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(1. Yale-NUIST Center on Atmospherlc Env1r0nment Internatlonal Joint Laboratory oﬁl Climate and Environment Change (ILCEC)
Scheol of Applied Meteorology, Nanjing Unlversuy of Infgrmatlon Science & Tec hnology, Nanjing 210044, China; 2. Key Laboratory of
Metegrologlcal Dlsaster Mlnlstry of Educdtion (KLME) Collaboratlve Innovation Center on Forecast and Evaluation of Meteorological
Dlsasters (CIC FEMD) , Nan]mg University of Informatlon Sclence & Technology, Nanjing 210044, China; 3. Northeast Institute of
Geogrdphy, dnd Agroecology, Chinese Academy of Sclences Changchun 130102, China)

Abstract: Organic aerosols have attracted increasing attention recently due to their significant contribution to fine particles (PM, ;)
and their complex components and sources. In this study, a total of 40 PM, ; samples were collected simultaneously with high-volume
samplers in Changchun from 16" Oct to 29" Nov 2016. Organic carbon (OC) , elemental carbon ( EC) , non-polar organic compounds
including n-alkanes, polycyclic aromatic hydrocarbons (PAHs), and hopanes, and levoglucosan in atmospheric fine particles were
analyzed. The main sources of organic aerosols were identified by molecular markers, diagnostic ratios, and a principal component
analysis-multiple liner regression (PCA-MLR) model. The results showed that the average mass concentration of PM, jwas (79.0 %
55.7) pgem~>, and the averaged OC and EC mass concentrations were (20.7 +15.6) pg-m ™ and (2.2 +1.1) pg-m~>, which
accounted for 26. 2% and 2. 8% of PM, s, respectively. The total average concentration of the tested non-polar organic compounds was
(186.3 +104.5) ng-m ™ and, in descending order, this was composed of n-alkane (101.3 £67.0) ng-m ™, polycyclic aromatic
hydrocarbons (81.4 + 46.0) ng-m™>, hopanes (3.8 +1.9) ng-m~". The PCA-MLR model results showed that the relative
contributions of the main sources of organic aerosols were coal combustion (47.0% ), biomass burning (42.6% ) , and traffic emission
(10.4% ).

Key words: PM, ,; organic carbon ( OC); elemental carbon ( EC); non-polar organic compounds; PCA-MLR model; source
apportionment
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Fig. 3 Carbon concentration distribution of n-alkanes in

PM, 5 in autumn in Changchun, 2016
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Table 1 ~ Concentrations of each compound in PM, s in autumn in Changchun, 2016
UL ES P/ ngem = HEME/ng-m > B/ME/ngem T KA/ ngem 3 TR 2
0C x 10° 20.7 13.8 4.1 78.2 15.6
EC x 10° 2.2 1.8 0.6 5.1 1.1
Cop 4.0 3.7 0.4 9.8 2.4
Cy, 6.8 6.4 0.3 14.8 3.7
Cop 9.1 8.0 0.3 19.5 4.9
o 10. 4 8.8 0.6 25.6 5.6
Coy 9.3 8.9 0.7 20.0 4.8
Cys 10.3 9.7 1.0 21.4 5.4
Coe 7.7 6.7 0.9 18.4 4.2
Cyy 9.8 8.2 1.6 27.2 6.4
Cog 4.9 3.8 0.5 18.1 3.5
Coo 10. 1 6.7 1.7 45.6 9.5
o 2.8 2.2 0.5 11.8 2.2
Cy, 10. 1 4.8 0.8 54. 1 13.4
Csy L5 1.1 0.3 6.6 1.4
o 3.3 1.6 0.01 17.0 AT
Cas 0.7 0.3 0.02 6.0 P
Css 0.5 0.1 [ ND 4.5 4 /.4
EABEk A 101,3, 80.0 101 300.3 /66,9
3 (Phe) 2% 2.2 [ #ND \ 7.8 Ry o
H (Ant) - 0.8 0.6 i Lo.01-] 4.6 & oo/ g
FE B Flua) 10.9 10.5 o Q4 28.8 =) 7
B (Pyr)_ o Jode) =t 105 { g 0.2, % VW dooo w5 )
ﬂﬁﬁf.("é)ﬁ(BaA)._..,, ! /87, 7# & 8.0 &, )] y & 203 5.4 ¥~
1 (Chr) et I 4 Y aA 6.6 J . ogi ] 15.1 N
K () Fm(BpE) | L Py i o 0.7 g%~ 33.0 6.6¢ 4
HIE (k) FH (BkF) = F b 1.9 Al Y| 5.8 1. 5
A1 (e) TE(BeR) | = ¥ a3y 4.2 01 8.6 2.1
#:j?b‘g)tg.fBaP) X ! €31 | 5.3 0.01 15.6 4.0
36 (Per) 7 = 1.6 0.1 4.0 1.1
EiF(1 ,‘zﬂﬂéf""s'-cd) i (TedP) 6.17 6.0 0.2 13.2 3.4
It (g,th, 1) FE(BghiP) 7.2 7.2 0.2 16.3 3.7
T2 (a, h) B (DahA) 0.8 0.7 ND 2.5 0.7
7K (Cor) 0.5 0.4 ND 2.1 0.6
EZI5-3=¥svi 81.4 73.2 3.5 180. 4 46.0
17a(H)-22, 29, 30-=[%7%%( Tm) 0.4 0.4 0.05 0.7 0.2
17a(H)-21b(H)-30-F%7E%¢ (29ab) 0.7 0.7 0.1 1.2 0.3
17a(H)-21b( H)-E%5(30ab) 1.0 0.9 0.3 2.1 0.5
17b( H)-21a( H) -7E%% (30ba) 0.5 0.5 0.2 0.9 0.2
17a(H)-21b( H)-22S-F+-7E42(31abS) 0.6 0.6 0.1 1.4 0.3
17a(H)-21b(H)-22R-F+7E%5%(31abR) 0.8 0.7 ND 2.5 0.7
R A S 3.8 3.7 0.8 7.7 1.9
E}Jk%?ﬁ%( levoglucosanan ) 449.3 300.0 41.0 1989. 4 404.5

