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A protocol for chemical measurement of odour in relation to 
abatement technologies for animal production 
 

Summary 

In the present memo, a measurement protocol is presented for chemical measurement 

of odour in relation to abatement technologies for pig and cattle production. The 

measurement protocol contains information about 1) odorants that should be in-

cluded, 2) calculation of odour activity value (OAV), 3) measurement methods that can 

be applied, 4) how to perform quality assurance and 5) the required measurements for 

air cleaners and housing technologies during a verification test. 

Two types of measurement methods can be applied which are 1) laboratory methods 

with discrete sampling and 2) on-line methods with continuously measurements on-

site. Gas chromatography combined with a sulphur specific detector and mass spec-

trometry can be used as the laboratory method and Proton-Transfer-Reaction Mass-

Spectrometry (PTR-MS) as the on-line method.  

 

1. Background and aim 

Odour from animal production facilities can be a severe nuisance to people living near 

the facilities. It is therefore important to develop odour abatement technologies that 

can lower the nuisance. However, both development and documentation of odour 

abatement technologies is dependent on a valid measurement method that can be used 

to estimate the effect on odour. Until now, dynamic olfactometry (CEN, 2003) has 

been the only acknowledged method. However, dynamic olfactometry has a number of 

drawbacks that makes the method unsuitable for evaluation of odour abatement tech-

nologies for animal production. Dynamic olfactometry requires collection of air sam-

ples in sample bags, storage for up to 30 h, and dilution and analysis by human panel-

list in an olfactometer. It has been shown that both sample bags (Koziel et al., 2005; 

Trabue et al., 2006; Hansen et al., 2011; Kasper et al., 2018) and olfactometers 

(Hansen et al., 2013; Kasper et al., 2017) can have a large negative influence on the re-

covery of chemical odorants. This means that only a fraction of the odorants found in 

the air from the odour abatement technology will actually reach the nose of the panel-

lists in the olfactometer. In relation to sample air from animal production facilities this 



means that mainly sulphur compounds will reach the nose of the panellists and de-

pending on the effect of the odour abatement technology on sulphur this will deter-

mine the estimated efficiency. Furthermore, n-butanol is used to select and monitor 

the panellists for olfactometry in order to ensure repeatability within the odour labora-

tory and reproducibility between odour laboratories. Studies have shown that although 

panellists demonstrate low variability for n-butanol the variability towards real odor-

ous samples is high and the correlation with chemical odorants normally found in air 

from animal production facilities is low (Klarenbeek et al., 2014; Feilberg et al., 2018). 

It has also been shown that the efficiency of an odour abatement technology based on 

olfactometry is highly dependent on the odour laboratory (Jonassen et al., 2012) and 

this indicates a low degree of reproducibility between odour laboratories.  

During the last decade research has been carried out in relation to methods for meas-

uring chemical odorants from animal production (Shaw et al., 2007; Ngwabie et al., 

2008; Feilberg et al., 2010; Liu et al., 2011; Hansen et al., 2012b). A number of studies 

have been concerned with the conversion of chemical measurements into an odour 

value that could replace odour measurements by dynamic olfactometry (Gralapp et al., 

2001; Hobbs et al., 2001; Hansen et al., 2012a; Hansen et al., 2014; Hansen et al., 

2016). However, it is a challenge to achieve a high correlation between dynamic olfac-

tometry with a high variability and chemical measurements of odorants with a rela-

tively low variability. In the study by Hansen et al. (2016) both dynamic olfactometry 

and chemical measurements of odorants were performed on-site without bias from 

sample bags. In this study a fairly high correlation (r2 = 0.77) was achieved and this 

indicates that chemical measurements can be used as an alternative to dynamic 

olfactometry.  

The application of odour activity value (OAV) based on odorant concentrations and 

odour threshold values (OTV) has been suggested as a method for evaluating odour 

abatement technologies for animal production. The advantage of this method is that it 

resembles dynamic olfactometry in the sense that olfactometry estimates the detection 

threshold for the whole air sample and the OTV is the detection threshold for the indi-

vidual odorants. Furthermore, the application of OTV is unlike multivariate prediction 

models (Hansen et al., 2012a; Hansen et al., 2016) independent of the sample matrix 

(pig, cattle etc.). The disadvantage is that the method assumes additivity and therefore 

it cannot be used to estimate an absolute odour level but only the relative contribution 

of the individual odorants an how this contribution is influenced by an odour abate-

ment technology.  

