~ Lead and cadmium are not the only toxic risks
. associated with PVC. PVC is the most environ-

mentally-damaging plastic. The PVC lifecycle—
its production, use and disposal—results in the
release of toxic, chlorine-based chemicals.
These toxins are building up in the water, air and
food chain. The result: severe health problems,
including cancer, immune system damage, and
hormone disruption. No one can escape conta-
mination. Everyone, everywhere, has measur-
able levels of chlorinated toxins in their bodies.
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1. Summary

PVC (polyvinyl chloride or vinyl) is widely used in toys and other children’s products.
For soft applications, such as toys designed for chewing (“teethers”), softeners or
plasticisers are added to give the desired flexibility. Although a range of chemicals are
used as softeners, phthalate esters (phthalates) are by far the most commonly used.

Phthalates do not bind to the PVC, remaining present as a freely mobile and leachable
phase in the plastic. As a consequence, phthalates are continuously lost from soft PVC
over time. Contact and pressure, such as that applied during teething or play, can
increase the rates at which these chemicals leach from the plastic.

Children in contact with soft PVC toys may, therefore, ingest substantial quantities of
phthalates during normal play, especially from toys specifically designed to be chewed.
This is of concern as phthalates are known to present a number of hazards. Although
acute toxicity appears to be low, phthalates have been shown to cause a range of
adverse effects in laboratory animals following longer exposure, including damage to
the liver and kidney and, in some cases, effects on the reproductive tract.

The limited research available to date on the composition of phthalates in PVC toys
has raised”concerns over the potential for exposure of children to these chemicals.
Despite this, manufacturers do not provide information on the types or quantities of
additives present in toys. Greenpeace was interested, therefore, to obtain a range of
typical soft PVC toys from a number of countries, particularly those designed to be
chewed, and to determine the types and quantities of plasticisers present.

A total of 71 toys were purchased, drawn from 17 countries, the majority of which
(63) were PVC or had PVC sections. In almost all soft PVC toys analysed, phthalates
comprised a sizeable proportion (most frequently 10-40%) of the total weight of the
toy. Although historically the most commonly used phthalate was DEHP (di(2-
ethylhexyl)phthalate), the most frequently identified, and generally most abundant,
phthalate in the current investigation was the isomeric form DINP (diisononyl
phthalate). Of the 63 PVC toys analysed, 40 contained DINP as the predominant
phthalate, compared to only 8 for DEHP. DEHP was also present as a minor
component of many of the toys containing DINP, perhaps as a contaminant in the
DINP. Of the 8 non-PVC toys analysed, only one contained any detectable phthalate,
and then only in trace quantities (possibly as a contaminant from the PVC in which it
was packaged).

Although less well researched than DEHP, DINP shows similar toxicological
properties in laboratory animals. Effects recorded include liver and kidney disorders,
damage to the reproductive tract, increased incidence of certain forms of cancer and
diverse effects on development and metabolism. More recently, research has revealed
that DINP, along with some other phthalates, shows weak activity as a mimic of the
hormone estrogen in human cell lines. When purchased for laboratory use, DINP is
labelled with a number of hazard phrases, including “harmful by inhalation, in contact
with skin and if swallowed”, “possible risk of irreversible effects” and “may cause
cancer”. In contrast, toys containing up to 40% by weight DINP in a readily leachable
form are frequently labelled “non toxic”.

A number of other compounds were identified in some of the toys, generally at lower
but significant concentrations. - DBP (dibutyl phthalate) and BBP (butylbenzyl
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phthalate), found in several toys, are known to be particularly hazardous. The
estrogenic chemical nonylphenol was isolated from 13 toys, while 2 toys were found to
contain the fungicide Fungitrol 11 (Folpet).

The rates at which chemicals leach from soft PVC were not determined in this study.
Nevertheless, the presence of these chemicals in such quantities in toys designed to be
chewed by babies and young children, along with published evidence that such
additives are hazardous and can leach from PVC toys, raises serious concerns. The
Danish EPA has recently demonstrated that the leaching of phthalates, particularly
DINP, from teething toys can be substantial. This has been supported by similar
studies in other countries and has led, in some cases, to recommendations that certain
“toys be withdrawn or even that the use of soft PVC in toys for young children should
be discontinued.

The study carried out by Greenpeace has demonstrated that phthalates, particularly
DINP and DEHP, are widely and abundantly used in high contact children’s toys.
Their use represents a significant potential for exposure of children to chemical
hazards, of particular concern during sensitive periods of development. Although it is
practically impossible to make accurate predictions of dose, exposure to such hazards
is clearly unacceptable. The only way to avoid direct intake of phthalates is to
eliminate the use of PVC in all soft toy applications.



2. Introduction

PVC (polyvinyl chloride, or vinyl) is a widely used material, including extensive use in
toys and other children’s products. PVC is never formulated without a range of
additives to enhance its properties (Ehrig 1992). In order to soften PVC for the
manufacture of toys such as chewy teethers, soft figures and inflatable toys, softeners
or plasticisers are added. A number of chemicals are used, although by far the most
common are the phthalates (phthalic esters or benzenedicarboxylic acid esters). They
represent 69% of plasticiser use in the USA, 92% in Western Europe and 81% in
Japan. Overall, they represent 82% of the 2.5million tonnes (5400 million pounds) of
plasticiser use in these three regions (Bizarri et al. 1996). They are moderately
persistent and, as a consequence of their wide use, are the most abundant man-made
chemicals in the environment (Jobling et al. 1995).

Phthalates in soft PVC product are not tightly bound to the plastic, but are present as
mobile components of the plastic matrix. Loss of phthalates by volatilisation over time
from soft PVC has long been recognised. According to Cadogan er al (1993)
“...because plasticisers in flexible PVC are not chemically bound to the polymer, they
may be lost from the finished article during its use or after final disposal” This is
acknowledged by other sources, including the UK Department of the Environment,
who recognise that the widely used phthalate plasticiser DEHP (di(2-ethylhexyl)
phthalate) “will also be released from plasticised products during their use and after
their disposal’ (DoE 1991); Phthalates can also be released from soft PVC by surface
contact, especially where mechanical pressure is applied (e.g. during chewing of a PVC
teether). Releases of phthalates during manufacture, use and disposal of PVC
products, in addition to their use as additives in inks, lubricants, perfumes and other
open-ended applications, has lead to their ubiquitous distribution and abundance in the
global environment.

Our exposure to phthalates is therefore twofold. We are exposed to background levels
of contamination in air, food and water, but may also be exposed through direct
contact with soft PVC products, particularly those intended as high contact products,
such as children’s toys and teethers. Although less persistent in the body and
environment than many other synthetic organic compounds, the continued release of
large quantities of these chemicals to the open environment ensures that concentrations
and, therefore, exposures remain substantial. Moreover, recent research suggests that
phthalates may persist in human body tissues for longer periods than previously
assumed (Dirven et al. 1993).

Given the known and potential toxicity of the phthalates, individually and as a chemical
class, and the ability of the phthalates to leach out of the PVC matrix through contact
or volatilisation, the continued use of soft PVC as a material for children’s toys raises
serious concerns. This is especially true since children will receive their greatest
exposure to many of these products, particularly teethers, at an early and sensitive
stage of their development. It has been known since 1983 (Hanson 1983) that DEHP
was present in high concentrations in children’s products and could leach out under
simulated dermal and oral contact. There appeared to be no consistent relationship
between either the concentration of phthalate in the product or the duration of the
experiments and the amount of DEHP that leached out. Nevertheless, it was apparent
that DEHP would continue to leach out of a product over an extended period.
Moreover, if pacifiers (“dummies”™) were squeezed during the leaching experiments, to
imitate the action of a child chewing, the rate of release of DEHP was increased.
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In 1994 a study conducted by Health Canada reported substantial concentrations of
DEHP in a number of children’s product (specifically teethers) and made the first
attempts to assess the significance of such toys as point sources of exposure to
phthalates (Meek and Chan 1994). While recognising the problems in arriving at
reliable dose estimates, these authors concluded that: “..for infants and toddlers, the
total intake [of DEHP] may be higher [than for other sectors of the population] as a
result of exposure from children’s products that contain DEHP...”

It should be noted that no other phthalates were analysed in this study. Indeed, to date
there appear to have been few attempts to describe and quantify the distribution of
phthalates other than DEHP in PVC consumer products. Both the Dutch and Danish
governments have, however, recently studied the leaching of phthalates from PVC
teethers. These studies showed that, for some products, leaching rates were
substantial and might lead to doses of phthalates which would exceed tolerable daily
intakes agreed by the European Commission Scientific Committee for Food
(McKenzie 1997, Vinkelsoe et al. 1997, SCF 1995).

