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IXWXUH�WHFKQLFDO�ZRUN�QHHGHG�WR�LPSURYH�WKH�$LU�'LVWULFW·V�XQGHUVWDQGLQJ�RI�30��DQG�H[SODLQV�WKH�
LPSRUWDQFH�RI�FRQWLQXLQJ�DQG�HQKDQFLQJ�WKH�$LU�'LVWULFW·V�HIIRUWV�WR�UHGXFH�30�LQ�RUGHU�WR�SURWHFW�
SXEOLF�KHDOWK��WKH�FOLPDWH��DQG�WKH�HQYLURQPHQW�
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iNtrodUctioN

7KH�PLVVLRQ�RI�WKH�%D\�$UHD�$LU�4XDOLW\�0DQDJHPHQW�'LVWULFW��$LU�'LVWULFW�RU�%$$40'��LV�WR�SURWHFW�DQG�
LPSURYH�DLU�TXDOLW\��SXEOLF�KHDOWK��DQG�WKH�JOREDO�FOLPDWH��$OWKRXJK�ZH�KDYH�PDGH�JUHDW�SURJUHVV�LQ�
LPSURYLQJ�%D\�$UHD�DLU�TXDOLW\�RYHU�WKH�SDVW����\HDUV��QHZ�FKDOOHQJHV�FRQWLQXH�WR�HPHUJH��5HVHDUFK�
LQ�UHFHQW�\HDUV�LQGLFDWHV�WKDW�SDUWLFXODWH�PDWWHU��30��VXVSHQGHG�LQ�WKH�DLU�ZH�EUHDWKH�LV�WKH�DLU�
SROOXWDQW�WKDW�LPSRVHV�WKH�JUHDWHVW�KHDOWK�EXUGHQ�RQ�%D\�$UHD�UHVLGHQWV��7KH�DYDLODEOH�HYLGHQFH�
LQGLFDWHV�WKDW�WKH�PRVW�HIIHFWLYH�ZD\�WKDW�WKH�$LU�'LVWULFW�FDQ�IXOÀOO�LWV�PLVVLRQ�RI�SURWHFWLQJ�SXEOLF�
KHDOWK�LV�WR�UHGXFH�WKH�SRSXODWLRQ�H[SRVXUH�RI�%D\�$UHD�UHVLGHQWV�WR�30��

$OWKRXJK�30�KDV�EHHQ�UHJXODWHG�E\�8�6��(3$�DV�RQH�RI�WKH�RULJLQDO�´FULWHULD�DLU�SROOXWDQWVµ�VLQFH�
WKH�HDUO\�����·V��HDUO\�HIIRUWV�WR�LPSURYH�DLU�TXDOLW\�SULPDULO\�IRFXVHG�RQ�RWKHU�SROOXWDQWV�VXFK�DV�
JURXQG�OHYHO�R]RQH��VPRJ���FDUERQ�PRQR[LGH��DQG�WR[LF�DLU�FRQWDPLQDQWV��30�PRYHG�WR�WKH�IRUHIURQW�
RI�WKH�DLU�TXDOLW\�DJHQGD�RQO\�LQ�UHFHQW�\HDUV��EHJLQQLQJ�LQ�WKH�PLG�����·V��LQ�UHVSRQVH�WR�D�VHULHV�RI�
FRPSHOOLQJ�KHDOWK�VWXGLHV�WKDW�OLQNHG�SRSXODWLRQ�H[SRVXUH�WR�30�ZLWK�D�ZLGH�UDQJH�RI�UHVSLUDWRU\�DQG�
FDUGLRYDVFXODU�KHDOWK�HIIHFWV��LQFOXGLQJ�SUHPDWXUH�GHDWK��,QGHHG��WKH�UHFRJQLWLRQ�WKDW�30�PXVW�EH�
WUHDWHG�DV�DQ�DLU�SROOXWDQW�RI�WKH�KLJKHVW�SULRULW\�UHSUHVHQWV�SHUKDSV�WKH�PRVW�LPSRUWDQW�GHYHORSPHQW�
LQ�WKH�DLU�TXDOLW\�DUHQD�LQ�UHFHQW�\HDUV�

7KLV�UHSRUW�GHVFULEHV�SDUWLFXODWH�PDWWHU�DQG�LWV�LPSDFWV�RQ�SXEOLF�KHDOWK��FOLPDWH�FKDQJH��DQG�
HFRV\VWHPV��VXPPDUL]HV�WHFKQLFDO�LQIRUPDWLRQ�DERXW�30��DQG�KRZ�LW�LV�HPLWWHG�DQG�IRUPHG�LQ�WKH�
%D\�$UHD��GHVFULEHV�SURJUHVV�LQ�UHFHQW�\HDUV�LQ�UHGXFLQJ�30�OHYHOV�LQ�WKH�6DQ�)UDQFLVFR�%D\�$UHD�
LQ�UHODWLRQ�WR�6WDWH�DQG�QDWLRQDO�30�VWDQGDUGV��GHVFULEHV�FXUUHQW�UHJXODWLRQV�DQG�SURJUDPV�WR�
UHGXFH�30�HPLVVLRQV�DQG�FRQFHQWUDWLRQV��LGHQWLÀHV�IXWXUH�WHFKQLFDO�ZRUN�QHHGHG�WR�LPSURYH�RXU�
XQGHUVWDQGLQJ�RI�30��DQG�SURYLGHV�D�URDGPDS�WR�IRFXV�$LU�'LVWULFW�UHVRXUFHV�LQ�WKH�HIIRUW�WR�UHGXFH�
30�DQG�SURWHFW�SXEOLF�KHDOWK�LQ�WKH�%D\�$UHD�LQ�WKH�\HDUV�WR�FRPH�

reducing Population exposure to Pm

$LU�TXDOLW\�SODQQLQJ�WR�GDWH��LQ�WKH�%D\�$UHD�DQG�HOVHZKHUH��KDV�JHQHUDOO\�IRFXVHG�RQ�UHGXFLQJ�
emissions and ambient concentrations of air pollutants in order to attain State and national ambient 
DLU�TXDOLW\�VWDQGDUGV��7KLV�DSSURDFK�KDV�HQDEOHG�WKH�%D\�$UHD�DQG�RWKHU�UHJLRQV�WR�PDNH�VXEVWDQWLDO�
SURJUHVV�LQ�LPSURYLQJ�DLU�TXDOLW\��HVSHFLDOO\�IRU�SROOXWDQWV�WKDW�DUH�UHJLRQDO�LQ�QDWXUH��VXFK�DV�R]RQH��
+RZHYHU��LQ�UHFHQW�\HDUV�WKHUH�LV�D�JURZLQJ�UHFRJQLWLRQ�WKDW�LI�ZH�ZDQW�WR�DFKLHYH�WKH�XOWLPDWH�JRDO�RI�
SURWHFWLQJ�SXEOLF�KHDOWK��WKHQ�UHGXFLQJ�HPLVVLRQV�DQG�FRQFHQWUDWLRQV�RI�DLU�SROOXWDQWV�DW�WKH�UHJLRQDO�
VFDOH�PD\�QRW�VXIÀFH��:H�QHHG�WR�GLUHFWO\�FRQVLGHU�ZKHUH��ZKHQ��DQG�KRZ�SHRSOH�DUH�EHLQJ�H[SRVHG�
WR�DLU�SROOXWLRQ��7KLV�LV�HVSHFLDOO\�WUXH�LQ�WKH�FDVH�RI�30��D�FRPSOH[�SROOXWDQW�ZKRVH�FRQFHQWUDWLRQV�LQ�
WKH�DLU�FDQ�YDU\�VXEVWDQWLDOO\�GHSHQGLQJ�XSRQ�ORFDWLRQ�DQG�WLPH��7KHUHIRUH��WKH�PDMRU�REMHFWLYH�RI�WKLV�
UHSRUW�LV�WR�DGYDQFH�RXU�XQGHUVWDQGLQJ�RI�KRZ�WKH�%D\�$UHD�SXEOLF�LV�H[SRVHG�WR�30��ZKLFK�VRXUFHV�
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DQG�W\SHV�RI�30�DUH�PRVW�KDUPIXO��DQG�ZKHUH�ZH�VKRXOG�IRFXV�HIIRUWV�WR�UHGXFH�30�LQ�RUGHU�WR�EHWWHU�
protect public health.

what is Pm?

The term particulate matter �30��GHVFULEHV�D�FRPSOH[�SROOXWDQW�FRPSRVHG�RI�D�GLYHUVH�DVVRUWPHQW�
RI�H[WUHPHO\�VPDOO�DLUERUQH�SDUWLFOHV��LQFOXGLQJ�D�PL[WXUH�RI�VROLG�SDUWLFOHV�DQG�OLTXLG�GURSOHWV�NQRZQ�

DV�DHURVROV��0RVW�DLU�SROOXWDQWV��VXFK�DV�R]RQH��FDUERQ�PRQR[LGH��DQG�
VXOIXU�GLR[LGH��FRQVLVW�RI�D�VLQJOH�PROHFXOH�RU�FRPSRXQG��7KLV�PHDQV�
WKDW�WKH�SROOXWDQW�ZLOO�KDYH�WKH�VDPH�SK\VLFDO�SURSHUWLHV�DQG�WKH�VDPH�
LPSDFWV�RQ�SXEOLF�KHDOWK�DQG�WKH�HQYLURQPHQW��UHJDUGOHVV�RI�WKH�VRXUFH��
RU�FRPELQDWLRQ�RI�VRXUFHV��IURP�ZKLFK�LW�LV�HPLWWHG��30��E\�FRQWUDVW��
LQFOXGHV�D�ZLGH�UDQJH�RI�GLVSDUDWH�SDUWLFOHV�WKDW�YDU\�JUHDWO\�LQ�WHUPV�
RI�WKHLU�VL]H�DQG�PDVV��XOWUDÀQH��ÀQH��DQG�FRDUVH���SK\VLFDO�VWDWH��VROLG�
RU�OLTXLG���FKHPLFDO�FRPSRVLWLRQ��WR[LFLW\��DQG�KRZ�WKH\�EHKDYH�DQG�
transform in the atmosphere. 

3DUWLFOHV�RULJLQDWH�IURP�D�YDULHW\�RI�PDQ�PDGH�SURFHVVHV�DQG�VRXUFHV�
VXFK�DV�IRVVLO�IXHO�FRPEXVWLRQ��UHVLGHQWLDO�ZRRG�EXUQLQJ��DQG�FRRNLQJ��

DV�ZHOO�DV�IURP�QDWXUDO�VRXUFHV�VXFK�DV�ZLOGÀUHV��YROFDQRHV��VHD�VDOW��DQG�JHRORJLFDO�GXVW��30�LV�
HPLWWHG�GLUHFWO\�IURP�WDLOSLSHV��VPRNHVWDFNV��DQG�ÀUHSODFHV��DQG�DOVR�IRUPHG�LQGLUHFWO\�E\�FKHPLFDO�
UHDFWLRQV�DPRQJ�SUHFXUVRU�SROOXWDQWV��3DUWLFXODWH�PDWWHU�LV�JHQHUDWHG�LQGRRUV�DV�ZHOO�DV�RXWGRRUV��
,QGRRU�VRXUFHV�LQFOXGH�VWRYHV��KHDWHUV��ÀUHSODFHV��DQG�FRQVXPHU�SURGXFWV��DQG�FLJDUHWWHV��LI�VPRNHG�
LQVLGH���$V�GHVFULEHG�LQ�6HFWLRQ���%��PRVW�SHRSOH�H[SHULHQFH�D�VLJQLÀFDQW�SHUFHQWDJH�RI�WKHLU�
SHUVRQDO�H[SRVXUH�WR�30�LQ�WKH�LQGRRU�HQYLURQPHQW�ZKHUH�WKH\�DUH�
H[SRVHG�WR�ERWK�DPELHQW��RXWGRRU��30�WKDW�SHQHWUDWHV�LQVLGH�DV�ZHOO�
DV�30�HPLVVLRQV�SURGXFHG�E\�LQGRRU�VRXUFHV�

Public Health impacts

30�LV�D�VWHDOWK\�SROOXWDQW���LW�LV�JHQHUDOO\�WDVWHOHVV�DQG�RGRUOHVV��DQG�
PRVW�SDUWLFOHV�DUH�WRR�VPDOO�WR�EH�VHHQ�E\�WKH�QDNHG�H\H��WKRXJK�
30�PDNHV�WKH�DLU�ORRN�KD]\�LQ�WKH�GLVWDQFH���%XW�HYHQ�RQ�FOHDU�GD\V�
ZKHQ�DPELHQW�30�FRQFHQWUDWLRQV�DUH�ORZ�DQG�ZHOO�ZLWKLQ�DLU�TXDOLW\�
standards, we inhale contains millions of tiny particles with each 
EUHDWK��+HDOWK�VWXGLHV�VKRZ�WKDW�WKHVH�DLUERUQH�SDUWLFOHV�FDXVH�DQG�
RU�FRQWULEXWH�WR�D�ZLGH�UDQJH�RI�UHVSLUDWRU\�DQG�FDUGLRYDVFXODU�SUREOHPV��,Q�DGGLWLRQ�WR�HIIHFWV�VXFK�
DV�DVWKPD�DQG�EURQFKLWLV��H[SRVXUH�WR�30�FDQ�WULJJHU�PDMRU�KHDOWK�LPSDFWV�VXFK�DV�KHDUW�DWWDFNV�RU�
VWURNHV��,Q�IDFW��WKH�HYLGHQFH�LQGLFDWHV�WKDW�H[SRVXUH�WR�30�FRQWULEXWHV�WR�WKH�GHDWK�RI�PRUH�%D\�$UHD�
UHVLGHQWV�HDFK�\HDU�WKDQ�PRUH�YLVLEOH�FDXVHV�VXFK�DV�DXWR�DFFLGHQWV��$QDO\VLV�VKRZV�WKDW��HYHQ�DW�
WKH�UHODWLYHO\�PRGHUDWH�FRQFHQWUDWLRQV�WKDW�SUHYDLO�LQ�WKH�%D\�$UHD��30�LPSRVHV�HFRQRPLF�DQG�VRFLDO�
FRVWV�WR�%D\�$UHD�UHVLGHQWV�DQG�HPSOR\HUV��LQ�WHUPV�RI�VLFNQHVV��ORVW�SURGXFWLYLW\��DQG�SUHPDWXUH�
PRUWDOLW\��WKDW�UXQ�WR�ELOOLRQV�RI�GROODUV�SHU�\HDU��DV�GLVFXVVHG�LQ�6HFWLRQ���$��

 
every breath we 

take contains 
millions of tiny 

airborne particles.

 
Pm includes a 
wide range of 

particles that vary 
in size, chemical 

composition, 
and toxicity.
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Pm Planning in the bay area

,Q�UHVSRQVH�WR�FRQFHUQ�DERXW�WKH�KHDOWK�LPSDFWV�RI�30��LQ������WKH�6WDWH�OHJLVODWXUH�HQDFWHG�6%�
�����FRGLÀHG�DV�+HDOWK�	�6DIHW\�&RGH�6HFWLRQ����������7KLV�OHJLVODWLRQ�UHTXLUHG�WKH�$LU�5HVRXUFHV�
%RDUG�DQG�ORFDO�DLU�GLVWULFWV�WR�HYDOXDWH�SRWHQWLDO�30�FRQWURO�PHDVXUHV�DQG�WR�GHYHORS�D�30�
LPSOHPHQWDWLRQ�VFKHGXOH�IRU�DSSURSULDWH�30�UHGXFWLRQ�PHDVXUHV���7KH�$LU�'LVWULFW�FRPSOLHG�ZLWK�WKLV�
OHJLVODWLRQ��VWDII�GHYHORSHG�D�3DUWLFXODWH�0DWWHU�,PSOHPHQWDWLRQ�6FKHGXOH�WKDW�ZDV�DGRSWHG�E\�WKH�$LU�
'LVWULFW·V�%RDUG�RI�',UHFWRUV�LQ�1RYHPEHU�������DQG�WKH�$LU�'LVWULFW�DGRSWHG�WKH�PHDVXUHV�LGHQWLÀHG�
in the Implementation Schedule.

How many particles do we breathe?

7KH�QXPEHU�RI�DLUERUQH�SDUWLFOHV�WKDW�ZH�DUH�H[SRVHG�
WR�RQ�D�GDLO\�EDVLV�LV�WUXO\�VWDJJHULQJ��7KH�DLU�ZH�EUHDWKH�
FRQWDLQV�D�YHU\�PLQXWH�DPRXQW�RI�30�LQ�WHUPV�RI�LWV�RYHUDOO�
PDVV��+RZHYHU��HYHQ�VXFK�D�PLQLVFXOH�DPRXQW�RI�PDVV�
FRQWDLQV�HQRUPRXV�QXPEHUV�RI�SDUWLFOHV��)RU�H[DPSOH��
DLU�ZLWK�DQ�DPELHQW�FRQFHQWUDWLRQ�RI����PLFURJUDPV�RI�
ÀQH�SDUWLFXODWH�PDWWHU��30�����RU�SDUWLFOHV�OHVV�WKDQ�����
PLFURQV�LQ�GLDPHWHU��SHU�FXELF�PHWHU���URXJKO\�WKH�DYHUDJH�
FRQFHQWUDWLRQ�RI�%D\�$UHD�30����RQ�DQ�DQQXDO�EDVLV���PD\�
contain on the order of 100 million particles per cubic 
meter. 

)RU�WKLV�UHDVRQ��ZH�LQKDOH�KXJH�QXPEHUV�RI�SDUWLFOHV��)RU�
purposes of illustration, consider the fact that urban air 
W\SLFDOO\�FRQWDLQV�LQ�WKH�UDQJH�RI�������WR��������SDUWLFOHV�
SHU�FXELF�FHQWLPHWHU��SULPDULO\�LQ�WKH�XOWUDÀQH�VL]H�UDQJH�
�SDUWLFOHV�OHVV�WKDQ�����PLFURQV�LQ�GLDPHWHU���7KH�DYHUDJH�DGXOW�LQKDOHV�����FXELF�FHQWLPHWHUV�
�URXJKO\�RQH�SLQW��RI�DLU�SHU�EUHDWK��7KLV�PHDQV�WKDW�LQ�D�W\SLFDO�XUEDQ�HQYLURQPHQW�ZH�LQKDOH�IURP�
��PLOOLRQ�WR����PLOOLRQ�PLQXWH�SDUWLFOHV�ZLWK�HYHU\�EUHDWK�ZH�WDNH��%XW�WKDW�ÀJXUH�FDQ�VSLNH�WR�PXFK�
KLJKHU�OHYHOV�LQ�FORVH�SUR[LPLW\�WR�KLJK�YROXPH�URDGZD\V�RU�RWKHU�PDMRU�RXWGRRU�HPLVVLRQ�VRXUFHV��RU�
LQGRRU�VRXUFHV�VXFK�DV�VWRYHV�DQG�RYHQV��7KH�ERWWRP�OLQH�LV�WKDW��GXULQJ�WKH�FRXUVH�RI�D�VLQJOH�GD\��
ZH�LQKDOH�PDQ\�WULOOLRQV�RI�ÀQH�DQG�XOWUDÀQH�SDUWLFOHV��HYHQ�ZKHQ�WKH�DLU�ZH�DUH�EUHDWKLQJ�PHHWV�DLU�
TXDOLW\�VWDQGDUGV��)RUWXQDWHO\��RXU�ERGLHV�KDYH�GHIHQVHV�LQ�WKH�QDVDO�SDVVDJHV��WKURDW��DQG�OXQJV�
WR�ÀOWHU�RXW�SDUWLFOHV��VR�QRW�DOO�WKH�SROOXWDQWV�WKDW�ZH�LQKDOH�DFWXDOO\�UHDFK�WKH�DLU�VDFV��DOYHROL��
ZKHUH�WKH\�FDQ�GDPDJH�WKH�OXQJV��%XW�VRPH�RI�WKHVH�WLQ\�SDUWLFOHV���ZKLFK�PD\�EH�FRDWHG�ZLWK�
DFLGV��PHWDOV��DQG�RWKHU�WR[LF�VXEVWDQFHV�²�DUH�DEOH�WR�HYDGH�WKH�ERG\·V�GHIHQVH�PHFKDQLVPV�DQG�
SHQHWUDWH�GHHS�LQWR�WKH�OXQJV��EORRGVWUHDP��FHOOV��DQG�YLWDO�RUJDQV�ZKHUH�WKH\�FDQ�WULJJHU�YDULRXV�
ELRORJLFDO�UHVSRQVHV�WKDW�KDUP�WKH�ERG\��
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�,Q�IDOO�������WKH�$LU�'LVWULFW�DGRSWHG�WKH�%D\�$UHD������&OHDQ�$LU�3ODQ�������&$3��WR�XSGDWH�WKH�
UHJLRQ·V�SODQ�WR�FRQWURO�JURXQG�OHYHO�R]RQH��,Q�GHYHORSLQJ�WKH������&$3��WKH�$LU�'LVWULFW�ZDV�LQVSLUHG�
E\�WKH�UHFRPPHQGDWLRQV�LVVXHG�E\�WKH�1DWLRQDO�5HVHDUFK�&RXQFLO�LQ������ZKLFK�FDOOHG�IRU�D�QHZ�
DSSURDFK�WR�DLU�TXDOLW\�SODQQLQJ�EDVHG�RQ�LQWHJUDWHG�PXOWL�SROOXWDQW�SODQQLQJ�IRFXVHG�RQ�DFKLHYLQJ�
NH\�RXWFRPHV�VXFK�DV�SURWHFWLQJ�SXEOLF�KHDOWK��WKH�JOREDO�FOLPDWH��DQG�HFRV\VWHPV��

7KH�%D\�$UHD������&$3�LGHQWLÀHG�WZR�NH\�JRDOV������SURWHFWLQJ�SXEOLF�KHDOWK��DQG�����SURWHFWLQJ�WKH�
FOLPDWH��7KH������&$3�DOVR�SXUVXHG�D�PXOWL�SROOXWDQW�DSSURDFK�LQ�GHYHORSLQJ�DQ�LQWHJUDWHG�FRQWURO�
VWUDWHJ\�WR�UHGXFH�IRXU�W\SHV�RI�DLU�SROOXWDQWV��JURXQG�OHYHO�R]RQH��30��WR[LF�DLU�FRQWDPLQDQWV��7$&V���
DQG�JUHHQKRXVH�JDVHV��VXFK�DV�FDUERQ�GLR[LGH�DQG�PHWKDQH��WKDW�FRQWULEXWH�WR�FOLPDWH�FKDQJH�

7R�LQIRUP�WKH�GHYHORSPHQW�RI�WKH������&$3��$LU�'LVWULFW�VWDII�SHUIRUPHG�D�´KHDOWK�EXUGHQµ�DQDO\VLV��
EDVHG�XSRQ�WKH�UHVXOWV�RI�SHHU�UHYLHZHG�KHDOWK�VWXGLHV��LQ�RUGHU�WR�HVWLPDWH�

�� the public health effects of air pollution in the Bay Area, based upon key 
KHDOWK�HQGSRLQWV�VXFK�DV�FKURQLF�EURQFKLWLV��DVWKPD�HPHUJHQF\�URRP�YLVLWV��
KRVSLWDO�DGPLVVLRQV�IRU�UHVSLUDWRU\�RU�FDUGLRYDVFXODU�GLVHDVHV��KHDUW�DWWDFNV��
and premature mortality;

�� WKH�UROH�RI�HDFK�DLU�SROOXWDQW�LQ�FDXVLQJ�RU�FRQWULEXWLQJ�WR�WKHVH�KHDOWK�
effects;

�� WKH�KHDOWK�EHQHÀWV�GXH�WR�SURJUHVV�LQ�LPSURYLQJ�%D\�$UHD�DLU�TXDOLW\�LQ�UHFHQW�
years; and

�� WKH�HFRQRPLF�EHQHÀW�RI�WKH�LPSURYHPHQW�LQ�SXEOLF�KHDOWK�
$LU�TXDOLW\�LVVXHV�DUH�RIWHQ�SUHVHQWHG�LQ�KLJKO\�WHFKQLFDO�WHUPV��XVLQJ�D�VSHFLDOL]HG�YRFDEXODU\�DQG�
DUFDQH�XQLWV�RI�PHDVXUHPHQW��VXFK�DV�SDUWV�SHU�PLOOLRQ�RU�PLFUR�JUDPV�SHU�FXELF�PHWHU��WKDW�PHDQ�
OLWWOH�WR�WKH�DYHUDJH�SHUVRQ��7KH�KHDOWK�EXUGHQ�DQDO\VLV��E\�FRQWUDVW��VHUYHG�WR�SXW�D�´KXPDQ�IDFHµ�
RQ�WKH�EHQHÀWV�RI�EHWWHU�DLU�TXDOLW\��E\�H[SUHVVLQJ�LWV�UHVXOWV�LQ�WHUPV�RI�WDQJLEOH�RXWFRPHV�WKDW�PDNH�
VHQVH�WR�SROLF\�PDNHUV�DQG�WKH�SXEOLF��

)URP�WKH�SROLF\�SHUVSHFWLYH��WKH�PRVW�LPSRUWDQW�ÀQGLQJ�IURP�WKH�KHDOWK�EXUGHQ�DQDO\VLV�LV�WKDW�
30�LV�WKH�DLU�SROOXWDQW�WKDW�SRVHV�by far WKH�JUHDWHVW�KHDOWK�ULVN�WR�%D\�$UHD�UHVLGHQWV��DV�VKRZQ�
LQ�)LJXUH������$OWKRXJK�HYLGHQFH�RI�WKH�SXEOLF�KHDOWK�ULVN�UHODWHG�WR�30�KDV�EHHQ�PRXQWLQJ�LQ�
UHFHQW�\HDUV��LW�ZDV�RQO\�E\�SHUIRUPLQJ�WKLV�VLGH�E\�VLGH�KHDOWK�EXUGHQ�DQDO\VLV�IRU�WKH������&$3�
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WKDW�WKH�SUHGRPLQDQW�LPSDFW�RI�30�RQ�SXEOLF�KHDOWK�LQ�FRPSDULVRQ�WR�RWKHU�DLU�SROOXWDQWV�ZDV�VR�
VWDUNO\�UHYHDOHG�

Progress in reducing Pm levels in the bay area 

$OWKRXJK�UHYHODWLRQV�DERXW�WKH�KHDOWK�LPSDFWV�RI�30�DUH�FDXVH�IRU�FRQFHUQ��WKH�JRRG�QHZV�LV�WKDW�ZH�
KDYH�DOUHDG\�DFKLHYHG�PDMRU�SURJUHVV�LQ�UHGXFLQJ�30�OHYHOV�LQ�WKH�%D\�$UHD��DV�GHVFULEHG�LQ�6HFWLRQ�
��&��7KDQNV�WR�WKLV�SURJUHVV��WKH�%D\�$UHD�FXUUHQWO\�PHHWV�WKH�QDWLRQDO�DPELHQW�DLU�TXDOLW\�VWDQGDUGV�
WKDW�DSSO\�WR�30��DQG�LV�PDNLQJ�VWHDG\�SURJUHVV�WRZDUG�DWWDLQLQJ�PRUH�VWULQJHQW��KHDOWK�SURWHFWLYH�
&DOLIRUQLD�30�VWDQGDUGV��7KH�UHGXFWLRQ�LQ�30�OHYHOV�LQ�UHFHQW�\HDUV�WUDQVODWHV�LQWR�LPSURYHG�SXEOLF�
KHDOWK�DQG�YLWDOLW\��DQG�ORQJHU�DYHUDJH�OLIH�VSDQ��7KHVH�EHQHÀWV�DUH�ZRUWK�ELOOLRQV�RI�GROODUV�LQ�FRVW�
VDYLQJV�WR�%D\�$UHD�UHVLGHQWV�DQG�HPSOR\HUV�

why we Need to reduce Pm Further

7KH�IDFW�WKDW�WKH�%D\�$UHD�KDV�PDGH�VXEVWDQWLDO�SURJUHVV�LQ�UHGXFLQJ�30�OHYHOV�GRHV�QRW�PHDQ�WKDW�
ZH�FDQ�UHVW�HDV\��KRZHYHU��7KHUH�DUH�VHYHUDO�UHDVRQV�ZK\�LW�LV�LPSRUWDQW�WR�FRQWLQXH�WR�HQKDQFH�RXU�
HIIRUWV�WR�UHGXFH�30�HPLVVLRQV��FRQFHQWUDWLRQV��DQG�SRSXODWLRQ�H[SRVXUH��

�� 5HVHDUFKHUV�KDYH�QRW�EHHQ�DEOH�WR�HVWDEOLVK�D�VDIH�WKUHVKROG�IRU�
SRSXODWLRQ�H[SRVXUH�WR�30��(SLGHPLRORJLFDO�VWXGLHV�KDYH�VKRZQ�WKDW�WKHUH�
DUH�KHDOWK�HIIHFWV�IURP�30����H[SRVXUH�HYHQ�DW�FRQFHQWUDWLRQV�EHORZ�
current standards.

�� 7KH�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��(3$��UHYLHZV�WKH�QDWLRQDO�30����
VWDQGDUGV�RQ�D�UHJXODU�EDVLV�DQG�PD\�LVVXH�PRUH�VWULQJHQW�VWDQGDUGV�LQ�
the future.

�� (YHQ�DW�WKH�FXUUHQW��UHODWLYHO\�ORZ�FRQFHQWUDWLRQV��30�LV�WKH�PRVW�KD]DUGRXV�
DLU�SROOXWDQW�LQ�WKH�%D\�$UHD�LQ�WHUPV�RI�KHDOWK�LPSDFWV��LQFOXGLQJ�SUHPDWXUH�
mortality, heart attacks, chronic bronchitis and other key health endpoints.

�� 30�FRQFHQWUDWLRQV�²�DQG�SRSXODWLRQ�H[SRVXUH�WR�30�²�FDQ�YDU\�VLJQLÀFDQWO\�
DW�WKH�ORFDO�VFDOH��DV�GLVFXVVHG�LQ�6HFWLRQ���%���(YHQ�WKRXJK�WKH�%D\�$UHD�
FXUUHQWO\�PHHWV�QDWLRQDO�30�VWDQGDUGV�EDVHG�RQ�WKH�PHDVXUHPHQWV�IURP�
WKH�UHJLRQDO�30�PRQLWRULQJ�QHWZRUN��VRPH�FRPPXQLWLHV�DQG�LQGLYLGXDOV�DUH�
H[SRVHG�WR�KLJKHU�FRQFHQWUDWLRQV�RI�30��3HRSOH�ZKR�OLYH�RU�ZRUN�QHDU�PDMRU�
URDGZD\V��SRUWV��GLVWULEXWLRQ�FHQWHUV��RU�RWKHU�PDMRU�HPLVVLRQ�VRXUFHV��RU�LQ�
SUR[LPLW\�WR�ZRRG�EXUQLQJ�DFWLYLWLHV��PD\�EH�GLVSURSRUWLRQDWHO\�H[SRVHG�WR�
FHUWDLQ�W\SHV�RI�30��H�J��XOWUDÀQH�SDUWLFOHV���VR�LW�LV�LPSRUWDQW�WR�LPSOHPHQW�
HIIHFWLYH�PHDVXUHV�WR�UHGXFH�WKHLU�H[SRVXUH�DQG�KHDOWK�ULVNV�

challenges

%HFDXVH�30�LV�D�FRPSOH[�SROOXWDQW�DQG�KDV�EHFRPH�WKH�IRFXV�RI�LQWHQVH�UHVHDUFK�RQO\�LQ�UHFHQW�
\HDUV��WKHUH�DUH�VWLOO�PDMRU�JDSV�LQ�RXU�XQGHUVWDQGLQJ�RI�30�DQG�LWV�HIIHFWV�RQ�SXEOLF�KHDOWK��FOLPDWH�
FKDQJH��DQG�HFRV\VWHPV��7KHVH�JDSV�DUH�HVSHFLDOO\�SURIRXQG�LQ�UHJDUG�WR�XOWUDÀQH�30��WKH�VPDOOHVW�
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SDUWLFOHV��$V�GLVFXVVHG�LQ�6HFWLRQ���$��KHDOWK�UHVHDUFKHUV�DUH�ZRUNLQJ�WR�EHWWHU�XQGHUVWDQG�ZKLFK�
VL]HV�DQG�W\SHV�RI�30�DUH�PRVW�GDPDJLQJ�WR�SXEOLF�KHDOWK��DQG�WR�H[SODLQ�WKH�SUHFLVH�ELRORJLFDO�
PHFKDQLVPV�E\�ZKLFK�30�GDPDJHV�RXU�KHDOWK��6LPLODUO\��FOLPDWH�VFLHQWLVWV�DUH�VWULYLQJ�WR�EHWWHU�
GHÀQH�WKH�YDULRXV�PHFKDQLVPV�E\�ZKLFK�GLIIHUHQW�W\SHV�RI�SDUWLFOHV�DFW�XSRQ�WKH�FOLPDWH��DQG�WKH�
RYHUDOO�HIIHFW�RI�DPELHQW�30�RQ�WKH�FOLPDWH��

$OWKRXJK�PDQ\�KHDOWK�VWXGLHV�WR�GDWH�VXJJHVW�WKDW�EUHDWKLQJ�30�RI�DOO�W\SHV�PD\�KDYH�QHJDWLYH�
health effects, researchers suspect that certain types of particles may be especially harmful. And 
LQWXLWLYHO\��LW�PDNHV�VHQVH�WKDW�WKH�VL]H�DQG�FKHPLFDO�FRPSRVLWLRQ�RI�SDUWLFOHV�VKRXOG�PDNH�D�
GLIIHUHQFH�LQ�WHUPV�RI�WKHLU�KHDOWK�HIIHFWV��%HFDXVH�KHDOWK�VWXGLHV�KDYH�QRW�\HW�FOHDUO\�GHÀQHG�WKH�
VSHFLÀF�SDUWLFOH�W\SHV�WKDW�DUH�PRVW�KDUIXO��UHJXODWRUV�FXUUHQWO\�WUHDW�DOO�ÀQH�30�DV�HTXDO�LQ�WHUPV�RI�
its health impacts.1�+RZHYHU��GHWHUPLQLQJ�WKH�W\SHV�RI�SDUWLFOHV�ZKLFK�DUH�WKH�PRVW�KDUPIXO�LV�YLWDOO\�
LPSRUWDQW�LQ�WKH�TXHVW�WR�XQGHUVWDQG�30��7KH�FXUUHQW�DFURVV�WKH�ERDUG�DSSURDFK�WR�UHGXFLQJ�30�KDV�
FOHDUO\�SURYLGHG�PDMRU�EHQHÀWV�LQ�WHUPV�RI�UHGXFLQJ�30�FRQFHQWUDWLRQV�DQG�SURWHFWLQJ�SXEOLF�KHDOWK��
%XW�LI�FHUWDLQ�SDUWLFOH�W\SHV�FDQ�EH�LGHQWLÀHG�DV�WKH�NH\�FXOSULWV��DQG�LI�VSHFLÀF�VRXUFHV�DFFRXQW�IRU�
the bulk of their emissions, then we may be able to identify appropriate control measures with a 
KLJKHU�GHJUHH�RI�SUHFLVLRQ��UDWKHU�WKDQ�SXUVXLQJ�UHGXFWLRQV�LQ�DOO�W\SHV�RI�30�DFURVV�WKH�ERDUG��7KH�
DELOLW\�WR�WDUJHW�WKH�SDUWLFOHV�ZLWK�WKH�PRVW�VHYHUH�KHDOWK�LPSDFWV�ZRXOG�HQDEOH�XV�WR�EHWWHU�SURWHFW�
SXEOLF�KHDOWK��DQG�DOVR�WR�LGHQWLI\�PHDVXUHV�WKDW�ZRXOG�DFKLHYH�WKH�JUHDWHVW�EHQHÀW�DW�WKH�ORZHVW�
cost.

6LQFH�LW�LV�FOHDU�WKDW�ZH�QHHG�WR�HQKDQFH�RXU�HIIRUWV�WR�UHGXFH�30�LQ�RUGHU�WR�SURWHFW�SXEOLF�KHDOWK��
30�ZLOO�FRQWLQXH�WR�EH�D�PDMRU�IRFXV�RI�DLU�TXDOLW\�SODQQLQJ��UHJXODWLRQ��DQG�SXEOLF�HGXFDWLRQ�LQ�WKH�
%D\�$UHD�RYHU�WKH�QH[W�GHFDGH��'HVSLWH�WKH�JDSV�LQ�RXU�XQGHUVWDQGLQJ�RI�30��ZH�PXVW�GHYHORS�DQG�
LPSOHPHQW�SROLFLHV�WR�FRQWURO�30�LQ�WKH�QHDU�WHUP��ZKLOH�UHÀQLQJ�RXU�SROLFLHV�DQG�SULRULWLHV�WR�UHÁHFW�
QHZ�LQIRUPDWLRQ�DV�LW�EHFRPHV�DYDLODEOH��%HFDXVH�ZH�VWLOO�KDYH�D�JUHDW�GHDO�WR�OHDUQ��WKLV�UHSRUW�
FDQQRW�VHUYH�DV�WKH�ÀQDO�ZRUG�RQ�KRZ�WR�DGGUHVV�30�LQ�WKH�%D\�$UHD��%XW�LW�LV�PHDQW�WR�OD\�WKH�
JURXQGZRUN�WR�JXLGH�WKH�$LU�'LVWULFW·V�HIIRUWV�WR�UHGXFH�30�LQ�WKH�FRPLQJ�\HDUV�

�� �&HUWDLQ�W\SHV�RI�SDUWLFOHV��VXFK�DV�PHWDOV��SRO\DURPDWLF�K\GURFDUERQV��3$+V���DQG�GLHVHO�30��DUH�FODVVLÀHG�DV�WR[LF�DLU�FRQWDPLQDQWV�
�7$&V���DQG�DUH�WKXV�VXEMHFW�WR�UHJXODWLRQ�DV�7$&V�
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sectioN 1 : Pm imPacts

E64F;A@��ͻ2͛�F:6�BG3>;4�:62>F:�67764FE�A7�B?
This section summarizes methods used to study PM health effects, the current evidence 
regarding public health impacts related to exposure to PM; the biological pathways by which PM 
affects the body; which sizes and types of particles pose the greatest health risk; the estimated 
health burden from PM in the Bay Area; and why it is important to further reduce PM levels to 
protect the health of Bay Area residents.

7KLV�VHFWLRQ�ZLOO�FRQVLGHU�VHYHUDO�NH\�TXHVWLRQV�UHJDUGLQJ�WKH�KHDOWK�HIIHFWV�RI�SDUWLFXODWH�PDWWHU�

�� :KDW�W\SHV�RI�QHJDWLYH�KHDOWK�LPSDFWV�DUH�DVVRFLDWHG�ZLWK�H[SRVXUH�WR�30"
�� 'RHV�HYLGHQFH�VKRZ�WKDW�H[SRVXUH�WR�30�LV�EDG�IRU�SXEOLF�KHDOWK"
�� +RZ�GRHV�30�GDPDJH�WKH�ERG\"
�� :KLFK�W\SHV�DQG�VL]HV�RI�SDUWLFOHV�DUH�PRVW�KDUPIXO�WR�KHDOWK"
�� $UH�WKHUH�VDIH�OHYHOV�RI�30"
�� +RZ�GRHV�30�DIIHFW�SXEOLF�KHDOWK�LQ�WKH�6DQ�)UDQFLVFR�%D\�$UHD"

7KH�GLVFXVVLRQ�SUHVHQWHG�EHORZ�DWWHPSWV�WR�V\QWKHVL]H�LQIRUPDWLRQ�IURP�WKH�YDVW�OLWHUDWXUH�RI�VWXGLHV�
WKDW�KDYH�DQDO\]HG�WKH�KHDOWK�HIIHFWV�RI�YDULRXV�SDUWLFOH�VL]HV��LQFOXGLQJ�30����SDUWLFOHV�OHVV�WKDQ����
PLFURQV�LQ�GLDPHWHU���30�����SDUWLFOHV�OHVV�WKDQ�����PLFURQV�LQ�GLDPHWHU���DQG�XOWUDÀQH�30��SDUWLFOHV�
OHVV�WKDQ�����PLFURQV�LQ�GLDPHWHU���$Q�H[SODQDWLRQ�RI�WKH�YDULRXV�30�VL]H�FDWHJRULHV�LV�SUHVHQWHG�LQ�
Section 2 of this report.
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$�JUHDW�GHDO�RI�UHVHDUFK�KDV�EHHQ�SHUIRUPHG�LQ�WKH�SDVW����\HDUV�WR�LGHQWLI\�DQG�TXDQWLI\�WKH�KHDOWK�
ULVNV�RI�SDUWLFXODWH�PDWWHU��+HDOWK�VWXGLHV�KDYH�OLQNHG�H[SRVXUH�WR�30�ZLWK�D�ZLGH�UDQJH�RI�QHJDWLYH�
KHDOWK�HIIHFWV��7KH�UHVHDUFK�SURYLGHV�HYLGHQFH�WKDW�H[SRVXUH�WR�30��HYHQ�DW�ORZ�DQG�PRGHUDWH�OHYHOV��
FDQ�FDXVH�RU�FRQWULEXWH�WR�D�ZLGH�UDQJH�RI�UHVSLUDWRU\�DQG�FDUGLRYDVFXODU�GLVHDVH��LQFOXGLQJ��

�� LUULWDWLRQ�RI�WKH�DLUZD\V��FRXJKLQJ��RU�GLIÀFXOW\�EUHDWKLQJ�
�� GHFUHDVHG�OXQJ�IXQFWLRQ
�� DJJUDYDWHG�DVWKPD
�� chronic bronchitis
�� LUUHJXODU�KHDUWEHDW
�� strokes
�� heart attacks
�� premature death in people with 

�KHDUW�RU�OXQJ�GLVHDVH

challenges in analyzing the 
:RMZcV�6ŪRPcb�^S�B?

'HWHUPLQLQJ�WKH�KHDOWK�HIIHFWV�RI�DLU�SROOXWDQWV�LV�LQKHUHQWO\�
GLIÀFXOW��%XW�EHFDXVH�30�LV�D�KHWHURJHQHRXV�SROOXWDQW�
FRPSULVHG�RI�SDUWLFOHV�WKDW�YDU\�LQ�VL]H��PDVV��DQG�FKHPLFDO�
FRPSRVLWLRQ��WKLV�SUHVHQWV�VSHFLDO�FKDOOHQJHV�LQ�GHWHUPLQLQJ�
its health effects. In the case of air pollutants composed 
RI�D�VLQJOH�PROHFXOH��VXFK�DV�R]RQH��2���RU�FDUERQ�
PRQR[LGH��&2���WKH�SROOXWDQW�KDV�H[DFWO\�WKH�VDPH�FKHPLFDO�
FRPSRVLWLRQ�²�DQG�WKXV�WKH�VDPH�SRWHQWLDO�KHDOWK�HIIHFWV�²�
UHJDUGOHVV�RI�WKH�HPLVVLRQV�VRXUFH��+RZHYHU��LQ�WKH�FDVH�RI�
30��WKH�FRPSRVLWLRQ�RI�SDUWLFOHV�LQ�D�JLYHQ�DLU�VDPSOH�²�DQG�WKH�FRUUHVSRQGLQJ�KHDOWK�HIIHFWV�²�ZLOO�
YDU\�GHSHQGLQJ�RQ�WKH�PL[�RI�HPLVVLRQ�VRXUFHV�

6MaZh�6eWQR]PR�^S�B?�:RMZcV�6ŪRPcb

6HYHUDO�GUDPDWLF�HSLVRGHV�LQ�WKH�ÀUVW�KDOI�RI�WKH���th�FHQWXU\�GHPRQVWUDWHG�WKDW�YHU\�KLJK�OHYHOV�
RI�30�DQG�RWKHU�DLU�SROOXWDQWV�FDQ�FDXVH�VLFNQHVV�DQG�GHDWK��(DUO\�VFLHQWLÀF�UHVHDUFK�LQWR�WKH�
KHDOWK�HIIHFWV�RI�30�DQG�DLU�SROOXWLRQ�ZDV�WULJJHUHG�E\�WKH�'HFHPEHU������HSLVRGH�LQ�WKH�KHDYLO\�
SRSXODWHG�DQG�LQGXVWULDOL]HG�0HXVH�9DOOH\�RI�%HOJLXP��WKLV�H[WUHPH�DLU�SROOXWLRQ�HSLVRGH�NLOOHG�
PRUH�WKDQ����SHRSOH�RYHU�D�WKUHH�GD\�SHULRG��$�VLPLODU�WUDJHG\�RFFXUUHG�LQ�'RQRUD��3HQQV\OYDQLD�LQ�
2FWREHU������ZKHQ�DQ�LQYHUVLRQ�OD\HU�WUDSSHG�D�OHWKDO�PL[�RI�30��VXOIXULF�DFLG��QLWURJHQ�GLR[LGH��DQG�
RWKHU�SROOXWDQWV�IURP�ORFDO�LQGXVWULDO�SODQWV�IRU�ÀYH�GD\V��1HDUO\�KDOI�RI�WKH�WRZQ·V��������UHVLGHQWV�
EHFDPH�VLFN��WZHQW\�SHRSOH�SHULVKHG��DQG�����DQLPDOV�GLHG��

3HUKDSV�WKH�PRVW�LQIDPRXV�DLU�SROOXWLRQ�HSLVRGH�RFFXUUHG�LQ�/RQGRQ�LQ�'HFHPEHU�������ZKHQ�D�
FRPELQDWLRQ�RI�FRDO�FRPEXVWLRQ��FROG�ZHDWKHU�DQG�ZLQGOHVV�FRQGLWLRQV�WUDSSHG�D�WKLFN�OD\HU�RI�30�DQG�
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RWKHU�SROOXWDQWV�RYHU�WKH�FLW\��NLOOLQJ�WKRXVDQGV��%\�FRPSDULQJ�GHDWK�UDWHV�GXULQJ�WKLV�HYHQW�ZLWK�QRUPDO�
FRQGLWLRQV��/RQGRQ·V�0LQLVWU\�RI�+HDOWK�HVWLPDWHG�DW�WKH�WLPH�WKDW�QHDUO\�������GHDWKV�RFFXUUHG�DV�D�
UHVXOW�RI�WKH�H[WUHPH�DLU�SROOXWLRQ��+RZHYHU��PRUH�UHFHQW�UHVHDUFK��%HOO�HW�DO��������VXJJHVWV�WKDW�WKH�
QXPEHU�RI�IDWDOLWLHV�ZDV�FRQVLGHUDEO\�JUHDWHU��RQ�WKH�RUGHU�RI���������'HDWK�FHUWLÀFDWHV�DQG�DXWRSVLHV�
VKRZ�WKDW�WKH�PDLQ�FDXVHV�RI�GHDWK�ZHUH�UHVSLUDWRU\�DQG�FDUGLRYDVFXODU�GLVHDVH��7KHVH�H[WUHPH�
episodes showed the need to study the effects of air pollution on public health. 

2]MZhjW]U�cVR�:RMZcV�6ŪRPcb�^S�B?

5HVHDUFKHUV�KDYH�GHYHORSHG�YDULRXV�PHWKRGV�WR�DQDO\]H�WKH�KHDOWK�HIIHFWV�RI�30�DQG�RWKHU�DLU�
SROOXWDQWV�LQ�WHUPV�RI�ERWK�PRUELGLW\��GLVHDVH�RU�LOOQHVV��DQG�PRUWDOLW\��SUHPDWXUH�GHDWK���7ZR�
RI�WKH�PRVW�LPSRUWDQW�WHFKQLTXHV�XVHG�WR�DQDO\]H�WKH�KHDOWK�HIIHFWV�RI�30�DUH�HSLGHPLRORJLFDO�
VWXGLHV�DQG�FOLQLFDO�VWXGLHV��(SLGHPLRORJLFDO�VWXGLHV�DQDO\]H�KHDOWK�GDWD�IRU�D�GHÀQHG�SRSXODWLRQ�
JURXS��WKH�REMHFWLYH�LV�WR�WHDVH�RXW�WKH�KHDOWK�HIIHFWV�RI�DLU�SROOXWLRQ�E\�ORRNLQJ�IRU�FRUUHODWLRQV�
EHWZHHQ�WKH�DPRXQW�RI�H[SRVXUH�WR�D�SROOXWDQW�DQG�WKH�REVHUYHG�LQFLGHQFH�UDWH�IRU�YDULRXV�KHDOWK�
HQGSRLQWV��H�J���FDVHV�RI�UHVSLUDWRU\�RU�FDUGLRYDVFXODU�GLVHDVH��KRVSLWDO�DGPLVVLRQV��RU�SUHPDWXUH�
PRUWDOLW\���,I�D�FRUUHODWLRQ�LV�REVHUYHG��UHVHDUFKHUV�PXVW�WKHQ�WU\�WR�GHWHUPLQH�ZKHWKHU�WKH�
UHODWLRQVKLS�PD\�EH�LQIHUUHG�WR�EH�FDXVDO��PHDQLQJ�WKDW�H[SRVXUH�WR�WKH�SROOXWDQW�DFWXDOO\�FDXVHV�
WKH�REVHUYHG�KHDOWK�HIIHFW��

(VWDEOLVKLQJ�D�FDXVDO�UHODWLRQVKLS�EHWZHHQ�30�DQG�D�JLYHQ�KHDOWK�HIIHFW�LV�GLIÀFXOW�EHFDXVH�H[SRVXUH�
WR�30�LV�RQO\�RQH�IDFWRU�DPRQJ�PDQ\�WKDW�PD\�FDXVH��FRQWULEXWH�WR��RU�H[DFHUEDWH�D�VSHFLÀF�KHDOWK�
HIIHFW��2WKHU�IDFWRUV�WKDW�DIIHFW�RXU�KHDOWK�LQFOXGH�JHQHWLF�DQG�ELRORJLFDO�IDFWRUV��HQYLURQPHQWDO�
FRQGLWLRQV��DLU�TXDOLW\��ZDWHU�TXDOLW\��FOLPDWH���DQG�OLIHVW\OH��GLHW��H[HUFLVH��GULQNLQJ��DQG�VPRNLQJ���
WR�QDPH�EXW�D�IHZ��7KHUHIRUH��LQ�GHVLJQLQJ�VWXGLHV�WR�DQDO\]H�WKH�KHDOWK�HIIHFWV�RI�DLU�SROOXWDQWV��
HSLGHPLRORJLVWV�DWWHPSW�WR�LVRODWH�WKH�HIIHFW�RI�WKH�DLU�SROOXWDQWV�E\�FRQWUROOLQJ�IRU��PDVNLQJ��WKH�
HIIHFW�RI�WKHVH�RWKHU�VRFLRHFRQRPLF��H�J��LQFRPH�DQG�HGXFDWLRQ���GHPRJUDSKLF��DJH��JHQGHU��HWF����
HQYLURQPHQWDO��DQG�OLIHVW\OH�IDFWRUV�WKDW�LPSDFW�SXEOLF�KHDOWK��2QH�RI�WKH�GLIÀFXOWLHV�LQ�DLU�SROOXWLRQ�
HSLGHPLRORJ\�LV�WKDW�WKH�KHDOWK�ULVNV�DVVRFLDWHG�ZLWK�FXUUHQW�DPELHQW�OHYHOV�RI�DLU�SROOXWLRQ��ZKLOH�
VLJQLÀFDQW��DUH�QRQHWKHOHVV�H[WUHPHO\�VPDOO�ZKHQ�FRPSDUHG�WR�RWKHU�NQRZQ�ULVN�IDFWRUV��VXFK�DV�
FLJDUHWWH�VPRNLQJ��ODFN�RI�SK\VLFDO�DFWLYLW\��REHVLW\��HWF��%HFDXVH�WKHVH�RWKHU�ULVN�IDFWRUV�KDYH�D�
SRZHUIXO�LPSDFW�RQ�KHDOWK��LW�LV�GLIÀFXOW�WR�GLVWLQJXLVK�WKH�PRUH�VXEWOH�HIIHFWV�RI�DLU�SROOXWLRQ�IURP�WKH�
health effects attributable to these other factors.

2QH�RI�WKH�NH\�FKDOOHQJHV�LQ�HSLGHPLRORJ\�LV�HVWLPDWLQJ�KRZ�PXFK�WKH�SHRSOH�LQ�D�VWXG\�JURXS�
KDYH�EHHQ�H[SRVHG�WR�WKH�SROOXWDQW�LQ�TXHVWLRQ��([SRVXUH�HVWLPDWHV�DUH�JHQHUDOO\�EDVHG�XSRQ�30�
PRQLWRULQJ�GDWD�DQG�RU�UHVXOWV�RI�FRPSXWHU�PRGHOLQJ�WR�VLPXODWH�DPELHQW�30�FRQFHQWUDWLRQV��0DQ\�
VWXGLHV�UHO\�RQ�DPELHQW�DLU�TXDOLW\�GDWD�IURP�PRQLWRULQJ�QHWZRUNV��EXW�WKHVH�GDWD�PD\�QRW�FDSWXUH�
H[SRVXUHV�LQ�PLFUR�HQYLURQPHQWV��$QG�HYHQ�LI�DFFXUDWH�HVWLPDWHV�RI�SRSXODWLRQ�H[SRVXUH�WR�DPELHQW�
�RXWGRRU��30�DUH�DYDLODEOH��HSLGHPLRORJLFDO�VWXGLHV�JHQHUDOO\�GR�QRW�LQFOXGH�LQGRRU�H[SRVXUH�WR�30��
ZKLFK�DFFRXQWV�IRU�D�VLJQLÀFDQW�SRUWLRQ�RI�WRWDO�H[SRVXUH�IRU�PDQ\�SHRSOH��DV�GLVFXVVHG�LQ�6HFWLRQ�
��%��,PSURYHG�PHWKRGV�WR�HVWLPDWH�SRSXODWLRQ�H[SRVXUH�WR�30�DFURVV�WKH�IXOO�UDQJH�RI�LQGRRU�DQG�
RXWGRRU�HQYLURQPHQWV�ZRXOG�EH�YDOXDEOH�WR�HQDEOH�HSLGHPLRORJLVWV�WR�EHWWHU�DQDO\]H�WKH�KHDOWK�
HIIHFWV�UHODWHG�WR�H[SRVXUH�WR�30��
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$QDO\]LQJ�KHDOWK�HIIHFWV�UHODWHG�WR�30�LV�DOVR�FRPSOLFDWHG�E\�WKH�IDFW�WKDW�WKH�YDULRXV�VSHFLHV�RI�
30��DV�ZHOO�DV�D�YDULHW\�RI�RWKHU�SROOXWDQWV�DQG�WR[LF�DLU�FRQWDPLQDQWV��DUH�DOO�PL[HG�WRJHWKHU�LQ�WKH�
DLU�WKDW�ZH�EUHDWKH��7KHUHIRUH��LVRODWLQJ�WKH�KHDOWK�HIIHFWV�RI�30�IURP�RWKHU�W\SHV�RI�SROOXWDQWV��RU�
GLVWLQJXLVKLQJ�WKH�HIIHFWV�RI�D�FHUWDLQ�VL]H�IUDFWLRQ�RI�30��RU�D�FHUWDLQ�FKHPLFDO�VSHFLHV�RI�30��IURP�
WKH�RYHUDOO�PDVV�RI�30�LV�D�GLIÀFXOW�WDVN��

'HVSLWH�WKHVH�FDYHDWV��HSLGHPLRORJLFDO�VWXGLHV�DUH�RI�JUHDW�YDOXH�LQ�KHOSLQJ�WR�LOOXPLQDWH�WKH�
UHODWLRQVKLS�EHWZHHQ�DLU�SROOXWDQWV�DQG�KHDOWK�HIIHFWV��)RU�H[DPSOH��H[SRVXUH�WR�30�LV�UDUHO\��
LI�HYHU��FLWHG�DV�WKH�FDXVH�RI�GHDWK�LQ�D�FRURQHU·V�UHSRUW�ZKHQ�VRPHRQH�GLHV�RI�D�KHDUW�DWWDFN�
RU�VWURNH�RU�OXQJ�GLVHDVH��+RZHYHU��HSLGHPLRORJLFDO�VWXGLHV�LQGLFDWH�WKDW�H[SRVXUH�WR�30�LV�DQ�
LPSRUWDQW�FRQWULEXWLQJ�IDFWRU�LQ�KXQGUHGV��SHUKDSV�WKRXVDQGV��RI�GHDWKV�LQ�WKH�%D\�$UHD�HDFK�\HDU��
(SLGHPLRORJLFDO�VWXGLHV�DUH�XVHG�WR�DQDO\]H�

�� &RUUHODWLRQV�EHWZHHQ�H[SRVXUH�WR�DLU�SROOXWDQWV�DQG�WKH�LQFLGHQFH�UDWH�RI�
ERWK�DFXWH��VKRUW�WHUP��DQG�FKURQLF��ORQJ�WHUP��KHDOWK�HIIHFWV�DPRQJ�WKH�
JHQHUDO�SRSXODWLRQ�RU�GHÀQHG�VXE�JURXSV�

�� &RQFHQWUDWLRQ�UHVSRQVH�IXQFWLRQV��L�H���KRZ�D�FKDQJH�LQ�WKH�DPELHQW�
FRQFHQWUDWLRQ�RI�D�SROOXWDQW�PD\�DIIHFW�WKH�LQFLGHQFH�UDWH�RI�D�VSHFLÀF�
KHDOWK�HIIHFW��&RQFHQWUDWLRQ�UHVSRQVH�IXQFWLRQV�FDQ�EH�XVHG�WR�HVWLPDWH�WKH�
UHGXFWLRQ�LQ�KHDOWK�HIIHFWV�WKDW�FDQ�EH�H[SHFWHG�IURP�D�JLYHQ�LPSURYHPHQW�LQ�
DLU�TXDOLW\��VXFK�DV�DWWDLQLQJ�DQ�DPELHQW�DLU�TXDOLW\�VWDQGDUG�LQ�WKH�%D\�$UHD�
or other metropolitan area.

�� 6DIH�WKUHVKROGV��L�H���D�´QR�HIIHFWVµ�WKUHVKROG�VXFK�DV�DQ�DPELHQW�
FRQFHQWUDWLRQ�EHORZ�ZKLFK�QR�KHDOWK�HIIHFWV�FDQ�EH�REVHUYHG��7KLV�LV�
HVSHFLDOO\�LPSRUWDQW�IRU�SXUSRVHV�RI�HQVXULQJ�WKDW�DPELHQW�DLU�TXDOLW\�
VWDQGDUGV�DUH�VXIÀFLHQWO\�KHDOWK�SURWHFWLYH�

(SLGHPLRORJLFDO�VWXGLHV�DUH�DQ�HVVHQWLDO�WRRO�WR�GLVFHUQ�FRUUHODWLRQV�EHWZHHQ�H[SRVXUHV�WR�DLU�
SROOXWDQWV�DQG�KHDOWK�RXWFRPHV��+RZHYHU��WKHVH�VWXGLHV�DUH�EDVHG�RQ�VWDWLVWLFDO�DQDO\VLV�RI�ODUJH�
SRSXODWLRQ�JURXSV��WKH\�FDQQRW�GHÀQLWLYHO\�´SURYHµ�WKDW�DLU�SROOXWLRQ�FDXVHV�D�VSHFLÀF�KHDOWK�HIIHFW�
HLWKHU�LQ�DQ�LQGLYLGXDO�FDVH�RU�DPRQJ�D�ODUJHU�SRSXODWLRQ�JURXS��1RU�FDQ�WKH\�H[SODLQ�WKH�SUHFLVH�
ELRORJLFDO�PHFKDQLVPV�E\�ZKLFK�30�FDXVHV�RU�FRQWULEXWHV�WR�WKH�QHJDWLYH�KHDOWK�HIIHFWV�REVHUYHG��
7R�LQYHVWLJDWH�WKHVH�LVVXHV��UHVHDUFKHUV�SHUIRUP�FOLQLFDO�VWXGLHV�RI�VPDOO�JURXSV�RI�SHRSOH�RU�
DQLPDOV�LQ�ZKLFK�WKH\�FDQ�FDUHIXOO\�FRQWURO�WKH�H[SRVXUH�DQG�GRVDJH�DQG�REVHUYH�WKH�LPSDFWV�RYHU�
D�VSHFLÀF�WLPHIUDPH��7KHVH�FOLQLFDO�VWXGLHV�DUH�YDOXDEOH�LQ�WHUPV�RI�FRQÀUPLQJ�UHVXOWV�RI�ODUJH�
VFDOH�HSLGHPLRORJLFDO�VWXGLHV�DW�WKH�LQGLYLGXDO�OHYHO��&OLQLFDO�VWXGLHV�DOVR�KHOS�WR�GHÀQH�ELRORJLFDO�
PHFKDQLVPV��WKDW�LV��H[DFWO\�KRZ�30�RU�RWKHU�DLU�SROOXWDQWV�DFW�RQ�DQG�KDUP�WKH�ERG\�

DRPR]c�DRbRMaPV�^]�:RMZcV�6ŪRPcb�^S�B?

%\�WKH�����V��D�OLQN�EHWZHHQ�H[SRVXUH�WR�30�DQG�UHVSLUDWRU\�GLVHDVH��VXFK�DV�WULJJHULQJ�DVWKPD�
HSLVRGHV�RU�RWKHU�SXOPRQDU\�GLVRUGHUV��KDG�EHHQ�ZHOO�HVWDEOLVKHG��DOWKRXJK�WKHUH�ZDV�XQFHUWDLQW\�
DV�WR�WKH�OHYHO�RI�30�H[SRVXUH�UHTXLUHG�WR�WULJJHU�VLJQLÀFDQW�SXEOLF�KHDOWK�LPSDFWV��%DVHG�RQ�WKH�
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HYLGHQFH�UHJDUGLQJ�WKH�respiratory effects of particulate matter, such as asthma, bronchitis, and 
GLPLQLVKHG�OXQJ�IXQFWLRQ��30�ZDV�LQFOXGHG�DPRQJ�WKH�VL[�RULJLQDO�´FULWHULD�SROOXWDQWVµ�LGHQWLÀHG�LQ�
WKH�JURXQG�EUHDNLQJ�IHGHUDO�&OHDQ�$LU�$FW�RI�������+RZHYHU��LQ�WKH�HQVXLQJ�WZR�RU�WKUHH�GHFDGHV�
DIWHU�WKH�&OHDQ�$LU�$FW�ZDV�HQDFWHG��RWKHU�DLU�SROOXWDQWV�VXFK�DV�R]RQH��FDUERQ�PRQR[LGH��DQG�OHDG��
ZHUH�WKRXJKW�WR�SRVH�D�JUHDWHU�KHDOWK�ULVN�WKDQ�30��$V�D�UHVXOW��DLU�SROOXWLRQ�FRQWURO�HIIRUWV�IRFXVHG�
SULPDULO\�RQ�UHGXFLQJ�WKHVH�RWKHU�SROOXWDQWV��

30�EHJDQ�WR�PRYH�WR�WKH�IRUHIURQW�RI�FRQFHUQ�DERXW�WKH�KHDOWK�LPSDFWV�RI�DLU�SROOXWLRQ�EHJLQQLQJ�
LQ�WKH�����V�LQ�UHVSRQVH�WR�D�QHZ�VHULHV�RI�VWXGLHV�RQ�30�KHDOWK�HIIHFWV��5HVHDUFK�LQ�UHFHQW�\HDUV�
SURYLGHV�HYLGHQFH�WKDW��HYHQ�DW�PRGHUDWH�RU�ORZ�OHYHOV��30�KDV�D�ZLGH�UDQJH�RI�QHJDWLYH�KHDOWK�
LPSDFWV�DQG�FDQ�FRQWULEXWH�WR�SUHPDWXUH�PRUWDOLW\��:KHUHDV�HDUOLHU�UHVHDUFK�IRFXVHG�SULPDULO\�

RQ�UHVSLUDWRU\�HIIHFWV�RI�30��UHFHQW�
\HDUV�KDYH�VHHQ�D�JUHDW�GHDO�RI�
UHVHDUFK�LQWR�WKH�HIIHFWV�RI�30�RQ�WKH�
cardiovascular system, the heart and 
EORRG�V\VWHP�ZKLFK�WDNHV�R[\JHQ�IURP�
WKH�OXQJV�DQG�GLVWULEXWHV�LW�WKURXJKRXW�
WKH�ERG\��1HJDWLYH�LPSDFWV�RI�30�RQ�
WKH�FDUGLRYDVFXODU�V\VWHP�LQFOXGH�
DWKHURVFOHURVLV��KDUGHQLQJ�RI�WKH�
DUWHULHV���LVFKHPLF�VWURNHV��FDXVHG�E\�
REVWUXFWLRQ�RI�WKH�EORRG�VXSSO\���DQG�
KHDUW�DWWDFNV��7KHVH�QHZ�ÀQGLQJV�DERXW�
WKH�FDUGLRYDVFXODU�HIIHFWV�RI�H[SRVXUH�

WR�30��HVSHFLDOO\�WKH�LQFUHDVH�LQ�SUHPDWXUH�PRUWDOLW\�LQ�DGXOWV��KDYH�JLYHQ�JUHDWHU�XUJHQF\�WR�WKH�
QHHG�WR�UHGXFH�30�

Pm impact on Premature mortality and life expectancy

&RQFHUQ�DERXW�30�KHDOWK�LPSDFWV�ZDV�FU\VWDOL]HG�LQ�WKH�HDUO\�WR�PLG�����V�E\�D�VHULHV�RI�
HSLGHPLRORJLFDO�VWXGLHV�WKDW�DQDO\]HG�WKH�FRUUHODWLRQ�EHWZHHQ�30�DQG�SUHPDWXUH�PRUWDOLW\��GHDWK��

�� 6WXGLHV�LQ�YDULRXV�FLWLHV�ZLWK�GLIIHUHQW�FOLPDWHV��SROOXWLRQ�PL[HV��DQG�
GHPRJUDSKLFV�FRQVLVWHQWO\�IRXQG�D�FRUUHODWLRQ�EHWZHHQ�GDLO\�FKDQJHV�LQ�30�
OHYHOV�DQG�GDLO\�PRUWDOLW\��

�� 7KH�WZR�PRVW�LPSRUWDQW�VWXGLHV�ZHUH�WKH�+DUYDUG�´6L[�&LWLHV�6WXG\µ��'RFNHU\�
HW�DO��������ZKLFK�IROORZHG�WKH�KHDOWK�RI�RYHU�������SHRSOH�IRU�D�SHULRG�RI�
���WR����\HDUV��DQG�WKH�0DUFK������$PHULFDQ�&DQFHU�6RFLHW\�VWXG\��3RSH�
HW�DO��������ZKLFK�DQDO\]HG�D�VWXG\�JURXS�RI�RYHU�KDOI�D�PLOOLRQ�SHRSOH�LQ�
����FLWLHV��%RWK�VWXGLHV�IRXQG�WKDW�ORQJ�WHUP�H[SRVXUH�WR�30�LV�DVVRFLDWHG�
ZLWK�FDUGLRSXOPRQDU\�PRUWDOLW\�LQ�DGXOWV��7KH�6L[�&LWLHV�6WXG\�IRXQG�WKDW�DQ�
LQFUHDVH�RI����ƫJ�P��LQ�DPELHQW�30����FRQFHQWUDWLRQV�LQFUHDVHV�WKH�ULVN�RI�
GHDWK�IURP�DOO�FDUGLRYDVFXODU�FDXVHV�E\������7KH�$PHULFDQ�&DQFHU�6RFLHW\�
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VWXG\�IRXQG�WKDW�DQ�LQFUHDVH�RI����ƫJ�P��LQ�DPELHQW�30����OHYHOV�LQFUHDVHV�
WKH�ULVN�RI�GHDWK�IURP�DOO�FDUGLRYDVFXODU�FDXVHV�E\������

,W�ZDV�DOUHDG\�NQRZQ��EDVHG�RQ�WKH�VHYHUH�SROOXWLRQ�HSLVRGHV�LQ�\HDUV�SDVW�GHVFULEHG�DERYH��WKDW�
H[SRVXUH�WR�H[WUHPHO\�KLJK�FRQFHQWUDWLRQV�RI�30�DQG�RWKHU�DLU�SROOXWDQWV�FDQ�NLOO�SHRSOH��%XW�WKHVH�
QHZ�VWXGLHV�IRXQG�WKDW�SHRSOH�PD\�H[SHULHQFH�VHULRXV�KHDOWK�HIIHFWV��LQFOXGLQJ�SUHPDWXUH�PRUWDOLW\��
IURP�H[SRVXUH�WR�DPELHQW�30�DW�FRQFHQWUDWLRQV�WKDW�PRVW�SHRSOH�ZRXOG�QRW�HYHQ�QRWLFH��LQFOXGLQJ�
FOHDU�GD\V�ZKHQ�30�OHYHOV�DUH�EHORZ�WKH�FXUUHQW�QDWLRQDO�DPELHQW�30�VWDQGDUGV��)RU�H[DPSOH��D�
UHFHQW�VWXG\��:HOOHQLXV�HW�DO��������RQ�WKH�OLQN�EHWZHHQ�30�DQG�LVFKHPLF�VWURNHV�LQ�WKH�%RVWRQ�DUHD�

�D�UHJLRQ�ZKLFK�DWWDLQV�WKH�QDWLRQDO����KRXU�30����VWDQGDUG��IRXQG�
WKDW�WKH�ULVN�RI�VWURNH�ZDV�����KLJKHU�RQ�GD\V�ZLWK�´PRGHUDWHµ�30����
OHYHOV�FRPSDUHG�ZLWK�GD\V�ZLWK�´JRRGµ�30����OHYHOV��DV�GHÀQHG�E\�WKH�
(3$�$LU�4XDOLW\�,QGH[��7KH�VWXG\�DOVR�IRXQG�WKDW�H[SRVXUH�WR�30����
OHYHOV�FRQVLGHUHG�VDIH�E\�WKH�(3$�LQFUHDVHV�WKH�ULVN�RI�LVFKHPLF�VWURNH�
RQVHW�ZLWKLQ�KRXUV�RI�H[SRVXUH�DQG�WKDW�WKH�LQFUHDVH�LQ�ULVN�ZDV�
JUHDWHVW�ZLWKLQ����WR����KRXUV�DIWHU�H[SRVXUH�WR�30����

,Q�DVVHVVLQJ�WKH�OLQNDJH�EHWZHHQ�30�DQG�SUHPDWXUH�PRUWDOLW\��LW�
LV�LQVWUXFWLYH�WR�FRQVLGHU�WKH�OHDGLQJ�FDXVHV�RI�GHDWK�LQ�$PHULFD��
$FFRUGLQJ�WR�&HQWHU�IRU�'LVHDVH�&RQWURO�GDWD�IRU�������KHDUW�GLVHDVH�
�������FKURQLF�ORZHU�UHVSLUDWRU\�GLVHDVH�������DQG�VWURNHV������DUH�

WKUHH�RI�WKH�IRXU�OHDGLQJ�FDXVHV�RI�GHDWK�LQ�WKH�8�6���DQG�FROOHFWLYHO\�WKH\�DFFRXQW�IRU�����RI�DOO�
PRUWDOLW\��6R�LI�H[SRVXUH�WR�30�H[DFHUEDWHV�FDUGLRYDVFXODU�DQG�UHVSLUDWRU\�FRQGLWLRQV�HYHQ�WR�D�
PRGHVW�H[WHQW��WKLV�FDQ�EH�H[SHFWHG�WR�H[HUW�D�WDQJLEOH�LPSDFW�LQ�WHUPV�RI�LQFUHDVLQJ�WKH�RYHUDOO�
mortality rate.

6LQFH�H[SRVXUH�WR�30�KDV�EHHQ�IRXQG�WR�LQFUHDVH�WKH�LQFLGHQFH�RI�SUHPDWXUH�PRUWDOLW\��LW�VWDQGV�WR�
UHDVRQ�WKDW�UHGXFLQJ�30�OHYHOV�VKRXOG�SUHYHQW�SUHPDWXUH�GHDWK�DQG�WKXV�KHOS�WR�H[WHQG�DYHUDJH�
OLIH�H[SHFWDQF\��2QH�UHFHQW�VWXG\��3RSH�HW�DO���������DQDO\]HG�WKH�FKDQJH�LQ�OLIH�H[SHFWDQF\�DV�30�
OHYHOV�GHFOLQHG�RYHU�WKH����\HDU�SHULRG�IURP������WKURXJK�������EDVHG�RQ�GDWD�IURP�����8�6��
FRXQWLHV�LQ����PHWURSROLWDQ�DUHDV��7KLV�VWXG\�IRXQG�WKDW�D����ƫJ�P��GHFUHDVH�LQ�30����OHYHOV�
ZDV�DVVRFLDWHG�ZLWK�D�������������PRQWK�LQFUHDVH�LQ�OLIH�H[SHFWDQF\��$QDO\VLV�E\�$LU�'LVWULFW�VWDII�
HVWLPDWHG�WKDW�WKH�LPSURYHPHQW�LQ�DLU�TXDOLW\�IURP������WR������LQFUHDVHG�DYHUDJH�%D\�$UHD�OLIH�
H[SHFWDQF\�E\�DSSUR[LPDWHO\�VL[�PRQWKV�SHU�SHUVRQ�GXULQJ�WKLV�SHULRG�2�6LQFH�30�LV�HVWLPDWHG�WR�EH�
UHVSRQVLEOH�IRU�URXJKO\�����RI�WKH�SUHPDWXUH�PRUWDOLW\�UHODWHG�WR�DLU�SROOXWLRQ�LQ�WKH�%D\�$UHD��PRVW�
RI�WKLV�LPSURYHPHQW�LQ�OLIH�H[SHFWDQF\�GXH�WR�LPSURYHG�DLU�TXDOLW\�FDQ�EH�DWWULEXWHG�WR�UHGXFHG�30�
concentrations.

�� �6HH�$SSHQGL[�$�LQ�%D\�$UHD������&OHDQ�$LU�3ODQ��ZZZ�EDDTPG�JRY�'LYLVLRQV�3ODQQLQJ�DQG�5HVHDUFK�3ODQV�&OHDQ�$LU�3ODQV�DVS[�

People may experience 
]RUMcWeR�VRMZcV�RŪRPcb�
from exposure to Pm 
even on clear days 
when Pm levels are 
below the current 

national standards.
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reaction to Findings

7KH�ÀQGLQJV�RI�WKHVH�VWXGLHV�LQ�WKH�����V�OLQNLQJ�30�WR�SUHPDWXUH�PRUWDOLW\�SURYRNHG�FRQWURYHUV\�
DQG�VNHSWLFLVP��5HVHDUFKHUV�ZHUH�VXUSULVHG�E\�UHVXOWV�VKRZLQJ�D�EURDG�UDQJH�RI�KHDOWK�LPSDFWV�IURP�
H[SRVXUH�WR�ORZ�DPELHQW�FRQFHQWUDWLRQV�RI�30��+HDOWK�H[SHUWV�ZHUH�SHUSOH[HG�E\�WKHVH�ÀQGLQJV��
EHFDXVH�DW�WKDW�WLPH�WKHUH�ZHUH�QR�NQRZQ�ELRORJLFDO�PHFKDQLVPV�WR�H[SODLQ�KRZ�H[SRVXUH�WR�
UHODWLYHO\�ORZ�FRQFHQWUDWLRQV�RI�30�ZRXOG�SURGXFH�WKH�KHDOWK�HIIHFWV�REVHUYHG�LQ�WKH�HSLGHPLRORJLFDO�
VWXGLHV��HVSHFLDOO\�LQ�WHUPV�RI�FDUGLRYDVFXODU�GLVHDVH�DQG�GHDWK��

,Q�UHVSRQVH�WR�WKH�FRQWURYHUV\�JHQHUDWHG�E\�WKHVH�VWXGLHV��UHVHDUFKHUV�UHH[DPLQHG�WKH�UHVXOWV�
of the studies, and also embarked on a search for 
ELRORJLFDO�PHFKDQLVPV�WR�H[SODLQ�WKH�KHDOWK�HIIHFWV�
REVHUYHG�LQ�WKHVH�VWXGLHV��7R�DGGUHVV�FRQFHUQV�DERXW�
PHWKRGRORJLFDO�LVVXHV�ZLWK�SUHYLRXV�VWXGLHV��WKH�
+HDOWK�(IIHFWV�,QVWLWXWH�IXQGHG�WKH�National Morbidity, 

Mortality, and Air Pollution Study �100$36���6DPHW�
HW�DO���������2YHU�D�ÀYH�\HDU�SHULRG�WKURXJK�������
100$36�SHUIRUPHG�D�WLPH�VHULHV�VWXG\�XVLQJ�D�
FRQVLVWHQW�PHWKRG�WR�DQDO\]H�KHDOWK�LPSDFWV�RI�30���
LQ�WKH����ODUJHVW�$PHULFDQ�FLWLHV��FLWLHV�WKDW�FRYHU�D�
ZLGH�JHRJUDSKLF�DUHD�DQG�KDYH�YDU\LQJ�OHYHOV�RI�DLU�
SROOXWDQWV��7KH�100$36�ODUJHO\�FRQÀUPHG�WKH�WKH�
ÀQGLQJV�LQ�WKH�RULJLQDO�VWXGLHV�WKDW��RQ�DYHUDJH��IRU�
HYHU\����ƫJ�P��LQFUHDVH�LQ�30����WKHUH�ZDV�D������
LQFUHDVH�LQ�RYHUDOO�PRUWDOLW\�RQ�WKH�IROORZLQJ�GD\��DV�ZHOO�DV�D����LQFUHDVH�LQ�KRVSLWDO�DGPLVVLRQV�IRU�
SQHXPRQLD�DQG�FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH��

Ed\\Mah�^S�B?�:RMZcV�6ŪRPcb

7R�LQIRUP�LWV�SHULRG�UHYLHZ��RQFH�HYHU\�ÀYH�\HDUV��RI�30�DLU�TXDOLW\�VWDQGDUGV��8�6��(3$�SUHSDUHG�D�
GHWDLOHG�V\QWKHVLV�RI�WKH�YDVW�ERG\�RI�OLWHUDWXUH�RQ�30�KHDOWK�HIIHFWV�DQG�LVVXHG�LWV�'HFHPEHU������
Integrated Science Assessment for Particulate Matter��%DVHG�RQ�WKH�FXPXODWLYH�ZHLJKW�RI�WKH�VWXGLHV�
LQ�WKH�OLWHUDWXUH��(3$·V�FRQFOXVLRQV�UHJDUGLQJ�WKH�VWUHQJWK�RI�WKH�HYLGHQFH�WR�VXSSRUW�D�ÀQGLQJ�RI�
FDXVDOLW\�EHWZHHQ�H[SRVXUH�WR�30����DQG�NH\�KHDOWK�HIIHFWV�DUH�VXPPDUL]HG�LQ�7DEOH������(3$�DOVR�
UHYLHZHG�WKH�HYLGHQFH�DV�WR�ZKHWKHU�H[SRVXUH�WR�FRDUVH�30�DQG�WR�XOWUD�ÀQH�30�KDV�EHHQ�SURYHQ�WR�
FDXVH�QHJDWLYH�KHDOWK�HIIHFWV��WKH\�IRXQG�WKDW�WKH�HYLGHQFH�FXUUHQWO\�DYDLODEOH�ZDV�HLWKHU�suggestive 
of causality or inadequate to establish causality�LQ�WKH�FDVH�RI�FRDUVH�30�DQG�XOWUD�ÀQH�30��
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FMOZR��͹�� GE�6B2�7W]QW]Ub�^]�:RMZcV�6ŪRPcb�S^a�BMacWPdZMcR�?MccRa

Health Outcome Causality 
Determination Examples of Health Effects

Size Fraction: PM10-2.5 Coarse PM

Short -Term Exposure

&DUGLRYDVFXODU�(IIHFWV 6XJJHVWLYH

,QFUHDVH�LQ�KRVSLWDO�DGPLVVLRQV�DQG�HPHUJHQF\�URRP�YLVLWV�
IRU�FDUGLRYDVFXODU�FDXVHV

5HGXFWLRQ�LQ�KHDUW�UDWH�YDULDELOLW\

5HVSLUDWRU\�(IIHFWV 6XJJHVWLYH
,QFUHDVH�LQ�KRVSLWDO�DGPLVVLRQV�DQG�HPHUJHQF\�URRP�YLVLWV�
for respiratory causes, particularly in children

3XOPRQDU\�LQÁDPPDWLRQ

0RUWDOLW\ 6XJJHVWLYH

&HQWUDO�1HUYRXV�6\VWHP ,QDGHTXDWH

Long -Term Exposure

&DUGLRYDVFXODU�(IIHFWV ,QDGHTXDWH

Increase in hospital admissions for ischemic heart disease

Arrhythmia

5HGXFWLRQ�LQ�KHDUW�UDWH�YDULDELOLW\

5HVSLUDWRU\�(IIHFWV ,QDGHTXDWH

0RUWDOLW\ ,QDGHTXDWH

5HSURGXFWLYH�	�
'HYHORSPHQWDO ,QDGHTXDWH /RZ�ELUWK�ZHLJKW

&DQFHU��0XWDJHQLFLW\��
*HQRWR[LFLW\ ,QDGHTXDWH

Size Fraction: PM2.5 Fine PM

Short -Term Exposure

&DUGLRYDVFXODU�(IIHFWV Causal

0\RFDUGLDO�LVFKHPLD��UHGXFHG�EORRG�ÁRZ�WR�WKH�KHDUW�

&RQJHVWLYH�KHDUW�IDLOXUH

$OWHUHG�YDVRPRWRU�IXQFWLRQ��VWLIIHQLQJ�DQG�UHGXFHG�
ÁH[LELOLW\�RI�EORRG�YHVVHOV�

5HVSLUDWRU\�(IIHFWV Likely to be causal

$OWHUDWLRQV�LQ�OXQJ�IXQFWLRQ�	�UHVSLUDWRU\�V\PSWRPV�LQ�
asthmatic children

&KURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH

5HVSLUDWRU\�LQIHFWLRQV
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Health Outcome Causality 
Determination Examples of Health Effects

0RUWDOLW\ Causal &DUGLRYDVFXODU��DQG�UHVSLUDWRU\�UHODWHG�PRUWDOLW\

&HQWUDO�1HUYRXV�6\VWHP ,QDGHTXDWH 3UR�LQÁDPPDWRU\�UHVSRQVHV�LQ�WKH�EUDLQ�WKDW�PD\�OHDG�WR�
QHXURGHJHQHUDWLYH�GLVHDVHV

Long -Term Exposure

&DUGLRYDVFXODU�(IIHFWV Causal

+LJKHU�EORRG�SUHVVXUH

,QFUHDVHG�EORRG�FRDJXODWLRQ

(QKDQFHG�GHYHORSPHQW�RI�DWKHURVFOHURVLV��KDUGHQLQJ�RI�
WKH�DUWHULHV�

5HGXFWLRQ�LQ�KHDUW�UDWH�YDULDELOLW\

Increased risk of heart disease and stroke

5HVSLUDWRU\�(IIHFWV Likely to be causal

,PSDLUHG�OXQJ�GHYHORSPHQW�

Increased respiratory symptoms

Asthma

Altered pulmonary function

Chronic bronchitis

&DQFHU��0XWDJHQLFLW\��
*HQRWR[LFLW\ 6XJJHVWLYH /XQJ�FDQFHU

5HSURGXFWLYH�	�
'HYHORSPHQWDO 6XJJHVWLYH /RZ�ELUWK�ZHLJKW

0RUWDOLW\ Causal &DUGLRYDVFXODU�PRUWDOLW\��OXQJ�FDQFHU�PRUWDOLW\��DQG�,QIDQW�
mortality due to respiratory causes

6L]H�)UDFWLRQ��8OWUDÀQH�30

Short -Term Exposure

&DUGLRYDVFXODU�(IIHFWV 6XJJHVWLYH

,QFUHDVHG�PDUNHUV�RI�R[LGDWLYH�VWUHVV

&KDQJHV�LQ�YDVRPRWRU�IXQFWLRQ

$OWHUDWLRQV�LQ�KHDUW�UDWH�YDULDELOLW\�SDUDPHWHUV

5HVSLUDWRU\�(IIHFWV 6XJJHVWLYH
2[LGDWLYH��LQÁDPPDWRU\�DQG�DOOHUJLF�UHVSRQVHV�

Decreases in pulmonary function
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Health Outcome Causality 
Determination Examples of Health Effects

0RUWDOLW\ ,QDGHTXDWH

&HQWUDO�1HUYRXV�6\VWHP ,QDGHTXDWH

Long -Term Exposure

&DUGLRYDVFXODU�(IIHFWV ,QDGHTXDWH

5HVSLUDWRU\�(IIHFWV ,QDGHTXDWH
3XOPRQDU\�LQÁDPPDWLRQ�

2[LGDWLYH�DQG�DOOHUJLF�UHVSRQVHV

0RUWDOLW\ ,QDGHTXDWH

5HSURGXFWLYH�	�
'HYHORSPHQWDO ,QDGHTXDWH

&DQFHU��0XWDJHQLFLW\��
*HQRWR[LFLW\ ,QDGHTXDWH

6RXUFH��(3$�,QWHJUDWHG�6FLHQFH�$VVHVVPHQW��'HFHPEHU�������7DEOH����

7DEOH�����SUHVHQWV�WKH�ÀQGLQJV�RI�D�UHFHQW�+DUYDUG�6FKRRO�RI�3XEOLF�+HDOWK�VWXG\��.ORRJ�HW�DO��������
WKDW�DQDO\]HG�KRVSLWDO�DGPLVVLRQ�UDWHV�WKURXJKRXW�1HZ�(QJODQG�LQ�WHUPV�RI�WKH�FRUUHODWLRQ�EHWZHHQ�
30����H[SRVXUH�DQG�KRVSLWDO�DGPLVVLRQ�UDWHV�IRU�UHVSLUDWRU\�GLVHDVH��FDUGLRYDVFXODU�GLVHDVH��VWURNHV�
DQG�GLDEHWHV��7KH�HIIHFWV�IURP�ORQJ�WHUP�H[SRVXUH�WR�30����DUH�VLJQLÀFDQWO\�KLJKHU�WKDQ�IRU�VKRUW�
WHUP�H[SRVXUH�IRU�DOO�IRXU�FDXVHV�RI�DGPLVVLRQ�

table 1-2:  estimated increase in hospital admissions rate for a 10 ƫg/m3 increase for 
short-term and long-term exposure to Pm2.5 by cause of admission 

PM2.5 Exposure 
Type All Respiratory Cardiovascular Disease Stroke Diabetes

6KRUW�WHUP ����� ����� ����� �����

/RQJ�WHUP ����� ������ ����� �����

6RXUFH��.ORRJ�HW�DO��$FXWH�DQG�&KURQLF�(IIHFWV�RI�3DUWLFOHV�RQ�+RVSLWDO�$GPLVVLRQV�LQ�1HZ�(QJODQG��+DUYDUG�6FKRRO�RI�3XEOLF�+HDOWK�������� 
ZZZ�KVSK�KDUYDUG�HGX�FODUF�VDF�����NORRJ�QH�SGI�

�
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@^�EMSR�FVaRbV^ZQ�:Mb�3RR]�;QR]cWŬRQ

7KH�IHGHUDO�&OHDQ�$LU�$FW�UHTXLUHV�86�(3$�WR�DGRSW�DPELHQW�DLU�TXDOLW\�VWDQGDUGV�IRU�30�DQG�RWKHU�
FULWHULD�SROOXWDQWV�DW�D�OHYHO�WKDW�SURYLGHV�DQ�´DGHTXDWH�PDUJLQ�RI�VDIHW\�«�UHTXLVLWH�WR�SURWHFW�WKH�
SXEOLF�KHDOWK�µ�(3$�LV�FKDUJHG�ZLWK�UHYLHZLQJ�WKH�VWDQGDUGV�HYHU\�ÀYH�\HDUV�EDVHG�RQ�WKH�ODWHVW�
VFLHQWLÀF�HYLGHQFH�RQ�KHDOWK�HIIHFWV��$�NH\�LVVXH�LQ�VHWWLQJ�VWDQGDUGV�LV�ZKHWKHU�UHVHDUFKHUV�
FDQ�LGHQWLI\�D�VDIH�WKUHVKROG�EHORZ�ZKLFK�OHYHO�QR�QHJDWLYH�KHDOWK�HIIHFWV�DUH�REVHUYHG��7R�GDWH��
UHVHDUFKHUV�KDYH�QRW�EHHQ�DEOH�WR�LGHQWLI\�D�´QR�HIIHFWVµ�WKUHVKROG�IRU�30��7KH�HYLGHQFH�VXJJHVWV�
WKDW�LQ�WHUPV�RI�WKH�HIIHFW�RI�30�RQ�SUHPDWXUH�PRUWDOLW\��WKH�FRQFHQWUDWLRQ�UHVSRQVH�IXQFWLRQ��L�H���
KRZ�WKH�LQFLGHQFH�RI�D�JLYHQ�KHDOWK�HIIHFW�YDULHV�LQ�UHVSRQVH�WR�D�FKDQJH�LQ�DPELHQW�FRQFHQWUDWLRQ�RI�
WKH�SROOXWDQW��LV�HVVHQWLDOO\�OLQHDU��(3$�,QWHJUDWHG�6FLHQFH�$VVHVVPHQW�IRU�30���������7KHVH�ÀQGLQJV�
VXJJHVW�WKDW�SHRSOH�H[SRVHG�WR�30�DW�OHYHOV�EHORZ�WKH�FXUUHQW�(3$�VWDQGDUGV�PD\�VWLOO�H[SHULHQFH�
QHJDWLYH�KHDOWK�HIIHFWV���30�DLU�TXDOLW\�VWDQGDUGV�DUH�GLVFXVVHG�LQ�
6HFWLRQ�����

recent Findings 

5HVHDUFK�RQ�WKH�KHDOWK�HIIHFWV�RI�30�LV�RQ�JRLQJ��2XU�
XQGHUVWDQGLQJ�RI�30�KHDOWK�LPSDFWV�LV�JUDGXDOO\�HQKDQFHG�DV�
QHZ�VWXGLHV�DQG�MRXUQDO�DUWLFOHV�DSSHDU�DW�D�VWHDG\�UDWH��7KH�QHZ�
UHVHDUFK�UHLQIRUFHV�HDUOLHU�ÀQGLQJV�UHJDUGLQJ�QHJDWLYH�LPSDFWV�RI�
30�RQ�ERWK�UHVSLUDWRU\�DQG�FDUGLRYDVFXODU�KHDOWK��DQG�LQFUHDVHG�
rates of health impacts such as heart attacks, strokes, and 
SUHPDWXUH�GHDWK�LQ�UHVSRQVH�WR�30�H[SRVXUH��+RZHYHU��LQ�DGGLWLRQ�
WR�FRQÀUPLQJ�WKH�UHVXOWV�RI�HDUOLHU�UHVHDUFK��QHZ�UHVHDUFK�LV�DOVR�
XQFRYHULQJ�HYLGHQFH�RI�D�ZLGHU�UDQJH�RI�SRWHQWLDO�KHDOWK�HIIHFWV�
IURP�H[SRVXUH�WR�30��LQFOXGLQJ��OLQNDJHV�WR�GLDEHWHV��UHGXFHG�
FRJQLWLYH�IXQFWLRQ�LQ�ROGHU�DGXOWV��DQG�R[LGDWLYH�GDPDJH�WR�'1$�

Diabetes: 7KH�LQFLGHQFH�RI�7\SH���GLDEHWHV��VRPHWLPHV�UHIHUUHG�WR�DV�´DGXOW�RQVHWµ�GLDEHWHV��KDV�
LQFUHDVHG�UDSLGO\�LQ�UHFHQW�\HDUV�LQ�UHVSRQVH�WR�VHGHQWDU\�OLIHVW\OHV��FKDQJHV�LQ�GLHW��DQG�KLJKHU�UDWHV�
RI�REHVLW\��3HRSOH�DUH�DOVR�FRQWUDFWLQJ�7\SH���GLDEHWHV�DW�D�\RXQJHU�DJH�DV�ZHOO��([SHUWV�SUHGLFW�PDMRU�
LPSDFWV�RQ�SXEOLF�KHDOWK�DQG�HQRUPRXV�FRVWV�WR�WKH�KHDOWK�FDUH�V\VWHP�DV�D�UHVXOW�RI�LQFUHDVLQJ�
GLDEHWHV�UDWHV��$OWKRXJK�GLHW�DQG�OLIHVW\OH�DUH�NH\�IDFWRUV�LQ�GLDEHWHV�LQFLGHQFH��D�UHFHQW�QDWLRQZLGH�
VWXG\��3HDUVRQ�HW�DO��������IRXQG�WKDW�DLU�SROOXWLRQ�PD\�DOVR�EH�D�ULVN�IDFWRU�IRU�GLDEHWHV��7KH�VWXG\�
FRQFOXGHG�WKDW�GLDEHWHV�SUHYDOHQFH�LQFUHDVHV�ZLWK�LQFUHDVLQJ�30����FRQFHQWUDWLRQV��ZLWK�D����
LQFUHDVH�LQ�GLDEHWHV�SUHYDOHQFH�VHHQ�ZLWK�D�����J�P��LQFUHDVH�LQ�30����H[SRVXUH��7KHVH�UHVXOWV�
VXJJHVW�WKDW�30����PD\�FRQWULEXWH�WR�LQFUHDVHG�GLDEHWHV�SUHYDOHQFH�LQ�WKH�DGXOW�8�6��SRSXODWLRQ�DQG�
WKDW�DLU�SROOXWLRQ�LV�D�ULVN�IDFWRU�IRU�GLDEHWHV��7KHUH�LV�DOVR�VRPH�HYLGHQFH�WKDW�SHRSOH�ZLWK�GLDEHWHV�
PD\�EH�PRUH�YXOQHUDEOH�WR�WKH�QHJDWLYH�KHDOWK�HIIHFWV�RI�30��$�UHFHQW�VWXG\��2·'RQQHOO�HW�DO��������
E\�WKH�+DUYDUG�6FKRRO�RI�3XEOLF�+HDOWK�IRXQG�WKDW�GLDEHWLFV�H[SRVHG�WR�30�PD\�EH�DW�KLJKHU�ULVN�IRU�
LVFKHPLF�VWURNH�FRPSDUHG�WR�WKH�EDFNJURXQG�SRSXODWLRQ��

 
 

New research is uncovering 
evidence of a wider 

range of potential health 
RŪRPcb�Sa^\�Rg_^bdaR�c^�
Pm, including linkages to 

diabetes, reduced cognitive 
function in older adults, and 
oxidative damage to dNa.
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,PSDFWV�RQ�WKH�%UDLQ�DQG�&RJQLWLRQ��$OWKRXJK�WKH�OXQJV�DQG�WKH�FLUFXODWRU\�V\VWHP�DUH�WKH�SULPDU\�
SDWK�E\�ZKLFK�SDUWLFOHV�DUH�WUDQVSRUWHG�WKURXJKRXW�WKH�ERG\��VWXGLHV��H�J���2EHUG|UVWHU�HW�DO��������
KDYH�IRXQG�WKDW�SDUWLFOHV�FDQ�DOVR�HQWHU�WKH�FHQWUDO�QHUYRXV�V\VWHP�DQG�WKHQ�WKH�EUDLQ�YLD�ROIDFWRU\�
QHXURQV�LQ�WKH�QDVDO�SDVVDJHV��:KHQ�XOWUDÀQH�SDUWLFOHV�WUDYHO�YLD�ROIDFWRU\�QHUYHV�WR�WKH�EUDLQ��WKH\�
DUH�DEOH�WR�E\SDVV�WKH�EORRG�EUDLQ�EDUULHU��WKH�GHIHQVLYH�VKLHOG�WKDW�EORFNV�XQZDQWHG�FKHPLFDOV�IURP�
UHDFKLQJ�VHQVLWLYH�EUDLQ�FHOOV��6WXGLHV�ZKLFK�H[SRVHG�PLFH�WR�ERWK�ÀQH�DQG�XOWUDÀQH�SDUWLFOHV�VKRZHG�
LQÁDPPDWRU\�UHVSRQVHV�LQ�WKH�EUDLQ��8OWUDÀQH�SDUWLFOHV�FDQ�DOVR�GDPDJH�EUDLQ�FHOOV�LQ�WKH�EDVDO�
JDQJOLD��WKH�UHJLRQ�RI�WKH�EUDLQ�LPSDFWHG�E\�GHJHQHUDWLYH�QHUYH�GLVHDVHV�VXFK�DV�3DUNLQVRQ·V��3HWHUV�
HW�DO��������

$�UHFHQW�VWXG\��:HXYH�HW�DO��������IRXQG�DQ�DVVRFLDWLRQ�EHWZHHQ�ORQJ�WHUP�H[SRVXUH�WR�ERWK�ÀQH�30�
DQG�FRDUVH�30�DQG�FRJQLWLYH�FDSDELOLW\�LQ�ROGHU�ZRPHQ��7KLV�VWXG\��EDVHG�RQ�WKH�ORQJLWXGLQDO�1XUVHV·�
+HDOWK�6WXG\�&RJQLWLYH�&RKRUW��H[DPLQHG�WKH�HIIHFWV�RI�30�H[SRVXUH�RYHU������\HDUV�IRU�QHDUO\�
�������$PHULFDQ�ZRPHQ�DJHG����WR�����7KH�VWXG\�IRXQG�WKDW�ZRPHQ�H[SRVHG�WR�KLJKHU�OHYHOV�RI�30�
H[SHULHQFHG�PRUH�UDSLG�FRJQLWLYH�GHFOLQH��DQG�FRQFOXGHG�WKDW�WKH�HIIHFW�RI�D�����J�P� increment 
LQFUHDVH�LQ�ORQJ�WHUP�30�H[SRVXUH�LV�HTXLYDOHQW�WR�DSSUR[LPDWHO\�WZR�\HDUV�RI�FRJQLWLYH�DJLQJ��
7KH�VWXG\�QRWHG�WKDW�KLJKHU�OHYHOV�RI�H[SRVXUH�WR�DPELHQW�30�DUH�DVVRFLDWHG�ZLWK�ZRUVH�FRJQLWLYH�
GHFOLQH��DQG�WKDW�WKH�HIIHFWV�REVHUYHG�RFFXUUHG�DW�OHYHOV�RI�H[SRVXUH�W\SLFDO�RI�PDQ\�DUHDV�RI�WKH�
8QLWHG�6WDWHV��7KH�DXWKRUV�VXJJHVW�WKDW�UHGXFLQJ�SDUWLFXODWH�OHYHOV�PD\�KHOS�WR�UHGXFH�WKH�IXWXUH�
LQFLGHQFH�RI�DJH�UHODWHG�FRJQLWLYH�GHFOLQH�DQG�GHPHQWLD��,Q�D�FOLQLFDO�SRVWPRUWHP�VWXG\��&DOGHURQ�
*DUFLGXHQDV�HW�DO��������WKDW�DOVR�SRLQWV�WR�D�SRWHQWLDO�FRQQHFWLRQ�EHWZHHQ�30�DQG�FRJQLWLYH�
LPSDLUPHQW��UHVHDUFKHUV�IRXQG�KLJKHU�OHYHOV�RI�DP\ORLG�%����D�KDOOPDUN�RI�$O]KHLPHU·V�GLVHDVH��LQ�WKH�
EUDLQV�RI�SHRSOH�ZKR�OLYHG�LQ�FLWLHV�ZLWK�KLJKHU�SROOXWLRQ�OHYHOV��&OLQLFDO�VWXGLHV�LQ�DQLPDOV�KDYH�VKRZQ�
LQFUHDVHG�EUDLQ�LQÁDPPDWLRQ�LQ�UHVSRQVH�WR�30�H[SRVXUHV��

biological Pathways: How Pm Harms the body

([WHUQDO�H[SRVXUH�WR�30�FDQ�FDXVH�VKRUW�WHUP�LPSDFWV�WR�H[WHUQDO�RUJDQV��VXFK�DV�LUULWDWLRQ�RI�WKH�
H\HV��%XW�WKH�PRVW�GDPDJLQJ�HIIHFWV�DUH�FDXVHG�ZKHQ�SROOXWLRQ�HQWHUV�WKH�ERG\�YLD�WKH�UHVSLUDWRU\�
V\VWHP��7KH�PHFKDQLVPV�E\�ZKLFK�30�DQG�RWKHU�DLU�SROOXWDQWV�GDPDJH�WKH�OXQJV�DQG�WKH�UHVSLUDWRU\�
V\VWHP�DUH�ZHOO�XQGHUVWRRG��2XU�OXQJV�VHUYH�DV�WKH�HQWU\�SRLQW�WR�WKH�ERG\�IRU�30�DQG�RWKHU�
SROOXWDQWV��VR�WKH\�DUH�WKH�RUJDQ�PRVW�GLUHFWO\�LPSDFWHG�E\�DLU�SROOXWLRQ��,Q�DGGLWLRQ��WKH�OXQJV�DUH�
HVSHFLDOO\�VHQVLWLYH�WR�DLU�SROOXWDQWV�EHFDXVH�WKH\�FRQWDLQ�D�ODUJH�VXUIDFH�RI�H[SRVHG�PHPEUDQH�WR�
IDFLOLWDWH�WKH�GHOLYHU\�RI�R[\JHQ�WR�WKH�EORRG�V\VWHP��2XU�UHVSLUDWRU\�V\VWHP�KDV�GHIHQVHV�LQ�WKH�QDVDO�
SDVVDJHV��WKURDW��DQG�OXQJV�WKDW�ÀOWHU�RXW�SDUWLFOHV��EXW�WKH�VPDOOHVW�SDUWLFOHV�DUH�PRVW�OLNHO\�WR�HOXGH�
WKH�ERG\·V�ÀOWUDWLRQ�PHFKDQLVPV��)RU�H[DPSOH��DV�PXFK�DV�����RI�XOWUDÀQH�SDUWLFOHV�ZLWK�D�GLDPHWHU�
RI������PLFURQV�RU�VPDOOHU�DUH�HVWLPDWHG�WR�EH�GHSRVLWHG�LQ�WKH�DOYHRODU�UHJLRQ�RI�WKH�OXQJ��3DUWLFOHV�
LQKDOHG�GHHS�LQWR�WKH�OXQJV�FDQ�WKHQ�EH�WUDQVSRUWHG�WR�FHOOV�DQG�RUJDQV�WKURXJKRXW�WKH�ERG\��$QG�
once particles become deeply embedded in our body, they can remain there for weeks, months, or 
HYHQ�\HDUV��

)LJXUH�����GHSLFWV�KRZ�30�HQWHUV�WKH�ERG\��7KH�ODUJHU�SDUWLFOHV�DUH�W\SLFDOO\�ÀOWHUHG�RXW��LQ�FRQWUDVW��
SDUWLFOHV�OHVV�WKDQ�����PLFURQV�LQ�GLDPHWHU�FDQ�SHQHWUDWH�GHHS�LQWR�WKH�OXQJV�ZKLFK�DUH�ZKHUH�PRVW�
KHDOWK�SUREOHPV�EHJLQ��
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2Q�WKH�LQGLYLGXDO�EDVLV��WKH�KHDOWK�LPSDFW�RI�ORQJ�
WHUP�H[SRVXUH�WR�30�LV�OLNHO\�WR�EH�GHWHUPLQHG�E\�WKH�
number of particles that are transported from the 
OXQJV�LQWR�WKH�ERG\��WKH�FKHPLFDO�FRPSRVLWLRQ�RI�WKH�
SDUWLFOHV��DQG�KRZ�TXLFNO\�WKH�SDUWLFOHV�DUH�FOHDUHG�
from the body.

5HVHDUFKHUV�KDYH�EHHQ�PDNLQJ�SURJUHVV�LQ�
UHFHQW�\HDUV�LQ�H[SODLQLQJ�KRZ�30�GDPDJHV�WKH�
FDUGLRYDVFXODU�V\VWHP�DQG�RWKHU�RUJDQV�DQG�V\VWHPV��
EXW�WKLV�LV�VWLOO�DQ�DUHD�RI�RQ�JRLQJ�UHVHDUFK��5HVHDUFK�
WR�GDWH�LQGLFDWHV�WKDW�LQÁDPPDWLRQ�DQG�R[LGDWLYH�VWUHVV�
DUH�WZR�RI�WKH�NH\�ZD\V�WKDW�30�GDPDJHV�WKH�ERG\��

,QÁDPPDWLRQ��:KHQ�IRUHLJQ�VXEVWDQFHV�DUH�
deposited in the body, this irritates the impacted 
DUHD�DQG�FDXVHV�DQ�LQÁDPPDWRU\�UHVSRQVH��6WXGLHV�
�H�J���$UDXMR�HW�DO��������KDYH�IRXQG�WKDW�H[SRVXUH�
WR�30�FDQ�OHDG�WR�FKURQLF��ORZ�OHYHO�LQÁDPPDWLRQ��$Q�
LQÁDPPDWRU\�UHVSRQVH�WR�30�RU�RWKHU�DLU�SROOXWDQWV�
FDQ�GDPDJH�WKH�ERG\�LQ�PDQ\�ZD\V��,Q�WKH�YDVFXODU�
V\VWHP��DQ�LQÁDPPDWRU\�UHVSRQVH�WR�30�FDQ�VWLIIHQ�
EORRG�YHVVHOV�DQG�UHGXFH�WKHLU�ÁH[LELOLW\��OHDGLQJ�WR�
KLJKHU�EORRG�SUHVVXUH��LQFUHDVHG�EORRG�FRDJXODWLRQ��
KDUGHQLQJ�RI�WKH�DUWHULHV��DWKHURVFOHURVLV���DOWHUHG�

FDUGLDF�DXWRQRPLF�IXQFWLRQ��WKH�V\VWHP�WKDW�FRQWUROV�WKH�KHDUW���DQG�UHGXFWLRQ�LQ�KHDUW�UDWH�YDULDELOLW\�
�D�ULVN�IDFWRU�IRU�IXWXUH�FDUGLRYDVFXODU�SUREOHPV���$OO�WKHVH�HIIHFWV�FDQ�LQFUHDVH�ORQJ�WHUP�ULVN�RI�
KHDUW�GLVHDVH�RU�VWURNH��%DVHG�RQ�KLJK�SDUWLFOH�QXPEHUV��KLJK�OXQJ�GHSRVLWLRQ�HIÀFLHQF\�DQG�VXUIDFH�
FKHPLVWU\��XOWUDÀQH�30�PD\�EH�HVSHFLDOO\�GDQJHURXV�LQ�WHUPV�RI�LWV�SRWHQWLDO�WR�LQGXFH�LQÁDPPDWLRQ��

2[LGDWLYH�'DPDJH�WR�'1$��6WXGLHV��H�J���5LVRP�HW�DO��������LQGLFDWH�WKDW�H[SRVXUH�WR�30�
increases oxidative stress��7KLV�WHUP�GHVFULEHV�WKH�HIIHFW�RI�R[LGDWLRQ�LQ�ZKLFK�DQ�HOHYDWHG�OHYHO�RI�
UHDFWLYH�R[\JHQ�VSHFLHV��VXFK�DV�IUHH�UDGLFDOV��H�J��K\GUR[\O��QLWULF�DFLG��VXSHUR[LGHV��RU�QRQ�UDGLFDOV�
�H�J��K\GURJHQ�SHUR[LGH��OLSLG�SHUR[LGH��FDXVHV�R[LGDWLYH�GDPDJH�WR�VSHFLÀF�PROHFXOHV��WKHUHE\�
LQMXULQJ�FHOOV�RU�WLVVXH��7KHUH�LV�HYLGHQFH�WKDW�XOWUDÀQH�30�PD\�FDXVH�R[LGDWLYH�GDPDJH�WR�'1$��)RU�
H[DPSOH��D�'DQLVK�VWXG\��9LQ]HQWV�HW�DO��������IRXQG�WKDW�SDUWLFLSDQWV�ZKR�URGH�ELF\FOHV�LQ�WUDIÀF�LQ�
&RSHQKDJHQ��DQG�ZHUH�WKXV�VXEMHFWHG�WR�LQFUHDVHG�H[SRVXUH�WR�XOWUD�ÀQH�30��VXVWDLQHG�R[LGDWLYH�
GDPDJH�WR�WKHLU�'1$��WKXV�GHPRQVWUDWLQJ�DQ�DVVRFLDWLRQ�EHWZHHQ�'1$�GDPDJH�DQG�XOWUDÀQH�30�
H[SRVXUH�LQ�OLYH�VXEMHFWV��

&DUGLRYDVFXODU�HIIHFWV��,Q�WHUPV�RI�H[SODLQLQJ�KRZ�30�GDPDJHV�WKH�FDUGLRYDVFXODU�V\VWHP��
PRUH�VWXG\�LV�QHHGHG�WR�GHWHUPLQH�KRZ�H[SRVXUH�WR�30�DIIHFWV�LQWHUPHGLDWH�KHDOWK�RXWFRPHV�VXFK�
DV�KHDUW�UDWH�YDULDELOLW\�DQG�LQÁDPPDWLRQ�PDUNHUV��,Q�D�SDSHU��3RSH�	�'RFNHU\�������UHYLHZLQJ�
UHVHDUFK�RQ�WKH�KHDOWK�HIIHFWV�RI�30��WZR�RI�WKH�OHDGLQJ�UHVHDUFKHUV�VXPPDUL]H�WKHLU�GLVFXVVLRQ�

6RXUFH��%ULWLVK�&ROXPELD�$LU�4XDOLW\��ZZZ�EFDLUTXDOLW\�FD�KHDOWK�
DLU�TXDOLW\�DQG�KHDOWK�KWPO�

Figure 1-1 How Particulate matter 
enters our body
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RI�ELRORJLFDO�PHFKDQLVPV�DV�IROORZV��´9DULRXV�SODXVLEOH�SDWKZD\V�KDYH�EHHQ�LGHQWLÀHG��+RZHYHU��
QRQH�KDV�EHHQ�GHÀQLWLYHO\�GHPRQVWUDWHG�WR�EH�WKH�SDWKZD\�WKDW�GLUHFWO\�OLQNV�H[SRVXUH�WR�30�ZLWK�
FDUGLRSXOPRQDU\�PRUELGLW\�DQG�PRUWDOLW\��,Q�IDFW��LW�LV�XQOLNHO\�WKDW�DQ\�VLQJOH�SDWKZD\�LV�UHVSRQVLEOH��
7KHUH�DUH�DOPRVW�FHUWDLQO\�PXOWLSOH�SDWKZD\V�ZLWK�FRPSOH[�LQWHUDFWLRQV�DQG�LQWHUGHSHQGHQFLHV�µ�

which sizes and types of particles are most dangerous?

