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The New York State Energy Research and Development Authority (NYSERDA) is a public benefit 
corporation created in 1975 by the New York State Legislature. NYSERDA’s responsibilities include: 

•	 Conducting a multifaceted energy and environmental research and development program to meet 
New York State’s diverse economic needs. 

•	 Administering the New York Energy $martSM program, a Statewide public benefit R&D, energy 
efficiency, and environmental protection program. 

•	 Making energy more affordable for residential and low-income households. 

•	 Helping industries, schools, hospitals, municipalities, not-for-profits, and the residential sector, 
including low-income residents, implement energy-efficiency measures. 

•	 Providing objective, credible, and useful energy analysis and planning to guide decisions made by 
major energy stakeholders in the private and public sectors. 

•	 Managing the Western New York Nuclear Service Center at West Valley, including: (1) overseeing the 
State’s interests and share of costs at the West Valley Demonstration Project, a federal/State radioac-
tive waste clean-up effort, and (2) managing wastes and maintaining facilities at the shut-down State-
Licensed Disposal Area. 

•	 Coordinating the State’s activities on energy emergencies and nuclear regulatory matters, and 
monitoring low-level radioactive waste generation and management in the State. 

•	 Financing energy-related projects, reducing costs for ratepayers. 

NYSERDA administers the New York Energy $martSM program, which is designed to support certain 
public benefit programs during the transition to a more competitive electricity market. More than 2,700 
projects in more than 30 programs are funded by a charge on the electricity transmitted and distributed by 
the State’s investor-owned utilities. The New York Energy $martSM program provides energy efficiency 
services, including those directed at the low-income sector, research and development, and environmental 
protection activities. 

NYSERDA derives its basic research revenues from an assessment on the intrastate sales of New York 
State’s investor-owned electric and gas utilities, and voluntary annual contributions by the New York 
Power Authority and the Long Island Power Authority.  Additional research dollars come from limited 
corporate funds. Some 400 NYSERDA research projects help the State’s businesses and municipalities 
with their energy and environmental problems.  Since 1990, NYSERDA has successfully developed and 
brought into use more than 141 innovative, energy-efficient, and environmentally beneficial products, 
processes, and services. These contributions to the State’s economic growth and environmental protection 
are made at a cost of about $.70 per New York resident per year. 

Federally funded, the Energy Efficiency Services program is working with more than 540 businesses, 
schools, and municipalities to identify existing technologies and equipment to reduce their energy costs.  

For more information, contact the Communications unit, NYSERDA, 17 Columbia Circle, Albany, 
New York 12203-6399; toll-free 1-866-NYSERDA, locally (518) 862-1090, ext. 3250; or on the web 
at www.nyserda.org 
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Governor 
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7KLV�UHSRUW�ZDV�SUHSDUHG�DV�D�UHVXOW�RI�ZRUN�VSRQVRUHG�E\�WKH�&DOLIRUQLD�(QHUJ\�&RPPLVVLRQ 
�&RPPLVVLRQ��(QHUJ\�&RPPLVVLRQ���,W�GRHV�QRW�QHFHVVDULO\�UHSUHVHQW�WKH�YLHZV�RI�WKH 
&RPPLVVLRQ��LWV�HPSOR\HHV��RU�WKH�6WDWH�RI�&DOLIRUQLD��7KH�&RPPLVVLRQ��WKH�6WDWH�RI�&DOLIRUQLD� 
LWV�HPSOR\HHV��FRQWUDFWRUV��DQG�VXEFRQWUDFWRUV�PDNH�QR�ZDUUDQW\��H[SUHVV�RU�LPSOLHG��DQG 
DVVXPH�QR�OHJDO�OLDELOLW\�IRU�WKH�LQIRUPDWLRQ�LQ�WKLV�UHSRUW��QRU�GRHV�DQ\�SDUW\�UHSUHVHQW�WKDW�WKH 
XVH�RI�WKLV�LQIRUPDWLRQ�ZLOO�QRW�LQIULQJH�XSRQ�SULYDWHO\�RZQHG�ULJKWV��7KLV�UHSRUW�KDV�QRW�EHHQ 
DSSURYHG�RU�GLVDSSURYHG�E\�WKH�&RPPLVVLRQ�QRU�KDV�WKH�&RPPLVVLRQ�SDVVHG�XSRQ�WKH 
DFFXUDF\�RU�DGHTXDF\�RI�WKLV�LQIRUPDWLRQ�LQ�WKLV�UHSRUW� 

7KLV�UHSRUW�ZDV�SUHSDUHG�E\�&ODUNVRQ�8QLYHUVLW\�LQ�WKH�FRXUVH�RI�SHUIRUPLQJ�ZRUN�FRQWUDFWHG 
IRU�DQG�VSRQVRUHG�E\�WKH�1HZ�<RUN�6WDWH�(QHUJ\�5HVHDUFK�DQG�'HYHORSPHQW�$XWKRULW\ 
�KHUHDIWHU�´1<6(5'$µ���7KH�RSLQLRQV�H[SUHVVHG�LQ�WKLV�UHSRUW�GR�QRW�QHFHVVDULO\�UHIOHFW�WKRVH 
RI�1<6(5'$�RU�WKH�6WDWH�RI�1HZ�<RUN��DQG�UHIHUHQFH�WR�DQ\�VSHFLILF�SURGXFW��VHUYLFH��SURFHVV� 
RU�PHWKRG�GRHV�QRW�FRQVWLWXWH�DQ�LPSOLHG�RU�H[SUHVVHG�UHFRPPHQGDWLRQ�RU�HQGRUVHPHQW�RI�LW� 
)XUWKHU��1<6(5'$��WKH�6WDWH�RI�1HZ�<RUN��DQG�WKH�FRQWUDFWRU�PDNH�QR�ZDUUDQWLHV�RU 
UHSUHVHQWDWLRQV��H[SUHVVHG�RU�LPSOLHG��DV�WR�WKH�ILWQHVV�IRU�SDUWLFXODU�SXUSRVH�RU�PHUFKDQWDELOLW\ 
RI�DQ\�SURGXFW��DSSDUDWXV��RU�VHUYLFH��RU�WKH�XVHIXOQHVV��FRPSOHWHQHVV��RU�DFFXUDF\�RI�DQ\ 
SURFHVVHV��PHWKRGV��RU�RWKHU�LQIRUPDWLRQ�FRQWDLQHG��GHVFULEHG��GLVFORVHG��RU�UHIHUUHG�WR�LQ�WKLV 
UHSRUW��1<6(5'$��WKH�6WDWH�RI�1HZ�<RUN��DQG�WKH�FRQWUDFWRU�PDNH�QR�UHSUHVHQWDWLRQ�WKDW�WKH 
XVH�RI�DQ\�SURGXFW��DSSDUDWXV��SURFHVV��PHWKRG��RU�RWKHU�LQIRUPDWLRQ�ZLOO�QRW�LQIULQJH�SULYDWHO\ 
RZQHG�ULJKWV�DQG�ZLOO�DVVXPH�QR�OLDELOLW\�IRU�DQ\�ORVV��LQMXU\��RU�GDPDJH�UHVXOWLQJ�IURP��RU 
RFFXUULQJ�LQ�FRQQHFWLRQ�ZLWK��WKH�XVH�RI�LQIRUPDWLRQ�FRQWDLQHG��GHVFULEHG��GLVFORVHG��RU�UHIHUUHG 
WR�LQ�WKLV�UHSRUW� 
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/LVW�RI�7DEOHV 
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7DEOH����3$06�0LQLPXP�0RQLWRULQJ�1HWZRUN�5HTXLUHPHQWV ���������������������������������������������������������� 
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7KH�3XEOLF�,QWHUHVW�(QHUJ\�5HVHDUFK��3,(5��3URJUDP�VXSSRUWV�SXEOLF�LQWHUHVW�HQHUJ\�UHVHDUFK 
DQG�GHYHORSPHQW�WKDW�ZLOO�KHOS�LPSURYH�WKH�TXDOLW\�RI�OLIH�LQ�&DOLIRUQLD�E\�EULQJLQJ 
HQYLURQPHQWDOO\�VDIH��DIIRUGDEOH��DQG�UHOLDEOH�HQHUJ\�VHUYLFHV�DQG�SURGXFWV�WR�WKH�PDUNHWSODFH� 

7KH�3,(5�3URJUDP��PDQDJHG�E\�WKH�&DOLIRUQLD�(QHUJ\�&RPPLVVLRQ��&RPPLVVLRQ���DQQXDOO\ 
DZDUGV�XS�WR�����PLOOLRQ�WR�FRQGXFW�WKH�PRVW�SURPLVLQJ�SXEOLF�LQWHUHVW�HQHUJ\�UHVHDUFK�E\ 
SDUWQHULQJ�ZLWK�5HVHDUFK��'HYHORSPHQW��DQG�'HPRQVWUDWLRQ��5'	'��RUJDQL]DWLRQV��LQFOXGLQJ 
LQGLYLGXDOV��EXVLQHVVHV��XWLOLWLHV��DQG�SXEOLF�RU�SULYDWH�UHVHDUFK�LQVWLWXWLRQV� 

3,(5�IXQGLQJ�HIIRUWV�DUH�IRFXVHG�RQ�WKH�IROORZLQJ�VL[�5'	'�SURJUDP�DUHDV� 

• Buildings End-Use Energy Efficiency 
• Industrial/Agricultural/Water End-Use Energy Efficiency 
• Renewable Energy 
• Environmentally-Preferred Advanced Generation 
• Energy-Related Environmental Research 
• Strategic Energy Research. 

:KDW�IROORZV�LV�WKH�ILQDO�UHSRUW�IRU�WKH�$PELHQW�DQG�,QGRRU�0RQLWRULQJ�6XUYH\��&RQWUDFW 
QXPEHU�������������:RUN�$XWKRUL]DWLRQ�����FRQGXFWHG�E\�&ODUNVRQ�8QLYHUVLW\���7KH�UHSRUW�LV 
HQWLWOHG�$�6XUYH\�RI�0RQLWRULQJ�,QVWUXPHQWV�IRU�0HDVXUHPHQW�RI�$LUERUQH�3ROOXWDQWV���7KLV�SURMHFW 
FRQWULEXWHV�WR�WKH�3,(5�(QHUJ\�5HODWHG�(QYLURQPHQWDO�5HVHDUFK�SURJUDP� 

)RU�PRUH�LQIRUPDWLRQ�RQ�WKH�3,(5�3URJUDP��SOHDVH�YLVLW�WKH�&RPPLVVLRQ·V�:HE�VLWH�DW� 
KWWS���ZZZ�HQHUJ\�FD�JRY�UHVHDUFK�LQGH[�KWPO�RU�FRQWDFW�WKH�&RPPLVVLRQ·V�3XEOLFDWLRQV 
8QLW�DW�������������� 
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([HFXWLYH�6XPPDU\
 

7KH�RYHUDOO�JRDO�RI�WKH�6XUYH\�RI�0RQLWRULQJ�,QVWUXPHQWV�IRU�0HDVXUHPHQW�RI�$LUERUQH 
3ROOXWDQWV�SURMHFW�ZDV�WR�VXUYH\�WKH�PRQLWRULQJ�LQVWUXPHQWV�XVHG�WR�PHDVXUH�DLUERUQH 
SROOXWDQWV��WR�GHWHUPLQH�WKHLU�DELOLW\�WR�PHHW�WKH�QHHGV�RI�&DOLIRUQLD·V�GHFLVLRQ�PDNHUV�DQG�DLU 
UHJXODWRUV� 

2EMHFWLYHV 

7KLV�SURMHFW�DGGUHVVHV�WZR�3,(5�SURJUDP�REMHFWLYHV��,W�����LPSURYHV�WKH�HQYLURQPHQWDO��SXEOLF 
KHDOWK��DQG�VDIHW\�LPSDFWV�RI�SRZHU�JHQHUDWLRQ��DQG�����VXSSRUWV�WKH�MXGLFLRXV�XVH�RI�GLVWULEXWHG 
JHQHUDWLRQ��'*��WHFKQRORJLHV��ZKLFK�FDQ�LQFUHDVH�HOHFWULFLW\�V\VWHP�UHOLDELOLW\�DQG�TXDOLW\� 

&XUUHQWO\��SRZHU�SODQW�VLWLQJ�GHWHUPLQDWLRQV�DUH�EDVHG�RQ�H[LVWLQJ�DPELHQW�DLU�PRQLWRUV�DQG 
PHWHRURORJLFDO�VLWHV�WKDW�PD\�EH�ORFDWHG�PLOHV�IURP�WKH�VLWH�RI�WKH�SURSRVHG�SURMHFW���7KHVH 
PRQLWRULQJ�DQG�PHWHRURORJLFDO�GDWD�DUH�XVHG�WR�HVWLPDWH�DPELHQW�DLU�TXDOLW\�LQ�WKH�VLWLQJ 
ORFDWLRQ�DQG�VXUURXQGLQJ�DUHD��DV�ZHOO�DV�WR�HYDOXDWH�WKH�SRWHQWLDO�LPSDFW�RI�WKH�SURSRVHG 
SRZHU�SODQW�RQ�WKH�VLWH�DQG�VXUURXQGLQJ�DUHD���7KLV�DSSURDFK�FDQ�EH�SUREOHPDWLF��EHFDXVH 
DPELHQW�DLU�TXDOLW\�OHYHOV�KDYH�WUHPHQGRXV�VSDWLDO�DQG�WHPSRUDO�YDULDWLRQ�DQG�DUH�GLIILFXOW�WR 
LQWHUSUHW���0RUHRYHU��URXWLQH�DLU�TXDOLW\�PHDVXUHPHQW�GHYLFHV�DUH�H[SHQVLYH�DQG�UHTXLUH�WUDLQHG 
WHFKQLFLDQV�WR�RSHUDWH��7KHVH�OLPLWDWLRQV�KLQGHU�RXU�DELOLW\�WR�LGHQWLI\�DUHDV�GLVSURSRUWLRQDWHO\ 
DIIHFWHG�E\�DLU�SROOXWLRQ��L�H���HQYLURQPHQWDO�MXVWLFH��(-��FRPPXQLWLHV��DQG�WR�GHWHUPLQH�WKH�DLU 
TXDOLW\�LPSDFWV�RI�QHZ�VRXUFHV��H�J���SRZHU�SODQWV�³SDUWLFXODUO\�IRU�'*�WHFKQRORJLHV� 

0RUH�DQG�EHWWHU�DLU�TXDOLW\�GDWD�DUH�QHHGHG�IRU�SRZHU�SODQW�VLWLQJ�FDVHV��WR�HYDOXDWH�WKH�DLU 
TXDOLW\�LPSDFWV�RI�'*��DQG�WR�DGGUHVV�(-�FRQFHUQV���&XUUHQW�PRQLWRUV�DUH�WRR�H[SHQVLYH�WR 
SXUFKDVH��LQVWDOO��DQG�PDLQWDLQ�WR�SURYLGH�WKH�GHVLUHG�DLU�PRQLWRULQJ�FRYHUDJH���7KH�XVH�RI 
SRUWDEOH�PRQLWRUV�PD\�LPSURYH�WKH�GDWD�DYDLODEOH�IRU�SRZHU�SODQW�VLWLQJ�FDVHV��(-�FRQFHUQV� 
ORFDO�FRPPXQLW\�PRQLWRULQJ��DQG�LQGRRU�SHUVRQDO�H[SRVXUHV��ZKLOH�VLJQLILFDQWO\�UHGXFLQJ�WKH 
FRVW�RI�REWDLQLQJ�PRQLWRULQJ�GDWD��$Q�LQFUHDVHG�XVH�RI�DGYDQFHG�'*�ZLOO�DIIHFW�RXWGRRU��LQGRRU� 
DQG�SHUVRQDO�H[SRVXUHV��DQG�SRUWDEOH�PRQLWRULQJ�WHFKQRORJLHV�ZLWK�ORZ�SRZHU�UHTXLUHPHQWV 
DUH�QHHGHG�WR�PHDVXUH�WKHVH�H[SRVXUHV� 

7KLV�VWXG\�VXUYH\HG�PRQLWRULQJ�PHWKRGV�FXUUHQWO\�DYDLODEOH�DQG�LQ�GHYHORSPHQW��,W�DOVR 
LGHQWLILHG�LQVWUXPHQWV�DQG�WHFKQRORJLHV�VXLWDEOH�IRU�XVH�LQ�DPELHQW�DQG�LQGRRU�DLU�PRQLWRULQJ� 
7KH�SROOXWDQWV�RI�FRQFHUQ�LQFOXGHG�WKRVH�RQ�WKH�3KRWRFKHPLFDO�$VVHVVPHQW�0RQLWRULQJ�6WDWLRQV 
�3$06��OLVW��L�H���SDUWLFXODWH�PDWWHU��30���DQG�30������FDUERQ�PRQR[LGH��&2���R]RQH��2��� 
QLWURJHQ�GLR[LGH��12����VXOIXU�GLR[LGH��62����DQG�YROWDLF�RUJDQLF�FDUERQV��92&V����WR[LF�DLU 
FRQWDPLQDQWV��VXFK�DV�WKRVH�RQ�WKH�&DOLIRUQLD�$LU�5HVRXUFHV�%RDUG��$5%��7R[LF�$LU 
&RQWDPLQDQW�/LVW��SDUWLFOH�ERXQG�HOHPHQWDO�FDUERQ��(&��DQG�RUJDQLF�FDUERQ��2&���DQG�RWKHU 
30�FRPSRQHQWV� 

2XWFRPHV 

7KH�VXUYH\�LGHQWLILHG�WKH�VWUHQJWKV�DQG�ZHDNQHVVHV�RI�D�KRVW�RI�PRQLWRULQJ�LQVWUXPHQWV��7KH 
FRQFOXVLRQV�DQG�UHFRPPHQGDWLRQV�IRU�HDFK�RI�WKH�DUHDV�VXUYH\HG�DUH�GHVFULEHG�EHORZ� 

� 



&RQFOXVLRQV��5HFRPPHQGDWLRQV��DQG�%HQHILWV�WR�&DOLIRUQLD
 

0XFK�QHZ�PRQLWRULQJ�V\VWHP�GHYHORSPHQW�KDV�IRFXVHG�RQ�WKH�PHDVXUHPHQW�RI�30�PDVV�DQG 
FRQVWLWXHQWV���)RU�30�PDVV��GLIILFXOW�TXHVWLRQV�UHPDLQ�DERXW�WKH�ORVV�RI�VHPLYRODWLOH�FRPSRQHQWV 
IURP�30������7KH�)HGHUDO�5HIHUHQFH�0HWKRG��)50��LV�WKH�EDVLV�IRU�GHWHUPLQLQJ�IRU�1DWLRQDO 
$PELHQW�$LU�4XDOLW\�6WDQGDUGV��1$$46��DWWDLQPHQW��EXW�LW�GRHV�QRW�QHFHVVDULO\�SURYLGH�DQ 
DFFXUDWH�HVWLPDWH�RI�WKH�DLUERUQH�SDUWLFOH�PDVV���$�YDULHW\�RI�FRQWLQXRXV�PRQLWRULQJ�GHVLJQV�DUH 
EHLQJ�WHVWHG��LQFOXGLQJ�WKH�GLIIHUHQWLDO�7DSHUHG�(OHPHQW�2VFLOODWLQJ�0LFUREDODQFH��7(20����WKH 
)LOWHU�'\QDPLFV�0HDVXUHPHQW�6\VWHP��)'06����DQG�WKH�&RQWLQXRXV�$HURVRO�0DVV�0RQLWRU 
�&$00����$W�WKLV�WLPH��WKHUH�QHHGV�WR�EH�IXUWKHU�PRQLWRU�WHVWLQJ�DQG�UHILQHPHQW��EXW�WKLV�LV�D 
QHHG�IRU�IXUWKHU�GHYHORSPHQW��UDWKHU�WKDQ�DGGLWLRQDO�UHVHDUFK�RU�RWKHU�QHZ�FRQFHSWV���,W�LV�WKH 
UHVSRQVLELOLW\�RI�WKH�YHQGRUV�WR�SURYLGH�D�EHWWHU�GHILQHG�PHDVXUHPHQW�PHWKRG�WR�WKH 
PHDVXUHPHQW�FRPPXQLW\� 

$W�WKLV�WLPH��WKHUH�DUH�DGHTXDWH�DPELHQW�PRQLWRULQJ�V\VWHPV�WR�PHDVXUH�SDUWLFXODWH�DQG 
JDVHRXV�QLWUDWH��DOWKRXJK�WKH\�DUH�QHLWKHU�SRUWDEOH�QRU�LQH[SHQVLYH���7KH�VSHFLDWLRQ�QHWZRUN 
VDPSOHUV�XVH�DQQXODU�GHQXGHUV�WR�VHSDUDWH�WKH�JDVHRXV�QLWULF�DFLG��+12���IURP�WKH�SDUWLFXODWH 
QLWUDWH���%\�FDSWXULQJ�WKH�SDUWLFOHV�RQ�D�EDVH�LPSUHJQDWHG�ILEHU�ILOWHU�RU�D�1\ODVRUE��ILOWHU��WKH 
QLWUDWH�LV�UHWDLQHG�RQ�WKH�ILOWHU�XQWLO�LW�LV�OHDFKHG�IURP�LW�IRU�DQDO\VLV���,W�LV�ODERU�LQWHQVLYH�WR 
FROOHFW�DQG�DQDO\]H�WKH�ILOWHUV�IURP�WKLV�V\VWHP��DQG�LW�SURYLGHV�RQO\�PXOWLKRXU��W\SLFDOO\���� 
KRXU��GDWD� 

*LYHQ�WKH�QDWXUH�RI�HPLVVLRQV�WKDW�DUH�OLNHO\�WR�DULVH�IURP�'*�IDFLOLWLHV��WKHUH�LV�D�QHHG�IRU�QHZ 
V\VWHPV�WR�PHDVXUH�12��DQG�JDVHRXV�12\��ILQH�SDUWLFOHV��DQG�FDUERQ���7KHUH�DUH�FXUUHQW 
UHVHDUFK�PHWKRGV�IRU�12��DQG�12\�PHDVXUHPHQW��EXW�WKH\�DUH�FRPSOH[�DQG�GLIILFXOW�WR�XVH� 
7KH�FXUUHQW�VWDQGDUG�QHWZRUN�12��PRQLWRUV�VXIIHU�IURP�VLJQLILFDQW�LQWHUIHUHQFH�IURP�12\��DQG 
QHZ�V\VWHPV�DUH�QHHGHG�IRU�PDNLQJ�WKH�PHDVXUHPHQWV�UHTXLUHG�WR�PDQDJH�R]RQH 
FRQFHQWUDWLRQV� 

&XUUHQWO\��LW�LV�SRVVLEOH�WR�PHDVXUH�SDUWLFOH�VL]H�GLVWULEXWLRQV�HIIHFWLYHO\��EXW�DW�KLJK�FRVW�DQG 
ZLWK�D�FRPSOH[�PHDVXUHPHQW�V\VWHP���,W�LV�SRVVLEOH�WR�REWDLQ�SDUWLFOH�VL]H�GLVWULEXWLRQV�ZLWK 
H[LVWLQJ�V\VWHPV�DW�W\SLFDO�DPELHQW�FRQFHQWUDWLRQV��DQG�VXFK�PHDVXUHPHQWV�DUH�URXWLQH�LQ 
UHPRWH�DUHDV���7KXV��WKH�H[LVWLQJ�V\VWHPV�KDYH�DGHTXDWH�VHQVLWLYLW\�IRU�WKH�PHDVXUHPHQWV 
W\SLFDOO\�QHHGHG��+RZHYHU��ZLWK�WKH�LQFUHDVLQJ�LQWHUHVW�LQ�SDUWLFOH�QXPEHU�DV�D�SRWHQWLDO 
LQGLFDWRU�IRU�H[SRVXUH³SDUWLFXODUO\�ZLWK�UHVSHFW�WR�WKH�KHDOWK�HIIHFWV�RI�XOWUDILQH�SDUWLFOHV³ 
WKHUH�LV�D�QHHG�IRU�VPDOOHU��OHVV�H[SHQVLYH�SDUWLFOH�FRXQWHUV��HVSHFLDOO\�LI�VL]H�LQIRUPDWLRQ�FDQ 
DOVR�EH�REWDLQHG� 

7KHUH�DUH�VWLOO�PDQ\�XQFHUWDLQWLHV�ZLWK�UHVSHFW�WR�WKH�PHDVXUHPHQW�RI�SDUWLFXODWH�FDUERQ 
VSHFLHV���,W�LV�H[SHQVLYH�WR�FROOHFW�DQG�DQDO\]H�D�ODUJH�QXPEHU�RI�VDPSOHV�IRU�WKH�LGHQWLILFDWLRQ 
DQG�TXDQWLILFDWLRQ�RI�VSHFLILF�RUJDQLF�FRPSRXQGV���,Q�RUGHU�WR�XVH�FXUUHQW�PHWKRGV��LW�LV 
QHFHVVDU\�WR�FROOHFW�D�ODUJH�PDVV�RI�PDWHULDO��ZKLFK�LQFUHDVHV�WKH�GLIILFXOW\�RI�PDNLQJ�LQGRRU�RU 
SHUVRQDO�PHDVXUHPHQWV���7KHUHIRUH��RWKHU�DVSHFWV�RI�WKH�FDUERQDFHRXV�DHURVRO�DUH�PHDVXUHG�LQ 
RUGHU�WR�SURYLGH�LQIRUPDWLRQ�RQ�WKH�SRVVLEOH�RULJLQV�RI�WKH�SDUWLFOHV���7KHUH�KDYH�UHFHQWO\�EHHQ 
PRQLWRUV�WKDW�SXUSRUW�WR�PHDVXUH�´GLHVHO�µ�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV��3$+���RU 
HQYLURQPHQWDO�WREDFFR�VPRNH��(76����7KH�YDOXH�RI�XOWUDYLROHW��89��OLJKW�DEVRUSWLRQ�RU 

� 



SKRWRLRQL]DWLRQ�IRU�VSHFLILF�LGHQWLILFDWLRQ�RI�GLHVHO�HPLVVLRQV�RU�(76�LV�QRW�\HW�FOHDU��DQG�PRUH 
ZRUN�RQ�WKH�YDOXH�RI�WKHVH�PHWKRGV�LV�QHHGHG���1HZ��SRUWDEOH�2&�(&�PHDVXUHPHQW�V\VWHPV 
DUH�DYDLODEOH��EXW�H[SHQVLYH���7KHUH�LV�D�QHHG�IRU�EHWWHU�SHUVRQDO�DQG�LQGRRU�PHDVXUHPHQWV�RI 
H[SRVXUH�WR�FDUERQDFHRXV�SDUWLFOHV���+RZHYHU��D�PDMRU�SDUW�RI�WKLV�SUREOHP�LV�WKDW�WKH 
GLVFXVVLRQ�KDV�EHHQ�IUDPHG�E\�ZKDW�WKH�FXUUHQW�FDUERQ�WHFKQLTXHV�PHDVXUH��UDWKHU�WKDQ�E\ 
GHILQLQJ�ZKDW�LQIRUPDWLRQ�PLJKW�EH�XVHIXO�WR�DLU�TXDOLW\�PDQDJHUV�LQ�WHUPV�RI�GHFLVLRQ�PDNLQJ� 

6XIILFLHQW�DWWHQWLRQ�KDV�QRW�EHHQ�SDLG�WR�WKH�PHDVXUHPHQW�RI�92&V�DW�FRQFHQWUDWLRQV�W\SLFDOO\ 
HQFRXQWHUHG�LQ�KRPH�RU�RIILFH�HQYLURQPHQWV���3DVVLYH�DGVRUSWLYH�EDGJHV�DUH�DYDLODEOH�IRU 
SHUVRQDO�RU�LQGRRU�PHDVXUHPHQWV�DW�WKH�KLJK�FRQFHQWUDWLRQV�W\SLFDOO\�HQFRXQWHUHG�LQ�LQGXVWULDO 
ZRUNVSDFHV���+RZHYHU��WKHUH�LV�QRW�\HW�DQ�DGHTXDWH�FDSDELOLW\�WR�SURYLGH�FRPSDUDEOH 
PRQLWRULQJ�LQ�KRPH�DQG�FRPPHUFLDO�VSDFHV��XQOHVV�WKH�PHDVXUHPHQWV�DUH�PDGH�RYHU�DQ 
H[WHQGHG�WLPH�SHULRG���%HFDXVH�WHPSRUDO�LQIRUPDWLRQ�LV�RIWHQ�XVHIXO�LQ�LGHQWLILFDWLRQ�RI�VRXUFHV 
DQG�H[SRVXUH�SDWWHUQV��LPSURYHG�PHDVXUHPHQW�PHWKRGV�DUH�QHHGHG� 

$OWKRXJK�PRQLWRULQJ�PHWKRGV�KDYH�LPSURYHG�VXEVWDQWLDOO\��WKHUH�UHPDLQ�LPSRUWDQW�SUREOHPV 
ZLWK�PRQLWRULQJ�V\VWHPV³SDUWLFXODUO\�ZLWK�UHVSHFW�WR�FRVW��VHQVLWLYLW\��DQG�VHOHFWLYLW\³WKDW 
QHHG�WR�EH�UHVROYHG��2QFH�WKHVH�LVVXHV�DUH�UHVROYHG��WKHVH�PRQLWRUV�FDQ�EH�GHSOR\HG�ZLGHO\ 
WKURXJKRXW�&DOLIRUQLD�WR�PDNH�WKH�LQGRRU�DQG�SHUVRQDO�PHDVXUHPHQWV�QHFHVVDU\�WR�REWDLQ 
H[SRVXUH�LQIRUPDWLRQ�WKDW�GHFLVLRQ�PDNHUV�QHHG�WR�EHWWHU�DVVHVV�SRWHQWLDO�KHDOWK�LPSDFWV�IRU 
VLWLQJ�FDVHV��(-�UHYLHZV��DQG�WKH�LQFUHDVHG�XVH�RI�'*�WHFKQRORJLHV� 

� 



$EVWUDFW
 

0RUH�DQG�EHWWHU�DLU�TXDOLW\�GDWD�DUH�QHHGHG�IRU�SRZHU�SODQW�VLWLQJ�FDVHV��WR�HYDOXDWH�WKH�DLU 
TXDOLW\�LPSDFWV�RI�GLVWULEXWHG�JHQHUDWLRQ��'*��WHFKQRORJLHV��DQG�WR�DGGUHVV�HQYLURQPHQWDO 
MXVWLFH��(-��FRQFHUQV���&XUUHQW�PRQLWRUV�DUH�WRR�H[SHQVLYH�WR�SXUFKDVH��LQVWDOO��DQG�PDLQWDLQ�WR 
SURYLGH�WKH�GHVLUHG�DLU�PRQLWRULQJ�FRYHUDJH���7KH�XVH�RI�SRUWDEOH�PRQLWRUV�PD\�LPSURYH�WKH 
GDWD�DYDLODEOH�IRU�WKHVH�DSSOLFDWLRQV��ZKLOH�VLJQLILFDQWO\�UHGXFLQJ�WKH�FRVW�RI�REWDLQLQJ 
PRQLWRULQJ�GDWD��$Q�LQFUHDVHG�XVH�RI�'*�ZLOO�DIIHFW�RXWGRRU��LQGRRU��DQG�SHUVRQDO�H[SRVXUHV� 
DQG�SRUWDEOH�PRQLWRULQJ�WHFKQRORJLHV�ZLWK�ORZ�SRZHU�UHTXLUHPHQWV�DUH�QHHGHG�WR�PHDVXUH 
WKHVH�H[SRVXUHV� 

7KLV�UHSRUW�VXUYH\V�PRQLWRULQJ�PHWKRGV�FXUUHQWO\�DYDLODEOH�DQG�LQ�GHYHORSPHQW��DQG�LGHQWLILHV 
LQVWUXPHQWV�DQG�WHFKQRORJLHV�VXLWDEOH�IRU�XVH�LQ�DPELHQW�DQG�LQGRRU�DLU�PRQLWRULQJ���,W�IRFXVHV 
RQ�PHDVXUHPHQW�RI�SDUWLFXODWH�PDWWHU��30��PDVV�DQG�FRQVWLWXHQWV��JDVHRXV�QLWUDWH��QLWURJHQ 

GLR[LGH��12���DQG�JDVHRXV�12\��SDUWLFOH�VL]H�GLVWULEXWLRQV��SDUWLFXODWH�FDUERQ�VSHFLHV��DQG 
YRODWLOH�RUJDQLF�FRPSRXQGV��92&V���7KH�SROOXWDQWV�RI�FRQFHUQ�LQFOXGH�WKRVH�RQ�WKH 
3KRWRFKHPLFDO�$VVHVVPHQW�0RQLWRULQJ�6WDWLRQV��3$06��OLVW��WR[LF�DLU�FRQWDPLQDQWV��SDUWLFOH� 
ERXQG�HOHPHQWDO�FDUERQ�DQG�RUJDQLF�FDUERQ��DQG�RWKHU�SDUWLFXODWH�PDWWHU�FRPSRQHQWV� 

7KLV�HIIRUW�FRQFOXGHG�WKDW�WKHUH�UHPDLQ�LPSRUWDQW�SUREOHPV�ZLWK�PRQLWRULQJ�V\VWHPV³ 
SDUWLFXODUO\�ZLWK�UHVSHFW�WR�FRVW��VHQVLWLYLW\��DQG�VHOHFWLYLW\��6SHFLILFDOO\��WKHUH�QHHGV�WR�EH 
IXUWKHU�UHILQHPHQW�RI�H[LVWLQJ�30�PDVV�DQG�FRQVWLWXHQW�PRQLWRULQJ��FKHDSHU�DQG�PRUH�SRUWDEOH 
SDUWLFXODWH�DQG�JDVHRXV�QLWUDWH�PHDVXUHPHQW��VLPSOLILFDWLRQ�RI�12��DQG�12\�PHDVXUHPHQW� 
VLPSOLILFDWLRQ�DQG�UHGXFHG�FRVW�RI�SDUWLFOH�VL]H�GLVWULEXWLRQ�PHDVXUHPHQW��UHGXFHG�XQFHUWDLQW\ 
RI�SDUWLFXODWH�FDUERQ�VSHFLHV�PHDVXUHPHQW��DQG�LPSURYHG�KRPH�DQG�FRPPHUFLDO�92&V 
PRQLWRULQJ� 
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1.0 Introduction 

