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Executive summary

TheDeliverable D3.4entitled AIAQ specifications 1 s a p u élivered irdtlee cantext af WP3,
Task 3.2 Indoor Air quality.

This work is part of the projecin Tools for the 21st Century Construction Worksite (BLAEPEC)and
is financed by the European Uniander the Horizon 2020 Program

This celiverable D3.4ims toset specifications for thedoor Air Quality (IAQ)analysef metasensor, the
indicators, he man machie interface, and the BIM pfatm. 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 onghie able to interpret éhresultsand act in consequenéeven 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 madevant parameters is then presented,

- From this list, the relevant indicators are defined,

- Theideal way to treat and present these results has been them determined along with the
recommended actions to be taken

- Usingthesecriteria the specificationfor the IAQ analysehasbeen defined
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Abbreviations

B2S= Built to Specificatios
DOA = Description of Action
CS = Communication Strategy
WP = Work Package.
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2 Introduction

Thedeliverable 3.4 is the first deliverable written in the context otdkk3.2. This taskvill lead tothe
development ofnair qualityanalysemlong withsurvey indicatorsThese tools will allovchecking some
equipment, analyzing indoor air pollutant sourgestectingthe workers during the building constructjon
and protectingthe u®rs during the bldingd s o ¢ c Ingoar tairgoatity (IAQ) has in the past few
decades beconproblematicandit has become a republic health issuéecause people now spend about
85% of their time indoorsin the BUILT2SPECframework, it is necessary to integratensomeansto
identify any health riskusing the surveyplatform The targeted devgiments in this framework will
integratea set ofminiaturizedmeasurement solutions able to as$A€s parametersto analyseand treat
the registered dataandto transfer the informatiomto a VCMP platform integrated with BIM This
platform will integrate all theéoolsandresourcesleveloped in this project.

The deliverable 3.4 summarizes the information collected during the first step of thighiakkaims to
determinethe required specificatiorier the IAQ analyserthe indicators, and the mamachine interface

During this preliminary step, the nature of thie constituentsand theircharacteristicavhich will be
monitored was determined. Thus itvas decided if physicalparameters (T, RH%CQO,), chemical
pollutants, physical pollutants (particlesy bio-contaminant will beneasured. Theature ofthe selected
compounds haadirect impact on the finanalyserspecifications and structure (sensmally integrated
or composed of numerous solution blocks

According to the selected compounds and parameters, the feasibility to build one or more ingdésators
studied. These indicators will make the results easier to reddefaisersDuring thisfirst stage of work
the feasibility of the creation of these indicators and fse@ated specifications watidied.

The detailed specifications for the IAQ interface and for the BIM platfsthendescribed. This interface

will have an informativeale 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 tHAQ results observed

Finally, the specificabns of the sensor @nalysemwhich will allow on-site measurementgere defined
At the end of this work, the design, the dimensions, the autgremmaythe typology of the senseere
determined
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3 1AQ context

We breathe about 12,000L of air per day. Tiiss composedfaseveral compounds among whigbme

have been determined as dangeffoushiuman health. IAQ constitutes a major issue for human health as
we spend 85% of our time inddorhere we are exposed to indoor pollutafiisese pollutantsan be
biological (bacteriaspores, virusgs chemical (volatile organic compounds), or physical (radiwst,
particulate matte)). There are many sources of pollutants: construction and decoration materials, human
activities (cookingsmoking, consumer produs (air fresheners, perfumesghesives, carpgtdurniture,

and outdoors pollutants.

IAQ is a major issuaffecing human health. Indeedh 2012, WHO reported thdiad air qualitywas
responsible for 600,00@eaths per years within the EU, among which 118,000 can be attribysedrto
IAQ.2 It has a significant economic impact due to lost time at work and in edudatiemthough the cast

are very hard to determine precisely as the impacts are still nokwesln, all the studies estimate the
costs to several tens of billions of euros. For exantpelS EPA (Environmental Protection Agency)
estimate that sick leave due tpoorlAQ cost abou®0 billion dollars every year within the US@ost
productivity, compensation anldealtlcare) and that these costs could even reach 120 billions of dollars if
the loss of productivity due to the staff absence is taken into actAlsat, in 2015, WHO estimated that
the deathsand the sicknessesused bypoor IAQ cost about 430 billion eurosper yearover the28
countriesin the EU.*

The specificatiorfor the 1AQ analysemill strongly depend on the legislatidor IAQ in the EUand the

rest ofthe world as this type of legislations tends to align withsthetestregulationsvorldwide. In order

to have an ovetew of the legislation andf 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
courtry (France, Germanyreland,ltaly, Netherlands, Spaimnd United Kingdom The survey and the
answers of the partners can be found in&heex 1.

In order to complete thinformation and to have a better overview of the legislation worldwide, a deep
analysis was then conduct&tie researchethe IAQ legislation for twelve more countrissour database

lAnsessAgence nationale de s®curit® sanitaif@ualei t ®ade mled
[Online] Available: https://www.anses.fr/fr/content/qualdél 6 ai r . [ ApgrRtdSy.sed: 29

2WHO, 2014 Al most 600 000 deaths due t o ai r [Oplioe]Availdbleon i n
at  http://www.euro.who.int/enéualthtopics/environmenandhealth/airquality/news/news/2014/03/almeS00-
000-deathsdueto-air-pollution-in-europenewwho-globatreport. [Accessedt4-Apr-2014.

3 T. Gonsoulin and T. Worthan2009 A The consequence[©Onling fAvailalded at: | AQ, 0
http://www.facilitiesnet.com/iag/article/Theonsequence®f-Bad1AQ-FacilitiesManagementAQ-Feature-

10618

4 WHO Regional Office for Europe, OECR015 AEconomic cost of the health in
Cleanairheal t h and wealtho. Copenhagen: WHO Regional Of fi
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is froml9 countriesin total including Hungary, Mexicd®, Estonid, Belgiun?, Argentind, Austria?®,
Denmark!, USA'?, Australid® New Zealantf, Switzetand®, and Canadé

3.1 Legislation and common practicesabout IAQ

3.1.1 Legislation

The analysis revealed that thenee generallynot many regulationfor IAQ in most of these countries

Most of thelegislationis regarding workplace exposure limits, which correspond toptteel | ut ant s
concentratiorvalues consideredacceptable fodifferent time exposure§or housing anduildingsopen

to the public, thereis no specific legislation for IAQ though building regaitions generally require a

minimum amount of ventilatiarThe valuesgiven by national agencigggarding worklace exposure

limits are quite highfor each pollutantompared to the values given by national instituté® values

foundfor the different cantries are summarized Annex 2(longtime exposurg andin Annex 3(short

time exposurg

5 Limit values Hungary: Ministry of Health and Ministry of Social and Family Affairs on the Chemical Safety at
Work, Annex 1, 200Q Article 25/2000.(1X.30.) EUMSZCSM egyiittes rendelet: A muathelyek kémiai
biztonsagardl, 1.melléklet, Magyar K6zldny, 99 szam 68508 old. moédositva a 13/2002 (X1.28.) ESZCEFMMM

€s a 13/2006 (lll. 23.) EUNF MM e gy ¢t t es r eJoidtdeceee Noe 25/200@&(IXB0.) EeSZEEM
issued by the., Magyardglony, Vol 99, pp 6150 6178, modified by Joint Decree No 13/2002(X1.28.) ESZCSM
FMM and Joint Decree No 13/2006 (l1l. 23.) EERMM. Available at:www.mhk.hu

6 Limit values Mexico: Secretaria drabajo y prevision social segunda secci®89 NORMA Oficial Mexicana
NOM-010-STPS1999, Condiciones de seguridad e higiene en los centros de trabajo donde se manejen, transporten,
procesen 0 almacenen sustancias quimicas capaces de generar cogtamelcimedio ambiente laboral.

Limit values Estonia: Government of the Repulifi@Q1, Regulation n° 293 Tookeskkonna keemiliste ohutegurite
piirnormid, RT | 2001, 77, 460. Available at: https://www.riigiteataja.ee/akt/12874145

8 Limit values Belgium:Service Publique Fédéral Emploi, Travail et Concertation Soc2@l&4 Arrété royal

modi fiant | darr°t® royal du 11 mars 2002 relatif ~ 1 a
risques liés a des agents chimiques sur ledétravail

9 Limit values Argentina: Ministerio de Trabajo, Empleo y Seguridad S&@&fal3 Resolucion 295/2003 Apruébanse
especificaciones técnicas sobre ergonomia y levantamiento manual de cargas, y sobre radiaciones.

10 Limit values Austria: Bundesmirtisrs fiir Arbeit, Soziales und Konsumentensch@@l1, Grenzwerte fur
Arbeitsstoffe sowie Uber krebserzeugende und tber fortpflanzungsgefahrdende (reproduktionstoxische) Arbeitsstoffe
(Grenzwerteverordnung 2011GKV 2011)

11 1imit values Denmark: Arbejddsiynet, 2007, At-Vejledningi STOFFER OG MATERIALERi C.0.1 (Limit

Values for Substances and Materials)

2 Limit values USA: Occupational Safety & Health Administrati®®99 Regulations, Standard29 CFR, Part

1910- Occupational Safety and Health Standards, SubpafioZic and Hazardous Substances, Section 191000

T Air contaminants

13 Limit values Australia: Safe Work AustraliaD13Workplace Exposure standards fairborne Contaminants
Available at: www.safeworkaustralia.gov.au

1 Limit values New Zealand: Ministry of Business, Innovation and Employn0it3 Workplace Exposure
Standards and Biologic&xposure IndicesAvailable at:www.mbie.govt.nz.

B Limit values Swiss: Suva, Protection de la santé au postedet2dbd Val eurs | i mites doéexp
de travail 2014

%L imit values CanadaNationalResearclCouncilCanada2005 Indoor Air Quality Guidelinesind Standards
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Annex 5 presens the detail of the values found for the EU countriésthe B2S partnersFrancé’,
Germany?, Ireland®, Italy?°, Netherland®, Spair?, and UnitecKingdont3,

Although thereare not strongnational or globategulations in placghereexists a lot of standardsd
guideline valueghat have been defined by organizations or insstwerkingin this area There is
generally at least one institute wargiin this area in eaatountry.The World Health Organization (WHO)

has developed severajuideline values fomine selectedbollutant$* that have been regoized as
dangerous for human healfthe values given by WHO, EurodgEnvironmental an@ccupational Health

& Safety (ANSESY®, and the values given for labelling in Fraticere summarizeth Annex 4 These
pollutant concentration values are much more restrictive that the ones for workplace exposure limits, and
one can think that these value#l become standards in tlieture

17 Limit Values Francete ministére de I'emploi, du travail et de la cohésion sociale et le ministére de l'agriculture,
de l'alimentation, de la péche et des affaires rurd@®} Arrété du 30 juin 2004 établissant la liste des valeurs
limites d'exposition professionnelle imdiives en application de l'article R. 23255 du code du travail

18 Limit values Germany: Bundesministerium fiir Arbeit und Soziales, 2006, Technische Regeln fur Gefahrstoffe,
Arbeitsplatzgrenzwerte, TRGS 90@nd TGRS 910 Available at: http://www.baua.de/de/Themeamn-A-
Z/Gefahrstoffe/ TRGS/TRGS00.html

9 Limit values IrelandHealth and Safety Authorit2011, 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 ltaly: Ministero del Lavoro e delle Politiche SocialMinistero della Salute2008 Criteri di
qualificazione déh figura del formatore per Isalute e sicurezza sul lavomticolo 6, comma 8, lett. rbis, del
Decreto legislativo n. 81/2008 e s.mAllegato XXXVIII .

2! Limit valuesNetherlandsMinister van Sociale Zaken en Werkgelegenh2ail,§
ArbeidsomstandigedenregelingAvailable at http://wetten.overheid.nl/BWBR0008587/20160401/0/afdrukken
22 Limit valuesSpain Instituto Nacional de Seguridad e Higiene en el Trabajo (INS2003 Limites de exposicion
profesional para agentes quimicos en Espana

23 Limit valuesUnited Kingdom:Health and Safety Executiy011, EH40/2005 Workplace exposure limits

24WHO, 2010 Guidelines for indoor air quality: selected pollutat&BN 978 92 890 0213 4

25 The Commission of the European Communit@)6 COMMISSION DIRECTVE 2006/15/ECof 7 February
2006 establishing a second list of indicative occupational exposure limit values in imfa&are of Council
Directive 98/24/EC and amending Directives 91/322/EEC and 2000/39/EC

26ANSES,2015 Experti se en appmsuipriodud@&tsi gduweatneequeb | e me n't
27 Le ministére de I'écologie, du développement durable, des transports et du logienmainistére de I'économie,
des finances et de l'industriée ministére du travail, de I'emploi et de la sa@t#, 1, Arrété du 19 avril @11 relatif

a l'étiquetage des produits de construction ou de revétement de mur ou de sol et des peintures et vernis sur leurs
émissions de polluants volatils
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The following table gives the most restrictiv@uefor the most relevant pollutants (the explanation of this
choice of pollutants will beletailed insection4 (Monitored parameters

Concentratiorireshold: | Concentration treshold
Pollutant name long timeexposure short timeexposure

(Hg/n) (Hg/n)
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, 4trimethylbenzene 100 1.000
1,4-dichlorobenzene 60 300000
Ethylbenzene 200 2.000
2-butoxyethanol 100 1.000
Acrolein 0.8 6.9
Upinene 200 2.000
Limonene 1.000 10.000
TVOC 1.000 2.000
NO; 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 IAQevaluatonand citizends awareness

IAQ is becoming more of ailssuedue totheincrease in the airtightness of new buildinigat has been
induced bynewregulationdor energyefficiency. In response to this mattestudies have been carried out
to analysethe indoor air quality o& panel ofepresentativbuildingsin several countries

In Europe,at a national levethe most extensive studies have been carried out by Germany and France.
The Federal Environment Agency in Germany has conductiek astudies since 198%in order to
determine thexposuref the German population to pollutants and its relationshipheith issue€ach

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

of IAQ over the years:

- The first stage (198%986) targeted thexposureof the population to 18 heavy metals such as
aluminum,arsenic,and barium to pesticides such as lindanend to VOCsThey tested 2700
adults living in 100 different cities, distributed in 465 buildinghis first study revealed that
almost all the housing presented VOC concentration values much highénelguide values for
the majority of the pollutants such as benzene and formaldehyde. Indeed, the median

28 C. Schulz, A. Conrad, K. Becker, M. Kolos&&hring, M. Seiwert& B. Seifert Int. J. Hyg.Envron.-Health
2007, 210, 271 297, More information available atttp://www.umweltbundesamt.de/en/topics/health/assessing
environmentallyrelatedhealthrisks/germarenvironmentakurveygeres
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concentration value for benzene was more than 3 times higher than the guide value (3.2 pg/m
and the median concentration for formaldehyde was thare5 times higher than the guide value
(55 pg/nd).

- The second sty (19901992) hasbeen realized both ithe former East Germany and the
former West Germangn 4287 adults and 812 children distributed in 861 éoiurs150 different
locations. This seconstudyalsofocusedmostlyon heavy metalspesticidesand VOCs, but new
components such as sewdlatile organic compounds (SVOCSs) and biocides werezalatysel.
Generally, the pesticides concentration valuevang low (median value at 0.3 ug/g). However,
the maximum values can be very high as 270ug/g of permetiasmeasured on one person.
Also, the formaldehyde concentration was still very high amedian value at 70ugfn7 times
the guide value

- The thrd study (19971999)hasbeen 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, seand age). The majority of the compoumasasured here are different
from the two previous studieShey systematicallystudied compounds such as biocides,
polychlorobiphenyles (PCB), and others pyrethrinoidas200 of the houses flame retardant
(phthalate and organophosphates) and polyctdolfionamide diphenylethers wesealysél. In
one hand, they could observe that the concentration values of biocides and PCB are very different
from one house to anotheghe major compounds found for these two pollutant types being the
PCP and the PCB13@&spectively On another hand, the concentration values of the phthalates
and organophtalatege present in every hoydbe dominant compounds for these two families
being the DEHP and the TBEP respectively.

- The fouth sudy (20032006) hadhe objectiveto 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 phasd an the endocrine system during puberty. These data
had alreadypeen collected during the previous phases but only concerned children whose age was
between 6 and 14. In this study, the datsupdated and took into account the children whose
age was between 3 and 5, and 1800 children in total were recruited (b8tewggti4 years old).
They wereseleced from the sam&50 citiesin the second studyn each city, 12 children were
picked (3 in each age category5 3ears old, @ years old, 9.1 years old, and 124 years old)
For this study, thanalyse compoundsvere heavy metalsorganochlorines (PCB, DDE, HCB,
a n d-HCH), nicotine, cotinine, organophosphate, PCP and other chloroph@ob}syclic
aromatic hydrocarbons metabolitasdpyrethroid metabolite8/OCs concentration values were
alsoanalyse, and itwasdemonstrated that the median concentration value of the formaldehyde
was more than twice the guide value (25.7&yand that more than 90% of the houses presented
concentration values higher than the guide value. However, the concentrations vahes of
toluene found are inferior to the one of the guide value, andaheentratiorof benzenavas
guite good as 50% of the houses present concentratiorsvaider the guide values and 98% of
the houses present values three times lower than the shorex@osureguide. They also
measured the impact of noise on the children.

InFrancefiL 6 Ob s erev ateoil a Qu al i (O®AI théoorlAid Quelity Mbnitoting Centgeu r 0
conducted several studfésince 2003n dwellings,offices andschools Among these studies, some of

29 a) L. Mosqueron, S.Kirchner, V. NedellegEnvironnementRisques & Santénarch - april 2002 p. 3141; b) S.
Kirchner, N. Pasquier, M. Derbez, O. Ramalho, C. lannacdi®ié- Techniques Sciences & Méthodiedy -
august 2005 p. 3442; c) C. Mandin, S. KirchnePRollution Atmosphériquel85,january -march 2005 p. 5968.;
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them have been realized in the context of European projects and have been realized on buildings across 23
European countrie®verall, these studigsvealed 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 fromstreand that it can be corrected by
installing good practices such as using cleaning predhuat release less harmful compounds

2) Inschools, the evaluation showed 8% of the schoolgresent a concentration in formaldehyde
lower than30 ug/n? which is the guide value for short term exposure. However, only 43% of the
schools presented satisfactory benzene concentration val@gsy(n¥) and 27% of the buildings
contained at least one room which was not enough ventil&reerall, 31% of the swols
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) Regardingdwellings theformaldehydeand the benzermncentrabn values arehigher than thie
respectiveguide values for almost all the buildings in France

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

causes of this poor IAQ is a combination of seiv&etorsamong whichhe lack of ventilatiorand he

uses bBehaviorare the most importarithe improper sizing, setup, and the absence of maintenance of the
ventilation systemsignificantlyimpact the IAQin a buildingUs er s 6 behavi dsrsmoke,| eani |
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 ventilationssgms increases.

These studies indirectly show that sepectiontechniques for ventilation systems and measduoeisg
thedesign anaonstruction stagecould helpto improve IAQ and that portable sessessment techniques
during and afteconstruction would be useful.

3.2 1AQ Analysers on the market
The currenR&D onindoor air quality (IAQ)Mmeasurement systems focuses on two axes that tend to merge.

The firstaxisis aboutthe development of portable equipméidvices)or scientific applicons devices
thatpossess high measurement accura@ee section 2For example, in th€RIMEQUAL2 project in
2013 aportable formaldehyde analysenich weightsapproximatéy 8 kg and measures 2&®23x 38cm
was developetl. This technology was tar transferred to gartup (I n 6 Solutionsg®%. This project has
sincebeen taken over by tHeNRSwhich started a new project aiming to devedojprmaldehyde micro
analyser

d) S.Kirchner,Revue des Maladies Respiratoirfsbruary 2007, p. 236237 [d0i:10.1016/S0768425(07)91047

5]; e) S. Kirchner, J.F. Arénes, Cochet C., M; Derbez, C. Duboudin, P. Elias, A. Grégoire, B. Jédor, J.P. Lucas, N.
Pasquier, M. Pigneret, O. Ramallimmvironnement, Risques & Sanjidly -august 2007 p. 250269 [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 atmosphériqueapril - june 201Q 206, p. 159165; g) S. Kirchner, M. Derbez, C. Duboudin,

P. Elias, J. GarrigyeA. Grégoire, J.P. Lucas, N. Pasquier, O. Ramalho, N. WAi¥S; Contributed Repor2009

30 p.

305, Le Calvé, M. Guglielmino, W. Zheng, P. Bernhardt, S. Englaro, M. Emo, M. Brogat, S. BB@K®r, i Anal yseur
du for mal d®hRédlisatiodd ms pr daiot ype transportable automati s

311 n 6 Ai r 0[Gntine]Wtailablewts http://www.inairsolutions.fr/seicesetproduits/nosproduits/
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The secondndnew axis of R&D, detailed isection 3concernghe developmat of simple and connected
devices thatcan be usedy the "general public"Compared to the devices developed for scientific
applications,ltese systemare generally lessccurae, betterdesigred connecéd,andpresent simplified
user interface. Data are collectedalysel and can be seen at any time by the aedanblets, computers,
or smartphonesMoreover, thidype of sensorstarts to be associat&dth other electronic systenssich

as humidity and temperature cdrollers in order to improve the IAQrhe paragraphs 3.2.1 and 3.2.2
present a noexhaustive list of thesanalyses.

3.2.1 High accuracy systems for indoor air quality measurement

3.2.1.1. Gas concentratiormeasurementevices

U Blue Industry and Sciencel Blue X-FLR8 IA Q Monitoring 22

f Real timemeasurements
1  Multi- gas capacity at fidevel

1 Volatile organic compounds (VOCSs)
measured: drmaldehyde, benzene, toluene,
xylene, phthalate esters, nitrogen dioxide,
trichloroethylene, and many other gases
(several hundreds)

Industry & Science

1  Simultaneous measuremsat ppb level

I  Source detection mode

U Bacharachi IEQ Check?3

Utilisation rang o 0 o
(T°C, HR -5°Cto + 55°C/- 010 99.9%

\
- . .
BACHARACH Precision £ 010 2 01%

The Measurable Difference (ToC HR)
TVOC Measurement range 102 ppm
. . 19.7cm x 9.8 cm X.8 cm
Dimensions
567 g

Table 2 : IEQ Check specifications

Depending on thenode] this system cameasure the following parameters
1 Temperature
Humidity
Carbondioxide (CQ) concentration

1
1
1 Carbonmonoxide (CO)xoncentration
1 Oxygen (Q) concentration

1

FormaldehydéHCHO) concentration

2Bl ue InBluasELR&sl AQ Monitoringo [Onlinel]
Availableat http://www.blueindustryandscience.com/productiv&-iag-monitoring/

31 B ac halEQChback Oiline]Availableat http://www.mybacharach.com/iezhek.htm
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Nitrogendioxide (NG) concentration

Nitrogenmonoxide (NO)concentration

Sulphurdioxide (SQ) concentration

Total Volatile Organic Compounds (TV@Cconcentration

Ammonia (NH) concentration

= =4 =4 A4 -—a -2

Hydrogensulphur (H:S) concentration

U EcolLogicSense e-VOC34

HEE : m

=COLOGICS=NS: Lt
Utilisation range (T°C, HR, P, -20°Cto + 50°C/ 0 to 90%/ 800hPao 1100HPa
Precision (T°C, HR, P) | £ 0.5°C from 5 t040°C) / = 3% from 20to 80% HR) / £ 2.5hP3
TvOC Measurement range :t0 2 ppm
Technology Photo lonisatiordetection (10.6 eV)
Detection Limit 5 ppb
Uncertainty +/- (2% ofreading value- 5 ppb)
Power Rechargeable battery
Autonomy 1to 3 weeks
Dimensions 16x 16 x 6 {cm)
800 g

Table 3: e-VOC specifications

U Etherai NEMo3®

YAEcCOL geieV®EC O [ Onl i ne]

Available at: https://sites.google.com/site/ecologicsense/produits/sitydcapteurde-cov.

% AEt hie NE Mo o0 [ QAvdilable et] http://www.etherdabs.fr/:39436NEMo-Next-Environmenta
Monitoring.php.

Deliverable3.4 15 IAQ specifications



Iz i

FBUILT2SPEC

Tools for the 21st Century Construction Worksite Funded by the European Unian

1 Nanoporous sensdechnology for a selective measurement of formaldehyde@ug/m
1 CO:; measurement by NDIR sensor

1 Possible extension to other gases

CO2/ TIGHNESS
Detection method NDIR
Measurement range 0to 5000 ppm
Resolution 1 ppm
Uncertainty +/- 50 ppm (+ 3 % ofreadingvalue
Response time < 30 seconds
FORMALDEHYDE
Detection method Optical readingn consumat;leegr?rgoelgl; gorous nanenaterial (patented
Measurement range 0to 2000 ppb (Go 2.5 mg/n¥), according to the exposure time
Sensibility Up to 1 ppb according to the exposure time
Sampling Method Passive diffusion
Difference with DNPH < 25 0
method
Consumable conservation Conservation between 2 et 8°C
TEMPERATURE
Sensor type CMOS
Measurement range -25°Cto +55°C
Resolution 0.08°C
Precision +/- 2°C over the fullrange (+f 1°C from 0°C to 55°C)
HUMIDITY
Sensor type Capacitive
Measurement range 0to 95 % (++ 3 % of thereadingvalue
Resolution 0.08 %
Precision +/- 5 % over the full range (+8 %from 20°Cto 55°C)
PRESSURE
Sensor type CMOS
Measurement range 300t0 1100 hPa
Resolution +/- 0.01 hPa
Precision +/- 1 hPa

Table 4 : NEMo specifications

U Environnement SA3®

e\

Environnement s.a

®RENnvironmement SA
[Online] Available at: http://www.environnemest.fr/productgpage/fr/surveillance_qualite_air/analyseurs_gaz/.
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Can contain the following gas sensors

1

= =4 =4 -4 -4 -8 -2

AC32M : nitrogenoxide

AC32M-CNH3: ammoniac anaditrogenoxide

AF22M : sulphurdioxide

AF22M-TRS: sulfur dioxide and othesulfur reduced compounds
CO12M: carbonmonoxide,carbondioxide andmethane

HC51M : total hydrocarbons

0O342M: ozone

VOC72M: 6 measured compounds inrsdard configuration : benzene, tolueathyl benzeae,
p-xylene + m, exylene, 1,3butadiene gther compounds on request)

U Cairpol i CairSens”’

AR POL

The integrated system CairSeaasomposed odn amperometric sensor, a dynamic sampling air system,

a patented filterand an electronic circuif he combination of these elements allauwsaitime display of

the measured concentratgand an internal data backdphe specific filtedimits the effects of the relative
humidity variationon the measuremenfThe combination betweenis#tfilter andthe dynamic sampling

results in he excellent reliability of the measuremeMoreover, the concentrations measured are
equivalent to the ones measured with reference methods thanks to the performance of the sensor.
Miniaturization and low power consumptiafi micro-sensor, originally designed for a portable version
(CairClip), enable the deployment of autonomous stations with CairTub reteafevireless networks

with CairNet release.

1

1
1
1

Os/NO, : measurement range 0 to 250 ppb
H.S/CHSH : measurement ranget® 1000ppb or 0 to 10/20 ppm
NH3 : measurement range O to 25 ppm

COV : measurement range 0 to 16 ppm

i CaiirQuaocilr Se ns Availabeatl i n e ]
http://www.cairpol.com/index.php?option=com_content&view=article&id=6&Itemid=107&lang=fr.
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U SLG instrumentT Gas sensot®

SLG

instruments

The sensor has a mufiarameters and muitioints wireless system.

Different gas sensors are available:

Resolution Max. Life time

Gas Ref (opm) Zero offset |£1 ppm (yean)
(+20 +40°C)

CO | ESO101 1 9 3
NO, | ESO108 2 0.2 5
SO | ESO111 2 01 >
SO, | ESO112 1 1 5
HpS | ESO119 1 01 5
H, | ESO132 2 35 >
O, | ESO140 >
Os | ESO146 5 004 5
NO | ESO104 1 9 3
NH; | ESO115 10 10 1
VOc | ESO150 Isogﬁjlene <1 plglr%rgltdég/"/o RH 1
R

Table 5: Gas sensor specifications

381 BG instrument’ Capteurs de gaz [ m@pAlailableat http://www.slginstruments.com/aiinterieur.php.
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3.2.1.2. Particulate matter measurement devices

H:S

i EcolLogicSense e-PM ¥

=COLOGICS=NS:
Utilisation = (T HR | _10°Cto + 50°C- 0 to 95% - 800hPato 1100HPa
Precision (T°C, HR, P) N 0. 5AC .g_.55hPat o 40AC) (
Measure particles PM25&PM10(@200 ¢eg/ m3
Technology Dispersive light detection
Communication Wireless
Range : 200m
Power Rechargeable battery
Autonomy 1to 3 weeks
Dimensions 16 x 16 x 6 (cm)800 g

Table 6 : e-PM specifications

U Environnement SA
CPA®

<0\

Environnement s.a

CPA is an optical dust analyser

Particles courst: upto 1000 particles/s

Measurementrange : 04 ¢ R2;. 51 e-Bn; ¢ @1;055 R2;0 1e0M;0 2Z0m
Concentratiorrange: upto 1 mg/ni

Optical evaluation with a spectral library

Detection |imit : O 2 N 2 e€g/m

Temporal resolution : 10 seconds

= =4 -4 -4 -—a -8 A

Particles nature estimatighy family)

®fAEcoLogiePB®nse
[Online] Available at https://sites.google.com/site/ecologicsense/produits/seitgiftapteurde-particules

 AEnvironBe melPAO [ OrAlailable Jat http://www.environnemerga.fr/products
page/fr/surveillance_qualite_air/analyseurs_preleveurs_particulemighgsewde-particulesencontinu/?cat=29.
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MP101M (with CPM option) 4

T

Environnement s.a

Weight measwement independent of tipdysice chemical naturgthe color and thesize ofthe particles,
with a moving average of Zdburs

Complies the following standardsuropean EN1234PM 10), EN14907 PM 2.5) and US EPAPM 10
andPM 2.5).

f Measurement range : O to 10 000 eg/ m
1 Detection |[324hiaterage) 0. 5 &g/ m
1 Counttime : 1Q0 300 secs, programmable

U Greywolf i GW-3016"

'GRAYWOLF

---------

GrayWolf GW-3016 measussb particles size(0.3, 0.5, 1.0, 2.5, 5.0 and 10 pm). It is possible to read the
particles numbetthetotal collected particles number atid concentration in pg/f

4 AENVIronne mawPtl 0 1SMO [ ®vailaklen at] http://www.envionnemenssa.fr/products
page/fr/surveillance_qualite_air/analyseurs_preleveurs_particules/mpa\@aaption-cpm/?cat=29.

A Gr e y-Wwod0I® [ O rAlvailableal http://www.actuenvironnement.com/materiedervices/produit/gw
3016appareHportablemesureparticulesfines-air-1393.php.
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U Turnkey instruments - Dustmate*?

Turnkey Instruments Ltd

Two measummentmodes
1 T h envifoemental mod&gives the partieds concentratiofor TSP, PM10, PM2.5, and PM

1 T h e orkplace mod gives thebreathing and thoracic particles concentration

It is equipped with a Bpheloneter laser with the characteristics:
1 Detection limit: 0.1ug/nm? to 6000ug/m?,
9 Particles size range: Ot@15um,

1 Memory storage: up t40 days for a measurement every minute

3.2.1.3. Double measurement devices (gases and particulate matter)

U Greywolf i Wolfsensé*

‘GRAYWOLF

SO LV T LN

1 Simultaneous measuremeonf 6 parametersVOC concentration CO; concentration CO
concentrationtemperature, humidity and a possibility for an additional gas.

Optional for particulatemattermeasuremer(number or concentration)
Optional sensor for wind speed measurement

A maximum of 4 Greywolf sensspover 20, and particulate matter sensor can be connected on
any support

9 Optional Integrated pressure sensor

“ADust mat eAvaildbl@at htip:fiveviv.turnkeyinstruments.com/environment.php?id=21.
4“4fA Wo | f g@nline] Available athttp://www.wolfsense.com/directseniggrindoor-air-quality-monitor.html
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3.2.2 Connected devices for indoor air quality monitoring

U Azimut i Fireflies #°

S “
d Iimut

MONITORING

2 Bienvelllance Environnementale

Monitored parameters are temperature, humidity, sound lexetl CO,, VOC and formaldehyde
concentrationsThe company makes full data analysis, diagnosis and support.

U CubeSensorg®

c CUBESENSORS

Monitoring parameters are temperature, humidity, sound level, light, 8@@VOC concentrations
pressureand vibration. This device cassesshe environment quality and ades the useron action(s)
to performin order to improvét and preserve hibealth. Analyseghartsare accessibldrom any web
navigator ofrom asmartphone application

Price:235 0 f os{204wo cube

U Netatmo?’

netatmo

Netatmo is a weather station with two modules: fan@utside purpose thateasurethetemperaturethe
humidity andthe pressureof the atmospherendone forindoor purpose thateasurs thetemperature,
the humidity, the pressurethe CO; level, and the soundlevel. Measuremestcan be consud on
smartphongor tables.

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

Price:169 u (2014)

%A Az i -riwefliesd [Online] Available athttp://www.azimutmonitoring.com/
46 fACubeSensotgOnline] Available athttps://cubesensors.com/
A netat moo [ OnHitpshvenw.netaimm.comdFBR/bite at :
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U Lapka“®

lapka

Lapka is a connected object witlifferent modules made of plastic or wood which allows the user to
custonise its design. Each module contains a sensor. The companyaditbsictive particles sensors,
electromagnetic field sensorstrates sensors, and humidity sensors. Data are peoteissan application
available on smartphones or tablets which indicates if the concentrations measured can be harmfull for the
user health or not.

Price:249 u (2014)
U AirAir #°

~

Air.Air!

Air Air is a devicethat measurs the air particlesconcentratiorand the temperature. All data can be
consulted on a smartphone or a tablet application.

Price:70$ (2014)

U TZOA ®0

TZOA is a small object which measures the air temperatuéumidity, thelight intensity, the UV-light
intensity, and the particlesconcentrationsData are collectediaa Bl uet oot h connecti o
smartphone. They can be conedlvith the TZOA application.

Moreover, this device can be clipped (on a bag for example). Measurements can be performed all day
depending on your ition. All data are recovered and compiled on a server in order to create a
collaborative map of the outside air quality.

Price:100 u (2014)

R L ap k pr@pAlvailable: https://mylapka.com/.
®A Al r Ai r oAvdilabla: htip:fivenvjv.airair.info/.
/3 TZOAOG [A@aidble: htg:]/www.mytzoa.com/#homepage.
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U Airboxlab - Foobot?

qir A
BOX: \

Oa
LAB é @

Foobotis composed & sensorgvhich measure/OC concentrationCQ, concentratiopncarbon monoxide
concentrationsmall particlesconcentrationtemperatureand humidity. Measurements are anatiyand
can be consulted amsmartphone application. In this applicatisemeadvicesare given in ordeto help
the user to improve Hiserindoor air quality.

Price:169 04 (2014)

i Air Mentor >2

AIR MENTOR

Monitoring parameters: CO®¥oncentrationVOC concentrationCOconcentrationPM 10 concentration
PM 2.5 concentratiortemperatureand humidity Measurements are analgsandresultscan be consulted
onasmartphone application. In this applicatisomeadvicesare given in ordeio help the user to improve
his’herindoor air quality.

Price:i250 u (2015)

AWAIR

i Awair 23

Awair is a conne@d device which monit@the air temperaturg¢he humidity, andthe CO2, VOC and
small particles concentration. It can be connected to others air quality devish as filters, air
conditioning systems ventilation, thermostat air purifiers, and humidifiers in order to automatically
maintain a good indoor air quality.

Price: 199 (2015)

'fi F o 0 b ot 0Avdilabie:lhttpr/fedoot.io/how.html.
2 Ai r Me nt o AvailalpleOhitpsi/vmev]aimentor.com/. [Accessed: 1m-2015].
A Awai r 0 Apallablé: httpse//yetawair.com/ [Accessed:dul-2015]
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U Partnering Robotics- Diya One®>*

camera plateau de transport
panoramique

synthése vocale

épurateur d'air

module Wi-Fi

senseur
d'obstacle

Diya One is a robotvhich can navigate in the indoor environment. This robot is an open platform
containing an air purifier with PM 2.5filter processing’5 n? of air perhour. It canpossessensorsuch

as humidity, temperature and particles sensorsothers technologiest can also measure the electric
consunption by connedhg itself to the electric meter

Pricee 5000 O (2015

0  Withings T Home %°

**s’ Withings

Inspire health

Home is a camereontainingvVOC and light sensors. All data arellectedona smartphone application
Price:k2 00 0 (2014)

3.2.3 Conclusion

Overall, we can see that tieeis atrendtowards deviceminiaturization, simplificationand connectin.
Scientific devices, with a high precision, cover all the range of indoor air parameters. However, connected
devicesfor the general public preset better desigand cover ausefulrange of indoor air parameters.

They also target other gameters in relation with indoor environmeniThe tabls below present a
comparison between the parameters measured by scientific and general public devices.

54 fiPartnering RoboticsDi y a One 0 [ On | ihtpg/partnaringiobdtias.bomomer thtml
S5 Awithings-Ho me . 0 Pvailable: hit@/;www.withings.com/fr/withingeome.html.

Deliverable3.4 25 IAQ specifications



ﬁ

BBUILT2SPEC

* K g

Tools for the 21st Century Construction Worksite

Funded by the European Union

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
Magneticfield No Yes
Table 7 : Devicebds par
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 : Devicebds fe

At first, we can conclude from thigst 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 alleestthéliow the real

time measurements on smartphones or tablets.

In contrast, systems for a larger audienceveslt connected. The possesgonnectionssia Bluetooth,

internet ad gplicatiors (datacollection and analyseadvices to the user in orday improve higher
environment Unfortunately, there is no data on the accuracy of such devices. These devices allow a good
overview of the indoor environmenquality andthey can inform and educate the usen the practises

which help to maintain a goodndoor environmenguality. This user awareness could lead naturally to
improve higherindoor environment and life quality. Thisowid result in actions such as regular airofg

the roomor better choicgfor building, furniture, andlecoration materials. Bisechoiceswill be facilitated
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by severalpresent and future regulatiomboutthe labelling of construction, decoration and furniture
materials emissions. However, the developnudérihese systems| | mi t ed t o fdwiamdk st ar t
their prices arehigh for a single perso\ithoughtheir connectivityremainstheir main asseit does not

exist any interconnectivitpetween devicesvhich limits thenumber ofmeasured parametetdowever,

there is drend to interconnectioss it can be seen withe air cleaner Home Wawehich uses th&oobot
deviceanalysis in ordeto 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 ebgtion, we can imagine that common objects such as cameras or
smoke sensors will soon contain new sensors able to monitor the indoor envirddresmt.by these
developments,extensive research has been conducted in order to cneatesensors(made of
semiconductor for exampgR which are more accurate, less expensifyeand smakr. Once these
objectivesarereached, these new sensoosild be integrated in buildings very quicki/e hope that it

will be the case for the devices developethianEuropea project IAQSensé thatwill contain new naneo
sensorsThis project ends in 2016.

The aim of the BUILT2SPEC project is to develoda@ analysewhich combines the benefits from both
categories in order to perform se§sessment during the constructmd occupancphass.

56 M. Leidinger, T. Sauerwald, T. Conrad, W. Reimringer, G. Ventura, and A. ScRiitmedia Eng.2014 vol. 87,
pp. 14491452,

S, Abr aham an effeitive Wiréless Sensor Iebwerk System for Indoor Air Quality Monitoring
Appl i c &mdedarCempat. S¢i2014 vol. 34, pp. 166171

i1 AQ Sense, oAvdldble:4itp:]/maw.lagsense]efiAccessed: 14anr2015]
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4 Monitored parameters

According to the studiepresented in théterature IAQ is often assessed by measurthg pollutants
concentrationin a room,and also, by measuringother parameters suds temperature ancklative
humidity.

Therearea large amount of pollutants present in indoor air. In order to define whinpoundshe B2S
Analyserwill focus onwe crosseferencedhedata collectedrom 19 countries around the world regarding
the regulations and the guide vedufFrancé®, German{?, Ireland?, Italy®?, Netherland®, Spairt, United
Kingdonf®, Hungary® Mexicd’, Estoni&®, Belgiunf®, Argentind®, Austrigd’, Denmark? USA",

9 imit Values Francete ministére de I'emploi, du travail et de la cohésion sociale et le ministére de I'agriculture,
de l'alimentation, de la péche et des affaires rurd@®} Arrété du 30 juin 2004 établissant la liste dekeurs
limites d'exposition professionnelle indicatives en application de l'article R. 23255 du code du travail

80 |imit values Germany: Bundesministerium fiir Arbeit und Soziales, 2006, Technische Regeln fiir Gefahrstoffe,
Arbeitsplatzgrenzwerte, TRGS 90@nd TGRS 910 Available at: http://www.baua.de/de/Themeamn-A-
Z/Gefahrstoffe/ TRGS/TRGS00.html

61 Limit values IrelandHealth and Safety Authdyi, 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 SocialMinistero della Salute2008 Criteri di
qualificazone della figura del formatore per $alute e sicurezza sul lavomticolo 6, comma 8, lett. rbis, del
Decreto legislativo n. 81/2008 e s.mAllegato XXXVIII .

63 Limit values Netherlands Minister van Sociale Zaken en Werkgelegenheid2016
Arbeidsomstandighedenregeling
Available at http://wetten.overheid.nl/BWBR0008587/20160401/0/afdrukken

64 Limit valuesSpain Instituto Nacional de Seguridad e Higiene en el Trabajo (INS2003 Limites de exposicion
profesional para agentes quimicosEspana

85 Limit valuesUnited Kingdom:Health and Safety Executiv011, 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, 200Q Article 25/2000.(1X.30.) EUMSZCSM egyittes rendelet: A munkahelyek kémiai
biztonsagardl, 1.melléklet, Magyar K6zldny, 99 szam 68508 old. médositva a 13/2002 (X1.28.) ESZCEMMM

€s a 13/2006 (lll. 23.) EUNF MM egy ¢t t es r eJoidtdeceee No2d3/2000.@¢X.3@ ) HiMSZEEM
issued by the., Magyar Kozlény, Vol 99, pp 6138178, modified by Joint Decree No 13/2002(X1.28.) ESZCSM
FMM and Joint Decree No 13/2006 (l1l. 23.) EERMM. Available at:www.mhk.hu

67 Limit values Mexico: Secretaria del trabajo y prevision social segunda sd@98nNORMA Oficial Mexicana
NOM-010-STPS1999, Condiciones de seguridad e higiene en los centros de trabajo donde se manejen, transporten,
procesen 0 almaceneustancias quimicas capaces de generar contaminacién en el medio ambiente laboral.

88 imit values Estonia: Government of the Repuldie1, Regulation n° 293 Tookeskkonna keemiliste ohutegurite
piirnormid, RT | 2001, 77, 460. Available at: https://wwiigiteataja.ee/akt/12874145

8 Limit values Belgium: Service Publique Fédéral Emploi, Travail et Concertation Sa2@Hld, Arrété royal
modi fiant | édarr°t® royal du 11 mars 2002 rel atleasf = |
risques liés a des agents chimiques sur le lieu de travalil

O Limit values Argentina: Ministerio de Trabajo, Empleo y Seguridad S@&88 Resolucion 295/2003 Apruébanse
especificaciones técnicas sobre ergonomia y levantamiento manual de carbes rgdSaciones.

7 Limit values Austria: Bundesministers fir Arbeit, Soziales und Konsumentens@it, Grenzwerte fir
Arbeitsstoffe sowie Uber krebserzeugende und tber fortpflanzungsgefahrdende (reproduktionstoxische) Arbeitsstoffe
(Grenzwerteverordngn2011i GKV 2011)

72 Limit values Denmark: Arbejdstilsyne2007, At-Vejledningi STOFFER OG MATERIALERi C.0.1 (Limit

Values for Substances and Materials)

73 Limit values USA: Occupational Safety & Health Administratia®99 Regulations, Standard€29 CFR, Part

1910- Occupational Safety and Health Standards, SubpafioZic and Hazardous Substances, Section 191000
T Air contaminants
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Australid®, New Zealan®, Switzerland®, and Canadd). We analysé the datagiven by organiations
with good reputationis the IAQ domairsuch as WH®, Europé®, and ANSE®.

This datashowedhat 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 darfgetbe occuparis h e al t h
such as the benzene, there is a factor 1000 between the work exposure limit and the guid@isalue.
phenomenon shows that the authorities have not taken the matter very sévidiashbut that there is a

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

From this analysis, walsofound that25 pollutantswhich appeared as essentialfollow when it comes
to 1AQ: Formaldehyde, Benzene, Naphtalene, Trichloroethylene, Tetrachloroethylene, Acetaldehyde,
Toluene, XyleneStyrene, 1,2 4rimethylbenzene, 1;dichlorobenzene, Ethylbenzeneb@toxyethanol,
Ac r o |-gnene,Limbhene, Hexanal, deRaarene, TVOC, Ng CO,CO,, PM 2.5 PM10, and radon

These are measured in most of the countries and most of them appetdetewregulatiorabout material

labelling Ideally, all these pollutants should be assessed by taealyserbut this list could be reduced

depending on the relevance to assess these different components during the different phasea

building. For examplewe could rule out the TVOCO 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 ateanoful so it will not have an impact

on the occupantsd health and i s t hFemtheiindoorealrev ant
pollutants, it could be also envisaged to classify them according to their impact on human health.

In addition topdlutants,there areother parameterghich can #ectano c ¢ u p a n t Tedperat@ea | t h .
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 inhalBtese prameters should also be assessed during

an IAQ analysis of a building.

74 Limit values Australia: Safe Work Australia013Workplace Exposure standards for Airborne Contaminants
Available at: www.safeworkaustralia.gov.au

5 Limit values New Zealand: Ministry of Business, Innovation and Employn0it3 Workplace Exposure
Standards and Biologic&xposure IndicesAvailable at:www.mbie.govt.nz.

"6 Limit values Swiss: Suva, Protection ldesanté au poste de tray&014 Val eur s | i mites dbéexp
de travail 2014
"TLimit values CanadaNationalResearclCouncilCanada2005 Indoor Air Quality Guidelinesind Standards

8WHO, 201Q Guidelines for indoor air quality: selectpdllutants, ISBN 978 92 890 0213 4

7 The Commission of the European Communit@)6 COMMISSION DIRECTIVE 2006/15/E®f 7 February
2006 establishing a second list of indicative occupational exposure limit values in imfa&are of Council
Directive 98/24/EC and amending Directives 91/322/EEC and 2000/39/EC

80ANSES,2015 Expertise en appui ~ | 06®tiquetage des produits
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5 Indicators and indexes

5.1 Parameters organization

Although all the parameters are important to morihiey can be divided io different categories and sub
categories depending daheir sourceand natureof their impact Temperature and relative humiditan

also impact human healthin terms of thermal, physiological and psychological comfdrhese two
parameters wildllsob e pl aced i n a category that we will <cal

AlthoughCO; is an indoor air pollutant, it is only dangerous above very high concentration thatedye
reached. However it has a direct impact on the productivity of the people in theanoboan lead to
discomfort, headaches and lack of concentratibis produced by human activity so it gamovide useful
informationas an indicatoof the air renewal in the room and theeetivenes®f the ventilation system.
We will thereforetreatthe CQs e par at el y and we will <call this cat

The third categoris pollution andwe decided to divide the pollutants in two szdiegories depending on
their sources: indoor and outdoBly separating these two categoriess ppossible to identify quickly the
origin of the pollution and to see whicbhmponent of the building has to be chect@tnprove the IAQ
(filtration system, construction materiatdeaning produc)s

The schematic representation of the indicatige structure is given in theégurel.

NO,
Qutdoor
50,
pollutants
Small particulates

Formaldehyde
Indoor !
ollutants I All the pollutants ranked
P | according to their
: harmfullness
|
Styrene

Confinement
index \ I £, |

Pollution
index

Temperature
\ Comfort

Humidity

Figure 1: Tree structure schematic ofthe 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 havethdlt from these indicatarfhe OQAI
presented a review of these indexes which is quite conipl€te indexesan be classifieth different
groups. A first group of indexes is calculated from data collected in the field. For thisojliadiges the
pollutant concentration is generally compared to the gaheasured in a panel of buildingsis the case
of t he #llnlduotoiro nAilfwtiReofoomuldis:AP 1 )

11l 1 ¢ cre - cime ot
- N _ N _ i gk ik I,k ik
IAPI I L J E K ) 10] 1 (e Cmin ‘ dmc
i=l =1 k=1 ik - ijE o\ ijk

For C"&> CoPsgndCime> Cobs> cmin

Wherel is the number of leved groupsin the IAPI tree structuré = 2; Jis thenumber of leveR groups

in each leveB group,J = 2; K is the number of level pollutant variables in each lev2lgroup,K = 2;

maxis the maximum measured concentrationn is the minimum measured concentratidmcis the
demarcation concentratioobsis the measured concentratiorthe subject buildinglhe problem of this

type ofindex 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 ilmgsthat we can find in the literature are the ones based on pollutants guide
values. This type of glices sursthe ratios (pollutar} / (pollutant, guide value)hich is divided (or not)

by the number of pollutants taken into account in the sum. This ¢afigeothe index CLIM 200@vhich

has been set by Electricité de France (ECARK the indexLHVP which has been elaborated ke

L a b or aHygiéne de latllé de Paris (L.H.V.P)

1(€0, CO_ NO, HCHO "| €O €O, DIB

:r' = + + _-— -
CHT 4145000 30 04 006 lLve = ——+ o+ 1000

There are several issues of using this type dtesd First of all, they do not possesseighted
consideratiorof the pollutants and assume that all the pollutants have the same impact on the air
pollution which is not true. Secondly, thays s ume t hat a fAcocktail 06 of
than a gigle pollutant. However this last point is still under debate and no clear conclusion ha
been drawn yet. In consequence, this type atexldoes not seeto be the most judicious to use

in our case.

The third category of indes is an evolution of theecond category as it is based on the same
principleexcept that some pollutaattount more than other. weightingfactor is then applied in
the formula.This is the case of the Paris airport pollution index which estsiia¢econtribution

of PM10 over lhe ones of CO and NO

Ip=0Cxlco+3xIno2+6x Ipyio )/ 12

810QAI , El aboration doéi ndi-®Plase l.dnwenthi deg imdiceésidisp®nibtee | 6ai r i r
82D.J.Moschandreas & S.C. Sofuogliournal of the Air & Waste Management Associatk004 Vol.54, p.1440
1451
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Among this category, we caalso cite the GAP index which sura weighted pollutant
concentration valuesiere, thewveightingis made by the factor Which is calculate@ccording

to the impact of the pollutant on human hedttarcinogenic power, number of risk sentences
listed in the INRS data sheet, et@his 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 notledd as an average but just

a sumof the different pollutarstpresent in the room. In consequence, it can vary a lot from one
building to another.

GAPI =) W,C,

As the index from the second category, theseesdsuffers from the same drawbacks which is
the addition of the pollutant effects, among othélowever, instalhg a hierarchy between the
pollutants according to their impact on human heaftbears very relevant to the 1AQ issules
consequence, it will be retained for the establishment of an index within the project

The fourth indcescatgory is based on the analysis of the pollutants concentration independently
from one another The air qualityevaluation will be based ahe pollutant which presents the
highest concentration compared to its reference va#loeong these indes, we carctite the
BILGA index®”,
E' —VRL

I prga = max [IAQ (P, T)] MQ[RTFM
‘O  isthe averagexposureo the pollutan® for anexposurdime T
@Y Ois the limited risk value of the pollutant P for exposurgime T
@'Y '@ theimportantrisk value of the pollutant P for axposurgime T
The index is defined as follow:
If | BILGA < 0,the IAQ is excellent
If | BILGA = 0,the health risk is insignificant in the building
If 0 <1 BILGA < 1,the health risk encountered by the occupasitgnited,
| BILGA > 1, the health risk is ineptable

This type of indcesis coherent with the evaluation of the |AfQring the differentonstruction

phases. However, the referen@due used to calculate this indisxthe important risk value for

which the occupants risk severe health damages. Then it cannot be used to evaluate moderate risks
like the ondor long termexposureor even for the detection of pollution sources as the detection

of such leved 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 Va@&iety

for example.

In conclusionwe can notice thall of these inttes presenbenefitsanddrawbacks bytoverall,
none of them fully satisfy our requiremerniis.consequence, we chose to use a new indexsthat

83 5. Cariou& J.M. Guillot, iUt i | i sati on doéun indice global de |l a qual:i
COV présents et leur impastir la santé humaineAir Pur, 2005 n°69

84 M. Cohas,1994 Contribution a I'amélioration de la qualité de l'air intérieur des locaux d'habitation. Thése de
doctorat de I'Université Pierre et Marie Curie, Paris VI, p.210
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based on the ones thfe last categoryindeed, as the cocktail effect is still under debate for the
moment, it seemed relevant to ose an index which takes into account the contribution of the
pollutants separately instead of an index which sums the pollo&dfgsts.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 literaturelhe pollutants will be classified according to their impact on human health.

5.2.2 Confinement indices

As explained in the section 4, wlecided to exclude the G&om the pollution index as it is nogally

harmful for human health unless reaching huge concentsgtidi®,000ppm)that are never reached in

normal usageBesides, it can give useful information about the ventilation ofdben 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 ¢

It has been proven that although £©&not harmiél for human health, impacts directly the productivity
of the occupantsGenerally, the air is estimated as confined if the, €@hcentration value is above
1,000ppr#®, and very confined if its concentration value reaches 1,400ppm (1,000ppm aboveltioe out
concentration value). We will then take these two values as reference in our project.

5.2.3 Comfortindices

Comfortis complicated tassesss it strongly dependsn  a n i nplysiolagydThdrearé s
numerous inttesthat have been defined which are more or less complex. Theyrrsigveral
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 ro@urface temperatures and maikier variables

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

our project as it would require a daepderstandingf theuses imabuilding and it would need to

adapt theanalyserto each case. As tlgoal of the project is to define a simple methodology that

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

Some studies shwv that the indooenvironments perceived as comfortable for most of the people
whenthe temperaturgT) is between22.8 to 26.1°C in the summer and 20.0 to 23.6°C in the winter
whenthe relative humidityfRH) is betweerB0% and 65%Somechartshave beemevelogd to
drawthe comfort zonefor thewinter and summer perisdASHRAE, standard 58°. We decided

to use thiASHRAE Psychometric Chatt define our comfort index.

8 ASHRAE, 2013, Standard 62.¥entilation for Acceptable Indoor Air Quality (ANSI Approved)
86 ASHRAE, 2013 Standard 55 Thermal Environmental Conditions for Human Occupancy
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6 UserInterface

TheB2S IAQ Analyser isbeingdesgnedto be used by a worker @nbuildingsite and not only by experts.
In consequence, theserinterface should bimtuitive andeasy to use.

Thefirst step should allow the uséw selectwhich type ofbuilding sitethey are testing, new build or
existing. Thenthey shouldbe able to chooss&hichtype of use casdheywill be testing: ie office, retail,
industrial, housingNextthe user will have the possibility to see the measurement protocol if the aser do
not know the procedur@ndto startthe meastement .

Once the user reaches the measurement step, the interface will be made in such manner that the user will
only have to follow the istructionson the screen. For eastep in the procesan image will beisedif it
helps the usdollowing currentbest practices for user friendly interfaces.

Once the measuremaiiiave beewompletedhe results will be displayed in a comprehensive manner. We
plan that the user wilnmediatelyseethe indces that have been defineddactions. Finally the interfae

will display possible remediactions that the useoulddo considering the resaltFor experts, it is also
planned to have other levels of information, where they can find in detail the data wsheehaneasured
and recorded by the device
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7 Analyser

The B2S Analyserwill be usedindoors so it needs to be portable, robust and to provide accurate
measurements of thEAQ parameters in redlme. The following specifications are based on these
requirements.

7.1 Metrology specifications

7.1.1 Limit of Detection

According to the paraners that we would like to measure and the index that we want to display on the
interface, the metaensorin the analysershould be able to monitor the following pollutants, at
concentrations relevant for IA@ith a Limit of Detection at least 50% below the long term concentration

threshold.
Concentration treshold Concentration treshold
Pollutant name long timeexposure short timeexposure
(ng/m) (ng/m)

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, 4trimethylbenzene 100 1.000
1,4-dichlorobenzene 60 300.000
Ethylbenzene 200 2.000
2-butoxyethanol 100 1.000
Acrolein 0.8 6.9
Upinene 200 2.000
Limonene 1.000 10.000
TVOC 1.000 2.000
NO; 20 200
CO 7.000 30.000
PM 2.5 10 25
PM10 20 50

In addition tomeasuring these pollutants, the mstasor will need to monitor Gelativehumidity, and

temperature.

7.1.2 Other metrology specifications(applicable to all parameters)

These specifications are based on stansjaedifications of high performanaealyses with direct reading
or reattime measurement.

Repeatability LOD + 2% of reading.

Linearity: R] ©00. 999.
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Accuracy 2x LOD + 2% of reading.

Measurement rangefor each target compound, from 0 (50% of LOD) to 3 x (threshold for short term
exposure

Measurement timetypically 1s for one compound. A few minutes for multiple parameters.

7.2 Operational specifications

7.2.1 Environmental

Conditions at which the me&ensomill operate and providaccurateerformance.
Sample gasambient pressure and temperature

Operational temperature rangel5-35°C.

Operational pressure range/00-1300 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 1s@taor with
one hand in a repeated fashion 50 times during a working day without harmful consequences.

Autonomy: the rechargeable battery should lastto 8 hours
Power supply 110/220V

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

7.3 Blue Analyser

The Blue XFLR8 analger has been developed to measure VOCs irtireal directly on the field. It is a
laserbased infrared spectrometer, with a Very Higés®ution Tunable Laser that can be tuned over 800
wavenumbers in the midR region, with a spectral resolution of 0.01trfhis tunability enables to target
multiple compounds with a single laser source.

The analger generates laser impulses at predeined wavelengths. These wavelengths are chosen taking
into account parameters like target compounds, LODs, time to measurdatitdstween 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 BlueFKR8 Analyserare as follows:

Concentration treshol{ Blue X-FLRS8 Potential target
Pollutant name long termexposure [Limit of detectior] compound
(hg/n) (hg/m3)
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
1,2,4trimethylbenzeng 100 NO
1,4-dichlorobenzene 60 2092 NO
Ethylbenzene 200 82 YES
2-butoxyethanol 100 52 YES
Acrolein 0.8 125 NO
U-pinene 200 31 YES
Limonene 1.000 63 YES
TVOC 1.000 NO
NO: 20 93 NO
CO 7.000 NO
PM 2.5 10 NO
PM10 20 NO

These limits of detection of the BlueBLR8 analger arestated for 10s of measurement for one gas. They
do not take into account the potential cradk from other compounds. The current method will be
expanded to include as many of the target compoasdgossible. It will also include if possible the
measurment of CQ and water.

8 Conclusion

In this deliverable, wéave describd thecontext oflAQ issues and we established an inventory of the
common practices and of the arslss present on the market. From the exiting regulstiod the guides

that were wititen by national agencies, we performed a selection of parameters B2aStdalyser 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 spedtifina for the index that we will create during

this project. Finally, weutlined the useinterface and which information it will contain.

From all these information, we establisheddhalysespecifications irthe paragraphs 7.1 and 712 the
paragrah 7.3, we detailed the current performance of the Bhadyser From the section 7, we can see
that the technologies available todiynot meet all the specifications that we set regarding the assessment
of the pollutants and of the physical parametdmveve, it is planned to improve thenalyser within the

Task 3.2 With theseimprovements, the analer should be able to assess more parameters. Also, some
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work will be done to lower thdéimit of detection (LOD)for some pollutargt in order to meet the
specifications criteria for almost all the pollutants.

Even though we are confident to improve #malysemperformances, it could not meet all the criteria by
January 201Tbeginning of the pilot test). In consequence, an effdttalio 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@ex ind

Forexample, in this study we already ruled out the TVOC as we explainetth¢hid/OC 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 nothdrmfus o i t  wi | | not have an
health, and is then irrelevant to measure for the worker s&f&tywill conduct this type of analysis for

each pollutant to build indeswhich arerelevant.
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Annex 1. Survey

Regulations for indoor air  quality survey

. |

\
e

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 |.S.S. = Istituto Superiore di Sanita.

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 fur Innenraumrichtwerte (friiher 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 ionutt hae sU.ukd.yo thiuttl
to do with external contaminants | 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 Liftungsstrategie auf die
Schadstoffkonzentration und -ausbreitung im Raum; Passivhaus Institut 2003 W. Hassig et al:
Gesundheitliche Aspekte der Komfortliiftung im Wohnbereich; Basler und Hofmann Ingenieure und
Planer AG; Zurich 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 (I/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 1SO 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 1ISO 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 1AQ; 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: | 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 1AQ 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 (mgAn

Countr

Pollutant Y N° CAS |FrancgGermanyNL* |UK** (Iltaly|HungaryMexico|EstonigBelgiumArgentingAustriag DenmarkSpairjirelandUSA Australiazggvxc Switzerlan¢Canad

Formaldehyde 50000 | 0.6 | 0.37 |0.15 25| - 0.6 - 0.6 - - 0.6 04 037 25| 1 1.2 0.6 0.37 0.36

Benzene 71-43-2 | 3.25 19 |3.253.25/3.25 3 3.2 1.5 3.25 1.6 3.2 16 |3.25] 3 25 3.2 3.2 1.6 1.6

Naphtalene 91-20-3 50 05 |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 | 127184 | 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 108883 | 76.8| 190 |150| 191|192 190 | 188 | 192 | 192 188 190 94 192| 192 |753| 191 | 188 190 75
95-47-6

Xylene 108383 | 221 - 210| 220 |221] 221 435 | 221 221 434 221 109 | 221 221 | - - 217 - 434
106-42-3

Styrene 10042-5 | 215 86 - 1430 - 50 215 | 90 216 85 85 105 | 86 | 85 |425| 213 | 213 85 -

1,24 95636 | 100 | 100 |100| 125|100 - - | 100 | - - | 100 | 1200 |100] 100 | - | - . . .

trimethylbenzene

1,4dichlorobenzene| 106467 | 4.5 6 150| 153 |122| 122 450 | 122 61 60 122 60 122 | 122 | 450 150 153 122 60

Ethylbenzene 100414 | 88.4 88 215| 441 |442| 442 435 | 442 442 434 440 217 | 441 | 442 |435| 434 434 220 87

2-butoxyethanol 111-762 | 49 49 |100| 123|198 | 98 120 | 98 98 97 98 98 98 | 98 |240| 97 121 49 97

Acrolein 107-02-8 | - 02 | - 023 -] 023]025] 02 ] 023 - 0.25| 0.12 [0.23] 0.25[0.25] 0.23 | 0.23] 0.25 -

Upinene 80-56-8 - - - -] - - - 150 | 111 - - - - - - - - - 111
598927-5

Limonene 598954-8 | - - - - - - - - - - - 390 - - - - - 40 -
13886-3

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

delta3-carene 13466789| - - - - - - - 150 111 - - - - - - - - - 111

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

NO> 1010244-0| - - 04| - - 9 6 4 5.7 5.6 6 4 5.7 5 30 5.6 5.6 6 -

CcoO 630080 | 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 - - - - - - - - - - - - - 10.05 - - - -

* Netherlands
**United Kingdom
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Annex 3. Concentration values threshold for professional short time exposure (mgfn

untry N° CAS |FrancgNL* |UK** |ltaly|HungaryMexico|EstonigBelgium/ArgentingAustrialSpair|lrelandUSA|AustraliaNew Zelan{SwitzerlanqCanad
Pollutant
Formaldehyde 50000 | 1.2 |05] 25| - 0.6 3 1.2 | 0.38 0.4 0.6 - 25 25| 25 1.2 0.74 1.2
Benzene 71-43-2 - - - - - 16 9 - 8 128 | - - - - 8 - 8
Naphtalene 91-20-3 - 80| - - - 75 - 80 79 - 80 | 75 - 79 79 - 79
Trichloroethylene 7901-6 | 108 | - | 820 | - 540 | 1080 | 140 | 545 536 132 | - 134 |1072 216 1070 520 134
Tetrachloroethylene | 127-184 | 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 108883 | 384 |384| 384 | - 380 - 384 | 384 - 380 | 384 | 384 |1129 574 - 760 -
95-47-6
Xylene 108383 | 442 |442| 441 |442| 442 635 442 442 650 442 | 442 | 442 | - - - - 650
106-42-3
Styrene 100-42-5 - - 11080 50 425 | 200 | 432 170 340 | 172| 170 |851| 426 426 170 -
1,2, 4trimethylbenzen| 95636 | 250 |200| - - 100 - - - - 150 | - - - - - - -
1,4-dichlorobenzene | 10646-7 | 306 |300| 306 |300| 306 675 | 306 | 306 - 306 | 306 | 306 300 306 - -
Ethylbenzene 10041-4 | 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 107028 | 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
Upinene 80-56-8 - - - - - - 300 - - - - - - - - - -
598927-5
Limonene 598954-8| - - - - - - - - - - - - - - - 80 -
138-86-3
Hexanal 66-25-1 - - - - - - - - - - - - - - - - -
delta3-carene 13466789 - - - - - - 300 - - - - - - - - - -
TVOC - - - - - - - - - - - - - - - -
NO; 10102440 6 1 - - 9 10 10 9.5 9.4 12 [ 96| 9 - 9.4 9.4 6 1.9
CO 630080 | 100 | - | 232 - 66 400 | 120 - - 66 - 115 | 35 - 230 70 115
PM 2.5 - 0.025| - - - - - - - - - - - - - - - -
PM10 - 0.05| - - - - - - - - - - - 0.15 - - - -
* Netherlands
**United Kingdom
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Annex 4 _Guidelines concentrations values threshold for short time and longtime exposure (ugim

At Netherlands Germany (AG@&F) WHO Europe ANSES (France)
Qrganizatio} e cas Etiquetage A+
Pollutant 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 - (3§r‘?1in) - 50 (2h) 10 10
Benzene 71-432 0.02 - - - 17 - Aslowas | 35 (114 gays) 2 -
possible
Naphtalene 91-20-3 0.025 30 10 - 10 - 10 - 10 -
Trichloroethylene 79-01-6 0.2 - - - 23 - - 800 20 -
Tetrachloroethylene| 127184 0.25 - - - 250 - - 1380 (t14 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
95-47-6
Xylene 108383 0.87 60 20 - - - 200 - - 200
106-42-3
Styrene 100-42-5 0.9 300 30 - - 2000 250 - - 200
1,2,4trimethylbenzen| 9563-6 - 1000 100 - - - - - - 1000
1,4dichlorobenzene| 10646-7 0.67 - - - - - - - - 60
Ethylbenzene 10041-4 0.77 2 000 200 - - - - - - 750
2-butoxyethanol 111-76-2 - 1000 100 - - - - - - 1000
Acrolein 107-02-8 - - - - - - - 6.9 (1h) 0.8 -
Upinene 80-56-8 - 2 000 200 - - - - - - -
598927-5
Limonene 598954-8 - 10 000 1000 - - - - - - -
13886-3
Hexanal 66-25-1 - 2 000 100 - - - - - - -
delta3-carene 13466789 - 2 000 200 - - - - - - -
TVOC - - - - - - - - - 1 000
NO; 1010244-0 0.2 350 60 200 (1h) | 40 (1yeay| 200 (1h) 40 200 (1h) 20 -
co 630080 10 . . 100000 17 55 (24p| 29090 | 10000 (8h)| 200 00G(L5MIN) |10 000 (8N .
(15min) (1h)
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

U France?’
VALEURS LIMITES D'EXPOSITION PROFESSIONNELLE INDICATIVES
VALEUR LIMITE D'EXPOSITION
. . PROFESSIONNELLE
. NUMERO NUMERO
DENOMINATION CE CAS 8 heures (3) Court terme (4) | OBSERVATIONS
(1) (2)
mg/m3 ppm mag/m3 m
Acétate de 3-pentyle 620-11-1 270 50 540 100 -
Acide bromhydrique 233-113- 10035- - - 6,7 2 -
0 10-6
2 - -
Acide formique 200 15?9 64-18-6 9 5 - - -
Acide nitrique 231714 | 7697537 - - 2,6 1 -
Acide phospharique 231-633- | 7664-38- 1 0,2 2 0,5 -
2 2
Acide propionique 201-176- 79-09-4 31 10 62 20 -
3
Acide oxalique 305'3534' 144-62-7 1 - - - -
Acide sulfurique 231-639- | 7664-93- 0,05 -
(fraction thoracique) 5 9
Acrylate de n-butyle 205-480- | 141-32-2 11 2 53 10 -
7
Alcool allylique 203-470- | 107-18-6 0,48 0,2 4,8 2 Peau (7)
7
Amylacétate, tert 625-16-1 270 50 540 100 -
Argent (composés 231-131- _ 0.01 _ _ _ _
solubles en Ag) 3 !
Argent métallique 231-131- | 7440-22- 0,1 - - - -
3 4
Baryum (composés
- - 0’5 - - - -
solubles)
2-(2- 203-961- s B
butoxyéthoxy)éthanol [ 112-34-5 67,5 10 101,2 15
e-caprolactame 203-313- | 105-60-2 10 - 40 - -
(poudre et vapeur) 2
Chlorodifluorométhane | 200-871- | 75-45-6 3600 1000 - - -
9
2 - —
Chloroéthane “005830 75-00-3 268 100 - - -
Cyanamide 206992 | 420-04-2 1 0,58 - - Peau (7)
1,4-dichlorobenzéne 203-400- | 106-46-7 4,5 0,75 306 50 -
5
1,1-dichloroéthane 200-863- | 75-34-3 412 100 - - Peau (7)
5
2 | —
Dioxyde de carbone “049696 124-38-9 9 000 5 000 - - -

87 Le ministére de I'emploi, du travail et de la cohésion sociale et le ministére de I'agriculture, de I'alimentation, de
la péche et des affaires rural2ep4 Arrété du 30 juin 2004 établissant la liste des valeurs limites d'exposition
professionnelle indiatives en application de l'article R. 23255 du code du travalil
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VALEUR LIMITE D'EXPOSITION
. . PROFESSIOMNNELLE
. NUMERO NUMERO
DENOMINATION CE CAS 8 heures (3) Court terme (4) | OBSERVATIONS
(1) (2) ma/m3 | ppm
mag/m3 m
Ethyl&ne-glycol 203-473- | 107-21-1 52 20 104 40 Peau (7)
3
Fluor 231-954- | 7782-41- 1,58 1 3,16 2 -
8 4
Fluorures inorganiques 2,5 - - - -
Isopentane 301‘8143' 78-78-4 | 3000 | 1000 - - -
Métal chrome, - - 2 - - - -
composeés de chrome
inorganiques (II) et
composeés de chrome
inorganiques
(insolubles) (II1)
Mésityléne 203-604- | 108-67-8 100 20 - - -
(triméthylbenzénes) 4
2-(2- 203-906- e ) )
meéthoxyethoxy)éthanol 6 H1-77-3 20,1 10 Peau (7)
5-méthylhexane-2-one | 203-737- | 110-12-3 95 20 475 100 Peau (7)
8
S5-méthylheptane-3-one | 208-793- | 541-85-5 53 10 107 20 -
7
N-méthyle-2- 212-828- | 872-50-4 40 10 80 20 Peau (7)
pyrrolidone 1
Néopentane 207‘?,343‘ 463-82-1 | 3000 | 1000 - - -
Nicotine 200‘3193‘ 54-11-5 0,5 - - - Peau (7)
Nitrobenzéne 302‘0715‘ 98-95-3 1 0,2 - - Peau (7)
Oxyde de dimeéthyle 204-065- | 115-10-6 1920 1000 - - -
8
Pentaoxyde de 215-236- | 1314-56- 1 _ _ _ _
disphosphore 1 3
Pentasulfure de 215-242- | 1314-80- 1 _ ~ _ _
disphosphare 4 3
2-phénylpropéne 202-705- | 98-83-9 123 25 492 100 Peau (7)
0
2IDI_D — - -
Phosphine “3"8"60 7802 31 - - 0,28 0,2 -
Pipérazine (poudre et | 203-808- | 110-85-0 0,1 - 0,3 - -
vapeur) 3
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VALEUR LIMITE D'EXPOSITION
. . PROFESSIONNELLE
i NUMERO NUMERO
DENOMINATION CE CAS 8 heures (3) Court terme (4) | OBSERVATIONS
(1) (2)
mg/m3 ppm
mg/m3 m
(5) (6) q/ PP
Pyréthre (aprés - 8003-34- 1 - - - -
suppression 7
des lactones
sensibilisantes)
Résorcinol 203‘2585‘ 108-46-3 45 10 - - Peau (7)
Séleéniure de 231-978- | 7783-07- 0,07 0,02 0,17 0,05 -
dihydrogéne 9 5

temps.

(1) Inventaire europeen des substances chimiques existantes (EINECS).
(2) Numéro du Chemical Abstract Service (American Chemical Society).
(3) Mesurée ou calculée par rapport a une période de référence de 8 heures, moyenne pondérée dans le

(4) Valeur limite au-dessus de laquelle il ne devrait pas y avoir d'exposition et qui se rapporte a une
période de quinze minutes sauf indication contraire.
(5) mg/m3 : milligrammes par métre cube d'air 8 20 oC et 101,3 kPa (760 mm de mercure).
(6) ppm : partie par million en volume dans I'air (ml/m3).
(7) La mention "peau” accompagnant la limite d'exposition professionnelle indique la possibilité d'une
pénétration cutanée importante.
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U Germany?®®

Substance Acceptable concentration Tolerable concentration Remarks
\Vol-conc. [Mass conc. Notes | Vol-conc. Mass conc. EF’
IAcrylamide 0.07 mg/m*® b) 0.15 mg/m® 8 (1), (2)
IAcrylonitrile 0.12ppm  [0.26 mg/m? b) |1.2ppm 2.6 mg/m® 8 H
JAluminium silicate fibres 10,000 fibres/m> b), d) 100,000 fi- 8 See also TRGS 558
bres/m’
lArsenic compounds, classified 0.83 ug/m3 (E) b) 8.3 ug/m3 (E) 8 See also TRGS Metals (in
as C1A, C1B preparation)
|Asbestos 10,000 fibres/m® b) 100000 fi- 8 See also TRGS 517, 519
bres/m®
Benzene 0.06 ppm 0.2 mg/m® b) | 0.8 ppm 1.9 mg/m? 8 H
Eenzo(a)pyrene in certain PAH 70 ng/m® (E) b) 700 ng/m*(E) |8 See TRGS 551 (under revi-
compounds sion)
1,3-Butadiene 0.2 ppm 0.5 mg/m?® b) |2ppm 5 mg/m® 8
Cadmium and Cd compounds, 0,16 Hg/m* (A) b) 1 pgim® (E) 8 See also TRGS Metals (in
classied as C1A, C1B preparation)
Hexavalent chromium See TRGS Metals (in prep-
) ) aration)
Dimethylnitrosoamin 0.075 ug/m’ b) 0,75 pg/m’ 8 See also TRGS 552 (under
revision)
Epichlorohydrin 0.6 ppm 2.3 mg/m® b) |2ppm 8 mg/m?® 2 (2)
Ethylene oxide 0.1 ppm 0.2 mg/m® b). e) | 1 ppm 2 mg/m® 2 See also TRGS 513
Hydrazine 1.7 ppb 2.2 ug/m? by |17 ppb 22 pg/m?® 2
4.4'- Methylene dianiline 70 pg/m* b) 700 pg/m® 8 (1)
[Trichloroethene B ppm 33 mgfm3 b) 11 ppm 60 mg‘fm3 8
Stoffidentitat Arbeitsplatzgrenzwert | Spitzenbegr. Anderung
Bezeichnung EG-Nr. CAS-Nr. ml/m* mg/m® Uberschrei- Bemerkungen Monat/
(ppm) tungsfaktor Jahr
Acetaldehyd 200-836-8 75-07-0|50 91 1;=2=(1) AGS, DFG, Y 01/10
Aceton 200-862-2 67-64-1|500 1200 2(1) AGS, DFG,EU, Y 02/15
Acetonitril 200-835-2 75-05-8|20 34 2(m) DFG, EU, H, Y 01/06
Acrylaldehyd 203-453-4 107-02-8|0,09 0,2 2(1) AGS, H 04/07
Acrylsaure 201-177-9 79-10-7|10 30 1) DFG,Y 04/07
Aldrin (ISQ) 206-215-8 309-00-2 0D,25E () DFG, H 01/06
Allgemeiner Staubgrenzwert (siehe auch Nummer 2.4) AGS, DFG 02/14
Alveclengangige Fraktion 1,25 A
Einatembare Fraktion 10E 2(1)
Allylalkohol 203-470-7 107-18-6|2 48 2,5(1) EU,H 01/06
1-(2-(Allyloxy)-2-(2,4-dichlorphenyljethyl)-1H-imidazol 252-615-0| 35554-44-0 2E 2(In H,Y,DFG 09/14
(Imazalil)
Allylpropyldisulfid 218-550-7 2179-59-1|2 12 1(1) DFG 01/06
Ameisensaure 200-579-1 64-18-6|5 95 2(1) DFG,EU, Y 01/06
2-Amino-ethanol 205-483-3 141-43-5|2 5.1 2(1) DFG, EU, H, Y, Sh, 07/13
11
2-(2-Aminoethoxy)ethanal (Diglykolamin) 213-195-4 929-06-6 (0,2 0,87 1) DFG, H, Sh, 11 02115