(YLGHQFH�VXJJHVWV�WKDW�30�KHDOWK�HIIHFWV�GHSHQG�XSRQ�ERWK�SDUWLFOH�VL]H�DQG�SDUWLFOH�FRPSRVLWLRQ�

3DUWLFOH�6L]H��5HVHDUFK�LQGLFDWHV�WKDW�WKH�KHDOWK�HIIHFWV�RI�30�GHSHQG�XSRQ�SDUWLFOH�VL]H��6PDOOHU�
SDUWLFOHV��LQ�WKH�ÀQH�DQG�XOWUDÀQH�VL]H�UDQJHV��DUH�JHQHUDOO\�PRUH�KDUPIXO�WKDQ�FRDUVH�SDUWLFOHV��
6PDOOHU�SDUWLFOHV�W\SLFDOO\�UHPDLQ�VXVSHQGHG�LQ�WKH�DLU�IRU�ORQJHU�SHULRGV��SHQHWUDWH�PRUH�UHDGLO\�DQG�
GHHSO\�LQWR�WKH�OXQJV��EORRGVWUHDP�DQG�RUJDQV��DQG�SUHVHQW�D�ODUJH�DPRXQW�RI�UHDFWLYH�VXUIDFH�DUHD�
UHODWLYH�WR�WKHLU�PDVV��

8OWUDÀQH�30��$�JURZLQJ�ERG\�RI�HYLGHQFH�GRFXPHQWV�SXEOLF�KHDOWK�HIIHFWV�IURP�XOWUDÀQH�SDUWLFOHV��
0RWRU�YHKLFOHV�DUH�D�PDMRU�VRXUFH�RI�XOWUDÀQH�SDUWLFOH�HPLVVLRQV��DQG�WKHVH�SDUWLFOHV�DUH�KLJKO\�
UHDFWLYH�ZKHQ�HPLWWHG�IURP�LQWHUQDO�FRPEXVWLRQ�HQJLQHV��%HFDXVH�XOWUDÀQH�SDUWLFOHV�DUH�VR�
PLQLVFXOH��WKH\�FDQ�WUDYHO�GHHS�LQWR�WKH�OXQJV�DQG�RUJDQV�DQG�SDVV�WKURXJK�FHOO�PHPEUDQHV��7KHVH�
SDUWLFOHV�FDQ�DOVR�FDUU\�WR[LF�FRPSRXQGV�LQWR�WKH�ERG\��%DVHG�RQ�KLJK�SDUWLFOH�QXPEHUV��KLJK�OXQJ�
GHSRVLWLRQ�HIÀFLHQF\��DQG�VXUIDFH�FKHPLVWU\��XOWUDÀQH�SDUWLFOHV�PD\�KDYH�D�JUHDWHU�SRWHQWLDO�WKDQ�
30����IRU�LQGXFLQJ�LQÁDPPDWLRQ�DQG�R[LGDWLYH�VWUHVV��NH\�PHFKDQLVPV�E\�ZKLFK�30�KDUPV�WKH�ERG\��
,Q�FOLQLFDO�VWXGLHV��JUHDWHU�LQÁDPPDWRU\�DQG�R[LGDWLYH�VWUHVV��FHOO��WLVVXH�RU�RUJDQ�GDPDJH���UHVXOWLQJ�
LQ�GDPDJH�WR�'1$��KDV�EHHQ�DVVRFLDWHG�ZLWK�H[SRVXUH�WR�XOWUDÀQH�SDUWLFOHV�FRPSDUHG�WR�WKH�ODUJHU�
SDUWLFOHV�DW�FRPSDUDEOH�PDVV�GRVHV��,Q�VRPH�FDVHV��WKH�VXEVWDQFHV�DEVRUEHG�RQ�WR�WKH�XOWUDÀQH�
SDUWLFOHV�PD\�EH�UHVSRQVLEOH�IRU�VRPH�RI�WKH�HIIHFWV�REVHUYHG��LQFOXGLQJ�R[LGDWLYH�VWUHVV��UDWKHU�WKDQ�
WKH�SDUWLFOHV�WKHPVHOYHV��$�VWXG\��2EHUGRVWHU�HW�DO��������WKDW�H[DPLQHG�WKH�HIIHFWV�RI�FRPEXVWLRQV�
IXPHV�RQ�ODERUDWRU\�UDWV�IRXQG�WKDW��FRPSDUHG�WR�ODUJHU�SDUWLFOHV��XOWUDÀQH�SDUWLFOHV�FDXVH�D�JUHDWHU�
LQÁDPPDWRU\�UHVSRQVH�LQ�WKH�OXQJV�RI�UDWV�DQG�LQFUHDVHG�DQWLR[LGDQW�OHYHOV�LQ�WKHLU�OXQJ�WLVVXHV�

1XPHURXV�VWXGLHV��H�J���:LFKPDQQ�������KDYH�IRXQG�D�FRUUHODWLRQ�EHWZHHQ�H[SRVXUH�WR�XOWUDÀQH�
30�DQG�LQFUHDVHG�LQFLGHQFH�RI�KHDOWK�HIIHFWV�VXFK�DV�SUHPDWXUH�PRUWDOLW\��KRVSLWDO�DGPLVVLRQV��OXQJ�
FDQFHU�DQG�RWKHU�FDQFHUV��FDUGLRYDVFXODU�GLVHDVH��DGYHUVH�ELUWK�RXWFRPHV��HIIHFWV�RQ�WKH�LPPXQH�
V\VWHP��DQG�QHXURWR[LFLW\��,Q�FHOO�FXOWXUHV�H[SRVHG�WR�DPELHQW�SDUWLFOHV��XOWUDÀQH�SDUWLFOHV�ZHUH�IRXQG�
LQ�WKH�PLWRFKRQGULD�ZKHUH�WKH\�LQGXFHG�VWUXFWXUDO�GDPDJH��

5HVHDUFK�RQ�KHDOWK�HIIHFWV�UHODWHG�WR�H[SRVXUH�WR�XOWUDÀQH�30�LV�VWLOO�YHU\�OLPLWHG�FRPSDUHG�WR�
WKH�DPRXQW�RI�UHVHDUFK�WKDW�KDV�EHHQ�SHUIRUPHG�LQWR�WKH�KHDOWK�HIIHFWV�RI�30�����)RU�H[DPSOH��
VSHFLÀF�PHFKDQLVPV�RI�KHDOWK�HIIHFWV�IURP�H[SRVXUH�WR�XOWUD�ÀQH�QLWUDWH�DQG�VXOIDWH�SDUWLFOHV�
DUH�QRW�ZHOO�GHÀQHG��QRU�DUH�WKH�KHDOWK�HIIHFWV�RI�VHPL�YRODWLOH�RUJDQLF�FRPSRXQGV�DQG�WUDFH�
PHWDOV�IRXQG�LQ�XOWUDÀQH�30��+RZHYHU��H[LVWLQJ�VWXGLHV�VXJJHVW�WKDW�XOWUDÀQH�30�PD\�KDYH�
VLJQLÀFDQW�KHDOWK�HIIHFWV��DQG�WKDW�VRPH�RI�WKH�KHDOWK�HIIHFWV�UHODWHG�WR�XOWUDÀQH�SDUWLFOHV�PD\�EH�
LQGHSHQGHQW�RI�WKH�HIIHFWV�IURP�H[SRVXUH�WR�30����DQG�RU�30���
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Pm damage to cells

)LJXUH�����GHSLFWV�DQ�LPDJH�RI�ZKDW�KDSSHQV�ZKHQ�30�SDVVHV�WKURXJK�WKH�OXQJV�DQG�SHQHWUDWHV�
LQWR�FHOOV��3KRWRV�(�DQG�)��PDJQLÀHG�[�������DQG���������UHVSHFWLYHO\��VKRZ�D�FHOO�H[SRVHG�
IRU����KRXUV�WR�ÀQH�30��30������7KH�´3µ�LQGLFDWHV�GDPDJH�WR�cristae, the inner membrane of 
the mitochondria, which are studded with proteins and increase the surface area for chemical 
UHDFWLRQV��VXFK�DV�FHOOXODU�UHVSLUDWLRQ��WR�RFFXU��7KH�´0µ�SRLQWV�WR�WKH�SUHVHQFH�RI�SDUWLFOHV�LQVLGH�
WKH�PLWRFKRQGULD�DV�ZHOO�DV�XOWUD�VWUXFWXUDO�
GDPDJH�WR�WKH�PLWRFKRQGULD��0LWRFKRQGULD��
VRPHWLPHV�GHVFULEHG�DV�´FHOOXODU�SRZHU�
JHQHUDWRUVµ�VXSSO\�FHOOXODU�HQHUJ\��DQG�DUH�
LQYROYHG�LQ�D�QXPEHU�RI�SURFHVVHV�VXFK�DV�
VLJQDOLQJ��FHOOXODU�GLIIHUHQWLDWLRQ��FHOO�GHDWK�
and the control of the cell cycle and cell 
JURZWK��0LWRFKRQGULD�KDYH�D�FHQWUDO�SODFH�
LQ�FHOO�PHWDEROLVP�DQG�WKHLU�GDPDJH�SOD\V�
DQ�LPSRUWDQW�UROH�LQ�D�ZLGH�UDQJH�RI�KHDOWK�
effects. 

)LJXUH�����VKRZV�LPDJHV�RI�D�FHOO�H[SRVHG�
WR�XOWUDÀQH�30�IRU����KRXUV��$V�LQ�WKH�ÀJXUH�
DERYH��WKH�´3µ�SRLQWV�WR�GDPDJH�WR�WKH�
FULVWDH��DQG�WKH�´0�´VKRZV�WKH�SUHVHQFH�
of particles inside the mitochondria as well 
DV�VWUXFWXUDO�GDPDJH��7KH�GHJUHH�RI�XOWUD�
VWUXFWXUDO�GDPDJH�LQ�WKLV�VWXG\�ZDV�IRXQG�WR�
EH�JUHDWHU�LQ�WKH�FHOOV�H[SRVHG�WR�XOWUDÀQH�30�
WKDQ�WKH�FHOOV�H[SRVHG�WR�ÀQH�30��DQG�HYHQ�
PRUH�VR�WKDQ�WKRVH�H[SRVHG�WR�FRDUVH�30��
ZKLFK�H[SHULHQFHG�OLWWOH�LI�DQ\�PLWRFKRQGULDO�
GDPDJH��

relationship 
3RcfRR]�BMacWPZR�4^\_^bWcW^]�M]Q�:RMZcV�6ŪRPcb

7KH�DYDLODEOH�HYLGHQFH�IURP�HSLGHPLRORJLFDO�VWXGLHV�WR�GDWH�VXJJHVWV�WKDW�ÀQH�SDUWLFOHV�WKHPVHOYHV�
DUH�KDUPIXO��UHJDUGOHVV�RI�WKHLU�HPLVVLRQV�VRXUFH�RU�FKHPLFDO�FRPSRVLWLRQ��,VRODWLQJ�DQG�SLQSRLQWLQJ�
WKH�KHDOWK�HIIHFWV�RI�D�VSHFLÀF�SDUWLFOH�W\SH�WKURXJK�HSLGHPLRORJLFDO�VWXGLHV�LV�GLIÀFXOW��EHFDXVH�
PDQ\�SDUWLFOH�W\SHV�DQG�VL]HV�DUH�FR�HPLWWHG�E\�WKH�VDPH�VRXUFHV�DQG�SURFHVVHV��DQG�WKH�DLU�ZH�
EUHDWKH�DOZD\V�LQFOXGHV�D�GLYHUVH�PL[�RI�SDUWLFOH�VL]HV�DQG�W\SHV��%HFDXVH�ULVN�HVWLPDWHV�IRU�DQ\�
VSHFLÀF�SDUWLFOH�W\SH�DUH�VXEMHFW�WR�FRQIRXQGLQJ�E\�FR�SROOXWDQWV��WKH�HYLGHQFH�IRU�GLIIHUHQWLDO�KHDOWK�
ULVN�DPRQJ�30����FRPSRQHQWV�LV�QRW�DV�UREXVW�DV�IRU�30����DV�D�ZKROH��7KHUHIRUH��ZKHQ�HVWLPDWLQJ�
WKH�KHDOWK�LPSDFWV�RI�30��PRVW�UHVHDUFKHUV�FXUUHQWO\�DVVXPH�WKDW�DOO�PL[WXUHV�RI�30����DUH�HTXDOO\�
SRWHQW��$QG�LQ�WKH�DEVHQFH�RI�LQIRUPDWLRQ�WR�FOHDUO\�GLVWLQJXLVK�WKH�UHODWLYH�ULVN�RI�GLIIHUHQW�SDUWLFOH�

Figure 1-2 cells exposed to Fine Pm 
͈B?	͙�͉�S^a��
�:^dab

6RXUFH��&KR�HW�DO��8OWUDÀQH�3DUWLFXODWH�3ROOXWDQWV�,QGXFH�2[LGDWLYH�6WUHHW�DQG�
Mitochondrial Damage.�(QYLURQPHQWDO�+HDOWK�3HUVSHFWLYHV�������$SULO�������������²����

7WUdaR��͹
� 4RZZb�6g_^bRQ�c^�GZcaMŬ]R�B?�S^a��
�:^dab

6RXUFH��&KR�HW�DO�������
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W\SHV��86�(3$�DQG�$5%�FXUUHQWO\�WUHDW�DOO�SDUWLFOHV�DOLNH��UHJDUGOHVV�RI�WKHLU�FKHPLFDO�PDNH�XS��IRU�
SXUSRVHV�RI�30�DLU�TXDOLW\�VWDQGDUGV���,W�VKRXOG�EH�QRWHG��KRZHYHU��WKDW�$5%�GRHV�FDOO�RXW�GLHVHO�30�
IRU�VSHFLDO�DWWHQWLRQ�DV�D�WR[LF�DLU�FRQWDPLQDQW��

%XW�HYHQ�WKRXJK�LW�LV�GLIÀFXOW�WR�GHWHUPLQH�WKH�UHODWLYH�KDUPIXOQHVV�RI�GLIIHUHQW�SDUWLFOH�W\SHV��
YDULDWLRQ�LQ�SDUWLFOH�FRPSRVLWLRQ�DQG�EHKDYLRU�VXJJHVWV�WKDW�WKHLU�KHDOWK�HIIHFWV�DUH�OLNHO\�WR�GLIIHU�
DV�ZHOO��7KHUH�LV�VRPH�HYLGHQFH�WKDW�VSHFLÀF�SDUWLFOH�W\SHV��VXFK�DV�EODFN�FDUERQ�DQG�GLHVHO�30�����
PD\�EH�HVSHFLDOO\�KDUPIXO��)RU�H[DPSOH��ÀQH�DQG�XOWUDÀQH�SDUWLFOHV�SURGXFHG�E\�IXHO�FRPEXVWLRQ�
PD\�EH�PRUH�WR[LF��EHFDXVH�WKH\�DUH�KLJKO\�UHDFWLYH�DQG�EHFDXVH�WKH\�LQFOXGH�VXOIDWHV��QLWUDWHV��
DFLGV��WUDFH�PHWDOV�DQG�RWKHU�WR[LF�FRQWDPLQDQWV��5HVHDUFKHUV�
KDYH�DOVR�K\SRWKHVL]HG�WKDW�LQVROXEOH�XOWUDÀQH�SDUWLFOHV�ZLWK�D�VROLG�
FRUH�PD\�EH�PRUH�KDUPIXO�WKDQ�VROXEOH�SDUWLFOHV��:KHUHDV�VROXEOH�
SDUWLFOHV�ZLOO�GLVVROYH�DV�WKH\�LQWHUDFW�ZLWK�EORRG�DQG�ERG\�OLTXLGV��
the insoluble particles persist in solid form and can thus penetrate 
WKURXJK�SURWHFWLYH�EDUULHUV�WR�LUULWDWH�DQG�LQÁDPH�GHHS�ZLWKLQ�WKH�
ERG\��2VWLJX\�HW�DO���,5667��������

$V�WKH�VFLHQFH�DGYDQFHV��DW�VRPH�IXWXUH�GDWH�LW�PD\�EH�SRVVLEOH�WR�
OLQN�WKH�YDULRXV�KHDOWK�HIIHFWV�DVVRFLDWHG�ZLWK�30�WR�VSHFLÀF�SDUWLFOH�
W\SHV��RU�FRPELQDWLRQV�WKHUHRI��)URP�WKH�VWDQGSRLQW�RI�SURWHFWLQJ�
SXEOLF�KHDOWK��GHWHUPLQLQJ�ZKLFK�VL]HV�RU�W\SHV�RI�SDUWLFOHV�DUH�PRVW�
KDUPIXO�LV�YLWDOO\�LPSRUWDQW�LQ�WKH�TXHVW�WR�XQGHUVWDQG�30��,I�QHZ�
LQIRUPDWLRQ�EHFRPHV�DYDLODEOH�WR�LGHQWLI\�DQG�KHOS�WDUJHW�WKH�PRVW�
KDUPIXO�SDUWLFOH�W\SHV��WKHQ�ZH�VKRXOG�EH�DEOH�WR�GHYHORS�PRUH�
HIIHFWLYH�FRQWURO�PHDVXUHV�WR�PD[LPL]H�SXEOLF�KHDOWK�EHQHÀWV�LQ�WKH�
PRVW�FRVW�HIIHFWLYH�PDQQHU�

motor vehicle emissions

)URP�WKH�VWDQGSRLQW�RI�SRSXODWLRQ�H[SRVXUH��30�IURP�ERWK�JDVROLQH�
DQG�GLHVHO�SRZHUHG�YHKLFOHV�LV�RI�VSHFLDO�FRQFHUQ��EHFDXVH�RI�WKH�ODUJH�QXPEHU�RI�SHRSOH�H[SRVHG�WR�
PRWRU�YHKLFOHV�HPLVVLRQV�LQ�XUEDQ�DUHDV��LQFOXGLQJ�SHGHVWULDQV��ELF\FOLVWV��PRWRULVWV��DQG�SHRSOH�ZKR�
OLYH��ZRUN�RU�JR�WR�VFKRRO�LQ�SUR[LPLW\�WR�EXV\�URDGZD\V��9HKLFOH�WDLOSLSH�HPLVVLRQV�LQFOXGH�SULPDU\�
XOWUDÀQH�DQG�ÀQH�30�IURP�IXHO�FRPEXVWLRQ�DQG�OXEULFDWLQJ�RLO��DV�ZHOO�DV�JDVHRXV�30�SUHFXUVRUV�
VXFK�DV�52*��12[��DQG�DPPRQLD��9HKLFOHV�DOVR�SURGXFH�SDUWLFOHV�IURP�EUDNH�DQG�WLUH�ZHDU�WKDW�
LQFOXGH�WR[LF�FKHPLFDOV�VXFK�DV�FRSSHU�DQG�FDGPLXP��WKHVH�WR[LF�VXEVWDQFHV�SROOXWH�VRLO�DQG�ZDWHU�
DV�ZHOO�DV�WKH�DLU��,Q�DGGLWLRQ��PRWRU�YHKLFOHV�UH�VXVSHQG�GXVW��SULPDULO\�FRDUVH�SDUWLFOHV��WKDW�KDV�
EHHQ�GHSRVLWHG�RQ�URDGZD\V�IURP�D�YDULHW\�RI�HPLVVLRQ�VRXUFHV��VR�WKDW�WKHVH�SDUWLFOHV�RQFH�DJDLQ�
EHFRPH�DYDLODEOH�WR�EH�LQKDOHG�

$5%·V�Air Quality and Land Use Handbook��$SULO�������FLWHV�VHYHUDO�NH\�ÀQGLQJV�UHJDUGLQJ�KHDOWK�
LPSDFWV�IURP�QHDU�URDGZD\�H[SRVXUHV�

From the 
standpoint 

of protecting 
public health, 
determining 

which sizes or 
types of particles 
are most harmful 

is vitally important 
in the quest to 

understand Pm.
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�� 5HGXFHG�OXQJ�IXQFWLRQ�LQ�FKLOGUHQ�ZDV�DVVRFLDWHG�ZLWK�WUDIÀF�GHQVLW\��
HVSHFLDOO\�WUXFNV��ZLWKLQ�������IHHW��WKLV�DVVRFLDWLRQ�ZDV�VWURQJHVW�ZLWKLQ�
����IHHW���%UXQHNUHHI�������

�� ,QFUHDVHG�DVWKPD�KRVSLWDOL]DWLRQV�ZHUH�DVVRFLDWHG�ZLWK�OLYLQJ�ZLWKLQ�����
IHHW�RI�KHDY\�WUDIÀF�DQG�KHDY\�WUXFN�YROXPH���/LQ�������

�� $VWKPD�V\PSWRPV�LQFUHDVHG�ZLWK�SUR[LPLW\�WR�URDGZD\V��WKH�ULVN�ZDV�
JUHDWHVW�ZLWKLQ�����IHHW���9HQQ�������

�� $VWKPD�DQG�EURQFKLWLV�V\PSWRPV�LQ�FKLOGUHQ�ZHUH�DVVRFLDWHG�ZLWK�SUR[LPLW\�
WR�KLJK�WUDIÀF�LQ�D�6DQ�)UDQFLVFR�%D\�$UHD�FRPPXQLW\�ZLWK�JRRG�RYHUDOO�
UHJLRQDO�DLU�TXDOLW\���.LP�������

�� $�6DQ�'LHJR�VWXG\�IRXQG�LQFUHDVHG�PHGLFDO�YLVLWV�LQ�FKLOGUHQ�OLYLQJ�ZLWKLQ�����
IHHW�RI�KHDY\�WUDIÀF���(QJOLVK�������

7KH�$5%�Handbook�QRWHV�WKDW�WUXFN�WUDIÀF�GHQVLWLHV�DQG�GLVWDQFH�IURP�WKH�URDGZD\�DUH�NH\�IDFWRUV�
DIIHFWLQJ�WKH�VWUHQJWK�RI�WKH�DVVRFLDWLRQ�ZLWK�DGYHUVH�KHDOWK�HIIHFWV��,Q�WKH�KHDOWK�VWXGLHV�FLWHG�LQ�WKH�
$5%�Handbook��DGYHUVH�KHDOWK�HIIHFWV�GLPLQLVKHG�ZLWK�GLVWDQFH��DGYHUVH�KHDOWK�HIIHFWV�ZHUH�VHHQ�
ZLWKLQ�������IHHW�RI�KLJK�YROXPH�URDGZD\V��ZLWK�WKH�VWURQJHVW�HIIHFWV�ZLWKLQ�����IHHW�

([SRVXUH�WR�YHKLFOH�HPLVVLRQV�KDV�EHHQ�OLQNHG�WR�LQFUHDVHG�EORRG�SUHVVXUH�DQG�WKLFNHQLQJ�RI�WKH�
DUWHULHV��$�UHFHQW�FOLQLFDO�VWXG\��%URRN�HW�DO��������WKDW�H[SRVHG�VXEMHFWV�WR�30�OHYHOV�W\SLFDOO\�IRXQG�
QHDU�KLJKZD\V�VKRZHG�DQ�LPPHGLDWH�LQFUHDVH�LQ�EORRG�SUHVVXUH��7KLV�VWXG\�DOVR�IRXQG�WKDW�H[SRVXUH�
WR�30�LQGXFHG�LQÁDPPDWLRQ��WKLV�HIIHFW�W\SLFDOO\�PDQLIHVWHG�ZLWKLQ�URXJKO\����KRXUV�DIWHU�H[SRVXUH��
$QRWKHU�UHFHQW�VWXG\��.XQ]OL�HW�DO��������IRXQG�WKDW�WKLFNHQLQJ�RI�DUWHU\�ZDOOV�SURJUHVVHG�PRUH�WKDQ�
WZLFH�DV�TXLFNO\�DPRQJ�SHRSOH�OLYLQJ�ZLWKLQ�����PHWHUV�RI�D�/RV�$QJHOHV�IUHHZD\��ZKHUH�XOWUDÀQH�30�
OHYHOV�DUH�W\SLFDOO\�HOHYDWHG��FRPSDUHG�WR�WKRVH�ZKR�OLYHG�IDUWKHU�DZD\��

7KH�%UXJJH��������UHYLHZ�RI�KHDOWK�VWXGLHV�FRQFOXGHV�WKDW�WKHUH�LV�VWURQJ�HYLGHQFH�WKDW�H[SRVXUH�WR�
KLJK�YROXPH�URDGZD\V�LV�OLQNHG�WR�KLJKHU�DVWKPD�UDWHV�DQG�WR�UHGXFWLRQ�RI�OXQJ�IXQFWLRQ�LQ�FKLOGUHQ��
,Q�DGGLWLRQ��UHFHQW�VWXGLHV��6FKZDUW]�HW�DO��������DQG�$GDU�HW�DO��������KDYH�IRXQG�WKDW�KHDUW�UDWH�
YDULDELOLW\��D�ULVN�IDFWRU�IRU�IXWXUH�FDUGLRYDVFXODU�SUREOHPV��LV�DOWHUHG�E\�WUDIÀF�UHODWHG�SROOXWDQWV��
particularly in older people and people with heart disease. 
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lubricating oil 

5HFHQW�UHVHDUFK�LQGLFDWHV�WKDW�HQJLQH�OXEULFDWLQJ�RLO�PD\�FRQWULEXWH�WR�30�HPLVVLRQV�IURP�PRWRU�
YHKLFOHV��7R�LQYHVWLJDWH�KRZ�OXEULFDWLQJ�RLO��DQG�IXHOV��FRQWULEXWHV�WR�WKH�IRUPDWLRQ�RI�30�DQG�VHPL�
YRODWLOH�RUJDQLF�FRPSRXQGV��692&��LQ�YHKLFOH�H[KDXVW��WKH�1DWLRQDO�5HQHZDO�(QHUJ\�/DE��$5%��6RXWK�
&RDVW�$40'�DQG�RWKHU�SDUWQHUV�ZRUNHG�WRJHWKHU�RQ�WKH�&ROODERUDWLYH�/XEULFDWLQJ�2LO�6WXG\�RQ�
(PLVVLRQV��&/26(���7KH�REMHFWLYH�ZDV�WR�HYDOXDWH�KRZ�PXFK�30�HPLVVLRQV�FRPH�IURP�OXEULFDWLQJ�RLO�
DQG�H[SORUH�ZD\V�WR�UHIRUPXODWH�RLO�VR�DV�WR�UHGXFH�30�HPLVVLRQV�

7KH�&/26(�SURMHFW�IRXQG�WKDW�LQ�WKH�YHKLFOHV�WHVWHG�XQEXUQHG�OXEULFDWLQJ�RLO�PDNHV�XS�PRUH�WKDQ�����
RI�RUJDQLF�FDUERQ��2&���ZKLFK�FRQVWLWXWHV�D�ODUJH�SRUWLRQ�RI�8)30��7KH�UHVXOWV�RI�WKH�&/26(�SURMHFW�
LQGLFDWH�WKDW�OXEULFDWLQJ�RLO�DQG�IXHOV�PD\�OHDG�WR�WKH�IRUPDWLRQ�RI�30��+RZHYHU��IXUWKHU�VWXG\�LV�QHHGHG�
WR�WHVW�D�ZLGHU�UDQJH�RI�YHKLFOHV��DQG�WR�LQYHVWLJDWH�WKH�HIIHFWV�RI�RLO�W\SH�RQ�30�DQG�692&�IRUPDWLRQ�

diesel Pm

'LHVHO�30�LV�D�VXEVHW�RI�30����WKDW�LV�HPLWWHG�E\�GLHVHO�HQJLQHV��$OWKRXJK�GLHVHO�30�DFFRXQWV�IRU�
D�VPDOO�SRUWLRQ��OHVV�WKDQ������RI�WKH�RYHUDOO�30����HPLVVLRQ�LQYHQWRU\��LW�KDV�EHHQ�FDOOHG�RXW�IRU�
VSHFLDO�DWWHQWLRQ�E\�$5%�EHFDXVH�RI�LWV�WR[LFLW\��,Q�������LQ�UHVSRQVH�WR�D�FRPSUHKHQVLYH�KHDOWK�
DVVHVVPHQW�RI�GLHVHO�H[KDXVW��$5%�IRUPDOO\�LGHQWLÀHG�GLHVHO�30�DV�D�WR[LF�DLU�FRQWDPLQDQW��7$&���D�
VSHFLDO�FODVV�RI�DLU�SROOXWDQWV�WKDW�FDQ�LPSDLU�SXEOLF�KHDOWK�HYHQ�DW�YHU\�ORZ�H[SRVXUHV�RU�GRVDJHV��
7$&V�FDQ�FDXVH�ERWK�DFXWH�DQG�FKURQLF�HIIHFWV��LQFOXGLQJ�FDQFHU��'LHVHO�H[KDXVW�DOVR�FRQWDLQV�PRUH�
WKDQ����RWKHU�7$&V��LQFOXGLQJ�FDUFLQRJHQV�VXFK�DV�EHQ]HQH��DUVHQLF��QLFNHO��DQG�IRUPDOGHK\GH��7KH�
$LU�'LVWULFW�SHUIRUPHG�DQ�DQDO\VLV�RI�7$&V�IRU�LWV�&RPPXQLW\�5LVN�(YDOXDWLRQ��&$5(��SURJUDP�DQG�
IRXQG�WKDW�GLHVHO�30�DFFRXQWV�IRU�DSSUR[LPDWHO\�����RI�WKH�WRWDO�FDQFHU�ULVN�IURP�7$&V�LQ�WKH�%D\�
$UHD��$V�GLVFXVVHG�LQ�6HFWLRQ����GLHVHO�30�
has been the focus of control efforts by 
ERWK�$5%�DQG�WKH�$LU�'LVWULFW�

wood smoke

$OWKRXJK�ZRRG�ÀUHV�PD\�KDYH�DQ�DHVWKHWLF�
DSSHDO�DQG�VRPH�SHRSOH�PD\�SHUFHLYH�
ZRRG�VPRNH�DV�QDWXUDO�RU�HYHQ�KHDOWK\��
ÀQGLQJV�IURP�KHDOWK�VWXGLHV�WR�GDWH�
indicates that wood smoke particles cause 
WKH�VDPH�W\SHV�RI�QHJDWLYH�KHDOWK�HIIHFWV�
DV�RWKHU�W\SHV�RI�ÀQH�30��:RRG�VPRNH�
DFFRXQWV�IRU�D�PDMRU�SRUWLRQ�������RI�
WKH�%D\�$UHD�30����LQYHQWRU\�GXULQJ�WKH�
winter season.

:RRG�VPRNH�LV�SURGXFHG�E\�LQFRPSOHWH�
FRPEXVWLRQ�IURP�UHVLGHQWLDO�ÀUHSODFHV�
DQG�ZRRG�VWRYHV���:KHUHDV�FRPEXVWLRQ�LQ�
GLHVHO�DQG�JDVROLQH�HQJLQHV�LV�FDUHIXOO\�FRQWUROOHG�WR�UHJXODWH�R[\JHQ�VXSSO\�DQG�WKH�IXHO�WR�DLU�UDWLR�
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LQ�RUGHU�WR�PD[LPL]H�WKH�HIÀFLHQF\�RI�WKH�FRPEXVWLRQ�SURFHVV��WKH�ZRRG�EXUQLQJ�FRPEXVWLRQ�SURFHVV�
LQ�ÀUHSODFHV�LV�ODUJHO\�XQFRQWUROOHG��7KLV�OHDGV�WR�LQHIÀFLHQW�FRPEXVWLRQ��UHVXOWLQJ�LQ�D�KLJK�UDWH�RI�
VPRNH�DQG�30�HPLVVLRQV�FRPSDUHG�WR�RWKHU�W\SHV�RI�FRPEXVWLRQ��,Q�DGGLWLRQ�WR�30��ZRRG�VPRNH�
FRQWDLQV�WKRXVDQGV�RI�FKHPLFDOV��LQFOXGLQJ�FULWHULD�SROOXWDQWV�VXFK�
DV�VXOIXU�R[LGHV��62[���QLWURJHQ�R[LGHV��12[���DQG�FDUERQ�PRQR[LGH�
�&2���DV�ZHOO�DV�VHYHUDO�GR]HQ�WR[LF�DLU�FRQWDPLQDQWV�VXFK�DV�DFUROHLQ�
DQG�DFHWDOGHK\GH��DQG�FDUFLQRJHQLF�FRPSRXQGV�VXFK�DV�SRO\F\FOLF�
DURPDWLF�K\GURFDUERQV��3$+V���EHQ]HQH��IRUPDOGHK\GH�DQG�GLR[LQV��
0RUH�UHVHDUFK�LV�QHHGHG�WR�HYDOXDWH�KRZ�WKH�YDULRXV�SROOXWDQWV�LQ�ZRRG�
smoke may interact in terms of health impacts. 

$�UHYLHZ�RI�UHVHDUFK�RQ�WKH�KHDOWK�HIIHFWV�RI�UHVLGHQWLDO�ZRRG�VPRNH�
�=HOLNRII�HW�DO��������IRXQG�WKDW�SURORQJHG�LQKDODWLRQ�RI�ZRRG�VPRNH�
FRQWULEXWHV�WR�FKURQLF�EURQFKLWLV��FKURQLF�LQWHUVWLWLDO�OXQJ�GLVHDVH��
pulmonary arterial hypertension, and altered pulmonary immune 
GHIHQVH�PHFKDQLVPV�LQ�DGXOWV��6WXGLHV��H�J���/DUVHQ�	�.RHQLJ��������
IRXQG�WKDW�\RXQJ�FKLOGUHQ�OLYLQJ�LQ�KRPHV�KHDWHG�E\�D�ZRRG�EXUQLQJ�
VWRYH�KDG�D�JUHDWHU�RFFXUUHQFH�RI�PRGHUDWH�DQG�VHYHUH�FKURQLF�UHVSLUDWRU\�V\PSWRPV�WKDQ�FKLOGUHQ�
ZKR�GLG�QRW�OLYH�LQ�KRPHV�KHDWHG�ZLWK�D�ZRRG�EXUQLQJ�VWRYH��(IIHFWV�RQ�SUHVFKRRO�FKLOGUHQ�OLYLQJ�LQ�
KRPHV�KHDWHG�ZLWK�ZRRG�EXUQLQJ�VWRYHV�RU�LQ�KRXVHV�ZLWK�RSHQ�ÀUHSODFHV�LQFOXGH�GHFUHDVHG�OXQJ�
IXQFWLRQ�LQ�\RXQJ�DVWKPDWLFV��LQFUHDVHG�LQFLGHQFH�RI�DFXWH�EURQFKLWLV��DQG�LQFUHDVHG�LQFLGHQFH�
DQG�GXUDWLRQ�RI�DFXWH�UHVSLUDWRU\�LQIHFWLRQV��2QH�VWXG\��'DQLHOVHQ�HW�DO��������IRXQG�WKDW�ZRRG�
VPRNH�30�KDV�VPDOO�SDUWLFOH�VL]H�DQG�D�KLJK�OHYHO�RI�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV��3$+���7KLV�
VWXG\�IRXQG�WKDW��LQ�WHUPV�RI�KHDOWK�HIIHFWV��H[SRVXUH�WR�ZRRG�VPRNH�SURGXFHV�KLJK�OHYHOV�RI�IUHH�
UDGLFDOV��PD\�WULJJHU�LQÁDPPDWRU\�DQG�R[LGDWLYH�VWUHVV�LQ�FXOWXUHG�KXPDQ�FHOOV��DQG�PD\�GDPDJH�
'1$�

6WXGLHV�RI�ZRRG�VPRNH�KHDOWK�HIIHFWV�WR�GDWH�KDYH�IRFXVHG�SULPDULO\�RQ�UHVSLUDWRU\�LPSDFWV��$GGLWLRQDO�
UHVHDUFK�LV�QHHGHG�WR�HYDOXDWH�SRWHQWLDO�FDUGLRYDVFXODU�HIIHFWV�IURP�H[SRVXUH�WR�ZRRG�VPRNH��

estimating Pm Health impacts in the bay area

7KH�$LU�'LVWULFW�KDV�SHUIRUPHG�WZR�UHFHQW�DQDO\VHV�WR�HVWLPDWH�WKH�SXEOLF�KHDOWK�LPSDFWV��PRUELGLW\�
DQG�SUHPDWXUH�PRUWDOLW\��RI�30�DQG�RWKHU�DLU�SROOXWDQWV�LQ�WKH�%D\�$UHD��

�� Bay Area Air Pollution Burden: Past and Present��VHH�$SSHQGL[�$�LQ�WKH�%D\�
$UHD������&OHDQ�$LU�3ODQ��LVVXHG�6HSWHPEHU�������

�� Health Impact Analysis of Fine Particulate Matter in the San Francisco Bay 

Area, September 2011.

7KHVH�DQDO\VHV�ZHUH�EDVHG�RQ�PHWKRGRORJLHV�HPSOR\HG�E\�86�(3$�DQG�$5%�WR�HVWLPDWH�WKH�
KHDOWK�LPSDFWV�DQG�WKH�PRQHWDU\�FRVWV�RI�DLU�SROOXWLRQ��7KH\�UHO\�RQ�WKH�UHVXOWV�RI�SHHU�UHYLHZHG�

in addition 
to Pm, wood 

smoke contains 
various toxic and 

carcinogenic 
compounds.
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HSLGHPLRORJLFDO�VWXGLHV�DQG�86�(3$·V�%HQ0$3�SURJUDP��LQ�FRPELQDWLRQ�ZLWK�DLU�TXDOLW\�PRGHOLQJ�
UHVXOWV�SHUIRUPHG�LQ�KRXVH�E\�$LU�'LVWULFW�VWDII��.H\�ÀQGLQJV�IURP�WKHVH�VWXGLHV�LQFOXGH�WKH�IROORZLQJ�

�� ,PSURYHPHQWV�LQ�%D\�$UHD�DLU�TXDOLW\�LQ�UHFHQW�GHFDGHV�KDYH�JUHDWO\�UHGXFHG�
WKH�KHDOWK�EXUGHQ�IURP�DLU�SROOXWLRQ��0RVW�RI�WKH�SXEOLF�KHDOWK�EHQHÀW�LV�GXH�
WR�WKH�VXEVWDQWLDO�UHGXFWLRQ�LQ�30�OHYHOV�LQ�UHFHQW�\HDUV��DV�
GLVFXVVHG�LQ�6HFWLRQ���&��

�� 7KH�UHGXFWLRQ�LQ�KHDOWK�LPSDFWV�KDV�SURYLGHG�FRVW�
VDYLQJV��LQ�WHUPV�RI�UHGXFHG�WUHDWPHQW�FRVWV��LQFUHDVHG�
SURGXFWLYLW\��DQG�ORQJHU�OLIH�VSDQ��WR�WKH�UHJLRQ�YDOXHG�DW�
PXOWLSOH�ELOOLRQV�RI�GROODUV�SHU�\HDU��0RVW�RI�WKLV�HFRQRPLF�
EHQHÀW�LV�GXH�WR�SURJUHVV�LQ�UHGXFLQJ�30�OHYHOV��

�� $YHUDJH�OLIH�H[SHFWDQF\�LQ�WKH�%D\�$UHD�LQFUHDVHG�IURP�
�����\HDUV�LQ������WR������\HDUV�LQ�������,PSURYHG�DLU�
TXDOLW\�²�SULPDULO\�WKH�UHGXFWLRQ�LQ�30�OHYHOV�²�LQ�WKH�%D\�
$UHD�GXULQJ�WKLV�SHULRG�DFFRXQWV�IRU�URXJKO\���PRQWKV�RI�
WKH�RYHUDOO�LQFUHDVH�LQ�DYHUDJH�%D\�$UHD�OLIH�H[SHFWDQF\�

�� 'HVSLWH�SURJUHVV�LQ�UHGXFLQJ�30�OHYHOV�DQG�UHODWHG�KHDOWK�
LPSDFWV��H[SRVXUH�WR�ÀQH�30��30�����UHPDLQV�WKH�OHDGLQJ�
public health risk, and contributor to premature death, from air pollution 
LQ�WKH�%D\�$UHD��7KH�YDVW�PDMRULW\�RI�SUHPDWXUH�GHDWKV�DVVRFLDWHG�ZLWK�
DLU�SROOXWLRQ���PRUH�WKDQ�������DUH�UHODWHG�WR�H[SRVXUH�WR�ÀQH�SDUWLFXODWH�
PDWWHU��30������0RVW�RI�WKH�GHDWKV�DVVRFLDWHG�ZLWK�30����DUH�UHODWHG�WR�
FDUGLRYDVFXODU�SUREOHPV��%DVHG�RQ�FXUUHQW�30�OHYHOV��H[SRVXUH�WR�30�LV�
HVWLPDWHG�WR�FRQWULEXWH�WR�DSSUR[LPDWHO\�������SUHPDWXUH�GHDWKV�SHU�\HDU�
LQ�WKH�%D\�$UHD��WKLV�UHSUHVHQWV�URXJKO\������RI�WRWDO�DQQXDO�GHDWKV�LQ�WKH�
UHJLRQ��7KH�HFRQRPLF�FRVW�RI�WKHVH�QHJDWLYH�KHDOWK�LPSDFWV�LV�HVWLPDWHG�DW�
multiple billions of dollars per year.

�� 30�HPLWWHG�E\�GLHVHO�HQJLQHV�LV�EHOLHYHG�WR�EH�WKH�OHDGLQJ�WR[LF�DLU�
FRQWDPLQDQW��7$&��LQ�WKH�%D\�$UHD��+RZHYHU��WKH�FXUUHQW�HYLGHQFH�VXJJHVWV�
WKDW�RQO\��������RI�30�UHODWHG�GHDWKV�LQ�WKH�%D\�$UHD�DUH�OLQNHG�WR�GLHVHO�
H[KDXVW��30�IURP�RWKHU��QRQ�GLHVHO��VRXUFHV��VXFK�DV�ZRRG�VPRNH��FRRNLQJ��
FRPEXVWLRQ�RI�RWKHU��QRQ�GLHVHO��IRVVLO�IXHOV��DQG�VHFRQGDU\�30�IRUPHG�E\�
SUHFXUVRUV�VXFK�DV�12[��62���DQG�DPPRQLD��DSSHDUV�WR�EH�UHVSRQVLEOH�IRU�
PRVW�RI�WKH�30�DQG�WKH�30�UHODWHG�GHDWKV�LQ�WKH�%D\�$UHD�

�� 7KH�$LU�5HVRXUFHV�%RDUG�KDV�LGHQWLÀHG�GLHVHO�30�DV�D�FDUFLQRJHQLF�SROOXWDQW�
WKDW�PD\�FDXVH�OXQJ�FDQFHU���$OWKRXJK�OXQJ�FDQFHU�LV�FOHDUO\�D�PDMRU�SXEOLF�
KHDOWK�LVVXH��LW�VKRXOG�EH�QRWHG�WKDW�H[SRVXUH�WR�GLHVHO�30�PD\�FDXVH�D�ZLGH�
UDQJH�RI�UHVSLUDWRU\�DQG�FDUGLRYDVFXODU�HIIHFWV�LQ�DGGLWLRQ�WR�OXQJ�FDQFHU���,Q�
IDFW��WR�WKH�H[WHQW�WKDW�GLHVHO�30�FRQWULEXWHV�WR�SUHPDWXUH�PRUWDOLW\��DQDO\VLV�
VXJJHVWV�WKDW�WKLV�LV�SULPDULO\�GXH�WR�LWV�UROH�DV�D�FRPSRQHQW�RI�30�����
in which it contributes to mortality related to heart attacks, emphysema, 
strokes, etc. 

Pm is the air 
pollutant that 

causes by far the 
greatest harm to 
public health in 
the bay area.
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)LJXUH�����GHSLFWV�ÀQGLQJV�IURP�WKH�KHDOWK�EXUGHQ�DQDO\VLV�SHUIRUPHG�IRU�WKH�%D\�$UHD������&OHDQ�
$LU�3ODQ���7KH�JUDSK�VKRZV�WKH�QXPEHU�RI�FDVHV�RI�VHYHQ�NH\�KHDOWK�HIHFWV�WKDW�DUH�UHODWHG�WR�
SRSXODWLRQ�H[SRVXUH�WR�FXUUHQW�%D\�$UHD�DLU�SROOXWLRQ�OHYHOV��������ODEHOHG�´QRZ��FRPSDUHG�WR�WKH�
HVWLPDWHG�QXPEHU�RI�FDVHV�WKDW�ZRXOG�KDYH�RFFXUUHG�LI�WKH�TXDQWLÀDEOH�DLU�TXDOLW\�LPSURYHPHQWV�
KDG�QRW�EHHQ�PDGH��ODEHOHG�´WKHQµ����7KH�´WKHQµ�GDWD�LV�EDVHG�RQ�WKH�HDUOLHVW�GDWD�DYDLODEOH��������
IRU�R]RQH��DQG�WKH�ODWH�����·V�IRU�WR[LFV�DQG�30���)LJXUH�����VKRZV�WKDW�WKH�DQQXDO�FDVHV�RI�KHDOWK�
HIIHFWV�DVVRFLDWHG�ZLWK�H[SRVXUH�WR�DLU�SROOXWDQWV�LQ�WKH�%D\�$UHD�KDV�GURSSHG�GUDPDWLFDOO\��E\�PRUH�
WKDQ�KDOI���2I�SDUWLFXODU�LQWHUHVW��SUHPDWXUH�PRUWDOLW\�UHODWHG�WR�DLU�SROOXWLRQ�KDV�GHFUHDVHG�IURP�DQ�
HVWLPDWHG�������SHU�\HDU�WR�DQ�HVWLPDWHG�������SHU�\HDU���'HVSLWH�WKLV�VXEVWDQWLDO�SURJUHVV��WKH�
KHDOWK�LPSDFWV�IURP�DLU�SROOXWLRQ�DUH�VWLOO�VLJQLÀFDQW���$QG�DV�WKH�JUDSK�VKRZV��30����DFFRXQWV�IRU�WKH�
YDVW�PDMRULW\�RI�WKH�KHDOWK�HIIHFWV�LQ�FRPSDULVRQ�WR�R]RQH�RU�RWKHU��QRQ�GLHVHO��WR[LF�DLU�FRQWDPLQDQWV�

Figure 1-4 bay area air Pollution Health burden: Past & Present

(VWLPDWHG�FRQWULEXWLRQ�RI�30��R]RQH��DQG�NH\�DLU�WR[LFV�WR�KHDOWK�HQGSRLQWV�DPRQJ�%D\�$UHD�UHVLGHQWV��EDVHG�RQ�
%D\�$UHD�DLU�SROOXWLRQ�GDWD�IRU�\HDU������
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Ed\\Mah�^S�=Rh�B^W]cb�^]�cVR�:RMZcV�6ŪRPcb�^S�B?

�� $�UREXVW�ERG\�RI�HSLGHPLRORJLFDO�VWXGLHV�KDV�HVWDEOLVKHG�WKDW�WKHUH�DUH�
D�ZLGH�UDQJH�RI�QHJDWLYH�KHDOWK�LPSDFWV�IURP�ERWK�VKRUW�WHUP�DQG�ORQJ�
WHUP�H[SRVXUH�WR�30�����7KHVH�LPSDFWV�LQFOXGH�ERWK�UHVSLUDWRU\�DQG�
FDUGLRYDVFXODU�HIIHFWV��LQFOXGLQJ�NH\�KHDOWK�HQGSRLQWV�VXFK�DV�KHDUW�DWWDFNV�
and strokes.

�� $OWKRXJK�UHVHDUFKHUV�DUH�VWLOO�ZRUNLQJ�WR�GHÀQH�ZKLFK�VSHFLÀF�SDUWLFOH�
W\SHV�DUH�PRUH�KDUPIXO�WR�KXPDQ�KHDOWK��WKH�DYDLODEOH�HYLGHQFH�LQGLFDWHV�
WKDW�VPDOOHU�SDUWLFOHV�DUH�PRVW�GDQJHURXV�EHFDXVH�WKH\�FDQ�PRVW�HDVLO\�
SHQHWUDWH�LQWR�WKH�OXQJV��EORRGVWUHDP��RUJDQV��DQG�FHOOV�RI�WKH�ERG\�

�� 7KHUH�DUH�GRFXPHQWHG�KHDOWK�HIIHFWV�IURP�H[SRVXUH�WR�30����HYHQ�EHORZ�
FXUUHQW�30�DLU�TXDOLW\�VWDQGDUGV��DQG�UHVHDUFKHUV�KDYH�QRW�EHHQ�DEOH�WR�
establish a safe threshold below which there are no health risks. 

�� (YHQ�DOWKRXJK�WKH�%D\�$UHD�HLWKHU�DWWDLQV�RU�LV�FORVH�WR�DWWDLQLQJ�6WDWH�DQG�
QDWLRQDO�DLU�TXDOLW\�VWDQGDUGV�IRU�30��DQDO\VLV�E\�$LU�'LVWULFW�VWDII�LQGLFDWHV�
WKDW�30�LV�WKH�DLU�SROOXWDQW�WKDW�LPSRVHV�E\�IDU�WKH�JUHDWHVW�KDUP�WR�SXEOLF�
health in the Bay Area.

�� (YHQ�LQ�UHJLRQV�ZLWK�UHODWLYHO\�ORZ�30�FRQFHQWUDWLRQV��VXFK�DV�WKH�%D\�$UHD��
HIIRUWV�WR�IXUWKHU�UHGXFH�30�OHYHOV�ZLOO�UHVXOWV�LQ�SXEOLF�KHDOWK�LPSURYHPHQWV�
DQG�ORQJHU�DYHUDJH�OLIH�H[SHFWDQF\��WKXV�SURYLGLQJ�VLJQLÀFDQW�VRFLDO�DQG�
HFRQRPLF�EHQHÀWV�

areas that require additional research

7KLV�FKDSWHU�KDV�DWWHPSWHG�WR�VXPPDUL]H�FXUUHQW�LQIRUPDWLRQ�UHJDUGLQJ�WKH�KHDOWK�HIIHFWV�UHODWHG�WR�
30��

$OWKRXJK�WKHUH�LV�UREXVW�HYLGHQFH�WKDW�H[SRVXUH�WR�30�FDQ�FDXVH�D�ZLGH�UDQJH�RI�UHVSLUDWRU\�DQG�
FDUGLRYDVFXODU�HIIHFWV��PDQ\�IXQGDPHQWDO�TXHVWLRQV�KDYH�QRW�\HW�EHHQ�IXOO\�DQVZHUHG��5HVHDUFKHUV�
DUH�DFWLYHO\�ZRUNLQJ�WR�SURYLGH�EHWWHU�DQVZHUV�WR�NH\�TXHVWLRQV��LQFOXGLQJ�WKH�IROORZLQJ�

�� :KLFK�SDUWLFOH�W\SHV�DUH�PRVW�GDQJHURXV"
�� :KDW�ELRORJLFDO�PHFKDQLVPV�FDXVH�WKH�REVHUYHG�KHDOWK�HIIHFWV"
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�� ,V�WKHUH�D�VDIH�OHYHO��QR�HIIHFWV�WKUHVKROG��IRU�VKRUW�WHUP�RU�ORQJ�WHUP�
H[SRVXUH�WR�30��EHORZ�ZKLFK�QR�KHDOWK�HIIHFWV�RFFXU"�

�� 'R�XOWUDÀQH�SDUWLFOHV�FDXVH�KHDOWK�HIIHFWV�LQGHSHQGHQW�RI�WKH�KHDOWK�HIIHFWV�
FDXVHG�E\�H[SRVXUH�WR�30���"

�� ,I�XOWUDÀQH�SDUWLFOHV�GR�FDXVH�KHDOWK�HIIHFWV�LQGHSHQGHQW�RI�WKH�HIIHFWV�
FDXVHG�E\�H[SRVXUH�WR�ODUJHU�SDUWLFOHV��DUH�WKHVH�HIIHFWV�UHODWHG�WR�VKRUW�WHUP�
SHDN�H[SRVXUH��FKURQLF�H[SRVXUH�WR�ORZHU�OHYHOV�RI�8)30��RU�D�FRPELQDWLRQ�RI�
ERWK�DFXWH�DQG�FKURQLF�H[SRVXUH"�

�� +RZ�GRHV�H[SRVXUH�WR�30�DIIHFW�LQWHUPHGLDWH�KHDOWK�RXWFRPHV�VXFK�DV�KHDUW�
UDWH�YDULDELOLW\�DQG�LQÁDPPDWLRQ�PDUNHUV"

�� :KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ�H[SRVXUH�WR�30�HPLVVLRQV�IURP�URDGZD\V�
DQG�KHDOWK�HIIHFWV�VXFK�DV�FDUGLRYDVFXODU�GLVHDVH��OXQJ�FDQFHU��DQG�
SUHPDWXUH�PRUWDOLW\"
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E64F;A@��ͻ3͛�BABG>2F;A@�6JBAEGD6�FA�B?
This section summarizes key information regarding population exposure to PM. 

,Q�RUGHU�WR�SURWHFW�%D\�$UHD�UHVLGHQWV�IURP�WKH�QHJDWLYH�KHDOWK�HIIHFWV�UHODWHG�WR�30�GHVFULEHG�DERYH��
ZH�QHHG�WR�EHWWHU�XQGHUVWDQG�SRSXODWLRQ�H[SRVXUH�WR�30��7KH�NH\�TXHVWLRQV�DUH��:KR�LV�H[SRVHG�WR�
30"�$QG�ZKHQ��ZKHUH��DQG�KRZ�PXFK�30�DUH�SHRSOH�H[SRVHG�WR"

5HGXFLQJ�SHUVRQDO��LQGLYLGXDO��H[SRVXUH�DQG�SRSXODWLRQ�H[SRVXUH��WKH�DJJUHJDWH�H[SRVXUH�
H[SHULHQFHG�E\�DOO�%D\�$UHD�UHVLGHQWV�FRPELQHG��WR�30�FDQ�SURYLGH�LPSRUWDQW�SXEOLF�KHDOWK�EHQHÀWV��
.H\�TXHVWLRQV�FRQVLGHUHG�LQ�WKLV�VHFWLRQ�LQFOXGH�

�� :KR�LV�DW�JUHDWHVW�ULVN�IURP�H[SRVXUH�WR�30"
�� +RZ�GR�30�FRQFHQWUDWLRQV�YDU\�DW�WKH�ORFDO�VFDOH"
�� :KLFK�W\SHV�RI�HQYLURQPHQWV�SRVH�WKH�JUHDWHVW�ULVN"
�� +RZ�PXFK�H[SRVXUH�WR�30�RFFXUV�LQ�WKH�LQGRRU�HQYLURQPHQW�FRPSDUHG�WR�

RXWGRRUV"
�� +RZ�GR�30�FRQFHQWUDWLRQV�DQG�SRSXODWLRQ�H[SRVXUH�WR�30�FKDQJH�EDVHG�

XSRQ�GLVWDQFH�IURP�HPLVVLRQ�VRXUFHV"

>W]YW]U�B?�c^�:RMZcV�6ŪRPcb

7KH�FRQQHFWLRQ�EHWZHHQ�30�DQG�QHJDWLYH�KHDOWK�HIIHFWV�FDQ�EH�H[SODLQHG�E\�D�SDWKZD\�WKDW�LQFOXGHV�
WKH�IROORZLQJ�OLQNV�

1. Emissions:�$�ZLGH�UDQJH�RI�VRXUFHV�UHOHDVH�SULPDU\�30�DQG�30�SUHFXUVRUV�
into the air.

2. Ambient PM concentrations: The combination of emissions and 
PHWHRURORJLFDO�FRQGLWLRQV�GHWHUPLQHV�WKH�DPELHQW�FRQFHQWUDWLRQ�RI�30��WKDW�
LV��WKH�OHYHO�RI�30�LQ�WKH�DLU�

��� Exposure:�([SRVXUH�RFFXUV�ZKHQ�SHRSOH�DFWXDOO\�LQKDOH�30�LQWR�WKHLU�
OXQJV���7KH�OHYHO�RI�H[SRVXUH�WR�30�LV�FORVHO\�OLQNHG�WR�WKH�DPELHQW�30�
concentration.

��� Health effects: +HDOWK�HIIHFWV�PD\�RFFXU�DV�D�UHVXOW�RI�H[SRVXUH�WR�30��
GHSHQGLQJ�XSRQ�WKH�LQWHQVLW\��GXUDWLRQ�DQG�IUHTXHQF\�RI�SRSXODWLRQ�
H[SRVXUH��DV�ZHOO�DV�WKH�VL]H�DQG�SK\VLFDO�FRQGLWLRQ�RI�WKH�UHFHSWRU�
population.

7KH�$LU�'LVWULFW�KDV�GHWDLOHG�LQIRUPDWLRQ�DERXW�30�HPLVVLRQV�DQG�DPELHQW�FRQFHQWUDWLRQV�RI�30� 
DW�WKH�UHJLRQDO�VFDOH��DQG�WKHUH�LV�D�ZHDOWK�RI�HSLGHPLRORJLFDO�VWXGLHV�DQDO\]LQJ�WKH�UHODWLRQVKLS�

�� 7KH�HPLVVLRQV�LQYHQWRU\�GHVFULEHG�LQ�6HFWLRQ���SURYLGHV�LQIRUPDWLRQ�RQ�HPLVVLRQV�E\�VRXUFH��,QIRUPDWLRQ�UHJDUGLQJ�DPELHQW�
FRQFHQWUDWLRQV�RI�30�LV�DYDLODEOH�IURP�PRQLWRULQJ�GDWD�DQG�SKRWRFKHPLFDO�PRGHOLQJ�
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EHWZHHQ�SRSXODWLRQ�H[SRVXUH�DQG�KHDOWK�HIIHFWV���+RZHYHU��DV�GLVFXVVHG�EHORZ��HVWLPDWLQJ�
SRSXODWLRQ�H[SRVXUH�WR�30�DW�WKH�UHJLRQDO�VFDOH�LV�GLIÀFXOW���,Q�DQDO\]LQJ�KRZ�30�HIIHFWV�SXEOLF�KHDOWK�
YLD�WKH�VWHSV�GHVFULEHG�DERYH��WKH�JUHDWHVW�XQFHUWDLQW\�UHODWHV�WR�HVWLPDWLQJ�SRSXODWLRQ�H[SRVXUH�

0HDVXULQJ�SRSXODWLRQ�H[SRVXUH�WR�30��DQG�WKH�UHODWHG�KHDOWK�ULVNV��LV�FKDOOHQJLQJ�IRU�VHYHUDO�
UHDVRQV�

�� 30�FRQFHQWUDWLRQV�YDU\�ERWK�WHPSRUDOO\�DQG�VSDWLDOO\
�� 7KH�FRPSRVLWLRQ�RI�30�YDULHV�GHSHQGLQJ�XSRQ�WKH�PL[�RI�HPLVVLRQ�VRXUFHV�

DQG�PHWHRURORJ\
�� 3HUVRQDO�DFWLYLW\�SDWWHUQV�DUH�FRPSOH[
�� ,QGRRU�H[SRVXUH�PD\�DFFRXQW�IRU�D�VLJQLÀFDQW�VKDUH�RI�WRWDO�H[SRVXUH

(PLVVLRQV��0DQ\�GLIIHUHQW�VRXUFHV��ERWK�
VWDWLRQDU\��IDFWRULHV��UHÀQHULHV��HWF���DQG�PRELOH�
�FDUV��WUXFNV��ORFRPRWLYHV��PDULQH�YHVVHOV��DQG�
IDUP�DQG�FRQVWUXFWLRQ�HTXLSPHQW��HPLW�GLUHFW�
HPLVVLRQV�RI�30�DQG�RU�30�SUHFXUVRUV�VXFK�
DV�12[�DQG�62[��,GHQWLI\LQJ�WKH�NH\�HPLVVLRQ�
VRXUFHV�DQG�GHYHORSLQJ�VWUDWHJLHV�WR�UHGXFH�
HPLVVLRQV�IURP�WKHVH�VRXUFHV�LV�WKH�ÀUVW�DQG�
PRVW�IXQGDPHQWDO�VWHS�WR�LPSURYH�DLU�TXDOLW\�

$PELHQW�&RQFHQWUDWLRQV� This term refers 
WR�WKH�OHYHO�RI�SROOXWDQWV�WKDW�DUH�PHDVXUHG�LQ�
WKH�DLU��30�DLU�TXDOLW\�VWDQGDUGV�DUH�H[SUHVVHG�LQ�WHUPV�RI�DPELHQW�FRQFHQWUDWLRQV��DV�GLVFXVVHG�LQ�
6HFWLRQ����7KH�UHODWLRQVKLS�EHWZHHQ�HPLVVLRQV�DQG�DPELHQW�FRQFHQWUDWLRQV�LV�FRPSOH[�DQG�GHSHQGV�
XSRQ�PDQ\�IDFWRUV��LQFOXGLQJ�PHWHRURORJLFDO�FRQGLWLRQV��WHPSHUDWXUH��KXPLGLW\��ZLQG�VSHHG�DQG�
GLUHFWLRQ��YHUWLFDO�PL[LQJ��HWF���WKH�UDWLR�RI�SUHFXUVRU�SROOXWDQWV��DQG�UHJLRQDO�WRSRJUDSK\��$PELHQW�
FRQFHQWUDWLRQV�RI�30�FDQ�YDU\�JUHDWO\�DW�WKH�ORFDO�VFDOH�

3RSXODWLRQ�([SRVXUH�� 
)URP�WKH�VWDQGSRLQW�RI�SURWHFWLQJ�SXEOLF�KHDOWK��WKH�NH\�REMHFWLYH�LV�WR�UHGXFH�SRSXODWLRQ�H[SRVXUH�WR�

30�DQG�RWKHU�DLU�SROOXWDQWV��7KH�LVVXH�LV�QRW�
VLPSO\�KRZ�PXFK�SROOXWLRQ�PD\�EH�GHJUDGLQJ�
WKH�TXDOLW\�RI�WKH�DLU�WKDW�ZH�EUHDWKH��EXW�
UDWKHU�KRZ�PXFK�SHRSOH�DUH�H[SRVHG�WR�WKH�
SROOXWLRQ�DQG�KRZ�PXFK�HDFK�LQGLYLGXDO�
DFWXDOO\�LQKDOHV�DQG�DEVRUEV��GRVDJH���.H\�
IDFWRUV�LQ�GHWHUPLQLQJ�SRSXODWLRQ�H[SRVXUH�
include how much pollution is in the air at 
WKH�WLPH�DQG�ORFDWLRQ�WKDW�H[SRVXUH�RFFXUV��
WKH�QXPEHU�RI�SHRSOH�H[SRVHG��WKH�GXUDWLRQ�
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RI�H[SRVXUH��DQG�WKH�IUHTXHQF\�RI�H[SRVXUH��3HRSOH�DUH�H[SRVHG�WR�DLU�SROOXWDQWV�LQ�ERWK�WKH�RXWGRRU�
DQG�LQGRRU�HQYLURQPHQWV��,Q�WKH�FDVH�RI�30��WKH�HYLGHQFH�VXJJHVWV�WKDW�PRVW�SHRSOH�H[SHULHQFH�D�
PDMRU�SRUWLRQ�RI�WKHLU�WRWDO�30�H[SRVXUH�ZKHQ�WKH\�DUH�LQGRRUV��DV�GLVFXVVHG�ODWHU�LQ�WKLV�6HFWLRQ�

3RSXODWLRQ�H[SRVXUH�WR�30�FDQ�DOVR�EH�DQDO\]HG�LQ�WHUPV�RI intake fraction, i.e., the fraction of 
DQ�HPLWWHG�SROOXWDQW�WKDW�LV�DFWXDOO\�LQKDOHG�E\�WKH�SRSXODWLRQ��+LJK�30�HPLVVLRQV�LQ�D�VSDUVHO\�
SRSXODWHG�DUHD�PD\�FDXVH�OLWWOH�GDPDJH�WR�SXEOLF�KHDOWK��EHFDXVH�WKH�LQWDNH�IUDFWLRQ�DQG�SRSXODWLRQ�
H[SRVXUH�DUH�ORZ��&RQYHUVHO\��PRGHUDWH�OHYHOV�RI�HPLVVLRQV�LQ�SUR[LPLW\�WR�D�GHQVHO\�SRSXODWHG�
HQYLURQPHQW�PD\�UHVXOW�LQ�D�KLJKHU�LQWDNH�IUDFWLRQ��PRUH�SRSXODWLRQ�H[SRVXUH��DQG�JUHDWHU�SXEOLF�
health impacts. 

)DFWRUV�WKDW�GHWHUPLQH�LQGLYLGXDO�H[SRVXUH�WR�30�DQG�RWKHU�DLU�SROOXWDQWV�LQFOXGH�

�� 7KH�SROOXWLRQ�SURÀOH��WKH�OHYHO�RI�SROOXWLRQ��PL[�RI�FR�SROOXWDQWV��WKH�VSHFLÀF�
PL[�RI�SDUWLFOH�VL]HV�DQG�WKHLU�FKHPLFDO�FRPSRVLWLRQ��DOO�RI�ZKLFK�YDU\�
GHSHQGLQJ�RQ�JHRJUDSKLFDO�ORFDWLRQ�DQG�HPLVVLRQV�VRXUFHV��VHDVRQ�RI�WKH�
year, and weather conditions.

�� :KHUH�SHRSOH�OLYH��ZRUN��DQG�SOD\��
�� $FWLYLW\�SDWWHUQV�DQG�OLIHVW\OH�FKRLFHV�VXFK�DV�KRZ�PXFK�WLPH�SHRSOH�VSHQG�

RXWVLGH��RU�KRZ�PXFK�WLPH�WKH\�VSHQG�GULYLQJ�RQ�EXV\�URDGZD\V�

3HUVRQDO�H[SRVXUH�WR�30�IRU�D�JLYHQ�LQGLYLGXDO�RQ�D�VSHFLÀF�GD\�FDQ�EH�FDOFXODWHG�E\�PXOWLSO\LQJ�WKH�
WLPH�VSHQW�LQ�HDFK�DFWLYLW\�E\�WKH�30�FRQFHQWUDWLRQ�LQ�HDFK�ORFDWLRQ��DQG�WKHQ�VXPPLQJ�WKH�H[SRVXUH�
IRU�HDFK�DFWLYLW\��7KH�GHJUHH�RI�H[SRVXUH�PD\�YDU\�JUHDWO\�GHSHQGLQJ�RQ�WKH�W\SH�DQG�ORFDWLRQ�RI�WKH�
DFWLYLW\��7KHUHIRUH��DQ�DFWLYLW\�WKDW�LQYROYHV�KLJK�H[SRVXUH�IRU�D�UHODWLYHO\�VKRUW�SHULRG�RI�WLPH��VXFK�DV�
GULYLQJ�RQ�D�IUHHZD\�IRU����PLQXWHV��PD\�DFFRXQW�IRU�D�PDMRU�SRUWLRQ�RI�WRWDO�GDLO\�H[SRVXUH�

(VWLPDWLQJ�WRWDO�SRSXODWLRQ�H[SRVXUH�WR�30�LV�FKDOOHQJLQJ�EHFDXVH�SHRSOH�DUH�PRELOH�DQG�30� 
OHYHOV�PD\�YDU\�VXEVWDQWLDOO\�IURP�SODFH�WR�SODFH��(VWLPDWLQJ�SRSXODWLRQ�H[SRVXUH�WR�30�UHTXLUHV�
WKUHH�VWHSV�

1. 'RFXPHQWLQJ�DFWLYLW\�SDWWHUQV�IRU�D�VSHFLÀF�LQGLYLGXDO��L�H���ZKHUH��ZKHQ��DQG�
IRU�KRZ�ORQJ�KH�RU�VKH�SHUIRUPV�YDULRXV�DFWLYLWLHV�

2. (VWLPDWLQJ�WKH�DPELHQW�FRQFHQWUDWLRQ�RI�30�WKDW�WKH�LQGLYLGXDO�LV�H[SRVHG�
WR�DW�HDFK�WLPH�DQG�ORFDWLRQ��7KHVH�HVWLPDWHV�DUH�GHULYHG�IURP�DLU�TXDOLW\�
PRQLWRULQJ�GDWD�DQG�RU�FRPSXWHU�PRGHOLQJ�UHVXOWV�

��� $JJUHJDWLQJ�HDFK�LQGLYLGXDO·V�SHUVRQDO�H[SRVXUH�DFURVV�DQ�HQWLUH�GHÀQHG�
population. 

'RVDJH��7KH�DPRXQW�RI�DQ�DLU�SROOXWDQW�WKDW�DQ�LQGLYLGXDO�DFWXDOO\�LQKDOHV�LV�FDOOHG�dosage. And 
WKH�DPRXQW�WKDW�LV�DEVRUEHG�E\�WKH�ERG\�DQG�EHFRPHV�DYDLODEOH�IRU�LQWHUDFWLRQ�ZLWK�ELRORJLFDOO\�
VLJQLÀFDQW�RUJDQV�DQG�WLVVXHV�LV�FDOOHG�WKH�internal dose��2QFH�DEVRUEHG��WKH�FKHPLFDO�FDQ�XQGHUJR�
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PHWDEROLVP��VWRUDJH��H[FUHWLRQ��RU�WUDQVSRUW�ZLWKLQ�WKH�ERG\��7KH�DPRXQW�WUDQVSRUWHG�WR�D�VSHFLÀF�
RUJDQ�RU�V\VWHP�LV�WHUPHG�WKH�delivered dose.

7KH�DLU�ZH�EUHDWKH�VHUYHV�DV�WKH�FDUULHU�PHGLXP�E\�ZKLFK�KDUPIXO�SROOXWDQWV�FDQ�HQWHU�WKH�ERG\��7KH�
DYHUDJH�DGXOW�WDNHV�DERXW��������EUHDWKV�DQG�LQKDOHV�D�WRWDO�YROXPH�RI�DSSUR[LPDWHO\��������OLWHUV�
RI�DLU�HYHU\�GD\��6R�HYHQ�WKRXJK�ZH�PD\�RQO\�EH�H[SRVHG�WR�D�WLQ\�DPRXQW�RI�SROOXWLRQ�SHU�EUHDWK��RQ�D�
FXPXODWLYH�EDVLV�WKLV�FDQ�UHVXOW�LQ�D�VXEVWDQWLDO�DPRXQW�RI�SROOXWLRQ�LQKDOHG�RYHU�WLPH�

7KH�SROOXWDQW�GRVDJH�GHSHQGV�XSRQ�WKH�DPRXQW�RI�SROOXWLRQ�LQ�WKH�DLU�DQG�DQ�LQGLYLGXDO·V�LQKDODWLRQ�
UDWH�UHODWLYH�WR�WKHLU�ERG\�ZHLJKW��,QKDODWLRQ�UDWH�YDULHV�GHSHQGLQJ�XSRQ�DJH��PHWDEROLF�UDWH��ERG\�
ZHLJKW��DQG�W\SH�RI�DFWLYLW\��:KHQ�SHRSOH�DUH�H[HUFLVLQJ��WKH\�LQKDOH�PRUH�IUHTXHQWO\�DQG�PRUH�GHHSO\��
UHVXOWLQJ�LQ�D�KLJKHU�GRVDJH��6R�ZDONHUV��UXQQHUV��DQG�ELF\FOLVWV�H[SHULHQFH�JUHDWHU�GRVDJH�IURP�D�
JLYHQ�H[SRVXUH��WKLV�PD\�EH�D�FRQFHUQ�LI�SHRSOH�HQJDJH�LQ�WKHVH�DFWLYLWLHV�LQ�FORVH�SUR[LPLW\�WR�EXV\�
URDGZD\V�RU�RWKHU�PDMRU�HPLVVLRQ�VRXUFHV��

&KLOGUHQ�PD\�H[SHULHQFH�KLJKHU�GRVDJH�WKDQ�DGXOWV��
EHFDXVH�WKH\�DUH�PRUH�SK\VLFDOO\�DFWLYH��KDYH�D�KLJKHU�
PHWDEROLF�UDWH�DQG�LQKDOH�PRUH�DLU�RQ�D�SHU�SRXQG�EDVLV�
WKDQ�DGXOWV��&KLOGUHQ�DOVR�WHQG�WR�EUHDWKH�PRUH�WKURXJK�
WKHLU�PRXWKV�PRUH�WKDQ�DGXOWV��DV�D�UHVXOW��PRUH�30�PD\�
UHDFK�WKHLU�OXQJV�EHFDXVH�WKH�PRXWK�LV�OHVV�HIIHFWLYH�
WKDQ�WKH�QRVH�DW�ÀOWHULQJ�RXW�30��)RU�WKHVH�UHDVRQV��
FKLOGUHQ�W\SLFDOO\�H[SHULHQFH�D�JUHDWHU�GRVDJH�LQWR�WKHLU�
ERGLHV�IURP�D�JLYHQ�H[SRVXUH�WR�SROOXWLRQ�

sensitive Populations

-XVW�DV�LQGLYLGXDO�H[SRVXUH�GLIIHUV��VR�GRHV�WKH�DELOLW\�RI�RXU�ERGLHV�WR�WROHUDWH�H[SRVXUH�WR�SROOXWDQWV��
3HRSOH�YDU\�LQ�WKHLU�VXVFHSWLELOLW\�WR�KHDOWK�HIIHFWV�IURP�DLU�SROOXWLRQ�GHSHQGLQJ�XSRQ�IDFWRUV�VXFK�DV�
JHQHWLF�IHDWXUHV��JHQGHU��DJH��OLIHVW\OH��H�J���VPRNLQJ�VWDWXV�DQG�QXWULWLRQ���DQG�WKHLU�KHDOWK�VWDWXV��7R�
SURWHFW�SXEOLF�KHDOWK��ZH�QHHG�WR�IRFXV�RQ�UHGXFLQJ�H[SRVXUH�DPRQJ�WKH�PRVW�VHQVLWLYH�SRSXODWLRQV�
DQG�WKH�PRVW�KHDYLO\�LPSDFWHG�FRPPXQLWLHV��

7KH�NH\�DVSHFW�WR�SURWHFWLQJ�SXEOLF�KHDOWK�LV�WR�UHGXFH�SHUVRQDO�H[SRVXUH�IRU�WKH�SHRSOH�ZKR�DUH�PRVW�
VXVFHSWLEOH�WR�DLU�SROOXWLRQ��WKHVH�´VHQVLWLYH�SRSXODWLRQVµ�LQFOXGH�FKLOGUHQ��SUHJQDQW�ZRPHQ��VHQLRUV��
DQG�SHRSOH�EXUGHQHG�ZLWK�H[LVWLQJ�FDUGLRYDVFXODU�RU�UHVSLUDWRU\�FRQGLWLRQV��&KLOGUHQ�DUH�HVSHFLDOO\�
YXOQHUDEOH�WR�DLU�SROOXWLRQ�GXH�WR�WKHLU�KLJKHU�LQKDODWLRQ�UDWHV��QDUURZHU�DLUZD\V��OHVV�PDWXUH�LPPXQH�
V\VWHPV��DQG�WKH�IDFW�WKDW�WKHLU�OXQJV�DQG�RWKHU�NH\�RUJDQV�DUH�VWLOO�GHYHORSLQJ��,Q�DGGLWLRQ��FKLOGUHQ�
ZLWK�DOOHUJLHV�PD\�KDYH�DQ�HQKDQFHG�DOOHUJLF�UHVSRQVH�ZKHQ�H[SRVHG�WR�SROOXWDQWV�VXFK�DV�GLHVHO�
H[KDXVW��&KLOGUHQ�DOVR�WHQG�WR�VSHQG�PRUH�WLPH�RXWVLGH�WKDQ�DGXOWV��VR�WKH\�PD\�EH�PRUH�H[SRVHG�
WR�SROOXWDQWV�LQ�WKH�DPELHQW�DLU��6HQLRUV�DQG�SHRSOH�ZLWK�H[LVWLQJ�FDUGLRYDVFXODU�RU�UHVSLUDWRU\�
FRQGLWLRQV�DUH�PRUH�YXOQHUDEOH�WR�WKH�HIIHFWV�RI�DLU�SROOXWLRQ�WKDQ�KHDOWK\�DGXOWV�EHFDXVH�WKHLU�OXQJV��
hearts, and immune systems may already be weakened or compromised.
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6RPH�HSLGHPLRORJLFDO�VWXGLHV�VXJJHVW�WKDW�30�KHDOWK�HIIHFWV�PD\�EH�LQÁXHQFHG�E\�JHQGHU��)RU�
H[DPSOH��D������VWXG\�E\�WKH�:RPHQ·V�+HDOWK�,QLWLDWLYH��0LOOHU�HW�DO���������ZKLFK�H[DPLQHG�WKH�
LPSDFWV�RI�30�H[SRVXUH�RQ�SRVW�PHQRSDXVDO�ZRPHQ��IRXQG�WKDW�D�UHODWLYHO\�PRGHVW�LQFUHDVH�LQ�
30����OHYHOV��DQ�LQFUHDVH�RI�����J�P��RU�PLFURJUDPV�SHU�FXELF�PHWHU��ZDV�DVVRFLDWHG�ZLWK�D�����
LQFUHDVH�LQ�WKH�ULVN�RI�GHDWK�IURP�FDUGLRYDVFXODU�GLVHDVH��7KLV�LV�PXFK�KLJKHU�WKDQ�WKH�LQFUHDVH�LQ�
ULVN�DVVRFLDWHG�ZLWK�DQ�LQFUHDVH�RI�����J�P��WKDW�ZDV�REVHUYHG�IRU�WKH�JHQHUDO�SRSXODWLRQ�LQ�WKH�
+DUYDUG�6L[�&LWLHV�VWXG\�������DQG�WKH�$PHULFDQ�&DQFHU�6RFLHW\�VWXG\��������

$OWKRXJK�PHPEHUV�RI�VHQVLWLYH�SRSXODWLRQV�OLYH�LQ�FRPPXQLWLHV�WKURXJKRXW�WKH�%D\�$UHD��ZH�NQRZ�
WKDW�FHUWDLQ�FRPPXQLWLHV�H[SHULHQFH�KLJKHU�WKDQ�DYHUDJH�OHYHOV�RI�DLU�SROOXWLRQ��$QG�LQ�PDQ\�FDVHV��
SHRSOH�ZKR�OLYH�LQ�FRPPXQLWLHV�WKDW�DUH�GLVSURSRUWLRQDWHO\�LPSDFWHG�E\�DLU�SROOXWLRQ�PD\�EH�HVSHFLDOO\�
YXOQHUDEOH�WR�WKH�QHJDWLYH�HIIHFWV�RI�DLU�SROOXWLRQ�EHFDXVH�RI�WKHLU�GHPRJUDSKLF�DQG�VRFLRHFRQRPLF�
VWDWXV��6WXGLHV�KDYH�VKRZQ�WKDW�VRFLRHFRQRPLF�IDFWRUV�VXFK�DV�LQFRPH��UDFH��DFFHVV�WR�KHDOWK�FDUH��
DQG�OHYHO�RI�HGXFDWLRQDO�DWWDLQPHQW��FDQ�SURIRXQGO\�DIIHFW�KHDOWK�VWDWXV�DQG�OLIH�H[SHFWDQF\��

%XW�DOWKRXJK�D�FRUUHODWLRQ�EHWZHHQ�VRFLRHFRQRPLF�IDFWRUV�DQG�KHDOWK�RXWFRPHV�KDV�EHHQ�ZHOO�
GRFXPHQWHG��GHWHUPLQLQJ�WKH�SUHFLVH�FRUUHODWLRQ�EHWZHHQ�D�SDUWLFXODU�VRFLRHFRQRPLF�IDFWRU�DQG�
D�VSHFLÀF�KHDOWK�RXWFRPH�LV�FRPSOLFDWHG�EHFDXVH�WKH�YDULRXV�IDFWRUV�DUH�FORVHO\�LQWHUWZLQHG�LQ�
PRVW�FRPPXQLWLHV��,GHQWLI\LQJ�WKH�VSHFLÀF�PHFKDQLVP�V��E\�ZKLFK�VRFLRHFRQRPLF�IDFWRUV�DIIHFW�
KHDOWK�RXWFRPHV�LV�DOVR�GLIÀFXOW��%XW�UHVHDUFKHUV�KDYH�IRXQG�WKDW�IDFWRUV�VXFK�DV�SRYHUW\�DQG�UDFH�
FRQWULEXWH�WR�VWUHVV��WKXV�LQFUHDVLQJ�VXVFHSWLELOLW\�WR�WKH�KHDOWK�HIIHFWV�RI�DLU�SROOXWLRQ��VLQFH�VWUHVV�
ZHDNHQV�WKH�LPPXQH�V\VWHP�DQG�PD\�EH�D�IDFWRU�LQ�LQLWLDWLQJ�VRPH�W\SHV�RI�GLVHDVH�

5HFRJQL]LQJ�WKDW�FHUWDLQ�QHLJKERUKRRGV�DQG�FRPPXQLWLHV�LQ�WKH�%D\�$UHD�DUH�GLVSURSRUWLRQDWHO\�
LPSDFWHG�E\�ORFDO�DLU�SROOXWDQWV��WKH�$LU�'LVWULFW�ODXQFKHG�WKH�&RPPXQLW\�$LU�5LVN�(YDOXDWLRQ��&$5(��
SURJUDP�LQ��������$LU�'LVWULFW�VWDII�SHUIRUPHG�WHFKQLFDO�DQDO\VLV�ZKLFK�LGHQWLÀHG�VL[�LPSDFWHG�
FRPPXQLWLHV�PRVW�DIIHFWHG�E\�WR[LF�DLU�FRQWDPLQDQWV��7KH�$LU�'LVWULFW�KDV�EHHQ�PDNLQJ�D�FRQFHUWHG�

effort to reduce emissions and 
SRSXODWLRQ�H[SRVXUH�WR�30�DQG�
WR[LF�DLU�FRQWDPLQDQWV�LQ�WKHVH�
communities, as described in 
6HFWLRQ����

7R�VXP�XS��PDQ\�IDFWRUV�JR�LQWR�
GHWHUPLQLQJ�SRSXODWLRQ�H[SRVXUH�
WR�DLU�SROOXWDQWV�DQG�WKH�GHJUHH�
WR�ZKLFK�DQ�LQGLYLGXDO·V�KHDOWK�
PD\�EH�DIIHFWHG�E\�WKDW�H[SRVXUH��
The amount of pollution in the air 
DQG�WKH�IUHTXHQF\�DQG�GXUDWLRQ�

RI�WKH�H[SRVXUH�DUH�NH\�IDFWRUV��%XW�LQGLYLGXDO�DWWULEXWHV�VXFK�DV�DJH�DQG�JHQGHU��SHUVRQDO�DFWLYLW\�
SDWWHUQV��OLIHVW\OH��DFWLYH�RU�VHGHQWDU\���VRFLRHFRQRPLF�VWDWXV��DQG�KHDOWK�VWDWXV�DOO�SOD\�D�UROH�DV�
ZHOO�LQ�GHWHUPLQLQJ�KRZ�PXFK�SROOXWLRQ�SHRSOH�DUH�H[SRVHG�WR�DQG�KRZ�WKHLU�ERGLHV�UHVSRQG�WR�WKDW�
H[SRVXUH�
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which environments Pose the greatest risk?

,Q�WKH�FRXUVH�RI�WKHLU�GDLO\�DFWLYLWLHV�DQG�URXWLQHV��%D\�$UHD�UHVLGHQWV�DUH�H[SRVHG�WR�30�DQG�RWKHU�
DLU�SROOXWDQWV�LQ�D�YDULHW\�RI�ORFDWLRQV�DQG�HQYLURQPHQWV��6HYHUDO�RI�WKHVH�HQYLURQPHQWV�PD\�H[SRVH�
SHRSOH�WR�HOHYDWHG�OHYHOV�RI�30�DQG�DFFRXQW�IRU�D�VLJQLÀFDQW�SRUWLRQ�RI�WRWDO�H[SRVXUH�WR�30�

Population exposure to motor vehicle emissions

0RVW�%D\�$UHD�UHVLGHQWV�DUH�H[SRVHG�WR�PRWRU�YHKLFOH�HPLVVLRQV�RQ�D�GDLO\�EDVLV��0RWRU�YHKLFOHV�HPLW�
WKH�HQWLUH�VSHFWUXP�RI�XOWUDÀQH��ÀQH��DQG�FRDUVH�30�E\�PHDQV�RI�VHYHUDO�PHFKDQLVPV��*DVROLQH�DQG�
GLHVHO�YHKLFOHV�SURGXFH�WDLOSLSH�HPLVVLRQV�RI�ERWK�SULPDU\�30�LQ�WKH�ÀQH�DQG�XOWUDÀQH�VL]H�UDQJHV��
DV�ZHOO�SUHFXUVRU�SROOXWDQWV�WKDW�IRUP�VHFRQGDU\�30��VXFK�DV�52*��12[��DQG�DPPRQLD��/XEULFDWLQJ�
RLO�KDV�DOVR�EHHQ�LGHQWLÀHG�DV�D�SRWHQWLDO�LPSRUWDQW�VRXUFH�RI�XOWUDÀQH�30��,Q�DGGLWLRQ�WR�WKHVH�
FRPEXVWLRQ�UHODWHG�HPLVVLRQV��PRWRU�YHKLFOHV�JHQHUDWH�30�IURP�EUDNH�ZHDU�DQG�WLUH�ZHDU��DQG�
WKH\�FDXVH�GXVW�WKDW�KDV�VHWWOHG�RQ�URDGV�WR�EHFRPH�UH�VXVSHQGHG�LQ�WKH�DLU��6WXGLHV�KDYH�IRXQG�D�
ZLGH�UDQJH�RI�QHJDWLYH�KHDOWK�HIIHFWV�DPRQJ�SHRSOH�ZKR�DUH�H[SRVHG�WR�30�HPLVVLRQV�IURP�PRWRU�
YHKLFOHV��DV�GLVFXVVHG�LQ�6HFWLRQ���$�

7KH�DPRXQW�RI�SULPDU\�30�DQG�30�SUHFXUVRUV�HPLWWHG�E\�YHKLFOHV�RQ�D�JLYHQ�URDGZD\��DQG�WKH�
FKHPLFDO�FRPSRVLWLRQ�RI�WKRVH�HPLVVLRQV��GHSHQG�XSRQ�PDQ\�IDFWRUV��LQFOXGLQJ�

�� WKH�YROXPH�RI�WUDIÀF�DQG�WKH�OHYHO�RI�WUDIÀF�FRQJHVWLRQ�
�� WKH�FRPSRVLWLRQ�RI�WKH�YHKLFOH�ÁHHW��DQG�ZKHWKHU�WKHUH�DUH�DQ\�UHVWULFWLRQV�

IRU�FHUWDLQ�W\SHV�RI�YHKLFOHV��VXFK�DV�WUXFNV��
�� WKH�DJH�PL[�RI�WKH�YHKLFOHV��WKH�HIIHFWLYHQHVV�RI�WKHLU�HPLVVLRQV�FRQWURO�

GHYLFHV��DQG�WKH�IUDFWLRQ�RI�YHKLFOHV�WKDW�DUH�KLJK�HPLWWHUV�
�� WKH�PL[�RI�IXHO�W\SHV��JDVROLQH��GLHVHO��RU�DOWHUQDWLYH�IXHO�YHKLFOHV�
�� season of the year and weather conditions; and
�� YHKLFOH�VSHHG�DQG�RSHUDWLQJ�PRGH��YHKLFOHV�HPLW�PRUH�SDUWLFOHV�ZKHQ�

DFFHOHUDWLQJ�DQG�ZKHQ�WUDYHOLQJ�DW�KLJK�VSHHG��+DOO�	�'LFNHQV���������

Near-roadway concentrations and Population exposure

$OWKRXJK�WKH�HPLVVLRQV�LQYHQWRU\��VHH�6HFWLRQ����LQGLFDWHV�WKDW�RQ�URDG�YHKLFOHV�DFFRXQW�IRU�D�
UHODWLYHO\�PRGHVW�VKDUH�RI�RYHUDOO�SULPDU\�30����HPLVVLRQV�LQ�WKH�%D\�$UHD��DQ\RQH�ZKR�GULYHV�LQ�
WUDIÀF��ZDONV�RU�F\FOHV�RQ�XUEDQ�VWUHHWV��RU�OLYHV�LQ�FORVH�SUR[LPLW\�WR�D�EXV\�URDGZD\�LQFXUV�VLJQLÀFDQW�
H[SRVXUH�WR�30��([SRVXUH�WR�URDGZD\�HPLVVLRQV�KDV�HPHUJHG�DV�DQ�LPSRUWDQW�VRFLDO�HTXLW\�LVVXH�
EHFDXVH�PDMRU�URDGZD\V��HVSHFLDOO\�WKRVH�WKDW�FDUU\�D�KLJK�YROXPH�RI�KHDY\�GXW\�GLHVHO�SRZHUHG�
WUXFNV��RIWHQ�UXQ�WKURXJK�RU�LQ�FORVH�SUR[LPLW\�WR�ORZ�LQFRPH�DQG�PLQRULW\�FRPPXQLWLHV�

6WXGLHV�VKRZ�WKDW�DPELHQW�FRQFHQWUDWLRQV�RI�XOWUDÀQH�DQG�ÀQH�30�DUH�JHQHUDOO\�PXFK�KLJKHU�WKDQ�
DYHUDJH�QHDU�PDMRU�URDGZD\V��HVSHFLDOO\�LQ�WKH�GRZQZLQG�GLUHFWLRQ��1XPHURXV�VWXGLHV�KDYH�IRXQG�
LQFUHDVHG�LQFLGHQFH�RI�UHVSLUDWRU\�DQG�FDUGLRYDVFXODU�GLVHDVH�DPRQJ�SHRSOH�ZKR�OLYH�LQ�FORVH�
SUR[LPLW\�WR�KHDYLO\�WUDYHOHG�URDGZD\V��7KH�JRRG�QHZV�LV�WKDW�30�FRQFHQWUDWLRQV��H[SRVXUH��DQG�
KHDOWK�HIIHFWV�DOO�WHQG�WR�GHFUHDVH�UDSLGO\�ZLWK�JUHDWHU�GLVWDQFH�IURP�WKH�URDGZD\�
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Insert Caption Here

3RSXODWLRQ�H[SRVXUH�WR�URDGZD\�HPLVVLRQV�GHSHQGV�XSRQ�WKH�DPRXQW�DQG�WKH�FKHPLFDO�FRPSRVLWLRQ�
RI�HPLVVLRQV�JHQHUDWHG�E\�WKH�YHKLFOHV�RQ�D�JLYHQ�URDGZD\��PHWHRURORJLFDO�FRQGLWLRQV��VXFK�DV�ZLQG�
VSHHG�DQG�SUHYDLOLQJ�ZLQG�GLUHFWLRQ��WKH�QXPEHU�RI�SHRSOH�LQ�SUR[LPLW\�WR�WKH�URDGZD\��WKHLU�GLVWDQFH�
IURP�WKH�URDGZD\��DQG�WKHLU�GHPRJUDSKLF�FKDUDFWHULVWLFV��WKH�W\SH�RI�ODQG�XVHV�DQG�EXLOGLQJV�QHDU�WKH�
URDGZD\��DQG�WKH�SUHVHQFH�RI�EXLOGLQJV��WUHHV��VRXQG�ZDOOV�RU�RWKHU�EDUULHUV�WKDW�DIIHFW�DLU�SROOXWLRQ�

dispersion patterns. 

exposure to Pm from busy roadways

.H\�ÀQGLQJV�IURP�VWXGLHV�RQ�SRSXODWLRQ�H[SRVXUH�WR�30�HPLVVLRQV�IURP�URDGZD\V�DUH�VXPPDUL]HG�
KHUH�

�� 1XPHURXV�VWXGLHV�KDYH�IRXQG�LQFUHDVHG�UDWHV�RI�UHVSLUDWRU\�DQG�
FDUGLRYDVFXODU�GLVHDVH�DPRQJ�SHRSOH�ZKR�OLYH�LQ�FORVH�SUR[LPLW\�WR�EXV\�
roadways.

�� ,Q�FORVH�SUR[LPLW\�WR�KLJK�YROXPH�URDGZD\V��DPELHQW�FRQFHQWUDWLRQV�RI�30�
PD\�EH�JUHDWO\�HOHYDWHG�FRPSDUHG�WR�EDFNJURXQG�OHYHOV��HVSHFLDOO\�LQ�WKH�
downwind direction.

�� :KHQ�YHKLFOH�HPLVVLRQV�DUH�WUDSSHG�LQ�HQFORVHG�DUHDV��VXFK�DV�XUEDQ�VWUHHW�
FDQ\RQV�DQG�WXQQHOV��WKLV�FDQ�OHDG�WR�PXFK�KLJKHU�SROOXWLRQ�FRQFHQWUDWLRQV�
DQG�SRSXODWLRQ�H[SRVXUH�RQ�D�ORFDO�EDVLV�

�� ,Q�YHKLFOH�H[SRVXUH�PD\�EH�D�OHDGLQJ�VRXUFH�RI�H[SRVXUH�WR�30�DQG�RWKHU�DLU�
SROOXWDQWV�IRU�SHRSOH�ZKR�GULYH�RQ�IUHHZD\V�RU�PDMRU�DUWHULDOV�RQ�D�UHJXODU�
EDVLV��([SRVXUH�UDWHV�PD\�EH���WR����WLPHV�KLJKHU�WKDQ�DYHUDJH�ZKHQ�GULYLQJ�
RQ�EXV\�URDGZD\V��'ULYLQJ�RQ�D�IUHHZD\�RU�EXV\�DUWHULDO�URDG�IRU�HYHQ�D�
PRGHVW�WLPH�RU�GLVWDQFH�FDQ�DFFRXQW�IRU�D�VLJQLÀFDQW�SRUWLRQ�RI�WRWDO�GDLO\�
H[SRVXUH�WR�XOWUDÀQH�SDUWLFOHV�

�� %RWK�30����PDVV�DQG�XOWUDÀQH�SDUWLFOH�QXPEHU�GHFUHDVH�DV�GLVWDQFH�IURP�
WKH�URDGZD\�LQFUHDVHV��7KH�FRQFHQWUDWLRQ�RI�XOWUDÀQH�SDUWLFOHV�GURSV�RII�
UDSLGO\�ZLWKLQ�WKH�ÀUVW����WR�����PHWHUV�IURP�WKH�VRXUFH��DQG�JHQHUDOO\�
UHYHUWV�WR�EDFNJURXQG�OHYHOV���������PHWHUV�RI�WKH�URDGZD\��

�� +RZ�TXLFNO\�WKH�SDUWLFOH�FRQFHQWUDWLRQ�GHFOLQHV�DV�D�IXQFWLRQ�RI�GLVWDQFH�
IURP�WKH�URDGZD\�GHSHQGV�XSRQ�WKH�VSHFLÀF�PL[�RI�SDUWLFOHV�HPLWWHG�E\�WKH�
YHKLFOHV��DV�ZHOO�DV�WKH�DWPRVSKHULF�FRQGLWLRQV�DQG�ZLQG�VSHHG�DQG�GLUHFWLRQ�
in the area of the roadway.

$�QXPEHU�RI�VWXGLHV�KDYH�DQDO\]HG�KRZ�30�FRQFHQWUDWLRQV�FKDQJH�LQ�UHODWLRQ�WR�GLVWDQFH�IURP�
URDGZD\V��)RU�H[DPSOH��D�VWXG\�LQ�6RXWKHUQ�&DOLIRUQLD��=KX�HW�DO���������IRXQG�WKDW�WKH�FRQFHQWUDWLRQ�
RI�XOWUDÀQH�SDUWLFOHV�GHFUHDVHG�UDSLGO\�ZLWKLQ�DSSUR[LPDWHO\�����IHHW��a�����PHWHUV��RI�WKH�,�����
DQG�,�����IUHHZD\V��DV�VKRZQ�LQ�)LJXUH������$OWKRXJK�WKH�����IUHHZD\�KDG�PXFK�PRUH�GLHVHO�WUDIÀF�
�PRUH�WKDQ�����RI�WKH�YHKLFOHV��WKDQ�WKH�����IUHHZD\��OHVV�WKDQ����RI�WKH�YHKLFOHV���WKH�UHVXOWV�ZHUH�
similar for both freeways.
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Figure 1-5 Number of Particles versus distance from roadway: two 
Freeways in southern california (Zhu, 2002)

7KH�FKHPLFDO�FRPSRVLWLRQ�DQG�VL]H�GLVWULEXWLRQ�RI�IUHVKO\�HPLWWHG�XOWUDÀQH�DQG�ÀQH�30�DUH�
WUDQVIRUPHG�GXULQJ�WUDQVSRUW�WR�GRZQZLQG�ORFDWLRQV�E\�WKH�SURFHVVHV�RI�FRQGHQVDWLRQ��HYDSRUDWLRQ��
DQG�GLOXWLRQ��$OWKRXJK�30����PDVV�DQG�XOWUDÀQH�SDUWLFOH�QXPEHU�ERWK�GHFUHDVH�ZLWK�GLVWDQFH�IURP�D�
URDGZD\��WKH�QXPEHU�RI�XOWUDÀQH�SDUWLFOHV�JHQHUDOO\�GURSV�RII�PXFK�PRUH�UDSLGO\�WKDQ�30����PDVV��
7KLV�LV�GXH�WR�WKH�IDFW�WKDW�XOWUDÀQH�SDUWLFOHV�FRDJXODWH�YHU\�UDSLGO\�WR�IRUP�ODUJHU�SDUWLFOHV�XSRQ�
H[SRVXUH�WR�DPELHQW�DLU��FRDJXODWLRQ�UHGXFHV�SDUWLFOH�QXPEHU��EXW�GRHV�QRW�VLJQLÀFDQWO\�DIIHFW�RYHUDOO�
30����SDUWLFOH�PDVV��

$QRWKHU�ZD\�WR�DQDO\]H�KRZ�URDGZD\�HPLVVLRQV�DIIHFW�SRSXODWLRQ�H[SRVXUH�WR�30�LV�WR�FRQVLGHU�
intake fraction��L�H���WKH�SHUFHQWDJH�RI�HPLWWHG�30�WKDW�LV�DFWXDOO\�LQKDOHG�E\�D�KXPDQ�UHFHSWRU��$�
VWXG\�E\�WKH�(3$�IXQGHG�+DUYDUG�&HQWHU�IRU�$PELHQW�3DUWLFOH�+HDOWK�(IIHFWV�SHUIRUPHG�GLVSHUVLRQ�
PRGHOLQJ�RI�SULPDU\�30����HPLVVLRQV�IRU��������URDG�VHJPHQWV�LQ�WKH�%RVWRQ�DUHD��)RU�HDFK�
VHJPHQW�PRGHOHG��WKH�VWXG\�HVWLPDWHG�KRZ�PXFK�RI�WKH�LQWDNH�IUDFWLRQ�RFFXUV�DPRQJ�SHRSOH�LQ�
FORVH�SUR[LPLW\�WR�WKH�URDGZD\��7KH�VWXG\�IRXQG�WKDW�DOWKRXJK�WKH�LQWDNH�IUDFWLRQ�YDULHG�FRQVLGHUDEO\�
DPRQJ�WKH�GLIIHUHQW�VHJPHQWV��RQ�DYHUDJH�����RI�WKH�WRWDO�SRSXODWLRQ�H[SRVXUH�RFFXUV�ZLWKLQ�����
PHWHUV�RI�WKH�URDG�VHJPHQW��7KHVH�ÀQGLQJV�VXSSRUW�WKH�QRWLRQ�WKDW�LQ�D�GHQVH�XUEDQ�HQYLURQPHQW��
VXFK�DV�%RVWRQ�RU�PDQ\�SDUWV�RI�WKH�6DQ�)UDQFLVFR�%D\�$UHD��D�FRQVLGHUDEOH�SRUWLRQ�RI�WKH�RYHUDOO�
SRSXODWLRQ�H[SRVXUH�WR�URDGZD\�HPLVVLRQV�RFFXUV�LQ�FORVH�SUR[LPLW\�WR�WKH�URDGZD\��+RZHYHU��WKH�
ÀQGLQJV�DOVR�VXJJHVW�WKDW�HYHQ�WKRXJK�HPLVVLRQV�IURP�D�URDGZD\�EHFRPH�GLOXWHG�DQG�GLVSHUVH�
UDSLGO\�ZLWKLQ�D�IHZ�KXQGUHG�PHWHUV�RI�WKH�URDG��D�VLJQLÀFDQW�VKDUH�RI�WKH�WRWDO�SRSXODWLRQ�H[SRVXUH�
WR�SULPDU\�30����HPLVVLRQV�IURP�D�URDGZD\�VWLOO�RFFXUV�DW�D�GLVWDQFH�JUHDWHU�WKDQ�����PHWHUV�IURP�
the roadway.

37Understanding particUlate matter  |   2012   |   Bay area air Quality management district



7KH�VSDWLDO�GLVWULEXWLRQ�DQG�H[WHQW�RI�URDGZD\�HPLVVLRQV�PD\�YDU\�EDVHG�XSRQ�WHPSRUDO�IDFWRUV��VXFK�
DV�WLPH�RI�GD\�DQG�VHDVRQ�RI�WKH�\HDU��$�VWXG\��=KX�HW�DO��������ZKLFK�FRPSDUHG�XOWUDÀQH�SDUWLFOH�
QXPEHUV�IRU�GD\WLPH�DQG�QLJKWWLPH�FRQGLWLRQV�QHDU�D�PDMRU�IUHHZD\��,������LQ�/RV�$QJHOHV�IRXQG�
WKDW�WKH�UDWH�RI�GHFUHDVH�LQ�XOWUDÀQH�SDUWLFOHV�GRZQZLQG�RI�WKH�IUHHZD\�ZDV�PXFK�OHVV�DW�QLJKW�WKDQ�
GXULQJ�WKH�GD\��$OWKRXJK�WUDIÀF�YROXPH�RQ�,�����DW�QLJKW�ZDV�RQO\�����RI�WKH�GD\WLPH�YROXPH��WKH�
SDUWLFOH�FRXQW����PHWHUV�GRZQZLQG�RI�WKH�IUHHZD\�ZDV�DERXW�����RI�WKH�GD\WLPH�YDOXH��7KH�DXWKRUV�
DWWULEXWH�WKH�KLJKHU�UDWLR�RI�SDUWLFOHV�WR�WUDIÀF�YROXPH�DW�QLJKW�WR�D�FRPELQDWLRQ�RI�ORZHU�ZLQG�VSHHG�
and weaker atmospheric dilution, as well as cooler temperatures which cause increased particle 
IRUPDWLRQ�LQ�WKH�YHKLFOH�H[KDXVW��7KH�VWXG\�DOVR�IRXQG�WKDW�SDUWLFOH�FRXQWV�QHDU�WKH�IUHHZD\�ZHUH�
KLJKHU�LQ�ZLQWHU�WKDQ�LQ�VXPPHU��IRU�VLPLODU�UHDVRQV�WR�WKH�IDFWRUV�WKDW�OHDG�WR�KLJKHU�SDUWLFOH�FRXQWV�
DW�QLJKW��

'LVSHUVLRQ�LV�NH\�WR�UHGXFLQJ�DPELHQW�FRQFHQWUDWLRQV�DQG�H[SRVXUH�WR�30��+RZHYHU��LW�LV�LPSRUWDQW�WR�
QRWH�WKDW�VRPH�XUEDQ�HQYLURQPHQWV��VXFK�DV�WXQQHOV�DQG�´XUEDQ�VWUHHW�FDQ\RQVµ��DUH�QRW�FRQGXFLYH�
WR�GLVSHUVLRQ�RI�DLU�SROOXWDQWV��:KHQ�HPLVVLRQV�DUH�WUDSSHG�LQ�HQFORVHG�DUHDV��WKLV�FDQ�OHDG�WR�PXFK�
KLJKHU�ORFDO�FRQFHQWUDWLRQV��DQG�WKXV�PXFK�KLJKHU�SRSXODWLRQ�H[SRVXUH��2QH�VWXG\��0RUZDVND�HW�
DO��������IRXQG�WKDW�XOWUDÀQH�SDUWLFOH�QXPEHUV�LQ�WKH�QHDU�URDGZD\�HQYLURQPHQW�ZHUH�URXJKO\����
WLPHV�KLJKHU�WKDQ�LQ�D�QRQ�XUEDQ�EDFNJURXQG�HQYLURQPHQW��ZKLOH�PHDVXUHG�FRQFHQWUDWLRQV�LQ�VWUHHW�
FDQ\RQV�DQG�WXQQHOV�ZHUH����DQG����WLPHV�KLJKHU��UHVSHFWLYHO\��WKDQ�EDFNJURXQG��$QRWKHU�VWXG\�
�=KRX�HW�DO��������IRXQG�WKDW��GXH�WR�KLJK�SRSXODWLRQ�GHQVLW\��FRPELQHG�ZLWK�WKH�ODFN�RI�GLVSHUVLRQ��
WKH�LQWDNH�IUDFWLRQ�RI�HPLVVLRQV�LQ�XUEDQ�VWUHHW�FDQ\RQV�LV�YHU\�KLJK��VLPLODU�LQ�PDJQLWXGH�WR�WKH�
intake fraction associated with indoor tobacco smoke.

in-vehicle exposure 

&RQFHUQV�DERXW�HOHYDWHG�H[SRVXUH�WR�30�QHDU�PDMRU�URDGZD\V�DOVR�DSSO\�WR�GULYHUV�DQG�
SDVVHQJHUV�WUDYHOLQJ�LQ�YHKLFOHV�RQ�KLJK�YROXPH�URDGV��,Q�IDFW��WKH�HYLGHQFH�VXJJHVWV�WKDW�LQ�
YHKLFOH�H[SRVXUH�PD\�EH�D�OHDGLQJ�VRXUFH�RI�H[SRVXUH�WR�30�DQG�RWKHU�DLU�SROOXWDQWV�IRU�SHRSOH�
ZKR�GULYH�RQ�IUHHZD\V�RU�PDMRU�DUWHULDOV�RQ�D�UHJXODU�EDVLV��,Q�YHKLFOH�H[SRVXUH�GHSHQGV�RQ�WKH�
YROXPH�DQG�PL[�RI�YHKLFOHV�RQ�D�JLYHQ�URDG��DV�ZHOO�DV�WKH�W\SH�RI�YHQWLODWLRQ�V\VWHP�XVHG�LQ�WKH�
YHKLFOH��0RYLQJ�YHKLFOHV�W\SLFDOO\�KDYH�KLJK�DLU�H[FKDQJH�UDWHV��DOORZLQJ�HPLVVLRQV�IURP�WKH�VWUHDP�
RI�WUDIÀF�WR�SHQHWUDWH�LQWR�YHKLFOHV��2QH�VWXG\��)UXLQ�HW�DO��������IRXQG�WKDW�����RI�WRWDO�GDLO\�
H[SRVXUH�WR�XOWUDÀQH�SDUWLFOHV�RFFXUUHG�GXULQJ�D�GDLO\�FRPPXWH�RI�����KRXUV�URXQG�WULS�����RI�WKH�
GD\��LQ�/RV�$QJHOHV��DQG�WKDW�����RI�WRWDO�H[SRVXUH�RFFXUUHG�GXULQJ�����KRXUV��MXVW����RI�WKH�GD\��
WKDW�ZDV�VSHQG�RQ�IUHHZD\V��7KLV�LQGLFDWHV�WKDW�H[SRVXUH�UDWHV�PD\�EH���WR����WLPHV�KLJKHU�WKDQ�
DYHUDJH�ZKHQ�GULYLQJ�RQ�EXV\�URDGZD\V��7KXV��HYHQ�OLPLWHG�WLPH�RQ�D�IUHHZD\�FDQ�DFFRXQW�IRU�D�
VLJQLÀFDQW�SRUWLRQ�RI�WRWDO�GDLO\�H[SRVXUH�WR�XOWUDÀQH�SDUWLFOHV��

)UHHZD\V�DUH�DOVR�ZKHUH�SHRSOH�DUH�PRVW�OLNHO\�WR�H[SHULHQFH�KLJKHU�H[SRVXUH�WR�GLHVHO�30��ZKLFK�
KDV�EHHQ�FODVVLÀHG�E\�WKH�$LU�5HVRXUFHV�%RDUG�DV�D�WR[LF�DLU�FRQWDPLQDQW��7KH������)UXLQ�VWXG\�
IRXQG�WKDW�RQ�IUHHZD\V�LQ�/RV�$QJHOHV��FRQFHQWUDWLRQV�RI�XOWUDÀQH�30��EODFN�FDUERQ��QLWULF�R[LGH��DQG�
SRO\F\FOLF�DURPDWLF�K\GURFDUERQV��3$+��ERXQG�WR�VPDOO�SDUWLFOHV�DUH�JHQHUDWHG�SULPDULO\�E\�GLHVHO�
SRZHUHG�YHKLFOHV��HYHQ�WKRXJK�GLHVHO�YHKLFOHV�DFFRXQW�IRU�RQO\�D�VPDOO�IUDFWLRQ������RI�WKH�WUDIÀF�
RQ�/$�IUHHZD\V��7KLV�VWXG\�DOVR�IRXQG��KRZHYHU��WKDW�RQ�DUWHULDO�URDGV�FRQFHQWUDWLRQV�RI�XOWUDÀQH�
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SDUWLFOHV�DSSHDU�WR�EH�HPLWWHG�SULPDULO\�E\�JDVROLQH�SRZHUHG�YHKLFOH�XQGHUJRLQJ�KDUG�DFFHOHUDWLRQV��
&RQFHQWUDWLRQV�RI�XOWUDÀQH�SDUWLFOHV�RQ�DUWHULDOV�ZHUH�URXJKO\�RQH�WKLUG�WKRVH�RI�IUHHZD\V��

´6HOI�SROOXWLRQµ��ZKLFK�RFFXUV�ZKHQ�WKH�H[KDXVW�IURP�D�YHKLFOH�LQÀOWUDWHV�LWV�RZQ�SDVVHQJHU�FDELQ��
PD\�DOVR�FRQWULEXWH�WR�LQ�YHKLFOH�H[SRVXUH��7KLV�KDV�UDLVHG�FRQFHUQ�DERXW�ULVNV�WR�FKLOGUHQ�ZKR�ULGH�
WR�VFKRRO�RQ�GLHVHO�SRZHUHG�EXVHV��2QH�VWXG\��$GDU�HW�DO��������IRXQG�WKDW�30����RQ�VFKRRO�EXVHV�
ZDV�GRXEOH�WKH�RQ�URDG�OHYHOV��DQG�WKDW�����RI�30����PHDVXUHG�LQ�VFKRRO�EXVHV�FDPH�IURP�VHOI�
SROOXWLRQ���6HH�GHVFULSWLRQ�RI�WKH�/RZHU�(PLVVLRQ�6FKRRO�%XV�3URJUDP�LQ�6HFWLRQ���UHJDUGLQJ�DFWLRQV�
WR�DGGUHVV�WKLV�LVVXH���

aircraft and airports

Studies conducted by the South Coast 
$40'�VXJJHVW�WKDW�MHW�DLUFUDIW�PD\�EH�
PDMRU�HPLWWHUV�RI�XOWUDÀQH�SDUWLFOHV��
7\SLFDO�XOWUDÀQH�SDUWLFOH�FRQFHQWUDWLRQV�
DUH�RQ�WKH�RUGHU�RI����������������
particles per cm� near freeways; by 
FRQWUDVW��XOWUDÀQH�SDUWLFOH�FRQFHQWUDWLRQV�
QHDU�MHW�H[KDXVW�FDQ�UHDFK�����������
particles per cm���$V�VKRZQ�LQ�7DEOH�����

FMOZR��͹
� 4^\_MaWb^]�^S�GZcaMŬ]R�BMacWPZR�4^]PR]caMcW^]b4

Environment 8OWUDÀQH�3DUWLFOH�&RQFHQWUDWLRQ

&OHDQ�EDFNJURXQG ����²�������SDUWLFOHV�SHU�FXELF�FHQWLPHWHU

Typical urban air ������²��������SDUWLFOHV�SHU�FF

)UHHZD\ �������²���������SDUWLFOHV�SHU�FF

-HW�H[KDXVW 8S�WR�����������SDUWLFOHV�SHU�FF

$�VWXG\��+X�HW�DO��������WKDW�PHDVXUHG�XOWUDÀQH�SDUWLFOHV�QHDU�WKH�6DQWD�0RQLFD�$LUSRUW��DW�WKH�
UHVLGHQFH�FORVHVW�WR�WKH�DLUSRUW��DQG�DW�D�QHDUE\�VFKRRO�VKRZHG�FRUUHODWLRQV�RI�XOWUDÀQH�SDUWLFOH�
FRQFHQWUDWLRQV�IURP�MHW�H[KDXVW�DW�DOO�WKUHH�ORFDWLRQV��$LUFUDIW�RSHUDWLRQV�UHVXOWHG�LQ�DYHUDJH�XOWUDÀQH�
SDUWLFOH�FRQFHQWUDWLRQV�HOHYDWHG�E\�D�IDFWRU�RI����DW�����PHWHUV�GRZQZLQG�DQG�E\�D�IDFWRU�RI�����DW�
����PHWHUV�GRZQZLQG��,Q�IDFW��WKH�DUHD�LPSDFWHG�E\�HOHYDWHG�8)30�FRQFHQWUDWLRQV�ZDV�IRXQG�WR�
H[WHQG�EH\RQG����P�GRZQZLQG�DQG����P�SHUSHQGLFXODU�WR�WKH�ZLQG�RQ�WKH�GRZQZLQG�VLGH�RI�WKH�

�� 3UHVHQWDWLRQ�E\�'U��3KLOLS�)LQH�RI�6RXWK�&RDVW�$40'�WR�%$$40'�$GYLVRU\�&RXQFLO�0HHWLQJ��8OWUDÀQH�3DUWLFOHV������$WPRVSKHULF�
0RQLWRULQJ�RI�8OWUDÀQH�3DUWLFOHV��)HEUXDU\������
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6DQWD�0RQLFD�$LUSRUW��7KLV�VWXG\�GHPRQVWUDWHG�WKDW�WKHUH�PD\�EH�KHDOWK�LPSOLFDWLRQV�IRU�UHVLGHQFHV�
OLYLQJ�LQ�SUR[LPLW\�WR�MHWSRUWV��HVSHFLDOO\�LQ�WKH�GRZQZLQG�GLUHFWLRQ�

$�VWXG\�E\�&DUQHJLH�0HOORQ�8QLYHUVLW\�UHVHDUFKHUV��0LUDFROR�HW�DO��������HYDOXDWHG�WKH�HIIHFWV�RI�
SKRWR�R[LGDWLRQ�RQ�XOWUDÀQH�30�HPLVVLRQV�IURP�D�JDV�WXUELQH�HQJLQH�GHVLJQHG�WR�PLPLF�D�MHW�DLUFUDIW�
HQJLQH��7KH�VWXG\�IRXQG�WKDW�SKRWR�R[LGDWLRQ�FUHDWHG�VXEVWDQWLDO�VHFRQGDU\�30��VXJJHVWLQJ�WKDW�LW�
LV�DOVR�LPSRUWDQW�WR�FRQVLGHU�SRWHQWLDO�VHFRQGDU\�30�IRUPDWLRQ�ZKHQ�DVVHVVLQJ�WKH�LQÁXHQFH�RI�MHW�
aircraft emissions. 

back-up generators

%DFN�XS�JHQHUDWRUV��%8*V���DOVR�NQRZQ�DV�VWDWLRQDU\�HQJLQHV�DQG�HPHUJHQF\�JHQHUDWRUV��DUH�
XVHG�IUHTXHQWO\�E\�KRVSLWDOV��RIÀFH�EXLOGLQJV��VFKRROV��JURFHU\�VWRULHV��DQG�JRYHUQPHQW�IDFLOLWLHV�WR�
VXSSO\�SRZHU�WR�D�EXLOGLQJ�GXULQJ�D�SRZHU�IDLOXUH��:KLOH�SRZHU�IDLOXUHV�DUH�JHQHUDOO\�UDUH��%8*V�DUH�
RSHUDWHG�VHYHUDO�WLPHV�D�\HDU�IRU�WHVWLQJ���'LHVHO�%8*V�HPLW�GLHVHO�SDUWLFXODWH�PDWWHU�DQG�RWKHU�WR[LF�
DLU�FRQWDPLQDQWV�DQG�PD\�FRQWULEXWH�VLJQLÀFDQWO\�WR�SHRSOH·V�H[SRVXUH�WR�WR[LFV�DQG�KHDOWK�ULVNV��,Q�
DGGLWLRQ��%8*V�WHQG�WR�EH�FRQFHQWUDWHG�LQ�SRSXODWHG�DUHDV��ZKHUH�KLJK�QXPEHUV�RI�SHRSOH�PD\�EH�
DOUHDG\�H[SRVHG�WR�KLJK�OHYHOV�RI�SROOXWLRQ�

$�QHZ�%8*�LQVWDOOHG�WRGD\�LQ�WKH�%D\�$UHD�SRVHV�OLWWOH�KHDOWK�ULVN�GXULQJ�LWV�RSHUDWLQJ�WHVWLQJ�KRXUV�
GXH�WR�WKH�$LU�'LVWULFW·V�DQG�$5%·V�UHJXODWLRQV��+RZHYHU��ROG�%8*V�WKDW�ZHUH�LQVWDOOHG�SULRU�WR�
UHJXODWLRQV�DQG�FRQWLQXH�WR�EH�LQ�XVH�WRGD\�JHQHUDWH�KLJK�OHYHOV�RI�WR[LFV�DQG�SRVH�D�VHULRXV�KHDOWK�
ULVN�FKDOOHQJH���(YHQ�WKRXJK�WKHVH�%8*V�PD\�EH�XVHG�DV�OLWWOH�DV��������KRXUV�D�\HDU��WKH\�FDQ�HPLW�
HQRUPRXV�DPRXQWV�RI�GLHVHO�30�VLQFH�WKHLU�HQJLQHV�GR�QRW�FRPSO\�ZLWK�DQ\�HPLVVLRQ�VWDQGDUGV�RU�
FRQWDLQ�UHWURÀW�WHFKQRORJLHV��,Q�WKH�$LU�'LVWULFW·V�JHQHUDO�VFUHHQLQJ�RI�KHDOWK�ULVNV�IRU�%8*V�LQ�WKH�
%D\�$UHD��WKH�FDQFHU�ULVN�IRU�JUDQGIDWKHUHG�%8*V�UDQJHV�IURP����WR�����LQ�D�PLOOLRQ�LQ�VRPH�FDVHV��
7KHUH�DUH�FORVH�WR�������%8*V�LQ�WKH�%D\�$UHD��DSSUR[LPDWHO\�������RI�ZKLFK�PD\�KDYH�FDQFHU�ULVNV�
RYHU����LQ�D�PLOOLRQ��7KH�PDMRULW\�RI�WKHVH�%8*V�DUH�ORFDWHG�LQ�%D\�$UHD�XUEDQ�FHQWHUV��7KHVH�%8*V�
FRQWULEXWH�KHDYLO\�WR�KHDOWK�ULVNV�DOUHDG\�H[SHULHQFHG�E\�SHRSOH�OLYLQJ�QHDU�URDGZD\V�DQG�RWKHU�
PRELOH�HPLVVLRQV�RI�GLHVHO�30���7KH�$LU�'LVWULFW·V�JHQHUDO�KHDOWK�ULVN�VFUHHQLQJ�IRU�VWDWLRQDU\�VRXUFHV�
LQGLFDWHV�WKDW�DGGUHVVLQJ�HPLVVLRQV�IURP�JUDQGIDWKHUHG�EDFN�XS�JHQHUDWRUV�FRXOG�VLJQLÀFDQWO\�
UHGXFH�H[SRVXUH�WR�GLHVHO�30��HVSHFLDOO\�LQ�XUEDQ�DUHDV�ZLWK�DOUHDG\�KLJK�H[SRVXUH�UDWHV�

indoor exposure to Pm

6WXGLHV�KDYH�IRXQG�WKDW�PRVW�SHRSOH�H[SHULHQFH�D�PDMRU�SRUWLRQ�RI�
WKHLU�WRWDO�30�H[SRVXUH�ZKHQ�WKH\�DUH�LQGRRUV��7KLV�LV�QRW�VXUSULVLQJ��
VLQFH�SHRSOH�VSHQG�WKH�PDMRULW\�RI�WKHLU�WLPH�LQGRRUV��LQ�WKH�KRPH��
RIÀFH��VFKRRO��VWRUHV��UHVWDXUDQWV��HWF��$FFRUGLQJ�WR�RQH�VWXG\��4LQJ�
<X�0HQJ�HW�DO���������DGXOWV�W\SLFDOO\�VSHQW�����RI�WKHLU�WLPH�LQGRRUV��
���LQ�YHKLFOHV��DQG�MXVW����RXWVLGH��7KH�30�WKDW�ZH�EUHDWKH�LQGRRUV�
LV�D�FRPELQDWLRQ�RI�DPELHQW��RXWGRRU��30�WKDW�SHQHWUDWHV�WR�WKH�
LQGRRU�HQYLURQPHQW��DV�ZHOO�DV�30�HPLVVLRQV�SURGXFHG�E\�LQGRRU�
sources. 

most people 
experience a 

major portion of 
their exposure 

to Pm when they 
are indoors.
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6WXGLHV�WR�GDWH�WR�PHDVXUH�LQGRRU�30�OHYHOV�DQG�SRSXODWLRQ�H[SRVXUH�KDYH�JHQHUDOO\�EHHQ�OLPLWHG�
WR�VPDOO�QXPEHUV�RI�VLWHV��EHFDXVH�JDLQLQJ�DFFHVV�WR�VXLWDEOH�VLWHV��SULYDWH�KRPHV��VFKRROV��HWF����
LQVWDOOLQJ�PRQLWRUV��DQG�DQDO\]LQJ�GDWD�UHTXLUHV�VXEVWDQWLDO�WLPH�DQG�UHVRXUFHV��$QDO\]LQJ�LQGRRU�
FRQFHQWUDWLRQV�DQG�H[SRVXUHV�LQ�PXOWL�XQLW�EXLOGLQJV��VXFK�DV�DSDUWPHQW�EXLOGLQJV��LV�FRPSOLFDWHG�
E\�WKH�IDFW�WKDW�30�FUHDWHG�LQGRRUV�FDQ�PRYH�EHWZHHQ�XQLWV��DV�ZHOO�DV�WKH�IDFW�WKDW�KHDWLQJ�DQG�
YHQWLODWLRQ�V\VWHPV��LI�QRW�SURSHUO\�GHVLJQHG�DQG�PDLQWDLQHG��FDQ�WUDQVIHU�SROOXWDQWV�EHWZHHQ�XQLWV��
1RQHWKHOHVV��WKH�ÀQGLQJV�RI�H[LVWLQJ�VWXGLHV�VXJJHVW�WKDW�LQGRRU�H[SRVXUH�WR�30�LV�D�VHULRXV�LVVXH�
that merits more attention. 

