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Research of Enrichment System for VOCs in Ambient Air Based on
Adsorbent Tube Sampling/Cold Trap Focusing Method
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Abstract: An enrichment system for volatile organic compounds (VOCs) in ambient air based on adsorbent
tube sampling/cold trap focusing method was developed. The VOCs in ambient air are sampled firstly by
the adsorbent tube, and then focused on the cold trap. After the cold trap thermal analysis, the VOCs enter
the GC-FID system with the high purity carrier gas. The performance of the system was measured by using
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standard gases(benzene, methylbenzene, ethylbenzene). The experimental results show that the cold trap
designed by this system has a focusing efficiency of more than 90% for VOCs (benzene series), and relative
standard deviation of standard samples is less than 3%, and the linear correlation coefficient is greater than

0.99. The system is stable in operation, and satisfies the demand for enrichment of VOCs in the ambient air.

Key words: volatile organic compounds in ambient air; adsorbent tube sampling ; cold trap focusing; thermal

analysis; GC-FID
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HERITHERERN (Volatile organic compounds, VOCs) & R EM YR HL B 1) EZHT
R4, TSGR0 A B Y AR SCHRIE A, MR REASE AR A B XREENFEm -2 | B
Wz 4k, VOCs ByatExt AR iRt AR BIE B . FEERTT LR AR AR, TR
HE R E LI, VOCs WAEEZHSREANMEN, MNHEHFTRIBEEHYENEFIEFERENE L.

R TR R SRR E VOCs, RESX R IIMAAE R E 85 H ML, BATE % VOCs
TG EEARIRRM SRR %S W, XS A S B A S RS RS FH VOCs/
OVOCs, I##NTIE F GC-FID/MS B¢ AT (LA R B | 52 0T S48 3 7 R R 70 #8537 8%
KEHH VOCs, IS Maigim © . EEFEEHEP R (United States Environmental Protection Agency,
EPA) ) TO-17 W T — Pl TIRBE / RUBLME / SR Gl A it I 58 SRR S VOCs s 17,
SIREMET LML, WHH AR, FTHREERE. ERNSMRS, BB 2R AW ARL.
FEAEHLHN 2 ARG, HP AR EREED, M TS0/ NUEELZTT, AEHTEH
SR AL S AL RIR B ShME, SSMBC AR MR RA RN, TRE, 151
NESFHEL TAESEZ MR, SCHE R BER R0 R 4562 S il 2 i 7 R & VOCs, R4
., 5 TEBEHR .

MR T —EBRETRME R | BBFREFIENIFERSI VOCs EERS. {3 F AIE W 89 % &
LI VOCs —ZR b, RiHHE TR HIS B PRS2 VOCs R, BIHRE B IR M 48 S PR
REAFE A bR,

2 UERH5H
2.1 {YEEin&ESHE

GC-FID 43#r £48; VSO-EP B E =8 (RE Parker 247]); VMLI00.8 BRI K ERE (BHEH N
B A BRAR); SSR-25 DA EZS4k 38 (BTSHIAAR]); HARF —RH A REEEMSBE &, A,
ZARARHES M (BUEMR A A 17.44 mg/m?® | 20.57 mg/m® Ml 23.70 mg/m?, IR RFIAEFRIFTIEL
i)
2.2 REEKXFHE

BT — M ET RS R /| BPFREFNENHERR VOCs WEERS. RAHLHEARKES
HEIRB RS AH VOCs, T RAMKIRY B & WIFITK SR VOCs, B PHVERIT K VOCs BN ETE Y
GC-FID 4 R4 4.
2.3 RESBLEH

B 1 ARG SEEWE. ¥ RESERT RGN, B—F AWM, B %, R+
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) VOCs By 824, AT ZEFERIFH TR VOCs(BRIFETHCH 6 A~LA_LR VOCs), B F % VOCs
BABIFRHEM AR TENAX-TA IR, REMEEMLBE A TENAX-TA KHFHET.
F—RWE AT REFT RIS, RIER RBHRME, 58 5028 T RERME Rt
REy VOCs, ITLAK RS R IR, REN S ABEAENELR, FLMESL A MURE, &X
P8 3R S VOCs 724 I H 3% B BTy SR s

BADREW TAERAES N VOCs K, VOCs BEM VOCs #gtt = 2.

VOCs KA BN =S VOCs REZWRME F. WA 1(a) FEREE (1) PR, SOdIRESERT
BRI AKIR R EEEN ZREm A =S8R V1 V2 FIZSHER 1558208 78 0% B 7] 6 0%
TE RS, B =S A VOCs BRI & 4. B RS BR B MESRERMLS ), dREREE
IR (Mass flow control module, MFC)MFC1 # | #M = K M.

VOCs RENRKFTH RSB EREEWME FH VOCs HHIFRETMRERB+. WE 1) F
W (2) s, 8RR 7SER 1R RS AT 8 VOCs Aifth, Ead7SiEm 2 5, HEARBIRE.
BRI E LT IRRES (TR 280 C), B M T VOCs i, Bkt TR
RERDS (IR —30 C) .

VOCs # Mgt BRI £ TR BHH VOCs igtr, JFs AN@EigtEr. W& 1(a) A8 (3) Fim, #
B T E S IS (Electronic pressure control module, EPC) . 7NiEW 2 #E AR BF, B0 Bt
) VOCs AR, BRI PR T InBRES (AR 280 C), BRE TR BHHH VOCs Rt
H.

