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Abstract

Children exposuréo heavy metals continues to be a major health concern. This study examined
heavy met al c 0 n t neadetofplasticpucctmased fdlom éodadaskets imPalsstine.

Fifty plastic made toys were analyzed to determine the concentration of heavy metals (Pb, Cd,
Cr, Hg, As, Se, Ba, and Zn) in these toys. Toy samples were randomly selected from products
available in the shopstalls and hawkers iHebron, Ramallah and Nablus markets in Palestine.
The toy samples were tested for PVC before analisghty percenbpf the toys samples tested
were positive for PVC. After digestionof sampleswith concentrateditric acids HNQ and
hydrogen peroxidéi,O, using a Microwave digestefhe concentrations of the selected heavy
metals were determined by usihgductively Coupled Plasma Mass Spectrometry or-M3$
spectrophotometeAgilent 7500).

The result showsethat the presence of heavy metals in thes taxgre in the range ¢D.76 -
8195.6, (0.47- 436.42, (6.761 2468.0, (0.118- 85.9, (1.04 - 2486, (16.6 - 2833, (6.76
9159.0) and (9.5 - 7526.80) mg/Kg for Pb, Cd, Cr, Hg, As, Sd&a, andZn respectively Both

PVC and norPVC toys contain heavy nmad$ but the concentration of these metals inRYIC

toys are generally less than that of PVC toys. The present study revead&ihatf the toy
samples show high concentration (above international lifimtd)ead,30% for Cadmium,34%

for Chromium6% for Mercury,42% for Arsenic,32% for Selenium,20% for Bariumand40%

for Zinc.

On the other hand, Seventeen plastic made toys were purchasedsfemin markets for
comparison. The concentrations of heavy metals in thegenteen togamples were measad

and compared with their Palestinian counterp&tmcentrations of heavy metals in tseaeli

toys ranged fron2.8to 95.5ppm) for leadwith an average equal 89.2ppm and from(4.5 to
75.1)with an average equal 86.9for cadmium, androm (7.15 to 59)with an average equal

to 36.87for chromium and from(3.2 to 25)with an average equal ®62 for mercury and

from (0.0to 22.4)with an average equdl95for arsenicand from(.71 to 342 with an average
equal t093.9for Seleniumandfrom (14 to 489)with an average equal i®b6.29for barium, and

finally from (16 to 50Q with an average equal t@59.56 for zinc. The result found th&4.5%

of the Israeli samples are safe, and their concentrations were less than the maximum

internatonally allowable limits.

XV



In the same contextentoy samples Z.5gm each) have beamushedand dipped foB hours in a
solution of artificial saliva Z0ml). The solution was acidified and tested for heavy metal
concentrationsbut noneof the dipped senplesresulted inmigration concentrationof heavy

metalsexceededheinternational maximum allowable limit

In generalthesehigh levels of heavy metaloncentrations, found in the plastic toys in the
Palestinianmarketsformed a health hazardto children and put their livesat risk. Overall the
studyfindings revealedh valuable datéhatcan be used to provide a clear picture of hazardous
metals in plastic toys purchased from the Palestimarkets

Accordingly, and in light of the above, we recormdethe competent authoritieés take the

following actions

1) - Act quickly to adopt policies to protect consumers stagh importingof PVC madetoysand

otherc hi | drendés product s.

2) - Eliminate the purchase of products and packaging that containdadoium, and other
hazardous heavy metals and chemical additive
3) - Label the material content of toys so that consumers can easily identify safer products. Toys
made with PVC should be | abwmhoeEVCihoadbe labgledt h PV
APVWICree. 0 By requiring all/l PVC products to be
products contain PVC and its additives and which are safe to purchase.

3) - Monitor the use of toys by the children, and reducdr ttleewing and sucking the toys

especiallythose made of PVC.

XV



Chapter One

Introduction and Related Studies



1. Introduction
1.1Rational of the Study

Heavy metals are inorganic chemicals which are added to a wide variety of PVC (polyvinyl
chloride) made toys, in order to provide the necessary stability, and to impart some
characteristics such as softness, brightness, and flexibility to those products.

There exists a concern that heavy metals can migrate from soft PVCwiogee these are
cheved and sucked by children and thpgasetoxic effects in the long ternT.he toxic elements

that may be present itoys are heavy metals such ksad, cadmium, arsenic, chromium,
selenium, mercury, etc., which can accumulate in the body and may causesadeiects.
Therefore, analysis of such elemeatsl preventive actiois important to ensure safety.

Toys safety is a joint responsibility among governmemianufacturers, regulatory bodies and
parents.The responsibilityis multiplied in the areas thalive difficult economic and harsh
occupying circumstancesich as the Palestinian case, where censorship asdieeompletely

absent and off. We have to keep in our minds ¢batpanies, facing fierce competition, simply
could not be trusted to polideemselvesThe flow of unidentified cheap and poor quality of
children toys on the Palestiniamarketsmakes one suspects that these toys may be sotéyr
bereached these markets giaspicious bannelsThesechannels can both refer taw materials
manufacturing outside the oversight of regul a
sectoro over which public authorities have |
without required or legitimate documentation). Compliance widspective regulatory
frameworks is questionable in many of these cases. Likewise, information on chemicals in toys
produced and distributed throudtese channels seems to be-rexistent.

Many organizations and concerned bodies warned of the dangeawf metals contaminated
plastic toygNYSPP| 201Q NP11999 & 2001).

The popular outcry against PViGade toys swept most of the civilized countries of the world

and some of them took practical steps such as the United States which has recalled of an
estimated 20 million Chinesenade toys by Mattel on August 14, 20@+@, 2008).

If these deadly products reached markets of very advanced couritragshas the potential of
technical, material and has a system of laws, legislation and strict césititotonceivable that

our Palestinian markets are fortified against tRewie firmly believe not. If we remain silent on

this matterthe problem will become more complicated, and the generation of babié® ndlin

2



pre-polluted with potentially harmful levelsf heavy metals that may possibly cause lifelong

health problemd-or all these reasonis was necessary to conduct like this study.

1.2 Definition and importance of toys

The termtoy according taEU Directive no. 2009/48/E@eans'any product that excisively or
partly is designedr intended to be used during play by children undeatjeeof 14 years".

Toy plays a vital role in the growth and development of children. It has been considered to be an
integral part of child developmentoy promots their behavioral skills, improv&learning skills,

and also help support their creative abilities. It also helps the ghowt their emotional and
social well-being and gives them the opportunity to interact with other childref@insburg

2009) For childrenwith disabilities, toys are not only a wonderful educational tool, but they can
provide a unique opportunity for communication, self expressionthaydike their counterparts

from healthy childrenOn the surface, children playing with a toy seem semiplit in fact, they

are learning a skill each time they play. Playing with toys can set the foundation for reading,
writing; mathematical reasoning, social interaction, and creatititys are integral part of

children developmental proces¢€souder 2007).

1.3Toys madeof Plastics

In this studywe wereinterested in children toys madeé plastic polymerCurrently, plastics are
used in more than 80% of all new tofidall, 2003. In many aspects, plastic materials are
cheaper, easier to procgsanbe bend and mold under reasonable temperatuaesihave more

color possibilities than the conventional toy making materials like clay, metals, ceramic, and
wood. There are many polymers, used in manufacturing the. tbys use of any polymer
depends orhie type of toy and the purpok® which itis made.

Polymers contain a wide variety of additives (plasticizers, antioxidants, stabilizers, coloring
agents etc.) to fulfill their physical and chemical properties.

Environmental problems can be associated witkiatls ofplastics, from production to disposal
(Costner 1997) however, PVC has the greatest impact on the environment and on health

throughout its lifecycle. It represents the worst plastic, from both an environmental and health



standpoint.Due to its negative environmental and health impacts,stoidy focusedn toys

made of PVC plastic polymer.

PVC (poly vinyl chloride plastic is used to manufacture many consumer produncisiding

c hi | doyseanddrdant product3he use of PVC in toys requires the additiorsome heavy
metalsas stabizers such aslead,cadmium, arsenic, chromium etcWithout these additives,
itds not possi bl e ©otlercths d dR \eQ Sitwe tphereaddiges dreonpts o r
chemically bound tahe PVCin toys, they can migrate from within the toys the surface

(Wallis, 2009) In turn, children may be exposed to these hazardous substances by playing with,

chewing, or sucking the toys

1.4 Mechanism ofstabilizers

The poor thermal stability isne of the most serious problems for PVC polymelf sowidely
accepted that PVC, is an unstable polymer when exposed to high temperatures during its
moldings and applicationsThe main indicators of thermal degradation of PVC are the evolution

of hydrogenchloride, development of color (from light yelladwough reddish brown, to almost
black in severe cases) and deterioratiorpbysical, chemical an&lectrical properties. It is
widely accepted that dehydrochlorination (DHC) involves progressive unzipping of neighboring
chlorine and hydrogen atoms alotige polymer chain; a double bond is formed between the
carbons to which the two atoms were originally attaqfigdrtberg, 1988 This constitutes an

allyl chloride structure with (i.e. in the, 3 position) the next Cl down the chain, which is
thereby stongly activated and so on (Titg@985.

IT H H H IL H H II H H
) | | | | | | I |
- —_— .~ —_ C_‘ _“P(_-. - —C _— — C - — C _ (J.)
| () {3y (2 | | I | | I |
H (1 C1 H Cl1 H l H 1
1 Encrgy
IT1 H H H II H H 1T H H
I I | | | | I I | (2)
— I —Cc === —0aCc == —¢C —C —(C —¢ — O — B
Cl o | | | |
H H Cl H Cl1 1|{ 1

l Energw

4



H H H H H H H H H H
R R e R I

—(‘ —(C=C—C=C—(=C—(C—Cc—C—+ H O
. cl H | | |

1 H da

Allyl chloride structure
Source(FolarinandSadiku2011)

The development of color is due to the conjugated double bond systems formed in this process.
The process starts with a chlorine atom activated by jacext allylic bond configuration where

that is already present in mathain (3).

Dehydrochlorination can occur at only moderately elevated temperatures (about 100°C). It is
catalyzed by the HCI evolved (autocatalysis), and can also be promoted ordriiyatgher

strong acids. In addition to dehydrochlorination, thermal degradation of PVC polymer in the
presence of oxygen also involves oxidation, with the formation of hydroperoxide, cylic peroxide,
and keto groups, some of which can provide additiondiveacsites for initiation of
dehydrochlorinationWilliam, 2011). These effects contribute to the general deterioration in
properties.Accordingly it has become the practice to process PVC inpthsenceof heat
stabilizers,it has become impossible to mdacture with good specifications without thermal
stabilizers.

The function of ther mal stabilizers for PVC
atoms in the polymer; they modify chain reactions and thereby inhibit the elimination of
hydrogenc hl ori de and i nterrupt the f or nfalkisiamdn o f
Balkose 2005).

1.5Environmental impacts of PVCas toys matrices

The lifecycle of PVC, from manufacturing to use and disposal, releases hazardous chemicals
including chlorine gas, vinyl chloride, ethylene dichloride, dioxins and furans, mercury, lead,
pht hal at es, cadmium and organotins that are
result of this contamination, babies today are borrpptited withpotentially harmful levels of

dioxins intheir body(Costner2001). Chemi cal s rel eased in PVCO0s

5



chronic diseases that are on the rise, including breast cancer, learning and developmental

disabilities, and reproductive heafitoblemgLesterand Belliveal2004)

1.6 Definition of heavy metals

The term heavynetal isan ambiguous terpand there is no consensus among scientists on a
clear and specific definition oit. Its definition is not existed in any inorganic chemistry
textbooks, and never defined in the nomenclature by even authoritative International Union of
Pure and Aplied Chemistry (IUPAC) (Duffus2002). But the most famous and widespread
definitonis:iheavy metals are a group antis oXiccoment s

poi sonous even at J1998). concentrationodo (Rand

1.7 Bioimportance of heavy metals

Some heavy metals (like, Zn, Ca and Mg) are ofitmiportance to mafMildvan, 1970).While,

some others (like As, Cd, Pb, &&,[V1], Sb, and methylatl forms of Hg) have no known bio
importance in human biochemistry and physiology and consumption even at very low
concetrations can be toxic (Hogag010).A Even f or t h erspertaricehdaetary h a v e
intakes have to be maintained at regulatorytias excesses will result in poisoning or toxicity,
which is evident by certain reported medi cal
2002).