)DFWRUV�WKDW�GHWHUPLQH�LQGRRU�H[SRVXUH�WR�30�LQFOXGH�����WKH�DPELHQW��RXWGRRU��30�FRQFHQWUDWLRQ�
LQ�WKH�YLFLQLW\�RI�WKH�EXLOGLQJ�����WKH�LQÀOWUDWLRQ�UDWH��L�H���KRZ�PXFK�RI�WKH�DPELHQW�RXWGRRU�30�
SHQHWUDWHV�LQGRRUV�����WKH�air exchange rate��KRZ�TXLFNO\�LQGRRU�DLU�LV�UHSODFHG�E\�RXWGRRU�DLU��DQG�
����WKH�DPRXQW�RI�SULPDU\�30�HPLVVLRQV�DQG�30�SUHFXUVRUV�SURGXFHG�LQ�WKH�LQGRRU�HQYLURQPHQW�IURP�
VRXUFHV�VXFK�DV�FRRNLQJ��ZRRG�EXUQLQJ��DQG�FLJDUHWWH�VPRNLQJ��7KHVH�IDFWRUV�FDQ�YDU\�FRQVLGHUDEO\�
GHSHQGLQJ�XSRQ�EXLOGLQJ�W\SH�DQG�ORFDWLRQ��WKH�W\SH�RI�KHDWLQJ�DQG�YHQWLODWLRQ�V\VWHP��DQG�
PHWHRURORJLFDO�FRQGLWLRQV�

7KH�LQÀOWUDWLRQ�UDWH�RI�DPELHQW��RXWGRRU��30�WR�WKH�LQGRRU�HQYLURQPHQW�GHSHQGV�XSRQ�EXLOGLQJ�
PDWHULDOV��FKDUDFWHULVWLFV��DQG�GHVLJQ��VXFK�DV�WKH�W\SH�RI�YHQWLODWLRQ�V\VWHP��WKH�ORFDWLRQ�RI�DLU�
LQWDNH�XQLWV��ZKHWKHU�ZLQGRZV�DUH�RSHQ�RU�FORVHG��DQG�ZKHWKHU�D�EXLOGLQJ�KDV�DLU�FRQGLWLRQLQJ�RU�DQ�
DLU�ÀOWUDWLRQ�V\VWHP��7KH�30�LQÀOWUDWLRQ�UDWH�DOVR�YDULHV�XSRQ�WKH�VL]H�DQG�FRPSRVLWLRQ�RI�WKH�SDUWLFOHV�
SUHVHQW�LQ�WKH�DPELHQW�30��%HFDXVH�GLIIHUHQW�VL]HV�DQG�W\SHV�RI�SDUWLFOHV�KDYH�GLIIHUHQW�LQÀOWUDWLRQ�
UDWHV��WKH�FRPSRVLWLRQ�RI�30�LQ�WKH�LQGRRU�HQYLURQPHQW�JHQHUDOO\�GLIIHUV�IURP�WKH�DPELHQW�RXWGRRU�
30��$PPRQLXP�QLWUDWH�OHYHOV��IRU�H[DPSOH��DUH�JHQHUDOO\�KLJKHU�RXWVLGH�WKDQ�LQGRRUV��$PPRQLXP�
QLWUDWH�FDQ�H[LVW�LQ�HLWKHU�SDUWLFOH�RU�JDVHRXV�IRUP�LQ�WKH�DWPRVSKHUH��GHSHQGLQJ�XSRQ�WHPSHUDWXUH��
,Q�FROGHU�ZHDWKHU��DPPRQLXP�QLWUDWH�SDUWLFOHV�DFFRXQW�IRU�D�VL]DEOH�SRUWLRQ�RI�WRWDO�DPELHQW�30����
LQ�WKH�%D\�$UHD��+RZHYHU��ZKHQ�WKH\�HQFRXQWHU�ZDUPHU�DLU�LQ�WKH�LQGRRU�HQYLURQPHQW��DPPRQLXP�
QLWUDWH�SDUWLFOHV�JHQHUDOO\�YRODWL]H��FRQYHUW�WR�WKH�JDVHRXV�IRUP���VXFK�WKDW�WKH\�QR�ORQJHU�H[LVW�LQ�
particle form. 

8OWUDÀQH�SDUWLFOHV�DUH�OHVV�OLNHO\�WR�SHQHWUDWH�WKURXJK�D�EXLOGLQJ�HQYHORSH�EHFDXVH�WKH\�GHSRVLW�
PRUH�UDSLGO\�RQ�EXLOGLQJ�VXUIDFHV�GXH�WR�%URZQLDQ�PRWLRQ�DW�WKH�PROHFXODU�OHYHO��:KHUHDV�W\SLFDO�
LQÀOWUDWLRQ�IDFWRUV�IRU�30���DQG�30����DUH�LQ�WKH�UDQJH�RI�������2WW�HW�DO���������LQÀOWUDWLRQ�IDFWRUV�
IRU�XOWUDÀQH�SDUWLFOHV�DUH�RQ�WKH�RUGHU�RI������:DOODFH�	�+RZDUG�5HHG���������6LQFH�XOWUDÀQH�
SDUWLFOHV�GR�QRW�HDVLO\�SHQHWUDWH�WR�WKH�LQGRRUV��WKLV�VXJJHVWV�WKDW�LQGRRU�VRXUFHV�RI�XOWUDÀQH�SDUWLFOHV�
SOD\�DQ�LPSRUWDQW�UROH�LQ�GHWHUPLQLQJ�WRWDO�SHUVRQDO�H[SRVXUH�WR�8)30�
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sources of Pm in the 
Home environment

$OWKRXJK�30�LQ�RXWGRRU�DLU�GRHV�
SHQHWUDWH�WR�WKH�LQGRRU�HQYLURQPHQW��
SDUWLFOHV�JHQHUDWHG�ZLWKLQ�WKH�KRPH�
often account for a substantial share 
RI�LQGRRU�30�OHYHOV�DQG�H[SRVXUH��
,QGRRU�VRXUFHV�RI�30�LQFOXGH�
ÀUHSODFHV�DQG�ZRRG�VWRYHV��FRRNLQJ��
JDV�VWRYHV��FOHDQLQJ�SURGXFWV��
FLJDUHWWH�VPRNLQJ��FDQGOHV��DQG�
incense, laser printers, as well as 
KXPDQ�DFWLYLWLHV�WKDW�PD\�UH�VXVSHQG�30�����,QGRRU�30�PD\�DOVR�LQFOXGH�D�PL[WXUH�RI�GDQGHU�IURP�
SHWV��RWKHU�W\SHV�RI�DOOHUJHQV��FKHPLFDO�VXEVWDQFHV��PLQHUDO�SDUWLFXODWH��PROG�VSRUHV��YLUXVHV�DQG�
EDFWHULD��7KH�5,23$�VWXG\��3ROLGDUL��$��HW�DO��������IRXQG�WKDW�ÀQH�RUJDQLF�SDUWLFOHV�GRPLQDWHV�LQGRRU�
JHQHUDWHG�30����LQ�WKH�KRPHV�WKDW�ZHUH�VWXGLHG��,QGRRU�VRXUFHV�RI�30�FDQ�FDXVH�30�OHYHOV�WR�
VSLNH��HVSHFLDOO\�EHFDXVH�WKH�HPLVVLRQV�DUH�RIWHQ�UHWDLQHG�ZLWKLQ�D�FRQÀQHG�DUHD��6HYHUDO�RI�WKH�NH\�
VRXUFHV�RI�30�JHQHUDWHG�LQ�WKH�KRPH�HQYLURQPHQW�DUH�EULHÁ\�GHVFULEHG�EHORZ�

&RRNLQJ��6WXGLHV�KDYH�IRXQG�WKDW�FRRNLQJ�LV�D�OHDGLQJ�VRXUFH�
RI�XOWUDÀQH�SDUWLFOHV�LQ�PDQ\�KRPHV��,QGRRU�PRQLWRUV�VKRZ�
WKDW�XOWUDÀQH�SDUWLFOH�FRXQWV�VSLNH�ZKHQHYHU�FRRNLQJ�RFFXUV��
6WXGLHV�VXJJHVW�WKDW�HPLVVLRQV�RI�8)30�DUH�KLJKHU�IURP�QDWXUDO�
JDV�VWRYHV�WKDQ�IURP�HOHFWULF�VWRYHV��EXW�WKH�SDUWLFOH�HPLVVLRQ�
UDWHV�DUH�KLJK�LQ�ERWK�FDVHV��8OWUDÀQH�SDUWLFOH�OHYHOV�WHQG�WR�EH�
VLJQLÀFDQWO\�KLJKHU�LQ�KRPHV�ZLWK�JDV�VWRYHV�WKDW�XVH�D�SLORW�
OLJKW��FRPSDUHG�WR�SLORW�OHVV�
VWRYHV���(PLVVLRQ�UDWHV�ZKHQ�
WKH�RYHQ�LV�LQ�XVH�PD\�EH�
JUHDWHU�WKDQ�IRU�VWRYH�WRS�

FRRNLQJ��2QH�VWXG\�IRXQG�WKDW�WKH�LQGRRU�FRQFHQWUDWLRQ�RI�XOWUDÀQH�
SDUWLFOHV�MXPSHG�IURP�������SDUWLFOHV�SHU�FXELF�FHQWLPHWHU�WR���
PLOOLRQ�SDUWLFOHV�²�D�����IROG�LQFUHDVH�²�ZLWKLQ�D�IHZ�PLQXWHV�DIWHU�
WKH�RYHQ�LQ�D�UHVLGHQWLDO�NLWFKHQ�ZDV�WXUQHG�RQ���

:RRG�EXUQLQJ�GHYLFHV��3HRSOH�DUH�H[SRVHG�WR�ZRRG�VPRNH�LQ�
ERWK�LQGRRU�DQG�RXWGRRU�HQYLURQPHQWV��,Q�DGGLWLRQ�WR�LWV�QHJDWLYH�
LPSDFW�RQ�RXWGRRU�DLU�TXDOLW\��UHVLGHQWLDO�ZRRG�EXUQLQJ�FDQ�EH�D�
PDMRU�VRXUFH�RI�LQGRRU�30��HVSHFLDOO\�LI�WKH�FKLPQH\�RU�VWRYHSLSH�
GRHV�QRW�YHQW�VPRNH�WR�WKH�RXWGRRUV�HIIHFWLYHO\��7KLV�SUREOHP�
RFFXUV�PRVW�FRPPRQO\�ZKHQ�D�ÀUH�LV�ÀUVW�LJQLWHG�DQG�WKH�ÀUHSODFH�
ÁXH�LV�QRW�ZDUPHG�XS��WKXV�IDLOLQJ�WR�GUDZ�VPRNH�HIÀFLHQWO\��2QH�

�� �3UHVHQWDWLRQ�E\�6XVDQQH�+HULQJ��3K��'���RI�$HURVRO�'\QDPLFV�WR�%$$40'�$GYLVRU\�&RXQFLO�RQ�0DUFK���������
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VWXG\��3LHUVRQ�HW�DO��������IRXQG�WKDW�����RI�VPRNH�IURP�FKLPQH\V�FDQ�UHHQWHU�WKH�KRPH�ZKHUH�LW�
RULJLQDWHG�DQG�RU�QHLJKERULQJ�GZHOOLQJV��

$SSOLDQFHV��&RPPRQ�KRXVHKROG�DSSOLDQFHV��VXFK�DV�FORWKHV�GU\HUV��WRDVWHU�RYHQV��LURQV��DQG�ODVHU�
SULQWHUV�FDQ�DOVR�SURGXFH�XOWUDÀQH�SDUWLFOHV��HVSHFLDOO\�DSSOLDQFHV�WKDW�RSHUDWH�E\�KHDWLQJ�PHWDO�
surfaces. 

&OHDQLQJ�SURGXFWV��+RXVHKROG�FOHDQLQJ�SURGXFWV�FDQ�DOVR�SURGXFH�XOWUDÀQH�DQG�ÀQH�SDUWLFOHV�LQ�
WKH�LQGRRU�HQYLURQPHQW��6FHQWHG�FOHDQLQJ�SURGXFWV�FRQWDLQ�WHUSHQHV�VXFK�DV�SLQHQH��SLQH�VFHQW��DQG�
OLPRQHQH��FLWUXV�VFHQW���WKHVH�WHUSHQHV�FDQ�UHDFW�ZLWK�R]RQH�WR�IRUP�XOWUDÀQH�SDUWLFOHV�

contribution of indoor exposure to total Pm exposure

/DQFH�:DOODFH�DQG�:D\QH�2WW�KDYH�GRQH�SLRQHHULQJ�ZRUN�XVLQJ�SRUWDEOH�SDUWLFOH�FRXQWHUV�WR�PHDVXUH�
SHUVRQDO�H[SRVXUH�WR�XOWUDÀQH�SDUWLFOHV��,Q�RQH�RI�WKHLU�UHFHQW�VWXGLHV��:DOODFH�	�2WW��������XVLQJ�
SHUVRQDO�PRQLWRUV�WR�PHDVXUH�H[SRVXUHV�LQ�HQYLURQPHQWV�VXFK�DV�KRPHV��FDUV��DQG�UHVWDXUDQWV��WKH\�
HVWLPDWHG�WKDW��RQ�DYHUDJH������RI�GDLO\�SHUVRQDO�H[SRVXUH�WR�XOWUDÀQH�SDUWLFOHV�IRU�WKH�SDUWLFLSDQWV�
LQ�WKH�VWXG\�FDQ�EH�DWWULEXWHG�WR�LQGRRU�VRXUFHV������WR�RXWGRRU�VRXUFHV��DQG�����WR�LQ�YHKLFOH�
H[SRVXUH��&RQVLVWHQW�ZLWK�WKH�6+('6�30�HVWLPDWHV�IRU�30����GHVFULEHG�EHORZ��FRRNLQJ�DQG�FLJDUHWWH�
VPRNLQJ�ZHUH�WKH�GRPLQDQW�VRXUFHV�RI�LQGRRU�HPLVVLRQ�RI�8)30��,Q�KRXVHKROGV�ZLWK�RQH�RU�PRUH�
VPRNHUV��WKH�FLJDUHWWH�VPRNH�PRUH�WKDQ�GRXEOHG�WKH�H[SRVXUH�IURP�DOO�RWKHU�VRXUFHV��%\�PHDVXULQJ�
WKH�SDUWLFOH�FRXQW�SHU�FXELF�FHQWLPHWHU��FP���DQG�PXOWLSO\LQJ�WKLV�E\�WKH�VL]H�RI�WKH�LPSDFWHG�LQGRRU�
DUHD��WKLV�VWXG\�HVWLPDWHV�WKDW�VPRNLQJ�D�VLQJOH�FLJDUHWWH�HPLWV�DSSUR[LPDWHO\���trillion����[���12��
XOWUD�ÀQH�SDUWLFOHV�

/\QQ�+LOGHEUDQG�DW�6WDQIRUG�8QLYHUVLW\�DQG�:LOOLDP�1D]DURII�DW�8&�%HUNHOH\�KDYH�DOVR�GRQH�LPSRUWDQW�
UHVHDUFK�WR�DGYDQFH�RXU�XQGHUVWDQGLQJ�RI�H[SRVXUH�WR�30�LQ�YDULRXV�PLFUR�HQYLURQPHQWV��$�UHFHQW�
VWXG\�GLUHFWHG�E\�3URIHVVRU�1D]DURII��%KDQJDU�DW�DO��������PRQLWRUHG�XOWUDÀQH�SDUWLFOH�FRQFHQWUDWLRQV�
DQG�H[SRVXUHV�LQ�VHYHQ�UHVLGHQFHV��ZLWK�QRQ�VPRNLQJ�LQKDELWDQWV��LQ�XUEDQ�DQG�VXEXUEDQ�$ODPHGD�
&RXQW\��7KLV�VWXG\�SURYLGHV�VHYHUDO�ÀQGLQJV�RI�LQWHUHVW��

�� 8OWUDÀQH�SDUWLFOH�FRQFHQWUDWLRQV�LQ�WKH�KRPH�HQYLURQPHQW�DUH�KHDYLO\�
impacted by episodic indoor source events that cause sharp spikes in 
SDUWLFOH�FRXQWV��7KHVH�HYHQWV�DUH�WULJJHUHG�E\�DFWLYLWLHV�VXFK�DV�FRRNLQJ�RQ�
WKH�VWRYH��XVHV�RI�DSSOLDQFHV�VXFK�DV�WRDVWHU�RYHQV��VWHDP�LURQV��RU�FORWKHV�
GU\HUV��EXUQLQJ�FDQGOHV��DQG�XVH�RI�WKH�IXUQDFH�

�� )UHTXHQF\�RI�XVH�RI�WKH�FRRNLQJ�UDQJH��HLWKHU�JDV�RU�HOHFWULF��LV�WKH�VLQJOH�
PRVW�LPSRUWDQW�GHWHUPLQDQW�RI�H[SRVXUH�IURP�HSLVRGLF�LQGRRU�VRXUFHV�

�� *DV�VWRYHV�ZLWK�SLORW�OLJKWV�DUH�D�NH\�VRXUFH�RI�LQGRRU�HPLVVLRQV�DQG�
H[SRVXUHV�WR�XOWUDÀQH�SDUWLFOHV�

�� ,QGRRU�SDUWLFOH�FRXQWV�DUH�PXFK�KLJKHU�ZKHQ�RFFXSDQWV�DUH�DW�KRPH�DQG�
DFWLYH��WKXV�JHQHUDWLQJ�SDUWLFOHV�YLD�LQGRRU�VRXUFH�HYHQWV���FRPSDUHG�WR�
when they are away from home, or at home but asleep.
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�� (PLVVLRQV�IURP�LQGRRU�VRXUFHV�RI�XOWUDÀQH�SDUWLFOHV�DFFRXQWHG�IRU�URXJKO\�
����RI�WKH�LQGRRU�SDUWLFOHV��WKH�UHPDLQLQJ�����UHSUHVHQW�SDUWLFOHV�WKDW�
LQÀOWUDWHG�IURP�RXWGRRU�DLU��

�� $FWLYH�SDUWLFOH�UHPRYDO�V\VWHPV�FDQ�UHGXFH�LQGRRU�SDUWLFOH�OHYHOV��RI�ERWK�
SDUWLFOHV�JHQHUDWHG�LQGRRUV��DV�ZHOO�DV�SDUWLFOHV�WKDW�LQÀOWUDWH�IURP�RXWGRRUV��
E\�D�IDFWRU�RI���WR���

7KH�SDSHUV�FLWHG�DERYH�DQDO\]HG�SHUVRQDO�H[SRVXUH�WR�30�DW�WKH�LQGLYLGXDO�OHYHO��(IIRUWV�KDYH�DOVR�
EHHQ�PDGH�WR�HVWLPDWH�WKH�PDMRU�VRXUFHV�RI�DJJUHJDWH�SRSXODWLRQ�H[SRVXUH�WR�30�LQ�YDULRXV�XUEDQ�
DUHDV��0DQ\�RI�WKHVH�VWXGLHV�KDYH�HPSOR\HG�WKH�6WRFKDVWLF�+XPDQ�([SRVXUH�	�'RVDJH�6LPXODWLRQ�
for PM��6+('6�30��PRGHO�GHYHORSHG�E\�WKH�86�(3$�1DWLRQDO�([SRVXUH�5HVHDUFK�/DERUDWRU\��
6\QWKHVL]LQJ�GDWD�IURP�PDQ\�VRXUFHV��LQFOXGLQJ�SHUVRQDO�DFWLYLW\�ORJV��DPELHQW�30����FRQFHQWUDWLRQV�
IRU�RXWGRRU�DLU��DQG�UHVXOWV�IURP�VWXGLHV�RI�LQGRRU�30��WKH�6+('6�30�PRGHO�KDV�EHHQ�XVHG�WR�
HVWLPDWH�WKH�FRQWULEXWLRQ�RI�RXWGRRU�H[SRVXUH�DQG�LQGRRU�H[SRVXUH�WR�WRWDO�SRSXODWLRQ�H[SRVXUH��DQG�
WR�H[DPLQH�WKH�UROH�RI�NH\�LQGRRU�VRXUFHV�RI�30����VXFK�DV�FLJDUHWWH�VPRNLQJ�DQG�FRRNLQJ��

$Q�DQDO\VLV��%XUNH�HW�DO��������XVLQJ�6+('6�30�IRU�3KLODGHOSKLD�IRXQG�WKDW��RQ�DYHUDJH��DPELHQW�
�RXWGRRU��30����DFFRXQWHG�IRU�RQO\�������RI�WRWDO�H[SRVXUH��KRZHYHU��WKLV�SHUFHQWDJH�YDULHG�JUHDWO\�
ZLWKLQ�WKH�SRSXODWLRQ��7KH�VWXG\�IRXQG�UHODWLYHO\�ORZ�YDULDWLRQ�LQ�SHUVRQDO�H[SRVXUH�WR�DPELHQW�
�RXWGRRU��30�����KRZHYHU��H[SRVXUH�WR�30�LQ�WKH�LQGRRU�HQYLURQPHQW�YDULHG�JUHDWO\��ZLWK�KLJK�
OHYHOV�RI�LQGRRU�H[SRVXUH�FDXVHG�SULPDULO\�E\�HPLVVLRQV�IURP�FLJDUHWWH�VPRNLQJ�DQG�RU�FRRNLQJ��
$QRWKHU�VWXG\��&DR�	�)UH\��������KDG�VLPLODU�ÀQGLQJV��XVLQJ�6+('6�30�WR�DQDO\]H�DQG�FRPSDUH�
30�H[SRVXUHV�LQ�WKUHH�GLIIHUHQW�DUHDV�DQG�FOLPDWH�]RQHV��1HZ�<RUN�&LW\��+DUULV�&RXQW\��7H[DV��DQG�
VL[�FRXQWLHV�DORQJ�WKH�,����FRUULGRU�LQ�1RUWK�&DUROLQD���7KLV�VWXG\�IRXQG�WKDW�DPELHQW�H[SRVXUH�
DFFRXQWHG�IRU�DSSUR[LPDWHO\�����RI�WKH�HVWLPDWHG�WRWDO�GDLO\�DYHUDJH�30����H[SRVXUH�LQ�HDFK�RI�WKH�
three areas. As in the case of the Burke study of Philadelphia, the Cao study also found that some 
LQGLYLGXDOV�KDYH�H[WUHPHO\�KLJK�30�H[SRVXUHV��SULPDULO\�GXH�WR�LQGRRU�HPLVVLRQV�IURP�FLJDUHWWH�
VPRNLQJ�DQG�RU�FRRNLQJ��

The 5HODWLRQVKLS�RI�,QGRRU��2XWGRRU�DQG�3HUVRQDO�$LU��5,23$��VWXG\��3ROLGDUL�HW�DO��������LQYHVWLJDWHG�
UHVLGHQWLDO�LQGRRU��RXWGRRU�DQG�SHUVRQDO�H[SRVXUHV�WR�30����LQ�WKUHH�FLWLHV�ZLWK�GLIIHUHQW�FOLPDWHV��
+RXVWRQ��7;��/RV�$QJHOHV��&$��DQG�(OL]DEHWK��1-��7KH�VWXG\�IRXQG�WKDW�WKH�PHGLDQ�FRQWULEXWLRQ�RI�
DPELHQW��RXWGRRU��VRXUFHV�WR�LQGRRU�30����FRQFHQWUDWLRQV�ZDV�����IRU�DOO�VWXG\�KRPHV�����������
DQG�����IRU�&DOLIRUQLD��1HZ�-HUVH\�DQG�7H[DV�VWXG\�KRPHV��UHVSHFWLYHO\��
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exposure to Pm in schools

$QRWKHU�UHFHQW�VWXG\�GLUHFWHG�E\�3URIHVVRU�1D]DURII��0XOOHQ�HW�DO��������PHDVXUHG�30�FRQFHQWUDWLRQV�
LQ�VL[�HOHPHQWDU\�VFKRRO�FODVVURRPV�LQ�$ODPHGD�&RXQW\��PHDVXUHPHQWV�ZHUH�SHUIRUPHG�IRU�D�WRWDO�
RI����GD\V��IURP�����GD\V�LQ�HDFK�FODVVURRP���1RQH�RI�WKH�VFKRROV�ZDV�LQ�FORVH�SUR[LPLW\�WR�D�PDMRU�
IUHHZD\��GLVWDQFH�IURP�WKH�QHDUHVW�IUHHZD\�ZDV�����NP�RU�JUHDWHU�LQ�DOO�FDVHV��7ZR�RI�WKH�FODVVURRPV�
ZHUH�HTXLSSHG�ZLWK�PHFKDQLFDO�YHQWLODWLRQ�V\VWHPV��WKH�RWKHU�IRXU�XVHG�QDWXUDO�YHQWLODWLRQ��ZLQGRZV�
DQG�GRRUV�WKDW�RSHQ���7KH�VWXG\�IRXQG�WKDW�����LQGRRU�SDUWLFOH�FRXQWV�ZHUH�W\SLFDOO\�DERXW�KDOI�RI�WKH�
RXWGRRU�FRQFHQWUDWLRQV��DQG�����URXJKO\�����RI�WKH�XOWUDÀQH�SDUWLFOHV�PHDVXUHG�LQ�WKH�FODVVURRPV�
RULJLQDWHG�RXWGRRUV��7KH�DXWKRUV�FRPSDUHG�H[SRVXUH�LQ�WKH�FODVVURRPV�WR�H[SRVXUH�LQ�WKH�KRPHV�
�SHU�%KDQJDU��������QRWLQJ�WKDW�WKH�UHVXOWV�VXJJHVW�WKDW�HOHPHQWDU\�VFKRRO�VWXGHQWV�DUH�VXEMHFW�
WR�PXFK�JUHDWHU�RYHUDOO�H[SRVXUH�WR�XOWUDÀQH�SDUWLFOHV�LQ�WKH�KRPH�HQYLURQPHQW��EHFDXVH�LQ�KRPH�
SDUWLFOH�FRXQWV�DUH�KLJKHU�DQG�EHFDXVH�WKH�VWXGHQWV�VSHQG�PRUH�WLPH�DW�KRPH�WKDQ�DW�VFKRRO��7KH�
DXWKRUV�DWWULEXWH�WKH�GLIIHUHQFH�LQ�FRQFHQWUDWLRQV�WR�WKH�IDFW�WKDW�IHZHU�XOWUDÀQH�SDUWLFOHV�DUH�HPLWWHG�
LQ�FODVVURRPV�WKDQ�LQ�KRPHV��,Q�SDUWLFXODU��LQGRRU�VRXUFH�HYHQWV��VXFK�DV�FRRNLQJ��WKDW�OHDG�WR�VKDUS�
VSLNHV�LQ�8)�SDUWLFOH�OHYHOV��DUH�FRPPRQ�LQ�WKH�KRPH��EXW�PXFK�OHVV�SUHYDOHQW�LQ�WKH�VFKRRO�VHWWLQJ��

summary of indoor Population exposure to Pm

.H\�ÀQGLQJV�UHJDUGLQJ�LQGRRU�H[SRVXUH�WR�30�FDQ�EH�VXPPDUL]HG�DV�IROORZV�

�� $PELHQW�FRQWULEXWLRQ�WR�LQGRRU�30�H[SRVXUH�GHSHQGV�RQ�RXWGRRU�
FRQFHQWUDWLRQV�LQ�FRPELQDWLRQ�ZLWK�WKH�LQÀOWUDWLRQ�UDWH�

�� :KHQ�LQGRRU�VRXUFHV�DUH�SUHVHQW��LQGRRU�30�FRQFHQWUDWLRQV�FDQ�EH�
VXEVWDQWLDOO\�KLJKHU�WKDQ�RXWGRRU�30�FRQFHQWUDWLRQV�

�� ,QGRRU�30�HPLVVLRQV�DUH�JHQHUDWHG�SULPDULO\�E\�VSHFLÀF�DFWLYLWLHV�DQG�
VRXUFHV��FRRNLQJ��FOHDQLQJ��LURQLQJ�FORWKHV��EXUQLQJ�FDQGOHV��XVH�RI�IRUFHG�DLU�
IXUQDFHV��ÀUHSODFHV��HWF�

�� 30�OHYHOV�LQ�WKH�KRPH�DUH�FKDUDFWHUL]HG�E\�VKDUS�VSLNHV�WULJJHUHG�E\�WKH�
W\SHV�RI�DFWLYLWLHV�PHQWLRQHG�DERYH�

�� 9HQWLODWLRQ�WR�FRQWURO�30�VSLNHV�FDQ�JUHDWO\�UHGXFH�LQGRRU�FRQFHQWUDWLRQV�
DQG�SRSXODWLRQ�H[SRVXUH�

�� 30�FRQFHQWUDWLRQV�LQ�WKH�KRPH�DUH�JHQHUDOO\�PXFK�ORZHU�DW�QLJKW��ZKHQ�
SHRSOH�DUH�VOHHSLQJ��DQG�30�JHQHUDWLQJ�DFWLYLWLHV�DUH�QRW�RFFXUULQJ��WKDQ�
ZKHQ�SHRSOH�DUH�DW�KRPH�DQG�DFWLYH�
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occupational exposure

([SRVXUH�WR�30�DQG�RWKHU�SROOXWDQWV�RQ�WKH�
MRE�LV�UHJXODWHG�E\�WKH�2FFXSDWLRQDO�6DIHW\�	�
+HDOWK�$GPLQLVWUDWLRQ��26+$���2FFXSDWLRQDO�
H[SRVXUH�WR�30�PD\�GLIIHU�IURP�DPELHQW�
H[SRVXUH�LQ�WHUPV�RI�SDUWLFOH�W\SH�DQG�
FRPSRVLWLRQ��DV�ZHOO�DV�WKH�LQWHQVLW\��IUHTXHQF\��
DQG�GXUDWLRQ�RI�H[SRVXUH��&HUWDLQ�MRE�W\SHV�
PD\�H[SRVH�ZRUNHUV�WR�VLJQLÀFDQW�RFFXSDWLRQDO�
H[SRVXUHV��)RU�H[DPSOH��WUXFN�GULYHUV�DQG�
RWKHU�SHRSOH�ZKR�GULYH�D�ORW�RQ�WKH�MRE�PD\�EH�
H[SRVHG�WR�KLJKHU�OHYHOV�RI�30�IURP�ERWK�GLHVHO�DQG�JDVROLQH�YHKLFOHV��5HVWDXUDQW�ZRUNHUV�PD\�
EH�H[SRVHG�WR�30�IURP�FRRNLQJ�DQG�ZRRG�VPRNH�IURP�FKDUEURLOHUV��&RQVWUXFWLRQ�ZRUNHUV�DQG�
TXDUU\�ZRUNHUV�PD\�EH�H[SRVHG�WR�GLHVHO�30��DV�ZHOO�DV�WR�JHRORJLF�GXVW�SDUWLFOHV�IURP�PHFKDQLFDO�
SURFHVVHV��)LUHÀJKWHUV��HVSHFLDOO\�WKRVH�ZKR�FRPEDW�ZLOGÀUHV��PD\�EH�VXEMHFW�WR�H[WUHPHO\�KLJK�
DFXWH�H[SRVXUHV�WR�30��-DQLWRULDO�ZRUNHUV�PD\�EH�H[SRVHG�WR�KLJK�OHYHOV�RI�30�LQ�WKH�LQGRRU�
HQYLURQPHQW�ZKHQ�WKH\�XVH�FOHDQLQJ�SURGXFWV�WKDW�FRQWDLQ�FKHPLFDOV�ZKLFK�UHDFW�ZLWK�DPELHQW�
R]RQH�WR�IRUP�30��5HVHDUFKHUV��0RUDZVND�HW�DO��������KDYH�IRXQGV�WKDW�SHRSOH�ZKR�ZRUN�LQ�RIÀFH�
EXLOGLQJV�PD\�EH�H[SRVHG�WR�30��DV�ZHOO�DV�92&V��IURP�SULQWHUV��

%ULJKDP�DQG�:RPDQ·V�+HDOWK�+RVSLWDO�FRQGXFWHG�D�VWXG\��/DGHQ�HW�DO��������RI�PRUWDOLW\�SDWWHUQV�
DVVRFLDWHG�ZLWK�MRE�VSHFLÀF�H[SRVXUH�WR�ÀQH�SDUWLFXODWH�DQG�HVSHFLDOO\�SDUWLFXODWH�PDWWHU�IURP�
YHKLFOH�H[KDXVW��7KH\�H[DPLQHG�UDWHV�RI�FDXVH�VSHFLÀF�PRUWDOLW\�DQG�FRPSDUHG�WKLV�WR�WKH�JHQHUDO�
SRSXODWLRQ��7KLV�VWXG\�FRQFOXGHG�WKDW�LQ�WKH�8�6��WUXFNLQJ�LQGXVWU\�WKHUH�ZDV�DQ�H[FHVV�RI�PRUWDOLW\�
GXH�WR�OXQJ�FDQFHU�DQG�KHDUW�GLVHDVH�SDUWLFXODUO\�DPRQJ�GULYHUV��

summary

3RSXODWLRQ�H[SRVXUH�WR�30�LV�KHDYLO\�GHSHQGHQW�RQ�LQGLYLGXDO�DFWLYLW\�SDWWHUQV�DQG�WKH�W\SHV�RI�30�
HPLVVLRQV�VRXUFHV�WKDW�SHRSOH�DUH�H[SRVHG�WR�LQ�WKH�FRXUVH�RI�WKHLU�GD\�WR�GD\�DFWLYLWLHV��30�OHYHOV��
DQG�SRSXODWLRQ�H[SRVXUH�WR�30��PD\�EH�JUHDWO\�HOHYDWHG�LQ�FHUWDLQ�PLFUR�HQYLURQPHQWV��VXFK�DV�LQ�
YHKLFOH��QHDU�URDGZD\��DQG�LQ�WKH�KRPH��

7KH�NH\�WR�DYRLGLQJ�QHJDWLYH�KHDOWK�LPSDFWV�IURP�30�LV�WR�UHGXFH�SRSXODWLRQ�H[SRVXUH�WR�30�DPRQJ�
%D\�$UHD�UHVLGHQWV��5HFRJQL]LQJ�WKH�LPSRUWDQFH�RI�UHGXFLQJ�SRSXODWLRQ�H[SRVXUH�WR�DLU�SROOXWDQWV��WKH�
$LU�'LVWULFW�KDV�EHHQ�ZRUNLQJ�WR�LGHQWLI\�DUHDV�WKDW�DUH�GLVSURSRUWLRQDWHO\�LPSDFWHG�DQG�LPSOHPHQWLQJ�
SROLFLHV�DQG�SURJUDPV�WR�SURWHFW�WKHVH�FRPPXQLWLHV��DV�GHVFULEHG�LQ�6HFWLRQ���

%XW�WR�EHWWHU�SURWHFW�SXEOLF�KHDOWK��ZH�QHHG�WR�LPSURYH�RXU�XQGHUVWDQGLQJ�RI�SRSXODWLRQ�H[SRVXUH�WR�
30�LQ�WKH�%D\�$UHD��)XWXUH�VWHSV�WR�HQKDQFH�RXU�XQGHUVWDQGLQJ�RI�SRSXODWLRQ�H[SRVXUH�WR�30�DUH�
GLVFXVVHG�LQ�6HFWLRQ���

6LPSOH�VWHSV�WKDW�%D\�$UHD�UHVLGHQWV�FDQ�WDNH�WR�UHGXFH�WKHLU�H[SRVXUH�WR�30�LQ�WKH�FRXUVH�RI�WKHLU�
GD\�WR�GD\�DFWLYLWLHV�DUH�DOVR�GHVFULEHG�LQ�6HFWLRQ���
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E64F;A@��ͻ4͛�B?�2@5�4>;?2F6�4:2@86
This section describes the complex interplay between particulate matter and climate change, 
including how PM affects climate, as well as how higher temperatures due to climate change 
may impact local PM levels. 

$OWKRXJK�PRUH�ZRUN�LV�QHHGHG�WR�IXOO\�GLVFHUQ�WKH�FRQQHFWLRQV��UHVHDUFK�UHYHDOV�D�WZR�ZD\�
UHODWLRQVKLS�LQ�ZKLFK�DLU�SROOXWDQWV�LPSDFW�WKH�FOLPDWH�DW�ERWK�WKH�ORFDO�DQG�JOREDO�VFDOH��ZKLOH�
FKDQJHV�LQ�FOLPDWH�LPSDFW�DLU�TXDOLW\��0RVW�GLVFXVVLRQ�KDV�IRFXVHG�RQ�WKH�QHHG�WR�UHGXFH�HPLVVLRQV�
RI�FDUERQ�GLR[LGH�DQG�RWKHU�JUHHQKRXVH�JDVHV��EXW�UHVHDUFKHUV�KDYH�IRXQG�WKDW�SDUWLFXODWH�PDWWHU�
DOVR�DIIHFWV�WKH�FOLPDWH��HVSHFLDOO\�WKH�W\SH�RI�30�NQRZQ�DV�EODFN�FDUERQ�

:^f�B?�2ŪRPcb�4ZW\McR�4VM]UR

7KH�WKLQ�DWPRVSKHUH�WKDW�VXUURXQGV�WKH�(DUWK�HQDEOHV�RXU�SODQHW�WR�VXSSRUW�OLIH�DQG�WKH�FRPSOH[�
HFRV\VWHPV�WKDW�VXVWDLQ�XV��7KHUH�LV�LUUHIXWDEOH�VFLHQWLÀF�HYLGHQFH�
WKDW�WKH�(DUWK·V�DWPRVSKHUH�LV�JHWWLQJ�KRWWHU��DQG�WKDW�D�ZLGH�UDQJH�
RI�KXPDQ�DFWLYLWLHV��VXFK�DV�FRPEXVWLRQ�RI�IRVVLO�IXHOV��HPLW�FDUERQ�
GLR[LGH��&2���DQG�RWKHU�greenhouse gases �*+*��WKDW�DUH�EXLOGLQJ�XS�
LQ�WKH�DWPRVSKHUH�DQG�FKDQJLQJ�WKH�FOLPDWH�DW�WKH�JOREDO�VFDOH��7KH�
HIIHFWV�RI�WKLV�PDQ�PDGH�JOREDO�KHDWLQJ�DUH�DOUHDG\�EHLQJ�H[SHULHQFHG�
LQ�&DOLIRUQLD�DQG�RQ�D�JOREDO�EDVLV�LQ�WHUPV�RI�WHPSHUDWXUH�WUHQGV��
H[WUHPH�ZHDWKHU�HYHQWV��H�J���GURXJKW��IUHTXHQF\�DQG�LQWHQVLW\�RI�
KXUULFDQHV�DQG�F\FORQHV���VHD�OHYHO�ULVH��FKDQJHV�LQ�SUHFLSLWDWLRQ�
SDWWHUQV��WKH�IUHTXHQF\�DQG�LQWHQVLW\�RI�ZLOGÀUHV��FKDQJHV�LQ�KDELWDW�IRU�
ÁRUD�DQG�IDXQD��HWF�

(IIRUWV�WR�GDWH�WR�SURWHFW�WKH�FOLPDWH�KDYH�IRFXVHG�SULPDULO\�RQ�UHGXFLQJ�
PDQ�PDGH�HPLVVLRQV�RI�*+*V�WKDW�WUDS�VRODU�UDGLDWLRQ��KHDW��WKDW�ZRXOG�
QRUPDOO\�HVFDSH�EDFN�LQWR�VSDFH��5HGXFLQJ�HPLVVLRQV�RI�&2��KDV�EHHQ�WKH�PDLQ�IRFXV�RI�FOLPDWH�
SURWHFWLRQ�HIIRUWV�WR�GDWH��EHFDXVH�RQ�D�PDVV�EDVLV�HPLVVLRQV�RI�&2��GZDUI�WKH�RWKHU�*+*V��DQG�
EHFDXVH�&2��UHPDLQV�LQ�WKH�DWPRVSKHUH�IRU�D�YHU\�ORQJ�WLPH��

+RZHYHU��LQ�UHFHQW�\HDUV�UHVHDUFKHUV�KDYH�GLVFRYHUHG�WKDW�RWKHU�VKRUW�OLYHG�DLU�SROOXWDQWV��LQFOXGLQJ�
SDUWLFXODWH�PDWWHU�DQG�WURSRVSKHULF�R]RQH��DOVR�DIIHFW�WKH�FOLPDWH��$OWKRXJK�WKH�HIIHFWV�DUH�FRPSOH[��
WKHUH�LV�HYLGHQFH�WKDW�FHUWDLQ�W\SHV�RI�SDUWLFXODWH�PDWWHU��HVSHFLDOO\�black carbon��FDQ�KDYH�D�
SRWHQW�HIIHFW�LQ�KHDWLQJ�WKH�FOLPDWH�DW�ERWK�WKH�ORFDO�VFDOH��LQ�WKH�DUHD�ZKHUH�30�LV�HPLWWHG��DQG�WKH�
JOREDO�VFDOH��,Q�UHVSRQVH�WR�WKLV�UHVHDUFK��WKHUH�LV�D�JURZLQJ�UHFRJQLWLRQ�WKDW�ZH�QHHG�WR�LQFRUSRUDWH�
VWUDWHJLHV�WR�UHGXFH�HPLVVLRQV�RI�EODFN�FDUERQ�LQWR�FOLPDWH�SURWHFWLRQV�HIIRUWV��5HGXFLQJ�EODFN�
FDUERQ�FDQ�KHOS�WR�VORZ�WKH�UDWH�RI�DWPRVSKHULF�KHDWLQJ�LQ�WKH�QHDU�WHUP��ZKLOH�DOVR�SURWHFWLQJ�
DLU�TXDOLW\�DQG�SXEOLF�KHDOWK��(PLVVLRQ�FRQWURO�RSSRUWXQLWLHV�WKDW�SURYLGH�FR�EHQHÀWV�LQ�WHUPV�RI�
SURWHFWLQJ�ERWK�DLU�TXDOLW\�DQG�WKH�FOLPDWH�DUH�KLJKO\�GHVLUDEOH�IURP�WKH�SROLF\�SHUVSHFWLYH��

 certain types of 
Pm, especially 

black carbon, can 
have a potent 
RŪRPc�W]�VRMcW]U�

the climate.

47Understanding particUlate matter  |   2012   |   Bay area air Quality management district



climate Forcing

&OLPDWH�FKDQJH�LV�SULPDULO\�FDXVHG�E\�PDQ�PDGH�DFWLYLWLHV�WKDW�LPSDFW�WKH�(DUWK·V�HQHUJ\�EDODQFH�
�'HQPDQ�HW�DO��,3&&���������(QHUJ\�FRQVWDQWO\�ÁRZV�WR�WKH�(DUWK�LQ�WKH�IRUP�RI�VXQOLJKW�DQG�RWKHU�
IRUPV�RI�VRODU�UDGLDWLRQ��6RPH�RI�WKLV�VRODU�HQHUJ\�LV�UHÁHFWHG�EDFN�LQWR�VSDFH��DQG�WKH�UHVW�LV�
DEVRUEHG�E\�WKH�SODQHW�DQG�VWRUHG�LQ�WKH�DWPRVSKHUH��DV�ZHOO�DV�LQ�RFHDQV��IRUHVWV��HWF��)DFWRUV�
H[WHUQDO�WR�WKH�QDWXUDO�HQHUJ\�V\VWHP�²�VR�FDOOHG�external forcings���FDQ�GLVWXUE�WKH�(DUWK·V�HQHUJ\�
EDODQFH��7KHVH�H[WHUQDO�IRUFLQJV�FDQ�EH�SRVLWLYH�RU�QHJDWLYH��3RVLWLYH�IRUFHUV��VXFK�DV�FDUERQ�GLR[LGH��
PHWKDQH��DQG�RWKHU�JUHHQKRXVH�JDVHV��FDXVH�PRUH�RI�WKH�VXQ·V�HQHUJ\�WR�EH�UHWDLQHG�E\�WKH�SODQHW��
,Q�FRQWUDVW��QHJDWLYH�IRUFHUV��VXFK�DV�YROFDQLF�GXVW�WKDW�UHÁHFWV�VXQOLJKW�EDFN�LQWR�VSDFH��FDXVH�OHVV�
RI�WKH�VXQ·V�HQHUJ\�WR�EH�UHWDLQHG�E\�WKH�SODQHW��7KH�RYHUDOO�LPSDFW�RI�KXPDQ�DFWLYLWLHV�RQ�WKH�FOLPDWH�
GHSHQGV�XSRQ�WKH�QHW�VXP�RI�SRVLWLYH�DQG�QHJDWLYH�IRUFLQJV�FDXVHG�E\�D�ZLGH�VSHFWUXP�RI�PDQ�PDGH�
DFWLYLWLHV��LQFOXGLQJ�HPLVVLRQV�RI�*+*V�DQG�RWKHU�DLU�SROOXWDQWV��DJULFXOWXUH�DQG�IRUHVWU\�SUDFWLFHV��
ODQG�GHYHORSPHQW�DQG�URDG�SDYLQJ�WKDW�DIIHFW�WKH�UHÁHFWLYLW\��DOEHGR��RI�WKH�(DUWK·V�VXUIDFH��

4ZW\McR�7^aPW]U�6ŪRPcb�^S�BMacWPdZMcR�?MccRa�͈B?͉

3DUWLFXODWH�PDWWHU�LV�FRPSRVHG�RI�VROLG�RU�OLTXLG�SDUWLFOHV�WKDW�DUH�VXVSHQGHG�LQ�WKH�DLU��WKHVH�
particles are sometimes referred to as atmospheric aerosols.�)LQH�SDUWLFOHV�DIIHFW�WKH�FOLPDWH�
E\�PHDQV�RI�VHYHUDO�GLUHFW�DQG�LQGLUHFW�SURFHVVHV��VRPH�RI�ZKLFK�KHDW��DQG�RWKHUV�RI�ZKLFK�FRRO��
WKH�FOLPDWH��$OO�30�LQ�WKH�DWPRVSKHUH�FDQ�DIIHFW�WKH�(DUWK·V�FOLPDWH�HLWKHU�E\�DEVRUELQJ�OLJKW�RU�E\�
VFDWWHULQJ�OLJKW��3DUWLFOHV�WKDW�DEVRUE�VXQOLJKW�DGG�HQHUJ\�WR�WKH�HDUWK·V�V\VWHP��WKH\�DFW�DV�SRVLWLYH�
IRUFHUV�WKDW�OHDG�WR�FOLPDWH�KHDWLQJ��3DUWLFOHV�WKDW�VFDWWHU�OLJKW�LQFUHDVH�WKH�UHÁHFWLRQ�RI�LQFRPLQJ�
VXQOLJKW�EDFN�WR�VSDFH��WKH\�VHUYH�DV�QHJDWLYH�IRUFHUV�WKDW�FRRO�WKH�FOLPDWH��,Q�DGGLWLRQ�WR�WKH�GLUHFW�
HIIHFW�FDXVHG�E\�DEVRUELQJ�RU�VFDWWHULQJ�LQFRPLQJ�VXQOLJKW��ÀQH�SDUWLFOHV�PD\�DOVR�KDYH�LQGLUHFW�
HIIHFWV�RQ�WKH�FOLPDWH�E\�DOWHULQJ�WKH�SURSHUWLHV�RI�FORXGV�LQ�YDULRXV�ZD\V��6�0RUH�DQDO\VLV�LV�QHHGHG�
WR�IXOO\�GHÀQH�WKH�LPSDFWV�RI�SDUWLFOHV�RQ�FORXGV��EXW�UHVHDUFKHUV�KDYH�QRWHG�YDULRXV�GLIIHUHQW�
SURFHVVHV�E\�ZKLFK�DHURVROV�FDQ�DIIHFW�WKH�UHÁHFWLYLW\�DQG�OLIHVSDQ�RI�FORXGV��LQ�ZD\V�WKDW�FDQ�KDYH�
ERWK�KHDWLQJ�DQG�FRROLQJ�HIIHFWV��DV�IXUWKHU�GHVFULEH�EHORZ���7KH������,3&&�UHSRUW�GLVFXVVHV�ÀYH�
SURFHVVHV��-DFREVRQ������OLVWV����SURFHVVHV��

)RU�SXUSRVHV�RI�DQDO\]LQJ�WKH�LPSDFWV�RI�30�RQ�FOLPDWH��VFLHQWLVWV�KDYH�LGHQWLÀHG�VHYHUDO�W\SHV�RI�
FDUERQ��EODFN�FDUERQ��EURZQ�FDUERQ��DQG�RUJDQLF�FDUERQ��7KH�HIIHFW�RI�SULPDU\��GLUHFWO\�HPLWWHG��
30�RQ�VXQOLJKW�VSDQV�D�FRQWLQXXP�IURP�OLJKW�DEVRUELQJ�WR�OLJKW�VFDWWHULQJ��ZLWK�black carbon at the 
OLJKW�DEVRUELQJ�HQG�RI�WKH�VSHFWUXP��PRVW�organic carbon�DW�WKH�RSSRVLWH��OLJKW�VFDWWHULQJ�HQG�RI�
the spectrum, and brown carbon �D�VXEVHW�RI�RUJDQLF�FDUERQ��VRPHZKHUH�LQ�WKH�PLGGOH��7KH�UDWLR�
RI�EODFN�FDUERQ��EURZQ�FDUERQ�DQG�RUJDQLF�FDUERQ�SURGXFHG�E\�IXHO�FRPEXVWLRQ�GHSHQGV�XSRQ�WKH�
VSHFLÀF�IXHO�EHLQJ�EXUQHG�DQG�WKH�W\SH�RI�FRPEXVWLRQ�FRQGLWLRQV��30�HPLWWHG�E\�GLHVHO�HQJLQHV�LV�
SULPDULO\�EODFN�FDUERQ��ZKHUHDV�WKH�30�HPLWWHG�E\�JDVROLQH�HQJLQHV�LV�PRVWO\�RUJDQLF�FDUERQ�

7DEOH�����OLVWV�WKH�PRVW�VLJQLÀFDQW�W\SHV�RI�DQWKURSRJHQLF��PDQ�PDGH��DHURVRO�SDUWLFOHV�LQ�WHUPV�RI�
LPSDFW�RQ�WKH�FOLPDWH��DQG�WKHLU�PRVW�FRPPRQ�VRXUFHV��$W�WKH�JOREDO�VFDOH��WKH�GRPLQDQW�QHJDWLYH�

�� ´$WPRVSKHULF�$HURVRO�3URSHUWLHV�DQG�&OLPDWH�,PSDFWVµ�8�6��&OLPDWH�&KDQJH�6FLHQFH�3URJUDP�6\QWKHVLV�DQG�$VVHVVPHQW�3URGXFW������
January 2009.
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IRUFLQJ�DJHQW�LV�VXOIDWH�7�ZKHUHDV�WKH�GRPLQDQW�SDUWLFOH�DV�D�SRVLWLYH�IRUFLQJ�DJHQW�LV�EODFN�FDUERQ��
%XW�RUJDQLF�FDUERQ��EURZQ�FDUERQ��DQG�DPPRQLXP�QLWUDWH�DOVR�DIIHFW�WKH�FOLPDWH�LQ�YDULRXV�ZD\V�
WKDW�FDQ�KDYH�ERWK�KHDWLQJ�DQG�FRROLQJ�HIIHFWV��,Q�WKH�%D\�$UHD��DPPRQLXP�QLWUDWH�OHYHOV�DUH�
JUHDWHU�WKDQ�VXOIDWHV��

table 1-4 climate-Forcing Properties of Pm components

Negative 
Forcer 

(Cooling 
Agent)

Positive 
Forcer 

(Heating 
Agent)

Direct Effect Indirect Effect Source

Sulfates

; 5HÁHFWV�
VXQOLJKW ,QFUHDVHV�UHÁHFWLYLW\�RI�FORXGV

6HFRQGDU\�30�IRUPHG�
E\�62��HPLVVLRQV�IURP�
IRVVLO�IXHO�EXUQLQJ

Ammonium nitrate

; 5HÁHFWV�
VXQOLJKW ,QFUHDVH�UHÁHFWLYLW\�RI�FORXGV

6HFRQGDU\�30�IRUPHG�
by combination of 
12[�DQG�DPPRQLD�
emissions.

Black carbon

; Absorbs 
VXQOLJKW

���5HGXFHV�UHÁHFWLYLW\�RI�FORXGV��
impacts cloud formation.  
���+HDWV�VQRZ�	�LFH�E\�UHGXFLQJ�
WKHLU�UHÁHFWLYLW\�LQ�SRODU�UHJLRQV�

Incomplete combustion 
of fossil fuels, biofuels, 
DQG�ELRPDVV��ZRRG�
EXUQLQJ�

Brown carbon

;

Absorbs 
some 
ZDYHOHQJWKV�
RI�VXQOLJKW�

Incomplete combustion 
of fossil fuels, biofuels, 
DQG�ELRPDVV��ZRRG�
EXUQLQJ�

2UJDQLF�FDUERQ

"
0LOGO\�
absorbs 
VXQOLJKW

Incomplete combustion 
of fossil fuels, biofuels, 
DQG�ELRPDVV��ZRRG�
EXUQLQJ��

7KH�YDULRXV�SDUWLFOH�W\SHV�DUH�QHYHU�HPLWWHG�LQWR�WKH�DWPRVSKHUH�LQ�LVRODWLRQ��7KH�HPLVVLRQV�
SURGXFHG�E\�D�JLYHQ�FRPEXVWLRQ�SURFHVV�RU�HYHQW�FRQWDLQ�D�PL[WXUH�RI�EODFN�FDUERQ��EURZQ�FDUERQ��

�� 7H[W�IURP�1$6$�)DFW�6KHHW��´:KLOH�D�ODUJH�IUDFWLRQ�RI�KXPDQ�PDGH�DHURVROV�FRPH�LQ�WKH�IRUP�RI�VPRNH�IURP�EXUQLQJ�WURSLFDO�IRUHVWV��WKH�
PDMRU�FRPSRQHQW�FRPHV�LQ�WKH�IRUP�RI�VXOIDWH�DHURVROV�FUHDWHG�E\�WKH�EXUQLQJ�RI�FRDO�DQG�RLO��7KH�FRQFHQWUDWLRQ�RI�KXPDQ�PDGH�VXOIDWH�
DHURVROV�LQ�WKH�DWPRVSKHUH�KDV�JURZQ�UDSLGO\�VLQFH�WKH�VWDUW�RI�WKH�LQGXVWULDO�UHYROXWLRQ��$W�FXUUHQW�SURGXFWLRQ�OHYHOV��KXPDQ�PDGH�VXOIDWH�
DHURVROV�DUH�WKRXJKW�WR�RXWZHLJK�WKH�QDWXUDOO\�SURGXFHG�VXOIDWH�DHURVROV�µ� 
KWWS���ZZZ�QDVD�JRY�FHQWHUV�ODQJOH\�QHZV�IDFWVKHHWV�$HURVROV�KWPO
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DQG�RUJDQLF�FDUERQ��DV�ZHOO�DV�RWKHU�FR�SROOXWDQWV�LQFOXGLQJ�QLWUDWHV�DQG�VXOIDWHV��DQG�YDULRXV�DLU�
WR[LFV��7KH�FOLPDWH�HIIHFWV�IURP�D�JLYHQ�HPLVVLRQV�VRXUFH�ZLOO�GHSHQG�RQ�WKH�PL[�DQG�UDWLR�RI�WKH�
30�FRPSRQHQWV�DQG�RWKHU�FR�SROOXWDQWV��DQG�WKH�ZD\�WKHVH�SROOXWDQWV�LQWHUDFW�LQ�WKH�DWPRVSKHUH��
7KHUHIRUH��XQOLNH�JUHHQKRXVH�JDVHV��WKH�FOLPDWH�HIIHFWV�IURP�DHURVRO�SDUWLFOHV�FDQ�YDU\�UHJLRQDOO\�

Pm as Negative Forcer (cooling agent): sulfates & ammonium Nitrate

$V�GLVFXVVHG�LQ�6HFWLRQ����VXOIDWHV�DQG�DPPRQLXP�QLWUDWH�DUH�WKH�WZR�OHDGLQJ�IRUPV�RI�VHFRQGDU\�
30��IRUPHG�E\�LQWHUDFWLRQ�RI�SUHFXUVRU�FKHPLFDOV�VXFK�DV�62[��12[��DQG�DPPRQLD��1+����6XOIDWH�
SDUWLFOHV�UHÁHFW�VXQOLJKW��WKHUHE\�DFWLQJ�DV�D�QHJDWLYH�IRUFHU��FRROLQJ�DJHQW��RQ�WKH�FOLPDWH��6XOIDWH�
DHURVROV�DOVR�KDYH�DQ�LQGLUHFW�FRROLQJ�HIIHFW�RQ�WKH�FOLPDWH�E\�LQFUHDVLQJ�WKH�UHÁHFWLYLW\�RI�FORXGV��

6XOIDWH�SDUWLFOHV�VHUYH�DV�QXFOHL�IRU�WKH�FRQGHQVDWLRQ�RI�
ZDWHU�YDSRU��KLJKHU�UDWHV�RI�FRQGHQVDWLRQ�LQFUHDVH�WKH�
EULJKWQHVV�RI�FORXGV�DQG�WKXV�WKHLU�UHÁHFWLYLW\��6XOIDWHV�
DQG�RWKHU�DHURVROV�PD\�DOVR�OHQJWKHQ�FORXG�OLIHWLPHV��7KH�
RYHUDOO�LPSDFW�RI�VXOIDWH�DQG�DPPRQLXP�QLWUDWH�SDUWLFOHV�LV�
WR�LQFUHDVH�WKH�(DUWK·V�DWPRVSKHULF�albedo��RU�UHÁHFWLYLW\��
7KLV�FDXVHV�OHVV�VXQOLJKW�WR�UHDFK�WKH�(DUWK�DQG�WKXV�
KDV�D�FRROLQJ�HIIHFW�RQ�WKH�FOLPDWH��7KH�FRROLQJ�HIIHFWV�RI�

VXOIDWHV�DUH�VRPHZKDW�UHJLRQDO�LQ�QDWXUH��WKDW�LV��WKH�FRROLQJ�HIIHFWV�VHHP�WR�EH�FRQFHQWUDWHG�QHDU�
DUHDV�ZKHUH�WKH�HPLVVLRQV�RFFXU��VXFK�DV�DUHDV�RI�LQGXVWULDO�DFWLYLW\�

'XH�WR�WKH�DWPRVSKHULF�SUHVHQFH�RI�VXOIDWH�DQG�QLWUDWH�SDUWLFOHV�ZKLFK�IXQFWLRQ�DV�FRROLQJ�DJHQWV��
WKH�HYLGHQFH�VXJJHVWV�WKDW�WKH�FOLPDWH�KDV�H[SHULHQFHG�OHVV�KHDWLQJ�LQ�UHFHQW�GHFDGHV�WKDQ�ZRXOG�
KDYH�RWKHUZLVH�RFFXUUHG��+RZHYHU��VLQFH�WKHVH�SDUWLFOHV�DUH�KDUPIXO�WR�KXPDQ�KHDOWK��ZH�QHHG�WR�
IXUWKHU�UHGXFH�VXOIDWH�DQG�QLWUDWH�OHYHOV��$V�ZH�UHGXFH�VXOIDWH�DQG�QLWUDWH�OHYHOV�WR�SURWHFW�SXEOLF�
KHDOWK��WKLV�ZLOO�OHQG�LQFUHDVLQJ�XUJHQF\�WR�WKH�QHHG�WR�UHGXFH�HPLVVLRQV�RI�WKH�JUHHQKRXVH�JDVHV��DV�
ZHOO�DV�SDUWLFOHV�VXFK�DV�EODFN�FDUERQ�WKDW�FRQWULEXWH�WR�FOLPDWH�KHDWLQJ�

Pm as Positive Forcer (Heating agent): black carbon & brown carbon 

6HYHUDO�W\SHV�RI�SDUWLFOHV�DFW�DV�KHDWLQJ�DJHQWV��%ODFN�FDUERQ��RIWHQ�UHIHUUHG�WR�DV�´VRRWµ��LV�D�VROLG�
SDUWLFOH�IRUPHG�RI�PRVWO\�SXUH�FDUERQ�WKDW�DEVRUEV�VRODU�UDGLDWLRQ��OLJKW��DW�DOO�ZDYHOHQJWKV��%ODFN�
FDUERQ�KDV�EHHQ�LGHQWLÀHG�DV�D�SRWHQW�FOLPDWH�KHDWLQJ�DJHQW��,Q�IDFW��EODFN�FDUERQ�FDQ�DEVRUE�
D�PLOOLRQ�WLPHV�PRUH�HQHUJ\�WKDQ�FDUERQ�GLR[LGH�SHU�XQLW�RI�PDVV��%ODFN�FDUERQ�LV�EODFN�LQ�FRORU�
EHFDXVH�LW�LV�KLJKO\�HIÀFLHQW�LQ�DEVRUELQJ�DOO�WKH�ZDYHOHQJWKV�RI�OLJKW�LQ�WKH�YLVLEOH�VSHFWUXP��7KH�YDVW�
PDMRULW\�RI�EODFN�FDUERQ�LV�PDQ�PDGH��%ODFN�FDUERQ�LV�SURGXFHG�E\�LQFRPSOHWH�FRPEXVWLRQ�RI�IRVVLO�
IXHOV��ELRIXHOV�DQG�ELRPDVV��ZRRG�EXUQLQJ���

&RPEXVWLRQ�RI�IRVVLO�IXHOV��JDVROLQH��GLHVHO��FRDO��DQG�QDWXUDO�JDV��DQG�ELRPDVV��ZRRG�DQG�
YHJHWDWLRQ��DUH�WKH�PDMRU�VRXUFHV�RI�EODFN�FDUERQ�RQ�D�JOREDO�EDVLV���,Q�JHQHUDO��IRVVLO�IXHO�
FRPEXVWLRQ�IURP�GLHVHO�HQJLQHV��HQHUJ\�SURGXFWLRQ�DQG�LQGXVWULDO�SURFHVVHV�DFFRXQWV�IRU�PRVW�EODFN�
FDUERQ�LQ�GHYHORSHG�FRXQWULHV��ZLWK�WKH�PDMRU�FRQWULEXWLRQ�FRPLQJ�IURP�GLHVHO�HQJLQHV��$SSUR[LPDWHO\�
����RI�WKH�30�LQ�GLHVHO�H[KDXVW�LV�EODFN�FDUERQ���%\�FRQWUDVW��ELRPDVV�EXUQLQJ�SURGXFHV�PRVW�RI�WKH�
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EODFN�FDUERQ�LQ�GHYHORSLQJ�FRXQWULHV���,Q�GHYHORSLQJ�FRXQWULHV��EXUQLQJ�RI�ELRPDVV�RFFXUV�ERWK�WR�
FOHDU�ODQG�DQG�IRU�GRPHVWLF�XVHV�VXFK�DV�FRRNLQJ�DQG�KRPH�KHDWLQJ�

$�UHFHQW�DQDO\VLV�E\�$LU�'LVWULFW�VWDII��EDVHG�RQ�WKH�%D\�$UHD�HPLVVLRQV�LQYHQWRU\�DQG�FKHPLFDO�PDVV�
EDODQFH��&0%��DQDO\VLV�RI�30�FDSWXUHG�RQ�ÀOWHUV��LQGLFDWHV�WKDW�IRVVLO�IXHO�FRPEXVWLRQ�DFFRXQWV�IRU�
DSSUR[LPDWHO\�����RI�EODFN�FDUERQ�HPLVVLRQV��GLHVHO�HQJLQHV�DFFRXQWV�IRU������RWKHU�IRVVLO�IXHOV�
�����LQ�WKH�%D\�$UHD��:RRG�VPRNH�IURP�DOO�VRXUFHV�DFFRXQWV�IRU�����RI�EODFN�FDUERQ�HPLVVLRQV�LQ�
WKH�%D\�$UHD��PRVW�RI�ZKLFK�������LV�SURGXFHG�E\�UHVLGHQWLDO�ZRRG�EXUQLQJ�

&2��DQG�RWKHU�*+*V�KHDW�WKH�DWPRVSKHUH�SULPDULO\�E\�UHWDLQLQJ�KHDW�IURP�WKH�RXWJRLQJ�LQIUDUHG�
UDGLDWLRQ��SURGXFHG�ZKHQ�VXQOLJKW�LV�UHÁHFWHG�RII�WKH�(DUWK·V�VXUIDFH��WKDW�ZRXOG�RWKHUZLVH�HVFDSH�
WKH�DWPRVSKHUH��%\�FRQWUDVW��WKH�LPSDFW�RI�EODFN�FDUERQ�RQ�WKH�FOLPDWH�LV�PRUH�FRPSOH[��,W�DFWV�RQ�
WKH�FOLPDWH�WKURXJK�PXOWLSOH�PHFKDQLVPV�ZKLOH�VXVSHQGHG�DV�D�SDUWLFOH�LQ�WKH�DWPRVSKHUH��DQG�DOVR�
ZKHQ�GHSRVLWHG�RQ�VQRZ�DQG�LFH��7KH�LPSDFW�RI�WKH�EODFN�FDUERQ�KHDWLQJ�PHFKDQLVPV�GHVFULEHG�
EHORZ�FDQ�EH�JUHDWHU�LI�RWKHU�SROOXWDQWV�LQ�WKH�DLU�DGKHUH�WR�WKH�EODFN�FDUERQ��WKXV�PDNLQJ�WKH�
SDUWLFOHV�ELJJHU�DQG�WKHLU�KHDW�DEVRUSWLRQ�JUHDWHU�

'LUHFW�HIIHFW��%ODFN�FDUERQ�DEVRUEV�ERWK�LQFRPLQJ�DQG�RXWJRLQJ�UDGLDWLRQ�RI�DOO�ZDYHOHQJWKV�
�ZKHUHDV�*+*V�RQO\�DEVRUE�RXWJRLQJ�UDGLDWLRQ�LQ�WKH�LQIUDUHG�UDQJH���:KHQ�VXQOLJKW�KLWV�EODFN�FDUERQ�
in the atmosphere, the carbon particle absorbs that solar radiation and heats the atmosphere. Black 
FDUERQ�DOVR�KDV�D�KHDWLQJ�LPSDFW�ZKHQ�LW�DEVRUEV�VRODU�UDGLDWLRQ�UHÁHFWHG�E\�WKH�(DUWK�DQG�FORXGV��
WKXV�UHGXFLQJ�WKH�DPRXQW�RI�KHDW�WKDW�ZRXOG�RWKHUZLVH�UDGLDWH�EDFN�LQWR�VSDFH�

6QRZ�LFH�DOEHGR�HIIHFW��:KHQ�EODFN�FDUERQ�IDOOV�RQ�WR�VQRZ�RU�LFH��LW�GDUNHQV�WKHLU�VXUIDFH��
7KLV�GHFUHDVHV�WKH�UHÁHFWLYLW\��DOEHGR��RI�WKH�VQRZ�RU�LFH��VR�WKDW�PRUH�VXQOLJKW�LV�DEVRUEHG��WKXV�
DFFHOHUDWLQJ�WKH�PHOWLQJ�RI�LFH�FDSV�DQG�JODFLHUV��2Q�D�JOREDO�EDVLV��WKH�DOEHGR�HIIHFW�RI�EODFN�
FDUERQ�RQ�LFH�DQG�VQRZ�DFFRXQWV�IRU�DERXW�����RI�WKH�WRWDO�KHDWLQJ�HIIHFW�RI�EODFN�FDUERQ��+DQVHQ�
	�1D]DUHQNR���������1RQHWKHOHVV��WKH�PHOWLQJ�RI�LFH�FDSV�DQG�JODFLHUV��ZKLFK�UHGXFHV�DQG�DOWHUV�
habitat for key arctic species such as polar bears, is one of the most dramatic manifestations 
RI�FOLPDWH�FKDQJH��,Q�DGGLWLRQ��WKH�LPSDFW�RI�EODFN�FDUERQ�LQ�SRODU�UHJLRQV�LV�RI�VSHFLDO�FRQFHUQ��
EHFDXVH�LW�PD\�OHDG�WR�DEUXSW�WUDQVLWLRQV�RU�´WLSSLQJ�SRLQWVµ��

7ZR�H[DPSOHV�RI�SRWHQWLDO�WLSSLQJ�SRLQW�SKHQRPHQD�LQFOXGH�WKH�PHOWLQJ�RI�LFH�LQ�WKH�$UFWLF�6HD��
DV�ZHOO�DV�WKH�UHOHDVH�IURP�WKDZLQJ�SHUPDIURVW�RI�YDVW�TXDQWLWLHV�RI�&2��DQG�PHWKDQH�ZKLFK�
FRXOG�IXUWKHU�DFFHOHUDWH�WKH�SURFHVV�RI�JOREDO�KHDWLQJ��:KLOH�WKH�PRVW�GUDPDWLF�PDQLIHVWDWLRQV�RI�
WKH�VQRZ�LFH�DOEHGR�HIIHFWV�PD\�RFFXU�LQ�SRODU�UHJLRQV��LW�KDV�LPSOLFDWLRQV�IRU�&DOLIRUQLD�DQG�WKH�
ZHVWHUQ�8�6��DV�ZHOO��)RU�H[DPSOH��RQH�VWXG\��+DGOH\�HW�DO��������KDV�IRXQG�GHSRVLWLRQ�RI�EODFN�
FDUERQ�RQ�VQRZSDFN�LQ�WKH�6LHUUD�1HYDGD�DQG�5RFN\�PRXQWDLQV�FRQWULEXWHV�WR�IDVWHU�PHOWLQJ�RI�
WKH�VQRZSDFN�HDUOLHU�LQ�WKH�VSULQJ��WKXV�UHGXFLQJ�WKH�DPRXQW�RI�VQRZPHOW�WKDW�ZRXOG�QRUPDOO\�
RFFXU�ODWHU�LQ�WKH�VSULQJ�DQG�VXPPHU��7KLV�PD\�KDYH�LPSDFWV�RQ�ZDWHU�VXSSO\�LQ�WKH�ZHVWHUQ�8�6��
E\�UHGXFLQJ�WKH�VXSSO\�WKDW�FDQ�EH�FDSWXUHG�IRU�KXPDQ�XVH��*LYHQ�WKH�LPSRUWDQFH�RI�WKH�6LHUUD�
snowpack to water supplies in California, this could be one of the most important effects of black 
carbon emissions within the state.
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,QGLUHFW�DQG�VHPL�GLUHFW�HIIHFWV��Black carbon also alters the 
SURSHUWLHV�RI�FORXGV��DIIHFWLQJ�FORXG�UHÁHFWLYLW\��SUHFLSLWDWLRQ��DQG�
WKH�VXUIDFH�GLPPLQJ�FDXVHG�E\�FORXG�FRYHU��&ORXGV�SHUPHDWHG�ZLWK�
EODFN�FDUERQ�UHÁHFW�OHVV�VXQOLJKW�EDFN�LQWR�VSDFH��WKXV�FDXVLQJ�PRUH�
heat to be absorbed in the atmosphere. Because these effects are 
VR�FRPSOH[��HVWLPDWLQJ�WKH�LQGLUHFW�KHDWLQJ�HIIHFWV�RI�EODFN�FDUERQ�
and other particles in terms of cloud formation and albedo and 
SUHFLSLWDWLRQ�SDWWHUQV�LV�RQH�RI�WKH�JUHDWHVW�FKDOOHQJHV�IRU�PRGHOHUV�
ZKR�VWXG\�FOLPDWH�FKDQJH��

1HW�HIIHFW�RI�EODFN�FDUERQ��$OWKRXJK�EODFN�FDUERQ�KDV�D�FRPSOH[�
PL[�RI�ERWK�FRROLQJ�DQG�KHDWLQJ�HIIHFWV��WKH�HYLGHQFH�VXJJHVWV�WKDW�LWV�
QHW�FOLPDWH�LPSDFW�LV�SRVLWLYH�IRUFLQJ�ZLWK�VLJQLÀFDQW�FOLPDWH�KHDWLQJ�
potential. In fact, recent studies indicate that black carbon may be 
WKH�VHFRQG�ELJJHVW�FRQWULEXWRU�WR�JOREDO�KHDWLQJ��DIWHU�FDUERQ�GLR[LGH�
�-DFREVRQ��������+RZHYHU��EHFDXVH�RI�WKH�FRPSOH[LWLHV�UHODWHG�WR�
DQDO\]LQJ�WKH�FOLPDWH�LPSDFWV�RI�EODFN�FDUERQ��PRVW�RI�WKH�JOREDO�VFDOH�
FOLPDWH�FKDQJH�PRGHOV�FXUUHQWO\�LQ�XVH�RQO\�FRQVLGHU�EODFN�FDUERQ�LQ�D�VLPSOLÀHG�ZD\�E\�DGGUHVVLQJ�
D�VXEVHW�RI�LWV�YDULRXV�IRUFLQJ�PHFKDQLVPV�

short-term vs. long-term impacts

%ODFN�FDUERQ�W\SLFDOO\�UHPDLQV�VXVSHQGHG�LQ�WKH�DWPRVSKHUH�IRU�D�UHODWLYHO\�VKRUW�WLPH��RQ�WKH�RUGHU�
RI�������GD\V��7KLV�LV�D�YHU\�EULHI�WLPHVSDQ�FRPSDUHG�ZLWK�JUHHQKRXVH�JDVHV�VXFK�DV�PHWKDQH��
ZKLFK�W\SLFDOO\�UHPDLQV�LQ�WKH�DWPRVSKHUH�IRU�DSSUR[LPDWHO\�������\HDUV��RU�FDUERQ�GLR[LGH��&2����
ZKLFK�VWD\V�LQ�WKH�DWPRVSKHUH�IRU�GHFDGHV�RU�HYHQ�XS�WR�KXQGUHGV�RI�\HDUV��%HFDXVH�LWV�DWPRVSKHULF�
WLPHVSDQ�LV�EULHI��WKLV�PHDQV�WKDW�UHGXFLQJ�HPLVVLRQV�RI�EODFN�FDUERQ�LQ�WKH�QHDU�WHUP�ZLOO�SURYLGH�
LPPHGLDWH�FOLPDWH�FRROLQJ�EHQHÀWV��7KLV�FRXOG�PLWLJDWH��LQ�WKH�VKRUW�WHUP��WKH�KHDWLQJ�WKDW�FRQWLQXHV�
WR�RFFXU�LQ�WKH�DEVHQFH�RI�HIIHFWLYH�QDWLRQDO�DQG�LQWHUQDWLRQDO�SROLFLHV�WR�UHGXFH�WKH�RQ�JRLQJ�
LQFUHDVH�LQ�HPLVVLRQV�RI�ORQJHU�OLYHG�*+*�HPLVVLRQV�VXFK�DV�&2��DQG�PHWKDQH��,Q�RWKHU�ZRUGV��
HIIRUWV�WR�UHGXFH�EODFN�FDUERQ�FDQ�\LHOG�LPPHGLDWH�FRROLQJ�EHQHÀWV��WKXV�EX\LQJ�XV�WLPH�WR�DGGUHVV�
WKH�ORQJHU�WHUP�VROXWLRQV�QHHGHG�WR�UHGXFH�ORQJHU�OLYHG�*+*�HPLVVLRQV��

geographic scale of impacts

:KHUHDV�WKH�FOLPDWH�LPSDFWV�RI�WKH�WUDGLWLRQDO�JUHHQKRXVH�JDVHV�DUH�JOREDO�LQ�VFDOH��WKH�HYLGHQFH�
VXJJHVWV�WKDW�WKH�FOLPDWH�LPSDFW�RI�EODFN�FDUERQ�LV�PRUH�ORFDOL]HG�LQ�QDWXUH��&HUWDLQ�UHJLRQV�RI�WKH�
ZRUOG�DUH�PRUH�OLNHO\�WR�EH�LPSDFWHG�E\�EODFN�FDUERQ�KHDWLQJ�HIIHFWV��HLWKHU�GXH�WR�WUDQVSRUW�DQG�
GHSRVLWLRQ��VXFK�DV�SRODU�UHJLRQV��RU�WR�KLJK�OHYHOV�RI�30�HPLVVLRQV�LQ�WKH�UHJLRQ��VXFK�DV�$VLD��7KLV�
KDV�VHYHUDO�LPSOLFDWLRQV��

�� (IIRUWV�WR�UHGXFH�EODFN�FDUERQ�FDQ�EH�WDUJHWHG�RQ�WKH�VRXUFHV�DQG�ORFDWLRQV�
ZKHUH�WKH�KHDWLQJ�HIIHFW�RI�EODFN�FDUERQ�LV�PRVW�GDPDJLQJ��2QH�RI�WKH�JUHDW�
XQNQRZQV�LQ�WHUPV�RI�JOREDO�KHDWLQJ�LV�ZKHUH�DQG�ZKHQ�FOLPDWH�FKDQJH�PD\�

Grinnell Glacier 2005.jpg courtesy  
of the U.S. Geological Survey
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JR�EH\RQG�LUUHYHUVLEOH�WLSSLQJ�SRLQWV�WKDW�FRXOG�WULJJHU�GLVDVWURXV�LPSDFWV��
VXFK�DV�JUHDWO\�DFFHOHUDWHG�PHOWLQJ�RI�WKH�*UHHQODQG�LFH�VKHHW�RU�WKDZLQJ�
SHUPDIURVW��:HOO�WDUJHWHG�HIIRUWV�WR�UHGXFH�EODFN�FDUERQ�HPLVVLRQV�LQ�WKH�
PRVW�VHQVLWLYH�UHJLRQV�PD\�SURYLGH�D�PHDQV�WR�DYHUW�RU�GHOD\�VXFK�WLSSLQJ�
point scenarios.

5HGXFWLRQV�LQ�EODFN�FDUERQ�DW�WKH�ORFDO�OHYHO�ZLOO�SURYLGH�GLUHFW�ORFDO�EHQHÀWV��ERWK�LQ�WHUPV�RI�
UHGXFLQJ�KHDWLQJ�LQ�WKH�VSHFLÀF�UHJLRQ�ZKHUH�WKH�EODFN�FDUERQ�UHGXFWLRQV�RFFXU��DV�ZHOO�DV�UHGXFLQJ�
WKH�VHULRXV�KHDOWK�LPSDFWV�UHODWHG�WR�H[SRVXUH�WR�30�DQG�EODFN�FDUERQ�

brown carbon

7KH�WHUP�´EURZQ�FDUERQµ�UHIHUV�WR�RUJDQLF�FDUERQ�FRPSRXQGV�WKDW�DEVRUE�YLVLEOH�DQG�RU�XOWUDYLROHW�
OLJKW��DQG�WKXV�KHDW�WKH�DWPRVSKHUH��/LNH�EODFN�FDUERQ��LW�LV�D�SURGXFW�RI�LQFRPSOHWH�FRPEXVWLRQ��%URZQ�
FDUERQ�FRPSRXQGV�DUH�FKHPLFDOO\�GLYHUVH��VR�WKDW�WKH�ZDYHOHQJWKV�RI�OLJKW�WKH\�DEVRUE��DQG�WKXV�WKHLU�
FRORU��YDU\��7KH�PL[WXUH�RI�FRORUV�RI�EURZQ�FDUERQ�FRPSRXQGV�DSSHDUV�EURZQ�WR�WKH�KXPDQ�H\H��7KH�WRWDO�
TXDQWLW\�RI�VRODU�HQHUJ\�DEVRUEHG�E\�D�EURZQ�FDUERQ�PL[WXUH�GHSHQGV�XSRQ�WKH�PROHFXODU�VWUXFWXUH�RI�
WKH�FRPSRXQGV�DQG�WKH�WRWDO�PDVV�RI�PDWHULDO��7KH�QHW�FRQWULEXWLRQ�RI�EURZQ�FDUERQ�WR�FOLPDWH�FKDQJH�LV�
SUHVHQWO\�XQFHUWDLQ��WKLV�UHSUHVHQWV�D�NH\�JDS�LQ�RXU�XQGHUVWDQGLQJ�RI�WKH�QHW�LPSDFW�RI�30�RQ�FOLPDWH�

Net impact of Pm on the climate

$VVHVVLQJ�WKH�QHW�LPSDFW�RI�30�RQ�WKH�FOLPDWH�V\VWHP�LV�FKDOOHQJLQJ��,W�UHTXLUHV�DQDO\]LQJ�WKH�PL[�
RI�WKH�YDULRXV�SDUWLFOH�W\SHV�LQ�WKH�DWPRVSKHUH�LQ�D�JLYHQ�UHJLRQ��DQG�WKHQ�HYDOXDWLQJ�WKH�GLIIHUHQW�
KHDWLQJ�DQG�RU�FRROLQJ�SURSHUWLHV��ERWK�GLUHFW�HIIHFWV�DQG�WKH�GLYHUVH�LQGLUHFW�HIIHFWV��IRU�HDFK�
SDUWLFOH�W\SH��$QG�EHFDXVH�ÀQH�SDUWLFOHV�DUH�JHQHUDOO\�VKRUW�OLYHG�LQ�WKH�DWPRVSKHUH��LW�LV�GLIÀFXOW�WR�
PHDVXUH�WKHP�RQ�D�JOREDO�VFDOH�

'HVSLWH�WKH�XQFHUWDLQWLHV��WKH�DYDLODEOH�HYLGHQFH�VXJJHVWV�WKDW��HYHQ�WKRXJK�EODFN�FDUERQ�DQG�
EURZQ�FDUERQ�KDYH�D�KHDWLQJ�HIIHFW��ÀQH�SDUWLFOHV�DV�D�ZKROH�FXUUHQWO\�KDYH�D�QHW�FRROLQJ�HIIHFW�
on the climate.��,Q�IDFW��D�UHFHQW�VWXG\��6ULYHU�������OHG�E\�WKH�1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF�
$GPLQLVWUDWLRQ�IRXQG�WKDW�D�UDSLG�EXLOG�XS�RI�DHURVROV��ÀQH�SDUWLFOHV��LQ�WKH�VWUDWRVSKHUH�RYHU�WKH�
SDVW�GHFDGH�KDV�RIIVHW�DERXW�RQH�WKLUG�RI�WKH�FOLPDWH�KHDWLQJ�LQÁXHQFH�RI�&2��GXULQJ�WKLV�SHULRG��
7KH�12$$�VWXG\�FRQFOXGHV�WKDW�WKH�DPRXQW�RI�DHURVROV�LQ�WKH�VWUDWRVSKHUH�ZLOO�SOD\�DQ�LPSRUWDQW�SDUW�
LQ�GHWHUPLQLQJ�WKH�RYHUDOO�FKDQJH�LQ�FOLPDWH�LQ�FRPLQJ�GHFDGHV��$V�QRWHG�DERYH��LW�LV�LPSRUWDQW�WR�
UHGXFH�HPLVVLRQV�RI�ÀQH�SDUWLFOHV�WR�SURWHFW�SXEOLF�KHDOWK��EXW�GRLQJ�VR�PD\�H[DFHUEDWH�WKH�FKDOOHQJH�
ZH�IDFH�LQ�DWWHPSWLQJ�WR�FRQWURO�WKH�FOLPDWH�KHDWLQJ�LPSDFWV�RI�JUHHQKRXVH�JDVHV�DQG�EODFN�FDUERQ��

�� 6WUDWRVSKHULF�3ROOXWLRQ�+HOSV�6ORZ�*OREDO�:DUPLQJ�µ�'DYLG�%LHOOR��6FLHQWLÀF�$PHULFDQ��-XO\�����������ZZZ�VFLHQWLÀFDPHULFDQ�FRP�DUWLFOH�
FIP"LG VWUDWRVSKHULF�SROOXWLRQ�KHOSV�VORZ�JOREDO�ZDUPLQJ� 
4XRWH�IURP�WKLV�DUWLFOH��´%\�DQDO\]LQJ�VDWHOOLWH�GDWD�DQG�RWKHU�PHDVXUHV��'DQLHO�DQG�KLV�FROOHDJXHV�IRXQG�WKDW�VXFK�DHURVROV�KDYH�EHHQ�
RQ�WKH�ULVH�LQ�(DUWK·V�DWPRVSKHUH�LQ�WKH�SDVW�GHFDGH��QHDUO\�GRXEOLQJ�LQ�FRQFHQWUDWLRQ��7KDW�FRQFHQWUDWLRQ�KDV�UHÁHFWHG�URXJKO\�����ZDWWV�
SHU�PHWHU�VTXDUHG�RI�VXQOLJKW�DZD\�IURP�WKH�SODQHW��HQRXJK�WR�RIIVHW�URXJKO\�RQH�WKLUG�RI�WKH������ZDWWV�SHU�PHWHU�VTXDUHG�RI�H[WUD�KHDW�
WUDSSHG�E\�ULVLQJ�DWPRVSKHULF�FRQFHQWUDWLRQV�RI�JUHHQKRXVH�JDVHV�VXFK�DV�FDUERQ�GLR[LGH��7KH�UHVHDUFKHUV�FDOFXODWH�WKDW�WKH�DHURVROV�
SUHYHQWHG������GHJUHHV�&HOVLXV�RI�ZDUPLQJ�LQ�DYHUDJH�WHPSHUDWXUHV�VLQFH������µ
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$LU�'LVWULFW�VWDII�KDV�SHUIRUPHG�D�SUHOLPLQDU\�DQDO\VLV�WR�H[DPLQH�KRZ�GHFUHDVLQJ�30�OHYHOV�LQ�WKH�
%D\�$UHD�PD\�EH�DIIHFWLQJ�WKH�ORFDO�FOLPDWH���6WDII�ORRNHG�DW�S\UDQRPHWHU9�UHDGLQJV�IRU�WKUHH�VLWHV�

ZLWK�GDWD�VWUHWFKLQJ�EDFN�WR�������%HWKHO�,VODQG��
6DQWD�5RVD�DQG�6DQ�0DUWLQ���7KH�GDWD�VXJJHVW�WKDW�
LQVRODWLRQ��WKH�DPRXQW�RI�VRODU�UDGLDWLRQ�KLWWLQJ�WKH�
HDUWK·V�VXUIDFH��IRU�WKHVH�VLWHV�KDV�LQFUHDVHG�RQ�WKH�
RUGHU�RI���:DWWV�P2�SHU�GHFDGH��RU�DERXW����SHU�
GHFDGH���7KLV�ÀQGLQJ��WKRXJK�SUHOLPLQDU\��LV�FRQVLVWHQW�
ZLWK�WKH�UHVXOWV�IURP�RQH�SDSHU��:LOG�HW�DO��������
ZKLFK�IRXQG�WKDW�VXUIDFH�QHW�UDGLDWLRQ�RYHU�ODQG�
UDSLGO\�LQFUHDVHG�E\�DERXW���:�P��SHU�GHFDGH�RQ�D�
JOREDO�EDVLV�IRU�WKH����\HDU�SHULRG�����²�����

$Q�$SULO������VWXG\��/HLEHQVSHUJHU�HW�DO���E\�WKH�+DUYDUG�6FKRRO�RI�(QJLQHHULQJ�	�$SSOLHG�6FLHQFHV�
DOVR�VKHGV�OLJKW�RQ�WKH�FRROLQJ�HIIHFW�RI�VXOIDWH�SDUWLFOHV�DQG�RWKHU�DHURVROV��7KH�+DUYDUG�VWXG\�IRXQG�
WKDW�LQ�WKH�ODWHU�SDUW�RI�WKH���WK�FHQWXU\�SDUWLFXODWH�SROOXWLRQ�FUHDWHG�D�´FROG�SDWFKµ�RYHU�WKH�HDVWHUQ�
8QLWHG�6WDWHV�ZKHUH�WKH�HIIHFWV�RI�JOREDO�ZDUPLQJ�ZHUH�WHPSRUDULO\�REVFXUHG��,Q�DGGLWLRQ�WR�GLUHFWO\�
VFDWWHULQJ�LQFRPLQJ�VXQOLJKW��WKH�SDUWLFOHV�DOVR�KHOSHG�IRUP�FORXGV�WKDW�IXUWKHU�UHÁHFWHG�VXQOLJKW��
WKXV�LQGLUHFWO\�OHDGLQJ�WR�JUHDWHU�FRROLQJ�DW�WKH�HDUWK·V�VXUIDFH��7KH�VWXG\�IRXQG�WKDW�DV�D�UHVXOW�
RI�HIIRUWV�WR�UHGXFH�VXOIDWHV�DQG�RWKHU�SDUWLFOHV�LQ�UHFHQW�\HDUV�WR�SURWHFW�SXEOLF�KHDOWK��WKLV�´FROG�
SDWFKµ�HIIHFW�KDV�QRZ�EHHQ�ODUJHO\�UHPRYHG��,Q�WKH�ZRUGV�RI�WKH�DXWKRUV��´:KDW�ZH·YH�VKRZQ�LV�WKDW�
SDUWLFXODWH�SROOXWLRQ�RYHU�WKH�HDVWHUQ�8QLWHG�6WDWHV�KDV�GHOD\HG�WKH�ZDUPLQJ�WKDW�ZH�ZRXOG�H[SHFW�WR�
VHH�IURP�LQFUHDVLQJ�JUHHQKRXVH�JDVHV��)RU�WKH�VDNH�RI�SURWHFWLQJ�KXPDQ�KHDOWK�DQG�UHGXFLQJ�DFLG�
UDLQ��ZH·YH�QRZ�FXW�WKH�HPLVVLRQV�WKDW�OHDG�WR�SDUWLFXODWH�SROOXWLRQ��EXW�WKHVH�FXWV�KDYH�FDXVHG�WKH�
JUHHQKRXVH�ZDUPLQJ�LQ�WKLV�UHJLRQ�WR�UDPS�XS�WR�PDWFK�WKH�JOREDO�WUHQG��1R�RQH�LV�VXJJHVWLQJ�WKDW�
ZH�VKRXOG�VWRS�LPSURYLQJ�DLU�TXDOLW\��EXW�LW·V�LPSRUWDQW�WR�XQGHUVWDQG�WKH�FRQVHTXHQFHV��&OHDULQJ�WKH�
DLU�FRXOG�OHDG�WR�UHJLRQDO�ZDUPLQJ�µ�

,Q�DQDO\]LQJ�WKH�HIIHFWV�RI�30�RQ�FOLPDWH��RQH�RI�WKH�NH\�WHFKQLFDO�LVVXHV�LV�KRZ�WR�FRPSDUH�WKH�
FOLPDWH�IRUFLQJ�HIIHFWV�RI�ÀQH�SDUWLFOHV�ZLWK�WKH�HIIHFWV�RI�FDUERQ�GLR[LGH�DQG�RWKHU�JUHHQKRXVH�
JDVHV��$�PHWULF�FDOOHG�Global Warming Potential �*:3��LV�JHQHUDOO\�XVHG�WR�FRPSDUH�WKH�KHDWLQJ�
SRWHQWLDO�RI�YDULRXV�JUHHQKRXVH�JDVHV�LQ�FRPSDULVRQ�WR�FDUERQ�GLR[LGH��$OWKRXJK�D�UDQJH�RI�YDOXHV�
KDV�EHHQ�SXEOLVKHG�LQ�WKH�OLWHUDWXUH��WKHUH�LV�DV�\HW�QR�FRQVHQVXV�DV�WR�WKH�DSSURSULDWH�*:3�YDOXH�IRU�
EODFN�FDUERQ�RU�IRU�ÀQH�30�DV�D�ZKROH��WKLV�LV�GXH�WR�WKH�FRPSOH[�FRPELQDWLRQ�RI�KHDWLQJ�DQG�FRROLQJ�
HIIHFWV�GHVFULEHG�DERYH��DV�ZHOO�DV�WKH�IDFW�WKDW�WKH�LPSDFWV�RI�30�RQ�FOLPDWH�PD\�YDU\�IURP�UHJLRQ�WR�
UHJLRQ�GHSHQGLQJ�XSRQ�WKH�VSHFLÀF�VRXUFHV�DQG�FRPSRVLWLRQ�RI�30�LQ�D�JLYHQ�DUHD��

,Q�FRPSDULQJ�WKH�LPSDFW�RI�GLIIHUHQW�FOLPDWH�IRUFLQJ�DJHQWV��LW�LV�LPSRUWDQW�WR�FRQVLGHU�WKH�GLIIHUHQW�
DWPRVSKHULF�OLIHWLPHV�RI�WKH�YDULRXV�SROOXWDQWV�WKDW�LPSDFW�WKH�FOLPDWH��)RU�H[DPSOH��&2��DQG�
PHWKDQH�UHPDLQ�LQ�WKH�DWPRVSKHUH�IRU�PDQ\�\HDUV��WKHUHIRUH��WKH�EHQHÀW�RI�UHGXFLQJ�WKHVH�JDVHV�
LQ�FRROLQJ�WKH�DWPRVSKHUH�ZLOO�EH�VSUHDG�RYHU�PDQ\�\HDUV��%\�FRQWUDVW��EODFN�FDUERQ�DQG�RWKHU�

�� $�S\UDQRPHWHU�PHDVXUHV�VRODU�LUUDGLDQFH��WKDW�LV��WKH�DPRXQW�RI�VRODU�HQHUJ\�KLWWLQJ�D�ÁDW�KRUL]RQWDO�VXUIDFH���,W�ZRUNV�E\�XVLQJ�D�EODFN�
FRDWHG�ÁDW�GLVN�FDOOHG�D�WKHUPRSLOH��7KH�EODFN�VXUIDFH�DEVRUEV�WKH�VRODU�HQHUJ\�DQG�FRQYHUWV�LW�WR�KHDW���7KH�WKHUPRSLOH�FRQYHUWV�WKLV�
WKHUPDO�HQHUJ\�WR�HOHFWULFDO�HQHUJ\�
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ÀQH�SDUWLFOHV�UHPDLQ�LQ�WKH�DWPRVSKHUH�IRU�MXVW�D�IHZ�GD\V�RU�ZHHNV��WKHUHIRUH��WKH�FRROLQJ�HIIHFW�
IURP�UHGXFLQJ�EODFN�FDUERQ�LV�H[SHULHQFHG�LPPHGLDWHO\��6R�IRU�SXUSRVHV�RI�SROLF\�GHFLVLRQV�ZLWK�D�
VKRUW�WHUP�WLPH�KRUL]RQ��LW�PD\�EH�DSSURSULDWH�WR�JLYH�JUHDWHU�ZHLJKW�WR�EODFN�FDUERQ��VLQFH�UHGXFLQJ�
EODFN�FDUERQ�����SURYLGHV�LPPHGLDWH�FOLPDWH�SURWHFWLRQ�EHQHÀWV�E\�KHOSLQJ�WR�RIIVHW�WKH�ULVH�LQ�
WHPSHUDWXUHV�FDXVHG�E\�WKH�FRQWLQXHG�EXLOG�XS�RI�JUHHQKRXVH�JDVHV�LQ�WKH�DWPRVSKHUH��DQG�����
SURYLGHV�ORFDOL]HG�KHDOWK�EHQHÀWV�E\�UHGXFLQJ�30�FRQFHQWUDWLRQV�DQG�SRSXODWLRQ�H[SRVXUH�WR�30��

impacts of Pm on Precipitation Patterns and storms

,Q�DGGLWLRQ�WR�WKH�LPSDFWV�RI�ÀQH�SDUWLFOHV�RQ�FOLPDWH�VXPPDUL]HG�
DERYH��UHFHQW�VWXGLHV�DOVR�GHVFULEH�SRWHQWLDO�LPSDFWV�RI�30�RQ�
FORXG�IRUPDWLRQ�DQG�SUHFLSLWDWLRQ�SDWWHUQV��$�VWXG\��=KDQTLQJ�
/L�HW�DO��������WKDW�DQDO\]HG�UDLQIDOO�SDWWHUQV�DQG�DHURVRO�OHYHO�
RYHU�D����\HDU�SHULRG�LQ�WKH�VRXWKHUQ�*UHDW�3ODLQV�RI�WKH�8�6��
found that aerosol pollution will suppress cloud formation and 
UHGXFH�SUHFLSLWDWLRQ�LQ�UHODWLYHO\�GU\�HQYLURQPHQWV��&RQYHUVHO\��
aerosols are likely to increase cloud formation and rainfall in the 
VXPPHUWLPH�LQ�DUHDV�ZLWK�DQ�H[LVWLQJ�PRLVW�HQYLURQPHQW��WKXV�
ZRUVHQ�ÁRRGLQJ��7KH�DXWKRUV�FRQFOXGH�WKDW�´7KHVH�ÀQGLQJV�KDYH�
LPSRUWDQW�LPSOLFDWLRQV�IRU�WKH�UHGLVWULEXWLRQ��DYDLODELOLW\��DQG�XVDELOLW\�RI�ZDWHU�UHVRXUFHV�LQ�GLIIHUHQW�
UHJLRQV�RI�WKH�ZRUOG�µ�

impacts of climate change on Pm levels

0HWHRURORJ\�SOD\V�D�FULWLFDO�UROH�LQ�GHWHUPLQLQJ�DLU�SROOXWLRQ�OHYHOV��&OLPDWH�FKDQJH�PD\�LPSDFW�IXWXUH�
30�OHYHOV�E\�DIIHFWLQJ�NH\�PHWHRURORJLFDO�YDULDEOHV�VXFK�DV�VXUIDFH�WHPSHUDWXUH��UHODWLYH�KXPLGLW\��
SUHFLSLWDWLRQ�UDWH�DQG�SDWWHUQV��ZLQG�VSHHG��DQG�PL[LQJ�KHLJKW��YHUWLFDO�PL[LQJ���$WPRVSKHULF�PL[LQJ�LV�
LPSRUWDQW�WR�GLVSHUVH�30�DQG�SUHYHQW�LW�IURP�EXLOGLQJ�XS�LQ�WKH�DLU��VR�DQ\�FOLPDWH�HIIHFWV�WKDW�ZRXOG�
UHGXFH�KRUL]RQWDO�RU�YHUWLFDO�PL[LQJ�FRXOG�OHDG�WR�KLJKHU�DPELHQW�FRQFHQWUDWLRQV�RI�30��,Q�FRQVLGHULQJ�
SRWHQWLDO�LPSDFWV�RI�FOLPDWH�FKDQJH�RQ�IXWXUH�30�OHYHOV��RQH�RI�WKH�PDLQ�FRQFHUQV�LV�WR�GHWHUPLQH�
ZKHWKHU�WKHUH�ZLOO�EH�D�´FOLPDWH�SHQDOW\µ�²�L�H���ZKHWKHU�FOLPDWH�FKDQJH�ZLOO�LQFUHDVH�DPELHQW�30�
OHYHOV��$Q\�VXFK�FOLPDWH�SHQDOW\�ZRXOG�HLWKHU�OHDG�WR�KLJKHU�30�OHYHOV��RU�UHTXLUH�DGGLWLRQDO�FRQWUROV��
EH\RQG�WKRVH�DOUHDG\�HQDFWHG�RU�DQWLFLSDWHG��LQ�RUGHU�WR�DFKLHYH�30�VWDQGDUGV��

5HVHDUFKHUV�DUH�VWLOO�DWWHPSWLQJ�WR�HYDOXDWH�WKH�SRWHQWLDO�LPSDFWV�RI�FOLPDWH�FKDQJH�RQ�IXWXUH�30�
OHYHOV��7KHUH�DUH�PDQ\�IDFWRUV�WKDW�LQWURGXFH�XQFHUWDLQW\�LQWR�WKLV�H[HUFLVH��LQFOXGLQJ�XQFHUWDLQW\�
DERXW�WKH�GHJUHH�RI�IXWXUH�FKDQJH�LQ�WKH�FOLPDWH�DQG�IXWXUH�HPLVVLRQV�RI�30�DQG�LWV�SUHFXUVRUV��
.H\�ÀQGLQJV�IURP�D�-XQH������UHSRUW�WR�$5%�SUHSDUHG�E\�8QLYHUVLW\�RI�&DOLIRUQLD�VFLHQWLVWV�HQWLWOHG�
Climate Change Impact on Air Quality in California�LQFOXGH�WKH�IROORZLQJ�

�� 7KH�LPSDFW�RI�FOLPDWH�KHDWLQJ�RQ�30�OHYHOV�LV�GLIÀFXOW�WR�SLQ�GRZQ�EHFDXVH�
VRPH�RI�WKH�OLNHO\�HIIHFWV�DFW�LQ�RSSRVLWH�GLUHFWLRQV��)RU�H[DPSOH��KLJKHU�
WHPSHUDWXUHV�GLVFRXUDJH�WKH�IRUPDWLRQ�RI�DPPRQLXP�QLWUDWH��D�FRPSRQHQW�
RI�VHFRQGDU\�30�WKDW�FRQVWLWXWHV�D�VL]DEOH�IUDFWLRQ�RI�%D\�$UHD�30�����
+RZHYHU��DV�DQ�RIIVHWWLQJ�HIIHFW��KLJKHU�WHPSHUDWXUHV�ZLOO�DOVR�OHDG�WR�
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LQFUHDVHG�EDFNJURXQG�FRQFHQWUDWLRQV�RI�R]RQH��ZKLFK�HQFRXUDJHV�WKH�
formation of ammonium nitrate. 

�� ,PSDFWV�RI�FOLPDWH�FKDQJH�RQ�30�OHYHOV�PD\�YDU\�E\�UHJLRQ��EXW��RYHUDOO��
FOLPDWH�FKDQJH�LV�H[SHFWHG�WR�KDYH�RQO\�D�VPDOO�HIIHFW�RQ�30�OHYHOV�DQG�
SRSXODWLRQ�H[SRVXUH�WR�30�LQ�&DOLIRUQLD·V�PDMRU�DLU�EDVLQV�RQ�DQ�DQQXDO�
DYHUDJH�EDVLV�

�� &OLPDWH�FKDQJH�LV�OLNHO\�WR�LQFUHDVH�DYHUDJH�ZLQG�VSHHGV�LQ�FRDVWDO�UHJLRQV�
RI�&DOLIRUQLD��WKLV�PD\�OHDG�WR�ORZHU�FRQFHQWUDWLRQV�RI�SULPDU\�30��HVSHFLDOO\�
LQ�FRDVWDO�UHJLRQV��VXFK�DV�WKH�%D\�$UHD�

�� +RZHYHU��FOLPDWH�FKDQJH�PD\�FDXVH�30�OHYHOV�WR�EH�KLJKHU�GXULQJ�H[WUHPH�
SROOXWLRQ�HYHQWV�LQ�WKH�IXWXUH��EHFDXVH�IXWXUH�VWDJQDWLRQ�HYHQWV�ZKLFK�WUDS�
SROOXWDQWV�FORVH�WR�WKH�HPLVVLRQV�VRXUFH�ZLOO�LQFUHDVH�LQ�VWUHQJWK�

;]PaRMbRQ�IWZQŬaRb

&OLPDWH�FKDQJH�PD\�FDXVH�DQ�LQFUHDVH�LQ�WKH�IUHTXHQF\�DQG�VHYHULW\�RI�ZLOGÀUHV�E\�DOWHULQJ�VQRZPHOW�
DQG�SUHFLSLWDWLRQ�SDWWHUQV��$W�OHDVW�RQH�VWXG\��:HVWHUOLQJ��HW�DO��������KDV�IRXQG�DQ�DVVRFLDWLRQ�
EHWZHHQ�FOLPDWH�FKDQJH�DQG�LQFUHDVHG�ZLOGÀUHV�LQ�IRUHVWV�LQ�WKH�ZHVWHUQ�86��:LOGÀUHV�FDQ�HPLW�
KXJH�TXDQWLWLHV�RI�ÀQH�SDUWLFOHV�VXFK�DV�EODFN�FDUERQ��DV�ZHOO�DV�RWKHU�DLU�SROOXWDQWV��VXFK�DV�FDUERQ�
PRQR[LGH��12[��DQG�DLU�WR[LFV��0RVW�RI�WKH�SDUWLFOHV�IURP�ZLOGÀUHV�DUH�LQ�WKH�YHU\�ÀQH�VL]H�UDQJH��
WKH�W\SHV�RI�SDUWLFOHV�WKDW�FDQ�PRVW�HIIHFWLYHO\�SHQHWUDWH�GHHS�LQWR�WKH�OXQJV��:LOGÀUHV�FDQ�FDXVH�
GUDPDWLF�VKRUW�WHUP�VSLNHV�LQ�SROOXWLRQ�OHYHOV��DQG�JUHDWO\�LQFUHDVH�SRSXODWLRQ�H[SRVXUH�WR�30�DQG�
RWKHU�KDUPIXO�SROOXWDQWV��7KH�RXWEUHDN�RI�ZLOGÀUHV�WKDW�VZHSW�DFURVV�&DOLIRUQLD�LQ�ODWH�-XQH������
FDXVHG�DPELHQW�FRQFHQWUDWLRQV�RI�R]RQH�DQG�30�WR�VRDU�WR�XQSUHFHGHQWHG�OHYHOV�10 A recent study 
�:HJHVVHU�HW�DO��������IRXQG�WKDW�WKH�30�FRQFHQWUDWLRQV�QRW�RQO\�UHDFKHG�KLJK�OHYHOV��EXW�WKDW�WKH�
30�UHOHDVHG�E\�WKHVH�-XQH������ÀUHV�ZDV�PXFK�PRUH�WR[LF�WKDQ�WKH�30�PRUH�W\SLFDOO\�SUHVHQW�LQ�WKH�
&DOLIRUQLD�DWPRVSKHUH��6PRNH�IURP�ZLOGÀUHV�FDQ�FDXVH�D�YDULHW\�RI�DFXWH�KHDOWK�HIIHFWV��LQFOXGLQJ�
LUULWDWLRQ�RI�WKH�H\HV�DQG�WKH�UHVSLUDWRU\�WUDFW��UHGXFHG�OXQJ�IXQFWLRQ��EURQFKLWLV��H[DFHUEDWLRQ�RI�
asthma, and premature death. 

10� 'XULQJ�WKH�ÀQDO�ZHHN�RI�-XQH�������30����OHYHOV�LQFUHDVHG�ÀYH�RU�WHQ�IROG�FRPSDUHG�WR�QRUPDO�UHDGLQJV�DW�VHYHUDO�%D\�$UHD�PRQLWRULQJ�
stations.
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,Q�DGGLWLRQ�WR�WKHVH�KHDOWK�HIIHFWV��ZLOGÀUHV�DOVR�UHOHDVH�LPPHQVH�TXDQWLWLHV�RI�FDUERQ�GLR[LGH�VWRUHG�
LQ�WUHHV�DQG�YHJHWDWLRQ�LQWR�WKH�DWPRVSKHUH��7KHUHIRUH��WR�WKH�H[WHQW�WKDW�FOLPDWH�FKDQJH�LQFUHDVHV�
ZLOGÀUHV��WKLV�ZLOO�LQFUHDVH�HPLVVLRQV�DQG�DWPRVSKHULF�FRQFHQWUDWLRQV�RI�EODFN�FDUERQ�DQG�*+*V�WKDW�
FRQWULEXWH�WR�FOLPDWH�FKDQJH��LQ�DQ�XQZHOFRPH�IHHGEDFN�ORRS�

Policy considerations

7KH�HYLGHQFH�VXJJHVWV�WKDW�WKHUH�LV�D�FRPSHOOLQJ�UDWLRQDOH�WR�UHGXFH�EODFN�FDUERQ�HPLVVLRQV�IRU�
VHYHUDO�UHDVRQV�

�� 5HGXFLQJ�EODFN�FDUERQ�ZLOO�SURYLGH�LPPHGLDWH�FOLPDWH�SURWHFWLRQ�EHQHÀWV�
E\�����KHOSLQJ�WR�RIIVHW�WHPSHUDWXUH�LQFUHDVHV�UHODWHG�WR�JUHHQKRXVH�JDVHV��
DQG�����SRWHQWLDOO\�DYHUWLQJ�RU�GHOD\LQJ�WKH�RQVHW�RI�´WLSSLQJ�SRLQWµ�VFHQDULRV��
such as collapse of arctic ice cap or the sudden release of carbon stored 
LQ�SHUPDIURVW��ZKLFK�FRXOG�KDYH�SURIRXQG�DQG�LUUHYHUVLEOH�LPSDFWV�DW�WKH�
JOREDO�OHYHO��6LQFH�HPLVVLRQV�RI�JUHHQKRXVH�JDVHV��HVSHFLDOO\�&2���FRQWLQXH�
WR�LQFUHDVH�DW�WKH�QDWLRQDO�DQG�JOREDO�VFDOH��DQG�HIIRUWV�WR�UHYHUVH�WKLV�WUHQG�
KDYH�PDGH�OLWWOH�KHDGZD\�WR�GDWH��UHGXFLQJ�EODFN�FDUERQ�PD\�EX\�VRFLHW\�
WLPH�WR�LPSOHPHQW�WKH�PRUH�IXQGDPHQWDO�FKDQJHV�UHTXLUHG�WR�VWHP�WKH�ULVH�
RI�JUHHQKRXVH�JDV�HPLVVLRQV�

�� ,Q�DGGLWLRQ�WR�SURWHFWLQJ�WKH�FOLPDWH��UHGXFLQJ�EODFN�FDUERQ�ZLOO�SURYLGH�
LPSRUWDQW�SXEOLF�KHDOWK�EHQHÀWV�E\�UHGXFLQJ�SRSXODWLRQ�H[SRVXUH�WR�30����
DQG�GLHVHO�30��ERWK�RI�ZKLFK�KDYH�EHHQ�VKRZQ�WR�FDXVH�D�UDQJH�RI�QHJDWLYH�
health effects.

