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$ÉÓÔÉÎÃÔÉÏÎÓ ÉÎ ÓÏÕÒÃÅ ÒÅÇÉÏÎÓ ÁÎÄ ÆÏÒÍÁÔÉÏÎ ÍÅÃÈÁÎÉÓÍÓ ÏÆ ÓÅÃÏÎÄÁÒÙ ÁÅÒÏÓÏÌ ÉÎ 

"ÅÉÊÉÎÇ ÆÒÏÍ ÓÕÍÍÅÒ ÔÏ ×ÉÎÔÅÒ 

*ÉÎÇ $ÕÁÎρȟςȟσȟ 2ÕȤ*ÉÎ (ÕÁÎÇρȟςȟ #ÈÕÎÓÈÕÉ ,ÉÎρȟςȟτȟ 7ÅÎÔÉÎÇ $ÁÉρȟςȟ -ÅÎÇ 7ÁÎÇρȟςȟσȟ 9ÉÆÁÎÇ 

'Õρȟςȟσȟ 9ÉÎÇ 7ÁÎÇρȟςȟσȟ (ÁÏÂÉÎ :ÈÏÎÇρȟςȟσȟ 9ÁÎ :ÈÅÎÇυȟ (ÁÉÙÁÎ .Éρȟςȟσȟφȟ 5ÌÉ $ÕÓÅËφȟ 9ÁÎÇ #ÈÅÎχȟ 

9ÏÎÇÊÉÅ ,Éψȟ 1É #ÈÅÎυȟ $ÏÕÇÌÁÓ 2Ȣ 7ÏÒÓÎÏÐωȟ #ÏÌÉÎ $Ȣ /ȭ$Ï×Äτȟ *ÕÎÊÉ #ÁÏρȟς 5 

ρ3ÔÁÔÅ +ÅÙ ,ÁÂÏÒÁÔÏÒÙ ÏÆ ,ÏÅÓÓ ÁÎÄ 1ÕÁÔÅÒÎÁÒÙ 'ÅÏÌÏÇÙ ɉ3+,,1'Ɋ ÁÎÄ +ÅÙ ,ÁÂÏÒÁÔÏÒÙ ÏÆ 

!ÅÒÏÓÏÌ #ÈÅÍÉÓÔÒÙ Ǫ 0ÈÙÓÉÃÓ ɉ+,!#0Ɋȟ )ÎÓÔÉÔÕÔÅ ÏÆ %ÁÒÔÈ %ÎÖÉÒÏÎÍÅÎÔȟ #ÈÉÎÅÓÅ !ÃÁÄÅÍÙ 

ÏÆ 3ÃÉÅÎÃÅÓȟ 8ÉȭÁÎ χρππφρȟ #ÈÉÎÁ 

ς#!3 #ÅÎÔÅÒ ÆÏÒ %ØÃÅÌÌÅÎÃÅ ÉÎ 1ÕÁÔÅÒÎÁÒÙ 3ÃÉÅÎÃÅ ÁÎÄ 'ÌÏÂÁÌ #ÈÁÎÇÅȟ #ÈÉÎÅÓÅ !ÃÁÄÅÍÙ ÏÆ 

3ÃÉÅÎÃÅÓȟ 8ÉȭÁÎ χρππφρȟ #ÈÉÎÁ 10 

σ5ÎÉÖÅÒÓÉÔÙ ÏÆ #ÈÉÎÅÓÅ !ÃÁÄÅÍÙ ÏÆ 3ÃÉÅÎÃÅÓȟ "ÅÉÊÉÎÇ ρπππτωȟ #ÈÉÎÁ 

τ3ÃÈÏÏÌ ÏÆ 0ÈÙÓÉÃÓ ÁÎÄ #ÅÎÔÒÅ ÆÏÒ #ÌÉÍÁÔÅ ÁÎÄ !ÉÒ 0ÏÌÌÕÔÉÏÎ 3ÔÕÄÉÅÓȟ 2ÙÁÎ )ÎÓÔÉÔÕÔÅȟ 

.ÁÔÉÏÎÁÌ 5ÎÉÖÅÒÓÉÔÙ ÏÆ )ÒÅÌÁÎÄ 'ÁÌ×ÁÙȟ 5ÎÉÖÅÒÓÉÔÙ 2ÏÁÄȟ 'ÁÌ×ÁÙȟ )ÒÅÌÁÎÄ 

υ3ÔÁÔÅ +ÅÙ *ÏÉÎÔ ,ÁÂÏÒÁÔÏÒÙ ÏÆ %ÎÖÉÒÏÎÍÅÎÔÁÌ 3ÉÍÕÌÁÔÉÏÎ ÁÎÄ 0ÏÌÌÕÔÉÏÎ #ÏÎÔÒÏÌȟ #ÏÌÌÅÇÅ ÏÆ 

%ÎÖÉÒÏÎÍÅÎÔÁÌ 3ÃÉÅÎÃÅÓ ÁÎÄ %ÎÇÉÎÅÅÒÉÎÇȟ 0ÅËÉÎÇ 5ÎÉÖÅÒÓÉÔÙȟ "ÅÉÊÉÎÇ ρππψχρȟ #ÈÉÎÁ 15 

φ#ÅÎÔÒÅ ÆÏÒ )ÓÏÔÏÐÅ 2ÅÓÅÁÒÃÈ ɉ#)/Ɋȟ %ÎÅÒÇÙ ÁÎÄ 3ÕÓÔÁÉÎÁÂÉÌÉÔÙ 2ÅÓÅÁÒÃÈ )ÎÓÔÉÔÕÔÅ 

'ÒÏÎÉÎÇÅÎ ɉ%32)'Ɋȟ 5ÎÉÖÅÒÓÉÔÙ ÏÆ 'ÒÏÎÉÎÇÅÎȟ 4ÈÅ .ÅÔÈÅÒÌÁÎÄÓ 

χ#ÈÏÎÇÑÉÎÇ )ÎÓÔÉÔÕÔÅ ÏÆ 'ÒÅÅÎ ÁÎÄ )ÎÔÅÌÌÉÇÅÎÔ 4ÅÃÈÎÏÌÏÇÙȟ #ÈÉÎÅÓÅ !ÃÁÄÅÍÙ ÏÆ 3ÃÉÅÎÃÅÓȟ 

#ÈÏÎÇÑÉÎÇ τππχρτȟ #ÈÉÎÁ 

ψ$ÅÐÁÒÔÍÅÎÔ ÏÆ #ÉÖÉÌ ÁÎÄ %ÎÖÉÒÏÎÍÅÎÔÁÌ %ÎÇÉÎÅÅÒÉÎÇȟ &ÁÃÕÌÔÙ ÏÆ 3ÃÉÅÎÃÅ ÁÎÄ 4ÅÃÈÎÏÌÏÇÙȟ 20 

5ÎÉÖÅÒÓÉÔÙ ÏÆ -ÁÃÁÕȟ 4ÁÉÐÁȟ -ÁÃÁÕ 

ω!ÅÒÏÄÙÎÅ 2ÅÓÅÁÒÃÈȟ )ÎÃȢȟ "ÉÌÌÅÒÉÃÁȟ -!ȟ 53! 

Correspondence to: Ru-Jin Huang (rujin.huang@ieecas.cn) 

!ÂÓÔÒÁÃÔ 

To investigate the sources and evolution of haze pollution in different seasons, ÌÏÎÇȤ25 

ÔÅÒÍ ɉÆÒÏÍ ρυ !ÕÇÕÓÔ ÔÏ τ $ÅÃÅÍÂÅÒ ςπρυɊ ÖÁÒÉÁÔÉÏÎÓ ÏÆ ÃÈÅÍÉÃÁÌ ÃÏÍÐÏÓÉÔÉÏÎ ÏÆ 0-ρ 

were characterized in Beijing, China. 0ÏÓÉÔÉÖÅ ÍÁÔÒÉØ ÆÁÃÔÏÒÉÚÁÔÉÏÎ ɉ0-&Ɋ ÁÎÁÌÙÓÉÓ ×ÉÔÈ 

ÍÕÌÔÉȤÌÉÎÅÁÒ ÅÎÇÉÎÅ ɉ-%ȤςɊ ÒÅÓÏÌÖÅÄ ÔÈÒÅÅ ÐÒÉÍÁÒÙ ÁÎÄ Ô×Ï ÓÅÃÏÎÄÁÒÙ /! ÓÏÕÒÃÅÓȟ 

ÉÎÃÌÕÄÉÎÇ ÈÙÄÒÏÃÁÒÂÏÎȤÌÉËÅ /! ɉ(/!Ɋȟ ÃÏÏËÉÎÇ /! ɉ#/!Ɋȟ ÃÏÁÌ ÃÏÍÂÕÓÔÉÏÎ /! ɉ##/!Ɋȟ 

ÌÏÃÁÌ ÓÅÃÏÎÄÁÒÙ /! ɉ,3/!Ɋ ÁÎÄ ÒÅÇÉÏÎÁÌ 3/! ɉ23/!ɊȢ Distinctly ÄÉÆÆÅÒÅÎÔ ÃÏÒÒÅÌÁÔÉÏÎÓ 30 

ÂÅÔ×ÅÅÎ 23/! ÁÎÄ ÓÕÌÆÁÔÅ ×ÅÒÅ ÆÏÕÎÄ ÉÎ ÏÕÒ ÓÔÕÄÙȟ ×ÉÔÈ ÔÉÇÈÔ ÃÏÒÒÅÌÁÔÉÏÎ ɉ2ς Ѐ πȢχρɊ ÉÎ 

ÌÁÔÅ ÓÕÍÍÅÒȟ ÄÅÃÒÅÁÓÅÄ ÃÏÒÒÅÌÁÔÉÏÎ ɉ2ς Ѐ πȢφςɊ ÉÎ ÁÕÔÕÍÎ ÁÎÄ ÁÌÍÏÓÔ ÎÏ ÃÏÒÒÅÌÁÔÉÏÎ ɉ2ς Ѐ 

πȢπςɊ ÉÎ ÅÁÒÌÙ ×ÉÎÔÅÒȢ 4ÈÉÓ ÄÉÆÆÅÒÅÎÃÅ4ÈÅ ÓÕÌÆÁÔÅ ÓÏÕÒÃÅ ÒÅÇÉÏÎÓ ÁÎÁÌÙÓÉÓ ÉÍÐÌÉÅÓ ÔÈÁÔ 

ÓÕÌÆÁÔÅ ×ÁÓ ÍÁÉÎÌÙ ÔÒÁÎÓÐÏÒÔÅÄ ÁÔ Á ÌÁÒÇÅ ÒÅÇÉÏÎÁÌ ÓÃÁÌÅ ÉÎ ÌÁÔÅ ÓÕÍÍÅÒȟ ×ÈÉÌÅ ÌÏÃÁÌ ÁÎÄȾÏÒ 

ÎÅÁÒÂÙ ÓÕÌÆÁÔÅ ÆÏÒÍÁÔÉÏÎ ÍÁÙ ÂÅ ÍÏÒÅ ÉÍÐÏÒÔÁÎÔ ÉÎ ×ÉÎÔÅÒȢ -ÅÁÎ×ÈÉÌÅȟ ÄÉÓÔÉÎÃÔÌÙ ÄÉÆÆÅÒÅÎÔ 35 
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ÃÏÒÒÅÌÁÔÉÏÎÓ ÂÅÔ×ÅÅÎ ÓÕÌÆÁÔÅ ÁÎÄ 23/! ÏÒ ,3/! ɉÉȢÅȢ better correlation with RSOA in late 

summer, similar correlation with RSOA and LSOA in autumn and tight correlation with 

LSOA in early winter) confirmed the regional characteristic of RSOA and local property of 

LSOA. 3ÅÃÏÎÄÁÒÙ ÁÅÒÏÓÏÌ ÓÐÅÃÉÅÓ ÉÎÃÌÕÄÉÎÇ 3)! ɉÓÕÌÆÁÔÅȟ ÎÉÔÒÁÔÅ ÁÎÄ ÁÍÍÏÎÉÕÍɊ ÁÎÄ 3/! 