1.1. Background 
&XUUHQWO\��SRZHU�SODQW�VLWLQJ�GHWHUPLQDWLRQV�DUH�EDVHG�RQ�H[LVWLQJ�DPELHQW�DLU�PRQLWRUV�DQG 
PHWHRURORJLFDO�VLWHV�WKDW�PD\�EH�ORFDWHG�PLOHV�IURP�WKH�VLWH�RI�WKH�SURSRVHG�SURMHFW���7KHVH 
PRQLWRULQJ�DQG�PHWHRURORJLFDO�GDWD�DUH�XVHG�WR�HVWLPDWH�DPELHQW�DLU�TXDOLW\�LQ�WKH�VLWLQJ 
ORFDWLRQ�DQG�VXUURXQGLQJ�DUHD��DV�ZHOO�DV�WR�HYDOXDWH�WKH�SRWHQWLDO�LPSDFW�RI�WKH�SURSRVHG 
SRZHU�SODQW�RQ�WKH�VLWH�DQG�VXUURXQGLQJ�DUHD���7KLV�DSSURDFK�FDQ�EH�SUREOHPDWLF��EHFDXVH 
DPELHQW�DLU�TXDOLW\�OHYHOV�KDYH�WUHPHQGRXV�VSDWLDO�DQG�WHPSRUDO�YDULDWLRQ�DQG�DUH�GLIILFXOW�WR 
LQWHUSUHW���0RUHRYHU��URXWLQH�DLU�TXDOLW\�PHDVXUHPHQW�GHYLFHV�DUH�H[SHQVLYH�DQG�UHTXLUH�WUDLQHG 
WHFKQLFLDQV�WR�RSHUDWH��7KHVH�OLPLWDWLRQV�KLQGHU�RXU�DELOLW\�WR�LGHQWLI\�DUHDV�GLVSURSRUWLRQDWHO\ 
DIIHFWHG�E\�DLU�SROOXWLRQ��L�H���HQYLURQPHQWDO�MXVWLFH��(-��FRPPXQLWLHV��DQG�WR�GHWHUPLQH�WKH�DLU 
TXDOLW\�LPSDFWV�RI�QHZ�VRXUFHV��H�J���SRZHU�SODQWV�³SDUWLFXODUO\�IRU�GLVWULEXWHG�JHQHUDWLRQ 
�'*��WHFKQRORJLHV� 

0RUH�DQG�EHWWHU�DLU�TXDOLW\�GDWD�DUH�QHHGHG�IRU�SRZHU�SODQW�VLWLQJ�FDVHV��WR�HYDOXDWH�WKH�DLU 
TXDOLW\�LPSDFWV�RI�'*��DQG�WR�DGGUHVV�(-�FRQFHUQV���&XUUHQW�PRQLWRUV�DUH�WRR�H[SHQVLYH�WR 
SXUFKDVH��LQVWDOO��DQG�PDLQWDLQ�WR�SURYLGH�WKH�GHVLUHG�DLU�PRQLWRULQJ�FRYHUDJH���7KH�XVH�RI 
SRUWDEOH�PRQLWRUV�PD\�LPSURYH�WKH�GDWD�DYDLODEOH�IRU�SRZHU�SODQW�VLWLQJ�FDVHV��(-�FRQFHUQV� 
ORFDO�FRPPXQLW\�PRQLWRULQJ��DQG�LQGRRU�SHUVRQDO�H[SRVXUHV��ZKLOH�VLJQLILFDQWO\�UHGXFLQJ�WKH 
FRVW�RI�REWDLQLQJ�PRQLWRULQJ�GDWD� 

$GYDQFHG�HOHFWULFLW\�JHQHUDWLRQ�IURP�'*�WHFKQRORJLHV�ZLOO�DIIHFW�LQGRRU�DQG�SHUVRQDO 
H[SRVXUHV���7KH�PHDVXUHPHQW�RI�WKHVH�H[SRVXUHV�UHTXLUHV�SRUWDEOH�WHFKQRORJLHV�ZLWK�ORZ�SRZHU 
QHHGV��VR�WKDW�WKH\�FDQ�EH�XVHG�DW�DQ\�ORFDWLRQ���7KHUH�KDV�RQO\�EHHQ�OLPLWHG�GHYHORSPHQW�DQG 
FRPPHUFLDOL]DWLRQ�RI�UHODWLYHO\�LQH[SHQVLYH�GHYLFHV�WKDW�FDQ�EH�XVHG�E\�WKH�JHQHUDO�SXEOLF��H�J�� 
SDVVLYH�PRQLWRULQJ�EDGJHV��SRUWDEOH�VDPSOHUV�� 

,GHDOO\��WKH�GHVLUHG�DPELHQW�DQG�LQGRRU�DLU�PRQLWRULQJ�V\VWHP�ZRXOG�KDYH�WKH�IROORZLQJ 
FKDUDFWHULVWLFV� 

•	 3RUWDEOH�DQG�VXLWDEOH�IRU�FROOHFWLQJ�PHDVXUHPHQW�LQ�D�YDULHW\�RI�ORFDWLRQV 
•	 5XJJHG 

•	 5HDO�WLPH 
•	 5HTXLUH�QR�ODERUDWRU\�DQDO\VLV 
•	 $XWRPDWLFDOO\�UHFRUG�RQ�D�GDWD�ORJJHU�FDSDEOH�RI�LQWHUIDFLQJ�ZLWK�D�SHUVRQDO�FRPSXWHU 
•	 %H�DFFXUDWH�DFURVV�WKH�IXOO�UDQJH�RI�H[SHFWHG�FRQFHQWUDWLRQV��LQGRRU�DQG�RXWGRRU� 
•	 %H�FRQVLGHUDEO\�OHVV�H[SHQVLYH�FRPSDUHG�WR�FXUUHQW�WHFKQRORJ\ 
•	 %H�IUHH�RI�LQWHUIHUHQFH�IURP�RWKHU�DLU�SROOXWDQWV 
•	 6KRZ�SHUIRUPDQFH�FRPPHQVXUDWH�ZLWK�WKH�VWDQGDUGL]HG�DQG�DFFHSWHG�PRQLWRULQJ
 
PHWKRGV�FXUUHQWO\�LQ�XVH
 

•	 %H�HDVLO\�GHSOR\HG�DQG�RSHUDWHG�E\�D�QRQ�WHFKQLFDO�SHUVRQ 

•	 +DYH�PRGHVW�HOHFWULFDO�SRZHU�UHTXLUHPHQWV��H�J���EDWWHU\�RSHUDWHG�RU�ORZ�SRZHU
 
GHPDQG�
 

� 



 
 

 

7KLV�VXUYH\�KDV�EHHQ�SUHSDUHG�IRU�WKH�&DOLIRUQLD�(QHUJ\�&RPPLVVLRQ��&RPPLVVLRQ��DQG�WKH 
1HZ�<RUN�6WDWH�(QHUJ\�5HVHDUFK�DQG�'HYHORSPHQW�$XWKRULW\��1<6(5'$��WR�LGHQWLI\ 
LQVWUXPHQWV�DQG�WHFKQRORJLHV�VXLWDEOH�IRU�XVH�LQ�DQ�DPELHQW�DQG�LQGRRU�DLU�PRQLWRULQJ���7KLV 
VXUYH\�UHYLHZV�WKUHH�DVSHFWV�RI�PRQLWRULQJ�LQVWUXPHQWV� 

�� &XUUHQW�LQVWUXPHQWV�DQG�WHFKQRORJLHV��ERWK�FRPPHUFLDO�DQG�UHVHDUFK�JUDGH� 
�� ,QVWUXPHQWV�DQG�WHFKQRORJLHV�XQGHU�GHYHORSPHQW��LGHQWLI\LQJ�WKHLU�VWDJH�RI�GHYHORSPHQW 
DQG�WKH�GHYHORSHU� 

�� ,QVWUXPHQWV�DQG�WHFKQRORJ\�JDSV��LQFOXGLQJ�RUJDQL]DWLRQV�WKDW�KDYH�WKH�H[SHUWLVH�WR 
GHYHORS�LQVWUXPHQWV�DQG�WHFKQRORJLHV�WR�DGGUHVV�WKRVH�JDSV� 

7KH�SROOXWDQWV�RI�FRQFHUQ�LQFOXGH�WKRVH�RQ�WKH�3KRWRFKHPLFDO�$VVHVVPHQW�0RQLWRULQJ�6WDWLRQV 
�3$06��OLVW��L�H���SDUWLFXODWH�PDWWHU��30���DQG�30������FDUERQ�PRQR[LGH��&2���R]RQH��2��� 
QLWURJHQ�GLR[LGH��12����VXOIXU�GLR[LGH��62����DQG�YROWDLF�RUJDQLF�FDUERQV��92&V����WR[LF�DLU 
FRQWDPLQDQWV��VXFK�DV�WKRVH�RQ�WKH�&DOLIRUQLD�$LU�5HVRXUFHV�%RDUG��$5%��7R[LF�$LU 
&RQWDPLQDQW�/LVW��SDUWLFOH�ERXQG�HOHPHQWDO�FDUERQ��(&��DQG�RUJDQLF�FDUERQ��2&���DQG�RWKHU 
30�FRPSRQHQWV���$SSHQGL[�,�OLVWV�WKH�FRPSDQLHV�WKDW�ZHUH�TXHULHG�RU�ZKRVH�:HE�VLWHV�ZHUH 
H[DPLQHG�IRU�WKLV�UHSRUW� 

1.2. Information Gathering 
7R�FRPSLOH�WKH�VXUYH\��WKH�DXWKRUV�VHQW�LQTXLULHV�WR�WKH�LQGLYLGXDOV�DQG�FRPSDQLHV�OLVWHG�LQ 
7DEOH����LQGLFDWHG�WKH�QDWXUH�RI�WKH�VXUYH\��DQG�UHTXHVWHG�LQIRUPDWLRQ�UHJDUGLQJ�LQVWUXPHQWV 
WKDW�WKH�UHVSRQGHQWV�FRQVLGHUHG�OLNHO\�WR�EH�DYDLODEOH�LQ�WKH�QHDU�IXWXUH� 

� 



  

 

Table 1 . List of Individuals and Companies Included in the Survey 

&RPSDQ\ /RFDWLRQ ,QVWUXPHQWV�7HFKQRORJLHV 
5XSSUHFKW�	�3DWDVKQLFN $OEDQ\��1< 3DUWLFOH�PHDVXUHPHQW�LQVWUXPHQWV 
76,��,QF 6W��3DXO��01 3DUWLFOH�PHDVXUHPHQW�LQVWUXPHQWV 
$ODQ�5RVVQHU 3RWVGDP��1< 3HUVRQDO�92&�VDPSOLQJ�FDQLVWHU 
&ODUNVRQ�8QLYHUVLW\ 
'U��&��6LRXWDV /RV�$QJHOHV��&$ 3HUVRQDO�SDUWLFOH�LPSDFWRU 
8QLYHUVLW\�RI�6RXWKHUQ 
&DOLIRUQLD 
'U��3��.RXWUDNLV %RVWRQ��0$ 3HUVRQDO�PXOWLSROOXWDQW�PRQLWRU 
+DUYDUG�6FKRRO�RI�3XEOLF 
+HDOWK 
'U��'��/HLWK &KDSHO�+LOO��1& 3DVVLYH�SHUVRQDO�SDUWLFOH�PRQLWRU 
8QLYHUVLW\�RI�1RUWK�&DUROLQD 
'U��-��6WHWWHU &KLFDJR��,/ (OHFWURFKHPLFDO�PRQLWRUV 
,OOLQRLV�,QVWLWXWH�RI 
7HFKQRORJ\ 
7KHUPR�$QGHUVHQ 6P\UQD��*$ 3DUWLFOH�PRQLWRUV��+$36�VDPSOHUV 
$HURVRO�'\QDPLFV��,QF� %HUNHOH\��&$ 3DUWLFOH�PRQLWRUV 
063��,QF� 0LQQHDSROLV��01 3DUWLFOH�VDPSOHUV 
6.&��,QF� (LJKW\�)RXU��3$ ,QGXVWULDO�K\JLHQH�DQG�LQGRRU�DLU 

LQVWUXPHQWV 
4XHVW�7HFKQRORJLHV��,QF� 2FRQRPRZRF��:, ,QGXVWULDO�K\JLHQH�DQG�LQGRRU�DLU 

LQVWUXPHQWV 

$Q�H[WHQVLYH�VHDUFK�RI�WKH�,QWHUQHW�LGHQWLILHG�DGGLWLRQDO�SRWHQWLDO�GHYLFHV�DQG�YHQGRUV� 

1.3. Report Organization 
7KH�UHSRUW�LV�RUJDQL]HG�LQ�VHFWLRQV�WKDW�GHDO�ZLWK�WKH�PDVV�FODVVHV�RI�VSHFLHV�WR�EH�PRQLWRUHG� 
SDUWLFOHV��JDVHV�RWKHU�WKDQ�RUJDQLF�FRPSRXQGV��DQG�92&V���(DFK�VHFWLRQ�LV�IXUWKHU�GLYLGHG�LQWR 
IL[HG�VLWH�PRQLWRUV�DQG�LQGRRU�DQG�RU�SHUVRQQHO�PRQLWRUV��$SSHQGL[�,�SURYLGHV�D�FRPSOHWH�OLVW 
RI�YHQGRUV�DQG�FRQWDFW�LQIRUPDWLRQ���$SSHQGL[�,,�VXPPDUL]HV�WKH�FDSDELOLWLHV�RI�FRPPHUFLDOO\ 
DYDLODEOH�V\VWHPV� 

� 



  

 

 

2.0 Particulate Matter Measurements 

2.1. Mass Measurements, Fixed Site 

2.1.1. Gravimetric, Filter-Based 
$�PDMRU�SUREOHP�ZLWK�WKH�PHDVXUHPHQW�RI�DLUERUQH�SDUWLFXODWH�PDVV�FRQFHQWUDWLRQV�LV�WKDW�WKH\ 
DUH�FRPSOH[�PL[WXUHV�RI�QRQYRODWLOH�DQG�VHPL�YRODWLOH�PDWHULDOV���$OWKRXJK�PDVV�LV�WKRXJKW�WR 
EH�D�IXQGDPHQWDO�SURSHUW\�RI�D�PDWHULDO��LQ�WKH�FDVH�RI�SDUWLFOHV��LW�LV�UHDOO\�DQ�RSHUDWLRQDOO\ 
GHILQHG�TXDQWLW\���,Q�RWKHU�ZRUGV��WKH�PDVV�FRQFHQWUDWLRQ�LV�ZKDW�LV�REWDLQHG�DV�D�UHVXOW�RI�WKH 
PHDVXUHPHQW�SURFHVV���%HFDXVH�GLIIHUHQW�PHDVXUHPHQW�SURFHVVHV�ZLOO�JLYH�ULVH�WR�GLIIHUHQW 
UHVXOWV��WKHUH�LV�QR�DEVROXWH�FRPSDULVRQ�VWDQGDUG�DJDLQVW�ZKLFK�WR�FRPSDUH�WHFKQLTXHV���7KH 
1DWLRQDO�$PELHQW�$LU�4XDOLW\�6WDQGDUG��1$$46��GHILQHG�D�)HGHUDO�5HIHUHQFH�0HWKRG��)50� 
IRU�30����WKDW�SURYLGHV�UHODWLYHO\�KLJK�SUHFLVLRQ��EXW�WRWDOO\�XQNQRZQ�DFFXUDF\���7KDW�LV��VLGH�E\� 
VLGH�VDPSOHUV�ZLOO�SURGXFH�YHU\�VLPLODU�PDVV�FRQFHQWUDWLRQ�PHDVXUHPHQWV��EXW�WKH�YDOXHV�PD\ 
EH�TXLWH�GLIIHUHQW�IURP�WKH�DFWXDO�FRQFHQWUDWLRQV�RI�FRQGHQVHG�PDWWHU�VXVSHQGHG�LQ�WKH 
DWPRVSKHUH���%HFDXVH�LW�LV�GHILQHG�E\�UHJXODWLRQ�WR�EH�WKH�EDVLV�RI�DWWDLQPHQW�RU�QRQ�DWWDLQPHQW 
GHFLVLRQV�ZLWK�UHVSHFW�WR�WKH�VWDQGDUG��LW�KDV�EHFRPH�WKH�EDVLV�RI�FRPSDULVRQ�ZLWK�RWKHU 
PHWKRGV� 

0DVV�PHDVXUHPHQWV�KDYH�WUDGLWLRQDOO\�LQYROYHG�SDVVDJH�RI�DLU�WKURXJK�D�ILOWHU��UHVXOWLQJ�LQ�D 
YDULHW\�RI�SRVLWLYH�DQG�QHJDWLYH�DUWLIDFWV���7KH�VDPSOHV�DUH�FROOHFWHG�RYHU�D����KRXU�SHULRG�DQG 
EHFDXVH�RI�WKH�KLJK�FRVW�RI�HTXLOLEUDWLQJ��ZHLJKLQJ��GHSOR\LQJ��UHWULHYLQJ��UH�HTXLOLEUDWLQJ��DQG 
UHZHLJKLQJ�WKH�ILOWHU��PHDVXUHPHQWV�DUH�RQO\�UHTXLUHG�WR�EH�PDGH�HYHU\�WKLUG�GD\���7KH�)50 
SURWRFRO�RQO\�UHTXLUHV�����GDWD�FDSWXUH��VR�DWWDLQPHQW�GHFLVLRQV�FDQ�EH�PDGH�RQ������RI�WKH 
SRVVLEOH�GDWD�WKDW�FRXOG�EH�REWDLQHG�LI�FRQWLQXRXV�PHDVXUHPHQW�PHWKRGV�ZHUH�DYDLODEOH���$V�D 
UHVXOW��RQO\�OLPLWHG�GDWD�DUH�DYDLODEOH�IRU�KHDOWK�VWXGLHV�DQG�LPSOHPHQWDWLRQ�SXUSRVHV� 

$V�D�UHVXOW�RI�D�GHFLVLRQ�E\�WKH�7KLUG�&LUFXLW�RI�WKH�8�6��&RXUW�RI�$SSHDOV�WKDW�ZDV�QRW�GLVSXWHG 

E\�WKH�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��(3$���WKH������30���VWDQGDUG�ZDV�LQYDOLGDWHG� 
&XUUHQWO\��WKH������VWDQGDUG�UHPDLQV�LQ�SODFH��EXW�LW�LV�FOHDU�WKDW�WKH�(3$�LQWHQGV�WR�SURPXOJDWH 
D�FRDUVH�SDUWLFOH�VWDQGDUG�DQG�KDV�EHHQ�GLVFXVVLQJ�D�30���²�����VWDQGDUG�WKDW�ZLOO�OLNHO\�EH 
SURSRVHG�LQ�WKH�6WDII�3DSHU�IRU�3DUWLFXODWH�0DWWHU�WKDW�WKH�(3$�2IILFH�RI�$LU�4XDOLW\�3ODQQLQJ 
DQG�6WDQGDUGV�ZLOO�SUHVHQW�WR�WKH�&OHDQ�$LU�6FLHQWLILF�$GYLVRU\�&RPPLWWHH�IRU�UHYLHZ�LQ�WKH 
VXPPHU�RI��������+RZHYHU��&DOLIRUQLD�KDV�VHW�D�VWDWH�VWDQGDUG�IRU�30���WKDW�LV�PRUH�VWULQJHQW 
WKDQ�WKH������1$$46�IRU�30���WKDW�UHPDLQV�LQ�HIIHFW�XQWLO�WKH�QHZ�FRDUVH�SDUWLFOH�VWDQGDUG�LV 
SURPXOJDWHG����7KH�LQLWLDO�SURSRVDO�IRU�D�)50�IRU�D�30���²�����IUDFWLRQ�ZDV�WR�XWLOL]H�WZR�VLGH�E\� 
VLGH�VDPSOHUV���2QH�ZRXOG�XVH�WKH�FXUUHQW�)50�IRU�30����DQG�WKH�RWKHU�ZRXOG�XVH�D�30����)50 

ZLWK�WKH�:HOO�,PSDFWRU�1LQHW\�6L[��:,16��LPSDFWRU�UHPRYHG�WR�PDNH�LW�D�30���VDPSOHU� 
+RZHYHU��(3$�LV�QRZ�UHYLHZLQJ�RWKHU�DOWHUQDWLYH�WHFKQRORJLHV�IRU�PDNLQJ�WKHVH�PHDVXUHPHQWV� 

$�QHZ�GLFKRWRPRXV�VDPSOHU�ZLWK�YROXPHWULF�IORZ�FRQWURO�KDV�EHHQ�GHYHORSHG�E\�5XSSUHFKW�	 
3DWDVKQLFN��5	 3���7KLV�VDPSOHU�KDV�EHHQ�WHVWHG�LQ�D�UHFHQW�VWXG\��3RRU�HW�DO��������DQG 
FRPSDUHG�ZHOO�ZLWK�WKH�30����)50�LQ�RQH�FLW\���7KLV�VDPSOHU�KDV�QRW�EHHQ�WHVWHG�IRU�LWV�DELOLW\�WR 
PHDVXUH�30���²�������7KH�(3$�LV�PDNLQJ�DGGLWLRQDO�ILHOG�WHVWV�WKURXJK�WKH�VSULQJ�RI������ 

� 



 2.1.2. Continuous Mass Measurements 

2.1.2.1. Commercial Systems 
,Q�DGGLWLRQ�WR�WKH�)50�VDPSOHUV�OLVWHG�LQ�$SSHQGL[�,,��YDULRXV�´FRQWLQXRXVµ�PDVV�PRQLWRUV 
KDYH�EHHQ�GHYHORSHG���7KHVH�V\VWHPV�DUH�UHDOO\�VHPL�FRQWLQXRXV��EHFDXVH�WKHUH�DUH�LQWHJUDWLRQ 
SHULRGV�QHFHVVDU\�WR�SURYLGH�D�PHDVXUHPHQW�ZLWK�DQ�DFFHSWDEOH�OHYHO�RI�PHDVXUHPHQW 
XQFHUWDLQW\���7KH�DSSURSULDWH�TXDQWLW\�WKDW�WKHVH�PRQLWRULQJ�V\VWHPV�VKRXOG�PHDVXUH�UHPDLQV 
XQUHVROYHG���6KRXOG�WKH\�DWWHPSW�WR�PLPLF�WKH�)50��VKRXOG�WKH\�PHDVXUH�WKH�PDVV�XQGHU�D 
ZHOO�GHILQHG�VHW�RI�WKHUPRG\QDPLF�FRQGLWLRQV��RU�VKRXOG�WKH\�DWWHPSW�WR�PHDVXUH�WKH�DFWXDO 
SDUWLFOH�PDVV�FRQFHQWUDWLRQ�WKDW�ZDV�SUHVHQW�LQ�WKH�DWPRVSKHUH"��9DULRXV�PDQXIDFWXUHUV�DQG 
DFDGHPLF�UHVHDUFKHUV�KDYH�WDNHQ�GLIIHUHQW�DSSURDFKHV�WR�DGGUHVV�WKHVH�TXHVWLRQV� 

7KHUH�DUH�WZR�GLUHFW�DSSURDFKHV�WR�WKH�PHDVXUHPHQW�RI�DHURVRO�PDVV������WKH�WDSHUHG�HOHPHQW 
RVFLOODWLQJ�PLFUREDODQFH��7(20����DQG�����WKH�EHWD�JDXJH���%RWK�PHWKRGV�DUH�EDVHG�RQ�EDVLF 
SK\VLFDO�SULQFLSOHV���7KH�7(20�RSHUDWHV�RQ�WKH�WKHRU\�RI�WKH�YLEUDWLQJ�UHHG���$�YLEUDWLQJ�UHHG 
WKDW�LV�DQFKRUHG�DW�RQH�HQG�YLEUDWHV�ZLWK�D�VLQJOH�IUHTXHQF\��ZLWK�QR�KDUPRQLFV���7KXV��DV�PDVV 
LV�DGGHG�WR�RQH�HQG�RI�WKH�YLEUDWLQJ�HOHPHQW��WKH�UHVRQDQW�IUHTXHQF\�FKDQJHV��DQG�WKLV�FKDQJH�LV 
GLUHFWO\�SURSRUWLRQDO�WR�WKH�DFFXPXODWHG�PDVV���,Q�WKH�EHWD�JDXJH��WKH�SDVVDJH�RI�HOHFWURQV 
WKURXJK�D�PDWHULDO�LV�DWWHQXDWHG�E\�WKH�SUHVHQFH�RI�WKH�DUHDO�PDVV�FRQFHQWUDWLRQ�EHWZHHQ�WKH 
UDGLRDFWLYH�VRXUFH�DQG�WKH�GHWHFWRU� 

7KHUH�DUH�DOVR�LQGLUHFW�PDVV�PHWKRGV���,Q�WKH�&RQWLQXRXV�$HURVRO�0DVV�0RQLWRU��&$00� 
PHWKRG��WKH�SUHVVXUH�GURS�DFURVV�D�SRUH�W\SH�ILOWHU�LQFUHDVHV�ZLWK�LQFUHDVLQJ�PDVV�ORDGLQJ 
ZLWKLQ�D�OLPLWHG�UDQJH�RI�SDUWLFOH�VL]HV���7KXV��DIWHU�D�SHULRG�RI�WLPH��WKH�FKDQJH�LQ�SUHVVXUH 
GURS�DFURVV�WKH�ILOWHU�FDQ�EH�UHODWHG�WR�WKH�DPRXQW�RI�DFFXPXODWHG�SDUWLFOH�PDVV���$QRWKHU 
LQGLUHFW�PHWKRG�IRU�ILQH�SDUWLFOHV�LV�WKURXJK�WKH�PHDVXUHPHQW�RI�OLJKW�VFDWWHULQJ���/LJKW 
VFDWWHULQJ�IURP�D�SRO\GLVSHUVH�DHURVRO�LV�D�FRPSOH[�SKHQRPHQRQ�LQYROYLQJ�SDUWLFOH�VL]H�DQG�D 
UHIUDFWLYH�LQGH[���+RZHYHU��PDQ\�RI�WKHVH�FRPSOH[LWLHV�DYHUDJH�RXW�VXIILFLHQWO\�WKDW�UHDVRQDEOH 
HVWLPDWHV�RI�WKH�ILQH�SDUWLFOH�PDVV�FDQ�EH�REWDLQHG�IURP�WKH�DPRXQW�RI�VFDWWHUHG�OLJKW� 

,Q�RUGHU�WR�XVH�WKHVH�PDVV�PHDVXUHPHQW�PHWKRGV��WKH�DHURVRO�PXVW�EH�FRQGLWLRQHG�LQ�VRPH 
IDVKLRQ���%HFDXVH�ZH�DUH�LQWHUHVWHG�LQ�WKH�PDVV�SULPDULO\�EHFDXVH�WKHUH�DUH�HIIRUWV�WR�SURWHFW 
SXEOLF�KHDOWK��DQG�ZDWHU�DVVRFLDWHG�ZLWK�WKH�SDUWLFOHV�LV�QRW�WKRXJKW�WR�SRVH�D�KHDOWK�ULVN��WKH 
´GU\µ�PDVV�FRQFHQWUDWLRQ�LV�WKH�TXDQWLW\�RI�LQWHUHVW���+RZHYHU��LW�LV�YHU\�GLIILFXOW�WR�UHPRYH�WKH 
ZDWHU�ZLWKRXW�UHPRYLQJ�DQ\�RWKHU�VHPLYRODWLOH�FRPSRQHQW���)RU�WKH�ILOWHU�EDVHG�PHWKRGV��ZDWHU 
LV�UHPRYHG�E\�HTXLOLEUDWLRQ�RI�WKH�VDPH�ZLWK�DLU�DW�����UHODWLYH�KXPLGLW\�DQG����&�IRU����KRXUV� 
+RZHYHU��GHSHQGLQJ�RQ�WKH�SDUWLFOH�FRPSRVLWLRQ��WKLV�VWUDWHJ\�PD\�QRW�WKRURXJKO\�GU\�WKH 
VDPSOH���$W�WKH�VDPH�WLPH��VHPLYRODWLOH�PDWHULDOV�FDQ�HYDSRUDWH�GXULQJ�WKH�HTXLOLEUDWLRQ�SHULRG� 

)RU�WKH�FRQWLQXRXV�PRQLWRUV��DOWHUQDWLYH�PHWKRGV�KDYH�EHHQ�XVHG���7KH�LQLWLDO�ZRUN�ZLWK�D 
7(20�XVHG�HOHYDWHG�WHPSHUDWXUHV�WR�UHPRYH�WKH�ZDWHU�DQG�DQ\�RWKHU�PDWHULDO�WKDW�ZRXOG�EH 
YRODWLOH�DW����&���7KLV�WHPSHUDWXUH�SURYLGHV�D�ZHOO�GHILQHG�VHW�RI�WKHUPRG\QDPLF�FRQGLWLRQV� 
EXW�HQVXUHV�WKH�ORVV�RI�DQ\�DPPRQLXP�QLWUDWH�DQG�PRVW�KLJK�YDSRU�SUHVVXUH�VHPLYRODWLOH 
RUJDQLF�FRQVWLWXHQWV���7R�SURYLGH�D�VDPSOH�WR�WKH�VHQVLQJ�HOHPHQW�ZLWKRXW�ZDWHU�DW�D�ORZHU 
WHPSHUDWXUH��D�1DILRQ��GULHU�LV�LQFRUSRUDWHG�LQ�WKH�LQOHW�OLQH���1DILRQ�LV�D�PDWHULDO�WKDW�SHUPLWV 
VPDOO��SRODU�JDV�PROHFXOHV�OLNH�ZDWHU�WR�SDVV�WKURXJK�D�PHPEUDQH���7KHVH�GULHUV�KDYH�EHHQ�XVHG 

� 



 

	

LQ�D�QXPEHU�RI�V\VWHPV���+RZHYHU��KHDWLQJ�WKH�VHQVLQJ�HOHPHQW�WR����&�ZLOO�VWLOO�UHPRYH 
VHPLYRODWLOH�FRPSRQHQWV��SDUWLFXODUO\�ZKHQ�WKH�DPELHQW�WHPSHUDWXUH�LV�VLJQLILFDQWO\�EHORZ�WKLV 
YDOXH� 

,QLWLDO�GHYHORSPHQW�RI�D�FRQWLQXRXV�FRDUVH�PRQLWRU�LV�FXUUHQWO\�XQGHU�ZD\��EDVHG�RQ�WKH�ZRUN 
RI�0LVUD�HW�DO�����������7KLV�V\VWHP�KDV�QRW�EHHQ�H[WHQVLYHO\�ILHOG�WHVWHG��EXW�LQLWLDO�VWXGLHV�KDYH 
EHHQ�SHUIRUPHG�LQ�7DPSD��)ORULGD���7KH�(3$�LV�FRQGXFWLQJ�DGGLWLRQDO�WHVWLQJ�LQ�������VR�WKDW�LW 
FRXOG�EH�FRQVLGHUHG�DV�D�)50�RU�D�)HGHUDO�(TXLYDOHQW�0HWKRG��)(0��IRU�30���²����� 

2.1.2.2. Developing and Research Systems 
5HVHDUFK�V\VWHPV�KDYH�EHHQ�GHYHORSHG�WR�DGGUHVV�WKH�VKRUWFRPLQJV�RI�WKH�FRPPHUFLDOO\ 
DYDLODEOH�V\VWHPV���(DWRXJK�DQG�FRZRUNHUV��(DWRXJK�HW�DO��������3DQJ�HW�DO������������D�E� 
2EHLGL�DQG�(DWRXJK�������2EHLGL�HW�DO��������KDYH�GHYHORSHG�WKH�5HDO�WLPH�$PELHQW�0RQLWRULQJ 
6\VWHP��5$06���ZKLFK�LQYROYHV�D�YHU\�FRPSOLFDWHG�V\VWHP�RI�GHQXGHUV�DQG�GULHUV�DQG�D�GXDO 
7(20�GHWHFWLRQ�V\VWHP���7KLV�V\VWHP�LV�FXUUHQWO\�XQGHUJRLQJ�HYDOXDWLRQ�LQ�FRPSDULVRQ�WR 
RWKHU�FRQYHQWLRQDO�DQG�UHVHDUFK�PRQLWRULQJ�WHFKQLTXHV��/HZWDV�HW�DO����������7KH�5$06�V\VWHP 
LV�YHU\�ODUJH�DQG�FRPSOH[�DQG�GRHV�QRW�UHSUHVHQW�D�SUDFWLFDO�URXWLQH�PRQLWRULQJ�WRRO� 

7KH�5$06�KDV�OHG�WR�WKH�GHYHORSPHQW�RI�DQRWKHU�GLIIHUHQWLDO�7(20�V\VWHP��3DWDVKQLFN�HW�DO� 
��������7KLV�GLIIHUHQWLDO�V\VWHP�XVHV�GXDO�HOHFWURVWDWLF�SUHFLSLWDWRUV��(63��DQG�WZR�DPELHQW� 
WHPSHUDWXUH�7(20V�FRQQHFWHG�WR�D�FRPPRQ�LQOHW�DQG�GULHU�V\VWHP���7KH�DLU�LV�VSOLW�DQG�SDVVHV 
WKURXJK�WZR�FKDQQHOV��HDFK�ZLWK�DQ�(63�DQG�D�7(20���2QH�(63�LV�RQ�DQG�WKH�RWKHU�LV�RII���7KH 
RQ�RII�VWDWHV�DUH�VZLWFKHG�IUHTXHQWO\��HYHU\�ILYH�PLQXWHV��VR�WKDW�LQ�WKH�RQ�FKDQQHO��WKH 
VDPSOLQJ�DUWLIDFWV��DGVRUSWLRQ�RI�RUJDQLFV�RQ�WKH�ILOWHU��YRODWLOL]DWLRQ�RI�PDWHULDOV�IURP�WKH 
GHSRVLW�FROOHFWHG�RQ�WKH�ILOWHU��DUH�GXSOLFDWHG���7KXV��WKH�VXEWUDFWLRQ�RI�WKH�RQ�FKDQQHO�IURP�WKH 
RII�FKDQQHO�VKRXOG�SURYLGH�D�EHWWHU�HVWLPDWH�RI�WKH�DFWXDO�DLUERUQH�SDUWLFOH�PDVVHV� 

)URP�WKLV�FRQFHSW��DQ�DOWHUQDWLYH�V\VWHP�KDV�EHHQ�GHYHORSHG�WKDW�XVHV�D�)LOWHU�'\QDPLFV 
0HDVXUHPHQW�6\VWHP��)'06�³WKH�5	 3�)'06�VHULHV�������7KH�)'06�LQVWUXPHQW�FRPSXWHV�LWV 
UXQQLQJ�30�PDVV�FRQFHQWUDWLRQ�DYHUDJH�EDVHG�XSRQ�LQGHSHQGHQW�PHDVXUHPHQWV�RI�WKH�YRODWLOH 
DQG�QRQYRODWLOH�IUDFWLRQV�RI�WKH�DPELHQW�SDUWLFXODWH�PDWWHU��7R�DFFRPSOLVK�WKLV��WKH�)'06�XQLW 
FRQVWDQWO\�VDPSOHV�DPELHQW�DLU�DQG�XVHV�D�VZLWFKLQJ�YDOYH�WR�FKDQJH�WKH�SDWK�RI�WKH�PDLQ�IORZ 
HYHU\�VL[�PLQXWHV��7KH�VDPSOLQJ�SURFHVV�FRQVLVWV�RI�DOWHUQDWH�VDPSOH�DQG�SXUJH��ILOWHUHG��DLU 
VWUHDPV�SDVVLQJ�WKURXJK�WKH�H[FKDQJHDEOH�ILOWHU�LQ�WKH�7(20�PDVV�VHQVRU���7KH�SXUJH�ILOWHU�LQ 
WKH�)'06�PDLQ�HQFORVXUH�HIIHFWLYHO\�UHPRYHV�ERWK�RUJDQLF�DQG�LQRUJDQLF�DHURVROV�DW���&��7KH 
H[FKDQJHDEOH�SXUJH�ILOWHU�FDQ�SURYLGH�D�WLPH�LQWHJUDWHG�VDPSOH�WKDW�FDQ�EH�XVHG�IRU�VXEVHTXHQW 
FKHPLFDO�DQDO\VLV��$�VWDQGDUG�5 3�)50�VW\OH�PROGHG�ILOWHU�FDVVHWWH�DOORZV�IRU�WKH�XVH�RI�D 
YDULHW\�RI����PP�GLDPHWHU�ILOWHU�PHGLD�DV�WKH�SXUJH�ILOWHU� 