�� 5HGXFLQJ�EODFN�FDUERQ�ZLOO�SURYLGH�WKHVH�KHDOWK�DQG�FOLPDWH�EHQHÀWV�DW�WKH�
ORFDO�VFDOH��L�H��LQ�WKH�UHJLRQ�ZKHUH�WKH�HPLVVLRQV�UHGXFWLRQV�RFFXU�

7KH�JRRG�QHZV�LV�WKDW��WKDQNV�WR�HIIRUWV�RYHU�WKH�SDVW�������\HDUV�WR�UHGXFH�HPLVVLRQV�RI�ÀQH�30�
DQG�GLHVHO�30�LQ�&DOLIRUQLD�DQG�WKH�%D\�$UHD��GHVFULEHG�LQ�6HFWLRQ����LQ�RUGHU�WR�SURWHFW�SXEOLF�
KHDOWK��ZH�KDYH�DOUHDG\�PDGH�PDMRU�SURJUHVV�LQ�UHGXFLQJ�DPELHQW�OHYHOV�RI�ÀQH�30�DQG�EODFN�
carbon. Analysis of elemental carbon, which is closely associated with black carbon, indicate 
WKDW�%D\�$UHD�OHYHOV�GHFUHDVHG�����IURP���������WKURXJK����������11�5HGXFWLRQV�LQ�DPELHQW�
FRQFHQWUDWLRQV�RI�EODFN�FDUERQ�LQ�&DOLIRUQLD�DQG�WKH�%D\�$UHD�KDYH�SUHVXPDEO\�KHOSHG�WR�UHGXFH�
WKH�DPRXQW�RI�FOLPDWH�KHDWLQJ�FDXVHG�E\�PDQ�PDGH�HPLVVLRQV�RI�*+*V�DQG�RWKHU�FOLPDWH�IRUFHUV�
DW�ERWK�WKH�ORFDO�DQG�JOREDO�VFDOH��/RRNLQJ�IRUZDUG��EODFN�FDUERQ�HPLVVLRQV�ZLOO�EH�IXUWKHU�UHGXFHG�
LQ�UHVSRQVH�WR�DGRSWHG�UHJXODWLRQV��VXFK�DV�$5%·V�KHDY\�GXW\�GLHVHO�HQJLQH�UHJXODWLRQV��WKDW�ZLOO�
EH�LPSOHPHQWHG�RYHU�WKH�QH[W�������\HDUV��7KH�RWKHU�VLGH�RI�WKH�FRLQ��KRZHYHU��LV�WKDW�EHFDXVH�
ZH�KDYH�D�´KHDG�VWDUWµ�RQ�UHGXFLQJ�GLHVHO�30�DQG�EODFN�FDUERQ�LQ�&DOLIRUQLD��PXFK�RI�WKH�´ORZ�
KDQJLQJ�IUXLWµ�KDV�DOUHDG\�EHHQ�SLFNHG��7KHUHIRUH��PHDVXUHV�WR�UHGXFH�WKH�UHPDLQLQJ�LQFUHPHQW�RI�
ÀQH�30�DQG�EODFN�FDUERQ�PD\�HQWDLO�KLJKHU�FRVW�RU�HIIRUW�SHU�XQLW�RI�HPLVVLRQV�UHGXFHG��+RZHYHU��
EHFDXVH�UHGXFLQJ�EODFN�FDUERQ�SURYLGHV�EHQHÀWV�LQ�SURWHFWLQJ�ERWK�SXEOLF�KHDOWK�DQG�WKH�FOLPDWH��

11� 6HH�SDJHV�������LQ�Trends in Bay Area Ambient Particulates��%$$40'��1RYHPEHU������ 
ZZZ�EDDTPG�JRY�'LYLVLRQV�3ODQQLQJ�DQG�5HVHDUFK�5HVHDUFK�DQG�0RGHOLQJ�3XEOLFDWLRQV�5HSRUWV�DVS[�
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LW�VKRXOG�VWLOO�EH�SRVVLEOH�WR�FUDIW�DGGLWLRQDO�EODFN�FDUERQ�FRQWURO�PHDVXUHV�RU�LQFHQWLYH�SURJUDPV�
WKDW�UHGXFH�EODFN�FDUERQ�DW�D�IDYRUDEOH�EHQHÀW�FRVW�UDWLR��

FaMQR͹^Ūb

%HFDXVH�30�LQFOXGHV�D�YDULHW\�RI�SDUWLFOH�W\SHV�ZLWK�GLIIHULQJ�HIIHFWV�RQ�FOLPDWH��LW�LV�LPSRUWDQW�WR�
LGHQWLI\�DQG�PLWLJDWH�SRWHQWLDO�WUDGH�RIIV�LQ�GHYHORSLQJ�FRQWURO�PHDVXUHV�WR�UHGXFH�30��$V�QRWHG�
DERYH��UHGXFLQJ�HPLVVLRQV�RI�SDUWLFOHV�WKDW�DFW�DV�FRROLQJ�DJHQWV��H�J���VXOIDWHV�DQG�DPPRQLXP�
QLWUDWH��VKRXOG�SURWHFW�SXEOLF�KHDOWK��EXW�PD\�HQWDLO�D�WUDGH�RII�LQ�WHUPV�RI�SURWHFWLQJ�WKH�FOLPDWH��,Q�
DQRWKHU�H[DPSOH�RI�WUDGH�RIIV��D�UHFHQW�VWXG\��$QHQEHUJ�HW�DO��������WKDW�DQDO\]HG�WKH�JOREDO�VFDOH�
KHDOWK�EHQHÀWV�RI�UHGXFLQJ�EODFN�FDUERQ�QRWHG�WKDW�UHGXFLQJ�EODFN�FDUERQ�FRXOG�OHDG�WR�D�PRGHVW�
LQFUHDVH�LQ�VXOIDWH��62���FRQFHQWUDWLRQV��%HFDXVH�VXOIDWH�SDUWLFOHV�VFDWWHU�LQFRPLQJ�VXQOLJKW��DQ�
LQFUHDVH�LQ�VXOIDWHV�FRXOG�SURYLGH�DGGLWLRQDO�EHQHÀW�LQ�WHUPV�RI�FRROLQJ�WKH�DWPRVSKHUH��+RZHYHU��
DQ�LQFUHDVH�LQ�VXOIDWHV�FRXOG�KDYH�D�QHJDWLYH�LPSDFW�RQ�SXEOLF�KHDOWK��GHSHQGLQJ�RQ�KRZ�WKLV�ZRXOG�
DIIHFW�30����OHYHOV�DQG�ORFDO�SRSXODWLRQ�H[SRVXUH�WR�30��$V�WKLV�H[DPSOH�VXJJHVWV��LGHQWLI\LQJ�DQG�
HYDOXDWLQJ�SRWHQWLDO�WUDGH�RIIV��DQG�GHWHUPLQLQJ�WKH�QHW�EHQHÀW�RI�SRWHQWLDO�FRQWURO�VWUDWHJLHV��FDQ�EH�
D�FRPSOH[�H[HUFLVH��7KH�$LU�'LVWULFW�ZLOO�FORVHO\�WUDFN�RQJRLQJ�UHVHDUFK�RQ�WKHVH�LVVXHV�WR�LQIRUP�SROLF\�
decisions.

Next steps

$OWKRXJK�WKH�LPSDFW�RI�30�DQG�DHURVROV�RQ�WKH�JOREDO�FOLPDWH�LV�FRPSOH[��VRPH�W\SH�RI�SDUWLFOHV�
VXFK�DV�EODFN�FDUERQ�FRQWULEXWH�WR�FOLPDWH�KHDWLQJ��7KLV�VXJJHVWV�WKDW�HIIRUWV�WR�UHGXFH�30�VKRXOG�
SODFH�KLJK�SULRULW\�RQ�UHGXFLQJ�HPLVVLRQV�RI�WKRVH�SDUWLFOHV��VXFK�DV�EODFN�FDUERQ��WKDW�ERWK�GDPDJH�
SXEOLF�KHDOWK�DQG�FRQWULEXWH�WR�FOLPDWH�KHDWLQJ��3RWHQWLDO�SROLFLHV�DQG�DFWLRQV�WR�DGGUHVV�WKH�FOLPDWH�
LPSDFWV�RI�30�DUH�GLVFXVVHG�LQ�6HFWLRQ���
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E64F;A@��ͻ5͛�B?�;?B24FE�A@�
ecosystems & visibility
This section describes impacts of PM on ecosystems, visibility, and the built environment.

,Q�DGGLWLRQ�WR�GLUHFWO\�LPSDFWLQJ�SXEOLF�KHDOWK�DQG�WKH�FOLPDWH��SDUWLFXODWH�PDWWHU�DOVR�FDQ�KDYH�
QHJDWLYH�HIIHFWV�RQ�ZDWHU�TXDOLW\�DQG�RQ�WKH�HFRV\VWHPV�DQG�HQYLURQPHQW�WKDW�VXVWDLQ�XV��7KHVH�
HIIHFWV��DV�VXPPDUL]HG�LQ�7DEOH������LQFOXGH�DFLG�UDLQ�ZKLFK�OHDGV�WR�DFLGLÀFDWLRQ�RI�ODNHV�DQG�
VWUHDPV��FKDQJHV�LQ�WKH�QXWULHQW�EDODQFH�RI�FRDVWDO�ZDWHUV�DQG�ULYHU�EDVLQV��OHDFKLQJ�RI�QXWULHQWV�
IURP�VRLO�DQG�UHGXFHG�QXWULHQW�XSWDNH�LQ�SODQWV��GDPDJH�WR�IRUHVWV�DQG�FURSV��UHGXFHG�GLYHUVLW\�
DQG�SURGXFWLYLW\�RI�HFRV\VWHPV��GDPDJH�WR�VWRQH�DQG�PDQ�PDGH�PDWHULDOV��DQG�UHGXFHG�YLVLELOLW\�
DQG�DHVWKHWLF�YDOXHV��$FFRUGLQJ�WR�WKH�86�(3$��WKH�VFLHQWLÀF�HYLGHQFH�LV�VXIÀFLHQW�WR�FRQFOXGH�
WKDW�D�FDXVDO�UHODWLRQVKLS�LV�OLNHO\�WR�H[LVW�EHWZHHQ�GHSRVLWLRQ�RI�30�DQG�D�YDULHW\�RI�HIIHFWV�RQ�
LQGLYLGXDO�HFRV\VWHPV��

,W�LV�LPSRUWDQW�WR�QRWH�WKDW�WKH�YDU\LQJ�FKHPLFDO�FRPSRVLWLRQV�IRXQG�LQ�30�FRQFHQWUDWLRQV�DIIHFW�
GLIIHUHQW�DVSHFWV�RI�WKH�HFRV\VWHP��$V�GLVFXVVHG�LQ�6HFWLRQ����30�LV�D�FRPSOH[�SROOXWDQW�PDGH�
XS�RI�D�QXPEHU�RI�FRPSRXQGV�DQG�RULJLQDWHV�IURP�D�YDULHW\�RI�VRXUFHV�DQG�SURFHVVHV��$V�VXFK��
VSHFLÀF�FKHPLFDOV�DQG�FRPSRQHQWV�RI�30�DUH�OLQNHG�WR�VSHFLÀF�HFRV\VWHP�DIIHFWV��)RU�H[DPSOH��
HOHPHQWDO�FDUERQ�DQG�VRPH�FUXVWDO�PLQHUDOV�DUH�WKH�PRVW�FRPPRQO\�RFFXUULQJ�DLUERUQH�SDUWLFOH�
FRPSRQHQWV�WKDW�DEVRUE�OLJKW��5HGXFHG�YLVLELOLW\�LV�FDXVHG�E\�OLJKW�DEVRUSWLRQ��DV�ZHOO�DV�OLJKW�
VFDWWHULQJ���,Q�DQRWKHU�H[DPSOH��WR[LF�UHVSRQVHV�LQ�SODQWV�DQG�IROLDJH�KDYH�EHHQ�GRFXPHQWHG�
ZKHQ�H[SRVHG�WR�30�FRQFHQWUDWLRQV�FRQWDLQLQJ�DFLGV��WUDFH�PHWDO�FRQWHQW��RU�VDOLQH�FRPSRXQGV��
$OVR��GLIIHUHQW�FKHPLFDO�FRPSRXQGV�FDQ�QHJDWLYHO\�DIIHFW�VHJPHQWV�RI�WKH�HQYLURQPHQW�WR�YDU\LQJ�
GHJUHHV��2QH�VLJQLÀFDQW�WUDFH�PHWDO�FRPSRQHQW�RI�30�LV�PHUFXU\��ZKLFK�LV�WR[LF�DQG�FDQ�PRYH�
UHDGLO\�WKURXJK�HFRV\VWHPV�DQG�IRRG�FKDLQV��0HUFXU\�HPLWWHG�IURP�D�VPRNH�VWDFN�RI�D�IDFWRU\��IRU�
instance, may settle into soil, then be transported from soils into a nearby water body, accumulate 
LQ�WKH�ERGLHV�RI�SODQNWRQ�DQG�RWKHU�VPDOOHU�ÀVK�ZKR�DUH�WKHQ�FRQVXPHG�E\�ODUJHU�SUHGDWRUV�VXFK�
DV�DQLPDOV�DQG�KXPDQV��WKHUHE\�WUDQVIHUULQJ�WKH�PHUFXU\�FRQWHQW�DOO�WKH�ZD\�XS�WKH�IRRG�FKDLQ�

,Q�VXPPDU\��WKH�RYHUDOO�LPSDFW�RI�30�RQ�WKH�HQYLURQPHQW�GHSHQGV�XSRQ�PDQ\�IDFWRUV��
LQFOXGLQJ�WKH�FKHPLFDO�FRPSRVLWLRQ�RI�WKH�SDUWLFOHV��PHWHRURORJ\��VHDVRQ�RI�WKH�\HDU��DQG�WKH�
FKDUDFWHULVWLFV�DQG�YLDELOLW\�RI�WKH�LPSDFWHG�HFRV\VWHP�
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table 1-5: summary of Negative impacts of Pm on ecosystems, visibility, and materials

Effects of PM on: Effects: (FRQRPLF�6RFLDO�5DPLÀFDWLRQV�

9HJHWDWLRQ
'DPDJHG�OHDI�WLVVXH��VWXQWHG�
JURZWK��UHGXFHG�VWDUFK�VWRUDJH�

capacity.  

�5HGXFHG�FURS�\LHOGV��OHVV�UREXVW�JURZWK�RI�
YHJHWDWLRQ�WKDW�KXPDQV��DQLPDOV��DQG�LQVHFWV�

depend upon.

Soils Altered soil chemistry.

3ODQWV�DEVRUE�PHWDOV�DQG�RWKHU�WR[LF�HOHPHQWV��
ZKLFK�DUH�WKHQ�WUDQVIHUUHG�WR�DQLPDOV�	�SHRSOH�
that eat the plants. Can lead to an increase in 
LQYDVLYH�SODQW�VSHFLHV��3ROOXWHG�VRLO�FDQ�UXQ�RII�

LQWR�VWUHDP�ZDWHU�ERGLHV�

:DWHU�	�$TXDWLF�
Systems

Altered chemistry; increased 
DFLGLW\��LQFUHDVHG�PRUWDOLW\�LQ�ÀVK��

GHFUHDVHG�VWDPLQD�LQ�ÀVK�

'HFOLQH�LQ�ÀVK�SRSXODWLRQV��ELR�DFFXPXODWLRQ�
HIIHFW�ZKLFK�LPSDFWV�SODQWV��ÀVK��DQG�

mammals from the bottom of the food chain to 
the top

:LOGOLIH� /XQJ�GDPDJH��QHXURORJLFDO�
GDPDJH��FKURPRVRPH�GDPDJH�

6WUHVV�RQ�ZLOGOLIH�SRSXODWLRQV��%LR�
accumulation of pollutants up the entire food 

chain.

9LVLELOLW\ 5HGXFHG�YLVLELOLW\��DHVWKHWLF�
GHJUDGDWLRQ�

5HGXFWLRQ�LQ�WRXULVP�	�HFRQRPLF�EHQHÀWV�IURP�
WRXULVP��5HGXFHG�DELOLW\�WR�HQMR\�VFHQLF�DQG�RU�

KLVWRULFDO�YLVWDV�

0DWHULDOV 'DPDJH�DQG�GHJUDGDWLRQ�RI�
EXLOGLQJ�PDWHULDOV�DQG�ÀQLVKHV�

,QFUHDVHG�PDLQWHQDQFH�FRVWV��GHJUDGDWLRQ�RI�
historic structures.

3URSHUW\�9DOXHV 5HGXFWLRQ�LQ�SURSHUW\�YDOXHV��
(FRQRPLF�GLVEHQHÀW�WR�KRPHRZQHUV�	�

ODQGORUGV��5HGXFWLRQ�LQ�ORFDO�JRYHUQPHQW�WD[�
UHYHQXH�

6ŪRPcb�^S�B?�^]�HRURcMcW^]�M]Q�E^WZb�

$LUERUQH�SDUWLFOHV�DUH�GHSRVLWHG�WR�D�YDULHW\�RI�VXUIDFHV��LQFOXGLQJ�VRLO�DQG�RSHQ�JURXQG��IRUHVWV��FURSV��
DQG�RWKHU�YHJHWDWLRQ��ZDWHU�ERGLHV�VXFK�DV�ODNHV��VWUHDPV��DQG�RFHDQV��DQG�PDQ�PDGH�VXUIDFHV�VXFK�
DV�EXLOGLQJV��URDGV��DQG�SDUNLQJ�ORWV��3DUWLFOHV�DUH�GHSRVLWHG�YLD�WZR�SURFHVVHV��wet deposition��UDLQ�
RU�VQRZ��DQG dry deposition. Coarse particles typically are deposited by means of dry deposition, and 
JHQHUDOO\�VHWWOH�FORVH�WR�WKH�ORFDWLRQ�ZKHUH�WKH\�ZHUH�HPLWWHG��&RQYHUVHO\��ÀQH�SDUWLFOHV�DUH�W\SLFDOO\�
GHSRVLWHG�YLD�ZHW�GHSRVLWLRQ�DQG�PD\�WUDYHO�IDUWKHU�IURP�WKH�SRLQW�RI�RULJLQ��

30�FDQ�DIIHFW�SODQW�OLIH�WKURXJK�GLUHFW�GHSRVLWLRQ�RQ�VXUIDFHV��RU�LQGLUHFWO\�WKURXJK�DOWHUHG�VRLO�
FKHPLVWU\��:KHQ�GLUHFWO\�GHSRVLWHG�RQWR�YHJHWDWLRQ��30�FDQ�DIIHFW�WKH�PHWDEROLVP�DQG�SKRWRV\QWKHVLV�
RI�SODQWV�E\�EORFNLQJ�OLJKW��REVWUXFWLQJ�VWRPDWD�DSHUWXUHV��LQFUHDVLQJ�WKHLU�WHPSHUDWXUH��DQG�DOWHULQJ�
SLJPHQW�DQG�PLQHUDO�FRQWHQW��,Q�JHQHUDO��WKH�WR[LF�UHVSRQVHV�GRFXPHQWHG�LQ�SODQWV�DIWHU�H[SRVXUH�WR�
KLJK�OHYHOV�RI�30�DUH�W\SLFDOO\�DVVRFLDWHG�ZLWK�DFLGLW\��WUDFH�PHWDO�FRQWHQW��RU�VDOLQLW\�RI�WKH�GHSRVLWHG�
SDUWLFOHV��)LQH�30�KDV�EHHQ�VKRZQ�WR�HQWHU�WKH�OHDI�WKURXJK�WKH�VWRPDWD��SHQHWUDWH�WKH�VWUXFWXUH�RI�WKH�
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OHDI��DQG�DOWHU�LWV�FKHPLVWU\��&RDUVH�30�FDQ�IRUP�D�´FUXVWµ�RQ�WKH�OHDI��ZKLFK�UHGXFHV�SKRWRV\QWKHVLV��
GDPDJHV�WKH�OHDI�WLVVXHV��LQKLELWV�QHZ�JURZWK�RI�WKH�WLVVXH��DQG�UHGXFHV�VWDUFK�VWRUDJH��

7KH�VRLO�HQYLURQPHQW�LV�RQH�RI�WKH�PRVW�G\QDPLF�VLWHV�RI�ELRORJLFDO�LQWHUDFWLRQ�LQ�QDWXUH��'HSRVLWLRQ�
RI�30�RQ�VRLO�FDQ�KDYH�D�QHJDWLYH�HIIHFW�QRW�MXVW�RQ�WKH�FKHPLFDO�FRPSRVLWLRQ�RI�WKH�VRLO�LWVHOI��EXW�
DOVR�XSRQ�WKH�SODQWV�ZKLFK�JURZ�LQ�LW��WKH�DQLPDOV�DQG�SHRSOH�ZKR�HDW�WKRVH�SODQWV��DQG�HYHQ�QHDUE\�
JURXQGZDWHU�V\VWHPV�ZKLFK�UXQ�WKURXJK�WKH�LPSDFWHG�VRLOV��7KLV�SKHQRPHQRQ��ZKHUHE\�D�VXEVWDQFH�
�VXFK�DV�WUDFH�PHWDO��PRYHV�XS�WKH�IRRG�FKDLQ�DQG�EHFRPHV�PRUH�FRQFHQWUDWHG�GXULQJ�DVFHQVLRQ��LV�
DOVR�NQRZQ�DV�ELRPDJQLÀFDWLRQ��,Q�JHQHUDO��SODQW�JURZWK�LV�QHJDWLYHO\�LPSDFWHG�E\�WKH�SUHVHQFH�RI�WUDFH�
HOHPHQWV�DQG�KHDY\�PHWDOV�LQ�VRLOV�ZKLFK�FDQ�WKHQ�HQWHU�WKH�SODQW�WLVVXH��$V�WKH�SODQWV�DEVRUE�KHDY\�
PHWDOV�DQG�RWKHU�SROOXWDQWV�YLD�30�GHSRVLWLRQ�LQWR�WKH�VRLO��WKLV�FDQ�KDYH�D�ELRPDJQLÀFDWLRQ�HIIHFW�DQG�
QHJDWLYHO\�LPSDFW�WKH�KHDOWK�RI�WKH�SHRSOH�RU�DQLPDOV�WKDW�HDW�WKHP��

30�PD\�KDYH�DQRWKHU�SRWHQWLDO�LPSDFW�RQ�VRLO��ÁRUD��DQG�IDXQD��WR�WKH�H[WHQW�WKDW�WKH�DPPRQLXP�QLWUDWH�
FRPSRQHQW�RI�30�DFWV�DV�D�VRXUFH�RI�UHDFWLYH�QLWURJHQ��'HSRVLWLRQ�RI�UHDFWLYH�QLWURJHQ�RQ�ODQG�DFWV�DV�DQ�
XQLQWHQGHG�IHUWLOL]HU�ZKLFK�FDQ�KDYH�LPSDFWV�RQ�WHUUHVWULDO�ÁRUD�DQG�IDXQD��$�JURZLQJ�ERG\�RI�OLWHUDWXUH�
GRFXPHQWV�WKH�LPSDFWV�RI�QLWURJHQ�GHSRVLWLRQ�RQ�HFRV\VWHPV�LQ�ZHVWHUQ�VWDWHV��6WXGLHV�GHPRQVWUDWH�WKDW�
LQFUHDVHG�QLWURJHQ�GHSRVLWLRQ�LV�QHJDWLYHO\�DIIHFWLQJ�QDWLYH�SODQW�FRPPXQLWLHV�ZKLFK�DUH�DGDSWHG�WR�OLYH�LQ�
ORZ�QLWURJHQ�HQYLURQPHQWV��7KHVH�FKDQJHV�KDYH�HQKDQFHG�LQYDVLRQ�RI�H[RWLF�SODQW�VSHFLHV�VXFK�DV�DQQXDO�
JUDVVHV��2I�WKH�����SODQW�VSHFLHV�LQ�&DOLIRUQLD�OLVWHG�DV�WKUHDWHQHG�RU�HQGDQJHUHG�E\�WKH�VWDWH�RU�IHGHUDO�
JRYHUQPHQW������DUH�H[SRVHG�WR�OHYHOV�RI�QLWURJHQ�VXVSHFWHG�RI�FDXVLQJ�HFRORJLFDO�GLVUXSWLRQ��:HLVV��&(&�
�������,Q�DUHDV�ZKHUH�UHDFWLYH�QLWURJHQ�LV�GHSRVLWHG�RQ�QXWULHQW�SRRU�VRLO��WKLV�FDQ�IDFLOLWDWH�WKH�H[SDQVLRQ�
RI�LQYDVLYH��QRQ�QDWLYH�VSHFLHV�WKDW�FKRNH�RXW�QDWLYH�SODQWV��$V�WKH�ÁRUD�FKDQJHV��DQLPDO�VSHFLHV�WKDW�
GHSHQG�RQ�WKH�QDWLYH�YHJHWDWLRQ�PD\�EH�DGYHUVHO\�LPSDFWHG��

7KH�FDVH�RI�WKH�%D\�&KHFNHUVSRW�%XWWHUÁ\��ZKLFK�KDV�EHHQ�RQ�WKH�IHGHUDO�HQGDQJHUHG�VSHFLHV�OLVW�
VLQFH�������SURYLGHV�DQ�H[DPSOH�RI�WKH�LPSDFW�RI�UHDFWLYH�QLWURJHQ�RQ�GLYHUVLW\�RI�QDWLYH�ÁRUD�DQG�
IDXQD��7KH�&KHFNHUVSRW�GHSHQGV�RQ�QDWLYH�JUDVVHV�WKDW�JURZ�RQ�QXWULHQW�SRRU�VHUSHQWLQH�VRLOV��7KH�
VHUSHQWLQH�HFRV\VWHP�SURYLGHV�IRRG�IRU�ERWK�WKH�ODUYDO�DQG�DGXOW�VWDJHV�RI�WKH�EXWWHUÁ\��(GJHZRRG�
1DWXUDO�3UHVHUYH�LQ�6DQ�0DWHR�&RXQW\�KLVWRULFDOO\�VXSSRUWHG�D�KHDOWK\�SRSXODWLRQ�RI�&KHFNHUVSRWV��
+RZHYHU��QLWURJHQ�GHSRVLWLRQ�IURP�YHKLFOHV�RQ�,QWHUVWDWH������ZKLFK�LV�DGMDFHQW�WR�WKH�3UHVHUYH��KDV�
DOORZHG�DJJUHVVLYH��QRQ�QDWLYH�JUDVVHV��VXFK�DV�,WDOLDQ�U\H�JUDVV��WR�FURZG�RXW�QDWLYH�JUDVV�VSHFLHV�LQ�
UHFHQW�\HDUV��:HLVV��������$V�D�UHVXOW�RI�KDELWDW�UHGXFWLRQ��WKH�&KHFNHUVSRW�SRSXODWLRQ�DW�(GJHZRRG�
LV�LQ�MHRSDUG\�

Pm and acid rain

Acid deposition, more commonly known as acid rain, is a widespread problem which effects water 
TXDOLW\�DQG�HFRV\VWHPV��DQG�LWV�HIIHFWV�KDYH�EHHQ�ZHOO�VWXGLHG��$FLG�UDLQ�LV�D�EURDG�WHUP�ZKLFK�UHIHUV�
WR�D�PL[�RI�ZHW�DQG�GU\�GHSRVLWHG�SDUWLFOHV�IURP�WKH�DWPRVSKHUH�ZKLFK�FRQWDLQ�KLJK�SURSRUWLRQV�RI�
nitric and sulfuric acids. The precursors of such acids result from both natural and manmade sources. 
1DWXUDO�VRXUFHV�LQFOXGH�YROFDQRHV�DQG�GHFD\LQJ�YHJHWDWLRQ��DQG�PDQPDGH�VRXUFHV�LQFOXGH�HPLVVLRQV�
RI�62��DQG�12[�IURP�IRVVLO�IXHO�FRPEXVWLRQ��)LJXUH�����VKRZV�WKH�SURFHVV�ZKHUHE\�QDWXUDO�DQG�PDQ�
made emissions combine in the atmosphere to produce acid rain.
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7WUdaR��͹
� 7^a\McW^]�M]Q�5R_^bWcW^]�^S�2PWQ�DMW]

$FLG�5DLQ��6RXUFH��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\

$FLG�UDLQ�KDV�QHJDWLYH�HIIHFWV�RQ�VRLO��ZDWHU��IUHVKZDWHU�DQG�VDOWZDWHU���DTXDWLF�HFRV\VWHPV��DQG�
EXLOGLQJ�PDWHULDOV��5HJLRQV�ZKHUH�D�KLJK�SHUFHQW�RI�DPELHQW�30����LV�FRPSRVHG�RI�VHFRQGDU\�SDUWLFOHV�
VXFK�DPPRQLXP�VXOIDWH�DQG�DPPRQLXP�QLWUDWH��H�J���WKH�HDVWHUQ�86��DUH�PRUH�OLNHO\�WR�H[SHULHQFH�
JUHDWHU�QHJDWLYH�LPSDFWV�RI�DFLG�UDLQ��:KLOH�D�PDMRULW\�RI�WKH�30����LQ�WKH�%D\�$UHD�LV�DWWULEXWDEOH�
WR�SULPDU\�30�IURP�ZRRG�VPRNH�DQG�IRVVLO�IXHO�FRPEXVWLRQ��GXULQJ�ZLQWHU�PRQWKV�D�ODUJH�SRUWLRQ�RI�
30�����RQ�WKH�RUGHU�RI������LV�FRPSRVHG�RI�DPPRQLXP�QLWUDWH��$FFRUGLQJO\��ZKLOH�DFLG�UDLQ�LV�QRW�D�
VHULRXV�SUREOHP�LQ�WKH�ZHVWHUQ�8QLWHG�6WDWHV��GXH�WR�WKH�OHYHOV�RI�DPPRQLXP�QLWUDWH�LQ�RYHUDOO�30�
concentrations in the Bay Area, it is worthwhile to take precautions. 

2Q�ODQG��DFLG�UDLQ�FDQ�GDPDJH�WUHHV��HVSHFLDOO\�DW�KLJKHU�HOHYDWLRQV��ZKHUH�H[SRVXUH�WR�DFLG�KHDY\�
FORXGV�DQG�PLVW�LV�JUHDWHU��7KH�DELOLW\�RI�D�IRUHVW�WR�FRSH�ZLWK�DFLG�UDLQ�GHSHQGV�RQ�WKH�EXIIHULQJ�
FDSDFLW\�RI�LWV�VRLO��$FLG�GLVVROYHV�DQG�UHPRYHV�WKH�QXWULHQWV�LQ�IRUHVW�VRLOV�EHIRUH�WUHHV�DQG�RWKHU�
SODQWV�FDQ�XVH�WKHP�WR�JURZ��$W�WKH�VDPH�WLPH��DFLG�UDLQ�FDXVHV�WKH�UHOHDVH�RI�VXEVWDQFHV�WKDW�DUH�
WR[LF�WR�WUHHV�DQG�SODQWV��VXFK�DV�DOXPLQXP��LQWR�WKH�VRLO��

:KLOH�DFLG�UDLQ�LV�QRW�D�VHULRXV�SUREOHP�IRU�ZDWHU�ERGLHV�LQ�WKH�%D\�$UHD��EHFDXVH�SULPDU\�30�DQG�
30�SUHFXUVRUV�FDQ�WUDYHO�D�FRQVLGHUDEOH�GLVWDQFH�LQ�WKH�DWPRVSKHUH�EHIRUH�GHSRVLWLQJ�HOVHZKHUH��
SROOXWLRQ�HPLWWHG�LQ�WKH�%D\�$UHD�PD\�LPSDFW�HFRV\VWHPV�LQ�GRZQZLQG�DUHDV�LQFOXGLQJ�WKH�6LHUUD�
1HYDGD��$FFRUGLQJ�WR�D�1DWLRQDO�3DUNV�6HUYLFH�UHSRUW�12 acid rain and snow is not as serious a 
SUREOHP�LQ�WKH�6LHUUD�1HYDGD�DV�LQ�WKH�HDVWHUQ�8�6��RU�WKH�&RORUDGR�5RFNLHV��+RZHYHU��PDQ\�KLJK�
HOHYDWLRQ�6LHUUD�ODNHV�KDYH�ORZ�EXIIHULQJ�FDSDFLW\��DELOLW\�WR�FRSH�ZLWK�DFLG���VR�LW�LV�LPSRUWDQW�WR�
PLQLPL]H�DQ\�IXWXUH�DFLG�GHSRVLWLRQ��

12� �6HH�KWWS���ZZZ�QDWXUH�QSV�JRY�DLU�3XEV�SGI�WHFK,QIR(SD'HSRVLWLRQ�SGI�
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$FFRUGLQJ�WR�WKH�1DWLRQDO�$FLG�3UHFLSLWDWLRQ�$VVHVVPHQW�3URJUDP�5HSRUW�WR�&RQJUHVV��������DQG�
WKH�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��QXPHURXV�QHJDWLYH�HFRV\VWHP�HIIHFWV�DUH�DWWULEXWHG�WR�
LQFUHDVHG�DFLG�GHSRVLWLRQ��LQFOXGLQJ�

�� ,PSDLUHG�YLVLELOLW\�
�� $FLGLÀFDWLRQ�RI�ODNHV�DQG�VWUHDPV��ZKLFK�KDV�D�FDVFDGLQJ�HIIHFW�RQWR�ÀVK�LQ�

WHUPV�RI�UHGXFWLRQV�LQ�WRWDO�SRSXODWLRQ��KDUGLQHVV�RI�WKH�ÀVK��DJH�GLVWULEXWLRQ��
DQG�VL]H��

�� 5HGXFWLRQ�LQ�SODQNWRQ�ELRGLYHUVLW\��VSHFLÀF�WR�WKH�ZHVWHUQ�86��
�� 5HGXFWLRQ�LQ�DFLG�QHXWUDOL]LQJ�FDSDFLW\�
�� 'HFUHDVH�LQ�S+��LQFUHDVH�LQ�DFLGLW\�OHYHO��ZKLFK�FDQ�DIIHFW�WKH�DELOLW\�RI�

FHUWDLQ�SODQW��LQVHFW�DQG�DTXDWLF�VSHFLHV�WR�VXUYLYH�
�� +LJK�OHYHOV�RI�QLWUDWHV�LQ�ZDWHU�ZKLFK�DUH�WR[LF�WR�DTXDWLF�OLIH��DQG
�� 'HSOHWLRQ�LQ�R[\JHQ�OHYHOV�RI�WKH�ZDWHU�IURP�DFFHOHUDWHG�SODQW�OLIH�GHDWK�
�� 6ORZHU�JURZWK��LQMXU\�RU�GHDWK�RI�IRUHVWV�DQG�SODQW�VSHFLHV�IURP�DOWHUHG�VRLO�

FKHPLVWU\��DQG�RU�GDPDJH�WR�OHDYHV�RU�SODQW�RUJDQV�
�� ,QFUHDVHV�LQ�DWPRVSKHULF�QLWURJHQ�GHSRVLWLRQ�ZKLFK�WHQGV�WR�GHFUHDVH�

VSHFLHV�GLYHUVLW\��SDUWLFXODUO\�LQ�DOSLQH�SODQW�FRPPXQLWLHV���DQG
�� 'HJUDGLQJ�HIIHFW�RQ�EXLOW�VWUXFWXUHV�DQG�PRQXPHQWV��SDUWLFXODUO\�WKRVH�PDGH�

RI�OLPHVWRQH��PDUEOH��OLPH�PRUWDUV�DQG�FDUERQDWH�FHPHQWHG�VDQGVWRQH�

6WXGLHV�WR�GDWH�KDYH�IRXQG�WKDW�WKH�ULVH�LQ�&2��FRQFHQWUDWLRQV�LQ�RFHDQV�YLD�DEVRUSWLRQ��ZKLFK�
FDXVHV�GHFUHDVHV�LQ�RFHDQ�S+�DQG�DONDOLQLW\��LV�WKH�PDMRU�LVVXH�UHJDUGLQJ�RFHDQ�DFLGLÀFDWLRQ��
+RZHYHU��DFLG�UDLQ�DOVR�FRQWULEXWHV�WR�RFHDQ�DFLGLÀFDWLRQ��$SSUR[LPDWHO\�RQH�WKLUG�RI�DOO�QLWURJHQ�R[LGH�
HPLVVLRQV�HQG�XS�LQ�WKH�RFHDQV��7KH�FRQWULEXWLRQ�RI�DFLG�UDLQ�WR�RFHDQ�DFLGLÀFDWLRQ�LV�OLNHO\�JUHDWHU�LQ�
FRDVWDO�UHJLRQV�VXFK�DV�WKH�%D\�$UHD��ZKHUH�WKH�DFLGLI\LQJ�HIIHFW�RI�QLWURJHQ�R[LGHV�FDQ�EH�DV�KLJK�DV�
���WR����SHUFHQW�RI�WKH�LPSDFW�RI�FDUERQ�GLR[LGH��'RQH\���������6WXGLHV�KDYH�VKRZQ�WKDW�LQFUHDVHG�
acidity interferes with the formation of the shells and skeletons in coral, crabs, marine snails, and 
FODPV��:RUOG�:LOGOLIH�)XQG��������

6ŪRPcb�^S�B?�^]�IMcRa͜ �2`dMcWP�EhbcR\b͜�M]Q�IWZQZWSR

$V�SUHYLRXVO\�GLVFXVVHG��VRPH�FRPSRQHQWV�RI�DQWKURSRJHQLF��PDQPDGH��30�VXFK�DV�WUDFH�PHWDOV�
KDYH�D�SDUWLFXODUO\�GDPDJLQJ�HIIHFW�RQ�HFRV\VWHPV��LQFOXGLQJ�PHUFXU\��D�VLJQLÀFDQW�WUDFH�PHWDO�
FRPSRQHQW�RI�30�WKDW�PRYHV�UHDGLO\�WKURXJK�HFRV\VWHPV��DV�ZHOO�DV�SHVWLFLGHV�DQG�SRO\DURPDWLF�
K\GURFDUERQV��3$+V���2QFH�GHSRVLWHG��WKHVH�SROOXWDQWV�PD\�WUDYHO�WKURXJK�WKH�VQRZ�SDFN�DQG�IHHG�
LQWR�WKH�ZDWHU�V\VWHP��'HSRVLWLRQ�RI�30�FRQWDLQLQJ�WKHVH�FRPSRXQGV�KDV�EHHQ�IRXQG�LQ�WKH�6LHUUD�
1HYDGD�PRXQWDLQV�LQ�&DOLIRUQLD��WKH�PDMRU�VRXUFH�RI�WKH�VWDWH·V�ZDWHU�VXSSO\��

6RPH�HQYLURQPHQWV�SURGXFH�30�FRQFHQWUDWLRQV�PRUH�WR[LF�WKDQ�RWKHUV��,Q�XUEDQ�DUHDV��PRWRU�
YHKLFOHV�HPLW�WR[LF�PHWDOV�DQG�RWKHU�SDUWLFOHV�ZKLFK�DUH�GHSRVLWHG�RQ�URDGV�DQG�SDUNLQJ�ORWV��
IURP�ZKHUH�WKH\�DUH�ZDVKHG�LQWR�WKH�VWUHDPV�DQG�ED\V��WKXV�GHJUDGLQJ�QHDUE\�ZDWHU�TXDOLW\��)RU�
H[DPSOH��SDUWLFOHV�IURP�WLUH�ZHDU�DUH�D�VLJQLÀFDQW�VRXUFH�RI�]LQF��DQG�EUDNH�SDG�ZHDU�LV�D�VLJQLÀFDQW�
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VRXUFH�RI�FRSSHU��6WRO]HQEDFK��������&RSSHU�IURP�EUDNH�SDGV�LV�WR[LF�WR�DTXDWLF�RUJDQLVPV�VXFK�
DV�SK\WRSODQNWRQ�WKDW�VHUYH�DV�WKH�IRXQGDWLRQ�RI�WKH�IRRG�FKDLQ��WKXV�DIIHFWLQJ�WKH�KHDOWK�RI�HQWLUH�
HFRV\VWHPV��(OHYDWHG�FRSSHU�OHYHOV�PD\�DOVR�EH�RQH�RI�WKH�IDFWRUV�FRQWULEXWLQJ�WR�WKH�GHFOLQH�RI�
salmon populations.�� 

3K\VLRORJLFDO�UHVSRQVHV�RI�ÀVK�WR�KLJKHU�SROOXWDQW�OHYHOV�LQFOXGH�LQFUHDVHG�PRUWDOLW\�UDWHV��
FKURPRVRPDO�GDPDJH��UHWDUGHG�JURZWK�DQG�GHYHORSPHQW��DQG�GLVUXSWLRQ�RI�QRUPDO�ELRORJLFDO�
IXQFWLRQV��LQFOXGLQJ�UHGXFHG�VWDPLQD�IRU�VZLPPLQJ�DQG�PDLQWDLQLQJ�SRVLWLRQV�LQ�VWUHDPV��$Q�LQFUHDVH�
LQ�FRQFHQWUDWLRQV�RI�FHUWDLQ�KHDY\�PHWDOV�VXFK�DV�DOXPLQXP��QLFNHO��FDGPLXP��FRSSHU��DQG�PHUFXU\�
FDQ�SRLVRQ�ÀVK�DQG�VKHOOÀVK��DQG�WKRVH�ZKR�SUH\�XSRQ�ÀVK�VKHOOÀVK�

'HSRVLWLRQ�RI�30�RQ�ODQG�DQG�ZDWHU�FDQ�KDYH�D�UDQJH�RI�QHJDWLYH�LPSDFWV�RQ�HFRV\VWHPV�DQG�
ZLOGOLIH�IURP�WKH�ERWWRP�RI�WKH�IRRG�FKDLQ�WR�WKH�WRS��GXH�WR�WKH�SURFHVV�RI�ELR�PDJQLÀFDWLRQ�RU�
ELRDFFXPXODWLRQ��)RU�H[DPSOH��LQ�DGGLWLRQ�WR�LPSDLULQJ�WKH�KHDOWK�RI�ÀVK�SRSXODWLRQV��DLU�SROOXWDQWV�
GHSRVLWHG�LQ�WKH�DTXDWLF�HQYLURQPHQW�FDQ�GDPDJH�WKH�EURDGHU�HFRV\VWHP��7R�WKH�H[WHQW�WKDW�30�DQG�
UHODWHG�DLU�SROOXWDQWV�DUH�GHSRVLWHG�LQ�ZDWHU�DQG�WKHQ�DEVRUEHG�E\�ÀVK��IURJV��VQDLOV�DQG�RWKHU�PDULQH�
OLIH��WKHVH�WKHQ�WUDYHO�XS�WKH�IRRG�FKDLQ��LQFUHDVLQJ�LQ�FRQFHQWUDWLRQ�ZLWK�HDFK�VWHS�XS�WKH�ODGGHU��WR�
ÀVK�HDWLQJ�SUHGDWRUV�LQFOXGLQJ�EDOG�HDJOHV��RVSUH\��RWWHUV��SHOLFDQV��DQG�JUL]]O\�EHDUV��

Pm and visibility (Haze)

3DUWLFXODWH�PDWWHU�LV�D�PDMRU�FDXVH�RI�UHGXFHG�YLVLELOLW\��RU�KD]H��LQ�ERWK�XUEDQ�DQG�UXUDO�DUHDV��+D]H�
LV�RQH�RI�WKH�PRVW�YLVLEOH�PDQLIHVWDWLRQV�RI�DLU�SROOXWLRQ��5HGXFHG�YLVLELOLW\�LV�RI�VSHFLDO�FRQFHUQ�LQ�
DUHDV�RI�JUHDW�QDWXUDO�EHDXW\�VXFK�DV�QDWLRQDO�DQG�VWDWH�SDUNV�DQG�ZLOGHUQHVV�DUHDV��,Q�DGGLWLRQ�WR�
GHWUDFWLQJ�IURP�WKH�DHVWKHWLF�HQMR\PHQW�RI�YLVWDV�DQG�ODQGVFDSHV��KD]H�FDQ�KDYH�QHJDWLYH�HFRQRPLF�
LPSDFWV�LQ�DUHDV�WKDW�GHSHQG�RQ�WRXULVP��7KH�HPLVVLRQV�WKDW�FUHDWH�KD]H�LQ�SDUNV�DQG�ZLOGHUQHVV�
DUHDV�RIWHQ�RULJLQDWH�HOVHZKHUH��VRPHWLPHV�IURP�GLVWDQW�XUEDQ�DUHDV��)RU�H[DPSOH������RI�WKH�KD]H�
found in the Grand Canyon is attributed to sources of particulate pollution in California.

7R�DGGUHVV�UHJLRQDO�KD]H�SUREOHPV��WKH�86�(3$�FUHDWHG�D�5HJLRQDO�+D]H�3URJUDP�DQG�LVVXHG�
UHJXODWLRQV�WR�LPSURYH�YLVLELOLW\��SDUWLFXODUO\�LQ�QDWLRQDO�SDUNV�DQG�UHFUHDWLRQ�DUHDV��7KH�RULJLQDO�
UHJXODWLRQV��DGRSWHG�LQ�������UHTXLUHG�VWDWHV�WR�GHYHORS�SODQV�WR�DGGUHVV�WKH�HPLVVLRQV�WKDW�
FRQWULEXWH�WR�UHJLRQDO�KD]H��,Q�DGGLWLRQ��DOO����VWDWHV�ZHUH�UHTXLUHG�WR�VXEPLW�D�UHJLRQDO�KD]H�VWDWH�

��� �)RU�GLVFXVVLRQ�UHJDUGLQJ�WKH�LPSDFW�RI�FRSSHU�IURP�EUDNH�SDGV�RQ�ZDWHU�ERGLHV��VHH�KWWS���ZZZ�VXVFRQ�RUJ�ESS��
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LPSOHPHQWDWLRQ�SODQ�E\�'HFHPEHU������WR�GHPRQVWUDWH�HDFK�VWDWH·V�ORQJ�WHUP�VWUDWHJ\�IRU�PDNLQJ�
UHDVRQDEOH�SURJUHVV�WRZDUGV�DFKLHYLQJ�QDWXUDO�YLVLELOLW\�FRQGLWLRQV��,Q�-XQH�������86�(3$�SURSRVHG�
WR�LVVXH�D�QHZ�XUEDQ�YLVLELOLW\�VWDQGDUG�WR�SURYLGH�LQFUHDVHG�SURWHFWLRQ�IURP�SDUWLFOH�LQGXFHG�KD]H�
LQ�XUEDQ�DUHDV��$V�GLVFXVVHG�LQ�6HFWLRQ���%��WKH�SURSRVHG�VWDQGDUG�ZRXOG�PHDVXUH�YLVLELOLW\�RQ�WKH�
EDVLV�RI�OLJKW�H[WLQFWLRQ�DV�H[SUHVVHG�LQ�XQLWV�FDOOHG�deciviews.

+D]H�LV�FDXVHG�ZKHQ�ÀQH�SDUWLFXODWHV�LQ�WKH�DLU�VFDWWHU�DQG�DEVRUE�VXQOLJKW��6RPH�OLJKW�LV�DEVRUEHG�
E\�SDUWLFOHV��ZKLOH�RWKHU�OLJKW�LV�VFDWWHUHG�DZD\�EHIRUH�LW�UHDFKHV�WKH�REVHUYHU��0RUH�SDUWLFOHV�OHDG�WR�
JUHDWHU�DEVRUSWLRQ�DQG�VFDWWHULQJ�RI�OLJKW��UHGXFLQJ�YLVXDO�FODULW\�DQG�FRORU��6RPH�W\SHV�RI�SDUWLFOHV��
VXFK�DV�VXOIDWHV��VFDWWHU�PRUH�OLJKW��+D]H�FDXVLQJ�SDUWLFOHV�FRPH�IURP�D�YDULHW\�RI�ERWK�PDQPDGH�
DQG�QDWXUDO�VRXUFHV��LQFOXGLQJ�ZLQGEORZQ�GXVW��ZLOGÀUHV��PRWRU�YHKLFOHV��HOHFWULF�XWLOLW\�DQG�LQGXVWULDO�
IXHO�EXUQLQJ��DQG�VR�RQ��6RPH�SDUWLFOHV�ZKLFK�FDXVH�KD]H�DUH�SURGXFHG�SULPDULO\��ZKLOH�RWKHUV�DUH�
produced secondarily. 

9LVLELOLW\�LV�FORVHO\�WLHG�WR�ZLQG�DQG�ZHDWKHU�FRQGLWLRQV��:LQG�DIIHFWV�KRZ�SROOXWDQWV�DUH�PL[HG�DQG�
GLVSHUVHG��2Q�YHU\�ZLQG\�GD\V��WKH�DLU�LV�QRUPDOO\�FOHDU�EHFDXVH�SDUWLFOHV�DUH�ZHOO�GLVSHUVHG��2Q�GD\V�
when surface winds are present but weaker, particles usually form a plume which causes reduced 
YLVLELOLW\��:KHQ�QR�VXUIDFH�ZLQG�LV�SUHVHQW��KD]H�W\SLFDOO\�IRUPV�QHDU�WKH�JURXQG�DQG�FRQWLQXHV�WR�EXLOG�
DV�ORQJ�DV�WKH�VWDJQDQW�FRQGLWLRQ�SHUVLVWV��7KHVH�FRQGLWLRQV�DUH�PRVW�FRQGXFLYH�WR�UHGXFHG�YLVLELOLW\��

.H\�VRXUFHV�FRQWULEXWLQJ�WR�WKH�IRUPDWLRQ�RI�KD]H�LQFOXGH�FRPEXVWLRQ�RI�IRVVLO�IXHOV�RU�ELRPDVV�
EXUQLQJ�LQ�HOHFWULF�XWLOLWLHV��PDQXIDFWXULQJ�SURFHVVHV��DQG�WUDQVSRUWDWLRQ��1DWXUDO�VRXUFHV�RI�KD]H�
LQFOXGH�ZLOGÀUHV��YROFDQRHV�DQG�ZLQG�EORZQ�GXVW��$V�D�UHVXOW�RI�UHJXODWLRQV�WR�UHGXFH�HPLVVLRQV�RI�
30����DQG�30����YLVLELOLW\�KDV�LPSURYHG�LQ�PDQ\�86�FLWLHV�DQG�QDWLRQDO�VFHQLF�DUHDV�LQ�UHFHQW�\HDUV�
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5HGXFHG�YLVLELOLW\�PD\�DOVR�LPSRVH�PRQHWDU\�FRVWV�LQ�WHUPV�RI�UHGXFHG�SURSHUW\�YDOXHV��DQG�
QHJDWLYH�LPSDFWV�RQ�WRXULVP��$Q�DQDO\VLV�SHUIRUPHG�E\�WKH�6RXWK�&RDVW�$40'�IRU�LWV������$LU�
4XDOLW\�0DQDJHPHQW�3ODQ��$403��IRXQG�WKDW�YLVLELOLW\�LPSURYHPHQWV�UHODWHG�WR�DFKLHYLQJ�FRPSOLDQFH�
ZLWK�IHGHUDO�30����VWDQGDUGV�ZRXOG�SURYLGH�DQ�HVWLPDWHG������ELOOLRQ�EHQHÀW�SHU�\HDU�LQ�WHUPV�RI�
LQFUHDVH�SURSHUW\�YDOXHV�LQ�WKH�6RXWK�&RDVW�DLU�EDVLQ��6RXWK�&RDVW�VWDII�DQDO\]HG�WKH�VDOHV�SULFH�RI�
RZQHU�RFFXSLHG�VLQJOH�IDPLO\�KRPHV�EHWZHHQ������DQG������DQG�IRXQG�WKDW�YLVLELOLW\�KDV�DQ�LPSDFW�
RQ�SURSHUW\�YDOXHV��7KHLU�DQDO\VLV�GHPRQVWUDWHG�D�ZLOOLQJQHVV�RQ�WKH�SDUW�RI�KRPH�EX\HUV�WR�SD\�D�
SUHPLXP�IRU�YLVLELOLW\���)LQDO�6RFLRHFRQRPLF�5HSRUW�IRU�WKH������$403��-XQH�������6&$40'�

6ŪRPcb�^S�B?�^]�?McRaWMZb�M]Q�Ba^_Rach�HMZdRb

,Q�DGGLWLRQ�WR�QHJDWLYH�LPSDFWV�RQ�VRLO�DQG�ZDWHU�TXDOLW\�DQG�HFRV\VWHPV��30�DQG�RWKHU�DLU�SROOXWDQWV�
DOVR�GDPDJH�WKH�PDQ�PDGH�EXLOW�HQYLURQPHQW��%DVHG�RQ�WKH�DYDLODEOH�HYLGHQFH��86�(3$�KDV�
GHWHUPLQHG�WKDW�D�FDXVDO�UHODWLRQVKLS�H[LVWV�EHWZHHQ�30�DQG�GDPDJH�WR�EXLOGLQJ�PDWHULDOV�DQG�
RWKHU�VXUIDFHV��([SRVXUH�WR�DLU�SROOXWDQWV�FDQ�DFFHOHUDWH�WKH�QDWXUDO�ZHDU�DQG�WHDU�RQ�EXLOGLQJV�IURP�
ZLQG��UDLQ��PRLVWXUH��DQG�WHPSHUDWXUH�FKDQJHV��IXUWKHU�GDPDJLQJ�WKHVH�VXUIDFHV��)RU�H[DPSOH��30�
GHSRVLWLRQ�RQ�EXLOGLQJV�DIIHFWV�WKH�GXUDELOLW\�RI�SDLQW�ÀQLVKHV�DQG�SURPRWHV�GLVFRORUDWLRQ��FKDONLQJ��
ORVV�RI�JORVV��HURVLRQ��DQG�FDXVHV�EOLVWHULQJ�DQG�SHHOLQJ�RI�VXUIDFH�PDWHULDO��7KLV�UHTXLUHV�FRVWO\�
FOHDQLQJ�RU�ZDVKLQJ��DQG�SRWHQWLDOO\�UH�SDLQWLQJ��GHSHQGLQJ�XSRQ�WKH�VRLOHG�VXUIDFH��7KH�HIIHFW�RI�
30�GHSRVLWLRQ�RQ�QDWLRQDO�PRQXPHQWV�DQG�RWKHU�FXOWXUDO�WUHDVXUHV�DQG�KLVWRULFDO�VWUXFWXUHV�LV�RI�
SDUWLFXODU�FRQFHUQ��2WKHU�HIIHFWV�RQ�30�GHSRVLWLRQ�RQ�EXLOGLQJV�DQG�VXUIDFHV�LQFOXGH�

�� (QKDQFHG�ZHDWKHULQJ�SURFHVV�RQ�VWRQH�LQ�
FRPELQDWLRQ�ZLWK�H[SRVXUH�WR�30��%ODFN�
FUXVWV�FRPPRQO\�GHYHORS�IURP�DLUERUQH�
particles deposited on stone surfaces; 

�� Corrosion of metals and masonry;
�� 6RLOLQJ�RI�PRWRU�YHKLFOHV�DQG�GDPDJH�WR�WKHLU�

ÀQLVK�
�� ,QFUHDVHG�EXLOGLQJ�PDLQWHQDQFH�DQG�UHSDLU�

costs; and
�� 5HGXFHG�SURSHUW\�YDOXHV�

$GGLWLRQDOO\��30�FRQWULEXWHV�WR�WKH�IRUPDWLRQ�RI�DFLG�UDLQ��ZKLFK�KDV�D�VHULRXV�HIIHFW�RQ�VWUXFWXUHV�
DQG�PRQXPHQWV��SDUWLFXODUO\�WKRVH�PDGH�RI�OLPHVWRQH��PDUEOH��OLPH�PRUWDUV�DQG�FDUERQDWH�
cemented sandstone.

7KH������$403�SUHSDUHG�E\�WKH�6RXWK�&RDVW�$40'�DOVR�TXDQWLÀHG�WKH�GDPDJH�WR�ZRRG�DQG�
VWXFFR�VXUIDFHV�RI�UHVLGHQWLDO�SURSHUWLHV��DV�ZHOO�DV�WKH�FRVW�RI�KRXVHKROG�FOHDQLQJ��IURP�30����
HPLVVLRQV�DW�HLJKW�ORFDWLRQV�LQ�VRXWKHUQ�&DOLIRUQLD��7KH�WRWDO�EHQHÀW�RI�WKH�GHFUHDVH�LQ�FRVWV�IRU�
UHSDLQWLQJ�VWXFFR�DQG�ZRRG�VXUIDFHV��FOHDQLQJ��DQG�UHSODFLQJ�GDPDJHG�PDWHULDOV�LV�SURMHFWHG�WR�
EH������PLOOLRQ��RQ�DYHUDJH��HYHU\�\HDU�EHWZHHQ������DQG�������)XUWKHU��WKLV�ÀJXUH�LV�OLNHO\�WR�
EH�XQGHUVWDWHG��EHFDXVH�LW�WDNHV�LQWR�DFFRXQW�RQO\�UHVLGHQWLDO�EXLOGLQJV��$V�SUHYLRXVO\�GLVFXVVHG��
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GDPDJH�WR�KLVWRULF�EXLOGLQJV�RU�PRQXPHQWV��VXFK�DV�VWDWXHV��FHPHWHU\�JUDYHVWRQHV��DQG�WKH�OLNH��DV�ZHOO�DV�QRQ�
UHVLGHQWLDO�EXLOGLQJV��RFFXUV�IURP�H[SRVXUH�WR�30�����7DNLQJ�LQWR�DFFRXQW�RWKHU�EXLOGLQJ�W\SHV��HVSHFLDOO\�VSHFLDO�
DQG�KLVWRULF�RQHV��LV�OLNHO\�WR�JUHDWO\�LQFUHDVH�WKH�EHQHÀW�IURP�UHGXFHG�30����HPLVVLRQV���)LQDO�6RFLRHFRQRPLF�
5HSRUW�IRU�WKH������$403��-XQH�������6&$40'�
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sectioN 2: Pm 
F64:@;42>�;@7AD?2F;A@
This chapter provides technical information about particulate matter, including PM size ranges, 
PM formation and dynamics, the results of PM air quality modeling, PM speciation data as to 
the contribution of key emission sources to ambient concentrations of PM, and the Bay Area PM 
emission inventory.

Pm characteristics

The term particulate matter��30��HQFRPSDVVHV�D�GLYHUVH�DVVRUWPHQW�RI�PLFURVFRSLF�DLUERUQH�
SDUWLFOHV��0DQ\�DLU�SROOXWDQWV��VXFK�DV�R]RQH�RU�FDUERQ�PRQR[LGH��FRQVLVW�RI�D�VLQJOH�PROHFXOH�RU�
FRPSRXQG��30��E\�FRQWUDVW��LQFOXGHV�D�SRWSRXUUL�RI�GLVSDUDWH�SDUWLFOHV�WKDW�YDU\�JUHDWO\�LQ�WHUPV�
RI�WKHLU�VL]H�DQG�PDVV��SK\VLFDO�VWDWH��FKHPLFDO�FRPSRVLWLRQ��WR[LFLW\��DQG�KRZ�WKH\�EHKDYH�DQG�
transform in the atmosphere. 

$�YDULHW\�RI�FKHPLFDO�	�SK\VLFDO�SURFHVVHV�DUH�LQYROYHG�LQ�30�IRUPDWLRQ�DQG�WUDQVIRUPDWLRQ��
%HFDXVH�30�LV�VR�KHWHURJHQHRXV�DQG�G\QDPLF��WKLV�SUHVHQWV�WHFKQLFDO�FKDOOHQJHV�LQ�WHUPV�RI�
PHDVXULQJ�HPLVVLRQV�DQG�DPELHQW�FRQFHQWUDWLRQV��HVWLPDWLQJ�SRSXODWLRQ�H[SRVXUH��GHWHUPLQLQJ�
30�KHDOWK�LPSDFWV��DVVHVVLQJ�30�LPSDFWV�RQ�HFRV\VWHPV�DQG�FOLPDWH�FKDQJH��DQG�GHYLVLQJ�
DSSURSULDWH�FRQWURO�VWUDWHJLHV�

30�W\SLFDOO\�FRQVLVWV�RI�D�PL[WXUH�RI�VROLG�SDUWLFOHV�DV�ZHOO�DV�OLTXLG�GURSOHWV�NQRZQ�DV�DHURVROV��7KH�
FRPSRQHQWV�RI�30�LQFOXGH�HOHPHQWDO�FDUERQ��RUJDQLF�FDUERQ��DQG�WUDFH�PHWDOV��FRPSRXQGV�VXFK�
DV�QLWUDWHV��RUJDQLFV��DQG�VXOIDWHV��DQG�FRPSOH[�PL[WXUHV�VXFK�DV�GLHVHO�H[KDXVW��ZRRG�VPRNH��DQG�
JHRORJLF�GXVW��7\SHV�RI�SDUWLFOHV�LQFOXGH�

�� 'XVWV�DQG�ÀEHUV�JHQHUDWHG�E\�KDQGOLQJ��JULQGLQJ��DEUDVLRQ�RU�FXWWLQJ�RI�EXON�
materials.

�� Mists�FRPSRVHG�RI�OLTXLG�GURSOHWV�JHQHUDWHG�E\�FRQGHQVDWLRQ�IURP�D�
JDVHRXV�VWDWH�RU�EUHDNLQJ�XS�RI�EXON�OLTXLG�

�� Smoke produced by incomplete combustion of carbonaceous materials.
�� Fumes�FRPSRVHG�RI�VROLG�SDUWLFOH�JHQHUDWHG�E\�FRQGHQVDWLRQ�RI�YDSRUV�RU�

JDVHV�IURP�KLJK�WHPSHUDWXUH�SURFHVVHV�
�� Bio-aerosols�FRPSRVHG�RI�VROLG�RU�OLTXLG�SDUWLFOHV�IURP�ELRORJLFDO�VRXUFHV�

3DUWLFOHV�HPDQDWH�IURP�D�YDULHW\�RI�PDQ�PDGH�SURFHVVHV�DQG�VRXUFHV��VXFK�DV�IXHO�FRPEXVWLRQ��DV�
ZHOO�DV�IURP�QDWXUDO�VRXUFHV��VXFK�DV�ZLOGÀUHV��YROFDQRV��DQG�VHD�VDOW��3DUWLFXODWH�PDWWHU�LV�JHQHUDWHG�
ERWK�LQGRRUV�DQG�RXWGRRUV��(PLVVLRQ�VRXUFHV�WKDW�DIIHFW�DPELHQW��RXWGRRU��DLU�DUH�GHVFULEHG�LQ�WKH�
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(PLVVLRQV�,QYHQWRU\�VHFWLRQ�EHORZ��,QGRRU�VRXUFHV�RI�30�HPLVVLRQV��ZKLFK�LQFOXGH�FRRNLQJ��KHDWLQJ��
ÀUHSODFHV��DSSOLDQFHV��VPRNLQJ��DQG�FRQVXPHU�SURGXFWV��DUH�GLVFXVVHG�LQ�6HFWLRQ���%��

Particle size

30�LV�FRPPRQO\�FKDUDFWHUL]HG�RQ�WKH�EDVLV�RI�SDUWLFOH�VL]H��)LJXUH�����VKRZV�WKH�YDULRXV�SDUWLFOH�
VL]HV�LQ�FRPSDULVRQ�WR�WKH�GLDPHWHU�RI�D�KXPDQ�KDLU�

�� 8OWUDÀQH�30��30�����LQFOXGHV�WKH�YHU\�VPDOOHVW�SDUWLFOHV��7KH�WHUP�
JHQHUDOO\�UHIHUV�WR�SDUWLFOHV�OHVV�WKDQ�����PLFURQ�LQ�GLDPHWHU��RQH�PLFURQ�
HTXDOV�RQH�PLOOLRQWK�RI�D�PHWHU��RU�P�[��������%HFDXVH�XOWUDÀQH�SDUWLFOHV�DUH�
VR�VPDOO��WKHLU�VL]H�LV�RIWHQ�GHVFULEHG�LQ�QDQRPHWHUV��RU�ELOOLRQWKV�RI�D�PHWHU�
�P�[��������%\�GHÀQLWLRQ��WKH�ODUJHVW�XOWUDÀQH�SDUWLFOHV�PHDVXUH�����PLFURQV�
RU�����QDQRPHWHUV�LQ�GLDPHWHU��EXW�PDQ\�XOWUDÀQH�SDUWLFOHV�DUH�DV�VPDOO�DV�
��QDQRPHWHUV�WR����QDQRPHWHUV�DW�WKH�WLPH�WKH\�DUH�HPLWWHG�

�� )LQH�30�RU�30����FRQVLVWV�RI�SDUWLFOHV�����PLFURQV�RU�OHVV�LQ�GLDPHWHU�
�LQFOXGLQJ�XOWUDÀQH�30���

�� &RDUVH�30�UHIHUV�WR�SDUWLFOHV�EHWZHHQ�����PLFURQV�DQG����PLFURQV�LQ�
GLDPHWHU��7KH�WHUP�´FRDUVHµ�SDUWLFOHV�PD\�EH�PLVOHDGLQJ��LW�VKRXOG�EH�
HPSKDVL]HG�WKDW�HYHQ�´FRDUVHµ�SDUWLFOHV�DUH�VWLOO�YHU\�WLQ\��PDQ\�WLPHV�
smaller than the diameter of a human hair.

�� 30���FRQVLVWV�RI�SDUWLFOHV����PLFURQV�RU�OHVV�LQ�GLDPHWHU��LQFOXGLQJ�
XOWUDÀQH��ÀQH�DQG�FRDUVH�30��

�� 7RWDO�VXVSHQGHG�SDUWLFOHV��763��LQFOXGHV�SDUWLFOHV�RI�DOO�VL]HV��LQFOXGLQJ�
SDUWLFOHV�ODUJHU�WKDQ����PLFURQ�LQ�GLDPHWHU�

7WUdaR�	͹�� 4^\_MaWb^]�^S�B?��͜�B?	͙�͜�M]Q�GZcaMŬ]R�B?

6RXUFH��&DOLIRUQLD�$LU�5HVRXUFHV�%RDUG
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7KHVH�GLVWLQFWLRQV�EDVHG�RQ�SDUWLFOH�VL]H�DUH�LPSRUWDQW��EHFDXVH�WKH�GLIIHUHQW�VL]H�UDQJHV�
YDU\�LQ�WHUPV�RI�KRZ�WKH�SDUWLFOHV�ZLWKLQ�HDFK�VL]H�UDQJH�DUH�IRUPHG�DQG�HPLWWHG��KRZ�ORQJ�
WKH\�UHPDLQ�VXVSHQGHG�LQ�WKH�DWPRVSKHUH�DQG�KRZ�IDU�WKH\�WUDYHO��KRZ�HDVLO\�WKH\�FDQ�HYDGH�
WKH�ERG\·V�GHIHQVHV�DQG�KRZ�GHHSO\�WKH\�FDQ�SHQHWUDWH�LQWR�WKH�OXQJV�DQG�NH\�RUJDQV��DQG�
WKH�PHFKDQLVPV�E\�ZKLFK�WKH�SDUWLFOHV�DUH�UHPRYHG�IURP�WKH�DLU��+RZHYHU��DOWKRXJK�SDUWLFOH�
VL]H�LV�D�XVHIXO�ZD\�WR�FDWHJRUL]H�30��LW�VKRXOG�EH�HPSKDVL]HG�WKDW�WKH�SDUWLFOHV�ZLWKLQ�HDFK�
VL]H�UDQJH�DUH�E\�QR�PHDQV�KRPRJHQHRXV��7KH�GLDPHWHU�DQG�PDVV�RI�WKH�SDUWLFOHV�ZLWKLQ�
HDFK�RI�WKHVH�UDQJHV�YDULHV�FRQVLGHUDEO\��DQG�WKHUH�LV�JUHDW�YDULDWLRQ�LQ�WHUPV�RI�WKH�FKHPLFDO�
composition of the particles.

,Q�WHUPV�RI�FRPSRVLWLRQ��FRDUVH�30�LV�JHQHUDOO\�GRPLQDWHG�E\�JHRORJLF�SDUWLFOHV�RI�GXVW�DQG�
VRLO��IURP�IDUPV��TXDUULHV��PLQHV��YROFDQRV��DQG�RWKHU�SDUWLFOHV�RI�QDWXUDO�RULJLQ��VHD�VDOWV��
SROOHQ��PROG��VSRUHV��HWF����%\�FRQWUDVW��ILQH�DQG�XOWUDILQH�30�DUH�SULPDULO\�WKH�SURGXFW�RI�
combustion and therefore contain compounds such as black carbon, sulfates, nitrates, acids, 
and metals which are more harmful to health.

7DEOH�����SURYLGHV�D�VXPPDU\�RI�30�FKDUDFWHULVWLFV�E\�SDUWLFOH�VL]H�UDQJH�

table 2-1 characteristics of Particulate matter by size range

Particle Size
Characteristics 

Key Attributes How Measured? Key Emission Sources

8OWUDÀQH�30��3DUWLFOHV�
less than 0.1 micron 

in diameter 

0RVWO\�SULPDU\�30� 
6KRUW�OLYHG�LQ�DWPRVSKHUH�� 

Local impacts.

Produced by fossil fuel combustion.  
Particles can be inhaled deep into 

the body.

Particle count 0RWRU�YHKLFOHV��GLHVHO�
HQJLQHV�

)LQH�30��3DUWLFOHV�OHVV�
WKDQ�����PLFURQV�LQ�

diameter

&RPELQDWLRQ�RI�SULPDU\�	�
secondary formation. Produced by 
IRVVLO�IXHO�FRPEXVWLRQ�	�ZRRG�
EXUQLQJ��3DUWLFOHV�FDQ�EH�LQKDOHG�

deep into the body.

0DVV��H[SUHVVHG�LQ�
�J�P���PLFUR�JUDPV�
SHU�FXELF�PHWHU�

:RRG�EXUQLQJ��PRWRU�
YHKLFOHV��RII�URDG�HQJLQHV�
	�HTXLSPHQW��LQGXVWULDO�
SURFHVVHV�	�FRPEXVWLRQ�

&RDUVH�30��3DUWLFOHV�
EHWZHHQ�����DQG����
microns in diameter 

0RVWO\�SULPDU\�30� 
5HODWLYHO\�IHZ�SDUWLFOHV�RQ�D�QXPEHU�

basis, but they account for about 
KDOI�RI�30���RQ�D�PDVV�EDVLV�

0DVV��H[SUHVVHG�LQ�
�J�P���PLFUR�JUDPV�
SHU�FXELF�PHWHU�

*HRORJLF�GXVW��EUDNH�DQG�
WLUH�ZHDU��UHVLGHQWLDO�ZRRG�
EXUQLQJ��PRWRU�YHKLFOHV�

relationship between Particle count, Particle mass, and surface area

7KH�SDUWLFOHV�WKDW�FRPSULVH�30�YDU\�LQ�ERWK�VL]H��GLDPHWHU��DQG�PDVV��ZHLJKW���/DUJHU�SDUWLFOHV�DUH�
PXFK�KHDYLHU�WKDQ�VPDOO�RQHV��D�VLQJOH�FRDUVH�SDUWLFOH�PD\�ZHLJK�PRUH�WKDQ�WKRXVDQGV�RI�XOWUDÀQH�
SDUWLFOHV��$OWKRXJK�ODUJHU�SDUWLFOHV�DFFRXQW�IRU�PRVW�RI�30�RQ�D�PDVV�EDVLV��WKH\�UHSUHVHQW�RQO\�D�
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VPDOO�SHUFHQWDJH�RI�WKH�WRWDO�QXPEHU�RI�SDUWLFOHV��&RQYHUVHO\��VPDOOHU�SDUWLFOHV�FRQWULEXWH�OHVV�30�
PDVV��EXW�GRPLQDWH�LQ�WHUPV�RI�WKH�QXPEHU�RI�SDUWLFOHV��8OWUDÀQH�SDUWLFOHV�DFFRXQW�IRU�WKH�JUHDWHVW�
number�RI�SDUWLFOHV�LQ�30��EXW�RQO\�D�VPDOO�SURSRUWLRQ�RI�WKH�WRWDO�mass�RI�30��8OWUDÀQH�SDUWLFOHV�
DFFRXQW�IRU�URXJKO\�����RI�WKH�WRWDO�QXPEHU�RI�SDUWLFOHV��:X�HW�DO���������7KHUH�WHQGV�WR�EH�OLWWOH�
FRUUHODWLRQ�EHWZHHQ�WKH�QXPEHU�RI�SDUWLFOHV��PRVW�RI�ZKLFK�DUH�LQ�WKH�XOWUDÀQH�DQG�ÀQH�VL]H�UDQJH��
LQ�D�JLYHQ�DLU�VDPSOH�DQG�WKH�PDVV�RI�30����RU�30���LQ�WKDW�VDPSOH��6R�PHDVXULQJ�WKH�PDVV�RI�30�
LQWKH�DLU�JHQHUDOO\�UHYHDOV�OLWWOH�DV�WR�WKH�QXPEHU�RI�SDUWLFOHV�WKDW�PDNH�XS�WKDW�PDVV��

$V�VKRZQ�LQ�)LJXUH������DV�SDUWLFOH�VL]H�LQFUHDVHV��SDUWLFOH�PDVV��YROXPH��LQFUHDVHV�PXFK�IDVWHU�WKDQ�
WKH�VXUIDFH�DUHD��6R�D�JLYHQ�PDVV�RI�XOWUDÀQH�30�ZLOO�KDYH�D�PXFK�JUHDWHU�SDUWLFOH�QXPEHU�DQG�WRWDO�
VXUIDFH�FRPSDUHG�WR�DQ�HTXDO�PDVV�RI�ÀQH�30�RU�FRDUVH�30��7KH�KXJH�QXPEHU�RI�ÀQH�DQG�XOWUDÀQH�
SDUWLFOHV�VXVSHQGHG�LQ�WKH�DLU�FROOHFWLYHO\�SUHVHQWV�D�JUHDW�GHDO�RI�VXUIDFH�DUHD�UHODWLYH�WR�WKHLU�VPDOO�
PDVV��6XUIDFH�DUHD�LV�D�FRQFHUQ�IRU�WZR�UHDVRQV��)LUVW��JUHDWHU�VXUIDFH�DUHD�PHDQV�PRUH�VXUIDFH�
WR�ZKLFK�PLFURVFRSLF�DLUERUQH�WR[LFV�FDQ�DGKHUH��)LQH�DQG�XOWUDÀQH�SDUWLFOHV�FRDWHG�ZLWK�WR[LFV�FDQ�
SHQHWUDWH�GHHS�LQWR�WKH�OXQJV�ZKHQ�WKH\�DUH�LQKDOHG��6HFRQG��EHFDXVH�RI�WKHLU�UHODWLYHO\�ODUJH�VXUIDFH�
DUHD��RQFH�WKHVH�ÀQH�DQG�XOWUDÀQH�SDUWLFOHV�HQWHU�WKH�UHVSLUDWRU\�V\VWHP��WKH\�LQWHUDFW�ZLWK�D�ODUJH�
DUHD�RI�OXQJ�WLVVXH��WKLV�PHDQV�WKDW�WKH\�FDQ�GR�JUHDWHU�GDPDJH�WR�WKH�OXQJV��RU�RWKHU�RUJDQV�ZLWK�
ZKLFK�WKH\�FRPH�LQWR�FRQWDFW��

Figure 2-2 ratio of surface area to volume

6RXUFH��KWWS���FLNJXUR]DLQL�EORJVSRW�FRP���������JDV�H[FKDQJH�LQ�DQLPDOV�KWPO
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Primary Pm versus secondary Pm

,Q�DGGLWLRQ�WR�VL]H�UDQJHV��30�LV�DOVR�FDWHJRUL]HG�RQ�WKH�EDVLV�RI�KRZ�WKH�SDUWLFOHV�DUH�IRUPHG�
and emitted. Primary PM refers to particles that are directly emitted in solid or aerosol form. 
Secondary PM�UHIHUV�WR�SDUWLFOHV�WKDW�DUH�IRUPHG�LQ�WKH�DWPRVSKHUH�WKURXJK�FKHPLFDO�UHDFWLRQV�
DPRQJ�GLIIHUHQW�SROOXWDQWV��

Primary PM�LQFOXGHV�EODFN�FDUERQ��VRRW��DQG�IXJLWLYH�GXVW�IURP�D�ZLGH�YDULHW\�RI�VRXUFHV��LQFOXGLQJ�
FDUV��WUXFNV��EXVHV��LQGXVWULDO�IDFLOLWLHV��FRRNLQJ��SRZHU�SODQWV��FRQVWUXFWLRQ�VLWHV��WLOOHG�ÀHOGV��SDYHG�DQG�
XQSDYHG�URDGV��URFN�TXDUULHV��DQG�EXUQLQJ�ZRRG��6RPH�SULPDU\�SDUWLFOHV�DUH�HPLWWHG�GLUHFWO\�IURP�D�
WDLOSLSH�RU�VPRNHVWDFN�LQ�SDUWLFOH�IRUP��+RZHYHU��SULPDU\�30�DOVR�LQFOXGHV�FRQGHQVDEOH�30��GLVFXVVHG�
EHORZ��ZKLFK�LV�IRUPHG�ZKHQ�RUJDQLF�FRPSRXQGV�WKDW�DUH�HPLWWHG�DV�KRW�JDVHV�FRQGHQVH�LQWR�SDUWLFOHV�
XSRQ�H[SRVXUH�WR�FRROHU�DPELHQW�DLU��2UJDQLF�FDUERQ�LV�WKH�ODUJHVW�GLUHFWO\�HPLWWHG�FRQVWLWXHQW�RI�%D\�
$UHD�30�����LWV�PDLQ�VRXUFHV�DUH�ZRRG�EXUQLQJ��IRVVLO�IXHO�FRPEXVWLRQ��DQG�FRRNLQJ�

Secondary PM GHVFULEHV�SDUWLFOHV�IRUPHG�LQGLUHFWO\�YLD�FKHPLFDO�SURFHVVHV�ZKHQ�SUHFXUVRU�
SROOXWDQWV��VXFK�DV�VXOIXU�R[LGHV��62[���QLWURJHQ�R[LGHV��12[���YRODWLOH�RUJDQLF�FRPSRXQGV��92&���
DQG�DPPRQLD��1+����UHDFW�LQ�WKH�SUHVHQFH�RI�VXQOLJKW�DQG�ZDWHU�YDSRU��7KHVH�SUHFXUVRU�SROOXWDQWV�
DUH�HPLWWHG�IURP�IXHO�FRPEXVWLRQ��LQGXVWULDO�SURFHVVHV��KRXVHKROG�DFWLYLWLHV��DJULFXOWXUH��QDWXUDO�
YHJHWDWLRQ��DQG�RWKHU�VRXUFHV��&RPEXVWLRQ�RI�IRVVLO�IXHOV�SURGXFHV�12[��ZKLFK�FRQYHUWV�WR�QLWULF�
DFLG��12���DQG�FRPELQHV�ZLWK�DPPRQLD��1+���LQ�WKH�DWPRVSKHUH�WR�IRUP�DPPRQLXP�QLWUDWH��DV�ZHOO�
DV�VXOIXU�GLR[LGH��622���ZKLFK�FRQYHUWV�WR�VXOIXULF�DFLG��+262���DQG�FRPELQHV�ZLWK�DPPRQLD�WR�IRUP�
DPPRQLXP�VXOIDWH��,Q�GHWHUPLQLQJ�ZKHWKHU�DPPRQLD�LV�D�VLJQLÀFDQW�FRQWULEXWRU�WR�30�IRUPDWLRQ��WKH�
NH\�TXHVWLRQ�LV�ZKLFK�SROOXWDQW�²�DPPRQLD��RU�12[��LQ�WKH�IRUP�RI�QLWULF�DFLG����LV�WKH�OLPLWLQJ�IDFWRU�LQ�
ammonium nitrate formation. 

7KHVH�VHFRQGDU\�FRPSRXQGV�DFFRXQW�IRU�URXJKO\�RQH�WKLUG�RI�%D\�$UHD�30����RQ�DQ�DQQXDO�DYHUDJH�
EDVLV�DQG�DSSUR[LPDWHO\��������GXULQJ�ZLQWHU�SHDN�SHULRGV��$PPRQLXP�QLWUDWH��ZKLFK�LV�VWDEOH�LQ�
VROLG�IRUP�RQO\�GXULQJ�WKH�FRROHU�ZLQWHU�PRQWKV��FRQWULEXWHV�DQ�DYHUDJH�RI�DERXW�����RI�WRWDO�30����
XQGHU�SHDN�30�FRQGLWLRQV��7KH�FRQWULEXWLRQ�RI�DPPRQLXP�VXOIDWH�WR�%D\�$UHD�30����LV�UHODWLYHO\�ORZ��
DFFRXQWLQJ�IRU�DSSUR[LPDWHO\�����RI�WRWDO�30����RQ�DQ�DQQXDO�DYHUDJH�EDVLV��

7KH�GLVWLQFWLRQ�EHWZHHQ�SULPDU\�30�DQG�VHFRQGDU\�30�LV�LPSRUWDQW�IRU�XQGHUVWDQGLQJ�DQG�DQDO\]LQJ�
KRZ�WKH�YDULRXV�HPLVVLRQV�VRXUFHV�FRQWULEXWH�WR�DPELHQW�30�FRQFHQWUDWLRQV��+RZHYHU��LQ�DPELHQW�
DLU�ZKHUH�SDUWLFOHV�DUH�FRQVWDQWO\�LQWHUDFWLQJ�DQG�WUDQVIRUPLQJ��PRVW�LQGLYLGXDO�SDUWLFOHV�DUH�DFWXDOO\�
FRPSRVHG�RI�D�PL[�RI�SULPDU\�DQG�VHFRQGDU\�30��$Q�LQGLYLGXDO�SULPDU\�SDUWLFOH�W\SLFDOO\�KDV�D�FRUH�RI�
FDUERQDFHRXV�PDWHULDO��RIWHQ�FRQWDLQLQJ�WUDFH�PHWDOV�DQG�RWKHU�WR[LF�PDWHULDOV��/D\HUV�RI�RUJDQLF�DQG�
LQRUJDQLF�FRPSRXQGV�DUH�WKHQ�GHSRVLWHG�RQWR�WKH�FRUH�SDUWLFOH��'HSHQGLQJ�RQ�WKH�FRPSRVLWLRQ�RI�WKH�
PDWHULDO�GHSRVLWHG�RQ�WKH�FRUH�SDUWLFOH��WKH�SDUWLFOH�PD\�EHFRPH�PRUH�WR[LF�DV�LW�JURZV�LQ�VL]H��

BVhbWPMZ�Ba^PRbbRb�cVMc�2ŪRPc�B?�7^a\McW^]

,Q�DGGLWLRQ�WR�FKHPLFDO�SURFHVVHV�LQ�ZKLFK�SUHFXUVRU�FRPSRXQGV�UHDFW�WR�IRUP�VHFRQGDU\�30��
VHYHUDO�SK\VLFDO�SURFHVVHV�DOVR�SOD\�DQ�LPSRUWDQW�UROH�LQ�GHWHUPLQLQJ�KRZ�SDUWLFOHV�LQWHUDFW�DQG�
WUDQVIRUP�ZKLOH�VXVSHQGHG�LQ�WKH�DLU��7KH�SURFHVVHV�WKDW�DIIHFW�30�YDU\�GHSHQGLQJ�RQ�SDUWLFOH�VL]H��
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.H\�SK\VLFDO�SURFHVVHV�WKDW�DIIHFW�WKH�IRUPDWLRQ�RI�ÀQH�DQG�XOWUDÀQH�SDUWLFOHV�DW�WKH�PLFUR�VFDOH�
include condensation, nucleation, and coagulation.�7KHVH�SURFHVVHV�RFFXU�YHU\�UDSLGO\��HVSHFLDOO\�
LQ�WKH�LQLWLDO�VHFRQGV�DIWHU�D�SOXPH�RI�HPLVVLRQV�LV�UHOHDVHG�E\�D�FRPEXVWLRQ�SURFHVV��'XULQJ�´SOXPH�
SURFHVVLQJµ��WKH�KRW�SDUWLFOHV�DQG�JDVHV�SURGXFHG�E\�FRPEXVWLRQ�LQWHUDFW�YLJRURXVO\�XSRQ�H[SRVXUH�
WR�FRROHU�DPELHQW�DLU��$V�D�UHVXOW�RI�WKHVH�SURFHVVHV��SDUWLFOH�FRXQW�DQG�SDUWLFOH�VL]H�GLVWULEXWLRQ�
FDQ�FKDQJH�YHU\�UDSLGO\��7KHVH�SK\VLFDO�SURFHVVHV�DUH�HVSHFLDOO\�SRWHQW�DPRQJ�XOWUDÀQH�SDUWLFOHV��
EHFDXVH�XOWUDÀQH�SDUWLFOHV�DUH�VR�QXPHURXV�DQG�KDYH�D�JUHDW�GHDO�RI�VXUIDFH�DUHD��WKH\�LQWHUDFW�DQG�
DJJORPHUDWH�PRUH�UDSLGO\�WKDQ�RWKHU�W\SHV�RI�30��7KHUHIRUH��XOWUDÀQH�30�LV�YHU\�G\QDPLF�DQG�VKRUW�
OLYHG�LQ�WKH�DWPRVSKHUH��

&RQGHQVDWLRQ�DQG�QXFOHDWLRQ�DUH�UHODWHG�SURFHVVHV��&RPEXVWLRQ�SURFHVVHV�HPLW�D�JUHDW�YDULHW\�
RI�RUJDQLF�FRPSRXQGV�LQ�JDVHRXV�IRUP��8SRQ�H[SRVXUH�WR�FRROHU�DPELHQW�DLU��WKHVH�KRW�JDVHV�
VHHN�WR�FRQGHQVH��:KHQ�WKH�KRW�JDVHV�FRQGHQVH�E\�DGKHULQJ�WR�H[LVWLQJ�SDUWLFOHV��WKLV�LV�FDOOHG�
FRQGHQVDWLRQ��:KHQ�WKH�KRW�JDVHV�FRQGHQVH�E\�IRUPLQJ�QHZ�SDUWLFOHV��WKLV�LV�FDOOHG�QXFOHDWLRQ��
There is competition between condensation and nucleation.�� If the ambient air already contains an 
DEXQGDQFH�RI�ÀQH�SDUWLFOHV��WKHQ�WKH�KRW�JDVHV�ZLOO�JHQHUDOO\�FRQGHQVH�RQ�WR�WKH�H[LVWLQJ�SDUWLFOHV��
+RZHYHU��LI�WKH�VXSSO\�RI�H[LVWLQJ�SDUWLFOHV�LV�OLPLWHG��WKHQ�LQ�WKH�DEVHQFH�RI�H[LVWLQJ�SDUWLFOHV�RQ�
ZKLFK�WR�FRQGHQVH��WKH�JDVHRXV�HPLVVLRQV�ZLOO�QXFOHDWH�WR�IRUP�QHZ�SDUWLFOHV��SULPDULO\�LQ�WKH�
XOWUDÀQH�VL]H�UDQJH��7KH�QXPEHU�RI�SDUWLFOHV�SURGXFHG�DV�KRW�JDVHV�FRQGHQVH�WKXV�GHSHQGV�LQ�ODUJH�
SDUW�XSRQ�WKH�VXSSO\�RI�SUH�H[LVWLQJ�SDUWLFOHV�LQ�WKH�DLU�

%HFDXVH�WKH�SUHVHQFH�RI�H[LVWLQJ�SDUWLFOHV�SURPRWHV�FRQGHQVDWLRQ��LQVWHDG�RI�QXFOHDWLRQ�ZKLFK�
IRUPV�QHZ�SDUWLFOHV���WKLV�PHDQV�WKDW�QRW�RQO\�LV�30����PDVV�FRQFHQWUDWLRQ�D�SRRU�VXUURJDWH�IRU�
XOWUDÀQH�SDUWLFOH�FRXQW��EXW�WKDW�30����PDVV�DQG�XOWUDÀQH�SDUWLFOH�FRXQW�PD\�DFWXDOO\�EH�QHJDWLYHO\�
FRUUHODWHG��7KH�QXPEHU�RI�QHZ�XOWUDÀQH�SDUWLFOHV�SURGXFHG�DV�D�E\�SURGXFW�RI�FRPEXVWLRQ�ZLOO�
JHQHUDOO\�EH�ORZ�ZKHQ�WKH�H[LVWLQJ�30����PDVV�FRQFHQWUDWLRQ�LV�KLJK��DQG�YLFH�YHUVD��7KLV�KHOSV�WR�
H[SODLQ�PHDVXUHPHQWV�VKRZLQJ�WKDW�ZKHQ�SDUWLFXODWH�ÀOWHUV�DUH�LQVWDOOHG�RQ�GLHVHO�HQJLQHV��WKH�PDVV�
RI�30����HPLWWHG�E\�GLHVHO�FRPEXVWLRQ�LV�JUHDWO\�UHGXFHG��EXW�WKH�QXPEHU�RI�XOWUDÀQH�SDUWLFOHV�LQ�WKH�
GLHVHO�H[KDXVW�PD\�DFWXDOO\�LQFUHDVH��9DQ�6HWWHQ�HW�DO���������

&RDJXODWLRQ�RFFXUV�ZKHQ�WZR�RU�PRUH�H[LVWLQJ�SDUWLFOHV�MRLQ�WR�IRUP�D�ODUJHU�SDUWLFOH��&RDJXODWLRQ�LV�
YHU\�SUHYDOHQW�DPRQJ�XOWUDÀQH�SDUWLFOHV��EXW�WHQGV�WR�GHFUHDVH�DV�SDUWLFOHV�JURZ�WR�D�ODUJHU��PRUH�
VWDEOH�VL]H��8OWUDÀQH�SDUWLFOHV�SURGXFHG�E\�FRPEXVWLRQ�FRDJXODWH�YHU\�UDSLGO\�WR�IRUP�ODUJHU�SDUWLFOHV�
XSRQ�H[SRVXUH�WR�DPELHQW�DLU��&RDJXODWLRQ�UHGXFHV�SDUWLFOH�QXPEHU�DQG�LQFUHDVHV�SDUWLFOH�VL]H��EXW�
GRHV�QRW�DIIHFW�RYHUDOO�30����SDUWLFOH�PDVV��'XH�WR�WKH�SURFHVVHV�RI�FRDJXODWLRQ�DQG�FRQGHQVDWLRQ��
WKH�QXPEHU�RI�XOWUDÀQH�SDUWLFOHV�WHQGV�WR�GURS�RII�UDSLGO\�DV�GLVWDQFH�IURP�WKH�HPLVVLRQ�VRXUFH�
LQFUHDVHV��ZKHUHDV�30����PDVV�LV�PRUH�VWDEOH�

30�LV�UHPRYHG�IURP�WKH�DLU�WKURXJK�SURFHVVHV�VXFK�DV�GLIIXVLRQ��FRDJXODWLRQ��DQG�GHSRVLWLRQ��
%HFDXVH�XOWUDÀQH�SDUWLFOHV�DUH�VR�VPDOO�WKDW�WKH\�DUH�RQO\�ZHDNO\�DIIHFWHG�E\�WKH�IRUFH�RI�JUDYLW\��
WKH\�DUH�UHPRYHG�PDLQO\�E\�GLIIXVLRQ��LQ�ZKLFK�WKHLU�UDQGRP�WKHUPDO�PRWLRQ��NQRZQ�DV�´%URZQLDQ�
PRWLRQµ��FDXVHV�WKH�SDUWLFOHV�HLWKHU�WR�DGKHUH�WR�PDQ�PDGH�RU�QDWXUDO�VXUIDFHV�RU�WR�DGKHUH�WR�RWKHU�

���� )RU�SXUSRVHV�RI�GHYHORSLQJ�30�HPLVVLRQV�LQYHQWRULHV��WKH�SDUWLFOHV�IRUPHG�E\�ERWK�WKH�FRQGHQVDWLRQ�DQG�WKH�QXFOHDWLRQ�SURFHVVHV�DUH�
UHIHUUHG�WR�DV�´FRQGHQVDEOHµ�HPLVVLRQV�
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SDUWLFOHV��FRDJXODWLRQ���$V�SDUWLFOHV�JURZ�ODUJHU�DQG�KHDYLHU�YLD�FRDJXODWLRQ��WKH\�DUH�HYHQWXDOO\�
GHSRVLWHG�WR�WKH�HDUWK·V�VXUIDFH�E\�PHDQV�RI�JUDYLW\�WKURXJK�WKH�SURFHVVHV�RI�GU\�GHSRVLWLRQ�RU�ZHW�
GHSRVLWLRQ��UDLQ�DQG�VQRZ���)LQH�DQG�XOWUDÀQH�SDUWLFOHV�RIWHQ�SURYLGH�D�QXFOHXV�WKDW�IDFLOLWDWHV�WKH�
FRQGHQVDWLRQ�RI�ZDWHU�YDSRU�LQ�WKH�DWPRVSKHUH��WKXV�IRUPLQJ�ZDWHU�GURSOHWV��VR�WKHVH�SDUWLFOHV�FDQ�
DOVR�EH�UHPRYHG�IURP�WKH�DLU�YLD�ZHW�GHSRVLWLRQ��$OWKRXJK�EHQHÀFLDO�IRU�SXUSRVHV�RI�FOHDULQJ�WKH�DLU��
30�GHSRVLWLRQ�PD\�KDYH�QHJDWLYH�LPSDFWV�RQ�VRLO��ZDWHU��ÁRUD�DQG�IDXQD��DV�GLVFXVVHG�LQ�6HFWLRQ���'��

spatial variation in Pm concentrations (concentration 
relative to distance from emission source)

7KH�DPELHQW�FRQFHQWUDWLRQ�RI�D�GLUHFWO\�HPLWWHG�DLU�SROOXWDQW��VXFK�DV�SULPDU\�30��JHQHUDOO\�
GHFUHDVHV�UDSLGO\�YLD�GLVSHUVLRQ�DV�GLVWDQFH�IURP�WKH�HPLVVLRQ�VRXUFH�LQFUHDVHV��7KLV�PHDQV�WKDW�
FRQFHQWUDWLRQV�RI�SULPDU\�SROOXWDQWV�ZLOO�YDU\�FRQVLGHUDEO\�RQ�D�VSDWLDO�EDVLV��%\�FRQWUDVW��DPELHQW�
concentrations of pollutants that are formed by means of chemical processes in the atmosphere, 
VXFK�DV�R]RQH�DQG�VHFRQGDU\�30��DUH�QRW�VR�GLUHFWO\�UHODWHG�WR�GLVWDQFH�IURP�WKH�HPLVVLRQ�VRXUFH��
WKHVH�VHFRQGDU\�SROOXWDQWV�WHQG�WR�EH�PRUH�EURDGO\�DQG�HYHQO\�GLVWULEXWHG�RQ�D�VSDWLDO�EDVLV�

6LQFH�XOWUDÀQH�30�LV�FRPSRVHG�PDLQO\�RI�SULPDU\�30��WKH�QXPEHU�RI�XOWUDÀQH�SDUWLFOHV�W\SLFDOO\�
GHFUHDVHV�UDSLGO\�DV�GLVWDQFH�IURP�WKH�HPLVVLRQ�VRXUFH�LQFUHDVHV��)LQH�30��30�����DQG�FRDUVH�30��RQ�
WKH�RWKHU�KDQG��LQFOXGH�D�PL[�RI�ERWK�SULPDU\�DQG�VHFRQGDU\�SDUWLFOHV��6R�FRQFHQWUDWLRQV�RI�SULPDU\�30�
IURP�HPLVVLRQ�VRXUFHV�VXFK�DV�HQJLQH�FRPEXVWLRQ�DQG�ZRRG�EXUQLQJ�FDQ�YDU\�JUHDWO\�DW�WKH�ORFDO�VFDOH��
ZKHUHDV�WKH�GLVWULEXWLRQ�RI�VHFRQGDU\�30�VXFK�DV�DPPRQLXP�QLWUDWH�DQG�DPPRQLXP�VXOIDWH�WHQGV�WR�
EH�PRUH�XQLIRUP�DFURVV�D�UHJLRQ�

relationship between Pm and toxic air contaminants

$LU�SROOXWDQWV�DUH�JHQHUDOO\�UHJXODWHG�HLWKHU�DV�criteria air pollutants or as 
toxic air contaminants �7$&V���&ULWHULD�SROOXWDQWV�DUH�JHQHUDOO\�FRQWUROOHG�RQ�
D�UHJLRQDO�VFDOH�LQ�DQ�HIIRUW�WR�DWWDLQ�DLU�TXDOLW\�VWDQGDUGV�ZKLFK�DUH�EDVHG�
RQ�DPELHQW�FRQFHQWUDWLRQV�LQ�WKH�DWPRVSKHUH��7$&V�DUH�JHQHUDOO\�SUHVHQW�
LQ�WKH�DWPRVSKHUH�RQO\�LQ�YHU\�ORZ�FRQFHQWUDWLRQV��%XW�EHFDXVH�RI�WKHLU�KLJK�
WR[LFLW\��7$&V�DUH�UHJXODWHG�DW�WKH�HPLVVLRQV�VRXUFH�VR�DV�WR�OLPLW�LQGLYLGXDO�
H[SRVXUH�RQ�WKH�EDVLV�RI�ULVN�EDVHG�VWDQGDUGV��IRU�H[DPSOH��D�PD[LPXP�
FDQFHU�ULVN�QR�JUHDWHU�WKDQ����LQ�RQH�PLOOLRQ��$OWKRXJK�30�LV�FDWHJRUL]HG�
DQG�UHJXODWHG�DV�D�FULWHULD�DLU�SROOXWDQW��30�GLVSOD\V�VRPH�FKDUDFWHULVWLFV�
RI�D�7$&�WR�WKH�H[WHQW�WKDW�LW�DFWV�DV�D�ORFDO�DLU�SROOXWDQW��$UHDV�RI�RYHUODS�
EHWZHHQ�ÀQH�30�DQG�WR[LF�DLU�FRQWDPLQDQWV��7$&V��LQFOXGH�WKH�IROORZLQJ�

�� ,Q�WKH�FDVH�RI�ERWK�ÀQH�30�DQG�7$&V��H[SRVXUH�WR�HYHQ�VPDOO�
DPRXQWV�RI�WKH�SROOXWDQW�FDQ�FDXVH�QHJDWLYH�KHDOWK�HIIHFWV�

�� �30�DQG�7$&V�VKDUH�FRPPRQ�HPLVVLRQV�VRXUFHV��VXFK�DV�
combustion of fossil fuels and biomass;

�� 'LHVHO�30�KDV�EHHQ�LGHQWLÀHG�DV�D�7$&�E\�WKH�&DOLIRUQLD�$LU�
5HVRXUFHV�%RDUG��

74 understanding Particulate matter   |   2012   |   Bay area air Quality management district



�� 6RPH�DLU�WR[LFV�PD\�EH�HPLWWHG�LQ�SDUWLFOH�IRUP��VXFK�DV�FDGPLXP�HPLWWHG�
from combustion of fossil fuels;

�� �7$&V�DQG�30�DUH�IHOORZ�WUDYHOHUV��DLU�WR[LFV�IUHTXHQWO\�DGKHUH�WR�ÀQH�
SDUWLFOHV�DQG�WKHQ�HQWHU�WKH�OXQJV�ZKHQ�WKHVH�SDUWLFOHV�DUH�LQKDOHG��

Pm Formation & dynamics in the bay area

7KH�EDVLF�FKHPLFDO�DQG�SK\VLFDO�SURFHVVHV�GHVFULEHG�DERYH�WKDW�JRYHUQ�30�IRUPDWLRQ�DQG�
WUDQVIRUPDWLRQ�DW�WKH�PLFUR�OHYHO�KROG�WUXH�IRU�WKH�%D\�$UHD��+RZHYHU��ORFDO�PHWHRURORJ\�DQG�FOLPDWH��
WKH�VSHFLÀF�PL[�RI�30�VRXUFHV�DQG�WKHLU�JHRJUDSKLFDO�GLVWULEXWLRQ�ZLWKLQ�WKH�UHJLRQ��DQG�DLU�H[FKDQJH�
ZLWK�QHLJKERULQJ�DLU�EDVLQV�DOO�LQÁXHQFH�30�IRUPDWLRQ�DQG�G\QDPLFV�LQ�WKH�%D\�$UHD�

temporal & seasonal variation in bay area Pm levels

$PELHQW�30�LQ�WKH�%D\�$UHD�YDULHV�FRQVLGHUDEO\�ERWK�LQ�FRPSRVLWLRQ�DQG�VSDWLDO�GLVWULEXWLRQ�RQ�D�
GD\�WR�GD\�EDVLV�DQG�RQ�D�VHDVRQDO�EDVLV��GXH�WR�FKDQJHV�LQ�HPLVVLRQV�DQG�ZHDWKHU��&KDQJHV�LQ�
PHWHRURORJLFDO�FRQGLWLRQV�DUH�WKH�PRVW�LPSRUWDQW�IDFWRU�LQ�H[SODLQLQJ�WKH�GD\�WR�GD\�DQG�VHDVRQDO�
YDULDWLRQ�LQ�30�FRQFHQWUDWLRQV��7KH�%D\�$UHD�H[SHULHQFHV�LWV�KLJKHVW�30�FRQFHQWUDWLRQV�LQ�WKH�ZLQWHU��
H[FHHGDQFHV�RI�WKH����KRXU�QDWLRQDO�30����VWDQGDUG�DOPRVW�DOZD\V�RFFXU�IURP�1RYHPEHU�WKURXJK�
)HEUXDU\��+LJK�30����HSLVRGHV�DUH�W\SLFDOO\�UHJLRQDO�LQ�VFDOH��LPSDFWLQJ�PXOWLSOH�%D\�$UHD�ORFDWLRQV��
'XULQJ�RWKHU�VHDVRQV��E\�FRQWUDVW��%D\�$UHD�30����OHYHOV�WHQG�WR�EH�UHODWLYHO\�ORZ��GXH�ODUJHO\�WR�WKH�
UHJLRQ·V�QDWXUDO�YHQWLODWLRQ�V\VWHP��7KXV��RQ�DQ�DQQXDO�DYHUDJH�EDVLV��30����OHYHOV�LQ�WKH�%D\�$UHD�
DUH�DPRQJ�WKH�ORZHVW�PHDVXUHG�LQ�PDMRU�8�6��PHWURSROLWDQ�DUHDV�

0HWHRURORJLFDO�IDFWRUV�DUH�WKH�PDLQ�UHDVRQ�WKDW�WKH�%D\�$UHD�H[SHULHQFHV�LWV�KLJKHVW�30�OHYHOV�
LQ�ZLQWHU�PRQWKV��+RZHYHU��LW�LV�LPSRUWDQW�WR�QRWH�WKDW�ZLQWHU�LV�DOVR�WKH�VHDVRQ�ZKHQ�WKH�PRVW�
UHVLGHQWLDO�ZRRG�EXUQLQJ�RFFXUV��LQ�VRPH�SDUWV�RI�WKH�%D\�$UHD��ZRRG�VPRNH�DFFRXQWV�IRU�WKH�
PDMRULW\�RI�DLUERUQH�30����GXULQJ�KLJK�30�HSLVRGHV��,Q�DGGLWLRQ�WR�KLJKHU�ZRRG�VPRNH�HPLVVLRQV��
VHFRQGDU\�30����OHYHOV�DUH�DOVR�HOHYDWHG�GXULQJ�WKH�ZLQWHU�PRQWKV��&RRO�ZHDWKHU�LV�FRQGXFLYH�WR�
WKH�IRUPDWLRQ�RI�DPPRQLXP�QLWUDWH�ZKLFK�FRQWULEXWHV�DQ�DYHUDJH�RI�DERXW�����RI�WRWDO�30����XQGHU�
SHDN�30�FRQGLWLRQV��

6WXGLHV�LQ�6RXWKHUQ�&DOLIRUQLD�KDYH�IRXQG�WKDW�VHDVRQDO�YDULDWLRQ�LQ�PHWHRURORJLFDO�FRQGLWLRQV�
DOVR�DIIHFW�HPLVVLRQV�DQG�FRQFHQWUDWLRQV�RI�XOWUDÀQH�SDUWLFOH��6LPLODU�WR�30�����XOWUDÀQH�SDUWLFOH�
QXPEHUV�DUH�KLJKHU�LQ�ZLQWHU�FRPSDUHG�WR�VSULQJ�DQG�VXPPHU��7KLV�LV�OLNHO\�GXH�WR�IDFW�WKDW�ORZHU�
WHPSHUDWXUHV�SURPRWH�SDUWLFXODWH�IRUPDWLRQ��FRQGHQVDEOH�RUJDQLFV�HPLWWHG�DV�KRW�YDSRUV�IURP�
WDLOSLSHV�DQG�RWKHU�FRPEXVWLRQ�VRXUFHV�TXLFNO\�FRRO�DQG�FRQGHQVH�WR�IRUP�SDUWLFOHV��2QH�VWXG\�
�=KDQJ�HW�DO��������IRXQG�WKDW�WKH�XOWUDÀQH�SDUWLFOH�IRUPDWLRQ�UDWH�IURP�YHKLFOH�H[KDXVW�LV�KLJKHU�LQ�
ZLQWHU�WKDQ�LQ�VXPPHU�EHFDXVH�DYHUDJH�SDUWLFOH�VL]H�LV�VPDOOHU�LQ�ZLQWHU��a����QDQRPHWHUV��WKDQ�LQ�
VXPPHU��a����QDQRPHWHUV��

:KLOH�30�HPLVVLRQV�DQG�FRQFHQWUDWLRQV�WHQG�WR�EH�KLJKHVW�LQ�ZLQWHU�IRU�WKH�UHDVRQV�GHVFULEHG�DERYH��
PHWHRURORJLFDO�FRQGLWLRQV�SULPDULO\�GHWHUPLQH�ZKHWKHU�WKH�FRQFHQWUDWLRQV�ZLOO�EXLOG�XS�WR�OHYHOV�WKDW�
H[FHHG�WKH�QDWLRQDO����KRXU�30����VWDQGDUG��+RUL]RQWDO�PL[LQJ��L�H���VXUIDFH�ZLQGV��DQG�YHUWLFDO�PL[LQJ�
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�ZKLFK�RFFXUV�ZKHQ�DLU�WHPSHUDWXUHV�LQFUHDVH�ZLWK�KHLJKW��DUH�WKH�NH\�WR�GLVSHUVLQJ�SDUWLFXODWHV�LQ�WKH�
DWPRVSKHUH��DQG�WKXV�NHHSLQJ�DPELHQW�FRQFHQWUDWLRQV�EHORZ�WKH�30�VWDQGDUGV��:LQWHU�LV�DVVRFLDWHG�
ZLWK�GHFUHDVHG�DWPRVSKHULF�PL[LQJ�KHLJKW�DQG�PRUH�VWDJQDQW��OHVV�ZLQG\�ZHDWKHU��

weather & wind Patterns conducive to High Pm concentrations

7KH�&HQWUDO�9DOOH\��FRPSULVHG�RI�WKH�6DFUDPHQWR�DQG�6DQ�-RDTXLQ�YDOOH\V��ERUGHUV�WKH�%D\�$UHD�
WR�WKH�HDVW��DQG�WKHUH�LV�FRQVLGHUDEOH�DLU�H[FKDQJH�EHWZHHQ�WKHP��,Q�VXPPHU��WKH�W\SLFDO�SDWWHUQ�
LV�ZHVWHUO\�ZLQGV�EORZLQJ�IURP�WKH�%D\�$UHD�LQWR�WKH�&HQWUDO�9DOOH\��,Q�WKH�ZLQWHU��GXULQJ�SHULRGV�RI�
VWDJQDWLRQ�ZKHQ�30�FRQFHQWUDWLRQV�DUH�KLJK��WKH�SDWWHUQ�WHQGV�WR�UHYHUVH�ZLWK�HDVWHUO\�ÁRZ�GUDLQLQJ�
IURP�WKH�&HQWUDO�9DOOH\�WKURXJK�WKH�%D\�$UHD�DQG�LQWR�WKH�3DFLÀF�2FHDQ��

8VLQJ�D�WHFKQLTXH�FDOOHG�cluster analysis to identify correlations between weather conditions and 
30�FRQFHQWUDWLRQV�LQ�KLVWRULFDO�GDWD��$LU�'LVWULFW�VWDII�FROODERUDWHG�ZLWK�8&�'DYLV�VWDII�WR�DQDO\]H�
KRZ�PHWHRURORJLFDO�FRQGLWLRQV�LPSDFW�%D\�$UHD�30�OHYHOV�GXULQJ�ZLQWHU�PRQWKV��:HDWKHU�V\VWHPV�
FRQGXFLYH�WR�KLJK�30����OHYHOV�KDYH�VKDOORZ�ÁRZV�WKURXJK�WKH�FRPSOH[�WHUUDLQ�WKDW�IRUP�VWDJQDWLQJ�
FROG�SRROV�LQ�YDOOH\V�WKDW�WUDS�SROOXWDQWV��&RQVHFXWLYH�VWDJQDQW�DQG�UDLQOHVV�ZLQWHU�GD\V�DUH�W\SLFDOO\�
SUHUHTXLVLWHV�IRU�GHYHORSPHQW�RI�HOHYDWHG�30����HSLVRGHV��

$�VLQJOH�ZHDWKHU�SDWWHUQ�ZDV�IRXQG�WR�DFFRXQW�IRU�DSSUR[LPDWHO\�����RI�DOO�
%D\�$UHD�30����H[FHHGDQFHV��7KLV�SDWWHUQ�LV�FKDUDFWHUL]HG�E\�D�ULGJH�RI�
KLJK�SUHVVXUH�PRYLQJ�RYHU�WKH�%D\�$UHD�GXULQJ�D�SHULRG�RI�PXOWLSOH�GD\V��
7KLV�V\VWHP�OHDGV�WR�FDOP�FRQGLWLRQV�ZLWKLQ�WKH�&HQWUDO�9DOOH\��FRXSOHG�ZLWK�
SHUVLVWHQW�HDVWHUO\�ZLQGV�IURP�WKH�&HQWUDO�9DOOH\�LQWR�WKH�%D\�$UHD��7KH�ORZHU�
OHYHOV�RI�VRODU�UDGLDWLRQ��VXQOLJKW��LQ�WKH�ZLQWHU�OHDG�WR�VWURQJHU�WHPSHUDWXUH�
LQYHUVLRQV��WKHVH�LQYHUVLRQV�SUHYHQW�YHUWLFDO�PL[LQJ�DQG�DUH�WKHUHIRUH�
FRQGXFLYH�WR�WKH�EXLOGXS�RI�30�LQ�DPELHQW�DLU�QHDU�JURXQG�OHYHO��

'XULQJ�WKLV�ZHDWKHU�SDWWHUQ��30�OHYHOV�LQ�WKH�&HQWUDO�9DOOH\�FDQ�EH�DERXW�
����WLPHV�KLJKHU�WKDQ�LQ�WKH�%D\�$UHD��7KLV�LV�ODUJHO\�EHFDXVH�PHWHRURORJLFDO�FRQGLWLRQV�DUH�PRUH�
FRQGXFLYH�WR�WKH�WUDQVIRUPDWLRQ�RI�12[�WR�QLWULF�DFLG��QHHGHG�IRU�WKH�IRUPDWLRQ�RI�DPPRQLXP�QLWUDWH��
LQ�WKH�&HQWUDO�9DOOH\�WKDQ�IRU�FRDVWDO�ORFDWLRQV��&RQGLWLRQV�WKDW�HQKDQFH�GD\WLPH�DQG�QLJKWWLPH�
FRQYHUVLRQ�RI�12[�WR�QLWULF�DFLG�LQFOXGH�ORZ�ZLQG�VSHHGV�FRPELQHG�ZLWK�DEXQGDQW�VXQOLJKW�GXULQJ�
WKH�GD\�DQG�KLJK�KXPLGLW\�DW�QLJKW��1LWULF�DFLG�WKHQ�UDSLGO\�UHDFWV�ZLWK�DPPRQLD�HPLVVLRQV��PRVWO\�
IURP�GDLU\�DFWLYLWLHV��ZKLFK�DUH�HVSHFLDOO\�FRQFHQWUDWHG�LQ�WKH�QRUWKHUQ�6DQ�-RDTXLQ�9DOOH\��WR�IRUP�
DPPRQLXP�QLWUDWH��7KH�HDVWHUO\�ZLQGV�WKDW�SUHYDLO�GXULQJ�WKLV�SDWWHUQ�WUDQVSRUW�ERWK�SULPDU\�DQG�
VHFRQGDU\�30�IURP�WKH�&HQWUDO�9DOOH\�LQWR�WKH�%D\�$UHD��DV�IXUWKHU�GLVFXVVHG�LQ�WKH�PRGHOLQJ�VHFWLRQ�
below. 

