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Abstract: A list of volatile fatty acids (VFA) including propionic acid, butyric acid, isovaleric acid, valeric acid,
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etc. is well known for offensive odorants. The analysis of odorant VFA is a highly delicate task due to high
reactivity and unstable recovery rate. At present, analytical methods of VFA are recommended to include alkali
impregnation filter method and alkali absorption method by the malodor prevention law of the Korea Ministry
of Environment (KMOE). In this review, a survey has been made to explore various approaches available for
the analysis of VFA to include both official methods of the KMOE and others. In light of the unreliability
of those established analytical methods, it is highly desirable to develop some substituting methods for VFA.
Among such options, one may consider such option as sorbent tube (ST) sampling and cryogenic trapping-

thermal desorption technique. Moreover, procedures used for standard preparation, sampling steps, and instrumental
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detection stage are also evaluated. Application of container sampling (like Tedlar bag) is however not

recommendable due to significant (sorptive) loss in sampling and in storage stage. In the detection stage, the

use of GC/MS is recommendable to replace GC/FID due to the presence of diverse interfering substances. Thus,

it is essential to properly establish the basic quality assurance (QA) for VFA analysis in air.

Key words: volatile fatty acid (VFA), malodor prevention law of the Korea Ministry of Environment, sorbent
tube (ST), cryogenic trapping-thermal desorption, liquid-phase standard
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Table 1. Basic information of target odorous volatile fatty acid (VFA) compounds selected in this study

Short
name

Order  Full name

Chemical

CAS No.
formula

Structure

Permissible

Molecular ~ Mp, Bp, Threshold®? concentration®)

weight” °C °C —_—
Industrial Other

1 Propionic acid PPA
2 Butyric acid BTA
3 Isovaleric acid IVA

4 Valeric acid VLA

79-09-4  C3HO,
107-92-6 C4H30,
503-74-2 CsH;0;

109-52-4 CsH,00,

~“Aon
~,
A,

Ko

74.08 -20.7 141.1  0.0057 0.07 0.03

88.11 -5.7 163.7  0.00019 0.002  0.001
102.1 -29 175 0.000078  0.004  0.001
102.1 -34 186.1  0.000037  0.002  0.0009

Yg/mole

Refer to Nagata (2003): all concentrations in ppm
“Malodor Prevention law of Korea Ministry of Environment (2010): all concentrations in ppm
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Fig. 1. Schematic of sampling method for volatile fatty acid
based on alkali absorption: (A) Alkali impregnation

filter and (B) alkali solution (Malodor Prevention law
of Korea Ministry of Environment, 2010).
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Fig. 2. Schematic of sampling method for volatile fatty acid
based on alkali beads sampler by Malodor Prevention
law of Japan Ministry of Environment (Ministry of
the Environment in Japan, 2010).
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Fig. 3. Schematic of dynacalibrator for generating vapor-
phase volatile fatty acid by permeation tube device
(model 150, Valco Instrument Co. Inc., Switzerland).
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Table 2. Summary of analytical methods for odorous volatile fatty acid (VFA)
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Order Method

Advantage

Disadvantage

A. Sampling

Alkali impregnation filter &

! Alkali absorption solution

Stable sample collection

Complex pretreatment

2 Adsorption tube

Stable sample collection

Breakthrough volume and tube blank
need to be defined

3 Alkali beads sampler

Stable sample collection

Complex preprocessing
Dangerousness of handling strong acid

4 Tedlar bag

Simple sampling

Sample loss due to high reactivity
between VFA and Tedlar bag

B. Analysis

Alkali impregnation filter &

> Alkali absorption solution

Checking of reproducibility by multiple
analysis

Necessity of high experimental skill
Dangerousness of handling strong acid
Inaccurate recovery rate

6  Adsorption tube

No pretreatment needed other than blanking No duplicate analysis

Analysis VFA with VOC, simultaneously

VFA blank can exist in tube

7  Alkali beads sampler

No pretreatment needed

No duplicate analysis

C. Standard

10 Liquid-phase standard

Stable keeping
Easy preparation
Low cost

Bias due to phase difference between
standard and sample

11 Gaseous standard by vaporizing
method using liquid standard

Unstable
Bias in vaporization procedure (high boil-
ing point)

Gaseous standard using

12 .
permeation tube

Low linearity and reproducibility
Correction of emission rate from
permeation tube required
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