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Abstract: In this study, analytical methodology for several organic fatty acids (OFA: propionic acid (PA), butyric
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acid (BA), isovaleric acid (IA), and valeric acid (VA)) designated as new offensive odorants in Korea (as of
year 2010) was investigated along with some odorous VOCs (styrene, toluene, xylene, methyl ethyl ketone,
methyl isobutyl ketone, butyl acetate, and isobutyl alcohol). For this purpose, working standards (WS) containing
all of these 13 compounds were loaded into adsorption tube filled with Tenax TA, and analyzed by gas
chromatography (GC) system thermal desorber interfaced with. The analytical sensitivities of organic fatty acids
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expressed in terms of detection limit (both in absolute mass (ng) and concentration (ppb)) were lower by 1.5~2
times than other compounds (PA: 0.24 ng (0.16 ppb), BA: 0.19 ng (0.11 ppb), IA: 0.15 ng (0.07 ppb), and
VA: 0.28 ng (0.13 ppb)). The precision of BA, IA, and VA, if assessed in terms of relative standard error
(RSE), maintained above 5%, while the precison of other compounds were below 5%. The reproducibility of
analysis improved with the aid of internal standard calibration (PA: 1.1£0.4%, BA: 10+£0.46%, 1A: 12+0.3%,
and VA: 4+0.1%), respectively. The results of this study showed that organic fatty acid can be analyzed using

adsorption tube and thermal desorber in a more reliable way to replace alkali absorption method introduced
in the odor prevention law of the Korea Ministry of Environment (KMOE)

Key words: organic fatty acid, offensive odorants, thermal desorber, Tenax TA, internal standard
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Table 1. Basic information of target analytes investigated
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a. Target compounds and the stock solutions used for the preparation of standards

Order Group Full name Short name MW,, De“S'fZ Formula CAS number Reference?
(gmol™)  (gem™)
1 Styrene S 104 0.91 CsHg 100-42-5 2005
2 Toluene T 92.1 0.87 C,Hg 108-88-3 2008
3 vVOC p-Xylene p-X 106 0.86 CsHyo 106-42-3 2008
4 m-Xylene m-X 106 0.86 CsHyo 108-38-3 2008
5 o-Xylene o-X 106 0.86 CsHjo 95-47-6 2008
6 Ket Methyl ethyl ketone MEK 72.1 0.81 C4HgO 78-93-3 2008
7 SONC Methyl isobutyl ketone  MIBK 100 0.80 CeHiO  108-10-1 2008
8 Acetate  n-Butyl acetate BuAc 116 0.88 CsH 120, 123-86-4 2008
9 Alcohol  Isobutyl alcohol i-BuAl 74.1 0.80 C4H,00 78-83-1 2010
10 Propionic acid PA 74.1 0.99 C;HgO, 79-09-4 2010
11 Acid Butyric acid BA 88.1 0.96 C4Hz0, 107-92-6 2010
12 “ Isovaleric acid IA 102 0.93 CsHi 0, 503-742 2010
13 Valeric acid VA 102 0.93 CsH, 00, 109-52-4 2010

*Effective time schedule for the control of offensive odor by the odor prevention law of the Korea Ministry of Environment (KMOE)

b. Internal standards

MW Density

Order Group Full name Short name o 3 Formula CAS number
(g mol™) (g cm™)
1 Mesitylene M 120 0.86 CoHy, 108-67-8
2 VOoC Chlorobenzene CB 113 1.11 C¢HsCl 108-90-7
3 Nitrobenzene NB 123 1.20 C¢HsNO, 98-95-3
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Table 2. Information of five concentration levels of working standard containing 16 compounds (unit: ng pL.™")
Order Approxim'ate vOC Ketone  Acetate Alcohol Acid Internal
concentration § T p-X m-X o-X MEKMIBK BuAc i-BuAl PA BA 1A VA M CB NB
1 10.0 9.90 10.0 10.0 10.0 10.0 10.0 9.85 10.0 992 9.80 9.50 9.16 9.21 33.9 44.0 47.5
2 20.0 19.8 20.0 20.0 20.0 20.0 199 19.7 20.0 198 19.6 19.0 18.3 184 33.9 44.0 47.5
3 40.0 39.6 40.0 40.0 40.0 40.0 39.8 394 40.1 39.7 392 38.0 36.6 36.8 33.9 44.0 47.5
4 100 99.0 100 100 100 100 100 98.5 100 992 98.0 950 91.6 92.1 33.9 44.0 475
5 200 198 200 200 200 200 199 197 200 198 196 190 183 184 33.9 44.0 475
O E ©]8314, 300 °C =004 ¢ 2417 = 28t A2EF €22 7] (thermal desorber (TD),

AYMY S AA8ke] 71328 blank JEI 2 FH8HA
th z2e]ar Z4zke] A Ao {FE uegk(blank)®] o
AEE AFsA AR FAFEE IvE Ea

Aol A48k, a5 100 mL min '] f&Ho®

EAFAT 22 A7) sl A4 BEAE
& WPAHAE o83k 1 pLwkg AF AT A
A N Ee AaE FoFe 24499 FAFE
ol sl FA. o] W, A& ETANEE Al
7] 913l 8ol A 2 A-&-3F methanol®] 7H& Hol
FoaAh A ES FUR F 5 223 AwE AAE Y
EHFAUT 5 2ol Avpd, FAFES g9

