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Quantification of Odorants from Animal Husbandry using Solid-phase Microextraction
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ABSTRACT : Offensive odor from CAFO(concentrated animal feeding operation) and its control have become a significant issue in Korea.
Control of odors from the CAFO requires to identify major odorant and their generation mechanisms. In this study, an easy method to coliect
gas sample and to quantify its odorants is proposed. The method involves on-site odorant extraction with solid-phase microextraction and
quantitation with GC/MSD or GC/FID. Analytes of the current study include: trimethylamine(TMA), carbon disulfide(CS;), dimethyl sulfide(DMS),
dimethyl disulfide(DMDS), acetic acid(AA), propionic acid(PA) and n-butyric acid(BA). The resulting linean'ty(Rz) of calibration curve for
each analyte was good over the range from several ppbv to ppmv; 0.984 for TMA(0.056-1.437), 0.996 for CS»(0.039-0.999), 0.994 for
DMS(0.029-0.756), 0.995 for DMDS(0.024-0.623), 0.992 for AA(0.068-1.314), 0.955 for PA(0.047-0.940), and 0.976 for BA(0.036-0.712).
Method detection limits were 5.67, 6.39, 5.78, 25.2, 0.098, 0.363 and 0.099 ppbv for AA, PA, BA, TMA, DMS, CS;, and DMDS,
respectively. With the developed method, odorants from poultry, swine, and cattle bams were analysed. All the compounds but DMDS were
detected from the sample collected in the poultry bamn, and their levels exceeded the representative published human olfactory threshold.

Key Words : SPME(Solid-phase Microextraction), CAFO(Concentrated Animal Feeding Operation), Animal odor, Gas-phase Analysis
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< gtk 2 @79 232 &4 gAEEYE d45e o
A 72 = A8 TMA, CS,, DMS, DMDS, AA, PA, BA
o &AL Hargsls A F5Y AF/FE2 9 24 RS
Mated gtk o1& 3. S FHAEAA TEE AJEE
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Tedlar bagell AT &, @ZA FA] AP A5 SPME

fiberZ =27 F EMEAEE F&F fiberg Coolerd]

Biste APAE gt F GCE o] &5t BA ST
2. AE

2.1,
Ag3 BEIA AZE

BE 712 MY
Q3 A =2 QA9 permeation

Table 1. Physical properties, mass ions used for GC/MS, method detection limits, and human odor threshold of analytes

Compounds Mol wt BPY Mass ions for MDL” Odor threshold Sensory ar}d.oe)()r
(g/mol) () GC/MS(m/e) (ppbv) (ppbv) characteristics

Acetic acid 60 118 5.67 1459 irritant, pungent
Propionic acid 74 1414 i 6.39 289 irritant, pungent
n-Butyric acid 88 163.5 - 5.78 0.5 irrtant, sweaty

rancid

Trimethylamine 59 2.87 58, 59 252 0.449 fishy, ammoniacal
Carbon disulfide 76 46.5 76, 78 0.363 16% sweet, pleasantﬂ
Dimethy!l sulfide 62 373 47, 62 0.098 0.11° stench, decayed
Dimethyl disulfide 94 109.7 45, 94 0.099 6.4% putrid, garlic

¥ Ref 20. ¥ Method detection limit calculated according to EPA® 9 Ref 9, O Ref 20, 9 Ref 21, D Ret 22(note :

and odor like rotten eggs)

reagent grades are foul odor

TorerE Dote| x| 28 2%, 20061 29
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tubes(NIST traceable, VICI Metronics, Inc., Santa clara, CA)
9} permeation chamber(a Model 230 Dynacalibrator: VICI
Metronics, Inc.)E o] &3} A z8ta 1k Permeation tubes
g o183 Eask: 44 df AFAEI d9 B
29} B4 52 93 o133 e Ptk Permea-
tion tubesE AFEXLEZA7|Eo] & permeation chamber
oo W 93T 255 FAAZTHIOT£I0T for VFAs,
30°C+10C for TMA and sulfur compounds). 314=5(99.999%)
PES 2t VA E AFESH9 3 permeation tubes ¢Fe] HEF
FHESL 9T EF-g(certified to 70°C£10% for VFAs,
30T +5% for TMA and sulfur compounds)Z wj&Ht} W&
He B2 7t2E IeE 9F 71 o1& M5 o
¥ =9 BEMEE AXSHAT

