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Executive Summary 

$VWKPD�LV�D�FRPSOH[��PXOWLIDFWRULDO�GLVHDVH�FKDUDFWHUL]HG�E\�FKURQLF�DLUZD\�LQIODPPDWLRQ� 
PXFXV�VHFUHWLRQ��DLUZD\�UHPRGHOLQJ��DQG�UHYHUVLEOH�DLUZD\�REVWUXFWLRQ���%RWK�JHQHWLF�DQG 
HQYLURQPHQWDO�IDFWRUV�LQIOXHQFH�WKH�GHYHORSPHQW�DQG�H[DFHUEDWLRQ�RI�DVWKPD���0RUH�WKDQ 
���PLOOLRQ�SHRSOH�LQ�WKH�8QLWHG�6WDWHV�KDG�DVWKPD�LQ�������GRXEOH�WKH�LQFLGHQFH�LQ�WKH�SUHYLRXV 
���\HDUV���%HFDXVH�WKH�LQFUHDVH�LQ�DVWKPD�LQFLGHQFH�FDQQRW�EH�UHFRQFLOHG�E\�FKDQJHV�LQ 
GLDJQRVWLF�FDWHJRUL]DWLRQ�RU�E\�DOWHUDWLRQV�LQ�WKH�JHQH�SRRO��DVVRFLDWLRQV�EHWZHHQ�DVWKPD�DQG�WKH 
HQYLURQPHQW�KDYH�DWWUDFWHG�LQFUHDVLQJ�DWWHQWLRQ���6LQFH�WKH�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\ 
�(3$��LV�UHTXLUHG�WR�VHW�SROOXWDQW�VWDQGDUGV�WR�SURWHFW�VXVFHSWLEOH�SRSXODWLRQV�VXFK�DV�DVWKPDWLFV� 
D�FRRUGLQDWHG�UHVHDUFK�HIIRUW�WR�VWXG\�HQYLURQPHQWDO�SROOXWDQWV�WKDW�LQIOXHQFH�WKH�LQFLGHQFH�DQG 
VHYHULW\�RI�DVWKPD�LV�QHHGHG���7KHUHIRUH��WKLV�$VWKPD�6WUDWHJ\�LV�GHVLJQHG�WR�KHOS�SODQ�LQWUDPXUDO 
DQG�H[WUDPXUDO�HIIRUWV�E\�WKH�2IILFH�RI�5HVHDUFK�DQG�'HYHORSPHQW��25'��WR�DGGUHVV�WKH 
VLJQLILFDQW�LVVXHV�RI�H[SRVXUHV��HIIHFWV��ULVN�DVVHVVPHQW��DQG�ULVN�PDQDJHPHQW�RI�HQYLURQPHQWDO 
SROOXWDQWV�UHOHYDQW�WR�DVWKPD� 

7KH�25'�KDV�WKH�H[SHUWLVH�WR�FRQGXFW�DVWKPD�UHVHDUFK�LQ�WKH�IROORZLQJ�DUHDV�� 
����LQGXFWLRQ�DQG�H[DFHUEDWLRQ�RI�DVWKPD������VXVFHSWLELOLW\�IDFWRUV�FRQWULEXWLQJ�WR�DVWKPD��DQG 
����ULVN�DVVHVVPHQW�LVVXHV�UHODWHG�WR�LQGXFWLRQ��H[DFHUEDWLRQ��DQG�VXVFHSWLELOLW\���)RXU�FODVVHV�RI 
HQYLURQPHQWDO�SROOXWDQWV�WKDW�PD\�LQIOXHQFH�WKH�LQGXFWLRQ�DQG�H[DFHUEDWLRQ�RI�DVWKPD�ZHUH 
LGHQWLILHG�DV�QHHGLQJ�DGGLWLRQDO�UHVHDUFK�������FRPEXVWLRQ�UHODWHG�SURGXFWV��&53V��IRUPHG�IURP 
WKH�EXUQLQJ�RI�RUJDQLF�IXHOV������ELRDHURVROV��LQFOXGLQJ�PROGV�DQG�RWKHU�DOOHUJHQV������DLU�WR[LFV 
RU�KD]DUGRXV�DLU�SROOXWDQWV��+$3V��DQG�����SHVWLFLGHV���6XVFHSWLELOLW\�IDFWRUV�WKDW�PD\�LQIOXHQFH 
WKH�LQGXFWLRQ�DQG�H[DFHUEDWLRQ�RI�DVWKPD�DOVR�ZHUH�LGHQWLILHG���7KHVH�DUH�����JHQHWLF 
VXVFHSWLELOLW\������KHDOWK�VWDWXV������6(6������UHVLGHQFH�DQG�H[SRVXUH�KLVWRU\��DQG�����OLIHVW\OH�DQG 
DFWLYLW\�SDWWHUQV���)RU�HDFK�WRSLF��UHVHDUFK�DJHQGD�LWHPV�ZHUH�GHYHORSHG�WR�DGGUHVV�VSHFLILF 
UHVHDUFK�QHHGV��ZLWKLQ�WKH�DVWKPD�LQGXFWLRQ�DQG�H[DFHUEDWLRQ�UHVHDUFK�DUHD��UHVHDUFK�QHHGV�ZHUH 
OLVWHG�IRU�H[SRVXUH��HIIHFWV��DQG�ULVN�PDQDJHPHQW� 

0XOWLSOH�FOLQLFDO��HSLGHPLRORJLF��DQG�DQLPDO�VWXGLHV�VXJJHVW�WKDW�&53V�H[DFHUEDWH�H[LVWLQJ 
DVWKPD���([SRVXUH�UHVHDUFK�DJHQGD�LWHPV�LQFOXGH�DVVHVVPHQW�RI�UHODWLYH�H[SRVXUHV�IURP�LQGRRU 
DQG�RXWGRRU�VRXUFHV�DQG�GHYHORSPHQW�RI�H[SRVXUH�PRGHOV���(IIHFWV�UHVHDUFK�DJHQGD�LWHPV 
LQFOXGH�H[DPLQDWLRQ�RI�&53�VSHFLILF�DVWKPD�RXWFRPHV��DFXWH�H[SRVXUH�H[DFHUEDWLRQ�UHVSRQVH 
UHODWLRQVKLSV��HIIHFWV�RQ�DOOHUJHQ�VHQVLWL]DWLRQ��DQG�FHOOXODU�DQG�PROHFXODU�PHFKDQLVPV�RI 
DVWKPDWLF�UHVSRQVHV���)LQDOO\��ULVN�PDQDJHPHQW�VWXGLHV�VKRXOG�LQFOXGH�WKH�FKDUDFWHUL]DWLRQ�RI 
LQGRRU�DQG�RXWGRRU�VRXUFHV�RI�&53V�ZLWK�DQ�HPSKDVLV�SODFHG�RQ�GHYHORSLQJ�PRGHOV�WR�GHILQH 
WKHVH�VRXUFHV�DQG�RQ�WKH�GHYHORSPHQW�RI�DSSURSULDWH�SUHYHQWLRQ�DQG�FRQWURO�DSSURDFKHV�DQG 
WHFKQRORJLHV� 

%HFDXVH�ELRDHURVROV��HVSHFLDOO\�IXQJDO�DOOHUJHQV��DUH�WUHPHQGRXVO\�LPSRUWDQW�LQ�WKH 
LQGXFWLRQ�DQG�H[DFHUEDWLRQ�RI�DVWKPD��DQG�EHFDXVH�OLWWOH�LV�NQRZQ�DERXW�WKH�GHJUHH�RI�H[SRVXUH 
WR�PDMRU�DVWKPD�UHODWHG�IXQJDO�DOOHUJHQV��IXUWKHU�UHVHDUFK�LV�QHHGHG�LQ�WKLV�DUHD���$GGLWLRQDOO\� 
WKHUH�LV�D�QHHG�WR�GHYHORS�LQQRYDWLYH�PHDVXUHPHQW�SURWRFROV�ZLWK�ZKLFK�WR�DVVHVV�WKH�GHJUHH�RI 
H[SRVXUH�WR�IXQJDO�DOOHUJHQV���5HVHDUFK�FRQFHUQLQJ�WKH�HIIHFWV�RI�ELRDHURVROV�LV�DOVR�QHHGHG�WR 
H[DPLQH�WKH�VSHFWUXP�RI�IXQJDO�VHQVLWLYLW\��WR�FOLQLFDOO\�WHVW�EURQFKRSURYRFDWLRQ�LQ�PROG� 
VHQVLWLYH�DVWKPDWLFV��DQG�WR�H[DPLQH�WKH�DGMXYDQW�HIIHFWV�RI�WR[LF�FRPSRXQGV�SURGXFHG�E\ 
ELRDHURVROV���5LVN�PDQDJHPHQW�QHHGV�LQFOXGH�WKH�GHYHORSPHQW�RI�EDVLF�PRGHOV�FKDUDFWHUL]LQJ�WKH 
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VRXUFHV�RI�LQGRRU�ELRDHURVROV�DQG�RI�WHFKQLTXHV�WR�UHGXFH�ELRDHURVRO�H[SRVXUH�DQG�WKH 
DVVHVVPHQW�RI�WHFKQLTXH�HIIHFWLYHQHVV�LQ�UHGXFLQJ�ELRDHURVRO�H[SRVXUH�LQ�RXWUHDFK�SURJUDPV�LQ 
DIIHFWHG�FRPPXQLWLHV� 

7KLUW\�WKUHH�KD]DUGRXV�DLU�SROOXWDQWV�UHIHUUHG�WR�DV�³DLU�WR[LFV�´�DUH�UHFRJQL]HG�DV�SRVLQJ�WKH 
JUHDWHVW�WKUHDW�WR�SXEOLF�KHDOWK�LQ�WKH�ODUJHVW�QXPEHU�RI�XUEDQ�DUHDV��(QYLURQPHQWDO�3URWHFWLRQ 
$JHQF\����������5HVHDUFK�DJHQGD�LWHPV�FRQFHUQLQJ�H[SRVXUH�WR�WKHVH�WR[LFV�LQFOXGH�WKH 
PRQLWRULQJ�RI�SHUVRQDO�H[SRVXUHV�WR�DVWKPD�DVVRFLDWHG�DLU�WR[LFV��WKH�FKDUDFWHUL]DWLRQ�RI�WKH 
PDMRU�VRXUFHV��SDWKZD\V��DQG�URXWHV�RI�H[SRVXUH��DQG�WKH�GHYHORSPHQW�RI�H[SRVXUH�PRGHOV�IRU 
NH\�DLU�WR[LFV���5HVHDUFK�DJHQGD�LWHPV�FRQFHUQLQJ�WKH�HIIHFWV�RI�KD]DUGRXV�DLU�SROOXWDQWV�LQFOXGH 
VWXGLHV�RI�DVWKPD�SUHYDOHQFH�DQG�UHVSLUDWRU\�HIIHFWV�LQ�UHODWLRQ�WR�DLU�WR[LFV�H[SRVXUHV��GHILQLWLRQ 
RI�H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV�IRU�DVWKPD�LQGXFWLRQ�DQG�H[DFHUEDWLRQ��DQG�GHYHORSPHQW�RI 
SUDFWLFDO�WHVW�PHWKRGV�IRU�DVVHVVLQJ�DOOHUJHQLFLW\�RI�DLU�WR[LFV���1HHGHG�ULVN�PDQDJHPHQW�VWXGLHV 
LQFOXGH�FKDUDFWHUL]DWLRQ�RI�HPLVVLRQV�IURP�SULRULW\�LQGRRU�DQG�RXWGRRU�KD]DUGRXV�DLU�SROOXWDQWV 
VRXUFHV�DQG�GHYHORSPHQW�RI�WHFKQRORJLHV�IRU�UHGXFLQJ�HPLVVLRQV�IURP�WKH�PRVW�LPSRUWDQW 
VRXUFHV�� 

3XEOLVKHG�VWXGLHV�VXJJHVW�WKDW�FHUWDLQ�SHVWLFLGHV�PD\�DIIHFW�QHXURORJLFDO�DQG�LPPXQH 
IXQFWLRQ�LQ�D�PDQQHU�ZKLFK�PD\�IDYRU�WKH�GHYHORSPHQW�RU�H[DFHUEDWLRQ�RI�DVWKPD���5HVHDUFK�LV 
QHHGHG�WR�GHWHUPLQH�OHYHOV�RI�SHVWLFLGH�H[SRVXUH�DQG�XVDJH�LQ�SRSXODWLRQV�ZLWK�GLIIHUHQW�DVWKPD 
LQFLGHQFH�UDWHV���,PPXQRORJLF�DQG�QHXURORJLF�PHFKDQLVPV�RI�UHVSRQVHV�WR�SHVWLFLGHV�QHHG�WR�EH 
H[DPLQHG��VFUHHQLQJ�PHWKRGV�WR�GHWHUPLQH�SHVWLFLGH�HIIHFWV�RQ�DVWKPD�QHHG�WR�EH�GHYHORSHG��DQG 
WKH�SUHYDOHQFH�DQG�VHYHULW\�RI�DVWKPD�DVVRFLDWHG�ZLWK�H[SRVXUH�WR�SHVWLFLGHV�QHHG�WR�EH�EHWWHU 
TXDQWLILHG���7R�EHWWHU�PLQLPL]H�WKH�ULVNV�DVVRFLDWHG�ZLWK�SHVWLFLGHV��LPSURYHG�PRGHOV�RI�SHVWLFLGH 
HPLVVLRQV��WUDQVSRUW��DQG�IDWH�RI�WKHVH�HPLVVLRQV�LQ�WKH�LQGRRU�HQYLURQPHQW�DUH�QHHGHG�� 
$GGLWLRQDOO\��DOWHUQDWLYHV�IRU�UHGXFLQJ�SHVWLFLGH�H[SRVXUHV�DVVRFLDWHG�ZLWK�LQGXFWLRQ�DQG 
H[DFHUEDWLRQ�RI�DVWKPD�QHHG�WR�EH�GHYHORSHG� 

%LRORJLFDO�UHVSRQVHV�WR�DLU�SROOXWDQWV�LQ�FOLQLFDO�VWXGLHV�RI�KHDOWK\�YROXQWHHUV�DUH 
KHWHURJHQHRXV�DPRQJ�WKH�SRSXODWLRQ��\HW�FRQVLVWHQW�ZLWKLQ�DQ�LQGLYLGXDO��VXJJHVWLQJ�D�JHQHWLF 
EDVLV�IRU�UHVSRQVHV�DPRQJ�KHDOWK\�LQGLYLGXDOV�DQG��SUHVXPDEO\��DVWKPDWLFV���5HVHDUFK�LV�QHHGHG 
WR�GHWHUPLQH�WKH�JHQHWLF�EDVLV�RI�VXVFHSWLELOLW\�WR�DVWKPD���SKHQRW\SLF�GLIIHUHQFHV�LQ�UHVSRQVHV�RI 
DVWKPDWLFV�DQG�KHDOWK\�LQGLYLGXDOV�WR�HQYLURQPHQWDO�SROOXWDQWV�QHHG�WR�EH�GHILQHG��DQG�D�'1$ 
EDQN�RI�VDPSOHV�DVVRFLDWHG�ZLWK�SKHQRW\SLF�PDUNHUV�RI�UHVSRQVH�LQ�DVWKPDWLFV�DQG�KHDOWK\ 
LQGLYLGXDOV�QHHGV�WR�EH�HVWDEOLVKHG�WR�LGHQWLI\�JHQHWLF�PDUNHUV�RI�VXVFHSWLELOLW\���,Q�YLWUR 
DSSURDFKHV�DQG�JHQHWLFDOO\�GHILQHG�DQLPDO�PRGHO�VWXGLHV�FDQ�DQG�VKRXOG�EH�XWLOL]HG�WR�H[DPLQH 
WKH�HIIHFWV�RI�VSHFLILF�JHQHV� 

5HVSRQVLYHQHVV�WR�HQYLURQPHQWDO�SROOXWDQWV�PD\�GHSHQG�RQ�WKH�VHYHULW\�RI�WKH�GLVHDVH�LQ 
DVWKPDWLFV�DQG�WKH�SUHVHQFH�RI�FR�PRUELG�FRQGLWLRQV���5HVHDUFK�DJHQGD�LWHPV�UHODWHG�WR�KHDOWK 
VWDWXV�LQFOXGH�PRGHOLQJ�GRVH�UHVSRQVH�UHODWLRQVKLSV�LQ�DVWKPDWLFV�ZLWK�D�EURDG�UDQJH�RI�DVWKPD 
VHYHULW\��H[DPLQLQJ�RI�WKH�LQIOXHQFH�RI�DVWKPD�VHYHULW\�DQG�UHFHQW�UHVSLUDWRU\�LQIHFWLRQV�RQ 
UHVSRQVHV�WR�DLU�SROOXWLRQ�HSLVRGHV��DQG�VWXG\LQJ�DQLPDO�PRGHOV�RI�FDUGLRSXOPRQDU\�GLVHDVH�WR 
XQGHUVWDQG�PHFKDQLVPV�RI�HQKDQFHG�UHVSRQVHV�WR�SROOXWDQWV� 

/RZHU�VRFLRHFRQRPLF�VWDWXV��6(6��PD\�EH�FRUUHODWHG�ZLWK�LQFUHDVHG�H[SRVXUH�WR�YDULRXV 
LQGRRU�DOOHUJHQV�DQG�SROOXWDQWV���5HVHDUFK�LV�QHHGHG�WR�H[DPLQH�JUDGLHQWV�RI�6(6�LQ�UHODWLRQ�WR 
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DVWKPD�LQFLGHQFH��VHYHULW\��DQG�DPELHQW�DQG�LQGRRU�DLU�SROOXWLRQ�OHYHOV���5HVLGHQFH�DQG�H[SRVXUH 
KLVWRU\��LQFOXGLQJ�EXLOGLQJ�IDFWRUV�DQG�UHVLGHQFH�LQ�KLJKO\�SROOXWHG�DUHDV�RU�QHDU�SRLQW�VRXUFHV�RI 
SROOXWDQWV��PD\�DOVR�EH�UHODWHG�WR�DVWKPD�LQFLGHQFH�DQG�VHYHULW\���5HVHDUFK�LV�QHHGHG�WR�DVVHVV�WKH 
KLVWRU\�RI�HQYLURQPHQWDO�H[SRVXUH�LQ�DVWKPDWLFV��WR�GHYHORS�ELRPDUNHUV�RI�H[SRVXUH�WR 
SROOXWDQWV��WR�GHILQH�SDWWHUQV�RI�DVWKPD�SUHYDOHQFH�DQG�VHYHULW\�UHODWLYH�WR�DUHD�DQG�SRLQW�VRXUFHV 
RI�SROOXWDQWV��DQG�WR�TXDQWLI\�EXLOGLQJ�DQG�VWUXFWXUDO�IDFWRUV�UHODWLYH�WR�DVWKPD�LQFLGHQFH�� 
$GGLWLRQDOO\��XUEDQ�RU�ZHVWHUQ�OLIHVW\OH�LV�RIWHQ�FRUUHODWHG�ZLWK�LQFUHDVLQJ�DVWKPD�UDWHV�� 
&RQVHTXHQWO\��UHVHDUFK�LV�QHHGHG�WR�DVVHVV�WKH�IDFWRUV�WKDW�PD\�DFFRXQW�IRU�WKLV�GLVSDULW\��H�J�� 
UHGXFHG�DLU�H[FKDQJH�LQ�WLJKWO\�FRQVWUXFWHG�PRGHUQ�EXLOGLQJV��UHGXFWLRQ�RI�SK\VLFDO�DFWLYLW\��DQG 
LQFUHDVHG�WLPH�VSHQW�LQGRRUV���� 

5LVN�DVVHVVPHQW�UHVHDUFK�QHHGV�UHODWHG�WR�DVWKPD�LQGXFWLRQ�LQFOXGH�LPSURYHPHQW�RI 
H[SRVXUH�LQIRUPDWLRQ�IRU�ELRDHURVROV��SHVWLFLGHV��DQG�DLU�WR[LFV�LQ�LQGRRU��RFFXSDWLRQDO��DQG 
DJULFXOWXUDO�VHWWLQJV��GHYHORSPHQW�RI�LPSURYHG�H[SRVXUH�DFWLYLW\�SURILOHV�IRU�VXVFHSWLEOH 
SRSXODWLRQV��DQG�DVVHVVPHQW�RI�DVWKPD�LQGXFWLRQ�LQ�DQ�RFFXSDWLRQDO�VHWWLQJ�IRU�NH\�FKHPLFDOV�RI 
LQWHUHVW�DW�DPELHQW�OHYHOV�RI�H[SRVXUH���5LVN�DVVHVVPHQW�UHVHDUFK�RQ�DVWKPD�H[DFHUEDWLRQ�LV 
QHHGHG�WR�GHYHORS�WRROV�WR�DVVHVV�WKH�XQLTXH�ULVN�RI�ELRDHURVROV�DQG�WR�GHWHUPLQH�WKH�UHODWLRQVKLS 
RI�DVWKPD�VHYHULW\�WR�GRVH�UHVSRQVH�UHODWLRQVKLSV�IRU�DVWKPD�H[DFHUEDWLRQ�E\�&53V��DLU�WR[LFV� 
DQG�SHVWLFLGHV���7R�HYDOXDWH�WKH�ULVNV�RI�PL[WXUHV�RI�FKHPLFDOV��GDWD�RQ�H[SRVXUH�WR�FKHPLFDO 
PL[WXUHV�LQ�ZHOO�FKDUDFWHUL]HG�DVWKPDWLFV�DQG�LQ�YDOLGDWHG�DQLPDO�PRGHOV�DUH�UHTXLUHG�� 

%HFDXVH�OLPLWHG�IXQGV�PDNH�LW�LPSRVVLEOH�WR�DGGUHVV�DOO�RI�WKH�UHVHDUFK�WRSLFV�GHVFULEHG�LQ 
WKLV�$VWKPD�6WUDWHJ\��LW�ZDV�QHFHVVDU\�WR�SULRULWL]H�WKH�UHVHDUFK�QHHGV���7KH�IROORZLQJ�IDFWRUV 
ZHUH�XVHG�LQ�WKLV�SULRULWL]DWLRQ���ULVN�EDVHG�SODQQLQJ��UHOHYDQFH�WR�(3$¶V�PLVVLRQ��DQG�SXEOLF 
KHDOWK�LPSRUWDQFH� 

$UELWUDU\�VFRUHV�ZHUH�DVVLJQHG�IRU�HDFK�DUHD�IRU�HDFK�RI�WKH�WKUHH�IDFWRUV��WKH�VFRUHV�ZHUH 
VXPPHG��DQG�WKH�UHODWLYH�UDQNLQJ�ZDV�GHWHUPLQHG���2I�WKH�WKUHH�UHVHDUFK�DUHDV��LQGXFWLRQ�DQG 
H[DFHUEDWLRQ�RI�DVWKPD�UHFHLYHG�WKH�KLJKHVW�VFRUH��IROORZHG�E\�VXVFHSWLELOLW\�IDFWRUV��DQG�WKHQ 
ULVN�DVVHVVPHQW���:LWKLQ�WKH�LQGXFWLRQ�H[DFHUEDWLRQ�UHVHDUFK�DUHD��WKH�UHVHDUFK�WRSLFV�ZHUH 
UDQNHG�LQ�WKH�IROORZLQJ�RUGHU���&53V�!�ELRDHURVROV�!�DLU�WR[LFV�!�SHVWLFLGHV���:LWKLQ�WKH 
VXVFHSWLELOLW\�IDFWRUV�UHVHDUFK�DUHD��WKH�UHVHDUFK�WRSLFV�ZHUH�UDQNHG�LQ�WKH�IROORZLQJ�RUGHU� 
UHVLGHQFH�H[SRVXUH�KLVWRU\�!�JHQHWLF�VXVFHSWLELOLW\�!�KHDOWK�VWDWXV�!�OLIHVW\OH�DFWLYLW\�! 
VRFLRHFRQRPLF�VWDWXV���:LWKLQ�WKH�ULVN�DVVHVVPHQW�UHVHDUFK�DUHD��WKH�UHVHDUFK�WRSLFV�ZHUH�UDQNHG 
LQ�WKH�IROORZLQJ�RUGHU���DVWKPD�H[DFHUEDWLRQ�!�DVWKPD�LQGXFWLRQ� 

7KH�SULRULW\�VFRUHV�ZHUH�XVHG�WR�JHQHUDWH�D�WLPHOLQH�WR�VKRZ�WKH�VHTXHQFH�DQG�UHODWLYH�OHYHO 
RI�HIIRUW�WKDW�ZLOO�EH�GHYRWHG�WR�WKH�UHVHDUFK�DUHDV�DQG�DVVRFLDWHG�WRSLFV�RYHU�DQ�HLJKW�\HDU�SHULRG 
>ILVFDO�\HDUV��)<�������WKURXJK�����@��GHSHQGLQJ�RQ�DYDLODEOH�UHVRXUFHV���7KH�WLPLQJ�DQG�OHYHO 
RI�HIIRUW�LQ�WKLV�VFDOH�DUH�LQWHQGHG�WR�VHUYH�DV�JHQHUDO�DGYLVRU\�JXLGHOLQHV�LQGLFDWLQJ�KRZ 
DYDLODEOH�UHVRXUFHV�FRXOG�HIILFLHQWO\�DGYDQFH�VFLHQWLILF�NQRZOHGJH�DQG�FRQWURO�HQYLURQPHQWDO 
IDFWRUV�WKDW�FRQWULEXWH�WR�DVWKPD�SUHYDOHQFH�DQG�VHYHULW\���$Q�HDUO\�SHDN�HIIRUW�LQ�ELRDHURVROV 
UHVHDUFK�LV�LQGLFDWHG��IROORZHG�D�\HDU�ODWHU�E\�PD[LPDO�HIIRUWV�LQ�&53V�DQG�DLU�WR[LFV���5HVHDUFK 
WRSLFV�LQ�VXVFHSWLELOLW\�IDFWRUV�SHDN�LQ�)<����������ZKLOH�ULVN�DVVHVVPHQW�UHVHDUFK��ZKLFK�LV 
GHSHQGHQW�RQ�GDWD�IURP�UHVHDUFK�FRQGXFWHG�LQ�WKH�ILUVW�WZR�UHVHDUFK�DUHDV��SHDNV�LQ�)<�������� 
DQG�H[WHQGV�WKURXJK�)<������ 
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1. Introduction 

1.1. Factors in the Development of Asthma 

$VWKPD�LV�D�GLVHDVH�FKDUDFWHUL]HG�E\�UHYHUVLEOH�DLUZD\�REVWUXFWLRQ��FKURQLF�LQIODPPDWLRQ� 
DQG�DLUZD\�UHPRGHOLQJ���7KH�PDMRULW\�RI�DVWKPD�LV�DVVRFLDWHG�ZLWK�DOOHUJLF�UHVSRQVHV�WR�FRPPRQ 
DLUERUQH�DOOHUJHQV�VXFK�DV�KRXVH�GXVW�PLWHV��SROOHQV��DQLPDO�GDQGHU��DQG�PROGV���$GGLWLRQDOO\��WKH 
GLVHDVH�KDV�D�GHILQLWH�JHQHWLF�FRPSRQHQW���,Q�JHQHWLFDOO\�SUHGLVSRVHG�LQGLYLGXDOV��H[SRVXUH�WR 
DOOHUJHQV�FDQ�OHDG�WR�LPPXQRORJLF�VHQVLWL]DWLRQ��)LJXUH������6HQVLWL]DWLRQ�LQYROYHV�WKH�SURGXFWLRQ 
RI�DQWLERGLHV�WKDW�EHORQJ�WR�WKH�LPPXQRJOREXOLQ�(��,J(��FODVV���8SRQ�UH�H[SRVXUH�WR�DOOHUJHQV� 
LPPHGLDWH�DQG�GHOD\HG��ODWH�SKDVH��UHVSRQVHV�PD\�RFFXU�LQ�D�VXESRSXODWLRQ�RI�VHQVLWL]HG 
LQGLYLGXDOV���7KHVH�UHVSRQVHV�LQFOXGH�DLUZD\�LQIODPPDWLRQ��FKDUDFWHUL]HG�E\�WKH�SUHVHQFH�RI 
LQIODPPDWRU\�FHOOV�VXFK�DV�HRVLQRSKLOV�DQG�DFWLYDWHG�7�KHOSHU�O\PSKRF\WHV��DQG�DLUZD\ 
REVWUXFWLRQ�WKDW�LV�UHYHUVLEOH�HLWKHU�VSRQWDQHRXVO\�RU�ZLWK�DSSURSULDWH�PHGLFDWLRQ� 

ASTHMA 
Induction 

Exacerbation 

Air Pollution, 
Respiratory Viruses, 

Tobacco Smoke 

Irritants, Promoters 

Genetic 
Predisposition 

Immunologic 
Sensitization 

(asymptomatic) 
Mild Moderate Severe 

Genetics, Health Status, 
Lifestyle, Housing, 

Socioeconomic Status 

Susceptibility Factors 

Allergen Exposure 

Dust Mites, Cockroaches, 
Molds, Pollens, Pets, 
Allergenic Chemicals 

Death 

Figure 1. Induction of asthma may occur in genetically susceptible individuals upon exposure to common allergens 
or certain chemicals. Nonspecific irritants and promoters may facilitate induction through injury and increased 
uptake of allergens or by modulating immune responses (dashed arrow). Both allergens and irritants may 
exacerbate existing asthma. Inflammation and airway obstruction in asthma are reversible. Consequently, severity 
of the disease is variable (double-headed arrows) depending on environmental influences as well as susceptibility 
factors as indicated here. 
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,QGXFWLRQ�RI�DVWKPD�UHIHUV�ERWK�WR�WKH�DFTXLVLWLRQ�RI�LPPXQRORJLF�VHQVLWLYLW\�WR�DOOHUJHQV 
DQG�WKH�SURJUHVVLRQ�WR�D�FOLQLFDOO\�GHWHFWDEOH�GLVHDVH�WKDW�LV�LQGLFDWHG�E\�UHYHUVLEOH�DLUZD\ 
REVWUXFWLRQ���([DFHUEDWLRQ�RI�DVWKPD�PD\�RFFXU�ZLWK�VXEVHTXHQW�UH�H[SRVXUH�WR�DOOHUJHQV�RU�E\ 
H[SRVXUH�WR�D�QXPEHU�RI�QRQVSHFLILF�WULJJHUV�RI�OXQJ�LQIODPPDWLRQ�DQG�DLUZD\�REVWUXFWLRQ��VXFK 
DV�UHVSLUDWRU\�YLUXVHV��WREDFFR�VPRNH��RU�FHUWDLQ�DLU�SROOXWDQWV���,W�DOVR�KDV�EHHQ�VXJJHVWHG�WKDW 
VRPH�RI�WKHVH�WULJJHUV�IDFLOLWDWH�WKH�LQGXFWLRQ�RI�DVWKPD�E\�LQFUHDVLQJ�VHQVLWL]DWLRQ�WR�DOOHUJHQV�� 
7KLV�PD\�RFFXU�YLD�PRGXODWLRQ�RI�LPPXQH�UHVSRQVHV�RU�LQMXU\�WR�DLUZD\�HSLWKHOLXP±HIIHFWV�WKDW 
DOORZ�DOOHUJHQV�WR�SHQHWUDWH�WKH�LPPXQH�V\VWHP�EDUULHU�DQG�WR�EH�WDNHQ�XS�E\�DQWLJHQ�SURFHVVLQJ 
FHOOV� 

6XVFHSWLELOLW\�IDFWRUV�WKDW�DUH�LQGLFDWLYH�RI�WKH�SRWHQWLDO�IRU�H[SRVXUH�WR�DOOHUJHQV�DQG 
QRQDOOHUJLF�WULJJHUV�LQFOXGH��QRW�RQO\�WKH�JHQHWLF�FRPSRQHQW�DQG�RYHUDOO�KHDOWK�VWDWXV��EXW�DOVR 
OLIHVW\OH��6(6��UHVLGHQWLDO�ORFDWLRQ��DQG�RYHUDOO�H[SRVXUH�KLVWRU\� 

