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B R A SASHS LA R & B F Fh

(BEPE R KRR R 5 TR AR, P2 710021)
TEE . BRI VE LT RARER (BrC) Wb F Rt R fb 2%

LG, R RSO R A o AR S50 [ o >R 2 1 0K AR AR R

FEG I8 F AR W43 66 TR = 45 EETINE TR b BrC OGNS GHR M, 38 FF-47 74341 (PARAFAC)
BAEHT =D IEAS 2] BrC RSN S B G5 R 7RI 365 nm B J5URIAH AT SAH BrC ARG 431 (13. 8 +
7.9)Mm ' F1(8.0 3. 1) Mm ™", I &7 L5k 63% F1 37% . ARG I A & IS A AN JSURL AT BrC WO 2 [H]AG f 3 H HH 26

. PARAFAC &5 53R TUL T KRS BrC &8 JSH UL A |

R A AT FIZE L R @ P T AT 20 0 A SR A BORE AR

BrC P o LR AN A 0, SR (0 A RIS 4 1 R (A TERIORLAT R 23 A 482, 20 31 419 1 36 9% , T UAA b 1 260 & 2

@A, by el 78% . ARAIFSE
RS M5y, B R 58 75 B4 T LG BRI ST
EEER L AEDR (BrC) ; WOk S5 M b

Pollution Characteristics and Chromophore Types of Brown Carbon in Xi’an

CHEN Qian, CHEN Qing-cai” o

( College of Environmental Science and Engineering, Shdanl University of Science dand Techﬂology, Xi#’an 710021,

SRR 1M BrC T AR STAR O CIE FR S i 00 i T 2 1, DL e S 5 RO R B

QUL SRR P AT AT
FESES, X513 CEARIAEFE. A XEHS . 0250-3301(2021)03-1236-09 DOI; 10. 13227/j. hjkx. 202007119
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Abstract: To explore ‘the joptical characteristics and chemieal (ompogltlon of atmosphen(" browq cathon |( BrC) in Xi'an, paptl(ulate

phase~and gas phdse dtmoSpherlc samples were ¢ollected u%mg an atmospheric pdl"tl(,uldte sampler and ddéorbent and the samplés were.

analyzed using an ultrav1olet visible spectroph‘otometp( am‘r a. three-dimensional ( 3D) fluorescence photometer The ;absorption and:;,-

fluoréscence propertlf-c, of BrC were analyzed uﬁlng the pal-‘alle,l factor analysis (PARAFAC) method to obtain type and composmonal

information. The resulls show that at a wavelength of 365 ni, the absorbances ofithe B{“C pamcul'ate and the gas phases were. (13, § +

7.99*Mm; " and (8.0 £3.1) Mm ™", with proportions 01J 63% and 37%, respectively: No significant cotrelation was found betwéen the

absoxl ance/ 'of the' ga8 and particulate phases. PARAFAC! re%ult% show that in winter, atmo%pherl( BrC_in Xi’an is composed of humic-

like" and proteln ;;ke chromophores,

with  different. proportions£in the gas and particulate phases.

Humic-like and protein-like

chromophotes aré dominant in the particulate phase (419%=and 36%, respectively), while the gas phase mainly contains phenolic

chromophores (accounting for 78% ). These results reveal that gas phase BrC may be an important factor contributing to positive

radiative forcing in the atmosphere as well as an important atmospheric component that participates in atmospheric photochemical

reactions.

Key words: brown carbon (BrC) ; particle-phase and gas-phase; chemical composition; optical properties; PARAFAC analysis

PTAEk , rp E Db AR FnI T A R — 2 R R
TR A= W SRR fe 1T LA S WL 3l 42O A B
WAL K, B FR B A e 5T I T vk i T
w ﬁﬁﬁ%i’%%ﬁﬁﬁ%%ﬂﬁ?THE%WWiﬁﬁﬁ%
PPECE SR ZOGEE R B 2R D R /KR R A
ﬁf’*‘ﬁﬁé@ilﬂﬁé% M) b, 3o 4 S5 1 A A2

XA A A Bl S5 I8 P Ay 5 W K 4 S5 P 4 R A e
() — S H B T, IR EE 00 Al o A IR AR Al
S AT LA 43k B 6k (black carbon, BC) FlER ik
(brown carbon,BrC) """ i1 F BC M EmfE F AE
A Ba AR AR 3, iy A DA i AE 58 ks BC AR
FER T, o5 —Fh HAE 20 A2 K B A 8¢
SRR SGARE T A RN BrC BEE DT R MIR A B E &
FHABIA R IR 0 SRS E R H R
Feng 25 ST BrC BOOGMICFE 23R A HLAH IR
BIROCH I TTER A 7% ~ 19% . Hoffer %' Fl Lack

A0 HE A HUE 300 ~400 nm P BT, BrC [t
WA LA 3K B 40% ~ 50% . D\ 58 5 i 38 25007 SR &
BrC A48 51030 Z0W AR 7T LLIAE] BC B9 40% , A7 46
H XA SRR A BrC 1MOEIE S & B
A B 5 BRI B o — 3

