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3. NSRRI R 7T B, ERTIS 4, 010021 )

B E ERMAEIY (VOCs) BXHEKAEMENEZZMAEF, ANE VOCs Py i fb 2% 5 ik
PS5 RIS T 05 Yead FEOC R B Y) o AR SCER R IF R AR R Sk R B8 I SR AR I T R AiE R LA
BREW K HRRKMP ARG EE T, PB4 T H AT RSP 117 7 VOCs (1 R
B, 3T SR AR R SRR S T R W VOCs ¥ F i 4k 25 S BTG, IR AT T RS IR TR
VOCs RIE ., S5REBH, M. Q. Wht. NI, NEE. IE T, FRm. B m/x R RS
AR R EZE M VOCs WA AR RAFHE S T AR VOCs Wt X OFP (R4 i3 )
LM (F2 H I FE R NHR ) AR 25 SRR, LR KNI A AR T 45 VOCs PRk 5 2 IRt
L BRI O3 X VOCs 1Y Mk AR fb s 0%, B Z= N6 NO,, 19 ¥ B AR Ab B ARk, (R 30 T 35X I AN 3 Tl
O; R M ZEAT M 25 55 2 2 FRAE B A6 mE Jr s B2, 2 A3 T & Z R PR TR HE B 20 5Tk K< VOCs 1Y
50%, HLBIZEHERCR LPG/NG ik 2 ; 54 ZMEt, BRI %E . LR K LPG/NG, BRI Kk 5HF
OB AR T, TORABEUR I R L R R, RS KA VOCs TR B B ZE AR IE . A
WFSE X AERA T X I B 75 YL KA AE S5 N, Sl pu T i8] PM, 5 5 R4 BRI Rl &4 8 LEK.
KW VOCs, FIRHE, YFAM, REEE, SRIEMRT.
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Chemical activity and source apportionment of atmospheric volatile
organic compounds based on seasonal pollution characteristics
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(1. School of Ecology and Environment, Inner Mongolia University, Hohhot, 010021, China; 2. Inner Mongolia Environmental
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Abstract As an important factor affecting the oxidizing capacity of the tropospheric atmosphere,
the chemical reactivity of different volatile organic compounds (VOCs) species is closely related to

atmospheric environmental quality and pollution processes. In this work, the seasonal characteristics,
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chemical reactivity and source apportionment were discussed based on an observation of 117 species
of VOCs during different periods (e.g., clean, polluted and dust period, respectively) both in summer
and winter in Baotou and Hohhot. The results showed that propane, ethylene, propylene, isoprene,
acetaldehyde, formaldehyde, n-butylaldehyde, toluene and xylene were the key reactive VOCs
species of the two cities. Under different atmospheric conditions, the effects of VOCs on OFP (ozone
formation potential) and L°" (hydroxyl radical reaction rate) significantly varied with their species
and are not only dependent on the concentration of VOC species. It was found that the concentrations
of O3 in the two cities were highly sensitive to VOCs and NO, in winter and summer, respectively,
indicating the seasonal difference in O; precursors. Influenced by heating events during winter,
combustion sources contributed to approximately 50% of atmospheric VOCs, followed by vehicle
exhaust and LPG/NG (Liquefied Petroleum Gas/Natural Gas) sources. Compared to winter, the
importance of factors such as vehicle exhaust, biogenic, LPG/NG and solvent sources significantly
increases in summer, while the proportion of combustion sources decreases significantly, indicating
the significant seasonal variability of atmospheric VOC sources. This study is significant in
accurately distinguishing the characteristics and causes of severe regional air pollution, and achieving
joint control of PM, 5 and O during the “14™ Five-Year Plan” period.

Keywords volatile organic compounds, seasonal pattern, species composition, reactivity,

source apportionment.

U AR, E “RAIE BB IR AT BRI AE — R S0 AT B A it A R R 2, JEHUE SO, NO,,
PM, 5. PM o &5 32 295 Yl B A AU b {EL 3 ] 5 B anl iy SR SR = 1 PR AR, 22 B8 O 32 T 34
B2 ST 1 EE ), X5 KA AR (NO) AR KA ML (VOCs) I G5 A 56, LI
JER A AU R R I X .

VOCs I AR, W AR B (R R BARE Y, BRI | e ke paflke, 57
K. T AbB (CSy) b & E A A MEA ML (OVOCs) 45 7 -G W), o ml i HoR PR3] 43— — .
— U IREL A8 FARIRA A IR, N I8 32 2030 MLl 42 R A MR R AE B U Be . LPG CIRUAE A 30
SONGORIRZ)  #E A B Tolb o # 25Y, FEBEHRObe ke | ke 97 e . OVOCsE ) Al p f U 45 s
F AR B AR AR W) S AR A W HER, A= 32 2R A AR A o SR A W I ) 5 T 0 S s 6 A
B, AR A PR RO kR K BRAR KR AED. WFFE R, AR VOCs 1] (RS VOCs YL L
Ji, LA A TS 14 DX 24 P 22 S 00 1, [ S B XL T SE B A S M 3k T SR VOCs BT T
SO RO, JEF LT Sl T o A AR o A R A N B RBHE R IR P VOCs B BEDY | SR IR AN B 22
ST, FE RS VOCs BEFE TARIT A M, H [ <R AT5 R iR 17 s st LIk, du s
T AR, NRGHTIE T LA R XA [F] 2= 45 R TVOCs (BRI AR 4R 1, B4k
T HRERBI K P ERHEIR T IVOCs 7 2= AR, )T IESSHE B A R (PMF) f# B 77 VOCs 192
TP A1, dLAE P B, AREO | A PPN R SR IR VOCs 15 B ik K IR i A TAE.

