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Zusammenfassung 
Das vom Ausschuss zur gesundheitlichen Bewertung von Bauprodukten entwickelte AgBB-
Schema sieht neben der Bestimmung von VOC-Emissionen aus Bauprodukten auch die 
Durchführung von Geruchsmessungen entsprechend der DIN ISO 16000-28 vor. Diese wurden 
zunächst als Platzhalter in das Schema integriert. Die Methode zur Bestimmung der 
empfundenen Intensität wird gegenwärtig im Rahmen der 2012 im Auftrag des 
Umweltbundesamtes gestarteten Pilotphase zur „Einführung der Geruchsmessungen in die 
Bewertung von Bauprodukten“ auf Anwendbarkeit geprüft. 

Im Jahr 2012 wurde bereits ein erster Ringversuch durchgeführt, der zur Feststellung der 
Anwendbarkeit der DIN ISO 16000-28 in seiner Fassung vom Dezember 2012 und der 
Herausarbeitung von Verbesserungspotentialen diente. Basierend auf den Erkenntnissen aus 
diesem Ringversuch wurde 2014 ein weiterer Ringversuch durchgeführt. Um das Vorgehen der 
Institute zu vereinheitlichen, wurden zusätzliche Hilfsmittel wie eine 
Standardarbeitsanweisung für die Durchführung der Geruchsmessungen sowie eine Software 
zur Aufzeichnung der Messdaten zur Verfügung gestellt.  

Während 2012 noch eine kommerziell erhältliche Acryldichtmasse als Probenmaterial diente, 
wurde 2014 ein mit speziellen Substanzen dotierter Lack an die teilnehmenden Institute zur 
VOC- und Geruchsmessung versendet. Die daraus resultierenden Messergebnisse der 
empfundenen Intensität wurden unter Berücksichtigung verschiedener Rahmenbedingungen 
ausgewertet, um so mögliche Einflussfaktoren auf das Verfahren zu identifizieren. Einem 
Vergleich beider Ringversuche wurden die jeweils qualifizierten Datensätze zugrunde gelegt. 

Die bereits im Ringversuch 2012 identifizierten Verbesserungspotentiale wurden 2014 
überwiegend bestätigt, so z.B. dass die gewissenhafte Durchführung der Prüfung von 
essentieller Bedeutung ist und die durch die DIN ISO 16000-28 vorgegebenen 
Rahmenbedingungen nicht eng genug gefasst sind. Weiterhin konnte die 2012 aufgestellte 
These, dass Messungen, die auf der Verwendung von Vergleichsmaßstäben mit nur einem 
Trichter basieren, größere Unsicherheiten in der Bewertung verursachen, nicht bestätigt 
werden. 

Für beide Ringversuche ergeben sich relative Vergleichsstandardabweichungen in einem 
Bereich von 20-40 %, der mit dem von etablierten VOC-Ringversuchen durchaus vergleichbar 
ist. 
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Abstract 
The Committee for Health-related Evaluation of Building Products developed the AgBB-Scheme 
that sets requirements for the product testing regarding VOC emissions from building products. 
Additionally a placeholder for odour measurements according to DIN ISO 16000-28 was 
integrated into the scheme. The therein described method for the evaluation of the perceived 
intensity is currently being checked in the course of a pilot phase for the “Implementation of 
Odour Measurements into the Evaluation of Building Products” that is conducted on behalf of 
the Federal Environment Agency and started in 2012. 

A first interlaboratory comparison was conducted in 2012. The aim was to check the 
applicability of the DIN ISO 16000-28 (version from December 2012) and to identify potential 
for improvement. Based on the findings of 2012 another interlaboratory test was conducted in 
2014. To improve the measuring process and the interlaboratory comparability a standard 
operation procedure as well as software to record the measurement data were provided to the 
participating institutes. 

While in 2012 a commercially available acrylic sealant was used as sample material, in 2014 a 
lacquer doped with specific substances was sent to the participants for the VOC and odour 
measurement. The resulting measurement values for the perceived intensity were evaluated in 
consideration of various boundary conditions to identify parameters that could possibly 
influence the measurement procedure significantly. For the comparison of both interlaboratory 
comparisons qualified data sets were taken as a basis. 

Potential for improvement identified in 2012 was mainly confirmed by the interlaboratory test 
2014 as well. Besides the accurate conduction as essential part of the measurement it became 
obvious again that the boundary conditions of the DIN ISO 16000-28 are not defined tight 
enough. Moreover the thesis that measurements based on the utilisation of comparison scales 
with only one funnel generate results especially imprecise could not be verified. 

Both interlaboratory comparisons resulted in relative standard deviations of reproducibility 
that lay between 20 and 40 % and such are quite comparable with those of well-established 
interlaboratory VOC comparisons.  
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1 Introduction 
 

Indoor air pollutants influence the health and comfort of buildings occupants and also affect 
their behaviour regarding ventilation and energy consumption. Consequently the emissions 
from building products can substantially reduce indoor air quality. In this context, volatile 
organic compounds (VOC) emitted from building products are evaluated using the AgBB 
(Ausschuss zur gesundheitlichen Bewertung von Bauprodukten) scheme. As VOC emissions are 
frequently accompanied by odours, which can also lead to health impairments, it is also 
important to assess the intensity and acceptability of emitted odours. Since many complaints of 
occupants are based on odour nuisance the human nose appears to be a suitable tool for the 
(sensory-based) odour measurement. To establish a procedure for the assessment of odour 
emissions from building products several studies have been carried out in the last years [Horn 
2012, Müller 2011; AgBB 2012] and one project (FKZ 3713 95 318) financed by the Federal 
Environmental Agency (Umweltbundesamt, UBA) is currently being conducted. The results 
from these earlier projects have already been implemented in the elaboration of national and 
international standards like the ISO 16000-28. Based on these developments the AgBB started 
a pilot phase in 2012 for the introduction of sensory testing into the AgBB scheme where it is 
already fixed as an advanced place holder. To support and monitor the pilot phase the 
workgroup “AG Sensorik” was established. 

The German AgBB scheme was introduced for the test and approval process of construction 
materials. The AgBB scheme as well as e.g. the Blue Angel Mark are based on emission tests 
according to the international standards ISO 16000-3 and -6 and 16000-9 to -11. Quality and 
trueness of results received from measurements are very important for all involved parties, 
producers and consumers as well; for instance, if the results were used for acceptance of a 
product within a labelling procedure. Therefore it is necessary to ensure that the results 
between the testing laboratories are comparable. The successful participation in such 
interlaboratory tests often is essential for the acceptance of results given by an analytical 
laboratory. The same assumption has to be made for the evaluation of odours. Thus for the 
relevant parameters (e.g. perceived intensity, hedonic tone, acceptance) round robin tests have 
to be conducted as well to validate the procedure and to identify suited laboratories for this 
task. 

During the pilot phase for sensory testing in the AgBB scheme two round robin tests shall be 
conducted. The first round robin test was organized in 2012 [Brosig 2014]. The results of the 
second round robin test are presented in the project at hand. 

1.1  Interlaboratory Tests at BAM 

Round robin tests for the analytical step from sampling and the analysis of the thermal-
desorption tubes or other sampling procedures are well established. For the complete 
procedure including chamber loading, sampling, identification and quantification of VOC-
emissions from products BAM conducted several round robin tests from 2007 up to now. The 
main problem for round robin tests of the complete chamber test is the lack of a suited 
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reference material. Therefore in advance to such a test a material had to be chosen and tested 
with many complete chamber tests. This is very time consuming task so with the last round 
robin “RR_VOC_G_BAM_2014” we tested the first reference material we developed in an EMRP 
project1. The following Table 1 gives an overview of this round robin tests. 

Table 1 VOC round robin tests organized by BAM 

Round robin Year 
Number of 

Participants 
Number of 

Compounds 
Evaluation 

Building products + odour 2006 7 7 no 

ILS_DIBt_BAM-2008 2008 29 11 no (z-score test) 

RR-VOC-BAM_2009 2009 38 9 z-score 

RR-VOC-BAM_2012 2012 46 9 z-score 

RR-VOC-G-BAM-2014 2014 54 9 z-score 
 

1.2 Interlaboratory Tests at BAM regarding Odour Measurement 

In 2006 a first cooperative test was conducted regarding the implementation of odour 
measurements. At the time the institutes already conducting emission chamber measurements 
did not operate own odour measurement devices and thus a comparison scale designed by the 
Herrmann-Rietschel Institute (HRI, Berlin) was sent to various institutes to test the general 
procedure. 

In 2012 the first actual interlaboratory test was conducted. The shipped sample was a 
commercially available acrylic sealant that had to be filled into predetermined aluminium U-
profiles by the participants and then had to be put into the emission test chambers (ISO 16000-
6 and 16000-9). The odour measurement had to be conducted on the 3rd and the 7th day after 
the loading of the chambers. Alongside the interlaboratory comparison also the decay of odour 
intensity was monitored. Moreover the VOC emissions were checked on the 7th day. Therefore 
Tenax® tubes of the BAM were sent to the participants, loaded at the institutes and resend to 
BAM for analytical evaluation. The overall relative standard deviation of repeatability for all 
participating institutes was about 48 %. The overall minimum and maximum standard 
deviation determined for the institutes single measurements were 16.6 and 81.2%. The overall 
relative standard deviation of reproducibility was about 29.6% [Brosig 2012]. 

A correlation between the analytically determined substances and the perceived intensity 
measured by the odour panel was not detected. 

In 2014 the current interlaboratory test was conducted which is described in detail in the 
following chapters of this report. 

                                                           
1 Metrology for Chemical Pollutants in Air - MACPoll. 2014 The EMRP is jointly funded by the EMRP 
participating countries within EURAMET and the European Union 
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2 Preparation and Conduction of the Odour Interlaboratory Test 
2014 

Subsequent to the round robin test 2012 (RR12) and based on the gained experience a 
standard operation procedure (SOP) for the conduction of odour measurements was developed. 
Moreover software was provided to simplify the record and evaluation of measurement data. 

Within the round robin test 2014 (RR14) doped lacquer samples were measured for VOC and 
odour emissions according to a prescribed schedule (see below). 

2.1 Standard Operation Procedure for the Conduction of the Odour 
Measurements 

Regarding the implementation of odour measurements into the evaluation of building products 
in 2012 a first round robin test was conducted. Its main aim was to test the applicability of the 
measurement method as it is given by ISO 16000-28. From this round robin test conclusions 
about potential improvements were drawn. Based on these findings a standard operation 
procedure (SOP) for the follow-up round robin test 2014 was generated. Supplementary more 
detailed requirements (in comparison to the ISO 16000-28) from the VDI 4302-1 were added to 
the SOP. The explicit procedure of the odour measurement as well as tolerable deviations from 
reference values in the acetone calibration were two focal points. The SOP is attached in Annex 
D. 

2.2 Manual for the Handling of the LQ-Software (Record of Measurement Data) 

To support the record and evaluation of measurement data the participants of the round robin 
test 2014 were provided with software (LQ-Software) written by an employee of the HTW 
(Hochschule für Technik und Wirtschaft Berlin – University of Applied Sciences). It allows the 
input of several parameters like perceived intensity, hedonic tone and acceptability. They can 
be collected separately or in various combinations. The manual is attached in Annex E. 

2.3 Preparation and Shipping of Lacquer Samples 

In a PhD project within the BAM division 4.2 a reference material for the measurement of VOC 
emissions was developed [Nohr 2014]. It is based on a clear lacquer that is certified by the Blue 
Angel Mark as “low emission paint”. Moreover the lacquer is advertised as being of low odour. 
These are essential requirements for a suitable carrier for a reference material in VOC 
measurements as well as in odour measurements. 

Under continuous stirring the nine substances listed below were added to the lacquer in 
preparation to the “bottling” of the samples (see Figure 1). 

