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Emission Characteristics and Safety Evaluation of Volatile Organic Compounds

in Manufacturing Processes of Automotive Coatings
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(1. School of Environmental Science and Engineering, Guangdong University of Technology, Guangzhou 510006, China; 2. Guangdong
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Province Joint Development) , Guangzhou 510070, China)

Abstract: Emission characteristics of volatile organic compounds (VOCs) were investigated in an automotive coating manufacturing
enterprise. Air samples were taken from eight different manufacturing areas in three workshops, and the species of VOCs and their
concentrations were measured by gas chromatography-mass spectrometry ( GC-MS). Safety evaluation was also conducted by comparing
the concentration of VOCs with the permissible concentration-short term exposure limit (PC-STEL) regulated by the Ministry of Health.
The results showed that fifteen VOCs were detected in the indoor air of the automotive coatings workshop, including benzene, toluene,
ethylbenzene, xylene, ethyl acetate, butyl acetate, methyl isobutyl ketone, propylene glycol monomethyl ether acetate,
trimethylbenzene and ethylene glycol monobutyl ether, Their concentrations widely ranged from 0.51 to 593.14 mg-m ™. The
concentrations of TVOCs were significantly different among different manufacturing processes. Even in the same manufacturing process,
the concentrations of each component measured at different times were also greatly different. The predominant VOCs of indoor air in the
workshop were identified to be ethylbenzene and butyl acetate. The concentrations of most VOCs exceeded the occupational exposure
limits, so the corresponding control measures should be taken to protect the health of the workers.

Key words; automotive coatings; volatile organic compounds ( VOCs); emission characteristics; safety evaluation; occupational

exposure limits( OELs)
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Fig. 1 Schematic diagram of the sampling sites
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Table 1 Average concentrations of VOCs among different producing areas of the automotive coatings workshop/mg+m ~3
VOCs fLa 4 BORHX. SrIX WS X e TE I 2 JERES DS g Snlkik 3 [Tk X
S 6.00+7.70 14.78 £22.43  19.63 £24.60 25.28 +27.09 4.66+11.64  22.33+16.62  0.67 £0.90 0.55+0.99
LIPS 160.90 £93.83  207.52 +173.56 437.20 +£249.40 191.91 +88.16 352.59 +141.42 210.83 £115.67 198.26 £215.77 66.88 £35.39
%S 110.16 £53.12 225.92 +181.93 261.59 +182.52 166.02 +90.66 92.56 +68.35 179.54 £112.42 132.25 +100.61 92.07 +42.21
bGP 80.77 £51.72 204.48 £150.35 241.08 +177.16 155.15 £114.09 90.00 +75.15 197.26 +233.83 135.95+120.23 55.82 +27.54
[ 119.53 £61.79  219.65 +127.78 352.68 +262.73 218.36 +111.41 142.61 +97.91  265.15 £265.40 227.39 +205.55 95.89 +40.17
b 63.42 £47.36  135.59+99.43 194.66 £112.84 145.55+133.63 94.41 £105.02 147.53 +127.51 125.87 £100.92 56.41 +37.68
1,3,5-=H% 43.47 £55.28  20.54 £22.75 42.07 £55.72  30.52+40.57 21.65+36.11  33.18£37.78 29.09+37.78 12.15+13.77
1,2,4-=H% 1.74 £1.45 2.81+3.81 2.34+1.75 7.92+12.87  9.13x14.51 4.20 £3.62 3.04 £3.30 1.89 £2.00
1,2,3-=H% 0.60 +0.65 1.93+£3.92 0.51 +0.60 2.36 +2.88 2.18 £3.03 2.77+3.53 1.14 £1.40 1.16 £1.55
LR 9.86 £15.08 361.41 £303.82 47.07 +62.09 24.84+43.97  7.49+5.66 73.41 £150.13  6.18 +5.68 7.10 £5.93
ZIRANT TR 31.29 £40.12  48.65+59.30 354.86 £618.59 91.94 +160.44 83.62 £115.37 141.64 +170.51 503.26 +458.47 26.28 +29.83
LT g 219.88 £152.80 504.07 £390.80 593.14 +£306.15 299.91 +119.48 550.05 £262.95 429.60 +229.28 500.82 £270.17 178.88 £125.12
A Y B R T 20.79 £21.77  44.65£54.19 172.78 £169.67 79.87 £61.03 56.96 £78.01  62.63 +68.06  35.68 +59.57 16.03 +20.45
RS T 56.10 £40.68 157.32 +128.75 298.76 £205.75 150.52 +119.10 87.86 +88.79  158.43 +131.29 378.66 £379.33 26.37 +26.01
LT 2.62+4.62 6.91+15.58 24.99+57.49  5.89+11.78 3.71%8.01 4.08 +5.07 2.54+3.64 1.45 £1.65
TvVOC 931.21 2005.78 3027.00 1570.73 1582.77 1876.37 2276.17 635.86
Std 382.65 1300.07 1434.16 632.34 484.45 848.41 1 566.47 272.69
1) BRI R FIE + e

