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B8 R B SRR E] [ 2017 4F 11 A 1 H—2018
4E1 H31 H520184E 11 H 1 H—2019 4 1 A 31
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51.14 42.55+25. 05 pg/m’, e KA 55K 471.78
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Fig. 1 Time series of PM,,0C,EC mass concentrations and OC/EC ratio in autumn and winter of 2017 (a) and 2018 (b)
F1 UNHAEZEASEERPM, SESEYRERESSEKEF
Table 1 PM, ,gaseous pollutants,and meteorological factors during the observation periods
— 2017—2018 4FRk A% 2018—2019 4ERk4 2
UL [ FH dEg H LI 38 [ia] #H A58 H
p(PM,)/(pg/m?) 40. 58+25. 98 84.71+16.70 33.84+19. 81 42.55+25.05 81.52+18.39 37.29+20. 88
p(S0,)/(pg/m*) 19.32+9.02 22.15+9.96 18. 88+8. 85 13.39+7.05 18.86+7. 14 12. 68+6.76
p(NO,)/(pg/m®) 52.49+19.99 75.22+16.74 49.00+18. 14 55.74+20.92 83.95+15.17 52.08+18. 70
p( 03)/(Mg/m3) 41.99+16.73 31.77+13.49 43.56+16.70 32.96+17.31 17.53+14. 26 34.97+16.72
REDLIZ/km 15.67+8. 34 3.11£1.27 17.54+7. 18 13.08+8. 01 2.64+1.18 14.35+7.54
AR/ % 55.59+13.71 73.19+11.32 52.59+12. 03 61.94+12. 94 75.53+11. 11 60.24+12. 19
W/ (m/s) 3.72+1.36 2.91+0. 80 3.84+1.38 3.24+1.54 2.94+0. 83 3.27+1.61
R/ C 3.80+5. 44 4.50+1.99 3.70+5.79 4.66+5. 67 3.86+5. 12 4.76+5.76

NAZEEE/m 628. 65+289. 28 324. 17+149. 86 674.

32+277.62 527.28+233.43 336. 19+89. 92

550. 59+235. 08
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WOk H e LR

20172018 4FFk 4 Zx 5 H AH X W B2 ¥ 0E 73 31 R
73.19% .75.53%, thy B 5 8 58 V5 4 H (X B =
80% ) 5 g H 4 5 A 25.00% ., 40. 00%. 2017 .
2018 4 Bk & 2= = 18 55 U5 Y B Br PM, {E 43 SR
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2.2 PM, HERATHFE
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m’ | 5 KAE 3B~ 24.50,19. 19 6. 06 pg/m’ ;2018
HERKAZE TC L OC  EC J5t = ¥ FE i 43 i 10,90 +
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5.79.9.08+4.78 .1.83x1. 10 wg/m’, fit KAE 535N
32.24 .26.95.5.29 pg/m’. 5 2017 4EAH I, 2018 4E
TC .OC R/ K 7.50% 12. 66% ,EC F#K
12. 02%.2017 5 #k 4 2= TC . OC . EC 43515 PM, (%)
(28.73 +9.85)% ., (23.41 +8.84)% ., (5.32 +
1.70) % ;2018 4E43 %1 (5 (27.89+7.33) % , (23. 44 =
6.68)% (4. 46+1.33) % , F& WL 6] 75 Bk 41 70 S
PM, FUkiy () o2 43

