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W OE M T —EEEELEE VOCs AR TELA I RS . W ARS FZ M IE % £38 18 VOCs i 2R
FESEE 5 B A5 B AMT BT B IR CATI [ B A g o 3T PAMS 58 HLE AR M SRR R HAT T M 6R
TED . S5 R W IIEL: 7R LK RSD<7%; Mk M B4 0.004 pmol'mol™; #£ 0.01~1.00 pmol-mol™ ¥k
VG N & R E R BOR T 0.99; FEREIRZETE-13%~25% 2 [6], AT LA I EEH VOCs Wil Bk . W R4
RFEFEE O 500 m, FIAE 1 h PSSR 10 AR S BRAE, IF AT C~C o K26 . A LB ALY FIH R W) VOCs BEAT
TELD T I FR G0 T4 T JE X To 4 U HER VOCs II7E & il .

KEEIR mEE R ZACREEEIE; BHLEHER; BAMEEIY); ESAEL I

¥ KA M5 YL W) (volatile organic compounds, VOCs) J& 8 76 i F A28 KK F 70 Pa,
JE b A5 7E50~260 °C LA A HLE &Y. VOCs 1R PM, A1 O, AU EE ZERTUR AR, 2xXF KA EREE A
N AR e B0 ARk, TolkJi vOCs HEilce A B BN, B2 ih 3K E VOCs HEL Y 32 2k
PP AT VOCs HE bR 1A AN e HRGIR AN, AP 2 M TC S HEGE . T BRI
VOCs HAYIRAZEZ | HEmOC R | HRBCE R AR R, O S 7 0 W DU X JE O, AR X kA7
WS FD A RIS A TC A 2L HE i VOCs I SIS JeBF, Sy UG R . T A HEG 4 4 S5 ),
R, Xk VOCs HE i 42 w4 X 38 F 47 52 i O 21 2UHE 0 VOCs Wi, B it 1 i 34 855 v A [ 4
VOCs 2841 O, Bi7 1k BRI DL R A Al e 3 i e 5, HLA B2 5L

HAET, fLT) VOCs Wil 7 =] 3 R sl o £k 11 3 RIEP, s WE I SLRT DLy Ay g 2 i Wi il A
LI B L R I Sy ) S B O AR R B A U QSR A TR AR AN AR
SR 5 WA 6 1S 6 = HEAT 3 AT o XD I kR R SR A, LT B S e = S T A £/
WS BEA: 2020-05-29; sRAAEEA: 2020-09-14
EEWE: NI RITH (201710010005); )78 4 8 QU &3R5 H (2020B1111360002)
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TEEC R AT SRR R . PRREAR S SR, % W I Ty I R AR A Ol R — B R Be ) VOCs,  H:
FRAE AN HLAT I ebE s B O 7 J0 vk Wi 8 X Bk VOCs R B2 A% 4 s U ief 45 AR AR T8, 78 28 45 W8 Ik GC-
MS!20 R R AR X GCPH S5 A 2 A3 T AN A 0 A7 AT W A AT o 3k el AW I D R RE
W B B B R AR W, B B A BRI o (R MDY B — , xfE DLGE i —A 7 & 1Y VOCs
21 A5 AR T OO0 S IR 3 DX T A A I O o R W SR T O B G R e B AR 2T SO
MW%HE%L%ﬁHmME%ﬁ”MWO%WWﬁ%ﬁﬁm,ﬁ@wSMW%f AR AT B

. (HRREE SN AP g BB X A 1T AR Y LA 7 SR A 0 o A O D) SRy 24 AR AR A L A
ﬁmJEéum@@Wm @LHWWOQ%WWWMWM% JWHIBR, i, feigiE
SRAELMEI , (R TCIL AT A oy AT

ZE LTk, B VOCs w5 42 W I 77 2 v A7 76 W D07 55 18 /0 7 T W D0 A G 1k XoF AR T
VAT A 5 Sy BEROMERL . PRI, m%%QSWMﬁ%ﬁMmi@f o o HEER AN AR 5 1w W A
o PR R M IN G B, AT AT R A 7R L S W o i B 5 AN X K [l 24 s A7 VOCs W I Y
ZYiH Sentinel W1t 224512 % . Sentinel M5 RS AEALAE 1 h LN W 504~ A [R] S 7 VOCs, RFEH
Bk 500 me HJE, ZRGKI RN 1~100 pmol-mol™, Jeik#E4T KMk B vOCs Wil , H HAae% X+
FEEY AT E BT, TCIRXTRANR A VOCs AT e

