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Study on the Chemical Compositions of VOCs Emitted by Cooking Oils Based on

GC-MS

HE Wan-qing,NIE Lei, TIAN Gang,LI Jing,SHAO Xia, WANG Min-yan

( National Urban Environmental Pollution Control Engineering Research Center, Beijing Municipal Research Institute of Environmental
Protection, Beijing 100037, China)

Abstract: Volatile organic compounds (VOCs) are key precursors of ozone and secondary organic aerosols in air, and the differences
in the compositions of VOCs lead to their different contribution to atmospheric reaction. Cooking oil fume is one of the important sources
of atmospheric VOCs, and its chemical compositions are distinct under different conditions of oil types, food types, cooking methods
and heating temperatures etc. In this study, the production of cooking oil fume was simulated by heating typical pure vegetable oils
(peanut oil, sunflower oil, soybean oil, olive oil and blend oil) at different temperatures in beakers to investigate the chemical
compositions of VOCs. The emitted VOCs were sampled with a Tenax adsorption tube and analyzed using GC-MS after thermal
desorption. According to spectral library search and map analysis, using area normalized semi-quantitative method, preliminary
qualitative and quantitative tests were conducted for the specific components of VOCs under different conditions.
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Agilent 7890 A SAH (414X : I [F Agilent /A A ;
Agilent 5975C USRI AS . 92 Agilent 24 F]; Unity
series? UGN . B2 [F Markes 23 7] ; Ulira series2 F
B F RE 2%, % E Markes 2 Hl; TC- 20 Tube
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TSRS g0 B R G, Dt S 06 1 % 1A
PE. BRI R G % A MR G, TR IE - 2
0.5 m AbFISRFE LT3 b T B RS540 4 Jd g fT, JF
Je B, AR B A BT AR R e 2 4 TR g
faT Ak 8 AR 5 IR AR A ASCHl I 8 SR i i A PN
EUFE Tenax W BT 751) % W BFE4E7 o, O[] Bof R B A 5
SRE S DL PR S SR RAE, BRI 10
min, RARRFE A0 1 BT/, BRRCR SERE S, B
B 4k 30 min, Z A5 PEAT I BRAS A 25 1 52 560
K B ARSI RS S FI#E 0. 1% LLF.
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Fig. 1 Flow chart of sampling
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L, BEE T T il 3 A R A (] B A B 4R, ELR AT
MR E ) 10 min. PRLCAE 2 BSR4 120
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A — S AE fi (Sample 1), ZJ5 £ A]Ff 5 min R4
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Fig. 2 Sampling timeline
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1.3.1 it TR AR M 45

AR SIS AL R R RS2 Sl R 1 A
Br, g AT RS AR 2 A 20 mLemin =
FE150°C & FAEB R 1 min, &5 LL 50
mL-min "' B TE 250°C 18R BEAT W R f AT,
FEATET IR S min, ST H A RE i SRR AR JHE
FFFE - 10°C T, i 5 LA 50 mL-min ™' [ 37 &2 7F
300°C 2514 TR WE b 9 SRR T R 2E A GC-MS
ALER AT, AL Tenax W BRHAE A 1% B A W% 205 S5 T
K 99% VI I, 58 4l 2 SRS FE R oK.
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250°C ; FEIRIE 280°C ; A2 F THE : R =% A2 ¢
THE ,40°C A8 5 min, LA 6 °C -min "' T} £ 150°C , 15
PL'5 °C ~min "' T+ 250°C , FeJ 250°C A5 5 min, 4>
FEIZ 1T 48. 333 min.
1.3.3 iy TR
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BRI 329 V; AR 1.5 mLemin ™' BT
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Bl AR, il it o 2 R AT T AR B AN TR) &
ARk, BAT, E PR E RS LR — o T
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{EMFPZAECRE EAASRE S IR VOCs B FP 2 AH DT
Bie. PR ASAIFSE SR ] NIST J22 G B 3 o s P A 1 AR
H—Ak: . RS RAR R 8 & 43 Bl Al VOCs,
FAF— X Y 8 b 2R
1.4.1 EPEHE