VOCs 72 O3 BYE ZHTIKY), 1555 KA I 7 A A A AR ek f 7B A el i, st
H1ZE(OH-) Flid 42 5L [ 2 (HO, ) 45, fe it 1 XIZE KU Oy Al YA HLUR I (SOA) BYFE AL s
[, KADCAS RN EE ™ 4 OVOCsP . [Alith, VOCs X KA FREE 5 K 175 Yol A4 1) 52 e ik AR T
AR VOCs Pl i s RORE 6 1. AT R A, KU beke . Mk o5 & #2452 5E 5 OH- | RO, NOy-4%
A SR B A R A RO s PERT, HAS TR R A 25 1F B 4% VOCs Wy i) 22 S e A 2 S AL Xof
AR S WA [R5 A2 55 R 2, B 2= VOCs YR EE S MR 2 oxt Oy AR i 34 (OFP) i T4
=1 IR I, VOCs A PR AT S H: DX 2 v B g X 3O T 95 YR B P ) S

WAL BRI T RELL TN STt A TR X AP oa AR, HORT5 Qe AT B35 M ZE T RRAE. 2019 4R P4 — i 25X
Jo ek A A TS B AR DX KA M B AR, TR 2020 4R0) KA V5 e Ol o R . AR ST, A
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X P RN R AL S T LA 6 AN H R0 215 VERRAE, BEHCA B ZR3E 0 K | 15 Y TANVD 242 KA [] i
(] 1, AR SCHE BFAMRAR 5 B R A A JE Ak b, SR T 2 AN & B 22 RS VOCs PRl 2 JURHAE,
BB T 2 ANBRTT 117 B VOCs B9 ZE 15 PR YRR AE, 113 T AR 295 R R R AR 5544 F AR TRl VOCs 1)
Tl ) f 2 BOE 3 1, IR PMIF BB HEAT T IR AAATT, #a 7 T WF 5% IX K VOCs HERBUR I 2= 25 57,
kK AT XSRS V5 YRR S R R, S B I e VS T U R I AR A AN R A R R P R
Wl T HES %

1 SEEGHEI (Experiment section)

1.1 #FFEMSL

R RIS AR 1T (110.76°—112.17°E, 40.85°—41.13°N, " FRIFFITE 4 ) f2 N 527 16 X0 1 R Ik T
e MR R TS R B MR M, DU ZREE B AR IR 25 0 H IR 2SI, BESE I BEIN, 2021 4 1 H B SR AICR B
SRS —23.2 °C Fl 3.4 °C, FHIR H-10.9 °C, 2t H B %L 226.8 h, =5 XU Sk 75 XUFPE L X
(3—4 90); 7 A M AR AR 5 SR 90 12.3 °C Fi132.1 °C, SEXSE A 22.6 °C, a0 UL 2] 12 d [
K, H R K BRI 23t K& 31.2 mm F1 89.2 mm, it H Mm%k 228.3 h, 3= 5 KU1k & X
(1—240), PiRKR Z. % & N2 350 J7, IREAL S 70.5%, @ IX AR 272.2 -7 23 BL. RERNS R
GDP 4 3000—4000 127, 5i—. =, = /=3 {E 535k 126.5. 815.7. 1858.5 127, Tk R IEIH 9% &
2 1638 x 10* t b, Tolk B S HE L & 2 4889 x 10° m?®, L3l 42 ff A & 128.16 x 10* 4, H ik 4=
126.58 x 10* 40,

£33k 17 (109.25°—110.43°E, 40.25°—42.72°N) S FE HLAY () 5 Tolb 3k 7, e SRR 1=k
O, A M £ Z BB S5 A3k Hb A v I A R i i 2 KU X, DU 25y B, KA D SR B B,
2021 4 1 H Fe MR e = SR R -25 C F1 7 ¢, SEXRIRM-13.5 ¢, Bt H B4 243.3 h, BFRE
KA 7.9 mm, FF K R PG R(1—2 ) ; 7 H el & m SR 01 13 °C F1 37 C, FHAIRA
22.7 °C, AR 2] 9 d K, BiFFok il 88 mm, 2it H ML 264.7 h, -5 XU Jy 2 K, B RUIR
ZOZWEAENT 270 TN, @A IX R 24714 A B Sk HARSEE B EF A Fas)E.
AR L 770 BUBR R3S AR T M A Y MRS EE T 36 R AE, GDP 2B 3000—4000 12.7T, 5
— o =R IE S A 105.23, 1152.98, 1529.15 4270, Tl RE TR T 2% B 2 4908 x 10* t AR ifEfE
(R 87.18%), Tl B HEMCE M 10318 x 10° m?, HLBh 4214 F & 80.28 x 10° i, HHH iK% 76.64 x
10% 4. LPG S 2k 8454 x 10* m® J1 37 77K, NG S &0k 106588 x 10° m* B!,

1.2 FE AR B R AR

LR B X B B 15 YL IR AR SRR, 45 A T X X R Tl B XA Se bR i, &%
(5 2 AR AT IR T T 0 AR R ) AT (O 855 2 A0 0 ok TR A AT s I B2 R D vk 46 B ), I
TR R A Sk B R L DX A AR S Wl B ST 20 BUAR R 6 S VOCs SRAFE AT (L 1 RIS 1) . SRAE 55 N ik
TRER . A b A AL ZUHE O T S5 X RE S 25 5 BT S R A DX, AR IE SR AR A R 0 R 4 B
VOCs [ HS K MR E RS IAEE o i S 205 Gy, W e d D B0 43R 5 FRRIE I 00, & 2RI R
(WC, &2 AQI it BAEML) . X ZV5 Y K (WP, i 5 YLl PM, s AR5 YLIEIL) | X1 ABR
(WS, B 253440 PM,, AR TS QLG OL). BRI R(SC, A2 AQIIL BAF ML) Al E =75 4 K
(SP, BTG5 YL W1l O3 M E ZER TS YAl ) , ¥ L3 2.

