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Abstract: Emission of volatile organic compounds (VOCs) is a significant source of atmospheric pollution and has
become one of the most important environmental problems in China, especially in Beijing. In this review, we sum-
marized the pollution situation, including concentrations and sources of VOCs as well as benzene series (BTEX),
either under different control measures or not in Beijing in recent years. We also proposed directions for future re-
search.
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(O, ERDGAA RS 15 e AR, FIA
TRHRIE RIS B IS8R, P B R YIRS
PRI I A B B AT BSRIE PE Y VOCs, 1T 5 O, |
-NH; , - OH S50 0 & A= S, 388 o 182 s s i o s
ANBURLAH T W A LR (SOA) , S 4 UL
(PM, )Y B2 20 AR 4 , 2 3 4 ok ™ B R i A\ 2K
et BRE 1) 55 54 19 B LA AR

KA HH VOCs >k [ T [E & I3 3% sl I i) HE
B, ARG R A PRI AR & B kA LA
Kehbe . MBI VOCs , WA Al Z0mg 151 fn 5 1%
A RRAEIRIX, AR T R IEHERR VOCs, A
VIR & B AT H

B | N R (S5 RS = S | o N (76 7
L, HA G b T i e i, R R A R XU TERK
FERNAZE ) 325 RS PE A6 R, 1 5 2 0 3 5 R )
BRI, BIHIERHER R ARG T 25
YW B, eI Y 20 4ESK , 2SI T HGE Y
R HBIX AR 7 RE M 1986 4E 1 284.9 27T 3 2014
AEY 21 330.8 447T, Bl 22 11 A A 2 25 A P E TS
o I LUORL ) AN B AT Y de M, T VOCs
VR SR LS IR A DL IR ETAR Y, I AF kA
ZH| T E NIRRT

ARSI AR RO T AL VOCs R B2 Bt 5% i3
17825 ¥ N VOCs ¥ B — A8 fLR#1E . VOCs 1k
U5 KRR Y(BTEX) B9 15 L fe ik Bk YR | 45 il 4 it T
VOCs WMk EE 24k, DL K4 J& VOCs [ WF 58 7 [ ik
TR,

1 VOCs iR E R/ — i T L FF1E ( General variations
of VOCs concentrations)

M\ 2002 4E3) 2003, Liv 2V EIC BT 09 6 S Hb
FINAE T VOCs 1Y & 1 % 48 AU o 7 8 A4 1 5 e 1
O ALAEARRIIX A ZR 10 & AR I, AR TR Y
JEHU R A FNIE N LA K S s S S A =0
AR E T 108 FpRSI5 YY), A5 54 Flo #4%
KRGS, KR YA ARG, Horp R PR N
W 13- T 20 AR 1,2- 28 O bt & i
ML AT, LT T35 VOCs 1% B (132.6
+52.2) pg-m” H ek HHEBEMERER S
HIZ 3 00E 35% .22% 17% . X A\ O3 4
AR DU B 5 & 145 FLW (total volatile organic com-
pounds, TVOC) Y & i fz = , - XU [a] 3 M i) TVOC
By & K, I =R A = A, 2004 4 8 A

TEAL 5 R HEAT I VOCs (19 W5 & B, TVOC 5
N 971 g m P A F 5K I PR 2002 4F 11
H B W BE A BT R AR (TVOC = (133.9£38.1)pg -
m™), & Z g 0] REJE i A TVOC & 25 S 11

2006 4F 8 J1AEIEHE R 2 1SR 45 2 i R LA
Wk 57 AR e ik & 46 A 9 (non-methane hydro-
carbons, NMHCs), 6e/& & e =, o B s 1 55% , 07
FIEFIGAEIE 0 5 Y 29% F113% , Hod Il
Be T he Skt bt SbE M R LR
wHH O W R E SRR EENY
Bl R 69% ™ Xie ZEP1FE 2006 4F 8 H i1 9
1 TRTESE JE T b A AR B R 2A el
(L FAC TR, BE R AL BT oL 65 km AYACHT M
X)HY VOCs Y B | At R A el Py A5 1Y 47 Fob 4%
RAEATHL , i G W 00 e S 39 i & AT L
Yy, Wil TVOC ¥ 3 J0 B I 25 S (AL A el Py v
(29.1+17.2) ppbv, Al £ Wi 15 4 1R R (28.2£15.3)
ppbv), H A RIE M HER Y & £ %, R 2w R b
TVOC &1 2% , WElR i 2 (>50% ), Hk A 5
JR(21% ~32% ) FE 135 (9% ~24% ), (H 2 79 i 25
IR E P RE A OR R, R W TVOC 1 3
B R R O SbE R T e IR
T X PR R S 3 0, 3 A 0 1) 32 B A
LI5E L IE T RE SR IRE  FR L RE R R
PR o 308 DA OV 3 e b T A R g KR B
ST 2006 4F- 4 JRSCEE A A A AR Y ek S A S
PrHEA TIN5 A GBI A B0, b st T R P R e e 1
e ek S A YR e R 55 B, B Bk A
A 1 e e R RK O 2B 0 i, B/ 2R e ik, 2007
A AT O AT A AU S T PR R A W rp o R AT Y
B H — N —JE 0 24 h SRR E R 42
Flt VOCs, H FZ A & & &R 5w RdE oA
SRS BRI AT A 27 BE T2 E MR E (EPA)IL
SE A BRI Y, RS I KA R 66 pg-m™, 2K
W KM A 38 pg-m™; FFHIEB M T HIERE
i B B B 1) 28 Ak LR, o U SR e J e 2
TG v JE B s ] AR AR A /N

Wang 5578 [ R} 25 B 4 BRAE 53 JIF D9 i
22 8 4F(2000—2007) Y W ) & B, N 2000 4 F|
2003 4F, T HL 3 4 80 i R 3, TVOC 19
AN — FR 5 42 A 05 Y i1 it LA B R =
PR UERTIM AT S A, 15 TVOC B9 & M
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X7 BRAE L AL R R R EAT LI (VOCs) 15 YRR AE BRI 51