AWFFEH ] NIST JE ( NISTO8 ) 46 2 ik 47 & 1.
TERE i BB 7 0 R R A A 3 g R RS
NISTO8 i i 3% 1 AH L2, UG L B R F 85% B I
TER I FLHERT 3 A3 14 359 Ky ] — ol 4 I s ) 3 S 4
PR AT SE MR I BT 5 /N T 85% 1Y I AN RE
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1.4.2 EEIE
AT FE FE 2 04 T AR AR S B AR T A

(Y VOCs. B e H A o i -5 0 i AR X 0756 2R,

B 6 32 Tenax W FfHAE, 7 AHH R FR ¥ B2 A1 000
pg-mL ™ A RARI, IEE IR W 5 min. R
BT FR 2R AR VR 1 VR F A5 S0 R BRFASL , 254 T 1ot -
GC-MS A, RA5 LA 5 0t Y R DG T AR, B35 1
DL ZE R R R VOCs 4820 43 i 0 i R
FH 2RI T AR ) LUARLED it 48 VOCs YT o

GC-MS JASAHAH VOCs (LA 2K B i) &4
SR EE TR AR
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“ 710 min x 300 mL - min"'
K, e, I VOCs 2453 IV B, mg-m 5 M,
AR VOCs #5415 & ( L 2R BT 1) |, pe.

2 HFR5ITE

3 — Nl VOCs R 50 i GC-MS {3 88 7>
Mg 2] a0 s B g A,

Wl

5.00 10,00 15.00 20,00 2500 3000 35.00 40.00 4500
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El3 il VOCs K BB FikE
Fig. 3 Total ion chromatogram chart of VOCs in oil fume
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MS FikRESARAF b oy B ax ik &4 ArPn] WL &
FHMAE I ESEAF T =2 3R VOCs b & P Fp 25 1R
Z It BAR LA W 0 Fp 28R & AR X i 4 T 1k
SYEL. Z5HT R 260°C T LG W A] g ik
170 F, HA mT LAF NIST 28 52 B9 AL & YIRS 08
of —2 LA b B R0AY BT R E  SRE HH VOCs
190. 1% LA F.
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TAH VOCs 14853 38 5 &2 2%, I 5 BE 4 8 J&
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YR 130°C 19 41 Fh L FH3] 260°C 1) 86 F, fb &
YR AR ERE, D5 B IR, BE . FRIE
AR A AR (R 2) . R 2 WLUE
FEACKFIMIM AN VOCs Y 32 R 40 A B TR A be b, e

PR MBS Y. Horh belg . ke, |
I () P S Bt 25 I BRGRLBE A TF vs im B i i 5
ERIBREEAE 130°C IR IE AN 260°C i & TR Rh 26 £
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Table 1  Types and concentrations of compounds detected in sunflower oil fume by GC-MS /pg-m "~

oy JNFRIR R/ C
260 220 190 160 130

(SN 272.9 185.1 132.5 95.7 34.8
1E st 223.7 187.5 165 99. 6 37.3
1EBERE + I 191.2 113.5 81.7 49.1 17.3
2- Pt 169 86.5 40. 1 22.2 8.4
1-7% 160. 3 87.4 30.8 10. 1 3.1
S 127. 1 64. 1 20.9 — —
2 ,4-%& IR 122.1 84.4 36 21.2 9.1
2/3-5F 4% 53.4 22.4 11.3 — —
PR 51.4 17.9 8.7 4.1 —
10 46. 4 9.2 3.2 — —
KEZE S 46.3 17.4 8.3 5.7 —
T/ 41.8 27.5 17.3 12.8 4.9
P 38.1 15.5 1.1 4.6 1.9
2R 35.5 7.1 6.2 6 10.8
2 ,4-3% "I 32.9 25.5 13.6 8.7 3.1
2 — I 29.1 13.3 4.9 3.2 2.8
2-CLIA T 28.3 17.9 9.6 5.7 2
2/3-3¢ 26.5 10.8 4.4 1.9 —
2-BEfiE 26.3 13.2 6.7 3.7 2.9
1 /MR A AL R 25.6 31.4 21.6 20.8 24.4
IE e 22.5 8 3.9 1.7 —
THE 22.1 8.9 5.5 3.1 —
FRE 20. 4 9.9 5.6 4.4 —
+Hike 20.2 18.4 13.5 13.1 11.5
2SI 19.6 10.2 4.5 3 —
RIVAVSH 19.2 — — — —
2-ZEE O 19.2 18.9 14.8 14.3 14. 4
1-BEld 18.9 4.5 1.5 — —
FrHE R 16.8 — — — 4.6
TR 14.9 23.7 24.7 — 2
3/6-1 —fi 14.6 3.9 — — —
4-PElmE 14.1 2.2 — — —
28 HE K R 13.7 9.5 6.9 3.7 —
THRER S 13 5.6 — — —
THER 12.7 — — — —
TR 12.1 1.7 1.9 1.4 5.4
FE 11.3 10.9 6.5 5.2 3.7
| B VA 10.5 8.7 5.9 6.9 12.6
V¥ 10.3 1.9 2.2 — 4
1- T 10.2 4.4 2 — —
HoAhy 180. 8 78.7 41.9 51.4 58.5
AW 368. 8 136.5 48.5 49.4 65.5
At 2613.9 1404. 1 823.3 532.6 344.7

