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Dowool carpets ‘clean’ the air or not?
A study on the sorption effects of
wool carpets by sensory evaluation

Seyyed Abbas Noorian Najafabadi, Er Ding, Nadine Hobeika and
Philomena M Bluyssen

Abstract
Indoor air quality (IAQ) is an important aspect of maintaining human health and well-being, particularly

since people spendmost of their time indoors. Carpets, with their large surface area and dense fibre piles,

have the potential to significantly impact IAQ by emitting and absorbing volatile organic compounds

(VOC) from building materials and human activities. The cleaning effect of wool carpets regarding the

sorption of odours from two sources of pollution: hardboard and sweaty underwear (as a proxy for bio-

effluents), was investigated with an untrained panel of subjects assessing the odour intensity and the

acceptability. Tests were performed in three different test environments, including a sniffing table,

CLIMPAQs, and full-scale test chambers. The outcome showed that wool carpets can potentially clean the

air of odours in small-scale environments, where the wool carpet covers the floor and walls of the test

environment, and the odour sources are in contact with the wool carpet. However, the results were less

conclusive in on scale scenarios where wool carpets only covered the floor. Overall, wool carpets have

the potential to ad(b)sorb odorous emissions, but only when these emissions are near the wool carpet,

and thus can have the opportunity to be ad(b)sorbed.
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Introduction

Nowadays, most people spend between 80% and 90% of their
time indoors.1 Hence, indoor air quality (IAQ) is crucial for
maintaining human health, comfort, and well-being since
indoor environments expose residents to a variety of pollutants
for extended periods.2 In addition, most pollutants have
consistently higher indoor concentrations than outdoor con-
centrations, especially in situations with reduced ventilation
(including infiltration) due to energy-saving measures in
buildings.3,4 A major part of these pollutants are organic
chemical gases, including volatile organic compounds (VOC),
very volatile organic compounds (VVOC) and semi-VOC
(relatively low volatility VOC), which can cause a number of
health issues, including irritation of the nose, eyes and throat,
loss of coordination, headaches, nausea and damage to the
kidney, liver and central nervous system.5 Several sources of

volatile organic compounds can be encountered indoors,
namely: emissions from building materials, furnishing and
furniture; people and their activities (such as bioeffluents
through exhaling and skin emissions, heating, cooling,
cooking, using printers, cleaning, etc.); and outdoor sources.2,6

Flooring materials can significantly impact IAQ because
they usually cover large surfaces and consist of multiple layers
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of different materials.4 Amongst flooring materials, carpets
probably have the largest potential to affect IAQ due to their
large surface area of dense fibre piles. About 10 million fibres
per squaremetremake up the carpet piles, which offer a variety
of pollutants for emission and sink effects of indoor air pol-
lutants.7 As a result, several studies have reviewed how carpets
affect indoor air quality regarding emission, sink and trans-
formation of VOC from carpets.8,9

The introduction of several voluntary standards for
monitoring VOC emitted by carpets has stimulated the
manufacturers to produce carpets with less primary
emissions.10,11 However, information on secondary
emissions as well as the sorption of VOC by carpets is
lacking.8 Carpet materials have been shown to be able to
ad(b)sorb VOC.4,12–18 Moreover, from the carpets avail-
able, it has been seen that wool carpets are the most
promising.13,19 These studies used chemical measurement
techniques such as gas chromatography-mass spectrome-
try (GC-MS), gas chromatography system equipped with a
flame ionization detector (GC-FID), proton transfer re-
action mass spectrometry (PTR-MS) and solid-phase
microextraction (SPME) to evaluate the ab(d)sorption
and desorption of VOC on carpets.4,12–18 In most cases,
only one or two chemical compounds were used as sor-
bents for experiments with concentrations higher than in
real-life settings such as living rooms and workplaces.
However, these chemical analysis techniques come with
challenges. They require sophisticated equipment, skilled
personnel and time-consuming sample preparation steps,
which can introduce experimental errors. Additionally,
detecting and quantifying VOC accurately in real-life
settings, where mixtures of VOC are present at low con-
centrations, can be challenging using standard analytical
methods.18 In such cases, sensory assessment can be used
to determine the overall perception of indoor air.20 Sensory
assessment is relatively cost-effective, non-intrusive and
captures the overall sensory experience in real-life settings.
It should be noted, however, that sensory assessments are
subjective and influenced by individual variations. They
cannot provide specific information about the chemical
composition of VOC. Nonetheless, sensory evaluation has
been used in studies to assess the impact of ozone elim-
ination using building materials and to predict the per-
ceived IAQ when multiple materials simultaneously
contribute to indoor air pollution.21 In addition, in another
study, a trained panel of judges was used to predict how
indoor air is perceived when polluted by different materials
simultaneously; the results indicated that the total sensory
pollution load in a space, as a first approximation could be
predicted by the simple addition of the values of the single
sources.22 Therefore, sensory assessments are beneficial in
determining variations caused by indoor chemistry, es-
pecially when conventional analytical methods for eval-
uating indoor air cannot detect those variations.23