88 Bundesministerium fir Arbeit und Soziales, 2006, Technische Regeln fiir Gefahrstoffe, Arbeitsplatzgrenzwerte,
TRGS 900and TGRS 910 Available at: http://www.baua.de/de/Thememn-A-Z/Gefahrstoffe/ TRGS/TRGS
900.html
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Stoffidentitat Arbeitsplatzgrenzwert | Spitzenbegr. Anderung
Bezeichnung EG-Nr. CAS-Nr. mi/m® mg;’m3 Uberschrei- Bemerkungen Monat/
(ppm) tungsfaktor Jahr
2-Amino-2-methyl-1-propanol (AMP) 204-709-8 124-68-5|1 37 2y DFG,H, Y, 11 09/15
2-Aminonaphthalin-1-sulfonsaure 201-331-5 81-16-3 6E 4(1) AGS 01/06
N-(4-Aminophenyl)anilin 202-951-9 101-54-2|0,91 TE 2(Iy H, Sh, ¥, AGS 09/14
2-Aminopropan 200-860-9 75-31-0(5 12 =2=(1) DFG, Y 05/09
1-Aminopropan-2-ol (MIPA) 201-162-7 78-96-6|2 58 2(l) AGS, 11 07/13
Amitrol (1ISO) 200-521-5 61-82-5 0,2E 8(I) DFG,Y,H 0713
Ammoniak 231-635-3 7664-41-7|20 14 2(1) DFG,EU, Y 12/07
Anilin 200-539-3 62-53-3|2 7.7 2(m) DFG, H, Y, Sh, 11 0713
Arsin 232-066-3 7784-42-1|0,005 0,016 8(lly AGS 04/07
Atrazin (1S0) 217-617-8 1912-24-9 1E 2(m) DFG, Y 07/13
Azinphos-methyl (ISO) 201-676-1 86-50-0 02E 8(1I) DFG, H 01/06
Bariumverbindungen, I6slich 05E 1) EU, 13, 10, 16 12/07
(auler Bariumoxid und Bariumhydroxid)
Baumwaollstaub 15E 1UI) DFG, 4, Y 01/06
Benzothiazol-2-thiol 205-736-8 149-30-4 4E DFG, Y 01/06
Benzol-1,2,4-tricarbonsaure-1,2-anhydrid (Rauch) 209-008-0 552-30-7 0,04 A 1I) DFG, Sa 12/07
Bis(2-ethylhexyl)phthalat 204-211-0 17-81-7 2E 2(m) DFG,H, Y 09/15
(Diethylhexylphthalat, DEHP)
2 5-{und 2 6-)Bis(isocyanatomethyl}- 411-280-2 0,005 0,045 AGS 04/07
bicyclo[2.2 1]heptan
Bis(2-methoxyethyl)ether 203-924-4 111-96-6|5 28 8(I) DFG, H, Z 01/06
Bisphenol A 201-245-8 80-05-7 5E 1T) DFG, EU, Y 01/06
Borsaure und Natriumborate 233-139-2 10043-35-3 05E 2(l AGS, Y, 10 09/15
Bortrifluorid 231-569-5 7637-07-2|0,35 1 2(m AGS)Y 04/07
Bortrifluorid-Dihydrat 231-569-5 13319-75-0|0,35 1,5 2(y AGS, Y 05/08
Brommethan 200-813-2 74-83-9|1 39 2(n DFG 0713
Bromtrifluormethan (R 13 B1) 200-887-6 75-63-8|1000 6200 8(m) DFG,Y 01/06
Brom 231-778A1 T726-95-6 0,7 1 EU; AGS 12/07
Butan 203-448-7 106-97-8| 1000 2400 4(IT) DFG 01/06
Butan-1,4-diol 203-786-5 110-63-4|50 200 4(1m) AGS, 11 07/13
Butandion (Diacetyl) 207-069-8 431-03-8|0,02 0,071 (1 DFG, H, Sh, Y 09/15
Butan-1-ol 200-751-6 71-36-3{100 310 1) DFG,Y 01/06
Butanon 201-159-0 78-93-3|200 600 1) DFG,EU,H, Y 01/06
Butanonoxim 202-496-6 96-29-7|0,3 1 R ()] AGS, Y, H, Sh 0713
Butan-1-thiol 203-705-3 109-79-5|0,5 19 2(11) DFG, Y 01/06
But-2-in-1,4-diol 203-788-6 110-65-6|0,1 0,36 1(n DFG, Sh, H, Y, 11 0713
2-Butoxyethanol 203-905-0 111-76-2{10 49 4(1) H, Y, AGS 1211
2-(2-Butoxyethoxy)ethanol 203-961-6 112-34-5{10 67 1,500 EU, DFG, Y, 11 0713
2-(2-Butoxyethoxy)ethylacetat 204-685-9 124-17-4|10 67 1,51 DFG, Y, 11 0713
2-Butoxyethyl-acetat 203-933-3 112-07-2|20 130 4(Ir) DFG,EU, H, Y, 11 0713
n-Butylacetat 204-658-1 123-86-4 |62 300 24N AGS, Y 0712
sec-Butylacetat 203-300-1 105-46-4 |62 300 2 AGS, Y 0712
tert-Butylacetat 208-760-7 540-88-5 (42 200 2 AGS, Y 0712
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Stoffidentitat Arbeitsplatzgrenzwert | Spitzenbegr. Anderung
Bezeichnung EG-Nr. CAS-Nr. ml/m® mg;’rn3 Uberschrei- Bemerkungen Monat/
(ppm) tungsfaktor Jahr
n-Butylacrylat 205-480-7 141-32-2|2 " 2(1) DFG,EU, Y 05/09
4-tert-Butylbenzoesdure 202-696-3 98-73-7 2E 2(m) DFG,H 01/06
Butylchlorformiat 209-750-5 592-34-7(0,2 1,1 2(n) DFG, Y 01/06
2,6-Di-tert-butyl-p-kresol 204-881-4 128-37-0 10E 4 (1) DFG, Y, 11 07/13
Stoffidentitat Arbeitsplatzgrenzwert | Spitzenbeqgr. Anderung
Bezeichnung EG-Nr. CAS-Nr. mi/m? mg/m® Uberschrei- Bemerkungen Monat/
(ppm) tungsfaktor Jahr
tert-Butyl-4-methoxyphenol 246-563-8 25013-16-5 20E (1 DFG,Y, 11 07113
(tert-Butyl)methylether 216-653-1 1634-04-4| 50 180 1,5(1) DFG, EU, Y 01/06
4-tert-Butylphenol 202-679-0 98-54-4|0,08 05 2(1) DFG, H, 11 07113
Butyraldehyd 204-646-6 123-72-8|20 64 1) AGS 01/06
Calciumcyanamid 205-861-8 156-62-7 1E 2(1) DFG,H, Y 072
Calciumdihydroxid 215-137-3 1305-62-0 1E 21 Y, EU, DFG 09/14
Calciumoxid 215-138-9 1305-78-8 1E 2(N Y, DFG 09/14
Calciumsulfat 231-900-3 7778-18-9 GA DFG 01/06
e-Caprolactam (Dampf und Staub) 203-313-2 105-60-2 5E 2(1) DFG, EU, Y, 11 0713
Carbaryl (ISO) 200-555-0 63-25-2 5E 4(m) DFG, H 01/06
Carbendazim 234-232-0| 10605-21-7 10E 4(In DFG, Z 0713
Chilor 231-959-5 7782-50-5|0,5 15 11 DFG, EU, Y 01/06
Chioralkane, Cis.17 (Chlorierte Paraffine Cia.47) 287-477-0 85535-85-9|0,3 E 6E 8(In) H, Y, 11, AGS 1111
Chlorbenzol 203-628-5 108-90-7|10 47 2(m) DFG, EU, Y 01/06
1-Chlorbutan 203-696-6 109-69-3|25 95,5 1) AGS 01/06
Stoffidentitat Arbeitsplatzgrenzwert | Spitzenbegr Anderung
Bezeichnung EG-Nr. CAS-Nr. mb/m? mga’ma Uberschrei- Bemerkungen Monat/
(ppm) tungsfaktor Jahr
Chlordan (1SO) 200-349-0 57-74-9 05E 8(m) DFG,H 01/06
1-Chlor-1,1-difluorethan (R 142 b) 200-891-8 75-68-3|1000 4200 8(m) DFG 01/06
Chlordifluormethan (R 22) 200-871-9 75-45-6 3600 EU, 9 01/06
Chlordioxid 233-162-8 10049-04-410,1 028 1) DFG 01/06
Chloressigsaure 201-178-4 79-11-81 4 1) AGS, H, 11 07/13
Chlorethan 200-830-5 75-00-3|40 110 2(1n AGS, EU 12/07
2-Chlor-ethanol 203-459-7 107-07-3 |1 33 1(m) DFG,H,Y 01/06
Chlormethan 200-817-4 74-87-3|50 100 2(m) DFG,H, Z 01/06
3-Chlor-1,2-propandiol 202-492-4 96-24-2|0,005 0,023 8 (N H, 11, DFG 02/14
Chlorpyriphos (ISQ) 220-864-4 2921-88-2 0,2 NL-Experten, H 01/06
Chlortrifluormethan (R 13) 200-894-4 75-72-9|1000 4300 8(m) DFG 01/06
Chrom und anorganische Chrom(Il) und (Ill)- 231-157-5 T440-47-3 2E (1) 10, EU 12/07
Verbindungen
Cryofluoran (R 114) 200-937-7 76-14-2|1000 7100 8(m) DFG 01/06
Cumel 202-704-5 98-82-8|10 50 4 () H, Y,AGS, EU, 09/14
DFG
Cyanamid 206-992-3 420-04-2|0,2 035E 1(m) EBG,H, Sh, Y, 11, 07/13
Deliverable3.4 5C IAQ specifications
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Stoffidentitat Arbeitsplatzgrenzwert | Spitzenbegr. Anderung
Bezeichnung EG-Nr. CAS-Nr. mb/m?® mgfm3 Uberschrei- Bemerkungen Monat/
(ppm) tungsfaktor Jahr
alpha-Cyan-4-fluor-3-phenoxybenzyl-3-(2 2- 269-855-7 68359-37-5 0,01 E 1(I) DFG,Y 01/06
dichlorvinyl)-2, 2-dimethylcyclopropancarboxylat
(Cyfluthrin)
Cyclohexan 203-806-2 110-82-7 | 200 700 4(1) DFG, EU 01/06
Cyclohexanon 203-631-1 108-94-1|20 80 11) AGS,EU,H, Y 01/06
Cyclohexylamin 203-629-0 108-91-8|2 82 2(n DFG, Y 0713
N-Cyclohexylhydroxydiazen-1-oxid, Kaliumsalz 66603-10-9 10E 2 (I H DFG 09/14
Decaboran 241-711-8 17702-41-9|0,05 0,25 2(m) DFG,H 01/06
Decahydronaphthalin (Decalin) 202-046-9 91-17-8|5 29 2(In DFG, 11 09/15
Demeton 8065-48-3|0,01 01 NL-Experten, H 01/06
Demetonmethyl 8022-00-2|0,5 48 2(m DFG,H 01/06
Diazinon (1S0O) 206-373-8 333-41-5 01E 2(m) DFG,H, Y 01/06
Dibasische Ester (DBE) 1,2 8 2(n AGS,Y 03/11
(Gemische aus Dimethyladipat, Dimethylglutarat und
Dimethylsuccinat)
Dibenzoylperoxid 202-327-8 94-36-0 5E 1) DFG 01/06
Dibutylphthalat 201-557-4 84-74-2|0,05 0,58 2 DFG, Y, 11 07/13
Di-n-butylamin 203-921-8 111-92-2|5 29 1) AGS,H, 6 01/06
1,2-Dichlorbenzol 202-425-9 95-50-1|10 61 2(I) DFG,EU, H, Y 01/06
1,3-Dichlorbenzol 208-792-1 541-73-1|2 12 2(I) AGSY 05/2010
1,4-Dichlorbenzol 203-400-5 106-46-7 |1 6 2(In AGS, EU, Y 02/09
2,2-Dichlor-diethylether 203-870-1 111-44-4 (10 59 (1) DFG, H 01/06
Dichlordifluormethan (R 12) 200-893-9 75-71-8|1000 5000 2(1) DFG, Y 01/06
1,1-Dichlorethan 200-863-5 75-34-3|100 410 2(m) DFG, EU, Y 05/09
1,1-Dichlorethen 200-864-0 75-35-4|2 8 2(I) DFG,Y 01/06
1,2-Dichlorethylen sym. 208-750-2 540-58-0|200 800 2(m) DFG 01/06
(cis-[2058597, 156-59-2] und trans-[2058602, 156-60-
)
Dichlorfluormethan (R 21) 200-869-8 75-43-4|10 43 2(m) DFG 01/06
Dichlormethan 200-838-9 75-09-2|50 180 2 DFG, H, Z 09/15
Dichlormethylbenzal (Isomerengemisch, ringsubstitu- 249-854-8 20797-40-8|5 30 4(IT) AGS, H 01/06
lert)
2,4-Dichlortoluol 202-445-8 95-73-8|5 30 4(11) AGS, H 01/06
Dichlorvos (1S0) 200-547-7 62-73-7|0,11 1 2(I) DFG,H, Y 01/06
Dicyclohexylamin 202-980-7 101-83-7(0,7 5 2(m) AGS, H, Y, 11 0713
Dimethylether 204-065-8 115-10-6| 1000 1900 8(m) DFG, EU 01/06
N,N-Dimethylformamid 200-679-5 68-12-2|5 15 2(m EU, DFG, AGS | H, 11711
Dimethylglutarat 214-277-2 1119-40-0(1,2 8 21N AGS, Y, 1 07/13
N,N-Dimethylisopropylamin 213-635-5 996-35-0(1 3,6 2(1) DFG 01/08
Dimethylpropan 207-3437 463-82-1|1000 3000 2(Im) DFG, EU 01/06
1,1-Dimethylpropylacetat 625-16-1|50 270 1(1) DFG, EU 01/06
Dimethylsuccinat 203-419-9 106-65-0|1,2 8 21 AGS, Y, 11 07/13
1,4-Dioxan 204-661-8 123-91-1|20 73 2(n DFG,EU H,Y 05/09
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Stoffidentitat Arbeitsplatzgrenzwert | Spitzenbegr. Anderung
Bezeichnung EG-Nr. CAS-Nr. mi/m* mgi‘m3 Uberschrei- Bemerkungen Monat/
(ppm) tungsfaktor Jahr
Diphenylamin 204-539-4 122-39-4 5E 21 DFG, Y, H 07/13
Diphenylether (Dampf) 202-981-2 101-84-81 7.1 1) DFG, Y, 11 07/13
Diphosphorpentasulfid 2152424  1314-80-3 1 4(1) EU, 13 12/07
Distickstoffoxid 233-032.0|  10024-97-2| 100 180 2(m) DFG, Y 05/09
Disulfiram 202-607-8 97-77-8 2E 8(m) DFG, 6 01/06
Dodecan-1-ol (Langkettige Alkohole) 203-982.0 112.53-8|20 155 1) AGS, 11 0713
Endrin (ISO) 200-775-7 72-20-8 005E 8() DFG, H, Y 0712
Enfluran 237-5534|  13838-16-9|20 150 8(m) DFG, Y 01/06
1,2-Epoxybutan (1,2-Butylenoxid) 203-438-2 106-88-7 1 3 2(1) AGS, Y, H, X 09/15
Essigsaure 200-580-7 64-19-7|10 25 2(1) DFG, EU, ¥ 12/07
Essigsaureanhydrid 203-564-8 108-24-7|5 21 1) DFG 01/06
Ethandiol 203-473-3 107-21-1| 10 26 2(1) DFG, EU, H, Y, 11 0713
Ethanol 200-578-6 64-17-5| 500 960 2(1) DFG, Y 01/06
Ethanthiol 200-837-3 75-08-1/0,5 13 2(m) DFG 01/06
2-Ethoxyethanol 203-804-1 110-80-5|2 76 8 (Il EU,DFG, H, Z 03/11
2-(2-Ethoxyethoxy)ethanol 203-919-7 111-90-0|6 35 2(1) AGS, Y, 11 0713
2 Ethoxyethylacetat 203-839-2 111-15-9|2 10,8 8 (Il EU,DFG, H, Z 03/11
2-Ethoxy-1-methylethylacetat 250-370-0|  54839-24-6 |50 200 2(11) DFG, Y, 14 04/07
1-Ethoxypropan-2-ol 216-374-5 1569-02-4 |50 220 2(11y DFG, H, Y, 14 04/07
Ethylacetat 205-500-4 141-78-6| 400 1500 2(1) DFG, ¥ 01/06
Ethylacrylat 205-438-8 140-88-5|5 21 2(1) DFG,EU, H, Y 05/09
Ethylamin 200-834-7 75-04-7|5 94 =2=() DFG, EU 01/06
Ethylbenzol 202-849-4 100-41-4|20 as 211y DFG,H, Y, EU o712
Ethyl-chloracetat 203-294-0 105-39-51 5 1(1) AGS, H 01/06
2,2-(Ethylendioxy)diethancl 203.953-2 112-27-6 1000E  |21) DFG, Y, 11 07/13
(Triethylenglykol)
Ethyl-3-ethoxypropionat 212-112-9 763-69-9| 100 610 1) AGS, DFG,H, Y 04/07
Ethylformiat 203-7210 109-94-4| 100 310 1(1) DFG,H,Y 01/06
2-Ethylhexan-1-ol 203-234-3 104-76-7| 10 54 (1) DFG, Y, 11 0215
2-Ethylhexylacetat 203-079-1 103-09-3|10 71 1) DFG, Y, 11 02/15
2 Ethylhexylacrylat 203-080-7 103-117|5 38 (1) DFG, Sh, Y, 11 0713
O-Ethyl-O-4-nitrophenylphenylthiophosphonat 218-276-8 2104-64-5 05E 2(1m) DFG, H 01/06
Fenthion (ISO) 200-231-9 55389 02E 2(m) DFG, H 01/06
Fluor 231.954.8|  7782-41-4|1 1,6 2(1) EU, 13 12/07
Fluoride (als Fluor berechnet) 16984-48-8 1E 4y DFG, Y, H 1207
Fluorwasserstoff 231-634.8|  7664-39-3|1 0,83 201) DFG, EU, Y, H 12/07
Formaldehyd 200-001-8 50-00-0(0,3 0,37 2(1) AGS, Sh, Y, X 0215
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Stoffidentitat Arbeitsplatzgrenzwert | Spitzenbegr Anderung
Bezeichnung EG-Nr. CAS-Nr. mbm? mgafm3 Uberschrei- Bemerkungen Monat/
(ppm) tungsfaktor Jahr
Glutaral 203-856-5 111-30-8|0,05 02 2(1) AGS, Sah, Y 05/2010
Glycerintrinitrat 200-240-8 55-63-0|0,01 0,094 10 H,Y, DFG 12711
Glykoldinitrat 211-063-0 628-96-6|0,05 0,32 1(Im) DFG,H, 7,11 0713
Halothan 205-796-5 151-67-7|5 41 8(m) DFG, Z 01/06
Heptachlor (ISO) 200-962-3 76-44-8 0,05E 8(m) H, AGS, DFG 1211
Heptan (alle Isomeren) 500 2100 1(1) DFG 01/06
Heptan-2-on 203-767-1 110-43-0 238 2(1) EU H 01/06
Heptan-3-on 203-388-1 106-35-4 |10 47 2(n) DFG, EU 01/06
Hexachlorcyclopentadien 201-029-3 77-47-410,02 0,2 AGS, 11 07/13
Hexachlorethan 200-666-4 67-72-1|1 9.8 2(mm) DFG, 11 07113
Hexadecan-1-ol (Langkettige Alkohole) 253-149-0 36653-82-4 |20 200 1(1) AGS, 11 0713
Hexamethylen-1,6-diisocyanat 212-485-8 822-06-0|0,005 0,035 1;=2=(1) DFG, 11,12, Sa 0713
E;;%";;;E}:g;&?g&g‘t‘;i‘te”‘b”‘y'"‘ 252.346.9|  35074-77-2 10E 2(I) DFG, Y 0712
n-Hexan 203-777-6 110-54-3|50 180 8(Im) DFG,EU, Y 01/06
tI-{Iaexan Isomere (aufter n-Hexan) und Methylcyclopen- 500 1800 2(mm) DFG 5/2010

n
1-Hexanol (Langkettige Alkohole) 203-852-3 111-27-3|50 210 (1) AGS, 11 07/13
Hexan-2-on 209-731-1 581-78-6|5 21 8(1m) DFG, H 01/06
2-Hexyldecan-1-ol (Langkettige Alkohole) 219-370-1 2425-77-6(20 200 1(1) AGS 01/06
Hydrogenazid 231-965-8 7782-79-8|01 018 2(1) DFG 01/06
Hydrogenbromid 233-113-0|  10035-10-6 6,7 11 DFG, EU, 13 12/07
Hydrogenchlorid 231-595-7 7647-01-0|2 3 2(1) DFG,EU, Y 01/06
Hydrogensulfid 231-977-3 7783-06-4|5 7.1 2(1) EU, DFG, AGS, Y 03/11
2-(2-(2-Hydroxyethoxy)-ethyl)-2-aza- 407-360-1| 116230-20-7|0,5 5 AGS, 11 07/13
bicyclo[2 2 1]heptan