2017 4£5E H PM, o TC ,OC . EC FY i ¥ BE 43
WK 17.62+4. 86 .13.67+3.95.3.95+1.02 pg/m’,
5 H 4 9.01+4.07.7.21£2.95.1.80+1.21 pg/
m®.2018 455 H 4351 19.83+7.36.16.48+6. 34,
3.3+ 1.16 pg/m’, JE5H H 4 9.78 +4.48 8. 14 +
3.64.1.6420.94 ng/m’. 5 2017 4EAH 1, 2018 4F 56
H OC Jfi & #k B 1 K 20.56%, EC A% 15. 44%.
2017 2018 4FEFk&Z=5E H OC 435 2AESE H i 1. 90,
2.02 fi5, EC 20l ks H 1) 2. 19,2, 04 5. %5
PR BT AR ZE (24F 11 H 15 H—IK4E 4
A1 H) RIXCR AR o gbme oy =0 88 m 7 A 5
AL o BB Y . 53— T, EC 3275 Y W R IR Y
MR, Bk A 27 B h A2 P P b b 24 R H s
Wi, <A i 3 44 v s e X 3, SR 4 R L B 2
Bl AR R ARIR A b, T 3505 R 2 40 Tk B K T4
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(16.27+4.59) % (4. 67+0.96) % , 558 H AH L4
WIFEAR 50. 65% .16. 149%.2018 4EF#k4 255 H OC \EC
A0 PM, B A9 (19.73+4.55) % . (4. 06+
0.83) %, 53 5E H A L4 FEAIK 21. 29% (11, 11%.
S5 YL AR 2 43 o5 FERRAR, H PM, TV AN
Wi SR R BT PM, JB0RE 38 K A] IsE A2 Z2 s e )
%ﬂﬁm'm.

20172018 AFRKAZ=XIN A ] PM, H OC 5 EC
3 HMAESE H AR 2 iR, 0C 5 EC HH ek
PrEi.2017 4555 H SR H AHSC R 50500 0. 74
F10.78,2018 4E4351 45 0. 71 .0. 76 , 2B PM, 1 OC ,
EC RIFEHEC . HAEE H 0C 5 EC A& L
55 H s, R£WgE H PM, h OC EC SRR 2.

2.3 PM, # SOC & E 54F

W55 R, 4 OC/EC Al (p(0C)/p(EC)) K
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Fig. 2 Correlation between OC and EC in PM, for haze days
and non-haze days of 2017 (a) and 2018 (b)

TR/ v (1l
p(S0C) =p(0C) - (p(0OC)/p(EC)),,, Xp(EC),
Hrpr 2017 2018 4EEk %2 (p (0C) /p (EC) ) i, 5351
U H 2. 54 .2.91, 52545 78 A1 RKE 4 R A
{H(2. 65) M, B Tk R 5 7L s & R Y
1B (2.26) . AR (p (0C)/p (EC) ), (2.54,
2.91) fERTTE PM, H SOC Joi vk J&.

2017 4ERkAZE5E H AE5E H SOC ot it ik B2 43l
9 3.66+2.16.2.86+0.92 pe/m*(F£ 2), % H SOC
e R RS H A0 1. 28 £%5.2018 4E58 1 AE$ H

LIU Ziyang,et al.Characteristics and sources of PM| and its carbon components in autumn and winter of Qingdao.

SOC Jfi H e JE 43 W 4 7.57 £2.93 . 3.52 + 1.55
pe/m’, 38 H SOC ¥R s H 1Y 2. 15 5. 5 2017
AEAHEE,2018 A3k H B %E H SOC Jit & vk B 344 1
K, 20913k 106. 83% ,23. 08%. 5% 15 Y K A 15 e ¥y
iz HERCR K, 5 KGR S AR ] G
P BRI RFRAE G 3 B R PEA HLRT A Y —
WHEAR) A SOC 5 B 48 T W ek ki 4

2017 R4 H A5 H SOC/0C i 53 510
(25.67+10.48) % . (44.21+14.59) % ; % H SOC/0C
B He AR5 H PR 41. 94%.2018 4E55 H 3E%E H SOC/
OC {H43 54 (38.50+16.60) % , (45.25+12.85) %,
5 H SOC/0C fH I AE%E H F#AK 14.92% , K W5 H
SOC He b3z I, 5 18 SCHESE " #e A0 5 0 15
IZEIE—3 5 2017 4ERK A 2246 H AH 1L, 2018 4F
SOC/0C {H 4K 49.98%, 1miE 5% H SOC/0C {H #H
i, W] 2018 4EgET5 YL L AERT OC IR AL TR =
T 2017 4E.