Considering the current need for improving IAQ, it
seems therefore important to study in depth whether low-
emitting wool carpets can contribute to ‘cleaning’ the air by
ad/absorption.

Materials and Methods

Study Design

This study was performed to answer the following question:
Can low-emitting wool carpets ‘clean’ the air? To answer
this question, the wool carpet with the lowest odour in-
tensity and highest acceptability was chosen from eight
wool carpets by sensory evaluation using a sniffing table
(pilot test). All the carpets comprised 100% wool in loop
piles and had a backing of polyester felt, polypropylene or
jute. Then, the odour of the combination of the carpet and an
odour source (i.e., hardboard or sweaty underwear) as well
as only the odour source, were assessed by a panel of
untrained subjects to determine whether the carpet can ad(b)
sorb the odour emissions of that pollution source. Experi-
ments were performed in different test environments by
sensory evaluation and total VOC (TVOC) monitoring.

Test environments

For this study, three different types of ‘test environments’
were used as follows:

1. Two of the four full-scale test chambers (each with a
volume of 11.38 m3, floor area 5.37 m2 × 2.12 m
height) of the SenseLab,24 with mechanical air
supply (filtered by an F7 and a HEPA filter) and
overpressure-based exhaust grilles. For assessing the
air in the chambers without entering them, a flexible
aluminium duct (funnels) (125 mm in diameter) is
attached to the exhaust grilles (Figure 1(a)).

2. Two 50 L CLIMPAQs (Chamber for Laboratory
Investigations of Materials, Pollution and Air Qual-
ity), mainly made of glass – an inert material, placed
in the third full-scale test chamber (Figure 1(b)). A
single internal fan moves air horizontally through the
glass chamber with the test specimens inside.25,26 Air
can be assessed through a sniffing funnel.

3. A sniffing table for assessing odorous sources is
placed in plastic containers, located in the fourth test
chamber. Air from the container can be assessed
through a sniffing funnel in the lid of the container,
which comprises a small fan ventilating the air via
another hole in the lid of the container (Figure 1(c)).24

The sniffing table and two CLIMPAQs were used to
simulate the odour sorption behaviour of the wool carpet in
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small-scale environments, while the two test chambers were
used to assess the sorption effect of the wool carpet in a
“real-life” environment. In this study, the temperature and
relative humidity (RH %) levels in all test environments
were the same on the day of the experiment since all air was
supplied by the same air handling unit.24

An airflow rate meter (balometer) (model: ACIN
FlowFinder-mk2) and an omnidirectional hot wire ane-
mometer (model: DANTEC Dynamics ComfortSense
54T33) were used to measure the air supply in the test
chambers and air velocity in the funnels, respectively. The
air velocity at the centre of the sniffing funnel (with a di-
ameter of 8 cm) of both the sniffing table and the CLIMAPQ
amounted 0.14 m/s resulting in 2.4 m3/h. The air supply rate
of the test chambers was fixed at 62 m3/h to maintain an air
velocity of 1.3 m/s in each flexible duct (with a diameter of
0.125 m), resulting in an airflow similar to a previous

study.27 The airflow pattern inside the test chamber was
determined using CFD simulation. OpenFOAM’s28 buoy-
antBoussinesqSimpleFoam solver was used to conduct a
steady-state RANS simulation. The mesh used contains
around 3,000,000 cells with more refinement around the
inlet and outlet where the cell size is around 2.5 × 2.5 ×
2.5 mm.

