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Special drticle

PHYSICAL AND PHYSIOLOGIC PRIN-
CIPLLES OF AIR CONDITIONING

PART 1I

C. P. YAGLOU, M.S.
BOSTON

WINTER AIR CONDITIONING

wimidification, — Artificial  hunudification,
whie is heard in connection with winter air

conditioning, was shown in the first part of this paper *
to he relatively unimportant from the standpoint of
comfort and, so far as is known, not essential from the
standpoint of health.

\While a_relative humidity of between 40 and 60 per
cent would probably be more normal and perhaps more
healthful than one between 20 ¢ per cen .
practically impossible to mamtain this high range in
cold weather on account of excessive condensation and

freezing on the windows and sometimes inside the
exposed walls.
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Yaglou, JAMA 109 (1937) 945-950.
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Lav relativ fugtighed:
Virkninger pa ?

* Oplevet (umiddelbar) luftkvalitet
* Luftvejene (modstand) (astmatikere)
* Oplevelse af modstand i luftvejene
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TEAR FILM
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Dry eye spectrum
INn N. America

Dry Eye Spectrum

Mild Moderate Severe

Symptoms Occasional Frequent irritation, Persistent irritation,
Irritation, burning. burning, itching, dryness, sensitivity 1o
ifching sensitivity to light light, blurred vision

Litftle or no use of Regular use of Frequent use of

arfificial tears artificial tears artificial tears,
puncia plugs,
cinfments and
prescription tears

Contact lens Older population, Older population,
wearers, people confact lens people with

with allergies, poor wearers, people medical conditions,
blinking hablts, in with allergies, poor hormonal changes

low humidity areas. blinking habits, in In women, contact
low humidity areas lens wearers
s ia < Almost Everyone >

Population 60 Million Americans >

10 Million Americans
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Tarefilmens stabilitet efter 2 timer

Fugtighedens betydning

Komfort

Relative Break-up tid
fugtighed ’Stabilitet”

sek 0-10pegst

%
»L 35+3 11.3 8.5
19+ 4 8.3 7.7
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Changes In ocular and nasal signs and
symptoms among air crew in relation to air
humidification on intercontinental flights*

~ Ceramic humidifier Haje ozon koncentrationer?

Ozon-reaktioner pa overflader med
human debris, fx "sved”*

HHant

Relative Break-up | Dry eyes | Tiredness
\) s i ety humidity seconds % %

i . ‘g %
. 4 3 > 0l
K 10-14 5.0-7.3 66 50

.. 7 2125 7.7-9.2 39 26
Meibomian Glonds g
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LINICAL dCIENCE

The Effect of Low Humidity on the Human Tear Film

Ali A. Abusharha, BSc and E. lan Pearce, PhD

Conclusions: Evaporation rate, tear LLT, ocular comfort, tear
stability, and production were adversely affected by low RH. The
tear film parameters observed after exposure to a desiccating
environment for 1 hour were similar to those of the dry eye patient.
Therefore, to avoid tear film disruption and possible ocular surface
damage, the environmental conditions of dry locations need to be
improved or the tear film should be protected against adverse
environmental conditions.

Glidende overgang
mellem sygdom og
gjensymptom
oplevet pa kontoret

Key Words: tear film, relative humidity

(Cornea 2013;32:429-434)
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40%RH 5% RH

stabilitet

fordampningshastighed
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Time (min)

komfort

tareproduktion
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Tarefilm break-up tid vs
personlig NO, eller partikel eksponering
impact af oxidanter pa osmolalitet

P <0.019

R =-0.316

(Spearman corr)
°stabilitet

Osmolarity variability (mOsm/ kg)
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FIGURE 1. Effects of PM,s exposure (quartiles) on tear
ity (milliosmole per kilogram of water).

10 20 30 40
individual NO, exposure (ug/m?3)

NO, som mal for
trafik/forbreendingsproces

Novaes et al. Environ Res 2010 110 372-374.
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Umeettede vs maettede kulstofkaeder
Phase transition temperaturer

Tear Film:

Mucus layer g
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. = Watery layer Saturated lipids only Saturated 0
+Oily layer r 3 ’
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http://upload.wikimedia.org/wikipedia/commons/2/2e/Lipid_unsaturation_effect.svg
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Betydningen for tarefilmens stabilitet:

rel. fugt, temperatur, altitude, luftforureninger

Vand | BUT | Film | Wetness | Surfaktant | Stabilitet
tab tykkel | receptor | egenskaber | of PTF
se medieret
@get relativ J T T @
fugtighed
Hgj temperatur 0 J ) J @
Cornea J
Reduceret tryk 0 J @
(hgj altitude)
VOCer indoors nej nej nej @
* Non-reaktive
* Reaktive Trafik @
Indoor partikler ? ? ? @
Aggressive @
aerosoler (OH")

temperatur er detrimental for PTF stabiliteten

EPI studier and eksposure studier peger pé at lav fugt og hgj

T = Starre effekt. | = Mindre effekt.

