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Abstract To study the pollution characteristics of carbonaceous aerosols, PM, s and PM;, samples
were collected in Handan from January to October, 2016. Thermal optical reflection (TOR) was used
to analyze the mass concentrations of organic carbon (OC) and elemental carbon (EC) in the PM, s
and PM,, samples. The characteristics including pollution level and seasonal variation of OC, EC,
OC/EC ratio, correlation between OC and EC, estimation of secondary organic carbon (SOC),
relationship between carbon components and gaseous pollutants with meteorological factors, and
possible sources of OC and EC, were investigated. Results showed that the mass concentrations of
PM, 5 and PM,, displayed seasonal variation as winter > spring > autumn > summer. The mean of
OC concentrations in PM, 5 and PM;, were 20.8 pg'm™ and 34.9 pg-m™, respectively, while EC
were 6.6 pg'm and 10.9 pg-m™, respectively. The average annual contribution rate of OC to PM, s
was 24.0%, and it is 7.0% for EC. The contribution values to PM;, were 18.7% and 5.9%,
respectively. Total carbonaceous aerosol (TCA) accounted for 45.4% and 35.8% in PM, 5 and PM,,,
respectively, suggested that the pollution of carbonaceous aerosol was serious in fine particles. The
average annual OC/EC ratios of PM, 5 and PM;, were 3.6 and 3.4, respectively. The ratios of OC/EC
in four seasons were all larger than 2, which indicated that SOC were formed. The seasonal
characteristics of SOC in PM, s and PM;, were ranked by the order of winter > autumn > spring >
summer. The average mass fractions of SOC in PM, s and PM,, were estimated to be 11.7% and
7.3%, respectively. OC, EC and SOC were positively correlated with SO, and NO,, which implicated
that the air environment in Handan was affected by the emission of coal combustion and vehicle
exhaust all the year round possibly. The air parcel back trajectory and concentration radar chart
approaches were applied to investigate the source of carbonaceous aerosols. Back trajectory analysis
suggested that the air masses reached to Handan during the study periods mainly came from the
northeast, northwest and southeast China. The research of concentration radar chart showed that
particulate material, OC and EC may have stronger correlation with the northwest wind direction,
which indicated that the industrial area and high urbanization in the west region had a certain
contribution to the pollution of local carbon aerosol.

Keywords PM,s and PM,,, organic carbon, elemental carbon, secondary organic carbon,

pollution characteristics.
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1 MBS i (Materials and methods)

L1 HERCRAE
KA S LB A R L T AR K AT ORI (36.57°N, 114.50°F, [ 45 p, HB M T3 A e e 00 sty ), 5 b 1
2 16 m. 2GR A SRS [T R AB R SR PR, 2R 2. IRHE T2 LUK . i T L K Je Rl el 32 o
Tk 3T, M B R ARG, M AR AR AU S, PG AT Ll ik, KA TS Yy i 5k BE A HE RCRUAS F1 35 Qe 9
A b TR 1T fi S S8 T 2 /0T G S I PR SRR TR A AR L XU L AR B RN RS TE G (SO,
NO,. 0;) R S50k A B M (https://www.aqistudy.cn), ILZE 1.
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Table 1 Gaseous pollutants and meteorological parameters during sampling periods

2} 43Components 4 Winter #Spring X Summer FkAutumn 44F Annual
SO,/(ug'm™) 87.4 389 142 315 40.1
CO/(mg'm™) 2.3 12 1.3 1.3 1.5
NO,/(ug'm™) 60.6 58.4 40.2 60.9 55.0