r e 1 A, BEE PR O TH e, S5 AE kA e
AT AR VOCs , Ho R T & 9k BE i 130°C 11 344. 7
g+ m P E S A F] 260°C 792 613.9 pgem T, K

3 B AL D) T e R A i 3 LB A4 e i L
e e B IESbE IEBERE + L 1R
2,4-ZE 0 R, NEE . HOR . 2- il
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2-CUMIE | 2-Z8 M | 16 MY RUERE | Tk | 2-
CILOWE, “HIE SR 1-FoNEE ke, B
TR T W ARV | 5-H- 6- 1 - 2- PR |

-+l ke, ZERHIZEENX 25 ALY N
FEAIY,IE S NIRE ARG, &8k AL
Wit 70% L) |

F2 EILFFHIME VOCs HANMM S LS F

Table 2 Distribution of different species of VOCs emitted by sunflower oil during cooking

g/ C Bek s FiEE [ il 2 i UL (WSS
260 13 15 7 20 7 11 6 2 3
220 10 8 3 18 5 8 3 2 1
190 5 3 16 2 7 3 1 1
160 5 3 3 16 3 5 5 1 1
130 1 9 12 3 6 5 0 1

oAt 4 FhE R AEAS [RIELEE R N #A™ Az (49 40
VOCs HYZH 53784k 55 28 A6 A il i AR ARL, 287 Bt m 44
TRE B T, A8 B b 0 o e v R L s AR A
B A L AR DA R Fbe A A 3, LR s e
BALEY, EA A m IR AR R
2.2 PSRRI VOCs 4153 1Y 52 )

T FR SO TR] ) — TR R A A Tk A
VOCs UL BA FFARTR. T LA 260°C (I m#AGE
S, %5 5 b B AT AR 09Il AR VOCs 1Y 2H 43
AT Hr. 5 PR RV AE 260°C T A = A 1)
THH VOCs H 45 28 LA (%) b 2R o 12 vk 2 43 1)
73 MK 4 PR,

R3 260°CT 5 M B g Aidim il VOCs hENMNS LS
Table 3 Distribution of different species of VOCs emitted by five cooking oils heated at 260°C

i R/ C Lk I I FHEIE i3 i [icd R TR 19k g Rz
By il 260 13 15 7 20 7 11 6 2 3
A 260 13 13 6 23 7 12 6 3 2
K 260 12 19 5 25 8 14 5 2 1
PEFH 260 12 18 4 26 7 10 2 1 1
M 260 15 23 5 24 5 10 9 2 1
L L L Hii 10 OB AHLYA H O H AL, 4 21 A, XA L
—BRR 5 TRES CTRER WIY AR . BTV R H 3 4 TR
o0 i3 4 T UL, 3R HLIY G Wk 25 ERLE 260°C L
. 4,260°CHRBE T 5 R FH Al VOCs HE4 i1
§2000 A LI A 25 5. AR T AR 3 P e 2
£ 150 JE R AR RO I PG I B K T oAt 4 Fb

