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Abstract: In this study, a number of volatile organic compounds (VOCs) including benzene, toluene, p-xylene,

styrene, and methyl ethyl ketone were analyzed from samples collected in ambient air and under the field

p

conditions. These samples were analyzed independently by two different set-ups for VOC analyses, i.e., between
[1] gas chromatography/flame ionization detector with tube sampling - (F-T system) and [2] gas chromatography/
mass spectrometer with bag sampling (M-B system). The analytical results derived by both systems showed
fairly similar patterns in relative sense but with moderately large differences in absolute sense. The results of

M-B system were high relative to F-T system with the F-T/M-B ratio below 1. If the relative biases of the
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two measurement techniques are derived in terms of percent difference (PD) in concentration values, the results

were generally above 35% on average. A student t-test was applied to investigate the statistical significance of those

differences between the systems. The results of both analytical systems were different at 95% confidence level for

toluene, p-xylene, styrene, and methyl ethyl ketone (P < 0.043). However, F-T and M-B systems showed strong

correlations for toluene and p-xylene. The observed bias is explained in large part by such factors as the differences

in standard phases used for each system and the chemical loss inside the bag sampler.

Key words: volatile organic compounds (VOCs), analytical bias, gas chromatography, percent difference
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c. TD-GC/FID (F-T) system

Loading flow rate
0.2 L/min

@ )
0L a. Sampling tube
Tedlar bag

<

b. Hand help pump

(a) F-T system

Loading flow rate
0.04 L/min

’ a. ASTD-GCMS (M-B) system

o

10 L
Tedlar bag

(b) M-B system

Fig. 1. Schematic of pretreatment analytical instrument between
GC/FID-tube (F-T) and GC/MS-bag (M-B) system.
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M-BH2] & o] 83k A|59] #2412 F-Th 3} 7o)
A2E5 gzt whale] dAE FH o= ARG
a2y F-Te $3REC A4 AsE FHAAH 4
3k whH ) M-Bol A= US EPA TO-14 W o g ®HE
gulo] 7|3 A EE A3 TDE FYshes e

A3 ol & flsl, f-EFxdEo] 7H5gt air server
(AS)E &3l 48 7% o——i AEE DOl ¢ & &
A8 Th(Fig. 1b). AS Aeel] Alg7F @71 10 L HE
WS A4S, 40 mL min'9] &0 =2 5B &
200 mL TH&-2] AJE & TDO FYsI ok, A&
o] F=ol wt A EE FYste A 548 AA
Z243) FUh. M-BE ©] &3 VOC 49 &2 &
Y&, VOCOL Zr&(length: 60 m, ID: 0.32 mm, film
thickness: 1.8 um, Supelco)S AF&3FATH E A9
48 9% F-T 2 M-BY Al £ 242 Table 3
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RE BAQRIA Pgho] 099 olite] e AMAS
BT BT 440 thdk EAAIHHLE)S

H7rst7] fal, ) E5 2 XHrelative standard error,
RSE)$} 7 & %) (method detection limit, MDL)Z 2}
%3}tk RSESF MDL 53, v At} Hrls)]
= o7 AgPelh RSExE BFAIEE E4351y
ARFAS g ), Fse dFshs EEAE
(40 ngyE 33] WHE BA3h= Wo g 13t L 4
3}, RSE %2 Ba-d o= 712} 0.09+0.02~ 3.99+4.25%
ARH 2 5% o] o] SHHARI F+F 2 et
AZEME A8 A ARE3E 2 AR5 Ha
FTE FFEYEE H}E‘fﬁ"“)a 73] WhEate] A%
Z, o] kel BFEHALO) 99% A FHFFo) M 9 -3kl
3.14%5 F3lo] ARSI L A3 MDL &2 A%
(ng) TSI = ¥ abH 0.05+0.0005 (styrene) ~ 0.16+0.03
(methyl ethyl ketone) ng® UEFSITH A|F2] & |
pLo 2 Zhekshd, &3] 7129 FE& 0.0120.0001
(styrene) ~ 0.03£0.01 (methyl ethyl ketone) ppb®l 3l &
R=

M-BE 7%= A59 £4& 218332} 50 ppb
FEWO 7IAd FFAIEE 40 mL min'9] F52
21,2, 4, 2087 F4ste] AAFA AEE A
2 A, o] ARoA rPRte] 0990130 E He
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Table 3. Experimental conditions of instrument between GC/FID-tube (F-T) and GC/MS-Bag (M-B) system
(a) F-T system

