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Abstract

In order to identify potential genotoxicant(s) in recycled paperboard, samples were fractionated using multiple liquid/liquid
extraction, and gel permeation chromatography, and analysed by gas chromatography/mass spectrometry and liquid
chromatography/mass spectrometry. The rec-assay was used as an indicator of genotoxicity. Genotoxicants in the recycled
paperboard were identified as dehydroabietic acid (IDHA) and abietic acid (AA). DHA and AA were detected in two out of
five virgin products, and in all seven recycled products for food-contact use. Total amounts of DHA and AA were 240 and
990 g/g in the virgin products and 200—990 pg/g in the recycled products. A good correlation was observed in the total
amount of DHA and AA content determined in paper products and DNA-damaging activity. Moreover, genotoxic effects in
paper products showed a good match with standard compounds, indicating that the genotoxic effects of these paper products

was mostly attributable to DHA and AA.
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Introduction

Paper and board are widely used as food container
and packaging materials, mainly for disposable
products such as cups, dishes, papers towels and
food boxes. Paper products are classified into virgin
products, which are made from wood chips, and
recycled products, which are made from recovered
fiber. As this material is subjected to extensive
treatment involving the use of inks, adhesives etc.,
various contaminants may be found in recycled
products.

Sturaro et al. (1994) reported that diisopropyl-
naphthalenes were found in cardboard packages,
usually manufactured from recycled paper. Castle
et al. (1997) reported that Michler’s ketone (MK)
and 4,4-bis(diethylamino)benzophenone (DEAB),
which can be used in UV-cured printing inks for
cardboard, were detected in 26% and 4% of 121
paper and paperboard food packaging samples,
respectively, and the most likely origin was the use

of recycled fibers. Sipildinen-Malm et al. (1997)
reported that a very broad variety of substances are
present in fiber-based recycled materials, and some
samples contained mutagenic or other toxic com-
pounds. Vinggaard et al. (2000) reported that paper
towels made of recycled paper contained high levels
of bisphenol A (BPA), whereas virgin paper con-
tained none or negligible amounts of BPA. Binderup
et al. (2002) reported that significantly higher total
amounts of chemicals were found in paper made
from recycled fiber than that made from virgin-fiber
pulp, indicating that only a few compounds originate
from the virgin fiber.

Some toxicological studies on recycled paper have
been published (Baba et al. 1998, Fauris et al. 1998,
Binderup et al. 2002). Among these are reports that
recycled paper exhibits higher in-vitro toxicity than
virgin paper, however, the toxicant or toxicants have
yet to be identified.

We previously examined the genotoxicity of 28
virgin and recycled products for food-contact use,
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and demonstrated that more recycled than virgin
products exhibited DNA-damaging activity (Ozaki
et al. 2004). Chemical analysis revealed that
recycled-paper products were characteristically
contaminated by benzophenone, 4-dimethylamino-
benzophenone, DEAB, MK, BPA and pentachlo-
rophenol. However, the levels of these chemicals in
the recycled paper products could not explain their
genotoxic effects.

In the present study, in order to identify the
genotoxicant(s) in recycled paper, the rec-assay was
used as an indicator of genotoxicity and recycled
paperboard was fractionated by multiple liquid/liquid
extraction and gel permeation chromatography
(GPQC), and analysed by gas chromatography/mass
spectrometry (GC/MS) and liquid chromatography/
mass spectrometry (LC/MS).

Materials and methods
Mazerials

Solvents and reagents. Dehydroabietic acid (DHA)
was purchased from Wako Pure Chemical
Industries, Ltd. (Osaka, Japan), and abietic acid
(AA) was purchased from Tokyo Kasei Kogyo Co.,
Ltd. (Tokyo, Japan). Dimethyl sulfoxide (DMSO),
ammonium acetate and organic solvents were
purchased from Wako Pure Chemical Industries,
Ltd. or Kanto Chemical Co., Inc. (Tokyo, Japan).
All organic solvents were of HPLC or residual
pesticide analytical reagent grade.

Samples. Recycled paperboard (recycled fiber>
95%) was used for fractionation. To determine the
correlations between contents of DHA and AA and
genotoxicity of paper products, five virgin paper
products and seven recycled paper products (includ-
ing the paperboard) in food-contact use were used.
The products were purchased at a supermarket in
Japan berween 2001 and 2004.

Methods

Rec-assay. Rec-assay was performed according to the
spore method of Kada et al. (1980). A recombina-
tion-less strain, M45 Rec™, and the wild strain H17
Rec™ of Bacillus subtilis were used. The strains were
kindly provided by the National Institute of
Genetics, Japan. In brief, plates were prepared by
adding to B-2 (10g of beef extract, 10g of
polypeptone, 5 g of NaCl, 1000 ml of water; adjusted
to pH 7.0) agar (1.5%) 2 x 10° spores/ml of strain
H17 and M45, preparing 10 m! of the resulting spore
agar at 42°C, pouring it into a level plastic Petri dish
(90 mm diameter), and allowing it to solidify well.
A paper disc (8 mm diameter) was placed on the

surface, and then impregnated with 40ul of the
chemical or sample solution. After 24 h of incubation
at 37°C, diameters of killing zone were measured.
When a killing zone was larger in M45 Rec™ than in
H17 Rec", the chemical or sample solution was
concluded to cause DNA-damaging activity in
B. subnlis. Recycled-paperboard solutions, at each
step of the fractionation process, and methanol
solutions of virgin- and recycled-paper products to
determine the correlations between contents of DHA
and AA and genotoxicity, were dried under a
nitrogen stream and dissolved in DMSO. DHA
and AA were dissolved in DMSO.

Sample preparation for fractionation. Recycled paper-
board was cut into pieces (1 x 1cm) and 10g was
placed in a flask and refluxed with 200 ml ethanol for
2h. After filtration, the ethanol solution was evapo-
rated and diluted to 2ml with ethyl acetate. One ml
of the solution was transferred to a separating funnel
together with 19ml of ethyl acetate and extracted
with 20ml of 0.01M HCI solution. After the
aqueous layer was discarded, the organic layer was
extracted with 20 m} of saturated NaHCO; solution.
The aqueous layer was again discarded and the
organic layer was extracted with 20 ml of alkali buffer
solution (0.1 M Na,HPO, 50.0ml, 0.1 M NaOH
43.2ml, water 6.8 ml, pH 12). The extract was then
dehydrated with sodium sulfate, evaporated and
diluted to 1ml with methanol after discarding the
aqueous layer. Sample cleaning was performed using
a solid-phase extraction column. The column was a
6 ml tube column containing 500 mg of graphitized
non-porous carbon (Envi-carb, Sigma-Aldrich
Corporation, St Louis, MO, USA). The column
was preconditioned by rinsing with 10 ml of metha-
nol, after which 1ml of the sample was added to the
column and eluted with 9 ml methanol. The eluate
was then evaporated and diluted to 1ml with
tetrahydrofuran. The resulting solution was then
filtered and subjected to spectrophotometry and
GPC.

Spectrophotomerry. The paperboard extract was
scanned from 190 to 800nm using a Hitachi
U-2000  spectrophotometer  (Hitachi, Tokyo,
Japan). Background absorbance was subtracted for
each wavelength.

Gel permeation chromarography (GPC). The GPC
system used consisted of a Waters 600E system
controller, a Waters 717 autosampler, a Waters 486
tunable absorbance detector and a Waters fraction
collector (Millipore Corporation, Billerica, MA,
USA). Chromatographic separate conditions were
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as follows: Guard and analytical columns, Shodex
GPC KF-G (10 x 4.6 mm i.d., 8um particle size)
and KF-801 (300 x 4.6 mm i.d., 6 um particle size,
20A pore size) (Showa Denko K. K., Tokyo, Japan);
oven temperature, ambient; mobile phase, tetrahy-
drofuran; flow rate, 1ml/min; injection volume,
50 l; ultraviolet detection, 254 nm. The paperboard
sample was fractionated every 30s. Polystyrene
standards (Shodex standard SI-105, Showa Denko
K. K.), benzene and n-propylbenzene were used as
calibration standards for GPC.

