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Abstract

Exposure to human body odors indoors can result in discomfort, dissatisfaction and psychosomatic
effects. Odorous bioeffluents can be classified as volatile or semi-volatile organic chemicals, and are
usually at very low air concentrations. Building ventilation standards are designed to mitigate
occupant dissatisfaction associated with such chemical exposure, and human odor sensory panels
have been used for the assessment of satisfaction. However, there appears to be a limited
understanding of ventilation and supplementary air cleaning as exposure control measures for
specific classes of body odor chemicals, some of which appear to be diagnostic of body regions. A
multidisciplinary narrative literature review was conducted across five databases and the evidence
assessed using the source-path-receiver conceptual framework. To advance knowledge with respect
to body odor chemical classes, a pilot study examining the removal efficiency of an advanced multi-
modal air cleaner challenged with representative underarm and foot odor chemicals was conducted.
The review highlighted a range of exploratory studies, and systematic research programs mostly in
controlled laboratory settings. The studies addressed general ventilation, local exhaust ventilation
and supplementary air cleaning technologies. Few studies investigated specific odorous chemicals.
The pilot study demonstrated efficient removal of highly odorous aldehydes and carboxylic acids in
single pass laboratory experiments. Further studies with a wider range of chemicals, and in real
world settings should be undertaken. Human odor sensory panels can be used in conjunction with
real time chemical analysis to optimize body odor control measures.

Keywords: body effluents; body emission(s); body odorant; air purification; exposure pathway;
olfaction; health effect(s); psychosomatic; dissatisfaction

1. Introduction

Indoor air quality (IAQ) is an increasingly important public health issue [1]. One aspect of the
issue is human body emissions in indoor spaces which can impact on building occupant health,
comfort, wellbeing and satisfaction [2-5]. In a study of occupant dissatisfaction in 600 office buildings,
20% of occupants complained about air quality, with at least 34% of those concerned about “other
people” and perfumes and 39% complaining about food odor [6]. The human perception of odors is
complex with more than 400 olfactory receptors, about 800 odorant receptor genes and inadequate
predictive models [7,8]. Studies of body odor are multidisciplinary and Jha ([9] Figure 2) describes an
almost exponential growth on papers on the research topic from 1946-2015, which can include papers
relating to breath analysis for disease diagnosis.
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Indoor ventilation criteria were initially based on body odor/effluents, and the use of human
odor panels [10]. The emissions can be considered as unavoidable air contaminants with
objectionable odors potentially arising from breath, skin and flatulence and modified by physical
activity, age, diet, clothing, fragrances, personal hygiene and other factors [2,11]. Primary body odor
has been described as a characteristic of the individual, e.g. age, ethnicity, body part etc [9]. Secondary
body odor depends on diet, living conditions etc and tertiary odor relates to perfumes, soap,
deodorant and so on. The “olf” was defined as the amount of odor emanating from the average
person, and the “decipol” was the perceived odor when the average person was ventilated at the rate
of 10L/s with clean air [12]. An acceptable level of indoor odor control was based on 80% satisfaction
for persons entering the space [13]. Body odors are chemically diverse [9] but can be classified as
volatile or semi-volatile organic compounds (VOCs and SVOCs). Some are more characteristic of
body regions than others, e.g. propanoic acid and foot odor [14]. However, in the indoor environment
there can also be VOC and SVOC contributions from furnishings and building materials, for example
formaldehyde from reconstituted wood [15,16]. In addition, certain VOCs and SVOCs may
potentially undergo transformation in the atmosphere leading to new compounds associated with
poor indoor air quality [17]. In recognition of these issues, ventilation standards now address the
control of odors in general, and criteria can be based on person occupancy or floor area [10].

Whilst it is possible to exercise some control of human sources and protect human receivers with
personal respiratory devices, ventilation is the most common strategic control measure. This can be
supplemented with air cleaning of the supplied air or within the room. The aim is to reduce the
exposure to indoor air pollutants so as to prevent adverse health effects and dissatisfaction amongst
occupants and visitors [2,3,10,13,16,18-20].

Since COVID-19 and a spate of wildfire events exacerbated by climate change, there has been an
increasing use of air cleaners (air purifiers) in conjunction with dilution with outside air [21].

It has been argued that the emission rates of chemicals from building materials have been
measured routinely and have decreased over time, but body odor emissions have received less
attention [15]. Given the large carbon footprint of heating, ventilation and air conditioning (HVAC)
systems in modern buildings, there has been a greater emphasis on recycling indoor air, and there is
allowance in standards for reduced outdoor air provided that particles and odors can be controlled
with suitable air cleaning technology. This is reflected for example, in Australian Standard 1668.2-
2024 Appendix D, which uses the term “effective outdoor air”. However, such air cleaning technology
needs to be independently tested, and the method transparent and publicly available [22}. A detailed
review of (largely single mode) fan driven air cleaning technologies indicated that sorption could be
effective for some VOCs [23], but the use of activated carbon and biochar, for example, for VOC
adsorption is still an evolving area [24]. Novel multi-modal air cleaning technologies may be more
suitable. Overall, addressing the challenge of climate change, whilst maintaining building occupant
comfort and wellbeing has stimulated greater interest in body odor characterization [25,26] and as a
baseline air pollutant to be controlled.

The research described here comprises a multidisciplinary review of current knowledge of body
odor control by both ventilation and air cleaning using a narrative approach. A pilot study of a multi-
modal air cleaning technology [27] for the removal of selected body odor chemicals is also described.

2. Materials and Methods

2.1. Literature Review

The literature review was guided by the following research question.

How does ventilation and/or air cleaning influence health and/or comfort in people exposed to body odors
indoors?

Air cleaning and air purification were considered synonymous for the purpose of the review.
Similarly body odor, body effluent and body emission were considered the same. In this case, carbon
dioxide (CQOz) is excluded since it is not odorous.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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The source-path-receiver conceptual framework, as in Figure 1, characterized the narrative of
the review.

Ventilation / Air cleaning

Source of
body odor

Emission

Figure 1. Source — Path - Receiver framework.