2003 4EEIT IR FFE, VOCs Y5575 i A2 3 v 04
HIEE , e8] T R Ak B Rk T IR
e, TH, bele Wi 5 e AR 58 0 ) fir
07 EL AR AL AN R B 2003 4EAD, Brke— E R A
i

An FEPF 2008 4F 6 H #] 8 . I 8:30, F
13:30 3% 2 ASHFBEEI T VOCs 5 , 45 51 5 2Z i
FIRFFE L, Bl R & i 2, 5 TVOC & &1
44.3% ~50.1% , HIK N 5 18 25(34.5% ~39.2% ) Fil
IRZ(123% ~15.5%), 2 IR B & E R 2 20
P VOCs 195 1t 70 1) i S 11 86.9% F11 88% , HH K
(11.8% ~12.7%) 5% 8E(10.0% ~ 10.7%) . %(8.6%
~8.9% )4 2 /NI E) B 1 i e T AR R PEA L
Wy AR A B B T A ML R 5 A AN TR, B
A" F 2011 4 6 A XFdb st b db stk i K 58
JIT R TOUULIN A T S5 SR BB RO RS TOOUE ) ,
) FUE AL EAR X % B A X KA
WMy, B P (b T3 RR # E S XA G0 ) LA
T [ SR (07 F- T b 3 0 A 25 5 4Rk R 56 0 )
) VOCs 1y & st A7 i, H45 0 i 107 A VOCs,
32 Flt C4~C15 Bykels, 13 Flt C4~C10 Ayt , 18 Fif
C6~CI12 5T, 15 Tl C1~C6 Y p AR 12 (4045 i
Rloele i M B Fn i AR O07 /), C2~ C13 & A
BLY) 29 Fobr (6 45 Bt T TR | 75 45 ) , b 5 00 AR IXC
1) TVOC ¥ £ 7K V- A AH Y, 43 51k 84.57 ppb FiI
82.27 ppb , H A&kt il 75.25 ppb, bl FIX
BT 5o U ) TVOC ¥R BETE 4 > o b e 1 (49.58
ppb), 735l L AL 53 kR 8 IX T A R A AR 41%
40% F1 34% , 4 P ufi G & AE A HLYI R TVOC 1Y
TUHRR I R e K, 2905 41% ~46% , Hok hekz I

7 AR RIS B, % TVOC 1 BTk R AE 9% ~
12% Z[a], 4 4~uh 5 # VOCs H ZZ (B4R HE 4 A
], 22245 A MRS R HEBOIR 52, vh [ 22 0 B
RHE T B (Multi-resolution Emission Inventory for
China, MEIC) 7%, A 2002 4E31 2013 43k F B2 1)
N R HE 5 I ik 1 Wang 250 2012
AR BT R A4 W 45 SR 5 2003 4F Y W I 25 SR A T
XF LU & BRAR B e i e B A 2 el D T 2 AR AR
T B S MEIC T A ERR PE(R 1), 2014 4F 10
Ademtii 3T ™ E A %5 55 KR, Wu SR
KX 55 38100 J5 VOCs [V BE AR fb aE A7 1 Wi, 3
KU i 108 F VOCs, %5 3 KT TVOC YR FE 5
ik 89.29 ppbv, LLAEZ 58 K F TVOC kAL = 2~
SAE BRI S e, 5 TVOC R ) 37% , Hik
R AR, XIPFEE I X AL 5 T 55 5 KA
T VOCs ¥k B By 284347 17 00, A 2015 4F 11 H
10 H#E| 2016 4F 1 H 13 H A9 3% 22 00 B[R] Py, A
IR R ALY 200 4F0 X5 Hd 66 i BT T
SEVEFE BI040 0T, TVOC By H Y8 & 332.34 ng-
m” AL N 64.20~1 016.70 wg-m”, Hi A&
116657 pg-m”, K 1UkE 90.10 pg-m>, &% 4£74.03
pg-m” Bk 1.64 pg-m”, B b F AR U 50% |
12% 27.11% 22.28% 0.49% .

B DA B 5T B, db st T VOCs R B i s T 2
BEPAE SR X, HLIWR X v — MR R TR X, MK
2003 4F5E, VOCs M B TF IR S B PR 3 (R AE4C
Zo A R, VOCs Y i 25 i 2 T, o8 SL R A
FEIE Py & Z MR 2 HE s R R R A L
Yy, AR D TR G55 2 T i iR 5 3
KA HUMELLY L, 5 B VOCs WREER 7 .

F1 VOCs KERN—MTHIFMERKRLCE

Table 1

General characteristics and sources of VOCs concentrations

WP 8]

Monitoring time

ARTIIB YRS

Monitoring site

TVOC &

TVOC concentration VOCs number

VOCs # S Wi 275 3k
Main component References

AR E R AR, ALER
P E TS e U

Dongsi, Xuanwu, (132.6+£52.2)
2002—2003 . o
Dongcheng, Peking Universi- wg-m?
ty, Tongzhou and Ming
Tombs
LT EREE W ecs
2004.8 Beijing Municipal Environ- 97 pg-m?

mental Monitoring Center

BEJE(35%), HEIEQ2% ), R (17%)
108 Alkane (35% ), aromatic hydrocarbons (22% ), [1-2]
olefins (17%)

IR R R — oK 4

Toluene, benzene, m,p-xylene, etc.

(3]




52 GRS I B12%
ZiR1
s st ] W) 6 TVOC ¥ VOCs $ii Wiy 225 3k
Monitoring time Monitoring site TVOC concentration VOCs number Main component References

iR

Tsinghua University

2006.8

JemEiR
Peking University

2006.8.15—9.10

RPN S
Yufa Huangpu University

2006.8.15—9.10

HRH B R BRI S

2006 4=4F- Institute ~ of  Atmospheric
2006 year Physics, Chinese Academy of
Sciences
2007 AEARACT  JLRTHT RS M .
Even months  Beijing Municipal Environ-
in 2007 mental Monitoring Center
HRHBER BRI SE T
Institute  of  Atmospheric
2000—2007 ) .
Physics, Chinese Academy of
Sciences
TRLBE R S BRRF T T
Institute  of  Atmospheric

