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Tenax TA TLLAE A9l ahH, Al o] &3 o] FHAE F5d ZAog Uepth A2s54
2o S 9% do WRte R VA RFEAIEE ALeSdeA s SR FTHeE A
o ¥l sl 2 A3, F7IARIA A2sSdezhy tiv] 2589 HlE (T/SH])e] 0.46
(valeric acid)~0.71 (isovaleric acid)®2 VeI A25H5dG2E 9] A7t JiA o2 UA Jebsth B
o PRl BHRAE 37] A% d7E FUHReE A&, frIAe] EARMS FIAI=
Aol 7hsd o= AtgE
Abstract: In this study, 13 compounds including four volatile fatty acids (VFA) and nine volatile organic compounds
(VOC) were analyzed by cryogenic trapping-thermal desorption technique. In order to evaluate the analytical
method for VFA, calibration experiments were performed using five different sorbent materials. When the

¢}

calibration results are compared between different sorbents, sampling tube filled with Carbopack X showed
the highest response factor (RF) for both VFA and VOC. To validate this new analytical method for VFA
using cryogenic trapping-thermal desorption technique, this method was compared with alkali absorption method
recommended by the odor prevention law of the Korea Ministry of Environment (KMOE). For this purpose,

unknown samples were analyzed by two different methods, i.e., cryogenic trapping-thermal desorption (TD)
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and alkali absorption with solid phase microextraction (SPME). When the results of two different methods were

compared, ratios of concentrations determined by the two analytical methods (TD/SPME) was found as 0.46

(valeric acid) ~ 0.71 (isovaleric acid). Therefore, additional study is required to properly establish and find stable

analytical conditions for VFA analysis. Furthermore, comparison between two different methods should be made

with more reliable calibration approaches.

Key words: volatile fatty acid (VFA), volatile organic compound (VOC), cryogenic trapping-thermal desorption,

response factor, alkali absorption
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Table 1. Basic information of target compounds selected in this study

Permissible concentration®

Short CAS Chemical Molecular b - 4
Order Group Full name name No. formula Structure weight? Threshold Indu?trlal Oth.er Reference
region region
1 Benzene B 71-432  C,H6 @ 78.11 0.33 - - -
CHs
2 Toluene T 108-88-3  C;Hg @ 92.14 0.33 30 10 2008
3 Aromatic  para-Xylene p-X 106-42-3  CgHy HJCQCHS 106.2 0.058 2 1 2008
CHy
4 ortho-Xylene 0-X 95-47-6  CgHyq C(cm 106.2 0.38 2 1 2008
5 Styrene S 100-42-5  CgHg @ 104.2 0.035 0.8 04 2005
0
6 Methyl ethyl ketone MEK 78933 C,HgO )K/ 72.11 0.44 35 13 2008
Ketone
7 Methyl isobutyl ketone MIBK ~ 108-10-1 C¢H,,0 )\i 100.2 0.17 3 1 2008
(0]
8 Acetate Butyl acetate BuAc 123-86-4 C¢H,0, )j\ PPN 116.2 0.016 4 1 2008
O
9 Alcohol  Tsobutyl alcohol i-BuAl  78-83-1  C4H,;,0 Ho\/ﬁl 74.12 0.011 4 0.9 2010
Ha
(0]
10 Propionic acid PA 79-09-4  C;H(O, P 74.08 0.0057 0.07 0.03 2010
OH
11 Butyric acid BA 107-92-6  C4Hg0, /\j\ 88.11 0.00019 0.002 0.001 2010
Acid OH
[¢]
12 Isovaleric acid IA 503-74-2  CsH,40, )\/u\ 102.1 0.000078 0.004 0.001 2010
OH
(o}
13 Valeric acid VA 109-52:4  CsHiO> (N 102.1 0.000037 0.002 0.0009 2010
9 mole™!