1.2. Overview of Environmentally-Related Asthma 

7KH�SUHYDOHQFH�RI�DVWKPD�LQ�WKH�8QLWHG�6WDWHV�KDV�GRXEOHG�LQ�WKH�ODVW�WZHQW\�\HDUV 
�0DQQLQR�HW�DO�����������0RUH�WKDQ����PLOOLRQ�SHRSOH�QRZ�UHSRUW�KDYLQJ�WKH�GLVHDVH��&HQWHUV�IRU 
'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ����������$VWKPD�KDV�LQFUHDVHG�PRVW�UDSLGO\�LQ�FKLOGUHQ�OHVV�WKDQ 
���\HDUV�ROG��ZKR�DOVR�DFFRXQW�IRU�WKH�KLJKHVW�RYHUDOO�UDWHV�RI�DVWKPD�DPRQJ�WKH�SRSXODWLRQ�DW 
ODUJH���+LJKHU�UDWHV�RI�DVWKPD�DUH�DOVR�UHSRUWHG�DPRQJ�PLQRULWLHV�DQG�LQQHU�FLW\�SRRU�SRSXODWLRQV�� 
$OWKRXJK�DVWKPD�UHODWHG�GHDWKV�DUH�LQIUHTXHQW���������LQ�������&HQWHUV�IRU�'LVHDVH�&RQWURO�DQG 
3UHYHQWLRQ���������PRUWDOLW\�UDWHV�KDYH�LQFUHDVHG�����VLQFH��������,OOQHVV�DVVRFLDWHG�ZLWK�DVWKPD 
DFFRXQWV�IRU�DQ�HVWLPDWHG����PLOOLRQ�SDWLHQW�YLVLWV�DQG���������KRVSLWDO�DGPLVVLRQV�DQQXDOO\��WKLV 
WUDQVODWHV�WR�DQ�HVWLPDWHG�ORVV�RI�WKUHH�PLOOLRQ�ZRUN�GD\V�DQG����PLOOLRQ�GD\V�RI�UHVWULFWHG 
DFWLYLW\�IRU�DVWKPDWLFV���7KH�FRVWV�UHODWHG�WR�WKLV�GLVHDVH�DUH�HQRUPRXV��ZLWK�DQ�HVWLPDWHG�FRVW�LQ 
WKH�8�6��LQ������RI�����ELOOLRQ���7UHQGV�WRZDUG�LQFUHDVHG�SUHYDOHQFH��GHDWKV��DQG�FRVWV�RI�WKH 
GLVHDVH�KDYH�DOVR�EHHQ�REVHUYHG�LQ�PDQ\�RWKHU�FRXQWULHV���7KH�LQFUHDVH�LQ�DVWKPD�LQFLGHQFH 
FDQQRW�EH�UHFRQFLOHG�VLPSO\�E\�FKDQJHV�LQ�GLDJQRVWLF�FDWHJRUL]DWLRQ��DQG�LW�KDV�EHHQ�WRR�UDSLG�WR 
EH�H[SODLQHG�E\�DOWHUDWLRQV�LQ�WKH�JHQH�SRRO���)RU�WKHVH�UHDVRQV��WKHUH�KDV�EHHQ�D�JURZLQJ�LQWHUHVW 
LQ�WKH�DVVRFLDWLRQ�EHWZHHQ�WKH�HQYLURQPHQW�DQG�DVWKPD� 

*HQHWLF�EDFNJURXQG�PD\�GHWHUPLQH�ZKHWKHU�LQGLYLGXDOV�DUH�VXVFHSWLEOH�WR�GHYHORSLQJ 
DVWKPD�ZKLOH�H[SRVXUH�WR�YDULRXV�HQYLURQPHQWDO�IDFWRUV�PD\�GHWHUPLQH�WKH�RQVHW�DQG�SURJUHVVLRQ 
RI�WKH�GLVHDVH���*HQHWLF�VXVFHSWLELOLW\��YLUDO�DQG�SDUDVLWLF�LQIHFWLRQV��GLHW��OLIHVW\OH��DLU�SROOXWLRQ� 
DQG�DOOHUJLF�VWDWXV�DUH�UHODWHG�WR�DVWKPD�LQFLGHQFH�RU�VHYHULW\��.RUHQ����������2WKHU�VWXGLHV 
VXJJHVW�WKDW�WKH�LQFUHDVHG�SUHYDOHQFH�RI�DOOHUJ\�DQG�DVWKPD�LV�UHODWHG�WR�WKH�ORZHUHG�LQFLGHQFH�RI 
EDFWHULDO�LQIHFWLRQV�UHVXOWLQJ�IURP�LQFUHDVHG�LPPXQL]DWLRQV��GHFUHDVHG�QXPEHUV�RI�VLEOLQJV��OHVV 
FURZGLQJ��DQG�RYHUDOO�LPSURYHPHQWV�LQ�K\JLHQH��5RPDJQLQL��������&RRNVRQ�DQG�0RIIDWW��������� 
&RPELQHG�ZLWK�LQFUHDVHG�H[SRVXUH�WR�VRPH�DOOHUJHQV��WKHVH�FRQGLWLRQV�PD\�OHDG�WR�DQ�LPEDODQFH 
EHWZHHQ�WKH�7�KHOSHU�O\PSKRF\WH�VXEVHWV�UHVSRQVLEOH�IRU�ILJKWLQJ�LQIHFWLRQV��7K���DQG�WKRVH 
UHVSRQVLEOH�IRU�SURPRWLQJ�DOOHUJ\��7K���DQG�PD\�UHGLUHFW�WKH�LPPXQH�UHVSRQVH�WRZDUGV�DVWKPD� 
UHODWHG�DOOHUJHQV���+RZHYHU��WKH�GHFUHDVH�LQ�LQIHFWLRQV�KDV�RFFXUUHG�VLQFH�WKH�����V�ZKLOH�WKH 
LQFUHDVH�LQ�DVWKPD�LV�PRUH�UHFHQW���7KH�OHYHOV�RI�H[SRVXUH�GXH�WR�LQGRRU�DQG�RXWGRRU�DOOHUJHQV 
PD\�KDYH�LQFUHDVHG��ERWK�RFFXSDWLRQDOO\�DQG�HYHQ�FRPPXQLW\�ZLGH���(DUO\�FKLOGKRRG�H[SRVXUHV 
WR�GXVW�PLWHV��FRFNURDFKHV��FDW�VHFUHWLRQV��PROG�VSRUHV��DQG�SROOHQ�DOVR�PD\�KDYH�LQFUHDVHG���7KH 
UHFHQW�,QVWLWXWH�RI�0HGLFLQH��,20��UHSRUW�RQ�,QGRRU�$LU�DQG�$VWKPD��,QVWLWXWH�RI�0HGLFLQH� 
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������IRXQG�VXIILFLHQW�HYLGHQFH�RI�D�FDXVDO�UHODWLRQVKLS�RU�DQ�DVVRFLDWLRQ�EHWZHHQ�LQGRRU 
H[SRVXUHV�WR�KRXVH�GXVW�PLWHV�RU�HQYLURQPHQWDO�WREDFFR�VPRNH�DQG�WKH�GHYHORSPHQW�DQG 
H[DFHUEDWLRQ�RI�DVWKPD���7KH�UHSRUW�DOVR�IRXQG�VXIILFLHQW�HYLGHQFH�RI�D�FDXVDO�UHODWLRQVKLS 
EHWZHHQ�LQGRRU�H[SRVXUH�WR�D�QXPEHU�RI�RWKHU�ELRJHQLF�DOOHUJHQV��H�J���PROG�DQG�FRFNURDFK��DQG 
WKH�H[DFHUEDWLRQ�RI�DVWKPD���2WKHU�UHVHDUFK�KDV�ORRNHG�DW�OLIHVW\OH�FDXVHV��VXFK�DV�WKH�ODFN�RI 
WLPH�VSHQW�RXWGRRUV��SDUWLFXODUO\�HQJDJHG�LQ�YLJRURXV�DFWLYLW\���'DWD�KDYH�VKRZQ�WKDW�OLYLQJ�RQ�D 
IDUP�SURYLGHV�SURWHFWLRQ�IURP�DVWKPD��WKLV�PD\�PHDQ�WKDW�PRVW�FKLOGUHQ�VSHQG�H[FHVVLYH�WLPH 
LQGRRUV�ZKLFK�LQFUHDVHV�WKHLU�H[SRVXUH�WR�LQGRRU�SROOXWDQWV���+RZHYHU��QRQH�RI�WKHVH�IDFWRUV 
DORQH�FDQ�EH�FRQVLGHUHG�WKH�SULPDU\�FDXVH�RI�WKH�UHFHQW�LQFUHDVH�LQ�DVWKPD�SUHYDOHQFH� 

6HYHUDO�SROOXWDQWV�FDXVH�VHULRXV�KHDOWK�SUREOHPV�IRU�SHRSOH�ZLWK�DVWKPD���,QFUHDVHV�LQ 
DPELHQW�OHYHOV�RI�R]RQH��2����VXOIXU�GLR[LGH��62����QLWURJHQ�GLR[LGH��12����DQG�SDUWLFXODWH�PDWWHU 
OHVV�WKDQ����PLFURQV�DHURG\QDPLF�GLDPHWHU��30�����DV�ZHOO�DV�VXVSHQGHG�VXOIDWHV��KDYH�EHHQ 
FRUUHODWHG�ZLWK�HPHUJHQF\�GHSDUWPHQW�YLVLWV�DQG�KRVSLWDO�DGPLVVLRQV�IRU�DVWKPD���%ULHI�H[SRVXUH 
WR�62��FDXVHV�GUDPDWLF�EURQFKRFRQVWULFWLRQ�DFFRPSDQLHG�E\�VKRUWQHVV�RI�EUHDWK�DQG�ZKHH]LQJ�LQ 
PDQ\�VXEMHFWV�ZLWK�DVWKPD�ZKLOH�VLPLODU�H[SRVXUHV�FDXVH�QR�HIIHFWV�LQ�KHDOWK\�VXEMHFWV�� 
,Q�DGGLWLRQ��LQGRRU�H[SRVXUH�WR�12��KDV�EHHQ�DVVRFLDWHG�ZLWK�WKH�GHYHORSPHQW�RU�H[DFHUEDWLRQ�RI 
DVWKPD��,QVWLWXWH�RI�0HGLFLQH����������$�VWXG\�SHUIRUPHG�LQ�.DQDZKD�&RXQW\��:HVW�9LUJLQLD 
VKRZHG�DQ�DVVRFLDWLRQ�RQ�D�FLW\�ZLGH�VFDOH�EHWZHHQ�YRODWLOH�RUJDQLF�FRPSRXQGV��92&V��DQG 
RWKHU�WUDIILF�UHODWHG�SROOXWLRQ�DQG�DVWKPD��:DUH�HW�DO�����������7R[LFRORJ\�VWXGLHV�E\�*LOPRXU 
HW�DO��VKRZ�WKDW�SUH�H[SRVXUH�WR�12��FDQ�LQFUHDVH�WKH�VHYHULW\�RI�DOOHUJHQ�VHQVLWL]DWLRQ��*LOPRXU 
HW�DO���������DQG�VXJJHVW�WKDW�FRPPRQ�DLU�SROOXWDQWV�PLJKW�SOD\�D�UROH�LQ�DVWKPD�LQGXFWLRQ� 

:KLOH�WKHUH�LV�QR�GRXEW�WKDW�DLU�SROOXWLRQ�H[DFHUEDWHV�H[LVWLQJ�DVWKPD��.RHQLJ���������GDWD 
OLQNLQJ�DLU�SROOXWLRQ�WR�WKH�LQFLGHQFH�RI�DVWKPD�UHYHDO�WKDW�WKLV�UHODWLRQVKLS�LV�FRPSOH[�DQG�QRW 
VLPSO\�FDXVDO���)RU�H[DPSOH��WKH�GUDPDWLFDOO\�FOHDQHU�DLU�WKDW�UHVXOWHG�IURP�WKH�VKXWGRZQ�RI 
PDQ\�SROOXWDQW�VRXUFHV�LQ�WKH�IRUPHU�(DVW�*HUPDQ\�GLG�QRW�FKDQJH�DVWKPD�UDWHV���:KLOH�HDVWHUQ 
*HUPDQV�KDYH�PRUH�EURQFKLWLV�DQG�ZKHH]H�DVVRFLDWHG�ZLWK�DLUERUQH�LUULWDQWV��WKH\�DOVR 
H[SHULHQFH�ORZHU�UDWHV�RI�DVWKPD�DQG�KD\�IHYHU�WKDQ�ZHVWHUQ�*HUPDQV���$GGLWLRQDOO\��1HZ�6RXWK 
:DOHV��$XVWUDOLD�KDV�KLJK�UDWHV�RI�DVWKPD�EXW�D�UHODWLYHO\�FOHDQ�HQYLURQPHQW���,Q�PRVW�8�6��FLWLHV 
RYHU�WKH�SDVW�WZHQW\�\HDUV��DPELHQW�OHYHOV�RI�WKH�DLU�SROOXWDQWV�2���62���12���DQG�30���KDYH 
GHFUHDVHG�ZKLOH�DVWKPD�FDVHV�DQG�VHYHULW\�KDYH�LQFUHDVHG���)LQDOO\��WKH�+DUYDUG�VWXG\�RI�DLU 
SROOXWLRQ�DQG�KHDOWK�LQ�VL[�8�6��FLWLHV�UHYHDOHG�WKDW�EURQFKLWLV��QRW�DVWKPD��ZDV�DVVRFLDWHG�ZLWK 
LQFUHDVLQJ�DLU�SROOXWLRQ��'RFNHU\�HW�DO�����������%DVHG�RQ�WKHVH�VWXGLHV��LW�VHHPV�DLU�SROOXWDQWV 
PD\�SOD\�D�JUHDWHU�UROH�DV�DQ�H[DFHUEDWRU�RI�DVWKPD��E\�LQFUHDVLQJ�VHQVLWL]DWLRQ�WR�DQWLJHQV�DQG 
ELRDHURVROV��WKDQ�DV�GLUHFW�FDXVDO�DJHQWV���$OWKRXJK�VRFLHWDO�DQG�KRXVLQJ�IDFWRUV�PD\�EH 
VLJQLILFDQW�LQGXFHUV�RI�DVWKPD��D�UROH�IRU�DLU�SROOXWDQWV�LQ�WKH�GHYHORSPHQW�RI�DVWKPD�FDQQRW�EH 
UXOHG�RXW���&RQVHTXHQWO\��DGGLWLRQDO�WR[LFRORJLFDO�DQG�HSLGHPLRORJLFDO�UHVHDUFK�LV�QHHGHG�WR 
FODULI\�WKH�UHODWLRQVKLSV�EHWZHHQ�DLU�SROOXWDQWV�DQG�DVWKPD�LQGXFWLRQ�DQG�H[DFHUEDWLRQ� 

1.3. Preview of ORD Research Approach 

&RQGXFWLQJ�UHVHDUFK�RQ�DVWKPD�LV�FRQVLVWHQW�ZLWK�WKH�PLVVLRQ�RI�WKH�(3$�WR�SURWHFW�SXEOLF 
KHDOWK�DQG�VDIHJXDUG�DQG�LPSURYH�WKH�QDWXUDO�HQYLURQPHQW�XSRQ�ZKLFK�OLIH�GHSHQGV�� 
&RQVHTXHQWO\��WKH�(3$�25'�LV�FRPPLWWHG�WR�VXSSRUWLQJ�WKH�SULQFLSOHV�RXWOLQHG�LQ�WKH�)HGHUDO 
VWUDWHJ\�Asthma and the Environment: A Strategy to Protect Children��$VWKPD�3ULRULW\�$UHD 
:RUNJURXS����������7KHVH�SULQFLSOHV�LQFOXGH�D�FRPPLWPHQW�WR�HOLPLQDWH�WKH�GLVSURSRUWLRQDWH 
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LPSDFW�RI�DVWKPD�RQ�PLQRULWLHV�DQG�WKH�SRRU��WR�LPSOHPHQW�HIIHFWLYH�HQYLURQPHQWDO��PHGLFDO��DQG 
HGXFDWLRQDO�FRPPXQLW\�EDVHG�SURJUDPV�DQG�SDUWQHUVKLSV��WR�VHW�PHDVXUDEOH�DQG�FRQVLVWHQW�JRDOV 
IRU�FKLOGKRRG�DVWKPD�DV�FDOOHG�IRU�LQ�WKH�+HDOWK\�3HRSOH������SURJUDP��DQG�WR�LGHQWLI\�DQG 
LPSOHPHQW�VWUDWHJLHV�HIIHFWLYH�LQ�UHGXFLQJ�DVWKPD���,Q�DGGLWLRQ��WKH�25'�UHFRJQL]HV�WKH�QHHG�WR 
DGGUHVV�HQYLURQPHQWDOO\�UHODWHG�DVSHFWV�RI�DVWKPD�DV�WKH\�DSSO\�WR�DGXOWV� 

7KHUH�DUH�VHYHUDO�UHVHDUFK�DSSURDFKHV�WR�WKH�VWXG\�RI�DVWKPD�ZKLFK�DUH�ZHOO�ZLWKLQ�WKH 
VFLHQWLILF�FDSDELOLW\�RI�WKH�(3$�DQG�FDQ�SURYLGH�GDWD�WR�IXOILOO�(3$¶V�PLVVLRQ�WR�SURWHFW�KXPDQ 
KHDOWK���(DFK�DSSURDFK�SURYLGHV�D�XQLTXH�W\SH�RI�GDWD�QHHGHG�WR�XQGHUVWDQG�WKH�HQYLURQPHQWDO 
FDXVHV�RI�DVWKPD�DQG�WR�HIIHFWLYHO\�PDQDJH�WKH�ULVN�RI�H[SRVXUH�WR�DVWKPD�LQGXFLQJ�DQG�RU 
H[DFHUEDWLQJ�FRPSRXQGV� 

7KH�25'�ZLOO�IRFXV�LWV�DVWKPD 
UHVHDUFK�RQ�WKUHH�DUHDV�������WKH 
LQGXFWLRQ�DQG�H[DFHUEDWLRQ�RI 
DVWKPD������VXVFHSWLELOLW\�IDFWRUV 
FRQWULEXWLQJ�WR�DVWKPD�LQGXFWLRQ�RU 
H[DFHUEDWLRQ��DQG�����ULVN 
DVVHVVPHQW�LVVXHV�UHODWHG�WR 
LQGXFWLRQ��H[DFHUEDWLRQ��DQG 
VXVFHSWLELOLW\�IDFWRUV���6SHFLILF 
LQGXFLQJ�DQG�H[DFHUEDWLQJ�DJHQWV�WR 
EH�VWXGLHG�LQFOXGH�ELRDHURVROV� 

ORD Asthma Research Areas 

• Induction and exacerbation of asthma 

• Susceptibility factors contributing to 
asthma induction or exacerbation 

• Risk assessment 

SHVWLFLGHV��KD]DUGRXV�DLU�SROOXWDQWV��DQG�FRPEXVWLRQ�UHODWHG�SURGXFWV���)DFWRUV�WKDW�ZLOO�EH 
HYDOXDWHG�IRU�WKHLU�SRWHQWLDO�WR�DIIHFW�VXVFHSWLELOLW\�LQFOXGH�JHQHWLFV��KHDOWK�VWDWXV��6(6��UHVLGHQFH 
DQG�H[SRVXUH�KLVWRU\��DQG�OLIHVW\OH� 

2. Background 

2.1. Regulatory Context 

8QGHU�WKH�&OHDQ�$LU�$FW��&$$���WKH�(3$�HVWDEOLVKHV�1DWLRQDO�$PELHQW�$LU�4XDOLW\ 
6WDQGDUGV��1$$46��IRU�FULWHULD�SROOXWDQWV��R]RQH��OHDG��SDUWLFXODWH�PDWWHU��VXOIXU�GLR[LGH� 
QLWURJHQ�R[LGHV��DQG�FDUERQ�PRQR[LGH����7KH�SULPDU\�1$$46�DUH�VHW�WR�SURWHFW�KXPDQ�KHDOWK� 
LQFOXGLQJ�WKH�KHDOWK�RI�VHQVLWLYH�PHPEHUV�RI�WKH�SRSXODWLRQ�VXFK�DV�DVWKPDWLFV��DQG�DUH�UHTXLUHG 
WR�EH�UHHYDOXDWHG�HYHU\�ILYH�\HDUV���7KHUHIRUH��(3$�UHVHDUFK�RQ�WKH�UHVSRQVHV�RI�DVWKPDWLFV 
H[SRVHG�WR�WKHVH�DLU�SROOXWDQWV�SURYLGHV�FUXFLDO�LQIRUPDWLRQ�IRU�WKH�$JHQF\¶V�VWDQGDUG�VHWWLQJ 
DFWLYLWLHV���7KH�(3$�DOVR�LV�UHVSRQVLEOH�IRU�UHJXODWLQJ�PDMRU�LQGXVWULDO�VRXUFHV�RI�ODUJH�TXDQWLWLHV 
RI�����DLU�WR[LFV���6RPH�DLU�WR[LFV��H�J���GLLVRF\DQDWHV��DQK\GULGHV��PHWDOV��DUH�NQRZQ�WR�FDXVH�RU 
ZRUVHQ�DVWKPD�LQ�RFFXSDWLRQDO�VHWWLQJV��VR�GDWD�FROOHFWHG�DW�MRE�VLWHV�PD\�SURYH�XVHIXO�WR�(3$¶V 
UHJXODWRU\�HIIRUWV���7KH�&$$�DOVR�DGGUHVVHV�DUHD�DQG�PRELOH�VRXUFHV�RI�DLU�WR[LFV�WKDW�FRQWULEXWH 
RU�PD\�FRQWULEXWH�WR�DVWKPD�SUHYDOHQFH�DQG�VHYHULW\���,Q�DGGLWLRQ��WKH�(3$�FRQGXFWV�UHVHDUFK�DQG 
HGXFDWHV�WKH�SXEOLF�DERXW�LQGRRU�DLU�SROOXWDQWV��VXFK�DV�ELRDHURVROV��WKDW�DUH�LPSRUWDQW�LQ 
LQLWLDWLQJ�DVWKPD�DQG�LQ�SRVLQJ�UHFXUUHQW�H[SRVXUH�ULVNV�WR�SHRSOH�ZLWK�DVWKPD���(3$¶V�UHVHDUFK 
DQG�HGXFDWLRQDO�DFWLYLWLHV�DUH�FRQVLVWHQW�ZLWK�WKH�UHFRPPHQGDWLRQV�RI�WKH�UHFHQW�,20�UHSRUW�RQ 
DVWKPD�DQG�LQGRRU�DLU��,QVWLWXWH�RI�0HGLFLQH����������7KLV�UHSRUW�FRQFOXGHG�WKDW�VHYHUDO�LQGRRU 
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DOOHUJHQV�DQG�SROOXWDQWV�DUH�VLJQLILFDQW�IDFWRUV�LQ�WKH�GHYHORSPHQW�DQG�H[DFHUEDWLRQ�RI�DVWKPD���,W 
DOVR�IRXQG�WKDW�HIIHFWLYH�PLWLJDWLRQ�VWUDWHJLHV�DUH�DYDLODEOH�DQG�FDQ�EH�HPSOR\HG�SUHVHQWO\�DQG 
WKDW�DGGLWLRQDO�UHVHDUFK�LV�QHHGHG�WR�DVVHVV�WKH�UROH�RI�WKH�HQYLURQPHQW�LQ�WKH�GHYHORSPHQW�RI 
DVWKPD��HIIHFWLYH�LQWHUYHQWLRQV�WR�SUHYHQW�DVWKPD�DWWDFNV��DQG�WKH�FKDUDFWHULVWLFV�RI�D�KHDOWK\ 
LQGRRU�HQYLURQPHQW�� 

%HFDXVH�D�GRPLQDQW�REMHFWLYH�RI�WKH�(3$�LV�WR�H[DPLQH�WKH�HIIHFWV�RI�HQYLURQPHQWDO 
SROOXWDQWV�RQ�VXVFHSWLEOH�VXESRSXODWLRQV��DVWKPDWLFV�FRQVWLWXWH������RI�WKH�8�6��SRSXODWLRQ���LW�LV 
LQFXPEHQW�RQ�WKH�25'�WR�HQVXUH�WKDW�FDUHIXOO\�FROOHFWHG�GDWD�LV�XVHG�WR�UHGXFH�WKH�XQFHUWDLQW\�LQ 
ULVN�DVVHVVPHQW�DQG�WR�VHW�VWDQGDUGV�WKDW�SURWHFW�DVWKPDWLFV���$GGLWLRQDOO\��EHFDXVH�DVWKPD 
GLVSURSRUWLRQDWHO\�DIIHFWV�SHRSOH�RI�ORZ�6(6�DQG�FHUWDLQ�UDFLDO�DQG�HWKQLF�PLQRULWLHV��UHVHDUFK 
DLPHG�DW�XQGHUVWDQGLQJ�DVWKPD�LQGXFWLRQ�DQG�H[DFHUEDWLRQ�LV�FRQVLVWHQW�ZLWK�(3$¶V�UROH�LQ 
HQVXULQJ�HQYLURQPHQWDO�MXVWLFH���,Q�WKLV�FRQWH[W��WKH�REMHFWLYH�RI�WKLV�VWUDWHJ\�LV�WR�DUWLFXODWH 
LPSRUWDQW�UHVHDUFK�DUHDV�DQG�25'¶V�FDSDELOLWLHV�LQ�WKLV�DUHQD�LQ�RUGHU�WR�SURYLGH�D�URDG�PDS�IRU 
25'¶V�UHVHDUFK�SURJUDP�GHYHORSPHQW�RYHU�WKH�QH[W�IHZ�\HDUV���,Q�DGGLWLRQ��WKH�UHVHDUFK�VWUDWHJ\ 
ZLOO�DLG�25'¶V�FRRUGLQDWLRQ�DQG�FRPPXQLFDWLRQ�ZLWK�RWKHU�(3$�RIILFHV��)HGHUDO�HQWLWLHV��DQG 
RXWVLGH�JURXSV�FRQGXFWLQJ�DVWKPD�UHVHDUFK� 

2.2. Public Health Goals 

��������)HGHUDO�*RDOV 

$W�WKH�)HGHUDO�OHYHO��WKH�FDELQHW�OHYHO�3UHVLGHQWLDO�7DVN�)RUFH�RQ�(QYLURQPHQWDO�+HDOWK 
5LVNV�DQG�6DIHW\�5LVNV�WR�&KLOGUHQ�KDV�GHYHORSHG�VHYHUDO�VSHFLILF�JRDOV�UHODWHG�WR�WKH�$VWKPD 
DQG�WKH�(QYLURQPHQW�6WUDWHJ\��$VWKPD�3ULRULW\�$UHD�:RUNJURXS����������7KHVH�JRDOV��SXUVXHG 
WKURXJK�WKH�HIIRUWV�RI�PXOWLSOH�)HGHUDO�$JHQFLHV��LQFOXGH�WKH�IROORZLQJ� 

��%\�WKH�\HDU�������WKH�QXPEHU�RI�KRXVHKROGV�LQ�ZKLFK�FKLOGUHQ�DUH�UHJXODUO\�H[SRVHG�WR 
VHFRQGKDQG�VPRNH�ZLOO�EH�UHGXFHG�E\������ 

��%\�WKH�\HDU�������DVWKPD�KRVSLWDOL]DWLRQ�UDWHV�LQ�FKLOGUHQ�ZLOO�KDYH�IDOOHQ�WR�QR�PRUH�WKDQ 
���KRVSLWDOL]DWLRQV�SHU��������SHRSOH� 

��%\�WKH�\HDU������HPHUJHQF\�GHSDUWPHQW�YLVLWV�ZLOO�EH�UHGXFHG�WR�QR�PRUH�WKDQ����SHU 
�������SHRSOH� 

��%\�WKH�\HDU�������QR�PRUH�WKDQ�����RI�FKLOGUHQ�ZLWK�DVWKPD�ZLOO�H[SHULHQFH�DFWLYLW\ 
OLPLWDWLRQV� 

��������(3$�*RDOV 

7KH�XOWLPDWH�JRDOV�RI�WKH�(3$�DUH�WR�SUHYHQW�QHZ�FDVHV�RI�DVWKPD�FDXVHG�E\�HQYLURQPHQWDO 
IDFWRUV�DQG�WR�UHGXFH�WKH�QXPEHU�DQG�VHYHULW\�RI�DWWDFNV�H[SHULHQFHG�E\�LQGLYLGXDOV�DOUHDG\ 
GLDJQRVHG�ZLWK�DVWKPD���6LJQLILFDQW�XQFHUWDLQWLHV�DQG�JDSV�H[LVW�LQ�RXU�XQGHUVWDQGLQJ�RI 
HQYLURQPHQWDO�IDFWRUV�FRQWULEXWLQJ�WR�FXUUHQW�DVWKPD�UHODWHG�VWDWLVWLFV�LQ�WKH�8�6���&RQVHTXHQWO\� 
WKH�25'�QHHGV�WR�GHYHORS�D�FURVV�SDUDGLJP�UHVHDUFK�HIIRUW���7KH�HIIRUWV�RXWOLQHG�LQ�WKLV�VWUDWHJ\ 
ZLOO�SURYLGH�D�VXEVWDQWLYH�IRXQGDWLRQ�WR�IXUWKHU�WKH�IHGHUDO�JRDOV�RI�UHGXFLQJ�DQG�PLWLJDWLQJ�WKH 
FRQVHTXHQFHV�DQG�RFFXUUHQFH�RI�DVWKPD�DQG�DVWKPD�UHODWHG�LOOQHVVHV���:RUNLQJ�ZLWKLQ�WKH�(3$ 
JRDO�RI�6RXQG�6FLHQFH��,PSURYHG�8QGHUVWDQGLQJ�RI�(QYLURQPHQWDO�5LVN�DQG�*UHDWHU�,QQRYDWLRQ 
WR�$GGUHVV�(QYLURQPHQWDO�3UREOHPV��*RYHUQPHQW�3HUIRUPDQFH�DQG�5HVXOWV�$FW�RI��������WKH 
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25'�ZLOO�GHYHORS�DQG�DSSO\�WKH�EHVW�DYDLODEOH�VFLHQFH�WR�LPSURYH�XQGHUVWDQGLQJ�RI�WKH�IDFWRUV 
FDXVLQJ�DVWKPD�VXVFHSWLELOLW\��LQGXFWLRQ��DQG�H[DFHUEDWLRQ���$GGLWLRQDOO\��25'¶V�HIIRUWV�LQ�WKLV 
DUHD�ZLOO�KHOS�UHGXFH�WKH�UHOLDQFH�RQ�FXUUHQW�KHDOWK�ULVN�DVVHVVPHQWV�DQG�DVVXPSWLRQV�VSHFLILF�WR 
DVWKPD�UHODWHG�SUHYDOHQFH�LQ�8�6��SRSXODWLRQV���7KH�25'�ZLOO�IRFXV�LWV�DWWHQWLRQ�RQ�LGHQWLI\LQJ 
WKH�FRQWULEXWLRQV�RI�FKHPLFDO�DQG�ELRORJLFDO�VRXUFHV�DQG�RQ�GHYHORSLQJ�D�GDWDEDVH�RI�PLWLJDWLRQ 
VWUDWHJLHV�DQG�H[SRVXUH�DQG�HIIHFWV�LQIRUPDWLRQ���7KLV�UREXVW�GDWDEDVH�VXEVHTXHQWO\�FDQ�EH�XVHG 
WR�DVVHVV�WKH�ULVNV�ZLWKLQ�VSHFLILF�SRSXODWLRQ�VHFWRUV�DQG�WR�GHYHORS�PLWLJDWLRQ�VWUDWHJLHV�DLPHG�DW 
UHGXFLQJ�WKH�FKHPLFDO�DQG�ELRORJLFDO�IDFWRUV�DVVRFLDWHG�ZLWK�DVWKPD�LQGXFWLRQ�DQG�H[DFHUEDWLRQ�� 
25'¶V�FURVV�SDUDGLJP�UHVHDUFK�HIIRUWV�LQ�WKLV�DUHD�DUH�XQLTXH���ERWK�VKRUW��DQG�ORQJ�WHUP�UHVXOWV 
RI�WKH�UHFRPPHQGHG�UHVHDUFK�ZLOO�OHDG�GLUHFWO\�WR�LQWHUYHQWLRQ�VWUDWHJLHV�DLPHG�DW�UHGXFLQJ�ULVNV 
RI�DVWKPD�LQ�WKH�8�6���$VWKPD�UHVHDUFK�SURMHFWV�FXUUHQWO\�IXQGHG�WKURXJK�LQWUD��DQG�H[WUDPXUDO 
SURJUDPV�ZLWKLQ�25'�DUH�WDEXODWHG�LQ�$SSHQGL[�%� 

