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Abstract Two hundred eighteen PM,, and 202 PM25 samples were collected at three sampling sites to study the pollution
(,hdrdctenstlcs of carbonaceous aerosols in Yulin from July 2015 to March 2016. Organic carbon (OC) and elemental carbon (EC) in
the PM,, and PM, ; samples were analyzed by a Multiwavelength Thermal/Optical Carbon Analyzer, and the characteristics, including

pollution levels, temporal and spatial distributions, and possible sources of OC and EC, were investigated. The results showed that the
OC and EC mass concentrations in PM,, in Yulin were 10.99 and 5.11 pg-m™, respectively, while the OC and EC mass

concentrations in PM, ; were 7. 51 and 4. 70 ug-m ™, respectively. Strong correlations between OC and EC were found in PM,,( R* =

0.58) and PM, ;(R* =0.60). The winter average concentrations of secondary organic carbon (SOC) in PM,, and PM, ; were 14. 50
pgem ™ and 6. 74 pg-m ™, respectively. The SOC/OC ratios in both the PM,, and PM, ; were higher than 0. 5. The contribution of
SOC to OC was 80.6% in PM,; and 77. 7% in PM, 5, which were the highest in the summer, in accordance with the high temperature
and strong solar radiation in the summer.

Key words:PM,;; PM, ; organic carbon( OC) ; element carbon(EC) ; Yulin
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Table 1 ~ Average concentrations and proportions of OC, EC, and TC in PM,, in Yulin
F1 JE Mo e kC Te 0C/PM,, EC/PM,, TC/PM,,
/ngem ™3 /pgrm~? /pgrm™? /pgem ™
e BT —H 86 19.25 10. 53 29.78 0.193 0.110 0.303
T W3 86 20. 11 9.01 29.12 0.222 0. 090 0.312
H® BIT—H 97 13.46 8. 68 22. 14 0.139 0. 087 0.226
7 W35l 60 9.44 4.90 14. 35 0.171 0.084 0. 255
FE LK e 69 8. 82 2.62 11.45 0.127 0.038 0.164
RS ML — 76 12. 14 4. 69 16. 83 0. 161 0. 065 0.226
T W 3l 96 13.20 4.35 17.56 0. 139 0. 047 0. 186
FEWKE 56 6.21 3.03 9.25 0.153 0. 056 0.209
B FIL—r 59 9.79 5.09 14. 88 0.185 0. 087 0.272
3 54 7.70 4.42 12. 12 0.155 0.079 0. 235
AFF LY 86 19.68 9.77 29.45 0.208 0.100 07308
HFTY 66 10. 19 5.60 15.79 0,165 0.084" T _ 049
HA71 80 11.39- 3.89 15.28 0.142 0.050 © 0,192
K 56 7.89 =L 4.19 12.08 | " 0.164 0. 074 .“ 0. 239
P 70 10. 99"' 511 16.10/ 4 0.162| 0.072 A 234
4 i il o _ ?";
F2 ERHAS PM”:P OC,EC, TC E’J:Ft’JJﬁE,&inﬁa,.tt
' - Table 2 Average Loncentrallon;. dmj,-‘bmporllons of OC, EC, a.nd TCyin PM,;4 in Y_],ﬂln
f o = F ¥ ; =
g w® foff P y) ‘{63 2 ¢ Cr Lowew,s | B, [ToRw,
i el /pgrme /g m S/ pgrm /pgyin iy e o I
PEs = 54 ‘. 3.2 | 11.53 24. 74 0.217 0.176 0.392+
u T M st ¥4 10,57 J7-90 18. 47 0.193 0.132 0.325
;;é JHIL 5o O 763 17. 18 0. 165 0. 125 0.290
S T I 39 i 7.26 i 4.37 11.63 0.182 0.108 0.290
& LK 61 6. 49 2.45 8.94 0. 103 0.039 0. 142
HE ML —rf 23 4.73 1.65 6.39 0.218 0.084 0.302
7 AW D 3l 70 9.70 4.06 13.76 0. 142 0. 058 0. 199
FELIK PR 28 4.21 2.35 6.56 0.156 0. 080 0.236
*ZE FEL— 53 7.13 6. 84 13.97 0.137 0.129 0. 266
7 W 3l 48 6. 66 5.68 12.34 0. 143 0. 126 0. 269
| 53 11.89 9.72 21.61 0.205 0.154 0. 359
BETY 43 7.68 4.98 12. 66 0.179 0.111 0.290
RS 51 6.99 2.73 9.72 0. 156 0. 061 0.217
e 41 5.82 4.70 10. 52 0. 147 0.108 0.255
Y23 46 7.51 4.70 12.21 0. 167 0. 099 0.265
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Table 3 Comparison of OC/EC ratios and OC and EC mass concentrations in different seasons and at different sampling sites in Yulin
PM, , PM,,
RAE S =y . oc EC . oC EC
0C/EC Jugem-? Jugem 0C/EC Jugem-? /g
A% 1.69 13.21 11.53 2.21 19.25 10.53
o H% 1.67 9.55 7.63 2.11 13.46 8.68
L ES 2.99 4.73 1.65 2.61 12.14 4.69
&= 1.18 7.13 6.84 2.26 9.79 5.09
&7 2.16 10.57 7.90 2.98 20. 11 9.01
. H% 2.46 7.26 4.37 2.87 9.44 4.90
e 2% 2.56 9.70 4.06 3.03 13.20 4.35
&S 1.30 6.66 5.68 2.01 7.70 4.42
e ES 2.76 6.49 2.45 3.80 8.82 2.62
RAE & 2.27 4.21 2.35 2.84 6.21 3.03
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Fig. 1 Seasonal OC, EC, and OC/EC distribution in