Gas chromatography/mass spectromerry (GCIMS).
Chromatographic analysis was performed on a
Hewlett-Packard 6890 gas chromatograph (Agilent
Technologies, Inc., Palo Alto, CA, USA) equipped
with a 5973 mass-selective detector. GC conditions
were as follows: Column, HP-1MS (100% dimethyl-
polysiloxane, 0.25mm i.d.x30m, film thickness
0.25 um, Agilent Technologies, Inc.); oven tempera-
ture held at 50°C for 2 min, then raised at 10°C/min
to 280°C and held for 5 min; injection temperature,
280°C; carrier gas, He at 1 ml/min; injection volume,
1l (splitless). MS conditions were as follows:
Electron impact ionization mode; ion source voltage,
70eV; ion source temperature, 220 C. The mass
spectrometer was scanned over the range m/z 50 to
500. Qualitative identification of the detected com-
pounds was done using the NIST Library (National
Institute of Standards and Technology, Mass
Spectral Library).

Sample preparation ro determine the correlations between
contents of DHA and AA and genotoxiciry. Printed
surfaces of the paper and paperboard were peeled off
to exclude the influence of the inks used in printing.
Five gram was refluxed with 100 ml ethanol. After
filtration, the ethanol solution was evaporated and
diluted to 5 ml with methanol. For rec-assay, 1 ml of
the methanol solution was dried under a nitrogen
stream and dissolved in 100 1l DMSO. For LC/MS
analysis, 1 ml of the methanol solution was diluted to
10 m! with mobile phase of LC/MS, and 1 ml of this
solution was diluted to 10ml with mobile phase.
After the solution was filtered, it was subjected to
LC/MS analysis.

Liquid chromatography/mass spectrometry (LCIMS).
Chromatographic analysis was performed according
to the method of McMartin et al. (2002), slightly
changed, using a Hewlett-Packard 1100 liquid
chromatograph  (Agilent  Technologies, Inc.)
equipped with an API 2000 mass spectrometer
equipped with an electrospray ionization interface
(ESI) operating in negative-ion mode (Applied

Biosystems, Foster City, CA, USA). LC conditions
were as follows: Column, ZORBAX Eclipse XDB-
C18 (150 x 2.1mm i.d., 5um particle size, Agilent
Technologies Inc.); oven temperature held at 30°C;
mobile phase, 50 mM ammonium acetate in water/
acetonitrile (2:8); flow rate, 0.2ml/min; injection
volume, 10 pl. MS conditions were as follows: Ion
spray voltage, —3800V; ion source temperature,
550°C; declustering potential, —66V; focusing
potential, —330V for DHA, —-200V for AA;
entrance potential, —10V for DHA, —4.5V for AA.
Quantitative analysis was performed using selected
ion monitoring of m/z 299.1 for DHA and m/z 301.2
for AA. Measurement was carried out using the
respective calibration curves, ranging from 0.1 to
100 ng for DHA and AA.

Results

DNA-damaging activity of liquid/liquid extracted
fractions of recycled paperboard

DNA-damaging activity was investigated by rec-assay
at each step of the fractionation process. DNA-
damaging activity was detected in the organic layer
following the extraction of paperboard solution with
0.01 M HCI solution. The organic layer was then
extracted with saturated NaHCO; solution, and
DNA-damaging activity was detected in the organic
layer. Next, the organic layer was extracted with
alkali buffer solution and DNA-damaging activity
was again detected in the organic layer, indicating
the genotoxicant(s) to be a neutral compound(s).
DNA-damaging activity in the organic layer was
unchanged throughout the extraction process,
and remained so after applying the solution to an
Envi-carb cartridge for clean-up.

Spectrophotomerry. The fraction obtained from
liquid/liquid extraction was subjected to spectro-
photometric analysis. The absorbance was deter-
mined to be between 200 and 800nm, and the
absorption maximum was between 210 and 250 nm.

GPC. Also known as size exclusion chromatography,
GPC is a method of characterizing molecular weight.
The fraction obtained from liquid/liquid extraction
was fractionated every 30s and DNA-damaging
activity was investigated. One peak was shown in the
chromatogram and fractions around this exhibited
DNA-damaging activity (Figure 1). The molecular
weight of the genotoxicant(s) was estimated to be
150—350 daltons from the calibration standards.

GCI/MS. The fractions that showed DNA-damaging
activity in GPC were subjected to GC/MS analysis. A
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total ion chromatogram is shown in Figure 1. Two
large peaks, two medium peaks, and several small
peaks were detected. Qualitative identification of
these peaks was carried out using the NIST Library,
and three peaks were identified as dibutylphthalate,
oleic acid and di(2-ethylhexyl)phthalate. The biggest
peak was identified as DHA, and small peaks in its
vicinity had a similar structural formula. Mass
spectra and retention time of the biggest peak,
indicated to be DHA by NIST Library, were
compared with a standard solution of DHA
(see Figure 2). The relatively large peak, which
showed m/z 302 and remained unidentified using the
NIST Library, was identified as abietic acid (AA), a
compound related to DHA (Figure 2).

LC/MS. Since DHA and AA are too polar and not
suitable for GC analysis, LC/ESI/MS was used for
their determination. Levels of DHA and AA in the

UV absorbance (254 nm)

virgin and recycled paper and paperboard products
are shown in Table I. DHA and AA were detected in
two out of five virgin products and in all recycled
products. Total amounts of DHA and AA were 240
and 990 ug/g in virgin products and 200~-990 ug/g in
recycled products. Mass chromatograms of standard
solution and recycled food box (sample no. 5) are
shown in Figure 3.

Rec-assay. Results of the rec-assay for DHA and AA
are shown in Figure 4. DHA and AA produced
killing zones in a linear manner in both the M45 Rec™
and H17 Rec? strains. Furthermore, the killing zone
of M45 Rec™ was larger than that of H17 Rec™.
A difference between the killing zone of H17 Rec’t
and M45 Rec™ strains more than 2 mm in one dose is
considered to indicate DNA-damaging activity
(Kada et al. 1980). In our study, killing zones were
all clear and measured accurately with an error below
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Figure 1. Gel permeation chromatogram of recycled paperboard fractionated by liquid/liquid extraction (above) and GC/MS total ion
chromatogram fractionated by GPC (below). Peaks were identified by NIST library.
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Figure 2. Mass spectra of DHA in standard solution (A) and recycled paperboard (B), AA in standard solution (C) and recycled

paperboard (D).

Table I. Levels of DHA and AA in virgin and recycled paper and paperboard for food packaging.

Product Coffee filter Dish Tissue

Sample No. 1 2 3 4 5

Virgin-paper products (ug/g)

DHA ND ND 77 38 ND

AA ND ND 910 200 ND

DHA + AA - - 990 240 -

Product Cardboard box Food box Newspaper Paperboard
Sample No. 1 2 3 4 5 6 7
Recycled-paper products (ug/g)

DHA 170 59 53 370 67 210 140
AA 580 380 150 620 840 590 370
DHA + AA 750 440 200 990 910 800 510

DHA: dehydroabietic acid.
AA: abietic acid.
ND: not detected; less than 1.0pg/g.
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Figure 3. Mass chromatograms of DHA and AA in standard solution (A) and recycled food box (sample no. 5) (B).
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Figure 4. Rec-assay of DHA and AA.
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Figure 5. Rec-assay of DHA and AA mixture. DHA and AA were
mixed in equal amounts.

1 mm. Chemicals were tested in four doses and the
killing zones of M45 Rec™ strains were always larger
than those of H17 Rec™ by 1 mm and the chemicals
were considered to indicate DNA-damaging activity.
The activity of AA was slightly lower than DHA.
Since the toxicity of compounds may be enhanced or
decreased when combined, equal amounts of DHA
and AA was mixed and tested. As shown in Figure 5,

20 T
R? = 0.9797 © M45
16 + / o H17
12 + R? = 0.9657
8 t |
10 100 1000
AA (ng/disc)
2
5 20— ° @ M45
R o H17
=] @
£ 4.1 R?*=0.7808 £
ZE o
5 E
5T 124 o
o © R2=0.7613
E
S 8 t i
(=}
10 100 1000

DHA + AA(ug/disc)

Figure 6. Correlations between the total amount of DHA and AA
in virgin and recycled paper products and the diameter of the
killing zone exhibited in the rec-assay.

there was no significant difference between the DHA
and AA mixture, DHA only or AA only, indicating
that genotoxic effects of DHA and AA are additive.
Figure 6 shows the relationship between the total
amounts of DHA and AA content determined in
paper products and the diameters of killing zones
exhibited. Good correlation was observed in both the
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M45 and H17 strains and the genotoxic effects in
paper products also showed a good match with
standard compounds, indicating that the genotoxic
effects of the paper products was mostly attributable
to DHA and AA. There was small difference in the
slope of M45 and HI17 strains. Tested paper
products have not cleaned up by such as liquid/
liquid extraction or GPC, so various kinds of
unknown chemicals are included in. As M45 strain
is more sensitive to genotoxicants than H17 strain,
the difference in the slope may be caused by these
various unknown chemicals in the paper extracts.
Moreover, the difference of the diffusion speed in the
agar medium of DHA and AA might cause the
difference in the slope. Three virgin paper products,
which contained neither DHA nor AA, showed no or
negligible killing zones.

Discussion

We performed multiple fractionations of recycled
paperboard and found the genotoxicants to be DHA
and AA. From the liquid/liquid extraction, it was
indicated that the genotoxicant(s) might be a neutral
compound(s). DHA and AA are tricyclic and their
solubility in water are not so high (DHA 6.6, AA
4.3mg/l, pH 7) (Liss et al. 1997). Moreover, the pKa
of DHA and AA are 5.7 and 6.4 (Liss et al. 1997),
respectively, and they are therefore almost neutral.
DHA and AA were detected in all recycled products,
and a good correlation was obtained between
DHA and AA contents and DNA-damaging activity.
DHA and AA are resin acids that are major toxicants
in pulp and paper mill effluents. Several researchers
have linked between 20% and 70% of the toxicity of
untreated effluents to resin acids (Zanella, 1983,
Volkman et al. 1993, Wang et al. 1995). Resin acids
found in rosin are generally of the abietic and pimaric
types. DHA and AA are major acids of the abietic
type found in different types of rosin and are primary
sources of toxicity in fish. AA is easily oxidized or
degraded by bacteria or fungi producing DHA
(Wang et al. 1995, Berg et al. 1998, Martin et al.
2000). Concentrations of DHA and AA in kraft pulp
and paper mill effluent have be found to be as high as
10.3 and 11.4 mg/l, respectively, (Quinn et al. 2003)
and DHA in water used for paper-recycling pro-
cesses has been found to be 4.0—6.5 mg/l (Rigol et al.
2002). In testing the acute toxicity of effluents,
rainbow trout have been most commonly used. For
DHA and AA, the lethal concentrations producing a
50% mortality rate in 96h (L.Cs¢/96h) in rainbow
trout were 0.8—1.7 and 0.7—1.5 mg/l, respectively,
and the LCs0/48h values in Daphnia magna were
19.2 and 2.5—6.4mg/l, respectively (Liss et al.
1997). Moreover, DHA and AA have been reported
to have allergenic effects (Eriksson et al. 2004).

On the other hand, few cytotoxicological studies
have been published, however, DHA has been
reported to increase cell death in human epithelial
and fibroblast cells (Soderberg et al. 1996), and to
exert toxic effect on human erythrocytes (Toivola &
Isomaa 1991) and on polymorph nuclear leukocytes
(Sunzel et al. 1991). AA has been reported to
cause lysis of human alveolar epithelial cells (Ayars
et al. 1989). DHA and AA have been reported
to be non-genotoxic in Salmonella/mammalian-
microsome assay (Nestmann et al. 1979). In the
present study, DHA and AA exhibited DNA-
damaging activity in the rec-assay. To confirm their
genotoxicity, several other i vitro or in vivo tests,
such as comet assay, may be needed.

DHA and AA in the present study were detected in
not only recycled-paper products but also in some
virgin-paper products. Typical sources of wood used
in producing virgin pulp are conifer and broadleaf
trees. The wood type of the virgin pulp may be related
to the content of DHA and AA, because these
compounds are the major components of conifer
oleoresin found in pine, spruce and fir trees. As
various types of post-consumer paper are being used
as material for recycled paper, pulps are mixed and
DHA and AA were found in all recycled products.

In the present study, paper samples were refluxed
with ethanol for 2h. The extraction procedure used
was quite rigorous in order to obtain information on
which genotoxic compounds could be found in the
samples. To assess the safety of using virgin- and
recycled-paper products in contact with food, further
study seems necessary to examine migration into
food simulants or actual foods.

In conclusion, we identified the genotoxicants in
virgin and recycled-paper products using multiple
liquid/liquid extraction, GPC, and subsequent GC/
MS and LC/MS analysis. The rec-assay was used as an
indicator of genotoxicity. As this assay procedure is
very simple, rapid and inexpensive, it would be useful
for identification of genotoxicants in mixed samples.
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Study on Extract Solvents and Stability of Antioxidants in Food Contact Plastics

Nahoko HANEISHI', Tetsuko YASUNO', Reiko KANEKO',
Keiichi FUNAYAMA' and Shuzo OGINO'

Keywords : Bg{b85 1F# antioxidant, BFMA T A F v 7 8 food contact plastics, fIHIELE extract solvent,

FEH stability
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1. HE

B ARSI AF v 7 CHERINDEN LA 8
B (R D, sk VERASH. HMNEHHE : (2)-a- b7
=)l FINMBETEZERORE. 7+ )% —  MillexLH
PTFEO045um, BAEIURTEOHE. 7L bUN, 7
Y h, oo L, BFEIFI, YrOonFH, 2
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2. ##
EIRERLUABEBLEHOWTNAZEETHHTRA
RRTIAFy 78 8 A,

3. EE

AR AT TE@OE JFC-300 8. A0
ThrFI7@GO) ba—L v Ny — R HP6890.
EEKkA s O S 7HPLC) : UVHHIEE SPD-10AV,
R > 7 LC-10AT, fEiR# CTO-10A, FH v ¥ —
DGU-124, @R EREERE, - YT 77— 3
AT IA AV A Y (BRE Model33, F— ¥ UEEE
=T )P T AEREL V station.

F1. BB iR OR

R4 L4
T x ) — R
BHA 4-hydroxy-3-tert -butylanisole
BHT 2,6-di-tert -butyl-4-methylphenol

4 4'-butylidenebis-6-tert -butyl-m -

Antage-W 300
cresol

n-octadecyl-3-(4"-hydroxy-3',5"-di-

Irganox 1076 tert -butylphenyl)propionate
1,1,3-tris-(2-methyl-4-hydroxy-5-tert -
Topanol CA butylphenyl)butane
J %

Irgafos 168 tris(2,4-di-tert -butylphenyl)phosphite
cyclic neopentane tetrayl bis(2,4-di-

= yan7 g
77 #7297 PEP-24G tert -butylphenyl phosphite)

A AR

DMTDP dimyristyl 3,3'-thiodipropionate

4. GC AT EH

#H54: HP-1(0.53 mm i.d.X15 m,JEE 0.15 um ),
715 AEE  80°C(1 min)—10°C/min—320°C(5 min), &
ACHERE : 250°C, BHIEHRE 1 300C, HAE: AT Uy
MAZYw R 100D, HEAE L gL, FYYTHR:
He 3.5 mL/min.

5. HPLC p#r &t

HThGLYA T AE)E  Inertsil Ph-3, (4.6 mm
1.d.X250mm, 5 pm), BEMH:AEK K Bk Ttb
ZhUN, TSV EEFI053{A40%, B60%)—30
55(A 0%, B100%) —4053(A0%, B 100%)—455(A
40 %, B 60 %), #E : 1.5 mL/min, # T ARE : 50C,
BMHEE 210 nm, AR 20 uL

HEBEEESNEL ¥ — R EHE RRNMTER 169-0073 HEHFBEREE AL 3-24-1

* Tokyo Metropolitan Institute of Public Health

3-24-1, Hyakunin-cho, Shinjuku-ku, Tokyo 169-0073 Japan
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6. REBEOHH
1) HHEBEERTHERRBER

100 mL 0=/ 7 5 2 JHEESEEIC R0 BERL L
HKE 2 g 2z AN b7 007t EEGO
mgmL)ImL 2, Birsoofibhs, 7>, EEE
ITFN, AF =), FErZMUNEFZ T OANFY
27O =00 1 RECIT CPRBEREB &R 4
30 mL MA—BEKREL . 16 HEBIHMHEEE -~
BEKRBELR. ABH%ES2E&EHE 30 mL THAHEL,
AEELPOTHEBHEL 2 mL &L BEIZELD T 4
& — @ UM R R s R & U,
2) REMBHARHBR

B AUBA RS % % 2 10 mg FFER L, CP{E#& T 10 mL
ELEbOREERKES L. 75 A5 7 PEP-24G %
BEERKRA2ZE 41 nL &0, CPRETIOmL &L
HOEBERKBBERE L7100 gg/ml).