2.3. Linkage to Other Federal Agency Asthma-Environment Research 

$�QXPEHU�RI�)HGHUDO�HQWLWLHV�EHVLGHV�WKH�(3$�25'�DUH�DFWLYH�LQ�DVWKPD�UHVHDUFK���7KHVH 
LQFOXGH�WKH�1DWLRQDO�+HDUW�/XQJ�DQG�%ORRG�,QVWLWXWH��1+/%,���WKH�1DWLRQDO�,QVWLWXWH�RI�$OOHUJ\ 
DQG�,QIHFWLRXV�'LVHDVHV��1,$,'���WKH�1DWLRQDO�,QVWLWXWH�RI�(QYLURQPHQWDO�+HDOWK�6FLHQFHV 
�1,(+6���WKH�$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5���WKH�&HQWHUV�IRU 
'LVHDVH�&RQWURO¶V�1DWLRQDO�&HQWHU�IRU�(QYLURQPHQWDO�+HDOWK��&'&�1&(+���DQG�WKH�1DWLRQDO 
&HQWHU�IRU�+HDOWK�6WDWLVWLFV��1&+6����7KHVH�IHGHUDO�HIIRUWV�KDYH�EHHQ�VXPPDUL]HG��'HSDUWPHQW 
RI�+HDOWK�DQG�+XPDQ�6HUYLFHV����������(3$�VFLHQWLVWV�DUH�DOUHDG\�ZRUNLQJ�ZLWK�VRPH�RI�WKHVH 
RUJDQL]DWLRQV�WR�HQVXUH�WKDW�(3$�UHVHDUFK�VXSSOHPHQWV�DQG�H[SDQGV�FXUUHQW�UHVHDUFK�HIIRUWV�LQWR 
WKH�FDXVHV�RI�DVWKPD��DVWKPD�WULJJHUV��DQG�HIIHFWLYH�LQWHUYHQWLRQ�VWUDWHJLHV���7KH�(3$�LV�DOVR 
UHSUHVHQWHG�LQ�YDULRXV�FRRUGLQDWLQJ�ERGLHV�WKDW�DGGUHVV�WKH�VXEMHFW�RI�DVWKPD���)RU�H[DPSOH��WKH 
25'�LV�UHSUHVHQWHG�LQ�WKH�1,26+�125$��1DWLRQDO�,QVWLWXWH�IRU�2FFXSDWLRQDO�6DIHW\�DQG 
+HDWK¶V�1DWLRQDO�2FFXSDWLRQDO�5HVHDUFK�$JHQGD��SDUWQHUVKLS�WHDP�RQ�DVWKPD�DQG�FKURQLF 
REVWUXFWLYH�SXOPRQDU\�GLVHDVHV���0RVW�UHFHQWO\��WKH�25'�LV�VXSSRUWLQJ�DQ�DLU�SROOXWLRQ�H[WHQVLRQ 
WR�WKH�,QQHU�&LW\�$VWKPD�6WXG\��,&$6���D�PXOWL�FHQWHU�LQWHUYHQWLRQ�WULDO�DPRQJ�PRGHUDWH�WR 
VHYHUH�DVWKPDWLF�FKLOGUHQ�LQ�VHYHQ�FLWLHV�WKURXJK�DQ�LQWHUDJHQF\�DJUHHPHQW�ZLWK�1,$,'�DQG 
1,(+6���$V�SDUW�RI�WKH�DLU�SROOXWLRQ�H[WHQVLRQ�WR�,&$6��UHVHDUFKHUV�LQ�25'¶V�1DWLRQDO�+HDOWK 
DQG�(QYLURQPHQWDO�(IIHFWV�5HVHDUFK�/DERUDWRU\��1+((5/��DQG�1DWLRQDO�([SRVXUH�5HVHDUFK 
/DERUDWRU\��1(5/��DUH�HYDOXDWLQJ�WKH�UROH�RI�30�DQG�2��LQ�WKH�GDLO\�YDULDWLRQ�RI�SHDN�H[SLUDWRU\ 
IORZ�DQG�UHVSLUDWRU\�V\PSWRPV�DPRQJ�DVWKPDWLF�FKLOGUHQ���7KH�REMHFWLYHV�RI�WKHVH�FROODERUDWLRQV 
DUH�WR�OHYHUDJH�UHVRXUFHV�DQG�WR�HQKDQFH�RWKHU�)HGHUDO�HIIRUWV�E\�EULQJLQJ�WKH�H[SHUWLVH�DQG 
IDFLOLWLHV�XQLTXH�WR�WKH�(3$���7KH�(3$�25'�LV�WKH�RQO\�8�6��RUJDQL]DWLRQ�WKDW�KDV�LQ�KRXVH 
FDSDELOLWLHV�IRU�WR[LFRORJLFDO��FOLQLFDO��DQG�HSLGHPLRORJLFDO�UHVHDUFK�FRPELQHG�ZLWK�H[WHQVLYH�LQ� 
KRXVH�FDSDELOLWLHV�IRU�DPELHQW�DLU�DQG�SHUVRQDO�H[SRVXUH�PHDVXUHPHQW� 

7KH�25'�FDQ�DVVLVW�WKH�RWKHU�SDUWLFLSDQWV�LQ�,&$6�LQ�LGHQWLI\LQJ�WKH�PRVW�DSSURSULDWH�DQG 
FRVW�HIIHFWLYH�DVWKPD�ULVN�PDQDJHPHQW�DSSURDFKHV�IRU�WKH�LQQHU�FLW\�HQYLURQPHQW�DQG�LQ 
GHVLJQLQJ�SURWRFROV�IRU�LQWHUYHQWLRQ�VWXGLHV�LQ�RUGHU�WR�GHWHUPLQH�WKH�HIIHFWLYHQHVV�RI�WKHVH�ULVN 
PDQDJHPHQW�DSSURDFKHV�LQ�KHOSLQJ�LQQHU�FLW\�FKLOGUHQ���7KH�UHODWLRQVKLS�EHWZHHQ�WKHVH�UHVHDUFK 
WRSLFV�DQG�WKRVH�FRYHUHG�E\�RWKHU�25'�VWUDWHJ\�GRFXPHQWV�>H�J���3DUWLFXODWH�0DWWHU�5HVHDUFK 
3URJUDP��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�������@��5HVHDUFK�RQ�(QYLURQPHQWDO�5LVNV�WR 
&KLOGUHQ��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�������@�ZDV�DQ�LPSRUWDQW�FRQVLGHUDWLRQ�LQ�WKH 
IRUPDWLRQ�RI�WKLV�GRFXPHQW� 
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3. Research Needs 

5HVHDUFK�DGGUHVVLQJ�WKH�KHDOWK�HIIHFWV�RI�VSHFLILF�FULWHULD�DLU�SROOXWDQWV�RQ�DVWKPDWLF 
LQGLYLGXDOV�KDV�EHHQ��DQG�ZLOO�OLNHO\�UHPDLQ��DQ�LPSRUWDQW�FRPSRQHQW�RI�25'¶V�SROOXWDQW� 
VSHFLILF�UHVHDUFK�VWUDWHJLHV���+RZHYHU��WKHVH�SROOXWDQW�VSHFLILF�UHVHDUFK�VWUDWHJLHV�WUHDW�DVWKPD 
RQO\�WDQJHQWLDOO\�DQG�DUH�QRW�DLPHG�VSHFLILFDOO\�DW�D�IXOO�XQGHUVWDQGLQJ�RI�WKH�KHDOWK�HIIHFWV�RI�DLU 
SROOXWDQWV�RQ�DVWKPDWLFV����)RU�H[DPSOH��25'¶V�30�UHVHDUFK�VWUDWHJ\�GRHV�QRW�DGGUHVV�WKH 
JHQHWLF�EDVLV�IRU�GLIIHUHQWLDO�VXVFHSWLELOLW\�WR�DPELHQW�H[SRVXUHV�LQ�DVWKPDWLFV����7KH�25' 
UHVHDUFK�VWUDWHJ\�IRU�DVWKPD�SUHVHQWHG�KHUH�ZLOO�SURYLGH�DQ�LQWHJUDWLYH�IUDPHZRUN�IRU�VFLHQWLILF 
UHVHDUFK�VSHFLILFDOO\�GLUHFWHG�WRZDUGV�LPSURYLQJ�XQGHUVWDQGLQJ�RI�WKH�LQGXFWLRQ�DQG�H[DFHUEDWLRQ 
RI�DVWKPD�DFURVV�WKH�IXOO�UDQJH�RI�HQYLURQPHQWDO�IDFWRUV�ZLWKRXW�GXSOLFDWLQJ�RU�UHSODFLQJ�UHVHDUFK 
RQ�VSHFLILF�FULWHULD�SROOXWDQWV�WKDW�LV�FRQGXFWHG�XQGHU�25'¶V�SROOXWDQW�VSHFLILF�UHVHDUFK 
VWUDWHJLHV���%DVHG�RQ�WKH�XQLTXH�FDSDELOLWLHV�RI�(3$�UHVHDUFKHUV�DQG�WKH�RSSRUWXQLW\�WR�UHGXFH 
VFLHQWLILF�XQFHUWDLQWLHV��WKLV�$VWKPD�5HVHDUFK�6WUDWHJ\�SUHVHQWV�DQ�DSSURDFK�WKDW�IRFXVHV�RQ�WKH 
IROORZLQJ�DUHDV������LQGXFWLRQ�DQG�H[DFHUEDWLRQ�RI�DVWKPD�LQ�UHODWLRQ�WR�IRXU�FODVVHV�RI�SROOXWDQWV� 
���VXVFHSWLELOLW\�IDFWRUV�FRQWULEXWLQJ�WR�DVWKPD��DQG����UHODWHG�ULVN�DVVHVVPHQW�LVVXHV���:LWKLQ 
5HVHDUFK�$UHD����WKH�SROOXWDQW�FODVVHV�ZKLFK�PHULW�IXUWKHU�VWXG\�DUH�&53V��ELRDHURVROV��DLU 
WR[LFV��DQG�SHVWLFLGHV���$�EULHI�V\QRSVLV�RI�WKHVH�IRXU�FODVVHV�RI�SROOXWDQWV�DQG�WKH�UDWLRQDOH�IRU 
WKHLU�VHOHFWLRQ�LV�GHVFULEHG�EHORZ���7KHUHDIWHU��DQ�LQWURGXFWLRQ�WR�WKH�IRXU�DUHDV�VHOHFWHG�IRU 
DGGLWLRQDO�VWXG\�DV�SDUW�RI�5HVHDUFK�$UHD����6XVFHSWLELOLW\�)DFWRUV��LV�SURYLGHG���&KDSWHU�� 
SURYLGHV�GHWDLOV�FRQFHUQLQJ�HDFK�RI�WKH�WKUHH�UHVHDUFK�DUHDV�DQG�KLJKOLJKWV�VXJJHVWHG�UHVHDUFK 
DJHQGD�LWHPV�� 

3.1. Research Area 1: Induction and Exacerbation of Asthma 

&53V�DUH�FRPSRXQGV�IRUPHG�E\�WKH 
FRPEXVWLRQ�RI�IRVVLO�IXHOV�RU�E\�VHFRQGDU\ 
WUDQVIRUPDWLRQ�UHDFWLRQV���&RQWULEXWLQJ 
FRPSRQHQWV�LQFOXGH�GLHVHO�H[KDXVW�DQG�FULWHULD 
DLU�SROOXWDQWV�VXFK�DV�12���2���XOWUDILQH�RU�ILQH 
SDUWLFXODWH�PDWWHU��30������DQG�62����&XUUHQW 
HYLGHQFH�GRHV�QRW�VXSSRUW�D�VLJQLILFDQW�UROH�IRU 
&53V��H[FHSW�SRVVLEO\�IRU�GLHVHO�H[KDXVW��LQ�WKH 
LQGXFWLRQ�RI�DVWKPD�EHFDXVH�DPELHQW�OHYHOV�RI 
DOO�WKH�FULWHULD�DLU�SROOXWDQWV�KDYH�JHQHUDOO\ 
GHFOLQHG�ZKLOH�DVWKPD�SUHYDOHQFH�KDV�LQFUHDVHG 

Research Area 1:  Induction 
and Exacerbation of Asthma 

• Combustion-Related Products 
• Bioaerosols 
• Air Toxics 
• Pesticides 

RYHU�WKH�SDVW�WZHQW\�\HDUV���+RZHYHU��WKH�FRPSRVLWLRQ�RI�&53V�LQ�WKH�DWPRVSKHUH�KDV�FKDQJHG 
RYHU�WLPH�ZLWK�WKH�LQFUHDVLQJ�SUHYDOHQFH�RI�GLHVHO�H[KDXVW���&RQVHTXHQWO\��DQ�LQWHUDFWLRQ�RI�&53V 
ZLWK�FRPPRQ�DOOHUJHQV�LQ�WKH�LQGXFWLRQ�RI�DVWKPD�FDQQRW�EH�UXOHG�RXW���0XOWLSOH�FOLQLFDO� 
HSLGHPLRORJLF��DQG�DQLPDO�VWXGLHV�VXJJHVW�WKDW�WKHVH�SROOXWDQWV�H[DFHUEDWH�H[LVWLQJ�DVWKPD�� 
7KHVH�ILQGLQJV�QHHG�WR�EH�H[WHQGHG�WR�IXUWKHU�XQGHUVWDQGLQJ�RI�LQWHUDFWLRQV�ZLWK�DOOHUJHQV�DQG 
H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV�DQG�WR�GHYHORS�HIIHFWLYH�ULVN�PDQDJHPHQW�WHFKQLTXHV�IRU�ERWK 
LQGRRU�DQG�DPELHQW�VRXUFHV�RI�&53V� 

%LRDHURVROV�LQFOXGH�WKH�FOLQLFDOO\�UHOHYDQW�DOOHUJHQV��H�J���PROGV��SROOHQV��GXVW�PLWHV��DQG 
SHW�VHFUHWLRQV��WKDW�DUH�NQRZQ�WR�LQGXFH�DVWKPD�LQ�JHQHWLFDOO\�VXVFHSWLEOH�LQGLYLGXDOV���)RU�PDQ\ 
ELRDHURVROV��WKH�DQWLJHQV�UHVSRQVLEOH�IRU�VHQVLWL]DWLRQ�KDYH�EHHQ�FKDUDFWHUL]HG���+RZHYHU��DOPRVW 
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QRQH�RI�WKH�PROG�DOOHUJHQV�KDYH�EHHQ�FKDUDFWHUL]HG��GHVSLWH�WKHLU�ZLGHVSUHDG�GLVWULEXWLRQ�DQG 
DSSDUHQW�LPSRUWDQFH�LQ�WKH�LQGXFWLRQ�DQG�H[DFHUEDWLRQ�RI�DVWKPD� 

$LU�WR[LFV�LQFOXGH�YRODWLOH�DQG�VHPL�YRODWLOH�RUJDQLF�FRPSRXQGV��VRPH�PHWDOV��DQG�RWKHU 
LQRUJDQLF�FRPSRXQGV�ZKLFK�ZHUH�OLVWHG�LQ�WKH������DPHQGPHQW�WR�WKH�&OHDQ�$LU�$FW���([FHSW�IRU 
D�IHZ�FKHPLFDOV�LQ�RFFXSDWLRQDO�VHWWLQJV��OLWWOH�LV�NQRZQ�DERXW�WKH�FRQWULEXWLRQ�RI�DLU�WR[LFV�WR�WKH 
GHYHORSPHQW�RU�ZRUVHQLQJ�RI�DVWKPD���5HVHDUFK�LV�QHHGHG�WR�PRUH�DFFXUDWHO\�DVVHVV�H[SRVXUHV 
DQG�ELRORJLFDO�HIIHFWV�DQG�WR�PDQDJH�WKH�ULVNV�DVVRFLDWHG�ZLWK�LQGLYLGXDO�DLU�WR[LFV�RU 
FRPELQDWLRQV�RI�FRPSRXQGV��HVSHFLDOO\�WKRVH�ZKLFK�KDYH�EHHQ�VKRZQ�WR�LQGXFH�RU�H[DFHUEDWH 
DVWKPD�DQG�DUH�LQFOXGHG�LQ�WKH�OLVW�RI����XUEDQ�KD]DUGRXV�DLU�SROOXWDQWV� 

6RPH�UHSRUWV�VXJJHVW�WKDW�FHUWDLQ�FODVVHV�RI�SHVWLFLGHV�PD\�EH�DVVRFLDWHG�ZLWK�LQGXFWLRQ�RU 
H[DFHUEDWLRQ�RI�DVWKPD��2¶0DOOH\����������3HVWLFLGH�H[SRVXUH�PD\�EH�SDUWLFXODUO\�KDUPIXO�LQ 
FKLOGUHQ�EHFDXVH�WKHLU�GHYHORSLQJ�LPPXQH�V\VWHPV�PD\�EH�PRUH�VHQVLWLYH�WR�SHVWLFLGH�HIIHFWV�� 
(SLGHPLRORJLFDO�VWXGLHV�RI�SHVWLFLGH�H[SRVXUH�OHYHOV�DQG�DVWKPD�SUHYDOHQFH�DUH�FULWLFDOO\ 
LPSRUWDQW�LQ�WKLV�UHJDUG���,QFUHDVHG�H[SRVXUH�DVVHVVPHQW��LQYHVWLJDWLRQ�RI�WR[LFRORJLF�HIIHFWV��DQG 
FRQWURO�VWUDWHJLHV�IRU�GLIIHUHQW�FODVVHV�RI�SHVWLFLGHV�DUH�ZDUUDQWHG� 

3.2. Research Area 2: Susceptibility Factors 

$V�SUHYLRXVO\�VWDWHG��DVWKPD�LV�FDXVHG�E\�D�PXOWLWXGH�RI�IDFWRUV²QRQH�RI�ZKLFK�LV 
FRPSOHWHO\�XQGHUVWRRG���&RQVHTXHQWO\��WKH�VHFRQG�PDMRU�DUHD�LQ�ZKLFK�DGGLWLRQDO�UHVHDUFK�LV 
QHHGHG�LV�WKH�DUHD�RI�VXVFHSWLELOLW\�IDFWRUV���)DFWRUV�NQRZQ�WR�FRQWULEXWH�WR�VXVFHSWLELOLW\�DUH 
JHQHWLFV��JHQH�HQYLURQPHQW�LQWHUDFWLRQV��KHDOWK�VWDWXV��DQG�HQYLURQPHQWDO�LQIOXHQFHV�� 
(QYLURQPHQWDO�LQIOXHQFHV�LQFOXGH�6(6��UHVLGHQWLDO�ORFDWLRQ��WRWDO�H[SRVXUH�KLVWRU\��DQG�OLIHVW\OH�� 
6HYHUDO�RI�WKHVH�IDFWRUV��LQFOXGLQJ�JHQHWLFV��6(6��DQG�UHVLGHQWLDO�ORFDWLRQ��KDYH�EHHQ 
UHFRPPHQGHG�WR�EH�VWXGLHG�LQ�UHODWLRQVKLS�WR�LQGRRU�DLU�TXDOLW\�DQG�DVWKPD��,QVWLWXWH�RI 
0HGLFLQH��������� 

5HFHQW�GDWD�LQGLFDWH�WKDW�UHVSRQVHV 
RI�ERWK�KHDOWK\�DQG�DVWKPDWLF�SHRSOH�WR 
HQYLURQPHQWDO�SROOXWDQWV�LV�LQIOXHQFHG�E\ 
JHQHWLF�EDFNJURXQG���,GHQWLILFDWLRQ�DQG 
FKDUDFWHUL]DWLRQ�RI�WKRVH�JHQHWLF 
SRO\PRUSKLVPV�ZKLFK�LQIOXHQFH 
UHVSRQVLYHQHVV�WR�HQYLURQPHQWDO�DJHQWV 
ZLOO�SURYLGH�ULVN�DVVHVVPHQW�WRROV�ZLWK 
ZKLFK�WR�LGHQWLI\�SHRSOH�ZKR�DUH 
VXVFHSWLEOH�WR�WKHVH�DJHQWV 

Research Area 2: Susceptibility Factors 

• Genetic Susceptibility 
• Health Status 
• Socio-Economic Status 
• Residence and Exposure History 
• Lifestyle / Activity Patterns 

5HVHDUFK�LV�QHHGHG�RQ�KRZ�DVWKPD�VHYHULW\��DJH��DQG�WKH�SUHVHQFH�RI�RWKHU�FR�PRUELG 
FRQGLWLRQV�PD\�DOWHU�XSWDNH�DQG�GHSRVLWLRQ�RI�HQYLURQPHQWDO�SROOXWDQWV�LQ�WKH�UHVSLUDWRU\�WUDFW 
DQG�KRZ�WKHVH�IDFWRUV�DIIHFW�WKH�GRVLPHWU\�RI�DLU�SROOXWDQWV�DQG�WKHLU�LQWHUDFWLRQV�ZLWK�DVWKPD� 

7KH�UHODWLRQVKLSV�EHWZHHQ�6(6�DQG�WKH�LQFLGHQFH�DQG�VHYHULW\�RI�DVWKPD�LQ�WKH�FRQWH[W�RI 
JHQHUDO�DLU�SROOXWLRQ�OHYHOV�QHHGV�WR�EH�DVVHVVHG�DQG�FODULILHG� 
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5HVLGHQWLDO�ORFDWLRQ�UHODWLYH�WR�DUHD�SRLQW�VRXUFHV�RQ�D�VPDOO�VFDOH�DQG�JHRJUDSKLF�UHJLRQV 
RQ�D�ODUJHU�VFDOH��DV�ZHOO�DV�EXLOGLQJ�DJH�DQG�VWUXFWXUH�W\SH�DSSHDU�WR�LQIOXHQFH�DVWKPD�VHYHULW\ 
DQG�QHHGV�WR�EH�VWXGLHG�IXUWKHU���$OVR��WKH�H[SRVXUH�KLVWRU\�RI�DVWKPDWLFV�WR�GHILQHG�DOOHUJHQV�DQG 
DLU�SROOXWDQWV�LV�DQ�LPSRUWDQW�IDFWRU�LQ�WKH�GHYHORSPHQW�RI�DVWKPD�DQG�UHTXLUHV�DGGLWLRQDO�VWXG\� 

3K\VLFDO�DFWLYLW\��WLPH�VSHQW�LQGRRUV��DQG�QXWULWLRQ�LQIOXHQFH�DOOHUJHQ�DQG�DLU�SROOXWLRQ 
H[SRVXUH�DQG�HIIHFWV���7KH�UHODWLRQVKLS�RI�WKHVH�IDFWRUV�WR�VXEVHTXHQW�DVWKPD�RXWFRPHV�QHHGV�WR 
EH�PRUH�DGHTXDWHO\�DGGUHVVHG� 

4. Research Approach 

7KH�UHVHDUFK�DSSURDFK�RI�WKLV�VWUDWHJ\�WHVWV�WKH�JHQHUDO�K\SRWKHVLV�WKDW�HQYLURQPHQWDO 
IDFWRUV�LQIOXHQFH�WKH�LQGXFWLRQ�DQG�H[DFHUEDWLRQ�RI�DVWKPD��DQG�WKDW�WKHVH�IDFWRUV�FDQ�EH 
FRQWUROOHG� 

4.1. Research Area 1: Induction and Exacerbation of Asthma 

��������&RPEXVWLRQ�5HODWHG�3URGXFWV 

$PELHQW�OHYHOV�RI�PRVW�&53V�KDYH�GHFOLQHG�RYHU�WKH�SDVW�WZHQW\�\HDUV�ZKLOH�DVWKPD 
SUHYDOHQFH�KDV�LQFUHDVHG��VXJJHVWLQJ�WKDW�&53V�DUH�QRW�UHVSRQVLEOH�IRU�WKH�LQFUHDVH�LQ�DVWKPD 
SUHYDOHQFH���+RZHYHU��UHFHQW�HYLGHQFH�VXJJHVWV�WKDW�ERWK�GLHVHO�H[KDXVW�DQG�HQYLURQPHQWDO 
WREDFFR�VPRNH��(76��PD\�LQFUHDVH�WKH�LQFLGHQFH�RI�DVWKPD��DQG�VWURQJHU�HYLGHQFH�LQGLFDWHV�WKDW 
WKH\�FDQ�H[DFHUEDWH�H[LVWLQJ�DVWKPD���,QGRRU�DLU�OHYHOV�RI�VRPH�&53V�PD\�EH�LQFUHDVLQJ�GXH�WR 
WLJKWHU�FRQVWUXFWLRQ�RI�KRPHV�DQG�OHVV�YHQWLODWLRQ�ZLWK�RXWGRRU�DLU�DQG�PD\�EH�FRQWULEXWLQJ�WR�WKH 
LQFUHDVHG�SUHYDOHQFH�RI�DVWKPD���5HFHQW�KXPDQ�VWXGLHV�VXJJHVW�WKDW�VRPH�&53V��SDUWLFXODUO\ 
GLHVHO�H[KDXVW��PD\�IDFLOLWDWH�DOOHUJLF�VHQVLWL]DWLRQ���+HQFH��D�UROH�IRU�&53V�LQ�WKH�LQGXFWLRQ�RI 
DVWKPD�PD\�EH�LPSOLFDWHG��'LD]�6DQFKH]�HW�DO���������*LOPRXU�HW�DO���������/DPEHUW�HW�DO�� 
��������7KHUH�LV�VWURQJ�HYLGHQFH�IURP�ERWK�KXPDQ�DQG�DQLPDO�VWXGLHV�WKDW�&53V�FDQ�H[DFHUEDWH 
H[LVWLQJ�DVWKPD��EXW�PHFKDQLVPV�IRU�WKHVH�HIIHFWV�DQG�GRVH�UHVSRQVH�UHODWLRQVKLSV�DUH�QRW�FOHDUO\ 
GHILQHG� 

Exposure 
:KLOH�WKH�PHDVXUHPHQW�RI�DPELHQW�DLU�&53V�LV�H[WHQVLYH��WKH�UROH�RI�&53V�LQ�DVWKPD� 

UHODWHG�SUREOHPV�PXVW�EH�GLVWLQJXLVKHG�IURP�RWKHU�IDFWRUV���7R�WKLV�HQG��WKH�PRQLWRULQJ�RI�ILQH 
30�LV�EHLQJ�H[SDQGHG�WR�DOORZ�EHWWHU�GHILQLWLRQ�RI�LWV�HIIHFWV�RQ�VHQVLWLYH�SRSXODWLRQV���7KH 
UHODWLRQVKLS�EHWZHHQ�LQGRRU�DQG�RXWGRRU�30�FRQFHQWUDWLRQV�QHHGV�IXUWKHU�LQYHVWLJDWLRQ���7KH 
UHODWLRQVKLS�EHWZHHQ�H[SRVXUH�WR�12��DQG�DVWKPD�VHYHULW\�LV�QRW�IXOO\�XQGHUVWRRG��KRZHYHU��DQ 
DVVRFLDWLRQ�EHWZHHQ�12��DQG�DVWKPD�H[DFHUEDWLRQ�KDV�EHHQ�VKRZQ�WR�H[LVW��,QVWLWXWH�RI 
0HGLFLQH����������7KH�WLPH�FRXUVH�RI�DVWKPDWLF�UHVSRQVHV�WR�DOOHUJHQV�LQ�UHODWLRQ�WR�&53 
H[SRVXUH�DOVR�UHTXLUHV�IXUWKHU�VWXG\�DV�LQFUHDVHV�LQ�DPELHQW�&53�OHYHOV�PD\�RFFXU�PLQXWHV� 
KRXUV��RU�GD\V�SULRU�WR�RU�IROORZLQJ�DFXWH�DOOHUJHQ�H[SRVXUHV���)LQDOO\��WKH�&53V�LQ�(76�DQG 
GLHVHO�H[KDXVW�FRQWDLQ�WR[LF�ORZ�PROHFXODU�ZHLJKW�FRPSRXQGV�WKDW�UHTXLUH�VWXG\��SDUWLFXODUO\ 
EHFDXVH�WKHVH�FRPSRXQGV�DQG�WKHLU�PHWDEROLWHV�FDQ�VHUYH�DV�XVHIXO�ELRPDUNHUV�RI�H[SRVXUH� 
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Research Agenda Items:  CRPs Exposure 
• Determine exposures to CRPs from outdoor and indoor sources 
• Develop exposure models linking source to exposure and ambient to indoor air 

concentrations. 
• Determine distributions of peak and mean personal exposure to NO

relationship between NO2 exposure and asthma. 
2 and the 

Effects 
(SLGHPLRORJLF�VWXGLHV�VKRXOG�FRQWLQXH�WR�EH�SHUIRUPHG�WR�GHWHUPLQH�ZKHWKHU�DFXWH 

H[SRVXUH�WR�&53V�LQFUHDVHV�GRFWRUV�YLVLWV��HPHUJHQF\�URRP�YLVLWV��DQG�KRVSLWDOL]DWLRQV���7KHVH 
VWXGLHV�ZLOO�LPSURYH�XQGHUVWDQGLQJ�RI�WKH�FRQGLWLRQV�RI�H[SRVXUH�WKDW�OHDG�WR�DVWKPD 
H[DFHUEDWLRQ���)RU�H[DPSOH��DVWKPD�H[DFHUEDWLRQ�PD\�RFFXU�IROORZLQJ�H[SRVXUH�WR�D�VLQJOH�KLJK 
H[SRVXUH�RU�DIWHU�FKURQLF�H[SRVXUH�WR�ORZHU�OHYHOV�RI�&53V���&OLQLFDO�VWXGLHV�DUH�QHHGHG�WR 
GHWHUPLQH�ZKHWKHU�VKRUW�WHUP�H[SRVXUH�WR�DPELHQW�&53V�OHDGV�WR�DQ�LQFUHDVH�LQ�DFXWH 
H[DFHUEDWLRQ�RI�DVWKPD�RU�XVH�RI�PHGLFDWLRQ�DQG�WR�GHWHUPLQH�WKH�H[SRVXUH�UHVSRQVH 
FKDUDFWHULVWLFV���'HVSLWH�WKH�LQYHUVH�FRUUHODWLRQ�EHWZHHQ�&53�OHYHOV�DQG�DVWKPD�SUHYDOHQFH� 
&53V�PD\�EH�LPSRUWDQW�LQ�DVWKPD�LQGXFWLRQ�E\�IDFLOLWDWLQJ�VHQVLWL]DWLRQ�WR�FRPPRQ�DOOHUJHQV�� 
&53V�VXFK�DV�UHVLGXDO�RLO�IO\�DVK��DQ�HPLVVLRQ�VRXUFH�VXUURJDWH�RI�30��DQG�12��FDQ�DPSOLI\�WKH 
LQGXFWLRQ�RI�DOOHUJLF�DLUZD\V�UHVSRQVHV�WR�GXVW�PLWH�DOOHUJHQ�LQ�UDWV���7KHVH�W\SHV�RI�VHQVLWL]DWLRQ 
VWXGLHV�VKRXOG�EH�H[SDQGHG�WR�H[DPLQH�GLHVHO�H[KDXVW�DQG�RWKHU�IRUPV�RI�DPELHQW�30�DQG�RWKHU 
DOOHUJHQV�WKDW�PD\�EH�LPSRUWDQW�LQ�XUEDQ�HQYLURQPHQWV���6LPLODU�VWXGLHV�VKRXOG�EH�FDUULHG�RXW�LQ 
DWRSLF�KXPDQV���3UHYLRXV�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�WR�H[DPLQH�WKH�HIIHFWV�RI�QDVDO�LQVWLOODWLRQ 
RI�GLHVHO�H[KDXVW�SDUWLFOHV�RQ�ORFDO�DOOHUJLF�UHVSRQVHV��'LD]�6DQFKH]�HW�DO�����������7KH�SRVVLELOLW\ 
WKDW�YLUDO�LQIHFWLRQ�PD\�IXUWKHU�HQKDQFH�DOOHUJLF�UHVSRQVHV�IROORZLQJ�H[SRVXUH�WR�&53V�FRXOG 
DOVR�EH�LQYHVWLJDWHG�LQ�DQLPDO�VWXGLHV�RU�FRQWUROOHG�FOLQLFDO�VWXGLHV���)LQDOO\��WKH�FHOOXODU�DQG 
PROHFXODU�PHFKDQLVPV�E\�ZKLFK�&53V�H[DFHUEDWH�DLUZD\�UHVSRQVLYHQHVV�DQG�DOOHUJLF�UHVSRQVHV 
LQ�DQLPDO�PRGHOV�RU�FRQWUROOHG�KXPDQ�H[SRVXUHV�RI�DVWKPDWLFV�VKRXOG�EH�GHWHUPLQHG� 

Research Agenda Items:  CRPs Effects 
• Examine exposure to CRPs (especially fine PM) in relation to asthma outcomes (e.g., 

symptoms, pulmonary function, medication use, doctors visits, ER visits, 
hospitalizations, quality of life). 

• Determine acute exposure-exacerbation response relationships in clinical and animal 
studies. 

• Examine whether fine PM or other CRPs enhance sensitization to common 
allergens. 

• Study cellular and molecular mechanisms of inflammatory and physiological 
responses. 

Risk Management 
7KH�ULVN�PDQDJHPHQW�HIIRUWV�IRU�&53V�VKRXOG�FRQVLGHU�ERWK�LQGRRU�DQG�RXWGRRU�&53 

VRXUFHV��ILQH�30�LQ�SDUWLFXODU����$V�GHWHUPLQHG�E\�SULRULWLHV��WKH�RQJRLQJ�FKDUDFWHUL]DWLRQ�RI 
&53�HPLVVLRQ�VRXUFHV�XQGHU�WKH�30�SURJUDP�FRXOG�EH�H[SDQGHG�WR�SURYLGH�PRUH�FRPSOHWH�DQG 
DFFXUDWH�HPLVVLRQ�IDFWRUV�DQG�VRXUFH�PRGHOV���)RU�ILQH�30��WKLV�H[SDQGHG�FKDUDFWHUL]DWLRQ�FRXOG 
DOVR�OHDG�WR�D�EHWWHU�XQGHUVWDQGLQJ�RI�SDUWLFOH�VL]H�GLVWULEXWLRQ�DQG�FKHPLFDO�FRPSRVLWLRQ�� 
'UDZLQJ�IURP�WKHVH�UHILQHG�FKDUDFWHUL]DWLRQ�UHVXOWV��H[SHULPHQWDO�DQG�HQJLQHHULQJ�VWXGLHV�FRXOG 
EH�FRQGXFWHG�WR�GHYHORS�DQG�LPSURYH�WKH�DSSURSULDWH�FRQWURO�WHFKQRORJLHV�IRU�&53V� 
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2XWGRRU�VRXUFHV�RI�&53V�WR�EH�FRQVLGHUHG�LQFOXGH�D�ZLGH�DUUD\�RI�VWDWLRQDU\�VRXUFHV��H�J�� 
LQGXVWULDO�DQG�XWLOLW\�ERLOHUV��ZRRG�DQG�ELRPDVV�FRPEXVWLRQ��DQG�PRELOH�VRXUFHV��H�J���GLHVHO 
WUXFNV����6WXGLHV�RI�30�VKRXOG�DGGUHVV�WKH�FKDUDFWHUL]DWLRQ�DQG�FRQWURO�RI�ERWK�SULPDU\�30��L�H�� 
30�WKDW�LV�UHOHDVHG�LQ�WKH�SDUWLFXODWH�IRUP��DQG�VHFRQGDU\�30��L�H���UHOHDVHV�FRPSRXQGV�VXFK�DV 
VXOIXU�R[LGHV�WKDW�FDQ�UHDFW�LQ�WKH�DWPRVSKHUH�WR�IRUP�30�DQG�WKDW��LQ�WKHLU�XQUHDFWHG�JDVHRXV 
IRUP��FDQ�LQGHSHQGHQWO\�FRQWULEXWH�WR�DVWKPD�V\PSWRPV�� 

,QGRRU�VRXUFHV�RI�&53V�WR�EH�FRQVLGHUHG�LQFOXGH�LQGRRU�FRPEXVWLRQ�VRXUFHV��30 
UH�VXVSHQVLRQ��FUHDWLRQ�RI�ILQH�30�WKURXJK�LQGRRU�DLU�FKHPLVWU\��DQG�HQWU\�IURP�RXWGRRUV���7KHVH 
VRXUFHV�FRXOG�EH�FKDUDFWHUL]HG�WKURXJK�WHVW�FKDPEHU�DQG�WHVW�KRXVH�H[SHULPHQWV�DQG�DVVRFLDWHG 
PRGHOLQJ�VWXGLHV���0RGHOLQJ�WKH�SK\VLFDO�SURFHVVHV�LQYROYHG�ZLWK�WKH�VRXUFHV�DQG�IDWHV�RI�&53V 
�HPLVVLRQ�PHFKDQLVPV��GHSRVLWLRQ�VRUSWLRQ��UH�VXVSHQVLRQ�GHVRUSWLRQ��HWF���DV�D�IXQFWLRQ�RI 
VRXUFH�SDUDPHWHUV�DQG�EXLOGLQJ�SDUDPHWHUV��H�J���YHQWLODWLRQ��RYHU�H[WHQGHG�SHULRGV�ZRXOG�EH 
XVHIXO�DQG�FRXOG�VHUYH�DV�LQSXW�WR�WKH�DVVHVVPHQW�RI�H[SRVXUHV���7KLV�LQIRUPDWLRQ�LV�UHTXLUHG�WR 
HIIHFWLYHO\�GHVLJQ�D�ULVN�PDQDJHPHQW�SURJUDP�WKDW�UHGXFHV�&53V�LQ�LQGRRU�DLU� 

Research Agenda Items:  CRPs Risk Management 
• Continue to characterize the indoor and outdoor sources of selected CRPs, 

emphasizing the development of basic models defining these sources. 
• From these results, develop appropriate prevention and control approaches and 

technologies. 

