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BRMS, sk A, JE, 2R3

(A A SRR, b 100037)
E. HRMANY(VOCs) 1Eh PM, (1 O, JL[FE M SetdariAYy , B RIS R mE Sy m. HArdE VOCs Myl Bk +
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JBE B SN . AEARAFAL 5UTT 4 VOCs 75 YIRS HECEE (EA) | OFP 1 SOAFP {5 , SR FH AR 22 75 X AT JA — 1 ab B, 23 531 )¢
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Classification” Control of Volatlle Orgg,mc Compounds ( VOCS) ‘Emission Poll‘utlon

Sources Based on Emission Afnoluffs and Atmospherlc Reactlvfty f o m—
CHEN [Peng, ZHANG Yue XING Min, LI Shan shan i & A -\ ; ’

- >~

( Beijing Municipal Research Institute of Eco-Eny 1r0nmenlal 'Protectlon ﬂeljmg 100037, China)

Abstragt : Volatﬂe organic ‘bompoundb (VOCs), as the common ke\ precursors ofPM, 5 and 0, , are an 1mp0rlam direction of airipollution prevention and control. The
primary! 1VOCs controlgpolicy is ‘hased on VOCs emissions sawithout ebnsideriig. t_}_le.féheml(dl reactivity of VOCs components, which would influence the effects of VOCs
emissidnsito iffiprove air quality. Therefore, this study sought to establishi¥=VOCs pollution source classification control method based on VOCs emissions and atmospheric
reactivity, tking Beijing as an example. First, we obtained the composition spectrum of three typical VOCs pollution sources in the catering and automobile repair industries
and gas stations in Beijing through detection and obtained the composition spectrum of five types of VOCs pollution sources in the petroleum chemical industry, printing factory,
automobile manufacturing, architectural paints, and motor vehicles through literature research. Then, the maximum incremental reactivity (MIR) and fractional aerosol
coefficient (FAC) were used to calculate the ozone formation potential (OFP) and secondary organic aerosol formation potential ( SOAFP) of VOCs, to characterize the
reactivity of VOCs pollution sources to 05 and SOA, respectively. After obtaining the emission amount (EA), OFP, and SOAFP of VOCs pollution sources in Beijing, the
range method was used to normalize them, and the normalized indexes NEA, NOFP, and NSOAFP were obtained, respectively. Finally, the pollution source classification
index (PCI) was calculated and VOCs pollution sources were divided into four grades according to the normalized NPCI. The results showed that the NPCI of motor vehicles
in Beijing was the highest (1.00). Level I VOCs pollution sources also included automotive manufacturing (0.93) and architectural paints (0.75). In addition to the gas
station (0.32) and automobile repair industry (0.30) as the level Il VOCs pollution sources, catering (0.19), the petroleum chemical industry (0.15), and printing
factories (0) were all level IV VOCs pollution sources. Beijing should give priority to the control of motor vehicles, automobile manufacturing, and architectural paints to
reduce the generation of O, and SOA.

Key words: volatile organic compounds(VOCs) ; emission characteristics; ozone formation potential (OFP) ; secondary organic aerosol(SOA) ; pollution source classification
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] (b A R A LAY ) 20% ~ 80% 7.
HH, VOCs HEBO R K 0, ekt %5 AR
TSI A T5 YT 1A TR 5.

AR5 Y P HE R 9 VOCs B A [l i 4k 2 441
43 N IRN 77 5202 5 R A . A BT
7R, AR VOCs 41402 [ RS PERH S 30, Bt %8
F2E T ANEIR ™| R B TR 135 Y
VOCs o3 2 R 2 AMUAEHE— 28 T i VOCs HE
HCRAE | T B VOCs # Rt B 6 R . H
AT E 1 VOCs WHFEUR EEIET VOCs I HE
T4 % 18 FL Ak 2 B I3 M | KR R VOCs Wk
o 2 AT I R S5 % R VOCs HERCR: K
HAAU IR VOCs 1 I U o3t T 3 —HE ik
Rk FR % ) R R A B 2 R

