Emisjoner fra bygningsmaterialer og produkter —
pavirker det var helse?




Byggematerialer og produkters emission
Hvad er helsa? Hvilken tidshorisont?

Kontormiljget - symptomer

Sensorisk irritation versus lugt (luftkvalitet)
Lugts (luftkvalitet) betydning for indeklima
Ozon og relative fugtighed (gjensymptomer)
Guidelines — Tyskland og EU-LCI konceptet
EU tiltag (delegated act)

Lasninger
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Contents lists available at ScienceDirect e

Atmospheric Environment

journal hemepage: www.elsevier.com/locate/atmosenw

Emissions of indoor air pollutants from six user scenarios in a model
room

Eva Héllbacher ™, Thomas Ters *°, Cornelia Rieder-Gradinger * ", Ewald Srebotnik °
* Comnpetence Center jor Wood Composites and Wood Chemistry — Wood K Plus, Altenberger Sir 69, A-4040, Linz, Austria
" insture of Chemical Engineering Technische Universitir Wien, Getreidemarks 9 A-1060 Vienna, Austria

Table 1
Test and material spedficatons as performed in the model room.

I Test Materials Applied quantities Test procedure

Tl Cleaning agent Liquid cleaning agent 25ml 10 min deaning
All-purpose cleaner, phosphate-free, citrus scent Dilution in water: 1:10
Electric air freshener  Scent oil in a glass flask 0,03 g scent oil 30 min operating time at highest intensity,
Magnolia and cherry blossom scent left in the room deactivated
Electric vaporizer with
adjustable intensity
Cigarette smoke Filter ipped dgarette 2 pieces Smoked within 30 min by one person
Peeling oranges Oranges, pesticide-free 3 pieces Peeling within 10 min,
peels left in the room
Cosmetics Hair spray, perfume 5 sprays cach Sprayed within 2 min,
Sprayed together 0.795 g hair spray sprayed directly into room air
0.185 g perfume
Ethanol fireplace Decorative ethanol freplace, liquid fuel (96,6% ethanol, 100 ml higquid fuel Extinguishied manually after 30 min burning time,
mntains 2-butanome) left in the room extinguished

Table 3
Most abundant VOC identified during each of the test scenarios T1 through TE.

T~

Limonene (59%) Linalool {36%) imoreene (20%) Limonene (94% )
3-Carene [ 22%) Dipropylene gylcole methyl r{16%) Furfural { 18%) f-Myrcene [43%) Linalyl acetare (21
a-Pinene (7%) Ethly 2-methylpentanoate (95 ) y-Terpinene (14%) a-Pinene (1%} Limornene (15%)
f-Piree e { 5%) Limonene (B%) Toluene (63%) Sabinene (1%) y-Terpinene { 73%)
y-Terpinene (2%) Benzy| acetate (7%) Micotine (63} 3-Carene (3%)
Dihydromyreenol (2 14 2-Methoxy-1-methy lethoxy}-2fpropanol | Syrene (6%) Seyche llene (2%)
p-Cymene (1%) a-Terpineol (4%} Benzene (4% ) Hexanal (2%)
Hexanal (1%) Hexanal (4%) Benzofuran (4%)
Pentanal {1%) 3-Carene (3%) Ethylbenzene (3%)

-Pinene (3%) Acetophenone (2%
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Consumer Product Chemicals in Indoor A Quantitative Meta-
analysis of U.S. Studies

Susanna D. Mitrp,‘{' Robin E. Dodson,j“:_Veena Singl.:«l,§ Gary Adamkiewicz,! Angelo F. Elmi,’
Monica K. Tilly,"" and Ami R. Zota™"
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Arbejdsmiljp —
kontor/skolemiljg

Akutte effekter:

* Oplevet luftkvalitet

* Symptomer (sick-building syndrome)
* Signs (objektive tegn)

Bolig
Leengere-varende effekter (kroniske):
* Luftvejslidelser
* Astma / forvaerret astma
* Lungeeffekter
* Kardiovaskulare effekter
e Ototoksicitet