��������%LRDHURVROV 

6HYHUDO�FODVVHV�RI�ELRDHURVROV�LQGXFH�DOOHUJLF�DVWKPD�LQ�VXVFHSWLEOH�LQGLYLGXDOV���$QWLJHQV 
IURP�GXVW�PLWHV��FRFNURDFKHV��SHWV��DQG�VHYHUDO�SROOHQV�KDYH�EHHQ�ZHOO�FKDUDFWHUL]HG�DQG�DUH 
URXWLQHO\�PHDVXUHG���%DFWHULDO�DQWLJHQV��VXFK�DV�WKRVH�SUHVHQW�LQ�HQ]\PH�SUHSDUDWLRQV�RI�Bacillus 
subtilis�RU�ELRSHVWLFLGHV�OLNH�B. thuringiensis��KDYH�DOVR�EHHQ�DVVRFLDWHG�ZLWK�WKH�LQGXFWLRQ�RI 
DVWKPD��3HS\V��������%HUQVWHLQ����������0ROG�JURZWK��LQFOXGLQJ Aspergillus, Penicillium, 
Alternaria, and Cladosporium��LQ�GDPS�EXLOGLQJV�DSSHDUV�WR�EH�DQ�LPSRUWDQW�ULVN�IDFWRU�IRU 
LQGXFWLRQ�RI�DVWKPD�DQG�RWKHU�UHVSLUDWRU\�LOOQHVVHV��5\ODQGHU��������,QVWLWXWH�RI�0HGLFLQH��������� 
$OWKRXJK�PXFK�DWWHQWLRQ�KDV�IRFXVHG�RQ�LQQHU�FLW\�SRSXODWLRQV�H[SRVHG�WR�KLJK�OHYHOV�RI 
FRFNURDFK�DOOHUJHQV��SRRU�KRXVLQJ�FRQGLWLRQV�ZKLFK�SURPRWH�WKH�JURZWK�RI�PROGV�PD\�SRVH�WKH 
JUHDWHVW�ULVN�RI�DVWKPD�GHYHORSPHQW�DQG�H[DFHUEDWLRQ���+RZHYHU��QR�IHGHUDO�DJHQF\�KDV�DQ\ 
VLJQLILFDQW�UHVHDUFK�SURJUDP�IRFXVLQJ�RQ�WKH�UROH�RI�IXQJDO�DOOHUJHQV�LQ�DVWKPD�LQGXFWLRQ�DQG 
H[DFHUEDWLRQ���7KHUHIRUH��WKH�25'�ZLOO�FRQFHQWUDWH�LWV�UHVHDUFK�HIIRUWV�RQ�H[SRVXUH��KHDOWK 
HIIHFWV��DQG�ULVN�PDQDJHPHQW�UHODWHG�WR�IXQJDO�ELRDHURVROV���5HVHDUFK�RQ�RWKHU�ELRDHURVROV��H�J�� 
GXVW�PLWHV��FRFNURDFKHV��VKRXOG�EH�FRQVLGHUHG�ZKHUH�WKHUH�LV�HYLGHQFH�RI�LQWHUDFWLRQV�ZLWK�RWKHU 
SROOXWDQWV��H�J���&53V��DLU�WR[LFV��FDXVLQJ�DQ�LQFUHDVH�LQ�WKH�LQFLGHQFH�RI�DVWKPD�RU�H[DFHUEDWLQJ 
DVWKPD�V\PSWRPV� 

Exposure 
7KHUH�DUH�QR�ZLGHO\�DYDLODEOH�PHWKRGV�IRU�TXDQWLWDWLRQ�RI�IXQJDO�DOOHUJHQV��DFFRUGLQJO\� 

YHU\�IHZ�IXQJDO�DOOHUJHQV�KDYH�EHHQ�LGHQWLILHG���0ROHFXODU�SUREHV�VSHFLILF�IRU�IXQJDO�DOOHUJHQV 
DUH�QHHGHG�WR�LGHQWLI\�WKH�DOOHUJHQV�UHVSRQVLEOH�IRU�KHDOWK�HIIHFWV���)XQJDO�DOOHUJHQV�FDQ�WKHQ�EH 
ELRFKHPLFDOO\�FKDUDFWHUL]HG��DQG�TXDQWLWDWLYH�HQ]\PH�OLQNHG�LPPXQRVRUEHQW�DVVD\V��(/,6$��IRU 
WKHVH�DOOHUJHQV�LQ�HQYLURQPHQWDO�VDPSOHV�FDQ�EH�GHYHORSHG� 

11 



Asthma Research Strategy 

,QGRRU�IXQJDO�DOOHUJHQV�DUH�SUREDEO\�PRUH�VLJQLILFDQW�LQ�DVWKPD�LQGXFWLRQ�DQG�H[DFHUEDWLRQ 
WKDQ�RXWGRRU�IXQJDO�DOOHUJHQV��HVSHFLDOO\�LQ�GDPS��SRRUO\�YHQWLODWHG�EXLOGLQJV��KRZHYHU�WKH 
UHODWLYH�FRQWULEXWLRQV�RI�HDFK�W\SH�DUH�XQNQRZQ���7R�LPSURYH�XQGHUVWDQGLQJ�RI�WKH�IDFWRUV�WKDW 
FRQWULEXWH�WR�DVWKPD�LQGXFWLRQ�DQG�H[DFHUEDWLRQ��GDPSQHVV��FDUSHWLQJ��DQG�DLU�H[FKDQJH�UDWHV 
VKRXOG�EH�FRPSDUHG�EHWZHHQ�KRPHV�RI�DVWKPDWLFV�DQG�KHDOWK\�LQGLYLGXDOV���7KUHVKROG 
FRQFHQWUDWLRQV�IRU�LQFUHDVHG�ULVN�RI�DVWKPD�V\PSWRPV�DQG�KRVSLWDOL]DWLRQ�FRXOG�WKHQ�EH 
HVWDEOLVKHG�IRU�FRPPRQ�IXQJDO�DOOHUJHQV���*HRJUDSKLFDO�GLIIHUHQFHV�LQ�IXQJDO�H[SRVXUHV�DPRQJ 
FLWLHV�DQG�UHJLRQV�PD\�EH�VLJQLILFDQW�UHODWLYH�WR�RWKHU�DOOHUJHQV�VXFK�DV�GXVW�PLWHV��FRFNURDFKHV� 
DQG�SROOHQV���([SRVXUH�DVVHVVPHQWV�RI�RWKHU�ELRDHURVROV��VXFK�DV�FDW��GRJ��URGHQW��DQG�FRFNURDFK 
DOOHUJHQV�VKRXOG�DOVR�EH�FRPSOHWHG��SDUWLFXODUO\�LQ�DUHDV�ZKHUH�WKH\�DSSHDU�WR�VLJQLILFDQWO\ 
FRQWULEXWH�WR�DVWKPD�SUHYDOHQFH�DQG�VHYHULW\�DQG�ZKHUH�LQWHUDFWLRQV�ZLWK�RWKHU�FRPPRQ�DLU 
SROOXWDQWV��VXFK�DV�&53V�DQG�DLU�WR[LFV��PD\�HQKDQFH�DVWKPDWLF�V\PSWRPV� 

Research Agenda Items:��Bioaerosol Exposure 
• Characterize the degree of exposure to major fungal allergens that have been shown 

to induce sensitization and airway obstruction. 
• Develop innovative methods and measurement protocols for characterizing and 

quantifying bioaerosols identified as major contributors to asthma related 
health outcomes. 

• Examine building environment factors (e.g., dampness, ventilation) which contribute 
to fungal exposure. 

• Assess the relative exposures to indoor and outdoor sources of molds. 
• Examine the importance of regional differences in fungal exposures as a factor in 

the prevalence of asthma. 
• Assess the importance of exposure to mold allergens relative to better studied 

allergens. 

Effects 
([SRVXUH�DVVHVVPHQW��GHWDLOHG�TXHVWLRQQDLUHV��DQG�FOLQLFDO�WHVWLQJ�DUH�QHHGHG�WR�HVWLPDWH 

WKH�GRVH�RI�IXQJDO�DOOHUJHQ�WKDW�FDXVHV�VHQVLWL]DWLRQ�RU�H[DFHUEDWLRQ�RI�DVWKPD�V\PSWRPV���7KH 
GRVHV�RI�GHILQHG�ELRDHURVRO�DQWLJHQV�ZKLFK�H[DFHUEDWH�FOLQLFDO�V\PSWRPV�DQG�DLUZD\�K\SHU� 
UHVSRQVLYHQHVV�LQ�VHQVLWL]HG�LQGLYLGXDOV�DUH�SRRUO\�FKDUDFWHUL]HG�DQG�OLNHO\�GHSHQG�RQ�YDULRXV 
VXVFHSWLELOLW\�IDFWRUV���%HFDXVH�SHUIRUPDQFH�RI�WDVNV�LQ�VFKRRO�RU�DW�WKH�ZRUNSODFH�E\�DOOHUJHQ� 
VHQVLWLYH�LQGLYLGXDOV�FDQ�EH�DGYHUVHO\�DIIHFWHG�E\�H[SRVXUH�WR�LQGRRU�ELRDHURVROV��QHZ�PHDVXUHV 
RI�WKHVH�HIIHFWV�DUH�QHHGHG� 

,PPXQRPRGXODWRU\�DJHQWV�VXFK�DV���Ú��� �'�JOXFDQ��D�FRPSRQHQW�RI�PROG�FHOO�ZDOOV��DQG 
P\FRWR[LQV��VXFK�DV�WKRVH�SURGXFHG�E\�WKH�WR[LJHQLF�PROG�VSHFLHV�Stachybotrys chartarum��PD\ 
SURPRWH�QRQVSHFLILF�LQIODPPDWLRQ�ZKLFK�FRQWULEXWHV�WR�FOLQLFDO�V\PSWRPV�DQG�DOOHUJLF 
SDWKRSK\VLRORJ\���7KHVH�DGMXYDQW�HIIHFWV�PD\�EH�VWXGLHG�LQ�DSSURSULDWH�DQLPDO�PRGHOV�ZKLFK 
UHVSRQG�WR�IXQJDO�DOOHUJHQV�ZLWK�DOOHUJLF�DLUZD\�GLVHDVHV�FKDUDFWHULVWLF�RI�KXPDQ�DVWKPD�� 
$OWKRXJK�DQLPDO�PRGHOV�GR�QRW�UHSOLFDWH�DOO�FRQGLWLRQV�RI�KXPDQ�DVWKPD��HVSHFLDOO\�ZLWK�UHVSHFW 
WR�FKURQLFLW\�RI�WKH�GLVHDVH��WKH\�DUH�XVHIXO�IRU�GHWHUPLQDWLRQ�RI�FDXVH�HIIHFW�DQG�GRVH�UHVSRQVH 
UHODWLRQVKLSV�EHWZHHQ�ELRDHURVRO�H[SRVXUH�DQG�LPPXQH��LQIODPPDWRU\��DQG�SK\VLRORJLFDO 
HQGSRLQWV���6XFK�PRGHOV�DUH�DOVR�XVHIXO�IRU�WHVWLQJ�LQWHUDFWLRQV�ZLWK�RWKHU�DOOHUJHQV��YLUXVHV��DQG 
RWKHU�SROOXWDQWV���7KHVH�LQWHUDFWLRQV�PD\�EH�DGGLWLYH��V\QHUJLVWLF��RU�LQKLELWRU\���&HOOXODU�DQG 
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Asthma Research Strategy 

PROHFXODU�PHFKDQLVPV�RI�DOOHUJLF�UHVSRQVHV�WR�IXQJDO�DOOHUJHQV�PD\�EH�GHWHUPLQHG�XVLQJ�ZKROH 
DQLPDO�PRGHOV�DQG�KXPDQ�RU�DQLPDO�FHOO�FXOWXUH�V\VWHPV� 

Research Agenda Items:��Bioaerosol Effects 
• Examine the spectrum of fungal allergen sensitivity in asthmatics in the home and 

workplace. 
• Carry out allergen bronchoprovocation of clinically-identified mold-sensitive 

asthmatics to determine dose-response relationships. 
• Examine the adjuvant effects of toxic compounds produced by bioaerosols on 

induction and exacerbation of asthma-related responses. 
• Examine the interactions of bioaerosols with viruses or environmental agents such as 

CRPs. 
• Analyze mechanisms of responses with appropriate cell culture or animal models. 

Risk Management 
6LJQLILFDQW�WHVWLQJ�RI�ELRDHURVRO�ULVN�PDQDJHPHQW�WHFKQLTXHV�KDV�EHHQ�UHSRUWHG�LQ�WKH 

OLWHUDWXUH���+RZHYHU��WR�GDWH��HYHQ�WKH�PRUH�SURPLVLQJ�WHFKQLTXHV�KDYH�SURYLGHG�RQO\�PRGHVW 
FOLQLFDO�EHQHILWV�IRU�DVWKPDWLFV��LQGLFDWLQJ�WKDW�DGGLWLRQDO��IRFXVHG�VWXGLHV�DUH�QHHGHG�WR�GHYHORS 
QHZ�ULVN�PDQDJHPHQW�WHFKQLTXHV�RU�WR�LPSURYH�WKH�LPSOHPHQWDWLRQ�RI�WKH�H[LVWLQJ�RQHV� 

7HVW�FKDPEHU�DQG�WHVW�KRXVH�H[SHULPHQWV�DQG�DVVRFLDWHG�PRGHOLQJ�VWXGLHV�DUH�QHHGHG�WR 
PRUH�HIIHFWLYHO\�FKDUDFWHUL]H�WKH�VRXUFHV�RI�LQGRRU�ELRDHURVROV��LQFOXGLQJ�ELRDHURVROV�HQWHULQJ 
IURP�RXWGRRUV����7KH�UHVXOWLQJ�EDVLF�VRXUFH�PRGHOV�ZRXOG�GHILQH�WKH�SK\VLFDO�SURFHVVHV 
DVVRFLDWHG�ZLWK�WKH�VRXUFH�DQG�WKH�IDWH�RI�WKH�ELRDHURVROV�DV�D�IXQFWLRQ�RI�VRXUFH�SDUDPHWHUV�DQG 
EXLOGLQJ�SDUDPHWHUV��H�J���UHODWLYH�KXPLGLW\��YHQWLODWLRQ�UDWH����7KLV�LPSURYHG�XQGHUVWDQGLQJ�RI 
VRXUFHV�ZRXOG�HQDEOH�GHILQLWLRQ�RI�ULVN�PDQDJHPHQW�VWUDWHJLHV�WR�PRVW�HIIHFWLYHO\�UHGXFH 
H[SRVXUH��DQG�WKH�EDVLF�VRXUFH�PRGHOV�ZRXOG�VHUYH�DV�LQSXW�WR�H[SRVXUH�DVVHVVPHQW���7KH�IXOO 
UDQJH�RI�ELRDHURVROV��L�H���DHURVROV�DVVRFLDWHG�ZLWK�GXVW�PLWHV��SHWV��URDFKHV��DQG�IXQJL��VKRXOG�EH 
FRQVLGHUHG�LQ�DFFRUG�ZLWK�WKH�GHWHUPLQHG�SULRULWLHV� 

7HFKQLTXHV�UHFRPPHQGHG�IRU�LQLWLDO�DWWHQWLRQ�LQFOXGH�LPSURYHG�EXLOGLQJ�PDWHULDOV� 
IXUQLVKLQJV��DQG�PHFKDQLFDO�V\VWHP�FRPSRQHQWV�WKDW�DUH�UHVLVWDQW�WR�ELRORJLFDO�JURZWK� 
LPSURYHG��PRUH�GXUDEOH��RU�EHWWHU�YHULILHG�SURGXFWV��VXFK�DV�PDWWUHVV�HQFDVHPHQWV�RU�³DQWL� 
DOOHUJHQLF´�YDFXXP�FOHDQHUV���PHWKRGV�IRU�FRQWUROOLQJ�LQGRRU�FRQGLWLRQV��VXFK�DV�UHODWLYH 
KXPLGLW\��WKDW�LQKLELW�WKH�JURZWK�RI�IXQJL��PLWHV��DQG�URDFKHV��LPSURYHG�PDLQWHQDQFH�WHFKQLTXHV� 
DQG�LPSURYHG�VRXUFH�WUHDWPHQW�PHDVXUHV��VXFK�DV�HQFDSVXODWLRQ����7KHVH�VRXUFH�PDQDJHPHQW 
WHFKQLTXHV�ZDUUDQW�SULPDU\�DWWHQWLRQ�EHFDXVH�WKH\�RIIHU�WKH�SRWHQWLDO�IRU�VLJQLILFDQW�UHGXFWLRQV�LQ 
H[SRVXUH�DQG�DUH�QRW�EHLQJ�IXOO\�DGGUHVVHG�E\�RWKHU�LQYHVWLJDWRUV� 

5LVN�PDQDJHPHQW�WHFKQLTXHV�LQYROYLQJ�YHQWLODWLRQ�DQG�LQGRRU�DLU�FOHDQHUV�ILOWHUV�ZRXOG 
OLNHO\�EH�D�VHFRQGDU\�UHVHDUFK�IRFXV���%DVHG�RQ�WKH�UHVXOWV�IURP�WKH�FKDUDFWHUL]DWLRQ�RI�H[SRVXUH 
SDWKZD\V��DQG��LQ�FRQMXQFWLRQ�ZLWK�VXFK�HIIRUWV��VWXGLHV�VKRXOG�EH�FRQGXFWHG�WR�DVVHVV�WKH 
SHUIRUPDQFH�DQG�HIIHFWLYHQHVV�RI�YHQWLODWLRQ�DQG�DLU�FOHDQLQJ�RQ�VHOHFWHG�ELRDHURVROV�� 

Research Agenda Items:� Bioaerosol Risk Management 
• Develop improved understanding and basic models characterizing the sources of 

indoor bioaerosols. 
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Asthma Research Strategy 

• Improve, develop, and demonstrate source management techniques to reduce 
bioaerosol exposure, such as mold-resistant materials and environmental 
controls, and define their effectiveness in outreach programs in affected 
communities. 

• Assess the effectiveness of improved ventilation and indoor air cleaning and 
filtration in reducing bioaerosol exposure. 

��������$LU�7R[LFV 

7KH������&OHDQ�$LU�$FW�$PHQGPHQWV�SURYLGH�WKH�IRXQGDWLRQ�IRU�(3$¶V�DLU�WR[LFV�SURJUDP�� 
,W�OLVWHG�����FRPSRXQGV��RQH�ZDV�UHPRYHG�VR�WKH�FXUUHQW�QXPEHU�LV������DV�KD]DUGRXV�DLU 
SROOXWDQWV��+$3V��WR�EH�UHJXODWHG���,Q����������+$3V�ZHUH�VHOHFWHG�DV�SRVLQJ�WKH�JUHDWHVW�WKUHDW 
WR�SXEOLF�KHDOWK�LQ�WKH�ODUJHVW�QXPEHU�RI�XUEDQ�DUHDV��)HGHUDO�5HJLVWHU��������DQG����FRPSRXQGV 
ZHUH�VHOHFWHG�DV�KDYLQJ�WKH�KLJKHVW�LPSDFW�RQ�DVWKPD�DQG�UHVSLUDWRU\�KHDOWK��/HLNDXI�HW�DO�� 
��������7KHVH�FRPSRXQGV�ZHUH�VHOHFWHG�EDVHG�RQ�WKHLU�DELOLW\�WR�LQGXFH�RU�H[DFHUEDWH�DVWKPD� 
WKHLU�DOOHUJLF�SRWHQWLDO��RU�WKHLU�LUULWDQW�SRWHQWLDO���6HYHQ�FRPSRXQGV��DFHWDOGHK\GH��DFUROHLQ� 
IRUPDOGHK\GH��K\GUD]LQH��DQG�FDGPLXP��FKURPLXP��DQG�QLFNHO�FRPSRXQGV��ZHUH�VHOHFWHG�IRU 
LQFOXVLRQ�LQ�ERWK�OLVWV��(3$��������/HLNDXI�HW�DO���������DQG�DUH�SULPH�FDQGLGDWHV�IRU�LQLWLDO 
VWXG\���$GGLWLRQDOO\��VL[�RUJDQLF�DFLGV��WKUHH�GLLVRF\DQDWHV�DQG�WKUHH�DFLG�DQK\GULGHV��DUH�NQRZQ 
WR�FDXVH�DVWKPD�LQ�RFFXSDWLRQDO�VHWWLQJV�RU�DUH�VWUXFWXUDOO\�UHODWHG�WR�VXFK�FRPSRXQGV�DQG�DUH 
VXLWDEOH�IRU�FOLQLFDO�VWXGLHV��DV�LV�FKORULQH�ZKLFK�LV�QRW�D�NQRZQ�RU�VXVSHFWHG�FDUFLQRJHQ���%RWK 
GLHVHO�H[KDXVW�DQG�(76�DUH�PL[WXUHV�RI�YDULRXV�&53V�DQG�DLU�WR[LFV�ZKLFK�PD\�LQWHUDFW�WR 
HQKDQFH�DVWKPD�LQFLGHQFH�RU�VHYHULW\�� 

Exposure 
2QH�RI�WKH�PRVW�VLJQLILFDQW�SUREOHPV�LQ�WKH�VWXG\�RI�DLU�WR[LFV�DQG�DVWKPD�LV�WKH�ODFN�RI 

LQIRUPDWLRQ�RQ�WKH�DPELHQW�DLU�FRQFHQWUDWLRQV�RI�WKHVH�FRPSRXQGV��/HLNDXI�HW�DO�����������'DWD 
RQ�SHUVRQDO�H[SRVXUHV�WR�DLU�WR[LFV�DUH�QHHGHG�WR�PRUH�DFFXUDWHO\�GHWHUPLQH�DVVRFLDWHG�ULVNV�DQG 
PHDVXUHPHQWV�RI�DPELHQW�OHYHOV�RI�XUEDQ�+$3V���$Q�H[SDQVLRQ�RI�HIIRUWV�WR�IXOO\�HYDOXDWH�NH\ 
GHWHUPLQDWHV�RI�H[SRVXUH�WR�DLU�WR[LFV�ZLWKLQ�XUEDQ�DQG�RFFXSDWLRQDO�VHWWLQJV�LV�RI�SDUDPRXQW 
LPSRUWDQFH�LQ�HIIRUWV�WR�XQGHUVWDQG�WKH�UHODWLRQVKLSV�EHWZHHQ�DPELHQW�DQG�LQGRRU�VRXUFHV�DQG�WKH 
FKDUDFWHUL]DWLRQ�DQG�TXDQWLILFDWLRQ�RI�PDMRU�H[SRVXUH�SDWKZD\V�DQG�URXWHV���([SRVXUH�UHVHDUFK 
ZLOO�IRFXV�RQ�DGGUHVVLQJ�PDMRU�IDFWRUV�FRQWULEXWLQJ�WR�DVWKPD�UHODWHG�LOOQHVVHV�IURP�H[SRVXUH�WR 
DLU�WR[LFV�WKURXJK�EHWWHU�HYDOXDWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�SDWKZD\V��DFWLYLW\�SDWWHUQ 
PHDVXUHPHQWV��DQG�GHYHORSPHQW�RI�TXDQWLWDWLYH�PXOWLSDWKZD\�PRGHOV�IRU�SUHGLFWLQJ�WKH 
FRQWULEXWLRQV�IURP�DQG�H[SRVXUHV�WR�DLU�WR[LFV���,Q�DGGLWLRQ�WR�LQGXVWULDO�DUHD�VRXUFHV��SURGXFWV 
VXFK�DV�SDLQWV�DQG�FDUSHWV�XVHG�LQ�LQGRRU�HQYLURQPHQWV�PD\�EH�VLJQLILFDQW�VRXUFHV�RI�DVWKPD� 
DVVRFLDWHG�DLU�WR[LFV���,Q�DUHDV�ZLWK�KLJK�DVWKPD�SUHYDOHQFH��WHVWLQJ�IRU�DVWKPD�UHODWHG�DLU�WR[LFV� 
LQ�DGGLWLRQ�WR�WKH�SUHYLRXVO\�PHQWLRQHG�FRPSRXQGV��PD\�EH�ZDUUDQWHG� 

Research Agenda Items:  Air Toxics Exposure 
• Monitor personal exposures to asthma-associated air toxics in different 

environments. 
• Characterize major pathways and routes of exposure to key air toxics, evaluate key 

determinants of exposure, and characterize important activities leading to 
enhanced exposures in different population sectors (i.e, children, elderly) 
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• Characterize sources of asthma-related air toxics, and develop multimedia/ 
multipathway aggregate exposure and exposure-to-dose models for key air 
toxics used in source to dose estimations. 

Effects 
4XDQWLWDWLYH�SURVSHFWLYH�FRKRUW�HSLGHPLRORJLF�VWXGLHV�ZLWK�H[SRVXUH�PHDVXUHPHQWV�DUH 

QHHGHG�WR�GHWHUPLQH�ZKHWKHU�FRQFHQWUDWLRQV�RI�DLU�WR[LFV�DIIHFW�DVWKPD�UDWHV�RU�VHYHULW\�RQ�D�ORFDO 
RU�UHJLRQDO�EDVLV���5HODWLRQVKLSV�EHWZHHQ�RFFXSDWLRQDO�H[SRVXUH�WR�DLU�WR[LFV�DQG�DVWKPD 
LQFLGHQFH�DQG�FOLQLFDO�V\PSWRPV�DUH�VWLOO�SRRUO\�GHILQHG���2FFXSDWLRQDO�HQYLURQPHQW�DLU�WR[LFV 
PHDVXUHPHQWV�ZRXOG�DOORZ�GHILQLWLRQ�RI�H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV�DQG�UHODWLRQVKLSV 
EHWZHHQ�RFFXSDWLRQDO�DQG�HQYLURQPHQWDO�H[SRVXUHV���&RQWUROOHG�FOLQLFDO�VWXGLHV�RI�DVWKPDWLF 
YROXQWHHUV�H[SRVHG�WR�DLU�WR[LFV�DW�OHYHOV�IRXQG�LQ�WKH�XUEDQ�RFFXSDWLRQDO�HQYLURQPHQW�ZRXOG 
DOVR�FRQWULEXWH�WR�NQRZOHGJH�RI�H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV���2WKHU�HSLGHPLRORJLF�VWXGLHV 
FRXOG�H[DPLQH�ZKHWKHU�DLU�WR[LFV�IDFLOLWDWH�WKH�LQGXFWLRQ�RI�UHVSRQVHV�WR�FRPPRQ�DOOHUJHQV� 

$LU�WR[LFV�PD\�EH�GLUHFWO\�DOOHUJHQLF�RU�PD\�DPSOLI\�LQIODPPDWLRQ�DQG�DLUZD\�K\SHU� 
UHVSRQVLYHQHVV�LQGXFHG�E\�DOOHUJHQV���$QLPDO�PRGHOV�FDQ�EH�XWLOL]HG�WR�GHYHORS�WHVW�PHWKRGV�IRU 
DVVHVVLQJ�WKH�SRWHQWLDO�DOOHUJHQLFLW\�RI�DLU�WR[LFV�DQG�WR�GHWHUPLQH�ZKHWKHU�DLU�WR[LFV�LQFUHDVH 
VHQVLWL]DWLRQ�WR�FRPPRQ�DOOHUJHQV���([DFHUEDWLRQ�RI�LQIODPPDWLRQ�DQG�UHDFWLYLW\�PD\�DOVR�EH 
H[DPLQHG�LQ�DOOHUJLF�RU�YLUXV�LQIHFWHG�DQLPDOV��DQG�WKH�SDWKRJHQHWLF�PHFKDQLVPV�RI�LUULWDQW� 
LQGXFHG�DVWKPD�FDQ�EH�H[DPLQHG�LQ�WKHVH�PRGHOV� 

Research Agenda Items:  Air Toxics Effects 
• Conduct studies of asthma prevalence and respiratory effects in relation to air toxics 

exposures. 
• Define exposure-response relationships for asthma induction/exacerbation using 

occupational data and clinical studies. 
• Develop practical test methods for assessing the allergenicity of air toxics. 
• Determine whether air toxics induce hyper-responsiveness or exacerbate responses 

in animal models sensitized to common allergens. 
• Study interactive effects of air toxics and CRPs. 

Risk Management 
&RQWLQXLQJ�H[SHULPHQWDO�DQG�DQDO\WLFDO�VWXGLHV�VKRXOG�EH�FRQGXFWHG�WR�FKDUDFWHUL]H�DQG 

PRGHO�WKH�HPLVVLRQV�RI�DLU�WR[LFV�IURP�VHOHFWHG�LQGRRU�DQG�RXWGRRU�VRXUFHV���$PRQJ�WKH�RXWGRRU 
VRXUFHV�RI�SULPDU\�FRQFHUQ�DUH�DUFKLWHFWXUDO�FRDWLQJV�WKDW�HPLW�+$3V�VXFK�DV�IRUPDOGHK\GH�DQG 
DFHWDOGHK\GH���,QGRRU�VRXUFHV�RI�FRQFHUQ�LQFOXGH�EXLOGLQJ�PDWHULDOV��IXUQLVKLQJV��LQWHULRU�SDLQWV� 
FRQVXPHU�SURGXFWV��DQG�RIILFH�HTXLSPHQW��DOO�RI�ZKLFK�HPLW�IRUPDOGHK\GH�DQG�RU�RWKHU 
FRPSRXQGV�RI�FRQFHUQ�WR�DVWKPDWLFV���7R�DOORZ�WKH�ULVN�PDQDJHPHQW�HIIRUW�WR�EH�IRFXVHG�RQ 
WKRVH�VRXUFHV�FRQWULEXWLQJ�WKH�PRVW�WR�WKH�FXPXODWLYH�H[SRVXUH��WKH�UHODWLRQVKLS�EHWZHHQ�LQGRRU 
YHUVXV�RXWGRRU�DLU�WR[LFV�FRQFHQWUDWLRQV�DQG�WKH�SRVVLEOH�LQWHUDFWLRQV�EHWZHHQ�LQGRRU�DLU 
SROOXWDQWV��H�J���UHDFWLRQV�EHWZHHQ�LQGRRU�92&V�DQG�R]RQH��UHTXLUH�IXUWKHU�VWXG\���6XSSRUWHG�E\ 
WKLV�FKDUDFWHUL]DWLRQ�ZRUN��DSSURSULDWH�H[SHULPHQWDO�DQG�DQDO\WLFDO�VWXGLHV�VKRXOG�EH�XQGHUWDNHQ 
RQ�VHOHFWHG�VRXUFHV�LQ�RUGHU�WR�GHYHORS�WKH�WHFKQRORJ\�QHHGHG�WR�SUHYHQW�RU�UHGXFH�HPLVVLRQV�RI 
DLU�WR[LFV���)RU�LQGRRU�VRXUFHV��WKH�LQLWLDO�HPSKDVLV�VKRXOG�EH�RQ�SROOXWLRQ�SUHYHQWLRQ�PHDVXUHV 
�H�J���GHYHORSPHQW�RI�ORZ�HPLWWLQJ�PDWHULDOV���IRU�RXWGRRU�VRXUFHV��WKH�IRFXV�VKRXOG�EH�RQ 
SROOXWLRQ�SUHYHQWLRQ�PHDVXUHV�RU�RQ�DGG�RQ�FRQWUROV��GHSHQGLQJ�XSRQ�WKH�VRXUFH� 
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Research Agenda Items:  Air Toxics Risk Management 
• Characterize emissions from priority indoor and outdoor air toxics sources, 

emphasizing the development of basic models defining these sources. 
• Develop approaches and technologies for preventing or reducing emissions from the 

most important sources. 