G 1S B VOCs, 9 FOR R (R, HIR, &K,
AR HOR A HIOR X HIOR 1,2,3-= R 1,
2,4-=H A 1,3,5-=HK) M4 MR (LR
B, CER TR, LB TR, P9 s RS PR IR )
FIHMNA 1 RS (LS T AL ) A1 R (2
T TR ), Huk BE AR Y R 0.51 ~ 593. 14
X 15 Ff VOCs JEA MR G IRBHE =i
FEH T FH A A LI R, R B I A SO 1
FHOZ A A 1 A7), L R B RG BJR E
FEPR R P BR A S A e 0.3% 1. A
TF 58 45 5 rhoka Hh AR P8 2R ] BB L VA R v i 4
T, ol H A 2R kiR A 2R . OORSE.
Hh, 2 1 EE B bR ME 25 I R 45 A TR B BRI
FEl A IRz 317, WA 5 AN (] 57 it s S8 1 143 30 A 2%
g AR TR K.

TVOC ¥ JE I J5 2253 B (ANOVA ) #4758 1, 45
IR, 8 AN E P I HHk B S AR RO A
— VR B, AR X BRI R X A
XA X 57— Uk BE AL, A0 45 14k 50 2
REX | BRI BRI ARG X, Hodr 2 —28
(IRIF IS X TVOC - 34k B o i, 15 31 (3 042,77 +
1437.24)mg-m |, 555 2R BAL R0 X | T3
AR X BRI FITRSE X 22 S50 i 3 (P <0.01).
s T ) B, 2B DX 18 U B2 AL T IF I I, TVOC - Y ik
FE R (2276.61 +1566.57)mg-m ", 55 2Kk
Ak DX B RS XA AR d 35 25 5% (P < 0.01) . 438X

-3
mg-m .

Mo = AR A TSR AR X A A
(P<0.01). IMi7E0.05 FHERIKE b, BB X BR T
AR BRI X 2 F4h, 5H e XKIRB A B 2%
5. MR XA B X S HORHX | TR X A
2R R MR 2RI EZ [A] TVOC Bk B AR 4k TG
22555 TVOC -3 B AR AR, JHE b B A IX e
%, H(638.32 £277.4) mg-m °. [RZE R FEIHA
[ X 1) TVOC Y BEAEAE IR R 22 57, iX F 2 5 AN ]
DX R A D e A OC.