ɉ,3/! ÁÎÄ 23/!Ɋ ÄÏÍÉÎÁÔÅÄ 0-ρ ÄÕÒÉÎÇ ÁÌÌ ÔÈÒÅÅ ÓÅÁÓÏÎÓȢ )Î ÐÁÒÔÉÃÕÌÁÒȟ 3/! ÃÏÎÔÒÉÂÕÔÅÄ 5 

τφϷ ÔÏ ÔÏÔÁÌ 0-ρ ɉ×ÉÔÈ σρϷ ÁÓ 23/!Ɋ ÉÎ ÌÁÔÅ ÓÕÍÍÅÒȟ ×ÈÅÒÅÁÓ 3)! ÃÏÎÔÒÉÂÕÔÅÄ τρϷ ÁÎÄ 

τυϷ ÔÏ ÔÏÔÁÌ 0-ρ ÉÎ ÁÕÔÕÍÎ ÁÎÄ ÅÁÒÌÙ ×ÉÎÔÅÒȟ ÒÅÓÐÅÃÔÉÖÅÌÙȢ %ÎÈÁÎÃÅÄ ÃÏÎÔÒÉÂÕÔÉÏÎÓ ÏÆ 

ÓÅÃÏÎÄÁÒÙ ÓÐÅÃÉÅÓ ɉφφȤχφϷ ÏÆ 0-ρɊ ×ÅÒÅ ÁÌÓÏ ÏÂÓÅÒÖÅÄ ÉÎ ÐÏÌÌÕÔÉÏÎ ÅÐÉÓÏÄÅÓ ÄÕÒÉÎÇ ÁÌÌ 

ÔÈÒÅÅ ÓÅÁÓÏÎÓȟ ÆÕÒÔÈÅÒ ÅÍÐÈÁÓÉÚÉÎÇ ÔÈÅ ÉÍÐÏÒÔÁÎÃÅ ÏÆ ÓÅÃÏÎÄÁÒÙ ÆÏÒÍÁÔÉÏÎ ÐÒÏÃÅÓÓÅÓ ÉÎ 

ÈÁÚÅ ÐÏÌÌÕÔÉÏÎ ÉÎ "ÅÉÊÉÎÇȢ #ÏÍÂÉÎÉÎÇ ÃÈÅÍÉÃÁÌ ÃÏÍÐÏÓÉÔÉÏÎ ÁÎÄ ÍÅÔÅÏÒÏÌÏÇÉÃÁÌ ÄÁÔÁȟ ÏÕÒ 10 

ÁÎÁÌÙÓÅÓ ÓÕÇÇÅÓÔ ÔÈÁÔ ÂÏÔÈ ÐÈÏÔÏÃÈÅÍÉÃÁÌ ÏØÉÄÁÔÉÏÎ ÁÎÄ ÁÑÕÅÏÕÓȤÐÈÁÓÅ ÐÒÏÃÅÓÓÉÎÇ 

ÐÌÁÙÅÄ ÉÍÐÏÒÔÁÎÔ ÒÏÌÅÓ ÉÎ ÄÏÍÉÎÁÔÅÄ 3/! ÆÏÒÍÁÔÉÏÎ ÄÕÒÉÎÇ ÁÌÌ ÔÈÒÅÅ ÓÅÁÓÏÎÓȟ ×ÈÉÌÅ ÆÏÒ 

ÓÕÌÆÁÔÅ ÆÏÒÍÁÔÉÏÎȟ ÇÁÓȤÐÈÁÓÅ ÐÈÏÔÏÃÈÅÍÉÃÁÌ ÏØÉÄÁÔÉÏÎ ×ÁÓ ÔÈÅ ÍÁÊÏÒ ÐÁÔÈ×ÁÙ ÉÎ ÌÁÔÅ 

ÓÕÍÍÅÒ ÁÎÄ ÈÅÔÅÒÏÇÅÎÅÏÕÓ ÐÒÏÃÅÓÓÅÓ ×ÅÒÅ ÌÉËÅÌÙ ÍÏÒÅ ÉÍÐÏÒÔÁÎÔ ÉÎ ÁÕÔÕÍÎ ÁÎÄ ÅÁÒÌÙ 

×ÉÎÔÅÒȢ  15 

1. )ÎÔÒÏÄÕÃÔÉÏÎ  

!ÔÍÏÓÐÈÅÒÉÃ ÐÁÒÔÉÃÕÌÁÔÅ ÍÁÔÔÅÒ ɉ0-Ɋ ÈÁÓ ÂÒÏÁÄ ÉÍÐÁÃÔÓ ÏÎ ÔÈÅ ÅÎÖÉÒÏÎÍÅÎÔȟ 

ÉÎÃÌÕÄÉÎÇ ÁÉÒ ÑÕÁÌÉÔÙ ɉ-ÏÌÉÎÁ ÅÔ ÁÌȢȟ ςππχȠ 3ÕÎ ÅÔ ÁÌȢȟ ςπρπȠ 3ÕÎ ÅÔ ÁÌȢȟ ςπρσȠ (ÕÁÎÇ ÅÔ ÁÌȢȟ 

ςπρτɊȟ ÒÅÇÉÏÎÁÌ ÁÎÄ ÇÌÏÂÁÌ ÃÌÉÍÁÔÅ ɉ+ÁÕÆÍÁÎ ÅÔ ÁÌȢȟ ςππςȠ )0##ȟ ςππχȠ -ÏÌÉÎÁ ÅÔ ÁÌȢȟ ςπρυɊȟ 

ÁÎÄ ÈÕÍÁÎ ÈÅÁÌÔÈ ɉ0ÏÐÅ ÅÔ ÁÌȢȟ ςππςȠ ,ÅÌÉÅÖÅÌÄ ÅÔ ÁÌȢȟ ςπρυɊȢ /ÖÅÒ ÔÈÅ ÐÁÓÔ ÄÅÃÁÄÅÓȟ 0- 20 

ÐÏÌÌÕÔÉÏÎ ÉÎ #ÈÉÎÁ ÈÁÓ ÂÅÃÏÍÅ ÏÎÅ ÏÆ ÔÈÅ ÍÏÓÔ ÓÅÒÉÏÕÓ ÅÎÖÉÒÏÎÍÅÎÔÁÌ ÐÒÏÂÌÅÍ ɉ,É ÅÔ ÁÌȢȟ 

ςπρχɊȢ "ÅÉÊÉÎÇȟ ÔÈÅ ÃÁÐÉÔÁÌ ÏÆ #ÈÉÎÁȟ ÈÁÓ ÂÅÅÎ ÓÕÆÆÅÒÉÎÇ ÆÒÏÍ ÓÅÖÅÒÅ ÈÁÚÅ ÅÖÅÎÔÓȟ ×ÉÔÈ 

ÁÎÎÕÁÌ ÃÏÎÃÅÎÔÒÁÔÉÏÎÓ ÏÆ 0-ςȢυ ÆÒÅÑÕÅÎÔÌÙ ÅØÃÅÅÄÉÎÇ ÔÈÅ #ÈÉÎÅÓÅ .ÁÔÉÏÎÁÌ !ÍÂÉÅÎÔ !ÉÒ 

1ÕÁÌÉÔÙ 3ÔÁÎÄÁÒÄ ɉσυ ʈÇ ÍȤσ ÁÓ ÁÎ ÁÎÎÕÁÌ ÁÖÅÒÁÇÅɊ ɉ(Å ÅÔ ÁÌȢȟ ςππρȠ 3ÔÒÅÅÔÓ ÅÔ ÁÌȢȟ ςππχȠ 

(ÕÁÎÇ ÅÔ ÁÌȢȟ ςπρτȠ 7ÁÎÇ ÅÔ ÁÌȢȟ ςπρυɊȢ %ÆÆÅÃÔÉÖÅ ÍÉÔÉÇÁÔÉÏÎ ÏÆ 0- ÐÏÌÌÕÔÉÏÎ ÒÅÑÕÉÒÅÓ Á 25 

ÂÅÔÔÅÒ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÔÈÅ ÅÍÉÓÓÉÏÎ ÓÏÕÒÃÅÓ ÁÎÄ ÁÔÍÏÓÐÈÅÒÉÃ ÅÖÏÌÕÔÉÏÎ ÐÒÏÃÅÓÓÅÓ ɉ#ÁÏ 

ÅÔ ÁÌȢȟ ςπρςȠ (ÕÁÎÇ ÅÔ ÁÌȢȟ ςπρτȠ 'ÕÏ ÅÔ ÁÌȢȟ ςπρτȠ 3ÕÎ ÅÔ ÁÌȢȟ ςπρτɊȢ 

4ÈÅ !ÅÒÏÄÙÎÅ !ÅÒÏÓÏÌ ÍÁÓÓ ÓÐÅÃÔÒÏÍÅÔÅÒÓ ɉ!-3Ɋ ÈÁÖÅ ÂÅÅÎ ×ÉÄÅÌÙ ÕÓÅÄ ÔÏ ÏÂÔÁÉÎ 

ÒÅÁÌȤÔÉÍÅ ÍÅÁÓÕÒÅÍÅÎÔÓ ÏÆ ÔÈÅ ÃÈÅÍÉÃÁÌ ÃÏÍÐÏÓÉÔÉÏÎ ÏÆ ÔÈÅ ÎÏÎȤÒÅÆÒÁÃÔÏÒÙ 0- ɉ.2Ȥ0-Ɋȟ 

ÉÎÃÌÕÄÉÎÇ ÏÒÇÁÎÉÃ ÁÅÒÏÓÏÌ ɉ/!Ɋȟ ÓÕÌÆÁÔÅȟ ÎÉÔÒÁÔÅȟ ÁÍÍÏÎÉÕÍ ÁÎÄ ÃÈÌÏÒÉÄÅȢ 2ÅÁÌȤÔÉÍÅ 30 

ÔÅÃÈÎÉÑÕÅÓ ÓÕÃÈ ÁÓ !-3 ÏÖÅÒÃÏÍÅ ÓÏÍÅ ÌÉÍÉÔÁÔÉÏÎÓ ÏÆ ÏÆÆÌÉÎÅ ÔÅÃÈÎÉÑÕÅÓȟ ÆÏÒ ÉÎÓÔÁÎÃÅȟ 

ÍÅÁÓÕÒÅÍÅÎÔ ÁÒÔÉÆÁÃÔÓ ÏÒ ÌÉÍÉÔÅÄ ÔÉÍÅ ÒÅÓÏÌÕÔÉÏÎ ɉ$Å#ÁÒÌÏ ÅÔ ÁÌȢȟ ςππφȠ #ÁÎÁÇÁÒÁÔÎÁ ÅÔ ÁÌȢȟ 

ςππχȠ .Ç ÅÔ ÁÌȢȟ ςπρρɊȢ 4ÈÅ !ÅÒÏÓÏÌ #ÈÅÍÉÃÁÌ 3ÐÅÃÉÁÔÉÏÎ -ÏÎÉÔÏÒ ɉ!#3-Ɋȟ ×ÈÉÃÈ ÉÓ Á 

ÓÉÍÐÌÉÆÉÅÄ ÖÅÒÓÉÏÎ ÏÆ !-3ȟ ×ÁÓ ÄÅÓÉÇÎÅÄ ÆÏÒ ÌÏÎÇȤÔÅÒÍ ÍÅÁÓÕÒÅÍÅÎÔÓ ÏÆ .2Ȥ0-ρȢ )Î 

"ÅÉÊÉÎÇȟ Á ÎÕÍÂÅÒ ÏÆ ÏÎÌÉÎÅ ÁÎÄ ÏÆÆÌÉÎÅ ÓÔÕÄÉÅÓ ÈÁÖÅ ÂÅÅÎ ÃÏÎÄÕÃÔÅÄ ÉÎ ÒÅÃÅÎÔ ÙÅÁÒÓ ÔÏ 35 

ÉÎÖÅÓÔÉÇÁÔÅ ÔÈÅ ÃÈÅÍÉÃÁÌ ÃÏÍÐÏÓÉÔÉÏÎȟ ÅÍÉÓÓÉÏÎ ÓÏÕÒÃÅÓ ÁÎÄ ÆÏÒÍÁÔÉÏÎ ÍÅÃÈÁÎÉÓÍÓ ÏÆ 0- 

ɉ#ÈÁÎ ÁÎÄ 9ÁÏȟ ςππψȠ :ÈÁÏ ÅÔ ÁÌȢȟ ςπρσȠ (ÕÁÎÇ ÅÔ ÁÌȢȟ ςπρτȠ 4ÉÁÎ ÅÔ ÁÌȢȟ ςπρτȠ (Ï ÅÔ ÁÌȢȟ ςπρυȠ 
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7ÁÎÇ ÅÔ ÁÌȢȟ ςπρυȠ 8Õ ÅÔ ÁÌȢȟ ςπρυȠ 9ÁÎÇ ÅÔ ÁÌȢȟ ςπρυȠ %ÌÓÅÒ ÅÔ ÁÌȢȟ ςπρφɊȢ )Ô ÈÁÓ ÂÅÅÎ ÆÏÕÎÄ 