2021 4E 1 H 6—26 H W& ZERFER 6] 1, % & 9:00—12:00, 12:00—15:00 F1 18:00—21:00 [
3ANRFERT B B Z R FERT Bl % 008 2021 45 7 H 3—24 H (17 HARR), REER B R 9:00—12:00,
12:00—15:00 1 21:00—24:00. A4 RAERIE, KT 8 m-s™ Bl B K W45 kSR FE, © RAE VR,
SRR [ SE . A RE R FH BRI B AT =X, ] 3.2 L 73 S B R 4 (Entech Inc., USA), ¥ 5 R4 15 &
AMETF 1.5 m, SRFERTH R 3 hy S B 1k 15 e, A R A 50 R A0 K B 55 b O P E Y 4% R, SRAE BN T
IR IGEE T K BRAE HOANAS A Aot it s [R] B B SR AE 1 i WP RIS R 46 B2 2 4 ) ARARH R o 441 S
420 4, A1k A& =03 3R 377 S 369 A4
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Fig.1 Study area and sampling sites
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Table 1 Information of sampling points

i MG /8 R
City Sites ID Region/County Site Name
1 FEFEX WS AR IET
2 FEEX AN A s X
3 M RX LT /N
PRI
4 ERIX N
5 ERK A P
6 BHRIX PISE T LAl R
7 B#EX B X R
8 FILX L
9 ARIX (P
i3k
10 JUEIX RCPN]]
11 B#EX MSEH R
12 JUEIX BLLIRELR

R 2 AFRAATIG G 2>
Table 2 Classification of different air quality in Hohhot and Baotou

3% ¥ (Hohhot) £33k (Baotou)
KT PER(WS) 1H11—15H 1A11—15H
K ZRIGYR(WP) 120, 21, 24F125H 172070 24 H
ZEHIHR(WC) 1A6—10, 16—19, 22,23, 26H 1546—10. 16—19, 21—23, 25, 26 H
CESCY SN Y 7H10, 115114 H TH9—114113, 14H
HZEFER(SC) 7H3—9.12. 13, 15—26H 7TA3—8. 12, 15—24H

1.3 RSO

FR R (IR 25 S04 A AT DL A T SER A ASOHR B35 - 3 vk ) (HT 759—2015), SR AHH €853 -
Jig Ik AL (GC-MS, Agilent 7890A-5975C) 43t & VOCs #yFh S i . #4525 K LA 20 mL-min™ /%3
RPG IS 400 mL % 3.2 L SR IBHEN, SRIG 5588 2 =Tk 48 R Gk 1T VOCs 4 & 4 1 [R] B i 25
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R85 25 S P [ A /9 N, A H,O, Tk 45 J5 1) VOCs 2H 3 W e LA i 4 20730 (99.999% ) i 3 itk A GC-
MS #4753 HrilL. GC-MS BL A T PIAR B 22540 28w A= 7 0 [ 5 AR 100% — H 358 SR ik 48 6E 1) DB-1
SR HH T o385 3 F Cy b A A AL 114 0 VOCs; RIS, T 4 ke. L. LAY T 85
ZIN, RGN 25 i T £ A B T A A DU 2 (FID) RS 2 A 2% . b o i 2642 HI 759-2015 Hh i) BER 223,
SRy DR TE ORI S P o e e, X 32 R 9 1 O o A T A (AN B T 5 H XSO €835 - T 1 6 R ASGHE A T
LR A AT | 0 B I I AS A . PR IR I (RS 2 (RSD < 30% ) FHA FH ] LA B I8 A4 bR v AR AT B A A
ARSI e 29 Fh L B 11 AL R L Rh L SRR 18 B AR 35 . OVOCSs 22 Fil K
CS, %L 117 F VOCs Py Fb.
1.4 PMF #i%)

ARSCR FHEAS 232 1y A0 I 5 50 4 IR 7 (PMF) BB fR AT VOCs TR 37 SR LAl i 4y b v
V554 55 V550 T 0 100 A 2 40 oS- Ry SE AR R, B HE R X (o> ) R BT

p
XIJ:Zg,kﬂ]+e,] (1)

2, X kR G LAY BRI s g WA kAT YRR RE S G B TR, M8 kSRR 45
Gl ey WFRIE: p A5 IRCH
PMF B I 9% 67 20502 MO IR IR T et 0 1 o i, 3580 F

)4 m Xi'— p_ : ) 2
Q:ZZ(—J Ziz;lgkﬁf) (2)

2wy FRESD X BN E B 2R B N iR AR

Ek BE<MDL, M. Unc = 2 x MDL; #7 % iF>MDL, Il Unc = \/(EFX %ﬂ!ﬂ%ﬁ)z +MDL?

Hidr, MDL Jly 24 5775 YL W (9 K6t FR s EF 2678 4% 20 23 19 I i 12 22 L (Fh T VOCs 1R G Ak 2736 1 e
W B 25 R, IR 25— R BN 5% — 20%), ASAFIEIEE R 10%5.

2 R 5508 (Results and discussion)

2.1 ZETVERFE

SR BN, RN R A3k 4 2 TVOCs YR EE LI 530 11.6x10°—115.6x107° F1 14.3x10°—
290.0x10°C V/V) , - 27 4 B 43 51 g (45.3£22.6) x107°( V/V) F1 (53.1+£36.0) x10°( V/V) 3 B 2= W 4 3k i
TVOCs 4 4 B2 11 [ 43 01 R 12.8x107°—182.5x107° Fl 13.1x10°—142.9 x10°(V/V), ¥ 1k BE 43 51 A
(36.7422.4) x107°( V/V) F1 (34.2420.2) x10°( V/V) 3 N RS =55 M5 JeRBLOR &, WA 3k KX
TVOCs ¥ 450 K (WP) > & Zxb 4R K (WS) AlE Tl K (WC), BB I5 YLK (SP) > B B K
(SC) Hyfas (18 2), LI T MR AV 45 A0 3k RS TVOCs & i T 25 5, iR T RN RS
TVOCs [ BTHEREL /.