• hexanal • styrene • C10 
• limonene • ethylhexanol • NMP 
• ethylhexylacrylat • DMP • C16 
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Figure 1 continuously stirred 
lacquer sample with nine added 
substances 

 

Figure 2 Petri-dishes filled with fresh lacquer shortly before 
the drying 

 

After the homogenous mixing of lacquer and added substances the mixture was filled into 
serially numbered Petri-dishes (Figure 2), capped and put into a 20 m³ emissions test chamber. 
When all Petri-dished had been put into the chamber to dry (Figure 3) under standardised 
conditions of 23 ±2°C and 50 ±5 % rH regarding to ISO 16000-9, the dishes caps were removed 
to start a best possible and homogeneous drying process. 
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Figure 3 drying of the samples within a 20 m³ 
chamber at conditions complying with 
standard ISO 16000-9 (23°C and 50% rH)  

 

 

The conditions of the 20 m³ camber are displayed in Figure 4. As expected subsequent to the 
loading of the chamber with the fresh lacquer samples the relative humidity increased to 
approximately 70% rH. Within 24 hours the relative humidity decreased to 50 ± 5% rH. The 
temperature remained without disruption constantly between 23 and 24°C. Thus the drying 
process, that lasted three days, was conducted mainly under standard conditions. 
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Figure 4 profiles of temperature and relative humidity in the 20m³ emission test chamber - at 6h loading of the chamber with samples, at around 30h 
resettling to standardised conditions 
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After the drying process the Petri-dishes were capped again and selected randomly from the 
chamber to be put into gastight aluminium-clad PE foil (Figure 5) for shipping. With this 
procedure potential inhomogeneity of samples depending on their position in the emission test 
chamber during the drying should have been evened out and a transformation of VOC and/or 
odour composition should have been avoided. 

 

 

Figure 5 shrink-wrapping of the samples in gastight 
aluminium-clad PE-foil 

 

 

For further quality management a data logger was added (together with a short questionnaire 
to monitor the date of arrival and unpacking – see Annex C) to every package to record 
temperature profiles during the transport and until the unpacking of the samples.  

The profiles are attached in Annex A. 
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Figure 6 data logger (Co. 
VTT Expert Services Ltd.) 
for the record of 
temperature profiles within 
the packages starting by 
packing at BAM and ending 
by unpacking at the test 
laboratories or upon 
receipt at BAM 

 

Figure 7 sample package for shipment 
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2.4 Schedule 

For the interlaboratory test 2014 the time offset between sample production and the actual 
measurement had to be as short as possible in order to avoid alteration of the samples 
(decrease of substance concentration and change of odour perception in the course of time). 
Therefore the schedule was very tight (Figure 8). Thus the time offset between the “lacquer 
production” and loading of chambers varied between 1.5 and 2.5 weeks. Only one institute 
conducted the measurement later than the 16th of May (RR14_29 conducted the measurement 
on the 19th of May).  

 

Figure 8 schedule for the odour interlaboratory test 2014 
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3 Evaluation of the Institutes of the Interlaboratory Test 2014 
In the current odour interlaboratory test 21 institutes reported odour measurement results. 
Most are based on ISO 16000-28, VDI 4302-1 and the SOP (see Annex D) but other methods 
were used as well. 

While the interlaboratory test was mainly focused on the assessment of the perceived intensity 
other parameters (also established in ISO 16000-28) like hedonic tone and acceptance were 
also measured. Among the participating institutes some determined each of these parameters 
while others measured only certain ones. The perceived intensity was not measured by every 
institute. Due to those differences and also the above mentioned various measurement methods 
some results cannot or only partially be considered in the main evaluation of this report. The 
hedonic tone is treated only superficially in the evaluation and the data of the acceptance 
measurement is at least mentioned for completeness. 

Before the actual evaluation of measurement data the boundary conditions for each institute 
are listed below. Based on this individual analysis and with possible improvements of the 
odour measurement method in mind the odour results are evaluated under a certain selection 
of aspects like the qualification and experience of institutes, various boundary conditions like 
funnels, type of measurement etc. (see chapter 4). 

For each institute (potentially) significant parameters are listed below to allow for a direct 
comparison of institutes and detection of correlations between measurement results and those 
parameters.  

The temperature profiles recorded during the sample transport (see Annex A) are described in 
the following chapters and used to check whether variations in temperature after the drying 
process might have an (significant) influence. For most institutes that participated in the odour 
interlaboratory test the profiles did not show major deviations. 

For being within or below the standardised temperatures (see ISO 16000-9), temperatures 
below 25°C were considered uncritical for the samples. Samples that were exposed to 
temperatures above 30°C were monitored closely.  

The participating institutes had the chance to receive samples for up to two emission test 
chambers. Therefore some institutes submitted data for more than one sample. That is why 
measurement values of institutes that used more than one emission test chamber or that 
assessed samples directly and indirectly in parallel the odour values (provided that they were 
assessed according to ISO 16000-28) were (mostly) averaged before further evaluation. The 
values for the perceived intensity given in the tables that summarise the measurement results 
of the hedonic tone and acceptability as well, are averaged values for qualified data sets 
(definition see chapter 4.2 and Table 49). 
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3.1 RR14_02 

In the temperature profile no abnormalities during the transport could be detected. The 
minimum temperature was about 14.1°C while the maximum and overall mean values were 
28.8 and 22.4°C. Profiles of the temperature and humidity in the emission test chambers were 
not transmitted to BAM. 

Alongside the transport temperature data further measurement specifications are given in 
Table 2.  

Table 2 temperature data during samples transport and measurement specifications of RR14_02 

Sample transport  Measurement specifications 

Tmin [°C] 14.1  No. of funnels 5  Type of meas. Indirect 

Tmax [°C] 28.8  Flow rate [L/s] at 
funnel(s) 

0.8  Bag material Nalophan
® 

Taverage [°C] 22.4  Size of funnel(s) 
H x Ø in [cm] 

18 x 8  Measurement 
device 

PID 

time [h] 
with 
T>30°C 

0  Experience (number of 
total odour 
measurements reported) 

≤ 25  Substance for 
calibration of 
meas. device 

“external & 
internal 
(TD)” 

 

Averaged measurement for the perceived intensity as well as the acceptability assessment and 
hedonic tone are given in Table 3. 

Table 3 perceived intensity, acceptability and hedonic tone of RR14_02 

 
No. of 

participants 
Mean 
value 

90% 
confidence 

interval 

Standard 
deviation 

Overall 
mean value 

[pi] 

Perceived 
intensity 

7/10 6.11 1.82 2.83 6.48 

Acceptability 10 1.43 3.46 5.67 0.33 

Hedonic tone 10 -0.20 0.80 1.40 -0.51 

 

Institute RR14_02 already participated in the earlier round robin test in 2012 and thus is 
classified as experienced institute. 

3.2 RR14_05 

During the samples transport the minimum temperature was about 7.4°C while the maximum 
and average values were 27.5 and 23.6°C. The temperature in the emission test chamber 
mainly varied between 23 ±2°C slightly undercutting 21°C several times. The humidity lay 
mainly within the limits of 50 ±5% rH (see Figure 24 in Annex A and Figure 42 in Annex B). 



26 
 

Alongside the transport temperature data further measurement specifications are given in 
Table 4. 
 
Table 4 temperature data during samples transport and measurement specifications of RR14_05 

Sample transport  Measurement specifications 

Tmin [°C] 7.4  No. of funnels 5  Type of meas. Indirect 

Tmax [°C] 27.5  Flow rate [L/s] at 
funnel(s) 

0.7  Bag material Tedlar® 

Taverage [°C] 23.6  Size of funnel(s) 
H x Ø in [cm] 

16x9  Measurement 
device 

“other” 

time [h] 
with 
T>30°C 

0  Experience (number of 
total odour 
measurements reported) 

≤ 10  Substance for 
calibration of 
meas. device 

- 

 

The measurement of the perceived intensity was conducted according to ISO 16000-28 for the 
first time by institute RR14_05. Data for the acetone calibration was not submitted and 
measurement specifications were incomplete. Thus no traceability of the conducted 
measurement is given and assessment values will not be included in the calculation of the 
overall mean values.  

The data of the perceived intensity and hedonic tone are given in Table 5. 

Table 5 perceived intensity, acceptability and hedonic tone of RR14_05 

 
No. of 

participants 
Mean 
value 

90% 
confidence 

interval 

Standard 
deviation 

Overall 
mean value 

[pi] 

Perceived 
intensity* 

8 13 2 1.3 6.48 

Acceptability - - - - - 

Hedonic tone 15 0.31 0.54 1.18 -0.51 

* results of RR14_05 are no part of the overall evaluation  

 

3.3 RR14_07 

In the temperature profile no abnormalities during the transport could be detected. The 
minimum temperature was about 13.1 while the maximum and the overall mean value were 
28.5 and 21.9°C. The temperature in the emission test chamber lay within 23 ±2°C. The 
humidity also was within the standardised limit of 50 ±5% rH (see Table 6, Figure 25 in Annex 
A and Figure 43 in Annex B). 
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Table 6 temperature data during samples transport and measurement specifications of RR14_07 

Sample transport  Measurement specifications 

Tmin [°C] 13.1  No. of funnels -  Type of meas. - 

Tmax [°C] 28.5  Flow rate [L/s] at 
funnel(s) 

-  Bag material - 

Taverage [°C] 21.9  Size of funnel(s) 
H x Ø in [cm] 

-  Measurement 
device 

- 

time [h] 
with 
T>30°C 

0  Experience (number of 
total odour 
measurements reported) 

-  Substance for 
calibration of 
meas. device 

- 

The assessment of the perceived intensity was not conducted according to ISO 16000-28 and 
thus the values are not included in the overall evaluation. Due to a measurement scale that 
deviated clearly from the 15- pi -Scale not even a rough comparison can be drawn. The values 
are given in Table 7 nonetheless.  

The acceptability however was conducted according to ISO 16000-28 and is given in Table 7. 

Table 7 perceived intensity, acceptability and hedonic tone of RR14_07 

 
No. of 

participants 
Mean 
value 

90% 
confidence 

interval 

Standard 
deviation 

Overall 
mean value 

[pi] 

Perceived 
intensity* 

22 1.70 0.28 0.76 6.48 

Acceptability 22 0.28 0.15 0.41 0.33 

Hedonic tone - - - - - 

* results of RR14_07 are no part of the overall evaluation 

 

3.4 RR14_09 

In the temperature profile no abnormalities during the transport could be detected. The 
minimum and the maximum temperature were about 12.8 and 26.9°C. The overall mean value 
was 21.7°C (see Table 8 and Figure 26). 

The temperature and humidity lay in both emission test chambers within 23 ±2°C and 50 ±5% 
rH (see Figure 44 in Annex B) and thus meet the requirements of ISO 16000-9. 

Table 8 temperature data during samples transport and measurement specifications of RR14_09 

Sample transport  Measurement specifications 

Tmin [°C] 12.8  No. of funnels 1  Type of meas. Direct 

Tmax [°C] 26.9  Flow rate [L/s] at 
funnel(s) 

0.7  Bag material - 

Taverage [°C] 21.7  Size of funnel(s) 18 x 8  Measurement PID 
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H x Ø in [cm] device 

time [h] 
with 
T>30°C 

0  Experience (number of 
total odour 
measurements reported) 

≤ 10  Substance for 
calibration of 
meas. device 

Acetone 
test gas 

 

The assessment of the perceived intensity was conducted according to ISO 16000-28. The 
evaluation results of the qualified data sets for the perceived intensity are given in Table 9 
alongside the hedonic tone. 

Table 9 perceived intensity, acceptability and hedonic tone of RR14_09 

 
No. of 

participants 
Mean 
value 

90% 
confidence 

interval 

Standard 
deviation  

Overall 
mean value 

[pi] 

Perceived 
intensity 

9 4.94 1.34 2.17 6.48 

Acceptability - - -  - 

Hedonic tone 24 -0.29 0.41 1.17 -0.51 

 

Institute RR14_09 already participated in the earlier round robin test in 2012 and thus is 
classified as experienced institute. 

3.5 RR14_10 

The temperature profile showed exceptional low temperatures that were attributed to cold 
storage for seven days before the measurement. The minimum and the maximum temperature 
were about 9 and 26°C. Due to cold storage the overall mean value was 9.9°C. Alongside the 
transport data further measurement specifications are given in Table 10 (also see Figure 27 in 
Annex A). 
In the emission test chamber the temperature as well as the humidity lay within the 
standardised conditions 23 ±2°C and 50 ±5% rH (see Figure 45 in Annex B).  

