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Abstract

Th�s paper presents prel�m�nary results from a study 
a�med at compar�ng odorants �n room-a�r and odorants 
�n stat�c headspace of sed�ment dust samples collected �n 
sw�ne bu�ld�ngs. The study �ncluded the samples collected 
dur�ng w�nter and summer surveys at four d�fferent sw�ne 
farms, each equ�pped w�th gestat�on, farrow�ng, rear�ng, 
and f�n�sh�ng bu�ld�ngs. 

The room-a�r odorants �n d�fferent sw�ne bu�ld�ngs were 
sampled us�ng sol�d-phase m�croextract�on (SPME) f�bres 
and the�r relat�ve concentrat�ons were analyzed us�ng gas 
chromatography and mass spectrometry (GC/MS). On 
each sampl�ng occas�on, two SPME samples were taken 
and a sed�ment dust sample was collected from the sur-
faces of f�xtures �n the room. About 5 g of the sed�ment 
dust sample was packed �n a ∅ 38 mm sta�nless steel p�pe, 
whose headspace was connected w�th a closed a�r c�rcula-
t�on p�pe. In a cl�mate chamber, the whole setup was kept at 
30 oC for 30 m�n to ach�eve the equ�l�br�um stage, then, the 
dust-headspace odorants were sampled us�ng SPME. Then, 
the�r relat�ve concentrat�ons were analyzed by GC/MS. 
The odorants �ncluded �n the present study are: tr�methyl 
am�ne (TMA), d�methyl sulph�de (DMS), butano�c ac�d 
(BA), 3-methyl-butano�c ac�d (3MBA), 4-methyl-penta-
no�c ac�d (4MPA), benzyl alcohol (BAL), �ndole (IND), 
and 3-methyl-�ndole (3MIND). These 8 odorants are called 
techn�cal key odorants (TKOs).

As overall, TKO concentrat�ons �n room-a�r and head-
spaces are s�gn�f�cantly correlated; but a relat�vely large 
spread�ng was also observed. Further study on �nteract�on 
between TKOs �n room a�r and dust part�cles �s recom-
mended.
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Introduction

More than 300 d�fferent odorous compounds have been 
�dent�f�ed �n l�vestock bu�ld�ngs (Tanaka H. 1988, Sch�ff-
man S. S. et al. 2001). Tanaka H. (1988) reported that 
ammon�a, sulph�des, volat�le fatty ac�ds, am�nes, �ndoles, 
phenols, ketones, aldehydes and mercaptans are com-
pounds/compound groups of spec�al �mportance �n connec-
t�on w�th offens�ve odours from an�mal husbandry. Many 
of these odorants are generated �n slurry under anaerob�c 
cond�t�ons. The prof�le of the odorant concentrat�ons �n 
room a�r �s affected by d�fferent cond�t�ons, such as feed-
�ng, management of l�vestock manure, hyg�ene and vent�la-
t�on methods, and the rate of a�r exchange (Jacobson L. D. 
et al. 2000, Jann� K. et al. 2001). Hartung J. (1985) showed 
that dust from sw�ne conf�nement bu�ld�ngs conta�ns VFA, 
phenols, �ndoles and scatole. The a�rborne dust or�g�nated 
from manure conta�ns these compounds. The dust part�cles 
�nteract w�th the surround�ng a�r and may exchange the 
odorous compounds by means of ad-, ab- and desorpt�on 
processes. Hammond E. G. et al. (1981) est�mated that the 
concentrat�on of butyr�c ac�d and p-cresol w�ll be about 
4 × 107 greater �n a dust part�cle than �n an equal volume of 
a�r. Reynolds S. J. et al. (1998) est�mated that a s�gn�f�cant 
proport�on (15 - 23%) of a�rborne ammon�a �n enclosed 
l�vestock fac�l�t�es �s assoc�ated w�th part�cles. Taka� H. et 
al. (2002) reported that ammon�a contents �n �nhalable dust 
collected �n da�ry, poultry and farrow�ng houses ranged 
from 1-6 µg per mg of dust, �.e. 1,000 to 6,000 ppm on 
a we�ght bas�s, wh�le about 7 µg NH3 per mg of dust, �.e. 
7,000 ppm, was found �n resp�rable dust. 

