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Abstract In order to better explore the problem of air pollution in urban areas in China, a four-
channel sampler was used to collect fine particulate matter (PM, s) samples daily in Yuncheng City,
Shanxi Province from October 15, 2019 to March 1, 2020. The concentrations of organic carbon
(OC), elemental carbon (EC), water-soluble organic carbon (WSOC) and water-soluble ions in the

samples were analyzed, and the light absorption of methanol extract and water extract were
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compared. The results showed that the concentration of PM, s varied from 6.21 pg'm™ to 325 pg'm™
during the sampling period. 41 d reached the standard of mild pollution or above stipulate in the
Technical Provisions of Ambient Air Quality Index (AQI) (HJ 633—2012), accounting for 64% of
the total days, indicating that air pollution in Yuncheng was very serious in winter. Secondary
inorganic water-soluble ions and organic matter were the main components of PM, s, accounting for
39.6% and 29.7% (fine days), 38.9% and 30.8% (moderate pollution), 40.4% and 29.1% (heavy
pollution), 38.9% and 26.5% (serious pollution) of PM, 5 mass concentration, respectively. NO;~ was
the highest species, and the ratios of NO;/ SO,* in the four periods were 2.15, 2.11, 2.31 and 1.93,
respectively, indicating that NOx from motor vehicle exhaust was the main source of NO; ™. The
optical parameters, Abs, AAE and MAE of water-soluble brown carbon (WSBrC) and methanol
extractable brown carbon (MSBrC) at 365 nm showed that the absorption efficiency of the unit
extracted by methanol was higher than that of the water extract at all stages. The linear fit between
MSBrC and SOC showed Abssgs ), SOC (7= 0.80) and POC (r=0.69), indicating that secondary
photochemical reactions were the main source of BrC.

Keywords fine particle, chemical composition, brown carbon, light absorption properties,

source.
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1 #M¥5 77 (Materials and methods)

L1 FERREE

RS RN Tz IR B T2 B AR TR (35°02' 117 N, 110°96'86"E ) , i 25 HL Il 20 m 2247 3 25 037
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RAEEL: H1/2 9B (5.965 cm?) 78 20 mL ABAI/K A7 A 30 min, HFLAEH 0.45 pm (9K MU 2
W R KU S AT U8 R 52T L A3 BE T (UV-2550, 538, H AR ) %42 U A WO B2 R4 700 7
R FHAR G F 445 X000 %2 200—700 nm 8% K 7 BBl 49 7K % PE 45 AILE% ( water-soluble organic carbon, WSOC)
(AL, SRORE T 9 0.5 mm. 1L FIIT 25 T 63 (X (1CS-1100, 8805, 351 1B B 63 X (DX-80, 3
22, ) R S K P TCHLES 400 (F, CI, NOy', NOy, SO,>, Na*, NH,", K*, Mg, Ca*) #4743
Hr A zE . FH TOC 2 Hr{X (TOC-L CPN, &, HAS) M€ K dh % 98F 19 WSOC. I #OE %k 70 X
(DRI Model 2001A, Y5 fiT, 2 I EC. OC (W, Turpin 5 Huntzicker fYBF5E Y IA S 7 i i
(OC /EC) pin flith — IR A HLEK (SOC, pg-m =) Fl— KA MUK (POC, pg-m =) B FE.
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1.4 Jor 4 i) B i PR IR

IEACRAEFE SLHT, BT A B IERRAE 450 °C 3R bk 4 b, KBRER B A PG, B P FR I8 B A
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(V2 V=1 1) BE R ER A B AB AR ST LABIT 1R 5 TS B, /N SE i 22
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WSOC [t f P i A ORI 7 1E CHEATRE b 20 2Z B, AT — YRR U B s A T i ik, i R A
e HOUERRPE, JFAE I R h FNERAE S A =S FUA.