2017, 2018 4 Fk & 2 OC/EC {H #{% F db
PRI Sl 9 2 SR L R ¢ U R R (R (E =1 o
FREOT TN AR (% 3) . R A Oy
XK A LR oK, BRI HE R 22 38 T s 4
FHERCE: | b i A M 35 35 e kY — B Ry & R
S5 Yy, g Y o Ul Y SRR
BT RREL TR
2.4 SRIRFEHT
2.4.1 OC/ECA(p(0C))/(p(EC))

OC/EC {H AT 8 1iF J5UR: 9y 75 ke =08 e 1) HE 5ok
U8 AL R AHEHOZ A R 2. 5~4. 2, BRIEIR G Ny
2.5~10. 5, FREEFEFF RPN 3. 0~3. 3, FIERIKS
BRESZ N 12, W) TR K BEBE A 16. 8 ~40. 0184,
XL HA 6], 2017 ,2018 4FFk 4 Z& OC/EC 1H. 43 51 4
4.57.5. 48 R Bk PM, & k2 4 4%
IR TAHLBNZE R SRR R be. OC/EC ¥ T
P RSER O AL, 2 B by kT AR AR A2 T

R2 20172018 FREZFVNAEER S5IEEH SOC RERER &L
Table 2 SOC concentration and its proportion in OC or PM, during observations in 2017 and 2018

p(S0C)/ (pg/m*) (p(S0C)/p(0C))/% (p(SOC)/p(PM,))/%
FHE 2.97+1.18 41.69+15. 43 10. 45+7. 12
2017—2018 4FFkA 7= i H 3.66+2. 16 25.67+10. 48 4.43+2.99
k5 H 2.86+0.92 44.21+14.59 11.40+7. 12
S fE 3.90+2. 15 44.99+12. 57 11.02+5. 46
2018—2019 4FFk &2 i A 7.57+2.93 38.50+16. 60 8.07+4.19
k5 H 3.52+1.55 45.25+12.85 11.28+5. 64
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*3 BELS5HMETMEEPM, RESHRAES
Table 3 PM, and its carbon components for Qingdao and other cities during autumn and winter

i BrcntE ’ (:;“m); N OV O TS
H 2017-11-01—2018-01-31 40.58 10. 14 2.08 4.57 ABHFE
H 2018-11-01—2019-01-31 42.55 9.08 1.83 5.48 ABHFE

AR 2016-11-01—12-31 102. 00 26. 44 4. 68 5.65 [18]
Jeae 2016-12-26—2017-01-22 99. 43 18.86 3.79 4.97 [10]
Jea 2017-01-01—31 81.00 23.80 4.50 5.29 [19]
RS 2016-01-01—27 72.82 8.20 2.89 2.83 [26]
(RS 2008-12-15—2009-01-19 178.20 33.30 6.30 5.28 [17]
I 2010-01-01—31 63. 40 8. 80 6. 10 1.50 [27]

FLZ MRS HE O I, 5 2E e Y 45— 502017
EMAZSEH AR5 H OC/EC (H4351H 3. 47 4.73,
2018 4E4r 51 4. 98 5. 55.2017 2018 4E3E5E H 0C/
ECERFHA 1.36. 1. 11 £5. 5 2017 448 H AH 1L,
2018 4 OC/EC fH % Jn 43.52%, 4E 55 H 3% Jin
17. 34% FKA AT By AR AT M X 22 % 1 5 K FG
FFRe , BARBERERT I e, (R s B 4R v R HIE K
HT5 JeIRSR e i RSB b S i 4 o A8 4k,
HAZ K OC/EC (i i 1t
2.4.2  ERSHM

WFFE 220, AR A & B 2 43 o] F T2 PM, 1)
KR, 0C1 F1 OP FRAEA: W) BriA B I8 HE ik, 0C2 EAE
BRIE TR HE ), 0C3 Fl OC4 FAF I B% 47 2 U5 HE
I ECT FAF I 4 R A HE L, EC2 FI EC3 R AE
seah 4 R A HERT S SR SPSS 23 BdExt 2017 .2018

AERKAZE PM, HRBRZH L 50 AT AT BT (R 4).
AR KMO K504 KF 0. 5, H. Bartlett £k
eI p o 0. 00( p<0. 05) , Wiz 7 e 43 M ik 2H 43
F ST F A58 T4