Odour sources

A pilot test was conducted to determine the lowest odour-
emitting wool carpet amongst eight wool carpets by
sensory evaluation (see Appendix A). All the carpets
comprised of 100% wool in piles and had a backing of
polyester felt, polypropylene or jute. The outcome showed
that the wool carpet comprising 100% hank dyed wool in
loop piles with polyester felt backing and VOC-free

Figure 1. Test environments: (a) test chambers; (b) CLIMPAQs; (c) sniffing table.
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adhesive had the lowest odour intensity amongst the
samples, according to the panel of subjects, and thus was
selected for this study.

Before each test, the selected wool carpet was exposed
to clean air in the test chambers for 2 weeks to minimise
the primary odour emissions. The tests were conducted
in each test environment with and without (empty) the
selected wool carpet to assess the odour intensity of the
primary emission. The amount and size of the wool
carpet used in the test environments are presented in
Table 1.

Two sources of odour emission were selected: hard-
board and sweaty underwear. Hardboard was chosen
because it is a composite wood material commonly used
in furniture. Wood-based products are one of the primary
sources of VOC and odour emissions amongst building
materials.29 The selected hardboard panel comprised fine
fibres of wood pressed together under high pressure,
giving the board a smooth side added with one white side
painting. Sweaty underwear was chosen as a surrogate for
bio-effluents emitted by people. Clothing, especially
underwear, acts as a reservoir for transporting pollutants
from one environment to another.30 Three females and
three males worn cotton underwear (t-shirts and socks)
for 2–3 days to produce sweaty underwear. Before each
experiment, each item was cut into two equal pieces to
obtain similar quantity and quality of odour sources for
each test environment. Table 1 presents the amount and
size of the sources placed in the different test environ-
ments for each test. To determine the appropriate ratio of
the pollution source to the wool carpet in each test en-
vironment, another pilot test was conducted. The aim of
this pilot test was to find a balance where the offensive
odour was minimized to reduce participants’ discomfort.
Based on the results of this pilot test, it was determined
that the odour intensity level of hardboard should be
between 2–3, and the odour intensity level of sweaty
underwear should be between 1–2. These intensity levels
were chosen to ensure that the odour was present enough
for evaluation but not overpowering or uncomfortable for
the participants.

For test environment A, the wool carpet covered the
walls and floors of the container in the sniffing table and the
CLIMPAQ. The hardboard pieces or sweaty underwear
were placed on the wool carpet. In the full-scale test
chamber, the wool carpet covered the floor with the hard-
board pieces placed on top of it or with the sweaty un-
derwear hanging on a rack (Figure 2). For test environment
B, everything was the same but without the wool carpet. The
hardboard or sweaty underwear was placed in the test en-
vironments at least 2 hours before each experiment. To
avoid bias, the test environments were covered with alu-
minium foil so that their content was invisible to the
subjects.

Sensory assessment

An untrained sensory panel of MSc, PhD students and
employees of TU Delft was recruited to assess the odour
intensity and acceptability of the air in the test experiments
(Table 2). There was no restriction on subjects’ gender, age
and smoking habits.

A questionnaire for assessing the odour intensity and
acceptability of the air was developed based on the form
developed by Gunnarsen and Fanger.31 The participants
were asked: “How strong is the odour that you smell? Give
your opinion with a cross or a dash on the scale below
(Intensity)” and “Imagine being exposed to this odour
whilst sitting in your study place; how acceptable is the air?
Give your opinion with a cross or a dash on the scale below
(Acceptability).” The participants indicated their assess-
ment on two continuous scales regarding odour intensity
(0 no odour – five overpowering odour) and acceptability of
the air (�1 clearly unacceptable, +1 clearly acceptable),
respectively (see Appendix B).