B
4 5 FhELRA RHTE 260°C T AN = AR
M VOCs HRERE LR

Fig. 4 Comparison of VOCs emitted by five
different oils heated at 260°C

&5 S AT, 7E 260°C T I, 5 A FH v i AR
VOCs BYHRRCHR B2y Ay - RS ol > 8423 > 25 46
FFm > KEIM > B A, R S5 Fe e
260°C T HIMAH VOCs e k2, A /ULt
A, PRI HE 260°C i BE R AR 5 g A T AR
VOCs fb& W4 it W B2 AR B/NHERF 91 i, HE2

R RS AR 7 A A A RE ) B P s 7
B T HAth 3 b e .

3 g

(1) 383 X5 B L -G C-MS B4 Hr S - Bt Ak
SEPLT AR VOCs 21 53 1Y RAF 43 B A3 B, 9120 41
B AN [ R FH AR AN TR AL R 7 A 9l AR
VOCs 11 = ZLH B 57

(2)5 Fh B R & B e AR E R A, R A
VOCs LA YRS R0 i vk 3 A8 A AT — o R
PE. BEIREIRE IR, VOCs (b Y Fh 2 &2 %
AW 1 JoT i vk JBE KR BE A5 I ARG B Y I
.

(3)5 P #i 2  H i 78 45 05 A, =k
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Table 4 List of top 10 compounds of VOCs and their concentrations emitted by five cooking oils heated at 260°C/pg-m =3
et A LGS i/ C
1A SEAEHFI K JEAIH M0
IR 299.1 191.2 161.7 206.6 384.5 8.4
T 103
1EFEbE 222 127.1 89.4 156 466.3 125 ~ 126
CLE 251.1 272.9 238.5 163.2 128.8
1 160.2 223.7 188.5 167.3 71.8 36.1
2- BRI T 146 169 123.5 78.6 — 90 ~91
1-7% 124.7 160.3 113.3 71.4 — 137.8
FRHE R 142.9 — — — 294 271.5
T 69.6 — — 47.2 104.8 190 ~192
2,4-5% IR 67 122.1 78.2 — — 104
BRI 64.1 51.4 — — 65.9 152.8
P — — 53.2 61.7 — 52.5
1-1 -3 -1 — — 47.5 46.8 — 114 ~115
2 — 53.4 — — — 125.2
-4 — 46.4 — — — 121.3
FriEh — — 140.6 — — 175 ~176
2, 4-P I — — — 39.2 — 84 ~84.5
2-— M — — — — 100.8 229
1-PEls — — — — 92.4 93.6
2RI — — — — 84.7 229 ~231
R 2 g — — — — 67.5 207

VOCs BIMEA PR A ke . M ke

TR B

[J]. BRSPS AR 584, 2002, 3(11) ; 67-69.

% WY W, MRCRIIEYS  KESIEE S g (O]

B Sy g U R SR AW S LR I N S 1B 2

KB ZREY). -

4 RE

[8]
VR VOCs A ML R R — AR 2= 1)

W, IF H R HGR R  ah Z o s E A

TR, BEU AR

22 20 43 A3 W BF9E , AN RIS, R, T — 2 T4k, 10]

A LATEASBF ST 45 L 3EAE b | SRk i K, %A

AR AR SR BE R I KA VOCs B Fh, S48 AH R

(RIRRUER) JS0RI R BRI 6 07 i ok A i e | (1)

r.

%8 2]

(1] WM. el mimE Bk r 53 [ 1], BHEERIT
H 5L, 2006, 16(1) : 156-158. [13]

[2] RIS« WEFRYGREERAERMEL]]. FREERY, 2008,

(8): 72.

[3] Schaver J J, Kleeman M J, Cass G R, et al. Measurement of [14]
emissions from air pollution sources. 4. C,-C,, organic
compounds from cooking with seed oils [ J]. Environment [15]
Science & Technology, 2002, 36(4) : 567-575.

[4] Ry, %2 ZWmE g ks EREI 1], A58 [16]
{8371, 2001, (6): 15-16.