7KH�VDPSOH�DQG�SXUJH�DLU�IORZV�DOWHUQDWHO\�SDVV�WKURXJK�WKH�H[FKDQJHDEOH�ILOWHU�LQ�WKH�7(20 
PLFUREDODQFH��ZKLFK�JHQHUDWHV�D�GLUHFW�PHDVXUHPHQW�RI�WKH�FROOHFWHG�PDVV��7KH�V\VWHP 
DXWRPDWLFDOO\�DGMXVWV�WKH�PDVV�FRQFHQWUDWLRQ�IURP�WKH�SDUWLFOH�ODGHQ�DLU�VWUHDP�E\�UHIHUHQFLQJ�LW 
WR�WKH�PDVV�FKDQJH�WKDW�PD\�RFFXU�GXULQJ�SXUJLQJ��)RU�H[DPSOH��LI�WKH�)'06�XQLW�PHDVXUHV�D 
GHFUHDVH�RI�ILOWHU�PDVV�GXULQJ�WKH�VL[�PLQXWH�SXUJLQJ�SHULRG��WKLV�PDVV�GHFUHDVH�LV�DGGHG�EDFN 
WR�WKH�PDVV�PHDVXUHPHQW�REWDLQHG�ZLWK�SDUWLFOH�ODGHQ�DLU���5HFHQW�WHVWV�RI�WKLV�V\VWHP�E\�$5% 
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KDYH�VXJJHVWHG�LW�ZRXOG�SURYLGH�VDWLVIDFWRU\�PHDVXUHPHQW�RI�30�����ZLWK�DGHTXDWH 
FRUUHVSRQGHQFH�WR�)50�PHDVXUHPHQWV� 

2.2. Particulate Constituent Measurements, Fixed Site 

2.2.1. Commercial Instruments 
2QH�DSSURDFK�WR�REWDLQLQJ�FRQWLQXRXV�LQIRUPDWLRQ�RQ�DLUERUQH�SDUWLFXODWH�PDWWHU�LV�HPERGLHG 
LQ�WKH�GHYHORSPHQW�RI�PHDVXUHPHQW�V\VWHPV�IRU�PDMRU�FRQVWLWXHQWV��QLWUDWH��VXOIDWH��DQG�RUJDQLF 
DQG�HOHPHQWDO�FDUERQ����3DUWLFXODWH�QLWUDWH�FDQ�EH�FRQWLQXRXVO\�GHWHUPLQHG�XVLQJ�WKH�5	 3 
0RGHO�����1���7KLV�V\VWHP�LV�EDVHG�RQ�WKH�ZRUN�RI�6WRO]HQEXUJ�DQG�+HULQJ����������$�30��� 
VKDUS�FXW�F\FORQH��6&&��UHPRYHV�WKH�ODUJHU�SDUWLFOHV�IURP�WKH�VDPSOH�VWUHDP��$�E\SDVV�IORZ� 
ZKLFK�VKRUWHQV�WKH�UHVLGHQFH�WLPH�RI�WKH�VDPSOH�VWUHDP�LQ�WKH�VDPSOLQJ�VHFWLRQ��SDVVHV�WKURXJK 
D�FULWLFDO�RULILFH���$Q�DFWLYDWHG�FKDUFRDO�GHQXGHU�UHPRYHV�DFLGLF�JDVHV�WKDW�ZRXOG�RWKHUZLVH 
LQWHUIHUH�ZLWK�WKH�PHDVXUHPHQW�RI�WKH�DPELHQW�SDUWLFXODWH�QLWUDWH�FRQFHQWUDWLRQ���7KH�PRQLWRU 
FROOHFWV�ILQH�SDUWLFXODWH�PDWWHU�E\�PHDQV�RI�FULWLFDO�LPSDFWLRQ���7R�DFKLHYH�KLJK�FROOHFWLRQ 
HIILFLHQFLHV�HYHQ�IRU�YHU\�VPDOO�VHFRQGDU\�DHURVROV��D�KXPLGLILHU�PRLVWHQV�WKH�VDPSOH�VWUHDP 
DQG�FDXVHV�WKH�K\JURVFRSLF�QLWUDWH�SDUWLFOHV�WR�JURZ���7KH�UHPDLQLQJ�SDUW�RI�WKH�VDPSOH�VWUHDP 
IRUPV�D�MHW�DV�LW�SDVVHV�WKURXJK�D�FULWLFDO�RULILFH��3DUWLFOHV�FROOHFW�RQ�DQ�LPSDFWRU�IODVKLQJ�VWULS 
GXULQJ�WKH�VDPSOH�FROOHFWLRQ�SKDVH��ZKLFK�WDNHV�HLJKW�PLQXWHV�E\�GHIDXOW���7KH�VDPSOH�DQG 
E\SDVV�IORZV�WKHQ�FRPELQH�DQG�H[LW�IURP�WKH�LQVWUXPHQW�RQ�WKHLU�ZD\�WR�DQ�H[WHUQDO�SXPS���7KH 
PRQLWRU�SXUJHV�WKH�DQDO\VLV�FHOO�ZLWK�QLWURJHQ��1����DQG�WKHQ�VHQGV�D�KLJK�FXUUHQW�WKURXJK�WKH 
LPSDFWRU�IODVKLQJ�VWULS�WKDW�ODVWV�DSSUR[LPDWHO\������VHFRQG�DQG�KHDWV�WKH�FROOHFWHG�SDUWLFXODWH 
PDWWHU�WR�DERXW�����&��7KH�YDSRUL]DWLRQ�GHFRPSRVLWLRQ�SURFHVV�FRQYHUWV�WKH�SDUWLFXODWH�QLWUDWH 
FRQWDLQHG�LQ�WKH�FROOHFWHG�VDPSOH�WR�12[��7KH�12[�SXOVH�PRQLWRU��D�VSHFLDOO\�WXQHG 
FKHPLOXPLQHVFHQW�12[�DQDO\]HU��TXDQWLILHV�WKH�DPRXQW�RI�12[�JHQHUDWHG�E\�WKLV�SURFHVV���7KH 
VXOIDWH�PRQLWRU��0RGHO�����6��XVHV�D�VLPLODU�SURFHVV��H[FHSW�WKDW�LW�XVHV�DQ�62��PRQLWRU���,QLWLDO 
LQGLFDWLRQV�KDYH�VKRZQ�WKDW�WKH�VXOIDWH�DQG�QLWUDWH�LQVWUXPHQWV�SURYLGH�UHDVRQDEOH�UHVXOWV 
ZKHQ�FRPSDUHG�WR�VLGH�E\�VLGH�LQWHJUDWHG�VDPSOHV���0XFK�EHWWHU�FKDUDFWHUL]DWLRQV�RI�WKHVH 
LQVWUXPHQWV�ZLOO�FRPH�IURP�WKH�(3$�6XSHUVLWH�DFWLYLWLHV�WKDW�DUH�FXUUHQWO\�LQ�SURJUHVV� 

7KH�$HWKDORPHWHU��LV�DQ�LQVWUXPHQW�WKDW�KDV�EHHQ�DYDLODEOH�IRU�OLJKW�DEVRUELQJ�FDUERQ 
PHDVXUHPHQWV�IRU�TXLWH�VRPH�WLPH���,W�ZDV�RULJLQDOO\�GHYHORSHG�E\�$��+DQVHQ�DQG�PDUNHWHG�E\ 
0DJHH�6FLHQWLILF��EXW�LV�QRZ�GLVWULEXWHG�E\�7KHUPR�$QGHUVHQ���,QLWLDO�PRGHOV�XVHG�D�VLQJOH 
ZDYHOHQJWK�OLJKW�VRXUFH��KRZHYHU��QHZHU�PRGHOV�XVH�WZR�WR�VHYHQ�ZDYHOHQJWKV��WR�EHWWHU 
GLVFULPLQDWH�DPRQJ�GLIIHUHQW�W\SHV�RI�OLJKW�DEVRUELQJ�FDUERQ���$EVRUEDQFH�DW�����QDQRPHWHUV 
�QP��DSSHDUV�WR�SURYLGH�VRPH�LQGLFDWLRQ�RI�VLJQLILFDQW�FRQFHQWUDWLRQV�RI�SRO\F\FOLF�DURPDWLF 
K\GURFDUERQV��3$+V���ZKLFK�DUH�RIWHQ�DVVRFLDWHG�ZLWK�GLHVHO�SDUWLFOHV���)LJXUH���VKRZV�WKH�WUDFH 
IURP�D�GXDO�ZDYHOHQJWK�$HWKDORPHWHU� 
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)LJXUH�����7UDF

$�QHZ�GHYLFH�GH
LQVWUXPHQW�PHDV
VRXUFH�RI�WKH�89

$QRWKHU�VHW�RI�LQ
(FRFKHP�$QDO\W
3$6�����&(���ER
K\GURFDUERQ�FRP
JHQHUDWHG�LV�PHD
DQG�SURYLGH�DQ�H

&DUERQ�LQ�SDUWLFX
FDUERQ��(&���EDVH
R[LGL]LQJ�DWPRVS
LQYROYHG�LQ�WKH�P
TXDQWLWLHV���$Q�2
DQG�FRQYHUVLRQ�W
ZLWK�WKLV�LQVWUXP
FDSWXUH�VPDOOHU�S
2QO\�WZR�HYROXWL
WKH�R[\JHQ�FRQWD
LQ�WKH�ODERUDWRU\
HYROXWLRQ���8QSX
WKH�WRWDO�2&�(&
LQWHJUDWHG�VDPSO
HV�LQ�D�'XDO�:DYHOHQJWK�$HWKDORPHWHU��6KRZLQJ�WKH�3UHVHQFH�RI�'LHVHO�9HKLFOH 
([KDXVW���6RXUFH��0DJHH�6FLHQWLILF�:HE�VLWH�� 

YHORSHG�LQ�-DSDQ�KDV�MXVW�EHHQ�LQWURGXFHG�LQ�WKH�8�6��PDUNHW�E\�%*,��,QF���7KLV 
XUHV�DEVRUEDQFH�DW�����DQG�����QP�DQG�DVVXPHV�WKDW��LQ�LQGRRU�DLU��WKH�SULPDU\ 
�DEVRUEDQFH�LV�3$+�FRPSRXQGV�DVVRFLDWHG�ZLWK�HQYLURQPHQWDO�WREDFFR�VPRNH� 

VWUXPHQWV�KDV�EHHQ�GHYHORSHG�WR�PHDVXUH�DPELHQW�3$+�FRPSRXQGV� 
LFV�KDV�SURGXFHG�ERWK�D�ILHOG�DQG�D�KDQG�KHOG�PRQLWRU��PRGHOV�3$6������DQG 
WK�RI�ZKLFK�RSHUDWH�RQ�WKH�SULQFLSOH�RI�SKRWRLRQL]DWLRQ���3RO\F\FOLF�DURPDWLF 
SRXQGV�FDQ�EH�UHDGLO\�LRQL]HG�E\�SKRWRQV�LQ�WKH�89�UDQJH��DQG�WKH�FXUUHQW 
VXUHG��7KHVH�LQVWUXPHQWV�PHDVXUH�3$+�FRPSRXQGV�ZLWK�WKUHH�RU�PRUH�ULQJV 
VWLPDWH�RI�WKH�WRWDO�3$+�FRQFHQWUDWLRQ� 

ODWH�PDWWHU�FDQ�EH�TXDQWLILHG�LQ�WHUPV�RI�RUJDQLF�FDUERQ��2&��DQG�HOHPHQWDO 
G�RQ�WKH�HYROXWLRQ�RI�PDWHULDO�IURP�WKH�VDPSOH�DV�LW�LV�KHDWHG�LQ�LQHUW�DQG 
KHUHV��UHVSHFWLYHO\���&KRZ�HW�DO���������SURYLGHV�D�JRRG�UHYLHZ�RI�WKH�LVVXHV 
HDVXUHPHQW�RI�2&�DQG�(&�DQG�WKH�SUREOHPV�LQYROYHG�LQ�GHILQLQJ�WKHVH 
&�(&�LQVWUXPHQW��5	 3�PRGHO�������DOVR�XVHV�LPSDFWLRQ��IODVK�YRODWLOL]DWLRQ� 
R�&2��IRU�TXDQWLILFDWLRQ���7KHUH�LV�XQFHUWDLQW\�LQ�WKH�PHDVXUHPHQWV�RI��2&�(& 
HQW��EHFDXVH�WKH�LPSDFWRU�FXWV�RII�DW�DSSUR[LPDWHO\�����QP���7KXV��LW�PD\�QRW 
DUWLFOHV��DQG�SDUWLFXODUO\�PD\�QRW�FROOHFW�DOO�RI�WKH�GLHVHO�H[KDXVW�SDUWLFOHV� 
RQ�WHPSHUDWXUHV�DUH�DYDLODEOH��ZLWK�RQH�IRU�WKH�LQHUW�JDV�F\FOH��2&��DQG�RQH�IRU 
LQLQJ�JDV�F\FOH��(&�³DV�RSSRVHG�WR�PXOWLSOH�WHPSHUDWXUHV�IRU�2&�DQG�(&��DV 
�SURFHGXUHV���,Q�DGGLWLRQ��WKHUH�LV�QR�FRUUHFWLRQ�IRU�S\URO\VLV�GXULQJ�WKH�2& 
EOLVKHG�UHSRUWV�KDYH�VXJJHVWHG�WKDW�WKLV�V\VWHP�SURYLGHV�D�JRRG�HVWLPDWH�RI 
��EXW�WKH�IUDFWLRQV�GR�QRW�FRUUHVSRQG�ZHOO�ZLWK�WKH�ODE�PHDVXUHPHQWV�RI 
HV�WDNHQ�VLPXOWDQHRXVO\�ZLWK�WKH�FRQWLQXRXV�PHDVXUHPHQWV� 
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$Q�2&�(&�ILHOG�LQVWUXPHQW�KDV�EHHQ�GHYHORSHG�E\�6XQVHW�/DERUDWRU\³WKH�FRPSDQ\�WKDW 
GHYHORSHG�WKH�ODERUDWRU\�LQVWUXPHQW�WR�LPSOHPHQW�D�PRGLILHG�1DWLRQDO�,QVWLWXWH�IRU 
2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK��1,26+�������PHWKRG��%LUFK�DQG�&DU\���������7KLV�LQVWUXPHQW 
FROOHFWV�WKH�SDUWLFOHV�RQ�D�ILOWHU�DQG�PDNHV�D�S\URO\VLV�FRUUHFWLRQ�XVLQJ�UHIOHFWDQFH���,W�KDV�EHHQ 
DYDLODEOH�IRU�OHVV�WKDQ�D�\HDU�DQG�LW�LV�VWLOO�EHLQJ�FKDUDFWHUL]HG���+RZHYHU��LQLWLDO�H[SHULHQFH�ZLWK 
LW�DV�D�XVHIXO�FRQWLQXRXV�PHDVXUH�RI�2&�DQG�(&��ZLWK�EHWWHU�FRUUHVSRQGHQFH�WR�WKH�ODERUDWRU\ 
PHDVXUHPHQWV��DSSHDUV�TXLWH�SURPLVLQJ� 

2.2.2. Research Instrument Development 
'U��*HRUJH�$OOHQ��ZKLOH�KH�ZDV�DW�WKH�+DUYDUG�6FKRRO�RI�3XEOLF�+HDOWK��+63+���GHYHORSHG�D 
FRQWLQXRXV�VXOIDWH�DQDO\]HU���,W�XWLOL]HV�FDWDO\WLF�UHGXFWLRQ�RI�VXOIDWH�WR�62��LQ�D�VWDLQOHVV�VWHHO 

WXEH�DQG�GHWHFWLRQ�RI�WKH�JHQHUDWHG�62��ZLWK�D�FRQYHQWLRQDO�62��PRQLWRU���6HYHUDO�YDULDWLRQV�RI 
WKLV�V\VWHP�KDYH�EHHQ�EXLOW�XQGHU�OLFHQVHV�IURP�+63+�ZKLOH�WKH�LQVWUXPHQW�LV�EHLQJ 
FRPPHUFLDOL]HG�E\�7KHUPR�$QGHUVHQ���,QLWLDO�H[SHULHQFH�LQ�WKH�6RXWKHDVWHUQ�$HURVROV�5HVHDUFK 
DQG�&KDUDFWHUL]DWLRQ��6($5&+��PRQLWRULQJ�QHWZRUN�KDV�EHHQ�YHU\�HQFRXUDJLQJ��(��(GJHUWRQ� 
SULYDWH�FRPPXQLFDWLRQ�� 

6HYHUDO�JURXSV�KDYH�EHHQ�ZRUNLQJ�RQ�FROOHFWLRQ�RI�ILQH�SDUWLFXODWH�PDWWHU�E\�LQFUHDVLQJ�WKH 
SDUWLFOH�VL]H�WKURXJK�K\JURVFRSLF�JURZWK�DQG�WKHQ�DQDO\]LQJ�WKH�FROOHFWHG�VOXUU\���$Q�LQLWLDO 
VL]H�VHSDUDWLRQ�LV�REWDLQ�XVLQJ�D�VL]H�VHOHFWLYH�LQOHW���6WHDP�LV�LQMHFWHG�DQG�WKH�UHVXOWLQJ�GURSOHWV 
DUH�FROOHFWHG�LQ�DQ�LPSDFWRU���7KH�VOXUU\�IURP�WKLV�LPSDFWLRQ�VWDJH�FDQ�WKHQ�EH�LQWURGXFHG�LQWR 
DQ�DSSURSULDWH�DQDO\WLFDO�LQVWUXPHQW� 

'U��5RGQH\�:HEHU��:HEHU�HW�DO��������XVHV�LRQ�FKURPDWRJUDSK\�WR�DQDO\]H�IRU�PDMRU�FDWLRQV 
DQG�DQLRQV���7KLV�V\VWHP�LV�D�PRGLILFDWLRQ�RI�WKH�'XWFK�V\VWHP�GHYHORSHG�E\�6ODQLQD�DQG 
FRZRUNHUV��.KO\VWRY�HW�DO����������$�VLPLODU�V\VWHP�LV�DOVR�EHLQJ�GHYHORSHG�E\�7KHUPR 
$QGHUVHQ���,Q�WKLV�V\VWHP��FRORULPHWU\�LV�DOVR�XVHG�WR�GHWHUPLQH�WKH�DPPRQLXP�LRQ 
FRQFHQWUDWLRQ���,Q�WKH�:HEHU�V\VWHP��GHQXGHUV�DUH�XVHG�WR�UHPRYH�JDVHRXV�LQWHUIHUHQFHV�VXFK�DV 
QLWULF�DFLG��+12���DQG�62����,W�LV�EHLQJ�WHVWHG�DW�VHYHUDO�RI�(3$·V�6XSHUVLWHV� 

2QGRY�KDV�EHHQ�GHYHORSLQJ�D�VLPLODU�V\VWHP�IRU�PHWDOV�GHWHUPLQDWLRQ���7KH�6HPL�FRQWLQXRXV 
(OHPHQWV�LQ�$HURVRO�6\VWHP��6($6��LV�PDGH�HQWLUHO\�RI�JODVV�WR�DYRLG�FRQWDPLQDWLRQ���&XUUHQWO\ 
WKHUH�DUH�QR�GHQXGHUV�RQ�LW��VR�WKH�VOXUU\�ZRXOG�FRQWDLQ�JDVHRXV�DV�ZHOO�DV�SDUWLFXODWH�VSHFLHV� 
$W�WKLV�WLPH��WKH�RQO\�GRFXPHQWDWLRQ�RQ�WKLV�V\VWHP�LV�WKH�GRFWRUDO�WKHVLV�RI�.LGZHOO�������� 
5HVXOWV�IURP�WKLV�V\VWHP�FDQ�EH�VHHQ�RQ�WKH�%DOWLPRUH�6XSHUVLWH�:HE�SDJH 
�ZZZ�FKHP�XPG�HGX�VXSHUVLWH�NH\LQVWUXPHQWV�6($6QHZ�KWP�� 

2.3. Particulate Matter Mass, Personal Monitors 

2.3.1. Commercial Instruments, Gravimetric 
0DQ\�SHUVRQDO�VDPSOHUV�KDYH�EHHQ�DYDLODEOH�IRU�\HDUV��SULPDULO\�WKRVH�GHVLJQHG�IRU�LQGXVWULDO 
K\JLHQH�SXUSRVHV���6HYHUDO�FRPSDQLHV��H�J���6.&�DQG�06$��VHOO�YDULRXV�F\FORQHV�DQG�SRUWDEOH 
SXPSV���+RZHYHU��WKHVH�V\VWHPV�GR�QRW�SURYLGH�DV�ZHOO�GHILQHG�SDUWLFOH�VL]H�GLVFULPLQDWLRQ�DV 
LV�GHVLUDEOH� 

�� 



 

7KH�3HUVRQDO�(QYLURQPHQWDO�0RQLWRU��3(0����0DUSOH�HW�DO��������.DPHQV�HW�DO��������LV�DQ 
LQHUWLDO�LPSDFWRU�V\VWHP�PDQXIDFWXUHG�E\�063�&RUSRUDWLRQ�RI�6W��3DXO��0LQQHVRWD�DQG�LV 
PDUNHWHG�E\�VHYHUDO�RWKHU�FRPSDQLHV���,W�XVHV����PP�VXEVWUDWHV�OLNH�7HIOR��ILOWHUV���,W�KDV�EHHQ 
XVHG�LQ�D�QXPEHU�RI�H[SRVXUH�VWXGLHV�DQG�SURYLGHV�DQ�LQWHJUDWHG�ILOWHU�VDPSOH�IRU�JUDYLPHWULF 
DQG�RU�FKHPLFDO�DQDO\VLV� 

2.3.2. Research Instruments, Gravimetric 
:LWK�WKH�LQWHUHVW�LQ�VSHFLILF�H[SRVXUH�WR�ILQH�SDUWLFOHV��VHYHUDO�JURXSV�KDYH�EHHQ�GHYHORSLQJ�QHZ 
VDPSOHUV���0LVUD�HW�DO���������GHYHORSHG�D�QHZ�SHUVRQDO�FDVFDGH�LPSDFWRU���7KH�3HUVRQDO 
&DVFDGH�,PSDFWRU�6DPSOHU��3&,6��LV�D�PLQLDWXUL]HG�FDVFDGH�LPSDFWRU��FRQVLVWLQJ�RI�IRXU 
LPSDFWLRQ�VWDJHV��IROORZHG�E\�DQ�DIWHU�ILOWHU���3DUWLFOHV�DUH�VHSDUDWHG�LQ�WKH�IROORZLQJ 
DHURG\QDPLF�SDUWLFOH�GLDPHWHU�UDQJHV�������������²��������²��������²�����DQG����²����P���7KH�3&,6 
RSHUDWHV�DW�D�IORZ�UDWH�RI���OLWHUV�SHU�PLQXWH��OSP���XVLQJ�D�YHU\�KLJK�HIILFLHQF\��EDWWHU\� 
RSHUDWHG��OLJKWZHLJKW�SXPS�DW�D�SUHVVXUH�GURS�RI����LQ��+�2������NLORSDVFDOV��N3D����7KLV�GHYLFH 
ZLOO�EH�GHYHORSHG�DV�D�FRPPHUFLDO�SURGXFW�E\�6.&��,QF���1HZ����OSP�SHUVRQDO�VDPSOLQJ�SXPSV 
DUH�QRZ�DYDLODEOH�IURP�6.&�DQG�%*,��,QF���7KH�UHVXOWLQJ�LPSDFWLRQ�VWDJH�PHGLD�FDQ�EH�DQDO\]HG 
IRU�PDVV�DQG�FKHPLFDO�VSHFLHV��XVLQJ�FRQYHQWLRQDO�DQDO\WLFDO�PHWKRGV� 

1HZ�V\VWHPV�KDYH�EHHQ�GHYHORSHG�WR�SURYLGH�PHDVXUHPHQW�RI�ERWK�JDVHRXV�DQG�SDUWLFXODWH 
PDWWHU�FRQFHQWUDWLRQV���'HPRNULWRX�HW�DO���������GHVFULEH�D�PXOWLSROOXWDQW�VDPSOHU���7KLV 
VDPSOHU�FDQ�EH�XVHG�IRU�PHDVXULQJ�H[SRVXUHV�WR�30���DQG�30����DQG�PDVV�DQG�FULWHULD�JDVHV� 
7KH�V\VWHP�XVHV�D�VLQJOH�SHUVRQDO�VDPSOLQJ�SXPS�WKDW�RSHUDWHV�DW�D�IORZ�UDWH�RI�����OSP��7KH 
EDVLF�XQLW�FRQVLVWV�RI�WZR�LPSDFWLRQ�EDVHG�VDPSOHUV�IRU�30����DQG�30���DWWDFKHG�WR�D�VLQJOH 
HOXWULDWRU���7ZR�PLQL�30����VDPSOHUV�DUH�DOVR�DWWDFKHG�WR�WKH�HOXWULDWRU�IRU�2&��(&��VXOIDWH��DQG 
QLWUDWH�PHDVXUHPHQWV���)RU�WKH�FROOHFWLRQ�RI�QLWUDWH�DQG�VXOIDWH��WKH�PLQL�VDPSOHU�LQFOXGHV�D 
PLQLDWXUL]HG�KRQH\FRPE�JODVV�GHQXGHU�WKDW�LV�SODFHG�XSVWUHDP�RI�WKH�ILOWHU�WR�UHPRYH�QLWULF 
DFLG�DQG�VXOIXU�GLR[LGH�DQG�WR�PLQLPL]H�DUWLIDFWV���7ZR�SDVVLYH�VDPSOHUV�FDQ�DOVR�EH�DWWDFKHG�WR 
WKH�HOXWULDWRU�IRU�PHDVXUHPHQWV�RI�JDVHRXV�FR�SROOXWDQWV�VXFK�DV�2���62���DQG�12�� 

:LWK�VXSSRUW�IURP�WKH�+HDOWK�(IIHFWV�,QVWLWXWH��+(,���$HURVRO�'\QDPLFV�KDV�EHHQ�GHYHORSLQJ�D 
SHUVRQDO�VDPSOHU��WKH�3HUVRQDO�0LFUR�(QYLURQPHQWDO�$HURVRO�6SHFLDWLRQ�6DPSOHU��30$66�����$ 
GUDIW�UHSRUW�GHVFULELQJ�WKLV�GHYLFH�LV�FXUUHQWO\�XQGHU�UHYLHZ�DW�+(,�DQG�VKRXOG�EH�UHOHDVHG 
VRRQ��7KH�SURWRW\SH��DOO�DOXPLQXP��30$66�LQFOXGHV�D������P�FXW�SRLQW�F\FORQH�LQOHW�ZLWK�GXDO 
FKDQQHOV�IRU�VLPXOWDQHRXV�FROOHFWLRQ�RQ�WZR�ILOWHU�WUDLQV�DQG�LQFOXGHV�SURYLVLRQ�IRU�GHQXGHUV�LQ 
HLWKHU��RU�ERWK��FKDQQHOV���,W�LV�EHLQJ�FRPPHUFLDOL]HG�E\�WKH�063�&RUSRUDWLRQ� 

$�SDVVLYH�VDPSOHU�KDV�EHHQ�GHYHORSHG�DW�WKH�8QLYHUVLW\�RI�1RUWK�&DUROLQD��81&��IRU�ORQJ�WHUP 
FROOHFWLRQ�RI�SDUWLFOHV�IRU�DQDO\VLV�E\�VFDQQLQJ�HOHFWURQ�PLFURVFRS\��6(0���:DJQHU�DQG�/HLWK 
����D�E�F����,Q�WKH�SDVVLYH�VDPSOHU��SDUWLFOHV�WUDYHO�WKURXJK�D�SURWHFWLYH��VWDLQOHVV�VWHHO�PHVK�DQG 
GHSRVLW�RQ�D�VPRRWK�FROOHFWLRQ�VXUIDFH�E\�JUDYLW\��LQHUWLD��DQG�GLIIXVLRQ���)RU�SDUWLFOH 
FRQFHQWUDWLRQV�IRXQG�RXWGRRUV��LQ�WKH�KRPH��RU�LQ�RWKHU�QRQLQGXVWULDO�HQYLURQPHQWV��WKH 
DSSURSULDWH�VDPSOLQJ�WLPH�LV�DERXW�RQH�ZHHN���$IWHU�XVH��WKH�VDPSOHU�LV�FDSSHG�DQG�DQDO\]HG 
E\�6(0���7KH�SDUWLFOH�FRQFHQWUDWLRQ�DQG�VL]H�GLVWULEXWLRQ�WR�ZKLFK�WKH�VDPSOHU�ZDV�H[SRVHG�LV 
WKHQ�IRXQG�XVLQJ�WHFKQLTXHV�GHYHORSHG�E\�:DJQHU�DQG�/HLWK������D�E�F���7KHVH�WHFKQLTXHV�KDYH 
EHHQ�YHULILHG�LQ�D�ZLQG�WXQQHO�DQG�XVHG�SUHYLRXVO\�WR�GHWHUPLQH�RFFXSDWLRQDO�H[SRVXUHV� 

�� 



 

 

7KH�SDVVLYH�VDPSOHU�KDV�LPSRUWDQW�DGYDQWDJHV�RYHU�FRQYHQWLRQDO��DFWLYH�VDPSOHUV�IRU�DHURVRO 
SDUWLFOHV���,W�LV�VPDOO�DQG�XQREWUXVLYH���7KH�SDVVLYH�VDPSOHU�LV�FRPSOHWHO\�VLOHQW�DV�LW�UHTXLUHV�QR 
SXPSV�RU�HOHFWULFDO�SRZHU���3DVVLYH�VDPSOHUV�FRVW�RQO\�D�IHZ�GROODUV�HDFK���1R�SURIHVVLRQDO 
LQVWUXFWLRQ�RU�PRQLWRULQJ�LV�QHFHVVDU\��D�VLQJOH�SDJH�RI�LQVWUXFWLRQV�LV�VXIILFLHQW�WR�VKRZ�KRZ�D 
SDVVLYH�VDPSOHU�VKRXOG�EH�XVHG���$IWHU�H[SRVXUH��VDPSOHUV�FDQ�EH�PDLOHG�EDFN�WR�WKH�ODERUDWRU\ 
IRU�DQDO\VLV���7KH�GDWD�REWDLQHG�FDQ�EH�XVHG�WR�GHWHUPLQH�30����30�����WKRUDFLF�PDVV��UHVSLUDEOH 
PDVV��RU�RWKHU�VL]H�UHODWHG�FRQFHQWUDWLRQV���,I�DSSURSULDWH��HOHPHQWDO�DQDO\VHV�FDQ�FKDUDFWHUL]H 
WKH�SDUWLFOH�PDNHXS���7KH�81&�KROGV�SDWHQW�ULJKWV�IRU�WKLV�VDPSOHU��DQG�LV�YHU\�LQWHUHVWHG�LQ 
SURPRWLQJ�LWV�FRPPHUFLDOL]DWLRQ� 

2.3.3. Commercial Instruments, Continuous 
7KH�SULQFLSDO�SHUVRQDO�PDVV�PRQLWRUV�KDYH�EHHQ�OLJKW�VFDWWHULQJ�GHYLFHV�VXFK�DV�WKH�7KHUPR 
0,(�SHUVRQDO�'DWD5$0���7KLV�LV�D�YHUVDWLOH��UHDO�WLPH�PRQLWRU��DYDLODEOH�IRU�DFWLYH�VDPSOLQJ 
DSSOLFDWLRQV���7KH�S'5������XVHV�D�SXPS�PRGXOH��S'5�38��RU�RWKHU�VDPSOLQJ�SXPS�WR�SHUIRUP 
SDUWLFOH�VL]H�VHOHFWLYH�PHDVXUHPHQWV��&RPSDFW��OLJKWZHLJKW��DQG�HDV\�WR�XVH��LW�LV�LGHDO�IRU 
UHVSLUDEOH��WKRUDWLF��DQG�30����PRQLWRULQJ��DV�ZHOO�DV�IRU�FRQWLQXRXV�HPLVVLRQ�DQG�WHVW�FKDPEHU 
PRQLWRULQJ���$Q�HDUOLHU�PRGHO��WKH�5$0���KDV�EHHQ�PRGLILHG�E\�DGGLQJ�D�GLIIXVLRQ�GULHU�LQ 
RUGHU�WR�UHGXFH�WKH�LQIOXHQFH�RI�KXPLGLW\�RQ�WKH�SDUWLFOHV�DQG�SURYLGH�D�PDVV�HVWLPDWH�WKDW�LV 
FORVHU�WR�WKDW�ZKLFK�ZRXOG�EH�GHWHUPLQHG�XVLQJ�JUDYLPHWULF�PHWKRGV��6LRXWDV�HW�DO�������� 

2.3.4. Research Systems 

2.3.4.1. Continuous 
5XSSUHFKW�DQG�3DWDVKQLFN��,QF��XQGHU�FRQWUDFW�IURP�WKH�0LQH�6DIHW\�DQG�+HDOWK�$GPLQLVWUDWLRQ 
�06+$���KDYH�EHHQ�GHYHORSLQJ�D�VPDOO��SRUWDEOH�7(20�V\VWHP���7KH�HOHPHQW�LV�PDGH�RI�PHWDO 
DQG�WKH�V\VWHP�SURYLGHV�GDWD�VWRUDJH�IRU�DQ���KRXU�SHULRG���,W�LV�DQWLFLSDWHG�WKDW�WKLV�GHYLFH�ZLOO 
EH�RIIHUHG�DV�D�FRPPHUFLDO�SURGXFW�LQ�WKH�QHDU�IXWXUH���:LWK�DGGLWLRQDO�IXQGLQJ��LW�LV�DQWLFLSDWHG 
WKDW�WKLV�DGYDQFH�LQ�7(20�WHFKQRORJ\�ZLOO�EH�GHSOR\HG�LQ�WZR�GLIIHUHQW�FRQILJXUDWLRQV��WKH 
SHUVRQDO�PRQLWRU�GHVFULEHG�EHORZ�DQG�WKH�LQGRRU�PRQLWRU�GHVFULEHG�LQ�6HFWLRQ����� 

