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Preface

This report on migration and health assessment of chemical substances in
surface treated toys made of wood is a project under the programme ”Survey
of chemical substances in consumer products” performed by the Danish
Environmental Protection Agency.

The purpose of the project was the continuation of a previous survey project
on natural toys (“Report of natural toys made of plant fibres, woollen fibres
and solid wood. Ferdinand et al. 2003) which included the consumption of
among other wooden toys. The study also showed that wooden toys might be
surface treated with health problematic substances. Therefore the purpose of
this project specifically is to survey which chemical substances that migrates
from the surface and to which the consumer might be exposed.

The project is performed by the Danish Technological Institute, Chemistry
and Water technology.

Performing persons are:

Eva Pedersen Responsible for the project and
chemical analyses of organic chemical substances

Steen Færgemann Hansen Chemical analyses of heavy metals

Ole Christian Hansen Health assessment and reporting

The project was supervised by a steering committee including:

Lise Emmy Møller, Danish Environmental Protection Agency
Eva Pedersen, Danish Technological Institute
Ole Christian Hansen, Danish Technological Institute
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Sammenfatning og konklusioner

Som et led i Miljøstyrelsens kortlægning af kemiske stoffer i en række
forbrugerprodukter ønskes viden om, hvilke stoffer der afgives og en
sundhedsmæssig vurdering af kemiske stoffer i overfladebehandlet trælegetøj.

Projektet ”Afgivelse og sundhedsmæssig vurdering af kemiske stoffer i
overfladebehandlet trælegetøj” er en fortsættelse af et tidligere projekt, hvor
forbruget af bl.a. trælegetøj blev kortlagt (Kortlægningsrapport nr. 33).

Konklusionen fra den tidligere kortlægningsrapport var, at forbruget af
trælegetøj var ca. 50 mio. kroner eller 2,3% af omsætningen af legetøj i
Danmark. En opdatering baseret på samme kilde antyder, at forbruget er øget
fra ca. 370 tons i 2001 til 420 tons trælegetøj i 2003.

Ifølge Legetøjsbekendtgørelsen har producenten eller importøren pligt til at
vurdere, om legetøjet er farligt. Herudover er der fastsat yderligere krav i
henhold til gældende standarder. Standarden fastsætter grænseværdier for
afgivelse af otte tungmetaller fra alle typer af legetøj nemlig antimon, arsen,
barium, bly, cadmium, chrom, kviksølv og selen. Disse metaller anses for at
være dem, der har væsentligst sundhedsmæssig betydning.

I Legetøjsbekendtgørelsen er anført, at legetøj til børn ikke må indeholde
stoffer eller præparater som defineret i Direktiv 67/548/EØF og 88/379/EØF
kan skade sundheden for de børn, der bruger det. Er disse stoffer til stede, skal
der udføres en vurdering af, om de optræder i mængder, der kan være til
skade for barnets helbred

Denne undersøgelse omfatter derfor en migrationsanalyse af udvalgte stykker
overfladebehandlet trælegetøj samt en sundhedsmæssig vurdering af de
fundne identificerede stoffer. Der er fokuseret på de metaller, der er omtalt i
Legetøjsbekendtgørelsen samt organiske stoffer, der er klassificeret i Listen
over farlige stoffer.

Af de fundne stoffer blev der, baseret på klassificering og forekomst, udvalgt
et antal stoffer til nærmere vurdering af en eventuel sundhedsrisiko for
forbrugerne. Forbrugerne er her defineret som børn i alderen 0-3 år.

Af de 125 identificerede stoffer var 43 klassificeret i Listen over farlige stoffer,
og yderligere 16 kunne selvklassificeres efter Miljøstyrelsens Vejledende liste
til selvklassificering. Af de klassificerede stoffer var 2 klassificeret at kunne
være kræftfremkaldende (carcinogene, Carc. cat. 3), 1 stof at kunne være
mutagent (Mut. cat. 3), og 9 stoffer reproduktionstoksiske (Repr. cat. 2-3).
Desuden var 5 stoffer klassificeret sensibiliserende.

På trods af, at klassificeringen af enkelte af de identificerede stoffer var af en
alvorlig karakter, kunne ingen af de fundne stoffer vurderes at udgøre en
umiddelbar sundhedsmæssig risiko for forbrugeren (i dette tilfælde små børn
der putter legetøjet i munden). Vurderingen er baseret på, at barnet putter
legetøjet i munden i maksimalt 3 timer per dag.
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Vurderingerne er i de fleste tilfælde vurderet ved sammenligninger med data
fra langtidsforsøg eller ligefrem kroniske data. Da lysten til at putte legetøj i
munden må antages at være overstået efter nogle få år, skulle konklusionerne
derfor være acceptable.

Det konkluderes derfor, at ingen af de undersøgte stykker legetøj udgør en
sundhedsmæssig risiko for børn, der putter dem i munden.

Det bemærkes dog, at vurderingen ikke tager højde for at eksponeringen for
enkeltstoffer øges ved samtidig leg med flere stykker trælegetøj. Desuden kan
der være andre kilder til forekomsten af samme stof.
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Summary and conclusions

As a part of the Danish Environmental Protection Agency’s programme on
survey of chemical substances in consumer products a project was initiated on
a survey on which chemical substances were released (migrated) from surface
treated (coated) wooden toys and an evaluation of the health risk.

The project “Migration and health assessment of chemical substances in
surface treated wooden toys” is a continuation of a previous project where the
consumption of natural toys including wooden toys was surveyed (Survey
report no. 33).

The conclusion from the previous report was that the consumption of wooden
toys was approx. 50 million DKK or 2.3% of the turnover of toys in
Denmark. An update based on the same source indicates that the
consumption has increased from approx. 370 tonnes in 2001 to approx. 420
tonnes of wooden toys in 2003.

According to the Directive on safety of toys, the manufacturer or the importer
has the obligation to evaluate whether the toy is hazardous to children. It
furthermore includes requirements in accordance to standards in force. The
standard sets the threshold limit values for the migration from all types of toys
of eight heavy metals: antimony, arsenic, barium, cadmium, chromium, lead,
mercury and selenium.

In the Toy Directive it is further noted that toys must not contain dangerous
substances or preparations within the meaning of Directive 67/548/EEC and
88/379/EEC in amounts which may harm the health of children using them.
Are such substances present, an evaluation should be performed to establish
whether the amount migrating from the toys might cause harm to the health
of the child.

This study therefore includes a migration analysis of selected surface coated
wooden toys and a health evaluation of the identified substances. A focus has
been on the metals mentioned in the Directive on toy safety and organic
chemical substances classified in the Annex I to Directive 67/548/EEC
(Dangerous substances).

Of the identified substances and based on classification and numbers a
number of substances were selected for further evaluation of potential health
risk to the consumer. In this case, consumers are defined as children aged 0 to
3 years.

Of the 125 identified substances 43 were classified in Annex I to Directive
67/548/EEC and further 16 could be self classified according the Advisory list
for self classification of dangerous substances from the Danish Environmental
Protection Agency. Of the Annex I classified substances 2 were classified
carcinogenic (Carc. cat. 3), 1 substance mutagenic (Mut. cat. 3), and 9
substances reproduction toxic (Repr. cat. 2-3). Besides, 5 substances were
classified sensitising.
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Despite the severe classification of a number of the identified substances,
none of the substances was evaluated to present any immediate risk to the
consumer (in this situation children mouthing the toy). The assessment is
based on a child mouthing the toy for a maximum of 3 hours per day.

The assessments are mostly evaluated by comparison to data from subchronic
or even chronic effect data. As the urge to put toys in the mouth is assumed to
decline after a few years, the conclusions should be acceptable.

The conclusion from this study is, therefore, that none of the examined pieces
of wooden toys are considered to be a health risk to children mouthing the
toys.

It is noted that the evaluation does not consider that the exposure to indicidual
substances is increased when several toys are played with at the same time.
Besides other sources to the same substance may exist.
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1 Introduction

1.1 Background

The purpose of the study is an analysis of the migration of heavy metals and
organic chemical substances from surface treated wooden toys and a health
assessment of selected chemical substances migrating from surface treated
wooden toys.

The project specifically targets wooden toys aimed at children less than 3
years of age and that is surface coated with paint, wood stain, lacquers or
similar. Particularly for young children/toddlers a risk of exposure exists when
the children places the toy in the mouth.

The study is a follow-up of a previous project by the Danish Environmental
Protection Agency (Survey no. 33, 2003). The conclusion of the survey was
that the release of health hazardous substances from the surface treated
wooden toys was difficult to evaluate since the migration was not examined in
that project.

The manufacturer or the importer has an obligation to evaluate whether the
toy is hazardous. Furthermore, additional requirements in relation to current
standards are set. The current regulation sets threshold limit values for the
migration of 8 metals from all types of toys: The metals are antimony, arsenic,
barium, cadmium, chromium, lead, mercury and selenium. These metals are
considered to be of most essential health concern/relevance.

In the Statutory Order on toys (Bkg. 1116, 2003) is further noted that toys to
children must not contain substances or preparations as defined in Directive
67/548/EEC and 88/378/EEC may be hazardous to the health of children
using it.

Therefore, some of the detected substances that might pose a health problem
are evaluated.

1.2 Purpose

The study aims to show whether a migration of health hazardous substances
takes place from surface treated toys intended for children below 3 years of
age and whether this may cause a potential health problem.

1.3 Product description

The products included in the study are primarily wooden toys labelled
suitable to children 0 to 3 years of age. Wooden toys surface treated with
paint, colorants and lacquers are intentionally selected. A further description
of the selected toys is presented in section 2.6.
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1.4 Target group

Consumers of surface treated toy products are usually young children /
toddlers. Because the group of children aged between 0 and 3 years may be
especially sensitive to chemical influences toys for this particular group are the
ones focused on in selection and analyses.

1.5 Project development

The project is divided into 2 phases:

Phase 1
Based on the survey in the survey report no. 33 the apparently most
problematic toy categories from the information on the preparations used for
surface treatment/coating are selected. A selection of 15 toys for children less
than 3 years of age is sampled. The toy is selected among toys, which based
on appearance, size or function might be expected to be put into the mouth,
e.g. rattles, wooden blocks, pieces of puzzles. Toys stained, oiled, lacquered or
painted were focused on.

The migration of heavy metals was determined according to the EN71-3 standard
where the simulant is 0.07 M HCl (simulating artificial saliva).

The migration of organic chemical substances from the toys was determined
qualitatively by a screening analysis in relation to the preliminary standards on
toys (EN 71-9, -10 and –11, cf ref.list). In these standards the migration takes
place in the simulant at 37ºC for 120 minutes. Pretreatment of the test
samples was performed according to standard prEN 71-10.

In an EU-report (CEN/TC 52, 2003) prepared by the working group on
safety of toys, the migration from a plastic film was measured using several
extraction media (artificial saliva, hydrochloric acid (0.07 M HCl), distilled
water at pH 7, distilled water containing 10% ethanol, and albumin protein in
a sodium chloride solution. The conclusion was that in most instances water
was better or as good as any other of the saliva, perspiration or gastric acid
simulants for the extraction of organic substances from the plastic matrice.
Based on this report the migration examinations could be performed using
deionised water as requested in prEN 71-10.

However, according to agreement with the Danish Environmental protection
Agency and following a severe criticism of the CEN report from the Scientific
Committee (SCTEE 2003) the migration examinations were performed using
artificial saliva prepared according to Amtliche Sammllung von
Untersuchungsverfahren nach § 35 LMBG nr. 82.10 1, copied from DIN no.
53 160.

The identified substances were compared to the regulation in the Statutory
Order on toys (Bkg. 1116, 2003) concerning regulated substances.

Phase 2
The second phase concerns the screening of potential health hazardous effects
from substances released (migrated) from the surface treated wooden toys.

A literature screening on the identified substances in the qualitative migration
analyses is performed. The screening/literature search is based on literature
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information and has the purpose to ensure that the substances focused on in
the quantitative analyses are the most relevant.

Some substances are evaluated in the CEN/TG 52 (2003) report and these
informations are included in the final assessments. Following the qualitative
analyses the appeared results are evaluated. Data on the individual substances
such as NOAEL, LOAEL or other relevant data are used when available.
Alternatively QSAR is used for substances where no data were found. A
comparison is performed to the EU classification criteria.
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2 Survey

2.1 Introduction

The survey of wooden toys is performed in a previous survey report (Survey
report no. 33, Ferdinand et al 2003). The most essential information from the
report relevant to this project is cited below.

The survey has been supplemented with information from Statistics Denmark
covering import and export for year 2003.

2.2 Survey

The Danish market for toys made of solid wood has been estimated to 50
million DKK (approx. 6.7 million Euro) or 2.3% of the total Danish trade
turnover of the market of toys.

2.3 Production

In Denmark a minor production of toys and especially playing tools of wood takes
place. As presented by the National Agency for Enterprise and Housing
(Erhvervsfremmestyrelsen 2000), a number of manufacturers of “playing tools”
exists. All of these manufacturers have been approached. The majority of what is
being manufactured is plastic toys and plastic and wooden tools. The playing tools
are parts for playgrounds, as for instance play houses, climbing frames and swings.

Only two companies manufacture actual wooden toys for children below the age of
36 months. Economic information about the production of wooden toys and
information that there are only a few employees (Erhvervsfremmestyrelsen 2000)
indicate that the share of Danish production to the Danish market of wooden
natural toys is very small.

2.3.1 Turnover of natural toys of wood

All approached importers except 1 have confirmed that they import toys of wood.
The estimation of the turnover of wooden toys is based on economic information
from Statistics Denmark, importers and manufacturers and interviews with
individual persons. When comparing these information it is estimated that the
turnover of natural toys of wood amounts to 50 million DKK in consumer prices.
Thus, the wooden toys are estimated to constitute 2.3% or 1/44 of the turnover of
toys in Denmark.

According to Statistics Denmark, the total turnover of wooden toys (2001) amounts
to a minimum of 39.5 million DKK including a profit factor of 2.5 that was
confirmed by importers and used for toys. The 39.5 million DKK is estimated as
Total turnover = Production + Import – Export, Commodity numbers: CN-
9503.30.10, 9503.49.10 and 9503.60.10. Further a contribution comes from the
commodity number CN-9503.90.99: “Toys, except when made of plastic, rubber,
textile and metal, not mentioned elsewhere”. This group alone covers 119.5 million



15

DKK in consumer prices. This means that according to Statistics Denmark the
turnover of wooden toys is between 39.5 and 159 million DKK.

Table 1 Import and export of wooden toys according to Statistics Denmark 2001 and
2003

2001 Import Export Imp-Exp Import Export Imp-ExpProduct
kg kg kg DKK DKK DKK

Construction and building
toys of wood

CN9503.30.10 211 723 55 854 155 869 14 230 958 7 694 136 6 536 822

Toys looking like animals
or non-human creatures,
of wood

CN9503.49.10 98 726 36 811 61 915 7 570 212 2 968 796 4 601 416

Puzzles of wood CN9503.60.10 215 440 65 110 150 330 6 953 071 2 062 946 4 890 125
subtotal 525 889 157 775 368 114 28 754 241 12 725 878 16 028 363

Toys, except of plastic,
rubber, textile and metal,
not mentioned elsewhere.

CN9503.90.99 1 215 396 369 915 845 481 54 271 871 23 165 472 31 106 399

2003 Import Export Imp-Exp Import Export Imp-Exp
kg kg kg DKK DKK DKK

Construction and building
toys of wood

CN9503.30.10 241 271 67 506 173 765 20 999 596 5 198 785 15 800 811

Toys looking like animals
or non-human creatures,
of wood

CN9503.49.10 249 735 98 625 151 110 13 932 002 5 463 815 8 468 187

Puzzles of wood CN9503.60.10 174 006 78 329 95 677 6 819 983 2 221 545 4 598 438
subtotal 665 012 2 444 460 420 552 41 751 581 12 884 145 28 867 436

Toys, except of plastic,
rubber, textile and metal,
not mentioned elsewhere

CN9503.90.99 1 765 303 1 314 645 450 658 62 287 034 62 947 053 -660 019

CN: Commodity numbers used by Statistics Denmark

Import –export in 2001 was in Ferdinand et al. (2003) stated to 39.5 million
DKK. The value is observed to be a little adjusted in the table above (table 1).
A change in the statistics of the calculation system for external trade has lead
to an upgrading of the import and export values for the years 2000, 2001 and
2002 according to News from Statistics Denmark no. 72, 2003.

Most importers of wooden toys have passed on information from manufacturers
and it is estimated that the major part of natural toys made of wood in Denmark
comes from these manufacturers. Information on the individual manufacturers is
found in Ferdinand et al. (2003).

The wooden toys are primarily being manufactured in Thailand and in Germany.
The Thai manufacturers all use softwood or rubber wood from 30 to 40 year old
discarded rubber plantations. The German manufacturers all use wood from
Central Europe and of Central European wood species, often beech and to a limited
degree maple, ash, birch and pine.

2.4 Surface treatment of wooden toys

Wooden toys can be surface treated with stains, glazes, paint and /or lacquers
which may release health hazardous substances.

About surface treatment preparations for natural toys made of wood it was found
that a large part of surface treated wooden toys was painted, stained or glazed with
additional treatment with a lacquer or an oil. For lacquering primarily
nitrocellulose lacquers are used.



16

The manufacturers all recommend that stained or glazed products should be
additionally treated with a surface treatment that closes the surface, such as a
lacquer or a drying oil. None of the pigments in the mentioned products are
classified.

Toys are regulated by the Statutory Order on toys (Bkg. nr. 1116, 2003). The
person who places the toy on the market has the responsibility that it is safe and as
such does not harm the health in relation to the use. Products placed on the
market as toys must be CE marked. The Statutory Order on toys further
mentions that the person who places a toy product on the market has the
responsibility that it must not contain dangerous substances or preparations
that may harm the health of children using the toys.

In most instances the manufacturers have no other information on the surface
treatment of the wooden toys than that they are CE authorised/marked. The
manufacturers usually forward a copy of a test report on compliance to EN70-3 and
refer to the manufacturer of the surface treatment product (paint, lacquer, glaze or
stain) (Ferdinand et al. 2003).

EN (European Norm) no. 71 is the European standard for testing of toys in
compliance with the Statutory Order of Toys. The standard contains currently 7
parts of which part 3: “Migration of certain elements “ is especially relevant to this
study. In the standard the following requirements (limit values) for the content of 8
elements in mg/kg are stated: Antimony <60, arsenic <25, barium <1000, cadmium
<75, chromium <60, lead <90, mercury <60 and selenium <500 mg/kg.