Greenpeace was interested to determine current patterns of use of phthalates as
softeners in PVC toys, using analytical techniques that would yield empirical data on
composition. The data from this study cannot be used to produce estifrates of doses
children will receive. Nevertheless, they provide a clear picture of the use of what are,
essentially, hazardous chemicals in teethers and other high contact children’s products.
The collection of samples from a number of countries, both in terms of country of
purchase and manufacture, was designed to give an overview of global market trends,
as well as local differences, in the use of PVC and phthalates in these products. In
addition, some information was obtained on the presence of other chemicals as
additives or contaminants in the toys.

3. Materials and methods

A total of 71 toys were purchased off the shelf from retail outlets in 17 countries and
forwarded to the Greenpeace Research Laboratories for analysis. The distribution of
toys received according to country of purchase is summarised in Figure 1 and a
description of each is given in Table 1. Distribution according to country of
manufacture is shown in Figure 2.

On receipt at the laboratory, samples were taken of each of the toys (samples of each
section where the toys consisted of several discrete materials or textures) for
determination of chlorine content as an indicator of PVC (using X-ray microanalysis;
results not shown).

All PVC toys and a selection of non-PVC toys were subsequently analysed for
phthalate plasticisers. Each toy, or section of toy, was frozen in liquid nitrogen for
several seconds and then grated to produce a finely ground material (with a typical
particle size of less than 2 mm) to ensure efficient extraction of the plasticisers.

Approximately 1 g of each section (weight accurately recorded in each case) was
transferred to a glass bottle and shaken with a known volume of hexane, followed by
sonication for 30 minutes to improve contact between solvent and sample. The solvent
fraction was decanted off, fresh solvent added and the process repeated. The two
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solvent fractions were combined, evaporated or diluted to a known volume and
analysed using a Hewlett Packard GC/MS (gas chromatograph/mass spectrometer),
operated in scan mode. Phthalates were identified according to their retention times
and mass spectra using standards obtained both from laboratory suppliers, and
commercial producers/suppliers as reference. Concentrations of individual phthalates
in the toys or toy sections were determined using calibrations prepared using these
standards.

Extraction and analytical procedures were carefully quality controlled. QC procedures
and acceptance criteria were based on USEPA method 606 for the analysis of
phthalates in water samples (EPA 1984).

USA Argentina

Australia
Y
__~—Austria

Philippines

\—Denmark

India \ France
Germany

NL Japan [ndonesia

Figure 1. Distribution of the toys analysed according to country of purchase
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Figure 2. Distribution of the toys analysed according to country of manufacture



Laboratory Code |Boughtin: |Made in: Description
6001 USA China Teether
|6002 USA China Doll

6004 USA China Teether
6005 USA USA Teether
6006 Netheriands |China Plastic duck
6008 Netherilands |China Baby book
6013 Sweden China Vinyl ball
6014 Sweden China Vinyl ball
6015 Spain China Animal toy
6016 UK China Teether

6018 UK USA Teether
6020 Spain China Teether
6022 UK UK Teether
6023 Australia China Teether
6024 Australia not known Teether
6025 Australia China Teether
6026 Australia China Teether
6027 Australia China Teether
6028 Japan Honk Kong  |Aeropiane
6032 France France Bath toy
6033 Australia China Teether
6034 Australia China Teebrer
6035 Denmark Macau Doll

6036 France Mexico Teether
6038 Denmark Denmark Teether
6039 Japan Japan Doll

6040 Japan China Toy food
6041 Austria italy Teether
6042 Austria italy Teether
6043 UK not known Rings on a stick
6044 UK China Animal toy
6045 UK China Animal toys
6046a UK China Gift set - star
6046b UK China Gift set - head
6046¢c UK China Gift set - squeeze bulb
6047 USA China Teether
6048 USA China - |Baby book
6049 Belgium China Teether
6050 Belgium China Baby book
6051 Belgium Spain Nasal aspirator
6052 Belgium Spain Teether
6053 Belgium China Baby book
6054 India not known Teether
6055 India not known Teether
6056 India not known Animal toy
6057 India India Doll

6061 india not known Inflatable toy
6063 Canada China Bracelet doll's house
6064 Canada China inflatable toy
6065 Argentina China Animal toy
6067 Argentina China Teether
6068 Argentina Mexico Teether
6069 Argentina China Animal toy
6071 Argentina not known Animal toy
6072 Netherlands |China Doll

Table 1: Description of toys analysed (continued over)
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[Laboratory Code |Bought in:  |Made in: Description

6073 Netherlands |Thailand Animal toy

6078 Indonesia China Teether

6031 Indonesia not known Teether

6083 Germany Hong Kong  [Teether

6085 Germany China Bath toy

6086 Germany China Bath toy

7001 Philippines China Teether

7002 Philippines USA Teether

7005 Philippines China Toy food

7006a Philippines  |China Bath toy - clam

7006b Philippines  {China Bath toy - frog

7007 Philippines  |USA Teether

7008 Philippines UK Teether

7009 Philippines  |not known Teether

7010 Philippines  |China Teether

7011 Philippines  |Philippines  |Teether

7012 Philippines  |China Inflatable toy

7013a Canada China Key teether - soft section
7013b Canada China Key teether - hard section
7013c Canada China Key teether - hard ring
7014 Canada China Animal toy

Table 1: Description of toys analysed, with country of purchase and of origin

During the initial phase of the survey the following phthalates were quantified: DEP
(diethyl phthalate), DnBP (di-n-butyl phthalate), DiBP (diisobutyl phthalate), BBP
(benzylbutyl phthalate), DEHP (di(ethylhexyl) phthalate) and DINP (diisononyl
phthalate). Other phthalates and alkyl phenols were identifiable with mass spectral
matching and comparison of retention times with target analytes. However, they were
not quantifiable because of the non-availability of analytical standards. They are
therefore reported in Table 2 as being detected but not quantified. For some samples,
this precludes calculation of a figure for total phthalate concentration. Acquisition of
further phthalate standards, development of methods and further Quality Control work
allowed an extended range of compounds to be quantified during later analyses. Octyl
and nonyl phenols were also quantified for later samples.

Sample 6044 presented difficulties for other reasons. The phthalates isolated
corresponded with DINP based on retention time. However, the profile of the sample
differed markedly from that of the standard, indicating a variation of composition
sufficient to add a degree of uncertainty to the quantitation.

4. Results.

Almost all toys, or subsections of toys, identified as PVC contained phthalate esters,
with the majority in the range of 10-40% by weight (Table 2). Notable exceptions
include 6068, 6078, 7008, 7009 and 7013b&c, which XRM analysis identified as PVC
but did not contain phthalates. Samples 6068, 7013b and 7013c were hard, and so
absence of plasticisers is understandable. Sample 7001, which contained only 0.004%
phthalate was also hard PVC. Of the others, the identity of the plastic was uncertain in



Othercompounds

DnOP 3%
78%

EHP 48%

DEP 2% — ONBP 11% _pigp 29
‘\ / /—/—aspm%

DIOP 10%

Nonylphenol 21% \ 5 b 30
nN %

piDP 5% — DINP 67%

Figure 3. Frequency distribution for phthalates and other compounds in PVC
toys. % indicates proportion of all PVC toys in which compound was found.

6078, 7008 and 7009; XRM identified traces of chlorine at close to detection limits in
these samples, yet their appgarance and texture were more consistent with polyolefins
(possibly polyethylene or polypropylene). Only one non-PVC toy contained phthalates
(sample 6022). The trace concentrations of DEHP probably result from surface
contamination from the packaging, a transparent plasticised PVC pouch, in which it
was sold..

DINP was the phthalate most frequently found in toy samples and tended to be present
in the highest concentrations. DEHP was the next most frequently found. Where
present, isomeric phthalates generally comprised 10-40% of the weight of the toy,
though the maximum recorded was over 50% DINP in a teether. This is in line with
other studies on the phthalats content of children’s products (Bragt 1997, Hanson
1983, 1985). Not infrequently, toys would contain high concentrations of DINP and
traces of DEHP. This is most probably due to DEHP being present as an impurity in
the DINP (Marsden 1996).

The isomeric phthalates DIOP (diisooctyl phthalate) and DIDP (diisodecyl phthalate)
were found at concentrations in excess of 10 percent in a few samples and were
present, but not quantified, in several others. The following phthalate esters were
found at comparatively low concentrations in the toys in this study: DEP (0.16%)
DnBP (0.002-0.18%), DiBP (0.45%), BBP (0.001-0.02%), DnOP (di-n-octyl
phthalate, not quantified), DnNP (di-n-nonyl phthalate, not quantified). The
distribution of phthalates and other compounds in the toys is shown in Figure 3.

