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WE: ZOCR ARSI - B (B2 FID Kl #8), 454 Dean Switch H1.0 1) %
FIA RGBS T — 41 HERE [0 I8 V5 YRR b 118 B R ALY (VOCs) 1I4rHT
Jik. BEARERCR AR, MR RG T, b Co~Co 44 E FID BillE, 4b
PRk HAYIERE (MS) B, WiskE=R. 48 ExR, 118 ff VOCs £ 0.5~30
nmol/mol ¥ /2 5 FEl Y 28 1 BRI, AHOER%L (r2) 9 0.995 3~0.999 9, 7712kt Ry 0.01~0.38
ng M3, 8 FHRA 0.03~1.51 pg-m3; 7R . & 3 MR KT R R RN Sy 83.7%~107%,
AR % (RSD) A 0.37%~5.2 % (n=7); N THaGHE (X4 KFE TG
VRCHIEES . KBS BRI RN L &R D RAAEE T VOCs HIE, S8R H AN IE AR
FEI VOCs y54¢, Hh X% 25 i VOCs(TVOC) & & 4 33.50~35.25 mg m?3, [ 52 5 YLl
JRS W TVOC A 44.54~211.71 mg m3, Z 7k Ebuid. R REL #EMES, SHT®
Blyi YLUSEFNE 52 15 Jeli & b VOCs [#15E 52 = 5 4T .
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Determination of 118 Volatile Organic Compounds in Source Emission
by Canister Sampling-Preconcentrator/Gas Chromatography-Mass

Spectrometry
Li Guang-huit
(1. Institute for Environmental and Climate Research, Jinan University, Guangzhou 511443, China)
Abstract: An analytical method was established for the determination of 118 volatile organic
compounds (VOCs) in source emission by preconcentrator-gas chromatography-mass
spectrometry (equipped with a FID detector) in combination with Deans Switch and cold oven

technology. Samples were collected with canister, and diluted before being analyzed. C,-Cs



compounds were determined by FID, and quantified by external standard method. The remaining
compounds were determined by mass spectrometry (MS), and quantified by internal standard
method. Results showed that the calibration curves for 118 VOCs exhibited good linearity in the
concentration range of 0.5-30 nmol/mol, with the correlation coefficients (r?) were within 0.995
3-0.999 9. The limits of detection and the limits of quantification were 0.01-0.38 pg.m* and
0.03-1.51 pg'm=3, respectively. The average recoveries at low, medium and high spiked levels
were in the range of 83.7 %-107 % with the relative standard deviations (RSDs, n=7) of
0.37 %-5.2 %.. The method was applied to measure the VOCs in the exhaust gases of mobile
source (forklift) and stationary sources (shoe factory, furniture factory, printery, plastic factory and
shipyard) were analyzed by this method, and showed varying degrees of VOCs pollution among
them. The concentration of total VOCs (TVOC) in exhaust gases from the forklift and stationary
sources were 33.50-35.25 mg m? and 44.54-211.71 mg m?3, respectively. The method was simple,
fast, stable, sensitive and accurate, and was suitable for the determination of VOCs in mobile and
stationary  source emissions.

Key words: volatile organic compounds; preconcentrator; gas chromatography-mass spectrometry;

source emission; summa canister

ERMEEN (VOCs) RSP EAEM—REIREEIEY, KN ER,
TEARFKIETRRELEY. ke, SEAIWED. SEAIULEY. SHAIILEY)
25, VOCs J& IR MR IR ML A B BT AP, X KIS A5 Yo R,
ARGy VOCs N B34 AU, IR ARGE 38 B 30 AR UG 25191, ki K< ek
VOCs FZRIFT N A TRHE (B FE I 5 15 G5 AR 3his G IR o [ i 4t [8] s v YU
PRt VOCs my R, CflE 1 — R A0 M AR 7 vk, ok 2 R A & W A DA
HJ734-20144 =, {H1% 757753 Bt VOCs 73 8b, ARk s moa i) VOCs #E DL
B2, JFEBE R Bl TR SRR W R B AR AN T 02 T TR Bl G
VRIS b VOCs (AN, H T MR A AR DS IARE 7 120 N T IR BB Bl T5 Yl < b VOCs
(IR DTV, T e s 23 A [ 5 ¥ VR S B 2 1) VOCs Bl e 453, A U S B8 5
L VOCs sl 75 VE IR BB F ST RCRS18), SR DR WERAE, TR 4s-UR A R 48 (L FID
RO 3, 44 Dean Switch HOYIEIRIAFERRAR, #IL 7I&E T & e 5 YR A% 35

Qe PR SRR R Y VOCs Rl 759, SEBL T — 4T BEREIE 118 F VOCs. 27545 & 1 K4



RAFERE . SO G E 0 B R (MS) dEffE . = RSN A, BA AT
PRAG. RUETELF. Koo ERAESERS £l 2 2 s JeliR <P VOCs /3K .

1 SRR
1.1 X3R5

Agilent 7890B/5977 S AH (il - Btk Bk FIAX. (Hc 4 FID A%, ¥ 4E4H . Deans Switch o
O YIEI%EE ), Entech7200 FiUK4E{%; Entech4700 H#SHiFe{X; Entech3100 75 ¥ HEE VAL,
Restek #735## (3.2, 6. 15L).

PRHES: 65 FiE B EERMEANY (TO-15). 57 FiiL4HifAY (PAMS) J 13 FhEHH
KB WbrE SR, MRS —R—E P B 12- 250K, FOK-DS K 4-I5KE (RN
D), #IGT3E LINDE AF, WEEHHN 1 pmol/mols HAt A (4l >99.999%): =4l A
A EARA mARA. T BE: BaK: HEHZE 18.25 MQ*em.

1.2 FrE i B

i FH B A RRAN, P R 400K PIAR U B 22 20 nmol/mol, 4 P b 4 L < o TO-15.,
PAMS [ 13 PR Ebr e R G (FHA 17 Fh, il 118 Bl VOCs) . B 4l /K i
FE % 20 nmol/mol (& (1) 17 F VOCs ¥k 5 > 40 nmol/mol), il i & brft Al <, P it
RGP, GRFY 30 d.

1.3 FamRESHLE

SKFERT A A O REE DA, AIRAAUR K@i #aE e om0, 18T 8 X
TEHE R, KN HE P R A 6.7 Pa £ .