BC/OC f4 Jit P2 i A1 PRAIE: 76 1 CHEA TR i 20 Z 7, 1 b LA 30 min B PR (X5 A BT A
FRE P E LR, WS A BRER, 247 2 Hasfr kel 25 AR T 0.5 pg -em™C J5 7 Al 47 F —
A, TEHTPAE AT S AR ERY TR T, R A CHY/CO, bt AR XM S i Jm HEAT IR AE, A5 S m e )i, 75 ] RS
PEATRE SR AT, ST 25 RS, TR ] CHL/COy AR SRR HEASER , 0 P50 0 v 1
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2t 3 545118 (Results and discussion)

2.1 SREEHIE] PM, 5 ¥k BERRAE

KA 0l 5 PM, 5 (SF- 2446 B R (105+56.5) pgem™>, W FEJL Il 6.21—325 pg-m™>, fix KAH H BLAE
1 A 23 B, ¥EHN 325 ng'm™, HEF ZRIRER 4.3 75, BB 23 SR AR (GB 3095—2012) #L5E
) PM, s B 2% 24 h -390 B2 FRAE (75 pg-m™) 18, R RN 296 54.3% 19 H Y59 B2 #  iZbn o,
LB T RA TR R T5 Y L™ 1

F 4l (B 25 B 8 20 (AQD) H AR ML (1847) ) (HI 633—2012 ) HW K WL I 1 [1] 3z 3k v K005
JORBLHAT /32 (B 1), 7T LUE 1R ) 32 3k 7 K LA R R (AQI<100) Al -H B V5 44 (100<AQI<
200) 4 =, 4391 23 d B 29 d, 5 AR AE KB 36% Il 45%, B 5 4t (200<AQI<300) Fl ™= & 5 Yt
(AQI>300) 43545 9 d 1 3 d, 5 BREEKEL) 14% Fl 5%.
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Fig.1 Average daily PM, 5 mass concentration and the proportion of different pollution levels during the sampling period
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Pl 2 ] UL, FERE - R G YT IR), 32 3 U AT 8 e R X B AR A9 KU, ) T B B e
ERIFR R, FECPM, s W BE YA . RIS, i 738 20 SRAE I 8] 50 s BE Bz S 1] (2019 4F 11 3 1 H &
2020 4E 3 7 31 H)AHE G, P i R RRBEHERC AT RS WA I 3 PM, 5 R BE UM A G
2.2 A[EIETBE PM, s fb2f 20 AT

K3 LB 7RIS e A5 F T s T PM, s A2 o3 B 22 5, AP aT LA Y R JEHLES 5 (NH,'
NO;5, SO4») FIH HLIE (OM=1.6x0C) ™ j& PM, 5 B 43, — & 4351 5 PM, 5 1 29.0% F1 43.0%, J
AL PM, s SR ERY 72.0%, KBTS ST 4 28 005 Yo 7, KIS TEALES 78 EE5 3.
P 3 ] LU MY, JER 23 o3BG 15 G i I, v BE S i s, (B2, SRS T 45242 19 Ca™ 52 BRFR AR AY
e, WRI LA R BB I TR 2 PM, s T5 G 2R
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Fig.2 Changes of PM, 5 mass concentration and meteorological parameters under different pollution conditions
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i 3 AN ) 75 G i BEA AR 27 UM 7E PMy s FR Y o HE 2 B, IR TEHLES 19 5 EE A 39.6% (1 R
K1 38.9% (-GG ), LT+ 40.4% (T EET5 %) Al 46.9% (= HE{55Y ), 5 LR AT AL 9 5 HE A
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Ul B 1z S DX PR 6 75 e 5l 7 . 2 BT T ST SR B AT LG i FE B RORLY Hh NOs 15 SO, ot ¥ 1Y
5 ok A W 7% 2 P (A AL Bl 42 ) AT S 5 CHmR e ) Xof DR e R0 RIS 18 B R ), e B {20 v ) a3 B
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TEAR R K - s g | o BT e A E 35 Qe LU (B4 0028 2,15, 211, 2.31, 1.93, #R T 1, ik &
FHAERT(1.05) P, AT T (0.63) 7 FPE BT (0.98) ) 25 H A bk 117, 3 BH A2 18 55 I sh 0T iz i Ui 4
AR I B A - P B 9 AR 32 - 7 e B I A XL s R A R A A B T R IR M R I AR R £
FIAH B R AT . AT 5 b B B2 7™ B {5 G 00 BT it ik B2 R e X ey, T KL= AB WA AT B 2
OY AR T A BOR B HETSCIS e b, R W E Wy kb b v 1 R - ¥ eI E] CIk AR AL Ca™,
Mg™ B TR R RIS ER Y, AW rh Ca?', Mg™ o i B 70 3 88 - B {5 e IRl de o, fH 5 e B fi, 3%
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Fig.4 Correlation between Cl" and K" in different periods
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H1(20.45£9.36) pg-m™>, 73 B 06 B R A9 3.35 15 . 3.56 f5% 11 3.56 5. WSOC F1 SOC A AH Bl 1 28 1k i#a #,
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Fig.5 Changes in organic carbon (OC), elemental carbon (EC), water-soluble organic carbon (WSOC), secondary organic