ÔÈÁÔ /! ÉÓ ÔÈÅ ÍÏÓÔ ÄÏÍÉÎÁÎÔ ÃÏÎÔÒÉÂÕÔÏÒ ÔÏ ÆÉÎÅ 0- ÁÎÄ ÔÈÁÔ ÓÅÃÏÎÄÁÒÙ ÁÅÒÏÓÏÌ ÐÌÁÙÓ ÁÎ 

ÉÍÐÏÒÔÁÎÔ ÒÏÌÅ ÉÎ ÈÁÚÅ ÆÏÒÍÁÔÉÏÎ ɉ(ÕÁÎÇ ÅÔ ÁÌȢȟ ςπρτȠ %ÌÓÅÒ ÅÔ ÁÌȢȟ ςπρφɊȢ  

!ÔÍÏÓÐÈÅÒÉÃ ÒÅÃÅÐÔÏÒ ÍÏÄÅÌÓȟ ÅȢÇȢȟ ÐÏÓÉÔÉÖÅ ÍÁÔÒÉØ ÆÁÃÔÏÒÉÚÁÔÉÏÎ ɉ0-&ȟ 0ÁÁÔÅÒÏ ÁÎÄ 

4ÁÐÐÅÒȟ ρωωτɊȟ ÈÁÖÅ ÂÅÅÎ ÓÕÃÃÅÓÓÆÕÌÌÙ ÕÓÅÄ ÔÏ ÐÅÒÆÏÒÍ /! ÓÏÕÒÃÅ ÁÐÐÏÒÔÉÏÎÍÅÎÔ ÂÁÓÅÄ 5 

ÏÎ ÔÈÅ /! ÍÁÓÓ ÓÐÅÃÔÒÁÌ ÄÁÔÁ ɉ,ÁÎÚ ÅÔ ÁÌȢȟ ςππχȠ 5ÌÂÒÉÃÈ ÅÔ ÁÌȢȟ ςππωȠ 4ÈÏÒÎÈÉÌÌ ÅÔ ÁÌȢȟ ςπρπȠ 

3ÕÎ ÅÔ ÁÌȢȟ ςπρςȟ ςπρσȠ %ÌÓÅÒ ÅÔ ÁÌȢȟ ςπρφȠ 7ÁÎÇ ÅÔ ÁÌȢȟ ςπρχɊȢ 0ÒÉÍÁÒÙ /! ɉ0/!Ɋ ÓÏÕÒÃÅÓ 

ÓÕÃÈ ÁÓ ÈÙÄÒÏÃÁÒÂÏÎȤÌÉËÅ /! ɉ(/!Ɋȟ ÃÏÏËÉÎÇ /! ɉ#/!Ɋ ÁÎÄ ÂÉÏÍÁÓÓ ÂÕÒÎÉÎÇ /! ɉ""/!Ɋ 

ÏÒ ÃÏÁÌ ÃÏÍÂÕÓÔÉÏÎ /! ɉ##/!Ɋ ÈÁÖÅ ÂÅÅÎ ÉÄÅÎÔÉÆÉÅÄȟ ×ÈÉÌÅ ÓÅÃÏÎÄÁÒÙ /! ɉ3/!Ɋ ÆÁÃÔÏÒÓ 

ÃÏÕÌÄ ÂÅ ÒÅÓÏÌÖÅÄ ÅÉÔÈÅÒ ÂÁÓÅÄ ÏÎ ÏØÉÄÁÔÉÏÎ ÓÔÁÔÅ ɉÉȢÅȢȟ ÌÅÓÓȤÏØÉÄÉÚÅÄ ÏØÙÇÅÎÁÔÅÄ /! ɉ,/Ȥ10 

//!Ɋ ÁÎÄ ÍÏÒÅȤÏØÉÄÉÚÅÄ ÏØÙÇÅÎÁÔÅÄ /! ɉ-/Ȥ//!ɊɊ ÏÒ ÂÁÓÅÄ ÏÎ ÖÏÌÁÔÉÌÉÔÙ ɉÉȢÅȢȟ ÓÅÍÉȤ

ÖÏÌÁÔÉÌÉÔÙ ÏØÙÇÅÎÁÔÅÄ /! ɉ36Ȥ//!Ɋ ÁÎÄ ÌÏ×ȤÖÏÌÁÔÉÌÉÔÙ ÏØÙÇÅÎÁÔÅÄ /! ɉ,6Ȥ//!ɊɊ ɉ(ÕÁÎÇ ÅÔ 

ÁÌȢȟ ςπρςȠ #ÒÉÐÐÁ ÅÔ ÁÌȢȟ ςπρσȠ (Õ ÅÔ ÁÌȢȟ ςπρσȠ 7ÁÎÇ ÅÔ ÁÌȢȟ ςπρχɊȢ 0-& ÁÎÁÌÙÓÅÓ ÈÁÖÅ ÂÅÅÎ 

ÕÓÅÄ ÉÎ Á ÎÕÍÂÅÒ ÏÆ ÓÔÕÄÉÅÓ ÉÎ "ÅÉÊÉÎÇ ɉ(ÕÁÎÇ ÅÔ ÁÌȢȟ ςπρπȠ 3ÕÎ ÅÔ ÁÌȢȟ ςπρσȟ ςπρτȟ ςπρφȟ 

ςπρψȠ (ÕÁÎÇ ÅÔ ÁÌȢȟ ςπρτȠ %ÌÓÅÒ ÅÔ ÁÌȢȟ ςπρφȠ (Õ ÅÔ ÁÌȢȟ ςπρφɊȢ 15 

$ÅÓÐÉÔÅ Á ÌÁÒÇÅ ÎÕÍÂÅÒ ÏÆ ÓÔÕÄÉÅÓ ÁÆÏÒÅÍÅÎÔÉÏÎÅÄȟ ÔÈÅ ÍÁÊÏÒ ÓÏÕÒÃÅÓ ÁÎÄ 

ÍÅÃÈÁÎÉÓÍÓ ÒÅÓÐÏÎÓÉÂÌÅ ÆÏÒ ÔÈÅ 0- ÐÏÌÌÕÔÉÏÎ ÄÕÒÉÎÇ ÈÁÚÅ ÅÖÅÎÔÓ ÁÒÅ ÎÏÔ ×ÅÌÌ ÃÏÎÓÔÒÁÉÎÅÄȟ 

ÍÁÉÎÌÙ ÄÕÅ ÔÏ ÃÏÍÐÌÅØ ÉÎÔÅÒÐÌÁÙ ÁÍÏÎÇ ÌÏÃÁÌ ÅÍÉÓÓÉÏÎȟ ÒÅÇÉÏÎÁÌ ÔÒÁÎÓÐÏÒÔȟ ÓÅÃÏÎÄÁÒÙ 

ÒÅÁÃÔÉÏÎȟ ÁÓ ×ÅÌÌ ÁÓ ÍÅÔÅÏÒÏÌÏÇÉÃÁÌ ÉÎÆÌÕÅÎÃÅ ɉ6ÏÌËÁÍÅÒ ÅÔ ÁÌȢȟ ςππφȠ -Á ÅÔ ÁÌȢȟ ςπρπȠ 4ÁÏ ÅÔ 

ÁÌȢȟ ςπρςȠ 3ÕÎ ÅÔ ÁÌȢȟ ςπρτȠ :ÈÁÎÇ ÅÔ ÁÌȢȟ ςπρχɊȢ &ÏÒ ÅØÁÍÐÌÅȟ (Õ ÅÔ ÁÌȢ ɉςπρφɊ ÒÅÐÏÒÔÅÄ Á 20 