The aim of the present memo is to describe how chemical measurements can be used 

to measure odour in relation to abatement technologies for animal production based 

on odour activity value (OAV). Furthermore, it is described which measurement meth-

ods that can be applied and how the measurements are quality assured. 

 

 

 

 



2. Relevant chemical odorants for cattle and pig production 

A number of studies have investigated concentration level and emission of chemical 

odorants from pig and cattle production. The data in literature regarding fur animals 

and poultry is very scarce. Consequently, the method described is limited to odour 

abatement technologies applied in production systems for cattle and pigs with liquid 

manure systems.  

 

2.1 Identification of significant odorants from pig production 

In table 1, the most commonly found odorants in air from pig production facilities are 

listed along with their OTV and concentration range. Based on the relation between 

OTV and the concentration range nine odorants are identified as significant odorants 

that should be included in evaluation of abatement technologies for pig production. 

The significant odorants are found within sulphur compounds, amines, carboxylic ac-

ids, phenols and indoles. 

 

Table 1. Odour threshold value (OTV) and concentration range for chemical odorants found in pig produc-

tion and identification of significant odorants (+ significant, - non-significant).  

Chemical odorant OTV 

ppbv 

Concentration range ppbv
c Significant odorant 

± 

Hydrogen sulphide 0.8a 100 ‒ 1000 + 

Methanethiol 0.03a 2 ‒ 20 + 

Dimethyl sulphide 2.3a 2 ‒ 15 - 

Trimethylamine 0.08a 5 ‒ 30 + 

Acetaldehyde 1.5b 10 ‒ 25 - 

Acetone 42000b 5 ‒ 15 - 

2-butanone 440b 2 ‒ 5 - 

2,3-butandione 0.06a 1 ‒ 2 - 

Acetic acid 8.3a 200 – 500 + 

Propanoic acid 5.7b 50 ‒ 250 + 

Butanoic acid 0.23a 40 ‒ 120 + 

Pentanoic acid 0.2a 5 ‒ 30 + 

2-methylpropanoic acid 1.5a 5 ‒ 20 - 

3-methylbutanoic acid 0.09a 1 ‒ 15 - 

Phenol 8.4a 1 ‒ 10 - 

4-methylphenol 0.02a 5 ‒ 20 + 

4-ethylphenol 0.4a 0.5 ‒ 2 - 

Indole 0.06a 0.1 ‒ 2 - 

3-methylindole 0.003a 0.1 ‒ 1 + 
aHansen et al. (2018); bNagata (2003); cBased on Feilberg et al. (2010), Liu et al. (2011), Hansen et al. 
(2012b), and Hansen et al. (2016). 

 

2.2 Identification of significant odorants from cattle production 

In table 2, the most commonly found odorants in air from cattle production facilities 

are listed along with their OTV and concentration range. Based on the relation be-

tween OTV and the concentration range seven odorants are identified as significant 

odorants that should be included in evaluation of odour abatement technologies for 



cattle production. The significant odorants are found within sulphur compounds, 

amines, aldehydes, carboxylic acids and phenols. 

 

Table 2. Odour threshold value (OTV) and concentration range for chemical odorants found in cattle pro-

duction and identification of significant odorants (+ significant, - non-siginificant).  

