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PERK =BT R R L EXRSRET RFHE A SRR

B, R, EfE, BRES, BR, IR, AT 'Hi,m , TR, EARE
(L ARG R AR For e, MBS B R A B A R S, BiE 200241 ; 2. S2AAR A0S L/Et 200062 )
WE . MEHEFRK AT 5 S KRS (brown carbon, BrC) (175 Y RRE KRR Z’—‘ﬁﬁﬁ*%#ﬁ*ﬁ?k ST EE T X
X E SRR 2018 4F 12 H ~2019 4F 1 A KA PM, sﬁnnﬂ’]ﬂﬁ?—"@ﬁi&)‘ﬁ%#ﬂi FARIRH A BRI AR B TR B 365
nm b ZR AL (absorption coefficients, Absy ) F3I28(5.39 £3.33)M ™! em ™ VOIRIKAEBURERR Y 1.3 %, B F YRE pH
PR AT 2 4 I, s DR ARUBORE ) 1R B A5 55 I A R T AR B G IR, & 28 Abs o FILER S 5T 45 I D' 2803 (mass absorption
efficiency, MAE,; ) %152 B 3 i B IR A AR fhta 3, ELIR N Abs . 15 26 HE A R M S SR 2R M AE DG (R =0.72) , Ud W 26 ) oA be
TR B P R S P 0 T e S O 1] As 258 50 O — AT B2 SR IR 28 R4 3605 75 6 16 & W ( nitro-aromatic compounds, NACs) Fll1£
FRF5 4% (polyeyclic aromatic hydrocarbons, PAHs) FHHE D H A (1.5 +1. 1) ng-m > F1(8.3 4. 7)ng-m > VEWAZEREE L
LA, B FE 365 nm AN BrC B9 OETIHR 514 0. 1% F10. 067% . IEASFE IR EAT ( positive matrix factorization, PMF)
I3 AR A BRI AT RS R G TR ) B e U= 2 2252 B B Bk 1 R IR, BTBRIA 56 %, FLU & U AR ks, o el
24%, THi3E #4 RIRAL Y 6% . i

KR ARK(BrC) 5 oy, AT FIEAEY (NACs) 5 ZIT70E(PAHs) 3 BOLIERT; TRIE { =/ §
HESES: X513 XEARIRE: A XERS: 0250-3301(2021)07-3127-09  DOIL: 10. 132274j. hjkx. 202012002 .
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Pollution Characteristics and Sources of Wlntertlme Atmospherlc Brown Carbon

at a Backgmund Site of the Yangtze River Delta Reglon in Chma )
ZHAO Yu WU Can , WANG Yi- qlam CHENJYU -bao' , LU Shao—Jun WANGJFang lin' , DU ngl , LIU Shi'-ﬂf
, DING Zh'l—]],an WANG Ge-hui'** | v 5 ! B Y w1
(1 Key Laboratory of “Geographic Information S(’lenceq J!Mlmstry of Education, School of! Geographlc Sciences, East Chlna Normal
Umveralty, Shanghaiz200241, China; 2. Instlfute of Eco- Chongmmg, Shanghai 200062, €hina)
Abstffact ' To 1nvest1gate the* pollution charaéteristicsj and ,seurces of atmospheric brown carbon ( BrC) in Chongming Island, a
backgroundssite of the Yangtze River Delta ("YRD) reglon in- Chma PM, ; samples collected from December 2018 to January 2019
were' analyzed to detérmine their chemical compositions and optical properties. The results showed that the light absorption coefficient
(Absysly) of BrC extracted by methanol at 365 nm was (5.39 £3.33) M™'-m™", which was 1.3 times of the water extracted BrC.
Both increased significantly with the increase of pH values, suggesting that less acidic conditions can enhance the light absorption
ability of BrC. In winter, both Abs;; and MAE, ( mass absorption efficiency) were higher in the nighttime than in the daytime. A
strong linear correlation observed between Abs,; and levoglucosan ( R> =0.72) indicated that many light absorbing substances in
Chongming Island were derived from biomass burning emissions. During the campaign, nitro-aromatic compounds (NACs) and PAHs
accounted for (1.5+1.1) ng-m ™ and (8.3 £4.7) ng-m ™’ , respectively, contributing to 0. 1% and 0. 067% of the absorption of
the total BrC at 365 nm, respectively. Positive matrix factorization ( PMF) analysis further showed that biomass and fossil fuel
combustions were the main sources of BrC in Chongming Island in winter, accounting for 56% of the total BrC, followed by secondary
formation, accounting for 24% of the total BrC, with road dust contributing only 6% .
Key words: brown carbon (BrC) ; chemical composition; nitrated aromatic compounds ( NACs) ; polyeyclic aromatic hydrocarbons
(PAHs) ; light-absorbing property ; acidity
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1.1 PM, JFESREE