ÓÔÁÂÌÅ ͯψπϷ ÃÏÎÔÒÉÂÕÔÉÏÎ ÏÆ ÓÅÃÏÎÄÁÒÙ ÓÐÅÃÉÅÓ ÔÏ 0-ρ ÉÎ ÓÕÍÍÅÒÔÉÍÅ "ÅÉÊÉÎÇȟ ×ÈÉÌÅ 0-ρ 

ÍÁÓÓ ÃÏÎÃÅÎÔÒÁÔÉÏÎ ÉÎ ×ÉÎÔÅÒ ÃÈÁÎÇÅÄ ÄÒÁÍÁÔÉÃÁÌÌÙ ÄÕÅ ÔÏ ÄÉÆÆÅÒÅÎÔ ÍÅÔÅÏÒÏÌÏÇÉÃÁÌ 

ÃÏÎÄÉÔÉÏÎÓ ÁÎÄ ÅÎÈÁÎÃÅÄ ÐÒÉÍÁÒÙ ÅÍÉÓÓÉÏÎÓȢ (Ï×ÅÖÅÒȟ (ÕÁÎÇ ÅÔ ÁÌȢ ɉςπρτɊ ÁÎÄ %ÌÓÅÒ ÅÔ ÁÌȢ 

ɉςπρφɊ ÆÏÕÎÄ ÔÈÁÔ ÓÅÃÏÎÄÁÒÙ ÁÅÒÏÓÏÌ ÆÏÒÍÁÔÉÏÎ ÁÌÓÏ ÐÌÁÙÓ Á ÃÒÕÃÉÁÌ ÒÏÌÅ ÉÎ ×ÉÎÔÅÒÔÉÍÅ ÈÁÚÅ 

ÅÖÅÎÔÓ ÉÎ "ÅÉÊÉÎÇȢ 4ÈÅ ÆÏÒÍÁÔÉÏÎ ÍÅÃÈÁÎÉÓÍÓ ÏÆ ÓÅÃÏÎÄÁÒÙ ÁÅÒÏÓÏÌ ÄÕÒÉÎÇ ÈÁÚÅ ÅÖÅÎÔÓ ÁÒÅ 25 

ÎÏÔ ×ÅÌÌ ÃÏÎÓÔÒÁÉÎÅÄȢ "ÅÓÉÄÅÓ ÐÈÏÔÏÃÈÅÍÉÃÁÌ ÒÅÁÃÔÉÏÎÓȟ ÁÑÕÅÏÕÓȤÐÈÁÓÅ ÒÅÁÃÔÉÏÎÓ ÈÁÖÅ 

ÂÅÅÎ ÓÕÇÇÅÓÔÅÄ ÔÏ ÃÏÎÔÒÉÂÕÔÅ ÔÏ 3/! ÆÏÒÍÁÔÉÏÎȢ &ÏÒ ÅØÁÍÐÌÅȟ 0-& ÓÔÕÄÉÅÓ ÓÈÏ× ÔÈÁÔ ÁÎ 

ÁÑÕÅÏÕÓ //! ÆÁÃÔÏÒ ÃÏÎÔÒÉÂÕÔÅÄ ρςϷ ÏÆ ÔÏÔÁÌ /! ÉÎ ×ÉÎÔÅÒÔÉÍÅ "ÅÉÊÉÎÇ ÁÎÄ ÔÈÁÔ ÔÈÅ 

ÏØÉÄÁÔÉÏÎ ÄÅÇÒÅÅ ÏÆ /! ÉÎÃÒÅÁÓÅÄ ÁÔ ÈÉÇÈ 2( ÌÅÖÅÌÓ ɉЄ υπϷɊ ɉ3ÕÎ ÅÔ ÁÌȢȟ ςπρφɊȢ )Î 

ÃÏÍÂÉÎÁÔÉÏÎ ×ÉÔÈ ÔÈÅ ÂÁÃËȤÔÒÁÊÅÃÔÏÒÙ ÁÎÁÌÙÓÉÓȟ ÉÔ ÉÓ ÆÏÕÎÄ ÔÈÁÔ ÈÉÇÈ 0-ρ ÃÏÎÃÅÎÔÒÁÔÉÏÎÓ ÉÎ 30 

"ÅÉÊÉÎÇ ×ÅÒÅ ÁÓÓÏÃÉÁÔÅÄ ×ÉÔÈ ÁÉÒ ÍÁÓÓÅÓ ÆÒÏÍ ÔÈÅ ÓÏÕÔÈ ÁÎÄ ÓÏÕÔÈ×ÅÓÔ ÁÎÄ ÃÈÁÒÁÃÔÅÒÉÚÅÄ 

ÂÙ ÈÉÇÈ ÆÒÁÃÔÉÏÎÓ ÏÆ -/Ȥ//! ÁÎÄ ÓÅÃÏÎÄÁÒÙ ÉÎÏÒÇÁÎÉÃ ÁÅÒÏÓÏÌȟ ×ÈÅÒÅÁÓ ÄÉÒÅÃÔ ÅÍÉÓÓÉÏÎÓ 

ÆÒÏÍ ÌÏÃÁÌ ÓÏÕÒÃÅÓ ×ÅÒÅ ÔÈÅ ÍÁÉÎ ÃÏÎÔÒÉÂÕÔÏÒ ÄÕÒÉÎÇ ÃÌÅÁÎ ÅÖÅÎÔÓ ɉ3ÕÎ ÅÔ ÁÌȢȟ ςπρυɊȢ 4ÈÅÓÅ 

ÒÅÓÕÌÔÓ ÓÈÏ× ÔÈÅ ÉÎÈÏÍÏÇÅÎÅÉÔÙ ÉÎ ÔÈÅ ÃÏÎÔÒÉÂÕÔÉÏÎ ÔÏ 0- ÐÏÌÌÕÔÉÏÎ ÄÅÐÅÎÄÉÎÇ ÏÎ 

ÄÉÆÆÅÒÅÎÔ ÓÁÍÐÌÉÎÇ ÌÏÃÁÔÉÏÎÓ ÁÎÄ ÓÅÁÓÏÎÓȟ ÈÉÇÈÌÉÇÈÔÉÎÇ ÔÈÅ ÎÅÅÄ ÆÏÒ ÍÏÒÅ ÓÔÕÄÉÅÓ ÏÎ 35 

ÃÈÅÍÉÃÁÌ ÃÏÍÐÏÓÉÔÉÏÎȟ ÓÏÕÒÃÅÓ ÁÎÄ ÁÔÍÏÓÐÈÅÒÉÃ ÅÖÏÌÕÔÉÏÎ ÏÆ 0-Ȣ 

)Î ÔÈÉÓ ÓÔÕÄÙȟ ×Å ÄÉÓÃÕÓÓ ÔÈÅ ÓÅÁÓÏÎÁÌ ÃÈÁÒÁÃÔÅÒÉÓÔÉÃÓ ÏÆ ÃÈÅÍÉÃÁÌ ÎÁÔÕÒÅȟ ÓÏÕÒÃÅÓȟ ÁÎÄ 

ÁÔÍÏÓÐÈÅÒÉÃ ÅÖÏÌÕÔÉÏÎ ÏÆ 0-ρ ÉÎ ÕÒÂÁÎ "ÅÉÊÉÎÇȢ 3ÐÅÃÉÆÉÃÁÌÌÙȟ ÔÈÅ ÆÏÒÍÁÔÉÏÎ ÍÅÃÈÁÎÉÓÍÓ ÏÆ 

ÓÅÃÏÎÄÁÒÙ ÓÐÅÃÉÅÓ ÁÎÄ ÔÈÅ ÉÍÐÁÃÔÓ ÏÆ ÍÅÔÅÏÒÏÌÏÇÉÃÁÌ ÃÏÎÄÉÔÉÏÎÓ ÏÎ ÔÈÅ ÈÁÚÅ ÐÏÌÌÕÔÉÏÎ ÁÒÅ 
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ÅÌÕÃÉÄÁÔÅÄȢ 

2. %ØÐÅÒÉÍÅÎÔÁÌ  

ςȢρ -ÅÁÓÕÒÅÍÅÎÔ ÓÉÔÅ 

Measurements were conducted at an urban site in the National Center for 

Nanoscience (39.99°N, 116.32°E) in Beijing, which is close to the fourth ring of Beijing and 5 

surrounded by residential, commercial and traffic areas. !ÌÌ ÉÎÓÔÒÕÍÅÎÔÓ ×ÅÒÅ ÄÅÐÌÏÙÅÄ 

ÏÎ ÔÈÅ ÒÏÏÆ ÏÆ Á ÆÉÖÅȤÓÔÏÒÙ ÂÕÉÌÄÉÎÇ ɉͯςπ Í above the groundɊ ÁÎÄ ÔÈÅ measurements were 

performed from 15 August to 4 December, 2015. 

2.2 )ÎÓÔÒÕÍÅÎÔÁÔÉÏÎ 

.2Ȥ0-ρ ÓÐÅÃÉÅÓ ÉÎÃÌÕÄÉÎÇ ÏÒÇÁÎÉÃÓȟ ÓÕÌÆÁÔÅȟ ÎÉÔÒÁÔÅȟ ÁÍÍÏÎÉÕÍ ÁÎÄ ÃÈÌÏÒÉÄÅ ×ÅÒÅ 10 

ÃÏÎÔÉÎÕÏÕÓÌÙ ÍÅÁÓÕÒÅÄ ÂÙ ÁÎ !ÅÒÏÄÙÎÅ ÑÕÁÄÒÕÐÏÌÅ !#3- ɉ1Ȥ!#3-Ɋ ×ÉÔÈ Á ÔÉÍÅ 

ÒÅÓÏÌÕÔÉÏÎ ÏÆ ͯσπ ÍÉÎȢ $ÅÔÁÉÌÅÄ ÄÅÓÃÒÉÐÔÉÏÎÓ ÏÆ !#3- ÏÐÅÒÁÔÉÏÎ ÃÁÎ ÂÅ ÆÏÕÎÄ ÅÌÓÅ×ÈÅÒÅ 

ɉ.Ç ÅÔ ÁÌȢȟ ςπρρÁȠ 7ÁÎÇ ÅÔ ÁÌȢȟ ςπρχɊȢ "ÒÉÅÆÌÙȟ ÔÈÅ ÁÍÂÉÅÎÔ ÁÅÒÏÓÏÌ ×ÁÓ ÓÁÍÐÌÅÄ ÁÔ Á ÆÌÏ×ÒÁÔÅ 

ÏÆ ͯσ , ÍÉÎȤρ ÔÈÒÏÕÇÈ Á σȾψȤÉÎÃÈ ÓÔÁÉÎÌÅÓÓ ÓÔÅÅÌ ÔÕÂÅ ÁÎÄ ÁÎ 52' ÃÙÃÌÏÎÅ ɉ-ÏÄÅÌȡ 52'Ȥ

ςπππȤσπ%$Ɋ ×ÉÔÈ Á ÓÉÚÅ ÃÕÔ ÏÆ ςȢυ АÍ ÉÎ ÆÒÏÎÔ ÏÆ ÔÈÅ ÓÁÍÐÌÉÎÇ ÉÎÌÅÔ ×ÁÓ ÕÓÅÄ ÔÏ ÒÅÍÏÖÅ 15 

ÃÏÁÒÓÅ ÐÁÒÔÉÃÌÅÓȢ ! .ÁÆÉÏÎ ÄÒÙÅÒ ɉ-$ȤρρπȤτψ3Ƞ 0ÅÒÍÁ 0ÕÒÅȟ )ÎÃȢȟ ,ÁËÅ×ÏÏÄȟ .*ȟ 53!Ɋ ×ÁÓ 

ÁÐÐÌÉÅÄ ÔÏ ÄÒÙ ÁÅÒÏÓÏÌ ÐÁÒÔÉÃÌÅÓ ÂÅÆÏÒÅ ÅÎÔÅÒÉÎÇ ÔÈÅ !#3- ÁÎÄ ÔÈÅ ÓÕÂÍÉÃÒÏÎ ÁÅÒÏÓÏÌ ×ÁÓ 

ÓÕÂÓÁÍÐÌÅÄ ÉÎÔÏ ÔÈÅ !#3- ×ÉÔÈ Á ÆÌÏ× ÒÁÔÅ ÏÆ ψυ ÃÃ ÍÉÎȤρ ÆÉØÅÄ ÂÙ Á ρππ АÍ ÄÉÁÍÅÔÅÒ 

ÃÒÉÔÉÃÁÌ ÁÐÅÒÔÕÒÅȢ 4ÈÅ ÓÕÂÍÉÃÒÏÎ ÐÁÒÔÉÃÌÅÓ ×ÅÒÅ ÆÏÃÕÓÅÄ ÉÎÔÏ Á ÎÁÒÒÏ× ÂÅÁÍ ÂÙ ÁÎ 

ÁÅÒÏÄÙÎÁÍÉÃ ÌÅÎÓ ÁÎÄ ÉÍÐÁÃÔÅÄ Á ÈÏÔ ÖÁÐÏÒÉÚÅÒ ɉͯφππŅɊȢ 4ÈÅ ÒÅÓÕÌÔÉÎÇ ÖÁÐÏÒ ×ÁÓ 20 

ÉÏÎÉÚÅÄ ×ÉÔÈ ÅÌÅÃÔÒÏÎ ÉÍÐÁÃÔ ÁÎÄ ÃÈÅÍÉÃÁÌÌÙ ÃÈÁÒÁÃÔÅÒÉÚÅÄ ×ÉÔÈ Á ÑÕÁÄÒÕÐÏÌÅ ÍÁÓÓ 

ÓÐÅÃÔÒÏÍÅÔÅÒȢ -ÏÎÏȤÄÉÓÐÅÒÓÅÄ σππ ÎÍ ÁÍÍÏÎÉÕÍ ÎÉÔÒÁÔÅ ÐÁÒÔÉÃÌÅÓȟ ÇÅÎÅÒÁÔÅÄ ÂÙ ÁÎ 

ÁÔÏÍÉÚÅÒ ɉ-ÏÄÅÌ ωσπςȟ 43) )ÎÃȢȟ 3ÈÏÒÅÖÉÅ×ȟ -.ȟ 53!Ɋ ÁÎÄ ÓÅÌÅÃÔÅÄ ÂÙ Á ÄÉÆÆÅÒÅÎÔÉÁÌ 

ÍÏÂÉÌÉÔÙ ÁÎÁÌÙÚÅÒ ɉ$-!ȟ 43) ÍÏÄÅÌ σπψπɊȟ ×ÅÒÅ ÕÓÅÄ ÔÏ ÄÅÔÅÒÍÉÎÅ ÔÈÅ ÒÅÓÐÏÎÓÅ ÆÁÃÔÏÒ 

ɉ2&Ɋ ÁÎÄ ÃÁÌÉÂÒÁÔÅ ÔÈÅ ÉÏÎÉÚÁÔÉÏÎ ÅÆÆÉÃÉÅÎÃÙ ɉ)%Ɋ ɉ.Ç ÅÔ ÁÌȢȟ ςπρρÁɊȢ 25 

An Aethalometer (Model AE-33, Magee Scientific) was used for the determination of 

BC concentration with a time resolution of 1 min. SO2 was measured by an Ecotech EC 

9850 sulfur dioxide analyzer, CO by Á 4ÈÅÒÍÏ 3ÃÉÅÎÔÉÆÉÃ -ÏÄÅÌ τψÉ ÃÁÒÂÏÎ ÍÏÎÏØÉÄÅ 

ÁÎÁÌÙÚÅÒȟ NOx by Á 4ÈÅÒÍÏ 3ÃÉÅÎÔÉÆÉÃ -ÏÄÅÌ τςÉ ./Ȥ./ςȤ./Ø ÁÎÁÌÙÚÅÒ ÁÎÄ O3 by Á 4ÈÅÒÍÏ 

3ÃÉÅÎÔÉÆÉÃ -ÏÄÅÌ τωÉ ÏÚÏÎÅ ÁÎÁÌÙÚÅÒȢ -ÅÔÅÏÒÏÌÏÇÉÃÁÌ ÐÁÒÁÍÅÔÅÒÓȟ ÉÎÃÌÕÄÉÎÇ ×ÉÎÄ ÓÐÅÅÄȟ 30 

×ÉÎÄ ÄÉÒÅÃÔÉÏÎȟ ÒÅÌÁÔÉÖÅ ÈÕÍÉÄÉÔÙ ɉ2(Ɋȟ ÁÎÄ ÔÅÍÐÅÒÁÔÕÒÅ ×ÅÒÅ ÍÅÁÓÕÒÅÄ ÂÙ ÁÎ ÁÕÔÏÍÁÔÉÃ 

×ÅÁÔÈÅÒ ÓÔÁÔÉÏÎ ɉ-!73ςπρȟ 6ÁÉÓÁÌÁȟ 6ÁÎÔÁÁȟ &ÉÎÌÁÎÄɊ ÁÎÄ Á ×ÉÎÄ ÓÅÎÓÏÒ ɉ6ÁÉÓÁÌÁ -ÏÄÅÌ 

1-7ρπρȤ-ςɊȢ  

ςȢσ $ÁÔÁ ÁÎÁÌÙÓÉÓ 
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ςȢσȢρȢ !#3- ÄÁÔÁ ÁÎÁÌÙÓÉÓ 