��������3HVWLFLGHV 

3HVWLFLGH�H[SRVXUHV�PD\�LQGXFH�V\VWHPLF�DQG�ORFDO�UHDFWLRQV��VXFK�DV�LUULWDWLRQ�RI�WKH 
UHVSLUDWRU\�WUDFW�DQG�DVWKPD�OLNH�UHDFWLRQV�LQ�VRPH�LQGLYLGXDOV��2¶0DOOH\����������<RXQJ 
FKLOGUHQ�PD\�EH�SDUWLFXODUO\�VHQVLWLYH�WR�WKH�HIIHFWV�RI�SHVWLFLGHV�GXH�WR�WKHLU�UDSLGO\�GHYHORSLQJ 
QHUYRXV�DQG�LPPXQH�V\VWHPV��(VNHQD]L�HW�DO�����������6RPH�DGYHUVH�UHDFWLRQV�WR�SHVWLFLGHV�DUH 
SUREDEO\�QRQVSHFLILF�UHVSRQVHV�WR�ORZ�PROHFXODU�ZHLJKW�RUJDQLF�YHKLFOH�FRPSRQHQWV��VXFK�DV 
PHUFDSWDQV����([SRVXUH�WR�FDUEDPDWH�SHVWLFLGHV�KDV�EHHQ�DVVRFLDWHG�ZLWK�LQFUHDVHG�LQFLGHQFH�RI 
DVWKPD�LQ�&DQDGLDQ�IDUPHUV��6HQWKLOVHOYDQ�HW�DO�����������2UJDQRSKRVSKDWHV�DQG�1�PHWK\O 
FDUEDPDWHV�LQKLELW�DFHW\OFKROLQHVWHUDVH��OHDG�WR�UHGXFHG�HQ]\PDWLF�GHJUDGDWLRQ�RI�DFHW\OFKROLQH� 
DQG�SDUDV\PSDWKHWLF�UHVSRQVHV�WKDW�PD\�LQFOXGH�EURQFKRFRQVWULFWLRQ���3\UHWKUXP�LQVHFWLFLGH�PD\ 
FRQWDLQ�VHVTXLWHUSHQH�ODFWRQHV�ZKLFK�KDYH�EHHQ�VKRZQ�WR�LQGXFH�DOOHUJLF�UKLQLWLV�DQG�PD\ 
H[DFHUEDWH�DVWKPD���/LWWOH�LV�NQRZQ�DERXW�WKH�VSHFLILF�HIIHFWV�RI�RUJDQRFKORULQH�LQVHFWLFLGHV�RQ 
SHRSOH�ZLWK�DVWKPD�� 

Exposure 
7KH�SUHYDOHQFH�RI�DVWKPD�LQ�UHODWLRQ�WR�OHYHOV�RI�SHVWLFLGHV�HQFRXQWHUHG�RXWGRRUV�RU�LQ 

KRPHV�KDV�QRW�EHHQ�HVWDEOLVKHG���&RQVLGHUDEOH�GLIILFXOWLHV�H[LVW��QRW�RQO\�LQ�LGHQWLI\LQJ 
LQGLYLGXDOV�ZKR�KDYH�EHHQ�H[SRVHG�WR�SHVWLFLGHV��EXW�DOVR�LQ�LGHQWLI\LQJ�WKH�SHVWLFLGHV�DQG 
H[SRVXUH�OHYHOV�WKDW�PD\�EH�UHVSRQVLEOH�IRU�REVHUYHG�HIIHFWV���7KH�FRQFHQWUDWLRQV�RI�SHVWLFLGHV�LQ 
WKH�DLU��ZDWHU��RU�VRLO�DQG�WKH�GXUDWLRQ�RI�H[SRVXUH�PD\�DIIHFW�ERWK�FOLQLFDO�V\PSWRPV�DQG�WKH 
OHYHO�RI�VHQVLWL]DWLRQ�WR�FRPPRQ�DOOHUJHQV���7KHVH�UHODWLRQVKLSV�EHWZHHQ�DOOHUJHQ�H[SRVXUH� 
SHVWLFLGH�OHYHOV��DQG�DVWKPD�LQFLGHQFH�DQG�FOLQLFDO�V\PSWRPV�DUH�QRW�ZHOO�GHILQHG���7KH�URXWHV 
�LQJHVWLRQ��LQKDODWLRQ��RU�GHUPDO�DEVRUSWLRQ���DV�ZHOO�DV�WKH�VRXUFHV��LQGRRU�YHUVXV�RXWGRRU��RI 
H[SRVXUH�WR�SHVWLFLGHV��DUH�LPSRUWDQW�IDFWRUV�WR�FRQVLGHU���$GGLWLRQDOO\��IDFWRUV�FRQWULEXWLQJ�WR 
FKLOGUHQ¶V�LQFUHDVHG�DOOHUJHQ�VHQVLWLYLWLHV�VXVFHSWLELOLW\�UHVXOWLQJ�IURP�D�FRPELQDWLRQ�RI�SHVWLFLGH 
H[SRVXUH�VKRXOG�EH�EHWWHU�XQGHUVWRRG� 

:KHUH�DQDO\VHV�RI�KRVSLWDOL]DWLRQV�DQG�HPHUJHQF\�URRP�YLVLWV�IRU�DVWKPD�KDYH�EHHQ 
FRPSOHWHG��UHWURVSHFWLYH�H[SRVXUH�DVVHVVPHQWV�RI�SHVWLFLGH�OHYHOV�LQ�WKH�KRPH�PD\�SURYLGH 
XQLTXH�RSSRUWXQLWLHV�IRU�DVVHVVLQJ�WKH�W\SHV�DQG�OHYHOV�RI�SHVWLFLGHV�DVVRFLDWHG�ZLWK�DVWKPD 
H[DFHUEDWLRQ���7KH�GHYHORSPHQW�RI�ELRPDUNHUV�RI�H[SRVXUH�WR�SHVWLFLGHV�LQ�EORRG�RU�XULQH 
VDPSOHV�PD\�DOVR�EH�XVHIXO�LQ�WKLV�UHJDUG� 

Research Agenda Items:��Pesticide Exposures 
• Examine levels of pesticide exposure and usage in geographic regions and 

demographic groups with different asthma incidence rates. 
• Develop biomarkers for exposure to pesticides. 
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Effects 
7KH�KHDOWK�HIIHFWV�RI�SHVWLFLGH�FRPSRXQGV�PXVW�EH�VHJUHJDWHG�IURP�WKRVH�RI�WKH�92&V�XVHG 

DV�YHKLFOH�FRPSRQHQWV�LQ�WKH�IRUPXODWLRQ�RI�WKH�SURGXFW���)RU�H[DPSOH��ORZ�PROHFXODU�ZHLJKW 
SHVWLFLGH�FRPSRXQGV�PD\�DFW�DV�KDSWHQV��ELQGLQJ�WR�ODUJHU�SURWHLQV�DQG�LQGXFLQJ�VHQVLWL]DWLRQ�WR 
WKH�SHVWLFLGH���3HVWLFLGH�H[SRVXUH�PD\�DOVR�IDFLOLWDWH�VHQVLWL]DWLRQ�WR�FRPPRQ�DOOHUJHQV�E\ 
LQFUHDVLQJ�VHUXP�,J(�DQWLERGLHV�WR�WKHVH�DOOHUJHQV���7KH�LQFUHDVHG�OHYHOV�RI�,J(�PD\�VHUYH�DV�D 
ELRPDUNHU�RI�H[SRVXUH�WR�SHVWLFLGHV��DV�ZHOO�DV�D�SRVVLEOH�PHFKDQLVP�IRU�LQFUHDVHG�LQFLGHQFH�DQG 
H[DFHUEDWLRQ�RI�DVWKPD���6RPH�SHVWLFLGHV�PD\�DOVR�FDXVH�G\VUHJXODWLRQ�RI�WKH�DXWRQRPLF�QHUYRXV 
V\VWHP��ZKLFK�PD\�FDXVH�GLUHFW�HIIHFWV�RQ�UHVSLUDWLRQ�RU�PRGXODWH�LPPXQH�UHVSRQVHV���$QLPDO 
WR[LFRORJ\�VWXGLHV�FDQ�EH�XVHG�DV�D�VFUHHQLQJ�WRRO�WR�GHFLGH�ZKLFK�SHVWLFLGHV�WR�H[DPLQH�LQ 
HSLGHPLRORJLF�VWXGLHV���7KH�HIIHFWV�RI�DFXWH�SHVWLFLGH�H[SRVXUH�RQ�DLUZD\�UHVSRQVLYHQHVV�DQG 
DOOHUJLF�LQIODPPDWLRQ�LQ�DQLPDO�PRGHOV�PD\�DOVR�EH�WHVWHG�� 

6HQVLWL]DWLRQ�WR�FRPPRQ�DOOHUJHQV�DQG�VXEVHTXHQW�LQGXFWLRQ�RI�DVWKPD�PD\�EH�HQKDQFHG 
E\�H[SRVXUH�RI�LQIDQWV�DQG�FKLOGUHQ�WR�SHVWLFLGHV���,Q�RUGHU�WR�WHVW�WKLV�K\SRWKHVLV��HSLGHPLRORJLF 
VWXGLHV�FDQ�EH�SHUIRUPHG�WR�GHWHUPLQH�LQFLGHQFH�RI�QHZ�DVWKPD�LQ�FKLOGUHQ�DQG�FRUUHVSRQGLQJ 
SHVWLFLGH�H[SRVXUH�OHYHOV���3HVWLFLGH�OHYHOV�DVVRFLDWHG�ZLWK�LQFUHDVHG�LQFLGHQFH�ZLOO�OLNHO\�YDU\ 
GHSHQGLQJ�RQ�WKH�FODVV��RUJDQRFKORULQHV��FDUEDPDWHV��RUJDQRSKRVSKDWHV��DQG�PHFKDQLVP�RI 
DFWLRQ���6WXGLHV�DUH�EHLQJ�FRQGXFWHG�WR�GHWHUPLQH�ZKHWKHU�DFXWH�H[SRVXUH�WR�SHVWLFLGHV�LQFUHDVHV 
DVWKPDWLF�V\PSWRPV�RU�DFXWH�DWWDFNV�LQ�FKLOGUHQ���7R[LFRORJ\�VWXGLHV�FDQ�DOVR�EH�XVHG�WR 
GHWHUPLQH�ZKHWKHU�IHWDO�RU�QHRQDWDO�H[SRVXUH�WR�YDULRXV�FODVVHV�RI�SHVWLFLGHV�IDFLOLWDWHV�LQGXFWLRQ 
RI�UHVSRQVHV�WR�FRPPRQ�DOOHUJHQV���)LQDOO\��QHZ�VWXGLHV�RI�DVWKPD�LQ�ZRUNHUV�ZLWK�KLJK 
H[SRVXUHV�WR�SHVWLFLGHV�FRXOG�IDFLOLWDWH�XQGHUVWDQGLQJ�RI�H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV�DQG 
LQWHUDFWLRQV�EHWZHHQ�RFFXSDWLRQDO�DQG�HQYLURQPHQWDO�H[SRVXUHV� 

Research Agenda Items:��Pesticide Effects 
• Examine immunologic and neurologic mechanisms of responses to pesticides, and 

distinguish from the effects of vehicle compounds. 
• Develop methods for screening pesticides for potential to cause or exacerbate asthma 
• Determine whether pesticide exposure facilitates induction of asthma or responses to 

common allergens. 
• Examine asthma prevalence, incidence, and severity associated with exposure to 

pesticides. 

Risk Management 
)RU�DQ\�PDMRU�FODVV�RI�SHVWLFLGHV��H�J���RUJDQRSKRVSKDWHV��RUJDQRFKORULQHV��RU�FDUEDPDWHV� 

WKDW�EHFRPHV�OLQNHG�WR�WKH�LQGXFWLRQ�RU�H[DFHUEDWLRQ�RI�DVWKPD��D�GHWDLOHG�VRXUFH�FKDUDFWHUL]DWLRQ 
HIIRUW�VKRXOG�EH�FRQGXFWHG�LQYROYLQJ�WHVW�FKDPEHU�DQG�WHVW�KRXVH�H[SHULPHQWDO�VWXGLHV���7KLV 
HIIRUW�VKRXOG�LQFOXGH�FRPSXWHU�PRGHOLQJ�RI�WKH�SK\VLFDO�SURFHVVHV�LQYROYHG�GXULQJ�DSSOLFDWLRQ�RI 
WKH�SHVWLFLGH�DQG�RFFXUULQJ�IRU�DQ�H[WHQGHG�SHULRG�DIWHUZDUGV���7KH�UHOHYDQW�SK\VLFDO�SURFHVVHV 
LQFOXGH�DLUERUQH�HPLVVLRQV�IURP�WKH�ZHW�DQG�GULHG�SHVWLFLGH�ILOP��WUDQVIRUPDWLRQ�RI�WKH�VHPL� 
YRODWLOH�FRQVWLWXHQWV�EHWZHHQ�WKH�DHURVRO�DQG�JDVHRXV�SKDVHV��WUDQVSRUW�WR�VXUIDFHV��GHSRVLWLRQ��RU 
VRUSWLRQ��RQ�VXUIDFHV��UH�VXVSHQVLRQ��RU�GHVRUSWLRQ��IURP�VXUIDFHV���7KLV�PRGHOLQJ�VKRXOG�WDNH 
LQWR�DFFRXQW�SHVWLFLGH�FKDUDFWHULVWLFV�DQG�EXLOGLQJ�SDUDPHWHUV��H�J���YHQWLODWLRQ���DQG�VKRXOG 
DGGUHVV�ERWK�WKH�DFWLYH�LQJUHGLHQWV�LQ�WKH�SHVWLFLGH�DQG�RWKHU�FRQVWLWXHQWV��H�J���FR�VROYHQWV��RI 
SRVVLEOH�FRQFHUQ�WR�DVWKPDWLFV��� 
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'UDZLQJ�XSRQ�WKHVH�LPSURYHG�PRGHOV�IRU�SHVWLFLGHV��D�IRFXVHG�VWXG\�FDQ�EH�XQGHUWDNHQ�WR 
GHYHORS�SROOXWLRQ�SUHYHQWLRQ�DQG�RWKHU�DOWHUQDWLYHV�IRU�UHGXFLQJ�LQGRRU�SHVWLFLGH�H[SRVXUH�� 
3RVVLEOH�H[DPSOHV�RI�VXFK�ULVN�PDQDJHPHQW�DOWHUQDWLYHV�LQFOXGH�GHILQLWLRQ�RI�WKH�DSSURSULDWH 
YHQWLODWLRQ�VWUDWHJ\�WR�UHGXFH�H[SRVXUH�EDVHG�RQ�WKH�HPLVVLRQ�SDWWHUQ�IURP�ZHW�SHVWLFLGH�ILOPV� 
UH�IRUPXODWLRQV�WKDW�FRXOG�UHVXOW�LQ�D�ORZHU�HPLWWLQJ�SURGXFW�ZKLOH�PDLQWDLQLQJ�SHVWLFLGH 
SHUIRUPDQFH��RSWLPDO�PDLQWHQDQFH�FOHDQLQJ�DSSURDFKHV��LQWHJUDWHG�SHVW�PDQDJHPHQW� 
HGXFDWLRQDO�FDPSDLJQV��XVDJH�UHGXFWLRQ��DQG�SURSHU�XVH�DQG�DSSOLFDWLRQ� 

Research Agenda Items:  Pesticide Risk Management 
• Develop improved models characterizing the airborne emissions resulting from 

pesticide use and the transport and fate of these emissions in the indoor 
environment. 

• Develop pollution prevention and other alternatives for reducing pesticide exposures 
associated with induction and exacerbation of asthma. 

4.2. Research Area 2: Susceptibility Factors 

��������*HQHWLF�6XVFHSWLELOLW\ 

3UHYLRXV�FOLQLFDO�DQG�HSLGHPLRORJLF�VWXGLHV�LQGLFDWH�WKDW�UHVSRQVHV�WR�HQYLURQPHQWDO 
H[SRVXUHV�DUH�KHWHURJHQHRXV�DPRQJ�LQGLYLGXDOV���)RU�H[DPSOH��WKH�PDJQLWXGH�RI�IXQFWLRQDO�DQG 
LQIODPPDWRU\�UHVSRQVHV�WR�R]RQH�H[SRVXUHV�FDQ�GLIIHU�VLJQLILFDQWO\�DPRQJ�VXEMHFWV��ZKLOH�WKLV 
WUDLW�DSSHDUV�WR�EH�FRQVLVWHQW�IRU�D�JLYHQ�LQGLYLGXDO���7KHVH�REVHUYDWLRQV�VXJJHVW�WKDW�KXPDQ 
VXVFHSWLELOLW\�WR�HQYLURQPHQWDO�LQVXOWV�LV�LQIOXHQFHG�E\�WKH�JHQHWLF�EDFNJURXQG�RI�KHDOWK\ 
LQGLYLGXDOV���,W�IROORZV�WKDW�WKHUH�PD\�DOVR�EH�D�JHQHWLF�EDVLV�IRU�GLIIHUHQWLDO�VXVFHSWLELOLW\�WR 
DPELHQW�H[SRVXUHV�LQ�DVWKPDWLF�SDWLHQWV���7KH�JRDO�RI�UHVHDUFK�LQ�WKLV�DUHD�LV�WR�LGHQWLI\�DQG 
FKDUDFWHUL]H�JHQHWLF�SRO\PRUSKLVPV�WKDW�LQIOXHQFH�UHVSRQVLYHQHVV�WR�HQYLURQPHQWDO�DJHQWV�LQ 
RUGHU�WR�LPSURYH�WKH�ULVN�DVVHVVPHQW�WRROV�XVHG�WR�SUHGLFW�WKH�SHUFHQWDJH�RI�WKH�SRSXODWLRQ�WKDW�LV 
VXVFHSWLEOH�WR�HQYLURQPHQWDO�H[SRVXUHV���$�FULWLFDO�SKDVH�LQ�JHQHWLF�VXVFHSWLELOLW\�UHVHDUFK�LV 
LGHQWLILFDWLRQ�RI�SKHQRW\SLF�GLIIHUHQFHV�RI�DVWKPDWLFV�DQG�KHDOWK\�LQGLYLGXDOV�E\�GHILQLQJ�WKH 
UDQJH�RI�UHVSRQVLYHQHVV�WR�D�JLYHQ�H[SRVXUH�XQGHU�FRQWUROOHG�FRQGLWLRQV���7KHVH�SKHQRW\SLF 
GLIIHUHQFHV�FDQ�WKHQ�EH�FRUUHODWHG�ZLWK�WKH�JHQHWLF�SURILOH�RI�HDFK�VXEMHFW�WR�GHWHUPLQH�JHQRW\SLF 
GLIIHUHQFHV���7R�WKLV�HQG��D�'1$�EDQN�RI�VDPSOHV�IURP�DVWKPDWLF�DQG�KHDOWK\�YROXQWHHUV�LQ 
FOLQLFDO�RU�HSLGHPLRORJLFDO�VWXGLHV�QHHGV�WR�EH�HVWDEOLVKHG���2QFH�WKLV�EDQN�LV�HVWDEOLVKHG� 
RSSRUWXQLWLHV�IRU�FRQGXFWLQJ�JHQHWLF�DQDO\VLV�H[SHULPHQWV�ZLOO�H[LVW� 

$�³WRS�GRZQ��ERWWRP�XS´�DSSURDFK�FDQ�EH�XVHG�WR�GLVFRYHU�JHQHWLF�PDUNHUV�RI 
VXVFHSWLELOLW\�WR�DLU�SROOXWDQWV�ZKLFK�GHILQH�GLIIHUHQFHV�LQ�UHVSRQVHV�RI�DVWKPDWLFV�DQG�KHDOWK\ 
LQGLYLGXDOV���,Q�WKLV�DSSURDFK��JHQHWLF�DQDO\VLV�RI�FKURPRVRPH�UHJLRQV�OLQNHG�WR�SKHQRW\SLF 
GLIIHUHQFHV�LV�FRPELQHG�ZLWK�VWXG\�RI�FDQGLGDWH�JHQHV�DVVRFLDWHG�ZLWK�DVWKPD���&DQGLGDWH�JHQHV 
PD\�EH�SURSRVHG�EDVHG�RQ�FOLQLFDO�RU�DQLPDO�WR[LFRORJ\�VWXGLHV���7KLV�DSSURDFK�LV�GLVWLQFW�IURP 
WKH�HQYLURQPHQWDO�JHQRPH�SURMHFW�RU�WKH�1DWLRQDO�+HDOWK�DQG�1XWULWLRQ�([DPLQDWLRQ�6XUYH\¶V 
�1+$1(6¶��JHQHWLF�UHWURVSHFWLYH�LQ�WKDW�SKHQRW\SLF�UHVSRQVHV�WR�FRQWUROOHG�SROOXWDQW�H[SRVXUHV 
KDYH�EHHQ�LGHQWLILHG�LQ�VXEMHFWV�VWXGLHG�E\�25'�LQYHVWLJDWRUV���,Q�YLWUR�DSSURDFKHV�PD\�DOVR�EH 
XVHG�WR�FRPSDUH�JHQH�H[SUHVVLRQ�E\�DLUZD\�HSLWKHOLDO�FHOOV�IURP�DVWKPDWLFV�DQG�KHDOWK\�KXPDQV�� 
)LQDOO\��PXWDQW�JHQHWLF�DQLPDO�PRGHOV�PD\�EH�XWLOL]HG�WR�H[DPLQH�HQYLURQPHQWDO�LQWHUDFWLRQV 
ZLWK�GHILQHG�JHQHWLF�GLIIHUHQFHV� 
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Research Agenda Items:��Genetic Susceptibility 
• Define differences in responses of asthmatics and healthy individuals to 

environmental pollutants as a step towards quantifying genotypes common to 
asthmatics. 

• Establish DNA bank of samples associated with phenotypic markers of response in 
asthmatics and healthy individuals for use in conducting genetic analysis 
experiments to identify genetic markers of susceptibility. 

• Utilize in vitro studies and animal models to examine effects of specific genes. 

��������+HDOWK�6WDWXV 

5HVSRQVLYHQHVV�WR�HQYLURQPHQWDO�SROOXWDQWV�PD\�GHSHQG�RQ�WKH�VHYHULW\�RI�GLVHDVH�DQG 
SUHVHQFH�RI�FR�PRUELG�FRQGLWLRQV���)RU�H[DPSOH��LQGLYLGXDOV�ZLWK�PRUH�VHYHUH�DVWKPD�KDYH 
JUHDWHU�GHFUHPHQWV�LQ�SXOPRQDU\�IXQFWLRQ�LQ�UHVSRQVH�WR�62��DQG�2����$JH�DQG�WKH�FRQFXUUHQW 
SUHVHQFH�RI�RWKHU�FDUGLRSXOPRQDU\�GLVHDVHV�FDQ�DOVR�DIIHFW�UHVSRQVLYHQHVV���$VWKPD�VHYHULW\�PD\ 
DOWHU�XSWDNH�DQG�GHSRVLWLRQ�RI�HQYLURQPHQWDO�SROOXWDQWV�LQ�WKH�UHVSLUDWRU\�WUDFW�DQG�PD\ 
VXEVHTXHQWO\�LQIOXHQFH�WLVVXH�DQG�SK\VLRORJLFDO�UHVSRQVHV���7KH�REMHFWLYHV�RI�UHVHDUFK�LQ�WKLV�DUHD 
DUH�WR�XQGHUVWDQG�KRZ�DVWKPD�VHYHULW\�DIIHFWV�GRVLPHWU\�RI�DLU�SROOXWDQWV�DQG�VXEVHTXHQW�HIIHFWV 
DQG�WR�GHWHUPLQH�KRZ�DJH�DQG�GLVHDVH�VWDWXV�DIIHFW�UHVSRQVLYHQHVV���+XPDQ�VWXGLHV�PD\�EH 
FDUULHG�RXW�WR�H[SORUH�WKH�HIIHFWV�RI�DVWKPD�VHYHULW\�RQ�GRVLPHWU\��DQG�HSLGHPLRORJLFDO�VWXGLHV 
FDQ�EH�XVHG�WR�VWXG\�WKH�UHVSRQVHV�RI�PLOG�DQG�VHYHUH�DVWKPDWLFV�WR�DLU�SROOXWLRQ�HSLVRGHV�� 
)LQDOO\��DQLPDO�PRGHOV�RI�FDUGLRSXOPRQDU\�GLVHDVH�PD\�EH�XVHG�WR�H[DPLQH�WKH�HIIHFWV�RI 
FRH[SRVXUH�WR�DOOHUJHQV�DQG�SROOXWDQWV�VXFK�DV�DLU�WR[LFV�DQG�&53V� 

Research Agenda Items:  Health Status 
• Perform dosimetry and dose-response studies on asthmatics with a broad range of 

asthma severity with representative compounds. 
• Develop mathematical models to understand the effect of asthma severity on 

dosimetry of gaseous and particulate air pollutants. 
• Examine the influence of asthma severity and recent respiratory infections on 

responses to air pollution episodes. 
• Study models of cardiopulmonary disease to understand mechanisms of enhanced 

responses to pollutants. 

��������6RFLRHFRQRPLF�6WDWXV 

,Q�JHQHUDO��ORZ�6(6�LV�KLJKO\�FRUUHODWHG�ZLWK�DVWKPD�SUHYDOHQFH�DQG�VHYHULW\�EXW�LV�OHVV 
ZHOO�FRUUHODWHG�ZLWK�DPELHQW�DLU�SROOXWLRQ�OHYHOV���/RZ�6(6��FRPPRQ�LQ�LQQHU�FLW\�SRSXODWLRQV� 
PD\�EH�LQGLFDWLYH�RI�LQFUHDVHG�H[SRVXUH�WR�LQGRRU�DLU�SROOXWDQWV�VXFK�DV�QLWURJHQ�R[LGHV� 
ELRDHURVROV��DQG�SHVWLFLGHV��RU�VWDWLRQDU\�RU�PRELOH�VRXUFHV�RI�&53V��1RUWKULGJH�HW�DO���������� 
7KH�UHODWLRQVKLSV�EHWZHHQ�6(6�DQG�WKH�LQFLGHQFH�DQG�VHYHULW\�RI�DVWKPD�QHHG�WR�EH�FODULILHG�� 
*UDGLHQWV�RI�6(6�PD\�EH�H[DPLQHG�LQ�WKH�FRQWH[W�RI�DVWKPD�DQG�DLU�SROOXWLRQ�OHYHOV���,Q�DGGLWLRQ 
WR�LWV�LQWHUHVW�IURP�D�KHDOWK�SHUVSHFWLYH��HSLGHPLRORJLFDO�VWXGLHV�VKRXOG�EH�SHUIRUPHG�WR�H[DPLQH 
WKH�UHODWLRQVKLS�EHWZHHQ�6(6�DQG�DVWKPD�SUHYDOHQFH�DV�D�VRFLDO�MXVWLFH�LVVXH�� 
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Research Agenda Items:  Socioeconomic Status 
• Examine gradients of SES in relation to asthma incidence and severity with 

emphasis on their relationship to ambient and indoor air pollution levels. 

��������5HVLGHQFH�DQG�([SRVXUH�+LVWRU\ 

7KH�WRWDOLW\�RI�H[SRVXUH�KLVWRU\�WR�GHILQHG�DOOHUJHQV��DLU�SROOXWDQWV��SHVWLFLGHV��DQG�RWKHU 
FKHPLFDO�VWUHVVRUV�DSSHDUV�WR�LQIOXHQFH�DVWKPD�SUHYDOHQFH���.H\�IDFWRUV�FRQWULEXWLQJ�WR�H[SRVXUH 
KLVWRU\�LQFOXGH�DFWLYLW\�SDWWHUQV��XSWDNH�UDWHV��IUHTXHQF\�DQG�GXUDWLRQ�RI�WKH�H[SRVXUHV��DQG 
SRWHQWLDO�GRVH�PHWULFV���8QGHUVWDQGLQJ�WKH�OLQNDJHV�EHWZHHQ�WKHVH�NH\�IDFWRUV�DQG�WKHLU 
UHODWLRQVKLS�WR�DVWKPD�LQFLGHQFH�UDWH�DQG�SUHYDOHQFH�LV�LPSRUWDQW���&RQVHTXHQWO\��WKH�H[SRVXUH 
KLVWRU\�RI�DVWKPDWLFV�VKRXOG�EH�LQYHVWLJDWHG�WR�GHWHUPLQH�ZKHWKHU�DVWKPD�SUHYDOHQFH�LV�UHODWHG�WR 
SDWWHUQV�RI�H[SRVXUH�WR�LQGRRU�DOOHUJHQV��PROGV��DLU�WR[LFV��SHVWLFLGHV��DQG�&53V���$GGLWLRQDOO\� 
ELRPDUNHUV�RI�H[SRVXUH�WR�HQYLURQPHQWDO�SROOXWDQWV�PD\�EH�XVHIXO�LQ�GHILQLQJ�WKH�FRQWULEXWLRQ�RI 
LQGLYLGXDO�SROOXWDQWV�WR�DVWKPD�LQGXFWLRQ�� 

5HVLGHQFH�QHDU�DUHD�VRXUFHV�RI�SROOXWDQWV�LQFUHDVHV�WKH�OLNHOLKRRG�RI�H[SRVXUH���7R�DVVLVW�LQ 
ULVN�DVVHVVPHQW��SDWWHUQV�RI�DVWKPD�SUHYDOHQFH�DQG�VHYHULW\�VKRXOG�EH�GHILQHG�UHODWLYH�WR�DUHD 
VRXUFHV�DQG�JHRJUDSKLF�UHJLRQV��H�J���UXUDO�YHUVXV�XUEDQ����7KHVH�VWXGLHV�PD\�DOVR�SURYLGH�LQVLJKW 
LQWR�WKH�UHODWLYH�UROH�RI�LQGRRU�YHUVXV�RXWGRRU�SROOXWLRQ���,Q�DGGLWLRQ��UHVLGHQWLDO�ORFDWLRQ�QHDU 
SRLQW�VRXUFHV�RQ�VPDOOHU�VFDOHV�QHHGV�WR�EH�FRQVLGHUHG��H�J���SUR[LPLW\�WR�GU\�FOHDQHUV�RQ�JURXQG 
IORRU�RI�DSDUWPHQW�EXLOGLQJ�RU�WR�XQYHQWLODWHG�JDUDJHV�LQ�KRXVLQJ�XQLWV����%XLOGLQJ�DJH��VWUXFWXUDO 
LVVXHV��DQG�PXOWLSOH�GZHOOLQJ�YHUVXV�VLQJOH�IDPLO\�EXLOGLQJV�DUH�DGGLWLRQDO�IDFWRUV�ZKLFK�PD\ 
LQIOXHQFH�DOOHUJHQ�DQG�HQYLURQPHQWDO�SROOXWDQW�H[SRVXUHV�DQG�UHTXLUH�IXUWKHU�UHVHDUFK��� 

Research Agenda Items:  Residence and Exposure History 
• Assess environmental exposure history in asthmatic patients. 
• Develop biomarkers of exposure to pollutants to assess the potential contribution of 

individual pollutants. 
• Define patterns of asthma prevalence and severity relative to area and point sources 

of pollutants in residential locations. 
• Compare existing geographic information system (GIS) data on the location of 

sources and their emission inventories to patterns of asthma prevalence and 
severity. 

• Define the building and structural factors associated with living in an urban 
environment that contribute to the high incidence of asthma among inner-city 
residents. 

��������/LIHVW\OH���$FWLYLW\�3DWWHUQV 

8UEDQ�RU�ZHVWHUQ�OLIHVW\OH�DSSHDUV�WR�EH�FRUUHODWHG�ZLWK�LQFUHDVLQJ�DVWKPD�UDWHV���+RZHYHU� 
WKH�IDFWRUV�WKDW�DFFRXQW�IRU�WKH�LQFUHDVHG�UDWHV�DUH�QRW�FOHDU���7KH�WLPH��GXUDWLRQ��DQG�IUHTXHQF\�RI 
H[SRVXUHV�WR�DLU�SROOXWDQWV�DUH�NH\�IDFWRUV�WR�EH�FRQVLGHUHG�ZKHQ�DVVHVVLQJ�DVWKPD�SUHYDOHQFH�� 
7KH�WLJKW�FRQVWUXFWLRQ�RI�PRGHUQ�EXLOGLQJV�UHGXFHV�YHQWLODWLRQ�IURP�RXWVLGH�DLU�DQG�PD\�LQFUHDVH 
H[SRVXUHV�WR�LQGRRU�DOOHUJHQV�DQG�H[DFHUEDWH�WKH�HIIHFWV�RI�LQGRRU�DLU�SROOXWDQWV���5HGXFWLRQ�RI 
SK\VLFDO�DFWLYLW\�DQG�LQFUHDVHG�WLPH�VSHQW�LQGRRUV�PD\�DOVR�EH�LPSRUWDQW�IDFWRUV�FRQWULEXWLQJ�WR 
KLJKHU�DVWKPD�UDWHV��([HUFLVH�DQG�RXWGRRU�DFWLYLW\�LQFUHDVH�YHQWLODWLRQ�DQG�WKH�LQKDOHG�GRVH�RI 
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DPELHQW�SROOXWDQWV�DQG�PD\�DOVR�SURPRWH�KLJKHU�UDWHV�RI�DVWKPD���6SHFLILFDOO\��WKH�GHSRVLWLRQ�DQG 
GRVH�RI�62��DQG�SDUWLFOHV�LV�LQFUHDVHG�DW�KLJKHU�EUHDWKLQJ�UDWHV�DQG�KLJKHU�IORZ�UDWHV�DV�LV�WKH 
GHSWK�WR�ZKLFK�WKHVH�SROOXWDQWV�SHQHWUDWH�LQWR�WKH�OXQJ���1XWULWLRQDO�IDFWRUV��LQFOXGLQJ�YLWDPLQ�& 
LQWDNH��DOVR�DSSHDU�WR�EH�VLJQLILFDQW�GHWHUPLQDQWV�RI�DVWKPD�VHYHULW\� 

Research Agenda Items:  Lifestyle / Activity Patterns 
• Examine the balance of lifestyle factors, including physical activity, time indoors, 

and nutrition, which influence allergen and air pollution exposure and their 
relationship to subsequent asthma outcomes. 