AR FEAERR R R AT b A S R e B
HNEIAFSE 3G (31°44'N, 121°13"E) #E47 R 29 d
A HEF AR WL (2018-12-27 ~2019-01-25) , %K kE 5.
HiAb S0 B PR L A, 5 VT 95 R AR 6 SRR YA
HRFEAER N TISCH Az By KU LR AR 4% (15
TE-6070VBLX-2.5,USA; JitE:1.13 m’ -min~").
12 h SR —ASFE 5, A 0 8 B AE 1 2 AT 3 7E
450°C ik F 1k 6 h. SRFEZS S FF 357 R4
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1.2 EHLEF. WSOC, OC K EC 43#r

TEHLES 5 FoK A HLEK ( water-soluble organic
WSOC ) # i F #8 4l K (# BH R 18.2

carbon

KA
%ﬁ%%?ﬁﬁﬁﬁi&%ﬁ RIS SNSRI

MQ - em) HATZEE, BARHTA B RN O — i &
PINEREIRE 5 | B Tt i B 048 i 50 mL
aliyK ARG 3 U, AR IE A vk ki ik, A R
i L KPP R 8% 1CS-1100 A
B A5 o0 B, AR I 8 Aok Ak AL
(Cl”, NO;y ., SO;", Na*, NH,, K", Mg** f
Ca’>* ). WSOC fifi i & #H: TOC5000 5 43 B A 2 47 U
FE. 1M A ML A (organic carbon, OC) Al JT & ik
(elemental carbon,EC) ] DRI-2001 %I/ S 2#65% 45
PrASGHAT /0. R RS TR0 08 ] J5 2 T 2% SCHiR
[22].
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43 S P 0 7K R P Tt 5 YOG AR i R R A A 7
%%EI,E\MS?HETfE% 1.2 5K B 1 B Ak 2R
Jr i, BT MR T b G P i LA
VAR A (o) b 10 516 27 W e ] e 4ol i
(UV-3600, Shimadzu | Japan ) #£ 47 l & Wﬁb\’— lsz(—L
i ‘-JF' BG4 W Z 8 ((absorption’ coﬁfflclent
Abs, M~'-m" ) % T A RIRE e,
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AbsA = (AA — v ><l><1n(10) (1)

KA, j\lzﬁﬁ{fﬁfﬂiﬁ A (nm) b1 SE27 ”l‘(ll& 5
TR 0 i ST T, 9 2 A
JGIE A, WZ% 700 nm AR IROGTE A (85 V, KR
WK, vV, FORBE S IR, | R el
(1 em) 15 5h/A WG R MG R KK BE. Abs,  F11
Abs, \FH R K FTH EEAE L BrC ARG R AL

PAA BT 5 KGR R (mass absorption efficiency
MAE,,m’+g™") FI A (2) 5 15 . MAE, ,, Al
MAE, 73 51375 7K F Y B A5 B BeC 114 53467 J5 o 1
JERCR. AEABITE D B HLBK AT LLSE I e
M ) v, AR HY B I i M A HL AR ( methanol
soluble organic carbon, MSOC) #1718, 1l g & T3
X HTEE ) MAE OARAl . (HE AT R, 90%
DA _F B BrC AT Bl AL R (P s PR ) A 5, [Tt
TAMIAR AT LA 2

MAE, = Abs,/M (2)
H M BRI WSOC J5i ek A0 4 B fili
B OC .