Ethical aspects

The recruited panel members were sent an email with the
information letter and a link to sign the consent letter 2 days
before each test day. The research team reviewed the online
consent forms on the day of the tests. Participants who did
not sign the consent form electronically had to read it and
sign it on paper before conducting the test. In addition, a
subject could always decide not to continue and stop with
the test. The TU Delft Ethics Committee approved the study
on 6 October 2022.

Experimental procedure

The participants were randomly divided into different groups
and notified through the mail of their assigned time slots for
the assessments. At the beginning of the experiment, the
subjects were given a short instruction on the operation of the
test environments and the questionnaire. For each assess-
ment, the subjects were asked to assess the air coming out of
either a funnel of the sniffing table, one of the CLIMPAQs or
one of the test chambers, with regards to the intensity and the
acceptability; and repeat this for the other funnel in the
sniffing table, CLIMPAQ or test chamber. If subjects wanted
to repeat the sniffing, they were asked to inhale at least twice
between each sniffing. The subjects were randomly assigned
to the funnel of their first assessment (for example, funnel A
(test environment A) or funnel B (test environment B) of the
sniffing table). Each subject took 4–6 min to assess the air of
funnel A and B in one test.

Before the tests, a photo-ionisation detector (PID)
(ppbRAE3000 10.4 eV)was used tomonitor the concentration
of TVOC emitted by the materials. The VOC-monitoring
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instrument (utilising a 10.4 eV lamp) was calibrated before the
experiments to respond to a broad range of compounds.
TVOC is typically used as a parameter to evaluate VOC
emissions. For all the tests, the VOC measurements showed a

result of 0 ppb. Temperature and RH% levels were monitored
during the experiments by using HOBO® MX loggers.
Table 2 shows the data of the experiment, average temperature
and RH % during the experiments.

Figure 2. (a) Combination of wool carpet + hardboard versus hardboard in containers of the sniffing table,

CLIMPAQs and test chambers; (b) Combination of wool carpet + sweaty underwear versus sweaty underwear in

containers of the sniffing table, CLIMPAQs and test chambers.

Table 1. Amount and size of the wool carpet and odour source in different test environments for each test.

Test environment Source test environment A Source test environment B

Sniffing table (hardboard) Wool carpet (5 pieces of 10 cm × 10 cm) + hardboard (5

pieces of 5 cm × 5 cm)

Hardboard (5 pieces of 5 cm ×

5 cm)

CLIMPAQ (hardboard) Wool carpet (3 pieces of 20 cm × 80 cm) + hardboard (7

pieces of 10 cm × 10 cm)

Hardboard (7 pieces of 10 cm

× 10 cm)

Test chamber (hardboard) Wool carpet (floor area 5.37 m2) + hardboard (10 pieces

of 20 cm × 40 cm)

Hardboard (10 pieces of 20 cm

× 40 cm)

Sniffing table (sweaty

underwear)

Wool carpet (5 pieces of 10 cm × 10 cm) + sweaty

underwear (88 g)

Sweaty underwear (88 g)

CLIMPAQ (sweaty

underwear)

Wool carpet (3 pieces of 20 cm × 80 cm) + sweaty

underwear (88 g)

Sweaty underwear (88 g)

Test chamber (sweaty

underwear)

Wool carpet (floor area 5.37 m2) + sweaty underwear

(374 g)

Sweaty underwear (374 g)

Sniffing table (wool

carpet)

Wool carpet (5 pieces of 10 cm × 10 cm) —

CLIMPAQ (wool carpet) Wool carpet (3 pieces of 20 cm × 80 cm) —

Test chamber (wool

carpet)

Wool carpet (floor area 5.37 m2) —

Noorian Najafabadi et al. 99



Data management and analysis

All data extracted from the questionnaire were exported to
IBM SPSS Statistics version 28.0. A second researcher
systematically checked the input of the data. Then the data
were summarised using descriptive statistics, including
frequency and arithmetic mean with standard error. The
descriptive analysis was also used to describe the general
information on the subjects (including age, gender and
smoking habit, as shown in Table 2). Finally, paired sample
t-tests were used to determine whether there were statisti-
cally significant differences between subjects’ assessments
of the two smells in the funnels per test environment. A
p-value less than 0.05 was considered statistically signifi-
cant. To study the correlation between intensity and ac-
ceptability assessments, linear regression was performed for
all intensity and acceptability assessments per subject, per
test environment and per type of odour.