Os/(ngm™) 35.0 61.5 66.8 452 52.0

L/ C 2.7 18.0 26.9 19.2 16.4
AHXRREE/ % 40.3 49.3 71.5 64.8 583
W/ (m-s™") 2.1 25 1.6 1.8 2.0

K 2238 25 S 0B W R AEAR (UnrayZR-3930D) SR4E PM, 5 Fll PM, BE 5, J# R 16.7 L-min ™', fif
FH AT S B R AT B4 2y A0 M. 2B R 1 A (2016-1-23—2016-1-31). 4 A (2016-4-17—2016-4-26). 7 F
(2016-7-1—2016-7-11) F1 10  (2016-9-26—2016-10-9) 1} P4 Z= At 36 7 FE 4T RAE, 4K FE T RN}
KM 11.5 h, 8:00—19:30 & Day-£ i, 20:00—¥K H 7:30 & Night-F£ 5, HARTGA BORE T 156 7K. fdi 58
[ vb I WF 5% B R 69 2 0% B 4 BT A (DRI model 2001A) %f PM, s Fil PM,, 1 8% 40 43 ik 47 43 #7
HYSPLIT J& [a] BT 2 50 B K A0T5 Y B ik« SR IR . I B g BRI 07, Bt vz i K5 e
B3 HIORN % 5 A BIF 9, AR Sl 2 7F 26 B HY SPLIT £ 7Y (https:/ready.arl.noaa.gov/HY SPLIT.php) X 1S
BAS SRASE I ) P S P I 2R 4 7 40
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SKRERTE A FL AR 550 °C S af g b BE 5.5 h, BR E AR A7 S 5 2R 1E IR A (R £25 °C AR
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TESr MTRESR ) OC, EC W, B 10 SRR & FPAT 8 1 ASFR & AT AT RRAR I, EESR A TCA i 22 <5%,
OC F1 EC 1 2 <10%°.

2 R 51HE (Results and discussion)

2.1 PM, s Fll PM,, /K- 5245481k

&1 A3 2 T, 4528 PM, 5 Fl PMy I3 E I vk B 3 R B A >R/ B >E>H B, R
[ 245 1 PM o SME T M B2l 136.3—224.6 pg'm™ PM10 B oG BE YL L Ry 73.3—418.1 pgem >, 78
4 7 (224.6 pgm”) F A ZE (215.0 ngm®) 15 B 19 PMyo T 1 € B 5 T B % (136.3 pg'm™) Fl #k %
(165.4 pgrm™). 4 & . BB PM, o (BB 1 T B PR 85 25 S0 p il (GB3095—2012) H #4{E A — 2%
FRUEDI(150 pg-m™), PM,, H ¥EHEFRER N 60.3%.
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B 1 2016 “EHEHETHT PM, s, PMo H 23 B (4 8] )5 51 [4] (D-Day, N-Night)
Fig.1 Time series of daily average concentrations of PM, 5 and PM,, in Handan in 2016(D-Day, N-Night)
&2 PM,s. PM,,. OC. EC WIB R & 5 L4y 81
Table 2 Mass concentration and percentage of PM, s, PM;,, OC and EC
4 4 Winter #Spring X Summer K Autumn 44 Annual
Components PM, 5 PM; PM, 5 PM; PM, 5 PM; PM, 5 PM; PM, 5 PM;
PM/(pg-m™) 122.6 224.6 99.9 215.0 71.7 136.3 88.4 165.4 95.0 180.2
OC/(ug'm™) 35.6 70.3 15.8 28.1 11.4 17.7 21.9 30.7 20.8 34.9
EC/(ug'm™) 10.4 21.1 5.9 9.2 44 5.4 6.4 9.9 6.6 10.9
TC/(ug'm™) 46.0 91.4 21.7 37.3 15.8 23.1 28.3 40.6 27.4 45.8
TCA/(ugm™) 67.3 133.6 31.2 54.1 22.7 33.7 41.5 59.0 39.8 66.8
OC/EC 44 32 2.9 3.5 2.8 3.6 4.1 33 3.6 34
(OC/TC)/% 78.7 75.1 73.5 76.4 72.5 77.1 77.9 75.4 75.8 76.0
(EC/TC) /% 21.3 249 26.5 23.6 27.5 229 222 24.6 242 24.0
(TCA/PM)/% 54.2 56.3 35.6 25.7 31.8 25.2 56.4 37.6 45.4 35.8
(OC/PM)/% 29.2 29.2 18.3 13.5 16.2 13.3 30.3 19.6 24.0 18.7
(EC/PM)/% 7.5 9.6 6.3 42 5.9 3.9 8.0 6.2 7.0 5.9
0C, 5/0C,¢/% 52.7 56.4 65.7 70.7 62.8
EC, s/EC,¢/% 443 67.6 85.9 61.6 65.5