Ammon�a, hydrogen sulph�de and other odorous com-
pounds �n the resp�rable fract�on of �nhaled dust part�cles 
may reach the lower parts of the resp�ratory tract, �.e. the 
bronch� and the alveol�, and �rr�tate the organs. If th�s hy-
pothes�s �s true, the chem�cal compounds absorbed �n dust 
part�cles plays an �mportant role �n the development of re-
sp�ratory d�seases �n farmers’ lungs. The depos�t�on of dust 
part�cles �n the nose may result �n h�gh local concentra-
t�ons of odours at and �n the mucosa �n the regio olfactoria, 
wh�ch w�ll affect the percept�on of odour. 

To understand the synerg�st�c effects of gases and aero-
sols on farmers’ health and malodour problems �mproved 
knowledge on relat�on between odorant concentrat�ons �n 
dust part�cles and �n room a�r �s des�red.
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The present study �s a�med at compar�ng the odorants 
�n the room-a�r and �n the headspace of the sed�ment dust 
samples collected �n sw�ne bu�ld�ngs.

Method and materials

The study have �ncluded samples collected dur�ng w�nter 
and summer surveys at four d�fferent sw�ne farms, each 
equ�pped w�th gestat�on, farrow�ng, rear�ng, and f�n�sh�ng 
bu�ld�ngs. Two surveys were carr�ed out �n the w�nter of 
2003−2004 and two �n the summer of 2004.

The odorants �ncluded �n the present study are: tr�meth-
yl am�ne (TMA), d�methyl sulf�de (DMS), butano�c ac�d 
(BA), 3-methyl-butano�c ac�d (3MBA), 4-methyl-penta-
no�c ac�d (4MPA), benzyl alcohol (BAL), �ndole (IND), 
and 3-methyl-�ndole (3MIND). These 8 odorants are called 
techn�cal key odorants (TKOs) and were selected based on 
the results from earl�er study (Taka� H. et al. 2007), who 
appl�ed pr�nc�pal var�able analys�s to �dent�fy TKOs. The 
study showed that these 8 TKOs could expla�n more than 
90% of the var�at�on found �n a data set of 18 room-a�r 
odorants. The phys�cal propert�es and odor threshold levels 
of TKOs found �n the l�teratures are shown �n table 1.

Table 1: 
Phys�cal propert�es and odor threshold levels of the techn�cal key odorants (TKOs) �ncluded �n the present study (Syracuse Research Corporat�on’s, 2007)

Name CAS #

Mol we�ght
m 

g mol-1

Solub�l�ty
H2O

(25oC)
g l-1

Bo�l�ng
po�nt

(oC)

Vapor
Pressure
(25oC)
mm Hg

Henry‘s 
constant

kh
atm l mol-1

D�s-soc�at�on
constant

pKa

Odour
threshold2)

µg m-3

Tr�methyl am�ne (TMA) 1) 75-50-3 59.11 890.0 2.8 1.61E+03 1.04E-01 9.80 5.9

D�methyl sulph�de (DMS) 75-18-3 62.13 22.0 37.3 5.02E+02 1.61E+00 5.9

n-Butyr�c ac�d (BA) 107-92-6 88.11 60.0 164.1 1.65E+00 5.35E-04 4.83 14.5

3-Methyl butano�c ac�d (3MBA) 503-74-2 102.10 40.7 176.5 4.40E-01 8.33E-04 4.77 10.5

4-Methyl pentano�c ac�d (4MPA) 646-07-1 116.16 5.3 200.5 4.45E-01 1.70E-03 4.84
15.40