*Refer to Nagata (2003): all concentrations in ppm
“Malodor Prevention law of Korea Ministry of Environment (2010): all concentrations in ppm

“The initiation year of the administrative regulation through the designation of offensive odorants (Korea Ministry of Environment (KMOE))
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Table 2. Preparation of final working standards for two different experiments (Exps 1 and 2)
A. Concentration levels of liquid working standard (WS-A) for Exp 1 (comparison with five different adsorption materials)

Concentration (ng uL™")

Order T p-X 0-X S MEK MIBK BuAc i-BuAl PA BA 1A VA
1 10.0 10.0 10.0 10.0 990  9.96 9.85 10.0 9.92 9.80 9.50  9.16 9.21
2 200 200 200 20.0 19.8 19.9 19.7 20.0 19.8 19.6 19.0 18.3 18.4
3 40.0 40.0 40.0 40.0 396 3938 39.4 401 39.7 39.2 38.0  36.6 36.8
4 100 100 100 100 99.0  99.6 98.5 100 99.2 98.0 95.0 91.6 92.1
5 200 200 200 200 198 199 197 200 198 196 190 183 184

B. Concentration levels of liquid working standard (WS-B) for Exp 2 (comparison between GC-TD and GC-SPME method)

Concentration (ng uL™)

Order
T p-X 0-X S MEK MIBK BuAc i-BuAl PA BA 1A VA
1 36.2 36.0 35.7 35.8 36.0 36.7 36.5 36.6 36.5 37.2 36.1 36.6 36.8
2 106 105 104 104 105 107 106 107 107 109 105 107 107
3 196 195 194 194 195 199 198 198 198 202 196 198 199
4 422 420 417 418 420 428 426 427 426 435 421 427 430
THEE (1) 9=Ed e EFAE2] benzene, toluene, Table 3. Information of absorbent type in sampling tube
p-xylene O_Xylene—e—— %_:tg'b'}- group A (2) methyl ethyl U.SCd in this study (EXp 1 comparison with five
ketone, methyl isobutyl ketone, styrene, isobutyl alcohol, different adsorption materials)
butyl acetateS &3St group B, (3) propionic acidS Order Tube code Absorbent type
AN E 1A FA S Z33E group CE T3 1 TA Tenax TA (60/80) 300 mg
3 methanol® 34 A at¢ith 23F 49& HFA| 2 CX Carbopack X (40/60) 300 mg
3 CB Carbopack B (60/80) 300 mg
o] Zx% 2.2ko] 2} A &
Ref 2A= 1 mL © L] vialoll 17} #4518 24 Tenax TA (60/80) 100 mg + Carbopack
F21 group A, B, CE Z}7} 10, 20, 40, 100, 200 uL 4 TA-CB-CX B (60/80) 100 mg + Carbopack X (40/
A Fdsta WSS e o2 AT 60) 100 mg
upebr] 22k Y-8 FEAIFR(WS-A)NA 13 714 A& 5 TACB Tenax TA (60/80) 200 mg + Carbopack

So] Er Ao R Fol glo} 10, 20, 40, 100, B (60/80) 100 mg

200 ng puL™" ol A ZA| AT Table 2A).

(40/60 mesh)E AG3IATh 28]3 0)ES

Gd =4
212 HAE EFA|R9| 2AMErE(GC-TD) 2 300 mg B A GE T ¢ HL} T e
S7HA sRUR A AYE EZTAE(WS-AE A7 E2S 4ojx ZAGHT Wol|FE W
A FFH HH FALSE WA oR FA% 3 & o= M FF/Y IAZFHEE ﬂ¢o}°ﬂ4(Table
AEATh B Aol AFEE dAFHALS ol 9 3), oA Az LA FFHS AHEEly] Ao A
cm, W73 0.5 cmol 3lFget. olw, 3w K75k g E o]&3te 7R3 blank FEIR 43T
E 2 f7IAARS TA B4t HE ks, At
A FERA] S EH e 7 AEEY HF= MEE FE o] LA SRR Aol 27 AL
£ Al stk o8 S8, B AFelME S (99.999%)% A< 10 L HIEY WS AZAsy, Tt
A FF7] IAFHLAE vAF R FH] 3 £ YUY E Z(2-30, SIBATA, Japan)E A3t 2

FRAZE FuA B B4 Zo] ALg3le Y HEH WS dofE AJEiolA 02 Limin®] 5
o34 2] Tenax TA (60/80 mesh), Bt&}4=4 Al E A -2 o2 HAAE IAFHBY FHAAFAL. o], o]
2Jof] o] A8} graphitized carbon black (GCB) ul Z2A)8 28 EEABE(WS-A)E AGA A E
AL €] Carbopack B (60/80 mesh), GCBZoll A #4 &} o] g-3ate] 1 uLvHE ZAFZH Ak FJsksich &
A g3z ek 5288 Hol= Carbopack X AL EFAEE FYS Fol= £ulA Q] methanol®]