AW T 575 HIT32-2014101, GB14762-20080 R A 7772, A8 I I3 B EWSCAR I SR i, 15
PR KHE RGN RS YR (T, B 1A) MIBEhis R (X%, B 1B) REEAZ, A
PRIFETN o §T FRRAE WIPE I RAE, 76 B IR 5 BT 5T L AR SRAE I TR B 5, DG PATIR ] o8
NOFHSEEGE BB E R B R AR IO SFORAE N ] M R WREESEA . HIR T R
1EFESH, 20 d WM HT S8
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Fig.1 Schematic diagram of sampling systems

1. exhaust pipe; 2. glass wool filter; 3. teflon junction tube; 4. hygrothermograph; 5. Heating sample tube; 6.
triple valves; 7. Sampling filter(0.22pm); 8. Sampling flow controller; 9. canister(3.2L); 10. pitot tube; 11.
manometer; 12. valve; 13. active carbon filter; 14. sucking pump; 15. full-flow dilution sampling system

JRARE AR L IR 2 & COp & B — iy, il S x4 2% S H AR I 58 3 AN RLBE
Wi C81, - R gl D> HEREAA AR BRI AR J5 e 2K, ARWT S )RR RE 9 5. it
FEVRER 100 mL I RCR BeE,  SCAERE SRR 40 1% . EFERAR 400 mL I RCR S

FEMCRER . J8%. 87 S A I A o (0 A% fi 4% HI759-2015131 B3R ™ #4147
1.4 S5

FEMEABRRYEE, AN, 4 DB-1 tiliit 5 F1i@id Deans Switch ¥ Co~
Cadlor (L Lk L. Pl PI%E) DIE|E HP-Plot Q tailik: BiltiT — ko, JRAE
FID kil a5 L sE, HAhH 7 2 BAE A REN MS BEATIE,  VE1E DL SOk,
1.4.1 FORYE R G %M

— A B (M, BERGEAL 2375 B 4R IRLFE-40 °C, Fi4EI3 2 : 60 mL/min, f#FTIRE 12 C,
i 90 'Cy MRREIRIZ: 120 C: “RAPE (M2, Tenax TA HUELA B #i&IRE-70 C, H
LI A 10 mL/min. FEEAFR: 50 mL, f#FTIREL: 230 'C, fEHTISE]: 2.5 min, KRR E:
230 °C; =ZABE (M3, ZREEVRPE) REEIE: -180 C, MEMTIRSE: 80 C, MEMTMIE: 1.5
min, JREIERE: 90 'C; fRHMLZ: 100 °C, FEAEFEFEAFR: 400 mL.
142 B4

HBERECTEFE : 200 C, 3 Bl i<, 2tk 200 1; (il FE 1: Agilent DB-1 (60 m>0.25
mm>1.0 um), fH7: 1.0 mL/min; i%FE 2: Agilent HP-Plot Q (30 m>0.32 mm>20 pum),
fEL: 2.2 mL/min; BHJEF:: BAE S (3.45 m>0.15 mm>0 pum); FHEFLR: ¥IERIRE 5 °C,

{545 6 min; LA 5 C/min 7+ 170 °C, {#%F 5 min; LA 15 C/min J+& 190 'C, {#£F 6 min;



FID A %SiEE: 300 C, ES%E: 30 mL/min, ZSJiE: 400 mL/min, WS (&4l
/7)) iE: 25 mL/min; Dean Switch PR D) 8] B 7319 0.01~9.9. 10.22~10.64 min;
JEIZATI ] 3 min, JEIZ4TIRE 220 C.,
1.4.3 B

BFUR: EVUE: A BFB M VASAEERTE]: 8.5 min; HHNRE: 230 C;
BSFURIELE: 230 C; PUMGATIRE: 150 °C; fEfmkiE: 230 C: R BV
(SIM, HfZEE 1, HTHMSEES T e (SCAN, HFE 1 7 tia .
25~300, HTHArMErk. Ik,

#1 118# VOCs K CAS 5., RENBEREEEMET

Table 1 Retention time and mass spectrometry parameters of 118 VOCs

Compound tr/min lons Compound tr/min lons
Determined by FID Cyclohexane(¥ c.4t) 26.20 84,41,56
Ethylene 2-Methylhexane
13.64 - 26.35 43%42,85
(ZJf) (2-FHE T LE)
Ethane 2,3-Dimethylpentane
14.19 - 26.52 56%,71,57
(&%) (2,3- = LI pe)
Acetylene
14.69 - Pentanal (1) 26.80 58*,71,41
(25
Propylene 3-Methylhexane
21.45 - 27.28 71°,56,70
(%) (3-F 3L ki)
Propane 1,2-Dichloropropane
22.10 - 27.30 63",76,62
(H%t) (1,2- 5 k)
Bromodichloromethane(
Determined by MS 27.51 83%,88,85
— TR
Formaldehyde 1,4-Dioxane
10.14 29%,30 27.62 88%,29,28
() (L,4- N
Dichlorodifluorometha Trichloroethylene
10.76 85,87 27.67 130%,95,132
ne( i — & ) (=)

Chloromethane 11.50 50,52 2,2,4-Trimethylpentane 27.90 57,56




(—5H k) (2,2,4- =R E 1 )%)

Acetaldehyde Methyl methacrylate
11.98 29%42 28.29 697,100,41
(L) (FF 2 PR 04 R Y 1)
iso-Butane n-Heptane
11.99 43%41,42 28.57 43"57,41
(5 T%%) (IEPEk)

1,2-Dichlorotetrafluoro
trans-1,3-Dichloropropen
ethane
12.01 135%,85 e 29.16 75",110,77
(1,1,2,2-M%-1,2- &
(= 3R-1,3- & -1-1 %)

ZFe)
Vinyl chloride Methy.lisobutyl.ketone
12.46 62",64 29.21 43",85,58
(S 2I7) (4-FH 2E-2- I )
1-Butene Methylcyclohexane
12.86 41" 55,56 29.70 83",41,55
(IET ) (FF 23R Tt
1,3-Butadiene cis-1,3-Dichloropropene(
13.01 54* 53,39 30.08 75%,110,77
(1,3- T 0) JiiR-1,3- & 1- T )
n-Butane 2,3,4-Trimethylpentane(2,
13.16 43" 58,29 30.41 71",55,43
(IET %) 3,4-= F AL k)
trans-2-Butene 1,1,2-Trichloroethane
13.59 417,39,56 30.45 977,99,83
(= -2-T) (112- =5 4k%)
Bromomethane Toluene
14.00 94",93,96 30.86 917,92
(— ¥ H Hr) (GBS
cis-2-Butene 2-Methylheptane
14.18 41”,39,56 30.93 577,70,43
(mi=-2- T %) (2-H BB kt)
Chloroethane 2-Hexanone
14.63 64",49,66 31.31 58"57,43
(A 2k (2- L)
Acrolein 3-Methylheptane
16.41 56,55 31.76 85%,57,43
(I %) (3-H BB kt)