 
Table 10 temperature data during samples transport and measurement specifications of RR14_10 

Sample transport  Measurement specifications 

Tmin [°C] 9.0  No. of funnels 7  Type of meas. Indirect 

Tmax [°C] 26.0  Flow rate [L/s] at 
funnel(s) 

0.6  Bag material Tedlar® 

Taverage [°C] 9.9  Size of funnel(s) 
H x Ø in [cm] 

18 x 8  Measurement 
device 

Micro 
balance 

time [h] 
with 
T>30°C 

0  Experience (number of 
total odour 
measurements reported) 

≤ 1  Substance for 
calibration of 
meas. device 

Reference 
weight 
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According to the institutes questionnaire the measurement of the perceived intensity was 
conducted following ISO 16000-28 but the comparison scale ranged from 0 pi to 6 pi only. 
Resulting measurement values lay between 0 and 1.8 pi. Considering that the comparison scale 
is made of several 3 L Tedlar® bags with various acetone concentrations, possible causes for 
those relatively low values come to mind. On the one hand the flow rate might deviate strongly 
and the inhalation of additional ambient air seems to be most likely. On the other hand only a 
limited volume of acetone gas is available for each measurement and thus sets a fixed limit for 
comparability. Assuming that a panellist inhales between 0.5 to 1.5 L per sniff, one bag would 
be sufficient for two to six sniffs. Adequate sniffing requires at least two sniffs to affirm an 
assessment. This does not even contain the option to check between different concentrations 
for the assessment of an air sample. 

Moreover no acetone calibration data of the panellists are available. 

As a result of these aspects the measurement results of institute RR14_10 are no part of the 
overall evaluation of the perceived intensity. Nonetheless the measurement results of the 
institute are summarised in the following Table 11. 
 
Table 11 perceived intensity, acceptability and hedonic tone of RR14_10 

 
No. of 

participants 
Mean 
value 

90% 
confidence 

interval 

Standard 
deviation  

Overall 
mean value 

[pi] 

Perceived 
intensity* 

8 0.85 0.42 0.63 6.48 

Acceptability - - -  - 

Hedonic tone 24 -0.29 0.41 1.17 -0.51 

* results of RR14_10 are no part of the overall evaluation 

 

3.6 RR14_16 

In the temperature profile no abnormalities during the transport could be detected. The 
minimum and the maximum temperature were about 14.8 and 30°C. The overall mean value 
averaged to 22.6°C. Alongside the transport temperature data further measurement 
specifications are given in Table 12. 

The temperature as well as the humidity in the emission test chambers lay within the 
standardised conditions of 23 ±2°C and 50 ±5% rH (see Figure 46 in Annex B). 

Table 12 temperature data during samples transport and measurement specifications of RR14_16 

Sample transport  Measurement specifications 

Tmin [°C] 14.8  No. of funnels 1  Type of meas. (In)direct 

Tmax [°C] 30.0  Flow rate [L/s] at 
funnel(s) 

1.0  Bag material Nalophan
® 

Taverage [°C] 22.6  Size of funnel(s) 31 x  Measurement FID 
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H x Ø in [cm] 7.5 device 

time [h] 
with 
T>30°C 

0  Experience (number of 
total odour 
measurements reported) 

≤ 100  Substance for 
calibration of 
meas. device 

Acetone 
test gas 

 

The institute RR14_16 conducted the assessment of the perceived intensity directly at the 
emission test chambers as well as in parallel indirectly both according to ISO 16000-28. The 
averaged measurement results of the qualified data set for the perceived intensity as well as the 
hedonic tones assessment are given in Table 13. 

Table 13 perceived intensity, acceptability and hedonic tone of RR14_16 

 
No. of 

participants 
Mean 
value 

90% 
confidence 

interval 

Standard 
deviation 

Overall 
mean value 

[pi] 

Perceived 
intensity 

12 4.64 1.03 1.98 6.48 

Acceptability - - -  - 

Hedonic tone 12 -0.47 0.64 1.24 -0.51 

 

Institute RR14_016 already participated in the earlier round robin test in 2012 and thus is 
classified as experienced institute. 

3.7 RR14_17 

In the temperature profile no abnormalities during the transport could be detected. The 
minimum and the maximum temperature were about 12.9 and 29.1°C. The overall mean value 
was 22.4°C. 

The temperature in the emission test chamber as well as the humidity lay within standardised 
conditions of 23 ±2°C and 50 ±5% rH (see Figure 47 in Annex B). 

Alongside the transport data further measurement specifications are given in Table 14. 

Table 14 temperature data during samples transport and measurement specifications of RR14_17 

Sample transport  Measurement specifications 

Tmin [°C] 12.9  No. of funnels 1  Type of meas. Indirect 

Tmax [°C] 29.1  Flow rate [L/s] at 
funnel(s) 

0.7  Bag material Nalophan
® 

Taverage [°C] 22.4  Size of funnel(s) 
H x Ø in [cm] 

10 x 
5.5 

 Measurement 
device 

GC-MS 

time [h] 
with 
T>30°C 

0  Experience (number of 
total odour 
measurements reported) 

≤ 5  Substance for 
calibration of 
meas. device 

Acetone 
test gas 
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The measurement was conducted according to ISO 16000-28. The data of the perceived 
intensity, acceptability assessment and the hedonic tone are given in Table 15. 

Table 15 perceived intensity, acceptability and hedonic tone of RR14_17 

 
No. of 

participants 
Mean 
value 

90% 
confidence 

interval 

Standard 
deviation 

Overall 
mean value 

[pi] 

Perceived 
intensity 

12 10.08 0.71 1.38 6.48 

Acceptability 13 -3.00 0.81 1.65 0.33 

Hedonic tone 13 -0.58 0.41 0.84 -0.51 

 

3.8 RR14_21 

In the temperature profile no abnormalities during the transport could be detected. The 
minimum and the maximum temperature were about 12.4 and 26.4°C. The overall mean value 
was 22.9°C (see Figure 30 in Annex A). 

The temperature in the emission test chamber as well as the humidity lay within standardised 
conditions of 23 ±2°C and 50 ±5% rH (see Figure 48 in Annex B). 

Alongside the transport temperature data further measurement specifications are given in 
Table 16. 
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Table 16 temperature data during samples transport and measurement specifications of RR14_21 

Sample transport  Measurement specifications 

Tmin [°C] 12.4  No. of funnels 1  Type of meas. Indirect 

Tmax [°C] 26.4  Flow rate [L/s] at 
funnel(s) 

0.8  Bag material Nalophan
® 

Taverage [°C] 22.9  Size of funnel(s) 
H x Ø in [cm] 

20 x 6  Measurement 
device 

PAD 

time [h] 
with 
T>30°C 

0  Experience (number of 
total odour 
measurements reported) 

≤ 10  Substance for 
calibration of 
meas. device 

Acetone 
test gas 

 

The measurement was conducted according to ISO 16000-28 but no panel acetone calibration 
data was submitted. Thus the results are no part of the calculation of the overall mean value. 
The data of the perceived intensity and the hedonic tone are summarised in the following Table 
17. 

Table 17 perceived intensity, acceptability and hedonic tone of RR14_21 

 
No. of 

participants 
Mean 
value 

90% 
confidence 

interval 

Standard 
deviation 

Overall 
mean value 

[pi] 

Perceived 
intensity* 

11 6.27 0.98 1.79 6.48 

Acceptability - - - - - 

Hedonic tone 11 -2.41 0.44 0.80 -0.51 

* results of RR14_21 are no part of the overall evaluation 
 

3.9 RR14_23 

The minimum and the maximum temperature during the transport were at about 7.5 and 
28.8°C. The average temperature was 21.9°C. The data for the sample transport is given in 
Table 18 alongside further measurement specifications. The temperature in both emission test 
chambers as well as the humidity lay within standardised conditions of 23 ±2°C and 50 ±5% rH 
(see Figure 31 in Annex A and Figure 49 in Annex B). 

The measurement of the perceived intensity was not conducted according to ISO 16000-28 
exactly (glass jars) and thus the results are no part of the calculation of the overall mean value 
and the overall evaluation of qualified data sets. Nonetheless further measurement 
specifications are given in Table 18. 
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Table 18 temperature data during samples transport and measurement specifications of RR14_23 

Sample transport  Measurement specifications 

Tmin [°C] 7.5  No. of funnels 5  Type of meas. Indirect 

Tmax [°C] 28.8  Flow rate [L/s] at 
funnel(s) 

-  Bag material Tedlar® 

Taverage [°C] 21.9  Size of funnel(s) 
H x Ø in [cm] 

-  Measurement 
device 

- 

time [h] 
with 
T>30°C 

0  Experience (number of 
total odour 
measurements reported) 

≤ 1  Substance for 
calibration of 
meas. device 

- 

 

The data of the perceived intensity and acceptability assessment are given in Table 19. 

Table 19 perceived intensity, acceptability and hedonic tone of RR14_23 

 
No. of 

participants 
Mean 
value 

90% 
confidence 

interval 

Standard 
deviation 

Overall 
mean value 

[pi] 

Perceived 
intensity* 

12 9.29 1.05 2.03 6.48 

Acceptability 12 2.25 1.55 2.99 0.33 

Hedonic tone - - -  - 

* results of RR14_23 are no part of the overall evaluation 

 

3.10 RR14_24 

In the temperature profile no abnormalities during the transport could be detected. The 
minimum and the maximum temperature were about 13.6 and 28.8°C. The overall mean 
temperature was 22.7°C. (see Figure 32 in Annex A) 

The temperature in both emission test chambers as well as the humidity lay within 
standardised conditions of 23 ±2°C and 50 ±5% rH (see Figure 50 in Annex B). 

Alongside the transport temperature data further measurement specifications are given in 
Table 20. 

Table 20 temperature data during samples transport and measurement specifications of RR14_24 

Sample transport  Measurement specifications 

Tmin [°C] 13.6  No. of funnels 6  Type of meas. (In)direct 

Tmax [°C] 28.8  Flow rate [L/s] at 
funnel(s) 

1  Bag material Nalophan
® 
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Taverage [°C] 22.7  Size of funnel(s) 
H x Ø in [cm] 

31 x 
7.8 

 Measurement 
device 

FID 

time [h] 
with 
T>30°C 

0  Experience (number of 
total odour 
measurements reported) 

≤ 15  Substance for 
calibration of 
meas. device 

Propane 
 

 

Averaged measurement results of the institute are summarised in the following Table 21. For 
the direct measurement the 90% confidence interval is slightly exceeded and thus this 
measurement does not count as qualified and is excluded from the “qualified” evaluation. 

The data of the perceived intensity and hedonic tone are given in Table 21. 

Table 21 perceived intensity, acceptability and hedonic tone of RR14_24 

 
No. of 

participants 
Mean 
value 

90% 
confidence 

interval 

Standard 
deviation 

Overall 
mean value 

[pi] 

Perceived 
intensity 

10 8.91 1.79 3.14 6.48 

Acceptability - - - - - 

Hedonic tone 10 -1.34 0.63 1.12 -0.51 

 

Institute RR14_24 already participated in the earlier round robin test in 2012 and thus is 
classified as experienced institute. 

 

3.11 RR14_25 

In the temperature profile no abnormalities during the transport could be detected. The 
minimum and the maximum temperature were about 13.3 and 28.8°C. The overall mean value 
was 21°C. (see Figure 33 in Annex A) 

The temperature in both emission test chambers as well as the humidity lay within 
standardised conditions of 23 ±2°C and 50 ±5% rH. (see Figure 51 in Annex B) 

Alongside the transport temperature data further measurement specifications are given in 
Table 22. 

Table 22 temperature data during samples transport and measurement specifications of RR14_25 

Sample transport  Measurement specifications 

Tmin [°C] 13.3  No. of funnels 1  Type of meas. Indirect 

Tmax [°C] 28.8  Flow rate [L/s] at 
funnel(s) 

0.6  Bag material Nalophan
® 
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Taverage [°C] 21.0  Size of funnel(s) 
H x Ø in [cm] 

9.5 x 
4.6 

 Measurement 
device 

PID 

time [h] 
with 
T>30°C 

0  Experience (number of 
total odour 
measurements reported) 

≤ 5  Substance for 
calibration of 
meas. device 

Acetone 
test gas 

 

The data of the perceived intensity and the hedonic tone are given in Table 23.  

Table 23 perceived intensity, acceptability and hedonic tone of RR14_25 

 
No. of 

participants 
Mean 
value 

90% 
confidence 

interval 

Standard 
deviation 

Overall 
mean value 

[pi] 

Perceived 
intensity* 

11 6.00 4.68 2.56 6.48 

Acceptability - - - - - 

Hedonic tone 11 -0.75 0.82 1.49 -0.51 

* results of RR14_25 are no part of the overall evaluation 

 

Institute RR14_25 already participated in the earlier round robin test in 2012 but due to the 
90% confidence interval of the perceived intensities measurement exceeding 2.00 pi the 
institute is not classified as experienced institute and is not part of the overall evaluation of the 
perceived intensity. 