2.3.4.2. Personal Monitor 
$�SHUVRQDO�PRQLWRU�WKDW�LV�VLPLODU�WR�WKH�06+$�7(20�PRQLWRU��EXW�ZLWK�PRGLILFDWLRQV�WR�WKH 
LQOHW�V\VWHP��LQWHUQDO�HQHUJ\�PDQDJHPHQW��DQG�GDWD�KDQGOLQJ�DQG�FRPPXQLFDWLRQ�LV�XQGHU 
GHYHORSPHQW���5XSSUHFKW�DQG�3DWDVKQLFN·V�DLP�LV�IRU�WKLV�XQLW�WR�EH�DERXW�WKH�VDPH�VL]H�DV�WKH 
RQH�EHLQJ�GHYHORSHG�IRU�06+$��EXW�ZLWK�D�XVHU�LQWHUIDFH�WKDW�LV�PRUH�IOH[LEOH�WKDQ�WKDW�IRU�WKH 
PLQLQJ�DSSOLFDWLRQ���7KH\�SURMHFW�WKDW�WKLV�PRQLWRU�ZLOO�SURYLGH�D����PLQXWH�UXQQLQJ�DYHUDJH�RI 
WKH�DPELHQW�PDVV�FRQFHQWUDWLRQ�RI�WKH�LQGXVWULDO�K\JLHQH�PHDVXUH�RI�H[SRVXUH��,62�UHVSLUDEOH 
SDUWLFOHV��'���RI�DERXW������P��RU�30�����7KH�PHDVXUHPHQW�LV�XSGDWHG�HYHU\�ILYH�VHFRQGV�RU�OHVV� 
DQG�KDV�D�UHVROXWLRQ�RI�����J�P�����VLJPD����)XUWKHU�GHYHORSPHQW�ZLOO�EH�QHHGHG�IRU�WKLV 
LQVWUXPHQW�WR�EH�XVHIXO�DW�DPELHQW�30����FRQFHQWUDWLRQV���7KH�SHUIRUPDQFH�RI�WKLV�XQLW�ZLOO�EH 
VRPHZKDW�GHJUDGHG�ZKHQ�ZRUQ�DV�D�SHUVRQDO�PRQLWRU��DV�FRPSDUHG�ZLWK�WKH�WDEOHWRS 
RSHUDWLRQ�GHVFULEHG�LQ�WKH�QH[W�VHFWLRQ� 
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2.4. Particulate Matter Mass, Indoor Monitors 
$�PDMRU�FRQVLGHUDWLRQ�IRU�LQGRRU�30�PDVV�PRQLWRUV�LV�WKDW�WKHLU�IORZ�VKRXOG�QRW�EH�KLJK 
HQRXJK�WR�GLVWRUW�WKH�LQGRRU�HQYLURQPHQWDO�FRQFHQWUDWLRQV���0DQ\�RI�WKH�DPELHQW�DLU�VDPSOLQJ 
V\VWHPV�XVH�WRR�KLJK�D�IORZ�UDWH��ZKLFK�ZRXOG�DFWLYHO\�UHGXFH�WKH�SDUWLFOH�FRQFHQWUDWLRQV� 
7\SLFDOO\��WKH�IORZ�UDWHV�VKRXOG�EH�OHVV�WKDQ����OSP���$Q\�RI�WKH�SHUVRQDO�PRQLWRUV�FDQ�EH�XVHG 
DV�LQGRRU�DUHD�PRQLWRUV� 

)RU�H[DPSOH��D�FRQILJXUDWLRQ�RI�WKH�5	 3�06+$�7(20�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ�FDQ�EH 
XVHG�HLWKHU�LQGRRUV�RU�LQ�PRGHUDWH�RXWGRRU�HQYLURQPHQWV��DW�WHPSHUDWXUHV�KLJKHU�WKDQ 
DSSUR[LPDWHO\����&�ZLWK�QR�DGGLWLRQDO�SURWHFWLRQ���DQG�KDYH�D�VWUDLJKW�YHUWLFDO�GRZQWXEH�WKDW 
ZRXOG�DOORZ�IRU�WKH�PHDVXUHPHQW�RI�WRWDO�VXVSHQGHG�SDUWLFXODWH�PDWWHU��763��WKURXJK�30� 
�SDUWLFXODWH�PDWWHU�OHVV�WKDQ���µP����7KH�PDVV�UHVROXWLRQ�RI�WKH�PRQLWRU�XQLW�ZRXOG�EH�WKH�VDPH 
DV�IRU�WKH�SHUVRQDO�PRQLWRU�DERYH���7KH�XQLW�FRXOG�EH�RSHUDWHG�HLWKHU�RII�RI�DQ�H[FKDQJHDEOH 
EDWWHU\�SDFN�RU�IURP�$&�SRZHU���,Q�DGGLWLRQ��5 	3�LV�LQYHVWLJDWLQJ�VRPH�RI�WKH�QHZ�JDV 
PHDVXUHPHQW�FDSDELOLWLHV�RIIHUHG�E\�WKH�QHZHVW�JHQHUDWLRQ�RI�WKLFN�ILOP�VHQVRUV��DQG�LV 
VHULRXVO\�LQYHVWLJDWLQJ�WKH�LQFRUSRUDWLRQ�RI�VRPH�VHQVLWLYH�JDV�PRQLWRULQJ�FDSDELOLWLHV�LQ�WKH 
XQLW�GRZQ�WR�DPELHQW�OHYHOV��DV�RSSRVHG�WR�LQGXVWULDO�K\JLHQH�FRQFHQWUDWLRQV����%HFDXVH�WKLV 
GHYLFH�FDQ�EH�XVHG�DV�D�VHQVRU�LQ�PDQ\�W\SHV�RI�PRQLWRULQJ�DSSOLFDWLRQV³VXFK�DV�LQ�WXQQHOV� 
DORQJ�URDGZD\V��RU�IRU�FKDPEHU�PHDVXUHPHQWV³LW�ZLOO�EH�HTXLSSHG�ZLWK�D�QXPEHU�RI�GDWD 
WUDQVIHU�SRVVLELOLWLHV��LQFOXGLQJ�86%��,5��DQG�GLUHFW�,QWHUQHW�FRQQHFWLRQ�WKURXJK�DQ�5-����SRUW� 
$�KDQGOH�SURYLGHG�IRU�WKLV�LQVWUXPHQW�ZRXOG�DOORZ�LW�WR�EH�XVHG�DV�D�VXUYH\�WRRO� 

3.0 Particle Counts and Size Distributions 

3.1. Ambient Measurement Systems 

3.1.1. Commercially Available Particle Counters 
:LWK�LQFUHDVHG�LQWHUHVW�LQ�XOWUDILQH�SDUWLFOHV��WKHUH�QHHG�WR�EH�PHWKRGV�WR�FRXQW�SDUWLFOHV�RU�WR 
PHDVXUH�WKH�VL]H�GLVWULEXWLRQV�RI�LQGLYLGXDO�SDUWLFOHV���3DUWLFOHV�FDQ�EH�GHWHFWHG�LI�WKH\�DUH 
FKDUJHG��VFDWWHU�OLJKW��RU�DUH�UDGLRDFWLYH���7KH�PRVW�FRPPRQO\�XVHG�PHWKRG�LV�VFDWWHUHG�OLJKW� 
)RU�SDUWLFOHV�EHORZ�����QP��WKH�LQWHQVLW\�RI�VFDWWHUHG�OLJKW�LV�TXLWH�ORZ��DQG�LWV�GHWHFWLRQ 
UHTXLUHV�VRSKLVWLFDWHG�DQG�H[SHQVLYH�SKRWRQ�FRXQWLQJ�PHWKRGV���7KHVH�FRXQWHUV�IXQFWLRQ�E\ 
LQGXFLQJ�QXFOHDWLRQ�RI�D�ZRUNLQJ�IOXLG�RQWR�WKH�SDUWLFOHV���7KH�FRPPHUFLDOO\�DYDLODEOH�XQLWV�DUH 
GHVFULEHG�LQ�$SSHQGL[�,,� 

$Q�DHURG\QDPLF�SDUWLFOH�VL]HU��$36��PHDVXUHV�WLPH�RI�IOLJKW�LQ�DQ�DFFHOHUDWLQJ�DLU�IORZ���7KHUH 
DUH�VHYHUDO�YDULDWLRQV�RI�WKLV�FRQFHSW���7KHVH�DUH�V\VWHPV�WKDW�DUH�DSSOLFDEOH�WR�VL]HV�DERYH 
�����P�XS�WR�VL]HV�RQ�WKH�RUGHU�RI�����P���7KH\�DUH�GHVFULEHG�LQ�$SSHQGL[�,,���7KHVH�V\VWHPV 
KDYH�EHHQ�XVHG�LQ�IL[HG�VLWH�PRQLWRULQJ�SURJUDPV�VXFK�DV�(3$�6XSHUVLWHV���$�VLPLODU�V\VWHP� 
WKH�$HURVL]HU���H[WHQGV�WKH�PHDVXUHPHQW�UDQJH�XS�WR������P� 

,Q�DGGLWLRQ�WR�SDUWLFOH�FRXQWHUV��WKH�(OHFWULFDO�$HURVRO�'HWHFWRU��($'��PHDVXUHV�D�XQLTXH 
DHURVRO�SDUDPHWHU�FDOOHG�WRWDO�DHURVRO�OHQJWK���5HSRUWHG�DV�PP�FP���DHURVRO�OHQJWK�FDQ�EH 

WKRXJKW�RI�DV�QXPEHU�FRQFHQWUDWLRQ�WLPHV�DYHUDJH�GLDPHWHU��RU�VLPSO\�DV�G��ZHLJKWLQJ��7KLV 

PHDVXUHPHQW�IDOOV�EHWZHHQ�QXPEHU�FRQFHQWUDWLRQ��G���DQG�VXUIDFH�DUHD��G��� 

�� 



 

 

 

  

3.1.2. Research Particle Counting Systems 
:LWK�WKH�VXSSRUW�RI�1<6(5'$�DQG�WKH�1HZ�<RUN�6WDWH�2IILFH�RI�6FLHQFH��7HFKQRORJ\��DQG 
$FDGHPLF�5HVHDUFK��1<67$5���D�WXUEXOHQW�PL[LQJ�FRQGHQVDWLRQ�QXFOHL�FRXQWHU��&1&�D�LV�EHLQJ 
GHYHORSHG�LQWR�D�FRPPHUFLDO�SURWRW\SH�DW�&ODUNVRQ�8QLYHUVLW\���7KH�LQVWUXPHQW�LV�GHVFULEHG�E\ 
0DYOLHY����������,W�VKRXOG�SURYLGH�GHWHFWLRQ�ZLWK�����HIILFLHQF\�WR�SDUWLFOH�VL]HV�RI���QP�DQG 
SURYLGH�LPSURYHG�IOH[LELOLW\�LQ�SDUWLFOH�GHWHFWLRQ�E\�SHUPLWWLQJ�WKH�XVHU�WR�GHILQH�WKH�PLQLPXP 
GHWHFWDEOH�VL]H���,W�ZLOO�EH�HTXLSSHG�ZLWK�GLIIXVLRQ�GULHUV�RQ�WKH�V\VWHP�WR�SHUPLW�WKH�XVH�RI�D 
SHUIOXRURFDUERQ�ZRUNLQJ�IOXLG��UDWKHU�WKDQ�EXWDQRO��ZKLFK�LV�XVHG�LQ�DOO�FRPPHUFLDO�&1&V� 

$�WXUEXOHQW�PL[LQJ�&1&�XVLQJ�ZDWHU�DV�WKH�ZRUNLQJ�IOXLG�KDV�EHHQ�GHVFULEHG�E\�3DUVRQV�DQG 
0DYOLHY����������3DUVRQV�ZDV�D�SULQFLSDO�DW�3DUWLFOH�0HDVXULQJ�6\VWHPV��VR�LW�LV�DQWLFLSDWHG�WKDW 
WKH\�ZLOO�EH�FRPPHUFLDOL]LQJ�WKLV�V\VWHP��EXW�WKHUH�LV�QR�PHQWLRQ�RI�LW�RQ�WKHLU�:HE�VLWH��QRU�GLG 
WKH\�UHVSRQG�WR�DQ�LQTXLU\� 

3.2. Ambient Particle Size Measurement Systems 

3.2.1. Commercially Available Systems 
6L]H�GLVWULEXWLRQV�FDQ�EH�PHDVXUHG�XVLQJ�LQVWUXPHQWV�EDVHG�RQ�VHYHUDO�SK\VLFDO�SULQFLSOHV���)RU 
ODUJHU�SDUWLFOHV��GLDPHWHU�!��������P���OLJKW�VFDWWHULQJ�FDQ�EH�XVHG�WR�SURYLGH�VL]H�DQG�FRXQW 
LQIRUPDWLRQ���'HSHQGLQJ�RQ�WKH�FRQILJXUDWLRQ��WKHVH�V\VWHPV�KDYH�DQ�XSSHU�VL]H�OLPLW�RI���WR 
����P���$�QXPEHU�RI�V\VWHPV�DUH�DYDLODEOH�DQG�DUH�OLVWHG�LQ�$SSHQGL[�,,� 

)RU�SDUWLFOH�VL]HV�EHORZ������P��FKDUJHG�SDUWLFOHV�FDQ�EH�VHSDUDWHG�EDVHG�RQ�GLIIHUHQFHV�LQ�WKHLU 
HOHFWULFDO�PRELOLW\��.QXWVRQ�DQG�:KLWE\�����D�E����7KH�SRO\GLVSHUVH�DHURVRO�LV�SDVVHG�WKURXJK�D 
UDGLRDFWLYH�VRXUFH��UHVXOWLQJ�LQ�DQ�DSSUR[LPDWHO\�%RW]PDQQLDQ�FKDUJH�GLVWULEXWLRQ�RQ�WKH 
SDUWLFOHV���7KH�FKDUJHG�SDUWLFOHV�WKHQ�SDVV�WKURXJK�D�F\OLQGULFDO�FRQGHQVHU�ZLWK�D�FHQWUDO 
HOHFWURGH���7KH�SRVLWLYHO\�FKDUJHG�SDUWLFOHV�DUH�DWWUDFWHG�WRZDUG�WKH�FHQWUDO�URG��DQG�SDUWLFOHV 
ZLWKLQ�D�VPDOO�UDQJH�RI�HOHFWULFDO�PRELOLWLHV�FDQ�HQWHU�D�VOLW�DQG�H[LW�WKH�LQVWUXPHQW�LQ�WKH 
PRQRGLVSHUVH�IORZ���7KHVH�SDUWLFOHV�FDQ�WKHQ�EH�FRXQWHG�ZLWK�D�FRQGHQVDWLRQ�QXFOHL�FRXQWHU� 
7KH�YROWDJH�RQ�WKH�FHQWUDO�URG�FDQ�EH�VHTXHQWLDOO\�VWHSSHG�XSZDUG�RU�GRZQZDUG���7KLV 
FRQILJXUDWLRQ�LV�FDOOHG�D�GLIIHUHQWLDO�PRELOLW\�SDUWLFOH�VSHFWURPHWHU��'036����$OWHUQDWLYHO\��WKH 
FHQWUDO�URG�YROWDJH�FDQ�EH�FRQWLQXRXVO\�UDPSHG�WR�SURYLGH�D�VHTXHQFH�RI�PHDVXUHG�SDUWLFOH 
FRXQWV�IURP�ZKLFK�XVHUV�FDQ�GHGXFH�D�VL]H�GLVWULEXWLRQ��:DQJ�DQG�)ODJDQ���������6XFK�D�V\VWHP 
LV�FDOOHG�D�6FDQQLQJ�0RELOLW\�3DUWLFOH�6L]HU��6036����7KHVH�V\VWHPV�DUH�FXUUHQWO\�FRPSOH[�DQG 
UHTXLUH�UHVHDUFK�SHUVRQQHO�WR�RSHUDWH���$�QHZ�FRPPHUFLDO�V\VWHP�IURP�063�&RUSRUDWLRQ�LV 
UHSRUWHG�WR�EHFRPH�DYDLODEOH�LQ�WKH�ILUVW�TXDUWHU�RI��������7KH�FRPSDQ\�GHVFULEHV�WKLV�V\VWHP�DV 
DQ�LQWHJUDWHG��HDV\�WR�XVH�V\VWHP�WKDW�ZLOO�QRW�UHTXLUH�DV�PXFK�H[SHUWLVH�WR�XVH� 

3.2.1.1. Indoor and Personal Monitoring 
7KHVH�V\VWHPV�UXQ�DW�UHODWLYHO\�ORZ�IORZ�UDWHV�DQG�WKXV��FDQ�EH�XVHG�IRU�LQGRRU�PRQLWRULQJ���7KH 
OLJKW�VFDWWHULQJ�V\VWHPV�FDQ�EH�XVHG�LQGRRUV�ZLWKRXW�DQ\�SUREOHPV���7KH�PDMRU�SUREOHP�ZLWK 

����������������������������������������������������� 

D�7KHVH�GHYLFHV�DUH�DOVR�NQRZQ�DV�FRQGHQVDWLRQ�SDUWLFOH�FRXQWHUV��RU�&3&V� 

�� 



 

 

WKH�XVH�RI�FRQGHQVDWLRQ�SDUWLFOH�FRXQWHUV�LV�WKDW�WKH\�W\SLFDOO\�XVH�Q�EXWDQRO�DV�WKH�ZRUNLQJ 
IOXLG���%XWDQRO�LV�IODPPDEOH��WR[LF��DQG�KDV�D�EDG�RGRU��VR�LW�LV�LPSRUWDQW�WR�YHQW�WKH�FRXQWHU�WR 
WKH�RXWVLGH�DGHTXDWHO\���7KHUH�LV�D�SRUWDEOH�FRQGHQVDWLRQ�SDUWLFOH�FRXQWHU��76,�3�7UDN���WKDW 
XVHV�LVRSURSDQRO�DV�WKH�ZRUNLQJ�IOXLG���,W�FDQ�EH�FDUULHG��EXW�GRHV�QRW�UHDOO\�UHSUHVHQW�D�SHUVRQDO 
PRQLWRU���,W�FDQ�EH�XVHG�DV�DQ�LQGRRU�DUHD�PRQLWRU�RU�FDUULHG�WR�PHDVXUH�PLFURHQYLURQPHQWDO 
FRQFHQWUDWLRQV� 

7KHUH�DUH�QR�SRUWDEOH�V\VWHPV�IRU�XOWUDILQH�SDUWLFOH�VL]H�GLVWULEXWLRQ�PHDVXUHPHQWV���7KXV��WKHUH 
DUH�QR�SHUVRQDO�PRQLWRUV�IRU�VXFK�PHDVXUHPHQWV�DW�WKLV�WLPH� 

4.0 Gas Monitoring Systems 

4.1. Fixed Site Monitors 
&RQWLQXRXV�PRQLWRUV�IRU�WKH�JDVHRXV�FULWHULD�SROOXWDQWV�KDYH�EHHQ�LQ�DFWLYH�XVH�IRU�PRUH�WKDQ��� 
\HDUV�DQG�ZLOO�QRW�EH�SUHVHQWHG�KHUH���+RZHYHU��IRU�VHYHUDO�VSHFLHV��&2�DQG�12[�>12�DQG 

12�@���WKH�UHGXFWLRQV�LQ�WKH�DPELHQW�FRQFHQWUDWLRQV�KDYH�OHG�WR�WKH�QHHG�IRU�QHZ�V\VWHPV���7KH 
UHGXFHG�DPELHQW�&2�FRQFHQWUDWLRQV�FXUUHQWO\�HQFRXQWHUHG�FDQQRW�EH�PHDVXUHG�DFFXUDWHO\�ZLWK 
WKH�FXUUHQW�1$$46�PRQLWRUV���7KH�FDWDO\WLF�UHGXFWLRQ�RI�12��WR�12�LQ�WKH�FRQYHQWLRQDO�12[ 
V\VWHP�VXIIHUV�IURP�LQWHUIHUHQFHV�IURP�12\�VSHFLHV��LQFOXGLQJ�JDVHRXV�+12��DQG�RUJDQLF 
QLWUDWHV���$OWKRXJK�WKHVH�SUREOHPV�DUH�QRW�LPSRUWDQW�LQ�WKH�FRQWH[W�RI�1$$46�DWWDLQPHQW 
PHDVXUHPHQWV��WKH\�DUH�SUREOHPV�IRU�PRGHO�YDOLGDWLRQ�RU�LPSURYLQJ�RXU�XQGHUVWDQGLQJ�RI�WKH 
DWPRVSKHULF�FKHPLVWU\�QHHGHG�WR�IXOO\�GHVLJQ�R]RQH�FRQWURO�VWUDWHJLHV���%HWWHU�12��DQG�12\ 
PHDVXUHPHQWV�DUH�QHHGHG�WR�SURYLGH�FULWLFDO�LQIRUPDWLRQ�IRU�IXWXUH�R]RQH�PDQDJHPHQW 
GHFLVLRQV��DQG�WKLV�PD\�EH�DQ�DUHD�LQ�ZKLFK�UHVHDUFK�LQYHVWPHQW�LV�ZDUUDQWHG� 

4.2. Personal Monitors 
6HYHUDO�W\SHV�RI�PRQLWRUV�KDYH�EHHQ�GHYHORSHG�IRU�SHUVRQDO�PRQLWRULQJ�RI�JDVHRXV�SROOXWDQWV� 
LQFOXGLQJ�FULWHULD�SROOXWDQWV��&2��12[��62���DQG�2�����7KHVH�GHYLFHV�LQFOXGH�WKH�2JDZD�0RGHO 
�����3DVVLYH�6DPSOLQJ�6\VWHP�WKDW�SURYLGHV�DQ�HIIHFWLYH�PHDQV�RI�GHWHUPLQLQJ�WKH�DYHUDJH 
FRQFHQWUDWLRQ�RI�DWPRVSKHULF�JDVHV��12��12���12[��62��DQG�2���LQ�LQGRRU�DQG�RXWGRRU 
HQYLURQPHQWV��7KH�ORZ�FRVW�RI�WKH�V\VWHP�PDNHV�LW�IHDVLEOH�WR�XVH�WKH�GHYLFH�DV�D�VDWXUDWLRQ 
VDPSOHU�WR�PDS�WKH�FRQFHQWUDWLRQ�JUDGLHQWV�RI�DWPRVSKHULF�SROOXWDQWV��7KH�2JDZD�6DPSOHU 
DOORZV�IRU�SDVVLYH�VLPXOWDQHRXV�PRQLWRULQJ�RI�12�DQG�12���7KLV�VPDOO�VDPSOHU�FDQ�EH�FOLSSHG 
WR�FORWKLQJ��RU�LQVWDOOHG�LQ�DQ�RXWGRRU�SURWHFWLYH�VKHOWHU���6DPSOHV�DUH�JHQHUDOO\�WDNHQ�RYHU 
SHULRGV�RI���WR����GD\V�DQG�WKHQ�VHQW�WR�D�ODERUDWRU\�IRU�DQDO\VLV� 

7KHUH�DUH�VHYHUDO�FRORU�FKDQJLQJ�EDGJHV�WKDW�SURYLGH�D�TXDOLWDWLYH�WR�VHPL�TXDQWLWDWLYH 
LQGLFDWLRQ�RI�H[SRVXUH���7KH�6DIH$LU�DQG�&KURP$LU�EDGJHV�IURP�. 	0�(QYLURQPHQWDO�SURYLGH 
GLUHFW�UHDGLQJ�FDSDELOLWLHV���+RZHYHU��QRWKLQJ�SURYLGHG�LQ�WKH�FRPSDQ\�LQIRUPDWLRQ�ZRXOG 
VXJJHVW�WKDW�WKHUH�LV�LQIRUPDWLRQ�DYDLODEOH�WR�H[SODLQ�WKH�PHDVXUHG�YDOXHV�LQ�WHUPV�RI�SRWHQWLDO 
ULVNV�RU�FRPSDULVRQV�WR�YDULRXV�HQYLURQPHQWDO�RU�RFFXSDWLRQDO�VWDQGDUGV� 

7KH�RQO\�UHVHDUFK�XQLW�LGHQWLILHG�DV�EHLQJ�XQGHU�GHYHORSPHQW�LV�WKH�PXOWLSROOXWDQW�VDPSOHU 
�'HPRNULWRX�HW�DO����������7KLV�VDPSOHU�FDQ�EH�XVHG�IRU�PHDVXULQJ�H[SRVXUHV�WR�SDUWLFXODWH 
PDWWHU�DQG�FULWHULD�JDVHV���7KH�EDVLF�XQLW�FRQVLVWV�RI�WZR�LPSDFWLRQ�EDVHG�VDPSOHUV�IRU�30����DQG 

�� 



 

 

30����DWWDFKHG�WR�D�VLQJOH�HOXWULDWRU��7ZR�PLQL�30����VDPSOHUV�DUH�DOVR�DWWDFKHG�WR�WKH�HOXWULDWRU 
IRU�2&��(&��VXOIDWH��DQG�QLWUDWH�PHDVXUHPHQWV���)RU�WKH�FROOHFWLRQ�RI�QLWUDWH�DQG�VXOIDWH��WKH 
PLQL�VDPSOHU�LQFOXGHV�D�PLQLDWXUL]HG�KRQH\FRPE�JODVV�GHQXGHU�WKDW�LV�SODFHG�XSVWUHDP�RI�WKH 
ILOWHU�WR�UHPRYH�QLWULF�DFLG�DQG�VXOIXU�GLR[LGH��DQG�WR�PLQLPL]H�DUWLIDFWV��7ZR�SDVVLYH�VDPSOHUV 
FDQ�DOVR�EH�DWWDFKHG�WR�WKH�HOXWULDWRU�IRU�PHDVXUHPHQWV�RI�JDVHRXV�FR�SROOXWDQWV�VXFK�DV�2���62�� 
DQG�12�� 

5.0 Organic Compound Monitors 

5.1. Fixed Site Monitors 
$Q\�DUHD�WKDW�KDV�EHHQ�LQ�PRGHUDWH�WR�VHULRXV�QRQ�DWWDLQPHQW�RI�WKH�R]RQH�VWDQGDUG�KDG�WR 
LQVWLWXWH�DGGLWLRQDO�PRQLWRULQJ�LGHQWLILHG�DV�3KRWRFKHPLFDO�$VVHVVPHQW�0RQLWRULQJ�6WDWLRQV 
�3$06����8QOLNH�WKH�6WDWH�DQG�/RFDO�$LU�0RQLWRULQJ�6WDWLRQ��6/$06��DQG�1DWLRQDO�$LU 
0RQLWRULQJ�6WDWLRQ��1$06��GHVLJQ�FULWHULD��ZKLFK�DUH�SROOXWDQW�VSHFLILF��3$06�GHVLJQ�FULWHULD 
DUH�VLWH�VSHFLILF��'HVLJQ�FULWHULD�IRU�WKH�3$06�QHWZRUN�DUH�EDVHG�RQ�VHOHFWLRQ�RI�DQ�DUUD\�RI�VLWH 
ORFDWLRQV�UHODWLYH�WR�2��SUHFXUVRU�VRXUFHV�DQG�SUHGRPLQDQW�ZLQG�GLUHFWLRQ�DVVRFLDWHG�ZLWK�SHDN 
2��HYHQWV���)RXU�3$06�VLWH�W\SHV�DUH�GHVFULEHG�LQ�WKH�UHJXODWLRQV��7KH�QXPEHU�DQG�W\SH�RI 
PRQLWRULQJ�VLWHV�DQG�VDPSOLQJ�UHTXLUHPHQWV�LV�GHSHQGHQW�RQ�WKH�SRSXODWLRQ�RI�WKH 
0HWURSROLWDQ�6WDWLVWLFDO�$UHD��06$��RU�&RQVROLGDWHG�0HWURSROLWDQ�6WDWLVWLFDO�$UHD��&06$�� 
7DEOH���SUHVHQWV�WKH�VSHFLILHG�PLQLPXP�VDPSOLQJ�UHTXLUHPHQWV�IRU�92&V�DQG�FDUERQ\O 
FRPSRXQGV�IRU�HDFK�VLWH�W\SH���0RQLWRULQJ�IRU�2�DQG�12[��LQFOXGLQJ�12�DQG�12���UHTXLUHV 
FRQWLQXRXV�PHDVXUHPHQWV��7KH�VDPSOLQJ�VFKHGXOH�DSSOLFDEOH�WR�D�VSHFLILF�DUHD�LV�GHSHQGHQW�RQ 
SRSXODWLRQ�DQG�3$06�VLWH�W\SHV� 

7KH�(3$�KDV�DOVR�SUHSDUHG�D�JXLGDQFH�GRFXPHQW�RQ�HQKDQFHG�2��PRQLWRULQJ�QHWZRUN�GHVLJQ 
DQG�VLWLQJ�FULWHULD�WKDW�RXWOLQHV�WKH�QXPEHU�RI�3$06�UHTXLUHG��VWDWLRQ�ORFDWLRQ��DQG�SUREH�VLWLQJ 
FULWHULD��7KH�3$06�VLWH�W\SHV�DUH�GHVFULEHG�DV�IROORZV���7\SH���3$06�FKDUDFWHUL]H�XSZLQG 

EDFNJURXQG�DQG�WUDQVSRUWHG�2��DQG�SUHFXUVRU�FRQFHQWUDWLRQV�HQWHULQJ�WKH�06$�RU�&06$�DQG 
DUH�XVHG�WR�LGHQWLI\�WKRVH�DUHDV�VXEMHFWHG�WR�RYHUZKHOPLQJ�WUDQVSRUW���7\SH���3$06�PRQLWRUV 
PHDVXUH�WKH�PDJQLWXGH�DQG�W\SH�RI�SUHFXUVRU�HPLVVLRQV�LQ�WKH�DUHD�ZKHUH�PD[LPXP�2� 
SUHFXUVRU�HPLVVLRQV�DUH�H[SHFWHG�DQG�DUH�DOVR�VXLWHG�IRU�PRQLWRULQJ�XUEDQ�DLU�WR[LF�SROOXWDQWV� 
7\SH���3$06�FKDUDFWHUL]H�2��SUHFXUVRU�FRQFHQWUDWLRQV�RFFXUULQJ�GRZQZLQG�IURP�WKH�DUHD�RI 

PD[LPXP�HPLVVLRQV��7\SH���3$06�FKDUDFWHUL]H�H[WUHPH�GRZQZLQG�WUDQVSRUWHG�2��DQG�LWV 
SUHFXUVRU�FRQFHQWUDWLRQV�H[LWLQJ�WKH�DUHD��DQG�LGHQWLI\�WKRVH�DUHDV�WKDW�DUH�SRWHQWLDO 
FRQWULEXWRUV� 
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Table 2. PAMS Minimum Monitoring Network Requirements 

Population 
of MSA/CMSA1 

Required 
Site Type 

Minimum VOCs 
Sampling 
Frequency2 

Minimum Carbonyl 
Compounds Sampling 
Frequency2 

Less than 500,000 (1) A or C -
(2) A or C D or F 

500,000 to 1,000,000 (1) A or C -
(2) B E 
(3) A or C -

1,000,000 to 2,000,000 (1) A or C -
(2) B E 
(3) A or C -

0RUH�WKDQ���������� ��� $�RU�& � 
��� % ( 
��� $�RU�& � 
��� $�RU�& � 

1Whichever area is larger. 
2Frequency requirements are as follows: 

A = Eight 3-hour samples every third day and one additional 24-hour sample every sixth day during the monitoring period. 
B = Eight 3-hour samples every day during the monitoring period and one additional 24-hour sample every sixth day year-

round. 
C = Eight 3-hour samples on the 5 peak O3 days plus each previous day, eight 3-hour samples every sixth day and one 

additional 24-hour sample every sixth day during the monitoring period. 
D = Eight 3-hour samples every third day during the monitoring period. 
E = Eight 3-hour samples on the 5 peak O3 days plus each previous day and eight 3-hour samples every sixth day during the 

monitoring period. 
F = Eight 3-hour samples on the 5 peak O3 days plus each previous day, eight 3-hour samples every sixth day and one 

additional 24-hour sample every sixth day during the monitoring period. 