Dibromochloromethane
Acetone(PHER) 16.73 58%43 31.80 129%,131,127
(IR —&H %)




iso-Pentane

Propanal
(M)
Trichlorofluoromethane
(=P he)
Ethanol
(ZF)
2-Propanol
(5 B)
1-Pentene
(1-147)
n-Pentane
(AEs%kE)
Isoprene
(2-F3-1,3-T —J%)
trans-2-Pentene
(JRx-2- 13 0%)
1,1-Dichloroethene
(11- =52
cis-2-Pentene
(MiX-2- )
Methylene chloride
(Z& H )
Carbon disulfide
(CBALTR)
1,1,2-Trichloro-1,2,2-tr
ifoethane

(1,2,2-=5-1,1,2- =5

16.87

17.10

17.18

17.19

17.71

17.72

18.04

18.15

18.45

18.56

18.89

19.12

19.26

19.34

57",56,43

587,29

101%,103

31%45

45" 43

4274170

43%42,41

67",53,68

55",42,39

61",98,96

55,42

84",86,49

76,78,44

151%,153,101

Hhexaldehyde
(CHE)
1,2-Dibromoethane
(1,2-ZR &%)
n-Octane
(IE=E4T)
Tetrachloroethylene
(U5 Z0)
Chlorobenzene
(&)
Ethylbenzene
(Z%)
m-/p-Xylene
(I)/5%F R 2
Bromoform
(=R )
Styrene
(R LI7)
1,1,2,2-Tetrachloroethane
(& k)
0-Xylene
(B8 —H12K)
n-Nonane
(IEEH47)
Isopropylbenzene

GALES)

Benzaldehyde

R E)

31.95

32.21

32.39

32.93

34.32

34.98

35.32

35.68

36.10

36.32

36.41

36.47

37.53

38.69

44"56,41

107,109

43%71,85

166%,129,164

112%,77

91",106

91%,106

173",175,171

104%,78,103

83%,95,85

91,105,106

57%,43,85

105%,77,120

106%,51,105




LK)
2,2-Dimethylbutane
(2,2-Z=H T %1)
Methacrolein
(FA L A A )
trans-1,2-Dichloroethe
ne(Ji-1,2- ~ & Z.9%)
1,1-Dichloroethane
(1,1- =& k%)
Cyclopentane
(A IEkR)
Methyl tert butyl
ether(FF &40 T JERE)
Vinyl acetate
(LB L)1)
2,3-Dimethylbutane
(23-=HEH T ki)
2-Methylpentane
(2- 211 k%)
Butyraldehyde
(IETEE)
2-Butanone
(2= i)
3-Methylpentane

(3-FHZE R )E)

1-Hexene(1-C. 1)

cis-1,2-Dichloroethene

(mz-1,2- — & 2 H%)

19.58

20.77

21.14

21.14

21.16

21.20

21.35

21.83

22.10

22.13

22.16

2242

22.82

22.82

71",56,57

41%70

61,98,96

63",83,65

55”42

73",55,41

43",42,86

43%42

43" 41,42

4474357

43%,29,57

56",29,57

56",84,55

96",98,61

n-Propylbenzene
(IER)
m-Ethyltoluene
(1-2.55-3- R HER)
p-Ethyltoluene
(5 2 3L )
1,3,5-Trimethylbenzene
(1,35-=H )
o-Ethyltoluene
(1-ZFE-2- LK)
n-Decane
(Zhe)
1,2,4-Trimethylbenzene
(1,2,4-=HH)
Benzyl chloride
EAHR)
1,4-Dichlorobenzene
O —5R)
1,3-Dichlorobenzene
(Al =50K)
1,2,3-Trimethylbenzene
(1,2,3-=HHEX)

1,2-Dichlorobenzene

m-Diethylbenzene
(13- ZHFK)
m-Tolualdehyde

(1) P AL i)

38.75

38.92

39.02

39.20

39.71

40.27

40.27

40.77

40.77

40.97

41.49

42.00

42.35

42.66

91%,92,120

105%,120

105%,120

105%,120

105%,120

57°,71,43

105%,77,120

91%,126

146%,111,148

146%,148

105%,120

146",111,148

119%,134,105

119%,91,120




n-Hexane p-Diethylbenzene
22.96 57",86,56 43.20 105%,91,119
(IE 2 %%) (= Z )
Ethyl acetate n-Undecane
23.38 43" 61 44.30 577,43,71
(IR Z.188) (F—%t)
Chloroform 1,2,4-Trichlorobenzene
23.88 83,85 47.98 180",184,182
(=& HF Hr) (1,2,4-=5F)
Tetrahydrofuran n-Dodecane
24.48 427 41,72 48.22 577,43,71
(P9 &k ) (+=%%)
Crotonaldehyde Naphthalene
24,51 41,69 48.52 128,129,127
(T Jam) (#)
Hexachloro-1,3-butadiene
1,2-Dichloroethane
24.67 62",64 (1,1,2,3,4,4-N5-1,3-T 49.91 225,223,227
(1,2-=FH LK)
)
Methylcyclopentane
25.02 56",55,69 Internal standards
(GE 32359
2,4-Dimethylpentane Bromochloromethane (—#— 1307,49,1
25.12 43* 57,41 23.14
(2,4-— B k) ) 28
1,1,1-Trichloroethane 1,4-Difluorobenzene
25.27 977,61,99 26.46 114,88
(1,1,1- =& %) (ZHR)
Benzene Chlorobenzene-d5 1177119,
25.84 78,77 34.25
(k) (FK-D5) 82
Carbon tetrachloride 4-Bromofluorobenzene 174",75,9
26.06 1177,121,119 37.36
(P9 & A0) (TR TRR) 5
-: Not detected

*: was quantitative ion, other was qualitative

2 &R 57

2.1 SAHEE-REXFARL
AT ANBF AR, AR R % B AR e 59t i e A DB-1 B3y B AR5

JEANUETER . Co 73 1 T-3h s IR, HilEEER, 7E DB-1 L 5REREH Naw CO2 5417 IR



SCHEWR BT (28, 29 miz) 0 MS X HAEM R & (5 Co~Ca AR sl IE (i i
HP-Plot Q LREHAE B 70 B LR, MUARHT SR DB-1 XL AT IR 72 85, Pl
it Deans Switch 7E“V)EE " T4 Co~Cs 5 (5 FHAR) VIEIZ HP-Plot Q _Lif47 — ik
SrEIE FID B, Bag LA 2A . oAb 4y (113 B H AR & 4 Fhpabsds) feededEl”
TEEMETHHEAN MS W5E, £ SCAN F4 T KA Hir R P&, 4 Nistl4 1% A
BRI [ B ARYIEAT E M R R S R e BB, SRR 1 RS Tk
REE, MS KM SIM 35l Hiadt T € 20 tr, SBRE LK 2B.