AN, AR 1 8 mT LUF H 7E A — A 7= 315 15
il VOCs Wk EEWMAAAE B R 2255, LU TVOC ~F- )ik
JE o e PRI I8 X R 431, G345 15 e ik B2 5 TVOC
Fepl. DA 2 AT LA Y B0F B KRR VRRE i o A 2D
VOCs 2150 He i A AR . Wk AR fb i o (8 3 1Y
LR T ER, HH 4 e B AR 0. 54% |, Thi
AR 31% . WIERSR T M, R MR
GBI, KA R = o R B
VOCs ¥ B2 AL AT B 5 4 T A 50 20 6 A= A2 4k
RAFURITAE P2 B IR B AR C. FER 9 15
FlrvOCs i, SR P TR, WA THR, WK 2
THR . SR R DR H E B4 = Y 6 F
VOCs. M 2 0] DLE H, 2R E 4 b (i &
S, TR AEAS R AT I T 10% , S AT A F
46%. LR T BRIk Z, oWk i 5 TVOC 3 [
10.61% ~31.6%. 3B HA XA R LY, R
MR T ERIr & el [FAE R R, ik, ZH 2R A
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varied with sampling times

PR T TR MR AR TR AR P2 I B 222 VOCs.

15 Fft VOCs 4% BAL 22850 T 43 2K R W) . TR
25 FRZE . EBEEDUZE K 3 R T DU AR AR R A
FPERRYT YRR A ke, TLUE AR 8 AN
PRATHIT  F A G VOCs RS2 2R W FliG 25
G, WAL A A R A 7= BT 1 E 43 L 22

A E TVOC 1Y 83.29% ~95.65% . Hoh & B e
(2 2R R, Houk B2 L O 382.82 ~ 1551.77
mg-m >, FHEEEN 37. 43% ~63.27% . HIRAHE
%, RN 228.29 ~1252.69 mg-m . F L] LI
R MERIE LT P IR A R A = B 26
VOCs.

FE AR 7= AR (RS AT AR A S A I R 4
TR A k2R R R S L 43 0l Ol < 26. 37 ~ 378.66
mgem >, 1.45 ~24.99 mg-m . BERILEY) AR
Fe A =28k AR D S AR T 1% , RIATER %
FIA 0.

2.2 JRIEERABLS AT IR VOCs W B 5 HR D 322 il
FRAE A HL 3%

FERGH ) 15 Bl VOCs i B R DA ME T
B R R (AR, AR 3 R
). CR TR, LR TR 8 Py 24 ot i MR b 42
ik B A BT A S VPR BE (3R 2) . B AGRTA
BEURBHAE] 8 AN F= X, 8 YCRFESITIY VOCs e
B 540 N % fk BRAE , & BRIX 8 B VOCs ¢ FEE 7E £ 4>
AP T RUERRME (K 3) . IS A% 3ok
B, HRAE R AR5, BN 21.9%. H
Pt ™ B N A R f A 8. 47 i, HLRAK
YO W2 (6. 5945 ) , IR (6. 344%) , (6. 05

®2 FEAESWRRALEMREREEC

Table 2 Occupational exposure limits and hazard of toxic substance in the workshop

T A= PC-STELY

VOCs &2 /mgem > fi &

P 10 Skin? ; ALY 5 FHIMLR

I 100 Skin; A4 LPFUGEIE; HARMZ REHE,; IR,
V% 150 A3 IFIRGE RN AR 2 RGP E

T (AR AL SR A ) 100 A4 EIFIRGEFRA; AR 2 RGP E

2T B 300 RS AT P 3 3

2R 300 I I T S

1)PC-STEL: permissible concentration-short term exposure limit( 41 s ] 2 ik
AEBUEY ; A3 g s EUEY (05 AEMMCHRS; Ad: N

HVFMRIE) 5 2) Skin: BERRWOI; 3) AT B A SEBUBY) ; A2 TT5E
fiE

eI ]

K3 ZRERBEFTEEAZTSZETNER

Table 3 Result of safety evaluation for indoor air of the automotive coatings workshop