75.9
24,500.0

Benzyl alcohol (BAL) 100-51-6 108.14 42.9 205.3 9.40E-02 3.37E-04 0.00 0.0

Indole (IND) 120-72-9 117.20 3.6 253.0 1.22E-02 5.28E-04 -2.40 0.2

3-Methyl-1H-�ndole (3MIND) 83-34-1 131.10 0.5 265.0 5.55E-03 2.13E-03 -3.40 3.1
1) As a solut�on �n water ~50%
2) Sch�ffmann S. S. et al. (2001)

The room-a�r odorants �n d�fferent sw�ne bu�ld�ngs were sampled us�ng sol�d-phase m�croextract�on (SPME) f�bres (f�gure 

1), and the�r relat�ve concentrat�ons were analyzed us�ng 
gas chromatography and mass spectrometry (GC/MS). 
On each sampl�ng occas�on, two SPME samples were col-
lected �n parallel and a sed�ment dust sample was collected 
from the surfaces of f�xtures �n the room. The sed�ment 
dust samples were kept �n a�rt�ght blue cap glass bottles 
(100 ml) w�th PTFE seal�ng �n a freezer at -15oC unt�l anal-
ys�s w�th�n about 120 days.
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F�gure 1: 
Odorant sampl�ng �n a sw�ne bu�ld�ng by means of SPME

About 5 g of the sed�ment dust sample was packed �n a 
∅ 38 mm sta�nless steel p�pe, of wh�ch the headspace a�r 
was c�rculated �n a closed system cons�st�ng of FEP tubes, 
a septum �n-l�ner and a sta�nless steel a�r pump (AFC 123 
personal a�r sampler; BGI Inc., USA). In a cl�mate cham-
ber, the setup was kept at 30oC for 30 m�n to ach�eve the 
equ�l�br�um stage, then, the dust-headspace odorants were 
sampled by us�ng SPME, f�gure 2. Then, the�r relat�ve con-

centrat�ons were analyzed by GC/MS. 
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F�gure 2: 
Sampl�ng of odorants of dust headspace a�r at d�fferent temperatures

Sol�d-phase m�croextract�on for determ�n�ng the relat�ve 
odorant concentrat�ons:

SPME �s a qual�tat�ve analys�s techn�que. To conduct 
quantitative analys�s, a cal�brat�on method would have to 
be developed, wh�ch was not poss�ble �n the present study. 
It was assumed that the amount of molecules of an odorant 
sampled us�ng SPME would �nd�cate �ts relat�ve concen-
trat�on. Th�s assumpt�on apparently works for compar�ng 
odors composed of s�m�lar chem�cal compos�t�ons, e.g., 
odors �n and from sw�ne bu�ld�ngs. To �mprove the compa-
rab�l�ty of the relat�ve odorant concentrat�ons �n d�fferent 
sw�ne bu�ld�ngs, a standard procedure for SPME sampl�ng 
was used, as follows. SPME f�bers coated w�th 50/30 µm 
D�v�nylbenzene/Carboxen/Polyd�methyls�loxane (Supel-
co, Bellefonte, Pennsylvan�a, USA) were �nserted �nto a 
Polytetrafluorethylene (PTFE) septum �njector (Omn�f�t, 
Cambr�dge, England), wh�ch was �nserted between a dust 
f�lter (25 mm of 0.2-µm PTFE membrane syr�nge f�lter, 
Whatman,  Brentford, M�ddlesex, UK) and an a�r pump 
w�th a suct�on sampl�ng rate of 0.001 m3 m�n−1 (f�g. 1). The 
septum �njector ensured that all SPME f�bers used �n the 
surveys were exposed to the a�r samples under the same a�r 
flow cond�t�ons. The sampl�ng per�od was 10 m�n, equ�va-
lent to a sampled a�r volume of 0.01 m3. Th�s sampl�ng 
per�od was chosen on the bas�s of pre-surveys �nd�cat�ng 
that an SPME f�ber has a much greater absorpt�on capac�ty 
than the amount of odorant molecules that can be absorbed 
�n sw�ne bu�ld�ngs w�th�n the appl�ed sampl�ng per�od. 
The amounts of d�fferent odorant molecules sampled by 
means of SPME were analyzed us�ng a Var�an 3800 gas 
chromatograph (GC) coupled to a Var�an Saturn 2000 
�on trap mass spectrometer (MS) (Var�an; Palo Alto, CA., 
USA). The GC was equ�pped w�th a spec�al SPME l�ner 
(Var�an) and a Var�an VF-1ms Factor Four non-polar cap�l-
lary column (60 m × 0.32 mm × 1.0 µm). Hel�um Alphagaz 
2 (A�r L�qu�de Danmark, Ballerup, Denmark) was used as 
carr�er gas at 2.5 mL m�n−1 (constant pressure at 1 × 105 N 
m-2). The SPME fiber was inserted directly into the injector 