WK W2 i £ %0 (absorption Angstrom exponent,
AAE ) 7R W) 5 WA Bl 90 4 732 A 18 BB AR s
BrC G R P 15 Ok 505 D AR O, PRHC K Y5 T
el 4y 52 AAE 3 1g(Abs,) 5 1g(A) 7E
300 ~500 nm KA B A e M [ I35 B R 2 X
(3) Al A5, 7K A H BEAE L BrC A9 38 4 I i 43 53]
AAE, 1 AAE, FEIR.

700) X
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Abs, = K-A ™ (3)
1.4 AT HFBEALE Y (NACs) FIZ ARG Y)
(PAHSs) i &
PM, A HLLH 5> R BSTFA 15 A4 AL i 23 B 5
B RE IR N A 5 mL A5 AT B U e R
(IRFREE R 2: 1) TIRA IR, S 75 AL B e i 78 e Fl
RIR W 4 J5 55 78 2 M@ TEMR N, IMA 60 plL,
N,O-R( = FIERERL ) =5 L BEe: ke (R
5:1)WW, IFT 70°C T OB 3 h, A 140 pL IEAY
T =Rl E I AR IR 2T, SR A AU (3 o ik 9k
FIAS (&R ZE5EAE 23 7], Agilent7890B-5977B ) , {f ik
HR HP-5MS J5 il f7 9% B 445 B, dERR IR R Ol 2
L. FEASRIORIAT A AL A 475 UL Sk 24,25 7.
ASCIME T 4-WEFEIRE (ANP) | 4-fi5 FELR R
B (4NC) | 3-H -4 B IR M (3MANP) | 4-fiFf
A B K By (4ANGA ) | 4-FF FE- 5-m4 3L 4B 2% —
(4M5NC) | 5-FHFEEK % R (SNSA ) Fil 3-fi 3£7K 47 iR
(3NSA) % 7 Fh il 3 35 75 W AL & 1 (NACGY) |, 3E
(Phe) ¢ (Fla) BE(Pyr) EJF[fa] & (BaA) i

(Chry) [ b ]9 (BbF) | Kﬁ[k]}?ﬁ(BkF)

zliﬂ?[a]u:(BaP) kI [e] TE(BeP) EHZIS}I -
cd]bb(InP) éﬁ# ohi | 9 ( 254 A4S, Bg'hlP)ﬂ]
z;:ﬁ—[a h]%:(DahA)’;":f 12 ﬁ%ij‘iklé(PAHj)
15 IEGE AR (PMF) PR ¥

"jﬁﬁ%%@ﬁ/ﬁ%ﬁﬂ Absygs Eﬁfﬁ,ﬁﬁﬁ? #

1EEHE @ﬁj\ﬁﬁ?(posr{lve matrix factonzatlon PMF.
PMF g XUk R R0 A 37 e 0 1 L
BEBFF 58 v a2 20 AE AT 5 R T PMFS. 0
WA, UL PM, s, EC, WSOC, SO; ., NO; . NH, .
Na*, Ca’* Mg’* .nss-K* | BkF, BeP, InP., BghiP,
JET5E 4 B M (levoglucosan, levo. ) Y i & ¥k i Al
Abs o 11 0 iy A\ Kt 24T Z2 k53847, I Q 18
FIWT AR AR GA1E , U C R E(R?) PRAH B
WL 5 LI T 2 T M S B R/ 25 B 1R
BREFEER BT Q H(0,, M0, FIR 3
AL Y — S, 443 17 3 DR TR IR0