This commonly used framework has been applied in occupational hygiene and for SARS CoV-2
infection risk management [28,29]. Here the extent of interruption of the air path determines the
exposure, and can be considered a key risk factor.

There were five steps in the literature search. (1) preliminary search with simplified search terms
across 5 databases covering relevant disciplines, (2) identification of the literature relevant to the
research question and addressing ventilation and/or air cleaning (3) extraction of key articles to
generate a yield; (4) supplementation of the yield with forwards and backward searching and other
extension techniques; (5) use of inclusion and exclusion criteria after step 3 to generate a PRISMA
flow diagram. At least two researchers reviewed the literature at each step (DP and LN).

2.1.1. Preliminary Search

A multidisciplinary approach to the narrative literature review was adopted, accessing PubMed,
Scopus, Web of Science, ProQuest Engineering database, and ProQuest Psychology Collection.

/T

Simplified search terms included “body odour”, “body odor”, “body effluent”, “ventilation”, “air

purification”, “air purifier”, “air cleaner”, “air cleaning”. Search terms and operators are described
in Supplementary Material Table S1. Gray literature was not searched.

2.1.2. Relevant Article Identification and Extraction

The preliminary search identified around 13700 articles on human source emissions and receiver
odor response/perception. Articles addressing air cleaning and ventilation of body odors yielded 339
articles. These became the focus of the search, in accordance with the research question.

These articles were imported into Covidence software [30]. After automatic removal of
duplicates, 318 articles underwent title and abstract screening. Of these, 253 were excluded for
reasons such as unavailability of full-text, not in English or not about the influence of ventilation or
air purification on body odor or body effluents indoors. The remaining 65 articles underwent full-
text screening, resulting in 15 articles meeting the inclusion/exclusion criteria and addressing the
research question. See Supplementary Material Table S2 for the inclusion/exclusion criteria.

2.1.3. Supplementary Search

To enhance coverage of relevant literature, supplementary searches were conducted. e.g. by
authors, institutions/laboratories, research programs or key journals. Supplementary searches
identified 7 additional relevant articles resulting in a final total of 22 included articles.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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2.1.4. PRISMA Flow Diagram

The selection and screening process are presented according to a Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) flow diagram (Figure 2).

Articles initially identified from
databases (n=339)

J

Articles exported to Covidence (n=339)

ﬂ  — Duplicates removed (n=21)

Articles excluded after title and abstract screening (n=253)
Articles screened by examining title and

abstract (n=318)

with reasons

¢+ Full-text not available
ﬂ — » MNotin English

o A lack of relevance

Articles for full-text screening (n=65)

Articles excluded {n=50) with reasons

» Not about influences of ventilation or air purification/
— air purifier or air cleaner/ air cleaning on body odor or
body effluent indoors

¢+ Insufficient detail regarding influences of ventilation or

air purification/ air purifier or air cleaner/ air cleaning to
Eligible articles (n=15)

solve health and wellbeing in people exposed to body

odor or body effluent indoors

Articles added after
supplementary searches

(n=7)

Articles included for the review (n=22)

¥ Ventilation (n=14)
> Air purification/ Air cleaner (n=8)

Figure 2. PRISMA flow diagram- the process of database searching, screening and selection of articles.

2.2. Pilot study

2.2.1. Multi-Modal Air Cleaner and Test Chemical Odorants

The PlasmaShield multi-modal air cleaner has been previously described [31,32] and was used
for the experiments. Briefly, the HVAC-integrated unit utilizes electron beam irradiation and a
catalyst filter.

Test body odorants were chemicals emitted from underarms, feet and exhalation [9,14]. They
were selected on the basis of common occurrence, perceived odor intensity and specificity to body
region. For example, Natsch and coworkers [33] suggested that trans-3-methyl-2-hexenoic acid
(BMHA), and 3 hydroxy-3-methylhexanoic acid (HMHA) could be considered as index chemicals for
underarm odor.

Other carboxylic acids (namely propionic acid (propanoic acid), isovaleric acid (3-
methylbutanoic acid), and also aldehydes (acetaldehyde, nonanal and decanal) were commonly
found in studies of human emissions [26].

All chemicals were of >95% purity.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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2.2.2. Test Apparatus

Direct flow arrangement for relatively volatile odorants: This applied to propanoic acid, 3-

methylbutanoic acid, acetaldehyde, nonanal and decanal. A TSI 3073 aerosol generator (Shoreview,
Minnesota, USA) was used to introduce vapors into a duct feeding into the air cleaner. Air sampling
points were positioned before and after the cleaner. This single pass arrangement was informed by
test standard ASHRAE 145.2-2016 [34]. The volumetric flow rate for the air cleaner was 300 m3/hr.
Chamber arrangement for low volatility odorants: A separate test apparatus for the semi-volatile

compounds, namely 3MHA and HMHA, has been previously described [27]. Briefly, a single-pass
system, sufficiently small to be enclosed in a laboratory fume cupboard was used. The components
of the apparatus included a 90 L polypropylene chamber, the TSI 3073 aerosol generator, a
distribution tube, filtered make-up air, and sampling points at the air cleaner inlet and outlet. For
these chamber experiments SMHA and HMHA, as well as propanoic acid and 3-methylbutanoic acid
were diluted in diethylhexyl sebacate (DEHS) to allow for smooth aerosolisation of the mixture at
room temperature [27]. The analyte concentrations in DEHS were in the range 0.1-1% w/w.

2.2.3. Chemical Analysis Using Photoionisation Detection and GC-MS

Real-time monitoring of acetaldehyde, nonanal, decanal, propanoic acid and 3-methylbutanoic
acid in the direct flow apparatus was possible and undertaken with an Ion Science (Royston, UK)
Tiger XT photoionisation detector (10.6 eV) [27]. Response factors were available from the
manufacturer. One minute sampling intervals were used, with typical durations of one hour.

For the chamber experiments, test agent concentrations were determined by air sampling with
tenax sorbent tubes (Gerstel) at 200 ml/ min and subsequent gas chromatography-mass spectrometry
(GC-MS) analysis. Sampling time was typically one hour.