According to the Statutory Order on toys the bioavailability of these elements
resulting from the use of toys must not, as an objective, exceed the following levels
per day:
0.2 µg for antimony, 0.1 µg for arsenic, 25.0 µg for barium, 0.6 µg for cadmium,
0.3 µg for chromium, 0.7 µg for lead, 0.5 µg for mercury, and 5.0 µg for selenium.

2.5 Types of surface treatment

Most wooden toys have been surface treated, which gives the wood an attractive
look and makes it more resistant against outer influences. The colouring can either
be done by covering the wood with a paint or by adding a stain or glaze, which
penetrates the wood and sets off/maintains the structure of the wood.

In most cases the toys have had additional treatment with a lacquer or oil. Lacquer
and oil add to making the product more glossy and resistant against outer
influences such as UV light, bumps, sweat and saliva (Ferdinand et al. 2003).

2.5.1 Information on surface treatment

The manufacturers of wooden toys have been asked to inform type and chemical
composition of the surface treatment, which their toys have had. Most
manufacturers have replied only that their toys comply with the requirements in
EN71-3, most surface treatments of wooden toys are made with stains or paints
with a final lacquering, and as lacquering is mostly used nitrocellulose lacquer
(Ferdinand et al. 2003).
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2.5.2 Stains and glazes

Two types of surface treatments exist that colour the wood and at the same time
maintain the structure of the veins in the wood visible, namely stain and glaze.

The stain pigment penetrates the wood and forms a chemical reaction with the
lignin of the wood. According to one of the manufacturers, these reactive colouring
agents are classified as toxic and very toxic. After the colouring, a risk of release of
free reactive colouring agent remains.

Glaze colouring agents are, however, often agents that have been approved for
food. Instead of reacting directly with the lignin, they are glued on. The agents are
not very reactive.

Both stain and glaze manufacturers recommend that wooden toys, which have been
treated with their products, are additionally treated with a product which closes the
surface, i.e. a lacquer, wax or a drying oil, in order to be resistant against sweat and
saliva (Ferdinand et al. 2003).

2.6 Sampled toy types

Most sampled toy types are labelled for the use by children 0 to 3 years of age.
However two products for a little older children have been included as
younger siblings may get hold op them and put them into the mouth. Finally a
birthday decoration was included as it was considered tempting to play with
for small children. The sampled and analysed products are described below:

Table 2.  Description of sampled and analysed wooden toys
Toy Description Sample no.

Sorter box Wooden box with holes to insert pieces of defined shape. The sorter box
including 5 figures are made in rubber wood. The packaging is marked ”CE”
and ”1+ years”.

31342-1

Jigsaw puzzle Wooden jigsaw puzzle with three pieces made in 6 mm plywood in 5 layers of
birch wood. The packaging is marked ”CE”.

31342-2

Jigsaw puzzle Wooden jigsaw puzzle with 4 pieces, made in plywood in 4 layers of birch wood
+ masonite as bottom. The packaging is marked ”CE” and ”age 12 m+”.

31342-3

Hammer board Hammer board with 6 ”nails”, made in beech wood. The packaging is marked
”CE” and ”9-12 month”.

31342-4

Rattle Wooden rattle with bell, made in beech. The packaging is marked ”CE”, ”+6 m”,
and that the toy is tested in compliance with BS 5665/EN 71.

31342-5

Stacking clown Stacking figure (clown) in 9 pieces, made in beech. The packaging is marked
”CE”, ”19 m+”, and that the toy is tested in compliance with BS 5665/EN 71.

31342-6

Train Pulling train in many pieces (4 wagons, 4 blocks with animal heads and 27
other coloured pieces). Building blocks in various colours which may be put
together/stacked on sticks on a wooden wagons that can be hooked together.
The packaging is marked ”CE” and ”+12 months”.

31342-7

Rattle Wooden rattle of unknown wood species and origin. 31342-8

Building blocks Wooden building blocks to stack on stick made in beech. The toy is made of
beech or maple. The packaging is marked ”CE” and ”+1 1/2 year”. On the
packaging is stated that the toy is tested in compliance with ASTM, F 963.

31342-9
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Toy Description Sample no.

Decoration on a
string

Wooden ”sausage” to suspend in baby pram. The toy is made of beech. The
packaging is marked ”CE”.

31342-10

Animal on a string Wooden animal on a string to suspend in baby pram, made in beech. The
packaging is applied a warning that the child may suffocate.

31342-11

Rattle Wooden rattle with bell. The packaging is marked ”CE” and ”+3 months”. 31342-12

Fishing boat Wooden fishing boat with several loose pieces on strings. The packaging is
marked ”CE”, ”2+”, and that the toy is tested in compliance with BS 5665/EN
71. A small logo indicates ”not for children 0-3 years” but on the packaging is
stated ”Warning. The package may contain small pieces. Not suitable for
children below 2 years of age”.

31342-13

Dog Flexible wooden dog. The toy is made of beech wood. The packaging is marked
”CE” and that the toy is tested in compliance with BS5665/ EN 71 and ”from 3
years”.

31342-14

Birthday caravan Birthday caravan. Wooden animal figures on a string in 8 pieces. The figures
have holes on top for birthday candles. On packaging stated ”For decoration
only! Not for playing” (in English, German, French and Spanish but not in
Danish). The toy is made of beech wood.

31342-15
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3 Analysis results

3.1 Analysis methods

A number of 15 products were selected for quantitative analysis of migration
of heavy metals and organic chemical substances.

A representative area of the product was sampled for the analysis according to
the standard prEN 71-10 (CEN standard EN 71-10: Safety of toys - Sample
preparation and extraction). The sample was milled off the wooden toys
surface to a depth of 3 mm and then further demolished/milled to uniformity.

The migration of heavy metals, inorganic and organic substances was
measured according to the EN 71-3 standard where the simulant 0.07 M
hydrochlorous acid (HCl) simulates artificial saliva or gastric acid.

The extraction was performed according to the standard EN 71-3, which
prescribes 1 hour during agitation at 37±2ºC and an additional 1 hour at
standing at 37±2ºC (CEN standard EN 71-3: Safety of toys – Migration of
certain elements. EN71-3, 2003).

3.1.1 Inorganic substances

3.1.1.1 Test preparation
0.5 g sample – accurately weighed – in a polyethylene container was added 25
g 0.07 M hydrochloric acid and left under steady shaking at 37 ± 2 °C for 1
hour. Then the extraction container was left standing at 37 ± 2 °C for a
further 1 hour after which the extract was filtered.

Blind samples were prepared correspondingly.

Double preparations were prepared.

3.1.1.2 Quantitative analysis
The extract was analysed for its content of antimony, arsenic, barium,
cadmium, chromium, lead, mercury and selenium by inductively coupled
plasma atomic emission spectrometry (ICP-AES) with quantitation against
external standards in0. 07 M HCl.

3.1.2 Organic substances

3.1.2.1 Sample preparation
Approximately 2 g sample – accurately weighed – in a 100 ml glass beak was
added 20 ml artificial saliva (saliva solution) and extracted at 37 ± 2 °C for 2
hours. The extract was filtered and then extracted using dichloromethane
added deuterium labelled internal standards.

Blind samples were prepared correspondingly.

Double preparations were prepared.
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3.1.2.2 Analysis
The dichloromethane extract was analysed for its content of organic
components by capillary gaschromatography with mass spectrometric
detection.

The quantitation against external standards of selected analytes and the
internal standards.

3.2 Migration of inorganic substances

The migration of inorganic substances (heavy metals) are performed as
described in the section on methods (cf. above).

3.2.1 Analysis results

The analysis results from the quantitative determinations for inorganic
elements in the selected wooden toy products are presented in the table below.

Table 3  Measured migrated amount of inorganic substances in saliva extracts
Sample no. 31342-DL RSD

1 2 3 4 5
Element

mg/kg % mg/kg mg/kg mg/kg mg/kg mg/kg
Arsenic As 3 - - - - - -
Barium Ba 25 10 - 29 - - -
Cadmium Cd 8 - - - - - -
Chromium Cr 6 - - - - - -
Mercury Hg 6 - - - - - -
Lead Pb 9 - - - - - -
Antimony Sb 6 - - - - - -
Selenium Se 50 - - - - - -

-: below the detection level (DL)

Table 3    continued
Sample no. 31342-DL RSD

6 7 8 9 10
Element

mg/kg % mg/kg mg/kg mg/kg mg/kg mg/kg
Arsenic As 3 - - - - - -
Barium Ba 25 10 90 - - - 38
Cadmium Cd 8 - - - - - -
Chromium Cr 6 - - - - - -
Mercury Hg 6 - - - - - -
Lead Pb 9 - - - - - -
Antimony Sb 6 - - - - - -
Selenium Se 50 - - - - - -

-: below the detection level (DL)

Table 3  continued
Sample no. 31342-DL RSD

11 12 13 14 15
Element

mg/kg % mg/kg mg/kg mg/kg mg/kg mg/kg
Arsenic As 3 - - - - - -
Barium Ba 25 10 - - 80 - 75
Cadmium Cd 8 - - - - - -
Chromium Cr 6 - - - - - -
Mercury Hg 6 - - - - - -
Lead Pb 9 - - - - - -
Antimony Sb 6 - - - - - -
Selenium Se 50 - - - - -

-: below the detection level (DL)
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Barium was the only metal detected in the analyses of the extracts. Barium
was detected in 5 out of 15 analysed pieces of toy. The measured
concentrations varied from 29 to 90 mg/kg sample of the products’ surfaces.

A health evaluation of barium is performed in section 4.

3.3 Migration of organic substances

3.3.1 Analysis results

The analysis results from the quantitative determinations of identified organic
substances extracted by saliva from the surface of the selected toy products
are presented in the table below.

Table 4  Identified organic substances migrated from the surface of 15 toy products
(µg/g)

Name
CAS no.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

3-Acetyldihydro-2(3H)-
furanone = Acetobutyrolactone

517-23-7 2.0

Benzaldehyde 100-52-7 1.4 1.2 2.3 6.0
Benzoic acid 65-85-0 12
Benzoic acid, butylester =
Butyl benzoate

136-60-7 2.1

Benzyl alcohol 100-51-6 20 1.1 60
Benzyl butylphthalate (BBP) 85-68-7 1.3
Butanedioic acid dimethyl
ester (dimethyl succinate)

106-65-0 2.3 2.2 4.1

1-Butanol 71-36-3 14 13 3.3 2.0 1.3
Butanoic acid 107-92-6 12 1.0 0.7
Butanoic acid, hexyl ester = n-
Hexyl butyrate

2639-63-6 12

Butoxy acetic acid 2516-93-0 11
2-Butoxyethanol 111-76-2 18 90 122 322 21 17 104 1.3 2.6 164 80 8.9
2-(2-Butoxyethoxy)-ethanol
(=butyldiglycol)

112-34-5 3.2 6.8 21 53 22

2-[2-(2-Butoxyethoxy)-ethoxy
ethanol = Butoxytriglycol

143-22-6 2.6

Butoxyethoxyethylacetate 124-17-4 35 50 5.1 2.1 53
2-Butoxyethylacetate 112-07-2 12 3.3 4.0
1-Butoxy-2-propanol 5131-66-8 5.4 14
Butylacetate 123-86-4 38 18 13 12 1.3 5.8
Butylcarbamate 592-35-8 3.3
Butyrolactone 96-48-0 5.9
C8-alcohol - 2.0
Cyclohexanol 108-93-0 1.0
Cyclohexanone 108-94-1 27 14
Cyclopentanol 96-41-3 7.2
Decenoic acid 15469-77-9 5.8
Dibutyl phthalate 84-74-2 11 1.4 2.5 1.3
1,2-Diethoxyethane 629-14-1 3.4
Diethylhexylphthalate (DEHP) 117-81-7 5.1
Dihydro-5-methyl-5-vinyl-2(3h)-
furanone

107311-6

Diisobutyl phthalate 84-69-5 14 7.9 4.2 4.8 2.4 15 4.8 3.2
Diisopropylether 108-20-3 6.8 17
2,6-Dimethoxybenzoquinone 530-55-2 7.6 6.9 4.8 4.9 31 7.5 15
3,5-Dimethoxy-4-
hydroxycinnamaldehyde

87345-53-7 25 7.5 17 7.3 8.9 12 6.0 17 4.0 2.6 4.9

1,2-Dimethoxy-ethene 1000194-
22-7

4.0
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Name
CAS no.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

2,6-Dimethoxyphenol 91-10-1 5.0 1.8 2.6
1,3-Dimethoxy-2-propanol
(glycerol-1,3-dimethyl ether)

623-69-8 14

3,6-Dimethyl-1,4-dioxan-2,5-
dione

4511-42-6 37 38 17 16 10

3,6-Dimethyl-1,4-dioxan-2,5-
dione

4511-42-6 /
95-96-5

51 20 97 32 70

3,6-Dimethyl-2,5-dioxo-1,4-
dioxane

95-96-5 35 51 22 11

N,N-Dimethylformamide 68-12-2 0.5
3,6-Dimethyl-2-oktanone 118452-32-

7
4.1

Dimethylphthalate 131-11-3 3.2 10
2,2-Dimethyl-propanoic acid
(=trimethyl acetic acid)

75-98-9 27 2.2

Dipropylenglycol 25265-71-8 9.3
2-Ethoxyethanol 110-80-5 2.1 17
2-(2-Ethoxyethoxy)-ethanol (=
diethylene glycol ether)

111-90-0 4.5 60 58 43

5-Ethyldihydro-2(3H)-furanone
(= caprolactone)

695-06-7 11

2-Ethyl-2-hydroxymethyl-1,3-
propandiol

77-99-6 4.2

2-Ethylhexanoic acid 149-57-5 3.2
Formamide 75-12-7 18 69
4-Formyl-benzoic acid
methylester = 4-
Carbomethoxybenzaldehyde

1571-08-0 3.0

Fumaric acid
monomethylester

 5.0

Furfural 98-01-1 4.6 0.7 0.5 1.3
Glycol  5.9 8.9
Glycol fx triethylenglycol 112-27-6 6.2 30 4.2 2.5 3.1
Heptanoic acid 111-14-8 8.3 15
Hexahydrophthalide 6939-71-5 2.1
Hexanal 66-25-1 4.6 8.3 3.4 2.1 1.8 1.5 1.1
Hexanedioic acid, dimethyl
ester = Dimethyl adipate

627-93-0 2.5 5.4

Hexanedioic acid,
monomethyl ester = Adipic
acid, monomethyl ester

627-91-8 2.6

2-Hexanol 626-93-7 7.5 6.6
Hexanoic acid 142-62-1 8.0 72 120 11 4.2 1.8 6.3 4.2 16 7.7 17 11 8.9
7-Hydroxy-2H-1-benzopyran-2-
one = Coumarine, 7-hydroxy-

93-35-6 24

4-(3-Hydroxybutyl)-3,5,5-
trimethyl-2-cyclohexen-1-one

36151-02-7 2.5 2.2

4-Hydroxy-3,5-dimethoxy-
benzaldehyde

134-96-3 13 1.4 6.8 5.8 4.5 2.1 11 6.4 20 2.0 1.5 4.2

1-(4-Hydroxy-3,5-dimethoxy-
phenyl)-ethanone

2478-38-8 2.5

3-Hydroxy-4-methoxy-
benzaldehyde

621-59-0 3.3

4-Hydroxy-3-methoxy-
benzeneacetic acid,

306-08-1 5.5 2.3

1-(4-Hydroxy-3-methoxy-
phenyl)-ethanone

498-02-2 2.5

4-Hydroxy-4-methyl-2-
pentanone (=diacetone
alcohol)

123-42-2 12 4.4

3-Hydroxy-7-phenol-carbofuran 1000117-
19-5

20

4-(4-Hydroxyphenyl)-2-
butanone

5471-51-2 3.6

2-Hydroxy-propanoic acid,
butyl ester = Butyl lactate

138-22-7 18 14 15 17 5.4
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Name
CAS no.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

2-Hydroxy-propanoic acid,
ethyl ester = Ethyl lactate

687-47-8 21 11

2-Hydroxy-propanoic acid
methylester = Methyl lactat

547-64-8 2.7 1.6 8.7 1.6 6.0

4-Hydroxy-3,5,6-trimethyl-4-(3-
oxo-1-butenyl)-2-cyclohexen-1-
one

77846-84-5 4.2

Isobenzofuranone 87-41-2 2.2
Metharbital 50-11-3 2.3 20
2-Methoxyethanol 109-86-4 0.9
1-(2-Methoxy-1-methylethoxy)-
2-propanol =Dipropylene
glycol monomethyl ether

20324-32-7 155

4-Methoxymethyl phenol 5355-17-9 1.3
2-Methoxyphenol 90-05-1 2.9
1-Methoxy-pentane
= Methyl amyl ether

628-80-8 0.5

1-Methoxy-2-propanol 107-98-2 1.7 3.6 14
1-Methoxy-2-propanone 5878-19-3
1-Methoxy-2-propylacetate 108-65-6 12 52 17 2.4
Methoxypropylacetate 41448-83-3 16
2-Methoxyvinylphenol 7786-61-0 3.6
1-Methyl-2,5-pyrrolidindion 1121-07-9 2.6
3-Methyl-2-butanol 598-75-4 3.4 3.3
2-Methylcyclopentanol 24070-77-7 1.2
1,1'-[(1-Methyl-1,2-
ethanediyl)bis(oxy)]-bis-2-
propanol = Tripropylene glycol

1638-16-0 58

Methylisobutylketone 108-10-1 2.2
4-Methyl-3-hepten-1-one 22319-25-1 2.1
Methyl-methoxyacetate 6290-49-9 1.8 55 11
2-Methyl-propanoic acid, 2,2-
dimethyl-1-(2-hydroxy-1-
methylethyl)propyl ester

74367-33-2 11

Methylpropylether 557-17-5 11 5.1
1-Methyl-2-pyrrolidone 872-50-4 28 57 54 37 59
1,4-(Methylthio)-phenyl)-
ethanone (= 4-(Methylthio)-
acetophenone)

1778-09-2

1-Methyl-N-vanillyl-
phenethanamine

10000127-
90-4

9.6 12 2.1 21 12 56 1.7 4.2

1,2-Oxatetracyclo-
(5.2.1.1(2.6).1(4.10)-dodecan-
11-one

15

9-Oxononanoic acid 2553-17-5 13 7.6
2,2-Oxybis ethanol =
Diethylene glycol

111-46-6 3.5

2,3-Oktandiol 20653-90-1 17 2.6
1-Pentanol 71-41-0 2.5 9.0 13 0.7
Pentanoic acid 109-52-4 0.8
Pentanoic acid dimethylester 1119-40-0 8.2 3.9 12
Phenol 108-95-2 1.4
2-Phenoxyethanol 122-99-6 20
2-(2-Phenoxyethoxy)-ethanol
(= Phenoxydiglycol)

104-68-7 1.7

3-Phenylbicyclo(3.2.2)nona-3,6-
dien-2-one

72830-83-8 4.4 8.0 43 7.6

Phthalsyre anhydride 85-44-9 1.1 3.9 12 1.8
1,2-Propandiol
(=propylenglycol)

4254-14-2 5.0 4.3 4.5 1.0 0.9

1,2-Propandiol =
propylenglycol + 2-Hydroxy-
propanoic acid, methyl ester

4254-14-2
+ 2155-30-8

1.6 1.5 1.1

1,2-Propandiol diacetate 623-84-7 3.4 0.9
Propanoic acid, 2
hydroxymethylester

547-64-8 6.3
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Name
CAS no.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1-Propanol-3-methoxy acetate 1000142-
84-6

32

Propionylbenzoic acid 2360-45-4 6.7
Propylenglycol 57-55-6 4.5 2.2 1.5 3.9
Tetraethylenglycol 112-60-7 4.5 13
2,4,7,9-Tetramethyl-5-decyn-
4,7-diol

17

Toluene 108-88-3 5.3 1.0
2,3,4-Trimethoxybenzaldehyde 2103-57-3 25+

6
3,4,5-Trimethoxyphenol 642-71-7 2.5 3.0
3,5,5-Trimethyl-2-cyclohexen-1-
one (=isophorone)

78-59-1 12 21 4.7

2,2,4-Trimethyl-1,3-pentandiol 144-19-4 4.7
Vanilline 121-33-5 15 3.9 11 5.1 2.1 4.5 5.7 2.3 3.5 11 2.3 3.8
Vanilline / Benzaldehyde, 3-
hydroxy-4-methoxy =
isovanillin

121-33-5 /
621-59-0

3.0

Xylene 95-47-6 2.5 1.7

3.4 Selection of chemical substances for evaluation

From the detected substances and in co-operation with the Danish
Environmental Protection Agency, were selected based on classification and
detection a number of substances for further evaluation of a potential health
risk to the consumers. The consumers are defined in this context as children 0
to 3 years of age.