PM, s/PM,¢/% 533 458 56.6 50.0 515
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SR 15 AT SR ™
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PM,, 1SR I HA — 2. PM, s/PM, o 2 4EME N 51.5%, BEABHN(66.0%). 7 5L Tl X (67%)1, HEHE
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Fig.2 Time series of daily average concentrations of carbon concentrations (D-Day, N-Night)
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5.9%, &= T & B (12.2%, 4.9%) F1EG 5 11(8.3%, 3.1%), % B OC. EC 7840 Wi ki ¥ b 5 1Y 1o 5 4 K.
PM, 5 Fl PMy, ' OC Il EC i FZ i 2= 15840 (& Ze>fh B>B > E 7)) MU —2, SR 218 1L (%
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> BT IS 2 ) WA AR, (HAR SR & i iy, BRI RE s, i T EC J& =20k [ Hb ik be
VR (B BEAAEH) 15 ), X T2 R0 R, 15 Y B2, BT R T S E 2L &5
W EE R EC, OC FHASURL ) 32 28 55 4 v L2, AMREHE T 1 n A 44 2 RS BRI, AR B i R (2
TR I A O, A e P AR AR 14 V4 B 1o I IR A B i, T v S A B A, (R
RV WL W B 2 30 A AR SOR ) T, e Az A 35 AR R 22, F 2 v 2 o R ) BTk s, i
) OC. EC M it 2R, SRR T I & e R 3K

PM, s Y OC e BE7E4 . . B . FKZE2r 910 35.6, 15.8, 11.4, 21.9 pgm™, 4351 i PM,, ' OC #k
B (70.3. 28.1, 17.7, 30.7 pg'm™) {9 52.7%. 56.4%. 65.7% F 70.7%; % . & . E FFZE PM, s "' EC ik
JE (104, 59, 4.4, 6.4 pg'm™) 43 5 15 PM,o 1 EC ¥ & (21.1, 9.2, 5.4, 9.9 ug'm?) 4 44.3%. 67.6%.
85.9% 1 61.6%, 1% 25 5 Wang S5 F 57 — 55, R B HBHL T EC A OC 3= 22 & 45 76 40 ik v . 45 2
0C, 5/OC o Fl EC, s/EC, HAE Y B35 T PM, s/PM,, i LLAE, 28] PM,, ' OC 4 62.8%, EC 45 65.5%
S TEA R . FER TR, PM, 5/PM, o I LLIEBLAR, X RUIHERLL PM, HEOh 3, X FEEZHERZL
WA RS IS,

TCA $& WKL W) 1 2 41 B A9 ke JoT < e, 385 T OC 7% Ak il i) S A HIL ) (OM) Sk Ak 33, AR
Turpin A1 Lim®! {85, T A USSR LGS OC SR LL 1.6 KfhH, TCA i i i3 A WL
JCE BRI AN E], BI: TCA=1.6xOC+EC. AAHF5T TCA i PM, 5 [t 45.4%, TCA/PM,, N 35.8%,
1 TR HIP'TCA/PM, 5(32%), TCA/PM,(30%), HBHE TCA 3224 b T 400K A 3. 1 BT 2 AT, TERK A
7%, TCA Wk B35 HLAE R b o5 LA i, v B2 R T RK RS A1 45 A 1 TR B8 RN A 2R 4 P Iz, 14
TG G AR R B . EC FE 2 B ik ) SRR be i AR HE Y™, PM, 5 A PM T EC/TC(24.2% Fl
24%) 2 LA — UK HE L /I8 A, T OC W Eh ¥ Y 8 B 4 HE L ) — WA MLk (POC) A HiT 1A 9738 4
ek SR 7 A 0 A HILBK (SOC) 4 A%, R Ik, Bl S5 A B S TR T PML, 5 A F 240 AR 4
2.3 OC. EC 1 LU IEFRAE S AR S

Ttk o A e PR R s g o 2 RO B Y £ B — IR HE IR (EC 1 POC) Fil ik % AL IR (SOC) ZH A,
IEH FFH OC/EC ¥ B HUABR AIF o HHE AR A% Ak 2 Ak A7 OC/EC # i FAE A 5 SOC FI/R B ik
F S BCHERR, 24 OC/EC fHKTF 2 i, "IN HAFTE SOC V5 YL, OC/EC FEA [F] Y 3 il N AR IRAS [F] fr)
VYRR, H I, T P TR BT VS T 1 A

