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Seasonal Variations and u--Souf_c"é'prpprtionment of/ Carbonaceous Components in-
Luoyang ' Implication for Brown Carbon Contribution’ ' '
Y‘AlN ﬁuangil“«'xuanl ; HOU Ming-yang' , ZHANG Pu{zhen2 i WANG Jie-gi! , WANG Hu', LI Chong-hwéjiol , WANG Y_ue-sil 3

(1. Key Laboratory for#Yellow River and Huai River Water-Environinént and“P-(l)_l_l_u&it)'ﬁ Control , Ministry of Education, School of Environment, Henan Normal University,
Xinxiarllg 453067., China; 2. State Key Laboratory of Environmental Criteﬁé'a;{&m Risk Assessment, Chinese Research Academy of Environmental Sciences, Beijing 100012,
China; 3. Slalte Key Laboratory of Atmospheric Boundary Layer Physics and Atmospheric Chemistry, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing
100029, China)

Abstract; A total of 98 samples were collected to analyze the seasonal variation and source apportionment of carhonaceous components, especially brown carbon (BrC), of
PM, ,in Luoyang during 2018-2019. The concentrations of organic carbon (OC) and elemental carbon (EC) ranged from (7.04 +1.82) pg-m>to(23.81 +8.68)

10 (13.41+7.91) pg-m ™, respectively, showing the seasonal variation of being high in winter and low in summer; the carbonaceous

pgem and (2.96 +1.4) pgem
fraction and secondary organic aerosol percentages were higher by 8. 33%-141.03% and by 0.77% -63. 14%, respectively, compared with that in 2015. The light absorption
cross section (MAC) values showed different seasonal variations with the concentration of carbonaceous fraction, shown in descending order as autumn (7.67 m*-g™") >
winter (5,65 m>+g™") >spring (5. 13 m*+g™") >summer (3.84 m>+g~" ). The MAC values ranged from 3. 84 t0 7. 67 m*-g ™" at 445 nm, which was lower than that in
coal ash. Seasonal variation in light absorption and the contribution of BrC to total light absorption (b, 4. 405 wm» Dubs. s 405 nm” Das 405 m ) 10 descending order was
winter (31.57 Mm ™", 33% ), autumn (11.40 Mm ™", 25% ), spring (4.88 Mm ™", 23%), and summer (2.12 Mm~", 21%). The proportion of carbonaceous
components decreased as haze episodes evolved, whereas the contribution of light absorption of BrC increased, highlighting the important contribution of BrC to the total light

absorption. The results of PMF and correlation coefficients of b,

abs

Bic 405 o &0d PM, o components indicated that motor vehicles and secondary nitrate contributed 27. 7% and
24.0%, respectively. Our findings have significant scientific implications for the deep controlling of carbonaceous aerosol, especially for BrC, in Luoyang in the future.

Key words: carbonaceous aerosol; seasonal variation; pollution process; brown carbon; optical properties; source apportionment
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PR ENIE T 05 20 5 — R L AR e TS e ﬂﬂﬂﬁﬁ
BAEH].
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Table 1 ~ Carbonaceous aerosol concentrations in Luoyang region
. Sy, P .
Wy (s p/i;M;iz /iiyori),; /Z;Er(;l),; OC?I;GMz,s hCil%Mz,s lC//l%Mz,s 0C/EC /p}i:()r::,)a SO/C;]OC Sk
A 97.80 13.28 6.02 14.25 5.9 20.18 2.58 6.28 41.72
HE 67.82 8.61 3.72 12.99 5.47 18.46 2.47 2.07 26.00
2018 X2z DRI Model 2015 54.44 7.04 2.96 13.98 5.41 19.40 2.62 3.39 50.07 A5
ZE 114.38 13.95 4.81 13.43 4.39 17.81 3.04 6.60 46.12
A7 154.69 23.81 13.41 16.95 8.79 25.74 2.08 11.41 47.78
Yy 140.99 16.17 6.17 11.18 4.33 15.50 2.60 5.54 30.75
HE 90.50 10.79 4.63 11.92 5.12 17.04 2.33 2.85 25.80
2015 X7 DRI Model 2001A  91.70 4.94 2.44 5.39 2.66 8.05 2.02 1.45 30.85 [17]
B 190. 80 21.52 6.78 11.28 3.55 14.83 3.17 5.93 28.27
K 204.30 28.42 11.31 13.91 5.54 19.45 2.51 11.60 46.40