2008.6—2008.8
Physics, Chinese Academy of

Sciences

PRSI NI EIRTT 4
I

Institute of Urban Meteorolo-
gy, CMA, Beijing

2009—2010

TESZ NI EIRTT L
WE5ERT

Institute of Urban Meteorolo-
gy, CMA, Beijing

2011.6

26444 pg-m 57
(29.1+17.2) ppbv 47
(28.2+15.2) ppbv 39

42
(28.5x11.5)
ppbv (8:30)
(19.5+8.7)
ppbv (13:30)
51.62 ppb 110
82.27 ppb 107

BElEZE (55%), FEIEIE 29%), i lE (13%)
Alkanes (55% ), aromatic hydrocarbons (29% ),
olefins (13%)

IR St T e RSk | C e | D6
A

Toluene, isopentane, benzene, butane, n-pentane,
hexane ,m,p-xylene and isoprene

LHE LI RE T e Sk E ERC b R Y
RHPI

Ethane, ethylene, propane, butane, isobutane, cy-
clohexane, benzene, toluene and propylene

e T AR I AL 5 )~ P vk B e e, Wk RE
R RS e | T R AR

The average concentrations of alkanes and aromat-
ic compounds were the highest, and isobutane, bu-
tane, toluene and benzene were the most abundant
pollutant

PRI USE IR, PO & RUR A& /g
28 BE iR FR Ak

Aromatic hydrocarbons were the highest, followed
by oxygenated hydrocarbons and chlorinated hy-
drocarbons, alkanes concentrations were the lowest
Beke ShKE 5 ARG | A A X S AR i) T 4 Y
HeBIAE LA K, BR 2003 AR50, Hida — B AR &
B R R

Alkanes, olefins, aromatic hydrocarbons and halo-
genated carbons accounted for relative fixed pro-
portion in these years, except in 2003, alkanes had
been the most abundant species

Belke & i £ (44.3% ~50.1%), KR I7 & 1
(34.5% ~39.2% ) Al f2(12.3% ~ 15.5%)

Alkanes (44.3%-50.1%) were the most abundant
species, aromatic
(34.5%-39.2%) and olefins (12.3%-15.5%)
TERA MY (58%) &R E, KK AT F R
(25%) ke (12%) KRR (4% ) SR kR(1%)

Oxygen organic compounds (58% ) were the most

followed by hydrocarbons

abundant species, followed by aromatic hydrocar-
bons (25% ), alkanes (12% ), halogenated hydro-
carbons (4% ), olefins (1%)

R AR s, LR IO ek e D5
FRAE AR, AW LRI LR,
FRMUCAIE T bt S b N R 218

Oxygen organic compounds were the most abundant
species, followed by alkanes, olefins, aromatic hydro-
carbons, halogenated hydrocarbons. The average con-
centration of ethanol was the highest, followed by n-

butane, isopentane, acetone and acetaldehyde

(4]

(5]

(5]

(6]

(7]

(8]

[°]

[10]

[10]




531 X3 A AL R SRR A DL (VOCs) 15 YRR AE B ke U 53
gkl
0 ] M £ TVOC W VOCs %tk FEWIy 22 3CHik
Monitoring time Monitoring site TVOC concentration VOCs number Main component References
A IR e, ORI b de ke
AR AT At s W B i B AL B 2 LB, 9K
b % = By b X JEHR Jy L TR S T OE T
KA Wk Oxygen organic compounds were the most abun-
2011.6 Shangdianzi atmospheric 49.58 ppb 107 dant species, followed by alkanes, olefins, haloge- [10]
background monitoring sta- nated hydrocarbons, aromatic hydrocarbons. The
tion in Miyun, Beijing average concentration of ethanol was the highest,
followed by acetaldehyde, acetone, isobutene and
n-butane
B AR ML L Fe s, HORIR U Be ke e ke
rﬂﬁié\%%'ké;‘(l?gﬂiﬁ B 5 W2 LB, SR
J BT S ITHAKIPSIE I TR St T
2011.6 Meteorological observatory in 84.57 ppb 107 Oxygen o.rgamc compounds were the most abun- [10]
Changping, Beijing dant species, followed by alkanes, olefins, haloge-
nated hydrocarbons, aromatic hydrocarbons. The
average concentration of ethanol was the highest,
followed by acetone, n-butane and isobutene
TEANERE Fom RS IRVCH R Ik O5
e R TR G W, SRR e, K
TG A IR AR S 5 R R JERUCHTNER S T4 IE T %E e iihe
G I Oxygen organic compounds were the most abun-
2011.6 Ecological and agricultural 75.25 ppb 107 dant species, followed by alkanes, olefins, aromat- [10]
meteorological  station  in ic hydrocarbons, halogenated hydrocarbons. The
Gucheng, Hebei average concentration of acetaldehyde was the
highest, followed by acetone, isobutene, n-butane
and isopentane
Bl AL A E i I, LU & A LR
e ERAWE
2014.10 LA 89.29 ppbv 108 Alkanes were the most abundant species, followed [12]
Peking University
by oxygen organic compounds and halogenated
hydrocarbons
R B A ST L REYYRIR AR R %M X i s I R A
Research Center for Eco-En- GIR/ ket
2015.11—2016.1 33234 pg-m 66 [13]

vironmental Sciences, Chi-

nese Academy of Sciences

Benzene series and halogenated hydrocarbons

were the most abundant species

2 VOCs HJ3RiE ( Sources of YOCs)

FIHT VOCs 1WA 5 4T I A By ) LA 434 i
HEWr VOCs BRI, A HF T 51 XA A7 15 Je i il
HTT, XF VOCs WK I8 BT 7 i ik - a] LAy
FE TR Ik DS GE ek, e R ik R
LA OB FE R AR R AL & 0k