I'
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Drawing standards in 1 UL using syringe Injection of working standards into adsorption tube Loading of adsorption tube in thermal desorber

N)
Beg Jejpal
a0k

A. GC-TD method

r —= f N r a T N

Step 1 Step 2 Step 3
S L / L J
Shaking by 1000 rpm Shaking by 1000 rpm
dunnv 1 min during 1 min
= |

Injection of working standard Injection of 50 % HCI SPME fiber insert into SPME fiber insert into GC injector
in 0.1 N NaOH (5 mL) and (50 pL) in vial headspace in vial during 20 min during 3 min (at 250 C)
NaCl (1.78 g) (at 90 C)

B. GC-SPME method
Fig. 1. Schematic diagram of two analytical methods used for the analysis of VOC and organic acid in this study.

Hae HAslslr] fleted, 58 2445 F 1L 9 A
F FHAATA. 2PE ERAEE FEAZ IA A
e A 2FFE D27 (thermal desorber (TD), o]
model: Unity 2, Markes, UK)°ll 23132, 300 °C2] = 9
Lrg }\]g% %ﬁl—g]_‘:_ Hl—)\l_g_i HM_Q x]sga].oﬂr/} 7]‘(EXp 1)9,].% magx_-}_g_i, 7(1 ‘_lg_ji_r %ﬂm;} oL%
(Fig. 1A). 233l 3EE/7131gE 2 /712 ZFrH7Ee] v AT (Exp 2)& AT whebA
flame ionization detector (FID)E “&2tet GC (Model: T AR v ATFE S, Exp 2 ©AA =
GC-450, Varian, USA) A =" 0 2 EA35tt A8 298 EFARE MRo] ZAISt] AREIATE F3F
o] g5 938l WAX column (Length: 60 m, ID: A ] zpol& ALt 9g 194 3ol A8 &
0.25 mm, Film thickness: 0.25 pm, Chrompack, USA) FAIE(WS-A)= /fEH o g F EAH7Ee] vjwd
< o] &3 & AT AHE-§ TD9F GCFIDE T(Exp 2)° AH&-3F EFAE WS-BE ZA|5H7] Sl
o] &3k BN 2Bl 0] ML Tuble 4A°] AN vle} A, Table 19] AAIE 13714 AE<] NE ARFAE

o

o
TeEdey el viatgo s ‘%}ﬂi—?‘ﬂég
&t EEANEE SO A= 8}211:} B o)A
DA AN G FHA N wE f7IA A FA

2t (95% ©1’HE FHIskATE 1.5 mL vho]dol] AFFEA]
BE 77} 95120 L vHE FP5H, 13707 AR

22 M2sHLEAY iy LFSFH WE F=7F i 60,000 ug mL™ T HES 12} &
F71X| At —l —1( xp 2) 4E& EFAEE ZABATHlEA 2418 121 214
221, A HFAIZ(WSB)Q| =A| & AFNEE FF AN FFANEE AT vt
F71 A HpAke] B bR 0 2= o|n] FAH A o)A o AREEATH. 2E 12k Y-S EFAIRE
A S GZE] 8 FHEE ST E )| methanol?t S35 W2 02 23} 298 HFEA
Z g A ok 2y B AFox= ou] AR E(WS-B)E A&t 13714 ARES] F=7} 7
135tEe] Ao R 8859 AsSEdai HZH o7 Fpol= QO propionic acidE 7IELE
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Table 4. Instrumental operation conditions for the analysis of VOC and organic acid components