R2 MREFREREREUSPBRRASHREMZMER
Table 2 Mass concentrations and optical properties of carbonaceous

components by pollution process in autumn and winter

2% TiH W KRB HE
p(0C)/pg-m™3 9 15.25 13.62
p(EC)/pg-m™> 2.82  5.87 7 4.38
0C/PM, 5/ % 16.25 11.80 (42.94
EC/PM, s/% 477 436 3.97

#ZE  p(SOC)/pug m? 53 | 6.28 L 7.49
s0c/0C/% 54/ [140 -54,--' :
~soc/Ec /| Loil /118 194

i m/Mm_fl | 2142 49 of_lf 4-3"34

1 MACy m./m o G670 7.43" €158
B i o M ™! S.43 1351 ik

b 3 o an” oty 405 wn” % 22,80, 26.05| “28.11

7 PLOC)/pg m®’ 12.27 25.83 2578 /

| p(EC)/pgm? . 5 415334 9,.06".3 -

' 40G/PM, 5/ % 22.27 15.95 4750
BC/PM, /% 9.08 8.94  6.36

&2 p(S0C)/pug-m ™3 7.42 1175 17
SOC/0C/% 61 44 65
SOC/EC 1.50  0.98  1.91
B 405 o’/ Mm ™! 34.2100.11  73.89
MACys,,/m” -5~ 579 5.59  6.88
Dot 1405 o/ Mm ™! 8.97 34.93 28.47
b 81 1405 nm” Dabs, 405 wn” P 27.58 33.46 34.18

2.2 BRBUIRIERD LR
2.2.1 BRI AU R A
R T ARG S BB 2L, A B T OB B

(RGP B SR I AE 405 nm K A EIRIR FR
b, YA 41.94 Mm ™', b, S B AT 4
() &% > hE > HFZ > 2% 5HAME
PRI AL R (A2 > B 5 ) —50° % b,
5 0C 1 EC MR W21 ARk (T 1) AH R, AR 2Bk
IR TR E 2, Ul B AR T 41 10 TR B T BB X I
N A —E . AR ERE TEEN
MRS EHX P WA T >EF>EE
>FZE) M, I BH B IX. OC/EC (£ 1) H1 SOC/0C
FIZETT RS SV X A R, X 1T g 5 R TR &

HHEAH B A G

Bt T5 Ye R AR B R R U S i B 2
U E AR A S AT BL A R B Bk & R R B 1Y
o sos o A1 L T T8 35 300 43 500 80 /T 12869406 A
192. 72% , 115 1 BB A G T % 2 B B0 S WA 7
11. 62% F1126. 19% . Ré*ﬁiﬁa?fﬁk*%ﬁ"&%w&
ﬁ*ﬂﬂ‘r%*IV%BEH M{ﬁ HEIR R Thﬁfﬁﬁfﬂﬁ
B’J.Etbfl‘%& i A5 = L‘Iﬁé%éﬂ?
%ﬁ@ﬁ$ﬁfﬁw‘lﬁﬁﬁm%ﬁ%ﬁTﬁ?
FIGY L BB, 1 H 1 BRI A 4 HPEK OC 38
i BC MR 1), by tnfETtes 1 A 5 Broc P
WG, EC ML A, b, il OC — Rt K I AR, 34

B OC Al BEAEEEAT WOERE I 94 .

2.2.2 WREUIEFEH MAC B

MAC 2SI E2A R — A S 1
445 nm B MAC IAEI(E N 5.77 m*-g ™", 7F 445
nm{}j’ifx MAC(m’-g~ ") B ZET AR 40 Ry Bk Z= (7. 67)

KZ(5.65) >HZE(5.13) > H7(3.84). X F=5
TE?%%%%EM@B&@%\%%ﬂﬁMﬂM
ARTF] (05 7 5 1 X M, 32 T 2 0 e
VB S OB E A 2 A ALY, AT S 30
ZE LR (1) MAC AR (7. 12) B T4 2 (6.66) . 1% ik
AF B 0 V88 TG %) 28 40 R AIE A7 A AR R 28 (] AR 5, mf
AE SRR R ALY AR A 6. 7RIS e & AR ik FE b Bk
K PBAEH N B MAC AW, X 5 SOC 19728
feBa AR F]. FRZ45 B MAC F SOC/EC #i i T4
Z= Pl SOC YA X AR AL X MAC 7] RE A —E /Y
S X b, 15 Y BT OC Sk T4 3o 2# M
JoE AR A A — 3K

