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ABSTRACT 

Polyurethane Flexible Foams (PUF) are versatile materials used in upholstered furniture and bed mattresses. Due 
to the production procedure, fresh foams emit volatile organic compounds (VOC). Chamber tests issued by the 
European association of flexible polyurethane foam blocks manufacturers (EUROPUR) revealed certain levels 
of VOCs, and the emission rates are declining over time. To assess the risk associated to these VOCs which, as a 
consequence, might be detectable in indoor air where these PUF are used. To evaluate the risk for consumers, 
their concentration can be matched against existing benchmarks for indoor air. These benchmarks are, for exam-
ple, guidance values derived by the Advisory Group for Indoor Air Guidance Values of the German UBA (RW-
values), Lowest Concentrations of Interest (LCI) for building products, or against derived no effect levels 
(DNELs) for consumers, defined in registration dossiers under the European Regulation No. 1907/2006. In this 
paper, indoor air guidance values are derived for some VOCs which do have neither RW- nor LCI-values, and 
no DNELs for consumers. Substances covered are trimethylsilanol, fluorotrimethylsilane, chloropropanol, pro-
panal, triethylenediamine and 2,2,3,3-tetramethyl succinodinitrile. 
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INTRODUCTION 

In the late 1990’s, the European associa-
tion of flexible polyurethane foam blocks 
manufacturers (EUROPUR) started to per-
form VOC emission tests for flexible polyu-
rethane foams. This activity was introduced 
as part of a responsible care program to iden-
tify potentials for product improvement, and 
to address any health concerns consumers 
may have with regards to volatile organic 
compounds (VOC) from articles containing 
polyurethane flexible foam (PUF). Selected 
examples of different PUF types were sub-
mitted to emission testing according to ISO 

16000. Measurement results and a toxicolog-
ical evaluation were published by Hillier et 
al. (2003). Based on these experiences, VOC 
emission testing in chamber tests became 
part of EUROPURs product label CERTI-
PUR® (EUROPUR CERTIPUR, 2018). 
Since 2003, many additional data concerning 
foam emissions were generated. Due to the 
European Union Regulation (EC) 
1907/2006, more toxicological data for sub-
stances have become available, and produc-
ers and importers of chemicals are asked to 
define Derived No Effect Levels (DNELs) 
for consumers, if they may be exposed. Fur-
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ther, due to technical development chemicals 
available on the market and their quality may 
have changed. EUROPUR decided to issue 
an update of the Hillier et al. (2003) publica-
tion. Concerning the toxicological evaluation 
of emitted VOCs, several approaches are 
possible. In 2012, the Advisory Group for 
Indoor Air Guidance Values of the German 
UBA (Ausschuss für Innenraumrichtwerte 
des Umweltbundesamtes) published a re-
vised guidance for the derivation of indoor 
air guidance values I and II (RW I, RW II). 
RW I is the precautionary value and is based 
upon NOAEC, NOAEL or BMDL5 as point 
of departure. It describes a concentration in 
indoor air that is not expected to pose a criti-
cal health risk to residents. RW II uses the 
LOAEC, LOAEL or BMDL10 as point of de-
parture and describes an indoor air concen-
tration that requests immediate remediation 
action if exceeded (UBA, 2012). The con-
cept of “Lowest Concentration of Interest” 
(LCI) addresses the testing of building prod-
ucts. LCI values are those concentrations for 
VOCs in chamber tests that must not be ex-
ceeded if the construction product shall be 
classified as fit for the market. The Joint Re-
search Center points out that the LCI values 
are to be used to evaluate construction prod-
ucts, not indoor air (Joint Research Center, 
2013). However, because the test conditions 
for the building products simulate later 
standard indoor situations, and because the 
LCI is derived quite similar to the “Derived 
No Effect Level” (DNEL) for consumers un-
der the REACH regulation (ECHA, 2012), 
existing LCI values may be regarded as 
equivalent to the DNELs for consumers. 
Both, the LCI and the DNEL derivation, 
make use of NOAECs or NOAELs or 
BMDL5. 