Results

Tests of wool carpet

The average values and standard errors (SE) of the intensity
and acceptability assessments of the air in the various test
environments for the tests with wool carpet, are shown in
Figure 3 and Table 3. Subjects assessed the odour intensity of
the test environment with wool carpet as stronger than the
odour of the empty test environment (Figure 3). Paired sample
t-tests showed statistically significant differences in odour

intensity between the test environments with and without the
wool carpet in the sniffing table and the CLIMPAQs, while for
the test chambers, no statistically significant difference was
found (Figure 3). Figure 3 shows that in all test environments,
the subjects assessed the acceptability of the test environment
with wool carpet to be less acceptable than the perceived air
quality of the empty test environment. For the sniffing table
and the CLIMPAQs, paired sample t-tests showed a statisti-
cally significant difference between the acceptability with and
without the wool carpet. For the test chambers, no statistically
significant difference between the acceptability assessments
was found (Figure 3).

Tests of wool carpet with hardboard

Figure 4 and Table 4 show the mean values and SEs of the
odour intensity and acceptability assessments of the air in
the different test environments for the tests of wool carpet
and hardboard. Results show that the subjects generally
perceived the odour intensity of the hardboard as stronger
than the odour intensity of wool carpet + hardboard. Paired
sample t-tests of the odour intensity assessments of wool
carpet + hardboard and only hardboard showed for all test
environments no statistically significant difference were
observed (Figure 4). For all test environments, the subjects
evaluated the acceptability of the hardboard as less ac-
ceptable than the acceptability of wool carpet + hardboard
(Figure 4), yet no statistically significant difference was
found according to the paired sample t-tests (Figure 4).

Table 2. Temperature and RH % of test environments, and gender, smoking habits and average age of subjects for

the different days of testing.

Test Date

Temperature

(°C)

RH

(%)

Subjects

n

Male n

(%)

Female n

(%)

Smokers n

(%)

Average age

(years)

Sniffing table

(hardboard)

26 Oct

2022

21.1 56 55 26 (47%) 29 (53%) 8 (15%) 26

CLIMPAQ (sweaty

underwear)

15 Dec

2022

21.7 27 27 11 (41%) 16 (59%) 3 (11%) 35

Test chambers

(hardboard)

Sniffing table

(sweaty

underwear)

27 Jan

2023

21.6 27 33 19 (58%) 14 (42%) 7 (21%) 29

CLIMPAQ

(hardboard)

Test chambers

(sweaty

underwear)

Sniffing table (wool

carpet)

20 Feb

2023

21.5 40 25 11 (44%) 14 (56%) 5 (20%) 29

CLIMPAQ (wool

carpet)

Test chambers (wool

carpet)
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Tests of wool carpet with

sweaty underwear

Figure 5 and Table 5 show the mean values and SE for the
intensity and the acceptability assessments of the air in the

test environments containing wool carpet + sweaty un-
derwear and only sweaty underwear. From Figure 5 can be
seen that subjects assessed the odour intensity of the sweaty
underwear as stronger than the odour intensity of the wool
carpet + sweaty underwear in both the sniffing table and the

Figure 3. Intensity and acceptability assessments (mean values and SE) with andwithout wool carpet in: the sniffing

table; CLIMPAQs; and the test chambers.

Noorian Najafabadi et al. 101



T
ab

le
3
.
In
te
n
s
it
y
a
n
d
a
c
c
e
p
ta
b
il
it
y
a
s
s
e
s
s
m
e
n
ts

w
it
h
a
n
d
w
it
h
o
u
t
w
o
o
l
c
a
rp
e
t
in

d
if
fe
re
n
t
te
s
t
e
n
v
ir
o
n
m
e
n
ts
.