[5] BEXR, s, HiE. &0l imimis g 56 B8 R Wi

See S W, Balasubramanian R. Risk assessment of exposure to
indoor aerosols associated with Chinese cooking [ J J.
Environmental Research, 2006, 102(2) : 197-204.

B, SAE. EIEMA R EE KRS RIR )], AR T
SEBEAEA, 2003, 23(4) : 463-468.

MR, TEIR, SRR AR S AT g JC 4 U HE O
TEMTTE[A]. W tPEBRERIPIEE R CELC]. JEat:
o E PRI RL A 2E 4 2005, 1842-1846.

RO, TS R3O B X T s AR AR
(%) [1]. #&FHE, 2000, (6) . 35.

TeBRR, BREE, BOPEMS, SF. SRR R B Stk A
G, MR (BEER) , 2003, 31(3): 267-268,
299.

oL I O DA B R P SR P O o g
[J]. BA:ASE, 2002, 31(1): 21-23.

XIpSC, IhDkHE, 2R TRIRMAN P A HL A 1 23 B
[J]. "EAILDA, 2002, 18(9) : 1046-1048.

Ng T P, Tan W C. Epidemiology of allergic rhinitis and its
associated risk factors in Singapore[ J]. International Journal of
Epidemiology, 1994, 23(3) . 553-558.

JRNE 3. BRI R RS [ 1], BIBIEERLE, 1997,
16(2) . 35-36.

WRiE, WHERAE, BERa, A WO SRV X LA e D) A
BRI ], PR BRI AT, 1990, 6(5) : 148.

Rk, B, B, SR SEURTIART R i A e R T
RE GBI AARPRAEEI [ T]. HARRZFE M (2R | 2002,
28(6): 610-612.



(OREE

T GC-MS By ZEJEIM MR VOCs I 0F5T

4611

[19]

[20]

[21]

HoSSH, YulJZ, Chu KW, et al. Carbonyl emissions from
commercial cooking sources in Hong Kong[ J]. Journal of the Air
& Waste Management Association, 2006, 56(8) : 1091-1098.
Chiang T A, Wu P F, Wang L F, et al. Mutagenicity and
polycyclic aromatic hydrocarbon content of fumes from heated
cooking oils produced in Taiwan[ J]. Mutation Research, 1997,
381(2): 157-161.

To WM, Yeung L L, Chao C Y H. Characterisation of gas phase
organic emissions from hot cooking oil in commercial kitchens
[J]. Indoor Built Environment, 2002, 9. 228-232.

Zhao Y L, Hu M, Slanina S, et al. Chemical compositions of
fine particulate organic matter emitted from Chinese cooking[ J].
Environment Science & Technology, 2007, 41(1) ; 99-105.
RFFA, T BRIHE, 45, U HEBRRAEL AT, W
URLAA 2% 2002 AFAF 23 IR 5 ORLE R DR 22 2 s S

[22]

(23]

[24]

[25]

[26]

[27]

£ C]. 2002.

R, WAL et R RIS HERCATRL - BAL R AR ST A AL
BRI BTERJ]. HREERL, 2007, 28(11) : 2620-2625.
AT, WA, SO, AR ETEHERGR AR L S vk BE
KAAHHEL]]. R 55K, 2008, 31(2) : 66-68, 76.
K, Sk, ROl A e H Rk S A A P HEL
FRAETFIE[ )], SRl2E24] , 2011, 31(8) ; 1768-1774.
USEPA, Determination of Volatile
Ambient Air Using Active Sampling Onto Sorbent Tubes [ EB/

Organic  Compounds in

OL]. http://www. epa. gov/ttn/amtic/files/ambient/airtox/to-
17r. pdf. Compendium Method TO-17.

BT AR A HE BRI ST [ D], dbat: dEs T IR SR AR
PRERFFERE, 2010. 20-21.

s, MR, &, S5 S T A A L B
WIHR[T]. FEERE, 2012, 33(9) : 2973-2978.