The GC-MS analyses of body odorants were performed using an Agilent 7890A gas
chromatograph equipped with a thermal desorption unit (TDU), a cold injection system, a MPS
autosampler and an Agilent 5975c mass spectrometer. The chromatographic separation of
compounds was conducted using a DB-624 Ultra Inert 30 m x 0.25 mm J&W column with 1.4 pm film
thickness. Tenax sample tubes were inserted into the TDU at 30 °C (with 0.5 min delay and held for
3 mins) and the temperature was raised at a rate of 50 °C/min to 280 °C and held for 3 mins. The cold
injection system started at —20 °C and equilibrated for 1 min then the temperature was raised at a rate
of 12 °C/min to 240 °C and held for 3 min. The carrier gas was helium, and the septum purge flow
rate was 3 ml/min. Injection was performed using solvent vent mode with an inlet pressure of 9.78
psi under a total flow of 64.22 ml/min. The oven temperature program started at 40 °C and held for
10 min, increased to 100 °C at 15 °C/min and held for 10 min, increased to 150 °C at 20 °C/min then
increased to 220 °C at 20 °C/min and held at this temperature for 10 min. The splitter, at a split ratio
of 42:1, was opened after 30 s. The transfer line was held at 240 °C. To enhance the sensitivity, mass
spectra were recorded in the Selective Ion Monitoring (5IM) mode. The ions monitored in SIM mode
were m/z 45.1 and 74.1 for propanoic acid, m/z 60.1, 87.1 for 3-methylbutanoic acid, m/z 41.1, 100.1,
113.1 and 128.1 for 3MHA, m/z 43.1, 85.1 and 103.1 for HMHA. Identification and relative
quantitation were conducted using pure reference compounds of the target analytes as described in
2.2.1. The raw data from Agilent’s ChemStation software (v E.02.02.1431) were converted into
MassHunter data files and processed using MassHunter Workstation software for Quantitative
Analysis for GC-MS (v 10.1).

3. Results

3.1. Literature Review

The findings of the literature review are presented in Tables 1-3. The evidence is grouped in
three categories, i.e. general ventilation, local exhaust ventilation (LEV) and air cleaning.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202510.1584.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 October 2025

d0i:10.20944/preprints202510.1584.v1

6 of 23
3.1.1. Ventilation
3.1.1.1. Ventilation with Outside Air - General Dilution Ventilation
Table 1. General dilution ventilation - Key findings.
Study Classification Context Key findings Comments
Real time monitoring of 113 indoor VOCs
Comparative Investigation of VOCs and occupancy and ventilation assessment

analysis of indoor
volatile organic

compound levels

in an office: Impact Field study

of occupancy and
centrally controlled

ventilation (Joo et

demonstrated that 77.8% of the total VOC

emission rate was attributed to human

in an office with
variable occupancy
and ventilation across occupancy, 12.9% to building sources, and
two seasons. 9.30% to supply air.

The building was not  Introduction of 50% outside air reduced the
new, and had an office total concentration of indoor VOCs.

window which was notVentilation was immediately effective in

Ventilation strategies
have a critical role in
maintaining IAQ and
sustaining occupant
health.

al. 2025) [16] opened. reducing the indoor VOCs.

The relationship

between indoor air . Traditional IAQ evaluation method mainly .
Considers PAQ More attention should

quality (IAQ) and
perceived air
quality (PAQ) —a

review and case

Review

analysis of Chinese

residential

. compares with threshold, while PAQ
evaluation methods . .

o evaluation method considers the occupants
based on objective .
. comfort and sensation.
measurement of indoor

Indoor VOCs are major PAQ factors through

parameters and o
L olfactory and sensory irritation.
occupants’ subjective . o .
Building ventilation can improve PAQ by

be paid to specific
pollutants with low
odor and sensory
thresholds when

evaluating air quality

. . perception o o . perception.
environment (Pei diluting or removing indoor air pollutants.
et al. 2024) [19]
Air quality and ventilation requirements can
based on the percentage of visitors
. . dissatisfied with the air quality upon More research and a
Insights into . - .
What we know o . entering the space or on the acceptability for new paradigm and a
ventilation, with key -
and should know . both visitors and occupants. framework for
o questions around o . o
about ventilation . o Substandard ventilation in homes will result ventilation
. eview amounts, criteria, the . . . .
(Wargocki 2019) . . in an increased burden of disease. requirements in
use of epidemiology . . . o o
[20] L Ventilation requirements in buildings buildings are
and ventilation as an ] .
. occupied by people need to be followed required.
TIAQ metric. .
strictly.
Particular consideration should be given to
people with special needs
Ten subjects were
exposed in a low-
emission stainless-steel
. VOCs were not
climate chamber for
Responses to measured, but carbon
4.25 hours. . o
Human . Exposures to human bioeffluents at dioxide was
. The outdoor air supply . )
Bioeffluents at ventilation rate of 4 1/s per person caused ~ monitored.
Laboratory rate was set to 33 or 4

Levels

sensory discomfort of visitors, reduced

experimental 1/s per person, creating

Recommended by
o study
Ventilation
Standards (Zhang

etal. 2017) [35]

PNN50 (a domain of ECG measurement),
two levels of . )
. but did not produce negative effects on
bioeffluents. L

L . cognitive performance or health symptoms.
Subjective ratings were

collected, cognitive
performance was
examined and

physiological

The authors suggested
that future studies
focus on exposure to
moderate-to-low
levels of human

bioeffluents.
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responses were

monitored.
Challenges in Investigations relating
developing The first version of ASHRAE Standard 62 to health effects of
ventilation and . was published in 1973. Since that time, contaminants,
Discussed the

