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Summary

The content of phthalates in toys and other articles for children up to 3
years of age is regulated by the Statutory Order of Danish Ministry of
Environment and Energy, No. 151 of 15th March 1999. In the present in-
vestigation, 20 products (toys and other articles for children up to 3 years
of age) were analysed for the content of phthalates on the request of
Danish Environmental Protection Agency (DEPA). The products re-
ceived from DEPA were analysed for the contents of dimethyl-, diethyl-,
dibutyl-, butylbenzyl-, dicyclohexyl-, diethylhexyl-, di-n-octyl-, di-n-
nonyl-, di-iso-nonyl- and di-iso-decyl phthalate. The subsamples of the
products were soxhlet extracted in dichloromethane, followed by analysis
of the extracts by gas chromatography.

The content of one or more phthalates in 8 of the investigated products
was found to be higher than the maximum allowed concentration, 0.05%.

Present work has been performed as technical support to DEPA






Resumé

I fglge Milj@- og Energiministeriets bekendtggrelse nr. 151 af 15. marts
1999 ma legetgj og andre artikler til bgrn i aldersgruppe 0- 3 ér ikke in-
deholde mere end 0.05% phthalater. I nervaerende undersggelse er ind-
holdet af phthalater bestemt i 20 produkter (legetgj og andre artikler til
bgrn i aldersgruppe 0-3 ér) efter anmodning fra Miljgstyrelsen. Produk-
terne modtaget fra Miljgstyrelsen blev analyseret for indholdet af di-
methyl-, diethyl-, dibutyl-, butylbenzyl-, dicyclohexyl-, diethylhexyl-, di-
n-octyl-, di-n-nonyl-, di-iso-nonyl- og di-iso-decyl phthalat. Delprgver af
produkterne blev soxhlet ekstraheret i dichlormethan, efterfulgt af analy-
se af ekstrakter ved gaskromatografi.

Indholdet af en eller flere phthalater i 8 af de undersggte produkter var
hgjere end 0.05%, den hgjest tilladte koncentration.

Arbejdet er udfgrt som bistandsopgave til Miljgstyrelsen.






1 Introduction

The content of phthalates in toys and other children articles for children
in the age group 0-3 years is regulated by the Statutory Order of Danish
Ministry of Environment and Energy No. 151 of 15th March 1999 of (1).
The toys as well as other articles, which children may put in the mouth,
should not contain > 0.05% phthalate according to the Statutory Order.
The phthalates are defined in the Statutory Order as diesters of o-phthalic
acid. This means that most of the commonly used phthalates in consumer
and industrial products are covered by the Danish regulation. A restric-
tion on phthalate content in toys and other articles for children in the age
group 0-3 years has also been proposed by EU (2). The EU restriction is,
however, temporary and that concerns only 6 phthalates: dibutyl phtha-
late (DBP), butylbenzyl phthalate (BBP), di-n-octyl phthalate (DnOP),
diethylhexyl phthalate (DEHP), diisononyl phthalate (DINP) and diiso-
decyl phthalate (DIDP). Furthermore, according to the EU proposal, the
maximum allowed concentration of these phthalates (total phthalate con-
tent) in toys and other articles for children in the age group 0-3 years is <
0.1% (m/m)

To check the compliance of toys and other articles for children in the age
group 0-3 years with the Danish Statutory Order, Danish Environmental
Protection Agency (DEPA) requested National Environmental Research
Institute (NERI) to determine contents of phthalates in these products. In
the present investigation contents of some commonly used phthalates in
consumer products, including those regulated by EU (in toys), have been
determined in 20 products provided by DEPA.

Present work has been performed as technical support to DEPA.
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2 Products

DEPA provided 20 products for the analysis (Table 1). Some of the
products were a collection of several articles in a package. The products
were collected, in the first half of the January 2001, from the retail out-
lets in Denmark.

The products were made of some kind of plastic material (polymers),
partly or completely. The plastic parts of all of the products were ana-
lysed for the content of phthalates.

Table 1. Toys and other articles analysed.

DMU Reg. | MST No. Product identification
No.