1)ND FRAHKH

R s S A 5y N 35.1% | 57.8% . 69. 0% Fil
52.1% , F-IME K 53. 5% , BB FHb X RS0
JBE H E R ot e 2 IR ) s e LK.
2.3 ZHFR
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DAROARR | A i S AL WA 58 BRIl A i
FIE i 0 4 AR g s — A T 15 M55
1& RS VIR 0.5 ~ 11,7 ngem 7, B
WA EEINFE L. NE 4 TTLE DL, PR 2RI R

(Flua, Pyr, BaA Fil Chr) B3 Sk E 5K H £
5% (Phe F1 Ant) 9k B AH LA, (R AR T 555
LIRS F2 T BbF + BKF ., BaP + BeP A9 ¥k & {H.
BbF + BkF | Flua, Pyr LA f& BaP + BeP (& 32 Hufi/,
HIE BaA | BghiP 5%, Bk i = T - BbF +
BkF(13.9 ng'm™>) > Flua (10.9 ng-m™) > Pyr
(10.7 ng-m ™) >BaP + BeP(10.6 ng-m ™) , 5 kb4
MHM17.0% , 13.4% . 13.1% 1 13.0%.
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Table 2 Average dlagnomc fate of PAHs in PM, 5 in autumnin Changchun 2016 ,.r._.;‘r“" ol
5 H KU ' Bl R aZ ik~
iy ea ] L <0.2 f .r" s U 427
1cd1>lﬂ/,ch(iP+Bg}TEilg>“"l /mmkﬁtb}\wﬁ / o o,i (;05.5 | = 0.3~0._.5;;-,;4 Si
':u?: NH BH f’- <0.2 Ao J: :.[4;] 7 3
BaA/f(BaA +Che [ Hepkbe /i 0.2~0.35 fr 0.4%0.6 (4% :
/ 2 S, e “J;‘ >0.35 9 1 [42] M
(o |/ : e | r £, ) <0.4 J [42]
Flta/ (Flua + Py OW 14xE’JW=P~(HLxJJ+J%ﬁ) — :f’g._._-,.a" 0.4~0.5 0.46 ~0.54 [42]
W RPN Y >0.5 [45]
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Table 3  Rotational matrix of n-alkanes, PAHs, and hopanes

in PM, 5 in autumn in Changchun, 2016

i

i H H¥1 HW¥F2 HF3
Cyp 0.66 0.51  0.31

Cyy 0.63 0.53  0.44
Cy, 0.52  0.60 0.53
Cys 0.49  0.61 .-0.56
Cyy 0.53  0.58 | 0457
Cos 0.53  0.59 0.56
Cog 0.52 ~ 0.54 - 0.60
Cyy 0.30 | 0.84] % 0.42
Cog 0.3% | 0.84) 034
Co = 0.13 § /o 96 8 207
Cso 0.28 ¥ 0,675 528
Cy) 012 #50.90," /204
Cy 016 | 0.90 034
Cs o 0.12 | /0005 ol
Cf 0.16 ¥ 0.44) 0035
Cys 7 0.17 _10.89 . 0.02 ./
4E (Phe) # 0.92 4 0.10%1 - 0-05_ =
T (Aft) 0.44 0.72 000
%% 4 ( Flua) 0.95 0.09 0.10