indoor air quality

development of

ventilation standards have been issued in

contaminant mixtures,

standards: The Review o several countries and have dealt with IAQ. source strengths and
ventilation standards o
story of ASHRAE The development of ventilation and IAQ  the performance of
Standard 62 standards has progressed significantly since IAQ control
(Persily 2015) [10] the first ventilation standard. technologies are
needed.
Ventilation can remove indoor-generated ~ Limitations in existing
pollutants from indoor air or dilute their ~ data make it essential
concentration to acceptable levels. that future studies
Higher ventilation reduces the prevalence of better assess health,
air-borne infectious diseases. productivity and PAQ
Ventilation rates below 10 L/sec person are changes in the
associated with a significantly worse ventilation rate range
prevalence of one or more health or PAQ  between 10 and 25 L/
outcomes. sec person in office-
A ventilation rate above 10 L/sec person, up type environments.
Summary of . . . .
Human response to to 20 L/sec person, is associated with a The selection of
human responses ) . o . . o
L . indoor air pollutant  significant decrease in the prevalence of sick ventilation rates has to
to ventilation Review o . .
. mitigation by building syndrome (SBS) symptoms or with be based also on
(Seppanen & Fisk T . . . . .
ventilation rate improvements in PAQ. epidemiological
2004) [3] - .
Improved ventilation can improve task research, laboratory
performance and productivity. and field experiments
As the limit values of all pollutants are not and experience.
known the exact determination of required Future research
ventilation rates based on pollutant should be based on
concentrations is seldom possible. well-controlled cross-
Better hygiene, commissioning, operation  sectional studies or
and maintenance of air handling systems  well-designed blinded
may be particularly important for reducing and controlled
the negative effects of HVAC systems. experiments.
Experiments carried out to determine the
minimum acceptable ventilation rates have
been determined in ’artificial’ situations. .
. . More research in real
. Some real-world field studies have found L
The perception of . . buildings on how
little occupant response to changes in
human odor has been o odor annoyances
The Use of Odour ventilation. L .
. . used to set standards . . combine is required.
in Setting . o . What is not clear is the actual level of odors
o Review for ventilation rates in o . Greater
Ventilation Rates L in buildings and what level is acceptable. )
. buildings. . understanding how
(Parine 1994) [36] o Aversion to odors may be learnt. o
Building related odors ) ] ) occupants and visitors
] The linearity between the decipol and olf .
are also important. ) . respond to odors is
units has been questioned.
. . needed.
Comparisons of the results of different
studies are difficult, as each study has used
different scales.
Odorants may be People assess the
Health Effects of ] . ) ) )
considered as The are many contributors to odor in quality of the air
Indoor Odorants . o . . o . . . .
. ‘pathogenic buildings, including building materials, indoors primarily on
(Cone & Review o o . .
messengers” of ventilation system, occupant activities and  the basis of its odor,
Shusterman 1991) o .
2] ventilation systems.  body odor. and on their

perception of
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This review considers various odor sources associated health
and potential health effects, with case risk".

studies. Setting ventilation
Methods of odor assessment are described, standards to prevent
but the total odorant problem is hard to health effects due to

assess. indoor air pollution is

important.
Introduction of the The units provide a
olf and the decipol The “olf” or “decipol” unit can be useful to rational basis for the
units to quantify assess biological odorants in indoor air. identification of
air pollution Review and Description of anew  One “olf” is defined as the emission rate of pollution sources.
perceived by method method to assess odors air pollutants (bioeffluents) from a standard They can be used to
humans indoors ~ development person. calculate ventilation
and outdoors One “decipol” is the pollution caused by onerequirements and
(Fanger 1988) [12] oil, ventilated by 10 I/s of unpolluted air. = predict and measure

1AQ.

Mechanical ventilation
(ceiling to floor).

High and low .

o In a space occupied by sedentary persons a

ventilation rates .
. steady-state ventilation rate of 8 L/sec

Female occupants with

Ventilation person was required in order to satisfy 80%
male and female
requirements for isit of people entering the space (visitors).
visitors
the control of body . There are no substantial differences in the . .
Visitors were This study builds on
odor in spaces Experiments . . ventilation . .
. . questioned concerning . . previous research in
occupied by in an . rates required to control body odor in spaces .
o the acceptability of . 1983 and the studies
women (Berg- auditorium. ] occupied ]
body odor in the by Yaglou in 1936.
Munch et al. 1986) . o by women and by men.
occupied auditorium
[13] Occupants adapt to body odor and are less

and were also asked to =~ o
dissatisfied than the visitors.
evaluate the odor L
. . The percentage of dissatisfied occupants was
intensity on the Yaglou o
. independent of the ventilation rate.
psycho-physical scale

(no odor to

overpowering odor).

3.1.1.2. Local Exhaust Ventilation

Table 2. Local exhaust ventilation- Key findings.

Study Classification Context Key findings Comments
Well-designed
source control

A breathing thermal The ventilated cushion was able

Effect of manikin with realistic to capture the emitted pollutants

. female body shape  both at the groin and the armpits .
airflow . substantially
. L. was used to simulate when the flow rate of the exhaust

interaction in reduce

a seated personina air was sufficiently high.

the breathin exposure to
& full-size climate The airflow of exhalation P
zone on Laboratory . own-body-
. chamber. increased exposure to gaseous
exposure to experimental _. . . released
. Bioeffluents released pollution from body sites close to )
bio-effluents study . . pollution.

. at the armpits and the breathing zone, such as the .
(Bivolarova roin were simulated armpits This work
et al. 2017) &r P . builds upon

with two tracer gases The exposure in the case of _
[37] previous

nitrous oxide (N20) exhalation through the nose was
and carbon dioxide  higher than when exhalation took
(CO2). place through the mouth.

research on
eat
incorporated
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N20 and CO2
concentrations were
measured
continuously at the

Breathing did not influence the = personalized
exposure to gaseous pollutants  ventilation by
emitted from the lower part of  Melikov in
the body. 2010.

manikin's chest, at the Concentrations of own-body-

mouth and at the
nose.

A ventilated cushion
was used with
variable local exhaust
ventilation.

released bio-effluents in inhaled
air depends on complex airflow
interactions.

Removal of pollution at the
location where it is generated is
the first step to be applied for
reduction of exposure.

The combined use of source
control and personalised
ventilation does not always
reduce and may even increase
exposure to own-body-released
bio-effluents.

Stainless-steel climate
chamber furnished
with a single bed to
simulate a hospital
patient room.