RS A AT AR XA T 2R F S VOCs 3E 2 fr 4 W, AR A ff FH 248 % K
PRSI R e B AT IR S RAE, BRI E S M rEae AT 0] BT (5 o — B I & 208 1A
VOCs % ZL7E 26 W R 48 (LA F R R M0 2R 50). Wil 32 45838 1o XF PAMS S5 A ML A% S0 R AE 434,
HEIHAERERE bR, LISAE T VOCs R4k Wil it =%
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BB PV REMORAC LY VOCs W) i A X VOCs Fig. 1 Schematic diagram of the remote and
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% (SMCAHRAF, HA), RIUH M RIFEE
PO S VIR 7/ 2 N = R S B A 1
e fb ) & BB B E . Rt hZERER
S IF ) PN 58 B 10 AN [A] s 7 1 R B, FREE
IR RAEE IR IR, M LS
FIEBE A . R RN A% . 2 IR A
BHME N 6.35 mm, HEEE 1 mm, 1 500 m;

AR UL S A IRA R, ) SRR

2 R RS

4 28.0 L'min ' AT 500 m R AL < 1041yl
I, SRAEAE F I 7R B SR AR P RN, B2 RHESEHE
1.9 L-min'y 500 m RALSIEFL N 741, DL/ Fig. 2. Schematic of the sampling system
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(R[] Ry 234 s, B AE 0 i R] P R B A

T oRAEZE B A 10 A SRR I8 A1 2 A T8 o SRAE2E 5 38 i H R I T 6 45 R B
10 A RAR I 5 2 Mg S T8 A 4 5 2 2 R I A o e P R e AL AN RS R
LR FE I E RN — 5B R — 8 I A HE, AR E NN ZRE S,

FE R I B S SRR S R AT SRR, HEAR SR BN T SO A R UL, AR R AR R A
IR RN B, B O DL AT o SR R R A v R I i E N AR AR, DT AR 0
AR SH#MERE, AR M SRR IC SR RN . 2 LAESRE (AR e A
A, SEED) BESAEAF AT AR T RURAE FREATARI  BREASCRAER S 0.8 L'min!, {55 iR)E
R B2 10~15's, 15 550 B R Jo i 22 R AR 10~15 s SEATRIN,  RP & AS SR AEAS DU ) 7] £ 22 75
B230s, WU FFIEREERT, fEAMER S M. 101 kPa, 7ERFE30s )5, A METSE N 81 kPa, Ko
I 22 G AT AE 45 min P95 BN 10 AN 6] 507 (7R 26 40 1T o
1.3 gL

AT 5% 6 FH L 25 S AT BAOGF F R AT IS ) S A (7 N R A AR A A BR 2 A, ) f
b VOCs M as, HMERE SIRBLE A £ 5 MO HGE P2, 1% %X BE I8 X 2 R0 VOCs HEFT & M e i
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SEEAY RS s AR ZH A B Y I B B 2 E VOCs HE4E R FETELR W R 455 40101 B 445
AR (Sabio A F], FE[E); BMSN-2 MLy (ZHERBHHEARAR, £H).

W RE s WK 1 pmol-mol ™ () 57 FZH 43 PAMS FRifESUME R RIS IEAIRA R, HE);
WA 1 pmol-mol " 99 Fv2H 73 A HILAR s o MR CRIE KA MRAIRA R, E); 465 H 99.999%
RO MEESEEGRAF, P E).,

WA PE . AR AT A AR A g s 28 B, 1 umol-mol ™ ¥ B (A v S A i SR 3 B B
PGHEFTRRRE, BB N 2.0 L-min ' A UCRE S ARG 22 8] W0 22 48 FH /027 Rk 30 ming SR
B AT ] 260 s, it SSRAE WA F AR R SR 20 kPa, ISR A R IG5 RS 33 kPa.
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T LR BEAT 5
500 m SRAFAE FPRE AL SR B 2 AR AR R TP B Ok, BETITRZ R 3 AT AR5 500 m A HA A i Ak
B, HBEREURMEAR TR R UR, ) 28 e R A s A IS AGH I 31 14 45 5 08 12 22 A1 7 i i A1
OIS S50 o 0 M 2R G A Sk B B MR A S 5 R S R AT I, AR R S SR AL AR B
5 B SR TR 2 % B SRR A R v R B O A 1 T R o R AR SR A A L o I R SR
sk B RZ I R 3 (1) TR #
L