For some of the VOCs identified in EU-
ROPURs chamber tests, benchmarks for tol-
erable indoor air concentrations were not 
available. In this paper, indoor air guidance 
values are derived for those VOCs which 

have at minimum repeated dose toxicity da-
ta, or where due to instability in an aqueous 
environment the rapid formation of hydroly-
sis products is expected, and these hydrolysis 
products have the required minimum data 
set. 

For the derivation of an Indoor Air Guid-
ance Value (IAGV), the following data set is 
required: a) repeated dose studies (preferably 
by inhalation exposure); b) a chronic cancer 
study unless mutagenicity studies indicate no 
genotoxic risk (at least data from the bacteri-
al reverse mutation assay, point mutation and 
chromosomal aberration in mammalian 
cells); c) reproduction toxicity studies ad-
dressing development and fertility (at least 
screening studies); the endpoint fertility may 
be addressed by histopathology of reproduc-
tive organs in subchronic or chronic studies. 
Local, systemic and reproduction effects are 
addressed separately (see Table 1). The rea-
sons for this differentiation are different ex-
trapolation factors and different data density 
and data quality of the respective data bases. 
For example, concerning systemic toxicity 
the data base may be sufficient to derive and 
IAGVsystemic, but for reproduction effects the 
data base may be limited and, therefore, the 
IAGV is called tentative IAGV (TIAGVrepro ) 
only. 

 
METHODS 

Substances identified in chamber tests 
without RW I, LCI or DNEL values were 
evaluated similar to the RW concept meth-
odology (UBA, 2012). If appropriate, Indoor 
Air Guidance Values (IAGVs) are derived 
for systemic and local effects separately. The 
Points of Departure (PoD) are typically ani-
mal data, but available human data have to 
be taken into account. Generally, only re-
peated dose inhalation studies are suitable 
for the derivation of an IAGV. 
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Table 1: Default extrapolation factors for (tentative) indoor air guidance values, (T)IAGV 

 Systemic Local Effectsa) Reproduction 

Start 
Animal  

data 
Human da-

ta 
Animal da-

ta 
Human da-

ta 
Animal  
Data 

PoD oral 
(mg/kg) 

NOAEL --- --- --- NOAEL 

Allometric  
scaling 

7 (mouse), 4 (rat), 
2.4 (rabbit) or 1.4 
(dog) 

--- --- --- 
7 (mouse), 4 (rat), 2.4 
(rabbit) or 1.4 (dog) 

Resorption  
factor 

2 --- --- --- 2 

PoD  
inhalation 

NOAEC or 
BMDL5 

NOAEC or 
BMDL1 

NOAEC or 
BMDL5 

NOAEC or 
BMDL1 

NOAEC or BMDL5 

Remaining  
Inter-species 
differences 

2.5 (only one 
study) 
1 (most sensitive 
study used) 

--- 1 --- 2.5b) 

Time-scaling (168 h) / (hours exposure per week in study)   
Study  
duration 

6 (subacute to chronic) or 2 (subchronic to chronic) --- 

Screening 
study 

--- --- --- --- 5 

Intra-species 10 10…2 5 5…2 10 
Children 1 or 2c) 1 or 2c) 1 or 2c) 1 or 2c) --- 

a): rritation without involvement of metabolism 
b): the RW-concept does not explicitly address reproduction toxicity studies. Therefore, the interspe-
cies factor of 2.5 for toxicodynamic differences is maintained throughout due to the public health rele-
vance of reproduction effects 
c): factor 1, if a one- or two-generation study is available. 
 
 
 

In case of absence of repeated dose inha-
lation studies, all three concepts allow to 
make use of repeated dose oral studies, pro-
vided there is no indication – either by exist-
ing toxicity data or by structural alerts – that 
target organs and severity of effects are like-
ly to be route-dependent. As a default, it is 
assumed that an orally applied substance is 
resorbed by 50 %, whereas inhalation expo-
sure is assumed to result in 100 % resorp-
tion. For the oral to inhalation exposure, ac-
cording to the REACH Guidance (ECHA, 
2012), 60 kg body weight and a daily breath-
ing volume of 20 m³ are default values for 
the consumer. For the time extrapolation, all 
three schemes – RW, LCI, DNEL – make 
use of default values 6 for subacute to chron-
ic extrapolation, and 2 for subchronic to 
chronic extrapolation. In the RW concept, 
time scaling is to be applied to convert in-
termittent exposure in animal studies, p. e. 

5 d per week and 6 h per day, to permanent 
exposure conditions, which are 7 d per week 
and 24 h per day (168 h per week). For the 
inter-species extrapolation, toxicokinetic dif-
ferences are to be covered by allometric scal-
ing if oral data on an mg/kg body weight ba-
sis are used.  

Remaining inter-species differences are 
covered by a default factor (toxicodynamic 
factor) of 2.5. For local effects after inhala-
tion, the RW-concept of the UBA recom-
mends a factor of 1 for physical-chemical ir-
ritation; for systemic effects this factor is al-
so 1 if the most sensitive of at least two stud-
ies was used as point of departure; a factor of 
2.5 is used if only one study is available and 
metabolism is likely to play a role in detoxi-
ficition (UBA, 2012). The RW concept does 
not explicitly address the severity of effects 
(UBA, 2012). Carcinogens, however, are 
evaluated in that respect that the concentra-
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tion of the carcinogen that is associated with 
an additional carcinogenic of 10-6 shall be 
established, and measured indoor air concen-
trations shall be matched against this value 
(UBA, 2015).  

For the derivation of indoor air guidance 
values (IAGV) for VOC without RW-, LCI-
values or DNELs, extrapolation factors used 
in this work are summarized in Table 1. 

The IAGV can be defined for systemic, 
local, and reproduction effects. An IAGVlocal 
is derived if repeated dose inhalation studies 
are available with an LOAEC for local ef-
fects. An IAGV is called tentative (TIAGV) 
under the following circumstances: a) the da-
ta base is incomplete (p. e. older studies 
which do not exactly match todays standards 
of the OECD test guidelines); b) in case of 
conflicting results between equivalent stud-
ies which can not be resolved yet; c) when it 
is debatable whether an effect is a NO-
AEC/NOAEL or LOAEC/ LOAEL. 

 
RESULTS 

A detailed derivation of indoor air guid-
ance values for the VOCs is provided in sup-
plementary material. The following sections 
summarize the relevant information and re-
sults. 

 
1-Chloro-2-propanol (CP) 

Chloropropanol is genotoxic, but did not 
induce significant increase in tumors in 
drinking water studies with rats and mice 
(NTP, 1998). In a one generation study with 
rats, CP did not affect fertility and develop-
ment (ACGIH, 2002); for that reason, the 
factor to cover children is set to 1. In a sub-
acute inhalation study with rats, a NOAEC 
of 30 ppm could be established (ACGIH, 
2002). Based on available data, the ACGIH 
(2002) derived an occupational exposure 
limit of 1 ppm (3.78 mg/m³). The NOAEC of 
the subacute rat study will be taken as PoD 
for the derivation of the Indoor Air Guidance 
Value (IAGV):  

IAGVCP: 0.05 ppm = 195 µg/m³. 

If the OEL of 1 ppm was taken as point 
of departure, factors (divisors) of 2 for work-
er to consumer, 4.2 for 24 h/d and 7 d/w ex-
posure, and a factor of 2 for children would 
result in an IAGV of 0.06 ppm. 