HT BRGSO, GBS E TR T, OB 5 B R
W AN L o SR H AR s FER AR AAE 24, HU IR 520, -10. 0. 5.
10 CI & HAaPp i S5 5L, 45 F R, IR0 s 4L RS R 2 A5 1 1O W 82 52 AR DL PRI 52
WAL R, W AE-20~5 “CZ [A] N s 4L (R AR A AN K, 5 C I T RS 4 1) 1A R Ak i
Fifg i, APIRTEE 10 ‘CH, Co~Cs IMA R I SRS, IR B 5 C o @ik al H Az
Wi £ BE A FE SR BT G N, 2R 190 CRE, 4 AR Misg K, 4kt
A o SR MAAN K, R AR B 190 'Co BhAt, AEGUE. FHEIES . BRI AE R
T[] 22 520 B S B 8] o B AT, 04K i ) B 28 T AR e I “1.4.27 (18] 2 Wl 1,
118 Fi VOCs RIERURIIN (8] (51 min) P5g4s i, FEA-FRa. WK Raf, FRin —HIR5X
THERA G E0A, HR B R AR

1x10°

1 A Propylene
5 21.454
9x10™
E S0 Ethane
) x107 .
o~ 1 Ethylene 1#2%8Acetylene Eropane
) ¥ 22.105
& 3007 13640 [\ 14.701
0
7 T 7 T 7 T 7 T 7 T ; T ; T 7 T T 7 7
13 14 15 16 17 18 19 20 21 22 23
Acquisition time/min
6x10° -
B 2x107 Formaldehyde
1 10.141
2 4x10° 4
adr= 1x10
=%
w
~
2x10° - 100 104
0
T bj T L4 T ¥ T b T ) T v. T L T Y T
10 15 20 25 30 35 40 45 50

Acquisition time/min

2 5 CrCsHSMEIEEA) KAl 113 MBS BT REB)

Fig.2 Chromatograms of C2-Cs(A), and total ion chromatogram of 113 VOCs(B)



2.2 TR RS KA RIRAL

FRBUEAR A PR, RN UM i A 2 3 5 AT IR A & 5, TRl /K 28/
N CO R w1 HARY), FAEMRANLFE D 2Bk . BURM RGRA =4 BT Mk
AR RRE A RIVK, S A AR IRUK I8 M RIRFHSE BASY, 1 CO2 KA sy it
AL SRS H AR IRAETE M thib— Bk . VB SR A B R i K 285 CO,
M LBRR, BREIIKZESR CO, SR titiA:, 2By MR A F mAs . 1R
ZE B A VERIMERR T B A0S0, S35k, H T 118 A VOCs i aiyE FElES FE R, A TRIE
AR A5 2EL 43 T A R B R o 0 L 2L 0 T T, TR PR AR AT AL, X T iR
MR B CO2 S B IR AURE U

My AR IR R B -40C, AR EROK RS AR . HIREEE My f#bTIREED 8. 10,
12, 14 CH& BRI AT 45 R RaR, BENAEAG G B s s 253 g 17 i Vi P 1
FHEmasgn, 2 12 CHF HARYI R R AN R R 4RERTHE, 04 B AR H I A AR
U AR 72 . UGN TR A% S5 15 O, TRIEE M AT BE BN 12 °Co B4k, Mo filiARIRFE 521 CO2
LR, Mo ATl BE AR BT I [R] 5200 H ARYI AN Mo Bl M3 RS 200, 45 718 — #4710
1t
Ms ¥ 3BT 6 A58 B AR (KD 48 SR AN T T R e, ERAL SR 7R, Ms TRARIRFE 9-180 °C
i BRA I A B A, RIS KRR EE ST M H AR R4 B 4 Ms RT3 AT
FEMTIT TE] 43311 80 CRI 1.5 min BF F ARA7) 1T JRL A PR s e, RSB 1 43 H R e
PRIE M3 e NS AT 40 88 . 2B B I1.4.170
2.3 TIE¥ERE
2.3.1 &MEEHE. MHRS5ERTR

43 H4hE 10, 20, 50, 100, 200. 400. 600 mL R A&briEfd A<, [FRHIA 200 mL
T FH A o A T s 43 518 0.5, 1..2.5.5. 10+, 20, 30 nmol/mol, AR FE 4 10 nmol/mol;
FESRARZEAE FIGE, FAMRIEME R 3 K. Horlt FID Y 1 Co~Ca 2H 53R FH U6 [ AR 32 L
() IR E (O Ze bl br it 28, AR T VI 52 A B I LSS 5 N B 1) 8 3 IR AR 2
b () WHWREEZ L (0O ZefilbrdihZ. 450278, 118 F VOCs TE4% [ VR FETE I P 2%
PR, HSGHEREL (r?) 40.995 3~0.999 9. FEALHIHKE AN 0.2 nmol/mol TR & hrHES,
HAEWE 7%, $18 HI168-20102 1 5453 118 F VOCs 4 H FR(MDL) 4 0.01~0.38 pg m?,
S R (LOQ) A 0.03~1.51 ug m3.
232 HHESKEE



[m 5 0.2 nmol/mol 1178

eSS BnAs 1. 5. 20 nmol/mol, FEE M E 7 Ik,

TEAS 118 F VOCs 7£ 3 AMInbs/KF R33N 76.4%~110%. 84.2%~108%-

87.4%~104%; FHXFr#EfwZ (RSD, n=7) 4354 0.36%~6.0%. 0.31%~4.9%. 0.42%~
4.8% (£ 2). FiIIBFRIIMT HI 734-2014MZE 5k, i 2 RS VOCs [l E 553Kk .

2 18# VOCs WEMERE. HXHEK. EUE, HMRERE (n=7). BHRFEEETR

Table 2 Linear ranges, correlation coefficient(r2), recoveries, RSDs(n=7), MDLs and LOQs of 118 VOCs