Chemical odorant OTV 

ppbv 

Concentration range ppbv
c Significant odorant 

± 

Hydrogen sulphide 0.8a 20-300 + 

Methanethiol 0.03a 0.1 ‒ 15 + 

Dimethyl sulphide 2.3a 1 ‒ 40 - 

Trimethylamine 0.08a 2 ‒ 130 + 

Acetaldehyde 1.5b 5 ‒ 1000 + 

Propanal 1b 0.2 ‒ 40 - 

Hexanal 0.28b 0.2 ‒ 20 - 

Acetone 42000b 5 ‒ 120 - 

2-butanone 440b 1 ‒ 85 - 

2-pentanone 28b 0.2 ‒ 10 - 

Acetic acid 8.3a 20 – 2500 + 

Propanoic acid 5.7b 5 ‒ 200 - 

Butanoic acid 0.23a 1 ‒ 60 + 

Pentanoic acid 0.2a 0.2 – 15 - 

Methanol 33000b 100 ‒ 2000 - 

Ethanol 520b 500 ‒ 1000 - 

1-propanol 94b 15 ‒ 2500 - 

2-butanol 38b 0.5 – 80 - 

Methyl acetate 1700b 0.1 ‒ 200 - 

Ethyl acetate 870b 15 ‒ 2000 - 

Phenol 8.4a 0.1 ‒ 25 - 

4-methylphenol 0.02a 0.5 ‒ 10 + 

4-ethylphenol 0.4a 0.5 ‒ 2 - 

aHansen et al. (2018); bNagata (2003); cBased on Ngwabie et al. (2008) and unpublished PTR-MS data. 

 

3. Calculation of odour activity value (OAV) 

The calculation of OAV is based on equation 1, where [odorant]n is the concentration 

of the individual odorant and OTVn is the detection threshold for the individual odor-

ant. It is recommended that OTV’s from the study by Nagata (2003) and Hansen et al. 

(2018) is used. The OTV’s that can be applied has to be based on detection threshold 

measurements with panellists where the actual exposure concentration at the individ-

ual dilution steps is measured analytical.  

 

∑ OAV =  ∑
[Odorant]n

OTVn

n
n=1      (1) 

 
3.1 Example with an air cleaner  

In Table 3, an example is presented for an air cleaner where the OAV for each odorant 

in an air sample before and after the air cleaner is calculated and summarized accord-

ing to equation 1. The data in Table 3 represent one set of samples for an air cleaner. 



Table 3. Example with calculation of OAV in an air sample before and after an air cleaner. 

Chemical odorant OTV 

ppbv 

Before air 

cleaner 

 After air 

cleaner 

 

  Concentration, 

ppbv 

OAV Concentration, 

ppbv 

OAV 

Hydrogen sulphide 0.8a 353 441 86 108 

Methanethiol 0.03a 12 400 10 333 

Trimethylamine 0.08a 12 150 0.8 10 

Acetic acid 8,3a 314 38 1.2 0.1 

Propanoic acid 5.7b 67 12 0.5 0.1 

Butanoic acid 0.23a 42 183 0.3 1.3 

Pentanoic acid 0.2a 6.6 33 0.1 0.5 

4-methylphenol 0.02a 9.5 475 0.2 10 

3-methylindole 0.003a 0.4 133 0.03 10 

Sum OAV   1865  473 

aHansen et al. (2018); bNagata (2003) 

 

4. Measurement methods 

Two different approaches can be applied for measuring odorants (1) laboratory meth-

ods that require collection of discrete samples at the source and (2) on-line methods 

that can be used to measure odorants on-site at the source. In the following section, 

recommended methods and the necessary calibration and quality assurance will be 

presented. 

 

4.1 Laboratory method 

Gas chromatography with mass spectrometry (GC/MS) and gas chromatography with 

sulphur specific detectors can be applied as the laboratory method. This combination 

of methods will be able to cover the range of odorants found in pig and cattle produc-

tion.  

 

4.1.1 Gas Chromatography with Mass Spectrometry (GC/MS) 

The use of GC/MS for measurement of odorants require sample collection on adsor-

bent tubes and thermal desorption (TD) before analysis by GC/MS and is called TD-

GC/MS. Before adsorbent tubes are applied the save sampling volume has to be esti-

mated based on breakthrough measurements. Furthermore, it has to be shown that 

the recovery of the odorants of interest is above 95%.  

 

4.1.2 Gas Chromatography with sulphur specific detectors 

The use of gas chromatography with sulphur specific detectors for measurements of 

reduced sulphur compounds require a collection of sample air in sample bags. Based 

on a previous study by Kasper et al. (2018), concerned with sample recovery in differ-

ent types of sample bags, only sample bags made of polytetrafluoroethylene (trade 

name: PTFE/Teflon) can be used. The sample bag size must be at least 10 L and the 

samples should be analysed within 24 h. 



