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Pollution characteristics and sources analysis of carbonaceous aerosols
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Abstract PM, s samples were collected from July 2018 to March 2019 in the urban area of
Yangquan, and the carbon component of organic carbon (OC) and elemental carbon (EC) in the
PM, 5 samples were analyzed. The concentration of secondary organic carbon (SOC) was estimated
by the minimum phase relation number method (MRS), and sources of carbonaceous aerosols in
PM, 5 were conducted by ratio analysis, correlation analysis and potential source contribution factor

analysis (PSCF). The results showed that the PM, s concentration during the sampling period was
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(69.4+26.6) pg-m™, while the concentration of (81.8428.4) ug'm™ in the spring was higher than that
in the summer ((48.6+11.7)ug'm™) and autumn-winter ((74.0+28.6)ug'm™). The concentrations of
OC and EC were (8.0£2.8)ug'm™ and (3.6+1.5) pg'm, respectively, with a seasonal trend of
autumn-winter>spring>summer. The average SOC concentration was (3.0+1.4) pg-m™, which
accounted for 38% of OC. The proportions of SOC in OC were higher in the spring (40%) and
summer (40%) than in the autumn-winter (35%). OC and EC were significantly correlated with
gaseous pollutants of SO,, NO,, and CO, which indicated that coal combustion and vehicle emissions
had a great influence on carbonaceous aerosols. The analysis of carbon subcomponents in each
season showed that the main sources of carbonaceous aerosols in PM, 5 were vehicle emissions, coal
combustion and dust, and the contribution of dust in the spring and autumn-winter was higher than
that in the summer. Potential source contribution function (PSCF) analysis showed that the carbon
components were strongly influenced by local and nearby area emissions, while the EC was also
significantly affected by long-range transport in the spring and autumn-winter.

Keywords PM, s, carbonaceous aerosols, secondary organic carbon, Yangquan City, potential

source contribution function.
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FEE TTHR B -35 53 B & 3, V4 e 0 04 L PG A8 R e A 40 b X b 5t TR PM, s T OC Y 20 7
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1 MBS e (Materials and methods)
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Fig.1 Sampling site in Yangquan City

PM, s # i RAERT 0] 2 2018 42 7 A 2 H % 2018 4% 7 J 31 H . 2018 4F 10 A 15 HZ 11 30 H Al
201943 1 H&E20194F 3 A 31 H, 43 AR E R B EREFZE, B 318 26, 46 Fil 26. KA
W E] 45K 10:00 R H 09:00 18 FH £258 18 Rk (TH-16A, BRI KU A FRAF) RE PM, s FEfL, K
FEZRUL AL 16.7 L-min . BEFE ELAZ N 47 mm (WA S 8B T PM, s BUSRER, JTH T 43 Hriie B 28 3

KBS (KGE . B FREE) FI S5 444 (SO,. NO,. CO Fl O5-8H) 3¢ [ H [ BR 5% W i i i
4 [ T 2 AR S R A T 5
1.2 Aot ik

i i & [E Sunset 525 55 #F % 1 Model 5L OC/EC Ok 73 Hr A% #E & 7h (9 OC. EC FEA7 43 H7
FE, EEAHT R IE IMPROVE $O R 1A, B R P R, 70 2 BB 55 1 BB 4l AR EE T
T, 43 HI7E 140, 280, 480, 580 °C 4514 F18%] OC1, OC2, OC3, OC4 iX 4 FlV.2H 57, 56 2 HrBC A TEA
AMEE 2% %+98% 4 FIHIR, 7 JIAE 580, 740, 840 °C 41F F15%] EC1. EC2, EC3 Y 3 Fh .40 4).
Tl A=A R 633 nm PO REFTRE i, 0 A AILBR B 6 TE 1 ) 24 (OPC), He i X

OC = OC1 +0C2 +0C3 + 0C4 + OPC (1
EC = EC1+EC2+EC3-OPC )
1.3 iR uE S il

A1 BEUEREAE AT FHETSETE 450 °C R HAKE 4 h, BRI 5% B ik B HLAh 2% . SRAE TS DB AR T e IR
TEVRAR (JLEE 22 C ., AT BE 40%) NP5 24 h 5, ZER R P EHATRE KR 2 1 pg), i f g
JEE R TR AR A PR AEAE—20 °C VKA. SRAEIIIIE], 2 BT RR DG TC A2 FRE AL A7 B 40, LA KR SRAE 2R 32E A T
e 5 A UORE S A A IRE, SR CHL/He s v AU XA 2% 08 A7 82 1E, A 0Bk v i 22 AR B i 5%, B3Ik
10% # S #4752 517
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DUHR. BT BT X 53y i A PIAK , myy S 22 ik 3 S A (475 Y BT H, nyy S BT B AR, A
GV (975 G2 BRE N 4% 2515 8515 4 70% S 850 BE 7K 57, PSCF 18 A0