0-1735 959 Donald Duck (for bathtub)

0-1736 960 Paddington bear bib

0-1737 188 My First Melody Teething Keys

0-1738 189 Musical Teething Keys

0-1739 190 Sassy Stabelkopper (Stacking cups)

0-1740 191 Berchet baby nurse (doll with accessories)

0-1741 192 My Little Lovelies (baby doll)

0-1742 193 Anne Geddes Baby Bees (doll dressed as a bee)

0-1743 194 Learn'n Dress Pooh

0-1744 195 Musical Activity Ring

0-1745 196 Book with mirror (for pushchair)

0-1746 197 Boat Stacking Ring

0-1747 198 Lala 1% smile (rattle made of fabric and plastic)

0-1748 199 Tiny Trio (three rattles: terry the teether,
Freddy the frog and Harry the Hair)

0-1749 200 Giraffe

0-1750 201 Little Lessons Elephant

0-1751 202 Black & White and bright all over (fabric rattle
with plastic rings)

0-1752 203 Teletubbies beanbag

0-1753 204 Loop (rattle with transparent plastic tube and
wood blocks)

0-1754 205 Bambino Vride & Biderangle (teething rattle)

11
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3 Analysis

The products were analysed for the content of following phthalates: di-
methyl phthalate (DMP), diethyl phthalate (DEP), dibutyl phthalate
(DBP), dicyclohexyl phthalate (DCHP), di-n-octyl phthalate (DnOP), di-
ethylhexyl phthalate (DEHP), di-n-nonyl phthalate (DNP), diisononyl-
phthalate (DINP), diisodecyl phthalate (DIDP) and butylbenzyl phthalate
(BBP). Duplicate subsamples of each product were soxhlet extracted in
dichloromethane followed by GC-FID analysis as described before (3, 4).
Experimental conditions in brief are described the Section 3.1. In every
second set of soxhlet extraction (8 extractions per set), a blank was in-
cluded. The recoveries of all phthalates at two concentration levels (600
mg/L. and 6000 mg/L for DINP and DIDP, and 60 mg/L. and 600 mg/L
for all other phthalates) were determined by the extraction of known
amounts of phthalates under the same conditions as the samples. Calibra-
tion curves of all phthalates, except DINP and DIDP, were prepared by
analysing solutions of respective standard chemicals at 7 concentrations
(40 mg/L-2000 mg/L). The DINP calibration curve was prepared by
analysing 400 mg/L-2000 mg/L solutions of this chemical. Calibration
curve for DIDP was not prepared, because DIDP was determined as
DINP due to overlap of GC peaks of these substances by the present
method. Repeatability of the determination (precision) was checked by
10 consecutive GC analysis of solutions of phthalate standards at two
concentration levels: 2000 mg/L and 6000 mg/L for DINP; 4000 mg/L
and 10000 mg/L for DIDP; and 200 mg/L and 1000 mg/L for all other
phthalates.

All of the samples were first screened, by duplicate analysis, for the pres-
ence of phthalates. From the results of screening analysis, approximate
concentrations of the phthalates present in the respective samples were
calculated. On the basis of these results, fresh extracts of the samples
were prepared where amount of the sample and the volume of extraction
solvent were adjusted so that no concentration/dilution of the extract was
necessary for the quantification (in most cases). Calibration curves pre-
pared by the analysis of solutions of standard phthalates, analysed in the
same GC-sequence as the samples, were used for the quantification. In
each GC run, 3 calibration standard solutions of the phthalates concerned
were analysed after every 2-3 samples (4-6 extracts). Each standard solu-
tion as well as sample extract was analysed two times by GC-FID. The
contents of phthalates in a sample extract was determined using the cali-
bration standards analysed closest (in GC-sequence) to the sample ex-
tract.

3.1 Experimental

For screening analysis, 1 g sample was soxhlet extracted in 100 ml di-
chloromethane for 16 h at 66°C. 90 ml of the extract was concentrated to
10 ml employing rotatory evaporator. 1l of the concentrated as well as
non-concentrated extract was analysed by GC as described in 3.1.1. For
quantification, fresh extracts of the samples were prepared so that con-
centration/dilution of the extracts was avoided, in most cases. All sam-

13
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ples were analysed in duplicate, both for screening analysis as well as for
quantification.

Identification of the phthalates was performed by comparing the GC re-
tention times of the sample peaks with the retention times of the peaks of
standard phthalates, besides considering the chromatographic pattern of
DINP and DIDP. The confirmation of the identified phthalates was done
by the analysis of sample extracts spiked with appropriate amounts of the
relevant standard phthalates.

3.1.1 GC conditions for phthalate analysis
Apparatus: Hewlett Packard (HP) gas chromatograph 5890A with
split/splitless injector, flame ionisation detector, HP auto-

sampler 7673A and HP Chemstation.

GC column:  Chrompack fused silica column CP-Sil-5CB, 50 m x 0.32
mm, d; 0.12 pm.