Two heated dummies
were used to

There were two modes of

operation: i.e. The exhausted

polluted air discharged out of the Further

room; and the polluted air was  research might

simulate a patient and cleaned by ACF material installedexplore effects

a doctor in the room
Bed-

integrated The patient was lying
on a bed equipped
local exhaust . :
ventilation with the ventilated
mattress (VM). The
system atient’s body was
combined P y

covered with either a
Laboratory  cotton sheet or with
experimental the activated carbon

with local air
cleaning for

E:l(grf: e study fibre (ACF) material.
hospital To simulate body
patient generated bio-
rooms effluents, ammonia
ol
[38] groin area.

At the location of the
groins, the surface
area of the VM was
perforated through
which the
contaminated air of
the bed micro-
environment was
exhausted.

inside the mattress and of body
recirculated back into the room. posture,
Both modes of operation bedding
efficiently reduced the generated arrangement,
bio-effluent in the room by human
about 70%. respiratory
The combined use of the VM and rate on the
ACF was the most efficient exposure
exposure reduction strategy, reduction
since more than 90% of the efficiency of
ammonia gas in the room air was the VM.
removed. The

The separate and combined performance of

gas was released from effects of the VM and ACF were the ACF

considered as a local cleaning  applied to the

method. cover blanket
Reduction in the exposure to is not
body emitted generalizable

ammonia was up to 96% when  to other VOCs.
the VM was operated at only 1.5

L/s and the ACF was used as a

blanket.
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The effect of the VM
for reducing the
exposure to body
generated bio-
effluents in a hospital
room was determined.

Seat-

integrated

localized

ventilation

for exposure

reduction to Laboratory

A full-scale room and

a dressed thermal

manikin sitting in

front of a desk were

used to simulate a one

person office.

The chair had a

ventilated cushion

(VQO). Exhausting air through the VC
Tracer gases COzand decreased the concentration of
N:0 were used to the tracer gases at the breathing

simulate bio-effluents zone and in the room.

emitted by the The higher the exhaust flowrate,

manikin’s armpits andthe more the concentration was

decreased. Several issues,
The pollution removal Exhausting 1.5 L/s of air through related to
efficiency was the VC at 1 ACH in the room to
assessed by reduce the bioeffluents’

groin region.

control and
optimization of

d0i:10.20944/preprints202510.1584.v1

air pollutants experimental measuring the concentration at the breathing  the VC as well
in indoor study pollution zone was about 65% more as human
environments concentration in the efficient than providing the response
(Bivolarova breathing zone of the recommended 1.5 ACH for remain to be
et al. 2016) manikin and at category I IAQ in low polluting  studied.
[39] several other locations buildings.

in the room bulk air. The use of VC can not only

The performance of improve air quality but also may

the VC in conjunction lead to energy savings due to

with mixing total- deduced background ventilation

volume background rate.

ventilation at 1 air

change per hour

(ACH) was compared

with that of mixing

background

ventilation alone

operating at 1, 1.5, 3

and 6 ACH.
Exposure A thermal manikin The
reduction to with a ventilated The VC can capture gaseous application of
human bio- cushion (VC) in a pollutants released from the VC in highly
effluents Laboratory  climate chamber. groins and armpits. occupied
using seat-  experimental The performance of The pollutants were almost spaces, e.g.
integrated  study the VC was assessed entirely exhausted by the VC cinemas,
localized by measuring the when operating at 5 L/s. theaters, and
ventilation in pollution public
quiescent concentration in the transport,
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indoor breathing zone of the should be
environment manikin and at 0.5 m considered.
(Bivolarova above the head of the Energy can be
at al. 2016) manikin. saved by using
[40] such localized

exhaust nears
the pollution
source to
minimize the
spread of
pollutants
indoors
instead of
ventilating the
entire space.

3.1.2. Air Cleaning

Table 3. Air cleaning - Key findings.

Study Classification Context Key findings Comments
Two male
participants (the
source of bio- The results indicate that
effluents) satin a pollutants emitted by humans
stainless-steel decreased when the air cleaner
chamber, and a  was operating. In addition,
gas-phase air sensory assessments showed a
cleaner was either decrease in odor intensity and
operational (100 percentage of dissatisfaction
m3/h) oridled.  with the air cleaner operating. e
. In spaces polluted by human emissions,
Effects of a Thirteen external The removal rates for many

gas-phase air
cleaner in
removing

human bio-
Laboratory
effluents and .
. . experimental
improving

] . study
perceived air

quality
(Akamatsu et
al. 2024) [41]

participants chemicals, besides ammonia,
evaluated the air were >50 %.

quality with Acetaldehyde, nonanal, and
sensory tests, and decanal had concentrations
chemical analyses above the odor detection
were performed threshold at 28 °C when the
with GC-MS and  air cleaner was not operating.
HPLC, via an

adjacent test rig,

The clean air delivery rates
(CADR) based on chemical
and in accordance concentrations and PAQ
with international varied depending on
standards. temperature.
The air cleaner ~ Removal rates for
had a special acetaldehyde, nonanal and
decanal with the air cleaner on
were >12->49%, >47->80% and
>49-81% respectively.
PAQ-based CADR decreased

with increasing temperature.

activated carbon
filter to remove
gaseous
pollutants. Two
temperatures (23
and 28C) were

used.

passive air cleaners with

activated carbon can provide a strong
positive effect comparable to or even higher
than ventilation with outdoor air.

Future studies should focus on developing a
reliable method to estimate the air-cleaner
removal effect using the measured
concentrations of chemical substances or
sensory evaluations of air quality.

Adding pollution sources, in addition to
humans, could influence the performance of

the air cleaner tested.