$OWKRXJK�WKH�ZHDWKHU�SDWWHUQ�GHVFULEHG�DERYH�DFFRXQWHG�IRU�RYHU����SHUFHQW�RI�DOO�%D\�$UHD�
H[FHHGDQFHV��LW�VKRXOG�EH�QRWHG�WKDW�RQO\�DURXQG�RQH�LQ�WKUHH�GD\V�EHORQJLQJ�WR�WKLV�SDWWHUQ�UHVXOWHG�
LQ�DQ�H[FHHGDQFH��7KHUHIRUH��WKLV�ZHDWKHU�SDWWHUQ�FRQVWLWXWHV�D�QHFHVVDU\��EXW�QRW�VXIÀFLHQW��
FRQGLWLRQ�IRU�DQ�H[FHHGDQFH�WR�RFFXU��'D\V�ZLWK�WKLV�SDWWHUQ�ZHUH�IXUWKHU�DQDO\]HG�WR�GLVWLQJXLVK�WKH�
FKDUDFWHULVWLFV�RI�GD\V�WKDW�UHVXOW�LQ�H[FHHGDQFHV�RI�WKH����KRXU�30����VWDQGDUG��([FHHGDQFH�GD\V�
FRXOG�EH�GHÀQHG�LQ�WHUPV�RI�D�QXPEHU�RI�VLPXOWDQHRXV�PHWHRURORJLFDO�FKDUDFWHULVWLFV��D�ULGJH�RI�KLJK�
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SUHVVXUH�RYHU�WKH�%D\�$UHD�IURP�VWURQJO\�VWDEOH�FRQGLWLRQV�DORIW�SURYLGLQJ�D�ZHDN�VXUIDFH�SUHVVXUH�
JUDGLHQW�RYHU�&HQWUDO�&DOLIRUQLD��SHUVLVWHQW�VKDOORZ�ÁRZV�IURP�WKH�HDVW�WKURXJK�WKH�%D\�$UHD��ZLQGV�
FKDQQHOHG�E\�WHUUDLQ��HQKDQFHG�QRFWXUQDO�FRROLQJ�XQGHU�FOHDU�VN\�FRQGLWLRQV�OHDGLQJ�WR�HQKDQFHG�
RYHUQLJKW�GUDLQDJH�ÁRZV�RII�WKH�&HQWUDO�&DOLIRUQLD�VORSHV��DQG�DW�OHDVW�WZR�FRQVHFXWLYH�GD\V�RI�WKHVH�
listed conditions.

Pm Photochemical modeling results 

7KH�$LU�'LVWULFW�SHUIRUPV�SKRWRFKHPLFDO�PRGHOLQJ�WR�EHWWHU�XQGHUVWDQG�WKH�FRPSOH[�UHODWLRQVKLS�
EHWZHHQ�HPLVVLRQV��DPELHQW�FRQFHQWUDWLRQV��DQG�SRSXODWLRQ�H[SRVXUH�WR�DLU�SROOXWDQWV��$LU�'LVWULFW�
VWDII�KDV�HPSOR\HG�(3$·V�&RPPXQLW\�0XOWLVFDOH�$LU�4XDOLW\��&0$4��PRGHO�WR�VLPXODWH�30����
IRUPDWLRQ�DQG�G\QDPLFV�LQ�WKH�%D\�$UHD��30����VLPXODWLRQV�ZHUH�SHUIRUPHG�ZLWK�WKH�&0$4�PRGHO�
IRU�IRXU�PRQWKV��'HFHPEHU�-DQXDU\����������DQG�����������7KH�PRGHOLQJ�GRPDLQ�LQFOXGHG�WKH�
%D\�$UHD�DQG�WKH�HQWLUH�&HQWUDO�9DOOH\�WR�DFFRXQW�IRU�WKH�LPSDFW�RI�LQWHU�EDVLQ�WUDQVSRUW��7KH�PRGHO�
ZDV�DSSOLHG�RQ���NP�KRUL]RQWDO�JULGV��7KH�UHVXOWV�RI�WKH�30�PRGHOLQJ�KDYH�EHHQ�VXPPDUL]HG�LQ�WKH�
2FWREHU������UHSRUW�HQWLWOHG�Fine Particulate Matter Data Analysis and Modeling in the Bay Area.

)LJXUH�����VKRZV�WKH�VSDWLDO�GLVWULEXWLRQ�RI�VLPXODWHG�SULPDU\�DQG�VHFRQGDU\�30����FRQFHQWUDWLRQV�
DURXQG�WKH�%D\�$UHD��7KHVH�UHVXOWV�ZHUH�DYHUDJHG�DFURVV�WKH����VLPXODWHG�GD\V�IRU�ZKLFK�PHDVXUHG�
%D\�$UHD����KRXU�30����OHYHOV�H[FHHGHG�����J�P���)RU�PRVW�RI�WKHVH�HSLVRGLF�GD\V��OLJKW�ZLQGV�
ÁRZHG�WKURXJK�WKH�%D\�$UHD�IURP�WKH�HDVW��DQG�&HQWUDO�9DOOH\�FRQGLWLRQV�ZHUH�QHDU�FDOP��3ULPDU\�
30����OHYHOV�ZHUH�HOHYDWHG�PDLQO\�LQ�DQG�DURXQG�PDMRU�%D\�$UHD�FLWLHV��LQFOXGLQJ�2DNODQG��
6DQ�)UDQFLVFR�DQG�6DQ�-RVH��QHDU�LQGXVWULDO�IDFLOLWLHV�DQG�KLJKZD\V�DORQJ�WKH�&DUTXLQH]�6WUDLW��
DW�7UDYLV�$)%��DQG�6DQWD�5RVD��6HFRQGDU\�30�����SUHVHQW�PRVWO\�DV�DPPRQLXP�QLWUDWH��ZDV�QRW�
ORFDOL]HG�QHDU�WKH�VRXUFHV�RI�LWV�SUHFXUVRU�HPLVVLRQV��12[�DQG�DPPRQLD��5DWKHU��VHFRQGDU\�30����
ZDV�UHJLRQDOO\�HOHYDWHG��$�VKDUS�JUDGLHQW�H[LVWHG��ZLWK�YHU\�KLJK�VHFRQGDU\�30����OHYHOV�LQ�WKH�
&HQWUDO�9DOOH\�GHFUHDVLQJ�ZHVWZDUG�WKURXJK�WKH�%D\�$UHD��$URXQG�6DQ�)UDQFLVFR�DQG�6DQ�-RVH��30����
OHYHOV�ZHUH�GRPLQDWHG�E\�SULPDU\��GLUHFWO\�HPLWWHG��30��)RU�RWKHU�DUHDV�DIIHFWHG�E\�30�HSLVRGHV��
such as the eastern, northern, and southern Bay Area and also the Delta, primary and secondary 
30����OHYHOV�ZHUH�FRPSDUDEOH��%RWK�SULPDU\�DQG�VHFRQGDU\�EXLOG�XS�ZHUH�UHTXLUHG�IRU�H[FHHGDQFHV�
to occur in these locations.
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Figure 2-3 spatial distribution of simulated 24-hr primary and secondary 
Pm2.5 levels averaged across the 52 simulated days when 
measured bay area 24-hr Pm2.5 level exceeded 35 µg/m3 

�%D\�$UHD�FRXQWLHV�DQG�WKH�&DOLIRUQLD�FRDVWOLQH�DUH�GUDZQ�XVLQJ�WKLFN�EODFN�OLQHV�� 
&LW\�OLPLWV�IRU�6DFUDPHQWR�DQG�6WRFNWRQ�DUH�GUDZQ�XVLQJ�WKLQ�EODFN�OLQHV��

$V�QRWHG�DERYH��DQDO\VLV�RI�PHWHRURORJLFDO�SDWWHUQV�IRXQG�WKDW�PRUH�WKDQ�����RI�%D\�$UHD�
30�H[FHHGDQFHV�RFFXU�ZKHQ�HDVWHUO\�ZLQGV�EORZ�LQWR�WKH�%D\�$UHD�IURP�WKH�&HQWUDO�9DOOH\��
7KHUHIRUH��$LU�'LVWULFW�VWDII�DOVR�SHUIRUPHG�SKRWRFKHPLFDO�PRGHOLQJ�WR�HVWLPDWH�WKH�FRQWULEXWLRQ�
RI�30�WUDQVSRUW�IURP�WKH�&HQWUDO�9DOOH\�GXULQJ�HOHYDWHG�30�HSLVRGHV�LQ�WKH�%D\�$UHD��7UDQVSRUW�
LPSDFWV�ZHUH�HYDOXDWHG�IRU����GD\V��IURP���������DQG����������KDYLQJ�VLPXODWHG�EDVH�FDVH�
30����FRQFHQWUDWLRQV�RI�����J�P��RU�KLJKHU��$QWKURSRJHQLF�%D\�$UHD�HPLVVLRQV�ZHUH�HOLPLQDWHG�
WR�HVWLPDWH�WKH�FXPXODWLYH�WUDQVSRUW�LPSDFWV�IURP�DOO�VRXUFHV�RXWVLGH�RI�WKH�%D\�$UHD��7KHVH�
VLPXODWLRQV�IRXQG�WKDW�VLJQLÀFDQW�DPRXQWV�RI�ERWK�SULPDU\�DQG�VHFRQGDU\�30����LQ�WKH�IRUP�RI�
DPPRQLXP�QLWUDWH�ZHUH�WUDQVSRUWHG�LQWR�WKH�%D\�$UHD��2Q�GD\V�ZKHQ�WKH�%D\�$UHD�H[FHHGHG�WKH�
���KRXU�30����VWDQGDUG��PRGHOLQJ�LQGLFDWHG�WKDW�WUDQVSRUWHG�SULPDU\�30����OHYHOV�DYHUDJHG�
DV�KLJK�DV����J�P��DQG�WUDQVSRUWHG�VHFRQGDU\�30����OHYHOV�DYHUDJHG�DV�KLJK�DV�����J�P�. The 
ODUJHVW�WUDQVSRUW�LPSDFWV�IRU�ERWK�SULPDU\�DQG�VHFRQGDU\�30����RFFXUUHG�DORQJ�WKH�HDVWHUQ�
boundary of the Bay Area. 

7KH�PRGHOLQJ�DOVR�H[DPLQHG�WKH�VHQVLWLYLW\�RI�DPELHQW�30�FRQFHQWUDWLRQV�LQ�UHVSRQVH�WR�
K\SRWKHWLFDO�UHGXFWLRQV�LQ�%D\�$UHD�HPLVVLRQV�RI�SULPDU\�30�����DV�ZHOO�DV�UHGXFWLRQV�LQ�SUHFXUVRU�
SROOXWDQWV��52*��12[��62[��DQG�1+���LQGLYLGXDOO\�DQG�LQ�FRPELQDWLRQ��5HGXFLQJ�%D\�$UHD�SULPDU\�
�GLUHFWO\�HPLWWHG��30����HPLVVLRQV�SURYLGHG�IDU�JUHDWHU�UHGXFWLRQV�LQ�DPELHQW�%D\�$UHD�30����
OHYHOV�WKDQ�UHGXFLQJ�%D\�$UHD�VHFRQGDU\�30����SUHFXUVRU�HPLVVLRQV��2I�WKH�SUHFXUVRU�HPLVVLRQV�
UHGXFWLRQV�VLPXODWHG��%D\�$UHD�DPPRQLD�UHGXFWLRQV�ZHUH�PRVW�HIIHFWLYH��5HGXFLQJ�DPPRQLD�
HPLVVLRQV�E\�����ZDV�IRXQG�WR�GHFUHDVH�30����FRQFHQWUDWLRQV�E\�DSSUR[LPDWHO\�����WR�����ƫJ�
m���7KH�DPPRQLD�HPLVVLRQV�UHGXFWLRQV�ORZHUHG�WKH�DPPRQLXP�QLWUDWH�FRPSRQHQW�RI�30����RQO\�
IRU�UHODWLYHO\�FROG�ZLQWHU�GD\V�IDYRULQJ�DPPRQLXP�QLWUDWH�EXLOGXS���$PPRQLXP�QLWUDWH�30����WHQGV�
WR�HYDSRUDWH�IDVWHU�WKDQ�LW�IRUPV�DW�WHPSHUDWXUHV�DERYH�DURXQG����GHJUHHV�)DKUHQKHLW���&RPELQHG�
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12[�DQG�52*�HPLVVLRQV�UHGXFWLRQV�IRU�WKH�%D\�$UHD�ZHUH�UHODWLYHO\�LQHIIHFWLYH��12[�HPLVVLRQV�
UHGXFWLRQV�ZHUH�UHODWLYHO\�LQHIIHFWLYH�EHFDXVH�DPPRQLXP�QLWUDWH�30����IRUPDWLRQ�LQYROYHV�WKH�
UHODWLYHO\�VORZ�DQG�LQFRPSOHWH�FRQYHUVLRQ�RI�12[�WR�QLWULF�DFLG��5HGXFLQJ�%D\�$UHD�VXOIXU�FRQWDLQLQJ�
30�SUHFXUVRU�HPLVVLRQV�W\SLFDOO\�KDG�D�VPDOO�LPSDFW�RQ�%D\�$UHD�DPELHQW�30����OHYHOV��8QGHU�
FHUWDLQ�FRQGLWLRQV��KRZHYHU��UHGXFLQJ�%D\�$UHD�VXOIXU�FRQWDLQLQJ�HPLVVLRQV�GLG�GHFUHDVH�DPELHQW�
%D\�$UHD�30����OHYHOV�E\�DSSUR[LPDWHO\����J�P�. 

The Air District also modeled wood smoke to estimate the impact of efforts to reduce residential 
ZRRG�EXUQLQJ�GXULQJ�WKH�ZLQWHU�VHDVRQ��7KH�PRGHOLQJ�SHULRG�LQFOXGHG���RI�WKH����6SDUH�WKH�
$LU�SHULRGV�GXULQJ�WKH�ZLQWHU�RI����������%D\�$UHD�ZRRG�VPRNH�OHYHOV�ZHUH�VLPXODWHG�ZLWK�DQG�
ZLWKRXW�ZRRG�EXUQLQJ�UHVWULFWLRQV�GXULQJ�WKHVH�SHULRGV��:LWKRXW�EXUQLQJ�UHVWULFWLRQV�GXULQJ�WKHVH�
6SDUH�WKH�$LU�SHULRGV��WKH�VLPXODWLRQV�LQGLFDWHG�WKDW�SHDN�ZRRG�VPRNH�OHYHOV�RI�XS�WR��������J�
m��ZRXOG�KDYH�RFFXUUHG�RYHU�WKH�DUHDV�WKDW�JHQHUDOO\�KDYH�KLJK�ZRRG�EXUQLQJ�HPLVVLRQV��)RU�
PDQ\�RI�WKH�UHPDLQLQJ�SRSXODWHG�ORFDWLRQV�ZLWKLQ�WKH�%D\�$UHD��ZRRG�VPRNH�OHYHOV�ZRXOG�KDYH�
EHHQ�DSSUR[LPDWHO\����J�P���3HDN�EHQHÀWV�RI�WKH�ZRRG�VPRNH�UXOH�ZHUH�DERXW����PJ�P��RI�
UHGXFHG�ZRRG�VPRNH��0D[LPXP�VLPXODWHG�EHQHÀWV�RI�WKH�ZRRG�VPRNH�UXOH�RFFXUUHG�IRU�DUHDV�WKDW�
JHQHUDOO\�KDYH�WKH�KLJKHVW�ZRRG�VPRNH�OHYHOV��2IWHQ��WKH�DUHDV�PRVW�KHDYLO\�LPSDFWHG�E\�ZRRG�
VPRNH�DUH�DZD\�IURP�WKH�$LU�'LVWULFW·V�30�PRQLWRULQJ�ORFDWLRQV��7KHUHIRUH��UHGXFWLRQV�RI�SRSXODWLRQ�
H[SRVXUH�WR�ZRRG�VPRNH�UHVXOWLQJ�IURP�WKH�UXOH�PD\�EH�VLJQLÀFDQWO\�JUHDWHU�WKDQ�LQGLFDWHG�E\�WKH�
PRQLWRULQJ�GDWD�

source contributions to ambient Pm concentrations

'HWHUPLQLQJ�WKH�UHODWLYH�FRQWULEXWLRQV�RI�YDULRXV�VRXUFHV�RI�GLUHFW�30����HPLVVLRQV�DQG�30����SUHFXUVRUV�
WR�WRWDO�30�FRQFHQWUDWLRQV�LV�FRPSOH[��7KH�$LU�'LVWULFW�FROOHFWV�30�RQ�ÀOWHUV�DW�IRXU�PRQLWRULQJ�VLWHV�
�/LYHUPRUH��:HVW�2DNODQG��6DQ�-RVH��DQG�9DOOHMR��IRU�30�VSHFLDWLRQ�SXUSRVHV��7KH�ÀOWHUV�DUH�WKHQ�DQDO\]HG�
WR�HVWLPDWH�WKH�FRQWULEXWLRQ�RI�YDULRXV�HPLVVLRQ�VRXUFHV�WR�WKH�WRWDO�DPELHQW�FRQFHQWUDWLRQ�RI�30����XVLQJ�
D�WHFKQLTXH�NQRZQ�DV�chemical mass balance �&0%�����7R�HVWLPDWH�WKH�RYHUDOO�FRQWULEXWLRQ�RI�YDULRXV�
sources, the results of the source apportionment analysis are combined with emissions data from the 
�����(PLVVLRQV�,QYHQWRU\��7KH�&0%�DQDO\VLV�SUHVHQWHG�KHUH�XSGDWHV�D�SUHYLRXV�&0%�DQDO\VLV�SUHSDUHG�
LQ�����16�DQG�LQFOXGHV�GDWD�IURP�-XO\������WKURXJK�'HFHPEHU�������7KH�JRDO�ZDV�WR�UHSUHVHQW�WKH�PL[�
RI�30����VRXUFHV�DV�RI�������LQFOXGLQJ�WKH�UHGXFHG�FRQWULEXWLRQV�IURP�VKLSV�IROORZLQJ�WKH�HIIHFWLYH�GDWH�
RI�WKH�$5%�UXOH�WR�UHTXLUH�RFHDQ�JRLQJ�VKLSV�WR�XVH�ORZ�VXOIXU�IXHO�ZLWKLQ����PLOHV�RI�WKH�FRDVW�

)LJXUH�����VKRZV�WKH�HVWLPDWHG�FRQWULEXWLRQV�WR�%D\�$UHD�DQQXDO�30����FRQFHQWUDWLRQV�XVLQJ�WKH�
DYHUDJH�RI�WKH�UHVXOWV�IURP�WKH�IRXU�VLWHV��1RWH�WKDW�WKLV�LQFOXGHV�FRQWULEXWLRQV�WR�VHFRQGDU\�30�����
L�H���DPPRQLXP�QLWUDWH�IRUPHG�IURP�12[�DQG�DPPRQLD��DQG�DPPRQLXP�VXOIDWH�IRUPHG�IURP�62��DQG�
ammonia. The source apportionment analysis shows that combustion of both fossil fuels and biomass 
DUH�PDMRU�30����FRQWULEXWRUV�IRU�DOO�VHDVRQV��7KH�ODUJHVW�FRQWULEXWRU�WR�DQQXDO�30����LV�ZRRG�EXUQLQJ��

��� &KHPLFDO�PDVV�EDODQFH��&0%��DQDO\VLV�LV�D�PHWKRGRORJ\�LQ�ZKLFK�D�FRPSXWHU�PRGHO�LV�XVHG�WR�DSSRUWLRQ�DPELHQW�30����FROOHFWHG�RQ�
ÀOWHUV�RYHU����KRXU�SHULRGV�DW�PRQLWRULQJ�VLWHV�DURXQG�WKH�%D\�$UHD�WR�D�VHW�RI�VRXUFH�FDWHJRULHV��(DFK�ÀOWHU�ZDV�DQDO\]HG�IRU�D�UDQJH�RI�
FKHPLFDO�VSHFLHV��7KH�VDPH�VSHFLHV�ZHUH�PHDVXUHG�LQ�VSHFLDO�VWXGLHV�RI�HPLVVLRQV�IURP�YDULRXV�VRXUFHV��VXFK�DV�PRWRU�YHKLFOHV�DQG�
ZRRG�EXUQLQJ��7KH�&0%�PRGHO�ÀQGV�WKH�PL[�RI�WKHVH�VRXUFH�PHDVXUHPHQWV�WKDW�EHVW�PDWFKHV�WKH�DPELHQW�VDPSOH��FKHPLFDO�VSHFLHV�E\�
chemical species.

16� 6HH�UHSRUW�HQWLWOHG�6RXUFHV�RI�%D\�$UHD�)LQH�3DUWLFOHV��$SULO������DW� 
ZZZ�EDDTPG�JRY�'LYLVLRQV�3ODQQLQJ�DQG�5HVHDUFK�5HVHDUFK�DQG�0RGHOLQJ�3XEOLFDWLRQV�5HSRUWV�DVS[
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FRQWULEXWLQJ�DERXW�D�TXDUWHU�RI�WKH�WRWDO��7KLV�LV�PDLQO\�IURP�UHVLGHQWLDO�ZRRG�EXUQLQJ��EXW�DOVR�LQFOXGHV�
ZRRG�VPRNH�IURP�FRQWUROOHG�EXUQV�DQG�ZLOGÀUHV��1HDUO\�DQRWKHU�TXDUWHU�FRPHV�IURP�RQ�URDG�PRWRU�
YHKLFOHV������IURP�JDVROLQH�DQG����IURP�GLHVHO��

Figure 2-4 estimated source contributions to annual Pm2.5 concentrations

&RRNLQJ��SHWUROHXP�UHÀQLQJ��DQG�GRPHVWLF�VRXUFHV�DUH�DOVR�VL]HDEOH�FRQWULEXWRUV��DORQJ�ZLWK�WKH�
QDWXUDOO\�RFFXUULQJ�VHD�VDOW�IURP�PDULQH�DLU��'RPHVWLF�VRXUFHV��IRU�SXUSRVHV�RI�)LJXUHV�����DQG�
�����LQFOXGH�HPLVVLRQV�IURP�XVH�RI�QDWXUDO�JDV�IRU�UHVLGHQWLDO�KHDWLQJ�DQG�FRRNLQJ��DV�ZHOO�DV�WKH�
FRQWULEXWLRQ�WR�IRUPDWLRQ�RI�VHFRQGDU\�30����DV�D�UHVXOW�RI�DPPRQLD�HPLVVLRQV�IURP�SHW�ZDVWH�DQG�
KXPDQ�SHUVSLUDWLRQ�DQG�UHVSLUDWLRQ�&RQWULEXWLRQV�IURP�VKLSV�KDYH�EHHQ�FXW�E\�WZR�WKLUGV�RU�PRUH��
WKDQNV�WR�WKH�$5%�UXOH�PDQGDWLQJ�ORZ�VXOIXU�IXHO�QHDU�SRUWV��7KH�HVWLPDWH�IRU�FRQVWUXFWLRQ�HTXLSPHQW�
KDV�DOVR�GURSSHG�VXEVWDQWLDOO\�EHFDXVH�RI�D�UHYLVLRQ�LQ�$5%·V�HVWLPDWLRQ�PHWKRG��1RWH�WKDW�
VHYHUDO�VRXUFHV�²�VRLOV��OLYHVWRFN��DQG�ODQGÀOO�²�DSSHDU�EHFDXVH�RI�WKHLU�DPPRQLD�HPLVVLRQV��ZKLFK�
contribute to formation of ammonium nitrate and ammonium sulfate.
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)LJXUH�����VKRZV�WKH�VRXUFHV�FRQWULEXWLQJ�WR�SHDN�30����FRQFHQWUDWLRQV��VSHFLÀFDOO\��WKH����VDPSOHV�
DW�HDFK�PRQLWRULQJ�VLWH�ZLWK�WKH�KLJKHVW�30����FRQFHQWUDWLRQV��$OPRVW�DOO�WKH�KLJKHVW�%D\�$UHD�
30����FRQFHQWUDWLRQV�RFFXU�LQ�ZLQWHU��VR�WKH�ZRRG�EXUQLQJ�FRQWULEXWLRQ�LV�KLJKHU�WKDQ�WKH�DQQXDO��
UHSUHVHQWLQJ�DOPRVW�����RI�WKH�SHDN�WRWDO��7KH�ELRPDVV�FRPEXVWLRQ�FRQWULEXWLRQ�WR�SHDN�30����
OHYHOV�LV�DERXW�����WLPHV�KLJKHU�LQ�ZLQWHU�WKDQ�WKH�RWKHU�VHDVRQV��DV�FRQÀUPHG�E\�LVRWRSLF�FDUERQ�
���&��DQDO\VLV��GXH�WR�LQFUHDVHG�OHYHOV�RI�ZRRG�EXUQLQJ�GXULQJ�WKH�ZLQWHU�VHDVRQ��0RWRU�YHKLFOHV�
DUH�DOVR�D�ODUJHU�FRQWULEXWRU�GXULQJ�ZLQWHU�PRQWKV�EHFDXVH�WKHLU�12[�HPLVVLRQV�FRQWULEXWH�PRVW�WR�
WKH�IRUPDWLRQ�RI�VHFRQGDU\�30�LQ�WKH�IRUP�RI�DPPRQLXP�QLWUDWH��6LPLODUO\��GRPHVWLF�VRXUFHV�DUH�
DQRWKHU�ODUJH�VRXUFH�RI�VHFRQGDU\�30�EHFDXVH�RI�WKHLU�DPPRQLD�HPLVVLRQV��0DULQH�DLU�LV�D�VPDOOHU�
FRQWULEXWRU�LQ�WKH�ZLQWHU�WKDQ�RQ�DQ�DQQXDO�DYHUDJH�EDVLV��EHFDXVH�ZLQWHU�ZLQGV�DUH�IUHTXHQWO\�
RIIVKRUH��XQOLNH�WKH�W\SLFDO�RQ�VKRUH�SDWWHUQ�WKH�UHVW�RI�WKH�\HDU�

Figure 2-5 estimated source contributions to Peak Pm2.5 concentrations

Pm emissions inventory

$Q�HPLVVLRQV�LQYHQWRU\�LV�DQ�HVVHQWLDO�WRRO�IRU�DLU�TXDOLW\�SODQQLQJ��7KH�LQYHQWRU\�FRQWDLQV�D�GHWDLOHG�
EUHDNGRZQ�RI�WKH�HVWLPDWHG�HPLVVLRQV�IURP�HDFK�VRXUFH�FDWHJRU\��WKXV�SURYLGLQJ�LQIRUPDWLRQ�DV�
WR�WKH�VRXUFH��PDJQLWXGH��DQG�ORFDWLRQ�RI�HPLVVLRQV��(PLVVLRQV�LQYHQWRULHV�DUH�XVHG�WR�SHUIRUP�
DLU�TXDOLW\�PRGHOLQJ��WR�LGHQWLI\�VRXUFH�FDWHJRULHV�ZKHUH�WKHUH�PD\�EH�RSSRUWXQLWLHV�IRU�DGGLWLRQDO�
HPLVVLRQ�UHGXFWLRQV��DQG�WR�SUHGLFW�WUHQGV�LQ�WHUPV�RI�IXWXUH�DLU�TXDOLW\��

7KLV�VHFWLRQ�SUHVHQWV�WKH�$LU�'LVWULFW·V�ODWHVW�%D\�$UHD�LQYHQWRU\�IRU�SULPDU\�HPLVVLRQV��GLUHFWO\�
HPLWWHG�SDUWLFOHV��RI�ERWK�30����DQG�30����DV�ZHOO�DV�SUHFXUVRUV�WKDW�FRPELQH�YLD�FKHPLFDO�
UHDFWLRQV�WR�IRUP�VHFRQGDU\�30��7KHVH�SUHFXUVRUV�LQFOXGH�UHDFWLYH�RUJDQLF�JDVHV��52*���R[LGHV�
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RI�QLWURJHQ��12[���VXOIXU�R[LGHV��62[���DQG�DPPRQLD��1+����7KH�$LU�'LVWULFW�UHOHDVHG�LW·V�ÀUVW�HYHU�
HPLVVLRQV�LQYHQWRU\�IRU�XOWUDÀQH�30�LQ�$XJXVW�����17.

7KH�LQYHQWRU\�LQFOXGHV�DQQXDO�DYHUDJH�HPLVVLRQV��DV�ZHOO�DV�HPLVVLRQV�GXULQJ�WKH�ZLQWHU�VHDVRQ�
ZKHQ�WKH�%D\�$UHD�QRUPDOO\�H[SHULHQFHV�LWV�KLJKHVW�30�FRQFHQWUDWLRQV��,Q�DGGLWLRQ�WR�WKH�LQYHQWRU\�
IRU�EDVH�\HDU�������SURMHFWHG�HPLVVLRQV�IRU�IXWXUH�\HDUV�RXW�WR������DUH�DOVR�SURYLGHG��7DEOHV�LQ�
$SSHQGL[�$�SURYLGH�WKH�GHWDLOHG�LQYHQWRU\�VKRZLQJ�HVWLPDWHG�HPLVVLRQV�E\�VRXUFH�FDWHJRU\��

7KLV�LQYHQWRU\�GRHV�QRW�LQFOXGH�´FRQGHQVDEOHµ�HPLVVLRQV�WKDW�DOVR�IRUP�30��&RQGHQVDEOHV�DUH�
HPLVVLRQV�ZKLFK�DUH�HPLWWHG�LQ�D�JDVHRXV�SKDVH��EXW�WKHQ�FRQGHQVH�WR�IRUP�SDUWLFOHV�XSRQ�
H[SRVXUH�WR�FRROHU�DPELHQW�DLU��DV�GLVFXVVHG�LQ�WKH�VHFWLRQ�DERYH�HQWLWOHG�Physical Processes 
that Affect PM Formation��'HSHQGLQJ�RQ�WKH�HPLVVLRQ�VRXUFH�DQG�FRPEXVWLRQ�FRQGLWLRQV��
WKLV�FRQGHQVDEOH�FRPSRQHQW�PD\�DFFRXQW�IRU�D�VLJQLÀFDQW�VKDUH�RI�RYHUDOO�30�HPLVVLRQV�IRU�
FHUWDLQ�HPLVVLRQ�VRXUFHV��5HFHQW�86�(3$�JXLGHOLQHV�FDOO�RQ�DLU�TXDOLW\�DJHQFLHV�WR�FRQVLGHU�WKH�
FRQGHQVDEOH�FRPSRQHQW�RI�30�LQ�GHYHORSLQJ�30�HPLVVLRQ�LQYHQWRULHV�DQG�FRQWURO�VWUDWHJLHV��
(3$�KDV�SXEOLVKHG�D�VRXUFH�WHVW�PHWKRG�WR�EH�XVHG�IRU�VRXUFH�WHVWLQJ�VWDWLRQDU\�VRXUFHV��ZLWK�
D�IHZ�PLQRU�H[FHSWLRQV����+RZHYHU��WHVW�PHWKRGV�DQG�PHWKRGRORJLHV�WR�HVWLPDWH�FRQGHQVDEOH�
HPLVVLRQV�DUH�QRW�DYDLODEOH�DW�WKH�FXUUHQW�WLPH�IRU�FHUWDLQ�HPLVVLRQ�VRXUFH�FDWHJRULHV���7KHUHIRUH��
LQ�WKH�LQWHUHVW�RI�PHWKRGRORJLFDO�FRQVLVWHQF\��WKH�$LU�'LVWULFW�KDV�FKRVHQ�WR�H[FOXGH�FRQGHQVDEOH�
HPLVVLRQV�LQ�WKH�FXUUHQW�LQYHQWRU\���7KH�$LU�'LVWULFW�ZLOO�ZRUN�ZLWK�$5%�DQG�RWKHU�SDUWQHUV�WR�GHYHORS�
HVWLPDWHV�RI�FRQGHQVDEOH�HPLVVLRQV�IRU�IXWXUH�30�LQYHQWRULHV�

methodologies Used to estimate emissions

7KH�HVWLPDWHG�HPLVVLRQV�SURYLGHG�LQ�WKH�LQYHQWRU\�DUH�EDVHG�XSRQ�GDWD�IURP�VRXUFH�WHVWV��SXEOLVKHG�
HPLVVLRQ�IDFWRUV��DQG�HQJLQHHULQJ�FDOFXODWLRQV��(PLVVLRQ�LQYHQWRULHV�DUH�UHYLVHG�DQG�LPSURYHG�RQ�D�
UHJXODU�EDVLV��7KH�30�LQYHQWRU\�SURYLGHG�LQ�WKLV�UHSRUW�GLIIHUV�VLJQLÀFDQWO\�IURP�WKH�LQYHQWRU\�SURYLGHG�
LQ�WKH�%D\�$UHD������&OHDQ�$LU�3ODQ�������&$3���7KLV�LV�GXH�WR�WKH�IDFW�WKDW��VLQFH�WKH�UHOHDVH�RI�WKH�
�����&$3��$5%�DQG�$LU�'LVWULFW�VWDII�UHYLHZHG�DQG�LPSURYHG�WKH�PHWKRGRORJLHV�XVHG�WR�HVWLPDWH�
HPLVVLRQV�IURP�VHYHUDO�RI�WKH�PRVW�LPSRUWDQW�30�VRXUFH�FDWHJRULHV��DV�H[SODLQHG�EHORZ��

stationary (Point) sources

$FWXDO������UHSRUWHG�HPLVVLRQV�IURP�SHUPLWWHG�IDFLOLWLHV�DUH�LQFOXGHG�LQ�WKLV�LQYHQWRU\��([DPSOHV�
RI�VWDWLRQDU\�VRXUFHV�WKDW�HPLW�SULPDU\�30�DQG�RU�30�SUHFXUVRUV�LQFOXGLQJ�RLO�UHÀQHULHV��PHWDO�
VPHOWHUV��FKDUEURLOHUV��DQG�EDFN�XS�JHQHUDWRUV�XVHG�WR�VXSSO\�HPHUJHQF\�SRZHU�DW�PDQ\�IDFLOLWLHV��

residential Fuel combustion

7KLV�FDWHJRU\�LQFOXGHV�UHVLGHQWLDO�FRPEXVWLRQ�RI�ERWK�ZRRG�DQG�QDWXUDO�JDV�IRU�VSDFH�KHDWLQJ��
ZDWHU�KHDWLQJ��DQG�FRRNLQJ��0RVW�KRPHV�UHO\�SULPDULO\��RU�FRPSOHWHO\��RQ�QDWXUDO�JDV��RU�HOHFWULFLW\��
IRU�WKHVH�SXUSRVHV��1RQHWKHOHVV��DOWKRXJK�RQO\�D�PLQRULW\�RI�%D\�$UHD�KRXVHKROGV�EXUQ�ZRRG��
30�IURP�ZRRG�VPRNH�LV�WKH�ODUJHVW�VLQJOH�VRXUFH�RI�ZLQWHU�WLPH�30�HPLVVLRQV�LQ�WKH�%D\�$UHD��
DQG�JUHDWO\�H[FHHGV�WKH�30�HPLVVLRQV�IURP��WKH�PXFK�PRUH�FRPPRQ��UHVLGHQWLDO�QDWXUDO�JDV�

17 See the report entitled, 8OWUDÀQH�(PLVVLRQV�,QYHQWRU\�IRU�WKH�6DQ�)UDQFLVFR�%D\�$UHD��%$$40'�$XJXVW������
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FRPEXVWLRQ��3UHYLRXV�HVWLPDWHV�RI�WKH�DPRXQW�DQG�ORFDWLRQ�RI�UHVLGHQWLDO�ZRRG�EXUQLQJ�ZHUH�
GHYHORSHG�EDVHG�RQ�D�%D\�$UHD�����������WHOHSKRQH�VXUYH\�RQ�ZRRG�EXUQLQJ��,Q������WKH�$LU�
'LVWULFW�DGRSWHG�5HJXODWLRQ����5XOH���WR�OLPLW�HPLVVLRQV�RI�SDUWLFXODWH�PDWWHU��30��DQG�YLVLEOH�
HPLVVLRQV�IURP�ZRRG�EXUQLQJ�GHYLFHV��DV�GHVFULEHG�LQ�6HFWLRQ�����7KH�'LVWULFW�DOVR�LPSOHPHQWHG�
D�UREXVW�RXWUHDFK�HIIRUW�WR�LQIRUP�%D\�$UHD�UHVLGHQWV�DERXW�´QR�EXUQ�GD\Vµ�DQG�WKH�GHWULPHQWDO�
KHDOWK�HIIHFWV�RI�ZRRG�VPRNH�WKURXJK�LWV�ZLQWHU�6SDUH�WKH�$LU�SURJUDP��$QQXDO�VXUYH\V�RI�%D\�$UHD�
KRXVHKROGV��DV�ZHOO�DV�FKHPLFDO�PDVV�EDODQFH�DQDO\VLV�RI�30�FDSWXUHG�RQ�ÀOWHUV��ERWK�LQGLFDWH�
WKDW�ZRRG�EXUQLQJ�KDV�GHFUHDVHG�DSSUR[LPDWHO\�����VLQFH������ZKHQ�WKH�$LU�'LVWULFW·V�ZRRG�
EXUQLQJ�UXOH�ZHQW�LQWR�HIIHFW���(PLVVLRQV�IURP�UHVLGHQWLDO�IXHO�FRPEXVWLRQ�LQ�WKLV�LQYHQWRU\�KDYH�
EHHQ�UHYLVHG�WR�UHÁHFW�WKLV�GHFUHDVH�LQ�ZRRG�EXUQLQJ�

commercial cooking

3UHYLRXV�HVWLPDWHV�IRU�WKLV�VRXUFH�FDWHJRU\�LQFOXGHG�FRQGHQVDEOH�30��7KH�UHDVRQ�IRU�WKLV�ZDV�WKDW�
VRXUFH�WHVWLQJ�FRQGXFWHG�DV�SDUW�RI�WKH�UHJXODWRU\�SURFHVV�WR�FRQWURO�HPLVVLRQV�IURP�WKLV�VRXUFH�
FDWHJRU\��YLD�5HJXODWLRQ����5XOH����LQFOXGHG�FRQGHQVDEOH�30��+RZHYHU��EHFDXVH�PHWKRGV�WR�HVWLPDWH�
FRQGHQVDEOH�HPLVVLRQV�IRU�RWKHU�VRXUFH�FDWHJRULHV�DUH�QRW�\HW�DYDLODEOH��DV�GLVFXVVHG�DERYH��WKH�
FRQGHQVDEOH�HPLVVLRQV�IRU�WKH�&RPPHUFLDO�&RRNLQJ�VRXUFH�FDWHJRU\�KDYH�EHHQ�RPLWWHG�KHUH�IRU�
SXUSRVHV�RI�PHWKRGRORJLFDO�FRQVLVWHQF\��

on-road motor vehicles 

(VWLPDWHV�IRU�RQ�URDG�PRWRU�YHKLFOH�HPLVVLRQV�DUH�EDVHG�RQ�$5%·V�ODWHVW�HPLVVLRQV�IDFWRU�
PRGHO��(0)$&������,Q�SUHSDULQJ�(0)$&������$5%�VWDII�FRQGXFWHG�PDMRU�UHVHDUFK�WR�GHWHUPLQH�
WKH�SRSXODWLRQ�DQG�FRPSRVLWLRQV��H�J��FRQVWUXFWLRQ�WUXFNV��SRUW�WUXFNV��LQ�VWDWH�WUXFNV��HWF���RI�
PHGLXP�DQG�KHDY\�GXW\�GLHVHO�WUXFN�ÁHHWV��!�������SRXQGV�*URVV�9HKLFOH�:HLJKW���DV�ZHOO�DV�DJH�
GLVWULEXWLRQ�DQG�YHKLFOH�PLOHV�WUDYHOHG�IRU�WKHVH�YHKLFOHV���$OVR��HPLVVLRQ�IDFWRUV�IRU�WKHVH�YHKLFOHV�
KDYH�EHHQ�XSGDWHG�WR�UHÁHFW�WKH�PDMRU�EHQHÀWV�RI�UHFHQW�$5%�UHJXODWLRQV�WR�UHGXFH�HPLVVLRQV�
IURP�GLHVHO�WUXFNV�DQG�EXVHV��7KH�(0)$&�����PRGHO�DOVR�LQFOXGHV�WKH�LPSDFW�RI�WKH�UHFHQW�
HFRQRPLF�UHFHVVLRQ�RQ�ERWK�GLHVHO�DQG�JDVROLQH�YHKLFOH�DFWLYLW\��

7KH�RQ�URDG�FDWHJRU\�LQFOXGHV�30�HPLVVLRQV�IURP�ERWK�GLHVHO�DQG�JDVROLQH�HQJLQHV��30�
HPLVVLRQV�IURP�ODWH�PRGHO�OLJKW�GXW\�JDVROLQH�YHKLFOHV�DUH�H[WUHPHO\�ORZ�RQ�D�JUDPV�SHU�PLOH�
EDVLV��+RZHYHU��HPLVVLRQV�IURP�JDVROLQH�YHKLFOHV�DUH�VLJQLÀFDQW�RQ�DQ�DJJUHJDWH�EDVLV�EHFDXVH�
JDVROLQH�YHKLFOHV�DFFRXQW�IRU�DSSUR[LPDWHO\�����RI�WKH�����PLOOLRQ�PLOHV�GULYHQ�RQ�DQ�DYHUDJH�
day in the Bay Area. 
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0RWRU�YHKLFOH�HPLVVLRQV�WKDW�FRQWULEXWH�WR�30�LQFOXGH�WDLOSLSH�HPLVVLRQV�RI�ERWK�SULPDU\�30�
DQG�30�SUHFXUVRUV�IURP�IXHO�FRPEXVWLRQ��OXEULFDWLQJ�RLO��DQG�SDUWLFOHV�JHQHUDWHG�E\�EUDNH�DQG�
WLUH�ZHDU��30�IURP�WLUH�ZHDU�DQG�EUDNH�ZHDU�DUH�LQFOXGHG�IRU�RQ�URDG�PRWRU�YHKLFOHV��7KHUH�LV�
LQVXIÀFLHQW�LQIRUPDWLRQ�WR�SURGXFH�HVWLPDWHV�IRU�WLUH�ZHDU�DQG�EUDNH�ZHDU�IRU�RII�URDG�HTXLSPHQW��
KRZHYHU��WKHVH�HPLVVLRQV�DUH�H[SHFWHG�WR�EH�YHU\�ORZ�DV�WKH\�DUH�UHODWHG�WR�YHKLFOH�PLOHV�WUDYHOHG�
�907��DQG�PRVW�RI�WKH�RII�URDG�HTXLSPHQW�ZLWK�WLUHV�KDYH�YHU\�ORZ�907�

$�EUHDNGRZQ�RI�DQQXDO�DYHUDJH�PRWRU�YHKLFOH�HPLVVLRQV�LQ�WKH�FXUUHQW�LQYHQWRU\�LV�VKRZQ�LQ�
7DEOH�����

table 2-2 bay area annual average Primary Pm2.5 emissions –  

KRMa�	���͛�A]͹D^MQ�M]Q�AŪ͹D^MQ�?^c^a�HRVWPZRb

On-Road Motor Vehicle tons/day %

*DVROLQH�([KDXVW ��� ���

'LHVHO�([KDXVW 2.7 ���

7LUH�%UDNH�:HDU��*DVROLQH�9HKLFOHV� ��� ���

7LUH�%UDNH�:HDU��'LHVHO�9HKLFOHV� 0.6 ��

Total On-Road Motor Vehicles 7.3 100%

Off-Road Motor Vehicles tons/day %

*DVROLQH�([KDXVW 1.7 ���

'LHVHO�([KDXVW 2.9 ���

Total Off-Road Motor Vehicles 4.6 100%

On-Road and Off-Road Motor Vehicles Combined

All Motor Vehicles tons/day %

7RWDO�*DVROLQH�([KDXVW ��� ���

7RWDO�'LHVHO�([KDXVW ��� ���

7LUH�%UDNH�:HDU ��� ���

Grand Total 12.0 100%

7KH�QHZ�HPLVVLRQ�IDFWRUV�VKRZ�D�UHGXFWLRQ�LQ�WDLOSLSH�HPLVVLRQV�IURP�ERWK�JDVROLQH�DQG�GLHVHO�
HQJLQHV��+RZHYHU��WKH�GHFUHDVH�LQ�WDLOSLSH�H[KDXVW�KDV�EHHQ�RIIVHW�WR�D�FRQVLGHUDEOH�H[WHQW�E\�D�
PDMRU�LQFUHDVH�LQ�HVWLPDWHG�30�HPLVVLRQV�IURP�EUDNH�ZHDU��%UDNH�ZHDU�HPLVVLRQV�RI�30����LQ�
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(0)$&�����DUH�WKUHH�WLPHV�WKH�HVWLPDWHV�SURGXFHG�E\�(0)$&�������,W�VKRXOG�EH�QRWHG��KRZHYHU��
WKDW�FKHPLFDO�PDVV�EDODQFH�DQDO\VLV�SHUIRUPHG�E\�$LU�'LVWULFW�VWDII�VKRZV�EHWWHU�DJUHHPHQW�ZLWK�WKH�
(0)$&�����IDFWRUV�IRU�EUDNH�DQG�WLUH�ZHDU��7KHUHIRUH��$LU�'LVWULFW�VWDII�ZLOO�ZRUN�ZLWK�$5%�VWDII�WR�
FRQWLQXH�WR�LQYHVWLJDWH�DQG�LPSURYH�30�HPLVVLRQ�IDFWRUV�IRU�EUDNH�ZHDU���

:KHUHDV�EUDNH�ZHDU�DQG�WLUH�ZHDU�PDGH�XS�D�UHODWLYHO\�VPDOO�SRUWLRQ�RI�30����IURP�RQ�URDG�YHKLFOHV�
XVLQJ�WKH�SUHYLRXV�(0)$&�����HPLVVLRQ�IDFWRUV��WKH\�QRZ�DFFRXQW�IRU�KDOI�RI�WRWDO�30����HPLVVLRQV�
IURP�RQ�URDG�YHKLFOHV��DFFRUGLQJ�WR�WKH�(0)$&�����PRGHO��$OWKRXJK�30����H[KDXVW��WDLOSLSH��
HPLVVLRQV�IURP�GLHVHO�YHKLFOHV�DUH�PXFK�JUHDWHU�WKDQ�IURP�JDVROLQH�YHKLFOHV��ZKHQ�WKH�QHZ�EUDNH�
ZHDU�IDFWRUV�DUH�LQFOXGHG��JDVROLQH�YHKLFOHV�DFFRXQW�IRU�����RI�WRWDO�30����IURP�RQ�URDG�YHKLFOHV��
FRPSDUHG�WR�����IRU�GLHVHO�YHKLFOHV��

,W�LV�LPSRUWDQW�WR�QRWH�WKDW��LQ�DGGLWLRQ�WR�WKHLU�GLUHFW�HPLVVLRQV�RI�SULPDU\�30��PRWRU�YHKLFOHV�DUH�
WKH�PDMRU�VRXUFH�RI�SUHFXUVRU�SROOXWDQWV�WKDW�FRPELQH�WR�IRUP�VHFRQGDU\�30��)RU�H[DPSOH��RQ�URDG�
YHKLFOHV�DFFRXQW�IRU�����RI�52*������RI�12[��DQG�����RI�DPPRQLD�HPLVVLRQV�LQ�WKH�%D\�$UHD�
LQYHQWRU\�IRU�\HDU�������DV�VKRZQ�LQ�)LJXUHV�������������DQG�������UHVSHFWLYHO\�

$OWKRXJK�WKH�$LU�'LVWULFW�GRHV�QRW�\HW�KDYH�DQ�XOWUDÀQH�30�LQYHQWRU\��HPLVVLRQV�WHVWLQJ�LQGLFDWHV�WKDW�
ERWK�JDVROLQH�DQG�GLHVHO�HQJLQHV�DUH�D�PDMRU�VRXUFH�RI�XOWUDÀQH�SDUWLFOHV��7HVWV�LQGLFDWH�WKDW�JDVROLQH�
YHKLFOHV�HPLW�HVSHFLDOO\�ODUJH�DPRXQWV�RI�XOWUDÀQH�SDUWLFOHV�ZKHQ�LQ�D�KDUG�DFFHOHUDWLRQ�PRGH��
5HVHDUFK�DOVR�VXJJHVWV�WKDW�HQJLQH�OXEULFDWLQJ�RLO�PD\�EH�DQ�LPSRUWDQW�VRXUFH�RI�XOWUDÀQH�SDUWLFOHV��
,W�LV�OLNHO\�WKDW�ZKHQ�DQ�XOWUDÀQH�30�LQYHQWRU\�IRU�WKH�%D\�$UHD�EHFRPHV�DYDLODEOH��LW�ZLOO�VKRZ�WKDW�
FRPEXVWLRQ�IURP�ERWK�GLHVHO�DQG�JDVROLQH�YHKLFOHV�DFFRXQW�IRU�VLJQLÀFDQW�VKDUHV�RI�8)30�HPLVVLRQV�
LQ�WKH�UHJLRQ�

construction, industrial and airport ground support equipment

(PLVVLRQV�HVWLPDWHV�IRU�RII�URDG�PRELOH�VRXUFHV��VXFK�DV�FRQVWUXFWLRQ��FDUJR�KDQGOLQJ�DW�SRUWV��
DQG�DLUSRUW�JURXQG�VXSSRUW�HTXLSPHQW��DUH�WDNHQ�IURP�$5%·V�ODWHVW�HPLVVLRQV�IDFWRU�PRGHO��
2))52$'������(PLVVLRQV�IRU�WKLV�FDWHJRU\�KDYH�GHFUHDVHG�VLJQLÀFDQWO\�FRPSDUHG�WR�WKH�HVWLPDWHV�
LQ�WKH�SUHYLRXV�LQYHQWRU\�GHULYHG�IURP�$5%·V�2))52$'�����PRGHO��5HVHDUFK�RQ�IXHO�VDOHV�IRU�
RII�URDG�HTXLSPHQW�VKRZHG�WKDW�IXHO�XVDJH��DQG�KHQFH�HPLVVLRQV�IURP�WKHVH�YHKLFOHV��KDG�EHHQ�
VXEVWDQWLDOO\�RYHU�HVWLPDWHG�LQ�WKH�2))52$'�����PRGHO��

,Q�UHVSRQVH��$5%�VWDII�LPSURYHG�WKH�LQYHQWRU\�IRU�WKLV�FDWHJRU\�E\�UHYLVLQJ�HTXLSPHQW�SRSXODWLRQ�
HVWLPDWHV�EDVHG�RQ�KLVWRULFDO�HTXLSPHQW�VDOHV�GDWD��DQG�LQFRUSRUDWLQJ�GDWD�IURP�LQGXVWU\�UHJDUGLQJ�
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KRXUV�RI�HTXLSPHQW�RSHUDWLRQ�DQG�ORDG�IDFWRU��D�PHDVXUH�RI�KRZ�LQWHQVLYHO\�WKH�HTXLSPHQW�LV�EHLQJ�
XVHG��:KHQ�FRXSOHG�ZLWK�WKH�LPSDFW�RI�WKH������UHFHVVLRQ��WKH�QHZ�2))52$'�����PRGHO�HVWLPDWHG�
30����HPLVVLRQV�IURP�WKLV�FDWHJRU\�WR�EH�MXVW�RQH�ÀIWK�RI�WKH�HVWLPDWH�SURGXFHG�E\�(0)$&�����WKDW�
was used in the 2010 CAP.

ships and commercial boats

$5%�UHFHQWO\�UHYLVHG�WKH�PHWKRGRORJ\�
to calculate emissions from ships and 
FRPPHUFLDO�ERDWV��)RU�VKLSV��WKH�QHZ�
LQYHQWRU\�LQFUHDVHV�WKH�VSHFLÀFLW\�
RI�WKH�HDUOLHU�LQYHQWRU\�E\�LQFOXGLQJ�
YHVVHO�VSHFLÀF�FKDUDFWHULVWLFV�DQG�
DFWLYLW\�IRU�HDFK�SRUW��(PLVVLRQV�
ZHUH�FDOFXODWHG�E\�HVWLPDWLQJ�VKLS�
HPLVVLRQV�RQ�D�VKLS�E\�VKLS�DQG�D�
SRUW�E\�SRUW�EDVLV��XVLQJ�DFWXDO�VKLS�
HQJLQH�SRZHU��VSHHGV��DQG�EHUWKLQJ�
WLPHV�ZKHUH�SRVVLEOH��3URMHFWHG�
emissions for future years were 
HVWLPDWHG�XVLQJ�D�VHW�RI�JURZWK�IDFWRUV�VSHFLÀF�WR�HDFK�SRUW�DQG�HDFK�VKLS�W\SH��)RU�FRPPHUFLDO�
ERDWV��HPLVVLRQV�ZHUH�FDOFXODWHG�EDVHG�RQ�GDWD�FROOHFWHG�IURP�$5%·V������6WDWHZLGH�&RPPHUFLDO�
+DUERU�&UDIW�6XUYH\��7KLV�VXUYH\�FROOHFWHG�LQIRUPDWLRQ�IURP�ERDW�RZQHUV�DV�WR�YHVVHO�W\SH��KRPH�SRUW��
HQJLQH�FKDUDFWHULVWLFV��KRXUV�RI�RSHUDWLRQ��DQQXDO�IXHO�XVDJH��HWF��7KLV�LQIRUPDWLRQ�DORQJ�ZLWK�RWKHU�
VWXGLHV��VXFK�DV�HPLVVLRQ�LQYHQWRULHV�GHYHORSHG�IRU�WKH�3RUWV�RI�/RV�$QJHOHV�DQG�/RQJ�%HDFK��ZHUH�
XVHG�WR�HVWLPDWH�HPLVVLRQV�IRU�ERDWV��&UXLVH�VKLS�EHUWKLQJ�HPLVVLRQV�ZHUH�WDNHQ�IURP�WKH������%D\�
$UHD�6HDSRUWV�$LU�(PLVVLRQV�,QYHQWRU\�5HSRUW�

$QRWKHU�PDMRU�GLIIHUHQFH�LQ�WKH�FXUUHQW�HVWLPDWH�RI�VKLS�HPLVVLRQV��FRPSDUHG�WR�WKH�HVWLPDWH�
SURYLGHG�LQ�WKH������&$3��LV�WKDW�VKLS�HPLVVLRQV�UHSRUWHG�LQ�WKLV�LQYHQWRU\�DUH�EDVHG�RQ�VKLS�DFWLYLW\�
within three nautical miles of the coastline, whereas the 2010 CAP reported emissions for ship 
DFWLYLW\�XS�WR�����QDXWLFDO�PLOHV��%DVHG�RQ�GLUHFWLRQ�IURP�$5%��XVLQJ�D�OLPLW�RI�WKUHH�QDXWLFDO�PLOHV�LV�
FRQVLVWHQW�ZLWK�WKH�OLPLW�EHLQJ�XVHG�E\�RWKHU�DLU�GLVWULFWV�WKDW�DUH�LQ�WKH�SURFHVV�RI�SUHSDULQJ�30����
SIP submittals.

aircraft

Aircraft emissions are based on actual 2010 
DFWLYLW\�GDWD��ODQGLQJ�DQG�WDNH�RII�GDWD��WD[L�WLPHV�
EHWZHHQ�WKH�UXQZD\�DQG�WKH�WHUPLQDO��HWF���DW�%D\�
$UHD�DLUSRUWV��EDVHG�RQ�WKH�FXUUHQW�DLUFUDIW�ÁHHW�
PL[�DQG�WKH�ODWHVW�HPLVVLRQV�IDFWRUV�IRU�30��52*��
12[��DQG�62���$LUFUDIW�HPLVVLRQV�DUH�GHFUHDVLQJ�
RQ�D�SHU�SDVVHQJHU�PLOH�EDVLV��GXH�WR�WKH�VKLIW�
WRZDUG�ODUJHU�SODQHV�DQG�WKH�GHYHORSPHQW�RI�
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PRUH�IXHO�HIÀFLHQW�HQJLQHV��$V�D�UHVXOW�RI�QHZ�DLUFUDIW�HQJLQH�WHFKQRORJLFDO�FKDQJHV�WKDW�UHO\�RQ�
KLJKHU�FRPEXVWLRQ�WHPSHUDWXUHV�WR�LPSURYH�IXHO�HFRQRP\��52*�HPLVVLRQV�DUH�GHFUHDVLQJ��EXW�12[�
HPLVVLRQV�DUH�LQFUHDVLQJ�SHU�ODQGLQJ�DQG�WDNH�RII�

Paved and Unpaved road dust (re-entrained dust)

3UHYLRXV�SDYHG�URDG�GXVW�HPLVVLRQV��LQFOXGLQJ�WKRVH�UHSRUWHG�LQ�WKH������&$3��ZHUH�EHOLHYHG�WR�
EH�RYHU�HVWLPDWHG�ZKHQ�FRPSDUHG�WR�REVHUYHG�DPELHQW�FRQFHQWUDWLRQV�DQG�VRXUFH�DSSRUWLRQPHQW�
�FKHPLFDO�PDVV�EDODQFH��DQDO\VLV��$�QHZ�PHWKRGRORJ\�IURP�86�(3$�ZDV�XVHG�WR�HVWLPDWH�30�
HPLVVLRQV�IURP�YHKLFXODU�WUDYHO�RQ�SDYHG�URDGV����7KLV�PHWKRGRORJ\�UHVXOWV�LQ�VLJQLÀFDQWO\�ORZHU�
HVWLPDWHV�RI�30���DQG�30����HPLVVLRQV�FRPSDUHG�ZLWK�SUHYLRXV�HVWLPDWHV��7KH�UHYLVHG�HVWLPDWHV�
RI�URDG�GXVW�HPLVVLRQV�IURP�SDYHG�URDGV�IRU�30���DQG�30����DUH�RQO\�DERXW�RQH�WKLUG�RI�WKH�
estimated emissions reported in the 2010 CAP. 

8QSDYHG�URDG�GXVW�HPLVVLRQV�ZHUH�DOVR�XSGDWHG�WR�UHÁHFW�WKH�ODWHVW�LQIRUPDWLRQ�IURP�&DOWUDQV�RQ�
%D\�$UHD�XQSDYHG�URDG�PLOHV�DQG�YHKLFOH�PLOHV�WUDYHOHG�RQ�WKHVH�URDGV��$V�ZLWK�WKH�SDYHG�URDG�GXVW�
HVWLPDWHV��WKH�UHYLVHG�HVWLPDWHV�RI�URDG�GXVW�HPLVVLRQV�IURP�XQSDYHG�URDGV�IRU�30���DQG�30����
DUH�RQO\�DERXW�RQH�WKLUG�RI�WKH�HVWLPDWHG�HPLVVLRQV�UHSRUWHG�LQ�WKH������&$3��

2010 annual average Primary Pm2.5 emissions

(VWLPDWHG�DQQXDO�DYHUDJH�HPLVVLRQV�RI�SULPDU\�30����KDYH�GHFUHDVHG�VLJQLÀFDQWO\�LQ�WKH�FXUUHQW�
LQYHQWRU\�FRPSDUHG�WR�WKH�HVWLPDWHV�SURYLGHG�LQ�WKH������&$3��:KHUHDV�WKH������&$3�UHSRUWHG�
���WRQV�SHU�GD\�RI�SULPDU\�30����IRU�\HDU�������WKH�FXUUHQW�LQYHQWRU\�VKRZV�DQ�HVWLPDWHG����WRQV�
SHU�GD\�RI�SULPDU\�30����IRU�\HDU�������D�GHFOLQH�RI������7KH�UHYLVHG�LQYHQWRU\�LQFOXGHV�VLJQLÀFDQW�
UHGXFWLRQV�LQ�VHYHUDO�PDMRU�VRXUFH�FDWHJRULHV��VXFK�DV�UHVLGHQWLDO�ZRRG�EXUQLQJ��FRPPHUFLDO�FRRNLQJ��
RII�URDG�YHKLFOHV��´2WKHU�0RELOH�6RXUFHVµ���DQG�URDG�GXVW��LQFOXGHG�LQ�´*HRORJLFDO�GXVWµ���7KLV�
GHFUHDVH�LQ�WKH�LQYHQWRU\�LV�EDVHG�LQ�SDUW�RQ�UHDO�HPLVVLRQ�UHGXFWLRQV�GXH�WR�IDFWRUV�VXFK�DV�WXUQRYHU�
LQ�WKH�YHKLFOH�ÁHHW�DQG�WKH�LPSDFW�RI�QHZ�UHJXODWLRQV�WKDW�KDG�QRW�EHHQ�DFFRXQWHG�IRU�LQ�SUHYLRXV�
HPLVVLRQ�IDFWRUV��+RZHYHU��FKDQJHV�LQ�PHWKRGRORJLHV�XVHG�WR�HVWLPDWH�HPLVVLRQV��DV�GLVFXVVHG�
DERYH��DOVR�DFFRXQW�IRU�D�VLJQLÀFDQW�SRUWLRQ�RI�WKH�GHFUHDVH�LQ�WKH�LQYHQWRU\��)LJXUH�����VKRZV�WKH�
DQQXDO�DYHUDJH�HPLVVLRQV�RI�30����IRU�\HDU������EURNHQ�GRZQ�E\�PDMRU�VRXUFH�FDWHJRULHV�

��� 7KH�QHZ�PHWKRGRORJ\�IRU�URDG�GXVW�HPLVVLRQV�LV�VHW�IRUWK�LQ�WZR�GRFXPHQWV� 
���86�(3$�JXLGDQFH��-DQXDU\�������ZZZ�HSD�JRY�WWQ�FKLHI�DS���FK���ÀQDO�F��V�����SGI�DQG 
���$LU�5HVRXUFHV�%RDUG�JXLGDQFH�UH��'UDIW�(QWUDLQHG�3DYHG�5RDG�7UDYHO�3DYHG�5RDG�'XVW���6HFWLRQ�������������
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7WUdaR�	͹
� 	����2]]dMZ�BaW\Mah�6\WbbW^]b�^S�B?	͙�͜����c^]bΧQMh

2010 winter Pm2.5 emissions

7KH�EUHDNGRZQ�RI�SULPDU\�30����HPLVVLRQV�E\�VRXUFH�FDWHJRU\�GLIIHUV�IRU�WKH�ZLQWHU�30����LQYHQWRU\�
FRPSDUHG�WR�WKH�DQQXDO�LQYHQWRU\��7KH�NH\�GLIIHUHQFH�LV�WKDW�30����HPLVVLRQV�IURP�UHVLGHQWLDO�IXHO�
FRPEXVWLRQ�DFFRXQW�IRU�����RI�WKH�ZLQWHU�LQYHQWRU\�YHUVXV�����LQ�WKH�FDVH�RI�WKH�DQQXDO�LQYHQWRU\��
30����HPLVVLRQV�IURP�UHVLGHQWLDO�IXHO�FRPEXVWLRQ��ZKLFK�LV�GRPLQDWHG�E\�ZRRG�EXUQLQJ�LQ�ÀUHSODFHV�
DQG�ZRRG�VWRYHV��DUH�����KLJKHU��DQ�DGGLWLRQDO���WRQV�SHU�GD\��LQ�WKH�ZLQWHU�PRQWKV�WKDQ�WKH�DQQXDO�
DYHUDJH�HPLVVLRQV�IRU�WKLV�FDWHJRU\��+RZHYHU��HPLVVLRQV�IURP�VHYHUDO�VRXUFH�FDWHJRULHV�DUH�ORZHU�LQ�
ZLQWHU��)RU�H[DPSOH��ZLQWHU�HPLVVLRQV�IURP�RII�URDG�HTXLSPHQW��DV�ZHOO�DV�IURP�WKH�LQGXVWULDO�VHFWRU��
DUH�ORZHU�WKDQ�DQQXDO�DYHUDJH�HPLVVLRQV�GXH�WR�UHGXFHG�DFWLYLW\�GXULQJ�WKH�ZLQWHU�PRQWKV��$FFLGHQWDO�
ÀUHV�DQG�JHRORJLFDO�GXVW�HPLVVLRQV�DUH�DOVR�ORZHU�LQ�WKH�ZLQWHU�WKDQ�WKH�DQQXDO�DYHUDJH��2YHUDOO��
KRZHYHU��ZLQWHU�WLPH�30����HPLVVLRQV�DUH����KLJKHU��DQ�DGGLWLRQDO���WRQV�SHU�GD\��WKDQ�DQQXDO�
DYHUDJH�HPLVVLRQV��)LJXUH�����VKRZV�WKH�ZLQWHU�HPLVVLRQV�RI�30����IRU�\HDU������EURNHQ�GRZQ�E\�
PDMRU�VRXUFH�FDWHJRULHV�
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Figure 2-7 2010 winter Primary emissions of Pm2.5, 49 tons/day

2010 annual average Primary Pm10 emissions

30����HPLVVLRQV�DUH�D�VXE�VHW�RI�30���HPLVVLRQV��)RU�VRPH�VRXUFHV��VXFK�DV�WKH�YDULRXV�W\SHV�
RI�HQJLQH�FRPEXVWLRQ��YLUWXDOO\�DOO�30���DFWXDOO\�FRQVLVWV�RI�ÀQH�SDUWLFOHV�OHVV�WKDQ�����PLFURQV�LQ�
GLDPHWHU��)RU�H[DPSOH������RI�GLHVHO�30���LV�30�����PHDQLQJ�WKDW�GLHVHO�SDUWLFXODWH�LV�HVVHQWLDOO\�
DOO�30�����%XW�IRU�RWKHU�VRXUFHV��RQO\�D�IUDFWLRQ�RI�30���LV�PDGH�XS�RI�SDUWLFOHV�OHVV�WKDQ�����
PLFURQV�LQ�GLDPHWHU��DQG�WKH�UHVW�FRQVLVWV�RI�FRDUVH�SDUWLFOHV�EHWZHHQ�����DQG����PLFURQV�LQ�
GLDPHWHU��)RU�H[DPSOH��RQO\�����RI�30���IURP�URDG�GXVW�LV�30�����WKH�UHPDLQLQJ�����LV�FRDUVH�
SDUWLFOHV��)RU�WKH�HPLVVLRQV�LQYHQWRU\�DV�D�ZKROH��RQ�D�PDVV�EDVLV��URXJKO\�KDOI�RI�30���LV�FRPSRVHG�
RI�ÀQH�SDUWLFOHV�OHVV�WKDQ�����PLFURQV�LQ�GLDPHWHU�DQG�KDOI�LV�FRPSRVHG�RI�FRDUVH�SDUWLFOHV�EHWZHHQ�
����DQG����PLFURQV�LQ�GLDPHWHU��,Q�)LJXUHV�����DQG�����VKRZLQJ�DQQXDO�DQG�ZLQWHU�HPLVVLRQV�RI�
30����VRXUFH�FDWHJRULHV�WKDW�HPLW�FRDUVH�SDUWLFOHV�EHFRPH�PRUH�SURPLQHQW��WKXV�FRQWULEXWLQJ�PRUH�
WR�30���HPLVVLRQV�FRPSDUHG�WR�)LJXUHV�����DQG�����IRU�30�����,Q�SDUWLFXODU��JHRORJLFDO�GXVW��ZKLFK�
LQFOXGHV�GXVW�IURP�FRQVWUXFWLRQ�DQG�IDUPLQJ�RSHUDWLRQV��UH�HQWUDLQHG�URDG�GXVW�IURP�SDYHG�DQG�
XQSDYHG�URDGV��DQG�ZLQG�EORZQ�GXVW��DFFRXQWV�IRU�D�PXFK�JUHDWHU�SHUFHQWDJH�RI�30��������RQ�DQ�
DQQXDO�DYHUDJH�EDVLV��WKDQ�30���������RQ�DQ�DQQXDO�DYHUDJH�EDVLV��
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2010 winter Primary Pm10 emissions

7KH�UHODWLRQVKLS�EHWZHHQ�DQQXDO�DYHUDJH�30���DQG�ZLQWHU�30����L�H���WKH�UHODWLYH�FRQWULEXWLRQV�
IURP�YDULRXV�VRXUFH�FDWHJRULHV��LV�VLPLODU�WR�WKDW�IRU�30�����7KH�PDLQ�GLIIHUHQFH�LV�WKDW�HPLVVLRQV�
IRU�UHVLGHQWLDO�IXHO�FRPEXVWLRQ��SULPDULO\�ZRRG�EXUQLQJ��LQFUHDVH�IURP�����RI�WKH�DQQXDO�30���
LQYHQWRU\�WR�����RI�WKH�ZLQWHU�30���LQYHQWRU\��ZKLOH�HPLVVLRQV�IURP�DFFLGHQWDO�ÀUHV��SULPDULO\�
ZLOGÀUHV��GHFUHDVH�IURP����RI�WKH�DQQXDO�30���LQYHQWRU\�WR����RI�WKH�ZLQWHU�30���LQYHQWRU\��)LJXUH�
����VKRZV�WKH�ZLQWHU�HPLVVLRQV�RI�30���IRU�\HDU������EURNHQ�GRZQ�E\�PDMRU�VRXUFH�FDWHJRULHV�

Figure 2-9 2010 winter Primary emissions of Pm10, 104 tons/day
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sources of Precursors Pollutants that Form secondary Pm

3UHFXUVRU�SROOXWDQWV�WKDW�FRPELQH�YLD�FKHPLFDO�SURFHVVHV�WR�IRUP�VHFRQGDU\�30�LQFOXGH�UHDFWLYH�
RUJDQLF�JDVHV��52*���R[LGHV�RI�QLWURJHQ��12[���VXOIXU�GLR[LGH��62����DQG�DPPRQLD��1+����7KH�VRXUFHV�
WKDW�SURGXFH�WKHVH�SROOXWDQWV�DUH�GHVFULEHG�EHORZ��ZLWK�SLH�FKDUWV�GHSLFWLQJ�HPLVVLRQV�GXULQJ�WKH�
ZLQWHU�VHDVRQ�ZKHQ�VHFRQGDU\�30�IRUPDWLRQ�LV�JUHDWHVW�

reactive organic gases (rog)

$V�VKRZQ�LQ�)LJXUH�������RQ�URDG�PRWRU�YHKLFOHV�������DQG�RII�URDG�YHKLFOHV�������WRJHWKHU�SURGXFH�
DSSUR[LPDWHO\�����RI�WKH�ZLQWHU�WLPH�52*�HPLVVLRQV��(YDSRUDWLRQ�IURP�SHWUROHXP�SURGXFWV�
�LQFOXGLQJ�WKRVH�IURP�UHÀQHULHV�DQG�IXHOV�GLVWULEXWLRQ��DQG�VROYHQWV��VXFK�DV�WKRVH�IURP�VWUXFWXUHV�
FRDWLQJ��DGKHVLYHV��DQG�VHDODQWV��DUH�WKH�VHFRQG�ODUJHVW�FRQWULEXWRUV�WR�52*�HPLVVLRQV��DFFRXQWLQJ�
IRU�DSSUR[LPDWHO\�����RI�ZLQWHU�HPLVVLRQV��(PLVVLRQV�IURP�FRQVXPHU�SURGXFWV�FRQWULEXWH�DQRWKHU�
����RI�WKH�ZLQWHU�WLPH�52*�HPLVVLRQV�

Figure 2-10 2010 winter emissions reactive organic gases (rog) 294 tons/day

Industrial/ Commercial 
Processes 

4% 
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Evaporation 
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On-Road Motor Vehicles 
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Other Mobile Sources 
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Consumer Products 
15% 

Animal Waste 
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2010 Winter Emissions 
Reactive Organic Gases (ROG) 
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oxides of Nitrogen (Nox)

$V�VKRZQ�LQ�)LJXUH�������RQ�URDG�PRWRU�YHKLFOHV�DUH�WKH�VLQJOH�ODUJHVW�VRXUFH�RI�12[�HPLVVLRQV�LQ�
WKH�%D\�$UHD��7RJHWKHU�ZLWK�RII�URDG�PRELOH�VRXUFHV��WKH\�SURGXFH�RYHU�����RI�WKH�ZLQWHU�WLPH�12[�
HPLVVLRQV��,QGXVWULDO�FRPEXVWLRQ�DQG�UHVLGHQWLDO�IXHO�FRPEXVWLRQ��LQFOXGLQJ�ZRRG�EXUQLQJ��SURGXFH�
����DQG����RI�WKH�ZLQWHU�WLPH�12[�LQYHQWRU\��UHVSHFWLYHO\��

Figure 2-11 2010 winter emissions oxides of Nitrogen (Nox), 347 tons/day
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sulfur dioxide (so2)

)LJXUH������SURYLGHV�D�EUHDNGRZQ�RI�ZLQWHU�62��HPLVVLRQV�IRU�\HDU�������7KH�PDMRULW\�RI�62��
emissions in the Bay Area are from combustion at industrial facilities; the Industrial Combustion 
ZHGJH�������LQ�)LJXUH������LQFOXGHV�62��HPLVVLRQV�IURP�UHÀQHULHV�������DQG�RWKHU�LQGXVWULDO�
IDFLOLWLHV��������,QGXVWULDO�DQG�FRPPHUFLDO�SURFHVVHV�HPSOR\HG�LQ�WKH�SURGXFWLRQ�RI�SKDUPDFHXWLFDOV��
FRVPHWLFV��LQNV��DQG�UHVLQV��DV�ZHOO�DV�WKRVH�XVHG�DW�UHÀQHULHV��FUHDWH�DQRWKHU�����RI�62��HPLVVLRQV�
LQ�ZLQWHU��2II�URDG�DQG�RQ�URDG�PRWRU�YHKLFOHV�SURGXFH�����RI�WKH�%D\�$UHD�ZLQWHU�HPLVVLRQV��
$OWKRXJK�PRVW�RI�WKH�62��LQ�WKH�%D\�$UHD��RYHU������LV�HPLWWHG�GXULQJ�UHÀQHU\�RSHUDWLRQV��LW�LV�ZRUWK�
QRWLQJ�WKDW�WKH�UHÀQHU\�SURGXFWV�DUH�XVHG�WR�IXHO�PRWRU�YHKLFOHV�LQ�WKH�%D\�$UHD�DQG�WKURXJKRXW�
&DOLIRUQLD��7KLV�VXJJHVWV�WKDW�62��OHYHOV�FDQ�EH�UHGXFHG�ERWK�E\�IXUWKHU�FRQWUROOLQJ�HPLVVLRQV�DW�WKH�
UHÀQHULHV��DV�ZHOO�DV�E\�UHGXFLQJ�PRWRU�YHKLFOH�XVH�

Figure 2-12 2010 winter emissions sulfur dioxides (so2), 29 tons/day
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Predicting Future emissions trends

3UHGLFWLQJ�IXWXUH�WUHQGV�LQ�HPLVVLRQV�LV�FKDOOHQJLQJ��VLQFH�PDQ\�IDFWRUV�FRPH�LQWR�SOD\��VXFK�DV�FKDQJHV�
LQ�FRQWURO�WHFKQRORJLHV��HPLVVLRQ�VWDQGDUGV�DQG�IXHO�IRUPXODWLRQV�IRU�PRELOH�VRXUFHV��SRSXODWLRQ�JURZWK�
DQG�KRXVHKROG�IRUPDWLRQ��HFRQRPLF�JURZWK�UDWHV��ODQG�XVH�GHFLVLRQV��DQG�FKDQJHV�LQ�WUDQVSRUWDWLRQ�
LQIUDVWUXFWXUH�DQG�WUDYHO�PRGH�FKRLFH�ZKLFK�DIIHFW�PRWRU�YHKLFOH�WUDYHO��7KH�LQYHQWRU\�SURMHFWLRQV�
SUHVHQWHG�KHUH�LQFOXGH�DQWLFLSDWHG�FKDQJHV�LQ�SRSXODWLRQ�DQG�HFRQRPLF�DFWLYLW\��DQG�ZHOO�DV�HPLVVLRQ�
UHGXFWLRQV�IURP�$5%�DQG�$LU�'LVWULFW�UHJXODWLRQV�WKDW�KDYH�DOUHDG\�EHHQ�DGRSWHG�DQG�WXUQRYHU�LQ�
WKH�PRWRU�YHKLFOH�ÁHHW��ZKHUHE\�ROGHU��GLUWLHU�YHKLFOHV�DUH�UHSODFHG�E\�QHZHU��FOHDQHU�YHKLFOHV�$5%��
,PSOHPHQWDWLRQ�RI�$5%�UHJXODWLRQV�RQ�PRELOH�VRXUFHV�LV�W\SLFDOO\�SKDVHG�LQ��VR�WKH�HQWLUH�EHQHÀW�RI�WKHVH�
DGRSWHG�UHJXODWLRQV�ZLOO�QRW�EH�UHDOL]HG�XQWLO�WKH\�KDYH�EHHQ�IXOO\�LPSOHPHQWHG�RYHU�WKH�QH[W�������\HDUV��
$W�WKDW�SRLQW��HPLVVLRQV�DUH�SURMHFWHG�WR�VORZO\�LQFUHDVH�LQ�UHVSRQVH�WR�SRSXODWLRQ�DQG�HFRQRPLF�JURZWK��
LI�QR�DGGLWLRQDO�UHJXODWLRQV�DUH�DGRSWHG��

7KH�SURMHFWHG�HPLVVLRQV�DUH�EDVHG�RQ�D�FRQVHUYDWLYH�´EXVLQHVV�DV�XVXDOµ�DVVXPSWLRQ�WKDW�QR�DGGLWLRQDO�
UHJXODWLRQ�RU�SROLFHV�ZLOO�EH�DGRSWHG�WR�UHGXFH�HPLVVLRQV�LQ�WKH�IXWXUH��+RZHYHU��SDVW�H[SHULHQFH�VXJJHVWV�
WKDW�LW�LV�OLNHO\�WKDW�IXWXUH�PHDVXUHV�ZLOO�LQ�IDFW�EH�DGRSWHG�DQG�LPSOHPHQWHG�WR�SURYLGH�DGGLWLRQDO�
HPLVVLRQ�UHGXFWLRQV��3DVW�H[SHULHQFH�DOVR�VXJJHVWV�WKDW�WKH�SURMHFWHG�LQYHQWRU\�PD\�XQGHUHVWLPDWH�WKH�
IXWXUH�UHGXFWLRQ�LQ�HPLVVLRQV��)RU�H[DPSOH��ZKHUHDV�SUHYLRXV�30�HPLVVLRQV�LQYHQWRULHV�IRU�WKH�%D\�$UHD�
SUHGLFWHG�WKDW�RYHUDOO�HPLVVLRQV�ZRXOG�LQFUHDVH�RYHU�WKH�SDVW�������\HDUV��PRQLWRULQJ�GDWD�DQG�&0%�
DQDO\VLV�VKRZV�WKDW�30�HPLVVLRQV�DQG�DPELHQW�FRQFHQWUDWLRQV�DFWXDOO\�GHFOLQHG�VXEVWDQWLDOO\�GXULQJ�
WKDW�SHULRG��*LYHQ�WKH�IDFW�WKDW�SUHYLRXV�LQYHQWRULHV�XQGHU�SUHGLFWHG�WKH�HPLVVLRQ�UHGXFWLRQV�WKDW�ZHUH�
DFWXDOO\�DFKLHYHG��LW�LV�SRVVLEOH�WKDW�WKLV�FRXOG�RFFXU�DJDLQ�RYHU�WKH�FRPLQJ�\HDUV�

$VVXPSWLRQV�DQG�PHWKRGV�XVHG�WR�HVWLPDWH�IXWXUH�HPLVVLRQV�IRU�NH\�VRXUFH�FDWHJRULHV�DUH�EULHÁ\�
discussed below.

industrial and commercial Processes and combustions

30�HPLVVLRQV�IURP�LQGXVWULDO�DQG�FRPPHUFLDO�VRXUFHV�DUH�SURMHFWHG�WR�LQFUHDVH�DW�D�UDWH�RI�DURXQG����
SHU�\HDU�EDVHG�RQ�SUHYLRXV�REVHUYHG�JURZWK�DQG�UHJXODWLRQV�DGRSWHG�WR�GDWH��

commercial cooking 

30�HPLVVLRQV�IURP�FRPPHUFLDO�FRRNLQJ�DUH�DOVR�SURMHFWHG�WR�LQFUHDVH�DW�D�UDWH�RI�DURXQG����SHU�\HDU�
EDVHG�RQ�SUHYLRXV�REVHUYHG�JURZWK�DQG�UHJXODWLRQV�DGRSWHG�WR�GDWH�

residential Fuel combustion

$V�QRWHG�DERYH��HVWLPDWHG�30�HPLVVLRQV�IURP�UHVLGHQWLDO�ZRRG�EXUQLQJ�ZHUH�UHGXFHG�IRU�WKH������
LQYHQWRU\�WR�UHÁHFW�UHFHQW�SURJUHVV�LQ�UHVSRQVH�WR�WKH�$LU�'LVWULFW·V�ZRRG�EXUQLQJ�UHJXODWLRQ�DQG�LWV�ZLQWHU�
6SDUH�WKH�$LU�SURJUDP��7KH�SURMHFWHG�LQYHQWRU\�DVVXPHV�WKDW�UHVLGHQWLDO�ZRRG�EXUQLQJ�UDWHV�ZLOO�KROG�
VWHDG\�IRU�WKH�IRUHVHHDEOH�IXWXUH��ZLWK�D�VOLJKW�LQFUHDVH�EDVHG�XSRQ�JURZWK�LQ�SRSXODWLRQ�DQG�KRXVHKROGV��
$OWKRXJK�LW�LV�SRVVLEOH�WKDW�IXWXUH�HPLVVLRQV�PD\�GHFUHDVH�LI�WKH�'LVWULFW�LV�VXFFHVVIXO�LQ�LQFUHDVLQJ�
FRPSOLDQFH�ZLWK�WKH�ZRRG�EXUQLQJ�UHJXODWLRQ�DQG�IXUWKHU�HGXFDWLQJ�%D\�$UHD�UHVLGHQWV�DV�WR�WKH�KHDOWK�
ULVNV�IURP�ZRRG�VPRNH��$LU�'LVWULFW�VWDII�KDV�RSWHG�WR�KROG�WKH�ZRRG�EXUQLQJ�HPLVVLRQV�VWHDG\��SHQGLQJ�
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GHYHORSPHQW�RI�EHWWHU�GDWD�WR�XVH�LQ�HVWLPDWLQJ�IXWXUH�ZRRG�EXUQLQJ�WUHQGV��VR�DV�WR�SURYLGH�D�
FRQVHUYDWLYH�HVWLPDWH��0RGHVW�LQFUHDVHV�RI�HPLVVLRQV�DUH�H[SHFWHG�LQ�RWKHU�UHVLGHQWLDO�FRPEXVWLRQ�
FDWHJRULHV��PDLQO\�IRU�VSDFH�KHDWLQJ��7KLV�LV�DVVXPHG�WR�JURZ�LQ�OLQH�ZLWK�SRSXODWLRQ�JURZWK�UHVXOWLQJ�
LQ�PRGHVW�LQFUHDVHV�LQ�RYHUDOO�UHVLGHQWLDO�FRPEXVWLRQ�HPLVVLRQV�

A]͹D^MQ�M]Q�AŪ͹D^MQ�?^c^a�HRVWPZRb

(PLVVLRQV�IURP�RQ�URDG�DQG�RII�URDG�PRWRU�YHKLFOHV�DUH�H[SHFWHG�WR�GHFOLQH�XQWLO������GXH�WR�
DJJUHVVLYH�UHJXODWLRQV�RQ�GLHVHO�HQJLQHV��UHWLUHPHQW�RI�ROGHU��GLUWLHU�YHKLFOHV��DQG�SHQHWUDWLRQ�RI�
FOHDQHU�JDVROLQH�YHKLFOHV�LQWR�WKH�ÁHHW��$IWHU�������YHKLFOH�HPLVVLRQV�DUH�H[SHFWHG�WR�LQFUHDVH�
E\�OHVV�WKDQ����SHU�\HDU�XQWLO�������7KH�SURMHFWHG�LQFUHDVH�LQ�YHKLFOH�HPLVVLRQV�UHVWV�XSRQ�WZR�
DVVXPSWLRQV��

1. $Q�LQFUHDVH�LQ�YHKLFXODU�DFWLYLW\�IROORZLQJ�UHFRYHU\�IURP�WKH�HFRQRPLF�
UHFHVVLRQ��$5%�VWDII�H[DPLQHG�YDULRXV�HFRQRPLF�UHFRYHU\�VFHQDULRV��WKH�
SURMHFWHG�UDWH�RI�JURZWK�LQ�YHKLFOH�DFWLYLW\�LV�EDVHG�RQ�DQ�DYHUDJH�EHWZHHQ�D�
VORZ�UHFRYHU\�VFHQDULR�DQG�D�IDVW�UHFRYHU\�VFHQDULR��

2. 1R�DGGLWLRQDO�UHJXODWLRQ�DSDUW�IURP�WKRVH�DOUHDG\�DGRSWHG�E\�$5%���7KH�
DVVXPSWLRQ�WKDW�QR�IXWXUH�UHJXODWLRQV�ZLOO�EH�DGRSWHG�LV�XQOLNHO\��KRZHYHU��
$OWKRXJK�LW�ZLOO�EH�WHFKQLFDOO\�FKDOOHQJLQJ�WR�IXUWKHU�UHGXFH�PRWRU�YHKLFOH�
HPLVVLRQV�UDWHV�EHORZ�WKH�VWULQJHQW�VWDQGDUGV�DOUHDG\�DGRSWHG�LQ�&DOLIRUQLD��
H[SHULHQFH�WR�GDWH�VXJJHVWV�PRWRU�YHKLFOH�HPLVVLRQ�VWDQGDUGV�ZLOO�EH�IXUWKHU�
WLJKWHQHG�LQ�FRPLQJ�\HDUV�DV�QHHGHG�WR�FRQWLQXH�SURJUHVV�WRZDUG�DWWDLQPHQW�
RI�DLU�TXDOLW\�VWDQGDUGV�LQ�WKH�PDMRU�XUEDQ�DUHDV�RI�WKH�VWDWH���

,W�LV�LPSRUWDQW�WR�QRWH�WKDW�WKH�SURMHFWHG�WUHQGV�IRU�GLHVHO�DQG�JDVROLQH�YHKLFOHV�GLIIHU��:KHUHDV�GLHVHO�
30�HPLVVLRQV�DUH�SURMHFWHG�WR�VKDUSO\�GHFUHDVH�RYHU�WKH�QH[W�GHFDGH�LQ�UHVSRQVH�$5%�UHJXODWLRQV��
30�HPLVVLRQV�IURP�JDVROLQH�HQJLQHV�DUH�H[SHFWHG�WR�KROG�VWHDG\��)RU�\HDU�������GLHVHO�YHKLFOHV�
DFFRXQW�IRU�DERXW�KDOI�RI�WKH�SULPDU\�30�HPLVVLRQV�IURP�RQ�URDG�YHKLFOHV��LQFOXGLQJ�ERWK�WDLOSLSH�
H[KDXVW�DQG�EUDNH�DQG�WLUH�ZHDU��+RZHYHU��E\�������WKLV�ÀJXUH�LV�SURMHFWHG�WR�GHFUHDVH�WR�DERXW������
,W�VKRXOG�EH�QRWHG��KRZHYHU��WKDW�WKH�(0)$&�����PRGHO�GRHV�QRW�LQFOXGH�WKH�SRWHQWLDO�UHGXFWLRQ�
LQ�30�IURP�OLJKW��DQG�PHGLXP�GXW\�YHKLFOHV�WKDW�PD\�RFFXU�LQ�UHVSRQVH�WR�$5%·V�/(9�,,,�SURJUDP��DV�
GHVFULEHG�LQ�6HFWLRQ����(IIRUWV�WR�UHGXFH�30�IURP�PRELOH�VRXUFHV�LQ�UHFHQW�\HDUV�KDYH�IRFXVHG�RQ�
KHDY\�GXW\��GLHVHO�SRZHUHG�YHKLFOHV��+RZHYHU��WKH�IDFW�WKDW�JDVROLQH�YHKLFOHV�DUH�SURMHFWHG�WR�DFFRXQW�
IRU�DQ�LQFUHDVLQJ�VKDUH�RI�WKH�30�IURP�PRWRU�YHKLFOHV�LQ�FRPLQJ�\HDUV�VXJJHVWV�WKDW�IXWXUH�HIIRUWV�
WR�UHGXFH�30�HPLVVLRQV�IURP�RQ�URDG�YHKLFOHV�ZLOO�QHHG�WR�IRFXV�RQ�UHGXFLQJ�WDLOSLSH�HPLVVLRQV�DQG�
HPLVVLRQV�GXH�WR�EUDNH�DQG�WLUH�ZHDU�IURP�OLJKW�GXW\�YHKLFOHV�
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Projected trends for Primary Pm and Precursors to secondary Pm

3URMHFWHG�WUHQGV�IRU�HPLVVLRQV�RI�SULPDU\�30�DQG�30�SUHFXUVRUV�DUH�SUHVHQWHG�LQ�VXPPDU\�IRUP�LQ�
WKH�EDU�FKDUWV�EHORZ��$�PRUH�GHWDLOHG�EUHDNGRZQ�RI�SURMHFWHG�IXWXUH�HPLVVLRQV�E\�VRXUFH�FDWHJRU\�
LV�SURYLGHG�LQ�WKH�WDEOHV�LQ�$SSHQGL[�$��$V�VKRZQ�LQ�)LJXUHV������DQG�������WKH�RYHUDOO�LQYHQWRU\�IRU�
HPLVVLRQV�RI�SULPDU\�30����DQG�30���LV�SURMHFWHG�WR�GHFUHDVH�WKUX�������WKHQ�WR�EHJLQ�WR�ULVH�
VORZO\�WKURXJK������LQ�WDQGHP�ZLWK�SRSXODWLRQ�DQG�HFRQRPLF�JURZWK��7KH�VDPH�WUHQG�LV�SURMHFWHG�IRU�
HPLVVLRQV�IURP�RQ�URDG�PRWRU�YHKLFOHV��DV�ZHOO�DV�RWKHU�PRELOH�VRXUFHV��

Figure 2-13 bay area winter Primary Pm2.5 emissions trends
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7KH�WUHQG�IRU�ZLQWHU�HPLVVLRQV�RI�SULPDU\�30���LV�VLPLODU�WR�WKDW�IRU�30�����DV�VKRZQ�LQ�)LJXUH������

Figure 2-14 bay area winter Primary Pm10 emissions trends

(PLVVLRQV�SURMHFWLRQV�IRU�NH\�SUHFXUVRUV�WR�IRUPDWLRQ�RI�VHFRQGDU\�30�DUH�PL[HG��6LPLODU�WR�SULPDU\�
30��52*�HPLVVLRQV�DUH�SURMHFWHG�WR�GHFUHDVH�WKURXJK������LQ�UHVSRQVH�WR�DOUHDG\�DGRSWHG�FRQWURO�
PHDVXUHV��WKHQ�WR�EHJLQ�WR�LQFUHDVH�VORZO\�WKURXJK�������DV�VKRZQ�LQ�)LJXUH�������12[�HPLVVLRQV�
DUH�SURMHFWHG�WR�GHFUHDVH�VWHDGLO\�DQG�VXEVWDQWLDOO\�WKURXJK������LQ�UHVSRQVH�WR�DOUHDG\�DGRSWHG�
FRQWURO�PHDVXUHV��DV�VKRZQ�LQ�)LJXUH�������62��HPLVVLRQV��E\�FRQWUDVW��DUH�SURMHFWHG�WR�LQFUHDVH�
VORZO\�EXW�VWHDGLO\�WKURXJK������LQ�WKH�DEVHQFH�RI�DGGLWLRQDO�UHJXODWLRQV�RU�FRQWUROV��DV�VKRZQ�LQ�
)LJXUH������

reactive organic gases (rog)

$V�VKRZQ�LQ�)LJXUH�������RYHUDOO�52*�HPLVVLRQV�DUH�H[SHFWHG�WR�GHFOLQH�XQWLO�������52*�HPLVVLRQV�
IURP�RQ�URDG�PRWRU�YHKLFOHV�DUH�H[SHFWHG�WR�GHFOLQH�GXH�WR�ÁHHW�WXUQRYHU��GHVSLWH�LQFUHDVHV�LQ�YHKLFOH�
SRSXODWLRQ�DQG�907��(PLVVLRQV�IURP�RII�URDG�PRELOH�VRXUFHV�ZLOO�FRQWLQXH�WR�GHFOLQH�XQWLO������
GXH�WR�LPSOHPHQWDWLRQ�RI�DOUHDG\�DGRSWHG�UHJXODWLRQV��$IWHU�������D�SURMHFWHG�LQFUHDVH�LQ�RII�URDG�
YHKLFXODU�DFWLYLW\�LV�H[SHFWHG�WR�OHDG�WR�LQFUHDVHV�LQ�52*�HPLVVLRQV�IURP�RII�URDG�PRELOH�VRXUFHV��
)RU�WKH�LQYHQWRU\�DV�D�ZKROH��52*�HPLVVLRQV�DUH�SURMHFWHG�WR�LQFUHDVH�VOLJKWO\�DIWHU������GXH�WR�
LQFUHDVHG�SRSXODWLRQ�DQG�HFRQRPLF�DFWLYLW\��LQ�WKH�DEVHQFH�RI�IXWXUH�UHJXODWRU\�PHDVXUHV�
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Figure 2-15 bay area winter rog emissions trends

oxides of Nitrogen (Nox)

12[�HPLVVLRQV�IURP�RQ�URDG�PRWRU�YHKLFOHV�DUH�H[SHFWHG�WR�GHFOLQH�GXH�WR�ÁHHW�WXUQRYHU�GHVSLWH�
LQFUHDVHV�LQ�YHKLFOH�SRSXODWLRQ�DQG�907��DV�VKRZQ�LQ�)LJXUH�������(PLVVLRQV�IURP�RWKHU�PRELOH�
VRXUFHV�ZLOO�FRQWLQXH�WR�GHFOLQH�XQWLO������GXH�WR�DJJUHVVLYH�UHJXODWLRQV�RQ�GLHVHO�YHKLFOHV��$IWHU�
������SURMHFWHG�LQFUHDVH�LQ�RII�URDG�YHKLFXODU�DFWLYLW\�LV�H[SHFWHG�WR�OHDG�WR�LQFUHDVHV�LQ�12[�
HPLVVLRQV�IURP�RII�URDG�PRELOH�VRXUFHV��2WKHU�PDMRU�FRQWULEXWRUV�WR�12[�HPLVVLRQV�DUH�H[SHFWHG�WR�
LQFUHDVH�GXH�WR�SRSXODWLRQ�LQFUHDVH�XQOHVV�QHZ�UHJXODWLRQV�DUH�LQWURGXFHG��2YHUDOO�12[�HPLVVLRQV�
DUH�H[SHFWHG�WR�GHFOLQH�XQWLO������DQG�WKHQ�LQFUHDVH�VOLJKWO\��+RZHYHU��LW�LV�H[SHFWHG�WKDW�ZLWK�
LQWURGXFWLRQ�RI�QHZ�UXOHV�RQ�PDMRU�VRXUFHV�RI�12[�HPLVVLRQV�LQ�WKH�IXWXUH��IXUWKHU�UHGXFWLRQ�LQ�12[�
emissions is likely to occur. 
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7WUdaR�	͹�
� 3Mh�2aRM�IW]cRa�@Ag�6\WbbW^]�FaR]Qb

sulfur dioxide (so2)

$IWHU�GHFUHDVLQJ�VXEVWDQWLDOO\�LQ�WKH�SDVW�IHZ�\HDUV�LQ�UHVSRQVH�WR�UHJXODWLRQV�RQ�VXOIXU�FRQWHQW�
XVHG�LQ�VKLSV�DQG�FRPPHUFLDO�ERDWV��62��HPLVVLRQV�DUH�SURMHFWHG�WR�LQFUHDVH�VORZO\�LQ�IXWXUH�\HDUV��
DV�VKRZQ�LQ�)LJXUH�������SULPDULO\�GXH�WR�SURMHFWHG�H[SDQVLRQ�LQ�LQGXVWULDO�DFWLYLW\��2YHUDOO�62��
HPLVVLRQV�DUH�H[SHFWHG�WR�LQFUHDVH�LQ�OLQH�ZLWK�62��HPLVVLRQV�LQFUHDVHV�PHQWLRQHG�DERYH��7KH�UDWH�
RI�LQFUHDVH�LV�OHVV�WKDQ����SHU�\HDU�XQWLO������

Figure 2-17 bay area winter so2 emission trends
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sectioN 3: Pm air 
qUality staNdards 

aNd treNds
E64F;A@�
ͻ2͛�B?�?A@;FAD;@8�BDA8D2?�
regional Pm monitoring Network

7KH�$LU�'LVWULFW�RSHUDWHV�D�QHWZRUN�RI�PRQLWRULQJ�VWDWLRQV�WR�PHDVXUH�DPELHQW�FRQFHQWUDWLRQV�RI�
SDUWLFXODWH�PDWWHU�LQ�WKH�%D\�$UHD��7KH�$LU�'LVWULFW·V�30�PRQLWRULQJ�QHWZRUN�KDV�HYROYHG�LQ�WDQGHP�
ZLWK�WKH�HYROXWLRQ�RI�WKH�30�DLU�TXDOLW\�VWDQGDUGV��%HFDXVH�WKH�RULJLQDO�30�VWDQGDUGV�LVVXHG�LQ�
UHVSRQVH�WR�WKH�&OHDQ�$LU�$FW�RI������ZHUH�EDVHG�RQ�WRWDO�VXVSHQGHG�SDUWLFOHV��763���WKH�LQLWLDO�
30�PRQLWRULQJ�VWDWLRQV�PHDVXUHG�763��:KHQ�86�(3$�DGRSWHG�VWDQGDUGV�IRU�30���LQ�������WKH�
'LVWULFW�HVWDEOLVKHG�PRQLWRULQJ�VLWHV�WR�PHDVXUH�DPELHQW�30���FRQFHQWUDWLRQV��/LNHZLVH��ZKHQ�86�
(3$�LVVXHG�VWDQGDUGV�IRU�30����LQ�������WKH�'LVWULFW�HVWDEOLVKHG�D�QHWZRUN�RI�PRQLWRULQJ�VLWHV�WR�
PHDVXUH�DPELHQW�30����FRQFHQWUDWLRQV��7KHUHIRUH��ZH�FDQ�WUDFN�SURJUHVV�LQ�UHGXFLQJ�763�LQ�WKH�%D\�
$UHD�EDFN�WR�WKH�����·V��30���WR�WKH�ODWH�����·V��DQG�30����WR�WKH�ODWH�����·V�

8QWLO�UHFHQWO\��DOO�30�PHDVXUHPHQWV�ZHUH�SHUIRUPHG�E\�FROOHFWLQJ�SDUWLFOHV�RQ�ÀOWHUV��DQG�30�
FRQFHQWUDWLRQV�ZHUH�HVWLPDWHG�E\�ZHLJKLQJ�WKH�ÀOWHUV�EHIRUH�DQG�DIWHU�FROOHFWLQJ�WKH�SDUWLFOHV��$�ÀOWHU�
LV�SUH�ZHLJKHG��DQG�WKHQ�SODFHG�LQ�D�VDPSOHU�WKDW�GUDZV�DLU�WKURXJK�WKH�ÀOWHU��W\SLFDOO\�IRU����KRXUV��
7KH�30�FRQFHQWUDWLRQ�LV�HVWLPDWHG�E\�FRPSDULQJ�WKH�EHIRUH�DQG�DIWHU�ZHLJKW�GLIIHUHQFH�RI�WKH�ÀOWHU��
GLYLGHG�E\�WKH�WRWDO�DLU�ÁRZ��\LHOGLQJ�D�PHDVXUHPHQW�RI�DPELHQW�30�H[SUHVVHG�LQ�PLFURJUDPV�SHU�
FXELF�PHWHU���J�P����)LOWHU�EDVHG�PHWKRGV�WKDW�PHHW�VSHFLÀF�RSHUDWLRQDO�UHTXLUHPHQWV�DUH�FDOOHG�
)HGHUDO�5HIHUHQFH�0HWKRG��)50��DQG�KDYH�EHHQ�XVHG�IRU�GHWHUPLQLQJ�FRPSOLDQFH�ZLWK�WKH�QDWLRQDO�
DLU�TXDOLW\�VWDQGDUGV��%HFDXVH�WKLV�SURFHVV�LV�ODERU�LQWHQVLYH��PHDVXUHPHQWV�KDYH�QRW�EHHQ�PDGH�
HYHU\�GD\�DW�HYHU\�VWDWLRQ��$W�PRVW�VWDWLRQV��WKH\�ZHUH�PDGH�HLWKHU�RQ�D���LQ���RU���LQ���GD\�VFKHGXOH��
0RUH�UHFHQWO\��LQVWUXPHQWV�KDYH�EHHQ�GHYHORSHG�WR�PHDVXUH�30�FRQWLQXRXVO\��WKH�$LU�'LVWULFW�
HPSOR\V�D�FRQWLQXRXV�PHWKRG�NQRZQ�DV�D�%HWD�$WWHQXDWLRQ�0RQLWRU��%$0���

7KH�$LU�'LVWULFW�EHJDQ�PHDVXULQJ�30���FRQFHQWUDWLRQV�DW�D�QXPEHU�RI�VLWHV�LQ������RQ�D���LQ���GD\�
VFKHGXOH��,Q�DGGLWLRQ�WR�WRWDO�30���FRQFHQWUDWLRQV��D�VHW�RI�LRQV�KDV�EHHQ�PHDVXUHG��QLWUDWH��VXOIDWH��
DPPRQLXP��DQG�FKORULGH��3RWDVVLXP�ZDV�DGGHG�LQ�������DQG�HOHPHQWDO�DQG�RUJDQLF�FDUERQ�ZHUH�
DGGHG�LQ�������7KH�'LVWULFW�EHJDQ�PHDVXULQJ�30����LQ�������,Q�UHFHQW�\HDUV��WKH�QXPEHU�RI�VLWHV�
PHDVXULQJ�30���KDV�EHHQ�UHGXFHG��DV�86�(3$�JXLGHOLQHV�KDYH�SODFHG�JUHDWHU�HPSKDVLV�RQ�WKH�QHHG�
WR�PRQLWRU�30����7KH�%D\�$UHD�30�PRQLWRULQJ�QHWZRUN�PHHWV�DQG�H[FHHGV�ERWK�VWDWH�DQG�86�(3$�
UHTXLUHPHQWV��7KH�QHWZRUN�SURYLGHV�GDWD�WR�PHDVXUH�UHJLRQDO�30�OHYHOV�UHODWLYH�WR�VWDWH�DQG�QDWLRQDO�
VWDQGDUGV��7KH�QHWZRUN�LQFOXGHV���VLWHV�ZKLFK�PHDVXUH�30���DQG����VLWHV�ZKLFK�PHDVXUH�30�����
7KHUH�DUH�WKUHH�FDWHJRULHV�RI�30�PRQLWRUV��
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�� )LOWHU�EDVHG�)HGHUDO�5HIHUHQFH�0HWKRG��)50��
�� 5HDO�WLPH�%HWD�$WWHQXDWLRQ�0RQLWRU��%$0��PRQLWRUV�GHVLJQDWHG�DV�)HGHUDO�

(TXLYDOHQW�0HWKRG��KHUHDIWHU�UHIHUUHG�WR�DV�)(0�%$0���DQG
�� 2UGLQDU\�%HWD�$WWHQXDWLRQ�0RQLWRUV�WKDW�DUH�QRW�GHVLJQDWHG�)(0��KHUHDIWHU�

UHIHUUHG�WR�DV�%$0��

7HQ�30����PRQLWRULQJ�VLWHV�SURYLGH�GDWD�WR�
determine whether the Bay Area meets national 
30����VWDQGDUGV��7KLV�LQFOXGHV�HLJKW�)(0�%$0�
VLWHV�WKDW�PRQLWRU�30����RQ�D�FRQWLQXRXV�EDVLV��DV�
ZHOO�DV�WZR�)50��)HGHUDO�5HIHUHQFH�0HWKRG��VLWHV�
WKDW�XVH�ÀOWHUV�WR�PHDVXUH�30����RQ�D�VFKHGXOH�
EDVHG�RQ�WKH�ORFDWLRQ·V�30����OHYHO�UHODWLYH�WR�WKH�
national standard.1�7KH�30����QHWZRUN�LQFOXGHV�
IRXU�DGGLWLRQDO�VLWHV�ZLWK�%$0�PRQLWRUV�WKDW�DUH�
XVHG��LQ�FRQMXQFWLRQ�ZLWK�WKH�)(0�DQG�)50�VLWHV��
LQ�GHWHUPLQLQJ�ZKHWKHU�WKH�%D\�$UHD�DWWDLQV�6WDWH�
30����VWDQGDUGV���7KHVH�IRXU�%$0�VLWHV�DUH�QRW�
LQFOXGHG�IRU�SXUSRVHV�RI�GHWHUPLQLQJ�FRPSOLDQFH�
ZLWK�IHGHUDO�30����VWDQGDUGV���

In addition to the sites used to determine 
FRPSOLDQFH�ZLWK�6WDWH�DQG�IHGHUDO�30����
VWDQGDUGV��WKH�$LU�'LVWULFW�DOVR�RSHUDWHV�6$66��6SHFLDWLRQ�$LU�6DPSOHU�6\VWHP��LQVWUXPHQWV�DW�IRXU�
VLWHV��6DQ�-RVH��9DOOHMR��/LYHUPRUH��DQG�:HVW�2DNODQG��WKDW�SURYLGH�30����VSHFLDWLRQ�GDWD��WKHVH�
VSHFLDWLRQ�GDWD�DUH�XVHG�WR�DQDO\]H�30�E\�FKHPLFDO�W\SH�DQG�HPLVVLRQV�VRXUFH�FDWHJRU\�LQ�RUGHU�
WR�UHÀQH�WKH�$LU�'LVWULFW·V�30�HPLVVLRQV�LQYHQWRU\�DQG�WR�KHOS�LGHQWLI\�HPLVVLRQ�VRXUFH�FDWHJRULHV�
WKDW�PD\�ZDUUDQW�DGGLWLRQDO�FRQWURO�PHDVXUHV��7KH�VSHFLDWLRQ�GDWD�SURYLGHG�E\�WKHVH�IRXU�PRQLWRUV�
DUH�WKH�VRXUFH�IRU�WKH�LQIRUPDWLRQ�SURYLGHG�LQ�)LJXUHV�����DQG�����LQ�6HFWLRQ����7KH�$LU�'LVWULFW�DOVR�
RSHUDWHV�RQH�PRELOH�VDPSOLQJ�YDQ��DV�ZHOO�DV�RQH�UH�ORFDWDEOH�WUDLOHU�PRXQWHG�XQLW�WKDW�FDQ�EH�
GHSOR\HG�WR�PRQLWRU�ORFDO�FRQFHQWUDWLRQV�IRU�VSHFLDO�SXUSRVH�PRQLWRULQJ�VWXGLHV�ODVWLQJ�D�PLQLPXP�
RI�RQH�\HDU��)RU�H[DPSOH��WKH�PRELOH�YDQ�SURYLGHG�PHDVXUHPHQWV�XVHG�LQ�WKH������:HVW�2DNODQG�
Monitoring Study described below.

