DUH�WZR�RLO�
UHILQHULHV�WKDW�SURGXFH�JDVROLQH��GLHVHO��DQG�SURSDQH��7KHUH�KDYH�EHHQ�D�QXPEHU�RI�DFFLGHQWDO�
UHOHDVHV�IURP�WKHVH�VLWHV�>�@��&XVWRP�3O\ZRRG��&DS�6DQWH�0DULQH��)RUPHU�6KHOO�2LO�7DQN�)DUP��
DQG�'DNRWD�&UHHN�,QGXVWULHV�DUH�XQGHU�DQ�(FRORJ\�DJUHHG�RUGHU�WR�FRQGXFW�D�VLWH�UHPHGLDO�
LQYHVWLJDWLRQ�DQG�D�IHDVLELOLW\�VWXG\��5,�)6��WR�JXLGH�WKH�VHOHFWLRQ�RI�D�FOHDQXS�UHPHG\��$FURVV�
WKH�VRXWKHUQ�SDUW�RI�WKH�ED\�UXQV�WKH�ROG�FDXVHZD\�UDLOURDG�WUHVWOH��7RPP\�7KRPSVRQ�7UDLO�
FDXVHZD\��WKDW�ZDV�EXLOW�ZLWK�FUHRVRWH�SLOLQJV��7KH�VRXWKHUQ�HQG�RI�)LGDOJR�%D\�KDV�EHHQ�
SURSRVHG�DV�DQ�$TXDWLF�5HVHUYH�WR�EH�PDQDJHG�E\�WKH�:DVKLQJWRQ�6WDWH�'HSDUWPHQW�RI�1DWXUDO�
5HVRXUFHV�>����@��
�
%HWZHHQ�$XJXVW�DQG�2FWREHU�������VHGLPHQW�DQG�WLVVXH�VDPSOHV��FODPV��FUDEV��DQG�ILVK��VNLQ�RII�
ILOOHWV�FRPSRVLWHV���ZHUH�FROOHFWHG��)LJXUH������6HGLPHQW�SURILOH�LPDJLQJ�ZDV�SHUIRUPHG�RQ�
VHGLPHQWV�DW�����ORFDWLRQV��VXUIDFH�VHGLPHQW�FKHPLVWU\�DQDO\VLV�RQ�VHGLPHQWV�IURP����ORFDWLRQV��
DQG�WR[LFLW\�WHVWLQJ�RQ�VHGLPHQWV�IURP����ORFDWLRQV�>����@���
�
1DWLYH�$PHULFDQ�7ULEHV�DQG�1DWLRQV�LQ�WKH�3XJHW�6RXQG�KDYH�UHVHUYHG�WKH�ULJKW�WR�WDNH�ILVK�DW�
WKHLU�XVXDO�DQG�DFFXVWRPHG�JURXQGV�DQG�VWDWLRQV��7KHVH�LQFOXGH�PDULQH�DQG�IUHVK�ZDWHU�DUHDV�LQ�
DQG�DURXQG�3XJHW�6RXQG��7KH�6ZLQRPLVK�,QGLDQ�7ULEDO�&RPPXQLW\�DQG�6DPLVK�,QGLDQ�1DWLRQ�
DUH�QHDUHVW�WR�)LGDOJR�%D\��7KH�6ZLQRPLVK�,QGLDQ�7ULEDO�&RPPXQLW\�VWDWHG�WKDW�)LGDOJR�%D\�LV�
DQ�LPSRUWDQW�KLVWRULF�KDUYHVW�VLWH�WKDW�KDV�EHHQ�LPSDFWHG�E\�FRQWDPLQDWLRQ�DQG�KDV�WKHUHIRUH�QRW�
EHHQ�XVHG�IRU�KDUYHVW�LQ�UHFHQW�\HDUV�>�@��+RZHYHU��RWKHU�1DWLYH�$PHULFDQ�7ULEHV�DQG�1DWLRQV�
KDUYHVW�VHDIRRG�IURP�WKH�)LGDOJR�%D\�DUHD���
�
�
�
�
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Existing Fish Consumption Advisories  
,Q�2FWREHU�������'2+�LVVXHG�D�3XJHW�6RXQG�5HFUHDWLRQDO�0DULQH�$UHD���)LVK�&RQVXPSWLRQ�
$GYLVRU\�DQG�D�3XJHW�6RXQG�FUDE�FRQVXPSWLRQ�DGYLVRU\�WKDW�UHFRPPHQGV�WKH�IROORZLQJ���
�

�� (DW�QR�PRUH�WKDQ�RQH�PHDO�SHU�ZHHN�IRU�URFNILVK�DQG�&KLQRRN�VDOPRQ��DQG�QR�PRUH�
WKDQ�RQH�PHDO�SHU�PRQWK�IRU�UHVLGHQW��EODFNPRXWK��&KLQRRN�VDOPRQ��

�
�� (DW�'XQJHQHVV�DQG�5HG�5RFN�FUDE�IURP�QRQ�XUEDQ�DUHDV�DQG�GR�QRW�HDW�WKH�³FUDE�

EXWWHU´��YLVFHUD����0RUH�LQIRUPDWLRQ�UHJDUGLQJ�WKHVH�DGYLVRULHV�LV�DYDLODEOH�DW�
KWWS���ZZZ�GRK�ZD�JRY�HKS�RHKDV�ILVK�UPD��KWP�RU�E\�FDOOLQJ�WROO�IUHH�����������
�������

�
�

Discussion 
Contaminants of Concern 
�
&RQWDPLQDQWV�RI�FRQFHUQ��&2&��LQ�VHGLPHQW�ZHUH�GHWHUPLQHG�E\�HPSOR\LQJ�D�VFUHHQLQJ�SURFHVV��
0D[LPXP�VHGLPHQW�FRQWDPLQDQW�OHYHOV�ZHUH�VFUHHQHG�DJDLQVW�KHDOWK�EDVHG�VRLO�FRPSDULVRQ�
YDOXHV��6HYHUDO�W\SHV�RI�KHDOWK�EDVHG�FRPSDULVRQ�RU�VFUHHQLQJ�YDOXHV�ZHUH�XVHG�GXULQJ�WKLV�
SURFHVV�>VHH�WKH�JORVVDU\�IRU�GHVFULSWLRQV�RI�³FRPSDULVRQ�YDOXH�´�³FDQFHU�ULVN�HYDOXDWLRQ�JXLGH�
�&5(*��´�³HQYLURQPHQWDO�PHGLD�HYDOXDWLRQ�JXLGH��(0(*��´�DQG�³UHIHUHQFH�GRVH�PHGLD�
HYDOXDWLRQ�JXLGH��50(*�´@��&RPSDULVRQ�YDOXHV�VXFK�DV�WKH�&5(*�DQG�(0(*�RIIHU�D�KLJK�
GHJUHH�RI�SURWHFWLRQ�DQG�DVVXUDQFH�WKDW�SHRSOH�DUH�XQOLNHO\�WR�EH�KDUPHG�E\�FRQWDPLQDQWV�LQ�WKH�
HQYLURQPHQW��)RU�FKHPLFDOV�WKDW�FDXVH�FDQFHU��WKH�FRPSDULVRQ�YDOXHV�UHSUHVHQW�OHYHOV�WKDW�DUH�
FDOFXODWHG�WR�LQFUHDVH�WKH�ULVN�RI�FDQFHU�E\�DERXW�RQH�LQ�D�PLOOLRQ��7KHVH�W\SHV�RI�FRPSDULVRQ�
YDOXHV�RIWHQ�IRUP�WKH�EDVLV�IRU�FOHDQXS��,Q�JHQHUDO��LI�D�FRQWDPLQDQW¶V�PD[LPXP�FRQFHQWUDWLRQ�LV�
JUHDWHU�WKDQ�LWV�FRPSDULVRQ�YDOXH��WKHQ�WKH�FRQWDPLQDQW�LV�HYDOXDWHG�IXUWKHU���
�
&RPSDULVRQV�PD\�DOVR�EH�PDGH�ZLWK�OHJDO�VWDQGDUGV�VXFK�DV�WKH�FOHDQXS�OHYHOV�VSHFLILHG�LQ�WKH�
:DVKLQJWRQ�6WDWH�WR[LF�ZDVWH�FOHDQXS�ODZ��WKH�0RGHO�7R[LFV�&RQWURO�$FW��07&$���/HJDO�
VWDQGDUGV�PD\�EH�VWULFWO\�KHDOWK�EDVHG�RU�WKH\�PD\�LQFRUSRUDWH�QRQ�KHDOWK�FRQVLGHUDWLRQV�VXFK�DV�
WKH�FRVW��WKH�SUDFWLFDOLW\�RI�DWWDLQPHQW��RU�QDWXUDO�EDFNJURXQG�OHYHOV��
�
7DEOHV�������DQG���VKRZ�WKH�PD[LPXP�FRQFHQWUDWLRQV�RI�FRQWDPLQDQWV�GHWHFWHG�LQ�DQDO\]HG�
VHGLPHQW�DQG�WLVVXH�VDPSOHV�IURP�)LGDOJR�%D\��7KH�FRQWDPLQDQW�UDQJHV�DUH�VLPLODU�WR�PD[LPXP�
YDOXHV�GHWHFWHG�RU�WKH�VDPSOH�VL]H�ZDV�VPDOO���
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�
Table 1��0D[LPXP�FRQFHQWUDWLRQV�RI�FRQWDPLQDQWV�GHWHFWHG�LQ�VHGLPHQW�ZLWKLQ�)LGDOJR�%D\�LQ�
$QDFRUWHV��:DVKLQJWRQ��
�

Compounds Maximum 
Concentration 

(ppm) 

Comparison 
Value 
(ppm) 

EPA 
Cancer 
Class 

Comparison 
Value 

Reference 

Contaminant 
of Concern 

(COC)�
$UVHQLF� ����� ��� $� (0(*� 1R��

&DGPLXP� ����� ��� %�� (0(*� 1R�

&KURPLXP� ����� ���††� $� 50(*� 1R�

&RSSHU� �����-� ������ '� ,0�(0(* 1R�

/HDG� ����� ���� %�� 07&$�� 1R�

0HUFXU\� ������ �� '� 07&$� 1R�

6LOYHU� ������ ���� '� 50(*� 1R�

=LQF� ����� ������� '� (0(*� 1R�

��0HWK\OQDSKWKDOHQH� ������-�� ���� � 50(*� 1R�

$FHQDSKWKHQH� ������-� ����� � 50(*� 1R�

$FHQDSKWK\OHQH� �������-� ����
� '� � 1R�

$QWKUDFHQH� ������ ������ '� 50(*� 1R�

%HQ]R�D�DQWKUDFHQH� ������ ����� %�� 5HJLRQ��� F3$+��

%HQ]R�D�S\UHQH� ������ ���� %�� &5(*� F3$+��

%HQ]R��E�IOXRUDQWKHQH� ������ ����� %�� 5HJLRQ��� F3$+��

%HQ]R��N�IOXRUDQWKHQH� ������ ����� %�� 5HJLRQ��� F3$+��

%HQ]R�JKL�SHU\OHQH� ������ ����
� '� � 1R�

&KU\VHQH� ����� ��� %�� 5HJLRQ��� F3$+��

'LEHQ]�D�K�DQWKUDFHQH� �������-� ���

� � &5(*� F3$+��

'LEHQ]RIXUDQ� ������-� ���� '� 5HJLRQ��� 1R�

)OXRUDQWKHQH� ����� ����� '� 50(*� 1R�

)OXRUHQH� �������-� ����� '� 50(*� 1R�

,QGHQR�������FG�S\UHQH� ������ ����� %�� 5HJLRQ��� F3$+��

1DSKWKDOHQH� ������ ������ &� ,0�(0(*� 1R�

3KHQDQWKUHQH� ������ ����
� '� � 1R�

3\UHQH� ����� ����� '� 50(*� 1R�

+H[DFKORUREHQ]HQH� ������� ���� %�� &5(*� 1R�

����''7� ��������-� ��


� %�� ,0�(0(*� 1R�

����'''� ��������-3� ��


� %�� ,0�(0(*� 1R�

����''(� ��������-3� ��


� %�� ,0�(0(*� 1R�

����''7� �������-3� ��� %�� ,0�(0(*� 1R�

$OSKD�%+&� �������3� ���� %�� &5(*� 1R�

(QGRVXOIDQ�,� ������� ���� � (0(*� 1R�

(QGRVXOIDQ�6XOIDWH� ��������-� ���



� � (0(*� 1R�
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(QGULQ�DOGHK\GH� ������ ��




� '� (0(*� 1R�

��0HWK\OSKHQRO� ����� ���� � 5HJLRQ��� 1R�

%HQ]\O�DOFRKRO� �������-� ������ � 5HJLRQ��� 1R�

%LV���HWK\OKH[\O�SKWKDODWH� ������-� ����� %�� (0(*� 1R�

%XW\O�EHQ]\O�SKWKDODWH� �������-� ������ &� 50(*� 1R�

'L�Q�EXW\O�SKWKDODWH� ������-� ����� '� 50(*� 1R�

'LHWK\O�SKWKDODWH� �������-� ������� '� ,0�(0(*� 1R�

'LPHWK\O�SKWKDODWH� �������-� ������� '� 5HJLRQ��� 1R�

3KHQRO� ����� ������ '� 50(*� 1R�

7RWDO�$URFORUV�� �����†� �





� � (0(*� 1R�

7RWDO�F3$+�7(4� 0.102 ���� %�� &5(*� Yes 

7RWDO�'LR[LQ�7(4� ����������†� �������� %�� � 1R�

�
&5(*���$76'5¶V�&DQFHU�5LVN�(YDOXDWLRQ�*XLGH��FKLOG��
50(*���$76'5¶V�5HIHUHQFH�'RVH�0HGLD�(YDOXDWLRQ�*XLGH��FKLOG��
(0(*���$76'5¶V�(QYLURQPHQWDO�0HGLD�(YDOXDWLRQ�*XLGH��FKLOG��
,0�(0(*���$76'5¶V�,QWHUPHGLDWH�(QYLURQPHQWDO�0HGLD�(YDOXDWLRQ�*XLGH��FKLOG��
-���GDWD�TXDOLILHU��7KH�DVVRFLDWHG�QXPHULFDO�UHVXOW�LV�DQ�HVWLPDWH�
-3���GDWD�TXDOLILHU��7KH�DVVRFLDWHG�QXPHULFDO�UHVXOW�LV�DQ�HVWLPDWH��FRQILUPDWLRQ�FULWHULD�ZDV�H[FHHGHG�
3���GDWD�TXDOLILHU��7KH�FRQILUPDWLRQ�FULWHULD�ZDV�H[FHHGHG�
$���(3$��KXPDQ�FDUFLQRJHQ��
%����(3$��3UREDEOH�KXPDQ�FDUFLQRJHQ��OLPLWHG�KXPDQ��VXIILFLHQW�DQLPDO�VWXGLHV��
%����(3$��3UREDEOH�KXPDQ�FDUFLQRJHQ��LQDGHTXDWH�KXPDQ��VXIILFLHQW�DQLPDO�VWXGLHV��
&���(3$��3RVVLEOH�KXPDQ�FDUFLQRJHQ��QR�KXPDQ��OLPLWHG�DQLPDO�VWXGLHV��
'���(3$��1RW�FODVVLILDEOH�DV�WR�KHDOWK�FDUFLQRJHQLFLW\�
5HJLRQ���±�(3$��3UHOLPLQDU\�5HPHGLDWLRQ�*RDOV�
† 0D[LPXP�VXUIDFH�VHGLPHQW�
†† $VVXPH�KH[DYDOHQW�FKURPLXP�

�)OXRUDQWKHQH�50(*�YDOXH�ZDV�XVHG�DV�D�VXUURJDWH��

�
�%HQ]R�D�S\UHQH�&5(*�YDOXH�ZDV�XVHG�DV�D�VXUURJDWH��

�
�
�����''7�,0�(0(*�YDOXH�ZDV�XVHG�DV�D�VXUURJDWH�

�
�

�(QGRVXOIDQ�,�(0(*�YDOXH�ZDV�XVHG�DV�D�VXUURJDWH�

�
�


�(QGULQ�(0(*�YDOXH�ZDV�XVHG�DV�D�VXUURJDWH�

�
�



�$URFRORU������(0(*�YDOXH�ZDV�XVHG�DV�D�VXUURJDWH�
7RWDO�'LR[LQ�7(4�±�VXP�RI�GLR[LQ�IXUDQV�WR[LF�HTXLYDOHQW��7(4��
7RWDO�F3$+�7(4�±�VXP�RI�DOO�FDUFLQRJHQLF�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV��F3$+��WR[LF�HTXLYDOHQW��7(4���DOO�F3$+V�LQ�&2&�DUH�DGGHG�
XVLQJ�WKH�7(4�DSSURDFK�WR�REWDLQ�7RWDO�F3$+�7(4��
330�±�SDUWV�SHU�PLOOLRQ�
BOLD YDOXHV�H[FHHG�FRPSDULVRQ�YDOXHV�
�
�
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Table 2��0D[LPXP�FRQFHQWUDWLRQ�RI�FRQWDPLQDQWV�GHWHFWHG�LQ�ILVK�DQG�VKHOOILVK�VDPSOHG�DW�
)LGDOJR�%D\�LQ�$QDFRUWHV��:DVKLQJWRQ��
�
Chemicals Contaminant maximum concentration (ppm) Comparison 

Valuea 
(ppm) 

EPA 
Cancer 
Class Horse 

Clams 
Manila 
Clams 

Bent 
nose 

Clams

Macoma 
Clams 

Starry 
Flounder

English 
Sole 

$UVHQLF�WRWDO� 2.82 3.14 3.84 Q�D� 1.35 3.1 ������ $�
&DGPLXP�� ����� ����� ����� Q�D� ������ ����� ���� %��

LQKDODWLRQ
&KURPLXP� 2.23 5.94 5.91 Q�D� ����� ����� ����� '�
&RSSHU� ����� ����� 86.34 Q�D� ����� ����� ����� '�
/HDG� 1.26 2.13 6.71 Q�D� 1.27 1.63 Q�D� %��
0HUFXU\� ������ ����� ����� Q�D� 0.071 ������� ������ '�
1LFNHO� ����� ����� ����� Q�D� ����� ����� ���� �
6LOYHU� ����� ����� ����� Q�D� ������� ������� ����� '�
=LQF� ������ ������ ������ Q�D� ������ ����� ������ '�
7RWDO�'LR[LQ�
7(4�

7.0E-8 1.2E-7 7.6E-7 6.9E-7 1.75E-7 1.68E-7 ����(��� �

�
$���(3$��+XPDQ�FDUFLQRJHQ��
%����(3$��3UREDEOH�KXPDQ�FDUFLQRJHQ��OLPLWHG�KXPDQ��VXIILFLHQW�DQLPDO�VWXGLHV��
%����(3$��3UREDEOH�KXPDQ�FDUFLQRJHQ��LQDGHTXDWH�KXPDQ��VXIILFLHQW�DQLPDO�VWXGLHV��
'���(3$��1RW�FODVVLILDEOH�DV�WR�KHDOWK�FDUFLQRJHQLFLW\�
7RWDO�'LR[LQ�7(4�±�VXP�RI�GLR[LQ�IXUDQV�WR[LF�HTXLYDOHQW��7(4��
D� �&RPSDULVRQ�YDOXHV�IRU�FRQWDPLQDQWV�LQ�ILVK�ZHUH�REWDLQHG�IURP�(3$�*XLGDQFH�IRU�$VVHVVLQJ�&KHPLFDO�&RQWDPLQDQW�'DWD��VXEVLVWHQFH�
ILVKHUV��>��@�
Q�D�±�QRW�DYDLODEOH�
330�±�SDUWV�SHU�PLOOLRQ�
BOLD YDOXHV�H[FHHG�FRPSDULVRQ�YDOXHV�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
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�
Table 3��0D[LPXP�FRQFHQWUDWLRQ�RI�FRQWDPLQDQWV�GHWHFWHG�LQ�5HG�5RFN�DQG�'XQJHQHVV�FUDE�
VDPSOHG�DW�)LGDOJR�%D\�LQ�$QDFRUWHV��:DVKLQJWRQ��
�
Chemicals Contaminant maximum concentration (ppm) Comparison 

Valuea 
(ppm) 

EPA 
Cancer 
Class Red Rock Crab  Dungeness Crab 

Tissue Other* Hepato - 
pancreas

Tissue Other* Hepato - 
pancreas

$UVHQLF�WRWDO� 5.95 4.69 7.31 10.47 6.81 6.54 ������ $�
&DGPLXP�� 1.36 6.47 33.13 ����� ����� ����� ���� %��

LQKDODWLRQ
&KURPLXP� ����� ����� ����� ������ ����� ������ ����� '�
&RSSHU� ������ 26.43 68.52 ������ 31.12 34.20 ����� '�
/HDG� 1.19 1.59 1.73 1.28 1.45 1.25 Q�D� %��
0HUFXU\� 0.058 ������ 0.060 0.088 0.051 ������ ������ '�
1LFNHO� ����� ����� ����� ����� ����� ����� ���� �
6LOYHU� ����� ����� ����� ����� ����� ����� ����� '�
=LQF� ������ ������ ������ ������ ������ ������ ������ '�
7RWDO�'LR[LQ�
7(4�

1.8E-7 1.53E-6 6.57E-6 1.44E-7 5.82E-6 1.05E-5 ����(��� �

�
$���(3$��+XPDQ�FDUFLQRJHQ��
%����(3$��3UREDEOH�KXPDQ�FDUFLQRJHQ��OLPLWHG�KXPDQ��VXIILFLHQW�DQLPDO�VWXGLHV��
%����(3$��3UREDEOH�KXPDQ�FDUFLQRJHQ��LQDGHTXDWH�KXPDQ��VXIILFLHQW�DQLPDO�VWXGLHV��
'���(3$��1RW�FODVVLILDEOH�DV�WR�KHDOWK�FDUFLQRJHQLFLW\�

�2WKHU�VRIW�WLVVXH��YLVFHUD��
7RWDO�'LR[LQ�7(4�±�VXP�RI�GLR[LQ�IXUDQV�WR[LF�HTXLYDOHQW��7(4��
D� �&RPSDULVRQ�YDOXHV�IRU�FRQWDPLQDQWV�LQ�ILVK�ZHUH�REWDLQHG�IURP�(3$�*XLGDQFH�IRU�$VVHVVLQJ�&KHPLFDO�&RQWDPLQDQW�'DWD��VXEVLVWHQFH�
ILVKHUV��>��@�
Q�D�±�QRW�DYDLODEOH�
330�±�SDUWV�SHU�PLOOLRQ�
BOLD YDOXHV�H[FHHG�FRPSDULVRQ�YDOXHV�
�
�
Exposure Pathways 
,Q�RUGHU�IRU�DQ\�FRQWDPLQDQW�WR�EH�D�KHDOWK�FRQFHUQ��WKH�FRQWDPLQDQW�PXVW�EH�SUHVHQW�DW�D�KLJK�
HQRXJK�FRQFHQWUDWLRQ�WR�FDXVH�SRWHQWLDO�KDUP�DQG�WKHUH�PXVW�EH�D�FRPSOHWHG�URXWH�RI�H[SRVXUH�WR�
SHRSOH���
�
+XPDQ�XVH�SDWWHUQV�DQG�VLWH�VSHFLILF�FRQGLWLRQV�ZHUH�FRQVLGHUHG�LQ�WKH�HYDOXDWLRQ�RI�H[SRVXUH�WR�
OHDG�DQG�DUVHQLF���([SRVXUH�WR�FRQWDPLQDQWV�LQ�VHGLPHQW�FDQ�RFFXU�WKURXJK�WKH�IROORZLQJ�
SDWKZD\V�DQG�URXWHV��

 
Ingestion exposure (swallowing) 

 
0RVW�SHRSOH�LQDGYHUWHQWO\�VZDOORZ�VPDOO�DPRXQWV�RI�VHGLPHQWV��VRLO��DQG�GXVW��DQG�DQ\�
FRQWDPLQDQWV�WKH\�PLJKW�FRQWDLQ���<RXQJ�FKLOGUHQ�RIWHQ�SXW�KDQGV��WR\V��SDFLILHUV��DQG�RWKHU�
WKLQJV�LQ�WKHLU�PRXWKV�WKDW�PD\�KDYH�GLUW�RU�GXVW�RQ�WKHP�DQG�PD\�EH�VZDOORZHG��$GXOWV�PD\�
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LQJHVW�VHGLPHQWV��VRLO��DQG�GXVW�WKURXJK�DFWLYLWLHV�VXFK�DV�JDUGHQLQJ��PRZLQJ��FRQVWUXFWLRQ�ZRUN��
GXVWLQJ��DQG�LQ�WKLV�FDVH��UHFUHDWLRQDO�DFWLYLWLHV���
�
3LFD�EHKDYLRU�LV�D�SHUVLVWHQW�HDWLQJ�RI�QRQ�IRRG�VXEVWDQFHV��VXFK�DV�GLUW�RU�SDSHU���,Q�D�VPDOO�
SHUFHQWDJH�RI�FKLOGUHQ��SLFD�EHKDYLRU�KDV�EHHQ�IRXQG�WR�UHVXOW�LQ�WKH�LQJHVWLRQ�RI�UHODWLYHO\�ODUJH�
DPRXQWV�RI�VRLO��RQH�RU�PRUH�JUDPV�SHU�GD\���&RPSDUHG�WR�W\SLFDO�FKLOGUHQ��WKRVH�ZKR�VZDOORZ�
ODUJH�DPRXQWV�RI�FRQWDPLQDWHG�VRLO�PD\�KDYH�DGGHG�ULVNV�IURP�VKRUW�WHUP�H[SRVXUH��6RPH�DGXOWV�
PD\�DOVR�H[KLELW�SLFD�EHKDYLRU���
�

Inhalation exposure (breathing) 
�
$OWKRXJK�SHRSOH�FDQ�LQKDOH�VXVSHQGHG�VHGLPHQW��VRLO�RU�GXVW��DLUERUQH�VHGLPHQW�XVXDOO\�FRQVLVWV�
RI�UHODWLYHO\�ODUJH�SDUWLFOHV�WKDW�DUH�WUDSSHG�LQ�WKH�QRVH��PRXWK��DQG�WKURDW�DQG�DUH�WKHQ�
VZDOORZHG�UDWKHU�WKDQ�EUHDWKHG�LQWR�WKH�OXQJV���
�

Skin exposure (dermal)  
�
'LUW�SDUWLFOHV�WKDW�FDQ�DGKHUH�WR�WKH�VNLQ�PD\�FDXVH�DGGLWLRQDO�H[SRVXUH�WR�FRQWDPLQDQWV�WKURXJK�
GHUPDO�DEVRUSWLRQ��$OWKRXJK�KXPDQ�VNLQ�LV�DQ�HIIHFWLYH�EDUULHU�IRU�PDQ\�HQYLURQPHQWDO�
FRQWDPLQDQWV��VRPH�FKHPLFDOV�FDQ�PRYH�HDVLO\�WKURXJK�WKH�VNLQ���
�
7KH�IROORZLQJ�GLVFXVVLRQ�DGGUHVVHV�SRVVLEOH�FRPPXQLW\�EHKDYLRU�DQG�VLWH�VSHFLILF�FRQGLWLRQV�
WKDW�DUH�FRQVLGHUHG�LQ�WKH�HYDOXDWLRQ�RI�H[SRVXUH�WR�FDUFLQRJHQLF�SRO\F\FOLF�DURPDWLF�
K\GURFDUERQV��F3$+V��DV�D�FRQWDPLQDQW�RI�FRQFHUQ�LQ�VLWH�VHGLPHQWV�WKURXJK�WKH�IROORZLQJ�
SDWKZD\V�DQG�URXWHV��
�

x ,QDGYHUWHQW�VHGLPHQW�LQJHVWLRQ��GXVW�SDUWLFOH�LQKDODWLRQ��DQG�GHUPDO�DEVRUSWLRQ�RI�
FRQWDPLQDQWV�LQ�VHGLPHQW�GXULQJ�EHDFK�SOD\��

�
Beach Play Scenario 

$OWKRXJK�FRQWDFW�ZLWK�VHGLPHQWV�DW�EHDFKHV�PD\�EH�DQ�LQIUHTXHQW�RU�VHDVRQDO�H[SRVXUH�SDWKZD\��
WKHUH�LV�FRQFHUQ�EHFDXVH�DUHDV�DORQJ�)LGDOJR�%D\�KDYH�HOHYDWHG�OHYHOV�RI�FRQWDPLQDQWV��VHH�
7DEOH�����([SRVXUH�WR�FRQWDPLQDQWV�LQ�VHGLPHQW�FDQ�RFFXU�E\�VZDOORZLQJ��LQJHVWLRQ�H[SRVXUH���
EUHDWKLQJ��LQKDODWLRQ�H[SRVXUH���RU�JHWWLQJ�LW�RQ�VNLQ��GHUPDO�H[SRVXUH���'XULQJ�UHFUHDWLRQDO�
DFWLYLWLHV�DW�EHDFKHV��SHRSOH�DUH�OLNHO\�WR�EH�H[SRVHG�WR�DQ\�VHGLPHQW�FRQWDPLQDQWV��,Q�RUGHU�IRU�D�
FRQWDPLQDQW�WR�EH�D�KHDOWK�FRQFHUQ��WKH�FRQWDPLQDQW�PXVW�EH�SUHVHQW�DW�D�KLJK�HQRXJK�
FRQFHQWUDWLRQ�WR�FDXVH�SRWHQWLDO�KDUP��DQG�WKHUH�PXVW�EH�D�FRPSOHWHG�URXWH�RI�H[SRVXUH�WR�
SHRSOH��F3$+V�DUH�HYDOXDWHG�LQ�WKLV�GRFXPHQW�VLQFH�WKH\�H[FHHG�WKHLU�KHDOWK�FRPSDULVRQ�YDOXHV�
LQ�VHGLPHQWV��6HH�$SSHQGL[�$�IRU�WKH�HYDOXDWLRQ�RI�VHGLPHQWV���
�
�

Fish and Shellfish Ingestion Scenario 
)LGDOJR�%D\�IDOOV�XQGHU�WKH�3XJHW�6RXQG�5HFUHDWLRQDO�0DULQH�$UHD���)LVK�&RQVXPSWLRQ�
$GYLVRU\��ZKLFK�VWDWHV�QR�PRUH�WKDQ�RQH�PHDO�SHU�ZHHN�IRU�URFNILVK�DQG�&KLQRRN�VDOPRQ��DQG�
QR�PRUH�WKDQ�RQH�PHDO�SHU�PRQWK�IRU�UHVLGHQW��EODFNPRXWK��&KLQRRN�VDOPRQ��7KLV�DUHD�DOVR�IDOOV�
XQGHU�WKH�3XJHW�6RXQG�&UDE�$GYLVRU\��'2+�UHFRPPHQGV�RQO\�'XQJHQHVV�DQG�5HG�5RFN�FUDE�
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IURP�QRQ�XUEDQ�DUHDV�EH�FRQVXPHG�DQG�GR�QRW�HDW�WKH�³FUDE�EXWWHU´��KHSDWRSDQFUHDV��DQG�
YLVFHUD����
�
&RPSDULVRQ�YDOXHV�IRU�FRQWDPLQDQWV�LQ�ILVK�ZHUH�REWDLQHG�IURP�(3$¶V�*XLGDQFH�IRU�$VVHVVLQJ�
&KHPLFDO�&RQWDPLQDQW�'DWD��VXEVLVWHQFH�ILVKHUV��>�@��%RWWRP�ILVK��(QJOLVK�VROH�DQG�6WDUU\�
)ORXQGHU���VKHOOILVK��%HQW�1RVH��+RUVH��0DFRPD��DQG�0DQLOD�FODPV���DQG�FUDEV��'XQJHQHVV�DQG�
5HG�5RFN��ZHUH�FROOHFWHG�DQG�WLVVXH�ZDV�DQDO\]HG�IRU�FRQWDPLQDQWV�LQ�WKHVH�VDPSOHV��VHH�7DEOHV�
��DQG������
�
$V�PHQWLRQHG�DERYH��LQ�RUGHU�IRU�D�FRQWDPLQDQW�WR�EH�D�KHDOWK�FRQFHUQ��LW�PXVW�EH�SUHVHQW�DW�D�
KLJK�HQRXJK�FRQFHQWUDWLRQ�WR�FDXVH�SRWHQWLDO�KDUP�DQG�WKHUH�PXVW�EH�D�FRPSOHWHG�URXWH�RI�
H[SRVXUH�WR�SHRSOH���3HRSOH�PD\�DW�WLPHV�GLVUHJDUG�WKHVH�DGYLVRULHV��DQG�FRQVXPH�PRUH�ILVK�DQG�
FUDE�IURP�)LGDOJR�%D\��,Q�WKH�HYHQW�RI�WKLV�VFHQDULR��'2+�HYDOXDWHG�ERWWRP�ILVK��FODPV��DQG�FUDE�
FRQWDPLQDQW�H[SRVXUH�IRU�WKH�JHQHUDO�SRSXODWLRQ�DQG�IRU�WKH�6ZLQRPLVK�7ULEH�DQG�6DPLVK�,QGLDQ�
1DWLRQ��$VSHFWV�RI�(3$¶V�7ULEDO�)LVK�DQG�6KHOOILVK�FRQVXPSWLRQ�IUDPHZRUN�ZHUH�XVHG�WR�VHW�
UDWHV��6HH�$SSHQGL[�&��>�@��+RUVH�DQG�0DQLOD�FODPV�DUH�WDUJHWHG�VKHOOILVK�VSHFLHV�IRU�KXPDQ�
FRQVXPSWLRQ���%HQW�1RVH�DQG�0DFRPD�FODPV�DUH�QRW�XVXDOO\�WDUJHWHG�VKHOOILVK�VSHFLHV�IRU�KXPDQ�
FRQVXPSWLRQ����
 
$SSHQGL[�%�GHWDLOV�WKH�PHWKRGRORJ\�DQG�DVVXPSWLRQV�XVHG�E\�'2+�WR�HVWLPDWH�H[SRVXUH�IURP�
HDWLQJ�VHDIRRG�IURP�)LGDOJR�%D\��)RU�WKH�JHQHUDO�DGXOW�SRSXODWLRQ��DYHUDJH�LQJHVWLRQ�UDWHV�RI�
�����J�GD\�UHSUHVHQW�WKH���WK�SHUFHQWLOH�SHU�FDSLWD�LQJHVWLRQ�UDWHV�IRU�SHRSOH�RI�DJH����RU�ROGHU�LQ�
WKH�8QLWHG�6WDWHV��LQFOXGLQJ�SHRSOH�WKDW�GR�DQG�GR�QRW�FRQVXPH�ILVK�>��@��6LQFH�WKHUH�ZDV�RQO\�
GDWD�IRU�ERWWRP�ILVK��LW�ZDV�DVVXPHG�WKDW�ERWWRP�ILVK�ZDV�FRQVXPHG�VLPLODUO\�WR�WKH�WULEDO�UDWH�RI�
DERXW�IRXU�SHUFHQW�RI�WKH�WRWDO�LQWDNH�RI�VHDIRRG���)RU�WKH�JHQHUDO�DGXOW�SRSXODWLRQ��DQ�DYHUDJH�
VKHOOILVK�FRQVXPSWLRQ�UDWH�RI�����J�GD\�ZDV�XVHG�WR�FDOFXODWH�H[SRVXUH�GRVHV���)RU�WKH�JHQHUDO�
FKLOG�SRSXODWLRQ��DQ�DYHUDJH�ILVK�FRQVXPSWLRQ�UDWH�RI������J�GD\�EDVHG�RQ�ERWWRP�ILVK�GDWD�RQO\�
ZDV�XVHG��7KH�DYHUDJH�VKHOOILVK�FRQVXPSWLRQ�UDWH�RI������J�GD\�ZDV�XVHG�WR�FDOFXODWH�H[SRVXUH�
GRVHV��6HH�$SSHQGL[�%��7DEOH�%�����
� �
7KH�WULEDO�FRQVXPHU�VFHQDULR�ZDV�EDVHG�RQ�WKH�(3$�7ULEDO�IUDPHZRUN�IRU�ILVK�DQG�VKHOOILVK�
FRQVXPSWLRQ�UDWHV�IRU�ULVN�EDVHG�GHFLVLRQV��6HH�$SSHQGL[�&��>��@���7KH�SHUFHQW�RI�WKHLU�
FRQVXPSWLRQ�UDWH�ZDV�UHSUHVHQWHG�E\�WKH�FDWHJRU\�RI�VHDIRRG�IRU�ERWK�WKH�7XODOLS�DQG�WKH�
6XTXDPLVK�7ULEHV�>���������@��
�
�
Benefits of Fish Consumption 
,W�LV�LPSRUWDQW�WR�FRQVLGHU�WKH�EHQHILWV�RI�HDWLQJ�ILVK��)LVK�DUH�DQ�H[FHOOHQW�VRXUFH�RI�SURWHLQ�DQG�
DUH�DVVRFLDWHG�ZLWK�UHGXFHG�ULVN�RI�FRURQDU\�KHDUW�GLVHDVH���7KH�KHDOWK�EHQHILWV�RI�HDWLQJ�ILVK�
KDYH�DOVR�EHHQ�DVVRFLDWHG�ZLWK�ORZ�OHYHOV�RI�VDWXUDWHG�YHUVXV�XQVDWXUDWHG�IDWV���6DWXUDWHG�IDWV�DUH�
OLQNHG�ZLWK�LQFUHDVHG�FKROHVWHURO�OHYHOV�DQG�ULVN�RI�KHDUW�GLVHDVH�ZKLOH�XQVDWXUDWHG�IDWV��H�J���
RPHJD���SRO\XQVDWXUDWHG�IDWW\�DFLG��DUH�DQ�HVVHQWLDO�QXWULHQW���)LVK�DOVR�SURYLGH�D�JRRG�VRXUFH�RI�
VRPH�YLWDPLQV�DQG�PLQHUDOV�>������@���7KH�$PHULFDQ�+HDUW�$VVRFLDWLRQ�UHFRPPHQGV�WZR�
VHUYLQJV�RI�ILVK�SHU�ZHHN�DV�SDUW�RI�D�KHDOWK\�GLHW�>��@��
�
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7KH�KHDOWK�EHQHILWV�RI�HDWLQJ�ILVK�GHVHUYH�SDUWLFXODU�FRQVLGHUDWLRQ�ZKHQ�RQH�LV�GHDOLQJ�ZLWK�
VXEVLVWHQFH�FRQVXPLQJ�SRSXODWLRQV���5HPRYDO�RI�ILVK�IURP�WKH�GLHW�RI�VXEVLVWHQFH�FRQVXPHUV�FDQ�
KDYH�VHULRXV�KHDOWK��VRFLDO��DQG�HFRQRPLF�FRQVHTXHQFHV�WKDW�PXVW�EH�FRQVLGHUHG�LQ�LVVXLQJ�ILVK�
DGYLVRULHV���&RQVXPSWLRQ�DGYLVRULHV�IRU�VXEVLVWHQFH�FRQVXPHUV�FRXOG�WKHUHIRUH��VLJQLILFDQWO\�
LPSDFW�GLHW���$Q\�DGYLFH�JLYHQ�WR�ILVK�FRQVXPHUV�WR�UHGXFH�WKH�DPRXQW�RI�ILVK�WKH\�HDW�EDVHG�RQ�
FKHPLFDO�FRQWDPLQDWLRQ�VKRXOG�DWWHPSW�WR�EDODQFH�WKH�KHDOWK�EHQHILWV�ZLWK�WKH�KHDOWK�ULVNV��
,Q�JHQHUDO��SHRSOH�VKRXOG�HDW�ILVK�ORZ�LQ�FRQWDPLQDQWV�DQG�KLJK�LQ�RPHJD���IDWW\�DFLG���)LVK�
FRQVXPSWLRQ�DGYLFH�VKRXOG�DOVR�WDNH�LQWR�DFFRXQW�WKDW�HDWLQJ�DOWHUQDWLYH�VRXUFHV�RI�SURWHLQ�DOVR�
KDV�ULVNV���)RU�LQVWDQFH��LQFUHDVLQJ�WKH�FRQVXPSWLRQ�UDWH�RI�EHHI�RU�SRUN�DW�WKH�H[SHQVH�RI�HDWLQJ�
ILVK�FDQ�LQFUHDVH�WKH�ULVN�RI�KHDUW�GLVHDVH���,Q�DGGLWLRQ��VRPH�FRQWDPLQDQWV�WKDW�DUH�FRPPRQ�LQ�
ILVK��VXFK�DV�GLR[LQ��PLJKW�DOVR�EH�SUHVHQW�LQ�RWKHU�PHDWV��
�
7KH�OHYHO�RI�FRQWDPLQDQW�H[SRVXUH�IURP�ILVK�FRQVXPSWLRQ�YDULHV�ZLWK�WKH�VSHFLHV�RI�ILVK��ZKROH�
ILVK�RU�ILOOHW��FRQVXPSWLRQ�UDWH��DQG�SUHSDUDWLRQ�DQG�FRRNLQJ�SURFHVV���([SRVXUH�WR�FRQWDPLQDQWV�
LQ�ILVK�FDQ�EH�VLJQLILFDQWO\�UHGXFHG�WKURXJK�VLPSOH�SUHSDUDWLRQ�PHDVXUHV���6LPSO\�UHPRYLQJ�WKH�
VNLQ�RI�WKH�ILVK�FDQ�UHGXFH�3&%�H[SRVXUH�>��@���&RRNLQJ�ILVK�XVLQJ�ILOOHWV�LQVWHDG�RI�ZKROH�ILVK�
FDQ�UHGXFH�3&%�OHYHOV�E\�PRUH�WKDQ������,Q�VRPH�FDVHV��3&%V�ZHUH�UHPRYHG�XS�WR�����
WKURXJK�FRRNLQJ�>������@��
�
�
Chemical Specific Toxicity 
7KH�IROORZLQJ�VHFWLRQV�DUH�JHQHUDO�VXPPDULHV�RI�&2&�KHDOWK�HIIHFWV���7KH�SXEOLF�KHDOWK�
LPSOLFDWLRQV�RI�H[SRVXUH�WR�WKHVH�&2&V�IURP�VHGLPHQWV�DQG�WLVVXHV�DUH�GLVFXVVHG�ODWHU��&RSSHU�
ZLOO�QRW�EH�HYDOXDWHG��VLQFH�%HQW�1RVH�FODPV�DUH�QRW�XVXDOO\�WDUJHWHG�VKHOOILVK�VSHFLHV�IRU�KXPDQ�
FRQVXPSWLRQ��,Q�DGGLWLRQ��'2+�UHFRPPHQGV�RQO\�'XQJHQHVV�DQG�5HG�5RFN�FUDE�IURP�QRQ�
XUEDQ�DUHDV�EH�FRQVXPHG�DQG�GR�QRW�HDW�WKH�³FUDE�EXWWHU´��KHSDWRSDQFUHDV��DQG�YLVFHUD���
�
Arsenic 
$UVHQLF�LV�D�QDWXUDOO\�RFFXUULQJ�HOHPHQW�LQ�WKH�HDUWK
V�VRLO���,Q�:DVKLQJWRQ��QRUPDO�VRLO�
EDFNJURXQG�FRQFHQWUDWLRQV�UDUHO\�H[FHHG����SSP�>��@���+RZHYHU��WKH�ZLGHVSUHDG�XVH�RI�DUVHQLF�
FRQWDLQLQJ�SHVWLFLGHV�DQG�WKH�HPLVVLRQV�IURP�VPHOWHUV�KDV�UHVXOWHG�LQ�VLJQLILFDQWO\�KLJKHU�OHYHOV�
RI�DUVHQLF�RQ�PDQ\�SURSHUWLHV�LQ�WKH�VWDWH���7KHUH�DUH�WZR�IRUPV�RI�DUVHQLF���RUJDQLF�DQG�
LQRUJDQLF���7KH�(3$�HVWDEOLVKHG�UHIHUHQFH�GRVH��5I'��IRU�DUVHQLF�LV��������PJ�NJ�GD\�EDVHG�RQ�
VNLQ�FRORU�FKDQJHV�DQG�H[FHVVLYH�JURZWK�RI�WLVVXH��KXPDQ�GDWD��>��@���(3$�FODVVLILHV�WKH�
LQRUJDQLF�IRUP�RI�DUVHQLF�DV�D�KXPDQ�FDUFLQRJHQ���'2+�ZLOO�QRW�EH�XVLQJ�WKH�VORSH�IDFWRU�RI�����
SHU�PJ�NJ�GD\�GXH�WR�WKH�DUVHQLF�ZHLJKW�RI�HYLGHQFH�DSSURDFK���7KH�UHFHQW�(3$�,5,6�UHYLHZ�
GUDIW�IRU�WKH�6FLHQFH�$GYLVRU\�%RDUG�SUHVHQWHG�D�VORSH�IDFWRU�IRU�FRPELQHG�OXQJ�DQG�EODGGHU�
FDQFHU�RI�����SHU�PJ�NJ�GD\�>��@���7KH�VORSH�IDFWRU�FDOFXODWHG�IURP�WKH�ZRUN�E\�WKH�1DWLRQDO�
5HVHDUFK�&RXQFLO�LV�DERXW����SHU�PJ�NJ�GD\�>��@���7KHVH�VORSH�IDFWRUV�FRXOG�EH�KLJKHU�LI�WKH�
FRPELQHG�ULVN�IRU�DOO�DUVHQLF�DVVRFLDWHG�FDQFHUV��EODGGHU��OXQJ��VNLQ��NLGQH\��OLYHU��HWF���ZHUH�
HYDOXDWHG���)RU�WKLV�RU�DQ\�RWKHU�KHDOWK�FRQVXOWDWLRQ��'2+�ZLOO�XVH�D�VORSH�IDFWRU�RI�����SHU�
PJ�NJ�GD\��ZKLFK�DSSHDUV�WR�UHIOHFW�(3$
V�5HYLHZ�'5$)7�DVVHVVPHQW��
�
,QRUJDQLF�DUVHQLF�LV�PXFK�PRUH�KDUPIXO�WKDQ�RUJDQLF�DUVHQLF��WKHUHIRUH��'2+�EDVHG�KHDOWK�
HYDOXDWLRQV�RQ�WKH�OHYHOV�RI�LQRUJDQLF�DUVHQLF�SUHVHQW�LQ�ILVK�VDPSOHV���*HQHUDOO\��LQRUJDQLF�
DUVHQLF�LQ�ILVK�DQG�VKHOOILVK�UDQJHG�IURP�DERXW�������RI�WRWDO�DUVHQLF�>��������������@���7KH�8�6��
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)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ��)'$��SURSRVHG�����RI�WRWDO�DUVHQLF�HVWLPDWHG�DV�LQRUJDQLF�
DUVHQLF�>��@���(FRORJ\¶V�HYDOXDWLRQ�RI�VKHOOILVK�LQ�3XJHW�6RXQG�LQGLFDWHG�WKDW�OHVV�WKDQ����RI�
WRWDO�DUVHQLF�IRXQG�ZDV�LQ�WKH�LQRUJDQLF�IRUP�RI�DUVHQLF�>��@��)RU�WKLV�KHDOWK�FRQVXOWDWLRQ��'2+�
DVVXPHG�WKDW����RI�WKH�WRWDO�DUVHQLF�GHWHFWHG�ZDV�LQRUJDQLF�DUVHQLF���7KHUHIRUH�����RI�WKH�
FRQFHQWUDWLRQ�ZDV�XVHG�WR�FDOFXODWH�WKH�HVWLPDWHG�GRVH�IURP�H[SRVXUH�WR�LQRUJDQLF�DUVHQLF�LQ�
VKHOOILVK��6LPLODUO\��(FRORJ\¶V�HYDOXDWLRQ�RI�(QJOLVK�6ROH�ILVK�LQ�3XJHW�6RXQG�LQGLFDWHG�WKDW�OHVV�
WKDQ����RI�WKH�WRWDO�DUVHQLF�IRXQG�ZDV�LQ�WKH�LQRUJDQLF�IRUP�RI�DUVHQLF�>��@���+RZHYHU��VLQFH�
WKHUH�ZDV�QR�LQRUJDQLF�DUVHQLF�GDWD�IRU�6WDUU\�)ORXQGHU��'2+�DVVXPHG�WKDW�����RI�WKH�WRWDO�
DUVHQLF�GHWHFWHG�LQ�ERWWRP�ILVK�ZDV�LQRUJDQLF�DUVHQLF��VHH�8QFHUWDLQW\�VHFWLRQ����
�
&RQVXPLQJ�VHDIRRG�IURP�)LGDOJR�%D\�FRXOG�UHVXOW�LQ�DQ�H[SRVXUH�GRVH�RI������î������PJ�NJ�GD\�
�VHH�$SSHQGL[�%��7DEOH�%���IRU�WKH�JHQHUDO�SXEOLF��6LPLODUO\��FRQVXPLQJ�VHDIRRG�IURP�)LGDOJR�
%D\�FRXOG�UHVXOW�LQ�H[SRVXUH�GRVHV�UDQJLQJ�IURP������î������WR������î������PJ�NJ�GD\��VHH�
$SSHQGL[�&��7DEOH�&��DQG�7DEOH�&���IRU�D�WULEDO�SRSXODWLRQ��+HDOWK�HIIHFWV�RI�VNLQ�FDQFHU��
FKDQJHV�LQ�WKH�VNLQ��YDVFXODU�GLVHDVH��DQG�OLYHU�HQODUJHPHQW�RFFXUUHG�LQ�KXPDQV�FKURQLFDOO\�
H[SRVHG�WR�����î������PJ�NJ�GD\�RI�DUVHQLF�LQ�GULQNLQJ�ZDWHU�>��@��7KHUHIRUH��'2+�GRHV�QRW�
H[SHFW�WKDW�H[SRVXUHV�WR�DUVHQLF�LQ�ILVK��VKHOOILVK��DQG�FUDEV�ZLOO�FDXVH�KDUPIXO�QRQ�FDQFHU�KHDOWK�
HIIHFWV�IRU�WKH�JHQHUDO�SRSXODWLRQ��7KH�WULEDO�H[SRVXUH�VFHQDULR�UHVXOWHG�LQ�GRVHV�WKDW�DUH�VOLJKWO\�
DERYH�WKH�5I'��,Q�DGGLWLRQ��WKHUH�LV�WKH�DVVXPSWLRQ�WKDW�DOO�WKH�VHDIRRG�FRQVXPHG�E\�WKH�WULEDO�
PHPEHUV�LV�IURP�)LGDOJR�%D\�RQO\��+RZHYHU��'2+�GRHV�QRW�H[SHFW�WKDW�H[SRVXUHV�WR�DUVHQLF�LQ�
ILVK��VKHOOILVK��DQG�FUDEV�ZLOO�FDXVH�KDUPIXO�QRQ�FDQFHU�KHDOWK�HIIHFWV�IRU�WULEDO�FRQVXPSWLRQ�
SRSXODWLRQ���
�
Cadmium 
&DGPLXP�LV�D�QDWXUDOO\�RFFXUULQJ�HOHPHQW�LQ�WKH�HDUWK
V�FUXVW���&DGPLXP�LV�XVHG�PDLQO\�LQ�
EDWWHULHV��SLJPHQWV��PHWDO�FRDWLQJV��DQG�PHWDO�DOOR\V���&DGPLXP�LV�IRXQG�LQ�PRVW�IRRGV�DW�ORZ�
OHYHOV�ZLWK�WKH�ORZHVW�OHYHOV�IRXQG�LQ�IUXLWV�DQG�WKH�KLJKHVW�IRXQG�LQ�OHDI\�YHJHWDEOHV�DQG�
SRWDWRHV���6KHOOILVK�KDYH�KLJKHU�FDGPLXP�OHYHOV��XS�WR���SSP��WKDQ�RWKHU�W\SHV�RI�ILVK�RU�PHDW��
&DGPLXP�LV�VWRUHG�LQ�WKH�OLYHU�DQG�NLGQH\V�DQG�VORZO\�OHDYHV�WKH�ERG\�LQ�WKH�XULQH�DQG�IHFHV�
>��@���+RZHYHU��KLJK�OHYHOV�RI�FDGPLXP�ZLOO�FDXVH�NLGQH\�GDPDJH�DQG�FDXVH�ERQHV�WR�EHFRPH�
IUDJLOH�DQG�EUHDN�HDVLO\���6WXGLHV�RI�ZRUNHUV�H[SRVHG�WR�DLUERUQH�FDGPLXP�DOVR�VXJJHVW�D�OLQN�
ZLWK�SURVWDWH�FDQFHU���7KH�DELOLW\�RI�FDGPLXP�WR�FDXVH�FDQFHU�YLD�WKH�RUDO�URXWH�LV�GLVSXWHG�E\�
PDQ\�VWXGLHV���7KH�5I'�IRU�FDGPLXP�WKDW�LV�LQJHVWHG�ZLWK�IRRG�LV�������PJ�NJ�GD\���
�
&RQVXPLQJ�VHDIRRG�IURP�)LGDOJR�%D\�FRXOG�UHVXOW�LQ�DQ�H[SRVXUH�GRVH�RI������î������PJ�NJ�GD\�
�VHH�$SSHQGL[�%��7DEOH�%���IRU�WKH�JHQHUDO�SXEOLF��6LPLODUO\��FRQVXPLQJ�VHDIRRG�IURP�)LGDOJR�
%D\�FRXOG�UHVXOW�LQ�H[SRVXUH�GRVHV�UDQJLQJ�IURP�����î������WR������î������PJ�NJ�GD\��VHH�
$SSHQGL[�&��7DEOH�&��DQG�7DEOH�&���IRU�D�WULEDO�SRSXODWLRQ��$�12$(/�RI�����î������PJ�NJ�GD\�
ZDV�HVWDEOLVKHG�IRU�H[SRVXUH�WR�FDGPLXP��7KHUHIRUH��'2+�GRHV�QRW�H[SHFW�WKDW�H[SRVXUHV�WR�
FDGPLXP�LQ�FUDEV�ZLOO�FDXVH�KDUPIXO�QRQ�FDQFHU�KHDOWK�HIIHFWV�IRU�WKH�JHQHUDO�SRSXODWLRQ��
+RZHYHU��'2+�GRHV�H[SHFW�WKDW�H[SRVXUHV�WR�FDGPLXP�LQ�FUDEV�ZLOO�FDXVH�KDUPIXO�QRQ�FDQFHU�
KHDOWK�HIIHFWV�IRU�WULEDO�FRQVXPSWLRQ�SRSXODWLRQ��
�
Chromium  
&KURPLXP�LV�D�QDWXUDOO\�RFFXUULQJ�HOHPHQW�LQ�WKH�HDUWK
V�VRLO���&KURPLXP�LV�IRXQG�LQ�WKUHH�PDLQ�
IRUPV��FKURPLXP����PHWDO���FKURPLXP�,,,��WULYDOHQW�FKURPLXP���DQG�FKURPLXP�9,��KH[DYDOHQW�
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FKURPLXP����&KURPLXP�PHWDO�LV�XVHG�IRU�PDNLQJ�VWHHO��&KURPLXP�,,,�LV�DQ�HVVHQWLDO�QXWULHQW�
UHTXLUHG�E\�WKH�ERG\���&KURPLXP�9,�LV�PRUH�HDVLO\�DEVRUEHG�DQG�KDUPIXO���,QJHVWLQJ�ODUJH�
DPRXQWV�RI�FKURPLXP�9,�FDQ�FDXVH�VWRPDFK�XOFHUV��NLGQH\�DQG�OLYHU�GDPDJH��DQG�HYHQ�GHDWK���
+RZHYHU��VRPH�LQJHVWHG�FKURPLXP�9,�LV�FRQYHUWHG�WR�FKURPLXP�,,,�DQG�PRVW�ZLOO�H[LW�WKH�ERG\�
LQ�IHFHV�ZLWKLQ�D�IHZ�GD\V�DQG�QHYHU�HQWHU�WKH�EORRGVWUHDP���2QO\�DERXW���SHUFHQW�RI�LQJHVWHG�
FKURPLXP�SDVVHV�WKURXJK�WKH�ZDOOV�RI�WKH�LQWHVWLQH�DQG�HQWHUV�WKH�EORRGVWUHDP�>����������@���7KH�
(3$�HVWDEOLVKHG�5I'�IRU�FKURPLXP�9,�LV�������PJ�NJ�GD\���7KH�FKURPLXP�HYDOXDWHG�KHUH�
UHSUHVHQWV�WRWDO�FKURPLXP�DV�RSSRVHG�WR�FKURPLXP�9,���'RVH�FDOFXODWLRQV��KRZHYHU��GR�QRW�
DWWHPSW�WR�IUDFWLRQDWH�WKH�FKURPLXP�FRQFHQWUDWLRQV���'2+�LV�EHLQJ�YHU\�FRQVHUYDWLYH�LQ�WKH�
HYDOXDWLRQ�RI�WRWDO�FKURPLXP�DQG�FRQVLGHUV�DOO�FKURPLXP�WR�EH�FKURPLXP�9,��
�
&RQVXPLQJ�VHDIRRG�IURP�)LGDOJR�%D\�FRXOG�UHVXOW�LQ�DQ�H[SRVXUH�GRVH�RI������î������PJ�NJ�GD\�
�VHH�$SSHQGL[�%��7DEOH�%���IRU�WKH�JHQHUDO�SXEOLF��6LPLODUO\��FRQVXPLQJ�VHDIRRG�IURP�)LGDOJR�
%D\�FRXOG�UHVXOW�LQ�H[SRVXUH�GRVHV�UDQJLQJ�IURP������î������WR������î������PJ�NJ�GD\��VHH�
$SSHQGL[�&��7DEOH�&��DQG�7DEOH�&���IRU�D�WULEDO�SRSXODWLRQ��$�12$(/�RI�����î�����PJ�NJ�GD\�
ZDV�HVWDEOLVKHG�IRU�H[SRVXUH�WR�FKURPLXP��9,���7KH�WULEDO�H[SRVXUH�VFHQDULR�UHVXOWHG�LQ�GRVHV�
WKDW�H[FHHG�WKH�5I'�EXW�IDOOV�EHORZ�WKH�DFWXDO�WR[LF�HIIHFW�OHYHOV��+RZHYHU��VLQFH�'2+�ZDV�YHU\�
FRQVHUYDWLYH�LQ�LWV�HYDOXDWLRQ�DQG�DVVXPHG�DOO�FKURPLXP�LQ�WKH�VHDIRRG�ZDV�FKURPLXP�,9�DQG�
����SHUFHQW�RI�WKH�FKURPLXP�ZDV�DEVRUEHG��,Q�DGGLWLRQ��WKHUH�LV�WKH�DVVXPSWLRQ�WKDW�DOO�WKH�
VHDIRRG�FRQVXPHG�E\�WKH�WULEDO�PHPEHUV�LV�IURP�)LGDOJR�%D\�RQO\��7KHUHIRUH��'2+�GRHV�QRW�
H[SHFW�WKDW�H[SRVXUHV�WR�FKURPLXP�LQ�FUDEV�ZLOO�FDXVH�KDUPIXO�QRQ�FDQFHU�KHDOWK�HIIHFWV�IRU�WKH�
JHQHUDO�SRSXODWLRQ�DQG�WULEDO�FRQVXPSWLRQ�SRSXODWLRQ���
��
Dioxins and furans  
�
Dioxins, Furans and cPAHs TEQ concentrations 
�
$OWKRXJK�VHYHUDO�GLR[LQ�DQG�IXUDQ�FRQJHQHUV�ZHUH�DQDO\]HG�LQ�WLVVXH��RQO\�D�VLQJOH�YDOXH�FDOOHG�D�
GLR[LQ�WR[LF�HTXLYDOHQW��7(4��LV�SUHVHQWHG�LQ�WKLV�KHDOWK�FRQVXOWDWLRQ��(DFK�GLR[LQ�IXUDQ�RU�
GLR[LQ�OLNH�3&%�FRQJHQHU�LV�PXOWLSOLHG�E\�D�7R[LF�(TXLYDOHQF\�)DFWRU��7()��WR�SURGXFH�WKH�
GLR[LQ�7(4���7KH�7(4V�IRU�HDFK�FKHPLFDO�DUH�WKHQ�VXPPHG�WR�JLYH�WKH�RYHUDOO���������
WHWUDFKORURGLEHQ]R�S�GLR[LQ�7(4���7KH�7(4�DSSURDFK�LV�EDVHG�RQ�WKH�SUHPLVH�WKDW�PDQ\�
GLR[LQV�IXUDQV�DQG�GLR[LQ�OLNH�3&%�FRQJHQHUV�DUH�VWUXFWXUDOO\�DQG�WR[LFRORJLFDOO\�VLPLODU�WR�
��������WHWUDFKORURGLEHQ]R�S�GLR[LQ���7()V�DUH�XVHG�WR�DFFRXQW�IRU�WKH�GLIIHUHQW�SRWHQF\�RI�
GLR[LQV�DQG�IXUDQV�UHODWLYH�WR���������WHWUDFKORURGLEHQ]R�S�GLR[LQ��DQG�DUH�DYDLODEOH�IRU�WHQ�
FKORULQDWHG�GLEHQ]RIXUDQV�DQG�VHYHQ�FKORULQDWHG�GLEHQ]RGLR[LQV�XVLQJ�WKH�:RUOG�+HDOWK�
2UJDQL]DWLRQ��:+2��PHWKRGRORJ\�>�@��$�VLPLODU�7(4�DSSURDFK�LV�GHYHORSHG�IRU�HDFK�F3$+�
EDVHG�RQ�WKH�UHODWLYH�SRWHQF\�WR�EHQ]R�D�S\UHQH���
�
'LR[LQV�DQG�IXUDQV��GLR[LQV��FRQVLVW�RI�DERXW�����VWUXFWXUDO�YDULDWLRQV�RI�GLR[LQ�FRQJHQHUV��
ZKLFK�GLIIHU�E\�WKH�QXPEHU�DQG�ORFDWLRQ�RI�FKORULQH�DWRPV�RQ�WKH�FKHPLFDO�VWUXFWXUH���7KH�
SULPDU\�VRXUFHV�RI�GLR[LQ�UHOHDVHV�WR�WKH�HQYLURQPHQW�DUH�WKH�FRPEXVWLRQ�RI�IRVVLO�IXHOV�DQG�
ZRRG��WKH�LQFLQHUDWLRQ�RI�PXQLFLSDO��PHGLFDO�DQG�KD]DUGRXV�ZDVWH��DQG�FHUWDLQ�SXOS�DQG�SDSHU�
SURFHVVHV���'LR[LQV�DOVR�RFFXU�DW�YHU\�ORZ�OHYHOV�IURP�QDWXUDOO\�RFFXUULQJ�VRXUFHV�DQG�FDQ�EH�
IRXQG�LQ�IRRG��ZDWHU��DLU��DQG�FLJDUHWWH�VPRNH���
�



HC-Fidalgo Bay 

  
�

20 

7KH�PRVW�WR[LF�RI�WKH�GLR[LQ�FRQJHQHUV����������WHWUDFKORURGLEHQ]R�S�GLR[LQ��7&''��FDQ�FDXVH�
FKORUDFQH��D�FRQGLWLRQ�RI�DFQH�OLNH�OHVLRQV�RQ�WKH�IDFH�DQG�QHFN����([SRVXUH�WR�KLJK�OHYHOV�RI�
GLR[LQV�FDQ�FDXVH�OLYHU�GDPDJH��GHYHORSPHQWDO�HIIHFWV��DQG�LPSDLUHG�LPPXQH�IXQFWLRQ�>��@���
/RQJ�WHUP�H[SRVXUH�WR�GLR[LQV�FRXOG�LQFUHDVH�WKH�OLNHOLKRRG�RI�GHYHORSLQJ�FDQFHU���6WXGLHV�LQ�
UDWV�DQG�PLFH�H[SRVHG�WR�7&''�UHVXOWHG�LQ�WK\URLG�DQG�OLYHU�FDQFHU�>��@���(3$�FRQVLGHUV�7&''�
WR�EH�D�SUREDEOH�KXPDQ�FDUFLQRJHQ�DQG�GHYHORSHG�D�FDQFHU�VORSH�IDFWRU�RI����[���

��

PJ�NJ�GD\�
>������@���
�
&RQVXPLQJ�VHDIRRG�IURP�)LGDOJR�%D\�FRXOG�UHVXOW�LQ�DQ�H[SRVXUH�GRVH�RI������î�������
PJ�NJ�GD\��VHH�$SSHQGL[�%��7DEOH�%���IRU�WKH�JHQHUDO�SXEOLF���6LPLODUO\��FRQVXPLQJ�VHDIRRG�
IURP�)LGDOJR�%D\�FRXOG�UHVXOW�LQ�H[SRVXUH�GRVHV�UDQJLQJ�IURP������î�������WR������î�������
PJ�NJ�GD\��VHH�$SSHQGL[�&��7DEOH�&��DQG�7DEOH�&���IRU�D�WULEDO�SRSXODWLRQ���+HDOWK�HIIHFWV�RI�
DOWHUHG�VRFLDO�EHKDYLRU�KDYH�EHHQ�REVHUYHG�LQ�PRQNH\V�H[SRVHG�WR�����î������PJ�NJ�GD\�RI�
GLR[LQ�>��@���7KH�WULEDO�H[SRVXUH�VFHQDULR�UHVXOWHG�LQ�GRVHV�WKDW�DUH�EHORZ�WKH�05/�RI��[���

��

PJ�NJ�GD\��7KHUHIRUH��'2+�GRHV�QRW�H[SHFW�WKDW�H[SRVXUHV�WR�GLR[LQ�LQ�ILVK��VKHOOILVK��DQG�FUDEV�
ZLOO�FDXVH�KDUPIXO�QRQ�FDQFHU�KHDOWK�HIIHFWV�IRU�WKH�JHQHUDO�SRSXODWLRQ��DQG�WULEDO�FRQVXPSWLRQ�
SRSXODWLRQ��
 
Lead – Occurrence, Health Concerns, and Risks 
/HDG�LV�D�QDWXUDOO\�RFFXUULQJ�FKHPLFDO�HOHPHQW�WKDW�LV�QRUPDOO\�IRXQG�LQ�VRLO���,Q�:DVKLQJWRQ��
QRUPDO�EDFNJURXQG�FRQFHQWUDWLRQV�UDUHO\�H[FHHG����SSP�>��@���+RZHYHU��WKH�ZLGHVSUHDG�XVH�RI�
FHUWDLQ�SURGXFWV��VXFK�DV�OHDGHG�JDVROLQH��OHDG�FRQWDLQLQJ�SHVWLFLGHV��DQG�OHDG�EDVHG�SDLQW��DQG�
WKH�HPLVVLRQV�IURP�FHUWDLQ�LQGXVWULDO�RSHUDWLRQV��VXFK�DV�VPHOWHUV��KDV�UHVXOWHG�LQ�VLJQLILFDQWO\�
KLJKHU�OHYHOV�RI�OHDG�LQ�PDQ\�DUHDV�RI�WKH�VWDWH���
�
(OLPLQDWLRQ�RI�OHDG�LQ�JDVROLQH�DQG�VROGHU�XVHG�LQ�IRRG�DQG�EHYHUDJH�FDQV�KDV�JUHDWO\�UHGXFHG�
H[SRVXUH�WR�OHDG���&XUUHQWO\��WKH�PDLQ�SDWKZD\V�RI�OHDG�H[SRVXUH�LQ�FKLOGUHQ�DUH�LQJHVWLRQ�RI�
SDLQW�FKLSV��FRQWDPLQDWHG�VRLO�DQG�KRXVH�GXVW��DQG�GULQNLQJ�ZDWHU�LQ�KRPHV�ZLWK�ROG�SOXPELQJ���
�
&KLOGUHQ�OHVV�WKDQ�VHYHQ�\HDUV�ROG�DUH�SDUWLFXODUO\�YXOQHUDEOH�WR�WKH�HIIHFWV�RI�OHDG���&RPSDUHG�WR�
ROGHU�FKLOGUHQ�DQG�DGXOWV��WKH\�WHQG�WR�LQJHVW�PRUH�GXVW�DQG�VRLO��DEVRUE�VLJQLILFDQWO\�PRUH�RI�WKH�
OHDG�WKH\�VZDOORZ��DQG�PRUH�RI�WKH�OHDG�WKH\�DEVRUE�FDQ�HQWHU�WKHLU�GHYHORSLQJ�EUDLQ��3UHJQDQW�
ZRPHQ�DQG�ZRPHQ�RI�FKLOGEHDULQJ�DJH�VKRXOG�DOVR�EH�DZDUH�RI�OHDG�LQ�WKHLU�HQYLURQPHQW�
EHFDXVH�OHDG�LQJHVWHG�E\�D�PRWKHU�FDQ�DIIHFW�WKH�XQERUQ�IHWXV���
�

Health effects 
�
([SRVXUH�WR�OHDG�FDQ�EH�PRQLWRUHG�E\�PHDVXULQJ�WKH�OHYHO�RI�OHDG�LQ�WKH�EORRG���,Q�JHQHUDO��EORRG�
OHDG�ULVHV�����PJ�GO�IRU�HYHU\�������SSP�LQFUHDVH�LQ�VRLO�RU�GXVW�FRQFHQWUDWLRQ�>��@���)RU�FKLOGUHQ��
WKH�&HQWHUV�IRU�'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ��&'&��KDV�GHILQHG�DQ�HOHYDWHG�EORRG�OHDG�OHYHO�
�%//��DV�JUHDWHU�WKDQ�RU�HTXDO�WR����PLFURJUDPV�RI�OHDG�SHU�GHFLOLWHU�RI�EORRG��PJ�GO��>��@���
+RZHYHU��WKHUH�LV�JURZLQJ�HYLGHQFH�WKDW�GDPDJH�WR�WKH�FHQWUDO�QHUYRXV�V\VWHP�UHVXOWLQJ�LQ�
OHDUQLQJ�SUREOHPV�FDQ�RFFXU�DW�EORRG�OHDG�OHYHOV�OHVV�WKDQ����PJ�GO��$ERXW�����SHUFHQW�RI�
FKLOGUHQ�LQ�WKH�8�6��KDYH�EORRG�OHDG�OHYHOV�JUHDWHU�WKDQ����PJ�GO���
�
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/HDG�SRLVRQLQJ�FDQ�DIIHFW�DOPRVW�HYHU\�V\VWHP�RI�WKH�ERG\�DQG�RIWHQ�RFFXUV�ZLWK�QR�REYLRXV�RU�
GLVWLQFWLYH�V\PSWRPV���'HSHQGLQJ�RQ�WKH�DPRXQW�RI�H[SRVXUH�D�FKLOG�KDV��OHDG�FDQ�FDXVH�
EHKDYLRU�DQG�OHDUQLQJ�SUREOHPV��FHQWUDO�QHUYRXV�V\VWHP�GDPDJH��NLGQH\�GDPDJH��UHGXFHG�
JURZWK��KHDULQJ�LPSDLUPHQW��DQG�DQHPLD�>��@���
�
,Q�DGXOWV��OHDG�FDQ�FDXVH�KHDOWK�SUREOHPV�VXFK�DV�KLJK�EORRG�SUHVVXUH��NLGQH\�GDPDJH��QHUYH�
GLVRUGHUV��PHPRU\�DQG�FRQFHQWUDWLRQ�SUREOHPV��GLIILFXOWLHV�GXULQJ�SUHJQDQF\��GLJHVWLYH�
SUREOHPV��DQG�SDLQ�LQ�WKH�PXVFOHV�DQG�MRLQWV�>��@���7KHVH�KDYH�XVXDOO\�EHHQ�DVVRFLDWHG�ZLWK�
EORRG�OHDG�OHYHOV�JUHDWHU�WKDQ����PJ�GO���
�
%HFDXVH�RI�FKHPLFDO�VLPLODULWLHV�WR�FDOFLXP��OHDG�FDQ�EH�VWRUHG�LQ�ERQH�IRU�PDQ\�\HDUV���(YHQ�
DIWHU�H[SRVXUH�WR�HQYLURQPHQWDO�OHDG�KDV�EHHQ�UHGXFHG��OHDG�VWRUHG�LQ�ERQH�FDQ�EH�UHOHDVHG�EDFN�
LQWR�WKH�EORRG�ZKHUH�LW�FDQ�KDYH�KDUPIXO�HIIHFWV���1RUPDOO\�WKLV�UHOHDVH�RFFXUV�UHODWLYHO\�VORZO\��
+RZHYHU��FHUWDLQ�FRQGLWLRQV��VXFK�DV�SUHJQDQF\��ODFWDWLRQ��PHQRSDXVH��DQG�K\SHUWK\URLGLVP�FDQ�
FDXVH�PRUH�UDSLG�UHOHDVH�RI�WKH�OHDG��ZKLFK�FRXOG�OHDG�WR�D�VLJQLILFDQW�ULVH�LQ�EORRG�OHDG�OHYHO�
>��@���
�
(3$¶V�WDUJHW�FOHDQXS�JRDO�LV�QR�PRUH�WKDQ����RI�WKH�FRPPXQLW\�ZLWK�%//V�DERYH�����J�G/��
&RQVXPLQJ�VHDIRRG�IURP�)LGDOJR�%D\�FRXOG�UHVXOW�LQ�WKH�HVWLPDWHG�%//�IRU�WKH�general�
SRSXODWLRQ������WR�����SHUFHQW�DERYH����ȝJ�G/�IRU�D�FKLOG��DQG�����WR�����SHUFHQW�DERYH����ȝJ�G/�
IRU�DQ�DGXOW�ZLWK�D���WK�SHUFHQWLOH�IHWXV�%//�UDQJH�RI�����WR�����ȝJ�G/��VHH�$SSHQGL[�'��7DEOHV�
'��DQG�'����&RQVXPSWLRQ�RI�VHDIRRG�DW�WULEDO�VFHQDULR�UDWHV�IURP�)LGDOJR�%D\�FRXOG�UHVXOW�LQ�WKH�
HVWLPDWHG�%//�������WR�������SHUFHQW�DERYH����ȝJ�G/�IRU�D�FKLOG��DQG�����WR������SHUFHQW�DERYH�
���ȝJ�G/�IRU�DQ�DGXOW�ZLWK�D���WK�SHUFHQWLOH�IHWXV�%//�UDQJH�RI�����WR������ȝJ�G/��VHH�$SSHQGL[�
'��7DEOHV�'���'���'��DQG�'������
 