for five min at 250°C. The oven temperature program was 
as follows: 4 m�n at 40°C , a ramp to 150°C at 5°C/m�n, 
followed by a ramp to 220°C at 10°C/m�n, and 7 m�n at 
220°C. The MS was used �n the electron �mpact mode at 70 
eV and w�th a scann�ng range of 30–150 m/z. The tempe-
ratures were as follows: �on trap, 175°C; man�fold, 110°C; 
and transfer l�ne, 170°C.

It was est�mated that the detect�on l�m�t (DL) of the ap-
pl�ed GC/MS analys�s was approx�mately 500 counts. In 
the case of a count less than 500, a dummy value of DL/2 = 
250 (wh�ch �s almost zero compared to the GC/MS counts 
represent�ng the concentrat�ons typ�cally found �n the sam-
ples) was �nserted to allow log transformat�on before fur-
ther stat�st�cal analys�s. Log transformat�on was performed 
ma�nly because the d�str�but�ons of the or�g�nal data were 
skewed, w�th long ta�ls to the r�ght. 

Results and discussions

Techn�cal parameters, wh�ch assumed to have �nfluence 
on odour and dust em�ss�ons �n the sw�ne bu�ld�ngs, were 
determ�ned at the sampl�ng occas�ons. The max�mum, 
m�n�mum and average values of the techn�cal parameters 
are shown �n table 2a and 2b. The f�nal datasets subjectedThe f�nal datasets subjected 
to the stat�st�cal analyses were der�ved from 6, 14, 11 and 
13 averaged values of dupl�cate measurements of room-
a�r odorant and from the correspond�ng 6, 14, 11 and 13 
measurements of odorants �n the headspace of the sed�-
ment dust samples collected �n gestat�on, farrow�ng, rear-estat�on, farrow�ng, rear-
�ng and f�n�sh�ng bu�ld�ngs, respect�vely. The reason for 
the small observat�on number for gestat�on bu�ld�ng �s that 
the surfaces �n the bu�ld�ng were often too wet to be able 
to collect a sat�sfactory amount of sed�ment dust. Table 3 
shows the number of observat�ons, where the TKO concen-
trat�ons were h�gher than DL. As seen �n the table, DMS 
concentrat�ons have often been lower than DL espec�ally 
�n the gestat�on and farrow�ng bu�ld�ngs. Only 6 out of 44 
measurements on DMS �n dust headspaces showed h�gher 
concentrat�ons than DL. All 6 measurements on 4MPA �n 
room-a�r of gestat�on bu�ld�ngs were lower than DL. Wh�le 
4MPA was observed more frequently �n the room-a�r of 
the other bu�ld�ngs types . Dust headspaces for gestat�on, 
farrow�ng and rear�ng bu�ld�ngs often showed 4MPA con-
centrat�on lower than DL, whereas, the 4MPA was more 
common compound �n the dust headspaces of f�n�sh�ng 
bu�ld�ngs. 
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Table 2a: 
Ranges and averages of some techn�cal parameters determ�ned �n connect�on w�th sampl�ng of odorants �n the sw�ne house

 Gestat�on Farrow�ng 

 Max. M�n. Ave. Max. M�n. Ave.