7KH�$LU�'LVWULFW·V�FXUUHQW�30�PRQLWRULQJ�VLWHV�DUH�VKRZQ�LQ�7DEOH������

�� �7KH�VFKHGXOH�FDQ�EH�HYHU\�GD\��RQFH�HYHU\�WKUHH�GD\V��RU�RQFH�HYHU\�VL[�GD\V�GHSHQGLQJ�RQ�WKH�VLWH�DQG�VHDVRQ�
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table 3-1 bay area Pm monitoring sites

Location PM10 PM2.5 Type of Monitor

/LYHUPRUH ¥ )(0�%$0�	�6SHFLDWLRQ�6DPSOHU

2DNODQG ¥ )(0�%$0

Concord ¥ ¥ )50�

Bethel Island ¥

6DQ�5DIDHO ¥ ¥ )(0�%$0

6DQ�)UDQFLVFR ¥ ¥ )(0�%$0

5HGZRRG�&LW\ ¥ )(0�%$0�

Gilroy ¥ )(0�%$0

San Jose ¥ ¥ )50��%$0�	�6SHFLDWLRQ�6DPSOHU

San Pablo ¥

9DOOHMR ¥ )(0�%$0�	�6SHFLDWLRQ�6DPSOHU

6DQWD�5RVD ¥ )(0�%$0

Cupertino ¥ ¥ %$0

1DSD ¥ ¥ %$0

:HVW�2DNODQG ¥ %$0�	�6SHFLDWLRQ�6DPSOHU

measuring Pm concentrations at the local scale

7KH�SULPDU\�REMHFWLYH�RI�WKH�%D\�$UHD�DLU�TXDOLW\�PRQLWRULQJ�QHWZRUN�IRU�30�LV�WR�PHDVXUH�DPELHQW�
30�OHYHOV�DW�WKH�UHJLRQDO�VFDOH�LQ�FRPSDULVRQ�WR�6WDWH�DQG�IHGHUDO�30�VWDQGDUGV��7KH�QHWZRUN�LV�
QRW�LQWHQGHG�WR�PHDVXUH�DPELHQW�FRQFHQWUDWLRQV�RI�30�DQG�RWKHU�DLU�SROOXWDQWV�DW�D�ÀQH�JUDLQ�
ORFDO�VFDOH��$OVR��ZKLOH�WKH�QHWZRUN�FDQ�PHDVXUH�30�LPSDFWV�IURP�ODUJHU�VFDOH�LQFLGHQWV�VXFK�
DV�ZLOGÀUHV��LW�LV�QRW�GHVLJQHG�WR�PHDVXUH�ORFDOL]HG�30�LPSDFWV�IURP�VKRUW�WHUP�LQFLGHQWV�DQG�
HSLVRGHV�DW�D�VSHFLÀF�IDFLOLW\�RU�VRXUFH���+RZHYHU��FRQFHQWUDWLRQV�RI�SROOXWDQWV�VXFK�DV�30��FDUERQ�
PRQR[LGH��DQG�DLU�WR[LFV�FDQ�YDU\�JUHDWO\�DW�WKH�ORFDO�VFDOH��$PRQJ�LWV�OLPLWDWLRQV��IRU�H[DPSOH��WKH�
H[LVWLQJ�UHJLRQDO�PRQLWRULQJ�QHWZRUN�FDQQRW�DFFXUDWHO\�PHDVXUH�WKH�ORFDO�LPSDFWV�RI�UHVLGHQWLDO�
ZRRG�EXUQLQJ�RQ�DPELHQW�30�FRQFHQWUDWLRQV�GXH�WR�WKH�KLJKO\�ORFDOL]HG�DQG�YDULDEOH�QDWXUH�RI�WKLV�
DFWLYLW\���
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7KH�$LU�'LVWULFW�UHFRJQL]HV�WKDW�LQIRUPDWLRQ�DERXW�ORFDO�30�OHYHOV�LV�QHHGHG�LQ�RUGHU�WR�LGHQWLI\�LPSDFWHG�
DUHDV�DQG�GHYHORS�VWUDWHJLHV�WR�UHGXFH�30�FRQFHQWUDWLRQV�LQ�VXFK�DUHDV��6LQFH�LW�LV�QHLWKHU�WHFKQLFDOO\�
QRU�ÀQDQFLDOO\�IHDVLEOH�WR�LQVWDOO�DQG�RSHUDWH�30�PRQLWRUV�LQ�HYHU\�QHLJKERUKRRG��WKH�$LU�'LVWULFW�KDV�
EHHQ�ZRUNLQJ�WR�HVWLPDWH�30�FRQFHQWUDWLRQV�DQG�SRSXODWLRQ�H[SRVXUH�DW�WKH�ORFDO�VFDOH�E\�PHDQV�RI�
FRPSXWHUL]HG�SKRWRFKHPLFDO�PRGHOLQJ��7KLV�DSSURDFK�KDV�EHHQ�XVHG�WR�GHYHORS�ORFDO�HVWLPDWHV�RI�
30�FRQFHQWUDWLRQV�DQG�SRSXODWLRQ�H[SRVXUH�LQ�VXSSRUW�RI�WKH�'LVWULFW·V�&RPPXQLW\�$LU�5LVN�(YDOXDWLRQ�
�&$5(��SURJUDP��DV�ZHOO�DV�WZR�SLORW�&RPPXQLW\�5LVN�5HGXFWLRQV�3ODQV��&553V��WKDW�DUH�XQGHU�
GHYHORSPHQW�LQ�SDUWQHUVKLS�ZLWK�WKH�FLWLHV�RI�6DQ�)UDQFLVFR�DQG�6DQ�-RVH��

7KH�$LU�'LVWULFW�KDV�DOVR�SHUIRUPHG�VSHFLDO�PRQLWRULQJ�
WR�GHYHORS�EHWWHU�PHDVXUHPHQWV�RI�30�DQG�RWKHU�
SROOXWDQWV�LQ�YDULRXV�ORFDWLRQV�ZLWK�VSHFLÀF�DLU�TXDOLW\�
LVVXHV�RU�FRQFHUQV��0RQLWRULQJ�ZDV�SHUIRUPHG�LQ�
%HUNHOH\�IURP�'HFHPEHU������WKURXJK�'HFHPEHU�
�����LQ�SUR[LPLW\�WR�3DFLÀF�6WHHO�&DVWLQJ��LQ�%HQLFLD�
IURP�$SULO������WKURXJK�'HFHPEHU������LQ�SUR[LPLW\�
WR�WKH�9DOHUR�RLO�UHÀQHU\��DQG�LQ�&XSHUWLQR�EHJLQQLQJ�LQ�
6HSWHPEHU�������VFKHGXOHG�WR�UXQ�WKURXJK�'HFHPEHU�
������LQ�SUR[LPLW\�WR�WKH�/HKLJK�FHPHQW�SODQW��DQG�
LQ�DUHDV��VXFK�DV�:HVW�2DNODQG��XVLQJ�LWV�PRELOH�
YDQ��6HYHUDO�H[DPSOHV�RI�ORFDOL]HG�VWXGLHV�RI�30�WKDW�
ZHUH�H[WUHPHO\�KHOSIXO�LQ�TXDQWLI\LQJ�30�OHYHOVLQ�
FRPPXQLWLHV�EHOLHYHG�WR�EH�VLJQLÀFDQWO\�LPSDFWHG�E\�
30�DUH�EULHÁ\�GHVFULEHG�EHORZ�

7KH�$LU�'LVWULFW�VSRQVRUHG�'HVHUW�5HVHDUFK�,QVWLWXWH�WR�
DVVLVW�ZLWK�WKH�:HVW�2DNODQG�0RQLWRULQJ�6WXG\��:206��1�GHYHORSLQJ�DQG�DQDO\]LQJ�DLU�TXDOLW\�PRQLWRULQJ�
GDWD�IRU�WKH�:HVW�2DNODQG�DUHD�GXULQJ�WZR�VHDVRQDO�SHULRGV�RI�IRXU�ZHHNV�LQ�VXPPHU������DQG�ZLQWHU�
���������7KH�:206�GDWD�ZHUH�XVHG�E\�WKH�'LVWULFW�WR�HYDOXDWH�ORFDO�VFDOH�GLVSHUVLRQ�PRGHOLQJ�RI�
GLHVHO�HPLVVLRQV�DQG�RWKHU�WR[LF�DLU�FRQWDPLQDQWV�IRU�WKH�DUHD�ZLWKLQ�DQG�DURXQG�WKH�3RUW�RI�2DNODQG��
7KH�PRQLWRULQJ�GDWD�VKRZHG�VSDWLDO�SDWWHUQV�RI�KLJKHU�SROOXWDQW�FRQFHQWUDWLRQV�WKDW�ZHUH�JHQHUDOO\�
FRQVLVWHQW�ZLWK�SUR[LPLW\�WR�YHKLFOH�WUDIÀF��&RQFHQWUDWLRQV�RI�GLUHFWO\�HPLWWHG�SROOXWDQWV�ZHUH�KLJKHVW�RQ�
KHDYLO\�WUDYHOHG�URDGV�ZLWK�FRQVLVWHQWO\�ORZHU�FRQFHQWUDWLRQV�DZD\�IURP�WKH�URDGZD\V�

7KH�$LU�'LVWULFW�DOVR�PHDVXUHG�30����DQG�30���DQG�DQDO\]HG�FRQFHQWUDWLRQV�RI�FHUWDLQ�PHWDOV�DQG�
RWKHU�FKHPLFDO�VSHFLHV�LQ�WKH�DPELHQW�DLU�RI�:HVW�2DNODQG�IURP�$XJXVW������WKURXJK�-XO\�������7KH�
JRDOV�ZHUH�WR�ORRN�IRU�KRZ�WKHVH�FRQFHQWUDWLRQV�YDU\�VSDWLDOO\�ZLWKLQ�:HVW�2DNODQG�DQG�VSHFLÀFDOO\�
LQ�WKH�QHLJKERUKRRG�RI�&XVWRP�$OOR\�6FUDS�6DOHV��&$66���DQG�WR�ORRN�IRU�HYLGHQFH�RI�HOHYDWHG�PHWDOV�
FRQFHQWUDWLRQV�LQ�WKH�:HVW�2DNODQG�DUHD��30����ÀOWHUV�ZHUH�FROOHFWHG�DW���VLWHV�DV�SDUW�RI�WKH�:HVW�
2DNODQG�0RQLWRULQJ�6WXG\�IRU�D�PRQWK�LQ�WKH�VXPPHU�RI������DQG�WKH�ZLQWHU�RI����������30���ÀOWHUV�
ZHUH�FROOHFWHG�DW�IRXU�VLWHV�QHDU�&$66�IURP�$XJXVW������WKURXJK�-XO\�������7KH�PRQLWRULQJ�GLG�QRW�
UHYHDO�D�FOHDU�VLJQDWXUH�IURP�&$66��7KH�HVWLPDWHG�FDQFHU�ULVN�IURP�PHDVXUHG�PHWDOV�FRQFHQWUDWLRQV�

�� �:HVW�2DNODQG�0RQLWRULQJ�6WXG\��'HVHUW�5HVHDUFK�,QVWLWXWH�������� 
�6HH��ZZZ�EDDTPG�JRY�'LYLVLRQV�3ODQQLQJ�DQG�5HVHDUFK�&$5(�3URJUDP�&$5(�'RFXPHQWV�DVS[
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ZDV�OHVV�WKDQ����LQ�D�PLOOLRQ��FRQVLGHUDEO\�OHVV�WKDQ�IURP�GLHVHO�H[KDXVW��7KH�FRQFHQWUDWLRQV�DUH�
DOO�ZLWKLQ�WKH�FRUUHVSRQGLQJ�UHIHUHQFH�H[SRVXUH�OHYHOV��5(/V��IRU�PRUELGLW\�HIIHFWV�

$LU�'LVWULFW�VWDII�LV�FXUUHQWO\�ZRUNLQJ�WR�LGHQWLI\�VHYHUDO�VLWHV�WR�PRQLWRU�QHDU�URDGZD\�OHYHOV�RI�
QLWURJHQ�GLR[LGH��12����DV�UHTXLUHG�E\�(3$�UHJXODWLRQV��12��PRQLWRUV�DUH�H[SHFWHG�WR�EH�LQVWDOOHG�
LQ�QHDU�URDGZD\�HQYLURQPHQWV�LQ�6DQ�)UDQFLVFR��6DQ�-RVH��DQG�WKH�,����RU�,�����FRUULGRU�LQ�
$ODPHGD�&RXQW\��7KH�$LU�'LVWULFW�PD\�LQVWDOO�30����DQG�RU�XOWUDÀQH�30�PRQLWRUV�DW�RQH�RU�PRUH�RI�
these sites.

7R�H[SDQG�WKH�%D\�$UHD�PRQLWRULQJ�QHWZRUN��RQH�SRVVLELOLW\�PD\�EH�WR�GHSOR\�VPDOOHU�DQG�OHVV�
H[SHQVLYH�PRQLWRULQJ�XQLWV�WR�VXSSOHPHQW�WKH�30�PRQLWRUV�WKDW�FRPSULVH�WKH�$LU�'LVWULFW·V�RIÀFLDO�
30����PRQLWRUV��SURYLGHG�WKDW�HTXLSPHQW�DQG�SHUVRQQHO�IXQGV�FDQ�EH�VHFXUHG�WR�SXUFKDVH�DQG�
operate such units.

?RMbdaW]U�GZcaMŬ]R�B?

$V�QRWHG�LQ�6HFWLRQ���$��HYLGHQFH�VXJJHVWV�WKDW�XOWUDÀQH�SDUWLFOHV�PD\�EH�HVSHFLDOO\�KDUPIXO�WR�
SXEOLF�KHDOWK���+RZHYHU��PHDVXULQJ�XOWUDÀQH�SDUWLFOHV��8)30��SUHVHQWV�XQLTXH�FKDOOHQJHV��'XH�
WR�WKHLU�H[WUHPHO\�VPDOO�VL]H��FRQYHQWLRQDO�WHFKQRORJLHV�DUH�QRW�ZHOO�VXLWHG�WR�PHDVXULQJ�XOWUDÀQH�
SDUWLFOHV��30����DQG�30���PRQLWRUV�PHDVXUH�WKH�PDVV�RI�SDUWLFOHV�LQ�D�JLYHQ�YROXPH�RI�DLU��
KRZHYHU��8)30�LV�QHJOLJLEOH�RQ�D�PDVV�EDVLV��7KHUHIRUH��8)30�PHDVXUHPHQWV�XVXDOO\�FRXQW�WKH�
number of particles rather than the particle mass��0HDVXULQJ�8)30�LV�HVSHFLDOO\�GLIÀFXOW�EHFDXVH�
PDQ\�RI�WKH�SDUWLFOHV�DUH�DFWXDOO\�VPDOOHU�WKDQ�WKH�ZDYH�OHQJWK�RI�OLJKW��2QO\�LQ�UHFHQW�\HDUV�KDV�
PHDVXUHPHQW�WHFKQRORJ\�SURJUHVVHG�VXFK�WKDW�WKH�VL]H�GLVWULEXWLRQ�RI�QDQRPHWHU�VL]H�SDUWLFOHV�
FDQ�EH�PHDVXUHG�LQ�WKH�DWPRVSKHUH��&XUUHQW�PHWKRGV�WR�PHDVXUH�8)30�W\SLFDOO\�H[SRVH�WKH�
SDUWLFOHV�WR�ZDWHU�YDSRU�WR�PDNH�WKHP�JURZ�ODUJH�HQRXJK�WKDW�WKH\�FDQ�EH�FRXQWHG��$OWKRXJK�
VHYHUDO�8)30�PRQLWRULQJ�GHYLFHV�DUH�FXUUHQWO\�DYDLODEOH��WHFKQRORJLHV�DUH�VWLOO�HYROYLQJ��HTXLSPHQW�
DQG�PDLQWHQDQFH�FRVWV�DUH�UHODWLYHO\�KLJK��DQG�DFFXUDF\�DQG�GHSHQGDELOLW\�RI�WKH�GHYLFHV�FDQ�EH�
an issue.

7KHUH�DUH�FXUUHQWO\�QR�6WDWH�RU�QDWLRQDO�UHTXLUHPHQWV�IRU�PRQLWRULQJ�DPELHQW�FRQFHQWUDWLRQV�RI�
XOWUDÀQH�30��0RVW�RI�WKH�XOWUDÀQH�SDUWLFOH�8)30�PRQLWRULQJ�SHUIRUPHG�WR�GDWH�KDV�RFFXUUHG�LQ�WKH�
/RV�$QJHOHV�DUHD��8)30�PRQLWRULQJ�LQ�WKH�/$�DUHD�KDV�IRFXVHG�RQ�PHDVXULQJ�XOWUDÀQH�SDUWLFOHV�LQ�
FORVH�SUR[LPLW\�WR�PDMRU�URDGZD\V���6HH�GLVFXVVLRQ�RI�QHDU�URDGZD\�PHDVXUHPHQWV�LQ�6HFWLRQ���%��

,Q�VSULQJ������WKH�$LU�'LVWULFW�SXUFKDVHG�DQG�LQVWDOOHG�8)30�SDUWLFOH�FRXQWHUV��76,�(3&�������DW�
WKUHH�VLWHV�LQ�6DQWD�5RVD��5HGZRRG�&LW\�DQG�/LYHUPRUH��$Q�DGGLWLRQDO�8)30�FRXQWHU�RQ�ORDQ�WR�
WKH�'LVWULFW�KDV�EHHQ�LQ�RSHUDWLRQ�LQ�6DQ�3DEOR��WKH�'LVWULFW�LV�LQ�WKH�SURFHVV�RI�SXUFKDVLQJ�WKLV�
PRQLWRU��VR�WKDW�LW�ZLOO�FRQWLQXH�WR�SURYLGH�PRQLWRULQJ�GDWD�IRU�WKH�6DQ�3DEOR�DUHD��7KH�$LU�'LVWULFW�
DOVR�SODQV�WR�LQVWDOO�DQ�XOWUDÀQH�SDUWLFOH�FRXQWHU�LQ�FRQMXQFWLRQ�ZLWK�WKH�QHDU�URDGZD\�12��PRQLWRU�
GHVFULEHG�DERYH��RQFH�WKH�ORFDWLRQ�IRU�WKDW�PRQLWRU�KDV�EHHQ�ÀQDOL]HG��7KHVH�8)30�PRQLWRUV�ZLOO�
SURYLGH�GDWD�RQ�DPELHQW�FRQFHQWUDWLRQV�RI�8)30�DW�WKH�UHJLRQDO�VFDOH�DQG�RQ�D�QHDU�URDGZD\�
EDVLV��7KH�GDWD�IURP�WKHVH�PRQLWRUV�ZLOO�EH�XVHG�WR�WUDFN�SURJUHVV�LQ�UHGXFLQJ�XOWUDÀQH�SDUWLFOH�
FRQFHQWUDWLRQV�LQ�WKH�%D\�$UHD�DQG�WR�LQIRUP�WKH�'LVWULFW·V�IXWXUH�8)30�FRPSXWHU�PRGHOLQJ�HIIRUWV��
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,Q�DGGLWLRQ��PHDVXUHPHQWV�RI�DPELHQW�OHYHOV�RI�8)30�OHYHOV�IRU�WKH�%D\�$UHD��DQG�PDQ\�RWKHU�XUEDQ�
DUHDV��LV�QHHGHG�WR�SURYLGH�GDWD�WKDW�HSLGHPLRORJLVWV�FDQ�XVH�WR�VWXG\�WKH�KHDOWK�HIIHFWV�RI�H[SRVXUH�WR�
8)30�

$OWKRXJK�WKH�PRQLWRUV�GHVFULEHG�DERYH�VKRXOG�EH�XVHIXO�IRU�SXUSRVHV�RI�GHWHUPLQLQJ�EDVHOLQH�
FRQFHQWUDWLRQV�RI�DPELHQW�8)30�LQ�WKH�%D\�$UHD��XVLQJ�WUDGLWLRQDO�DLU�TXDOLW\�PRQLWRULQJ�QHWZRUNV�WR�
PHDVXUH�8)30�PD\�EH�RI�OLPLWHG�YDOXH��JLYHQ�WKH�JUHDW�VSDWLDO�DQG�WHPSRUDO�YDULDELOLW\�H[KLELWHG�E\�
8)30��7R�DGHTXDWHO\�PHDVXUH�WKH�JUHDW�YDULDELOLW\�LQ�8)30�OHYHOV��DLU�TXDOLW\�DJHQFLHV�PD\�QHHG�WR�
H[SORUH�WKH�XVH�RI�VPDOOHU��FKHDSHU�GHYLFHV��SHUKDSV�LQFOXGLQJ�SHUVRQDO�PRQLWRUV��WKDW�FDQ�EH�GHSOR\HG�
PRUH�GHQVHO\�RQ�D�QHLJKERUKRRG�VFDOH��

&KDOOHQJHV�ZLWK�30�0RQLWRULQJ��$LU�TXDOLW\�PRQLWRULQJ�VWDWLRQV�DUH�H[SHQVLYH�WR�EXLOG�DQG�
PDLQWDLQ��'XH�WR�EXGJHWDU\�FRQVWUDLQWV�LQ�UHFHQW�\HDUV��WKH�$LU�'LVWULFW�LV�FXUUHQWO\�KDUG�SUHVVHG�WR�
RSHUDWH�LWV�H[LVWLQJ�DLU�TXDOLW\�PRQLWRULQJ�QHWZRUN��([SDQGLQJ�WKH�PRQLWRULQJ�QHWZRUN�ZRXOG�HQWDLO�
VHFXULQJ�IXQGV�IRU�WKH�LQLWLDO�FDSLWDO�FRVW�WR�SXUFKDVH�PRQLWRULQJ�HTXLSPHQW��ÀQGLQJ�JRRG�ORFDWLRQV�
WKDW�PHHW�DSSOLFDEOH�FULWHULD��DQG�GHSOR\LQJ�KXPDQ�UHVRXUFHV�WR�RSHUDWH�DQG�PDLQWDLQ�WKH�VLWHV�RQ�
DQ�RQ�JRLQJ�EDVLV��$V�WKH�$LU�'LVWULFW�FRQWLQXHV�LWV�WHFKQLFDO�ZRUN�WR�GHYHORS�D�EHWWHU�XQGHUVWDQGLQJ�
RI�WKH�G\QDPLFV�DQG�GLVWULEXWLRQ�RI�30�LQ�WKH�DWPRVSKHUH�E\�PHDQV�RI�FRPSXWHU�PRGHOLQJ�DQG�
VSHFLDO�VWXGLHV��WKLV�VKRXOG�HQDEOH�WKH�$LU�'LVWULFW�WR�GHSOR\�LWV�OLPLWHG�PRQLWRULQJ�UHVRXUFHV�VR�
DV�WR�PHDVXUH�DPELHQW�FRQFHQWUDWLRQV�DQG�SRSXODWLRQ�H[SRVXUH�WR�30�LQ�WKH�PRVW�FRVW�HIIHFWLYH�
manner.

$V�PHQWLRQHG�DERYH��WKH�30�PRQLWRULQJ�QHWZRUN�LV�QRW�GHVLJQHG�WR�PHDVXUH�ORFDOL]HG�30�LPSDFWV�
IURP�VKRUW�WHUP�LQFLGHQWV�DQG�HSLVRGHV�DW�D�VSHFLÀF�IDFLOLW\�RU�VRXUFH���7KHUHIRUH��WKH�$LU�'LVWULFW�LV�
LQYHVWLJDWLQJ�WKH�SRVVLELOLW\�RI�DXJPHQWLQJ�WKH�FXUUHQW�QHWZRUN�ZLWK�LQFLGHQW�UHVSRQVH�FDSDELOLWLHV�
WKDW�ZRXOG�DOORZ�IRU�DFFXUDWH��UHDO�WLPH��PRELOH�PHDVXUHPHQW�RI�ORFDOL]HG�30�LPSDFWV�IURP�VKRUW�
term episodes.

6HH�6HFWLRQ���IRU�DGGLWLRQDO�GLVFXVVLRQ�UHJDUGLQJ�IXWXUH�GLUHFWLRQV�LQ�PRQLWRULQJ�DPELHQW�30�
concentrations.
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Pm PlaNNiNg reqUiremeNts
7R�SURWHFW�SXEOLF�KHDOWK�DQG�ZHOIDUH��86�(3$�DQG�WKH�&DOLIRUQLD�$LU�5HVRXUFHV�%RDUG�KDYH�
both adopted ambient air quality standards for particulate matter. The federal Clean Air Act 
UHTXLUHV�WKH�86�(3$�$GPLQLVWUDWRU�WR�DGRSW�VWDQGDUGV�IRU�VL[�´FULWHULD�SROOXWDQWVµ��LQFOXGLQJ�
30��ZLWK�DQ�´DGHTXDWH�PDUJLQ�RI�VDIHW\�WR�SURWHFW�SXEOLF�KHDOWK�µ�(3$�LV�FKDUJHG�ZLWK�UHYLHZLQJ�
WKH�VWDQGDUGV�HYHU\�ÀYH�\HDUV�EDVHG�RQ�WKH�ODWHVW�VFLHQWLÀF�UHVHDUFK�RQ�KHDOWK�DQG�ZHOIDUH�
HIIHFWV��DQG�FRQVLGHULQJ�UHFRPPHQGDWLRQV�SURYLGHG�E\�DQ�H[SHUW�SDQHO�FDOOHG�WKH�&OHDQ�$LU�
6FLHQWLÀF�$GYLVRU\�&RPPLWWHH��&$6$&���30�VWDQGDUGV�KDYH�HYROYHG�DQG�EHFRPH�PRUH�VWULQJHQW�
RYHU�WKH�SDVW�VHYHUDO�GHFDGHV�LQ�UHVSRQVH�WR�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�QHJDWLYH�HIIHFWV�RI�
30�RQ�SXEOLF�KHDOWK��,Q�DGGLWLRQ�WR�primary standards�ZKLFK�DUH�GHVLJQHG�WR�SURWHFW�SXEOLF�
KHDOWK��8�6��(3$�DOVR�LVVXHV�secondary standards�IRU�30�WR�SURWHFW�´SXEOLF�ZHOIDUHµ��LQFOXGLQJ�
YLVLELOLW\��FODULW\�RI�WKH�DLU���ÁRUD��IDXQD��DQG�WKH�EXLOW�HQYLURQPHQW��7KH�QDWLRQDO�VHFRQGDU\�
VWDQGDUGV�IRU�30�DUH�FXUUHQWO\�VHW�DW�WKH�VDPH�OHYHO�DV�WKH�SULPDU\�VWDQGDUGV�

Pm standards

$PELHQW�DLU�TXDOLW\�VWDQGDUGV�DUH�EDVHG�RQ�WKUHH�NH\�HOHPHQWV��WKH�DYHUDJLQJ�WLPH�SHULRG�
�H�J������KRXU�RU�DQQXDO���WKH�IRUP�RI�WKH�VWDQGDUG��DQG�WKH�OHYHO�RI�WKH�VWDQGDUG��

$QQXDO�DYHUDJH�VWDQGDUGV�DUH�LQWHQGHG�WR�SURWHFW�SXEOLF�KHDOWK�IURP�FKURQLF��ORQJ�WHUP��
KHDOWK�LPSDFWV�UHODWHG�WR�30��(3$�DGRSWHG�DQ�DQQXDO�DYHUDJH�30����VWDQGDUG�RI�����J�P� 
LQ�������,Q�������WKH�6WDWH�RI�&DOLIRUQLD�DGRSWHG�D��PRUH�SURWHFWLYH��DQQXDO�DYHUDJH�VWDQGDUG�
RI�����J�P��LQ�������,Q�-XQH�������(3$�SURSRVHG�WR�ORZHU�WKH�QDWLRQDO�DQQXDO�VWDQGDUG�WR�D�
YDOXH�LQ�WKH�UDQJH�RI����WR�����J�P�, as discussed below. 

���KRXU�VWDQGDUGV�DUH�LQWHQGHG�WR�SURWHFW�SXEOLF�KHDOWK�IURP�DFXWH��VKRUW�WHUP��KHDOWK�
LPSDFWV�UHODWHG�WR�30��,Q�������(3$�VLJQLÀFDQWO\�WLJKWHQHG�WKH����KRXU�30����1$$46�IURP�
����J�P��WR�����J�P���7KH�6WDWH�RI�&DOLIRUQLD�KDV�QRW�\HW�DGRSWHG�D�VKRUW�WHUP����KRXU�30�
standard.

)RU�FULWHULD�SROOXWDQWV��WKH�OHYHO�RI�WKH�VWDQGDUG�LV�JHQHUDOO\�GHÀQHG�LQ�WHUPV�RI�WKH�ambient 
concentration RI�D�SROOXWDQW�LQ�RXWGRRU�DLU��DV�H[SUHVVHG�LQ�WHUPV�RI�HLWKHU�D�parts per million 
UDWLR��H�J���WKH�VWDWH���KRXU�R]RQH�VWDQGDUG�LV�������SDUWV�SHU�PLOOLRQ��RU�D�mass per volume 
EDVLV��)RU�H[DPSOH��WKH�QDWLRQDO����KRXU�30����VWDQGDUG�LV����PJ�P���RU�PLFURJUDPV�SHU�
FXELF�PHWHU��RQH�PLFURJUDP�HTXDOV�RQH�PLOOLRQWK�RI�D�JUDP���6WDWH�DQG�QDWLRQDO�30�VWDQGDUGV�
IRU�30����DQG�30���DUH�EDVHG�RQ�WKH�PDVV��L�H���WKH�WRWDO�ZHLJKW���UDWKHU�WKDQ�WKH�QXPEHU��RI�
particles suspended in the air. 
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'HVLJQ�9DOXH��'HWHUPLQLQJ�ZKHWKHU�DQ�DLU�EDVLQ�DWWDLQV�D�JLYHQ�DLU�TXDOLW\�VWDQGDUG�UHTXLUHV�
FRPSDULQJ�DPELHQW�SROOXWDQW�OHYHOV�ZLWK�WKH�VWDQGDUG�WR�FDOFXODWH�WKH�UHJLRQ·V design value.2��)RU�
purposes of State standards, the term designation value�LV�XVHG���7KH�GHVLJQ�YDOXH�LV�FDOFXODWHG�
IRU�HDFK�VWDWLRQ�LQ�WKH�RIÀFLDO�PRQLWRULQJ�QHWZRUN��6HH�6HFWLRQ���$�IRU�D�GHVFULSWLRQ�RI�WKH�%D\�$UHD�
30�PRQLWRULQJ�QHWZRUN����$�UHJLRQ�PHHWV�WKH�VWDQGDUG�RQO\�LI�WKH�GHVLJQ�YDOXH�IRU�HDFK�DQG�HYHU\�
RIÀFLDO�PRQLWRULQJ�VLWH�GRHV�QRW�H[FHHG�WKH�VWDQGDUG��7KH�VWULQJHQF\�RI�DQ�DLU�TXDOLW\�VWDQGDUG�
GHSHQGV�XSRQ�����WKH�QXPHULFDO�WKUHVKROG�DQG�����WKH form of the standard ZKLFK�VSHFLÀHV�WKH�
PHWKRG�DQG�VWDWLVWLFDO�SURWRFRO�XVHG�WR�FDOFXODWH�WKH�GHVLJQ�YDOXH��7KH�IRUP�RI�D�VWDQGDUG�PD\�
DOORZ�HDFK�UHJLRQ�WR�H[FHHG�WKH�VWDQGDUG�RQ�D�OLPLWHG�QXPEHU�RI�RFFDVLRQV�RYHU�D�JLYHQ�WLPH�
SHULRG��)RU�H[DPSOH��WKH�GHVLJQ�YDOXH�IRU�WKH�QDWLRQDO����KRXU�30����VWDQGDUG�IRU�DQ\�VLWH�LV�
GHÀQHG�DV�WKH�VLWH·V�DQQXDO���th�SHUFHQWLOH�30�PHDVXUHPHQWV�DYHUDJHG�RYHU�D�WKUHH�\HDU�SHULRG��
WKXV��D�VLWH�PD\�H[FHHG�WKH�VWDQGDUG�RQ�D�OLPLWHG�QXPEHU�RI�GD\V�DQG�VWLOO�DWWDLQ�WKH�VWDQGDUG��7KH�
EDVLF�VWHSV�WR�FDOFXODWH�WKH�GHVLJQ�YDOXH�IRU�WKH�QDWLRQDO�30����VWDQGDUGV�DUH�VKRZQ�LQ�7DEOH�����

7KH�30�VWDQGDUGV�HVWDEOLVKHG�E\�WKH�6WDWH�RI�&DOLIRUQLD�DUH�PRUH�GLIÀFXOW�WR�DWWDLQ�WKDQ�WKH�
national standards; not only are the State standards set at lower numerical thresholds, but also 
WKH\�KDYH�D�PRUH�VWULQJHQW�IRUP�RI�WKH�VWDQGDUG��7KH�6WDWH����KRXU�30���VWDQGDUG�DOORZV�IHZHU�
H[FHHGDQFHV�LQ�RUGHU�WR�UHPDLQ�LQ�DWWDLQPHQW��7KH�6WDWH�DQQXDO�VWDQGDUG�IRU�30����LV�PRUH�
VWULQJHQW�EHFDXVH�LW�LV�EDVHG�RQ�WKH�maximum�RI�WKUHH�DQQXDO�DYHUDJHV��UDWKHU�WKDQ�WKH�average 
RI�WKUHH�DQQXDO�DYHUDJHV���7KH�GHVLJQ�YDOXHV�WKDW�GHWHUPLQH�ZKHWKHU�WKH�%D\�$UHD�DWWDLQV�WKH�
YDULRXV�30�VWDQGDUGV�DUH�FDOFXODWHG�XVLQJ�PHDVXUHPHQWV�RI�DPELHQW�30�FRQFHQWUDWLRQV�IURP�WKH�
UHJLRQDO�PRQLWRULQJ�QHWZRUN�GHVFULEHG�LQ�6HFWLRQ���$��

table 3-2  basic design value calculation method for National Pm2.5 standards

Averaging 
Period 

Ambient 
Concentration

Calculation Method –  
SHUIRUPHG�IRU�HDFK�RIÀFLDO�PRQLWRULQJ�VWDWLRQ

���KRXU ���ƫJ�Pò

Step 1:�'HWHUPLQH�WKH���WK�SHUFHQWLOH�YDOXH�IRU�HDFK�\HDU�RYHU 
�D�FRQVHFXWLYH�WKUHH�\HDU�SHULRG���,Q�SUDFWLFH�WKLV�PHDQV� 
�WKDW�WKH�VHYHQ�KLJKHVW�YDOXHV�SHU�\HDU�DUH�H[FOXGHG��

Step 2: $YHUDJH�WKH�WKUHH���th�SHUFHQWLOH�YDOXHV�

Step 3: 5RXQG�WKH�UHVXOWLQJ�YDOXH�WR�WKH�QHDUHVW�����ƫJ�Pò�

Step 4: Compare the result to the standard.

Annual �����ƫJ�Pò

Step 1: &DOFXODWH�WKH�DYHUDJH�RI�HDFK�TXDUWHU�RI�HDFK�\HDU�RYHU 
 a three year period.

Step 2: $YHUDJH�WKH�IRXU�TXDUWHUV�LQ�D�FDOHQGDU�\HDU�WR�GHWHUPLQH�WKH�
DYHUDJH�IRU�HDFK�\HDU�

Step 3: $YHUDJH�WKH�WKUHH�DQQXDO�YDOXHV�

Step 4: 5RXQG�WKH�UHVXOWLQJ�YDOXH�WR�WKH�QHDUHVW�����ƫJ�Pò�

Step 5: Compare the result to the standard.

�� 'HWDLOV�RQ�KRZ�GHVLJQ�YDOXHV�DUH�FDOFXODWHG�DUH�SURYLGHG�LQ����&RGH�RI�)HGHUDO�5HJXODWLRQV��&)5��3DUW����$SSHQGL[�1��DQG�WKH�$SULO������(3$�
GRFXPHQW�*XLGHOLQH�RQ�'DWD�+DQGOLQJ�&RQYHQWLRQV�IRU�WKH�30�1$$46��6HH�KWWS���HSD�JRY�WWQFDDD��W��PHPRUDQGD�SPÀQDO�SGI�
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bay area attainment status for current Pm standards 

7KH�FXUUHQW�6WDWH�DQG�QDWLRQDO�VWDQGDUGV�IRU�30����DQG�30����WKH�%D\�$UHD·V�DWWDLQPHQW�VWDWXV�
UHODWLYH�WR�WKRVH�VWDQGDUGV��DQG�WKH�UHJLRQ·V�GHVLJQ�YDOXH�IRU�HDFK�VWDQGDUG��DUH�VXPPDUL]HG�LQ�7DEOH�
�����30�VWDQGDUGV�UHFRPPHQGHG�E\�WKH�:RUOG�+HDOWK�2UJDQL]DWLRQ��:+2��LQ������DUH�DOVR�VKRZQ�
IRU�SXUSRVHV�RI�FRPSDULVRQ��WKH�QDWLRQDO�30�VWDQGDUGV�LVVXHG�E\�86�(3$�DUH�OHVV�VWULQJHQW�WKDQ�WKH�
UHFRPPHQGHG�:+2�JXLGHOLQHV��'HVSLWH�LQFUHDVLQJ�FRQFHUQ�DERXW�WKH�KHDOWK�LPSDFWV�RI�XOWUD�ÀQH�
SDUWLFOHV��DV�\HW�WKHUH�DUH�QR�6WDWH�RU�QDWLRQDO�DPELHQW�DLU�TXDOLW\�VWDQGDUGV�IRU�XOWUD�ÀQH�30�

7KH�%D\�$UHD�DWWDLQPHQW�VWDWXV�VKRZQ�LQ�7DEOH�����LV�EDVHG�RQ�WKH�FXUUHQW�IRUPDO�GHVLJQDWLRQ�E\�
86�(3$�RU�$5%��+RZHYHU��DOWKRXJK�WKH�%D\�$UHD�LV�IRUPDOO\�GHVLJQDWHG�DV�QRQ�DWWDLQPHQW�IRU�WKHVH�
VWDQGDUGV��PRQLWRULQJ�GDWD�VKRZV�WKDW�WKH�UHJLRQ�FXUUHQWO\�PHHWV�WKH�QDWLRQDO����KRXU�30����
VWDQGDUG��WKH�6WDWH�DQQXDO�30����VWDQGDUG��DQG�WKH�6WDWH�DQQXDO�30���VWDQGDUG��DV�LQGLFDWHG�E\�
WKH�IDFW�WKDW�WKH�GHVLJQ�YDOXH�LV�OHVV�WKDQ�RU�HTXDO�WR�WKH�VWDQGDUG�LQ�HDFK�FDVH��)RU�SXUSRVHV�RI�
DWWDLQPHQW�VWDWXV��DOWKRXJK�PRQLWRULQJ�GDWD�IRU�DQ�DLU�EDVLQ�PD\�VKRZ�WKDW�LW�PHHWV�D�VWDQGDUG��
RQFH�D�UHJLRQ�KDV�EHHQ�GHVLJQDWHG�DV�QRQ�DWWDLQPHQW��LW�LV�VWLOO�IRUPDOO\�GHVLJQDWHG�DV�QRQ�
DWWDLQPHQW�XQWLO�VXFK�WLPH�DV�WKH�UHJLRQ�VXEPLWV�D�UHGHVLJQDWLRQ�UHTXHVW�DQG�PDLQWHQDQFH�SODQ�
ZKLFK�LV�DSSURYHG�E\�(3$�

National standards: 7KH�%D\�$UHD�DWWDLQV�WKH�QDWLRQDO����KRXU�30���VWDQGDUG�DQG�WKH�QDWLRQDO�
DQQXDO�30����VWDQGDUG��7KH�UHJLRQ·V�GHVLJQ�YDOXH�IRU�ERWK�WKHVH�VWDQGDUGV�LV�ZHOO�EHORZ�WKH�
WKUHVKROG��7KH�QDWLRQDO���KRXU�30����VWDQGDUG�ZDV�WLJKWHQHG�WR����PJ�P��LQ�������7KH�%D\�$UHD·V�
DWWDLQPHQW�VWDWXV�IRU�WKLV�VWDQGDUG�LV�H[SODLQHG�EHORZ�LQ�)HGHUDO�30�3ODQQLQJ�5HTXLUHPHQWV�IRU�WKH�
Bay Area. 

State standards: 7KH�&DOLIRUQLD�$LU�5HVRXUFHV�%RDUG�KDV�DGRSWHG�30�VWDQGDUGV�WKDW�DUH�PRUH�
VWULQJHQW��KHDOWK�SURWHFWLYH��WKDW�WKH�QDWLRQDO�VWDQGDUGV��7KH�PRVW�UHFHQW�PRQLWRULQJ�GDWD��WKURXJK�
������GHPRQVWUDWHV�WKDW�WKH�%D\�$UHD�FRQWLQXHV�WR�PHHW�WKH�6WDWH�DQQXDO�DYHUDJH�30����VWDQGDUG��
5HFHQW�GDWD�DOVR�VKRZV�WKDW�WKH�%D\�$UHD�KDV�DWWDLQHG�WKH�6WDWH�DQQXDO�30���VWDQGDUG�IRU�WKH�ÀUVW�
WLPH�HYHU��EDVHG�RQ�GDWD�IRU�WKH�����������SHULRG��7KH�%D\�$UHD�GRHV�QRW�DWWDLQ�WKH�6WDWH����KRXU�
30���VWDQGDUG��KRZHYHU��WKH�UHJLRQ·V�GHVLJQ�YDOXH�IRU�WKLV�VWDQGDUG�KDV�EHHQ�GHFUHDVLQJ�LQ�UHFHQW�
\HDUV��D�VLJQ�WKDW�ZH�DUH�PDNLQJ�SURJUHVV�WRZDUG�DWWDLQLQJ�WKLV�VWDQGDUG�
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table 3-3 Pm standards, bay area attainment status, and design values 

Averaging 
Time

National / 
California Standard Bay Area 

Design Value * Attainment Status 
World Health 
Organization 

PM Guidelines

Pollutant: PM2.5

���KRXU 1DWLRQDO ����J�P� ����J�P� 1RQ�DWWDLQPHQW ���ƫJ�P� 

Annual
1DWLRQDO ����J�P� ������J�P� Attainment

���ƫJ�P�

California ����J�P� ������J�P� 1RQ�DWWDLQPHQW

Pollutant: PM10

���KRXU
1DWLRQDO �����J�P� ����J�P� 8QFODVVLÀHG

���ƫJ�P�

California ����J�P� ����J�P� 1RQ�DWWDLQPHQW

Annual California ����J�P� ����J�P� 1RQ�DWWDLQPHQW ���ƫJ�P�


�'HVLJQ�YDOXHV�DUH�FDOFXODWHG�EDVHG�RQ�30�PRQLWRULQJ�GDWD�WKUX�\HDU������

Federal Pm Planning requirements for the bay area

$Q\�VWDWH�RU�UHJLRQ�WKDW�IDLOV�WR�DWWDLQ�WKH�QDWLRQDO�VWDQGDUG�IRU�DQ\�FULWHULD�SROOXWDQW�LV�UHTXLUHG�WR�
VXEPLW�D�6WDWH�,PSOHPHQWDWLRQ�3ODQ��6,3��WR�8�6�(3$�WR�GHPRQVWUDWH�KRZ�LW�ZLOO�UHGXFH�DPELHQW�
FRQFHQWUDWLRQV�LQ�RUGHU�WR�DWWDLQ�WKH�QDWLRQDO�VWDQGDUG��8�6��(3$�GHVLJQDWHG�WKH�%D\�$UHD�DV�´QRQ�
DWWDLQPHQWµ�IRU�WKH�UHYLVHG����KRXU�30����QDWLRQDO�VWDQGDUG�LQ�'HFHPEHU�������EDVHG�RQ�DLU�
TXDOLW\�PRQLWRULQJ�GDWD�IRU�WKH�WKUHH�\HDU�SHULRG������������$UHDV�GHVLJQDWHG�DV�QRQ�DWWDLQPHQW�
IRU�WKH�UHYLVHG�VWDQGDUG��LQFOXGLQJ�WKH�%D\�$UHD��DUH�UHTXLUHG�WR�VXEPLW�D�30����6,3�WR�8�6��(3$�E\�
'HFHPEHU������WR�VKRZ�KRZ�WKH\�ZLOO�DWWDLQ�WKH�VWDQGDUG�E\�'HFHPEHU�������

$OWKRXJK�WKH�%D\�$UHD�ZDV�GHVLJQDWHG�DV�QRQ�DWWDLQPHQW�IRU�WKH�QDWLRQDO����KRXU�30����VWDQGDUG�
EDVHG�RQ�PRQLWRULQJ�GDWD�IRU�WKH�����������SHULRG��WKH�UHJLRQ�H[FHHGHG�WKH�VWDQGDUG�E\�RQO\�D�
VOLJKW�PDUJLQ��6LQFH�WKHQ��%D\�$UHD�30����OHYHOV�KDYH�FRQWLQXHG�WR�GHFOLQH��$LU�TXDOLW\�GDWD�IURP�
WKH�UHJLRQDO�PRQLWRULQJ�QHWZRUN�VKRZV�WKDW�WKH�%D\�$UHD�PHW�WKH�QDWLRQDO����KRXU�30����VWDQGDUG�
GXULQJ�WKH�WKUHH�\HDU�SHULRG�IURP������WKURXJK�������DV�ZHOO�DV�WKH�WKUHH�\HDU�SHULRG�IURP������
WKURXJK�������

8QGHU�86�(3$�JXLGHOLQHV��D�UHJLRQ�ZLWK�PRQLWRULQJ�GDWD�VKRZLQJ�WKDW�LW�FXUUHQWO\�DWWDLQV�DQ�DLU�TXDOLW\�
VWDQGDUG�FDQ�VXEPLW�D�´UHGHVLJQDWLRQ�UHTXHVWµ�DQG�D�´PDLQWHQDQFH�SODQµ�LQ�OLHX�RI�D�6,3�DWWDLQPHQW�
SODQ��+RZHYHU��WKH�$LU�'LVWULFW�EHOLHYHV�WKDW�LW�ZRXOG�EH�SUHPDWXUH�WR�VXEPLW�D�30����UHGHVLJQDWLRQ�
UHTXHVW�IRU�WKH�%D\�$UHD�DW�WKLV�WLPH��,QVWHDG��WKH�$LU�'LVWULFW�LV�SXUVXLQJ�DQRWKHU�RSWLRQ�SURYLGHG�
E\�86�(3$�JXLGHOLQHV�IRU�DUHDV�ZLWK�PRQLWRULQJ�GDWD�VKRZLQJ�WKDW�WKH\�FXUUHQWO\�PHHW�WKH�30����
VWDQGDUG��,Q�'HFHPEHU�������WKH�$LU�5HVRXUFHV�%RDUG�VXEPLWWHG�D�´FOHDQ�GDWD�ÀQGLQJµ�UHTXHVW�RQ�
EHKDOI�RI�WKH�%D\�$UHD��7KLV�UHTXHVW�LV�FXUUHQWO\�XQGHU�UHYLHZ�E\�(3$��,I�(3$�YHULÀHV�WKDW�PRQLWRULQJ�
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GDWD�VKRZV�WKDW�WKH�%D\�$UHD�FXUUHQWO\�PHHWV�WKH�VWDQGDUG��L�H���KDV�´FOHDQ�GDWDµ���WKHQ�(3$�
ZLOO�VXVSHQG�WKH�6,3�SURYLVLRQV�WKDW�DSSO\�WR�SUHSDULQJ�DQ�DWWDLQPHQW�SODQ�WR�GHPRQVWUDWH�KRZ�
WKH�UHJLRQ�ZLOO�DWWDLQ�WKH�VWDQGDUG�E\�WKH�VSHFLÀHG�WDUJHW�GDWH��7KHVH�6,3�SURYLVLRQV�ZLOO�UHPDLQ�
VXVSHQGHG�DV�ORQJ�DV�%D\�$UHD�PRQLWRULQJ�GDWD�FRQWLQXHV�WR�VKRZ�FRPSOLDQFH�ZLWK�WKH�VWDQGDUG��
$OWKRXJK�WKH�6,3�UHTXLUHPHQWV�UHODWHG�WR�GHPRQVWUDWLQJ�DWWDLQPHQW�ZRXOG�EH�VXVSHQGHG��WKH�
UHJLRQ�ZLOO�VWLOO�EH�UHTXLUHG�WR�VXEPLW�D�´FOHDQ�GDWDµ�6,3�FRQVLVWLQJ�RI�WKH�IROORZLQJ�HOHPHQWV��

�� $PHQGPHQWV�WR�WKH�$LU�'LVWULFW·V�1HZ�6RXUFH�5HYLHZ��165��UHJXODWLRQV�WR�
DGGUHVV�30�����DQG�

�� $Q�HPLVVLRQV�LQYHQWRU\�IRU�30����IRU�WKH�DWWDLQPHQW�\HDU��L�H��WKH�\HDU�LQ�
ZKLFK�PRQLWRULQJ�GDWD�VKRZV�WKDW�WKH�%D\�$UHD�ÀUVW�DFKLHYHG�DWWDLQPHQW��
)RU�WKH�%D\�$UHD��WKH�DWWDLQPHQW�\HDU�LV��������7KH�LQYHQWRU\�PXVW�LQFOXGH�
ERWK�SULPDU\�30����HPLVVLRQV�E\�VRXUFH�FDWHJRU\��DV�ZHOO�DV�SUHFXUVRUV�WR�
VHFRQGDU\�30�IRUPDWLRQ�

7KH�$LU�'LVWULFW�LV�SUHSDULQJ�WKHVH�UHTXLUHG�6,3�HOHPHQWV�IRU�VXEPLWWDO�WR�86�(3$�LQ�IDOO������

state Pm Planning requirements

7KH�&DOLIRUQLD�&OHDQ�$LU�$FW�RI�������WKH�SULPDU\�OHJLVODWLRQ�WKDW�GHÀQHV�6WDWH�DLU�TXDOLW\�SODQQLQJ�
UHTXLUHPHQWV��LV�IRFXVHG�SULPDULO\�RQ�UHGXFLQJ�JURXQG�OHYHO�R]RQH��7KH�&DOLIRUQLD�&OHDQ�$LU�$FW�
GRHV�QRW�UHTXLUH�WKDW�ORFDO�DLU�GLVWULFWV�SUHSDUH�SODQV�WR�UHGXFH�30��,Q�UHVSRQVH�WR�FRQFHUQ�DERXW�
WKH�KHDOWK�LPSDFWV�RI�30��LQ������WKH�6WDWH�OHJLVODWXUH�HQDFWHG�6%������FRGLÀHG�DV�+HDOWK�
	�6DIHW\�&RGH�6HFWLRQ���������WKLV�OHJLVODWLRQ�UHTXLUHG�$5%�DQG�ORFDO�DLU�GLVWULFWV�WR�HYDOXDWH�
SRWHQWLDO�30�FRQWURO�PHDVXUHV�DQG�WR�GHYHORS�D�30�LPSOHPHQWDWLRQ�VFKHGXOH�IRU�DSSURSULDWH�30�
UHGXFWLRQ�PHDVXUHV��7KH�$LU�'LVWULFW�FRPSOLHG�ZLWK�WKLV�OHJLVODWLRQ��VWDII�GHYHORSHG�D�3DUWLFXODWH�
0DWWHU�,PSOHPHQWDWLRQ�6FKHGXOH�WKDW�ZDV�DGRSWHG�E\�WKH�$LU�'LVWULFW·V�%RDUG�RI�'LUHFWRUV�LQ�
1RYHPEHU��������7KH�WKUHH�PHDVXUHV�LGHQWLÀHG�LQ�WKH�30�,PSOHPHQWDWLRQ�6FKHGXOH�KDYH�EHHQ�
DGRSWHG�DQG�LPSOHPHQWHG��VWDWLRQDU\�LQWHUQDO�FRPEXVWLRQ�HQJLQHV��5HJXODWLRQ�������FRPPHUFLDO�
FKDUEURLOLQJ�RSHUDWLRQV��5HJXODWLRQ�������DQG�WKH�UHVLGHQWLDO�ZRRG�EXUQLQJ�UXOH��5HJXODWLRQ������
ZKLFK�LV�IXUWKHU�GHVFULEHG�LQ�6HFWLRQ���

7KH�6%�����OHJLVODWLRQ�VXQVHW�RQ�-DQXDU\���������DQG�LV�WKHUHIRUH�QR�ORQJHU�LQ�HIIHFW��7KXV��
GHVSLWH�WKH�IDFW�WKDW�6WDWH�30�VWDQGDUGV�DUH�PRUH�VWULQJHQW�WKDQ�WKH�QDWLRQDO�VWDQGDUGV��IRUPDO�
30�SODQQLQJ�HIIRUWV�LQ�&DOLIRUQLD�DUH�JRYHUQHG�SULPDULO\�E\�WKH�QDWLRQDO�VWDQGDUGV�DQG�WKH�6,3�
SURFHVV�GHVFULEH�DERYH�

Proposed revisions to National Pm standards

$V�QRWHG�DERYH��(3$�LV�UHTXLUHG�WR�UHYLHZ�WKH�QDWLRQDO�VWDQGDUGV�IRU�30�DQG�RWKHU�FULWHULD�
SROOXWDQWV�HYHU\�ÀYH�\HDUV�EDVHG�RQ�WKH�ODWHVW�VFLHQWLÀF�UHVHDUFK�RQ�KHDOWK�DQG�ZHOIDUH�HIIHFWV��
$IWHU�UHYLHZLQJ�WKH�HYLGHQFH��(3$�LVVXHG�D�GUDIW�SURSRVDO�RQ�WKH�QDWLRQDO�30�VWDQGDUGV�IRU�SXEOLF�
FRPPHQW�RQ�-XQH�����������(3$�SURSRVHV�WR��
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�� 6WUHQJWKHQ�WKH�DQQXDO�KHDOWK�VWDQGDUG�IRU�ÀQH�SDUWLFOHV��30�����E\�VHWWLQJ�
WKH�VWDQGDUG�DW�D�OHYHO�ZLWKLQ�WKH�UDQJH�RI����ƫJ�P��WR����ƫJ�P�.

�� 5HWDLQ�WKH�H[LVWLQJ����²KRXU�30����VWDQGDUG�RI����ƫJ�P�.
�� 6HW�D�VHSDUDWH�30�VWDQGDUG�WR�LPSURYH�YLVLELOLW\�LQ�XUEDQ�DUHDV��DV�

discussed below.
�� 5HWDLQ�H[LVWLQJ�VHFRQGDU\�VWDQGDUGV�IRU�30����DQG�30���LGHQWLFDO�WR�

SULPDU\�VWDQGDUGV�WR�SURYLGH�SURWHFWLRQ�DJDLQVW�RWKHU�HIIHFWV��VXFK�DV�
HFRORJLFDO�HIIHFWV��HIIHFWV�RQ�PDWHULDOV��DQG�FOLPDWH�LPSDFWV�

�� 5HWDLQ�WKH�H[LVWLQJ����KRXU�VWDQGDUG�IRU�30���RI�����ƫJ�P�; this standard 
KDV�EHHQ�LQ�SODFH�VLQFH�������

7KH�SURSRVHG�XUEDQ�YLVLELOLW\�VWDQGDUG�ZRXOG�SURYLGH�LQFUHDVHG�SURWHFWLRQ�IURP�SDUWLFOH�LQGXFHG�
KD]H��7KH�VWDQGDUG�ZRXOG�PHDVXUH�YLVLELOLW\�RQ�WKH�EDVLV�RI�OLJKW�H[WLQFWLRQ�DV�H[SUHVVHG�LQ�XQLWV�
called deciviews��(DFK�GHFLYLHZ�UHSUHVHQWV�D�FRQVWDQW�FKDQJH�LQ�YLVXDO�DLU�TXDOLW\��ZLWK�]HUR�
GHFLYLHZV�UHSUHVHQWLQJ�WKH�PRVW�SULVWLQH�FRQGLWLRQV��(3$�LV�SURSRVLQJ�D����KRXU�DYHUDJLQJ�WLPH��D�
90th�SHUFHQWLOH�IRUP�DYHUDJHG�RYHU���\HDUV��DQG�D�YLVLELOLW\�OHYHO�VHW�DW�HLWKHU����RU����GHFLYLHZV��
%HFDXVH�PRQLWRUV�WR�GLUHFWO\�PHDVXUH�YLVLELOLW\�DUH�QRW�FXUUHQWO\�DYDLODEOH��(3$�SURSRVHV�WR�XVH�
GDWD�RQ�VSHFLDWHG�30����PDVV�FRQFHQWUDWLRQV�DV�ZHOO�DV�UHODWLYH�KXPLGLW\��LQ�FRQMXQFWLRQ�ZLWK�DQ�
DOJRULWKP��WR�FDOFXODWH�30����OLJKW�H[WLQFWLRQ�

7KH�$LU�'LVWULFW�SURYLGHG�FRPPHQWV�DW�D�SXEOLF�KHDULQJ�RQ�WKH�SURSRVHG�VWDQGDUGV�LQ�6DFUDPHQWR�
RQ�-XO\�����������DV�ZHOO�DV�ZULWWHQ�FRPPHQWV��XUJLQJ�(3$�WR�DGRSW�WKH�PRVW�KHDOWK�SURWHFWLYH�30�
standards.

$IWHU�UHYLHZLQJ�SXEOLF�FRPPHQWV�RQ�WKH�SURSRVHG�UHYLVLRQV�WR�WKH�30�VWDQGDUGV�VXPPDUL]HG�
DERYH��(3$�ZLOO�LVVXH�ÀQDO�VWDQGDUGV�E\�'HFHPEHU�����������5HYLVLRQV�WR�WKH�FXUUHQW�VWDQGDUGV�
ZLOO�WULJJHU�D�SURFHVV�WR�HYDOXDWH�PRQLWRULQJ�GDWD�DQG�LVVXH�QHZ�DWWDLQPHQW�GHVLJQDWLRQV�IRU�
DLU�EDVLQV�WKURXJKRXW�WKH�QDWLRQ��(3$�H[SHFWV�WR�PDNH�DWWDLQPHQW�GHVLJQDWLRQV�EDVHG�RQ�WKH�
UHYLVHG�VWDQGDUGV�E\�'HFHPEHU�������$�SUHOLPLQDU\��XQRIÀFLDO�UHYLHZ�RI�%D\�$UHD�PRQLWRULQJ�
GDWD�IRU�\HDUV������WKURXJK������LQGLFDWHV�WKDW�WKH�UHJLRQ�LV�OLNHO\�WR�DWWDLQ�D�PRUH�VWULQJHQW�
DQQXDO�VWDQGDUG�VHW�DW�HLWKHU�WKH����ƫJ�P��RU�WKH����ƫJ�P��OHYHO��SURYLGHG�WKDW�UHFHQW�DPELHQW�
30����FRQFHQWUDWLRQV�SUHYDLO�LQ�IXWXUH�\HDUV�
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E64F;A@�
ͻ4͛�FD6@5E�;@�2?3;6@F�
Pm coNceNtratioNs
7UHQGV�LQ�DPELHQW�30�FRQFHQWUDWLRQV�FDQ�EH�DQDO\]HG�LQ�WHUPV�RI�design value �DV�H[SODLQHG�LQ�
6HFWLRQ���%���DV�ZHOO�DV�WKH�QXPEHU�RI�GD\V�WKH�UHJLRQ�H[FHHGV�WKH�30�VWDQGDUG��7KH�%D\�$UHD�KDV�
EHHQ�PDNLQJ�SURJUHVV�LQ�UHGXFLQJ�30�OHYHOV�DV�PHDVXUHG�E\�ERWK�RI�WKHVH�PHWULFV��7KH�JUDSKV�LQ�
)LJXUHV�����������DQG�����EHORZ�VKRZ�WUHQGV�IRU�DPELHQW�FRQFHQWUDWLRQV�RI�30����DQG�30����7UHQGV�
LQ�DPELHQW�30���FRQFHQWUDWLRQV�DUH�VKRZQ�VLQFH�WKH�ODWH�����·V��DQG�WUHQGV�LQ�30����DUH�VKRZQ�
VLQFH�������EHFDXVH�WKHVH�DUH�WKH�\HDUV�IRU�ZKLFK�PRQLWRULQJ�GDWD�DUH�DYDLODEOH��7KH�LQIRUPDWLRQ�
SUHVHQWHG�KHUH�LV�GHULYHG�IURP�D�PRUH�GHWDLOHG�UHSRUW�HQWLWOHG�Trends in Bay Area Ambient 

Particulates��%$$40'��1RYHPEHU��������7KH�1RYHPEHU������Trends�UHSRUW�DOVR�SURYLGHV�DQDO\VLV�
VKRZLQJ�WUHQGV�LQ�UHGXFLQJ�VHYHUDO�VSHFLÀF�30�FRPSRQHQWV��LQFOXGLQJ�QLWUDWH��VXOIDWH��SRWDVVLXP��
HOHPHQWDO�FDUERQ��DQG�RUJDQLF�FDUERQ�

Pm2.5 trends

)LJXUH�����VKRZV�WKH�WUHQG�LQ�WKH�'LVWULFW·V�GHVLJQ�YDOXH�UHODWLYH�WR�WKH�QDWLRQDO�DQQXDO�30����
VWDQGDUG�RI�����J�P���7KH�DQQXDO�GHVLJQ�YDOXH�LV�WKH�PD[LPXP�RI�GHVLJQ�YDOXHV�IURP�LQGLYLGXDO�
30����VLWHV��7KH�DQQXDO�GHVLJQ�YDOXH�IRU�D�SDUWLFXODU�VLWH�LV�WKH���\HDU�DYHUDJH�RI�LWV�TXDUWHUO\�
DYHUDJHG�DQQXDO�PHDQ�30����FRQFHQWUDWLRQV��7KH�GHVLJQ�YDOXHV�DUH�PDUNHG�DW�WKH�WKLUG�\HDU�RI�
WKUHH�\HDU�DYHUDJHV��7KH�'LVWULFW·V�DQQXDO�GHVLJQ�YDOXH�GHFUHDVHG�IURP�����J�P��IRU�����������WR�
����J�P��IRU������������D�����UHGXFWLRQ��$V�FDQ�EH�VHHQ��WKH�%D\�$UHD�PHW�WKH�QDWLRQDO�DQQXDO�
30����VWDQGDUG�GXULQJ�WKH�HQWLUH�SHULRG�

Figure 3-1 bay area Pm2.5 annual design value 1999-2001 through 2009-2011

)LJXUH�����VKRZV�WKH�'LVWULFW·V�GHVLJQ�YDOXHV�UHODWLYH�WR�WKH�QDWLRQDO����KRXU�30����VWDQGDUG��)RU�
WKH�HDUOLHVW�SHULRG�DYDLODEOH�������������WKH�GHVLJQ�YDOXH�ZDV�����J�P���%\������������LW�KDG�
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GHFOLQHG�WR�����J�P���ZHOO�EHORZ�WKH�����J�P��VWDQGDUG��7KH�UHGXFWLRQ�IURP�����������WR������
�����ZDV�DSSUR[LPDWHO\�����

Figure 3-2 bay area design values for the 24-Hour standard 
1999-2001 through 2009-2011

)LJXUH�����VKRZV�DQ�RYHUDOO�GRZQZDUG�WUHQG�LQ�WKH�QXPEHU�RI�GD\V�WKDW�%D\�$UHD�30����OHYHOV�
H[FHHGHG�WKH�����J�P��VWDQGDUG�IRU�HDFK�ZLQWHU�IURP�����������WKURXJK�������������$OWKRXJK�WKH�
����J�P��VWDQGDUG�GLG�QRW�WDNH�HIIHFW�XQWLO�������WKH�QXPEHU�RI�H[FHHGDQFH�GD\V�SHU�\HDU�LV�VKRZQ�
DV�LI�WKH�����J�P��VWDQGDUG�KDG�EHHQ�LQ�HIIHFW�IRU�WKH�HQWLUH�SHULRG�VKRZQ���7KH�RYHUDOO�GRZQZDUG�
WUHQG�UHÁHFWV�WKH�UHGXFWLRQ�LQ�30�HPLVVLRQV�LQ�UHVSRQVH�WR�$5%�DQG�$LU�'LVWULFW�FRQWURO�PHDVXUHV��
ZKHUHDV�WKH�VDZWRRWK�SDWWHUQ�LQ�WKH�QXPEHU�RI�H[FHHGDQFHV�LV�SULPDULO\�GXH�WR�\HDU�WR�\HDU�YDULDWLRQ�
LQ�PHWHRURORJ\��UDWKHU�WKDQ�VKRUW�WHUP�FKDQJHV�LQ�HPLVVLRQV�

Figure 3-3 bay area Pm2.5 exceedances by winter Number of days 
exceeding the 24-hour Naaqs, November 15 – February 15
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1RW�RQO\�LV�WKH�%D\�$UHD�H[SHULHQFLQJ�IHZHU�H[FHHGDQFH�GD\V�SHU�\HDU��EXW�ZKHQ�H[FHHGDQFHV�
GR�RFFXU��WKH\�DUH�JHQHUDOO\�OHVV�VHYHUH��7DEOH�����VKRZV�WKH�QXPEHU�RI�H[FHHGDQFHV�SHU�
\HDU�UHODWLYH�WR�WKH�QDWLRQDO����KRXU�30����VWDQGDUG�DGRSWHG�LQ�������%RWK�WKH�QXPEHU�RI�
H[FHHGDQFH�GD\V�SHU�\HDU�KDV�GHFOLQHG��DV�ZHOO�DV�WKH�DYHUDJH�YDOXH�RI�WKH�H[FHHGDQFHV�WKDW�
RFFXU�LQ�D�JLYHQ�\HDU��7KH�DYHUDJH�30����H[FHHGDQFH�YDOXH�KDV�GHFUHDVHG�IURP�RYHU����ƫJ�P� 
LQ�WKH�����������SHULRG�WR�DSSUR[LPDWHO\����ƫJ�P��LQ�WKH�����������SHULRG��7KH�FRPELQDWLRQ�
RI�IHZHU�H[FHHGDQFH�GD\V�DQG�ORZHU�SHDN�YDOXHV�RQ�WKH�GD\V�ZKHQ�DQ�H[FHHGDQFH�RI�WKH�
VWDQGDUG�GRHV�RFFXU�WUDQVODWHV�LQWR�UHGXFHG�SRSXODWLRQ�H[SRVXUH�WR�XQKHDOWK\�30����OHYHOV�IRU�
Bay Area residents.

FMOZR�
͹�� 6gPRRQM]PRb�^S�	�͹:^da�B?	͙��͈
��ʻUΧ\3) 3 

Year Number of Exceedances 0HDQ�([FHHGDQFH�9DOXH��ƫJ�P��

1999 29 ����

2000 �� ����

2001 17 61.1

2002 �� ����

���� 16 ����

���� 20 ����

���� 21 ����

2006 10 ����

2007 �� ����

���� 12 ����

2009 11 ����

2010 6 ����

2011 � ����

�� �3OHDVH�QRWH�WKDW�WKH�GDWD�VKRZQ�LQ�7DEOH�����LV�UHSRUWHG�RQ�D�FDOHQGDU�\HDU�EDVLV��ZKHUHDV�WKH�GDWD�SUHVHQWHG�LQ�)LJXUHV�����DQG�����LV�
based on the winter season.
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relationship between meteorology and exceedances of the 24-Hour Pm2.5 standard

0DQ\�IDFWRUV�DIIHFW�30�DPELHQW�FRQFHQWUDWLRQV��$OWKRXJK�HPLVVLRQV�RI�SULPDU\�30�DQG�WKH�SUHFXUVRU�
SROOXWDQWV�WKDW�FRQWULEXWH�WR�VHFRQGDU\�30�IRUPDWLRQ�DSSHDU�WR�EH�GHFOLQLQJ��PHWHRURORJLFDO�IDFWRUV�
�WHPSHUDWXUH��KXPLGLW\��ZLQG�VSHHG�DQG�GLUHFWLRQ��WKDW�DIIHFW�30�EXLOG�XS�DQG�WUDQVSRUW�KDYH�D�
VWURQJ�LPSDFW�RQ�30�OHYHOV�RQ�D�GD\�WR�GD\�EDVLV��)RU�H[DPSOH��DQDO\VLV�VKRZV�WKDW�ZLQWHU�SHULRGV�RI�
WKUHH�RU�PRUH�GD\V�ZLWK�OLJKW�ZLQGV�DQG�QR�UDLQ�DUH�FRQGXFLYH�WR�EXLOG�XS�RI�30��DV�GLVFXVVHG�PRUH�
IXOO\�LQ�6HFWLRQ����)LJXUH�����VKRZV�WKDW�WKHUH�LV�D�FOHDU�FRUUHODWLRQ�EHWZHHQ�WKH�QXPEHU�RI�´30�
FRQGXFLYHµ�GD\V��GHÀQHG�KHUH�DV�ZLQWHU�GD\V�ZLWK�OLJKW�ZLQG�DQG�QR�UDLQ��DQG�WKH�QXPEHU�RI�GD\V�WKDW�
WKH�%D\�$UHD�H[FHHGV�WKH�QDWLRQDO����KRXU�30����VWDQGDUG�LQ�D�JLYHQ�\HDU�

Figure 3-4 bay area Pm2.5 exceedances and conducive days by winter

comparison with Pm2.5 trends in the central valley

6LQFH�WKHUH�LV�FRQVLGHUDEOH�DLU�ÁRZ�EHWZHHQ�WKH�%D\�$UHD�DQG�WKH�&HQWUDO�9DOOH\�²�DQG�YLFH�YHUVD�
²�LW�LV�LQVWUXFWLYH�WR�FRPSDUH�WKH�FXUUHQW�30�OHYHOV�DQG�GHVLJQ�YDOXH�WUHQGV�DPRQJ�WKH�WKUHH�PDMRU�
FHQWUDO�&DOLIRUQLD�GLVWULFWV��WKDW�LV��%D\�$UHD��6DFUDPHQWR��DQG�6DQ�-RDTXLQ�9DOOH\��)LJXUH�����VKRZV�
WKH�WUHQG�LQ�%D\�$UHD�GHVLJQ�YDOXHV�IRU�WKH�QDWLRQDO�DQQXDO�30����VWDQGDUG�RI����ƫJ�P� compared 
ZLWK�WUHQGV�LQ�WKH�&HQWUDO�9DOOH\��7KH�WUHQGV�LQ�WKH�%D\�$UHD�DQG�6DFUDPHQWR�DUH�VLPLODU��ZLWK�DQ�
DYHUDJH�UHGXFWLRQ�RI������SHU�\HDU�IRU�WKH�%D\�$UHD�DQG������SHU�\HDU�IRU�6DFUDPHQWR��7KHUH�LV�QR�
FOHDU�WUHQG�IRU�WKH�6DQ�-RDTXLQ�9DOOH\�
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Figure 3-5 design values for annual Pm2.5 standard for 3 central california air basins

)LJXUH�����VKRZV�WKH�GHVLJQ�YDOXHV�IRU�WKH�QDWLRQDO����KRXU�30����VWDQGDUG�RI����ƫJ�P� for the 
WKUHH�DLU�EDVLQV��7KH�%D\�$UHD·V�GHVLJQ�YDOXH�KDV�GHFUHDVHG������SHU�\HDU�IURP������WR�������DQG�
PHW�WKH�VWDQGDUG�IRU������������7KH�GHVLJQ�YDOXH�LQ�WKH�6DQ�-RDTXLQ�9DOOH\�VKRZV�D�GHFUHDVH�RI�
�����SHU�\HDU��6DFUDPHQWR·V�GHVLJQ�YDOXH�VKRZV�QR�GHFUHDVH��SDUWO\�EHFDXVH�RI�WKH������ZLOGÀUHV��
([FOXGLQJ�WKH�ZLOGÀUH�PRQWKV�RI�-XQH�DQG�-XO\�������WKH�GHFUHDVH�LV������SHU�\HDU�

7WUdaR�
͹
� 5RbWU]�HMZdRb͔�S^a�	�͹:^da�B?	͙��EcM]QMaQ�S^a�
�4R]caMZ�4MZWS^a]WM�2Wa�3MbW]b
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Pm10 trend

%D\�$UHD�30���OHYHOV�KDYH�GHFUHDVHG�VLJQLÀFDQWO\�VLQFH�������SHDN�FRQFHQWUDWLRQV�KDYH�GHFOLQHG�
E\�DSSUR[LPDWHO\�KDOI�DQG�DQQXDO�DYHUDJH�YDOXHV�KDYH�GHFOLQHG�E\�DERXW�RQH�WKLUG��)LJXUH�����VKRZV�
TXDUWHUO\�DYHUDJHG�DQQXDO�30���FRQFHQWUDWLRQV�IURP������WKURXJK������UHODWLYH�WR�WKH�6WDWH�
DQQXDO�VWDQGDUG���7KHUH�LV�QR�QDWLRQDO�DQQXDO�30���VWDQGDUG���7KH�VROLG�OLQH�VKRZV�WKH�DYHUDJH��
EDVHG�XSRQ�GDWD�IURP�QLQH�30���PRQLWRULQJ�VLWHV��7KH�UHGXFWLRQV�ZHUH�DSSUR[LPDWHO\���

SHU�\HDU�LQ�WKH�����V�DQG����SHU�\HDU�IURP������WKURXJK�������7KH�DYHUDJH�GHFUHDVHG�IURP� 
����J�P��LQ�����������WR�����J�P��LQ������������D�UHGXFWLRQ�RI�����

Figure 3-7 bay area annual mean Pm10

,Q�VXPPDU\��ZH�KDYH�PDGH�VXEVWDQWLDO�SURJUHVV�LQ�UHGXFLQJ�30�OHYHOV�LQ�WKH�%D\�$UHD��EXW�IXUWKHU�
UHGXFWLRQV�LQ�30�ZRXOG�SURYLGH�DGGLWLRQDO�EHQHÀW�E\�UHGXFLQJ�WKH�QHJDWLYH�KHDOWK�LPSDFWV�RI�30�
GHVFULEHG�LQ�6HFWLRQ���$�

117Understanding particUlate matter  |   2012   |   Bay area air Quality management district



sectioN 4: sUmmary 
oF Pm coNtrol 

Program 
This chapter summarizes the existing regulations, policies, and programs that the Air 
District, the California Air Resources Board, and the US Environmental Protection Agency are 
implementing to reduce emissions of primary PM and PM precursors, and to reduce population 
exposure to PM. 

%HFDXVH�SULPDU\�30�DQG�30�SUHFXUVRUV�DUH�HPLWWHG�E\�D�ZLGH�UDQJH�RI�VWDWLRQDU\�DQG�PRELOH�
VRXUFHV��D�FRPSUHKHQVLYH�DQG�PXOWL�IDFHWHG�HIIRUW�LV�QHHGHG�WR�UHGXFH�DPELHQW�30�OHYHOV��$V�
GHVFULEHG�LQ�&KDSWHU�6HFWLRQ���$��WKHUH�DUH�QHJDWLYH�KHDOWK�HIIHFWV�FDXVHG�E\�ERWK�DFXWH��VKRUW�
WHUP��DQG�FKURQLF��ORQJ�WHUP��H[SRVXUH�WR�30��7KHUHIRUH��30�FRQWURO�SURJUDPV�DLP�WR�UHGXFH�ERWK�
VKRUW�WHUP��SHDN��DQG�ORQJ�WHUP��DQQXDO�DYHUDJH��30�FRQFHQWUDWLRQV�LQ�RUGHU�WR�SURWHFW�SXEOLF�
health. 

$V�GLVFXVVHG�LQ�6HFWLRQV���DQG����HPLVVLRQV�LQYHQWRU\�GDWD�DQG�DLU�TXDOLW\�PRQLWRULQJ�GDWD�
GHPRQVWUDWH�WKDW�30�HPLVVLRQV�DQG�DPELHQW�30�FRQFHQWUDWLRQV�KDYH�EHHQ�JUHDWO\�UHGXFHG�LQ�
WKH�%D\�$UHD�LQ�UHFHQW�\HDUV��6R�HYHQ�WKRXJK�WKH�$LU�'LVWULFW�KDV�QHYHU�EHHQ�UHTXLUHG�WR�SUHSDUH�D�
IRUPDO�30�6,3�DWWDLQPHQW�SODQ�WR�GDWH��WKLV�GDWD�RIIHUV�WDQJLEOH�HYLGHQFH�WKDW�WKH�30�FRQWURO�HIIRUWV�
LPSOHPHQWHG�E\�WKH�$LU�'LVWULFW�DQG�RWKHU�DJHQFLHV�VXPPDUL]HG�LQ�WKLV�FKDSWHU�KDYH�EHHQ�HIIHFWLYH�
LQ�UHGXFLQJ�30�DQG�UHODWHG�SXEOLF�KHDOWK�HIIHFWV�LQ�WKH�%D\�$UHD�

$OWKRXJK�WKH�%D\�$UHD�KDV�PDGH�VXEVWDQWLDO�SURJUHVV�WRZDUG�PHHWLQJ�6WDWH�DQG�QDWLRQDO�30�
VWDQGDUGV��WKH�$LU�'LVWULFW�UHFRJQL]HV�WKDW�VRPH�FRPPXQLWLHV�DUH�H[SRVHG�WR�DERYH�DYHUDJH�OHYHOV�
RI�30�DQG�WKDW�VRPH�LQGLYLGXDOV�DUH�HVSHFLDOO\�YXOQHUDEOH�WR�WKH�QHJDWLYH�KHDOWK�HIIHFWV�RI�30��
7KHUHIRUH��LQ�DGGLWLRQ�WR�UHGXFLQJ�HPLVVLRQV�RI�30�DQG�LWV�SUHFXUVRUV�DW�WKH�UHJLRQDO�VFDOH��WKH�30�
FRQWURO�HIIRUW�DOVR�IRFXVHV�RQ�WKH�QHHG�WR�UHGXFH�SRSXODWLRQ�H[SRVXUH�WR�30��HVSHFLDOO\�LQ�WKH�PRVW�
KHDYLO\�LPSDFWHG�FRPPXQLWLHV�DQG�DPRQJ�WKH�PRVW�VHQVLWLYH�SRSXODWLRQV��

arb Pm reduction Program

7KH�&DOLIRUQLD�$LU�5HVRXUFHV�%RDUG��$5%��KDV�SOD\HG�D�YLWDO�UROH�LQ�UHGXFLQJ�30�E\�UHJXODWLQJ�
HPLVVLRQV�RI�SULPDU\�30�DQG�30�SUHFXUVRUV�IURP�PRVW�PRELOH�VRXUFHV��VXFK�DV�RQ�URDG�FDUV�
DQG�WUXFNV�DV�ZHOO�DV�RII�URDG�HTXLSPHQW��$5%�KDV�SXUVXHG�DQ�DJJUHVVLYH�SURJUDP�WR�UHGXFH�30�
HPLVVLRQV�IURP�PRELOH�VRXUFHV�WKURXJKRXW�&DOLIRUQLD�RYHU�WKH�SDVW����\HDUV��$5%�FODVVLÀHG�GLHVHO�
30�DV�D�WR[LF�DLU�FRQWDPLQDQW��7$&��LQ�������,Q�6HSWHPEHU�������$5%�DGRSWHG�D�'LHVHO�5LVN�
5HGXFWLRQ�3ODQ�ZLWK�D�JRDO�RI����SHUFHQW�30�UHGXFWLRQ�E\������DQG����SHUFHQW�E\�������$5%�KDV�
DGRSWHG�D�FRPSUHKHQVLYH�VHW�RI�UHJXODWLRQV�WR�LPSOHPHQW�WKH�'LHVHO�5LVN�5HGXFWLRQ�3ODQ��'553��
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DQG�UHGXFH�SRSXODWLRQ�H[SRVXUH�WR�GLHVHO�30��7KH�$5%�SURJUDP�WR�UHGXFH�HPLVVLRQV�RI�GLHVHO�30�
LQFOXGHV�IRXU�NH\�FRPSRQHQWV�

�� 5HJXODWLRQV�WR�UHGXFH�WDLOSLSH�HPLVVLRQV�RI�SULPDU\�30�DQG�30�SUHFXUVRUV�
IURP�RQ�URDG�DQG�RII�URDG�PRELOH�VRXUFHV�

�� &OHDQHU�IXHO��HVSHFLDOO\�WKH�UHTXLUHPHQW�IRU�XOWUD�ORZ�VXOIXU�GLHVHO�
�� 5HVWULFWLRQV�RQ�YHKLFOH�XVH��VXFK�DV�LGOLQJ�UHVWULFWLRQV�RQ�GLHVHO�HQJLQHV��DQG�
�� *UDQWV�DQG�LQFHQWLYHV�WR�HQFRXUDJH�HPLVVLRQ�UHGXFWLRQV�RYHU�DQG�DERYH�WKH�

UHJXODWRU\�UHTXLUHPHQWV�

$V�VXPPDUL]HG�LQ�7DEOH������WKH�KHDUW�RI�WKH�'553�LV�D�VHW�RI�UHJXODWLRQV�FDOOHG�Air Toxics 
Control Measures��$7&0V��WR�UHGXFH�GLHVHO�30�HPLVVLRQV�IURP�RQ�URDG�WUXFNV�DQG�EXVHV��RII�
URDG�HTXLSPHQW��LQFOXGLQJ�FRQVWUXFWLRQ��IDUP�DQG�SRUW�HTXLSPHQW��KDUERU�FUDIW��DQG�RFHDQ�JRLQJ�
VKLSV��$5%�KDV�SKDVHG�LQ�WKH�HIIHFWLYH�GDWHV�RI�WKHVH�UHJXODWLRQV�LQ�RUGHU�WR�SURYLGH�WLPH�IRU�ÁHHW�
RZQHUV�WR�SUHSDUH�DQG�FRPSO\��7KHVH�UHJXODWLRQV�ZLOO�SURYLGH�LQFUHDVLQJ�EHQHÀW�DV�WKH\�FRPH�LQWR�
IXOO�HIIHFWLYHQHVV�RYHU�WKH�QH[W������\HDUV��,Q�DGGLWLRQ�WR�UHGXFLQJ�HPLVVLRQV�RI�SULPDU\�30��$5%�
UHJXODWLRQV�ZLOO�UHGXFH�HPLVVLRQV�RI�SUHFXUVRUV�WKDW�FRQWULEXWH�WR�IRUPDWLRQ�RI�VHFRQGDU\�30��VXFK�DV�
52*�DQG�12[�

table 4-1  arb diesel air toxic control measures for Heavy-
duty vehicles, equipment and ships

Trucks and Buses

Since 2008��LGOLQJ�OLPLWHG�WR���PLQXWHV

By 2016��DOO�WUXFNV�PHHW�HTXLYDOHQW�RI�����������30�VWDQGDUG

By 2023��DOO�WUXFNV�PHHW�HTXLYDOHQW�RI������12[�VWDQGDUG

'UD\DJH�7UXFNV

By 2010��SUH�0<������WUXFNV�EDQQHG

By 2010��0<�����������WUXFNV�PHHW�����������30�VWDQGDUG

By 2014��DOO�WUXFNV�PHHW�����������30�DQG������12[�VWDQGDUGV

By 2023��DOO�WUXFNV�PHHW������12[�VWDQGDUG

3XEOLF�)OHHW�9HKLFOHV By 2012��DOO�YHKLFOHV�PHHW�HTXLYDOHQW�RI�����������30�VWDQGDUG

*DUEDJH�7UXFNV By 2011��DOO�YHKLFOHV�KDYH�LQVWDOOHG�%HVW�$YDLODEOH�&RQWURO�7HFKQRORJ\��%$&7�

Transit Buses

By 2003��PHW�D�12[�ÁHHW�DYHUDJH�RI�����J�EKS�KU

By 2007��30�HPLVVLRQV�UHGXFHG�E\�����IURP������EDVHOLQH

)RU�ÁHHWV�LQ�WKH�%D\�$UHD�ZLWK������EXVHV������RI�QHZ�EXVHV�SXUFKDVHG�IURP�
2011-2026�PXVW�EH�]HUR�HPLVVLRQV���0D\�EH�DPHQGHG�LQ�������

7UXFN�5HIULJHUDWLRQ�
8QLWV By 2020��HQJLQHV�PXVW�PHHW�8OWUD�/RZ�(PLVVLRQ�VWDQGDUG
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Insert text here.

/RFRPRWLYHV

In 2007��EHJLQ�XVLQJ����SSP�6XOIXU�IXHO�LQ�&DOLIRUQLD�EDVHG�ORFRPRWLYHV

By 2008��FRQGXFW�KHDOWK�ULVN�DVVHVVPHQWV�IRU�PDMRU�UDLO�\DUGV

By 2009��LQVWDOO�LGOLQJ�UHGXFWLRQ�GHYLFHV�RQ�&DOLIRUQLD�EDVHG�ORFRPRWLYHV

Construction 
(TXLSPHQW

Since June 2008��LGOLQJ�OLPLWHG�WR���PLQXWHV

Between 2014 and 2023��ÁHHWV�ZLWK�PRUH�WKDQ�������WRWDO�KS�PXVW�PHHW�ÁHHW�
DYHUDJH�12[�WDUJHWV�RU�WXUQRYHU�UHSODFH���������RI�ÁHHW�KS

Between 2017 and 2023��ÁHHWV�ZLWK�������WR�������WRWDO�KS�PXVW�PHHW�ÁHHW�
DYHUDJH�12[�WDUJHWV�RU�WXUQRYHU�UHSODFH���������RI�ÁHHW�KS

Between 2019 and 2029��ÁHHWV�ZLWK�OHVV�WKDQ�������WRWDO�KS�PXVW�PHHW�ÁHHW�
DYHUDJH�12[�WDUJHWV�RU�WXUQRYHU�UHSODFH���������RI�ÁHHW�KS

&DUJR�+DQGOLQJ�
(TXLSPHQW

By 2007��QHZ�HTXLSPHQW�PHHWV�HTXLYDOHQW�RI�7LHU���RII�URDG�HQJLQH�VWDQGDUGV�RU�
�����30�12[�RQ�URDG�HQJLQH�VWDQGDUGV

By 2015��SUH������\DUG�WUXFNV�PHHW�HTXLYDOHQW�RI�7LHU���RII�URDG�RU������30�
12[�RQ�URDG�VWDQGDUGV

By 2017��DOO�RWKHU�SUH������HTXLSPHQW�PXVW�PHHW�HTXLYDOHQW�RI�7LHU���RII�URDG�
RU������30�12[�RQ�URDG�VWDQGDUGV

+DUERU�&UDIW

%HJLQQLQJ�2009��HQJLQHV�IRU�QHZ�YHVVHOV�RU�UHSRZHUV�PHHW�7LHU���RU�7LHU���RII�
URDG�VWDQGDUGV��QHZ�IHUULHV�PXVW�EH�����EHORZ�7LHU���VWDQGDUGV

By 2016��SUH������HQJLQHV�PHHW�7LHU�����RU���RII�URDG�VWDQGDUGV

By 2022��DOO�PDULQH�HQJLQHV�PXVW�PHHW�7LHU�����RU���RII�URDG�VWDQGDUGV

Ships

In 2009��VKLSV�EHJDQ�XVLQJ�0DULQH�'LHVHO�2LO��0'2��ZLWK������VXOIXU�RU�0DULQH�
*DV�2LO��0*2��ZLWK������VXOIXU��%\�$XJXVW�������VKLSV�EHJLQ�XVLQJ�0'2�RU�0*2�
ZLWK������VXOIXU�

By 2014������UHGXFWLRQ�LQ�DX[LOLDU\�HQJLQH�XVH�GXULQJ�����RI�YLVLWV�E\�FUXLVH�
DQG�FRQWDLQHU�VKLSV��VKRUH�SRZHU�

By 2017������UHGXFWLRQ�LQ�DX[LOLDU\�HQJLQH�XVH�GXULQJ�����RI�YLVLWV�E\�FUXLVH�
DQG�FRQWDLQHU�VKLSV��VKRUH�SRZHU�

By 2020������UHGXFWLRQ�LQ�DX[LOLDU\�HQJLQH�XVH�GXULQJ�����RI�YLVLWV�E\�FUXLVH�
DQG�FRQWDLQHU�VKLSV��VKRUH�SRZHU�

%DFN�8S�*HQHUDWRUV�
�%8*V� By 2008��30�HPLVVLRQV�IRU�%8*·V�UHGXFHG�E\�����LQ�QHZ�HQJLQHV
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light-duty vehicle emission & Fuel economy standards 

$OWKRXJK�$5%·V�SURJUDP�WR�UHGXFH�30�HPLVVLRQV�IURP�GLHVHO�HQJLQHV�PD\�KDYH�VWROHQ�WKH�VSRWOLJKW��
LWV�HIIRUWV�WR�FRQWURO�HPLVVLRQ�IURP�OLJKW�GXW\�YHKLFOHV��/'9V��DQG�PHGLXP�GXW\�YHKLFOHV��H�J��YDQV�
DQG�SLFN�XS�WUXFNV��KDYH�DOVR�SURYLGHG�LPSRUWDQW�30�UHGXFWLRQ�EHQHÀWV��7KHVH�YHKLFOHV�DFFRXQW�IRU�
WKH�YDVW�PDMRULW\�RI�WKH�����PLOOLRQ�PLOHV�WKDW�%D\�$UHD�UHVLGHQWV�GULYH�HYHU\�GD\��6R�HYHQ�WKRXJK�30�
HPLVVLRQV�IURP�JDVROLQH�SRZHUHG�/'9V�DUH�YHU\�ORZ�RQ�D�SHU�PLOH�EDVLV��WKH�FRPELQHG�HPLVVLRQV�RI�
SULPDU\�30�IURP�OLJKW�GXW\�YHKLFOHV�DUH�VLJQLÀFDQW��,Q�DGGLWLRQ��/'9V�DFFRXQW�IRU�D�PDMRU�SRUWLRQ�RI�
52*�DQG�12[�HPLVVLRQV��ZKLFK�DUH�LPSRUWDQW�SUHFXUVRUV�WR�WKH�IRUPDWLRQ�RI�VHFRQGDU\�30��

$5%·V�/RZ�(PLVVLRQ�9HKLFOH��/(9��SURJUDP�LV�WKH�EDFNERQH�RI�LWV�HIIRUW�WR�UHGXFH�HPLVVLRQV�IURP�
OLJKW�GXW\�YHKLFOHV��7KH�/(9�SURJUDP�KDV�JUHDWO\�UHGXFHG�HPLVVLRQV�RI�52*��12[��DQG�30�IURP�/'9V�
WKURXJKRXW�WKH�VWDWH��,Q�LWV�LQLWLDO�SKDVH��/(9�,�UHJXODWLRQV�UHGXFHG�HPLVVLRQV�LQ�PRGHO�\HDU������
�����YHKLFOHV��7KH�PRUH�VWULQJHQW�/(9�,,�SURJUDP��ZKLFK�WRRN�HIIHFW�LQ�PRGHO�\HDU�������FRQWLQXHV�WR�
SURYLGH�PDMRU�DLU�TXDOLW\�EHQHÀWV��$V�GLVFXVVHG�LQ�6HFWLRQ����$5%�LV�LQ�WKH�SURFHVV�RI�DGRSWLQJ�D�QHZ�
LWHUDWLRQ�RI�WKH�/(9�SURJUDP�²�/(9�,,,�²�WR�IXUWKHU�UHGXFH�SROOXWLRQ�IURP�/'9V�

$5%�LV�LQ�WKH�SURFHVV�RI�ÀQDOL]LQJ�SURSRVHG�DPHQGPHQWV�WR�&DOLIRUQLD·V�/RZ�(PLVVLRQV�9HKLFOH��/(9��
UHJXODWLRQV�WR�VWUHQJWKHQ�WKH�/(9�SURJUDP���2QH�HOHPHQW�RI�WKH�/(9�,,,�SURSRVDO�LV�PRUH�VWULQJHQW�
30�VWDQGDUGV�IRU�SDVVHQJHU�FDUV�DQG�OLJKW�GXW\�WUXFNV���$OWKRXJK�30�HPLVVLRQV�IURP�QHZ�OLJKW�GXW\�
YHKLFOHV�DUH�DOUHDG\�YHU\�ORZ��$5%�VWDII�LV�DZDUH�WKDW�&DOLIRUQLD�DQG�IHGHUDO�HPLVVLRQ�UHTXLUHPHQWV�
WR�UHGXFH�JUHHQKRXVH�JDV�HPLVVLRQV�KDYH�IRVWHUHG�GHYHORSPHQW�RI�DGYDQFHG�LQWHUQDO�FRPEXVWLRQ�
WHFKQRORJ\�VXFK�DV�JDVROLQH�GLUHFW�LQMHFWLRQ�HQJLQHV��*',����7R�HQFRXUDJH�WKH�FRQWLQXHG�GHYHORSPHQW�
RI�*',�HQJLQHV�WKDW�HPLW�30�DW�WKH�VDPH�ORZ�OHYHOV�DV�SRUW�IXHO�LQMHFWLRQ�HQJLQHV��WKH�/(9�,,,�
VWDQGDUGV�ZRXOG�UHGXFH�WKH�30�VWDQGDUG�IURP�������JUDPV�SHU�PLOH�IRU�SDVVHQJHU�FDUV�DQG�OLJKW�
GXW\�WUXFNV���7KHVH�VWDQGDUGV�ZRXOG�EH�SKDVHG�LQ�IURP������WKURXJK��������7KH�/(9�,,,�DPHQGPHQWV�
SURSRVH�WR�IXUWKHU�UHGXFH�WKH�30�VWDQGDUG�WR�������JUDPV�SHU�PLOH��RQH�PLOOLJUDP�SHU�PLOH��WR�EH�
SKDVHG�LQ�GXULQJ�WKH������DQG������SHULRG���$W�WKLV���PJ�PLOH�HPLVVLRQ�UDWH��D�FDU�ZRXOG�HPLW�D�
WRWDO�RI����J�RU�����RI�D�SRXQG�RI�SDUWLFXODWH�PDWWHU�RYHU�D�W\SLFDO�OLIHWLPH�RI���������PLOHV���7KH�
/(9�,,,�SURYLVLRQV�VKRXOG�KHOS�RIIVHW�WKH�SRWHQWLDO�LQFUHDVH�LQ�30�HPLVVLRQV�IURP�OLJKW�GXW\�YHKLFOHV�
WKDW�ZRXOG�RFFXU�LI�YHKLFOH�PLOHV�RI�WUDYHO��907��LQ�WKH�%D\�$UHD�ULVH�LQ�UHVSRQVH�WR�SRSXODWLRQ�JURZWK�
or other factors.

,Q�DGGLWLRQ�WR�WKH�/(9�WDLOSLSH�HPLVVLRQ�VWDQGDUGV�ZKLFK�UHGXFH�HPLVVLRQV�RQ�D�SHU�PLOH�EDVLV��$5%�
KDV�DOVR�DGRSWHG�IXHO�HFRQRP\�VWDQGDUGV�WR�LPSOHPHQW�WKH�3DYOH\�OHJLVODWLRQ���$OWKRXJK�WKH�LPSHWXV�
IRU�LPSURYHG�IXHO�HFRQRP\�LV�SULPDULO\�WR�UHGXFH�FDUERQ�GLR[LGH�HPLVVLRQV�WKDW�FRQWULEXWH�WR�FOLPDWH�
FKDQJH��E\�UHGXFLQJ�IRVVLO�IXHO�FRPEXVWLRQ�WKHVH�VWDQGDUGV�DOVR�SURYLGH�LPSRUWDQW�EHQHÀWV�LQ�
UHGXFLQJ�FULWHULD�DLU�SROOXWDQWV�DQG�DLU�WR[LFV��

7KH�$5%�UHJXODWLRQV�VXPPDUL]HG�DERYH�DUH�SULPDULO\�UHVSRQVLEOH�IRU�WKH�VWDWHZLGH�UHGXFWLRQV�LQ�30�
HPLVVLRQV�IURP�PRELOH�VRXUFHV�WR�GDWH��7KHVH�UHJXODWLRQV�DUH�H[SHFWHG�WR�SURYLGH�FRQWLQXHG�UHGXFWLRQV�
LQ�HPLVVLRQV�RI�SULPDU\�30�DQG�30�SUHFXUVRUV�IURP�PRELOH�VRXUFHV�RYHU�WKH�QH[W�WZR�GHFDGHV�

��6WDWH�OHJLVODWLRQ�HQDFWHG�LQ�������$VVHPEO\�%LOO�������3DYOH\��GLUHFWHG�WKH�$5%�WR�DGRSW�UHJXODWLRQV�WR�UHGXFH�JUHHQKRXVH�JDVHV�IURP�
SDVVHQJHU�YHKLFOHV���)RU�DGGLWLRQDO�LQIRUPDWLRQ��VHH�ZZZ�DUE�FD�JRY�FF�FFPV�FFPV�KWP�
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ePa actions to reduce Pm from “Federal sources”

,Q�DGGLWLRQ�WR�HVWDEOLVKLQJ�DPELHQW�DLU�TXDOLW\�VWDQGDUGV�IRU�30��86�(3$�LV�UHVSRQVLEOH�IRU�HVWDEOLVKLQJ�
HPLVVLRQ�VWDQGDUGV�IRU�DLUFUDIW�HQJLQHV��QHZ�ORFRPRWLYH�HQJLQHV�DQG�QHZ�QRQ�URDG�HQJLQHV�OHVV�
WKDQ�����KRUVHSRZHU�XVHG�LQ�FRQVWUXFWLRQ�RU�IDUP�HTXLSPHQW��86�(3$�UHJXODWLRQV�KHOS�WR�UHGXFH�30�
HPLVVLRQV�IURP�WUXFNV��ORFRPRWLYHV��DQG�PDULQH�HQJLQHV�WKDW�RSHUDWH�DFURVV�VWDWH�ERXQGDULHV�ZKHQ�
WKHVH�YHKLFOHV�RU�HQJLQHV�RSHUDWH�ZLWKLQ�&DOLIRUQLD��7KHVH�(3$�DFWLRQV�FRPSOHPHQW�WKH�$5%�PRELOH�
VRXUFH�UHJXODWLRQV�GHVFULEHG�DERYH��$�VXPPDU\�RI�86�(3$�SURJUDPV�DQG�DFWLRQV�WR�FRQWURO�30�DQG�
30�SUHFXUVRUV�LV�DYDLODEOH�DW�86�(3$�DW�ZZZ�HSD�JRY�SP�OLQNV�KWPO�

�,Q�������86�(3$�DGRSWHG�PRUH�VWULQJHQW�´7LHU��µ�DQG�´7LHU��µ�HPLVVLRQ�VWDQGDUGV�IRU�52*��12[��
DQG�30�IURP�QHZ�QRQ�URDG�GLHVHO�HQJLQHV��7KLV�SURJUDP�HVWDEOLVKHG�WKH�ÀUVW�HPLVVLRQ�VWDQGDUGV�
IRU�QRQ�URDG�GLHVHO�HQJLQHV�OHVV�WKDQ����KRUVH�SRZHU��KS���LQFOXGLQJ�PDULQH�HQJLQHV�LQ�WKLV�VL]H�
UDQJH��7KH�7LHU���VWDQGDUGV�ZHUH�SKDVHG�LQ�IRU�DOO�HQJLQH�VL]HV�IURP������WR�������0RUH�VWULQJHQW�
7LHU���VWDQGDUGV�IRU�HQJLQHV�EHWZHHQ����DQG�����KS�ZHUH�SKDVHG�LQ�IURP������WR�������7KH�
&OHDQ�$LU�1RQ�5RDG�'LHVHO��7LHU���UXOH�ZDV�DGRSWHG�WR�SURYLGH�D�FRPSUHKHQVLYH�SURJUDP�WR�UHGXFH�
HPLVVLRQV�IURP�IXWXUH�QRQ�URDG�GLHVHO�HQJLQHV��7KH�7LHU���VWDQGDUGV�UHTXLUH�HQJLQH�PDQXIDFWXUHUV�
WR�SURGXFH�QHZ�HQJLQHV�ZLWK�DGYDQFHG�HPLVVLRQ�FRQWURO�WHFKQRORJLHV�VLPLODU�WR�WKRVH�DOUHDG\�
PDQGDWHG�IRU�RQ�URDG�WUXFNV�DQG�EXVHV��(PLVVLRQV�IURP�WKHVH�HQJLQHV�DUH�H[SHFWHG�WR�GHFUHDVH�
E\�PRUH�WKDQ����SHUFHQW�DV�D�UHVXOW�RI�WKLV�UXOH��,Q�DGGLWLRQ�WR�UHTXLULQJ�QHZ�ORFRPRWLYHV�WR�PHHW�
VWULQJHQW�VWDQGDUGV��86�(3$�UHJXODWLRQV�DOVR�PDQGDWH�WKDW�ROG�ORFRPRWLYHV�PXVW�EH�UHEXLOW�WR�
comply with cleaner standards. 

3XUVXDQW�WR�$QQH[�9,�WR�WKH�,QWHUQDWLRQDO�&RQYHQWLRQ�RQ�WKH�3UHYHQWLRQ�RI�3ROOXWLRQ�IURP�6KLSV�
�0$532/���WKH�86�DQG�&DQDGD�KDYH�FROODERUDWHG�WR�HVWDEOLVK�D�1RUWK�$PHULFDQ�(PLVVLRQV�&RQWURO�
$UHD��(&$��HIIHFWLYH�$XJXVW����������7KH�(&$�ZLOO�UHTXLUH�WKH�XVH�RI�ORZ�VXOIXU�IXHO�LQ�VKLSV�RSHUDWLQJ�
ZLWKLQ�����PLOHV�RI�WKH�FRDVW��HIIHFWLYH�LQ�������7KH�UHGXFWLRQ�LQ�VXOIXU�ZLOO�UHGXFH�HPLVVLRQV�RI�62��
ZKLFK�FRPELQH�ZLWK�DPPRQLD�WR�IRUP�DPPRQLXP�VXOIDWH��D�W\SH�RI�VHFRQGDU\�30�

baaqmd Pm reduction Program

7KH�$LU�'LVWULFW�KDV�GHYHORSHG�D�FRPSUHKHQVLYH�SURJUDP�WR�UHGXFH�30�LQ�WKH�%D\�$UHD��7KLV�LQFOXGHV�
PHDVXUHV�WR�UHGXFH�HPLVVLRQV�DQG�DPELHQW�FRQFHQWUDWLRQV�RI�30��DV�ZHOO�DV�SRSXODWLRQ�H[SRVXUH�
WR�30��7KH�$LU�'LVWULFW�LPSOHPHQWV�D�QXPEHU�RI�UHJXODWLRQV�DQG�SURJUDPV�WR�UHGXFH�30�HPLVVLRQV��
7KHVH�LQFOXGH�UXOHV�OLPLWLQJ�SULPDU\�30�HPLVVLRQV�IURP�RSHQ�EXUQLQJ�RI�DJULFXOWXUDO�DQG�QRQ�
DJULFXOWXUDO�ZDVWH��OLPLWLQJ�HPLVVLRQV�IURP�FRPEXVWLRQ�VRXUFHV�VXFK�DV�ERLOHUV��FHPHQW�NLOQV�DQG�
IXUQDFHV��FRQWUROOLQJ�GXVW�IURP�HDUWK�PRYLQJ�DQG�FRQVWUXFWLRQ�GHPROLWLRQ�RSHUDWLRQV��UHJXODWLQJ�
UHVLGHQWLDO�ZRRG�EXUQLQJ�GXULQJ�WKH�ZLQWHU�VHDVRQ��DQG�UHGXFLQJ�30�IURP�DFWLYLWLHV�WKDW�JHQHUDWH�
dust or smoke.

7KH�$LU�'LVWULFW·V�&RPPXQLW\�$LU�5LVN�(YDOXDWLRQ��&$5(��SURJUDP�KDV�LGHQWLÀHG�FRPPXQLWLHV�LQ�WKH�
%D\�$UHD�WKDW�DUH�GLVSURSRUWLRQDWHO\�LPSDFWHG�E\�ORFDO�HPLVVLRQ�VRXUFHV��7KH�&$5(�SURJUDP��ZKLFK�
LV�IXUWKHU�GLVFXVVHG�ODWHU�LQ�WKLV�FKDSWHU��VHUYHV�DV�WKH�IRXQGDWLRQ�IRU�WKH�'LVWULFW·V�HIIRUWV�WR�UHGXFH�
SRSXODWLRQ�H[SRVXUH�WR�WR[LF�DLU�FRQWDPLQDQWV��7$&V���LQFOXGLQJ�GLHVHO�30�
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Pm reductions from control strategy in the bay area 2010 clean air Plan

,Q�IDOO�������WKH�$LU�'LVWULFW�DGRSWHG�WKH�%D\�$UHD������&OHDQ�$LU�3ODQ�������&$3���7KH�OHJDO�LPSHWXV�
IRU�WKH������&$3�ZDV�WR�XSGDWH�WKH�UHJLRQ·V�SODQ�WR�FRQWURO�JURXQG�OHYHO�R]RQH�DV�UHTXLUHG�E\�
WKH�6WDWH�+HDOWK�	�6DIHW\�&RGH��+RZHYHU��WKH�$LU�'LVWULFW�WRRN�WKH�LQLWLDWLYH�WR�H[SDQG�WKH�VFRSH�
RI�WKLV�SODQ�E\�GHYHORSLQJ�D�PXOWL�SROOXWDQW�DLU�TXDOLW\�SODQ��7KH������&$3�ODLG�RXW�DQ�LQWHJUDWHG�
FRQWURO�VWUDWHJ\�WR�UHGXFH�IRXU�W\SHV�RI�DLU�SROOXWDQWV��JURXQG�OHYHO�R]RQH��SULPDU\�30�DV�ZHOO�DV�
30�SUHFXUVRUV��WR[LF�DLU�FRQWDPLQDQWV��7$&V���DQG�JUHHQKRXVH�JDVHV��VXFK�DV�FDUERQ�GLR[LGH�DQG�
PHWKDQH��WKDW�FRQWULEXWH�WR�FOLPDWH�FKDQJH��7KH������&$3�FRQWURO�VWUDWHJ\�LQFOXGHG�D�WRWDO�RI����
FRQWURO�PHDVXUHV�LQ�ÀYH�FDWHJRULHV��LQFOXGLQJ�

�� 6WDWLRQDU\�6RXUFH�0HDVXUHV��660V���7KH�FRQWURO�VWUDWHJ\�LQFOXGHV����
measures to reduce emissions from stationary and area sources, as further 
described below.

�� 0RELOH�6RXUFH�0HDVXUHV��060V���7KH�FRQWURO�VWUDWHJ\�LQFOXGHV����
PHDVXUHV�UHGXFH�HPLVVLRQV�E\�SURPRWLQJ�WKH�XVH�RI�DGYDQFHG�WHFKQRORJ\�
YHKLFOHV�DQG�FOHDQHU�IXHOV�WKDW�UHGXFH�HPLVVLRQV�RI�FULWHULD�SROOXWDQWV�

DQG�RU�JUHHQKRXVH�JDVHV��DV�ZHOO�DV�DFFHOHUDWLQJ�
WKH�UHSODFHPHQW�RU�UHSDLU�RI�ROGHU�YHKLFOHV�ZLWK�KLJK�
emission rates.
�� 7UDQVSRUWDWLRQ�&RQWURO�0HDVXUHV��7&0V�� The 
FRQWURO�VWUDWHJ\�LQFOXGHV����PHDVXUHV�WR�UHGXFH�
PRWRU�YHKLFOH�HPLVVLRQV�E\�GHFUHDVLQJ�YHKLFOH�XVH��
YHKLFOH�LGOLQJ��RU�WUDIÀF�FRQJHVWLRQ�E\�LPSURYLQJ�WUDQVLW�
VHUYLFH��HQFRXUDJLQJ�ZDONLQJ��ELF\FOLQJ��DQG�WUDQVLW�
XVH��LPSURYLQJ�WKH�HIÀFLHQF\�RI�WKH�UHJLRQDO�WUDQVLW�
DQG�URDGZD\�V\VWHPV��VXSSRUWLQJ�IRFXVHG�JURZWK��DQG�
GHYHORSLQJ�DQG�LPSOHPHQWLQJ�WUDQVSRUWDWLRQ�SULFLQJ�
VWUDWHJLHV�

�� /DQG�8VH�DQG�/RFDO�,PSDFW�0HDVXUHV��/80V���7KH�FRQWURO�VWUDWHJ\�
LQFOXGHV�VL[�PHDVXUHV�WR�SURPRWH�PL[HG�XVH��FRPSDFW�GHYHORSPHQW�WR�
UHGXFH�PRWRU�YHKLFOH�WUDYHO�DQG�HPLVVLRQV��DQG�WR�HQVXUH�WKDW�ZH�SODQ�IRU�
IRFXVHG�JURZWK�LQ�D�ZD\�WKDW�SURWHFWV�SHRSOH�IURP�H[SRVXUH�WR�DLU�SROOXWLRQ�
from stationary and mobile sources of emissions.

�� (QHUJ\�DQG�&OLPDWH�0HDVXUHV��(&0V���7KH�FRQWURO�VWUDWHJ\�LQFOXGHV�IRXU�
PHDVXUHV�GHVLJQHG�WR�SURWHFW�DLU�TXDOLW\�DQG�WKH�FOLPDWH�E\�SURPRWLQJ�HQHUJ\�
FRQVHUYDWLRQ�DQG�HQHUJ\�HIÀFLHQF\��SURPRWLQJ�UHQHZDEOH�IRUPV�RI�HQHUJ\�
SURGXFWLRQ��UHGXFLQJ�´XUEDQ�KHDW�LVODQGµ�HIIHFWV��DQG�SURPRWLQJ�WKH�SODQWLQJ�
RI�VKDGH�WUHHV�LQ�RUGHU�WR�ORZHU�DLU�WHPSHUDWXUHV��SURYLGH�VKDGLQJ�WR�UHGXFH�
HQHUJ\�XVH��DQG�DEVRUE�&2��DQG�RWKHU�DLU�SROOXWDQWV��

,Q�GHYHORSLQJ�WKH������&$3�FRQWURO�VWUDWHJ\��WKH�$LU�'LVWULFW�VRXJKW�WR�PD[LPL]H�UHGXFWLRQV�RI�SULPDU\�
30�DV�ZHOO�DV�30�SUHFXUVRUV��DQG�WR�SULRULWL]H�PHDVXUHV�WR�UHGXFH�30�LQ�WKH�LPSOHPHQWDWLRQ�

 
 

the control strategy 
QRŬ]RQ�W]�cVR�	����4ZRM]�
air Plan is the backbone 

of the air district’s current 
Pm control program.

123Understanding particUlate matter  |   2012   |   Bay area air Quality management district



VFKHGXOH�IRU�WKH�FRQWURO�VWUDWHJ\���7KH�FRQWURO�VWUDWHJ\�GHÀQHG�LQ�WKH������&$3�LV�WKH�EDFNERQH�RI�
WKH�$LU�'LVWULFW·V�FXUUHQW�30�FRQWURO�SURJUDP���(PLVVLRQV�RI�SULPDU\�30�DQG�30�SUHFXUVRUV�ZLOO�EH�
reduced as the Air District adopts and implements the measures in the 2010 CAP.

reducing Pm from stationary sources

&RQWUROOLQJ�HPLVVLRQV�IURP�VWDWLRQDU\�VRXUFHV��IDFWRULHV��UHÀQHULHV��JDV�VWDWLRQV��HWF���LV�WKH�$LU�
'LVWULFW·V�FRUH�UHJXODWRU\�IXQFWLRQ��7KH�$LU�'LVWULFW�KDV�D�ORQJ�KLVWRU\�RI�FRQWUROOLQJ�30�HPLVVLRQV�
E\�PHDQV�RI�����UHJXODWLRQV�WKDW�DSSO\�WR�FHUWDLQ�FDWHJRULHV�RI�IDFLOLWLHV�RU�VRXUFHV��DQG�����SHUPLW�
FRQGLWLRQV�LPSRVHG�RQ�LQGLYLGXDO�IDFLOLWLHV��3HUPLW�FRQGLWLRQV�YDU\�GHSHQGLQJ�XSRQ�WKH�VL]H�RI�WKH�
IDFLOLW\�DQG�RU�PDJQLWXGH�RI�HPLVVLRQV�WKDW�LW�JHQHUDWHV�DQG�WKH�W\SH�RI�SHUPLW�UHTXLUHG�

,Q�DGGLWLRQ�WR�FRQWUROOLQJ�HPLVVLRQV�RI�SULPDU\�30�IURP�VWDWLRQDU\�VRXUFHV��WKH�$LU�'LVWULFWV�DOVR�
DGRSWV�DQG�HQIRUFHV�UHJXODWLRQV�WR�UHGXFH�HPLVVLRQV�RI�30�SUHFXUVRUV�VXFK�DV�12[�DQG�62��IURP�
SRZHU�SODQWV��LQGXVWULDO�IDFLOLWLHV��DQG�RWKHU�FRPEXVWLRQ�VRXUFHV��DV�ZHOO�DV�UHDFWLYH�RUJDQLF�JDVHV�
�52*��IURP�RLO�UHÀQHULHV��FRDWLQJV�DQG�VROYHQWV��IXHO�VWRUDJH��WUDQVIHU�DQG�GLVSHQVLQJ�DFWLYLWLHV��DQG�
many other industrial and commercial facilities and processes.

7KH�$LU�'LVWULFW�DOUHDG\�FRQWUROV�30���HPLVVLRQV�IURP�IDFLOLWLHV�VXEMHFW�WR�LWV�1HZ�6RXUFH�5HYLHZ�
�165��SURJUDP��DQG�LV�LQ�WKH�SURFHVV�RI�DPHQGLQJ�WKH�165�UHTXLUHPHQWV�WR�LQFOXGH�30����DV�
ZHOO��0DMRU�30�HPLVVLRQ�VRXUFHV�DUH�UHTXLUHG�WR�LPSOHPHQW�%HVW�$YDLODEOH�&RQWURO�7HFKQRORJ\�
�%$&7��IRU�30�LQ�SHUPLW�FRQGLWLRQV�ZKHQ�QHZ�VRXUFHV�DUH�FRQVWUXFWHG�RU�H[LVWLQJ�VRXUFHV�DUH�
PRGLÀHG��7KUHH�W\SHV�RI�FRQWURO�HTXLSPHQW�DUH�FRPPRQO\�XVHG�WR�DEDWH�SDUWLFXODWH�HPLVVLRQV�
IURP�LQGXVWULDO�IDFLOLWLHV�

�� :HW�PHFKDQLFDO�VFUXEEHUV�DQG�RU�F\FORQHV
�� %DJKRXVHV
�� (OHFWURVWDWLF�SUHFLSLWDWRUV

7KH�$LU�'LVWULFW�KDV�DGRSWHG�ÀYH�UHJXODWLRQV�WKDW�GLUHFWO\�DGGUHVV�SULPDU\�30�

�� Regulation 5:�2SHQ�%XUQLQJ��*HQHUDOO\�SURKLELWV�RSHQ�EXUQLQJ��EXW�DOVR�
DOORZV�IRU�H[HPSWLRQV�VXFK�DV�DJULFXOWXUDO�EXUQLQJ��GLVSRVDO�RI�KD]DUGRXV�
PDWHULDOV��ÀUH�WUDLQLQJ��DQG�UDQJH��IRUHVW��DQG�ZLOGOLIH�PDQDJHPHQW�

�� Regulation 6:�3DUWLFXODWH�0DWWHU��5XOH����*HQHUDO�5HTXLUHPHQWV��/LPLWV�
30�HPLVVLRQV�IURP�VWDWLRQDU\�VRXUFHV�E\�FRQWUROOLQJ�HPLVVLRQ�UDWHV��
FRQFHQWUDWLRQ��YLVLEOH�HPLVVLRQV�DQG�RSDFLW\�

�� Regulation 6: 3DUWLFXODWH�0DWWHU��5XOH����&RPPHUFLDO�&RRNLQJ�(TXLSPHQW��
5HJXODWHV�HPLVVLRQV�IURP�FRPPHUFLDO�FKDUEURLOHUV�LQ�UHVWDXUDQWV�

�� Regulation 6: 3DUWLFXODWH�0DWWHU��5XOH����:RRG�%XUQLQJ�'HYLFHV��
5HJXODWHV�HPLVVLRQV�IURP�UHVLGHQWLDO�ZRRG�EXUQLQJ�GHYLFHV��ÀUHSODFHV�DQG�
ZRRGVWRYHV�

�� Regulation 12: 0LVFHOODQHRXV�6WDQGDUGV�RI�3HUIRUPDQFH��5XOH����6DQG�
%ODVWLQJ
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7KH�HVWLPDWHG�UHGXFWLRQV�LQ�HPLVVLRQV�RI�SULPDU\�30�DQG�30�SUHFXUVRUV��12[�DQG�62���IURP�$LU�
'LVWULFW�UHJXODWLRQV�DUH�VKRZQ�LQ�7DEOH�����

table 4-2 estimated reductions in Primary Pm & Pm Precursors 
from baaqmd regulations (tons per day)

Category Rule(s) Description
Dates of 

Rule-
Making

Primary PM 
Reduced 
tons/day

NOx 
Reduced 
tons/day

:RRG�%XUQLQJ�	�
&RRNLQJ

���
Commercial 
&RRNLQJ�

�&KDUEURLOLQJ�
2007 0.6 0

��� :RRG�EXUQLQJ�
'HYLFHV��DQQXDO� ���� 0.7 0

���
:RRG�EXUQLQJ�
'HYLFHV��GXULQJ�
SHDN�VHDVRQ�

���� 6.0 0

5HÀQHU\�	�
Chemical Plant 
3URFHVVLQJ

������� 
�����

)ODUH�0RQLWRULQJ�
DQG�0LQLPL]DWLRQ�
�62��UHGXFWLRQ�

���� 
�����
2006

�62������

Combustion of 
)XHOV��1LWURJHQ�
2[LGHV�FRQWUROV�

�������
Boilers, Steam 
*HQHUDWRUV�	�

3URFHVV�+HDWHUV

1992, 
������
������
2010

0 ����

����������
Internal 

Combustion 
(QJLQHV

������
2007, 
2011

0 27.6

����
(OHFWULF�3RZHU�
*HQHUDWLQJ�

Boilers

������
2000 0 ����

��� Stationary Gas 
Turbines

������
2006 0 ���

��� *DV�)LUHG�:DWHU�
+HDWHUV 2007 0 ���

�� $OO�2WKHUV Q�D 0 ���

Total 7.3 NOx: 102.0 
SO2: 6.3

 

,Q�GHYHORSLQJ�WKH�FRQWURO�VWUDWHJ\�IRU�WKH�%D\�$UHD������&OHDQ�$LU�3ODQ��WKH�$LU�'LVWULFW�SHUIRUPHG�
D�WKRURXJK�UHYLHZ�RI�LWV�VWDWLRQDU\�VRXUFH�UHJXODWLRQV��DV�ZHOO�DV�UHJXODWLRQV�IURP�RWKHU�UHJLRQV�
WKURXJKRXW�WKH�8QLWHG�6WDWHV��DQG�LGHQWLÀHG�VHYHUDO�QHZ�RU�DPHQGHG�UXOHV�WR�IXUWKHU�UHGXFH�
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HPLVVLRQV�RI�SULPDU\�30�DV�ZHOO�DV�SUHFXUVRUV�WR�VHFRQGDU\�30��6WDWLRQDU\�6RXUFH�0HDVXUHV�LQ�
WKH������&$3�WR�UHGXFH�HPLVVLRQV�RI�SULPDU\�30�DQG�30�SUHFXUVRUV�DUH�VKRZQ�LQ�7DEOH�����

table 4-3 stationary source measures to reduce Pm & Pm 
Precursors in bay area 2010 clean air Plan

Stationary Source 
Measure (SSM) Description Status Completion 

Date

660������0HWDO�0HOWLQJ�
)DFLOLWLHV

/LPLW�HPLVVLRQV�RI�RUJDQLF�FRPSRXQGV��ÀQH�
SDUWLFXODWHV��WR[LF�FRPSRXQGV��DQG�RGRUV�
IURP�IRXQGU\�RSHUDWLRQV�DQG�PHWDO�PHOWLQJ�

facilities.