MAC 122 5 0] AT R IR 43 B A T4 BT
PR (A2 ) B9 MAC 7£ 6.3 ~ 8.7
m°-g™' (550 nm) B & 3.9 ~ 5.4 m-g' (880
nm) 2 22PN HEIX BT MAC, E L AMRTAT WO I B2
H8.5~10.2 m* g~ HORWE AT BB 5 fb A AR be
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WA LE YR, Cheng %27 7 MAC BTSSR 5145
el 2 52 4 R S T RE 25 G BC 1 MAC
FEAR. A 5% 45 2 () Bk 2% MAC (5.50 m*-g™",635
nm ) I T = AR E R 2 27% , XA He = Tk
] g 1L X2 (MAC, 7 635 nm 2 6.4 m?-g ™" %
FH MK 15% ) , VLW RE & EC 32 B kR
FRISZIFE K, AT MAC AR £,

2.3 BERRIGCEEFRE

% BH M1 X BrC 7E 405 nm 4b O Tk
<babs,BrC,405 nm) &/ﬁ\:ﬁ@k ( babs,BrC,405 nm/babs,405 nm ) E/‘J ﬁi
P 12. 07 Mm ™' H125. 56% . BrC B Z=Ti 254k Ry
A7 (31.57 Mm~',33%) > #kZ (11.40 Mm ™',
25%) > 7= (4.88 Mm ™', 23%) > H & (2.12
Mm ™! ,21%) H% bahs,BrC,405 nm/bahs,405 nm i ’ piill
T4 B, FX3ANZEN36.3%, 16%., 8.7% . iX
AIRESEAERCR Y H BT, BrC R ARG 2 A A
fifi BrC BYWOGARE 1T FE™) . BrC A9 G Wi 52 B
A TERmE NN EN AT (R 3) e
PTG X I mOH X A R SR, {%
BHHBIX by e T By g/ b, B 2T A5 AR JE 53X

iw‘ﬂl:ﬁfﬁﬂﬁﬂﬁﬁﬁ H& b, B,Lﬁ?ﬁ‘ﬁiﬂ%'{:ﬁ
80. 5%, 1 b, §c/b.,. KNG 1 229 , R 75 (it 12
FRRAHXT T 2 M X 45 /N H A v 1 e b X

#ﬂgél?lali(?ﬁ’jt Wb, JT M) HI% BH M X
b1 205 am” B 980 lmﬂgigﬁl_l 2.4 UL BrC 75 YL Xt

'Lﬂ&tlﬁzﬁﬁ TR 2

VGG R A T R B2 by, e aos o TE R
M BEAHEE TG T B BEXE N T 147. 89% #1289. 41% .
babs,BrC,405 nm/babs,405 nmﬁﬁjﬁ' %E’%ﬂ‘ﬁﬁ?iii M&i
T 14.25% F121. 32% , {H B BOAH S T & R B
HINT 7.91% ., 2.15% . N R EEHEL 78, B4
PIZE by e aos mn IS ARG 35 55 00 5T 2 53 1) 728 A A 35
AT, B S B IRAE RSB B, b, e 405 an? Db 405
2 B A B AT O B B R T
2005 HEAE A, T BrC 6 A1) BT ik R AE 5 22 44
I, B BrC e T G BT W i) AE fb HLAg B
YEM.