carbon (SOC), and primary emission organic carbon (POC) under different pollution conditions

2.3 HIEERIZK 3 OO 27 R

WG F AL Abs(Mm ™) J2 HIDR R AEY) BT7E R AR EE T WOGRRE IS, Abs 8/, T 3% B 4 Jo 1 1k
JetkBss. K 6 R T HEER I (MSBIC) 5K 2 L (WSBIrC) Abs 7 300 nm 2 550 nm J K5 il P4 Y22
b BEE P AR, MSBrC Al WSBrC i Abs fEL X3 #3 , I 5.5 A5 WO i Be A L 58 0 B i
Abs i B i 5 =7, 2% B kK e B 5 3T 42 41 X MSBrC Al WSBrC 19 I ) 1 i3 . 5 WSBrC A H
MSBrC 7E£ AN BRI TR Y Abs {8, Hrf Absygs v 5 Abssgs w TEAE R K, B8 - B {5 Qe fil i
JE -G G R A 4 FO AR 435 0 2.0, 2.6 F12.8(5% 1), 2R W] FH B2 RO b & A B 2 1 OGPERR kP
J5z, LR 15 5 B IR, B3k S 0 BT 0 WG M RE B W 1S i, 3% 5 Chen 4817 78 2010 4F Al Liang %50 7
2020 AEULE BN 25 R i T W BE 5 /K B9 PEAS[R], T DATE FCA S5 — 8 B 0 T, T s 35 o 44
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Fig.6 Changes in the absorbance of methanol-extracted brown carbon (MSBC) and water-extracted brown carbon (WSBrC)

at different wavelengths

K1 ESH

Table 1 Optical parameters

RRXK B G HL- Y
Fine days Moderate pollution Heavy-serious pollution
AV£SD Range AV£SD Range AV=SD Range

Absgs w/(Mm™) 8.46+3.94  1.78—17.62 13.76+4.63 5.04—27.62 16.89+7.70 6.31—30.25
Absygs /(Mm™) 17611170 1.18—46.17 34.73+19.40 7.03—71.48 46.92+27.22 9.04—97.61
MAEw/(m*g™") 1.27£0.60  0.37—1.66 1.18+0.40 0.5—2.10 0.97+0.24 0.62—1.40
MAE\/(m*-g™") 1.40+0.65 0.19—2.44 1.77+0.60 0.61—2.84 1.60+0.38 0.87—2.13

AAEy 4.65£1.05 2.89—6.15 5.72+1.44 3.84—9.64 6.10+1.32 4.44—8.28

AAEy 6.75+1.03 4.64—8.79 7.46+1.11 5.40—9.38 7.67+£1.23 6.49—9.86

[ 7 @R T AHEIE A Bl PM, s F1 MSBIC 1 Abssesy {45 SOC, POC MMk, 1T LIF H, %
FEIIA] Abssgs 5 POC Hl SOC $47 HAT 558 B AR ek, AHSCHE RN 51A 7=0.69 H1 =0.80, WA R AL
(] — YA oF Y5 AT YR oF R 34 % A il W 't BE A RS2 ), X SR SCIT R ARV A, E— 20 AR RS
SOC FH L POC FAAH G FE 55, 1 BH SR A 1 1] /R 50T Atk W2 D16 B2 1) 52 i B K

= SOC r=0.80
40 e POC r=0.69 -
=
.
301 L _
[ . //-/
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Fig.7 Correlation analysis of Abs;es \ value with SOC and POC during sampling