PM, 5 #ll PM,;, ' OC/EC 4EHI1E 5 %) K 3.6 1 3.4, 47 OC/EC HAH KT 2, ¢ W HE 4= 4 2 77
7E SOC V53¢, KA H OC/EC FLA AT GE /& i T POC R BTk ASIR], {5 5 AT B2 T 38Tl A il IX.
KWL & A SOC I #E B f % i) U IR, b ah, KA W A ALK IR F i #5 Z EA HLL &9 (VOCs),
XS R A AL G PR 2 25 AP A R -, T4 OC/EC LR, BRI, V5 Y23 R AR AR ]
i T3 OC/EC LR IGHE N, X AEVF 23Rk T 22 [R]2 AR — S0 2, A W58 Kk 3 A= 9 s R e 19 [B] OC/EC {H.
] 9.0—12.3, KA N 1.1—1.6, Z BRI N 2.7—3.0%5 FEARBF 5T b, HREE OC/EC (134 (8 1A 4
T VA2 R AR R IR R T HIE T (%) AR IO AR, 48 705 1 HES B8 T 52 R AR R 5 3 1 552 Wi A R SR AR B0 i) S 88
PM, 5 Fl PM,, ' OC/EC H{H VG, 70514 1.6—11.2 A1 1.6—6.1, FHZW a5 e vl e 54 RS
PRI AR BRI S5 A G 25 SR B R0 il 25 5 BB A ALY B 5 2% 1 5 DL S R AT BILACTS I 14
i 2 3B % OC/EC H 2 T Pl 38 2 1, PMy, Y OC/EC LU HTE A ZE (3.2) Bk, e H &=
(3.6) L, 15 PM, s 1 1) OC/EC HfE7E B 2 (2.8) UK, 7E4 7 (4.4) B, X A&y & AL, 5
EC b, OC M BTHR T K. e Ak, 4 ZR R ME ULt 3 Jin T 45 & PEA HLRTIR A HERL, LSRR S 80k R
PEA HLAL S WA BUAT [E 1A J0RL_E f 82 BRE D72 BE™7 29, 1 24 22 R RZ R 2 SOC I Ji.

Turpin %59 A Ky, il 3 WF 58 OC F1 EC A A &, T R 40 5 ik o /38 I ) A R — bk, 25 OC,
EC A X M 4f, W SR BT OC. EC HEMOIE — 2 Je 2z, WISR B — # HEOIR &2 44, &l 3 %0, PM, 5 il
PMyo 1 OC. EC f£4¢ . F MM R, B . BCEM R 2, R | B Z 0T BRI A X —
£, ATRE ROk FARIE . AKVR) RV ER Tl 4575 e, DA KR T 3T (ST 2% 5 B 2 TR R G B 4
150, B2 A AEAE Y SOC SE MR, RN 1 Hlth Hh BRAE b 5 Y KR A7 I SUE R R Gese i, A R F
S RYI Y H. AR R, PMys 1 OC, EC M OCHERS PM o i OC. EC AHG: 22, 3R PM, 5 H1ok
VR HE R 5 7.
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Fig.3 Correlation between OC and EC in PM, 5 and PM,, of four seasons in Handan in 2016

24 SOC HfhE

AW MR A Turpin 26§ EC 7R B 15 Al Castro %57 41 H (4 e /IME 25 2847 SOC BIAG A, BIY: % 58
EC 5 POC ¥4 # A5, I % — R F k19 (OC/EC),,; H, T & (1) OC/EC {H 8 132 o Bl 98 43 B oy
SOC, Hll': SOC=0C-EC-(OC/EC),, 2\ OC Fl EC Ay WL VK B (. (OC/EC) i 18 (OC/EC), 5, A 58
SOC AN : SOC=0C-EC-(OC/EC) . HFFEH1 & OC/EC F Ak AR A RE i SOC e 7] ZL0% . SOC [ fih
AR LR 3.