HUANJING KEXUE Vol.34  No. 12

Environmental Science ( monthly) Dec. 15, 2013

CONTENTS

Proflic +++e++sesessesessessesesset ettt R LRt HAO Zheng-ping (4503 )
Variation Characteristics of Ambient Volatile Organic Compounds ( VOCs) in Nanjing Northern Suburb, China «+r+ressseerersersressisnmeninnnsnnesns AN Jun-lin, ZHU Bin, LI Yong-yu (4504 )
Pollution Characterization of Volatile Organic Compounds in Ambient Air of Tianjin Downtown ««+s«sssseesseesrserenmmnenensnncnenenes ZHAI Zeng-xiu,Z0U Ke-hua, LI Wei-fang et al. (4513)
Source Apportionment of VOCs in the Northern Suburb of Nanjing in Summer —«++++esseseereessesenenenennininni YANG Hui, ZHU Bin, GAO Jin-hui, et al. (4519)
Estimation of the Formation Potential of Ozone and Secondary Organic Aerosol in Shanghai in Spring «+++vesesesrersersssnsnsnsisiininii CUI Hu-xiong (4529 )
Inventory and Environmental Impact of VOCs Emission from the Typical Anthropogenic Sources in Sichuan Provinge «+«eseeessesresrerseesenenneens HAN Li, WANG Xing-rui, HE Min, et al. (4535)
Study on Volatile Organic Compounds Emission of Straw Combustion and Management Countermeasure in Wuhan City «+«esseeeseeressessessssssmsnnmninsnneee HUANG Bi-jie (4543)
Spatial Distribution Characteristics of NMHCs During Winter Haze in Beijing — «++seeeseseerserseessemenenssnenensnnininnsiens DUAN Jing-chun, PENG Yan-chun, TAN Ji-hua, et al. (4552)

Pollution Characteristics and Health Risk Assessment of Atmospheric VOCs in the Downtown Area of Guangzhou, China LI Lei, LI Hong, WANG Xue-zhong, et al. (4558 )
Health Risk Assessment of VOCs from a Furniture Mall in Tianjin - «oeeoveseeesremensensmnemenensnininiii s ZHANG Yin, WANG Xiu-yan, GAO Shuang (4565 )

Characterization of Volatile Organic Compounds (VOCs) Emission from Recycled Waste Polymethyl Methacrylate (PMMA) Industry -+ WANG Zhe-ming, XU Zhi-rong, YE Hong-yu, et al. (4571 )

Pollution Characteristics and Health Risk Assessment of Atmospheric Volatile Organic Compounds (VOCs) in Pesticide Factory TAN Bing, WANG Tie-yu, PANG Bo, et al. (4577)