1.8 Sources of heavy metals

There are two basic sources of heavy metals:

Natural sourcesuch as: seepage from rocks into water, volcanic activity, forest fires etc
Anthropogenic sourcesuch as mining, smelting and metallurgical industrplastic toys,
chemical industry, textile printing and dyeing, leather tanning, pesticides, animal feed

manufactiring, electroplates, and batteries, diiderawatj 2000).



1.9 Health effects of heavy metals

Heavy metals are responsible for a very wide range of different illnesses. Heavy metal toxicity

can result in damaged or reduced mental and central nemwoctsoh, lower energy levels, and

damage to blood composition, lungs, kidneys, liver, and other vital argsitsaughlin1999)

Longterm exposure may result in slowly progressing physical, muscular, and neurological
degenerative processes that mimic Alzhmer 6 s di sease, Par ki nson
dystrophy, and multiple sclerosis. Allergies are not uncommon and repeateigimngontact

with some metals or their compounds may even ceaseer.

Heavy metalscan be responsible for a range of healtteefft s such as fAcancer,
immunotoxicity, cardiotoxicity, reproductive toxicityeratogenesis ande not oxi ci tyo (
1998; US EPA1999).The mostaffectedgenerationis the generatiorof kidsA Chi | dr en ar e
“little adults'®@ their developingorains and bodies, their metabolism and behaviors make them
unigquely vulnerable to harm from toxic chemicals such as those released by the PVC made toys
lifecycleo (EPA, 2003. The following sectiondiscussesn some detail each of these elements

and idenify the characteristics and Herdetriments.

1.10Selected elements and their toxicity

1.10.1 Lead (Pb): A soft, malleable, ductile, bluisiwhite, dense metallic element.
With atomicnumber 82, symbol Pb,atomic Mass: 207.2 amumelting Point: 327.5C - 600.65
°K, boiling point: 1740.0 °G 2013.15 °K andlensity 11.34 g/cm3.

Lead is used as a heat stabilizer and pigment in P¥@e toysAccording to the Vinyl Institute

PVC, digestion, inhalation and skitontact with lead occurs every day, ane tautine handling

of toys and inexpensive jewelry containing high levels can be evidenced to be distributed
throughout the body (Rastogi & Clausen, 1976; Lillé998. When a child puts an object
containing lead in his or her mouth, the child can sg&iously from lead poisonin@prinkle,

1995). In the body, lead will either accumulate in tissues, especially boimeprgans such as

liver, kidneys, pancreas, and lungsetusesand young children are particularly vulnerable
because lead can crodsetplacenta with ease and enter the fetal brain (Campaign for Safe
Cosmetics, 2007).



Lead exposure has been linked to 1Q deficits, miscarriage, hormonal changes, reduced fertility in
men and women, menstrual irregularities, delays in puberty onset inmgetaory loss, mood
swings, nerve, joint and muscle disorders, cardiovascular, skeletal, and kidney and renal
problems (Environmental Working Group, 2010).

1.10.2Cadmium

Cadmium A solid bluish-white "Transition Metdl element whichis located in Group 2B of the
periodic table. Generally described as ductile, malleable, and able to conduct electricity and heat.
The element symbol is Cdtomic number 48atomic mass 112.411ammelting point: 320.9 °¢

boiling Point: 765.0 °C,density 8.65 g/cm3(Holleman, 1985). Cadmium andCadmium
compoundsare mostly used to make nickeddmium batteries and as stabilizers to prevent
degradation of PVC from heat atight and this process is taken ptaas follows:Mixed metal

soaps like barium/cadmium, barium/zinc, and calcium/zinc act as stabilizers by replacing
reactive chlorine atoms with less reactive atoms or gryszai, E., Cortolano,,F1992. In a
barium/cadmium soap a carboxylate groupssitites for chlorine which reacts with cadmium
forming cadmium chloride. The cadmium chloride then reacts with bafauming barium
chloride and regenerating the cadmium metal sfkyczai, E., Cortolano, ,FL992. But after

the year 200Qhe stabilizerindustry isnow based on barium/zinc (Ba/Zn) or calcium/zinc
(Ca/zn) systems and tlohange has occurred over a 15 year period and in March 2001 all use in
the EU has ceaséhllarceloE..Conti2008.

Cadmium and its compoundse also found in various pigents used to color PVC products
specially PVC made toys (ATSDR 1999).

Cadmium is absorbed into thedyandaccumulatsin the kidney and the liver, although it can

be found in ahost all adult tissues (Elindek985). Cadmium anids compounds are comred

to be fAicarcinogenic to humansodo by the | ARC (
2010) and are consi de roétdeir atcinoganicity and envirdmentald a b e
effects (Environment Canada & Health Canada, 199ajimiumand is compounds are also
classified as known human carcinogens by the United States Department of Health and Human

Services (Agency of Toxic Substances and Disease Registry, 2008).


http://www.elementalmatter.info/transition-metals.htm

1.10.3Mercury

Mercury is a heavy, silvewhite metal that exists as a liquat ambient temperatures. Its
chemical symbol, Hg, comes from the Latin word, hydrargyrum, meaning liquid silver. Atomic
weight 200.59,atomic number 80yalences 1, 2melting point, EC -38.8oiling point, EC
356.9,density,13.546 g/cm3 (DeVitd995).

Most of the mercury in the environment results from human activity, particularly frorfirezhl

power stations, residential heating systems and waste incinerators. Mercury is also present as a
result of mining for mercury, gold (where mercury is used tonfan amalgam before being
burnt off), and other metals, such as copper, zinc and silver, as well as from refining operations
(IPCS 1990). Mercury is used as a catalyst to spark the chemical reaction among ingredients in
manufacturing of PVC from coal china

Elemental and methyl mercury are toxic to the central and peripheral nervous system. The in
halation of mercury vapor can produce harmful effects on the nervous, digestive and immune
systems, lungs and kidneys, and may be fatal. The inorganiofsaitrcury are corrosive to the

skin, eyes and gastrointestinal tract, and may induce kidney toxicity if ingested (SRI
International, 1996).

Children are especially vulnerable and may be exposed directly by eating contaminated fish
(Goldman,2001). Bioacawmulatedin fish and consumed by pregnambmen may lead to neu
rodevelopmental problems in the developiietus Transplacental exposure is the most-dan

gerous, as the fetal brain is vessnsitive(Goldman 2007).

Note * PVC manufacturing consumes o810 metric tons of mercury every year

* Chinese PVC manufacturing industry is one of the most significant uses of mercury in the worl€today

1.10.4Arsenic

A highly poisonous metallic element with atomic number 33; atomic weight 74.9@2icea3,
5. Gray arsenic melts at 817°C (at 28 atm pressure), sublimes at 613°C, and has a specific
gravity of 5.73(Biberg et. al2001).Ar seni ¢ i s a met al t hat natur a

and may enter water sources naturallff R, 2007a).Arsenic and its compoundse useds



insecticides, weed killergndin various alloysand products including textiles, preservatives,
and pigments (Health Canada, 2010).

Arsenic and its inorganic compounds athee cons
International Agency for Research on Cancer (IARC, 20h@jglation includes some of the skin

effects, circulatory and peripheral nervous disorders, an increased risk of lung carSBR(A

2007a), and a possible increase in the risk of gastromaéstact and the urary system cancers

(Gibb & Chen,1989). Longterm skin contact is not likely to lead to any serious internal effects
(ATSDR, 2007a).

1.10.5Selenium

Seleniumis achemical elemenwith symbolSeandatomic numbeB4. It is anonmetalwith
properties that are intermediate between those ofpeiisdic table column
adjacenthalcogerelementssulfur andtellurium (Emsley 2011) It rarely occurs in itelemental

state n nature, or as pure ore compounds. Selemlating Point is217°C, Boiling point is 685

°C, and Density is 4.39g /cm8David, 2002. Selenium is also an essential nutrient required for

the maintenance of godukalth (ATSDR 2010). It isused in varios electrical applications, as

well as a colourizing and decolourizing agent for glass and to develop red, orange, and(aaroon
dark red to purplistied colour)pigments for ceramics, glazeplastic made toys, enamels, and
paints, with the latter genehalrestricted because of its toxicity (Health Canada, 2010b). It may
also be found in stainless steel, enamels, inks, rubber, pesticides, fungicides, batteries,
explosives, and some therapeutic shampoos (e.g-damdiruff) or lotions (e.g., antungal)

(Health Canada, 2010b). High levels of exposure over time can cause brittle hair and hair loss,
brittle and deformed nails, and neurological abnormalities (ATSDR, 2010). In rats selenium has
been shown to have reproductive effects (e.g., decreased sperts, ¢ocrease abnormal sperm
levels, reproductive cycle change) (ATSDR, 2010). Meanwhile high acute levels of exposure can
result in nausea, vomiting, and diarrhea (Health Canada, 2010b), with skin contact causing
rashes, redness, heat, swelling, and paiFrSDR, 2010).

Note* glazesneansa vitreous coating to a ceramic material whose primary purposes are decoration or protection

10


http://en.wikipedia.org/wiki/Chemical_element
http://en.wikipedia.org/wiki/Chemical_symbol
http://en.wikipedia.org/wiki/Atomic_number
http://en.wikipedia.org/wiki/Nonmetal
http://en.wikipedia.org/wiki/Periodic_table
http://en.wikipedia.org/wiki/Chalcogen
http://en.wikipedia.org/wiki/Sulfur
http://en.wikipedia.org/wiki/Tellurium

1.10.6Zinc

Elemental zinc is glossy, blughite to grey metal that is virtually insoluble in water. It has a
melting point of 49.5°C and boiling point of 908°C (ATSDR, 1995). The primary
anthropogenic sources of zinc in the environment are from metal smelters and mining activities
(ATSDR, 1995). The production and use of zinc in brass, bronze, die castings metal, alloys,
rubbers,and paints may also lead to its release to the environment through various waste
streams Bariumzinc stabilizers have found use in plasticized compounds, replacing barium
cadmium stabilizers. These are used in moldings, prpfdgsand wire coatingsgCadmium use

has decreased because of environmerdaterns surroundingertain heavymetals. Calcium

zinc stabilizers are used in both plasticized PVC and rigid PgCfood contact where it is
desired to minimize taste and odraracteristics. Applicaihsinclude meat wrap, water bottles,

toys and medical usesThe essentiality of zinc was established over 100 years ago. Zinc is
essential for the function of more than 300 eneg, (Vallee and Falchuk993; Sandstead,
1994). Increased zinc consumptionas been associated with changes in health effects in
humans, including decreased copper metalloenzyme activity (Fisth&rl984; Samman and
Roberts, 1987, 1988; Yadriek.al.1989; Daviset.al.2000; Milneet.al.2001)

Taking too much zinc into theoldy through food, water, or dietary supplements can also affect
health. The levels of zinc that produce adverse health effects are much higher than the
Recommended Dietary Allowances (RDASs) for zinc of 11 mg/day for men and 8 mg/day for
women(ATSDR, 2005) If large doses of zinc (1Q5 times higher than the RDA) are taken by
mouth even for a short time, stomach cramps, nausea, and vomiting may occur. Ingesting high
levels of zinc for several months may cause anetaimage the pancreas, and decrease lefels
high-density lipoprotein (HDL) cholesterd]ATSDR,2005)

1.10.7Chromium

Chromiumis achemical elemenwhich has the symbd@randatomic numbeR4. It is the first
element inGroup IVB. Chromium is a bluegray metal that can be polished to achieve a high
shine(Kalbus, 1991). It is extremely lustrous and while it is relatively hard, it is also very hrittle
Chromium compounds are toxi€hromium has many applications. It has been used in dyes to

act as a mordant, which will permanently fix dyes to different fabGésomium has also been
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used in paints as pigments. This is because chromium exhibits many different colors including;
black, gray, green, blue, violet, orange, yellow and red, depending aori@und Kalbus,
1991).

ACr (I11) in its biologically active form (glucose tolerance factor, or GTF, a dinicotinato-
chromium[lll] glutathionelike complex), facilitates interaction of insulin with its receptor site,
influencing glucose, BUS P Ae 20088) Thus, &rd(ll) isiegsenttal met a b
for animals and human beings. Inorganic chromium compounds do not have-jrdahtiating

activity. Chromium deficiency may cause changes in the metabolism of glucose and lipids. In
some studies, dietary supplementation with chromium reversed chargjesdse tolerance and
serum lipidqUS EPA, 2008)

Cr (VI) is considerably more toxic than @il). Some Cr(VI) compounds (such as potassium
tetrachromate and chromic acid) are potent oxidizing agents, and are thus strong irritants of
mucosal tissue. fiects included metabolic acidosis, acute tubular necrosis, kidney failure, and
death (Saryan and Reedy, 1988t can causealso oral ulcers, diarrhea, abdominal pain,
indigestion, vomiting, leukocytosis, and presence of immature neutrophils. Effextodetwer
exposure doses were not availal@bang and Li1987) (OSHA, 2006

Such effects include reddening of nasal mucosa, nasal irritation (ulceration, perforation), changes
in pulmonary function, and renal proteinuria. Many of the available studak quantitative
concentratiorresponse data on chromium health effects suitable for quantitative risk assessment
(ATSDR, 2001)).

1.10.8Barium

Bariumis a soft silverywhite metallic element belonging to the alkaline earths with an atomic
number of 56 an atomic weight of 137.34/alence?, relative density 3.5g/cinmelting pt

729°C, boiling pt. 1805°C. It belongs to group of the periodic tableBarium enters the
environment through the weathering of rocks and minerals and through anthropolgasies.e
Bariummetali s mostly used as a fAgetterdo to remove
television picture tube@ATSDR, 1992).

12



The process of gettes to overcome a specific hurdle which arises during the production of
sealed glass tubes. Wocan an oxygeffree vacuum be produced to extend the life of the
filament? The answer is to remove residual gases by heating a metallic disk, knogettas; a

inside thebulb. Thegetter is coated with Barium, which has an extremely high affinity for
oxygen and nitrogen. After the bulb has been pumped down and sealed, the getter is heated to
vaporize or "flash" the barium for maximum dispersion, and "get" any residual gas within the
tube. (US EPA 19853. It is also used to improve performance of leadyabrids of acid
batteries; as a component of grey and ductile irons; in the manufacture of steel, copper and other
metals; as a loader for paper, soap, rubber and linoleum, manufacture of hydrogen peroxide
bleach, in dyes, in electroplating and metajur@arium chlorate is used in fireworks,

explosives, matches, @as a mordant in dyeing (Minér969; Brooks1986).

Ingesting high levels of soluble barium compounds, has resulted in difficulties in breathing,
increased blood pressure, changes in hégtthm, stomach irritation, brain swelling, muscle
weakness, and damage to the liver, kidney, heart, and J#l@é&DR, 2007),EPA has found

barium to potentially cause gastrointestinal disturbances, hypertension, and muscular weakness.
There is no evidermcthat barium has the potential to cause cancer from lifetime exposures in
drinking water{ATSDR, 2007)

1.11Related works in the region and around the world

Because of their high toxicity and accumulation in bidtagnvironmentablamagecausedy its
nonbiodegradableand their effect onchildren health many studies have investigated the
occurrence and monitoring of heavy metalsplastic made toysThis subject hadeceived
considerable attention some countriearound the world. Unfortunatelyhereare no studiem
the Arab region or in the Middle East in this regard nor any study inmeasuringthe
concentration®f the eight heavymetalstogetherexcept one study that will keddressedater.

Some of the important documented contributionsvegieto the present study are as follows

In Nigeria eight heavy metalsconcentrationsn a numberof toy samplesthat wereimported
from Ching was measureddmolaoye. et.al.2010). The @ncentrations othe heavy metals in

the toys ranged from 2.5445.00, 0.50- 373.33, 31.17 119.67, 12.00- 93.67, 266.67-
13



2043.33, 5.00 191.67, 1.06 73.33 and 6.1:73 6 . 6 71, fer g Cd, Ni, Cu, Zn, Cr, Co and
Mn respectively. Both PVC and nd@WVC toys contain heavy metals but the levels of these
metals innon-PVC toyswere foundess than that of PVC toys. The study reveals that 17% of the
toy samples show high concentration (above USFDA limit) of Lead, Cadmium, Chromium and
other metalghat had beenetermined OmolaoyeJ. A. UzairuA. and. GimbaC. E2010). In
another investigation Sindiku and Osibanjo has measured the concentratieadpfcadmium,
chromium and nickein plastic toys imported tdNigeria The results obtained show that lead
cadmium, chromium and nickel were high and rarfgesh 28.5 t012600 mg/kg Pb, 0.15 to 9.55
mg/kg Cd,1.30 to 394.50 mg/kg Cr, and 5.9 to 1911 mg/kg Ni. A comparison of the mean
concentration of these metals in the analyzed toys sample showed the folloaiteo
Pb>Ni>Cr>Cd. he elemental concentration threshaidils concentration (TTLC) of 90, 75 and

60 mg/kg for lead, cadium and chromium resggtively (Sindiku and Osibanj@011).

In a study conducted India for investigation the concentration of lead and cadmium in soft
toys. A total of 88 samples (77 PV@dll norPVC) were analysed for lead and cadmium. The
range for lead concentration in the tested sampleOvé&ppmto 2104 ppm. For cadmiumit

ranged from 0.016 ppm to 188 ppfidavid Gutierrez2008). Out of 30 samples analysed for total
concentratiorof Pb and Cd in toys brought from Mumbai, eight samples showed concentration
higher than 200 ppm. Five samples (close to 20 percent of Mumbai samples analysed) showed
very high lead concentration (from 878.6 ppm to 2104 ppm) even exceeding the US ERA limit
600 ppm in painted toy®avid Gutierre2200). A recent study has found the following ranges

for toys exported to India0.2191.12, 0.00%0.110, 0.2511.090, 0.1191.111, 0.2191.040,
0.0000.531 and 0.990.070 (ppm) for Pb, Cd, Ni, Zn, Cr, Co andnMespectively. A
comparison of the mean concentrations of these metals in the analyzed toys showed the pattern:
Pb >Zn > Ni> Mn > Cr > Co > Cd. (Nasee@012).

In a study conducted by Stinget.al. 2001, Cadmium was present in 19 samples, of which 18
were PVC. Among the PVC samples, the maximum level of cadmium detected waprd30
found in a drawer liner from the USA, while plastic pants from New Zealand containgubi32

Both products contained cadmiumexcess of th& 00ppmmaximum level set for PVC products

in Europe. Lead was detected in 26 samples, of which 21 were PVC. However, the most

interesting result was discovered in a +RWiC product from the USA which contained 5ppt
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of lead. Among the YC samples the maximum level of lead detected was from Chilean

wallpaper which contained 441mg/kg of le&fifigeret.al.2001)

In Day Care Center in the Las Vegas Valley, an evaluation of plastic toys faoleanination

was conducte@oseph Alan Gzenwayl, 1986. More than 500 sample toygeretested. Twenty

nine containedead in excess of 600 parts per milliggpm). Of those 29, 20 were PVC and 17
were yellow. In addition to examining lead contamination, the presence of other heavy metals
was olserved. It was found that when lead was elevated, there was a high probability (P = 0.72)
of the presence of elevated concentrations (> 100 ppm) of the other heavy metals cadmium,

arsenic and chromiuifdoseph A. Greenway986)

In its lastreportof 2009, whichwas prepared bfi The Toxi cs i n Packaging
submitted tothe U.S. Environmental Protection Agency Under Assistance Agreement No.X9
971603010 To the Northeast Recycling Council, In€he reportshows that43% of the
Packagingsampés which were frequently used to package home furnishings, pet supplies,
cosmetics, and inexpensive togsntainhigherlevelsthan ispermittedinternationallyof lead
andcadmium,19 of 44 samples were made from flexible PVC Lead was detected-thicchef

the failed packaging samples. The types of packaging materials that contained lead in this study
were more diverse than those containing cadmium. The concentration of lead ranged from 122
ppm to 150388 ppm. The lead concentrations in PVC were ondher end, generally falling

below the median concentration (450 ppm), while lead in inks and colorants was more often

detected at concentrations above 160ppm.

New York Public Interest Resear@roup N Y P G | rBpors Treacherous Toys: Dangerous and
Toxic Toys on New, was wriktehdy T8acyoMcEabeSShadtdny Esg., and
Megan Ahearn, NYPIRG Program Coordinalssued in December 2018hows thatoys with
high levels of toxic substances are still on store shelves, including toys vemitzhncphthalates,

as well as toys with lead content above the 100 parts per nlithds.

Il n 2007, child product recall s reaohleed3045 mi l
million of the recalled units were toys. Popular toy manufacsuierich as Matte] were forced
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to recall millions of wunits due to probl ems
dangerous small magnets media to dub 2007 the Year of the R€dallin Danger, 2008.

Over 17 million toys were recatle because they violated the federal Pb paint standard
(Morrison, W. M) . Il n January 2010, the CPSC recal
jewelry that contained high levels of cadmium (Qjds in Danger, 2008 In June 2010, 12

million promotional dr nki ng gl asses sold at Mc Donal doés
coating contained C(Kids in Danger, 2008

However and according to our best knowleddeve not come across any studyducted on

the analysis of heavy metalstoys export to Paleisie.

Note *Mattel, Inc. is a toy manufacturing company founded in 1945 with headquarters in EI Segundo, California.

1.120bjectives of thestudy.

The mainobjectivesof this study are:

1)- To as®s andmeasure the concentration of eight heavy metadsl (JeCadmium , mercury ,

arsenic , chromm , selenium , barium, zina) plastic made toys importéd Palestine

2- To raise awareness to policy makersthe need of urgent national policy for the removal of

heavy metals from children toys in the Palgan territories
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Chapter Two

Overview of Some Restrictions andSome

Major ToybSafety Standards
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2. Overview of some restrictions and some major toys safety standards

2.1 Somelnternational ToysdSafety Standards
The internationecommunity has issued a series of safety standards to restrict and contre the us
of heavy metals in toys. able 2.1 below includes the standards of UN, EU, US, , China,

Australia, Canada, JapaBrazil, New ZealandHong Kong JamaicaSingaporeMalaysia

Table 2.1 Toys safety standards of United Nations aider important industrial countries.
Source CPSC2011).

Region SomeStandard(s) and Regulations
International ISO 81241:2000 Safety aspects relating to medtalnand physical properties
ISO 81242: 1994 Flammability
UN ISO 81243: 1997 Migration of certain elements

ISO 8098: 1989 Cycleis safety requirements for bicycles for young children

Australia AS/NZS ISO 8124.22002 Safety of toys (safety requirements)tRaMechanical and physical
property requirements
AS/NZS ISO 8124 2003 Safety of toys (safety requirements) Part 2: Flammability
requirements

Brazil ABNT (Brazilian Association of Technical Standards)
NBR 11786/1998 Toy Safety

Canada Technical Stanards Safety Act and Upholstered and Stuffed Articles Regulation
Hazardous Products Act R.S. ¢:3H
Hazardous Products ¢ys) Regulations C.R.C., c. 931
Regulations Respecting the Advertising, Sale and Importation of Hazardous Products (Pa
under Haardous Products Act

China ISO 8124.1:2002 Safety of ToySafety aspects related to mechanical and physical propert
GB 983293 Safety and Quality of Sewn, Plush and Cloth Toys
GB 5296.596

European

Union © EN 71-1:2011 Safety of toysPart 1: Mechanical and physical properties

EN 71-2:2011 Safety of toysPart 2: Flammability

18


http://en.wikipedia.org/wiki/Toy_safety#cite_note-6

Hong Kong
Jamaica

Japan

Malaysia

Mexico

New Zealand

Singapore

United States

EN 71-3:2013 Safety of toysPart 3: Migration of certain elements

EN 71-4:2013 Safety of toysPat 4: Experimental sets for chemistry and related activities
EN 71-5:2013 Safety of toysPart 5: Chemical toys (sets) other than experimental sets
EN 71-8:2011 Safety of toysPart 8: Activity toys for domestic us

Toys and Children's Producsafety Regulation (in compliance with ASTM F963, or-EN
JS 90:1983 Jamaican Standard Specification for Safety of toys and playthings

The Japan Toy Association Toy Safety Standard
Part 1- Mechanical and Physical Properties

Part 2- Flammability

Part 3- Chemical Properties

Safety of Toys

MS EN71 Part 1:1995 (P) Mechanical and Physical Properties
MS ISO 81242:1999 Flammability

MS EN71 Part 3: 1998 Migration of Certain Elements

NOM 015/16SCFI/SSA1994

Toy Safety and Comercial Information Toy and School Material Safety. Limits on the
Bioavailability of Metals used on Articles with Paints and Dyes. Chemical Specifications al
Test Methods.

AS/NZS ISO 8124.1:2002 Safety of ToySafety aspects related to chanical and physical
properties (ISO 8124.1:2000, MOD)

AS/NZS 1SO 8124.2:2003 Safety of ToyElammability (ISO 8124.2: 1994, MOD)
AS/NZS I1SO 8124.3:2003 Safety of toyBligration of certain elements

Safety of Toys:

SS 474 PT. 1:2000 Part Mtechanical and Physical Properties
SS 474 PT. 2: 2000 Part 2: Flammability

SS 474 PT. 3: 2000 Part 3: Migration of Certain Elements

Mandatory Toy Safety Standard:

Code of Federal Regulations, Commercial Prastit6, Part 1000 to End (16CFR

U.S. Consumer Product Safety Commission Engineering Test Manual for Rattles

U.S. Consumer Product Safety Commission Engineering Test Manual for Pacifiers

U.S. Consumer Product Safety Commission Labeling Requirements for Art Materials Pres
Chronic Hazards (LHAMA)

U.S. Child Safety Protection Act, Small Parts Hazard Warning Rule and Rules for Reportit
Choking Incident¢September 2002)

ASTM F96307 Standard Consumer Safety Specification on Toy Safety (effective Februan
2009)

ASTM F96308 Standard @hsumer Safety Specification on Toy Safety
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The laws andactsare not fixed but thewre changd and modifed from time to time The

purpose of these changes and new regulations at the end is to ensure toy safety and to protect
human health and the enmmment.

For examplethe Consumer Affairs Ministry of Australia has declared a new toy safety standard

t hat l i mits the wuse of | ead and heavyhadmet al s
come into effect on Januaty, 2010 anchadreplacel the old Trade Practices Act ban on lead

in toys, which was implemented in 200TAustralian Competition & Consumer
Commissior2008).

On May 11, 2009, European Union adopted the new toys directive, 2009/48/EC, hakich

come into force in member states July 20, 2011. Compared with tloéd directive 88/378/EC,

new 2009/48/EC has undergone substantial revisions in the aspects of chemical safety, physical
mechanics, electric performance, sanitary safety and label requiremefCREC,2011he

major changeare listed as below:

The new directive explicitly specifies that toys should not contain any carcinogenic, mutagenic

substance or substances toxic to reproduction (CMR);

EN 71-3: EN 713 sets the highest limits of migrated elements (e.g. antimony, arbamigm,
cadmium, chromium, lead, mercury and tin) in accessible materials or parts of toys. Migrated
elements refer to the extracted solutes out of toy materials after aummrdicontact with gastric

acid.
EN 71-9: EN719 specifies the basic requiretes f or or gani c compounds |

At present, the requirements foraximummigration of eight heavy metals from toy materials
are virtually identical in the US, Europe and in the ISO starsdardey will, however, be
changed irthenear future

The U.S. Consumer Product Safety Commission called on the toy industry to voluntarily stop

making vinyl chewing toys thatontain phthalate¢Thornton 2000).

Total metal content andtotal migration limit
We must differentiate between two important conceptthis areaThefirst oneis Total Heavy

Metd Content and the second isvlaximum Soluble Migrated Elemerdf toy material But
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because most dhe selected heavy metals elementsriany studes such aqJustin Pritchard,
study2010) until recentlyhavenost r i ct st andards or fiCamium at i on
represents a s tmostktates adapted Maximant Solubke iMgy@ated Element
standards in assessment of heavy metals levels in plastic toys (IS€3:8994 Migration of

Certan Elements). The material is placed under conditions which simulate contastevithch

acid for a period of time after swallowinghis methodwill be adoped in the currentstudy.
Tables(2.2), (2.3), (2.4 and (2.5 below show soménternational Maxinam Soluble Migrated

Element Standard

UN Standard
Table2.2 Maximum Soluble Migrated Element in ppm (mg/kg) Toy Material accordirg to
ISO 8124 part 3: 1997 Migration of Certain Elements

Lead | Cadmium | Chromium | Arsenic | Mercury | Selenum | Antimony | Barium

Pb Cd Cr As Hg Se Sb Ba
90 75 60 25 60 500 60 1000
USA Standards

Table2.3 Maximum Soluble Migrated Element in ppm (mg/kg) Toy Material according to
ASTM F96308 4.3.5 The American Society of TestamgdMaterials (ASTM)
Lead | Cadmium  Chromium | Arsenic | Mercury | Selenium | Antimony | Barium
Pb Cd Cr As Hg Se Sb Ba

90 75 60 25 60 500 60 1000
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EU Standards

Table2.4 Maximum Soluble Migrated Element in ppm (mg/kg) Toy Mate@xicept modeling
clay and finger paint) according to EN 71 part 3: 1994/Ameéndment A1:2000+ AC:2002

Migration of Certain Elements Directive

Lead | Cadmium  Chromium | Arsenic | Mercury | Selenium | Antimony | Barium
Pb Cd Cr As Hg Se Sb Ba

90 75 60 25 60 500 60 1000

Canadian Standard

Table2.5 Maximum Element in ppm (mg/kg) Surface &img Materials Canadian Hazardous
Products Act, CHAPTER #(Version 2010) Schedule | Part I, Section 9 and Canada Surface
Coating Materials Regulations (SOR/20039) with its amendment

Lead | Cadmium | Chromium | Arsenic | Mercury | Selenium | Antimony | Barium
Pb Cd Cr As Hg Se Sb Ba

90 1000 60 1000 10 1000 1000 1000

What aboutzinc standards?According to EN 713: 1994,the maximum migration allowable
limit of zincin toy (mg/kg toy material(an be calculated from the following relation;
[Element in toy (mg/lg toy material) x weight of toy material (kgdbdy weight child (kg)] must

<10% of TDL, were TDI=Tolerable Daily Intake and it is for zinc 330 g bwkday. (SCF,
2003b),(RIVM, 2008)

Accordingly, Thelimit of element in toy (mg/kg toy material) =
10% TDI x Body weight child (kg)/ weight of toy material present in toy (kg)

The following exposure scenario and assumptiorpangosed:
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Toys intended to be put in the mouth for children aged over 3 years

Body weight: 15 kg (based onrd3years of age)

Duration: 1 hour/day (worst case estimation)

Amount ingested: 8 mg/day

Absorption: 100% over the intestinal tract of the amount of element migrated out

of the toy

2.2 Palestinian Standards

According to the Paris Protocol, the Palestinian specificationsnmatsh that of Israel regarding
imported products except those that fall under AAZRIists. But it must be noted that:

1. Most of the products imported under the afmentioned A1l & A2 lists are imported to the

PA area without performing any testing pedures(ChapterNo. 12 in the book ofcustoms
proceduregForeign Tradejssuedby thelsraeliTax Authority, 2000.

2. The Palestinian Standard Institute (PSI) developed the needed technical specifications for only
a limited number of imported products.

3. PSI has no role when the imported product s
these products enter the Palestinian area without the control of the Palestinian side. (@hapter
12in the book ottustomsproceduregForeign Tradejssuel by the Israeli Tax Authority)

4.The inability of the PSI to test some imported goods due to the unavailability of proper
laboratories and the necessary testing equipment; leading the Palestinian testing authority to use
the available laboratories in nblgoring countries such as Jordan.(National Economic Dialogue
program)

5. In most cases a settlement is reached between the importer and the customs department as a
lump sum amount paid by the importer (National Economic Dialogue pro@ao8.

Goodsoften enterwithout restrictionsor controls standards oneedsspeciallytoys andplastics

from Chinaand scientifically proventhe presence afancercausingprecancerou$ale Abul

Khair. MustafaAhmed 2007%.

In the investigationby: Abdul GhaniSalamhiiDoes Palestinianconsumerenjoyedany kind of
protectior?o 11/2/2012 Eng Omar Kabhg Director of Consumer Protectioat the Ministry of

Economy confirmed thatthe examinatiordoes not includall sectors for examplethere are
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important sectorgannotbe mvereddue toPotential shortagdack of specialized laboratories
and sometimego their needfor inspectorsspecialists or because there is nPalestinian
specification thesesectos incluck : toys house wareselectrical and electronic applianges
automobilesand spareparts construction materials Etc., andthese and other issuese not
absent fronmour thinking, but we madethe subjectof food a top priority andthinking basedon

that coverthe restof the othersectorsin the future but when conditions improveandrequired
capabilitiesareavailable.

The absence dheexecutivepowerof the follow-up field andthe control and supervisiowhere
therole of theauthorities concerned dhe subjectis absentn oneway or anothey makea lot of
goods such as toyenterthe Palestinian citiesike Hebronwhether it be irthe terminal itselfpr

in the many other outletslocatedin the vicinity of the city from all directions(Mr. Mustafa
AhmedAbul Khair, 20079).

Accordingly, in brief, Palestinan Authority has no authority over the ports drak limited
authority over therossingsThe Israeli side is the one who does all these tasks and monitor the
movement of goods coming from overseasd examines their brands and their conformity with
international standards

The problem lies in that, there is no official Palestinian presence in Israeli {hertsandled
occursdirectly betweenthe Palestiniarmerchantandthe port authorityand no one can be sure
that Palestinian goods have been examioedot. In the end, as the goods will not go back
inside Israel and will not hurt the Israeli citizen, Israel is not worried and Palestinian merchant
the weakest link heravants the proportion of profit first and foremolstrael collected the tax

for the Palestinian Authority and the Palestinian citizen is the victim.

Whatever it, and whether the Palestinian Authority is responsible or the Israeli government, there
is a quantity of toyentes theterritories of the Palestinian Authoritipesnot meet mternational

standards.
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Chapter Three

Materials and M ethods
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3. Materials and methods

3.1Reagentsand apparatus

1) - Milli -Q water.Produced byraylor Technologies

2) 1 Pure concentrated Nitraxcid HNG. Produced b¥l Dorado ChemicaCompany

3) - Hydrochloric acid (concentrated), HBroduced byel Dorado Chemical Company

4) - Hydrogen peroxid80% HO,.produced byArkema worldwide bleaching & chemicals

5) - Digestion Vessels250-mL.

6) - Drying ovens- able to maintairBOEC + 4EC.

7) - Filter paper Whatman No. 41 or equivalent.

8) - Centrifuge and centrifuge tubes.

9) - Analytical balance capable of accurate weighings to@0 g.

10) - Funnel or equivalent.

11)- Graduated cylinder or equivalent volume measuringcgev

12) - Volumetric Flasks 100-mL.

13)-The Microwave Accelerated Reaction System (MAR $anufactured byAnalytk Jena
Company

14} Artificial Saliva(Methyle-p-hydroxybenzoate2.00g/Na carboxymethylecellulose 10g/1,

MgCl,.6H,0  0.059g/1,KCl 0.625g/1, CagPH,0O 0.166g/1,KHPO, 0.804g/1, KHPO,
0.32g/1, PH 6.75

15) - Inductively Coupled Plasma Mass Spectrometry orM¥spectrophotomete

manufacturedby Agilent 7500 ICPMS.
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(ICP-MS meansthe use of high temperature 660000 K plasma discharge to generate
positivelycharged ions

The following steps provide a brief overview of how the Agilent 7500 analyzes

a sampld www.agient.com/chem/icpms800-227-9770).

1 The sample solution is pumped into the inlet system where it is nebulized, forming a fine
sample aerosol.

2 The aerosol is then carried into high temperature argon plasma which atomizes and ionizes the
sample to prodce a cloud of positively charged ions.

3 The sample ions are extracted from the plasma into a vacuum system containing a quadrupole
analyzer or mass filter. The analyzer can scan the mass range very quickly allowing-a multi
element analysis to be penfioed on the sample.

4 The ions are focused into the analyzer where they are separated by thetontiesge ratio

(m/z).

