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TOXIC TECH
The dangerous chemicals in electronic products

Electronic products are a complex mixture of several hundred components,
many of which contain heavy metals and hazardous chemicals. These
dangerous substances cause serious pollution and put workers at risk of
exposure when the products are produced or disposed of.

Berylium

Beryllium is a metal with unique properties; it is lighter than aluminium and
stronger than steel, as well as being a very good conductor of heat and
electricity (Taylor et al. 2003). Beryllium is used in electrical and electronic
equipment as copper-beryllium alloys typically containing 2% beryllium. This
alloy increasing the strength to six times that of copper. It is used in springs,
relays and connections, and historically in computer motherboards (OECD
2003, Taylor et al. 2003).

During the refining and processing of beryllium and its compounds, fumes and
dusts of beryllium and beryllium oxide can be produced. Their inhalation is
the main route of beryllium exposure for workers in these industries (Field
2001). Historically many believed that the manufacture and use of beryllium-
copper alloys did not pose health risks to workers (see Infante & Newman
2004), however recent studies have shown that people working with such
alloys can have a significant risk of exposure to beryllium and suffer health
impacts including developing CBD (Balkissoon & Newman 1999, Schuler et
al. 2005). Workers can also carry beryllium dusts away from the workplace
on their clothes and shoes, exposing their family members (Cohen & Positano
1986, Sanderson et al. 1999) and there are reported cases of the spouses of
beryllium workers developing beryllium sensitivity and chronic beryllium
disease (CBD) (Knishkowy & Baker 1986).

While most reported cases of beryllium exposure are related to workers
involved in processing and manufacturing activities, exposure may also occur
during the recycling of electrical and electronic equipment containing
beryllium-copper alloys. Beryllium dusts may be generated during shredding
and grinding, or during high temperature processes such as those used at
metal refineries (Basel 2004, OECD 2003), which can lead to beryllium
sensitivity and CBD in workers (Cullen et al. 1987, Infante & Newman 2004).

Beryllium is both acutely and chronically toxic to humans, mainly affecting the
lungs. Breathing high concentrations of beryllium dusts or fumes can result in
acute beryllium disease (ABD), with a range of effects including shortness of
breath, coughing, chest pain, rapid heart rate and death in extreme cases.



Approximately 30% of ABD sufferers will eventually developed chronic
beryllium disease (CBD), also known as berylliosis.

Exposure to beryllium, even at very low levels and for short periods of time,
can lead to beryllium sensitisation. Some individuals will go on to develop
CBD, a debilitating disease with symptoms including emphysema and fibrosis
of the lungs that can sometimes be fatal. Although symptoms can be
suppressed with steroids, CBD is currently incurable (Field 2001). CBD can
develop soon after exposure begins or be delayed for long periods, up to
many years after initial exposure (Newman et al. 1996). The length of time
and amount of exposure that results in sensitisation and subsequent
development of CBD is highly variable between individuals. Not all individuals
who become sensitised will go on to develop CBD. Some people can develop
berylliosis following seeming very low levels of exposure, and health effects
have been reported following exposure to levels 20-100 times lower than
widely used workplace exposure limits (Kelleher et al. 2001). This effect is
believed to be a result of a genetic predisposition (Field 2001, Viet et al.
2000). In many cases CBD in workers is either undiagnosed or misdiagnosed
(Infante & Newman 2004, Newman 1995). Skin contact can also produce
dermatitis, and may cause beryllium sensitization, a precursor to CBD
development (Tinkle et al. 2003).

Furthermore, beryllium and beryllium compounds have been classified as
known human carcinogens by the International Agency for Research on
Cancer, based upon the increased rates of lung cancer in beryllium
production workers (IARC 1993)

In some countries controls exist to address beryllium exposure in the
workplace, with maximum allowable air concentrations. Many countries have
adopted workplace exposure limits of 1-2 ug/m*® (WHO 1990). For example,
in the USA a maximum average permissible exposure limit (PEL) is set at 2
ug/m?® over 8 hours, with a limit of 5 ug/m* for any 30 minute period and a
peak maximum of 25 pg/m*® (USCFR 1999).

Workplace exposure limits are typically based upon total beryllium air
concentrations. These do not address other factors that can affect exposure
such as dust particle size and the chemical form of beryllium. Recent studies
indicate that some workers can develop CBD at exposures significantly below
such limits (Kelleher et al. 2001, Kolanz 2001).