PM,, at the sampling sites in Yulin
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Analysensysteme Gmb H vario EL cube I JCZE 53 H1{X
M JE T2 X R e = K R 2
RATIEWEA B . TCREBRAI O E , TR
FASE EHOE B 73 AR, A 3l i 2458 P 56 [ v
BLHT DRI2001 A BUBOGHR AT I RE . M A 4F 1 F
PEIKVF , BT PM, 1 OC B i AR T AR K
TEA B S (HIE PM, s TPOARXS B 1Y EC 5T & iR i

W& e T IR IR B 1L, OC/EC FL{EM 5 2
FH2Y 38 EARTH RS PM, RIS Y S Ui
TETITIA 2. DS [R] 25715 i Jo A IS 1 KPSk
FARTTAZE PM, s OC J5i e B 3 AT R | 7
TLPUE EAY OEE, B N 2SR 2 ~7
FEANEE XTI, BC J5 R B 0305 3 7o T3k 2 3 7T
ZE PLHLR T T 4 Z TR TS YRR X P b ek A
R S AR IR IR RIS YR T X R
PUR R . — i F EMTE Tk, Talkis 342,
TR ML AT BRI R R SR
PR B R RIS Y SR EMRTTAFAR
IR IAFTERF AT HLIX kA Z A5 AR RS AT 4%

x4 EMHEERNEMBETHRY S OC, EC RERER OC/EC tbELLE

Table 4  Comparison of OC and EC mass concentrations and OC/EC ratios in Yulin with those in other cities in China

R SR AL ] REFT RAETEH 0C/pg-m ™3 EC/pg-m > 0C/EC

B 2016-02 X7 PM,, 19. 68 9.77 2.60 ..
B 2016-03 #HE PM,, 10. 19 5.60 o HTL
FHk 2015-07 e PM 11.39 3.89 j 345 |
Ek 2015-11 FkZ PM,, 7.89 4.19 P o hs

F Ak / ETHES P 10.99/ Kt 2 757
bk 2016-02 s PM, 5 11.89 19.72 © 1592

Ek 2016-03 HE PM, 5 7.68 A4 14,98 W
bk 2015-07 "l Pl 600 273 2

F - 2015-11 £ Y 7PN, sighfy of 4.70 165 4l
= ) M / L/ ﬁ}&l} &y 7.51/ ¥ £ f2.200
B ' 2008-01 ~ & kz"S ~PM, 13. 18 £8.70 4.93%2.46 2.57 =
BRI - 2008-04 EE P 7.14'+3104 4106 +1.32 1074 ',,«
R 2008-07 [ WEZ PM, 5 5.53 £2;47 3.41£1.33 1.62 Jf
FHEg R o 2008-10 | e PM, 5 7.80 £3.58 3.49 £1.39 2.23

IR 23 o / T riply | 8.10 +5.48 3.91+1.72 2.01
gl B 2008-01 F RE DM, 16.02 +14.90 5.13 £2. 86 2.73
IR 2008-04 s PM, 5 11.28 +4.97 4.96 +1.91 2.31
IRGEAIE 2008-07 HZ PM, s 8.94 +4.30 3.99 +1.71 2.22
RG-S 2008-10 k2 PM, s 11.59 +6.98 4.66 £2.27 2.45
izt / ARy PM, 5 11.91 9. 00 4.69 £2.42 2.42