BT, 22 HHIX BrC 78 635 nm AL F4EF-
KTk AR Al 3k 349% 1 dbat, AMAGH & =4
Z= 405 nm 4k BrC E‘Jﬂﬂfﬁ(ié’]jﬂ 21.22%. 23.28%
148, 58% , #8 EZHK A T A BUEHERBE , B & Hu X
T TR TR T A ML A HE R = Tl & 2
BrC 7£ 370 1 470 nm 4b 56 W Uk /9 5Tk R 4 51k
37.7% F125. 1%, FE K H FTAHW TS . SRR
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2 41%, FFR A T HEBE A BRI R D) kb
VI b X A4 22 FIRK 2= 7E 405 nm Ak 1Y BTk 55
AR 11 7% F16. 3% , RATHLIXFKZE 12. 1%, Ik 17 Hb
X 47 BrC FER [ A RBHRBE , 4R H X Fk

*=3

7 BrC EEOR A TAEY RS B X & Z= (1
BrC AU BT RAE 17. 8%, EE Ok B THIR P A —
AR HHAE X BrC VR A STk R F AL, W BH
X BrC 9 FEZORIFAR 1T GBS T A B RN A ) S Bk
B K.

& PR X B TSR B R S R

Table 3 Optical properties of carbonaceous aerosols in Luoyang region

A babs,4ﬂ5 nm MAC445 nm MAC635 nm bal\s,RrCAOS nm babs,BrC,405 mn/bal\sAOS nm
/Mm ~! /m?-g”! /m*eg”! /Mm ! /%
T 46.13 7.67 5.50 11.40 25
EEs 91.56 5.65 3.63 31.57 33
R 23.89 5.13 3.57 4.88 23
ES 13.42 3.84 2.68 2.12 21
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Fig. 2 Factor concentrations and contribution rates of PMF sources of PM, 5 chemical components from 2018 to 2019
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Table 4  Contribution rate from six sources in different seasons/%

WA FRBEIR ZIRERBRER ZIRIHIRER Tolk P E77Ery) BBl %5

&S 2.6 8.8 35.3 12.2 13.7 27. 4

g 9.3 10.2 27.2 15.0 10. 4 28.0

T 7.3 18.0 26.5 7.1 26.0 15.2

" 1.9 33.0 14.4 17.2 14.6 18.8

B4R 6.4 14.0 27.7 12. 8 15.1 24.0

LSBT R R T4 4y KT TR RO REFEH by, urc s om T VSHIRMHIAR RE
ﬁiﬁ%ﬂ/ﬁj&ﬁﬁﬁi%ﬁ babs,BrCA()s - ZI‘ETJ *Hﬂ‘é,l.i ( %E 5 Table 6  Correlation coefficients of b, p.c 405 um
i %% 6) ’ U\E Eﬂq x IEJ é %4 %. o ﬁj N 5_ UF( BrC 4] IEJ i with gaseous precursors in different seasons
Ve K by e sos o T BB BaC. 1 3 U5 AT i WH  ME &F  kF  HE K7 RH <60%
L3042 R S — YRR R A A 6. WA AL SOR - 0.29 0.877 0.25  -0.23 -0.52°
TR HE RO T R 2B R A A BLIL Sy 0% 03 08T 0@ 00 030
W ARRAES R G LS R LA S0 005 S030 00000 08
I G 2 S R AT BRI . &% N oS eT N2 -0 h g g
U TR TG, A A T e Pl 0 0o e | 0 o1 0:
WA AT by s o PORIDCHEARR T 5, 1K 1>ﬁrrmm%wm%ﬁﬁa Wﬁ%@ﬁwwu
‘ (OBUR) A ¥ P, s 4

ARATRBHAN T all 2 77— U HE B S0 fld B
ﬁiﬁlm”]%*hMmmm%M>ﬂNmaﬁ
AN B TR KT BiC 3 ﬁﬁmﬁﬁm&w
¥ *x 5 7H§w B s BrC 405 nm 'a‘ﬁﬁﬁfi?ﬁﬁ v
CkmmTRTRnRERa