PSCF;; = m;;/n;; (&D)

H1 T PSCF J&—FP 2 P HE A eR A, 24 gy BN, 233G IS R AN 1. SRR R 22, 51 AL
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R W, B WPSCE=I,xPSCE. 4 A 4 19 my /T BF5 5 B P 54 RS ST B0 B0 3 4451
WA W, F AR PSCF B R 5 e WPSCE Rk, 21 X SRk 32 4 o bt vl FE Sk

2 FZEE 5508 (Results and discussion)

2.1 PMy s Kol ot =0 e 1 YL Ak

W 1 s, R B SR T p(PM,5) M (69.4+26.6) ugrm > (19.5—252.5 pg'm™), J& GB3095—
2012 T AR HEAEBIBRIE (35 pg-m™) (17 2.0 %, Rt 5 LA 441 (WHO) F5E 25 S48 FH (10 pgrm™)
1 6.9 i, 2R W BH 2R T 40 UK 5 Je 3k 7 8 SRAE I TE] p(PM,5) B9 2252840 I i, R A H
((81.8+28.4) pg-m™) >Fk 4 2= ((74.0+28.6) pg'm ) >H 2= ((48.6+11.7) pg'm™). 43871 & B p(PM, 5) f) 257
A5 Ak 32 B 32 BV e PR R 5 R 2R A XUER SE . Bk & 2 5 5 2 LI 1) PML, 5 Tk B TR 32 R g 3
(2018 4F 11 A 1 2 2019 4F 3 7 31 H) BRME B AW B BR B2 1Y 52 el 1T 1 T 22 2% PM, s WREE . B (IR A
(47%, B F AT HALZAY) Am KGE (1.4 mes™!, B3 & 2 200 6 B0R 9 FR Ik BV, S 8E S
p(PMys) R TR ZE (K 1). HZE p(PM, ) SR T2 ORI 3G 5k LK B R B A 2=y 22

xR 1 SREEWIE PM, s, OC. EC ¥RJE DL S 2550

Table 1 The concentration of PM, 5, OC, and EC, and meteorological parameters during the sampling period

- AHATEE /% o
e D i X b . 1
F it F2/°C Relative ~ Jud/ms?) - PMy ¢/ oc/ EC/  0C/PM, /% (BC/PM, )%
Season Temperature L Wind speed (ngm>) (ngm™) (ng'm?)
humidity
HE 843 47+11 1.440.7 81.8+28.4 7.9+1.9 3.5+1.1 9.6 43
ES 2642 88+7 0.7+0.4 48.6+11.7 5.1+1.0 2.040.4 10.4 4.1
& 843 6912 0.8+0.6 74.0428.6 9.842.9 4.6%1.7 13.3 6.2
Ty 13+7 69+17 0.9+0.6 69.4+26.6 8.042.8 3.6£1.5 11.5 5.2

SRS (TCA) 48 B & Bk 20 43, RISz B DX sl o 38 JE 1) 75 ™ ol R FE 12, 3l o 10
T NANIE (OM=1.6x0C) Fl EC [JFi e 2 A2, Bl TCA=OM+EC. REEE] TCA N 16.4 ng-m,
1 PMys B0 5 Lt ol 23.6%, & T K B 1920%) Fil ) M U9022%), & T At 5T 91(25%), K 0o
(27%). EILPY27%) . T PEPI(25%) 3T (% 2). 1 BH BH SR 17 6k S I 15 e Ab T Hh 25 7K

&2 PRI OC, EC. TCA WL Iz TCA/PM, 5 5 [ N HE e kT LA
Table 2 Comparison of OC. EC and TCA concentrations, and TCA/PM, 5 values in Yangquan and other Chinese cities