R 3 SOC ¥ E KX OC 1 PM J5i 7 [ 5Tk
Table 3 SOC concentration and its contribution to OC and PM

143 2 Winter #Spring ¥ Summer X Autumn 4=4F Annual
Components PMy s PM;o PM, 5 PMyo PM, 5 PM;o PM, 5 PM;o PMys PM;o
(OC/EC)min 1.6 2.4 2.1 1.8 1.9 1.6 1.8 1.9 1.6 1.6
SOC/(ug'm™) 19.9 20.7 3.6 12.8 3.1 9.3 10.8 12.4 9.2 13.4
(SOC/OC) /% 57.4 20.2 25.4 47.6 27.8 52.5 48.8 38.8 40.4 40.4
(SOC/PM) /% 18.1 6.5 5.5 6.6 53 7.3 16.4 8.1 11.7 7.3

K ZEFIFKZE (OC/EC) iy HLIEL I PM 5| PM, 5 AHXT T, 3T REZRBH PM,, i & OC (138 b 2
HOBETE. AR AT O LR R Z A 2, R AT REAE PM, s TP &% POC HEC. HEHETT (OC/EC) i, $52
T Wang 555 & I AR BA B FUBRAE () K S ) (OC/EC) yy HEZE (1.8), 3 THLEN A HE L RS
SIEIET I (OC/EC) i FLR (1.2). BRI, HSHR AT A5 19 EC I\ Ry 2 A A BRRE R AR P R 8 r= A 1 . 42
B (OC/EC) i AT BEE ML BN 4 Hh 2% A AT BB W i it HE A 2. 7T UGB, an 2R A i b2 4%
RN DA P F B, 0 RURLA AL Fr) v B K ] J B THIRLEE, 2R i T OC & A= 1l SOC, il
JiE N2 7R 3 = 2843 B (OCTEC) i, B RRARCL

& & H . BZE PM,s Bl PM 1 SOC ¥ B2 ¥(E 43 1 4 19.9 pug'm™ 1 20.7 pg'm™, 3.6 ug'm™ Fil
12.8 pg'm™, 3.1 pg'm™ A1 9.3 pg'm™, 10.8 pg-m™ Ml 12.4 pg-m>, HFFEHHE % SOC B AL, FkEMAFH
PR, B AR 2 REK, KO TS G BT BRBCR R, SECORAUTHY SOC ¥ FEFAIL; M7 2= R ALK,
KRR Z, WJE/N, T35 7 SOC W IRAIL; 425 SOC MR # R, &N & F 4L ih {ILIg, R HRET5 Y HE
JRCHE I, A ZE SRR, L3I 2 s B R, L3l 22 B AHEROE nt, KAGH FHZ AL, 2000 KA,
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Kt SOC 5y A= i AR 2, Wk J3 v T H B 2010, eAb, AR 5% B A W R B 2 5 m SOC iy %% Ak, ik & Bk
7% SOC e 3 A ey ) H B R 2 — P41, & 2% SOC W -S4V B2 1 T 2 2, R W s I 8 as g IR B G
FER A B X SOC He B A R M > 7E HA AR % v, & L 28 SOC ™ i fiw e 5 Ak T 1k 3
I &,

SOC X ks ) J5i B 1) BT kR 40 51N 11.7%(PM, 5) Fil 7.3%(PM, ). HoHf, PM, 5 F SOC/OC HL{R 7E 4
7 (57.4%) FIFk 2 (48.8%) 1 T 25 (25.4%) FI K 2= (27.8%). H1 &l 4 A1, X — 345 SOC/PM AH 1,
A BBk ZE SOC Tt Wk B2 Al SOC/OC AR 1% 285715 AR Ak 5 KIS P LI 245 2R — 350, AEAR D5 v, & = Ak
Z% SOC Jii 1 ¥k J& Al SOC/OC FLAB 55 i, 1T B8 S SR S % A 2= 9 o R B HE R 1 386 n, 3k ml 38 3 1
SOC SRR A B, -5 SOC MR T+ . LAk, AR5 X 4 2 FAk 24 H B iR i 37
JRRARA, XL A A TS YW LR, & Z IR T #E & A DL AR ) b v B, X 2 &
H PM, s 1Y SOC/OC FUAE TE A ZE e i 1 R R B2 {H PM,, B SOC/OC L TEA Z R, BEEfRm. —K
UL T, SOC 2 i P~k BRI Wi 5 HLA 9 2804k S iy A 7K 28 0 4 BE A% , D Ak s g i B
X SOC M TE WS 3 g AR T, IFo 2 R W, B T+ 10 °C B, SOC ¥k FE A1 18%, (IR il A F T
VOCs 7E UL I Ay I8 B A . 2 2 v iR, R X 3 RN 5k B 194 o PR 4 5 R e fh 2 B I #2488 7 L i)
KA, i OC WAL WALl SOC, HIikE 7 SOC/OC HH .