- Neural Tube Defects

Kritisk (kronlsk) eksponering

Outdoor Air Pollution

Major Sources;
- Motor Vehicles
- Industrial Processes
- Forest Fires
- Biomass Combustion

Punr ventilation
Household Processes

Adverse Health Effects

- l _ = =¥ Adulthood:
"7 Early Life: - Stroke
- Asthma - Cardiovascular

Preterm birth N Upper A"wa!.l Irritation WSﬁ.lﬂCtiUn

Stilbirth - Cardiovascular Dysfunction - DNA [':'amage .
- Respiratory lliness - Chronic Bronchitis

- Development - Respiratory lliness
- Insulin Resistance

Anthropomorphic
Measure Reductions

Farmer et al. Am J Physiol Heart Circ Physiol 307 (2014) H467-HA476.

Akut (og temporaer) versus laeengerevarende (kontinuerlig - livsvarig) eksponering

Bgrn versus voksne?
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@djen-symptomer

blandt top-2 I offentlige bygninger!

« Slimhindeirritation (gjne/luftvejene)

* Respiratoriske symptomer
* Neuro-psykologiske (central-nerve) symptomer

@djen-symptomer og traethed blandt
’top-2” i mange internationale

studier

US BASE study:

100 public office
buildings
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IAQ relaterede symptomer (last week) -
OFFICAIR-projektet

Any other symptoms - Watering. itchy eyes

Phlegm, mucus _ A —i_ Blocked, stuffy nose

E'-.-"

Bradycardia _ Runny nose

.

Irregular heart beats h N I ' _ Dry, irritated throat

Chest tightness, breathing
difficulty

Trachycardia i

- _-"'-F'_-
Sneezing °

Cough T~ N\ Dry skin

Wheezing " Rash, irritated skin

--.._-'ill___ ____lIL-"'-)-J.-.-..
Burning, irritated eyes T - Headache

Lethargy, unusual tiredness
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Good indoor air quality
ASHRA* definition

Immediate assessment of perceived air
80 % report satisfaction

= acceptance of odour
Intensity and acceptability

Does it reflect time and health effectsﬂ
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Estimerede taerskelveerdier for sensorisk
Irritation 1 gjne og de gvre luftveje
pa basis af RD., veerdier*

Acetaldehyde

Butanol

2-Ethylhexanol : 3
3-Octanol mg/m
Acetic acid

Butyl acetate

Formaldehyde
Hexanal
Glutaraldehyde
Limonene
Peroxyacetyl nitrate
Toluene

Nielsen et al. Reg. Tox. Pharmacol. 48 (2007) 6-18
Wolkoff, IJHEH 216 (2013) 371-394.
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Forskelle | teerskler for

sensorisk irritation og lugt

Sensory

Ratio of thresholds

irritation Irritation/odour
Toluene 644 376 / 600 \
Butanol 90 300 { > 3000 \
Acetic acid 5 > 25 \ > 5000 /
Limonene 45 445

NG

Lugtteerskler er generelt mindst 10 - 1000 gange lavere end

tilsvarende teerskler for sensorisk irritation
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& “,
S m '; NATIONAL RESEARCH CENTRE



Hvorfor lugt (luftkvalitet - lugtubehag)
er sa vigtig en indeklimafaktor

Impact on perceived air quality — energy aspects
ventilation

Risk of subjective sensory irritation

Risk of perceived "bad” health (health threat)

Risk of deteriorated performance (mental distraction)

Risk of physiological changes (stress pattern)
hog farms

Nar lugten eller dens kilde er identificeret, bliver den en ”ting”

Nar lugten eller dens kilde er diffus/ukendt, kan den aktivere
"bekymring” og initiere psykologiske processer som "frygt og mental
distraktion” og pavirke arbejdsrelateret performance
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Lugt versus sensorisk irritation

Sensorisk irritation

Log response

Confusion
Mental

distraktion
Lugtteerskel

0 +1

Log concentration mg/m?3
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emission testing of consumer products:
formaldehyde, other oxidation products, and

ultrafine particles
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’Sick building syndrome”

Hvorfor luftforureninger
Hvorfor ikke fugt |E|

_ Hvad med God luft-
MR tcmperaturen? kvalitet =
"Tor luft
~1<§0
”SBS”

Lav relativ (abs)  Luftforureninger,
fugtighed VOCer, partikler, e

= =t
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Betydningen for tarefilmens (PTF) stabilitet:

rel. fugt, temperatur, hgjde, luftforureninger

Vand | BUT | Film | Wetness | Surfaktant | Stabilitet
tab tykkle | receptor | egenskaber | af PTF
se medieret

QDget relativ J T T @
fugtighed
Hoj temperatur 0 d ) J ®
Cornea J
Lavt tryk 0 d
(hgjde) ®
VOCer indoors nej nej nej @
* Non-reaktiv
* Reaktiv [®]
Inde-partikler ? ? ? @
Aggressive ®
aerosoler (OHY)

temperatur er detrimental for PTF stabiliteten

EPI studier og eksponerings-studier peger pa at lav fugt og hgj

1 = Starre positiv effekt. | = Negativ effekt.

Wolkoff et al. JOEM 54 (2012) 621-631.

Bl = Stabiliserende effekt pa PTF. [ =Ingen effekt pa PTF. [l = Destabiliserende effekt pa PTF.



Indoor Air Quality Guidelines
WHO 2010

World Health

Organization
zron EUFOPE

=
L
— ®)
Pollutant mg/m?® Criteria a
‘Benzene Life time risk = 6x10-® =
Carbon monoxide 15 min w)
1 hour E
8 hours E
24 hours —

F Idehyd All 30 mi iods,24 h : SELECTED

ormaldehyde min periods, ours o POLLUTANTS
Naphthalene Yearly average =
Nitroaen dioxide 1 hour —
= =
Yearly o
PAH (BaP) Life time risk: 8,7x10-° for BaP 8
Radon Life time risk: 0,6x10° (non-smoker) =

Life time risk: 15x10-5 (smoker) o ( -

Trichloro ethylene Life time risk = 10 =
Tetrachloro ethylene . Yearly exposure 'CCD
b
a”
—
=
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G_erman

Committee on Indoor Guide Values

http://www.umweltbundesamt.de/en/topics/health/commissio
ns-working-groups/german-committee-on-indoor-guide-values

o
Children faktor =2 s @b 42‘, NATIONAL RESEARCH CENTRE
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EUROPEAN COLLABORATIVE ACTION
URBAN AIR, INDOOR ENVIRONMENT AND HUMAN EXPOSURE

Environment and Quality of Life

Report No 29

Harmonisation framework for health Dbased
evaluation of indoor emissions from constructio

products in the European Union using the EU-LCI
concept

Construction December 2013

product directive
89/106

JOINT RESEARCH CENTRE

Institute for Health and Consumer Protection

Chemical Assessment and Testing Unit
- R T , i NATIONAL RESEARCH CENTRE

FOR THE WORKING ENVIRONMENT



LCIl value - definition

"Lowest concentration of interest”




Metabolic rate (rR&8-3)