B (Pyr) 0.96 0.12 0.14
o (a) B (BaA) 0.88 0.28  0.33
Bi(Chr) 0.84 0.39  0.36
Z53F(b) P ( BbF) 0.76 0.15 0.25
I (k) D¢ B ( BKF) 0.85 0.36  0.29
%3 (e) £ (BeP) 0.81 0.36  0.41
%3 (a) £ (BaP) 0.8  0.31 0.38
36 (Per) 0.83 0.34  0.35
Bidf (1, 2, 3-cd) B (IedP) 0.79 0.39  0.42
$3F (g, h, i)JE(BghiP) 0.79 0.34  0.45
I (a, h) B (DahA) 0.75 0.10  0.25
% (Cor) 0.37 0.57 0.11
17a(H)-22, 29, 30- =P (Tm) 0.55 0.19 0.75
17a(H)-21b( H) -30-F&4 % (29ab) 0.34  0.32 0.8
17a(H)-21b( H) -FE4% (30ab) 0.11 0.36  0.89
176(H)-21a( H) -FE4% (30ba) 0.47 0.05  0.80
17a(H)-21b6( H)-225-F1 785 (31abS) 0.58 -0.06 0.69
17a(H)-216( H)-22R-FFFELE(31abR)  0.13  0.52  0.71
2T R BE (levoglucosan ) 0.08 0.92 0.07
BiH A/ % 34.84  66.69  86.63

HF 1 BT 34.84% M7 &, Hif Phe AN
Flua Z8r FRZHR TR A ERF 1 P,
HAERT 2 fHEF 3 i im0 F e % F 0. 1.
Mastral 255 Fll Khalili 25520 % 48 0 65 B2 0 78 A [
BRER RN T Z 07 IR HERURAE HEAT T RFFY, 4551

54 T Phe Fl Flua S5 T & 2 55 & i L0
FRAE, TESE T 1 R2ORIE TR, KA
Hi AR AL RE I ]2 M 10 H 25 H EWRAE 4 H 10
H, BRI R DN 5 8500 BERR e T HE O A i 55 A
MU IRA BRI TTECR. K72 R T B 2m
31.9% , 7EX T B levoglucosan ( 72 JiE i) 8 HH)
(R ef b7 2R, 15 0.92. TS HEH RIEEAY)
JRRk B B B R R, IR T 2 EEORE
TR 3 LRGP+ 1 2
RS, WSO, Bk EECEH TS 4R
R, IR 3 2R IR T A IR A% TR,
DIAREAC S B vk B SR I AS ) DL 3
th 3 A FEREFN A AR T 2 on R R B T
7
Z = 0.821F, +0.745F, + 0. 182F+" (3)
v, F O R, AL R
0.82, BEHAE a=0,05, P KA 0011 <
0.05. £ 3¢ (1) H 48 4 W 7 ik 3 43 1 gk £
47.0% | HEWIITBRTR 42./6% FISSE TR 10. 4%

R i L v s
4 Hig

(1)2016 @tﬁ%ﬁj@ PM, P (79, 0%
55.7) pd-ni*, IESER A TR H P —
HEVR JE BRAEY 1705 i, 155 KA PM, 5 34U B 2
THIE RS 3.0 155, OC Fl EC X i AR IR N
(20.7 £15.6) wg-m 7 FI(2.2 +1.1) pg-m™>, 4
A PM, 1Y 26.2% F12.8%. W Y HAE 45
(4.2 ~20. 6) FHHRAL 5 BT 32 2252 B A4 9 Tk e
PEARRRL IS 52 ] | 3238 R 1) DTk AR /.

(2) PM, i o s A A AR A HLAL & 9
FEAIEEM R 2R U R ERREEY,
AR RN IERBERE [ (101.3 £67.0)
ng-m ] >ZHIFHR[(81.4£46.0)ng-m "] > %
YA B[ (3.8 £1.9)ng-m |, IEMBEIEHY CPI
BB R T A R IR A AE IR o S [RIVE T, A )
B % WaxC, W HE— A UE 52120 X I My ke ke sz A= 9
TEASE IR K, 2RISR 45 SRR 5L T 1R
e AR TR e IR LA K 32 3 IR 3 A S VR (1) 5 )
FHEE R SR AL R BR LA S 5 EC 5 IH— Ak (8 2
M Bl ) R A G W 0 S ZEHERO.

(3)PCA-MLR FAEIZE SRR | 2 X A AL
JBE HE IR ) AF X BT R K /MR IR 2 R B TR
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