Linear range Added MDL LOQ
Compound r? Recovery (%) RSD (%)
(nmol/mol) (nmol/mol) pgm?®  pgm3
Compounds detected by FID
Ethylene 0.5~31.2 0.9995 1.04,5.20,20.80 86.5,85.1,92.0 1.53.2,4.2 0.05 0.19
Ethane 0.5~31.2 0.9996 1.04,5.20,20.80 103,103,103 2.7,3.1,19 0.05 0.20
Acetylene 0.5~31.2 0.9995 1.04,5.20,20.80 110,108,102 4.0,4.5,4.7 0.07 0.28
Propylene 1.1~64.2 0.9998 2.14,10.70,42.80  103,90.6,92.3  3.2,3.5,0.7 0.10 0.39
Propane 0.5~31.2 0.9995 1.04,5.20,20.80 106,94.6,103 251441 0.07 0.28
Compounds detected by MS
Formaldehyde 0.6~34.5 0.9982 1.15,5.75,23.00 76.4,84.2,90.8 59,4947 0.16 0.65
Dichlorodiflu
0.5~28.8 0.9998 0.96,4.80,19.20 104,106,94.1 29,1.7,29 0.11 0.44
oromethane
Chloromethan
0.5~31.5 0.9998 1.05,5.25,21.00 109,106,96.6 2.4,4.3,0.9 0.05 0.22
e
Acetaldehyde 0.5~30.6 0.9996 1.02,5.10,20.40 109,104,102 3.7,1.32.2 0.15 0.60
iso-Butane 0.5~30.9 0.9998 1.03,5.15,20.60 109,107,95.2 1.6,2.7,1.9 0.06 0.22
1,2-Dichlorot
etrafluoroetha 0.5~30.6 0.9998 1.02,5.10,20.40 103,105,1004 2.9,1.9,1.2 0.16 0.66
ne
Vinyl
0.5~30.3 0.9997 1.01,5.05,20.20 103,105,104 22,1519 0.05 0.20
chloride
1-Butene 0.5~31.5 0.9993 1.05,5.25,21.00 98.1,98.3,102  2.3,1.3,1.2 0.04 0.17
1,3-Butadiene 0.6~33.0 0.9990 1.10,5.50,22.00 875951951 21,10,14 0.03 0.12




n-Butane

trans-2-Buten

Bromomethan

cis-2-Butene
Chloroethane
Acrolein
Acetone
iso-Pentane
Propanal
Trichlorofluor
omethane
Ethanol
2-Propanol
1-Pentene
n-Pentane
Isoprene
trans-2-Pente
ne
1,1-Dichloroe
thene
cis-2-Pentene
Methylene
chloride
Carbon
disulfide
1,1,2-Trichlor

0-1,2,2-trifoet

0.5~31.2

0.5~30.3

0.5~31.5

0.5~32.4

0.5~30.6

1.1~67.5

1.1~64.5

0.5~30.3

0.5~31.5

0.5~30.3

0.6~33.0

0.6~33.0

0.5~31.2

0.5~30.6

0.5~30.9

0.5~31.8

0.6~33.0

0.5~28.8

0.5~31.8

0.5~31.5

0.5~31.5

0.9996

0.9994

0.9998

0.9994

0.9997

0.9994

0.9993

0.9993

0.9990

0.9984

0.9996

0.9989

0.9988

0.9993

0.9994

0.9992

0.9996

0.9994

0.9994

0.9994

0.9997

1.04,5.20,20.80

1.01,5.05,20.20

1.05,5.25,21.00

1.08,5.40,21.60

1.02,5.10,20.40

2.25,11.25,45.00

2.15,10.75,43.00

1.01,5.05,20.20

1.05,5.25,21.00

1.01,5.05,20.20

1.10,5.50,22.00

1.10,5.50,22.00

1.04,5.20,20.80

1.02,5.10,20.40

1.03,5.15,20.60

1.06,5.30,21.20

1.10,5.50,22.00

0.96,4.80,19.20

1.06,5.30,21.20

1.05,5.25,21.00

1.05,5.25,21.00

100,99.8,104

106,98.3,104

98.4,105,104

96.8,98.0,103

105,95.9,102

78.4,87.8,88.9

107,105,102

107,95.1,101

105,96.0,88.9

103,104,104

108,101,97.2

83.5,99.0,89.1

106,95.2,89.0

98.4,104,104

86.8,95.8,94.8

95.1,94.9,91.0

105,104,104

77.1,85.1,96.6

104,107,101

107,106,97.2

110,108,98.4

111111

1.8,1.0,14

22,0527

18,1511

2.4,2.7,05

54,38,1.8

2.7,22,1.8

1.7,0.3,35

2.0,1.7,3.2

252911

1.51.7,1.0

2.64313

24,19,15

27,1225

0.8,1.2,4.6

15,0345

2.0,3.1,05

1.5,0.6,3.7

252314

1.8,1.3,3.3

1.9,0.6,2.5

0.03

0.04

0.07

0.04

0.05

0.14

0.17

0.05

0.05

0.12

0.08

0.08

0.06

0.05

0.04

0.06

0.10

0.05

0.05

0.07

0.16

0.14

0.16

0.28

0.17

0.21

0.57

0.67

0.19

0.21

0.49

0.31

0.32

0.22

0.21

0.17

0.22

0.38

0.20

0.19

0.26

0.64




hane
2,2-Dimethyl
butane
Methacrolein
trans-1,2-Dic
hloroethene
1,1-Dichloroe
thane
Cyclopentane
Methy!l tert
butyl ether
Vinyl acetate
2,3-Dimethyl
butane
2-Methylpent
ane

Butyraldehyd

2-Butanone
3-Methylpent
ane
1-Hexene
cis-1,2-Dichlo
roethene
n-Hexane
Ethyl acetate
Chloroform
Tetrahydrofur

an

0.5~30.9

0.5~32.1

0.5~31.2

0.5~31.8

0.5~30.3

0.6~33.0

0.6~33.0

0.5~30.6

0.5~30.0

0.5~31.8

1.1~65.1

0.5~31.8

0.5~31.5

0.6~33.0

1.1-64.2

0.6~33.0

0.6~33.0

0.5~31.2

0.9993

0.9995

0.9998

0.9998

0.9993

0.9992

0.9994

0.9995

0.9995

0.9994

0.9990

0.9993

0.9988

0.9996

0.9992

0.9994

0.9993

0.9997

1.03,5.15,20.60

1.07,5.35,21.40

1.04,5.20,20.80

1.06,5.30,21.20

1.01,5.05,20.20

1.10,5.50,22.00

1.10,5.50,22.00

1.02,5.10,20.40

1.00,5.00,20.00

1.06,5.30,21.20

2.17,10.85,43.40

1.06,5.30,21.20

1.05,5.25,21.00

1.10,5.50,22.00

2.14,10.70,42.80

1.10,5.50,22.00

1.10,5.50,22.00

1.04,5.20,20.80

80.6,91.2,91.1

102,104,103

109,107,104

103,99.1,102

107,95.1,103

86.4,84.9,88.0

76.4,84.9,95.5

108,105,101

107,106,104

96.2,106,102

109,104,101

108,102,102

83.9,84.5,88.9

84.6,87.7,88.6

108,108,104

109,107,102

106,98.0,98.1

80.6,96.2,92.9

14,2129

251518

0.8,1.5,1.4

25,0335

0.6,04,1.4

2.6,0.3,1.7

1.2,24,2.8

2.0,0.8,2.5

20,1212

0.6,3.9,0.8

04,4522

1.0,1.7,42

1.54.0,33

3.2,1.6,0.7

0.6,4.4,1.9

22,1519

1.5,45,0.7

1.7,27,1.0

0.07

0.16

0.05

0.10

0.06

0.08

0.07

0.08

0.07

0.06

0.17

0.07

0.09

0.07

0.14

0.06

0.12

0.06

0.28

0.66

0.22

0.40

0.23

0.31

0.28

0.32

0.29

0.25

0.67

0.29

0.35

0.28

0.56

0.25

0.47

0.23




Crotonaldehy
de
1,2-Dichloroe
thane
Methylcyclop
entane
2,4-Dimethyl
pentane
1,1,1-Trichlor
oethane
Benzene
Carbon
tetrachloride
Cyclohexane
2-Methylhexa
ne
2,3-Dimethyl
pentane
Pentanal
3-Methylhexa
ne
1,2-Dichlorop
ropane
Bromodichlor
omethane
1,4-Dioxane
Trichloroethyl
ene