Table 3. Experimental conditions for the operation of GC
and TD system for the analysis of working
standards containing VOCs and organic fatty acids

WAX (Length: 60 m, ID: 0.25 mm, Film

Column thickness: 0.25 pm, Chrompack)
Initial oven temp. 50 °C
Initial hold time 5 min
Rate 6 °C min™'
(s}}f;:ri? Final oven temp. 230 °C
Final hold time 5 min
Total time 40 min
Detector temp. 240 °C
Sampling tube desorption 280 °C
temp.
Sampling tube holding time 10 min
Cold trap temp low 5°C
Thermalb Cold trap temp high 300 °C
desorber Cold trap hold time 5 min
Valve temp. 120 °C
Transfer line temp. 120 °C
Minimum pressure 10 psi

*Model: DS-6200, Donam, Korea
®Model: Unity, Markes international Ltd., UK
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model: Unity, Markes, UK)°ll &2}+3le] 280 °C2] 2
L2 FEFHE ¢kl EEANEES ST WHeR
A4S AT 771 GC (Model: DS-
6200, Donam, Korea)®ll flame ionization detector (FID)
£ 3 Axgoz BAssT, AR Relg 9
3l WAX column (Length: 60 m, ID: 0.25 mm, Film
thickness: 0.25 um, Chrompack, USA)=S ©] &3} %1 th
o] Al AAT TD9 GC/FIDO| w4 x71e
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Fig 1. Chromatograms of liquid-phase standard containing
aromatic VOC, organic fatty acid, and internal
standards with (a) short retention time (RT < 20 min)
and (b) long RT (> 20 min)
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Fig. 2. Comparison of response factors derived from working
standards containing 13 compounds (external
calibration): (a) VOC group, (b) ketone, acetate, and
alcohol group, and (c) acid group
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Table 4. Calibration results of working standard (WS) containing VOCs and organic fatty acids

(A) External calibration results

ARE O

o= T

AFAAE Bo) 1A AR
RSE 752 H9T} PA 321%)E A
RSE #kol 8.02%

External

RSE MDL Retention time
Order Short name .

RF (%) (ng) (min)

1 S 99547 0.9983 1.95 0.07 16.5

2 T 52976 0.9999 1.70 0.14 10.1

3 p-X 51751 0.9998 2.35 0.14 12.8

4 m-X 53507 0.9998 2.50 0.13 13.0

5 0-X 52158 0.9999 1.92 0.14 14.4

6 MEK 50337 0.9952 1.14 0.14 6.96

7 MIBK 61474 0.9987 1.32 0.12 9.26

8 BuAc 56521 0.9982 1.81 0.13 11.0

9 i-BuAl 72008 0.9981 0.84 0.10 11.6

10 PA 30615 0.9956 3.21 0.24 24.1

11 BA 38069 0.9959 8.02 0.19 26.2

12 1A 47890 0.9918 14.0 0.15 27.1

13 VA 25712 0.9844 5.08 0.28 28.6

(B) Internal standard calibration results
Internal standard calibration
Order Short name M CB NB
RF r RSE (%) RF r RSE (%) RF r RSE (%)

1 S 1.096  0.9985 0.27 1.713  0.9984 0.23 1.831 0.9985 0.67
2 T 0.583 0.9999  0.54 0912  0.9998 0.15 0.975 0.9999 0.94
3 p-X 0.570  0.9999  0.81 0.890  0.9999 0.93 0.952 0.9998 0.81
4 m-X 0.589  0.9999 1.03 0.921 0.9999 1.16 0.985 0.9998 0.98
5 0-X 0.574 0.9999 029 0.897  0.9999 0.20 0.960 0.9998 0.69
6 MEK 0.555  0.9944 1.24 0.866  0.9952 0.80 0.927 0.9938 1.59
7 MIBK 0.677 09988  0.92 0.866  0.9952 0.46 1.131 0.9986 1.33
8 BuAc 0.622 09984 041 0972  0.9983 0.10 1.040 0.9984 0.81
9 i-BuAl 0.793  0.9984 1.39 1.239  0.9982 0.91 1.325 0.9984 1.79
10 PA 0337  0.9957 1.13 0.527  0.9952 1.55 0.563 0.9957 0.75
11 BA 0419  0.9960 10.3 0.655  0.9961 9.83 0.701 0.9957 10.8
12 1A 0.527  0.9924 124 0.824 09917 12.7 0.881 0.9927 12.1
13 VA 0283 09850 4.11 0.442  0.9842 4.24 0.473 0.9855 3.94
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Table 5. Comparison between external and internal standard calibration results in terms of mean relative standard error (RSE)

values
External calibration Internal standard calibration
Order Group CB NB
name Mean SD
Mean SD Mean SD Mean SD
1 vVOC 2.08 0.33 0.59 0.33 0.53 0.48 0.82 0.14
2 Ketone 1.23 0.12 1.08 0.22 0.63 0.24 1.46 0.19
3 Acetate 1.81 - 041 - 0.10 - 0.81 -
4 Alcohol 0.84 - 1.39 - 091 - 1.79 -
5 Acids 7.57 4.70 6.99 5.26 7.08 5.10 6.88 5.42
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