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Executive summary 
 

The Deliverable D3.4 entitled “IAQ specifications” is a public document delivered in the context of WP3, 

Task 3.2: Indoor Air quality. 

This work is part of the project on Tools for the 21st Century Construction Worksite (BUILT2SPEC) and 

is financed by the European Union under the Horizon 2020 Program. 

This deliverable D3.4 aims to set specifications for the Indoor Air Quality (IAQ) analyser/ metasensor, the 

indicators, the man machine interface, and the BIM platform. The aims of these solutions are to facilitate 

the measurements of the IAQ onsite, and to relate the information to the user in an explicit way so anyone 

could use the apparatus onsite, be able to interpret the results, and act in consequence (even non trained 

people). 

This document is structured as follows:  

- A general introduction presents the context of the task, 

- An analysis of the IAQ context (legislation and market) 

- The work about the selection of the most relevant parameters is then presented, 

- From this list, the relevant indicators are defined, 

- The ideal way to treat and present these results has been them determined along with the 

recommended actions to be taken 

- Using these criteria, the specification for the IAQ analyser has been defined  
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Abbreviations 
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DOA = Description of Action; 
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2 Introduction 

The deliverable 3.4 is the first deliverable written in the context of the task 3.2. This task will lead to the 

development of an air quality analyser along with survey indicators. These tools will allow checking some 

equipment, analyzing indoor air pollutant sources, protecting the workers during the building construction, 

and protecting the users during the building’s occupation. Indoor air quality (IAQ) has in the past few 

decades become problematic and it has become a real public health issue because people now spend about 

85% of their time indoors. In the BUILT2SPEC framework, it is necessary to integrate some means to 

identify any health risk using the survey platform. The targeted developments in this framework will 

integrate a set of miniaturized measurement solutions able to assess IAQ parameters, to analyse and treat 

the registered data, and to transfer the information into a VCMP platform integrated with BIM. This 

platform will integrate all the tools and resources developed in this project.  

The deliverable 3.4 summarizes the information collected during the first step of this task which aims to 

determine the required specifications for the IAQ analyser, the indicators, and the man-machine interface.  

During this preliminary step, the nature of the air constituents and their characteristics which will be 

monitored was determined. Thus it was decided if physical parameters (T, RH, %CO2), chemical 

pollutants, physical pollutants (particles), or bio-contaminant will be measured. The nature of the selected 

compounds has a direct impact on the final analyser specifications and structure (sensor totally integrated 

or composed of numerous solution blocks).  

According to the selected compounds and parameters, the feasibility to build one or more indicators was 

studied. These indicators will make the results easier to read for the users. During this first stage of work 

the feasibility of the creation of these indicators and the associated specifications was studied.  

The detailed specifications for the IAQ interface and for the BIM platform is then described. This interface 

will have an informative role on the presentation of IAQ results, but also interactive functions making 

possible an exchange with the users. Especially, this platform will propose recommendations or corrective 

actions according to the IAQ results observed. 

Finally, the specifications of the sensor or analyser which will allow on-site measurements were defined. 

At the end of this work, the design, the dimensions, the autonomy, and the typology of the sensor were 

determined. 
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3 IAQ context 

We breathe about 12,000L of air per day. This air is composed of several compounds among which some 

have been determined as dangerous for human health. IAQ constitutes a major issue for human health as 

we spend 85% of our time indoor1 where we are exposed to indoor pollutants. These pollutants can be 

biological (bacteria, spores, viruses), chemical (volatile organic compounds), or physical (radon, dust, 

particulate matter,). There are many sources of pollutants: construction and decoration materials, human 

activities (cooking, smoking), consumer products (air fresheners, perfumes, adhesives, carpets), furniture, 

and outdoors pollutants. 

IAQ is a major issue affecting human health. Indeed, in 2012, WHO reported that bad air quality was 

responsible for 600,000 deaths per years within the EU, among which 118,000 can be attributed to poor 

IAQ.2 It has a significant economic impact due to lost time at work and in education. Even though the costs 

are very hard to determine precisely as the impacts are still not well known, all the studies estimate the 

costs to several tens of billions of euros. For example, the US EPA (Environmental Protection Agency) 

estimated that sick leave due to poor IAQ cost about 20 billion dollars every year within the USA (lost 

productivity, compensation and healthcare), and that these costs could even reach 120 billions of dollars if 

the loss of productivity due to the staff absence is taken into account.3 Also, in 2015, WHO estimated that 

the deaths and the sicknesses caused by poor IAQ cost about 1,430 billion euros per year over the 28 

countries in the EU.4  

The specification for the IAQ analyser will strongly depend on the legislation for IAQ in the EU and the 

rest of the world as this type of legislations tends to align with the strictest regulations worldwide. In order 

to have an overview of the legislation and of the common practices about IAQ in the countries from which 

the partners are from, a survey was sent to the most relevant partners of the BUILT2SPEC project of each 

country (France, Germany, Ireland, Italy, Netherlands, Spain, and United Kingdom). The survey and the 

answers of the partners can be found in the Annex 1.  

In order to complete this information and to have a better overview of the legislation worldwide, a deep 

analysis was then conducted. We researched the IAQ legislation for twelve more countries so our database 

                                                      
1 Anses - Agence nationale de sécurité sanitaire de l’alimentation de l'environnement et du travail, “Qualité de l’air” 

[Online] Available: https://www.anses.fr/fr/content/qualité-de-l’air. [Accessed: 29-Apr-2015]. 
2 WHO, 2014, “Almost 600 000 deaths due to air pollution in Europe: new WHO global report” [Online] Available 

at: http://www.euro.who.int/en/health-topics/environment-and-health/air-quality/news/news/2014/03/almost-600-

000-deaths-due-to-air-pollution-in-europe-new-who-global-report. [Accessed: 14-Apr-2016]. 
3 T. Gonsoulin and T. Worthan, 2009,  “The consequences of bad IAQ,” [Online] Available at: 

http://www.facilitiesnet.com/iaq/article/The-Consequences-Of-Bad-IAQ-Facilities-Management-IAQ-Feature--

10618 
4 WHO Regional Office for Europe, OECD, 2015, “Economic cost of the health impact of air pollution in Europe: 

Clean air, health and wealth”. Copenhagen: WHO Regional Office for Europe. 
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is from19 countries in total including: Hungary5, Mexico6, Estonia7, Belgium8, Argentina9, Austria10, 

Denmark11, USA12, Australia13, New Zealand14, Switzerland15, and Canada16. 

3.1 Legislation and common practices about IAQ  

3.1.1 Legislation 

The analysis revealed that there are generally not many regulations for IAQ in most of these countries. 

Most of the legislation is regarding workplace exposure limits, which correspond to the pollutants’ 

concentration values considered acceptable for different time exposures. For housing and buildings open 

to the public, there is no specific legislation for IAQ, though building regulations generally require a 

minimum amount of ventilation. The values given by national agencies regarding workplace exposure 

limits are quite high for each pollutant compared to the values given by national institutes. The values 

found for the different countries are summarized in Annex 2 (long time exposure) and in Annex 3 (short 

time exposure).  

  

                                                      
5 Limit values Hungary: Ministry of Health and Ministry of Social and Family Affairs on the Chemical Safety at 

Work, Annex 1, 2000, Article 25/2000.(IX.30.) EüM-SZCSM együttes rendelet: A munkahelyek kémiai 

biztonságáról, 1.melléklet, Magyar Közlöny, 99 szám 6150-6178 old. módosítva a 13/2002 (XI.28.) ESZCSM – FMM 

és a 13/2006 (III. 23.) EüM-FMM együttes rendelettel, elérhető: Joint Decree No. 25/2000.(IX.30.) EüM-SZCSM 

issued by the., Magyar Közlöny, Vol 99, pp 6150 - 6178, modified by Joint Decree No 13/2002(XI.28.) ESZCSM – 

FMM and Joint Decree No 13/2006 (III. 23.) EüM-FMM. Available at: www.mhk.hu 
6 Limit values Mexico: Secretaria del trabajo y prevision social segunda seccion,1999, NORMA Oficial Mexicana 

NOM-010-STPS-1999, Condiciones de seguridad e higiene en los centros de trabajo donde se manejen, transporten, 

procesen o almacenen sustancias químicas capaces de generar contaminación en el medio ambiente laboral. 
7 Limit values Estonia: Government of the Republic, 2001, Regulation n° 293 Töökeskkonna keemiliste ohutegurite 

piirnormid, RT I 2001, 77, 460. Available at: https://www.riigiteataja.ee/akt/12874145 
8 Limit values Belgium: Service Publique Fédéral Emploi, Travail et Concertation Sociale, 2014, Arrêté royal 

modifiant l’arrêté royal du 11 mars 2002 relatif à la protection de la santé et de la sécurité des travailleurs contre les 

risques liés à des agents chimiques sur le lieu de travail 
9 Limit values Argentina: Ministerio de Trabajo, Empleo y Seguridad Social, 2003, Resolución 295/2003 Apruébanse 

especificaciones técnicas sobre ergonomía y levantamiento manual de cargas, y sobre radiaciones. 
10 Limit values Austria: Bundesministers für Arbeit, Soziales und Konsumentenschutz, 2011, Grenzwerte für 

Arbeitsstoffe sowie über krebserzeugende und über fortpflanzungsgefährdende (reproduktionstoxische) Arbeitsstoffe 

(Grenzwerteverordnung 2011 – GKV 2011) 
11 Limit values Denmark: Arbejdstilsynet, 2007, At-Vejledning – STOFFER OG MATERIALER – C.0.1 (Limit 

Values for Substances and Materials) 
12 Limit values USA: Occupational Safety & Health Administration, 1999, Regulations, Standards - 29 CFR, Part 

1910 - Occupational Safety and Health Standards, Subpart Z - Toxic and Hazardous Substances, Section 1910 – 1000 

–Air contaminants  
13 Limit values Australia: Safe Work Australia, 2013,Workplace Exposure standards for Airborne Contaminants. 

Available at: www.safeworkaustralia.gov.au 
14 Limit values New Zealand: Ministry of Business, Innovation and Employment, 2013, Workplace Exposure 

Standards and Biological Exposure Indices. Available at: www.mbie.govt.nz. 
15 Limit values Swiss: Suva, Protection de la santé au poste de travail, 2014, Valeurs limites d’exposition aux postes 

de travail 2014 
16 Limit values Canada: National Research Council Canada, 2005, Indoor Air Quality Guidelines and Standards 

http://www.mhk.hu/
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Annex 5 presents the detail of the values found for the EU countries of the B2S partners: France17, 

Germany18, Ireland19, Italy20, Netherlands21, Spain22, and United Kingdom23. 

Although there are not strong national or global regulations in place, there exists a lot of standards and 

guideline values that have been defined by organizations or institutes workingin this area. There is 

generally at least one institute working in this area in each country. The World Health Organization (WHO) 

has developed several guideline values for nine selected pollutants24 that have been recognized as 

dangerous for human health. The values given by WHO, Europe25, Environmental and Occupational Health 

& Safety (ANSES)26, and the values given for labelling in France27 are summarized in Annex 4. These 

pollutant concentration values are much more restrictive that the ones for workplace exposure limits, and 

one can think that these values will become standards in the future. 

  

                                                      
17 Limit Values France: Le ministère de l'emploi, du travail et de la cohésion sociale et le ministère de l'agriculture, 

de l'alimentation, de la pêche et des affaires rurales, 2004, Arrêté du 30 juin 2004 établissant la liste des valeurs 

limites d'exposition professionnelle indicatives en application de l'article R. 23255 du code du travail 
18 Limit values Germany: Bundesministerium für Arbeit und Soziales, 2006, Technische Regeln für Gefahrstoffe, 

Arbeitsplatzgrenzwerte, TRGS 900 and TGRS 910; Available at: http://www.baua.de/de/Themen-von-A-

Z/Gefahrstoffe/TRGS/TRGS-900.html  
19 Limit values Ireland: Health and Safety Authority, 2011, 2011 Code of Practice for the Safety, Health and Welfare 

at Work (Chemical Agent) Regulations 2001. S.I. No. 619 of 2001.  
20 Limit values Italy: Ministero del Lavoro e delle Politiche Sociali – Ministero della Salute, 2008,  Criteri di 

qualificazione della figura del formatore per la salute e sicurezza sul lavoro, articolo 6, comma 8, lett. m-bis, del 

Decreto Legislativo n. 81/2008 e s.m.i., Allegato XXXVIII. 
21 Limit values Netherlands: Minister van Sociale Zaken en Werkgelegenheid, 2016, 

Arbeidsomstandighedenregeling. Available at http://wetten.overheid.nl/BWBR0008587/20160401/0/afdrukken 
22 Limit values Spain: Instituto Nacional de Seguridad e Higiene en el Trabajo (INSHT), 2008, Limites de exposicion 

profesional para agentes quimicos en Espana 
23 Limit values United Kingdom: Health and Safety Executive , 2011, EH40/2005 Workplace exposure limits 

24 WHO, 2010, Guidelines for indoor air quality: selected pollutants, ISBN 978 92 890 0213 4 
25 The Commission of the European Communities, 2006, COMMISSION DIRECTIVE 2006/15/EC of 7 February 

2006 establishing a second list of indicative occupational exposure limit values in implementation of Council 

Directive 98/24/EC and amending Directives 91/322/EEC and 2000/39/EC 
26 ANSES, 2015, Expertise en appui à l’étiquetage des produits d’ameublement 
27 Le ministère de l'écologie, du développement durable, des transports et du logement - le ministère de l'économie, 

des finances et de l'industrie - le ministère du travail, de l'emploi et de la santé, 2011, Arrêté du 19 avril 2011 relatif 

à l'étiquetage des produits de construction ou de revêtement de mur ou de sol et des peintures et vernis sur leurs 

émissions de polluants volatils 

http://www.baua.de/de/Themen-von-A-Z/Gefahrstoffe/TRGS/TRGS-900.html
http://www.baua.de/de/Themen-von-A-Z/Gefahrstoffe/TRGS/TRGS-900.html
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The following table gives the most restrictive value for the most relevant pollutants (the explanation of this 

choice of pollutants will be detailed in section 4 (Monitored parameters) : 

Pollutant name 

Concentration treshold: 

long time exposure 

(µg/m3) 

Concentration treshold: 

short time exposure 

(µg/m3) 

Formaldehyde 10 30 

Benzene 1.7 30 

Naphtalene 10 30 

Trichloroethylene 20 800 

Tetrachloroethylene 250 1.380 

Acetaldehyde 100 200 

Toluene 300 3.000 

Xylene 20 60 

Styrene 30 300 

1,2,4-trimethylbenzene 100 1.000 

1,4-dichlorobenzene 60 300.000 

Ethylbenzene 200 2.000 

2-butoxyethanol 100 1.000 

Acrolein 0.8 6.9 

α-pinene 200 2.000 

Limonene 1.000 10.000 

TVOC 1.000 2.000 

NO2 20 200 

CO 7.000 30.000 

PM 2.5 10 25 

PM10 20 50 

Table 1: Worldwild minimum concentration treshold value for the 

selected pollutants 

3.1.2 IAQ evaluation and citizen’s awareness 

IAQ is becoming more of an issue due to the increase in the airtightness of new buildings that has been 

induced by new regulations for energy efficiency. In response to this matter, studies have been carried out 

to analyse the indoor air quality of a panel of representative buildings in several countries.  

In Europe, at a national level, the most extensive studies have been carried out by Germany and France. 

The Federal Environment Agency in Germany has conducted a five studies since 198528 in order to 

determine the exposure of the German population to pollutants and its relationship with health issues. Each 

study had different objectives, but they are all linked as one of the objectives was to follow the evolution 

of IAQ over the years: 

- The first stage (1985-1986) targeted the exposure of the population to 18 heavy metals such as 

aluminum, arsenic, and barium, to pesticides such as lindane, and to VOCs. They tested 2700 

adults living in 100 different cities, distributed in 465 buildings. This first study revealed that 

almost all the housing presented VOC concentration values much higher than the guide values for 

the majority of the pollutants such as benzene and formaldehyde. Indeed, the median 

                                                      
28 C. Schulz, A. Conrad, K. Becker, M. Kolossa-Gehring, M. Seiwert, & B. Seifert, Int. J. Hyg. Environ.-Health, 

2007, 210, 271–297; More information available at: http://www.umweltbundesamt.de/en/topics/health/assessing-

environmentally-related-health-risks/german-environmental-survey-geres 
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concentration value for benzene was more than 3 times higher than the guide value (7.2 µg/m3) 

and the median concentration for formaldehyde was more than 5 times higher than the guide value 

(55 µg/m3). 

- The second study (1990-1992) has been realized both in the former East Germany and in the 

former West Germany on 4287 adults and 812 children distributed in 861 houses in 150 different 

locations. This second study also focused mostly on heavy metals, pesticides and VOCs, but new 

components such as semi-volatile organic compounds (SVOCs) and biocides were also analysed. 

Generally, the pesticides concentration values are very low (median value at 0.3 µg/g). However, 

the maximum values can be very high as 270µg/g of permethrin was measured on one person. 

Also, the formaldehyde concentration was still very high with a median value at 70µg/m3, 7 times 

the guide value. 

- The third study (1997-1999) has been realized in 120 different cities on 4822 adults distributed in 

750 different houses which were chosen in order to be representative of the German population 

(size of the household, sex, and age). The majority of the compounds measured here are different 

from the two previous studies. They systematically studied compounds such as biocides, 

polychlorobiphenyles (PCB), and others pyrethrinoides. In 200 of the houses flame retardant 

(phthalate and organophosphates) and polychloro sulfonamide diphenylethers were analysed. In 

one hand, they could observe that the concentration values of biocides and PCB are very different 

from one house to another, the major compounds found for these two pollutant types being the 

PCP and the PCB138 respectively. On another hand, the concentration values of the phthalates 

and organophtalates are present in every house, the dominant compounds for these two families 

being the DEHP and the TBEP respectively. 

- The fourth study (2003-2006) had the objective to study the impact of the pollution on children, 

who are more sensitive to environmental factors. Indeed, these factors will act on the development 

of neurotoxins during the prenatal phase and on the endocrine system during puberty. These data 

had already been collected during the previous phases but only concerned children whose age was 

between 6 and 14. In this study, the data was updated and took into account the children whose 

age was between 3 and 5, and 1800 children in total were recruited (between 3 and 14 years old). 

They were selected from the same 150 cities in the second study. In each city, 12 children were 

picked (3 in each age category: 3-5 years old, 6-8 years old, 9-11 years old, and 12-14 years old). 

For this study, the analysed compounds were: heavy metals, organochlorines (PCB, DDE, HCB, 

and β-HCH), nicotine, cotinine, organophosphate, PCP and other chlorophenols, polycyclic 

aromatic hydrocarbons metabolites and pyrethroid metabolites. VOCs concentration values were 

also analysed, and it was demonstrated that the median concentration value of the formaldehyde 

was more than twice the guide value (25.7µg/m3) and that more than 90% of the houses presented 

concentration values higher than the guide value. However, the concentrations values of the 

toluene found are inferior to the one of the guide value, and the concentration of benzene was 

quite good as 50% of the houses present concentration values under the guide values and 98% of 

the houses present values three times lower than the short term exposure guide. They also 

measured the impact of noise on the children. 

In France, “L’Observatoire de la Qualité de l’Air Intérieur” (OQAI, Indoor Air Quality Monitoring Centre) 

conducted several studies29 since 2003 on dwellings, offices, and schools. Among these studies, some of 

                                                      
29 a) L. Mosqueron, S.Kirchner, V. Nedellec, Environnement, Risques & Santé, march - april 2002, p. 31-41 ; b) S. 

Kirchner, N. Pasquier, M. Derbez, O. Ramalho, C. Iannaccone, TSM - Techniques Sciences & Méthodes, july-

august 2005, p. 34-42; c) C. Mandin, S. Kirchner, Pollution Atmosphérique, 185, january-march 2005, p. 59-68. ; 
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them have been realized in the context of European projects and have been realized on buildings across 23 

European countries. Overall, these studies revealed that: 

1)  The IAQ in offices is generally good as the pollutant concentration values are generally lower that 

the guide values. The major source of pollutants in offices being the cleaning products. For this 

case, we can clearly see that the problem comes from the user and that it can be corrected by 

installing good practices such as using cleaning products that release less harmful compounds. 

2) In schools, the evaluation showed that 89% of the schools present a concentration in formaldehyde 

lower than 30 µg/m3 which is the guide value for short term exposure. However, only 43% of the 

schools presented satisfactory benzene concentration values (< 2 µg/m3) and 27% of the buildings 

contained at least one room which was not enough ventilated. Overall, 31% of the schools 

responded to all the criteria of the studies, 11% of the schools are encouraged to search for 

formaldehyde and benzene sources, and 2% of them contained rooms without any air renewal.   

3) Regarding dwellings, the formaldehyde and the benzene concentration values are higher than their 

respective guide values for almost all the buildings in France. 

Overall, these studies revealed that the IAQ is poor in a majority of buildings. They also revealed that the 

causes of this poor IAQ is a combination of several factors among which the lack of ventilation and the 

users’ behavior are the most important. The improper sizing, setup, and the absence of maintenance of the 

ventilation systems significantly impact the IAQ in a building. Users’ behavior, cleaning products, smoke, 

air fresheners and the lack of adequate ventilation have been identified as key factors in poor IAQ. As 

buildings are built or retrofitted to achieve increased airtightness for energy efficiency the need for 

designed and effective ventilation systems increases.  

These studies indirectly show that self-inspection techniques for ventilation systems and measures during 

the design and construction stages could help to improve IAQ and that portable self-assessment techniques 

during and after construction would be useful. 

3.2 IAQ Analysers on the market 

The current R&D on indoor air quality (IAQ) measurement systems focuses on two axes that tend to merge. 

The first axis is about the development of portable equipment (devices) for scientific applications, devices 

that possess a high measurement accuracy (see section 2). For example, in the PRIMEQUAL2 project in 

2013, a portable formaldehyde analyser which weights approximately 8 kg and measures 28.5 x 23 x 38 cm 

was developed30. This technology was later transferred to a start up (In‘Air Solutions)31. This project has 

since been taken over by the CNRS which started a new project aiming to develop a formaldehyde micro-

analyser. 

                                                      
d) S. Kirchner, Revue des Maladies Respiratoires, february 2007, p. 236-237 [doi:10.1016/S0761-8425(07)91047-

5]; e) S. Kirchner, J.F. Arènes, Cochet C., M; Derbez, C. Duboudin, P. Elias, A. Grégoire, B. Jédor, J.P. Lucas, N. 

Pasquier, M. Pigneret, O. Ramalho, Environnement, Risques & Santé, july-august 2007, p. 250-269 [doi : 

10.1684/ers.2007.0096]; f) C. Mandin, M. Derbez, J.P. Lucas, O. Ramalho, A. Grégoire, M. Lethrosne, J. Ribéron, 

S. Kirchner, Pollution atmosphérique, april - june 2010, 206, p. 159-165; g) S. Kirchner, M. Derbez, C. Duboudin, 

P. Elias, J. Garrigue, A. Grégoire, J.P. Lucas, N. Pasquier, O. Ramalho, N. Weiss, AIVC Contributed Report, 2009, 

30 p. 
30 S. Le Calvé, M. Guglielmino, W. Zheng, P. Bernhardt, S. Englaro, M. Emo, M. Brogat, S. Becker, 2013, “Analyseur 

du formaldéhyde dans l’air - Réalisation d'un prototype transportable automatisé et piloté”, Final Report. 
31 “In’Air solutions” [Online] Available at: http://www.inairsolutions.fr/services-et-produits/nos-produits/ 
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The second and new axis of R&D, detailed in section 3, concerns the development of simple and connected 

devices that can be used by the "general public". Compared to the devices developed for scientific 

applications, these systems are generally less accurate, better designed, connected, and present a simplified 

user interface. Data are collected, analysed and can be seen at any time by the user on tablets, computers, 

or smartphones. Moreover, this type of sensors starts to be associated with other electronic systems such 

as humidity and temperature controllers in order to improve the IAQ. The paragraphs 3.2.1 and 3.2.2 

present a non-exhaustive list of these analysers. 

3.2.1 High accuracy systems for indoor air quality measurement 

3.2.1.1. Gas concentration measurement devices 

 Blue Industry and Science – Blue X-FLR8 IAQ Monitoring32 

 Real time measurements 

 Multi- gas capacity at ppb level 

 Volatile organic compounds (VOCs) 

measured: formaldehyde, benzene, toluene, 

xylene, phthalate esters, nitrogen dioxide, 

trichloroethylene, and many other gases 

(several hundreds) 

 Simultaneous measurements at ppb level 

 Source detection mode 

 Bacharach – IEQ Check33 

 

 

Depending on the model, this system can measure the following parameters: 

 Temperature 

 Humidity 

 Carbon dioxide (CO2) concentration 

 Carbon monoxide (CO) concentration 

 Oxygen (O2) concentration 

 Formaldehyde (HCHO) concentration 

                                                      
32 “Blue Industries – Blue X-FLR8 IAQ Monitoring” [Online]  

Available at: http://www.blueindustryandscience.com/products/x-flr8-iaq-monitoring/ 
33 “Bacharach – IEQ Check” [Online] Available at: http://www.mybacharach.com/ieq-chek.htm 

 

 

Utilisation range 

(T°C, HR) 
-5°C to + 55°C / - 0 to 99.9% 

Precision  

(T°C, HR) 
± 0.1°C / - ± 0.1% 

TVOC Measurement range : 0 – 2 ppm 

Dimensions 
19.7 cm x 9.8 cm x 7.8 cm 

567 g 

Table 2 : IEQ Check specifications 

http://www.blueindustryandscience.com/products/x-flr8-iaq-monitoring/
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 Nitrogen dioxide (NO2) concentration 

 Nitrogen monoxide (NO) concentration 

 Sulphur dioxide (SO2) concentration 

 Total Volatile Organic Compounds (TVOCs) concentration 

 Ammonia (NH3) concentration 

 Hydrogen sulphur (H2S) concentration 

 

 EcoLogicSense - e-VOC34 

 

 

Utilisation range (T°C, HR, P) -20°C to + 50°C / 0 to 90% / 800hPa to 1100HPa 

Precision (T°C, HR, P) ± 0.5°C (from 5 to 40°C) / ± 3% (from 20 to 80% HR) / ± 2.5hPa 

TVOC Measurement range : 0 to 2 ppm 

Technology Photo Ionisation detection (10.6 eV) 

Detection Limit 5 ppb 

Uncertainty +/- (2% of reading value + 5 ppb) 

Power Rechargeable battery 

Autonomy 1 to 3 weeks 

Dimensions 
16 x 16 x 6 (cm) 

800 g 

Table 3 : e-VOC specifications 

 Ethera – NEMo35 

 

 

                                                      
34 “EcoLogicSense - e-VOC” [Online]  

Available at: https://sites.google.com/site/ecologicsense/produits/smart-city/capteur-de-cov. 
35 “Ethera – NEMo” [Online] Available at: http://www.ethera-labs.fr/1-39430-NEMo-Next-Environmental-

Monitoring.php. 



  

 

 

Deliverable3.4   IAQ specifications 

 

16 

 Nano-porous sensor technology for a selective measurement of formaldehyde(µg/m3) 

 CO2 measurement by NDIR sensor 

 Possible extension to other gases 

CO2 / TIGHNESS 

Detection method NDIR 

Measurement range 0 to 5000 ppm 

Resolution 1 ppm 

Uncertainty +/- 50 ppm (+/- 3 % of reading value) 

Response time < 30 seconds 

FORMALDEHYDE 

Detection method 
Optical reading on consumable made of porous nano-material (patented 

technology) 

Measurement range 0 to 2000 ppb (0 to 2.5 mg/m3), according to the exposure time 

Sensibility Up to 1 ppb according to the exposure time 

Sampling Method Passive diffusion 

Difference with DNPH 

method 
< 25 % 

Consumable conservation Conservation between 2 et 8°C 

TEMPERATURE 

Sensor type CMOS 

Measurement range -25°C to +55°C 

Resolution 0.08°C 

Precision +/- 2°C over the full range (+/- 1°C from 0°C to 55°C) 

HUMIDITY 

Sensor type Capacitive 

Measurement range 0 to 95 % (+/- 3 % of the reading value) 

Resolution 0.08 % 

Precision +/- 5 % over the full range (+/- 3 % from 20°C to 55°C) 

PRESSURE 

Sensor type CMOS 

Measurement range 300 to 1100 hPa 

Resolution +/- 0.01 hPa 

Precision +/- 1 hPa 

Table 4 : NEMo specifications 

 Environnement SA36 

  

                                                      
36 “Environnement SA”  

[Online] Available at: http://www.environnement-sa.fr/products-page/fr/surveillance_qualite_air/analyseurs_gaz/. 
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Can contain the following gas sensors: 

 AC32M : nitrogen oxide 

 AC32M-CNH3 : ammoniac and nitrogen oxide 

 AF22M : sulphur dioxide 

 AF22M-TRS : sulfur dioxide and other sulfur reduced compounds 

 CO12M : carbon monoxide, carbon dioxide and methane 

 HC51M : total hydrocarbons 

 O342M : ozone 

 VOC72M : 6 measured compounds in standard configuration : benzene, toluene, ethyl benzene, 

p-xylene + m, o-xylene, 1,3 butadiene (other compounds on request) 

 Cairpol – CairSens37 

  

The integrated system CairSens is composed of an amperometric sensor, a dynamic sampling air system, 

a patented filter, and an electronic circuit. The combination of these elements allows a real-time display of 

the measured concentrations and an internal data backup. The specific filter limits the effects of the relative 

humidity variation on the measurements. The combination between this filter and the dynamic sampling 

results in the excellent reliability of the measurement. Moreover, the concentrations measured are 

equivalent to the ones measured with reference methods thanks to the performance of the sensor. 

Miniaturization and low power consumption of micro-sensor, originally designed for a portable version 

(CairClip), enable the deployment of autonomous stations with CairTub release, or of wireless networks 

with CairNet release. 

 O3/NO2 : measurement range 0 to 250 ppb 

 H2S/CH3SH : measurement range 0 to 1000ppb or 0 to 10/20 ppm 

 NH3 : measurement range 0 to 25 ppm 

 COV : measurement range 0 to 16 ppm 

                                                      
37“Cairpol – CairSens” [Online] Available at: 

http://www.cairpol.com/index.php?option=com_content&view=article&id=6&Itemid=107&lang=fr. 
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 SLG instrument – Gas sensor38 

 

 

The sensor has a multi-parameters and multi-points wireless system. 

Different gas sensors are available: 

 

Gas Ref 
Resolution  

(ppm) 

Max.  

Zero offset in ppm  

(+20 +40°C) 

Life time  

(year) 

CO  ESO101 1 9 3 

NO2 ESO108 2 0.2 2 

SO2  ESO111 2 0.1 2 

SO2  ESO112 1 1 2 

H2S  ESO119 1 0.1 2 

H2 ESO132 2 -35 2 

O2 ESO140   2 

O3 ESO146 5 0.04 2 

NO ESO104 1 9 3 

NH3 ESO115 10 10 1 

VOC  ESO150 
0.01 

Isobutylene 

Humidity :  

<1 ppm at 90% RH 
1 

VOC  ESO152 1 
Humidity :  

<1 ppm at 90% RH 
 

Table 5: Gas sensor specifications 

 

  

                                                      
38 “SLG instrument – Capteurs de gaz” [Online] Available at: http://www.slg-instruments.com/air-interieur.php. 

http://www.slg-instruments.com/capteur-CO.php
http://www.slg-instruments.com/capteur-NO2-dioxyde-azote.php
http://www.slg-instruments.com/capteur-SO2-dioxyde-soufre.php
http://www.slg-instruments.com/capteur-SO2-dioxyde-soufre.php
http://www.slg-instruments.com/capteur-H2S-sulfure-hydrogene.php
http://www.slg-instruments.com/capteur-O2-oxygene.php
http://www.slg-instruments.com/capteur-O3-ozone.php
http://www.slg-instruments.com/capteur-NO-monoxyde-azote.php
http://www.slg-instruments.com/capteur-NH3-ammoniac.php
http://www.slg-instruments.com/capteur-COV.php
http://www.slg-instruments.com/capteur-COV.php
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3.2.1.2. Particulate matter measurement devices 

 EcoLogicSense - e-PM 39 

 

Utilisation range (T, HR, 

P) 
-10°C to + 50°C - 0 to 95% - 800hPa to 1100HPa 

Precision (T°C, HR, P) 
± 0.5°C (5 to 40°C) ǀ ± 3% (20 to 80% HR) ǀ ± 

2.5hPa 

Measure particles PM 2.5 & PM 10 (0 to 200 μg/m3) 

Technology Dispersive light detection 

Communication 
Wireless 

Range : 200m 

Power Rechargeable battery 

Autonomy 1 to 3 weeks 

Dimensions 16 x 16 x 6 (cm); 800 g 

Table 6 : e-PM specifications 

 Environnement SA  

CPA40 

 

 

CPA is an optical dust analyser 

 Particles counts : up to 1000 particles/s  

 Measurement range : 0.4-1 μm; 1-2.5 μm; 2.5-5 μm; 5-10 μm; 10-20 μm; 20-40 μm  

 Concentration range : up to 1 mg/m3  

 Optical evaluation with a spectral library 

 Detection limit : ≤ 2 ± 2 μg/m3  

 Temporal resolution : 10 seconds  

 Particles nature estimation (by family) 

                                                      
39  “EcoLogicSense - e-PM” 

[Online] Available at : https://sites.google.com/site/ecologicsense/produits/smart-city/capteur-de-particules  
40 “Environnement SA - CPA” [Online] Available at: http://www.environnement-sa.fr/products-

page/fr/surveillance_qualite_air/analyseurs_preleveurs_particules/cpa-analyseur-de-particules-en-continu/?cat=29. 



  

 

 

Deliverable3.4   IAQ specifications 

 

20 

MP101M (with CPM option) 41 

 

 

Weight measurement independent of the physico- chemical nature, the color, and the size of the particles, 

with a moving average of 24 hours. 

Complies the following standards: European EN12341 (PM 10), EN14907 (PM 2.5) and US EPA (PM 10 

and PM 2.5). 

 Measurement range : 0 to 10 000 μg/m3  

 Detection limit : 0.5 μg/m3 (24h average)  

 Count time : 10 to 300 secs, programmable 

 

 Greywolf – GW-301642 

 

 

GrayWolf GW-3016 measures 6 particles sizes (0.3, 0.5, 1.0, 2.5, 5.0 and 10 µm). It is possible to read the 

particles number, the total collected particles number and the concentration in µg/m3. 

  

                                                      
41 “Environnement SA - MP101M” [Online] Available at: http://www.environnement-sa.fr/products-

page/fr/surveillance_qualite_air/analyseurs_preleveurs_particules/mp101m-avec-option-cpm/?cat=29. 
42 “Greywolf - Gw3016” [Online] Available at: http://www.actu-environnement.com/materiels-services/produit/gw-

3016-appareil-portable-mesure-particules-fines-air-1393.php. 
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 Turnkey instruments - Dustmate43 

 

 

Two measurement modes: 

 The “environmental mode” gives the particles concentration for TSP, PM 10, PM 2.5, and PM1 

  The “workplace mode” gives the breathing and thoracic particles concentration 

 

It is equipped with a Nephelometer laser with the characteristics:  

 Detection limit: 0.1 µg/m3 to 6000 µg/m3,  

 Particles size range: 0.3 to15 µm,  

 Memory storage: up to 40 days for a measurement every minute 

 

3.2.1.3. Double measurement devices (gases and particulate matter) 

 Greywolf – Wolfsense44  

 

 

 Simultaneous measurement of 6 parameters: VOC concentration, CO2 concentration, CO 

concentration, temperature, humidity and a possibility for an additional gas. 

 Optional for particulates matter measurement (number or concentration) 

 Optional sensor for wind speed measurement 

 A maximum of 4 Greywolf sensors over 20, and a particulate matter sensor can be connected on 

any support 

 Optional Integrated pressure sensor 

                                                      
43  “Dustmate” [Online] Available at: http://www.turnkey-instruments.com/environment.php?id=21. 
44 “Wolfsense” [Online] Available at: http://www.wolfsense.com/directsense-iaq-indoor-air-quality-monitor.html 



  

 

 

Deliverable3.4   IAQ specifications 

 

22 

3.2.2 Connected devices for indoor air quality monitoring 

 Azimut – Fireflies 45 

 

 

Monitored parameters are temperature, humidity, sound level, and CO2, VOC and formaldehyde 

concentrations. The company makes full data analysis, diagnosis and support. 

 CubeSensors 46 

 

 

Monitoring parameters are temperature, humidity, sound level, light, CO2 and VOC concentrations, 

pressure, and vibration. This device can assess the environment quality and advises the user on action(s) 

to perform in order to improve it and preserve his health. Analyses charts are accessible from any web 

navigator or from a smartphone application. 

Price : 235 € for two cubes (2014) 

 Netatmo 47 

 

 

Netatmo is a weather station with two modules: one for outside purpose that measures the temperature, the 

humidity and the pressure of the atmosphere, and one for indoor purpose that measures the temperature, 

the humidity, the pressure, the CO2 level, and the sound level. Measurements can be consulted on 

smartphones or tablets. 

Moreover, all data are recovered and compiled in order to create a collaborative map of the outside air 

quality.  

Price: 169 € (2014) 

                                                      
45 “Azimut - Fireflies” [Online] Available at: http://www.azimut-monitoring.com/ 
46  “CubeSensors” [Online] Available at: https://cubesensors.com/ 
47 “ netatmo” [Online] Available at: https://www.netatmo.com/fr-FR/site 
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 Lapka 48 

 

 

Lapka is a connected object with different modules made of plastic or wood which allows the user to 

customise its design. Each module contains a sensor. The company sells radioactive particles sensors, 

electromagnetic field sensors, nitrates sensors, and humidity sensors. Data are processed via an application 

available on smartphones or tablets which indicates if the concentrations measured can be harmfull for the 

user health or not. 

Price : 249 € (2014) 

 AirAir 49 

 

 

Air.Air is a device that measures the air particles concentration and the temperature. All data can be 

consulted on a smartphone or a tablet application. 

Price: 70$ (2014) 

 

 TZOA 50 

 
 

TZOA is a small object which measures the air temperature, the humidity, the light intensity, the UV-light 

intensity, and the particles concentrations. Data are collected via a Bluetooth connection on the user’s 

smartphone. They can be consulted with the TZOA application. 

Moreover, this device can be clipped (on a bag for example). Measurements can be performed all day 

depending on your position. All data are recovered and compiled on a server in order to create a 

collaborative map of the outside air quality. 

Price: 100 € (2014) 

                                                      
48 “Lapka” [Online] Available: https://mylapka.com/. 
49 “AirAir” [Online] Available: http://www.airair.info/. 
50  “TZOA” [Online] Available: http://www.mytzoa.com/#homepage. 
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 Airboxlab - Foobot51 

 
 

Foobot is composed of 6 sensors which measure: VOC concentration, CO2 concentration, carbon monoxide 

concentration, small particles concentration, temperature, and humidity. Measurements are analysed and 

can be consulted on a smartphone application. In this application, some advices are given in order to help 

the user to improve his/her indoor air quality. 

Price: 169 € (2014) 

 Air Mentor 52 

 

 

Monitoring parameters: COV concentration, VOC concentration, CO concentration, PM 10 concentration, 

PM 2.5 concentration, temperature, and humidity. Measurements are analysed and results can be consulted 

on a smartphone application. In this application, some advices are given in order to help the user to improve 

his/her indoor air quality. 

Price: 250 € (2015) 

 Awair 53 

  
Awair is a connected device which monitors the air temperature, the humidity, and the CO2, VOC and 

small particles concentrations. It can be connected to others air quality devices such as filters, air 

conditioning systems, ventilation, thermostats, air purifiers, and humidifiers in order to automatically 

maintain a good indoor air quality. 

Price: 199 $ (2015) 

                                                      
51 “Foobot” [Online] Available: http://foobot.io/how.html. 
52 “AirMentor” [Online] Available: https://www.air-mentor.com/. [Accessed: 10-Jul-2015]. 
53 “Awair” [Online] Available: https://getawair.com/ [Accessed: 10-Jul-2015] 
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 Partnering Robotics - Diya One 54 

 

 

Diya One is a robot which can navigate in the indoor environment. This robot is an open platform 

containing an air purifier with a PM 2.5 filter processing 75 m3 of air per hour. It can possess sensors such 

as humidity, temperature and particles sensors, or others technologies. It can also measure the electric 

consumption by connecting itself to the electric meter. 

Price: 5000 € (2015) 

 

 Withings – Home 55 

 

 

Home is a camera containing VOC and light sensors. All data are collected on a smartphone application. 

Price: 200 € (2014) 

3.2.3 Conclusion 

Overall, we can see that there is a trend towards devices miniaturization, simplification, and connection. 

Scientific devices, with a high precision, cover all the range of indoor air parameters. However, connected 

devices for the general public present a better design and cover a useful range of indoor air parameters. 

They also target other parameters in relation with indoor environment.  The tables below present a 

comparison between the parameters measured by scientific and general public devices. 

                                                      
54  “Partnering Robotics - DiyaOne” [Online] Available at: http://partnering-robotics.com/home-fr.html 
55 “Withings - Home.” [Online] Available: http://www.withings.com/fr/withings-home.html. 
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Parameters Scientific devices General public devices 

Temperature Yes Yes 

Humidity Yes Yes 

Sound No Yes 

Vibration No Yes 

Pressure Yes Yes 

Light No Yes 

UV No Yes 

Particles Yes Yes 

Dioxygen Yes No 

Carbon dioxide Yes Yes 

Carbon monoxide Yes Yes 

Formaldehyde Yes Yes 

VOC Yes Yes 

Nitrogen compound Yes Yes 

Sulphur compound Yes No 

Magnetic field No Yes 

Table 7 : Device’s parameters 

Scientific devices features General public devices feature 

Real time measures Real time measures 

Portability Portability 

Increasing modularity Little modularity 

High precision Low precision 

Little connectivity High connectivity 

No Give advices 

Table 8 : Device’s feature 

 

At first, we can conclude from this list that scientific (precise) devices presents a high accuracy, a high 

modularity (you can add or remove sensors according to need), and a good portability, but none of them 

are connected. Indeed, at best, they possess a Bluetooth connection that allows the user to follow the real 

time measurements on smartphones or tablets. 

In contrast, systems for a larger audience are well connected. They possess connections via Bluetooth, 

internet and applications (data collection and analyses, advices to the user in order to improve his/her 

environment). Unfortunately, there is no data on the accuracy of such devices. These devices allow a good 

overview of the indoor environment quality and they can inform and educate the user on the practises 

which help to maintain a good indoor environment quality. This user awareness could lead naturally to 

improve his/her indoor environment and life quality. This would result in actions such as regular airing of 

the room or better choices for building, furniture, and decoration materials. These choices will be facilitated 
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by several present and future regulations about the labelling of construction, decoration and furniture 

materials emissions. However, the development of these systems is limited to “Kickstarter” for now and 

their prices are high for a single person. Although their connectivity remains their main asset, it does not 

exist any interconnectivity between devices, which limits the number of measured parameters. However, 

there is a trend to interconnection as it can be seen with the air cleaner Home Wave which uses the Foobot 

device analysis in order to optimize itself. 

The presence of these new technologies on the market reflects that there is a trend towards more creation 

of connected objects. From this observation, we can imagine that common objects such as cameras or 

smoke sensors will soon contain new sensors able to monitor the indoor environment. Driven by these 

developments, extensive research has been conducted in order to create new sensors (made of 

semiconductor for example56) which are more accurate, less expensive57, and smaller. Once these 

objectives are reached, these new sensors could be integrated in buildings very quickly. We hope that it 

will be the case for the devices developed in the European project IAQSense58 that will contain new nano-

sensors. This project ends in 2016. . 

The aim of the BUILT2SPEC project is to develop an IAQ analyser which combines the benefits from both 

categories in order to perform self-assessment during the construction and occupancy phases.  

                                                      
56 M. Leidinger, T. Sauerwald, T. Conrad, W. Reimringer, G. Ventura, and A. Schütze, Procedia Eng., 2014, vol. 87, 

pp. 1449–1452. 
57 S. Abraham and X. Li, “A Cost-effective Wireless Sensor Network System for Indoor Air Quality Monitoring 

Applications,” Procedia Comput. Sci., 2014, vol. 34, pp. 165–171. 
58 “IAQ Sense,” 2014 [Online] Available: http://www.iaqsense.eu/ [Accessed: 14-Jan-2015] 
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4 Monitored parameters 

According to the studies presented in the literature, IAQ is often assessed by measuring the pollutants 

concentration in a room, and also, by measuring other parameters such as temperature and relative 

humidity. 

There are a large amount of pollutants present in indoor air. In order to define which compounds the B2S 

Analyser will focus on we cross referenced the data collected from 19 countries around the world regarding 

the regulations and the guide values (France59, Germany60, Ireland61, Italy62, Netherlands63, Spain64, United 

Kingdom65, Hungary66, Mexico67, Estonia68, Belgium69, Argentina70, Austria71, Denmark72, USA73, 

                                                      
59 Limit Values France: Le ministère de l'emploi, du travail et de la cohésion sociale et le ministère de l'agriculture, 

de l'alimentation, de la pêche et des affaires rurales, 2004, Arrêté du 30 juin 2004 établissant la liste des valeurs 

limites d'exposition professionnelle indicatives en application de l'article R. 23255 du code du travail 
60 Limit values Germany: Bundesministerium für Arbeit und Soziales, 2006, Technische Regeln für Gefahrstoffe, 

Arbeitsplatzgrenzwerte, TRGS 900 and TGRS 910; Available at: http://www.baua.de/de/Themen-von-A-

Z/Gefahrstoffe/TRGS/TRGS-900.html  
61 Limit values Ireland: Health and Safety Authority, 2011, 2011 Code of Practice for the Safety, Health and Welfare 

at Work (Chemical Agent) Regulations 2001. S.I. No. 619 of 2001.  
62 Limit values Italy: Ministero del Lavoro e delle Politiche Sociali – Ministero della Salute, 2008,  Criteri di 

qualificazione della figura del formatore per la salute e sicurezza sul lavoro, articolo 6, comma 8, lett. m-bis, del 

Decreto Legislativo n. 81/2008 e s.m.i., Allegato XXXVIII. 
63 Limit values Netherlands: Minister van Sociale Zaken en Werkgelegenheid, 2016, 

Arbeidsomstandighedenregeling.  

Available at http://wetten.overheid.nl/BWBR0008587/20160401/0/afdrukken 
64 Limit values Spain: Instituto Nacional de Seguridad e Higiene en el Trabajo (INSHT), 2008, Limites de exposicion 

profesional para agentes quimicos en Espana 
65 Limit values United Kingdom: Health and Safety Executive , 2011, EH40/2005 Workplace exposure limits 
66 Limit values Hungary: Ministry of Health and Ministry of Social and Family Affairs on the Chemical Safety at 

Work, Annex 1, 2000, Article 25/2000.(IX.30.) EüM-SZCSM együttes rendelet: A munkahelyek kémiai 

biztonságáról, 1.melléklet, Magyar Közlöny, 99 szám 6150-6178 old. módosítva a 13/2002 (XI.28.) ESZCSM – FMM 

és a 13/2006 (III. 23.) EüM-FMM együttes rendelettel, elérhető: Joint Decree No. 25/2000.(IX.30.) EüM-SZCSM 

issued by the., Magyar Közlöny, Vol 99, pp 6150 - 6178, modified by Joint Decree No 13/2002(XI.28.) ESZCSM – 

FMM and Joint Decree No 13/2006 (III. 23.) EüM-FMM. Available at: www.mhk.hu 
67 Limit values Mexico: Secretaria del trabajo y prevision social segunda seccion,1999, NORMA Oficial Mexicana 

NOM-010-STPS-1999, Condiciones de seguridad e higiene en los centros de trabajo donde se manejen, transporten, 

procesen o almacenen sustancias químicas capaces de generar contaminación en el medio ambiente laboral. 
68 Limit values Estonia: Government of the Republic, 2001, Regulation n° 293 Töökeskkonna keemiliste ohutegurite 

piirnormid, RT I 2001, 77, 460. Available at: https://www.riigiteataja.ee/akt/12874145 
69 Limit values Belgium: Service Publique Fédéral Emploi, Travail et Concertation Sociale, 2014, Arrêté royal 

modifiant l’arrêté royal du 11 mars 2002 relatif à la protection de la santé et de la sécurité des travailleurs contre les 

risques liés à des agents chimiques sur le lieu de travail 
70 Limit values Argentina: Ministerio de Trabajo, Empleo y Seguridad Social, 2003, Resolución 295/2003 Apruébanse 

especificaciones técnicas sobre ergonomía y levantamiento manual de cargas, y sobre radiaciones. 
71 Limit values Austria: Bundesministers für Arbeit, Soziales und Konsumentenschutz, 2011, Grenzwerte für 

Arbeitsstoffe sowie über krebserzeugende und über fortpflanzungsgefährdende (reproduktionstoxische) Arbeitsstoffe 

(Grenzwerteverordnung 2011 – GKV 2011) 
72 Limit values Denmark: Arbejdstilsynet, 2007, At-Vejledning – STOFFER OG MATERIALER – C.0.1 (Limit 

Values for Substances and Materials) 
73 Limit values USA: Occupational Safety & Health Administration, 1999, Regulations, Standards - 29 CFR, Part 

1910 - Occupational Safety and Health Standards, Subpart Z - Toxic and Hazardous Substances, Section 1910 – 1000 

–Air contaminants  

http://www.baua.de/de/Themen-von-A-Z/Gefahrstoffe/TRGS/TRGS-900.html
http://www.baua.de/de/Themen-von-A-Z/Gefahrstoffe/TRGS/TRGS-900.html
http://www.mhk.hu/
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Australia74, New Zealand75, Switzerland76, and Canada77). We analysed the data given by organisations 

with good reputations in the IAQ domain such as WHO78, Europe79, and ANSES80. 

This data showed that there is a huge gap between the values given for work exposure limits and the ones 

given as guide values. Indeed, even for pollutants considered as very dangerous for the occupants’ health 

such as the benzene, there is a factor 1000 between the work exposure limit and the guide value. This 

phenomenon shows that the authorities have not taken the matter very seriously to date, but that there is a 

trend for the improvement of the IAQ on the long term. 

From this analysis, we also found that 25 pollutants which appeared as essential to follow when it comes 

to IAQ: Formaldehyde, Benzene, Naphtalene, Trichloroethylene, Tetrachloroethylene, Acetaldehyde, 

Toluene, Xylene, Styrene, 1,2,4-trimethylbenzene, 1,4-dichlorobenzene, Ethylbenzene, 2-butoxyethanol, 

Acrolein, α-pinene, Limonene, Hexanal, delta-3-carene, TVOC, NO2, CO, CO2, PM 2.5, PM10, and radon.  

These are measured in most of the countries and most of them appeared in the new regulation about material 

labelling. Ideally, all these pollutants should be assessed by the analyser but this list could be reduced 

depending on the relevance to assess these different components during the different phases of a 

building. For example, we could rule out the TVOC’s as its relevance is very low. Indeed, the TVOC 

concentration takes into account all the organic compounds with a chain containing between 6 and 12 

carbon. However, some organic compounds with this criteria are not harmful so it will not have an impact 

on the occupants’ health and is then irrelevant to measure for the worker safety. For the indoor air 

pollutants, it could be also envisaged to classify them according to their impact on human health. 

In addition to pollutants, there are other parameters which can affect an occupants’ health. Temperature 

and relative humidity inside a building can lead to condensation and mould growth which in turn leads to 

mould spores in the air which are unhealthy if inhaled. These parameters should also be assessed during 

an IAQ analysis of a building. 

  

                                                      
74 Limit values Australia: Safe Work Australia, 2013,Workplace Exposure standards for Airborne Contaminants. 

Available at: www.safeworkaustralia.gov.au 
75 Limit values New Zealand: Ministry of Business, Innovation and Employment, 2013, Workplace Exposure 

Standards and Biological Exposure Indices. Available at: www.mbie.govt.nz. 
76 Limit values Swiss: Suva, Protection de la santé au poste de travail, 2014, Valeurs limites d’exposition aux postes 

de travail 2014 
77 Limit values Canada: National Research Council Canada, 2005, Indoor Air Quality Guidelines and Standards 
78 WHO, 2010, Guidelines for indoor air quality: selected pollutants, ISBN 978 92 890 0213 4 
79 The Commission of the European Communities, 2006, COMMISSION DIRECTIVE 2006/15/EC of 7 February 

2006 establishing a second list of indicative occupational exposure limit values in implementation of Council 

Directive 98/24/EC and amending Directives 91/322/EEC and 2000/39/EC 
80 ANSES, 2015, Expertise en appui à l’étiquetage des produits d’ameublement 
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5 Indicators and indexes 

5.1 Parameters organization 

Although all the parameters are important to monitor they can be divided into different categories and sub-

categories depending on their source and nature of their impact. Temperature and relative humidity can 

also impact human health in terms of thermal, physiological and psychological comfort.. These two 

parameters will also be placed in a category that we will call “comfort”.  

Although CO2 is an indoor air pollutant, it is only dangerous above very high concentration that are rarely 

reached. However it has a direct impact on the productivity of the people in the room and can lead to 

discomfort, headaches and lack of concentration.. It is produced by human activity so it can provide useful 

information as an indicator of the air renewal in the room and the effectiveness of the ventilation system. 

We will therefore treat the CO2 separately and we will call this category “confinement”. 

The third category is pollution and we decided to divide the pollutants in two sub-categories depending on 

their sources: indoor and outdoor. By separating these two categories it is possible to identify quickly the 

origin of the pollution and to see which component of the building has to be checked to improve the IAQ 

(filtration system, construction materials, cleaning products). 

The schematic representation of the indicators tree structure is given in the Figure 1. 

 

Figure 1: Tree structure schematic of the IAQ indicators  
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5.2 Indices 

5.2.1 Pollution indices 

In the literature, we can find several types of indexes that have been built from these indicators. The OQAI 

presented a review of these indexes which is quite complete.81 The indexes can be classified in different 

groups. A first group of indexes is calculated from data collected in the field. For this group of indices, the 

pollutant concentration is generally compared to the values measured in a panel of buildings. It is the case 

of the “Indoor Air Pollution Index” (IAPI)82 which formula is: 

For Cmax > Cobs and Cdmc > Cobs > Cmin 

Where I is the number of level-3 groups in the IAPI tree structure, I = 2; J is the number of level-2 groups 

in each level-3 group, J = 2; K is the number of level-1 pollutant variables in each level-2 group, K = 2; 

max is the maximum measured concentration; min is the minimum measured concentration; dmc is the 

demarcation concentration; obs is the measured concentration in the subject building. The problem of this 

type of index is that they are based on the results obtain on the IAQ measured in existing buildings. In 

consequence, if all the buildings of the study presented bad IAQ, even a polluted building could present a 

good index. 

The second category of indices that we can find in the literature are the ones based on pollutants guide 

values. This type of indices sums the ratios (pollutantn) / (pollutantn guide value) which is divided (or not) 

by the number of pollutants taken into account in the sum. This is the case of the index CLIM 2000 which 

has been set by Electricité de France (EDF), and the index LHVP which has been elaborated by le 

Laboratoire d’Hygiène de la Ville de Paris (L.H.V.P). 

There are several issues of using this type of indices. First of all, they do not possess a weighted 

consideration of the pollutants and assume that all the pollutants have the same impact on the air 

pollution which is not true. Secondly, they assume that a “cocktail” of pollutants is more harmful 

than a single pollutant. However this last point is still under debate and no clear conclusion has 

been drawn yet. In consequence, this type of indices does not seem to be the most judicious to use 

in our case. 

The third category of indices is an evolution of the second category as it is based on the same 

principle except that some pollutants count more than other. A weighting factor is then applied in 

the formula. This is the case of the Paris airport pollution index which estimates the contribution 

of PM10 over the ones of CO and NO2. 

                                                      
81 OQAI, Elaboration d’indices de la qualité de l’air intérieur- Phase 1: Inventaire des indices disponibles 
82 D.J. Moschandreas & S.C. Sofuoglu, Journal of the Air & Waste Management Association, 2004, Vol.54, p.1440-

1451. 

ILHVP 
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Among this category, we can also cite the GAPI83 index which sums weighted pollutant 

concentration values. Here, the weighting is made by the factor Wi which is calculated according 

to the impact of the pollutant on human health (carcinogenic power, number of risk sentences 

listed in the INRS data sheet, etc.). This index can only be used to follow the evolution of the IAQ 

but is not relevant for the characterization of the IAQ as it is not calculated as an average but just 

a sum of the different pollutants present in the room. In consequence, it can vary a lot from one 

building to another. 

As the index from the second category, these indices suffers from the same drawbacks which is 

the addition of the pollutant effects, among others. However, installing a hierarchy between the 

pollutants according to their impact on human health appears very relevant to the IAQ issues. In 

consequence, it will be retained for the establishment of an index within the project. 

The fourth indices category is based on the analysis of the pollutants concentration independently 

from one another.  The air quality evaluation will be based on the pollutant which presents the 

highest concentration compared to its reference value. Among these indices, we can cite the 

BILGA index84. 

𝐸𝑚𝑜𝑦
𝑃  is the average exposure to the pollutant P for an exposure time T 

𝑉𝑅𝐿𝑇
𝑃  is the limited risk value of the pollutant P for an exposure time T 

𝑉𝑅𝐼𝑇
𝑃 is the important risk value of the pollutant P for an exposure time T 

The index is defined as follow: 

If I BILGA < 0, the IAQ is excellent, 

If I BILGA = 0, the health risk is insignificant in the building, 

If 0 < I BILGA < 1, the health risk encountered by the occupants is limited, 

I BILGA > 1, the health risk is inacceptable. 

This type of indices is coherent with the evaluation of the IAQ during the different construction 

phases. However, the reference value used to calculate this index is the important risk value for 

which the occupants risk severe health damages. Then it cannot be used to evaluate moderate risks 

like the one for long term exposure, or even for the detection of pollution sources as the detection 

of such levels will imply the person to leave the room. This index is much more pertinent for 

detection of anomalies during the use of the building after the construction, for workers’ safety 

for example. 

In conclusion, we can notice that all of these indices present benefits and drawbacks but, overall, 

none of them fully satisfy our requirements. In consequence, we chose to use a new index that is 

                                                      
83 S. Cariou & J.M. Guillot, “Utilisation d’un indice global de la qualité de l’air intérieur pour suivre l’ensemble des 

COV présents et leur impact sur la santé humaine”, Air Pur, 2005, n°69. 
84 M. Cohas, 1994, Contribution à l'amélioration de la qualité de l'air intérieur des locaux d'habitation. Thèse de 

doctorat de l'Université Pierre et Marie Curie, Paris VI, p.210 
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based on the ones of the last category. Indeed, as the cocktail effect is still under debate for the 

moment, it seemed relevant to choose an index which takes into account the contribution of the 

pollutants separately instead of an index which sums the pollutants’ effects. However, instead of 

the index proposed in the literature, we decided to compare the pollutant concentration value to 

the indoor air guide values, the guide value chosen for each pollutant being the most restrictive 

found in the literature. The pollutants will be classified according to their impact on human health.  

5.2.2 Confinement indices 

As explained in the section 4, we decided to exclude the CO2 from the pollution index as it is not really 

harmful for human health unless reaching huge concentrations (>10,000ppm) that are never reached in 

normal usage. Besides, it can give useful information about the ventilation of the room as it is directly 

linked to human activity (cooking, breathing, etc.). In consequence, it is related to the confinement of the 

air in the room, and that is why this index is called “confinement index”. 

It has been proven that although CO2 is not harmful for human health, it impacts directly the productivity 

of the occupants. Generally, the air is estimated as confined if the CO2 concentration value is above 

1,000ppm85, and very confined if its concentration value reaches 1,400ppm (1,000ppm above the outdoor 

concentration value). We will then take these two values as reference in our project. 

5.2.3 Comfort indices 

Comfort is complicated to assess as it strongly depends on an individula’s physiology. There are 

numerous indices that have been defined which are more or less complex. They rely on several 

parameters such as the weight and the size of a person, the flux of air exchanged between a person 

and its environment, the ventilation of the room, surface temperatures and many other variables. 

Although all these indices are very interesting in their approach, they are very complex to use in 

our project as it would require a deep understanding of the uses in a building and it would need to 

adapt the analyser to each case. As the goal of the project is to define a simple methodology that 

can be applied to the widest types of buildings, we decided to use a much simpler model. 

 

Some studies show that the indoor environment is perceived as comfortable for most of the people 

when the temperature (T) is between 22.8 to 26.1°C in the summer and 20.0 to 23.6°C in the winter 

when the relative humidity (RH) is between 30% and 65%. Some charts have been developed to 

draw the comfort zone for the winter and summer periods (ASHRAE, standard 55)86. We decided 

to use this ASHRAE Psychometric Chart to define our comfort index.  

                                                      
85 ASHRAE, 2013, Standard 62.1- Ventilation for Acceptable Indoor Air Quality (ANSI Approved) 
86 ASHRAE, 2013, Standard 55 - Thermal Environmental Conditions for Human Occupancy 
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Figure 2: Psychometric Chart showing the seasonal comfort zones  

in relation to T and RH 
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6 User Interface  

The B2S IAQ Analyser is being designed to be used by a worker on a building site and not only by experts. 

In consequence, the user interface should be intuitive and easy to use. 

The first step should allow the user to select which type of building site they are testing, new build or 

existing. Then they should be able to choose which type of use cases they will be testing: ie office, retail,  

industrial, housing. Next the user will have the possibility to see the measurement protocol if the user does 

not know the procedure and to start the measurement . 

Once the user reaches the measurement step, the interface will be made in such manner that the user will 

only have to follow the instructions on the screen. For each step in the process, an image will be used if it 

helps the user following current best practices for user friendly interfaces. 

Once the measurements have been completed the results will be displayed in a comprehensive manner. We 

plan that the user will immediately see the indices that have been defined in Section 5. Finally the interface 

will display possible remedial actions that the user could do considering the results. For experts, it is also 

planned to have other levels of information, where they can find in detail the data which has been measured 

and recorded by the device. 
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7 Analyser 

The B2S Analyser will be used indoors so it needs to be portable, robust and to provide accurate 

measurements of the IAQ parameters in real-time. The following specifications are based on these 

requirements. 

7.1 Metrology specifications 

7.1.1 Limit of Detection  

According to the parameters that we would like to measure and the index that we want to display on the 

interface, the meta-sensor in the analyser should be able to monitor the following pollutants, at 

concentrations relevant for IAQ, with a Limit of Detection at least 50% below the long term concentration 

threshold.   

Pollutant name 

Concentration treshold: 

long time exposure 

(µg/m3) 

Concentration treshold: 

short time exposure 

(µg/m3) 

Formaldehyde 10 30 

Benzene 1.7 30 

Naphtalene 10 30 

Trichloroethylene 20 800 

Tetrachloroethylene 250 1.380 

Acetaldehyde 100 200 

Toluene 300 3.000 

Xylene 20 60 

Styrene 30 300 

1,2,4-trimethylbenzene 100 1.000 

1,4-dichlorobenzene 60 300.000 

Ethylbenzene 200 2.000 

2-butoxyethanol 100 1.000 

Acrolein 0.8 6.9 

α-pinene 200 2.000 

Limonene 1.000 10.000 

TVOC 1.000 2.000 

NO2 20 200 

CO 7.000 30.000 

PM 2.5 10 25 

PM10 20 50 

In addition to measuring these pollutants, the meta-sensor will need to monitor CO2, relative humidity, and 

temperature. 

7.1.2 Other metrology specifications (applicable to all parameters) 

These specifications are based on standard specifications of high performance analysers with direct reading 

or real-time measurement. 

Repeatability: LOD ± 2% of reading. 

Linearity: R²≥0.999. 
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Accuracy: 2 x LOD ± 2% of reading. 

Measurement range: for each target compound, from 0 (50% of LOD) to 3 × (threshold for short term 

exposure). 

Measurement time: typically 1s for one compound. A few minutes for multiple parameters. 

7.2 Operational specifications 

7.2.1 Environmental 

Conditions at which the meta-sensor will operate and provide accurate performance. 

Sample gas: ambient pressure and temperature  

Operational temperature range: 15-35°C. 

Operational pressure range: 700-1300 mbar 

7.2.2 Ergonomy 

Weight: less than 3 kilos. 

Dimensions: 50 x 40 x 10 cm (indicative).  One person should be able to displace the meta-sensor with 

one hand in a repeated fashion 50 times during a working day without harmful consequences. 

Autonomy : the rechargeable battery should last up to 8 hours 

Power supply: 110/220V 

Physical interface: Ethernet, USB, Wifi, RS232, Analog output 

7.3 Blue Analyser 

The Blue X-FLR8 analyser has been developed to measure VOCs in real-time, directly on the field. It is a 

laser-based infrared spectrometer, with a Very High Resolution Tunable Laser that can be tuned over 800 

wave numbers in the mid-IR region, with a spectral resolution of 0.01 cm-1. This tunability enables to target 

multiple compounds with a single laser source.  

The analyser generates laser impulses at predetermined wavelengths. These wavelengths are chosen taking 

into account parameters like target compounds, LODs, time to measure, cross-talk between the compounds. 

During the first stage of BUILT2SPEC, such a method has been developed and tested to measure 

Formaldehyde, Benzene and TEX. 
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The absolute limits of detection of the Blue X-FLR8 Analyser are as follows: 

Pollutant name 

Concentration treshold: 

long term exposure 

(µg/m3) 

Blue X-FLR8 

Limit of detection 

(µg/m3) 

Potential target 

compound 

Formaldehyde 10 10 YES 

Benzene 1.7 125 NO 

Naphtalene 10 91 NO 

Trichloroethylene 20 528 NO 

Tetrachloroethylene 250 28000 NO 

Acetaldehyde 100 94 YES 

Toluene 300 146 YES 

Xylene 20 150 NO 

Styrene 30 189 NO 

1,2,4-trimethylbenzene 100   NO 

1,4-dichlorobenzene 60 2092 NO 

Ethylbenzene 200 82 YES 

2-butoxyethanol 100 52 YES 

Acrolein 0.8 125 NO 

α-pinene 200 31 YES 

Limonene 1.000 63 YES 

TVOC 1.000   NO 

NO2 20 93 NO 

CO 7.000  NO 

PM 2.5 10  NO 

PM10 20  NO 

 

These limits of detection of the Blue X-FLR8 analyser are stated for 10s of measurement for one gas. They 

do not take into account the potential cross-talk from other compounds. The current method will be 

expanded to include as many of the target compounds as possible. It will also include if possible the 

measurement of CO2 and water. 

8 Conclusion 

In this deliverable, we have described the context of IAQ issues and we established an inventory of the 

common practices and of the analysers present on the market. From the exiting regulations and the guides 

that were written by national agencies, we performed a selection of parameters that the B2S analyser should 

be able to assess and we explained the reasons why we chose these parameters. We also established an 

inventory of the existing index and we defined the specifications for the index that we will create during 

this project. Finally, we outlined the user-interface and which information it will contain. 

From all these information, we established the analyser specifications in the paragraphs 7.1 and 7.2. In the 

paragraph 7.3, we detailed the current performance of the Blue analyser. From the section 7, we can see 

that the technologies available today do not meet all the specifications that we set regarding the assessment 

of the pollutants and of the physical parameters. However, it is planned to improve the analyser within the 

Task 3.2. With these improvements, the analyser should be able to assess more parameters. Also, some 
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work will be done to lower the limit of detection (LOD) for some pollutants in order to meet the 

specifications criteria for almost all the pollutants.  

Even though we are confident to improve the analyser performances, it could not meet all the criteria by 

January 2017 (beginning of the pilot test). In consequence, an effort will also be done on the definition of 

indices for each use cases as it may not be needed to measure all the pollutant for every use case. The list 

of pollutants will be then adjusted for each use cases while we will develop the indicators and indices.  

For example, in this study we already ruled out the TVOC as we explained that the TVOC concentration 

takes into account all the organic compounds with a chain containing between 6 and 12 carbon. However, 

some organic compounds with this criteria are not harmful so it will not have an impact on the occupants’ 

health, and is then irrelevant to measure for the worker safety. We will conduct this type of analysis for 

each pollutant to build indices which are relevant. 
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Annex 1: Survey 

 

Regulations for indoor air quality survey 

 

Is there any national organism in your country responsible for the 
regulations redaction and the study of the IAQ? If yes, could you precise its 
name? 

There is legislation (through the building codes) but no 'national organisation' especially for IAQ. There is 

the http://www.rivm.nl/Onderwerpen/B/Binnenmilieu/Binnenmilieu_in_woningen which is the national 

institute for public health and environment. IAQ testing can and is being performed by specialized 

companies. (Nieman for example) 

Yes, we have one organism called I.S.S. = Istituto Superiore di Sanità. 

BSI: British standards BS-ISO 1600 Building regulations Part F- Appendix A HSE: Contaminants at work 

DEFRA: Air quality expert group Study: CIBSE, BREEAM assessments  

Ausschuss für Innenraumrichtwerte (früher Ad-hoc-Arbeitsgruppe) des Umwelt Bundesamts 

 

Is there any document presenting a study of the IAQ in your country? If 
yes, does it precise the relationship between IAQ and public health? 

There are many studies, some of which being performed by TNO. To my knowledge this relationship is 

still under debate. There are threshold values for some pollutants. 

In Italy there is no specific legislation at the national level for the control of indoor air quality in buildings. 

An interesting study published in E&P journal (see E&P - anno 38(6) novembre-dicembre 2014) present 

an overview of the IAQ assessment/standards approaches in EU and "what is proposed for Italy". 

The Air quality expert group carried out a study titled “Fine Particulate Matter (2.5) in the U.K.” but it has 

to do with external contaminants I do not know of any other studies. Most IAQ studies are carried out 

privately or by IAQ associations/ groups perhaps IAQuk.org?  

http://www.umweltbundesamt.de/themen/gesundheit/kommissionen-arbeitsgruppen/ausschuss-fuer-

innenraumrichtwerte-vormals-ad-hoc AkkP 23: Einlfuss der Lüftungsstrategie auf die 

Schadstoffkonzentration und -ausbreitung im Raum; Passivhaus Institut 2003 W. Hässig et al: 

Gesundheitliche Aspekte der Komfortlüftung im Wohnbereich; Basler und Hofmann Ingenieure und 

Planer AG; Zürich 2003 

 

What are the current regulations about IAQ in your country? What are the 
concentration limits for pollutants such as volatile organic compounds 
(VOC)(formaldehyde, toluene, acetaldehyde, tetrachloroethylene, xylene, 
styrene,...), small particulates, biocontaminants, ...? 

Regulations in the building code on IAQ are primarily based on a minimum exchange rate (l/s of air being 

exchanged). the basis for this is not known to me, but if necessary we can give more information on this. 

In Italy there is no specific legislation at the national level for the control of indoor air quality in residential 

buildings. Anyway technical standards have been published; here below the main list: - IAQ: UNI EN 

15251:2008; UNI EN ISO 9169:2006; UNI EN ISO 16000-1:2006;... - IAQ in workplaces: UNI EN 
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13890:2009; UNI ISO/TR 27628:2010;... With regard to the workplace and for sensistive ares such as 

hospital and so on, the situatin about IAQ is more clear and mandatory regulations have been published 

and available (e.g. Legislative Decree of 9 April 2008, n. 81 concerning the "protection of health and 

safety in the workplace"). 

The concentration limits are shown in BS ISO 16000 for each contaminant, HSE for work and Building 

regulations for new builds (domestic and non-domestic) 

http://www.umweltbundesamt.de/themen/gesundheit/kommissionen-arbeitsgruppen/ausschuss-fuer-

innenraumrichtwerte-vormals-ad-hoc 

http://www.umweltbundesamt.de/sites/default/files/medien/378/bilder/4_1.png refering to CO2: EN 13779 

(Indoor Air Classification) 

 

Does it exist any standard(s) or common method(s) to assess IAQ or to 
measure materials pollutant emission? 

My knowledge on this is very limited. If of importance we can maybe find someone with more expertise in 

this field. 

At National level we don't have any indicator summarizing IAQ; but we measure and assess 

concentration of the main IAQ parameters based on EU guidelines and standards. E.g.: UNI EN 

14884:2006; UNI 10169:2001. 

BS EN 13986: 2002 : Emissions from wood Panels BS EN 14080 : 2005 Emissions from glued laminated 

timber BS EN 14342: 2005 Emissions from parquet flooring BS EN 14041: 2004: Emissions from vinyl, 

laminated and rubber floorings, linoleum and carpets BS EN 13964: 2004: Emissions from suspended 

ceiling tiles  

 

What is the citizens' awareness to the IAQ matter? What is the position of 
the government about IAQ (regulations, laws, etc.)? 

IAQ is of concern because of increasing energy performance regulations and therefore reduced 

ventilation rates. There are some (negative) examples of this which were in the media. Since then the 

awareness of this has increased. This has led to a (temporary?) decline of the popularity of system D 

ventilation systems. When inhabitants are aware of IAQ it is often because of complaints (draught, 

humidity, stale air) 

For the majority still minimal but people awareness is growing. For the standard users may be not 

relevant aspects but "for front" environmental/building certifications (e.g. LEED, CasaClima, etc.) become 

a distinctive features. The government is still working in this issue but up to date no mandatory regulation 

has been delivered; only few recommendations/guidelines (see above) have been published. 

Citizens' awareness: I do not know Government: IAQ has been introduced in Part L for new constructions  

German government (Umweltbundesamt) provides indicative values (see above) 

 

Do you know new technologies emerging on the market assessing the 
IAQ? If yes, could you precise the company selling them? 

CO2 is the main IAQ parameter which is being measured in many cases. There are many CO2 controlled 

ventilation systems available in the Netherlands. Other measurements are, to my knowledge, only for 

temporal specialist measurements. 