2.2. SPME 22X
= 220] SPME fiber7} AFRH =t TMA, CS,, DMS,
DMDS¢ B8 984 Carboxen-polydimethylsiloxane(CAR/
PDMS)7} =¥ ® SPME fiber(Supelco, Bellefonte, PA, USA)
£ AA, PA, BA 48 98 AE polyacrylateo] 29 ¥ SPME
fiber7} AFEEITh SPME fibers E4 A& 95
2 g=Z2 FHui(.d=4.1 cm, Savillex, Co., Minnetonka, MN,
USA)etel di71g 171k, A WiF &= 23T 9 2744
EF 7hEo] @A AKFig 1)
£ 49 34 2 RES SUBY §RS A58 9
Sto] HEZE2 9 2 dEs AZE ARSI HEZE A
W g Edstel W2EE AARBE Digial bubble §%
Al(Optiflow 420, Agilent Tech. U.S.A)E Al&ste =335}
Ao HZE AS Y BRE A4 Aol 08T A
£ EZelEy & Fd s s e teE o3
2 9% wng goy AAZAY] YES @ 08 SPME
W FHUE FYA)F)L fiberE 143} B9 =&AATH
217 fiberes ZHHE GCo| FYPslo] BAeQ9L 2 52
o thste] duplicate® HAJSFHTE BA efjdlA H=ZE A
W 9] HEo| o|FojX|= A7HE Kim 59 AF-E &5
QojHTE 24zt SgEol sto]l EPACIA A%d E

£

FIN

r ~
Air sample was collected using
| @ tediar bag.

The SPME fiber was inserted intow

the tedlar bag. )

~

p
A SPME fiber was exposed for
! one hour on site

~

After a one-hour exposure, he )
SPME fiber was putin a cooler with
§ dry ice and transported to a lab -

AN N M N

-
GC analysis was performed
in the tab

\, J

Fig. 2. Procedure to analyze odorants from livestock houses.
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Fig. 1. Schematic diagram of experimental set-up for SPME
calibration.

WP e A gt HAASEA 5 EMethod detection limit,
MDL)E 43 &% o

23, 25 It AME U BN

7}* AEEL 94 AN 3 FHAA [E4L AL
AFRAD, FA )] Wi Wi 2717 gede R 1
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gtk BE fibers A7) Aol 280TColA 308 B9
Q2% AAN AR JHZ FH|strt tedlar bagtel
ARE 72 A 8o SPME fiberE @FoA 1A% B¢ =
247 %, fiber= coolerd] E-ﬂ?} A2 AFAR 9o
GCE olgsle B4tk EE fibers £HEZLY &4
& HagE] falA 24413 lLHoﬂ EA5AtHFig. 2).

4. Mzl % A5 @ottel dHlu
044 Aeg ANE BB FaN 8% BF e
AxNagnt. @8 44 A7) 4 Ar=E grket 94 Nasal
Ranger(St. Croix Sensory, Lake Elmo, MN, USA)E o]-&&t
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Table 2. GC column condition and temperature program for
odorants analysis

Method Analytical condition

Column : DB-1(60m x 025 mm = 1 um)

Column flow : 1.0 mL/min

Oven condition : 32°C(5 min), 3.5°C/min to 118°C(5 min)
Injection port temp. : 250 C

Detector temp. : 270C

Spiltless mode

Column : DB-Wax(30 m x 0.25 mm x 0.25 um)
Column flow : 1.0 mL/min

Oven condition : 70°C(2 min), 4.5°C/min to 170°C(2 min)
10°C/min to 200C(1 min)

Injection port temp. : 250 C

Detector temp. : 280°C

Spiltless mode

G1800A
GCD

HP
5890-FID

25. 7t~ A20lE )]

TMA, CS,;, DMS, DMDS9 ZX4& ¢sjr= Hewlett-
Packard GC/MS System(G1800A GCD, Hewlett-Packard, Palo
Alto, CA, USA)E AMg-3le] EA sl BAL SIM(Selected
ion monitoring) YH & o] &3¥ 1, 4 FFEY A o] &
<2 Table 19 AAISATE AA, PA, BARAS ¢34 = HP
5890-FID(Hewlett-Packard, Avondale, PA, USA)E o] &34
o B4 A AEPYE FRr7] $15 SPMEELE 47
# Merlin microseal septum(Supelco, Korea)g z+ GC F4]
Fol FAsel ALIAQY. 7 GCY LE Tead Y BA
Z71L Table 29) el gtk