Irgafos 168 OEHEREK 1mLIiZ, PI7 x0T L
b (50 mg/ml)20 1L HB0iE 7TEORBRLE RO
EHREK 1 mL2MX, CPEBTIOnLELEZLDE 2
BEAREERE L.
EHEEKSHELEA41 mL &DREEL,
mL &L b0% SHESHBERE L /.

CP{R¥&T 10

7. REMHR

FE6.ODTHML - EAKHPBFRRV sHEESHEE
PO IES, 2 BEASHEBHEHET O Irgafos 168
, HEIHED 1, 3RV THRIZCGCIZIDHEIELEZE
ERD. 1272, Irgafos 168 HF T T Irganox 1076
OHHPLCIZ X DHEIEL =,

BERUER
1. HHEBEOKE
700k AORBMEBAERE LT, BEIFL, Tt
o, A% )b, PR NYINKD CPEKD 5 il
DEBICOWTRILE. 75X F v 7 8RP &R
Rz ORIl A THESREREL, Bo5h-ERE
100%E L Z0EBRBECBITAENEEE 2I1TRL

7o, FOR, BT FIV T BHA, BHT, Ant-W 300
R T) Topanol CA T 95 %A FOENERZRLZ. T b2
BUORAY 7 =)L Tl 80 %A EOEIWNZRZ R UzBLEE IR
#iZ BHT ®#THo/z. 7 hUNTIE 8 BEOE
LB IE R D ECERIZT R T 50 %LU T TH o /=, IHEE &
LTHAFSMEHLTNS CPRIERTIE?, 7FhAY T
PEP-24G OEMRIT 41 %E BN o MDD THBORL
BHIERITIX 86~102 % & BIFTH /-, LD &Enb,
8 FEEY 7 EE OB LR OBINED BT CPRE,
SO0 RNALAICRETHHEBEEELUTHERTELSER
Lhiz.

CP BikZHWEESIZTFHRY T PEP-24G OEIY
RPBETFLAZFERELT, 75FHAXS T PEP-24G & CP
BIRICRITSMBHBEREND &, BITEBERER IR
T5HIENHREI N

FIT, CP B#E70OFR)VADHHSI R LEET S
7, BERMHEETRAERELNATICHE L il
HIBSIRT D7 T HAY 7 PEP-24G #BIE L&A, CP
BROHWMHERBIZ 7 OOFRNLDH U2 THo/z. ZOI &
M5 CP RECHEMERZZ7OOFRIMAZVENT &4
BHL /=,

F/=, Hih VTHE L =L DI/ 00 AEERIC
BILSHEBRKBETIE NI 7 20— 20 MG E%
FU 7D, BiEEge-7a/8 /) -)WV2EHFT S CPRED
EARE THEBROERE{To>R LIS, SFBAHZIREILR
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BB IEFROPTTF AR YT PEP-24G 13k 3L
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2. BREHOR

BEAels bR T EENMEL, BRTTE SBRILLRLY
EAERT DEEEENSHD. I T CPRERETHEL 2 L
BiE AR ORER ZRF L. e, TIXF w7
BE P OBALES LR ZBIE S 2 DI AT D EHE kS
i, SMIHHEELThra7 20— VEMATH S0 Y,

% 2. BEBSIEFIO I RIE L R

ELE ()

BHA BHT Am;gg'w Topanol CA - fg;‘gx Irgafos 168 gﬁggg DMTDP
Janfl s 100 100 100 100 100 100 100 100
e F 1 96 97 95 98 34 56 48 70
7 b 71 81 65 60 30 27 9 43
AE )= 9 89 33 1 66 5 0.8 12
TER=FIA 15 50 40 22 38 4 0.6 12
CPIRiE 99 101 90 89 102 86 41 89

a) : Z7aaF L EH LR E & ORIEMBE100%E T3 (n=3)

b) v~y 2-Trss - (101
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BOWBERIT 95 %L ETH o/, Irgafos 168 DIEFHEIL
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Contents of Eight Harmful Elements in Baby Toys and Their Migration Tests

Yoko Kawamura®, Chie Kawasaxi, Sachika MINE,
Motoh MuTtsuca and Kenichi TANAMOTO

(National Institute of Health Sciences: 1-18-1, Kamiyoga, Setagaya-ku,
Tokyo 158-8501, Japan; T Corresponding author)

Levels of eight harmful elements, i.e., antimony, arsenic, barium, cadmium, chromium, lead,
mercury and selenium, were investigated in 45 baby toys and 10 paints, which were mainly made
of polyvinyl chloride. All samples contained barium at levels of 0.3-3,700 mg/kg, several samples
contained cadmium (0.2-26 mg/kg), chromium (0.5-280 mg/kg) and lead (1.5-1,300 mg/kg), and
one sample contained antimony (5.3 mg/kg). They might have been used as colorants of the toy
materials and paints. They were then evaluated using the migration test of ISO 8124-3, in which
samples were ground up, and then soaked in 0.07 mol/L HCI at 37°C for two hours. Barium,
cadmium, chromium and lead migrated from some of the samples, but at levels lower than the
migration limits required by ISO 8124-3. Compared with the Japanese official method, the ISO
method resulted in higher migration, but there are significant differences in the migration limits,
test method, and so on between them. Further investigation is needed in this area.

(Received September 16, 2005)
Key words: Z4RHFTLE baby toy; #EHRER material test; 7AHEER migration test; /¥ 7 4

barium; # K I 9 4 cadmium; 7 9 4 chromium; 3 lead; 7 » ¥ € ~ antimony
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HARRAE RS 5 7 VcBEF L RFBRI NI HOH
%<, TNLOEEME LT LELESEERSHERIM
%, Ff, mEOEMELTHBEs 3R YELE= LD
LTEEE LTHRPH F Iy oM ER S NS TEEE
H3. Lrl, METKEET 28BoEHECSRFEL Y
B AHMERR LGV

BREEEOB L » ORREETE, ME»SOLRE
AR AEBSIT A0, BEHERICLD, By = lEE
Bl L UHE = Mc D WTRESBRBRIIMNE LT
lppm BIF, # F3waid05ppm ', #yzFL v
HERHRESBRBIESELT lppm BT EEELTY
3.

— 5, BB (L (ISO) T, 1997 & i ISO
8124-3 “Safety of toys Part 3: Migration of certain ele-
ments” ZH|EL, 7 vFE (S, EF(As), YT A
(Ba), # K I 4 (Cd), # v (Cr), 8 (Pb), kiR (Hg) B

iR
* AUEREESAREERERS: T158-8501 ERHHEASKX
LB 1-18-1

LU LV (Se) D 8ITHKICDOWT, B L IFHEEE
ASEH TS (Table 1)V,

22T, BHEORLMERHTEEISVWT, 58T
FOSHERBOEERITS & &b, ISOMBICEL AR
HEOBAERS IO THET 5.

EEBAE

1. & #

wEh MREEASZE 45E (0= fifsehElESs
FUHEB, b ¥ —8ERE, 72U VBHIERERE).
CNOREIBREBO Y a~Fy, vAEMATERML, #3
ZRICEEE 100 cm? K2 £ 08 g DEIBITH A LS I
BFICEAL, 24BHLUEERERS T b0RR S
L.