© = stabiliserende effekt pA PTF. © =Ingen effekt p& PTFE. ® = Destabiliserende effekt pd PTF.



Riskofaktorer der eendrer

tarefilmens fysiology

og resulterer i “ydre” gjensymptomer

Individuel:

* Alder/kgn

* Jjensygdomme
* Kontaktlinser

* Kosmetik (personlige
plejemidler)

* Kirtel dysfunktion

* Hygiejne (hand og gjne)
* Ukomplette blink

* Medicin

Arbejdsmiljg
°* PC arbejde:

* varighed, gaze, position*
°* Ergonomi (indre gje)

Indemiljoa:

* Luftforureninger (irritants)
* Lav rel. fugtighed
°* Hgj temperatur

* Hgj altitude
° Hgj lufthastig

hed (traek)

* Geografisk placering

* Bel
S 7

EEEEEEEEEEEEEEEEEEEEEE



Konklusion
gjen- og luftvejssymptomer |
Indemiljger/kontormiljger

Tveerfaglig vurdering “altid” ngdvendig

Normalt hgje koncentrationer af forureninger pakreevet — hvis
kausalitet
Pavirkning af lugt skal ikke undervurderes (kontormiljaer)

Mange risikofaktorer kan spille ind, inkl. miljg-, arbejdsplads-
og individuelle faktorer (isser gjensymptomer)
Traffikforurening vigtig (transport)

Lav rel fugtighed (gjne)

Oxidative eller aggresive stoffer
Arbejdssituationen
Forbreendingsprocesser (rygning, traffik)
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Relevante artikler

Wolkoff, P. Indoor air pollutants in office environments: assessment
of comfort, health, and performance.

Int J Hyg Environ Health, 216 (2013) 371-394.

Wolkoff, P., Karcher, T., Mayer, H. Problems of the outer eyes in the
office environment: An ophthalmologic approach.
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Efficacy of a novel moist cool
air device in office workers with

dry eye disease

Masatoshi Hirayama.,! Dogru Murat,! Ying Liu.! Takashi
Kojima,'! Tetsuya Kawakita'!*? and Kazuo Tsubota'-?
"Department of Ophthalmology., School of Medicine, Keio University, Tokyo.

Japan
Minami-Aoyama Eye Clinic, Tokyo, Japan

Acta OPHTHALMOLOGICA 2012

Conclusion: Moist cool air device use provided symptomatic relief of ocular
dryness and improvement on tear stability in office workers with DED. This
new device seems to be a safe and promising alternative in the treatment of

DED.

Basic characteristics of the electro-spray

# When a high voltage is applied to the nozzle, the liquid is dispersed eclectrostatically.

When the meniscus of the liquid is charged to a high
voltage with respect to surrounding electrodes. it becomes
conical and its sharp tip emits charged particles.

The liquid is moved
to top of the nozzle
by air pressure.

The charged particles are
pulled in human skin
which is the most closest
conductive object by
electrostatic force.

e

Instability of liquid
remove droplet

Liquid
T
- - Aspiration force
electrostatic force

Air
pressure

-~
—

e Ligament

Formation of corn phase

High voltage power supply

— =~ Droplet
(10—3004m)
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Fugt og VOC emission fra materialer og mgbler

Table 3. Tentative proportionality factors for room concentrations

14000# WALL PAINT dependent on relative humidity (RH) change.

12000 |

‘ AIR VELOCITY = 5 cmis
10000 ‘A Concentration

| Y\ M- 50% RH, Taxanol ¥ 50% RH, 1 2-propandiol Change between
l = 0% RH, Texanol T 0% RH, 1.2-propandiat 30 and 80% RH 17°C 23°C 28°C Average
5000 - Y 5\

2000 | | Hexanal +460%  +400%  +210%  +357%
! 3-Carene +30% —15% —12% +1%
2000 - | e a-Pinene —4%  —12% —8% —8%
0 R = . : Limonene 0% —15%  (+78%) — 7%

0 B-Pinene +20% +12% + 15% +15 %
TIME (DAYS)
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Wood Marerial Science and Engineering, 20065 1: 69 75

Fig. 6. Concentration/time profiles of 1,2-propandiol and
exanol from a waterborne wall paint on gypsum boaid,
CSpﬂCtWC]y, at 0 and 500;6 RH, and 230C, the air Vc](].- Association between temperature, relative humidity and

concentration of volatile organic compounds from wooden furniture

ity = 5cms ™', The FLEC data have been converted to in a model room
standard room concentrations.