7ZR�PHWKRGV�DUH�SUHVHQWHG�IRU�FROOHFWLQJ�DQG�DQDO\]LQJ�92&�VDPSOHV������DQ�DXWRPDWHG 
PHWKRG�XVLQJ�ILHOG�JDV�FKURPDWRJUDSKV��DQG�����D�PDQXDO�PHWKRG�XVLQJ�FDQLVWHUV���(LWKHU�RI�WKH 
WZR�92&�PHWKRGV��DXWRPDWHG�RU�PDQXDO��GHVFULEHG�LQ�WKLV�VHFWLRQ�LV�FDSDEOH�RI�VDWLVI\LQJ�WKH 
VDPSOLQJ�IUHTXHQF\�DQG�VDPSOH�LQWHJUDWLRQ�UHTXLUHPHQWV��6DPSOHV�FROOHFWHG�IRU�HLWKHU�PHWKRG 
VKRXOG�UHSUHVHQW�D�WLPH�LQWHJUDWHG�DYHUDJH�IRU�WKH�UHTXLUHG�VDPSOLQJ�SHULRG��,W�LV�LPSRUWDQW�WR 
XQGHUVWDQG�WKDW�WKH���KRXU�VDPSOH�LQWHJUDWLRQ�SHULRG�LV�D�PD[LPXP�UHTXLUHPHQW��LQ�WKH�VHQVH 
WKDW�VDPSOHV�FDQ�EH�FROOHFWHG�PRUH�IUHTXHQWO\�DW�VKRUWHU�VDPSOLQJ�LQWHUYDOV��L�H���WKUHH���KRXU 
SHULRGV��EXW�QRW�OHVV�IUHTXHQWO\�IRU�ORQJHU�VDPSOLQJ�LQWHUYDOV��7KH�PDQXDO�PHWKRGRORJ\��ZKHUH 
VDPSOHV�DUH�FROOHFWHG�LQ�FDQLVWHUV��LV�SULPDULO\�DSSOLFDEOH�WR�WKH�OHVV�IUHTXHQW�VDPSOLQJ�UHTXLUHG 

IRU�VLWH�W\SHV�������DQG����L�H���HLJKW���KRXU�VDPSOHV�HYHU\�WKLUG�GD\�RU�GXULQJ�SHDN�2��HYHQWV� 
DQG�WKH����KRXU�VDPSOH�UHTXLUHPHQW��3DWH�HW�DO����������7KH�DXWRPDWHG�PHWKRG��ZKLFK�DOORZV 
IRU�GLUHFW�RQ�OLQH�VDPSOH�FROOHFWLRQ��LV�SULPDULO\�DSSOLFDEOH�WR�WKH�PRUH�IUHTXHQW�VDPSOLQJ 
UHTXLUHPHQWV�IRU�6LWH�7\SH����HLJKW���KRXU�VDPSOHV�HYHU\�GD\�GXULQJ�WKH�PRQLWRULQJ�SHULRG�� 
7KH�DXWRPDWHG�PHWKRG�SURYLGHV�D�YLDEOH�RSWLRQ�IRU�WKH�FRQWLQXRXV�FROOHFWLRQ�RI�KRXUO\ 
VDPSOHV��7KRXJK�QRW�UHTXLUHG��FRQWLQXRXV�FROOHFWLRQ�RI�KRXUO\�VDPSOHV�DOVR�RIIHUV�D�PRUH 
GHILQLWLYH�DVVHVVPHQW�RI�WKH�WHPSRUDO�DQG�GLXUQDO�GLVWULEXWLRQ�RI�92&V� 

�� 



 

 

7KH�(3$�LV�GHYHORSLQJ�D�QHZ�PRQLWRULQJ�QHWZRUN�IRU�KD]DUGRXV�DLU�SROOXWDQWV��+$3V����7KH 
JRDO�RI�WKLV�QDWLRQDO�VFDOH�DLU�WR[LFV�DVVHVVPHQW��1$7$��LV�WR�LGHQWLI\�WKRVH�DLU�WR[LFV�WKDW�DUH�RI 
JUHDWHVW�SRWHQWLDO�FRQFHUQ��LQ�WHUPV�RI�FRQWULEXWLRQ�WR�SRSXODWLRQ�ULVN���7KH�UHVXOWV�ZLOO�EH�XVHG 
WR�VHW�SULRULWLHV�IRU�WKH�FROOHFWLRQ�RI�DGGLWLRQDO�DLU�WR[LFV�GDWD��H�J���HPLVVLRQV�GDWD�DQG�DPELHQW 
PRQLWRULQJ�GDWD����7DEOH���OLVWV�WKH�FRPSRXQGV�LGHQWLILHG�E\�(3$� 

Table 3. Air Toxics of the Greatest Potential Concern 

acetaldehyde coke oven emissions mercury compounds 
acrolein 1, 3-dichloropropene methylene chloride 
acrylonitrile diesel particulate matter nickel compounds 
arsenic compounds ethylene dibromide perchloroethylene 
benzene ethylene dichloride polychlorinated biphenyls (PCBs) 
beryllium compounds ethylene oxide polycyclic organic matter (POM)* 
1, 3-butadiene formaldehyde propylene dichloride 
cadmium compounds hexachlorobenzene quinoline 
carbon tetrachloride hydrazine 1, 1, 2, 2-tetrachloroethane 
chloroform lead compounds trichloroethylene 
chromium compounds manganese compounds vinyl chloride 
*Also represented as 7-PAH 
Source: U. S. Environmental Protection Agency 

9RODWLOH�RUJDQLF�FRPSRXQG�VDPSOLQJ�XVLQJ�VROLG�VRUEHQW�PDWHULDOV�KDV�EHHQ�FRQGXFWHG�IRU 
PDQ\�\HDUV�IRU�HQYLURQPHQWDO�DQG�RFFXSDWLRQDO�K\JLHQH�LQYHVWLJDWLRQV��'LHWULFK�������(3$ 
������/RGJH���������6RUEHQW�PDWHULDOV��VXFK�DV�DFWLYDWHG�FKDUFRDO�DQG�7HQD[��XVHG�ZLWK�DLU 
VDPSOLQJ�SXPSV�KDYH�ORQJ�EHHQ�FRQVLGHUHG�WKH�SULPDU\�VWDQGDUG�IRU�FROOHFWLQJ�PDQ\�RUJDQLF 
YDSRUV�IURP�DLU���6HOHFWLRQ�RI�DQ�DSSURSULDWH�VRUEHQW�LV�LPSRUWDQW�EHFDXVH�WKH�FKHPLFDO 
FKDUDFWHULVWLFV�RI�GLIIHUHQW�92&V�DIIHFW�WKHLU�DIILQLW\�IRU�WKH�VRUEHQWV��0F&OHQQ\�DQG�&RORQ 
��������$OVR��VRUEHQWV�FDQ�EH�DIIHFWHG�E\�HQYLURQPHQWDO�FRQGLWLRQV�VXFK�DV�KXPLGLW\�DQG 
WHPSHUDWXUH��DQG�E\�IDFWRUV�VXFK�DV�FRPSHWLWLRQ�IRU�DFWLYH�VLWHV�DQG�FRQFHQWUDWLRQ�RI�WKH 
FRQWDPLQDQWV���$OWKRXJK�VRUEHQW�PDWHULDOV�KDYH�EHHQ�HIIHFWLYH��LQKHUHQW�OLPLWDWLRQV�RI�WKH 
PHWKRGV�PD\�PDNH�WKH�HYDFXDWHG�FDQLVWHUV�DQ�DSSURSULDWH�DOWHUQDWLYH�ZKHQ�GHYHORSLQJ�D 
VDPSOLQJ�VWUDWHJ\��EHFDXVH�WKH�FDQLVWHUV�FDQ�SURYLGH�PRUH�FRPSOHWH�TXDQWLWDWLYH�VDPSOHV�IRU 
VXEVHTXHQW�DQDO\VLV���0HWKRGV�IRU�VDPSOLQJ�DQG�DQDO\VHV�RI�WKHVH�WR[LF�VXEVWDQFHV�DUH�FXUUHQWO\ 
GHILQHG�E\�(3$�LQ�WKH�&RPSHQGLXP�RI�0HWKRGV�DYDLODEOH�DW 
ZZZ�HSD�JRY�WWQ�DPWLF�DLUWR[�KWPO� 

5.2. Personal and Indoor Sampling 
&XUUHQWO\�WKHUH�DUH�VHYHUDO�W\SHV�RI�GLIIXVLRQ�EDGJH�VDPSOHUV�WKDW�FDQ�EH�XVHG�WR�PRQLWRU�IRU 
VSHFLILF�FRPSRXQGV���7KHVH�EDGJHV�GR�QRW�UHTXLUH�D�SXPS�DQG�FDQ�HLWKHU�EH�ZRUQ�DV�D�SHUVRQDO 
PRQLWRU�RU�EH�SODFHG�LQ�D�URRP�WR�PRQLWRU�LQGRRU�DLU���7DEOH���OLVWV�WKUHH�FRPSDQLHV�WKDW�VXSSO\ 
WKHVH�EDGJHV��DORQJ�ZLWK�ZKDW�WKH\�PHDVXUH���7KHVH�EDGJHV�FRQWDLQ�DQ�DGVRUEHQW�WKDW�LV 

�� 



 

VROYHQW�H[WUDFWHG�WR�SURYLGH�D�VDPSOH�IRU�*DV�&KURPDWRJUDSK\�0DVV�6SHFWURPHWU\��*&�06� 
DQDO\VLV� 

Table 4. Suppliers for Passive Sampling Badges 

0DWHULDO�6DPSOHG $VVD\�7HFKQRORJ\ �0 6.& 
2UJDQLFV�9DSRUV��92&V� ; ; ; 
9HU\�9RODWLOH�92&V ; ; ; 
(WK\OHQH�2[LGH ; ; ; 
*OXWDUDOGHK\GH ; ² ² 
1LWURXV�2[LGH ; ² ² 
)RUPDOGHK\GH ; ; ; 
$OGHK\GHV ; ² ² 
$QHVWKHWLFV ; ; ² 
0HWKDQRO ; ² ² 
0HUFXU\ ; ² ; 
$PPRQLD ; ² ² 
$FUROHLQ ; ² ² 
$PLQHV ; ² ² 
2]RQH ; ² ² 

7DEOH���OLVWV�W\SLFDO�FRPSRXQGV�WKDW�FDQ�EH�GHWHFWHG�DQG�GHWHFWLRQ�OLPLWV�IRU�DQ���KRXU�VDPSOH� 
6XFK�VDPSOHUV�DUH�DSSURSULDWH�IRU�PHDVXUHPHQWV�RI�FRQFHQWUDWLRQV�WKDW�DUH�FORVH�WR 
RFFXSDWLRQDO�VWDQGDUGV��EXW�DUH�JHQHUDOO\�QRW�YHU\�HIIHFWLYH�IRU�W\SLFDO�FRQFHQWUDWLRQV�LQ�KRPHV 
DQG�IRU�PRVW�FRPPRQ�SHUVRQDO�H[SRVXUHV���*HQHUDOO\�LW�LV�QHFHVVDU\�WR�XVH�DQ�DFWLYH�VDPSOLQJ 
V\VWHP�WR�REWDLQ�DQ�DGHTXDWH�DPRXQW�RI�PDWHULDO�IRU�DQDO\VLV� 

7KHUH�KDV�EHHQ�WKH�GHYHORSPHQW�RI�D�FDSLOODU\�IORZ�FRQWURO�V\VWHP�WKDW�ZRXOG�SHUPLW�WKH�XVH�RI 
����PO�FDQLVWHUV�WR�EH�XVHG�DV�SHUVRQDO�PRQLWRUV�ZLWKRXW�D�SXPS��5RVVQHU�HW�DO����������7KH�IORZ 
FRQWUROOHUV�ZHUH�FRQILJXUHG�WR�SHUIRUP�ORQJ�WHUP�SDVVLYH�VDPSOLQJ�WR�FROOHFW�JDVHRXV 
FRQWDPLQDQWV���6DPSOHU�FRQILJXUDWLRQV�GHSHQGHG�XSRQ�ZKHWKHU�WKH�VDPSOHUV�ZHUH�JRLQJ�WR�EH 
XVHG�IRU�SHUVRQDO�VDPSOLQJ�RU�DUHD��PLFUR�HQYLURQPHQW��VDPSOLQJ���7KLV�V\VWHP�KDV�EHHQ 
FRPPHUFLDOL]HG�E\�*HQHUDO�2FHDQLFV��,QF��LQ�WKH�IRUP�RI�D�����FP��YROXPH�SHUVRQDO�FDQLVWHU 
VDPSOHU� 

�� 



 

 

 

Table 5. Organic Compounds Determined with Passive Badges and Typical Detection Limits

Based on an 8-hour Sample.
 

CAS No. Chemical Name Det. Limit 
(ppm) 

CAS No. Chemical Name Det. Limit 
(ppm) 

141-79-7 Mesityl oxide 0.075 67-64-1 Acetone 0.1 
109-86-4 Methoxyethanol 

(Me Cellosolve) 
0.3 75-05-8 Acetonitrile 0.2 

110-49-6 Methoxyethyl acetate 
(MeCSAc) 

0.1 107-13-1 Acrylonitrile 0.1 

96-33-3 Methyl acrylate 0.1 107-18-6 Allyl alcohol 0.1 
67-56-1 Methyl alcohol 

(methanol) 
0.3 107-5-1 Allyl chloride 0.8 

71-55-6 Methyl chloroform 
(1,1,1-TCA) 

0.2 628-63-7 Amyl acetate 0.1 

108-87-2 Methyl cyclohexane 0.05 71-43-2 Benzene 0.05 
78-93-3 Methyl ethyl ketone 

(2-butanone) 
0.1 106-99-0 Butadiene 0.1 

107-31-3 Methyl formate 0.3 71-36-3 Butanol 0.1 
110-12-3 Methyl isoamyl ketone 0.1 75-65-0 Butanol 0.1 
108-11-2 Methyl isobutyl 

carbinol 
0.1 78-92-2 Butanol (sec-butyl alcohol) 0.1 

108-10-1 Methyl isobutyl ketone 
(hexone) 

0.1 111-76-2 Butoxyethanol (Butyl 
Cellosolve) 

0.1 

80-62-6 Methyl methacrylate 0.1 123-86-4 Butyl acetate 0.1 
107-87-9 Methyl propyl ketone 

(2-pentanone) 
0.1 540-88-5 Butyl acetate 0.1 

109-87-5 Methylal 
(dimethoxymethane) 

0.2 141-32-2 Butyl acrylate 0.1 

108-87-2 Methylcyclohexane 0.05 1634-04-4 Butyl methyl ether (MTBE) 0.8 
75-09-2 Methylene-chloride 0.3 56-23-5 Carbon tetrachloride 0.2 
91-20-3 Naphthalene 0.3 108-90-7 Chlorobenzene 0.05 
111-84-2 Nonane 0.04 74-97-5 Chlorobromomethane 0.3 
111-65-9 Octane 0.04 67-66-3 Chloroform 0.2 
109-66-0 Pentane 0.1 126-99-8 Chloroprene 0.7 
127-18-4 Perchloroethylene 

(PCE) 
0.1 98-82-8 Cumene 0.3 

108-65-6 Prop. Glycol.; methyl 
ether acetate 

0.1 110-82-7 Cyclohexane 0.1 

109-60-4 Propyl acetate 0.1 108-93-0 Cyclohexanol 0.05 
71-23-8 Propyl alcohol 0.2 108-94-1 Cyclohexanone 0.05 
106-94-5 Propyl bromide 1.5 123-42-2 Diacetone alcohol 0.1 
78-87-5 Propylene dichloride 0.1 1717-00-6 Dichloro-1-fluoroethane 

(HCFC141b) 
0.25 

107-98-2 Propylene glycol 
methyl ether 

0.2 75-71-8 Dichlorodifluoromethane 
(CFC12) 

2.4 

110-86-1 Pyridine 0.1 75-34-3 Dichloroethane 0.1 

�� 



  
 

Table 5 (cont’d). Organic Compounds Determined with Passive Badges and Typical Detection

Limits Based on an 8-hour Sample.
 

CAS No. Chemical Name Det. Limit 
(ppm) 

CAS No. Chemical Name Det. Limit 
(ppm) 

100-42-5 Styrene 0.04 107-06-2 Dichloroethane (EDC) 0.1 
540-59-0 Dichloroethylene 1 76-11-9 Tetrachloro-2,2-

difluoroethane 
0.5 

75-43-4 Dichlorofluoromethane 
(CFC21) 

1 109-99-9 Tetrahydrofuran (THF) 0.1 

76-14-2 Dichlorotetrafluoroethane 
(CFC114) 

0.6 108-88-3 Toluene 0.04 

68-12-2 Dimethyl formamide 
(DMF) 

0.1 79-00-5 Trichloroethane 0.1 

123-91-1 Dioxane 1.1 71-55-6 Trichloroethane 
(methylchloroform) 

0.2 

106-89-8 Epichlorohydrin 0.1 79-01-6 Trichloroethylene (TCE) 0.1 
110-80-5 Ethoxyethanol 

(Cellosolve) 
0.1 76-13-1 Trichlorotrifluoroethane 

(CFC113) 
0.2 

111-15-9 Ethoxyethyl acetate 
(EthylCell) 

0.1 108-67-8 Trimethylbenzene 
(mesitylene) 

0.04 

141-78-6 Ethyl acetate 0.1 108-05-4 Vinyl acetate 0.1 
140-88-5 Ethyl acrylate 0.1 593-60-2 Vinyl bromide 0.1 
64-17-5 Ethyl alcohol (ethanol) 0.5 75-01-4 Vinyl chloride 0.1 
60-29-7 Ethyl ether 0.1 75-35-4 Vinylidene Chloride 

(1,1 DCE) 
0.1 

687-47-8 Ethyl lactate 1.5 1330-20-7 Xylenes 0.05 
100-41-4 Ethylbenzene 0.04 872-50-4 1-Methyl-2-pyrrolidinone 1 
107-07-3 Ethylene chlorohydrin 0.125 100-44-7 Benzyl chloride 0.1 
106-93-4 Ethylene dibromide 0.1 8/6/2426 Butyl(n)glycidyl ether 0.6 
110-71-4 Ethylene glycol 

dimethyl ether 
0.8 76-22-2 Camphor 0.05 

75-69-4 Fluorotrichloromethane 
(CFC11) 

2.1 2039-87-4 Chloro(o)styrene 0.1 

142-82-5 Heptane 0.05 95-49-8 Chloro(o)toluene 0.1 
110-43-0 Heptanone (methyl 

amyl ketone) 
0.1 106-46-7 Dichlorobenzene 0.05 

110-54-3 Hexane 0.4 95-50-1 Dichlorobenzene 0.4 
591-78-6 Hexanone (MBK) 0.1 111-44-4 Dichloroethyl ether 0.1 
123-92-2 Isoamyl acetate 0.1 77-73-6 Dicyclopentadiene 0.1 
123-51-3 Isoamyl alcohol 0.1 108-83-8 Diisobutylketone 0.1 
110-19-0 Isobutyl acetate 0.1 34590-94-8 Dipropylene Glycol Methyl 

Ether 
1 

78-83-1 Isobutyl alcohol 0.1 78-59-1 Isophorone 0.05 
108-21-4 Isopropyl acetate 0.1 4016-14-2 Isopropyl glycidyl ether 

(IGE) 
0.1 

67-63-0 Isopropyl alcohol 0.25 98-83-9 Methyl styrene 0.04 
108-20-3 Isopropyl ether 0.1 101-84-8 Phenyl ether 0.1 
5989-27-5 Limonene 

(as dipentene) 
0.1 25013-15-4 Vinyl toluene 

(methyl styrene) 
0.04 

�� 



 

 

 

 

6.0 Monitoring for Distributed Generation Emissions 

6.1. Strategy for Air Monitoring 

6.1.1. Ambient Impacts of Power Plant Siting 

6.1.1.1. Emissions 
7KH�PDMRU�GLVWULEXWHG�SRZHU�JHQHUDWLRQ�V\VWHPV�DUH�FRPELQHG�F\FOH��QDWXUDO�JDV�ILUHG�WXUELQHV� 
DQG�SRVVLEO\�GLHVHO�SRZHUHG�XQLWV���1DWXUDO�JDV�SRZHUHG�V\VWHPV�KDYH�UHODWLYHO\�ORZ�GLUHFW 
SDUWLFOH�HPLVVLRQV��ZKHUHDV��GLHVHO�JHQHUDWLRQ�V\VWHPV�ZLOO�KDYH�HPLVVLRQV�VLPLODU�WR�WKRVH�IURP 
GLHVHO�SRZHUHG�YHKLFOHV���5HFHQW��XQSXEOLVKHG�WHVWV�EHLQJ�FRQGXFWHG�E\�WKH�*(�(QHUJ\�DQG 
(QYLURQPHQWDO�5HVHDUFK�&RUSRUDWLRQ��*(�((5��RQ�D�JDV�FRPEXVWLRQ�V\VWHP�VKRZHG�WKDW�WKH 
SDUWLFOH�FRQFHQWUDWLRQV�ZHUH�UHODWLYHO\�ORZ��FRPSDUHG�ZLWK�WKRVH�IURP�RLO�RU�FRDO�FRPEXVWLRQ� 
7KH�W\SLFDO�SDUWLFOH�VL]H�ZDV�LQ�WKH�VL]H�UDQJH�RI����WR����QP���,W�LV�DQWLFLSDWHG�WKDW�WKHVH�SDUWLFOHV 
ZLOO�EH�HOHPHQWDO�FDUERQ� 

,Q�DGGLWLRQ��JDV�JHQHUDWRUV�SURGXFH�12[�HPLVVLRQV���,Q�WKH�DWPRVSKHUH��WKH�SULPDU\�SDUWLFOHV 
ZLOO�UDSLGO\�FRDJXODWH�LQWR�WKH�DFFXPXODWLRQ�PRGH��ZKLOH�WKH�12[�ZLOO�XQGHUJR�R[LGDWLRQ�WR 
+12����,Q�WKH�SUHVHQFH�RI�VXIILFLHQW�DPPRQLD��1+����DPPRQLXP�QLWUDWH��1+�12���ZLOO�EH 
IRUPHG���,W�FDQ�HLWKHU�GHSRVLW�RQ�WKH�VXUIDFH�RI�WKH�H[LVWLQJ�DWPRVSKHULF�DHURVRO�RU�QXFOHDWH�LQWR 
D�QHZ�XOWUDILQH�DHURVRO���7KXV��WKH�SULQFLSDO�FRQWDPLQDQWV�WR�PHDVXUH�DUH�XOWUDILQH�SDUWLFOHV� 
JDVHRXV�+12���DQG�SDUWLFXODWH�1+�12����7KXV��PRQLWRULQJ�V\VWHPV�IRU�JDV�SRZHUHG 
JHQHUDWRUV�ZRXOG�QHHG�WR�IRFXV�RQ�WKHVH�FRPSRQHQWV� 

)RU�GLHVHO�JHQHUDWRUV��WKH�PDMRU�HPLVVLRQV�FKDUDFWHULVWLFV�DUH�HOHPHQWDO�RU�EODFN�FDUERQ 
SDUWLFOHV���7KH�PDMRU�HPLVVLRQV�IURP�GLHVHO�HQJLQHV�DUH�SDUWLFOHV�LQ�WKH����WR�����QP�VL]H�UDQJH� 
DQG�WKH\�WHQG�WR�EH�FKDLQ�DJJUHJDWH�HOHPHQWDO�SDUWLFOHV���,Q�ROGHU�GLHVHO�YHKLFOHV��WKHUH�ZDV 
VXEVWDQWLDO�HPLVVLRQ�RI�RUJDQLF�FDUERQ��EXW�QHZHU�HQJLQHV�WHQG�WR�SURGXFH�WKH�HOHPHQWDO�FDUERQ 
SDUWLFOHV�ZLWK�UHODWLYHO\�OLWWOH�RUJDQLF�FDUERQ�DGVRUEHG�RQWR�WKHLU�VXUIDFH���7KH�PDLQ�IHDWXUH�RI 
WKHVH�SDUWLFOHV�LV�WKHLU�OLJKW�DEVRUSWLRQ���'LHVHO�PRWRU�YHKLFOHV�KDYH�EHHQ�H[WHQVLYHO\�VWXGLHG� 
EXW�WKHUH�KDV�EHHQ�OHVV�FKDUDFWHUL]DWLRQ�RI�VWDWLRQDU\�GLHVHO�HTXLSPHQW���$�PDMRU�TXHVWLRQ�WKHQ 
LV�WKH�H[WHQW�RI�HPLVVLRQV�FRQWUROV�WKDW�ZLOO�EH�XVHG�RQ�WKHVH�V\VWHPV�DQG�ZKDW�HIIHFW�WKRVH 
FRQWUROV�ZRXOG�KDYH�RQ�WKH�UHVXOWLQJ�SDUWLFOH�VL]H�DQG�DEVRUSWLRQ�SURSHUWLHV�RI�WKH�HPLWWHG 
SDUWLFOHV���8QSXEOLVKHG�VWXGLHV�LQ�1HZ�<RUN�&LW\�E\�WKH�$WPRVSKHULF�6FLHQFHV�5HVHDUFK�&HQWHU 
IURP�WKH�8QLYHUVLW\�DW�$OEDQ\�VXJJHVW�WKDW�FDWDO\WLF�UHJHQHUDWLYH�WUDSV�UHGXFH�WKH�PDVV 
HPLVVLRQV��EXW�SURGXFH�DGGLWLRQDO�QXPEHUV�RI�XOWUDILQH�SDUWLFOHV���7KXV��SDUWLFOH�QXPEHUV�DQG 
VL]H�GLVWULEXWLRQV�PRVW�OLNHO\�QHHG�WR�EH�PHDVXUHG�LQ�DGGLWLRQ�WR�OLJKW�DEVRUSWLRQ� 

6.1.1.2. Ambient Monitoring Strategy 
5HVXOWV�RI�PHDVXUHPHQWV�E\�.LP�HW�DO���������VXJJHVW�WKHUH�LV�D�VKDUS�UHGXFWLRQ�LQ�SDUWLFOH 
QXPEHUV��EODFN�FDUERQ��DQG�&2�DV�D�IXQFWLRQ�RI�GLVWDQFH�IURP�D�JDVROLQH�YHKLFOH�GRPLQDWHG 
IUHHZD\���7KHUH�LV�DOVR�D�GHFUHDVH�LQ�WKH�VPDOOHVW�VL]HV�DV�WKH�DHURVRO�XQGHUJRHV�FRDJXODWLRQ� 
GLOXWLRQ��DQG�GU\�GHSRVLWLRQ���7KXV��ZH�PLJKW�H[SHFW�VLPLODU�VKDUS�JUDGLHQWV�IURP�D�JDV�ILUHG 
JHQHUDWLQJ�V\VWHP���3DUWLFOH�QXPEHU�FRQFHQWUDWLRQV�RU�VL]H�GLVWULEXWLRQV�FDQ�EH�PHDVXUHG�XVLQJ 
FRQYHQWLRQDO�DHURVRO�PRQLWRULQJ�HTXLSPHQW��DOWKRXJK�WKDW�HTXLSPHQW�KDV�QRW�EHHQ�GHVLJQHG�WR 

�� 



  

RSHUDWH�XQGHU�DPELHQW�FRQGLWLRQV���+RZHYHU��LW�LV�QRW�GLIILFXOW�WR�XVH�DYDLODEOH�HQFORVXUHV�WR 
SURYLGH�DGHTXDWH�SURWHFWLRQ�IURP�ZHDWKHU�DQG�WR�FRQWURO�WHPSHUDWXUH���3DUWLFOH�QXPEHUV�DUH 
PHDVXUHG�ZLWK�&1&V���:KHQ�FRXSOHG�ZLWK�D�GLIIHUHQWLDO�PRELOLW\�DQDO\]HU��'0$���WKH�'0$� 
&1&�FRPELQDWLRQ�EHFRPHV�D�VFDQQLQJ�PRELOLW\�SDUWLFOH�VL]HU��6036��WKDW�FDQ�SURYLGH�VL]H 
GLVWULEXWLRQ�PHDVXUHPHQWV�HYHU\�IHZ�PLQXWHV���7KH�UDQJH�RI�SDUWLFOH�VL]H�WKDW�FDQ�EH 
GHWHUPLQHG�YDULHV�GHSHQGLQJ�RQ�WKH�VSHFLILF�'0$�DQG�&1&�XVHG�LQ�WKH�V\VWHP���7KH�VL]H 
GLVWULEXWLRQV�FDQ�EH�PHDVXUHG�DW�IL[HG�ORFDWLRQV�ZLWK�UHVSHFW�WR�WKH�SODQW�VLWH�WR�SURYLGH�D�FOHDU 
LQGLFDWLRQ�RI�WKH�SDUWLFOH�QXPEHU�FRQFHQWUDWLRQ�JUDGLHQWV� 

7KH�GLVWULEXWLRQ�RI�12[�WKDW�LV�HPLWWHG�IURP�WKH�SRZHU�SODQW�DQG�WKH�UHVXOWLQJ�LQFUHDVH�LQ�12\ 
ZLOO�EH�KDUGHU�WR�GHWHFW��GHSHQGLQJ�RQ�WKH�YROXPH�RI�ORFDO�WUDIILF�DQG�RWKHU�OLNHO\�KLJK 
WHPSHUDWXUH�FRPEXVWLRQ�VRXUFHV�DQG�WKH�H[WHQW�RI�XSZLQG�VRXUFHV�WKDW�SURYLGH�D�EDFNJURXQG 
RI�WUDQVSRUWHG�12\���'HSHQGLQJ�RQ�WKH�ORFDO�DWPRVSKHULF�FKHPLVWU\��WKHUH�ZLOO�EH�OLPLWHG 
FRQWULEXWLRQ�RI�WKH�ORFDOO\�HPLWWHG�12[�WR�WKH�PHDVXUHG�ORFDO�12\�FRQFHQWUDWLRQV� 

=KX�HW�DO���������SUHVHQW�UHVXOWV�VKRZLQJ�WKDW�WKHUH�ZHUH�VORZHU�GHFUHDVHV�LQ�SDUWLFOH�QXPEHU 
DQG�EODFN�FDUERQ�GRZQZLQG�RI�D�GLHVHO�WUXFN�GRPLQDWHG�IUHHZD\�WKDQ�ZHUH�REVHUYHG�IRU�D 
IUHHZD\�ZLWK�IHZ�GLHVHO�YHKLFOHV� 

'LHVHO�HTXLSPHQW�HPLWV�ODUJHU�SDUWLFOH�VL]HV�WKDQ�JDV�ILUHG�FRPEXVWLRQ�VRXUFHV��DQG�WKHVH 
SDUWLFOHV�ZLOO�DOVR�EH�ODUJHU�WKDQ�SDUWLFOHV�HPLWWHG�E\�VWDWLRQDU\�RLO�FRPEXVWLRQ�VRXUFHV��VXFK�DV 
KRPH�RU�KRW�ZDWHU�KHDWLQJ�HTXLSPHQW���,W�LV�H[WUHPHO\�GLIILFXOW�WR�GLVWLQJXLVK�DPRQJ�WKH 
HPLVVLRQV�IURP�KRPH�KHDWLQJ��GLHVHO�JHQHUDWRUV��DQG�GLHVHO�YHKLFOHV���+RPH�FRPEXVWLRQ 
HPLVVLRQV�SURYLGH�D�VLJQLILFDQW�EDFNJURXQG�XSRQ�ZKLFK�WKH�GLHVHO�JHQHUDWRU�HPLVVLRQV�ZLOO�EH 
VXSHULPSRVHG���0RQLWRULQJ�V\VWHPV�EDVHG�RQ�OLJKW�DEVRUSWLRQ��H�J���DQ�$HWKDORPHWHU��SXUSRUW 
WR�SURYLGH�D�PHDVXUH�RI�GLHVHO�SDUWLFOH�FRQFHQWUDWLRQV��DV�VKRZQ�LQ�)LJXUH�����,Q�WKH�DEVHQFH�RI 
RWKHU�VRXUFHV��WKHVH�V\VWHPV�ZRUN�ZHOO���+RZHYHU��WKHUH�ZLOO�EH�WZR�PDMRU�SUREOHPV�ZLWK�WKH 
PRQLWRULQJ�RI�GLHVHO�SDUWLFOHV�EDVHG�RQ�OLJKW�DEVRUSWLRQ�DW�PXOWLSOH�ZDYHOHQJWKV���)LUVW��GLHVHO 
SDUWLFOHV�IURP�VWDWLRQDU\�GLHVHO�SRZHU�JHQHUDWLRQ�ZLOO�EH�LQGLVWLQJXLVKDEOH�IURP�KRPH�KHDWLQJ 
DQG�GLHVHO�WUXFN�HPLVVLRQV���7KHUH�ZLOO�DOVR�EH�PDVNLQJ�RI�GLHVHO�E\�EODFN�FDUERQ�SDUWLFOHV�IURP 
ZRRG�FRPEXVWLRQ���7KHUH�DUH�RWKHU�WUDFHUV�IRU�ZRRG�VPRNH�SDUWLFOHV��EXW�WKRVH�UHTXLUH�GHWDLOHG 
FKHPLFDO�DQDO\VLV���%\�XVLQJ�D�VXIILFLHQW�QXPEHU�RI�PRQLWRUV��JUDGLHQWV�LQ�FRQFHQWUDWLRQV�IURP 
PDMRU�VRXUFHV��H�J���KLJKZD\V�DQG�SRZHU�JHQHUDWRUV��FDQ�EH�PHDVXUHG�DQG�XVHG�WR�VHSDUDWH�WKH 
UHODWLYH�FRQWULEXWLRQV�RI�WKHVH�WZR�DPELHQW�VRXUFHV�IURP�WKRVH�HPLWWHG�E\�KRPH�FRPEXVWLRQ 
VRXUFHV���$�ORZ�FRVW�PRQLWRU�LV�QHHGHG��VR�WKDW�D�VXIILFLHQW�QXPEHU�RI�XQLWV�FDQ�EH�GHSOR\HG�WR 
TXDQWLI\�WKH�FRQWULEXWLRQV�IURP�WKHVH�YDULRXV�VRXUFHV� 

6.1.1.3. Indoor and Personal Monitoring Strategy 
,Q�RUGHU�WR�DVVHVV�H[SRVXUH�LQ�KRPHV�DQG�WR�LQGLYLGXDOV��LW�LV�QHFHVVDU\�WR�KDYH�PXOWLSOH 
PRQLWRUV�WKDW�FDQ�EH�GHSOR\HG�VR�DV�WR�PDNH�D�ODUJH�QXPEHU�RI�PHDVXUHPHQWV�LQVLGH�DQG 
RXWVLGH�RI�PDQ\�KRXVHV���,W�LV�DQWLFLSDWHG�WKDW�EHFDXVH�RI�LWV�VWURQJ�VRUSWLRQ�RQWR�VXUIDFHV� 
JDVHRXV�+12��ZLOO�QRW�HIIHFWLYHO\�SHQHWUDWH�LQGRRUV�IURP�WKH�DPELHQW�HQYLURQPHQW�XQOHVV�WKH 
YHQWLODWLRQ�UDWH�LV�YHU\�KLJK���+RZHYHU��DPPRQLXP�QLWUDWH�SDUWLFOHV�VKRXOG�EH�DEOH�WR�SHQHWUDWH 
DQG�WKHQ�PD\�GHFRPSRVH�WR�XQ�LRQL]HG�DPPRQLD��1+���DQG�+12����7KXV��PHDVXUHPHQW�RI 
JDVHRXV�DQG�SDUWLFXODWH�QLWUDWH�ZLOO�EH�QHHGHG�WR�FKDUDFWHUL]H�LQGRRU�DQG�SHUVRQDO�H[SRVXUHV� 

�� 



 

,Q�LQGRRU�DLU��(76�DQG�ZRRG�VPRNH�DOVR�FRQWDLQ�FRPSRQHQWV�WKDW�DUH�VWURQJO\�DEVRUELQJ�LQ�WKH 
89�UHJLRQ���$Q\�SDUWLFOH�VRXUFH�WKDW�SURGXFHV�VLJQLILFDQW�FRQFHQWUDWLRQV�RI�3$+V�ZLOO�EH 
GHWHFWHG�E\�WKH�GXDO�OLJKW�DEVRUSWLRQ�V\VWHP���7KHVH�RWKHU�SDUWLFOH�VRXUFHV�FRXOG�WKHUHIRUH 
FRQIRXQG�WKH�PRQLWRU·V�DELOLW\�WR�DVVHVV�H[SRVXUH�WR�GLHVHO�SDUWLFOHV�DFFXUDWHO\���7KH�FRPEXVWLRQ 
RI�RLO�IRU�KRPH�DQG�KRW�ZDWHU�KHDWLQJ�DOVR�SURGXFHV�SDUWLFOHV�ZLWK�VRPH�VLPLODULWLHV�WR�GLHVHO 
HPLVVLRQV��EHFDXVH�WKH�EDVLF�PL[�RI�K\GURFDUERQ�FRPSRXQGV�DUH�WKH�VDPH��7KHUH�DUH�VRPH 
DGGLWLYHV�LQ�GLHVHO�RLO�WKDW�GR�QRW�DSSHDU�WR�EH�LQ�KRPH�KHDWLQJ�RLO��EXW�PDNLQJ�PHDVXUHPHQWV 
WKDW�FRXOG�GHWHFW�DGGLWLRQDO�FKHPLFDO�VSHFLHV�FKDUDFWHULVWLF�RI�WKHVH�DGGLWLYHV�ZRXOG�UHTXLUH 
ILOWHU�VDPSOH�FROOHFWLRQ�DQG�DQDO\VLV�RU�VRSKLVWLFDWHG�PHDVXUHPHQW�PHWKRGV�OLNH�DQ�$HURVRO 
7LPH�RI�)OLJKW�0DVV�6SHFWURPHWHU��$72)06��ZLWK�D�FRVW�RI������������7KXV��WKHUH�DUH�VLJQLILFDQW 
SUREOHPV�LQ�FKHPLFDOO\�GLVWLQJXLVKLQJ�GLHVHO�IURP�RWKHU�RLO�FRPEXVWLRQ�VRXUFHV�LQ�D�ORZ� 
SRZHU�XVH��SRUWDEOH��LQH[SHQVLYH�PRQLWRU� 

6.2. Monitor Needs 

6.2.1. General Requirements 
7KHUH�DUH�YHU\�GLIIHUHQW�UHTXLUHPHQWV�IRU�PHDVXUHPHQWV��GHSHQGLQJ�RQ�ZKHWKHU�WKH\�DUH�WR�EH 
PDGH�DW�D�IL[HG�VLWH�WR�HYDOXDWH�WKH�DPELHQW�DLU�TXDOLW\�RU�IRU�WKH�PHDVXUHPHQW�RI�LQGRRU�DLU 
TXDOLW\�RU�SHUVRQDO�H[SRVXUH���7KHUH�DUH�UHODWLYHO\�IHZ�OLPLWDWLRQV�RQ�DPELHQW�PRQLWRUV� 
GHSHQGLQJ�RQ�WKH�FRVW�OLPLWDWLRQV�LPSRVHG�RQ�WKH�V\VWHP���*LYHQ�VXIILFLHQW�SRZHU�DQG 
DSSURSULDWH�SURWHFWLRQ�IURP�ZHDWKHU��YHU\�VRSKLVWLFDWHG�V\VWHPV�FDQ�EH�GHSOR\HG���+RZHYHU� 
IRU�PRQLWRULQJ�'*�V\VWHPV��PRUH�VSDWLDO�YDULDELOLW\�LQ�WKH�HPLVVLRQV�FDQ�EH�DQWLFLSDWHG� 
WKHUHIRUH��WKHUH�LV�D�QHHG�IRU�PRUH�PRQLWRUV���$V�D�UHVXOW��FRVW�EHFRPHV�DQ�LPSRUWDQW 
FRQVLGHUDWLRQ�LQ�WKH�GHYHORSPHQW�DQG�GHSOR\PHQW�RI�VXFK�V\VWHPV���$LU�TXDOLW\�DJHQFLHV�ZLOO 
QHHG�PXOWLSOH�PRQLWRUV�WR�H[DPLQH�WKH�LPSDFWV�RI�WKH�PXOWLSOH�IDFLOLWLHV�WKDW�DUH�EHLQJ 
GHYHORSHG� 