  
2,2,3,3-Tetramethylsuccinodinitrile   

Tetramethylsuccinodinitrile (TMSD) was 
negative in in-vitro mutagenicity tests (Sei-
fried et al., 2006). Data concerning effects on 
development are very limited (Doherty et al., 
1983), and concerning fertility it is not clear 
whether or not histopathology of gonads was 
evaluated in subchronic studies (Johannsen 
and Levinskas, 1986). In subchronic oral 
studies with rats and dogs, the NOAEL was 
1 mg/kg b.w., which serves as a starting 
point; in both species, 3 mg/kg was the 
LOAEC (DFG, 2001b). Both subchronic 
studies, as well as acute toxicity studies indi-
cate that inter-species differences are very 
small to negligible. For that reason, a divisor 
of 1.4 is introduced for the allometric scaling 
from dog to man. Differences in toxicody-
namics are regarded as negligible. For intra-
species extrapolation, a factor of 10 is used 
for the consumer. For subchronic to chronic 
exposure, the factor applied is 2, and a factor 
2 addresses children as vulnerable popula-
tion. Acute toxicity data have demonstrated 
that orally applied TMSD is completely re-
sorbed; therefore, the oral to inhalation ex-
trapolation factor is 1. Based on the available 
data, the Tentative Indoor Air Guidance Val-
ue is 

TIAGV: 54 µg/m³. 

Due to open questions / data gaps con-
cerning reproduction toxicity, the indoor air 
guidance value is regarded as tentative. 

 
Triethylenediamine  

Triethylenediamine was registered under 
Regulation (EU) 1907/2006 (REACH), but 
the registrant did not derive a DNEL for in-
halation exposure of the consumer (ECHA 
Triethylenediamine, 2017). The registrant 
regards 620 mg/m³ to be the systemic NO-
AEC in the subacute inhalation study. How-
ever, at this concentration, absolute and rela-

http://www.excli.de/vol17/Schupp_07082018_supplementary_material.pdf
http://www.excli.de/vol17/Schupp_07082018_supplementary_material.pdf
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tive testicle weights, adrenal weights, blood 
urea and aspartate amino transferase were el-
evated, and food intake was reduced in male 
rats. Histopathology did not reveal any ad-
verse effects at the top concentration, but 
urine analysis was not performed, and tests 
concerning fertility effects on male rats after 
inhalation exposure are missing. After oral 
exposure, triethylenediamine did affect nei-
ther fertility nor development in a screening 
study with rats (ECHA Triethylenediamine, 
2017). As a precautionary measure, 
63 mg/m³ are regarded as the appropriate 
point of departure for the derivation of a ten-
tative Indoor Air Guidance Value, which is 

TIAGVsystemic : 38 µg/m³. 

If the NOAEL of the reproduction toxici-
ty screening study is taken as point of depar-
ture, against the endpoint developmental tox-
icity and fertility a factor of 5 needs to be in-
troduced due to limited sensitivity of screen-
ing studies. The extrapolated NOAEL than is 
60 mg/kg/d. A factor of 10 for each, inter- 
and intra-species extrapolation would result 
in a NOAELman of 0.6 mg/kg/d. For a person 
of 60 kg body weight and 20 m³ breathing 
volume per day, with a correction factor of 2 
(divisor) for oral to inhalation extrapolation 
results in 

IAGVrepro: 900 µg/m³. 

Concerning local effects, the NOAEClocal 
was 5.8 mg/m³ in the subacute inhalation 
study. On this basis, the Tentative Indoor Air 
Guidance Value is  

IAGVlocal: 7 µg/m³.  