&2 Winter #Z=Spring B ZSummer FkZAutumn
. . ) ,
600 | @ [ ]soc : ErMmy, ! l—— SOC/PM,, —a—SOC/OC
(AVAN \ ! | I y =0
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Fig.4 Seasonal mean values of SOC, SOC/OC and SOC/PM ratio in PM, 5 and PM,(D-Day, N-Night)

2.5 WRASETGU) B RGN R AN

FERASTG Y, R HEBOR ARG 5 IR R R R, Bk B I T G w5 R e |k E
2. Turpin®® B 55 2 B, KA O FIUBL IR 5 A0 T8 A% =2 2002 38 2o i /R 9 PG 38, [R) A, 3K o 005 24 b 2
SOC J¥ B i 3 2R KA NOy 38 H I R & 32 R L8 42 B S HE U K, O3 F1 SOC J&:
Pl R = A 1, SO, FEBIEMEpc . A I 2 B BB = 4R, IR, T aE A 43 BT OC, EC 53415 Y
W AR S, R S P e ) DR I e SR U 2% 4 ) SPSS19.0 454 rP Y Pearson AH 56 22 5500
KL A Lo AR e, 15 AL 7y 5 R T RIS 4 SO,. NO, 1 O3 I JE R AL

MAAERF, OC, EC F1 SOC 5 SO, Al NO, £ i 3 1E M 5, I UBRTT # 4 Z I Ml sh 4= B X
Heg . 7428 OC M EC 5 SO, 2 B3 IFHIC, X5 SO, AR TR A K, g4 /2%
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40 %

WRBEHE R 30 SO, HEACE IS fin, H 4223800 KA, AR FI5 3P4 8, 538 SO, R BUH vk & 7t
T, TS e dst A5 040 ff 5 P e A KA TS YRR AE A5 1 SO, R 3 AR b = 2 32 31 KA 4% R RN R HE s VR )
SR, FEA-FF 22 OC A EC 5 NO, 2 10 25 IEAHOC, S T8 Be W DU i o X AR A P %, SR o532 31 22 HE
()58 Z05 ), A AL T RE Rl s AL Bl 42 R AR AR Y, A, A ZR MR IHE it 23 1 i U A VR
ok 25 AR A 1y WK I A A 45 1% 26 ) Jo A e HE T 25 15 im0 AR A % B B 2ol A e S B, fiff
NO, # b5 m. W24k FE, OC. EC #1 SOC 5 O WA HEX ARG, X R W OC AT HEM
Ji AR B 2 SOC 5 05 LR 35 1EAHSC, 24Fh HAF K 2% SOC Hil O; 7ERILIR IEA G, X 5HEFER
T L IR Y R AR O, RAAARE S TS Y i 0 S Ak 2= BN i 7= Az, A2 iF SOC B TR B,
X5 LR SEC2 i ge g SR — 3k, 3R B OC HA e fbi ki,
% 4 OC. EC. SOC 5B 15 YM L% S8 Mt

Table 4 Correlation of OC, EC, SOC with gaseous pollutants and meteorological parameters