TR AT s R B, 2017 AERK A = S i
3T, W 1 R AR, I8 58.98%. A+ 1
1 0C1,0C2.0C3.0C4 . EC1.0P #iffds kK, M &
Rl 7 FERIE T AW ke AR be B B2k
R4 R A IR A HEBOR. T 2 34 5 R 1 AR
ol EC2 \EC3, RO+ 2 >k A il 4 B ACHRK , i
BRAF N 15.96%.0C1 J=HF 3 AR I A i,
TEA 7 3 RAEY R RIE, HigRZEN
10. 92%.2018 4EFk & Z g pfr b 3 AN+, R F 1
AR o T 2017 4F 3K 67. 14%. [ F 1 85K
Hy75 5 R AE SN 0C1,0C2 .0C3 . 0C4 EC1 0P, £AF

Fz4 2017 2018 £REZZFE PM, SREAD TR A

Table 4  Principal component analysis for carbon-containing components of PM, during observations in 2017 and 2018

2017—2018 4ERK 22

2018—2019 4EFK 2

R 5>
HF 1 HF 2 HF 3 HF 1 HF 2 HF 3
0Cl1 0.76 -0.09 0.52 0.95 -0.02 0.00
0c2 0.86 -0.06 -0.45 0.94 0.15 0.06
0c3 0.95 0.06 -0.13 0.98 0.03 0.01
Co4 0.86 0.01 -0.38 0. 89 -0.02 -0.07
EC1 0.96 -0.13 0.03 0.98 -0.03 0.00
EC2 0. 40 0.70 0.31 -0.53 0.92 0.39
EC3 0.05 0.85 -0.15 0.01 -0.40 0.92
oP 0.82 -0.17 0.34 0.95 -0.05 0.01
fHREAS R/ % 58.98 15.96 10.92 67. 14 12.89 12. 46
FRAF(E 4.72 1.28 0.87 5.37 1.03 1. 00
YR be+ Y bE+
Y SRR 2 + ; , PRI+ ] ‘
K i gEMERN RRTMME e RS RS
RIMERA HRIMERA
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Fig.3 The 48 h backward trajectory clustering of sampling

points in autumn and winter of 2017 (a) and 2018 (b)
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Characteristics and sources of PM, and its carbon components
in autumn and winter of Qingdao
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Abstract The ambient PM, levels during late autumn and winter season in Qingdao were monitored for two con-
secutive years ( November 1st to next January 31st of 2017 and 2018).The carbon components of PM, ,and other at-
mospheric pollutants of PM,,, PM, ., S0, ,and NO,, as well as correlated meteorological conditions, were used to
trace the sources of ambient PM, in Qingdao.The results showed that the average daily concentrations of PM, were
40. 58+25. 98 pg/m’ and 42. 55+25. 05 pg/m’ for the two observation periods, which increased to 84.71+16. 70
pg/m’ and 81.52+18. 39 wg/m’ during haze episodes.The mass concentrations of OC and EC in PM, in haze days
were 13. 67+3.95 pg/m’(16.48+6.34 pg/m’) ,3.95+1.02 pg/m’(3.34=1. 16 pg/m’) for year 2017(2018) ,
respectively. While the SOC mass concentrations in haze days were 1. 28 and 2. 15 times of those in non-haze days
for year of 2017 and 2018, suggesting the strong potential of secondary transformation of organic carbon during haze
episodes.Three factors were apportioned through principal component analysis of carbon-containing components. Fac-
tor 1 has the largest explanatory variables, which were 58. 98% and 67. 14% for 2017 and 2018, indicating the car-
bon-containing components of PM, were mainly from sources of biomass combustion, coal burning, road dust, and
gasoline vehicle exhaust.The backward airflow trajectory analysis showed that the air masses were mostly originated
in Inner Mongolia and passed through Hebei, Tianjin,or other cities of Shandong and finally arrived at Qingdao.

Key words PM, ;carbonaceous component ;source apportionment ; Qingdao