Nonylphenol was detected in 13 toys (in both sections analysed for sample 7006), at
concentrations, where quantified, of 0.009-0.36%. Octylphenol was not detected in
any of the toys. A number of other compounds were isolated from some of the toys.
Only a fraction of these could be identified reliably, including the fungicide Fungitrol
11 (found in samples 6069 and 6072), the antioxidant butylated hydroxytoluene (BHT,
found in seven samples) and a range of long-chain paraffins (C10-C30, identified in 15
samples). More tentative identifications were obtained for esters of bis(2-ethythexyl)
adipate (DEHA, five samples), esters of phosphonic and propanoic acid, alkyl
benzenes and derivatives of phenol and butyric acid. No further attempts were made to
confirm identities or quantify these additional compounds.

9



*5£0) 5 UIPPYD ul P33P sjoudyd [Kyje pu s19)59 aepepyd jo sannuen() ‘g Jo | aded ‘7 9quL

p/u 6£°L) p/u 6g°L1 p/u p/u p/u pu p/u pu p/u p/u SOA 0¥09Hd
p/u 18°S) p/u p/u p/u p/u LE°S1 pju p/u p/u pju p/u saA 6€09Hd
p/u %4> pju 95°0¢ p/u p/u 79l pu p/u ppu ppu 940 SaA 8€09Hd
p/u bju pju p/u ppu bju p/u p/u p/u p/u ppu p/u SaA 9£09Hd
p/u pu p/u p/u pju pu p/u ppu p/u p/u pp pju ON GE09Hd
p/u pu pju p/u pju p/u p/u pju pju p/u pu p/u ON ¥€08Hd
p/u pLLT p/u vLLT p/u ppu ppu p/u p/u pju p/u p/u CEIN ££09Hd
p/u ¥5°S¢ p/u p/u p/u p/u ¥5'GE p/u p/u p/u p/u p/u SOA ZE09Hd
pu 20°€E pju 80°ce p/u p/u p/u pju pju pu ppu pju SOA 8209Hd
ppu pju pju pu p/u p/u p/u ppu pju pu pju p/u ON 1209Hd
p/u pju pju p/u pu pn p/u p/u pju p/u p/u pju oN 9Z09Hd
p/u 69°1¢ p/u 69°1€ p/u pju p/u p/u p/u p/u pu p/u ued SZ09Hd
p/u bju p/u p/u p/u bju p/u p/u p/u p/u p/u p/u ped ¥Z09Hd
pju pu pu p/u p/u p/u p/u p/u p/u p/u p/u pp ON £209Hd
p/u 100 ppu p/u p/u ppu 1070 p/u p/u p/u p/u p/u ON 2209Hd
p/u ze'9¢ p/u ze'9t p/u p/u p/u p/u p/u pju p/u p/u ved 0209Hd
pu bju p/u p/u b/u pu p/u bju p/u p/u p/u p/u SaA 8109Hd
pju £z’ le p/u €L p/u [ p/u p/u p/u p/u p/u pu ved 9109Hd
p/u 11 g43 p/u 14: 4> p/u pru ppu pju pp p/u pu p/u SaA S109Hd
p/u 8Z'¥e p/u 8Z'vZ p/u ppu p/u p/u p/u p/u p/u p/u SOA ¥109Hd
p/u £0'¥2 p/u £0°'¥2 pu ppu p/u p/u p/u p/u pju p/u SOA €109Hd
p/u 2991 p/u 9¢'9} ppu p/u 910 ppu p/u pju p/u pju SOA 8009Hd
pju W p/u WL pju ppu p/u pju p/u pu p/u p/u SOA 9009Hd
pju “bju pju pju bju piu p/u bju p/u p/u p/u p/u ped G009Hd
p/u 19°5¢ p/u 19°G¢E p/u piu ppu p/u p/u p/u ppu pju yed y009Hd
p/u 088 p/u 08'8 p/u p/u p/u ppu p/u p/u p/u p/u SOA Z009Hd
pju 97'1¢ pju 0z'Le p/u p/u 90°0 p/u pju p/u p/u p/u uved 1009Hd
jouayd | ‘rewiyd
ikuou % | % re10L | daia% | dNG% | INUQ% | dO!d% | dHIA% | dOUA% | d88% | d8!d% dgua% | 43a% | ¢Ond | sdwes




*5K0) §,UdapIYd Ut payadjap sjoudyd (Kxje pue $19)59 apepeyiyd jo sannuend) ‘g jo 7 3ded ‘7 quy,

ye'0 86°ch p/u y6°ch p/u p/u $0°0 pju pju p/u p/u p/u SaA 6909Hd
600°0 p/u pju p/u p/u p/u p/u pju pju p/u p/u p/u ved 8909Hd
pru £2'0Z €102 p/u p/u p/u 10 pju p/u p/u p/u p/u ued 1909Hd
S10 89°€¢E p/u Zs'ce p/u pu 90°0 piu pju p/u p/u p/u SaA S909Hd
p/u 72961 p/u 8561 p/u p/u v00 pu pju p/u ppu p/u SaA y909Hd
p/u SEve pju Se've p/u ppu p/u pu pu p/u p/u p/u ved €909Hd
p/u S8°tl pju pju pu pju S8 cl p/u p/u pu pu pu SOA 1909Hd
p/u 9¥°0 p/u p/u p/u p/u ppu p/u p/u S¥0 200 p/u SOA LS09Hd
p/u bju b/u p/u p/u bju p/u pu pju p/u p/u p/u SaA 9509Hd
p/u 9g'}1 ppu ppu p/u p/u 9t} } pu pju p/u p/u p/u SOA SS09Hd
pju 8.0 p/u pu p/u pju 8L0 ppu p/u p/u p/u pju yed ¥S09Hd
p/u 82°¢Z p/u £T'¢ p/u p/u 50°0 pju p/u p/u p/u p/u SOA £509Hd
p/u pju pu p/u p/u p/u pu pu pu ppu p/u pju oN Z509Hd
pju 99°6Z pju p/u p/u p/u 9957 p/u p/u p/u pju p/u S9A 1509Hd
ppu 196} pu 19°6} p/u pju 90°0 p/u p/u p/u p/u p/u SOA 0509Hd
p/u 9162 pju 9162 p/u p/u p/u ppu p/u p/u p/u pu ved 6¥09Hd
p/u Slvl p/u SLvl p/u p/u p/u p/u p/u p/u p/u pu ued 8y09Hd
bju b/u pju ppu pu bju p/u ppu p/u pju p/u p/u Hed Ly09Hd
p/u yiel pju 1A% p/u p/u p/u p/u ppu p/u pju pu saA | 99p09Hd
p/u 6£°¢T p/u 6€°tT pju p/u pju p/u pu p/u pju pu sapA | 49v09Hd
p/u ¥.1'0¢ pp ¥10¢ p/u p/u p/u p/u pju pju pju p/u saA | e9y09Hd
p/u ¥¥'0¢ pju #¥°0¢ p/u p/u ppu ppu pju p/u p/u p/u ved SY09Hd
bju e pju € pu p/u p/u pju pu pu pu pju SO y¥09Hd
p/u pu p/u pju pju p/u p/u p/u pp pp p/u p/u OoN £p09Hd
p/u S9°p¢ pju 19°¥¢ p/u p/u p/u pu ppu p/u ¥0°0 p/u SaA Zv09Hd
p/u 9y°'gs p/u 82°5¢ pu | ppu p/u pu pju pju 810 p/u SOA L¥09Hd
jouayd | “jeyiyd Y

ikuou % | % tejoL | da1a % | dNIQ % | INUQ% | dO!Q % [dH3A %[ dOva % | d88 % | d8!d % | d8Yd % d3a% | éOAd | eldwes




)