Room:

Rom volume, m3 1122 468 734 870 92 644

No. of pens, room-1 180 78 121 75 16 55

Area of slatted floor, % 100 50 67 33 33 33

Animals:

Body we�ght, kg p�g-1 250 150 192 250 200 225

Heat product�on, W an�mal-1 490 393 434 473 426 449

Stocking density:

No. of an�mals,  room-1 189 68 114 75 16 49

Do., m-2 0.4 0.3 0.4 0.4 0.1 0.2

Boddy we�ght, kg m-3 42.1 20.5 29.3 43.5 10.0 18.8

Do., kg m-2 105.2 51.3 72.7 100.0 28.7 47.2

Indoor climate:

Vent�lat�on rate, m3 h-1 hpu-1 247 86 154 336 76 229

Do, m3 h-1 room-1 11810 2869 7234 10095 965 5030

A�r exchange rate, h-1 14 6 10 16 2 8

Temperature 24 18 21 27 18 23

Relat�ve hum�d�ty 76 61 69 73 47 63

NH3 concentrat�on, ppm 18 6 12 14 3 6

CO2 concentrat�on, ppm 2500 1100 1733 2800 900 1371

Room cleanliness:

1-5: Dry floor - Wet floor 4 2 2.7 3 1 1.5

1-5: Not dusty - Very dusty 3 1 2.0 4 1 2.5
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Table 2b: 
Ranges and average of some techn�cal parameters determ�ned �n connect�on w�th sampl�ng of odorants �n the sw�ne houses

 Rear�ng  F�n�sh�ng

 Max. M�n. Ave. Max. M�n. Ave.

Room:

Rom volume, m3 427 104 224 1008 330 703

No. of pens, room-1 8 5 7 28 9 16

Area of slatted floor, % 100 33 51 100 100 100

Animals:

Body we�ght, kg p�g-1 30 12 20 80 50 68

Heat product�on, W an�mal-1 130 73 101 217 174 202

Stocking density:

No. of an�mals,  room-1 300 125 187 560 75 267

Do., m-2 3.8 1.1 2.4 1.5 0.4 1.1

Boddy we�ght, kg m-3 46.2 6.6 21.0 38.7 8.2 25.1

Do., kg m-2 92.3 16.4 49.8 109.1 32.8 75.8

Indoor climate:

Vent�lat�on rate, m3 h-1 hpu-1 1233 76 299 529 59 203

Do, m3 h-1 room-1 14314 1190 4876 57036 2055 12139

A�r exchange rate, h-1 95 5 28 66 4 17

Temperature 24 19 22 26 17 21

Relat�ve hum�d�ty 77 51 65 83 52 67

NH3 concentrat�on, ppm 8 1 3 24 6 14

CO2 concentrat�on, ppm 2800 500 1545 3500 700 1638

Room cleanliness:

1-5: Dry floor - Wet floor 4 1 2.5 4 1 2.3

1-5: Not dusty - Very dusty 3 1 2.5 4 2 2.8

F�gure 3 shows the correlat�on between odorant concen-
trat�ons �n room-a�r and dust headspace. The trend l�ne �n 
the f�gure shows the overall trend of the 8 odorants. Al-
though the overall correlat�on �s s�gn�f�cant some of TKOs 
show relat�vely large spread�ng.  To explore a poss�ble ef-
fect of bu�ld�ng type on the �nteract�on between room-a�r 
and dust part�cles, correlat�on coeff�c�ents between rela-
t�ve TKO concentrat�ons �n the room-a�r and �n the dust 
headspaces were determ�ned for d�fferent bu�ld�ng types. 
The results are shown �n table 4. None of the correlat�on 
coeff�c�ents for the gestat�on bu�ld�ng were s�gn�f�cant. 
One reason for th�s m�ght be the small number of observa-
t�ons, n=6. Farrow�ng bu�ld�ngs showed that TMA, BA and 
3MBA concentrat�ons �n room-a�r and dust headspace were 
s�gn�f�cantly correlated. TMA, DMS, BA and 3MBA con-
centrat�ons �n rear�ng bu�ld�ngs were s�gn�f�cantly corre-
lated. Wh�le �n the f�n�sh�ng bu�ld�ngs, 5 TKOs, �.e. TMA, 
BA, 3MBA, IND and 3MIND concentrat�ons �n room-a�r 
and dust headspace were s�gn�f�cantly correlated. 