Kopels] 2008 ES PM, s 10.2 5.5 1.8

Py L13] 2011-03 Rz PM,, 24 6.4 20.8 +5.8 1.2

P 130 2011-07 [P 7=s PM,, 14.7 3.2 12.8+3.3 1.3

Py 13 / AR PM,, 18.5 +4.5 16.1+4.3 1.2
Frs14] 2001-07 ~08 ES PM, 5 5.9+3.8 3.6+2.1 2.3

1] 2014-11 ~2015-01 K2 PM, 5 15. 63 3.30 1.70
PEgls) 2014-11 ~2015-01 LS PMy, 20.35 3.31 1. 80

&k e 2014-12 ~2015-01 £ PM, 5 9.77 +1.87 1.87 £0.73 6.35x4.12
JETBX 16 2014-12 ~2015-01 X2 PM, 5 9.17 +2.42 2.43+1.10 4.32+1.77
REA =R 2011-01 X2 PM, 14. 77 ~19. 27 1.99~3. 36 5.64~7. 71
Pzl 2012-12 ~2013-02 X7 PM, 5 47.8 8.5 5.8

SR 18] 2012-12 ~2013-02 L& PM, 5 45.8 6.7 7.1
TEREgLs 2012-12 ~2013-02 K2 PM, 5 31.2 7.6 4.3

iy 18] 2012-12 ~2013-02 X7 PM, 5 37 5.7 7.4

T 0] 2002-01 ~2002-02 B = PM, ; 22.60 +18. 00 8.30 5. 60 2.7

T e 2002-01 ~2002-02 B2 PM,, 29.40 +£22.20 10. 40 6. 80 2.7

T3 (20 2013-07 H PM, 4 7.09 1. 86 3.49 +0. 64 2.04 £0. 41
T3y 1200 2013-11 ~2013-12 X2 PM, 5 16. 82 +6. 87 6.21 £2.06 2.66 =0. 45
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Fig. 3 Correlation between OC and EC in PM,; in Yulin
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R 73524 0.54 F10.58 (P #4/hF 0.01) , FE LK
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Fig. 4 Correlation between OC and EC in PM, 5in Yulin
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HH H OC FHAL R B4 WL (organic matter, OM)
ARG 2 SR R ) OM 5 &, B N AMIFR 2
PLOC LI ZH 1. 6 f554 OM [y it X ke iR
BRI (TCA) =1.6 x OC + EC.

TRA LR (SOC) S KA H A R A P
(VOCs) it Aok s i A R OC. B i i TG B 42U
SERURI I SOC S RAYAT R0 B, B N AMIF9E £ %
H OC/EC /N A" > MEAT 0B ARE i vh SOC
M5 Al AT

SOC=0C,,. - EC - (OC/EC) ..

K1, S0C K ZWAPIK (pg-m ™) 5 OCpoc N A
PUIk (pg-m ™) ; EC RICEM; (OC/EC),, AHFIE
AL 2] OC/EC He/NUAE, TTEHN. HEEIA
[F) o AR [RGB R A L TG Y IR I Dl 1) 22
S AR (OC/EC) |, 2 53 22715 43 bl i s DU
HMZE{L OC/EC HL{E M /IME, (OC/EC) R AE
H JCRE IR

3% 5 1, FARTT RS PM, Y TCA 295 BM,,
WeEY 29. 6% ,PM, ot TCA 24 d5 PM, | Jo i ¥ 12 (14

W5 Y. IR AR Ak B 4 2 2 R ARTT KA
LB BT SR IR TS YA B I &= B ARTTR
S PM, AT PM,, s H TCA P-4 5 5 ¢ B 43 531l 8 35. 31
pgem PN 27.44 peem ™, (Y AR 37.7% M
46.7% . FZx, EFFK TR R AOR W) b JoT <5 i
(XK B B 22 . 2SRl A4k &, TR

%(%Tﬁé)ﬁfﬁﬁ%mﬂwﬁm Je KR ML
— > T, > FEILK R, 45 R HEOR T‘ﬁ{I—EP
R T A e 5 e A A PR A 3 A ) o, X S
A RN 95 YR IR A 2