BrC BRI &2 4%, 20 il — R OK R ( primary
organic carbon, POC) Fl X K ( secondary organic
carbon ,SOC) . — YR U5 A 5 S5 FI A= W) o 1) AN 52 4 4R
Be ML EHES , IR IR — WIS &AW
TR 2 N 7 ) LA e ke A 5 ) 1) YRR S g 7 )
AR R RSB ATRE , BrC 5 BC TEHL
B R AR RS SRR AL AR B R S

Wrim B HA: 2020-07-13; 81T HHA: 2020-08-24
E2WH.: BHEARPAEEETH (418777354 ,41703102)
YEEBN: PRAT(1996 ~ ) 5B AW 55 A, FBERFF I ) KA T5 5
1k2#  E-mail ; cq47707@ outlook. com
# JWISE/EA , E-mail : chenqingcai@ sust. edu. cn



34 WRAUTAS ;P42 Rt 5 S ik S K e L Rt 1237

2% Qin 252 F R 43 B SR CAT I T 5% 430
AL AL o, R B ) SO e AT
PLREIE S BrC G W WS i) AR G 1 di i, i A U
JBEAT A AR i ) D' IR W RE ) ELA S B 8 9 BrC DG
WCTTHR. 53 A — S B A AIF 5 3 Ak X U A ) Y e
FIKSE Y HEAT 73 B R AR BrC B 2k I A A 0 15
5\[22 Bl —:gﬁkjlﬁj[éljéﬁ( excitation-emission matrix,
EEM) T % i B R 85058 18 i A K 3R 58 4 B
g Z RN 8RR A B AR s
EEM fi# #fr BrC, 1M H. R 2 80 A /9 BF 9% 32 24
1€ J0URL AH #7 B5% ( particle phase BrC, BrC-PP) . i
?jtﬁﬂiﬁﬂ’]ﬁmﬁﬂgﬁ e, b g LT 1 0
KAELMEAH WG Y (volatile organic
compounds, VOCs) , It LA 25 77 75 33X FF 4 ] @1 S AH
FEB ( gas phase BrC, BrC-GP) f Y624 B fl ik 24 21
-5 UREAH J2 A5 A AR K22 001 7

9 T WGP 2R AR AN AR BrC LA HERURI (L
S Y SR E RSN RS E I
4 BrC-PP M BrC-GP % fir, i& H ‘*%Tm
(ultraviolet-visible’, UY-Vis ) W IR i A EEM jlf}

Wfﬁ(ﬂ' ﬁ*ﬁfﬁéﬂ Eﬁ?%% ﬁﬁ%ﬂﬂﬁiéﬂﬁirﬁr f

1 '577‘7%

/ y
11 #unﬂﬁ?ﬁ% v

ﬁ$mn#m*%?ﬁﬁﬁﬁﬁﬁ%@ﬂﬁk% z

@Jea%%ﬂﬁ(jté% N34°22'35. 07", %34 E108958"
34. 58, MK 420 m) , SRR S BE B Hb I K 29 40
m , SRAF DU A R R R X S 2RI AR, TEE K
Tl HERCIE , RAE A R IR AR & B TR .
BrC-PP il BrC-GP #¥ il 43 7l 75 A7 J& £ 4 & i
(PALL Life Science , TISSUQUARTZ 2500QAT-UP, 3£
[ ) A0 SRR BRI R ( Agela, S5 ) kst | SRAERT
[8]24 2020 41 H 3 ~15 HAEKR 09:30 25 K1Y
07:30. SE56 T A/ N FF & B R AR (UL
1), H'&F PTFE BEFE (%) A7 9 27 4 8 5 ( EH 42 47
mm ) Ji 5 KA ETRE ORI, LLAREL BrC-PP BE 5.
AFCRFEE (N 4 mm, M2 6 mm, KEH 10 cm)
WA A s A AE o], T I8 BrC-GP. it
FERPRR AT A DT 2 8 5 R B 3 Al T I 9
(AR B R AR A R A, KXL-1200X, H )
FPLATELEE 450°C 1B BE 4 h, LIBRETTRERIA HLY. N
THEATREE K 150 mg (A7 SR ALRRSE A A R B
T A R i LA e B I A DA IR . RS
YR FF 3% 4% BrC-PP W4 4114, BrC-GP Y £E 41 144
KRBT (5B A, JCH-2400-1, ), 1 0.3
I EOR SRR BUCR A Z BT I

Lemin~

TR RAE I T8 A A, o T T M
JE £2.5% . RAEBRMRFR L 7 BT R IR 45
il S E A, R A SR 25 R S AR T4, 25 FTRE A
JE 2 RS BRAE i (0 SR o B A TR B A (H DG A
SRAFEZ M ARAT R A

BrC-PP x*-.xfﬁ:m

RS

1 RERGTRE

Fig. 1 Schematic diagram of the sampling system
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Fig. 2 Absorption spectrum and the absorbance ratio curve

of the BrC particulate and gas phases
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