ORIGINAL ARTICLE

JAN-OLOF FECHTER', FINN ENGLUND” & ANDERS LUNDIN"

' Vaxio University, Vixid, Sweden, *SIP Trdtek, Scwedish National Testing and Research Institute, Stockholm, Seweden, and
- ~ il Seveden

Wolkoff, Atmos Environ 32 (1998) 2659-2668.
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Fugt og formaldehyd

Fomaldahyde i the Indoor Environment

016

erge-equation
0.14 0178 1M

D2 2249 208 Z9E 300 302 304
T (K]

Figure 10. Vanation of the formaldehyde concentration as a
function of humadity and temperature, calculaied with the Berge
equation {eq 21). The imbial conditrons were T, = 206 K, H, =
500, and C, = 0L.05 ppm.

1
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Old carpet

102
10 @

10-4 4

Resuspension rate (hr'1)

10—5 4
Resuspension

> frateeppe 445 ' . . Walking
end PVC gulv 081um  1-2um 2-5um  5-10um

FIG. 8. Box plot of resuspension rates for seeded old carpet under side wall supply system. Three experiments for RH = 30%, and one for RH = 50%. The . . -
whiskers show the 5th and 95th percentile. Dots are outliers. Bild 1: Der Schrittsimulator

Aerosol Science and Technology 1/dm?

“00 - particle size > 1 ym

Optisk maler
300

Resuspension of Dust Particles in a Chamber and Associated Environmental
Factors  Quian/Ferro, 42 (2008) 566-578.

Saerlig lav rel fugt "eger” deponering af fine
partikler — men, for storre partikler, “gges”
resuspension ved gget rel fugt (enkelte papers)

Partikelkonzentration

L A '] '] A ] L L 1

Kivistd, Timo und Juha Hakulinen: g 10 20 30 40 S0 60 70 80 90 %

N . o . - sT891 2 RF
Der Staubgehalt der Luft in Riumen mit textilen FuBbodenbeli- Bild 2: Die Partikelkonzentration als Funktion

gen der relativen Luftfeuchtighkeit (bei einem getufte-

Staub-Reinhalt. Luft 41 (1981) Nr. 9 S. 357/58, ten. Teppich)
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Fugt og virus transmission/overlevelse

OPEN & ACCESS Frealy available online 2007 PLOS patnocEns
Influenza Virus Transmission Is Dependent
on Relative Humidity and Temperature

Anice C. Lowen" . Samira Mubarek.a John Steel’ » Peter Palese™

1 Department of Microbiology, Mount Sinai School of Medicine, New York, Mew York, United States of America, 2 Department of Medicine, Mount Sinai School of Medicine,
Mew York, Mew York, United States of America

EXPOSED INFECTED

humidity. We found that low relative humidities of 20%-35% were
ost favorable, while transmission was completely blocked at a high
elative humcity of 80%. Fu-tlmmure, when guinea pigs were @

LIl 13 h"l'ﬁl-z.' 1'1"f-l-1'|l-ll il o i‘

ia at 30 "C no transmission was detected. Our data implicate hw

.L“-'L 11| ll-nhlll =i lllﬂll.lll L ] = =

dlUITES A5 [EdiUres O ..I'. Ul AWV ||. =i “. Anl =l

EXPOS ED Ihll'.-'EC"I'E 0

Vira kan veere associeret med
astma og allergi-forekomst
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Fugt - virus transmission

OPEM a ACCESS Freely available online

Influenza Virus Transmission Is Dependent
on Relative Humidity and Temperature

o

P1.OS paTHoGENS

- 1= = 1 1 A
Anice C. Lowen , Samira Mubareka , John Steel , Peter Palese
1 Department of Microbiology, Mount Sinai School of Medicine, New York, Mew York, United States of America, 2 Department of Medicine, Mount Sinai School of Medicine,