 
Propanal 

For propanal (propionaldehyde), some in 
vitro tests indicate genotoxicity whereas oth-
ers were negative. The sole in vivo study 
identified indicates some weak clastogenic 
activity in bone marrow of male mice. For 
acetaldehyde, the MAK-Commission of the 
Deutsche Forschungsgemeinschaft has 
drawn the conclusion that it is genotoxic, but 
irritation is expected to be a requisite for tu-
mor development in chronically exposed 
rats; therefore, 50 ppm, the subacute NO-

AEC from rat inhalation studies, devided by 
a factor of 3, is proposed as MAK-value for 
acetaldehyde (DFG, 2013). 150 ppm is the 
LOEC concerning vacuolization of the olfac-
toric epithelium for propanal. Irritating po-
tencies are comparable between propanal and 
acetaldehyde, acetaldehyde being a slightly 
stronger respiratory irritant; acute RD50 val-
ues in rats are about 3000 ppm for acetalde-
hyde and 6800 ppm for propanal (Babiuk et 
al., 1985). 150 ppm will be taken as a NO-
AEC for systemic, and as LOEC for local 
toxicity of propanal. The genotoxic potential 
of propanal may need further clarification. 
Concerning reproduction toxicity, data from 
a rat screening study with inhalation expo-
sure are available (ECHA Propanal, 2017).   

IAGVpropanal,systemic:  300 µg/m³ 
IAGVpropanal,local :  200 µg/m³. 

For reproduction toxicity, the result is 

TIAGVpropanal,repro :  7.11 mg/m³. 

 
Trimethylsilanol  

For the derivation of a tentative indoor 
air guidance level for systemic effects, only 
the summary of an oral subacute study in rats 
is available; however, this study was summa-
rized by a governmental body (NIHS, 2017) 
and, therefore, is regarded as sufficiently re-
liable. Trimethylsilanol (TMSOH) does not 
induce point mutations in vitro, but there are 
indications of clastogenic activity; however, 
this activity was not detectable in in vivo as-
says (Isquith et al., 1988a, b). Carcinogenici-
ty data are available for hexamethyldisilox-
ane (HMDS), which hydrolyses to TMSOH; 
because of this, data are read across from this 
compound to TMSOH.  Hexamethyldisilox-
ane does not pose a human health relevant 
carcinogenic risk after inhalation exposure; 
the increase in Leydig cell tumors in rats was 
attributed to a promoting effect of the sub-
stance, as this tumor type had a high back-
ground rate already (ECHA Hydroxytrime-
thylsilane, 2017). TMSOH did not affect 
male fertility in a dominant lethal test with 
rats (Isquith et al., 1988b). In a two-
generation study with hexamethyldisiloxane 
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given via inhalation to rats, fertility was not 
affected; 400 ppm was the NOAEC, higher 
concentrations caused liver effects in F0 an-
imals (ECHA Hydroxytrimethylsilane, 
2017). 

The NOAEL from the subacute gavage 
study in rats is taken as point of departure 
and extrapolated by several divisors to gen-
erate the tentative indoor air guidance value 
of 

TIAGVsystemic : 195 µg/m³. 

The structural analogue hexamethyl-
disiloxane (HMDS), which is in equilibrium 
with TMSOH in aqueous solutions, allows to 
derive a TIAGV for local effects. In a chron-
ic study, 400 ppm HMDS (2750 mg/m³) was 
the local NOAEC; higher concentrations 
caused eosinophilic infiltration in respiratory 
and olfactoric mucosa (ECHA Hexamethyl-
disiloxane, 2017). The tentative indoor air 
guidance value for local effects, via this read 
across, is 

TIAGVlocal: 19.6 mg/m³ 

 
Fluoro(trimethyl)silane 

Fluoro(trimethyl)silane (FTMS) has a 
very limited toxicological database, but due 
to its chemical properties it is expected to 
hydrolyse rapidly in biological tissues. On 
hydrolysis, trimthylsilanol (TMSOH) and 
hydrogen fluoride are formed. Therefore, the 
tentative indoor air guidance value will be 
based on these hydrolysis products.  

For hydrogen fluoride, the evaluation of 
the MAK Commission of the Deutsche For-
schungsgemeinschaft was used for the deri-
vation of an Indoor Air Guidance Values 
(IAGV) (DFG, 2001a, 2006). For workers, 
the occupational exposure limit (OEL) was 
2 ppm for local, and 1 ppm for systemic ef-
fects (DFG, 2001a, 2006). On this basis, by 
assuming a factor 2 higher sensitivity of the 
general population and a factor of 4.2 ex-
tended exposure period per week, the results 
for hydrogen fluoride are 

IAGVHF,systemic : 0.06 ppm 
IAGVHF, local : 0.12 ppm. 