4ÈÅ ÓÔÁÎÄÁÒÄ !#3- ÄÁÔÁ ÁÎÁÌÙÓÉÓ ÓÏÆÔ×ÁÒÅ ÉÎ )ÇÏÒ 0ÒÏ ɉ7ÁÖÅ-ÅÔÒÉÃÓȟ )ÎÃȢȟ ,ÁËÅ 

/Ó×ÅÇÏȟ /ÒÅÇÏÎ 53!Ɋ ×ÁÓ ÕÓÅÄ ÔÏ ÁÎÁÌÙÚÅ ÔÈÅ !#3- ÄÁÔÁÓÅÔȢ )% ×ÁÓ ÄÅÔÅÒÍÉÎÅÄ ÂÙ 

ÃÏÍÐÁÒÉÎÇ ÔÈÅ ÒÅÓÐÏÎÓÅ ÆÁÃÔÏÒÓ ÏÆ !#3- ÔÏ ÔÈÅ ÍÁÓÓ ÃÁÌÃÕÌÁÔÅÄ ×ÉÔÈ ÔÈÅ ËÎÏ×Î ÐÁÒÔÉÃÌÅ 

ÓÉÚÅ ÁÎÄ ÔÈÅ ÎÕÍÂÅÒ ÃÏÎÃÅÎÔÒÁÔÉÏÎ ÆÒÏÍ #0#Ȣ 3ÔÁÎÄÁÒÄ ÒÅÌÁÔÉÖÅ ÉÏÎÉÚÁÔÉÏÎ ÅÆÆÉÃÉÅÎÃÉÅÓ 5 

ɉ2)%ÓɊ ×ÅÒÅ ÕÓÅÄ ÆÏÒ ÏÒÇÁÎÉÃÓȟ ÎÉÔÒÁÔÅ ÁÎÄ ÃÈÌÏÒÉÄÅ ɉÉȢÅȢȟ ρȢτ ÆÏÒ ÏÒÇÁÎÉÃÓȟ ρȢρ ÆÏÒ ÎÉÔÒÁÔÅ ÁÎÄ 

ρȢσ ÆÏÒ ÃÈÌÏÒÉÄÅɊ ÁÎÄ 2)%Ó ÆÏÒ ÁÍÍÏÎÉÕÍ ɉφȢτɊ ÁÎÄ ÓÕÌÆÁÔÅ ɉρȢςɊ ×ÅÒÅ ÅÓÔÉÍÁÔÅÄ ÆÒÏÍ ÔÈÅ 

)% ÃÁÌÉÂÒÁÔÉÏÎÓ ÕÓÉÎÇ .(τ./σ ÁÎÄ .(τ3/τȢ 4ÈÅ ÃÏÌÌÅÃÔÉÏÎ ÅÆÆÉÃÉÅÎÃÙ ɉ#%Ɋ ×ÁÓ ÉÎÔÒÏÄÕÃÅÄ 

ÔÏ ÃÏÒÒÅÃÔ ÆÏÒ ÔÈÅ ÐÁÒÔÉÃÌÅ ÌÏÓÓ ÄÕÅ ÔÏ ÐÁÒÔÉÃÌÅ ÂÏÕÎÃÅȟ ×ÈÉÃÈ ÉÓ ÉÎÆÌÕÅÎÃÅÄ ÂÙ ÁÅÒÏÓÏÌ ÁÃÉÄÉÔÙȟ 

ÃÏÍÐÏÓÉÔÉÏÎ ÁÎÄ ÔÈÅ ÁÅÒÏÓÏÌ ×ÁÔÅÒ ÃÏÎÔÅÎÔȢ !Ó ÁÅÒÏÓÏÌ ×ÁÓ ÄÒÉÅÄ ÂÅÆÏÒÅ ÅÎÔÅÒÉÎÇ ÔÈÅ 10 

!#3-ȟ ÁÎÄ ÐÁÒÔÉÃÌÅÓ ÁÒÅ ÏÖÅÒÁÌÌ ÎÅÕÔÒÁÌÉÚÅÄȟ ÔÈÅ ÉÎÆÌÕÅÎÃÅÓ ÏÆ ÐÁÒÔÉÃÌÅ ÐÈÁÓÅ ×ÁÔÅÒ ÁÎÄ 

ÁÃÉÄÉÔÙ ÁÒÅ ÅØÐÅÃÔÅÄ ÔÏ ÂÅ ÎÅÇÌÉÇÉÂÌÅȢ 4ÈÅÒÅÆÏÒÅȟ #% ×ÁÓ ÄÅÔÅÒÍÉÎÅÄ ÁÓ #%ÄÒÙ Ѐ ÍÁØ ɉπȢτυȟ 

πȢπψσσ Ϲ πȢωρφχ ϼ !.-&Ɋȟ ×ÈÅÒÅ !.-& ÒÅÐÒÅÓÅÎÔÓ ÔÈÅ ÍÁÓÓ ÆÒÁÃÔÉÏÎ ÏÆ ÁÍÍÏÎÉÕÍ 

ÎÉÔÒÁÔÅ ÉÎ .2Ȥ0-ρ ɉ-ÉÄÄÌÅÂÒÏÏË ÅÔ ÁÌȢȟ ςπρςɊȢ  

ςȢσȢς 3ÏÕÒÃÅ ÁÐÐÏÒÔÉÏÎÍÅÎÔ 15 

0-& ×ÁÓ ÕÓÅÄ ÔÏ ÐÅÒÆÏÒÍ ÔÈÅ ÓÏÕÒÃÅ ÁÐÐÏÒÔÉÏÎÍÅÎÔ ÏÎ ÔÈÅ ÏÒÇÁÎÉÃ ÓÐÅÃÔÒÁÌ ÄÁÔÁ ÁÓ 

ÉÍÐÌÅÍÅÎÔÅÄ ÂÙ ÔÈÅ ÍÕÌÔÉÌÉÎÅÁÒ ÅÎÇÉÎÅ ɉ-%ȤςȠ 0ÁÁÔÅÒÏȟ ρωωχɊ ÖÉÁ ÔÈÅ ÉÎÔÅÒÆÁÃÅ 3Ï&É 

ɉ3ÏÕÒÃÅ &ÉÎÄÅÒɊ ÃÏÄÅÄ ÉÎ )ÇÏÒ 7ÁÖÅÍÅÔÒÉÃÓ ɉ#ÁÎÏÎÁÃÏ ÅÔ ÁÌȢȟ ςπρσɊȢ First, a range of 

solutions with two to eight factors from unconstrained runs were examined. The POA 

factors mixed seriously with the SOA factors in the 3-factor solution, and there was no 20 

new interpretable factor when increasing the factor numbers above four in the PMF 

analysis. Therefore, the four-factor solution (HOA + CCOA, COA, OOA1 and OOA2) was 

adopted (Fig. S1). In the four-factor solution, the COA factor was well-defined through the 

much higher contribution of m/z  55 than m/z  57 in its profile and the symbolic diurnal 

cycle of three peaks corresponding to the time of breakfast, lunch and dinner, supporting 25 

the assignment of the COA factor. Although the COA profile was well-defined, HOA and 

CCOA were totally mixed in the four-factor PMF solution, and the mixed factor had 

hydrocarbon-like fragments of CnH2n-1 and CnH2n+1 as in HOA but substantial amounts of 

PAH-related ions as in CCOA. This mixed HOA + CCOA factor could not be further 

separated when increasing the number of factors, likely due to low mass resolution in 30 

ACSM data and limited capacity of PMF in separating similar factors. The mixture of HOA 

and CCOA factors was also observed in Sun et al. (2018), suggesting the difficulty in 

separating HOA and CCOA with PMF for the ACSM dataset. Compared to PMF, the ME-2 

approach can direct the apportionment towards an environmentally-meaningful solution 

by introducing a priori  information (profi les) for certain factors (Canonaco et al., 2013; 35 

Crippa et al., 2014; Frohlich et al., 2015). The ME-2 runs of five-factor were performed to 

separate HOA from CCOA and further optimize the apportionment solutions. We first 
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constrained the HOA using HOA profile from Ng et al. (2011b), which is the average over 

15 sites all over the world (including China, Japan, Europe and the United States). Previous 

studies have suggested that the HOA spectra from Europe and China are similar (Ng et al., 

2011b; Elser et al., 2016) despite the different vehicle fuel patterns in China and Europe. 

When HOA was constrained, a new CCOA factor could be resolved. However, this CCOA 5 

factor was seriously mixed with OOA as indicated by a relatively higher intensity at m/z  

44 in the CCOA profile (Fig. S2). We thus further constrained the CCOA profile to decrease 

the influence of OOA on the CCOA factor. A CCOA profile from our previous study (Wang 

et al, 2017) was used to constrain CCOA. To minimize the effect from non-local input 

profi les (for both HOA and CCOA), the a value approach was used to adjust the input 10 

profiles to a certain extent. In addition, we also constrained COA profile from the 4-factor 

PMF solution with an a value of 0, which is a well-defined local profile as discussed above.  

We tested a values for HOA and CCOA profiles between 0 and 1 with an interval of 

0.1 and obtained 121 possible results, among which 6 solutions were reasonable based 

on the verification of the rationality  of unconstrained factors, distinct mass spectra and 15 

time series, interpretable diurnal cycles and good correlations with external tracers for 

all factors. The final profiles and time series of individual  factor were averaged from these 

6 solutions and the standard deviations of intensities at each m/z  was shown as error bars. 

ςȢτ ,ÉÑÕÉÄ ×ÁÔÅÒ ÃÏÎÔÅÎÔ 

Liquid water content (LWC) was predicted using the ISORROPIA-II model 20 

(Fountoukis and Nenes, 2007) with ACSM aerosol composition and meteorological 

parameters (temperature and relative humidity) as input. The ISORROPIA-II model then 

calculated the composition and phase state of a NH4+ɀSO42-ɀNO3-ɀCl-ɀH2O system in 

thermodynamic equilibrium and the concentration of H+ and LWC could be resolved. 

 25 

3. Results and discussion  

3.1 Overview of m ass concentration and c hemical composition  

Fig. 1 shows the time series of meteorological parameters, trace gases and PM1 

composition during the entire measurement period. The relatively clean events and 

polluted episodes occurred alternatively during the entire campaign. As shown in Fig. 1, 30 

the variations of PM1 species are strongly associated with meteorological conditions. For 

example, clean periods were generally associated with northerly and northwesterly 

winds with high wind  speeds. However, serious pollution episodes were related to 

southerly winds with low wind speeds (< 1 m s-1), indicating the important role of 

stagnant meteorological conditions in haze pollution (Takegawa et al., 2009; Huang et al., 35 

2010; Sun et al., 2014). The mass concentration of PM1 varied from 0.4 ʈÇ Í-3 ÔÏ ςφπȢχ ʈÇ 



7 
 

m-3. Considering that the long-term measurements in our study have different 

meteorological conditions, we separated the entire study into three periods as late 

summer (15 August to 10 September), autumn (11 September to 10 November) and early 

winter ( 11 November to 4 December) in order to discuss the seasonal variations of PM1 

mass concentration and chemical composition.  5 

The average mass concentration of PM1 was 21.6 ʈÇ Í-3 in late summer (Fig. S3), 

which was much lower than that measured in July-August 2011 (50.0 µg mϺ3, Sun et al., 

2012) and in August-September 2011 (84.0 ʈÇ Í-3, Hu et al., 2016) (see Table 1). This 

lower PM1 concentration was likely  associated with the 2015 China Victory Day parade 

control from 23 August to 3 September, which significantly improved air quality in Beijing 10 

(Zhao et al., 2017). OA constituted a major fraction of PM1 mass (64%), followed by sulfate 

(14%), BC (8%), ammonium (7%), nitrate (6%) and chloride (1%). During autumn, the 

mean concentration of PM1 increased to 43.3 ʈÇ Í-3, which was two times higher than that 

in late summer. OA contributed a mass fraction of 49%, followed by nitrate, sulfate, 

ammonium, BC and chloride with the mass fractions of 22%, 11%, 8%, 8% and 2%, 15 

respectively. Compared to late summer, the mass fraction of OA decreased to 49% (but 

the OA mass increased from 13.8 to 21.2 ʈÇ Í-3) and the mass fraction of inorganic species 

increased correspondingly. The increase of inorganics was particularly noticeable for 

nitrate , which increased from 6% to 22% (or from 1.3 to 9.5 ʈÇ Í-3). The mean 

concentration of PM1 was 64.3 ʈÇ Í-3 in early winter, further higher than those in late 20 

summer and autumn. This PM1 average concentration in winter time Beijing is similar 

with other studies such as Hu et al. 2016 (60.0 ʈg m-3), Sun et al., 2013 (66.8 ʈÇ Í-3) and 

Sun et al., 2016 (64.0 ʈÇ Í-3). OA accounted for 46% of PM1 mass in early winter, followed 

by 20% of nitrate, 15% of sulfate, 10% of ammonium, 6% of BC and 3% of chloride (Fig 

S3).  25 

As shown in Fig. 1f and Fig. S3, OA dominated PM1 mass in late summer and autumn, 

whereas inorganic species played a more important role in early winter  OA dominated 

PM1 mass in late summer. In autumn and early winter, however, the contribution of OA 

decreased and secondary inorganic aerosol increased to be equally important. It should 

also be noted that nitrate had a more important contribution than sulfate to PM1 during 30 

autumn and early winter , with nitrate/sulfate mass ratios of 2.0 and 1.3 in autumn and 

early winter , respectively. This phenomenon is likely due to the efficient emission 

reduction of SO2 and the continuous increase of NOx because of dramatic growth of the 

vehicle fleets and large emissions from industries (Xu et al., 2015). Therefore, nitrate is 

expected to play a more important role in  PM pollution in the near future and controlling 35 

NOx emission would greatly help mitigating air pollution in  Beijing. 