Mercury 
0HUFXU\�H[LVWV�LQ�WKH�HQYLURQPHQW�LQ�WKUHH�IRUPV��HOHPHQWDO��LQRUJDQLF��DQG�RUJDQLF��
0HWK\OPHUFXU\�LV�WKH�IRUP�RI�RUJDQLF�PHUFXU\�UHODWHG�WR�H[SRVXUH�LQ�ILVK��0HWK\OPHUFXU\�LV�
IRUPHG�IURP�LQRUJDQLF�PHUFXU\�LQ�WKH�HQYLURQPHQW�E\�PLFURRUJDQLVPV�LQ�DTXDWLF�V\VWHPV���,Q�
WKH�DTXDWLF�IRRG�FKDLQ��PHWK\OPHUFXU\�ELRPDJQLILHV�DV�LW�LV�SDVVHG�IURP�ORZHU�WR�KLJKHU�WURSKLF�
OHYHOV�WKURXJK�FRQVXPSWLRQ�RI�SUH\�RUJDQLVPV���)LVK�DW�WKH�WRS�RI�WKH�IRRG�FKDLQ�FDQ�
ELRPDJQLI\�PHWKO\PHUFXU\��ZKLFK�UHSUHVHQWV�D�SRWHQWLDO�KHDOWK�FRQFHUQ�IRU�FRQVXPHUV�RI�ILVK���
�
,QJHVWHG�PHWKO\PHUFXU\�LV�UHDGLO\�DEVRUEHG�DQG�FRPSOH[HG�ZLWK�WKH�F\VWHLQH�DPLQR�DFLG�DQG�
FURVVHV�WKH�EORRG�EUDLQ�EDUULHU���,Q�0LQDPDWD�%D\��-DSDQ��PRWKHUV�ZKR�ZHUH�H[SRVHG�WR�KLJK�
DPRXQWV�RI�PHUFXU\�EXW�ZHUH�DV\PSWRPDWLF�JDYH�ELUWK�WR�VHYHUHO\�DIIHFWHG�LQIDQWV���2WKHU�
HSLGHPLRORJLF�VWXGLHV�KDYH�VKRZQ�GHYHORSPHQWDO�HIIHFWV�LQ�ERWK�DQLPDO�DQG�KXPDQ�VWXGLHV�DUH�
WKH�SULPDU\�FRQFHUQ�DERXW�PHWK\OPHUFXU\�H[SRVXUH���7KH�(3$�HVWDEOLVKHG�5I'�IRU�PHUFXU\�LV�
�������PJ�NJ�GD\���
�
0HUFXU\�HYDOXDWHG�KHUH�UHSUHVHQWV�WRWDO�PHUFXU\�DV�RSSRVHG�WR�PHWK\OPHUFXU\���'RVH�
FDOFXODWLRQV��KRZHYHU��GR�QRW�DWWHPSW�WR�IUDFWLRQDWH�WKH�PHUFXU\�FRQFHQWUDWLRQV�EHFDXVH�DOPRVW�
DOO�RI�WKH�WRWDO�PHUFXU\�IRXQG�LQ�ILVK�LV�PHWK\OPHUFXU\��
�
&RQVXPLQJ�VHDIRRG�IURP�)LGDOJR�%D\�FRXOG�UHVXOW�LQ�DQ�H[SRVXUH�GRVH�RI������î������PJ�NJ�GD\�
�VHH�$SSHQGL[�%��7DEOH�%���IRU�WKH�JHQHUDO�SXEOLF��6LPLODUO\��FRQVXPLQJ�VHDIRRG�IURP�)LGDOJR�
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%D\�FRXOG�UHVXOW�LQ�H[SRVXUH�GRVHV�UDQJLQJ�IURP������î������WR������î������PJ�NJ�GD\��VHH�
$SSHQGL[�&��7DEOH�&��DQG�7DEOH�&����IRU�D�WULEDO�SRSXODWLRQ��$76'5�KDV�GHULYHG�D�12$(/�RI�
����î������PJ�NJ�GD\�IRU�PHUFXU\��7KHUHIRUH��'2+�GRHV�QRW�H[SHFW�WKDW�H[SRVXUHV�WR�PHUFXU\�LQ�
ILVK�DQG�FUDEV�ZLOO�FDXVH�KDUPIXO�QRQ�FDQFHU�KHDOWK�HIIHFWV�IRU�WKH�JHQHUDO�SRSXODWLRQ��7KH�WULEDO�
H[SRVXUH�VFHQDULR�UHVXOWHG�LQ�GRVHV�WKDW�VOLJKWO\�H[FHHG�WKH�5I'�EXW�IDOOV�EHORZ�WKH�DFWXDO�WR[LF�
HIIHFW�OHYHOV��,Q�DGGLWLRQ��WKHUH�LV�WKH�DVVXPSWLRQ�WKDW�DOO�WKH�VHDIRRG�FRQVXPHG�E\�WKH�WULEDO�
PHPEHUV�LV�IURP�)LGDOJR�%D\�RQO\��7KHUHIRUH��'2+�GRHV�QRW�H[SHFW�WKDW�H[SRVXUHV�WR�PHUFXU\�
LQ�ILVK�DQG�FUDEV�ZLOO�FDXVH�KDUPIXO�QRQ�FDQFHU�KHDOWK�HIIHFWV�IRU�WULEDO�FRQVXPSWLRQ�SRSXODWLRQV��
�
Polycyclic Aromatic Hydrocarbons (PAHs) 
3RO\F\FOLF�DURPDWLF�K\GURFDUERQV��3$+V��DUH�JHQHUDWHG�E\�WKH�LQFRPSOHWH�FRPEXVWLRQ�RI�
RUJDQLF�PDWWHU�LQFOXGLQJ�RLO��ZRRG��DQG�FRDO��7KH\�DUH�IRXQG�LQ�PDWHULDOV�VXFK�DV�FUHRVRWH��FRDO��
FRDO�WDU��DQG�XVHG�PRWRU�RLO��%DVHG�RQ�VWUXFWXUDO�VLPLODULWLHV��PHWDEROLVP��DQG�WR[LFLW\��3$+V�DUH�
RIWHQ�JURXSHG�WRJHWKHU�ZKHQ�RQH�LV�HYDOXDWLQJ�WKHLU�SRWHQWLDO�IRU�DGYHUVH�KHDOWK�HIIHFWV��(3$�KDV�
FODVVLILHG�VRPH�3$+V�±�FDOOHG�F3$+V�±�DV�SUREDEOH�KXPDQ�FDUFLQRJHQV��&DQFHU�&ODVV�%���DV�D�
UHVXOW�RI�sufficient�HYLGHQFH�RI�FDUFLQRJHQLFLW\�LQ�DQLPDOV�DQG�inadequate�HYLGHQFH�LQ�KXPDQV�
>��@��
�
%HQ]R�D�S\UHQH�LV�WKH�RQO\�F3$+�IRU�ZKLFK�(3$�KDV�GHULYHG�D�FDQFHU�VORSH�IDFWRU��7KH�
EHQ]R�D�S\UHQH�FDQFHU�VORSH�IDFWRU�ZDV�XVHG�DV�D�VXUURJDWH�WR�HVWLPDWH�WKH�WRWDO�FDQFHU�ULVN�RI�
F3$+V�LQ�VHGLPHQW��,W�VKRXOG�EH�QRWHG��EHQ]R�D�S\UHQH�LV�FRQVLGHUHG�WKH�PRVW�FDUFLQRJHQLF�RI�
WKH�F3$+V��7KH�XVH�RI�LWV�FDQFHU�VORSH�IDFWRU�DV�D�VXUURJDWH�IRU�WRWDO�F3$+�FDUFLQRJHQLFLW\�PD\�
RYHUHVWLPDWH�ULVN��7R�DGGUHVV�WKLV�LVVXH��'2+�PDGH�DQ�DGMXVWPHQW�IRU�HDFK�F3$+�EDVHG�RQ�WKH�
UHODWLYH�SRWHQF\�WR�EHQ]R�D�S\UHQH�RU�7(4�>��@���
�
'LHWDU\�VRXUFHV�PDNH�XS�D�ODUJH�SHUFHQWDJH�RI�3$+�H[SRVXUH�LQ�WKH�8�6��SRSXODWLRQ��6PRNHG�RU�
EDUEHFXHG�PHDWV�DQG�ILVK�FRQWDLQ�UHODWLYHO\�KLJK�OHYHOV�RI�3$+V��7KH�PDMRULW\�RI�GLHWDU\�
H[SRVXUH�WR�3$+V�IRU�WKH�DYHUDJH�SHUVRQ�FRPHV�IURP�LQJHVWLRQ�RI�YHJHWDEOHV�DQG�JUDLQV��FHUHDOV��
>��@��
��
6HGLPHQW�LQJHVWLRQ�IURP�)LGDOJR�%D\�FRXOG�UHVXOW�LQ�OLIHWLPH�QRQ�FDQFHU�H[SRVXUH�GRVHV�RI������
î������PJ�NJ�GD\��VHH�$SSHQGL[�$��7DEOH�$����$�/2$(/�RI�����î�����PJ�NJ�GD\�ZDV�
HVWDEOLVKHG�IRU�3$+��7KHUHIRUH��'2+�GRHV�QRW�H[SHFW�WKDW�H[SRVXUHV�WR�3$+V�LQ�VHGLPHQW�ZLOO�
FDXVH�KDUPIXO�QRQ�FDQFHU�KHDOWK�HIIHFWV���
�
�

Evaluating non-cancer hazards 
([SRVXUH�DVVXPSWLRQV�IRU�HVWLPDWLQJ�FRQWDPLQDQW�GRVHV�IURP�VHGLPHQW�DQG�WLVVXH�H[SRVXUHV�DUH�
IRXQG�LQ�$SSHQGLFHV�$�DQG�%��7DEOHV�$��DQG�%���,Q�RUGHU�WR�HYDOXDWH�WKH�SRWHQWLDO�IRU�QRQ�
FDQFHU�DGYHUVH�KHDOWK�HIIHFWV�WKDW�PD\�UHVXOW�IURP�H[SRVXUH�WR�FRQWDPLQDWHG�PHGLD��L�H���DLU��
ZDWHU��VRLO��DQG�VHGLPHQW���D�GRVH�LV�HVWLPDWHG�IRU�HDFK�&2&��7KHVH�GRVHV�DUH�FDOFXODWHG�IRU�
VLWXDWLRQV��VFHQDULRV��LQ�ZKLFK�D�SHUVRQ�PLJKW�EH�H[SRVHG�WR�WKH�FRQWDPLQDWHG�PHGLD��7KH�
HVWLPDWHG�GRVH�IRU�HDFK�FRQWDPLQDQW�XQGHU�HDFK�VFHQDULR�LV�WKHQ�FRPSDUHG�WR�(3$¶V�RUDO�
UHIHUHQFH�GRVH��5I'���5I'V�DUH�GRVHV�EHORZ�ZKLFK�QRQ�FDQFHU�DGYHUVH�KHDOWK�HIIHFWV�DUH�QRW�
H[SHFWHG�WR�RFFXU��FRQVLGHUHG�³VDIH´�GRVHV���7KH\�DUH�GHULYHG�IURP�WR[LF�HIIHFW�OHYHOV�REWDLQHG�
IURP�KXPDQ�SRSXODWLRQ�DQG�ODERUDWRU\�DQLPDO�VWXGLHV��7KHVH�WR[LF�HIIHFW�OHYHOV�FDQ�EH�HLWKHU�WKH�
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ORZHVW�REVHUYHG�DGYHUVH�HIIHFW�OHYHO��/2$(/��RU�D�QR�REVHUYHG�DGYHUVH�HIIHFW�OHYHO��12$(/���
,Q�KXPDQ�RU�DQLPDO�VWXGLHV��WKH�/2$(/�LV�WKH�ORZHVW�GRVH�DW�ZKLFK�DQ�DGYHUVH�KHDOWK�HIIHFW�LV�
VHHQ��ZKLOH�WKH�12$(/�LV�WKH�KLJKHVW�GRVH�WKDW�GRHV�QRW�UHVXOW�LQ�DQ\�DGYHUVH�KHDOWK�HIIHFWV��
�
%HFDXVH�RI�GDWD�XQFHUWDLQW\��WKH�WR[LF�HIIHFW�OHYHO�LV�GLYLGHG�E\�³VDIHW\�IDFWRUV´�WR�SURGXFH�WKH�
ORZHU�DQG�PRUH�SURWHFWLYH�5I'��,I�D�GRVH�H[FHHGV�WKH�5I'��WKLV�LQGLFDWHV�RQO\�WKH�SRWHQWLDO�IRU�
DGYHUVH�KHDOWK�HIIHFWV��7KH�PDJQLWXGH�RI�WKLV�SRWHQWLDO�FDQ�EH�LQIHUUHG�IURP�WKH�GHJUHH�WR�ZKLFK�
WKLV�YDOXH�LV�H[FHHGHG��,I�WKH�HVWLPDWHG�H[SRVXUH�GRVH�LV�RQO\�VOLJKWO\�DERYH�WKH�5I'��WKHQ�WKDW�
GRVH�ZLOO�IDOO�ZHOO�EHORZ�WKH�REVHUYHG�WR[LF�HIIHFW�OHYHO��7KH�KLJKHU�WKH�HVWLPDWHG�GRVH�LV�DERYH�
WKH�5I'��WKH�FORVHU�LW�ZLOO�EH�WR�WKH�DFWXDO�REVHUYHG�WR[LF�HIIHFW�OHYHO��7KLV�FRPSDULVRQ�LV�FDOOHG�D�
KD]DUG�TXRWLHQW��+4��DQG�LV�JLYHQ�E\�WKH�HTXDWLRQ�EHORZ��
�
+4� �(VWLPDWHG�'RVH��PJ�NJ�GD\��
� 5I'��PJ�NJ�GD\� 
�
(VWLPDWHG�H[SRVXUH�GRVHV��H[SRVXUH�DVVXPSWLRQV��DQG�KD]DUG�TXRWLHQWV�DUH�SUHVHQWHG�LQ�
$SSHQGL[�$�IRU�F3$+V�IRXQG�LQ�VHGLPHQW��%DVHG�RQ�H[SRVXUH�HVWLPDWHV�TXDQWLILHG�LQ�$SSHQGL[�
$��WKH�JHQHUDO�SRSXODWLRQ�LV�QRW�OLNHO\�WR�H[SHULHQFH�DGYHUVH�QRQ�FDQFHU�KHDOWK�HIIHFWV�IURP�
H[SRVXUH�WR�FKHPLFDO�FRQWDPLQDQWV�LQ�)LGDOJR�%D\�VLQFH�WKH�H[SRVXUH�GRVH�GLG�QRW�H[FHHG�WKH�
5I'��
�
6LPLODUO\��HVWLPDWHG�H[SRVXUH�GRVHV��H[SRVXUH�DVVXPSWLRQV��DQG�KD]DUG�TXRWLHQWV�DUH�SUHVHQWHG�
LQ�$SSHQGLFHV�%�DQG�&�IRU�FRQWDPLQDQWV�IRXQG�LQ�WLVVXH��%DVHG�RQ�H[SRVXUH�HVWLPDWHV�TXDQWLILHG�
LQ�$SSHQGL[�%��WKH�JHQHUDO�SRSXODWLRQ�LV�QRW�OLNHO\�WR�H[SHULHQFH�DGYHUVH�QRQ�FDQFHU�KHDOWK�
HIIHFWV�IURP�H[SRVXUH�WR�FKHPLFDO�FRQWDPLQDQWV�LQ�)LGDOJR�%D\��+RZHYHU��WKH�WULEDO�H[SRVXUH�
VFHQDULR�UHVXOWV�LQ�GRVHV�WKDW�H[FHHG�WKH�5I'�DQG�LQ�VRPH�FDVHV��WKHVH�H[SRVXUHV�IDOO�EHORZ�WKH�
DFWXDO�WR[LF�HIIHFW�OHYHOV��VHH�$SSHQGL[�&�����
�
�

Evaluating Exposure to Lead 
7KH�ELRNLQHWLFV�RI�OHDG�DUH�GLIIHUHQW�IURP�PRVW�WR[LFDQWV�EHFDXVH�LW�LV�VWRUHG�LQ�ERQHV�DQG�
UHPDLQV�LQ�WKH�ERG\�ORQJ�DIWHU�LW�LV�LQJHVWHG���&KLOGUHQ¶V�H[SRVXUH�WR�OHDG�LV�HYDOXDWHG�WKURXJK�WKH�
XVH�RI�WKH�,QWHJUDWHG�([SRVXUH�8SWDNH�%LRNLQHWLF�0RGHO�IRU�/HDG�LQ�&KLOGUHQ��,(8%.��
GHYHORSHG�E\�WKH�(3$���7KH�,(8%.�SUHGLFWV�EORRG�OHDG�OHYHOV�LQ�D�GLVWULEXWLRQ�RI�H[SRVHG�
FKLOGUHQ�EDVHG�RQ�WKH�DPRXQW�RI�OHDG�WKDW�LV�LQ�HQYLURQPHQWDO�PHGLD��H�J���ILVK��>��@���,W�LV�
LPSRUWDQW�WR�QRWH�WKDW�WKH�,(8%.�PRGHO�LV�QRW�H[SHFWHG�WR�DFFXUDWHO\�SUHGLFW�WKH�EORRG�OHDG�OHYHO�
RI�D�FKLOG��RU�D�VPDOO�JURXS�RI�FKLOGUHQ��DW�D�VSHFLILF�SRLQW�LQ�WLPH���,Q�SDUW��WKLV�LV�EHFDXVH�D�FKLOG�
�RU�JURXS�RI�FKLOGUHQ��PD\�EHKDYH�GLIIHUHQWO\�DQG�WKHUHIRUH�KDYH�GLIIHUHQW�DPRXQWV�RI�H[SRVXUH�
WR�FRQWDPLQDWHG�VRLO�DQG�GXVW�WKDQ�WKH�DYHUDJH�JURXS�RI�FKLOGUHQ�XVHG�E\�WKH�PRGHO�WR�FDOFXODWH�
EORRG�OHDG�OHYHOV���)RU�H[DPSOH��WKH�PRGHO�GRHV�QRW�WDNH�LQWR�DFFRXQW�UHGXFWLRQV�LQ�H[SRVXUH�WKDW�
FRXOG�UHVXOW�IURP�FRPPXQLW\�HGXFDWLRQ�SURJUDPV���'HVSLWH�WKLV�OLPLWDWLRQ��WKH�,(8%.�PRGHO�LV�D�
XVHIXO�WRRO�WR�KHOS�SUHYHQW�OHDG�SRLVRQLQJ�EHFDXVH�RI�WKH�LQIRUPDWLRQ�LW�FDQ�SURYLGH�DERXW�WKH�
KD]DUGV�RI�HQYLURQPHQWDO�OHDG�H[SRVXUH���)RU�FKLOGUHQ�ZKR�DUH�UHJXODUO\�H[SRVHG�WR�OHDG�
FRQWDPLQDWHG�ILVK��WKH�,(8%.�PRGHO�FDQ�HVWLPDWH�WKH�SHUFHQWDJH�RI�\RXQJ�FKLOGUHQ�ZKR�DUH�
OLNHO\�WR�KDYH�EORRG�OHDG�FRQFHQWUDWLRQV�WKDW�H[FHHG�D�OHYHO�WKDW�PD\�EH�DVVRFLDWHG�ZLWK�KHDOWK�
SUREOHPV��XVXDOO\����PJ�GO����
�
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�
Average fish lead concentrations and estimated blood lead levels  

�
7KH�,(8%.�PRGHO�ZDV�XVHG�WR�HVWLPDWH�WKH�SHUFHQWDJH�RI�FKLOGUHQ�WKDW�FRXOG�KDYH�HOHYDWHG�
EORRG�OHDG�OHYHOV�LI�WKH\�IUHTXHQWO\�HDW�OHDG�FRQWDPLQDWHG�ILVK���'HIDXOW�SDUDPHWHUV�DUH�XVHG�IRU�
DOO�PRGHO�LQSXWV�XQOHVV�VWDWHG�>��@���([SRVXUH�ZDV�EDVHG�RQ�D�JHQHUDO�SRSXODWLRQ�DQG�D�WULEDO�
VFHQDULR�IRU�FKLOGUHQ�HDWLQJ�VKHOOILVK�DQG�ERWWRP�ILVK�FRQWDLQLQJ�DQ�DYHUDJH�FRQFHQWUDWLRQ�RI�OHDG�
�VHH�$SSHQGL[�'����
�
7KH�DGXOW�OHDG�PRGHO�ZDV�XVHG�WR�HVWLPDWH�WKH���WK�SHUFHQWLOH�)HWDO�%ORRG�/HDG�DQG�WKH�DYHUDJH�
EORRG�OHDG�OHYHOV�RI�ZRPHQ�ZKR�FRQVXPH�OHDG�FRQWDPLQDWHG�VHDIRRG���([SRVXUH�ZDV�EDVHG�RQ�D�
JHQHUDO�SRSXODWLRQ�DQG�D�WULEDO�VFHQDULR�IRU�DGXOWV�HDWLQJ�VKHOOILVK�DQG�ERWWRP�ILVK�FRQWDLQLQJ�DQ�
DYHUDJH�FRQFHQWUDWLRQ�RI�OHDG��VHH�$SSHQGL[�'���
�
�

Evaluating Cancer Risk 
6RPH�FKHPLFDOV�KDYH�WKH�DELOLW\�WR�FDXVH�FDQFHU��7KHRUHWLFDO�FDQFHU�ULVN�LV�HVWLPDWHG�E\�
FDOFXODWLQJ�D�GRVH�VLPLODU�WR�WKDW�GHVFULEHG�DERYH�DQG�PXOWLSO\LQJ�LW�E\�D�FDQFHU�SRWHQF\�IDFWRU��
DOVR�NQRZQ�DV�WKH�FDQFHU�VORSH�IDFWRU��6RPH�FDQFHU�SRWHQF\�IDFWRUV�DUH�GHULYHG�IURP�KXPDQ�
SRSXODWLRQ�GDWD��2WKHUV�DUH�GHULYHG�IURP�ODERUDWRU\�DQLPDO�VWXGLHV�LQYROYLQJ�GRVHV�PXFK�KLJKHU�
WKDQ�DUH�HQFRXQWHUHG�LQ�WKH�HQYLURQPHQW��8VH�RI�DQLPDO�GDWD�UHTXLUHV�H[WUDSRODWLRQ�RI�WKH�FDQFHU�
SRWHQF\�REWDLQHG�IURP�WKHVH�KLJK�GRVH�VWXGLHV�GRZQ�WR�UHDO�ZRUOG�H[SRVXUHV��7KLV�SURFHVV�
LQYROYHV�PXFK�XQFHUWDLQW\��
�
&XUUHQW�UHJXODWRU\�SUDFWLFH�DVVXPHV�WKHUH�LV�QR�³VDIH�GRVH´�RI�D�FDUFLQRJHQ��$Q\�GRVH�RI�D�
FDUFLQRJHQ�ZLOO�UHVXOW�LQ�VRPH�DGGLWLRQDO�FDQFHU�ULVN��7KHRUHWLFDO�FDQFHU�ULVN�HVWLPDWHV�DUH��
WKHUHIRUH��QRW�\HV�QR�DQVZHUV�EXW�PHDVXUHV�RI�FKDQFH��SUREDELOLW\���6XFK�PHDVXUHV��KRZHYHU�
XQFHUWDLQ��DUH�XVHIXO�LQ�GHWHUPLQLQJ�WKH�PDJQLWXGH�RI�D�FDQFHU�WKUHDW�EHFDXVH�DQ\�OHYHO�RI�D�
FDUFLQRJHQLF�FRQWDPLQDQW�FDUULHV�DQ�DVVRFLDWHG�ULVN��7KH�YDOLGLW\�RI�WKH�³QR�VDIH�GRVH´�
DVVXPSWLRQ�IRU�DOO�FDQFHU�FDXVLQJ�FKHPLFDOV�LV�QRW�FOHDU��6RPH�HYLGHQFH�VXJJHVWV�WKDW�FHUWDLQ�
FKHPLFDOV�FRQVLGHUHG�WR�EH�FDUFLQRJHQLF�PXVW�
H[FHHG�D�WKUHVKROG�RI�WROHUDQFH�EHIRUH�
LQLWLDWLQJ�FDQFHU��)RU�VXFK�FKHPLFDOV��ULVN�
HVWLPDWHV�DUH�QRW�DSSURSULDWH��5HFHQW�
JXLGHOLQHV�RQ�FDQFHU�ULVN�IURP�(3$�UHIOHFW�WKH�
SRWHQWLDO�WKDW�WKUHVKROGV�IRU�VRPH�
FDUFLQRJHQHVLV�H[LVW��+RZHYHU��(3$�VWLOO�
DVVXPHV�QR�WKUHVKROG�XQOHVV�VXIILFLHQW�GDWD�
LQGLFDWH�RWKHUZLVH�>��@��
�
7KLV�GRFXPHQW�GHVFULEHV�WKHRUHWLFDO�FDQFHU�
ULVN�WKDW�LV�DWWULEXWDEOH�WR�VLWH�UHODWHG�
FRQWDPLQDQWV�LQ�TXDOLWDWLYH�WHUPV�OLNH�ORZ��
YHU\�ORZ��VOLJKW��DQG�QR�VLJQLILFDQW�LQFUHDVH�LQ�
WKHRUHWLFDO�FDQFHU�ULVN��7KHVH�WHUPV�FDQ�EH�
EHWWHU�XQGHUVWRRG�E\�FRQVLGHULQJ�WKH�SRSXODWLRQ�VL]H�UHTXLUHG�IRU�VXFK�DQ�HVWLPDWH�WR�UHVXOW�LQ�D�
VLQJOH�FDQFHU�FDVH��)RU�H[DPSOH��D�ORZ�LQFUHDVH�LQ�FDQFHU�ULVN�LQGLFDWHV�DQ�HVWLPDWH�LQ�WKH�UDQJH�

Theoretical Cancer Risk�
�

7KHRUHWLFDO�FDQFHU�ULVN�HVWLPDWHV�GR�QRW�UHDFK�
]HUR�QR�PDWWHU�KRZ�ORZ�WKH�OHYHO�RI�H[SRVXUH�
WR�D�FDUFLQRJHQ���7HUPV�XVHG�WR�GHVFULEH�WKLV�
ULVN�DUH�GHILQHG�EHORZ�DV�WKH�QXPEHU�RI�H[FHVV�
FDQFHUV�H[SHFWHG�LQ�D�OLIHWLPH��
�

����7HUP�� � �������������������RI�([FHVV�&DQFHUV�
��PRGHUDWH����LV�DSSUR[LPDWHO\�HTXDO�WR������������LQ����������
�����ORZ��������LV�DSSUR[LPDWHO\�HTXDO�WR������������LQ��������
��YHU\�ORZ������LV�DSSUR[LPDWHO\�HTXDO�WR�����������LQ���������
����VOLJKW��������LV��DSSUR[LPDWHO\�HTXDO�WR� ������LQ�����������
LQVLJQLILFDQW���������LV�OHVV�WKDQ������������������LQ�����������
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RI�RQH�FDQFHU�FDVH�SHU�WHQ�WKRXVDQG�SHUVRQV�H[SRVHG�RYHU�D�OLIHWLPH��$�YHU\�ORZ�HVWLPDWH�PLJKW�
UHVXOW�LQ�RQH�FDQFHU�FDVH�SHU�VHYHUDO�WHQV�RI�WKRXVDQGV�H[SRVHG�RYHU�D�OLIHWLPH�DQG�D�VOLJKW�
HVWLPDWH�ZRXOG�UHTXLUH�DQ�H[SRVHG�SRSXODWLRQ�RI�VHYHUDO�KXQGUHGV�RI�WKRXVDQGV�WR�UHVXOW�LQ�D�
VLQJOH�FDVH��'2+�FRQVLGHUV�WKHRUHWLFDO�FDQFHU�ULVN�LQVLJQLILFDQW�ZKHQ�WKH�HVWLPDWH�UHVXOWV�LQ�OHVV�
WKDQ�RQH�FDQFHU�SHU�RQH�PLOOLRQ�H[SRVHG�RYHU�D�OLIHWLPH��7KH�UHDGHU�VKRXOG�QRWH�WKDW�WKHVH�
HVWLPDWHV�DUH�IRU�H[FHVV�FDQFHUV�WKDW�PLJKW�UHVXOW�LQ�DGGLWLRQ�WR�WKRVH�QRUPDOO\�H[SHFWHG�LQ�DQ�
XQH[SRVHG�SRSXODWLRQ���
�
&DQFHU�LV�D�FRPPRQ�LOOQHVV�DQG�LWV�RFFXUUHQFH�LQ�D�SRSXODWLRQ�LQFUHDVHV�ZLWK�WKH�DJH�RI�WKH�
SRSXODWLRQ��7KHUH�DUH�PDQ\�GLIIHUHQW�IRUPV�RI�FDQFHU�UHVXOWLQJ�IURP�D�YDULHW\�RI�FDXVHV��QRW�DOO�
DUH�IDWDO��$SSUR[LPDWHO\�����WR�����RI�SHRSOH�OLYLQJ�LQ�WKH�8QLWHG�6WDWHV�ZLOO�GHYHORS�FDQFHU�DW�
VRPH�SRLQW�LQ�WKHLU�OLYHV�>��@��
�
7KHRUHWLFDO�FDQFHU�ULVN�HVWLPDWHV�IRU�H[SRVXUH�WR�F3$+V�LQ�VHGLPHQWV�LV�FRQVLGHUHG�LQVLJQLILFDQW�
���FDQFHUV�HVWLPDWHG�SHU������������H[SRVHG����VHH�$SSHQGL[�$��7DEOH�$����$OWKRXJK�H[SRVXUH�
WR�F3$+V�PD\�RFFXU��WKH�PDJQLWXGH�LV�OLNHO\�WR�EH�FRQVLGHUDEO\�OHVV�WKDQ�WKH�HVWLPDWHG�PLQLPXP�
EDFNJURXQG�H[SRVXUH�IURP�VRXUFHV�LQ�IRRG��ZDWHU��DLU��VHGLPHQW��DQG�VRLO��0DQ\�DUHDV�RI�)LGDOJR�
%D\�DUH�DOUHDG\�XQGHU�(FRORJ\�$JUHHG�2UGHUV���7KH�2UGHUV�UHTXLUH�DQ�5,�)6�EH�FRQGXFWHG�WR�
JXLGH�WKH�VHOHFWLRQ�RI�D�FOHDQXS�UHPHG\��
�
7KHRUHWLFDO�FDQFHU�ULVN�HVWLPDWHV�IRU�H[SRVXUH�WR�VHDIRRG�E\�WKH�JHQHUDO�SRSXODWLRQ�LV�YHU\�ORZ�
���FDQFHUV�HVWLPDWHG�SHU���������H[SRVHG���VHH�$SSHQGL[�%��7DEOHV�%����7KLV�HVWLPDWH�LV�ZLWKLQ�
(3$¶V�DFFHSWDEOH�ULVN�IRU�ILVK�FRQVXPSWLRQ��+RZHYHU��WKLV�LV�EDVHG�RQ�ERWWRP�ILVK�DQG�VKHOOILVK�
GDWD�RQO\��7KHRUHWLFDO�FDQFHU�ULVN�HVWLPDWHV�IRU�H[SRVXUH�WR�VHDIRRG�E\�7ULEDO�FRQVXPHUV�UDQJH�
IURP�ORZ�WR�PRGHUDWH����FDQFHUV�HVWLPDWHG�SHU��������H[SRVHG��DQG�PRGHUDWH�WR�KLJK����FDQFHUV�
HVWLPDWHG�SHU�������H[SRVHG���VHH�$SSHQGL[�&���
�
�

Multiple Chemical Exposures 
$�SHUVRQ�FDQ�EH�H[SRVHG�WR�PRUH�WKDQ�RQH�FKHPLFDO�WKURXJK�PRUH�WKDQ�RQH�SDWKZD\���([SRVXUH�
WR�D�FKHPLFDO�WKURXJK�PXOWLSOH�SDWKZD\V�RFFXUV�LI�D�FRQWDPLQDQW�LV�SUHVHQW�LQ�PRUH�WKDQ�RQH�
PHGLXP��L�H���DLU��VRLO��VXUIDFH�ZDWHU��JURXQGZDWHU��DQG�VHGLPHQW����)RU�H[DPSOH��WKH�GRVH�RI�D�
FRQWDPLQDQW�UHFHLYHG�IURP�GULQNLQJ�ZDWHU�PLJKW�EH�FRPELQHG�ZLWK�WKH�GRVH�UHFHLYHG�IURP�
FRQWDFW�ZLWK�WKH�VDPH�FRQWDPLQDQW�LQ�ILVK��
�
)RU�PDQ\�FKHPLFDOV��PXFK�LQIRUPDWLRQ�LV�DYDLODEOH�RQ�KRZ�WKH�LQGLYLGXDO�FKHPLFDO�SURGXFHV�
HIIHFWV���+RZHYHU��LW�LV�PXFK�PRUH�GLIILFXOW�WR�DVVHVV�H[SRVXUH�WR�PXOWLSOH�FKHPLFDOV���'XH�WR�WKH�
ODUJH�QXPEHU�RI�FKHPLFDOV�LQ�WKH�HQYLURQPHQW��LW�LV�LPSRVVLEOH�WR�PHDVXUH�DOO�RI�WKH�SRVVLEOH�
LQWHUDFWLRQV�EHWZHHQ�WKHVH�FKHPLFDOV���7KH�SRWHQWLDO�H[LVWV�IRU�WKHVH�FKHPLFDOV�WR�LQWHUDFW�LQ�WKH�
ERG\�DQG�LQFUHDVH�RU�GHFUHDVH�WKH�SRWHQWLDO�IRU�DGYHUVH�KHDOWK�HIIHFWV���,QGLYLGXDO�FDQFHU�ULVN�
HVWLPDWHV�FDQ�EH�DGGHG�VLQFH�WKH\�DUH�PHDVXUHV�RI�SUREDELOLW\���+RZHYHU��ZKHQ�HVWLPDWLQJ�QRQ�
FDQFHU�ULVN��VLPLODULWLHV�PXVW�H[LVW�EHWZHHQ�WKH�FKHPLFDOV�LI�WKH�GRVHV�DUH�WR�EH�DGGHG���*URXSV�RI�
FKHPLFDOV�WKDW�KDYH�VLPLODU�WR[LF�HIIHFWV�FDQ�EH�DGGHG��VXFK�DV�YRODWLOH�RUJDQLF�FRPSRXQGV�
�92&V��ZKLFK�FDXVH�OLYHU�WR[LFLW\���3RO\F\FOLF�DURPDWLF�K\GURFDUERQV��3$+V��DUH�DQRWKHU�JURXS�
RI�FRPSRXQGV�WKDW�FDQ�EH�DVVHVVHG�DV�RQH�FRPELQHG�GRVH�EDVHG�RQ�VLPLODULWLHV�LQ�FKHPLFDO�
VWUXFWXUH�DQG�PHWDEROLWHV���
�
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7KH�$76'5�,QWHUDFWLRQ�3URILOH�IRU�SHUVLVWHQW�FKHPLFDOV�IRXQG�LQ�ILVK�HYDOXDWHV�WKH�SRVVLELOLW\�RI�
LQWHUDFWLYH�HIIHFWV�IURP�H[SRVXUH�WR�D�PL[WXUH�RI�FRQWDPLQDQWV�LQFOXGLQJ�PHUFXU\��3&%V��DQG�
GLR[LQV�>��@���
�
�

Uncertainty 
$VVHVVPHQW�RI�ULVNV�DWWULEXWDEOH�WR�HQYLURQPHQWDO�H[SRVXUHV�LV�ILOOHG�ZLWK�PDQ\�XQFHUWDLQWLHV��
8QFHUWDLQW\�ZLWK�UHJDUG�WR�WKH�KHDOWK�DVVHVVPHQW�SURFHVV�UHIHUV�WR�WKH�ODFN�RI�NQRZOHGJH�DERXW�
IDFWRUV�VXFK�DV�FKHPLFDO�WR[LFLW\��KXPDQ�YDULDELOLW\��KXPDQ�EHKDYLRU�SDWWHUQV��DQG�FKHPLFDO�
FRQFHQWUDWLRQV�LQ�WKH�HQYLURQPHQW��8QFHUWDLQW\�FDQ�EH�UHGXFHG�WKURXJK�IXUWKHU�VWXG\��
�
7KH�PDMRULW\�RI�XQFHUWDLQW\�FRPHV�IURP�RXU�NQRZOHGJH�RI�FKHPLFDO�WR[LFLW\��)RU�PRVW�
FKHPLFDOV��WKHUH�LV�OLWWOH�NQRZOHGJH�RI�WKH�DFWXDO�KHDOWK�LPSDFWV�WKDW�FDQ�RFFXU�LQ�KXPDQV�IURP�
HQYLURQPHQWDO�H[SRVXUHV�XQOHVV�HSLGHPLRORJLFDO�RU�FOLQLFDO�HYLGHQFH�H[LVWV��$V�D�UHVXOW��
WR[LFRORJLFDO�H[SHULPHQWV�DUH�SHUIRUPHG�RQ�DQLPDOV��7KHVH�DQLPDOV�DUH�H[SRVHG�WR�FKHPLFDOV�DW�
PXFK�KLJKHU�OHYHOV�WKDQ�IRXQG�LQ�WKH�HQYLURQPHQW��7KH�FULWLFDO�GRVHV�LQ�DQLPDO�VWXGLHV�DUH�RIWHQ�
H[WUDSRODWHG�WR��UHDO�ZRUOG��H[SRVXUHV�IRU�XVH�LQ�KXPDQ�KHDOWK�ULVN�DVVHVVPHQWV��,Q�RUGHU�WR�EH�
SURWHFWLYH�RI�KXPDQ�KHDOWK��XQFHUWDLQW\�IDFWRUV�DUH�XVHG�WR�ORZHU�WKDW�GRVH�LQ�FRQVLGHUDWLRQ�RI�
YDULDELOLW\�LQ�VHQVLWLYLW\�EHWZHHQ�DQLPDOV�DQG�KXPDQV�DQG�WKH�YDULDELOLW\�ZLWKLQ�KXPDQV��7KHVH�
XQFHUWDLQW\�IDFWRUV�FDQ�DFFRXQW�IRU�D�GLIIHUHQFH�RI�WZR�WR�WKUHH�RUGHUV�RI�PDJQLWXGH�ZKHQ�
FDOFXODWLQJ�ULVN��)XUWKHUPRUH��WKHUH�DUH�KXQGUHGV�RI�FKHPLFDOV�IRU�ZKLFK�OLWWOH�WR[LFRORJLFDO�
LQIRUPDWLRQ�LV�NQRZQ�LQ�DQLPDOV�RU�KXPDQV��7KHVH�FKHPLFDOV�PD\�LQ�IDFW�EH�WR[LF�DW�VRPH�OHYHO��
EXW�ULVNV�WR�KXPDQV�FDQQRW�EH�TXDQWLILHG�GXH�WR�XQFHUWDLQW\��
�
7KH�PDMRULW\�RI�DUVHQLF�IRXQG�LQ�VHDIRRG�LV�RUJDQLF�DUVHQLF��,QRUJDQLF�DUVHQLF�LQ�ILVK�DQG�
VKHOOILVK�UDQJHG�IURP�DERXW����WR�����RI�WKH�WRWDO�DUVHQLF�>��������������@���(FRORJ\¶V�
HYDOXDWLRQ�RI�VKHOOILVK�DQG�(QJOLVK�VROH�LQ�WKH�3XJHW�6RXQG�LQGLFDWHG�WKDW�OHVV�WKDQ����RI�WKH�
WRWDO�DUVHQLF�IRXQG�ZDV�LQ�WKH�LQRUJDQLF�IRUP�RI�DUVHQLF�>��@��+RZHYHU��VLQFH�WKHUH�ZDV�QR�
DUVHQLF�VSHFLDWLRQ�GDWD�IRU�VWDUU\�IORXQGHU��'2+�DVVXPHG�WKDW�����RI�WKH�WRWDO�DUVHQLF�GHWHFWHG�
LQ�ERWWRP�ILVK�ZDV�LQRUJDQLF�DUVHQLF��,QRUJDQLF�DUVHQLF�LV�PXFK�PRUH�KDUPIXO�WKDQ�RUJDQLF�
DUVHQLF��WKHUHIRUH��WKH�DUVHQLF�HYDOXDWLRQ�PD\�EH�RYHUHVWLPDWHG��
�
7KH�DPRXQW�RI�FRQWDPLQDWHG�PHGLD��ILVK��ZDWHU��DLU��VRLO��WKDW�SHRSOH�HDW��GULQN��LQKDOH��RU�DEVRUE�
WKURXJK�WKHLU�VNLQ�LV�DQRWKHU�VRXUFH�RI�XQFHUWDLQW\��$OWKRXJK�UHFHQW�ZRUN�KDV�LPSURYHG�RXU�
XQGHUVWDQGLQJ�RI�WKHVH�H[SRVXUH�IDFWRUV��WKH\�DUH�VWLOO�D�VRXUFH�RI�XQFHUWDLQW\��,Q�WKH�FDVH�RI�
)LGDOJR�%D\��XQFHUWDLQW\�H[LVWV�ZLWK�UHVSHFW�WR�KRZ�PXFK�ILVK�SHRSOH�HDW�IURP�)LGDOJR�%D\��KRZ�
RIWHQ�WKH\�DUH�HDWLQJ�LW��ZKDW�VSHFLHV�WKH\�DUH�HDWLQJ��KRZ�RIWHQ�FKLOGUHQ�XVH�SXEOLF�DFFHVV�DUHDV��
DQG�KRZ�PXFK�VHGLPHQW�RU�VRLO�FKLOGUHQ�PD\�LQDGYHUWHQWO\�HDW��(VWLPDWHV�DUH�EDVHG�RQ�EHVW�
DYDLODEOH�LQIRUPDWLRQ�RU�ZRUVW�FDVH�VFHQDULRV��7KLV�HYDOXDWLRQ�LV�EDVHG�RQ�WKH�DVVXPSWLRQ�WKDW�
����SHUFHQW�RI�WKH�W\SH�RI�VHDIRRG��ERWWRP�ILVK�DQG�VKHOOILVK��KDUYHVWHG�DQG�FRQVXPHG�ZDV�IURP�
)LGDOJR�%D\��
�
$QRWKHU�VRXUFH�RI�XQFHUWDLQW\�LV�KRZ�VHDIRRG�LV�DFWXDOO\�SUHSDUHG�IRU�FRQVXPSWLRQ�DQG�
ODERUDWRU\�WHVWLQJ��L�H���ZKROH�ILVK�ZLWK�JXWV�YHUVXV�JXWOHVV�RU�ILOOHWV��ODUJH�FODPV�ZLWK�VNLQ��DQG�
JXW�EDOO���%RWWRP�ILVK�DQG�FODPV�PD\�FRQWDLQ�VHGLPHQWV�LQ�WKHLU�GLJHVWLYH�WUDFWV�WKDW�FDQ�DIIHFW�
WKH�FRQFHQWUDWLRQ�RI�KHDY\�PHWDOV�GXULQJ�DQDO\VLV���+RUVH�FODPV�DUH�D�ODUJH�FODP�DQG�PD\�VKRZ�
VLPLODU�KHDY\�PHWDO�SDWWHUQV�WR�JHRGXFN�FODPV�ZKHUH�WKH�VNLQ�DQG�JXW�EDOO�FRQWDLQ�WKH�PDMRU�
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SRUWLRQ�RI�KHDY\�PHWDOV��%RWWRP�ILVK�VSHFLHV�VKRXOG�EH�DQDO\]HG�ZLWKRXW�WKH�JXW�DQG�ODUJH�FODPV�
VKRXOG�EH�DQDO\]HG�ZLWKRXW�VNLQ�DQG�ZLWKRXW�WKH�JXW�IRU�KXPDQ�KHDOWK�SXUSRVHV��
�
7KH�DPRXQW�DQG�W\SH�RI�FKHPLFDO�LQ�FRQWDPLQDWHG�PHGLD�LV�DQRWKHU�VRXUFH�RI�XQFHUWDLQW\��
(QYLURQPHQWDO�VDPSOHV�DUH�YHU\�FRVWO\��VR�LW�LV�QRW�SUDFWLFDO�RU�HIILFLHQW�WR�DQDO\]H�DQ�DGHTXDWH�
QXPEHU�RI�VDPSOHV�IRU�HYHU\�H[LVWLQJ�FKHPLFDO��,QVWHDG��VDPSOLQJ�XVXDOO\�IRFXVHV�RQ�
FRQWDPLQDQWV�WKDW�DUH�WKRXJKW�WR�EH�SUHVHQW�EDVHG�RQ�KLVWRULF�ODQG�XVH�RU�NQRZOHGJH�RI�VSHFLILF�
FKHPLFDO�VSLOOV��
�
�

Fish Meal Limits 
6HYHUDO�FRQWDPLQDQWV�RI�FRQFHUQ�DUH�SUHVHQW�LQ�VHDIRRG�IURP�)LGDOJR�%D\��0HDO�OLPLWV�ZHUH�
FDOFXODWHG�XVLQJ�WKH�5I'�05/�DV�WKH�WDUJHW�ULVN�YDOXH�DQG�WKH�H[SRVXUH�SDUDPHWHUV�SURYLGHG�LQ�
$SSHQGL[�(��7DEOH�(����
�
0DQ\�IDFWRUV�PXVW�EH�FRQVLGHUHG�ZKHQ�RQH�LV�UHFRPPHQGLQJ�OLPLWV�RQ�WKH�FRQVXPSWLRQ�RI�
VHDIRRG�LQFOXGLQJ�WKH�KHDOWK�EHQHILWV�RI�HDWLQJ�ILVK��WKH�TXDOLW\�DQG�FRPSUHKHQVLYHQHVV�RI�
HQYLURQPHQWDO�GDWD��DQG�WKH�DYDLODELOLW\�RI�DOWHUQDWH�VRXUFHV�RI�QXWULWLRQ���,Q�DGGLWLRQ��WKHVH�OLPLWV�
GR�QRW�FRQVLGHU�WKDW�PXOWLSOH�VSHFLHV�DUH�FRQVXPHG��D�FRQVLGHUDWLRQ�WKDW�ZRXOG�UHTXLUH�ZHLJKWLQJ�
WKH�SHUFHQW�RI�HDFK�VSHFLHV�FRQVXPHG���
�
�
Children’s Health Concerns 
�
7KH�SRWHQWLDO�IRU�H[SRVXUH�DQG�VXEVHTXHQW�DGYHUVH�KHDOWK�HIIHFWV�RIWHQ�LQFUHDVHV�IRU�\RXQJHU�
FKLOGUHQ�FRPSDUHG�ZLWK�ROGHU�FKLOGUHQ�RU�DGXOWV��$76'5�DQG�'2+�UHFRJQL]H�WKDW�FKLOGUHQ�DUH�
VXVFHSWLEOH�WR�GHYHORSPHQWDO�WR[LFLW\�WKDW�FDQ�RFFXU�DW�OHYHOV�PXFK�ORZHU�WKDQ�WKRVH�FDXVLQJ�
RWKHU�W\SHV�RI�WR[LFLW\��7KH�IROORZLQJ�IDFWRUV�FRQWULEXWH�WR�WKLV�YXOQHUDELOLW\��
�

x &KLOGUHQ�DUH�PRUH�OLNHO\�WR�SOD\�RXWGRRUV�LQ�FRQWDPLQDWHG�DUHDV�E\�GLVUHJDUGLQJ�VLJQV�
DQG�ZDQGHULQJ�RQWR�UHVWULFWHG�ORFDWLRQV��

x &KLOGUHQ�RIWHQ�EULQJ�IRRG�LQWR�FRQWDPLQDWHG�DUHDV��UHVXOWLQJ�LQ�KDQG�WR�PRXWK�DFWLYLWLHV��
x �&KLOGUHQ�DUH�VPDOOHU�DQG�UHFHLYH�KLJKHU�GRVHV�RI�FRQWDPLQDQW�H[SRVXUHV�SHU�ERG\�

ZHLJKW����
x �&KLOGUHQ�DUH�VKRUWHU�WKDQ�DGXOWV��WKHUHIRUH��WKH\�KDYH�D�KLJKHU�SRVVLELOLW\�RI�EUHDWKLQJ�LQ�

GXVW�DQG�VRLO���
x �)HWDO�DQG�FKLOG�H[SRVXUH�WR�FRQWDPLQDQWV�FDQ�FDXVH�SHUPDQHQW�GDPDJH�GXULQJ�FULWLFDO�

JURZWK�VWDJHV��
�
7KHVH�XQLTXH�YXOQHUDELOLWLHV�RI�LQIDQWV�DQG�FKLOGUHQ�GHPDQG�VSHFLDO�DWWHQWLRQ�LQ�FRPPXQLWLHV�WKDW�
KDYH�FRQWDPLQDWHG�ZDWHU��IRRG��VRLO��RU�DLU��&KLOGUHQ¶V�KHDOWK�ZDV�FRQVLGHUHG�LQ�WKH�ZULWLQJ�RI�
WKLV�KHDOWK�FRQVXOWDWLRQ�DQG�WKH�H[SRVXUH�VFHQDULRV�WUHDWHG�FKLOGUHQ�DV�WKH�PRVW�VHQVLWLYH�
SRSXODWLRQ�EHLQJ�H[SRVHG��
�
�
�
�
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Conclusions 

%DVHG�RQ�WKH�LQIRUPDWLRQ�SURYLGHG��'2+�FRQFOXGHV�WKH�IROORZLQJ���

�� '2+�FRQFOXGHV�WKDW�FRQVXPSWLRQ�RI�VHDIRRG�DW�WULEDO�VFHQDULR�UDWHV�LV�H[SHFWHG�WR�KDUP�
FKLOGUHQ�DQG�DGXOWV�KHDOWK��7KH�6ZLQRPLVK��6DPLVK��/XPPL�DQG�WKH�8SSHU�6NDJLW�DUH�
WULEHV�RU�QDWLRQV�WKDW�ILVK�LQ�WKLV�DUHD�RU�LW�LV�LQ�WKHLU�XVXDO�DQG�DFFXVWRPHG�ILVKLQJ�ULJKWV�
DUHDV���,I�DQ\�RI�WKH�WULEHV�RU�QDWLRQV�DUH�XVLQJ�)LGDOJR�%D\�IRU�KDUYHVWLQJ�DQG�LV�
FRQVXPLQJ�DW�WULEDO�VFHQDULR�UDWHV��WKLV�ZRXOG�UHSUHVHQW�D�³SXEOLF�KHDOWK�KD]DUG´��7KH�
6ZLQRPLVK�,QGLDQ�7ULEDO�&RPPXQLW\�KDV�VWDWHG��³)LGDOJR�%D\��KLVWRULFDOO\�DQ�LPSRUWDQW�
KDUYHVW�VLWH��LV�QRZ�LPSDFWHG�E\�FRQWDPLQDWLRQ�DQG�WKXV�QRW�XVHG�IRU�KDUYHVW�LQ�UHFHQW�
\HDUV´�>�@��,W�PD\�DOVR�EH�XQOLNHO\�WKDW������RI�D�VXEVLVWHQFH�FRQVXPHU��WULEHV�RU�
QDWLRQV��ZRXOG�EH�FRQVXPLQJ�DQG�KDUYHVWLQJ�IURP�)LGDOJR�%D\�RQO\��

�
�� '2+�FRQFOXGHV�WKDW�FRQVXPLQJ�ERWWRP�ILVK�RU�VKHOOILVK�IURP�)LGDOJR�%D\�LV�QRW�H[SHFWHG�

WR�KDUP�WKH�general�SRSXODWLRQ¶V��FKLOGUHQ�RU�DGXOWV���7KLV�DUHD�DOVR�IDOOV�XQGHU�WKH�3XJHW�
6RXQG�&UDE�$GYLVRU\���'2+�UHFRPPHQGV�FRQVXPLQJ�RQO\�'XQJHQHVV�DQG�5HG�5RFN�
FUDE�IURP�QRQ�XUEDQ�DUHDV�DQG�WKDW�³FUDE�EXWWHU´�DQG�YLVFHUD�VKRXOG�QRW�EH�HDWHQ���%DVHG�
RQ�FRQWDPLQDQWV�RI�FRQFHUQ�LQ�ERWWRP�ILVK�RU�VKHOOILVK��FDOFXODWHG�PHDO�OLPLWV�DUH����
FODPV�SHU�PRQWK�����FUDEV�SHU�PRQWK��DQG����ERWWRP�ILVK�SHU�PRQWK��VHH�$SSHQGL[�(��
7DEOHV�(���(��DQG�(�����7DEOH�(��VKRZV�WKH�DGMXVWPHQW�RI�PHDO�VL]H�EDVHG�RQ�WKH�ERG\�
ZHLJKW�RI�WKH�FRQVXPHU��
�

�� '2+�FRQFOXGHV�WKDW�WRXFKLQJ��EUHDWKLQJ�RU�DFFLGHQWDOO\�HDWLQJ�VHGLPHQW�RQH�GD\�SHU�
ZHHN�RU����GD\V�SHU�\HDU�IURP�)LGDOJR�%D\�LV�QRW�H[SHFWHG�WR�KDUP�SHRSOH¶V�KHDOWK��7KH�
PD[LPXP�OHYHO�RI�FDUFLQRJHQLF�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV��F3$+V��LQ�WKLV�
H[SRVXUH�VFHQDULR�LV�EHORZ�OHYHOV�NQRZQ�WR�UHVXOW�LQ�QRQ�FDQFHU�KDUPIXO�KHDOWK�HIIHFWV��,Q�
DGGLWLRQ��WKH�H[SRVXUH�VFHQDULR�GRHV�QRW�SUHVHQW�DQ�HOHYDWHG�WKHRUHWLFDO�FDQFHU�ULVN����
�

�
Recommendations 

�
�� '2+�UHFRPPHQGV�(FRORJ\�SHUIRUP�WKH�QHFHVVDU\�VLWH�UHPHGLDO�LQYHVWLJDWLRQ�DQG�

IHDVLELOLW\�VWXG\��5,�)6��DV�WKH\�ZRUN�WKURXJK�WKH�SURFHVV�RI�FOHDQLQJ�XS�)LGDOJR�%D\��
3URFHHGLQJ�ZLWK�WKH�SODQQHG�FOHDQXS�ZLOO�FRQWULEXWH�WR�D�VLJQLILFDQW�UHGXFWLRQ�LQ�KXPDQ�
KHDOWK�ULVN��

�
�� '2+�UHFRPPHQGV�(FRORJ\�SHUIRUP�ORQJ�WHUP�PRQLWRULQJ�RI�)LGDOJR�%D\��'2+�LV�

DYDLODEOH�WR�UHYLHZ�D�PRQLWRULQJ�SODQ�DQG�PRQLWRULQJ�UHVXOWV��
�

�� '2+�UHFRPPHQGV�IROORZLQJ�WKH�3XJHW�6RXQG�5HFUHDWLRQDO�0DULQH�$UHD���)LVK�
&RQVXPSWLRQ�$GYLVRU\�DQG�WKH�3XJHW�6RXQG�FUDE�FRQVXPSWLRQ�DGYLVRU\�WKDW�VWDWHV���

�
x (DW�QR�PRUH�WKDQ�RQH�PHDO�SHU�ZHHN�IRU�URFNILVK�DQG�&KLQRRN�VDOPRQ��DQG�QR�PRUH�

WKDQ�RQH�PHDO�SHU�PRQWK�IRU�UHVLGHQW��EODFNPRXWK��&KLQRRN�VDOPRQ��
�
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x (DW�'XQJHQHVV�DQG�5HG�5RFN�FUDE�IURP�QRQ�XUEDQ�DUHDV�DQG�GR�QRW�HDW�WKH�³FUDE�
EXWWHU´��YLVFHUD����0RUH�LQIRUPDWLRQ�UHJDUGLQJ�WKHVH�DGYLVRULHV�LV�DYDLODEOH�DW�
KWWS���ZZZ�GRK�ZD�JRY�HKS�RHKDV�ILVK�UPD��KWP�RU�E\�FDOOLQJ�WROO�IUHH�����������
�������

�
�� '2+�DOVR�UHFRPPHQGV�IROORZLQJ�WKH�PHDO�OLPLWV�FDOFXODWHG�LQ�$SSHQGL[�(��(DW�QR�PRUH�

WKDQ����RU�����HLJKW�RXQFH�PHDOV�SHU�PRQWK�RI�FODPV��FUDEV��ERWWRP�ILVK��(QJOLVK�VROH�DQG�
6WDUU\�)ORXQGHU���RU�DQ\�FRPELQDWLRQ�WKHUHRI��

�
General Advice 
'2+�HQFRXUDJHV�DOO�:DVKLQJWRQLDQV�WR�HDW�DW�OHDVW�WZR�ILVK�PHDOV�SHU�ZHHN�DV�SDUW�RI�D�KHDUW�
KHDOWK\�GLHW�LQ�DFFRUGDQFH�ZLWK�$PHULFDQ�+HDUW�$VVRFLDWLRQ��$+$��UHFRPPHQGDWLRQV���3HRSOH�
PD\�HDW�ILVK�PRUH�WKDQ�WZR�WLPHV�ZHHNO\�EXW�VXFK�IUHTXHQW�FRQVXPHUV�VKRXOG�WDNH�WKH�IROORZLQJ�
VWHSV�WR�UHGXFH�H[SRVXUH�WR�FRQWDPLQDQWV�LQ�WKH�ILVK�WKDW�WKH\�HDW��
�
• (DW�D�YDULHW\�RI�ILVK�WKDW�DUH�ORZ�LQ�FRQWDPLQDQWV�DFFRUGLQJ�WR�JXLGDQFH�SURYLGHG�RQ�RXU�
��ZHEVLWH�DW�KWWS���ZZZ�GRK�ZD�JRY�ILVK��
• )ROORZ�ILVK�DGYLVRU\�DGYLFH�SURYLGHG�E\�'2+�DQG�ORFDO�KHDOWK�DJHQFLHV�IRU�ZDWHU�ERGLHV�ZKHUH���
\RX�ILVK��KWWS���ZZZ�GRK�ZD�JRY�&RPPXQLW\DQG(QYLURQPHQW�)RRG�)LVK�$GYLVRULHV�DVS[�

• <RXQJ�FKLOGUHQ�DQG�VPDOO�DGXOWV�VKRXOG�HDW�SURSRUWLRQDOO\�VPDOOHU�PHDO�VL]HV��
• *ULOO��EDNH��RU�EURLO�ILVK�VR�WKDW�IDW�GULSV�RII�ZKLOH�FRRNLQJ��
• (DW�ILOOHWV�ZLWKRXW�WKH�VNLQ��
• 0HUFXU\�DQG�RWKHU�PHWDOV�DUH�VWRUHG�LQ�WKH�ILOOHW�RI�WKH�ILVK�DQG�ZLOO�QRW�EH�UHGXFHG�E\�
��SUHSDULQJ�ILVK�WKLV�ZD\��
�
�

Public Health Action Plan 
$FWLRQV�3ODQQHG�
�

�� '2+�ZLOO�FRRUGLQDWH�ZLWK�(FRORJ\�WR�SURYLGH�DQ�HGXFDWLRQDO�PDWHULDOV�IDFW�VKHHW��
�

�� '2+�ZLOO�SURYLGH�FRSLHV�RI�WKLV�KHDOWK�FRQVXOWDWLRQ�WR�(FRORJ\�DQG�FRQFHUQHG�SDUWLHV��
�

�� '2+�ZLOO�EH�DYDLODEOH�DW�(FRORJ\¶V�SODQQHG�SXEOLF�PHHWLQJV�LQ�WKH�)LGDOJR�%D\�
FRPPXQLW\���

�
�
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��� 8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��7R[LFRORJLFDO�5HYLHZ�RI�,QRUJDQLF�$UVHQLF��,Q�

VXSSRUW�RI�VXPPDU\�LQIRUPDWLRQ�RQ�WKH�,QWHJUDWHG�5LVN�,QIRUPDWLRQ�6\VWHP��-XO\������ 
KWWS���ZZZ�HSD�JRY�ZDWHUVFLHQFH�FULWHULD�DUVHQLF�VDE�$V'UDIWB6$%�SGI���

�
��� 1$6������E��$UVHQLF�LQ�'ULQNLQJ�:DWHU�������8SGDWH��1DWLRQDO�$FDGHP\�3UHVV��

:DVKLQJWRQ��'&��������$YDLODEOH�DW��
KWWS���ERRNV�QDS�HGX�ERRNV������������KWPO�LQGH[�KWPO�

�
��� )UDQFHVFRQL�.$�DQG�(GPRQGV�-6��������$UVHQLF�DQG�PDULQH�RUJDQLVPV��$GYDQFHV�LQ�

,QRUJDQLF�&KHPLVWU\�������������
�
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��� 8�6��)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ��)'$���������*XLGDQFH�GRFXPHQW�IRU�DUVHQLF�LQ�
VKHOOILVK��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��3XEOLF�+HDOWK�6HUYLFH��)RRG�DQG�
'UXJ�$GPLQLVWUDWLRQ��&HQWHU�IRU�)RRG�6DIHW\�DQG�$SSOLHG�1XWULWLRQ��:DVKLQJWRQ��'&��
-DQXDU\�������$YDLODEOH�DW��KWWS���ZZZ�IRRGVDIHW\�JRY�aIUI�JXLG�DV�KWPO�

�
��� :DVKLQJWRQ�6WDWH�'HSDUWPHQW�RI�(FRORJ\��(QYLURQPHQWDO�$VVHVVPHQW�3URJUDP��

,QRUJDQLF�DUVHQLF�OHYHOV�LQ�3XJHW�6RXQG�ILVK�DQG�VKHOOILVK�IURP�����G��OLVWHG�ZDWHU�ERGLHV�
DQG�RWKHU�DUHDV��3UHSDUHG�E\�$UW�-RKQVRQ�DQG�0RUJDQ�5RRVH��3XEOLFDWLRQ�1R�������������
2O\PSLD��:DVKLQJWRQ�6WDWH�'HSDUWPHQW�RI�(FRORJ\��'HFHPEHU�������

�
��� 8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�

'LVHDVH�5HJLVWU\��7R[LFRORJLFDO�SURILOH�IRU�&DGPLXP��XSGDWH��3%������������$WODQWD��
8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��-XO\�������

�
��� $QGHUVRQ�5$��3RODQVN\�00��%U\GHQ�1$��3DWWHUVRQ�.<��9HLOORQ�&��*OLQVPDQQ�:+��

������(IIHFWV�RI�FKURPLXP�VXSSOHPHQWDWLRQ�RQ�XULQDU\�&U�H[FUHWLRQ�RI�KXPDQ�VXEMHFWV�
DQG�FRUUHODWLRQ�RI�&U�H[FUHWLRQ�ZLWK�VHOHFWHG�FOLQLFDO�SDUDPHWHUV��-�1XWU��������±����
&LWHG�LQ�$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��������7R[LFRORJLFDO�SURILOH�
IRU�FKURPLXP��$WODQWD��86�'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��6HSWHPEHU�������
$YDLODEOH�DW��KWWS���ZZZ�DWVGU�FGF�JRY�WR[SURILOHV�WS��KWPO��

�
��� $QGHUVRQ�5$��������&KURPLXP�PHWDEROLVP�DQG�LWV�UROH�LQ�GLVHDVH�SURFHVVHV�LQ�PDQ��&OLQ�

3K\VLRO�%LRFKHP�����±����&LWHG�LQ�$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��
������7R[LFRORJLFDO�SURILOH�IRU�FKURPLXP��$WODQWD��8�6��'HSDUWPHQW�RI�+HDOWK�DQG�
+XPDQ�6HUYLFHV��6HSWHPEHU�������$YDLODEOH�DW��
KWWS���ZZZ�DWVGU�FGF�JRY�WR[SURILOHV�WS��KWPO��

�
��� 'RQDOGVRQ�50��%DUUHUDV�5)��������,QWHVWLQDO�DEVRUSWLRQ�RI�WUDFH�TXDQWLWLHV�RI�FKURPLXP��

-�/DE�&OLQ�0HG�������±�����&LWHG�LQ�$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��
������7R[LFRORJLFDO�SURILOH�IRU�FKURPLXP��$WODQWD��8�6��'HSDUWPHQW�RI�+HDOWK�DQG�
+XPDQ�6HUYLFHV��6HSWHPEHU�������$YDLODEOH�DW��
KWWS���ZZZ�DWVGU�FGF�JRY�WR[SURILOHV�WS��KWPO��

�
��� $JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��7R[LFRORJLFDO�SURILOH�IRU�FKORULQDWHG�

GLEHQ]R�p�GLR[LQV��XSGDWH���'UDIW�IRU�SXEOLF�FRPPHQW��$WODQWD��8�6��'HSDUWPHQW�RI�
+HDOWK�DQG�+XPDQ�6HUYLFHV��������

�
��� 1DWLRQDO�7R[LFRORJ\�3URJUDP��&DUFLQRJHQHVLV�ELRDVVD\�RI����������WHWUDFKORURGLEHQ]R�S�

GLR[LQ�LQ�6ZLVV�:HEVWHU�PLFH��JDYDJH�VWXG\���&DUFLQRJHQHVLV�7HVWLQJ�3URJUDP��1DWLRQDO�
&DQFHU�,QVWLWXWH��1DWLRQDO�,QVWLWXWH�RI�+HDOWK�1DWLRQDO�7R[LFRORJ\�3URJUDP��%HWKHVGD��
0'��'++6�SXEOLFDWLRQ�QR����������������

�
��� 8QLWHG�6WDWHV�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��+HDOWK�DVVHVVPHQW�GRFXPHQW�IRU�

SRO\FKORULQDWHG�GLEHQ]R�S�GLR[LQV��:DVKLQJWRQ��'&��8�6��(QYLURQPHQWDO�3URWHFWLRQ�
$JHQF\��2IILFH�RI�+HDOWK�DQG�(QYLURQPHQWDO�$VVHVVPHQW��(3$�UHSRUW�QR����������������
������

�
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��� 8QLWHG�6WDWHV�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��5HSRUW�RQ�WKH�SHHU�UHYLHZ�RI�WKH�GLR[LQ�
UHDVVHVVPHQW�GRFXPHQWV��WR[LFLW\�HTXLYDOHQF\�IDFWRUV�IRU�GLR[LQ�DQG�UHODWHG�FRPSRXQGV�
�&KDSWHU����DQG�LQWHJUDWHG�ULVN�FKDUDFWHUL]DWLRQ�GRFXPHQW��$OH[DQGULD��9$��1DWLRQDO�
&HQWHU�IRU�(QYLURQPHQWDO�$VVHVVPHQW��������

�
��� $JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5���$QDO\VLV�3DSHU��,PSDFW�RI�

/HDG�&RQWDPLQDWHG�6RLO�RQ�3XEOLF�+HDOWK��8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�
6HUYLFHV��3XEOLF�+HDOWK�6HUYLFH��$WODQWD��*HRUJLD��0D\�������

�
��� &'&��3UHYHQWLQJ�OHDG�SRLVRQLQJ�LQ�\RXQJ�FKLOGUHQ��D�VWDWHPHQW�E\�WKH�&HQWHUV�IRU�

'LVHDVH�&RQWURO��2FWREHU�������$WODQWD��*HRUJLD��8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�
6HUYLFHV��3XEOLF�+HDOWK�6HUYLFH��&'&��������

�
��� 8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�

'LVHDVH�5HJLVWU\��7R[LFRORJLFDO�SURILOH�IRU�/HDG��XSGDWH��3%������������$WODQWD��8�6��
'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��-XO\�������

�
��� $JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5���/HDG�7R[LFLW\��&DVH�

VWXGLHV�LQ�HQYLURQPHQWDO�PHGLFLQH�&RXUVH��66������$WODQWD��8�6��'HSDUWPHQW�RI�+HDOWK�
DQG�+XPDQ�6HUYLFHV��3XEOLF�+HDOWK�6HUYLFH��2FWREHU�������

�
��� 8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�

'LVHDVH�5HJLVWU\��7R[LFRORJLFDO�3URILOH�IRU�3RO\F\FOLF�$URPDWLF�+\GURFDUERQV��3$+V���
�XSGDWH��3%������������$WODQWD��8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��
$XJXVW�������

�
��� 3KLOOLSV��'�+��3RO\F\FOLF�$URPDWLF�+\GURFDUERQV�LQ�WKH�GLHW���0XWDWLRQ�5HVHDUFK�������

���������������
�
��� 8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��7HFKQLFDO�5HYLHZ�:RUNJURXS�IRU�/HDG��User’s 

Guide for the Integrated Exposure Uptake Biokinetic Model for Lead in Children,�
�,(8%.��Windows version 1.0��26:(5�'LUHFWLYH�1R������������'RFXPHQW�1R��(3$�
����.��������:DVKLQJWRQ��'&��0D\�������

�
��� 8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��*XLGHOLQHV�IRU�&DUFLQRJHQ�5LVN�$VVHVVPHQW�

�5HYLHZ�'UDIW���1&($�)������-XO\�������$YDLODEOH�DW��
KWWS���ZZZ�HSD�JRY�1&($�UDI�FDQFHU�KWP��

�
��� $76'5�$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5�)DFW�6KHHW��&DQFHU��

8SGDWHG�$XJXVW�����������$WODQWD��8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��
$YDLODEOH�DW��KWWS���ZZZ�DWVGU�FGF�JRY�&20�FDQFHU�IV�KWPO��

�
��� $JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5���,QWHUDFWLRQ�3URILOH�IRU�

SHUVLVWHQW�FKHPLFDOV�IRXQG�LQ�ILVK��8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��
3XEOLF�+HDOWK�6HUYLFH��0D\�������

�
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��� 1DWLRQDO�&HQWHU�IRU�(QYLURQPHQWDO�$VVHVVPHQW��([SRVXUH�)DFWRUV�+DQGERRN�9ROXPH���±�
*HQHUDO�)DFWRUV�(3$�����3�������)D��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��$XJXVW�
������

 
�
�
�
�
�
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�Figure 1. 'HPRJUDSKLF�VWDWLVWLFV�ZLWKLQ�WKUHH�PLOHV�RI�WKH�VLWH
���)LGDOJR�%D\��6NDJLW�&RXQW\��
 
Total Population      11704 
White      10818 
Black            33 
American Indian, Eskimo, Aleut         143 
Asian or Pacific Islander          211    
Other Race          176 
Hispanic Origin          386 
Children Aged 6 and Younger         943 
Adults Aged 65 and Older        2310 
Females Aged 15 - 44        2088 
Total Aged over 18        8900 
Total Aged under 18        2804 
Total Housing Units          5295 

�

�
�
�

* Calculated using the area proportion technique. Source: 2000 U.S. CENSUS 
 
�
�
�

�
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�
Figure 2. 5HG�ER[�LQGLFDWHV�WKH�)LGDOJR�%D\�VLWH�ORFDWLRQ��6NDJLW�&RXQW\��:DVKLQJWRQ��
�

�
 

�
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Figure 3.�(FRORJ\¶V�VHGLPHQW�DQG�ELRWD�VDPSOH�DUHDV�ZLWKLQ�)LGDOJR�%D\��6NDJLW�&RXQW\��
:DVKLQJWRQ��
�
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Appendix A�
7KLV�VHFWLRQ�SURYLGHV�FDOFXODWHG�H[SRVXUH�GRVHV�DQG�DVVXPSWLRQV�XVHG�IRU�H[SRVXUH�WR�FKHPLFDOV�
LQ�VHGLPHQWV�DW�WKH�)LGDOJR�%D\ VLWH��7KUHH�GLIIHUHQW�H[SRVXUH�VFHQDULRV�ZHUH�GHYHORSHG�WR�PRGHO�
H[SRVXUHV�WKDW�PLJKW�RFFXU��7KHVH�VFHQDULRV�ZHUH�GHYLVHG�WR�UHSUHVHQW�H[SRVXUHV�WR�D�FKLOG������
\UV���DQ�ROGHU�FKLOG��DQG�DQ�DGXOW��7KH�IROORZLQJ�H[SRVXUH�SDUDPHWHUV�DQG�GRVH�HTXDWLRQV�ZHUH�
XVHG�WR�HVWLPDWH�H[SRVXUH�GRVHV�IURP�GLUHFW�FRQWDFW�ZLWK�FKHPLFDOV�LQ�VHGLPHQWV��
�
Exposure to chemicals in soil via ingestion, inhalation, and dermal absorption. 
 
Total dose (non-cancer) = Ingested dose + inhaled dose + dermally absorbed dose 
�
Ingestion Route 
�
'RVH�QRQ�FDQFHU��PJ�NJ�GD\��� ��&�[�&)�[�,5�[�()�[�('� �
� � � � %:�[�$7QRQ�FDQFHU�

�
&DQFHU�5LVN� �&�[�&)�[�,5�[�()�[�&3)�[�('� � � � � � �
� � � � %:�[�$7FDQFHU�
�
Dermal Route 
 
'HUPDO�7UDQVIHU��'7�� �&�[�$)�[�$%6�[�$'�[�&)� �
� � � ��������� 25$)�
�
�
'RVH�QRQ�FDQFHU��PJ�NJ�GD\��� ��'7�[�6$�[�()�[�('� �
� � � � %:�[�$7QRQ�FDQFHU�

�

�
&DQFHU�5LVN� �'7�[�6$�[�()�[�&3)�[�('� � � � � � � �
� � � %:�[�$7FDQFHU�
�
�
Inhalation Route 
�
'RVHQRQ�FDQFHU��PJ�NJ�GD\��� �&�[�60)�[�,+5�[�()�[�('�[���3()� �
� � � � � %:�[�$7QRQ�FDQFHU�
�
�
&DQFHU�5LVN� �&�[�60)�[�,+5�[�()�[�('�[�&3)�[���3()� �
� � � � %:�[�$7FDQFHU�

�

�

�

�

�

�

�
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Table A1. ([SRVXUH�DVVXPSWLRQV�XVHG�WR�HVWLPDWH�F3$+V�GRVHV�IURP�GLUHFW�FRQWDFW�ZLWK�
VHGLPHQWV�LQ�)LGDOJR�%D\��$QDFRUWHV��:$��

�
Parameter� Value Unit Comments�

&RQFHQWUDWLRQ��&��� 9DULDEOH� PJ�NJ� 0D[LPXP�GHWHFWHG�YDOXH�

&RQYHUVLRQ�)DFWRU��&)�� ��������� NJ�PJ� &RQYHUWV�FRQWDPLQDQW�FRQFHQWUDWLRQ�IURP�
PLOOLJUDPV��PJ��WR�NLORJUDPV��NJ��

,QJHVWLRQ�5DWH��,5��±�DGXOW� ���
PJ�GD\� ([SRVXUH�)DFWRUV�+DQGERRN�>��@�,QJHVWLRQ�5DWH��,5��±�ROGHU�FKLOG� ���

,QJHVWLRQ�5DWH��,5����FKLOG� ���
([SRVXUH�)UHTXHQF\��()�� �� 'D\V�\HDU 2QH�GD\V�D�ZHHN��

([SRVXUH�'XUDWLRQ��(G�� ������������� \HDUV� 1XPEHU�RI�\HDUV�DW�RQH�UHVLGHQFH��FKLOG��ROGHU�
FKLOG��DGXOW�\UV��

%RG\�:HLJKW��%:����DGXOW�� ��
NJ�

$GXOW�PHDQ�ERG\�ZHLJKW��
%RG\�:HLJKW��%:��±�ROGHU�FKLOG� �� 2OGHU�FKLOG�PHDQ�ERG\�ZHLJKW�
%RG\�:HLJKW��%:����FKLOG� �� ����\HDU�ROG�FKLOG�DYHUDJH�ERG\�ZHLJKW
6XUIDFH�DUHD��6$����DGXOW� ����

FP�� ([SRVXUH�)DFWRUV�+DQGERRN�6XUIDFH�DUHD��6$��±�ROGHU�FKLOG� ����
6XUIDFH�DUHD��6$����FKLOG� ����
$YHUDJLQJ�7LPHQRQ�FDQFHU��$7�� ���� GD\V ��\HDUV
$YHUDJLQJ�7LPHFDQFHU��$7�� ����� GD\V ���\HDUV
&DQFHU�3RWHQF\�)DFWRU��&3)�� ��� PJ�NJ�GD\�� 6RXUFH��(3$�
���KU��DEVRUSWLRQ�IDFWRU��$%6�� ���� XQLWOHVV 6RXUFH��(3$��&KHPLFDO�6SHFLILF��3$+��
2UDO�URXWH�DGMXVWPHQW�IDFWRU��25$)�� � XQLWOHVV 1RQ�FDQFHU���QF����FDQFHU��F����GHIDXOW
$GKHUHQFH�GXUDWLRQ��$'�� � GD\V 6RXUFH��(3$

$GKHUHQFH�IDFWRU��$)�� ��� PJ�FP�� &KLOG��ROGHU�FKLOG�
���� $GXOW

,QKDODWLRQ�UDWH��,+5����DGXOW�� ����
P��GD\� ([SRVXUH�)DFWRUV�+DQGERRN�>��@�,QKDODWLRQ�UDWH��,+5��±�ROGHU�FKLOG� ��

,QKDODWLRQ�UDWH��,+5����FKLOG� ���
6RLO�PDWUL[�IDFWRU��60)�� � XQLWOHVV 1RQ�FDQFHU���QF����FDQFHU��F����GHIDXOW
3DUWLFXODWH�HPLVVLRQ�IDFWRU��3()�� ����(�� P��NJ 0RGHO�3DUDPHWHUV�
�
�
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�
Fidalgo Bay Sediment Exposure Route – Non-cancer 

�
Table A2.�1RQ�FDQFHU�KD]DUG�FDOFXODWLRQV�UHVXOWLQJ�IURP�H[SRVXUH�WR�F3$+V�LQ�VHGLPHQWV�IURP�
)LGDOJR�%D\��$QDFRUWHV��:$��
�

Contaminant 
TEQ 

Concentra
tion 

 (ppm) 
(mg/kg) 

Scenarios 

Estimated Dose 
��������������������PJ�NJ�GD\� 

Total Dose
LOAEL 

����������
�PJ�NJ�GD\� 

Total Dose/    
LOAEL   ,QFLGHQWDO�

,QJHVWLRQ�RI�
6RLO�

'HUPDO�
&RQWDFW��
ZLWK�6RLO�

,QKDODWLRQ�RI�
3DUWLFXODWHV�

F3$+� �������

&KLOG� ����(��� ����(��� ����(���� ����(���

���(���

�����������

2OGHU�&KLOG� ����(��� ����(��� ����(���� ����(��� ������������

$GXOW�� ����(��� ����(��� ����(���� ����(��� ������������

 
 
 

Fidalgo Bay Sediment Exposure Route – Cancer 
�
Table A3��&DQFHU�KD]DUG�FDOFXODWLRQV�UHVXOWLQJ�IURP�H[SRVXUH�WR�F3$+V�VHGLPHQWV�IURP�)LGDOJR�
%D\��$QDFRUWHV��:$��
�
�

Contaminant Concentra
tion (ppm) 

EPA 
cancer 
Group 

Cancer 
Potency 
Factor 

(PJ�NJ�GD\��)

Scenarios 
Increased Cancer Risk 

Total 
Cancer 

Risk 
�
�

,QFLGHQWDO�
,QJHVWLRQ�RI�

6RLO�

'HUPDO�
&RQWDFW��
ZLWK�6RLO�

,QKDODWLRQ�RI�
3DUWLFXODWHV�

7RWDO�F3$+�
7(4� ������ %�� ����

&KLOG�� ����(�� ����(��� ����(���� ����(���

2OGHU�&KLOG� ����(�� ����(��� ����(���� ����(���

$GXOW� ����(�� ����(��� ����(���� ����(���

�
/LIHWLPH�FDQFHU�ULVN������(���������(���������(��� �����(���
�
�
�
�
�



HC-Fidalgo Bay 

  
�

42 

Appendix B 
7KLV�VHFWLRQ�SURYLGHV�FDOFXODWHG�H[SRVXUH�GRVHV�DQG�H[SRVXUH�DVVXPSWLRQV�XVHG�IRU�FKHPLFDOV�LQ�
ERWWRP�ILVK��VKHOOILVK�DQG�FUDE�VDPSOHV�WDNHQ�IURP�)LGDOJR�%D\��7KHVH�H[SRVXUH�VFHQDULRV�ZHUH�
GHYHORSHG�WR�PRGHO�H[SRVXUHV�WKDW�PLJKW�RFFXU�DQG�ZHUH�GHYLVHG�WR�UHSUHVHQW�H[SRVXUHV�WR�WKH�
JHQHUDO�SRSXODWLRQ���7KH�IROORZLQJ�H[SRVXUH�SDUDPHWHUV�DQG�GRVH�HTXDWLRQV�ZHUH�XVHG�WR�
HVWLPDWH�H[SRVXUH�GRVHV�IURP�LQJHVWLRQ�RI�FRQWDPLQDQWV�LQ�ERWWRP�ILVK�DQG�VKHOOILVK��
�
Ingestion Route 
 
'RVH�QRQ�FDQFHU��PJ�NJ�GD\��� ��&�[�&)��[�,5�[�&)��[�()�[�('� �
� � � � %:�[�$7QRQ�FDQFHU�

�
&DQFHU�5LVN� �&�[�&)��[�,5�[�&)��[�()�[�&3)�[�('� � � � � �
� � � %:�[�$7FDQFHU�
�
Table B1. ([SRVXUH�DVVXPSWLRQV�XVHG�LQ�H[SRVXUH�HYDOXDWLRQ�RI�FRQWDPLQDQWV�LQ�ERWWRP�ILVK��
VKHOOILVK�DQG�FUDE�VDPSOHV�WDNHQ�IURP�)LGDOJR�%D\��LQ�$QDFRUWHV��:DVKLQJWRQ��

�
Parameter� Value� Unit Comments�

&RQFHQWUDWLRQ��&��� 9DULDEOH� XJ�NJ� $YHUDJH�GHWHFWHG�YDOXH�

&RQYHUVLRQ�)DFWRU��&)��� ������ PJ�NJ� &RQYHUWV�FRQWDPLQDQW�FRQFHQWUDWLRQ�IURP�PLOOLJUDPV�
�PJ��WR�NLORJUDPV��NJ��

&RQYHUVLRQ�)DFWRU��&)��� ������ NJ�J� &RQYHUWV�PDVV�RI�VKHOOILVK�IURP�JUDPV��J��WR�NLORJUDPV�
�NJ���

,QJHVWLRQ�5DWH��,5�� �����

J�GD\�

%RG\�ZHLJKW�DGMXVWHG�VKHOOILVK�FRQVXPSWLRQ�UDWHV�WR�
DFFRXQW�IRU�FKLOGUHQ�HDWLQJ�QHDUO\�����WLPHV�DV�PXFK�ILVK�
SHU�ERG\�ZHLJKW�DV�GR�DGXOWV��VHH�WDEOH�%���

,QJHVWLRQ�5DWH��,5�� ����� $YHUDJH�JHQHUDO�SRSXODWLRQ�FKLOG�±�ERWWRP�ILVK �VHH�
WDEOH�%���

,QJHVWLRQ�5DWH��,5�� �����
%RG\�ZHLJKW�DGMXVWHG�VKHOOILVK�FRQVXPSWLRQ�UDWHV�WR�
DFFRXQW�IRU�DQ�ROGHU�FKLOG�HDWLQJ������WLPHV�DV�PXFK�ILVK�
SHU�ERG\�ZHLJKW�DV�GR�DGXOWV��VHH�WDEOH�%���

,QJHVWLRQ�5DWH��,5��� ����� $YHUDJH�JHQHUDO�SRSXODWLRQ�ROGHU�FKLOG�±�ERWWRP�ILVK
�VHH�WDEOH�%���

,QJHVWLRQ�5DWH��,5�� ���� $YHUDJH�JHQHUDO�SRSXODWLRQ�DGXOW���VKHOOILVK�

,QJHVWLRQ�5DWH��,5�� ���� $YHUDJH�JHQHUDO�SRSXODWLRQ�DGXOW�±�ERWWRP�ILVK �VHH�
WDEOH�%���

([SRVXUH�)UHTXHQF\��()�� ���� 'D\V�\HDU� $VVXPHV�GDLO\�H[SRVXUH��

([SRVXUH�'XUDWLRQ��('�� �� \HDUV� 1XPEHU�RI�\HDUV�DW�RQH�UHVLGHQFH��FKLOG��
([SRVXUH�'XUDWLRQ��('�� ��� 1XPEHU�RI�\HDUV�DW�RQH�UHVLGHQFH��DGXOW��
%RG\�ZHLJKW��%:��� ��� NJ� 0HDQ�ERG\�ZHLJKW�FKLOG
%RG\�ZHLJKW��%:��� ��� 0HDQ�ERG\�ZHLJKW�DGXOW�
$YHUDJLQJ�7LPHQRQ�FDQFHU��$7�� 9DULDEOH� GD\V (TXDO�WR�([SRVXUH�'XUDWLRQ
$YHUDJLQJ�7LPHFDQFHU��$7�� ������ GD\V ���\HDUV
&DQFHU�3RWHQF\�)DFWRU��&3)�� 9DULDEOH� PJ�NJ�GD\�� 6RXUFH��(3$�± &KHPLFDO�VSHFLILF�
�
�
�
�
�
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�
Table B2.�'HULYDWLRQ�RI�D�FKLOG¶V�VKHOOILVK�FRQVXPSWLRQ�UDWH�IRU�WKH�JHQHUDO�8�6��SRSXODWLRQ��
�

Row Parameter Adult Older Child 
������\UV�

Child 
�����\UV�

�� 5HSRUWHG�$OO�)LVK�&RQVXPSWLRQ�5DWH�
JUDP�ILVK�SHU�NJ�ERG\ZHLJKW�SHU�GD\�
�J�NJ�GD\��

����� ����� �����

�� 5DWLR�WR�$GXOW�$OO�)LVK�&RQVXPSWLRQ�
5DWH�

� ���� ���

�� 5HSRUWHG�6KHOOILVK�&RQVXPSWLRQ�
�J�GD\��

������DYHUDJH�
�

1RW�5HSRUWHG� 1RW�5HSRUWHG

�� $YHUDJH�%RG\�:HLJKW��NJ�� �� �� ��
�� 5DWLR�WR�$GXOW�%:� � ����� ����
�� $GMXVWHG�6KHOOILVK�&RQVXPSWLRQ�5DWHV��

�J�GD\��
 �5RZ���[��5RZ���[�5RZ���

������DYHUDJH�
�
�

������DYHUDJH�� ������DYHUDJH�
�

�
�
�
Table B3.�'HULYDWLRQ�RI�ERWWRP�FRQVXPSWLRQ�UDWH�IRU�WKH�JHQHUDO�8�6��SRSXODWLRQ�EDVHG�RQ�IRXU�
SHUFHQW�RI�WRWDO�ILVK�LQWDNH��
�

Row Parameter Adult Older Child 
������\UV�

Child 
�����\UV�

�� 5HSRUWHG�$OO�)LVK�&RQVXPSWLRQ�5DWH�
�J�GD\��

���� ��� ���

�� $VVXPH�ERWWRP�ILVK�LQWDNH�UDWH�VLPLODU�
WR�WULEDO�DW�DERXW���SHUFHQW�>��@�

���� ���� ����

�� $GMXVWHG�ERWWRP�ILVK�UDWHV���J�GD\�
 �5RZ���[��5RZ���

�����
�

���� ����
�

�
�
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Table B4. ([SRVXUH�GRVH�DQG�QRQ�FDQFHU�ULVN�IURP�LQJHVWLQJ�VHDIRRG�DW�WKH�DYHUDJH�
FRQFHQWUDWLRQV�RI�FRQWDPLQDQWV�LQ�ERWWRP�ILVK��FODPV��DQG�FUDE�VDPSOHV�WDNHQ�IURP�)LGDOJR�%D\��
LQ�$QDFRUWHV��:DVKLQJWRQ��
�

 
 

Species Contaminant Average 
Concentration

 (ppm) 
 

Estimated Dose ��
�PJ�NJ�GD\��

*HQHUDO�SRSXODWLRQ�
$YHUDJH 

MRL or RfD 
����PJ�NJ�GD\� 

Hazard 
quotient 
*HQHUDO�
SRSXODWLRQ�
$YHUDJH 

�
&ODPV�

$UVHQLF�

������
&KLOG ����(��

����(���

�����
2OGHU�FKLOG ����(�� �����
$GXOW ����(�� �����

�
&UDEV� ������

&KLOG ����(�� �����
2OGHU�FKLOG ����(�� �����
$GXOW ����(�� �����

�
%RWWRP�)LVK� �����

&KLOG ����(�� �����
2OGHU�FKLOG ����(�� �����
$GXOW ����(�� �����

�
&UDEV� &DGPLXP� �����

&KLOG ����(��
����(���

�����
2OGHU�FKLOG ����(�� �����
$GXOW ����(�� �����

�
&ODPV� &KURPLXP� �����

&KLOG ����(��
����(���

�����
2OGHU�FKLOG ����(�� �����
$GXOW ����(�� �����

�
&ODPV�

'LR[LQ�

����(���
&KLOG ����(���

���(���

�����
2OGHU�FKLOG ����(��� ������
$GXOW ����(��� ������

�
&UDEV� ����(���

&KLOG ����(��� ������
2OGHU�FKLOG ����(��� ������
$GXOW ����(��� ������

�
%RWWRP�)LVK� ����(���

&KLOG ����(��� �����
2OGHU�FKLOG ����(��� ������
$GXOW ����(��� ������

�
&UDEV�

�
�
�

0HUFXU\�

�
������

&KLOG ����(��

����(���

�����
2OGHU�FKLOG ����(�� ������
$GXOW ����(�� �����

�
%RWWRP�)LVK� ������

&KLOG ����(�� �����
2OGHU�FKLOG ����(�� ������
$GXOW ����(�� ������

330�±�SDUWV�SHU�PLOOLRQ�
�
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Table B5. &DQFHU�ULVN�IURP�LQJHVWLQJ�VHDIRRG�DW�WKH�DYHUDJH�FRQFHQWUDWLRQV�RI�FRQWDPLQDQWV�LQ�
ERWWRP�ILVK��FODPV�DQG�FUDE�VDPSOHV�WDNHQ�IURP�)LGDOJR�%D\��LQ�$QDFRUWHV��:DVKLQJWRQ��
 

 
 

Species Contaminant Average 
Concentration

 (ppm) 

Cancer 
Potency 
Factor 

�PJ�NJ�GD\���

 

Increased 
Cancer Risk 
*HQHUDO�SRSXODWLRQ�

$YHUDJH 

Total Cancer Risk
*HQHUDO�SRSXODWLRQ�

$YHUDJH 

�
&ODPV�

$UVHQLF�

������

����

&KLOG ����(��

����(���

2OGHU�FKLOG ����(��
$GXOW ����(��

�
&UDEV� ������

&KLOG ����(��
2OGHU�FKLOG ����(��
$GXOW ����(��

�
%RWWRP�)LVK� �����

&KLOG ����(��
2OGHU�FKLOG ����(��
$GXOW ����(��

�
&ODPV�

'LR[LQ�

����(���

���(���

&KLOG ����(��

����(���

2OGHU�FKLOG ����(��
$GXOW ����(��

�
&UDEV� ����(���

&KLOG ����(��
2OGHU�FKLOG ����(��
$GXOW ����(��

�
%RWWRP�)LVK� ����(���

&KLOG ����(��
2OGHU�FKLOG ����(��
$GXOW ����(��

6XP�RI�FDQFHU�ULVN ����(��
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
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Appendix C�
7KLV�VHFWLRQ�SURYLGHV�FDOFXODWHG�H[SRVXUH�GRVHV�DQG�DVVXPSWLRQV�XVHG�IRU�H[SRVXUH�WR�FKHPLFDOV�
LQ�VHDIRRG�DW�WKH�)LGDOJR�%D\�VLWH�XVLQJ�7XODOLS�7ULEH�FRQVXPSWLRQ�UDWHV��,W�LV�EDVHG�RQ�WKH�(3$�
7ULEDO�IUDPHZRUN�IRU�ILVK�DQG�VKHOOILVK�FRQVXPSWLRQ�UDWHV�IRU�ULVN�EDVHG�GHFLVLRQV����

 
Intake of contaminant in mg/kg-day (IR

c
) = (CF

i 
x CR

PS 
x %

i 
x UCF

1
) /BW �

[Equation 1] �
:KHUH���
,5

F�
 �,QWDNH�UDWH�RI�FRQWDPLQDQW�E\�FDWHJRU\�RI�ILVK�VKHOOILVK���

&)
L�
 �FRQWDPLQDQW�FRQFHQWUDWLRQ��PJ�NJ��LQ�WKH�WLVVXH�RI�WKH�SDUWLFXODU�ILVK�RU�VKHOOILVK�FDWHJRU\���

&5
36�
 �WKH�WRWDO�FRQVXPSWLRQ�UDWH�RI�ILVK�DQG�VKHOOILVK�KDUYHVWHG�IURP�3XJHW�6RXQG������JUDPV�SHU�

GD\���
�

L�
 �WKH�SHUFHQWDJH�RI�WKH�LQJHVWLRQ�UDWH�WKDW�FRQVLVWV�RI�WKH�FDWHJRU\�RI�ILVK�RU�VKHOOILVK��XQLWOHVV��

%:� �ERG\�ZHLJKW�������NLORJUDPV��REVHUYHG�IURP�WKH�7XODOLS�7ULEHV¶�VWXG\��
8&)

��
 �FRQYHUVLRQ�IDFWRU����������NLORJUDPV�SHU�JUDP 

 
Estimated cancer risk (ECR) = (IR

total 
x ED x EF x CSF) / (AT x UCF

2
) [Equation 2] �

:KHUH���
,5

WRWDO�
 �7RWDO�LQWDNH�RI�FRQWDPLQDQW�IURP�VLWH�UHODWHG�ILVK�DQG�VKHOOILVK�FRQVXPSWLRQ�

('� �H[SRVXUH�GXUDWLRQ�����\HDUV��
()� �H[SRVXUH�IUHTXHQF\������GD\V�SHU�\HDU��
&6)� �RUDO�FDQFHU�VORSH�IDFWRU�IRU�FRQWDPLQDQW��
$7� �DYHUDJLQJ�WLPH�����\HDUV�IRU�FDUFLQRJHQV��
8&)

��
 �FRQYHUVLRQ�IDFWRU���������GD\V�\HDU� 

 
 

Estimated hazard index (EHI) = (IR
total 

x ED x EF x UCF
2
) / (RfD x AT) [Equation 3] �

:KHUH���
,5

WRWDO�
 �7RWDO�LQWDNH�RI�FRQWDPLQDQW�IURP�VLWH�UHODWHG�ILVK�DQG�VKHOOILVK�FRQVXPSWLRQ��

('� �H[SRVXUH�GXUDWLRQ�����\HDUV��
()� �H[SRVXUH�IUHTXHQF\������GD\V�SHU�\HDU��
5I'� �2UDO�UHIHUHQFH�GRVH�IRU�FRQWDPLQDQW�
$7� �DYHUDJLQJ�WLPH��WKH�VDPH�DV�H[SRVXUH�GXUDWLRQ�IRU�QRQ�FDUFLQRJHQLF�HIIHFWV��
8&)

��
 �FRQYHUVLRQ�IDFWRU�������\U�����GD\V��

�
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Table C1. )LGDOJR�%D\�DUVHQLF�LQWDNH�UDWH�EDVHG�RQ�WKH�7XODOLS�7ULEH�VHDIRRG�FRQVXPSWLRQ�UDWH�
$QDFRUWHV��:DVKLQJWRQ��
�
2YHUDOO�
)LVK�6KHOOILVK�
&RQVXPSWLRQ�
5DWH��J�GD\�

&DWHJRU\� 3HUFHQW�RI�
&RQVXPSWLRQ�
5DWH�
5HSUHVHQWHG�E\�
&DWHJRU\�

6LWH�UHODWHG�
FRQFHQWUDWLRQ�
RI�DUVHQLF��
PJ�NJ�LQ�WLVVXH��

&DWHJRU\�
6SHFLILF�
([SRVXUH�
PJ�NJ�GD\�

���� 6DOPRQ� ���� � ��
���� 3HODJLF�)LVK� ��� � ��
���� %RWWRP�)LVK� ��� ���� ����������
���� 6KHOOILVK
� ���� ����� ����������
6XP��,5WRWDO� ����������

&UDEV�WLVVXHV�DQG�FODPV�DYHUDJH��
�
$UVHQLF�(VWLPDWHG�KD]DUG�LQGH[� ������
�
$UVHQLF�(VWLPDWHG�FDQFHU�ULVN  �����(���
�
�
�
�
�
�
Table C2. )LGDOJR�%D\�FDGPLXP�LQWDNH�UDWH�EDVHG�RQ�WKH�7XODOLS�7ULEH�VHDIRRG�FRQVXPSWLRQ�UDWH�
$QDFRUWHV��:DVKLQJWRQ��
�
2YHUDOO�
)LVK�6KHOOILVK�
&RQVXPSWLRQ�
5DWH��J�GD\�

&DWHJRU\� 3HUFHQW RI�
&RQVXPSWLRQ�
5DWH�
5HSUHVHQWHG�E\�
&DWHJRU\�

6LWH�UHODWHG�
FRQFHQWUDWLRQ�
RI�FDGPLXP��
PJ�NJ�LQ�WLVVXH��

&DWHJRU\�
6SHFLILF�
([SRVXUH�
PJ�NJ�GD\�

���� 6DOPRQ� ���� � ��
���� 3HODJLF�)LVK� ��� � ��
���� %RWWRP�)LVK� ��� � ��
���� 6KHOOILVK
� ���� ���� ��������
6XP��,5WRWDO� ��������

&UDEV�WLVVXHV�RQO\�DYHUDJH�
�
&DGPLXP�(VWLPDWHG�KD]DUG�LQGH[� �����
�
�
�
�
�
�



HC-Fidalgo Bay 

  
�

48 

Table C3. )LGDOJR�%D\�FKURPLXP�LQWDNH�UDWH�EDVHG�RQ�7XODOLS�7ULEH�VHDIRRG�FRQVXPSWLRQ�UDWH�
$QDFRUWHV��:DVKLQJWRQ��
�
2YHUDOO�
)LVK�6KHOOILVK�
&RQVXPSWLRQ�
5DWH��J�GD\�

&DWHJRU\� 3HUFHQW�RI�
&RQVXPSWLRQ�
5DWH�
5HSUHVHQWHG�E\�
&DWHJRU\�

6LWH�UHODWHG�
FRQFHQWUDWLRQ�
RI�FKURPLXP��
PJ�NJ�LQ�WLVVXH��

&DWHJRU\�
6SHFLILF�
([SRVXUH�
PJ�NJ�GD\�

���� 6DOPRQ� ���� � ��
���� 3HODJLF�)LVK� ��� � ��
���� %RWWRP�)LVK� ��� � ��
���� 6KHOOILVK
� ���� ���� ��������
6XP��,5WRWDO� ��������

&ODPV�WLVVXHV�RQO\�DYHUDJH�
�
&KURPLXP�(VWLPDWHG�KD]DUG�LQGH[� ������
�
�
�
�
�
�
�
�
Table C4. )LGDOJR�%D\�GLR[LQ�LQWDNH�UDWH�EDVHG�RQ�WKH�7XODOLS�7ULEH�VHDIRRG�FRQVXPSWLRQ�UDWH�
$QDFRUWHV��:DVKLQJWRQ��
�
2YHUDOO�
)LVK�6KHOOILVK�
&RQVXPSWLRQ�
5DWH��J�GD\�

&DWHJRU\� 3HUFHQW�RI�
&RQVXPSWLRQ�
5DWH�
5HSUHVHQWHG�E\�
&DWHJRU\�

6LWH�UHODWHG�
FRQFHQWUDWLRQ�
RI�GLR[LQ��
PJ�NJ�LQ�WLVVXH��

&DWHJRU\�
6SHFLILF�
([SRVXUH�
PJ�NJ�GD\�

���� 6DOPRQ� ���� � ��
���� 3HODJLF�)LVK� ��� � ��
���� %RWWRP�)LVK� ��� ����(�� ����(����
���� 6KHOOILVK
� ���� ����(�� ����(����
6XP��,5WRWDO� ����(����

&UDEV�WLVVXHV�DQG�FODPV�DYHUDJH�
�
'LR[LQ�(VWLPDWHG�KD]DUG�LQGH[� ������
�
'LR[LQ�(VWLPDWHG�FDQFHU�ULVN  �����(���
�
�
�
�
�
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�
Table C5. )LGDOJR�%D\�PHUFXU\�LQWDNH�UDWH�EDVHG�RQ�WKH�7XODOLS�7ULEH�VHDIRRG�FRQVXPSWLRQ�UDWH�
$QDFRUWHV��:DVKLQJWRQ��
�
2YHUDOO�
)LVK�6KHOOILVK�
&RQVXPSWLRQ�
5DWH��J�GD\�

&DWHJRU\� 3HUFHQW�RI�
&RQVXPSWLRQ�
5DWH�
5HSUHVHQWHG�E\�
&DWHJRU\�

6LWH�UHODWHG�
FRQFHQWUDWLRQ�
RI�PHUFXU\��
PJ�NJ�LQ�WLVVXH��

&DWHJRU\�
6SHFLILF�
([SRVXUH�
PJ�NJ�GD\�

���� 6DOPRQ� ���� � ��
���� 3HODJLF�)LVK� ��� � ��
���� %RWWRP�)LVK� ��� ����� �����������
���� 6KHOOILVK
� ���� ����� ���������
6XP��,5WRWDO� ����������

&UDEV�WLVVXHV�RQO\�DYHUDJH�
�
0HUFXU\�(VWLPDWHG�KD]DUG�LQGH[� ������
�
�
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�
7KLV�VHFWLRQ�SURYLGHV�FDOFXODWHG�H[SRVXUH�GRVHV�DQG�DVVXPSWLRQV�XVHG�IRU�H[SRVXUH�WR�FKHPLFDOV�
LQ�VHDIRRG�DW�)LGDOJR�%D\�XVLQJ�6XTXDPLVK�7ULEH�FRQVXPSWLRQ�UDWHV��,W�LV�EDVHG�RQ�WKH�(3$�7ULEDO�
IUDPHZRUN�IRU�ILVK�DQG�VKHOOILVK�FRQVXPSWLRQ�UDWHV�IRU�ULVN�EDVHG�GHFLVLRQV����

 
Intake of contaminant in mg/kg-day (IR

c
) = (CF

i 
x CR

PS 
x %

i 
x UCF

1
) /BW �

[Equation 1] �
:KHUH���
,5

F�
 �,QWDNH�UDWH�RI�FRQWDPLQDQW�E\�FDWHJRU\�RI�ILVK�VKHOOILVK���

&)
L�
 �FRQWDPLQDQW�FRQFHQWUDWLRQ��PJ�NJ��LQ�WKH�WLVVXH�RI�WKH�SDUWLFXODU�ILVK�RU�VKHOOILVK�FDWHJRU\���

&5
36�
 �WKH�WRWDO�FRQVXPSWLRQ�UDWH�RI�ILVK�DQG�VKHOOILVK�KDUYHVWHG�IURP�3XJHW�6RXQG��������JUDPV�SHU�

GD\���
�

L�
 �WKH�SHUFHQWDJH�RI�WKH�LQJHVWLRQ�UDWH�WKDW�FRQVLVWV�RI�WKH�FDWHJRU\�RI�ILVK�RU�VKHOOILVK��XQLWOHVV��

%:� �ERG\�ZHLJKW�����NLORJUDPV��REVHUYHG�IURP�WKH�6XTXDPLVK�7ULEHV¶�VWXG\��
8&)

��
 �FRQYHUVLRQ�IDFWRU����������NLORJUDPV�SHU�JUDP 

 
Estimated cancer risk (ECR) = (IR

total 
x ED x EF x CSF) / (AT x UCF

2
) [Equation 2] �

:KHUH���
,5

WRWDO�
 �7RWDO�LQWDNH�RI�FRQWDPLQDQW�IURP�VLWH�UHODWHG�ILVK�DQG�VKHOOILVK�FRQVXPSWLRQ��

('� �H[SRVXUH�GXUDWLRQ�����\HDUV��
()� �H[SRVXUH�IUHTXHQF\������GD\V�SHU�\HDU��
&6)� �RUDO�FDQFHU�VORSH�IDFWRU�IRU�FRQWDPLQDQW��
$7� �DYHUDJLQJ�WLPH�����\HDUV�IRU�FDUFLQRJHQV��
8&)

��
 �FRQYHUVLRQ�IDFWRU���������GD\V�\HDU� 

 
 

Estimated hazard index (EHI) = (IR
total 

x ED x EF x UCF
2
) / (RfD x AT) [Equation 3] �

:KHUH���
,5

WRWDO�
 �7RWDO�LQWDNH�RI�FRQWDPLQDQW�IURP�VLWH�UHODWHG�ILVK�DQG�VKHOOILVK�FRQVXPSWLRQ�

('� �H[SRVXUH�GXUDWLRQ�����\HDUV��
()� �H[SRVXUH�IUHTXHQF\������GD\V�SHU�\HDU��
5I'� �2UDO�UHIHUHQFH�GRVH�IRU�FRQWDPLQDQW��
$7� �DYHUDJLQJ�WLPH��WKH�VDPH�DV�H[SRVXUH�GXUDWLRQ�IRU�QRQ�FDUFLQRJHQLF�HIIHFWV��
8&)

��
 �FRQYHUVLRQ�IDFWRU�������\U�����GD\V��

�



HC-Fidalgo Bay 

  
�

51 

�
Table C6. )LGDOJR�%D\�DUVHQLF�LQWDNH�UDWH�EDVHG�RQ�6XTXDPLVK�7ULEH�VHDIRRG�FRQVXPSWLRQ�UDWH�
$QDFRUWHV��:DVKLQJWRQ��
�
2YHUDOO�
)LVK�6KHOOILVK�
&RQVXPSWLRQ�
5DWH��J�GD\�

&DWHJRU\� 3HUFHQW�RI�
&RQVXPSWLRQ�
5DWH�
5HSUHVHQWHG�E\�
&DWHJRU\�

6LWH�UHODWHG�
FRQFHQWUDWLRQ�
RI�DUVHQLF��
PJ�NJ�LQ�WLVVXH��

&DWHJRU\�
6SHFLILF�
([SRVXUH�
PJ�NJ�GD\�

������ 6DOPRQ� ���� � ��
������ 3HODJLF�)LVK� ��� � ��
������ %RWWRP�)LVK� ��� ���� ����������
������ 6KHOOILVK
� �� ����� ���������
6XP��,5WRWDO� ���������

&UDEV�WLVVXHV�DQG�FODPV�DYHUDJH��
�
$UVHQLF�(VWLPDWHG�KD]DUG�LQGH[� �����
�
$UVHQLF�(VWLPDWHG�FDQFHU�ULVN� ����(���
�
�
�
�
Table C7. )LGDOJR�%D\�FDGPLXP�LQWDNH�UDWH�EDVHG�RQ�6XTXDPLVK�7ULEH�VHDIRRG�FRQVXPSWLRQ�UDWH�
$QDFRUWHV��:DVKLQJWRQ��
�
2YHUDOO�
)LVK�6KHOOILVK�
&RQVXPSWLRQ�
5DWH��J�GD\�

&DWHJRU\� 3HUFHQW�RI�
&RQVXPSWLRQ�
5DWH�
5HSUHVHQWHG�E\�
&DWHJRU\�

6LWH�UHODWHG�
FRQFHQWUDWLRQ�
RI�FDGPLXP��
PJ�NJ�LQ�WLVVXH��

&DWHJRU\�
6SHFLILF�
([SRVXUH�
PJ�NJ�GD\�

������ 6DOPRQ� ���� � ��
������ 3HODJLF�)LVK� ��� � ��
������ %RWWRP�)LVK� ��� � ��
������ 6KHOOILVK
� �� ���� ������
6XP��,5WRWDO� ������

&UDEV�WLVVXHV�RQO\�DYHUDJH�
�
&DGPLXP�(VWLPDWHG�KD]DUG�LQGH[� ���
�
�
�
�
�
�
�
�
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�
Table C8. )LGDOJR�%D\�FKURPLXP�LQWDNH�UDWH�EDVHG�RQ�6XTXDPLVK�7ULEH�VHDIRRG�FRQVXPSWLRQ�UDWH�
$QDFRUWHV��:DVKLQJWRQ��
�
2YHUDOO�
)LVK�6KHOOILVK�
&RQVXPSWLRQ�
5DWH��J�GD\�

&DWHJRU\� 3HUFHQW�RI�
&RQVXPSWLRQ�
5DWH�
5HSUHVHQWHG�E\�
&DWHJRU\�

6LWH�UHODWHG�
FRQFHQWUDWLRQ�
RI�FKURPLXP��
PJ�NJ�LQ�WLVVXH��

&DWHJRU\�
6SHFLILF�
([SRVXUH�
PJ�NJ�GD\�

������ 6DOPRQ� ���� � ��
������ 3HODJLF�)LVK� ��� � ��
������ %RWWRP�)LVK� ��� � ��
������ 6KHOOILVK
� �� ���� �������
6XP��,5WRWDO� �������

&ODPV�WLVVXHV�RQO\�DYHUDJH�
�
&KURPLXP�(VWLPDWHG�KD]DUG�LQGH[� ������
�
�
�
�
�
�
Table C9. )LGDOJR�%D\�GLR[LQ�LQWDNH�UDWH�EDVHG�RQ�6XTXDPLVK�7ULEH�VHDIRRG�FRQVXPSWLRQ�UDWH�
$QDFRUWHV��:DVKLQJWRQ��
�
2YHUDOO�
)LVK�6KHOOILVK�
&RQVXPSWLRQ�
5DWH��J�GD\�

&DWHJRU\� 3HUFHQW�RI�
&RQVXPSWLRQ�
5DWH�
5HSUHVHQWHG�E\�
&DWHJRU\�

6LWH�UHODWHG�
FRQFHQWUDWLRQ�
RI�GLR[LQ��
PJ�NJ�LQ�WLVVXH��

&DWHJRU\�
6SHFLILF�
([SRVXUH�
PJ�NJ�GD\�

������ 6DOPRQ� ���� � ��
������ 3HODJLF�)LVK� ��� � ��
������ %RWWRP�)LVK� ��� ����(�� ����(����
������ 6KHOOILVK
� �� ����(�� ���(����
6XP��,5WRWDO� ����(����

&UDEV�WLVVXHV�DQG�FODPV�DYHUDJH�
�
'LR[LQ�(VWLPDWHG�KD]DUG�LQGH[� ������
'LR[LQ�(VWLPDWHG�FDQFHU�ULVN  �����(���
�
�
�
�
�
�
�
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�
Table C10. )LGDOJR�%D\�PHUFXU\�LQWDNH�UDWH�EDVHG�RQ�6XTXDPLVK�7ULEH�VHDIRRG�FRQVXPSWLRQ�UDWH�
$QDFRUWHV��:DVKLQJWRQ��
�
2YHUDOO�
)LVK�6KHOOILVK�
&RQVXPSWLRQ�
5DWH��J�GD\�

&DWHJRU\� 3HUFHQW�RI�
&RQVXPSWLRQ�
5DWH�
5HSUHVHQWHG�E\�
&DWHJRU\�

6LWH�UHODWHG�
FRQFHQWUDWLRQ�
RI�PHUFXU\��
PJ�NJ�LQ�WLVVXH��

&DWHJRU\�
6SHFLILF�
([SRVXUH�
PJ�NJ�GD\�

������ 6DOPRQ� ���� � ��
������ 3HODJLF�)LVK� ��� � ��
������ %RWWRP�)LVK� ��� ����� ����������
������ 6KHOOILVK
� �� ����� ���������
6XP��,5WRWDO� ��������

&UDEV�WLVVXHV�RQO\�DYHUDJH�
�
0HUFXU\�(VWLPDWHG�KD]DUG�LQGH[� �����
�
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Appendix D 

Lead exposure shellfish ingestion scenario used in the IEUBK model �
�
7KLV�VHFWLRQ�SURYLGHV�LQSXWV�IRU�WKH�,(8%.�PRGHO��7KH�IROORZLQJ�LQSXWV�WR�WKH�PRGHO�ZHUH�XVHG�
WR�DFFRXQW�IRU�WKH�DYHUDJH�VKHOOILVK�LQJHVWLRQ�OHDG�H[SRVXUH�IURP�)LGDOJR�%D\��$QDFRUWHV��
:DVKLQJWRQ���
�
&RQVXPSWLRQ�UDWHV��VKHOOILVK��JHQHUDO�SRSXODWLRQ�FKLOG�±������J�GD\��ERWWRP�ILVK��JHQHUDO�
SRSXODWLRQ�FKLOG�±������J�GD\��
�
7KH�,(8%.�PRGHO�DVVXPHV�WKDW�D�FKLOG¶V�WRWDO�PHDW�LQWDNH�LV������J�GD\��(3$¶V�WDUJHW�FOHDQXS�
JRDO�LV�QR�PRUH�WKDQ����RI�WKH�FRPPXQLW\�ZLWK�%//V�DERYH�����J�G/��'HIDXOW�DVVXPSWLRQV�
ZHUH�XVHG�XQOHVV�QRWHG��
�
Table D1. %ORRG�OHDG�YDOXHV�GHWHUPLQHG�XVLQJ�WKH�,(8%.�PRGHO�IRU�OHDG�LQ�VHDIRRG�IURP�
)LGDOJR�%D\��$QDFRUWHV��:DVKLQJWRQ��
�

6HDIRRG�
$YHUDJH�

&RQFHQWUDWLRQ�
�SSP��

3HUFHQW�
PHDW�LQWDNH�
DV�VKHOOILVK�

����

%ORRG�/HDG�OHYHO�LQ�SHUFHQW�
DERYH����XJ�GO�
$JH�UDQJH��������PRQWKV�

6KHOOILVK
� ����� ����� ����
%RWWRP�
ILVK� ����� ����� ����

$YHUDJH�%ORRG�/HDG�OHYHO�LQ�SHUFHQW�DERYH�
��XJ�GO��$JH�UDQJH��������PRQWKV� �����

330�±�SDUWV�SHU�PLOOLRQ�

&UDEV�WLVVXHV�DQG�FODPV�DYHUDJH�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
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�
7KH�,(8%.�PRGHO�DVVXPHV�WKDW�D�FKLOG¶V�WRWDO�PHDW�LQWDNH�LV������J�GD\��(3$¶V�WDUJHW�FOHDQXS�
JRDO�LV�QR�PRUH�WKDQ����RI�WKH�FRPPXQLW\�ZLWK�%//V�DERYH�����J�G/��'HIDXOW�DVVXPSWLRQV�
ZHUH�XVHG�XQOHVV�QRWHG��
�
3HUFHQW�RI�FRQVXPSWLRQ�UDWHV�UHSUHVHQWHG�E\�FDWHJRU\�ZHUH�REWDLQHG�E\�XVLQJ�WKH�PHDQ�EHFDXVH�
WKH���WK�SHUFHQWLOH�GLG�QRW�DGG�XS�WR�WKH�WRWDO�LQWDNH�RI�VHDIRRG��+RZHYHU��WKH�RYHUDOO�
FRQVXPSWLRQ�UDWH�ZDV�EDVHG�RQ�WKH���WK�SHUFHQWLOH�FRQVXPHUV�RQO\��
�
&RQVXPSWLRQ�UDWHV��7XODOLS�7ULEH�FKLOG�±�VKHOOILVK������J�GD\��DQG�ERWWRP�ILVK�������J�GD\���
�
�
Table D2.��)LGDOJR�%D\�OHDG�LQWDNH�UDWH�EDVHG�RQ�7XODOLS�7ULEH�FKLOG�VHDIRRG�FRQVXPSWLRQ�UDWH�
$QDFRUWHV��:DVKLQJWRQ��
�

2YHUDOO�
)LVK�6KHOOILVK�
&RQVXPSWLRQ�
5DWH��J�GD\�

&DWHJRU\ 3HUFHQW�RI�
&RQVXPSWLRQ�

5DWH�
5HSUHVHQWHG�E\�

&DWHJRU\�

6LWH�UHODWHG�
&RQVXPSWLRQ�
5DWH��J�GD\�

������ 6DOPRQ ���� ��
������ 3HODJLF�)LVK �� ��
������ %RWWRP�)LVK ��� �����
������ 6KHOOILVK
 ���� ����


&UDEV�WLVVXHV�DQG�FODPV�DYHUDJH�
�
�
Table D3. %ORRG�OHDG�YDOXHV�GHWHUPLQH�XVLQJ�WKH�,(8%.�PRGHO�IRU�OHDG�LQ�VHDIRRG�IURP�)LGDOJR�
%D\��$QDFRUWHV��:DVKLQJWRQ��
�

6HDIRRG�
$YHUDJH�

&RQFHQWUDWLRQ�
�SSP��

3HUFHQW�
PHDW�LQWDNH�
DV�VKHOOILVK�

����

%ORRG�/HDG�OHYHO�LQ�SHUFHQW�
DERYH���XJ�GO�
$JH�UDQJH��������PRQWKV�

6KHOOILVK
� ����� ���� �����
%RWWRP�ILVK� ����� ����� �����
$YHUDJH�%ORRG�/HDG�OHYHO�LQ�SHUFHQW�DERYH�
��XJ�GO��$JH�UDQJH��������PRQWKV� �����

330�±�SDUWV�SHU�PLOOLRQ�

&UDEV�WLVVXHV�DQG�FODPV�DYHUDJH�
�
�
�
�
�
�
�
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7KH�,(8%.�PRGHO�DVVXPHV�WKDW�D�FKLOG¶V�WRWDO�PHDW�LQWDNH�LV������J�GD\��(3$¶V�WDUJHW�FOHDQXS�
JRDO�LV�QR�PRUH�WKDQ�����RI�WKH�FRPPXQLW\�ZLWK�%//V�DERYH�����J�G/��'HIDXOW�DVVXPSWLRQV�
ZHUH�XVHG�XQOHVV�QRWHG��
�
3HUFHQW�RI�FRQVXPSWLRQ�UDWHV�UHSUHVHQWHG�E\�FDWHJRU\�ZHUH�REWDLQHG�E\�XVLQJ�WKH�PHDQ�EHFDXVH�
WKH���WK�SHUFHQWLOH�GLG�QRW�DGG�XS�WR�WKH�WRWDO�LQWDNH�RI�VHDIRRG��+RZHYHU��WKH�RYHUDOO�
FRQVXPSWLRQ�UDWH�ZDV�EDVHG�RQ�WKH���WK�SHUFHQWLOH�FRQVXPHUV�RQO\��
�
&RQVXPSWLRQ�UDWHV��6XTXDPLVK�7ULEH�FKLOG�±�VKHOOILVK�������J�GD\�DQG�ERWWRP�ILVK������J�GD\��
�
�
Table D4.�)LGDOJR�%D\�OHDG�LQWDNH�UDWH�EDVHG�RQ�6XTXDPLVK�7ULEH�FKLOG�VHDIRRG�FRQVXPSWLRQ�UDWH�
$QDFRUWHV��:DVKLQJWRQ��
�

2YHUDOO�
)LVK�6KHOOILVK�
&RQVXPSWLRQ�
5DWH��J�GD\�

&DWHJRU\ 3HUFHQW�RI�
&RQVXPSWLRQ�

5DWH�
5HSUHVHQWHG�E\�

&DWHJRU\�

6LWH�UHODWHG�
&RQVXPSWLRQ�
5DWH��J�GD\�

������ 6DOPRQ ���� ��
������ 3HODJLF�)LVK ��� ��
������ 2WKHU ���� ��
������ %RWWRP�)LVK � �����
������ 6KHOOILVK
 ���� ������


&UDEV�WLVVXHV�DQG�FODPV�DYHUDJH�
�
�
�
Table D5. %ORRG�OHDG�YDOXHV�GHWHUPLQH�XVLQJ�WKH�,(8%.�PRGHO�IRU�OHDG�LQ�VHDIRRG�IURP�)LGDOJR�
%D\��$QDFRUWHV��:DVKLQJWRQ��
�

6HDIRRG�
$YHUDJH�

&RQFHQWUDWLRQ�
�SSP��

3HUFHQW�
PHDW�LQWDNH�
DV�VKHOOILVK�

����

%ORRG�/HDG�OHYHO�LQ�SHUFHQW�
DERYH���XJ�GO�
$JH�UDQJH��������PRQWKV�

6KHOOILVK
� ����� ������ ������
%RWWRP�ILVK� ����� ����� �����
$YHUDJH�%ORRG�/HDG�OHYHO�LQ�SHUFHQW�DERYH�
��XJ�GO�$JH�UDQJH��������PRQWKV� ������

330�±�SDUWV�SHU�PLOOLRQ�

&UDEV�WLVVXHV�DQG�FODPV�DYHUDJH�
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Lead exposure shellfish ingestion scenario used in the Adult lead model �
�
7KLV�VHFWLRQ�SURYLGHV�LQSXWV�IRU�WKH�$GXOW�OHDG�PRGHO���
(3$¶V�WDUJHW�FOHDQXS�JRDO�LV�QR�PRUH�WKDQ����RI�WKH�FRPPXQLW\�ZLWK�%//V�DERYH�����J�G/��
'HIDXOW�DVVXPSWLRQV�ZHUH�XVHG�XQOHVV�QRWHG���
�
Table D6. %ORRG�OHDG�YDOXHV�GHWHUPLQHG�XVLQJ�WKH�$GXOW�OHDG�PRGHO�IRU�OHDG�LQ�VHDIRRG�IURP�
)LGDOJR�%D\��$QDFRUWHV��:DVKLQJWRQ��
�

Seafood 
Average 

Concentration 
(ppm)�

Mother’s blood lead concentration in ug/dl 
 

95th percentile fetal blood lead in ug/dl 

6KHOOILVK� ����
�
PRWKHU� ����

IHWXV� ����

%RWWRP�
ILVK� �����

PRWKHU� ����

IHWXV� ����
Average mother’s blood lead 

concentration in ug/dl ����

Average 95th percentile fetal blood 
lead in ug/dl� ����

330�±�SDUWV�SHU�PLOOLRQ�

&UDEV�WLVVXHV�DQG�FODPV�DYHUDJH�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
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Table D7.�)LGDOJR�%D\�OHDG�LQWDNH�UDWH�EDVHG�RQ�7XODOLS�7ULEH�DGXOW�VHDIRRG�FRQVXPSWLRQ�UDWH�
$QDFRUWHV��:DVKLQJWRQ��
�

2YHUDOO�
)LVK�6KHOOILVK�
&RQVXPSWLRQ�
5DWH��J�GD\�

&DWHJRU\ 3HUFHQW�RI�
&RQVXPSWLRQ�

5DWH�
5HSUHVHQWHG�E\�

&DWHJRU\�

6LWH�UHODWHG�
&RQVXPSWLRQ�
5DWH��J�GD\�

���� 6DOPRQ ���� ��
���� 3HODJLF�)LVK ��� ��
���� %RWWRP�)LVK ��� �����
���� 6KHOOILVK
 ���� ������


&UDEV�WLVVXHV�DQG�FODPV�DYHUDJH�
�
�
�
�
Table D8. %ORRG�OHDG�YDOXHV�GHWHUPLQHG�XVLQJ�WKH�$GXOW�OHDG�PRGHO�IRU�OHDG�LQ�VHDIRRG�IURP�
)LGDOJR�%D\��$QDFRUWHV��:DVKLQJWRQ��
�

Seafood 
Average 

Concentration 
(ppm)�

Mother’s blood lead concentration in ug/dl 
 

95th percentile fetal blood lead in ug/dl 

6KHOOILVK
� �����
PRWKHU� ����

IHWXV� �����

%RWWRP�
ILVK� �����

PRWKHU� ����

IHWXV� ����
Average mother’s blood lead 

concentration in ug/dl ����

Average 95th percentile fetal blood 
lead in ug/dl� �����

330�±�SDUWV�SHU�PLOOLRQ�

&UDEV�WLVVXHV�DQG�FODPV�DYHUDJH�
�
�
�
�
�
�
�
�
�
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�
�
Table D9.�)LGDOJR�%D\�OHDG�LQWDNH�UDWH�EDVHG�RQ�WKH�6XTXDPLVK�7ULEH�$GXOW�VHDIRRG�FRQVXPSWLRQ�
UDWH�$QDFRUWHV��:DVKLQJWRQ��
�

2YHUDOO�
)LVK�6KHOOILVK�
&RQVXPSWLRQ�
5DWH��J�GD\�

&DWHJRU\ 3HUFHQW�RI�
&RQVXPSWLRQ�

5DWH�
5HSUHVHQWHG�E\�

&DWHJRU\�

6LWH�UHODWHG�
&RQVXPSWLRQ�
5DWH��J�GD\�

������ 6DOPRQ ���� ��
������ 3HODJLF�)LVK ��� ��
������ %RWWRP�)LVK ��� ������
������ 6KHOOILVK
 �� �������


&UDEV�WLVVXHV�DQG�FODPV�DYHUDJH�
�
�
�
Table D10. %ORRG�OHDG�YDOXHV�GHWHUPLQHG�XVLQJ�WKH�$GXOW�OHDG�PRGHO�IRU�OHDG�LQ�VHDIRRG�IURP�
)LGDOJR�%D\��$QDFRUWHV��:DVKLQJWRQ��
�

Seafood 
Average 

Concentration 
(ppm)�

Mother’s blood lead concentration in ug/dl 
 

95th percentile fetal blood lead in ug/dl 

6KHOOILVK� ����
�
PRWKHU� �����

IHWXV� �����

%RWWRP�
ILVK� �����

PRWKHU� ����

IHWXV� �����
Average mother’s blood lead 

concentration in ug/dl �����

Average 95th percentile fetal blood 
lead in ug/dl� �����

330�±�SDUWV�SHU�PLOOLRQ�

&UDEV�WLVVXHV�DQG�FODPV�DYHUDJH�
�
�
�
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Appendix E 
 
Meal Limit Calculations for contaminants of concern (non-carcinogenic health effects): 
�
0HDO�OLPLWV�ZHUH�FDOFXODWHG�IRU�FODPV��FUDEV�DQG�ERWWRP�ILVK�EDVHG�RQ�FRQWDPLQDQWV�RI�FRQFHUQ�
LQ�HDFK�VSHFLHV��$GGLWLRQDOO\��PHDO�OLPLWV�ZHUH�FDOFXODWHG�EDVHG�RQ�GHYHORSPHQWDO�DQG�
LPPXQRORJLF�HQGSRLQWV�IRU�GLR[LQ�DQG�PHUFXU\��0HDO�OLPLWV�ZHUH�FDOFXODWHG�XVLQJ�WKH�HTXDWLRQ�
EHORZ�LQ�FRQMXQFWLRQ�ZLWK�WKH�05/�RU�5I'�DV�WKH�WDUJHW�ULVN�YDOXH�DQG�WKH�H[SRVXUH�SDUDPHWHUV�
SURYLGHG�LQ�WKH�7DEOH�(��EHORZ��7KH�GHYHORSPHQWDO�DQG�LPPXQRORJLF�HQGSRLQWV�DUH�EDVHG�RQ�WKH�
DGGLWLYH�HIIHFWV�RI�GLR[LQ�DQG�PHUFXU\�DV�UHFRPPHQGHG�LQ�WKH�$76'5�LQWHUDFWLRQ�SURILOH�IRU�
WR[LF�FRQWDPLQDQWV�IRXQG�LQ�ILVK��7DEOHV�(���(��DQG�(���SURYLGHV�PHDO�OLPLWV�WKDW�ZRXOG�EH�
SURWHFWLYH�RI�ZRPHQ�DQG�FKLOGUHQ�ZKR�HDW�FODPV��FUDEV�DQG�ERWWRPILVK�IURP�)LGDOJR�%D\�EDVHG�
RQ�FRQWDPLQDQWV�RI�FRQFHUQ�LQ�HDFK�VSHFLHV��
�
0/� �>�5I'�RU�05/�
%:
�'0@�&�
�06�
0/� �UHFRPPHQGHG�ILVK�PHDO�OLPLW�SHU�PRQWK��PHDO�PRQWK���
5I'� �UHIHUHQFH�GRVH��(3$���
05/� �PLQLPDO�ULVN�OHYHO��$76'5���
�
0DQ\�IDFWRUV�PXVW�EH�FRQVLGHUHG�ZKHQ�RQH�LV�UHFRPPHQGLQJ�OLPLWV�RQ�WKH�FRQVXPSWLRQ�RI�ILVK��
LQFOXGLQJ�WKH�KHDOWK�EHQHILWV�RI�HDWLQJ�ILVK��WKH�TXDOLW\�DQG�FRPSUHKHQVLYHQHVV�RI�HQYLURQPHQWDO�
GDWD��DQG�WKH�DYDLODELOLW\�RI�DOWHUQDWH�VRXUFHV�RI�QXWULWLRQ��,Q�DGGLWLRQ��WKHVH�OLPLWV�GR�QRW�FRQVLGHU�
WKDW�PXOWLSOH�VSHFLHV�DUH�FRQVXPHG��D�FRQVLGHUDWLRQ�WKDW�ZRXOG�UHTXLUH�ZHLJKWLQJ�RI�WKH�SHUFHQW�
RI�HDFK�VSHFLHV�FRQVXPHG��7KHVH�DOORZDEOH�LQJHVWLRQ�UDWHV�DOVR�GR�QRW�FRQVLGHU�WKH�IDFW�WKDW�
FRRNLQJ�UHGXFHV�H[SRVXUH�WR�VRPH�FRQWDPLQDQWV�LQ�ILVK��7KHUHIRUH��DOORZDEOH�FRQVXPSWLRQ�OLPLWV�
IRU�SUHSDUHG�ILVK�ZRXOG�EH�JUHDWHU�WKDQ�WKRVH�VKRZQ�LQ�WDEOHV�(���(��DQG�(���
�
�
Table E1. ([SRVXUH�SDUDPHWHUV�XVHG�WR�FDOFXODWH�UHFRPPHQGHG�PHDO�OLPLWV�IRU�FODPV��FUDEV�DQG�
ERWWRP�ILVK�IURP�)LGDOJR�%D\�LQ�$QDFRUWHV��:DVKLQJWRQ��
��
Exposure Parameter 5I'��

05/�
Endpoint Units 

'HYHORSPHQWDO
5I'�05/�

,PPXQRORJLFDO�
5I'�05/�

$YHUDJH�&RQFHQWUDWLRQ��&���� YDULDEOH XJ�NJ�
$UVHQLF� ��� �

�
XJ�NJ�GD\�

&DGPLXP� ��
&KURPLXP� ��
'LR[LQ�� �������� �������� �������
0HUFXU\� ��� ��� ���
'D\V�SHU�PRQWK��'0� ���� ���� ���� GD\V�PRQWK
0HDQ�%RG\�:HLJKW��%:�� �� �� �� NJ�
0HDO�VL]H��06�� ����� ����� ����� NJ�
�
�
�
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Table E2. &DOFXODWHG�PHDO�OLPLWV�SHU�PRQWK�IRU�FODPV�IURP�)LGDOJR�%D\�LQ�$QDFRUWHV��
:DVKLQJWRQ���
�

&RQWDPLQDWLRQ�� &RQFHQWUDWLRQ
�SSP��

0HDOV EDVHG
RQ�5I'��
05/�

/RZHVW�
PHDOV�
SHU�PRQWK�
�URXQGHG�WR�
VLQJOH�GLJLW��

$UVHQLF� ����� ����
���&KURPLXP� ���� ����

'LR[LQ� ����(�� �����
�
�
�
Table E3. &DOFXODWHG�PHDO�OLPLWV�SHU�PRQWK�IRU�&UDEV�IURP�)LGDOJR�%D\�LQ�$QDFRUWHV��
:DVKLQJWRQ���
�
&RQWDPLQDWLRQ�� &RQFHQWUDWLRQ�

�SSP��
0HDOV EDVHG
RQ�5I'��
05/�

0HDOV EDVHG RQ�
'HYHORSPHQWDO
DGGLWLYH�
HQGSRLQW�

0HDOV EDVHG�
RQ�,PPXQH�
DGGLWLYH�
HQGSRLQW�

/RZHVW�
PHDOV�
SHU�PRQWK�
�URXQGHG�WR�
VLQJOH�GLJLW��

$UVHQLF� ������ ���� �
���

�
&DGPLXP� ����� ����
'LR[LQ� ����(��� ���� ���� �����
0HUFXU\� ������ ����
�
�
�
Table E4. &DOFXODWHG�PHDO�OLPLWV�SHU�PRQWK�IRU�%RWWRP�)LVK�IURP�)LGDOJR�%D\�LQ�$QDFRUWHV��
:DVKLQJWRQ���
�
&RQWDPLQDWLRQ�� &RQFHQWUDWLRQ�

�SSP��
0HDOV EDVHG
RQ�5I'��
05/�

0HDOV EDVHG RQ�
'HYHORSPHQWDO
DGGLWLYH�
HQGSRLQW�

0HDOV EDVHG�
RQ�,PPXQH�
DGGLWLYH�
HQGSRLQW�

/RZHVW�
PHDOV�
SHU�PRQWK�
�URXQGHG�WR�
VLQJOH�GLJLW��

$UVHQLF� ����� ����
���'LR[LQ� ����(��� ���� ���� �����

0HUFXU\� ������ ����
�
�
$SSO\LQJ�WKH�7DEOH�(���(��DQG�(��PHDO�OLPLWV�DFURVV�WKH�JHQHUDO�SRSXODWLRQ�DVVXPHV�WKDW�PHDO�
VL]H�ZLOO�GHFUHDVH�RU�LQFUHDVH�SURSRUWLRQDWHO\�ZLWK�ERG\�ZHLJKW���6XFK�DQ�DVVXPSWLRQ�FRXOG�
UHVXOW�LQ�XQGHUHVWLPDWLQJ�H[SRVXUH�IRU�FRQVXPHUV�ZKR�HDW�SURSRUWLRQDWHO\�PRUH�ILVK�SHU�XQLW�RI�
ERG\�ZHLJKW���7DEOH�(��GHPRQVWUDWHV�KRZ�DQ�HLJKW�RXQFH�PHDO�IRU�D����NLORJUDP�DGXOW�ZRXOG�
FKDQJH�WR�UHPDLQ�SURSRUWLRQDO�ZLWK�ERG\�ZHLJKW��
�
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�
Table E5. $GMXVWPHQW�RI�ILVK�PHDO�VL]H�EDVHG�RQ�WKH�ERG\�ZHLJKW�RI�WKH�FRQVXPHU��
�

Body Weight Meal Size
Pounds Kilograms Ounces Grams 
��� � � ��
��� �� � ��
��� ��� � ��
��� �� � ���
��� �� � ���
���� �� � ���
���� �� � ���
���� �� � ���
���� �� � ���
���� �� �� ���
���� �� �� ���
���� ��� �� ���
���� ��� �� ���
���� ��� �� ���
���� ��� �� ���
���� ��� �� ���

�
�




