
CIBSE Technical Symposium, Sheffield, UK 25-26 April 2019  

 
Page 1 of 14  

Paper Title: Indoor air quality and the health and 
wellbeing agenda – A desktop review of the current 
state of IAQ science and instrumenting 
technologies. 
 
 
EDWARD MURPHY B.ENG(HONS), CENG, FCIBSE  
DIRECTOR - OLLIO THE BUILDING PERFORMANCE CONSULTANCY 
 
DR E. ABIGAIL HATHWAY – SENIOR LECTURER DEPARTMENT OF CIVIL AND STRUCTURAL 

ENGINEERING UNIVERSITY OF SHEFFIELD 
 
Abstract  
The health and wellbeing certification agenda has come to prominence in recent 
years, bringing with it the potential for a paradigm shift in how buildings are designed, 
constructed and operated.  Proponents of these new certification schemes take 
comfort from the World Health Organisation (Martuzzi & Tickner, 2004) defined 
"precautionary principle" to justify probabilistic concerns, stating it is better to 
exercise preventative care responses about the health impacts of the multitude of 
known pollutants in indoor air.   However, concerns are growing that health and 
wellbeing certification standards are developing in the absence of any real-time data 
collection or observed evidence of direct causal relationships between poor air and 
adverse health impacts. 
  
This desktop opinion paper examines the primary opportunities and constraints for 
these new indoor air health and wellbeing certification schemes.   How do these new 
health and wellbeing frameworks fit with existing mandatory regulatory guidance in 
the UK?  Where health and well-being certification compliance goes beyond existing 
legislative norms, is its reliance on the “precautionary principle” worthy of recognition, 
and given absence of rigorous real-time exposure links to the multitude of indoor 
pollutants, can the certification standards as specified protect the indoor health and 
wellbeing outcomes of occupants with confidence?   
 
Following a comprehensive desktop review of the available research,  the paper 
questions if the precautionary principle alone is adequate and suggests areas where 
more investigation may be needed to identify "what really matters" for protective 
health outcomes in buildings. 
 
Abbrieviations  H&W – Health and Wellbeing; IAQ – Indoor Air Quality; VOC - 
Volatile Organic Compound; SVOC – Semi Volatile Organic Compound; TVOC – 
Total Volatile Organic Compounds; MOx – Metal Oxide; COSHH - Control of 
Substances Hazardous to Health Regulations; WHO – World Health Organisation; 
Kow – Octanal Water Partition Constant 
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1.0 Introduction  
All the indicators suggest that the property industry is on the threshold of an 
“uberization” of health and wellbeing which is revolutionising the demands placed by 
users on their indoor environments.  

It is a revolution that is driven by the growth of a new and innovative “philanthropic” 
approach to enterprise that places a “do no harm” component at the core of its 
strategic business model (Global Wellness Institute, 2018).  This new approach for 
corporate business, wrapped around a more ethical construct has opened the 
requirement for a new and complementary property model.   A model built upon a 
growing volume of research that can point towards evidence that says the physical 
boxes we surround ourselves in can significantly contribute to a healthy and well 
individual (Bernheimer, 2017), (Leesman, 2018).  

This discussion paper sets out to understand the scientific basis for this new interest 
in the wellness certification industry, particularly the relationship of indoor pollutants 
to known adverse health impacts, and the ability of current air quality sensor 
technologies to isolate and measure those of concern. After a review of the feasibility 
of current sensor detection constraints and opportunities, the paper goes on to 
comment upon the scientific implications for the burgeoning wellness certification 
industry.  

   

2.0 The Primary Constituents of Indoor Air  
 
The realisation that indoor air could be harmful to health first came to prominence 
with the publication of research concerning radon gas in homes.  At this time during 
the late 1950s, and early 1960’s the property industry also saw the proliferation of 
high rise fully air-conditioned buildings, with recirculated air and sealed windows.  
Within these artificial spaces came concerns around Sick Building Syndrome (SBS), 
and the notion that artificially controlled built environments contribute to both short 
and long-term health effects to occupants. (Molhave L, 1986), (EPA, 2012),  (Skov 
P., 1987), (Sundell J., 1994)). 

However, the work to establish absolute causal relationships between indoor 
environments and poor health outcomes has always met with immense difficulty.  
Indoor environments are highly variable, subject to unique patterns of occupant 
behaviours, organisational behaviours, varying microbiology, and differing 
background lifestyles of occupants etc. (Corsi R.L., 2012).  

Other factors such as solar incidence, temperature, air change rate, contaminant 
concentration, and external pollution add to the complexity of atmospheric chemistry 
in arriving at a consensus on the precise causes and effects of a building upon 
occupant’s health. Compounding the difficulty is the absence of accurate and low-
cost sensors with which to gather the required real-time exposure data.   For these 
reasons, legislators have had little evidence upon which to base the case for 
protective limits to indoor commercial environments, save those for industrial 
premises where the risks are more tangible and better understood.  

 
Conversely, research of external atmospheric pollutant contaminants is well 
advanced to the point where internationally limits on their emissions are in place.  
Fine particulates PM2.5 are of greatest concern to life adjusting impacts on health.  
According to (WHO, 2006) a human lung can safely accommodate particles larger 
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than this, but smaller than 2.5 microns, the particles are absorbed into the 
bloodstream where they find their way into the cells of the brain, liver, kidneys etc.   
At this microscopic size, the particles are small enough to disrupt invaded cell 
function and induce mutations (Muhlfeld, Gehr, & B., 2008). 
 
The UK Government’s think-tank committee on the Medical Effects of Air Pollution 
(COMEAP, 2009) establishes comparable concern to WHO for the UK.  COMEAP 
agrees on PM2.5 as the most important index of particulate air pollution for 
quantitative assessments of the effects of air pollution on health, with 90% of 
Disability Adjusted Life Years (DALYs) attributed to it alone (HPA, 2010).  
 
For COMEAP the stated concerns around particulates in urban spaces are closely 
followed by those for: 

• oxides of nitrogen (NOx),    
• ozone (O3)   
• carbon monoxide (CO) 

  
And while these external origin gases are known to migrate to indoor environments, 
research (E.BURMAN, et al., 2018) shows it is unusual to see them rise above their 
external ambient safety threshold levels.   For this reason, control of them is vested 
in legislation at urban and city scale.   
 
Indoors, the attention of health professionals and wellbeing certification is directed 
towards those compounds that originate in the materials, maintenance and 
occupation of buildings. Most of which are hydrocarbons or Volatile Organic 
Compounds (VOC)s. In any indoor space, up to three hundred VOCs can be 
introduced daily through indoor processes, cleaning or personal hygiene products [ 
(E.N. Light, 2017)].   For most of these prevailing indoor compounds, health 
researchers (BERGLUND B., 1993) found severe short-term effects and strong 
olfactory reactions with hyper-additive effects.  Some accepted to be human or 
animal carcinogens, such as benzene, chloroform, trichloroethylene, carbon 
tetrachloride, p-dichlorobenzene are, were observed at problematic concentrations 
(Wallace & Ott, 2007). 
 
The (O.Geiss., G.Giannopolus, D.Kotzias, & Kotzias, 2011) Airmex study 
commissioned by the EU Commission (see Table 1 below) shows that except for a 
few instances, concentrations of most VOCs measured in monitored indoor air 
environments fall well below the published occupational safe threshold exposure 
limits (COSHH EH/40).  However, in keeping with Berglund, the study confirms the 
presence of a smaller number of VOCs found in sufficiently high concentrations with 
known adverse health and early mortality impacts and providing a rationale for indoor 
monitoring of them on a continuous and individual basis. As Table 1 illustrates the 
primary Airmex study compounds of concern, some habitually existing at levels 
above EH/40 limits include: 
 
• Benzene 
• Formaldehyde 
• Acetaldehyde 
• Toluene 
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Outdoors Workplace Home COSHH EH/40 8hr 

TWA reference 
limit 

Typical H&W 
Certification 

Limit 

Formaldehyde 4.9 31.5 44.2 2.5 22.5 
Benzene 8 11.9 4.9 3.25 No target 

Acetaldehyde 4.2 18.8 24.8 37 No target 
Toluene 33.2 47.6 28.4 191 No target 

1,2,4-
Trimethylbenzene 

8.2 13.6 6.6 125 No target 

n-Hexane 3.6 7.6 3.6 72 No target 
m/p-Xylene 16.2 21.5 9.3 220 No target 

2-Butoxyethanol 0 8.3 2.7 123 No target 
1-Butoxy-2-propanol 

 
18.6 

 
308 No target 

Methylcyclohexane 1.2 14.1 3.7 237 No target 
Propanal 1.4 9.1 5.9 200 No target 
o-Xylene 5.5 7.1 3.7 220 No target 
Acetone 4.5 30.6 38.6 1210 No target 

Ethylbenzene 6.1 7.4 3.8 441 No target 
Styrene 1.1 2.4 1 430 No target 

n-Heptane 0.7 3.1 2.4 2085 No target 
1-Butanol 5 11.2 7.5 No target No target 
n-Decane 9.4 22.4 30.5 No target No target 

n-Dodecane 9.4 22.4 30.5 No target No target 
Hexanal 2.1 39.6 82 No target No target 

D-Limonene 1.2 33 87.6 No target No target 
a-Pinene 0.6 12.3 47.3 No target No target 

n-Undecane 1.9 6.3 20 No target No target 
TVOC     500 

 

Table 1 EU Airmex study of 180 buildings with mapped UK COSSH EH/48 TWA and Well Building limits.  
(detected aggregated 95th percentile 𝝁𝒈/m3/over three days) 

 
Certification processes including (International WELL Building Institute, 2018) and 
(GIGA Group, 2018) have identified formaldehyde as a pollutant worthy of separate 
monitoring and control.  A target of 27ppb (22.5 micrograms/meter3) is in keeping 
with that advocated by (CEPA, 2004) for the State of California.   Apart from 
formaldehyde, the remaining VOCs tend to be collected together into a measure of 
Total VOCs or TVOCs, which appears to be an oversimplification of the perceived 
hazard, by not isolating and monitoring those compounds which are known to have 
adverse longditudinal impacts to human health.  
 
Instead, building industry certification schemes have followed the health industry in 
what on the surface looks like a sensible approach in a situation where current 
sensor technology limits the monitoring of all.   Health researchers in the United 
States were first to arrive at a standardised or formulaic mix of Total VOCs.  
(Molhave L, 1986) proposed a standard TVOC mixture which was supported by 
research into its health impacts by (Otto D.A., 1990) and (Kjærgaard S. K., 1991).   
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However, many of the twenty-two VOC compounds included by Mǿlhave in the 
United States are not typical of the mixture of compounds found indoors in European 
buildings by the European Commission’s Airmex study.  The Mǿlhave study omits 
some important ones from a built environment health perspective such as benzene, 
acetaldehyde, and toluene.    
 
To overcome geographical inconsistencies in background TVOC constituents, Pr EN 
and ISO standards recommend precision sampling of the volumetric mix of the indoor 
air VOCs, before arriving at a common measurement signal for TVOCs.  Each 
constituent, using a weighted mean calculation, is translated into a multiple of the 
toluene signal to produce a surrogate toluene total as a proxy for all VOCs present 
and bespoke to the sampled space.   
 
In Italy, (De Gennaro GL., 2013) illustrated the degree to which TVOCs vary not just 
at the geographic level, but at building level in a study of 8 schools. The study found 
indoor VOC concentrations are highly influenced by the presence of occupants, and 
it is this rather than the building materials or background outside levels that dictate 
the greatest impact on detected indoor levels.  It was also apparent that the effect of 
occupants was enough to cause major differences in the standard TVOC mix and 
concentration on a classroom by classroom basis.  The most significant contribution 
to the rise in VOCs concentration comes from levels of limonene, (found mostly in 
citrus fruit peel, and used as a fragrance in personal care products or to flavour fruit 
drinks and confectionery).  Of itself, limonene is not thought to be a health concern or 
at least any harm is reversible within 6 hours (A.C. Rohr & C.K.Wilkins, 2002), but 
would be sufficient in this case to mask the overall weightings of those TVOC 
constituents of concern in favour of those of least concern. 

 
Figure 1: Comparison of VOCs concentrations when pupils present and not present. (De Gennaro GL., 
2013) 

 
It is apparent, therefore, that for TVOC to be representative of the combined health 
impacts of all VOCs present; knowledge of the most prevalent concentrations of 
compounds is needed in order to calibrate the aggregated TVOC concentration.  It 
also suggests that there is a case for greater due diligence in monitoring those 
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specific VOCs that are seen to be closest to breeching COSHH TWA and Target 
Emission Levels (TEL) limits thus posing the greatest longitudinal risks to the health 
of occupants.  The European Commission’s (EU:JRC, 1997) Report 19 provides 
advice on the preferred methodology towards arriving at a definition for TVOC. The 
report goes further to state that there is no known cause-effect relationship between 
TVOC concentrations and health effects, in particular, airway irritation (cf., Andersson 
et al., 1997; Berglund and Johansson, 1996; Wolkoff, 1995).  All of which confirms 
that without prior and rigorous sampling at laboratory level; TVOC, when used as a 
proxy for indoor air quality health in certification schemes, remains a vague 
parameter, one that camouflages the few more health impacting compounds, and so 
it remains to be proven as to its relevance as a measure of adverse impact to 
occupant health (Wolkoff & G.D.Neilson, 2001). 

Semi-Volatile Organic Chemicals 
Whatever about VOCs, larger precautionary concerns exist regarding the 
contaminant paths and increased health risks associated with Semi-Volatile Organic 
Compounds (SVOCs).   
 
Many of these SVOCs, feature on the Living Building Institute ( (List Red, 2018)). 
Chemicals include phthalates, alkylphenols, polycyclic aromatic hydrocarbons 
(PAHs) polychlorinated bisphenols (PCBs) and pesticides all known carcinogens, 
asthmagens and endocrine disruptors. 
 

Table 2 Common Semi-Volatile Compounds (taken from Ying article ASHRAE Journal December 2011) 

 
Other semi-volatile organic compounds found indoors include; flame retardants such 
as the polybrominated diphenyl ethers (PBDEs); pesticides such as chlordane, 
chlorpyrifos, and diazinon; plasticisers such as di(n-butyl) phthalate (DnBP), butyl 
benzyl phthalate (BBzP) and di(2-ethylhexyl) phthalate (DEHP); heat transfer fluids 
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such as the polychlorinated biphenyls (PCBs), which are also widely used as 
plasticisers; and combustion bi-products such as benzo(a)pyrene (BaP), dioxins, and 
furans.  Consumer products, building materials, detergents, toys, lotions, nail polish, 
perfume, cosmetics, shampoos, electronic equipment, pesticides, furniture foams, 
synthetic cloths and sheeting, vinyl flooring all contain SVOCs and manufacturers 
have greatly increased the use of them since the 1950s.   
Citing (Weschler C.J., 2010), (Ying, 2011) produced a list of the most common 
SVOCs found in buildings along with their sources and potentially serious health 
impacts (see Table 2 above).   Weschler postulates that two primary differences exist 
between accessibility of occupants to the emissions of VOCs and the SVOCs.  First, 
the vapour pressures of the SVOCs are orders-of-magnitude lower than those of the 
VOCs meaning SVOCs tend to have a slower but more sustained rate of emission to 
the atmosphere.  The second primary difference is that given the high material-phase 
concentration with slow emission rate, the inherent concentration in the solid material 
state is relatively constant over long periods.  Under these conditions, mass transfer 
diffusion across the surface boundary layer or “air film” of the material due to 
differences in vapour pressure becomes the factor that precipitates the release to air 
over a much longer timeframe in comparison to VOCs.  Thus, increases in ventilation 
will have little effect on detected air concentration. Also, where physical contact 
occurs with the surface of the SVOC impregnated material, it becomes readily 
absorbed, which includes contact with the resting dust layer present on the surface of 
the material which will also have absorbed emissions. 
 
Indeed, it appears contact by occupants with dust-laden surfaces accounts for the 
highest proportion of the volume of SVOCs found in human tissue and sputum tests, 
mainly by oral ingestion routes.   Examination of the main ingestion routes of SVOCs 
by (Raffy G., 2016) found that compounds with higher octanol-water partition 
coefficients (i.e. high Kow number- a measure of high volatility) were less bio-
accessible than SVOCs with lower Kow number.  Work by Weschler (Weschler C.J., 
2010) independently confirmed this.  For high Kow number, Polybrominated Diphenyl 
Ethers (PBDEs) found in fire retardants, as well as congeners (formed by 
fermentation of alcohols), were less bio-accessible than low Kow number BDE whose 
presence in surface dust deposits rather than as a vapour is suspected to be the 
primary contamination route (Yu, 2013). While it is true that some studies suggested 
no link (Abdallah, 2012); (Qi H., 2014)  demonstrated that the pollutant’s 
concentration in air does not influence primary SVOC bioaccessibility.   
 
In keeping with dust particles as the most important SVOC contamination route, (Qi 
H., 2014), presents a study of the prevalence in human tissue of 22 Non-BDE 
brominated flame retardants (NBFRs) identified in 81 indoor dust samples from 23 
provinces across China in the winter of 2010.  The study found that toddlers/crawling 
infants with the highest contact with furniture and floor surfaces, had the highest 
SVOC contaminant exposures.  All the above studies provide evidence to link dust 
control and vacuuming hygiene and dust filtration management as an important 
consideration in mitigating SVOCs bio-accessibility pathways in occupants.  Most 
wellbeing certification processes appear silent on the necessity for dust control 
management as a core bio-contaminant control tenant.   
 
Importantly, as SVOCs contamination appears to be proportional to volatility, 
diffusion and sorption become primary propagation mechanisms, meaning the 
management of ventilation quality of itself may not be the primary means to mitigate 
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health impacts.  It seems ventilation alone cannot be a complete means to control 
contaminant sources of SVOCs, but it is important that ventilation systems are 
arranged to prevent entrainment or redistribution of dust particles and that they are 
uniform in their air distribution patterns (Ying, 2011)).    
 
Further, Ying confirms the presence of both VOCs and SVOCs in indoor air is 
situational and highly dynamic giving rise to the high probability that a single point of 
measurement may not be representative of the entire space or building or uniform in 
assessing the likely health impact. 
 
All of which suggests that efforts to improve existing sensor technologies to allow 
more cost-effective, multizonal flood detection, isolation and dissemination in real 
time would represent a significant step forward in understanding where the main 
concerns and risks to health impacts from air quality in buildings originate. 
 
3.0 Existing Sensor Technologies 
 
Monitoring devices fall into two categories: those that comply with international 
standards reference methods, and those specifically developed for the less rigorous 
equivalence market.  
 

Reference Certification Standards 
Most health and wellness certification standards which include BREEAM, LEED, and 
WELL Build default to ISO16000 reference methods as the only available scientific 
method for laboratory-based air quality testing.  
 
ISO 16000 compliant methodology relies on the collection of samples from the 
space(s) using diffusive evacuated canisters or proprietary sampling tubes for later 
analysis at a laboratory. Within the laboratory, Mass Spectrometer (MS) instrument 
columns separate the sample constituents sometimes augmented by second stage 
separation in Flame Ionising Detectors (FID); Gas Chromatography (GC) or Electron 
Capture Detection (ECD) depending on the target gas(es). 
 
Different manufacturers offer different field sampling tubes and chemical trapping 
devices.  The most common on the market being; 
 
• Summa Canister – Vacuum canister 
• Tenax TA diffusive sampling- a patented resin-based sorbent placed in a tube 

to trap compounds especially VOCs with medium to high boiling compounds 
• 3M or SKC diffusive sampling– wearable sorbent medallions specially treated 

to trap target compounds. (not specifically mentioned in the standard but 
agreed by most labs as a complaint and one of the most highly responsive 
reference methods). 

 
All the above reference methods are used for gases, VOCs and particulates.  
However, drawbacks remain because the ISO recommended diffusive sampling 
method is expensive, time-consuming and requires specialist knowledge. Purchase 
and lab processing costs per sample tube are high at typically £100 per sample point 
per month leading to costs for sufficiently granular studies in the many thousands of 
pounds.  Also, sampling devices need to be placed in the field for weeks or even 
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months to absorb measurable quantities, so there is little by way of real-time 
temporal measurement of the events leading up to constituents arriving in the 
sampling tubes.   
 

Equivalence devices 
To help provide real-time measurements, manufacturers have developed 
equivalence instrumentation in response to the industrial market need.  These can be 
classified as follows. 
 
• Flame-ionisation detector (FID)- industrial grade devices that work by burning 

the target gases in a hydrogen flame to release ions in proportion to 
concentration for measurement at a detector. 

• Photo-ionisation (PID) – Uses UV light to ionise the compound, for 
measurement at a particle detector. 

• Photo-acoustic sensor (PAS) – industrial detector uses infrared radiation to 
generate pressure and temperature variation which then produces a variance 
in acoustic pitch when passed through an orifice for convertion to a 
measurement.  

 
Again, these industrial use devices are expensive, with costs ranging between £2000 
to £10,000 per device, which carries constraints of cost for suitably granular indoor 
air studies. 
 

Emerging Market  
The last five years have seen the emergence of a new generation of semiconductor 
scale sensors which offer significant promise to the market for low-cost sensing of air 
quality.  The sensors can fit inside mobile devices creating the potential to become 
ubiquitous in the collection of real-time data for upload to platforms such as the 
Internet of Things (IoT). Included in this classification of microsensors are; 
 
• Metal Oxide Meters (MOx) – domestic and light commercial detectors which 
feature a metal oxide coated semiconductor in combination with an ionising beam to 
release electrons which are attracted to and so change the resistance of the metal 
oxide conductor receiving plate.  MOx sensors are beginning to find favour in some 
research areas where they can provide indicative temporal readings.  However, as 
discussed below, MOx instruments as a collective are still not considered appropriate 
for primary research but can offer useful if not wholly accurate intelligence on 
temporal changes in spatial VOC levels. 
• Amperometric  
These low-cost micro-sensors are mini fuel cells composed of noble metal electrodes 
immersed in an electrolyte. The electrolyte is an aqueous solution of strong inorganic 
acids over a permeable membrane through which the target gas diffuses. The cell 
generates a small current proportional to the concentration of detected gas.  
However, as with MOx sensors, the devices find difficulty in isolation of the various 
concentrations of individual gases and require significant development in firmware 
algorithms before they can be demonstrated to be accurate enough for research or 
commercial purposes.  
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• Micro Photometers 
Micro photometers have already made an appearance in the market.  Research 
studies have confirmed good accuracy in measuring even fine particles of PM10 and 
PM2.5 in real time.  Data can be readily communicated via Wi-Fi to a database or the 
IoT, as an added attraction for wellbeing certification schemes. 
 
On behalf of the EU Commission (Spinelle L., 2017) conducted a market review of 
the latest microsensor devices. The study considered a wide range of commercially 
available VOC sensors, including FID, PID-based sensors, MOx and portable on-line 
measuring devices.   The EU paper validates the use of the latest commercial 
microsensors as representing an important emergent technology which facilitates 
low-cost monitoring in real time monitoring of VOC’s not currently possible using 
accepted ISO 16000 diffusive sampling methods. However, after extensive testing, 
the MOx sensors struggled to detect the lowest level of VOCs and could not detect 
the even lower concentrations of SVOCs at all.  They also displayed a problematic 
lack of sensitivity to benzene.   It appears most of the tested MOx and Amperometric 
(electrochemical) sensors were unable to reach levels lower than 100 ppb of 
benzene.   While some devices showed sensitivity to few tens of ppb, none were 
capable of detecting low single digit levels of benzene still considered hazardous to 
human health.  The study also found that due to the multitude of gases, there is a 
high noise to signal ratio and none of the manufacturers of MOx sensors has yet 
developed the corrective algorithms necessary to deal with contamination or isolation 
problems. Most deferred to the provision of correction tables of the equivalent gas 
concentration cross-sensitivity to other gases.  On this basis, the report recommends 
that low-cost MOx sensors cannot be relied upon to accurately measure the 
concentration of VOCs or TVOCs, especially in the presence of high levels of NOx 
and other similar migrating external contaminants of indoor air. 
 