Of the 125 identified substances are 43 classified in the List of dangerous
substances (Miljøministeriet 2002), further 16 substances could be self-
classified according to the Advisory list for self-classification from the Danish
EPA (Miljøstyrelsen 2001). Of the classified substances 2 were classified to be
possible carcinogenic (Carc.cat.3), 1 substance to be possible mutagenic
(Mut.cat.3), and 9 substances toxic to reproduction (Repr.cat.2-3).

Below is mentioned the substances that had the most rigorous classification
and selected substances with a less rigorous classification. A possible reason
for the selection of the substance for an actual health evaluation is presented.

Benzyl alcohol, CAS no. 100-51-6, is classified Xn;R20/22 i.e. Harmful by
inhalation and if swallowed. The substance is detected in the extract from 3
products. Based on a low concentration and the classification the substance is
not included.

Benzyl butylphthalate (BBP), CAS no. 85-68-7, is classified Repr.Cat.2;R61
Repr.Cat.3;R62, i.e. the substance is reproduction toxic (May cause harm to
the unborn child, and Possible risk of impaired fertility). However, the
substance is detected in the extract from 1 product only and at trace level.
The substance is therefore not included for a further evaluation.

1-Butanol, CAS no. 71-36-3, is classified R10 Xn;R 22 Xi;R37/38-41 R67
(i.e. Flammable. Harmful if swallowed. Irritating to respiratory system and
skin. Risk of serious damage to eyes. Vapours may cause drowsiness and
dizziness). The substance was detected in extracts from 5 products and even
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if the substance is harmful and an irritant it is evaluated to be at such low
concentrations that it is not selected for further evaluation.

2-Butoxyethanol, CAS no. 111-76-2, is classified Xn;R20/21/22 Xi;R36/38
(Harmful by inhalation, in contact with skin and if swallowed. Irritating to
eyes and skin). The substance is harmful and an irritant. The substance was
detected in extracts from 12 out of 15 tested products and in a few at very
high concentrations. The substance is therefore selected for further
evaluation.

2-(2-Butoxyethoxy)-ethanol (= butyldiglycol), CAS no. 112-34-5, is
classified Xi; R36, i.e. Irritant (Irritating to eyes). The substance was detected
in extracts from 5 out of 15 products and even if the concentrations were
moderate a further evaluation is decided.

2-Butoxyethylacetate, CAS no. 112-07-2, is classified Xn;R20/21, i.e.
Harmful (Harmful by inhalation and in contact with skin). The substance was
detected in extracts from 3 products at low concentrations.

1-Butoxy-2-propanol, CAS no. 5131-66-8, is classified Xi;R36/38, i.e. Irritant
(Irritating to eyes and skin). The substance was detected in extracts from 2
products.

Butylacetate, CAS no. 123-86-4, is classified R10 R66 R67, i.e. Flammable.
Repeated exposure may cause skin dryness or cracking. Vapours may cause
drowsiness and dizziness. The substance was detected in extracts from 6
products. The classification refers to effects from the pure substance and is
therefore considered less relevant in this context.

Cyclohexanol, CAS no. 108-93-0, is classified Xn;R20/22 Xi;R37/38, i.e.
both harmful and irritating (Harmful by inhalation and if swallowed. Irritating
to respiratory system and skin). The substance was detected in the extract
from 1 product at trace level.

Cyclohexanone, CAS no. 108-94-1, is classified R10 Xn;R20, i.e. Flammable
and Harmful by inhalation. The substance was detected in extracts from 2
products at moderate levels. To evaluate the level the substance has been
included for a further evaluation.

Dibutyl phthalate (DBP), CAS no. 84-74-2, is classified Repr.Cat.2;R61
Repr.Cat.3;R62 N;R50, i.e. May cause harm to the unborn child, Possible
risk of impaired fertility and Very toxic to aquatic organisms. The substance is
thus classified seriously for a substance that can be extracted from a toy. The
substance was detected in extracts from 4 products but at very low
concentrations.

Diethylhexylphthalate (DEHP), CAS no. 117-81-7, is classified
Repr.Cat.2;R60-61, i.e. May impair fertility and May cause harm to the
unborn child. The substance was detected in extracts from 1 product at trace
level.

Diisobutyl phthalate, CAS no. 84-69-5, is not classified in the List of
dangerous substances but is found in the Advisory list for self-classification
with the classification N;R50/53, i.e. Very toxic to aquatic organisms, may
cause long-term adverse effects in the aquatic environment. The substance
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was detected in the extracts from 8 out of 15 products. All the measured
concentrationswere low and the substance therefore not considered a
candidate for further evaluation.

2,6-Dimethoxybenzoquinone, CAS no. 530-55-2, is not classified in the List
of dangerous substances but is found in the Advisory list for self-classification
with the classification Xn;R22 R43, i.e. Harmful if swallowed and May cause
sensitization by skin contact. The substance was detected in extracts from 7
out of 15 products. Even if the concentrations are low the substance is
selected for further evaluation.

3,5-Dimethoxy-4-hydroxycinnamaldehyde, CAS no. 87345-53-7, is not
classified in the List of Dangerous substances but the substance was detected
in 11 out of 15 products. The substance was detected at low concentrations.
Because the substance probably has its origin from the wood used to make the
toy it is not selected for a further evaluation.

3,6-Dimethyl-1,4-dioxan-2,5-dion, CAS no. 4511-42-6, is not classified in
the List of dangerous substances but is found in the advisory list for self-
classification with the classification Xn;R22, i.e. Harmful if swallowed. The
molecular structure of the substance is identical to the following substance:

3,6-Dimethyl-2,5-dioxo-1,4-dioxane (EU: dilactide), CAS no. 95-96-5,
which is also self-classified Xn;R22, Harmful if swallowed. The two
substances appear to alternate in all products and a further evaluation is
therefore performed.

N,N-Dimethylformamide, CAS no. 68-12-2, is classified Repr.Cat.2;R61
Xn;R20/21 Xi;R36, i.e. May cause harm to the unborn child. Harmful by
inhalation and in contact with skin and Irritating to eyes. A serious
classification but the substance was detected only in 1 product and at trace
level.

2-Ethoxyethanol, CAS no. 110-80-5, is classified R10 Repr.Cat.2;R60-61
Xn;R20/21/22, i.e. Flammable, May impair fertility, May cause harm to the
unborn child, Harmful by inhalation, in contact with skin and if swallowed.
The substance was detected in extracts from 2 products but due to the
classification it was selected for further evaluation.

2-(2-Ethoxyethoxy)-ethanol (= diethylene glycol ether), CAS no. 111-90-0, is
not classified in the List of dangerous substances. The substance was detected
in the extracts from 4 products at moderate to high concentrations. The
substance is therefore selected for further evaluation.

2-Ethylhexanoic acid, CAS no. 149-57-5, is classified Repr.Cat.3;R63, i.e.
Possible risk of harm to the unborn child. The substance was detected in
extracts from 1 product at a very low concentration.

Formamide, CAS no. 75-12-7, is classified Repr.Cat.2;R61, i.e. May cause
harm to the unborn child. The classification is serious and since the substance
is detected in the extracts from 2 products at moderate concentrations it is
selected for further evaluation.

Furfural, CAS no. 98-01-1, is classified Carc.Cat.3;R40 T;R23/25 Xn;R21
Xi;R36/37, i.e. Limited evidence of carcinogenic effects, Toxic by inhalation
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and if swallowed, Harmful in contact with skin, Irritating to eyes and
respiratory system. The substance was detected in extracts from 4 products.
Although the concentrations were low the substance was selected for further
evaluation due to its classification.

Hexanoic acid, CAS no. 142-62-1, is not adopted on the List of dangerous
substances. However it is noted that the substance was detected in 13 out of
15 products at concentrations from trace levels to high concentrations.
Because the substance not immediate is considered to pose a health concern at
the determined concentrations (1.8-120 µg/g) the substance is not selected for
further evaluation.

4-Hydroxy-3,5-dimethoxy-benzaldehyde, CAS no. 134-96-3, is not classified
in the List of dangerous substances but is found in the Advisory list for self-
classification with the classification R43, i.e. May cause sensitization by skin
contact. The substance was detected in extracts from 12 out of 15 products at
low to moderate concentrations. Therefore, the substance is selected for
further evaluation.

2-Methoxyethanol, CAS no. 109-86-4, is classified R10 Repr.Cat.2;R60-61
Xn;R20/21/22, i.e. Flammable, May impair fertility, May cause harm to the
unborn child, Harmful by inhalation, in contact with skin and if swallowed.
The substance was detected in extracts from 1 product.

1-Methyl-2-pyrrolidone, CAS no. 872-50-4, is classified Xi; R36/38, i.e.
Irritant (Irritating to eyes and skin). The substance was detected in extracts
from 5 products at moderate to high concentrations. Therefore, the substance
is selected for further evaluation.

Phenol, CAS no. 108-95-2, is classified Muta.Cat.3;R68 T;R23/24/25
Xn;R48/20/21/22 C;R34, i.e. Possible risk of irreversible effects, Toxic by
inhalation, in contact with skin and if swallowed, Harmful: danger of serious
damage to health by prolonged exposure through inhalation, in contact with
skin and if swallowed and Causes burns. The classification is very serious but
the substance was only detected in extracts from 1 product and at trace level.
Therefore the substance is not selected.

Phthalic acid anhydride, CAS no. 85-44-9, is classified Xn;R22 Xi;R37/38-41
R42/43, i.e. Harmful if swallowed, Irritating to respiratory system and skin,
Risk of serious damage to eyes, May cause sensitization by inhalation and skin
contact. The substance was detected in extracts from 4 products: at trace level
in 3 and at low concentration in 1 product.

Toluene, CAS no. 108-88-3, is classified (29th ATP, Directive 2004/73/EC,
EC 2004) F;R11 Repr.Cat.3;R63 Xn;R48/20-65 Xi;R38 R67, i.e. Highly
flammable, Possible risk of harm to the unborn child, Harmful: danger of
serious damage to health by prolonged exposure through inhalation, Harmful:
may cause lung damage if swallowed, Irritating to skin and Vapours may
cause drowsiness and dizziness. The substance was detected in extracts from
2 products but at low concentrations.

3,5,5-Trimethyl-2-cyclohexen-1-one (=isophorone), CAS no. 78-59-1, is
classified Carc.Cat.3;R40 Xn;R21/22 Xi;R36/37, i.e. Limited evidence of
carcinogenic effects, Harmful in contact with skin and if swallowed, Irritating
to eyes and respiratory system. The substance was detected in extracts from 3
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products at moderate concentrations. Due to the strict classification the
substance has been included for further evaluation.

Vanillin, CAS no. 121-33-5, is not classified in the List of dangerous
substances. The substance was detected in extracts from 12 out of 15
products and even if the concentrations were low the substance has been
selected for further evaluation.

Xylene, CAS no. 95-47-6, is classified R10 Xn;R20/21 Xi;R38, i.e.
Flammable, Harmful by inhalation and in contact with skin and Irritating to
skin. The substance was detected in extracts from 2 products at trace level.

Summary of selected substances
For evaluation of individual substances the following substances have been
selected in co-operation with the Danish Environmental Protection Agency.

Of organic substances:

2-Butoxyethanol
2-(2-Butoxyethoxy)ethanol
Cyclohexanone
2,6-Dimethoxybenzoquinone
3,6-Dimethyl-1,4-dioxan-2,5-dione
(3,6-Dimethyl-2,5-dioxo-1,4-dioxane)
2-Ethoxyethanol
(2-(2-Ethoxyethoxy)ethanol
Formamide
Furfural
4-Hydroxy-3,5-dimethoxy-benzaldehyde
N-Methyl-2-pyrrolidone
3,5,5-Trimethyl-2-cyclohexen-1-one (= Isophorone)
Vanillin

Of inorganic substances:

Barium
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4 Health assessment

A screening of potential health hasardous effects from substances released
(migrated) from surface treated wooden toys has been performed.

A literature screening on the substances identified at the qualitative migration
examinations is performed. It has the purpose to make sure that the
substances focused on at the qualitative analyses are the most relevant
substances.

After the quantitative analyses are carried out the appeared results are
evaluated. Data on individual substances such as NOAEL, LOAEL or other
relevant data are used to the extent they are available. Alternatively, QSAR
data are used for substances where no data are found.

4.1 Introduction

To the assessment of the health risk from the use of wooden toys, a selection
of effects on health by the detected substances are evaluated in relation to the
relevant exposure duration and exposure route to the consumer of the toy.

4.1.1 Exposure duration

The average potential exposure duration, i.e. the period where the child is
awake and not eating is 10 hours/day for children under 2 years of age and
10.7 hours/day for children between 2 and 3 years of age in an American
study (Kiss 2001). In a Dutch study, the period was 8 to 9 hours for children
between 3 and 36 months of age (Groot et al. 1998, table 5).

The oral intake strongly depends on the exposure duration, i.e. how often and
for how long the toy is placed in the mouth. That question has been studied
especially in connection to the assessment of the exposure to phthalates in
plastic toys.

Studies on the behaviour of children mouthing subjects including fingers have
for instance been performed in several studies. Groot et al. (1998) studied 42
children between 3 and 36 months of age and Juberg et al. (2001) studied 385
children between 0 and 36 months of age. Their studies show that the
youngest children mouth subjects more often than older children do (table 5).

Table 5  Average period of toys in the mouth (minutes) and exposure duration (hours)
per day (Groot et al. 1998)

Age Number
of

children

Average
exposure
duration

(hours/day)

Toy suitable to
put in the

mouth, min/d

Toys mouthed,
min/d.

*non
pacifiers
min/d

3-6 months 5 7.8 3.4 14.7 36.9
6-12 months 14 8.3 5.8 27.9 44.0
12-18 months 12 8.6 0.0 3.6 16.4
18-36 months 11 8.7 0.0 1.1 9.3

*: Other than comforter, teething ring etc.
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In an American observation study of the mouthing behaviour of children 0 to
6 years of age, the behaviour of 491 children was studied by parents and 169
children at the age if 0 to 36 months by trained observers. In conclusion it was
observed that for all objects mouthed except pacifiers the average mouthing
period was 70 minutes/day for children between 3 months and 1 year, 48
minutes for children between 1 and 2 years, and 37 minutes for children
between 2 and 3 years of age (Kiss 2001) In a statistical analysis of the same
numbers, Greene (2002) has examined the behaviour in 169 children between
3 and 36 months of age. He found a skewness in exposure as few children
mouthed objects for a long period and many children mouthed objects for a
short time or not at all.

This observation was supported by e.g. a previous American study on the
play activity of children. The study finds average times of 46 to 70 minutes
and 90 percentiles for play activity of children (1 to 17 years of age) between
120 and 255 minutes per day (US-EPA 1997, US-EPA 2002).

In a British study on the mouthing behaviour of children, 236 children at the
age of 1 month to5 years were studied (DTI 2002). The study found a peak
at the age of 9 months when only observing the period of 0 to 3 years of age
(table 6).

Table 6  Estimated maximum daily oral exposure (hours : min) (DTI 2002)
Age, months Age, years

Item mouthed: 1-3 3-6 6-9 9-12 12-15 15-18 18-21 21-24 2 yr 3 yr 4 yr 5 yr
Pacifiers 2:55 2:32 1:40 5:23 3:32 3:40 5:17 1:54 3:37 5:04 5:21 0:08
Fingers 0:50 1:36 1:17 1:38 0:35 0:39 1:20 1:53 2:27 3:18 2:51 9:02
Toys 0:01 2:34 3:46 1;04 0:44 0:58 0:32 0:42 2:05 1:34 0:20 0:11
Other objects 0:28 0:36 1:10 1:31 0:03 1:38 1:06 0:40 2:57 1:25 1:16 0:52
Total 3:31 3:36 5:16 6:53 4:17 5:14 6:52 6:35 7:41 8:30 5:28 10:01

In the DTI study 50% of the toys were made of plastic and 6% of wood.
However, that distribution depends on the availability of toys and can
therefore not be included in the evaluation.

The exposure duration for playing with wooden toys may vary considerably
but most common is assumed to be several short-term uses that may vary
from a few to many minutes. This study especially focuses on the oral
exposure, i.e. exposure after mouthing the toy and sucked on it, biting it etc.
by children of 0 to 36 months of age.

In the CSTEE evaluation on exposure to plasticisers was recommended an
exposure period of 3 hours in the assessment of migrated phthalates to
children (CSTEE 1998).

Based on the above observations/studies which indicate that children at the
age of 3 to 36 months mouth toys at an average of 70 minutes and at
maximum (90 percentile) of 3 hours and the recommendation of CSTEE, the
assessment in this project has selected an exposure duration of 3 hours/day as
a reasonable worst case scenario.

4.1.2 Body weight

Since the exposure is given in mg/kg body weight it is evaluated which body
weight that would be an appropriate average for children. Studies by
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Bremmer and van Veen (2002) and US-EPA (2002) have been obtained. The
results are presented in table 7, below).

Table 7  Body weight of children
Reference Age Average Body weight

(kg)
3-6 months 4.5 months 6.21
6-12 months 7.5 months 7.62
12-18 months 13.5 months 9.47
18-36 months 1.5 years 9.85

Bremmer and van Veen 2002
n = 42

3-9 years 4.5 years 16.3
2-6 months 7.4
7-12 months 9.4

1 year 11.4
2 years 12.9
3 years 15.1
4 years 17.1

1-3 years 13.1

US EPA 2002.
n = ca. 1000

1-14 years 29.9

Whether the differences between Dutch and American children is actual or a
result of the selection of children and variation in numbers are unknown. The
study by Bremmer and van Veen covers children of ”well educated” parents
and a small number whereas the American study covers a wider section of
children and a far higher number of children.

In the CSTEE evaluation of the exposure to plasticisers was recommended a
body weight of 8 kg in the assessment of migrated phthalates on children
(CSTEE 1998). As the study especially relates to very small children that
weight may be a little too low for the target group of this project. The study
further is indicated to be based on the Bremmer and van Veen / Groot et al.
studies.

In regard of realistic worst case, this project therefore in the calculations uses
an assumed body weight of 10 kg for children based on the far more extensive
American study (US-EPA 2002) and a peak of mouthing behaviour at 9
months of age (DTI 2002). That wooden toys may be purchased or intended
for a little older child does not exclude the possibility that younger children
may or will get hold of the toys.

4.1.3 Exposure route

During the screening it was realised that some the detected substances were
volatile substances and an exposure via inhalation possible. However, this
exposure route is considered to be less essential in this context.

Exposure of the skin (dermal exposure) is considered relevant as wooden toys
are specifically intended to ”handling”. The primary exposure is to the skin of
the hands.

Intake vi the mouth (oral intake) is assumed potentially to present the largest
concern for children under 3 years of age, partly because this age group is
known to mouth objects but they may also suck on fingers after having
touched the toy and thereby transfer potential contamination from the hands
to the mouth.



32

4.1.4 Uptake

Uptake via inhalation, oral or dermal exposure will be substance specific and
therefore depend on which substances that are detected released from the toy.
If no information was available on the specific uptake of the individual
substances via inhalation, by dermal contact or via moth / mucous membranes
an uptake of 100% is assumed.

In the study, 14 specific substances have been selected in co-operation with
the Danish Environmental Protection Agency. The selection is based on the
classification of the substances, number of detections and the level of the
measured concentration in the saliva extracts.

The selected substances have been reviewed individually after a presentation
of the assessment method (cf. below).

Each of the selected substances has been identified by its common name and
CAS no. for unambiguously identification. The most common synonyms are
stated and furthermore is mentioned:

• The physical-chemical data of the substances, which may be relevant to
the assessment.

• The use of the substance in order to evaluate where the potential source
of the substance might be.

• The classification of the substance.

• The effects of the substances on human health have been summarised,
partly acute effect levels but also effect levels from long-term studies, if
available.

• The threshold limit values (TLV) of the substance, valid for the working
environment. The available values for tolerable daily intake (TDI),
acceptable daily intake (ADI) or reference dose (RfD) are mentioned (for
explanation cf. the abbreviation list). It should be noted that TLV values
cover the concentration in air in the working environment and not the air
in consumers’ own homes.

Finally, an assessment of the amount of detected released substances has been
carried out. This has been performed by calculating / estimating the uptake
based on the duration of exposure and the body weight of the person
(amount/kg body weight/day). If possible, one of the established values for
tolerable daily intake (TDI, ADI or RfD) is used for evaluation of the
exposure by comparing the values with the obtained analysis results used to
estimate the exposure.

The used uncertainty factors (safety factors) are mentioned in the text. In case
more TDI, ADI or RfD values exist, the lowest value is preferred. If no TDI,
ADI, RfD values are available, a comparison to a concentration where no
adverse effects are observed (NOAEL: No Observed Adverse Effect Level)
from a relevant long-term study is used. The procedure is mentioned at the
individual substances.
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4.2 Exposure scenarios

4.2.1 Introduction

The exposure to the consumer from wooden toys will vary considerably
according to use duration, handling or area of contact and duration of direct
contact. To evaluate the exposure in a standardised manner, theoretical
exposure scenarios have been derived to illustrate the worst possible but
realistic exposures.

To evaluate the exposure of consumers, the following scenario has been
derived for the exposure via the mouth (oral exposure).

Oral exposure is based on measurements of the substance in extractions of
artificial saliva. It is assumed that the amount of substance released (migrated)
from the toys during an average time of 2 hour extraction × 1.5 = 3 hours
corresponds to the potential maximum oral exposure per day.

(Note that the extraction is performed for 2 hours according to the standard EN71-
3 and recalculated to 3 hours exposure period as the target period).

4.2.2 Methodology

For the chemical substances detected as migrated to saliva from the wooden
toys, an evaluation of which substances appeared to be the most interesting
(cf. section 3). Data on the individual substances are retrieved to perform a
health hazard evaluation based on known information from previously
prepared Danish or foreign monographs, etc. The obtained data for threshold
limit values or toxicity are then compared to the concentrations estimated in
the used scenario.

The methodology used is approximately the same as recommended in
connection to risk assessments in the European Union (EU) described in the
Technical Guidance Document, TGD (EC 2003). In the TGD the potential
risk to humans is estimated as the ratio between the predicted no-effect
concentration (no-adverse-effect level, NOAEL) and the predicted exposure
concentration in the surrounding environment (Predicted Environmental
Concentration, PEC), i.e. NOAEL / PEC or the estimated uptake in the
exposed humans.

NOAEL is based on mammalian data that is often not humans but typically
rats, mice and rabbits. Therefore, a safety factor is introduced to cover
differences extrapolating from other animals to humans. This is expressed
either by attaching a fixed safety factor (SF) or by expressing the margin of
safety (MOS) which represents the distance between NOAEL and the
estimated uptake. Typically MOS is preferred to be above 100.

The safety factor is interpreted as a margin of safety applied to a NOAEL to
produce a value below which exposures are presumed to be without health
risk. The safety factor is traditionally composed of a factor 10 for
extrapolation between species (animal to human, interspecies variation), a
factor 10 to protect the most sensitive individuals of the population
(intraspecies variation) such as e.g. children. A third factor is applied
depending on the data and may vary. For instance 10 is used if LOAEL
(lowest observed adverse effect level) is used instead of NOAEL or using
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subchronic data instead of chronic data. The total safety factor is a result from
multiplication of the three factors.

The effect level divided with the safety factor is used to evaluate whether there
is reason of concern (concern level) or a further examination of methodology
or data is necessary. Thus the assessment may be expressed on basis of
concentration divided with the safety factor (such as e.g. ADI, TDI, RfD,
RfC) or MOS.

In modern society is used many chemical products. It can be difficult for the
single consumer to keep track of them all. The handling of the chemical
substances is therefore regulated on basis of an extended chemical legislation.
In connection with this project no values have been derived for chemical
substances already evaluated by national or international experts in the field.

The classification authorised in Denmark (Miljøministeriet 2002), which is an
implementation of EU classification (28th amendment to EU directive
67/548/EEC), is used in the evaluation. The amendments performed in the
29th amendment and adopted in Directive 2004/73/EC (EC 2004) and not yet
implemented in Denmark are included, however, as the implementation may
be expected within the near future.

For the evaluation of the individual substances is used the threshold limit
values mentioned above and explained below.

The threshold limit value (TLV) valid for the working environment in
Denmark (AT 2002) is generally not used as it is only valid for the working
environment and does not cover the consumer at home. The TLV value is
presented for information and comparison, if available.

Other limit values included in the health evaluation were:

ADI: Acceptable Daily Intake. A value calculated from NOAEL by an
official authority as an acceptable daily intake (mg/kg body
weight/day. ADI is usually based on chemical substances in food.

C-value: Contribution value: The C-value is defined in Miljøstyrelsen
(2002) as the total maximal allowed contribution to the air
pollution from an enterprise to the environment outside the
production site. If the C-value is used it is used directly as the
value is calculated from NOAEL levels using a safety factor.

RfC: Reference concentration. RfC is an inhalation reference
concentration based on the assumption that a threshold limit value
for certain toxic effects exists. The value is based on NOAEC
from inhalation studies of subchronic or chronic character and
includes safety factors. The value is given in mg/m3.

RfD: Reference dosis. RfD is an oral reference dosis based on the
assumption that a threshold limit for certain toxic effects exists.
The value is based on NOAEL from subchronic or chronic studies
using oral administration and includes safety factors. The value is
given in mg/kg body weight/day.
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TDI: Tolerable Daily Intake. Almost identical to ADI but usually based
on chemical pollutants.

The effect level for each piece of wooden toy is based on evaluations of
individual substances. The established Danish threshold limit values are used
when they exist. When no Danish threshold limit values exist, foreign
threshold limit values are used including their background if available.

4.2.3 Exposure via the mouth

By oral exposure the absorption takes place after release (migration) of the
compounds from the wooden toy and mixing with the saliva. Uptake is
assumed to takes place over the epithelium in the mouth cavity or in the
gastro-intestinal-tract.

As basis for the assessment of the oral intake is used the general equations
described in relevant references (TGD 2003, OECD 1993, Bremmer and van
Veen 2002).

The equations are then adjusted to an equation fit for the actual scenario with
measurements of chemical substances migrated to artificial saliva. The weight
of the surface area of the toy (10 cm2 × sample depth × density) which the
child may have in the mouth for a prolonged time is used in the exposure
assessment.

BW
NTFFcQ

I eventcontactorlmigroral
oral

××××
=

where
Ioral Intake of the compound µg/kg lgv/day
Qoral Weight of exposed product g
Fcmigr Fraction of product used in the measurement of the

concentration of chemical substance in the extract
(amount migrated substance per unit weight of
product)

µg/g

Foral
Tcontact Time for contact per event min.
Nevent Number of events per day min/day
BW Body weight kg

As basis is assumed that a child plays with the wooden toy one or several
times each day. The total oral exposure duration is assumed to be maximum
180 minutes or 3 hour/day. The child’s body weight is set to 10 kg.

The analysis results represent the amount migrated to the saliva extracts after
2 hours of extraction according to the standard EN 71-3. The amount is
recalculated to release per hour and multiplied by 3 (3 hours average).

The migration is calculated as release per cm2. According to the standard
EN71-10 the sample should be 3 mm deep. Using the density of the wood
used to make the wooden toy (based on information on the density of dry
wood) the released amount per cm2 is calculated.
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Table 8  Density of dry wood, 12% moisture (Danish Technological Institute, Wood
Technology, Træteknik 2004)
Wood species Density, g/cm3

Ash (Fraxinus excelsior) 0.72
Birch (Betula sp) 0.65
Beech (Fagus silvatica) 0.69
Pine (Pinus silvestris) 0.46

The released amount/cm2 is the measured concentration × sample depth ×
density of sample:

Qoral (µg/cm2) = Fcmigr (µg/g) × sample depth (0.3 cm) × density (0.7 g/cm3)

The calculations are performed as released substance per 10 cm2/hour (based
on the analysis extraction over 2 hours) × exposure duration/day ×
absorption/kg body weight:

Thus oral absorption = Weight of exposed toy × µg substance released/hour ×
1/2 (hours) × exposure duration (3 hour/day) × (% absorption/100%) / 10
(kg) =  µg/kg body weight per day.

It is noted that oral intake also may take place by hand-to-mouth, i.e. hands or
fingers, which have touched the product, and then are placed in the mouth.
This may result in a transfer of substance from the fingers to the mouth. As
information in the reference literature (Bremmer and van Veen 2002, Green
2002, Kiss 2001) indicate that hand-to-mouth averages 3 to 10 minutes that
part is considered included in the selected exposure period of 3 hour.

Absorption
After exposure to the mouth cavity the chemical substance has to pass the
epithelium before actual absorption may take place. Data for oral absorption
have not been available for all of the selected substances. The oral uptake
across the epithelium (oral absorption) is therefore estimated or set to 100%
for many for the substances (TGD, EC 2003).
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4.3 Evaluation of individual substances

For the evaluation of individual substances the below mentioned chemical
substances have been selected in co-operation with the Danish Environmental
Protection Agency.

Of organic substances:

2-Butoxyethanol
2-(2-Butoxyethoxy)ethanol
Cyclohexanone
2,6-Dimethoxybenzoquinone
3,6-Dimethyl-1,4-dioxane-2,5-dione
(3,6-Dimethyl-2,5-dioxo-1,4-dioxane)
2-Ethoxyethanol
2-(2-Ethoxyethoxy)ethanol
Formamide
Furfural
4-Hydroxy-3,5-dimethoxy-benzaldehyde
N.Methyl-2-pyrrolidone
3,5,5-Trimethyl-2-cyclohexen-1-one (= Isophorone)
Vanillin

Of inorganic substances:

Barium

4.3.1 2-Butoxyethanol

Identification
Name 2-Butoxyethanol
CAS no. 111-76-2
EINECS no. 203-905-0
Molecular formula C6H14O2

Molecular structure

Molecular weight 118.20 g/mol
Synonyms ethylene glycol n-butyl ether

EGBE
Butylglycol

The melting point is –74.8ºC. The boiling point is 168.4ºC (DOW 1990).
The vapour pressure is 117 Pa at 25ºC (0.88 mmHg, DOW 1990). The
water solubility is 1 kg/l at 25ºC (miscible, DOW 1990). The partition
coefficient is log Kow is experimentally determined to 0.83 (Hansch et al.
1995).

Use
2-Butoxyethanol is used as a solvent in surface coatings and in vinyl and
acrylic paint (CICAD 1998). Further is mentioned the use as solvent in
printing inks and colorants in the EU risk assessment report, draft 2004 (ECB
2004).
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Classification
2-Butoxyethanol is classified in the List of dangerous substances
(Miljøministeriet 2002):

Xn;R20/21/22 Harmful. Harmful by inhalation, in contact with skin and if
swallowed

Xi;R36/38 Irritant. Irritating to eyes and skin

Effects on health
2-Butoxyethanol is moderately acute toxic, irritating to eyes and skin (but not
a skin sensitizer). Eye irritation examinations showed that 30 and 70%
concentrations of the substances were irritating to the eyes with increasing
irritation with corresponding increasing exposure duration. The skin irritation
was mild at 4 hours of exposure of rabbit skin, but the irritation increased with
increasing exposure duration (CICAD 1998).

The effects have mostly been registered as a haemolytic activity of 2-butoxy-
ethanol. The effect was dependent on age with older rats as the most sensitive
(CICAD 1998).

Acute toxicity:

Acute oral, rat LD50 1480 mg/kg Budavari 1996
Acute oral, mouse LD50 1400 mg/kg CICAD 1998
Acute oral, rabbit LD50 320 mg/kg CICAD 1998
Acute dermal, guinea pig LD50 208 mg/kg ECB 2004
Acute dermal, rabbit LD50 (8 h) 100 mg/kg ECB 2004
Acute inhalation, rat LC50 (4 h) 2380 mg/m3 ECB 2004

In a subchronic 90 days inhalation study, rats were exposed to 2-
butoxyethanol at concentrations of 0, 5, 25, or 77 ppm for 6 hours/day, 5
days/week for 13 weeks. Based on haematotoxic effects, the NOAEL and
LOAEL were 25 ppm (121 mg/m3) and 77 ppm (372 mg/m3), respectively
(Dodd et al. 1983).

In a study on developmental effects, pregnant rats were exposed to 2-
butoxyethanol at 0, 25, 50, 100 or 200 ppm (35 rats per group) for 6
hours/day on days 6 to 15 of gestation. Based on haematotoxic effects the
NOAEL and LOAEL were 50 ppm (242 mg/m3) and 100 ppm (483 mg/m3),
respectively (Tyl et al. 1984).

In a 13 weeks study with rats, groups of 10 of each sex were exposed through
the drinking water. Based on the water consumption, the male rats were
exposed to 0, 69, 129, 281, 367 or 452 mg/kg/day and female rats to 0, 82,
151, 304, 363 or 470 mg/kg/day. Based on effects of the blood parameter and
liver, which were observed at even the lowest concentration, LOAEL was 69
mg/kg/d for males and 82 mg/kg/d for females. When water consumption and
body weight from the last week of the exposure is used, LOAEL is converted
into 55 mg/kg/d for males and 59 mg/kg/d for females. NOAEL could not be
determined in the examination (NTP 1993, IRIS 2004).

The LOAEL value from the rat study of 55 mg/kg bw/day was recalculated
assuming 1.5 l /day drinking water and a body weight of 60 kg  to a human
equivalent dose, HEC, of 5.1 mg/kg bw/day (IRIS 2004). In the EU risk
assessment report, the same value was recalculated assuming 2 l/day of
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drinking water and a body weight of 70 kg to a LOAEL (HEC) 7.6 mg/kg
bw/day (ECB 2004). Because several studies demonstrates that rats are much
more sensitive than human to the haemolytical effects of 2-butoxyethanol
LOAEL values is accepted as NOAEL (ECB 2004).

2-Butoxyethanol has been evaluated as potential human carcinogen, Group C
(IRIS 2004).

Threshold limit values
The threshold limit value for the working environment is 20 ppm
corresponding to 98 mg/m3 with skin notation, i.e. the substance may
penetrate the skin (AT 2002).

The C-value is 0.04 mg/m3 (B-værdivejledningen, Miljøstyrelsen 2002).

The inhalation RfC value is 13 mg/m3.
The value is based on a subchronic rat inhalation study (Tyl et al. 1984, cf.
above). The value is based on NOAEL 242 mg/m3 and calculated with a
safety factor 10, 6/24 in order to convert 6 hours’ exposure to 24 hours per
day, a conversion from rat to human (inhalation rate for rat 0.16 m3/d and for
human 22 m3/d, the body weight of rat 0.215 kg and for human 64 kg)
(CICAD 1998). The RfC calculated using the mentioned variables is then:
RfC = (242/10) × (6/24) × [(0.16/0.215)/(22/64)] = 13.1 mg/m3.

Oral RfD value is 0.5 mg/kg bw/day.
The value is based on a 13-week of subchronic study where haematological
effects were found as the most sensitive endpoint with a LOAEL of 55 to 59
mg/kg/day for rats (NTP 1993, cf. above). US-EPA used the PBPK model of
Corley (1994) to "back-calculate" human equivalent dose (HEC) of 5.1 mg/kg
bw/day for humans. Using a safety factor of 10 for intraspecies variation an
orall RFD value of 0.5 kg/kg bw/day was derived (IRIS 2004).

Absorption
2-Butoxyethanol is easily absorbed after inhalation, or by oral or dermal
exposure (CICAD1998). Consequently, an absorption of 100% has been
used.

In the ECB (2004), Risk Assessment Report draft is used 61% for absorption
via inhalation and 30% dermal absorption. No information on oral absorption
is presented.

Assessment
The assessment of oral exposure is based on exposure for 3 hours to a child of
10 kg body weight (bw). The absorption is set to 100%.

Calculation example (lab.no. 31342-4):
Migration: 322 × 0.3 (cm) × 0.7 (g/cm3) = 67.6 µg/cm2

Total migration: 67.6 × 10 / 2 = 338 µg/10 cm2/hour
Oral uptake: 338 × 3 (h) ×1 (100%) / 10 = 101 µg/kg bw/day
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Table 9  Uptake of 2-butoxyethanol by oral exposure
Lab.no. Weight

g
Migration
measured

 µg/g

Migration,
µg/cm2

Total
migration,
µg/cm2/h

Oral uptake
 µg/kg lgv/day

31342-1 2.0406 18 3.78 19 5.7
31342-2 1.8652 90 18.90 95 28.4
31342-3 1.8630 122 25.62 128 38.4
31342-4 322 67.62 338 101.4
31342-5 1.9229 21 4.41 22 6.6
31342-6 2.0137 17 3.57 18 5.4
31342-7 2.0668 104 20.90 109 32.8
31342-9 2.0202 1.3 0.27 1.4 0.41
31342-11 1.8897 2.6 0.55 2.7 0.82
31342-12 1.5364 164 34.40 172 51.7
31342-13 2.0345 80 16.80 84 25.2
31342-15 2.1502 8.9 1.87 9.3 2.8

2-Butoxyethanol was detected in 12 wooden toys. The calculated uptake is
equal to or more than 5 times below the RfD value of 500 µg/kg lgv/day.

Using the NOAEL value 7.6 mg/kg bw/day and the highest estimated uptake
the margin of safety (MOS) is equal to or more than: 7.6/0.1 = 76.

Conclusion
From the above table is observed that none of the amounts taken up by
mouthing the wooden toy result in exceeding the RfD value. Thus the
substance is assessed not to cause a health risk to the consumer

The lowest margin of safety is lower than the 100 usually preferred as the
lowest MOS. Thus, the migration of the substance in at least 1 product may
cause health concern.

4.3.2 2-(2-Butoxyethoxy)-ethanol

Identification:
Name 2-(2-Butoxyethoxy)ethanol
CAS no. 112-34-5
EINECS no. 203-961-6
Molecular formula C8H18O3

Molecular structure

Molecular weight 162.23 g/mol
Synonyms Butyldiglycol

Diethylene glycol monobutyl ether
DEGBE

The melting point is -68ºC. The boiling point is 230ºC at 1013 hPa. The
water solubility is high (miscible with water). The vapour pressure is 2.7 Pa at
20ºC. The octanol/water partition coefficient is measured to log Kow 0.56. All
data are from the EU risk assessment of the substance (RAR vol. 2, ECB
2000).
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Classification
2-(2-Butoxyethoxy)ethanol is classified in the List of dangerous substances
(Miljøministeriet 2002):

Xi; R36 Irritating to eyes

Use
The substance belongs to the group of glycol ethers that is mainly used as
solvents. 2-(2-Butoxyethoxy)ethanol is used as solvent in paints, dyes and
colorants in both aqueous and non-aqueous systems thereof a large part in
surface coatings. The amount in paint is noted to be maximum 5% but
typically at 1 to 4%. Besides the substance is used in a series of other industrial
processes and products (ECB 2000).

Effects on health
2-(2-Butoxyethoxy)ethanol has a low acute toxicity by oral and dermal
exposure routes.

Some data on acute toxicity have been found (IUCLID 2000). Of these are
mentioned:

Acute oral rat LD50 7292 mg/kg ECB 2000
Acute oral, mouse LD50 2406 mg/kg ECB 2000
Acute dermal, rat LD50 2760 mg/kg ECB 2000

By acute exposure no mortalities were observed even at exposure to saturated
vapours (IUCLID 2000).

The substance is evaluated to be eye irritating and may be skin irritating after
repeated exposure to high concentrations of 2000 mg/kg bw/day (ECB 2000).

Of studies with prolonged exposure was found a 5-week subacute study on
rats exposed to 0, 13, 39 and 117 mg/m3 for 6 hours/day, 5 days/week for 5
weeks. Based on effects on the liver NOAEL was 39 mg/m3. Because the same
effects were not observed in a 90-day study where rats were exposed to 0, 13,
40 and 94 mg/m3, 6 hours/day, 5 days/week the NOAEL was established at 94
mg/m3 (ECB 2000).

In a 13 weeks subchronic dermal study rats were exposed for 13 weeks at 0,
200, 600 and 2000 mg/kg bw/day. No systemic effects were observed at the
highest concentration even if concentration dependent skin irritations
(erythema) were observed. NOAEL was established at 2000 mg/kg bw/day
(ECB 2000).

The oral toxicity is based on a one-generation reproduction study by Nolen et
al. (1985). The rats were administered the substance via gavage directly into
the stomach at 0, 250, 500 and 1000 mg/kg bw/day. Since no effects on
fertility were observed NOAEL for maternal toxicity was established at the
highest test dosis of 1000 mg/kg bw/day. Based on reduced body weight gain
in rat pups a reproduction toxicity NOAEL of 500 mg/kg bw/day was
established (ECB 2000).
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Threshold limit values
The threshold limit value for the working environment is 100 mg/m3 (AT
2002).
The C-value is 0.02 mg/m3 (Miljøstyrelsen 2002).

Absorption
The dermal absorption has been studied. In rats 2-(2-butoxyethoxy)-ethanol
relatively easy is absorbed through the skin with between 30 and 50% of the
applied radioactive labelled substance (Boatman 1993). No values for oral
absorption were available but presuming it is easier than via the skin, a 100%
absorption by oral exposure is assumed.

Assessment
The assessment of oral exposure is based on the exposure for 3 hours of a
child of 10 kg body weight (bw). The absorption is set to 100%.

Table 10. Uptake of 2-(2-Butoxyethoxy)ethanol by oral exposure
Lab.no. Weight

g
Migration
measured

 µg/g

Migration,
µg/cm2

Total
migration,

µg/ 10 cm2/ h

Oral uptake
 µg/kg lgv/day

31342-2 1.8652 3.2 0.67 3.4 1.0
31342-3 1.8630 6.8 1.4 7.1 2.1
31342-4 21 4.4 22.1 6.6
31342-7 2.0668 53 11.1 55.7 16.7
31342-12 1.5364 22 4.6 23.1 6.9

2-(2-Butoxyethoxy)ethanol was detected in the extracts from 5 products

Because no threshold limit values for effects based on amount taken up after
oral exposure NOAEL is used for the calculation of the margin of safety
(MOS). Using a NOAEL of 500 mg/kg bw/day MOS is:(500/0.0167 =) at
least 30000.

Conclusion
With a margin of safety of at least 30000, 2-(2-butoxyethoxy)ethanol is
assessed not to cause any health concern to the consumers (children mouthing
the wooden toy).

4.3.3 Cyclohexanone

Identification
Name Cyclohexanone
CAS no. 108-94-1
EINECS no. 203-631-1
Molecular formula C6 H10 O
Molecular structure

Molecular weight 98.15 g/mol

The melting point is -31ºC. The boiling point is 155ºC (Budavari 1996). The
vapour pressure is 577 Pa at 25ºC (4.3 mmHg, Daubert and Danner 1985).
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The water solubility is 25 g/l at 25ºC (Yalkowsky and Dannenfelser 1992).
The partition coefficient log Kow is experimentally determined to
0.81(Hansch et al. 1995).

Use
Cyclohexanone is used in the chemical industry for organic synthesis,
particularly in the production of adipic acid and caprolactam (ca. 95%),
polyvinyl chloride and its copolymers, and methacrylate ester polymers.

Classification
Cyclohexanone is adopted on the List of dangerous substances
(Miljøministeriet 2002) and classified:

R10 Flammable
Xn;R20 Harmful. Harmful by inhalation

Effects on health
Acute toxicity:
Acute oral, rat LD50 1296 mg/kg bw OECD

1996
Acute oral. mouse LD50 1400 mg/kg bw OECD

1996
Acute inhalation, rat LC50 (4 h) 32080 mg/m3 (8000

ppm)
OECD
1996

Acute inhalation, mouse LD50 (4 h) 1235 mg/m3 (308 ppm) OECD
1996

Acute dermal, rabbit LD50 948 mg/kg bw OECD
1996

For humans was observed that the threshold for irritation to the nasal mucous
membranes was 0.28 mg/l of air (280 mg/m3 or about 70 ppm). The value
was seconded by irritation of eye, nasal, and throat at 0.362 mg/l of air (362
mg/m3 or about 90 ppm). A second exposure 2 weeks after the initial series
indicated an increase in the sensory irritation threshold. In this series, the only
response recovered was throat irritation at 0.547 mg/l of air (547 mg/m3 or
about 136 ppm) (OECD 1996).

Humans exposed for only 3 to 5 minutes found 50 and 75 ppm (200-301
mg/m3 air) irritating to the eyes, nose and throat while a concentration of 25
ppm was unobjectionable (Nelson et al. 1994).

Cyclohexanone exhibits low to slight acute toxicity by the oral and inhalation
exposure routes and is moderately toxic by the dermal route. Cyclohexanone
is an eye and skin irritant but does not induce skin sensitisation.

Upon repeated administration to rats of cyclohexanone in drinking water, the
NOAEL was 4700 ppm after 25 weeks and the LOAEL was 3300 ppm after
2 years. Effects at higher concentrations were primarily body weight
decreases.
The NOAEL in repeated dose inhalation studies was 100-190 ppm. Those
values were based on either gray mottling of the lungs or ocular irritation and
degenerative changes in the liver and kidney at higher concentrations.
However, the NOAEL in those studies was not confirmed in later and better
inhalation studies where for reproductive and developmental effects NOAEL
values of 650-1000 ppm were observed. In a two-generation reproduction
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study, decreased fertility was observed in rats exposed via inhalation at 1400
ppm but not at 500 ppm. The effect was found to be reversible following a
post-exposure recovery period (IRIS 2004).

In a chronic rat oral study, rats in groups of 52 animals per dose were exposed
to cyclohexanone in drinking water at 3300, 6500, 13000 and 25000 ppm.
Based on mortality and decrease in body weight a LOAEL of 6500 ppm
corresponding to 910 mg/kg bw/day was found. NOAEL was 3300 ppm in
the drinking water corresponding to 462 mg/kg bw/day (Lijinski and Kovatch
1986).

Threshold limit values
The threshold limit value (TLV) is 10 ppm equivalent to 40 mg/m3 with skin
notation (H), i.e. the substance may penetrate the skin (AT 2002)

The C-value is 0.1 mg/m3 (B-værdivejledningen, Miljøstyrelsen 2002).

The oral RfD value is 5 mg/kg bw/day. In a chronic oral rat study was found a
NOAEL of 462 mg/kg bw/day (cf. Lijinski and Kovatch 1986 above).
Applying a safety factor of 100 (10 for inter- and 10 for intraspecies
extrapolation) derived an oral RfD value of 5 mg/kg bw/day.

TDI (tolerable daily intake) value is 4.6 mg/kg bw/day (Baars et al. 2001).

Assessment
Cyclohexanone was detected in the saliva extracts from 2 wooden toys. The
calculated uptake by oral exposure is summarised in the table below.

The assessment of oral exposure is based on the exposure for 3 hours of a
child of 10 kg body weight (bw). The absorption is set to 100%.

Table 11.   Uptake of cyclohexanone by oral exposure
Lab.no. Weight

g
Migration
measured

 µg/g

Migration,
µg/cm2

Total
migration,

µg/ 10 cm2/ h

Oral uptake
 µg/kg lgv/day

31342-13 2.0345 27 5.67 28.4 8.5
31342-14 2.1502 14 2.94 14.7 4.4

No exceeding of the TDI value was found (the margin was a factor of approx.
500 to the TDI value of 4.6 and the RfD value of 5 mg/kg bw/day).
Using a NOAEL value of 462 mg/kg bw/day the margin of safety (MOS) is
>54000.

Conclusion
With a margin of safety of more than 54000, cyclohexanone is assessed not to
cause health concern to the consumers (children mouthing the wooden toy).
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4.3.4 2,6 Dimethoxybenzoquinone

Identification:
Name 2,6-Dimethoxybenzoquinone
CAS no. 530-55-2
EINECS no. 208-484-7
Molecular formula C8H8O4

Molecular structure

Molecular weight 168.15 g/mol
Synonyms 2,6-Dimethoxy-p-benzoquinone (EINECS name)

2,6-Dimethoxy-2,5-cyclohexadiene-1,4-dione (CA name)
2,6-Dimethoxy-quinone

The melting point is 256ºC. The boiling point is estimated to 286ºC. The
water solubility is estimated to 70600 mg/l at 25ºC (EPI). The vapour
pressure is estimated to 3 mPa at 25ºC (2.2 x 10-5 mmHg). The octanol/water
partition coefficient is measured to log Kow –0.06 (Hansch et al. 1995).

Classification
2,6-Dimethoxybenzoquinone is not classified in the List of dangerous
substances (Miljøministeriet 2002). However, the substance is on the Danish
EPA’s Advisory list for self-classification with the classification:

Xn;R22
R43

Harmful if swallowed
May cause sensitization by skin contact

Use
No information on the use of the substance has been available. The few
available information on the substance indicates that the substance occurs
naturally in several plants. Quinones and derivated substances are used in a
series of products among others in the manufacture of dyes (IPCS 1994).

Effects on health
Only a few informations were found on 2,6-dimethoxybenzoquinone. Based
on information on quinones or hydroquinones. They seem to have similar
effects.

Quinones such as 2,6-dimethoxybenzoquinone are the main reason to contact
dermatitis in certain plants and are regarded as common in leaf trichomes and
pollen (Lovell 1993, Rasmussen 1986, MacAuley 1997).

Quinone (CAS no. 106-51-4) may cause dermatitis (Budavari 1996).

Therefore, information has been searched on quinone and hydroquinones,
which are analogous structures.

It is discovered that hydroquinones can be metabolised to 1,4-benzoquinone.
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For hydroquinones the acute oral LD50 values vary between 300 and 1300
mg/kg bw. Of prolonged studies a 13 weeks rat study was found with oral
administration of hydroquinone. Kidney damages, reduced body weight and
adverse effects to the central nervous system were observed. NOAEL was 20
mg/kg bw/day (IPCS 1994).

Hydroquinones are sensitising to both humans and animals (IPCS 1994).

Quinone appears to be more toxic than hydroquinone. Acute data indicate an
acute oral toxicity of 25 to 50 mg/kg. No data on prolonged studies were
available (HSDB 2004).

Threshold limit values
No threshold limit values, ADI values or similar for 2,6-dimethoxy-
benzoquinone are available.

For p-benzoquinone (quinone, CAS no. 106-51-4) the threshold limit value
for the working environment is 0.1 ppm corresponding to 0.4 mg/m3 (AT
2002).

For hydroquinones (CAS no. 123-31-9, 1,4-benzenediol) the threshold limit
value for the working environment is 2 mg/m3 with notation LK. L means that
the threshold limit value is a ceiling value that must not be exceeded at any
time. K means that the substance is adopted on the list of substances considered to
be carcinogenic (AT 2002).

Absorption
No values on the absorption of 2,6-dimethoxybenzoquinone are found.
Hydroquinones are readily absorbed through the skin where it is metabolised
to 1,4-benzoquinone and distributed to all tissues (IPCS 1994). Therefore
100% absorption is assumed.

Assessment
The assessment of oral exposure is based on the exposure for 3 hours of a
child of 10 kg body weight (bw). The absorption is set to 100%.

Table 12.   Uptake of 2,6-dimethoxybenzoquinone by oral exposure
Lab.no. Weight

g
Migration
measured

 µg/g

Migration,
µg/cm2

Total
migration,

µg/ 10 cm2/ h

Oral uptake
 µg/kg lgv/day

31342-1 2.0406 7.6 1.6 8.0 2.4
31342-5 1.9229 6.9 1.4 7.2 2.2
31342-7 2.0668 4.8 1.0 5.0 1.5
31342-9 2.0202 4.9 1.0 5.1 1.5
31342-10 1.0315 31 6.5 32.6 9.8
31342-11 1.8897 7.5 1.6 7.9 2.4
31342-12 1.5364 15 3.2 15.8 4.7

2,6-Dimethoxybenzoquinone was detected in the extracts from 7 products.
The estimated uptake by oral exposure is calculated to vary between 1.5 and
10 µg/kg bw/day.

Since no threshold limit values for effects from amounts taken up by the body
or NOAEL values were available then based on the available information an
actual assessment can not be performed
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The self-classification is based on modelled molecular structure analysis and
together with the suspicion that the substance is released from the wood and
not from the surface treatment the detection is not considered an immediate
cause for concern.

However, it should be noted that quinones are recognised allergenic
substances that may cause contact dermatitis. The determined concentrations
may not result in problems unless the child is particularly sensitive or already
sensitive to the substance.

4.3.5 3,6-Dimethyl-1,4-dioxane-2,5-dione

3,6-Dimethyl-1,4-dioxane-2,5-dione and 3,6-dimethyl-2,5-dioxo-1,4-dioxane
are discussed together. The names indicate that it may be the same substance
although they have individual CAS and EINECS numbers. The differences
may be only stereoisomeric.

Identification:
Name 3,6-Dimethyl-1,4-dioxane-2,5-dione
CAS no. 4511-42-6
EINECS no. 224-832-0
Molecular formula C6H8O4

Molecular structure

Molecular weight 144.13 g/mol
Synonyms (3S-cis)-3,6-dimethyl-1,4-dioxane-2,5-dione (EINECS

name)

Identification:
Name 3,6-Dimethyl-2,5-dioxo-1,4-dioxane
CAS no. 95-96-5
EINECS no. 202-468-3
Molecular formula C6H8O4

Molecular structure

Molecular weight 144.13 g/mol
Synonyms Dilactide (EINECS name)

3,6-Dimethyl-1,4-dioxane-2,5-dione (CA name)

Because no specific data could be found the physico-chemical data are
estimated based on the molecular structure. As the molecular structure is
identical for the two substances the estimated values are the same.