725 VOCs ZEPIA T R A K, A M IRBIR B HEF Y8 ke > OVOCs >k | Huks >
KA, A ER > CS,, EZFH: bikk. OVOCs > KU, B HERE . Pa . Mk > CS, (K 2). MM =,
PR ARG IE . R ik 5 TR & T ] 28, 780 IR B T % b X 1 221 PR 15 ey
fiE, BV 5 A ZR IR IO B0 VOCs HETBCHE finA G038 1, 55 5 X 4% 25 Ok BH s 53 559 1 BE AT, 2 1) K<
XL 58 1 B R, RAZERE0E 2 I8 BGERZ, AF T RS VOCs I B B SOk 27 THBRE L A4~
W E 7R OVOCs & TA Z N Z AR S B A BRI 40, BE 5 A= W) 5 MRS 58 ik e 45—
UHENCA 5, 5 B 2R AR S 5 & IR 4 OVOCs 19 WA A 690 4, i T i AR 1 A i
KA S5 RS AR B (0 CH,C1 1.5 4E . CH,Cl, 0.41 4F . CHCI, 0.55 4F . CCly 42 4F )™, Hoye B R AF 3T
RFWH BENETHES.

W R TE , 52 L8N 4 HEO R A ) ot A5 AR e i FR P74 ST By 52, L. SR ZBE L TN
ot FE | DR R 5 R e A I T 44 ZE R VOCs Y i FE AR (32 3) . &bt Ik i 4 2k
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S VOCs W TTHRA T 25 5, B AnAE A IR B8 5 B B B2 0 B 00 3o 3k (15%) 422 KR, VOCs Y BT ik
2R TP RN R (8.5%) , 5 Ay B B Tl 308 i ) A0 S 3ok DR MRE Tl B 22, A7 A K T FRUIORRE 4K e
A K. WEFE R, W R T Sk — R IR A VR I R M S A B 7, R A e A R O
HE S5 AN A i, R ) RS R R A R AL s 4 R AR — L. T 2,2-—H
BT B 12 0 TV s R, A TR i 2,2- W R T L (35 e R RS T R A R
9.5% 1 4.5%), /8 T 154 B HE S IR 4% & X KA VOCs B 5Tk, tLAl, 42275 Y K i e i
G K (3.1%) 5 H Tl JERRHE A 5, s T Tl X R ANS 4530 X K< VOCs BTk, 54
ZEAE EL, WA IR T B 22 KR OVOCs FH SRS 4 I (I A AT 2 1 L I T . R EEFN S 1) o LB 7 =,
FEU IR EE TG FR S A2 U T A WL AYTE & B OVOCs 19— A 1 CIE FR B iR i e Ak 2 Ak ) o501,

[ f3 % Alkanes
3 OVOCs Oxygenated volatile organinc compounds

B A
%0 Hottot gz Alkyne

~12

E= /&% Alkenes g
[ 7% & 42 Aromatics

l [T Fift & Halogenated hydrocarbons

S
%

I
=

25+

Concentrations/(X 107 (71

=

WS WP WC SP SC

Concentrations/( X 107 V/1)

50

Concentrations/( X 107 (V71))

25

Concentrations/(X 107 V7))

2 IR AL Sk S XA ) RAURFAE 25 #F VOCs &
(WS, WP, WC, SP, SC /il AR & bR A FGRR . XTI R AFINPRRMEFEFIHR)
Fig.2 VOCs levels in Hohhot and Baotou under different air quality conditions

(WS, WP, WC, SP, SC stand for sandstorm in winter, pollution days in winter, clean days in winter, pollution dayas in summer and

clean days in summer, respectively)

£ 3 AEKRAFFERMT VOCs PR R 10

Table 3 Top ten VOCs species with highest average concentrations in different atmospheric quality

Tgifs IR 3 4 5" 6" 7" g 9" 10"

ws ki LR L ik R it * o Sk TR OB

WP ke WHt  22-"HWETR 24 Y-S I EThH WE WLk K
IR 45 wCc Lk LN LIk ki HmE 22-THIETRE IETEE ONE A ETh
SP Lk IETH L) Ik Wk FEIHE Rl ECk 4%
e Lt R BT FRBE LR Wik BTk HImE M RS

ws LB I Tvs ki ES R Sk NE OB N

WP Lkt R L WkE  IEThE S Wl R Sk R

% wC Lk LBk P H ki # W OB W OB
SP Lk R LIk L HRE ki I Sk NEE IETkE

sC W Lk LB by S N T Wkt 4 ECk N
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2.2 VOCs fb2 RO i P e H 5 R A5 9L ) 6 &R
221 fbZER N M

S VEAR LI 2 1] VOCs 1 BEE Ak 2 ORI M, AR SCH 1A MIR (B KM 3 S g 77 ) 11520 i Ko
(VOCs 5 -OH H H 3 2 1 £ 450 7, FH B Al S50 T AN [R] KAURRIE S5 14 S AN VOCs 95 Fi ig 5L 480 AE LT
H(OFP) FIFE 5L [ fy 58 S iy 3 6 (L) ST e R FH B MIR 5 KO 340 U5 F STk b Hi 2 0% 0 554 B
{H. f33k & Z= K3, TVOCs i OFP il Lo {H 43 38 162.66x10°(V/V) Fl 14.42x107"2 cm’-molecule's™!, i
F TR AN (40 5904 117.11x10°CV/V) F1 10.68%107'2 cm® molecule™'-s™) 5 1fij & 2= ¥ A I, K<
TVOCs ) OFP Al LO"{F A 4 ( MF F1 ¥% #F OFP Al LO"{H 43 %I A 87.28 x10°( W/V) Fll 13.6x
1072 cm* molecule™s™, £33k 43 5k 76.9x10°(V/V) A1 10.39x107'2 cm* molecule™-s™) (£ 4). I M 5,
SRS A ZE R BH AR 5T 55, (H DRBR R FE 12 30 5 B0 KR VOCs 45 1) ik B2 1 i J2& & 28 VOCs 1)
OFP I LO" 8 b 2 w5 T 5 21y £ 25

x4 AFRIRAFHESRM T TVOCs i1 OFP 1 LY
Table 4 OFP and L°" of VOCs under different atmospheric environmental quality conditions