Compound OLUEN Factsheet
Parameter Note \Ms R
EU-LCI Value and Status
EU-LCI value 1 Mass /volume [pg,/m>] 2900
EU-LCI status 2 Interim / Confirmed Interim
EU-LCI year of issue 3 Year when the EU-LCI value has been 29 August 2012
issued
General Infornmation
CLP-INDEX-INr. 4 INDEX R2B
EC-Nr. 5 EINECS — ELINCS - NLP 203-625-9
CAS-Nr. [ Chemical Abstracts Service number 108-88-3
Harmonised CLP classification i Humamn health risk related classification Flam. Liq. 2
Asp. Tox. 1
Skin. Irrit. 2
STOT SE 3
Rep. 2
STOT RE 2
Molar mass a8 [=/mol] 9214
Key Data / Database
Kexy study, 9 Critical study with lowest relevant effect Zavalic et al, 1998
Author(s), lewvel
Year
Read across compound 10 Where applicable
Species 11 Rart, ... human Human
Route/type of study 12 Inhalation, oral feed,... Inhalation, ococupational
Study length 13 Daywys, subchronic, chronic 17 wears
Exposure duration 14 Hrs/day, days/weelk
LeTitical endpoint 15 Effect(s]), site of eurological effec
L (| (colour vision impairment
PolTreidaparise =TT ) 16 LOAEC*L, NOAEC*L, NOEC*L, ‘\ LOAEC
Benchmark dose, ...
POD _Nala 17 mg,y/m?>] or m 123 m m ¥
Pooa —_— [g/m~] [PPpm] =9
Assessment Factors (AF 18
MD“" oo —-tTTe 19 Study exposure 4.2
duration hrs/day, days,/week
AF 20 sa— sc—=> c
Study Length (RE8-57}
FRoute-to-route extrapolation 21
factor
AF 22 a Reliability of dose-response, 2
Dose-response LOAEL =& NOAEL
22 b Severity of effect yr 8-64) \ /
Interspecies differences 23 a Allometric

> ~7
«1,“;“05‘1‘




23 Db Kinetic + dynamic
N
Intraspecies differences 24 Kinetic + dynamic 5
Worker - General population
AF (sensitive population) 25 Children or other sensitive groups / \
Other adjustment factors 26 Completeness and consistency
Quality of whole database Reliability of alternative data (R58-6 d.e)
Result \ /
7N\

Summary of assessment 27 Total Assessment Factor (TAF) 42
factors
POD/TAF 28 Calculated value (pg/ms3 and ppb) eeee2928.57 pg/ms

..... 772.58 ppb
Molar adjustment factor 29 Used in read-across /N
Rounded value 30 [ng/m?] &2 900 )
Additional Comments 31
Rationale Section 32
Rationale for critical effects
Neurological effects have been demonstrated in rodents and in humans exposed by the respiratory route
during chronic exposure. Toluene like many other organic solvents can impair colour vision, even at
concentrations below 50 ppm. Reprotoxic and developmental effects have also been shown, particularly in
animals. However, the neurological effects were reported at lower concentrations than those for effects on
fertility or development.
WHO, RIVM, ATSDR, US-EPA, ANSES, German [AQ, Austria IAQ, based their values on human studies showing
neurologic effects (could be neurobehavioural, vision impairment, ...).

q&nE'DL_\*“



VERSION: 07
January 2013

p-Dichlorobenzene

Toluene

Additionally assessed compounds (2]

STANDARDISED STANDARDISED
SUMMARY SUMMARY
FACTSHEET'S FACTSHEET
PARAMETERS LINE
Neurotox Hemat?lugy. . Hasal Neurotox, Carcinozenic, Neurological {Jtntnxi:ify Irritation o o
- and loeal . hemolysis, liver irritation, . effects [outer hair (squamous Irritation of Eladder epithelial
Critical effect 15 Irritation T genotox & respiratory . . . 3
effects on hemosiderin (olfact i (color vision cells of the metaplasia of the respiratory tissues changes
. hearing loss effects/damage . ) .
lungs deposition damage?) impairment) cochlear) nasal cavity)
LOAEL/NOAEL 16 NOAEC LOAEC NODAEC WOAEC LOAEC NOAEC LOAEC LOAEC NOAEC NOAEC NOAEC
; Human Human Human
11 Rat F344-Rat Rat Rodents Rat Rat Rat M
Species (workers) [workers) oden [workers) s
ASSESSMENT
FACTORS
Adjustment for
Exposire 19 56 42 56 56 42 56 42 47 56 56 56
duration
[b/d, d/w]
AF Study Length 20 2 2 2 2 2 2 3 2
[sa-->se-->¢]
Route-to-route
extrapolation 21
factor
AF Dose
Response:
reliability of 22a 3 3 2 3
dose-response
LOAEL--> NOAEL
AF Dose
Response: 22b 2 3 5
severity of effect
Interspecies:
allometric 23a
metabolic rate




