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In this study, the feasibility of GC-MS was evaluated for the quantification of odorous volatile organic
compounds (VOCs) in environmental samples. These included methyl ethyl ketone, isobutyl alcohol,
methyl isobutyl ketone, and butyl acetate plus benzene, toluene, and xylene (BTX). For this purpose,
the gaseous standard for these VOCs were analyzed by GC-MS with the aid of both direct injection
(DI) into the GC injector and solid-phase microextraction (SPME). The liquid phase standard prepared
independently was tested additionally by the DI method as a reference to gaseous calibration. The detec-

IG(?; fﬁ:ﬁiatography with mass tion limit (DL) values, when tested for basic quality assurance in this study, showed large differences
spectrometry between DI (0.002-0.007 ng) and SPME method (1.03-1.81 ng) in terms of absolute mass. The DL val-
Odorants ues, when expressed in terms of concentration (v/v), showed considerable improvement in SPME (below

0.40 nmol mol—') relative to the DI method (~6-15 nmol mol~1). The reliability of the GC-MS method was
further validated through an analysis of real environmental samples collected from an industrial area.
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1. Introduction

The monitoring of volatile organic compounds (VOCs) is often
considered a crucial element in the assessment of indoor and out-
door air quality [1]. This is because many VOCs exert adverse
impacts on human health and comfort, while some can also act
as the precursors to photochemical smog. Considering their socio-
economic impact, a number of VOCs have recently been designated
as criteria offensive odorants in South Korea such as methyl ethyl
ketone (MEK), methyl isobutyl ketone (MIBK), butyl acetate (BuAc),
toluene (T), xylene (X), and isobutyl alcohol (i-BuAl) [2].

MEK is released into the environment from such sources as
building materials, consumer products, and tobacco smoke [3],
whereas MIBK is released from the use of numerous commercial
chemical products such as paints, adhesives, and pesticides [4].
BuAc is commonly used as a solvent in the production of lacquers or
as a synthetic fruit flavor in foods such as candy, ice cream, cheese,
and baked goods. Likewise, i-BuAl is used as starting material in the
manufacture of isobutyl acetate in analogue to BuAc [5]. The two
aromatic VOCs, i.e., T and X are well known for their characteristic
odors in vehicular exhaust, paints, paint thinners, fingernail polish,
lacquers, and adhesives [6,7].
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Occasionally, certain agencies and authors have prescribed
the odor threshold values of these odorants in a wide range.
The values were given by the US Environmental Protection
Agency (i.e., 5400nmolmol-! (MEK), 830nmolmol-! (BuAc),
and 2900 nmolmol~! (T)) [8], OSHA (1600nmolmol-1 (i-
BuaAl)) [9], Verschueren (100-680nmolmol-! (MIBK)) [10],
ASTDR (1500 nmol mol~1 (B))[11], and AIHA (81-5400 nmol mol~!
(xylenes)) [12]. These values are much higher than reported by
Nagata et al,, i.e.,, 16 nmolmol~! (BuAc), 170 nmol mol~! (MIBK),
58 nmol mol~! (X), 330 nmol mol~! (T), and 440 nmol mol~! (MEK)
through an application of a triangular bag method [13]. In terms
of human health, these odorants can be harmful even below their
normal human perception level.

The quantification of odorous and/or polar VOCs in air has
always been a challenge because of their highly reactive nature and
presence in complex matrices at a wide concentration range [14].
The analysis of airborne VOCs is most commonly accomplished by
techniques relying on gas chromatography (GC). The combination
of GC with mass spectrometry (MS) is considered to be the most
incisive tool to determine VOCs in both qualitative and quantitative
terms with high sensitivity [15].

Depending upon the phase and/or the concentration range of
environmental samples, there are a number of options for chro-
matographic detection. For instance, direct injection (DI) with a
gas-tight syringe or through a loop system can be adopted for
highly concentrated gaseous samples [16,17]. However, in the case
of low concentration gaseous samples (e.g., sub-nmol mol~! level),
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Table 1

Basic information regarding the seven odorous volatile organic compounds (VOCs) used to investigate the feasibility of different calibration approaches with GC-MS methodology.

Order  Gaseous Concentration Compounds CAS number  Functional Acronym?® Chemical formula Structure MW Primary Secondary Retention
standard of primary group (gmol-1) quantification quantifica- time (min)
group standard ion (m/z) tion ion

(nmol mol-1) (m/z)
o]
1P 1 10 000 Methyl ethyl 78-93-3 Ketone MEK CH3COC,Hs J\/ 721 43 72 6.74
ketone
HO\\\/’/I\\\
2 Isobutyl 78-83-1 Alcohol i-BuAl CH3(CH,);OH 741 43 74 6.96
alcohol
/L)(],\
3b Methyl 108-10-1 Ketone MIBK CH3COCH,CH(CH3), 100 43 58 and 100 9.49
isobutyl
ketone
[0}

4P Butyl acetate 123-86-4 Ester BuAc CH5COO(CH> )3CH3 )LQ/\/\ 116 43 56 and 73 10.88

5 11 20000 Benzene 71-43-2 Aromatic B CsHg © 78.1 78 51 8.13

6> Toluene 108-88-3 T (CHs3)CgHs © 92.1 91 92 10.39

7/ p-Xylene 106-42-3 X p-(CH3),CeHy : 106 91 106 12.59

2 Acronyms for seven compounds used in this study.
b All compounds except order numbers 2 and 5 were recently added as criteria offensive odorants for malodor regulation purposes by the Korean Ministry of Environment (KMOE) from the year 2008.
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