-£03 3y} Jo S1Mm [&)0) Ay Jo 3Fe)uddaad u SE UOHEIIUIINU0D jousydikuou — jouaydifuou o Loy
a3y Jo NiS1am Jejo) Ap jo 3ejudduad e se passaadxa uasaid sajujeyiyd jje jo wns — repyd o, 1oy, epppyd (Koaposup 4aid eepyd [Auouosip
JINIA @eepyd [Luou-u-1p gNuQ reeygyd iKposup gord reepd(dxayi&ipR)ip dHAA speepyd (K)20-u-1p Joud Qrejeypyd 1Azuaq |Kinq 4494
spepepyd (Kmqopup gara areppyd (Kng-u-1p qgud pepepyd [Kipaip JAQ  Smojjoj se e sapejuippyd 10§ SUOBIAIGQE SPIBPUE)S [eankjeue
pue 3jdwes uaampaq Kuedsip o) anp uopvaygnuenb ur AHuegpioun : -paypuenb jou yng pajadep : byu *pajyadjap jou : p/u ‘pasAjpue sem U01)IISYNS
JAd ¥ ‘DAd Mud Suiaq se papaodal st o) € 3RYM *s£0) S UAIPIIY Ui Pa)ad)ap spoudyyd |Kjje pue 513353 aepeipyd jo sanpueng) ‘g jo € a88ed ‘TIAqEL

ppu $06°SE p/u 99°G¢ p/u pju £v0°0 p/u 100°0 p/u p/u pju SaA ¥10LHd
p/u p/u pu piu p/u pu p/u ppu ppu p/u p/u p/u saA |O€l0LHd
120°0 ppu p/u ppu p/u p/u p/u p/u p/u p/u p/u p/u saA |gel0lHd
p/u 78e°8¢ p/u 60°8¢ p/u p/u 8£2°0 ppu #00°0 p/u p/u p/u saA |VEI0LHd
p/u 9ll'LL p/u 96¢°0 p/u p/u L9l p/u p/u pu p/u p/u SaA Z10LHd
p/u ¥18'LE p/u 98°1¢ p/u p/u 800'0 p/u #00°0 ppu 200°0 p/u SaA LLOLHd
p/u ¥v0°'LS pu 66°0S p/u p/u $0°0 p/u #00°0 p/u p/u p/u ved 010LHd
pu pru pu pju pru p/u p/u p/u p/u p/u p/u p/u SOA 600LHd
p/u pru ppu p/u p/u pju p/u p/u p/u pju p/u p/u ved 800LHd
p/u szL'sy | TLS) ppu p/u pju $00°0 p/u p/u p/u p/u p/u SaA L00LHd
9g°0 (A% p/u [ X34 p/u p/u z0°0 pu pju p/u p/u pju saA | €900/Hd
9¢"0 £SLYY pu SL'¥y p/u p/u £00'0 p/u p/u p/u p/u ppu saA | V900LHd
200 (B 44 p/u 60'PY p/u ppu 100 p/u p/u p/u p/u p/u ved S00.Hd
200 vyl pu ppu p/u 80°L) ye0 p/u 200 pju p/u p/u SaA 200LHd
$20'0 | ¥00°0 p/u pu p/u pru ¥00°0 pju ppu p/u p/u pu Hed 100LHd
1900 | S62°92 pju 1792 p/u p/u 2200 p/u p/u p/u £00°0 p/u SaA 9909Hd
100 | veS'SZ p/u 19°52 p/u p/u 700 p/u pju p/u ¥00°0 p/u SaA $809Hd
pu 9°L¢ ppu 9'L¢ p/u pju p/u pru p/u p/u ppu pju SaA £809Hd
p/u £12°0} pju p/u p/u £2°0} £0°0 p/u 10°0 p/u '€00°0 p/u SaA 1809Hd
pju pu p/u pju p/u p/u p/u p/u p/u p/u pju p/u yed 8L09Hd
LL'0 10°8¢ p/u 76°LE p/u p/u 600 p/u p/u p/u p/u p/u SaA €/09Hd
p/u R 14 p/u 814 p/u p/u pju p/u p/u p/u pu pu ved ZL09Hd
p/u 9zZL'LE pju Lrie p/u p/u 900°0 p/u p/u p/u pju p/u SaA 4 09Hd
jouayd | ‘feyiud
jhuou % | % 1e10) | 41 % | dNIQ % | dNUQ% | dO!a % | dHIA % | dOUd % | 488 % | d8!0 % | d84d % d30% | ¢OAd | adwesg




5. Discussion

This study was targeted at plasticised PVC toys and so does not cover the entire range of toys
on sale. Nevertheless, some trends were evident. The majority of toys received were made
wholly or partly of PVC, though the plastic was only infrequently identified on the packaging.
All inflatable toys, bath toys, and baby books received consisted of phthalate-plasticised PVC.
Squeeze toys, which appeared in a number of categories, were also consistently phthalate-
plasticised PVC. Other categories were less consistent. One other notable fact is that most of
the toys were manufactured in China. A full breakdown of the country of manufacture of toys
is given in Figure 2.

Contrary to initial expectations, DEHP was not the most commonly used phthalate. In a
report prepared for the US Consumer Product Safety Commission in 1983 (Hanson 1983),
DEHP was the only phthalate identified in eleven of fourteen children’s products analysed. It
was also the focus of the study by Meek and Chan (1994). However, in the current study,
DINP (diisononyl phthalate), a mixture of 30 or more isomers of dinonyl phthalate, was the
most common form identified, although other, long-chain, isomeric mixtures were also
isolated. This reflects a market shift away from DEHP towards the use of the much more
poorly characterised isomeric phthalates. This is especially true in China, the origin of the
majority of the toys analysed.

As, historically, the most commonly used phthalate in PYC was DEHP, the majority of
toxicological and other research on the phthalates has been carried out on this compound.
Initially assessed as having fairly low toxicity, based on acute exposure studies in laboratory
animals, it is now recognised that DEHP can exert a number of chronic toxic effects following
longer exposures and may be an important reproductive poison, (Life Systems, Inc., 1993).
More recently concern has been raised about the ability of DEHP and some other phthalates to
interact with hormone receptors in animals. Jobling and coworkers (1995) demonstrated that
DEHP was able to bind to the human estrogen receptor, although it showed no significant
estrogenic activity. Its potential to interfere with other aspects of the hormone system has not
been fully investigated.

Concern over the toxicity of DEHP has led to its being used less frequently in food contact
materials (e.g. PVC foodwrap). Nevertheless, this doés not extend to consumer products in
general, although direct exposure may be a very significant source. At the same time, the
trend away from DEHP use appears to have led, in many cases, simply to replacement with
other phthalates, including isomeric mixtures of phthalates such as DIOP, DINP, and DIDP.

The market shift to DINP may be a response to serious concerns relating to the suspected
reproductive toxicity and other hazards associated with DEHP. Although less extensively
studied, data currently available for DINP suggest that this isomeric phthalate may also carry
many of the hazards associated with DEHP, impacting similar target organs in chronic studies
(especially the liver, kidney and reproductive tracts) as DEHP. DINP, for example, has been
shown to exhibit a range of toxic effects in laboratory animals. There is, therefore, little
reason to assume that isomeric phthalates present less of a potential hazard.

Furthermore, the formulations of technical mixes will tend to vary in composition in a similar
fashion to technical mixes of, for example, the PCBs. This will greatly complicate analytical
procedures and toxicological testing. Pure standards will not be available for the individual
components of these mixes for the foreseeable future, so it will not be possible to determine
their relative concentrations within any product. Variation between batches and the
contamination of commercial and industrial mixes with other phthalates, or even other
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compounds, is frequently noted (e.g. see Harris ef al. 1997). It is recognised, for example,
that technical preparations of DINP may contain smaller quantities of DEHP as a contaminant
of the manufacturing process (Marsden, 1996). This could account for the DEHP reported in
some of the toys in this study in which DINP was the dominant phthalate. Similarly, some
isomers will be expected to exhibit the greater persistence and/or toxicity than others. Until
each component has been characterised, purified and tested, these isomeric mixes will continue
to present an unquantifiable nisk.

Much of the existing data on the toxicity of DINP has been collated by the Swedish National
Chemicals Inspectorate (KEMI 1994) and by the European Commission under the ITUCLID
initiative (European Chemicals Bureau 1996). Additional data is available from the US EPA
(Myers 1991, USEPA 1991 & 1992) and from the. Aristech Chemical Safety Information
Database (Aristech 1995).

A wide range of toxic effects has been recorded in mammals following acute and chronic
laboratory exposures (KEMI 1994). Some, such as stress and damage to the liver, kidney,
stomach and other organs and effects on blood and urine biochemistry (European Chemicals
Bureau 1996, Myers 1991, USEPA 1991 & 1992), appear to be characteristic of many of the
phthalates tested to date. Long-term exposure to DINP has been linked to gross changes in
organ and body development in rodents. In addition, exposure to DINP appears to increase
the incidence of certain cancers in rats, including liver, testicular and endometnal tumours, and
lead to reduced survival from mononuclear cell leukaemia (MCL)(Anstech 1995, KEMI
1994). Structural and functional changes in development of reproductive organs have also
been reported following chronic exposure to DINP (European Chemicals Bureau 1996, Myers
1991, USEPA 1991), as well as some evidence for an increase in frequency of deformed and
non-motile sperm in rats (USEPA 1992).

In some of the studies described above, a No-Observed-Effect-Concentration of DINP could
not be determined, i.e. significant toxicological or developmental effects were observed even
at the lowest doses used (Myers 1991). In addition, it is worth noting that the relatively low
acute and chronic toxicity often reported for DINP to aquatic organisms (Adams et al. 1995,
Rhodes et al. 1995) may simply result from the poor water solubility of the compound.

As for DEHP, the ability of DINP and other isomeric phthalates, or their metabolites, to
interact with hormone systems has not been properly investigated. Nevertheless, recent
research by Harris ef al. (1997) demonstrated that DINP can show weak estrogenic activity in
the human breast cancer cell line ZR-75, although inconclusive results were obtained from
yeast screen assays.