The melting point is estimated to 26ºC. The boiling point is estimated to
308ºC. The water solubility is estimated to 3200 mg/l at 25ºC. The vapour
pressure is estimated to 0,17 Pa at 25ºC (0,00126 mmHg). The octanol/water
partition coefficient is estimated to log Kow 1.6 (EPI).
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Classification
Neither 3,6-dimethyl-1,4-dioxane-2,5-dione nor 3,6-dimethyl-2,5-dioxo-1,4-
dioxane is classified in the List of dangerous substances (Miljøministeriet
2002). However, both substances are included in the Danish Environmental
Protection Agency’s Advisory list for self-classification of dangerous
substances with the classification:

Xn;R22 Harmful if swallowed

Use
No information on use is available. Since the chemical compound is detected
in almost all extracts a possible explanation could be that the
substance/substances are occurring naturally in wood.

Effects on health
No data on the toxicity of the substance are available.

Threshold limit values
No threshold limit values, ADI or corresponding values are found.

Absorption
No values are found and therefore 100% absorption is assumed.

Assessment
The assessment of oral exposure is based on the exposure for 3 hours of a
child of 10 kg body weight (bw). The absorption is set to 100%.

Table 13.   Uptake of 3,6-Dimethyl-1,4-dioxane-2,5-dione by oral exposure
Lab.no. Weight

g
Migration
measured

 µg/g

Migration,
µg/cm2

Total
migration,

µg/ 10 cm2/ h

Oral uptake
 µg/kg lgv/day

31342-1 2.0406 37 7.7 39 11.7
31342-2 1.8652 35 7.4 37 11.0
31342-3 1.8630 51 10.7 54 16.1
31342-4 38 8.0 40 12.0
31342-5 1.9229 17 3.6 18 5.4
31342-6 2.0137 22 4.6 23 6.9
31342-8 1.0057 51 10.7 54 16.1
31342-9 2.0202 20 4.2 21 6.3
31342-10 1.0315 97 20.4 102 30.6
31342-11 1.8897 32 6.7 34 10.1
31342-12 1.5364 70 14.7 74 22.1
31342-13 2.0345 16 3.4 17 5.0
31342-14 2.1502 11 2.3 12 3.5
31342-15 2.1502 10 2.1 11 3.2

The substance was detected in the extracts from 14 out of 15 products. The
estimated uptake by oral exposure is calculated to vary between 3 and 31
µg/kg bw/day.

No threshold limit values for effects from amounts taken up by the body or
NOAEL values were available. Thus based on the available information an
actual assessment can not be performed
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4.3.6 2-Ethoxyethanol

Identification:
Name 2-Ethoxyethanol
CAS no. 110-80-5
EINECS no. 203-804-1
Molecular formula C4H10O2

Molecular structure

Molecular weight 90.12 g/mol
Synonyms Ethylene glycol monoethyl ether

EGEE

The melting point is -70ºC. The boiling point is 135ºC. The water solubility
is high (miscible with water, DOW 1990). The vapour pressure is 706 Pa at
25ºC (5.3 mmHg, Daubert and Danner 1989). The octanol/water partition
coefficient is measured to log Kow -0.32 (Hansch et al. 1995).

Classification
2-Ethoxyethanol is adopted on the List of dangerous substances and classified
(Miljøministeriet 2002):

R10 Flammable.
Repr.Cat.2;R60-
61

May impair fertility
May cause harm to the unborn child.

Xn;R20/21/22 Harmful by inhalation, in contact with skin and if
swallowed.

Use
The substance is used for instance in paint, dye and lacquer industry as
solvent for nitrocellulose and lacquers and to increase the stability of
emulsions.

Effects on health

Some data on acute toxicity have been found. Of these are mentioned:
Acute oral, rat LD50 1746 mg/kg IUCLID 2000
Acute oral, mouse LD50 1519 mg/kg IUCLID 2000
Acute dermal, rabbit LD50 3300 mg/kg IUCLID 2000
Acute inhalation, rat LC50, 3 h 19700 mg/m3 IUCLID 2000

Of studies with prolonged exposure a 13-week inhalation study is found
where rats were exposed via inhalation to 0, 25, 103 and 403 ppm
corresponding to 0, 92, 380 and 1485 mg/m3 for 6 hours/day, 5 days/week. At
the highest concentration was observed a significant decrease in the weight of
pituitary in males and decreased leukocyte count in females. NOAEL is
therefore set to 103 ppm (380 mg/m3) (Barbee et al. 1984).

In a 13 weeks study dogs were exposed by oral administration of the doses 0,
46, 93 and 186 mg/kg bw/day. Based on observation of testicular oedema, a
reduction in haemoglobin concentration and haematocrit value a NOAEL was
set to 93 mg/kg bw/day (IUCLID 2000).
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In studies on reproduction toxicity with oral administration severe effects on
testicles, spermatid count and semen quality at doses of 300 mg/kg bw/day
and above (IUCLID 2000).

In a 14 weeks fertility study where mice were exposed for 18 days before
mating to the test substance in drinking water at 750-2600 mg/kg bw/day.
Mice of both sexes were infertile at 2600 mg/kg lgv/day, the fertility in both
sexes was reduced at 1500 mg/kg bw/day and at 750 mg/kg bw/day no effects
on fertility was observed (Lamb et al. 1984).

In a study with exposure to pregnant female rats via inhalation in the gestation
period, increased mortality in the foetuses, deformities and other effects were
observed. NOAEL for teratogenic effects was set to 10 ppm corresponding to
36 mg/m3 (IUCLID 2000).

Threshold limit values
The threshold limit value for the working environment is 5 ppm
corresponding to 18.5 mg/m3 with notation H. H indicates that the substance
may penetrate the skin (AT 2002).

The C-value is 0.2 mg/m3. The value is under revision, a new proposal is 0.01
mg/m3 (Miljøstyrelsen 2002).

The inhalation reference concentration, RfC, is set by US-EPA to 0.2 mg/m3.
The value is derived from a subchronic rat study with NOAEL 380 mg/m3

(Barbee et al. 1984). The NOAEL was recalculated from 6 hours/day, 5
days/week to 24 hours/day for 7 days/week, i.e. NOAEL adjusted to (380 ×
6/24 hours × 5/7 days =) 68 mg/m3. Using a safety factor of 300 (3 for
interspecies and 10 for intraspecies variation and 10 for the use of a
subchronic study) RfC is derived at 68/300 = 0.2 mg/m3 (IRIS 2004).

Absorption
The substance can be absorbed via inhalation, the skin and via gastro-
intestinal tract. After oral intake of the substance 76 to 80% was excreted in
the urine within 96 hours (IPCS 1990). Therefore 100% absorption is
assumed.

Assessment
The assessment of oral exposure is based on the exposure for 3 hours of a
child of 10 kg body weight (bw). The absorption is set to 100%.

Table 14.   Uptake of 2-ethoxyethanol by oral exposure
Lab.no. Weight

g
Migration
measured

 µg/g

Migration,
µg/cm2

Total
migration,

µg/ 10 cm2/ h

Oral uptake
 µg/kg lgv/day

31342-6 2.0137 2.1 0.44 2.2 0.66
31342-8 1.0057 17 3.57 17.9 5.4

2-Ethoxyethanol was detected in extracts from 2 products.

Because no limit values for effects from amounts taken up in the body are
found NOAEL is used to calculate the margin of safety (MOS). Using a
NOAEL of 94 mg/kg bw/day MOS is at least: 94/0.0054 = 17400.
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Conclusion
Based on a high MOS value 2-ethoxyethanol is considered not to pose a
health risk to the consumer.

4.3.7 2-(2-Ethoxyethoxy)-ethanol

Identification:
Name 2-(2-Ethoxyethoxy)-ethanol
CAS no. 111-90-0
EINECS no. 203-919-7
Molecular formula C6H14O3

Molecular structure

Molecular weight 134.18 g/mol
Synonyms Diethylene glycol ether

Diethyleneglycolmonoethylether
DEGEE
Ethyldiglycol

The melting point is -76ºC. The boiling point is 196ºC. The water solubility
is high (miscible with water, Riddick et al. 1986). The vapour pressure is 16.8
Pa at 25ºC (0.126 mmHg, Daubert and Danner 1989). The octanol/water
partition coefficient is measured to log Kow -0.54 (Funasaki et al. 1984).

Classification
2-(2-Ethoxyethoxy)-ethanol is not classified in the List of dangerous
substances (Miljøministeriet 2002).

Use
2-(2-Ethoxyethoxy)-ethanol is used as solvent in paint, dyes and lacquers
(Buadavari 1996).

Effects on health
Some data on acute toxicity have been available. Of these are mentioned:

Acute oral rat LD50 5400 mg/kg IUCLID 2000
Acute oral, mouse LD50 6500 mg/kg IUCLID 2000
Ácute dermal, rabbit LD50 8476 mg/kg IUCLID 2000

2-(2-Ethoxyethoxy)-ethanol is a moderate irritant to eyes (Grant 1986).

In a dermal study rabbits were applied 0.1, 0.3, 1 and 3 ml/kg/day on the skin
5 times/week for 90 days. Based on observations of kidney damages NOAEL
was set to 0.3 ml/kg/day or approx. 300 mg/kg bw/day (IUCLID 2000).

In a 30 days oral rat study 2-(2-ethoxyethoxy)-ethanol was administered in
the drinking water at doses from 410 to 3200 mg/kg bw/day. Reduced weight
gain was observed at 1830 mg/kg bw/day and unspecified micropathological
changes at all doses. NOAEL is set to 590 mg/kg bw/day (IUCLID 2000).

In a 90 days study, pigs were orally administered the test substance at the
doses 0, 167, 500 and 1500 mg/kg. Damages to the kidney and changes to the
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blood picture at 1500 mg/kg and damages to the liver at 500 mg/kg were
observed. NOAEL is set to 167 mg/kg bw/day (Gaunt et al. 1968).

Threshold limit values
No threshold limit values for the working environment was available.

The C-value is 1 mg/m3 (Miljøstyrelsen 2002).

Absorption
No values on absorption of the substance are found and therefore 100%
absorption is assumed.

Assessment
The assessment of oral exposure is based on the exposure for 3 hours of a
child of 10 kg body weight (bw). The absorption is set to 100%.

Table 15.   Uptake of 2-(2-ethoxyethoxy)-ethanol by oral exposure
Lab.no. Weight

g
Migration
measured

 µg/g

Migration,
µg/cm2

Total
migration,

µg/ 10 cm2/ h

Oral uptake
 µg/kg lgv/day

31342-4 4.5 0.95 4.7 1.4
31342-9 2.0202 60 12.6 63 18.9
31342-10 1.0315 58 12.2 61 18.3
31342-11 1.8897 43 9.0 45 13.6

2-(2-Ethoxyethoxy)-ethanol was detected in extracts from 4 products.
Because no limit values for effects from amounts taken up in the body are
found NOAEL is used to calculate the margin of safety (MOS). Using a
NOAEL of 167 mg/kg bw/day MOS is more than: 167/0.0189 = 8800.

Conclusion
Based on a high MOS it is assessed that 2-(2-ethoxyethoxy)-ethanol is not
considered to pose a health risk to the consumer of the wooden toy.

4.3.8 Formamide

Identification:
Name Formamide
CAS no. 75-12-7
EINECS no. 200-842-0
Molecular formula CH3NO
Molecular structure

Molecular weight 45.04 g/mol
Synonyms Carbamaldehyde

Methanamide

The melting point is 2.25ºC. The boiling point is 210ºC at 1013 hPa
(Budavari 1996, Hsdb). The water solubility is high at 25ºC (miscible with
water, IUCLID 2000). The vapour pressure is 8.1 Pa at 25ºC (0.061 mmHg,
Daubert and Danner 1989). The octanol/water partition coefficient is
measured to log Kow -0.82 (IUCLID 2000).
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Classification
Formamide is adopted on the List of dangerous substances (Miljøministeriet
2002) and classified:

Repr.Cat.2;R61 May cause harm to the unborn child.

Use
The substance is used in the production of several chemical compounds as
solvent and in adhesives (HSDB).

Effects on health
Some data on acute toxicity have been available. Of these are mentioned:

Acute oral, rat LD50 6000 mg/kg ACGIH 1991
Acute oral, mouse LD50 3150 mg/kg ACGIH 1991
Acute dermal, rat LD50 6000 mg/kg ACGIH 1991
Acute inhalation, rat LC50, 4 h >70 mg/m3 IUCLID 2000
Acute inhalation, rat LC50, 6 h >7300 mg/m3 IUCLID 2000

The substance is moderately irritating by contact to the skin, eyes and mucous
membranes (Lewis 1996).

Formamide is experimentally demonstrated to be teratogenic following oral or
percutaneous use (ILO 1983). However, later studies indicate that the
observations were caused by very high concentrations, i.e. undiluted test
substance or 50% dilutions (ACGIH 1991).

The effect of formamide on reproduction is studied in a reproduction toxicity
test in mice where formamide was administered orally in drinking water at the
doses of 0, 100, 350 and 750 mg/l corresponding to approx. 24 to 195 mg/kg
bw/day. Effects on reproduction such as reduced fertility and litter size were
observed at 750 mg/l in the parental generation and in the first litter
generation. Therefore NOAEL is set to 350 ppm corresponding to 87 mg/kg
bw/day (NTP 1992).

In a reproduction study on rats, the rats were administered formamide orally
via gavage at the doses of 0, 50, 100 or 200 mg/kg bw/day on gestational days
6 to 19 after the mating. Reduced weight of gravid uterine weight at 200
mg/kg bw/day and reduced foetal body weight at 100 mg/kg bw/day and
above was observed, i.e. NOAEL was 50 mg/kg bw/day (NTP 1998).

The effect of formamide on foetal development is studied on rabbits where
formamide was administered orally via gavage at the doses 0, 35, 70 or 140
mg/kg bw/day in the days 6 to 29 of gestation. At the highest dosis
significantly reduced weight of uterus, mean litter size and reduced foetal
body weight were observed. NOAEL is therefore set to 70 mg/kg bw/day
(NTP 2001).

Threshold limit values
The threshold limit value for the working environment is 10 ppm
corresponding to 18 mg/m3 with notation H. H indicates that the substance
may penetrate the skin (AT 2002).

The C-value is 0.01 mg/m3 (Miljøstyrelsen 2002).
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Absorption
Formamide is absorbed directly through the skin in guinea pigs (Patty 1963).
Following oral administration at 2-4 g/rabbit 39% of the dose was recovered
unchanged (Snyder 1990). No further information are found and therefore a
100% absorption is assumed.

Assessment
The assessment of oral exposure is based on the exposure for 3 hours of a
child of 10 kg body weight (bw). The absorption is set to 100%.

Table 16.   Uptake of formamide by oral exposure
Lab.no. Weight

g
Migration
measured

 µg/g

Migration,
µg/cm2

Total
migration,

µg/ 10 cm2/ h

Oral uptake
 µg/kg lgv/day

31342-8 1.0057 18 3.78 18.9 5.7
31342-10 1.0315 69 14.5 72.5 21.7

Because no limit values for effects from amounts taken up in the body are
found NOAEL is used to calculate the margin of safety (MOS). Using a
NOAEL of 50 mg/kg bw/day MOS is more than: 50/0.022 = 2300.

Conclusion
Based on the calculated MOS value that is calculated from the extract
containing the highest concentration of the substance, formamide is not
considered to pose an immediate health risk to the consumer.

4.3.9 Furfural

Identification:
Name Furfural
CAS no. 98-01-1
EINECS no. 202-627-7
Molecular formula C5H4O2

Molecular structure

Molecular weight 96.09 g/mol
Synonyms 2-Furaldehyde

2-Furancarboxaldehyde (CA name)

The melting point is –36.5ºC. The boiling point is 161.7ºC. The water
solubility is 77000 mg/l at 25ºC (Yalkowsky and Dannenfelser 1992). The
vapour pressure is 295 Pa at 25ºC (2.21 mmHg, Daubert and Danner 1989).
The octanol/water partition coefficient is measured to log Kow 0.41 (Hansch
et al. 1995).

Classification
Furfural is adopted on the List of dangerous substances and classified
(Miljøministeriet 2002):

Carc.Cat.3;R40 Limited evidence of carcinogenic effects.
T;R23/25 Toxic by inhalation and if swallowed.
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Xn;R21 Harmful in contact with skin.
Xi;R36/37 Irritating to eyes and respiratory system.

It is noted that the classification is dependent of the concentration:

conc.>=25%: Xn;R21 T;R23/25 Xi;R36/37 Carc3;R40
20%<=conc.<25%: T;R23/25 Xi;R36/37 Carc3;R40
5%<=conc.<20%: T;R23/25 Carc3;R40
1%<=conc.<5%: Xn;R20/22 Carc3;R40

Furthermore, the classification is proposed included R38: Irritating to skin by
the 30th ATP (ECB 2005).

Use
Furfural is used as solvent and in the manufacture of resins and adhesives
(CICAD 2000) and dyes (ECB 2004).

Effects on health
2-Furfural is acute toxic by oral intake and by exposure via inhalation.

A few data have been found on acute toxicity. Of those are mentioned:
Acute oral, rat LD50 50 mg/kg ECB 2004
Acute oral, mouse LD50 500 mg/kg IUCLID 2000
Acute dermal, rabbit LDLO 620 mg/kg IUCLID 2000
Acute inhalation, rat LC50, 6 h 175 ppm = 700 mg/m3 IUCLID 2000
Acute inhalation, rat LC50, 1 h 189 ppm = 756 mg/m3 Gupta et al. 1991

Irritation of the respiratory system and eyes are observed at single as well as
by repeated exposure. By exposure to the skin the effects seem moderate or
irreversible (CICAD 2000).

In 13-week studies inhalation studies, NOAEL values of 80 mg/m3 in
hamsters and 208 mg/m3 in rabbits for neoplastic effects were found (CICAD
2000).

No reports on irritation to respiratory tract and eyes in humans at exposure to
40 mg/m3 (10 ppm) during 8 hours or at 80 mg/m3 during 4 hours were found
(CICAD 2000).

In a 13 weeks inhalation study, Syrian golden hamsters were exposed to
furfural vapours for 6 hours/day, 5 days/week in 13 weeks at the doses 0, 20,
115 and 552 ppm equivalent to 0, 80, 460 and 2208 mg/m3. Based on
observations of harmful effects to the olfactory epithelium NOAEL was 20
ppm equivalent to 77 mg/m3 (JECFA 1999, CICAD 2000).