_— e BE T W KR R AN R RR AR 500 W ) a5 VR B

HHEAEFEWTAR A% — — — —

s SR /mg-m 3 /% <1 1% 1~3 1% 3~51% >5 1%
R 8 0. 006 ~62. 66 70.3 4 7 5 3
F'S 8 0.94 ~733.92 21.9 18 18 8 3
Vv S 8 22.80 ~613.76 54.7 22 1 0
X HR 8 12. 96 ~632. 61 51.6 19 2 2
] — H 2% 8 27.57 ~947. 07 21.9 26 17 4 3
A8 2K 8 3.38 ~356. 83 51.6 19 10 2 0
LR T TR 8 10.07 ~1235.33 34.4 29 12 1 0
LR g 8 3.38 ~750. 88 93.8 3 1 0 0
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AR 7 R )3 i A A B TR A ) XU
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WA, HZ%505 VOCs HEROE A4 %, 1R 3E &
AN AR A P2 R AT VOCs HECE 519 He 85 LA B BR
A fEFE VAL, FERTF MR iGE T2k = MAikkA
PR VOCs B FRAETE , 22 B TR B4 (8] i <
FE VOCs IR LR OBE . 28, WoR | ZHIR
ROIGITR T ERSES . il 2T AR R
A HE DX, RO A T 17 S LR R
VOCs ) HEBCERAE, TVOC ¥ £ 7E 58. 56 ~ 309. 74
mg-m 2], I EE . BRI AW 2K E
BTG YT A 5 A G R A [ A R R A
Y 15 FF VOCs, 3 520 G iR B A = i R0 FH Y
APLEHIA .

s T AR RO IZIR G TR
() 20 A T AR AN, b g A ™ T
ZHECNE S AFEBORL . k. WS | Bk AR A
PRI, WA 2R OB D TSR, [
FEFVFIRR B AL 7= 1.8 R Bk 2 U, Bk &
& B AT AL ke, R 5 45 A 3R B A6 AS [A) %) 26 7™ X,
TVOC W FEAFAE I 22 5 WIS IX | s RS AR e X

AYHIIX R A28 4025 X TVOC Y B i 25 i THORFIX |
JERE X R B P A AL RE X AT RE A R R R 4% A
FE K I I AN ) 7 B4 051 QT B o o YL R s v
40 ~60°C , VL S AR A 40 A 3 R A5 A2 4 T 2% DX dk
(A WL TR & 5 72 BLIX, sl Bl £ 1 B Y20k
TR R B 5, BRE K Bh 3 5 A LTS R TS AR
A B, XA I A VLA B 5 15 &, A
TVOC ¥ fm . B0k IXOR RS XA HH A TVOC
FEABXTRAR, W] G2 R oA okt B VR R e, —
5 ~8 min PN 58 B ; 77 A A IX Sk e A SRR R
K B re A i S RENS 15 DL R b U SE HE . X T 4
Fif= S ALZE T 5, TVOC ¥R JE 58 e 118 2 s 591 )
e DX L R B 700 A B o3-S A VS 301 T A A 1 4k
FI7E G P IA R KHME 5 40% ~ 50% | AH X R B 72
WAl /D ARl TR R BT,
H139% 519 TVOC e B .

PSSR | TR — A 7= 01,8 WAE I 4%
it VOC MR BE AP TEE R 22 57, R IR T s
FEVRETRAE P2 (B ) E ) VOCs. KA WL
FA A FH 2 R 2R W R A2 E) 9 23 Kb VOCGs 1) %
U5, VRGeS A A A — R A%
VR i ) 5, B A R LR R R TR
Tk PR R RERORE , FH R 0 VA b 8 T U A M ek
HURIERPERE. A ET— R R AW PR S B,
I —FIE R A RR R, Al BP0
BB A4 AT7H, — SR RBAS , Al A B AR A
TIE 7= i 5 2 114 [] PSS AT e 2 AR B AR A v R A 0
WA E R ERNA R,  RIE SR RSCR, N T
TE 7 R IR AR G b RS REE , B A n— SE R ] He
WH S T L[, Wi 15, LR T IR . LR TR .
PO T R TR U T R RV A
R ORRIEFIE LR A—RE, TR RSN, R
BRI RN —HE. SEBRES IR BE#E32 2 7 T
R BEE ™ 5 AR AR A AR
A5k