A. GC-TD method

QAT 714 Ak

O

pil

o

7t

i

e

A

205

Temp 50 °C (5 min)
Oven Ramping rate 6 °C min.’l
Max Temp 230 °C (5 min)
Total running Time 40 min
GC-FID?*
Temp 240 °C
Detect H, flow rat 30 mL min™
ctector N, flow rate 29 mL min™'
Air flow rate 30 mL min™'
Carrier gas (N,) 1.5 mL min!
Split ratio 5:1
Sampling tube desorption temp. 300 °C
Sampling tube holding time 10 min
Th | desorber® Cold trap temp low 5 °C
crmat Gesorver™ - ol trap temp high 300 °C
Cold trap hold time 5 min
Valve temp 120 °C
Transfer line temp 120 °C
Minimum pressure 10 psi
B. GC-SPME method
Carrier gas (Ns) 1.5 mL min’'
Injector Split ratio 10:1
Temp 250 °C
Initial temp 50 °C
Initial hold time 5 min
Rate 6 °C min™
Oven A
GC-FID* Final temp 230 °C
Final hold time 5 min
Total time 40 min
Temp 240 °C
H, flow rate 30 mL min™!
Detector .
N, flow rate 29 mL min
Air flow rate 30 mL min!
Solid phase Carboxe'n polidimethylsiloxane (PDMS) 75 pm .
. . Adsorption temp 90 C
microextraction i X .
Adsorption time 20 min
Model: GC-450, Varian, USA
®Model: Unity 2, Markes international, UK
37,109, 202, 435 ng pL 7}k H% 2AG ALgE olu, Qg 212800 AN W
SACHTuble 2B). 3} . 9% g o8 d BAe
AaM, $4 FIIRS FXT F 2le YRES
222 LZE|gTHE 088t SHLH(GC-SPVE) ag Fw Hgdes = FAGUER
A F718 A M TR ok, (NI 08 g€ S 2 Hole wHeg,
Ze)FrH e ol 8% AP AMEe] AT 23 A 0.1 N NaOH = AT o FA AT 0.1
4 EFAE(WS-B)E ©] &3l 45 A =3t. N NaOH & 22 mL ® o 5 mL 9 FY
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st Th 223l g A-IRAE o] &-ate] A &
AL EFABE(WS-B)E 1 pL 9HF 3 U2, 5 mL
NaOH g Qo] FA3ct. o, A|FA] vl &
S NaOH F&fo) 7 =5 stof, 2&RTEA 79
AE sl Ao R ARE FY3FAL 2
EEA R FUS v W, F7HH o2 1,78 g
NaCl& 22 mL H}e] 5 3L PTFE Auto] A= A
o2 Hlo]d-& ol rh(e]l W, NaCl> A8 H
500 °C o]’%e] 2:ollA 1247k o) 7hd st B4
& AASAT. 223 NaCle] £381E 18] shaker
£ o]-&3k9 1000 ppmo 2 1#7F EE5o] FAU}. v}
old W2l #714H2 headspace 3702 £EA]7]
7] $138+4, 37% HCIZ 50 puLgHE vlo]d Wi +
Y3te] vpold WF- &9e] pHE 19 2H3I=E 3t
Gt 282 PBE 2 T, thA] $HH shakerE ©
£3te] 1000 pmeE 177 , HCI3}
NaOH9] &£3-& F=3tth(Fig 1B).

fr714ke] A, Rl 140 °V‘P°]Ei <
pHe] - TFO 2 headspace® £&FS FHE 4 ¢l
wr2pA] vle]d S 90 °CollA] 53E7F 7FE g el ol A
solid phase microextraction (SPME) d}o]|H E(r}o]d U
F2) FYste] 2087 F714F € JHEF718HE
o] FFE Rt olw {714k FAE flsk,
75 um A1) carboxen/polydimethylsiloxane o] HE
A8 EFATHSPME Fto| W= AR Aol At &
blank &31& Fate] 7|5 Fel = FHl s FATh.
714 2 S f71stE e 3] €9 SPME 3t
o= 250 °CHEN 9] GC FY ol FYd3shd, 387
Ao g3 Fesilnh 718 E 2 77
Abe] XS 98 GCe $H4 GC-TD #H ol ARE-gh
A Fdg 717124, 2o s BAEAL Table

op i o

o
=
dell %

—

i
ol

%0
G

4Bof| A A 8T
223 2lole| JHAIZ =X
ALFEdey ) dgelSrHe FHE B

= 71e4
F7H Rl A @A 27 TDS SPMES
AH8silet. mebA o] F Rte] Wlas wes] &
%A]EE o] & AFAe] Aol = Frlsele of
A7 mEn g 2 AelMe R
v7l§}ﬂ‘%+ 712k B o] e el 7]
A AEE 2ASEL, TAT AES T WL
qataat ik olek 2ol )ele] 7]AA