)RU�LQGRRU�DLU��WKH�YROXPH�RI�DLU�VDPSOHG�PXVW�EH�VXIILFLHQWO\�ORZ�WKDW�WKH�FROOHFWLRQ�RI�WKH 
VDPSOH�LV�QRW�SHUWXUELQJ�WKH�QDWXUH�RI�WKH�LQGRRU�DWPRVSKHUH���7KDW�LV��WKH�IORZ�UDWH�WKURXJK�WKH 
VDPSOHU�VKRXOG�EH�VXIILFLHQWO\�ORZ�WKDW�LW�GRHV�QRW�VLJQLILFDQWO\�UDLVH�WKH�HIIHFWLYH�YHQWLODWLRQ 
UDWH�RI�WKH�URRP���7KH�SDVVDJH�RI�WKH�DLU�WKURXJK�WKH�SDUWLFOH�VDPSOHU�W\SLFDOO\�VHUYHV�DV�DQ�DLU 
FOHDQLQJ�V\VWHP��DQG�WKXV��WKH�H[KDXVW�RI�WKH�PRQLWRU�SURYLGHV�DQ�LQFUHDVHG�FOHDQ�DLU�GHOLYHU\ 
UDWH�LQWR�WKH�URRP�YROXPH���7KLV�UDWH�VKRXOG�EH�FKRVHQ�WR�EH�VPDOO�FRPSDUHG�WR�WKH�QDWXUDO 
LQILOWUDWLRQ�UDWH���$JDLQ��FRVWV�QHHG�WR�EH�ORZ��VR�WKDW�LW�LV�SRVVLEOH�IRU�DQ�LQWHUHVWHG�SHUVRQ�WR 
PRQLWRU�LQ�DQG�DURXQG�WKHLU�KRPHV�IRU�WKH�HIIHFWV�RI�WKH�QHZ�'*�VRXUFHV� 

3HUVRQDO�VDPSOLQJ�LV�OLPLWHG�E\�WKH�VL]H�DQG�ZHLJKW�RI�SXPSV�WKDW�FDQ�EH�XVHG���7KH�PD[LPXP 
IORZ�UDWH�LQ�WKHVH�V\VWHPV�LV����OSP�DQG�PRUH�W\SLFDOO\�LV���WR���OSP���7KXV��LW�LV�W\SLFDOO\ 
GLIILFXOW�WR�FROOHFW�VXIILFLHQWO\�ODUJH�TXDQWLWLHV�RI�PDVV�RQ�D�ILOWHU�WR�SURYLGH�KLJK�SUHFLVLRQ 
FRPSRVLWLRQDO�GDWD� 

�� 



 6.2.2. Ambient Air Monitors 

6.2.2.1. PM(10–2.5) 

7KHUH�LV�QR�QHHG�IRU�DQ\�IXUWKHU�GHYHORSPHQW�RI�30���PRQLWRUV��DV�WKHUH�ZLOO�QRW�EH�D�1$$46 

IRU�WKLV�LQGLFDWRU�DIWHU�������EHFDXVH�WKHUH�ZLOO�EH�D�FRDUVH�SDUWLFOH�VWDQGDUG��30���²��������7KHUH 
LV�DQ�DGHTXDWH�VHTXHQWLDO�GLFKRWRPRXV�VDPSOHU�DOUHDG\�FRPPHUFLDOO\�DYDLODEOH�WR�DGGUHVV 
FXUUHQW�QHHGV���:LWK�UHVSHFW�WR�D�FRQWLQXRXV�FRDUVH�PRQLWRU��LW�VKRXOG�EH�SRVVLEOH�WR�DVFHUWDLQ 
WKH�HIIHFWLYHQHVV�RI�WKH�H[LVWLQJ�V\VWHP��0LVUD�HW�DO��������ZLWK�WKH�ILHOG�WHVWLQJ�WKDW�ZLOO�EH�GRQH 
E\�WKH�(3$�LQ��������,W�ZLOO�SUREDEO\�EH�XVHIXO�WR�H[DPLQH�DOWHUQDWLYHV�WR�FRQWLQXRXV�FRDUVH 
SDUWLFOH�PRQLWRULQJ�WKDW�HPSOR\�RWKHU�PHDVXUHPHQW�SULQFLSOHV�VXFK�DV�EHWD�PRQLWRUV���7KHVH 
XQLWV�ZLOO�EH�SULFHG�FRPSDUDEO\�WR�H[LVWLQJ�)50�W\SH�VDPSOHUV�DQG�WKXV��FDQ�EH�GHSOR\HG�LQ�WKH 
QRUPDO�FRPSOLDQFH�PRQLWRULQJ� 

1R�LQH[SHQVLYH�PRQLWRUV�FRPSDUDEOH�WR�WKH�$LUPHWULFV�0LQL9RO�FDQ�EH�XVHG�IRU�FRDUVH�SDUWLFOH 
VDWXUDWLRQ�VDPSOLQJ���7KH�0LQL9RO�LV�DYDLODEOH�LQ�30����DQG�30���PRGHOV��EXW�WKHUH�LV�QR 

FRPSDUDEOH�VDPSOHU�IRU�30���²����� 

6.2.2.2. PM2.5 

7KHUH�UHPDLQ�TXHVWLRQV�DERXW�WKH�ORVV�RI�VHPLYRODWLOH�FRPSRQHQWV�IURP�30����WKDW�DUH�QRW�HDVLO\ 
DQVZHUHG���7KH�)50�LV�WKH�EDVLV�IRU�WKH�GHWHUPLQDWLRQ�RI�1$$46�DWWDLQPHQW��EXW�LW�GRHV�QRW 
QHFHVVDULO\�SURYLGH�DQ�DFFXUDWH�HVWLPDWH�RI�WKH�DLUERUQH�SDUWLFOH�PDVV���$�YDULHW\�RI�FRQWLQXRXV 
PRQLWRULQJ�GHVLJQV�DUH�EHLQJ�WHVWHG��LQFOXGLQJ�WKH�GLIIHUHQWLDO�7(20��WKH�)'06��DQG�WKH 
&$00���$W�WKLV�WLPH��WKHUH�QHHGV�WR�EH�IXUWKHU�PRQLWRULQJ��WHVWLQJ��DQG�UHILQHPHQW��EXW�WKLV�LV�D 
QHHG�IRU�IXUWKHU�GHYHORSPHQW�UDWKHU�WKDQ�DGGLWLRQDO�UHVHDUFK�RU�RWKHU�QHZ�FRQFHSWV���,W�LV�WKH 
UHVSRQVLELOLW\�RI�WKH�YHQGRUV�WR�SURYLGH�D�EHWWHU�GHILQHG�PHDVXUHPHQW�PHWKRG�WR�WKH 
PHDVXUHPHQW�FRPPXQLW\� 

$W�WKLV�WLPH��WKHUH�DUH�DGHTXDWH�DPELHQW�PRQLWRULQJ�V\VWHPV�WR�PHDVXUH�SDUWLFXODWH�DQG 
JDVHRXV�QLWUDWH��DOWKRXJK�WKH\�DUH�QHLWKHU�SRUWDEOH�QRU�LQH[SHQVLYH���7KH�VSHFLDWLRQ�QHWZRUN 
VDPSOHUV�XVH�DQQXODU�GHQXGHUV�WR�VHSDUDWH�WKH�JDVHRXV�+12��IURP�WKH�SDUWLFXODWH�QLWUDWH���%\ 
FDSWXULQJ�WKH�SDUWLFOHV�RQ�D�EDVH�LPSUHJQDWHG�ILEHU�ILOWHU�RU�D�1\ODVRUE��ILOWHU��WKH�QLWUDWH�LV 
UHWDLQHG�RQ�WKH�ILOWHU�XQWLO�LW�LV�OHDFKHG�IURP�WKH�ILOWHU�IRU�DQDO\VLV���6XFK�D�V\VWHP�LV�ODERU� 
LQWHQVLYH��EHFDXVH�XVHUV�PXVW�FROOHFW�DQG�DQDO\]H�WKH�ILOWHUV��DQG�LW�SURYLGHV�RQO\�PXOWLKRXU 
�W\SLFDOO\����KRXU��GDWD� 

:LWK�UHVSHFW�WR�FRQWLQXRXV�VSHFLDWLRQ�PRQLWRUV��WKH�FXUUHQW�QLWUDWH�PRQLWRU�DQG�WKH�PXOWLSOH� 
VL]H�IUDFWLRQ�VDPSOHU�WKDW�KDV�EHHQ�GHYHORSHG�E\�$HURVRO�'\QDPLFV�DQG�LV�EHLQJ�WHVWHG�DW�WKH 
/RV�$QJHOHV�6XSHUVLWH�DSSHDU�WR�EH�OLNHO\�WR�SURYLGH�WKH�QHFHVVDU\�PHDVXUHPHQWV���)URP�WKH 
OLPLWHG�GDWD�\HW�DYDLODEOH��LW�DSSHDUV�WKDW�WKH�QHZ�+63+�GHVLJQ�FRQWLQXRXV�VXOIDWH�PRQLWRU�LV 
OLNHO\�WR�SHUIRUP�EHWWHU�WKDQ�WKH�FRPPHUFLDOO\�DYDLODEOH�V\VWHP���+RZHYHU��LW�KDV�\HW�WR�EH 
GHYHORSHG�LQWR�D�FRPPHUFLDO�SURWRW\SH���,W�PD\�EH�SXW�RQWR�WKH�PDUNHW�LQ�HDUO\��������7KXV��IRU 
WKHVH�WZR�ZHOO�GHILQHG�PDMRU�FKHPLFDO�VSHFLHV��GHYHORSPHQW�RI�DGHTXDWH�PRQLWRUV�LV 
SURJUHVVLQJ�ZHOO� 

�� 



	

 

  

)RU�RUJDQLF�DQG�HOHPHQWDO�FDUERQ��WKH�SUREOHP�LV�VLPLODU�WR�WKDW�RI�WKH�PDVV�SUREOHP��LQ�WKDW 
WKHVH�VSHFLHV�DUH�RSHUDWLRQDOO\�GHILQHG��DQG�WKHUH�LV�QRW�\HW�DJUHHPHQW�RQ�ZKDW�WR�PHDVXUH��QRU 
RQ�WKH�VHTXHQFH�RI�WHPSHUDWXUHV�RU�WKH�GHJUHH�RI�S\URO\VLV�DQG�LWV�HIIHFW�RQ�WKH�VHSDUDWLRQ 
EHWZHHQ�2&�DQG�(&���7KHUH�DUH�FOHDUO\�SUREOHPV�ZLWK�WKH�5 3�2&�(&�V\VWHP��EXW�WKHUH�LV�QRW 
VXIILFLHQW�H[SHULHQFH�WR�HYDOXDWH�WKH�SHUIRUPDQFH�RI�WKH�ILHOG�6XQVHW�/DERUDWRU\�2&�(&�V\VWHP 
UHODWLYH�WR�WKH�FRPSDUDEOH�ODERUDWRU\�V\VWHP���7KH�GHYHORSPHQW�RI�EHWWHU�2&�(&�ILHOG 
LQVWUXPHQWV�GHSHQGV�RQ�WKH�GHYHORSPHQW�RI�D�FOHDUHU�GHILQLWLRQ�RI�WKH�2&�(&�ODERUDWRU\ 
SURWRFROV� 

6.2.2.3. NOx 

7KH�VWDQGDUG�DPELHQW�DLU�PRQLWRU�XVHV�WKH�FKHPLOXPLQHVFHQW�UHDFWLRQ�EHWZHHQ�12�DQG�2��WR 
SURGXFH�OLJKW�LQ�SURSRUWLRQ�WR�WKH�DPRXQW�RI�12�LQ�WKH�DLU�VWUHDP���7KH�SUREOHP�ZLWK�H[LVWLQJ 
V\VWHPV�LV�WKDW�WKH�FDWDO\VW�XVHG�WR�UHGXFH�12��WR�12�ZLOO�DOVR�UHGXFH�VRPH�DPRXQW�RI�12\�WR 
12���:KHQ�FRQFHQWUDWLRQV�ZHUH�KLJKHU��WKLV�LQWHUIHUHQFH�ZDV�QRW�DV�FULWLFDO��EXW�LW�ZRXOG�QRZ�EH 
XVHIXO�WR�KDYH�DFFXUDWH�12�DQG�12��PHDVXUHPHQWV�IRU�FXUUHQW�DPELHQW�FRQFHQWUDWLRQV���7KXV� 
QHZ�V\VWHPV�DUH�QHHGHG�DW�FRVWV�FRPSDUDEOH�WR�FXUUHQW�DPELHQW�JDV�PRQLWRUV� 

6.2.2.4. NOy 

&XUUHQWO\��QR�PRQLWRUV�IRU�JDVHRXV�12\�DUH�DYDLODEOH���,W�ZRXOG�EH�XVHIXO�WR�KDYH�DQ�DPELHQW 
PRQLWRU�WKDW�ZRXOG�FRQWLQXRXVO\�PHDVXUH�JDVHRXV�+12����6XFK�D�XQLW�VKRXOG�EH�VXIILFLHQWO\ 
ORZ�LQ�FRVW�WKDW�D�ORFDO�PXOWLSOH�VLWH�PRQLWRULQJ�QHWZRUN�FRXOG�EH�HVWDEOLVKHG�DURXQG�'* 
IDFLOLWLHV� 

6.2.2.5. Particle Number Concentration 
$OWKRXJK�&1&V�DUH�DYDLODEOH��WKH\�KDYH�QRW�EHHQ�GHVLJQHG�IRU�DPELHQW�PRQLWRULQJ���6XFK 
V\VWHPV�KDYH�QRW�EHHQ�GHVLJQHG�WR�EH�SODFHG�GLUHFWO\�LQ�WKH�DPELHQW�HQYLURQPHQW��DQG�WKHUH�DUH 
SUREOHPV�RI�KXPLGLW\�FRQWURO�LQ�WKHVH�V\VWHPV�ZKHQ�SODFHG�LQ�PRQLWRULQJ�WUDLOHUV�RU�HTXLYDOHQW 
HQFORVXUHV���7KH�DYDLODEOH�V\VWHPV�DUH�TXLWH�H[SHQVLYH��VR�WKH\�FDQQRW�EH�XVHG�LQ�D�PXOWLSOH�VLWH 
QHWZRUN�WR�ORRN�DW�JUDGLHQWV�RI�XOWUDILQH�SDUWLFOHV�DFURVV�D�SRWHQWLDOO\�H[SRVHG�SRSXODWLRQ� 

6.2.3. Indoor and Personal Monitors 
7KH�PRVW�FULWLFDO�QHHGV�DUH�IRU�QHZ�V\VWHPV�IRU�LQGRRU�DQG�SHUVRQDO�PRQLWRULQJ���0DQ\�RI�WKH 
SUREOHPV�ZLWK�WKH�DPELHQW�PRQLWRUV�DUH�XQGHU�DFWLYH�LQYHVWLJDWLRQ���9HQGRUV�DUH�OLNHO\�WR 
GHYHORS�DQG�RU�LPSURYH�WKRVH�V\VWHPV�WKDW�FDQ�EH�XVHG�QRZ�RU�PD\�EH�LQFRUSRUDWHG�LQ�WKH 
QHDU�IXWXUH�LQWR�WKH�FRPSOLDQFH�PRQLWRULQJ�QHWZRUNV���7KH�SULPDU\�QHHGV�DUH�IRU�VPDOOHU� 
OLJKWHU��ORZHU�IORZ�V\VWHPV�WKDW�VWLOO�KDYH�VXIILFLHQW�VHQVLWLYLW\�WR�EH�DEOH�WR�PDNH�WLPH�UHVROYHG 
PHDVXUHPHQWV�ZLWKRXW�GLVWRUWLRQ�RI�WKH�PLFURHQYLURQPHQW�LQWR�ZKLFK�WKH�VDPSOHU�LV�SODFHG� 
3RUWDEOH�V\VWHPV�WKDW�FDQ�EH�XVHG�IRU�LQGRRU�PRQLWRULQJ�VKRXOG�EH�OLJKW�HQRXJK�WKDW�WKH\�FDQ 
EH�HDVLO\�PRYHG�������WR����SRXQGV����)RU�SHUVRQDO�PRQLWRULQJ�V\VWHPV��WKH�XQLWV�PXVW�EH 
VXIILFLHQWO\�VPDOO�DQG�OLJKW����WR����SRXQGV��WKDW�WKH\�GR�QRW�LQWHUIHUH�ZLWK�WKH�SDUWLFLSDQWV· 
QRUPDO�DFWLYLWLHV���,Q�PDQ\�FDVHV��WKH�LQGLYLGXDOV�WR�EH�PRQLWRUHG�DUH�HOGHUO\�RU�DUH�FKLOGUHQ 
ZLWK�H[LVWLQJ�GLVHDVH��H�J���DVWKPDWLFV����7KXV��WKHUH�PXVW�EH�HYHQ�PRUH�VWULQJHQW�UHVWULFWLRQV�RQ 
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VL]H�DQG�ZHLJKW�WKDQ�LI�WKHVH�PRQLWRUV�DUH�WR�EH�ZRUQ�E\�KHDOWK\�DGXOWV���,W�ZRXOG�EH�XVHIXO�LI 
WKHVH�PRQLWRUV�FRXOG�EH�LQWHJUDWHG�ZLWK�WKH�SK\VLRORJLFDO�PRQLWRULQJ�V\VWHPV�WKDW�DUH�RIWHQ 
XVHG�WR�UHFRUG�WKH�KHDUW�DQG�RU�OXQJ�IXQFWLRQ�RI�D�SDWLHQW�XQGHU�VWXG\� 

6.2.3.1. PM(10–2.5) 

7KHUH�DUH�QR�LQGRRU�RU�SHUVRQDO�PRQLWRUV�WR�PHDVXUH�30���²�������%HFDXVH�WKH�GHFLVLRQ 
LQYDOLGDWLQJ�30���DV�DQ�LQGLFDWRU�IRU�1$$46�ZDV�PDGH�RQO\�D�UHODWLYHO\�VKRUW�WLPH�DJR��WKHUH 
KDYH�QRW�\HW�EHHQ�HIIRUWV�WR�GHYHORS�VXFK�VDPSOHUV���7KHUH�ZLOO�EH�D�QHHG�IRU�VXFK�VDPSOHUV�IRU 
H[SRVXUH�DVVHVVPHQWV���,W�ZLOO�EH�XVHIXO�WR�KDYH�V\VWHPV�IRU�FRQWLQXRXV�PDVV�PHDVXUHPHQWV��DV 
ZHOO�DV�VDPSOHUV�WKDW�ZLOO�SURYLGH�LQWHJUDWHG�ILOWHU�VDPSOHV�IRU�VXEVHTXHQW�FKHPLFDO�DQDO\VLV� 

6.2.3.2. PM2.5 

5HDVRQDEOH�SHUVRQDO�VDPSOHUV�DUH�DYDLODEOH�IRU�LQWHJUDWHG�ILOWHU�VDPSOH�FROOHFWLRQ���7KH�PRVW 
FRPPRQO\�XVHG�V\VWHP��WKH�063�3(0���XVHV�D����PP�ILOWHU���,W�ZRXOG�EH�KHOSIXO�WR�SURGXFH�D 
���PP�YHUVLRQ��VR�WKDW�WKH�DUHDO�GHQVLW\�RI�WKH�SDUWLFOH�GHSRVLW�LV�KLJKHU�IRU�LPSURYHG�;�UD\ 
IOXRUHVFHQFH��;5)��DQDO\VLV��,W�DOVR�ZRXOG�EH�XVHIXO�WR�PRYH�WR�D�FRQWLQXRXV�30����PDVV 
PRQLWRU���5XSSUHFKW� �3DWDVKQLFN�KDYH�GHYHORSHG�D�QHZ�PHWDO�7(20�ZLWK�VXSSRUW�IURP�WKH 
06+$���+RZHYHU��LW�ZDV�GHYHORSHG�IRU�KLJK�30�FRQFHQWUDWLRQV�LQ�PLQHV��ZKHUH�FRQFHUQ�DERXW 
WUHDWLQJ�SDUWLFOH�ERXQG�ZDWHU�ZDV�QRW�D�FRQVLGHUDWLRQ���7KXV��LW�LV�QHFHVVDU\�WR�GHYHORS�D 
PRQLWRU�WKDW�UHPRYHV�WKH�SDUWLFOH�ERXQG�ZDWHU�WR�\LHOG�D�PDVV�PHDVXUHPHQW�WKDW�LV�FRPSDUDEOH 
WR�DPELHQW�PRQLWRUV���6XFK�D�V\VWHP�FRXOG�EH�DGDSWHG�IRU�ERWK�SHUVRQDO�DQG�LQGRRU�PRQLWRULQJ 
QHHGV� 

$V�GLVFXVVHG�DERYH��WKHUH�LV�D�QHHG�WR�GHYHORS�PRQLWRUV�WKDW�ZLOO�SHUPLW�WKH�PHDVXUHPHQW�RI 
GLHVHO�H[KDXVW�SDUWLFOHV�FKDUDFWHUL]HG�E\�EODFN�RU�HOHPHQWDO�FDUERQ�DQG�SRVVLEO\�3$+V� 
+RZHYHU��3$+�FRPSRXQGV�DUH�DOVR�SUHVHQW�LQ�(76�DQG�ZRRG�VPRNH��0DJHH�6FLHQWLILF�KDV 
LQWURGXFHG�D�SRUWDEOH�$HWKDORPHWHU��0DJHH�6FLHQWLILF�$(�����EXW�LW�LV�UHODWLYHO\�H[SHQVLYH 
�DSSUR[LPDWHO\�����������PDNLQJ�LW�LPSUDFWLFDO�WR�GHSOR\�LQ�ODUJH�QXPEHUV���%*,�,QFRUSRUDWHG 
KDV�DOVR�GHYHORSHG�D�PRQLWRU�IRU�(76�PHDVXUHPHQW��WKH�70��7REDFFR�6PRNH�0RQLWRU�� 
+RZHYHU��LW�XVHV�WKH�VDPH�EDVLF�SULQFLSOH�DV�WKH�$HWKDORPHWHU�WR�HVWLPDWH�WKH�H[WHQW�RI�GLHVHO 
H[KDXVW���7KHUHIRUH��WKHUH�LV�D�QHHG�WR�EH�DEOH�WR�PHDVXUH�GLHVHO�SDUWLFXODWH�PDWWHU�LQ�WKH 
SUHVHQFH�RI�RWKHU�FRPSHWLQJ�VRXUFHV��DQG�DW�D�PXFK�ORZHU�FRVW�WKDQ�H[LVWLQJ�LQVWUXPHQWV� 

6.2.3.3. Particle Number Concentrations 
3DUWLFOH�QXPEHU�FRQFHQWUDWLRQV�FDQ�EH�PHDVXUHG�LQGRRUV�XVLQJ�D�SRUWDEOH�&1&��VXFK�DV�WKH�76, 
3�7UDN���7KLV�&1&�XVHV�LVRSURS\O�DOFRKRO��ZKHUHDV��PRVW�RI�WKH�RWKHU�FRPPHUFLDO�&1&V�XVH�WKH 
PXFK�PRUH�WR[LF�Q²EXWDQRO���+RZHYHU��WKHVH�V\VWHPV�DUH�QRW�LQH[SHQVLYH��ZLWK�WKH�W\SLFDO�FRVW 
EHLQJ�WKRXVDQGV�RI�GROODUV���,W�ZRXOG�EH�SRVVLEOH�WR�XVH�SHUVRQDO�SDUWLFOH�VDPSOHUV�WR�FROOHFW 
ILOWHU�VDPSOHV�WKDW�FRXOG�WKHQ�EH�DQDO\]HG�E\�HOHFWURQ�PLFURVFRS\�IRU�SDUWLFOH�VL]H��VKDSH��DQG 
WRWDO�QXPEHU���,W�LV�DOVR�SRVVLEOH�WR�FROOHFW�VDPSOHV�XVLQJ�D�SDVVLYH�VDPSOHU�ZKHUH�WKHUH�LV�QR 
QHHG�IRU�D�SXPS��:DJQHU�DQG�/HLWK�����D�E�F����6XFK�DQ�DSSURDFK�ZRXOG�EH�TXLWH�WLPH� 
FRQVXPLQJ��EXW�FDQ�SURYLGH�D�WLPH�LQWHJUDWHG�VDPSOH���7KH�XVH�RI�WKH�PLFURVFRSH�ZRXOG�PDNH 
WKLV�DSSURDFK�H[SHQVLYH�IRU�URXWLQH�PRQLWRULQJ��DOWKRXJK�LW�FRXOG�EH�XVHG�IRU�UHVHDUFK�VWXGLHV� 
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)XUWKHU�GHYHORSPHQW�RI�LQH[SHQVLYH�SDUWLFOH�FRXQWLQJ�V\VWHPV�FRXOG�SURYLGH�PRQLWRUV�FDSDEOH 
RI�DVFHUWDLQLQJ�H[SRVXUH�WR�XOWUDILQH�SDUWLFOHV� 

6.2.3.4. NOx and NOy 

1R�FRPPHUFLDO�V\VWHPV�PDNH�FRQWLQXRXV�LQGRRU�RU�SHUVRQDO�PHDVXUHPHQWV�RI�JDVHRXV�+12� 
RU�SDUWLFXODWH�12�����7KH�QHZ�$HURVRO�'\QDPLFV�30$66�ZLOO�SURYLGH�D�SHUVRQDO�VDPSOHU�ZLWK 
GHQXGHU�WHFKQRORJ\�WKDW�SHUPLWV�PHDVXUHPHQW�RI�SDUWLFXODWH�QLWUDWH�XVLQJ�ILOWHU�FROOHFWLRQ�DQG 
RII�OLQH�DQDO\VLV���+RZHYHU��LW�KDV�QRW�\HW�EHHQ�FRPPHUFLDOL]HG���7KH�+(,�UHSRUW�GHVFULELQJ�WKLV 
V\VWHP�VKRXOG�EH�DYDLODEOH�VRRQ� 

7KH�+63+�PXOWLSROOXWDQW�VDPSOHU��'HPRNULWRX�HW�DO��������SURYLGHV�D�GHQXGHU�WR�UHPRYH�WKH 
JDVHRXV�+12��IRU�DQ�DSSURSULDWH�ILOWHU�VDPSOH���+RZHYHU��IURP�WKH�LQIRUPDWLRQ�DYDLODEOH��LW�LV 
QRW�FOHDU�LI�WKH�FROOHFWHG�+12��FDQ�EH�H[WUDFWHG�IURP�WKH�GHQXGHU�LQ�WKH�VDPSOHU�IRU�DQDO\VLV� 
7KHUH�DUH�QR�V\VWHPV�IRU�FRQWLQXRXV��SRUWDEOH�PRQLWRULQJ�RI�WKH�JDVHV�1+���12[��+12���RU 
SDUWLFXODWH�1+�12����$PELHQW�12[�PRQLWRUV�FRXOG�EH�DGDSWHG�IRU�LQGRRU�XVH��KRZHYHU��WKHVH 
XQLWV�DUH�WRR�ODUJH�DQG�H[SHQVLYH�IRU�ZLGHVSUHDG�XVH���7KH�WHFKQRORJ\�LQ�WKHVH�V\VWHPV�KDV 
UHPDLQHG�ODUJHO\�XQFKDQJHG�IRU����\HDUV��DQG�LW�PD\�EH�SRVVLEOH�WR�GHYHORS�V\VWHPV�EDVHG�RQ 
QHZHU�WHFKQRORJ\�WKDW�PDNHV�WKH�V\VWHPV�VPDOOHU�DQG�OHVV�H[SHQVLYH���+RZHYHU��LW�DJDLQ�QHHGV 
WR�EH�UHFRJQL]HG�WKDW�WKHUH�LV�D�QHHG�WR�VHSDUDWH�12��IURP�12[�GHULYHG�IURP�12\� 

7KXV��WKHUH�LV�D�QHHG�IRU�LQH[SHQVLYH��QHZ�PRQLWRULQJ�WHFKQRORJLHV�WR�PHDVXUH�WKHVH 
QLWURJHQRXV�VSHFLHV��DV�ZHOO�DV�XOWUDILQH�SDUWLFOH�QXPEHUV� 

7.0 Reporting Measurement Results 
$LU�TXDOLW\�EDVHG�RQ�FULWHULD�SROOXWDQWV�LV�PHDVXUHG�E\�WKH�6/$06�QHWZRUN�DFURVV�WKH�FRXQWU\� 
5DZ�PHDVXUHPHQWV�DUH�FRQYHUWHG�LQWR�YDOXHV�RQ�WKH�$LU�4XDOLW\�,QGH[��$4,��XVLQJ�VWDQGDUG 
IRUPXODV�GHYHORSHG�E\�WKH�(3$���$�PDMRU�IHDWXUH�RI�WKH�$4,�FDOFXODWLRQ�LV�WKDW�LW�VWDQGDUGL]HV 
WKH�PHDVXUHPHQW�RI�SROOXWDQWV�WR�RQH�VFDOH��ZKHUH�DQ�$4,�RI�����HTXDOV�WKH�QDWLRQDO�DPELHQW�DLU 
TXDOLW\�VWDQGDUG���$Q�$4,�YDOXH�LV�FDOFXODWHG�IRU�HDFK�RI�WKH�LQGLYLGXDO�SROOXWDQWV³JURXQG� 
OHYHO�2���30��&2��62���DQG�12[³LQ�DQ�DUHD���7KH�KLJKHVW�RI�WKH�$4,�YDOXHV�IRU�WKH�LQGLYLGXDO 
SROOXWDQWV�EHFRPHV�WKH�$4,�YDOXH�IRU�WKDW�GD\���,Q�ODUJH�PHWURSROLWDQ�DUHDV��!���������SHRSOH�� 
VWDWH�DQG�ORFDO�DJHQFLHV�DUH�UHTXLUHG�WR�UHSRUW�WKH�$4,�WR�WKH�SXEOLF�GDLO\��:KHQ�WKH�$4,�LV 
DERYH������WKH\�PXVW�DOVR�UHSRUW�ZKLFK�JURXSV��H�J���FKLOGUHQ��SHRSOH�ZLWK�DVWKPD�RU�KHDUW 
GLVHDVH��PD\�EH�VHQVLWLYH�WR�WKH�VSHFLILF�SROOXWDQW��,I�WZR�RU�PRUH�SROOXWDQWV�KDYH�$4,�YDOXHV 
DERYH�����RQ�D�JLYHQ�GD\��DJHQFLHV�ZLOO�UHSRUW�DOO�WKH�JURXSV�WKDW�DUH�VHQVLWLYH�WR�WKRVH 
SROOXWDQWV���$OWKRXJK�LW�LV�QRW�UHTXLUHG��PDQ\�VPDOOHU�FRPPXQLWLHV�DOVR�UHSRUW�WKH�$4,�DV�D 
SXEOLF�KHDOWK�VHUYLFH��DQG�PDQ\�PHWURSROLWDQ�DUHDV�UHSRUW�DQ�$4,�IRUHFDVW�WKDW�HQDEOHV�ORFDO 
UHVLGHQWV�WR�SODQ�WKHLU�DFWLYLWLHV�WR�SURWHFW�WKHLU�KHDOWK���)RU�LQGRRU�RU�SHUVRQDO�PHDVXUHPHQWV�RI 
WKH�FULWHULD�SROOXWDQWV��WKH�$4,�DSSURDFK�FRXOG�EH�DGRSWHG�WR�SUHVHQW�D�FRQWH[W�IRU�WKH 
PHDVXUHG�YDOXHV� 

&RPPXQLW\�HQYLURQPHQWDO�JURXSV�WKURXJKRXW�WKH�FRXQWU\�DUH�XVLQJ�SRUWDEOH�DLU�VDPSOLQJ�DQG 
PRQLWRULQJ�GHYLFHV�WR�PRQLWRU�WKH�DPELHQW�DLU�TXDOLW\���6RPH�RI�WKHVH�JURXSV�XVH�SDVVLYH 
PRQLWRULQJ�EDGJHV�RU�KRPH�PDGH�´EXFNHWV�µ�%RWK�W\SHV�RI�GHYLFHV�UHTXLUH�VDPSOHV�WR�EH�VHQW�WR 
D�TXDOLILHG�ODERUDWRU\�IRU�DQDO\VLV���2WKHU�JURXSV�XVH�SRUWDEOH��KDQGKHOG��RU�´VXLWFDVHµ�PRQLWRUV 
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WKDW�GLVSOD\�DQG�ORJ�UHDO�WLPH�GDWD���7KHVH�YDULRXV�FRPPXQLW\�JURXSV�KDYH�DOVR�GHYHORSHG 
PHDQV�RI�GLVVHPLQDWLQJ�WKHLU�DLU�TXDOLW\�GDWD�WR�WKH�SXEOLF���0DQ\�JURXSV�SRVW�GDWD�DQG�RWKHU 
DLU�TXDOLW\�LQIRUPDWLRQ�RQ�WKHLU�RUJDQL]DWLRQ·V�:HE�VLWH��6RPH�JURXSV�SXEOLVK�WKHLU�LQIRUPDWLRQ 
LQ�QHZVOHWWHUV��RWKHU�JURXSV�KRVW�FRPPXQLW\�IRUXPV�RU�XVH�WKH�ORFDO�SUHVV�WR�GLVVHPLQDWH 
LQIRUPDWLRQ���%HORZ�DUH�VXPPDULHV�RI�VRPH�RI�WKHVH�JURXSV·�DFWLYLWLHV� 

7KH�+RXVWRQ�*DOYHVWRQ��7H[DV��&LWL]HQV�$LU�0RQLWRULQJ�3URMHFW��+*&$03��JUHZ�RXW�RI�DQ 
(3$�JUDQW�WR�WHVW�WKH�FRPSDUDWLYH�HIIHFWLYHQHVV�RI�WKH�VXLWFDVH�7HGODU��EDJ��FLWL]HQ�PDGH 
EXFNHW�7HGODU�EDJ��DQG�D�FDQLVWHU�LQ�FROOHFWLQJ�DPELHQW�DLU�VDPSOHV��7KH�(3$��7H[DV�1DWXUDO 
5HVRXUFHV�&RQVHUYDWLRQ�&RPPLVVLRQ��715&&���+DUULV�&RXQW\�3ROOXWLRQ�&RQWURO��DQG�WKH�&LW\ 
RI�+RXVWRQ³DV�ZHOO�DV�QXPHURXV�FLWL]HQ�DFWLYLVW�RUJDQL]DWLRQV�VXFK�DV�0RWKHUV�IRU�&OHDQ�$LU� 
&/($1��8QLGRV�&RQWURV�(QYLURQPHQWDO�5DFLVP�DQG�WKH�(QYLURQPHQWDO�-XVWLFH�&OLQLF�DW�7H[DV 
6RXWKHUQ�8QLYHUVLW\�DOO�SRROHG�UHVRXUFHV�WR�RUJDQL]H�D�7HFKQLFDO�:RUNLQJ�*URXS��7KLV�JURXS 
GHVLJQHG�SURFHGXUHV�IRU�XVH�ZLWK�HTXLSPHQW��FUHDWHG�D�WUDLQLQJ�FXUULFXOXP�DQG�PDWHULDOV��DQG 
HYHQWXDOO\�RUJDQL]HG�DQG�FRQGXFWHG�D�WUDLQLQJ�VHVVLRQ�IRU�FLWL]HQ�PRQLWRUV���,W�PDLQWDLQV�D 
V\VWHP�WKDW�UHFHLYHV�VDPSOHV��UHVWRFNV�WKH�PRQLWRUV�ZLWK�EDJV�DQG�RWKHU�HTXLSPHQW��DQG 
GHOLYHUV�WKH�VDPSOHV�WR�WKH�(3$�ODE�LQ�+RXVWRQ�IRU�DQDO\VLV��0DQ\�RI�WKH�EXFNHW�LQVWUXPHQWV 
XVHG�LQ�WKLV�VWXG\�ZHUH�EXLOW�E\�FLWL]HQ�PRQLWRUV���7KHUH�LV�DOVR�DQ�,QIRUPDWLRQ�:RUNLQJ�*URXS 
WKDW�LV�GHYHORSLQJ�D�IRUPDW�IRU�SXEOLVKLQJ�WHVW�UHVXOWV��7KH�LQIRUPDWLRQ�JURXS�ZLOO�DOVR�EH 
LQYROYHG�LQ�WKH�GHYHORSPHQW�RI�DQ�RQOLQH�ZDUQLQJ�V\VWHP�DQG�ZLOO�VHHN�WR�HGXFDWH�WKH�SXEOLF�RQ 
WR[LF�DLU�FKHPLVWU\�LVVXHV���:HE�VLWH��ZZZ�HSD�JRY�HDUWK�U���ODE�KJFDPS�KJFDPS�KWP 