Mew York, Mew York, United States of America

virus particles are
stable; droplet
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Figure 4. Guinea Pigs Housed at 5 °C Shed Influenza Virus at Higher
Titers on Days 4, 6, and B p.i. Than Guinea Pigs Housed at 20 °C

% Relative humidity

Figure 6. Variation of Tmnsmission Efficiency with Relative Humidity: A
Model
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Fugt - virus transmission — sgvnkvalitet

Myatt et al. Environmental Health 2010, 9:55

http://www.ehj l.net/content/9/1/55
prAwIw-ehjotirnal.net/conten ) ENVIRONMENTAL HEALTH

RESEARCH Open Access

Modeling the airborne survival of influenza virus
in a residential setting: the impacts of home
humidification

Theodore A Myatt'’, Matthew H Kaufman', Joseph G Allen’', David L Macintosh', M Patricia Fabian?,
James J McDevitt?

Results: The presence of a portable humidifier with an output of 0.16 kg water per hour in the bedroom resulted
in anincreace in median deening hours AH/RH levels of 11 to 19% compared to periods without a humidifier
present. The associated percent decrease in influenza virus survival was 17.5 - 31.6%. Distribution of water vapor

through a residence was estimated to yield 3 to 12% increases in AH/RH and 7.8-13.9% reductions in influenza
virus survival,

Conclusion: This modeling analysis demonstrates the potential benefit of portable residential humidifiers in
reducing the survival of aerosolized influenza virus by controlling humidity indoors.

NATIONAL RESEARCH CENTRE
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Hvorfor fokusere pa ozon?

Forventet stigning i koncentration pga klimaasendringer

De fleste (daglige) forbrugerprodukter indeholder duftstoffer,
som ozon reagerer med, 0g..

Der dannes en raekke nye stoffer, som kan veere forbundet med
en sundhedsrisiko (oxidationsprodukter og aerosoler)

Ozon + gulvstgv har tidligere vist effekter pa lungefunktionen

Mange duftstoffer (parfumer) er ”implicit” forboundet med risiko
for luftvejsproblemer eller forveerring deraf

NATIONAL RESEARCH CENTRE
FOR THE WORKING ENVIRONMENT




Indeklima ”"smog sundhed
Human exposure studies

Epidemiology

In vivo
studies

IN vi’_[ro
studies

’ \

Oxidation products
Gaseous Ultrafine
products part|C|eS
Oxygenated SOA i
VOCs/SVOCs Secondary organic  Aerosolized
H,O,, OH... aerosols products

Spray products

1

Construction
products

VOCs/SVOCs

S
A\
N N
NOX \M

OH-

A\NGs,.
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Ozon gasfase og overflade-reaktioner

Danner ultrafine Oxygenated species Air Outlet (n)
partikler remain in the gas-phase
multifunctional (formaldehyde)

oxygenates
\/ Ky * K w
O; g

gaseous reaction products Deposition

O;

‘ k(O3)

Fragrance +terpene + O,

m
3,
]
=,
=]
=1

gaseous reaction products

_@Q‘
\.fﬂ

Bond cleavage
surface reaction products

Air Inlet material pine wood  skin oils ~ sweat

Modified from: Salthammer and Bahadir Clean 37 (2009) 417-435.




Ozonolysis products In ozone+limonene

PAPER www.rsc.org/pccp | Physical Chemistry Chemical Physics

High-resolution mass spectrometric analysis of secondary organic aerosol
pdeUCEd by ozonation of limonene+ [ Phys. Chem. Chem. Phys., 2008, 10, 1009-1022 |

Maggie L. Walser,” Yury Desyaterik.” Julia Laskin,® Alexander Laskin® and
Sergeyv A. Nizkorodov*“

- S

Keto-Limononic Acid Keto-70OH-Limononal

Gas-phase and
Kot imantdchy e Himenstic Acid particle-phaseproducts

% (secondary organic aerosols)

Limononaldehyde




Sundhedseffekter — epidemiologi
0zon | kontorer

Indoor Air 200, 18 156170
www. blackwelpublishing.com/ina
Printed in Singapore. AN righis rezerved
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NDOOR ATR
o DO GON-OGER 2008 NS 20 x