In
te
n
s
it
y

A
c
c
e
p
ta
b
il
it
y

T
e
s
t

e
n
v
ir
o
n
m
e
n
t

S
n
if
fi
n
g
ta
b
le

C
L
IM

P
A
Q

T
e
s
t
c
h
a
m
b
e
r

S
n
if
fi
n
g
ta
b
le

C
L
IM

P
A
Q

T
e
s
t
c
h
a
m
b
e
r

S
o
u
rc
e
s

M
e
a
n

v
a
lu
e

(S
E
.)

p
-v
a
lu
e
*

M
e
a
n
v
a
lu
e

(S
E
.)

p
-v
a
lu
e
*

M
e
a
n
v
a
lu
e

(S
E
.)

p
-v
a
lu
e
*

M
e
a
n
v
a
lu
e

(S
E
.)

p
-v
a
lu
e
*

M
e
a
n
v
a
lu
e

(S
E
.)

p
-v
a
lu
e
*

M
e
a
n
v
a
lu
e

(S
E
.)

p
-v
a
lu
e
*

W
o
o
l
c
a
rp
e
t

1
.6
4
(0
.1
9
)

<
0
.0
0
1

1
.1
4
(0
.1
6
)

0
.0
2
0

1
.1
0
(0
.1
8
)

0
.3
4
2

0
.2
9
(0
.0
9
)

0
.0
3
9

0
.4
4
(0
.1
0
)

0
.0
0
2

0
.5
1
(0
.0
9
)

0
.5
1
2

E
m
p
ty

1
.1
2
(0
.1
5
)

0
.7
7
(0
.1
7
)

0
.9
2
(0
.1
5
)

0
.5
4
(0
.0
7
)

0
.6
5
(0
.0
8
)

0
.5
8
(0
.1
0
)

*
p
-v
a
lu
e
s
b
e
lo
w

0
.0
5
a
re

in
b
o
ld
.

102 Indoor and Built Environment 33(1)



CLIMPAQs. In contrast, the odour intensity of the wool
carpet + sweaty underwear was assessed as stronger than the
odour intensity of the sweaty underwear in the test chamber.
The result of paired sample t-tests between the intensity

assessments of the wool carpet + sweaty underwear and
sweaty underwear showed a statistically significant difference
(p = 0.003) for the sniffing table test, indicating the odour
intensity is stronger for only sweaty underwear. For

Figure 4. Intensity and acceptability assessments (mean values and SE) of wool carpet + hardboard and only

hardboard in: the sniffing table; CLIMPAQ; and the test chamber.
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CLIMPAQ and test chamber tests, no statistically significant
difference between the intensities was found (Figure 5).
Results showed that the subjects evaluated the acceptability of
the sweaty underwear as less acceptable than the acceptability
of wool carpet + sweaty underwear for the sniffing table and
the CLIMPAQ tests (Figure 5). For the test chamber test, the
subjects evaluated the acceptability of the wool carpet with
sweaty underwear to be less acceptable than the acceptability
of only the sweaty underwear. For all test environments,
paired t-tests between the acceptability assessments of wool
carpet + sweaty underwear and sweaty underwear showed no
statistically significant differences (Figure 5).

Intensity versus acceptability

To study the correlation between the odour intensity and
acceptability assessments, linear regression was performed
for all intensity and acceptability assessments per type of
odour. The results are presented in Figure 6.

Discussion

Strengths and weaknesses

The main objective of this study was to test the effect of wool
carpet on cleaning the indoor air through sensory evaluation
and TVOCmonitoring. Previous research has shown that the
perceived air quality can be assessed using human sensory
evaluation.32,33 It is well known that people can reasonably
evaluate the perceived odour intensity of various materials
using their noses where the chemical analyses are typically
unable to sense the low concentrations of chemical com-
pounds.33 The present study supported this; while chemical
monitoring revealed noVOC present emitted from the carpet,
hardboard or sweaty underwear, the subjects detected odours
in all the test environments.

The correlations between the odour intensity and ac-
ceptability assessments (Figure 6) show that when the
subjects assessed the odour to be more intense, they also
assessed it as less acceptable. This outcome justifies the use
of the odour intensity assessments for studying the sorption
effect of wool carpet.