Initial workshops, 
July 2011. Second 

workshops July 2012. 
)DOO�����

660����'LJLWDO�3ULQWLQJ
(VWDEOLVK�92&�OLPLWV�RU�FRQWURO�UHTXLUHPHQWV�
IRU�LQNMHW��HOHFWUR�SKRWRJUDSKLF�DQG�RWKHU�

GLJLWDO�SULQWLQJ�WHFKQRORJLHV�
1RW�\HW�LQLWLDWHG� TBD*

�660������/LYHVWRFN�
:DVWH

(VWDEOLVK�PDQDJHPHQW�SUDFWLFHV�WR�UHGXFH�
52*��DPPRQLD��30��*+*� 1RW�\HW�LQLWLDWHG� TBD

�660������1DWXUDO�
Gas Production and 

3URFHVVLQJ

5HGXFH�HPLVVLRQV�RI�92&V�DQG�PHWKDQH�IURP�
QDWXUDO�JDV�SURGXFWLRQ�IDFLOLWLHV� 1RW�\HW�LQLWLDWHG� TBD

660������9DFXXP�
Trucks

5HTXLUH�FDUERQ�RU�RWKHU�FRQWURO�WHFKQRORJ\�RQ�
YDFXXP�WUXFNV�WR�UHGXFH�HPLVVLRQV�RI�92&V�

$GRSWHG�$SULO�����
2012. April 2012

660������*HQHUDO�
3DUWLFXODWH�0DWWHU�
(PLVVLRQ�/LPLWDWLRQ

5HGXFH�SDUWLFXODWH�ZHLJKW�OLPLWDWLRQ�DV�D�
IXQFWLRQ�RI�H[KDXVW�JDV�YROXPH�DQG�RU�DV�D�

IXQFWLRQ�RI�SURFHVV�ZHLJKW�UDWH�

5XOHPDNLQJ�LQLWLDWHG�
0D\������� TBD

660������2SHQLQJ�
%XUQLQJ

)XUWKHU�OLPLW�DJULFXOWXUDO�EXUQLQJ�RI�VRPH�
FURSV�WR�EH�EXUQHG�RQ�D�JLYHQ�GD\�WR�UHGXFH�

92&V��12[��DQG�30�

5XOHPDNLQJ�QRW�\HW�
initiated. TBD

660������6XOIXU�'LR[LGH�
from Petroleum Code 

&DOFLQLQJ
5HGXFH�62[�HPLVVLRQV�IURP�FRNH�FDOFLQLQJ� Initiated April 2012. TBD

660���²�&HPHQW�.LOQV )XUWKHU�OLPLW�12[�DQG�30�IURP�FHPHQW�
SURGXFWLRQ�DQG�UHGXFH�WR[LF�HPLVVLRQV�

:RUNVKRS�ZDV�KHOG�
in December 2011. 
3XEOLF�KHDULQJ�

H[SHFWHG�6HSW�������

([SHFWHG�
Sept 2012

660�������5HÀQHU\�
%RLOHUV�DQG�+HDWHUV

)XUWKHU�UHGXFH�12[�HPLVVLRQV�IURP�UHÀQHU\�
ERLOHUV��KHDWHUV��DQG�VWHDP�JHQHUDWRUV�

Adopted December 
����������

December 
2010

660�������5HVLGHQWLDO�
)DQ�7\SH�)XUQDFHV

5HGXFH�DOORZDEOH�12[�OLPLWV�IRU�UHVLGHQWLDO�
furnaces. 1RW�\HW�LQLWLDWHG� TBD
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Stationary Source 
Measure (SSM) Description Status Completion 

Date

660�������/DUJH�
5HVLGHQWLDO�DQG�

Commercial Space 
+HDWLQJ�

(VWDEOLVK�12[�OLPLWV�IRU�LQGXVWULDO�DQG�
FRPPHUFLDO�VSDFH�KHDWLQJ� 1RW�\HW�LQLWLDWHG� TBD

660�������'U\HUV��
2YHQV��DQG�.LOQV

(VWDEOLVK�12[�OLPLWV�IRU�LQGXVWULDO�GU\HUV��
RYHQV��DQG�NLOQV� 1RW�\HW�LQLWLDWHG� TBD

660�������*ODVV�
)XUQDFHV 5HGXFH�12[�OLPLWV�IRU�JODVV�IXUQDFHV� 1RW�\HW�LQLWLDWHG� TBD

660�������1HZ�6RXUFH�
5HYLHZ�$GGUHVVLQJ�30�

���

$PHQG�5HJ�����5XOH���WR�DGGUHVV�WKH�'LVWULFW·V�
DQWLFLSDWHG�QRQ�DWWDLQPHQW�VWDWXV�RI�WKH�

���KRXU�30����1DWLRQDO�$PELHQW�$LU�4XDOLW\�
Standard. 

:RUNVKRS�0DUFK��
������%RDUG�KHDULQJ�
DQWLFLSDWHG�6HSW�2FW�

2012.

)DOO�����

660�������1HZ�6RXUFH�
5HYLHZ�IRU�7R[LF�
Contaminants

,PSOHPHQW�PRUH�KHDOWK�SURWHFWLYH�SHUPLWWLQJ�
UHTXLUHPHQWV�LQ�5HJXODWLRQ����5XOH����1HZ�
6RXUFH�5HYLHZ�RI�7R[LF�$LU�&RQWDPLQDQWV�

EDVHG�RQ�UHYLVLRQV�WR�2(++$�ULVN�IDFWRUV�DQG�
method. 

Adopted January 6, 
2010. January, 2010

660�����²�5HYLVLRQV�
WR�$LU�7R[LF�+RWVSRWV�

3URJUDP

5HYLVH�WKH�'LVWULFW·V�$LU�7R[LFV�+RW�6SRWV�
SURJUDP�WR�LQFRUSRUDWH�PRUH�VWULQJHQW�ULVN�

UHGXFWLRQ�UHTXLUHPHQWV�IURP�H[LVWLQJ�VRXUFHV�

$ZDLWLQJ�2(++$�
UHYLVLRQV�WR�H[SRVXUH�

assessment 
JXLGHOLQHV�H[SHFWHG�

2012.

TBD

*To be determined

3XUVXDQW�WR�660����LQ�WKH������&$3��$LU�'LVWULFW�VWDII�KDV�HPEDUNHG�XSRQ�D�WKRURXJK�UHYLHZ�RI�WKH�
JHQHUDO�30�UXOH��5HJXODWLRQ����5XOH����ZLWK�WKH�REMHFWLYH�RI�LPSRVLQJ�PRUH�VWULQJHQW�HPLVVLRQV�OLPLWV�
EDVHG�XSRQ�WKH�ODWHVW�FRQWURO�WHFKQRORJLHV��DV�GLVFXVVHG�LQ�6HFWLRQ����

reducing Pm from mobile sources

7KH�&DOLIRUQLD�$LU�5HVRXUFHV�%RDUG�KDV�SULPDU\�OHJDO�DXWKRULW\�WR�UHJXODWH�HPLVVLRQV�IURP�PRELOH�
VRXUFHV��DV�GHVFULEHG�DERYH��+RZHYHU��UHFRJQL]LQJ�WKDW�RQ�URDG�DQG�RII�URDG�YHKLFOHV�DUH�PDMRU�
VRXUFHV�RI�SULPDU\�30�HPLVVLRQV�DQG�30�SUHFXUVRUV�LQ�WKH�%D\�$UHD��WKH�$LU�'LVWULFW�DOVR�ZRUNV�WR�
UHGXFH�HPLVVLRQV�IURP�PRELOH�VRXUFHV��7KH�$LU�'LVWULFW�VHHNV�WR�UHGXFH�30�HPLVVLRQV�IURP�PRELOH�
VRXUFHV�E\�PHDQV�RI�JUDQWV�DQG�LQFHQWLYHV��WDUJHWHG�HQIRUFHPHQW�RI�$5%�UHJXODWLRQV��SDUWQHUVKLSV��
and public education.

,Q�WKH�FDVH�RI�KHDY\�GXW\�YHKLFOHV��WKH�$LU�'LVWULFW�IRFXVHV�LWV�HIIRUWV�RQ�HQVXULQJ�FRPSOLDQFH�ZLWK�
$5%·V�GLHVHO�UHJXODWLRQV�LQ�WKH�%D\�$UHD��LQFHQWLYL]LQJ�HDUO\�FRPSOLDQFH�ZLWK�$5%�UHJXODWLRQV��
DQG�SURPRWLQJ�WKH�XVH�RI�DOWHUQDWLYH�IXHOV�DQG�WHFKQRORJLHV��7KH�$LU�'LVWULFW·V�HIIRUWV�WR�UHGXFH�
HPLVVLRQV�IURP�SDVVHQJHU�YHKLFOHV�LQFOXGH�DFFHOHUDWLQJ�WKH�UHSDLU�RU�UHSODFHPHQW�RI�ROG�YHKLFOHV�
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ZLWK�KLJK�HPLVVLRQ�UDWHV��SURPRWLQJ�WKH�XVH�RI�DOWHUQDWLYH�IXHOV�DQG�WHFKQRORJLHV��VXFK�DV�]HUR�
HPLVVLRQV�YHKLFOHV��DQG�UHGXFLQJ�PRWRU�YHKLFOH�XVH�E\�SURPRWLQJ�WUDQVLW�XVH��ULGHVKDULQJ��ELF\FOLQJ��
ZDONLQJ��DQG�WHOHFRPPXWLQJ�

reducing emissions from seaports and goods movement

0RYHPHQW�RI�JRRGV�DQG�IUHLJKW�LV�D�PDMRU�VRXUFH�RI�SDUWLFXODWH�PDWWHU�HPLVVLRQV�DQG�RWKHU�DLU�
SROOXWDQWV�LQ�PDMRU�IUHHZD\�FRUULGRUV��LQ�SRUWV�DQG�UDLO�\DUGV��DQG�LQ�WKH�GLVSURSRUWLRQDWHO\�LPSDFWHG�
FRPPXQLWLHV�LGHQWLÀHG�E\�WKH�$LU�'LVWULFW·V�&RPPXQLW\�$LU�5LVN�(YDOXDWLRQ��&$5(��SURJUDP��7KHUHIRUH��
UHGXFLQJ�HPLVVLRQV�IURP�VHDSRUWV�DQG�WKH�JRRGV�PRYHPHQW�VHFWRU�KDV�EHHQ�D�PDMRU�IRFXV�RI�$LU�
'LVWULFW�HIIRUWV�LQ�UHFHQW�\HDUV��7R�SURYLGH�D�WHFKQLFDO�IRXQGDWLRQ��WKH�$LU�'LVWULFW�KDV�GHYHORSHG�
GHWDLOHG�HPLVVLRQV�LQYHQWRULHV�IRU�HDFK�RI�WKH�ÀYH�%D\�$UHD�VHDSRUWV��2DNODQG��5LFKPRQG��5HGZRRG�
&LW\��%HQLFLD��DQG�6DQ�)UDQFLVFR���0XFK�RI�WKH�HPLVVLRQ�UHGXFWLRQ�HIIRUW�KDV�EHHQ�GLUHFWHG�DW�WKH�3RUW�
RI�2DNODQG��VLQFH�WKLV�SRUW�KDQGOHV�E\�IDU�WKH�JUHDWHVW�YROXPH�RI�JRRGV�DQG�LV�ORFDWHG�LQ�WKH�LPSDFWHG�
ZHVWHUQ�$ODPHGD�&RXQW\�DUHD�LGHQWLÀHG�E\�WKH�&$5(�SURJUDP��

7R�GHYHORS�D�FRPSUHKHQVLYH�DSSURDFK�WR�UHGXFLQJ�HPLVVLRQV�IURP�SRUW�RSHUDWLRQV��WKH�3RUW�RI�
2DNODQG��LQ�SDUWQHUVKLS�ZLWK�WKH�$LU�'LVWULFW�DQG�RWKHU�VWDNHKROGHUV��GHYHORSHG�WKH�0DULWLPH�$LU�
4XDOLW\�,PSURYHPHQW�3ODQ��0$4,3��LQ�������ZLWK�WKH�RYHUDOO�JRDO�RI�SURWHFWLQJ�WKH�ORFDO�UHVLGHQWV�
DQG�ZRUNHUV�E\�UHGXFLQJ�WKHLU�H[SRVXUH�WR�GLHVHO�30��7KH�$LU�'LVWULFW�DQG�WKH�3RUW�RI�2DNODQG�KDYH�
GHYHORSHG�D�MRLQW�ZRUN�SURJUDP�WKDW�LQFOXGHV�RXWUHDFK�WR�WKH�UHJXODWHG�FRPPXQLW\�WR�HQVXUH�
FRPSOLDQFH�ZLWK�VWDWH�DQG�IHGHUDO�UHJXODWLRQV��DQG�FRRSHUDWLQJ�WR�LGHQWLI\�DQG�LPSOHPHQW�SURMHFWV�
WR�UHGXFH�HPLVVLRQV��VXFK�DV�UHSODFHPHQW�DQG�UHWURÀW�RI�GUD\DJH�WUXFNV��VKRUH�SRZHU��GRFNVLGH�
HOHFWULÀFDWLRQ��IRU�VKLSV��YHVVHO�VSHHG�UHGXFWLRQ��DQG�GHYHORSPHQW�RI�D�´PDULQH�KLJKZD\µ�EHWZHHQ�
WKH�SRUWV�RI�2DNODQG��:HVW�6DFUDPHQWR��DQG�6WRFNWRQ�WR�KHOS�UHGXFH�RQ�URDG�WUXFN�WUDIÀF�EHWZHHQ�
these ports. 

6LJQLÀFDQW�HPLVVLRQ�UHGXFWLRQV�DW�WKH�3RUW�RI�2DNODQG�KDYH�DOUHDG\�EHHQ�DFKLHYHG�WKURXJK�D�
FRPELQDWLRQ�RI�JUDQWV�DQG�UHJXODWLRQV��)RU�H[DPSOH��RYHU�WKH�SDVW�VHYHUDO�\HDUV��VKLSV�KDYH�EHHQ�
UHTXLUHG�WR�VZLWFK�WR�ORZ�VXOIXU�IXHO��,Q�DGGLWLRQ��VLJQLÀFDQW�JUDQW�IXQGLQJ�KDV�EHHQ�SURYLGHG�WR�HTXLS�
GUD\DJH�WUXFNV�WKDW�VHUYH�WKH�3RUW�ZLWK�GLHVHO�SDUWLFXODWH�ÀOWHUV�RU�ZLWK�QHZ�FOHDQHU�HQJLQHV��DV�
GLVFXVVHG�IXUWKHU�EHORZ��$GGLWLRQDO�EHQHÀWV�ZLOO�EH�DFKLHYHG�E\������DV�HQJLQHV�LQ�FDUJR�KDQGOLQJ�
HTXLSPHQW�DQG�KDUERU�FUDIW�DUH�HLWKHU�UHSODFHG�RU�UHWURÀWWHG��DQG�VKLSV�EHJLQ�XVLQJ�VKRUH�SRZHU�
while berthed.

,Q�DGGLWLRQ�WR�WKHVH�HIIRUWV�WR�UHGXFH�HPLVVLRQV��WKH�$LU�'LVWULFW�DOVR�FROODERUDWHG�ZLWK�$5%��WKH�3RUW�
RI�2DNODQG��DQG�8QLRQ�3DFLÀF�5DLOURDG�LQ�SHUIRUPLQJ�WKH������:HVW�2DNODQG�+HDOWK�5LVN�$VVHVVPHQW�
�+5$���7KH�+5$�ZDV�SHUIRUPHG�WR�KHOS�XQGHUVWDQG�WKH�SRWHQWLDO�SXEOLF�KHDOWK�LPSDFWV�IURP�GLHVHO�30�
HPLVVLRQV�RQ�WKH�:HVW�2DNODQG�FRPPXQLW\��7KH�VWXG\�DGGUHVVHG�WKH�KHDOWK�LPSDFWV�IURP�PDULWLPH�
DFWLYLWLHV�DW�WKH�3RUW��DV�ZHOO�DV�ORFRPRWLYHV��QRQ�3RUW�PDULQH�YHVVHOV�DQG�WUXFNV�DQG�RWKHU�VLJQLÀFDQW�
VRXUFHV�RI�GLHVHO�30�HPLVVLRQV�LQ�DQG�DURXQG�WKH�:HVW�2DNODQG�FRPPXQLW\�
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mobile source compliance Plan 

$V�QRWHG�DERYH��$5%�KDV�DGRSWHG�D�FRPSUHKHQVLYH�VHW�RI�UHJXODWLRQV�WR�UHGXFH�HPLVVLRQV�RI�
30�IURP�GLHVHO�HQJLQHV��7KHVH�UHJXODWLRQV�SURYLGH�DQ�RSWLRQ�IRU�ORFDO�DLU�GLVWULFWV�WR�SOD\�D�UROH�LQ�
HQIRUFLQJ�WKHVH�UHJXODWLRQV�ZLWKLQ�WKHLU�ERXQGDULHV��5HFRJQL]LQJ�WKDW�HIIHFWLYH�HQIRUFHPHQW�RI�WKH�
GLHVHO�UHJXODWLRQV�LV�HVVHQWLDO�WR�SURWHFW�WKH�KHDOWK�RI�%D\�$UHD�UHVLGHQWV��WKH�$LU�'LVWULFW�H[HFXWHG�
D�0HPRUDQGXP�RI�8QGHUVWDQGLQJ��028��ZLWK�$5%�LQ�IDOO������DQG�HVWDEOLVKHG�D�0RELOH�6RXUFH�
&RPSOLDQFH�3ODQ��06&3��ZKLFK�VHWV�IRUWK�D�FRPSUHKHQVLYH�VWUDWHJ\�WR�HQIRUFH�VSHFLÀHG�$5%�
UHJXODWLRQV��LQFOXGLQJ�UHJXODWLRQV�WKDW�DSSO\�WR�GUD\DJH�WUXFNV��FRPPHUFLDO�YHKLFOH�LGOLQJ��WUDQVSRUW�
UHIULJHUDWLRQ�XQLWV��DQG�RII�URDG�YHKLFOHV��

7KH�JRDO�RI�WKH�06&3�LV�WR�UHGXFH�GLHVHO�30�KHDOWK�ULVN�LQ�&$5(�LPSDFWHG�FRPPXQLWLHV�WKURXJK�D�
UREXVW�HQIRUFHPHQW�DQG�FRPSOLDQFH�DVVLVWDQFH�SURJUDP��7KH�LQLWLDO�IRFXV�RI�WKH�06&3�ZDV�WR�SURYLGH�
D�VWURQJ�SUHVHQFH�DW�WKH�3RUW�RI�2DNODQG�WR�HQIRUFH�$5%·V������'UD\DJH�7UXFN�5XOH��$V�RI�WKH�ÀUVW�
TXDUWHU�RI�������06&3�UHVRXUFHV�KDYH�EHHQ�IRFXVHG�RQ�SUHYHQWLQJ�LOOHJDO�´GUD\RIIVµ�ZKHUHE\�GUD\DJH�
WUXFNV�VZLWFK�ORDGV�IURP�FRPSOLDQW�WR�GLUW\�WUXFNV��%\�KHOSLQJ�WR�HQVXUH�FRPSOLDQFH�ZLWK�$5%·V�WUXFN�
UXOH��WKH�$LU�'LVWULFW·V�HQIRUFHPHQW�HIIRUWV�KDYH�FRQWULEXWHG�WR�D�PDMRU�UHGXFWLRQ�LQ�HPLVVLRQV�IURP�
GUD\DJH�WUXFNV�LQ�WKH�:HVW�2DNODQG�DUHD��DV�GLVFXVVHG�EHORZ��

7DEOH�����VXPPDUL]HV�06&3�HQIRUFHPHQW�HIIRUWV�IRU�FDOHQGDU�\HDUV������DQG�������

table 4-4 mobile source enforcement summary for Port of oakland:  
1/1/2010-12/31/2011

Inspection Type # Inspections # Violations Compliance 
Rate

+HDY\�'XW\�'UD\DJH�7UXFNV� ����� 29 ���

3RUW�7UXFN�7HUPLQDO�,GOLQJ� �� 0 ����

&RPPHUFLDO�9HKLFOH�6OHHSHU�%HUWK�,GOLQJ 267 12 ���

5DLOURDGV��6WDWHZLGH�028�	�%$$40'�3URWRFRO � 0 ����

2II�5RDG��&RQVWUXFWLRQ��'LHVHO�(TXLSPHQW 7 0 ����

3RUWDEOH�(TXLSPHQW�5HJLVWUDWLRQ�3URJUDP� 600 0 ����

7UDQVSRUW�5HIULJHUDWLRQ�8QLWV ��� � ���

&RPPHUFLDO�+DUERU�&UDIW � 0 ����

2FHDQJRLQJ�9HVVHOV��)XHO�6XOIXU�/LPLWV �� 0 ����

2FHDQJRLQJ�6KLSV��2QERDUG�,QFLQHUDWLRQ�/LPLWV �� 0 ����
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grant and incentive Programs

7R�FRPSOHPHQW�$5%·V�UHJXODWLRQV�WR�OLPLW�HPLVVLRQV�IURP�PRELOH�VRXUFHV��WKH�$LU�'LVWULFW�SURYLGHV�JUDQWV�
DQG�LQFHQWLYHV�IRU�SURMHFWV�WR�UHGXFH�HPLVVLRQV�IURP�ERWK�RQ�URDG�DQG�RII�URDG�YHKLFOHV��7KH�SXUSRVH�
RI�WKHVH�JUDQW�SURJUDPV�LV�WR�DFKLHYH�´VXUSOXVµ�HPLVVLRQV�UHGXFWLRQV��L�H���RYHU�DQG�DERYH�UHJXODWRU\�
UHTXLUHPHQWV��LQ�RUGHU�WR�FRPSOHPHQW�$5%�UHJXODWLRQV��7KH�$LU�'LVWULFW�DZDUGHG�D�WRWDO�RI������PLOOLRQ�LQ�
H[WHUQDO�JUDQWV�GXULQJ�D�ÀYH�\HDU�SHULRG�FRYHULQJ�)<�������WKURXJK�)<��������,Q�DJJUHJDWH��WKHVH�SURMHFWV�
DUH�HVWLPDWHG�WR�UHGXFH�HPLVVLRQ�RI�RYHU�������WRQV�RI�30���������WRQV�RI�12[��������WRQV�RI�52*��DQG�
����������WRQV�RI�&2��RYHU�WKHLU�OLIHWLPH��7DEOH�����VXPPDUL]HV�NH\�JUDQW�SURJUDPV��SURMHFWV�IXQGHG�IURP�
�����WKURXJK�������DQG�WKH�HPLVVLRQ�EHQHÀWV�RI�WKHVH�SURMHFWV�RYHU�WKHLU�OLIHWLPH��

table 4-5 air district grant Programs: Projects Funded from 2007 through 2011

Eligible Equipment/Projects # Projects $$ Awarded PM  
(Tons Reduced)

NOx  
(Tons Reduced)

Grant Program: Transportation Fund for Clean Air (TFCA)

Shuttles
5LGH�6KDULQJ

%LF\FOH�)DFLOLWLHV�
Smart Growth

$UWHULDO�0DQDJHPHQW�
&OHDQ�9HKLFOHV�

$OWHUQDWLYH�)XHO�,Qfrastructure

��� ������������ ��� ���

Grant Programs: Carl Moyer Program (CMP), Mobile Source Incentive Fund (MSIF)

2Q�URDG�+HDY\�'XW\�9HKLFOHV
2II�5RDG

0DULQH�(QJLQHV
6KRUH�SRZHU�IRU�3RUWV��6KLSV�

/RFRPRWLYHV
$JULFXOWXUDO�(TXLpment

�����

 
 

����������� ��� ������

Grant Program: (Vehicle buyback)

/LJKW�GXW\�VFUDSSDJH ������ ����������� � ���

Grant Program: Goods Movement Emission Reduction Program

'UD\DJe Trucks
2WKHU�7UXFNV

6KRUH�SRZHU�IRU�3RUWV��6KLSV�
&DUJR�+DQGOLQJ�(TXLSPHQW

/RFRPRWLYHV
0DULQH�(QJLQHV

1,901 ����������� 292 6,606

$V�GLVFXVVHG�ODWHU�LQ�WKLV�FKDSWHU��WKH�$LU�'LVWULFW�KDV�GHYHORSHG�LWV�&RPPXQLW\�$LU�5LVN�(YDOXDWLRQ��&$5(��
SURJUDP�WR�LGHQWLI\�FRPPXQLWLHV�GLVSURSRUWLRQDWHO\�LPSDFWHG�E\�DLU�SROOXWDQWV�DQG�UHGXFH�HPLVVLRQV�DQG�
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KHDOWK�ULVNV�LQ�WKHVH�DUHDV��2QH�RI�WKH�PRVW�GLUHFW�ZD\V�WR�LPSURYH�DLU�TXDOLW\�LQ�&$5(�FRPPXQLWLHV�LV�WR�
UHSODFH�RU�UHWURÀW�GLUW\�HQJLQHV�DQG�YHKLFOHV�WKDW�RSHUDWH�LQ�WKHVH�FRPPXQLWLHV��7KH�$LU�'LVWULFW�KDV�PDGH�
D�FRPPLWPHQW�WR�WDUJHW�LWV�JUDQW�IXQGV�WR�SURMHFWV�LQ�LPSDFWHG�FRPPXQLWLHV��)LJXUH�����VXPPDUL]HV�WKH�
$LU�'LVWULFWV�JUDQW�IXQGHG�SURMHFW�DOORFDWLRQV�RYHU�WKH�ODVW�ÀYH�\HDUV�E\�SURMHFW�W\SH��)LJXUH�����VXPPDUL]HV�
WKH�IXQGLQJ�DZDUGHG�IRU�SURMHFWV�LQ�&$5(�FRPPXQLWLHV�LQ������ZKHQ�DSSUR[LPDWHO\�����PLOOLRQ�LQ�$LU�
'LVWULFW�JUDQW�IXQGV�ZHUH�GLUHFWHG�WR�WKHVH�FRPPXQLWLHV��

Figure 4-1  air district grants awarded by Project type from 2007 
cVa^dUV�	����͈F̂ cMZ�eMZdR�ε�Ά
���\WZZW^]͉

Figure 4-2 grant Funds awarded to Projects in impacted 
4^\\d]WcWRb�W]�	����͈F̂ cMZ�eMZdR�ε�Ά
��\WZZW^]͉
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.H\�SURMHFWV�IXQGHG�E\�WKH�$LU�'LVWULFW�WR�UHGXFH�HPLVVLRQV�IURP�PRELOH�VRXUFHV�LQ�UHFHQW�\HDUV�DUH�
EULHÁ\�GHVFULEHG�EHORZ�

drayage trucks

7KH�WHUP�´GUD\DJH�WUXFNVµ�UHIHUV�WR�KHDY\�GXW\�WUXFNV�WKDW�KDQGOH�IUHLJKW�DW�VHDSRUWV�DQG�LQWHUPRGDO�
UDLO�\DUGV��7KH�3RUW�RI�2DNODQG�LV�VHUYHG�E\�������������GUD\DJH�WUXFNV��PDQ\�RI�ZKLFK�ZHUH�
HTXLSSHG�ZLWK�ROG�XQFRQWUROOHG�HQJLQHV��&ROOHFWLYHO\��WKHVH�WUXFNV�ZHUH�D�PDMRU�VRXUFH�RI�HPLVVLRQV�
RI�GLHVHO�30�DQG�RWKHU�SROOXWDQWV�WKDW�HQGDQJHUHG�WKH�KHDOWK�RI�SHRSOH�ZKR�OLYH�RU�ZRUN�LQ�:HVW�
2DNODQG�DQG�VXUURXQGLQJ�DUHDV�
included in the western Alameda 
&RXQW\�&$5(�FRPPXQLW\��7KH�$LU�
'LVWULFW�DQG�SDUWQHU�DJHQFLHV�WKHUHIRUH�
SULRULWL]HG�WKH�QHHG�WR�UHGXFH�GLHVHO�
30�HPLVVLRQV�IURP�WKH�GUD\DJH�WUXFN�
ÁHHW�WKDW�VHUYHV�WKH�3RUW�RI�2DNODQG��
,Q�������WKH�$LU�'LVWULFW�DFFHSWHG�
DSSOLFDWLRQV�IRU�GUD\DJH�WUXFN�UHWURÀW�
DQG�UHSODFHPHQW�SURMHFWV�DV�SDUW�RI�LWV�
SRUW�WUXFN�XSJUDGH�SURJUDP��7KURXJK�
WKLV�SURJUDP�WKH�$LU�'LVWULFW�UHFHLYHG�
DQG�DZDUGHG�D�WRWDO�RI�������PLOOLRQ�
LQ�IXQGLQJ�IURP�$LU�'LVWULFW��6WDWH��
and federal sources. These funds 
ZHUH�XVHG�WR�XSJUDGH�������WUXFNV�RSHUDWLQJ�DW�WKH�3RUW�RI�2DNODQG��LQFOXGLQJ�������WUXFN�UHWURÀWV�
DQG�����WUXFN�UHSODFHPHQWV��7KLV�SURJUDP�UHGXFHV�RYHU����WRQV�RI�GLHVHO�30�SHU�\HDU�DW�WKH�3RUW�RI�
2DNODQG���7KLV�SURJUDP�UHGXFHV�DSSUR[LPDWHO\�����WRQV�RI�GLHVHO�SDUWLFXODWH�HPLVVLRQV�GDLO\�DW�WKH�
3RUW�RI�2DNODQG�DQG�RYHU����WRQV�RI�GLHVHO�30�RQ�DQ�DQQXDO�EDVLV���

,Q�0DUFK������WKH�$LU�'LVWULFW�%RDUG�RI�'LUHFWRUV�DSSURYHG�D�QHZ�LQLWLDWLYH�WKDW�ZLOO�SURYLGH�DGGLWLRQDO�
JUDQW�IXQGV�WR�UHSODFH�GUD\DJH�WUXFNV�ZLWK�QHZHU�WUXFNV�WKDW�PHHW�WKH�VWULQJHQW������HQJLQH�
HPLVVLRQ�VWDQGDUGV��*UDQWV�RI�XS�WR���������ZLOO�EH�DYDLODEOH�WR�HOLJLEOH�%D\�$UHD�WUXFN�RZQHUV�
WRZDUG�WKH�SXUFKDVH�RI�D�WUXFN�ZLWK�D�FOHDQHU������PRGHO�\HDU�HQJLQH�RU�QHZHU��7KH�$LU�'LVWULFW�
%RDUG�RI�'LUHFWRUV�FRPPLWWHG�DQ�LQWLDO������PLOOLRQ�LQ�IXQGLQJ�IRU�WKLV�LQLWLDWLYH��DQG�$ODPHGD�&RXQW\�
KDV�FRPPLWWHG�DQ�DGGLWLRQDO������PLOOLRQ���,Q�DGGLWLRQ������PLOOLRQ�LQ�6WDWH�JUDQW�IXQGLQJ�KDV�EHHQ�
DZDUGHG�IRU�GUD\DJH�WUXFN�UHSODFHPHQW�LQ�WKH�%D\�$UHD���7KLV�QHZ�GUD\DJH�WUXFN�LQLWLDWLYH�LV�H[SHFWHG�
WR�UHGXFH�����WRQV�RI�30�DQG�������WRQV�RI�12[�RYHU�WKH�OLIH�RI�WKH�SURMHFW��7KLV�HIIRUW�ZLOO�SURWHFW�
SXEOLF�KHDOWK�LQ�FRPPXQLWLHV�DGMDFHQW�WR�WKH�3RUW��KHOS�ORFDO�SRUW�WUXFN�GULYHUV�FRPSO\�ZLWK�WKH�$5%�
GUD\DJH�WUXFN�UHJXODWLRQ�DKHDG�RI�VFKHGXOH��DQG�KHOS�PDLQWDLQ�WKH�HFRQRPLF�YLWDOLW\�RI�WKH�3RUW�

7KHUH�LV�HYLGHQFH�WKDW�WKH�HIIRUWV�WR�UHGXFH�HPLVVLRQV�IURP�JRRGV�PRYHPHQW�KDYH�DOUHDG\�LPSURYHG�
DLU�TXDOLW\�LQ�WKH�:HVW�2DNODQG�DUHD��$�UHFHQW�VWXG\�SHUIRUPHG�E\�8&�%HUNHOH\��'DOOPDQQ�HW�DO��������
IRXQG�VXEVWDQWLDO�UHGXFWLRQV�LQ�H[KDXVW�HPLVVLRQV�RI�EODFN�FDUERQ��WKH�SULPDU\�FRQVWLWXHQW�RI�GLHVHO�
30��DQG�12[�IURP�WUXFNV�RSHUDWLQJ�LQ�WKH�YLFLQLW\�RI�WKH�3RUW�RI�2DNODQG�DV�D�UHVXOW�RI�GUD\DJH�WUXFN�
UHWURÀW�DQG�UHSODFHPHQW�SURMHFWV�LPSOHPHQWHG�WR�GDWH��7KH�DYHUDJH�EODFN�FDUERQ�HPLVVLRQ�IDFWRU�IRU�
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WKLV�GUD\DJH�WUXFN�ÁHHW�GHFUHDVHG�E\�DSSUR[LPDWHO\������ZKLOH�WKH�DYHUDJH�12[�HPLVVLRQ�IDFWRU�
ZDV�UHGXFHG�E\�URXJKO\������(PLVVLRQ�UHGXFWLRQV�IRU�EODFN�FDUERQ�ZHUH�GULYHQ�E\�WKH�UHWURÀW�RI�
WUXFNV�ZLWK�GLHVHO�SDUWLFXODWH�ÀOWHU�V\VWHPV�DQG�WKH�UHSODFHPHQW�RI�ROGHU�PRGHO�\HDU�WUXFNV�ZLWK�
QHZHU�YHKLFOHV��UHGXFWLRQV�LQ�12[�HPLVVLRQV�ZHUH�PDLQO\�WKH�UHVXOW�RI�WUXFN�UHSODFHPHQW��

on-road trucks

6LQFH������WKH�$LU�'LVWULFW�KDV�LVVXHG�WZR�PDMRU�VROLFLWDWLRQV�IRU�JUDQW�DSSOLFDWLRQV�IRU�RQ�URDG�
WUXFNV�XVHG�WR�WUDQVSRUW�JRRGV�DQG�IUHLJKW��7KH�ÀUVW�VROLFLWDWLRQ�UHVXOWHG�LQ�WKH�H[SHQGLWXUH�RI�
QHDUO\�����PLOOLRQ�RQ�����WUXFN�SURMHFWV��SULPDULO\�IRU�WUXFN�UHSODFHPHQWV��DQG�UHGXFHG�PRUH�
WKDQ�����WRQV�RI�30�DQG�PRUH�WKDQ�������WRQV�RI�30��7KH�$LU�'LVWULFW�UHFHLYHG�DSSOLFDWLRQV�IRU�
RYHU�����HOLJLEOH�RQ�URDG�HPLVVLRQ�UHGXFWLRQ�SURMHFWV�IRU�WKH�VHFRQG�VROLFLWDWLRQ��DQG�LV�FXUUHQWO\�
LQ�WKH�SURFHVV�RI�FRQWUDFWLQJ�ZLWK�WUXFN�RZQHUV��$V�SDUW�RI�WKH�VHFRQG�VROLFLWDWLRQ��WKH�$LU�'LVWULFW�
ZLOO�DOORFDWH�DSSUR[LPDWHO\�����PLOOLRQ�WR�WUXFN�RZQHUV�WR�DVVLVW�LQ�UHSODFLQJ�H[LVWLQJ�WUXFNV��7KH�
WUXFNV�IXQGHG�IURP�WKH�VHFRQG�VROLFLWDWLRQ�VKRXOG�EH�RQ�WKH�URDG�E\�PLG�������SURYLGLQJ�HVWLPDWHG�
HPLVVLRQ�UHGXFWLRQV�RI�PRUH�WKDQ����WRQV�RI�30�DQG�������WRQV�RI�12[�

shore Power

6LQFH������WKH�$LU�'LVWULFW�KDV�LQYHVWHG�RYHU�����PLOOLRQ�LQ�VKRUH�SRZHU�SURMHFWV�LQ�WKH�%D\�$UHD��
%\�HOLPLQDWLQJ�WKH�QHHG�IRU�VKLSV�WR�UXQ�WKHLU�HQJLQHV�ZKLOH�GRFNHG��WKHVH�SURMHFWV�ZLOO�SURYLGH�
VLJQLÀFDQW�UHGXFWLRQV�LQ�WKH�FRPPXQLWLHV�DGMDFHQW�WR�WKH�SRUWV�RI�2DNODQG�DQG�6DQ�)UDQFLVFR��7KH�
VKRUH�SRZHU�LQVWDOODWLRQV�DW�WKH�3RUW�RI�6DQ�)UDQFLVFR��3LHU�����DQG�DW�WKH�WKUHH�EHUWKV�DW�WKH�$3/�
WHUPLQDO�DW�WKH�3RUW�RI�2DNODQG�KDYH�EHHQ�FRPSOHWHG��7KH�LQVWDOODWLRQ�RI�VKRUH�SRZHU�DW�WZHOYH�
PRUH�EHUWKV�DW�WKH�3RUW�RI�2DNODQG�DUH�H[SHFWHG�WR�EH�FRPSOHWHG�E\�WKH�HQG�RI�������&RPELQHG��
WKHVH�VKRUH�SRZHU�SURMHFWV�ZLOO�UHGXFH�RYHU����WRQV�RI�30�DQG�������WRQV�RI�12[�RYHU�WKHLU�OLIHWLPH�

cleaner school buses

$V�QRWHG�LQ�6HFWLRQ���%��FKLOGUHQ�ZKR�JR�WR�VFKRRO�LQ�GLHVHO�VFKRRO�EXVHV�PD\�EH�H[SRVHG�WR�
emissions from the bus they ride in, especially if the buses are old models that lack emission 
FRQWUROV��7KH�/RZHU�(PLVVLRQ�6FKRRO�%XV�3URJUDP�LV�RQH�RI�WKH�PRVW�HIIHFWLYH�ZD\V�WR�UHGXFH�

H[SRVXUH�RI�FKLOGUHQ�WR�GLHVHO�
30��8VLQJ�D�FRPELQDWLRQ�
RI�IXQGV�IURP�LWV�RZQ�JUDQW�
SURJUDPV��DV�ZHOO�DV�IXQGLQJ�
SURYLGHG�E\�WKH�&DOLIRUQLD�
$LU�5HVRXUFHV�%RDUG��WKH�$LU�
'LVWULFW�KDV�DOORFDWHG�RYHU�
����PLOOLRQ�VLQFH�WKH�\HDU�
�����IRU�SURMHFWV�WR�UHGXFH�
HPLVVLRQV�IURP�RYHU�������
VFKRRO�EXVHV�WKURXJKRXW�WKH�
%D\�$UHD��7KLV�LQFOXGHV�������
million to replace old buses 
ZLWK�QHZ�RQHV������PLOOLRQ�WR�
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UHWURÀW�����EXVHV�ZLWK�GLHVHO�SDUWLFXODWH�FRQWURO�GHYLFHV��DQG����������WR�UHSODFH�WKH�HQJLQHV�LQ�
���EXVHV��

reducing emissions from light-duty vehicles

5HGXFLQJ�SRSXODWLRQ�H[SRVXUH�WR�30�HPLVVLRQV�IURP�PRWRU�YHKLFOHV�UHTXLUHV�UHGXFLQJ�HPLVVLRQV�
IURP�OLJKW�GXW\�SDVVHQJHU�YHKLFOHV�DV�ZHOO�DV�KHDY\�GXW\�GLHVHO�HQJLQHV��$OWKRXJK�30�HPLVVLRQV�IURP�
OLJKW��DQG�PHGLXP�GXW\�JDVROLQH�YHKLFOHV�DUH�YHU\�ORZ�RQ�D�SHU�PLOH�EDVLV��30�HPLVVLRQV�IURP�WKHVH�
YHKLFOHV�DUH�VLJQLÀFDQW�RQ�DQ�DJJUHJDWH�EDVLV�EHFDXVH�OLJKW�GXW\�YHKLFOHV�DFFRXQW�IRU�URXJKO\�����RI�
WRWDO�PRWRU�YHKLFOH�WUDYHO�LQ�WKH�%D\�$UHD��7KH�$LU�'LVWULFW�LV�ZRUNLQJ�WR�UHGXFH�HPLVVLRQV�IURP�OLJKW�
GXW\�YHKLFOHV��6HYHUDO�RI�WKHVH�HIIRUWV�DUH�GHVFULEHG�EHORZ�

smoking vehicle Program

+LJK�HPLWWLQJ�YHKLFOHV��RIWHQ�FDOOHG�´VPRNLQJ�YHKLFOHVµ��PDNH�XS�D�VPDOO�SHUFHQWDJH�RI�WKH�YHKLFOH�
ÁHHW��KRZHYHU��WKH\�DFFRXQW�IRU�D�PXFK�ELJJHU�VKDUH�RI�WRWDO�HPLVVLRQV�RI�30�DQG�RWKHU�SROOXWDQWV���
)RUWXQDWHO\��WKH�QXPEHU�RI�VPRNLQJ�YHKLFOHV�KDV�GHFOLQHG�LQ�UHFHQW�\HDUV��GXH�WR�WXUQRYHU�LQ�WKH�
YHKLFOH�ÁHHW�DV�ROGHU��GLUWLHU�YHKLFOHV�DUH�UHSODFHG�E\�QHZHU��FOHDQHU�YHKLFOHV�WKDW�DFKLHYH�VWULQJHQW�
6WDWH�HPLVVLRQ�VWDQGDUGV���5HWLUHPHQW�RI�ROGHU��KLJK�HPLWWLQJ�YHKLFOHV�KDV�EHHQ�DFFHOHUDWHG�E\�
SURJUDPV�WR�SXUFKDVH�DQG�VFUDS�ROG�YHKLFOHV���7KH�$LU�'LVWULFW�DGPLQLVWHUHG�D�VXFFHVVIXO�YHKLFOH�
VFUDSSDJH�SURJUDP�IURP������WKURXJK�������ZKLFK�UHWLUHG�RYHU��������ROG�YHKLFOHV�IURP�%D\�$UHD�
URDGV�GXULQJ�WKLV�SHULRG���&XPXODWLYHO\��WKH�SURJUDP�
UHGXFHG�RYHU�������WRQV�RI�52*��RYHU�������WRQV�
RI�12[��DQG�RYHU����WRQV�RI�30���7KH�$LU�'LVWULFW�
SKDVHG�RXW�LWV�SURJUDP��EXW�%D\�$UHD�UHVLGHQWV�FDQ�
still participate in the statewide Consumer Assistance 
3URJUDP�WR�VFUDS�ROG�YHKLFOHV�ZKLFK�LV�DGPLQLVWHUHG�E\�
WKH�&DOLIRUQLD�%XUHDX�RI�$XWR�5HSDLU�

$OWKRXJK�WKHLU�QXPEHUV�KDYH�EHHQ�UHGXFHG��VPRNLQJ�
YHKLFOHV�DUH�VWLOO�D�SUREOHP��H[SRVLQJ�ERWK�WKH�GULYHU�
and members of the public to harmful pollutants.  To 
KHOS�LGHQWLI\�WKHVH�YHKLFOHV��WKH�$LU�'LVWULFW�HVWDEOLVKHG�
D�VPRNLQJ�YHKLFOH�DVVLVWDQFH�SURJUDP�LQ�WKH�HDUO\�
����·V���6PRNLQJ�YHKLFOHV�FDQ�EH�UHSRUWHG�YLD�WKH�
������(;+$867�OLQH��RU�RQOLQH�DW�ZZZ����H[KDXVW�RUJ��
RU�YLD�DQ�DSS�IRU�L3KRQHV�DQG�$QGURLG�GHYLFHV���:KHQ�
VPRNLQJ�YHKLFOH�UHSRUWV�DUH�UHFHLYHG��WKH�$LU�'LVWULFW�
VHQGV�DQ�LQIRUPDWLRQDO�OHWWHU�WR�WKH�RZQHU�GHVFULELQJ�
WKH�KDUPIXO�HIIHFWV�RI�VPRNLQJ�YHKLFOHV�DQG�RSWLRQV�IRU�YHKLFOH�UHSDLU�RU�UHWLUHPHQW��DQG�UHTXHVWLQJ�
WKDW�WKH�RZQHU�WDNH�DSSURSULDWH�DFWLRQ�WR�UHFWLI\�WKH�SUREOHP���,Q�WKH�WZR�\HDU�SHULRG������������
PRUH�WKDQ��������VPRNLQJ�YHKLFOH�UHSRUWV�ZHUH�VXEPLWWHG�WR�WKH�$LU�'LVWULFW�
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electric vehicles

7KH�ORQJ�WHUP�VROXWLRQ�WR�LPSURYLQJ�DLU�TXDOLW\�DQG�UHGXFLQJ�HPLVVLRQV�RI�JUHHQKRXVH�JDVHV�LV�
WR�WUDQVLWLRQ�WR�]HUR�HPLVVLRQ�YHKLFOHV��=(9���VXFK�DV�EDWWHU\�HOHFWULF�YHKLFOHV��7KHUHIRUH��WKH�
$LU�'LVWULFW�LV�SOD\LQJ�D�NH\�UROH�LQ�IXQGLQJ�SURMHFWV�WR�DFFHOHUDWH�WKH�DGRSWLRQ�RI�EDWWHU\�HOHFWULF�
YHKLFOHV��(9V��LQ�WKH�%D\�$UHD��ZLWK�WKH�JRDO�RI�DQ�DGRSWLRQ�RI��������=(9V�DQG���������SOXJ�LQ�
K\EULG�HOHFWULF�YHKLFOHV�LQ�WKH�%D\�$UHD�E\�������0XFK�RI�WKLV�HIIRUW�LV�GLUHFWHG�DW�LQVWDOOLQJ�D�UREXVW�
(9�FKDUJLQJ�QHWZRUN�WKURXJKRXW�WKH�%D\�$UHD��,Q�)<����������WKH�$LU�'LVWULFW�DOORFDWHG������PLOOLRQ�
IRU�SURMHFWV�WR�LQVWDOO�SXEOLFO\�DYDLODEOH�/HYHO���FKDUJHUV�LQ�XS�WR�����ORFDWLRQV�DURXQG�WKH�UHJLRQ��
VL[�GLUHFW�FXUUHQW��'&��IDVW�FKDUJHUV�WR�VHUYH�WD[L�ÁHHWV��DQG�D�%DWWHU\�VZLWFK�VWDWLRQ�WR�WHVW�WKH�
YLDELOLW\�RI�WKLV�DGYDQFHG�WHFKQRORJ\�DV�D�SLORW�SURMHFW�ZLWK�WD[L�ÁHHWV��,Q�)<����������WKH�$LU�'LVWULFW�
DOORFDWHG�DQ�DGGLWLRQDO����PLOOLRQ�WR�H[SDQG�WKLV�HIIRUW��ZLWK�D�JRDO�WR�LQVWDOO�XS�WR�������/HYHO�
��FKDUJHUV�LQ�WKH�%D\�$UHD��DQG�XS�WR����'&�IDVW�FKDUJHUV�E\�WKH�HQG�RI�������/RRNLQJ�IRUZDUG��
WKH�$LU�'LVWULFW�LV�FRQVLGHULQJ�RWKHU�DFWLRQV�WR�H[SDQG�WKH�XVH�RI�HOHFWULF�YHKLFOHV��VXFK�DV�RIIHULQJ�
JUDQWV�WR�HQFRXUDJH�FLWLHV�DQG�FRXQWLHV�WR�H[SDQG�WKH�XVH�RI�(9V�LQ�WKHLU�ÁHHWV��DV�ZHOO�DV�IXQGV�
WR�LQFHQWLYL]H�WKH�HDUO\�DGRSWLRQ�RI�HOHFWULF�YHKLFOHV�LQ�PHGLXP��DQG�KHDY\�GXW\�YHKLFOHV�XVHG�LQ�
GHOLYHU\�ÁHHWV�DQG�VLPLODU�DSSOLFDWLRQV��WKXV�UHGXFLQJ�HPLVVLRQV�RI�30�DQG�RWKHU�SROOXWDQWV�IURP�
GLHVHO�HQJLQHV�

bicycle-sharing

,Q�UHFHQW�\HDUV��PDMRU�FLWLHV�LQ�(XURSH��$VLD��DQG�1RUWK�$PHULFD�KDYH�LPSOHPHQWHG�SXEOLFO\�DYDLODEOH�
ELF\FOH�VKDULQJ�SURJUDPV�WR�UHGXFH�WUDIÀF�DQG�DLU�SROOXWLRQ�LQ�WKH�XUEDQ�FRUH��7KH�$LU�'LVWULFW�LV�
OHDGLQJ�D�SDUWQHUVKLS�WR�LPSOHPHQW�D�UHJLRQDO�ELF\FOH�VKDULQJ�SLORW�SURMHFW�LQ�ÀYH�%D\�$UHD�FLWLHV��
LQ�FROODERUDWLRQ�ZLWK�WUDQVSRUWDWLRQ�DJHQFLHV�LQ�WKH�FRXQWLHV�RI�6DQWD�&ODUD��6DQ�0DWHR��DQG�
6DQ�)UDQFLVFR��7KLV�SURMHFW�ZLOO�GHSOR\�������ELF\FOHV�LQ�WKH�FLWLHV�RI�6DQ�-RVH��3DOR�$OWR��0RXQWDLQ�
9LHZ��5HGZRRG�&LW\�DQG�6DQ�)UDQFLVFR�IRU�D�SHULRG�RI�DW�OHDVW����PRQWKV��7KH�JRDO�RI�WKH�SLORW�LV�WR�
WHVW�DQG�GHYHORS�D�VHOI�IXQGHG�UHJLRQDO�%LNH�6KDUH�6\VWHP�WR�FRPSOHPHQW�H[LVWLQJ�WUDQVSRUWDWLRQ�
RSWLRQV�E\�SURYLGLQJ�D�FRQYHQLHQW�RSWLRQ�IRU�UHVLGHQWV��FRPPXWHUV��DQG�YLVLWRUV�PDNLQJ�VKRUW�WULSV�
to and from transit facilities, places of employment and residence, and social and recreational 
GHVWLQDWLRQV��7KH�FXUUHQW�VFKHGXOH�LV�WR�ODXQFK�WKH�SURMHFW�E\�WKH�HQG�RI�������,I�VXFFHVVIXO��WKH�
SURMHFW�PD\�EH�H[SDQGHG�WR�DGGLWLRQDO�FRPPXQLWLHV�ZLWKLQ�WKH�%D\�$UHD�

reducing Pm from wood smoke

:RRG�VPRNH�IURP�UHVLGHQWLDO�ZRRG�EXUQLQJ�LV�D�PDMRU�FRPSRQHQW�RI�30�LQ�WKH�%D\�$UHD��HVSHFLDOO\�
RQ�ZLQWHU�GD\V�ZKHQ�KLJK�30�FRQFHQWUDWLRQV�WKDW�H[FHHG�WKH����KRXU�30����VWDQGDUG�DUH�PRVW�OLNHO\�
WR�RFFXU��$W�WKH�ORFDO�VFDOH��LQ�QHLJKERUKRRGV�ZKHUH�ZRRG�EXUQLQJ�LV�SUHYDOHQW�GXULQJ�ZLQWHU�PRQWKV��
ZRRG�VPRNH�FDQ�H[SRVH�SHRSOH�WR�KLJK�30�OHYHOV��HVSHFLDOO\�LI�WRSRJUDSKLFDO�IHDWXUHV��H�J���D�YDOOH\�
RU�FDQ\RQ��DQG�RU�ZHDWKHU�FRQGLWLRQV��DQ�LQYHUVLRQ��SUHYHQW�GLVSHUVLRQ�RI�WKH�VPRNH��7KHUHIRUH��
UHGXFLQJ�HPLVVLRQV�IURP�ZRRG�EXUQLQJ�LV�D�NH\�FRPSRQHQW�RI�WKH�$LU�'LVWULFW·V�HIIRUWV�WR�UHGXFH�30�
OHYHOV�DQG�SURWHFW�SXEOLF�KHDOWK�LQ�WKH�%D\�$UHD�

7KH�$LU�'LVWULFW·V�HIIRUWV�WR�UHGXFH�UHVLGHQWLDO�ZRRG�EXUQLQJ�KDYH�HYROYHG�RYHU�WKH�SDVW�WZR�GHFDGHV��
3XEOLF�HGXFDWLRQ�DQG�YROXQWDU\�FRPSOLDQFH�ZHUH�WKH�IRFXV�RI�WKLV�HIIRUW�LQ�WKH�����·V��7KH�$LU�'LVWULFW�
EHJDQ�LPSOHPHQWLQJ�D�YROXQWDU\�:LQWHU�6SDUH�WKH�$LU�SURJUDP�LQ�������UHTXHVWLQJ�WKDW�%D\�$UHD�
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UHVLGHQWV�YROXQWDULO\�FXUWDLO�ZRRG�EXUQLQJ�RQ�GD\V�ZKHQ�DQ�
H[FHHGDQFH�RI�30�VWDQGDUGV�ZDV�IRUHFDVW��

,Q�WKH�PLG�����·V��WKH�$LU�'LVWULFW�GHYHORSHG�D�PRGHO�ZRRG�
VPRNH�RUGLQDQFH�DV�D�JXLGDQFH�GRFXPHQW�IRU�FLWLHV�DQG�
FRXQWLHV�WKDW�ZLVKHG�WR�UHJXODWH�VRXUFHV�RI�SDUWLFXODWH�PDWWHU�
LQ�WKHLU�FRPPXQLWLHV��$ORQJ�ZLWK�UHTXHVWLQJ�WKDW�UHVLGHQWV�
FXUWDLO�WKH�XVH�RI�ÀUHSODFHV�DQG�ZRRGVWRYHV�LQ�UHVSRQVH�WR�
:LQWHU�6SDUH�WKH�$LU�DOHUWV��WKLV�PRGHO�RUGLQDQFH�SURPRWHG�WKH�
XVH�RI�FOHDQHU�WHFKQRORJLHV�WR�UHGXFH�ZRRG�VPRNH�SROOXWLRQ��
$LU�'LVWULFW�VWDII�ZRUNHG�ZLWK�KHDOWK�DJHQFLHV�DQG�LQWHUHVWHG�
UHVLGHQWV�WKURXJKRXW�WKH�%D\�$UHD�WR�SURPRWH�DGRSWLRQ�RI�
WKH�RUGLQDQFH��7R�GDWH�����%D\�$UHD�FLWLHV�DQG�FRXQWLHV�KDYH�
adopted wood smoke ordinances.

,Q�������86�(3$�VLJQLÀFDQWO\�VWUHQJWKHQHG�WKH�QDWLRQDO�
���KRXU�30����VWDQGDUG��ORZHULQJ�WKH�WKUHVKROG�IURP�
���WR����PJ�P���7KH�$LU�'LVWULFW�UHFRJQL]HG�WKDW�IXUWKHU�
UHGXFWLRQV�LQ�30�HPLVVLRQV�IURP�ZRRG�VPRNH�ZRXOG�EH�
QHHGHG�WR�DFKLHYH�WKH�QHZ�30����VWDQGDUG��HVSHFLDOO\�RQ�
GD\V�ZKHQ�PHWHRURORJLFDO�FRQGLWLRQV�DUH�FRQGXFLYH�WR�KLJK�
30�FRQFHQWUDWLRQV��7KHUHIRUH��LQ������WKH�$LU�'LVWULFW�DGRSWHG�D�VWULQJHQW�ZRRG�EXUQLQJ�UXOH�
�5HJXODWLRQ�������DQG�DPHQGHG�DQRWKHU�UXOH�ZKLFK�UHJXODWHV�RSHQ�EXUQLQJ��5HJXODWLRQ�����7KH�$LU�
'LVWULFW�DOVR�VXEVWDQWLDOO\�H[SDQGHG�LWV�SXEOLF�RXWUHDFK�DQG�HGXFDWLRQ�SURJUDP�IRU�ZRRG�VPRNH�
reduction.

summary of wood-burning rule

.H\�SURYLVLRQV�RI�WKH�ZRRG�VPRNH�UXOH��5HJXODWLRQ����5XOH����:RRG�EXUQLQJ�'HYLFHV��LQFOXGH�WKH�
IROORZLQJ�

�� 3URKLELWV�RSHUDWLRQ�RI�DQ\�LQGRRU�ÀUHSODFH��ÀUH�SLW��ZRRG�RU�SHOOHW�VWRYH�RU�ÀUHSODFH�
LQVHUW�RQ�VSHFLÀF�ZLQWHU�GD\V�ZKHQ�WKH�$LU�'LVWULFW�IRUHFDVWV�WKDW�30����OHYHOV�PD\�
H[FHHG�WKH�QDWLRQDO����KRXU�30����VWDQGDUG���5HJXODWLRQ����2SHQ�%XUQLQJ�SURKLELWV�
RXWGRRU�UHFUHDWLRQDO�ÀUHV�GXULQJ�WKH�VDPH�SHULRGV�ZKHQ�HOHYDWHG�30����OHYHOV�DUH�
IRUHFDVW���

�� 3URKLELWV�H[FHVV�YLVLEOH�HPLVVLRQV�IURP�ZRRG�EXUQLQJ�GHYLFHV�
�� 5HTXLUHV�FOHDQHU�EXUQLQJ�WHFKQRORJ\��(3$�3KDVH�,,�FHUWLÀHG�ZRRG�EXUQLQJ�GHYLFH�RU�

SHOOHW�VWRYH��ZKHQ�ZRRG�EXUQLQJ�GHYLFHV�DUH�VROG��UHVROG�RU�LQVWDOOHG�
�� 5HTXLUHV�FOHDQHU�EXUQLQJ�WHFKQRORJ\�LI�ZRRG�EXUQLQJ�GHYLFHV�DUH�SHUPLWWHG�IRU�

LQVWDOODWLRQ�LQ�QHZ�EXLOGLQJ�FRQVWUXFWLRQ�DQG�UHPRGHOV���,QVWDOODWLRQ�RI�QHZ�ZRRG�
EXUQLQJ�ÀUHSODFHV�LV�SURKLELWHG��

�� 3URKLELWV�EXUQLQJ�RI�JDUEDJH��QRQ�VHDVRQHG�ZRRG��SODVWLFV�DQG�RWKHU�LQDSSURSULDWH�
materials.

�
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�� 5HTXLUHV�ODEHOLQJ�RI�PRLVWXUH�FRQWHQW�IRU�ZRRG�VROG�IRU�XVH�ZLWKLQ�$LU�'LVWULFW�
ERXQGDULHV��LQFOXGLQJ�LQVWUXFWLRQV�RQ�KRZ�WR�GU\�ZRRG�WKDW�KDV�PRLVWXUH�FRQWHQW�JUHDWHU�
than 20 percent. 

�� 5HTXLUHV�D�ODEHO�RQ�SDFNDJHV�RI�ZRRG�DQG�RWKHU�VROLG�IXHOV��VXFK�DV�SUHVVHG�ORJV�DQG�
SHOOHWV��LQVWUXFWLQJ�WKH�XVHU�WR�FKHFN�ORFDO�DLU�TXDOLW\�VWDWXV�EHIRUH�EXUQLQJ�WKHVH�SURGXFWV�

Promoting compliance with the wood-burning rule

The Air District relies upon both public education and enforcement to promote compliance with the 
ZRRG�EXUQLQJ�UXOH��,Q�DGGLWLRQ�WR�SUHYHQWLQJ�H[FHHGDQFHV�RI�WKH�QDWLRQDO����KRXU�30����VWDQGDUG��
WKLV�HIIRUW�LV�LQWHQGHG�WR�UHGXFH�ZRRG�EXUQLQJ�RYHU�WKH�ORQJ�WHUP�E\�HGXFDWLQJ�WKH�SXEOLF�DERXW�WKH�
KD]DUGV�RI�ZRRG�VPRNH�

7KH�SXEOLF�RXWUHDFK�FDPSDLJQ�LV�LQWHQGHG�WR�HGXFDWH�WKH�SXEOLF�DV�WR�WKH�UHTXLUHPHQWV�RI�WKH�UXOH��
HQVXUH�WKDW�SHRSOH�DUH�DZDUH�WKDW�WKH\�QHHG�WR�FKHFN�DLU�TXDOLW\�VWDWXV�EHIRUH�EXUQLQJ��DQG�H[SODLQ�
WKH�SXEOLF�KHDOWK�EHQHÀWV�IURP�UHGXFHG�ZRRG�VPRNH�SROOXWLRQ��7KH�:LQWHU�6SDUH�WKH�$LU�$OHUW�
RXWUHDFK�FDPSDLJQ�XWLOL]HV�D�ZLGH�YDULHW\�RI�PHGLD�DQG�PXOWLSOH�ODQJXDJHV�WR�UHDFK�WKH�GLYHUVH�%D\�
$UHD�SRSXODWLRQ�DQG�QRWLI\�WKH�SXEOLF�ZKHQ�D�:LQWHU�6SDUH�WKH�$LU�$OHUW�KDV�EHHQ�FDOOHG��

5HFRJQL]LQJ�WKDW�FHUWDLQ�DUHDV�H[SHULHQFH�ORFDOL]HG�LPSDFWV�RI�ZRRG�VPRNH��WKH�$LU�'LVWULFW�KDV�
FRQGXFWHG�WDUJHWHG�PDLOLQJV��ZLWK�LQIRUPDWLRQ�DERXW�WKH�ZRRG�VPRNH�UXOH�DQG�WKH�QHJDWLYH�
KHDOWK�HIIHFWV�RI�ZRRG�EXUQLQJ��WR�QHLJKERUKRRGV�ZLWK�KLJK�OHYHOV�RI�ZRRG�VPRNH�FRPSODLQWV�DQG�
RU�EXUQLQJ��,Q�DGGLWLRQ��WKH�$LU�'LVWULFW�UHFHQWO\�GHYHORSHG�D�QHZ�ZRRG�VPRNH�PRGHO�RUGLQDQFH�
WKDW�RIIHUV�ORFDO�JRYHUQPHQWV�D�PHQX�RI�PRUH�VWULQJHQW�DQG�LQQRYDWLYH�RSWLRQV�WR�FKRRVH�IURP�WR�
UHGXFH�QHLJKERUKRRG�ZRRG�VPRNH�ZLWKLQ�WKHLU�MXULVGLFWLRQV��7KH�$LU�'LVWULFW�SURYLGHG�WKH�QHZ�PRGHO�
ordinance to all cities and counties in the Bay Area in April 2012.

7KH�$LU�'LVWULFW�LV�SODQQLQJ�WR�WDNH�WKH�IROORZLQJ�DFWLRQV�WR�HQKDQFH�HQIRUFHPHQW�RI�WKH�ZRRG�EXUQLQJ�
UXOH�IRU�WKH�ZLQWHU�����������VHDVRQ�

�� 8VH�PRUH�FRQVHUYDWLYH�IRUHFDVWLQJ�WR�FDOO�:LQWHU�6SDUH�WKH�$LU�DOHUWV�WKDW�
WULJJHU�WKH�QR�EXUQ�SURYLVLRQ�RI�5HJXODWLRQ����5XOH���

�� $GG�D�UHTXLUHPHQW�IRU�ÀUVW�WLPH�YLRODWRUV�WR�FRPSOHWH�´ZRRG�VPRNH�
DZDUHQHVV�VFKRROµ�RU�SD\�D������ÀQH��DQG

�� ,QFUHDVH�ÀQHV�IRU�UHSHDWHG�YLRODWLRQV�RI�5HJXODWLRQ����5XOH���IRU�VHFRQG�
WLPH�YLRODWRUV��LQFUHDVH�WKH�ÀQH�WR�������ZLWK�SURJUHVVLYH�SHQDOWLHV�IRU�
VXEVHTXHQW�YLRODWLRQV�

6XUYH\�GDWD�DQG�DLU�TXDOLW\�PRQLWRULQJ�GDWD�ERWK�LQGLFDWH�WKDW�WKH�$LU�'LVWULFW·V�HIIRUWV�KDYH�KHOSHG�WR�
UHGXFH�UHVLGHQWLDO�ZRRG�EXUQLQJ�DQG�DYRLG�H[FHHGDQFHV�RI�WKH����KRXU�30����VWDQGDUG��5HVSRQVHV�
WR�VXUYH\V�WKDW�WKH�$LU�'LVWULFW�SHUIRUPV�WR�PRQLWRU�UHVLGHQWLDO�ZRRG�EXUQLQJ�VXJJHVW�WKDW�%D\�$UHD�
UHVLGHQWV�DUH�EXUQLQJ�OHVV�ZRRG�DQG�DUH�EXUQLQJ�OHVV�RIWHQ��0RQLWRULQJ�GDWD�VKRZV�WKDW�WKH�QXPEHU�
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DQG�VHYHULW\�RI�KLJK�30�GD\V�GXULQJ�WKH�ZLQWHU�KDYH�GHFUHDVHG��DQG�FKHPLFDO�PDVV�EDODQFH�GDWD�
LQGLFDWH�WKDW�30����IURP�ZRRG�VPRNH�KDV�GHFUHDVHG�E\�DSSUR[LPDWHO\�����LQ�WKH�SDVW�VHYHUDO�\HDUV��

reducing Population exposure to Pm

7KH�$LU�'LVWULFW�UHFRJQL]HV�WKDW�SURWHFWLQJ�SXEOLF�KHDOWK�PHDQV�PRUH�WKDQ�MXVW�DWWDLQLQJ�DLU�TXDOLW\�
VWDQGDUGV�DW�WKH�UHJLRQDO�VFDOH��/RFDO�FRQFHQWUDWLRQV�RI�GLUHFWO\�HPLWWHG�DLU�SROOXWDQWV��VXFK�DV�
SULPDU\�30��PD\�EH�HOHYDWHG�LQ�SUR[LPLW\�WR�HPLVVLRQV�VRXUFHV�VXFK�DV�PDMRU�URDGZD\V��SRUWV�DQG�
IUHLJKW�GLVWULEXWLRQ�KXEV��UHÀQHULHV�DQG�LQGXVWULDO�IDFLOLWLHV��DLUSRUWV��DQG�ODUJH�FRQVWUXFWLRQ�VLWHV��
7R�SURWHFW�SXEOLF�KHDOWK��ZH�QHHG�WR�DQDO\]H�SRSXODWLRQ�H[SRVXUH�WR�DLU�SROOXWLRQ��LGHQWLI\�WKRVH�
FRPPXQLWLHV�DQG�SRSXODWLRQV�WKDW�DUH�PRVW�KHDYLO\�H[SRVHG�WR�DLU�SROOXWDQWV��DQG�GHYHORS�VWUDWHJLHV�
WR�UHGXFH�SRSXODWLRQ�H[SRVXUH�DPRQJ�SHRSOH�ZKR�OLYH�RU�ZRUN�LQ�WKH�PRVW�LPSDFWHG�DUHDV��

7KH�$LU�'LVWULFW·V�HIIRUWV�WR�LGHQWLI\�DQG�SURWHFW�LPSDFWHG�FRPPXQLWLHV�KDYH�EHHQ�EXQGOHG�WRJHWKHU�
XQGHU�WKH�EDQQHU�RI�WKH�PXOWL�IDFHWHG�Clean Air Communities Initiative �&$&,���.H\�HOHPHQWV�RI�WKH�
&$&,�LQFOXGH�WKH�IROORZLQJ�

�� ,PSOHPHQWDWLRQ�RI�WKH�&RPPXQLW\�$LU�5LVN�(YDOXDWLRQ��&$5(��SURJUDP�WR�LGHQWLI\�DUHDV�
in the Bay Area that are disproportionately impacted from transportation and stationary 
sources.

�� 1HZ�RU�DPHQGHG�UHJXODWLRQV�WR�FRQWURO�HPLVVLRQV�IURP�VWDWLRQDU\�VRXUFHV�WKDW�LPSRVH�
GLVSURSRUWLRQDWH�LPSDFWV�LQ�&$5(�FRPPXQLWLHV��H�J���660����WKH�PHWDO�PHOWLQJ�UXOH��

�� ,PSOHPHQWDWLRQ�RI�WKH�FRQWURO�VWUDWHJ\�LQ�WKH�%D\�$UHD������&OHDQ�$LU�3ODQ�ZKLFK�
LQFOXGHV�0RELOH�6RXUFH�0HDVXUHV�WR�UHGXFH�YHKLFXODU�HPLVVLRQV��7UDQVSRUWDWLRQ�&RQWURO�
0HDVXUHV�WR�UHGXFH�PRWRU�YHKLFOH�XVH��DQG�/DQG�8VH�DQG�/RFDO�,PSDFW�0HDVXUHV�WR�
IRFXV�RQ�UHGXFLQJ�SRSXODWLRQ�H[SRVXUH�LQ�LPSDFWHG�DUHDV�

�� 3HUIRUPLQJ�VSHFLDO�PRQLWRULQJ�VWXGLHV�WR�PHDVXUH�DPELHQW�FRQFHQWUDWLRQV�DQG�RU�KHDOWK�
ULVNV�UHODWHG�WR�30�DQG�RU�WR[LF�DLU�FRQWDPLQDQWV��VXFK�DV�WKH�:HVW�2DNODQG�0RQLWRULQJ�
6WXG\��WKH�&XVWRP�$OOR\�6FUDS�6DOHV��&$66��PHWDOV�VWXG\�LQ�:HVW�2DNODQG��DQG�WKH�8&�
%HUNHOH\�VWXG\�RI�WUXFN�HPLVVLRQV�LQ�:HVW�2DNODQG�

�� (QIRUFHPHQW�RI�$5%�UHJXODWLRQV�WR�UHGXFH�HPLVVLRQV�IURP�GLHVHO�HQJLQHV��YLD�WKH�0RELOH�
6RXUFH�&RPSOLDQFH�3ODQ�GHVFULEHG�DERYH�

�� 3URYLGLQJ�JUDQWV�DQG�LQFHQWLYHV�IRU�SURMHFWV�WDUJHWHG�WR�UHGXFH�HPLVVLRQV�ZLWKLQ�&$5(�
FRPPXQLWLHV��DV�GHVFULEHG�DERYH�

�� 3XEOLF�HGXFDWLRQ�DQG�RXWUHDFK�WR�HQFRXUDJH�FRPSOLDQFH�ZLWK�WKH�$LU�'LVWULFW·V�ZRRG�
smoke rule.

�� &ROODERUDWLRQ�ZLWK�ORFDO�JRYHUQPHQWV�WR�GHYHORS�&RPPXQLW\�5LVN�5HGXFWLRQ�3ODQV��DV�
described below.

�� &ROODERUDWLRQ�ZLWK�UHJLRQDO�DJHQF\�SDUWQHUV�DW�07&��$%$*�DQG�%&'&�WR�FRRUGLQDWH�
UHJLRQDO�HIIRUWV�WR�SURPRWH�IRFXVHG�GHYHORSPHQW�LQ�D�KHDOWK�SURWHFWLYH�ZD\�YLD�WKH�$LU�
4XDOLW\�3ULRULW\�'HYHORSPHQW�$UHD�ZRUNLQJ�JURXS��DV�GHVFULEHG�EHORZ�

�� 'HYHORSPHQW�RI�RQ�OLQH�DQDO\WLFDO�WRROV�WR�KHOS�ORFDO�JRYHUQPHQW�DJHQFLHV�WR�LGHQWLI\�DQG�
DGGUHVV�DLU�TXDOLW\�LVVXHV�DQG�LPSDFWV�LQ�WKHLU�FRPPXQLWLHV��

�
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�� 'HYHORSPHQW�RI�D�VHW�RI�VWDQGDUG�PLWLJDWLRQ�VWUDWHJLHV�WR�DGGUHVV�SRWHQWLDO�LPSDFWV�IURP�
VLWLQJ�QHZ�VHQVLWLYH�UHFHSWRUV�QHDU�VRXUFHV�RI�7$&V��DV�GHVFULEHG�EHORZ�

�� 5HYLHZLQJ�DQG�FRPPHQWLQJ�RQ�DLU�TXDOLW\�DQDO\VHV�LQ�&(4$�GRFXPHQWV�SUHSDUHG�IRU�NH\�
SODQV�DQG�SURMHFWV��

�� 'HYHORSPHQW�RI�JXLGDQFH�GRFXPHQWV�DQG�WHFKQLFDO�WRROV�WR�KHOS�%D\�$UHD�FLWLHV�DQG�
FRXQWLHV�DGGUHVV�DLU�TXDOLW\�LQ�WKHLU�*HQHUDO�3ODQV��DV�GHVFULEHG�EHORZ�

Figure 4-3 baaqmd clean air communities initiative

care Program to identify impacted communities

5HFRJQL]LQJ�WKDW�FHUWDLQ�QHLJKERUKRRGV�DQG�FRPPXQLWLHV�LQ�WKH�%D\�$UHD�DUH�GLVSURSRUWLRQDWHO\�
impacted by local emission sources, the Air District launched the Community Air Risk Evaluation 
�&$5(��SURJUDP�LQ�������7KH�&$5(�SURJUDP�ZDV�LQLWLDOO\�IRFXVHG�RQ�LGHQWLI\LQJ�ULVNV�UHODWHG�WR�
7R[LF�$LU�&RQWDPLQDQWV��7$&V���$Q�DQDO\VLV�RI�WKH�YDULRXV�7$&V�LQ�WKH�%D\�$UHD�IRXQG�WKDW�GLHVHO�30�
�LGHQWLÀHG�E\�$5%�DV�D�7$&�LQ�������LV�WKH�7$&�WKDW�SRVHV�E\�IDU�WKH�JUHDWHVW�KHDOWK�ULVN�LQ�WKH�%D\�
$UHD��%DVHG�RQ�D�FRPELQDWLRQ�RI�PDMRU�HPLVVLRQ�VRXUFHV��KLJK�SRSXODWLRQ�H[SRVXUHV��DQG�VHQVLWLYH�
SRSXODWLRQV��WKH�&$5(�SURJUDP�LGHQWLÀHG�VL[�LPSDFWHG�DUHDV�DV�LPSDFWHG�FRPPXQLWLHV��&RQFRUG��
5LFKPRQG�6DQ�3DEOR��ZHVWHUQ�$ODPHGD�&RXQW\��6DQ�-RVH��5HGZRRG�&LW\�(DVW�3DOR�$OWR��DQG�HDVWHUQ�
6DQ�)UDQFLVFR��,Q�UHFHQW�\HDUV��UHFRJQL]LQJ�WKDW�ÀQH�30�RI�DOO�W\SHV�LV�KDUPIXO�WR�SXEOLF�KHDOWK��WKH�
VFRSH�RI�WKH�&$5(�SURJUDP�KDV�EHHQ�H[SDQGHG�WR�LQFOXGH�30����DV�ZHOO�DV�7$&V���7KH�$LU�'LVWULFW�LV�
DOVR�FRQVLGHULQJ�DGGLQJ�RWKHU�DLU�SROOXWDQWV��VXFK�DV�R]RQH��IRU�SXUSRVHV�RI�LGHQWLI\LQJ�DQG�GHÀQLQJ�
LPSDFWHG�FRPPXQLWLHV��

community risk reduction Plans

$GGUHVVLQJ�DLU�TXDOLW\�LVVXHV�LQ�ORFDO�ODQG�XVH�DQG�WUDQVSRUWDWLRQ�SODQQLQJ�DOVR�FDQ�KHOS�UHGXFH�
H[SRVXUH�WR�DLU�SROOXWLRQ��7KH�$LU�'LVWULFW��LQ�FRRSHUDWLRQ�ZLWK�%D\�$UHD�SODQQLQJ�DQG�KHDOWK�DJHQFLHV��
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LV�GHYHORSLQJ�D�QHZ�SODQQLQJ�WRRO��NQRZQ�DV�D Community Risk Reduction Plan �&553���WR�KHOS�
ORFDO�MXULVGLFWLRQV�LGHQWLI\��HYDOXDWH��DQG�UHGXFH�ULVNV�IURP�ORFDO�VRXUFHV�RI�WR[LF�DLU�FRQWDPLQDQWV�
�7$&��DQG�ÀQH�30��7KH�$LU�'LVWULFW�LV�HQFRXUDJLQJ�FLWLHV��HVSHFLDOO\�WKRVH�WKDW�KDYH�EHHQ�LGHQWLÀHG�
E\�WKH�$LU�'LVWULFW·V�&$5(�SURJUDP�DV�GLVSURSRUWLRQDWHO\�LPSDFWHG�E\�ORFDO�SROOXWDQWV��WR�SUHSDUH�D�
&553��7KH�EDVLF�DSSURDFK�WR�GHYHORS�D�&553�LQFOXGHV�VHYHUDO�NH\�VWHSV������GHYHORSLQJ�DQ�LQYHQWRU\�
RI�7$&�DQG�ÀQH�30�HPLVVLRQV�ZLWKLQ�D�SODQQLQJ�DUHD��ZKLFK�PD\�EH�D�ZKROH�FLW\�RU�SDUW�RI�D�FLW\������
XVLQJ�GLVSHUVLRQ�PRGHOLQJ�WR�PDS�DPELHQW�FRQFHQWUDWLRQV�DQG�ULVNV�IURP�ORFDO�SROOXWDQWV�ZLWKLQ�WKH�
SODQQLQJ�DUHD������GHYHORSLQJ�VSHFLÀF�JRDOV�DQG�REMHFWLYHV�WR�UHGXFH�KHDOWK�ULVNV��DQG����GHÀQLQJ�
LPSOHPHQWDWLRQ�DFWLRQV��VXFK�DV�SROLFLHV�DQG�PLWLJDWLRQ�PHDVXUHV��LQ�RUGHU�WR�DFKLHYH�WKH�JRDOV�DQG�
REMHFWLYHV��7KH�$LU�'LVWULFW�LV�SURYLGLQJ�ÀQDQFLDO�DQG�WHFKQLFDO�VXSSRUW�LQ�D�SLORW�SURJUDP�WR�DVVLVW�WKH�
&LW\�DQG�&RXQW\�RI�6DQ�)UDQFLVFR�DQG�WKH�&LW\�RI�6DQ�-RVH�LQ�GHYHORSLQJ�&553V��

7KH�6DQ�)UDQFLVFR�'HSDUWPHQW�RI�3XEOLF�+HDOWK�DQG�WKH�6)�3ODQQLQJ�'HSDUWPHQW�KDYH�FROODERUDWHG�
ZLWK�WKH�$LU�'LVWULFW�WR�GHYHORS�D�FLW\�ZLGH�&553�WKDW�HQFRPSDVVHV�WKH�LPSDFWHG�DUHDV�RI�HDVWHUQ�
6DQ�)UDQFLVFR��ZLWK�WKH�JRDO�RI�UHGXFLQJ�DLU�SROOXWLRQ�H[SRVXUHV�DQG�DVVRFLDWHG�KHDOWK�ULVN�RQ�D�
FLW\�ZLGH�EDVLV��&LW\�VWDII�ZRUNHG�ZLWK�WKH�$LU�'LVWULFW�WR�GHYHORS�D�GHWDLOHG�HPLVVLRQV�LQYHQWRU\�DQG�
LQ�DSSO\LQJ�ORFDO�VFDOH�GLVSHUVLRQ�PRGHOLQJ�WR�LGHQWLI\�DUHDV�ZLWK�LQFUHDVHG�ULVN�IURP�DLU�SROOXWLRQ�
DQG�WR�SURGXFH�PDSV�RI�7$&�ULVNV�DQG�30����FRQFHQWUDWLRQV�IURP�DOO�HPLVVLRQ�VRXUFHV��&LW\�VWDII�LV�
GHYHORSLQJ�D�UDQJH�RI�SRWHQWLDO�SROLFLHV�DQG�SURJUDPV�WR�UHGXFH�UHVLGHQWV·�H[SRVXUH�WR�DLU�SROOXWLRQ��
VXFK�DV�H[SDQGLQJ�FXUUHQW�DLU�ÀOWUDWLRQ�UHTXLUHPHQWV��$UWLFOH����LQ�WKH�6DQ�)UDQFLVFR�+HDOWK�&RGH���
OLPLWLQJ�FRQVWUXFWLRQ�HPLVVLRQV��DQG�PRUH��
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,QVHUW�WH[W�KHUH�

San Francisco Health Code Article 38

0RGHO�2UGLQDQFH�IRU�&LWLHV��6DQ�)UDQFLVFR�LV�WKH�ÀUVW�MXULVGLFWLRQ�LQ�WKH�FRXQWU\�WR�FUHDWH�D�ODZ��
NQRZQ�DV�$UWLFOH�����WR�SURWHFW�IXWXUH�UHVLGHQWV�IURP�H[SRVXUH�WR�URDGZD\�DLU�SROOXWLRQ���7KH�ODZ�ZLOO�
SUHYHQW�DYRLGDEOH�OXQJ�GLVHDVH�DQG�SUHPDWXUH�GHDWK�LQ�UHVLGHQWV�OLYLQJ�QHDU�EXV\�URDGZD\V��DV�ZHOO�
DV�SUHYHQW�DYRLGDEOH�KHDOWK�FDUH�VSHQGLQJ��IRU�H[DPSOH��RQ�KRVSLWDO�FKDUJHV�IRU�SUHYHQWHG�DVWKPD�
attacks.

6DQ�)UDQFLVFR�+HDOWK�&RGH�$UWLFOH�����DGRSWHG�LQ�������UHTXLUHV�UHVLGHQWLDO�SURMHFWV�ZLWK�PRUH�WKDQ�
���XQLWV�ORFDWHG�LQ�´3RWHQWLDO�5RDGZD\�([SRVXUH�=RQHVµ��DV�GHÀQHG�DFFRUGLQJ�WR�PDSV�SURYLGHG�
E\�WKH�6DQ�)UDQFLVFR�'HSDUWPHQW�RI�3XEOLF�+HDOWK��WR�SUHSDUH�DQ�DLU�TXDOLW\�DVVHVVPHQW��XVLQJ�
PRGHOLQJ�WRROV��WR�GHWHUPLQH�ZKHWKHU�UHVLGHQWV�ZRXOG�EH�H[SRVHG�WR�XQKHDOWK\�OHYHOV�RI�30�����7KH�
'HSDUWPHQW�RI�3XEOLF�+HDOWK�KDV�GHÀQHG�´XQKHDOWK\µ�OHYHOV�RI�30����DV�URDGZD\�FRQFHQWUDWLRQV�
JUHDWHU�WKDQ������J�P���,I�WKH�DLU�TXDOLW\�DVVHVVPHQW�LQGLFDWHV�WKDW�WKH�URDGZD\�DWWULEXWDEOH�30����
ZRXOG�EH�OHVV�WKDQ������J�P���WKHQ�QR�IXUWKHU�DFWLRQ�LV�UHTXLUHG��,I�WKH�DLU�TXDOLW\�DVVHVVPHQW�IRU�
WKH�UHVLGHQWLDO�SURMHFW�LQGLFDWHV�WKDW�FRQFHQWUDWLRQV�ZRXOG�EH�XQKHDOWK\��WKHQ�WKH�SURMHFW�LV�UHTXLUHG�
WR�PLWLJDWH�WKH�WUDIÀF�UHODWHG�30����SROOXWDQWV��XVLQJ�DYDLODEOH�WHFKQRORJ\�DQG�GHVLJQ�IHDWXUHV��WR�
UHGXFH�RU�UHPRYH�DW�OHDVW�����RI�WKH�DPELHQW�30����IURP�LQGRRU�VSDFHV��

0HHWLQJ�WKH�SHUIRUPDQFH�VWDQGDUG�FDQ�EH�DFFRPSOLVKHG�LQ�VHYHUDO�ZD\V��LQFOXGLQJ�

1. 'HVLJQDWLQJ�ORZHU�ÁRRUV�IRU�FRPPHUFLDO�XVH�DQG�XSSHU�IRU�UHVLGHQWLDO�XVH�
2. 6HWEDFN�RI�EXLOGLQJV�IURP�URDGZD\�DLU�SROOXWLRQ�VRXUFHV�
��� /RFDWLQJ�WKH�LQWDNH�IRU�IUHVK�DLU�YHQWLODWLRQ�VRXUFHV�DW�D�QRQ�SROOXWHG�VLWH�
��� )LOWUDWLRQ�RI�IUHVK�DLU�YHQWLODWLRQ�VRXUFHV��DQG�RU
��� 5HFLUFXODWLRQ�DQG�ÀOWUDWLRQ�RI�LQGRRU�DLU�

economic impacts: 7KH�&LW\�&RXQW\�RI�6DQ�)UDQFLVFR·V�2IÀFH�RI�WKH�&RQWUROOHU�KDV�GHWHUPLQHG�
WKDW�WKH�HFRQRPLF�LPSDFWV�RI�$UWLFOH����RQ�WKH�6DQ�)UDQFLVFR�HFRQRP\��WKH�GHYHORSPHQW�
FRPPXQLW\��DQG�IXWXUH�UHVLGHQWV�RI�WKH�&LW\�DUH�QHXWUDO�WR�SRVLWLYH��$OWKRXJK�WKHUH�LV�D�FRVW�
DVVRFLDWHG�ZLWK�LPSOHPHQWDWLRQ�RI�WKH�PLWLJDWLRQ�PHDVXUHV�GHVFULEHG�DERYH��$UWLFOH����ZLOO�
DOVR�SUHYHQW�DYRLGDEOH�KHDOWK�FDUH�VSHQGLQJ��IRU�H[DPSOH��KRVSLWDO�FKDUJHV�IRU�HPHUJHQF\�URRP�
YLVLWV�IRU�DVWKPD�DWWDFN��DQG�KHOS�WR�SUHYHQW�SUHPDWXUH�PRUWDOLW\�DVVRFLDWHG�ZLWK�H[SRVXUH�
WR�30��,I�XVLQJ�D�ÀOWUDWLRQ�V\VWHP��WKH�&LW\�HVWLPDWHV�WKDW�FRVWV�WR�LQVWDOO�DQG�PDLQWDLQ�WKH�
V\VWHP�ZLOO�UDQJH�IURP�DSSUR[LPDWHO\���������SHU�\HDU�SHU�XQLW��ZKLOH�WKH�PRQHWDU\�EHQHÀW�
RI�WKH�UHGXFWLRQ�RI�SUHPDWXUH�GHDWK�LV�HVWLPDWHG�WR�EH�DSSUR[LPDWHO\��������SHU�XQLW�SHU�
\HDU��2Q�WKH�EDVLV�RI�WKLV�DQDO\VLV��LI�LQVWDOODWLRQ�RI�D�ÀOWUDWLRQ�V\VWHP�LV�UHTXLUHG�LQ�RUGHU�
WR�FRPSO\�ZLWK�WKH�UHTXLUHPHQWV�RI�$UWLFOH�����WKHQ�WKH�&RQWUROOHU�KDV�GHWHUPLQHG�WKDW�WKH�
QHW�HFRQRPLF�EHQHÀW�RI�$UWLFOH����ZRXOG�EH�DSSUR[LPDWHO\��������SHU�XQLW�SHU�\HDU��
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7KH�$LU�'LVWULFW�KDV�DOVR�EHHQ�SURYLGLQJ�WHFKQLFDO�DVVLVWDQFH�WR�KHOS�WKH�&LW\�RI�6DQ�-RVH�GHYHORS�
D�&553��7KH�$LU�'LVWULFW�LV�SUHSDULQJ�FLW\�ZLGH�HPLVVLRQV�LQYHQWRU\�IRU�RQ�URDG�PRELOH�VRXUFHV�RQ�
freeways and surface streets, permitted stationary sources, and railroads, airports, and construction 
SURMHFWV��,QLWLDO�DLU�GLVSHUVLRQ�PRGHOLQJ�LV�XQGHUZD\��7KH�&LW\�KDV�DOVR�HQJDJHG�LQ�SXEOLF�RXWUHDFK��LQ�
SDUWQHUVKLS�ZLWK�WKH�$LU�'LVWULFW��$V�D�ÀUVW�VWHS�RQ�WKH�SROLF\�VLGH��WKH�&LW\�LQFOXGHG�VHYHUDO�SROLFLHV�
LQ�LWV������*HQHUDO�3ODQ�XSGDWH�WR�DQDO\]H�DQG�PLWLJDWH�SRSXODWLRQ�H[SRVXUH�IURP�PDMRU�HPLVVLRQV�
VRXUFHV��)RU�H[DPSOH��WKH�DLU�TXDOLW\�VHFWLRQ�RI�WKH�*HQHUDO�3ODQ�LQFOXGHV�SROLFLHV�ZKLFK�����UHTXLUH�
FRPSOHWLRQ�RI�DLU�TXDOLW\�PRGHOLQJ�IRU�VHQVLWLYH�ODQG�XVHV�VXFK�DV�QHZ�UHVLGHQWLDO�GHYHORSPHQWV�
ORFDWHG�QHDU�HPLVVLRQ�VRXUFHV�VXFK�DV�IUHHZD\V�DQG�LQGXVWULDO�XVHV������UHTXLUH�QHZ�UHVLGHQWLDO�
GHYHORSPHQW�SURMHFWV�DQG�SURMHFWV�FKDUDFWHUL]HG�DV�VHQVLWLYH�UHFHSWRUV�WR�LQFRUSRUDWH�HIIHFWLYH�
PLWLJDWLRQ�LQWR�SURMHFW�GHVLJQV�RU�WR�EH�ORFDWHG�DQ�DGHTXDWH�GLVWDQFH�IURP�VRXUFHV�RI�WR[LF�DLU�
FRQWDPLQDQWV�WR�DYRLG�VLJQLÀFDQW�KHDOWK�ULVNV��DQG�����UHTXLUH�SURMHFWV�WKDW�ZRXOG�HPLW�WR[LF�DLU�
FRQWDPLQDQWV�WR�SUHSDUH�KHDOWK�ULVN�DVVHVVPHQWV�DV�SDUW�RI�HQYLURQPHQWDO�UHYLHZ�DQG�HPSOR\�
HIIHFWLYH�PLWLJDWLRQ�WR�UHGXFH�SRVVLEOH�KHDOWK�ULVNV�WR�D�OHVV�WKDQ�VLJQLÀFDQW�OHYHO��,Q�DGGLWLRQ��WKH�
*HQHUDO�3ODQ�SROLFLHV�PHQWLRQHG�DERYH�HQFRXUDJH�WKH�XVH�RI�DLU�ÀOWUDWLRQ�GHYLFHV�LQ�H[LVWLQJ�VFKRROV��
KRXVHV�DQG�RWKHU�VHQVLWLYH�ODQG�XVHV��UH�GHVLJQDWLRQ�RI�WUXFN�URXWHV��DQG�WKH�XVH�RI�YHJHWDWLYH�
EXIIHUV�EHWZHHQ�HPLVVLRQ�VRXUFHV�DQG�VHQVLWLYH�UHFHSWRUV�

Promoting Healthy Focused development

&RQWLQXHG�JURZWK�LQ�PRWRU�YHKLFOH�WUDYHO�FRXOG�HURGH�WKH�DLU�TXDOLW\�EHQHÀWV�IURP�WKH�$5%�DQG�$LU�
'LVWULFW�SURJUDPV�GHVFULEHG�DERYH��:H�QHHG�WR�EHWWHU�LQWHJUDWH�ODQG�XVH��WUDQVSRUWDWLRQ��DQG�DLU�
TXDOLW\�SODQQLQJ�LQ�RUGHU�WR�FRQVWUDLQ�IXWXUH�LQFUHDVHV�LQ�YHKLFOH�WUDYHO�DQG�HPLVVLRQV��7KHUHIRUH��
WKH�$LU�'LVWULFW�VXSSRUWV�WKH�HIIRUW�WR�IRFXV�IXWXUH�GHYHORSPHQW�LQ�WKH�%D\�$UHD�LQ�DUHDV�ZKHUH�SXEOLF�
WUDQVLW��ELNLQJ�DQG�ZDONLQJ�DUH�YLDEOH�WUDQVSRUWDWLRQ�RSWLRQV��$W�WKH�VDPH�WLPH��KRZHYHU��PDQ\�RI�
WKH�DUHDV�LGHQWLÀHG�DV�JRRG�VLWHV�IRU�IRFXVHG�JURZWK�DOUHDG\�H[SHULHQFH�KLJK�FRQFHQWUDWLRQV�RI�DLU�
SROOXWDQWV�GXH�WR�HPLVVLRQV�IURP�H[LVWLQJ�ORFDO�VRXUFHV��,Q�IDFW��D�FRPSDULVRQ�RI�DUHDV�WKDW�KDYH�EHHQ�
GHVLJQDWHG�DV�3ULRULW\�'HYHORSPHQW�$UHDV��3'$V��WR�GDWH�DQG�WKH�LPSDFWHG�FRPPXQLWLHV�LGHQWLÀHG�
E\�WKH�$LU�'LVWULFW·V�&$5(�SURJUDP�VKRZV�WKDW�WKHUH�LV�FRQVLGHUDEOH�RYHUODS��7KLV�HPSKDVL]HV�WKDW�
ZH�QHHG�WR�SODQ�IRU�IRFXVHG�JURZWK�LQ�D�ZD\�WKDW�SURWHFWV�SHRSOH�IURP�H[SRVXUH�WR�DLU�SROOXWDQWV��
HVSHFLDOO\�ORFDO�SROOXWDQWV�VXFK�DV�30�DQG�DLU�WR[LFV��7R�DGGUHVV�WKLV�LVVXH��WKH�$LU�'LVWULFW�LV�
FRPPLWWLQJ�LWV�UHVRXUFHV�WR�KHOS�SODQQLQJ�DJHQFLHV��FLWLHV��FRXQWLHV��07&��DQG�$%$*��LGHQWLI\��
HYDOXDWH�DQG�PLWLJDWH�WKHVH�LPSDFWV�WKURXJK�WKH�SODQQLQJ�DQG�GHVLJQ�SURFHVVHV��

7KH�$LU�'LVWULFW�LV�ZRUNLQJ�DFWLYHO\�ZLWK�SDUWQHUV�DW�ERWK�UHJLRQDO�DQG�ORFDO�DJHQFLHV�WR�VXSSRUW�
IRFXVHG�GHYHORSPHQW�WR�UHGXFH�PRWRU�YHKLFOH�HPLVVLRQV��ZKLOH�HQVXULQJ�WKDW�GHYHORSPHQW�LV�SODQQHG�
DQG�GHVLJQHG�VR�DV�WR�PLQLPL]H�SXEOLF�H[SRVXUH�WR�DLU�SROOXWDQWV�DQG�SURWHFW�SXEOLF�KHDOWK��

$W�WKH�UHJLRQDO�VFDOH��WKH�$LU�'LVWULFW�LV�HQJDJHG�ZLWK�LWV�UHJLRQDO�DJHQF\�SDUWQHUV�LQ�WKH�HIIRUW�WR�
GHYHORS Plan Bay Area��3ODQ�%D\�$UHD��VFKHGXOHG�IRU�DGRSWLRQ�LQ�������ZLOO�XSGDWH�WKH�5HJLRQDO�
7UDQVSRUWDWLRQ�3ODQ��573��DQG�LQFRUSRUDWH�D�Sustainable Communities Strategy�WR�EHWWHU�LQWHJUDWH�
ODQG�XVH�DQG�WUDQVSRUWDWLRQ�SODQQLQJ��LQ�UHVSRQVH�WR�WKH�UHTXLUHPHQWV�RI�6HQDWH�%LOO��6%�������
$OWKRXJK�6%�����UHTXLUHPHQWV�IRFXV�RQ�WKH�QHHG�WR�UHGXFH�HPLVVLRQV�RI�JUHHQKRXVH�JDVHV��WKH�$LU�
'LVWULFW�ZRUNHG�ZLWK�LWV�UHJLRQDO�DJHQF\�SDUWQHUV�WR�PDNH�VXUH�WKDW�WKH�SHUIRUPDQFH�WDUJHWV�IRU�3ODQ�
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%D\�$UHD�LQFOXGH�WDUJHWV�WR�UHGXFH�H[SRVXUH�WR�SDUWLFXODWH�PDWWHU�HPLVVLRQV�IURP�PRWRU�YHKLFOHV�DQG�
WR�DFKLHYH�JUHDWHU�UHGXFWLRQV�RI�30�LQ�LPSDFWHG�FRPPXQLWLHV��

,Q�DGGLWLRQ��$LU�'LVWULFW�VWDII�LV�SDUWLFLSDWLQJ�LQ�WKH�GHYHORSPHQW�DQG�HQYLURQPHQWDO�UHYLHZ�RI�6WDWLRQ�
$UHD�3ODQV�ZKHUH�PRVW�RI�WKH�IXWXUH�KLJK�GHQVLW\��WUDQVLW�RULHQWHG�GHYHORSPHQW�LQ�WKH�%D\�$UHD�LV�
SURMHFWHG�WR�RFFXU���7KH�$LU�'LVWULFW�LV�ZRUNLQJ�WR�LGHQWLI\�SRWHQWLDO�30����DQG�7$&�LPSDFWV�DQG�GHYHORS�
SODQ�OHYHO�DSSURDFKHV�RQ�KRZ�WR�PLWLJDWH�WKHVH�LPSDFWV��VR�WKDW�VXEVHTXHQW�SURMHFW�OHYHO�GHYHORSPHQW�
WKDW�FRQIRUPV�WR�WKH�6WDWLRQ�$UHD�3ODQV�LV�QRW�EXUGHQHG�ZLWK�FRVWO\�HQYLURQPHQWDO�UHYLHZ���

6LQFH�ORFDO�JRYHUQPHQWV�DUH�UHVSRQVLEOH�IRU�ODQG�XVH�SODQQLQJ��WKH�$LU�'LVWULFW�LV�ZRUNLQJ�WR�GHYHORS�
SDUWQHUVKLSV�DQG�SURYLGH�WHFKQLFDO�DVVLVWDQFH�WR�WKH�QLQH�FRXQWLHV�DQG�����FLWLHV�WKDW�FRPSULVH�WKH�
%D\�$UHD�WR�HQVXUH�WKDW�DLU�TXDOLW\�FRQVLGHUDWLRQV�DUH�DGGUHVVHG�LQ�ORFDO�ODQG�XVH�GHFLVLRQV�

$QDO\WLFDO�WRROV��7KH�$LU�'LVWULFW�GHYHORSHG�D�VHW�RI�RQ�OLQH�DQDO\WLFDO�WRROV�WR�LGHQWLI\�DQG�DVVHVV�
WKH�SRWHQWLDO�LPSDFWV�IURP�VWDWLRQDU\�VRXUFHV��IUHHZD\V�DQG�PDMRU�URDGZD\V�LQ�FORVH�SUR[LPLW\�WR�D�
GHYHORSPHQW�SURMHFW��RU�WKURXJKRXW�D�SODQ�DUHD���7KH�VWDWLRQDU\�VRXUFH�WRROV�FDQ�EH�XVHG�WR�LGHQWLI\�
DOO�VWDWLRQDU\�VRXUFHV�SHUPLWWHG�E\�WKH�$LU�'LVWULFW�DQG�WR�HVWLPDWH�ORFDO�30����FRQFHQWUDWLRQV�
DVVRFLDWHG�ZLWK�HDFK�SHUPLWWHG�VRXUFH��7KH�KLJKZD\�WRRO�FDQ�EH�XVHG�WR�LGHQWLI\�DOO�KLJKZD\V�
WKURXJKRXW�WKH�%D\�$UHD�DQG�WR�HVWLPDWH�ORFDO�30����FRQFHQWUDWLRQV�DVVRFLDWHG�ZLWK�HDFK�KLJKZD\��
7KH�URDGZD\�WRRO�LV�D�VHW�RI�WDEOHV�ZKLFK�VKRZ�WKH�HVWLPDWHG�30����FRQFHQWUDWLRQV�DVVRFLDWHG�ZLWK�
HDFK�PDMRU�URDGZD\��GHÀQHG�DV��������$$'7�DQG�DERYH��WKURXJKRXW�WKH�HQWLUH�%D\�$UHD��$OO�RI�WKH�
WRROV�DUH�FRXQW\�VSHFLÀF��PHDQLQJ�WKH�LQIRUPDWLRQ�XVHG�LQ�WKH�GHYHORSPHQW�RI�WKH�WRRO�KDV�EHHQ�
FXVWRPL]HG�IRU�HDFK�%D\�$UHD�FRXQW\��

0LWLJDWLRQ�6WUDWHJLHV��7KH�$LU�'LVWULFW�KDV�DOVR�GHYHORSHG�D�VHW�RI�UHFRPPHQGHG�PLWLJDWLRQ�
VWUDWHJLHV�WR�UHGXFH�H[SRVXUH�WR�30����FRQFHQWUDWLRQV��7KHVH�PLWLJDWLRQ�VWUDWHJLHV�LQFOXGH�PHDVXUHV�
VXFK�DV��

�� 5HTXLULQJ�LQVWDOODWLRQ�RI�+(3$�ÀOWUDWLRQ�V\VWHPV��UDWHG�DW�0(59����RU�KLJKHU��
�� 'HVLJQLQJ�WKH�SURMHFW�VLWH�WR�PLQLPL]H�SRSXODWLRQ�H[SRVXUH�WR�DLU�SROOXWDQWV�
�� /LPLWLQJ�UHVLGHQWLDO�XVHV�RQ�WKH�JURXQG�ÁRRU�
�� 3ODQWLQJ�WUHHV�WR�EXIIHU�DQG�DEVRUE�SROOXWDQWV�
�� 5HGXFLQJ�HPLVVLRQV��ZKHUH�DSSOLFDEOH�YLD�PHDVXUHV�VXFK�DV�UHSODFLQJ�RU�

UHWURÀWWLQJ�GLHVHO�EDFN�XS�JHQHUDWRUV��LQVWDOOLQJ�HOHFWULFDO�KRRN�XSV�IRU�GLHVHO�
WUXFNV��UHTXLULQJ�WUXFNV�WR�XVH�WUDQVSRUWDWLRQ�UHIULJHUDWLRQ�XQLWV�WKDW�PHHW�
(3$�7LHU���HPLVVLRQ�VWDQGDUGV��UHTXLULQJ�DGYDQFHG�GULYH�WUDLQV�RU�DOWHUQDWLYH�
IXHOV�LQ�KHDY\�GXW\�WUXFNV��DQG�HVWDEOLVKLQJ�DOWHUQDWLYH�WUXFN�URXWHV�
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General Plan Guidelines: 7KH�$LU�'LVWULFW�LV�GHYHORSLQJ�D�JXLGDQFH�GRFXPHQW�WR�KHOS�ORFDO�
JRYHUQPHQWV�DGGUHVV�DLU�TXDOLW\�LQ�WKHLU�JHQHUDO�SODQV���7KH�JHQHUDO�SODQ�LV�D�FULWLFDOO\�LPSRUWDQW�
GRFXPHQW�IRU�ORFDO�FRPPXQLW\�SODQQLQJ��EHFDXVH�ORFDO�GHFLVLRQV�UHODWHG�WR�JURZWK�DQG�GHYHORSPHQW�
PXVW�EH�FRQVLVWHQW�ZLWK�WKH�SROLFLHV�DQG�REMHFWLYHV�FRQWDLQHG�LQ�WKH�JHQHUDO�SODQ���,Q�DGGLWLRQ�WR�
HOHPHQWV�UHTXLUHG�E\�6WDWH�ODZ��ORFDO�JRYHUQPHQWV�PD\�HOHFW�WR�LQFOXGH�DGGLWLRQDO�HOHPHQWV�LQ�WKHLU�
JHQHUDO�SODQ��VXFK�DV�KHDOWK�RU�DLU�TXDOLW\��WR�EHWWHU�JXLGH�WKHLU�FRPPXQLW\·V�GHYHORSPHQW���7KH�$LU�
'LVWULFW·V�JXLGDQFH�GRFXPHQW�SURYLGHV�ORFDO�DJHQFLHV�ZLWK�D�FRPSUHKHQVLYH�VHW�RI�DLU�TXDOLW\�UHODWHG�
´PRGHO�SROLFLHVµ�WKDW�PD\�EH�XVHG�WR�EXLOG�DQ�RSWLRQDO�DLU�TXDOLW\�HOHPHQW�ZLWKLQ�WKHLU�JHQHUDO�SODQ���
7KH�JXLGDQFH�GRFXPHQW�DOVR�RIIHUV�SROLF\�UHFRPPHQGDWLRQV�DQG�LPSOHPHQWDWLRQ�VWUDWHJLHV�IRU�
FRPPXQLW\�HGXFDWLRQ�DQG�RXWUHDFK��UHGXFLQJ�ZRRG�EXUQLQJ��LPSURYLQJ�LQGRRU�DLU�TXDOLW\��DQG�´JUHHQµ�
EXLOGLQJ�DQG�FRQWUDFWLQJ�SUDFWLFHV���7KH�$LU�'LVWULFW·V�JXLGDQFH�GRFXPHQW�VKRXOG�IDFLOLWDWH�ODQG�XVH�
SODQQLQJ�WR�LPSURYH�DLU�TXDOLW\�DQG�SURWHFW�SXEOLF�KHDOWK�DW�ERWK�WKH�ORFDO�DQG�UHJLRQDO�VFDOH�

Organizational Changes to Focus on Exposure Assessment & Protecting Public Health��7R�
IXUWKHU�LWV�FRPPLWPHQW�WR�DQDO\]LQJ�DLU�SROOXWLRQ�DQG�PLQLPL]LQJ�SRSXODWLRQ�H[SRVXUH�LQ�LPSDFWHG�
FRPPXQLWLHV��WKH�$LU�'LVWULFW�UHRUJDQL]HG�LWV�3ODQQLQJ�'LYLVLRQ�LQ��������7KH�´6SHFLDO�3URMHFWV�
6HFWLRQµ��ZKLFK�SUHYLRXVO\�IRFXVHG�RQ�GHYHORSLQJ�HPLVVLRQ�LQYHQWRULHV��ZDV�H[SDQGHG�DQG�UHQDPHG�
WKH�´([SRVXUH�$VVHVVPHQW�DQG�(PLVVLRQ�,QYHQWRU\�6HFWLRQµ���,Q�DGGLWLRQ��WKH�$LU�'LVWULFW�FUHDWHG�D�
+HDOWK�DQG�6FLHQFH�2IÀFHU�SRVLWLRQ�LQ�-XO\�������WKLV�SRVLWLRQ�ZLOO�EULQJ�DGGLWLRQDO�H[SHUWLVH�WR�LQIRUP�
GHYHORSPHQW�RI�$LU�'LVWULFW�SROLFLHV�WR�SURWHFW�SXEOLF�KHDOWK��DV�ZHOO�DV�VWUHQJWKHQ�WKH�$LU�'LVWULFW·V�
SDUWQHUVKLSV�ZLWK�WKH�SXEOLF�KHDOWK�FRPPXQLW\�LQ�WKH�%D\�$UHD���7KHVH�FKDQJHV�HPSKDVL]H�WKDW�WKH�
$LU�'LVWULFW�ZLOO�SODFH�D�KLJK�SULRULW\�RQ�LPSURYLQJ�LWV�FDSDELOLWLHV�LQ�WHUPV�RI�DQDO\]LQJ�DQG�UHGXFLQJ�
SRSXODWLRQ�H[SRVXUH�WR�DLU�SROOXWDQWV�LQ�WKH�FRPLQJ�\HDUV�

PM Reductions in the Central Valley: As discussed in Section 2, technical analysis performed by the 
$LU�'LVWULFW�LQGLFDWHV�WKDW�WUDQVSRUW�RI�30�IURP�WKH�&HQWUDO�9DOOH\�FRQWULEXWHV�VLJQLÀFDQWO\�WR�HOHYDWHG�
%D\�$UHD�30�FRQFHQWUDWLRQV�GXULQJ�WKH�ZLQWHU�ZHDWKHU�SDWWHUQ�W\SLFDOO\�DVVRFLDWHG�ZLWK�HOHYDWHG�30�
OHYHOV�LQ�WKH�%D\�$UHD����7KH�6DQ�-RDTXLQ�9DOOH\�8QLÀHG�$LU�3ROOXWLRQ�&RQWURO�'LVWULFW�LV�LQ�WKH�SURFHVV�
RI�GHYHORSLQJ�D�30����6,3�VXEPLWWDO�WR�GHPRQVWUDWH�KRZ�LW�ZLOO�UHGXFH�HPLVVLRQV�RI�SULPDU\�30�
DQG�30�SUHFXUVRUV�LQ�RUGHU�WR�DWWDLQ�WKH�QDWLRQDO����KRXU�30����VWDQGDUG���7KH�6DQ�-RDTXLQ�9DOOH\�
DWWDLQPHQW�SODQ�PXVW�EH�VXEPLWWHG�WR�86�(3$�E\�'HFHPEHU��������0RQLWRULQJ�GDWD�LQGLFDWHV�WKDW�WKH�
6DFUDPHQWR�DLU�EDVLQ�UHFHQWO\�PHW�WKH�QDWLRQDO����KRXU�30����VWDQGDUG���7KH�6DFUDPHQWR�$LU�4XDOLW\�
0DQDJHPHQW�'LVWULFW�SODQV�WR�GHYHORS�D�UH�GHVLJQDWLRQ�UHTXHVW�DQG�PDLQWHQDQFH�SODQ�WR�VKRZ�KRZ�
LW�ZLOO�FRQWLQXH�WR�DWWDLQ�WKH�QDWLRQDO����KRXU�30����VWDQGDUG�RYHU�WKH�QH[W�GHFDGH���,Q�DGGLWLRQ�WR�
LPSURYLQJ�DLU�TXDOLW\�LQ�WKH�&HQWUDO�9DOOH\��LPSOHPHQWDWLRQ�RI�WKH�FRQWURO�VWUDWHJLHV�VHW�IRUWK�LQ�WKH�6DQ�
-RDTXLQ�DQG�6DFUDPHQWR�30����SODQV�VKRXOG�DOVR�KHOS�WR�UHGXFH�DPELHQW�30�FRQFHQWUDWLRQV�LQ�WKH�
%D\�$UHD�GXULQJ�ZHDWKHU�SDWWHUQV�WKDW�IDFLOLWDWH�WUDQVSRUW�RI�30�IURP�WKH�&HQWUDO�9DOOH\�WR�WKH�%D\�
Area.
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sectioN 5: lookiNg 
Forward

7KLV�ÀQDO�VHFWLRQ�SURYLGHV�D�FRQFHSWXDO�IUDPHZRUN�WR�JXLGH�IXWXUH�$LU�'LVWULFW�HIIRUWV�WR�UHGXFH�
30�LQ�RUGHU�WR�SURWHFW�SXEOLF�KHDOWK��WKH�FOLPDWH�DQG�WKH�HQYLURQPHQW���7KLV�VHFWLRQ�LGHQWLÀHV�
several challenges; suggests policy guidelines to inform the development of potential future 
measures to reduce PM; describes areas where further study and technical enhancements are 

needed; and provides ideas for how Bay Area residents can reduce their exposure to PM.

$V�GLVFXVVHG�LQ�WKH�SUHFHGLQJ�VHFWLRQV�RI�WKLV�UHSRUW��WKH�FXUUHQW�FRQWURO�SURJUDPV�EHLQJ�
LPSOHPHQWHG�E\�WKH�$LU�'LVWULFW��WKH�&DOLIRUQLD�$LU�5HVRXUFHV�%RDUG��DQG�RWKHU�SDUWQHUV�KDYH�UHGXFHG�
VXEVWDQWLDOO\�DPELHQW�30�FRQFHQWUDWLRQV�LQ�WKH�%D\�$UHD�RYHU�WKH�SDVW�������\HDUV���7KH�%D\�$UHD�
FXUUHQWO\�PHHWV�WKH�QDWLRQDO�30�VWDQGDUGV�DQG�LV�FORVH�WR�PHHWLQJ�VWDWH�30�VWDQGDUGV���&RQWLQXHG�
LPSOHPHQWDWLRQ�RI�WKHVH�SURJUDPV�GHVFULEHG�LQ�6HFWLRQ���LV�H[SHFWHG�WR�IXUWKHU�UHGXFH�HPLVVLRQV�RI�
SULPDU\�30�DQG�30�SUHFXUVRUV�RYHU�WKH�QH[W�GHFDGH���,Q�DGGLWLRQ��QHZ�LQLWLDWLYHV�LQ�WKH�ÀQDO�VWDJHV�
RI�GHYHORSPHQW�VXFK�DV�$5%·V�/RZ�(PLVVLRQ�9HKLFOH��/(9��,,,�VWDQGDUGV��VKRXOG�OHDG�WR�DGGLWLRQDO�
30�UHGXFWLRQV�IURP�WDUJHWHG�HPLVVLRQ�VHFWRUV�

wHy it’s imPortaNt to 
coNtiNUe redUciNg Pm
7KH�IDFW�WKDW�WKH�%D\�$UHD�KDV�PDGH�WDQJLEOH�SURJUHVV�LQ�UHGXFLQJ�30�OHYHOV�GRHV�QRW�PHDQ�WKDW�ZH�
FDQ�UHVW�HDV\��KRZHYHU���7KHUH�DUH�FRPSHOOLQJ�UHDVRQV�ZK\�LW�LV�LPSRUWDQW�WR�FRQWLQXH�DQG�HQKDQFH�
RXU�HIIRUWV�WR�UHGXFH�30�

�� 5HVHDUFKHUV�KDYH�QRW�EHHQ�DEOH�WR�HVWDEOLVK�D�VDIH�WKUHVKROG�IRU�SRSXODWLRQ�
H[SRVXUH�WR�30���$�UREXVW�DQG�JURZLQJ�ERG\�RI�UHVHDUFK�VKRZV�WKDW�WKHUH�
DUH�KHDOWK�LPSDFWV�DVVRFLDWHG�ZLWK�H[SRVXUH�WR�30�HYHQ�EHORZ�WKH�FXUUHQW�
standards.