Cadmium

Cadmium and its compounds are used in a number of applications within
electronics products. Cadmium is used in some contacts and switches, and
many laptop computers contain rechargeable nickel-cadmium (Ni-Cd)
batteries. Cadmium compounds have also been used as stabilisers within
PVC formulations, such those used as wire insulation. Cadmium sulphide has
been also used in older cathode ray tubes (CRTs) as a phosphor coating, a



material used on the interior surface of the screen to produce light (OECD
2003).

Disposal of cadmium containing products can cause releases into the
environment. Incineration can release cadmium compounds both to the air
and within fly ashes (Allsopp et al. 2001). Recycling operation, such as
breaking of CRT glass, may also release cadmium to the environment and be
hazardous to workers through the inhalation of cadmium sulphide containing
dusts (OECD 2003).

Cadmium is a rare metal, found naturally as very low concentrations
(Salomons & Forstner 1984). It is persistent in the environment, and in
aquatic environments cadmium is more mobile than most other metals
(ATSDR 2000). Cadmium is highly toxic to plants, animals and humans,
having no known biochemical or nutritional function (ATSDR 2000, WHO
1992). Exposure can result in bioaccumulation of cadmium in humans and
animals. Some food crops such as grain, rice and vegetables can also
accumulate cadmium, which can provide additional exposures for humans
(Elinder & Jarup 1996).

Cadmium exposure can occur occupationally through inhalation (breathing in)
of fumes or dusts containing cadmium and its compounds or through
environmental exposures, primarily diet. Cadmium is a cumulative toxicant
and long-term exposure can result in damage to the kidneys and bone
toxicity. For animals as for humans cadmium exposure though diet primarily
affects the kidneys (Elinder & Jarup 1996, WHO 1992). Recent studies have
demonstrated kidney damage at lower levels of exposure than previously
anticipated (Hellstrom et al. 2001).

Other effects include disruption to calcium mechanisms in the body and the
development of hypertension (high blood pressure) and heart disease (Elinder
& Jarup 1996, WHO 1992). The inhalation of cadmium oxide fumes or dusts
can affect the respiratory system, with effects including tracheobronchitis and
pulmonary oedema (ATSDR 2000, WHO 1992). Furthermore, cadmium and
its compounds are known to be human carcinogens, primarily for lung cancer
following inhalation (DHSS 2002).

A number of regional controls exist on the use of cadmium in products. EU
legislation restricting the use of certain hazardous substances (ROHS) in
electrical and electronic equipment, prohibits the use of cadmium in new
equipment put on the market from 1 July 2006 (EC 2002a), with a maximum
allowable concentration of 0.01% cadmium by weight in homogeneous
materials. There are exemptions to this for the use of cadmium in certain
plating applications. Under legislation addressing waste electrical and
electronic equipment (WEEE), batteries containing more than 0.025%
cadmium by weight must be separated from wastestreams and recycled
where appropriate (EC 2002b). The use of cadmium in products is addressed
under other EU legislation, including restrictions on its use as colouring or
plastic stabiliser agents in a wide range of products (including PVC) where the



cadmium content exceeds 0.01 %, with some exceptions for safety reasons
(EEC 1991).

In 1998, the Ministerial Meeting of the OSPAR convention for the Protection of
the Marine Environment of the North-East Atlantic agreed on the target of
cessation of discharges, emissions and losses of all hazardous substances to
the marine environment by 2020 - the one generation cessation target - and
included cadmium compounds on the first list of chemicals for priority action
towards this target (OSPAR 1998).

Chromium Hexavalent

Hexavalent chromium is one chemical form of the metal chromium. It has
many uses including as a corrosion inhibitor and in hardening and corrosion
protection in metal housings. Hexavalent chromium is far more reactive and
soluble in water than other forms of chromium, making it more mobile in the
environment (Mukherjee 1998).

Incineration of chromium containing wastes can result in releases to the
atmosphere and generate fly ash containing hexavalent chromium, which
subsequently can leach from the ash (Allsopp et al. 2001, Mangialardi et al.
1998).

While other forms of chromium can be trace nutrients for animals and
humans, hexavalent chromium is highly toxic even at low concentrations, and
in some cases carcinogenic (ATSDR 2000). It is also corrosive and can
readily cause allergic skin reactions following contact, independent of the
amount. Damage to the kidney and liver have also been reported (ATSDR
2000). sln addition, occupational exposure to airborne hexavalent chromium
has been associated with lung cancer, and the International Agency for
Research on Cancer has classified hexavalent chromium compounds as
known human carcinogens (IARC 1990). Hexavalent chromium is also toxic
to animals and plants, and animal studies have also found increased risk of
cancer following inhalation (ATSDR 2000).

EU legislation restricting the use of certain hazardous substances (ROHS) in
electrical and electronic equipment, prohibits the marketing of new equipment
containing hexavalent chromium at a concentration of greater than 0.1% by
weight from 1 July 2006 (EC 2002a).

Lead

Lead has two main uses in electronics products. Metallic lead is used in
electrical solder primarily on printed circuit boards (commonly as an alloy with
tin). Lead oxide is used in cathode ray tubes (CRTs); incorporated within the
glass and also in the frit, a type of glass solder used to join the faceplate and
funnel sections. CRTs contain approximately 2-3kg of lead in older models



and 1 kg in newer models (OECD 2003). In addition, lead compounds have
been used as stabilisers in PVC formulations (Matthews 1996).

Lead can leach from CRTs under landfill conditions (Musson et al. 2000).
Incineration can also result in release of lead to the air as in the ash produced
(Allsopp et al. 2001). Lead in CRTs and printed circuit boards may also be
released as lead oxide dust or lead fume during glass crushing or high
temperature processing, such as smelting or application of heat to loosen the
solder (OECD 2003).

Workers using lead in high temperature processes, such as at lead smelters,
can be significantly exposed to lead fumes (Schutz et al. 2005). Workers
using lead based solders may also be exposed to lead-bearing dusts and
fumes (ATSDR 2000). Respiratory impairment has been reported amongst
workers using lead-tin solders, though the contribution from lead in the solder
was not evaluated (Gupta et al. 1991).

Lead tends to accumulate when released into the environment, having a long
residence time compared with most pollutants. It can remain accessible to
the food chain and to human metabolism far into the future. Humans can
accumulate lead, as can many plants and animals (Sauve et al. 1997, ATSDR
2000). Where soils and dusts are contaminated with lead, children can have
increased exposure through behavior such as hand-to-mouth transfer (Malcoe
et al. 2002)

Lead is highly toxic to humans as well as many animals and plants. It has no
known biochemical or nutritional function (ATSDR 2000, Goyer 1996). The
toxic effects of lead are the same irrespective of whether it is ingested or
inhaled. In humans, exposure to lead has a wide range of effects including
damage to the nervous system and blood system, impacts on the kidneys and
on reproduction. Of particular concern is the effect of low-level exposure on
the development of the brain and central nervous system in children, which
can result in intellectual impairment (Canfield et al. 2003, Goyer 1993). Lead
exposure is cumulative and its effects appear to be irreversible (Bellinger &
Dietrich 1994). Similar toxic effects are seen in animals, and lead is also toxic
to all aquatic life (WHO 1989a, Sadiq 1992).

A number of regional controls exist on the use of lead in products. EU
legislation restricting the use of certain hazardous substances (ROHS) in
electrical and electronic equipment, prohibits the use of lead in new
equipment put on the market from 1 July 2006 (EC 2002a), with a maximum
allowable concentration of 0.1% lead by weight in homogeneous materials.
There are certain exemptions including the use of lead in certain solders and
in the glass of cathode ray tubes. In addition, legislation addressing waste
electrical and electronic equipment (WEEE) specifies that batteries containing
more than 0.4% lead by weight must be separated from wastestreams and
recycled where appropriate (EC 2002b). In addition, the PVC industry in the
EU has a voluntary agreement to phase out lead stabilisers in PVC by 2015
(ENDS 2002).



Mercury

Mercury is used in lighting device that illuminate flat screen displays. It has
also been used in switches and relays of older mainframe computers and
some older computer may contain batteries containing mercury (OECD 2003).

Releases of mercury can occur during the dismantling of equipment such as
flat screen displays. Incineration or landfilling can also result in releases of
mercury to the environment (Allsopp et al. 2001, OECD 2003). Upon
released into the atmosphere, such as from incineration, mercury can travel
globally and impact far from the source of its release (UNEP 2002).
Subsequent to release, mercury can enter water bodies (either directly or
following deposition) and be transformed to methyl mercury, a highly toxic
form of mercury that can bioaccumulate and biomagnify (progressively
concentrate) to high levels in food chains, particularly in fish. This is the major
route of exposure for the general public (WHO 1989b, UNEP 2002). Workers
may also be exposed to mercury through inhalation of mercury vapour or
dust.

Mercury and its compounds are highly toxic and this metal that has no
biochemical or nutritional value (WHO 1989). Inhalation of high levels of
mercury vapour may cause a range of effects including impact to the central
nervous system (CNS) (ATSDR 2000, Goyer 1996). Long-term exposure to
lower levels of mercury vapour can also cause effects on the CNS and kidney
damage (Ratcliffe et al. 1996, Goyer 1996). These effects have also been
reported in animal studies (ATSDR 2000)

For the general population the primary route of exposure is to methyl-mercury
through diet (UNEP 2002). This form of mercury can accumulate in the body
and the main impact is damage to the nervous system. Methyl-mercury can
readily pass through the placental barrier and the blood-brain barrier, and can
have adverse effects on the developing brain and central nervous system in
foetuses and children, even at levels to which many people are currently
exposed (Mahaffey et al. 2004, UNEP 2002). Recent research also suggest
that exposure can also increase cardiovascular and heart disease (Virtanen et
al. 2005).

A number of regional controls exist on the use of mercury in products. EU
legislation restricting the use of certain hazardous substances (ROHS) in
electrical and electronic equipment, prohibits the use of mercury in new
equipment put on the market from 1 July 2006 with a maximum concentration
of 0.1% by weight in specific materials and components, with certain
exceptions for the use of mercury in fluorescent lamps (EC 2002a). Under
legislation addressing waste electrical and electronic equipment (WEEE),
mercury containing components such as switches or backlighting lamps must
be removed from any separately collected WEEE and mercury must be
removed from gas discharge lamps (EC 2002b). The use of mercury in
products is further addressed under EU legislation, including the prohibiting of
marketing batteries and accumulators containing more than 0.0005% of



mercury by weight, other than for button cells with a mercury content of no
more than 2% by weight (EC 1998).

In addition, the Ministerial Meeting of the OSPAR convention for the
Protection of the Marine Environment of the North-East Atlantic included
mercury on the list of chemicals for priority action to achieve cessation of
discharges, emissions and losses of all hazardous substances to the marine
environment by 2020 - the one generation cessation target (OSPAR 1998).

Brominated flame retardants (BFRs)

Brominated flame retardants (BFRs) are a diverse group of organobromine
compounds which are used to prevent combustion and/or retard the spread of
flames in a variety of plastics and other materials. Although more than 70
brominated compounds or groups are reportedly in use as BFRs (Lassen et
al. 1999), three chemical groups dominate current usage; the polybrominated
diphenyl ethers (PBDEs), hexabromocyclododecane (HBCD) and brominated
bisphenols, especially tetrabromobisphenol-A (TBBPA). TBBPA is generally
used as a reactive component, being chemically bound to the plastic, whereas
PBDEs and HBCD are used as additives, simply blended with plastic and
therefore more likely to leach out of the products (Alaee et al. 2003). In
electronics goods TBBPA is used primarily in printed circuit boards that can
contain approximately 20% bromine (Alaee et al. 2003). PDBEs and TBBPA
are also incorporated into plastic casings (OECD 2003). Historically
polybrominated biphenyls (PBBs) were also used as flame retardants, though,
according to industry, production of these chemicals has now ceased
(OSPAR Commission 2004).

Most BFRs are environmentally persistent and some, particularly certain
PBDEs, are highly bioaccumulative. However, all those listed above are
bioavailable and can be measured in the tissues of wildlife and humans.
Indeed, their manufacture has led to their widespread and, in some cases,
growing presence in the environment. PBDEs, HBCD and TBBPA have all
been detected in indoor air and/or dusts in the workplace (Sjédin et al. 2001,
Jakobsson et al. 2002). PBDEs have also been found in almost all
environmental compartments, including sediments (Allchin et al. 1999),
freshwater and marine fish (Asplund et al. 1999a, b), birds eggs (Hites 2004)
and even whales from the deep oceans and the Arctic (de Boer et al. 1998,
Ikonomou et al. 2002). Fewer data exist for the other brominated flame
retardants in common use.