4.2 On-line method 

Proton-Transfer-Reaction Mass Spectrometry (PTR-MS) can be applied as the on-line 

method. Measurements on-site require a setup with a heated and insulated sample 

line for each measuring point (e.g. before and after an air cleaner) and a heated valve 

that can change between the measuring points in a continuous cycle. The sample tube 

and the valve material in contact with the air sample must be made of PTFE or PEEK 

(polyether ether ketone). If long sample lines are used (>3 m), it is required to apply a 

continuous external flow for each sample line in order to have a fast response. For 

each new test site, the required measurement time on each sample line has to be deter-

mined in order to have a stable signal of all odorants. In between measurements at the 

measuring points instrumental background must be measured with a charcoal filter or 

another source of odorant-free air (e.g. synthetic air from a gas bottle or air from a 

zero-air generator). 

 

4.3 Calibration of measurement method 

For the laboratory method, the calibration is carried out each time samples are ana-

lysed. For PTR-MS, calibration is required before each measurement day if the instru-

ment has been moved prior to the measurements. If measurements with PTR-MS are 

performed over a longer period then calibration has to be made when the measure-

ments starts and thereafter every fourth week. 

 

4.3.1 Detection and quantification limit 

The detection limit (DL) is determined as three times the standard deviation of at least 

seven blank measurements. The quantification limit (QL) is determined as ten times 

the standard deviation of at least seven blank measurements and is the minimum con-

centration value that can be applied in evaluation of an abatement technology. Both 

DL and QL has to be included in the test report. 

 

4.3.2 Response factor 

For the laboratory method, calibration standards has to be analysed along with the 

samples in order to estimate a response factor for each odorant that should be in-

cluded, see Table 1 and 2. The response factor can be based on a one-point calibration 

within the measurement range if it has been documented during the annually quality 

assurance (see section 4.4) that the instrument signal as a function of gas standard 

concentration is linear within the relevant concentration range.  

 

For the PTR-MS, the response factor has to be based on calibration standards or the 

measured concentrations must be corrected according to the reaction rate constants 

shown in Table 4. Furthermore, the PTR-MS has to be calibrated with a certified trans-

mission gas (with compounds between m/z 30-200).  

 

 

 



Table 4. Recommended reaction rate constants for PTR-MS 

Chemical odorant m/z Reaction rate constanta 

cm3 molecules-1 s-1 

Hydrogen sulphide 35 Calibrationb 

Methanethiol 49 1.9 · 109 

Trimethylamine 60 1.58 · 109 

Acetaldehyde 45 3.02 · 109 

Acetic acid 61+43 2.14 · 109 

Propanoic acid 75+57 2.12 · 109 

Butanoic acid 89+71 2.11 · 109 

Pentanoic acid 103+85 2.7 · 109 

4-methylphenol 109 2.32 · 109 

3-methylindole 132 2.73 · 109 

aCappellin et al. (2012), Liu et al. (2018), and Feilberg et al. (2010); bAn example is shown in Figure 1. 

 

The sensitivity of hydrogen sulphide (m/z 35) measured by PTR-MS is humidity de-

pendent. The estimation of the hydrogen sulphide concentration has to be based on a 

calibration curve that takes varying humidity conditions (0 ~ 99% relative humidity at 

25 °C) into account as described by Feilberg et al. (2010), see example in Figure 1. The 

calibration curves for hydrogen sulphide has to be included in the test report. Further-

more, the response of trimethylamine (m/z 60) has to be corrected for the contribu-

tion from 13C-acetone.  

 

 
Figure 1. Calibration curve for hydrogen sulphide (H2S) that takes humidity into account. 

 

4.4 Quality assurance 

The quality assurance has to be carried out annually and the most recent results have 

to be included in the test report. The annually quality assurance must be based on the 

five odorants listed in Table 5. The quality assurance has to be based on certified gas 

standards or other methods where the concentration is validated.  

 

 



Table 5. Odorants and required concentration range for quality assurance 

Chemical odorant Required concentration range, ppbv 

Hydrogen sulphide 20 – 1000 

Methanethiol 2 – 20 

Acetic acid 10 – 500 

Butanoic acid 5 – 150 

4-methylphenol 2 – 20 

 

4.4.1 Precision 

The instrument precision is defined as the reproducibility of a result when a fixed 

quantity of one stable sample is analysed at least ten times using the same instrument. 

The precision is estimated for five known concentrations evenly distributed within the 

concentration range listed in Table 5. The precision is calculated as the covariance 

(CV) according to equation 2, where s is the standard deviation and X is the average. 