2,2,4-Trimeth

0.5~30.6

0.5~32.4

0.5~31.5

0.5~31.5

0.5~32.4

1.1~64.2

0.5~31.8

1.1~64.5

0.5~31.8

0.5~30.6

0.6~33.9

0.5~31.5

0.5~32.4

0.5~32.4

0.5~32.4

0.5~32.4

0.5~31.5

0.9977

0.9992

0.9993

0.9994

0.9999

0.9995

0.9998

0.9996

0.9996

0.9996

0.9991

0.9993

0.9995

0.9993

0.9992

0.9997

0.9996

1.02,5.10,20.40

1.08,5.40,21.60

1.05,5.25,21.00

1.05,5.25,21.00

1.08,5.40,21.60

2.14,10.70,42.80

1.06,5.30,21.20

2.15,10.75,43.00

1.06,5.30,21.20

1.02,5.10,20.40

1.13,5.65,22.60

1.05,5.25,21.00

1.08,5.40,21.60

1.08,5.40,21.60

1.08,5.40,21.60

1.08,5.40,21.60

1.05,5.25,21.00

98.2,96.5,103

108,102,101

104,98.7,101

109,97.0,99.9

108,99.6,103

108,97.0,99.5

108,104,104

95.5,106,97.2

94.9,105,99.4

99.0,104,101

98.2,97.1,92.1

78.2,84.5,90.3

109,108,93.9

108,96.0,103

80.5,98.0,95.6

94.5,99.4,88.8

77.9,85.5,87.8

181511

2.4,3.9,0.6

2.4,1.9,0.7

1.2,03,33

12,2138

1.3,2.2,2.9

2.5,3.6,1.8

1.4,0.5,3.2

1.214,10

0.6,43,1.4

0.4,0.3,04

0.6,0.8,3.1

3.3,1.1,3.0

1.0,2.6,4.2

1.8,0.3,0.6

151621

0.5,04,15

0.06

0.07

0.06

0.07

0.10

0.11

0.11

0.12

0.06

0.13

0.08

0.07

0.09

0.11

0.01

0.10

0.08

0.25

0.28

0.23

0.27

0.42

0.42

0.45

0.47

0.25

0.52

0.32

0.27

0.35

0.45

0.03

0.39

0.30




ylpentane
Methyl
methacrylate
n-Heptane
trans-1,3-Dic
hloropropene
Methyl
isobutyl
ketone
Methylcycloh
exane
cis-1,3-Dichlo
ropropene
2,3,4-Trimeth
ylpentane
1,1,2-Trichlor
oethane
Toluene
2-Methylhept
ane
2-Hexanone
3-Methylhept
ane
Dibromochlor
omethane
Hhexaldehyde
1,2-Dibromoe
thane

