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Abstract: In this study, analytical methodology for several organic fatty acids (OFA: propionic acid (PA), butyric
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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FAEe) A2 NEE AL ALk theel A
ATFENA o5 4Ee] Aukael BAHWOD high
performance liquid chromatography (HPLC), ion chro-
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matography, solid-phase microextraction (SPME)9} <1
At GCREAW 58 AL A2 22 o}
7HA 7] 5 714 g8l st A AAQ EAAT
= A gk o) ATk

o] AFellM= 201097E] A=o] At e s 2
ARl 4% f7IAHE FHOE FAFES
ALsE €EF7HS A GC A el 2744
< Hrtstaial skAth ol & 4 F3 A, olu] A<t
FEdE FAFY VOC HEE® 7H), ARt Ed =
A isobutyl alcohol (i-BuAl)S E§3+ & 13 714
Aol AREARE SAlO AR o2 g £497]
He chekzke] Ao vjal] Teskal 9Ake] 44
£ Y 7 Advh= AHol Aok F 13 /KA AR A
FEAL @d] R T 7 (external standard
calibration) 7|'d &2 7}l FEF FA, WHE
=7 ¥ (internal standard calibration) 2. 2 % 5 3}
Atk ol F 7HA A digk FA] v E F
3, M Z-e 2471 e] AAdS Hristaar ekt
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o] Ao AA AHYAHAEAR AT 8F
2] VOC (styrene (S), toluene (T), m-xylene (m-X), p-
xylene (p-X), o-xylene (0-X), MEK, MIBK, BuAc)%}
20108175 At o g A e 550 AR E
(propionic acid (PA), butyric acid (BA), isovaleric acid
(TA), valeric acid (VA), i-BuAl)ol] thsl] FA]ol] &7
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Table 1. Basic information of target analytes investigated

kA4 - HAE -

a. Target compounds and the stock solutions used for the preparation of standards

Order Group Full name Short name MW,] Denmgl Formula CAS number Reference®
(gmol™) (gem™)
1 Styrene S 104 0.91 CgHg 100-42-5 2005
2 Toluene T 92.1 0.87 C,Hg 108-88-3 2008
3 vOC p-Xylene p-X 106 0.86 CgHip 106-42-3 2008
4 m-Xylene m-X 106 0.86 CgHip 108-38-3 2008
5 o-Xylene 0-X 106 0.86 CgHy 95-47-6 2008
6 Ket Methyl ethyl ketone MEK 72.1 0.81 C,HgO 78-93-3 2008
7 1€ Methy! isobutyl ketone  MIBK 100 0.80 CHpO  108-10-1 2008
8 Acetate n-Butyl acetate BuAc 116 0.88 Ce¢H 20, 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;HO, 79-09-4 2010
11 Acid Butyric acid BA 88.1 0.96 C4H;0, 107-92-6 2010
12 “ Isovaleric acid 1A 102 0.93 CsHi 0, 503-74-2 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 = 3 Formula CAS number
(g mol™) (g em™)
1 Mesitylene M 120 0.86 CoHj 108-67-8
2 VOC Chlorobenzene CB 113 1.11 CcHsCl 108-90-7
3 Nitrobenzene NB 123 1.20 C¢HsNO, 98-95-3

3], o] AFolr= 7t HRES
o2 Fujsle], EFA RS 2A Y ARSI &, F
2 vocel sFsle T, m-X, p-X, 0-X2| A%, 2000
ng pL™'e] 7= vg] A JFEFY ] EFAIE
(Supelco, USAYE 1l - ARE-3191 ). MEK, BuAc, S,
i-BuAl, PA, BA, 1A, VAE 99% ©]/ 12|32 MIBK
£ 985% F=Ule dAE s4ste] AMgEATh
(Aldrich, USA). &3 A ZFE 93 AY9& EFAE
ol = WHEFA|EE mesitylene (M, 98%), chloro-
benzene (CB, 99%), nitrobenzene (NB, 99%)< 1o =
Z0 2 b7 Pujste] ARE-5FATHAldrich, USA).

olFA Fujd FPE EFANRELS 1A4FHo=
methanol& ©]-&3t4] 84k @AE Azl 13} 3]
A= (1) AEEY e ZEAER] T, mX, p-
X, 0-X& &3t group A9t (2) 99% FE=Ue] MEK,
MIBK, S, i-BuAl, BuAcg &33 group B, (3) PA,
BA, IA, VA {71 A WS E83E group C, (4) W
FEFAEM, CB, NB)2! group DE ZH7 7| H 2
2 FEste] ErEA el E 13 &