R A= S
WS WP WC  SP sC =~ =%
Winter Summer
ISR X 103.9 15243 95  91.04 83.53 117.11 87.28
OFP(x107°)/(VIV)
A3k X 159.51 21078 117.7 93.17 60.62 162.66 76.9
ISR X 9.35 13.41 927 1431 12.88 10.68 13.6
Lo%(x1072)/(cm* molecule'-s™) )
A3 Ik X 14.22 18.13 109 12.78 8.0l 14.42 10.39

EEXHIF TIPTS5 AR AR SRR S5 TR 25 R R, Sk & 5 e R (WP) | TR R (WS) Flil
TR (WC) KX, TVOCs (1) OFP Al LOM {f 34 g F W A1 A 1 A3k 17 B 2= 05 44 K (SP) B9 OFP Al
LO"{HAR Y, 423k 5 2757 K (SC) Y OFP A1 LOM {H U] & 25K TP RV 5 (36 4) . Hip, Sk & R8BS
Y K (WP)TVOCs Y OFP F1 Lo #5155, 43511~ 210.78 x10°( V/V) 1 18.13x107'"> cm* molecule '-s ™!, H: ¥k
BAZE AR (WS) (3918 159.51x10°(V/V) Fl 14.22x107'2 em’ molecule™+s™) . 45 & B B R A
e FE 43 AN 5 KR TVOCs 1Y 13.77% Fl 5.44%, {H I 12 X% OFP A1 LM ) STHRF AT 15 50% A1 40% L) |
(IHIERBRIL, SC Hl WC 44 T M@ 5Tk 20518 20% Ze47) (K] 3), /R TR IR e R AL M — KA
LA RIE P i E A A, 50 H MBS R — 35 [ B, OVOCs AR Bk FE 7E 4 B 2
TVOCs H 5Tk # K (43 51k 20.32% 1 41.57%), X+ SC Fi1 WC By Bt OFP 1 LO" 1 BT ik 1k 40% LA I
(11 3), BaBH 70 i 2 5 A R BRI A2 W5 B 5 OVOC W B J FLI& M G A VOCs HARY Fh
KRE, Ol Wik I QT NI . TE T EAE X K0 OFP HT LO" (Y BTERER K, 75 15 PEY) A i A
RERFHEFTES (RS XY 2k FIREE . MLl - Tk 745 & R S HECSE Al
SRR, B AR I IR et ROV IS M, AT 25 OH- ek 2i R iy, AR i & A 3L BUt 0, 3 5
KA N, 5 80R A AT Hb 3 KAh BREL G R, BRI i SRS A SR HE
i R Y, HR RO R ML A AL Z A 2 R | R BRI | VR L IR & O3 FN CO, ¥R S 4R 1)5%
M 590, B — U HE A1, A8 F Bk i 6 T 2 5 iy A 2 20T RN 1 25 KA i I OVOCs Y 3 B R TR 0. A
BIS, bt e & H 22 K3, VOCs 1435115 38.27% Al 32.01%, {HXF OFP Al L% () 53 ik /UK T 15%,
HA&HZFxRSAR FETHRTHEL RN, AR KRFIESM T 4 VOCs 28 5| FY) Fii) OFP 1
LO% 25 AR, Hk P 22 SR B T4 VOCs Wik & (151 3 Fk 5).

222 VOCs 5 HI5 JH0 5% R

— BT, W CIERIRZ K FURBR IR, 0 BN IRRHRRE ™= ), £ e FR ) 32220 A= ) ot
BRBET=H); NO, Fll SO, 2% K Fe A% sl I A [ 5 W HE L CAnsi k58 ), CO £ K A TR 58 e BRbs.
Spearman #HXC /M HT R, 248 . k%, K4 3 Fh VOCs ¥R 45 SO,. NO,. CO i1 i 2 IF 47 3¢ (P<0.01,
Kl 4), @ TIFANS R4 R O ke, K55 VOCs PP 5 SO,. NO,. CO %5 #iLi5 YL ¥ >k U5
BRI, LA IR I O 3=t 2 RN AL 31 4 HE L SR BRBE TR NS 205 . 2 e . A5 VOCs 4 k) B B 52 i 17 591,
AT JE A, BL2h A2 AR Bk v B T R AR AR I ) R B e PR, S ZE R BRI C5 B LA b
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J, MM FZHERL Co—Cs ek 505 F 0 Il R I NIAoRk AR EHIRE S 1k F Tk b P S s,
NO,. SO,. CO. %tk&(Cs. Cs Ml Cy) ., Mk (Cy. Cy ML M) . F7 A8 (LA F %) ] ¥ e Bk )
FIEM KR (P<0.01, B 4), 2 BIE RIS RF i 4 22 KA IRBE I it AT YL ik 5 Tl HEBCRITHL3h 22 HE
B SR, W s Tz KA S R IR 21 22 55 5 2R, Oy 5 LR MG =30 0 3%
TS K FR (P<0.01, B 4), X EZZH T O3 vl I B 1 9 A0 FOBUEE I, JE Bl — RN B E (1 43 F
S, JE T A A R ot A A G 05 5 NO, 198 3 fUH 6 R (P<0.01, B 4)
—J7 1 5425 NO,, 58 34N A5 55 1) K FHAR S AR T 05 2B MU e b 2% v A3 5%, 53— J7 T WU R F
NO, HEE fift 331 05 4 K K NO AL T2 O; THAER NO, A= A P4, UG 2 7 i HAE Tl A HL
), IR A A B R P I C e 5 TR R DU 0 20 1 38 IE A G 56 2R (P<0.01, 18] 4) WA T 1E 2 ¢
5 DUSE 2 JE Tl e PR i [ P51 1) W] R VR b AR B, KA AR e — M TR R AR
BRBE. PRI REE B A e LAY 3 IR A 5656 R (P<0.01, [ 4) R W] T A9 Uk be 2 K<
CETRAE VR A ] ML,