Discussion and Conclusion 
So, what does all this mean for the health and wellbeing certification industry 
initiative?   
 
Firstly, it is important to acknowledge that the development of the wellness 
certification industry is to be welcomed. The recognition that a key outcome of built 
environments should be that they should be places that are healthy, that we feel safe 
in, is a given fundamental. The positive impact of wellbeing certification schemes in 
not only promoting but going further to provide the scientific and economic basis for 
wellness in property is to be celebrated and encouraged. 
 
However, it is also important that the development of wellness standards in buildings 
is rooted in good science. There should be transparency as to what the science says, 
where the gaps in knowledge are, and the research work still left to be done. This 
paper has sought to cover some of this ground, highlighting areas where it there are 
inconsistencies, absences of understanding, and not least areas where there is an 
urgent requirement for more development in technology to enable the science and 
understanding of the chemistry of indoor air to be better understood. 
 
In assessing the current state of indoor air quality science and its ability to 
adequately support health and wellness certification schemes, the paper concludes; 
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• For now, ISO16000 should remain the accepted international standard for 
accurate measurement of indoor gas concentrations. While there is a 
temptation by the wellbeing certification industry to move to real-time 
measurement and monitoring, this is acceptable for the monitoring of PM10 
and PM2.5 but not for gases, particularly VOCs. 

• There are a small number of VOCs, particularly those families of benzene, 
formaldehyde, and toluene which exist habitually in internal environments 
and pose much greater risks to health than the simple measure of 
aggregated TVOCs. The technology to measure these at low cost and on a 
temporal basis does not yet exist.  Client understanding of this needs to be 
communicated robustly. Clients of the schemes will expect that 
measurement and limits placed on the concentration of TVOCs offers 
precautionary principle protections, which are validated by the evidence, 
which does not currently exist. By extension, TVOCs are measurable only 
where analysis of the underlying mixture of existing VOCs unique to space 
is well understood.  

• The dangers present in SVOCs, which are demonstrated to be of greater 
risk to health than airborne VOCs, should be highlighted in health and 
wellbeing certification schemes. In this regard, the measures required to 
manage cleaning regimes to control the build-up and spread of SVOCs by 
adsorption into dust particles is of critical concern.  Also, wellness 
certification schemes should address the benign role of ventilation in 
suppressing air vapour pressures to increase diffusion of SVOCs, and in 
picking up and transporting contaminated dust particles. 

• There may also be issues for fire spread and stain protection treatment 
vendors to address with legislators where the risks to life from a fire are 
viewed with that of the increased and ever-present risk of adverse health 
impacts to occupants from the copious use of SVOCs. 

• Finally, there is a pressing need for the development of temporal and more 
accurate indoor air quality sensor devices. The technologies to enable this 
are beginning to emerge, and there is evidence that a significant portion of 
the instrumenting solutions will emerge with the crossover into artificial 
intelligence and computational neural network fields of endeavour.  
Improved and more intelligent sensors will lead to better research, a better 
understanding of the precise relationships of air quality and health 
outcomes, and the science from which to base better health protective 
legislation for people inside buildings.  

 
In conclusion, research into indoor air quality demonstrates that reliance on the 
“precautionary principle” alone may not of itself be sufficient to offer complete 
protection to clients of health and wellbeing certification schemes. There is an urgent 
need for better understanding of the presence, behaviours and trigger precursors for 
a vast array of indoor pollutants. This desktop study has highlighted how many 
pollutants have been consistently demonstrated to be at levels well above those 
considered to be safe to indoor occupant health.  It is also observed full compliance 
with a health and wellbeing certification scheme in these situations offers little by way 
of continuous preventative health protection of occupants, which is what really 
matters and is expected by the clients of wellbeing certification schemes.   
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