Outdoor ozone and building-related symptoms in the BASE study

Abstract Reactions between ozone and indoor contaminants may influence
human health and indoor air quality. The U.S. EPA Building Assessment Survey
and Evaluation (BASE) study data were analvzed for associations between
ambient ozone concentrations and building-related svmptom (BRS) prevalence.
Multiple logistic regression (MLR) models, adjusted lor personal, workplace,
and environmental variables, revealed positive relationships (P < 0.05) between
ambient ozone concentrations and upper respiratory (UR), dry eves, neurolog-
ical and headache BRS (odds ratios ranged from 1.03 to 1.04 per 10 pg/m®
increase in ambent ozone concentrations). Other BRS had margimally sigmficant
relationships with ambient ozone (P < 0.10). A hnear dose -response in UR
svmptoms was observed with increasing ambient ozone (P = (.03); most other
svmptoms showed simular but not statistically significant trends. Ambient ozone
correlated with indoor concentrations of some aldehvdes, a pattern suggesting
the occurrence of indoor ozone chemistry. Coupled with the MLR ambient
ozone-BRS analysis, this correlation 1s consistent with the hypothesis that ozone-
initiated indoor reactions play an important role in indoor air quality and
building occupant health. Replication with increased statistical power and

with longitudinal data is needed. If the observed associations are confirmed as
causal, ventilation system ozone removal technologies could reduce UR BRS
prevalence when higher ambient ozone levels are present.

M. G. Apte, |. S. H. Buchanan,

M. J. Mendell
Lawrence Berkeley National Labaratory, Berkeley, CA,
Lsa

Key words: Orone Initiated Chemistry; Sick Building
Syndrome;  Aldehwdes; Dose  Response;  Multinle
logistic  Aegression; National Ambient Air Ouality
Standard.

Michael G Apte, Ph 0.

Acting Group Leader
Commercial  Buildings  and
Cuality Group

Indoor Envirpnment Department
M5 90-3058

Lawrence Berkeley Mational Laboratory
1 Cyclotron Ad

Borkeley CA S4720, LSA

Tel: (510) 4859559

Fax: (510} 485-6658

e-mail: mgapted® ol gov

Indoor  Environmental

Practical Implications

This paper provides strong statistical evidence that supports (but does not prove) the hypothesis that ozone entrained

into buildings from the outdoor air 1s involved in increasing the frequency that occupants experience and a range of

upper and lower respiratory, mucosal and neurological symptoms by as hen ambient ozone

levels increase from those found in low-ozone regions to those tvpical of high-ozone regions. Although replication is

needed, the implication 1s that reducing the amount of ozone entrained into building ventilation systems, either by
ambient pollution reduction or engineered gas-phase filtration, may substantially reduce the prevalence of these |
symptoms experienced by occupants.




Sen eftermiddag
ambient ozon
koncentration

LWDOZ (ug/m?)

<204
20.4-536 |
53.6—-86.8
86.8-120 |
>120

<20.4
20.4-536 |
53.6-86.8
86.8-120
>120

<20.4
20.4-536
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>120
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86.8-120
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86.8—-120
>120

<20.4
20.4-53.6
53.6-86.8 |
86.8-120

>120

0.1

Adjusted prevalence odds ratio

LR
Combined
(n=4258)
P < 0.61

Cough
(n=4201)
P<0.35

Irritation i luftvejene

Dry Eyes

Tarre gjne

(n=4186)
P<0.13
Cough

Neuro
Combined
(n=4253)
P<0.22

Dry Skin
(n=4145)
P <0.67

Headache
(n=4189)
P<0.26

10

Fig. 2 Dose-response graph fof late workday (15:00-18:00 hours) ambient ozone concentrationy (LWDOZ), ORs and their 95%
: ons, relative to the lowest ozone

confidence interval are shown

exposure cohort (<20.4 ug/m*). N is the sample size in the models. The P-values were obtained assuming a linear dose-response
relationship between LWDOZ and BRS in a MLR model using a single five-part categorical ozone variable that represented the five
ozone ranges on the left of the figure




Does O, removal induce changes in
secondary VOC emissions from materials
that are perceivable by the human nose
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Preference of odour
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Latex carpet

. 10 ppb O; during assessments

80 ppb O; before assessments
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Knudsen et al. Indoor Air 13 (2003) 223-231.
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Ozon/terpen-kemi’s effekter pa
luftvejene

terpener = duftstoffer

1. Terpen-oxidationsprodukters pavirkning af luftvejene

2. Kan ozon/terpen blandinger have en adjuvans effekt eller
iInducere allergisk sensitisering og inflammation?

3. Hvordan pavirker ozon/terpen blandinger pavirke allerede
“allergiske” mus?

4. Hvordan pavirkes luftvejene af tar luft, nar de udseettes for
formaldehyd?
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Human reference values for acute airway effects of five common
ozone-initiated terpene reaction products in indoor air

Peder Wolkoff*, Seren T. Larsen, Maria Hammer, Vivi Kofoed-Sgrensen,
Per A. Clausen, Gunnar D. Nielsen

National Research Centre for the Working Environment, Denmark

HIGHLIGHTS

» Airway effects of ozone-initiated terpene reaction products were assessed in mice.
» Sensory irritation, airway limitation, and pulmonary effects were observed.,

» 3-Isopropyl-6-oxo-heptanal may be a sensory irritant of concern.

