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ABSTRACT. Performance of a portable GC that can be utilized for the real time determination of volatile organic com-
pounds in air was evaluated. It employs purified/compressed ambient air as the carrier gas eliminating the need for high pres-
sure gas tanks. The compact system with dimensions of 35 x 26 x 15 cm® and weight of 5 kg is powered by either a 24 V DC
external adapter or battery pack. Chromatograms of the mixture sample including benzene, toluene, ethylbenzene, and o-
xylene at concentrations of 1 ppmv and 20 ppmv represent a good reproducibility: 3.79% and 0.48% relative standard devia-
tions (RSDs) for peak area variations; 0.40% and 0.08% RSDs for retention times. The method detection limit was 0.09 ppmv.
A 30 m long, 0.28 mm I.D. column operated at an optimal condition yielded a peak capacity of 61 with good resolution for a
10 min isothermal analysis. The relative standard deviations (RSD) of the peak area variations and retention times during con-
secutive measurements over 27 h were less than 2.4%RSD and 0.5%RSD, respectively. Thus, this instrument makes it suit-
able for continuous and field analysis of low-concentration VOC mixtures in the indoor/outdoor environment as well as the
spillage accident of hazardous chemicals.
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GC= AMZ7] loop, 10-port valve, electronic pressure control
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Figure 1. (a) Schematic diagram of a portable GC with ambient
air as the carrier gas. Photographs of a portable GC showing (b)
complete system with built-in tablet computer and (c) field mea-
surements. EPC, electronic pressure control; PID, photoioniza-
tion detector.
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%RSD of peak area
MDL = 100 x conc.(ppmv) x 3.14
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Table 1. Operating parameters of the portable and benchtop GCs.
Fd¥ GC/PID A8 GC/MSD

Column MXT-1 (30 m * 0.28 mm * 1.0 pm)
Carrier gas Ambient air He
Detector PID (40 °C) MSD (70 eV)
Column temperature 80°C
Head pressure 24 psig 17.4 psig
Sampling loop 100 puL
(@) 5 — 1 ppmv
— 5 ppmv E
— 10 ppmv 0-X
— 20 ppmv
— 50 ppmv
A A
(b) — 1 ppmv

— 5 ppmv

T
— 10 ppmv
— 20 ppmv
— 50 ppmv

1 2 3

K

Retention time (min)

0-X
5
Figure 2. Isothermal chromatograms of benzene (B), toluene
(T), ethylbenzene (E), and o-xylene (0-X) measured with (a) a

portable GC and (b) a benchtop GC/MSD. Operating condition
is summarized in Table 1.
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Figure 3. Calibration curves of benzene vapor ranging from 1
ppmv to 50 ppmv obtained from the portable and benchtop GCs.
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Figure 4. Stability test of a 4-component aromatic mixture for 7
consecutive measurements: (a) response peak intensity; (b) reten-
tion time ( Il : benzene, @ : toluene, A: ethylbenzene, % : o-xylene).
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Table 4= F1& GCo} A4 GC YHAZETNAE
Aste] v]aLal Aol WA A GCE BTEo-X g?:.u]
(ZF 20 ppmv)E- 73] =A% |3 WA 7o) Adl
ZEE WMA0.81 ppmv), EFA(1.15 ppmv), o
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AN RS ThA] 73] 243 A3} WAI0.06 ppmy), S50

Table 2. Calibration data of benzene, toluene, ethylbenzene, and o-xylene in the concentration range of 1~50 ppmv.