492 Alkenes [ZZJOVCCs 0 #fF42 Aromatics  [20 4543 Alkanes

4z Alkyne [ (R4 Halohydrocarbony [ ¢S,
Baotou | ] I l I Baotou ' l [ [
SC Hohhot v s I B SC Hohhot V7 , N
Baotou l ] 55 Baotou I [ [ ]
SP - —
Hohhot l . l Hohhot 2 BRI
Baotou [ s ] Baotou | NN
W€ Hohhot | | R Hohhot v [ B
Baotou . [ Baotou | NN
WP , ;
Hohhot [ . } Hohhot | 77 l NN [
Baotou | | 3 I Baotou I AR
- - S
Hohhot : | N Hohhot | | . [ AR
25 50 75 100 25 50 75 100
Contribution to OFP/% Contribution to Loyu/%
Bl 3 AREKSHFIELSE T4 VOCs ¥t OFP il L ) 5T kR
Fig.3 Contribution of VOCs species to OFP and L°" in different atmospheric quality conditions
R 5 KAOFP AL By EE TTRRFI (AT 10)
Table 5 Key species (top ten) for OFP and L°" in atmosphere
1 st 2nd 3 rd 4|h S‘h 6‘}1 7th Sth 9th 1 Oth
. I L LI LR ETE RS- ZHS R I ET x5
OFP C 38.18% 8.18% 5.55%  5.08% 3.53% 3.08% 2.92% 2.89% 2.70% 2.43%
o a3 T N MR R VY5 GiFS L [ %F-Z R Rk
16.60% 12.36% 10.21%  6.57% 6.49% 3.50% 2.74% 2.61% 2.61% 2.47%
PRy [ IETEE R ET ] TR RRZTTE L X-ZTHER TR
Lon T 18.43% 9.35% 7.28%  6.48% 4.46% 4.34% 4.16% 4.04% 3.74% 2.76%
= RN TR LI [ Al S oI R T S e
18.95% 15.52% 11.80%  6.01% 4.53% 3.09% 3.00% 2.29% 2.07% 2.00%

S b, Lkt 5 AW FURGE I 2R WD), R SR R JORE A A ) SR BE =), 1 20 . TR SR
BR T HORHMIRBE IR AN, i LS A 5. Ak T A TR NO, S4Bk, 20 Skt ke, TN
AR 2 EAH I (P<0.01, 5] 4) , S WA BE IR RS B 5 0 6 Sk dak X 4 2 KRR o o 1) J. 25
ms [RlE, 3% 7 Fpis Y s 04 2 B3 A G (P<0.01, (&1 4), JE R 55 0 A R A R]. — i, KAk
BEde Bk BT S A R UHE ORIV R 4 4 S ad R, A6 TR BN S S R R R L B E ORI,
FRAFRAPIER S L8, KoM, ARG IR L FEMK(P<0.01, & 4), RV RYTE
A3k A ZE R R PR E I A B B AR ek A IR LRI B, i C—C5 ke 5N
e B L IEARSCSE R (P<0.01, [ 4), ATREM R T 403K & R N A — UCHE RO SRk 1 vl
REMESL PO . P, 1E T ke, IE PRSI £ 285 VOCs P Fh B0k [ 4590 4 Ry 2 HE ik, B 03k K
I L VOCs )R] 34 52 1 35 IEAH G (P<0.01, 5] 4), RISRI] T H R R, tis s TR h X K<
VOCs Yy fift J AFR Y B2 1 B B2 o, S M b5 e . DU Akt 5 N Be R C e ¥ 2 B (35 1F
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HIRKFR (P<0.01, (& 4), FH R FALK R ks CEYIBURGE S Tl J5) AE 258 (Tl A IR (19 2295
FHIE.