To study the cleaning effect of the wool carpet, it was
important to use a wool carpet with an as low as possible
primary emission test. From previous studies, it is known
that newmaterials always have a higher primary emission in
the beginning,34,35 and therefore, the carpets tested were
ventilated for at least 2 weeks before the experiments. Still,
results showed that the odour intensity of the lowest odour
emitting wool carpet, selected amongst eight different ones,
was higher than an empty test environment. These primary
emissions, therefore, might have affected the cleaning effect
when the odour sources were added.

In this study, sweaty underwear was used to simulate
human bio-effluents, which only partly represents the human
emissions that include odours in breath as well as emissions
of the skin. Real-life settings (for example a bedroom while
sleeping) could provide a better understanding of the impact
of wool carpets on human bio-effluents.

Comparison of test environments

Tests were performed in three different test environments.
The outcome showed that for the small-scale environments
(sniffing table and CLIMPAQ), the subjects evaluated the
odour of the wool carpet + the odour source as less intense
than only the odour source. Therefore, the results indicate
that the wool carpets cleaned the air from odour emissions.
Previous studies also showed that wool carpets could ad/
absorb VOC in experiments by chemical analyses.13,19,36

However, previous studies used higher concentrations of
VOC than those found indoors.

In the sniffing table and CLIMPAQ tests, the wool carpet
covered the floor and walls of the test environment, and the
odour sources were placed in contact with the wool carpet.
Additionally, the wool carpet on the walls increased the
surface area and the potential of the odour emission of the
sources to come close to the wool carpet, thus increasing the
possibility of sorption or the cleaning effect.

Particularly for the sniffing table, the odour sources are
completely enclosed by the wool carpet. Before sniffing, the
air in the container is filled with the emissions of the
sources. During sniffing, a small fan exhausts the air of the
container and, at the same time, creates a mixing condition
(Figure 7(a)). After sniffing, the fan stops, and the condition
in the container returns to the previous state. Consequently,
the condition before, during and after the sniffing inside the
container increases the possibility of sorption, shown by the
large difference in the odour intensity between wool carpet
+ odour source and only the odour source.

For the CLIMPAQ test, a small fan creates a continuous
airflow horizontally through the CLIMPAQ passing the
bottom and walls with constant air velocity (Figure 7(b)).
The possibility of emissions from additional odour sources
is less than in the sniffing table containers due to the limited
possibility of contact of the emissions with the surfaces of
the wool carpet. In the sniffing table the air is more mixed
than in the CLIMPAQ.

In a real-life setting, however, a wool carpet usually
only covers the floor. Therefore, to simulate a real-life
scenario, tests were performed in the test chambers. The
results showed that the subjects assessed the odour in-
tensity of the wool carpet + hardboard and only the
hardboard to be almost similar. Moreover, the odour
intensity of wool carpet + sweaty underwear was stronger
than only the sweaty underwear. To explain this outcome,
a simple CFD simulation was performed to show the
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airflow pattern in the test chamber, using as input the
measurements of airflow rate from the air supply grille
(Figure 7(c)). The CFD simulation showed that the in-
teraction of the source emissions with the wool carpet on
the floor is minimal since the air passes the surface of the

carpet and then mixes with the air in the test chamber
before it leaves the test chamber via the duct. The
emissions from the sweaty underwear, hung at the height
of a seated person ((Figure 7(c)), are most likely moving
horizontally and are not passing the floor but are mixed

Figure 5. Intensity and acceptability assessments (mean values andSE) of wool carpet + sweaty underwear and only

sweaty underwear in: the sniffing table; CLIMPAQ and test chamber.
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with the room air before being exhausted. The emissions
from the hardboard are however most likely flow more
vertically, towards the floor and above the hardboard,
having more opportunity to be ad(b)sorbed by the carpet.

