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,Q� WKH� SUHVHQW�ZRUN�� WKH� SROOXWLRQ� OHYHOV� RI� DLUERUQH� SDUWLFOHV� LQ� WKH� FLW\� RI�
2XDJDGRXJRX� KDYH� EHHQ� DVVHVVHG� WKURXJK� WZR� FDPSDLJQV� RI� LQ� VLWX�
PHDVXUHPHQWV� RI� 30���� DQG� 30��� FRQFHQWUDWLRQV�� 7KHVH� PHDVXUHV� ZHUH�
SHUIRUPHG�XVLQJ�D�SRUWDEOH�GHYLFH��$(52&(7����6��RQ�URDGVLGH�VLWHV�DQG�RQ�
VLWHV� ORFDWHG� LQ� DGPLQLVWUDWLYH� VHUYLFHV�� VHFRQGDU\� VFKRROV� DQG� RXWO\LQJ�
GLVWULFWV��6LQFH�LQ�VLWX�PHDVXUHPHQWV�GRQ¶W�JLYH�DQ\�LQGLFDWLRQ�RI�WKH�SROOXWLRQ�
WKDW�FRXOG�EH�GXH� WR�D�QHZ�VRXUFH��LQGXVWULDO�SODQW�� URDG��HWF���DQG�KRZ�LW� LV�
GLVSHUVHG�VSDWLDOO\�DQG�WHPSRUDOO\��WKXV�SROOXWDQW�HPLVVLRQV�IURP�URDG�WUDIILF�
DQG�WKH�GLVSHUVLRQ�RI�WKHVH�SROOXWDQWV�DUH�REWDLQHG�E\�D�PRGHOOLQJ�FKDLQ�WKDW�
FRXSOHV�&23(57�,9�HPLVVLRQ�PRGHO�XQGHU�3ROOHPLVVLRQ�FRGH�ZLWK�081,&+�
GLVSHUVLRQ�PRGHO��$V�UHVXOWV��WKH�DYHUDJH����KRXU�FRQFHQWUDWLRQV�DUH�������DQG�
���������J�P��IRU�WKH�30����DQG�30����UHVSHFWLYHO\��LQ������GU\�VHDVRQ��7KH\�
DUH������DQG���������J�P���UHVSHFWLYHO\��LQ������UDLQ\�VHDVRQ�DQG�������DQG�
������� �J�P�� LQ� ����� UDLQ\� VHDVRQ�� UHVSHFWLYHO\�� 7KHVH� UHVXOWV� VKRZ� WKDW�
LQGHSHQGHQWO\�RI�WKH�VHDVRQ��GU\�RU�UDLQ\��� WKH�30���FRQFHQWUDWLRQV�DUH�KLJK�
DQG� H[FHHG� WKH� :RUOG� +HDOWK� 2UJDQL]DWLRQ� $LU� 4XDOLW\� *XLGHOLQHV� �:+2�
$4*�� DQG� (XURSHDQ� ���KRXU� WKUHVKROG� YDOXH� RI� ��� ȝJ�P��� &RQFHUQLQJ� WKH�
30����FRQFHQWUDWLRQV�LQ�GU\�VHDVRQ��WKH\�DUH�KLJK�DQG�H[FHHG�WKH�:+2�$4*�
DQG� (XURSHDQ� ���KRXU� WKUHVKROG� YDOXH� RI� ��� ȝJ�P��� 7KH� UHVXOWV� REWDLQHG�
FRQFHUQLQJ� WKH�PRGHOLQJ� RI� WKH� GLVSHUVLRQ� RI� 30� DLU� SROOXWLRQ� GXH� WR� URDG�
WUDIILF� LQ� WKH� FLW\� RI� 2XDJDGRXJRX� DUH� SDUWLDOO\� VDWLVIDFWRU\�� 7KH� PRGHOHG�
PD[LPXP� YDOXHV� RI� WKH� H[KDXVW� HPLVVLRQ� IDFWRUV� DUH� YHU\� KLJK� ZKLOH� WKH�
PRGHOHG� FRQFHQWUDWLRQV� DUH� XQGHUHVWLPDWHG� FRPSDUHG� WR� WKH� PHDVXUHG�
FRQFHQWUDWLRQV�7KH�HVWLPDWHG�HPLVVLRQ�IDFWRUV�UDQJH�EHWZHHQ���DQG�����J�NP�K�
DQG� EHWZHHQ� �� DQG� ���� J�NP�K� IRU� H[KDXVW� 30���� DQG� UHVXVSHQVLRQ� 30�����
UHVSHFWLYHO\��7KH\�YDU\�EHWZHHQ���DQG�������J�NP�K�IRU�UHVXVSHQVLRQ�30����
&RQFHUQLQJ�WKH�PRGHOOHG�FRQFHQWUDWLRQV��WKH\�DUH�EHWZHHQ���DQG������J�P��IRU�
30����DQG�EHWZHHQ���DQG��������J�P��IRU�30����7KHVH�UHVXOWV�FDQ�EH�LPSURYHG�
ZLWK�XSGDWHG�WUDIILF�DQG�URDG�FKDUDFWHUL]DWLRQ�GDWD��

�
,��,1752'8&7,21���

$PRQJ� DLU� SROOXWDQWV�� SDUWLFXODWH� PDWWHU� �30�� LV�
UHFRJQL]HG� DV� WKH� PRVW� LPSRUWDQW� WKDW� KDYH� HIIHFWV� RQ�
KXPDQ� KHDOWK� LQFOXGLQJ� FDUGLR�UHVSLUDWRU\� SDWKRORJLHV��
DFXWH�EURQFKRSQHXPRQLD��OXQJ�FDQFHU��HWF��,Q�VXE�6DKDUDQ�
$IULFD�FRXQWULHV��SDUWLFXODUO\�LQ�%XUNLQD�)DVR��WKHUH�LV�YHU\�
IHZ�UHVHDUFK�ZRUNV�RQ�DLU�SROOXWLRQ�DVVHVVLQJ��1DQD�et al.��
������1GRQJ�et al.���������

7KH� WHUP� �SDUWLFXODWH�� LQ� SDUWLFXODWH� PDWWHU� LV� D� JHQHULF�
WHUP� WKDW� UHIHUV� WR� D� PL[WXUH� RI� VROLG� DQG�RU� OLTXLG�
SROOXWDQWV� VXVSHQGHG� LQ� D� JDVHRXV� PHGLXP� �$LUSDULI��
�������7KHVH�SDUWLFOHV� DUH� DOVR� UHIHUUHG� WR� DV� DHURVROV�� D�

WHUP�WKDW�LQFOXGHV�ERWK�WKH�SDUWLFOHV�DQG�WKH�JDV�LQ�ZKLFK�
WKH\�DUH�VXVSHQGHG��7KH�VL]H�RI�WKHVH�SDUWLFOHV�FDQ�UDQJH�
IURP�D�IHZ�RUGHU�RI�PLFURPHWHUV��������P��WR�D�KXQGUHG�
PLFURPHWHUV� ����� �P��� )URP� D� FKHPLFDO� SRLQW� RI� YLHZ��
DHURVROV� DUH� DJJUHJDWHV� RI� PROHFXOHV� SUHVHQW� LQ� WKH�
DWPRVSKHUH�WKDW�KDYH�DJJOXWLQDWHG�WRJHWKHU�DV�D�UHVXOW�RI�D�
SURFHVV� FDOOHG� �QXFOHDWLRQ��� 6HYHUDO� PLOOLRQ� WRQV� RI�
DHURVROV�DUH�HPLWWHG�SHU�GD\� LQWR� WKH�DWPRVSKHUH� IURP�D�
ZLGH�YDULHW\�RI�VRXUFHV��0(''7���������7KH�FRPSRVLWLRQ�
DQG� VL]H� GLVWULEXWLRQ� RI� 30� LV� KLJKO\� GHSHQGHQW� RQ� LWV�
IRUPDWLRQ�SURFHVVHV�� L�H�� WKH�VRXUFHV�RI�WKH�SDUWLFOHV��DQG�
WKLV� KDV� EHHQ� H[SORUHG� LQ� QXPHURXV� VWXGLHV� �7VDL� et al.��
�������
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6WXGLHV�RI�(XURSHDQ�FRKRUW�RQ�WKH�HIIHFWV�RI�DLU�SROOXWLRQ�
KDYH�VKRZQ�WKDW�SDUWLFXODWH�PDWWHU��30��RI�GLDPHWHU�OHVV�
WKDQ����ȝP��30����DQG�����ȝP��30�����DUH�DVVRFLDWHG�ZLWK�
D�ULVN�RI�GHYHORSLQJ�OXQJ�FDQFHU��5DDVFKRX�1LHOVHQ�HW�DO���
�������1RZDGD\V�� 30� LQ� RXWGRRU� DLU� DV� FDUFLQRJHQLF� WR�
KXPDQ��/RRPLV�HW�DO����������

7KH� PDLQ� SXUSRVH� RI� WKLV� ZRUN� LV� WR� DVVHVV� WKH� 30�
SROOXWLRQ� OHYHOV� DQG� WKHLU� GLVSHUVLRQ� LQ� 2XDJDGRXJRX�
WKURXJK�LQ�VLWX�PHDVXUHPHQWV�DQG�PRGHOLQJ��$V�IDU�DV�WKH�
PHDVXUHPHQW� VLWHV� DUH� FRQFHUQHG�� VRPH� RI� WKHP� ZHUH�
VHOHFWHG�RQ�WKH�EDVLV�RI�SUHYLRXV�ZRUN�RQ�DLU�SROOXWLRQ�LQ�
WKH�FLW\�RI�2XDJDGRXJRX�FDUULHG�RXW�LQ������DQG�������7KH�
PRVW�UHFHQW�LQ�VLWX�PHDVXUHPHQW�ZRUN�RQ�WKLV�VXEMHFW�KDV�
QRW�RQO\�FRYHUHG�IHZHU�VLWHV�EXW�LV�PRUH�WKDQ����\HDUV�ROG�
�/LQGpQ� et al.,� ������ 1DQD� et al.,� ������� $V� UHJDUGV� DLU�
SROOXWLRQ� PRGHOOLQJ� LQ� WKH� FLW\� RI� 2XDJDGRXJRX�� WKH�
SUHVHQW� ZRUN� LV� RQH� RI� WKH� ILUVW� DWWHPSWV� WR� PRGHO�
SDUWLFXODWH�SROOXWLRQ��6LPLODU�SUHYLRXV�ZRUN�VXFK�DV�WKDW�RI�
7UDFWHEHO�HW�DO��������HVWLPDWHG�JDVHRXV��QRW�SDUWLFXODWH��
HPLVVLRQV� XVLQJ� D� PDWKHPDWLFDO� WUDIILF� DQG� DLU� TXDOLW\�
LPSDFW�PRGHO��+HQFH�WKH�RULJLQDOLW\�RI�WKH�SUHVHQW�ZRUN��
ZKLFK� IRFXVHG� RQ� SDUWLFXODWH� SROOXWDQWV� LQ� WKH� FLW\� RI�
2XDJDGRXJRX��

,,��0$7(5,$/�$1'�0(7+2'6�

�����([SHULPHQWDO�VLWH��

$LU�SROOXWDQW�PHDVXUHPHQW�FDPSDLJQV�FRQFHUQHG�WHQ������
VLWHV�WKURXJKRXW�WKH�FLW\�RI�2XDJDGRXJRX��ILJXUH�����2WKHU�
VLWHV� ZHUH� VHOHFWHG� WR� KDYH� D� VDPSOH� WKDW� EHWWHU�
FKDUDFWHUL]HV� 2XDJDGRXJRX� DQG� LWV� HQYLURQPHQW�� 7KHVH�
VLWHV�DUH�FODVVLILHG�DV���L��VFKRRO�VLWHV�ORFDWHG�LQ�VHFRQGDU\�
VFKRROV��&��DQG�+�����LL��SHULSKHUDO�GLVWULFW�VLWHV�ORFDWHG�LQ�
VXEXUEDQ�DUHDV�ZLWK�KHDY\�WUDIILF�RQ�XQSDYHG�URDGV��.DU�
DQG�%9����LLL��LQGXVWULDO�VLWHV�ORFDWHG�LQ�WKH�LQGXVWULDO�]RQH�
RI� .RVVRGR� �,56$7� DQG� =,.��� �LY�� WUDIILF� VLWHV� ORFDWHG�
DORQJ�SDYHG�URDGV��%&'*�DQG�$%��DQG��Y��DGPLQLVWUDWLYH�
VLWHV� �(��DQG�8-.=�� ORFDWHG� LQ�DGPLQLVWUDWLYH�RU�VLPLODU�
VHUYLFHV��

�
)LJXUH����Location of measurement sites for particle 

pollutants in the city of Ouagadougou 

�

�����0DWHULDOV�

$� SRUWDEOH� DQDO\]HU� �)LJXUH� ���� FDOOHG� $(52&(7�
���6��ZDV�XVHG�IRU�LQ�VLWX�PHDVXUHPHQWV�EHFDXVH�LW�LV�
WKH� GHYLFH� DYDLODEOH� LQ� RXU� ODERUDWRU\� WR� FDUU\� RXW�
PHDVXUHPHQWV�RI�SDUWLFXODWH�SROOXWDQWV��,W�FRQVLVWV�RI�
D�PDVV�SURILOHU�DQG�D�SDUWLFOH�FRXQWHU�FRPELQHG�LQ�D�
VPDOO� SRUWDEOH� EDWWHU\�SRZHUHG� XQLW�� 7KH� DQDO\]HU�
PHDVXUHV�SDUWLFOHV�ZLWK� D� GLDPHWHU� EHWZHHQ����� DQG�
������P�DQG�VRPH�RWKHUV��WRWDO�VXVSHQGHG�SDUWLFOHV���
,WV�GHWHFWLRQ�OLPLW�LV������J�P���0HDVXUHV�ZHUH�FDUULHG�
RXW�LQ�GU\�VHDVRQ������DQG�LQ�UDLQ\�VHDVRQ������DQG�
������

�
)LJXUH����AEROCET 531S with its isokinetic sampling probe 

����0RGHOLQJ�

0RGHOLQJ� WKH� GLVSHUVLRQ� RI� DLU� SROOXWLRQ� LQ�
2XDJDGRXJRX�DLPV�DW� HVWLPDWLQJ��DW� WKH� VFDOH�RI� WKH�
FLW\�RI�2XDJDGRXJRX�DQG�DW�D�WHPSRUDO�UHVROXWLRQ�RI�
WKH�RUGHU�RI�D�PLQXWH��RQ�WKH�RQH�KDQG��WKH�HPLVVLRQV�
RI�SROOXWDQWV�GXH�WR�URDG�WUDIILF�DQG��RQ�WKH�RWKHU�KDQG��
WKH�GLVSHUVLRQ�RI�WKHVH�SROOXWDQWV�WKURXJKRXW�WKH�FLW\���

)LJXUH���GLVSOD\V�WKH�URDG�WUDIILF�DLU�SROOXWLRQ�
GLVSHUVLRQ�PRGHOLQJ�IUDPHZRUN���

�
)LJXUH����Air pollution modelling chain: CSV (Comma 

separated values) is a spreadsheet that contains the input data 
for the numerical models. Qgis, formerly known as Quantum 
GIS, is a free, open-source Geographic Information System 
(GIS) application for visualizing, modifying and analyzing 

geospatial data)�
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)LUVW�� WKH� FDOFXODWLRQ� RI� H[KDXVW� SDUWLFXODWH� PDWWHU� �30��
HPLVVLRQV�GXH�WR�WUDIILF�DW�VWUHHW�OHYHO�LV�FDUULHG�RXW�WKURXJK�
DQ� RSHQ� VRXUFH� FRGH� QDPHG� 3ROOHPLVVLRQ� �&KHQ� DQG�
0DOOHW�� ������� ,W� VKRXOG� EH� QRWHG� WKDW� WKH� RULJLQDO�
3ROOHPLVVLRQ� FRGH� RQO\� FDOFXODWHV� HPLVVLRQ� IDFWRUV� IRU�
SDVVHQJHU�YHKLFOHV��,Q�WKH�FDVH�RI�WKH�FLW\�RI�2XDJDGRXJRX��
ZKHUH� PRWRUL]HG� WZR�ZKHHOHUV� ��:'�� SUHGRPLQDWH�� D�
VSHFLILF� FRGH� LQ� 3\WKRQ� ODQJXDJH� ZDV� ZULWWHQ� DQG�
LQWHJUDWHG� LQWR� 3ROOHPLVVLRQ�� 7KHQ�� WKH� FDOFXODWLRQ� RI�
SDUWLFXODWH�SROOXWDQW�HPLVVLRQV�GXH�WR�GXVW�UHVXVSHQVLRQ�LV�
SHUIRUPHG�E\�WKH�86�(3$�$3����PRGHO��86�(3$���������
)LQDOO\�� WKH� FDOFXODWLRQ� RI� WKH� GLVSHUVLRQ� RI� WKHVH� DLU�
SROOXWDQWV�GXH�WR�URDG�WUDIILF�LV�SHUIRUPHG�WKURXJK�DQ�RSHQ�
VRXUFH� FRGH��081,&+� �.LP� HW� DO��� ������� 7KH� PRGHOV�
ZHUH�FKRVHQ�EHFDXVH�WKH\�WDNH�LQWR�DFFRXQW�WKH�GDWD�IURP�
WKH� VWXG\� VLWH�� L�H�� WKH� FKDUDFWHULVWLFV�RI� WKH� URDG� VXUIDFH�
PDWHULDOV�DQG�WUDIILF��

7KH�YDOXHV�RI�3ROOHPLVVLRQ�LQSXW�SDUDPHWHUV�ZHUH�GHULYHG�
IURP� WKH� LQYHQWRU\� RI� DLU� SROOXWDQW� HPLVVLRQV� IURP� URDG�
WUDIILF�LQ�2XDJDGRXJRX�FRQGXFWHG�LQ�������6RPGD�et al.,�
�������7KH�GDWD�IRU�WKH�VSHHG�YHFWRU��PLQ��DQG�PD[���RI�WKH�
YHKLFOHV�DUH�GHIDXOW�YDOXHV�RI�&23(57�,9��*NDW]RIOLDV�HW�
DO����������7KH�DYHUDJH�OHQJWKV�RI�WKH�VHFWLRQV�DUH�JLYHQ�E\�
2SHQ6WUHHW0DS��7KH�GDWD�RQ�VLOW�DQG�ZDWHU�FRQWHQW�RI�WKH�
VHFWLRQV�ZHUH�GHWHUPLQHG�E\�VRLO�VDPSOLQJ�DQG�ODERUDWRU\�
DQDO\VLV� LQ� DFFRUGDQFH� ZLWK� SUHYLRXV� ZRUN� RQ� WKH�
FKDUDFWHUL]DWLRQ�RI�ODWHULWLF�PDWHULDOV��2XDUPD����������

,,,��5(68/76�$1'�',6&866,21�

�����([SHULPHQWDO�UHVXOWV�

2XU� H[SHULPHQWDO� UHVXOWV� RI� 30� FRQFHQWUDWLRQV� KRXUO\�
SURILOHV�LQ�2XDJDGRXJRX�DQG�WKHLU�DYHUDJH�FRQFHQWUDWLRQV�
KDYH�EHHQ�UHFHQWO\�SXEOLVKHG��2XDUPD�HW�DO����������7KH�
PDLQ� FRQFOXVLRQV� DUH�� ���� WKH� HYROXWLRQ� FXUYHV� RI� 30�
FRQFHQWUDWLRQV� KRXUO\� SURILOHV� VKRZ� DSSUR[LPDWHO\� WZR�
SROOXWLRQ�SHDNV�RYHU�D����KRXU�SHULRG������WKH�DYHUDJH����
KRXU�FRQFHQWUDWLRQV�DUH�������DQG����������J�P��IRU�WKH�
30����DQG�30����UHVSHFWLYHO\��LQ������GU\�VHDVRQ��7KH\�DUH�
����� DQG� ������� �J�P��� UHVSHFWLYHO\�� LQ� ����� UDLQ\�
VHDVRQ�DQG�������DQG���������J�P��LQ������UDLQ\�VHDVRQ��
UHVSHFWLYHO\��7KHVH�UHVXOWV�VKRZ�WKDW��LQGHSHQGHQWO\�RI�WKH�
VHDVRQ�� WKH�30���FRQFHQWUDWLRQV�DUH�KLJK�DQG�H[FHHG� WKH�
:+2�$4*�DQG�(XURSHDQ����KRXU�WKUHVKROG�YDOXH�RI����
ȝJ�P��� &RQFHUQLQJ� WKH� 30���� FRQFHQWUDWLRQV�� WKRVH�
PHDVXUHG� LQ� GU\� VHDVRQ� DUH� KLJK� DQG� H[FHHG� WKH�:+2�
$4*�DQG�(XURSHDQ����KRXU�WKUHVKROG�YDOXH�RI����ȝJ�P����

7KH� IUHTXHQFLHV� RU� QXPEHU� RI� WLPHV� RYHU� WKH� ���KRXU�
PHDVXUHPHQW� SHULRG� WKDW� WKH� PHDVXUHG� FRQFHQWUDWLRQV�
H[FHHG�WKH�WKUHVKROG�YDOXH�UHFRPPHQGHG�E\�LQWHUQDWLRQDO�
LQVWLWXWLRQV� �:+2�� (($�� 86� (3$�� DQG� %XUNLQD� )DVR�
�%)$��ZHUH�HYDOXDWHG�XVLQJ�GHVFULSWLYH�VWDWLVWLFV�DQG�WKH�
UHVXOWV� DUH� VKRZHG� LQ� ILJXUH� ��� )RU� 30����� H[FHSWHG� IRU�
VFKRRO�VLWHV��WKH\�YDU\�DSSUR[LPDWLYHO\�EHWZHHQ�����DQG�
����IRU�RWKHU� VLWHV�DQG�EHWZHHQ����DQG������ IRU�30����
7KLV�PHDQV�WKDW�LQ����KRXUV��HYHU\�SHUVRQ�OLYLQJ�LQ�WKH�FLW\�
RI�2XDJDGRXJRX�LV�H[SRVHG�WR�SROOXWLRQ�RI�30����EHWZHHQ�

�� WR����KRXUV� DQG� WR�SROOXWLRQ�RI�30���EHWZHHQ��� WR����
KRXUV�GHSHQGLQJ�RQ�WKH�SHUVRQ�UHVLGHQFLHV��PHDVXUHPHQW�
VLWHV��� 0RUH� VSHFLILFDOO\� FRQFHUQLQJ� WKH� FRQFHQWUDWLRQV�
���K���DOWKRXJK� WKH�PHDVXUHPHQWV�ZHUH�PDGH�GXULQJ� WKH�
UDLQ\� VHDVRQ�� WKH� GDWD� VKRZ� WKDW� GXULQJ� WKH� ��� KRXUV�� D�
SHUVRQ�OLYLQJ�QHDU�WKH�%9��%RQKHXU�9LOOH��VLWH�LV�H[SRVHG�
IRU���KRXUV�WR�30����DLU�SROOXWLRQ�WKDW�H[FHHGV�WKH�WKUHVKROG�
YDOXH�UHFRPPHQGHG�E\�WKH�:+2��7KLV�H[SRVXUH�GXUDWLRQ�
LV��K���K����K����K�DQG����UHVSHFWLYHO\�IRU�D�SHUVRQ�OLYLQJ�
QHDU� WKH� VLWH� =,.� �.RVVRGR� ,QGXVWULDO� =RQH��� %&'*�
�%RXOHYDUG�&KDUOHV�'H�*DXOOH��DQG�.DU��.DUSDOD���,56$7��
$%��$YHQXH�%DVVDZDUJD��DQG�8-.=��-RVHSK�.,�=(5%2�
8QLYHUVLW\���DQG�(���21$7(/�68'���6LPLODUO\��D�SHUVRQ�
LQ�WKH�YLFLQLW\�RI�WKH�(��VLWH��21$7(/�68'���LV�H[SRVHG�
IRU���KRXUV�WR�30���DLU�SROOXWLRQ�WKDW�H[FHHGV�WKH�WKUHVKROG�
YDOXH�UHFRPPHQGHG�E\�WKH�:+2�DQG�EHWZHHQ����DQG����
KRXUV� IRU� WKH� RWKHU� VLWHV�� &RQFHUQLQJ� VFKRRO� VLWHV�� +��
�&RPSOH[H� VFRODLUH� %RQ� %HUJHU�� DQG� &�� �&RPSOH[H�
VFRODLUH� 1RWUH� 'DPH� GH� O¶(VSpUDQFH���� WKLV� DYHUDJH�
GXUDWLRQ� LV� �� KRXU� IRU� 30���� DQG� �K� IRU� 30��� DQG� LV�
H[SODLQHG�E\�WKH�IDFW�WKDW�WKH�PHDVXUHPHQWV�ZHUH�FDUULHG�
RXW�GXULQJ�VFKRRO�YDFDWLRQV��

7KH�PRVW�LPSRUWDQW�H[FHHGDQFH�IUHTXHQFLHV�DUH�REVHUYHG�
RQ�WUDIILF�VLWHV��SHULSKHUDO�GLVWULFWV�DQG�LQGXVWULDO�VLWHV�GXH�
UHVSHFWLYHO\� WR� WKH� LPSRUWDQFH�RI� WUDIILF�RQ�SDYHG� URDGV��
WUDIILF�RQ�D�GHQVH�QHWZRUN�RI�XQSDYHG�URDGV�DQG�LQGXVWULDO�
DFWLYLWLHV�� 7KHVH� DFWLYLWLHV� VWURQJO\� FRQWULEXWH� WR�
SDUWLFXODWH� SROOXWLRQ�� 7KH� ORZHVW� FRQFHQWUDWLRQV� ZHUH�
PHDVXUHG�DW�VFKRRO�VLWHV�ZKHUH�PRQLWRULQJ�ZHUH�SHUIRUPHG�
GXULQJ�WKH�VFKRRO�KROLGD\�SHULRG���

7KHVH� UHVXOWV� VKRZ� WKH� QHHG� WR� FRQGXFW� HSLGHPLRORJLFDO�
VWXGLHV�WR�LQYHVWLJDWH�WKH�OLQNV�EHWZHHQ�OXQJ�GLVHDVHV�DQG�
H[SRVXUH�WR�30�LQ�WKH�FLW\�RI�2XDJDGRXJRX��PDLQO\�IRU�WKH�
30����

�
)LJXUH����Proportion of measured concentrations exceeding 

WHO recommended threshold values 
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�����0RGHOLQJ�UHVXOWV�
3.2.1. Exhaust emission Factor 

([KDXVW� HPLVVLRQ� IDFWRUV� IRU� 30� UHODWHG� WR� URDG� WUDIILF�
FRQFHUQ�RQO\�30�����7KH\�DUH�HVWLPDWHG�E\�3ROOHPLVVLRQ�
FDOFXODWLRQV��7KH�FDOFXODWHG�YDOXHV�DUH�EHWZHHQ���DQG�����
J�NP�K� ����� PJ�NP��� 7KH� PD[LPXP� YDOXH� LV� DERXW� ���
WLPHV�DQG�����WLPHV�KLJKHU�WKDQ�WKH�ORZHVW�DYHUDJH�YDOXH�
������PJ�NP��DQG�WKH�KLJKHVW�DYHUDJH�YDOXH�����PJ�NP��
PHDVXUHG�LQ�UHFHQW�VLPLODU�ZRUNV��$EGDOODK�et al.,���������
7UDIILF�FKDUDFWHULVWLFV��DYHUDJH�DJH�RI�YHKLFOHV��SURSRUWLRQ�
RI�KHDY\�WUXFNV�DQG�VLPLODU�YHKLFOHV��SURSRUWLRQ�RI�GLHVHO�
YHKLFOHV��IXHO�FKDUDFWHULVWLFV��DYHUDJH�FXPXODWLYH�GLVWDQFH�
WUDYHOOHG�SHU�YHKLFOH��YHKLFOH�PDLQWHQDQFH��HWF���HVVHQWLDOO\�
H[SODLQ�WKHVH�GLIIHUHQFHV��

3.2.2. Resuspension emission factors 
7KH\� FRQFHUQ� ERWK� 30���� DQG� 30��� DQG� DUH� JLYHQ� E\�
FDOFXODWLRQV�ZLWK�86�(3$�$3�����7KH�FDOFXODWHG�YDOXHV�
UDQJH�IURP���WR�����J�NP�K�������PJ�NP��IRU�30����DQG���
WR� ������ J�NP�K� ����� PJ�NP�� IRU� 30���� 7KH� HPLVVLRQ�
IDFWRU� PDSV� VKRZ� D� FRUUHODWLRQ� EHWZHHQ� WKH� YDOXHV�
REWDLQHG�DQG�URDG�W\SHV��SDYHG�DQG�XQSDYHG���,QGHHG��WKH�
KLJKHVW�YDOXHV�DUH�REWDLQHG�LQ�SHULSKHUDO�GLVWULFWV�WKDW�DUH�
FKDUDFWHUL]HG�E\� D� VLJQLILFDQW� QXPEHU�RI� XQSDYHG� URDGV��
XQOLNH� WKH� GRZQWRZQ� DUHD�� 7KH� FKDUDFWHULVWLFV� RI� WKH�
VXUIDFH�PDWHULDOV�H[SODLQ�WKHVH�UHVXOWV��

3.2.3. Emissions 
(PLVVLRQV�RI�D�JLYHQ�W\SH�RI�SROOXWDQW�UHSUHVHQW�WKH�WRWDO�
DPRXQW�RI�HPLVVLRQV�RI� WKDW�SROOXWDQW� LQ� WKH�HQWLUH�VWXG\�
DUHD�� ,W� LV� REWDLQHG� E\� VXPPLQJ� WKH� HPLVVLRQV� RQ� HDFK�
VWUHHW�VHFWLRQ�LQ�WKH�VWXG\�DUHD��30����DQG�30���HPLVVLRQV�
UHODWHG� WR� URDG� WUDIILF� LQ� WKH� FLW\� RI� 2XDJDGRXJRX� DUH�
HVWLPDWHG� DW� DERXW� ���� DQG� ������� W�GD\� UHVSHFWLYHO\��
7KHVH� HPLVVLRQV� FRPH� PDLQO\� IURP� WKH� PRWRUL]HG� WZR�
ZKHHOHUV� ��:'���DERXW�����FRQWULEXWLRQ� IRU�30����� DQG�
���� IRU� 30���� ,W� VKRXOG� EH� QRWHG� WKDW� WKHVH� YDOXHV� DUH�

XQGHUHVWLPDWHG� EHFDXVH� WKH� HPLVVLRQ� IDFWRUV� IRU� VRPH�
VHFWLRQV�DUH�DVVXPHG�WR�EH�]HUR�GXH�WR�WKH�ODFN�RI�WUDIILF�
GDWD��

3.2.4. PM2.5 dispersion  
7KH�GLVSHUVLRQ�PDSV� �ILJXUHV���DQG����KLJKOLJKW� WKDW� WKH�
SROOXWLRQ�RI�30���� LV�PDLQO\�UHODWHG� WR�GXVW� UHVXVSHQVLRQ�
HVSHFLDOO\�RQ�XQSDYHG�URDGV��,QGHHG��LW�DSSHDUV�IURP�WKH�
PDSV�WKDW�WKH�ORZ�FRQFHQWUDWLRQ�YDOXHV�DUH�REVHUYHG�LQ�WKH�
FLW\�FHQWHU�DQG�RQ�WKH�VWUHHWV�RI�2XDJD�������7KH�PDSV�DOVR�
VKRZ�VOLJKW�YDULDWLRQV� LQ�FRQFHQWUDWLRQV�DFFRUGLQJ� WR� WKH�
W\SH�RI�UHIHUHQFH�FRQFHQWUDWLRQ���)RU�WKH�ODUJH�PDMRULW\�RI�
WKH�VWUHHWV��WKH�FRQFHQWUDWLRQV�DUH�KLJKHU�WKDQ�WKH�H[SRVXUH�
OLPLW�YDOXH�UHFRPPHQGHG�E\�WKH�:+2�IRU�30�����ZKLFK�LV�
��� �J�P�� IRU� WZHQW\�IRXU� ����� KRXUV� RI� FRQWLQXRXV�
H[SRVXUH��

�������30���dispersion�
,Q�FRQWUDVW�WR�30�����WKH�30���GLVSHUVLRQ�PDSV��ILJXUHV���
DQG����GR�QRW�VKRZ�KLJK�GLIIHUHQFH�EHKDYLRU�EHWZHHQ�RQ�
XQSDYHG�DQG�SDYHG�URDGV��2YHUDOO��LW�FDQ�EH�VHHQ�WKDW�30���
FRQFHQWUDWLRQV� LQFUHDVH� ZLWK� WKH� GXUDWLRQ� RI� GLVSHUVLRQ�
UHJDUGOHVV� RI� WKH� W\SH� RI� UHIHUHQFH� FRQFHQWUDWLRQ�� 7KH�
KLJKHVW� FRQFHQWUDWLRQV� DUH� REWDLQHG� RQ� XQSDYHG� URDGV��
+LJKO\�SROOXWHG� DUHDV� DUH� ORFDWHG�RQ� WKH�RXWVNLUWV� RI� WKH�
FLW\� ZKHUH� WKH� GHQVLW\� RI� XQSDYHG� URDGV� LV� KLJK�� 7KH�
PRGHOHG� FRQFHQWUDWLRQV� ���K�� IRU� WKH�PDMRULW\� RI� VWUHHWV�
DUH� KLJKHU� WKDQ� WKH� :+2� $4*� DQG� (XURSHDQ� ���KRXU�
WKUHVKROG�YDOXH�RI����ȝJ�P���
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)LJXUH��. Dispersion maps of PM2.5 emitted by traffic for the average height of roadside buildings at 2.8 m and for a dry season type 
reference concentration. a) in 24 hours per day; b) in 26 days (monthly). 
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)LJXUH��. Dispersion maps of PM2.5 emitted by traffic for the average height of roadside buildings at 2.8 m and for a rainy season 
reference concentration. a) in 24 hours per day; b) in 26 days (monthly) 