The diurnal cycles of PM1 species during different seasons are shown in Fig. S4. OA 

was characterized by three peaks occurring in the morning (06:00-09:00), at noon 

(12:00-14:00) and in the evening (19:00-22:00) during all three seasons. Such diurnal 
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patterns were partially  influenced by the emission behavior of pollution sources, i.e., 

traffic, cooking and/or coal burning emissions (Huang et al., 2012; Sun et al., 2012; Crippa 

et al., 2013). Due to lower temperature in early winter, the planetary boundary layer (PBL) 

height was relatively flat compared to that in autumn and late summer, thus the noon 

peak of OA was more evident in early winter . Due to the relatively flat planetary boundary 5 

layer (PBL) height related to stagnant meteorological conditions in early winter 

compared to that in autumn and late summer, the noon peak of OA was more evident in 

early winter . The morning peak of OA was even more pronounced than the noon peak in 

late summer. Such a diurnal  cycle was likely related to the efficient photochemical 

oxidation in the morning and efficient dilution effect resulted from PBL height increase 10 

due to high temperature at noon. 

The diurnal cycle of nitrate varied significantly during different seasons due to the 

seasonal difference in photochemical production and gas-particle partition ing (Sun et al., 

2015). Compared to nitrate, sulfate showed a relatively flat diurnal cycle in all seasons. A 

clear increase of sulfate in the afternoon was observed during late summer and autumn 15 

due to enhanced photochemical processes (Takegawa et al., 2009). In the winter, however, 

sulfate showed a decreasing trend in the afternoon, suggesting low photochemical 

production as discussed below. Chloride presented a morning peak and then rapidly 

decreased to a low concentration level at Ḑ18:00 during late summer, while in both 

autumn and winter, chloride displayed a diurnal cycle with higher concentrations at 20 

nighttime which may be related to the local emission from coal combustion. BC also 

showed the similar diurnal cycle with higher concentrations at nighttime and lower 

concentrations in daytime during all three seasons.  

3.2 Primary OA factors   

Three POA factors were resolved in this study, including HOA, COA and CCOA. As 25 

shown in Fig. 2a, HOA mass spectrum is characterized by prominent hydrocarbon ion 

series of CnH2n-1 and CnH2n+1, particularly m/z  27, 29, 41, 43, 55, 57, 67, 71. The HOA 

spectrum is similar to previously reported HOA spectra at various urban sites (He et al., 

2011; Ng et al., 2011; Sun et al., 2012). The time series of HOA is also correlated well with 

that of BC, which is an external tracer of incomplete combustion (R2 = 0.56). The mass 30 

fractions of HOA (10-13%) and diurnal cycles in different seasons are rather consistent. 

There are two peaks from rush hours, i.e., 7:00-9:00 in the morning and around 20:00 in 

the evening. The nighttime concentrations are generally high (Fig. S4), likely  due to 

increased diesel fleets which are allowed in urban Beijing only at night and the decrease 

of PBL during nighttime.  35 

The COA profile is characterized by prominent ion peaks at m/z  55 and m/z  57 (Fig. 

2b), and a higher ratio of intensity at m/ z 55 over that at m/z  57 (= 2.3) compared to the 
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other two primary OA components (~1), which have been shown to be robust markers 

for COA (He et al., 2010; Mohr et al., 2012; Crippa et al., 2013; Elser et al., 2016). This COA 

mass spectrum is highly correlated with other COA profile reported in previous studies 

(Crippa et al., 2013; Elser et al., 2016; Wang et al., 2017) and the time series correlated 

well with that of m/z  55 with R2 = 0.81. The COA diurnal cycle showed two obvious peaks 5 

at lunch (12:00) and dinner (20:00) time and a smaller peak at breakfast time (7:00) (Fig. 

S4). Similar diurnal behaviors of COA have been observed in Beijing and other urban sites 

(Allan et al., 2010; Sun et al., 2010, 2013). COA had a lower mass fraction of 11% during 

late summer compared to autumn (20%) and early winter (16%).   

The mass spectrum of CCOA is dominated by unsaturated hydrocarbons, particularly 10 

PAH-related ion peaks (e.g., 77, 91, and 115) (Dall'Osto et al., 2013; Hu et al., 2013). It 

shows a similar spectral pattern with  the ambient CCOA mass spectra in Beijing and Xi'an 

(Elser et al., 2016). The presence of CCOA can be further validated by the good correlation 

with external combustion tracer chloride (R2 = 0.77) ɉZhang et al., 2012). The time series 

of CCOA shows that the mass concentration of CCOA was much lower in August and 15 

September but increased dramatically after November, indicating the large emissions 

from residential coal combustion for domestic heating. Also, the nighttime CCOA 

concentrations were much higher than the daytime concentrations, further confirming 

the enhanced coal combustion emissions from domestic heating in wintertime nights. 

Specifically, on average, the mass fraction of CCOA increased from 5% (0.7 ʈÇ Í-3) in late 20 

summer to 9% (2.0 ʈÇ Í-3) in autumn and then to 26% (7.7 ʈÇ Í-3) in early winter  (Fig. 

S3).  

3.3 Secondary OA factors and sulfate sources: regional transport v .s. local 

formation  

In order to analyze sources of sulfate in our study period, the bivariate polar plots of 25 

sulfate during different seasons are displayed in Fig. 3. During late summer, the high mass 

concentration of sulfate mainly located in the south and southwest regions from the 

sampling site, suggesting regional transport was the major source of sulfate in late 

summer. However, high sulfate located both at the sampling site and in the south and 

south east regions from sampling site in autumn, which indicates that both local formation 30 

and regional transport contributed to the sulfate concentration. When it comes to the 

early winter, high mass concentrations of sulfate mainly located in the sampling site 

coming from local formation and there was almost no contribution from regional 

transport. These results indicate that transported sulfate at a large regional scale was 

more important during late summer, while local formation was the major source of sulfate 35 

in early winter due to residential heating. 

Two oxygenated OA factors with much different time series were identified in our 
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study which we defined as local SOA(LSOA) and regional SOA (RSOA) as characterized 

below in details. As shown in Fig. 3, different correlations between sulfate and RSOA or 

LSOA were found during different seasons. The time series of RSOA correlated well with 

that of sulfate during late summer with R2 = 0.71. This correlation coefficient decreased 

to 0.62 during autumn and there was almost no correlation between RSOA and sulfate (R2 5 

= 0.02) in early winter. On the contrary, the correlations between LSOA and sulfate 

displayed the opposite variation with the correlation coefficient (R2) increased from 0.40 

in late summer to 0.66 in autumn and 0.86 in early winter (Fig. 3a). As we have discussed 

that sulfate mainly come from regional transport during late summer while the 

contribution of local formation increase during autumn and further  become the dominant 10 

source of sulfate, these correlation variations (i.e., better correlation with RSOA in late 

summer, similar correlation with RSOA and LSOA in autumn and tight correlation with 

LSOA in early winter) suggested that RSOA is related to regional source of OOA and LSOA 

indicates local sources and subsequent local formation., i.e., local SOA (LSOA) and regional 

SOA (RSOA) (Fig. 2).. These two SOA factors show similar mass spectra with high ratios of 15 

intensity at m/ z 44 over that at m/ z 43 (f44/43 ), but their time series differ greatly. The 

time series of LSOA is highly correlated with that of nitrate in the entire period with R2 = 

0.83, whereas there is no good correlation (R2 = 0.11) between time series of RSOA and 

nitrate , indicating that they are two factors related to different sources/atmospheric 

processes. and The the f44/43  of RSOA (4.8) is higher than that of LSOA (2.9), suggesting 20 

that RSOA from regional transport  is more oxygenated (more aged) than locally formed 

SOA (Sun et al., 2014, 2015). The attribution of LSOA and RSOA is further supported by 

the bivariate polar plots (Fig. S5), which show clearly that LSOA is mainly located in the 

sampling site while RSOA is mainly from the south to the sampling site. The average mass 

concentration of LSOA increased from 3.2 ʈÇ Í-3 in late summer to 9.2 ʈÇ Í-3 in autumn 25 

and to 12.1 ʈÇ Í-3 in early winter  with an increase of mass fraction from 23% in late 

summer to 43% in autumn and 41% in early winter. On the contrary, the average mass 

concentration of RSOA decreased from 6.6 ʈÇ Í-3 in late summer to 3.8 ʈÇ Í-3 in autumn 

and to 1.8 ʈÇ Í-3 in early winter , with the dramatic decrease of mass fraction from 48% 

in late summer to 18% in autumn and to 6% in early winter (Fig. S3). These seasonal 30 

variations of LSOA and RSOA indicate that RSOA related to regional transport was more 

important during late summer, while locally formed LSOA played a dominant role in 

autumn and early winter.  

In our study, different correlations between sulfate and RSOA or LSOA were found 

during different seasons. As shown in Fig. 3b, time series of RSOA correlated well with 35 

that of sulfate during late summer with R2 = 0.71. This correlation coefficient decreased 

to 0.62 during autumn and there was almost no correlation between RSOA and sulfate (R2 

= 0.02) in early winter . On the contrary, the correlations between LSOA and sulfate 

displayed the opposite variation with the correlation coefficient (R2) increased from 0.40 
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in late summer to 0.66 in autumn and 0.86 in early winter  (Fig. 3a). As RSOA is related to 

regional source and LSOA indicates local source, different correlations between sulfate 

and RSOA or LSOA (i.e., better correlation with RSOA in late summer, similar correlation 

with RSOA and LSOA in autumn and tight  correlation with LSOA in early winter) may 

indicate that sulfate have different source regions during different seasons due to the 5 

change of meteorological conditions. In order to further analyze sources of sulfate in our 

study period, the bivariate polar plots of sulfate during different seasons are displayed in 

Fig. 3c. During late summer, the high mass concentration of sulfate mainly located in the 

south and southwest regions from the sampling site thus the correlation coefficient 

between sulfate and RSOA (R2 = 0.71) was higher than that between sulfate and LSOA (R2 10 

= 0.40). Regional transport was the major source to sulfate formation in late summer. 

However, high sulfate located both at the sampling site and in the south regions from 

sampling site in autumn, which suggests that both local formation and regional transport 

contributed to the sulfate concentration, thus there was a similar  correlation between 

sulfate and RSOA and between sulfate and LSOA with R2 values of 0.62 and 0.66, 15 

respectively. When it comes to the early winter, high mass concentrations of sulfate 

mainly located in the sampling site coming from local formation and there was almost no 

contribution from regional transport. Consistently, sulfate was tightly correlated with 

LSOA (R2 = 0.86) during early winter  and there was no correlation between sulfate and 

RSOA (R2 = 0.02). These results indicate that sulfate transported at a large regional scale 20 

was more important during late summer, while local formation was the major source of 

sulfate in early winter due to residential heating.  

3.4 Contribution  of secondary species to PM pollution   

The average PM1 ÃÏÎÃÅÎÔÒÁÔÉÏÎ ÉÎÃÒÅÁÓÅÄ ÆÒÏÍ ÌÁÔÅ ÓÕÍÍÅÒ ɉςρȢφ ʈÇ Í-3) to early 

×ÉÎÔÅÒ ɉφτȢσ ʈÇ Í-3) (Fig. S3) and the chemical composition showed seasonal difference. 25 

The mass concentrations of secondary species increased from 15.7 ʈÇ Í-3 in late summer 

to 30.8 ʈÇ Í-3 in autumn and to 42.8 ʈÇ Í-3 in early winter, but the mass fraction in PM1 

decreased from 72% in late summer to 66% in early winter. In particular, SOA had a 

dominant contribution in late summer (9.8 ʈÇ Í-3, 46% of PM1), while SIA played a key 

role during autumn (17.8 ʈÇ Í-3, 41% of PM1) and early winter  (28.9 ʈÇ Í-3, 45% of PM1) 30 

(Fig. S3). The high SOA fraction in summer is likely associated with active photochemical 

oxidation, while the increased SIA fraction in autumn and early winter is likely due to 

enhanced gas-particle parti tioning of nitrate and aqueous-phase formation of sulfate.  