A 13 weeks diet toxicity study on rats is performed. The measured exposure
doses were 0, 26, 53, 82 and 160 mg/kg bw/day. At 82 mg/kg changes in the
liver in 5 out of 10 male rats were observed while there were no changes at 53
mg/kg bw/day (measured concentration). NOAEL was therefore set to 53
mg/kg bw/day (JECFA 2001, ECB 2004).

A 90 days rat study from the American National Toxicology Program (NTP)
was found. On basis of reduced body weight gain and histopathology, a
LOAEL was set to 11 mg/kg bw/day. As this was the lowest concentration
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used, no NOAEL could be established (NTP 1981 study referenced in IRIS
2004).

In a 2-year study on oral administration malignant tumours were observed in
rats at 60 mg/kg bw/day and in mice at 50 mg/kg bw/day (CICAD 2000).

In CICAD (2000) is mentioned that furfural was genotoxic in vitro in
mammalian cells but the genotoxic potential in vivo could not be finally
concluded on. The possibility that the genotoxicity may contribute to the
carcinogenic process prevents the establishment of a reliable NOAEL
(CICAD 2000). At a later evaluation by the Scientific Committee on
Cosmetic and Non-Food Products intended for consumers (SCCNFP) was
concluded that furfural was not genotoxic in vivo (SCNNP 2004).

IARC has evaluated furfural and concluded that there is limited evidence for
the carcinogenic effect in experimental animals and inadequate evidence for
carcinogenic effect in humans. This means that furfural by IARC (1995) is
not classifiable as to its carcinogenicity to humans (Group 3) while furfural by
EU is classified Carc.Cat. 3;R40, i.e. Limited evidence of carcinogenic effects.

Furfural is found irritating to skin and mucous epithelium and reports on both
eczema and allergic skin sensitizing and photo sensitising are found
(SCCNFP 2004).

Furfural is under the EU program for risk assessment on existing substances
but report not finalised yet (the latest draft on human health part from
October 2004, ECB 2004).

Threshold limit values
The threshold limit value for the working environment is 2 ppm equivalent to
7.9 mg/m3 with notation HK. H means that the substance may penetrate skin.
K means that the substance is on the list of substances that is considered
carcinogenic (AT 2002).

The C-value is 0.002 mg/m3 (Miljøstyrelsen 2002).

The ADI 0.5 mg/kg bw/day is set on the basis of NOAEL 53 mg/kg in the 13
weeks rat study and applying a safety factor of 100 (JECFA 2001).

The RfD-value is set on the basis of the 90-days rat study by NTP. Based on
LOAEL 11 mg/kg/day and applying a safety factor of 3000 (10 for inter- and
10 for intraspecies variation, 10 for extrapolating from subchronic to chronic
data and a factor of 3 for using a LOAEL) an oral reference dosis (RfD) of
11/3000 = 0.003 mg/kg bw/day was derived (IRIS 2003).

Absorption
Following oral administration in rats, 14C-2-furfural was readily absorbed and
up to 85% recovered in the urine within 24 hours and approx. 7% in the
exhaled air. In humans, absorption of the vapour via skin and the lungs and
dermal absorption of the substance in liquids has been demonstrated (CICAD
2000). In the evaluation an absorption of 100% is assumed.
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Assessment
The assessment of oral exposure is based on the exposure for 3 hours of a
child of 10 kg body weight (bw). The absorption is set to 100%.

Table 17.   Uptake of furfural by oral exposure
Lab.no. Weight

g
Migration
measured

 µg/g

Migration,
µg/cm2

Total
migration,

µg/ 10 cm2/ h

Oral uptake
 µg/kg lgv/day

31342-1 2.0406 4.6 0.97 4.8 1.45
31342-6 2.0137 0.7 0.15 0.7 0.22
31342-13 2.0345 0.5 0.11 0.5 0.16
31342-15 2.1502 1.3 0.27 1.4 0.41

Furfural was detected in the extracts from 4 products.
The RfD value of 3 µg/kg/day is not exceeded.

Both JECFA (2001) and the EU risk assessment report (ECB 2004) reach the
same conclusion that the NOAEL value of 53 mg/kg bw/day is the preferred
value for risk characterisation. Using NOAEL 53 mg/kg bw/day the margin of
safety (MOS) is more than: 53/0.00145 = 36000.

Conclusion
Furfural does not exceed the RfD value even though the calculated highest
oral uptake of 1.5 µg/kg bw/day is at the same level as the RfD of 3 µg/kg
bw/day.
However, the MOS is more than 36000 and the substance is concluded not to
pose a health problem to the consumer. Considering that the substance is
found a possible carcinogenic the question is whether the presence of the
substance is undesirable in this context.

4.3.10 4-Hydroxy-3,5-dimethoxy-benzaldehyde

Identification:
Name 4-Hydroxy-3,5-dimethoxy-benzaldehyde
CAS no. 134-96-3
EINECS no. 205-167-5
Molecular formula C9H10O4

Molecular structure

Molecular weight 182.18 g/mol

The melting point is 113ºC. The boiling point is estimated to 305ºC. The
water solubility is estimated to 9500 mg/l at 25ºC. The vapour pressure is
estimated to 8.6 mPa at 25ºC (6.5×10-5 mmHg). The octanol/water partition
coefficient is estimated to log Kow 0.88 (EPI).
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Classification
4-Hydroxy-3,5-dimethoxy-benzaldehyde is not classified in the List of
dangerous substances (Miljøministeriet 2002) but included in the Danish
EPA’s Advisory list for self-classification of dangerous substances
(Miljøstyrelsen 2001) with the classification:

R43 May cause sensitization by skin contact

Use
No informations on the use are available.

Effects on health
No data on acute toxicity or other relevant data on 4-hydroxy-3,5-dimethoxy-
benzaldehyde have been found.

Threshold limit values
No threshold limit values for the working environment are available.

Absorption
No values on absorption have been found and therefore a 100% absorption is
assumed.

Assessment
The assessment of oral exposure is based on the exposure for 3 hours of a
child of 10 kg body weight (bw). The absorption is set to 100%.

Table 18.   Uptake of 4-hydroxy-3,5-dimethoxy-benzaldehyde by oral exposure
Lab.no. Weight

g
Migration
measured

 µg/g

Migration,
µg/cm2

Total
migration,

µg/ 10 cm2/ h

Oral uptake
 µg/kg lgv/day

31342-1 2.0406 13 2.73 13.7 4.10
31342-2 1.8652 1.4 0.29 1.5 0.44
31342-3 1.8630 6.8 1.43 7.1 2.14
31342-5 1.9229 5.8 1.22 6.1 1.83
31342-7 2.0668 4.5 0.95 4.7 1.42
31342-9 2.0202 2.1 0.44 2.2 0.66
31342-10 1.0315 11 2.31 11.6 3.47
31342-11 1.8897 6.4 1.34 6.7 2.02
31342-12 1.5364 20 4.2 21.0 6.30
31342-13 2.0345 2.0 0.42 2.1 0.63
31342-14 2.1502 1.5 0.32 1.6 0.47
31342-15 2.1502 4.2 0.88 4.4 1.32

Since no effect values, threshold limit values or similar are found no specific
evaluation of the substance could be performed.

For a group of benzaldehyde analogous substances a group-ADI has been set
at 5 mg/kg bw/day (WHO 1996).

However, the evaluation is based on benzaldehyde, CAS no. 100-52-7, where
a reproduction toxicity study has been available with the NOAEL of 5 mg/kg
bw/day (IUCLID 2000). Besides for benzaldehyde a RfD value of 0.1 mg/kg
bw/day is available (IRIS 2004). Because these values are below the WHO
group-ADI they are considered a little safer to use.
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Because no limit values for effects from amounts taken up in the body are
found NOAEL is used to calculate the margin of safety (MOS). Using a
NOAEL of 5 mg/kg bw/day MOS to the highest estimated uptake is: 5/0.0063
= 790.

Conclusion
Based on MOS values at and above 790 and that none of the amounts taken
up are close to the oral chronic RfD for benzaldehyde, which is evaluated to
be more toxic than 4-hydroxy-3,5-dimethoxy-benzaldehyde, 4-hydroxy-3,5-
dimethoxy-benzaldehyde is assessed not to pose a health risk to the consumer.

4.3.11 N-Methyl-2-pyrrolidone

Identification:
Name N-Methyl-2-pyrrolidone
CAS no. 872-50-4
EINECS no. 212-828-1
Molecular formula C5H9NO
Molecular structure

Molecular weight 99.13 g/mol
Synonyms N-Methylpyrrolidinone

1-Methyl-2-pyrrolidone

The melting point is -24ºC. The boiling point is 202ºC. The water solubility
is high at 25ºC (miscible with water). The vapour pressure is 25.3 Pa at 25ºC
(Riddick et al. 1986). The octanol/water partition coefficient is measured to
log Kow –0.46 (IUCLID 2000).

Classification
N-Methyl-2-pyrrolidone is adopted on the List of dangerous substances and
classified (Miljøministeriet 2002):

Xi; R36/38 Irritating to eyes and skin.

Use
The substance has several uses within the chemical industry among others in
paints, dyes and lacquers. The substance is used as solvent and in the
production of pigment and printing inks (IUCLID 2004, CICAD 2001).

Effects on health
N-Methyl-2-pyrrolidone has a low acute toxicity.

Some data on acute toxicity have been found. Of those are mentioned:

Acute oral, rat LD50 3084 mg/kg IUCLID 2000
Acute oral, mouse LD50 4050 mg/kg IUCLID 2000
Acute dermal, rat LD50 7000 mg/kg IUCLID 2000
Acute inhalation, rat LC50, 4 h 5100 mg/m3 IUCLID 2000
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Uptake of acute toxic doses by oral intake, dermal exposure or exposure via
inhalation causes functional disorders and affects the central nervous system.
Irritation of the respiratory system by exposure via inhalation and of the
gastro-intestinal tract after oral administration has been observed (CICAD
2001).

N-Methyl-2-pyrrolidone has a low potential for skin irritation and a moderate
potential for eye irritation in rabbits (IUCLID 2000).

In a 13 week study with exposure via inhalation rats were exposed to 0, 500,
1000 and 3000 mg/m3 for 6 hours/day, 5days/week. Nasal irritation and crust
formations on nasal edges were observed at 1000 mg/m3. At 3000 mg/m3,
decreased body weight and decreased relative weight of testis were observed.
The NOAEL was then set to 500 mg/m3 (CICAD 2001).

Of studies on prolonged duration of oral exposure, a 28-day study where rats
were orally administered (via gavage) the doses 0, 257, 514, 1028 and 2060
mg/kg bw/day was found. A dose-dependent increase in relative liver and
kidney weights was observed at 1028 mg/kg bw/day. Thus, the NOAEL was
514 mg/kg bw (CICAD 2001).

In a 90-day study, rats were administered the substance in the diet at the
doses 0, 3000, 7500, and 18 000 mg/kg diet/day corresponding to 0, 169, 433
and 1057 mg/kg bw/day in males and 0, 217, 565 and 1344 mg/kg bw/day in
females. A dose-related decrease in body weight and effects on the central
nervous system was observed at 433 and 565 mg/kg bw/day in males and
females, respectively. The NOAEL was 169 mg/kg bw/day in males and 217
mg/kg bw/day in females (CICAD 2001).

Threshold limit values
The threshold limit value for the working environment is 5 ppm
corresponding to 20 mg/m3 (AT 2002).

The C-value is 0.5 mg/m3 (Miljøstyrelsen 2002).

The TDI value is 0.6 mg/kg bw/day. The value is derived from the 90-day
oral study with a NOAEL of 169 mg/kg bw/day divided with a safety factor of
300 (10 for interspecies and 10 for intraspecies variation and 3 for adjusting
from a 90 day subchronic to chronic) (CICAD 2001).

Absorption
N-Methyl-2-pyrrolidone is absorbed easily after inhalation, oral or dermal
exposure and is distributed to the whole body. Approximately 80% of the
administered dosis are excreted via the urine within 24 hours (Åkesson and
Paulsson 1997). Therefore, an absorption of 100% is assumed.

Assessment
The assessment of oral exposure is based on the exposure for 3 hours of a
child of 10 kg body weight (bw). The absorption is set to 100%.
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Table 19.   Uptake of N-methyl-2-pyrrolidone by oral exposure
Lab.no. Weight

g
Migration
measured

 µg/g

Migration,
µg/cm2

Total
migration,

µg/ 10 cm2/ h

Oral uptake
 µg/kg lgv/day

31342-5 1.9229 28 5.88 29 9
31342-9 2.0202 57 12.0 60 18
31342-10 1.0315 54 11.3 57 17
31342-11 1.8897 37 7.7 39 12
31342-12 1.5364 59 12.4 62 19

N-Methyl-2-pyrrolidone was detected in extracts from 5 products.
The TDI value of 600 µg/kg bw/day is not exceeded. The highest uptake is a
factor of 30 below the TDI value.

Using the 90-day diet toxicity NOAEL of 169 mg/kg bw/day the margin of
safety (MOS) is at least: 169/0.019 = 8900.

Conclusion
N-Methyl-2-pyrrolidone is assessed not to pose a health risk to the consumer
of the toy.

4.3.12 3,5,5-Trimethyl-2-cyclohexen-1-one (= isophorone)

Identification:
Name 3,5,5-Trimethyl-2-cyclohexen-1-one (= isophorone)
CAS no. 78-59-1
EINECS no. 201-126-0
Molecular formula C9H14O
Molecular structure

Molecular weight 138.21 g/mol
Synonyms 3,5,5-Trimethylcyclohex-2-enone (EINECS name)

Isophorone

The melting point is -8,1ºC. The boiling point is 215ºC. The water solubility
is 12000 mg/l at 20ºC (IUCLID 2000). The vapour pressure is 58 Pa at 25ºC
(0.438 mmHg, Daubert and Danner 1989). The octanol/water partition
coefficient is measured to log Kow 1.67 (IUCLID 2000).

Classification
3,5,5-Trimethyl-2-cyclohexen-1-one is adopted on the List of dangerous
substances and classified (Miljøministeriet 2002):

Carc.Cat.3;R40 Limited evidence of carcinogenic effects.
Xn;R21/22 Harmful. Harmful in contact with skin and if swallowed.
Xi;R36/37 Irritant. Irritating to eyes and respiratory system.
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Use
3,5,5-Trimethyl-2-cyclohexen-1-one is used as solvent in synthetic resins,
polymers, polyacrylates and cellulose derivatives and has some use in certain
paints and printing inks (IPCS 1995).

Effects on health
3,5,5-Trimethyl-2-cyclohexen-1-one has a low to moderate acute toxicity.

Some data on acute toxicity have been available. Of these are mentioned:

Acute oral, rat LD50 1500 mg/kg IPCS 1995
Acute oral, mouse LD50 2200 mg/kg IPCS 1995
Acute dermal, rat LD50 1700 mg/kg IPCS 1995
Acute dermal, rabbit LD50 1200 mg/kg IPCS 1995
Acute inhalation, rat LC50, 4 h 7000 mg/m3 IUCLID 2000

3,5,5-Trimethyl-2-cyclohexen-1-one is evaluated to be irritating to eyes, nose
and throat but not to skin (IPCS 1995, OECD 2003).

Several studies on prolonged exposure exist.

In a 91 days oral repeated dose toxicity study, rats were administered 3,5,5-
trimethyl-2-cyclohexen-1-one via gavage at the doses 0, 62.5, 125, 250, 500
and 1000 mg/kg bw/day for 5 days/week. Effects were only observed as one
mortality at the highest dose. NOAEL is therefore set at 500 mg/kg bw/day
(IUCLID 2000).

In a 91 days oral repeated dose toxicity study, mice were administered 3,5,5-
trimethyl-2-cyclohexen-1-one via gavage at the doses 0, 62.5, 125, 250, 500
and 1000 mg/kg bw/day for 5 days/week. Effects were only observed as
mortality at the highest dose and dosis related decrease in body weight in
males at 250 mg/kg bw/day and above. NOAEL is set to 125 mg/kg bw/day
(IUCLID 2000).

In a 90 days oral study on beagle dogs, which daily for 7 days/week were
administered the substance in gelatine capsules at the doses 0, 35, 75 and 150
mg/kg bw/day, no essential substance related effects at any of the used
concentrations were observed. NOAEL is set to 150 mg/kg bw/day (IUCLID
2000).

In a 2-year oral carcinogenicity study on mice and rats were administered the
substance via gavage 5 days/week at the doses 250 and 500 mg/kg bw/day.
Some evidence of carcinogenic effects (tumours) was observed by
pathological examinations of the kidneys in males but not in females at the
lowest dose (NTP 1984).

Threshold limit values
The threshold limit value for the working environment is 5 ppm
corresponding to 25 mg/m3 with notation LK. L means that the threshold
limit value is a ceiling value that must not be exceeded at any time. K means
that the substance is included on the list of substances that is considered
carcinogenic (AT 2002).

The C-value is 0.03 mg/m3 (Miljøstyrelsen 2002).

The oral RfD value is 0.2 mg/kg bw/day.
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The value is based on the 90-day study on dogs with NOAEL 150 mg/kg
bw/day and the 2-year carcinogenicity studies with a recalculation of the 250
mg/kg bw administered 5 days/week to 7 days/week (250 × 5/7 =) 179 mg/kg
bw/day. Using a safety factor of 1000 (10 for inter-, 10 for intraspecies
variation and 10 for subchronic to chronic (dog) or 10 for LOAEL to NOEL
in the rat study) is derived an oral RfD at 0.2 mg/kg bw/day (IRIS 2004).

Absorption
By oral administration of radioactive labelled 3,5,5-trimethyl-2-cyclohexen-1-
one, 93% was recovered in the urine and exhaled air within 24 hours. The
uptake of the substance through the skin is fast indicating a readily dermal
absorption (IPCS 1995). Based on this information a 100% absorption is
assumed.

Assessment
The assessment of oral exposure is based on the exposure for 3 hours of a
child of 10 kg body weight (bw). The absorption is set to 100%.

Table 20.   Uptake of 3,5,5-trimethyl-2-cyclohexen-1-one by oral exposure
Lab.no. Weight

g
Migration
measured

 µg/g

Migration,
µg/cm2

Total
migration,

µg/ 10 cm2/ h

Oral uptake
 µg/kg lgv/day

31342-2 1.8652 12 2.52 12.6 3.8
31342-3 1.8630 21 4.41 22.1 6.6
31342-15 2.1502 4.7 0.99 4.9 1.5

3,5,5-Trimethyl-2-cyclohexen-1-one does not exceed the RfD value of 200
µg/kg bw/day. The highest calculated oral uptake of 6.6 µg/kg bw/day is a
factor 30 below the RfD value.

Using the 91-day mice diet toxicity NOAEL of 125 mg/kg bw/day the margin
of safety (MOS) is at least: 125/0.0066 = 19000.