4-Hydroxy-4-methyl-pentan-2-on 204-626-7 123-42-2(20 96 2(1) DFG, H 01/06
Isobutan 200-857-2 75-28-5|1000 2400 4(Im) DFG 01/06
Isobutylacetat 203-745-1 110-18-0|62 300 2(1) Y, AGS 0rnz
Isobutylchlorformiat 208-840-1 543-27-1|0,2 1,1 2(1) DFG,Y 01/06
3-Isocyanatmethyl-3,5 5-trimethylcyclohexylisocyanat 223-861-6 4098-71-9(0,005 0,046 1,=2=(1) DFG, 11,12, Sa 0713
o-(p-Isocyanatobenzyl)phenylisocyanat 227-534-9 5873-54-1 0,05 1,=2=(1) AGS, 11,12 02/09
Isopentylacetat 204-662-3 123-92-2|50 270 1(1) DFG,EU 01/06
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Stoffidentitat Arbeitsplatzgrenzwert | Spitzenbegr. Anderung
Bezeichnung EG-Nr. CAS-Nr. mbm?® mgfm3 Uberschrei- Bemerkungen Monat/
(ppm) tungsfaktor Jahr
Isophthalsdure (m-Phthalsaure) 204-506-4 121-91-5 5E 2(1) Y, DFG 0213
Isopren 201-143-3 78-79-53 84 8y AGS, X 07/13
Isopropenylacetat 203-562-7 108-22-5|10 46 2(1) DFG 01/06
2-lsopropoxy-ethanol 203-685-6 109-59-1|6 22 8(1r) DFG,H, Y 01/06
Isotridecan-1-ol (Langkettige Alkohole) 248-469-2 27458-92-0|20 164 1I) AGS, 11 07/13
Isovaleraldehyd 209-691-5 590-86-3| 10 39 1UT) AGS 01/06
Kieselglas 262-373-8 60676-86-0 03A DFG, Y 01/06
Kieselgur, gebrannt 272-489-0 68855-54-9 03A DFG, ¥, 1 05/10
Kieselgur, ungebrannt 61790-53-2 4E DFG, ¥, 1 01/08
Kieselgut 231-716-3 7699-41-4 03A DFG, Y 01/06
Kieselrauch 273-761-1 69012-64-2 03A DFG, Y, 1 05/10
Kieselsauren, amorphe 231-545-4 7631-86-9 4E DFG, 2, Y 01/06
Kohlenstoffdioxid 204-696-9 124-38-9| 5000 9100 2(m) DFG, EU 01/06
Kohlenstoffdisulfid 200-843-6 75-15-0|10 30 2(Iny AGS,EU H 02/09
Kohlenstoffmonoxid 211-128-3 630-08-0|30 35 2(1m) DFG, Z 0712
Kohlenstofftetrachlorid 200-262-8 56-23-50,5 32 2(m) DFG,H, Y 05/09
Kohlenwasserstoffgemische, Verwendung als Ldse- 2(11) AGS 12/07
mittel (Lésemittelkohlenwasserstoffe), additiv-frei
siehe auch Nummer 2.9
Fraktionen (RCP-Gruppen):
C5-C8 Aliphaten 1500
C9-C15 Aliphaten 600
C7-C8 Aromaten 200
C9-C15 Aromaten 100
Lithiumhydrid 231-484-3 7580-67-8 0,025 E EU, 13 12/07
Lithiumverbindungen, anorganische, mit Ausnahme 02E 1(1) Y, 10, DFG 02115
von Lithium und starker reizenden Lithiumverbindun-
gen
Malathion (1S0) 204-497-7 121-75-56 15E 4(I) DFG 01/06
Maleinsaureanhydrid 203-571-6 108-31-6|0,1 041 1;=2=(1) DFG, Y, Sa, 11 0713
Mangan und seine anorganischen Verbindungen 231-105-1 7439-96-5 g,gQEA, 8(11) DFG, Y, 10,20 09/15
pMDI (als MDI berechnet) 9016-87-9 0,05E =2=(1) DFG, H, Sah, Y, 12 52010
Mecrilat 205-275-2 137-05-3|2 9.2 1I) DFG 01/06
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Stoffidentitat Arbeitsplatzgrenzwert | Spitzenbegr Anderung
Bezeichnung EG-Nr. CAS-Nr. mb/m?® mgfm3 Uberschrei- Bemerkungen Monat/
(ppm) tungsfaktor Jahr
(R)-p-Mentha-1,8-dien 227-813-5 5989-27-5|5 28 4(In) DFG, H, Sh, Y 02/13
(D-Limonen)
Mesitylen 203-604-4 108-67-8 |20 100 2(m) DFG, EU, Y 01/06
Methanol 200-659-6 67-56-1|200 270 4(m) DFG,EU, H,Y 01/08
Methansulfonsaure 200-898-6 75-75-2 0,7 1 AGS,Y, 11 02/15
Methanthiol 200-8221 74-93-110,5 1 2(m) DFG 01/06
Methoxyessigsaure 210-894-6 625-45-6|5 19 2(1) DFG, Z 01/06
2-Methoxyethanol 203-713-7 109-86-4 |1 32 8(m) DFG,EU,H,Z 05/2010
2-(2-Methoxyethoxy)ethanol 203-906-6 111-77-3 |10 50 EU, Y, H, 11 07/13
2-(2-(2-Methoxyethoxy)ethoxy)ethanol 203-962-1 112-35-6 S0E 2 Y, 11, DFG 0712
2-Methoxyethylacetat 203-772-9 110-49-6 1 49 8(I) DFG, EU,H,Z 05/2010
(2-Methoxymethylethoxy)propanol (Isomerengemisch) 252-104-2 34590-94-8 | 50 310 1) DFG, EU, 11 07n3
2-Methoxy-1-methylethylacetat 203-603-9 108-65-6 | 50 270 1) DFG, EU, Y 01/06
1-Methoxy-2-propanol 203-539-1 107-98-2 (100 370 2(1) DFG, EU, Y 01/06
2-Methoxypropanol 216-455-5 1589-47-5|5 19 8(Im) DFG,H, Z 01/06
2-Methoxypropylacetat 274-724-2 70657-70-4 |5 28 8(I) DFG,H, Z 01/06
Stoffidentitat Arbeitsplatzgrenzwert | Spitzenbegr. Anderung
Bezeichnung EG-Nr CAS-Nr. ml/m? rngfme’ Uberschrei- Bemerkungen Monat/
(ppm) tungsfaktor Jahr
Methylacetat 201-185-2 79-20-9 (200 610 4(1r) DFG, Y 01/06
Methylacrylat 202-500-6 96-33-3(5 18 1I) DFG, EU, H 01/06
Methylamin 200-820-0 74-89-5(10 13 =1=(1) DFG 01/06
N-Methylanilin 202-870-9 100-61-8(0,5 22 2(m) DFG,H, & 01/06
2-Methyl-2-azabicyclo[2.2.1]heptan 404-810-9 4524-05-2|5 20 AGS 01/06
Methylbutan 201-142-8 78-78-4(1000 3000 2(m) DFG, EU 01/06
2-Methylbut-3-en-2-ol 204-068-4 115-18-4|0,6 2 2(1) AGS 01/06
2-Methylbut-3-in-2-ol 204-070-5 115-19-5(0,9 3 2(1) AGS 01/06
1-Methylbutylacetat 210-946-8 626-38-0|50 270 UT) DFG, EU 01/06
2-Methylbutylacetat 210-843-8 624-41-9|50 270 UT) DFG,Y 01/06
Methylchloracetat 202-501-1 96-34-4 1 45 1(1) DFG,H, Y 05/09
Methyl-chlorformiat 201-187-3 79-22-1|0,2 0,78 2(1) DFG, Y 01/06
Methylcyclohexan 203-624-3 108-87-2| 200 810 2(1) DFG 01/06
Methylcyclohexanol, Techn. Gemisch 247-152-6 25639-42-3|6 28 2() AGS 05/08
Methylcyclopentan 202-503-2 96-37-7 | 500 1800 21N DFG 710
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Stoffidentitat Arbeitsplatzgrenzwert | Spitzenbeqgr. Anderung
Bezeichnung EG-Nr. CAS-Nr. ml/m® mgfm3 Uberschrei- Bemerkungen Monat/
(ppm) tungsfaktor Jahr
2,2'-Methylendiphenyldiisocyanat 219-7994 2536-05-2 0,05 1;=2=(1) AGS, 11,12 0713
4,4'-Methylendiphenyldiisocyanat 202-966-0 101-68-8 005E 1,=2=(1) DFG, 11,12, H, 07/13
Sah, Y
Methylformiat 203-481-7 107-31-3| 50 120 4(1) DFG, H, Y 01/06
5-Methyl-3-heptanon 208-793-7 541-85-5|10 53 2(n) DFG, EU 01/06
5-Methylhexan-2-on 203-737-8 110-12-3|20 95 EU 01/06
Methylisocyanat 210-866-3 624-83-9|0,01 0,024 1UI) DFG, EU, H, 12 01/06
Methyl-methacrylat 201-2971 80-626|50 210 2(1) DFG, EU, Y 01/06
2-Methylpentan 203-523-4 107-83-5| 500 1800 2(1) DFG 07/10
3-Methylpentan 202-481-4 96-14-0|500 1800 2(1) DFG 07/10
4-Methyl-pentan-2-ol 203-551-7 108-11-2| 20 85 1) DFG 01/06
4-Methylpentan-2-on 203-550-1 108-10-1|20 83 2(1) DFG,EU,H, Y 01/06
4-Methyl-m-phenylendiisocyanat 209-544-5 584-84-9(0,005 0,035 1;=4=(1) AGS, 11,12 Sa 0713
2-Methyl-m-phenylendiisocyanat 202-039-0 91-08-7 (0,005 0,035 1;=4=(I) AGS, 11,12, Sa 0713
2-Methylpropan-1-ol 201-148-0 78-83-1(100 310 1I) DFG, Y 01/06
2-Methylpropanol-2 200-889-7 75-65-0|20 62 4(II) DFG, Y 05/09
Stoffidentitat Arbeitsplatzgrenzwert | Spitzenbegr. Anderung
Bezeichnung EG-Nr. CAS-Nr. ml/m® mgafm"Y Uberschrei- Bemerkungen Monat/
(ppm) tungsfaktor Jahr
N-Methyl-2-pyrrolidon (Dampf) 212-828-1 872-50-4|20 82 2 EU, DFG, AGS, H, 0713
Y, 11,18
Methylvinylether 203-475-4 107-25-5|50 120 2(11y Y, AGS 02/13
Mevinphos (1S0) 232-095-1 7786-34-7|0,01 0,093 2(m) DFG, H, 11 0713
Morpholin 203-815-1 110-91-8 10 36 2(1) DFG,EU, H, 6 01/06
Naled 206-098-3 300-76-5 1E 2(lly EFG‘ AGS, 8h, Y, 12107
Naphthalin 202-049-5 91-20-3|01 05E 1l AGS H, Y, 11 03/11
1-Naphthylamin 205-138-7 134-32-7\017 1E 4(II) AGS, H, 11 0713
1,5-Naphthylendiisocyanat 221-641-4 3173-72-6 0,05 1;=2=(I) AGS, 11,12, Sa 12/07
Natriumazid 247-852-1 26628-22-8 02 2(1) DFG, EU 01/06
Natriumfluoracetat 200-548-2 62-74-8 005E 4(I1y DFG,H, Z o712
Nickelmetall 231-111-4 7440-02-0 0,006 A 8y AGS, 10, Sh, Y 09/15
Nikotin 200-193-3 54-11-5 05 2(11y EU, 11,13, H 0713
Nitrobenzol 202-716-0 98-95-3 1 2(lly EU, H 12107
Nitroethan 201-188-9 79-24-31100 310 4(II) DFG 01/06
1-Nitropropan 203-544-9 108-03-2 |25 92 4(1) DFG, H, 3 01/06
Deliverable3.4 5€ IAQ specifications
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Stoffidentitat Arbeitsplatzgrenzwert | Spitzenbegr. Anderung
Bezeichnung EG-Nr. CAS-Nr. mi/m?® mgfm:" Uberschrei- Bemerkungen Monat/
(ppm) tungsfaktar Jahr
Norfluran 212-377-0 811-97-2|1000 4200 8(1) DFG,Y 01/06
Octadecan-1-ol (Langkettige Alkohole) 204-017-6 112-92.5|20 224 1(1) AGS 01/06
Octan (alle Isomeren aufer Trimethylpentan-lsomere) 500 2400 2(m) DFG 01/08
Octan-1-ol (Langkettige Alkohole) 203-917-6 111-87-5|20 106 1) AGS, 11 07/13
2-Octyl-2H-isothiazol-3-on 247-761-7 26530-20-1 005E 2(1) DFG,H, Y 01/06
Orthophosphorsaure 231-633-2 7664-38-2 2E 2(1) DFG, EU, AGS, Y 12/07
Oxalsaure 205-634-3 144-62-7 1E 1(1) H,EU, 13 12/07
2,2"-Oxydiethanol 203-872-2 111-46-6| 10 44 4(m) DFG, Y, 11 07/13
Oxydipropanol (Dipropylenglykal) 248-770-3 25265-71-8 100 E 2(m) DFG, H, Y, 11 07113
Paraquatdichlorid 217-615-7 1910-42-5 01E 1) DFG, H 01/06
Parathion (ISO) 200-271-7 56-38-2 01E 8(1I) DFG, H 01/06
Pentaboran 243-194-4 19624-22-7|0,005 0,013 2(1) DFG 01/06
Pentacarbonyleisen 236-670-8 13463-40-6|0,1 0,81 2(1) DFG,H o7z
Pentan 203-692-4 109-66-0| 1000 3000 2(m) DFG, EU, Y 05/09
Pentan-2 4-dion 204-634-0 123-54-6|30 126 2(11y AGS, H,Y 12007
(Acetylaceton)
Stoffidentitat Arbertsplatzgrenzwert | Spitzenbegr. Anderung
Bezeichnung EG-Nr CAS-Nr. mi/m® mgafm3 Uberschrei- Bemerkungen Manat/
(ppm) tungsfaktor Jahr
Pentylacetat 211-047-3 628-63-7|50 270 UT) DFG, EU, Y 01/06
3-Pentylacetat 620-11-1|50 270 1(T) DFG, EU 01/06
Perfluoroctansulfonsaure 217-179-8 1763-23-1 001E 8N H, Z DFG 12111
Phenol 203-632-7 108-95-2(2 8 2(m) EU, H, 11 0713
2-Phenoxyethanol 204-589-7 122-99-6 (20 110 2(1) DFG, H, Y, 11 07/13
p-Phenylendiamin 203-404-7 106-50-3 01E 2(1T) DFG,H, Y, 11 07/13
Phenylisocyanat 203-137-6 103-71-9(0,01 0,05 1(I) AGS, 12, Sa 12/07
Phenylphosphin 211-325-4 638-21-1|0,01 0,05 AGS 01/06
2-Phenylpropen 202-705-0 98-83-9 (50 250 2(1) DFG, EU 01/06
Phosgen 200-870-3 75-44-5(01 0,41 2(1) DFG, EU, AGS, Y 05/09
Phosphin 232-260-8 7803-51-2|0,1 0,14 2(In EU, DFG, Y 03/11
Phosphor, weiss/gelb 601-810-2 12185-10-3 001E 2(11) AGS,Y 05/08
Phosphorpentachlorid 233-060-3 10026-13-8 1E 1 DFG, EU, 11 07/13
Phosphorpentoxid (als Orthophosphorsaure) 215-236-1 1314-56-3 2E 2(1) DFG, AGS, Y 12/07
Phosphortrichlorid 231-749-3 7719-12-2(0,5 28 1T) DFG,Y 05/09
Phosphoryltrichlorid 233-046-7 10025-87-3 (0,2 13 1I) DFG 01/06
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Stoffidentitat Arbeitsplatzgrenzwert | Spitzenbegr Anderung
Bezeichnung EG-Nr. CAS-Nr. ml/m® mg!ma Uberschrei- Bemerkungen Monat/
(ppm) tungsfaktor Jahr
Piperazin 203-808-3 110-85-0 0,1 1(1) EU, 6, 11,13 07/13
Platin (Metall) 231-116-1 7440-06-4 1E EU, 13 12/07
Polyalphaolefine z.B. 5A 4(11) Y, DFG 12411
68649-12-7
Polyethylenglykale (PEG) 1000 E 8(I) DFG, Y 01/06
(mittlere Molmasse 200 — 400)
Polyethylenglykol 600 (PEG 600) 1000 E 8() DFG,Y 01/06
Propan 200-827-9 74-98-6|1000 1800 4() DFG 01/06
Propan-1,2-diyldinitrat 229-180-0 6423-43-4(0,05 0,34 1(I) DFG,H, 7, 11 0713
Propan-2-ol 200-661-7 67-63-0|200 500 2(I1) DFG,Y 01/06
Prop-2-in-1-ol 203-471-2 107-19-7|2 4.7 2(1) DFG,H 01/06
Propionsaure 201-176-3 79-09-4|10 31 2(l) EU, DFG, Y 03/11
Propoxur (ISO) 204-043-8 114-26-1 2E 8(I) DFG 01/06
Propylenoxid 200-879-2 75-56-9|2 4,8 2 AGS, X, Y, Sh 0713
2-(Prapyloxy)ethanol 220-548-6 2807-30-9|20 86 2(1) DFG,H, Y 01/06
(2-Propyloxy)ethylacetat 20706-25-6|20 120 2(1) DFG, H, Y, 11 0713
Stoffidentitat Arbeitsplatzgrenzwert | Spitzenbegr. Anderung
Bezeichnung EG-Nr. CAS-Nr. mim® mgfma Uberschrei- Bemerkungen Monat/
(ppm) tungsfaktor Jahr
N-Isopropyl-N'-phenyl-p-phenylendiamin 202-969-7 101-72-4 2E 2 DFG, Y, Sh 073
Pyrethrum (gereinigter Rohextrakt) 232-319-8 8003-34-7 1E 1(1) AGS, EUY; 12/07
Sh fur Rohextrakt
Pyridin-2-thiol-1-oxid, Natriumsalz 223-296-5 3811-73-2 1E 2(m) DFG,H, Z 0712
(Pynthionnatnium) 240-062-8 16922-78-8
Quecksilber 231-106-7 7439-97-6 0,02 8(m) EU, DFG, , H, 5h 1111
Quecksilberverbindungen, anorganische 0,02E 8(1T) Erli, DFG, 10, H, 1111
Salpetersaure 231-714-2 7697-37-2|1 2,6 EU, 13,16 12/07
Schwefeldioxid 231-195-2 7446-09-5|1 2,5 1(0) AGS,Y 1111
Schwefelhexafluorid 219-854-2 2551-62-4|1000 6100 8(m) DFG 01/06
Schwefelsaure 231-639-5 7664-93-9 0,1E 1(0) DFG, EU, Y 1111
Selen 231-957-4 7782-49-2 005E 110 DFG, Y 12/07
Selenverbindungen, anorganische 005E 1(1y DFG, Y, 10 12107
Silber 231-131-3 7440-22-4 01E 8(m) DFG, EU 01/06
Silberverbindungen, anorganische 001E 2(1) DFG, EU, 10 01/06
Styrol 202-851-5 100-42-5|20 86 2(m) DFG, Y 01/06
Deliverable3.4 58 IAQ specifications
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Stoffidentitat Arbeitsplatzgrenzwert | Spitzenbegr. Anderung
Bezeichnung EG-Nr CAS-Nr. mlim? mgfm3 Uberschrei- Bemerkungen Monat/
(ppm) tungsfaktor Jahr
Sulfonsauren, Erdél-, Calciumsalze 263-093-9 61789-86-4 5A 4(11) DFG 09/15
Sulfotep (ISO) 222-995-2 3689-24-5(0,01 0,13 2(1m) DFG,EU, 11, H,Y 07/13
Sulfuryldifluorid 220-281-5 2699-79-8 10 NL-Experten 01/06
Terephthalsaure (p-Phthalsaure) 202-830-0 100-21-0 5E 2(1) Y, DFG 02/13
TEPP (ISO) 203-495-3 107-49-3|0,005 0,06 2(1r) DFG, H, 11 0713
1,1,1,2-Tetrachlor-2,2-difluorethan 200-934-0 76-11-9|200 1700 2(1ny DFG 04/07
(R 112a)
Tetrachlor-1,2-difluorethan (R 112) 200-935-6 76-12-0|200 1700 2(1m) DFG 01/06
1,1,2,2-Tetrachlorethan 201-197-8 79-34-51 7 2(1r) DFG,H 01/06
Tetrachlorethen (Per) 204-825-9 127-18-4|20 138 21N H,Y,AGS, EU 12111
Tetradecanol (Langkettige Alkohole) 204-000-3 112-72-1|20 178 HI) AGS, 11 0713
Tetradecylammoniumbis(1-{5-chlor-2- 405-110-6 88377-66-6 10 (E) 21y AGS, 18 02/09
oxidophenylazo)-2-naphtholato)chromat(1-)
Tetraethylblei 201-075-4 78-00-2 0,05 2(1r) DFG,H, Z, 10 05/2010
Tetraethylorthosilikat (TEOS) 201-083-8 78-10-4|1,4 12 1) AGS 5/2010
Tetrahydrofuran 203-726-8 109-99-9|50 150 2(1) DFG,EU,H,Y 01/06
3a4,7,7a-Tetrahydro-4,7-methanoinden 201-052-9 77-73-6(05 27 D) DFG 01/06
Stoffidentitat Arbeitsplatzgrenzwert | Spitzenbegr. Anderung
Bezeichnung EG-Nr. CAS-Nr. mlm® ng’m3 Uberschrei- Bemerkungen Meonat/
(ppm) tungsfaktor Jahr
Tetrahydrothiophen 203-728-9 110-01-0| 50 180 1 DFG, Y, H 05/08
Tetramethylblei 200-897-0 75-74-1 0,05 2(1) DFG, H, Z, 10 05/2010
Tetramethylorthosilikat 211-656-4 681-84-5|0,3 2 1) AGS 01/06
Tetramethysuccinitril 3333-52-6 1 2(1y AGS 04/07
Thiabendazol 205-725-8 148-79-8 20E 2(1) DFG,Y 5/2010
Thiram 205-286-2 137-26-8 1E 2(In DFG, 6, Sh 0713
Thioglykolate 2E 2(ln DFG, Y, H, Sh 07113
Toluol 203-625-9 108-88-3|50 190 4(11) DFG, EU, H,Y 01/06
Tributylphosphat 204-800-2 126-73-8|1 " 2(In DFG, Y, H, 11 0713
Trchlorbenzol (alle Isomeren auller 1,2,4- 234-413-4 12002-48-1|5 38 2(m) DFG,H, Y 05/09
Trichlorbenzol)
1,2 4-Trichlorbenzol 204-428-0 120-82-1|0,5 38 4(Im) AGS, EU 01/06
1,1,1-Trichlorethan 200-756-3 71-55-6 (200 1100 1m)y DFG, EU H,Y 01/06
1,1,2-Trichlorethan 201-166-9 79-00-5(10 55 2(m) DFG, H 01/06
Trichlorfluormethan (R 11) 200-892-3 75-69-4 (1000 5700 2(1) DFG,Y 01/06
Trichlormethan (Chloroform) 200-663-8 67-66-3|0,5 2,5 2(In DFG,EU, Y, H, X 12107
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Stoffidentitat Arbeitsplatzgrenzwert | Spitzenbeqr. Anderung
Bezeichnung EG-Nr. CAS-Nr. mim® mg/m® Uberschrei- Bemerkungen Monat/
(ppm) tungsfaktor Jahr
Trichlor-nitro-methan 200-930-9 76-06-2|0,1 0,68 1) DFG 01/06
1,1,2-Trichlortrifluorethan (R 113) 200-936-1 76-13-1|500 3900 2(m) DFG 01/06
Triethylamin 204-469-4 121-44-8 1 42 2(1) DFG,EU, H, 6 01/06
Trilsobutylphosphat 204-798-3 126-71-6 50 2(y AGS, Sh, 11 0713
1,2,3-Trimethylbenzol 208-394-8 526-73-8|20 100 2(1m) DFG, EU, Y 01/06
1,2,4-Trimethylbenzol 202-436-9 95-63-6|20 100 2(m) DFG, EU, Y 01/06
3,5,5-Trimethylcyclohex-2-enon 201-126-0 78-59-1|2 11 2(1) DFG,Y,H, 11 0713
2,4 6-Trinitrophenol (Pikrinsaure) 201-865-9 88-89-1 01E 1 H, EU, 13 12107
Triphenylphosphin 210-036-0 603-35-0 5E 2{y DFG, Sh, Y 03/11
Vanadiumverbindungen, anorganische, 4+- und (zB. (z.B 0,005 A, () AGS, Y, 10, 21 09/15
S+wertige (z.B. Divanadiumpentaoxid) 215-239-8) 1314-62-1) 0,030 E
Vinylacetat 203-545-4 108-05-4 |5 18 2(1y AGS, EU 12107
Vinyltoluol (alle Isomeren) 246-562-2 25013-15-4|100 490 2(1) DFG 01/06
N-Vinyl-2-pyrrolidon 88-12-0/0,01 0,05 2(Iny H, Y, AGS, 11 0713
Warfarin 201-377-6 81-81-2|0,0016 |0,02E X1} DFG, H, Z, 11 07/12
Warfarinnatrium 204-929-4 129-06-6 002E 8 DFG,H, Z 0712
Stoffidentitat Arbeitsplatzgrenzwert | Spitzenbeqgr. Anderung
Bezeichnung EG-Nr. CAS-Nr. mim® mg,'fm3 Uberschrei- Bemerkungen Monat/
(ppm) tungsfaktor Jahr
WeiBes Minerald| (Erdal) 232-455-8 8042-47-5 54 4 DFG,Y 09/15
Xylol (alle Isomeren) 215-535-7 1330-20-7(100 440 2(1T) DFG, EU, H 01/06
Zinn(ll}-Verbindungen, anorganische 8E AGS, 10 12/07
Zinn{IV}-Verbindungen, anorganische 2E EU, 13,10 12/07
Zinnverbindungen, organische
- n-Butylzinnverbindungen 0,0018 0,009 1) H, ¥, 10, 11, AGS 02/14

Mono-n-butylzinnverbindungen,
Di-n-butylzinnverbindungen,

Tri-n-butylzinnverbindungen und
Tetra-n-butylzinn 215-960-8 1461-25-2

- Methylzinnverbindungen

Mono- und Dimethylzinnverbindungen mit Aus- 0,0018 0,009 1 AGS, Y, 10, 11 09/15
nahme der separat genannten

Triisooctyl-2 2", 2"- 258-374-0 54849-38-6(0,2 1 2(1n DFG, Z, 10, 11 09/15
({methylstannylidin tnis(thio))triacetat,

Bis[methylzinndi(isooctylmercaptoacetat)]sulfid,
Bis[methylzinndi(2-mercaptoethyloleat)]sulfid 59118-99-9
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Stoffidentitat Arbeitsplatzgrenzwert | Spitzenbegr. Anderung
Bezeichnung EG-Nr CAS-Nr ml/m® mgfma Uberschrei- Bemerkungen Monat/
(ppm) tungsfaktor Jahr
Diisoactyl-2,2'- 247-862-6 26636-01-1|0,01 0,05 2(1n DFG, Y, 10, 11 09/15
((dimethylstannylen)bis(thio))diacetat,
2-Ethylhexyl-10-ethyl-4 4-dimethyl-7-oxo-8-oxa- 260-829-0 57583-35-4

3,5-dithia-4-stannatetradecanoat,
Bis[dimethylzinn(iscoctylmercapto-acetat)]sulfid,

Bis[dimethylzinn(2-mercaptoethyloleat)]sulfid

Trimethylzinnverbindungen und Tetramethylzinn 0,001 0,005 4(1) DFG, H, 10, 11 09115
209-833-6 594-27-4

- n-Octylzinnverbindungen 0,002 0,01 2 H,Y, 10, 11, AGS, 02/14
DFG

Maono-n-octylzinnverbindungen,
Di-n-octylzinnverbindungen,

Tri-n-octylzinnverbindungen und

Tetra-n-octylzinn 222-T33-7 3590-84-9
- Phenylzinnverbindungen 0,0004 0,002 E 2 H,Y, 10, 11, AGS, 09/14
DFG
Zirkonium und wasserunlasliche Verbindungen 231-176-9 7440-67-7 1E 1(1) 10, DFG, Sah 12/07
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List of Chemical Agents and Occupational Exposure Limit Values (DELVs)

Substance Occupational Occupational
Exposure Limit Exposure Limit Value
Value [8-hour 115-minute
reference period) reference period)
EINECS No. CAS No. ppm mg/ m? ppm mg/ m* Notes
Acetaldehyde 200-834-8 75-07-0 25 45 25 45 -
Acetic acid 200-580-7 £4-19-7 10 25 15 a7 IOELV
Acetic anhydride 203-564-8 108-24-7 0.5 2.5 2 10 =
Acetone 200-662-2 &7-64-1 200 1210 = = IOELV
Acetonitrile 200-835-2 7o-05-8 40 70 = = Sk, I0ELY
Acetophenone 202-708-7 78-856-2 10 49 = = =
Acetylene 200-B15-9 T4-B6-2 = = = = Asphx
Acetylene Dichloride 208-750-2 540-5%-0 200 790 250 1000 -
Acetylene Tetrabromide, see
11,2, 2-Tetrabromoethane
o-Acetylsalicylic acid, [Aspirin] 200-0564-1 50-78-2 - i - - -
Acrolein 203-453-4 107-02-8 0.1 0.25 0.3 0.8 -
Acrylaldehyde, See Acrolein
Acrylamide 201-173-7 79-06-1 = 0.03 = = Sk, CarclB,
MutalB
Acrylic acid 201-177-9 79-10-7 2 [ =
Acrylonitrile 203-466-5 107-13-1 2 4.5 = = Sk, Carc1B
Adipic acid 204-673-3 124-04-9 - 5 - - -
Aldrin [I50] 206-215-8 30%-00-2 - 0.05(IFV] = 0.75 Sk
Aliphatic hydrocarbon gases
Alkanes [C1-C4]
Butane 203-448-7 106-97-8 1000 -
Ethane 200-814-8 T4-84-0 1000 Asphx
Methane 200-812-7 74-82-8 1000 Asphx
Propane 200-827-9 74-98-4 1000 Asphx
Allyl aleohol 203-470-7 107-18-& 2 4.8 B 12.1 Sk, I0ELY
Allyl chloride 203-457-6 107-05-1 1 3 2 & =
Allyl 2 3-epoxypropyl ether 203-442-4 106-92-3 5 22 10 [ =
Allyl glycidyl ether [AGE], see Allyl
2, 3-epoxypropyl ether
Allyl propyl disulphide 218-550-7 2179-59-1 0.5 -
Aluminium alkyl compounds - - - 2 - - -
Aluminiurn metal; 231-072-3 T429-90-5
- 1(R] = = =
Aluminiurn oxides; 215-691-6 1344-28-1
total inhalable dust - 10 - - -
respirable dust = 4 = = =
Aluminium salts, soluble - - - ? - - -
Amingdimethylbenzene, see Xyldine
4-Aminodiphenyl 202-177-1 72-67-1 - - - = Sk, CarclA
2-Amincethanol 205-483-3 141-43-5 1 25 3 7.6 Sk, I0ELY
2-Aminopyridine 207-788-4 504-2%-0 0.5 2 2 8 -
3-Amino-1,2 & Triazole, [Amitrole] 200-521-5 61-82-5 - 0.2 - - -
Ammaonia, anhydrous 231-635-3 Th64-41-7 20 14 50 34 IOELV
Ammonium chloride, fume 235-186-4 12125-02-9 = 10 = 20 =
Ammonium Perflurcoctanoate 223-320-4 3825-26-1 = 0.m = = Sk
Ammaonium sulphamidate 20-871-7 T773-06-0 = 10 = 20 =
n-Amyl acetate, see Pentyl acetate
Sec-Amyl acetate, see 1-Methyl
butyl acetate

89 Health and Safety Authorit011, 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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Substance Occupational Occupational
Exposure Limit Exposure Limit Value
Value (8-hour (15-minute
reference period) reference period)
EINECS No. CASNo. | ppm mg/ m* ppm mg/ m? Notes
Tert-Amyl acetate 211-047-3 £25-16-1 50 270 100 540 IDELY
Aniline 200-539-3 62-53-3 1 3.8 - - Sk
o-Anisidine 201-943-1 90-04-0 0.1 0.5 - - Sk, Carc1B
p-Anisidine 203-254-2 104-74-9 0.1 0.5 - - Sk
Antimony & compounds [as Sh] 231-1456-5 T440-36-0 - 05 - - -
Araldite PT 810, see
Triglycidyl isocyanurate, [TGIC]
Argon 231-147-0 T440-371 = = = = Asphx
Arsenic & compounds except
arsine [as As) 231-148-6 T440-38-2 - 0.01 - - CarclA
Arsine 232-0656-3 T784-42-1 | 0.005 0.02 - - -
Asbestos,[all types of asbestos
fibre, as listed in Directive
2003/18/EC and implemented by
S.1. No. 384 Of 2004)
Crocidolite 2001-28-4 0.1 fibres/cm? of air BOELV,Carc1A
Amosite 12172-73-5 0.1 fibres/cm® of air BOELV,Carc1A
Chrysotile 12001-29-5 0.1 fibres/fcm® of air BOELV,CarclA
Actinolite TT536-66-4 0.1 fibres/cm? of air BOELV,Carc1A
Anthophyllite T77536-67-5 0.1 fibresfcm? of air BOELV,CarclA
Tremolite T7536-68-6 0.1 fibres/cm? of air BOELV,Carc1A
Asphalt [Bitumen], petroleum
fumes, linhalable fraction) 232-490-9 8052-42-4 - 0.5 - 10 -
Aspirin, see o-Acetylsalicylic acid
Atrazine [150] 217-617-8 1912-24-% - 10 - - -
Azinphos-methyl [I50],
see Guthion
Aziridine, see Ethylenimine
Azodicarbonamide
[C, C"-azedilformamide]| 204-550-8 123-77-3 - 1 - 3 Sen
Barium compounds, [soluble
compounds as Bal 231-1491 T440-39-3 = 0.5 = = I0ELV
Barium sulphate, respirable dust 231-784-4 TT27-43-7 - 2 - - -
Benomyl [150] 281-775-7 17804-35-2 - 10 - 15 -
Benz[alanthracene 200-280-4 54-55-3 - - - - CarclB
Benzene 200-753-7 71-43-2 1 3 - - BOELV, Sk, Carc1A
Benzenethiol 203-635-3 108-98-5 05 2 - - Sk
Benzene-1,2 4-tricarboxylic acid
1,2-anhydride, see Trimelletic
anhydride
Benzidene 202-197-1 F2-87-5 = = = = Sk, Carcl1A
Benzol[Alfluroanthene 205-911-9 205-99-2 - - - - Carc1B
Benzolalpyrene 200-028-5 50-32-8 - - - - Carc1B,
MutalB,
RepriB
p-Benzoquinone, see Guinone
Benzoyl peroxide, see
Dibenzoyl peroxide
Benzyl butyl phthalate, see
Butyl benzyl phthalate
Benzyl chloride 202-853-4 100-44-T7 0.5 2.6 1.5 7.9 Carc1B
Beryllium and beryllium
compounds las Bel 231-150-7 T440-41-T - 0.0002 - CarclB
v-BHC [IS0], see
v-Hexachlorocyclohexane
Deliverable3.4 63 IAQ specifications
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Substance Occupational Occupational
Exposure Limit Exposure Limit Value
Value (8-hour (15-minute
reference period) reference period)
EINECS No. CAS No. ppm mg/ m? ppm ma/ m? Notes
Biphenyl 202-163-5 92-52-4 0.2 1.5 0.6 & -

BCME, see bisIChloromethyl] ether

2,2-Bis[p-chlorophenyl]-1,1,1-
trichloroethane, see 1,1.1-
Trichlorobis [chlorophenyllethane

Bis[2,3-epoxy propyllether,
see Diglycidyl ether [DGE]

Bis[2-ethylhexyl] Phthalate,
see Di-sec-octyl-phthalate

2,2Bislp-methoxyphenyl] -1,1,1-
trichloroethane, see
Methoxychlor(I50]

Bisphenol A [4,4'-
isopropylidenediphencl]

[Inhalable dust] 201-245-8 80-05-7 10 IDELV
Bismuth telluride 215-135-2 1304-82-1 = 10 = 20 =
Bismuth telluride, selenium-doped = = = 5 = 10 =
Borates, [tetral sedium

anhydrous = 1330-43-4 = 1 = = =

decahydrate = 1303-96-4 = 5 = = =

pentahydrate = 12177-04-3 = 1 = = =
Bornan-2-one 200-945-0 T5-22-2 2 12 3 18 =
Boron oxide 215-125-8 1303-86-2 = 10 = 20 =
Boron tribromide 233-657-9 10294-33-4 = = 1 10 =
Boren trifluoride 231-56%-5 T637-07-2 = = 1 3 =
Bromacil [150] 206-245-1 314-40-9 1 10 2 20 -
Bromine 231-778-1 T726-95-6 0.1 0.7 0.3 2 IOELY
Bromine pentafluoride 232-157-8 7789-30-2 0.1 0.7 0.3 2 =
Bromeochloromethane 200-826-3 T4-97-5 200 1050 =

Bromoethane, see Ethyl bromide

Bromoethylene, see Vinyl bromide

Bromoform, see Tribromomethane

Bromomethane 200-813-2 T4-83-7 b 20 15 &0 Sk

Bromotrifluoromethane,
see Trifluorobromomethane

Buta-1,3-diene 203-450-8 106-29-0 1 2.2 = = CarclA, MutalB

Butane [see aliphatic
hydrocarbon gases|

Butanethiol 203-705-3 109-77-5 0.5 1.8 = = =
Butan-1-ol 200-751-4 T1-36-3 20 = Sk
Butan-2-ol 201-158-5 78-92-2 100 300 150 450 -

Butan-2-one, see Methyl
ethyl ketone [MEK]

trans But-2-enal 204-64T7-1 123-73-9 2 & [ 18 -
2-Butoxyethanol [EGEE] 203-705-0 111-76-2 20 78 50 246 Sk, IDELY
2-[2-Butoxyethoxy|ethanol 203-761-6 112-34-5 10 &67.5 1h 101.2 IOELY
2-Butoxyethyl acetate [EGBEA] 203-933-3 112-07-2 20 133 50 KkE] Sk, I0ELV
Butyl acetate 204-658-1 123-86-4 150 710 200 750 =
sec-Butyl acetate 203-300-1 105-46-4 200 750 250 1190 =
tert-Butyl acetate 208-760-7 540-88-5 200 950 250 1190 -
Butyl acrylate 205-480-7 141-32-2 2 11 10 8d IOELY
n-Butyl alcohol, see Butan-1-ol

sec-Butyl alcohol, see Butan-2-ol

tert-Butyl alcohol, see

2-Methyl propan-2-ol

n-Butylamine 203-699-2 109-73-9 - - 5 15 Sk
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Substance Occupational Occupational
Exposure Limit Exposure Limit Value
Value (8-hour (15-minute
reference period) reference period]
EINECS Mo. CASMNo. | ppm mg/ m* ppm mg/ m? Motes

Butyl benzyl phthalate 201-622-7 85-58-7 = 5 = = =
n-Butyl chloroformate 209-750-5 a972-34-7 1 0.6 = =
tert-Butyl chromate 1187-85-1 = 0.1 0.1 =
Butyl-2,3-epomypropyl ether[BGE] 219-376-4 2426-08-6 25 135 - - -
Butyl glycidyl ether, see Butyl-
2,3-epoxypropylether
Butyl lactate 205-316-4 138-22-7 b 25 - -
n-Butyl mercaptan, see
Butanethiol
Tert-Butyl-methyl ether 216-653-1 1634-04-4 50 183.5 100 387 IDELV
2-sec- Butylphenol 201-933-8 89-72-5 5 30 = = Sk
p-tert Butyltoluene 202-675-9 ?B8-51-1 1 5.1 - -
Cadmium 231-152-8 TA40-43-F = 0.025 = Carc1B
Cadmium compounds, except = T440-43-9 = 0.0 = CarclB
cadmium oxide fume and 0.002 IR
cadmium sulphide pigments [as Cd)
Cadmium axide fume [as Cd] 215-146-2 1306-19-0 = 0.025 0.05 Carc1B
Cadmium sulphide and cadmium
sulphide pigments, respirable
dust [as Cd] 215-147-8 1306-23-4 - 0.03 - -
Caesium hydroxide 284-344-1 21351-77-1 = 2 =
Calcium carbonate 215-279-6 1317-65-3

total inhalable dust = 10 = =

respirable dust [ =
Calcium chromate [as Cr] 237-366-8 13765-19-0 - 0.001 - Carc1B
Calcium cyanamide 205-861-8 156-62-T7 = 0.5 1 =
Calcium hydroxide 215-137-3 1305-62-0 = b = IOELV
Calcium oxide 215-138-9 1305-78-8 = 2 = =
Calcium silicate 215-710-8 1344-75-2 = = =

total inhalable dust = 10
respirable dust [
Calcium sulphate 231-900-3 7778-18-% = 10 = =
Camphor, synthetic,
see Bornan-2-one
g-Caprolactam 203-313-2 105-60-2 = 10 40 IDELV
Captafol [I50] 219-363-3 2425-06-1 - 0.1 = Sk, Carc1B
Captan [I150 ] 205-087-0 133-06-2 = b 15 -
Carbaryl [I50] 200-555-0 63-25-2 = i 10 -
Carbofuran [150] 216-353-0 1563-66-2 - 0.1 - - -
Carbon black 215-609-9 1333-B&-4 = 3.5 = 7 =
Carbon dioxide 204-696-9 124-38-9 5000 2000 15000 27000 IOELV
Carbon disulphide 200-843-4 7a-15-0 5 15 = = Sk, IDELV
Carbon monoxide 211-128-3 630-08-0 20 23 100 115 Reprla
Carbon tetrabromide 209-189-6 558-13-4 0.1 1.4 0.3 4 =
Carbon tetrachloride 200-262-8 56-23-b 2 1.5 = = Sk
Carbonyl chloride, see Phosgene
Carbonyl fluoride 206-534-2 353-50-4 2 h.4 5 13 =
Catechol 204-427-5 120-80-9 b 20 = =
Cellulose 232-674-9 9004-34-6
total inhalable dust = 10 20 =
respirable dust = [ = =
Cementl{Portland] 266-043-4 &5997-15-1

total inhalable dust = = 10 = =

respirable dust = = [ = =
Chlordane [150] 200-349-0 57-74-9 = 05 - Sk
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EINECS No. CAS No. ppm mag/ m? ppm ma/ m* Notes
Chlerinated biphenyls 215-548-1 1336-36-3 - 0.1 - - Sk
|42% chlorine] 5346%-21-9 = 0.1 = =
|54% chlorine] 11097-69-1 = 0.1 = =
Chlorine 231-757-5 7782-50-5 = = 0.5 1.5 IDELV
Chlorine dioxide 233-142-8 10049-D4-4 [ 0.1 0.3 0.3 0.7 =
Chlorine trifluoride 232-230-4 7790-11-2 = = 0.1 0.4 =
Chloroacetaldehyde 203-472-8 107-20-0 = = 1 3 =
Chloroacetone 201-141-1 78-95-5 1 38 1 3.8 Sk
2-Chloroacetophencne 208-531-1 532-27-4 0.05 0.3 - - -
Chloroacetyl chloride 201-171-4 79-04-9 0.05 0.2 = = =
Chlorobenzene
las monochlorobenzene] 203-628-5 108-90-7 5 23 15 70 IDELV
o-Chlorobenzylidene malenitrile 220-278-9 2698-41-1 0.05 0.39 0.05 0.39 Sk
Chlorobromomethane, see
Bromochloromethane
2-Chlorobuta-1,3-diene,
see B-Chloroprene
Chlorodifluoromethane, see
Difluorochloromethane
Chloroethane, see Ethyl chloride
2-Chloroethanol, see Ethylene
chlorohydrin
Chloroethylene, see Vinyl chloride
Chloroform 200-5463-8 &7-66-3 2 248 - - Sk, IOELV
Chloromethane 200-817-4 74-87-3 50 105 100 210 =
Bis[Chloromethyl] ether 208-832-8 b42-88-1 0.001 0.005 CarclA
Chloromethyl methyl ether 203-480-1 107-30-2 = = = = CarclA
1-Chloro-4-nitrobenzene 202-809-4 100-00-5 = 1 = 2 Sk
1-Chloro-1-nitropropane 209-990-0 &00-25-9 2 10 = = =
Chloropentafluoroethane 200-938-2 76-15-3 1000 6320 = = =
Chloropicrin 200-730-9 76-06-2 0.1 0.7 0.3 2 =
f-Chloroprene 204-818-0 126-9%9-8 10 36 = = Sk
3-Chloropropene, see Allyl
chloride
o-Chlorostyrene 218-026-8 203%-87-4 50 283 75 475 -
Chlorosulphonic acid 232-234-6 7790-94-5 - 1 - - -
o-Chlorotoluene, see Benzyl
chloride
2-Chlorotoluene 202-424-3 75-49-8 1] 250 = = =
2-Chloro-é-[trichloromethyl]
pyriding, see Nitrapyrin
Chlorpyrifos [150] 220-B64-4 2921-88-2 - 0.1 [IFV] = Sk
Chromium metal 231-157-5 T440-47-3 = 2 = = IOELV
Chromium [II] compounds [as Cr] - - - 2 - - IDELV
Chromium [11l] compounds [as Crl - - - 2 - - IOELV
Chromium [VI] compounds [as Cr] - - - Carc1B
Water Soluble 0.05
Insoluble 0.m
Chromyl Chloride 239-054-8 14977-61-8 | 0.025 0.15 - - CarciB, MutalB
Coal dust, respirable dust = = = 1.6 = = =
Anthracite = = = 0.4 = = =
Bituminous = = = 0.9 = = =
Coal tar pitch volatiles, [as
cyclohexane solubles) 266-028-2 65996-93-2 = 0.14 = = =
Cobalt & cobalt compounds
las Cal 231-158-0 TA40-48-4 = 0.1 = = Sen
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Substance Occupational Occupational
Exposure Limit Exposure Limit Value
Value (8-hour (15-minute
reference period) reference period)
EINECS No. CAS No. ppm mg/ m? ppm mg/ m? Notes
Copper las Cul 231-159-6 T440-50-8
Fume - 0.2 - - -
Dusts and mists [as Cul) - 1 - 2 -
Cotton dust
[raw or waste cotton) = - - 25 - - -
Cresols, all isomers 215-293-2 1319-77-3 5 27 - - Sk, IOELY
Cristobalite, respirable dust,
[see Silica, Crystalline] 238-455-4 14484-46-1 0.1 - - -
Crotonaldehyde 224-030-0 &170-30-0 0.3 -
Crufomate 206-083-1 299-84-5 - 5 - - -

Cryofluorane, see 1,2-
Dichlorotetrafluoroethane

Cumene, see |sopropylbenzene

Cyanamide 206-992-3 420-04-2 0.58 1 = = Sk, I0ELY

Cyanides, except hydrogen
cyanide, cyanogen and cyanogen

chloride, [as -CH] 57-12-5 - 5 - - Sk
Cyanogen 207-306-5 460-19-5 10 20 = = =
Cyanogen chloride 208-052-8 506-77-4 - - 0.2 0.6 -
Cyclohexane 203-806-2 110-82-7 200 700 - - IOELV
Cyclohexanol 203-630-6 108-73-0 50 200 - - -
Cyclohexanone 203-631-1 108-94-1 10 40.8 20 a81.6 Sk, I0ELV
Cyclohexene 203-807-8 110-83-8 300 1015 = = =
Cyclohexylamine 203-625-0 108-71-8 10 40 = = Sk

Cyclonite, see Hexahydro-1,3,5-
trinitro-1,3,5 triazine

Cyclopentadiene 208-835-4 542-92-7 7o 203 = = =

Cyclopentane 206-016-6 287-92-3 400 1720 = = =

Cyhexatin [I50], see
Tricyclohexyltin hydroxide

24-D IS0 ], see 2,4-Dichloro-
phenoxyacetic acid

DDM, see 4-4
Diaminodiphenylmethane

0OT, see 1,1,1-Trichlorobis
[chlorophenyl] ethane

DOVP, see Dichlorvos [150]

Decaborane 241-7T11-8 17702-41-2| 0.0 0.25 0.15 0.75 Sk

Demeton 8065-48-3 [ 0.0 0.05 [IFV] Sk

2,4-DES, see 2-[2,4-
Dichlorophenoxylethyl hydrogen

sulphate

Derris, commercial, see Rotenone

Diacetone alcohol 204-626-T 123-42-2 50 240 75 360 -
Dialkyl 79 phthalate = = = a = = =
Diallyl phthalate 205-016-3 131-17-9 - 3 - - -

2,2-Diaminodiethylamine, see
Diethylene triamine

4, 4-Diaminodiphenyl- methane
[DADPM) 202-974-4 101-77-9 0.01 0.08 = = Sk Carc1B

1.2-Diaminoethane, see
Ethylenediamine

Diammonium peroxedisulphate
[measured as [S70°]]
See Persulphate salts
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Substance Occupational Occupational
Exposure Limit Exposure Limit Value
Value [8-hour [15-minute
reference period) reference period)
EINECS Nao. CAS No. ppm mg/ m? ppm ma/ m? Motes