5 The ion concentration of a specific matss charge ratio is measured by an electron multiplier
detector.

6 The count rate obtzed for a particular ion is compared with a calibration plot to give the

concentration for that element in the sample (for quantitative analysis) see(8@)tzelow

The Agilent Technologies 7500 Series OW®S (Agilent 7500) can measure trace eletaeas

low as one part per trillion (ppt) and quickly scan more than 70 elements to determine the
composition of an unknown sample with a MassHunter Workstation software automates the
analysis and accurately interprets the resulting data. The ICP/MS iestraonsists of an en

board peristaltic pump that controls the flow of sample solution into and waste (drain) out of the
instrument, a nebulizer (Micro Mist nebulizer) that uses a stream of argon to disperse the sample,
an ICP Argon plasma torch using Armgas plasma gas, auxiliary gas and nebulizer (carrier) gas,
two pumps for evacuation, quadrupole mass analyzer with 0.8 amu resolution at 10% height, an
octapole reaction system (ORS), and electron multiplier detector. The operating conditions are as

follows: nebulizer gas (argon) flow rate: 0.9 L/min, auxiliary gas (argon) flow 0.3 L/min,
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3.2Sampling

Fifty toys were purchased from three major Palestinian cities (Hebron, Nablus and Ramallah
and 17 toys purchased from Israeinarkets (west Jerusalemeit Safafaneighborhooll They

were randomly selected froghops selling toysvholesale retail and stalls , takg into account

that they are plastic toys, popular, cheap and medprioed and that are accessible to children

from middle and lowincome

3.3Toy s 6 D eandClasgfitatioo n

All types of toys were purchased from thbove mentionedpecifiedlocations of the three
Palestinian citiesThe toys were typically bright icolor and are available in largely darker
shades of red, yellow,upple blueandgreen or a mix of thessolors Someof these toys were

soft and easily squeezahidile theothers are not flexiblenough The main types of toys were
replicas ofguns, balls,fruits, animals, baby, dolls ancars Some of them were repls of
attractive eatablesbjectssuch apananaand applestee

The toy samples were first subjected to an indicative test for PVC using the Beilstein test. The
Beilstein test is based on the principle that copper halidpsrizereadily, givingoff a due-

green coloured flame owing to the presence of coffembaraet al. 1992).

To perform this test, copper wire {18 gauge) inserted into a cork (which served as an
insulated handle) was heated in a blue Bunsen burner. The hot wire was placed on an
inconspicuous part of the plastic toy to be tested in order to melt some of the polymer onto the
wire; then the wire was #eeated in the flame. A blegreen coloured flame, which persisted

only a few seconds, indicated the presence of a halogen (excfudinige) and suggestetiat

the polymer might be PV(Barbara1992).

Every toy have been weighed, photographed , given a special number and description in terms

of color and shape and the country of proaucas shown in tablé3.1) below
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Table 3.1 Classification oftoys from Palestinianmarkets

Toy Code | Weight in | description Color
grams

T1 38.00 Lion Yellow

T2 44.00 Water gun Yellow+ orange

T3 63.00 Barbie doll Gold+ brown

T4 3220 Toy train Red and black

T5 65.00 Necklace Green and blue

T6 89.00 Bracelet Gold and silver

T7 2500 Beads gun Black and grey

T8 3000 Duck Yellow

T9 147.0 Dinosaur Grey and black

T10 28.00 Perdant heart Yellow, Silver, Red

T11 3280 Elephant Green +Grey

T12 177.0 Police care White+ Blue

T13 2160 Truck Car Green+ Yellow

T14 33.00 Banana Yellow

T15 1190 Ambulance Red+ White

T16 96.00 Dinosaur Orange

T17 1810 Giraffe Brown

T18 68.00 Kitchen Tools Silver+ Gold

T19 1590 Lorry car yellow +green

T20 5560 Fish toy Purple

T21 4120 Truck Car Green +blue

T22 1150 Snak Black+ White

T23 246.0 Ox Orange

T24 213.2 Camel Yellow light

T25 55.00 Apple Red+ green

T26 36.9 Mobile White+ Blue

T27 45.60 Plastic fish Pink+ Yellow

T28 27.90 Mirror Pink

T29 2170 Basketball deep Orange

T30 3390 Football White+ Yellow
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Country of
production

China
China
China
China
China
China
China
China
China
China
China
Unknown
Unknown
Unknown
China
China
China
China
China
China
India
China
China
China
China
China
China
China
China
China

PVC

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No

No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes



Table 3.1 Continued

Toy Code

T31
T32
T33
T34
T35
T36

T37
T38
T39
T40
T41
T42
T43
T44
T45
T46
T47
T48
T49
T50

Weight in

grams

45000
66.9
7210
4.000
2490
53.00

29.20
3990
25.60
57.00
69.00
2500
2170
1195
117.6
5.000
1350
2480
39.00
75.9

description

Ball filled oil
Mirror

Painted house
Ring

Balls cilia
Mobile

Telephone
Caterpillar
Pendant
Dog

Jelly ball
Soldiers
Sword
Donkey
Zebra
Breastfed
Motorcycle
Toy gun
Flower

Cat

Color

Blue

Green+ Yellow
Many colors
Red

Purple

White+ Yellow

Black

Deep yellow
Blue + green
Grey

Blue

Green + Brown
White +Blue
Brown

Black + White
Milky color + red
Grey and Blue
Black

Red

Grey

The photos of the samples ate®wnin Appendix B
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Country of

production

China
China
China
China
China
China

China
China
China
China
Unknown
Unknown
Unknown
Unknown
China
China
China
China
China
China

PVvC

Yes
Yes
No

Yes
Yes

Yes

Yes
Yes
Yes
No
No
No
Yes
Yes
Yes
No
No
No
Yes

Yes



Table 3.2 Classification of toysfrom the Israeli market

Toy Weight description Color Country of | PVC
Code in grams production

S1 195 Duck Yellow China Yes
S2 313 Lorry Car Green China Yes
S3 178 Ox Orange China Yes
S4 288 Caterpillar Deep Yellow China Yes
S5 207 Toy Gun Black China Yes
S6 450 JCP tractor Yellow China Yes
S7 66.3 Mobile Green +Yellow China Yes
S8 721 Cottage Many colors China No
S9 14 Cup Red China Yes
S10 245 Balls cilia Many colors China Yes
S11 53 Lego Many colors China Yes
S12 29.2 Telephone Black China Yes
S13 397.7 Motorcycle Grey +Blue China Yes
S14 25.6 Barbie Toy Brown China Yes
S15 58.5 Dog Brown China No
S16 69 Plane Green + Yellow Unknown No
S17 250 Tractor Green + Yellow Unknown No

Refer to Appendix B tgee the photos dfie samples

All toys were furthergrinded crushed, sievedhrough < 2 mm nylon sieyeand mixed as
necessary to homogenizesttamples.
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Figure 3.1 a sample of toysrushed,grinded, and sieveduniformly

The samples werstoredin closal cans and each sample was given a unique number similar to
the number carried by its original togamples were digested A -Qudslaboratoryin order to
dissolve and completely liberatbe metalsfrom the polymeric matricesThe solutionwas
analyzed i laboratory methods (ICPMS in this study) to deterntirieconcentrations of metals

in thesesamples

There are manyvell known methods tocarry outthe digestion process, such as EPA-8%6

which includes (Method 3050B/ethod3051A Method 3052) andMethod CPSC-CH-E1002

08 (Kingston and Walterl992. But we comparethem anchavechoserthe bessuitablefor the

current study We have found after careful comparison and iloglat the competence, the
positives and negatives of each method that thenbetstod was EPA3052 (Microwave Assisted

Acid Digestion of Siliceous and Organically Based Matricbsgause it is appropriately used to
determine the total concentration of heavy metals such as cadmium, lead, chromium, selenium,
mer cur yé et andnonfleXible WCj sindeVC isanorganicmaterial(Kingston and

Walter, 1992.

The absolute total digestiomas requiredin our study caself the sample is not completely
digested, the heavy metals are not sufficiently liberated from the plastic amdtche
completely measured by the laboratory analytical equipment, since analytical instruments, such
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as ICP, measure the concentration of substances in the s@lntdarot in the solids mentioned
above(Kingston and Walter1992).

The EPA3052 AcidDigestion method involved the following steg&ingston andHaswell

1997. All chemicals used were ultra pure grade

1) - All digestion vessels and volumetnigstrumentswere carefully acid washed and rinsed
with reagent water. This cleaning procedinas been used whenever the prior use of the

digestion vessels is unknown or cross contamination from vessels is suspected.

2) -The Microwave vessels were weighed before and after digestion to evaluate seal integrity and

for more accuracy.

3) - A well-mixed samples weraveighed and placed intmicrowave vessel§The samples

weights ranged between 0.01 to 0.2 g).

4) - About 10ml of concentrated nitric acid was addethtovessel in a fume hood, followed by
2ml of hydrogen peroxide (30%) in order to get coetploxidation of organic mattefFive ml
of milli-Q water were also added to improve the solubility of minerals and prevent temperature

spikes due to exothermic reactions.

5) - The vessels were sealed, properly placed in the microwave system accordhng to
manufacturer's recommended specifications, temperature and pressure sensors were connected

appropriately to vessels ac,FigueBi2ng t o manuf ac
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Figure 3.2 Sealed vessels imhe Microwave Accelerated Reaction System (MARS5)

6) - The temperature of each sample reached 180 + 5 °C in approximately 5.5 minutes and
remaired at this temperaturdor 10 minutesThe pressure reached the p@akheeighth minute
+ 3 for mostof thesamplesThe pressure was reduced in some cases, by the relief mechanism of

the vessel, because it exceeded the pressure limits of the vessel.

7) - At the end of the microwave program, the vessels was allowedtdoraa minimum of 10
minutes before removing them from the microwave system. The microwave vessalsed

closed throughout the digestion process.

8) - All the vessels were carefully uncapped and vented in a fume hood
9)1 Thevessel contents aligestible obtained were then filtered through al&4m me mbr ane

filter, diluted to total volume 50 ml witteionizedwaterDI and transferred for ICPMS analysis.

All of these samples have been analyzed for (Pb, Cd, Cr, Hg, As, Se, Ba, and Zigiiging
7500 ICPMS in the aquatic environmental laboratory HQAIDs University.
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Figure 3.3Agilent 7500a Inductively Coupled Plasma Mass Spectrometer

3.4 Heavy metals migration rates experiment
Tentoy samples (2.5gm each) have bearshedand dipped fo8 hours in a solution of artificial

saliva (20ml)with specifications mentioneabove.The artificial salivawas acidified and tested

for heavy metal concentratians
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Chapter Four

Results and Dscussion
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4.1 Results

The results of heevy metas concentratioain the toy samples are presented in ppm in Tdlle
for PVC Toys andn table4.2for non PVC ToysThe Data in Table4(3) repregntsheavy metal

concentrationsf Israelisamplesn ppm

Table4.1 Concentrationsf eight heavymetals in PVC and non PVC made toys in mg/kg or in
ppm

] TN BN N I N O

1775.0 2.05 471.37 471.37 17780 | 167.0 337700
T2 2.65 113.40| 1858.16| <DL 1858.16 | 1080.0 | 104.D 7526.8
T3 22.56 139.49 | 511.60 | <DL 511.® 12920 | 108.9 3443.9
T4 19.89 1.80 56..30 | <DL 44.09 454050 | 26.70 1337.00
T5 58.8 <DL 524D | <DL 542.09 70.65 27.00 1075.27
T6 0.76 251.69| 220.H0 | <DL 220.0 868.0 | 40.06 1072500
T7 31.94 0.49 2468.9 | <DL 248650 | 143.D | 45.90 487.00
T8 48.98 0.49 50.77 <DL 4.28 237.0 | 19949 19339
T9 1431.00 | 27.00 | 2243 <DL 39.8 105.33 | 222.0 156000
T10 18.92 2.70 12.93 <DL 7.34 100.86 | 16074.90 | 3875.®
T11 611.96 <DL 105.0 | <DL 105.D 15000 | 116.07 1933.9
T12 18.92 11.53 | 12900 | <DL 7.76 259.D | 576800 | 226.D
T13 55.9 324.9 | 11.32 <DL 10.0 105.80 | 6.77 3875.®
T14 5467.00 | 4.21 18200 | <DL 4.0 1479 | 7.00 <DL
T15 1886.64 | 47.%0 | 19.30 0.12 42.88 169.25 | 5530.0 | 158.26
T16 5467.78 | 436.42| 295.@ | 47.20 2.9 29140 | 3403.® | 2119.89
T17 18.87 1.25 50.73 12.18 | 57.17 363.8 | 10050 776.00
T18 77.890 18.10 | 33.20 1.05 15.90 56.63 33.13 114.00
T19 6036.00 | 19378 | 16.27 | 4.70 14.72 46300 | 19.0 2110.0
T20 45.65 28960 | 91.11 2.70 16.06 773.77 | 25.0 100000
T21 661.76 0.73 203.45 | 2.70 203.45 508.00 | 30.14 201700
T22 109.85 1939 | 40.19 3.10 18.80 1700.0 | 73.89 188.8
T23 2919.69 | 28.59 | 66.10 0.80 66.70 884.40 | <DL 582.D
T24 1405.00 | 26.88 | 32.48 <DL 16.0 88.20 24.13 888.15
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T25 45.65 40.9 | 117.15 | 0.5 1179 104.66 | 57.9 1110.0