Conclusion
3,5,5-Trimethyl-2-cyclohexen-1-one is assessed based on the RfD value and
the MOS not to pose a health risk to the consumer of the toys.
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4.3.13 Vanillin

Identification
Name Vanillin
CAS no. 121-33-5
EINECS no. 204-465-2
Molecular formula C8H8O3

Molecular structure

Molecular weight 152.15 g/mol
Synonyms 4-Hydroxy-3-methoxy-benzaldehyde

3-Methoxy-4-hydroxy-benzaldehyde
4-Hydroxy-m-anisaldehyde
Methylprotocatechuic aldehyde
Vanillaldehyde

The melting point is 81.5ºC. The boiling point is 284ºC (Kirk-Othmer 1991).
The vapour pressure is 0.016 Pa at 25ºC (0.00012 mmHg, Yaws 1994) or
0.33 Pa (OECD 1996). The water solubility is 11000 mg/l at 25ºC
(Yalkowsky and Dannenfelser 1992). The partition coefficient log Kow is
measured to 1.23 (OECD 1996).

Classification
Vanillin is not classified (Miljøministeriet 2002).

Use
Vanillin is present as a natural compound in plants and is identified in plant
oils, balsams, resins and wood. The best known natural source is the plant
Vanilla planifolia in the Orchid family (Kirk-Othmer 1991, Ullmann 1993).

Vanillin is also manufactured synthetically from guaiacol but mainly from
lignin, which is the main component in waste from sulphite pulp in the paper
industry (Hocking 1997).

Vanillin is used in food (”vanilla”), pharmaceuticals and in the cosmetics and
perfume industry.

Effects on health
Vanillin is a phenol aldehyde with reactive aldehyde and hydroxyl moieties in
the molecule.

Acute toxicity:
Acute oral, rat LD50 3925 mg/kg OECD, SIDS 1996
Acute oral, mouse LD50 4333 mg/kg ECB 2000
Acute oral, rat LD50 1580 mg/kg Kirwin and Galvin 1993
Acute oral, guinea pigs LD50 1400 mg/kg Kirwin and Galvin 1993
Acute, inhalation, rat LC0 (4 h) 41.7 mg/m3 ECB 2000 (IUCLID)
Acute, inhalation, mouse LC0 (2 h) 41.7 mg/m3 ECB 2000 (IUCLID)

Acute toxicity was not observed after inhalation of vapours from saturated
solutions. However, irritation was observed after application to the skin and
mucous membranes (Kirk-Othmer 1991).
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A 30 days inhalation test with exposure for 4 hours/day, 5 days a week to
saturated vapours at 20ºC showed no mortality but reduction in body weight
and effects to liver and to the haemoglobin level (ECB 2000).

A 4 months inhalation study showed that 15 mg/m3 (LOAEL) affected nerves
and cardiovascular systems, liver and blood systems. Therefore, NOAEL is
set to 0.5 mg/m3 (ECB 2000).

Several diet toxicity tests are performed and the summarised in IUCLID
(ECB 2000) and SIDS (OECD 1996). The most essential are presented
below:

In a 14 weeks study with oral administration via gavage of 300 mg vanillin/kg
to rats, twice weekly, no adverse effects were observed.
Rats fed diets containing vanillin at levels of 20 mg/kg/day for 18 weeks had
no adverse effects while 64 mg/kg/day for 10 weeks caused growth depression
and damage to the myocardium, liver, kidney, lung, spleen and stomach.
Rats fed diets containing vanillin for 13 weeks exhibited growth depression
and enlargement of the liver, kidney and spleen at dosage levels 5% (2500
mg/kg/day*), mild changes at 1% (500 mg/kg/day*), and no changes at 0.3%
(150 mg/kg/day*).
Four to six week old rats maintained for 91 days on diets containing vanillin
exhibited no adverse effects at rates of 3000 ppm (150 mg/kg/day*), mild
adverse effects at 10,000 ppm (500 mg/kg/day*) and growth depression and
enlargement of the liver, kidney and spleen at 50,000 ppm (2500
mg/kg/day*).
Rats fed dietary levels of vanillin of 10,000 ppm (500 mg/kg/day*) for 16
weeks, 1000 ppm (50 mg/kg/day*) for 27-28 weeks, 20,000 or 50,000 ppm
(1000 or 2500 mg/kg/day*) for 1 year, or 5000, 10,000, or 20,000 ppm (250,
500, or 1000 mg/kg/day*) for 2 years exhibited no adverse effects on growth
or haematology and produced no macroscopic or microscopic changes in
tissues (Hagan et al. 1967).
Rats fed for 5 weeks on a diet of vanillin at 0.5 g/kg of the diet showed
symptoms of intoxication, including decreases in adrenal vitamin C and in
liver protein (Kirwin and Galvin 1993).

*Based on a food factor of 0.05 for a 0.35 kg rat (US-EPA 1985).

The highest NOEL from the 1-year repeated dose toxicity rat study with oral
administration was 50000 ppm corresponding to 2500 mg/kg/day. NOEL in
the 2 years rat study was 1000 mg/kg bw/day. The latter value from Hagan et
al. (1967) is used by WHO to derive an ADI-value.

Teratogenicity, genotoxicity and carcinogenicity tests are performed that were
all negative, i.e. there was no indications of such effects (OECD 1996).

Threshold limit values
A threshold limit value for the working environment is not available (AT
2002).

An ADI (Acceptable Daily Intake) of 10 mg/kg has been agreed between
FAO/WHO and EU (OECD 1996) based on NOEL 1000 mg/kg bw/day
from a 2-year rat study (Hagan et al. 1967).
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JECFA has placed vanillin in structure class I together with other terpenoid
substances, i.e. vanillin is applied a group-ADI of 0.05 mg/kg/day.

Absorption
No data are available on adsorption. Therefore 100% adsorption is used

Assessment
The assessment of oral exposure is based on the exposure for 3 hours of a
child of 10 kg body weight (bw). The absorption is set to 100%.

Table 21.   Uptake of vanillin by oral exposure
Lab.no. Weight

g
Migration
measured

 µg/g

Migration,
µg/cm2

Total
migration,

µg/ 10 cm2/ h

Oral uptake
 µg/kg lgv/day

31342-1 2.0406 15 3.15 15.8 4.7
31342-2 1.8652 3.9 0.82 4.1 1.2
31342-3 1.8630 11 2.31 11.6 3.5
31342-5 1.9229 5.1 1.07 5.4 1.6
31342-6 2.0137 2.1 0.44 2.2 0.66
31342-7 2.0668 4.5 0.95 4.7 1.4
31342-8 1.0057 5.7 1.20 6.0 1.8
31342-9 2.0202 2.3 0.48 2.4 0.72
31342-11 1.8897 3.5 0.74 3.7 1.1
31342-12 1.5364 11 2.31 11.6 3.5
31342-13 2.0345 2.3 0.48 2.4 0.72
31342-15 2.1502 3.8 0.80 4.0 1.2

From the table above is seen that none of the amounts taken up by oral
exposure results in a dosis above the ADI value of 50 µg/kg bw/day.

The WHO recommended ADI of 10 mg/kg bw/day is not exceeded either.

Using the NOAEL 1000 mg/kg bw/day from the 2-year rat study the margin
of safety is more than: 1000/0.0047 = 200000.

Conclusion
Vanillin does not pose any health risk to the consumer by oral exposure to the
migrated amounts determined by analyses of the selected toy products.

4.3.14 Barium

Identification:
Name Barium
CAS no. 7440-39-3
EINECS no. 231-149-1
Molecular formula Ba
Atomic weight 137.33 g/mol

The melting point is 710ºC. The boiling point is 1600ºC (Budavari 1996).
The vapour pressure is assumed to be very low. The water solubility also
assumed to be very low.

Classification
Barium and barium compounds are not classified.
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Use
Some barium compounds among others barium acetate is used in colorants
(Budavari 1996). Barium compounds are used in several industries but also in
cosmetics, pharmaceuticals and in paints and dyes (CICAD 2001).

Effects on health
The toxic effects are based on the assumption that the barium-ion is the active
substance since the toxicity studies usually are performed with water soluble
barium salts and the results then recalculated to barium equivalents.

Acute oral LD50 values for rats administered barium chloride, - carbonate, and
–sulphide are between 118 and 800 mg/kg bw (IPCS 1990).

In a 13 weeks oral rat study, the rats were administered barium chloride in
drinking water at daily doses of 0, 125, 500, 1000, 2000 and 4000 mg/l
corresponding to 0, 10, 30, 65, 110, and 180 mg/kg/bw. Based on kidney
effects NOAEL was set to 65 mg/kg bw/day in a NTP study from 1994
(CICAD 2001).

In a chronic oral rat study, rats were dosed via the drinking water for 2 years
with 0, 500, 1250 and 2500 mg barium chloride/l corresponding to 0, 15, 45
and 75 mg/kg bw for females and 0, 15, 30 and 60 mg/kg for males. Based on
a relative increase of the kidney weight NOAEL was set to 45 mg/kg bw/day
(CICAD 2001).

The critical effect in humans appears to be increased blood pressure
(hypertension) and harmful effects to the kidneys (CICAD 2001).

In an oral study on humans, barium chloride was administered in drinking
water at gradually increased doses for 4-week periods while the blood picture
was examined continuously. NOAEL was set to 10 mg Ba/l/day when the test
volunteers were given1.5 l/day. Assuming a mean body weight of 70 kg this
corresponds to a NOAEL of 0.21 mg/kg bw/day (Wones et al. 1990).

In an epidemiological study of population groups in USA, a NOAEL of 7.3
mg/Ba/l/day was calculated. Assuming an intake of 2 l/day and 70 kg body
weight 7.3 mg Ba/l corresponds to 0.21 mg/kg bw/day (Brenniman and Levy
1984).

Threshold limit values
The threshold limit value for working environment is 0.5 mg/m3 (AT 2002).

The C-value is preliminary set to 0.005 mg/m3 (Miljøstyrelsen 2002).

RIVM has derived an acceptable daily breathing air concentration (HAC) to
0.001 mg/m3 (Baars et al. 2001).

US-EPA has suggested an acceptable daily oral intake dosis (RfD) to 0.070
mg/kg bw/day based on several studies but as principal studies the studies by
Wones et al. (1990), Brenniman and Levy (1984), and NTP (1994).
Applying a safety factor of 3 they derived an RfD value of (0.21/3 = 0.07
mg/kg bw/day (IRIS 2002).

WHO has suggested a TDI of 0.02 mg/kg bw/day based on Wones et al.
(1990) applied a safety factor of 10 for insufficient data and a potential
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difference between children and adults, i.e. (0.21/10 = 0.02 mg/kg bw/day
(WHO 1996, CICAD 2001).

RIVM has calculated a tolerable daily intake TDI 0.020 mg/kg bw/day based
on the same considerations (Baars et al. 2001).

According to the Statutory Order on toys the bioavailability of barium as a
consequence of the use of the toy must not exceed 25 µg/day (Bkg. 1116,
2003).

Absorption
The absorption following oral intake is strongly influenced by e.g. food in the
gastro-intestinal tract that may bind barium, the duration of the study period
and animal species. Absorption values varying from 0.7 to 85% have been
found (CICAD 2001).

In a study on humans it was observed that the absorption was approx. 10%
with 90 to 98% excreted via faeces and 2 to 10% via the urine (Cember et al.
1961, Tipton et al. 1969).

In a Dutch evaluation is estimated that the bioavailability by inhalation is 75%.
The bioavailability by oral intake is estimated to 10% (Baars et al. 2001).

Assessment
The assessment of oral exposure is based on the exposure for 3 hours of a
child of 10 kg body weight (bw). The absorption is set to 100% and 10%.

Table 22.   Uptake of barium by oral exposure
Lab.no. Weight

g
Migration
measured

 µg/g

Migration,
µg/cm2

Total
migration,

µg/ 10 cm2/ h

Oral uptake
100% abs.

 µg/kg
lgv/day

Oral uptake
10% abs.

 µg/kg
lgv/day

31342-2 1.8652 29 6.1 30.5 9.1 0.91
31342-6 2.0137 90 18.9 94.5 28.4 2.8
31342-10 1.0315 38 8.0 39.9 12.0 1.2
31342-13 2.0345 80 16.8 84.0 25.2 2.5
31342-15 2.1502 75 15.8 78.8 23.6 2.4

The determined concentrations for oral uptake vary between 9 and 28 µg/kg
lgv/day when 100% absorption is assumed.

Using the Dutch bioavailability value, which states the absorption to be 10%,
the calculated uptakes are the values mentioned in right column of the table
above. This reduces all calculated values to below the TDI value of 20 µg/kg
bw/day.

Using the human oral NOAEL of 10 mg/kg bw/day the margin of safety
(MOS) is more than: 10/0.0284 = 350 with 100% absorption and 3500 with
10% absorption.

According to the Statutory Order on toys the bioavailability of barium must
not exceed 25 µg/day. The value 25 µg/day is based on an assumed oral intake
of 8 mg of the toy, i.e. the maximum bioavailable concentration of barium in
the toy must be max. 3125 mg Ba/kg toy (CSTEE 2004). In the standard EN
71-3 is given the limit value 1000 mg Ba/kg toy (EN 71-3). Assuming a
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bioavailability of 10% the measured migration of 29-90 µg/g (= mg/kg) thus
far below 1000 mg Ba/kg toy.

On the other hand it must be noted that the major source to metal exposure to
children is via the food. Other sources to exposure are not included in the
assessment. If for instance the limit of the contribution from toys is set to 10%
of the TDI value of 20 µg/kg bw/day then at least 3 products exceed the value.

Conclusion
Based on MOS and assuming the 10% absorption is the most realistic it is
assessed that barium does not pose a potential health risk to the consumer of
wooden toy.
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5 Conclusion

Below is summarised the results of the assessment of the individual substances
and the detected concentrations.

Table 22 Summary of conclusions
Chemical substance Measured concentration in

saliva extracts
Oral uptake

µg/kg/d
Ref.value:
mg/kg/day

MOS Conclusion

2-Butoxyethanol Detected in 12 samples. The
concentrations were
between 1.3 and 322 µg/g

0.4 - 101 NOAEL: 7.6
RfD: 0.5

≥ 76 No health risk.
However low MOS in1
product.

2-(2-Butoxy)ethanol Detected in 5 samples. The
concentrations were
between 3,2 and 53 µg/g

1.0 - 17 NOAEL:
500

�≥ 30000 No health risk.

Cyclohexanone Detected in 2 samples. The
concentrations were 14 and
27 µg/g

4.4 – 8.5 NOAEL:
462
TDI: 5

�≥ 81000 No health risk.

2,6-Dimethoxy-
benzoquinone

Detected in 7 samples. The
concentrations were
between 4.9 and 31 µg/g

1.5 – 9.8 None Assumed no health risk.

3,6-Dimethyl-1,4-
dioxane-2,5-dione

Detected in 14 samples. The
concentrations were
between 10 and 97 µg/g

3.2 - 31 None Could not be evaluated.
Insufficient data.

2-Ethoxyethanol Detected in 2 samples. The
concentrations were 2.1 and
17 µg/g

0.7 – 5.4 NOAEL: 94 �≥ 17400 No health risk.
(NB repro.tox).

2-(2-Ethoxyethoxy)-
ethanol

Detected in 4 samples. The
concentrations were
between 4.5 and 60 µg/g

1.4 - 19 NOAEL: 167 ≥� 8800 No health risk.

Formamide Detected in 2 samples. The
concentrations were 18 and
69 µg/g

5.7 - 22 NOAEL: 50 �≥ 2300 No health risk.
(NB repro.tox).

Furfural Detected in 4 samples. The
concentrations were
between 0.5 and 4.6 µg/g

0.2 – 1.5 NOAEL: 53
ADI: 0.5

�≥ 36000 No health risk.
(NB possible carcinogen)

4-Hydroxy-3,5-
dimethoxy-
benzaldehyde

Detected in 12 samples. The
concentrations were
between 1.4 and 20 µg/g

0.4 – 6.3 NOAEL: 5
ADI: 5

�≥ 790 Could not be evaluated but
based on benzaldehyde
concluded no health risk.
(NB possible allergen)

N-Methyl-2-
pyrrolidone

Detected in 5 samples. The
concentrations were
between 28 and 59 µg/g

9 - 19 NOAEL:
169
RfD: 0.5

�≥ 8900 No health risk.

3,5,5-Trimethyl-2-
cyclohexen-2-one
(= isophorone)

Detected in 3 samples. The
concentrations were
between 4.7 and 21 µg/g

1.5 – 6.6 NOAEL: 125
RfD; 0.2

�≥ 19000 No health risk.
(NB possible carcinogen)

Vanillin Detected in 12 samples. The
concentrations were
between 2.1 and 11 µg/g

0.7 – 3.5 NOAEL:
1000
ADI: 10

�≥ 200000 No health risk.

Barium Detected in 5 samples. The
concentrations were
between 29 and 90 µg/g

0.9 – 2.8 NOAEL: 10
TDI: 0.02

�≥ 350 No health risk.

From the detected substances and based on classification and occurrence a
number of substances were selected for a further assessment of a potential
health risk to the consumers. The consumers are in this context defined as
children 0 to 3 years of age.
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In spite of that none of the detected substances could be assessed to pose any
immediate health risks to the consumer it should be noted that the
classification of some of the identified substances was of a serious character.

Of the 125 identified substances 43 were classified in the List of dangerous
substances (Annex I to Directive 67/548/EEC) and further 16 could be self-
classified according the Advisory list for self-classification of dangerous
substances from the Danish Environmental Protection Agency. Of the
classified substances 2 were classified carcinogenic (Carc. cat. 3), 1 substance
mutagenic (Mut. cat. 3), and 9 substances reproduction toxic (Repr. cat. 2-
3). Besides, 5 substances were classified sensitising.

The assessments are mostly evaluated by comparison to data from subchronic
or even chronic effect data. As the urge to put toys in the mouth is assumed to
decline after a few years, the conclusions should be acceptable.

The conclusion from this study is, therefore, that none of the examined pieces
of wooden toys are considered to pose a health risk to children mouthing the
toys when the evaluation is based on individual substances.

However, during the use of the toy the child is exposed to several substances
released simultaneously from the toy. The effects from the exposure to several
chemicals at the same time are unknown. This means that a potential effect
can not be entirely be refused.

Another problem by evaluating individual substances in single toys may arise
when the child plays with more than one toy. This will increase the exposure
accordingly.

Besides, it should be noted that by an assessment by comparing to threshold
limit values, TDI, etc. that the consumer may also be exposed to the same
substances from other sources not included in the evaluation.
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