 

CV, % =  
s 

X
     (2) 

 

4.4.2 Accuracy 

The accuracy is defined as the propagated uncertainty of the overall method including 

calibration function uncertainty, field sample method (bag, adsorbent tube, Teflon 

tube), storage time and eventual dilution. The accuracy is estimated for five known 

concentrations evenly distributed within the concentration range listed in Table 5. At 

each concentration level, at least three samples should be analysed. At each concentra-

tion level, the measurement method should be able to estimate the known concentra-

tion within the estimated precision of the method at each concentration level (see sec-

tion  4.4.1). Furthermore, the regression curve for the comparison between measured 

and known concentration must have a correlation coefficient of R2 > 0.97 and the 

slope must not differ from one by more than the uncertainty of the gas standard (max 

10%).     

 

4.4.3 Measurement range and linearity 

The measurement range is estimated for five known concentrations evenly distributed 

within the concentration range listed in Table 5. The lowest and highest value must be 

as close as possible to the limit of the interval. At each concentration level at least 

three samples has to be analysed directly without further sampling setup. Based on 

these measurements it must be shown that the response signal as a function of the 

concentration is linear with a correlation coefficient of R2 > 0.99. The applied meas-

urement range can be extended beyond the intervals in Table 5, but not lower than QL. 

 

 

 

 

 

 



5. Measurement strategy 

The method with chemical measurements of odorants and estimation of OAV can be 

applied for two types of abatement technologies, air cleaners and housing technolo-

gies. In general, the guidelines in the latest VERA protocol (www.vera-verification.eu) 

must be applied and the chemical method substitute the odour measurement by dy-

namic olfactometry.  

 

5.1 Air cleaners 

For air cleaners measurements has to be carried out at two different air cleaners. The 

measurements has to be carried out both during a summer and a winter period as de-

fined by the latest VERA protocol for Air cleaning technologies. For both laboratory 

and on-line methods an average effect is calculated for each hour, day and season and 

based on this the overall effect is calculated.  

 

Table 6. Required number of measurements in relation to air cleaners. 

Method Test site A Test site B 

Laboratory method Summer: 8 measurement days 

Winter: 8 measurement days 

 

3 sets of sample per measurement day 

 

Summer: 6 measurement days  

Winter: 4 measurement days 

 

3 sets of samples per measurement day 

 

PTR-MS Summer: 8 days (24 h) over 8 weeks 

Winter: 8 days (24 h) over 8 weeks  

 

Continuous measurements 

 

Summer: 6 days (24 h) over 8 weeks  

Winter: 4 days (24 h) over 8 weeks  

 

Continuous measurements 

 

 

5.2 Housing technologies 

For housing technologies chemical measurements has to be carried out at two differ-

ent sites and the measurements can only be applied for the case-control design. The 

distribution of measurements in relation to season and animal category is defined by 

the latest VERA protocol for housing technologies. For both laboratory and on-line 

methods an average effect is calculated for each hour and day and based on this the 

overall effect is calculated.  

 

Table 7. Required number of measurements in relation to housing technology 

Method Test site A Test site B 

Laboratory method 6 measurement days 

 

3 sets of sample per measurement day 

 

6 measurement days  

 

3 sets of samples per measurement day 

 

PTR-MS 6 days (24 h) 

  

Continuous measurements 

 

6 days (24 h) 

 

Continuous measurements 

 

 



5.3 Evaluation of by-products 

For both air cleaners and housing technologies, the measurements should be supple-

mented by an evaluation of odorants produced as a consequence of the technology. 

When using a laboratory method this should be carried out for each set of samples that 

are analysed where all significant peaks are identified. When using PTR-MS a scan be-

tween m/z 30-200 has to carried out when the instrument has been moved prior to the 

measurements. If measurements with PTR-MS are performed over a longer period 

then a scan has to be made when the measurements starts and thereafter every fourth 

week. If unknown masses are seen in the mass spectrum from the PTR-MS then GC-

methods should be applied to identify these masses. The evaluation of  by-products 

has to be included in the test report where it is stated which chemical compounds that 

are produced or increased compared to the sample air before the air cleaner or in the 

control section for housing technologies. Furthermore, it has to be stated whether 

these chemical compounds will have a significant impact on odour and if they possess 

an environmental risk. 
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