4.3. Risk Assessment 

,Q�DGGLWLRQ�WR�DGYDQFHG�UHVHDUFK�LQWR�WKH�IDFWRUV�UHVSRQVLEOH�IRU�WKH�SUHYDOHQFH�DQG 
H[DFHUEDWLRQ�RI�DQG�VXVFHSWLELOLW\�WR�DVWKPD��ULVN�DVVHVVPHQW�LV�D�KLJK�SULRULW\�IRU�WKH�25'���7KH 
IROORZLQJ�WZR�VHFWLRQV�GHVFULEH�VSHFLILF�DUHDV�LQ�ZKLFK�DGGLWLRQDO�ULVN�DVVHVVPHQW�PHDVXUHV�DUH 
QHHGHG� 

��������$VWKPD�,QGXFWLRQ�$VVRFLDWHG�ZLWK�(QYLURQPHQWDO�([SRVXUHV 

7R�DVVHVV�WKH�ULVN�RI�DVWKPD�LQGXFWLRQ��KXPDQ�H[SRVXUH�VWXGLHV��HSLGHPLRORJ\�VWXGLHV� 
RFFXSDWLRQDO�VWXGLHV��DQG�DQLPDO�WR[LFRORJ\�VWXGLHV�PXVW�EH�XWLOL]HG���$QLPDO�WR[LFRORJ\�VWXGLHV 
PXVW�EH�H[WUDSRODWHG�WR�KXPDQ�KHDOWK�HIIHFWV�DQG�FRPSDUHG�WR�KXPDQ�HTXLYDOHQW�H[SRVXUHV�WR 
FRPSOHWH�WKH�ULVN�DVVHVVPHQW�F\FOH�DQG�SURYLGH�WKH�EDVLV�IRU�ULVN�DVVHVVPHQW���7KH�GHYHORSPHQW 
RI�DQ�DVVHVVPHQW�DSSURDFK�ZRXOG�EH�VLPLODU�IRU�&53V��ELRDHURVROV��SHVWLFLGHV��RU�DLU�WR[LFV���7KH 
SDWWHUQ��WLPLQJ��DQG�TXDQWLILFDWLRQ�RI�H[SRVXUHV�LV�OLNHO\�WR�EH�D�NH\�LVVXH�LQ�GHWHUPLQLQJ�ULVN�IRU 
DVWKPD�LQGXFWLRQ�IURP�HQYLURQPHQWDO�FKHPLFDOV�RU�FRPELQDWLRQV�RI�HQYLURQPHQWDO�FKHPLFDOV 
DQG�ELRORJLFDO�IDFWRUV���$Q�XQGHUVWDQGLQJ�RI�WHPSRUDO�IDFWRUV�VXFK�DV�WKH�IUHTXHQF\�DQG�GXUDWLRQ 
RI�H[SRVXUH�DQG�WKH�WLPLQJ�RI�H[SRVXUHV�ZLWK�UHVSHFW�WR�DJH�DQG�WLPH�RI�GD\�DQG�VHDVRQ�LV 
UHTXLUHG�WR�DVVHVV�H[SRVXUH�ULVNV���$GGLWLRQDOO\��D�GHWHUPLQDWLRQ�DOVR�PXVW�EH�PDGH�DV�WR�ZKHWKHU 
LQGXFWLRQ�DQG�RU�UHVHQVLWL]DWLRQ�RFFXUV�DV�D�UHVXOW�RI�D�IHZ�KLJK�OHYHO�H[SRVXUHV��QXPHURXV�ORZ 
OHYHO�H[SRVXUHV��RU�ERWK�W\SHV�RI�H[SRVXUHV� 

$QRWKHU�PDMRU�LVVXH�FHQWUDO�WR�DVVHVVLQJ�WKH�ULVN�RI�DVWKPD�LQGXFWLRQ�LV�WKH�SUHYDOHQFH�RI 
SKHQRW\SHV�DQG�JHQRW\SHV�WKDW�DUH�VXVFHSWLEOH�WR�LQGXFWLRQ�DV�LW�LV�OLNHO\�WKDW�D�FRPELQDWLRQ�RI 
JHQHWLF�VXVFHSWLELOLW\�DQG�HQYLURQPHQWDO�H[SRVXUH�LV�UHTXLUHG�IRU�LQGXFWLRQ���0HWKRGV�IRU 
FRPELQLQJ�VXVFHSWLELOLW\�ZLWK�H[SRVXUH�LQIRUPDWLRQ�QHHG�WR�EH�GHYHORSHG�WR�DVVHVV�WKH�ULVN�IRU 
LQGXFWLRQ���6LQFH�DGHTXDWH�KXPDQ�H[SRVXUH�UHVSRQVH�LQIRUPDWLRQ�LV�SUHVHQWO\�ODFNLQJ�IRU�PDQ\ 
FKHPLFDO�DQG�ELRORJLFDO�DJHQWV�RI�FRQFHUQ��LW�ZLOO�EH�QHFHVVDU\�WR�XWLOL]H�YDOLGDWHG�DQLPDO�WR� 
KXPDQ�H[WUDSRODWLRQ�PRGHOV�WR�GHYHORS�GRVH�UHVSRQVH�DVVHVVPHQWV�DV�ZHOO�DV�WR�XWLOL]H 
HSLGHPLRORJLFDO�VWXGLHV�WR�LGHQWLI\�NH\�LQGXFHUV�DQG�FRIDFWRUV� 

7KH�LQGXFWLRQ�RI�DVWKPD�JHQHUDOO\�UHTXLUHV�JHQHWLF�VXVFHSWLELOLW\��DSSURSULDWH�WLPLQJ� 
H[SRVXUH�WR�VXVFHSWLELOLW\�HQKDQFLQJ�RU�DGMXYDQW�FKHPLFDOV��H�J���GLHVHO�H[KDXVW�SDUWLFOHV���DQG 
DGHTXDWH�H[SRVXUH�WR�DQ�LQGXFHU�RU�FRPELQDWLRQ�RI�LQGXFHUV���$FWLYLW\�DQG�DVVRFLDWHG�YHQWLODWLRQ 
UDWHV�GHWHUPLQH�EXON�IORZ�RI�JDVHV�DQG�SDUWLFOHV�DQG�LQIOXHQFH�WKH�H[WHQW�DQG�SDWWHUQ�RI�SDUWLFOH 
GHSRVLWLRQ���%HFDXVH�HQYLURQPHQWDO�OHYHOV�YDU\�GXULQJ�WKH�GD\��WKH�MX[WDSRVLWLRQ�RI�DFWLYLW\�DQG 
H[SRVXUH�PD\�SOD\�DQ�LPSRUWDQW�UROH�LQ�LQGXFWLRQ���&RQVHTXHQWO\��VLPXOWDQHRXV�H[SRVXUH�DFWLYLW\ 
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LQIRUPDWLRQ�LQ�D�VXVFHSWLEOH�SRSXODWLRQ��SUHIHUDEO\�DFURVV�DJH��ZRXOG�EH�XVHIXO�IRU�ULVN 
DVVHVVPHQW� 

2FFXSDWLRQDO�VWXGLHV�PD\�SURYLGH�D�JRRG�PRGHO�IRU�D�VLPSOLILHG�ULVN�DVVHVVPHQW�RI 
LQGXFWLRQ�IRU�WKH�IROORZLQJ�UHDVRQV���H[SRVXUH�LQIRUPDWLRQ�FDQ�EH�SURYLGHG�IRU�WKH�ZRUNSODFH 
�OLNHO\�WKH�SULPDU\�VRXUFH�RI�H[SRVXUH���DFWLYLW\�FDQ�EH�REVHUYHG�DQG�YHQWLODWLRQ�PRQLWRUHG�RU 
HVWLPDWHG��WKH�GXUDWLRQ�RI�H[SRVXUH�FDQ�EH�DGHTXDWHO\�FKDUDFWHUL]HG��ERWK�FXPXODWLYH�DQG�DFXWH�� 
LQWHUQDO�GRVH�RU�HIIHFW�VXUURJDWHV�FDQ�EH�GHYHORSHG��ZKHWKHU�RU�QRW�QHZ�ZRUNHUV�ZHUH�QDLYH�WR 
H[SRVXUH�FRXOG�EH�GHWHUPLQHG��DQG��ZLWK�RQJRLQJ�GHYHORSPHQW�RI�WRROV�WR�HYDOXDWH�KXPDQ 
JHQHWLF�FKDUDFWHULVWLFV��WKH�FRQWULEXWLRQ�RI�JHQHWLFV�FRXOG�EH�HYDOXDWHG���7KHVH�W\SHV�RI�VWXGLHV 
PD\�EH�HVSHFLDOO\�XVHIXO�LQ�DVVHVVLQJ�WKH�HIIHFWV�RI�DLU�WR[LFV���,Q�DGGLWLRQ��LQIRUPDWLRQ�RQ�WKH 
SUHVHQFH�RI�FRIDFWRUV�VXFK�DV�RWKHU�HQYLURQPHQWDO�FKHPLFDOV��VPRNLQJ�KDELW��DQG�LQIHFWLRXV 
UHVSLUDWRU\�GLVHDVH�ZRXOG�OLNHO\�EH�DYDLODEOH���)XUWKHUPRUH��VSHFLILF�FKDOOHQJHV�FDQ�EH 
DGPLQLVWHUHG�WR�GHWHUPLQH�LI�DQ�LQGLYLGXDO�LQ�ZKRP�DVWKPD�KDV�EHHQ�LQGXFHG�LV�LQGHHG�VHQVLWLYH 
WR�FKHPLFDOV�WKDW�DUH�SUHVHQW�LQ�WKH�ZRUNSODFH���,Q�VLPLODU�IDVKLRQ��WKH�RFFXSDWLRQDO�HQYLURQPHQW 
DOVR�SURYLGHV�D�VHWWLQJ�IRU�WKH�HYDOXDWLRQ�RI�ELRPDUNHUV�RI�H[SRVXUH��HIIHFW��RU�VXVFHSWLELOLW\�WKDW 
ZRXOG�EH�XVHIXO�IRU�YDOLGDWLRQ�RI�ODERUDWRU\�DQLPDO�PRGHOV�E\�SURYLGLQJ�GDWD�WR�HVWDEOLVK�WKH 
GHJUHH�RI�KXPDQ�KRPRORJ\���,I�VDWLVIDFWRU\�ULVN�HVWLPDWHV�FRXOG�EH�GHYHORSHG�XQGHU�VXFK�D 
VFHQDULR��LW�FRXOG�VHUYH�DV�D�PRGHO�IRU�RWKHU�DVVHVVPHQW�IRUPXODWLRQV�LQ�SODFHV�ZKHUH�LQIRUPDWLRQ 
PD\�EH�OHVV�DEXQGDQW�� 

Research Agenda Items: Asthma Induction 
• Improve exposure information for bioaerosols, pesticides, and toxics in focused 

areas of concern (e.g., indoors, occupational, and agricultural settings). 
• Develop improved exposure/activity profiles for susceptible populations (e.g., 

children of asthmatic parents). 
• Examine induction of asthma in an occupational setting for key chemicals of 

ambient interest. 

��������$VWKPD�([DFHUEDWLRQ�$VVRFLDWHG�ZLWK�(QYLURQPHQWDO�([SRVXUHV 

Bioaerosols 
,Q�RUGHU�WR�DVVHVV�WKH�ULVN�RI�H[DFHUEDWLRQ�RI�DVWKPD�GXH�WR�H[SRVXUH�WR�VSHFLILF�DJHQWV��WKH 

SUHYDOHQFH�RI�WKH�VHQVLWLYLW\�WR�WKLV�DJHQW�PXVW�EH�NQRZQ���7KLV�LQIRUPDWLRQ�LV�OLNHO\�WR�EH 
ORFDWLRQ�VSHFLILF��WKH�TXDQWLWDWLYHO\�SUHGRPLQDQW�DOOHUJHQV�LQ�D�VSHFLILF�UHJLRQ�DUH�PRUH�OLNHO\�WR 
EH�WKH�PRVW�VLJQLILFDQW�WULJJHUV��RU�SHUKDSV�RFFXSDWLRQ�VSHFLILF��ZKHUHDV��GRVH�UHVSRQVH 
UHODWLRQVKLSV�DUH�OLNHO\�WR�KDYH�D�KLJK�GHJUHH�RI�YDULDELOLW\���)XUWKHUPRUH��DVWKPD�H[DFHUEDWLRQ�E\ 
VSHFLILF�VWLPXOL�W\SLFDOO\�LQYROYHV�ERWK�DQ�HDUO\�SKDVH������KRXUV��DQG�D�ODWH�SKDVH�������KRXUV��� 
7KH�ODWH�SKDVH�PD\�RFFXU�LQ�FRPELQDWLRQ�ZLWK�DQ�HDUO\�SKDVH��PD\�RFFXU�LQ�LVRODWLRQ��RU�PD\�QRW 
RFFXU�WR�DQ\�VLJQLILFDQW�GHJUHH���7KH�OLNHOLKRRG�RI�RFFXUUHQFH�RI�DQ�HDUO\�SKDVH��ODWH�SKDVH��RU�WKH 
FRPELQDWLRQ�LV�SRRUO\�XQGHUVWRRG�DQG�FRPSOLFDWHV�WKH�DVVHVVPHQW�RI�WKH�ULVN�SRVHG�E\�VSHFLILF 
VWLPXOL���$�GRVH�UHVSRQVH�DVVHVVPHQW�IRU�D�VSHFLILF�VWLPXOXV��H�J���Stachybotrys�RU�SODWLQXP�VDOWV� 
LV�RQO\�YDOLG�IRU�SHRSOH�ZKR�DUH�UHVSRQVLYH�WR�WKDW�VWLPXOXV���$GGLWLRQDOO\��FHUWDLQ�QRQ�H[SRVXUH 
IDFWRUV��VXFK�DV�KXPLGLW\��YHQWLODWLRQ�V\VWHPV�DQG�WKHLU�RSHUDWLRQ��LQ�LQGRRU�HQYLURQPHQWV�FDQ 
FRQWULEXWH�WR�WKH�SUREOHPV�FDXVHG�E\�ELRDHURVROV���,Q�OLJKW�RI�WKHVH�FRPSOLFDWLQJ�IDFWRUV��WRROV 
QHHG�WR�EH�GHYHORSHG�WKDW�FDQ�DLG�LQ�DVVHVVLQJ�WKH�ULVN�SRVHG�E\�ELRORJLFDO�DJHQWV���5LVN 
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DVVHVVPHQW�IRU�H[DFHUEDWLRQ�RI�DVWKPD�E\�ELRORJLFDO�DJHQWV�ZRXOG�RQO\�EH�IHDVLEOH�IRU�WKH�PRVW 
FRPPRQ�DOOHUJHQV�FDXVLQJ�DVWKPD��H�J���GXVW�PLWH��FRFNURDFKHV�� 

Combustion-Related Products, Pesticides, and Air Toxics 
7KH�ULVN�DVVHVVPHQW�DSSURDFK�IRU�DVWKPD�H[DFHUEDWLRQ�ZLOO�OLNHO\�EH�VLPSOHU�LQ�WKH�FDVH�RI 

WKH�QRQ�VSHFLILF�VWLPXOL�&53V��SHVWLFLGHV��DQG�DLU�WR[LFV�DV�FRPSDUHG�WR�WKDW�IRU�VSHFLILF 
ELRDHURVROV���$OWKRXJK�WKH�H[WHQW�RI�H[SRVXUH�WR�DJHQWV�VXFK�DV�62��DQG�2��LV�ZHOO�TXDQWLILHG��WKH 
EUHDGWK�RI�WKLV�LQIRUPDWLRQ�LQ�WKH�WHPSRUDO�DQG�VSDWLDO�GRPDLQV�LV�OLPLWHG���)RU�RWKHU�FKHPLFDOV� 
OLPLWHG�GRVH�UHVSRQVH�LQIRUPDWLRQ�H[LVWV��EXW�WKH�UDQJH�RI�GRVHV�DQG�WKH�YDULDELOLW\�RI�VHQVLWLYLW\ 
DPRQJ�DVWKPDWLFV�WR�WKHVH�FKHPLFDOV�LV�SRRUO\�XQGHUVWRRG���7KH�XVH�RI�H[SRVXUH�PRGHOV�QHHGV�WR 
EH�H[SDQGHG�WR�SURYLGH�HVWLPDWHV�RI�H[SRVXUH�WR�FKHPLFDOV�IRU�ZKLFK�OHVV�H[WHQVLYH�GDWD�LV 
DYDLODEOH���$VVHVVPHQWV�RI�FRPELQHG�H[SRVXUHV�DUH�DOVR�QHHGHG�LQ�RUGHU�WR�DVVHVV�PRGLILFDWLRQV 
RI�GRVH�UHVSRQVH�UHODWLRQVKLSV�WR�RQH�FKHPLFDO�E\�SULRU��VLPXOWDQHRXV��RU�VXEVHTXHQW�H[SRVXUH�WR 
DQRWKHU���6WXGLHV�FRQWUROOLQJ�IRU�WKH�LQIOXHQFH�RI�H[HUFLVH�DQG�FROG�DLU�RQ�YHQWLODWLRQ�UDWHV�PXVW 
DOVR�EH�FRQGXFWHG�WR�DVVHVV�WKH�ULVN�RI�H[SRVXUH�WR�VSHFLILF�DQG�QRQ�VSHFLILF�DJHQWV���5LVN 
DVVHVVPHQW�VWXGLHV�IRU�&53V��SHVWLFLGHV��DQG�DLU�WR[LFV�VKRXOG�LQFOXGH�WKH�XVH�RI�DFWLYLW\�GLDULHV 
WR�EHWWHU�XQGHUVWDQG�WKH�UHODWLYH�FRQWULEXWLRQ�RI�LQGRRU�DQG�RXWGRRU�DJHQWV� 

$QRWKHU�IDFWRU�WKDW�PXVW�EH�WDNHQ�LQWR�DFFRXQW�LQ�HVWLPDWLQJ�ULVN�RI�H[DFHUEDWLRQ�RI�DVWKPD 
IRU�ERWK�VSHFLILF�DQG�QRQ�VSHFLILF�VWLPXOL�LV�WKH�VHYHULW\�RI�WKH�GLVHDVH���/LWWOH�LQIRUPDWLRQ�H[LVWV 
RQ�WKH�YDULDELOLW\�RI�UHVSRQVH�WR�HQYLURQPHQWDO�FKHPLFDOV�DFURVV�WKH�VSHFWUXP�RI�DVWKPD�VHYHULW\�� 
,Q�VRPH�FDVHV��HQYLURQPHQWDO�H[SRVXUHV��SDUWLFXODUO\�WR�VSHFLILF�ELRORJLF�DJHQWV��FDQ�EH�OLIH 
WKUHDWHQLQJ���7R�DVVHVV�WKH�ULVN�RI�OLIH�WKUHDWHQLQJ�UHVSRQVHV�WR�HQYLURQPHQWDO�FKHPLFDOV��PXFK 
EHWWHU�GRVH�UHVSRQVH�LQIRUPDWLRQ�LV�QHHGHG�� 

Research Agenda Items: Asthma Exacerbation 
• Develop risk assessment tools to assess risk of bioaerosols. 
• Clarify the relationship of asthma severity to dose-response for asthma exacerbation 

by CRPs, Toxics, and Pesticides. 
• Collect better data on population exposure and the prevalence of sensitivity. 
• Evaluate the risks of mixtures of chemicals using data on exposure to mixtures 

(simultaneous or sequential) in well characterized asthmatics and in validated 
animal models. 

5. Research Prioritization and Timeline 

7KH�UHVHDUFK�WRSLFV�LGHQWLILHG�LQ�WKLV�VWUDWHJ\�DUH�EURDG�LQ�VFRSH���,Q�DQWLFLSDWLRQ�RI�IXQGLQJ 
OLPLWDWLRQV��WKH�IROORZLQJ�GHFLVLRQ�PDNLQJ�FULWHULD�ZHUH�XVHG�WR�VHW�UHVHDUFK�SULRULWLHV� 

Risk-Based Planning:	 5HVHDUFK�WKDW�DGGUHVVHV�DQ�HOHPHQW�RI�WKH�ULVN�DVVHVVPHQW 
SDUDGLJP�DQG�LV�GHVLJQHG�WR�UHGXFH�WKH�JUHDWHVW�XQFHUWDLQWLHV�LV 
RI�WKH�KLJKHVW�SULRULW\� 

Scientific Excellence:	 7KH�TXDOLW\�RI�WKH�VFLHQFH�VHOHFWHG�IRU�VXSSRUW�LV�RI�FULWLFDO 
LPSRUWDQFH�WR�ERWK�WKH�UHJXODWRU\�DSSOLFDWLRQ�RI�WKH�UHVXOWLQJ 
LQIRUPDWLRQ�DQG�WKH�RYHUDOO�FUHGLELOLW\�RI�WKH�$JHQF\� 
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Programmatic Relevance:	 7KH�GHJUHH�WR�ZKLFK�D�UHVHDUFK�SURMHFW�DGGUHVVHV�D�VSHFLILF 
VWDWXWRU\�UHTXLUHPHQW�ZLOO�EH�DQ�LPSRUWDQW�UDQNLQJ�IDFWRU� 

Research Coordination:	 ,W�LV�LPSRUWDQW�WR�GHWHUPLQH�ZKHWKHU�UHVHDUFK�WKDW�ZLOO�SURYLGH 
HTXLYDOHQW�RU�FRPSOHPHQWDU\�LQIRUPDWLRQ�LV�XQGHUZD\�RU 
SODQQHG�HOVHZKHUH���$�KLJK�SULRULW\�ZLOO�EH�JLYHQ�WR�SURMHFWV 
WKDW�OHYHUDJH�UHVRXUFHV�ZLWKLQ�RU�RXWVLGH�WKH�$JHQF\� 

Capabilities and 7KH�OLNHOLKRRG�WKDW�UHVHDUFK�FDQ�EH�LPSOHPHQWHG�ZLWKLQ�D 
Capacities:	 UHDVRQDEOH�SHULRG�RI�WLPH�XVLQJ�H[LVWLQJ�IDFLOLWLHV��H[SHUWLVH� 

DQG�DYDLODEOH�UHVRXUFHV�ZLOO�EH�FRQVLGHUHG�ZKHQ�UDQNLQJ 
FRPSHWLQJ�SURMHFWV���7KLV�FULWHULRQ�DSSOLHV�WR�ZRUN�FRQGXFWHG 
LQWUDPXUDOO\��DV�ZHOO�DV�LQ�VLWXDWLRQV�ZKHUH�(3$�H[SHUWLVH�LV 
QHHGHG�WR�RYHUVHH�WKH�FRPSOHWLRQ�RI�ZRUN�FRQGXFWHG�WKURXJK�D 
FRRSHUDWLYH�DJUHHPHQW��FRQWUDFW��RU�JUDQW� 

Sequence of Research:	 7KH�YDOXH�RI�VRPH�UHVHDUFK��UHJDUGOHVV�RI�LWV�SULRULW\�UDQNLQJ�RQ 
RWKHU�FULWHULD��LV�GHSHQGHQW�XSRQ�WKH�FRPSOHWLRQ�RI�RWKHU�ZRUN� 
5HVHDUFK�WKDW�LV�GHSHQGHQW�XSRQ�FRPSOHWLRQ�RI�RWKHUZLVH 
HTXDOO\�UDQNHG�ZRUN�ZLOO�UHFHLYH�D�ORZHU�SULRULW\���6XFK�WLPH 
GHSHQGHQF\�UHTXLUHV�WKDW�SHULRGLF�UHYLHZ�RI�SURJUHVV�LV�PDGH�LQ 
RUGHU�WR�PRYH�WR�WKH�QH[W�VWDJH� 

5.1. Prioritization Tables 

6LQFH�WKLV�LV�D�UHVHDUFK�VWUDWHJ\�GRFXPHQW�UDWKHU�WKDQ�D�UHVHDUFK�SODQ��UHVHDUFK�DUHDV�WKDW 
KDYH�EHHQ�RXWOLQHG�LQ�WKLV�GRFXPHQW��UDWKHU�WKDQ�VSHFLILF�UHVHDUFK�SODQV��KDYH�EHHQ�SULRULWL]HG�� 
7KLV�SULRULWL]DWLRQ�ZLOO�EH�XVHIXO�LQ�HYDOXDWLQJ�UHVHDUFK�SURSRVDOV�ZULWWHQ�LQ�UHVSRQVH�WR�IXWXUH 
5)$V��UHTXHVW�IRU�DSSOLFDWLRQV����%HFDXVH�(3$¶V�PLVVLRQ�GLIIHUV�IURP�WKDW�RI�RWKHU�SXEOLF�KHDOWK 
DJHQFLHV��SULRULWL]DWLRQ�GHFLVLRQV�PDGH�KHUH�ZLOO�GHSHQG�PRVW�VLJQLILFDQWO\�RQ�WZR�RI�WKH�OLVWHG 
FULWHULD��ULVN�EDVHG�SODQQLQJ�DQG�SURJUDPPDWLF�UHOHYDQFH���7KH�SRWHQWLDO�RI�SURSRVHG�UHVHDUFK�WR 
SURPRWH�KXPDQ�KHDOWK�DOVR�ZLOO�EH�D�VWURQJ�GHWHUPLQDQW�RI�DVVLJQHG�SULRULW\� 

,Q�7DEOHV������VFRUHV�ZHUH�DVVLJQHG�IRU�HDFK�UHVHDUFK�DUHD��7DEOH����DQG�WRSLF��7DEOHV����� 
UHODWLYH�WR�ULVN�EDVHG�SODQQLQJ��SURJUDPPDWLF�UHOHYDQFH��DQG�SXEOLF�KHDOWK�LPSRUWDQFH���7KH 
VFRUHV�UDQJH�IURP���WR������VLJQLI\LQJ�D�UDQJH�IURP�ORZHVW�WR�KLJKHVW�LPSRUWDQFH���7KH�VFRUHV 
ZHUH�VXPPHG�WR�LQGLFDWH�WKH�RYHUDOO�LPSRUWDQFH�RI�WKH�UHVHDUFK�DUHD�RU�WRSLF���7KHVH�VFRUHV�GR 
QRW�LQGLFDWH�TXDQWLWDWLYH�GLIIHUHQFHV�DPRQJ�DUHD�WRSLFV��EXW�DOORZ�GLVFULPLQDWLRQ�RI�UDQN 
LPSRUWDQFH��ZKLFK�LV�LQGLFDWHG�LQ�WKH�ODVW�OLQH�RI�HDFK�WDEOH���7KHVH�RYHUDOO�UDQNLQJV�LQIRUPHG�WKH 
VFLHQWLILF�GLVFXVVLRQV�DERXW�LQGLYLGXDO�DVWKPD�UHVHDUFK�SURSRVDOV�UHYLHZHG�E\�WKH�$VWKPD 
5HVHDUFK�6WUDWHJ\�7HDP�DQG�ZHUH�XVHG�LQ�WKH�ILQDO�GHFLVLRQ�SURFHVV�WR�JUDGH�WKHVH�SURSRVDOV��� 

7KH�ILUVW�VWHS�ZDV�WR�DVVHVV�WKH�UHODWLYH�SULRULW\�RI�WKH�WKUHH�UHVHDUFK�DUHDV�GLVFXVVHG�LQ�WKLV 
GRFXPHQW���LQGXFWLRQ�DQG�H[DFHUEDWLRQ��VXVFHSWLELOLW\�IDFWRUV��DQG�ULVN�DVVHVVPHQW���7KLV 
DSSURDFK�LV�VKRZQ�LQ�7DEOH�����7KH�VFRUHV�UDQJH�IURP���WR�����VLJQLI\LQJ�D�UDQJH�IURP�ORZHVW�WR 
KLJKHVW�LQ�WHUPV�RI�LPSRUWDQFH�RI�HDFK�RI�WKH�WKUHH�FULWHULD���7KH�VFRUHV�UHIOHFW�WKH�QHHG�IRU�GDWD�LQ 
WKHVH�UHVHDUFK�DUHDV�DQG�WKH�LPSRUWDQFH�RI�WKH�ULVN�DVVHVVPHQW���7DNLQJ�WKHVH�FULWHULD�LQWR 
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DFFRXQW��WKH�LPSRUWDQFH�RI�WKH�WKUHH�UHVHDUFK�DUHDV�LV�DV�IROORZV�������,QGXFWLRQ�([DFHUEDWLRQ� 
����6XVFHSWLELOLW\�)DFWRUV��DQG�����5LVN�$VVHVVPHQW� 

TABLE 1. PRIORITIZATION OF THE RESEARCH AREAS 

Induction / 
Criteria Exacerbation Susceptibility Factors Risk Assessment 

3XEOLF�+HDOWK�,PSRUWDQFH ��� � ��� 

(3$�0LVVLRQ ����� ��� ��� 

5LVN�%DVHG�3ODQQLQJ ��� ����� � 

6FRUH � � � 

5DQNLQJ � � � 

7DEOH���GHVFULEHV�WKH�SULRULWL]DWLRQ�SURFHVV�DV�DSSOLHG�WR�UHVHDUFK�WRSLFV�XQGHU�WKH 
LQGXFWLRQ�H[DFHUEDWLRQ�UHVHDUFK�DUHD���3ULRULWL]DWLRQ�UDQNV�WKH�UHVHDUFK�WRSLFV�DV�����&53V� 
����%LRDHURVROV������$LU�7R[LFV��DQG�����3HVWLFLGHV���&53V�UDQNHG�ILUVW�EHFDXVH�RI�WKHLU�UHOHYDQFH 
WR�(3$¶V�PLVVLRQ�DQG�WKH�QHHG�IRU�ULVN�DVVHVVPHQW�GDWD���%LRDHURVROV�RQ�WKH�RWKHU�KDQG�VFRUHG 
KLJK�LQ�WHUPV�RI�WKH�SXEOLF�KHDOWK�LPSRUWDQFH���%RWK�DLU�WR[LFV�DQG�SHVWLFLGHV�ZHUH�MXGJHG�WR�EH�RI 
OHVV�LPSRUWDQFH�ZLWK�UHVSHFW�WR�DVWKPD�UHODWHG�SXEOLF�KHDOWK�LPSRUWDQFH� 

TABLE 2. INDUCTION / EXACERBATION 

Criteria CRPs Bioaerosols Air Toxics Pesticides 

3XEOLF�+HDOWK�,PSRUWDQFH ��� ����� � � 

(3$�0LVVLRQ ����� � ��� ��� 

5LVN�%DVHG�3ODQQLQJ ��� ��� ��� � 

6FRUH � � � � 

5DQNLQJ � � � � 

&53V� �&RPEXVWLRQ�5HODWHG�3URGXFWV 

7DEOH���GHVFULEHV�WKH�SULRULWL]DWLRQ�RI�UHVHDUFK�WRSLFV�XQGHU�WKH�VXVFHSWLELOLW\�IDFWRUV 
UHVHDUFK�DUHD�DV�����5HVLGHQFH�DQG�([SRVXUH�KLVWRU\������*HQHWLF�6XVFHSWLELOLW\������+HDOWK 
6WDWXV������/LIHVW\OH�DQG�$FWLYLW\�3DWWHUQV��DQG�����6RFLRHFRQRPLF�6WDWXV���5HVLGHQFH�DQG 
H[SRVXUH�KLVWRU\�UDQNHG�KLJKHVW�EHFDXVH�RI�WKH�UHODWLYHO\�KLJK�SURJUDPPDWLF�UHOHYDQFH�DQG�WKH 
QHHG�IRU�GDWD�IRU�ULVN�DVVHVVPHQW�RYHUODLG�E\�WKH�IDFW�WKDW�LW�LV�DQ�LPSRUWDQW�SXEOLF�KHDOWK�LVVXH��� 
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TABLE 3. SUSCEPTIBILITY FACTORS 

Socio- Residence/ Lifestyle/ 
Genetic Health conomic Exposure Activity 

Criteria Susceptibility Status Status History Pattern 

3XEOLF�+HDOWK�,PSRUWDQFH ����� ����� �� ����� ��� 

(3$�0LVVLRQ � � � ��� � 

5LVN�%DVHG�3ODQQLQJ ����� ��� � ����� ��� 

6FRUH � � � � � 

5DQNLQJ � � � � � 

7DEOH���GHVFULEHV�WKH�SULRULWL]DWLRQ�SURFHVV�DV�DSSOLHG�WR�UHVHDUFK�WRSLFV�LQGXFWLRQ�DQG 
H[DFHUEDWLRQ�RI�DVWKPD�XQGHU�WKH�ULVN�DVVHVVPHQW�UHVHDUFK�DUHD���%HFDXVH�YHU\�IHZ�SROOXWDQWV�DUH 
WKRXJKW�WR�EH�UHVSRQVLEOH�IRU�WKH�LQGXFWLRQ�RI�DVWKPD��WKH\�DUH�QRW�SHUFHLYHG�DV�D�FULWLFDO�SXEOLF 
KHDOWK�LVVXH���,Q�FRQWUDVW��PDQ\�SROOXWDQWV�DUH�NQRZQ�WR�H[DFHUEDWH�DVWKPD�DQG��WKHUHIRUH��DUH�D 
SXEOLF�KHDOWK�WKUHDW���$V�D�UHVXOW��ULVN�DVVHVVPHQW�IRU�H[DFHUEDWLRQ�RI�DVWKPD�E\�HQYLURQPHQWDO 
SROOXWDQWV�UDQNHG�KLJKHU�WKDQ�ULVN�DVVHVVPHQW�IRU�LQGXFWLRQ�RI�DVWKPD�� 