 

3.12 RR14_26 

The maximum temperature exceeded 30°C with 30.8°C for less than 6 hours. The minimum 
temperature was about 15.6°C and the overall mean value was 22.8°C (see Figure 34 in Annex 
A). 

Data for the temperature and humidity in the emission test chambers are not available. 

Alongside the transport temperature data further measurement specifications are given in 
Table 24. 

Table 24 temperature data during samples transport and measurement specifications of RR14_26 

Sample transport  Measurement specifications 

Tmin [°C] 15.6  No. of funnels 7  Type of meas. Indirect 

Tmax [°C] 30.8  Flow rate [L/s] at 
funnel(s) 

0.8  Bag material Nalophan
® 

Taverage [°C] 22.8  Size of funnel(s) 
H x Ø in [cm] 

18 x 
8.5 

 Measurement 
device 

PID 



36 
 

time [h] 
with 
T>30°C 

< 6  Experience (number of 
total odour 
measurements reported) 

≥ 70  Substance for 
calibration of 
meas. device 

DNPH / 
HPLC 

 

The data of the perceived intensity and hedonic tone are given in Table 25. 

Table 25 perceived intensity, acceptability and hedonic tone of RR14_26 

 
No. of 

participants 
Mean 
value 

90% 
confidence 

interval 

Standard 
deviation 

Overall 
mean value 

[pi] 

Perceived 
intensity 

10 3.70 1.26 2.18 6.48 

Acceptability - - - - - 

Hedonic tone 10 -0.50 0.58 1.00 -0.51 

 

Institute RR14_26 already participated in the earlier round robin test in 2012 and thus is 
classified as experienced institute. 

3.13 RR14_29 

In the temperature profile no abnormalities during the transport could be detected. The 
minimum and the maximum temperature were about 13.7 and 27.8°C. The overall mean value 
was 22.3°C (see Figure 35 in Annex A ). 

The temperature in both emission test chambers as well as the humidity lay within 
standardised conditions of 23 ±2°C and 50 ±5% rH (see Figure 52 in Annex B). 

Alongside the transport temperature data further measurement specifications are given in 
Table 26. 
 

Table 26 temperature data during samples transport and measurement specifications of RR14_29 

Sample transport  Measurement specifications 

Tmin [°C] 13.7  No. of funnels 8  Type of meas. Indirect 

Tmax [°C] 27.8  Flow rate [L/s] at 
funnel(s) 

0.8  Bag material Nalophan
® 

Taverage [°C] 22.3  Size of funnel(s) 
H x Ø in [cm] 

20 x 7  Measurement 
device 

FID 

time [h] 
with 
T>30°C 

0  Experience (number of 
total odour 
measurements reported) 

≤ 10  Substance for 
calibration of 
meas. device 

Propane  
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The institute RR14_29 did not transmit the panel acetone calibration data to BAM and thus the 
data is no part of the calculation of the overall mean value. Averaged measurement results of 
the institute are summarised in the following Table 27. 

Table 27 perceived intensity, acceptability and hedonic tone of RR14_29 

 
No. of 

participants 
Mean 
value 

90% 
confidence 

interval 

Standard 
deviation 

Overall 
mean value 

[pi] 

Perceived 
intensity* 

11 7.48 1.06 1.94 6.48 

Acceptability - - - - - 

Hedonic tone 11 -1.11 0.36 0.66 -0.51 

* results of RR14_29 are no part of the overall values calculation 

 

Due to the unavailable acetone calibration data of institute RR14_29 it is not possible to 
classify it as experienced institute even though it took part in the earlier round robin test 2012. 
The measurement results are still displayed in the evaluation diagrams but they are not 
included in the overall values calculation. 

 

3.14 RR14_32 

In the temperature profile one minor abnormality was detected at the beginning of the 
shipment. There the maximum temperature reached 30.6°C. The minimum and the overall 
mean temperature were about 17 and 21.4°C (see Table 28 and Figure 36 in Annex A). 
 
The temperature in the emission test chamber varied between 23 ±2°C while the humidity lay 
mainly within the limits of 50 ±5% rH but undercut 45% by 1-3 % twice (see Figure 53 in 
Annex B). 

The institute RR14_32 did not measure the perceived intensity but the hedonic tone of the 
lacquer sample. According to the institutes questionnaire the measurement was not conducted 
as required by ISO 16000-28 and thus the values are no part of the calculation of overall 
values. 

 
Table 28 temperature data during samples transport and measurement specifications of - 
RR14_32 

Sample transport  Measurement specifications 

Tmin [°C] 17.0  No. of funnels -  Type of meas. direct 

Tmax [°C] 30.6  Flow rate [L/s] at 
funnel(s) 

-  Bag material - 

Taverage [°C] 21.4  Size of funnel(s) -  Measurement - 
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H x Ø in [cm] device 

time [h] 
with 
T>30°C 

< 6  Experience (number of 
total odour 
measurements reported) 

-  Substance for 
calibration of 
meas. device 

- 

 

The data of the hedonic tone are given in Table 29. 

Table 29 perceived intensity, acceptability and hedonic tone of RR14_32 

 
No. of 

participants 
Mean 
value 

90% 
confidence 

interval 

Standard 
deviation 

Overall 
mean value 

[pi] 

Perceived 
intensity 

- - - 
- 

- 

Acceptability - - - - - 

Hedonic tone 15 2.17 0,38  -0.37 

 

3.15 RR14_33 

In the temperature profile no abnormalities during the transport could be detected. The 
minimum and the maximum temperature were about 15.4 and 27.6°C. The overall mean value 
was 22.3°C (see Figure 37 in Annex A). 

The temperature in both emission test chambers as well as the humidity lay mainly within 
standardised conditions of 23 ±2°C and 50 ±5% rH. For the second chamber the temperature 
undercut 21°C several times by about 1°C (see Figure 54 in Annex B). 

Alongside the transport data further measurement specifications are given in Table 30. 

Table 30 temperature data during samples transport and measurement specifications of RR14_33 

Sample transport  Measurement specifications 

Tmin [°C] 15.4  No. of funnels 7  Type of meas. Indirect 

Tmax [°C] 27.6  Flow rate [L/s] at 
funnel(s) 

1.0  Bag material Tedlar® 

Taverage [°C] 22.3  Size of funnel(s) 
H x Ø in [cm] 

31 x 
7.5 

 Measurement 
device 

UV- and IR- 
photometry 

time [h] 
with 
T>30°C 

0  Experience (number of 
total odour 
measurements reported) 

≥ 20  Substance for 
calibration of 
meas. device 

Acetone 
test gas 

 

The data of the perceived intensity and hedonic tone are given in Table 31. 
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Table 31 perceived intensity, acceptability and hedonic tone of RR14_33 

 
No. of 

participants 
Mean 
value 

90% 
confidence 

interval 

Standard 
deviation 

Overall 
mean value 

[pi] 

Perceived 
intensity 

11 5.58 1.56 2.86 6.48 

Acceptability - - - - - 

Hedonic tone 11 -0.23 0.51 0.93 -0.51 

 

Institute RR14_33 already participated in the earlier round robin test in 2012 and thus is 
classified as experienced institute. 

3.16 RR14_34 

The temperature data that was recorded during the transport was not transmitted to BAM by 
institute RR14_34. The temperature in the emission test chamber as well as the humidity lay 
within standardised conditions of 23 ±2°C and 50 ±5% rH. (see Figure 55 in Annex B). 

Measurement specifications regarding the direct odour assessment are given in Table 32. 

Table 32 temperature data during samples transport and measurement specifications of RR14_34 

Sample transport  Measurement specifications 

Tmin [°C] -  No. of funnels 1  Type of meas. Indirect 

Tmax [°C] -  Flow rate [L/s] at 
funnel(s) 

0.7  Bag material Nalophan
® 

Taverage [°C] -  Size of funnel(s) 
H x Ø in [cm] 

25 x 6  Measurement 
device 

FID 

time [h] 
with 
T>30°C 

-  Experience (number of 
total odour 
measurements reported) 

≤ 50  Substance for 
calibration of 
meas. device 

Propane 

 

The data of the perceived intensity and hedonic tone are given in Table 33. 

Table 33 perceived intensity, acceptability and hedonic tone of RR14_34 

 
No. of 

participants 
Mean 
value 

90% 
confidence 

interval 

Standard 
deviation 

Overall 
mean value 

[pi] 

Perceived 
intensity 

11 7.18 0.84 1.54 6.48 

Acceptability - - - - - 
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Hedonic tone 11 -1.05 0.63 1.15 -0.51 

 

Institute RR14_34 already participated in the earlier round robin test in 2012 and thus is 
classified as experienced institute. 

3.17 RR14_35 

In the temperature profile no abnormalities during the transport could be detected. The 
minimum and the maximum temperature were about 13.7 and 29.5°C. The overall mean value 
was 21.2°C (see Figure 38 in Annex A). 

The temperature in both emission test chambers as well as the humidity lay within 
standardised conditions of 23 ±2°C and 50 ±5% rH (see Figure 56 and Figure 57 in Annex B). 

Alongside the transport temperature data further measurement specifications are given in 
Table 34. 

Table 34 temperature data during samples transport and measurement specifications of RR14_35 

Sample transport  Measurement specifications 

Tmin [°C] 13.7  No. of funnels 1  Type of meas. Indirect 

Tmax [°C] 29.5  Flow rate [L/s] at 
funnel(s) 

0.4  Bag material Tedlar® 

Taverage [°C] 21.2  Size of funnel(s) 
H x Ø in [cm] 

10 x 5  Measurement 
device 

FID 

time [h] 
with 
T>30°C 

0  Experience (number of 
total odour 
measurements reported) 

≥ 20  Substance for 
calibration of 
meas. device 

propane 

 

The comparison scale was operated with butanol. No pi-butanol-values or verification of those 
concentration relating to the standardised acetone concentrations were submitted. Also the 
flow rated provided at the funnels are too low (0.4 L/a instead of 0.6-1.0 L/s). 

Moreover the institute did not transmit the panel calibration data to BAM and thus the data is 
no part of the overall evaluation of the RR14. It is not included in the calculation of the overall 
mean value but summarised in Table 35 nonetheless. 

The measurement for the acceptability and hedonic tone were conducted according to 
ISO 16000-28 and the data are given in Table 35 as well. 

Table 35 perceived intensity, acceptability and hedonic tone of RR14_35 

 
No. of 

participants 
Mean 
value 

90% 
confidence 

interval 

Standard 
deviation 

Overall 
mean value 

[pi] 

Perceived 9 4.67 0.95 1.53 6.48 
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intensity* 

Acceptability 16 0.67 0.13 0.29 0.33 

Hedonic tone 16 -0.22 0.59 1.34 -0.51 

* results of RR14_35 are no part of the overall evaluation 

 

3.18 RR14_39 

In the temperature profile no abnormalities during the transport could be detected. The 
minimum temperature was about 13°C while the maximum was 28°C. The overall mean value 
was 22.7°C (see Figure 39 Annex A). 

The temperature in both emission test chambers as well as the humidity lay within 
standardised conditions of 23 ±2°C and 50 ±5% rH (see Figure 58 in Annex B). 

Alongside the transport temperature data further measurement specifications are given in 
Table 36. 

Table 36 temperature data during samples transport and measurement specifications of RR14_39 

Sample transport  Measurement specifications 

Tmin [°C] 13.0  No. of funnels 1  Type of meas. Indirect 

Tmax [°C] 28.0  Flow rate [L/s] at 
funnel(s) 

0.7  Bag material Nalophan
® 

Taverage [°C] 22.7  Size of funnel(s) 
H x Ø in [cm] 

10 x 5  Measurement 
device 

FID 

time [h] 
with 
T>30°C 

0  Experience (number of 
total odour 
measurements reported) 

≥ 10  Substance for 
calibration of 
meas. device 

Propane 

 

The data of the hedonic tone are given in Table 37. The measurement results for the perceived 
intensity are based on a measurement panel that was almost entirely (12 out of 13 members) 
not able to assess the acetone concentrations of the calibration within a deviation of 2 pi. 
Furthermore one of the two measurements resulted in a 90% confidence interval above 2.00 pi. 
Thus the submitted and averaged raw data of RR14_39 is given in the following Table 37. 