Every molecule FTMS hydrolyses to one 
molecule TMSOH and one molecule HF. 
The tentative indoor air guidance value for 
FTMS, therefore, is calculated as the result 
of the two hydrolysis products: 

 

1 ൌ ்ூ஺ீ௏ಷ೅ಾೄ

ூ஺ீ௏ಹಷ
൅ ்ூ஺ீ௏ಷ೅ಾೄ

்ூ஺ீ௏೅ಾೄೀಹ
  

ଵ

்ூ஺ீ௏ಷ೅ಾೄ
ൌ

ଵ

ூ஺ீ௏ಹಷ
൅ ଵ

்ூ஺ீ௏೅ಾೄೀಹ
 

TIAGVFTMS, local :0.12 ppm = 442 µg/m³ 
TIAGVFTMS,systemic :0.028 ppm = 107 µg/m³ 

 
DISCUSSION 

Indoor Air Guidance Values (IAGV) 
have been derived for those VOCs emitted 
from polyurethane flexible foam, which up 
to now have no RW-values (UBA, 2012), 
LCI-values (Joint Research Center, 2013) or 
DNEL for consumer (ECHA, 2012).  

Tables 2 and 3 summarize the Indoor Air 
Guidance Values for systemic and local ef-
fects.  

 
Table 2: IAGV for systemic effects 

Substance CAS-No. (T)IAGV 
[µg/m³] 

1-Chloro-2- 
propanol 

127-00-4 195 

Tetramethyl- 
succinodinitrile  

3333-52-6 54a) 

Triethylene  
diamine   

280-57-9 38a) 

Propanal 123-38-6 300a) 

Trimethylsilanol 1066-40-6 195a) 
Fluoro(tri-methyl) 
silane 

420-56-4 107a) 

a) tentative indoor air guidance values 
 
 
Table 3: IAGV for local effects 

Substance CAS-No. IAGV 
[µg/m³] 

Triethylene-  
diamine 

280-57-9 7 

Propanal 123-38-6 200 

Trimethylsilanol 1066-40-6 19600  
Fluoro(trimethyl)- 
silane 

420-56-4 442  
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Data gaps or remaining uncertainties re-
sulted in the declaration of “tentative” indoor 
air guidance values. For tetramethylsuc-
cinodinitril, triethylenediamine and propanal, 
the potential for reproduction toxic effects 
needs further clarification. It has to be noted, 
that absence of adverse effects in reproduc-
tion toxicity screening studies is not taken as 
convincing evidence for absence of any ad-
verse effects to reproduction (ECHA, 2012). 
For trimethylsilanol, only the abstract of a 
subacute study in rat with oral dosing was 
available. However, as hexamethyldisiloxane 
(HMDS) is in equilibrium with trimethylsi-
lanol in aqueous solutions, data from HMDS 
were used to support the derivation of an 
TIAGV. For fluoro(trimethyl)silane, the tox-
icological data base is limited to a few acute 
data. Due to its instability in aqueous solu-
tions, a TIAGV was derived on the basis of 
its hydrolysis products. 

Indoor Air Guidance Values are derived 
on a toxicological data basis and are deemed 
to be protective for the average general 
population. However, such schemes as pre-
sented here can not guarantee absolute safety 
due to the inter-individual differences in per-
sonal susceptibility. That is, although 
(T)IAGVs are met, severe adverse responses 
of susceptible individuals can not be exclud-
ed with 100 % certainty. With the exception 
of chloropropanol, the derived indoor air 
guidance values are regarded as tentative due 
to limited data – namely against reproduction 
toxicity – or because of remaining uncertain-
ties, p. e. mutagenicity for propanal. 
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