TABLE 4. RISK ASSESSMENT PRIORITIZATION 

Criteria Induction Exacerbation 

3XEOLF�+HDOWK�,PSRUWDQFH ��� ����� 

(3$�0LVVLRQ ��� ��� 

5LVN�%DVHG�3ODQQLQJ � � 

6FRUH � � 

5DQNLQJ � � 

5.2. Timeline of Research Activity 

7KH�SUHFHGLQJ�SULRULWL]DWLRQ�WDEOHV�ZHUH�XVHG�WR�SURMHFW�WKH�VHTXHQFH�DQG�OHYHO�RI�HIIRUW 
GHYRWHG�WR�WKH�UHVHDUFK�DUHDV�DQG�DVVRFLDWHG�WRSLFV��7DEOH������7KH�QXPEHUV�LQ�WKLV�WLPHOLQH 
LQGLFDWH�WKH�UHODWLYH�OHYHO�RI�HIIRUW�SURSRVHG�LQ�)<�����������IRU�HDFK�RI�WKH�UHVHDUFK�WRSLFV 
ZLWKLQ�WKH�UHVHDUFK�DUHDV��ZLWK���UHSUHVHQWLQJ�WKH�ORZHVW�OHYHO�RI�HIIRUW�DQG���UHSUHVHQWLQJ�WKH 
KLJKHVW���7KHVH�OHYHOV��DQG�WKH�WRWDO�OHYHO�RI�HIIRUW�IRU�HDFK�UHVHDUFK�WRSLF�DQG�IRU�HDFK�ILVFDO�\HDU� 
UHSUHVHQW�DUELWUDU\�XQLWV���7KLV�VFDOH�LV�QRW�LQWHQGHG�WR�EH�D�SUHFLVH�WRRO�IRU�GLFWDWLQJ�UHVHDUFK 
DFWLYLW\�DQG�GLVWULEXWLRQ�RI�UHVRXUFHV��EXW�UDWKHU�LV�LQWHQGHG�DV�D�JHQHUDO�JXLGHOLQH�LQGLFDWLQJ�KRZ 
DYDLODEOH�UHVRXUFHV�FDQ�PRVW�HIILFLHQWO\�DGYDQFH�VFLHQWLILF�NQRZOHGJH�DQG�FRQWURO�HQYLURQPHQWDO 
IDFWRUV�FRQWULEXWLQJ�WR�DVWKPD�SUHYDOHQFH�DQG�VHYHULW\� 
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TABLE 5. TIMELINE OF RESEARCH ACTIVITY 

FY01 FY02 FY03 FY04 FY05 FY06 FY07 FY08 FY09 Total 

&53V � � � � � �� 

%LRDHURVROV � � � � � �� 

$LU�7R[LFV � � � � �� 

3HVWLFLGHV � � � � � �� 

Induction/Exacerbation 
Total 

6 2 20 9 15 7 14 7 2 112 

*HQHWLF�6XVFHSWLELOLW\ � � � � � � � � � �� 

+HDOWK�'LVHDVH�6WDWXV � � � � � � � �� 

6RFLRHFRQRPLF�6WDWXV � � � � � � 

5HVLGHQFH��([S��+LVWRU\ � � � � � � � � �� 

/LIHVW\OH�$FWLYLW\�3DWWHUQ� � � � � � �� 

Susceptibility 
Factors Total 

2 7 11 16 16 14 12 6 2 86 

,QGXFWLRQ � � � � � � � �� 

([DFHUEDWLRQ � � � � �� 

Risk Assessment 
Total 

0 6 11 10 9 6 56 

Total  Effort 8 9 37 3 42 1 35 9 10 254 

� � � � 

� � � 

� � � � 

1 1 1

� � � 

0 8 6 

1 4 4 1

7KH�WRWDO�OHYHO�RI�HIIRUW�IRU�HDFK�UHVHDUFK�WRSLF�LV�FRQVLVWHQW�ZLWK�WKH�UDQNLQJ�RI�WKH�WRSLFV 
LQ�WKH�SULRULWL]DWLRQ�WDEOHV���6LPLODUO\��WKH�WRWDO�HIIRUW�IRU�HDFK�UHVHDUFK�DUHD�LV�FRQVLVWHQW�ZLWK�WKH 
UDQNLQJ�RI�WKH�DUHDV�LQ�7DEOH�����7KH�OHYHO�RI�HIIRUW�IRU�WKH�UHVHDUFK�WRSLFV�LQ�HDFK�ILVFDO�\HDU 
IROORZV�D�ORJLFDO�VHTXHQFH�LQ�ZKLFK�DQ�HDUO\�SHDN�HIIRUW�RQ�ELRDHURVROV��)<����������LV�IROORZHG 
E\�PD[LPDO�HIIRUWV�LQ�&53V�DQG�DLU�WR[LFV�D�\HDU�ODWHU���5HVHDUFK�RQ�VXVFHSWLELOLW\�IDFWRUV 
JHQHUDOO\�SHDN�LQ�)<�����������6LQFH�ULVN�DVVHVVPHQW�UHVHDUFK�LV�GHSHQGHQW�RQ�GDWD�IURP 
UHVHDUFK�FRQGXFWHG�LQ�WKH�ILUVW�WZR�UHVHDUFK�DUHDV��WKH�OHYHO�RI�HIIRUW�LQ�WKLV�DUHD�SHDNV�LQ�)< 
��������DQG�H[WHQGV�WKURXJK�)<��������7KHVH�JXLGHOLQHV�IRU�UHVHDUFK�IXQGLQJ�VKRXOG�SURYLGH�D 
EDODQFHG�DQG�HTXLWDEOH�VKDULQJ�RI�UHVRXUFHV�DQG�ZLOO�IDFLOLWDWH�DQ�XQGHUVWDQGLQJ�RI�KRZ 
HQYLURQPHQWDO�IDFWRUV�FRQWULEXWH�WR�WKH�GHYHORSPHQW�DQG�H[DFHUEDWLRQ�RI�DVWKPD� 
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8��6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\���������6WUDWHJ\�IRU�UHVHDUFK�RQ�HQYLURQPHQWDO�ULVNV�WR�FKLOGUHQ� 
:DVKLQJWRQ��'&��2IILFH�RI�5HVHDUFK�DQG�'HYHORSPHQW��1DWLRQDO�&HQWHU�IRU�(QYLURQPHQWDO�$VVHVVPHQW� 
$YDLODEOH�DW��ZZZ�HSD�JRY�QFHD�FKLOGDE�KWP� 

:DUH��-��+���6SHQJOHU��-��'���1HDV��/��0���6DPHW��-��0���:DJQHU��*��5���&RXOWDV��'���2]ND\QDN��+���6FKZDE��0� 
�������5HVSLUDWRU\�DQG�LUULWDQW�KHDOWK�HIIHFWV�RI�DPELHQW�YRODWLOH�RUJDQLF�FRPSRXQGV��WKH�.DQDZKD�&RXQW\ 
KHDOWK�VWXG\��$P��-��(SLGHPLRO����������������� 
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Appendix A 

Abbreviations and Acronyms 

&$$ &OHDQ�$LU�$FW 
&'&�1&(+	 &HQWHUV�IRU�'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ¶V�1DWLRQDO�&HQWHU�IRU 

(QYLURQPHQWDO�+HDOWK 
&53 &RPEXVWLRQ�UHODWHG�SURGXFW 
(/,6$ (Q]\PH�OLQNHG�LPPXQRVRUEHQW�DVVD\V 
(3$ (QYLURQPHQWDO�3URWHFWLRQ�$JHQF\ 
(76 (QYLURQPHQWDO�WREDFFR�VPRNH 
)< )LVFDO�\HDU 
*,6 *HRJUDSKLF�LQIRUPDWLRQ�V\VWHP 
+$3 +D]DUGRXV�DLU�SROOXWDQW 
,&$6 ,QQHU�&LW\�$VWKPD�6WXG\ 
,J( ,PPXQRJOREXOLQ�( 
,20 ,QVWLWXWH�RI�0HGLFLQH 
1$$46 1DWLRQDO�$PELHQW�$LU�4XDOLW\�6WDQGDUGV 
1&+6 1DWLRQDO�&HQWHU�IRU�+HDOWK�6WDWLVWLFV 
1(5/ 1DWLRQDO�([SRVXUH�5HVHDUFK�/DERUDWRU\ 
1+$1(6 1DWLRQDO�+HDOWK�DQG�1XWULWLRQ�([DPLQDWLRQ�6XUYH\ 
1+((5/ 1DWLRQDO�+HDOWK�DQG�(QYLURQPHQWDO�(IIHFWV�5HVHDUFK�/DERUDWRU\ 
1+/%, 1DWLRQDO�+HDUW�/XQJ�DQG�%ORRG�,QVWLWXWH 
1,$,' 1DWLRQDO�,QVWLWXWH�RI�$OOHUJ\�DQG�,QIHFWLRXV�'LVHDVHV 
1,(+6 1DWLRQDO�,QVWLWXWH�RI�(QYLURQPHQWDO�+HDOWK�6FLHQFHV 
1,26+�125$	 1DWLRQDO�,QVWLWXWH�IRU�2FFXSDWLRQDO�6DIHW\�DQG�+HDWK¶¶V�1DWLRQDO�2FFXSDWLRQDO 

5HVHDUFK�$JHQGD 
12� 1LWURJHQ�GLR[LGH 
2� 2]RQH 
25'	 2IILFH�RI�5HVHDUFK�DQG�'HYHORSPHQW 

3DUWLFXODWH�PDWWHU 
30�� 3DUWLFXODWH�PDWWHU�ZLWK�DQ�DHURG\QDPLF�GLDPHWHU������)P 
30��� 3DUWLFXODWH�PDWWHU�ZLWK�DQ�DHURG\QDPLF�GLDPHWHU�������)P 
5)$V 5HTXHVW�IRU�$SSOLFDWLRQV 
6(6 6RFLRHFRQRPLF�VWDWXV 
62� 6XOIXU�GLR[LGH 
92&V 9RODWLOH�RUJDQLF�FRPSRXQGV 
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Appendix B 

U.S. Environmental Protection Agency 
Office of Research and Development 

Inventory of Asthma Research 

Preface to the Appendix 

7KLV�LQYHQWRU\�LV�D�FRPSLODWLRQ�RI�WKH�DVWKPD�UHVHDUFK�FXUUHQWO\�IXQGHG�WKURXJK�LQWUD��DQG 
H[WUDPXUDO�SURJUDPV�ZLWKLQ�WKH�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\¶V��(3$��2IILFH�RI 
5HVHDUFK�DQG�'HYHORSPHQW��25'����,W�ZDV�SUHSDUHG�E\�WKH�$VWKPD�5HVHDUFK�6WUDWHJ\ 
:RUNJURXS�DQG�UHSUHVHQWV�WKH�FROOHFWLYH�HIIRUWV�RI�25'¶V�1DWLRQDO�+HDOWK�DQG�(QYLURQPHQWDO 
(IIHFWV�5HVHDUFK�/DERUDWRU\��1+((5/���1DWLRQDO�([SRVXUH�5HVHDUFK�/DERUDWRU\��1(5/�� 
1DWLRQDO�5LVN�0DQDJHPHQW�5HVHDUFK�/DERUDWRU\��1505/���1DWLRQDO�&HQWHU�IRU�(QYLURQPHQWDO 
5HVHDUFK��1&(5���DQG�WKH�1DWLRQDO�&HQWHU�IRU�(QYLURQPHQWDO�$VVHVVPHQW��1&($�� 

$�QXPEHU�RI�RWKHU�)HGHUDO�HQWLWLHV�DUH�DFWLYH�LQ�DVWKPD�UHVHDUFK��LQFOXGLQJ�WKH�1DWLRQDO 
+HDUW�/XQJ�DQG�%ORRG�,QVWLWXWH��1+/%,���WKH�1DWLRQDO�,QVWLWXWH�RI�$OOHUJ\�DQG�,QIHFWLRXV 
'LVHDVHV��1,$,'���WKH�1DWLRQDO�,QVWLWXWH�RI�(QYLURQPHQWDO�+HDOWK�6FLHQFHV��1,(+6���WKH�$JHQF\ 
IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5���WKH�&HQWHUV�IRU�'LVHDVH�&RQWURO�DQG 
3UHYHQWLRQ¶V�1DWLRQDO�&HQWHU�IRU�(QYLURQPHQWDO�+HDOWK��&'&�1&(+���DQG�WKH�1DWLRQDO�&HQWHU 
IRU�+HDOWK�6WDWLVWLFV��1&+6����7KHVH�IHGHUDO�HIIRUWV�KDYH�EHHQ�VXPPDUL]HG�LQ�WKH�Inventory of 
Federal Asthma Activities�SUHSDUHG�E\�WKH�)HGHUDO�/LDLVRQ�*URXS�RQ�$VWKPD���6FLHQWLVWV�IURP�WKH 
(3$�DUH�DOUHDG\�ZRUNLQJ�ZLWK�VRPH�RI�WKHVH�RUJDQL]DWLRQV�WR�HQVXUH�WKDW�(3$�UHVHDUFK 
VXSSOHPHQWV�DQG�H[SDQGV�FXUUHQW�UHVHDUFK�HIIRUWV�LQWR�WKH�FDXVHV�RI�DVWKPD��DVWKPD�WULJJHUV��DQG 
HIIHFWLYH�LQWHUYHQWLRQ�VWUDWHJLHV���$GGLWLRQDOO\��WKH�(3$�LV�UHSUHVHQWHG�RQ�YDULRXV�FRRUGLQDWLQJ 
ERGLHV�WKDW�DGGUHVV�WKH�VXEMHFW�RI�DVWKPD�WR�HQKDQFH�RWKHU�)HGHUDO�HIIRUWV�E\�EULQJLQJ�WKH 
H[SHUWLVH�DQG�IDFLOLWLHV�XQLTXH�WR�WKH�(3$�WR�SUHYLRXVO\�LQLWLDWHG�DVWKPD�UHVHDUFK� 

7KLV�LQYHQWRU\�LV�RUJDQL]HG�E\�WKH�VRXUFH�RI�IXQGLQJ��VSHFLILF�LQWUDPXUDO�UHVHDUFK�SURMHFWV 
DUH�SUHVHQWHG�ILUVW��IROORZHG�E\�H[WUDPXUDO�UHVHDUFK�JUDQWV�DQG�IHOORZVKLSV�IXQGHG�WKURXJK�WKH 
SURJUDP�Science to Achieve Results��67$5��DQG��ODVWO\��E\�RWKHU�25'�UHVHDUFK�RQ�DPELHQW�DLU 
SROOXWDQWV�WKDW�WDNHV�LQWR�FRQVLGHUDWLRQ�KHDOWK�ULVNV�WR�VHQVLWLYH�VXESRSXODWLRQV�ZLWK�DVWKPD� 
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Introduction 

&RQGXFWLQJ�UHVHDUFK�RQ�DVWKPD�LV�FRQVLVWHQW�ZLWK�WKH�PLVVLRQ�RI�WKH�(3$�WR�SURWHFW�SXEOLF 
KHDOWK�DQG�VDIHJXDUG�WKH�QDWXUDO�HQYLURQPHQW²DLU��ZDWHU��DQG�ODQG²XSRQ�ZKLFK�OLIH�GHSHQGV�� 
7KH�(3$�25'�LV�FRPPLWWHG�WR�VXSSRUWLQJ�WKH�SULQFLSOHV�RXWOLQHG�LQ�WKH�)HGHUDO�VWUDWHJ\�� 
����HOLPLQDWLQJ�WKH�GLVSURSRUWLRQDWH�LPSDFW�RI�DVWKPD�RQ�PLQRULWLHV�DQG�WKH�SRRU������LQFUHDVLQJ 
UHOLDQFH�RQ�FRPPXQLW\�EDVHG�SURJUDPV�DQG�SDUWQHUVKLSV�WR�VXFFHVVIXOO\�LPSOHPHQW�HIIHFWLYH 
HQYLURQPHQWDO��PHGLFDO��DQG�HGXFDWLRQDO�SURJUDPV������VHWWLQJ�PHDVXUDEOH�DQG�FRQVLVWHQW�JRDOV 
IRU�FKLOGKRRG�DVWKPD�DV�VHW�IRUWK�LQ�WKH�+HDOWK\�3HRSOH������SURJUDP��DQG�����LGHQWLI\LQJ 
VWUDWHJLHV�WKDW�DUH�HIIHFWLYH�LQ�UHGXFLQJ�DVWKPD�VR�WKH\�PD\�EH�LPSOHPHQWHG���,Q�DGGLWLRQ��WKH 
25'�UHFRJQL]HV�WKH�QHHG�WR�DGGUHVV�HQYLURQPHQWDOO\�UHODWHG�DVSHFWV�RI�DVWKPD�DV�WKH\�DSSO\�WR 
DGXOWV� 

7KH�IROORZLQJ�DVWKPD�UHVHDUFK�WR�EH�FRQGXFWHG�E\�WKH�25'�IRFXVHV�RQ�WKH�WKUHH�SULPDU\ 
DUHDV�LGHQWLILHG�LQ�WKH Asthma Research Strategy������LQGXFWLRQ�DQG�H[DFHUEDWLRQ�RI�DVWKPD� 
����VXVFHSWLELOLW\�IDFWRUV�FRQWULEXWLQJ�WR�DVWKPD�LQGXFWLRQ�RU�H[DFHUEDWLRQ��DQG�����ULVN 
DVVHVVPHQW��6SHFLILF�DJHQWV�VWXGLHG�ZLOO�LQFOXGH�ELRDHURVROV��SHVWLFLGHV��KD]DUGRXV�DLU�SROOXWDQWV 
DQG�FRPEXVWLRQ�UHODWHG�SURGXFWV���)DFWRUV�WR�EH�HYDOXDWHG�IRU�WKHLU�LQIOXHQFH�RQ�VXVFHSWLELOLW\ 
LQFOXGH�JHQHWLF�VXVFHSWLELOLW\��KHDOWK�VWDWXV��VRFLR�HFRQRPLF�VWDWXV��UHVLGHQFH�DQG�H[SRVXUH 
KLVWRU\��DQG�OLIHVW\OH� 

25'�,QWUDPXUDO�$VWKPD�5HVHDUFK�3URJUDP 

7KH�WKUHH�QDWLRQDO�ODERUDWRULHV��1+((5/��1(5/��1505/��DQG�WKH�1&($�ZLWKLQ�WKH 
25'�DUH�XQGHUWDNLQJ�DQ�LQWUDPXUDO�DVWKPD�UHVHDUFK�SURJUDP��VHH�7DEOH�%����WR�FKDUDFWHUL]H�WKH 
UROH�RI�YDULRXV�HQYLURQPHQWDO�IDFWRUV��H�J���PROGV�DQG�JDVHRXV�DQG�SDUWLFXODWH�SROOXWDQWV��LQ 
DVWKPD�DQG�WR�EHWWHU�XQGHUVWDQG�WKH�PHFKDQLVPV�RI�DOOHUJLF�VHQVLWL]DWLRQ�DQG�DVWKPD 
H[DFHUEDWLRQ���7KH�JHQHUDO�K\SRWKHVLV�LV�WKDW�HQYLURQPHQWDO�IDFWRUV�LQIOXHQFH�DVWKPD�RQVHW�DQG 
H[DFHUEDWLRQ�DQG�WKDW�WKHVH�IDFWRUV�FDQ�EH�FRQWUROOHG���7KH�SURJUDP�ZLOO�DOVR�DVVHVV�WKH�UHODWLYH 
UROH�WKHVH�SROOXWDQWV�SOD\�LQ�WKH�LQGRRU�YHUVXV�RXWGRRU�HQYLURQPHQWV�DQG�VWXG\�WKH�HIILFDF\�RI 
YDULRXV�LQWHUYHQWLRQ�SURWRFROV���6HYHUDO�SURMHFWV�DGGUHVV�DGXOW�SRSXODWLRQV�DV�SDUW�RI 
HSLGHPLRORJLFDO�VWXGLHV�DQG�LQ�FRQWUROOHG�FOLQLFDO�H[SRVXUH�VWXGLHV���&KLOGUHQ�DUH�VSHFLILFDOO\ 
WDUJHWHG�LQ�YDULRXV�HSLGHPLRORJ\�VWXGLHV�DURXQG�WKH�8�6���7KH�25'�LV�D�SDUWQHU�LQ�WKH�,QQHU�&LW\ 
$VWKPD�6WXG\��,&$6���D�PXOWL�FHQWHU�LQWHUYHQWLRQ�WULDO�DPRQJ�PRGHUDWH�WR�VHYHUH�DVWKPDWLF 
FKLOGUHQ�LQ�VHYHQ�FLWLHV��WKURXJK�DQ�,QWHUDJHQF\�$JUHHPHQW�ZLWK�WZR�1,+�LQVWLWXWHV��WKH�1DWLRQDO 
,QVWLWXWH�RI�$OOHUJ\�DQG�,QIHFWLRXV�'LVHDVHV�DQG�WKH�1DWLRQDO�,QVWLWXWH�IRU�(QYLURQPHQWDO�+HDOWK 
6FLHQFHV� 

1DWLRQDO�&HQWHU�IRU�(QYLURQPHQWDO�5HVHDUFK��6FLHQFH�WR�$FKLHYH�5HVXOWV�*UDQWV�3URJUDP 

7KH�PLVVLRQ�RI�WKH�1&(5�ZLWKLQ�WKH�25'�LV�WR�VWLPXODWH�WKH�UHVHDUFK�FRPPXQLW\�WR 
SURYLGH�KLJK�TXDOLW\��LQQRYDWLYH�LGHDV�DQG�VROXWLRQV�WR�SURWHFW�KXPDQ�KHDOWK�DQG�WKH 
HQYLURQPHQW���7KH�1&(5�SURJUDP��Science to Achieve Results��67$5���IXQGV�UHVHDUFK�JUDQWV 
DQG�IHOORZVKLSV�LQ�HQYLURQPHQWDO�VFLHQFH�DQG�HQJLQHHULQJ� 

,Q�������1&(5�EHJDQ�D�ILYH�\HDU�SDUWQHUVKLS�ZLWK�WKH�1DWLRQDO�,QVWLWXWH�RI�(QYLURQPHQWDO 
+HDOWK�6FLHQFHV��1,(+6��DQG�WKH�&HQWHUV�IRU�'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ��&'&��WR�VSRQVRU 
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HLJKW�&HQWHUV�IRU�&KLOGUHQ¶V�(QYLURQPHQWDO�+HDOWK�DQG�'LVHDVH�3UHYHQWLRQ�5HVHDUFK��VHH�7DEOH 
%������7KH�FHQWHUV�KDYH�XQGHUWDNHQ�PXOWL�GLVFLSOLQDU\�EDVLF�DQG�DSSOLHG�UHVHDUFK�LQ�FRPELQDWLRQ 
ZLWK�FRPPXQLW\�EDVHG�SUHYHQWLRQ�UHVHDUFK���7KHVH�HIIRUWV�VXSSRUW�VWXGLHV�RQ�WKH�FDXVHV�DQG 
PHFKDQLVPV�IRU�FKLOGUHQ¶V�GLVRUGHUV�KDYLQJ�DQ�HQYLURQPHQWDO�HWLRORJ\��LQFOXGLQJ�DVWKPD�DQG 
UHVSLUDWRU\�LOOQHVVHV���2QH�SURJUDP�LQYHVWLJDWHV�KRZ�H[SRVXUHV�WR�HQYLURQPHQWDO�SROOXWDQWV�DQG 
DOOHUJHQV�H[DFHUEDWH�DVWKPD�DQG�UHODWH�WR�RWKHU�OXQJ�GLVHDVHV�LQ�FKLOGUHQ�OLYLQJ�LQ�WKH�LQQHU�FLW\� 
ZKLOH�DQRWKHU�LV�VWXG\LQJ�FDXVHV�RI�DLUZD\�GLVHDVH�LQ�FKLOGUHQ�IURP�UXUDO�FRPPXQLWLHV���5HVHDUFK 
RQ�HIIHFWLYH�QHLJKERUKRRG�DQG�KRXVHKROG�LQWHUYHQWLRQV�WR�UHGXFH�ULVNV�RI�DVWKPD�LV�DOVR�DQ 
LPSRUWDQW�IRFXV�RI�WKH�FHQWHUV¶�SURJUDP���,Q�DGGLWLRQ�WR�WKH�FHQWHUV¶�JUDQWV��1&(5��LQ�SDUWQHUVKLS 
ZLWK�1,(+6��LV�VXSSRUWLQJ�WZR�HQYLURQPHQWDO�MXVWLFH�JUDQWV�WR�GHYHORS�HIIHFWLYH�FRPPXQLW\� 
EDVHG�HQYLURQPHQWDO�LQWHUYHQWLRQV�WR�KHOS�FRPEDW�DVWKPD�LQ�WKH�XUEDQ�HQYLURQPHQW� 

$QRWKHU�PDMRU�SULRULW\�IRU�WKH�67$5�SURJUDP�KDV�EHHQ�UHVHDUFK�UHODWHG�WR�SDUWLFXODWH 
PDWWHU�DLU�SROOXWLRQ���3DUWLFXODWH�PDWWHU��30��LV�WKH�JHQHUDO�WHUP�XVHG�IRU�D�PL[WXUH�RI�VROLG 
SDUWLFOHV�DQG�OLTXLG�GURSOHWV�IRXQG�LQ�WKH�DLU���3DUWLFXODWH�PDWWHU�H[LVWV�LQ�D�ZLGH�UDQJH�RI�VL]HV 
�IURP�ILQH�WR�FRDUVH��DQG�RULJLQDWHV�IURP�PDQ\�GLIIHUHQW�VWDWLRQDU\�DQG�PRELOH�VRXUFHV��DV�ZHOO�DV 
IURP�QDWXUDO�VRXUFHV���)LQH�SDUWLFOHV�FDQ�DFFXPXODWH�LQ�WKH�UHVSLUDWRU\�V\VWHP�DQG�DUH�DVVRFLDWHG 
ZLWK�QXPHURXV�KHDOWK�HIIHFWV�LQFOXGLQJ�WKH�DJJUDYDWLRQ�RI�DVWKPD���,Q�UHFRJQLWLRQ�RI�WKLV 
SRWHQWLDO�SXEOLF�KHDOWK�SUREOHP��1&(5�DZDUGHG�ILYH�\HDU�IXQGLQJ�WR�ILYH�XQLYHUVLW\�EDVHG�30 
5HVHDUFK�&HQWHUV�ZKLFK�DUH�XQGHUWDNLQJ�LQWHJUDWHG�SURJUDPV�RI�KHDOWK�UHVHDUFK��VHH�7DEOH�%����� 
([SRVXUH�VWXGLHV�DUH�EHLQJ�FRQGXFWHG�WR�EHWWHU�XQGHUVWDQG�DQG�FKDUDFWHUL]H�SHUVRQDO�H[SRVXUHV�WR 
30��H�J���VL]H�DQG�FRPSRVLWLRQ�RI�30��LQGRRU�DLU�YHUVXV�RXWGRRU�DLU�FRQWULEXWLRQ����&RQWUROOHG 
FOLQLFDO�VWXGLHV�LQ�KXPDQV�DQG�DQLPDO�WR[LFRORJ\�VWXGLHV�ZLOO�KHOS�LGHQWLI\�WKH�FRQVWLWXHQWV�RU 
SURSHUWLHV�RI�30�WKDW�DUH�PRVW�UHVSRQVLEOH�IRU�KXPDQ�KHDOWK�HIIHFWV�DQG�KHOS�H[SODLQ�KRZ�WKHVH 
HIIHFWV�RFFXU���7KH�UHVHDUFK�FHQWHUV�DOVR�DUH�GHYHORSLQJ�GRVLPHWU\�PRGHOV�WKDW�WDNH�LQWR�DFFRXQW 
WKH�DPRXQW�RI�30�GHSRVLWHG�LQWR�WKH�OXQJV�RI�H[SRVHG�LQGLYLGXDOV���7KLV�ZLOO�KHOS�HOXFLGDWH�WKH 
UHODWLRQVKLS�EHWZHHQ�SHUVRQDO�H[SRVXUH�WR�30�DQG�WKH�KHDOWK�UHVSRQVHV�RI�VHQVLWLYH�SRSXODWLRQV� 
VXFK�DV�WKRVH�ZLWK�DVWKPD���,Q�DGGLWLRQ��HSLGHPLRORJLFDO�VWXGLHV�DUH�XQGHUZD\�WR�H[DPLQH�WKH 
KHDOWK�HIIHFWV�RI�30�H[SRVXUH�LQ�VXVFHSWLEOH�VXESRSXODWLRQV� 

,Q�DGGLWLRQ��WKH�67$5�SURJUDP�KDV�DZDUGHG�D�QXPEHU�RI�LQGLYLGXDO�JUDQWV�WR�LQYHVWLJDWRUV 
H[DPLQLQJ�HQYLURQPHQWDO�LQIOXHQFHV�RQ�DVWKPD��VHH�7DEOH�%������([DPSOHV�UDQJH�IURP�WKH 
UHODWLRQVKLS�EHWZHHQ�H[SRVXUH�WR�30�DQG�H[DFHUEDWLRQ�RI�DVWKPD�WR�HIIHFWLYH�PHDQV�RI 
FRQWUROOLQJ�GXVW�PLWHV��D�FDXVH�RI�DVWKPD�LQ�VXVFHSWLEOH�LQGLYLGXDOV���)RU�PRUH�LQIRUPDWLRQ�RQ�WKH 
1&(5�JUDQWV�SURJUDPV��YLVLW�WKH�ZHE�VLWH��KWWS���HV�HSD�JRY�QFHUTD�� 

(3$�$PELHQW�$LU�5HVHDUFK 

7KH�(3$�LV�IXQGLQJ�WKUHH�UHVHDUFK�FHQWHUV�WR�FRQGXFW�DPELHQW�DLU�UHVHDUFK�RQ�WKH�LQGXFWLRQ 
DQG�H[DFHUEDWLRQ�RI�DVWKPD�LQ�WKH�SRSXODWLRQ��VHH�7DEOH�%������6SHFLILF�VWXGLHV�LQFOXGH�HIIHFWV�RI 
30�RQ�FKLOGKRRG�DVWKPD�DQG�WKH�LQGXFWLRQ�RI�DLUZD\�LQIODPPDWLRQ��PHFKDQLVPV�RI 
HQYLURQPHQWDO�OXQJ�GLVHDVHV��DQG�WKH�HIIHFWV�RI�DLU�WR[LFV�RQ�SHRSOH�ZLWK�SUHH[LVWLQJ�UHVSLUDWRU\ 
SUREOHPV�LQFOXGLQJ�DVWKPD� 

7KH�(3$�LV�FRQGXFWLQJ�D�ULVN�DQDO\VLV�IRU�30�DV�SDUW�RI�WKH�1DWLRQDO�$PELHQW�$LU�4XDOLW\ 
6WDQGDUGV��1$$46��UHYLHZ���$V�SDUW�RI�WKH�WRWDO�ULVN�DVVHVVPHQW��WKH�UHYLHZ�LQFOXGHV�D�ORRN�DW 
KRVSLWDO�DGPLVVLRQV�IRU�UHVSLUDWRU\�FDXVHV�DQG�WKH�ULVN�RI�DVWKPD�V\PSWRPV�IRU�FKLOGUHQ�H[SRVHG 
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WR�DPELHQW�SDUWLFXODWH�PDWWHU���7KH�(3$�DOVR�DQWLFLSDWHV�FRQGXFWLQJ�D�ULVN�DVVHVVPHQW�IRU�WKH 
R]RQH�1$$46�UHYLHZ��ZKLFK�ZLOO�LQFOXGH�ORRNLQJ�DW�WKH�LQFUHDVHG�ULVN�RI�FKLOGKRRG�DVWKPD�DW 
KLJKHU�DPELHQW�R]RQH�OHYHOV� 

,Q�DGGLWLRQ��WKH�(3$�LV�FRQGXFWLQJ�UHVHDUFK�RQ�VXOIXU�GLR[LGH��62����D�VXVSHFWHG�DVWKPD 
WULJJHU���$V�DQQRXQFHG�LQ�WKH�)HGHUDO�5HJLVWHU�RQ�-DQXDU\����������WKH�(3$�SODQV�WR�SURSRVH�DQ 
LQWHJUDWHG�PRQLWRULQJ�VWUDWHJ\�WR�UHYLVH�WKH�PLQLPXP�UHTXLUHPHQWV�IRU�DPELHQW�PRQLWRULQJ�LQ 
FRPSOLDQFH�ZLWK�WKH�62��1$$46���7KH�(3$�DOVR�LQWHQGV�WR�LVVXH�62��PRQLWRULQJ�JXLGHOLQHV�WR 
DVVLVW�VWDWH�DQG�ORFDO�DLU�SROOXWLRQ�FRQWURO�DJHQFLHV�LQ�HYDOXDWLQJ�WKHLU�QHWZRUNV�DQG�WKH 
DSSURSULDWHQHVV�RI�UHYLVLQJ�VXFK�QHWZRUNV�WR�EHWWHU�DGGUHVV�WKH�LVVXH�RI�VKRUW�WHUP��ILYH�PLQXWHV� 
SHDNV�RI�62��WKDW�KDYH�EHHQ�VKRZQ�WR�FDXVH�EUHDWKLQJ�GLIILFXOW\�LQ�VHQVLWLYH�SHRSOH�ZLWK�DVWKPD�� 
)LQDOO\��WKH�(3$�LV�VHHNLQJ�VXSSRUW�DQG�SDUWLFLSDWLRQ�IURP�WKH�VWDWHV�DQG�LQGXVWU\�WR�GHYHORS 
SODQV�IRU�FROOHFWLQJ�DGGLWLRQDO�ILYH�PLQXWH�DLU�TXDOLW\�PRQLWRULQJ�GDWD���7KLV�HIIRUW�LV�H[SHFWHG�WR 
WDNH�DERXW�WZR�\HDUV�LQFOXGLQJ�SODQQLQJ��FRRUGLQDWLRQ��GDWD�FROOHFWLRQ��DQG�DQDO\VLV�DQG�WR 
SURYLGH�LPSRUWDQW�QHZ�LQIRUPDWLRQ�RQ�WKH�OLNHOLKRRG�DQG�QDWXUH�RI�ILYH�PLQXWH�SHDN�62� 