Temperature
program: Start temperature 150°C, 5°C to 280°C, 5 min at 280°C

Carrier gas:  He, 55ml/min, column head pressure 19.5 psi
Injector: Split, 300°C, injection volume 1 pl

Detector: Flame ionisation, 300°C, make-up gas N, 30 ml/min



4 Results and Discussion

The analytical method used in the present investigation has previously
been demonstrated to be suitable for the identification and determination
of phthalates in toys (3, 4). As described below, the important character-
istics of the method (stability of the GC-retention time, calibration range,
recovery, repeatability of determination, etc.) were checked in the present
investigation, and they were found satisfactory for the analysis of phtha-
late content in toys. The analysis of phthalate content in the products was
performed in 2 steps. In the first step, a screening analysis for the identi-
fication of phthalates as well as estimation of their concentration in the
sample extracts was performed. This was followed by quantitative deter-
mination of the identified phthalates in fresh sample extracts, where rele-
vant calibration standards were analysed together with the sample ex-
tracts.

The GC retention time (tg) of the investigated phthalates were stable
through out the study, with a maximum variation <1%. The GC retention
times of the phthalates were used for the identification of all phthalates,
besides the chromatographic pattern of DINP and DIDP were considered
for the presence of these substances in the sample extracts. The GC sepa-
ration of the phthalates under study (as well as chromatographic pattern
of DINP and DIDP) is shown in Figure 1. The detection limit considered
as the concentration of a phthalate in a solution showing visible peak,
without any noise at the base line, was 0.05% (w/w) DINP and DIDP,
and that was 0.01% (w/w) for other phthalates. The identification was
performed both by analysing the sample extracts (approximately 1 g
sample /100 ml dichloromethane) extracts as well as by analysing con-
centrated (9:1) sample extracts, so that phthalates present in low concen-
tration (£ 0.01%) could be identified. The sample extracts containing
high concentration of phthalates were reanalysed after appropriate dilu-
tion of the sample extracts. The identification was confirmed by the GC
analysis of the sample extracts spiked with the appropriate amounts of
the identified phthalates, for example DEHP in the sample 0-1743 (Fig-
ure 2). All of the samples were analysed in duplicate. The phthalates
identified in some selected samples are shown in Figures 3-5. The analy-
sis of blank extracts by GC revealed only the signal of the extraction sol-
vent.

The calibration curves for all of the phthalates were linear (R? 20.9999)
in the investigated concentration range: 200-10000 mg/L for DINP and
40 mg/L - 2000 mg/L for all other phthalates (Figure 6A and 6B). The
recovery of all of the investigated phthalates under the experimental con-
ditions was 93-106%. The DINP recovery was determined at concentra-
tion levels 600 mg/L and 6000 mg/L, and the recoveries of other phtha-
lates were determined at concentration levels 60 mg/L. and 600 mg/L.
The repeatability of determination was determined by 10 consecutive GC
injections of the phthalate standard solutions at 2 concentration levels:
2000 mg/L and 6000 mg/L for DINP, 4000 mg/L. and 10000 mg/L for
DIDP, and 200 mg/L and 1000 mg/L for all other phthalates. The relative
standard deviation (RSD) for the determination of all phthalates was
within 4%.

15
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For the determination of the phthalate content in the products, fresh sam-
ple extracts were prepared so that concentration/dilution of the extracts
before GC analyses was avoided in most cases. The determination was
performed in duplicate samples using 3 point calibration curves prepared
by the analysis of the relevant standard solutions run in the same se-
quence as the samples. The GC-sequence was designed so that appropri-
ate standard solutions were analysed before and after each set of 2-3
samples (in duplicate). The calibration standards were selected to match
the estimated concentrations of phthalates in the sample extract. The re-
gression line equation was used for the quantification. The determination
revealed that the content of phthalates in a product was similar or very
close to the estimated concentrations derived from the screening analysis.
When a product contained DINP as well as DIDP, GC chromatograms of
which overlap partly (Figure 1), the content of both of these phthalates in
the product was determined together as DINP.

The results of the analysis of investigated phthalates are described in Ta-
ble 2. Of the 20 products (toys and other articles for children) investi-
gated in the present study, one or more of the phthalates were found in 9
products. Among the investigated phthalates, DBP was present in 1 sam-
ple, DEHP in 5 samples, DINP in 6 samples and DIDP was present in 3
samples. None of the other investigated phthalates were identified in any
of the products. It should be noted, however, that if a product contains
both DnOP and DINP, DnOP peak in such a product can not be identified
by the present method because of overlap by GC peaks of DINP (Figure

1.