FH 5 2018.07—2019.3 8.0+2.8 3.6£1.5 16.4 23.6 IMPROVE TOR AT
K 2014.03—2014.12  13.5+14.0 6.5£6.1 28.1 20 IMPROVE TOR [13]
TN 2015.06—2016.05 8.245.0 1.840.8 14.9 22 IMPROVE TOR [14]
L5 2017.12—2018.12 11.2+7.8 1.240.8 19.1 25 IMPROVE TOR [15]
KE 2016.02—2016.08 10.6 42 212 27 IMPROVE TOR [16]
K 2011.07—2012.02 19.4 2.9 34.4 27 IMPROVE TOR [17]
WE 2015.08—2016.04 13.249.6 5243.6 263 25 IMPROVE TOR [18]

SKAERAIE] OC . EC F X 735114 (8.0£2.8) pg-m™ il (3.6+1.5) pg-m ™, IR ZE((9.842.9 ) )ug'm ™.,
(4.6£1.7) pgm?>FHZ=((7.9£1.9) pgrm>, (3.51.1) pgmH>E ZF((5.1£1.0) pg'm>, (2.0£0.4 pg-m’), 2=
PS5 p(PM, 5) AR, FHZEFIE ZE OC, EC 7E PM, 5 H i | He 2 B AR TRk A2 (36 1). 20 #T
R, BRBA T 55 12 8RR 0 52w, (0B 2=k & AR B A4 24 L 0 ) T A5 48 43 XF
p(PM, ) BTk i T4 0, | A FHUE A F p(PM, 5) 5 TRKAZ, 1Bk A& 2 OC., EC ¥ i X HAE
PM, s 1 i LU A& TR B4 EC 78 PM, s H by L 5 MR BE 1) 2= 0 A8 1k — 2, BIRKAC 2R (6.2%)>F %
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(4.3%)>H 7 (4.1%)(F 1), X—45 R 54175292015 F1 2017 AEAE T R FR 45 1R — 3%
22 SOC Hyfti&

H BT AR ME DL B3 KA SR e v — OB B (POC) 1 SOCP. f¢ 5 Y SOC )7 5 & EC 7R
B, TR Ry

SOC = OC-ECx (OC/EC),, ©))

X, SOC A AF ) — YA HLBR i e B2, ng-m 5 (OC/EC),y i—UKHBILEI R Y OC/EC HLAH.

EC 7R BRI I R BEIE I E (OC/EC),y MIME, AT il il fie /M 6 2 %02k (MRS, Minimum R Squired)
KA 7 (OC/EC),y; HFPY. MRS 5# i 115 —ZH R (OC/EC),,; Fil SOC {15 (OC/EC),y, F=Efe/N R?
(SOC, EC) [ (OC/EC),y; HI Ay SR (1) (OC/EC),y M F 2. 45 B R 2 | 5 FIEkA 2 (OC/EC),,; HIME
43514 1.37, 1.53 1 1.39 (A 2).

101 = ======1 100 1.0- rmmmm - -1100 10r pm=m===== =100
] . '
/r ,‘ ’
0.8 1 -180 0.8F | -80 0.8 ” -80
9 Mini}nl}m R ° g Min;im,um R? ° g Minimum R? ©
- 06F OCEC=137 160 © = 0. OCJEC=1.53 160 2 = 0.6 OC,‘/EC:1.39 160 ©
- - =2 = E = =
) 5 0] 5 ) 5
o S Qo S o 2
ZLoa4 440 £ Lo 140 & Loat 440 &
~ < x
02F FE HE 02 BEZE
Spring Summer Autumn-Winter
0 \ \ g \ \ L 0 \ g
4 6 8 4 6 8 0 2 4 6 8
(OC/EC),; and OC/EC scale (OC/EC)yy and OC/EC scale (OC/EC),;; and OC/EC scale

B2 MRS ARG EE
Fig.2 Results of MRS model

W% 3 s, RAEWTE SOC 19-F- 23 BE N (3.0£1.4) pg-m™, 78 OC 15 ik 3 38%, il ¥ SOC 2
FH IR T PMys 1 OC 19 T 22 41 i35 4. SOC ¥ i 25 15 AR fb i $5  Bk 4 22 (3.4+1.6) pgm )>HF %
((3.2+1.4) pg'm>>H 7 ((2.0£0.7) pg'm®), SOC ¥k i 1 F= 15 AR fbita ¥ 5 OC. EC ¥ & Z= 15 AR AL R fiE—
2, {15 SOC/OC ) ZE 1T B L AN [R], F ZEHE 219 SOC/OC (H 4K 40%, ¥ T A2 (35%). HZFE
SOC/OC {45 5 , F2 H1 T BH 55 7 2 1y R A A L Y B3 A A1, () o 3 ol ) 300 A R e R i 1 L o, A 25 5
REB LKA, P R R T Rt AR A W B A S AH B, &R T 3 B ML A RO, i
HET ZUA N AL 2 A b AR, R RIR A (26 °C), TR K (88%), Fi Fl FHE LM, 2
5 R VR B 25 Wi AR 0 1 D6 Ak 2 B AR i SOCP. Bk 4 Z5 SOC/OC i 3K, 5 Fk 4 75 1R L 5 3
SOC A& HFE LR T BEAT L