Table 37 perceived intensity, acceptability and hedonic tone of RR14_39 

 
No. of 

participants 
Mean 
value 

90% 
confidence 

interval 

Standard 
deviation 

Overall 
mean value 

[pi] 

Perceived 
intensity 

13 5.62 1.79 
3.62 

6.48 

Acceptability - - - - - 

Hedonic tone 13 0.74 0.75 1.51 -0.51 
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* results of RR14_39 are no part of the overall evaluation 

 

3.19 RR14_41 

The temperature data that was recorded during the transport was not transmitted to BAM by 
institute RR14_41. 

The temperature in both emission test chambers as well as the humidity lay within 
standardised conditions of 23 ±2°C and 50 ±5% rH (see Figure 59 in Annex B). 

Due to unavailable transport temperature data only the measurement specifications are given 
in Table 38. 

Table 38 temperature data during samples transport and measurement specifications of RR14_41 

Sample transport  Measurement specifications 

Tmin [°C] -  No. of funnels 7  Type of meas. Indirect 

Tmax [°C] -  Flow rate [L/s] at 
funnel(s) 

0.9  Bag material Tedlar® 

Taverage [°C] -  Size of funnel(s) 
H x Ø in [cm] 

31 x 8  Measurement 
device 

PAD 

time [h] 
with 
T>30°C 

-  Experience (number of 
total odour 
measurements reported) 

≥ 100  Substance for 
calibration of 
meas. device 

Acetone 
test gas 

 

The data of the perceived intensity and hedonic tone are given in Table 39. 

Table 39 perceived intensity, acceptability and hedonic tone of RR14_41 

 
No. of 

participants 
Mean 
value 

90% 
confidence 

interval 

Standard 
deviation 

Overall 
mean value 

[pi] 

Perceived 
intensity 

11 6.23 1.46 2.68 6.48 

Acceptability - - - - - 

Hedonic tone 11 -0.23 0.54 0.98 -0.51 

 

Institute RR14_41 already participated in the earlier round robin test in 2012 and thus is 
classified as experienced institute. 

3.20 RR14_43 

In the temperature profile no abnormalities during the transport could be detected. The 
minimum and the maximum temperature were about 15.6 and 27.2°C. The overall mean value 
was 22.6°C (see Figure 40 in Annex A). 
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Profiles of the temperature and humidity in the emission test chambers were not generated. 
Due to well regulated air supply system it was assumed the values lay within the standardised 
limits of 23 ±2°C and 50 ±5% rH. 

Alongside the transport temperature data further measurement specifications are given in 
Table 40. 

Table 40 temperature data during samples transport and measurement specifications of RR14_43 

Sample transport  Measurement specifications 

Tmin [°C] 15.6  No. of funnels 7  Type of meas. Direct  

Tmax [°C] 27.2  Flow rate [L/s] at 
funnel(s) 

0.9  Bag material - 

Taverage [°C] 22.6  Size of funnel(s) 
H x Ø in [cm] 

31 x 8  Measurement 
device 

PAD 

time [h] 
with 
T>30°C 

0  Experience (number of 
total odour 
measurements reported) 

≥ 100  Substance for 
calibration of 
meas. device 

Acetone 
test gas  

 

The data of the perceived intensity and the hedonic tone are given in Table 41. 

Table 41 perceived intensity, acceptability and hedonic tone of RR14_43 

 
No. of 

participants 
Mean 
value 

90% 
confidence 

interval 

Standard 
deviation 

Overall 
mean value 

[pi] 

Perceived 
intensity 

12 5.75 1.61 3.10 6.48 

Acceptability - - - - - 

Hedonic tone 12 -0.08 0.66 1.28 -0.51 

 

Institute RR14_43 already participated in the earlier round robin test in 2012 and thus is 
classified as experienced institute. 

3.21 RR14_50 

In the temperature profile no abnormalities during the transport could be detected. The 
minimum and the maximum temperature were about 11.7 and 27.4°C. The overall mean value 
was 22.1°C (see Figure 41 in Annex A). 

Unfortunately the computer controlled monitoring of temperature and humidity was not 
started correctly and hence the data is not available. That is why temperature and humidity 
were controlled on a daily base by a technician and were always within the requirements of 
50±5% and 23°C±2°C. 
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Alongside the transport temperature data further measurement specifications are given in 
Table 42. 

Table 42 temperature data during samples transport and measurement specifications of RR14_50 

Sample transport  Measurement specifications 

Tmin [°C] 11.7  No. of funnels 1  Type of meas. Indirect 

Tmax [°C] 27.4  Flow rate [L/s] at 
funnel(s) 

0.7  Bag material Tedlar® 

Taverage [°C] 22.1  Size of funnel(s) 
H x Ø in [cm] 

10 x 5  Measurement 
device 

FID 

time [h] 
with 
T>30°C 

0  Experience (number of 
total odour 
measurements reported) 

≥ 20  Substance for 
calibration of 
meas. device 

Acetone 
test gas 

 

The data of the perceived intensity and the hedonic tone are given in Table 43. 

Table 43 perceived intensity, acceptability and hedonic tone of RR14_50 

 
No. of 

participants 
Mean 
value 

90% 
confidence 

interval 

Standard 
deviation 

Overall 
mean value 

[pi] 

Perceived 
intensity 

8 8.63 1.01 
1.51 

6.48 

Acceptability - - - - - 

Hedonic tone 8 -0.31 0.64 0.96 -0.51 

 

Institute RR14_50 already participated in the earlier round robin test in 2012 and thus is 
classified as experienced institute. 
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4 Evaluation of the Perceived Intensity 
Based on the boundary conditions listed in chapter 3 a detailed evaluation for the perceived 
intensity was conducted. For example the influence of different comparison scales (number of 
funnels, size of funnels etc.), type of measurement (direct or indirect assessment) and 
experience were checked and analysed as various “evaluation models”. 

Generally the institutes submitted their raw data to BAM. Thus data of not qualified panel 
members2 as well as of insufficient measurement cycles3 was to be evaluated. For each 
evaluation model overall values were calculated (mean, minimum and maximum value, 
standard deviation and 90% confidence interval) from institutes single or averaged values. In 
some cases the overall mean values are not calculated from all displayed measurements but 
from results of institutes classified as qualified. Those values are given below as “revised” 
values. In such cases the number of institutes included in the calculation and those not 
qualified are given in the following tables in parallel like in the following example were only 13 
institutes out of 17 were included in the overall values calculation: e.g. 13(17) (see also Table 
44). 

The diagrams are generated in the style of VDI 4302-1. Green (or partial coloured differently) 
columns represent the mean values of the perceived intensity. White semi-transparent boxes 
are the 90% confidence interval and vertical lines represent the standard deviation. The 
horizontal green framed and semi-transparent green bars mark the 2 pi tolerance zone around 
the overall mean value that should not be exceeded by the institutes. Institutes that are marked 
with a (*) did not submit data of the acetone calibration (but it is assumed that their 
measurement values are based on qualified panel members) and thus were not included in the 
calculation of the overall mean values that provide the 2 pi tolerance zone. Institutes that are 
bracketed showed mayor deviations from the standardised method and are also no part of the 
overall calculation. 

Diagrams are displayed in two ways. On the one hand the measurement results are sorted by 
the institutes ID and on the other hand they are sorted by their mean values as commonly used 
in interlaboratory tests. 

The values calculated for the perceived intensity are summarised and described in the 
following Table 44. 

For the consideration of outliers robust statistics can be used. In the current study outliers of 
the panel members are identified by the results achieved within the acetone calibration. 
Outliers of whole institutes measurements however are identified by 90% confidence intervals 
exceeding 2.00 pi. 

                                                           
2 Panel member that evaluate at least two thirds of the acetone concentrations in the acetone calibration 
within a deviation of 2 pi from the set value are considered qualified. 

3 Measurement results with a 90% confidence interval below 2.00 pi are considered qualified. 
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Table 44 overall values for averaged measurements based on qualified panel members and 
measurement cycles for experienced institutes conducting indirect measurement | Institutes of 
RR12 only 

   Description of Parameter 

 No. of Institutes  No. of qualified institutes (No. of displayed 
inst.) 

R
ep

ea
ta

bi
lit

y 

Overall Mean Value [pi] Mean of institutes mean values 

Overall Minimum Value [pi] Minimum mean value within the institutes 
mean values 

Overall Maximum Value [pi] Maximum mean value within the institutes 
mean values 

Overall Standard Deviation  [pi] Averaged standard deviations of the evaluated 
institutes 

Overall 90% Confidence Interval [pi] Averaged 90% confidence intervals of the 
evaluated institutes 

Overall Relative Standard 
Deviation 

[%] Quotient of the overall standard deviation and 
the overall mean value 

Minimum rel. standard deviation [%] Maximum relative standard deviation within 
the single institutes 

Maximum rel. standard deviation [%] Minimum relative standard deviation within 
the single institutes 

R
ep

ro
du

ci
bi

lit
y Standard Deviation [pi] 

Standard deviation calculated from the 
institutes mean values 

Relative Standard Deviation [%] 
Quotient of the standard deviation of 
reproducibility and the overall mean value 

90 % Confidence Interval [pi] 
90% confidence interval calculated from the 
institutes overall mean values 
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4.1 Overall Evaluation of raw Data and averaged raw Data 

4.1.1 Raw Data of each measured Sample 

In this evaluation all transmitted data that was allegedly determined according to the 
requirements of ISO 16000-28 are considered (RR14_5, RR14_10 were completely excluded 
from the evaluation of the perceived intensity – see chapters 3.2and 3.5). Thus 30 
measurements done by 17 institutes that conducted between one and three measurements 
each are taken into account for this evaluation model. 

The calculation of overall values is displayed in Table 45. 

Table 45 calculated overall values based on the raw data of each conducted measurement 

  RR14 

No. of Institutes [-] 17 

Overall Mean Value [pi] 6.27 

Overall Minimum Value [pi] 3.40 

Overall Maximum Value [pi] 10.08 

Overall Standard Deviation [pi] 1.78 

Overall 90% Confidence Interval [pi] 0.67 

Overall relative Standard 
Deviation 

[%] 
28.4 

 

Figure 9 shows all 30 measurement values. Five measurements undercut the 2 pi tolerance 
zone and six exceed it. The overall relative standard deviation is 28.4%. 
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A) 

 

B) 

 

Figure 9 perceived intensity for all conducted measurements | A) sorted by institutes ID B) sorted 
by mean values 
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4.1.2 Each measured Sample with revised overall Values 

Institutes that did not measure adequately according to ISO 16000-28 (RR14_23, RR14_35) 
and institutes without panel acetone calibration (RR14_21, RR14_29, RR14_35) were excluded 
from the calculation of the overall values (see Table 46) but are still displayed in Figure 10. 

Table 46 calculated overall values based on the raw data of each conducted measurement - 
revised 

No. of Institutes  13 
(17) 

Overall Mean Value [pi] 6.17 

Overall Minimum Value [pi] 3.40 

Overall Maximum Value [pi] 10.08 

Overall Standard Deviation [pi] 1.87 

Overall 90% Confidence Interval [pi] 0.66 

Overall relative Standard 
Deviation 

[%] 
30.3 

 

Excluding the above mentioned institutes and their measurements from the calculation of 
overall values the overall mean averages to 6.17. Referring the 30 individual measurement 
values to this overall mean only four measurements undercut the 2 pi tolerance zone and six 
exceed it. The overall relative standard deviation however is 30.3%. 
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A) 

 

Figure 10 perceived intensity for all conducted measurements (revised overall mean)| values of 
institutes in brackets are not included in the calculation of the overall mean value (MV) | sorted by 
mean values 

 

4.1.3 Values averaged for each Institute 

The measurement values of institutes that conducted more than one assessment were averaged 
and the overall mean value was calculated from all mean values. Values based on 
measurements that e.g. exceeded the 90% confidence interval were excluded from the 
calculation (Table 47). 