¢/Table 54 Correlation coefficients of b, p.c 408 o With (:arl_;onacgous

AT 4 . :
fraction, water-soluble ions,sand elements'in different! seasons

g BES x3  KEF 23 EF (R <00%)
0Cl  J0.53* 0.85* 0.11 -0.06 -0.23 B
0C2.410.55™ 0.88* -0.04 -0.08 -0.35
0C3  0.45° 0.72™ 0.10 -0.06 -0.31
0Cc4 0.62* 0.83™ 0.12 0. 00 -0.22
ECI  0.71™ 0.90™ 0.48* -0.11 -0.4
EC2 -0.17 0.14 -0.05 -0.37 -0.41
EC3 -0.07 0.55* -0.20 0.15 -0.37
POC  0.61* 0.75* 0.15 -0.03 -0.43
SOC  0.35 0.12 0. 05 -0.09 0.48
F- 0.46" -0.26 -0.42 0. 08 0.12
Cl- -0.09 0.72™  0.02 0.05 -0.23
NO,  0.38 0.53* -0.17 -0.14 -0.21
S0i~  0.30 0.90™  0.31 0.00 -0.28
NOy  0.43* 0.89™ 0.73™ 0.05 -0.40
NHS  0.48* 0.40 0.74™ 0.01 -0.35
K* 0.65" 0.54~ 0.36 0.12 0.02
A% 0.10 0.53* -0.16 0.26 -0.34
Cr 0.56™ 0.72™ -0.40 0.00 0.00
Fe 0.02 -0.26 -0.52* -0.05 -0.09
Ni -0.28 -0.25 -0.51" 0.02 -0.15
Se -0.25 0.81™ -0.06 0.32 0. 40
Sbh 0.07 0.57" 0.36 -0.36 -0.29

1) " F7RAE 0.05 Zeol (B2 , iRtk B35
() MR B

* FIRTE 0.01 25

o
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YR FRIVAR FEE T 5 ] e VR 0 0 e SR
0P (RH) #1d 60% MIBE 205 , I by wc a05 o
5550, il SORS A& BT 38t , i ] BrC (1477

Al e SO, AR LA O (B2 SO, i <A Ak
A/ SRR N 2 5 Ak 24 AR o 72 T 8 23 B A BrC
(I

AAE, AL AT LA BARRR R, an e 7 s,

45 T AR PR R XA G AAE . 24 AAE,
M1 ~3 B AR U SE B A BrC B EE T
Bk AAE, KT 1(#8ET 1) ,BrC EZR At A8
BHERSE ;. AAE >3 I, AT BE BT 7= 42 (1) BrC 29l %1
bk Z ik BrCP L BRI AAE, R 4 (388
nm) %', Shen 2% %?H i%‘W“P?‘E/‘J AAE ¢ 340 -500 om
K2y 4.38. BB BE i 3K 52 B SOA 1Y 5% e, He
AAE ¢ 370 950 i M 4. 4 £2. 1f“”. PN RS- F &S
PUZ=1 AAE, 235 f 4.13 . 3.01, 3.55 Fil 3. 66.
ARSCH) AAE S5PE 2 X Y H ) AAE,(3.91)
FH Y. 3 PH Hb DA €5 B 119 ok U5 AT g 55 16 A R kLY
—URHE DL S R B AR G ik 5 R AR DG A3
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Table 7 AAE values of BrC in different regions

i1 = FEA AR 27 K /nm FERIR AAE Sk
HE 4.13
N H7 e T — s 3.01 ——
I i PM, s BrC 405 ~980 AT — U HE O — 0 ik ENIE
"= 3.55
= 3.66
HE 3.91
. H% T B A e HE bt T — v 3.31
S . PM, s BrC 370 ~950  AEWIRARE SRR —UCHERCR — ik Al J (23]
e 2.67
=1 FES PM, s BrC 370 ~ 520 RIRE 2230 AN A W) SR — IR 4.22 [30]
FEIE L CES PM, 5 BrC 300 ~ 800 A BB — R e Ak 3.2 [41]
BAFI K A% PM,, KHEBIC 530 500 “KEEE 4.6 [22]
B BrC 3.3
TR TSP K% BrC 300 ~400 IR AR e 5.04 [42]
B TSP IR BrC 300 ~ 400 PRI A 4.77 [43]
#1t PM, & BrC 375 ~ 635 FRAEFFIF R BE 4.5 [44]
brown carbon aeros¢l 4in the PRD region "bf-F-‘Clhi\na [‘J 1.
3 Hig Atmospheric Chemistry and Physics, 2016, 16437 : 143321443,

(1)2018 ~2019 4F YRR I 2 1Y) 5 M £
ANFFREERYIE NN, p(OC) Al p(EC) HI4{E H7 13. 28
pgem H1 6. 02 pgm mﬁ?mwﬁiﬁﬁTW
T 17787% Fl 2. 4%, {0 TC/PM, , 7+ 5T 30.19% .
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