According to Statutory Order of the Ministry of Environment and Ener-
gy, toys and other articles for children in the age group 0- 3 years should
not contain >0.05% phthalate, defined as diester of o-phthalic acid. Of
the 9 products containing phthalates, 8 products did not conform to the
maximum allowed concentration of phthalate set by the statutory order.
One product (DMU No. 0-1743, raincoat and hat of Winnie the Pooh)
containing 0.06% (m/m) DEHP may be considered as conforming to the
regulation, when analytical uncertainty (recovery and repeatability) is
taken into account. The manufacturer of this product informed that the
material used for raincoat and the hat was urethane. The reason for pres-
ence of DEHP in this product may be a contamination either in the raw
material, or the product might have contaminated during the manufac-
turing process. It is also possible that the lining of these articles (raincoat
and hat) contained DEHP.

A book made of cardboard (DMU No. 0-1745), covered with soft plastic
material (lining), contained 0.15% DBP. As the cardboard and the print-
ing ink may not contain DBP, the phthalate content of the plastic lining
may be rather high.
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Figure 2: Identification of DEHP in the sample (0-1743, raincoat) extract (ca. 2.0 g/10 ml) by GC-FID analysis (A).
The identification of DEHP was confirmed by the GC-FID analysis of the sample extract spiked with 0.02%DEHP,
where the DEHP peak of the sample is completely overlapped by the GC-peak of the standard DEHP (B)
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Figure 3: Screening analysis of extracts (ca. 0.5 g/50 ml) of products 0-1735 (A) and 0-1736 (B) by GC-FID. 0-1735
was analysed as without concentration of the soxhlet extract, and 0-1736 was analysed after 9x concentration.
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Figure 4: GC-FID analysis of extracts of 0-1740 (inflatable ring) and 0-1751 (red ring).
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Figure 6A: Calibration curves of the investigated phthalates
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Table 2. Contents of phthalates in the investigated products.

DMU MST No. Sample analysed Phthalate(s) Phthalate content
Reg. No. identified 90 (m/m)
0-1735 959 Animal figure (green) DINP + DIDP 40.842
0-1736 960 Bib DINP 5.771

0-1737 188 Soft plastic part of the keys (pink) - -
0-1738 189 Soft plastic part of the keys (blue) - -
0-1739 190 Ring (red) - -
0-1740 191 Plastic Teddy bear (yellow) DEHP 30.241
DINP 0.406
Doll leg DINP + DIDP 48.545
Doll arm DINP + DIDP 44.336
Doll head DINP + DIDP 54.998
Duck (yellow) DINP 36.050
Inflatable ring DEHP 26.759
DINP 1.554
Rabbit (pink) DEHP 30.754
DINP 0.507
Key (blue) - -
0-1741 192 Doll head DINP + DIDP 35.761
Doll leg DINP + DIDP 35.316
Doll arm DINP + DIDP 41.360
0-1742 193 Doll leg - -
0-1743 194 Rain coat DEHP 0.064
Hat DEHP 0.061
0-1744 195 Hammock with Winnie-the-Pooh - -
0-1745 196 Blue strap - -
Book DBP 0.147
0-1746 197 Transparent plastic (boat) DEHP 20.436
White plastic (boat) DEHP 20.490
0-1747 198 Ear (orange/white) - -
Ear ring (yellow) - -
0-1748 199 Plastic flower (red) - -
0-1749 200 Giraffe - -
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Table 2. Continued.

DMU MST No. Sample analysed Phthalate(s) Phthalate content
Reg. No. identified 90 (m/m)
0-1750 201 Hook (yellow) DINP 29.271
DEHP 0.610
Leg (red) DINP 35.045
0-1751 202 Ring (red) DEHP 0.107
DINP 31.404
Pendant (blue) DEHP 0.072
DINP 35.707
0-1752 203 Plastic face - -
0-1753 204 Transparent tube - -
0-1754 205 Ring (orange) - -

Covering (black)
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The content of phthalates in toys and other articles for children up to 3
years of age is regulated by the Statutory Order of Danish Ministry of
Environment and Energy, No. 151 of 15th March 1999. In the present
investigation, 20 products (toys and other articles for children up to 3

years of age) were analysed for the content of phthalates on the request

of Danish Environmental Protection Agency (DEPA). The products
received from DEPA were analysed for the contents of dimethyl-,
diethyl-, dibutyl-, butylbenzyl-, dicyclohexyl-, diethylhexyl-, di-n-octyl-,
di-n-nonyl-, di-iso-nonyl- and di-iso-decyl phthalate. The subsamples
of the products were soxhlet extracted in dichloromethane, followed
by analysis of the extracts by gas chromatography. The content of one
or more phthalates in 8 of the investigated products was found to be
higher than the maximum allowed concentration, 0.05%.
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