Conc. Range &8 GC/PID Agilent 7890B/MSD
Compound 5 5
(ppmv) Slope Intercept R Slope Intercept R
Benzene 1~50 829.15 -259.91 0.9990 1014611 -685559 0.9999
Toluene 1~50 704.92 -295.64 0.9984 1210961 -2083158 0.9989
Ethylbenzene 1~50 864.32 -206.48 0.9983 2082582 -3156471 0.9993
o-Xylene 1~50 867.84 -178.90 0.9974 1982428 -3509574 0.9988
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Table 3. Reproducibility of peak area and retention time (RT) of benzene, toluene, ethylbenzene, and o-xylene at concentrations of 1 ppmv

and 20 ppmv
1 20
Compound ppmy PPy
Area %RSD RT %RSD Area %RSD RT %RSD
Benzene 466.93 2.06 106.79 0.10 17147.57 0.35 107.32 0.08
Toluene 402.78 227 155.46 0.35 14702.23 0.26 156.41 0.08
Ethylbenzene 597.66 3.79 240.36 0.37 18227.76 0.35 242.54 0.08
o0-Xylene 502.20 2.49 283.84 0.40 18638.37 0.48 286.23 0.08
Table 4. Comparison of method detection limit (MDL) between
the portable GC and benchtop GC B
Agilent 7890B/MSD 53 GC/PID
Compound A3 A3 2 Al 3
(20ppmv) (1 ppmv) (1 ppmv)
Benzene 0.81 0.06 0.04 2 T
Toluene 1.15 0.07 0.04 8
Ethylbenzene 2.09 0.04 0.09 =
o-Xylene 2.66 0.03 0.06 E m-X
0-X
g o] C,H;Cl
(0.07 ppmv), | 2 #181(0.04 ppmv), 02t &1(0.03 ppmv)©] | k
WA EAA gol Aolth FHE GCo| ASol= F | | , , ,
A% AF B3 S Fotol AEAAS 2T 5 Ao 0 2 ‘ ¢ 8 I
71 Azk= #WA0.04 ppmy), EF(0.04 ppmv), of =l Al Time (min)
(0.09 ppmv), o-AL@(0.06 ppmv)o] it o3+ A= Figure 5. Isothermal chromatogram of a benzene (B), toluene
- - T), ethylbenzene (E), m-xylene (m-X), and o-xylene (0-X) mix-
Q =0] = == == o3} (
38 GCo HEdA et disst 2o 5584 glol ture (5 ppmv each) at 50 °C column temperature.
7] F VOCsE ppb 02 ST 4= o2 dASste
Aoltk. 53] vlw =9 AP YA A2 (NIOSH)of|
HE o] A4S A7 7% Bt e 7]ETWA)E 0.1 30mo] e BEL o] Fok 2ul Fhao] BE KEDS

M A =AM HE 28 HIt

Fig. 5= A9 a 842 H715H7] $130 5 ppmve] BTEm,
0-XZ 50°C0] 2o zAo|A =A3 A2ubE To|c}
Z 9] head pressure+= 8 psigo|t}. ZF T ] HEES A7
o} H]—;‘(]_XEO z;qo].oz] Aol aLAHL F7IE 4= Y=
2 AASHo] Table 59| A 2]3F A Tt

—r‘ﬂ.l]

Column length (L,cm)
t

u(cm/s) =
o7\ 1 AW AR AT Fgo] 7o) g AL
2 el SRR MCHCNY| B 75 Altolt}. Fig.
501 A tw=44.7s o] B2 ji= 3375 em/sY S & 5= Qi

HEE A= GC 7] s &zt o] 8=
Z0% AER 54 4o o] FAbol A B RE A7} du
al

Aol A W2 A7k 12 Uhehd gholct.

Table 5. Column efficiencies including retention factor, peak capacity, and resolution calculated from the experimental data of Fig. 5

Benzene Toluene Ethylbenzene m-Xylene 0-Xylene
Retention time, . (s) 117.0 230.8 460.0 491.8 582.8
FWHM, w1z (s) 533 8.24 8.75 9.79
Average flow velocity, i (cm/s) 33.75
tr—tm (S) 72.55 186.40 415.55 44735 538.40
Retention factor, & 1.63 9.35 10.06 12.11
Resolution, R, 18.9 2.2 5.8
Peak capacity, 7. 9 52 54 61
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Figure 6. Stability test of a 5-component aromatic mixture for
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intensity; (b) retention time ( [J : benzene, A : toluene, O : eth-
ylbenzene, x: m-xylene, V : o-xylene).
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