Comparison of odour sources

Besides the location of the source in the test chambers, another
reason for the difference in the cleaning effect of wool carpet
could be the type of odour compounds emitted by the two
sources. The two sources of odours, hardboard and sweaty
underwear, were selected to test the cleaning effect of carpets
for two common sources of pollution indoors. These two
sources emit different types of VOC. While hardboard emits
formaldehyde and 44 compounds, including alkanes, (chlo-
rinated) aromatic hydrocarbons, carbonyl compounds (i.e.
aldehydes and ketones), alcohols, esters, etc.,37 sweaty un-
derwear emits mainly skin emanation, comprising 64 C4-C10

chemicals including alcohols, aldehydes, ketones, alkanes,
aromatics, esters, alkenes and acids.38,39 Aldehydes, especially
hexanal and pentanal, were identified to be the main odour
compounds emitted from particleboard due to their low odour
thresholds,37 and alcohols, aldehydes, ketones species con-
tributed the most to emissions from the skin.38,39 Previous
research showed that wool can physically and chemically
bound with formaldehyde from indoor air and ad(b)sorb some
VOC like toluene, α-pinene,36 limonene, dodecane,40 trichloro
ethylene and VVOC like ethanol.19 These studies showed that
wool carpets can ad(b)sorb various polarity of VOC due to
different functional groups in amino acids of wool fibre piles.

From the tests can be concluded that in the sniffing table
(the test environment with the highest potential of ad(b)
sorbing emissions due to the highest contact possibilities)
the odour emissions from hardboard were ad(b)sorbed less
than the odour emissions from the sweaty underwear. This
difference may be caused by a stronger ad(b)sorption of

Figure 6. Correlation between intensity and acceptability assessments of tests (a) with wool carpet; (b) without wool

carpet; (c) wool carpet + hardboard; (d) hardboard; (e) wool carpet + sweaty underwear; and (f) sweaty underwear,

for all test environments.
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odorant VOC (like alcohols, aldehydes, ketones) from
sweaty underwear on the wool carpet. However, it is unclear
whether the sorption effects on the wool carpet are due to
chemical or physical bonding. Studying the sorption effects
over a longer period with intermittent sources present, could
give more insight into these processes.

Conclusions
From the sensory tests with two common sources of indoor
pollution: hardboard and sweaty underwear, in three dif-
ferent test environments, it can be concluded that the wool
carpet tested can clean the air of odours in small-scale

Figure 7. Setup and airflow pattern in (a) container of the sniffing table; (b) in the CLIMPAQ; and (c) in the test

chamber.
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environments, where the wool carpet covered the floor and
walls of the test environment, and the odour sources are in
contact with the wool carpet. However, the results were less
conclusive in “real-life” scenarios where wool carpets only
covered the floor. Overall, wool carpets have the potential to
absorb the odours emitted from hardboard or sweaty un-
derwear and improve perceived IAQ, but only when these
emissions are close to the wool carpet, and thus have the
opportunity to be ad(b)sorbed by the wool carpet.
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Różańska A, Namieśnik J and Dymerski T. PTR-MS and GC-
MS as complementary techniques for analysis of volatiles: a
tutorial review. Analytica Chimica Acta 2018; 1035: 1–13.

19. Borrazzo JE, Davidson CI and Andelman JB. Small closed-
chamber measurements for the uptake of trichloroethylene
and ethanol vapor by fibrous surfaces, ASTM Spec Tech
Publ, STP 1205, 1993, pp. 25–41.

20. Sakr W, Weschler CJ and Fanger PO. The impact of sorption
on perceived indoor air quality. Indoor Air 2006; 16: 98–110.

21. Knudsen HN, Nielsen PA, Clausen PA, Wilkins CK and
Wolkoff P. Sensory evaluation of emissions from selected
building products exposed to ozone. Indoor Air 2003; 13:
223–231.

22. Bluyssen PM and Fanger PO. Addition of olfs from different
pollution sources, determined by a trained panel. Indoor Air
1991; 1: 414–421.

23. Weschler CJ. Chemical reactions among indoor pollutants:
what we’ve learned in the new millennium. Indoor Air 2004;
14: 184–194.

24. Bluyssen PM, van Zeist F, Kurvers S, Tenpierik M, Pont S,
Wolters B, Hulst van L and Meertins D. The creation of
SenseLab: a laboratory for testing and experiencing single
and combinations of indoor environmental conditions. Intell
Build Int 2018; 10: 5–18.

25. Gunnarsen L, Nielsen PA and Wolkoff P. Design and char-
acterization of the CLIMPAQ, chamber for laboratory in-
vestigations of materials, pollution and air quality*. Indoor
Air 1994; 4: 56–62.
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