B 2001 BLU 2002 EHEEHNOILEE, R —
N —ry b, FN-FBIUHHY 2 v 7 TEALL
BRI RBERIAIRE 41 BEH, NREIAE 8 RE,
PYHE S fH, T TLABRUARIAEE K- 12
mE, EREAMBESRE, 7vav 1 REBLUHLEL
mH. zo5b, REBCBEShTVWIEIAE4RES
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Table 1. Maximum Acceptable Element Migration from Toy Materials Required by ISO 8124-3

Toy materials Sb As Ba Cd Cr Pb Hg Se
Any toy materials except the next 60 25 1,000 75 60 ‘90 60 500
Modeling clay and finger paint 60 25 250 50 25 90 25 500

Unit: mg/kg in material

T UEYE 6 ME 3, BERS LAREENS ST TR
fKE Lt F1, 7ravBIURLTR K FH OEOE
Ao E Lz, 070, S5FbbRb e -1,
2. ® -3

e BESWE (5B 36%), i 5ZLBAER
(EE61%), BER{LKFEK: ik (BE30%) by s
TTIEY o F Oy RS

FTUFEY, B N9 A HFIYA JoAh,
8, KB LU L VEERK: BTROEER (1,000
ppm, FDEMETE@ROED 2@EHES L, 0.07 mol/L
EREr AV THERLE.
3. i g

ICP HJe i sEE:
A vy (BB

BEKR* 754 %~ U-B000AT* CETAC iy
<4 7 uvy - 7RERMEEE: ETHOS900 <4
WA+ — v ¥R TR

4. ICP &M

BREEH 1.2kW

FrYy¥—H2: Ar 035 L/min, 5 X<H X Ar
16 L/min, FBh#H % Ar 0.6 L/min

SWREE: 75 %> 206833 nm, &% 193.696
nm, /YU 7 A 455403 nm, & F I 4 214438 nm,
7 o4 283563 nm, £4 220.353 nm, 7KEE 253.652 nm,
L 196.026 nm

5. 833

MEOBER L UREBEVIEILE =L TH I LT %
BT 3 DR KBRIEEIT> 72, BEHN 1 mm OHRE
DA N —F ~ OB LR TREORVEL R L LT
AL, B0 bcAicEMs e CDBERBICAES
¥, BUB LR AN, BREBORNELUI & SI3IERE
EHT ALY = VBRI E R ) Bl = L SHE
Ui, B8, chooARCBhoERAHIEEERsT
W,

6. HMORAR
EDBEIIN v ¥ —F 3N H I TTE BRGNS
Bl ELY, BLEAREZ Y I ET 2~3 mm YL
rboERFRBE L., 2120, BREEERC X 2EHEER
(AEE) TR, mBrxzxoss, FEEBRAF2EKL
TEEE L.

7. MEHEB

1) w4709 c—~7ik

BEZ03g, A 05g BV eOLTTF 70 v ES
AN, TEEE S mL B & U@MILKkE 06 mL ZNA, <

SPS7800 A4 a—A R

47 vy — 7HEPIMEERE I X oI URILL 72,
#E-7 o 73 40 250 W, 1 min—>0 W, 1 min—250 W,
5 min—400 W, 5 min—650 W, 5 min—=400 W, 30 min
%, 0.07 mol/LEBAEMATI5 mLIKERLAD
5, »@LCHRBRE L.

2) BRFE

B3 03 g AMET05g RO &« 5 L THRBEREERM
AN, BEEE12mL 2MA, &y b7 r— + ETHRES
EFELURBABFRLT 2 ETMAL. Th% 450C O
EEF AN TR L2, ThiciERg (1-2) SmL
EMATHEEYE, vy b7 L— b+ LTEREE L. 4
#%, 0.07 mol/LiEE% A T 15mLICERL, ABLT
KERAm & Ui,

7. BAHE B

1) IS0k

ISO 8124-3 DIAHRBREICHE U . R 04 g 2K
U &3 L, 007 mol/LiEE 10 mL GE D 25 28 %
37T CITINRE L TINA 7z, R LA S 37°C T 1 Bk
LTirRE D%, 3TCT1HMKEL, A8L THBREK
& L7,

2) AFEE
BREEED RBE RIMEORKEESE 48D
el ¥ oBEHEAREICES . HEE, zoRER L
cm? il % 2mL OKAE 40°C IR L b DICBEL,
OCIELE RN OHAMERE T IO SEKREL, ABL
THRBRBER & U, BEIN-HBRBE LA KL N
7, BRoFTF@H R E L cEBREITo 1

8. AMENNEE (FrERER

BE03 g, 73K 05 g iz 100 ppm AZEEFHE 75
uL (75 ug) 2FML, MERBO<A 709 x — THER
PE» CHERBH ZTERIL, ICP TEE LK. ##L, b5
BLUNY g a3 ENTNBEET, Zofo 6 tRIZE
HLTHBRET-

ERERELSLUER

1. MEEOKE

1,2, 5,10, 20, 50, 100, 200, 500 ¥ £ U* 1,000 ug/L @
EEREEROT, ICPEARBBEEY 751 ¥ — 458
LAICPICE VHAIEEITY, 8 THEDOREREIER LE
BRATKDI., WINOFESLUTHRICBVTD, #
ERIERERD S 1,000 ug/L F TR TE OEFHDS
‘\oni., i, EEBERELTIE, REROEGEFEA

*1 http://wwwhourei.mhlw.go.jp/hourei/html/hourei/con-
tents.html
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Table 2. Determination Limits of Elements in Standard Solution Analyzed by ICP

Equipment Sb As Ba cd Cr Pb Hg Se
ICP 100 100 5.0 5.0 20 50 100 200
ICP with ultrasonic nebulizer 50 50 1.0 1.0 5.0 10 500 50

Unit: ug/L.
Element‘standards were dissolved in 0.07 mol/L hydrochloric acid solution.

Table 3. Comparison of Determined Element Levels in Paints Ashed by Microwave Method and Furnace Method
Sample Microwave method Furnace method

Sb As Ba Cd Cr Pb Hg Se Sb As Ba Cd Cr Pb Hg Se
Paint 1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Paint 2 ND ND 6100 ND 17 ND ND ND ND ND 1,100 ND 1.0 ND ND ND
Paint 3 ND ND 1,300 ND ND 5.6 ND ND ND ND 310 ND ND 36 ND ND
Paint 4 ND ND 4800 ND ND ND ND ND ND ND 150 ND ND ND ND ND
Spiked paint 1 22 18 24 22 24 22 21 23 19 20 17 25 26 25 ND ND
Spiked paint 3 21 18 — 19 20 25 20 22 16 20 — 25 21 24 ND ND

Determination limit 50 5.0 0.3 0.3 1.0 25 50 10 50 5.0 0.3 0.3 1.0 25 50 10

Unit: mg/kg in dried paint.

Values are the mean of two trials.

Paint 1: vinyl resin (clear), Paint 2: vinyl resin (vellow), Paint 3: cashew nut resin (red), Paint 4: acrylic resin (green)
Spiked samples were added at the rate of 7.5 ug of element in 0.3 g of paint film (25 mg/kg).

—: not examined

wdHb, LrsS/NEHIOFELUEOERDO R A v H Ty, NYUS A HFIVLA 70ABIUKEDSIT

-2 %2R L, TTHEOEENEEETEEE L.

Table 2 IRT LDz, ICPicBIT 3 8 tHROTEERER
12 5~200 ug/L TH -1, —F, BERX 7549 —%
EBETHE, KRUADOTRHRE 2~I0ES5RELL -
F. UL, KBREBICPOATSH 100 ug/L EEENH
T XL d oot HERR 754 — T 500ug/L
ESOIBEMNMET LK.

1SO DA TIHBMED 1/10 FTRIET 5 & %
BERLTWA, —F, ISO0HRBRAEROFHUEICBVWTHR
BI 50 BERS N300, ICPOA T e B0HEE
B 1/5, BEER 754 ¥ —2EW5 &/KEHS—BEE
D2/ ETCULMAETCE L. LiL, SR
HRMED 1/10 F TRIEARETH » /o, £ T, BEE®
TSAF—FHVTICICPOATHIEL, BHABLS
7% 007 mol/LIEBMOREMEZ ISORED 1/2 TH 3
KB BEBEETEIEICLD, ETTRTHEEHED 1/
10 DI & clllsERTRE & L 7.