�� $V�QHZ�LQIRUPDWLRQ�DERXW�WKH�KHDOWK�HIIHFWV�RI�30�EHFRPHV�DYDLODEOH��WKH�
86�(3$�DQG�RU�WKH�$5%�PD\�LVVXH�PRUH�VWULQJHQW�VWDQGDUGV�LQ�WKH�IXWXUH�

�� (YHQ�DW�WKH�UHODWLYHO\�ORZ�30�OHYHOV�WKDW�FXUUHQWO\�SUHYDLO�LQ�WKH�%D\�$UHD��
30�LV�WKH�DLU�SROOXWDQW�PRVW�KDUPIXO�WR�SXEOLF�KHDOWK��LQFOXGLQJ�SUHPDWXUH�
mortality, heart attacks, chronic bronchitis and other key health effects.

�� 30�OHYHOV���DQG�SRSXODWLRQ�H[SRVXUH�WR�30���FDQ�YDU\�VLJQLÀFDQWO\�DW�
WKH�ORFDO�VFDOH���(YHQ�WKRXJK�WKH�%D\�$UHD�FXUUHQWO\�PHHWV�QDWLRQDO�30�
VWDQGDUGV��EDVHG�RQ�WKH�PHDVXUHPHQWV�IURP�WKH�UHJLRQDO�30�PRQLWRULQJ�
QHWZRUN���VRPH�FRPPXQLWLHV�DQG�LQGLYLGXDOV�DUH�H[SRVHG�WR�KLJKHU�
FRQFHQWUDWLRQV�RI�30�
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�� ,Q�DGGLWLRQ�WR�LWV�GHWULPHQWDO�LPSDFWV�RQ�SXEOLF�KHDOWK��30�DOVR�SOD\V�D�UROH�LQ�
FOLPDWH�FKDQJH�DQG�KDV�QHJDWLYH�LPSDFWV�RQ�HFRV\VWHPV�DQG�YLVLELOLW\�

cHalleNges we Face
$OWKRXJK�IXUWKHU�30�UHGXFWLRQV�ZRXOG�EHQHÀW�WKH�KHDOWK�RI�%D\�$UHD�UHVLGHQWV��UHGXFLQJ�30�SUHVHQWV�
FKDOOHQJHV��VHYHUDO�RI�ZKLFK�DUH�GHVFULEHG�EHORZ�

�� The Air District’s authority is limited���(PLVVLRQ�VRXUFHV�DUH�GLYHUVH��DQG�
WKH�$LU�'LVWULFW·V�DXWKRULW\�LV�OLPLWHG�WR�D�GHÀQHG�VHW�RI�VRXUFHV���)RU�H[DPSOH��
LQGRRU�H[SRVXUH�WR�XOWUDÀQH�DQG�ÀQH�30�DFFRXQWV�IRU�D�VLJQLÀFDQW�VKDUH�RI�
WRWDO�H[SRVXUH�IRU�PDQ\�SHRSOH��EXW�WKH�VRXUFHV�DQG�FRQGLWLRQV�FRQWULEXWLQJ�
WR�LQGRRU�30�H[FSRVXUH�DUH�FRPSOH[�DQG�WKH�$LU�'LVWULFW�KDV�OLPLWHG�DXWKRULW\�
WR�UHJXODWH�HPLVVLRQV�IURP�PRVW�LQGRRU�VRXUFHV�WKDW�FRQWULEXWH�WR�LQGRRU�
H[SRVXUHV��

�� Low-hanging fruit is sparse���$V�GHVFULEHG�LQ�6HFWLRQ����SROLFLHV�DQG�
UHJXODWLRQV�KDYH�DOUHDG\�EHHQ�LPSOHPHQWHG�WR�UHGXFH�HPLVVLRQV�RI�
SULPDU\�30�DQG�30�SUHFXUVRUV�IURP�NH\�VRXUFHV��VXFK�DV�GLHVHO�HQJLQHV�
DQG�UHVLGHQWLDO�ZRRG�EXUQLQJ���,W�ZLOO�EH�D�FKDOOHQJH�WR�LGHQWLI\�QHZ�FRQWURO�
PHDVXUHV�WKDW�DFKLHYH�VLJQLÀFDQW�30�HPLVVLRQV�RQ�D�FRVW�HIIHFWLYH�EDVLV�

�� Wood smoke remains a problem. �7KH�$LU�'LVWULFW�KDV�PDGH�D�PDMRU�HIIRUW�
WR�UHGXFH�30�IURP�UHVLGHQWLDO�ZRRG�EXUQLQJ��DV�GHVFULEHG�LQ�6HFWLRQ�����7KH�
HYLGHQFH�LQGLFDWHV�WKDW�WKLV�HIIRUW�KDV�EHHQ�HIIHFWLYH�LQ�UHGXFLQJ�30�OHYHOV�
DW�WKH�UHJLRQDO�VFDOH���+RZHYHU��ZRRG�VPRNH�LV�VWLOO�D�VLJQLÀFDQW�VRXUFH�
RI�HPLVVLRQV��DFFRXQWLQJ�IRU�URXJKO\�RQH�WKLUG�RI�30����GXULQJ�ZLQWHU�
PRQWKV�ZKHQ�WKH�%D\�$UHD�H[SHULHQFHV�LWV�KLJKHVW�30�OHYHOV���0RUHRYHU��LQ�
QHLJKERUKRRGV�ZKHUH�ZRRG�EXUQLQJ�LV�SUHYDOHQW�GXULQJ�ZLQWHU�PRQWKV��ZRRG�
VPRNH�FDQ�H[SRVH�UHVLGHQWV�WR�KLJK�30�OHYHOV��HVSHFLDOO\�LI�WRSRJUDSKLFDO�
IHDWXUHV�DQG�RU�ZHDWKHU�FRQGLWLRQV�SUHYHQW�GLVSHUVLRQ�RI�WKH�VPRNH���
$FKLHYLQJ�IXUWKHU�UHGXFWLRQV�LQ�UHVLGHQWLDO�ZRRG�EXUQLQJ�ZLOO�EH�D�FKDOOHQJH��
KRZHYHU��EHFDXVH�WKH�VRXUFHV�DUH�ZLGHO\�GLVSHUVHG�DQG�FRPSOLDQFH�GHSHQGV�
XSRQ�SXEOLF�HGXFDWLRQ�DQG�FRRSHUDWLRQ�DQG�ODUJH�VFDOH�EHKDYLRUDO�FKDQJH�

�� Transport of PM from outside the Bay Area.  Analysis shows that on the 
ZLQWHU�GD\V�ZKHQ�WKH�%D\�$UHD�H[SHULHQFHV�LWV�KLJKHVW�30�FRQFHQWUDWLRQV��
WUDQVSRUW�RI�30�E\�HDVWHUO\�ZLQGV�IURP�WKH�&HQWUDO�9DOOH\�FRQWULEXWHV�WR�30�
OHYHOV�LQ�WKH�%D\�$UHD�

�� Coordination challenges���0DQ\�SXEOLF�DJHQFLHV�DQG�RWKHU�VWDNHKROGHUV�
KDYH�D�UROH�WR�SOD\�LQ�UHGXFLQJ�30�DQG�SURWHFWLQJ�SXEOLF�KHDOWK���7KH�GLYHUVLW\�
RI�SOD\HUV�DQG�SHUVSHFWLYHV�SURYLGHV�RSSRUWXQLWLHV�IRU�FROODERUDWLRQ�DQG�

��7KH�$LU�',VWULFW�GRHV�KDYH�DXWKRULW\�WR�UHJXODWH�HPLVVLRQV�IURP�FHUWDLQ�LQGRRU�VRXUFHV��LQFOXGLQJ�ZRRG�EXUQLQJ�FRRNLQJ��ZDWHU�KHDWHUV�DQG�
furnaces. 
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SDUWQHUVKLS��EXW�DOVR�KLJKOLJKWV�WKH�QHHG�WR�FRRUGLQDWH�HIIRUWV��LGHQWLI\�DUHDV�
RI�PXWXDO�LQWHUHVW��DQG�UHFRQFLOH�FRPSHWLQJ�REMHFWLYHV�

�� 5egional and community  needs.  Because certain communities are 
GLVSURSRUWLRQDWHO\�LPSDFWHG�E\�30�DQG�RWKHU�DLU�SROOXWDQWV��WKH�$LU�'LVWULFW�
QHHGV�WR�UHGXFH�30�DW�ERWK�WKH�UHJLRQDO�VFDOH�DQG�LQ�WKH�FRPPXQLWLHV�PRVW�
LPSDFWHG�E\�30�

�� Protecting public health at the regional and community scale���0RQLWRULQJ�
GDWD�VKRZ�WKDW�WKH�%D\�$UHD�FXUUHQWO\�PHHWV�WKH�QDWLRQDO�30�VWDQGDUGV���
+RZHYHU��KHDOWK�VWXGLHV�VKRZ�WKDW�WKHUH�DUH�KHDOWK�HIIHFWV�HYHQ�EHORZ�WKHVH�
VWDQGDUGV��DQG�ZH�NQRZ�WKDW�FHUWDLQ�FRPPXQLWLHV�DQG�LQGLYLGXDOV�PD\�EH�
H[SRVHG�WR�KLJKHU�OHYHOV�RI�30���*,YHQ�WKLV�FRQWH[W��KRZ�GR�ZH�GHWHUPLQH�
WKH�DSSURSULDWH�REMHFWLYHV�LQ�WHUPV�RI�UHGXFLQJ�H[SRVXUH�WR�30�DW�ERWK�WKH�
UHJLRQDO�DQG�WKH�FRPPXQLW\�VFDOH"

Policy gUideliNes to iNForm 
FUtUre Pm PlaNNiNg
7KH�GLVFXVVLRQ�LQ�WKLV�VHFWLRQ�SURYLGHV�D�FRQFHSWXDO�IUDPHZRUN�WR�JXLGH�WKH�$LU�'LVWULFW·V�IXWXUH�
HIIRUWV�UHODWLQJ�WR�30��EDVHG�RQ�WKH�EHVW�DYDLODEOH�LQIRUPDWLRQ�WR�GDWH���7KLV�LV�LQWHQGHG�WR�EH�D�
´ZRUNLQJµ�IUDPZRUN��WKH�$LU�'LVWULFW�UHFRJQL]HV�WKDW�LW�PD\�QHHG�WR�EH�UHYLVHG�DV�QHZ�LQIRUPDWLRQ�LV�
DYDLODEOH�

�� 7KH�$LU�',VWULFW�ZLOO�FRQWLQXH�WR�SXUVXH�D�PXOWL�IDFHWHG�DSSURDFK�ZKLFK�FRPELQHV�
UHJXODWLRQV�DQG�FRQWURO�PHDVXUHV�WR�UHGXFH�HPLVVLRQV�RI�30�DQG�30�SUHFXUVRUV�
IURP�VRXUFHV�XQGHU�LWV�MXUVLGLFWLRQ��WDUJHWHG�HQIRUFHPHQW�RI�$5%�UHJXODWLRQV�RQ�
VRXUFHV�XQGHU�$5%�FRQWURO��JUDQWV�DQG�LQFHQWLYHV�WR�DFKLHYH�HPLVVLRQ�UHGXFWLRQV�
DERYH�DQG�EH\RQG�UHJXODWRU\�UHTXLUHPHQWV��HIIRUWV�WR�UHGXFH�SRSXODWLRQ�
H[SRVXUH��SDUWQHUVKLSV�ZLWK�WKH�KHDOWK�FRPPXQLW\�DQG�RWKHU�VWDNHKROGHUV��DQG�
public education.

�� Pursuant to the Bay Area 2010 Clean Air Plan, potential future measures to 
UHGXFH�30�ZLOO�EH�HYDOXDWHG�RQ�D�PXOWL�SROOXWDQW�EDVLV��WR�PD[LPL]H�WKHLU�RYHUDOO�
DLU�TXDOLW\��KHDOWK�DQG�FOLPDWH�SURWHFWLRQ�EHQHÀW�

�� 6LQFH�VFLHQFH�KDV�QRW�\HW�GHWHUPLQHG�SUHFLVHO\�ZKLFK�FRPSRQHQWV�RI�30�DUH�WKH�
most harmful to public health, the Air District will continue its efforts to reduce 
30�DFURVV�WKH�ERDUG��LQFOXGLQJ�DOO�VL]HV�DQG�W\SHV�RI�SDUWLFOHV���+RZHYHU��WKH�$LU�
'LVWULFW�ZLOO�FRQWLQXH�WR�PRQLWRU�WKH�ODWHVW�UHVHDUFK�RQ�30�KHDOWK�HIIHFWV�WR�LQIRUP�
LWV�30�UHGXFWLRQ�HIIRUWV��DQG�ZLOO�FROODERUDWH�ZLWK�WKH�KHDOWK�FRPPXQLW\�WR�SURYLGH�
LQIRUPDWLRQ�RQ�30�HPLVVLRQV�DQG�H[SRVXUH�LQ�WKH�%D\�$UHD�

�� 5HVXOWV�IURP�WKH�$LU�'LVWULFW·V�30�PRGHOLQJ�IRU�WKH�%D\�$UHD�LQGLFDWH�WKDW�UHGXFLQJ�
HPLVVLRQV�RI�SULPDU\�30�RIIHUV�WKH�PRVW�GLUHFW�PHDQV�WR�UHGXFLQJ�DPELHQW�30�
FRQFHQWUDWLRQV���7KLV�LV�HVSHFLDOO\�WUXH�LQ�WHUPV�RI�UHGXFLQJ�ORFDO�30�´KRW�VSRWVµ�
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ZKLFK�DUH�FDXVHG�PDLQO\�E\�H[SRVXUH�WR�HPLVVLRQV�RI�SULPDU\�30�IURP�PRWRU�
YHKLFOHV��UHVLGHQWLDO�ZRRG�EXUQLQJ��RU�PDMRU�SRLQW�VRXUFHV�

�� The Air District and its partners will also continue efforts to reduce emissions of 
SUHFXUVRU�SROOXWDQWV�WKDW�FRQWULEXWH�WR�WKH�IRUPDWLRQ�RI�VHFRQGDU\�30��HVSHFLDOO\�WR�
KHOS�DYRLG�H[FHHGDQFHV�RI�WKH����KRXU�30����VWDQGDUG�GXULQJ�ZLQWHU�PRQWKV�ZKHQ�
DPPRQLXP�QLWUDWH�LV�D�PDMRU�FRPSRQHQW�RI�DPELHQW�30�

�� 7KH�HYLGHQFH�LQGLFDWHV�WKDW�UHGXFLQJ�HPLVVLRQV�RI�EODFN�FDUERQ�SDUWLFOHV�VKRXOG�
SURYLGH�ERWK�KHDOWK�DQG�FOLPDWH�SURWHFWLRQ�EHQHÀWV���7KHUHIRUH��WKH�$LU�'LVWULFW�
ZLOO�HYDOXDWH�SRWHQWLDO�PHDVXUHV�WR�IXUWKHU�UHGXFH�FRPEXVWLRQ�RI�IRVVLO�IXHOV�DQG�
ELRPDVV��ZRRG��LQ�RUGHU�WR�GHFUHDVH�HPLVVLRQV�RI�EODFN�FDUERQ�

�� The Air District will continue to enhance its efforts to reduce emissions from 
VRXUFHV��VXFK�DV�PRWRU�YHKLFOHV��WKDW�DFFRXQW�IRU�KLJK�SRSXODWLRQ�WR�H[SRVXUH�WR�
ÀQH�DQG�XOWUDÀQH�SDUWLFOHV�

�� 7KH�$LU�'LVWULFW�ZLOO�FRQWLQXH�LWV�HIIRUWV�WR�EHWWHU�XQGHUVWDQG�ORFDO�30�
FRQFHQWUDWLRQV�DQG�H[SRVXUHV�E\��IRU�H[DPSOH��H[SDQGLQJ�PRQLWRULQJ�QHDU�
URDGZD\V�DQG�PDMRU�HPLVVLRQ�VRXUFHV��XQGHUWDNLQJ�VSHFLDO�VWXGLHV��DQG�LPSURYLQJ�
PHWKRGV�WR�HVWLPDWH�SRSXODWLRQ�H[SRVXUH�WR�30�

�� 7KH�$LU�'LVWULFW�ZRUN�WR�VWUHQJWKHQ�LWV�SDUWQHUVKLSV�ZLWK�FRXQW\�KHDOWK�
GHSDUWPHQWV��ORFDO�SODQQLQJ�DJHQFLHV��FRPPXQLW\�JURXSV��DFDGHPLF�LQVWLWXWLRQV��
DQG�RWKHU�VWDNHKROGHUV�ZLWK�DQ�LWQHUHVW�LQ�LPSURYLQJ�DLU�TXDOLW\�DQG�SURWHFWLQJ�
SXEOLF�KHDOWK�WR�DGGUHVV�WKH�FKDOOHQJHV�DQG�SROLF\�LVVXHV�LGHQWLÀHG�LQ�WKLV�UHSRUW�

areas For FUrtHer evalUatioN
7R�LQIRUP�WKH�$LU�',VWULFW·V�IXWXUH�HIIRUWV�WR�FRQWURO�30�DQG�UHGXFH�WKH�QHJDWLYH�LPSDFWV�GHVFULEHG�LQ�
SUHYLRXV�VHFWLRQV��ZH�QHHG�

�� %HWWHU�LQIRUPDWLRQ�DV�WR�ZKLFK�W\SHV�DQG�VL]HV�RI�30�DUH�PRVW�KDUPIXO�WR�
public health.

�� 0RUH�SUHFLVH�DQDO\VLV�RI�SHUVRQDO�H[SRVXUH�WR�30�LQ�YDULRXV�PLFUR�
HQYLURQPHQWV�WR�GHWHUPLQH�ZKLFK�W\SHV�RI�H[SRVXUHV�SRVH�WKH�KLJKHVW�ULVN�WR�
health.

�� %HWWHU�XQGHUVWDQGLQJ�DV�WR�WKH�LQWHUSOD\�EHWZHHQ�30�DQG�FOLPDWH�FKDQJH��
DQG�KRZ�WKH�YDULRXV�W\SHV�RI�SDUWLFOHV�SURPRWH�RU�LQKLELW�FOLPDWH�KHDWLQJ�

6HYHUDO�VSHFLÀF�DUHDV�PHULW�IXUWKHU�HYDOXDWLRQ������XOWUDÀQH�30������WKH�UROH�RI�DPPRQLD�DV�D�
SUHFXUVRU�WR�VHFRQGDU\�30�IRUPDWLRQ��DQG�����WKH�FOLPDWH�FKDQJH�LPSDFWV�RI�EODFN�FDUERQ���7KH�$LU�
District will consider each of these areas, as discussed below.
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GZcaMŬ]R�B?

$V�GHVFULEHG�SUHYLRXVO\��XOWUDÀQH�SDUWLFOHV��8)30��SUHVHQW�VSHFLDO�FKDOOHQJHV�VLQFH�WKH\�DUH�KDUG�
WR�PHDVXUH�DQG�H[WUHPHO\�G\QDPLF��DQG�EHFDXVH�XOWUDÀQH�30�FRQFHQWUDWLRQV�WHQG�WR�EH�HOHYDWHG�
DQG�ORFDOL]HG�LQ�FORVH�SUR[LPLW\�WR�HPLVVLRQ�VRXUFHV��7KH�FXUUHQW�XQGHUVWDQGLQJ�RI�XOWUDÀQH�30�LQ�
WKH�VFLHQWLÀF�FRPPXQLW\�LV�VWLOO�YHU\�OLPLWHG��$OWKRXJK�HYLGHQFH�VXJJHVWV�WKDW�H[SRVXUH�WR�XOWUDÀQH�
30�PD\�EH�HVSHFLDOO\�KDUPIXO�WR�SXEOLF�KHDOWK�EHFDXVH�WKH�SDUWLFOHV�FDQ�SHQHWUDWH�GHHS�LQWR�
ERG\�RUJDQV�DQG�WLVVXHV��WKHUH�DUH�DV�\HW�QR�DPELHQW�DLU�TXDOLW\�VWDQGDUGV�IRU�XOWUDÀQH�30�QRU�
UHTXLUHPHQWV�IRU�PRQLWRULQJ�RI�DPELHQW�XOWUDÀQH�30�FRQFHQWUDWLRQV��%HFDXVH�RI�WKH�JDSV�LQ�RXU�
XQGHUVWDQGLQJ�RI�XOWUDÀQH�30��HIIRUWV�WR�FKDUDFWHUL]H�WKHVH�SDUWLFOHV�DQG�GHYHORS�DSSURSULDWH�FRQWURO�
VWUDWHJLHV�DUH�VWLOO�LQ�WKH�HDUO\�VWDJHV��.H\�FRQVWUDLQWV�LQ�WHUPV�RI�XOWUDÀQH�30�LQFOXGH�WKH�IROORZLQJ�

Emissions inventory: $V�GLVFXVVHG�EHORZ��WKH�$LU�'LVWULFW�SUHSDUHG�LWV�ÀUVW�XOWUDÀQH�30�HPLVVLRQV�
LQYHQWRU\�LQ�$XJXVW��������+RZHYHU��IXUWKHU�ZRUN�ZLOO�EH�QHHGHG�WR�UHÀQH�WKH�LQYHQWRU\�DV�HPLVVLRQ�
IDFWRUV�DUH�GHYHORSHG�DQG�LPSURYHG�IRU�YDULRXV�PDQ\�VRXUFH�FDWHJRULHV��

Ambient concentrations: 7KH�WHFKQRORJ\�WR�PHDVXUH�DPELHQW�FRQFHQWUDWLRQV��SDUWLFOH�QXPEHUV��RI�
XOWUDÀQH�30�LV�VWLOO�HYROYLQJ��6HYHUDO�XOWUDÀQH�30�PRQLWRUV�KDYH�UHFHQWO\�EHHQ�LQVWDOOHG�LQ�WKH�%D\�
$UHD��EXW�ZH�GR�QRW�\HW�KDYH�D�FRPSUHKHQVLYH�XOWUDÀQH�30�PRQLWRULQJ�QHWZRUN�

Modeling: *LYHQ�LWV�ORFDOL]HG�DQG�G\QDPLF�QDWXUH��PRGHOLQJ�XOWUDÀQH�30�PD\�SURYH�HVSHFLDOO\�
YDOXDEOH���'HYHORSLQJ�JRRG�HVWLPDWHV�WR�ZKHUH�DQG�ZKHQ�XOWUDÀQH�30�FRQFHQWUDWLRQV�DUH�KLJK�ZLOO�
KHOS�LGHQWLI\�WKH�W\SHV�RI�FRQGLWLRQV�WKDW�DUH�FRQGXFLYH�WR�DFXWH�KXPDQ�H[SRVXUH�

Health studies: 5HVHDUFK�LV�RQ�JRLQJ�WR�DQDO\]H�WKH�KHDOWK�HIIHFWV�RI�XOWUDÀQH�30�DQG�WR�GHWHUPLQH�
ZKHWKHU�WKHUH�DUH�GLVWLQFW�KHDOWK�HIIHFWV�UHODWHG�WR�XOWUDÀQH�30�DV�RSSRVHG�WR�ÀQH�SDUWLFOHV��30������
+RZHYHU��WKH�ODFN�RI�XOWUDÀQH�30�PRQLWRULQJ�QHWZRUNV�LQ�PRVW�XUEDQ�DUHDV��DQG�WKH�FRQVHTXHQW�
DEVHQFH�RI�GDWD�RQ�XOWUDÀQH�SDUWLFOH�FRQFHQWUDWLRQV��PDNHV�LW�GLIÀFXOW�WR�SHUIRUP�HSLGHPLRORJLFDO�
VWXGLHV�WR�EHWWHU�HOXFLGDWH�WKH�KHDOWK�HIIHFWV�RI�XOWUDÀQH�30��

Ambient air quality standards:�'HVSLWH�JURZLQJ�FRQFHUQV�DERXW�WKH�KHDOWK�HIIHFWV�RI�XOWUDÀQH�30��WKHUH�
DUH�DV�\HW�QR�6WDWH�RU�QDWLRQDO�DPELHQW�DLU�TXDOLW\�VWDQGDUGV�IRU�8)30��1RU�DUH�VXFK�VWDQGDUGV�OLNHO\�
WR�EH�DGRSWHG�XQWLO�WKH�JDSV�GHVFULEHG�DERYH�KDYH�EHHQ�DGGUHVVHG��,Q�WKH�PHDQWLPH��30����VHUYHV�
DV�WKH�FORVHVW�VXUURJDWH�IRU�XOWUDÀQH�30��GHVSLWH�WKH�IDFW�WKDW�HYLGHQFH�LQGLFDWHV�WKDW�WKH�FRUUHODWLRQ�
EHWZHHQ�30����PDVV�DQG�XOWUDÀQH�30�QXPEHUV�LV�WHQXRXV�DW�EHVW��DQG�PD\�DFWXDOO\�EH�QHJDWLYHO\�
correlated.

7R�DGGUHVV�WKH�JDSV�LQ�RXU�XQGHUVWDQGLQJ�RI�XOWUDÀQH�30��WKH�$LU�'LVWULFW�ZLOO�XQGHUWDNH�LQLWLDWLYHV�LQ�
UHJDUG�WR�WKH�HPLVVLRQV�LQYHQWRU\��PRQLWRULQJ�DQG�PRGHOLQJ�IRU�XOWUDÀQH�30��DV�VXPPDUL]HG�LQ�WKH�
7HFKQLFDO�(QKDQFHPHQWV�VHFWLRQ�EHORZ�
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baaqmd advisory council recommendations

7KH�$LU�'LVWULFW·V�$GYLVRU\�&RXQFLO�KDV�EHHQ�VWXG\LQJ�XOWUDÀQH�30�RYHU�WKH�SDVW�WZR�\HDUV�DQG�
UHFHLYLQJ�SUHVHQWDWLRQV�IURP�OHDGLQJ�H[SHUWV�RQ�XOWUDÀQH�30�PHDVXUHPHQW�DQG�LWV�KHDOWK�HIIHFWV��,Q�
'HFHPEHU�������WKH�$GYLVRU\�&RXQFLO�SUHVHQWHG�UHFRPPHQGDWLRQV�RQ�XOWUDÀQH�30�WR�WKH�%RDUG�RI�
'LUHFWRUV��.H\�$GYLVRU\�&RXQFLO�UHFRPPHQGDWLRQV�WR�WKH�%RDUG�LQFOXGH�WKH�IROORZLQJ�

�� ,QWHJUDWH�XOWUDÀQH�30�FRQVLGHUDWLRQV�LQWR�30����SODQQLQJ�
�� &RQWLQXH�LWV�HIIRUWV�WR�FKDUDFWHUL]H�XOWUDÀQH�30�VRXUFHV��FKHPLFDO�

FRPSRVLWLRQ��DQG�DPELHQW�DLU�OHYHOV�LQ�WKH�%D\�$UHD��
�� &RQVLGHU�GHYHORSPHQW�RI�D�XOWUDÀQH�30�HPLVVLRQ�LQYHQWRU\�DQG�PRQLWRULQJ�

VWUDWHJ\�
�� &RQVLGHU�FRQGXFWLQJ�VKRUW�WHUP�LQWHQVLYH�XOWUDÀQH�30�PRQLWRULQJ�WR�

FKDUDFWHUL]H�DPELHQW�XOWUDÀQH�30�OHYHOV�DQG�VSHFLDWLRQ�DW�VHOHFWHG�NH\�
ORFDWLRQV��H�J���QHDU�KHDYLO\�WUDYHOHG�URDGZD\V���SRVVLEO\�LQWHJUDWLQJ�WKRVH�
HIIRUWV�ZLWK�XSFRPLQJ�QHDU�URDGZD\�FRQWLQXRXV�12��PRQLWRULQJ�UHTXLUHG�
SXUVXDQW�WR�WKH���KRXU�12��QDWLRQDO�VWDQGDUG�

�� 0DLQWDLQ�D�IRFXV�RQ�30����DQG�XOWUDÀQH�30�HPLVVLRQV�IURP�IXHO�EXUQLQJ�
YHKLFOHV��ZLWK�SDUWLFXODU�DWWHQWLRQ�WR�30�HPLVVLRQV�IURP�XQEXUQHG�DQG�
partially burned fuel and lube oil.

�� &RQWLQXH�WR�LQYHVWLJDWH�DQG�HYDOXDWH�PHDVXUHV�WR�UHGXFH�SHUVRQDO�H[SRVXUH�
WR�30����DQG�XOWUDÀQH�30�

�� &ROODERUDWH�ZLWK�WKH�$VVRFLDWLRQ�RI�%D\�$UHD�*RYHUQPHQWV�DQG�WKH�
0HWURSROLWDQ�7UDQVSRUWDWLRQ�&RPPLVVLRQ�WR�HGXFDWH�WKH�SXEOLF�RQ�WKH�SXEOLF�
KHDOWK�HIIHFWV�DVVRFLDWHG�ZLWK�RQ�URDG�DQG�QHDU�URDG�XOWUDÀQH�30�DQG�ZLWK�
30����H[SRVXUHV��DQG�SURPRWH�VWUDWHJLHV�WR�UHGXFH�YHKLFOH�PLOHV�WUDYHOHG�

�� &ROODERUDWH�ZLWK�RWKHU�DJHQFLHV��H�J���$5%��6RXWK�&RDVW�$LU�4XDOLW\�
0DQDJHPHQW�'LVWULFW��LQ�VWXG\LQJ�XOWUDÀQH�30�PHDVXUHPHQWV��DQG�KHDOWK�
LPSDFWV��IDVKLRQLQJ�HIIHFWLYH�SXEOLF�SROLF\�VWUDWHJLHV�DQG�IRFXVLQJ�SROLF\�
GHYHORSPHQW�RQ�YXOQHUDEOH�SRSXODWLRQV�DQG�KLJKO\�LPSDFWHG�DUHDV�

Pm and climate change (black carbon)

$V�GLVFXVVHG�LQ�6HFWLRQ���&��WKH�UHODWLRQVKLS�EHWZHHQ�30�DQG�FOLPDWH�FKDQJH�LV�FRPSOH[��$�YDULHW\�
RI�SK\VLFDO�SURFHVVHV�DUH�LQYROYHG��DQG�GLIIHUHQW�W\SHV�RI�SDUWLFOHV�KDYH�GLIIHULQJ�LPSDFWV�RQ�FOLPDWH��
$OWKRXJK�LW�LV�GLIÀFXOW�WR�GHWHUPLQH�WKH�QHW�HIIHFW�RI�30�RQ�FOLPDWH��WKHUH�LV�VWURQJ�HYLGHQFH�WKDW�EODFN�
FDUERQ��VRRW��PD\�EH�D�VLJQLÀFDQW�FRQWULEXWRU�WR�FOLPDWH�KHDWLQJ��3ROLF\�DFWLRQV�WR�UHGXFH�KHDWLQJ�
HIIHFWV�RI�30�RQ�WKH�FOLPDWH�VKRXOG�IRFXV�RQ�UHGXFLQJ�EODFN�FDUERQ��DV�ZHOO�DV�EURZQ�FDUERQ��6XFK�
DFWLRQV�ZRXOG�DOVR�\LHOG�LPSRUWDQW�KHDOWK�EHQHÀWV�E\�IXUWKHU�UHGXFLQJ�H[SRVXUH�WR�ÀQH�SDUWLFOHV��
)XWXUH�DFWLRQV�PD\�LQFOXGH�WKH�IROORZLQJ�

�� 'HYHORS�D�%D\�$UHD�EODFN�FDUERQ�HPLVVLRQV�LQYHQWRU\��ZRUN�ZLWK�WKH�$LU�
5HVRXUFHV�%RDUG�WR�REWDLQ�EODFN�FDUERQ�HPLVVLRQV�IDFWRUV�IRU�PRWRU�YHKLFOHV�
and other mobile sources.
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�� &ROODERUDWH�ZLWK�8�6��(3$��$5%��DQG�RWKHU�DJHQFLHV�DV�DSSURSULDWH��WR�
GHYHORS�D�*OREDO�:DUPLQJ�3RWHQWLDO��RU�D�VXEVWLWXWH�PHWULF��YDOXH�WKDW�SODFHV�
SURSHU�ZHLJKW�RQ�WKH�QHDU�WHUP�FOLPDWH�SURWHFWLRQ�EHQHÀWV�RI�UHGXFLQJ�EODFN�
carbon.

�� ,QYHVWLJDWH�PHWKRGV�WR�LGHQWLI\�DQG�VSHFLDWH�WKH�W\SHV�RI�ÀQH�SDUWLFOHV�WKDW�
ZLOO�EH�UHGXFHG�E\�SRWHQWLDO�FRQWURO�PHDVXUHV�LQ�RUGHU�WR�WDUJHW�WKH�SDUWLFOHV�
WKDW�FRQWULEXWH�PRVW�WR�FOLPDWH�KHDWLQJ��

�� &RQVLGHU�GHYHORSLQJ�DGGLWLRQDO�FRQWURO�PHDVXUHV�WR�UHGXFH�EODFN�FDUERQ�
HPLVVLRQV�LQ�WKH�QH[W�XSGDWH�RI�WKH�%D\�$UHD�&OHDQ�$LU�3ODQ�

�� ,Q�GHYHORSLQJ�PHDVXUHV�WR�UHGXFH�SDUWLFXODWH�HPLVVLRQV��SULRULWL]H�FRQWUROV�
RQ�HPLVVLRQ�VRXUFHV�WKDW�KDYH�D�KLJK�UDWLR�RI�EODFN�FDUERQ�FRPSDUHG�WR�
RUJDQLF�FDUERQ��VXOIDWHV��DQG�QLWUDWHV�

�� &RQWLQXH�WR�HQKDQFH�WKH�$LU�'LVWULFW·V�HIIRUWV�WR�UHGXFH�UHVLGHQWLDO�ZRRG�
EXUQLQJ�DQG�WR�HGXFDWH�%D\�$UHD�UHVLGHQWV�DERXW�WKH�GHWULPHQWDO�KHDOWK�DQG�
FOLPDWH�HIIHFWV�RI�ZRRG�EXUQLQJ��

�� (QFRXUDJH�%D\�$UHD�FLWLHV��DQG�RWKHU�ORFDO�DJHQFLHV��WR�DGGUHVV�EODFN�FDUERQ�
LQ�WKHLU�FOLPDWH�SURWHFWLRQ�SODQV��DQG�SURYLGH�WHFKQLFDO�VXSSRUW�WR�DVVLVW�LQ�
this effort.

�� :RUN�ZLWK�ORFDO�JRYHUQPHQWV�DQG�RWKHU�VWDNHKROGHUV�WR�HVWLPDWH�WKH�SXEOLF�
KHDOWK�EHQHÀWV�RI�FOLPDWH�SURWHFWLRQ�PHDVXUHV�WR�UHGXFH�JUHHQKRXVH�JDVHV��
DV�ZHOO�DV�VKRUW�WHUP�FOLPDWH�IRUFHUV�VXFK�DV�EODFN�FDUERQ�

�� 0RQLWRU�RQ�JRLQJ�UHVHDUFK�LQWR�WKH�FOLPDWH�LPSDFWV�RI�30��DQG�FRQVLGHU�KRZ�
QHZ�ÀQGLQJV�VKRXOG�EH�UHÁHFWHG�LQ�$LU�'LVWULFW�SROLFLHV�DQG�FOLPDWH�SURWHFWLRQ�
efforts.

�� )DFLOLWDWH�FRPPXQLFDWLRQV�EHWZHHQ�SROLF\�PDNHUV�DQG�WKH�VFLHQWLÀF�
FRPPXQLW\�WR�LGHQWLI\�UHVHDUFK�QHHGV�UHJDUGLQJ�ÀQH�SDUWLFOHV�DQG�FOLPDWH�
impacts in order to reduce uncertainties in the policy arena.

ammonia

As noted in Section 2 of this report, ammonia is a precursor to the formation of ammonium nitrate, 
D�FRPSRXQG�ZKLFK�DFFRXQWV�IRU�D�VLJQLÀFDQW�VKDUH�RI�30�FRQFHQWUDWLRQV�LQ�WKH�%D\�$UHD��HVSHFLDOO\�
LQ�ZLQWHU�PRQWKV�ZKHQ�30�FRQFHQWUDWLRQV�DUH�KLJKHVW��12[�LV�FRQYHUWHG�WR�QLWULF�DFLG��ZKLFK�WKHQ�
combines with ammonia to form ammonium nitrate. Ammonia is also a precursor to ammonium 
VXOIDWH��ZKLFK�DFFRXQWV�IRU�RYHU�����RI�%D\�$UHD�30����RQ�DQ�DQQXDO�EDVLV���)RU�SXUSRVHV�RI�30����
6,3�SODQQLQJ�UHTXLUHPHQWV��86�(3$�JXLGHOLQHV6�VWDWH�WKDW�FHUWDLQ�SUHFXUVRUV��H�J���62��DQG�12[��DUH�
SUHVXPHG�WR�EH�VLJQLÀFDQW�FRQWULEXWRUV�WR�WKH�IRUPDWLRQ�RI�VHFRQGDU\�30�����ZKHUHDV�RWKHUV��VXFK�
DV�YRODWLOH�RUJDQLF�FRPSRXQGV��92&��DQG�DPPRQLD�DUH�SUHVXPHG�not�WR�EH�VLJQLÀFDQW�FRQWULEXWRUV�
XQOHVV�WKH�6WDWH�PDNHV�D�ÀQGLQJ�WKDW�WKH�SUHFXUVRU�FRQWULEXWHV�VLJQLÀFDQWO\�WR�WKH�30����QRQ�
attainment in the air basin or in downwind areas. 

�� �6HH�86�(3$�&OHDQ�$LU�)LQH�3DUWLFOH�,PSOHPHQWDWLRQ�5XOH��$SULO������������ZZZ�JSR�JRY�IGV\V�SNJ�)5������������SGI�(�������
SGI�SDJH ��
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,Q�GHWHUPLQLQJ�ZKHWKHU�DPPRQLD�LV�D�VLJQLÀFDQW�FRQWULEXWRU�WR�30�IRUPDWLRQ��WKH�NH\�TXHVWLRQ�LV�
ZKLFK�SROOXWDQW�²�DPPRQLD��RU�12[��LQ�WKH�IRUP�RI�QLWULF�DFLG����LV�WKH�OLPLWLQJ�IDFWRU�LQ�DPPRQLXP�
QLWUDWH�IRUPDWLRQ��%DVHG�RQ�WKH�UDWLR�RI�DPPRQLD�WR�12[�DQG�WKH�G\QDPLFV�RI�DPPRQLXP�QLWUDWH��DQG�
DPPRQLXP�VXOIDWH�IRUPDWLRQ�LQ�WKH�%D\�$UHD��30����PRGHOLQJ�SHUIRUPHG�E\�$LU�'LVWULFW�VWDII�IRXQG�
WKDW�UHGXFLQJ�DPPRQLD�ZRXOG�EH�WKH�PRVW�HIIHFWLYH�30�SUHFXUVRU�WR�UHGXFH�LQ�RUGHU�WR�GHFUHDVH�
30����FRQFHQWUDWLRQV��DV�GHVFULEHG�LQ�6HFWLRQ���7 

7R�GDWH��30����6,3�SODQV�SUHSDUHG�E\�RWKHU�DLU�GLVWULFWV�LQ�WKH�VWDWH��LQFOXGLQJ�6RXWK�&RDVW��6DQ�
-RDTXLQ�9DOOH\��DQG�6DFUDPHQWR��KDYH�QRW�WUHDWHG�DPPRQLD�DV�D�VLJQLÀFDQW�SUHFXUVRU�WR�30�DQG�
KDYH�QRW�SURSRVHG�DQ\�UHJXODWLRQV�RU�SROLFLHV�WR�FRQWURO�DPPRQLD�HPLVVLRQV��,W�VKRXOG�DOVR�EH�
QRWHG�WKDW��HYHQ�LI�WKHUH�LV�D�VROLG�WHFKQLFDO�UDWLRQDOH�IRU�FRQWUROOLQJ�DPPRQLD�HPLVVLRQV�LQ�WKH�
%D\�$UHD��WKHUH�ZRXOG�EH�FKDOOHQJHV�LQ�WHUPV�RI�KRZ�WR�FRQWURO�DPPRQLD�HPLVVLRQV��7KH�VRXUFH�
FDWHJRULHV�WKDW�DFFRXQW�IRU�WKH�EXON�RI�DPPRQLD�HPLVVLRQV�DUH�YHU\�GLIIHUHQW�WKDQ�IRU�SULPDU\�30�
RU�WKH�RWKHU�30�SUHFXUVRUV��7KH�PHQX�RI�DYDLODEOH�FRQWURO�PHDVXUHV�DSSHDUV�WR�EH�OLPLWHG��DQG�
VRPH�RI�WKH�PDMRU�VRXUFHV��H�J��KXPDQ�SHUVSLUDWLRQ�DQG�UHVSLUDWLRQ��GRPHVWLF�DQLPDO�ZDVWH��GR�
QRW�OHQG�WKHPVHOYHV�WR�UHJXODWLRQ�

7R�EHWWHU�LQIRUP�D�IXWXUH�GHFLVLRQ�DV�WR�ZKHWKHU�WR�FRQVLGHU�DPPRQLD�D�VLJQLÀFDQW�FRQWULEXWH�WR�
VHFRQGDU\�30�IRUPDWLRQ�DQG�SXUVXH�PHDVXUHV�WR�UHGXFH�DPPRQLD�HPLVVLRQV��$LU�'LVWULFW�VWDII�ZLOO�
DQDO\]H�IXWXUH�30����PRGHOLQJ�UHVXOWV��VHHN�WR�LPSURYH�WKH�%D\�$UHD�DPPRQLD�HPLVVLRQV�LQYHQWRU\��
DQG�PRQLWRU�RQ�JRLQJ�UHVHDUFK�DQG�SROLF\�JXLGHOLQHV�WKDW�VKHG�OLJKW�RQ�WKLV�LVVXH�

tecHNical eNHaNcemeNts Needed to 
sUPPort tHe air district’s eFForts
$V�GLVFXVVHG�LQ�WKH�SUHFHGLQJ�VHFWLRQV�RI�WKLV�UHSRUW��WKH�$LU�'LVWULFW�KDV�EHHQ�EXLOGLQJ�D�VROLG�
WHFKQLFDO�DQG�DQDO\WLFDO�IRXQGDWLRQ�IRU�LWV�30�FRQWURO�HIIRUWV�LQ�UHFHQW�\HDUV��7KH�$LU�'LVWULFW�
KDV�EHHQ�SHUIRUPLQJ�FXWWLQJ�HGJH�ZRUN�LQ�LWV�HIIRUWV�WR�PHDVXUH��DQDO\]H��DQG�FKDUDFWHUL]H�30�
HPLVVLRQV��FRQFHQWUDWLRQV��SRSXODWLRQ�H[SRVXUH��DQG�KHDOWK�HIIHFWV��+RZHYHU��EHFDXVH�30�LV�VXFK�D�
FRPSOH[�SROOXWDQW��WKHUH�DUH�D�QXPEHU�RI�JDSV�WR�EH�ÀOOHG���2SSRUWXQLWLHV�WR�HQKDQFH�RXU�WHFKQLFDO�
XQGHUVWDQGLQJ�DQG�FDSDELOLWLHV�LQ�UHJDUG�WR�30�LQFOXGH�

�� %HWWHU�PHDVXUHPHQWV�DQG�RU�HVWLPDWHV�RI�ORFDOL]HG�30�FRQFHQWUDWLRQV�
�� %HWWHU�LQIRUPDWLRQ�DV�WR�SRSXODWLRQ�H[SRVXUH�WR�30��DQG
�� 7HFKQLFDO�GDWD�WR�FKDUDFWHUL]H�XOWUDÀQH�30�HPLVVLRQV��FRQFHQWUDWLRQV��DQG�

SRSXODWLRQ�H[SRVXUH�LQ�WKH�%D\�$UHD�

�� 7KLV�LV�WKH�RSSRVLWH�RI�UHVXOWV�IURP�WKH�&HQWUDO�9DOOH\��ZKHUH�PRGHOLQJ�IRXQG�WKDW�WKH�9DOOH\�LV�VR�ULFK�LQ�DPPRQLD��SULPDULO\�IURP�
DJULFXOWXUDO�DQG�OLYHVWRFN�RSHUDWLRQV��WKDW�UHGXFLQJ�DPPRQLD�HPLVVLRQV�ZRXOG�KDYH�OLWWOH�RU�QR�HIIHFW�RQ�GHFUHDVLQJ�DPPRQLXP�QLWUDWH�
formation.
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emissions inventory

7KH�$LU�'LVWULFW�KDV�D�GHWDLOHG�LQYHQWRU\�RI�ERWK�SULPDU\�30�HPLVVLRQV�RI�30����DQG�30����DV�ZHOO�DV�
WKH�SUHFXUVRUV�WKDW�FRQWULEXWH�WR�IRUPDWLRQ�RI�VHFRQGDU\�30��6HYHUDO�SRWHQWLDO�HQKDQFHPHQWV�WR�WKH�
H[LVWLQJ�LQYHQWRU\�IRU�30����DQG�30���DUH�GHVFULEHG�EHORZ�

Domestic cooking: 7KH�$LU�'LVWULFW�30�LQYHQWRU\��OLNH�RWKHU�30�LQYHQWRULHV�WKURXJKRXW�&DOLIRUQLD��
FXUUHQWO\�GRHV�QRW�LQFOXGH�30�IURP�GRPHVWLF��UHVLGHQWLDO��FRRNLQJ��7KLV�FDWHJRU\�ZRXOG�LQFOXGH�30�
HPLWWHG�E\�WKH�ERWK�QDWXUDO�JDV�DQG�HOHFWULF�VWRYHV�DQG�RYHQV��DV�ZHOO�DV�EDUEHTXH�JULOOV��,W�LV�SRVVLEOH�
WKDW�30�IURP�GRPHVWLF�FRRNLQJ�FRXOG�SURYH�WR�EH�D�VLJQLÀFDQW�VRXUFH�RI�HPLVVLRQV��JLYHQ�WKH�QXPEHU�
RI�VWRYHV�DQG�RYHQV�XVHG�LQ�%D\�$UHD�KRPHV��DV�ZHOO�DV�WKH�YROXPH�RI�RXWGRRU�FRRNLQJ�LQ�VXPPHU�
PRQWKV��$V�QRWHG�LQ�6HFWLRQ���%��LQGRRU�30�OHYHOV�VSLNH�ZKHQ�VWRYHV�DQG�RYHQV�DUH�LQ�XVH��DQG�VRPH�
IUDFWLRQ�RI�WKLV�30�ÀQGV�LWV�ZD\�RXWGRRUV�HLWKHU�E\�PHDQV�RI�VWRYH�KRRG�IDQV��ZLQGRZV��RU�RWKHU�W\SHV�
RI�GLVSHUVLRQ��$LU�'LVWULFW�VWDII�ZLOO�LQYHVWLJDWH�30�HPLVVLRQV�IURP�GRPHVWLF�FRRNLQJ�ZLWK�WKH�REMHFWLYH�
RI�GHYHORSLQJ�HPLVVLRQV�HVWLPDWHV�IRU�WKLV�FDWHJRU\��

Projections of future wood smoke emissions: $V�GLVFXVVHG�SUHYLRXVO\��LQIRUPDWLRQ�IURP�
VSHFLDWLRQ�RI�30�FROOHFWHG�RQ�ÀOWHUV��DV�ZHOO�DV�%D\�$UHD�ZRRG�EXUQLQJ�VXUYH\�UHVXOWV��LQGLFDWHV�
WKDW�WKH�$LU�'LVWULFW·V�SURJUDP�KDV�EHHQ�VXFFHVVIXO�LQ�UHGXFLQJ�ZRRG�EXUQLQJ�GXULQJ�WKH�ZLQWHU�
PRQWKV��7KH�SURMHFWLRQV�LQ�WKH�30�LQYHQWRU\�FXUUHQWO\�DVVXPH�WKDW�ZRRG�EXUQLQJ�HPLVVLRQV�ZLOO�
UHPDLQ�FRQVWDQW�LQ�IXWXUH�\HDUV��+RZHYHU��LW�VHHPV�SODXVLEOH�WKDW�30�HPLVVLRQV�IURP�UHVLGHQWLDO�
ZRRG�EXUQLQJ�ZLOO�GHFUHDVH�IXUWKHU�LQ�IXWXUH�\HDUV�LQ�UHVSRQVH�WR�FRQWLQXHG�SXEOLF�HGXFDWLRQ��WKH�
JUDGXDO�SKDVLQJ�RXW�RI�KRXVLQJ�ZLWK�XQFHUWLÀHG�ZRRG�VWRYHV��FRQYHUVLRQ�RI�ÀUHSODFHV�WR�QDWXUDO�
JDV�LQVHUWV��DQG�RWKHU�IDFWRUV��,Q�RUGHU�WR�EHWWHU�XQGHUVWDQG�IXWXUH�ZRRG�EXUQLQJ�WUHQGV��$LU�'LVWULFW�
VWDII�ZLOO�DQDO\]H�DQG�UHVHDUFK�WKH�YDULRXV�IDFWRUV�WKDW�LQÁXHQFH�UHVLGHQWLDO�ZRRG�EXUQLQJ��VXFK�DV�
WKH�FRPSOLDQFH�UDWH�GXULQJ�6SDUH�WKH�$LU�$OHUWV��WKH�UDWH�DW�ZKLFK�ÀUHSODFHV�DQG�ZRRGVWRYHV�DUH�
UHPRYHG��XSJUDGHG��RU�FRQYHUWHG�WR�QDWXUDO�JDV�LQVHUWV��HWF��6WDII�PD\�UHYLVH�WKH�ZRRG�EXUQLQJ�
VXUYH\�WR�HQVXUH�WKDW�LW�SURYLGHV�LQIRUPDWLRQ�WR�WUDFN�FRPSOLDQFH�ZLWK�DOO�SURYLVLRQV�RI�WKH�ZRRG�
EXUQLQJ�UHJXODWLRQ�DQG�RYHUDOO�SURJUHVV�UHGXFLQJ�UHVLGHQWLDO�ZRRG�EXUQLQJ�

Condensable PM emissions: $V�PHQWLRQHG�LQ�WKH�HPLVVLRQV�LQYHQWRU\�GLVFXVVLRQ��WKH�LQYHQWRU\�GRHV�
QRW�LQFOXGH�JDVHRXV�HPLVVLRQV�WKDW�FRQGHQVH�WR�IRUP�SDUWLFOHV�ZKHQ�FRPEXVWLRQ�H[KDXVW�FRROV�XSRQ�
H[SRVXUH�WR�DPELHQW�DLU��86�(3$�JXLGDQFH�IRU�30����SODQQLQJ�VWDWHV�WKDW�SODQQLQJ�HIIRUWV�VKRXOG�
´FRQVLGHUµ�FRQGHQVDEOH�HPLVVLRQV��7KLV�PDNHV�VHQVH�FRQFHSWXDOO\��WKH�FKDOOHQJH�LV�WR�GHYHORS�WHVW�
PHWKRGV�WR�DFFXUDWHO\�HVWLPDWH�FRQGHQVDEOH�HPLVVLRQV�IRU�DOO�WKH�YDULRXV�HPLVVLRQ�VRXUFH�FDWHJRULHV��

Ammonia inventory:�$V�GLVFXVVHG�SUHYLRXVO\��DPPRQLD�LV�RQH�RI�WKH�SUHFXUVRUV�WR�IRUPDWLRQ�RI�
DPPRQLXP�QLWUDWH��D�NH\�FRPSRQHQW�RI�VHFRQGDU\�30��7KH�$LU�'LVWULFW�KDV�GHYHORSHG�DQ�DPPRQLD�
HPLVVLRQV�LQYHQWRU\�IRU�SXUSRVHV�RI�SKRWRFKHPLFDO�PRGHOLQJ�RI�30����LQ�WKH�%D\�$UHD��$5%�KDV�
GHYHORSHG�D�VHSDUDWH�DPPRQLD�LQYHQWRU\�IRU�WKH�%D\�$UHD�DQG�IRU�RWKHU�DLU�GLVWULFWV�WR�XVH�LQ�
SUHSDULQJ�30����6,3�VXEPLWWDOV�WKDW�DUH�GXH�WR�86�(3$�E\�'HFHPEHU�������7KHUH�DUH�VLJQLÀFDQW�
GLIIHUHQFHV�EHWZHHQ�WKH�$LU�'LVWULFW·V�DPPRQLD�HPLVVLRQV�LQYHQWRU\�DQG�WKH�RQH�SURYLGHG�E\�$5%��$LU�
'LVWULFW�VWDII�ZLOO�ZRUN�WR�LPSURYH�WKH�$LU�'LVWULFW·V�DPPRQLD�LQYHQWRU\�DQG�WR�UHFRQFLOH�WKH�GLIIHUHQFHV�
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ZLWK�WKH�$5%�DPPRQLD�LQYHQWRU\��DV�PHWKRGRORJLHV�WR�HVWLPDWH�DPPRQLD�HPLVVLRQV�IURP�WKH�YDULRXV�
VRXUFH�FDWHJRULHV�DUH�LPSURYHG�DQG�UHÀQHG�

,Q�DGGLWLRQ�WR�LPSURYLQJ�WKH�H[LVWLQJ�LQYHQWRU\��WKH�$LU�'LVWULFW�ZLOO�SXUVXH�QHZ�LQLWLDWLYHV�IRU�WKH�
HPLVVLRQV�LQYHQWRU\�LQ�UHJDUG�WR�XOWUDÀQH�30�DQG�EODFN�FDUERQ�

5HJLRQDO�XOWUDÀQH�30�HPLVVLRQV�LQYHQWRU\��7KH�$LU�'LVWULFW�UHOHDVHG�LWV�ÀUVW�HYHU�HPLVVLRQV�
LQYHQWRU\�IRU�XOWUDÀQH�30�LQ�$XJXVW��������7KH�XOWUDÀQH�30�LQYHQWRU\�ZLOO�EH�DQ�LPSRUWDQW�WRRO�WR�
KHOS�LQ�DQDO\]LQJ�NH\�HPLVVLRQ�VRXUFHV��SHUIRUPLQJ�SKRWRFKHPLFDO�PRGHOLQJ�IRU�30��DQG�OD\LQJ�WKH�
JURXQGZRUN�IRU�D�SRWHQWLDO�FRQWURO�VWUDWHJ\�WR�UHGXFH�XOWUDIXEH�30���&RPSDULQJ�WKH�EUHDNGRZQ�RI�
HPLVVLRQ�VRXUFHV�IRU�XOWUDÀQH�30�YHUVXV�30����ZLOO�EH�YHU\�LQVWUXFWLYH�IRU�SXUSRVHV�RI�LQIRUPLQJ�
IXWXUH�FRQWURO�HIIRUWV���7KH�$LU�'LVWULFW�ZLOO�UHÀQH�DQG�UHYLVH�WKH�XOWUDÀQH�30�LQYHQWRU\�DV�QHZ�HPLVVLRQ�
IDFWRUV�EHFRPH�DYDLODEOH�

Develop black carbon inventory:�$V�QRWHG�LQ�WKH�VHFWLRQ�RQ�30�DQG�&OLPDWH��WKH�FRPSRQHQW�RI�30�
NQRZQ�DV�EODFN�FDUERQ�LV�D�SRWHQW�FOLPDWH�KHDWLQJ�DJHQW�SURGXFHG�SULPDULO\�E\�FRPEXVWLRQ�RI�IRVVLO�
IXHOV�DQG�ELRPDVV��$LU�'LVWULFW�VWDII�ZLOO�FRQVLGHU�WKH�XWLOLW\�DQG�IHDVLELOLW\�RI�GHYHORSLQJ�D�EODFN�FDUERQ�
LQYHQWRU\�LQ�RUGHU�WR�LQIRUP�IXWXUH�HIIRUWV�WR�UHGXFH�EODFN�FDUERQ�HPLVVLRQV�

Pm monitoring / ambient concentrations

8OWUDÀQH�30�0RQLWRULQJ��7KH�$LU�'LVWULFW�UHFHQWO\�LQVWDOOHG�VHYHUDO�XOWUDÀQH�30�PRQLWRUV�WR�SURYLGH�
FRQWLQXRXV�PHDVXUHPHQWV�LQ�YDULRXV�%D\�$UHD�ORFDWLRQV��DV�GHVFULEHG�LQ�6HFWLRQ���$��7KH�PRQLWRUV�
ZLOO�VHUYH�DV�WKH�SUHOLPLQDU\�IRXQGDWLRQ�IRU�WKH�'LVWULFW·V�HIIRUW�WR�GHYHORS�GDWD�DV�WR�XOWUDÀQH�SDUWLFOH�
QXPEHU�FRQFHQWUDWLRQV��/RRNLQJ�IRUZDUG��WKH�'LVWULFW�ZLOO�FRQVLGHU�H[SDQGLQJ�LWV�8)30�PRQLWRULQJ�
QHWZRUN��VXEMHFW�WR�WKH�DYDLODELOLW\�RI�UHVRXUFHV�WR�SXUFKDVH�DQG�RSHUDWH�WKH�PRQLWRUV�

Monitoring Localized and Episodic Concentrations: The Air District will also pursue new 
WHFKQRORJLHV��RSSRUWXQLWLHV��DQG�SDUWQHUVKLSV�WR�LQFUHDVH�WKH�GHQVLW\�RI�30����PHDVXUHPHQWV�
LQ�WKH�UHJLRQ��HVSHFLDOO\�LQ�PRVW�LPSDFWHG�FRPPXQLWLHV��DQG�QHDU�IUHHZD\V�DQG�RWKHU�PDMRU�
HPLVVLRQ�VRXUFHV�ZKHUH�30�´KRW�VSRWVµ�DUH�PRVW�OLNHO\�WR�RFFXU���,Q�DGGLWLRQ��WKH�$LU�'LVWULFW�ZLOO�
DOVR�LQYHVWLJDWH�ZKHWKHU�WKH�QHWZRUN�FDQ�EH�DXJPHQWHG�ZLWK�DFFXUDWH��UHDO�WLPH��PRELOH�30�
PHDVXUHPHQW�FDSDELOLWLHV�WR�GHWHUPLQH�LPSDFWV�IURP�VKRUW�WHUP�HSLVRGHV�DQG�WR�SURYLGH�EHWWHU�
XQGHUVWDQGLQJ�DV�WR�KRZ�30�FRQFHQWUDWLRQV�YDU\�RYHU�VSDFH�DQG�WLPH�

Pm Photochemical modeling

Additional PM2.5 Modeling: 7KH�$LU�'LVWULFW�SHUIRUPHG�LQLWLDO�SKRWRFKHPLFDO�PRGHOLQJ�IRU�30����
LQ�������DV�GHVFULEHG�LQ�6HFWLRQ����7KH������PRGHOLQJ�ZDV�SHUIRUPHG�RQ�D���NP�E\���NP�JULG�
VFDOH�XVLQJ�HPLVVLRQV�DQG�PHWHRURORJLFDO�GDWD�EDVHG�XSRQ�VHYHUDO�KLJK�30�HSLVRGHV�LQ�ZLQWHU�
PRQWKV��7KH�$LU�'LVWULFW�LV�FXUUHQWO\�SHUIRUPLQJ�DGGLWLRQDO�UHJLRQDO�VFDOH�30����PRGHOLQJ�WR�
VLPXODWH�30�IRUPDWLRQ�IDW�WKH�UHJLRQDO�VFDOH�IRU�D�IXOO�\HDU��XVLQJ�HPLVVLRQV�DQG�PHWHRURORJLFDO�
GDWD�IURP�DOO�IRXU�VHDVRQV�LQ�RUGHU�WR�EH�DEOH�WR�VLPXODWH�30�IRUPDWLRQ�IRU�WKH�HQWLUH�\HDU��6LQFH�
PRVW�HSLGHPLRORJLFDO�VWXGLHV�DUH�EDVHG�RQ�DQQXDO�DYHUDJH�H[SRVXUH��WKLV�ZLOO�HQDEOH�WKH�$LU�
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'LVWULFW�WR�PRUH�DFFXUDWHO\�HVWLPDWH�WKH�KHDOWK�HIIHFWV�UHODWHG�WR�30�LQ�WKH�%D\�$UHD��,Q�DGGLWLRQ��
LW�ZLOO�SURYLGH�D�EHWWHU�XQGHUVWDQGLQJ�RI�VHFRQGDU\�30�IRUPDWLRQ��DQG�KRZ�WKH�IRUPDWLRQ�RI�
VHFRQGDU\�30�FRQWULEXWHV�WR�DPELHQW�30�FRQFHQWUDWLRQV�IRU�WKH�HQWLUH�\HDU��UDWKHU�WKDQ�MXVW�
WKH�ZLQWHU�PRQWKV��7KLV�PRGHOLQJ�ZLOO�DOVR�DQDO\]H�SRWHQWLDO�LPSDFWV�RI�UHGXFWLRQV�LQ�HPLVVLRQV�
IURP�NH\�30�VRXUFHV��VXFK�DV�ZRRG�VPRNH���$V�UHVRXUFHV�SHUPLW��WKH�$LU�'LVWULFW�PD\�FRQVLGHU�
SHUIRUPLQJ�DGGLWLRQDO�30�PRGHOLQJ�XVLQJ�D�ÀQHU�JULG�UHVROXWLRQ�LQ�RUGHU�WR�EHWWHU�LGHQWLI\�ORFDO�
DUHDV�ZLWK�WKH�SRWHQWLDO�IRU�KLJK�30�IRUPDWLRQ�

8OWUDÀQH�30�0RGHOLQJ��,QIRUPDWLRQ�DV�WR�XOWUDÀQH�SDUWLFOH�FRQFHQWUDWLRQV�LQ�WKH�%D\�$UHD�LV�
FXUUHQWO\�YHU\�OLPLWHG��7KH�$LU�'LVWULFW�ZLOO�SHUIRUP�LWV�ÀUVW�HYHU�XOWUDÀQH�30�PRGHOLQJ�RQ�D�UHJLRQ�
ZLGH�EDVLV�RQ�D���NP�E\���NP�JULG�VFDOH��7KH�8)30�PRGHOLQJ�ZLOO�VLPXODWH�FRQFHQWUDWLRQV�WR�
LGHQWLI\�SRWHQWLDO�KRW�VSRW�DUHDV�LQ�WKH�%D\�$UHD��7KLV�PRGHOLQJ�ZLOO�DOVR�HVWDEOLVK�D�UHODWLRQVKLS�
EHWZHHQ�8)30�OHYHOV�DQG�PHWHRURORJLFDO�FRQGLWLRQV�

analyzing Population exposure to Pm

5HGXFLQJ�SRSXODWLRQ�H[SRVXUH�WR�30�LQ�WKH�%D\�$UHD�LV�WKH�NH\�WR�UHGXFLQJ�LWV�KHDOWK�HIIHFWV��
7KLV�FDQ�EH�DFFRPSOLVKHG�ERWK�E\�UHGXFLQJ�HPLVVLRQV�DQG�E\�DYRLGLQJ�H[SRVXUHV��+RZHYHU��
DV�QRWHG�LQ�6HFWLRQ���%��DQDO\]LQJ�SRSXODWLRQ�H[SRVXUH�WR�30�UHTXLUHV�DFFXUDWH�GDWD�DV�WR�����
DPELHQW�FRQFHQWUDWLRQV�RI�30�DW�D�ÀQH�JUDLQHG�VSDWLDO�VFDOH�WKURXJKRXW�WKH�UHJLRQ������SHUVRQDO�
DFWLYLW\�SDWWHUQV��WKDW�LV��ZKHUH�DQG�ZKHQ�SHRSOH�DUH�H[SRVHG�WR�30��DQG�����HVWLPDWHV�RI�30�
FRQFHQWUDWLRQV�LQ�YDULRXV�PLFUR�HQYLURQPHQWV�VXFK�DV�KRPHV��VFKRROV��FDUV��DQG�VLGHZDONV��DQG�
KRZ�WKHVH�FRQFHQWUDWLRQV�DUH�UHODWHG�WR�DPELHQW�OHYHOV�

7KH�$LU�'LVWULFW�ZLOO�FRQVLGHU�KRZ�WR�LPSURYH�LWV�30�SRSXODWLRQ�H[SRVXUH�DVVHVVPHQW�FDSDELOLWLHV��,PSURYHG�
H[SRVXUH�DVVHVVPHQW�PHWKRGV�FRXOG�SRWHQWLDOO\�EH�XVHG�IRU�DQ\�RU�DOO�RI�WKH�IROORZLQJ�SXUSRVHV��

�� 7R�HYDOXDWH�WRWDO�SRSXODWLRQ�H[SRVXUH�WR�DPELHQW�30�LQ�WKH�%D\�$UHD��DQG�
WR�WUDFN�SURJUHVV�LQ�UHGXFLQJ�SRSXODWLRQ�H[SRVXUH�DW�WKH�UHJLRQDO�VFDOH�RU�
DPRQJ�GHÀQHG�SRSXODWLRQ�VXE�JURXSV�

�� 7R�HVWLPDWH�WKH�30�H[SRVXUH�IURP�RXWGRRU�YHUVXV�LQGRRU�HQYLURQPHQWV��DV�
ZHOO�DV�WKH�FRQWULEXWLRQ�RI�NH\�PLFUR�HQYLURQPHQWV��VXFK�DV�LQ�YHKLFOH��QHDU�
roadway, etc.

�� 7R�LQIRUP�IXWXUH�HIIRUWV�WR�WDUJHW�DQG�LPSOHPHQW�WKH�$LU�'LVWULFW·V�&$5(�
SURJUDP�DQG�&OHDQ�$LU�&RPPXQLWLHV�,QLWLDWLYH��&$&,��

�� 7R�LQIRUP�DQDO\VHV�DQG�SROLF\�GHFLVLRQV�DW�WKH�UHJLRQDO�DQG�ORFDO�OHYHO�WR�
SURPRWH�IRFXVHG�JURZWK��LQFOXGLQJ�WKH�GHYHORSPHQW�RI�VWDWLRQ�DUHD�SODQV��
JHQHUDO�SODQV��VSHFLÀF�SODQV��FRPPXQLW\�ULVN�UHGXFWLRQ�SODQV��HWF��

�� 7R�KHOS�%D\�$UHD�UHVLGHQWV�XQGHUVWDQG�WKH�PDJQLWXGH�DQG�WKH�NH\�VRXUFHV�RU�
WKHLU�SHUVRQDO�H[SRVXUH�WR�30��DQG�KRZ�WKH\�UHGXFH�WKHLU�H[SRVXUH�
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analyzing Health & climate impacts

$LU�'LVWULFW�VWDII�ZLOO�FRQWLQXH�WR�PRQLWRU�WKH�ODWHVW�UHVHDUFK�DV�WR�WKH�KHDOWK�DQG�FOLPDWH�HIIHFWV�RI�30�
DQG�LQFRUSRUDWH�WKLV�LQIRUPDWLRQ�LQWR�LWV�30�UHGXFWLRQ�SURJUDP��,Q�WHUPV�RI�HVWLPDWLQJ�WKH�LPSDFW�RI�
30�RQ�SXEOLF�KHDOWK�LQ�WKH�%D\�$UHD��WKH�$LU�'LVWULFW�ZLOO�
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LPSDFWV��EDVHG�XSRQ�WKH�QHZ�URXQG�RI�30����PRGHOLQJ��

�� 8SGDWH�WKH�'LVWULFW·V�0XOWL�3ROOXWDQW�(YDOXDWLRQ�0HWKRG��03(0��WR�UHÁHFW�
UHVXOWV�RI�IXOO�\HDU�30����PRGHOLQJ��WKH�ODWHVW�KHDOWK�ULVN�IDFWRUV��DQG�WKH�
ODWHVW�LQIRUPDWLRQ�DV�WR�WKH�FOLPDWH�LPSDFWV�RI�JUHHQKRXVH�JDVHV�DQG�WKH�
YDOXH�RI�UHGXFLQJ�*+*�HPLVVLRQV��DQG

�� 'HYHORS�HVWLPDWHV�DV�WR�WKH�KHDOWK�DQG�HFRQRPLF�LPSDFWV�RI�XOWUDÀQH�30��
EDVHG�RQ�WKH�UHVXOWV�RI�XOWUDÀQH�30�PRGHOLQJ�DQG�KHDOWK�VWXGLHV�

How bay area resideNces caN redUce 
tHeir PersoNal exPosUre to Pm
,Q�FRQFHUW�ZLWK�WKH�$LU�'LVWULFW·V�HIIRUWV��%D\�$UHD�UHVLGHQWV�PD\�GHFUHDVH�WKHLU�SHUVRQDO�H[SRVXUH�WR�
30�E\�WDNLQJ�VLPSOH�VWHSV�LQFOXGLQJ�WKH�IROORZLQJ�
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HVSHFLDOO\�WKRVH�WKDW�FDUU\�D�KLJK�YROXPH�RI�KHDY\�GXW\�GLHVHO�YHKLFOHV�

�� $YRLG�RSHQLQJ�YHQWV�DQG�ZLQGRZV�ZKLOH�GULYLQJ�RQ�EXV\�URDGZD\V�
�� $YRLG�VPRNH�IURP�WREDFFR�SURGXFWV��LQFHQVH�DQG�FDQGOHV�
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�� &KDQJH�ÀOWHUV�LQ�IXUQDFHV�DQG�UDQJH�KRRGV�RQ�D�UHJXODU�EVDLV�
�� 5HGXFH�H[SRVXUH�WR�30�DQG�RWKHU�DLU�SROOXWDQWV�IURP�FOHDQLQJ�SURGXFWV�E\�

YHQWLODWLQJ�ZRUN�DUHDV�ZKLOH�FOHDQLQJ�DQG�GLVSRVLQJ�RI�XVHG�UDJV�SURPSWO\�
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appendix a -  
table 1: bay area winter emissions inventory for Pm & Pm Precursors 2010-2030
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3K\V�����������������������
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$LU�4XDOLW\�	�$WPRVSKHULF�+HDOWK�������������������1RY����

%$$40'���3DUWLFXODWH�0DWWHU�,PSOHPHQWDWLRQ�6FKHGXOH���1RYHPEHU������
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September 2011.
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%$$40'��7UHQGV�LQ�%D\�$UHD�)LQH�3DUWLFXODWHV���1RYHPEHU������

%$$40'���8OWUDÀQH�3DUWLFXODWH�0DWWHU�(PLVVLRQV�,QYHQWRU\�3UHSDUHG�IRU�WKH�6DQ�)UDQFLVFR�%D\�$UHD���
$XJXVW������

%D\�$UHD�5HJLRQDO�+HDOWK�,QHTXLWLHV�,QLWLDWLYH���+HDOWK�,QHTXLWLHV�LQ�WKH�%D\�$UHD���������

%KDQJDU��6���0XOOHQ��1��$���+HULQJ��6��9���.UHLVEHUJ��1��0���1D]DURII��:��:���8OWUDÀQH�SDUWLFOH�
FRQFHQWUDWLRQV�DQG�H[SRVXUHV�LQ�VHYHQ�UHVLGHQFHV�LQ�QRUWKHUQ�&DOLIRUQLD���,QGRRU�$LU���������²������
2011.
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2001.
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-XO\�����

&DOLIRUQLD�$LU�5HVRXUFHV�%RDUG���$LU�4XDOLW\�DQG�/DQG�8VH�+DQGERRN��$�&RPPXQLW\�+HDOWK�3HUVSHFWLYH���
$�&$5%�3XEOLFDWLRQ���$SULO������

&DOLIRUQLD�$LU�5HVRXUFHV�%RDUG���&OLPDWH�&KDQJH�,PSDFW�RQ�$LU�4XDOLW\�LQ�&DOLIRUQLD���5HSRUW�WR�&$5%���
2010. 
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%ODFN�&DUERQ�3DUWLFOHV���$�&$5%�3XEOLFDWLRQ��'HFHPEHU������

&DOLIRUQLD�$LU�5HVRXUFHV�%RDUG���0HWKRGRORJ\�IRU�(VWLPDWLQJ�3UHPDWXUH�'HDWKV�$VVRFLDWHG�ZLWK�/RQJ�
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&DOLIRUQLD�$LU�5HVRXUFHV�%RDUG���6WDWHZLGH�30����6,3�0HDVXUHV����������5HYLVHG������DQG������
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2IÀFH�RI�(QYLURQPHQWDO�+HDOWK�+D]DUG�$VVHVVPHQW��&DOLIRUQLD�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�
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'DQLHOVHQ�3+�HW�DO��2[LGDWLYH�VWUHVV��'1$�GDPDJH��DQG�LQÁDPPDWLRQ�LQGXFHG�E\�DPELHQW�DLU�
DQG�ZRRG�VPRNH�SDUWLFXODWH�PDWWHU�LQ�KXPDQ�$����DQG�7+3���FHOO�OLQHV���&KHPLFDO�5HVHDUFK�LQ�
7R[LFRORJ\�������)HE�����������
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+HLQ]H��(��+ROODQG��'��-DFRE��8��/RKPDQQ��6�5DPDFKDQGUDQ��3�/��GD�6LOYD�'LDV��6�&��:RIV\�DQG�;��
=KDQJ���&RXSOLQJV�%HWZHHQ�&KDQJHV�LQ�WKH�&OLPDWH�6\VWHP�DQG�%LRJHRFKHPLVWU\��������
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$FLGLÀFDWLRQ�DQG�WKH�,QRUJDQLF�&DUERQ�6\VWHP���31$6�9RO������������������������

'RXJODVV��5DFKHO��6DVVHU��'U��(ULND���4XDQWLÀFDWLRQ�RI�+HDOWK�,PSDFWV�$VVRFLDWHG�ZLWK�)LQH�3DUWLFXODWH�
0DWWHU�GXH�WR�:LOGÀUHV���'XNH�8QLYHUVLW\��1LFKRODV�6FKRRO�RI�WKH�(QYLURQPHQW�DQG�(DUWK�6FLHQFHV���
0D\������

(OGHU��$OLVRQ��)LQNHOVWHLQ��-DFN��)UDPSWRQ��0DUN��+RSNH��3KLO��2EHUG|UVWHU��*�QWHU��3HWHUV��$QQHWWH��
3UDWKHU��.LP��8WHOO��0DUN��:LFKPDQQ��(ULFK���$VVHVVPHQW�RI�$PELHQW�8)3�+HDOWK�(IIHFWV���

(PPHWW��'DQLHO�DQG�*DUGHUHW��5HP\���$SSHQGL[��7KH�5ROH�RI�%ODFN�&DUERQ�LQ�&OLPDWH�&KDQJH���,QQRYR�
(QHUJ\�6ROXWLRQV�*URXS���2FWREHU������

(YDQ��$PDWR�HW�DO��$UDELDQ�6HD�WURSLFDO�F\FORQHV�LQWHQVLÀHG�E\�HPLVVLRQV�RI�EODFN�FDUERQ�DQG�RWKHU�
DHURVROV���1DWXUH����������������1RYHPEHU������

)DON��0����+H��&���.QLEEV��/���0RUDZVND��/���DQG�4XDQJ��7���7KH�HIIHFWV�RI�YHKLFOH�HPLVVLRQV�DQG�
QXFOHDWLRQ�HYHQWV�RQ�YHUWLFDO�SDUWLFOH�FRQFHQWUDWLRQ�SURÀOHV�DURXQG�XUEDQ�RIÀFH�EXLOGLQJV���
$WPRVSKHULF��&KHPLVWU\�DQG�3K\VLFV�'LVFXVV�����������²�����������

)UXLQ��6�HW�DO��0HDVXUHPHQWV�DQG�SUHGLFWRUV�RI�RQ�URDG�XOWUDÀQH�SDUWLFOH�FRQFHQWUDWLRQV�DQG�
DVVRFLDWHG�SROOXWDQWV�LQ�/RV�$QJHOHV���$WPRVSKHULF�(QYLURQPHQW��9ROXPH�����,VVXH���������

*HRUJLD�7HFK��1RUWKHDVW�6WDWHV�IRU�&RRUGLQDWHG�$LU�8VH�0DQDJHPHQW��1(6&$80���DQG�0DVVDFKXVHWWV�
,QVWLWXWH�RI�7HFKQRORJ\��0,7�����,PSDFW�RI�3RWHQWLDO�)XWXUH�&OLPDWH�&KDQJH�RQ�5HJLRQDO�2]RQH�DQG�
)LQH�3DUWLFXODWH�0DWWHU�/HYHOV�LQ�WKH�8QLWHG�6WDWHV���$�-RLQW�5HVHDUFK�3URMHFW�EHWZHHQ�*HRUJLD�7HFK��
1(6&$80��DQG�0DVVDFKXVHWWV�,QVWLWXWH�RI�7HFKQRORJ\�
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+DGOH\�HW�DO���0HDVXUHG�EODFN�FDUERQ�GHSRVLWLRQ�RQ�WKH�6LHUUD�1HYDGD�VQRZ�SDFN�DQG�LPSOLFDWLRQ�IRU�
VQRZ�SDFN�UHWUHDW���$WPRVSKHULF�&KHP��3K\V�����������²�������������

+DOO��'�(���'LFNHQV��&�-���0HDVXUHPHQW�RI�WKH�QXPEHU�DQG�VL]H�GLVWULEXWLRQ�RI�SDUWLFOHV�HPLWWHG�IURP�D�
JDVROLQH�GLUHFW�LQMHFWLRQ�YHKLFOH���6$(��������������

+DQVHQ�-��DQG�1D]DUHQNR�/���6RRW�FOLPDWH�IRUFLQJ�YLD�VQRZ�DQG�LFH�DOEHGRV��3URFHHGLQJV�RI�WKH�
1DWLRQDO�$FDGHP\�RI�6FLHQFHV����������������GRL����������SQDV�����������������

+LQGV��:LOOLDP�&���.LP��6HRQJKHRQ��6KHQ��6L��6LRXWDV��&RQVWDQWLQRV��=KX��<LIDQJ���6WXG\�RI�XOWUDÀQH�
SDUWLFOHV�QHDU�D�PDMRU�KLJKZD\�ZLWK�KHDY\�GXW\�GLHVHO�WUDIÀF���$WPRVSKHULF�(QYLURQPHQW���������²
�������������

+LQGV��:LOOLDP��1LHPHLHU��'HEELH��6LRXWDV��&RQVWDQWLQRV��:H[OHU��$QWKRQ\��=KDQJ��.��0���=KX��<L�)DQJ���
(YROXWLRQ�RI�3DUWLFOH�1XPEHU�'LVWULEXWLRQ�QHDU�5RDGZD\V��3DUW�,,,��7UDIÀF�$QDO\VLV�DQG�2Q�URDG�6L]H�
5HVROYHG�3DUWLFXODWH�(PLVVLRQ�)DFWRUV���$WPRVSKHULF�(QYLURQPHQW���������������²������������

+RJDQ��&��0���������-XO\������7KH�(QF\FORSHGLD�RI�WKH�(DUWK��(FRORJ\��5HWULHYHG�-XO\����������IURP�
7KH�(QF\FORSHGLD�RI�WKH�(DUWK��KWWS���ZZZ�HRHDUWK�RUJ�DUWLFOH�$ELRWLFBIDFWRU"WRSLF ������JHQ�

+ROODQG��0LNH��3\H��6WHYH��:DWNLVV��3DXO��'URVWH�)UDQNH��%HUW��DQG�%LFNHO��3HWHU���'DPDJHV�SHU�WRQQH�
HPLVVLRQ�RI�30�����1+���62���12[��DQG�92&V�IURP�HDFK�(8���0HPEHU�6WDWH��H[FOXGLQJ�&\SUXV��DQG�
6XUURXQGLQJ�6HDV��$($�7HFKQRORJ\�(QYLURQPHQW�$($7�('������&$)e�&%$�0DUFK������

+X��6KLVKDQ��6FRWW�)UXLQ��.DWKOHHQ�.R]DZD��6WHYH�0DUD��$UWKXU�0��:LQHU�DQG�6X]DQQH�(��3DXOVRQ��
$LUFUDIW�(PLVVLRQ�,PSDFWV�LQ�D�1HLJKERUKRRG�$GMDFHQW�WR�D�*HQHUDO�$YLDWLRQ�$LUSRUW�LQ�6RXWK�
&DOLIRUQLD���(QYLURQPHQWDO�6FLHQFH�7HFKQRORJ\����������������������

+XQWHU��*UHJ��.D]HQVWHLQ��$DURQ��DQG�/LHX��6XH���(YDOXDWLRQ�DQG�'LVFXVVLRQ�RI�3RWHQWLDO�(FRQRPLF�
,PSDFWV�RI�WKH�'UDIW�$40'�$LU�4XDOLW\�5HODWHG�(QHUJ\�3ROLF\���$�6RXWK�&RDVW�$LU�4XDOLW\�0DQDJHPHQW�
'LVWULFW�3XEOLFDWLRQ���$XJXVW������

-DFREVRQ��=���6WURQJ�UDGLDWLYH�KHDWLQJ�GXH�WR�PL[LQJ�VWDWH�RI�EODFN�FDUERQ�LQ�DWPRVSKHULF�DHURVROV��
1DWXUH���������������������

-DFREVRQ�0�=���&RQWURO�RI�IRVVLO�IXHO�SDUWLFXODWH�EODFN�FDUERQ�DQG�RUJDQLF�PDWWHU��SRVVLEO\�WKH�PRVW�
HIIHFWLYH�PHWKRG�RI�VORZLQJ�JOREDO�ZDUPLQJ���-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK�������������GRL��
������������MG�������������

-DFREVRQ��0�=���2Q�WKH�FDXVDO�OLQN�EHWZHHQ�FDUERQ�GLR[LGH�DQG�DLU�SROOXWLRQ�PRUWDOLW\���*HRSK\VLFDO�
5HVHDUFK�/HWWHUV���������������S��/������

�
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-DFREVRQ�0�=���6KRUW�WHUP�HIIHFWV�RI�FRQWUROOLQJ�IRVVLO�IXHO�VRRW��ELRIXHO�VRRW�DQG�JDVHV��DQG�PHWKDQH�
RQ�FOLPDWH��$UFWLF�LFH��DQG�DLU�SROOXWLRQ�KHDOWK���-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK�������'��������
2010.

-DFREVRQ��0�=���(QKDQFHPHQW�RI�/RFDO�$LU�3ROOXWLRQ�E\�8UEDQ�&2��'RPHV���(QYLURQPHQWDO�6FLHQFH�	�
7HFKQRORJ\���������������S������������

.ORRJ��,WDL��&RXOO��%UHQW��=DQREHWWL��$QWRQHOOD��.RXWUDNLV��3HWURV��DQG�6FKZDUW]��-RHO���$FXWH�DQG�
&KURQLF�(IIHFWV�RI�3DUWLFOHV�RQ�+RVSLWDO�$GPLVVLRQV�LQ�1HZ�(QJODQG���'HSDUWPHQW�RI�(QYLURQPHQWDO�
+HDOWK�([SRVXUH��(SLGHPLRORJ\��DQG�5LVN�3URJUDP��+DUYDUG�6FKRRO�RI�3XEOLF�+HDOWK��������

.�Q]OL�1��-HUUHWW�0��*DUFLD�(VWHEDQ�5��%DVDJDxD�;��%HFNHUPDQQ�%��HW�DO���$PELHQW�$LU�3ROOXWLRQ�DQG�
WKH�3URJUHVVLRQ�RI�$WKHURVFOHURVLV�LQ�$GXOWV���3/R6�21(�������H������

/DGHQ�)��+DUW�-(��6PLWK�7-��'DYLV�0(��*DUVKLFN�(���&DXVH�VSHFLÀF�PRUWDOLW\�LQ�WKH�XQLRQL]HG�8�6��
WUXFNLQJ�LQGXVWU\��(QYLURQPHQWDO�+HDOWK�3HUVSHFWLYH�����������������������$XJ�

/DUVRQ��7LPRWK\�9��DQG�.RHQLJ��-DQH�4��:RRG�6PRNH��(PLVVLRQV�DQG�1RQFDQFHU�5HVSLUDWRU\�(IIHFWV�
$QQXDO�5HYLHZ�RI�3XEOLF�+HDOWK�����������������

/HLEHQVSHUJHU��(��0����0LFNOH\��/��-����-DFRE��'��-����&KHQ��:�7���6HLQIHOG��-��+���1HQHV��$����$GDPV��3��-���
6WUHHWV��'��*���.XPDU��1���DQG�5LQG��'���&OLPDWLF�HIIHFWV�RI�����²�����FKDQJHV�LQ�86�DQWKURSRJHQLF�
DHURVROV�²�3DUW����&OLPDWH�UHVSRQVH���$WPRVSKHULF�&KHPLVWU\�DQG�3K\VLFV����������������������

/RHKPDQ��(GQD�7���3DUN��6���DQG�%ROGW��'��:LOOLQJQHVV�WR�3D\�IRU�*DLQV�DQG�/RVVHV�LQ�9LVLELOLW\�DQG�
+HDOWK���/DQG�(FRQRPLFV������������������1RYHPEHU������

0DNNHH��0LFKLHO��0RXOLMQ��-DFRE��DQG�9DQ�6HWWHQ��%DUU\���6FLHQFH�DQG�7HFKQRORJ\�RI�&DWDO\WLF�'LHVHO�
3DUWLFXODWH�)LOWHUV��&$7$/<6,6�5(9,(:6������������²����������

0LUDFROR��0��$����+HQQLJDQ��&��-����5DQMDQ��0����1JX\HQ��1��7����*RUGRQ��7��'���/LSVN\��(��0����3UHVWR��$��
$���'RQDKXH��1��0����DQG�5RELQVRQ��$��/���6HFRQGDU\�$HURVRO�)RUPDWLRQ�IURP�3KRWRFKHPLFDO�$JLQJ�RI�
$LUFUDIW�([KDXVW�LQ�D�6PRJ�&KDPEHU��$WPRVSKHULF�&KHPLVWU\�DQG�3K\VLFV�����������������������

0LOOHU��.ULVWLQ�$��HW�DO���/RQJ�7HUP�([SRVXUH�WR�$LU�3ROOXWLRQ�DQG�,QFLGHQFH�RI�&DUGLRYDVFXODU�(YHQWV�LQ�
:RPHQ���1HZ�(QJODQG�-RXUQDO�RI�0HGLFLQH����������������)HEUXDU\���������

0RUDZVND�HW�DO���3DUWLFOH�(PLVVLRQV�)URP�/DVHU�3ULQWHUV�0LJKW�3RVH�+HDOWK�&RQFHUQ���$PHULFDQ�
&KHPLFDO�6RFLHW\�RQOLQH�LVVXH�RI�WKH�$PHULFDQ�&KHPLFDO�6RFLHW\·V�(QYLURQPHQWDO�6FLHQFH�	�
7HFKQRORJ\���-XO\����������

0RUZDVND�HW�DO���$PELHQW�QDQR�DQG�XOWUDÀQH�SDUWLFOHV�IURP�PRWRU�YHKLFOH�HPLVVLRQV��&KDUDFWHULVWLFV��
DPELHQW�SURFHVVLQJ�DQG�LPSOLFDWLRQV�RQ�KXPDQ�H[SRVXUH���$WPRVSKHULF�(QYLURQPHQW��9ROXPH�����
,VVXH���������

�
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0XOOHQ��1��$���6��%KDQJDU��6��9��+HULQJ��1��0��.UHLVEHUJ��:��:��1D]DURII���8OWUDÀQH�SDUWLFOH�
FRQFHQWUDWLRQV�DQG�H[SRVXUHV�LQ�VL[�HOHPHQWDU\�VFKRRO�FODVVURRPV�LQ�QRUWKHUQ�&DOLIRUQLD���,QGRRU�$LU��
������²����������

1DHKHU��/�3���%UDXHU��0���/LSVHWW��0���=HOLNRII��-�7��6LPSVRQ��&�'���.RHQLJ��-�4��DQG�6PLWK��.�5��
:RRGVPRNH�+HDOWK�(IIHFWV��$�5HYLHZ���,QKDO��7R[LFRO�������²�����������

1$6$���$WPRVSKHULF�$HURVROV��:KDW�$UH�7KH\��DQG�:K\�$UH�7KH\�6R�,PSRUWDQW"�5HWULHYHG�-XO\����������
IURP�1$6$��/DQJOH\�5HVHDUFK�&HQWHU��������$XJXVW���KWWS���ZZZ�QDVD�JRY�FHQWHUV�ODQJOH\�QHZV�
IDFWVKHHWV�$HURVROV�KWPO

1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF�$VVRFLDWLRQ��12$$���12$$�VWXG\��,QFUHDVH�LQ�SDUWLFXOHV�KLJK�LQ�
(DUWK·V�DWPRVSKHUH�KDV�RIIVHW�VRPH�UHFHQW�FOLPDWH�ZDUPLQJ��5HWULHYHG�-XO\����������IURP�1DWLRQDO�
2FHDQLF�DQG�$WPRVSKHULF�$GPLQLVWUDWLRQ��KWWS���ZZZ�QRDDQHZV�QRDD�JRY�VWRULHV�������������B
particles.html

1DWLRQDO�5HVRXUFHV�'HIHQVH�&RXQFLO���%UHDWK�7DNLQJ��3UHPDWXUH�0RUWDOLW\�'XH�WR�3DUWLFXODWH�$LU�
3ROOXWLRQ�LQ�����$PHULFDQ�&LWLHV���$�15'&�3XEOLFDWLRQ��0D\������

2EHUG|UVWHU��*�QWHU��(OGHU�$OLVRQ��)LQNHOVWHLQ�-DFN��)UDPSWRQ�0DUN��+RSNH�3KLO��3HWHUV�$QQHWWH��
3UDWKHU�.LP��:LFKPDQQ�(ULFK��DQG�8WHOO�0DUN���$VVHVVPHQW�RI�$PELHQW�8)3�+HDOWK�(IIHFWV���/LQNLQJ�
VRXUFHV�WR�H[SRVXUH�DQG�UHVSRQVHV�LQ�H[WUDSXOPRQDU\�RUJDQV��-DQXDU\�����������S����������

2·'RQQHOO�HW�DO��3DUWLFXODWH�$LU�3ROOXWLRQ�DQG�$FXWH�,VFKHPLF�6WURNH��(SLGHPLRORJ\��9ROXPH�����
1XPEHU����0D\������

2IÀFH�RI�(QYLURQPHQWDO�+HDOWK�+D]DUG�$VVHVVPHQW���3URSRVHG�,GHQWLÀFDWLRQ�RI�'LHVHO�([KDXVW�DV�
D�7R[LF�$LU�&RQWDPLQDQW����$SULO������������5HWULHYHG�-XO\�����������KWWS���RHKKD�FD�JRY�DLU�WR[LFB
FRQWDPLQDQWV�KWPO�'LHVHO���([KDXVW�KWP

2OOLII��7���/HJJ��.��.DHGLQJ��%���(IIHFWV�RI�:LQWHU�5HFUHDWLRQ�RQ�:LOGOLIH�RI�WKH�*UHDWHU�<HOORZVWRQH�$UHD��
*UHDWHU�<HOORZVWRQH�:LOGOLIH�:RUNLQJ�*URXS���2FWREHU������

2QWDULR�0LQLVWU\�RI�$JULFXOWXUH��)RRG�DQG�5XUDO�$IIDLUV���(IIHFWV�RI�$LU�3ROOXWLRQ�RQ�$JULFXOWXUDO�&URSV���
)DFW�6KHHW�$JGH[��������-XQH��������

2VWLJX\��&ODXGH��/DSRLQWH��*LOOHV��7URWWLHU��0\OHQH��0HQDUG��/XF��&ORXWLHU��<YHV��%RXWLQ��0LFKHO��$QWRXQ��
0RQW\��1RUPDQG��&KULVWLDQ���+HDOWK�(IIHFWV�RI�1DQRSDUWLFOHV���6WXGLHV�DQG�5HVHDUFK�3URMHFWV�5HSRUW���
$XJXVW������

2WW�	�0DJH��3UHGLFWLQJ�SDUWLFXODWH��30����SHUVRQDO�H[SRVXUH�GLVWULEXWLRQV�XVLQJ�D�UDQGRP�
FRPSRQHQW�VXSHUSRVLWLRQ�VWDWLVWLFDO�PRGHO���-RXUQDO�RI�$LU�	�:DVWH�0DQDJHPHQW�$VVRFLDWLRQ������
����������������
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3HDUVRQ��-RKQ�HW�DO���$VVRFLDWLRQ�%HWZHHQ�)LQH�3DUWLFXODWH�0DWWHU�DQG�'LDEHWHV�3UHYDOHQFH�LQ�WKH�
8�6��'LDEHWHV�&DUH��9RO������1R������2FWREHU������

3HHO��-��/��DQG�6PLWK��.��5���0LQG�WKH�JDS��(QYLURQPHQWDO�+HDOWK�3HUVSHFWLYH�����������²������
2010.

3HWHUV��$QQHWWH��%HOOLQD�9HURQHVL��/LOLDQ�&DOGHUyQ�*DUFLGXHxDV��3HWHU�*HKU��/XQJ�&KL�&KHQ��0DULDQQH�
*HLVHU��:LOOLDP�5HHG��%DUEDUD�5RWKHQ�5XWLVKDXVHU��6DPXHO�6FK�UFK�DQG�+ROJHU�6FKXO]��7UDQVORFDWLRQ�
DQG�SRWHQWLDO�QHXURORJLFDO�HIIHFWV�RI�ÀQH�DQG�XOWUDÀQH�SDUWLFOHV�D�FULWLFDO�XSGDWH���3DUWLFOH�DQG�)LEUH�
7R[LFRORJ\�������GRL�����������������������������

3LHUVRQ��:��(���.RHQLJ��-��4���DQG�%DUGDQD��(��-���3RWHQWLDO�DGYHUVH�KHDOWK�HIIHFWV�RI�ZRRG�VPRNH���
:HVW�-��0HG�����������������������

3ROLGDUL��$��HW�DO���)LQH�RUJDQLF�SDUWLFXODWH�PDWWHU�GRPLQDWHV�LQGRRU�JHQHUDWHG�30����LQ�5,23$�
KRPHV��-RXUQDO�RI�([SRVXUH�6FLHQFH�DQG�(QYLURQPHQWDO�(SLGHPLRORJ\��������²�����������

3RSH��&��$UGHQ�,,,�HW�DO��3DUWLFXODWH�DLU�SROOXWLRQ�DV�D�SUHGLFWRU�RI�PRUWDOLW\�LQ�D�SURVSHFWLYH�VWXG\�RI�
8�6��DGXOWV��$PHULFDQ�-RXUQDO�RI�5HVSLUDWRU\�&ULWLFDO�&DUH�0HGLFLQH���$PHULFDQ�-RXUQDO�RI�5HVSLUDWRU\�
	��&ULWLFDO�&DUH�0HGLFLQH��0DUFK���������YRO������QR�������������

3RSH��&��$UGHQ��DQG�'RFNHU\��'RXJODV�:���+HDOWK�(IIHFWV�RI�)LQH�3DUWLFXODWH�$LU�3ROOXWLRQ��/LQHV�WKDW�
&RQQHFW���-RXUQDO�RI�$:0$��9RO�������-XQH������

3RSH��$UGHQ��&����,,,��3K�'���0DMLG�(]]DWL��3K�'���DQG�'RXJODV�:��'RFNHU\��)LQH�3DUWLFXODWH�$LU�3ROOXWLRQ�
DQG�/LIH�([SHFWDQF\�LQ�WKH�8QLWHG�6WDWHV��1HZ�(QJODQG�-RXUQDO�RI�0HGLFLQH��-DQXDU\����������

4LQJ�<X�0HQJ�HW�DO���,QÁXHQFH�RI�DPELHQW��RXWGRRU��VRXUFHV�RQ�UHVLGHQWLDO�LQGRRU�DQG�SHUVRQDO�
30����FRQFHQWUDWLRQV��$QDO\VHV�RI�5,23$�GDWD���-RXUQDO�RI�([SRVXUH�$QDO\VLV�DQG�(QYLURQPHQWDO�
(SLGHPLRORJ\�������²����������

4XDQJ��7��1���+H��/���0RUDZVND��/��'���DQG�)DON��0���7KH�HIIHFWV�RI�YHKLFOH�HPLVVLRQV�DQG�QXFOHDWLRQ�
HYHQWV�RQ�YHUWLFDO�SDUWLFOH�FRQFHQWUDWLRQ�SURÀOHV�DURXQG�XUEDQ�RIÀFH�EXLOGLQJV���$WPRVSKHULF��
&KHPLVWU\�DQG�3K\VLFV����������²�����������

5DPDQDWKDQ��9��DQG�&DUPLFKDHO��*���*OREDO�DQG�5HJLRQDO�&OLPDWH�&KDQJH�,VVXHV�'XH�WR�%ODFN�
FDUERQ��1DWXUH�*HRVFLHQFH�������

5LVRP�/�HW�DO���2[LGDWLYH�VWUHVV�LQGXFHG�'1$�GDPDJH�E\�SDUWLFXODWH�DLU�SROOXWLRQ���0XWDW�5HV�������
'HF����������������������(SXE�������$XJ���

6DPHW�HW�DO��7KH�1DWLRQDO�0RUELGLW\��0RUWDOLW\��DQG�$LU�3ROOXWLRQ�6WXG\��0RUELGLW\�DQG�0RUWDOLW\�IURP�
$LU�3ROOXWLRQ�LQ�WKH�8QLWHG�6WDWHV���+HDOWK�(IIHFWV�,QVWLWXWH�������
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6DQ�-RDTXLQ�9DOOH\�$LU�3ROOXWLRQ�&RQWURO�'LVWULFW��������30����6WDWH�,PSOHPHQWDWLRQ�3ODQ���6&-$3&'�
3XEOLFDWLRQ����������

6FKZDUW]�HW�DO��7UDIÀF�UHODWHG�SROOXWLRQ�DQG�KHDUW�UDWH�YDULDELOLW\�LQ�D�SDQHO�RI�HOGHUO\�VXEMHFWV��7KRUD[��
����������������

6FLHQFH�IRU�(QYLURQPHQWDO�3ROLF\��'*�(QYLURQPHQW�1HZV�$OHUW�6HUYLFH������0XWDJHQLF�(IIHFWV�RI�8UEDQ�
$LU�3ROOXWDQWV��0DUFK�������(XURSHDQ�&RPPLVVLRQ�'*�(19��1HZV�$OHUW�,VVXH����

6KLQGHOO��'UHZ�HW�DO���6LPXOWDQHRXVO\�0LWLJDWLQJ�1HDU�7HUP�&OLPDWH�&KDQJH�DQG�,PSURYLQJ�+XPDQ�
+HDOWK�DQG�)RRG�6HFXULW\���6FLHQFH�����-DQXDU\������

6RORPRQ��6���'��4LQ��0��0DQQLQJ��=��&KHQ��0��0DUTXLV��.�%��$YHU\W��0�7LJQRU�DQG�+�/��0LOOHU��
&RQWULEXWLRQ�RI�:RUNLQJ�*URXS�,�WR�WKH�)RXUWK�$VVHVVPHQW�5HSRUW�RI�WKH�,QWHUJRYHUQPHQWDO�3DQHO�RQ�
&OLPDWH�&KDQJH���&DPEULGJH�8QLYHUVLW\�3UHVV��&OLPDWH�&KDQJH�������7KH�3K\VLFDO�6FLHQFH�%DVLV��

6RQRPD�7HFKQRORJ\��,QF���'HYHORSPHQW�RI�DQ�$PPRQLD�(PLVVLRQ�,QYHQWRU\�IRU�WKH�6DQ�)UDQFLVFR�%D\�
$UHD���6RQRPD�7HFKQRORJ\��,QF��3UHSDUHG�IRU�%$$40'���0DUFK������

6RXWK�&RDVW�$LU�4XDOLW\�0DQDJHPHQW�'LVWULFW��������$LU�4XDOLW\�0DQDJHPHQW�3ODQ���6&$40'�
Publication. Chapter 11, 2007.

6RXWK�&RDVW�$LU�4XDOLW\�0DQDJHPHQW�'LVWULFW���)LQDO�6RFLRHFRQRPLF�5HSRUW�IRU�WKH������$403���$�
6&$40'�3XEOLFDWLRQ��������

6RXWKZHVW�5HVHDUFK�,QVWLWXWH���&ROODERUDWLYH�/XEULFDWLQJ�2LO�6WXG\�RQ�(PLVVLRQV��6Z5,�3URMHFW�1RV��
���������DQG����������������

6SHQJOHU��-����(YDQV��-���*UHFR��6����/HY\��-����6WHYHQV��*���:LOVRQ��$���0RGHOLQJ�5HODWLRQVKLSV�%HWZHHQ�
3DUWLFOH�(PLVVLRQV�DQG�3RSXODWLRQ�([SRVXUHV���(3$�+DUYDUG�&HQWHU�IRU�$PELHQW�3DUWLFOH�+HDOWK�(IIHFWV�

6ULYHU��5\DQ�/����&OLPDWH�FKDQJH��0DQ�PDGH�F\FORQHV��1DWXUH����������������1RYHPEHU������

6WRO]HQEDFK��.HLWK�'���6RXWKHUQ�&DOLIRUQLD�(QYLURQPHQWDO�5HSRUW�&DUG�������

7DJDULV��(���HW�DO��3RWHQWLDO�,PSDFW�RI�&OLPDWH�&KDQJH�RQ�$LU�3ROOXWLRQ�5HODWHG�+XPDQ�+HDOWK�(IIHFWV��
(QYLURQPHQWDO�6FLHQFH�	�7HFKQRORJ\����������������S������������

7KH�+HDOWK�(IIHFWV�,QVWLWXWH���7UDIÀF�UHODWHG�$LU�3ROOXWLRQ��$�&ULWLFDO�5HYLHZ�RI�WKH�/LWHUDWXUH�RQ�
(PLVVLRQV��([SRVXUH��DQG�+HDOWK�(IIHFWV���+HDOWK�(IIHFWV�,QVWLWXWH�3XEOLFDWLRQ���6SHFLDO�5HSRUW������
2009.
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7LDQ��'L��<XKDQJ��:DQJ��%HUJLQ��0LFKHOOH��<RQJWDR��+X��/LX��/RQJTLDQJ��$UPLVWHDG��5XVVHO���$LU�4XDOLW\�
,PSDFWV�IURP�3UHVFULEHG�)RUHVW�)LUHV�XQGHU�'LIIHUHQW�0DQDJHPHQW�3UDFWLFHV���(QYLURQPHQWDO�6FLHQFH�
DQG�7HFKQRORJ\��9RO������1R�����������0D\������

7UDQ6\VWHPV�&RUSRUDWLRQ���,PSURYHG�(VWLPDWHV�RI�$PPRQLD�(PLVVLRQV�IURP�8UEDQ�6RXUFHV���
3UHSDUHG�IRU�6DQ�-RDTXLQ�9DOOH\�8QLÀHG�$LU�3ROOXWLRQ�&RQWURO�'LVWULFW��0DUFK������

7ULMRQLV��-���7KD\HU��0���0XUGRFK��-���DQG�+DJHPDQ��5���$LU�4XDOLW\�%HQHÀW�$QDO\VLV�IRU�/RV�$QJHOHV�
DQG�6DQ�)UDQFLVFR�%DVHG�RQ�+RXVLQJ�9DOXHV�DQG�9LVLELOLW\���6DFUDPHQWR��&DOLIRUQLD��&DOLIRUQLD�$LU�
5HVRXUFHV�%RDUG�������

8QLWHG�1DWLRQV�(QYLURQPHQW�3URJUDP�	�:RUOG�0HWHRURORJLFDO�2UJDQL]DWLRQ���,QWHJUDWHG�$VVHVVPHQW�
RI�%ODFN�FDUERQ�DQG�7URSRVKHULF�2]RQH��6XPPDU\�IRU�'HFLVLRQ�PDNHUV����81(3�DQG�:02�������

8QLYHUVLW\�RI�5RFKHVWHU�UHSRUW��SUHSDUHG�IRU�(3$�67$5�UHVHDUFK�SURJUDP���/LQNLQJ�6RXUFHV�WR�
([SRVXUH�DQG�5HVSRQVHV�LQ�([WUD�SXOPRQDU\�2UJDQV��������

8�6��&OLPDWH�&KDQJH�6FLHQFH�3URJUDP�6\QWKHVLV�DQG�$VVHVVPHQW���$WPRVSKHULF�$HURVRO�3URSHUWLHV�
DQG�&OLPDWH�,PSDFWV���8�6��&OLPDWH�&KDQJH�6FLHQFH�3URJUDP�6\QWKHVLV�DQG�$VVHVVPHQW�3URGXFW������
January 2009.

8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��,QWHJUDWHG�6FLHQFH�$VVHVVPHQW�IRU�3DUWLFXODWH�0DWWHU���$Q�(3$�
Publication. December 2009.

8�6��*HRORJLFDO�6XUYH\�DQG�8�6��'HSDUWPHQW�RI�WKH�,QWHULRU���(IIHFWV�RI�6QRZPRELOH�8VH�RQ�6QRZSDFN�
&KHPLVWU\�LQ�<HOORZVWRQH�1DWLRQDO�3DUN���:DWHU�5HVRXUFHV�,QYHVWLJDWLRQV�5HSRUW����������������

8�6���(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\���([SDQGHG�H[SHUW�MXGJPHQW�DVVHVVPHQW�RI�WKH�FRQFHQWUDWLRQ�
UHVSRQVH�UHODWLRQVKLS�EHWZHHQ�30����H[SRVXUH�DQG�PRUWDOLW\���,QGXVWULDO�(FRQRPLFV�,QF���6HSWHPEHU�
21, 2006.

8�6���(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\���*XLGHOLQHV�IRU�([SRVXUH�$VVHVVPHQW����8�6��(3$�3XEOLFDWLRQ���
1992.

8�6���(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\���,QWHJUDWHG�6FLHQFH�$VVHVVPHQW�IRU�3DUWLFXODWH�0DWWHU��8�6��
(3$�3XEOLFDWLRQ���'HFHPEHU�������(3$�����5�������)������

9LQ]HQWV��3��6��HW�DO���3HUVRQDO�H[SRVXUH�WR�XOWUDÀQH�SDUWLFXODWHV�DQG�R[LGDWLYH�'1$�GDPDJH��
(QYLURQPHQWDO�+HDOWK�3HUVSHFWLYHV�����������������������

9LVLELOLW\�DQG�+HDOWK���/DQG�(FRQRPLFV������������������1RYHPEHU������

:DOODFH�	�2WW���3HUVRQDO�H[SRVXUH�WR�XOWUDÀQH�SDUWLFOHV��-RXUQDO�RI�([SRVXUH�6FLHQFH�DQG�
(QYLURQPHQWDO�(SLGHPLRORJ\�������������
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:DOODFH�DQG�+RZDUG�5HHG���&RQWLQXRXV�PRQLWRULQJ�RI�XOWUDÀQH��ÀQH��DQG�FRDUVH�SDUWLFOHV�LQ�D�
UHVLGHQFH�IRU����PRQWKV�LQ�������������-RXUQDO�RI�$LU�	�:DVWH�0DQDJHPHQW�$VVRFLDWLRQ����������
����������

:DVKLQJWRQ�6WDWH�8QLYHUVLW\���7KH�&KHPLFDO�DQG�3K\VLFDO�1DWXUH�RI�3DUWLFXODWH�0DWWHU�$IIHFWLQJ�$LU��
:DWHU�DQG�6RLO�4XDOLW\����&URS�	�6RLO�6FLHQFHV��:DVKLQJWRQ�6WDWH�8QLYHUVLW\�

:HJHVVHU�HW�DO���&DOLIRUQLD�:LOGÀUHV�RI�������&RDUVH�DQG�)LQH�3DUWLFXODWH�0DWWHU�7R[LFLW\���
(QYLURQPHQWDO�+HDOWK�3HUVSHFWLYHV�9ROXPH������-XQH������

:HLVV��6WXDUW�%���,PSDFWV�RI�QLWURJHQ�GHSRVLWLRQ�RQ�&DOLIRUQLD�HFRV\VWHPV�DQG�ELRGLYHUVLW\��&DOLIRUQLD�
(QHUJ\�&RPPLVVLRQ�5HSRUW����������

:HLVV��6WXDUW���)LQDO�5HSRUW�RQ�1):)�*UDQW�IRU�+DELWDW�5HVWRUDWLRQ�DW�(GJHZRRG�1DWXUDO�3UHVHUYH��6DQ�
0DWHR�&RXQW\��&$���2FWREHU�������

:HOOHQLXV��*��HW�DO��$PELHQW�3DLU�3ROOXWLRQ�DQG�WKH�5LVN�RI�$FXWH�,VFKHPLF�6WURNH��$UFKLYHV�RI�,QWHUQDO�
0HGLFLQH�9RO�������1R�����)HEUXDU\����������

:HVWHUOLQJ��$��/���+LGDOJR��+�*���&D\DQ��'�5��DQG�6ZHWQDP��7�:���:DUPLQJ�DQG�(DUOLHU�6SULQJ�,QFUHDVH�
:HVWHUQ�8�6��)RUHVW�:LOGÀUH�$FWLYLW\��6FLHQFH�����������������

:HXYH��-��HW�DO���([SRVXUH�WR�3DUWLFXODWH�$LU�3ROOXWLRQ�DQG�&RJQLWLYH�'HFOLQH�LQ�2OGHU�:RPHQ���$UFKLYHV�
RI�,QWHUQDO�0HGLFLQH�9RO�������1R�����)HEUXDU\����������

:LFKPDQQ��+�(���3HWHUV��$���������(SLGHPLRORJLFDO�HYLGHQFH�RI�WKH�HIIHFWV�RI�XOWUDÀQH�SDUWLFOH�
H[SRVXUH���3KLORVRSKLFDO�7UDQVDFWLRQV�RI�WKH�5R\DO�6RFLHW\��$����������������

:LOG��0DUWLQ��*ULHVHU��-XUJHQ��DQG�6FKDU��&KULVWRSK���&RPELQHG�VXUIDFH�VRODU�EULJKWHQLQJ�DQG�
LQFUHDVLQJ�JUHHQKRXVH�HIIHFW�VXSSRUW�UHFHQW�LQWHQVLÀFDWLRQ�RI�WKH�JOREDO�ODQG�EDVHG�K\GURORJLFDO�F\FOH��
*(23+<6,&$/�5(6($5&+�/(77(56��92/������/���������33��������

:LOGODQGV�&35���������-XQH������7KH�(FRORJLFDO�(IIHFWV�RI�5RDGV��5HWULHYHG�-XO\����������IURP�
:LOGODQGV��

:RUOG�:LOGOLIH�)XQG��)HEUXDU\�����������5LVLQJ�RFHDQ�WHPSHUDWXUHV�DQG�DFLGLW\�PD\�SURYH�D�GHDGO\�
RQH�WZR�SXQFK�IRU�WKH�ZRUOG·V�FRUDOV��5HWULHYHG�-XO\����������ZZZ�ZZIEORJV�RUJ�FOLPDWH�FRQWHQW�
ULVLQJ�RFHDQ�WHPSV�DFLGLW\�GHDGO\�WR�FRUDOV���IHE������

:X�HW�DO��3DUWLFOH�QXPEHU�VL]H�GLVWULEXWLRQ�LQ�WKH�XUEDQ�DWPRVSKHUH���$WPRVSKHULF�(QYLURQPHQW������
����������������

=HOLNRII��-�7��HW�DO���7KH�7R[LFRORJ\�RI�,QKDOHG�:RRGVPRNH��-RXUQDO�RI�7R[LFRORJ\�	�(QYLURQPHQWDO�+HDOWK��
3DUW�%������������������
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=KDQTLQJ�/L�HW�DO��/RQJ�WHUP�LPSDFWV�RI�DHURVROV�RQ�WKH�YHUWLFDO�GHYHORSPHQW�RI�FORXGV�DQG�
SUHFLSLWDWLRQ��1DWXUH�*HRVFLHQFH�����1RYHPEHU������

=KRX�HW�DO���7KH�LPSDFW�RI�XUEDQ�VWUHHW�FDQ\RQV�RQ�SRSXODWLRQ�H[SRVXUH�WR�WUDIÀF�UHODWHG�SULPDU\�
SROOXWDQWV���$WPRVSKHULF�(QYLURQPHQW�9ROXPH�����S�������������

=KRX��<���/HY\��-���)DFWRUV�LQÁXHQFLQJ�WKH�VSDWLDO�H[WHQW�RI�PRELOH�VRXUFH�DLU�SROOXWLRQ�LPSDFWV��D�PHWD�
DQDO\VLV���%0&�3XEOLF�+HDOWK��������3J�������������

=KX��<LIDQJ��.XKQ��7KRPDV��0D\R��3DXO��DQG�+LQGV��:LOOLDP��&RPSDULVRQ�RI�GD\WLPH�DQG�QLJKWWLPH�
FRQFHQWUDWLRQ�SURÀOHV�DQG�VL]H�GLVWULEXWLRQV�RI�XOWUDÀQH�SDUWLFOH�QHDU�D�PDMRU�KLJKZD\��(QYLURQPHQWDO�
6FLHQFH�7HFKQRORJ\��9RO�����1R����������������������
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