Understandably, as for most chemicals, very little information exists on the effects of DINP on
humans. Nevertheless, a single case study (attributed to BASF) refers to chronic skin
irritation in a child exposed to DINP. Further details, including the route of exposure, are not
available (European Chemicals Bureau 1996).

Despite the recognised hazards associated with DINP and, indeed, with the other phthalates
identified in this study, children’s toys that contain high percentage compositions of phthalates
are not labelled accordingly. The information available on packaging of PVC toys which may
comprise more than 40% phthalate by weight is in stark contrast to that supplied when
phthalates are purchased as chemicals for laboratory use. This is illustrated by the contrast
between the risk and safety information that must be followed when handling DINP in the
laboratory and the labelling on a toy. A typical toy comprising 41% by weight DINP (6006)
was simply labelled “non-toxic”. However, under EU legislation (directive 67/548 As
amended) DINP purchased for laboratory use bears the following risk and safety phrases:
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R+45 — may cause cancer

R20/21/22 - harmful by inhalation, in contact with skin and if swallowed

R40 - possible risk of irreversible effects

$53 - avoid exposure, obtain special instructions before use

S45 - in case of accident, or if you feel unwell, seek medical advice immediately
S36/37/39 - wear suitable protective clothing, gloves and eye/face protection
§3/7 - keep container tightly closed in a cool place

Furthermore, DINP purchased in the USA must be accompanied by a material safety data
sheet carrying the following warnings (Aristech 1995):

SKIN CONTACT - excessive contact may produce mild irritation. Persons with pre-existing
skin disorders may be more susceptible to dermatitis. Remove contaminated clothing. Wash
skin thoroughly with soap and plenty of water. Call a physician.

INGESTION - may cause nausea, vomiting and diarrhea. The chronic health effects of this
product have not been fully determined. Give I-2 glasses of milk or water. Induce
vomiting by sticking finger down the back of throat. Call a physician.

The data from this investigation do not allow us to estimate the dose to which a child playing
with any one toy will be exposed. As mentioned above, it is well recognised that DINP and
other phthalates leach from PVC to the air, in to liquid solvents and on to the skin. The dose
received by an individual child playing with a certain toy will depend on many factors,
including phthalate composition and concentration, toy design and purpose, exposure time,
method of play and degree of mouthing and chewing activity. Any estimates of dose would,
therefore, be highly subjective. This was acknowledged by Meek and Chan (1994). These
authors analysed teethers for DEHP and estimated exposure based on assumed leaching rates.
They estimated that exposure to PVC teethers in children up to 4 years old could boost
exposure of the average child to around 50% of the maximum tolerable daily intake for DEHP
in Canada, but recognised that the range of individual exposures is probably extremely wide.

However, research carried out for the US Consumer Product Safety Commission (CPSC) in
the early 1980s (US Directorate for Health Sciences, 1983) did attempt to estimate exposure
through direct measurement of phthalate leaching under simulated use conditions.  They
estimated that a child could ingest 66-1055mg (milligrammes) of phthalates from toys, teethers
and pacifiers. This was a total dose based on use of these products over 1-3 years. Exposure
via skin contact with vinyl pants and playpen liners was also thought to contribute a significant
dose; a further dose of over 200mg over two years according to one scenario.

More recently, a study carried out by the Danish EPA (Vinkelsoe et al. 1997) reported
substantial leaching of a range of phthalates (including DEHP, DINP, BBP, DnBP and DnOP)
from some PVC teethers, even under chemical and mechanical conditions which may be much
milder than those to which the products are subjected under normal use. Since this study
measured actual leaching rates, their dose estimates have greater precision than do those of
Meek and Chan (1994). The Danish EPA concluded that the worst teether, soft vinyl sweets
produced by Chicco, would give a child a dose of 2219ug (microgrammes) phthalates’kg body
weight through chewing for three hours. This is more than 40 times the tolerable daily intake
agreed for DINP by the European Commission’s Scientific Committee for Food (SCF 1995).
Over the same period, a second teether would provide a dose of 1044ug/kg of phthalates and
a third Sug/kg. The Danish EPA recommends that even the teether releasing Sug/kg should
be removed from the market as a precaution since a child actively chewing a teether would
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extract more phthalates from the teether than the baths of artificial saliva used in the tests
(MacKenzie 1997).

The Dutch government has also conducted similar tests (Bragt 1997), estimating that children
sucking or biting toys over 4 months could be exposed to 1-2mg phthalate (DINP plus DIDP)
per day. This compares with maximum background exposure from food sources of
0.18mg/day. The Dutch Institute for Public Health and Environment (RIVM) recommend 2
tolerable daily intake (TDI) of 0. 15mg/kg body weight for DINP and 0.18mg/kg body weight
for DIDP. Consequently, it is estimated that between 5% and 50% of babies chewing PVC
teethers exceed the Dutch TDI for DINP. None exceeded the Dutch TDI for DIDP. The EC
Scientific Committee on Foods (SCF 1995), however, has assigned temporary tolerable daily
intakes (t-TDIs) to DINP and DIDP at lower levels (0.03 and 0.05mg/kg body weight
respectively. Clearly, a greater proportion of children will be ingesting phthalates in excess of
these t-TDIs. A full listing of the TDIs and t-TDIs published by the EC Scientific Commuttee
for Foods are given in Table 3 below.

On the basis of their study, RIVM concluded that, although exposure presented no immediate
danger to babies, negative effects could not be excluded. The Dutch Ministry of Health
therefore asked that toy manufacturers and distributors make efforts to prevent unnecessary
and undesirable exposure of babies to phthalates (Bragt 1997).

Whilst attention naturally focuses on those compdnents which are present in, and leachable
from, toys in the largest quantities, some of the minor components have also shown toxic
effects in experimental systems.

DnBP was found in seven samples at a concentration range of 0.002-0.18%. It affects the
liver and kidneys (Chan & Meek 1994 Life Systems, Inc. 1990) and the male and female
reproductive systems in laboratory animals (Wine et al. 1997, Chan and Meek 1994).
Reproductive success can be impaired (Wine et al. 1997. Chan & Meek 1994, Ema et al.
1995, Life Systems, Inc. 1990). Offspring may be malformed (Chan & Meek 1994, Ema et al.
1993, Ema et al. 1995), with reproductive function in male offspring compromised. DnBP has
also been reported to mimic the hormone estrogen (Jobling ez al. 1995).

BBP, which was found in six samples (concentration 0.001-0.02%), is also estrogenic
(Jobling et al. 1995) and can reduce testicle size and sperm production in rats (Sharpe ef
al.1995). It can have adverse effects on the female reproductive system (Ema ez al. 1994) and
may have the capacity to induce birth defects in animals (Chan & Meek 1994, Ema et al.
1993, Ema et al. 1995).

Compound name and abbreviation TDI or t-TDI | mg/kg body wt.
diethyl phthalate (DEP) t-TDI 0.2
dibutyl phthalate (DBP) t-TDI 0.05
butyl benzyl phthalate (BBP) t-TDI 0.1
di(2-ethylhexyl phthalate (DEHP) TDI 0.025
diisononyl phthalate (DINP) t-TDI 0.03
diisodecy! phthalate (DIDP) t-TDI 0.05
discyclohexyl phthalate ' t-TDI 0.1
phthalic acid diesters with hexadecanol and/or octadecanol t-TDI 0.15

Table 3. EC tolerable daily intakes (TDIs) and temporary tolerable daily intakes (t-
TDIs) for phthalates (SCF 1995)
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DEP was found in one sample (6038; a teether from Denmark) at a concentration of 0.16% by
weight. Under laws that relate to Superfund sites, the USEPA has identified DEP as a
hazardous substance (Sciences International Incorporated 1995). It can damage the male
reproductive system, reduce reproductive success and cause malformation of offspring.
Effects on the liver and irritation of the eye have also been reported in laboratory studies
(Sciences International Incorporated 1995).

Nonylphenol (NP) is a persistent chemical that has been found to mimic the hormone estrogen
and impair sperm production in fish (Jobling et al. 1996). Its presence in the freshwater
environment results principally from the breakdown of nonylphenol polyethoxylates (NPEs),
still used as industrial detergents and as spreading agents in pesticides. Nevertheless, the
direct use of nonylphenol as an additive in PVC (possibly as a stabiliser in phthalate
formulations), could account for further releases, and may be of particular significance as a
source of exposure in children. The toxicity of nonylphenol and related compounds led to a
recommendation by the Paris Commission to phase out the use of NPEs in household and
industrial detergents (PARCOM 1992). Sweden is expected to call for a binding decision to
phase out all uses of NPEs which result in contamination of the environment (ENDS 1996),
citing in particular the known estrogenicity of nonylphenol. With this in mind, applications
that could lead to ingestion by children should clearly be a priority.