EENGES AEA

EFNBEE BT

10 mL & #FZe230l 1000 ng uL™'e] TE2 ZA|
Ath. 23 Y4 EFAIE ZAE 1 mL vialdl
123 28 EFA 22 group A, B, CE 10, 20, 40,
100, 200 uLA FYP3ked, 5714 FEUE F0)59 T
22 WREFAE JBLE 7R A8 BF 40
LA BdaA FJEAT FFHARE, WHEFAE
£, methanolS 25 A ¥, AFZHL=Z 1 mL7} SA
ZA AT mEbA 23 28 FFAROA 13 71
b HRE e MEAHCE Zol= glon, 10,
20, 40, 100, 200 ng pL™" F Lo ZH A %A 5
H(Table 2). 1232 WH-EFAE= M, CB, NB7} 7
7} 33.9, 44, 47.5 ng pL™'E FA =S shTh

22. N=o| EMYHY A EMIP| =A
o

A BAE FAAE ST FARE A
2 Y

EFNEES FABHE B2
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Tuable 2. Information of five concentration levels of working standard containing 16 compounds (unit: ng pL™)

Order Approximate vOC Ketone  Acetate Alcohol Acid Internal
concentration § T p-X m-X o-X MEKMIBK BuAc i-BuAl PA BA IA VA M CB NB
1 10.0 9.90 10.0 10.0 10.0 10.0 10.0 985 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 19.8 19.6 19.0 183 184 339 44.0 475
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 47.5
5 200 198 200 200 200 200 199 197 200 198 196 190 183 184 339 44.0 475
YMUE o]&3}e], 300 °C 24 oF 2A17F H = 3t A2FS5 G927 (thermal desorber (TD),

ZAYM Y-S A8t 7H3St blank FEI 2 FH] 5
o} zE)a Z7ke] A3 Ao FE ulegk(blank)2] ©]
AR AAs R FAREE Aek A
AAr eF AFsta, 100 mL min'¢] f&0 2
HFATE 283 7] FEUE AYE ZFAE
FA BRI o] &3te] 1 uLwtE AFH ST A
g TYFE P94 FFARFE
T3l FAUCh o] o, AP FFAEE AT
g, &mjA| £ AHE3F methanol®] 7H41S Hu)sh

=
A=
[e)

= A

g FYst

3;:
ATt 5 o] A,

=

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}}i:::rln? 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
Thermalh 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 Z2}3le] 280 °C2] 2
E% FARY o] HEARE GRYE PEow
BXS AAsdnt f71% GC (Model: DS-
6200, Donam, Korea)ol| flame ionization detector (FID)
AR AzRoz RS AR Rl 9
3t WAX column (Length: 60 m, ID: 0.25 mm, Film
thickness: 0.25 pum, Chrompack, USA)S ©]-& 3} 31t}
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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)

o} 16 7l A3 B 30 7 oJU|E #a]7} o] FoiAH,
o] Fol A FjutAdo] 73 VOC AE AREL 20 &
olUlZ HEo] o]FoHTh F71A WA AEES 23
i o]F 2 fHEo| o]FofX WA, VOC A5 &
A 27t o] Fo Mk g R FFAE AR
M, CB, NB 5% VOC, F7|A"W4F A& 53 RT7F
AXA k= AZF A HEo] o] FoiH T,

227t o] Foizl 16 7HA A& 5, AN 13 7
A gEe] 5 A AFAAE vwEd 2 A9, B
AES AFAHAEC] 17 099 oS Y AR
& ZAHNXE BRATHFig 2). 2+ AEE2] response
factor (RF) ZES B|3bH, VOC A& = 3luel s
0] 9955022 7H =A vERTh vhE, VAS)
RF k2 2571022 13 74 A& & 7P 22 @
HA 13 7K AEES] AES 5 7 84 a5
(VOC (T, m-X,p-X,0-X, S), ketone (MEK, MIBK),
acetate (BuAc), alcohol (i-BuAl), acid (PA, BA, 1A, VA)
IF)C R st o A7]E s 2oyt o A
2}, alcohol (72,010)>VOC (61,990+21,010) > acetate
(56,520) >ketone (55,910+7,880)>acid (35,570+9,656) <=

Hir e

y (S) =99547x
25000000 r=0.9983
oT op-X AmX
y (m-X) = 53507x
20000000 XoX +8 r=0.9998
$ 15000000 v (T) =52976x
5] r=0.9999
s
£ 10000000 y (0-X) = 52158x
r=0.9999
5000000
£ y (p-X) =51751x
r=0.9998
0
0 50 100 150 200 250
Mass (ng)
(a)
20000000 y (-BuAl) = 72008x
18000000 oMEK B MBK r=0.9981
16000000 ABUAc X i-BuAl
14000000 y (MBK) = 61474x
=0.9987
$ 12000000 '
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[+ =
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4000000 r=0.9952
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0
0 50 100 150 200 250
Mass (ng)
(b)
12000000
y (1A) = 47890x
10000000 oPA BBA r=0.0018
A XVA A y(BA)=38069x
8000000 r=0.9959
3
S 5000000 y (PA) = 30615x
3 X r =0.9956
o
4000000 y (VA) = 25712x
r=0.9918
2000000 X
0
0 50 100 150 200 250
Mass (ng)