T26 66.17 63.93 | 16265 | 6.45 39.15 79.29 125.24 17170
T27 9.58 7.08 81.12 5.2 6.67 431.81 | 80.80 65.44
T28 2920 22.23 | 11.56 35.22 | 111.56 44150 | 83.97 1919
T29 2044.0 100.9 | 14.025 | 85.9D 43.8 98000 | 255000 | 139.00
T30 177.15 46.9 | 51.06 <DL <DL 16.06 48.9 37.00
T31 397.3 ODL |28.25 | <DL 1116 100081 | 49.90 73.76
T32 79.8 1005 | 359.87 | 0.48 4.30 53000 | 70.7 37.76
T33 1021.® 4.48 17.315 | <DL 5.83 16.22 35.76 45.45
T34 975.9 10.40 | 191.6 <DL 191.8® 299.0 | 202.9 3000

T35 87.45 3.34 89.3 <DL 89.3 53.85 2066.9 | <DL

T36 48.45 24.46 | 89.15 <DL <DL 120.@ | 915900 | 9.20
T37 1021.® 0.47 53,513 | <DL 49.90 24.24 560600 | 16.29
T38 8195.® <Dl 194.® | 6.60 48.00 55300 | 13460 <DL
T39 1761.00 | <DL <DL <DL 8.92 22700 | 5654.3 | <DL
T40 40.0 25635 | 11.94 6.4 4.99 65.9 1670.04 | 24.0
T41 84.01 420.0 | <DL <DL 4.80 69300 | 35100 461800
T42 8195.00 | 15018 | 44.02 8.59 <DL 77.27 181.8 100Q00
T43 176100 | 49.% | 15.6 63.6 <DL 283300 | 88.96 16642
T44 29.03 2537 | 52.22 18.6 <DL 108.76 | 104.62 63800
T45 47.90 298.66| 11.824 | 64.60 18.80 11277 | 132590 | 37890
T46 <DL 34944 | 56.00 <DL 19.20 15190 | 55.24 588.@
T47 10.05 9043 | 56.00 <DL 19.20 19.20 94.52 87500
T48 27.10 9.51 6.76 6.9 <DL 449.80 | 50.00 136900
T49 10.05 2987 | 48.20 2.55 <DL 599.3 | <DL 905.99
T50 26.45 3494 | 34944 | 1.6 <DL 618.40 | <DL 115700

*Red values in the preceding1 table represent the concentrations of heavy metals that exceeded the allowable limit
internationally
*The calibration curves for the standards thateused for measurinthese values are illustrated Appendix (A).

*ND = Not detected, < D = below detection li
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The percentages of Palestinian toys samplashaveheavy metals total contetitatexceeded
themaximum allowabldimits are shown in Figuré.1below.

T T T T T T T 1
Cd Cr He A Se Ba In

Specified Heavy Metals

45% ’/
40% /

35%

30% +

25%

20%

15% 1

10% 1

5% 1

Percentages of heavy metak total contents in toy samples
exceeded the MAL

Pb

Figure 4.1 percentagesf toys samplesrom Palestiniarmarketthat containheavy metals total

content exceadg the maximum allowable limits
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Table4.2 Concentrations of eight heavy metals in non PVC madeingysm (mgkd')

Sample Code
T10
T19
T20
T33
T40
T41
T42
T46
T47
T48

Pb
18.92
6036.00
45.65
1021.60
40.00
84.01
8195.00
<DL
10.05

27.70

Cd
2.7
193.78
289.60
4.4
256.35
420.M
150.18
349.44
90.43

9.51

Cr
12.93
16. 26
91.11
17.%
11.94

<DL
44.02
56.00
56.00

6.76

Hg
<DL
4.70
2.70
<DL
6.40
<DL
8.59
<DL
<DL

6.90

40

AS
7.34
14.72
16.06
5.86
4.99
4.80
<DL
19.20
19.20

<DL

Se
100.86
46300
773.77
16.22
65.80
693.00
77.27
151.9
19.20

449.80

Ba
16074.9
19.0
25.0
35.76
1670.04
35100
181.8
55.24
94.52

50.00

Zn
3875.9
2110.0
100000
45.45
24.70
4618.M
1000.®@
588.60
875.00

136900



Table4.3 concentrations of eight heavy metalsSeventeeth toy sampledrom Israeli market

Sample | Description | Color Pb Cd Cr Hg As SE Ba Zn

Code

S1 Duck Yellow 730 | 515 | 49.3 | 250 | 16.0 | 3420 | 411.5 | 96.00

S2 Lorry Car Green 180 | 690 (570 |11.8 | 21.9 | 2190 | 2530 | 47300

S3 Ox Orange 86.2 [ 66.7 | 59.0 | 6.3 13.0 | 99.7 4560 | 316.00

S4 Caterpillar Deep 750 | 71.2 | 443 | 153 | 22.2 | 217.3 | 4890 | 48800
Yellow

S5 Toy Gun Black 140 | 330 | 580 | 3.2 11.2 | 99.8 218.2 | 500.00

S6 JCP tractor | Yellow 95.2 | 75.2 | 61.0 | ND ND 385 95.0 111.0

S7 Mobile Green 41.2 | 27.6 | 43.8 | ND ND 17.5 113.1 | <DL
+Yellow

S8 House Many 37.8 [ 41.2 | 39.0 | ND ND 54.3 83.9 92.00
colors

S9 Cup Red 13.2 | 5.60 | <DL | ND ND | 0.71 15.6 25.20

S10 Balls cilia Purple 23.1 | 14.7 | 115 | ND ND 18.3 242 16.00

S11 Lego Many 280 |45 | 119 | ND ND 0.98 354 71.00
colors

S12 Telephone Black 28.4 | 18.6 | 24.1 | ND ND 84.0 1170 58.00

S13 motorcycle Grey +Blue | 84.3 | 77.2 | 57.6 | ND ND 2140 | 1540 | 66.D

S14 Barbie Toy Brown 11.0 | 9.30 | 14.8 | ND ND 29.00 | 41.0 110.00

S15 Dog Brown 6.94 | 8.36 | 7.15 | ND ND 42.00 | 63.00 10200

S16 Plane Green 9.54 | 12.8 | 10.1 | ND ND 75.30 | 14.0 114.®
+Yellow

S17 Tractor Green + 39.7 | 42 78.3 | ND ND | 44.00 | 72.30 | 88.90
Yellow

*ND = Not detected
*< D = belowdetection limit
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4.2Heavy metal concentrations in the toy samplegsrom Palestinianmarket
and their interpretation.
Lead

The concentration of lead was found to range from (0.781&5.6ppm) with an average of
464.48ppm Forty two percenbf the toy sampleswenty oneout of 50 bys samples)contain
lead with concentration higher th&® ppm, (Table 4.4). The lead limit according tdJ.S.
Environment Protection Agency (EP/Atandards (40 CFR Part 745, 2001) for toys and other
articles intended for use by children is 90ppm.

The aveage value for the concentration of lead that was found in this $4&y48ppm) is

much more thathe maximum allowable valuz 90 ppm

Also the study revealethat there isaclose correlation between the color of the sample and the
concentration oheavy metal, for example, samples of yellanange and green colors contain a
high concentration diead. Most of the yellow samples contain the highest concentration of lead.
This may beattributedbecausdead and its compounds are used as pigm@&ds Alphen M

1999 Clark etal, 2006). Lead (ll) chromate (PbCrO4, "chrome yellow") is used to produce
yellow, orange, red green paints colbead (Il) carbonateéPbCO3, "white lead") to produce
white color. Red lead (lead oxide wittodygerd s 30 to produce redand bright orange color.

Blue lead (lead sulfate with lead oxide, zinc oxide, and carbon) may be used industrially as a

corrosion protection and as a colshen metal is needed (US CDC, 2007).

So the highest leacbncentration in toy samples wfost yellowish color iglue mainly to ead

(1) chromate (PbCrg).

Lead was present in different concentrationsmost tested samples, but the percentage of
concentration in samples maftem PVC polymer was higher than in samples miaden other
polymers.This maybe becaug®v/C has a brittle nature and heat sensitpstyit requires the use

of a thermal stailizers to enhancéreinforce)material properties, reduce material costs (fillers)
and impart specific characteristics such as stab#gginstheat and light, flexibility, flame
resistance, or provide color and aesthetics,(@ieenpeace008.

The commonly used stabilizers are usually basic lead salts that can react with the evolved
hydrogen chloride gasthus they retard the deleterious catalytic action of the eliminated

hydrogen chloride, or substances that can exchange the labile functionairgtbagackbone
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chain for other more stable substituent derived from the stab{llzew, 1985. (US EPA,

2003.

Table4.4PVCtoy samples with lead concentratio@Cppm (mg/kg)

Description
T1 (Lion)
T9 (Dinosaur)
T11 (Elephant)
T14 (Banana)
T15 (Ambulance)
T16 (Dinosaur)
T19 (Lorry car)
T21 (Truck Car)
T22 (snack)
T23 (Ox)
T24 (Camel)
T29 (Mirror)
T30 (football)
T31 (Ball filled oil)
T33 (Painted house
T34(Plastic Ring)
T37 (Telephone)
T38 (Caterpillar)
T39 (Pendant)
T42 (Soldiers)
T43 (Sword)

Lead
1775.0
1431.@

611.96
546700
1886.64
5467.78
603600

661.76

109.85
2919.69
140500
2044.0

177.15

397.30
1021.®

975.9)
1021.®
8195.®
176100
8195.@
1761.@
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Color
Yellow
Green + Yellow
Green +Grey
Yellow
Red + White
Orange
Yellow + Green
Green +Blue
Black + White
Orange
Yellow Light
Pink
White + Yellow
Blue
Many Colors
Red
Black
Deep Yellow
Blue+ green
Brown + Green

Blue + White
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Figure 4.2 Frequency of Pb in Palestinian Toy samples
Cadmium

The results of Cadmium metal concentratiareshownin Table4.5 Twenty eightpercentof the
samples (Fourteenth samples out of &Mtaincadmiumconcentratiorof morethan 75ppm or
mg/kg. This meansthat 28% of the samples have high cadmium concentrationeathe
maximum allowable value. Cadmium concentrations were ranging from 0.4243®.42 ppm

(mg/kg) with an average oR5.9 ppm.

Some of the toy samplegere found tocontain very high concentratiomd Cadmium. These
values exceeded the limit of whatpermissible internationally.

Cadmium is used as thermal stabilizer for polyvinyl chloride (PVC) plastic during the
manufacturing procesgO. M. Folarin and E. R. Sadik@011J). Its function can be summarized
as nlt repl aces Ihapolyrhee anc rhodity chaim react@rts.oltnmibits the t

elimination of hydrogen chloride and interrupt the formation of polyene sequences in the
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p ol y mvbichds attributed to its formationof the gradually demise of yellow and its

conversion to orange atlden red and browr{fFolarinO. M. and SadiklE. R).

Cadmium is primarily used to color plastics, it is typically used to produce shades of yellow,

orange, red, and maroon but it is also used in pigments for ceramics, glass, textiles, printing,

inks, ribber, lacquers, and specialty paints (US EEXQO0).

Some of these items are used in one way or another in plastic toys. High Cadmium

concentrations were noted in deep orange toy samples.

Table 45 Samples ofPVC and nonPVC toys with cadmium concentiah > 75mg/kg (the

maximum allowable limit)

Description
T2 (Water gun)
T3 (Barbie doll)
T6 (Bracelet)
T13 (Truck car)
T16 (Dinosaur)
T19 (Lorry car)
T20 (Fish)
T29 (Basketball)
T40 (Dog)
T41 (Jelly ball)
T42 (Soldiers)
T45 (Zebra)
T46 (Breastfed)
T47 (motorcycle)

Cadmium
113.40
139.14
251.69
3249
436.42
193.78
289.59
100.9

2563.9
420,00
150.18
298.66
349.44

90.43

PVC
Yes
Yes
Yes
Yes

No
No
Yes
Yes
No
No
No
Yes
No
No
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Color
Yellow + Orange
Gold + Brown
Gold + Silver
Green
Orange
Yellow + Green
Purple
Deep Orange
Grey
Blue
Green + Bown
White +Black
Red + milky
Grey + Blue
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Figure 4.3Frequencyof Cd in Palestinian Toy samples

Mercury

Theresults of mercury metal concentration afmwnin Table4.6 Six percentof the samples
(three samples out of 5@pntain mercury concentration moreéhan 60 ppm or mg/kg. This
means that 6% of the samples have higgrcury concentration above the allowable value.