$LU1(7�LV�D�FRQVRUWLXP�RI�PXOWLGLVFLSOLQDU\�VFLHQFH�HGXFDWLRQ�SURJUDPV��$LU1(7�1+��$LU1(7 
1:��$LU&XUUHQWV��DQG�*$63��WKDW�VKDUH�D�FRPPRQ�DLU�TXDOLW\�PRQLWRULQJ�FXUULFXOXP��7KH 
$LU1(7�FXUULFXOXP�HQFRXUDJHV�SDUWLFLSDQWV�WR�VWXG\�ERWK�LQGRRU�DQG�RXWGRRU�DLU�TXDOLW\� 
LQWHUSUHW�WKH�GDWD�FROOHFWHG�DQG�VKDUH�LW�ZLWK�RWKHU�$LU1(7�SDUWLFLSDQWV�YLD�WKH�,QWHUQHW��'DWD�RQ 
HQYLURQPHQWDO�DLU�TXDOLW\�LQGLFDWRUV�LV�FROOHFWHG�XVLQJ�D�SRUWDEOH��EDWWHU\�RSHUDWHG�$&&(66 
(06��(QYLURQPHQWDO�0RQLWRULQJ�6\VWHP���7KLV�DSSDUDWXV�PHDVXUHV�ZLWK�GLUHFW�SUREHV�IRU�&2�� 
&2��12���2���DQG�62���DQG�DOVR�PHDVXUHV�SK\VLFDO�DQG�PHWHRURORJLFDO�SDUDPHWHUV��7KH�GDWD�DUH 
FROOHFWHG�HYHU\�WHQ�VHFRQGV��DYHUDJHG�SHU�PLQXWH��DQG�DUH�GRZQORDGHG�RQWR�D�0DFLQWRVK 
FRPSXWHU��ZKHUH�WKH\�DUH�WKHQ�DXWRPDWLFDOO\�JUDSKHG�DQG�DQDO\]HG�ZLWKLQ�WKH�FRQWH[W�RI 
UHJXODWRU\�OLPLWV��7KH�VRIWZDUH�FRPSRQHQW�RI�WKH�$&&(66�V\VWHP�FRQVLGHUV�(3$�DQG�RWKHU 
UHJXODWRU\�OLPLWV��WKHQ�DXWRPDWLFDOO\�JHQHUDWHV�DQDO\WLFDO�UHSRUWV�DQG�JUDSKV�WKDW�SXW�WKH 
FROOHFWHG�GDWD�LQWR�D�FRQWH[W�WKDW�LPPHGLDWHO\�VKRZV�XVHUV�KRZ�WKDW�GDWD�FRPSDUHV�ZLWK 
HVWDEOLVKHG�VWDQGDUGV��7KH�VRIWZDUH�FDOFXODWHV�WKH�PD[LPXP��PLQLPXP��DQG�DYHUDJH�YDOXHV��DV 
ZHOO�DV�WKH�VWDQGDUG�GHYLDWLRQ�RYHU�WKH�VDPSOLQJ�SHULRG�DQG�WKH�QXPEHU�RI�VDPSOHV�WKDW 
H[FHHGHG�D�SUH�VHW�YDOXH��VXFK�DV�DQ�(3$�OLPLW���8VHUV�DUH�HQFRXUDJHG�WR�EHFRPH�´PHPEHUVµ�RI 
$LU1(7� 

$LU1(7�FXUUHQWO\�XVHV�IRXU�PDLQ�WRROV�IRU�VKDULQJ�GDWD�DQG�LQIRUPDWLRQ�YLD�WKH�,QWHUQHW� 

•	 7KH�$LU1(7�PDLOLQJ�OLVW�LV�XVHG�IRU�H[FKDQJLQJ�H�PDLO�DERXW�$LU1(7�UHODWHG�WRSLFV�ZLWK 
RWKHU�$LU1(7�PHPEHUV���8VLQJ�WKHLU�:HE�VLWH��DQ\RQH�FDQ�VHQG�D�PHVVDJH�WR�DOO 
PHPEHUV�LQ�WKH�PDLOLQJ�OLVW� 

•	 7KH�H�PDLO�DGGUHVV�IRU�WKH�$LU1(7�VWDII�LV�XVHG�IRU�H[FKDQJLQJ�GDWD�DQG�LQIRUPDWLRQ 
GLUHFWO\�DQG�LV�DOVR�DFFHVVLEOH�WKURXJK�WKH�:HE�VLWH� 
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•	 7KH�$LU1(7�)73�ILOH�WUDQVIHU�VLWH�LV�XVHG�DV�D�FHQWUDO�,QWHUQHW�ORFDWLRQ�ZKHUH�$LU1(7 
SDUWLFLSDQWV�FDQ�VWRUH�DQG�UHWULHYH�GDWD���(DFK�VFKRRO�KDV�D�VHSDUDWH�IROGHU�LGHQWLILHG�ZLWK 
LWV�QDPH� 

•	 $LU1(7�&RPPXQLFDWRU�VRIWZDUH�FDQ�EH�XVHG�E\�0DFLQWRVK�FRPSXWHU�XVHUV�WR�VLPSOLI\ 
GDWD�WUDQVIHU�DQG�H�PDLO�XVH� 

:HE�VLWH��ZZZ�DLUQHW�XV�RUJ�LQGH[�KWPO 

*$63��*URXS�$JDLQVW�6PRJ�DQG�3ROOXWLRQ��PDNHV�WKH�$&&(66�PRQLWRULQJ�V\VWHP�DYDLODEOH 
IRU�VFKRRO�DQG�FRPPXQLW\�XVH��*$63�LV�D�FLWL]HQV·�JURXS�EDVHG�LQ�6RXWKZHVWHUQ�3HQQV\OYDQLD 
WKDW�IRFXVHV�RQ�$OOHJKHQ\�&RXQW\�HQYLURQPHQWDO�LVVXHV��,Q�������*$63�UHFHLYHG�D�JUDQW�IURP 
WKH�+RZDUG�+HLQ]�)RXQGDWLRQ�WR�SXUFKDVH�DQ�$&&(66�PRQLWRULQJ�V\VWHP�DYDLODEOH�IRU�PLGGOH 
DQG�KLJK�VFKRRO�XVH�RU�HQYLURQPHQWDO�HGXFDWLRQ�LQ�RWKHU�VHWWLQJV��7HDFKHUV�DUH�WUDLQHG�KRZ�WR 
XVH�WKH�HTXLSPHQW��DQG�WKH\�LQ�WXUQ�WHDFK�WKHLU�VWXGHQWV���7KH�LQIRUPDWLRQ�WKH\�FROOHFW�FDQ�EH 
GLVVHPLQDWHG�WR�RWKHU�VFKRROV��7KH�SURJUDP�SURYLGHV�D��²��ZHHN�XVH�RI�WKH�PRQLWRU�ZLWK 
WUDLQLQJ��GHOLYHU\�SLFN�XS�RI�HTXLSPHQW��DQG�JXLGH�ERRNV�ZLWK�VXJJHVWHG�LQYHVWLJDWLRQV�DQG 
XVH�LQVWUXFWLRQ��$W�WKH�HQG�RI�HDFK�VFKRRO�\HDU��D�WHDP�RI�VWXGHQWV�IURP�HDFK�SDUWLFLSDWLQJ 
VFKRRO�LV�LQYLWHG�WR�SUHVHQW�WKHLU�PRVW�LQWHUHVWLQJ�LQYHVWLJDWLRQ�DW�D�*$63(5�$LU�&RQJUHVV� 

:HE�VLWH��ZZZ�SUF�RUJ�HQYSRVV�DQWLVPRJ�KWPO 

$LU�&855(176��&ROODERUDWLRQ�RI�8UEDQ��5XUDO�DQG�5HJLRQDO�(QYLURQPHQWDO�1HWZRUNV�RI 
7HDFKHUV�DQG�6WXGHQWV��LV�D�FXUULFXOXP�GHVLJQHG�IRU�PLGGOH�DQG�KLJK�VFKRRO�PDWK��VFLHQFH��DQG 
VRFLDO�VWXGLHV�FODVVHV�WR�HGXFDWH�VWXGHQWV�DERXW�DLU��DLU�SROOXWLRQ��DQG�DLU�PRQLWRULQJ�WHFKQLTXHV 
�ZZZ�DLUFXUUHQWV�RUJ���7KLV�SURJUDP�LV�PDQDJHG�E\�WKH�1RUWKHDVW�6WDWHV�IRU�&RRUGLQDWHG�$LU 
8VH�0DQDJHPHQW��1(6&$80���DQ�LQWHUVWDWH�DVVRFLDWLRQ�RI�DLU�TXDOLW\�FRQWURO�GLYLVLRQV�LQ�WKH 
1RUWKHDVW�VWDWHV��1(6&$80�FRRUGLQDWHV�ZLWK�ORFDO�SURMHFW�SDUWQHUV�LQ�%URRNO\Q�DQG�%XIIDOR� 
1HZ�<RUN��DQG�&DPGHQ�DQG�1HZDUN��1HZ�-HUVH\��7KH�FXUULFXOXP�LQFOXGHV�WKH�XVH�RI�WKH 
SRUWDEOH�$&&(66�DLU�TXDOLW\�PRQLWRU���7HDFKHUV�DQG�VWXGHQWV��LQ�FROODERUDWLRQ�ZLWK�FRPPXQLW\ 
JURXSV��FRQGXFW�DLU�PRQLWRULQJ�VWXGLHV�LQ�WKHLU�VFKRROV�DQG�FRPPXQLWLHV���7KH�FXUULFXOXP�FDQ 
EH�WDXJKW�ZLWK�RU�ZLWKRXW�HPSOR\LQJ�WKH�$&&(66�DLU�PRQLWRU���7KH�$LU�&855(176�3URMHFW�LV 
IXQGHG�E\�D�JUDQW�WKURXJK�(3$·V�(QYLURQPHQWDO�0RQLWRULQJ�IRU�3XEOLF�$FFHVV�DQG�&RPPXQLW\ 
7UDFNLQJ��(03$&7��SURJUDP��'DWD�ILOHV�DUH�SRVWHG�RQ�WKH�JURXS·V�:HE�VLWH��DORQJ�ZLWK�WKH 
UHTXLUHG�$&&(66�VRIWZDUH��ZKLFK�WKDW�FDQ�EH�GRZQORDGHG�HDVLO\�DQG�XVHG�WR�FUHDWH�JUDSKV�DQG 
UHSRUWV� 

7KH�´%XFNHW�%ULJDGHµ�D�ORZ�WHFK��EXW�HIIHFWLYH�DLU�PRQLWRULQJ�V\VWHP�WKDW�LV�HPSOR\HG�E\�D 
QXPEHU�RI�FRPPXQLWLHV�QDWLRQZLGH��XVHV�DQ�RUGLQDU\�SDLQW�EXFNHW��YDOYH��KDQGKHOG�YDFXXP� 
DQG�VDPSOLQJ�EDJ���&RPPXQLWLHV�IRU�D�%HWWHU�(QYLURQPHQW��&%(��DQG�WKH�6RXWK:HVW 
2UJDQL]LQJ�3URMHFW��6:23���LQ�$OEXTXHUTXH��1HZ�0H[LFR�KDV�LQLWLDWHG�DQ�DLU�PRQLWRULQJ 
SURMHFW�LQ�UHVSRQVH�WR�SRVVLEOH�DLU�SROOXWLRQ�E\�ORFDO�FRPSXWHU�FKLS�PDQXIDFWXUHU��,QWHO� 
5HVLGHQWV�XVH�WKHVH�EXFNHWV�WR�WDNH�DLU�VDPSOHV�ZKHQ�H[SHULHQFLQJ�DGYHUVH�KHDOWK�HIIHFWV��H�J�� 
H\H��QRVH��DQG�WKURDW�LUULWDWLRQ��KHDGDFKHV��VNLQ�UDVKHV���7KH�SXPS�VXFNV�DLU�LQWR�D�EDJ�LQVLGH 
WKH�DLUWLJKW�EXFNHW��7KH�DLU�VDPSOH�LV�WKHQ�DQDO\]HG�E\�D�ODERUDWRU\�WR�HYDOXDWH�WKH�GDQJHU 
SRVHG�E\�UHOHDVH�RI�LQGXVWULDO�SROOXWDQWV��6:23�KDV�FRPSLOHG�LQIRUPDWLRQ�WR�EHWWHU�LQIRUP�WKH 
QHLJKERUKRRGV�PRVW�DW�ULVN�IURP�,QWHO·V�SROOXWLRQ��7KH\�XVH�DQ�RQOLQH�´VFRUHFDUGµ�SXEOLVKHG�E\ 
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(QYLURQPHQWDO�'HIHQVH�RQ�LWV�:HE�VLWH�WR�VHH�KRZ�,QWHO·V�5LR�5DQFKR�)DEULFDWLRQ�3ODQW 
FRPSDUHV�WR�RWKHU�IDFLOLWLHV�LQ�1HZ�0H[LFR� 

:HE�VLWHV�� 6:23���ZZZ�VZRS�QHW 
(QYLURQPHQWDO�'HIHQVH���ZZZ�HQYLURQPHQWDOGHIHQVH�RUJ 

6DQ�)UDQFLVFR�EDVHG�&RPPXQLWLHV�IRU�D�%HWWHU�(QYLURQPHQW��&%(��DQG�FLWL]HQV�LQ�&RQWUD�&RVWD 
&RXQW\��&DOLIRUQLD�DUH�DOVR�HPSOR\LQJ�D�EXFNHW�EULJDGH�DV�SDUW�RI�D�IHGHUDOO\�IXQGHG�SURJUDP 
WR�OHW�FRPPXQLW\�PHPEHUV�KHOS�PHDVXUH�SROOXWLRQ�IURP�RLO�UHILQHULHV�DQG�RWKHU�LQGXVWULHV 
OLQLQJ�WKH�FRXQW\·V�VKRUH��7KH�VWXGHQW�VFLHQFH�FOXE�DOVR�VDPSOHV�WKH�DLU�VR�LW�FDQ�EH�WHVWHG�IRU 
GR]HQV�RI�WR[LF�PDWHULDOV��$ERXW����RI�WKH�EXFNHWV�KDYH�EHHQ�GLVWULEXWHG�E\�WKH�FRXQW\�KHDOWK 
GHSDUWPHQW�XVLQJ�IXQGV�IURP�DQ�(3$�JUDQW��DQG�DLU�VDPSOHV�DUH�GHOLYHUHG�WR�WKH�FRXQW\�KHDOWK 
GHSDUWPHQW�IRU�DQDO\VLV��:HE�VLWHV��ZZZ�FEHFDO�RUJ��DQG�ZZZ�EXFNHWEULJDGH�RUJ� 

7KH�/RXLVLDQD�%XFNHW�%ULJDGH��/$%%��LV�DQ�HQYLURQPHQWDO�RUJDQL]DWLRQ�OHG�E\�FRPPXQLWLHV 
WKDW�QHLJKERU�WKH�VWDWH·V�RLO�UHILQHULHV�DQG�FKHPLFDO�SODQWV��7KH�/$%%�ZDV�FUHDWHG�WR�DUP 
FRPPXQLW\�PHPEHUV�WKDW�DUH�GLUHFWO\�DIIHFWHG�E\�SROOXWLRQ�ZLWK�EXFNHWV��FDPHUDV��DQG�YLGHR 
FDPHUDV�VR�WKDW�WKH\�FDQ�JDWKHU�HYLGHQFH�WR�H[SRVH�WKH�SRWHQWLDO�KHDOWK�ULVNV�RI�LQGXVWULDO 
SROOXWLRQ�DQG�EURDGFDVW�WKDW�LQIRUPDWLRQ�LPPHGLDWHO\��7KH�LQIRUPDWLRQ�JDWKHUHG�E\�WKH�FLWL]HQV 
LV�EHLQJ�XVHG�LQ�FDPSDLJQV�WR�SUHVVXUH�VWDWH�DQG�IHGHUDO�UHJXODWRUV��WR�UHVHDUFK�DQG�H[SRVH 
RSHUDWLRQV�DW�WDUJHWHG�IDFLOLWLHV��DQG�WR�DOHUW�FRPPXQLWLHV�DQG�WKH�JHQHUDO�SXEOLF�DERXW�WKH 
KD]DUGV�RI�LQGXVWULDO�HPLVVLRQV��:HE�VLWH��ZZZ�ODEXFNHWEULJDGH�RUJ� 

,Q�-RKDQQHVEXUJ��6RXWK�$IULFD��D�ORFDO�FRPPXQLW\�RUJDQL]DWLRQ��JURXQG:RUN��FROODERUDWHG 
ZLWK�WZR�8QLWHG�6WDWHV�EDVHG�FRXQWHUSDUWV�WR�LQWURGXFH�FRPPXQLW\�EDVHG�´EXFNHW�EULJDGHµ�DLU 
SROOXWLRQ�PRQLWRULQJ�V\VWHPV�LQ�QHLJKERUKRRGV�WKDW�DUH�ORFDWHG�QHDU�LQGXVWULDO�VLWHV��LQFOXGLQJ 
RLO�UHILQHU\�SODQWV����&RPPXQLW\�PHPEHUV�XVHG�D�ORJ�LQ�V\VWHP�WR�UHFRUG�DQG�WUDFN�SROOXWLRQ 
LQFLGHQWV�WKDW�ZHUH�SXEOLVKHG�RQFH�WKH�ODERUDWRU\�WHVWV�UHVXOWV�ZHUH�UHOHDVHG���$�FLWL]HQ·V 
FRPPLWWHH�NHSW�WUDFN�RI�SROOXWLRQ�LQFLGHQWV�LQ�WKH�DUHD��7KH�JURXS�SXEOLVKHV�PRQWKO\�UHSRUWV�RQ 
DLU�SROOXWLRQ�DQG�WR[LF�UHOHDVHV�LQ�ORFDO�SDSHUV�WR�LQIRUP�WKH�FRPPXQLW\�RQ�WKH�KHDOWK�WKUHDWV� 
:HE�VLWH��ZZZ�JURXQGZRUN�RUJ�]D� 

7KH�*OREDO�2]RQH�3DVVLYH�0RQLWRULQJ�3URMHFW��D�JOREDO�VFDOH�R]RQH�DLU�PRQLWRULQJ�QHWZRUN� 
ZDV�GHVLJQHG�EDVHG�RQ�WKH�XVH�RI�R]RQH�SDVVLYH�DLU�PRQLWRULQJ�GHYLFHV��9ROXQWHHUV�DW�PRUH 
WKDQ�����ORFDWLRQV�DURXQG�WKH�ZRUOG�DVVLVWHG�ZLWK�WKLV�WZR�SDUW�VWXG\�LQ�������7KH�JURXS�XVHG 
DQ�R]RQH�SDVVLYH�EDGJH�PRQLWRU�ZLWK�D�SRURXV�7HIORQ�ZLQG�VFUHHQ�WKURXJK�ZKLFK�DPELHQW 
R]RQH�GLIIXVHV��7KH�R]RQH�GLIIXVHV�DFURVV�DQ�DLU�JDS�LQVLGH�WKH�VDPSOHU�DQG�WKHQ�HQFRXQWHUV�D 
OD\HU�RI�LQGLJR�FDUPLQH�G\H�WKDW�UHDFWV�ZLWK�R]RQH��SURGXFLQJ�D�FRORU�FKDQJH�WKDW�LV 
SURSRUWLRQDO�WR�WKH�R]RQH�FRQFHQWUDWLRQ�WR�ZKLFK�WKH�VDPSOHU�LV�H[SRVHG��WLPHV�WKH�GXUDWLRQ�RI 
H[SRVXUH��$�VSHFWURSKRWRPHWHU�ZDV�WKHQ�XVHG�WR�PHDVXUH�WKH�FRORU�RI�HDFK�R]RQH�GHWHFWLRQ 
OD\HU���0RQLWRULQJ�QHWZRUN�YROXQWHHUV�SODFHG�WKH�SDVVLYH�R]RQH�VDPSOHU�RXWGRRUV�DW�WKHLU�VLWH 
IRU�DSSUR[LPDWHO\�RQH�PRQWK�DQG�WKHQ�PDLOHG�LW�EDFN�WR�&DOLIRUQLD�IRU�DQDO\VLV��7KH�VDPSOHU 
LWVHOI�LV�YHU\�VPDOO����[���[���FP��DQG�ZDV�VLPSO\�WDNHQ�RXW�RI�D�VHDOHG�SODVWLF�EDJ��KXQJ�RXWVLGH 
IRU�RQH�PRQWK��UHWULHYHG��DQG�UHWXUQHG�YLD�PDLO��,W�ZDV�GHVLJQHG�WR�EH�VPDOO�HQRXJK�WR�ILW�LQ�DQ 
LQFRQVSLFXRXV�SDGGHG�HQYHORSH�IRU�PDLOLQJ��([SHULPHQWV�ZHUH�FRQGXFWHG�ZRUOGZLGH�GXULQJ 
WZR�WHVW�SHULRGV��0DUFK�������DQG�$XJXVW�������0DUFK�UHSUHVHQWV�WKH�HQG�RI�WKH�ZLQWHU�LQ�WKH 

�� 



QRUWKHUQ�KHPLVSKHUH��D�SHULRG�RI�SRVVLEOH�VWUDWRVSKHULF�R]RQH�LQWUXVLRQ��DV�ZHOO�DV�WKH�HQG�RI 
WKH�VXPPHU�SKRWRFKHPLFDO�VPRJ�VHDVRQ�LQ�WKH�VRXWKHUQ�KHPLVSKHUH��5HVXOWV�RI�WKH�VWXGLHV�DUH 
DYDLODEOH�RQOLQH��:HE�VLWH��ZZZ�WKHVDOPRQV�RUJ�R]RQH� 

7KH�3DVVLYH�2]RQH�1HWZRUN�RI�'DOODV��321'��LV�D�UHJLRQDO�FRPPXQLW\�QHWZRUN�RI�WKLUW\�2� 
PRQLWRULQJ�VLWHV�WKDW�XVHG�VLPSOH�SDVVLYH�GHYLFHV��WKH�2JDZD�3DVVLYH�6DPSOHU��36��������7KH 
(3$�FRQGXFWHG�D�VWXG\�RI�DPELHQW�2��FRQFHQWUDWLRQV�LQ�WKH�'DOODV��7H[DV�DUHD�LQ��������5HVXOWV 
RI�WKH�VWXG\�DUH�DYDLODEOH�RQOLQH��:HE�VLWH��ZZZ�RJDZDXVD�FRP�$UWLFOH�SDJH��KWP 

7KH�6RXWKHUQ�&DOLIRUQLD�(QYLURQPHQWDO�+HDOWK�6FLHQFHV�&HQWHU��6&(+6&���LQ�FROODERUDWLRQ 
ZLWK�WKH�FRPPXQLW\�JURXS�%R\OH�+HLJKWV�0HMRUDPLHQWR��LV�LQYHVWLJDWLQJ�DLUERUQH�SDUWLFOHV�LQ 
WKH�%R\OH�+HLJKWV�QHLJKERUKRRG�LQ�GRZQWRZQ�/RV�$QJHOHV���7KLV�JURXS�LV�XVLQJ�WKH�KDQGKHOG 
3�7UDN�XOWUDILQH�SDUWLFOH�FRXQWHU�IURP�76,��,QF���7KH�6&(+6&�LV�GHYHORSLQJ�D���ZHHN�WUDIILF�DQG 
SXEOLF�KHDOWK�XQLW�IRU�KLJK�VFKRRO�VWXGHQWV�WKDW�ZLOO�DOORZ�WKHP�WR�FRPSDUH�WKH�DLU�SROOXWLRQ 
WKUHDWV�LQ�WKHLU�QHLJKERUKRRGV��:HE�VLWH��ZZZ�XVF�HGX�VFKRROV�PHGLFLQH�DFDGHPLFB 
GHSDUWPHQWV�SUHYHQWLYHBPHG�RFFBHQYLURQPHQWDO�VFHKVF�VRWRLQLW�KWPO 

8.0 Conclusions and Recommendations 
7KHUH�KDYH�EHHQ�D�QXPEHU�RI�UHFHQW�GHYHORSPHQWV�LQ�DLU�SROOXWLRQ�PRQLWRULQJ��0XFK�RI�WKH�QHZ 
V\VWHP�GHYHORSPHQW�KDV�IRFXVHG�RQ�WKH�PHDVXUHPHQW�RI�30�PDVV�DQG�FRQVWLWXHQWV���'LIILFXOW 
TXHVWLRQV�DERXW�WKH�ORVV�RI�VHPLYRODWLOH�FRPSRQHQWV�IURP�30����UHPDLQ� 

7KH�)50�LV�WKH�EDVLV�IRU�GHWHUPLQDWLRQ�IRU�DWWDLQPHQW�RI�WKH�1$$46��EXW�LW�GRHV�QRW�QHFHVVDULO\ 
SURYLGH�DQ�DFFXUDWH�HVWLPDWH�RI�WKH�DLUERUQH�SDUWLFOH�PDVV���7KHUH�DUH�D�YDULHW\�RI�FRQWLQXRXV 
PRQLWRULQJ�GHVLJQV�WKDW�DUH�EHLQJ�WHVWHG��LQFOXGLQJ�WKH�GLIIHUHQWLDO�7(20��WKH�)'06��DQG�WKH 
&$00���$W�WKLV�WLPH��WKHUH�QHHGV�WR�EH�IXUWKHU�WHVWLQJ�DQG�UHILQHPHQW��EXW�WKLV�LV�D�QHHG�IRU 
IXUWKHU�GHYHORSPHQW��UDWKHU�WKDQ�DGGLWLRQDO�UHVHDUFK�RU�RWKHU�QHZ�FRQFHSWV���,W�LV�WKH 
UHVSRQVLELOLW\�RI�WKH�YHQGRUV�WR�SURYLGH�D�EHWWHU�GHILQHG�PHDVXUHPHQW�PHWKRG�WR�WKH 
PHDVXUHPHQW�FRPPXQLW\� 

$W�WKLV�WLPH��WKHUH�DUH�DGHTXDWH�DPELHQW�PRQLWRULQJ�V\VWHPV�WR�PHDVXUH�SDUWLFXODWH�DQG 
JDVHRXV�QLWUDWH��DOWKRXJK�WKH\�DUH�QHLWKHU�SRUWDEOH�RU�LQH[SHQVLYH���7KH�VSHFLDWLRQ�QHWZRUN 
VDPSOHUV�XVH�DQQXODU�GHQXGHUV�WR�VHSDUDWH�WKH�JDVHRXV�+12��IURP�WKH�SDUWLFXODWH�QLWUDWH���%\ 
FDSWXULQJ�WKH�SDUWLFOHV�RQ�D�EDVH�LPSUHJQDWHG�ILEHU�ILOWHU�RU�D�1\ODVRUE��ILOWHU��WKH�QLWUDWH�LV 
UHWDLQHG�RQ�WKH�ILOWHU�XQWLO�LW�LV�OHDFKHG�IURP�LW�IRU�DQDO\VLV��,W�LV�ODERU�LQWHQVLYH�WR�FROOHFW�DQG 
DQDO\]H�WKH�ILOWHUV�IURP�WKLV�V\VWHP��DQG�LW�SURYLGHV�RQO\�PXOWLKRXU��W\SLFDOO\����KRXU��GDWD� 

*LYHQ�WKH�QDWXUH�RI�HPLVVLRQV�WKDW�DUH�OLNHO\�WR�DULVH�IURP�'*�IDFLOLWLHV��WKHUH�LV�D�QHHG�IRU�QHZ 
V\VWHPV�WR�PHDVXUH�12��DQG�JDVHRXV�12\��ILQH�SDUWLFOHV��DQG�FDUERQ���7KHUH�DUH�UHVHDUFK 
PHWKRGV�IRU�12��DQG�12\�PHDVXUHPHQW��EXW�WKH\�DUH�FRPSOH[�DQG�GLIILFXOW�WR�XVH���7KH�FXUUHQW 
VWDQGDUG�QHWZRUN�PRQLWRUV�IRU�12��VXIIHU�IURP�VLJQLILFDQW�LQWHUIHUHQFH�IURP�12\��DQG�QHZ 
V\VWHPV�DUH�QHHGHG�IRU�PDNLQJ�WKH�PHDVXUHPHQWV�QHFHVVDU\�WR�PDQDJH�R]RQH�FRQFHQWUDWLRQV� 

&XUUHQWO\��LW�LV�SRVVLEOH�WR�PHDVXUH�SDUWLFOH�VL]H�GLVWULEXWLRQV�HIIHFWLYHO\��EXW�DW�KLJK�FRVW�DQG 
ZLWK�D�FRPSOH[�PHDVXUHPHQW�V\VWHP���+RZHYHU��ZLWK�WKH�LQFUHDVLQJ�LQWHUHVW�LQ�SDUWLFOH�QXPEHU 
DV�D�SRWHQWLDO�LQGLFDWRU�IRU�H[SRVXUH³SDUWLFXODUO\�ZLWK�UHVSHFW�WR�WKH�KHDOWK�HIIHFWV�RI�XOWUDILQH 
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SDUWLFOHV³WKHUH�LV�D�QHHG�IRU�VPDOOHU��OHVV�H[SHQVLYH�SDUWLFOH�FRXQWHUV��HVSHFLDOO\�LI�VL]H 
LQIRUPDWLRQ�FDQ�DOVR�EH�REWDLQHG� 

7KHUH�DUH�VWLOO�PDQ\�XQFHUWDLQWLHV�ZLWK�UHVSHFW�WR�WKH�PHDVXUHPHQW�RI�SDUWLFXODWH�FDUERQ 
VSHFLHV���,W�LV�H[SHQVLYH�WR�FROOHFW�DQG�DQDO\]H�D�ODUJH�QXPEHU�RI�VDPSOHV�IRU�WKH�LGHQWLILFDWLRQ 
DQG�TXDQWLILFDWLRQ�RI�VSHFLILF�RUJDQLF�FRPSRXQGV���,Q�RUGHU�WR�XVH�FXUUHQW�PHWKRGV��LW�LV 
QHFHVVDU\�WR�FROOHFW�D�ODUJH�PDVV�RI�PDWHULDO��ZKLFK�LQFUHDVHV�WKH�GLIILFXOW\�RI�PDNLQJ�LQGRRU�RU 
SHUVRQDO�PHDVXUHPHQWV���7KHUHIRUH��RWKHU�DVSHFWV�RI�WKH�FDUERQDFHRXV�DHURVRO�DUH�PHDVXUHG�LQ 
RUGHU�WR�SURYLGH�LQIRUPDWLRQ�RQ�WKH�SRVVLEOH�RULJLQV�RI�WKH�SDUWLFOHV���7KHUH�KDYH�UHFHQWO\�EHHQ 
PRQLWRUV�ZKLFK�SXUSRUW�WR�PHDVXUH�´GLHVHO�µ�3$+��RU�(76���7KH�YDOXH�RI�89�OLJKW�DEVRUSWLRQ�RU 
SKRWRLRQL]DWLRQ�IRU�VSHFLILF�LGHQWLILFDWLRQ�RI�GLHVHO�HPLVVLRQV�RU�(76�LV�QRW�\HW�FOHDU��DQG�PRUH 
ZRUN�RQ�WKH�YDOXH�RI�WKHVH�PHWKRGV�LV�QHHGHG���1HZ��SRUWDEOH�2&�(&�PHDVXUHPHQW�V\VWHPV 
DUH�DYDLODEOH��EXW�H[SHQVLYH���7KHUH�LV�D�QHHG�IRU�EHWWHU�SHUVRQDO�DQG�LQGRRU�PHDVXUHPHQWV�RI 
H[SRVXUH�WR�FDUERQDFHRXV�SDUWLFOHV���+RZHYHU��D�PDMRU�SDUW�RI�WKLV�SUREOHP�LV�WKDW�WKH 
GLVFXVVLRQ�KDV�EHHQ�IUDPHG�E\�ZKDW�WKH�FXUUHQW�FDUERQ�WHFKQLTXHV�PHDVXUH��UDWKHU�WKDQ�E\ 
GHILQLQJ�ZKDW�LQIRUPDWLRQ�PLJKW�EH�XVHIXO�WR�DLU�TXDOLW\�PDQDJHUV�LQ�WHUPV�RI�GHFLVLRQ�PDNLQJ� 

6XIILFLHQW�DWWHQWLRQ�KDV�QRW�EHHQ�SDLG�WR�WKH�PHDVXUHPHQW�RI�92&V�DW�FRQFHQWUDWLRQV�W\SLFDOO\ 
HQFRXQWHUHG�LQ�KRPH�RU�RIILFH�HQYLURQPHQWV���3DVVLYH�DGVRUSWLYH�EDGJHV�DUH�DYDLODEOH�IRU 
SHUVRQDO�RU�LQGRRU�PHDVXUHPHQWV�DW�WKH�KLJK�FRQFHQWUDWLRQV�W\SLFDOO\�HQFRXQWHUHG�LQ�LQGXVWULDO 
ZRUNVSDFHV���+RZHYHU��WKHUH�LV�QRW�\HW�DQ�DGHTXDWH�FDSDELOLW\�WR�SURYLGH�FRPSDUDEOH 
PRQLWRULQJ�LQ�KRPH�DQG�FRPPHUFLDO�VSDFHV��XQOHVV�WKH�PHDVXUHPHQWV�DUH�PDGH�RYHU�DQ 
H[WHQGHG�WLPH�SHULRG���%HFDXVH�WHPSRUDO�LQIRUPDWLRQ�LV�RIWHQ�XVHIXO�LQ�LGHQWLILFDWLRQ�RI�VRXUFHV 
DQG�H[SRVXUH�SDWWHUQV��LPSURYHG�PHDVXUHPHQW�PHWKRGV�DUH�QHHGHG� 
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10.0 Glossary 

ATOFMS Aerosol Time of Flight Mass Spectrometer 
BAM Beta Attenuation Monitor 
BC Black Carbon 
CAMM Continuous Aerosol Mass Monitor 
CNC Condensation Nuclei Counter 
DMA Differential Mobility Analyzer 
EAD Electrical Aerosol Detector 
EC Elemental Carbon 
ELPI Electrical Low Pressure Impactor 
ETS Environmental Tobacco Smoke 
FDMS Filter Dynamics Measurement System 
FEM Federal Equivalent Method 
FRM Federal Reference Method 
MSHA Mine Safety and Health Administration 
NAMS National Air Monitoring Station 
OC Organic Carbon 
PAH Polycyclic Aromatic Hydrocarbon 
PAMS Photochemical Assessment Monitoring Station 
PCIS Personal Cascade Impactor Sampler 
PEM Personal Environmental Monitor 
PILS Particle into Liquid System 
PMASS Personal Micro-Environmental Aerosol Speciation Sampler 
RAMS Real-time Ambient Monitoring System 
SCC Sharp-Cut Cyclone 
SEAS Semi-continuous Elements in Aerosol System 
SEM Scanning Electron Microscope 
SES Sample Equilibration System 
SLAMS State and Local Air Monitoring Station 
SMPS Scanning Mobility Particle Sizer 
TEOM Tapered Element Oscillating Microbalance 
WINS Well Impactor Ninety-Six 
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Appendix I
 

List of Vendors for Sampling Equipment
 

Vendor Address Web Address 

Aerosol Dynamics Inc. 2329 Fourth Street 
Berkeley, CA 94710 

n/a 

AFC International, Inc. PO Box 894 
DeMotte, IN 46310 

www.afcintl.com/ 

Aircuity, Inc. 55 Chapel St. 
Newton, MA 02458 

www.aircuity.com 

Assay Technology 1252 Quarry Lane, 
Pleasanton, CA 94566 

www.assaytech.com/ 

BGI Inc. 58 Guinan Street 
Waltham, MA 02451 

www.bgiusa.com/ 

EcoChem Analytics 202 Reynolds 
League City, TX 77573 

www.ecochem.biz 

GC Industries 2991 Corvin Drive 
Santa Clara, CA 95051 

www.gcind.com 

General Oceanics, Inc. 295 N.W. 163rd Street 
Miami, FL 33169 

www.generaloceanics.com 

K & M Environmental, Inc. 2421 Bowland Pkwy # 102 
Virginia Beach, VA 23454 

www.kandmenvironmental.com 

Met One Instruments 1600 Washington Blvd 
Grants Pass, OR 97526 

www.metone.com/ 

Mine Safety Appliances 
Company 

1420 Mars-Evans City Rd. Evans 
City, PA 16033 

www.msanet.com/ 

MSP Corporation 5910 Rice Creek Parkway 
Suite 300 
Shoreview, MN 55126 

www.mspcorporation.com/ 

Neutronics, Inc. 456 Creamery Way 
Exton, PA 19341 

www.neutronicsinc.com 

Ogawa & Company, USA, 
Inc. 