�

�

�

)LJXUH��� Dispersion maps of PM10 emitted by traffic for the average height of roadside buildings at 2.8 m and for a dry season type 
reference concentration. a) in 24 hours per day; b) in 26 days (monthly) 

�

�

�

Figure 8. Dispersion maps of PM10 emitted by traffic for the average height of roadside buildings at 2.8 m and for a rainy season 
reference concentration. a) in 24 hours per day; b) in 26 days (monthly) 

�

,9��&21&/86,21�

$LU� SROOXWLRQ� LQ� WKH� FLW\� RI� 2XDJDGRXJRX� KDV� EHHQ�
PHDVXUHG� DQG� PRGHOHG� LQ� WKH� SUHVHQW� ZRUN�� )RU� LQ� VLWX�
PRQLWRULQJ��DQ�DXWRPDWLF�DQDO\]HU�ZDV�XVHG�WR�SHUIRUP�WKH�
PHDVXUHPHQWV�RQ�HDFK�VLWH�DQG�IRU�PRGHOOLQJ��D�FRPSXWLQJ�
PRGHO�IRU�VXVSHQGHG�SDUWLFXODWH�PDWWHU��H[KDXVW�HPLVVLRQV�
DQG�GLVSHUVLRQ�ZHUH�XVHG��

7KH� PHDVXUHG� UHVXOWV� VKRZ� WKDW�� LQGHSHQGHQWO\� RI� WKH�
VHDVRQ��WKH�30���SROOXWLRQ�OHYHOV�DUH�KLJK�DQG�H[FHHG�WKH�
UHFRPPHQGHG� ���KRXU� WKUHVKROG� YDOXH� ���� �J�P����
&RQFHUQLQJ� WKH�30�����SROOXWLRQ� OHYHOV� LQ�GU\� VHDVRQ�DUH�
KLJK� DQG� H[FHHG� WKH� ���KRXU� WKUHVKROG� YDOXH�� 7KH�

GLVSHUVLRQ�DLU�PRGHOOLQJ�IRU�WKH�FLW\�RI�2XDJDGRXJRX�LV�D�
ILUVW� DQG� WKH� REWDLQHG� UHVXOWV� DUH� SDUWLDOO\� VDWLVIDFWRU\��
8SGDWHG� WUDIILF�GDWD�� URDG�FKDUDFWHUL]DWLRQ�DQG� UHIHUHQFH�
FRQFHQWUDWLRQV� DUH� QHFHVVDULHV� WR� LPSURYH� WKH� REWDLQHG�
UHVXOWV��7KLV�FDQ�EH�DFKLHYHG�RQ�WKH�RQH�KDQG�E\�FDUU\LQJ�
RXW� D� URDG� WUDIILF� LQYHQWRU\� DQG� RQ� WKH� RWKHU� KDQG� E\�
FDUU\LQJ�RXW�ODUJH�VFDOH�LQ�VLWX�PHDVXUHPHQWV�RI�SROOXWDQW�
FRQFHQWUDWLRQV� ZLWK� KLJK�SHUIRUPDQFH� DXWRPDWLF�
DQDO\]HUV��

5()(5(1&(6��

$EGDOODK��&���&��$ILI��6��6DXYDJH��$��%RUERQ��7��
6DODPHK��$��.IRXU\��7��/HRQDUGLV��HW�DO�����������
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'HWHUPLQDWLRQ�RI�*DVHRXV�DQG�3DUWLFXODWH�(PLVVLRQ�
)DFWRUV�IURP�5RDG�7UDQVSRUW�LQ�D�0LGGOH�(DVWHUQ�
&DSLWDO��7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�'��7UDQVSRUW�DQG�
(QYLURQPHQW�������������
KWWSV���GRL�RUJ���������M�WUG���������������

$LUSDULI����������6\QWKqVH�GHV�FRQQDLVVDQFHV�VXU�OHV�
SDUWLFXOHV�HQ�VXVSHQVLRQ�GDQV�O¶DLU�HW�GHV�WUDYDX[�
G¶$LUSDULI�VXU�FHV�SROOXDQWV��

&KHQ��5��HW�0DOOHW��9����������3ROOHPLVVLRQ�VRIWZDUH�
FRPSXWLQJ�WUDIILF�HPLVVLRQV�RI�DWPRVSKHULF�SROOXWDQWV�
ZLWK�&23(57�,9�IRUPXODWLRQV��
KWWSV���JLWKXE�FRP�SROOHPLVVLRQ��

*NDW]RIOLDV��'��HW�DO����������&RSHUW��¶��0HFKDQLFDO�
(QJLQHHULQJ���'HFHPEHU��������

.LP��<��HW�DO����������0XOWL�VFDOH�PRGHOLQJ�RI�XUEDQ�DLU�
SROOXWLRQ��'HYHORSPHQW�DQG�DSSOLFDWLRQ�RI�D�6WUHHW�LQ�
*ULG�PRGHO��Y�����E\�FRXSOLQJ�081,&+��Y�����DQG�
3RODLU�'��Y��������*HRVFLHQWLILF�0RGHO�'HYHORSPHQW��
&RSHUQLFXV�*PE+���������SS�����±�����
KWWSV���GRL�RUJ���������JPG���������������

/LQGpQ��-��HW�DO����������,QWUD�XUEDQ�DLU�SROOXWLRQ�LQ�D�
UDSLGO\�JURZLQJ�6DKHOLDQ�FLW\��(QYLURQPHQW�
,QWHUQDWLRQDO���������SS����±����
KWWSV���GRL�RUJ���������M�HQYLQW�������������

/RRPLV��'��HW�DO����������7KH�FDUFLQRJHQLFLW\�RI�RXWGRRU�
DLU�SROOXWLRQ��7KH�/DQFHW�2QFRORJ\����������SS������±
������KWWSV���GRL�RUJ���������6�������������������;�����

0(''7/����������0LQLVWqUH�GH�O¶pFRORJLH��GX�
GpYHORSSHPHQW�GXUDEOH��GHV�WUDQVSRUWV�HW�GX�ORJHPHQW��
2SpUDWLRQ�6(55(6���eWDW�GH�O¶DUW�GHV�PHVXUHV�GH�
SROOXWLRQ�HW�GH�WUDILF�SDU�OH�FDSWHXU�ODVHU��5DSSRUW�����
&(7(�GH�O
2XHVW�/DERUDWRLUH�5pJLRQDO�GHV�3RQWV�HW�
&KDXVVpHV�G
$QJHUV��)UDQFH���

1DQD��%���6DQRJR��2��6DYDGRJR��3��:��'DKR��7���%RXGD��
0��DQG�.RXOLGLDWL��-����������$LU�4XDOLW\�6WXG\�LQ�
8UEDQ�&HQWHUV��&DVH�6WXG\�RI�2XDJDGRXJRX��%XUNLQD�
)DVR��)87<�-RXUQDO�RI�WKH�(QYLURQPHQW��������SS���±
����KWWS���G[�GRL�RUJ���������IMH�Y�L�����

2XDUPD�,VVRXIRX����������eWXGH�GHV�SURSULpWpV�
PpFDQLTXHV�GHV�PDWpULDX[�GH�FRQVWUXFWLRQ���FDV�GHV�
EORFV�HQ�WHUUH�FRPSULPpV�REWHQXV�DYHF�GH�OD�WHUUH�
ODWpULWLTXH�DX�FLPHQW�HW�GH�OD�GpFRFWLRQ�GH�QpUp��
0pPRLUH�GH�'�(�$��8)5�6($��8QLYHUVLWp�GH�
2XDJDGRXJRX��%XUNLQD�)DVR��

2XDUPD��,���1DQD��%���+DUR��.���%pUp��$�DQG�.RXOLGLDWL��-��
��������$VVHVVPHQW�RI�SROOXWLRQ�OHYHOV�RI�VXVSHQGHG�
SDUWLFXODWH�PDWWHU�RQ�DQ�KRXUO\�DQG�D�GDLO\�WLPH�VFDOH�LQ�
:HVW�$IULFDQ�FLWLHV��FDVH�VWXG\�RI�2XDJDGRXJRX�
�%XUNLQD�)DVR���-RXUQDO�RI�*HRVFLHQFH�DQG�
(QYLURQPHQWDO�3URWHFWLRQ���������SS����������
KWWSV���GRL�RUJ���������JHS�������������

5DDVFKRX�1LHOVHQ��2��HW�DO����������$LU�SROOXWLRQ�DQG�
OXQJ�FDQFHU�LQFLGHQFH�LQ����(XURSHDQ�FRKRUWV��
3URVSHFWLYH�DQDO\VHV�IURP�WKH�(XURSHDQ�6WXG\�RI�
&RKRUWV�IRU�$LU�3ROOXWLRQ�(IIHFWV��(6&$3(���7KH�
/DQFHW�2QFRORJ\���������SS�����±�����
KWWSV���GRL�RUJ���������6������������������������

6RPGD�'��'�����������,QYHQWDLUH�G¶pPLVVLRQV�GH�SROOXDQWV�
DWPRVSKpULTXHV�LVVXV�GX�WUDILF�URXWLHU�j�2XDJDGRXJRX�
�%XUNLQD�)DVR���0pPRLUH�GH�0DVWHU��,*(''��
8QLYHUVLWp�2XDJD�,�3U�-RVHSK�.,�=(5%2��%XUNLQD�
)DVR��

7VDL��0��<��HW�DO����������6SDWLDO�YDULDWLRQ�RI�30�
HOHPHQWDO�FRPSRVLWLRQ�EHWZHHQ�DQG�ZLWKLQ����(XURSHDQ�
VWXG\�DUHDV���5HVXOWV�RI�WKH�(6&$3(�SURMHFW��
(QYLURQPHQW�,QWHUQDWLRQDO������SS�����±�����
KWWSV���GRL�RUJ���������M�HQYLQW��������������

86�(3$����������(PLVVLRQ�)DFWRU�'RFXPHQWDWLRQ�IRU�
$3�����6HFWLRQ���������8�6��(QYLURQPHQWDO�SURWHFWLRQ�
$JHQF\��KWWSV���ZZZ�HSD�JRY�DLU�HPLVVLRQV�IDFWRUV�
DQG�TXDQWLILFDWLRQ�DS����FRPSLODWLRQ�DLU�HPLVVLRQV�
IDFWRUV��
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