Initial temp. 50 °C
Hold time 5 min
. 0, . 71
Oven Ramping rate 6 C min
Final temp. 230 °C
Ge Hold time 5 min
Total running Time 40 min
Temp. 240 °C
EID H, flow rate 30 mL min™!
N, flow rate 29 mL min™!
Air flow rate 30 mL min!
Sampling tube desorption temp. 300 °C
Sampling tube hold time 10 min
™ Cold trap temp low 5 °C
Cold trap temp high 300 °C
Cold trap hold time 5 min
Flow path temperature 120 °C
(b) M-B system
Initial temp. 35 °C
Hold time 4 min
o Ramping rate 4 °C min™
ven Final temp. 200 °C
Hold time 10 min
GC Total running time 55.25 min
Ionization mode EI (70 eV)
ITon source temp. 200 °C
MS Interface temp. 200 °C
TIC scan range 35~250 mz"
Threshold 100
Cold trap temp low 5 °C
AS/TD Cold trap temp high 300 °C
Cold trap hold time 5 min
Flow path temperature 120 °C
o) & Zerstol, GOFID-FAFE BARe] F7b & HAskgle. olel e A48 o, U LHN
AT A EEARS] FER|E Helsks WM EEAR Aol ke 24 rha
FMES AW B FRRAS AARA & 0% =4 EAY £ drke B2 HAY A
A, AFEEAEE o &8t FAFEA 10, 20,
40, 100, 200 ng W5 A7 W]z 233 32. F-T&} M-B ZuZke| AMHA H|m
o 7IAE REARE A AR 20 fA15H) 2 Aol e t718d B 54 S dols A
9, 79 AUFe FAG fEow ARAYT. 2 S FIANRE AHSIL, o/ F FTo MB A2H
93 oSS FAFHA FHAATE WHOZ M@ £ ol§ste] VOC ADe] HEES BN ol

234 9tk 2 A%, BTXE NE AR 9 2 Axe Bo GOFDAAE F3
sk E Aol EAUA A9 response factor f FHS TDE AAIS Al2"(F-THH)o g2 B 2 7
R A Z1A G ETE oF 24 o] =A vEhvte A 98 43T GOMSE ¥ A|EE AS/TDY| A

N
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Table 4. Comparison of VOC concentration data between GC/FID-tube (F-T) and GC/MS-Bag (M-B) system in this study

Sample Experiment F-T system M-B system

number  Code B T p-X S MEK B T p-X S MEK
1 0.02 856 1.59 1.47 0.05 0.03 82.1 5.69 0.02 1.51
2 0.02 118 1.00 1.59 0.05 0.03 6.28 1.08 0.02 0.49
3 A 002 165 2.06 1.12 0.05 0.03 10.7 1.96 0.02 0.71
4 0.02 260 2.66 1.82 0.05 0.03 243 3.30 0.02 0.62
5 0.02 354 2.67 1.94 0.05 0.03 34.6 3.00 0.02 0.63
6 028 712 0.43 0.23 1.42 1.39 12.8 0.69 0.02 5.67
7 1 21.5 120 0.01 0.01 0.03 46.0 141 17.8 0.02 82.8
8 164 843 0.01 0.01 0.03 24.5 81.8 6.98 0.02 51.9
9 6,788 438 38.8 3.39 0.04 7,539 431 52.7 0.002  0.003
10 151 5.71 0.69 0.05 1.68 15.3 6.67 1.13 0.002  0.003
11 002  7.78 2.20 0.23 0.05 0.87 19.0 4.75 0.002  1.59
12 002 576 1.84 0.56 0.05 0.84 10.6 3.43 0.002 238
13 0.02  0.02 0.03 0.14 0.05 0.003  1.39 0.83 0.002  0.63
14 074 049 1.15 0.23 3.16 0.003 1.63 227 0.002  3.65
15 0.02 430 0.97 0.47 0.05 0.81 9.39 2.79 0.002 225
16 S 285  0.67 0.84 0.13 0.05 0.003 240 1.34 0.002 126
17 002  7.79 19.8 12.7 7.92 0.003  4.79 13.8 0.002 938
18 0.02 247 1.65 035 0.05 0.003  9.54 0.002  0.002 242
19 0.02 341 1.54 0.16 0.05 0.003 778 1.93 0.002 111
20 0.02 567 2.18 0.36 0.05 1.10 10.8 0.002  0.002 0.86
21 0.02 145 131 0.28 0.05 0.003  2.70 2.13 0.002  1.83
22 0.02 201 1.52 1.69 0.05 0.03 0.81 0.54 0.02 1.69
23 X 0.02  6.09 6.41 0.33 3.50 0.03 0.86 1.77 0.02 1.68
24 0.01 1.53 0.19 0.01 0.03 0.04 6.43 1.64 0.02 1.82
25 Y 0.01 221 0.97 0.01 0.03 0.04 132 6.07 0.02 10.6
26 0.01 444 1.09 0.51 0.03 0.04 9.89 3.23 0.02 4.72
27 0.01  1.84 0.23 0.01 5.49 0.03 1.95 0.89 0.02 6.56
28 z 0.01  4.03 1.36 0.16 5.84 0.03 2.80 2.16 0.02 6.45
29 0.01  4.53 0.80 0.66 7.16 0.03 2.99 1.42 1.18 11.1

g M-BUA o2 EA45 FPsddrh aea sdd
AAFE A7 Ao A st EA50E o,
AlFe] 9 B EAY 7He] ApolE HelHh
2009 11€5E 2010 2€7b4] of 3709 &<t 7
N E7e AELOETE SEE F 29709 VOC A
E5E BMS 2GS Table 49 A A AT 28] 2
& 7171708 AAAE Bt f4A seFstaly, Fig 2
o} Zro] A RS TEREE 2R AASAT
22 AF, benzene A F-TeF M-BE ©]-8-3F 44
7} % A (ambient air), X (urinary odor-1), Y (urinary
odor-2), Z (urinary odor-3)9ll4] 25 A& o]tz
e TR 23y 9% A] S (charcoal combustion gas)
o] 7% F-T9 M-BolA 77} 6,788 7,539 ppbE