Fig. 4 shows the PM1 composition and OA sources in clean days (daily average PM1 < 

20 ʈÇ Í-3), medium pollution days (M-pollution, 40 ʈÇ Í-3 < daily average PM1 < 80 ʈÇ Í-35 

3) and high pollution days (H-pollution, daily average PM1 > 80 ʈÇ Í-3) during different 

seasons. The mass concentrations of PM1 species and OA factors, gaseous pollutants and 
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meteorological parameters during different periods are summarized in Table S1. The 

average concentration of PM1 was 46.9 µg m-3 during M-pollut ion days, about 3 times 

higher than that during clean days (15.6 µg m-3) in late summer. In autumn and early 

winter, the average PM1 concentrations during H-pollut ion days (110.5 µg m-3 and 109.7 

µg m-3, respectively) were two times higher than those in M-pollut ion days (54.2 µg m-3 5 

and 43.5 µg m-3, respectively) and ten times higher than those in clean days (9.3 µg m-3 

and 8.1 µg m-3, respectively). As shown in Fig. 4, the mass fraction of secondary aerosol 

species (SIA and SOA) increased from clean days (52-70%) to M-pollut ion days (67-76%) 

and H-pollut ion days (66-74%) during all three seasons, emphasizing the significant 

enhancements of secondary aerosol formation in haze pollution events (Huang et al., 2014; 10 

Jiang et al., 2015; Zheng et al., 2015). In late summer, the mass concentration of LSOA 

increased from 2.2 µg m-3 (21% of OA) during clean days to 6.7 µg m-3 (24% of OA) during 

M-pollution days and the mass concentration of RSOA increased from 5.0 µg m-3 (48% of 

OA) during clean days to 13.8 µg m-3 (49% of OA) during M-pollut ion days, suggesting that 

regional transport played a more important role  than local formation in both clean and 15 

haze pollution events during late summer. The mass concentration of LSOA increased 

from 1.5 µg m-3 in clean days to 10.2 µg m-3 in M-pollution days and to 25.4 µg m-3 in H-

pollution days during autumn and increased from 1.5 µg m-3 in clean days to 7.5 µg m-3 in 

M-pollution days and to 20.7 µg m-3 in H-pollution days during early winter. In 

comparison, the mass concentration of RSOA increased from 1.5 µg m-3 and 0.6 µg m-3 in 20 

clean days to 5.9 µg m-3 and 2.0 µg m-3 in M-polluti on days and to 6.6 µg m-3 and 2.5 µg m-

3 in H-pollution days during autumn and early winter, respectively. The increase rates of 

LSOA were much higher than that of RSOA, thus the mass fraction of LSOA increased 

dramatically from clean days to M-pollut ion and H-pollution days in autumn and early 

winter  (i.e., 26% to 40% and 50% during autumn and 33% to 37% and 42% during early 25 

winter) , whereas the mass fraction of RSOA decreased from clean days to M-pollution and 

H-pollution days (i.e., 25% to 23% and 13% during autumn and 14% to 10% and 5% 

during early winter) . These observations suggest that locally formed SOA had more 

important contr ibutions than regional sources in haze pollution during autumn and early 

winter , imply ing different contribution of secondary aerosol in different seasons.  30 

3.5 Episodic  analysis and meteorological effects   

The clean and pollution episodes occurred in ȰÓÁ×-tooth ÃÙÃÌÅÓȱȟ ÉÎ ×ÈÉÃÈ 

meteorological conditions, regional transport, local emissions and secondary formation 

intertwine and play different roles in the evolution of PM pollution. To get a better insight 

into aerosol sources and atmospheric processes, seven clean episodes ɉÁÖÅÒÁÇÅ 0-ρ 35 

ÃÏÎÃÅÎÔÒÁÔÉÏÎ Ѓ ςπ ɛg ÍȤσɊ, seven M-pollution episodes ɉτπ ɛg ÍȤσ Ѓ ÁÖÅÒÁÇÅ 0-ρ 

ÃÏÎÃÅÎÔÒÁÔÉÏÎ Ѓ ψπ ɛg ÍȤσɊ and five H-pollution episodes ɉÁÖÅÒÁÇÅ 0-ρ ÃÏÎÃÅÎÔÒÁÔÉÏÎ Є 
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ρππ ɛg ÍȤσɊ were selected for further analysis. As shown in Fig. 5, the pollution episodes 

were generally associated with higher RH and lower wind speeds (< 1 m s-1) than that in 

clean episodes in autumn and early winter, with RH usually higher than 60% in pollution 

episodes (both M-pollution and H-pollution) and lower than 45% in clean episodes. 

Specifically, an M-pollution (M1, 47.6 µg m-3) episode in late summer had similar RH and 5 

wind speed with the adjacent clean period (C1, 14.1 µg m-3). However, the contribution of 

organic species decreased from 68% in C1 to 61% in M1 but the mass fraction of 

secondary inorganic species (particularly sulfate) increased from 23% in C1 to 33% in M1. 

This phenomenon may result from enhanced photochemical formation of secondary 

species in M1 due to higher oxidation capacity as M1 had higher O3 concentration 10 

(54.1ppb) than C1(31.0ppb). In autumn, the mass concentrations of organics increased 

from 4.8-6.3 µg m-3 during C2-C5 to 21.2-27.8 µg m-3 during M2-M6 while the 

contributions decreased from 56-71% to 39-55%, and the corresponding contributions 

of secondary inorganic species increased from 17-29% during C2-C5 to 36-52% during 

M2-M6 with mass concentrations increased from 1.6-2.9 µg m-3 to 16.7-33.1µg m-3. The 15 

contributions  of secondary organic species to OA also increased from 50-61% to 55-73% 

with mass concentrations increased from 2.7-3.6 µg m-3 to 14.1-19.4 µg m-3. This indicates 

a notable production and accumulation of secondary aerosol during pollution events. 

Compared to M-pollution episodes, there was no further increase of contribution of 

secondary inorganic species during H1-H3 (42-47%) although the mass concentrations 20 

increased to 45.3-56.6 µg m-3 due to the systematic concentration growths of all species 

from M-pollution to H-pollution. Secondary organic species also had similar contributions 

to OA during H1-H3 (52-75%) with that during M2-M6 (55-73%) although the mass 

concentrations increased from 14.1-19.4 µg m-3 to 25.6-38.5 µg m-3. Further analysis 

shows that the RH during H1-H3 (71.7%-81.6%) is lower than that during M2-M6 (74.1%-25 

91.8%), which indicates that the stronger aqueous-phase chemistry during M2-M6 may 

lead to the efficient formation of secondary species and the mass concentration growths 

of secondary species were faster than that of other species in PM1 thus the mass fraction 

of secondary species in M2-M6 were higher or similar with that in H1-H3. A similar 

phenomenon was also found in early winter. The contributions of secondary species 30 

increased from clean episodes (C6 and C7) to pollution episodes (M7, H4 and H5) while 

the contributions of secondary species were similar in M7, H4 and H5 because of similar 

RH. These PM evolution characteristics observed here highlight the importance of 

meteorological conditions on driving particulate pollution (Li et al., 2017) and imply 

different formation mechanisms of PM pollution during different seasons. 35 

3.6 0ÈÏÔÏÃÈÅÍÉÃÁÌ ÏØÉÄÁÔÉÏÎ ÁÎÄ ÁÑÕÅÏÕÓȤÐÈÁÓÅ ÃÈÅÍÉÓÔÒÙ 

4Ï further elucidate the formation mechanisms of secondary aerosol, ÔÈÅ ÓÕÌÆÕÒ 
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ÏØÉÄÁÔÉÏÎ ÒÁÔÉÏ ɉ&3/τɊ ɉ3ÕÎ ÅÔ ÁÌȢȟ ςππφɊ ×ÁÓ ÃÁÌÃÕÌÁÔÅÄ ÁÃÃÏÒÄÉÎÇ ÔÏ %ÑȢ ɉρɊȡ 

 Ὂ                 ɉρɊ 

where ὲὛὕ and ὲὛὕ are the molar concentrations of sulfate and SO2, respectively. 

Fig. 6a-c plots FSO4 verse RH, colored by Ox (= O3 + NO2) concentration which is a tracer to 

indicate photochemical processing during late summer, autumn and early winter, 5 

respectively. FSO4 presents an evident exponential relationship with RH in autumn and 

early winter , and the relationship in early winter is even more pronounced, suggesting 

that aqueous-phase formation of sulfate might play an important role during extreme 

haze events in autumn and early winter in Beijing (Sun et al., 2013; Elser et al., 2016). 

However, Fig. 6a shows that in late summer FSO4 increased with RH at RH < 60% then 10 

decreased with RH at RH > 60%, which is different from those in autumn and early winter . 

When taking Ox into account, it is found that Ox reached the peak concentration when RH 

was 50-60%, then decreased when RH was  60%. The different characteristic of FSO4 in 

late summer was likely due to the large influence from photochemical oxidation. The 

relationship between FSO4 and Ox during different seasons are also shown in Fig. 6d-f. 15 

There is a liner relationship between FSO4 and Ox in the whole RH range during late 

summer with R2 = 0.40. A liner relationship between FSO4 and Ox could still be observed in 

autumn at RH < 65% with R2 = 0.48. However, there is no clear relationship between FSO4 

and Ox concentration in early winter , although there is a weak increasing trend for a few 

data points with Ox concentration higher than 40 ppb. These results suggest that 20 

photochemical oxidation played an important role for sulfate formation in late summer, 

while aqueous-phase reactions were more responsible for the sulfate concentrations in 

autumn and early winter.  It should be noted that at the typical atmospheric level of OH 

radical, the lifetime of SO2 from the reaction with OH is about 1 week (Seinfeld and Pandis, 

2016; Zhang et al., 2015). Thus, SO2 oxidation into sulfate may proceed during long-range 25 

transport in late summer (Rodhe et al., 1981), consistent with our results in Figure 3. 

We further investigated the formation mechanisms of SOA during different seasons. 

Fig. 7 shows the effects of RH LWC and Ox on the mass concentrations and mass fractions 

of LSOA and RSOA during different seasons. The variations of OA composition as functions 

of RH was different among three seasons. During late summer, both the mass 30 

concentrations of LSOA and RSOA first increased at RH < 60% and then decreased as RH 

increased, which is similar with that between FSO4 and RH. The mass concentration of 

LSOA increased from 3.9 µg m-3 to 5.6 µg m-3 when RH increased from 20% to 60% and 

then decreased to 1.7 µg m-3 when RH increased to 90%. Similarly, the mass concentration 

of RSOA increased from 6.4 µg m-3 to 11.9 µg m-3 and then decreased to 4.2 µg m-3. This 35 

suggest that the high RH condition did not promote the formation of SOA and the mass 

decrease is likely due to the concentration decrease of Ox when RH > 60% (as shown in 



15 
 

Fig. 6). During autumn and early winter, mass concentrations of LSOA and RSOA increased 

gradually as RH increased and this increasing trend become flat when RH >60%. 

Moreover, the mass fraction of SOA did not show clear changes when RH increased. 

During late summer, the LWC ranged from 2.1 µg m-3 to 53.6 µg m-3, both the mass 

concentrations of LSOA and RSOA increased as LWC increased when LWC was higher than 5 

~25-35 µg m-3. In comparison, the LWC concentrations during autumn and early winter 

were much higher than that during late summer, and the increasing trends of SOA were 

much obvious than that during late summer. The mass concentrations of LSOA and RSOA 

increased from 7.3 µg m-3 to 33.3 µg m-3 and 3.5 µg m-3 to 11.5µg m-3 respectively when 

LWC increased from 12.3 µg m-3 to 519.6 µg m-3, and the mass fraction of SOA increased 10 

from 30% to 38% during autumn. In comparison, during winter, the mass concentration 

of LSOA increased from 5.6 µg m-3 to 37.9 µg m-3 when LWC increased from 9.7 µg m-3 to 

436.6 µg m-3 with the mass fraction of LSOA increased from 37% to 42%. RSOA displayed 

no clear increase trend with LWC as it played a minor contribution during early winter. 

These variations indicated the promotion of aqueous-phase processes on the formation 15 

of SOA especially during autumn and early winter with higher LWC. Variations of the mass 

concentrations and fractions of LSOA and RSOA as functions of Ox during different seasons 

were also shown in Fig. 7. The mass concentrations of SOA increased clearly with the 

increase of Ox concentration during all three seasons and the mass fraction of SOA also 

increased from 64% to 76% during late summer and increased from 59% to 80% during 20 

autumn as Ox increased from 30 ppb to 120 ppb. HoweverSimilar with that of LWC, the 

increasing rates of LSOA and RSOA as functions of Ox were substantially different among 

different seasons. In late summer, both LSOA and RSOA presented linear increases with 

the increase of Ox. As a comparison, LSOA showed higher increase rates with Ox than that 

of RSOA during autumn and early winter as LSOA played a dominant role in the haze 25 

formation during autumn and early winter. As shown in Fig. 7, SOA concentrations 

increased with Ox in the whole range while decreased with RH at RH > 60% during late 

summer. The average increasing rates with Ox was 4.4 µg m-3 per 10 ppb Ox increase in 

autumn and 5.6 µg m-3 per 10 ppb Ox increase in early winter for SOA (LSOA+RSOA) 

concentration. In comparison, the average increasing rates with RH was 1.7 µg m-3 per 10% 30 

RH increase in autumn and 2.2 µg m-3 per 10% RH increase in early winter . The increasing 

rates with Ox are faster than that with RH during autumn and early winter. These results 

clearly indicate that both photochemical processing and aqueous-phase reactions played 

a dominantimportant  roles in the formation of SOA during all three seasons. although 

aqueous-phase chemistry may also have a contribution for the SOA formation during 35 

autumn and early winter. 