Table 47 calculated overall values based on averaged measurement results  

No. of Institutes  17 

Overall Mean Value [pi] 6.53 

Overall Minimum Value [pi] 3.70 

Overall Maximum Value [pi] 10.08 

Overall Standard Deviation [pi] 1.81 

Overall 90% Confidence Interval [pi] 0.76 

Overall relative Standard 
Deviation 

[%] 
27.7 

 

In this evaluation model there are 17 parallel measurement results. One institute undercuts the 
2 pi tolerance zone and four exceed it. The overall relative standard deviation is 27.7%. The 
data for the perceived intensity is displayed in Figure 11. 
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A) 

 

B) 

 

Figure 11 perceived intensity for all conducted measurements averaged for each institute | A) 
sorted by institutes ID and B) sorted by mean values 
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4.1.4 Values averaged for each Institute with revised overall Values 

The evaluation is based on chapter 4.1.3 but the overall mean value was calculated without the 
results of institutes identified as unsufficient according to ISO 16000-28 (see chapter 4.1.2). 
The statistic values and the revised overall mean value are given in Table 48. 

Table 48 calculated overall values based on averaged measurement results – revised  

No. of Institutes  17 

Overall Mean Value [pi] 6.41 

Overall Minimum Value [pi] 3.70 

Overall Maximum Value [pi] 10.08 

Overall Standard Deviation [pi] 1.82 

Overall 90% Confidence Interval [pi] 0.90 

Overall relative Standard 
Deviation 

[%] 
28.4 

 

As in chapter 4.1.3 two measurement values undercut the 2 pi tolerance zone and four exceed 
it. The overall relative standard deviation is 28.4% and the results of the perceived intensity are 
summarised in Figure 12. 

 

 

Figure 12 perceived intensity for all conducted measurements averaged for each institute | values 
of institutes marked with *(did not submit calibration data) or in brackets (measurement method 
differed from ISO 16000-28) are not included in the calculation of the overall mean value (MV) | 
sorted by mean values 
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4.2 Overall Evaluation of “qualified” Data  

Data is considered “qualified” when the panel members and the measurement cycles 
themselves prove sufficiently accurate. 

A panel member is approved qualified when they are able to assess at least two thirds (66%) of 
the perceived intensities during the acetone calibration within a variance of ±2 pi based on the 
given values. Thus a value set to 6 pi has to be assessed between 4 and 8 pi by the panellists. 

A measurement cycle is considered sufficiently precise when the 90 % confidence interval is 
below 2.00 pi. 

The size of the panel (which should consist of at least 8 panel members) is no part of the 
evaluation at hand. 

Institutes RR14_05, RR14_07, RR14_10 and RR14_32 are no part of the evaluation of the 
perceived intensity because they either evaluated the intensity with a method significantly 
deviating from the ISO 16000-28 or did not measure the intensity at all. 

The measurement results of the institutes RR14_23, RR14_25, RR14_35, and RR14_39 were 
excluded from further evaluation due to the following reasons: 

• Instead of a comparison scale with a well-defined flow rate between 0.6 and 1.0 L/s the 
institute RR14_23 used some kind of glass jars that do not meet the requirements of 
ISO 16000-28.  

• Both measurements conducted by RR14_25 show 90% confidence intervals above 
2,00 pi. 

• Contrary to the other participating institutes RR14_35 did not use acetone as reference 
substance but operated with iso-butanol. Yet neither the iso-butanol concentrations 
were submitted nor were they validated with the required acetone concentrations.  

• RR14_39 tolerated deviations of 3 pi in the panel acetone calibration which does not 
comply with ISO 16000-28, VDI 4302-1 or the SOP. Only one assessor of the institute 
measured the acetone concentrations within the required 2 pi deviation. 

The institutes RR14_21 and RR14_29 submitted measurement data for the perceived intensity 
but did not send the data for the acetone calibration of the panel members. Therefore their 
results are no part of the calculation of the overall values but are still viewed in the following 
diagrams. 
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Table 49 calculated overall values for averaged measurement results based on qualified panel 
members and measurement cycles 

  RR14 

No. of Institutes  11 (13) 

Overall Mean Value [pi] 6.48 

Overall Minimum Value [pi] 3.70 

Overall Maximum Value [pi] 10.08 

Overall Standard Deviation [pi] 1.92 

Overall 90% Confidence Interval [pi] 1.05 

Overall relative Standard 
Deviation 

[%] 
29.6 

 

One measurement undercuts the 2 pi tolerance zone and two exceed it. The overall relative 
standard deviation is 29.6%. The results for the perceived intensity are displayed in Figure 13. 
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A) 

 

B) 

 

Figure 13 perceived intensity for all (averaged) measurements based on qualified panel members 
and measurement cycles | values of institutes marked with *(did not submit calibration data) are 
not included in the calculation of the overall mean value (MV) | A) sorted by institutes ID and B) 
sorted by mean values 
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4.2.1 Participants who already took Part in the Interlaboratory Test 2012 

In this evaluation measurement results of qualified institutes that already participated in the 
interlaboratory test 2012 are included. Due to the missing acetone calibration data the 
measurement results of institute RR14_29 are not taken into account for the overall calculation 
(Table 50). 

Table 50 calculated overall values for averaged measurement results based on qualified panel 
members and measurement cycles for experienced institutes (institutes that already took part in 
the RR12) 

No. of Institutes  10 
(11) 

Overall Mean Value [pi] 6.12 

Overall Minimum Value [pi] 3.70 

Overall Maximum Value [pi] 8.63 

Overall Standard Deviation [pi] 1.59 

Overall 90% Confidence Interval [pi] 0.92 

Overall relative Standard 
Deviation 

[%] 
26.0 

 

One measurement value undercuts the 2 pi tolerance zone and two exceed it. The overall 
relative standard deviation is 26.0%. The results for the perceived intensity are summarised in 
Figure 14. 
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A) 

 

B) 

 

Figure 14 perceived intensity of institutes that already participated in RR12 | all (averaged) 
measurements based on qualified panel members and measurement cycles | values of institutes 
marked with *(did not submit calibration data) are not included in the calculation of the overall 
mean value (MV) | A) sorted by institutes ID and B) sorted by mean values 

 

 



58 
 

4.3 Further Variations of Evaluation regarding boundary Conditions of the 
Measurements 

In chapter 4.2 “qualified” measurement results of the institutes were averaged and evaluated 
regardless of their boundary conditions of measurement (type of measurement (direct / 
indirect), number of acetone funnels (one / more than one) and size of the used funnel (short / 
long)) to guarantee an equal weighting of each institute.  

In this chapter the single measurements of each institute are taken into account to divide out 
direct and indirect measurements. If several single measurements with the same considered 
boundary conditions were conducted not the single values but the institutes mean values were 
included in the calculation of the overall values. 

4.3.1 Institutes conducting direct Measurement 

The three institutes that conducted the odour measurement directly at the emission test 
chamber were selected for this evaluation. Altogether they conducted five independent odour 
measurements that make for the following overall values (Table 51). The overall values are 
nonetheless based on the averaged values of each institute. Hence the overall values are 
generated out of three values and actually are statistically not evaluable. Thus the results in 
Table 51 cannot be considered reliable. 

 

Table 51 calculated overall values for measurement results based on qualified panel members 
and measurement cycles - direct measurement 

No. of Institutes  3 

Overall Mean Value [pi] 5.62 

Overall Minimum Value [pi] 4.94 

Overall Maximum Value [pi] 6.17 

Overall Standard Deviation [pi] 0.62 

Overall 90% Confidence Interval [pi] 1.05 

Overall relative Standard 
Deviation 

[%] 
11.0 

 

The lower measurement result of RR14_09 is 3.56 pi and undercuts the 2 pi tolerance zone by 
0.06 pi. The average value for institute RR14_09 is 4.94 and is within the 2 pi tolerance zone. 
All results are shown in Figure 15. 
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A) 

 

B) 

 

Figure 15 perceived intensity based on qualified data for direct measurement | A) sorted by 
institutes ID and B) sorted by mean values 
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4.3.2 Institutes conducting indirect Measurement 

Eleven institutes conducted the indirect measurement but two did not submit acetone 
calibration data (RR14_21, RR14_29) and therefore are no part of the overall values calculation 
(Table 52). 

Table 52 calculated overall values for measurement results based on qualified panel members 
and measurement cycles - indirect measurement 

No. of Institutes  9 (11) 

Overall Mean Value [pi] 6.65 

Overall Minimum Value [pi] 3.70 

Overall Maximum Value [pi] 10.08 

Overall Standard Deviation [pi] 2.16 

Overall 90% Confidence Interval [pi] 1.34 

Overall relative Standard 
Deviation 

[%] 
32.5 

 

In Figure 16 measurement results of all eleven institutes are shown. Four institutes undercut 
the 2 pi tolerance zone and one institute exceeds the limits. The overall relative standard 
deviation is 32.5%. 
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A) 

 

B) 

 

Figure 16 perceived intensity based on qualified data for indirect measurement | values of 
institutes marked with *(did not submit calibration data) are not included in the calculation of the 
overall mean value (MV) | A) sorted by institutes ID and B) sorted by mean values 
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4.3.2.1 Tedlar® / Nalophan® 

The evaluation of chapter 4.3.2 is specified and the measurement results are divided into the 
used bag materials Tedlar® and Nalophan®. 

The overall values for Tedlar® are based on the measurements of two institutes and hence they 
are actually statistically not evaluable and results cannot be considered reliable. 

 

Table 53 calculated overall values for measurement results based on qualified panel members 
and measurement cycles - direct measurement divided into Tedlar® and Nalophan® usage 

  Nalophan® Tedlar® 

No. of Institutes  7 (9) 2 

Overall Mean Value [pi] 6.86 5.90* 

Overall Minimum Value [pi] 3.70 5.58* 

Overall Maximum Value [pi] 10.08 6.23* 

Overall Standard Deviation [pi] 2.44 0.07* 

Overall 90% Confidence Interval [pi] 1.79 0.32* 

Overall relative Standard 
Deviation 

[%] 
35.6 1.2* 

* results based on only two values and thus not statistically evaluable 
 

Only institutes RR14_33 and RR14_41 of the 11 institutes that conducted indirect 
measurements used bags made of Tedlar®. Institute RR14_33 did two parallel measurements 
while institute RR14_41 measured only one sample. In Figure 17 violet marked values belong 
to institutes that used Tedlar® bags while the green ones refer to Nalophan® bags. 

Four institutes using Nalophan® undercut the 2 pi tolerance zone (green horizontal bar) while 
one exceeded it. Institutes using Tedlar® without exception lay within the tolerance zone 
(violet horizontal bar).  

 



63 
 

 

A) 

 

B) 

 

Figure 17 perceived intensity based on qualified data for indirect measurement| green columns 
represent the use of Nalophan® bags and violet columns belong to institutes using Tedlar® bags | 
values of institutes marked with *(did not submit calibration data) are not included in the 
calculation of the overall values | A) sorted by institutes ID and B) sorted by mean values 
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Even though the number of measurements is limited the repeatedly discussed statement, that 
bags made of Tedlar® automatically cause higher perceived intensities (e.g. due to an alleged 
individual smell of the bags) does not prove true. 

4.3.3 Participants (qualified, only RR12) conducting indirect Measurement 

In this chapter only institutes with qualified panel members and measurement cycles that 
already took part in the round robin test 2012 were taken into account. The overall values are 
given in the following Table 54. 

 

Table 54 calculated overall values for measurement results based on qualified panel members 
and measurement cycles - indirect measurement | Institutes of RR12 only 

No. of Institutes  8 (9) 

Overall Mean Value [pi] 6.22 

Overall Minimum Value [pi] 3.70 

Overall Maximum Value [pi] 8.63 

Overall Standard Deviation [pi] 1.85 

Overall 90% Confidence Interval [pi] 1.24 

Overall relative Standard 
Deviation 

[%] 
29.7 
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A) 

 

B) 

 

Figure 18 perceived intensity based on qualified data for indirect measurement limited to 
institutes that already took part in the RR12 | values of institutes marked with *(did not submit 
calibration data) are not included in the calculation of the overall values | A) sorted by institutes 
ID and B) sorted by mean values 
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4.3.4 Participants with Comparison Scales with only one Funnel vs. multiple-Funnel 
Systems 

Within the qualified measurements there are seven institutes using comparison scales with 
more than five acetone funnels and six institutes with one acetone funnel. In Figure 19 
measurement results for both variations of funnel numbers are compared. The perceived 
intensity measured by comparison scales with more than five acetone funnel on average is 
1.12 pi lower than measurement results determined by using comparison scales with one 
funnel. 