ARG KA MFC B EERERFEMBS R E, MFC SR RIER SRR R B
U, BRR RGO R HER; RSUR A EPC BB ERELBAE Gk A R E, 7253 GC-FID
WRF RS RS, BAE ARSI B KA REZ RN, e BEPC Bt B 4%
AL AT /N AT MR R R B B . M T MFC Ak, EPC BB REXE B 2 3N i O 1

ambient air ambient air

(1) —VOCs sampling
(3) — VOCs thermal analysis

vent

(2) GC
B 1 RS VOCs EERGHE. (a) VOCs REESHEM VOCs RN (b) VOCs RESH
Fig.1 Gas flow pathway sketch of enrichment system for VOCs in ambient air. (a) Gas flow pathway of VOCs

sampling and VOCs thermal analysis; (b) gas flow pathway of VOCs focusing

2.4 RPHERIZT

W T 5 REEENBAE QISR EARER/D, WESR, BNEAIEHITEEE S RN SR
M. RGBT TRBHEE, SOl R o VOCs BB RE TIPSR, PR AT 2 A B4 Gk
M. BRI T IREE, AT B NSRRI S, SFER S BAE Qi HER (BH ) .
A PFE R A T R RN VOCs, 8 VOCs Bk R T, J B RGaR HR.
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RGBT BRG] 2 P, WIEAIE. ML, ESAEHEE A ERoTiEERs. R
WAEN 1.8 mm KA IEE R BIAORL, HRAEEL. MRmSRA. RTTrHE A SRE meL, Bk
KHESZ TR L. HRTREREANS PRI, 2% VOCs MR, M F M 7 1E e 7T
fF, HERWREF X 100 C. LREIERI: RGEBTHIR PSR SARHNSEEE A —30 C; f#rd &+
BB IIRGEE 15 °C /s .
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Fig.2 Structure of cold trap module

3 LRSI
3.1 BikshFM

OV-1 BANE Ai%AE (30 mx0.32 mmx1 um, 1 E B BE 2 WAL= Y BT T2 T); FID A SRR EL: 280
C; MR WIAHEREE 40 °C, fRFF 2 min, L 10 C /min BIEBEFFE 220 C, fREF 5 min; ERHEX: BHE
g Y 2.5 mL/min . B ABAASR GEE >99.999%) . HMZEESBAE QIEEME, R
HERED. WREE RS BE 7T TENAX-TA W5,
3.2 RPREME

R BEXT TR VOCs #Fiiy 3R FRACR I T HR TR W B30 5 B (IR P B . DASRAR A i
B BRI R YRR, WMFER TENAX-TA, HlMRE N —30 C. DAG PR Zad % bt
PR TT S B R AR i (EREARAR: 500 pl, BUELMRE:  17.44 mg/m®) BRARAESMER, AR« 1
PR,

A1 AU RE&FE

Table 1 Focusing efficiency of cold trap

Benzene peak area Efficiency

with cold trap without cold trap

1 708549 738968 95.9%
2 686818 724435 94.8%
3 694422 732438 94.8%
RSD(n=3) 1.58% 1.0% 0.67%

TRAGRRY, BRI BB R R R EBRCER KT 90% .
3.3 EEMFILM
HEEWEIE, FREMOERRSER (RERESHH 17.44 mg/m® | 20.57 mg/m® 1 23.70
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mg/m®, FEREA: 5 mL)5 K, REEERKIEBME 3(a) Brm, WEERME 2 FoR, =HMPRe
e TE AR B AR X AR R 223 /N T 3% .

22 AW ELHN

Table 2 Repeatability of system

1 2 3 4 5 RSD(n=5)

Benzene 6.33779E6 6.25939E6 6.11147E6 6.23418E6 5.99793E6  2.16%
Methylbenzene 5.18681E6 5.32812E6 5.08807E6 5.18374E6 5.15809E6  1.68%
Ethylbenzene  5.11423E6 4.93864E6 5.05065E6 5.12749E6 4.99622E6  1.58%

HEEMEAFRSERRBEE, B3R RS ER (R 58 0, 1.67, 2.5, 3.75, 6.25 mL)5
W, HIEERGHREARRERME 3(b) R, =M LM R I AT 0.99 .
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Fig.3 Diagram of benzene, methylbenzene, ethylbenzene mixed standard gas experiment.

(a) Chromatogram; (b) linear curve

3.4 MIZFAKHH VOCs HELZER

ARG EER TR, FENGHRE GC-FID REH#ITaHr. WA 4 PR, REETRIHE
YT PR AT DA SE M AR RR AR B VOCs R, HIZK, ZERT Be. £7K. X ZH3R, R M4l —H
FELTYR.
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Fig.4 Chromatograms of VOCs in ambient air
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4 45 »

BT R | BBREFERITTT — PR R VOCs BERS. RICKARIEHE HER
H IO B, HIR R ERALTE 30 C, FHMMKERENREMRER. KRR AR
i, SRR, ETERmMLER. DR B ZRREIHESKRIEIBINY, S5)E% GC-FID i R4
FEHTEE. LREREHRLRBIXE R B REBRRIEE] 00% LL L REHHEM R AR iR
SRR ER M, HAAXARERZR /N 3%; REIHEA R AR REARN B2, Kt Hx
7 B VT AR TR G, HERMA R B R T 0.99 . FHIk, ARG HH VOCs REB AR
ELEL.
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