FE TR R R IR HEBOE Bk O Ak
FINAZ AASEIRY T HBORSE 78 3ok A1 5 2 VR HE T HA

AT B . SZIRBEANL R R 24 FE i ahik
B 12 (CMB) LA 123 BT 8k (FA), Herp A7
SIMTERRYE AR S A2 A A O SE & R IH
Y EE N A AR - e d e PR dfer AR
FAFHE S BRI HET RS A, F B HE 3 0 4 i
(principal component analysis, PCA) . 1F & %0 % K 43
fit 1% (positive matrix factorization, PMF) £ Ju £k PE 45
AY(multi-linear engine2, ME2)%5 /7%, [E N X VOCs
(A UG AT 22 R A2 ot~V 2 R R -3 Bk
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H4iE 2002—2003 4L 5T 6 A H a5 W I 25
Liu 2E"H] ] CMB A2 AR K B0 A58 A1 56 174
FRAHEJE VOCs e EE Y15 YL IR, stk R N
57.7% , A HERCIE A A AR (12.4%) JRIH#E &
(11.3%) AR AL A7 30 < (5.8% ), £E 2005 4F 8 H
Song B PMF 777545 H 8 4~ VOCs 1) 3=
BEORUE VAR SEHE R (B AE v R AR HERCRT
SRBIZER) AL T b AN A A T AR B2
TS YL TOBR A R 52% 20% F1 1% , Hofdsi5 Y
TRALEE KRS (5% ) TR (5% ) 48 il HIL 4= 4 HE ik
GY%)FAEYR BT (2% ), AR FIZEC %F 2006 4F
et KGR AR b (NMHC) B0H 14617
T RS, R PMF BERU AT Y 5 AR H ek
AIRERTR , A&V G A VR R | Tl HER, #A
BEIEFAAEBEHE . PMF f# BT 9 NMHC ¥ B 5 52
AR — M (? =0.9774), FISCHEAH MR E
FEAYRIM ¥ & 2 B2 A HE IR, Tk R 43 B R
36% 1 26.3% , A HE IR 2 Tl HE i (23.1% )  BR
PEPR(10.1% ) AE B HE(4.6% ), o TR LA RS
GIRNFFZ I, PMF AT H 19 45 HE IR Bk th 3%
PR 22T 28 4k . Duan 25938 5 X 2006 4E 8
HIE R VOCs #f 5 FEA TR 5T, 38 3L 3 55543 Hr/
#a %ok 32 5043 BT (PCA/APCA) & IRBRBE 15 74 FH I
AR AR T AR B, MR EE RS I
FEORFSE A HE  CE VR R AE Y B, Yuan 2
1E 2006 4EF ] PMF 0775568 He 1 65T 3 X AR
F VOCs BRIE , 5T & 315 ZE 3 A0 25 i HEOE 8
TESEIX FIA R #- 2 VOCs #H% Bk IR, sTik 0
T 62% T 38% , FHAAR UK A WAk A T A= (ol X AN
AT TTRR 2R3 9 R 13% F137%), i A Tl iR
BHCIR DX RN AR B 1) BT R R 400 R 16% F1 14% ),
Wang ZE"FIFH PMF (19572041 T 2004 4F 2 2012
AEARAE 8 H AU X (W b 5 7R b K 2R) A8 H e

JRR R TR A AL, 45 3 & BLIR A B AR HE R L B R
MZER B TIRE T T 66% , 5 MEIC 15 28 7R 1)
R ILT (53 AR TR E TR T 67%),
7R T X BB AR R 22 3 BR A T it 7 1 R e ke
HOEFEIE KAEA . Ak, R S5 R H2 7R i I
FHANT M HE ik 9 B k5 783X+ JLAR [ A8 b AS K
Wu 2152 | PMF 17 26 b 50T 2014 AE & F5%
SR VOCs B IEHEAT T 408, ki & B A
AHEROR 32 2RI, ST 46% , F A KK A 1k
AR B E (15% ) A= W TR D98 (13% ) 5 50 1)
F(12%) JRMZE & (6% ) Tolk i 2 HE L (5% ) 583
PUE Q%) A (1%) . XIPHE R
R T AL ESE, Lah E B I HEIUR 4 5 54
W I ORI (EU: B MU R s R A TR
SE R IRIRZS RT3 Y 8, Jin =22 W) s st 457
TRV AL, T BORMIF A 70 (5 36 A, DA (A
T R 5 e T

TERZHE R REETE TVOC BYRE R, Liu
LGV 5C A A s B TR RO T R R
Liu ZE"VFIF 2005 47 8 H 7EAL R KA AR AR
3T RS 2t TR 50 B 1 5 1 ke R 4 R A2
o S I PTG P I 2R 1 2 R R (T R R 40 O A
(5 SN T PR R C2~ C5 Wi I — M .ClL ~
C3 [E25), I H A BT 50% (1) C1~C3 e IR
e 2),

ZEA UL B S5 R L B, M 2002—2015 4E %,
PLah 4 B A HEOZ AL 5T K VOCs i 22k
A, (E: 1 PR 28 4 S VR ot B s i T 5 I, B
TG TR 2 RN A 2% % VR A TR B i 3
K, AR T U A A IR S A R Be TR i)
YA i N P B S S I = 2 (i N
VOCs FHREE , FEANIRI 0 2715, 75 22X AN [R) A HE s R
SR BRI F 92 il 85 it

%2 JbmH VOCs BIKIR
Table 2 Sources of VOCs in Beijing

s it ] i D00 3 WIRES FE R 22 ik
Monitoring time Monitoring site Method Main source References
AL E BRI, bR
. . ) HERS(57.7%), B HAE(12.4%), IR #E K (11.3%), itk
2 TN AT+ = e Rk

2002—2003  Dongsi, Xuanwu, Dongcheng, Chemical Mass
Peking University, Tongzhou Balance (CMB)

and Ming Tombs

AIM5.8%)

(1]
Automobile exhaust (57.7% ), painting operation (12.4% ), gaso-

line evaporation (11.3%), liquefied petroleum gas (5.8%)