al
=

3. 20 2 nF
31, SPME 2™ Z1}

Fig. 3& o4 g EE9 SPME-GC 23 2473 vehj
2 itk TMAY ZAAFR)E 0.993(0.056~1.437 ppmy),
CS:= 0.991(0.039~0.999 ppmv), DMSE 0.992(0.029 ~0.756
ppmv), DMDSE 0.992(0.024~0.623 ppmv), AAE 0.992(0.077
~0.759 ppmv), PA= 0.989(0.087~0.855 ppmv), ZL&]3L BA
£ 0.997(0.079~0.773 ppmv)°]lth. PAZ Aolsln =E 3}
FEY BFAFE 52 TS BIYTHR =0.991~0.997).

I T

161

7t 2R tg AEH2 TMA(6%, n=3), CS(8%, n=3),
DMS(10%, n=3), DMDS(6%, n=3), AA(7%, n=3), PA(7%,
n=3), 7183 BA(10%, n=3)°]%\t}.

3.2. M A& sHA(MDL ; Method detection limit)

B4 dFE A& sE= AA, PA, BA, TMA, DMS,
CS,, 183 DMDSo] diste] Z+Z+ 5.67, 6.39, 5.78, 25.2,
0.098, 0.363 22 aL 0.099 ppbvolAtiTable 1). =& 24
g2ol B4 &7t F3d B3H human odor threshold
9} v]&3tAY Y2 £AE UERY tTable 1).

3.3, A HE[A|EL ofF T~ BN 3t

AAL WRA DMDSE AQe ZE sFgE A& H
Jded, I AAE A Ystiise EF human odor threshold
£ 276300 TMA 2 AAE AAF WFAAT d&=Jh
AAL M= PASE BAZE A& HStHTable 3). EAF W
FAXE TMASH AAE AT BZE SFFEE A&HY
th. g4} 95oM = DMSS CS, T HEH3ATH

A M e DMS7T 3542 AEH AL A R

A PASH BAZF AZEYUTH o BEE BAL Eoq 7
2 aAsEee BAE B =24 @ Odor Index(Odo-

rant concentration/Odor threshold)S E3F 293 A7l A
B [ SRV R E R
AL 9B o2 ek o), A Z Nasal Rangerg o] &
27 ok 97t AE HE, DT $A7 24 wR> AR
WE > EAF 5> SAF YR > AF R > AAL F £o
2 oo Aol® with B o AVE 9 o BA3
T3 EAF URA AL 2A BARAG. ol £ AT

g
—_

to

Uehdth £ 29 HAE AEAYE AE FFENA
ATl $45A e AEE Indoleo]tt Skatole
5 % e, o T #gETe] B4 4o 2A 7
te 4TF a8 b Jek? Sold Az AN U
oA odor indexE E3F o+ A7/t M AsiR ot Al
AF ARelE A4 A7 4R Bk A% A GA 9ot
Atk ole B ATY tyel HY Are METol Ly
7k AA e} lold W& hA7) filters: EFSIEA 24
A AgE Aoz gt

17

e

F

ok o

R oo 2 2

Table 3. Odorant compounds detected from inside and outside of different livestock house

m of . Odor Hedonic
COS:;;(;)III;ZS(IS)E?) TMA ¢S, DMS DMDS AA PA BA OdSoLrl Ingexb) DT intensity tone
[nside chicken house 78.0 54.8 23 N.D. 95.3 67.2 30.7 266.1 45 4 -6.5
Outside chicken house | N.D.” | N.D. N.D N.D. N.D. 282 6.3 13.6 5.5 2 -4.5
Inside swine house N.D. 55.3 6.0 319 N.D. 13.1 114 124.8 60 5 -85
Outside swine house N.D. 54.9 52 N.D. N.D. N.D. N.D. 47.6 22.5 3.5 -6
Inside cow house N.D. ND. 34 N.D. N.D. 24.6 0.7 332 15 3 -4
Outside cow house N.D. N.D. 2.1 N.D. ND. ND. N.D. 19.1 7 3 -2

“N.D.=not detected. ” Odor index =odorant concentration / Odor threshold. © D/T = Dilution/Threshold(Volume of odor free air/Volume of

Odorous air) by Nasal Ranger

ROt A R O] X] 28 2%, 20064 2%
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Fig. 3. Calibration curves for analytes under study.
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