N BRALSY B IR ik
Z=7y R . .
Carbon SO, NO, 04 Relative Wind
Seasons Temperature L
components humidity speed
PM, s—OC 0.737" 0.528™ -0.332" —-0.538" -0.133 —0.234"
PM, s—EC 0.761" 0.726™ —-0.386" -0.390" —0.084 —-0.182
PM, s—SOC 0.555" 0.238" —0.229" —0.532" -0.133 —-0.201
44F Annual
PM,,—OC 0.806™ 0.494™ —0.284" —0.575" —0.250" —-0.153
PM,,—EC 0.877" 0.643™ -0.422" —-0.691" -0.227" —0.148
PM,,—SOC 0.498™ 0.301" -0.110 —0.264" -0.119 —-0.208
PM, s—OC 0.759" 0.597" -0.270 —0.003 —0.009 —0.540"
PM, s—EC 0.896" 0.946" -0.424 0.404 -0.116 —0.264
PM, s—SOC 0.470 0.233 -0.095 -0.235 0.031 -0.519°
K Z=Winter _
PM,,—OC 0.817" 0.663™ -0.270 0.057 -0.073 -0.505"
PM,,—EC 0.862" 0.833" —0.463 0.185 —0.106 —0.481
PM,,—SOC 0.678™ 0.446 —-0.129 —0.189 —0.030 —-0.551"
PM, s—OC 0.707" 0.920" —0.680™ -0.437 0.515" —0.543"
PM, s—EC 0.701™ 0.884™ —-0.660" —0.482 0.686™ -0.418
PM, s—SOC —0.138 —-0.067 0.105 0.174 —0.573" -0.279
{FéSpring
PM,,—OC 0.690" 0.910™ —0.666" —-0.343 0.455 -0.416
PM,,—EC 0.627" 0.798™ -0.572" -0.373 0.658™ -0.253
PM,,—SOC 0.321 0.549" —-0.349 -0.164 —0.094 —-0.483
PM, s—OC 0.309 0.441 0.101 -0.276 —0.143 -0.263
PM, s—EC 0.004 0.671" —-0.387 —0.543" 0.346 -0.625"
PM, s—SOC 0.238 —0.504" 0.597" 0.465" -0.572" 0.596™
X ZSummer
PM,;,—OC 0.418 0.581" 0.044 -0.365 -0.070 -0.272
PM,,—EC 0.040 0.686™ -0.386 —0.615" 0.352 -0.707"
PM,,—SOC 0.545" —-0.245 0.683" 0.442 -0.759" 0.481"
PM, s—OC 0.240 0.595" -0.360 —-0.181 0.490° —-0.380
PM, s—EC 0417 0.762™ -0.373 -0.070 0.456" -0.318
PM, s—SOC -0.076 0.196 —-0.241 -0.176 0.385 —0.248
FkZEAutumn
PM,;,—OC 0.266 0.611" -0.307 —-0.130 0.392° —-0.286
PM,,—EC 0.593" 0.825™" -0.372 -0.137 0.461" -0.392"
PM,,—SOC -0.129 0.155 —-0.192 —0.181 0.286 —-0.139

TE: ** 20,0 17K (RUN)_E B 2EAHSE. * 20,05 7K (RU) L 2241,

Note: * *. Correlation is significant at 0.01 level (bilateral). *. Correlation is significant at 0.05 level (bilateral).
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OC. EC H1 SOC 5l EE . AHX 1 & 1 U8 52 17 AH 3G, 4 2% OC A SOC 5 XU &2 I 2%t AH ¢, 3R
B R R, A 1 Fis e ik, Rz, WA A Fis e g BUER, IBR T 4 =2 il KR, H RS
NFIZE, KGR, AFTHENRE, AR TP . 2 EC SR E 2 B IE
ARG, A B B, DU B 2H 43 1) ¥ % 8 ™ B, 10 T HTS 8 i A4 b — YR O EC ¥ % 19 BTk B o 2
B 7 BC 51 8 A XGHE A7 A 23 6UR1 56, SOC 5R X 1 88 0 XL sk 2 8 25 4 o6, HIBR T Jg iR = XU
fi, 2R IR 22T, MK X EC A7 5 BR1EFICY, misd st e fh2a v ik, MR i SOC JE AL, X 5 HiAfb i 75 45
#ﬁ[ll,lﬂ.
2.6 BRI BORIE BT