553 3 X7 BRAE L AL R R R EAT LI (VOCs) 15 YRR AE BRI 55
23R
Wit ] i 0 WIRES FERY 22 3k
Monitoring time Monitoring site Method Main source References
TR 26 HE R (52% ), A il AL T 7 dh (20%), ¥R AR Al S
I 7 I T 4 SR e :
i (11%), KERR(5%), HEG% ), S PLEFHHETL (3% ), W IR
E S5 NE . ) RIBER (2% )
2005.8 Positive Matrix [14]
Peking University o Gasoline related emissions (52% ), petrochemical products (20% ),
Factorization
(PMF) liquefied petroleum gas (11%), natural gas (5%), paint (5%),
diesel vehicle emission (3% ), biological source release (2% )
. EEMREHEF 4 RERSRG6.0%), KIM#E R (26.2%), TolHE(23.1%), #R %
R BRI N : ‘ .
) i (35S J5(10.1% ), AP HEI(4.1%)
2006 44 Institute of Atmospheric Phys- - ) ) ) ) )
) ) ~ Positive Matrix ~ Automobile exhaust (36.0% ), gasoline evaporation (26.2%), in- [6]
2006 year ics, Chinese Academy of Sci- o ) o .
Factorization dustrial emissions (23.1% ), combustion sources (10.1% ), plant e-
ences
(PMF) missions (4.1%)
F AT W
XFERA T AR R BRI ARGE R AR MR LAl
N Principal Compo- A 4¥AY BRI 4 HEIL 22 V8 A A= YRk
1H 7
2006.8 + o nents Analysis/Ab-  The main sources of non-methane hydrocarbons are combustion, [4]
Tsinghua University o . ) )
solute Principal  solvents and biological release. The main sources of carbonyl
Component Analy- compounds are vehicle emissions, cooking, and biological release
sis (PCA/APCA)
006.8.15 - TERE 0 AR (62% ), AR AT (3% ), HE AN Tl 3kH(16% )
B8.10— N
fif ik Vehicle related emissions (62% ), liquefied petroleum gas (13%), [15]
2006.9.10 Peking University
PMF paints and industrial coatings (16% )
2006.8.15 it MR T 5 EASCHE(38% ), A U(37% ), Il Tl 3B (14%)
B.10— Hi
- fif ik Vehicle related emissions (38%), liquefied petroleum gas (37%), [15]
2006.9.10 Yufa
PMF paints and industrial coatings (14%)
M 2004—2012 R THI S RIM AR R R TTHCR T RE T
F—— TESE H PB4 66% i RIS ATRI T HERCEE T 10 4R fLA K
N
2004—2012 . o fiftik The contribution of automobile exhaust and gasoline evaporation [11]
Peking University
PMF decreased by 66% from 2002-2012, and the use of solvent and
industrial emissions in the past ten years had not changed much
Il R 46% ) SR B BR R (15% ) A= P BTk Be
(13% ) I ) 8966 I (12% ) 953 28 42 (6% ), Toall i 75 i %
s RN T (5%) SMBLE 2% ) AT T(1%)
HORF
2014.10 fif ik Gasoline vehicle emissions (46% ), fossil fuels combustion (15% ), [12]
Peking University
PMF biomass combustion (13%), the use of solvents (12%), gasoline
evaporation (6% ), industrial process emissions (5% ), diesel ex-
haust gas (2% ), liquefied petroleum gas (1%)
. . e MLEh 4 SO A 2255 S0 R 391 0 32 2R IR, BHIEE 00 1
R B S ER B L A o s
o IEEEER T ERWRIZMIX VOCs 1 FE 2RI —
2015.11—  Research Center for Eco-Envi- . . o . o
fik Vehicle emissions were the main source of VOCs in winter haze [13]
2016.1 ronmental Sciences, Chinese
PMF period, and volatilization of scientific solvents was another main
Academy of Sciences
source of VOCs in that region
e o SN G M RS A R BRI R, 50% HYBER
N EREFERE T -
| AN . YIE LAY
2005.8 , o fifpis , . . [16]
Peking University PMF The main source of the highly reactive hydrocarbons was automo-

bile exhaust, 50% of aldehydes were secondary formed
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3 EEZYIHIT RS SRR ( Pollution character-
istics and sources of BTEX)

RRYE TR RIS Y b & R i) —
AL B, Hoh ok R R X H R S FOR 2
REARRYH R, REAARERE Y, B FRH
BTEX, AWk RER A 70% K A T
KRR, HIR R YA AR WA 0 G R P
ZAIEER7Y S NS (2 95 5 iy Nl (B 220 o
Pl R R P R e 28 R Y7 BARAE T P i 1
BBz, KA AR R YU B LA T HE
KRR T XN ARG A, ik A B
AR RO I PR FE SR AN VR FE R R DAt
FE it A BT LA R K ek 2= M 55
EAMUE R AW ETRY), B A VLR R AT
iy, BAIR S R 2R BORR RIS R &
BRERZ—, RRYRE 2224 EHES A
TERH TR B AR R R Y F 2R IR,
ARARY RS BRI HC A A A R 44 R Okt
2SS AT R A ML) T kA E AR AR TR
FH 24 0 R A A LA mT AR A B S AL A G
AP ST OR R AR R R A R i, AR
SCHF R R R A A

TR AP 1 % 1995—1999 4E Fh BFBE A
YYBRAIE 5T T W ) B i AF 5T & B, BTEX 23X JLAR
KRR R REA VAL B, 1995—1998 4F LU
4E 20% B ARG K 1998 4EIEH] 1999 4E47), Jb 5T
RAHH BTEX H IR, 1 KR B4R 128% ,
JEPR AL 1998 4F 1 H i 2544 JogH<Im, mife
T8 FH TG Y B4 TR] st 38 B B B4 T ol FH = i
s, BUER 4 B HECA LY 45 . BTEX
A I, B 2 M IAE, B LA E = 3~5
5,06 R KRG BAZ RAA RN AZIE R iR K
RIS T TS YLl I E AT fE M IAE,
FEI V5 YR A HE R R AN A2 AR R Y
X BTEX Y HARL 7= A= §2 0 5 25 K i T3 iR 2 i 7
16, PR T e R & i, /R 5
K IE 4F A0 i) B AR B3 . B %5 R KA
BTEX & lbiE UK M mr 2~3 18, dbanidk & 455
TR = DUPR b DTG e W B i e, R ok
PRI S XA TG YR B ART . 25 YR A HE
IR RN G 2% 2 e A G KB X AT L4 H AR
AN XIS A AR G R B LR