55 7 Ao g z%al:o].oq Z} v o 7 A3}

O 2 GC/FID W4 59 o]&3tt}, 281}

. 9]

=1
= LA

= 2o g ol & HrtssTh
FIA AR AAREAA 7 9 Bk st &
A QAR e, EFAEE JAGHZE
3= Zo] w¢ E} L 04%01]*1” o] g
= Z o] g3l ol& 7
Wo R 7A BEFEAEE FHEh 7]
zA57] 918 12 AFEEFAE
(60,000 pg mL™)E HFE A HAE o] &3t 1 L
AHAT O, ZEF NLZ 03 L HE AL 1 LEHE
2o EQ)sldt a&4<l li}e {8, 88 o
B3} 60 °Ce] &=olA 247 BoF HEH WS 7}
3t o, 307 HEHMS 23U 282
WX 0.7 LE 25 N,E Ao, F 1LY 714
A BEABE 2AEGT o)2A AT NAY &
FANF7 2 508 £49A FeruohEgdEat
ot} Z}o]7t 4L}, propionic acidE 712 Z °F 20
ppm®] TR FAHE 5 ket AA F
Fo 2 FaEHo] dojyrz o9 71 Altke
58] FAd] E3ath). o]2 100 L €SS
&k, 20 ppm FE=H O] 7IAY EEAE 200 mL F
A2, 2 No2 99,800 mL A HolFE ¥
© 2 <¢F 40 ppb (propionic acid 71F)7F HE=E
ST o8 AT A EEAEE PIAAER

nii _1&,% e
o

5 [e)
st e

—

o]

N oo T —{>

DFH] AL EHLLIY} QP FYOR 4%
A3,

ALeHdEE e ol &3 F71ANA B 92y
2o AN S AAH R vtetsly] 2l

2]
1imsma$=a#%ﬂzi@%¢%a@s
o #4E% APIRIRES AARNS T
S 13704 Aol BE EelHe] AEaArFi
2, AWAL AT A, f71Ae) AR AT
A 7185 Eol v8] 247 = (response factor,
RE)7}F ©F 30~40%U 2 A& oz v Jebstch
(Table 5A). ZL2] 3L 5714 J_x]»giz,alr RZo|A Ak
Alo] AAA (1) o] 0.99 oo B AYE] =

iwqwﬂzwvhJ@a§4ﬂﬁb

o AMYLS
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1,100,000,
10500001 Tube type: Carbopack X (CX) 300 mg
Injected mass: 100 ng

1,000,000
950,000
300000
50000
200000
750,000
700000
50,000
500000
550000
500000
450000
400000
350000
300000
250000
200000
150,000
100000

50000
o

-50,000,

+100,000:

12

13

Retention 1

lime (min)

E) 2

2 E3

2% F3

E 7

» EY

EY

Fig. 2. Chromatogram of 13 target compounds using liquid working standard in this study (Peak number means compound
information in Table 1).

Table 5. Results of calibration experiments and relevant QA parameters (relative standard error and method detection limit)
among 5 different types of sorbent materials used for sampling tube
A. Exp 1: comparison with five different adsorption materials

Tube type B T p-X 0-X S MEK MIBK BuAc i-BuAl PA BA 1A VA
a. Response factor

TA 413 425 415 428 421 166 241 216 344 108 135 183 145
CX 420 431 421 424 425 155 240 220 363 140 182 195 198
CB 416 424 417 419 420 143 234 217 350 129 182 203 209
TA-CB-CX 401 416 402 411 405 148 224 210 341 132 176 200 216
TA-CB 372 390 368 365 374 117 196 193 324 127 170 191 204

b. Correlation coefficient (r)

TA 0.9966 0.9971 0.9967 0.9966 0.9990 0.9974 0.9988 0.9985 0.9988 0.9924 0.9927 0.9972 0.9897
CX 0.9972 0.9987 0.9972 0.9981 0.9992 0.9928 0.9990 0.9989 0.9985 0.9987 0.9982 0.9981 0.9977
CB 0.9974 0.9984 0.9976 0.9752 0.9993 0.9903 0.9993 0.9991 0.9982 0.9975 0.9980 0.9987 0.9976
TA-CB-CX 0.9981 0.9986 0.9978 0.9979 0.9995 0.9932 0.9993 0.9992 0.9976 0.9989 0.9990 0.9993 0.9989
TA-CB 0.9987 0.9981 0.9983 0.9790 0.9987 0.9805 0.9973 0.9963 0.9976 0.9992 0.9992 0.9986 0.9987
c. Relative standard error (%)