2. REBAROEREM

1SO 8124-3 T, HERAK =HAMK 1 HLINHEIEL
WS, BRRAKOBEN 1 mol/L &bk
ERAEMAALSICEHTVS. TI7T, 0.07 mol/L B
& U 1 mol/L DIERMEK SO 8 THROLEHIC OV TH
Ut BEHEE 200 pug/L 15 L 512 0.07 mol/L B
XU 1 mol/L OIEMTHYML T 7 2 F v 7 HBRE I,
—ERE A5 RFRBRE IS AN, BEFOREE 8 KT
SHEBEL, 4 CTHEELEHMS0, ,3BLUTHHIK2
A ORIE L /e

T ORR, BEECHBREOMEICPPDLLT, TV T

¥Ti7eﬁﬁﬁw LB EALRONTEETH -

. —%, THEOAICLtEBLUMTH15%, €L v
TM%3&6@@9¢@%$MK.@@&LT@%@«@
L EEEb i,

Plrocéns, BREEOHEBRLT LAY TIERE
<, RBBKIITERRTELPI, DB EH3HE
PICHIEET 3 EpEE LWEEL LR

3. MERBOES

D IRitE

ﬁ%%@@@ﬂ@bﬁ@btﬁﬁkiv%h 8 Tk
ERMLUIZADERCT, =47 072~ 7EERIFICE

BIRALEE I L, <4 7 09 = — TORIEHIRER
DT FYr—va vicHEL, BEEKLBK{LERERE
EREO (&R NITEOHEEE] OaluEIEREE -

BREROEMEEON F I 9 o8I UHEBRHEIOEEY
ICHEC e,

Table 3 ICRT L DI, BRI 2~4 1T KEDO/ ) v 4
BEELTWEY, ®4 7092 —TEDORINEEDI
BWAIEEER L. BELORFOBMIET o s LN
S 1BETHREINAY, WIhbe 709 2 — T

DESHBE» -t FrBRNTRERMLIGEE TR
BEFETRKBEE L L VBRHENT, ) v s
‘@’Ybfﬁfﬁ - 7z,

IhoDOTHRDH L, KEBEBIU 2L VIERLPT OV
TEMD, BRIFICE W TEREIREET 450°C kB h
EEEHLE-bOEELSNK, Y v s, BX

*2 http://wwwhourei.mhlw.go.jp/shingi/2005/03/50316-7.
html
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IR TIRTREBR R 5 72, JEHE S 7 5 0—HHR
RHEOREE/ Y v s LL, MEBESRKEETF LS
oEiEESNL, Dol &nsd, HEoKISTE
MEERFCRETS 34709 —7THICEDTS C
&L

0B, B 2~47TlE, WTROKILETHKILEBEDE
B RKBOBBIBYSEON, BEXBIT X DIHER <
Yo L THBIEMERs N ToEERAB® 10~
20% WHEM L, ICPIRE > THRIES Nz ) v A BOK
FEICELL WEEYY v ARBICRAED -, KL%
bbb E LTIt L, BAEEANY 9 ADAH D ICP T
BESNEZEIONE, 1B, MEOEVIHE YY) v 4
ZEBCMELTH ) v SAEEOEMBR AT, K
CBRIEIC L DERER N Y v o SRiEHE/ YY) o s Bk L
W RSN, BB/ 9 2 3B S TREA K
W EmD, HEEEF SR OEM & LTSN
ahb.

2) AIMEIXEEE

FEAZBE ABEKEAIKRE (A2 8B 2 s
FUR—-I3) 8RO ERK RML, EIGEER%E
otz 12150, BE 2~4 3 RKEBONY v ANEHET S
72, N LADOESHIRERIBITh S o 7,

Z OFER, Table 4 1o/Rd & 5 B IT 62~100%

ThHY, SHERIVWFNLoRHBNTH RFETFSENMNES
Ntz o2 l, BE 2~4 13, S TEIELS D DK
otz INOORBTCEFIEO L S ITKEDHBLEY
DREON, ABICEDBELLIEND, TRLIEEL
TEMESEF Lo &nEL Shr.

4, MEDDSTHESEE

1) mERE

BENCESBERBERINA I EMNBZNT EnG, B
BodbToBERSKEBEBEOSE VI LB TFEEN
tz. TIT, AFRLEEDS bIEgEcBREShTwk
10 BRIKICDOWT, BEESOAZHI0E - B & L1,
IhoD8THREFEB LUIMLEYES Table 5 IK;RL
7.

NY Y AFI0OBETXTHL OB E A, 1.9~
2,600 mg/kg LRI LD RKENENRON/. HEE
ZRLCBE 10 DAHH 2,600 mg/kg & FERBE &H
BETH-10, #hARFERSERLD j(fpgllﬂif]} )
7o, BB, AR I T LANIKENDS 1.0~1.9 mg/kg,
s u A 4RED S 1.3~38 mg/kg, B 4BE»S
32~220 mg/kgiant., —h, 7VvFEY,
KEBLU L VDATREROTNOBE,» S bHBEE
bt T, BERBYETSTORETEL LN
fohs, SRR T 2.0~16%, FEIEL 1% kFHThh, FE

Table 4. Recoveries of Eight Elements from Spiked Paint Film and Toy Material

Recovery (%)

Sample Material

Sh As Ba Cd Cr Pb Hg Se
Paint 1 Vinyl resin 89 70 97 88 94 89 84 93
Paint 2 Vinyl resin 83 62 - 79 84 73 76 77
Paint 3 Cashew nut resin 82 73 — 76 80 78 79 88
Paint 4 Acrylic resin 86 89 - 78 86 78 77 77
Toy material 1  Polyvinyl chloride 82 93 91 89 88 90 79 86
Toy material 2 Polyvinyl chloride 93 87 98 90 97 91 81 - 100
Toy material 3 Polyvinyl chloride 80 76 93 82 90 82 82 97

Samples (paint film 0.3 g, toy material 0.5 g) were spiked at the rate of 7.5 ug of element.

Values are the mean of two trials.
—: not examined

Table 5. Contents of Eight Elements and White Precipitate in Paint Films of Toys

Content (mg/kg)

Precipitate

Sample Color o
Sb As Ba cd Cr Pb Hg Se (%)
1 Light green+ white ND ND 6.6 1.9 ND 4.1 ND ND 15
2 Pink +white ND ND 1.9 1.0 1.3 3.2 ND ND 16
3 Green ND ND 3.5 ND 1.7 6.2 ND ND Tr
4 Red ND ND 12 ND ND ND ND ND Tr
5 Green+yellow ND ND 14 ND 38 220 ND ND 2.0
6 Black ND ND 15 1.5 ND ND ND ND Tr
7 Yellow ND ND 51 ND ND ND ND ND Tr
8 Red ND ND 270 ND ND ND ND ND 5.0
9 Red purple ND ND 440 ND ND ND ND ND Tr
10 Blue ND ND 2,600 ND 14 ND ND ND 6.3
Determination limit 5.0 5.0 0.3 0.3 1.0 2.5 5.0 10 1.0

Values are the mean of two trials.
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Rkl L b d/Madr o 1
;& o ARERFICBEENE ZEMBEL, HBOs
LR DOEASHR S N, BHicBES IRBLHAY
BED&-1-BETH-H, 70438mg/kgBLY
#8220 mg/kg LVWITNOEHBEETH - 7o,
EREGoNY v AEFELABLBYE, THbLE
B~y v ABERECHEBESR AL -7, BRI

BLU2RBIEBYENSIEBLU16% EEh - 1ohs, /Y
Yo ald 6.6 BLU 26 mg/kg S5, B 10 TIEZ/NY
Y LEFREESL - iABREB LB TH - . JIE
ERioNywald, BB v s E LTRALK
TS ) oA, EREEERELTERS NS o AN
Voo AT EOEEMNY v A EHETEX N,

Table 6. Contents of Eight Elements in Toy Materials

Content (mg/kg)

Precipitate

Sample No. Color
Sb As Ba Cd Cr Pb Heg Se (%)
1 Clear ND ND 0.3 ND ND ND ND ND Tr
2 Red ND ND 1.0 ND ND ND ND ND ND
3 Light brown ND ND 1.2 ND ND ND ND ND Tr
Doll 4 Ocher ND ND 2.6 ND ND ND ND ND Tr
5 Yellow ND ND 3.0 ND ND ND ND ND ND
6 Flesh color ND ND 3.3 ND 6.6 ND ND ND Tr
7 Brown ND ND 16 ND 1.2 ND ND ND Tr
8 Red ND ND 160 ND 1.0 ND ND ND Tr
1 Red ND ND 0.4 ND ND ND ND ND Tr
2 Flesh color ND ND 0.6 ND ND ND ND ND 1.0
3  Yellow ND ND 0.9 ND 0.6 ND ND ND Tr
Animal 4 Orange 5.3 ND 11 ND 38 200 ND ND ND
toy 5 Yellow ND ND 180 ND ND ND ND ND Tr
6 White ND ND 210 ND ND ND ND ND Tr
7 Green ND ND 240 ND ND ND ND ND Tr
8 Yellow ND ND 1,200 ND ND ND ND ND Tr
Pseudo- 1 Orange ND ND 0.3 ND ND ND ND ND Tr
food 2 Red ND ND 0.5 ND 0.5 ND ND ND ND
3 Red ND ND 1,200 ND ND ND ND ND ND
1 Orange ND ND 0.4 ND ND ND ND ND Tr
2  Fluor-yellow ND ND 0.8 ND ND ND ND ND ND
3 Green ND ND 0.9 ND ND ND ND ND Tr
4  Green ND ND 1.1 ND ND ND ND ND ND
5 Pink ND ND 1.1 ND ND ND ND ND Tr
Ball 6 Orange ND ND 1.7 ND ND ND ND ND ND
7 Blue ND ND 5.9 ND ND ND ND ND Tr
8 Gray ND ND 18 ND ND ND ND ND Tr
9  Yellow ND ND 54 ND 76 350 ND ND Tr
10 Brown ND ND 140 0.4 280 1,300 ND ND 3.0
11 Clear-blue ND ND 520 ND ND ND ND ND ND
12  Pink+yellow ND ND 750 26 ND ND ND ND 1.3
1 Red ND ND 510 ND ND ND ND ND Tr
2 Blue ND ND 580 ND ND 1.5 ND ND 5.0
3 Green ND ND 600 1.7 ND ND ND ND Tr
Inflated 4 Yellow ND ND 620 ND ND ND ND ND Tr
air toy 5 Yellow ND ND 720 ND 0.5 ND ND ND 1.2
6 Yellow ND ND 830 0.2 0.7 ND ND ND Tr
7 Green ND ND 1,000 ND 0.7 3.5 ND ND Tr
8 Red ND ND 1,500 ND ND ND ND ND 2.3
1 Blue ND ND 0.3 ND 0.7 ND ND ND 30
Crayon 2 Yellow ND ND 0.3 ND 0.6 ND ND ND 30
3 Red ND ND 3,700 ND 5.0 ND ND ND 30
1 Red ND ND 0.5 ND ND ND ND ND ND
Clay 2 Blue ND ND 0.5 ND ND ND ND ND ND
3 Yellow ND ND 0.7 ND ND ND ND ND ND
Determination limit 3.0 3.0 0.2 0.2 0.5 1.6 3.0 6.0 1.0

Values are the mean of two trials. Tr of precipitate is apploximetly 0.5-1.0%.
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2) mEXE

MBI HRBET A EENE 45 BKIC>D W T 8 THROEH
EBLURBHBYEEHEL 2 (Table 6). TLEDH 5
BENSHD DI DV, FiIoRED WA AR &
L. BRI LA, $XToORELS/N) U LD
0.3~3,700 mg/kg R & nt. HFIEIANIETE
510~1,500 mg/kg L EHTH - 7. HELBRWIIZ 7 v
a vPARDEL, ToTho Y v aEEREOHEBRRE
Shitdot. 713 vicoWTEE—HMROBEVTD
D, BEIBELEILTHBICELH 5T No. 3 DAY
) AREENEN - EMD, N T AREERNCH¥E
T5EEL ok,

7o A 14 ¥efkh S 0.5~280 mg/kg, 8805 5 H{EH
5 1.5~1,300 mg/kg, # F I T A48 ENS 02~26
mg/kg, 7 v FE /D 1RRED, S 53 mg/kg RS hi,
IhsRVINbAREKOFEBICHWEREELHEEIN
o, BRA-NVI0OWRF» 57 7 —~DEETH » 723, #»
F 394 1,300mg/kg, 7 24 280 mg/kg EBHTEL
EEEBTH- /.

MERIEHE SN A LHEOBHECPRICDVWTIL, BEL
AETRKESEREIIL L, BEOBRIC S BERSILHA
INTVWE I EMREINI.

3) MEOMEHNEREEEE

SEOFHBICHWEEES JUBEIC oW THEREE
To7-&T A, BET No 6 UAD IREBIELE =
BiesE, MEARIAEIBIU4, BUERS, 7 v
3V 1~3BLUKLT 1~30 9BEEKRL 36 REHNR
Vb= BITH -7, LL, MELEBOSERIC
REBCEAERRO LY, METEMEICLrb S TERR
BRI ZEHINTVWS RS,

5. WENSD S THEAHEER

1) ISOkRIC&BBAHHER

MBOBREBLUAKDS b, EHEVEP - 168
EicoWT, ISOFEIHE L THAHRRET - % (Table
7). NY U A RERIED SEHPED Sh, BR 10 TR
190 mg/kg EF/bmWiEHER L. —F, A F I A
F2HEDS 07 BLU 1.6 mg/kg, 7 0 a3 1 BELS
1.0 mg/kg, 8813 2 0 5 3.9 BLU 5.2 mg/kg DIEH
BELNT.

BWAHBLRONARE TRMEFTOBREERLSD T
Hotels, MEFOBENS THALERPEV DO LS
{, BELLHEEERR P -7/, F/, BEOEFIH
EAEIDBHLLTL, N YLaREAFIVA 0
L, A&V SBEHLPTVWERMR SN TROBHE
3, SEERRJ TR, 2BOEHARE EOMHE, It
EMEE LI RO RECEBEELZT S RIS M.

SEORHEES 1SO 8124-3 OFIMEME (Table 1) & H#g
T5&, BE10 D) v ALEKRED 1/5BETH -1
B, FRLARVTRLEBED 1/10 L0 &L, #e
Mo F TRV S s h,

2) BHERBREOLE

ISO BRRAHERRTIEH 20, B 2w cmL
THBRZITH T &, BHEE s LT 0.07 mol/LiEREH
WARZ &, STCICIBLT I EIREE Y HBE S 1 B
BET 2 EEE, (EROBE - BEREAECIEOBFHA
B3 ELE. £I7T, ISO%, BEOHAEE -
REAROLBOBAEHRTHV 2 AU FFBICEE L1 d
O, BLUARBEEOREOBHERTH 2RIEE I3
HERF %7K 40°C 1 30 AEREO S EHoBHAHICD
W, BIETRESERAR L 4 REE O THRER

Table 7. Migration Level of Eight Elements from Toy Paints and Materials

Migration level (mg/kg)
Sample No.

Sb As Ba Cd Cr Pb Hg Se
1 ND ND 34 0.7 ND ND ND ND
Paint 3 ND ND 2.3 ND ND ND ND ND
5 ND ND 1.3 ND 1.0 5.2 ND ND
10 ND ND 190 ND ND ND ND ND
Doll 5 ND ND 0.5 ND ND ND ND ND
8 ND ND 1.0 ND ND ND ND ND
4 ND ND 0.3 ND ND ND ND ND
Animal toy 5 ND ND 0.3 ND ND ND ND ND
8 ND ND 19 ND ND ND ND ND
9 ND ND 0.6 ND ND ND ND ND
Ball 10 ND ND 0.8 ND ND 3.9 ND ND
12 ND ND 5.8 1.6 ND ND ND ND
3 ND ND 16 ND ND ND ND ND
Inflated air toy 7 ND ND 13 ND ND ND ND ND
8 ND ND 14 ND ND ND ND ND
Crayon 3 ND ND 23 ND ND ND ND ND
Determination limit 2.5 2.5 0.2 0.2 0.5 1.3 2.5 5.0
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Table 8. Comparison of Migrated Element Levels Using Different Test Conditions
Test method Migration level
Sample
Sample form Solvent Temp. Time Ba Cd Cr Pb
Powder 0.07 mol/L HCl 37°C 2 hr 3.4 0.7 ND ND
Paint 1 Powder 4% CH,COOH 37°C 2 hr 3.2 0.6 ND ND
Whole Water 40°C 30 min ND ND ND ND
Powder 0.07 mol/L HCI 37°C 2 hr 1.3 ND 1.0 5.2
Paint 5 Powder 4% CH3COOH 37°C 2hr 1.1 ND 0.9 5.5
Whole Water 40°C 30 min ND ND ND ND
Powder 0.07 mol/L HCI 37°C 2hr 0.8 ND ND 39
Ball 10 Powder 49% CH,COOH 37°C 2 hr 0.3 ND ND ND
Whole Water 40°C 30 min ND ND ND ND
Powder 0.07 mol/L HCI 37°C 2 hr 5.8 1.6 ND ND
Ball 12 Powder 4% CH3COOH 37°C 2 hr 5.8 1.7 ND ND
Whole Water 40°C 30 min ND ND ND ND

Unit: mg/kg for powder samples and yg/mL for whole samples

Determination limits of powder samples are listed in Table 7, and those of whole samples are 5.0 (Ba), 5.0 (Cd), 20 (Cr) and

50 (Pb) ug/L.