BEET RO KR R B BTEX JEAT 1K M i 42

LI o) g 7E Rk B RS BT S T, 1999—
2002 FIERE R . B AR A XU R 3 AR 1L, &
ZeT I 2C T = W) A R AR AL R T 8 A
10 SR 5 AR JE 25 1 30— 0 B3R H 284k
H R IE] 10 A5 HHRES 3 N IE(E; B 2R H AR 2 3 3
UAERY PR TR & R SR EU S | B A R L AT
Jo o B KER/MARABREE T 1, U e 1A H
[ 75 Gl 46 B ZET5 Yk IENIANTR] . 2000—
2002 4F BTEX A 28 fb SR & oM (44.1£22.5) nmol -
mol (B EALNL ), B T B 2V i iR B4 &, 2248 fhg
EHPER 2, FA S BTEX ) 87 ik
JE M 1999 4E-5] 2002 4F K B R B, Liu 550 A4 A
AR TRBNEE, FE RN R 228 —H
TRV VA A HH IR B2 2 | T AN 2 AR e A R s e 1)
SEMPAEE T B ETE 11 ], B RIS
REABRIHTARRY S HOKEE LA, ERA
fead FE 2K 2 AR S HoAth VOCs AR [F], 2K &
PR UE(E HBRAE T 78 3 BUZE AT, T AN J2: Bifi A8 8 I
I, BT AR B T AR T W A R 2R R PR
HINA G, SRENIZERTF 2006 4F 8 H 15 5—9 H
15 HAEIE RO R A AR B e kAT 10, Sk
W EMEA Y 47 Fp, 55 F RN & 2w, IR H b
JRRE Y 58.2% s TES &I, RN Fr e, N
314 pg-m”, HYUCRERF 2 256 wg-m™, It
Sk 4 AEPIE 2002—2003 AF I R 14 245 SR T, X Tl RE
i VATl sh = /A S i i Kof ¢, B
Z M EAHRRIRMZE K BT R R & 3
o A SR & IR R W00 B4R AR 1) 5 i) S
K, i RAAE I H 75% .

Wang 251 F 2000—2007 4F X Jb 5 X % 2% 8
AR NN & B D5 B R F R E 7 AR NI TVOCs
LB — B A A 35% , F 2R J2 & i e s
W R 9.8 pg-m”, HK W W N 8.6 ng-m™,
5 HR I LU BIAEAS A 5% v Y 728 463 Rl J2: 0.05 ~
42, —FRARALTE RN 0.4~1 Al K e Y5 3 B2 255l
HE, R A5 A 45 SR ) o 2R 0 Sk R R T L3N 4
HERCAN , i A 7% e Fn At R [R] IR 20 R o 4 252
SEICGE T IR AT Z8 & B — > R A I AR &, i
AR5 T8 A AR DG FR BCERARAIR, o 18 BH YR 2%
BIAIER R YN e F 2RI,

PR TR 2R 2007 4F 12 H—2010 4F 11 A6
PSSR R AL 22 4 B AR 45 A 1 5 1 X6 AL B0k X 11
BTEX il O, #F47 T #E4E 3 4 1 [R5 00 , 45 52 0
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AE X KR BTEX HHUR AU BE =iA(8.73.1) pg-
m”, K NFR(71+£33) pg-m” . LK @42+14) pg-m’
FiExF B 4+1.5) ug-m’, BTEX MUKEFER .
B KR ZEI A 7 310 (16.8+1.4) pg-m” (247
+28) ug-m” (259+49) pg-m” (26.8+12.1) pg-m>,
AR IR B A A B ey, T 2 TR B v T4,
XoF R A R AR B DTRR R R, AILBN 4 R AR
TR KRR X KR, BTEX A R ERR , & 27K 1)
e B AT BEAZ U A (1) 52 ) | B 2R 7544 e X BTEX
A TTHR K, 0T B4 AR A — 2 Uik
TSP T IR X (v R A A A R B
WFFEH0)2009 4E 1S —4E R WLIN & B BTEX H 72
b R4 A e , A=A ik, H AL 2 9
Hp e TR G SERAIRE VA, db
TR IX 2SS, 6 B R R W0 YU B R 4.837

T 4554 pg-m”P A4S T HI 2K 2241 pg-m”®, B/T
AR, UBR TG R, & R B AR IR
WA ZM B R %= . E/X B R, B
A R IS R B (R 3),

Li Z1F 20124 8 H 24 HE|9 A 4 HEEHHE
B Bb 22 W 5% B KA 385 %) b 5 7 3% X BTEX
(AR EREAT T L, 78 L [R], 8 BTEX 4 H (1)
A 11.98 pg-m”, ALY & 0.99 ~49.71
pgem”, KRR R B R R L RIS A
e, ALsh 4 B AR HERUR: BTEX B EZARIE,

A DL BB & B, Jb 5T BTEX 9 v B MU {A
FRIT G L34 R HEBOR BTEX B
FEORE, HR TR E 2% H X b 5T BTEX V5 441
R ZH eI IX, A A2 T ff 4 501l BTEX 1)
15 JLIRIL , I FF 2 A 50 T 25 S AN R D g 43 1X 43 5]