ST A 795 YL VOCs AN K He
KA HEAT T — & R, WA AL T
RO AR R ORE R B T BL B A HE
SN SN SR S (173 SN Bea e AR
SRR FABTSE SRS R T R VOCs B
S3i BT O, Fil' SQA S M FOBFSE i+ Hi T
P IV OCs V5 3 TR 25 R it 0 2 g
AL PR AR 1y H i S A o T S
KA BRI YOCs 15 R 4- 45 7 1 UL
FEA A TSR . L AT VOCs V58 A= B3Ry

PSR AL g5 020, 0 1 48 5 % L St 7

V5 YL YOCs 4143 I, FF I Tl ikl 251
P A S 3 AN SR e VOCs 4153 19 .

A A VOCs 75 Qe R A R i SR 4RU2E A
13 (ozone formation potential , OFP) M IRE BB
R W # (secondary organic aerosol formation
potential, SOAFP) %5 £5 & ¥ #il #5 45 , B8 VOCs 75
JePR A SR, I 3R VOCs 15 e i S it
fEF 4.

1 #RE5FE

1.1 VOCs V5L FAAE B

VEH T AL RT T VOCs 5 e I R BiF 58 5 4. 4R 4
2017 47 b3 T KA TG e IR HE R R SR A
VOCs {53415 FE A TR (il A fl . A2 e |
HAEMIE) ARG IR S IR (BIR, 1R IR )
ARSI (AL 4, Jndhvl) | iX 8 2% VOCs 75 YL A
R B 5 U 5T VOCs BCHERT R AY 52. 54% . K
S5 YLIR A VOCs B AE HAl iy I 55 h 2 289k
53, Al . ARERR | RZETE | BRI
BLBNZE ) VOCs B33 1 SCHRJEAE 3R A, HAR N 25
1.

#F 2 43 &
F1 VOCs FHIER S &RIE
Table 1 ~ Summary of VOCs source profiles
ETI S A S 7
rim e 46 [22]
Tolk i 4.2 E[V i) 71 [23]
IR 52 [24]
E3vella 45 AHISE
A1 IR 551 b A4 49 A
JEiSiiR S 45 [24]
IR WL 4 57 [25]
B
i i 27 ARG

AL TR A R X 3
HWANF LR VOCs B2 70 BT 17 M. 2 k0l 26 B
e 3 FARIFSE R R RIE HE1T VOCs SR AR, R
AL il A A5 HE SR, VOCs A i 2R
T ST T B Yl AL 5l 3 R 48
WEHEAT VOCs SR B, e B (i 4 186 B ik 1
VOCs B i 147 SRAMET 8 548 TP f B, W50 R4 1
B ARl b SR 5 3 SORIHOBLAY
AT RRE , RAEDL T A 1 e S0V OCs
FE SR A I R S 1 s T PR
1.2 vocdgisy < L

%ﬁ%ﬁﬁ%V%h#%%%ﬁﬁESM%m
S RFEERREJE R AR LA 500 mL - min ™' AR
£S5 min, S [AfR] BSR4 3 SRR ST EE. REE
T PR BRSOk 26 ] PHLE ST

VOCs FEat s i Ik 2% 7 SCmk [ 27 ] M6
EPA 1) TO-15 51, R H =207 B ik 46 & St it
FEIG , FAOM € i - I i B FH 2R e i 47 o M |40
Mr. 15 it @ shk AL s (ENTECH 7016D) H ik
FE 400 mL, %8 J5 & &b dF A SR B BE U 45 1Y
(ENTECH 7200) 4 7RTAL B, = 204 VR IR FE 2 3k
-40, -50 F1 - 190°C. AR VR 7T 5 O TR ff
BURTEBAIFE LK) VOCs IR AL, 76 A8 A A
B M GC-MS F 4t (Agilent 7890A/5975C.)
HEFT 43 N2 i