A method for Laboratory

testing the  experimental

Portable air
cleaners (PACs)

The operation of air cleaners

reduced concentrations of

The results of a prototype method for testing

gas-phase air cleaners using sensory
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gas-phase air and with different VOCs regardless of the

cleaners methodologicaloperational

assessment were validated, but more testing
pollution source. is still necessary before its full application in

using sensory study principles were  PAQ was only improved whenpractice.

assessments challenged with the pollution source was

of air quality pollutants emittedbuilding materials, supporting
(Amada et al. from building  the necessity of inclusion of
2024) [42] materials and sensory ratings.

humans. The
performance of
air cleaners was

examined using

Differences between the
results of chemical
measurements and sensory

evaluations suggested that

sensory ratings of chemical analyses alone do

air quality and  not provide sufficient
chemical information regarding air
measurements  cleaner performance. Sensory

and compared
with the effect
obtained by
increasing the
ventilation rate.
Rooms were
ventilated with

outdoor air (no

evaluations are an important
part when the performance of
air cleaners is documented.
Differences between the
whole-body and facial sensory
evaluations were observed.
Although acceptability and

odor intensity ratings were

recirculation) strongly correlated, the overall
using a results of sensory evaluations
mechanical for individual conditions were

ventilation systemnot always consistent. It can

with filtration andbe recommended to use both

kept at 23C and
30% relative
humidity. Two of
the 4 PACs were
based on

activated carbon.

sensory evaluations of odor
intensity and acceptability of
air quality when testing the
performance of air cleaners
using sensory methods.

The relationship between

One was based on ventilation rates and sensory

ion generation

and one was

ratings of acceptability of air

quality and odor intensity was

based on non-linear. These relationships
UV/ozone were different for different
reaction. pollution sources.

Artificial When determining the

pollution sources
(old carpets and
linoleum) were
introduced
according to a
protocol.

There were 2
phases: Phase 1
ensured that air
cleaners had no

negative effect on

efficiency of air cleaners and
comparing them against the
effects obtained by ventilation,
it is necessary to perform the
tests at different ventilation
rates. Examining the air
cleaner efficiency only at one
ventilation rate is insufficient,
and these results should not
be extrapolated to other

ventilation rates.

air quality. It was observed that
Phase 2 provided subtractive air cleaners (based
a detailed on activated carbon)

). Distributed under a Creative Comm
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characterisation ofperformed better than
the removal additive air cleaners
efficiency of air
cleaners. GC-MS
and HPLC
methods were
used.

31 panellists rated
the acceptability
of air quality and
odour intensity
immediately
upon entering the
rooms and of the
air extracted from
them and
presented in
diffusers.

ISO 16000-44
describes a test
method for
measuring
perceived indoor
air quality for
testing the
performance

of gas phase air
cleaners. The air
change rate of the
test chamber was
set at 0.50/h
(0.03/h) and
2.0/h (+0.12/h)

Mandating
indoor air
quality for
public
buildings: if
some
countries lead

Review —
by example, . .
Policy article
standards
may
increasingly
become
normalized
(Morawska et

al. 2024) [18]

Little action has

been taken on

mandating JAQ

standards. Indoor A numerical ventilation value
pollutants includeis suggested, along with other
body odor. criteria for regulated IAQ.
Ventilation with 14L/sec per person of clean air
clean airis a key in the breathing zone when
control the space is occupied.

strategy for Air cleaning can be used to

The suggested ventilation rate is based on

infection risk for school children.

contaminants reduce the volume of outside
generated air, which has a substantial
indoors. energy penalty.

Outdoor air Work is ongoing to develop
ventilation rates  consensus methods for

are almost always determining the effectiveness
set according to  of some of the air cleaning
criteria of hygiene technologies.

and comfort

(perceived air
quality).
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The Concept
for
Substituting
Ventilation

by Gas Phase Review

ASHRAE 62.1 allows credit for

air cleaning but requires that

the cleaning efficiency for
Gas phase air individual substances has
cleaning been tested according to an
technologies are existing test standard.
increasingly beingTesting based on subjective
used to improve PAQ should also allow for
IAQ.
Such cleaners are ventilation rates.
tested based ona ISO (ISO 10121-2:2013) and
ASHRAE (145.2-2016) include

standard test methods but

relaxation of outside air

chemical
measurement,
which does not  better test methods are
account for the  required, since PAQ is not
influence on PAQ assessed.

and human bio  In the case of one air cleaner

A number of issues (e.g. testing standards,
energy impacts) should be considered when

ventilation is partially substituted by air

Air Cleaning
effluents as a PAQ was made worse when  cleaning.
(Olesen et al.
source of challenged with body
2020) [43] .
pollution. effluents.
The pros and conslt is important to specify
of partly which kind of “pollutants”
substituting should be used when testing
required It may be possible to assess air
ventilation by gas cleaner performance based on
phase air cleaning an increase in the IAQ level
should be based on international
discussed. standards.
It must be verified that the
reduced ventilation rate is still
high enough to dilute
individual contaminants.
Clean air heat .
. The operation of CAHP
pump (CAHP)is = | . .
significantly improved PAQ in
a new technology
. ~ aroom polluted by both
that combines air
uman bio-effluents and
Experimental cleaning with In this study, the adapted perception of air

analysis of

indoor air

quality
improvement
achieved by

Field

laboratory

using a
Clean-Air
Heat Pump
(CAHP) air-

cleaner in a

experiment

ventilation
system
(Sheng et al.
2017) [44]

building materials.
hygro-thermal .
At the outdoor airflow rate of

2 L/s per person, IAQ with

control of
ventilation air.
In CAHP, a

regenerative

CAHP was equivalent to what

was achieved in the same

desiccant wheel . o
outdoor air ventilation
was used for ] . ]
. without air cleaning.
moisture control S
. . The percentage dissatisfied
and air cleaning. .
was as low as 5.2% with the
The study used a . .
. CAHP in operation, based on
test room in an .
. o adapted perception
office building
. ... assessment.
with a ventilation )
. . OCs were effectively
system including

. removed by CAHP.
a CAHP (silica gel .
CAHP system can be widely

rotor) and an
. applied to auditoriums,
outdoor air .

. . classrooms and offices.
handling unit.

quality by occupants was used, which is
different from most other studies which also
used visitors.

The method of adapted perception of the air
quality is stipulated in ASHRAE Standard
62.1:2013 “Ventilation for acceptable indoor

room with 10 L/s per person of

air quality” to determine the required
ventilation rate.

The results are limited to the specific
conditions.

The impact of the regeneration air
temperature on the air cleaning performance
of the CAHP requires further study.
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Students were

used as subjects,

and were deemed

as the major
source of air
pollutants.