Sf:Ml (1)

Kf: SR iR VOCs SR B 5 L o WD R G058 § IR Ve RUVAURT A5 5 i s M o WD R ok
M VOCs B {55 58 i

15 55 R Y R S VOCs 225 Wi R ZE ik Xt F SPI-MS B 461 VOCs b i) ) /0 2 & 5 SPI-MS
BRI VOCs B B . 55 50 3 R 3 A 20 =X (2) s .

p=2—= @)

Ab: DNAE S RIEIERCR sy SPIMS HAZAN VOCs {52 5 & ; M O W R G4 VOCs B
IORERETLYE

2 #HR5iTE

2.1 MMARZHREM. LMD RNR

FH W 25 82 % 0.06 umol-mol ™ PAMS 5 45 HLER bRfE S AR 43 B EAT H R R FE, FHorbr 7k, 45
T8 45 3 A o 90 3 B4 AR XS A o D 2, 15 21 PAMS A o SR R HILER Bs o SR RS E PEZS IR (W3R 1),
M 1R al A, A YR RSD<7%.

AR ¥ J3E 3] 15 e BE AR A A5 A, Ho R PAMS A o SR B B 3 2 8 0.02, 0.06. 0.10, 0.17,
0.24. 0.31 J2 0.38 pmol-mol "5 A AILA A A6 B2 Wk B2 24 0.01, 0.06. 0.17. 0.24. 0.31. 0.45 K
1 pmol-mol ™. X PAMS H i SAAR A .15 A 55 A HE 400 5 RN MILBR B o A TP A 5 S o7 LU 40 SR A 7
A3 ATASE ] A 7 R A RE A, HLES IRA TR 1. R AL, PR YA E R A KT 0.99,

WE I 2R G2 53 3 %F.0.02 pmol-mol™ PAMS FI A ST RHFE 11, 155 PAMS Al AR H 15 Fl T
fof LL A A5 5 3R S R IR 75 o RIRE SRR, 43 0% 0.02 wmol-mol ™ A5 AL A& AT RAE T,
15 20 A HLE AR AE A S B AT LU M5 5 B 5 AR IR S . PAMS FRifE SR 28 TS A 1] 3(a)
JioR, R BT 5m 8 AR AR B A0 3(b) At o AR AS I BR ) £ M b SRy 3 0k 3 3 45 TR I BR YT, A
MR R 25 R F 3 1, 250 RSP AW 0.013 pmol-mol ™' DA I ¥ REAT I F], e A5 A% I BR
4 0.004 pmol-mol ',

22 HMMAGHERBES . ESRERBENTH. EERENN

W 2R 48 % PAMS(V FE 0.1 pmol-mol™") 8% A HLGT A5 E A& (M B2 0.1 pmol-mol ™) #E 47 R A 43
Br, I R ESEEUER S 15 K, Bl A () R R YRR 5k B (LK 4). i 4
R LB, 20 P A AURPESE 7 G SR B T [ A 1% DL

I R B XF PAMS(HR FE 0.1 pmol-mol ™) S A HLEL AR IE AR (M EE A 0.1 pmol-mol ™) 5 AL 77
BT RAE 0T, —3L 7. EE A (), THEARR] 20 R BT ER B E . PAMS 544 HLEL R
SR 20 Ry AR R S Kk s A E S s, B sHamiy 5 R 1 —%. mE S b EdE
AT, W 2R G T AT W B R B S A TE 190~33%, &AW I 2R 45 10 5% BR S ik 3h 9 BN T 10%.