As noted above, a number of other compounds were isolated from some of the toys, many of
which were identified only tentatively or not at all. Of those which were identified reliably, the
fungicide Fungitrol 11 (samples 6069 and 6072) deserves further consideration. Fungitrol 11,
also sold as Folpet, is a phthalimide fungicide. It is recognised as a skin irritant (Royal Society
of Chemistry 1987) and is highly toxic to fish and aquatic invertebrates (Royal Society of
Chemistry 1987; USEPA 1987b). It can also cause tumours in mice (USEPA 1987a&b), but
not rats (USEPA 1987b). Teratogenicity has been reported for rats and rabbits (USEPA
1986, 1987b). Folpet is no longer sold in the United States (Thomson 1990).

PVC resin itself is not usually vulnerable to microbiological attack. However, the phthalate
plasticisers may be more susceptible. As the fungicide was found in toys with over 40% by
weight phthalate content, it could well be added with the intention of preventing
microbiological attack on the plasticisers or other additives.

As the identities of the majority of other compounds isolated could not be confirmed, their
toxicological significance cannot be determined. Nevertheless, it is probable that a proportion
of these compounds will also leach from the toys as a result of chewing or other contact and
could, therefore, add to the overall burden of chemicals to which children playing with PVC
toys will be exposed. ’

6. Conclusions

The current survey is the widest conducted to date on the presence of phthalate esters and
other components in children’s toys. Despite the fact that children have been known to be
exposed to phthalate from PVC toys for some years, and the continuing concern surrounding
the toxicity of phthalate esters, PVC toys still routinely contain a significant proportion of
phthalates. The observed market shift from DEHP to DINP and other high molecular weight
isomeric phthalates is not reassuring.

Recent research, particularly that carried out by the Danish and Dutch governments, has
heightened concerns about the exposure of children to phthalates leaching from toys. As a
result of the concern these studies have generated, a number of PVC products have been
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withdrawn from the market in Denmark, Sweden, Italy, Spain and Greece (ENDS 1997,
Mackenzie 1997). Some toys have also been removed from sale in Argentina and the
Netherlands. The results presented here indicate that the majority of soft PVC toys contain
substantial proportions of phthalate esters that have the potential to leach out during use and
therefore present an exposure risk to infants.

Given the vulnerability of the developing child to toxic insults, exposure to all toxic chemicals
should be minimised. The results of this study indicate the potential for significant exposure to
toxic chemicals from PVC toys. This must be regarded as an unacceptable risk and it is
recommended that plasticised PVC and alkyl phenols should be withdrawn from use in all
toys.

7. References

Adams, W.J., Biddinger, G.R., Robillard, K.A. & Gorsuch, J.W. (1995) A summary of the acute toxicity of 14
phthalate esters to representative aquatic Organisms. Environ. Toxicol. Chem. 14(9): 1569-1574

Aristech (1995) Arictech Chemical Corporation Material Safety Data sheet C1084E. Product code 1564:
Diisononyl phthalate.

>

Bizarmi, , S.N., Jaeckel, M. & Yoshida, Y. (1996) Plasticizers. CEH Marketing Research Report. Publ: SRI
International.

Bragt, P.C. (1997) Personal communication.

Cadogan, D.F., Papez, M., Poppe, A.C., Pugh, DM. & Scheubel, J. (1993) IN: PVC 93: The Future. Publ:
The Institute of Materials; pp260-274

Chan. PX.L. & Meek, M.E. (1994) Di-n-butyl phthalate: Evaluation of risks to health from environmental
exposure in Canada. Environ. Carcino. & Ecotox. Revs. C12(2): 257-268

Dirven. H.A.AM., van den Broek, P.HH., Arends, AMM., Nordkamp, HH.. de Lepper. AJ.GM,
Henderson, P.Th. & Jongeneelen, F.J. (1993) Metabolites of the plasticizer di(2-ethylhexyl)phthalate in urine
samples of workers in polyvinylchloride processing industries. Int. Arch. Occup. Environ. Heaith 64: 549-
554

DoE (1991) Environmental hazard assessment: Di(2-ethylhexyl)phthalate. Report TSD/2 Publ: United
Kingdom Department of the Environment Toxic Substances Division. 51pp. :

Eberle, S. (1983) Di(2-ethylhexyl)phthalate: An assessment of the risk of cancer due to exposure from
children’s products. U.S. Consumer Product Safety Commission.

ENDS (1996) Sweden pushes for phase-out of oestrogens in pesticides. ENDS Report 260, September 1996, P
40.

ENDS (1997) Fresh squeeze on PVC industry over phthalates in baby products. ENDS Report 268. May 1997,
p 30.

European Chemicals Bureau (1996) IUCLID: International Uniform Chemical Information Database.
Existing Chemicals- 1996. Edition 1.

Ehrig, R.J. (Ed.)(1992) Plastics recycling. Products and Processes. Publ: Hanser Publishers, Munich, 289pp.

Ema. M.. Itami, T. & Kawasaki, H. (1993) Teratogenic phase specificity of butyl benzyl phthalate in rats.
Toxicology 79: 11-19

18



Ema. M.. Kurosaka, R, Amano, H. & Ogawa, Y. (1994) Embryolethality of butyl benzyl phthalate during
early pregnancy in rats. Reprod. Toxicol. 8(3): 231-236

Ema, M., Kurosaka, R., Amano, H. & Ogawa. Y. ( 1995) Comparative developmental toxicity of n-butyl
benzyl phthalate and di-n-butyl phthalate in rats. Arch Environ. Contam. Toxicol. 28: 223-228

EPA (1984) Method 606- Phthalate ester. Federal Register 409(209): 73-80

Hanson, R.L. (1983) Phthalate ester migration from mlyﬁnyl chloride consumer products. Phase 1 final
report. Report prepared for the US Consumer Product Safety Comission, 51pp

Hanson, R.L. (1985) Phthalate ester migration from polyvinyl chloride consumer products. Task II final
report. Report prepared for the US Consumer Product Safety Comission, 51pp

Harris, C.A., Hentru, P., Parker, M.G., & Sumpter, J.P. (1997). The estrogenic activity of phthalate esters in
vitro. Environmental Health Perspectives 105(8):

Jobling, S., Reynolds, T., White, R., Parker, M.G. & Sumpter, I.P. (1995) A variety of environmentally
persistent chemicals, including some phthalate plasticizers, are weakly estrogenic. Environmental Health
Perspectives 103(6): 582-587

Jobling, S., Sheahan, D., Osborne, J.A., Matthiessen, P. & Sumpter, 1.P. (1996) Inhibition of testicular growth
in rainbow trout (Oncorhtyncus mykiss) exposed to estrogenic alkyiphenolic chemicals. Environ. Toxicol.
Chem. 15(2): 194-202

Kemi (1994) Phthalic acid esters used as plastic additives. Publ: Swedish National Chemicals Inspectorate;
report 12/94, ISSN 02438-1185

Life Systems, Inc. (1990) Di-n-butylphthalate. Publ: US DEPARTMENT OF HEALTH AND HUMAN
SERVICES Public Health Service Agency for Toxic Substances and Disease Registry

Life Systems, Inc. (1993) Di (2-ethylhexyl) phthalate. Publ: US DEPARTMENT OF HEALTH AND
HUMAN SERVICES Public Health Service Agency for Toxic Substances and Disease Registry

MacKenzie, D. (1997) Alarm sounds over toxic teething rings. New Scientist Vol 154, No. 2086, 14 June
1997, pl0.

Marsden, D. (Aldrich chemical company) (1996) Personal Communication.

Meek, M.E. & Chan, PX.L. (1994) bis(2-ethylhexyl)phthalate: ~Evaluation of risks to health from
environmental exposure in Canada. Environ. Carcin. & Ecotox. Revs. C12(2): 179-194

Myers, B.A. (1991) 13-week subchronic dietary oral toxicity study with di(isononyl)phthalate in Fischer 344
rats (final report) with cover letter dated 05-20-92: Supplemental information. Hazelton Laboratories.
Washington. EPA/OTS Doc # 89-920000224.

PARCOM (1992) Recommendation 92/8 on Nonylphenol-Ethoxylates. Paris Commission, September 1992.

Rhodes, J.E., Adams, W.E., Biddinger. G.R., Robillard, K.A. & Gorsuch, J.W. (1995) Chronic acute toxicity
of 14 phthalate esters to Daphnia magna and rainbow trout (Onchorhynchus mykiss). Environ. Toxicol. Chem.
14(11): 1967-1976

Royal Society of Chemistry (1987) The Agrochemicals Handbook. Second Edition. Publ: Royal Society of
Chemistry, Nottingham UK.