S
=
o
Z
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T A" BEOA FEd] =2 AR g Hole
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oA F-T<} M-B Al =6 9] #4723} toluene©] 77}
4383} 431 ppbZ YERFHA ZAFSE 7S BT
3l toluene &%=+ 7¥ Al FE(industrial odor)ell A 120
(F-T)Z 141 (M-B) ppbE, 8% A] E(industrial odor)®
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Fig. 2. The pattern of 5 VOCs concentration in 29 samples between GC/FID-tube (F-T) and GC/MS-Bag (M-B) system.
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Table 5. The results of correlation analysis for the main target compounds between GC/FID-tube (F-T) and GC/MS-Bag (M-B) system

F-T systme M-B system
T p-X S MEK B T p-X S MEK
r 0.820*  -0.153  -0.916  -0.350 0.899 0.804 0.757  .(a) 0.983**
B p  4.57E-02 847E-01 8.44E-02 7.73E-01 1.01E-01 5.38E-02 8.16E-02 . 2.58E-03
n 6 4 4 3 4 6 6 0 5
r 0.887%*  0.187 0.008 0.941%%  0.985%% 0.961** (a) 0.927**
T p 1.66E-09 3.94E-01 9.85E-01 4.84E-04 3.26E-21 6.91E-15 .  1.09E-11
n 26 23 8 8 28 26 1 26
r 0.580%*  0.520 -0.451  0.863** 0955** (a) 0271
F'tT p-X p 3.71E-03 1.86E-01 3.69E-01 1.40E-08 4.52E-13 .  2.01E-01
system
Y n 23 8 6 26 24 1 24
r 0.621 -0.723 0.178 0384  (a) 0.430%*
S p 137E-01  1.05E-01 4.07E-01 7.75E-02 .  4.60E-02
n 7 6 24 22 1 22
r % -0.479 0.587 .(a) 0.754
MEK p ) 229E-01 126E-01 .  5.02E-02
n 2 8 8 1 7
r 0.939%*  0.875%% (a) 0.996**
B p 539E-04 9.90E-03 . 1.94E-06
n 8 7 0 7
r 0.960** (a) 0.835%*
T p 2.55E-15 . 6.05E-08
M-B n 27 1 27
system r (a)  0.754%*
p-X p . 1.36E-05
n 1 25
(a)
S p
n 1

*Correlation is signification at the 0.05 level (2-tailed)
**Correlation is signification at the 0.01 level (2-tailed)

I M-Be] A3} gho] dnpgtE AolE HoleA At SR YEpth et F AE" ] R fhe]l 2
3l7] 98k, BAIAQ] ATS A =EkTh TS Al zlo] 2 Holx] ke Aow kst 5 9l whd,
ol tigt E4A 7S Zolo g F/8S Atst toluene@t p-xylene> -] AlgolX TEE 274
7], ttest & AP E A=A 2 ARSI SFRA3L, 5 ppb o] W& g AR Rt 1
W ttestE 95% A F ST AR 2 A3, U F-TS M-B¥2 o2 3 A3t zpel7F 27] uf
benzene d -2 GC/FIDS}F GC/MS Al 2=Hl-& o] &3t 2o, & W27ke] zpol7t fol st A& ekttt

Az} gholl A FAzre] Zpol7} ettt & 4 Qe olg gk FAA Zolol] thgt wWE ol =, 7t WAl e]
Ao 2 e THP=0.285). WHH, toluene, p-xylene, T e U FHAH S BAsAT o] & {9,
styrene, methyl ethyl ketone AJ ol A& 95% A& 4= AEAE Bl A3 e AQJstar, 1 o)de] &%
FolA 7 A" A3 zpol7t o7 Ao E #e B AFRES FHOE AAEAS AAEHATE

EFTHP < 0.043). ©]2]3t A= benzene] ¥ w42 (Table 5). 94 %) wet F-T¢ M-B 49 5%
I 5, 15%7F AESH ©l8 g Bl W, 3EE #7re] AABAE BUS o, toluene (P= 3.26E-21),
AZES A B (n=5)= F-T9 M-B 54 fFASE & p-xylene (P=4.52E-13)9l1 4] 733t 284S B th(Fig.
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Fig. 3. The results of correlation analysis for toluene and p-
xylene between GC/FID-tube (F-T) and GC/MS-Bag
(M-B) system in this study.
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Fig. 4. Comparison of percent difference values among 5 volatile organic compounds using 29 samples (after excluding the
method detection limit values).
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