R 3 CRAEWE] A BB B RFAE

Table 3 Concentration characteristics of second organic carbon during the sampling period

Z=77Season OC/EC (OC/EQ), SOC/(ug'm™) POC/(pg-m™) (SOC/0C)/%
== 2.5+0.7 1.37 3.2+1.4 4.8+1.5 40
HZE 2.6+0.4 1.53 2.0+0.7 3.0+0.7 40

& 2.3+0.5 139 3.4+1.6 6.4+2.4 35
Y 2.4+0.6 1.43 3.0+1.4 5.142.1 38

2.3 OC. EC B FIAH G 53 #r

AN G P HE R A B 5T S S T OC/EC LB TR], BRI AT AR FH OC/EC e s P ff o i o "<
) S . LR35 Y R AU FE R (OC/EC=2.5—10.5) Hl3h 42 < (OC/EC=1.0—4.2)0 Fl A& ¥y i ke
(OC/EC=16.8—40.0). fH R 17 RFEW[H] OC/EC TE 1.4—4.8 Z |0, HZE, HZEMFKLZE OC/EC 430 K
2.5,2.6 F12.3, BEHIRAEDIE] 425 PM, 5 HBs A Y 32 2RI AT REZMABE IR FI ML 3l 42 2 <.

A WEFERW, @i OC F BC Z 18] A9 AH &k, wT A4 A5 W — 2% J2 5 4B 5 A7 [R) R 2. 25 OC I
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EC MR MR, i Bl — 38 HA AR TR, Kz, viBH — 35 nl ge ok 5 22 S B R s AT — ks -7,
OC 5 EC EHZ EEMKAEHEIGH K (K 3), R 4354 0.54, 0.43 F1 0.61, 31X 3 B BH 5 17 A0 8% 5
SIEBERIEE R Z 4, 32 BN Z A HEBCIE AR A 2= A R B 52 ).

10~ 4 Spring EC=0.330C+0.93 R>=0.43 P<0.01

| = Summer EC=0.360C+0.15 R?=0.54 P<0.01
o Autumn-Winter EC=0.450C+0.24 R?=0.61 P<0.01

o

og

Concentration of EC/(ug'm™?)

0 1 1 1 1 1 1 1 1 |
2 4 6 8 10 12 14 16 18 20
Concentration of OC/(ug-m™—)

B3 AFZET OC Hl EC A EHE

Fig.3 Correlation of OC and EC in various seasons

2.4 BRI 5RO RE et

WFFE R BIES L i A5 R P SO, T ZR IR T RRIEEHE L, 117 CO il NO, HZRIE FHLE 4 ER
HERL, O3 A1 SOC %2t b2z i iy = A . BRI, 38 3 20 B sk 53 21 435 3 05 Yo 0 2 1] B AH S, ]
S I b A T R 5 23 BT IR SR . A 4E SR, OC il EC 5815 U SO,. NO, Fll CO ¥ 5 i 2%
TEAH G, T FH 5% v e JoT A B FT e 32 B ML 2N 2 e SRR LR I 2 ) (3R 4). N Mok B, B2
P& ZEMEFZE PM, 5 F1 OC 1 EC 5 SO,. NO, Fll CO ¥ 5 i 2 1 AH &, RFBIEIRMPLEI 4 B S A%
ZET R R4 A RS2 M B Lok . L ZERIEZE OC Ml SOC 5 O ¥R IEA X, Ju HIZ E 2 (0.731 F1 0.657,
P<0.01), MiFk2ZE OC H1 SOC 5 05 AR (% 4). HEMBFEZR HIY O WEF (111 pg-m™ H1 62 ng-m™)
WY w5 R4 22 (33 ngrm™), VAW B Z FLdE 2 R A A A VR IR, b ys Je e Ak S vy i it A, A i
SOC F1 O3 FTE 1k, ik 4 2 T BRI ) 06, AR RE 0 59, 15 Je RAIUR, R DL I, AR T
b2 R B REAT, X RSO SOC HYHF7E 45 5 — 3, BIEkA 2= OC 1 SOC (15 R TR ME %,