VR A KA HLE A i 37, 95 80 )
e TNl SR A B Y A T R e
MR, ORI TERE, S E XM E TAHF
Y IR e B 6t 42 fioh R 2 Ay B 1k 55 8l 4 A e
()42 ook o Ve B A R T P A . R 0E W&
e GRS e P 2 N i oo N BULK e cE 1 R R K 95 )
SR, RIE TR B R R s e i AR B ST UE
B H 2R R T B2 R A TR B A () 23 RN I
BLRIPIZE VOCs, B IR Ve B ki ik B 2. —



12 4

R A . VAR IR VOCs IHERURHE Ko 22 20

4597

R HIAR 32, FEUR R BB AR AN ED Il 4517l
HRAR AR A 1 00 Sl R B R, Tk T 2R R AR
6], X} 3 SRR AL, AR H R ek, —H
R BB LANERIE E A LE R P LR 15 20 2R
LR Z. Fuente 55 AFSE & B, KW B #E T
THEMT AW &2 HED . LR TR
BN, Saillenfait 221 K, 288 T ERIAFR 7 $0k 2
2000 x 10 ~° , M E BRI A S FEAL. Bk, B
AT RILAE 4 2R T TG Je 42 ik R R A o A v, G
i VOCs 2153 B & 3 Rl RE R 25 /NI, G P 3 S T 366
Pl Xo AR I P Wi 0 HIR A S T, o A R
CTRAPT X P IR AT i 7= A= A E . =
HOR (IR A SR A X AR 1 TR X i 28 2R e A i 5
YRR, 75 5 5 R 8 W AIALIRORON . £ % T Bk RE
A R 28 R G, e v T R SRR L 0 AR W)
ol e B T R B AET

S BT FH 00 A8 BILIE 0 A B R AR O,
BORZE TRl ™ A% T8 ST [ KA SR, 4 42 1l
F ML R, G2 SIAS 2 AT BILI 700 77 A 3 4
R EE Bk Bk RS A R R R
R B 2 B R b AT, 3 TR R P A Bl
PRIKA-. 4] N7 1 R SR R G R BT A TR
DR 0 N IE IV s/ BUR/ e s e N 2D
W4 ) A R A B 280 R I SRy TN SR
BB A X TN T P 8E LR ]
FE /N PR fh v VR A A A T T X B AR 7= A 1Y
1%%:[27,28]‘

4 HFig

(1) 2R FH 1 M e W B 455/ 5 391 i BT/ GC-MS.
P TR MM RE) T 3 AR N 8 AN e
PRATSEAGI H 15 A VOCs, 7E& AN A PR IR
TVOC W JEAF#E 2 5, Al — A 7= B AR LR 1 <
RS VOCs Yt AR

()RR | BEEIERAE RV = W2 &
B VOCs, 75 4 48 7= K= A4 19 B E o He &
90% . Hrf, ZHIZEM IR T B4 B,

(3) IR B ZE ) 45 A = 3R 1 HE R VOCs 1Y
W 2RO B K T A SR R 4 e A Ak BR A, %)
ENCIRWNGES i A A 4 587
B3 Sk

[ 1] Fighk, 5, 20, % E AT & B LY HERCRRAE
SAEH[T]. Blesiidi, 2012, 57(19) ; 1739-1746.

(2]

[6]

[20]

[21]

Wei W, Wang S X, Chatani S, et al. Emission and speciation of
non-methane volatile organic compounds from anthropogenic
sources in China [ J]. Atmospheric Environment, 2008, 42
(20) : 4976-4988.

LiuCM, XuZ L, DuY G, et al. Analyses of volatile organic
compounds concentrations and variation trends in the air of
Changchun, the northeast of China [ J ].
Environment, 2000, 34(26) : 4459-4466.

Zhou J, You Y, Bai Z P, et al. Health risk assessment of

Atmospheric

personal inhalation exposure to volatile organic compounds in
Tianjin, China[ J]. Science of the Total Environment, 2011,
409(3) . 452-459.