=fL 72 (Table 8).

ISO BEIcHE U o 5T, 1A D A % 0.07 mol/L EfE»
SCARFERRICEELTH, F-a 10 2BuTiRELE
HEoERIRSNULH» -7 1SO 8124-3 T}, ED—
WERASIAAITEESEEE LT, BHICEY 0.07 mol/L
EEEEAHARI L h v, Lrl, 4% B
BT REESEOBRHMARONE 05, MENERNIC
ALK TH, RELALARK LY OERASERETHN
1, BHEQESRAIEEC 5 EREMREN .

—F, DEETRTIORE» S ERBOBEBHIEZRS
N -1, NERERBALGESESICAK & & OMEE
K& ABEHATEE L CiatiEEskoln, @BMEHL
Wb sHERE N2, £, ISOETREBZBRE
TR T B o, EHRENE L5,

INFEEDIE ) BEHITIECY, BBERESESARL
g LT 1lug/mLEITF, #F 39 4a2505ug/mLETF
ThHh, —HISO OHEIME TS 90 meg/kg, » F I v 4
75 mg/kg TH 5. REHEPCBREOBEODESDZOESE
HET 3 ERTERLVD, BEEOHEIBBEVEEZEL
i, Lh L, MREORBICEREREA T
S LIRETOLENDS .

EE B

LYBEEIC>WT, BEEOEVWT Y FEY, k&
= ONYYA, AFIvL, Juohs, 8 KEBLUEL
VOSTEEANRLELET A, N T L, B 7oL,

HRIVLABLIUT VFEVYOSTESBRESAAL C
DT EDL, AYRATETRBEBLUBREE LTS
BERSIASNTBY, BELEMNEFIh TV L
pREN. FIT, hsoEEHc oW T ISO 8124-3
WWHERL L - iAHEBREZEE L E 25, ~NY Y La0EHh
HEIY A, ZosBLUHOBRHENED N, T
NHISOBBELDREDICEVWSDTH -1, 1z,
ErEOAREEEOEOEERER NS L, BHA
2 ISOEDE S HiEd - 7248, Rl BRBRAER LI
KELMEENS D, BEICRhETERWEEL Sk,
L»L, ISO 8124 BILBoZeikicBid 2 EEEETH
n, HEEABEAREHRES TR, MEOBELIUA V7
KBS A EHTHEL LTS TITISO 8124 2 AL TW
32 A%, BRI WTEERMOBSEESD THR
HBKNETH S .

B B

AR, F 14 EEEESHRETREYESER -
{LEYELERETINEE [ARAGE - 3RaES0%K
SRR AR L DT 1.

X o

1) ISO, International Standard ISO 8124-3 Safety toys
Part 3: Migration of certain elements, International

Organization for Standardization, 1997.

2) HEEABEERERS ‘ST BESE 3 8H{LPrE" 2001,
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Determination of Epoxidized Soybean Qil and Linseed Qil in Wrapping Film and Cap Sealing

Shinji Kanno, Yoko Kawamura!, Motoh MuTsuca and Kenichi TANAMOTO

(*National Institute of Health Sciences: 1-18~1, Kamiyoga, Setagaya-ku,
Tokyo 158-8501, Japan; T Corresponding author)

A determination method was developed for epoxidized soybean oil (ESBO) and epoxidized
linseed oil (ELO), which are used as plasticizers and/or stabilizers, in wrapping film and cap
sealings. The ESBO method reported by Castle ef al. was improved. Samples were extracted with
acetone~hexane (3:7), transmethylated under alkaline conditions, then derivatized to the 1,3-
dioxolanes and analyzed by GC/MS. The recoveries of spiked ESBO and ELO were between 92.6%
and 104.4%. The determination limits were 0.01 mg/g for ESBO and 0.02 mg/g for ELO in the
wrapping film, and 0.04 mg/g and 0.08 mg/g in the cap sealing. ESBO and EL.O were surveyed in
10 samples each of wrapping film and cap sealings currently available on the Japanese market.
ESBO was found at 34.7-82.8 mg/g in polyvinyl chloride (PVC) wrapping films and at 5.47-399
mg/g in cap sealings. ELO was detected at 8.6-11.4 mg/g in polyvinylidene chloride (PVDC)
wrapping films, and at 46.4 mg/g in a PVC wrapping film.

Key words:

5w 77 4 v & wrapping film; ¥ v v 7 ¥ — Y 7 cap sealing; = # % v (L KT epo-

xidized soybean oil; x # F Y {LFBR{TH epoxidized linseed oil; BJ¥8#| plasticizer; Z5EHX] stabi-
lizer; # J g1kt =)L polyvinyl chloride; R J #§{k = 1) ¥ ¥ polyvinylidene chloride

oy 5

=R F VLK (ESBO) i3, Y= —kFEREESZ
ZAEEARIE LT L, RY v —DhollEd AEEE
5o 7 LTEY = —HOVME L UL CLER] &
LRt EoRmElcd 2. 7o, WEEELS
<, BERAKEHMTHAI EhLREUENFVWEEZ S
h, BRERAZORVIEMAE=VPVOES v 77 4 VA
PHEEF v Oy - v ISR EIERE N TV A,

R T b 5 RGO S NelfBtERR I3 s v 3 F VB
103%, 257 ) v#38%, 4 L4 vEg243%, U/ —
NEES2T%, U/ LV VERTINTH B, ESBO WA LA v
B U —AVEBBIUY v rBo EESE, BE Kk
OB EOEEBRRIc L o R8F L L TEIEX
N5, ZOEERFg LIRT & 32 39FOIEHEY
TN o —VRIATFMESLTEY, BaTsIEHEBD
MHALSHbRICEIBIIEER MY 7o) O — VDR
eTH B,

3—n .y TE,PVCEBIF » o 7o -y v I OEIT

VB
* EVEREESALEEMRF T158-8501 HEHHHAX
FEA® 1-18-1

LEiEE~NE—7 — KO ESBO L2 WTHEMTHA
TH b, Castle 5Y, Hammarling 5%, HEEBEEE
# (MAFF)?, Fantoni 572 &0 E M b 5. Fantoni
SUOHMETH, MENE—7 — F 248 BAD S B 951
£ 5 ESBO MRt &E N, #OEEEEIL 135 mg/kg
Tho, REOH16%13 30 mg/kg PLE, $94% 1275
RF vy OBBEITERBROBREMETH % 60 mg/kg & +
[m] - 7o,

—7, BNEE2OERBFEES (SCF) 13 ESBO @
FEWFHEEITY, 59 + O 2ERRERERBOREA
MmEEE (NOAEL, 140 mg/kg (AE/H) » o6E—H
BHE(TD) L LTI mg/kgFE/HEREL TV B,

H,C—0—R R= YN Palmitic acid

(o]
HC—O0—R NSNS Stearic acid

0 .

H,C—0—R YOI N NN Epoxyoleic acid
(o] o]

Triacylglycerol Y\/\/\/\\./\_/\/\/ Diepoxylinoleic acid
(o] o o
YNNG N N Triepoxylinolenic acid
(o} o O o

Fig. 1. Structure of components of epoxidized soybean
oil (ESBO) and epoxidized linseed oil (ELO)
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