GC-MS RS THRFE T AT . GC HEH8 9] 1A T B
A 35C R R+ 5 min; RGLL 5 C ‘min~' JFE &
150°C , f44%F 7 min; LA 10 °C »min ' FHE £ 220C
FFOREE 5 min, 2N AEAT(LE >99. 999% ) ,
BRI ER IR B R 250°C . Ui S5 - i A I s 1) 5+
TR T2 B R (ED BB EN 70 eV,
BRI 230°C R H e X BAHEE (m/
z) 4 20 ~300. & It 73 B (i B9 Sh AR SR 53y 65
FhAY TO-15 #53<.( Linde Gas North America LLC) |, &
IRZMECM 1 wmol »mol ™' IARSALE 20— TR — 5
s 1, 2- 9\ A< A1 4 45-dS ( Linde Gas North
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SRy DR I M 0 K5 47 1) A A5 A AT A R
Teiz i A rh B R A T BRI AE , HLAE 48
h AT 58 1. A8 IE SN TAT ih 4 AR LA i 43
it GC-MS RGLia i e, VOCs & & TAERY
PRl 2t 5 7 DU RS L 251 G W br v th 22 1
FHSCHRF XK T 0. 99, W] LR A4l 1 A 2801 i
k.
L3 REERIERITE

VOCs £ 2 5 KA N3 B v, 7 [ 3% 14 1Y
VOCs YIF%S Oy A U STERAS [R], HA A [R] Y B4R
A (OFP) |, IR IL3E ] OFP R4E VOCs Hyfif
Ak R T P Sl X 45 Ff VOCs #IFH Y OFP
SIPTRESR I VOCs I il R S DL i o Sk
VOCs fx K & & b 1% P ( maximum  increment
reactivity, MIR) A VOCs ¥ Fp g OFP. MIR 2
BYE N —RE B VOCs FT S By R AR 7 (k5
VOCs S L. i

I A5 Y VR HERL B T VOCs 1Y OFP 3K

FAE VOCs 15 Y JCHEL S S VLT P , B A S

VLA Aoy OF s HEHC MR B
SEMISETS v P S a

or?, = Skl f 0 fn

Auff, OFR, P, VOCs e U 1) AR A8 3 5 o

gral s PN T IR i Bl VOC 41451 I ik 498,
MIR, J&5 i Ft VOC 414378 5L R A HE B I o i1y
RAAE AR, g-g", BT SCHR[ 30,31 ] 9 MIR
1.4 ZIRA WIS HIHE

HEA KA H B VOCs Zead KA E A S/ RSy
Jie 455 AR i SOA, VOCGs B — YR AT ML 1A i A8 i
DTk A AL I AR BT B ( SOAFP) Sk 4
W HRT, SOAFP £ 8 vk £ EALFE IR I A
Z B0 (fractional aerosol coefficient, FAC) . OC/EC
WA | KA DLE S, o FAC L4k 1Z 1
FAP . BETF Grosjean %57 B M0 25 46 9256, 2R S
VI A il R B B R A B VOCs 19 SOA A= 1
.

TS YR HE R BT VOCs IR
A B SR RAE VOCs 15 YL IR X SOA 1) K2 I i 1
T RE S WS HE IR AEAN % TE VOCs HECER FE 1Y 1
AR SOA BYRE S, BRI AR AR

SOAFP; = ;fij - FAC, (2)
21, SOAFP; 2 VOCs 154U j (1 SOA 2 R 5L,

geg 'y 0 BRTER @ B VOC 4153 1 9T 4 HG
FAC, B2 i Fh VOC 453 03 e e R B0, % , 1
FHSCHR[ 34,35 1Y FAC 4.
1.5 VOCs V544539 071k

VOCs 75 % 5 43 %% £ 2L+ vocs HE i =
(emission amount, EA ) K& RS/ By i 4. Forp
VOCs HECE (EA) 2k A F 2017 AE 465t KA 5 G
PIHERCTE B VOCs KA 6 43 1) 3 BURL 4R
H: RS (OFP) A A A T 3 (SOAFP) P
A bR RAE. 7ERAF 51 VOCs 15 JL I 1 EA |
OFP F1 SOAFP {E )5, o T8 T-15 YL U5 40 9, R i
ZEykxt AT T — Ak Ab B, 43 51 3R 45 5 — 1k 46 %
NEA ., NOFP Hl NSOAFP. &A=,