(c)

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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ol JEE0] oF 04 ng uL! F=d]<l 2+
TAEE 7 3] Nk EA k] AEsidti(el 714, 3.1
= tmEolA ©E A7 99% A we] AAR).
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MDL=SD (standard deviation) of minimum

quantifiable amount x 3.14
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3 VA7} 028 ngo 2 71 =4 YElTh f71x%
AP AJRE9] MDL %2 0.15~0.28 ng® 2, 2 VOC
AEEC B8] oF 152 WiAE =4 YEETh o=
F7 1A BREe] AR e AEE vkl
A#E & F Aok 2v {§71A%Lke] MDL gk
(ng)S N EAFEIC 05 L 9HES 7 AS,
PA: 0.16 ppb, BA: 0.11 ppb, IA: 0.07 ppb, VA: 0.13
ppbE YEIITH BE dGRALY] A, AEAFH F

P Aot B ol g A s5 de
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e MDL 3 o Ast

I~

& o F7HRATETHE B

olF FTAEY FAAEAEE IRlsk] 98, 24
£ AFAE T 40 ng uL!' F=U 2] EFAEE 33
HFE B 29510 relative standard error (RSEYS T-3}31th
(Table 4). 7} 23%-¢] RSE #& vl g 23}, i-BuAll
A 0.84%2 7H E2 AEAFE B, 1A A
14%=2 71 & RSE 32 2 th PA 321%)E A
gt YA 71X 9t AEE2 RSE #hel 8.02%

Table 4. Calibration results of working standard (WS) containing VOCs and organic fatty acids

(A) External calibration results

External RSE MDL Retention time
Order Short name N .

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 0.29 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  0.9988 0.92 0.866  0.9952 0.46 1.131 0.9986 1.33
8 BuAc 0.622  0.9984 0.41 0.972 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 0.337  0.9957 1.13 0.527 0.9952 1.55 0.563 0.9957 0.75
11 BA 0.419  0.9960 10.3 0.655  0.9961 9.83 0.701 0.9957 10.8
12 1A 0.527 0.9924 12.4 0.824  0.9917 12.7 0.881 0.9927 12.1
13 VA 0.283  0.9850 4.11 0442 09842 4.24 0.473 0.9855 3.94
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GC/mass spectrometry (MS)7]- old GC w4l ¢ A &o)
Tehaleh s wehy Beds }
AR fAkE A

N WHEFAEE 0] 83
g 2 588 F=Ae= dHA Ak

o] AFelAE VOC AEE9] thgk GC/FID A2=¢]
EAS e, R EFAIEZE mesitylene (M),
chlorobenzene (CB), nitrobenzene (NB)S 1% 3} % T}

o] HEL Fig 19 AAS AXY T2 BANEES
Pas

o

AR B 2 AEsdt WA s 4
£317] 91814, RRF 342 olgle} 28 Aoz A4
At
PAy M
RRF = —Xx I8
PAIS AX

714, PAx=1A1 50 934, PA=U R EFAIR
o] M AHH, Mg=HH-EFA 5] FAAUH, My=%
AgEe] FAAYEE on|git). o] A= F 3
7S] WHEFAEE ARSI ong, 7+ i o)
3+ RRF 3+& At Table 4 AN 8IIer 2 A3t
M, CB, NBY] YR EFAIZE A&8 RE A=

r 7ol 0.99 o)doz
EEEE
ol o3 A8
FARE 33
A G2

= ebstT.
o] A} A A gt vt} 7ol 141 A
gR13t7] 913l 40 ng F=he]
Mgt ARE o] &3t JH
, M, CB, NB9] Y5%
FAIRE o] g3t HEFYHE H &35S o, PA9t
VAE RSE zko] Ba&do® 77} 1.14+0.40%S} 4.09
+0.15%= YERET o= SREEA e A9
(ZH7} 3.21% (PA)S}F 5.08% (VA))Oll 8] g2 el A
HE Rol= Ao =Z Yeiwth 18y 1AE 73
5%7F 9 43S Rgon, BAL 238 103+
0.36%2.% RSE ko] =LA UrE}kb'Jr RSE #+< 7zt 1
FHE o] Highs &S &, 959 YREFE
AFg e tﬂixﬂfﬂ*é—% Hl_mohx} 3t A TH(Table
5). AA 4E-E2 RSE Ho e BH, oFEF1F
HPHO M= HHFA O R 3.5243.69%= LEFSTH BHH|
M, CB, NBS & &3 YR 257 i o A= RSE
Zhol ZHzh 2.68+3.99%, 2.56+4.06%, 2.85+3.90% 2 2
M= = FdS BT voce] 75, a5y
o4& RSE %ol 2.08+0.33%= UEbEo, YRR
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Table 5. Comparison between external and internal standard calibration results in terms of mean relative standard error (RSE)

values
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Mean SD Mean SD Mean SD
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