Mercury concentrations wenaried from (0.118to 85.9) ppm (mg/kg) with an averagef 8.8

ppm.

Table4.6 samples ofPVCtoys with mercury concentration60 mg/kg (the maximum

allowable limit)

Description Mercury Color
T29 (Basketball) 85.9 Orange

T43 (Sword) 63.6 White + Blue
T45 (Zebra) 64.6 White + Blak
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Those three samples were made in chiMast manufactwers of PVC around the world use

natural gas or petroleum as the feedstock or raw material from which the plastic is manufactured.
However, most PVC manufacturing in China uses a different procasstarts with coal as the
feedstock. In that coddased process, mercury is used as a catalyst to spark the chemical reaction
among ingredient8JNEP, 2008)

In 2009, thecodbased process was Uus e @inyadhloriledanonorhey 1 04 Cl
plans. Al t hough these plants accounted for only
according to the latest data provided by their trade associ@iiNiEP, 2008) Some of the

mercury catalyst is lost during this industrial process and must be continuaépiségld. It is

poorly understood exactly where the lost mercury ends up and how it gets thewgebuthere

is a part of it is mixed in processed matefidNEP, 2008) Chi nads PVC manuf act
represents one of the most significant uses @fcory in the worldoday it consumes over 800

metric tongper yeafUNEP, 2008)
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Figure 4.4 Frequency of Hg in Palestinian Toy samples
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Chromium

The result of Chromium metal concentration is showiTable4.7 Thirty four percentof the
samples (Seventeen samples out of 50) have Chroranoentration morgéghan 60 ppm or
mg/kg. This measthat 34% of the samplesontain high Chromium concentratioand it is
above the allowable value. Chromium concentrations wared from 6.76 to 2468.0 ppm

(mg/kg) with an average d80.74ppm.

Chromium is used widely as a valuable dye and as a coloring for PVC material, as well as heat
stabilizer. Chromium is available in red color samples in the form of lead chromate molybdate
sulfatered (formula Pb(Cr,S,M0)£), In green color samples in the form of Chromium oxide
Cr,03 (This compound has the ability to reflect infrared light)blue color samples in the form

of Cobalt chromate, cobalt chromatehich, contains chromium in the madrin addition to
cobalt and aluminumEmpirical formula is Co(Al,Cr)O,. It is also found inorange color
samples in the form athrome orange, which is a basic lead chromate formed under alkaline
conditions to give product of empirical formula PbGrdPbO. Shades from a yelleshade to a
redshade orange can be produced, depending on the alkalinity of the raaetisn Yellow

color samples inthe form of Primrose chrome yellow, which it is @ precipitateof lead
chromate and lead sulfate of empiridairmula PbCrO4&PbSQ and so on(Boscolo P,
Gioacchino MD, Bavazzano P, White M, SabbionilE97).

The most important observatidrerewasthe strongest correlation between the presence of lead
and the presence of chramm in the toy samples. The samplnat have high lead concentration
wereoften alsocontainingchromium.This confirms that both of these two elements are used as

dyes or pigments more than stabilizers and the compound combiningviisdead chromate.
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Table4.7 PVC oy samples witlthromium concentration >60 ppfmg/kg)

Description

T1 (Lion)

T2 (water gun)
T3 (Barbie doll)
T5 (Necklace)
T6 (Bracelet)
T7 (Beads gun)
T11 (Elephant)
T16 (Dinosaur)
T21 (Truck car)
T23 (Ox)

T25 (Apple)
T28 (Mirror)

T32 (mirror)
T34 (Ring)

T35 (Ball cilia)
T36 (Mobile)
T38 (Caterpillar)

Percentage

Chromium Color
471.37 Yellow
1858.16 Orange + yellow
511.60 Gold + brown
524.D Green + blue
220.0 Silver + gold
2486.9 Black + grey
105.2D Green + grey
295.@ Orange
203.45 Green + blue
66.16 Orange
117.15 Red + green
111.56 Pink
359.87 Green + yellow
191.60 Red
89.30 Purple
89.15 White + yellow
194.00 Deep yellow

Frequency Distribution of Cr in Palestinian Toy Sam
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Figure 4.5Frequencyof Cr in Toy samples from Palestinianmarket
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Barium

The results of Barium metal concaitons are showimn Table 4.8 Twenty percentof the
samples (@samples out of 50) have Bariutoncentration moréhan 1000 ppm or mg/k@-his
meansthat 2% of the samples have high cadmium concentration above the allowable value.

Barium concentrations werrangd from 6.76 t016074 ppm (mg/kg) with an averag&240
ppm,

Barium is added to PVC polymer products including toyscdisipounds fornthe sources of

white and yellow light in toys materiatisrough the following barium compounds:

1. Natural barium siéate, known as baritdhas a high brightness, high specific gra\atyd
low oil absorption inert filler. It finds use in powder coatings of its high specific gravity,
good brightness and low oil absorpti@ibello etal. 2003).
Barium oxide which is rgmnsible forwhite-yellow color.

3. Bariumsulfide which responsible for greplor, and represents the starting point for the
chemical manufacture of most other barium compounds (Dilkeeib 2003). One such
useful compourslis lithophonestone thatonsigs of 28% zinc sulfide (ZnS) and 72%

barium sulfate (BaSO4), which is used as a white pigmgpaints coating plastic toys.
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Table4.8 Toys samples with barium concentration >1@@én (ng/kg)

Description Barium PVC Color

T10 (Pendant heart) 16074.4 Yes Yellow + Silver
T12 ( Police care) 57680 Yes White + Blue
T15 (Ambulance) 5530.7 Yes Red + white
T16(Dinosaur) 3403.6 Yes Orange

T29 (Basketball) 25500 Yes Deep Orange
T35 (Balls cilia) 20665 Yes Purple

T36 (Mobile) 91590 Yes White + Ydlow
T37 (Telephone) 56060 Yes Black

T40 (Dog) 16074.0 No Grey

T45 (Zebra) 1325.9 Yes Black + White
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Zinc

The results oZinc metal concentration is shown Talde 4.9. Forty percenbf the samples (20
samples out of 50) have Zigoncentration moréhan 1000 ppm or mg/kdhis meanghat 40 %
of the samplescontain high zinc concentration above thmaximum allowable value. Zinc

concentrations were raadfrom 9.5to 10725.0ppm (mg/kg) with an average of1361ppm.

Zinc is found in these toys in the form of zinc borate xZnO -yB203- zH20, x=4, y=1, z=1,
which is widely used as a flame retardant. Zinc borates can either be used alone or in
combination with other hal@p synergists, such as antimony trioxide. In some instances Zinc
borate is used withlumitrihydrate(Aluminium Trihydrate is an odorleg®wdery substance and

it is a common primary ingredient present in most solid surface material and accounts for as
much as 70% of the total product)to form a glasdike substance that inhibits polymer
degradation(Kirk, Othmer 1970)
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This thermal stability makes it attractive as a fire retardant additive for plastics, rubbers and PVC
products that require high procegstemperatures. It is also used as an anticorrosive pigment in
coatings(C.Aykut ERDO_DU, 2004)

Zinc is also found in the form @&INC OMADINE Zinc 2 -pyridinethiol-1-oxide, (Go Hg N2 O»
S, Zn), Mol. Wt. = 317.7, Melting pt. = 2400C (decompgséisis used as antimicrobial agent in
hair care products, in PVC and other plastics, in paints, coatings, adhesives, sealaagsa and

cosmetigpreservative are also availalflelli Sherman 2011).

Due to its lowsolubility in water(8 ppm at neutral pH), Its decomposition tlyravioletlight is
slow, providing years of protection even against direct sunlighd antimicrobial effect is
proposed to derive from its ability to disrupembrandransport by blocking thproton

pumpthat energizes the transport mechan{€handler 1978).
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Table4.9 Toys samples with zinc concentration >1000 ppm

Description

T1(Lion)
T2(Water gun)
T3(Barbie doll)
T4(Toy train)
T5(Necklace)
T6(Bracelet)
T9(Dinosaur)

T10(Pendant heart)

T11(Elephant)
T13(Truck car)
T16(Dinosaur)
T19(Lorry car)
T20(Fish toy)
T21(Truck car)
T25(Apple)
T41(Jelly ball)
T42(Soldiers)
T45(Zebra)
T48(Toy Gun)
T50(Flower)

Zinc

3377.0
7526.8
3443.9
13370
10753

107250

15600
3875.8
1933.9
3875.8
2119.8
2110.4
100Q0
20170
11104
46180
10000
37890
13690
11570
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PVC

Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
No
No
Yes
Yes
No
No
Yes
No

Yes

Color

Yellow
Yellow + Orange
Gold+ Brown
Red +Black
Green+ blue
Gold + Silver
Yellow
Silver+ blue + Red
Green +Grey
Green +Yellow
Orange
Green +Yellow
Purple
Green + Blue
Red + Green
Blue
Green + brown
Black + White
Black
Red



Frequency Distribution of Zn in Palestinian Toy Sam|

45+
404
354"
304~
o)
g 25
3
s 20
o
154"
104
s
04
0-500 500 - 1000 More than 1000
PPM
Figure 4.7 Frequency of Zn in Palestinian Toy samples
Selenium

The results of Selenium metal concentration is showhable4.10. Thirty two percenbf the
samples (16 samples out of 5@)ntainseleniumconcentration moré¢han 500 ppm or mg/kg.
This meanghat 32% of the samplesontan high seleniumconcentration above the allowable
value. Selenium concentrations were ranging from 16.@838.0ppm (mg/kg) with an average
of 453.978ppm,
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Table4.10 Toys samples with selenium concentration >ppth (mg/kg)

Description Selenium PVC Color
T1 (Lion) 17780 Yes Yellow
T2 (Water gun) 10800 Yes Yellow + Orange
T3 (Barbie doll) 12920 Yes Gold + Brown
T6 (Bracelet) 886.3 Yes Gold + silver
T20 (Fish) 7738 No Purple
T21 (Truck car) 5080 Yes Green + Blue
T22 (Snack) 17000 Yes Black + White
T23 (Ox) 884.4 Yes Orange
T29 (Basketball) 9800 Yes Deep Orange
T31(Ball filled oil) 1000.8 Yes Blue
T32 (Mirror) 5300 Yes Green + Yellow
T38 (Caterpillar) 5530 Yes Deep Yellow
T41 (Jelly ball) 6930 No Blue
T43(Sword) 28330 Yes White + Blue
T49 (Flower) 599.3 Yes Red
T50 (Cat) 618.4 Yes Orange

Selenium is used as pigments (coloring agents) for paints, plastics, ceramics, artd(gtzezes
Alamos National Laboratory2001) Depending on the form of seleniwsed;the color ranges
from deep red to light orange. It can be used to decolorize glass and to impart a scarlet red color

to glass, glazes and enamels.

Glaze$ means Something used to give a glossy surface aoating of colored, opaque, or
transparent material applied to ceresrbefore firing
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Arsenic

The results ofarsenic metal concentration ashownin Table 4.11 Forty two percenbf the
samples (21 samples out of S@ntainarsenicconcentration mor¢han 25 ppm or mg/kdrhis
meansthat 42% of the samplesontain high Arsenic concentration above timeaximum
allowable value. Arsenic concentrations were eghigom (1.04to 248% ppm (mg/kg) with an
averagenf113.83ppm.
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Table4.11 Toy samples with arsenic concentration >25ppm (mg/kg)

Description Arsenic PVC Color
T1(Lion) 471.37 Yes Yellow
T2 (Water gun) 1858.16 Yes Yellow + Orange
T3 (Barbie doll) 511.@ Yes Gold + Brown
T4(Toy train) 44.49 Yes Red + Black
T5(Necklace) 542.90 Yes Green + Blue
T6 (Bracelet) 220.00 Yes Gold + Silver
T7Beads gun) 2486.9 Yes Black + Green
T9(Dinosaur) 39.9 Yes Grey + Black
T11(Elephant) 105.2 Yes Green + Grey
T15(Ambulance) | 42.88 Yes Red + White
T17(Giraffe) 57.17 Yes White + Brown
T21(Truck car) 203.45 Yes Green + Blue)
T23 (Ox) 66.71 Yes Orange
T25(Apple) 117.15 Yes Red + White
T26(Mobile) 39.15 Yes White + Blue
T28(Pink mirror) 111.56 Yes Pink
T29(Basketball) 43.08 Yes Deep Orange
T34(Plastic ring) 191.80 Yes Red
T35(Ball cilia) 89.20 Yes Purple
T37(Telephone) 49.90 Yes Black
T38(Caterpillar) 48.00 Yes Deep Yellow

It was quite clear that the amount of arsenic in children toy samples includeabla4.12 is
very high compared to what is universally allowadd there is no suffient and convincing

justification for the presence of such large amounts in toys.
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It is fully recognizel that the arsenic and its compounds in spite of their high toxicity have many
uses such as wood preservation, fertilizers, fireworks, herbicidesnhsedicides, electronics

industryands e mi conductors that are used for sol ar

There are some pigments that may contain arsenic or some of its compounds, Bacis as
Green(copper acetoarseniteéhat used as a pigment, despite its toxicitys lalso used as a blue
colorant for firework§ASTDR, 2005, (IARC, 1989, 200% The color of Paris Green is said to
range from a pale, but vivid, blue green when very finely ground, to a deeper true green when
coarsely groundAlso anti- micro-organismsand bacterigBiocides) that may adhere to some
PVC plastic products whictouchthe water, often containing arsenic compourlg, toys of

this kind are few and limitedse.