VERSION: 07
Janmary 2013

STANDARDISED
SUMMARY
FACTSHEET'S
PARAMETERS

ASSESSMENT
FACTORS

STANDARDISED

Trimethyl-
benzenes

Xylenes

Butoxyethanol

Acetaldehyde

Styrene

p-Dichlorobenzene

Toluene

Ethyl-

benzene

£-Caprolactam

Additionally as

compounds (2]

a-Pinene

Interspecies:
kinetic+dynamic

23b

Intraspecies:
kinetic+dynamic
| Worker -
General
Population

AF Sensitive
population

Other
assessment
factors: quality
of whole
database

Total

Assessment

Factor (TAF)

280

126

112

224

189

700

1015

224

112

Point of
Departure
(POD] Value
EU-LCI Value
[ug/m]

123 mg/m?

14.2 ppm

25 ppm

275 mg/m?

20 ppm

200 ppm

50 ppm

NATIONAL RESEARCH CENTRE
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Fig. 1: Flow chart for the evaluation of VVOC, VOC and SVOC
emissions from building products BR

Ausschuss zur (Commuittee f(
gesundheitlichen  Health-related

Bewertung von Evaluation of
Test 1 Tobe checked: Bauprodukten Building Produg
after 3 days NG
TVOC; <10 mg/m?*? Reject
Yes l
Carcinogens; of EU cat. 1A and 1B! < 0.01 mg/m?? No—» Reject

Yes l

Test2
after 28 days

TVOC,5 < 1.0 mg/m?*?

Yes

2.SVOCy < 0.1 mg/m?*?

Yes

Carcinogens,g EU cat. 1A and 1B < 0.001 mg/m??

Assessable compounds:
all VVOC, VOC, SVOC with LCT** ([ No  , [Reject
(including Carci ns with LCT)

— P——

Yes
v

Non-assessable compounds:
sum of VOC with unknown LCT** ———» Reject
2 VOC,5 < 0.1 mg/m??

Yes

:NTRE
Productis suitable for indoor use IRONMENT

THEE)V -




AgBB - Evaluation procedure for VOC emissions from building products;  February 2015
Part 1: Introduction

Ausschuss zur gesundheitlichen
Bewertung von Bauprodukten

Committee for Health-related B B
Evaluation of Building Products

Ausschuss zur
gesundheitlichen

AgBB - Fepruary 2015 _ %zﬁ;?:é‘gk;’:r?
Updated List of LCI values 2015 in Part 3

Committee for

Health-related

Evaluation of
Building Products

This version applies from the date it is published. The
version it replaces will continue to be valid for one more
year. This also applies to updated lists of LCI values.
However, old and new versions must each be applied
as a complete document; they may not be mingled.

A contribution to the Construction Products Regulation:

Health-related Evaluation Procedure for Volatile Organic
Compounds Emissions (VVOC, VOC and SVOC) from
Building Products

For the evaluation of each compound 7 the ratio R; i1s established as defined in
equation (2).

G C;/ LCD ()

where C; 1s the chamber concentration of compound 7. For R; < 1, it 1s assumed that
there will be no effects. If several compounds with a concentration > 5 pg/m’ are
detected, additivity of effects 1s assumed and it is required that R, the sum of all R,
shall not exceed the value 1

= sum of all R; = sum of all ratios (C; /LCI;)) < 1 (3)

Products which do not fulfil this condition are rejected.

SEARCH CENTRE
IKING ENVIRONMENT




Unsolved issues

Multiple sources
Odour

Reactive chemistry
Quality control




"Delegated act” (2017-2018) for byggemateriale
VOC emission performance 1 henhold til

produktstandard

4 egenskaber:

2)
3)
4)

"The delegate Act” vil danne basis for af kunne

implementere VOC emissioner i produktstandarder



Lasninger/Solutions

 Regulering

« Guidelines-greenseveerdier
« Kilde/emissions-kontrol (WHO 1989)
« Maerkningssystem for emissioner

« /Endringer | adfeerd

Veer bevidst om dit indeklima

EEEEEEEEEEEEEEEEEEEEEE