SCF (1995) First report of the Scientific Committee for Food on certain additives used in the manufacture of
plastic materials intended to come into contact with foodstuffs. (Opinions expressed until 3 May 1992).
European Commission. Food Science and Techniques. Reports of the Scientific Committee for Food (33"
Series). Directorate-General for Industry.

Sciences International Incorporated (1995) Diethyl phthalate Publ: U.S. DEPARTMENT OF HEALTH AND
HUMAN SERVICE Public Health Service Agency for Toxic Substances and Disease Registry

19



Sharman, M.. Read, W.A.. Castle. L. & Gilbert. J. (1994) Levels of di-(2-ethylhexyl)phthalate and total
phthalate esters in milk, cream. butter and cheese. Food Additives and Contaminants 11(3): 375-385

Sharpe. R.M., Fisher, J.S.. Millar, MM, Jobling, S. & Sumpter. J.P. (1995) Gestational and lactational
exposure of rats to xenoestrogens results in reduced testicular size and sperm production. Environmental
Health Perspectives 103(12): 1136-1143

Thomson, W.T. (1990) Agricultural Chemicals. Book IV: Fungicides. Thomson Publications, Fresno, CA.

US Directorate of Health Sciences (1983) Children’s chemical hazards: carcinogenic risk assessment from
consumer exposure to di(2-ethylhexyl)phthalate (DEHP)

USEPA (1986) TOX One-liners USEPA Office of Pesticides

USEPA (1987a)Guidance for the reregistration of pesticide products containing folpet as the active ingredient.
USEPA Office of Pesticide Programs, Washington DC.

USEPA (1987b) Pesticide Factsheet number 215: Folpet. USEPA Office of Pesticide Programs, Washington
DC.

USEPA (1991) Subchronic (4-week) dietary oral toxicity study of di(isononyl)phthalate in B6C3F1 mice (final
report) with cover sheet dated 05-29-91. Hazelton Laboratories, Washington. EPA/OTS Doc # 86-910000793

USEPA (1992) 13-week subchronic dietary oral toxicity study with di(isononyl)phthalate in mice, with cover
letter dated 07-06-92 and attachments: supplement. American College of Veterinary Pathology. EPA/OTS
Doc # 89-920000303.

Vinkelsoe, K., Jensen, G.H., Johansen, E., Carlsen, L. & Rastogi, S.C. (1997) Migration of phthalates from
teethering rings. Danish EPA, 15-4-97.

Wine, RN., Li, L.-H., Barnes, L.H., Gulat, D.K. & Chapin, RE. (1997) Reproductive toxicity of di-n-

butyiphthalate in a continuous breeding protocol in Sprague-Dawley rats. Environ. Health Persp. 105(1): 102-
107

20



.

¢ Jo | 99eg ‘w0 Jo Lnunod pue aseyoind jo LNOI M ‘pasfjeue s£o) jo spep jjn.

Ao} lewiuy 00999 (.,4a6611,) 1861} soupiqiis [anewy/sAo | oaly/hausiqg BUIYD AN 09|

%onis & uo sbury R sbury ¥oels [SNEW/30lId-Jays]d| umouy jou N £v09)

- 18yeay 1G1€9 sjini4 Aqeg 002140 Aei euisny Zv09|

- Jayjea] 0'091+9 sko] Buiyjaa |uosojo9 vds BuBSIY/09914D Aeyl BUISNY 1$09)
pooj Ao} - ayeD wear) olse|d P17 0D fehoyy/jehosho} eulyd uedep ovoo_

og - umouy| jou P11 '09 lepuegq ueder uedep mncm_

SENEET] €01 bl Ageg po bo puey sy hoj-dol| Hpewusq| ewusqg |
J9yjea) - uoliuag owuy olgsep/ou| Aqeg jooysAejd 09|xaN aouel wmom_
oq - 300] 132YJO - Puidald 9oeds swiy woyuapy/Buipel] ebo SY neoepy yiewuag mmow_
~ Jayeay| 65 LE0Y Jayjea ] Bujood PI spuelg |juy/eaddi] aawwo] euyo|  elensny v€09|
Jayjeay 65250¥ J9y}a9 | -aayeanbg P17 spuesg |luj/aaddi| aawio BUIYD BljeJjSny ££09)

Aoy yjeg 002€2S (usid) shoy yieg VS HinA 30 aoueld aouely 2€09
auejdolay - umouy jou pi1 09 Iqwon| Buoy| yuoH ueder 8209|
~ 19yjea) - ko) buiyiaa) Aeid wueguj|  11u) KemweH-yeizy ‘Aqeg ooway eulyo eljelsny 1209|
Jayjeal - layjea ajey P17 U] |9)oer/89dd]| @alw0} BUIYD eljelisny 9209)

i Jayeal - Bupy Buyeay Aayos ou| is| Ajgjes BUIYD Bljelisny 5209]
SETEEY] - Buy 6uiyyea | oigseHsouj Aqeg jooxsAeld| umouy jou eljesisny yzool

B Jayjeal LESY Jayjoog wng bujjoon P11 Aid splojsuley BUIYD BljeljSny €209
Jayjea L10-12-91 Jayjea Buyood uydiog O71d 0 sjoog 8yl AN N 2209

Jayea ] 8€€£59 bupy Buyiaa) Apaaio 'v'd’'S BuesSPY/00214Q BUIYD uedg 0209}

SEUEETY Zivl Jayjea |euwyuy |00D sjonpold Salppi/SIedA 1sild Byl vsn N 8109

) Jayjeal 8202 Sjinyj yos u,preH Sjonpold Salppii/siea) 1siid ayl BUIYD N 28_
Aoy [eunuy - (reeq) sjeunuy yos "y'd’§ BUBSUY/0OIYD BUIYO ujedg 5109

l1eq JAUIA 100-10 (eBueso) yesya AUIA gy vewhoyl 30 BUIYD UapamMg 109

N lileq JAUIA 100-10 (moyjak) yesya IAuIA gy vewho] 30 BUIYD uapamg €109
i jooq Aqeg seg) soog ainplid 1544 skqeg doyg Apure4 30 euly| spuepayieN 8009}
¥onp oniseld - syonqQ yieg dliseld doys Ajwe 30/pHopmshol eulyD| spuepayisN 9009}
Jayjaal - 1ay)aa] 19jeM ung spods ou| 5| Ajajes vsn vsn 5009}

] Jayjeal - Jayjea | podsjos ou| s} A1oJes BUIYD vsn 009|
lieq - dog Aqeg awj| und Aaweg 0igseH/uoisuawig piYD eulyD vsn 2009

1ayjea - Jayjea | WassaQ Youny uyos ou| 15| Ajajes BUIYD vsn 1009
uonduasag| Jequunu jonpold aweu janpoid lojnqiisip/iainjoejnuey :ug apep apod Aiojesoge

:up Jybnog

JOVIdNI3HO A8 431531 SAOl 40 S1Iviid



£ Jo 7 998 ‘widuo jo Lnunoo pue aseydind jo Anunod yirm ‘pas{jeue s£o} Jo SEeIap {ing

Jayjeay - IENEEY] asen,u,AnAausig| Buoy BuoH Aueuuss mccm_

 jayjea) 5805 12000 WIN9 Aausiq| umouy jou|  eisauopu 1809}

Jayjea ] 0.6¥9| Jayjea ] abuelo 022140 Bulyy|  eisauopuj 8109

o) [punuy 610¢ yeanbg AJIN jooyosaid ebag/eunsg ¥91a puejleyl| spuepsyisN £L09

ilod 11961 alqieq |snew/aiqied BUIYD| spuepaylieN 2L09)

Ko} jewiuy - (jonp) Ao AuIp UMOUY Jou| umouy jou euljuabiy l Sm_
saiqeg puaud ajbunp ‘Buiy uolq

Aoy [punuy 9,941 Jueyda|3 yse|ds upinbg [onew/Asusig eulyo|{ eupuabuy mmo&

Jayjeal 901§ ey 1sid oigseH/jooxsAe|d/Aausig ooxan|  eupuabiy moom_

Jayjea | EELLE (reaq paj) oysQ olpJoN oyljaqeqd euiyo|  eunuabuy 1909}

Ao) jewiuy| €£9€59 ISY 'L6699) und u)eanbg pjeuog Aqeg [anew/Aausig eulyp|  eupuabuy mgm_

Aoy aiqereui 0€.62 (Aauseg) |aureg Aeld u)aad uoisuawig piug BulyD epeue) 909

ashoy s,jjop 19jaoeIg 66v¥1 Addng sano1 Ajlod lanewnaxood Allod euly epeue) £909|

ko) ajgejepu| - umouy jou umouy JoN| umouy Jou eipuy 1909

flod - liog IAUIA sho} ysaley elpuj elpuj 1509

Aoj jewuy - syeanbg Apodg oigseH/shol Ageg jooxysung| umouy jou elpu| 9509|

Jayieal . Jayjea] Wi Isid Sjonpold NYsIYs| umouy jou elpul 5509|

FEINEETN - Jayjaa] Jolepn sjonpoid NYsiug| umouy jou eipuj 509}

jooq Ageq - salpuauapeg Ul uojjeg aQ| UaAeH alawjy/s|{ewisoQ uojied 2Q eulyD wniBjag nmow_