T as TN o
Acust O c|> HsC c/
u - 3C—
\AS \\
| e
o
2 2

Figure4.9the chemical formula dParisgreen(copper acetoarsenite)

Source(www.gamblincolors.corh../pdf/GamblinStudioNote)
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Figure 4.10 Frequency ofAs in Palestinian Toy samples

4.3Heavy metal concentrations in thetoy samplesfrom Israeli market

As shown intable4.12 below, the content of all toysamplefrom heavy metals is less than the
maximum allowable internationalvaluesexcept for one Sample numberS6, which is a deep
yellow JCP Tractor toywas found slightly higher than theaximum allowablevalues. The
Leadand cadmiuntotal content irthis samplas 96.7and 75.9ppm, and both valueslightly

exceeded the maximum allowalgernationalimit , which it is90 and75 ppmrespectively

Concentrations of heavy metals in the toys ranged #d@to 96.7 ppm for Pb with an average
valueequal t039.2opm and from4.5 to 759with an averagealue equal t036.9for Cadmium,
andfrom 7.15 to 59with an averag&alue equal t036.87for chromium and from3.2 to 25with
an averag@alue equal t03.62for mercury and from0.0to 22.4with an averagealue equal
4.95for arsenicand fron®.71 to 342with an averaggalueequalto 93.9for Seleniumand from
14.0 to 4890 with an averagealue equal t0156.29for Barium, and finally froml6.0 to 500

with an averaggalueequal to159.56for Zinc.
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Table4.12 concentrations of eight heavy metals Bv8nteeth Israeli toy samples

Sample | Description | Color Pb Cd Cr Hg As SE Ba Zn

Code

S1 Duck Yellow 730 | 515 | 49.3 | 250 16.0 3420 | 4115 96.0
+Blue

S2 Lorry Car Greer 180 | 69 57 11.8 21.9 2190 | 253 4730
yellow

S3 Ox Orange 86.2 | 66.7 | 59 6.3 13.0 99.7 456 3160

S4 Caterpillar Deep 900 | 71.2 | 44.3 | 153 224 217.3 | 489 4880
Yellow

S5 Toy Gun Black 140 | 3300 580 | 3.2 11.2 99.8 218.2 5000

S6 JCP tractor Deep yellow| 96.7 | 759 | 61.0 | ND ND 38.5 95.0 111.4

S7 Mobile Red+ 41.2 | 27.80 | 43.8 | ND ND 17.5 113.1 <DL
Yellow

S8 House Blue 37.8 | 41.20 | 39.0 | ND ND 54.3 83.9 92
+Yellow

S9 Cup Red 13.2 | 5,60 | <DL | ND ND 0.7 15.6 25.3

S10 SiliconBalls | Many colors| 23.1 | 14.0 | 11.5 | ND ND 18.3 24.16 16.0

S11 Lego Many colors| 2.8 450 | 119 | ND ND 1.0 354 71.0

S12 Telephone Red+White | 28.4 | 18.80 | 24.1 | ND ND 84.0 117 58.0

S13 motorcycle Grey +Blue | 48.2 | 73.20 | 57.6 | ND ND 2140 | 154 66.9

S14 Doll Toy Brown 11.0 | 9.30 | 14.8 | ND ND 29.0 41.2 1100

S15 Dog Brown 6.9 8.36 | 7.15 | ND ND 42.0 63 1020

S16 Plane Green 9.5 12.80 | 10.1 | ND ND 75.3 14.0 114.0
+White

S17 Tractor Greent 39.7 | 4200 | 58.3 | ND ND 44.0 72.3 88.9
Yellow

61




As shown in Figuré.1land Figuret.12below, itis quite clearthat the concentrations of heavy
metalstotal contentin Palestiniantoys samples arenuchhigherthan their Israeli counterparts
and the percentage of Israeli toy samples exceeded international allowable values is less than 5%

, While it ismore thard0% in some Palestinian toys samples for some heavy metals.
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Figure 4.11The average of heavy meils total content inPalestenian toy samples
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4.4 Migration rates Experiment

Migration rate is the amount of heavy metal which is released from the toy or article when it is
submerged in artificial Salivaolution The artificial Salivasolution used in the experimeas
mentioned above wasonsist of the followingmaterials(Methyle-p-hydroxybenzoate2.00g/1,
Nacarboxymethyle cellulose 10g/1MgGI6H,O 0.059¢/1,KCI 0.625g/1, &h.2H,0O
0.1669/1,kHPO, 0.8049/1, KHPO, 0.329g/1, PH 6.75 Duration of the dipping samplegas

8hr. This is intended to simulate chewing and swallowing the parts of toys or plastic items.

The migration rateresults ofeight heavy metalf'om dipped saples was as shown in table
Table 4.B below :
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Table4.13The migration rate of eight heavy metals frontdy sample in artificial saliva

Sample code Pb Cd Cr Hg As Se Ba Zn
T6 9.70 11.20 14.9 0.00 3.4 23.9 51.0 41.2
T9 18.90 24.00 19.2 0.60 9.2 59.00 53.20 22.4
T13 32.10 30.20 24.1 ND 12.8 102 66.70 41.5
T14 11.20 14.20 10.5 ND 15.30 49.9 67.90 66.8
T21 9.40 11.0 8.9 ND 13.70 55.00 89.20 112.1
T25 27.30 25.10 20.5 ND 9.0 86.10 | 41.0 15.0
T26 35.9 31.400 28.8 ND 7.36 63.00 56.0 33.8
T30 45.20 40.2 33.7 ND 11.30 | 4800 | 100.D 62.3
T37 19.9 21.9 19.2 6.10 14.50 19.70 78.20 92.1
T38 253 22.60 211 2.0 8.9 45.9 55.0 100.5
T40 17.60 19.0 16.4 0.52 21.20 55.82 | 38.10 45.1

None of the valuem the table4.13 abovehad exceedethe intermational maximum allowable
limit, which is the bondary between safety and danger. Mest take into account that the child

does not use the taynly once but many timesvith varying periods. Thechild also playswith

more tharone toy at the same time. There are always possibilities for cumulative effects. All of

these toxingmay accumulate in the bodyf the child and with time may exceélie maximum

allowed At this point thechild isin real danger.
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Chapter Five

Conclusion& Recommendations
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5.1 Conclusion

This study showed beyond any reasonable doldt theplastictoyssoldin Palestinian markets
do contain concentrations of heavy metals higher thamternationallymaximumallowable
table5.1 clearly shows this matter

Table 5.1 Toy samples sold in Palestinian market that contains heavy metals concentration
higher than the maximum allowable limits (MAL).

Sample code Pb Cd Cr Hg AS Se Ba Zn
MAL(ppm) 90 75 60 60 25 500 1000 1000

T1 1775.0 471.37 471.37 1778.® 3377.@
T2 113.40| 1858.16 1858.16 | 1080.0 7526.8
T3 139.49 | 511.60 511.60 1292.® 3443.9
T4 44.09 1337.®
TS5 524.D 542.09 1075.27
T6 251.69| 220.D 220.0 868.20 10725.@
T7 2468.9 2486.9

T8

T9 1431.00 39.8 1560.®@
T10 16074.90 | 3875.®
T11 611.96 105.D 105.D 1933.9
T12 576800

T13 324.9 3875.8
T14 5467.00

T15 1886.64 42.88 5530.0

T16 5467.78 | 436.42| 29560 3403.® | 2119.®
T17 57.17

T18

T19 6036.00 | 193.78 2110.0
T20 289.60 773.77 100000
T21 661.76 203.45 203.45 508.M0 201700
T22 109.85 1700.0

T23 2919.69 66.10 66.70 884.90

T24 1405.00
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Continuedthetable5.1

T25

117.15

117.5

1110.40

T26

39.15

T27

T28

111.56

T29

2044.0

100.9

43.80

980.00

2550.00

T30

177.15

T31

397.30

1000.81

T32

359.87

530.00

T33

1021.60

T34

975.50

191.6

191.60

T35

89.30

89.30

2066.50

T36

89.15

9159.00

T37

1021.60

49.90

5606.00

T38

8195.60

194.00

48.00

553.00

T39

1761.00

T40

256.35

1670.04

T41
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The presence of heavy metals in the tthat have beepurchasedrom the Palestiniamarket
were in the range qD.76- 8195.9, (0.47-436.42, (6.761 2468.0, (0.118- 85.9, (1.04- 2486,
(16.6- 2833, (6.767 9255.0 and (9.51 7625.8() mg/Kg forPb, Cd, Cr, Hg, As, S&a, andZn
respectively Both PVC and noiPVC toys contain heg metals but the concentration of these
metals in norPVC toyswere foundgenerally less than that of PVC toys.

The present study reveals thé®% of the toy samples show high concentration (above
international limits) of Lead30% of Cadmium,34% of Chramium6% of mercury,42% of
arsenic,32% of selenium22% of bariumand40%of zincrespectively.

This study reeals thatabout94% of toy samples fronisraeli market are safene sample out of
seventeenth contaimsad and cadmiurslightly higherthanMAL . None ofthe migration rate of
eight heavy metals from toy samplesubmergedin artificial saliva had exceededhe
international maximum allowable limivhich is the bondary between safety and danger.

The problem of toys poisoning has widely beecogized. This problemneeds a special

attentionfrom theresponsiblgersons especially iRalestine

5.2 Recommendations

Based on our study the Palestinian government at all levels should take the following
actions:

1) - Act quickly to adopt policies t@rotect consumers and ban the use of PVC in toys and

chil drenbs product s

2) - Eliminate the purchase of products and packaging that contain lead, cadmium, and other
hazardous heavy metals and chemical addi tive
3) - Labd the material content of toys so that consumers can easily identify safer products. Toys
made with PVC should be | abeled fimade with PV
APWCree. 0o By requiring al/l PVC pryddntifgwheh t o be

products contain PVC and its additives and which are safe to purchase.
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4) - Conduct a public campaign to educate consumers about the risks posed by plastic made toys.
5) - Conductan independent study dine concentrations of phthalate jihastictoysb e cause it 6

riskinessnot less thahat ofheavy metals
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Appendix A

Calibration curve fowariousleadconcentrationsisingICPM
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Calibration curve fowvariousmercuryconcentrationsisingICPMS
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Calibration curve fowariouszinc concentrationsisingiICPMS

x10-1

Ratio

Zinc (Zn)

_*

A

R

T T
0 500 1000 1500 2000 2500 3000 3500 4000
Conc (ppm)

Y= (0.00338*X) + 0.0049

Ratio= Instrument Response (account/time)
R=0.9410

83




Calibration curve fowariousbariumconcentrationsisingICPMS

x10-1

Ratio

60

50

40

30

20

10

0

Barium

o

0 5000 10000 15000
Conc (ppm)

20000

Y =0.0034 * X + 0.0044

Ratio= Instrument Response (account/time)
R =0.9090,

84




Calibration curve fowariousarsenicconcentrationsisinglICPMS
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Calibration curve fowariousseleniumconcentrationsisingiICPMS
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Calibration curve fowariouschromiumconcentrationsisingICPMS
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Calibrationcurvefor variouscadmiumconcentrationsisinglICPMS
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Appendix B

The Toys samples photdsom Palestinian narket
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