F4 REMI PM, s HEIRALS S TS Ry I

Table 4 Correlation of carbon components in PM, s with gaseous pollutants during the sampling period

7577 Season TR ZH 7 SO,/(ng'm™) NO,/(ug-m™) CO/(mg-m™) O5/(ug'm™)
oC 0.839%* 0.744%* 0.729%* —0.470%*
AR EC 0.824%* 0.772%* 0.593** —0.514%%*
SOC 0.421%* 0.310%* 0.494** —0.196
oC 0.417* 0.703%* 0.405* 0.731%*
HZ EC 0.445* 0.519%** 0.642%* 0.395*
SOC 0.129 0.476* -0.112 0.657**
oC 0.820%* 0.639%* 0.916%* -0.311*
Pz EC 0.866%* 0.744%** 0.775%** —0.291
SOC 0.229 0.092 0.499** —0.136
oC 0.695%* 0.648%* 0.834** 0.185
o=y EC 0.488* 0.485%* 0.492% —0.047
SOC 0.512%%* 0.448* 0.702%** 0.303

HERTE0.0 LK COUIM) I 5k 35 HH 55 *7E0.05 7K - (UL Itk 25 AH 5.

Note: ** P<0.01; represents significant correlation; * P<0.05; represents significant correlation.
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2.5 BRI ORI AT

TR RSB FE 0040~ S5 B, [R5 G PRV HE Y A B S5 IV 20 43 2H AR AT — RE B9 22 57, BT DA B R A<
JE () S RS e, OCT 32 B2 AR W o A B8 HE ik %) Bk BT 2H 43, OC2 J& MR HE 5 1 A iR 4 43, OC3
OC4 &Il 2 b 5 Mk B 4143, EC1 7EV M ZE R & 3 s, EC2 fil EC3 R4 A Ry
Tt AN A 4 ORIRI R 8 R M4 4 VR FE, 5 OC. EC WY1 b A — B, R >/
>SH 75 AW}, 4% 255 5 20 0 M B HE R RE AR — 2, 2 B EC2. OPC, EC1 il OC2 ¥k J % 5, OC3 HlI
0C4 g1, OC1 1 EC1 fie/Mry#a#. 4275 EC2. EC1 1 OC2 45V 4H 43 Ay e B 22 FE BBk (TC) H iy
b HIERZE | BB MK ZE 053] 76%. 79% F1 77%, ¢ W BH 3R 11 4% 275 5k 0 1A e 32 B Sk U5 T AL
R TFRIEIR, 3X 5 OC/EC HUAE T DL B St s e 5 A T5 Y A M 43 B i 1 G ok 15— 3. 1t
Ak, £ Z7 0C3, OC4 W EETE TC (& He I8 3 15%, a7 20 5 X6 BH 558 T B Jot 2 I8 I ) B ikt AN 28 22
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3 4512 (Conclusion)

(1) RFEHATE] p(PM, 5) H (69.4+26.6) ug'm, H & 2= p(PM, 5) 4 (81.8+28.4) ug-m, & T E = FIEk
7% (48.6£11.7)ug-m> il (74.0£28.6) ug'm>. OC, EC [ £ 53 51 A (8.0+£2.8)ug-m > Fl (3.6£1.5) ug'm,
BT A R TR T 2

(2) PM, 5 H' SOC {9 F- 39 B (3.0+1.4) pg-m™, 7€ OC H1 2y 38%, FE4 ZE FIE Z2 11 1 L (40%) /=
TR ZE (35%). OC. EC H5AETTYY) SO, NO, Hl CO £ AR, SR BIMAMEIRFIHL B 4= R Uik 5t
iR iR N

(3) AT AL 533 7R PM, s Hise BT IR £ 2RI THLBh 4R AR R A U, 3L
g A X R R FIRK A Rk o U I ) BTk v TR 2

(4) PSCF 43 M 2R W, i J5 20 53 B 52 B A b HE TS 52 i 22 51, BR A ZR R 2R 1Y OC 52 31 Ja] i X Bl
MR, EC 32 B I i B 44 iy 52 ALK, M E 2= OC, EC 2452 23T BE 25 1Y 52 1.
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