 

4. Conclusion  
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)Î ÔÈÉÓ ÓÔÕÄÙȟ ÁÎ !#3- ÃÏÍÂÉÎÅÄ ×ÉÔÈ ÁÎ !ÅÔÈÁÌÏÍÅÔÅÒ ×ÅÒÅ ÁÐÐÌÉÅÄ ÆÏÒ ÒÅÁÌȤÔÉÍÅ 

ÍÅÁÓÕÒÅÍÅÎÔÓ ÏÆ 0-ρ ÓÐÅÃÉÅÓ ɉÏÒÇÁÎÉÃÓȟ ÓÕÌÆÁÔÅȟ ÎÉÔÒÁÔÅȟ ÁÍÍÏÎÉÕÍȟ ÃÈÌÏÒÉÄÅ ÁÎÄ "#Ɋ 

ÆÒÏÍ ρυ !ÕÇÕÓÔ ÔÏ τ $ÅÃÅÍÂÅÒȟ ςπρυ ÉÎ "ÅÉÊÉÎÇȢ 4ÈÅ ÁÖÅÒÁÇÅ ÍÁÓÓ ÃÏÎÃÅÎÔÒÁÔÉÏÎ ÏÆ 0-ρ 

ÖÁÒÉÅÄ ÆÒÏÍ ςρȢφ ʈÇ ÍȤσ ÉÎ ÌÁÔÅ ÓÕÍÍÅÒ ÔÏ φτȢσ ʈÇ ÍȤσ ÉÎ ÅÁÒÌÙ ×ÉÎÔÅÒȟ ÉÎÄÉÃÁÔÉÎÇ ÔÈÁÔ 0- 

ÐÏÌÌÕÔÉÏÎ ×ÁÓ ÍÕÃÈ ÓÅÒÉÏÕÓ ÉÎ ×ÉÎÔÅÒÔÉÍÅ ÄÕÅ ÔÏ ÅÎÈÁÎÃÅÄ ÅÍÉÓÓÉÏÎÓȟ ÌÏ× ÔÅÍÐÅÒÁÔÕÒÅÓ 5 

ÁÎÄ ÓÔÁÇÎÁÎÔ ÍÅÔÅÏÒÏÌÏÇÉÃÁÌ ÃÏÎÄÉÔÉÏÎÓȢ /! ÃÏÎÔÒÉÂÕÔÅÄ ÔÈÅ ÍÁÊÏÒ ÆÒÁÃÔÉÏÎ ɉτφϷȤφτϷɊ ÔÏ 

0-ρ ÍÁÓÓ ÄÕÒÉÎÇ ÁÌÌ ÔÈÒÅÅ ÓÅÁÓÏÎÓȟ ÆÏÌÌÏ×ÅÄ ÂÙ ÎÉÔÒÁÔÅ ɉφϷȤςςϷɊ ÏÒ ÓÕÌÆÁÔÅ ɉρρϷȤρυϷɊȢ 

2ÅÇÁÒÄÉÎÇ ÔÈÅ /! ÆÁÃÔÏÒÓȟ ÔÈÒÅÅ ÐÒÉÍÁÒÙ /! ɉ(/!ȟ #/! ÁÎÄ ##/!Ɋ ÁÎÄ Ô×Ï ÓÅÃÏÎÄÁÒÙ /! 

ɉ,3/! ÁÎÄ 23/!Ɋ ×ÅÒÅ ÒÅÓÏÌÖÅÄȢ 3ÅÁÓÏÎÁÌ ÖÁÒÉÁÔÉÏÎÓ ÓÕÇÇÅÓÔÅÄ ÔÈÁÔ 3/! ÄÏÍÉÎÁÔÅÄ /! 

ÄÕÒÉÎÇ ÌÁÔÅ ÓÕÍÍÅÒ ÁÎÄ ÁÕÔÕÍÎȟ ×ÈÅÒÅÁÓ 0/! ÐÌÁÙÅÄ Á ÍÏÒÅ ÉÍÐÏÒÔÁÎÔ ÒÏÌÅ ÉÎ ÅÁÒÌÙ 10 

×ÉÎÔÅÒ ÄÕÅ ÔÏ ÔÈÅ ÄÒÁÍÁÔÉÃÁÌÌÙ ÉÎÃÒÅÁÓÅÄ ÆÒÁÃÔÉÏÎ ÏÆ ##/! ÉÎ ÈÅÁÔÉÎÇ ÓÅÁÓÏÎ ɉÆÒÏÍ 5% in 

late summer to 26% in early winter)Ȣ ! ÈÉÇÈÅÒ 23/! ÆÒÁÃÔÉÏÎ ɉτψϷ ÏÆ /!Ɋ ÉÎ ÌÁÔÅ ÓÕÍÍÅÒ 

ÁÎÄ ÈÉÇÈÅÒ ,3/! ÆÒÁÃÔÉÏÎÓ ÉÎ ÁÕÔÕÍÎ ɉτσϷ ÏÆ /!Ɋ ÁÎÄ ÅÁÒÌÙ ×ÉÎÔÅÒ ɉτρϷ ÏÆ /!Ɋ ÁÎÄ 

ÄÉÆÆÅÒÅÎÔ ÃÏÒÒÅÌÁÔÉÏÎÓ ÂÅÔ×ÅÅÎ 23/! ÁÎÄ ÓÕÌÆÁÔÅ ×ÅÒÅ ÆÏÕÎÄ ÉÎ ÏÕÒ ÓÔÕÄÙȟ ÓÕÇÇÅÓÔÅÄ ÔÈÁÔ 

ÒÅÇÉÏÎÁÌ ÔÒÁÎÓÐÏÒÔ ÐÌÁÙÅÄ Á ÍÏÒÅ ÉÍÐÏÒÔÁÎÔ ÒÏÌÅ ÉÎ 3/! ÁÎÄ ÓÕÌÆÁÔÅ ÓÏÕÒÃÅ ÉÎ ÌÁÔÅ ÓÕÍÍÅÒȟ 15 

×ÈÉÌÅ ÌÏÃÁÌ ÆÏÒÍÁÔÉÏÎ ×ÁÓ ÉÍÐÏÒÔÁÎÔ ÉÎ ×ÉÎÔÅÒ ÄÕÅ ÔÏ ÈÅÁÔÉÎÇȢ  

Haze evolution and formation mechanisms of PM1 were also discussed. Results 

suggested that secondary aerosol species including SIA (sulfate, nitrate and ammonium) 

and SOA (LSOA and RSOA) dominated PM1 species during all three seasons with fractions 

of 72%, 71% and 66% during late summer, autumn and early winter, respectively. SOA 20 

had a dominant contribution  to PM1 in late summer, while SIA played a key role during 

autumn and early winter. (ÉÇÈÅÒ ÃÏÎÔÒÉÂÕÔÉÏÎÓ ÏÆ ÓÅÃÏÎÄÁÒÙ ÓÐÅÃÉÅÓ ɉ3)! ÁÎÄ 3/!Ɋ 

ÆÕÒÔÈÅÒ ÏÂÓÅÒÖÅÄ ÉÎ ÐÏÌÌÕÔÉÏÎ ÅÐÉÓÏÄÅÓ ÅÍÐÈÁÓÉÚÅÄ ÔÈÅ ÉÍÐÏÒÔÁÎÃÅ ÏÆ ÔÈÅ ÓÅÃÏÎÄÁÒÙ 

ÆÏÒÍÁÔÉÏÎ ÐÒÏÃÅÓÓÅÓ ÉÎ ÈÁÚÅ ÐÏÌÌÕÔÉÏÎ ÉÎ "ÅÉÊÉÎÇ. We explored the formation mechanisms 

of secondary aerosol during different seasons and found that both ÐÈÏÔÏÃÈÅÍÉÃÁÌ 25 

ÐÒÏÃÅÓÓÉÎÇ ÁÎÄ ÁÑÕÅÏÕÓȤÐÈÁÓÅ ÐÒÏÃÅÓÓÉÎÇ ÐÌÁÙÅÄ ÉÍÐÏÒÔÁÎÔ ÒÏÌÅÓ ÉÎ ÄÏÍÉÎÁÔÅÓ 3/! 

ÆÏÒÍÁÔÉÏÎ ÄÕÒÉÎÇ ÁÌÌ ÔÈÒÅÅ ÓÅÁÓÏÎÓȢ )Î ÃÏÍÐÁÒÉÓÏÎȟ ÇÁÓȤÐÈÁÓÅ ÐÈÏÔÏÃÈÅÍÉÃÁÌ ÏØÉÄÁÔÉÏÎ 

×ÁÓ ÔÈÅ ÍÁÊÏÒ ÆÏÒÍÁÔÉÏÎ ÍÅÃÈÁÎÉÓÍ ÏÆ ÓÕÌÆÁÔÅ ÉÎ ÌÁÔÅ ÓÕÍÍÅÒȟ ×ÈÉÌÅ ÁÑÕÅÏÕÓȤÐÈÁÓÅ 

ÃÈÅÍÉÓÔÒÙ ×ÁÓ ÌÉËÅÌÙ ÐÌÁÙÉÎÇ ÁÎ ÉÍÐÏÒÔÁÎÔ ÒÏÌÅ ÉÎ ÁÕÔÕÍÎ ÁÎÄ ÅÁÒÌÙ ×ÉÎÔÅÒȢ  

 30 
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Table1 . Summary of PM1 mass concentrations and composition as well as OA 

composition in Beijing during different seasons. 

   Ϸ ÏÆ 0-ρ Ϸ ÏÆ /!  

Year 
3ÅÁÓÏÎ 

(Characteristic) 

0-ρ 

ɉʈÇ ÍȤσɊ 
/! 3/τ ./σ .(τ #ÈÌ "# 0/! 3/! 2ÅÆÅÒÅÎÃÅ 

2008 

Summer 

(Olympic 

Games) 

φσȢρ 38 27 16 16 1 3 43 57 
Huang et al., 

2010 

ςπρπ 7ÉÎÔÅÒ φπȢπ υπ ρσ ρπ ρρ ψ 9 φω σρ (Õ ÅÔ ÁÌȢȟ 

ςπρφ ςπρρ 3ÕÍÍÅÒ ψτȢπ σρ ςφ ςπ ρφ ρ 5 συ φυ 

2011 Summer 50.0 40 18 25 16 1 - 36 64 
Sun et al., 

2012 

2011 Winter 66.8 52 14 16 13 5 - 69 31 
Sun et al., 

2013 

2011 Autumn 53.3 50 12 21 13 3 - - - 

Sun et al., 

2015 

2011 Winter 58.7 51 13 17 14 5 - - - 

2012 Spring 52.3 41 14 25 17 3 - - - 

2012 Summer 61.6 40 17 25 17 1 - - - 

2012 
Winter 

(Non-Heating) 
56.0 48 12 18 9 4 9 45 55 

Wang et al., 

2015 
2012 

Winter 

(Heating) 
84.2 50 16 12 9 7 7 62 38 

2013 Winter 64.0 60 15 11 8 6 - 57 43 
Sun et al., 

2016 

2014 
Autumn 

(Before APEC) 
ψψȢπ 38 14 26 11 4 7 46 54 

Xu et al., 2015 

2014 
Autumn 

(During APEC) 
τρȢφ 52 9 19 9 5 6 66 34 

2015 

Autumn 

(Parade 

control)  

ρωȢτ 55 18 12 8 1 6 35 65 

Zhao et 

al.,2017 

2015 

Autumn 

(Non-Parade 

Control) 

τυȢτ 40 20 20 12 2 6 35 65 

2015 Late Summer ςρȢφ 64 14 6 7 1 8 29 71 

This Paper 2015 Autumn τσȢσ 49 11 22 8 2 8 39 61 

2015 Early Winter φτȢσ 46 15 20 10 3 6 53 47 
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Figure 1. Time series of (a) temperature (T) and relative humidity (RH), (b) wind speed 

(WS) and wind direction (WD), (c) O3 and SO2, (d) CO and NOx, (e) PM1 species, (f) mass 

fractions of PM1 species during the entire study. 7 clean episodes (C1-C7), 7 moderate-

pollution episodes (M1-M7) and 5 high-pollution episodes (H1-H5) are marked for 

further discussion. 

 

 

 

 

 

 

 

 

 



26 
 

 

 

 

 

 

 

 

 

Figure 2. Mass spectrums (left) and time series (right) of five resolved OA factors. Error 

bars of mass spectrums represent the standard deviation of each m/z  over all accepted 

solutions. The time series of BC, m/z  55, chloride and nitrate are shown for comparisons. 
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Figure  3. (a) correlation between time series of SO4 and LSOA, (b) correlation between 

time series of SO4 and RSOA, (c) bivariate polar plots of SO4 during late summer (left), 

autumn (middle) and early winter (right) as functions of wind direction and wind speed 

(m sϺ1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