n-Octane

0.5~32.1

1.1~64.2

0.5~31.5

0.5~31.8

0.5~31.5

0.5~31.5

0.5~32.1

0.5~32.1

1.1~64.5

0.5~31.5

0.5~32.7

0.5~31.8

0.5~32.7

0.5~31.2

0.5~32.1

0.5~31.5

0.9984

0.9996

0.9995

0.9994

0.9996

0.9992

0.9996

0.9993

0.9997

0.9996

0.9982

0.9992

0.9994

0.9990

0.9996

0.9994

1.07,5.35,21.40

2.14,10.70,42.80

1.05,5.25,21.00

1.06,5.30,21.20

1.05,5.25,21.00

1.05,5.25,21.00

1.07,5.35,21.40

1.07,5.35,21.40

2.15,10.75,43.00

1.05,5.25,21.00

1.09,5.45,21.80

1.06,5.30,21.20

1.09,5.45,21.80

1.04,5.20,20.80

1.07,5.35,21.40

1.05,5.25,21.00

88.1,96.6,87.6

84.5,94.0,101

78.9,84.6,87.7

84.8,85.1,93.7

104,95.3,99.8

102,98.1,91.8

105,95.6,90.9

107,107,99.5

107,106,101

82.4,86.2,97.3

93.9,97.0,103

100,97.2,88.1

109,108,102

79.4,93.3,97.2

92.2,98.0,89.2

87.9,87.3,88.3

1.0,05,0.6

0.4,0.3,2.0

0.7,2.2,0.7

0.6,1.0,1.1

181311

0.6,0.9,0.9

1.0,0.3,3.2

3.4,1.3,1.6

2.4,04,05

1.2,28,2.0

2.6,0.9,35

1.6,3.2,1.0

2.0,3.0,1.0

0.7,0.9,0.8

172211

0.4,09,24

0.09

0.14

0.07

0.22

0.07

0.08

0.08

0.12

0.10

0.09

0.02

0.10

0.17

0.20

0.13

0.09

0.34

0.55

0.27

0.88

0.26

0.31

0.32

0.47

0.41

0.35

0.09

0.40

0.69

0.80

0.50

0.37




Tetrachloroet
hylene

Chlorobenzen

Ethylbenzene
m-/p-Xylene
Bromoform

Styrene
1,1,2,2-Tetrac
hloroethane
0-Xylene
n-Nonane

Isopropylbenz

ene

Benzaldehyde

n-Propylbenz

ene

m-Ethyltoluen

p-Ethyltoluen

1,3,5-Trimeth
ylbenzene

o-Ethyltoluen

n-Decane
1,2,4-Trimeth
ylbenzene

Benzyl

0.5~31.5

0.5~32.7

1.1~64.5

2.1~1254

0.6~33.0

1.1~63.6

0.5~31.8

1.1~63.0

0.5~30.9

0.5~30.3

0.5~29.4

0.5~29.7

0.5~30.6

1.0~60.3

1.0~62.1

0.5~30.0

0.5~30.6

1.0~62.4

0.5~31.2

0.9998

0.9996

0.9997

0.9995

0.9989

0.9988

0.9996

0.9994

0.9994

0.9995

0.9987

0.9993

0.9993

0.9994

0.9994

0.9995

0.9992

0.9994

0.9975

1.05,5.25,21.00

1.09,5.45,21.80

2.15,10.75,43.00
4.18,20.90,83.60
1.10,5.50,22.00

2.12,10.60,42.40

1.06,5.30,21.20

2.10,10.50,42.00

1.03,5.15,20.60

1.01,5.05,20.20

0.98,4.90,19.60

0.99,4.95,19.80

1.02,5.10,20.40

2.01,10.05,40.20

2.07,10.35,41.40

1.00,5.00,20.00

1.02,5.10,20.40

2.08,10.40,41.60

1.04,5.20,20.80

78.5,85.3,88.8

103,98.1,97.2

109,108,102

110,108,104

105,96.8,89.8

90.9,89.1,92.9

110,108,94.6

107,107,97.8

86.7,98.4,92.9

78.8,86.7,93.8

76.7,84.8,89.7

77.0,85.8,92.5

76.4,84.8,90.0

81.9,87.8,91.7

77.0,84.6,93.7

86.1,100,87.7

110,107,98.0

94.1,97.7,94.7

78.1,84.6,89.4

1.3,1.8,1.0

1.218,24

1.9,05,2.8

1.6,1.8,1.0

16,1814

1.43.2,0.7

3.7,0.3,3.7

22,0314

4.3,4.0,2.8

0.8,0.4,2.3

44,0410

5.5,45,3.6

4.8,4.8,4.5

0.4,2.1,4.8

442734

4.8,4.0,4.0

0.6,3.7,4.1

49,1521

04,1047

0.11

0.08

0.18

0.18

0.11

0.12

0.17

0.16

0.10

0.09

0.05

0.10

0.10

0.17

0.17

0.08

0.13

0.16

0.09

0.45

0.33

0.70

0.73

0.45

0.46

0.69

0.65

0.42

0.36

0.22

0.39

0.38

0.68

0.66

0.34

0.50

0.65

0.37




chloride
1,4-Dichlorob
enzene
1,3-Dichlorob
enzene
1,2,3-Trimeth
ylbenzene
1,2-Dichlorob
enzene
m-Diethylben
zene
m-Tolualdehy
de
p-Diethylbenz
ene
n-Undecane
1,2,4-Trichlor
obenzene
n-Dodecane
Naphthalene
Hexachloro-1,

3-butadiene

0.5~30.3

0.5~31.2

0.5~31.2

0.5~30.0

0.5~28.8

0.5~27.0

0.5~29.4

0.5~30.0

0.5~27.9

0.5~30.0

0.5~28.8

0.5~29.1

0.9992

0.9990

0.9989

0.9993

0.9988

0.9953

0.9988

0.9993

0.9984

0.9994

0.9983

0.9998

1.01,5.05,20.20

1.04,5.20,20.80

1.04,5.20,20.80

1.00,5.00,20.00

0.96,4.80,19.20

0.90,4.50,18.00

0.98,4.90,19.60

1.00,5.00,20.00

0.93,4.65,18.60

1.00,5.00,20.00

0.96,4.80,19.20

0.97,4.85,19.40

94.4,90.4,89.9

90.4,91.0,104

101,85.2,98.6

106,98.8,93.1

83.0,87.3,87.5

104,97.4,104

78.5,84.7,91.4

87.1,90.7,95.9

78.5,85.2,87.8

82.2,100,87.7

82.1,88.4,90.9

80.4,85.3,88.9

14,4545

3.3,39,18

46,1.7,3.8

34,1420

134441

6.0,4.9,4.7

3.5,2.1,3.9

0.4,0.3,1.0

11,4742

04,1242

0.6,1.0,4.2

243146

0.11

0.11

0.08

0.12

0.09

0.07

0.08

0.12

0.11

0.38

0.07

0.23

0.44

0.43

0.33

0.46

0.35

0.27

0.33

0.50

0.43

151

0.27

0.93

2.5 SERFFESR T

RHA ST TTIENGE 3 X LIRGEW LM . KA BRI ).
AN T HE SR B R ORI VOCS(3E 3). SRR 1 3 /N XA M A 97 Fh

VOCs

8N 33.50~35.25 mg m?), FIJEEN 3450 mgme, LN EEGREY) (F

BN 3.95 mgm?3); HAMIKE RSD(n=3)<<20 %, %} RSD(n=3)<<0.05%, FWi%J5
E TSP SN A E AT AR SRS BRI BT RGNS e T AR R

th SR 77, 81, 93. 84 A1 97 A VOCs, & VOCs (TVOC) &4l A 44.54., 162.94,



68.50. 69.94. 211.7 mg m3; FH Al #E A M) TVOC KR DB44/817-2010122H T i B HE
FBRE (<40 mgm3), FKHEJ JEAH TVOC Fl - H K F 15 DB44/814-20100231r 11 i Bt
HRAE (TVOC<<30 mg m®, HIZEAIZHRETH<20 mgm®), IR K<+ TVOC k%
% DB36/1101.4-20194HE/{ fR K (TVOC<<40 mgm?), ) K< TVOC. —HIZEFIZE
RN 5 DB31/934-2015R° Al SR (TVOC<<70 mg m3, —HZH <25 mgm?3, KRV
<45 mg m3), R BCR AR ER T T34 Tl VOCs HER 6 BRI i 32 47 8 BRI AU
Horb LAY R E) P i B L 3.

4x10° x10°
Printer MSD FID
£ 310 ¥ 2x10°
% 5
& 2x10° x10g
4.
1x10°- 5x10
0 e | L ] | 4 |
1.5x10° 1.2x10°
g Forklift MSD FID
g 1.0x10°- 8.0x10°]
4
5.0x10° 4.0x10°
0.0 - 0.0
[ ' I T I T T T I T I . T T T T T T T T T T
10 15 20 25 30 35 40 45 50 14 16 18 20 22
Acquisition Time/min Acquisition Time/min
3 KErkEmBESEE
Fig.3 Chromatograms of the real samples
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Table 3 The concentration of TVOC and major compounds of exhaust gases from forklift, shoe
factory, furniture factory, printery, plastic factory and shipyard (mg.m-3)
Compound Forklift Shoe Plastic Furniture Printe  Shipya
exhaust factory Factory factory ry rd
1,2,4-Trimethylben - - - 4.66 - -
Zene
1,2-Dichloroethane - - - - - 2.49
1-Pentene - - - - 6.44 -

2-Butanone - 10.99 - - - R



Acetone
Ethanol
Ethyl acetate
Ethylbenzene
Ethylene
Formaldehyde
iso-Pentane
M-/P-Xylene
Methylene chloride
0-Xylene
Propanal
Tetrahydrofuran
Toluene

TVOC

1.75

3.95

3.88

191

2.38

34.5

11.82

9.41

6.21

44.54

38.48

8.93

2.37

3.97

69.94

- 3.18 -

- 9.69 -
20.25 11.81 -
21.6 - 44.37
66.24 - 91.29

- 294 2
28.35 - 37.16

; 2 29.42
162.94 68.5 211.71

-: The concentration below the top five compounds

3 4k

AW FCIE T IR FSRERAE , T Aa UM G- BB ] A8 4t (BE FID Al 28D, JF454 Dean
Switch Fr O UIEIRIAR FEAFRBOR , fES7 1 — Rl RIS I 5 i Gk < b 118 il VOCs (73 M U5 ik -
OT IR . RRE R AERRE, AT R AL [ 58 5 GRS 75 Gl R < Hh VOCs

MM SE TRy 5 RePE PSR BSR4 1 = T 5 (13842

27 3Lk -

[1]He C, Cheng J, Zhang X, Douthwaite M, Pattisson S, Hao Z P. Chem. Rev., 2019, 11

9(7): 4471-4568.