TA 0.44 145 122 300 125 068 080 096 145 9.05 106 936 1543
CX 0.08 1.67 033 034 0.65 187 059 060 008 056 085 098 1.46
CB 0.95 1.70 1.41 5.09 1.25 1.31 1.27 1.27 1.00 030 227 3.08 259
TA-CB-CX 1.13 1.72 1.54  4.04 1.60 1.31 1.39 1.69 146 426 231 2.71 2.69
TA-CB 253 477 1.80  1.79 1.88 1.26 1.82 1.74 1.88  0.56 185 287 247
d. Method detection limit (ppb)
TA 0.02  0.01 0.01  0.01 0.01 0.04 002 002 0.02 0.07 004 003 0.04
CX 0.02  0.01 0.01  0.01 0.01 0.05 002 002 0.02 0.05 003 003 0.03
CB 0.02  0.01 0.01 0.01 0.01 0.05 002 002 0.02 0.06 003 003 0.02
TA-CB-CX 0.02  0.01 0.01 0.01 0.01 0.05 002 002 0.02 0.05 003 003 0.02
TA-CB 0.02  0.01 0.01 0.01 0.01 0.06 003 002 0.02 0.06 004 003 0.03
Carbopack X (CX)E Z 3% A &2 Aol A FEHA O Bl oA ew w2 A3 e EAY
RF7} 140 (propionic acid)~198 (valeric acid)©. 2 T} (Fig. 3). 7L ¢, Carbopack B (CB)%} 271 ©]/d2] &2
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Table 5. Continued

B. Exp 2: comparison between GC-TD and GC-SPME method

714 -

a
i
e

B T p-X 0-X S

MEK

MIBK BuAc i-BuAl PA BA 1A VA

a. Relative standard error (RSE)
GC-TD (%) 324 243 381 274 294

6.59 339 313 299 288

420 117 1.69

GC-SPME (%) 3.78 113 523 649 1.05 458 521 293 650 406 172 085 3.17

b. Method detection limit (MDL)

GC.TD (ng) 0.10 0.10 0.10 0.10 0.10 029 017 020 0.16 030 023 021 022
(ppb) 0.02 0.02 001 001 001 0.10 0.03 0.05 0.03 011 0.06 0.05 0.06

GC-SPME (ng) 120 0.07 0.10 0.08 009 158 028 387 3.11 149 543 262 1.78
(ppb) 0.04 0.01 0.01 0.0 001 032 004 049 062 296 091 038 026

oTA

Bex

ocs
BTACBCX
OTACB

440

Response factor
g IS IS
8 8 8
8 8 3

8
8

340

320 | Lk

B

A. Aromatics

400 oTA
ocx
oce
BTACBCX
GTACB

350

300

»
b
g

Response factor
N
8
8
1

B. Ketones, acetate, and alcohol

250 oTA

acx

=CB
BTACBCX
OTACB

150

Response factor

C. Acids

Fig. 3. Comparison of response factor among 5 different
types of sampling tube (Exp 1: comparison with five
different adsorption materials).

AE F23 24 &2 (TA-CB-CX9 TA-CB)o| A &
H e HoHA R{7]A W4k

S
2
o
T 5
= 5
rlu N
2l
o Lo
N
54 i
(o
[o

S e =
= o1 &% FIIAArE] A
108 (propionic  acid)~183 (isovaleric
acid) &2, 574 F3A| & 7Hg @2 AN EE B2
ATkFig 3). I R7ISHEEY AT 7
FHe TATHBNN BF REge] M58l ekt
t}. 284 TA-CB-CX$} TA-CBS} 7o)l &35 27|
£ AH&E RF 32 @A F2H4(CX, CB, TA)E AHE
& At el 80~90%°l slgste TR WA
Ehge.