FH S AT PAMS(HE JE 0.1 pmol-mol ™) 5 A LA A5 #E AR (%~ 0.1 pmol-mol™) #47 T 434,
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#F= 1 PAMS FrS B MmN XL
Table 1 Test results of PAMS diluted sample
s &Y AHXTPRMERZE  RABR/(umol mol ) 77 Fil e AL

1 2-TH 4% 0.004 y=249.551x + 2 420425 0.996 4
2 ST 5% 0.007 ¥y =95257x + 905.937 0.998 0
3 i 4% 0.004 y=361.425x + 3.362.243 0.996 8
4 3% 0.009 y=465.552x + 283.246 0.998 1
5 RERICEE. 1-C0 6% 0.011 ¥=232.521x+ 1 037.603 0.995 8
6 LIS 3% 0.006 »=2892.119x + 2 894.267 0.997 5
7 LI SINER 3% 0.012 ¥=158.074x + 1 246.552 0.997 9
8 1EBERE 7% 0.013 » =86.066x + 671.171 0.999 4
9 R 3% 0.005 =2 005.573x — 13254.431 0.998 9
10 LR, ZHIR 2% 0.005 ¥=6558.624x — 28 344.486 0.999 6
11 HLpEbe . TEbe . =W be 4% 0.004 y=219.464x - 113.732 0.999 2
12 PR CHEWIOR . =R 2% 0.005 y=16219.341x — 146 784.243 0.999 4
13 IEFhE 3% 0.010 y=147.171x+1295.787 0.999 1
14 T 2% 0.010 y=3837.434x — 61 056.438 0.996 3
15 A 4% 0.010 y=217.974x — 372.583 0.999 1
16 F i et 4% 0.004 ¥ =184.071x + 5 440.735 0.998 6
17 Pt CminE 5% 0.007 y=687.545x + 8349.737 0.998 8
18 Zhfbdr . PIBRLEE 4% 0.004 ¥ =507.624x + 6444.181 0.997 5
19 LRl T 3% 0.009 y=1890.564x + 10091.348 0.998 1
20 R T gk 6% 0.011 y=6656.976x + 53850.376 0.998 0
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Fig. 3 Mass spectrum and intensity-time profile of 0.02 pmol-mol ™' of benzene gas standard
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Table 2 Quantitative error test results

75 ey FEIRZE Fre e FERTRE
1 2-TH -10%~—1% 11 HEEERE . IEEke. =W —3%~13%
2 S —6%~5% 12 A, CEEHIZR =R 11%~25%
3 i —6%~8% 13 The —1%~16%
4 ES ~7%~3% 14 SvAe S 14%~21%
5 FILIRIR O BE . 1-C 0 8%~12% 15 1E%S b 10%~20%
6 LIS —-10%~7% 16 R e 19%~4%
7 R e —4%~12% 17 F i . 2B 3%~8%
8 IEBERE —139%~4% 18 Atk 19%~4%
9 KM 1%~16% 19 ZAEE. TR 3%~1%
10 LR, ZHI% 3%~19% 20 R fi 1%~10%

3 Z5ip

1) A58 B ] 09 328 BE 25 22 38 1H VOCs 3% 2 SR HE A 2 W U R S8 R AR BE B AT 3K 500 m, JFAIAE 1 h
P52 8 10 AN ) A0 B SR, 6 A3 L 45 R 1 A T ol DX ] A B 5 i A S 8 e ) ) PN 58 I 22
A A % SR AR 2R W

)L RG A LA C~C o 2 A LB ALY R R W PR f 40 M s il 234 Jit RSD<
7%; W5 2 5t e A I BR 4 0,004 pmol-mol™; 7E Wk 4 0.01~1 pmol-mol ™ B £ 4 i H) & R K T
0.99; ERIRIEN-13%~25%., TRk IEN—13%~25%, Bl LU & VOCs 558 4% 22 7% 4k T 5 XA
MK
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Abstract In this study, an online remote and multi-channel' VOC. monitoring system is developed. The
monitoring system is mainly composed of a remote and multi-channel continuous sampling device and a vacuum
ultraviolet single-photon ionization time-of-flight mass spectrometer. The system was characterized by PAMS
and organic sulfur standard gases. Results showed that the RSD (n=7) of each substance was less than 7% and
the detection limit was 0.004 pmol-mol'. The linear range was 0.01~1 pmol-mol"' and the determination
coefficient of each substance was greater than 0.99. The quantitative error is between —13% and 25%, which
meets the monitoring requirements of VOCs in the environment. By using the monitoring system, analysis of
samples from 10 different sampling points can be completed within 1 h; the sampling sites were 500 m away
from the monitoring site. On-line analysis of C,~C,, hydrocarbons, organic sulfides and benzene VOCs have
been successfully demonstrated. This study ‘has broad application prospects in the monitoring of fugitive
emissions of VOCs in chemical parks.

Keywords remote; multiple sampling channels; fugitive emission; volatile organic compounds; continuous

on-line monitoring