2 #R5itie

2.1 WSOC, OC i1 PAHs . NACs ¥#¢J¥ /K
F1(a) ~1(c) 4l hal4& 2= 0C il WSOC
WeRE, L &% PAHs Fl NACs (7)) 8] 25 46 ) 51 WSOC
M RE K 0.7 ~11.4 pg-m >, FHH (4.0 =
3.0)pg-m 2515 OC 19 65% . OC Ay E] AR fh i H
5 WSOC M, F443K (6.2 £3.3) pg-m . I 2
ATLVE H,WS0C 5 OC i A (R? =0.81)
Y AE R 0.6 0. 21, B & T LA (0.36) (B AE

(0.43) F147 M (0.54 £0.13) L X200 jx F 38
S TSI AR = A IR TR T KU, 5 MIW“{:
P 0 A i e A — WCHIE R ) A LA 2 e B
E— AL B WSOC, T 7B WSOC/0C H{H
Fhim. I 2 AT SR A2 WSOC 5 A= W) ik 4%
(R ™) (ZETRERT R ) I AF I PEA DG (R >
0.60) , 45 FEFEHA | 5% WA My K7 X I 0 A= ) Jo Jok e
JEAZE WSOC 5 L = i ) — N E B i A

NACs F1 PAHs & K& @Al &R
M AFLE SIS I, 32 B 1 S0 A 0 o A R e
R R TN S8 A ke T B0 R, (R R ik
WAMEZH 5T RE , NACs AT L4k 24 I v — ke
B ARSI TR UL 7 RS R AL A
12 B Z 38 05 18, 45 R W7, NACs ~F- ¥k B o
(1.49 +1.06) ng=m >, Hrfr 4NP il 4NC 275 i 4%
BT R I Al A 40 35 5 NAGs ' 73% Fi
14% . 5 A f BT B, 521 15 42 25 NACs A9 65
TR (7723 ngem )Y \%;@Lg’_gg (14.0
ng-m") (s ij{?ﬁ]%’%(39 6 ng-m )E%] 7[:‘[19&5]
PEREAR (20 pg-m ) & AR X A BF 50 ] 4t 2
PR R i%ﬁ%ﬁﬁ?ﬁ&mﬂf*ﬂ’mz‘ﬁ@ﬁm
Wy AR T NACS 55 70 et s B
AR RS 061 )% S Tk 2 g
7 NACs YT 3850 8. & % PAHs 10F B9 0 h
(8.31+4.66)ng-m ", H:iF B(b/k) F, Fla £ Chry
£ PAHs o0y o5 A, 3 0 7 PAHs Bk B Y
22%. 13% F1 13% . FR Ny InP 1 BghiP, 53 51134 5
SR E ) 8% . W I PAHs 19 ¥ B AH tL F 78 %
[(82.3£53.7)ng-m ] 255 17 b IX. [A) BE AR
HWF5EE W, Fla/(Fla + Pyr) il InP/( InP + BghiP)
(18 5 12 b AT X0 AN ] A HE RO, 24 Fla/ (Fla + Pyr)
>0.5 B, FLWET AWK, 1M 0.2 < InP/(InP
+BghiP) < 0.5 B 0] 3 B 3= 220k [ 1k A B RHR
333 KBS Fla/(Fla + Pyr) > 0.5, InP/
(InP + BghiP) <0.5. It kA Bk K A= 1) R e
PN i & 75 PAHs HoA B E 5Tk,
2.2 BrC JE2RRAE Bk €0 3 W 6 Bk
2.2.1 BrC Je2F4H1E

M3 (a) AT Hi, K A BT B2 B BrC
47 2 BRI S 5 B 0 R MG N T iz S
SERTHIBFFE 45 R — 2O 7E 365 nm KA A F
¥ Absygs y [(4.16 £2.62) M~ »m ™" ] J& Absyi
[(5.39£3.33)M "-m ' 1Y 1.3 £i5, #ARA A7
TEA4G R AR PR R AR B ) 5, PRI I A% 558 K 2 B 7

FIREARAN BrC BML G | AL A 45 SR 7 6 o R v

LA AR G b X AR L, 52 BeC
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