[2]Yang W Q, Zhang Y L, Wang X M, Li S, Zhu M, Yu Q Q, Li G H, Huang Z H, Z

hang H N, Wu Z F, Song W, Tan J H, Shao M. Atmos. Chem. Phys., 2018, 18(17):

12663-12682.

[3]Wang S X, Hao J M. J. Environ. Sci., 2012, 24(1): 2-13.

[4]Huang Z H, Zhang Y L, Yan Q, Zhang Z, Wang X M. J. Hazard. Mater., 2016, 320:

547-555.



[5]Zzhang Z , Wang X M, Zhang Y L, LU S J, Huang Z H, Huang X Y, Wang Y S. Sci.
Total. Environ., 2015, 511: 792-800.

[6]Cui H Y, Chen W H, Dai W, Liu H, Wang X M, He H. Atmos. Environ., 2015, 116:
262-271.

[7]HJ734-2014. Stationary Source Emission-Determination of Volatile Organic Compounds-S
orbent Adsorption and Thermal Desorption Gas Chromatography Mass Spectrometry M
ethod. National Environmental Protection Standards of the People’s Republic of China.

(2] 58 V5 Gl R S A AEAT LA R 00 7 [T R B B -l B OAH i o . o R N RFEAN
[ S B R BR ).

[8]HJ1006-2018. Stationary Source Emission-Determination of \olatile Halogenated Hydroca
rbons-Bags Sampling-Gas Chromatography. National Environmental Protection Standard
s of the People’s Republic of China. ([ E {5 $eili A% KM iR I A KA -
AL, TR N RS E E KRR A ).

[9]HJ 38-2017. Stationary Source Emission-Determination of Total Hydrocarbons, Methane
and Nonmethane Hydrocarbons-Gas Chromatography. National Environmental Protectio
n Standards of the People’s Republic of China. (& {54 RS FEHEAIEE b
R I E AR g, e N REFE AN E [ A B R FR ).

[L0]JHJ/T 66-2001. Stationary Source Emission-Determination of Chlorobenzenes-Gas Chrom
atography. National Environmental Protection Standards of the People’s Republic of C
hina. (KU E 75 GIE SR SP IO E S B iEE . A N RIERN T [ 203 85 Ok
FRAE).

[L11]HJ/T 39-1999. Stationary Source Emission-Determination of Chlorobenzenes-Gas Chrom
atography. National Environmental Protection Standards of the People’s Republic of C
hina. ([& € 5 JeliHF P SRR B0 UM ki, dh e N RIEANE [E S5 /945
#E).

[12]Song X J, He X R, Yin M M, Ma Y Q, Yao H. Environ. Chem. (5RERIE, BH.0MR,
FHHEE, SERE, Bk, HREE{LE), 2017, 36(6): 1304-1311.

[13]HJ759-2015. Ambient Air-Determination of \Volatile Organic Compounds- Collected by
Specially-Prepared Canisters and Analyzed by Gas Chromatography/Mass Spectrometry.

National Environmental Protection Standards of the People’s Republic of China. (3



Ba 2R SR ML ) 5E HER AL (% - Bk, A NRIEAN[E [ KRB LR 3 bR
1E).

[14] Zhou Z H, Feng S. Environ. Chem. (&, D3, HEiik), 2018, 37(8): 1869-18

72.
[15] Zhou Z H, Feng S. Environ. Chem. (J&&ut, D3, HEEih2%), 2019, 38(3): 697-700.
[16]HJ 732-2014. Emission from Stationary Sources-Sampling of Volatile Organic Compoun
ds-Bags Method. National Environmental Protection Standards of the People’s Republi
c of China. ([l 75 JlUR HERIEE I HREEURIE. e NRIR [ [ 530 5 fR
L),

[17]GB14762-2008. Limits and Measurement Method for Exhaust Pollutants from Gasoline
Engines of Heavy-duty Vehicles(lll, 1V). National Environmental Protection Standards
of the People’s Republic of China. (FEH!ZE VARSI SR EHTG PR

S ETFECRE LV BrBy). e NRICHE E R A BRI FrE).

[18]Xu N B, Ying H M, Zhu L B, Yu J. J. Instrum. Anal. ({&REXE, NZIME, RANIE, 7
A BT 2ER), 2004, 23(S1): 1004-4957.

[19]Cao F F, Zhang F J, Nie X L, Li H I, Wang Y. Environ. Monit. Chin. (& /577, ik
R, Ebexs, A40F], T3, HEIAEREI), 2019, 35(4): 115-122.

[20]zhao Q, Qian F Z, Zhu L B, Chen Z Q, Wang S L. Environ. Monit. Chin. (&*f#, %%
b ORI, BRBME, TEEAR. P EIRER ), 2014, 30(3): 107-110.

[21]HJ168-2010. Environmental Monitoring-Technical Guideline on Drawing and Revising
Analytical Method Standards. National Environmental Protection Standards of the Peop
le’s Republic of China. (PRGN HT 77 bR dERMEAT HA 0. s A R A [ [H
FI B RIBRAE).

[22]DB44/817-2010. Emission Standard of Volatile Organic Compounds for Shoe-making In
dustry. Guangdong Provincial Standard. (fll¥AT %R EAYAL SR HE. |7 RE
Hu AR AE).

[23]DB44/814-2010. Emission Standard of Volatile Organic Compounds for Furniture Manu
facturing Operations. Guangdong Provincial Standard. (X H#li&iTILiE RGNS
YIHEBR e, | 2R B 1 T B ).

[24]DB36/1101.4-2019. Emission Standard of Volatile Organic Compounds-Part 4: Plastic



Manufacturing industry. Jiangxi Provincial Standard. (% & B HIIHEBARAESS 4 #5755
SRRH Ol TG4 H T BR ).
[25]DB31/934-2015. The Emission Standard of Air Pollutants for Shipbuilding Industry. Sh

anghai Local Standard. (MR MRS B HEichsiE. b i th 7 brifE).