» 4-Oxopentanal may be of concern due to air-flow limitation.
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Ozon/terpen oxidationsprodukter

Ozone-initiated Structure Limonene | a-terpineol | Geraniol | Squalene | Cabin air/ | Ventilation
reaction products Office air filters

4-AMCH CHa

~
4-acetyl-1-methyl

cyclohexene

DHC: dihydrocarvone

2-methyl-5-isopropenyl-
cyclohexan-1-one

IPOH

3-isopropenyl-6-oxo-
heptanal

6-MHO

6-methyl-5-heptene-2-
one

4-OPA

4-oxopentanal

Wolkoff et al., Toxicol Lett 216 (2013) 54-64.
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Human reference veerdier for
ozon/terpen oxidations-produkter*
Life-long exposure

Ozonelterpene reaction Human reference values
products

o
)
3

Sensory irritation Airflow limitation
IPOH 0.16
DHC

4-AMCH

4-OPA
6-MHO

Formaldehyde**

Ozone** 0.08

Field campaigns

*) Wolkoff et al. Toxicol Lett 216 (2013) 54-64. .
required

**) Nielsen et al. Hum Exp Toxicol 19 (1999) 400-409.
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Acute airway effects of airborne formaldehyde in sensitized and non-sensitized mice
housed in a dry or humid environment

Seren Thor Larsen *, Peder Wolkoff, Maria Hammer, Vivi Kofoed-Serensen,
Per Axel Clausen, Gunnar Damgard Nielsen

The National Research Centre for the Working Environment, Lerse Parkalle 105, DK-2100 Copenhagen, Denmark




Formaldehyd - hgj vs lav rel fugtighed

Time of brake (tilbageholde respirationen)
Sensibiliserede vs ikke-sensibiliserede mus

Befugtet luft — 5,7 ppm o 1@r luft—4,0 ppm
w0 il
-=Q0VA =-NaCl (“* -<-0VA -=NaCl
800 800

Time of break (% of baseline)
Time of break (% of baseline)

Eksponering Recoye[y
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Sensibiliserede mus er mindre
folsomme | de nedre luftveje

Lav RF eller sensibilisering gger
Ikke sensorisk irritation

over for formaldehyd over for formaldehyd




Adjuvans effekt af reaktiv kemi?

At undersgge effekten af gentagen inhalativ sub-kronisk eksponering af ozon,
limonen and reaktionsblandingen sammen med aerosoliseret ovalbumin (OVA)
paimmun-respons i mus
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Lav O; promoverede eosinophil
inflammation | luftvejene, men Limonen
ingen OVA-specifik IgE dannelse. sd ud til at
Reaktionsprodukterne have anti-
promoverede specifik IgE, men inflammatorisk -
inflammation, som er effekt °
karakteristisk for allergisk astma,
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Reaktionsprodukterne "kan have”
sundhedseffekter, der er veerre end
udgangsstofferne! ?



+-Limonene 450/115 Sensory irritation, H
1.5 OEL/100
Neuropathy+precaution; A

(+)-a-Pinene Sensory irritation; H
OEL/100
Sensory irritation; H;
precaution
Bladder epithelial changes; A

3-Carene : Sensory irritation; H
OEL/100
Sensory irritation; H;
precaution

Linalool : Acute effect: Motility, A
Long-term effect: Motility; A

Citronellol : Long-term systemic

Geraniol : Long-term systemic

Toluene Sensory irritation, A
OEL/100
Neurotoxicity
Neuropathy+precaution; A

Formaldehyde ~0.8 Sensory irritation, H

AgBB: German LCI for material emissions , 2012

G.V. (I) German Indoor Climate Commission, 2003-2010.

LCI: Lowest concentration of interest. ECA harmonization work; material emission, 2013. PUSTIDRAL RESEARCE ©ENTRE
SMAC: Space maximum Allowed Concentration, NASA, 2008. FORTHE WORKING ENVIRONMENT
ECHA: DNEL (gen. popu.); European Chemicals Agency, 2010.