pg-m”, K 7661 pg-m>, 7 2.956 pg-m>, [A] X

EATRFET AT

%3 BTEX WIS L4FMERRIR

Table 3 Pollution characteristics and sources of BTEX

WIS [ WA 1YL FHIE e S 30k
Monitoring time Monitoring site Pollution characteristics Sources References
BTEX 23 JUARE I I I R4 L A HLY , & 2 B (, ]
A, R D B, 25 R IR T A
R B K BRI i ) ) ) )
) . TEX were the fastest growing volatile organic matter in the past
Institute of Atmospheric ) ]
1995—1999 . few years, the peak values appeared in the winter, and the valley val- [25]
Physics, Chinese Acade- . ) )
. ues appeared in the summer in a year. The peak values appeared in
my of Sciences ) o
the morning and evening in a sunny day, and the peak values ap-
peared at noon in foggy weather.
AEHEFWRUE S2E Y & RRKEER A ) — e, B KERSR RME
TramzEL RS DU SR (M e B E, & T iR, A %
_ dEETRBTEX AESEYIHEE N 1999 4251 2002 4EKIRIE FIE URSUEIAEE
ARSI ) D - .
) ) Winter and spring peak values coincided with traffic rush hours; an-  Automobile ex-
Institute of Atmospheric o )
1999—2002 ) ) other peak values appeared at night in summer and autumn; due to  haust, gasoline vol- [26]
Physics, Chinese Acade- ) ) ) ) o )
. gasoline evaporation, peak values in summer appeared around mid- atilization, industrial
my of Sciences )
day. Peak values appeared in summer throughout the year, and the source, natural
average concentration of atmospheric BTEX in Beijing dropped source or coal com-
sharply from 1999 to 2002. bustion
AP BRI, L . - - N
O TR R, D5 A ke B WA D BT L 2 B Rl R R
SRE-UK R 2o s e
) FIZE R AEHE RGN, 2R R YA B T4 3 a5
Dongsi, Xuanwu,
2002—2003 ) ) Due to gasoline evaporation, the peak value of aromatic hydrocarbon [1]
Dongcheng, Peking Uni-
) appeared in summer. Owing to increasing of solvents evaporation,
versity, Tongzhou and
) the peak value of benzene series appeared at 3 pm in a day.
Ming Tombs
HRHBE R T BRI AT ) . X )
. o LORIISRLEGES, O 314 pgem”  HYCRI IR,y 256 pgem
Institute of Atmospheric . )
2006.8—2006.9 The average concentration of ethylbenzene was highest (31.4 ng- [27]

Physics, Chinese Acade-

my of Sciences

m), followed by m/p-xylene (25.6 wg-m™)
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2R3
s st ] 1000 15 Y RHIE I 225 3k
Monitoring time Monitoring site Pollution characteristics Sources References
B3 A HEi, 28 %
: e A I A A 7] JE =X
RS "
} C AERGEREWARE R, HROER YRR
Institute of Atmospheric
2000—2007 . . The content of aromatic hydrocarbons was stable, the content of tol- ~ Vehicle emissions, e- [8]
Physics, Chinese Acade-
. uene was the highest, followed by benzene vaporation and other
my of Sciences
different forms of
combustion
FRR PR BE S (8.723.1) pg-m™ RAFEIMRER(7.133)  HL3h &R <MK
-3 h: 08 ST Ay =) 33 — T > .5
g . pgem? | ZIRN IR EIE@2+1.4) pg-m™ X “HIERE 7 % & & BTEX
R R TR 7 A s N
_ . RQG4£15) pegem? ABHEWERE  BEPRRIEETALE WEZORKE
2007.12— Institute of Atmospheric )
. . The average concentration of toluene, benzene, ethylbenzene, m/p-xy- The main sources [30]
2010.11 Physics, Chinese Acade- , ¢ BTEX
.m- i o were ve-
my of Sciences lene was (8.7+3.1), (7.1£3.3), (4.2+1.4), (34+£1.5) pg-m™ respectively. .
In winter, the concentration of benzene was highest, and the concen- hicle exhaust and
tration of toluene was higher in summer than that in winter. solvent evaporation
TERABE SIS BTEX WER AT AN, A3 HHk, B2A2 R g HKERT LT M
FEL &, TR IRA AR IS
2009 Research Center for Eco-  The concentrations of BTEX were higher in winter months and were ~ Automobile ex- B3]
Environmental Sciences, lower in summer months during a year. And the concentrations of haust, coal combus-
Chinese Academy of Sci- BTEX were higher in the morning and evening and were lower at  tion in winter heat-
ences noon. ing supplied period
TEEREH R ) i
P, JBTEX 4 H (P HWR 2 11.98 ng-m™ 2K R W VR EE R B0
I s L
i ) FLI A AR AR .
Atmospheric observation KERS
2012.8.24—9.4 The average daily concentration total BTEX was 11.98 wg-m™, and [32]

station, Chinese Research

Automobile exhaust

the concentrations of BTEX were higher in the morning and evening

Academy of Environ-

. and were lower at noon.
mental Sciences

4 AEEHIEET VOCs Bk B2 L ( Variations
of VOCs concentrations under different control
measures)

i b st a S TS QR BR, JE st T AR AN [
AR 0T 5 T FE B S AR A TR i 25 DRI 119 25 AU
i PR ERUIUE T X SRR LI L2 B4R
WHEAR R 3 HI R VOCs W2 A2 1k

BRI PIE I s JL o (R B FEBRA TR S (R
2007.8.15—8.20) % b 5% Bz T4t , B IO A0 [ fadt S A7
B RS RY 6 MO R AT 1RSI, D4
RATR B 2 S R R Y BRI O L R
N 32.1% ~42.5% ,BRAT S B4R FR )T 24 5 R B
T IE 47% o EWRRATRIG , K R ) 2 SR A
PR, 7SS0 7 0 g e 1 RO, BRATHT A R W)
b T BBURES, H dRem (B UAE 18 A IRAT IR AR &
YAk T HORES, H e m EHIRAE 8 /., RRYK
VRS BT 2 T R S 4 o S0 TR 248/ H 2 B2 1) LU

9 0.49~0.55, H 2R 2 W A R4 A AH A, Ik B B
Mz 5 PR R YA AR, Yok AR ERA,
P ) 2 o T AT R AR R R R MR

R TS Bl Ak s 2 0 B AR, 36T B 7E
2008 - Biz 2345 I BT AT T — 28 5 HE 8 i 5
i, G ERRC S FRA T, P48 “ gt th AT 45 1k it T T
M AV B A5 T YA b A5 7 R 7 5 MR R e T
GUyliHE ; WA AR SHECSF . Liu 5597 2008 4
7 HE 10 AW W T LR X BTEX ¥R I, 78
BB 2R FHOR o TR R AR T OR
AR SR B4k 2.37 .3.97 .1.92 .3.51 A1 1.90
pg-m”, HWHRIE S ERWE S T T 52.8% .
63.9% .56.4% .56.8% M1 46.9% ., CO 5 BTEX (1
FHSCAE LA 55 H 210 L A AR5 7 76 2K A BF 5 10 1]
MLsh 44k & BTEX MY FEZR IR, 7655 5 KT
R v 511 b o el I N = RN O e ] [ B oy e =
IFA VA=A 6