1230 S.E. 7th Avenue 
Pompano Beach, FL 33060 

www.ogawausa.com 

Opsis AB Box 244 
SE-244 02 Furulund Sweden 

www.opsis.se 
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Vendor Address Web Address 

Pacific Scientific 
Instruments 

481 California Avenue 
Grants Pass, OR 97526 

www.particle.com/ 

Particle Measuring Systems 5475 Airport Blvd 
Boulder, CO 80301 

www.pmeasuring.com/ 

PAX Analytics, Inc. 227 West Leyden Rd. 
Colrain, MA 01340 

www.paxana.com 

Quest Technologies, Inc. 1060 Corporate Center Drive 
Oconomowoc WI, 53066 

www.quest-technologies.com 

RKI Instruments, Inc. 1855 Whipple Rd. 
Hayward, CA 94544 

www.rkiinstruments.com 

Rupprecht & Patashnick, 
Inc. 

25 Corporate Circle 
Albany, NY 12203 

www.rpco.com/ 

SKC Inc. 863 Valley View Road 
Eighty Four, PA 15330 

www.skcinc.com/ 

Tekran Inc. 132 Railside Road, Unit 1 
Toronto, Ontario M3A 1A3 Canada 

216.36.224.163/ 

Thermo Andersen 500 Technology Court 
Smyrna, GA  30082 

www.thermoandersen.com/ 

Thermo Environmental 
Instruments Inc. 

8 West Forge Parkway 
Franklin, MA 02038 

www.thermoei.com/ 

Transducer Technology Inc. 2243 Comstock Lane 
Naperville, IL 60564-4337 

www.transducertech.com/ 

TSI, Inc. P.O. Box 64394 
St. Paul, MN 55164 

www.tsi.com 

URG Corporation 116 S. Merritt Mill Road 
Chapel Hill, NC 27516 

www.urgcorp.com/ 
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Appendix II 

Summary of Monitoring Instruments 

The following sheets describe a number of air quality monitoring systems. In order to provide some relative information on the nature of these 
instruments, this Appendix includes information on cost, portability, whether or not the equipment is capable of producing results on-site, and the 
degree of complexity of the instrument’s QA procedures. 

Cost (I, M, E) I Inexpensive (<$1000 each) 
M Moderate cost ($1000 to < $10,000 each) 

M/E Cost around $10,000 each 
E Expensive (>$10,000 each) 

VE Very Expensive (>$50,000) 
Portability L Light (can be easily carried as a personal monitor) 

M Moderate (can be carried by a normal healthy worker) 
H Heavy (may need multiple people or special equipment to move) 

Off-Site Work? Y Instrument produces a sample that requires additional analysis away from the sampling 
site 

N Produces results on-site 
QA Complexity C Complex (requires multiple steps for calibration and/or complicated procedures to 

provide adequate quality assurance) 
S Simple (relatively easy process to assure the quality of the results) 
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Fixed Site, Integrated Particle Samplers 

Instrument Manufacturer Model Description Cost Portability Off-Site QA Complexity 
Type (I,M,E)  (L, M, H) Work? (C or S) 
Mass, 
Integrated 

Rupprecht & 
Patashnick 

2000 Manual FRM sampler for 
either PM10 or PM2.5 

M M Y S 

Rupprecht & 
Patashnick 

2025 Sequential FRM sampler for 
either PM10 or PM2.5 

M M Y S 

Rupprecht & 
Patashnick 
Rupprecht & 
Patashnick 
Rupprecht & 
Patashnick 

Thermo Andersen 

Partisol-Plus 

2300 

2400 

RAAS2.5 100 

Dichotomous Sequential Air 
Sampler 
Sequential Speciation 
Sampler 
High Volume Cascade 
Impactor Stage 1: large 
particles (>10 µm diameter); 
Stage 2: coarse particles (2.5 
to 10 µm diameter); Stage 3: 
fine particles (1 to 2.5 µm 
diameter); Stage 4: 
accumulation mode (0.1 to 1 
µm diameter) 
Manual FRM sampler for 
PM2.5 

M 

E 

M 

M 

M 

M 

M 

M 

Y 

Y 

Y 

Y 

S 

S 

S 

S 

Thermo Andersen RAAS2.5 300 Sequential FRM sampler for 
PM2.5 

M M Y S 

BGI, Inc. 

BGI, Inc. 

PQ100 

PQ2000 

Manual sampler for FRM 
PM10 or TSP sampling 
Manual FRM sampler for 
PM2.5 

M 

M 

M 

M 

Y 

Y 

S 

S 
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Chemical 
Constituents, 
Integrated 

Met One SASS Five channel speciation E M Y S 
network sampler 

Rupprecht & 2300 Sequential 4 or 12 channel E M Y S 
Patashnick speciation network sampler, 

In its 4-channel 
configuration, the sampler is 
usually set up to operate all 
four flow paths during a 
single interval.  It can also 
be operated as a sequential 
sampler with 2 groups of 2 
channels or 4 groups of 1 
channel.  The 12-channel 
configuration provides 
additional sequential 
sampling capabilities with 
its expanded number of 
channels. Its 12 flow 
channels can be grouped as 
of 3 groups of 4 channels, 3 
groups of 3 channels, 6 
groups of 2 channels, or 12 
groups of 1 channel. 

Thermo Andersen RAAS2.5 400 Six-channel speciation E M Y S 
network sampler 
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URG Corporation Versatile Air Dual channel, three flows, E M Y S 
Pollutant collects two fine particle 
Sampler samples simultaneously and 
(VAPS) one coarse particle sample 

URG Corporation URG-2000-01J Weekly Air Particulate E M Y S 
Sampler, 8 channels, capable 
of viewing and 
programming eight on/off 
settings for different 
sampling time periods; 
System can be left 
unattended for up to eight 
sampling periods; Internals 
are interchangeable (filter 
packs, annular denuders and 
poly-urethane foams (PUFs) 

URG Corporation URG-2000-01K Dual Sequential Fine E M Y S 
Particle Sampler, manual 
4-channel speciation 
network sampler 

URG Corporation URG-3000DB Manual sampler that E M Y S 
measures the gas phase 
semi-volatile organic and 
condensed phase organic 
compounds; Provides the 
true phase distribution of the 
semi-voltaic organic 
compounds 
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Fixed Site, Continuous Particle Monitors 

Instrument Manufacturer Model Description Cost Portability Off-Site QA Complexity 
Type (I,M,E) (L, M, H) Work? (C or S) 
Continuous 
Mass 

Rupprecht & 
Patashnick 

1400a Tapered Element Oscillating 
Microbalance (TEOM) 
monitor, PM2.5 or PM10; 

E M N S 

Rupprecht & 
Patashnick 

SES 
normally operated at 50ºC 
TEOM with drier in the inlet 
stream to remove water and 

E M N S 

Rupprecht & 
Patashnick 

8500 
permit 30ºC operation 
Differential system using a 
cooled filter to provide 
estimate of volatile and non-

E M N S 

volatile portions of the 
ambient aerosol. 

Thermo Andersen CAMM Pressure-drop-based 
monitor, PM2.5 

E M N S 

Thermo Andersen BETA Y2K Continuous Ambient E M N S 
Particulate Monitors using 
beta gauge principle; TSP, 
PM10, PM2.5 and PM1.0; 

Met One BAM1020 

Measurement range from 0 
to 5000µg/m3 

Beta Attenuation Monitor, E M N S 
PM2.5 

TSI, Inc 3935 Electrical Low-Pressure E M N S 

Opsis SM200 

impactor, 30 nm to 10 mm, 
12 stages 
Beta Attenuation Monitor 
for TSP, PM10 or PM2.5 

E M N S 
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Continuous Size 
TSI Inc 3935 Electrical Low-Pressure E M N S 

Impactor (ELPI). 30 nm to 
10 mm, 12 stages. ELPI 
combines the accuracy of 
impactor size classification 
and rapidity of electrical 
detection for the same 
device. A precisely known 
charge given to the particles 
in the charger is measured in 
real time with very sensitive 
multichannel electrometers 
as the particle impacts the 
collection plate. 

Nephelometers 
Radiance Research 908 1 wavelength, integrating M M N S 

nephelometer 
TSI 3551 1 wavelength, integrating M M N S 

nephelometer 
TSI 3563 3 wavelength, integrating E M N S 

nephelometer 
TSI 8520 Portable nephelometer; 

0.001 to 100 mg/m3; 0.1 to 
M M N S 

approximately 10 µm 
Rupprecht & 3020 Foam cartridges available M M N S 
Patashnick for the unit make it easy to 

perform size-selective 
sampling. These cartridges, 
installed in the inlet of the 
monitor, allow for sampling 
of the thoracic fraction 
(PM10), ISO respirable (4.5 
µm diameter), and fine 
(PM2.5) particles. 
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Continuous
 
Constituents
 

Grimm Dust Monitor PM10, PM2.5, and PM1; 0.3 to E M N S 
1.107 25 µm size range; 1 to 6500 

mg/m3 with 0.1 mg/m3 

resolution; reads out in mass 
units. 

Ecochem Analytics DC 2000CE Detects particulate-matter 
surface area through 
diffusion charging; hand
held unit 

E M N S 

Ecochem Analytics LQI-DC Detects particulate-matter 
surface area through 
diffusion charging 

E M N S 

Rupprecht & 
Patashnick 

Rupprecht & 
Patashnick 

5900 

8400N 

Continuous OC/EC monitor, 
one OC temperature; one EC 
temperature, collection on 
impaction stage, no 
pyrolysis correction 
Continuous nitrate, 
impaction, flash 
volatilization 

E 

E 

M 

M 

N 

N 

C 

C 

Rupprecht & 
Patashnick 

8400S Continuous sulfate, 
impaction, flash 
volatilization 

E M N C 

Sunset Laboratory Continuous OC/EC monitor, 
partial NIOSH 5040 method, 
with TOT correction 

E M N C 

Thermo Andersen RTA8 880 nm Aethalometer; E M N S 
measures “black carbon” 

Thermo Andersen RTA9 880 nm and 350 nm E M N S 
Aethalometer, claims to 
detect “diesel” using the 350 
nm absorption 
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Thermo Andersen RTA10 Seven “channels,” from 350 E M N S 
nm to 950 nm Aethalometer 

BGI, Inc TM-1 Two-channel light E M N S 
absorption, tuned to detect 
ETS using 620 nm and 370 
nm light 

Tekran, Inc 1135 Particulate mercury analyzer; E M N C 
Model 1135 Particulate 
Mercury Unit is used together 
with the Model 1130 
Speciation Unit and the 
Model 2537A Mercury 
Analyzer to simultaneously 
monitor particulate bound 
mercury (HgP), elemental 
mercury (Hg0) and reactive 
gaseous mercury (RGM) in 
ambient air. 

Ecochem Analytics PAS2000 The Photoelectric Aerosol E M N S 
Sensor (PAS) works on the 
principle of photoionization 
of particle-bound PAH. 
Using an Excimer lamp, the 
aerosol flow is exposed to 
UV radiation. The Excimer 
lamp offers a high-intensity, 
narrow band source of UV 
radiation. The wavelength of 
the light is chosen such that 
only the PAH-coated 
aerosols are ionized, while 
gas molecules and non-
carbon aerosols remain 
neutral. 

Ecochem Analytics PAS2000CE Hand-held version of M M N S 
PAS2000 
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URG Corp. Steam-injection collection of E M N C 
hygroscopically grown 
particles with analysis of 
ions in the field by ion 
chromatography 

University of Maryland SEAS Steam-injection collection of E H N C 
hygroscopically grown 
particles subsequently 
analyzed for elemental 
concentrations 

Georgia Inst. Tech. PILS Steam-injection collection of E H N C 
hygroscopically grown 
particles with analysis of 
ions in the field by ion 
chromatography 
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Personal Integrated Particle Monitors 

Instrument Manufacturer Model Description Cost Portability Off-Site QA Complexity 
Type (I,M,E) (L, M, H) Work? (C or S) 
PM mass and/or 
chemical species 

MSP Corp 200 Small, lightweight personal I L Y S 
samplers (PEM) consist of a 
single-stage impactor 
followed by a filter to collect 
airborne particles for mass or 
chemical analysis. Aerosol is 
sampled through the impactor 
to remove coarse particles 
larger than the impactor cut-
point. Cut-point diameters of 
2.5 and 10 µm are available 
for personal PM2.5 or PM10 
sampling.  Sampling flow 
rates of 2, 4, and 10 liters per 
minute are available. 

MSP Corporation PMASS A 2.5 µm cut-point cyclone M?1 L Y C 
inlet with dual channels for 
simultaneous collection on 
two filter trains and includes 
provision for denuders in 
either, or both, channels 

BGI, Inc AFC-123 Simple small filter holder and I L Y S 
pump;  BGI offers several 
flow rates and particle size 
selective inlets for integrated 
particle sampling for PM1, 
PM2.5, or PM10 
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SKC Various Primarily industrial hygiene I L Y S 
personal monitors with 
sampler inlets designed to 
meet various IH definitions 
of respirable particles.  They 
do not make a PM2.5 or 
PM10, but sell the MSP 
PEM. 

HSPH Multipollutant Two impaction-based M?1 L Y C 
Sampler samplers for PM2.5 and PM10 

attached to a single 
elutriator. Two mini PM2.5 
samplers are also attached to 
the elutriator for organic 
carbon (OC), elemental 
carbon (EC), sulfate, and 
nitrate measurements.  For 
the collection of nitrate and 
sulfate, the mini-sampler 
includes a miniaturized 
honeycomb glass denuder 
that is placed upstream of 
the filter to remove nitric 
acid and sulfur dioxide and 
to minimize artifacts. Two 
passive samplers can also be 
attached to the elutriator for 
measurements of gaseous 
co-pollutants such as O3, 
SO2, and NO2. 
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USC PCIS The Personal Cascade M?1 L Y S 
Impactor Sampler (PCIS) is 
a miniaturized cascade 
impactor, consisting of four 
impaction stages, followed 
by an after-filter.  Particles 
are separated in the 
following aerodynamic 
particle diameter ranges: 
<0.25, 0.25–0.5, 0.5 –1.0, 

UNC 

1.0 –2.5, and 2.5–10 µm. 
The PCIS operates at a flow 
rate of 9 lpm, using a very 
high efficiency, battery-
operated, lightweight pump 
at 15 a pressure drop of 11 
in. H2O (2:7 kPa). 

Passive Sampler Particles travel through a 
protective, stainless-steel 
mesh and deposit on a 
smooth collection surface by 
gravity, inertia, and 
diffusion.  For particle 
concentrations found 

I L Y S 

outdoors, in the home, or in 
other nonindustrial 
environments, the 
appropriate sampling time is 
about one week.  After use, 
the sampler is capped and 
analyzed by scanning 
electron microscopy (SEM). 

1. This is an estimate of the likely cost based on the complexity of the machining needed to make the sampling head plus the cost of the pump.  Price has not 
yet been set. 
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Continuous Personal Particle Monitors 

Instrument Vendor Model Description Cost Portability Off-Site QA Complexity 
Type (I,M,E) (L, M, H) Work? (C or S) 
Optical Particle 
Counter 

Particle Measurement HandiLaz 310 0.3–5.0 µm; Sample flow M M N S 
Systems rate of 0.1 cfm / 2.8 lpm; 

Size channels: 0.3, 0.5, 1.0, 
5.0 µm; <106 ft3 

Thermo Andersen personal 0.1 to 10 µm; measurement M M N S 
DataRAM range from 0.001 to 400 

mg/m3; personal exposure 
Thermo Andersen pDR-1200 1.0 to 10 µm; personal M M N S 

exposure measurements 
Royco HH200A/200B Handheld; HH200A ch1 M M N S 

0.5 µm; ch2 selectable — 
0.7, 1.0, 3.0, or 5.0 µm and 
HH200B ch1 0.3 µm; 
ch2 selectable—0.5, 1.0, 
3.0, or 5.0 µm 

Condensation 
Nuclei Counter 

TSI, Inc P-TRAK Handheld Ultrafine Particle M M N S 
Counter (UPC); 0 to 5 Η 105 

particles/cm3; 0.02 to greater 
than 1 µm 

Mass Monitors 
Ecochem Analytics DC 2000CE Detects particulate-matter M M N S 

surface area through 
diffusion charging; hand
held unit 
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Rupprecht & Not yet Small, portable metal M? L N S 
Patashnick, Inc assigned TEOM, developed for 

MSHA 

Species 
Monitors 

Ecochem Analytics PAS2000CE Handheld Photoelectric M M N S 
Aerosol Sensor (PAS) uses 
the principle of 
photoionization of particle-
bound PAH. An Excimer 
lamp exposes the aerosol 
flow to UV radiation. The 
Excimer lamp is a high-
intensity, narrow band 
source of UV radiation. The 
wavelength is chosen such 
that only the PAH-coated 
aerosols are ionized, while 
gas molecules and non-
carbon aerosols remain 
neutral. 
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Particle Number Monitors 

Instrument Manufacturer Model Description Cost Portability Off-Site QA Complexity 
Type (I,M,E) (L, M, H) Work? (C or S) 
Condensation
 
Nuclei Counter
 

TSI, Inc 3022A Condensation nuclei E M1 N S 

TSI, Inc 3025A 

counter, 7 nm lower limit, 0 
to 9.99 Η 106 particles/cm3 

Condensation nuclei E M1 N S 

TSI, Inc 3010 

counter, 3 nm lower limit, 0 
to 9.99 Η 104 particles/cm3 

Condensation nuclei E M1 N S 

TSI, Inc 

TSI, Inc 

3760/3762 

3007 

counter, 10 nm lower limit, 
<10,000 particles/cm3 

Condensation nuclei 
counter, 11 nm lower limit, 
0 to 10,000 particles/cm3/0 
to 5,000 particles/cm3 

Condensation nuclei 

M 

M 

M1 

M1 

N 

N 

S 

S 

TSI, Inc 3070A 

counter, 10 nm lower limit, 
0 to 100,000 particles/cm3 

Electrical Aerosol Detector, M M N S 

TSI, Inc 

Grimm 

Grimm 

Grimm 

P-TRAK 

5.401 

5.402 

5.403 

10 nm to >1 µm, measures 
total aerosol length 
Handheld Ultrafine Particle 
Counter (UPC); 0 to 5 Η 105 

particles/cm3; 0.02 to greater 
than 1 µm 
Minimum size: >5 nm; Max. 
counts: 105 /l; 
Minimum size: >5 nm; Max. 
counts: 107 /l; 
Minimum size: >5 nm; Max. 
counts: 1010 /l; 

M 

E 

E 

E 

M 

M1 

M1 

M1 

N 

N 

N 

N 

S 

S 

S 

S 
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Particle Measuring Systems 7625	 Minimum size 20 nm, max M M1 N S 
counts: 1,000,000 ft-3 

Particle Measuring Systems 7650	 Minimum size 14 nm, max M M1 N S 
counts: 1,000,000 ft-3 

1. Although the CNC is not hard for one person to carry, it is important to drain the working fluid reservoir and thus, it is not a portable instrument. 
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Optical Particle Counters 
Climet 

Climet 

Climet 

Climet 

Particle Measurement 
Systems 

Particle Measurement 
Systems 

Particle Measurement 
Systems 

Thermo Andersen 

Thermo Andersen 

Thermo Andersen 

Royco 

CI-500 

Ultimate 100 

CI-200 

MicroPro 400 

LASAIR® II 

Micro LPC 

HandiLaz 310 

personal 
DataRAM 

pDR-1200 

DataRAM 

100A/150B 

0.3 to 20 mm particles, 1 
CFM flow 
0.1 mm sensitivity; 
Sensitivity as low as 0.065 
µm is possible. 

E 

E 

M N S 
or 0.3/0.5 µm 

0.2 µm 1.0 CFM particle 
counter 

E M N S 

E M N S 

E M N S 

E M N S 

M M N S 

M M N S 

M M N S 

M M N S 

M/E M N S 

Choice of sizes: 0.5/5.0 µm 

0.3 - 25.0 µm; 0.3, 0.5, 1.0, M N S 
5.0, 10.0, 25.0 µm channels; 
<425000 ft3 

0.05, 0.07 and 0.1µm 
sensitivities; clean room 
environments 
0.3–5.0 µm; Sample flow 
rate of 0.1 cfm/2.8 lpm; Size 
channels: 0.3, 0.5, 1.0, 5.0 
µm; <106 ft3 

0.1 to 10 µm; measurement 
range from 0.001 to 400 
mg/m3; personal exposure 
1.0 to 10 µm; personal 
exposure measurements 
0.1 to 10 µm; 0.1 to 999.9 
µg/m3(resolution: 0.1µg/m3); 
1.00 to 39.99 µg/m3 

(resolution: 0.01mg/m3); 
40.0 to 399.9 mg/m3 

(resolution: 0.1mg/m3) 
100A 0.5 and larger or 150B 
0.3 and larger; counts the 
number of particles in 0.1 
cubic foot (2.83 lpm) of air. 
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Royco MA100/MA200 MA100 6 ch 0.1, 0.2, 0.3, M/E M N S 
0.5, 0.7, 1.0 or MA200 6 ch 
0.2, 0.3, 0.5, 0.7, 1.0, 3.0, 
5.0; Total counts, counts/ft3 , 
counts/m3 

Royco HH200A/200B Handheld; HH200A ch1 0.5 M/E M N S 
µm; ch2 selectable—0.7, 
1.0, 3.0, or 5.0 µm and 
HH200B ch1 0.3 µm; ch2 
selectable—0.5, 1.0, 3.0, or 
5.0 µm 

Royco MA300B/300 300B 2 ch 0.3, 0.5 µm; 4 ch M/E M N S 
0.3, 0.5, 1.0, 5.0 µm; 5 ch 
0.3, 0.5, 1.0, 5.0, 10.0 µm; 6 
ch 0.3, 0.5, 1.0, 3.0, 5.0, 
10.0 µm; 300 2 ch 0.5, 5.0 
µm; 4 ch 0.5, 1.0, 5.0, 10.0 
µm; 5 ch 0.5, 1.0, 2.0, 5.0, 
10.0 µm; 6 ch 0.5, 1.0, 2.0, 
3.0, 5.0, 10.0 µm; 
coincidence loss <5% at 
400,000 counts/ft3 

Royco 323/325 323 0.3, 0.5, 1.0, 3.0, 5.0, M/E M N S 
10.0 µm; 325 0.5, 1.0, 2.0, 
3.0, 5.0, 10.0 µm 

Royco 330A/330B 330A 2 ch 0.5, 5.0 µm;4 ch M/E M N S 
0.5, 0.7, 1.0, 5.0 µm; 5 ch 
0.5, 0.7, 1.0, 2.0, 5.0 µm; 
6 ch 0.5, 0.7, 1.0, 2.0, 3.0, 
5.0 µm; 330B 2 ch 0.3, 0.5 
µm; 4 ch 0.3, 0.5, 1.0, 
5.0 µm; 5 ch 0.3, 0.5, 0.7, 
1.0, 5.0 µm; 6 ch 0.3, 0.5, 
0.7, 1.0, 2.0, 5.0 µm 
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Royco 5230/5250A 8 channels; 5230 User- M/E M N S 
selectable, starting at 0.30 
µm; 5250A User- selectable, 
starting at 0.50 

Royco R8801/R8901 2 channels (standard), 4 or 5 M/E M N S 
channels (optional); Particle 
Size Ranges (µm) 2-channel 
0.1, 0.3 µm; 4-channel 0.1, 
0.2, 0.3, 0.5 µm; 5-channel 
0.1, 0.2, 0.3, 0.4, 0.5 µm 

Grimm Dust Monitor PM10, PM2.5, and PM1; 0.3 to E M N S 
1.107 25 µm size range; 1 to 6500 

mg/m3 with 0.1 mg/m3 

resolution; reads out in mass 
units. 

Grimm DUSTcheck Reads in either counts or E M N S 
IAQ 1.101 estimated mass 

concentrations; Generally 
measures in the range of 
0.35 to 20 µm; has backup 
filter for gravimetric 
comparisons; counts up to 2 
x 106 per liter; mass 
estimation to 100 mg/m3 
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Size Measurement Systems, 
Aerodynamic Sizing 

TSI, Inc 3220	 The Aerosizer spectrometer 
uses a time-of-flight, cross-
correlation technique to 
provide high-resolution 
measurements similar to 
single-particle-counting 
instruments.  The Aerosizer 
DSP spectrometer detects 
particles in the range from 
0.6 to 200 µm, in 
concentrations up to 5,000 
particles per cm3. It provides 
usable particle size data in 
concentrations up to 100,000 
particles per cm3. 

TSI, Inc	 3321 The Aerodynamic Particle 
Sizer (APS) uses time-of
flight and relative light 
scattering intensity to detect 
particles in the size range of 
0.37 µm to 20 µm. 

Size Measurement Systems, 
Electrical Mobility 

TSI, Inc 3936	 Scanning Mobility Particle 
Sizer; multiple ranges 
depending on choice of 
DMA and CNC. With 
2025A CNC and short 
DMA, 2 to 150 nm to 
several configurations with 
range of 10 to 1000 nm; 20 x 
107 particles/cm3. Can also 
be used as a DMPS. 

VE M N S 

VE M N S 

VE M1 N S 
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Grimm Sequential Uses a differential mobility 
Mobility analyzer similar to the TSI 
Particle Sizer and a CNC to provide a 
and Counter DMPS. 

MSP WRAC The Wide Range Aerosol 
Counter is a flexible 
combination of a DMA, 
CNC, and laser particle 
counter.  Price depends on 
just what is included, but top 
of the line system does 
SMPS, DMPS, plus LAS. 
Not yet available.  Proposed 
first delivery at the end of 
the first quarter of 2003. 

VE M1 N S 

VE M1 N S 
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Monitors for Gaseous Species 

Instrument Manufacturer Model Description Cost Portability Off-Site QA Complexity 
Type (I,M,E) (L, M, H) Work? (C or S) 
VOCs, including 
Gaseous HAPs 
other than Hg 

Assay Technology 

3M 

SKC 

K&M Environmental, 
Inc 

RKI Instruments. 

ChemScout 

3500/3520 

575 

TraceAir 
380000-005 

EAGLE; GX
2001; GP-82; 
GX-82A / GX
86A; GX-94; 

Wide range of VOCs, as 
given in Table 5 of the 
report using passive 
adsorption badges. 
Wide range of VOCs, as 
given in Table 5 of the 
report using passive 
adsorption badges. 
Wide range of VOCs, as 
given in Table 5 of the 
report using passive 
adsorption badges. 
Wide range of VOCs, as 
given in Table 5 of the 
report using passive 
adsorption badges. 
Wide variety of gases, but 
typically at occupational 
exposure levels; 
electrochemical detection 

I 

I 

I 

I 

I 

L 

L 

L 

L 

L 

Y 

Y 

Y 

Y 

Y 

S1 

S1 

S1 

S1 

S1 

GasWatch; 
CO-94 

General Oceanics, Inc PAQS 300 ml canister with I L Y C 
capillary flow control 
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Drager Grab Sample Color indicating, survey I L N S 
Detection instrument for a very wide 
Tubes variety of gases beyond 

those listed in Table 5 of the 
report; uses a pump to pull a 
specific air volume through 
the tube. 

Drager Chip Uses chemical-specific chips I L N S 
Measurement and a digital reader to 
System provide measurement of 34 

different gases and vapors; 
several chips cover different 
ranges of the same gas. 

Drager Color Diffusion Color indicating, survey I L N S 
Tubes instrument for a limited 

number of species.  Based 
on diffusion into the tube 
and a resulting color 
reaction to provide a direct 
indication of the presence of 
and concentration of the 
specific gas of interest. 

Criteria Gases 
Rupprecht & 3300 Ogawa Passive Sampling I L N S 
Patashnick System provides a cost-

effective means of 
determining the 
concentrations of NO, NO2, 
NOx, SO2, and O3. 
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Ogawa & Company 3300 

Transducer Technology PH2S1000 

Transducer Technology PCO1000 

Transducer Technology PNO21000 

TSI, Inc. 

TSI, Inc. 

K&M Environmental, 
Inc. 

K&M Environmental, 
Inc. 

8552 Q-Trak

8554 Q-TRAK 
Plus 

ChromAir 
ozone badges 
380010-10 

ChromAir 
carbon 
monoxide 
badges 
380008-10 

Ogawa Passive Sampling 
System provides a cost-
effective means of 
determining the 
concentrations of NO, 
NO2, NOx, SO2, and O3. 
H2S, < 1 ppm; 
electrochemical detector 
CO, < 1 ppm; 
electrochemical detector 
NO2, < 0.002 ppm; 
electrochemical detector 
 Non-dispersive infrared 
(NDIR) for CO2; 
temperature (T) and relative 
humidity (RH) 
Electro-chemical CO; Non-
dispersive infrared (NDIR) 
for CO2; T and RH 
Color indicating passive 
ozone badge; ChromAir 
badges have six levels and 
can be used with the 
ChromAir color comparator 
for higher resolution and 
accuracy. 
Color indicating passive CO 
badge; ChromAir badges 
have six levels and can be 
used with the ChromAir 
color comparator for higher 
resolution and accuracy. 

I L N S 

M M N C 

M M N C 

M M N C 

M M N C 

M M N C 

I L N S 

I L N S 
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K&M Environmental, 
Inc. 

K&M Environmental, 
Inc. 

K&M Environmental, 
Inc. 

K&M Environmental, 
Inc. 

K&M Environmental, 
Inc. 

K&M Environmental, 
Inc. 

ChromAir 
nitrogen 
dioxide badges 

Color indicating passive I L N S 
NO2 badge; ChromAir 
badges have six levels and 
can be used with the 
ChromAir color comparator 
for higher resolution and 
accuracy. 
Color indicating passive SO2 I L N S 
badge, ChromAir badges 
have six levels and can be 
used with the ChromAir 
color comparator for higher 
resolution and accuracy. 
Color indicating CO badges; I L N S 
when used with the SafeAir 
color comparator, the system 
offers up to 11 levels of 
quantification 
Color indicating NO2 I L N S 
badges; when used with the 
SafeAir color comparator, 
the system offers up to 11 
levels of quantification 
Color indicating O3 badges; I L N S 
when used with the SafeAir 
color comparator, the system 
offers up to 11 levels of 
quantification 
Color indicating SO2 I L N S 
badges; when used with the 
SafeAir color comparator, 
the system offers up to 11 
levels of quantification 

380006-10 

ChromAir 
sulfur dioxide 
badges 
380005-10 

SafeAir carbon 
monoxide 
badges 
382012-50 

SafeAir 
nitrogen dioxide 
badges 
382013-50 

SafeAir ozone 
badges 
382004-50 

SafeAir sulfur 
dioxide 
badges382014
50 
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PAX Analytics, Inc. ACCESS ACCESS combines the use E H N C 
Environmental of physical sensors for CO, 
Monitoring CO2, hydrocarbons, NO, 
Systems NO2, O2, O3, SO2, 

meteorological variables, 
solar irradiance, UV, ELF, 
and ionizing 

Aircuity, Inc. IAQ Evaluation System has multiple sensors E H N C 
System for CO2, CO, particle counts 

with an OPC in two size 
bins (<2.5 and >2.5 mm, T, 
RH, pressure, total VOCs, 
O3, and radon 

GC Industries various Units Monitor Single Gases M M N C 
Including: Oxygen (Models 
GC501 & GC502), Carbon 
Monoxide (Model GC401), 
Hydrogen Sulfide (Model 
GC701), Sulfur Dioxide 
(Model GC801), Nitric 
Oxide (Model GC901) and 
Nitrogen Dioxide (Model 
GC952). All are for 
concentrations in the ppm 
range with precisions of 
+/-2 ppm. 

Quest Technologies aq-5000/aq- CO, CO2, hydrocarbons, M M N C 
5001 NO, NO2, O2, O3, H2S, 

HCN; third party support for 
respirable particles and 
VOCs 

1. Simple if the vendor’s laboratory is used for the analysis of the sample. It is possible to analyze the samples, but the analyses are complex, as is the QA for 
the measurements. 
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Hg(0) 
Brooks-Rand AF-03 Manual mercury (0) monitor M M Y C 

using gold wire traps; 
thermal desorption and cold 
vapor atomic fluorescence 

Texran 2537 Automatic gaseous mercury E M N C 
(0) sampler/analyzer 

K&M Environmental, ChromAir Color indicating mercury I L Y S 
Inc mercury badge badges; ChromAir badges 

380018-10 have six levels and can be 
used with the ChromAir 
color comparator for higher 
resolution and accuracy. 

K&M Environmental, SafeAir Color indicating mercury I L Y S 
Inc mercury badges badges; when used with the 

382005-50 SafeAir color comparator, 
the system offers up to 11 
levels of quantification. 

Drager Chip CO, NO2, SO2 chips M L N S 
Measurement available for use with a 
System digital readout device. 

Ecochem Analytics HG-MONITOR The measuring principle M M N C 
3000 used in the HG-MONITOR 

3000 is based on the 
resonance absorption of 
mercury atoms at a 
wavelength of 253.7 nm. 
Measurement range of 0.1 to 
3000 µg/m3 

. 
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