. K- ZEWinter . B ZESummer
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Fig.4 Correlation of VOCs with O3, NO,, and PM, 5
HIRPI X O3 Az H Y BT Hk T AR VOCs/NO, {E #F 17 R I R BRE |, 7E BRI T R AR 4514
T, VOCs F1-OH H H1 3£ 5 NO, Hl-OH J i MR H 529 5.5. 24 VOCs/NO,<5.5 i}, -OH H Bt £ %S
5 NO, 4 Ak 5 i i 7 KA H -OH [ i ZE 48, Ml 1T Oy 942 B, Bl O3 2E il 32 ZAR M T
VOCs ¥ & ; X4 VOCs/NO>5.5 i}, -OH H H1 3 £2 5 VOCs i, O3 B A BT NO, 88 0 fUsk!- 2428, i
FIE 4R AL 3k & Z2 RS, VOCs/NO, B3 514 1.70 i1 2.03, KT E Z= (1) 3.54 il 3.08, &7 NO, # ¥ = T
K2 (& 24550 4 38.76 pgm™ Fl 49.90 pg-m>, B 2435 K 15.81pg-m™> fil 20.68 pg'm™), H 4 2
NO, 5 05 W ZE MAHX(P<0.01, [ 4), FHIIF R R AL 0 X 4 Z2 RS H 1Y O3 XF VOCs ik B A8 fk
AR YK B4R S R B R, R % -OH X VOCs K3 B I Ay fb 24 1% v, 05 A i 5 2R SR
X NO, ¥ J3 AR Ab 3% B 0T SO G AR ¢ &R 12428 {H VOCs/NO, 45 R K 1 O3 19 4= 1l 5 B B AT X
VOCs ¥ A3 A BURS, SCRIE T X N3 O Wi fAR M) Ay 255 Pk Uk Ay — k.
2.3 VOCs FIEf# AT
byt G AN ] VOCs W ia b 2 6 1 22 5 BT T BRI IR AT I AN 2 M, AR F5E 35 F VOCs P i
FeR e B H A1 PR AR E 1, 2R AR BT 40 R VOCs FF SRR IR AT, RS FR 4 22 KR VOCs T
AT R (3R 6), T 1 IRBRIR, 58 5400 Fl A YRR B i B AR DG A9 2B, [ 2 ITIAE A
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LPGORALAT M) /NG (RN, EEASFIE T 0, 5 T He e ke, 5 LPG Fl NG 41z 5 S fii il ¢
FRAEEYI O ERTSOSGI AL 4R S VOCs PRl IR BIAR AT ), (85 3 i R &
Be, Fke. 2, 3- R T ke, RO ke IE T Re, IR 1,3 T T R TR AN, nT R HLEh
TEHER, 20 PR B S I3 0™ o SRR R A T RESR FLMRRHIRGE, T R W TR A B DDA O, ik
P 4 WINSE W BRBR IR Y, R K L. OH . WM IET M. 1,3 T 206 T T4
P« 58 0 0 R A DR ST R T A S EOR R R W 5w e ke ) 2 VOCs Wi, I 1
5 FEALE LR e . LR C be . IEBEGE . IEREA, LAR IR . 208 AR IR [alxf ORI
1,2, 4-=WIEIRAETF A, HJE il . 5 6 =20 i AUke, Al A o Tl P800, AL 4% S
e AR = R Be, LA KCRAE DT A . [RIRE M, IR e = KR VOCs TR A BT 3R 4F 6 1A
5, FEEAYHT 3 A T35 08 LPG/NG SHLEh EHE R A (5 1) L AR IR (5 2) L Tl
IS PLEN FHE IR A IR (T 3) (GR 6).

® 6 FERIEAR AL KA VOCs By PMF T 45 5
Table 6 Source apportionment of VOCs according to PMF
K7 (n=441) K7 (n=420)
Winter Summer
; . 1ET%E(76.8%) . 1EJEE(37.5%) HI IR IHE(61.8%).
BT LH(9.7%) R THi(81.2%) T Hi(77.4%) . 1-T45(53.6%)
B2 1E T HE(66.6%). 5T HE(56.3%). TEINEE(45.9%) S M (84.8%)
ST HE67.2%). FIEE(66.6%). 2, 3-—H I T ke
(46.8%). FRELE(44.2%) . 1E T hE(42.3%) . IEHE

HF3 (39.8%). 13T —H(31.9%). 12— TH5(36.2%).. ik R BE(63.4%) . =S HBE(62.5%) . FIEE(56.8%)
(35.6%)
R (53.7%) NH5(48.2%). 1FE T H5(54.3%). %%
- T4 (48.0%). 1-1LJ5(46.7%) S I(44.1%) XK LBE(57.2%) . LH5(70.3%). LH(56.2%) . THLE
WA (50.5%). 1,377 —H5(34.5%). L THH(37.3%). WL~ (50.2%). PiAH(41.3%). 1,37 4(65.4%). #(48.5%)
TI#(32.3%)

2, 3- T HIET8(69.7%). 2-H F 8 ke(59.3%). 3-H %k
JHE(60.0%) . BRI CLAE(53.4%) ., 2-HI B O e
(54.8%). 1FBEHE(48.7%) . IEFHE(39.7%). A

(61.3%). 7K(55.3%). [EIXF —H2K(69.6%). 1,2,4-=

LK (64.6%)
FHPE(89.8%). ZFAHHE(57.3%). 1, 2- 5Nk

(54.2%) . USALRR(55.2%) . IS LI(57.6%). 4B _H

FIBEIRIE(53.4%) . TEBEKE(34.5%) . IEFEE(28.2%).
F LR BE(34.4%)  HIK(48.2%) . Z.K(48.1%) . [a] %t
ZHR(67.4%). SF_HIZR(73%). 1,2, 4-=HIHR
(62.3%)

HF5

6 AHBE61.7%). AT EE47.9%). =EH5E(56.8%).

A(22.2%) H(33.7%).. 25(50.7%)
£-Z5(n=377) Winter HZ5(n=369) Summer
1 RZTH(72.9%) W TH5(75.9%). 1,3T M TkE(75.5%). FI(67.2%). T Hi(45.0%). 1,3 T 0
(69.4%). 2, 3-—H T 5i(46.1%) (41.2%)
W LPRG27%). ﬁiim(41.(52?é;/,?)ETﬁ(42.o%)‘ 5T Rk (81.9%)

B3 A EE(80.3%). PUAIKAR(79.3%), =5 H 5E(60.1%) 1, 37T H5(53.2%) . K ZJ5(48.8%) . 25(50.1%)
FH AR T BE(64.9%) . IEBERE(59.5%) . IEFHE(55.6%).
HF4 AP H2E(87.2%). (X —HF(82.4%). 1,2, 4- = H  —HHEE(52.8%). EFHE(43.9%). —FHF Hi46.0%)
33 2(86.3%) . ZH(T7.0%). SN M5 (49.3%)
ZH5(70.5%) . ZHH(39.8%). ZAE(51.5%)., 4T

15 (50.2%). %(39.9%) LJE(42.8%) . LK (70.3%) . LH(56.2%). A(47.1%)
2, 3- T HIET 5i(50.3%) . IENHE45.2%), F2bE

(49.4%) I —TI#(67.3%) . L — T 1(56.6%). 2-H 2

T6 PBE(57.6%). 3-F L HE(59.2%) . 1-1045(60.0%) ., H

FEIRCHE(38.7%). 2-H FEC BE(61.7%). IEPHbE
(40.5%) . F2K(56.8%). [HX —HI#(45.1%), L%
(40.6%). 1,2, 4-=H HIE(51.1%)