Jaylea} - ajpey Buwiaa ) jeuoneonp3l 0XA) ujeds wnibjeg Z509)

Jojesdse jeseN - Jojesdsy jeseN Agqeg o0}AY utedg wnibjag :u.oo_

¥ooq Ageg 102 yoog Aejd saiqeg Aausig py] 81ed,u AM BUIYD wniBjeg 0509}

Jayjeay - led may9 saiqeq Asusig P17 81eD,u AN BUIYD wnibjag 6¥09|
‘Hoo

jooq Agqeg - Aaxoi saiqeg Aausig ‘wnqly 55,3... oiqseH/ou) Aqeg jooysAeld euly vsn 8¥09
10D AayoIn saiqegd

Jayjeal . Kausiq ‘ajey Jayiea ] aoe4 Auund oigseH/ou) Aqeg jooysAeld Uy vsn \.vomL

18S Y19 : (qinq ezaanbs) j9s YIO uejU| [enew/p1 sho ) oasy/Aausia Bulyd AN uwvoo_

19s Y19 - (peay) 19s Yo Jueyuj [anew/pi] sho ooly/Asusig L) N qgro9|

19s Y19 - (Je18) 195 YIO Wuejul jenep/p1] sko) oary/Asusig BUIYD AN ‘movoo_

shoj jewiuy $80Z1 s$9jqa9M Mo pue Bid 0IqSeH BUIYD AN 5p09)

uonduasag| Jequinu jonpoid aweu jonpoid 10)nquysipjsaampoeynue|  :ui apep| :uljybnog|apod AlojesoqeT]




£ Jo ¢ 93eq ‘w0 jo Knunod pue aseyaand jo L1punod yum ‘paskjeue §£0} jJo spesap (ind

Ao} leunuy L0Z9¥ (naqeJ) Ao azaanbg ) BUIYD epeue) v10L
Jayleayl Z-cll (Buu) sha)f Jaylaa} yos Aoyueg/spaaN AasinN BUIYD epeued 2¢€102

‘ Jayiea Z-tll (p1ey) shay) Jayjea | Yos Aoyueg/spaaN AiasinN BuUlyd epeue) ael0l
SENIEET] Z-€L1 (yos) sha)| 1ayjaa] Yyos Kojueg/spasN A1asinN BUIYD epeue) ee10l

Ao} a|gejepu - sewelkd u| seueueg umouy JoN euyn| seuddiud Z1oL
18yjea | - Jayjea | buiyioog d10D eseyes/oyuanl| ssuiddiiyd| sauiddid L10L

Jayaa ) 144 sninesieyes L auj 15} Ajajes eulyo| seuiddiiud 010
T Y] - Jayjea] Buyjoo) LU} 9)oer/eaddi] eawwo]| umouy jou| sauddiyd 6004
Joyjea £009¢E¥ layjea | Bujjoo) LUl [9oer/aaddl] sawwo | M¥N| sauddiud 8004

Jayea ) 982 131199 | 19)eM Un4 spodg ouj i1s} Ajgjes vSn| saulddijiud 1004

Ao} yjeg 9e0Z.L (Boyy) sajinbg auwyled 8J00j8ys eulyo| sauiddiiud q900.

Ao} yjeg 9t02. (weyo) seipinbg awnyieg 8Joojays eulyp| saurddiyd ©900.

pooj Ao} 90€20 Jayjaa | auo) |00D a100]3ysg eulyp| sauddiiyd S00L
Jayjeay - siayioed dhuopoyuo pHom Aqeg vsn| seauddiiud 200L
Jayeal| €2z196 'AMIOE Jayjea ] 81iqjood ase,uAnyjAausig eulyp| ssulddiiyd 100

Aoy yieg - (abie)) donQ JAUIA alo0ojays BUIYD Aueunan mmowt

Aoy yjeg - (rews) yong JAuIA 2109]9Yysg eulyy|  Aueuwsg 5809
uopduasaq| ssquunu Janpold aweu Jonpolid Jojngquisip/iainjoejnuepy|  :u) apep| :uijybnog|spod Aiojeioqge]




6680 QW ‘epayjlsgd

AenmybTH 3saM 3sey Qcgeh

uorsstuwo) £3sjes jonpoid Isunsuo)
KA1e3zazoas sysz Jo 8DT330

9€00C D ‘uoldulyseps e 005 NS « MN IS U131 0021
ISDU], [eJUdWUCIIAUY [BUOnjRN

‘e o




e L FI T AT AN U N R g

- T TS RETE et U\ .

‘1 v9TESLOSEHhDS
£ SEHEETCO 1 A " )
v 6EEE-€97(008) XIPa4-09-008-1 W8
B& .muz, O m m “siuied Buynses Aue wolj ss3:dxJ 1e18psy mnu.E._-Z Pi0Y pus _.
FY L 38 5L e e 000 0F 0c¢ Qﬁ:ﬂﬂeﬁsw“??,u..h..mw.iq:m_ﬂ: s / ;
o\e e )
- aimeubis ase 6 voqe. 000000 we.

"y " (huo Avgz x3pey pun “.
uoresuioj 184y 40} UORIRS ALTHAVIY 0 LAILONY ‘SATVA 0I4V1D 2 WBiuieAg Aoty X364 J0) SSREAY) : ;
POV PIRDHPRI) e iiuiiiiliiliniii!.i- s St .m_.e...s.__-siaupmtsz “abrey) $843) (508820 48 18 HqEHEAR 1ON) !

A

aley yoayd, hiaaijeq Aepnieg Jog

— = ' ; = glel! A
4 L o T
) odueungioonydeq 1 Ea:a. 39419 ,GIOH.OL)
{1n0g $50:a3 X3Pa4 20} d — / T § — ssaippy |
- seydde abiayd W) : / . b
dee : - aouapisal j 1 H
- " a1y yoay) |
omam > — S hatuey |
x\ﬁwD §.§D fuegpnut[ ) EED "opioy ] wa S S ‘ .,\\ ,
N WINDDOY X384 woukey ’ B - :
,:.:Eomz uieign . .
- - “n VD Ay (VAT : m,._w_p__u& [
wowsan o653 [Tvo e - < |
f]_rEpood snosebuep umiuod juawdiys s 5300
Lﬁhﬂm H>! Xy Sugjpuey je1oeds s — uonewsoju) souasajoy Buyng eusaiw inos [P :
l!-!-.u-nll_ .S T IO ITHGYM A
8 .l:a& FEoDE 927 o0 RDUAR 3
tD SED x3paj wog ] @&D a.__as_oumn 7£:00¢ » , J
Weuns oot/ ag = 1 T ssalppy
{saawias 1yb18i] JO SuONGIISID PayBIap 10} YIEQ 8IS B|NPaYIS Asanijap 10} e} .W_ _...w I P mw s e“ w i w .:v@ 1 O DIt
{sAup s n @ dn) {Aep ssauisng puoaas) (Aup ssauisng xeN) .
wibial4 saneg wbiasj Aeqz x3p34 D wbie.4 wibusen) X3po4 et ;
= = b 3 ; p 7 woy ¢
frumsuoruimsn sqy 061 san0 ssboyoeg  @diAIag 1biaLy mmu.__ma 15091 WIMNIHNOYT ,Zu.w WNOT TN
— “ajas punod aug :e81eyD LN »_...%Ss.-.sax,.ﬂﬁaﬂmw — _ — £ aweN i
hm%m.mﬁ-ﬁuﬁ—ﬁu ¢ uammmm“muww ..L».um&!.h ?iOf vecoﬁ e ﬂ / ’ v . ’ S Japuag
{Ajdde seive sayBing) (Su008301 108405 D) Albayap Bujuiow Sv:a:“mwuﬁ&z& i1 . .—111 g , R

LIS JUSOU SSAUISH G ant i
wbuag et ] wwiond oiid - dpe b | \ i

i oriety b 59/ 654 Jopun sebexoug @21A1ag abmyoey ssaid.. ; Ww re BT 2 [N . e Sl .. 00010
9 oo, ssqun ® . L

oy >._3 f.az_as_ 0Ten aﬁmmrmmm:on z:::x S& | oezoo]

‘l!w.ltu\.. e e e o

- 7

m TR TR U T .
Q o’ (rt K4 \ b‘f ; = ) - d{..,.,i I- - - -
_— ——t W h ) {m - m\ hn r;@F»b AARL&

Q>
B soo 1102 =y
45 9918 9606 €708 m

S

&)