There was
variable outdoor
air supply (up to
20L/sec person),
with the CAHP
operating only at

2L/sec per person.

These
experimental
conditions were
designed to
determine which
outdoor air
supply rate was
equivalent to the

effective clean air

delivery rate from

the CAHP.
VOCs were
continuously
monitored with a
photoacoustic
infrared detector
when the CAHP
was operating.
Sensory
assessments of
PAQ and
chemical
measurements of
total VOC
concentration
were used to
evaluate the air-
cleaning

performance.

Can
commonly-
used fan-
driven air
cleaning
technologies
improve Review
indoor air

quality? A

literature

review

(Zhang et al.

2011) [23]

Air cleaning
techniques have
been applied
worldwide with
the goal of
improving IAQ.
A
multidisciplinary
panel of experts
reviewed the
scientific
literature to

summarise what

133 articles were finally
selected for detailed review.
None of the reviewed
technologies were able to
effectively remove all indoor
pollutants. Some air cleaners
are largely ineffective, and
some produce harmful by-

products.

The authors suggest that the question “Can
commonly used fan-driven air cleaning
technologies improve IAQ?” does not yet

have an answer.

Although detailed, it refers to a limited set of

air cleaning technologies available at the

Sorption of gaseous pollutants

were among the most effective
air cleaning technologies, but

there is insufficient
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is known information regarding long-

regarding the term performance and proper
maintenance.
There should be a labelling

system accounting for

effectiveness of
air cleaning
technologies.
Clean air delivery characteristics such as CADR,
rate represents a energy consumption, volume,
common harmful by-products, and life
benchmark for  span. Therefore, a standard
test room and condition
should be built and studied.

Pollutant removal efficiency is

comparing the
performance of
different air
cleaning determined in controlled
technologies. laboratory environments.
Further research in real-world
settings is needed.

Although there is evidence
that some air cleaning
technologies improve IAQ,
further research is needed
before any of them can be
confidently recommended for

use in indoor environments.

Cana
photocatalytic

air purifier be

Typical indoor
pollution sources

were placed in theThe operation of purifier

test rooms improved PAQ in test rooms
adapted from polluted by building
ordinary offices. materials.

The

photocatalytic air significantly worsened the

Operation of the purifier

purifier used had PAQ in rooms with human

This paper builds on a similar paper by
Kolarik, Wargocki et al, 2010,
https://doi.org/10.1016/j.buildenv.2009.12.006)

used to seven TiO2 bio-effluents. L . N
. . . describing the same prototype air purifier,
improve the Field honeycomb The purifier can supplement . .
. . o . and performance assessed with sensitive
perceived air laboratory catalyst plates  ventilation when the indoor . .
. . o o chemical detection methods. In that study,
quality experiment  and UV lamps  air is polluted by building
. . o the results suggest that both sensory
indoors? The air quality in related sources but should not . . .
) . assessments and sensitive chemical analysis
(Kolarik & rooms was be used in spaces where o .
. . . should be used for examining changes of air
Wargocki assessed by a human bio-effluents constitute lit
uality.
2010) [45] sensory panel of the main source of pollution. ARy
50 students when The effect of the purifier
the purifier was inexpressed in CADR depended
operation as well on the type of pollution
as when it was  source.
off.
Desiccant Desiccant The desiccant wheel reduced
wheels as materials area  the concentrations of VOCs  This was an elaborate pair of experiments
gas-phase Multi subset of sorbents from all three types of with both PAQ and chemical concentration
ulti-
absorption i ental that are normally challenge pollution sources. testing using advanced detection methods.
experimenta
(GPA) air ! pd used for In terms of perceived air However, further studies are needed on how
u
cleaners: Y dehumidification. quality, high dissatisfaction  to incorporate the air-cleaning effect of a

evaluation by
PTR-MS and

sensory

Previous studies was found when the
showed that they dehumidifier was bypassed

can also be used from the recirculation system

regenerative desiccant wheel with the design

of dehumidification in a ventilation system.
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assessment
(Fang et al
2008) [46]

to remove gases but dropped to acceptable
other than water levels when the dehumidifier
vapor from air.  was connected.

This paper This result was observed for
presents two all the three conditions where
experiments that the air was polluted by three
studied the different pollution sources.
performance of a Up to 80% of the sensory
silica gel pollution load was
desiccant wheel removed by a desiccant wheel,
for removing leading to a reduction of the
indoor air ventilation requirement for
pollutants, and ~ comfort by 80%.

discusses the

possibility of its

application in

improving indoor

air quality,

reducing

ventilation

requirements and

energy

consumption.

VOCs used to

challenge the

wheel were at

realistic low levels

found in normal

non-industrial

indoor

environments.

Three types of

pollution source

were used:

flooring materials,

human

bioeffluents, and

pure chemicals.

In the first

experiment

human

bioeffluents were

emitted by 17

subjects sitting in

a chamber. The

pure chemicals

introduced were

formaldehyde,

ethanol, toluene,

and 1,2-

dichloroethane.

The air-cleaning

effect of a

desiccant wheel

on each of the
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three pollution
sources was
tested
individually. In
the second
experiment 3
subjects were in
an office room
working at a
moderate
metabolic rate.
Sensory
assessments were
made by a group
of 30 untrained

subjects.

3.1.3. Evidence Synthesis

The evidence in Tables 1-3 relates to studies back to the 1980s, but there have been much earlier
and more rudimentary studies of body odor control by ventilation [10]. Studies of indoor air cleaning
also have an early history [23]. Many of the more recent papers are associated with Danish, Korean
and Chinese researchers and the Indoor Chemical Human Emissions and Reactivity (ICHEAR)
project [15]. With regard to methodology, the controlled environment research has tended to use
students, rather than older persons, to provide human emissions as well as perceptions. The use of
sensory panels to rate odor perception is recognised as having the greatest proximal relevance but
has practical limitations and various issues have been reported include differences between facial
exposure and whole body exposure [42]. With advancements in sensitive chemical detection,
including real time detection [26] there can be complementary perceived air quality and individual
chemical monitoring.