FRQFHQWUDWLRQV�WKDW�PD\�RFFXU�DURXQG�YDULRXV�W\SHV�RI�LQGXVWULDO�IDFLOLWLHV���7KH�PRQLWRULQJ 
LQIRUPDWLRQ�ZLOO�KHOS�LQIRUP�GHFLVLRQV�LQ�WKH�QH[W�SHULRGLF�UHYLHZ�RI�WKH�62��1$$46� 

Healthy People 2010 Objectives: 

������+RVSLWDOL]DWLRQV�IRU�DVWKPD 
������+RVSLWDO�HPHUJHQF\�GHSDUWPHQW�YLVLWV�IRU�DVWKPD 
������$SSURSULDWH�DVWKPD�FDUH 

EPA Contacts: 

0DU\�6PLWK��2(&$�25(�$('��UHSUHVHQWDWLYH�IRU�(3$�DVWKPD�SURJUDPV�DQG�LQWHUDJHQF\ 
FRPPLWWHHV 

-LP�5DXE��25'�1&($�1&($�573��UHSUHVHQWDWLYH�IRU�25'�DVWKPD�UHVHDUFK�VWUDWHJ\ 
DQG�WUDFNLQJ 
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TABLE B-1. ORD INVENTORY OF INTRAMURAL ASTHMA RESEARCH PROJECTS


OMIS 
Task 

Project Title No.1 Status Lab/Center2 Investigators Project Period 

����'HYHORS�WHVW�PHWKRGV�WR�DFFHVV�WKH�SRWHQWLDO 
�����DOOHUJHQLFLW\�RI�HQYLURQPHQWDO�FRQWDPLQDQWV 

����&KDUDFWHUL]DWLRQ�RI�WKH�DOOHUJHQLFLW\�RI�Stachybotrys 
�����chartarum�DQG�RWKHU�PROGV�LQ�WKH�LQGRRU 
�����HQYLURQPHQW�DQG�ULVNV�WR�FKLOGUHQ 

����,QIOXHQFH�RI�HQYLURQPHQWDO�IDFWRUV�RQ�DOOHUJLF 
�����VHQVLWL]DWLRQ�WR�GXVW�PLWH�DOOHUJ\ 

����(QKDQFHPHQW�RI�DOOHUJLF�UHVSRQVHV�LQ�PLFH�E\ 
�����SDUWLFXODWH�PDWWHU 

����,QWHUDFWLRQV�RI�SDUWLFXODWH�PDWWHU�DLU�SROOXWLRQ�ZLWK 
�����OXQJ�VHQVRU\�QHUYHV 

����1HXURSK\VLRORJ\�OLQNV�EHWZHHQ�VHQVRU\�LUULWDWLRQ 
�����DQG�FDUGLDF�IXQFWLRQ 

����(IIHFW�RI�DOOHUJHQ�FKDOOHQJH�RQ�VXUIDFWDQW�IXQFWLRQ 
�����DQG�R[\JHQ�VDWXUDWLRQ 

����8VH�RI�LQGXFHG�VSXWXP�WR�GHWHUPLQH�GLIIHUHQFHV�LQ 
�����UHVSRQVH�RI�QRUPDO�DQG�DVWKPDWLF�VXEMHFWV 

����([SRVXUH�RI�DVWKPDWLFV�WR�FRQFHQWUDWHG�DPELHQW 
�����SDUWLFOHV��&$36� 

����'LIIHUHQFHV�LQ�JHQH�H[SUHVVLRQ�EHWZHHQ�FHOOV�IURP 
������QRUPDO�DQG�DVWKPDWLF�VXEMHFWV 

����([DFHUEDWLRQ�RI�DVWKPD�E\�SDUWLFXODWH�PDWWHU 

����1DWLRQDO�&KLOGUHQ¶V�6WXG\ 

��� $FWLYH 1+((5/ 6HOJUDGH��0-

���� $FWLYH 1+((5/ 6HOJUDGH��0-�� 
1(5/ :DUG��0 

9HVSHU��6 

��� $FWLYH 1+((5/ *LOPRXU��, 

��� $FWLYH 1+((5/ *DYHWW��6 ��������� 

��� 3HQGLQJ 1+((5/ *DYHWW��6 ��������� 
SRVWGRF 

��� $FWLYH 1+((5/ &RVWD��' ��������� 

��� $FWLYH 1+((5/ :LHVWHU��0-

��� $FWLYH 1+((5/ 'HYOLQ��5 

��� $FWLYH 1+((5/ .HKUO��+ 

��� $FWLYH 1+((5/ 'HYOLQ��5 

���� $FWLYH 1+((5/ 1HDV��/ 

3HQGLQJ 1+((5/ 0HQGROD��3 
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VWDUW�XS




TABLE B-1 (cont’d). ORD INVENTORY OF INTRAMURAL ASTHMA RESEARCH PROJECTS 

OMIS 
Task 

Project Title No.1 Status Lab/Center2 Investigators Project Period 

����(IIHFWV�RI�VKRUW�WHUP�R]RQH�H[SRVXUH�XSRQ�DVWKPD 
������VWDWXV 

����/RQJ�WHUP�R]RQH�H[SRVXUH�DQG�LQFLGHQFH�RI 
������DVWKPD�LQ�DGXOWV 

����/RQJ�WHUP�H[SRVXUH�WR�DLU�SROOXWDQWV�DQG�LQFLGHQFH�RI���� 
������UHVSLUDWRU\�GLVHDVH�LQ�FKLOGUHQ 

����6KRUW�WHUP�H[SRVXUH�WR�R]RQH�DQG�UDWHV�RI 
������KRVSLWDOL]DWLRQ 

����$�SLORW�KRPH�DVWKPD�LQWHUYHQWLRQ�VWXG\�LQ�%RVWRQ 
������SXEOLF�KRXVLQJ 

����&KDUDFWHUL]DWLRQ�RI�LQGRRU�92&�DLU�WR[LFV 
������HPLVVLRQV�IURP�VRXUFHV�FRQWUROOHG�E\�LQWHUQDO 
������GLIIXVLRQ 

����$ELOLW\�WR�UHGXFH�LQGRRU�H[SRVXUH�WR�92&�DLU 
������WR[LFV�IURP�SKRWRFRSLHUV�WKURXJK�MXGLFLRXV 
������VHOHFWLRQ�RI�WRQHU 

����'HYHORSPHQW�RI�JXLGDQFH�WR�UHGXFH�WKH�H[SRVXUH 
������RI�FKLOGUHQ�ZLWK�UHVSLUDWRU\�SUREOHPV�WR�DLUERUQH 
������LUULWDQWV�ZKLOH�LQ�VFKRRO��³%X\�&OHDQ´� 

����3HUIRUPDQFH�RI�R]RQH�JHQHUDWRUV�VROG�DV�LQGRRU 
������DLU�FOHDQHUV��DQG�WKH�SRWHQWLDO�UROH�RI�R]RQH�LQ 
������FUHDWLQJ�DLU�WR[LFV�WKURXJK�LQGRRU�DLU�FKHPLVWU\ 

����+RPH�GHVLJQ�DQG�RSHUDWLRQ�WR�UHGXFH�H[SRVXUH�RI 
������RFFXSDQWV�WR�ILQH�30�LQILOWUDWLQJ�IURP�RXWGRRUV 

��� &RPSOHWHG 1+((5/ 0F'RQQHOO��: 

��� &RPSOHWHG 1+((5/ 0F'RQQHOO��: 

��� $FWLYH 1+((5/ 0F'RQQHOO��: 

��� $FWLYH 1+((5/ 0F'RQQHOO��: 

���� &RPSOHWHG 1505/ +RZDUG��% ��������� 

���� $FWLYH 1505/ &KDQJ��-

���� $FWLYH 1505/ +HQVFKHO��'% ��������� 

���� $FWLYH 1505/ +HQVFKHO��'% ��������� 

���� $FWLYH 1505/ 0DVRQ��0 ��������� 
���� 

���� $FWLYH 1505/ 0RVOH\��5 ��������� 
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TABLE B-1 (cont’d). ORD INVENTORY OF INTRAMURAL ASTHMA RESEARCH PROJECTS 

OMIS 
Task 

Project Title No.1 Status Lab/Center2 Investigators Project Period 

����&KDUDFWHUL]DWLRQ�RI�LQGRRU�ILQH�30�HPLVVLRQ 
������VRXUFHV 

���� $FWLYH 1505/ *XR��= ���������


����,PSDFW�RI�KRPH�FRQVWUXFWLRQ��RSHUDWLRQ��DQG 
������IXUQLVKLQJV�RQ�RFFXSDQW�H[SRVXUH�WR�JDVHRXV 
������FRPEXVWLRQ�UHODWHG�SROOXWDQWV��&53V��LQILOWUDWLQJ 
������IURP�RXWGRRUV 

�����	 3HQGLQJ 
VWDUW�XS 

1505/ 0RVOH\��5 ���������


����(IIHFWLYHQHVV�RI�DLU�FOHDQHUV�IRU�UHGXFLQJ�ULVN�IURP 
������LQGRRU�SROOXWDQWV 

����	 3HQGLQJ 
VWDUW�XS 

1505/ 6SDUNV��/ ���������


��� 6RXUFH�FKDUDFWHUL]DWLRQ�DQG�ULVN�PDQDJHPHQW�RSWLRQV 
WR�UHGXFH�DLUERUQH�H[SRVXUH�WR�Stachybotrys chartarum 
DQG�RWKHU�PLFURELRORJLFDOV 

���� $FWLYH 1505/ 0HQHWUH]��0 ���������
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�����5LVN�PDQDJHPHQW�RSWLRQV�IRU�LQGRRU 
�������PLFURELRORJLFDOV 

����	 3HQGLQJ 
VWDUW�XS 

1505/ 0HQHWUH]��0 ���������


�����'HYHORSPHQW�DQG�GHPRQVWUDWLRQ�RI�LPSURYHG 
�������PHWKRGV�IRU�VDPSOLQJ�DQG�DQDO\VLV�RI�ILQH�LQGRRU 
�������ELRDHURVROV��DQG�DVVHVVPHQW�RI�WKH�H[WHQW�WR 
�������ZKLFK�LQGRRU�ELRDHURVROV�LQILOWUDWH�IURP�RXWGRRUV 

���� $FWLYH 1505/ 0HQHWUH]��0 ���������


�����9DOLGDWLRQ�RI�LPSURYHG�PHWKRGV�IRU�VDPSOLQJ�DQG 
�������DQDO\VLV�RI�ILQH�LQGRRU�ELRDHURVROV�IRU�XVH�DV�D 
�������SURWRFRO�IRU�WKH�1DWLRQDO�&KLOGUHQ¶V�6WXG\ 

3HQGLQJ

VWDUW�XS


1505/ 0HQHWUH]��0 ���������


�����5LVN�DVVHVVPHQW�DQG�ULVN�PDQDJHPHQW�IRU�LQGRRU 
�������PROG 

����� $FWLYH 1(5/ 
1&($�:$ 
1+((5/ 
1505/ 

9HVSHU��6 ���������


����$PELHQW�30�H[SRVXUH�DQG�UHVSLUDWRU\�KHDOWK�LQ 
������IRXU�&KLQHVH�FLWLHV 

$FWLYH 1&($�573 &KDSPDQ��5




TABLE B-1 (cont’d). ORD INVENTORY OF INTRAMURAL ASTHMA RESEARCH PROJECTS 

OMIS 
Task 

Project Title No.1 Status Lab/Center2 Investigators Project Period 

����(IIHFW�RI�HQGRJHQRXV�QLWULF�R[LGH�SURGXFWLRQ�RQ $FWLYH 1&($�573 5DXE��- ��������� 
������R]RQH�H[SRVXUH�GRVLPHWU\�DQG�UHVSRQVH�LQ 81&�&(0/% 
������DVWKPDWLF�VXEMHFWV 

��25'�0DQDJHPHQW�,QIRUPDWLRQ�6\VWHP��20,6�

��.H\�WR�25'�/DERUDWRULHV�DQG�&HQWHUV��1+((5/� �1DWLRQDO�+HDOWK�DQG�(QYLURQPHQWDO�(IIHFWV�5HVHDUFK�/DERUDWRU\��1(5/� �1DWLRQDO

��([SRVXUH�5HVHDUFK�/DERUDWRU\��1505/� �1DWLRQDO�5LVN�0DQDJHPHQW�5HVHDUFK�/DERUDWRU\��1&($� �1DWLRQDO�&HQWHU�IRU�(QYLURQPHQWDO

��$VVHVVPHQW�
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TABLE B-2. EPA/NIEHS CENTERS OF EXCELLENCE IN CHILDREN’S ENVIRONMENTAL HEALTH AND DISEASE 
PREVENTION RESEARCH: Asthma Research Projects1 

EPA Project 
Project Title Grant Status Center Investigators/Institutions Period 

���� $VWKPD�LQ�FKLOGUHQ��D�FRPPXQLW\�EDVHG 
LQWHUYHQWLRQ�SURMHFW 

���� &KLOGUHQ¶V�VXVFHSWLELOLW\�WR�DLU�SROOXWLRQ 

���� &KLOGUHQ¶V�H[SRVXUH�WR�HQYLURQPHQWDO�WREDFFR 
VPRNH��FKDQJHV�LQ�DOOHUJLF�UHVSRQVH 

���� 0XOWL�FRPSRQHQW�LQWHUYHQWLRQ�VWXG\�RI 
DVWKPD�LQ�FKLOGUHQ�IURP�UXUDO�FRPPXQLWLHV 

���� 0HFKDQLVPV�WKDW�LQLWLDWH��SURPRWH��DQG 
UHVROYH�JUDLQ�GXVW�/36��LQGXFHG�LQIODPPDWLRQ 

���� 5ROH�RI�569�LQIHFWLRQ�DQG�HQGRWR[LQ�LQ 
DLUZD\�LQIODPPDWLRQ 

���� $�PRGHO�WR�VWXG\�WKH�GHYHORSPHQW�RI 
SHUVLVWHQW�HQYLURQPHQWDO�DLUZD\�GLVHDVH 

���� $�FRPPXQLW\�EDVHG�LQWHUYHQWLRQ�WR�UHGXFH 
HQYLURQPHQWDO�WULJJHUV�IRU�DVWKPD�DPRQJ 
FKLOGUHQ 

���� ,QGRRU�DQG�RXWGRRU�DLU�FRQWDPLQDQW�H[SRVXUHV 
DQG�DVWKPD�DJJUDYDWLRQ�DPRQJ�FKLOGUHQ 

��� &KHPRNLQHV�LQ�WKH�SDWKRJHQHVLV�RI�DVWKPD 

5������ $FWLYH	 &KLOGUHQ¶V�(QYLURQPHQWDO 
+HDOWK�&HQWHU 

5������ $FWLYH	 &KLOGUHQ¶V�(QYLURQPHQWDO 
+HDOWK�&HQWHU 

5������ $FWLYH	 &KLOGUHQ¶V�(QYLURQPHQWDO 
+HDOWK�&HQWHU 

5������ $FWLYH	 $LUZD\�'LVHDVH�LQ�&KLOGUHQ 
IURP�5XUDO�&RPPXQLWLHV 

5������ $FWLYH	 $LUZD\�'LVHDVH�LQ�&KLOGUHQ 
IURP�5XUDO�&RPPXQLWLHV 

5������ $FWLYH	 $LUZD\�'LVHDVH�LQ�&KLOGUHQ 
IURP�5XUDO�&RPPXQLWLHV 

5������ $FWLYH	 $LUZD\�'LVHDVH�LQ�&KLOGUHQ 
IURP�5XUDO�&RPPXQLWLHV 

5������ $FWLYH	 0LFKLJDQ�&HQWHU�IRU�WKH 
(QYLURQPHQW�DQG�&KLOGUHQ¶V 
+HDOWK 

5������ $FWLYH	 0LFKLJDQ�&HQWHU�IRU�WKH 
(QYLURQPHQW�DQG�&KLOGUHQ¶V 
+HDOWK 

5������ $FWLYH	 0LFKLJDQ�&HQWHU�IRU�WKH 
(QYLURQPHQW�DQG�&KLOGUHQ¶V 
+HDOWK 

*RQJ��+��-RQHV��&��0F&RQQHOO��5 
�8QLYHUVLW\�RI�6RXWKHUQ�&DOLIRUQLD� 

*RQJ��+��-RQHV��&��0F&RQQHOO��5 
�8QLYHUVLW\�RI�6RXWKHUQ�&DOLIRUQLD� 

*RQJ��+��-RQHV��&��0F&RQQHOO��5 
�8QLYHUVLW\�RI�6RXWKHUQ�&DOLIRUQLD� 

6FKZDUW]��'��0HUFKDQW��-
�8QLYHUVLW\�RI�,RZD� 

6FKZDUW]��'��0HUFKDQW��-
�8QLYHUVLW\�RI�,RZD� 

6FKZDUW]��'��0HUFKDQW��-
�8QLYHUVLW\�RI�,RZD� 

6FKZDUW]��'��0HUFKDQW��-
�8QLYHUVLW\�RI�,RZD� 

,VUDHO��%��3DUNHU��( 
�8QLYHUVLW\�RI�0LFKLJDQ� 

,VUDHO��%��3DUNHU��( 
�8QLYHUVLW\�RI�0LFKLJDQ� 

,VUDHO��%��3DUNHU��( 
�8QLYHUVLW\�RI�0LFKLJDQ� 

��������� 

��������� 

��������� 

��������� 

��������� 

��������� 

��������� 

��������� 

��������� 

��������� 
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TABLE B-2 (cont’d).  EPA/NIEHS CENTERS OF EXCELLENCE IN CHILDREN’S ENVIRONMENTAL HEALTH AND 
DISEASE PREVENTION RESEARCH: Asthma Research Projects1 

EPA Project 
Project Title Grant Status Center Investigators/Institutions Period 

���	 $�UDQGRPL]HG��FRQWUROOHG�WULDO�RI�KRPH 
H[SRVXUH�FRQWURO�LQ�DVWKPD 

���	 7KH�UHODWLRQVKLS�RI�DLUERUQH�SROOXWDQWV�DQG 
DOOHUJHQV�WR�DVWKPD�PRUELGLW\ 

���	 0HFKDQLVPV�RI�SDUWLFXODWH�LQGXFHG�DOOHUJLF 
DVWKPD 

���	 *HQHWLF�PHFKDQLVPV�RI�VXVFHSWLELOLW\�WR 
LQKDOHG�SROOXWDQWV 

���	 &RPPXQLW\�EDVHG�LQWHUYHQWLRQ��UHGXFLQJ 
ULVNV�RI�DVWKPD 

���	 5HVHDUFK�RQ�DVWKPD��SUHQDWDO�DQG�SRVWQDWDO 
HQYLURQPHQWDO�H[SRVXUH 

5������ $FWLYH	 7KH�-RKQV�+RSNLQV�8QLYHUVLW\�&HQWHU 
IRU�WKH�$VWKPDWLF�&KLOG�LQ��WKH�8UEDQ 
(QYLURQPHQW 

5������ $FWLYH	 7KH�-RKQV�+RSNLQV�8QLYHUVLW\�&HQWHU 
IRU�WKH�$VWKPDWLF�&KLOG�LQ�WKH�8UEDQ 
(QYLURQPHQW 

5������ $FWLYH	 7KH�-RKQV�+RSNLQV�8QLYHUVLW\�&HQWHU 
IRU�WKH�$VWKPDWLF�&KLOG�LQ�WKH�8UEDQ 
(QYLURQPHQW 

5������ $FWLYH	 7KH�-RKQV�+RSNLQV�8QLYHUVLW\�&HQWHU 
IRU�WKH�$VWKPDWLF�&KLOG�LQ�WKH�8UEDQ 
(QYLURQPHQW 

5������ $FWLYH	 &ROXPELD�&HQWHU�IRU�&KLOGUHQ¶V 
(QYLURQPHQWDO�+HDOWK 

5������ $FWLYH	 &ROXPELD�&HQWHU�IRU�&KLOGUHQ¶V 
(QYLURQPHQWDO�+HDOWK 

(JJOHVWRQ��3 
�-RKQV�+RSNLQV�8QLYHUVLW\� 

(JJOHVWRQ��3 
�-RKQV�+RSNLQV�8QLYHUVLW\� 

(JJOHVWRQ��3 
�-RKQV�+RSNLQV�8QLYHUVLW\� 

(JJOHVWRQ��3 
�-RKQV�+RSNLQV�8QLYHUVLW\� 

3HUHUD��) 
�&ROXPELD�8QLYHUVLW\� 

3HUHUD��) 
�&ROXPELD�8QLYHUVLW\� 

3HUHUD��) 
�&ROXPELD�8QLYHUVLW\� 

(VNHQD]L��% 
�8QLYHUVLW\�RI�&DOLIRUQLD 
DW�%HUNHOH\� 

��������� 

��������� 

��������� 

��������� 

��������� 

��������� 

��������� 

��������� 
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��� 5HVHDUFK�SURMHFW�RQ�JURZWK�DQG�GHYHORSPHQW 5������ $FWLYH	 &ROXPELD�&HQWHU�IRU�&KLOGUHQ¶V 
(QYLURQPHQWDO�+HDOWK 

���	 7KH�HSLGHPLRORJLFDO�LQYHVWLJDWLRQ�RI�WKH 5������ $FWLYH &HQWHU�IRU�5HVHDUFK�RQ�WKH�([SRVXUHV 
HIIHFWV�RI�SHVWLFLGH�H[SRVXUH�RQ DQG�+HDOWK�RI�)DUP�:RUNHU�&KLOGUHQ 
QHXURGHYHORSPHQW��JURZWK��DQG�UHVSLUDWRU\ LQ�&DOLIRUQLD 
KHDOWK�RI�IDUPZRUNHU�FKLOGUHQ 

���25'�0DQDJHPHQW�,QIRUPDWLRQ�6\VWHP��20,6��1R������� 



TABLE B-3. ORD/NCER PARTICULATE MATTER RESEARCH CENTERS: Asthma Research Projects� 

EPA Project 
Project Title Grant Status Center Investigators/Institutions2 Period 

�� $VWKPD�H[DFHUEDWLRQ�VWXG\��30�HQKDQFHPHQW�RI 5������ $FWLYH 6RXWKHUQ�&DOLIRUQLD�&HQWHU )URLQHV��-5��&RORPH��6'��7XUFR��53 ��������� 
WKH�DQWLJHQ�VSHFLILF�,J(�UHVSRQVH IRU�$LUERUQH�3DUWLFXODWH �8&/$��8&,��DQG�8&5��&,7��86&� 

0DWWHU 5/$0&� 
�� $OOHUJLF�LQIODPPDWLRQ�VWXG\��DGMXYDQW�HIIHFWV�RI 5������ $FWLYH 6RXWKHUQ�&DOLIRUQLD�&HQWHU )URLQHV��-5��&RORPH��6'��7XUFR��53 ��������� 

3$+�DQG�UHGR[�DFWLYH�TXLQRQHV�LQ�30 IRU�$LUERUQH�3DUWLFXODWH �8&/$��8&,��DQG�8&5��&,7��86&� 
0DWWHU 5/$0&� 

�� $LUERUQH�30�DQG�TXLQRQH�VWXG\��UHDFWLRQ�ZLWK 5������ $FWLYH 6RXWKHUQ�&DOLIRUQLD�&HQWHU )URLQHV��-5��&RORPH��6'��7XUFR��53 ��������� 
WLVVXH�QXFOHRSKLOHV IRU�$LUERUQH�3DUWLFXODWH �8&/$��8&,��DQG�8&5��&,7��86&� 

0DWWHU 5/$0&� 
�� &RPSUHKHQVLYH�H[SRVXUH�DQG�KHDOWK�HIIHFW 5������ $FWLYH 1RUWKZHVW�5HVHDUFK�&HQWHU .RHQLJ��-4��/LX��/�-��&RYHUW��'6� ��������� 

DVVHVVPHQW�LQ�VXVFHSWLEOH�VXESRSXODWLRQV IRU�3DUWLFXODWH�$LU�3ROOXWLRQ &ODLERUQ��& 
DQG�+HDOWK �8QLYHUVLW\�RI�:DVKLQJWRQ� 

:DVKLQJWRQ�6WDWH�8QLYHUVLW\� 
�� 8OWUDILQH�SDUWLFOH��FKDUDFWHUL]DWLRQ��KHDOWK�HIIHFWV� 5������ $FWLYH 5RFKHVWHU�30�&HQWHU 8WHOO��0��)UDPSWRQ��0 ��������� 

DQG�SDWKRSK\VLRORJLFDO�PHFKDQLVPV���FOLQLFDO �8QLYHUVLW\�RI�5RFKHVWHU� 
VWXGLHV �8��RI�5RFKHVWHU��&,7� 

8&5��*6)��15&(+��57,� 
681<�DW�%XIIDOR��810� 

�� 8OWUDILQH�SDUWLFOH��FKDUDFWHUL]DWLRQ��KHDOWK�HIIHFWV� 5������ $FWLYH 5RFKHVWHU�30�&HQWHU )LQNHOVWHLQ��- ��������� 
DQG�SDWKRSK\VLRORJLFDO�PHFKDQLVPV��LQ�YLWUR 
PHFKDQLVPV 

�� $�SURVSHFWLYH�VWXG\�RI�DVWKPD�VXVFHSWLELOLW\�WR 5������ $FWLYH 1HZ�<RUN�8QLYHUVLW\�30 7KXUVWRQ��*'��5HLEPDQ��- ��������� 
30���HSLGHPLRORJLF�LQYHVWLJDWLRQV�RI�NH\�30 &HQWHU �1HZ�<RUN�8QLYHUVLW\� 
FRPSRQHQWV�DQG�ELRPDUNHUV�RI�HIIHFWV 

�� $PELHQW�SDUWLFOH�HIIHFWV��H[SRVXUH��VXVFHSWLELOLW\� 5������ $FWLYH +DUYDUG�30�&HQWHU .RXWUDNLV��3��*RGOHVNL��--�� ��������� 
DQG�PHFKDQLVPV 6FKZDUW]��-�HW�DO� 

�+DUYDUG�8QLYHUVLW\� 
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� 25'�0DQDJHPHQW�,QIRUPDWLRQ�6\VWHP��20,6��1R������ 
� .H\�WR�,QVWLWXWLRQV��8&/$� �8QLYHUVLW\�RI�&DOLIRUQLD�DW�/RV�$QJHOHV��8&,� �8QLYHUVLW\�RI�&DOLIRUQLD�DW�,UYLQH��8&5� �8QLYHUVLW\�RI�&DOLIRUQLD�DW�5LYHUVLGH� 

&,7� �&DOLIRUQLD�,QVWLWXWH�RI�7HFKQRORJ\��86&� �8QLYHUVLW\�RI�6RXWKHUQ�&DOLIRUQLD��5/$0&� �5DQFKR�/RV�$PLJRV�0HGLFDO�&HQWHU�*6)�15&(+� 
*6)��1DWLRQDO�5HVHDUFK�&HQWHU�IRU�(QYLURQPHQW�DQG�+HDOWK��1HXKHUEHUJ��*HUPDQ\���57,� �5HVHDUFK�7ULDQJOH�,QVWLWXWH��681<� �6WDWH�8QLYHUVLW\�RI�1HZ 
<RUN��810� �8QLYHUVLW\�RI�1HZ�0H[LFR� 



TABLE B-4. SCIENCE TO ACHIEVE RESULTS (STAR) GRANTS: Air Pollution Research Projects on Asthma 

OMIS 
EPA Task Project 

Project Title Grant No.1 Status Institutions Investigators Period 

��	 3DUWLFXODWH�DLU�SROOXWLRQ�DQG�LQLWLDWLRQ�RI 
DVWKPD� 

��	 0HFKDQLVPV�RI�DJH�GHSHQGHQW�R]RQH 
LQGXFHG�DLUZD\�G\VIXQFWLRQ 

��	 6FKRRO�EDVHG�VWXG\�RI�FRPSOH[ 
HQYLURQPHQWDO�H[SRVXUHV�DQG�UHODWHG�KHDOWK 
HIIHFWV�LQ�FKLOGUHQ���3DUW�$�H[SRVXUH 

��	 +HDOWK�HIIHFWV�RI�+$3V�DPRQJ�LQQHU�XUEDQ 
VFKRRO�FKLOGUHQ 

��	 +XPDQ�KHDOWK�HIIHFWV�RI�H[SRVXUH�WR 
XOWUDILQH�SDUWLFOHV 

��	 $LUERUQH�SDUWLFXODWH�PDWWHU�LQGXFHG�OXQJ 
LQIODPPDWLRQ 

��	 (IIHFWV�RI�LQKDOHG�XOWUDILQH�SDUWLFOHV�RQ 
DVWKPD 

��	 8OWUDILQH�SDUWLFOHV�LQ�XUEDQ�DQG�UHVSLUDWRU\ 
KHDOWK�DPRQJ�FKLOGUHQ�ZLWK�UHVSLUDWRU\ 
V\PSWRPV 

��	 )DFWRUV�FRQWUROOLQJ�WKH�GXVW�PLWH 
SRSXODWLRQ�LQ�WKH�LQGRRU�HQYLURQPHQW 

��� (IIHFW�RI�DPPRQLXP�ELVXOIDWH�DQG�FDUERQ 
EODFN�SDUWLFOHV�LQKDOHG�DORQH�DQG�LQ 
FRPELQDWLRQ�RQ�DLUZD\�UHDFWLYLW\�LQ 
VHQVLWL]HG�EURZQ�1RUZD\�UDWV 

��� $FLGLF�30�DQG�GDLO\�KXPDQ�PRUWDOLW\�LQ 
WKUHH�8�6��FLWLHV 

��� &HOOXODU�PHFKDQLVPV�RI�SXOPRQDU\ 
LQIODPPDWLRQ�E\�HQYLURQPHQWDO�SDUWLFOHV 

5������ ���� $FWLYH 

5������ ���� $FWLYH 

5������ ���� $FWLYH 

5������ ���� $FWLYH 

5������ ���� $FWLYH 

5������ ���� $FWLYH 

5������ ���� $FWLYH 

5������ ���� $FWLYH 

5������ ���� &RPSOHWHG 
�������� 

5������ ���� &RPSOHWHG 
������� 

5������ ���� &RPSOHWHG 
�������� 

5������ &RPSOHWHG 
������� 

+DUYDUG�8QLYHUVLW\ 

+DUYDUG�6FKRRO�RI�3XEOLF 
+HDOWK 

8QLYHUVLW\�RI�0LQQHVRWD 

6FKRRO�RI�3XEOLF�+HDOWK� 
8QLYHUVLW\�RI�0LQQHVRWD 
8QLYHUVLW\�RI�5RFKHVWHU 
6FKRRO�RI�0HGLFLQH�DQG 
'HQWLVWU\ 

8QLYHUVLW\�RI�7H[DV� 
+RXVWRQ�+HDOWK�6FLHQFH 
&HQWHU 
/RYHODFH�5HVSLUDWRU\ 
5HVHDUFK�,QVWLWXWH 
+DUYDUG�8QLYHUVLW\ 

:ULJKW�6WDWH�8QLYHUVLW\ 

/RYHODFH�5HVSLUDWRU\ 
5HVHDUFK�,QVWLWXWH 

1HZ�<RUN�8QLYHUVLW\ 
6FKRRO�RI�0HGLFLQH 
+DUYDUG�6FKRRO�RI�3XEOLF 
+HDOWK 

.RE]LN��/��.RXWUDNLV��3� 
6KRUH��6��*RQ]DOH]�)OHFKD��% 

6KRUH��6 

6H[WRQ��.��$GJDWH��-��*UHDYHV� 
,��&KXUFK��7��5DPDFKDQGUDQ��* 

*UHDYHV��,��6H[WRQ��.� 
&KXUFK��7��$GJDWH��-
)UDPSWRQ��0��8WHOO��0� 
2EHUGRUVWHU��*��0DUGHU��9� 
=DUHED��: 

+ROLDQ��$��0RUDQGL��07� 
3DUVOH\��( 

%LFH��'(��5HGPDQ��7.��1LNXOD� 
.-��%DUU��(%��&KHQJ��<6 

6FKZDUW]��-

$UOLDQ��/* 

%HQVRQ��-0��&KHQJ��<�6� 
3RZHOO��4+��%LFH��'(� 
%DUUHWW��(* 

7KXUVWRQ��*��,WR��.��*Z\QQ� 
5&��/DOO��5��/LSSPDQQ��0 

��������� 

��������� 

��������� 

��������� 

��������� 

��������� 

��������� 

��������� 

��������� 

��������� 

��������� 

A
sthm

a R
esearch Strategy 

46 

.RE]LN��/��6KRUH��6��*RGOHVNL��- ���������




TABLE B-5. TARGETED RESEARCH CENTERS: Air Pollution Research Projects on Asthma 

OMIS 
EPA Task Project 

Project Title Grant No.� Status Institution Investigators Period 
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