EA/' - EAmin
| OFP/ - OFP;nin . "..’A“.' “-
NOFP, = Gep o / =4
[ . | SOAFP - SOAFR., 4
NSOAFP, = SonRp,. —soarpy AV

SRt EA, 1 VOCs 15336 j 19 VOCs HEMCRE gea
EA,, . OFP, /i SOARP,. ¥ 51 VOCs 15 40 £t
/NHY EA{ OFP Rl SOAFP,, EA, [ OFP, #f
SOAFP, 53 VOCS §5 e i it 5 ke 1 B, OFP,
Hl SOAFP,.;- "

R P4 52 48 2200 575 i X NEA | NOFP #
NSOAFP IXFHLHE i 1A (6) AT AU, 15
275 YL Y5 53 945 28 ( pollution source classification
index, PCI) , HHAAR IR,

PCI;, =k, x NEA, + k, x NOFP; + k; x NSOAFP,
(6)
1, PCLK VOCs 15348 j (3 A8 H b AT
TR, ky +ky +ky = 15 SO LB BERBE 4
K- S HEE S5k BUE 0.4, ky A kg B
f&0.3.

FHEAR 1 PCI 5, % PCT R F- V) 4 25 s ik
FHA—AAb B, 5 —1k )5 9 NPCT B A 43 235 5%, T
T VOCs 54 IR 532 TR AXNF

xpep = PCL - P, o
7~ pPCl,, - PCI,,
P, NPCL O VOCs 15 34 I — AL R 1970 24
5 PCIL,, N VOCs 75 Y8 Hh /NI PCL; PCIL,
VOCs 1538 iR 1 PCI.

A SCARE 73 G AR KON # VOCs 5 G 8 %] 43
4 A 1, T, WAV S VOCs 5 4L I8
NPCI 4354 0.75 ~1.00, 0. 50 ~0. 75, 0.25 ~0. 50
0 ~0.25. S GA BB AR =, BT ZEA e il 1
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2 HR5ITR

2.1 VOCs 154 IEHERCRAE 534

WX 9 ZR ML AL b HE SR VOCs A 5 Y 1
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10 LR 0.78 WM 2.32 EC ke 1.80
Bt 94.56 87.77 90. 63

VOCs FhZE LA Ol AR ML A2/ iy HLAR 4R
o HE R AT 10 B9 VOCs 4 Bl S 4 K00 S ok
99.39% . 99.96% F1188. 67% (% 4) . HE = Z )
Fh A TEC 46 (10. 42% ~83. 78% ) , Hok Jy H 2K (9:09%
~33.55% ) , 3% H 2 0 o 4D O k40 B RT3k 41567 % ~
92.87% . WHh, L8 LM (2.79% ~ 8:20% ) ¢ IF BEk
(2.18% ~8. 14% ) (1. 67% ~ 8. 60% ) (1 5 Bt 4L
mmﬁﬁ%¢¢ﬁﬁqﬁuﬁaM@%@§g@%

R o o B, 4 B R 11.75% ~ 86.00% Fil
11. 08% ~ 53. 66% , FoAth 231 4 Joit bk 43 B5CH4) el o vk
55 VOCs R FE 192 5 3 357 R ey i
Herb s 1 RIS 2 75 B R (6H)
Kk, VOCs [HE W 1% 1y 175. 787 7066, 78
mgm "M 3 PERIERMIEAIA T (12 ) Tk
VOCs HgHE B0 0, 24 mgem =, FLURW L 5 757l
B39 ) T i |

read | T R4 mihmHse VoCs B 10 45 7 .
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Table 5 VOCs composition spectrum of different pollution sources
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[a]XF - — 2 8.2 4.7 2.65 +0.52 11.41 £8.53 5.74 £5.77
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Fig. 3 Comparison of secondary organic aerosol formation potential of different VOCs pollution sources in Beijing
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