T3 i ) R FSORE P v T TR A BT PO e BTSSR R i 5 X Bk R A T R BT 4
ZE S A 5 R B e B, AE S0 ] 2 3k T v 9 AR R 2ok A BRI ARl . PEAL R AR b X 4%
Zedb 7 T (R, V5 e Wy HE O 0, R T 82 AR A AR 2 e, AT B AE AL UL R AR R B 2% 1 & s
Yo FRMKZEZ I R, IR T & ZZ AL B s m T 272 KA, AR kAT
PG N St X, S AT BE R B 7T Vb2 KAk VD RV, T80 TR PM IF YR (A, i 4G
5T PM, o i ok YR 245 5 — 3500, Bk, URHE T A A Pk 5 a0 el i AR S &, 15 e = S
S BRI (R AR, AR TR AR S AR AL 2 RN, B T SOC AR R, 5 B SCBkER: SOC #5 i o8 — 3.
B2 A 2 0 R A AR R TR A, TR AR R TS Yl B T — 2 BB BRAE T,
B 7515 L) e IR S5 —

LS BT B B A0 B v 38 2 T8 PRI 1 SRR it ) 14 b 50 052 A1 10 XU £ 2. e s b 4 vk
JE 72 5 G g XU XU PR B . 3 — & 80 AT 5 PR 30 vl P R R b L ARk (BN A |l L 4B T, K
YN B T 43 A AN B8 % DX Y HHERCIE 5 XU 22 (8] A DR IR VR . B R R R A R 46
A LT, 33 ol Ry FS ML 8 A - FR B8 7 T IR B AR, R R IR RS KRR R AR S G L OC,
EC VB2 b+ 5 WU AL, 3528 5 75 46 K m) A9 DCHC P BT i, P by 1) HE SO FT RE Sk B SR A AL PE L
] 5.8 km AL JCHRL T L KR R (AT AR AT HS A28 ), 3 24l A 0 Tl DX R 3 T A 2
MR T A B 75 e A — 2 1 TR

_ NE

SE

Bl 5 SBUR IR TR IR (AL pg-m™)
Fig.5 Radar chart of carbon aerosol concentration

3 %58 (Conclusion)

(1) %2 PM, 5 Fil PM, o (19418 5T ot ok 35 349 52 I A Fo >0 o>k >3 ZR A FLAEE; PM 5 Bl PM o AH G
PERAT (R=0.82), U] PM, 5 Al PM R IR EA — Sk HBHRTH PM, 5 Fl PM, o o' OC Jit i ¥k B AF 34 (H
7 20.8 pgrm” Al 34.9 pug'm, EC JiT & Wk & AE 4 {HH 6.6 pgrm™ Fl 10.9 pg'm™; OC. EC X HB #f i
PM, ¢ [ H ¥ i (B4 25 SR SR 430 R 24.0% F1 7.0%, X PM o [ HE e B (59 4F 25 BTk R4k 18.7% Fil
5.9%, OC. EC 7E PM, s H (5 LA K TCA i PM, 5 I L EE o 45.4%, TCA/PM o A 35.8%, ik JoT i it /&
HBHR T PM, 5 F4 52 40 A0 43

(2)PM, 5 Fil PM,, H OC/EC 4EX1E 435 4 3.6 Fl 3.4, 4575 OC/EC HAH 4 KT 2, WP MR 4 4E 14
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FEAE SOC V5 4% 4F 34 OC/EC Bt H23w ¥R 4 B AR UR AR I 5 HE ke i) AR (B, 8 78 1 HIB R T A2 SR BRE DA
Ly mﬁFﬁﬂIE7 M 4 K PM, 5 Fl PM, o 1Y SOC ¥ Ji 78 & 2= Fl | = 304G, Bk 2R ﬂ%n@q»—*ﬁxﬂsc%; SOC %t
PM, s 1 PM, o B SRR 43510 11.7% 11 7.3%. &2 (57.4%) FIEKZ: (48.8%)PM, s ) SOC/OC HAE T
B2 (25.4%) FIH Z (27.8%).

(3)0C. EC #1 SOC 5 SO, Fil NO, 12 i 35 1EAH 3¢, 2 W HE 17 8 4F 52 R R ML 3 42 R ARG
Mil; OC., EC F1 SOC Sl EE . AH X B2 A XUGH 24 52 FAH DG J5 [l BLalh o0 A A5t B9 5 10 ) 28]k TR R o 1Y)
A TR B3R E AR VAR B A X R vk B R Ak AT, R . OC AN EC AT BE P B R
[ (18 DK B 1 iR, 2 D 14 P 308 Ml DX v 3 o %o b e O A I P 75 A — 7 ) DT R.
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