Conclusions

Relat�ve concentrat�ons of 8 TKOs �n room-a�r and dust 
headspaces samples from gestat�on, farrow�ng, rear�ng 
and f�n�sh�ng bu�ld�ngs have been determ�ned and the�r 
correlat�ons are stud�ed.
As overall, TKO concentrat�ons �n room-a�r and head-
spaces were s�gn�f�cantly correlated; but relat�vely large 
spread�ng was observed.
Further study on the �nteract�on between TKOs �n room-
a�r and dust part�cles �s recommended.   

•

•

•
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Table 3:
Number of TKO concentrat�on data h�gher than detect�on l�m�t for room-a�r and dust head spaces for d�fferent bu�ld�ng types.

Type of 
bu�ld�ngs

No. of 
observat�ons

Tr�methyle-
am�ne

(TMA)

D�methyl- 
sulf�de

(DMS)

Butano�c- 
ac�d

(BA)

3-methyl-
butano�c-

ac�d
(3MBA)

4-methyl-
pentano�c-

ac�d
(4MPA)

Benzyl-
alcohol

(BAL)

Indole

(IND)

3-methyl-
�ndole

(3MIND)

Room-a�r

Gestat�on 6 6 2 6 4 0 5 6 6

Farrow�ng 14 12 2 14 14 7 12 14 14

Rear�ng 11 10 6 11 11 10 10 11 11

F�n�sh�ng 13 12 8 13 13 7 12 13 13

Dust headspace

Gestat�on 6 6 1 6 5 2 6 6 6

Farrow�ng 14 14 1 14 14 3 13 14 14

Rear�ng 11 11 2 11 11 6 10 11 11

F�n�sh�ng 12 13 2 13 13 11 12 13 13

1.0E+02

1.0E+03

1.0E+04

1.0E+05

1.0E+06

1.0E+07

1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06 1.0E+07
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R
2
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F�gure 3: 
Correlat�on between relat�ve odorant concentrat�ons �n room-a�r (X-ax�s) and dust headspace (Y-ax�s) 
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Table 4: 
Correlat�on coeff�c�ents between relat�ve odorant concentrat�ons (GC/MS counts) �n the room a�r and �n the dust headspace

 Type of 
bu�ld�ngs

 Tr�methyle-
am�ne

(TMA)

D�methyl- 
sulf�de

(DMS)

Butano�c- 
ac�d

(BA)

3-methyl-
butano�c-

ac�d
(3MBA)

4-methyl-
pentano�c-

ac�d
(4MPA)

Benzyl-
alcohol

(BAL)

Indole

(IND)

3-methyl-
�ndole

(3MIND

Gestat�on r 0.580 -0.299 -0.103 -0.327  - 0.190 0.586 0.450

 P-value 0.132 0.473 0.809 0.430  - 0.653 0.127 0.263

Farrow�ng r 0.681 -0.104 0.815 0.681 0.124 0.374 0.141 -0.030

 P-value 0.004 0.701 0.000 0.004 0.648 0.154 0.601 0.912

Rear�ng r 0.611 0.678 0.874 0.739 0.397 0.538 0.511 0.305

 P-value 0.027 0.011 0.000 0.004 0.180 0.058 0.074 0.310

F�n�sh�ng r 0.663 -0.226 0.788 0.650 0.266 0.231 0.531 0.558

 P-value 0.007 0.418 0.000 0.009 0.338 0.407 0.042 0.031
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