S7H FAA e FEBe e Qeow B4
A (relative standard error, RSE) % 7 & 57| (method
detection limit, MDL)E Aol AF&38tAth. L A3,
TAS A 9§ 471 LA F2BAAM = F71A48A
RSE 3to] 5% olWjo] g2 Holdx EAAE el &
Ho® P eHA ettt 22y TA FHAE F
A8 IAFABA A F71AAEe] RSE #kel 9~15%
2, 5%7F e 2 23 g BoluA, #71A
Wk EA6 7P A getA @2 Ae Fdsidn
(Table 5A). FPERF713HE-2 57HA F2A 25
A RSE o] 5% o= fFAFsHA &< A&
B3t MDL #2 S fr7lsteEe] A, 57
E&A ZFolA 0.01~0.05 ppb (0.05~0.15 ng)F
2 F2AE 2ol & FlsH77E 4A sk 2
gt F71x Ak A9, X F2HA oA 0.03 (valeric
acid)~0.05 (propionic acid) ppb (0.12 (valeric acid)~0.15
(propionic acid) ng)Z ThZ F2A ol B]3l] w2 MDL
S Hol, AfA SR & MRS Btk FXA
2 FAYHE g2A & 57 IA FERAE o] 83}
o A% 9 AedE A5 AES A, /7R

%
=
5
=
E
o
1o
i
i
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I S 7] she=
s 35.1%7‘ o8 A 7]'b6J Zi—%

2O & Tenax TAE A& 2o F2A
A B AR 7R Ao AlRE

7 =
.
Fdezys dnelgrEe
) el

Q9 =]
A she el Zol F3t el g7
E 3

HH(37, 109, 202, 435 ngyS STt 48 AHE
I, AXFHEEHHANNE 137H4] AR BT ¢
71-0] 0.99 OV‘]'OE. o}x—]E] @Ek@_,,}_ﬁ_ ;@]—E_EL 2= 01
A v, S FFE oA e 47 K71 AR
dEte] Az E HFAS BT F71AEA
@%k@;} r 7ol 097 oo 7 A AFAFE
H YA HE } x{&i;g%@-mmiu} AAo =z B
T AN S YEPTH(Fig 4). ©l= NaOH -8
alotel] A3t 47 X] WAt A Fo] headspace® &
E3le oA o= AE QA7 HAsh= Aoz
At T 3 FEA] BANR F, e AUl EE
FUAT AFolM = A2 F5FDDE ] RF gl 87

= 1008] o]’ =A YERsT o]l g zhol= dF
VOC*J%% | sl S FrHedAe] FFasel
AA 3] Yobr A7) LARE 15 5 Q)

e FTHAME F7IA AT Zﬂﬂii 44
A Aol BsEe gerstel, T RAE7] vl
b f71ANA 471K QRS g ¥wet
Ao}, A LeE=geg=Ho| A= RF 4o) isovaleric acid
(121) > valeric acid (120)> butyric acid (104) > propionic
acid (80) & =/ Yepstth v, dZe] gy <
RFZE A es=dezby 3} vl kA & valeric acid
(0.6) > isovaleric acid (0.4)> butyric acid (0.19)> propionic
acid (0.05) == UEbstth weka F7EA] AR

Fﬂ

>~
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oPA y (IA) = 121.4x
D BA r=0.9999 y (VA) =120.13x

r=0.9990
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0
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100 r=0.9847

y (PA) = 0.0567x
r=0.9907
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B. GC-SPME method I
Fig. 4. Comparison of calibration results for four organic
acids tested by two different analytical methods
(Exp 2: comparison between GC-TD and GC-
SPME method).

A

rlo
tlo

ZFo)| A propionic acid®] B4 =7) 71 B
FRABIATHEIg. 4).

A EH?‘} AEde]e] 4o = RSE g
% MDL % 7+t skl 2 A, F71AA
©] RSE#tS %ﬁﬂo‘a BIA 5% ol E YA
ol A3}5 B tH(Table 5B). Z2iYk MDL 32 A&
TG A 0.21 (isovaleric acid)~0.3 (propionic
acid) ng2 HATH W, &4 FEHAAE 2.62
(isovaleric acid)~14.9 (propionic acid) ngS. 2 e} oF

108]l1A A= SOHH”}Z] ztol& Bt oleigt A3}
© Fu AR HE Fdske F71AETe] 24

o AeEEADAN] F o EAAYS A

z mm'