JiT W3 MAE(m? g ) & HI W) BT O e ) i 241, B MAE 80K 36 W1 L0 J5T £ 1) IO RE )
R, MAE 0 K/ NS E PR TR . K/NERZRA RS H®ICL. iR 1 iR, 78 365 nm T, A [A] A 1)
FH BB RO 1) MAE )y 3R T K S BURR B 1) MAEy, 2 BH B0 5 5 FH S8 B A T Y e ) B

AT MAEy F-2{E 4 (1.57£0.61) m*> g™ 5K 2L E 2= 1) MSBrC 1) MAE {HAHIE (1.56 m*-g™),
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W& = T 2011 4E b 50425 ((1.45+£0.26) m*-g ™) Fl 2014 4F4 75 75 22 (L2 3 [H] MAE {8 ((1.5+£0.2) m>g™), i}t
L J Tl oA B BB 3T, & 2 (LM k0] 7= A ) MSBrC A9 2L 5 A WG

Angstrom W YKHE EL AAE & R A AR IO Rr P 5 D 4 22 18] 56 2R (R 48 4, B S e 1 sk 1) W
VR ST AR, AAE R A, 28 X It < A o P e i A WA 'V RTS8 A T k.
PN, BE-TCE TG Y AAE (5, HOR R BT YR p RO, Ud B E -7 E IS Y ] BrC 11
R S R0 7 o 3 K R P e ok, A R R A5 55, [RIINE 3 NI, AAEy ¥9°K T AAEy, M A LA HAH
T WSOC, MEOC 1) W A FH X I8 A< A8 Ak 8 A4 61 5 ) i

E A WS, AR RS 4 1Y BrC B9 AAE {H T 68 32 1M 2 — R L AL TR A 8 e A — R
AP AAEHZR 7L AR WF5E AAEy B9 IE 53 514 (7.26+1.10) F1(4.64—9.86) . Hirh, K43
AAE\ (E1E 7—9 Z (0], H - H {5 AAEy, -V (8 B = (H R AL IR B d5e /), P390 8 (7.67+1.23) $2
T 7, 2 ACIE A 6.49—9.86, & B EE ™ H IG5 Yo A7 HILAROR U AR XS H—, BRBe TR T BE R R EORIE, 5
Z AR HL - BTG YL i AAEy AR PRI B A K, AR AR LR 5.40—9.38, 6 W 4% - B ¥5 Y 01 A A MILAR W
P X R AR A A2 A 3 BT B R, R I HOR Y5 T 2 4

3 458 (Conclusion)

(1) IBIRAZE PM, 5 BRI HBE J9 (105£56.5) ng-m™>, HeJE TG F N 6.21—325 pg-m™ F& KAE 9 FE %
TIRARAERY 4.3 B, 15 G ECRAE RAN 64%, 1 IE b X 4 ZR TG YL L

(2) BT RSP R EHLE F A PLUTE PM, s B9 EE RS, 8% Z M d PM, s SR E K
72%, HoH NOy M (R f K, I HLRE 15 Ye R B A IR vk B 5 1 Fh a3, SR WTE b X DA A Rk 75
ey, HALsh 4 RS0 i5 e ny E ORI, ARG QLG 90T, fiE 15 Y2 B2 i OC. WSOC #l POC #k
JEE U B R L B 5 - Tk #, H 7 5 3 -7 E Y5 e U f|) WSOC il SOC 78 Ak B #4 A fbl, WA — A A
ARL ) SF Y5 B8 2 .

(3) B IHA ZEHY MSBrC 1 WSBrC £ 300 nm % 550 nm 8 i N 2545 & W2k, H MSBrC 7541
K LRI B K Abs {H, 26 B H BEAE A 70X BrC (9 $2 UE 7847

(4) Abssgsp fH5 SOC(r=0.80) . POC(1=0.69) FJAHICHE S T 2R W], 32 30 4 T8 fA (1) MSBrC £ %23k
F WRIE B, — R HECR OB TR AABy (KR 7E 7—9 2 [a], FRWIRBEH A KA PM, s FEORIE H.
TR Y G
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