A) 

 
B) 

 
Figure 19 perceived intensity based on qualified data | green columns represent the use of 
comparison scales with one acetone funnel and violet columns belong to institutes using 
comparison scales with multiple acetone funnels | values of institutes marked with *(did not 
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submit calibration data) are not included in the calculation of the overall values | A) sorted by 
institutes ID and B) sorted by mean values 

What can be observed in Figure 19 is that the standard deviations and 90% confidence 
intervals are noticeable higher for measurements based on multiple funnel systems. 

4.3.5 Evaluation regarding the Size of Funnels 

The institutes comparison scales were operated with differently sized funnels. For the 
evaluation they were divided into three size ranges / classes (see Table 55). 

Table 55 division of institutes into size ranges of their acetone funnels | crossed out and 
bracketed institutes are no part of the overall evaluation (see below) 

Class 
Description 

Size 
height x opening diameter in 

[cm] Institutes ID 

I Small 9.5 – 10 x 4.6 – 5.5 17, (25), 35, (39), 50 

II Medium 16 – 20 x 6 – 9 2, 5, 9, 10, 21, 26, 29 

III Large 25 – 31 x 6 – 8 16, 24, 33, 34, 41, 43 

 

Institutes which are crossed out are not included in the evaluation because of significantly 
deviation measurement methods from the ISO 16000-28. Bracketed institutes did not fulfil the 
requirements of the ISO 16000-28 regarding the measurement accuracy and therefore the 
results are only of secondary importance but viewed in the diagram (Figure 20) nonetheless. 
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Figure 20 perceived intensity with respect to the size of acetone funnels | values of institutes 
marked with *(did not submit calibration data) and marked with **(panel members did not pass 
the acetone calibration) are not included in the calculation of the overall values | dark green (class 
I), red (class II) and blue (class III) columns are representative measurements; light columns are 
less qualified measurements and of secondary interest
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4.4 Summary of Evaluation Model Results 

The following Table 56 summarises the overall mean values, the overall 90% confidence 
intervals as well as the overall standard deviation of reproducibility for each of the different 
evaluation models that were applied in chapters 4.1, 4.2 and 4.3. 

Naturally the standard deviations as well as the confidence intervals increase the more 
measurement results are excluded from the evaluation. With a 90% confidence interval of 
0.92 pi and a standard deviation of 1.59 pi the evaluation of the qualified data sets for the 
institutes that already took part in the RR12 - round robin test 2012 - shows the best results.  

Table 56 overall results for the perceived intensity depending on the evaluation model 

 
Overall mean 

value [pi] 

Overall 90% 
confidence 
interval [pi] 

Overall standard 
deviation [pi] 

Qualified data sets 6.48 1.05 1.92 

Only RR12-institutes 6.12 0.92 1.59 

Direct 5.62* 1.05* 0.62* 

Indirect 6.65 1.34 2.16 

Indirect and only RR12-institutes 6.22 1.24 1.85 

Indirect Tedlar® 5.90* 0.32* 0.07* 

Indirect Nalophan® 6.86 1.79 2.44 

Raw data of each sample 6.27 0.67 1.78 

Revised  6.17 0.66 1.87 

Raw data averaged 6.53 0.76 1.81 

Revised mean 6.41 0.90 1.82 

* results based on only two to three values and thus not statistically evaluable 
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5 Evaluation of the Hedonic Tone 
The (overall) hedonic tones results of RR14 are given in Table 57 and Figure 21. Mean values of 
institutes range from -2.41 to 0.74 and altogether average to -0.51. The overall standard 
deviation equals the standard deviation of reproducibility and all institutes conducted the 
measurement within the required 90 % confidence interval of ± 1 [ISO 16000-28]. 

 

Table 57 results for the hedonic tone RR14 

 
Mean value 

90% confidence 
interval 

Standard 
deviation 

RR14_02 -0.20 0.80 1.40 

RR14_05 0.31 0.54 1.18 

RR14_09 -0.29 0.41 1.17 

RR14_16 -0.47 0.64 1.24 

RR14_17 -0.58 0.41 0.84 

RR14_21 -2.41 0.44 0.80 

RR14_24 -1.34 0.63 1.12 

RR14_25 -0.75 0.82 1.49 

RR14_26 -0.50 0.58 1.00 

RR14_29 -1.11 0.36 0.66 

RR14_32 2.17 0.38 0.84 

RR14_33 -0.23 0.51 0.93 

RR14_34 -1.05 0.63 1.15 

RR14_35 -0.22 0.59 1.34 

RR14_39 0.74 0.75 1.51 

RR14_41 -0.23 0.54 0.98 

RR14_43 -0.08 0.66 1.28 

RR14_50 -0.31 0.64 0.96 

Overall values -0.51 0.30 0.70 

 

The measurement results of RR14_32 are not included in the calculation of overall values 
because it was not conducted according to ISO 16000-28. 
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A) 

 

B) 

 

Figure 21 hedonic tone RR14 |A) sorted by Institute ID and B) sorted by mean value 
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6 Evaluation of the Acceptability 
The acceptability assessment was conducted by the five institutes RR14_02, RR14_07, 
RR14_17, RR14_23 and RR14_35. Measurement values of RR14_02 range between -7.5 and 
+10 and for RR14_21 and RR14_23 from -6 to -1.5 and -2 to +7. For institute RR14_02 the 
values range between -0.5 and +1.0 and for RR14_35 between 0 and 1. 

Those results suggest that different scales were taken as a basis for those measurements and 
thus the comparability as well as the overall results are questionable without revision of the 
submitted values. The results of the institutes are given in Table 58. In case more than one 
sample was assessed, the mean values for the sample specific mean, the confidence interval 
and the standard deviation were averaged. For the overall values the standard deviation of 
reproducibility was calculated. 

 

Table 58 results for the acceptability RR14 

 
Mean value 

90% confidence 
interval 

Standard 
deviation 

RR14_02 1.43 3.46 5.67 

RR14_07 0.28 0.15 0.41 

RR14_17 -3.00 0.81 1.65 

RR14_23 2.25 1.55 2.99 

RR14_35 0.67 0.13 0.29 

Overall values 0.33 1.91 2.01 

 

  



73 
 

7 Comparison to the past Odour Interlaboratory Test 2012 
The objective for the second interlaboratory test in 2014 was to improve the measurement 
method with support of the VDI 4302-1 and the SOP (Annex D). In the following chapters the 
measurement results for the perceived intensity and the hedonic tone are compared. 

The round robin tests of 2012 and 2014 had with 4.54 pi and 6.48 pi significantly different 
overall mean values. Thus a comparison scaled to 100% would distort the values and the 
conclusion drawn would not represent the actual facts. Therefore the measurement values of 
the perceived intensity are correlated to the overall mean value of the associated round robin 
test. 

The overall mean values are set to 0 pi each and institutes mean values are displayed as 
deviation from the original mean values (see Figure 22). For the evaluation and comparison of 
the perceived intensity data sets of qualified panel members and measurement cycles were 
chosen. 

For the hedonic tone only the overall values are displayed in chapter 7.2. 

7.1 Perceived Intensity 

For the round robin test 2012 the measurements of 12 institutes were evaluated and besides 
the overall mean value of 4.54 pi, relative standard deviations of repeatability between 16.6 
and 81.2% were calculated. The overall mean of those standard deviations was 47.8%. [UBA 
2012] 

Due to the round robin test 2014 being conducted based on the experience gained in 2012, not 
only the frame conditions were adjusted but also the evaluation of measurement data. Hence 
the evaluation done for the RR12 [UBA 2012] deviates from the one conducted for RR14. 
Therefore the data of 2012 was re-evaluated according to the requirements also met by the 
evaluation of RR14. In a first step only the qualified data sets (qualified panel members and 
measurement cycles only) were selected. Thus only eight out of the 12 institutes are considered 
qualified for the evaluation. The overall mean decreases to 3.66 pi while standard deviations of 
repeatability are unaffected from this selection. By comparison the standard deviation of 
reproducibility changes noticeable from 1.77 pi to 0.87 pi. The same applies to the relative 
standard deviation and the 90 % confidence interval with the values 39.2% decreasing to 
23.8% and 0.92 pi decreasing to 0.58 pi. In this context it has to be considered that the overall 
mean of RR12 is 3.66 pi and thus lies near the limit of quantification4. Therefore the 
interpretability of the re-evaluated values of RR12 is restricted and it is refrained from a more 
detailed interpretation. 

 

                                                           
4 If neutral air of emission test chambers is evaluated normally values between 2 and 3 pi result from those 
measurements. 
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The results for the perceived intensity of RR12 (evaluation as conducted in the report 20125 
[UBA 2012] and the re-evaluated results) and RR14 are summarised in the following Table 59. 
The first column “RR12 original” contains the calculated values as they are published in the 
report [UBA 2012]. Within the report of 2012 also institutes that did not meet all requirements 
given by ISO 16000-28 were included in the calculation of the overall values. The resulting 
values for RR12 are given in the second column “RR12 re-evaluated” of the table below and are 
taken as basis for the comparison of both round robin tests. 

The evaluable number of institutes for RR12 was eight while for RR14 eleven institutes met the 
fundamental requirements6 of ISO 16000-28. The overall relative standard deviation decreased 
from 45.3 in RR12 to 36.9 % in RR14 while the relative standard deviation of reproducibility 
increased from 23.8 to 29.6 %. 

 

Table 59 overall values for averaged measurements based on qualified panel members and 
measurement cycles for experienced institutes conducting indirect measurement | Institutes of 
RR12 only 

   
RR12 

original 

RR12 
re-

evaluated 
RR14 

 No. of Institutes  
12 8 

11 
(13) 

R
ep

ea
ta

bi
lit

y 

Overall Mean Value [pi] 4.54 3.66 6.48 

Overall Minimum Value [pi] 2.29 2.29 3.70 

Overall Maximum Value [pi] 9.00 5.11 10.08 

Overall Standard Deviation  [pi] 1.85 1.66 2.28 

Overall 90% Confidence 
Interval 

[pi] 
1.28 1.01 1.30 

Overall Relative Standard 
Deviation 

[%] 
40.7* 45.3 36.9 

Minimum rel. Standard 
deviation 

[%] 
22.5* 22.5 13.7 

Maximum rel. Standard 
deviation 

[%] 
81.0* 81.0 58.9 

du ci
b  Standard Deviation [pi] 1.77 0.87 1.92 

                                                           
5 Values for the relative standard deviation are slightly deviating from the published values in [UBA 2012] due 
to different calculations. In 2012 the relative standard deviation was calculated as mean of all single relative 
standard deviations. In 2014 it was calculated from the overall mean value and the (overall) standard deviation. 

6 E.g. sufficient acetone calibration and 90% confidence intervals below 2.00 pi 
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Relative Standard Deviation [%] 38.9 23.8 29.6 

90 % Confidence Interval [pi] 0.92 0.58 1.05 

* values slightly deviating from values given in [UBA 2012] 
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A) 

 

B) 

 

Figure 22 comparison of the perceived intensity of RR12 (violet) and RR14 (green) in relation to 
the individual mean value of each of the two round robin tests | A) sorted by institute ID and B) 
sorted by deviation from the mean value(s) 
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7.2 Hedonic Tone 

The overall results of the hedonic tone of RR12 and RR14 are given in Table 60. 

Table 60 overall results for the hedonic tone RR12 and RR14 

 Overall mean 
value 

Overall 90% 
confidence interval 

Overall standard 
deviation 

RR12 -0.41 0.27 0.52 

RR14 -0.51 0.30 0.70 

 

7.3 Acceptability 

The acceptability was no part of the round robin test 2012 and thus no comparison can be 
drawn. 
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8 Conclusion 
In the interlaboratory odour test 2014 21 institutes took part and submitted odour 
measurement data to BAM. 17 of those institutes conducted between one and three 
measurements of the perceived intensity each and altogether submitted 30 data sets for the 
round robin tests evaluation. The residual four institutes submitted either data for the hedonic 
tone and/or the acceptability which were no focal point of this interlaboratory test. 

All in all 207 panellists took part in the measurement of the lacquer sample of whom 25 were 
not qualified according to the acetone calibration. For further 22 panellists no calibration data 
was submitted. Thus the number of qualified assessors lies between 182 and 170 panellists or 
rather 77 to 88% of them were qualified. 