33. FIHN EMuol mE gYelo| JIRIAE
EMZEY HlD

A &E ALY B FROl BE AFHE
27t Sus Fol, 4ole) AN EE T 24
Moz A RS ol A, 471 2

SR8 =l £ 13714 2ol A 4
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Table 6. Comparison of concentration data for unknown samples determined by 2 different analytical methods (GC-TD and
GC-SPME)
A. Loading mass into adsorption tube (Carbopack X)

Flow rate Loading time Volume Absolute mass (ng)
(L/min) (min) @® B T pX oX S MEKMIBKBuAc i-BuAl PA BA A VA
0.2 25 5 603 599 596 597 600 611 608 610 609 621 602 611 614

B. Loading mass in 5 mL 0.1 N NaOH

Flow rate Loading time Volume Absolute mass (ng)
(L/min) (min) L) B T pX oX S MEK MIBK BuAc i-BuAl PA BA JTA VA
2 25 50 1005 999 993 994 1000 1018 1013 1016 1015 1035 1003 1018 1023
C. Result
Method LV‘:)?d'(g B T pX oX S MEKMIBKBuAc i-BuAl PA BA 1A VA

GC-TD 5 (ppb) 26.0 219 16.5 17.0 11.3 50.1 274 172 343 873 627 993 2.64
GC-SPME 50 (ppb) 0.06 0.03 0.01 0.02 004 127 1.60 049 293 137 12.1 14.1 577
T/S ratio (GC-TD/GC-SPME) 471 739 s1194 817 278 395 17.1 352 1.17 0.64 0.52 0.71 0.46
ppb FF] 71AY AIRE 100 L HlE2H o2 FH AZsHdeA e A7t ghol LA FH el vls)
Tt A FEFEEHHOZ A 8E 24317 #I8l dAem ve w2 BAn olst Age AL
CXE 300 mg 33 XA F2HR] o] NEE & TSGR EFAF A AN ETE A
5L % ﬁ’”‘]’”ﬂ —ﬁr, EAE At 22 & ol9} 2 extaldlo] Agsh= AR AT F 2
A FTrHoRE Yoo AIEE F SOL ¥ 01N th mA AsSHdEaol ok AAAA A7
NaOH fv“%"'—’.“’ﬂ TN H, 24 S AT o =& R fal, ZFAES} PR R AdS
o A EFHA g FFAAE FIIA FY3H AElshs B0l Fasit 131‘/]' Rl e
A3 U GBHE ] AU S Tuble 63 2TE WolME W EAZE 2 eHgH < §7) A Mk
o] AEE A% A3, AesFHIdedME 137} {2218 Br B8] A&k F7HAT7 a6t
A e B Aol 7hestAh f71AAe] 73 ot B3 AA Iy o] AsFHEEEH vls 53
ol28 o7 A4tet FE=ghe] 9% (valeric a01d)N34% sk RbE, B2 S E ggo] Fastt) o]t
(isovaleric acid)ll sFatdA AF3] WA vepstth.  AFAE ¥uEE u, oj= VA EAWo] f71A
A FFHANE G711 A, A = Wk EA46 Agtetthe dds HErle fA o
2] 20% (valeric acid)~48% (isovaleric acid)Z YA 1 wEbA F71A ALY A4S B i Ee] sl
EfsT) ole dole] AlEE ZAste FFAAA HE A, AR 7131 FFAEE Rk 2] 1
2l Foll o3l 7AWk EHo] AA vERdt A AHH o7 Fasit) olfg AAXAS =3 el
o= AEr) A T EARZEY vagrt AFE SRR 9 =

TR sratolE A 1] Qs APz Zlo]l Bast Ao R AlsE)
AXeHdeZ A 2 FruY AFEHRHE
T/S ¥)(TD/SPME)Z A|A| 3} tH(Table 6). 7L Z =}, 3] 4.4 B

U718 HES vl A= 1.17, A= 11947
F UEtsth olEe A3e ALESEEER ol 2 AFolMes F71AARe] A T, 7129
VOCE &4 3t=t] Agst Wil v, ¢Z25F AR o] b o 2 A3 A s deR S
W WER7ISEEY] Fraso] oA W& HASA7| A 2] ZtEoll A AAH SR AR
o el zel2 & & Ak {71 AR A9 o AXFEZLEHNE RIS Ao A8
T/S H]7} 0.46 (valeric acid)~0.71 (isovaleric a01d)2 AL, A F7ISES A 249 § doe
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