6, FATTA T RS PM,, Hl PM, ;' SOC
Sy R OB 43 BN 14.50 pgem TP A1 6. 74
pgemC FE — AF DU 2 5T R RS o s, Bk R
PM,, #l PM, 1 SOC ~F- 34 57 f ¥k i Fe fi, 4 2% PM,,,
o SOC W2 ARk 21 3 %5, A& 2= PM, 1 SOC
VB BT 1Y 2, HE R T AT 45 M K
S PM,, PMﬁPﬁM%@%%%Z@ﬁE}’ A
DU b e R4 B0k 4 R SOC/0C i’th
F0.5 w&lﬂﬂf%ﬁiﬂﬁkm%ﬁﬁ% oc.*u soc

34. 6% ﬁ@%ﬂ?ﬁﬁ?ﬁ mﬂf{&ﬁfﬁ?ﬁﬁﬂﬁﬁﬁﬁh . e
= 7 B %5 EM?HdC—»%ﬁ*Tp% Hl#‘ﬁ&ﬁw?@ﬂ&ﬁ’])ﬁi?ﬁ)*&ﬁﬁtb" ‘ ;
4 i Table 5 Conger_grﬁtlops‘ of TC and its proportion in PM in Yuhn i b o . ) - I
g i Al s ! ! & PM, 5 [ -
L K. s Fl | « L . r
&P ¢ :\11 PMm A TCAY e TCA/PM,, . 'f‘ PMes o TCA _1 TCAZPM, 4
/ug'm’3 Iy /“‘é.m 3 i /ug_m—S /pgom -
%[ F—h 8 I /3609 0.379 ‘ 54 31.66 0.517
y KL g T i 86 [ g3 0.375 51 123.22 0.418
¢ . v T
i O MIL—rh 97 29 0.28 59 21.76 0.369
o T 3 60 17.29 0.305 39 14. 25 0.356
FE K 69 16.74 0.24 61 12.84 0.204
"z BiT—H 76 24.12 0.322 23 9.22 0.433
T W 3 96 25.48 0. 269 70 19. 58 0.285
FE LK B 56 11.07 0.243 28 7.98 0.284
&= YL —H 59 17.94 0.324 53 18. 08 0.344
7 Wi iy 54 14.77 0.282 48 15.74 0.344
E=S ) 86 35.31 0.377 53 27. 44 0. 467
F T 66 19.15 0.3 43 15. 64 0. 359
ESSS) 80 22.11 0.277 51 13.92 0.311
BhEF 56 14.6 0.283 41 13. 34 0.32
UESSE ) 70 20. 64 0. 296 46 15. 89 0. 346

2.6 —IKAPEK(POC) Al A HLEK (SOC) & H
53 AT

H L7 A8 AT L, AR RS PM, A PM, 5
SOC ¥ J3 43l (5 A N R AR BE OC ¥R BE 1) 74. 1% F1
66. 5% ,$E7~ PM,, HF OC §54k K SOC By HE 451155 5.
EMATA . HLE L, BUZE PM,H SOC 5 OC B EL

B350~ 73.1% . 70.0% . 80.6% F171.3% , U Z=
PM, ;1 SOC i OC i He il 5353k 62.1% | 64.7% |
77.7% 1 55. 7% FHAFR H SOC (5 OC 1Y LAl
PIEE ik B i E, X AT RB R T R R,
A HRT N MIEHER 0C FAE#EHERE) VOCs i i
Jetb s RO A SOC.
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Table 6  Concentrations of SOC and its proportion in OC in Yulin
PM,, PM,
Z YA PM SoC PM SOC
f °, , S0C/0C 29 5 S0C/0C
/pgem 3 /g m " /g m /pg m”
e BiT—H 86 13. 67 0. 681 54 7.10 0.595
h T W 3l 86 15.34 0.782 51 6.38 0. 647
5 BiT—H 97 8.87 0. 631 59 5.50 0.503
T W 60 6.85 0.715 39 4.94 0.679
FE LK 69 7.36 0.832 61 5.12 0.784
"z FYL— 76 9.52 0.774 23 3.81 0.784
T W 3l 96 10.77 0.811 70 7. 44 0.753
FEILK 56 4.52 0.726 28 2.90 0.717
&= YL — 59 6.95 0.724 53 3.31 0. 444
7 Wi iy 54 5.23 0. 693 48 3.49 0.455
L&A 86 14.50 0.731 53 6.74 0. 621
F T 66 7.22 0. 700 43 5.04 0. 647
ESSS) 80 9.22 0. 806 51 5.47 0.773
&S 56 5.55 0.713 41 3.20 0.557
PO 272y 70 8.21 0. 741 46 4.96 7 T og6e5
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3. .
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Fig. 7 Seasonal POC, SOC, and (OC/EC) , ratio