Characteristics of Volatile Organic Compounds (VOCs) Emission from Electronic Products Processing and Manufacturing Factory —«+seesseseesesenenensiensicnennnen CUI Ru, MA Yong-liang (4585 )
Emission Characteristics and Safety Evaluation of Volatile Organic Compounds in Manufacturing Processes of Automotive Coatings *+»+++++* ZENG Pei-yuan, LI Jian-jun, LIAO Dong-qi, et al. (4592)
Index Assessment of Airborne VOCs Pollution in Automobile for Transporting Passengers ««+:«ssessesressesesenensssninsisininiinsenenns CHEN Xiao-kai, CHENG He-ming, LUO Hui-long (4599 )
Study on the Chemical Compositions of VOCs Emitted by Cooking Oils Based on GC-MS  «eseereersenesessmensimmeniniiinininsisi e HE Wan-qing,NIE Lei, TIAN Gang,et al. (4605 )
Health-based Risk Assessment in the Excavating Process of VOCs Contaminated Site «+xseseeesrsesssemssssineniniin FANG Zeng-qiang, GAN Ping, YANG Le, et al. (4612)
Characteristics of Gaseous Pollutants Distribution During Remedial Excavation at a Volatile Organic Compound Contaminated Site *++- GAN Ping, YANG Yue-wei, FANG Zheng-giang, et al. (4619)
Factors Affecting Benzene Diffusion from Contaminated Soils to the Atmosphere and Flux Characteristics +«+«+ssssesseesssessssenseinnienens DU Ping, WANG Shi-jie, ZHAO Huan-huan, et al. (4627)
Effects of Soil Compositions on Sorption and Desorption Behavior of Tetrachloroethylene in Soil +«++vteveeeeeessssressimnsniisininiien HU Lin, QIU Zhao-fu, HE Long, et al. (4635)
Occurrence and Distribution of Volatile Organic Compounds in Conventional and Advanced Drinking Water Treatment Processes «++e+essvseeseers CHEN Xi-chao, LUO Qian, CHEN Hu, et al. (4642)
Characteristics and Evaluation of Volatile Organic Compounds Discharge in Typical Enterprise Wastewater in Hangzhou City +++++++++++++- CHEN Feng, XU Jian-fen, TANG Fang-liang, et al. (4649)
Pollution Characteristics of Volatile Organic Compounds from Wastewater Treatment System of Vitamin C Production ««+:+++sseseessessesssesereneees GUO Bin, LU Guo-li, REN Ai-ling, et al. (4654)
Performance Evaluation of Three Novel Biotrickling Packings ««+x++sesveseesesesensnmmsniniiimiii e MEI Yu, CHENG Zhuo-wei, WANG Jia-de, et al. (4661 )
Performance of Trace Ozone-augmented Biological Trickling Filter in Toluene Degradation ZHANG Chao, ZHAO Meng-sheng, ZHANG Li-li, et al. (4669 )
Removal Characteristics of DCM by Biotrickling Filter and Biofilter «+«+essereerseerersenenemienienenninenenninincssnenee PAN Wei-long, YU Jian-ming, CHENG Zhuo-wei, et al. (4675)
Removal of Toluene from Waste Gas by Honeycomb Adsorption Rotor with Modified 13X Molecular Sieves =«««+ssssesserseressesennenens WANG Jia-de, ZHENG Liang-wei, ZHU Run-ye, et al. (4684 )
Treatment of Organic Waste Gas by Adsorption Rotor ««+«+sseseeessessererssssiinenninnniininiinis s ZHU Run-ye, ZHENG Liang-wei, MAO Yu-ho, et al. (4689)
Study on Adsorption Properties of Organic Vapor on Activated Carbons «+:essesseseesesemenenssinienimniniisis e CAI Dao-fei, HUANG Wei-qiu, WANG Dan-li, et al. (4694 )
Degradation of Styrene by Coupling Ultraviolet and Biofiltration ««+«+s«ssesserserssssaenensssninsnnnintncnstn s SHA Hao-lei, YANG Guo-jing, XIA Jing-fen (4701 )
Adsorption Characteristics of Acetone and Butanone onto Honeycomb ZSM-5 Molecular Sieve ««+:«+stsstssesesesssssesmssssninniensnenniinenens DU Juan, LUAN Zhi-giang, XIE Qiang, et al. (4706)

Analysis of the Distribution of VOCs Concentration Field with Oil Static Breathing Loss in Internal Floating Roof Tank WU Hong-zhang, HUANG Wei-qiu, YANG Guang,et al. (4712)

Study on the Quantitative Estimation Method for VOCs Emission from Petrochemical Storage Tanks Based on Tanks 4. 0. 9d Model -«+:+++++eee LI Jing, WANG Min-yan, ZHANG Jian, et ol. (4718)
Oxidation Behavior and Kinetics of Representative VOCs Emitted from Petrochemical Industry over CuCeO , Composite Oxides -+ CHEN Chang-wei, YU Yan-ke, CHEN Jin-sheng, et al. (4724 )
Direct Photolysis of Methylamine Gas by KrBr * Excilamp +++s+sesssesesesesesssissimimimimiiiiii ZHAO Jie, LIU Yu-hai, WEI Lian-mei, et al. (4734)
Study on the Relationship Between Odor Intensity and Components Concentrations of Odor Mixture «+«+«+«sssssessesssesesensieninnieneninenns YAN Lu-chun, LIU Jie-min, FU Hui-ting, et al. (4743)
Study on Key Technical Problems in the Development of Volatile Organic Pollutants Emission Standards ««+:++eseeseeserereressienienennnnes JIANG Mei, ZHANG Guo-ning, REN Chun, e al. (4747)
Establishment and Improvement of Emission Control Standard System of Volatile Organic Compounds in Industry »++-++-- JIANG Mei, ZHANG Guo-ning, ZOU Lan, et al. (4751)
Characteristics and Countermeasures of Volatile Organic Compounds (VOCs) Emission in China —+++ssereseeressssnemsisnnnmnminiis WANG Tie-yu, LI Qi-feng, LU Yong-long (4756 )
Status and Needs Research for On-Line Monitoring of VOCs Emissions from Stationary Sources +««+«+«+«ssessesssssesssnsnnsinsininnsssnens WANG Qiang, ZHOU Gang, ZHONG Qi, et al. (4764 )