Diatomaceous earth, natural,
respirable dust 272-489-0 £8855-54-9 - 1.2 - - -
Diazinon [1S0] 206-373-8 333-41-5 - 0.01 [IFV) = Sk
Diazomethane 2056-382-7 334-88-3 0.2 0.4 - - Carc1B
Dibenzoyl peroxide 202-327-5 F4-36-0 = b = = =
Dibismuth tritelluride, see
Bismuth telluride
Dibismuth tritelluride, selenium
doped. see Bismuth telluride
selenium doped
Diborane 242-%4D-& 19287-45-7 0.1 0.1 - - -
Diboron trioxide, see Boron oxide
Dibrom, see 1,2 Dibromo-2, 2
dichloro ethyl dimethyl phosphate
[Maled]
1,2 Dibromo-2,2 dichloro ethyl
dimethyl phosphate 2056-098-3 300-76-5 - 0.1 (IFV) = & -
Dibromodiflucromethane, see
Difluorodibromomethane
1,2 Dibromoethane, see Ethylene
dibromide
2-N-Dibutylaminoethanol 203-067-1 102-81-8 0.5 3.5 - - Sk
Dibutyl hydrogen phosphate 203-509-8 107-66-4 5[IFV] - - -
Dibutyl phenyl phosphate 219-772-7 2h28-356-1 0.3 a5 - - Sk
Di-n-butyl phosphate, see Dibutyl
hydrogen phosphate
Dibutyl phthalate 201-5567-4 B4-T4-2 - 5 - 10 Repr1B
6,6"-di-tert-butyl-4,4'-
thio-di-m-cresol 202-525-2 F6-69-5 = 1011 - - -
Dichloroacetylene To72-29-4 = = 0.1 0.4 =
1,2 Dichlorobenzene 202-425-9 25-50-1 20 122 50 306 Sk, IDELY
1,4-Dichlorobenzene 203-400-5 106-46-7 20 122 50 306 IOELV
3,3-Dichlorobenzidine 202-10%-0 91-74-1 - - - - Carcl1B
1,4-Dichloro-2-butene 212-121-8 Thi-41-0 0.005 0.025 - - Sk, CarclB
Dichlorodiflusromethane 200-893-9 75-71-8 1000 4950 1250 6200 -
1,3-Dichloro-5,5-dimethyl-
hydantoin 204-258-7 118-52-5 - 0.2 - 0.4 -
Dichlorodiphenyltrichloroethane,
see 1,1,1-Trichlorobis
[chlorophenyl) ethane
1,1-Dichloroethane 200-B&63-5 75-34-3 100 412 - - Sk, IDELV
1,2-Dichloroethane 203-458-1 107-04-2 5 20 10 Al Sk, CarclB
1,1-Dichloroethylene 200-Bs4-0 75-35-4 5 20 - - -
1,2-Dichloroethylene [cis:trans
isomers 60:40], see Acetylene
dichloride
Dichloroethyl ether 203-B70-1 111-44-4 5 29 10 b8 Sk
Dichlorofluoromethane 200-869-8 Th-43-4 10 40 - - -
Dichloromethane 200-838-9 75-09-2 50 174 150 550 Sk
2,2 -Dichloro-4, 4" methylene-
dianiline [MbOCA), see 4 4
Methylene bis-|2-chloroaniling]
1,1-Dichloro-1-nitroethane 209-854-0 B94-72-9 2 12 - - -
2 4-Dichlorophenoxyacetic acid
[2,4-D (15001 202-38611 P4-T5-T - 10 - 20 -
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Substance Occupational Occupational
Exposure Limit Exposure Limit Value
Value [8-hour (15-minute
reference period) reference period|
EINECS Mo. CAS No. ppm mg/ m* ppm mg/ m® Motes

2-(2 4-dichlorophenoxy lethyl
hydrogen sulphate and sodium
2-(2 4dichlorophenaoxy] ethyl

sulphate 205-259-5 149-26-8 = 10 = 20 =
1,3-Dichloropropene, cis and

trans isomers 208-826-5 942-75-6 1 ] 10 a0 Sk
Dichloropropionic acid 200-923-0 75-79-0 1 2.8 = = =
1,2-Dichlorotetrafluocroethane 200-937-7 T6-14-2 1000 7000 1250 8750 =
Dichlorvos [150] 200-547-7 62-73-7 0.1 1 0.3 3 Sk
Dicrotophos 205-494-3 141-66-2 = 0.05 [IFV] = = Sk
Dicyclohexyl phthalate 201-545-9 84-61-7 = ] = = =
Dicyclopentadiene 201-052-9 T7-73-6 ] 30 - - -
Dicyclopentadienyl iron, see

Ferrocene

Dieldrin [150] 200-484-5 60-57-1 - 0.25 - 0.75 Sk
Diesel exhaust [particulate]

[<D.1pm] - - = 0.15 = = =
Diesel fuel/kerosene - - - 100 - - -
Diethanolamine 203-868-0 111-42-2 = 1RV - - -
Diethylamine 203-716-3 109-89-7 b 15 10 30 IOELV
2-Diethylaminoethanol 202-845-2 100-37-8 10 50 = = Sk
Diethylene glycol 203-872-2 111-46-6 23 100 = = =
Diethylene triamine 203-865-4 111-40-0 1 & = = Sk

Diethyl ether, see Ether

Di-[2-ethylhexyl] phthalate,
see Di-sec-octyl-phthalate

Diethyl ketone, see Pentan-3-one

Diethyl phthalate 201-550-4 = a = 10 =

Diethyl sulphate 200-58%-4 b64-67-5 0.05 = = = Sk, Carcl1B,
Mutz1B

Diflusrochloromethane 200-871-9 75-45-6 1000 3600 = = I0ELV

Diflugredibromomethane 200-885-5 75-61-6 100 860 150 1290 =

Diflueredichloromethane, see

Dichlorodiflusromethane

Diglycidyl ether [DGE] 218-802-4 2238-07-5 | 0.01 0.05 = = =

Dihydrogen selenide [as Sel 231-978-9 7783-07-5 | 0.02 0.07 0.05 0.17 I0ELY

m-Dihydroxybenzene, see

Resorcinol

o-Dihydroxybenzene, see Catechol

p-Dihydroxybenzene, see

Hydroguinone

1,2-Dihydroxyethane, see 1,2-

Ethane diol

Diisobutyl ketone 203-5620-1 108-83-8 Zh 150 = = =

Diisobutyl phthalate 201-553-2 84-69-5 = b = = =

Diisodecyl phthalate 247-977-1 26761-40-0 = b = = =

Diisononyl phthalate 249-079-5 285563-12-0 = b = = =

Diisooctyl phthalate 248-523-5 27554-26-3 = b = = =

Diisopropylamine 203-558-5 108-18-% b 20 = = Sk

Diisopropyl ether, see |sopropyl

ether

Di-linear 79 phthalate = = = ] = = =

Dimethoxymethane, see Methylal

N, M’ -Dimethylacetamide 204-826-4 127-19-5 10 36 20 72 RepriB, Sk,

IOELV
Dimethylamine 204-697-4 124-40-3 2 s b 9.4 IOELV
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Substance Occupational Occupational
Exposure Limit Exposure Limit Value
Value (8-hour (15-minute
reference period) reference period)
EINECS No. CASNo. | ppm mg/ m? ppm mg/ m* Notes
N,M-Dimethylaniline 204-423-5 121-69-7 5 25 10 50 Sk
1,3-Dimethylbutyl acetate 203-621-7 108-84-9 50 300 100 &00 =
Dimethyl carbamoyl chloride 201-208-6 T9-44-7 0.005 0.2 - - Carc1B
Dimethyl disulphide 210-B71-0 £24-92-0 0.5 1.9 - - -
Dimethyl ether 204-055-8 115-10-4 1000 1920 - - IOELV
N,N-Dimethylethylamine 209-940-8 598-56-1 10 30 15 45 =
Dimethylformamide 200-679-5 68-12-2 5 15 10 30 Sk,
RepriB,I0ELV

2,6-Dimethylheptan-4-one, see
Di-isobutyl ketone
Dimethylhydrazine 200-316-0 57-14-7 0.m 0.02 - - Carc1B
Dimethyl phthalate 205-011-6 131-11-3 = 5 = 10 =
Dimethyl sulphate 201-058-1 77-78-1 0.1 0.5 0.1 0.5 Sk, CarclB
Dimethyl sulphide 200-B46-2 75-18-3 20 - - - -
Dimethylethoxysilane 238-921-7 14857-34-2| 0.5 = 1.5 = =
Dinitolmide 205-706-4 148-01-4 = = =
Dinitrobenzene, all isomers 246-673-6 20154-04-5| 015 1 0.5 J Sk
Dinitro-o-cresol 208-601-1 534-52-1 = 0.2 0.6 Sk
Dinitrotoluens 246-835-1 25321-14-6 = 0.2 5 CarclB, Sk
Dinonyl phthalate 201-540-0 B4-Th-4 = 5 = = =
1,4-Dioxane, tech. Grade 204-661-8 123-91-1 20 73 = = Sk, IDELY
Dioxathion [150] 201-107-7 78-34-2 - 0.1 1IFV] = = Sk
1,3-Dioxolane 211-463-5 &46-06-0 20 - - - -
Diphenyl, see Biphenyl
Diphenylamine 204-539-4 122-39-4 = 10 = 20 =
Diphenyl ether [vapour] 202-981-2 101-84-8 1 7 - - -
Diphosphorus pentoxide 215-236-1 1314-56-3 = 1 = = IDELV
Diphosphorus pentasulphide, see
Phosphorus pentasulphide
Dipotassium peroxodisulphate
[measured as [5207]); see
Persulphate salts, potassium
Dipropylene glycol methyl ether,
see [2-Methoxymethyl ethoxy]
-1-propancl
Dipropyl ketone 204-608-9 123-19-3 50 233 = = =
Diguat dibromide(l50] 201-579-4 85-00-7 - 0.511 - -

0.1[R] -
Di-sec-octyl phthalate 204-211-0 117-81-7 - 5 - 10 Repr 1B
Disodium disulphite 231-673-0 7681-57-4 - 5 - - -
Disodium peroxodisulphate
measured as S208); see
Persulphate salts, sodium
Disodium tetraborate, anhydrous,
decahydrate & pentahydrate,
see Borates [tetral sodium
Disulfoton [150] 206-054-3 278-04-4 - 0.05 (IFV] - -
Disulphur dichloride, see
Sulphur monochloride
Disulphur decafluoride 227-204-4 B714-22-T | 0.02% 0.75 0.0 0.75 -
2,6-Ditertiary-butyl-para- cresol 204-881-4 128-37-0 - 10 - - -
Diuron [150] 206-354-4 330-54-1 = 10 - - -
Divanadium pentaoxide [as V],
total inhalable faction 215-239-8 1314-62-1 = 0.05 = = =
Divinylbenzene 203-595-7 108-57-4 10 50 = = =
DMOT, see Methoxychlor [150]
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Substance Occupational Occupational
Exposure Limit Exposure Limit Yalue
Value [8-hour (15-minute
reference period) reference period)
EINECS No. CAS No. ppm mg/ m? ppm mg/ m? Notes
Dodecyl mercaptan 203-984-1 112-55-0 0.1 = = =
Dusts non-specific - -
total inhalable = 10 = = =
respirable = [ = = =
Emery = 1302-74-5
total inhalable dust = 10 = = =
respirable dust - 4 - - -
Endosulfan [150] 204-079-4 115-29-7 = 0.1 = 03 Sk
Endrin [1S0] 200-775-7 72-20-8 - 0.1 - 0.3 Sk
Enflurane 237-553-4 13838-16-9 50 380 = = =
Epichlorohydrin 203-439-8 1046-89-8 0.5 2 1.5 [ Sk, Carc1B
1,2 Epoxy-4-epoxyethyloyclohexane,
see Vinylcyclohexene dioxide
2,3-Epoxypropyl isopropyl ether,
see |sopropyl glycidyl ether
Ethane [see aliphatic
hydrocarbon gases|
Ethane-1,2-dicl, 203-473-3 107-21-1 Sk, IDELV
particulate = 10 = =
vapour 20 52 40 104
Ethanethiol 200-837-3 75-08-1 0.5 1 2 3 =
Ethanol 200-578-56 564-17-5 1000 = =
Ethanolamine, see 2-Amino
ethanol
Ether 200-447-2 50-29-7 100 308 200 16 I0ELY
2-Ethoxyethanol 203-804-1 110-80-5 2 ] = = Sk, Repr1B I0ELV
2-Ethoxyethyl acetate 203-837-2 111-15-% 2 11 = = Sk, Repr1B,I0ELY
Ethyl acetate 205-500-4 141-78-6 200 = 400 = =
Ethyl acrylate 205-438-8 140-88-5 a 20 10 41 Sk,I0ELY
Ethyl alcohol, see Ethanol
Ethylamine 200-834-7 75-04-7 8 9.4 = = IOELY
Ethyl amyl ketone, see 5-
Methylheptan-3-one
Ethylbenzene 202-B49-4 100-41-4 100 447 200 884 Sk, I0ELV
Ethyl bromide 200-825-8 Th-F6-4 5 22 = = Sk
Ethyl butyl ketone,
see Heptan-3-one
Ethyl chloride 200-830-5 75-00-3 100 268 = = IDELY
Ethyl chloroformate 208-778-5 541-41-3 1 L4 - - -
Ethyl cyanoacrylate 230-371-5 7085-85-0 0.2 = = = =
Ethylene 200-815-3 74-85-1 200 = = = Asph.
Ethylene chlorohydrin 203-459-7 107-07-3 = = 1 Sk
Ethylenediamine 203-468-6 107-15-3 10 25 = = Sen
Ethylene dibromide 203-444-5 106-93-4 0.5 [ = = Sk, Carc1B
Ethylene dichloride,
see 1,2-Dichloroethane
Ethylene dinitrate,
see Ethylene glycol dinitrate
Ethylene glycol, particulate &
vapour, see Ethane-1,2-diol
Ethylene glycol dinitrate 211-063-0 628-96-6 0.05 0.3 Sk
Ethylene glycol monobutyl ether,
see 2-Butoxyethanol
Ethylene glycol monoethyl ether,
see 2-Ethoxyethanol
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EINECSNo. | CASNo. | ppm mg/m® | ppm | mg/m? Notes
Ethylene glycol monomethyl ether
acetate, see 2-Methoxyethyl acetate
Ethylene glycol monomethyl
ether, see 2-Methoxyethanol
Ethylenimine 205-793-9 151-54-4 0.05 0.1 = = Sk,
Carc 18, Mutal1B
Ethylene oxide 200-84%-9 75-21-8 5 10 = = Carcl1B, MutalB
Ethyl ether, see Ether
Ethyl formate 203-721-0 109-924-4 100 300 150 450 =
Ethyl hexanoic acid 205-743-6 149-57-5 = [ = = =
2-Ethylhexyl chloroformate 245-278-9 28468-131 1 7.9 = = =
Ethylidene dichloride, see 1,1-
Dichloroethane
Ethyl mercaptan, see Ethanethiol
4-Ethylmorpholine 202-885-0 100-74-3 ) 23 20 75 Sk
Ethyl silicate 201-083-8 78-10-4 10 85 a0 255 =
Fenchlorphos [I50], see Ronnel
Ferbam [I50] 238-484-2 14484-64-1 - 5 - -
Ferrovanadium Dust = 12504-58-9 = 1 = 3 =
Flour dust = = = 1 = = Sen
Fluoride [as F] - 16984-4B-8 - 25 - - -
Fluorides, inorganic = = = 2.5 = = IDELV
Fluorine 231-954-8 T782-41-4 1 1.58 2 314 IOELV
Fluorodichloromethane,
see Dichloroflusromethane
Fluorotrichloromethane,
see Trichlorofluoromethane
Formaldehyde 200-001-8 a0-00-0 p 2.5 2 b
Formamide 200-842-0 T8-12-7 10 18 Repr1B
Formic acid 200-579-1 64-18-6 5 9 = = IDELV
2-Furaldehyde [Furfural] 202-627-7 78-01-1 2 a8 5 20 Sk
Furfuryl alcohol 202-626-1 28-00-0 5 20 15 &0 Sk
Germane 231-981-4 7782-55-2 0.2 0.6 0.4 1.8 =
Germanium tetrahydride,
see Germane
Glutaraldehyde 203-8546-5 111-30-8 = = 0.05 0.2 Sen
Glycerol, mist 200-28%9-5 b&-B1-5 = 10 = = =
Glycerol trinitrate 200-240-8 55-63-0 0.05 0.5 Sk
Glycidol 209-128-3 hhée-h2-5 2 [ - = Carc1B, RepriB
Glycol mono ethyl ether,
see 2-ethoxyethanol
Grain dust = = = 10 = = Sen
Graphite 231-153-3 TAA0-44-D
total inhalable dust = 10 = = =
respirable dust = 4 = = =
Guthion 201-676-1 B&-50-0 = 0.2 = 0.6 Sk
Gypsum 10101-41-4
total inhalable dust = 10 = = =
respirable dust = 4 = = =
Halothane 205-7946-5 151-67-7 10 a0 = = =
+HCHISO], see v
Hexachlorocyclohexane
Helium 231-148-5 T440-5%-T = = = Asphx
Hafnium 231-186-4 T440-58-6 = 0.5 = 1.5 =
Heptachlor [IS0] 200-%962-3 T4-44-8 = 0.05 = Sk
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Substance Occupational Occupational
Exposure Limit Exposure Limit Value
Value (8-hour (15-minute
reference period] reference period|
EINECS No. CAS No. ppm mag/ m? ppm mg/ m® Notes
Heptachlor epoxide 213-831-0 1024-57-3 0.05
n-Heptane 205-543-8 142-B2-b 500 2085 - - IDELV
Heptan-Z-one 203-767-1 110-43-0 50 238 100 475 Sk, I0ELV
Heptan-3-one 203-388-1 106-35-4 20 95 - - IDELV
Hexachlorobutadiene 201-765-5 87-68-3 0.02 0.21 = = Sk
v-Hexachlorocyclohexane 210-168-9 608-73-1 - 0.5 1.5 Sk
Hexachlorocyclopentadiene 201-029-3 TT-47-4 0.01 0.1 = =
Hexachlorosthane 200-666-4 &67-T2-1
vapour 1 10 = =
Hexachloronaphthalene 215-641-3 1335-87-1 = 0.2 = = Sk
Hexafluoroacetone 211-676-3 A£B4-16-2 0.1 0.58 = = Sk
Hexahydrophthalic anhydride 201-504-9 85-42-7 = = = 0.005 Sen
All isomers [Inhalable] 2346-086-3 13149-00-3
238-009-9 14166-21-3
Hexahydro-1,3,5-trinitro-1,3,5-
triazine 204-500-1 121-82-4 0.5 Sk
Hexamethylene diisocyanate
[as -NCO] 212-485-8 822-06-0 | 0.005 = Sen
Hexane, all isomers except n-hexane = = 500 1800 1000 3400 =
n-Hexane 203-777-6 110-54-3 20 72 = = IOELV
1,6 Hexanediamine 204-5679-6 124-09-4 0.5 2.3 - -
1,6 Hexanolactam, dust & vapour:
See g-Caprolactam|
Hexan-Z-one 209-731-1 591-78-6 5 20 = = Sk
Hexone, see Methyl isobutyl
ketone
Hexylene glycol 203-489-0 107-41-5 25 125 =
Hydrazine 206-114-9 302-01-2 0.0 0.0 = = Sk, Carc1B
Hydrazoic acid [as vapour] 231-965-8 7782-79-8 - - 0.1 - -
Hydrogen 215-605-7 1333-74-0 = = = = Aspha.
Hydrogenated terphenyls 262-967-7 61788-32-7 0.5 4.9 = = =
Hydrogen bromide 233-113-0 10035-10-& = = 2 6.6 IOELV
Hydrogen chloride 231-595-7 T647-01-0 5 8 10 15 IOELV
Hydrogen cyanide 200-821-6 T4-90-8 = = 10 10 Sk
Hydrogen fluoride [as F] 231-634-8 T664-39-3 18 1.5 3 25 Sk, I0ELV
Hydrogen peroxide 231-765-0 T722-B4-1 1 1.5 2 3 =
Hydrogen selenide [as Sel,
see dihydrogen selenide
Hydrogen sulphide 231-977-3 T783-06-4 5 7 0 14 IOELV
Hydroquinone 204-617-8 123-31-9 0.5 - -
4-Hydroxy-4-methyl-pentan-2-
one, see Diacetone alcohol
2-Hydroxypropyl acrylate 213-663-8 297-61-1 0.5 ] = Sk
2,2 -Iminodiethanaol,
see Diethanol amine
2.2"-Iminodi [ethylamine],
see Diethylene triamine
Indene 202-393-6 95-13-4 5 24 =
Indium & Compounds [as In] 231-180-0 TLA0-Th-6 - 0.1 - 0.3 -
INM, see 1,2-
Dichlorotetrafluoroethane
lodine 231-442-4 7h53-5h6-2 = = 0.1 1 =
lodoform 200-874-5 7o-47-8 0.5 10 1 20 =
lodomethane, see methyl iodide
Iron axide, fume [as Fel 215-168-2 1309-371 - 5 - 10 -
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