Several papers refer to the use of air cleaners as a means of reducing energy consumption [20],
but there are residual uncertanties associated with testing methods. Local exhaust ventilation is
potentially also cost effective from the energy perspective but is still exploratory for the purposes of
body odor control.

3.2. Pilot Experimental Study

Table 4 demonstrates that the test chemicals were efficiently removed by the multi-modal air
cleaner in single pass experimentation at parts per billion (ppb) and sub-parts per billion challenge
concentrations. For the PID assays, the concentrations were as follows: propanoic acid 400 ppb; 3-
methylbutanoic acid 100 ppb; acetaldehyde 100 ppb; nonanal 120 ppb; and decanal 100 ppb.
Concentrations for the GC-MS assays were 0.1 ppb for SMHA and HMHA and 0.3 ppb for propanoic
acid and 3-methylbutanoic acid.

The PID detection limit was approximately 1 ppb, and the GC-MS limit was approximately 1

ppt.
Table 4. Removal efficiencies for test chemicals.
Air cleaner removal Air cleaner removal
Odor source efficiency determined by efficiency, determined by
PID * GC-MS (% and % range)
Carboxylic acids Propanoic acid feet 99% 75% (n=3; 64-80)
3-methylbutanoic acid feet 95% 89% (n=3; 88-90)
3MHA underarm - 73% (n=3; 61-77)
HMHA underam - 89% (n=2; 88-89)
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Aldehydes Acetaldehyde breath 99% -
Nonanal skin, hair underarm 99% -
Decanal Skin, hair underarm 97% -

*average value across > 60 data points.

4. Discussion

Narrative reviews allow for nuanced evidence synthesis for multidisciplinary topics. The focus
here is on pollutant control, and the evidence presented in Tables 1-3 illustrates the complexity and
evolving nature of body odor control by ventilation and air cleaning. Ventilation can be described as
general dilution ventilation (with or without specific directionality) and/or in terms of local exhaust
ventilation, i.e. enclosure or capture at the source. Multiple sources with unpredictable, but low level
emissions are usually treated with dilution ventilation, whereas single sources, which are predicable,
but high level emissions are best controlled with local exhaust ventilation [47]. Most of the existing
research relates to diffuse (mixed) general ventilation, but as in COVID-19 prevention, the
effectiveness of vertical air flows for odor control could be explored further. However, as in COVID-
19 prevention, short range exposures (< 2m) are difficult to control.

Air cleaning is an important adjunct to ventilation for energy efficiency and odorant removal
effectiveness. The tradeoff is increased indoor carbon dioxide if there is high occupancy, for example
in classrooms. Under these circumstances, carbon dioxide is no longer a good proxy for indoor air
quality. The challenge with air cleaners is to reduce odor to acceptable levels, and maintaining this
performance, as assessed by the clean air delivery rate for extended periods. Some specialised types
of air cleaner hold promise, e.g. special activated carbon [41] and dessicants [44]. However, if the
adsorbent is saturated, off-gassing can occur and this phenomenon has been noted for some portable
air cleaners [48]. Poor or inconsistent performance can be judged by sensory panels [41,44] or by
chemical measurement.

Akamatsu and coworkers investigated three body odor chemicals in common with the pilot
experimental study, namely acetaldehyde, nonanal and decanal [41]. Removal rates by GC-MS were
>12->49%, >47->80% and >49-81% respectively. The corresponding values in Table 4 for the
multimodal air cleaner were 99, 99 and 97%. It can be expected that body odor intensity and
dissatisfaction will be reduced, although a predictable relationship may not be straightforward [41].

Climate change-related events, such as wildfires, and concerns about the energy cost of HVAC
systems have placed greater emphasis on air cleaning, but to reduce outdoor air there needs to be an
acceptable minimum, the air cleaner must be able to mitigate all indoor odors, and not just body
odors. In the case of the Australian Standard on building mechanical ventilation, engineers and
designers must demonstrate compliance with Appendix D 5.2 [22]. Here, allowance of a minimum
outdoor supply air rate of 2.5L/sec per person requires an air cleaner to be tested with a transparent,
repeatable and publicly available method. Further, it should not introduce new or secondary air
contaminants, and be tested in conditions that are consistent with intended use, e.g. temperature and
humidity. The pilot study data offer practical evidence to inform HVAC design and operation.

The research reported here has a number of strengths. The narrative literature review
summarises recent evidence on body odor control, which concomitantly points to the need for further
studies investigating the performance novel air cleaning technologies. The pilot study follows on
from the review, and enables comparison with recent work on odorous aldehydes. Further, it reports
data on carboxylic acids that are known chemicals emitted from the body and diagnostic of body
region. Air cleaner performance for these substances has not been previously been reported.

The research also has limitations. The review cannot be considered a systematic review, but
rather has had a systematized search strategy. The pilot study included only a subset of compounds
representing different categories of body odor. However, the selected air cleaner has also been tested
with semi-volatile cresols found in wildfire smoke [27].
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5. Conclusions

Clean and odor-free indoor air is a growing community expectation. Odor control is more than
simply providing amenity, as malodor can trigger adverse responses in some building occupants.
The literature on the effectiveness of ventilation and air cleaning for body odor control is variable,
with most work done in controlled settings. Investigations of combined ventilation and air cleaning
in real world settings, utilizing sensory panels and real time chemical monitoring are recommended.
However, some air cleaners may contribute to increased pollution and occupant dissatisfaction due
to their mode of operation. The use of certain multi-modal air cleaners for odor control appears
promising, but further work with a wider range of odorous chemicals is warranted. Longer term
epidemiological studies, beyond sensory panels, can further strengthen the evidence base relating to
body odor control interventions.
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The following abbreviations are used in this manuscript:

3MHA trans-3-methyl-2-hexenoic acid

GC-MS  gas chromatography with mass spectrometry
CADR clean air delivery rate

HMHA 3 hydroxy-3-methylhexanoic acid

HPLC high-performance liquid chromatography

HVAC Heating, ventilation and air conditioning
LEV local exhaust ventilation

PAQ perceived air quality

PID photoionisation detection

SvVOC semi-volatile organic compound

vOC volatile organic compound
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