Shirasu M, Touhara K. The scent of disease: volatile organic
compounds of the human body related to disease and disorder
[J]. The Journal of Biochemistry, 2011, 150(3) ; 257-266.
Rudnicka J, Kowalkowski T, Ligor T, et al. Determination of
volatile organic compounds as biomarkers of lung cancer by
SPME-GC-TOF/MS and chemometrics [ J ]. Journal of
Chromatography B: Biomedical Sciences and Applications,
2011, 879(30) : 3360-3366.

M, mAUR, XIFR, 45 FRE T VOCs HEy kA
PR AFRMES ST [ T]. P ESREERE, 2012, 32(1) ; 48-
55.

AT ERVL = A N H X B Tk VOCs Y5 HE U 5318 AF 52
[D]. J7M . fEmBE T R, 2012. 63-67.

Lot REFNBEANGEENTFRIRGHE1I]. S
fiFE , 2007, 23(7) : 552-553.

Colman Lerner J E, Sanchez E Y, Sambeth J E, e al.
Characterization and health risk assessment of VOCs in
occupational environments in Buenos Aires, Argentina [ J].
Atmospheric Environment, 2012, 55, 440-447

DA, YR AR T2 P R A I B R E AT 5
[D]. J7M. BRKE, 2010. 7-15.

GBZ 159-2004, AR 25 < AT 3 4 Jo s 00 A0 SR Ao M 91

[S].
HJ 584-2010, ¥REE2s S 2 R Y000 3 M o W B/ — i Ak
BRAE - ik [ S ]

GB 24409-2009, ISR A F YBR[ S].

GBZ 2. 1-2007. TAESITA & KR POV HeMBRAA 55 1 35
A ERNES].

s, T, MU, . ACGTH 4 L4 M TLVs[J].
FEl A1 B2 (TLAE 2250 ) , 2007, 34(1) @ 4-24.

PRI O IR T 35 R A B (VOCs) HEBCRFIE IH
AW, TART, 2012, 39(6) : 179-180.

a4, 250, FEMOLEMRE N RT]. EohE
(PSS, 2009, 36(4) : 213-215.

Fuente A, McPherson B, Hood L J. Hearing loss associated with
xylene exposure in a laboratory worker [ J ]. Journal of the
American Academy of Audiology, 2012, 23(10) . 824-830.
EFHH. THIREBHAEN R[], EANES (DS
W), 1997, 24(2) : 77-79.

Saillenfait A M, Gallissot F, Sabaté J P, et al. Developmental



4598

woooH

2% 34 %

[23]

[24]

toxic effects of ethylbenzene or toluene alone and in combination
with butyl acetate in rats after inhalation exposure[ J]. Journal of
Applied Toxicology, 2007, 27(1) ; 32-42.

Alvarez-Hormos F ], Lafita C, Martinez-Soria V, et al.
Evaluation of a pilot-scale biotrickling filter as a VOC control
technology for the plastic coating sector [ J ]. Biochemical
Engineering Journal, 2011, 58-59. 154-161.

WAL, B WA SRR R R RS R B
[J]. ThERA, 2013, 28(2) : 19-24.

Paca J, Halecky M, Misiaczek O, et al. Biofiltration of paint
solvent mixtures in two reactor types: overloading by polar
components[ J]. Journal of Environmental Science and Health,
Part A and Environmental

Toxic/Hazardous  Substances

[25]

[26]

[27]

[28]

Engineering, 2012, 47(7) : 1036-1045.

LiJJ,YeGY, Sun D F, et al. Performance of a biotrickling
filter in the removal of waste gases containing low concentrations
of mixed VOCs from a paint and coating plant [ J ].
Biodegradation, 2012, 23(1) . 177-187.

Mathur A K, Majumder C B. Biofiltration and kinetic aspects of
a biotrickling filter for the removal of paint solvent mixture laden
air stream[ J]. Journal of Hazardous Materials, 2008, 152(3) .
1027-1036.

GBZ/T 194-2007 , TAE g7 ik WOl i85 1A TR P 4
Ms].

GBZ/T 195-2007 , A HLHHIAE AL 5 A TR B 7 P i £
FARELS].



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

	20131214.pdf
	3.pdf
	英ml.pdf
	封底.pdf