SR 2 i I A B A S AL, #E 2014 4F 11
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H 1 APEC(Asia-Pacific Economic Cooperation)Z& 417
W], A6t i BOR R ICT — R 90 B HE AR il R
16 APEC 232647 8] Li ZEB W5 T b 5t K 2e ke
Fel N VOCs 1k B 284k, BF 58 & 3, APEC 23 13T
J& TVOCs Wy ¥4 #e J& 43 il hy 86.17, 48.28 Fi
72.97 ppbv, APEC 23 4% il H [a] it ¥ J& N R T
44% . LM RARIE B VOCs 5 ke LB I
KERITAIEIE N T T 65% .62% .54% .53% .
37% 36% F123% ., JrA gk 21 VOCs ¥ Fh ¢
s T Tt e A7 BT T) 4 B B, e BT 32 5 ) e U
B E L VOCs (A ke 1, 1- 5 O R,
PMF J7¥E 8 K VOCs 344 8 AR, HAE
4139 i2exir 1) BT W= S i YRS e 3 G LS KT Al o
FRAMWH R E WA B8 W, s T
19.65 ppb(¥& il i B 3l 4= B A A HE gk 9 2 4 1l
WL 4 A AIHERCR) , Tl A 7= DL R v 5 4
(9 HER B4 5098 /0 T 10.29 ppby AT 6.20 ppbv, &

0 T 2.85 ppbv 1 0.35 ppbv,

2 R 70 EAE JE AR 2015 4F
9 H 3 HZAT TR B AR, — R 505 3 P4
RIS P2 AT . DA 2015 42 8 H 11 ]9 H
3 H,Li PG s K 2E AL B N IS I T VOCs 19k
&, FIFH GC-MS/FID ("< AH o 33%- 1 1% 15 A A/ K 4
B AR WIS A W B2 AR PMF 5 B 1) k&
PR, A AGE T AL TR R f R, VOCs
(R 387 e B A 5 i) 30 1) R I 4 4 A 180 0 0 Sk
27.53 ppbv Al 45.52 ppbv , $4 il HH 8] (1) & 46 B AH HeF
FEFE IR R B T 40% 45 3R AR s 030 G
BG e R bR HOROE B4 VOCs,, TEBE 5T 1]
(B A 102 Fh VOC gl i, JL-T A /Y VOC
JEAEFE AR A B N R 4).

AR R S R IO T R AR AR, VOCs
(AR R 35 B v R R (HR TR RS 4 R 5 15
YL B ORI, PR, AR RS R A s

ey p z8 A LLR Tl A T ORI i A HEi ARUTTRAIAE TR PRI, 5 R B] S AT 42 il it

F4 FEHEHIEET VOCs IKEZH

Table 4 Variations of VOCs concentrations under different control measures

s st ] M D00 A BT VOCs e B2 A8k 27 3CHik
Monitoring time Monitoring site Variations of VOCs concentrations during emissions control period References

FRAT G SR R -2 BTV BE 2 N R 130T 47% , BRI 22 0k T AT SRR R ik 2
. The average mass concentration of total BTEX was decreased by nearly 47% after traffic con-
Olympic [33]
trol measures implemented, and traffic control measures could reduce the concentrations of

BTEX effectively

e Rz e
2007.8.15—820 Beijing

venues

HRkBE A 25 R R - S an msh o gt fed— [ SE AR — S
- ” TEBGE LA A 2 DX A AR IR AR B 237 3,97 192 3.51
FUHL .
F1.90 pg-m? | LRIBELJE /3 FRET 52.8% .63.9% .56.4% .56.8% #il 46.9%
2008.7— Research Center for
During the Olympic Games, the concentration of benzene, toluene, ethylbenzene, m/p-xylene, [34]
2008.10 Eco-Environmental
. . o-xylene were 2.37, 3.97, 1.92, 3.51 and 1.90 wg-m™ respectively, and decreased by 52.8%,
Sciences, Chinese A-
. 63.9%, 56.4%, 56.8% and 46.9% compared with post- Olympics
cademy of Sciences
APEC &G TVOC [ Y3k 5 4300 86.17 ,48.28 i1 72.97 ppbv, APEC 2134 il
WIRIBIH L TR T 44% FEFEHIFS AT W1 0R], BT A7 19 VOCs Wb ity e JE 1 A BT e,
n—— AR R DR HE A e el D
N
2014.11 ) o The average concentration of TVOC were 86.17, 48.28 and 72.97 ppbv before, during and after [35]
Peking University ) ) )
APEC respectively, and the concentration of TVOC decreased by 44% compared with pre-APEC.
During APEC, the concentrations of every volatile organic compounds decreased and emissions
from key control sources were also significantly reduced.
VOCs A8 e 2742 1 303 i) A1 42 1 53 31 2 27.53 ppbv F1 45.52 ppbv , #1571 i)
P8 S BE AR LG TSI N B T 40% , JL-T- B AG A 9 102 il VOCs ¥ JBE 7 42 1 19 i)
20158.11—  dbnt ke AP 36]
20159.3 Peking University The average concentration of VOCs in the control and non-control period were 27.53 ppbv and

45.52 ppbv respectively, and the total concentration of VOCs in control period decreased by

40% compared with non-control period. 102 VOCs detected almost decreased during control
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5 VOCs B #f 3¢ B 2 ( Research prospect of
VOCs)

G Wi N ey W WL ESD MR- gt
%z —, A 2R K O ST R Y
i A PM, Fl O, B B B AT TAYHTIAY) VOCs, %
T VOCs mytaill i ikA1RZ 48 SC g = Al 7
D FEALEAL , 3X 3 Fh oy 4 A R 725 JR 1Y
WG, BRI A AT HLES A LAAS 21 5 ks
BREHE . IAh, OC T35 il 15 i 2 75 ek 3 25 Ui it
BP0 2% H R BR % AN 15 4, an JAESR
VOCs, W iZ# VOCs P45 O, #1 PM, i BIF5E 45
Ak A VOCs RIS B R R A K O,
WD T4 I — AR S R R CE R PR O H
SRR N (g B A ] PR 22 A DG

BIEE R 3047 2.(1961-), B #4% W+ 2 AT &
AR F SREHE S
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