3K & F KR VOC IEAENT 5 A1, ALl AR (R 1) L 8BS FIpL 3l 22 s (1A 5
2) TAVIRCA T 3) | SR IR T 4) L B IRCI (R 5 5); EFMATH T 6 N1, AbLsh 44k
BT 1) L AR (R T 2) R R IR (7 3) L TR (A 7 4) RBEIR (7 5) IR R 5
PLE EHE ARSI (T 6) (52 6).
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Z AR IE B AL IR Ty A5 R, MRS TR HE O I RN R A Sk & Z KR VOCs B SR 2 15 50%,
HK A LPG/NG AL ) 22 HEFCIR (BTRR R L0 1/3), ¥ 5008 B A Tl HE il U8 9 5k b 14.3%—24%
(8 5). SR ZAML, WA EZENLEh 4 AW IR K LPG/NG., ¥ 735 K 245 8 1 i T B i 54T, i
BRBEUR N T 1 L EE I R R, R R VOCs FER IR ELAT 35 A1 ARk RAE, SRl S ik s
PIZETE A — 20 PR LU BOR T, PP RIS RR A ZR IR be IR AL ) 2 HE IR S a8 ol 28 1, T4 3k 4 ZE )
SHZEHERCIE L FRBEIR . Tl U 5 M A5 TR) B, 50 Sk B2 2R 04 2 15N Tl VR 1 5 i 55 T R R 2
H, EAIE T A3k ) B8 B Tl TR AR . LA, 32 28745 AR PR S X 52 ), A 9 D I 50X o R A A
3 H Z KA VOCs TR S3135 8% M 11.9%, 1525 5 83

&-Z=Winter

250, BT E ZESummer

Hohhot
28.3%

-
Hohhot

19.5%

I HL3h FEHE R Vehicle exhaust
I #5454 Combustion
B WLZh ZEHERILPGING
16.4% Vehicle exhaust & LPG/NG
B Tk ¥ Industrial production
R on R AL R
19.8% Solvent uses & Vehicle exhaust
A-ZWinter I HL5h ZEHE R IR Vehicle exhaust and combustion
sk f 5% : L2 Summer B LPG/NG
l Baotou 23.8% 17.2% 0 A:4iFBiogenic
36.6% W 7% Solvent uses
B AL ZEHE R

Industrial production and vehicle exhaust

8%

15.5% 11.9%

B T \[ViF Industrial production

B HLZh ZE kR Vehicle exhaust

YAFg A Solvent uses

[ A9 Biogenic

[ #h4aiE Combustion

ELPG/NG

I %718 Fl 5 LPG Solvent uses & LPG

B HL3h F+ERL S LPG Vehicle exhaust & LPG
HAOthers
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= EE s R
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Fig.5 Comparison of PMF source apportionment in different cities
SR BT RS B Rt SR B VOCs AR B 4 SR 182 s e g L e (IR 5),
5 P IR R Sk AR AL, RBE DT DR B R L B G 3 Tl 3 4 2 RS0 VOCs B2 i B\ 5t 1 3/ 2.
LPG/NG HIHL ) 4Rl A st Kb Rt RIFER LS4 25 VOCs B TTHR K 33%, 5 PP F¢ Al
AR . ST A TV AR AEARAE, Kb TR L D B e L oG A A v 7R AT Tl HER IR X VOCs 15T
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Bk 7 Ll 48%, S Sk A Y R, AT RIFEIRZ(35%), E3fE TN FRLL . A Ll R v 9 Tl 3k T 45
R (22%). Kt oM 2824 A IR R L i RS VOCs 1Y 9%, 55 I FINE e LA SRR 2.

3 %518 (Conclusion)

(1) BFFE B B PN, I RIS 4 R 6 3k 44 28 TVOC [14)SF- 2436 B2 43 391 o0 (45.3£22.6) x 10 (V/V) Rl (53.1+
36.0)x10°(V/V), B 243510 (36.7£22.4) x10°( V/V) F1(34.2+20.2) x10°(V/V) 5 2 IR KK TVOCs ¥
HEZGYR (WP) > KBV RK (WS) AliEIE K (WC), BB ETS YLK (SP) > B B K (SC) i
FOPAIRTT RSP ERBIH T 7 28 VOCs, &2 VOCs IRFUHR 91 0 Beld > OVOCs >kike . Beiz >
KA IR > CS,, BE N befe. OVOCs > WifLIe, 5 &K Bz, ke > CS,.

(2) AT AR B2 VOCs MR J: O . S/ T BE . TN . NS . IE TR . S0 0
2R | ] /) — PR 245 DR [] R AERE 451 T R R VOCs W5t OFP (R 48 AR g3 ) Fl LOM (R 5L 1 phy 5L
SN A ) (A0 22 S AR, HLRZ AR /NI EAS BRUBAR RS T 45 VOCs PR J 5 PRt R A S I IX 4 2
KA O3 X VOCs B i 8 A% Ak B AFURK, (H Y K BH 48 S A S5 23 i, B 45 -OH X VOCs R H B 47
A=A T5 T, O3 94 L5 BRI NO, 1k B AR 1k 32 B0 o R AR 5 2R, AR B T 35X AN 38Tl O i
PR 2T P22 52

(3) Z =T REAF SRR I =X A 52 ), SRR U5 HE IO PR A IR T 4 22K VOCs I TR 24 1 50%; Hik
i LPG/NG FIALB ZEHEHOR (BT R 298 1/3); SA&ZFM L, BRHLEh%E | AR & LPG/NG. %%
% R B M S AR T, ABE IR PR A A L I R R, R KR VOCs TR W A F AR
TEHRAE.
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