A smart, portable and user-friendly device we bought for an estimation of the IAQ is the "Air Mentor - a 6-

in-1 Indoor Air Quality Monitor" (https://www.air-mentor.com/products) 
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Annex 2: Concentration values threshold for professional long time exposure (mg/m3) 

             

                   Country 

Pollutant N° CAS France Germany NL* UK** Italy Hungary Mexico Estonia Belgium Argentina Austria Denmark Spain Ireland USA Australia 
New 

Zeland 
Switzerland Canada 

Formaldehyde 50-00-0 0.6 0.37 0.15 2.5 - 0.6 - 0.6 - - 0.6 0.4 0.37 2.5 1 1.2 0.6 0.37 0.36 

Benzene 71-43-2 3.25 1.9 3.25 3.25 3.25 3 3.2 1.5 3.25 1.6 3.2 1.6 3.25 3 25 3.2 3.2 1.6 1.6 

Naphtalene 91-20-3 50 0.5 50 - - - 50 50 53 52 50 50 53 50 50 52 52 50 52 

Trichloroethylene 79-01-6 405 60 - 550 - 270 535 50 273 268 33 55 273 54 536 54 269 260 54 

Tetrachloroethylene 127-18-4 138 138 - 345 - 50 670 70 172 170 345 70 172 170 680 340 335 345 170 

Acetaldehyde 75-07-0 180 91 37 37 - 25 - 45 46 - 90 45 - 45 360 36 36 90 - 

Toluene 108-88-3 76.8 190 150 191 192 190 188 192 192 188 190 94 192 192 753 191 188 190 75 

Xylene 

95-47-6 

108-38-3 

106-42-3 

221 - 210 220 221 221 435 221 221 434 221 109 221 221 - - 217 - 434 

Styrene 100-42-5 215 86 - 430 - 50 215 90 216 85 85 105 86 85 425 213 213 85 - 

1,2,4-

trimethylbenzene 
95-63-6 100 100 100 125 100 - - 100 - - 100 100 100 100 - - - - - 

1,4-dichlorobenzene 106-46-7 4.5 6 150 153 122 122 450 122 61 60 122 60 122 122 450 150 153 122 60 

Ethylbenzene 100-41-4 88.4 88 215 441 442 442 435 442 442 434 440 217 441 442 435 434 434 220 87 

2-butoxyethanol 111-76-2 49 49 100 123 98 98 120 98 98 97 98 98 98 98 240 97 121 49 97 

Acrolein 107-02-8 - 0.2 - 0.23 - 0.23 0.25 0.2 0.23 - 0.25 0.12 0.23 0.25 0.25 0.23 0.23 0.25 - 

α-pinene 80-56-8 - - - - - - - 150 111 - - - - - - - - - 111 

Limonene 

5989-27-5 

5989-54-8 

138-86-3 

- - - - - - - - - - - 390 - - - - - 40 - 

Hexanal 66-25-1 - - - - - - - - - - - - - - - - - - - 

delta-3-carene 13466-78-9 - - - - - - - 150 111 - - - - - - - - - 111 

TVOC  - - - - - - - - - - - - - - - - - - - 

NO2 10102-44-0 - - 0.4 - - 9 6 4 5.7 5.6 6 4 5.7 5 30 5.6 5.6 6 - 

CO 630-08-0 55 - 29 35 - 33 55 40 29 29 33 29 29 23 9 34 27 35 29 

PM 2.5 - 0.01 - - - - - - - - - - - - - - - - - - 

PM10 - 0.02 - - - - - - - - - - - - - 0.05 - - - - 

* Netherlands 

**United Kingdom 
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Annex 3: Concentration values threshold for professional short time exposure (mg/m3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* Netherlands 

**United Kingdom 

 

             

                   Country 

Pollutant 

N° CAS France NL* UK** Italy Hungary Mexico Estonia Belgium Argentina Austria Spain Ireland USA Australia New Zeland Switzerland Canada 

Formaldehyde 50-00-0 1.2 0.5 2.5 - 0.6 3 1.2 0.38 0.4 0.6 - 2.5 2.5 2.5 1.2 0.74 1.2 

Benzene 71-43-2 - - - - - 16 9 - 8 12.8 - - - - 8 - 8 

Naphtalene 91-20-3 - 80 - - - 75 - 80 79 - 80 75 - 79 79 - 79 

Trichloroethylene 79-01-6 108 - 820 - 540 1080 140 545 536 132 - 134 1072 216 1070 520 134 

Tetrachloroethylene 127-18-4 275 - 689 - 50 1340 170 695 679 1380 689 678 1360 1020 1005 690 679 

Acetaldehyde 75-07-0 - 92 92 - 25 45 90 - 45 90 46 45 - 91 90 90 45 

Toluene 108-88-3 384 384 384 - 380 - 384 384 - 380 384 384 1129 574 - 760 - 

Xylene 

95-47-6 

108-38-3 

106-42-3 

442 442 441 442 442 635 442 442 650 442 442 442 - - - - 650 

Styrene 100-42-5 - - 1080  50 425 200 432 170 340 172 170 851 426 426 170 - 

1,2,4-trimethylbenzene 95-63-6 250 200 - - 100 - - - - 150 - - - - - - - 

1,4-dichlorobenzene 106-46-7 306 300 306 300 306 675 306 306 - 306 306 306  300 306 - - 

Ethylbenzene 100-41-4 442 430 552 884 884 545 884 551 542 880 884 884 - 543 543 220 - 

2-butoxyethanol 111-76-2 246 246 246 246 246 360 246 246 - 200 245 246 - 242 - 98 - 

Acrolein 107-02-8 0.25 - 0.7 - 0.23 0.8 0.7 0.7 0.2 0.25 0.69 0.8 - 0.69 - 0.25 0.23 

α-pinene 80-56-8 - - - - - - 300 - - - - - - - - - - 

Limonene 

5989-27-5 

5989-54-8 

138-86-3 

- - - - - - - - - - - - - - - 80 - 

Hexanal 66-25-1 - - - - - - - - - - - - - - - - - 

delta-3-carene 13466-78-9 - - - - - - 300 - - - - - - - - - - 

TVOC  -  - - - - - - - - - - - - - - - 

NO2 10102-44-0 6 1 - - 9 10 10 9.5 9.4 12 9.6 9 - 9.4 9.4 6 1.9 

CO 630-08-0 100 - 232 - 66 400 120 - - 66 - 115 35 - 230 70 115 

PM 2.5 - 0.025 - - - - - - - - - - - - - - - - 

PM10 - 0.05 - - - - - - - - - - - 0.15 - - - - 
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Annex 4: Guidelines concentrations values threshold for short time and longtime exposure (µg/m3) 

Organization 

Pollutant 
N° CAS 

Netherlands Germany (AGOEF) WHO Europe ANSES (France) 
Etiquetage A+ 

Long time Short time Long time Short time Long time Short time Long time Short time Long time 

Formaldehyde 50-00-0 0.0012 100 30 100 (30min) - 
30 

(30min) 
- 50 (2h) 10 10 

Benzene 71-43-2 0.02 - - - 1.7 - 
As low as 

possible 
30 (1-14 days) 2 - 

Naphtalene 91-20-3 0.025 30 10 - 10 - 10 - 10 - 

Trichloroethylene 79-01-6 0.2 - - - 23 - - 800 20 - 

Tetrachloroethylene 127-18-4 0.25 - - - 250 - - 1 380 (1-14 days) 250 250 

Acetaldehyde 75-07-0 - 1 100 - - 200 200 3000 (1h) 160 200 

Toluene 108-88-3 - 3 300 - - 15 000 300 - - 300 

Xylene 

95-47-6 

108-38-3 

106-42-3 

0.87 60 20 - - - 200 - - 200 

Styrene 100-42-5 0.9 300 30 - - 2000 250 - - 200 

1,2,4-trimethylbenzene 95-63-6 - 1 000 100 - - - - - - 1 000 

1,4-dichlorobenzene 106-46-7 0.67 - - - - - - - - 60 

Ethylbenzene 100-41-4 0.77 2 000 200 - - - - - - 750 

2-butoxyethanol 111-76-2 - 1 000 100 - - - - - - 1000 

Acrolein 107-02-8 - - - - - - - 6.9 (1h) 0.8 - 

α-pinene 80-56-8 - 2 000 200 - - - - - - - 

Limonene 

5989-27-5 

5989-54-8 

138-86-3 

- 10 000 1 000 - - - - - - - 

Hexanal 66-25-1 - 2 000 100 - - - - - - - 

delta-3-carene 13466-78-9 - 2 000 200 - - - - - - - 

TVOC  - - - - - - - - - 1 000 

NO2 10102-44-0 0.2 350 60 200 (1h) 40 (1year) 200 (1h) 40 200 (1h) 20 - 

CO 630-08-0 10 - - 
100 000 

(15min) 
7 000 (24h) 

30 000 

(1h) 
10 000 (8h) 100 000 (15min) 10 000 (8h) - 

PM 2.5 - 0.024 - - 25 10 - - 25 10 - 

PM10 - 0.05 - - 50 20 - - 50 20 - 
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Annex 5: Occupational Exposure Limits in France, Germany, 

Ireland, Italy, Netherlands, Spain and the UK  

 France87 

 

                                                      
87 Le ministère de l'emploi, du travail et de la cohésion sociale et le ministère de l'agriculture, de l'alimentation, de 

la pêche et des affaires rurales, 2004, Arrêté du 30 juin 2004 établissant la liste des valeurs limites d'exposition 

professionnelle indicatives en application de l'article R. 23255 du code du travail 
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 Germany88 

   

 

 

                                                      
88 Bundesministerium für Arbeit und Soziales, 2006, Technische Regeln für Gefahrstoffe, Arbeitsplatzgrenzwerte, 

TRGS 900 and TGRS 910; Available at: http://www.baua.de/de/Themen-von-A-Z/Gefahrstoffe/TRGS/TRGS-

900.html  

http://www.baua.de/de/Themen-von-A-Z/Gefahrstoffe/TRGS/TRGS-900.html
http://www.baua.de/de/Themen-von-A-Z/Gefahrstoffe/TRGS/TRGS-900.html
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 Ireland89 

 

                                                      
89 Health and Safety Authority, 2011, 2011 Code of Practice for the Safety, Health and Welfare at Work (Chemical 

Agent) Regulations 2001. S.I. No. 619 of 2001.  
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 Italy90 

 

                                                      
90 Ministero del Lavoro e delle Politiche Sociali – Ministero della Salute, 2008,  Criteri di qualificazione della figura 

del formatore per la salute e sicurezza sul lavoro, articolo 6, comma 8, lett. m-bis, del Decreto Legislativo n. 81/2008 

e s.m.i., Allegato XXXVIII. 
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  Netherlands91 

 

                                                      
91Minister van Sociale Zaken en Werkgelegenheid, 2016, Arbeidsomstandighedenregeling. Available at 

http://wetten.overheid.nl/BWBR0008587/20160401/0/afdrukken 
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 Spain92 

                                                      
92  Instituto Nacional de Seguridad e Higiene en el Trabajo (INSHT), 2008, Limites de exposicion profesional para 

agentes quimicos en Espana 
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 United Kingdom93 

 

 

 

 

 

  

                                                      
93 Health and Safety Executive , 2011, EH40/2005 Workplace exposure limits 
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