distribution in PM,; at the sampling sites in Yulin
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R, AP RNHE R, FERZ ; ERET AR
L, ABETIR. A RRER TS IRER
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R ARIZET RGN EN PM, . 0C, EC 1 SOC #Y
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Fig. 8 Seasonal POC, SOC and (OC/EC) ,;, ratio distribution

in PM, 5 at the sampling sites in Yulin
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Table 7 Meteorological factors during different seasons in Yulin
Zy a3k FHIE b2z e/ ME e RAH
SiE/C 13.2 4.1 6.5 22.9
e S JE/hPa 1007.9 5.4 995.2 1015.5
h HIRHGEE /% 78.5 16.5 42.0 99.0
K/ mes ! 1.2 1.4 0.8 5.5
IR/C 17.9 4.1 8.9 23.9
e S JE/hPa 1002.2 4.9 995.3 1009.9
X/ % 85.9 11.8 64.0 99.0
A/ mes ! 1.3 1.4 0.3 6.9
SiE/C 28.6 3.1 22.9 36. 1
0% S JE/hPa 989.0 1.4 985.2 992.2
AR EE /% 67.9 11.9 42.0 91.0
K/ mes ™! 2.1 0.6 0.3 4.0
K/c 23.0 3.7 15.7 31.0
e S JE/hPa 1002.4 2.1 996. 5 1007.8
X/ % 76. 1 11.3 43.0 91.0
R/ mes ! 1.8 0.5 0.4 3.0
[ &y
#8 FAFHEMSKEZS PM, ;. OC, EC 7 SOC WX o
Table 8 ~ Correlation among PM, 5, OCJ EC, SOC, and meleorologlcal faetors in|different seasons .,""u
(g% F5 PM, s oc | EC S(J)‘_Gf
A% 0.503 0.508* | ~70.569 " 0.404_~ 4
— ﬁé 0,318 »~ 0.332" | 0,310 0234 "
— . JFES 0!348°¥ ,,e- 0.551* | 1F 0.413" 4 0.544 "
J i . -
Z & "y 3,529 o 0.395 * 0,553 0.238
i 2% o /530 o —0.552" 7 ~0.576 " ~04487
- L HE A 0. 482 0.230" % | 0.217 0. 161
SR I /]
HZE 4 [-0.419% -0.142 -0.184 -0.113
7 L FhF= | -0.028 -0.091 0.105 -0. 146
| i - L ‘
) 2. &7 S 00194 _m_..-r*‘j -0.214 -0.267 -0.139
i HE -0.477 -0.316 -0.229 -0.264
¥ HZ -0.102 -0.333 -0.178 -0.354
b & -0.406 -0.304" -0.413 ™ -0.188
X7 -0.582* -0.540 -0.491" -0.559 "
Kk HE -0.649 -0.637* -0.498 -0.509
CES 0.093 -0.284 -0.249 -0.268
B -0.357* -0.206 -0.370 -0.091

1) = F/R P<0.05, % # 5 P<0.01, 3K

Lt

3 i

(1) FATT PM,, A1 PM, ,H OC ., EC A& &2
fis, PM,, ' OC Fl EC Jit & ¥ B 4 5 b 10.99
pg-m A5 11 wg-m >, PM, /' OC F1 EC ¥R & 4
BH7.51 pg-m 14,70 pgem >,

(2) B b, BART &SR AL KA PV,
I PM, s h & 22 OC Fl EC ¥ B K F i T HAh 2
5, aslE s34 PM,, H OC Fil EC AU EE | PM, P
EC WV EE KRB/  m v —rh > T il > 9€

LK e, PM, s H OC (e B B R BI/IN . T W il s
> FVL—H > FELUKE 278, EMRT IR SE IR 3
B2 H NS YR AR . AT PUZE RS PV,
Y OC/EC ¥IRTF 2.0, A7 7E SOC, FZ R A
BB 4 R SRR HE k.

(3) EMTTKA PM,, . PM, 1 OC Fl EC 1 4H
Kotk R* 4358 0.58 F10.60 (P /T 0.01), %
BT Z B FIAT AR H AT 2L [R] A — R TR. 3 A Wi
S OC F1 EC A AH SCHE B 804y, 28 R [R) X 3R
OC Hl EC A EALL.
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