Evaluation of Treatment Technology of Odor Pollution Source in Petrochemical Industry -+ MU Gui-gin, SUI Li-hua, GUO Ya-feng, e al. (4771)
Research Advances on Volatile Organic Compounds Emission Inventory of Plants «eovesseseeresessssssemeneninniniiini s XIE Jun-fei, LI Yan-ming (4779)

Study of VOCs Emission Prediction and Control Based on Dynamic CGE  +xereesersersrsremesnsnsmsmnintnssnsnssn e LIU Chang-xin, WANG Yu-fei, HAO Zheng-ping, et al. (4787)



E % K

(CAEMEFEYE 6 BREZERS

FH H i

BIES: B RE BN

o
%OE. (REREEHT)
3 N iy -
TENL  FAERE FIE F44r H O N H O OF L
s ¥ S V7 AR g P,
AoKE XEER BlE BET & B RS ke
— =g N N N -
PRFHAZT  BAE 22 Ak AR WEE Bokd &
ya ¥ Y o
WO 6 s O W W W MR
-
w3 ENVIRONMENTAL SCIENCE
( H};J'AJ‘NJINC;: KE)ﬁ(JUJE) (Monthly Started in 1976)
(HT 1976 4F- 8 1))
013FE12A15H 34% H12HHER Vol.34 No.12 Dec. 15, 2013
e ESp 5 Superintended by Chinese Academy of Sciences
G i
* i PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
e I ( [))\;ﬁ;%j]ﬂflﬁ)’éj@f?) Academy of Sciences
A6 50 T B 08 A5 P R 2R R 5Y B Co-Sponsored by Beijing Municipal Research Institute of Environmental
A = - - Protection
e % Bk A School of Environment, Tsinghua University
. —;rﬁ (TR BT %) 40 B2 Editor-in -Chief OUYANG Zi-yuan
. - s . Edited by The Editorial Board of Environmental Science ( HUANJING
sl 2871 5 A AL y (
TN 5} H
18 5, MR 4% : 100085 ) KEXUE) )
M1 .010-62941102 .010-62849343 P. 0. Box 2871, Beijing 100085 , China
1"53:010—62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn Fi-mail : hjlx@ ‘rcees. ac.cn
http : //www. hjkx. ac. cn hitp . //swww. hjkx. ac. cn
H KR 44 3 " " m Published by Science Press
LBt 5 Mo AR AL i 16 = 16 Donghuangchenggen North Street,
WS . 100717 Beijing 100717, China
BN R 23T dvsdbAkenil)— Printed by Beijing Bei Lin Printing House
% 1T 4 4 & K i Distributed by Science Press
35 .010-64017032 Tel :010-64017032
E-mail ; journal @ mail. sciencep. com E-mail ; journal@ mail. sciencep. com
iT 1 & 2ELHARER)S Domestic All Local Post Offices in China
EsEET PEERERRS BAF Foreign China International Book Trading Corporation ( Guoji

(L5t 399 f546)

Shudian) ,P. O. Box 399, Beijing 100044 , China

ERRATIS
B E N

ISSN 0250-3301 o

= ) B:2-
CN 11.1895/X ERBEZNKS: 2-821
90. 00 J© ES&EITRS: M 205

BRSNS FET



	1.pdf
	封面.pdf
	中ml.pdf

	20131216.pdf
	3.pdf
	英ml.pdf
	封底.pdf