The interlaboratory test 2014 showed that the odour measurement method basically is 
applicable but that there is still considerably potential for improvement and thus confirms the 
findings that were already elaborated regarding the interlaboratory test 2012.  

One mayor issue is that the implementation of the pre-set parameters of the ISO 16000-28 and 
VDI 4302-1 is still inadequate in many cases. Even though the SOP (see Annex D) that was 
provided for the round robin test 2014 should have had a positive effect on the measurement 
results it is evident that the pre-set parameters are still not as detailed as obviously would be 
necessary. Due to the frame conditions of the standards still being not defined tight enough a 
revision of the ISO 16000-28 (and VDI 4302-1) is strongly required. 

This is even more pointed up by the assessment of perceived intensity, hedonic tone as well as 
the acceptability that are amongst other things based on different underlying scales / reference 
systems (e.g. different scales used for the acceptability (chapter 6)) and thus makes a 
comparison of results arbitrary complicated or even impossible. Furthermore the careless 
application shows also in the usage of glass jars or 3 L bags as comparison scales that could 
never guarantee for the required flow rate of 0.6 to 1.0 L/s at the outlet. Another directly 
attached aspect is the size and type of the funnels used for the provision of acetone air as well 
as of sample air. According to ISO 16000-28 the opening angle has to be at least 12° to allow 
for a homogeneous dilution of the provided acetone samples. Some institutes for examples 
used very short funnels that are directly connected to a 6 mm outlet and thus there is no 
possibility for the air to spread through the whole funnel but will come out as condensed 
stream. Hence the smelling position at the funnel becomes essential for the assessment because 
the concentration in the funnels middle ought to be much higher than at the edge. The same 
holds for the air velocity at the funnels. That is why it is assumed that the type of funnel might 
significantly influence the measurement results. Moreover it has to be ensured that no ambient 
air can be inhaled additional to the sample air. 

The thesis that the number of acetone funnels might have a significant impact on the 
evaluation of odour samples could neither be confirmed nor rebuted. Nonetheless the results of 
RR14 imply that the provision of acetone via a single funnel might lead to adequate results as 



79 
 

long as the training of panel members matches the requirements and prepares the assessors 
sufficiently for the comparatively long waiting time between acetone concentrations. 

Other influencing parameters are certainly still the panel member and panel leader themselves 
and the conscientiousness they take as a basis for their measurements. To which extend e.g. the 
humidification of the acetone air influences the results could not yet be resolved definitively. 

Another aspect that has to be mentioned is that scarcely any institute filled in the questionnaire 
send to them completely. Thus there is a lot of vagueness regarding the actual air flow rate (air 
flow rates of 0.2 to 0.4 L/s were reported to BAM) and acetone concentration at the funnels 
(partially concentrations 2 pi below the should-be value were reported). 

Furthermore the lacquer sample sent to the participants for measurement was a freshly 
developed candidate for a VOC referencing material that was supplemented by some odorous 
substances to be applicable for the odour measurement as well. To what extend the odour of 
the chosen substances in the lacquer is well or poorly measurable by panellists was not tested 
and could be another cause for the deviations that were determined within the RR14. 

Summing up the informational value of this round robin test is limited under the current 
conditions and the maximum utilisation of variances allowed by the ISO 16000-28. 

Nonetheless the relative standard deviations of reproducibility for the RR12 (38.9% for the 
original evaluation and 23.8% for the re-evaluated results) and RR14 with 29.6% are quite 
comparable to average VOC interlaboratory tests that normally produce relative standard 
deviations between 20 and 30 %. But even for VOC interlaboratory comparisons for some 
substances relative standard deviations significantly above 30% are possible [e.g. BAM 2009; 
DiBt 2007; ECA 21]. 

 

9 Outlook 
The interlaboratory odour test 2014 does not allow for a coherent statement regarding the pilot 
phase for the implementation of odour measurements into the evaluation of building products 
but is a step in the right direction to establish the odour measurement method for the 
evaluation of products e.g. for the Blue Angel or the AgBB-scheme. 

As most important tool to improve the odour measurement method the ISO 16000-28 has to be 
revised and plain but strict requirements have to be determined. Moreover the detailed record 
of frame conditions of the odour measurement should be obligatory. The implementation of a 
checklist or questionnaire, that has to be filled in for each measurement, could be a valuable 
tool for the quality management and also could improve the comparability between institutes. 
Moreover it would simplify quality audits and the uncovering of deficits that might be missed 
e.g. by the panel members or the panel leader. 

The development of a comprehensive quality management tool for the odour measurements 
especially regarding the perceived intensity should be aimed at to guarantee for a consistently 
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standardised measurement method and to allow for independent and significant audits and 
accreditation based on a measurable basis. 

Moreover the impact of temperature variation on (gastight wrapped) samples for example 
during storage or during the transport to the measurement institutes should be tested and 
ideally be correlated to VOC measurements as well previously to further comprehensive 
measurements.  
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Annex A. Temperature Data during the Samples Transport 

Annex A.1 RR14_02 

Keylog: 14.1 to 28.8°C; mean: 22.43°C 

 

 

Figure 23 RR14_02 transport temperature data  
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Annex A.2 RR14_05 

Keylog: 4.4°C to 32.2°C; mean 23.56°C 

 

 

Figure 24 RR14_05 transport temperature data 
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Annex A.3 RR14_07 

Keylog: 13.1 to 28.5°C; mean: 21.92°C 

 

 

Figure 25 RR14_07 transport temperature data  
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Annex A.4 RR14_09 

Keylog: 12.8 to 26.9°C; mean: 21.70°C 

 

 

Figure 26 RR14_09 transport temperature data  
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Annex A.5 RR14_10 

Keylog: 5.5 to 26.0°C; mean: 9.91°C 

 

 

Figure 27 RR14_10 transport temperature data  
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Annex A.6 RR14_16 

Keylog: 14.2 to 30.0°C; mean: 22.61°C 

 

 

Figure 28 RR14_16 transport temperature data  
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Annex A.7 RR14_17 

Keylog: 12.9 to 29.1°C; mean 22.35°C 

 

 

Figure 29 RR14_17 transport temperature data  

  



91 
 

 

Annex A.8 RR14_21 

Keylog: 12.4 to 26.4°C; mean 22.92°C 

 

 

Figure 30 RR14_21 transport temperature data  
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Annex A.9 RR14_23 

Keylog: 11.7 to 28.8°C; mean: 21.86°C 

 

 

Figure 31 RR14_23 transport temperature data  
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Annex A.10 RR14_24 

Keylog: 13.6 to 28.8°C; mean 22.67°C 

 

 

Figure 32 RR14_24 transport temperature data  
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Annex A.11 RR14_25 

Keylog: 7.7 to 28.8°C; mean: 20.98°C 

 

 

Figure 33 RR14_25 transport temperature data  
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Annex A.12 RR14_26 

Keylog: 15.6 to 30.8°C; mean: 22.77°C 

 

 

Figure 34 RR14_26 transport temperature data  
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Annex A.13 RR14_29 

Keylog: 13.7 to 27.8°C; mean: 22.27°C 

 

 

Figure 35 RR14_29 transport temperature data  
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Annex A.14 RR14_32 

Keylog: 17.0 to 30.6°C; mean: 21.37°C 

 

 

Figure 36 RR14_32 transport temperature data  
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Annex A.15 RR14_33 

Keylog: 15.4 to 27.6°C; mean: 22.28°C 

 

 

Figure 37 RR14_33 transport temperature data  

 

Annex A.16 RR14_34 

The data logger was not returned to BAM and therefore no temperature data are available. 
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Annex A.17 RR14_35 

Keylog: 13.7 to 29.5°C; mean: 21.24 

 

 

Figure 38 RR14_35 transport temperature data  
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Annex A.18 RR14_39 

Keylog: 13.0 to 28.0°C; mean 22.69°C 

 

 

Figure 39 RR14_39 transport temperature data  

 

Annex A.19 RR14_41 

The data logger was not returned to BAM and therefore no temperature data are available. 
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Annex A.20 RR14_43 

Keylog: 15.6 to 27.2°C; 22.56°C 

 

 

Figure 40 RR14_43 transport temperature data  
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Annex A.21 RR14_50 

Keylog: 11.7 to 27.4; mean: 22.14°C 

 

 

Figure 41 RR14_50 transport temperature data  
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Annex B. Data of Temperature and relative Humidity in the 
Institutes Emission Test Chambers 

Annex B.1 RR14_02 

 

Annex B.2 RR14_05 

 

 

Figure 42 RR14_ 05 profiles of temperature and relative humidity in the emission test chamber  
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Annex B.3 RR14_07 

 

A) 

 

B) 

 

Figure 43 RR14_07 profiles of temperature (A) and relative humidity (B) in the emission test 
chamber  
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Annex B.4 RR14_09 

 

A) 
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B) 

 

Figure 44 RR14_09 profiles of temperature and relative humidity in the emission test chambers 
(A) and (B)  
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Annex B.5 RR14_10 

 

Figure 45 RR14_10 profiles of temperature and relative humidity in the emission test chamber  

 

Annex B.6 RR14_16 

A) 

 

  

1m³-Glaskammer H  (vom 05.05.2014 bis 12.05.2014)

0

10

20

30

40

50

60

70

80

4.5.14 0:00 5.5.14 0:00 6.5.14 0:00 7.5.14 0:00 8.5.14 0:00 9.5.14 0:00 10.5.14 0:00 11.5.14 0:00 12.5.14 0:00 13.5.14 0:00 14.5.14 0:00

T(
°C

)  
/  

F(
%

r.h
.) 

T_ist
F ist



108 
 

B)

 

Figure 46 RR14_16 profiles of temperature and relative humidity in the emission test chambers 
(A) and (B)  

 

Annex B.7 RR14_17 

 

Figure 47 RR14_17 profiles of temperature and relative humidity in the emission test chamber  
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Annex B.8 RR14_21 

 

Figure 48 RR14_21 profiles of temperature and relative humidity in the emission test chamber  

 

Annex B.9 RR14_23 

A) 
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B) 

 

Figure 49 RR14_23 profiles of temperature and relative humidity in the 60 L (A) and 225 L (B) 
emission test chamber  

 

Annex B.10 RR14_24 

A)  



111 
 

B) 

 

Figure 50 RR14_ 24 profiles of temperature and relative humidity in the 1m³ (A) and the 100L (B) 
emission test chamber  
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Annex B.11 RR14_25 

A)
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B)

 

Figure 51 RR14_25 profiles of temperature and relative humidity in the emission test chambers 
(A) and (B)  

 

Annex B.12 RR14_26 

The profiles of the temperature and relative humidity in the emission test chambers were not 
transmitted to BAM. 
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Annex B.13 RR14_29 

 

A)
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B) 

 

Figure 52 RR14_29 profiles of temperature and relative humidity in the emission test chambers 
(A) and (B)  

 

Annex B.14 RR14_32 

A)
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B) 

 

Figure 53 RR14_32 profiles of temperature (A) and relative humidity (B) in the emission test 
chamber  

 

Annex B.15 RR14_33 

A)  
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B) 

 

Figure 54 RR14_33 profiles of temperature and relative humidity in the emission test chambers 
(A) and (B) 

 

Annex B.16 RR14_34 

A)  
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B) 

 

Figure 55 RR14_34 profiles of temperature (A) and relative humidity (B) in the emission test 
chamber  

 

Annex B.17 RR14_35 

A)  
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B)  

 

Figure 56 RR14_35 profiles of temperature (A) and relative humidity (B) in the 200L emission test 
chamber  

 

A) 
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B) 

 

Figure 57 RR14_35 profiles of temperature (A) and relative humidity (B) in the 1000L emission 
test chamber  
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Annex B.18 RR14_39 

A) 

 

B) 

 

Figure 58 RR14_39 profiles of temperature and relative humidity in the emission test chambers 
(A) and (B)  
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Annex B.19 RR14_41 

 

Figure 59 RR14_41 profiles of temperature and relative humidity in the emission test chamber 

 

Annex B.20 RR14_43 

The profiles of the temperature and relative humidity in the emission test chambers were not 
transmitted to BAM. 

Annex B.21 RR14_50 

The profiles of the temperature and relative humidity in the emission test chambers were not 
transmitted to BAM. 
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Annex C. Questionnaire regarding the Data Loggers 
Questionnaire for the data loggers: 
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Annex D. Standard Operation Procedure (SOP) for the RR14 
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Annex E. Manual for the LQ-Software 
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