PBDEs have also been reported as common contaminants in humans,
including reports from Sweden, Spain, Finland and North America (Lindstrom
et al. 1997, Meneses et al. 1999, Strandman et al. 1999, She et al. 2000).
Concentrations of PBDEs in human breast milk and blood have shown
increasing levels over the last two decades (Alaee et al. 2003, Meironyte et al.
1999, Thomsen et al. 2002), and there is some evidence for a similar trend
for TBBPA. In the occupational setting, including electronics recycling,
elevated concentrations of PBDEs and TBBPA have been found in the air and



in the blood of workers, which is believed to result from inhalation of
contaminated dusts (Sjédin et al. 2001, Sjédin et al. 2003). For the general
population the primary route of exposure is likely to be through foods
(especially for the more bioaccumulative PBDEs) though other sources of
exposure are also likely to be significant, including direct contact with flame-
retarded products through the inhalation of indoor air and/or dusts (Harrad et
al. 2004).

Knowledge on the long-term, low-dose toxicity for BFRs is generally limited.
While the acute toxicity of BFRs is considered to be low, chronic exposure to
PBDEs (especially in the womb) has been shown to interfere with brain and
skeletal development in animal experiment (Eriksson et al. 1999), which may
lead to permanent neurological effects such as impaired learning and memory
functions, and behavioural effects (Darnerud 2003, Eriksson et al. 2001).
There is concern over risks for neurobehavioural development in humans
through neonatal exposure to PBDEs via mother's milk (Branchi et al. 2003).
There is also some evidence for PBDE, HBCD and TPPBA being neurotoxic
(Mariussen & Fonnum 2003). BFRs can also affect certain hormone systems;
metabolites of PBDEs and TBBPA can interfere with thyroid hormones with
possible effects on growth and development (Meerts et al. 1998, 2001). BFRs
are also potential endocrine disruptors of estrogen pathways (Legler &
Brouwer 2003). In animal experiments on rodents PDBEs have been found to
cause delayed puberty and adverse effects on the liver and on foetal
development, as well as effects on the immune system (Birnbaum & Staskal
2004, Darnerud 2003). HBCD also caused adverse effects on the liver in rats
(see Alaee et al. 2003, Darnerud 2003).

For all BFRs, incineration of wastes containing these compounds contributes
to the formation of brominated dioxins and furans, which exhibit equivalent
toxicities to their well known chlorinated counterparts (IPCS 1998).

Brominated flame retardants have been included as a group on the list of
chemicals for priority action to achieve cessation of discharges, emissions
and losses of all hazardous substances to the marine environment by 2020 at
the 1998 Ministerial Meeting of the OSPAR convention for the Protection of
the Marine Environment of the North-East Atlantic (OSPAR 1998). OSPAR
has since reviewed opportunities for action for the PBDEs and HBCD, but is
awaiting the outcome of assessments within the EU before developing
specific measures (OSPAR 2001). No measures in OSPAR have been taken
on TBBP-A, though the OSPAR background document recommends
substitution with safer chemicals posing less risk to the environment should
be encouraged (OSPAR Commission 2004).

EU legislation restricting the use of certain hazardous substances (ROHS) in
electrical and electronic equipment prohibits the marketing of new equipment
containing PBBs and PBDEs from 1 July 2006 (EC 2002a), with a maximum
allowable concentration of 0.1% by weight for each group. An exception for
deca-BDE remains under discussion; an EU risk assessment has concluded
that controls are not needed, though the EU scientific committee on health
and environmental risks (Scher) recently rejected this conclusion and strongly



recommended further risk reduction measures (SCHER 2005). More general
EU legislation bans the marketing and use of penta- and octa-BDE in a wider
range of products (EU 2003).

Even when national and/or regional bans take effect, however, a substantial
legacy of all brominated flame retardants will remain in products still in use
and/or in the waste stream. Under EU legislation addressing waste electrical
and electronic equipment (WEEE), plastic containing brominated flame
retardants have to be removed from any separately collected WEEE (EC
2002b).

Because of its high persistence and propensity to bioaccumulate, penta-BDE
is included as a “priority hazardous substance” under the EU Water
Framework Directive (EC 2001). Furthermore, in recognition of its “POP-like”
properties, penta-BDE is also being considered for addition to the list of
persistent organic pollutants (POPs) subject to global control under the 2001
Stockholm Convention developed under the auspices of UNEP (Peltola & Yla-
Mononen 2001).

Polyvinyl chloride PVC

Polyvinyl chloride (PVC) is a chlorinated plastic incorporated into some
electrical and electronic products, including as insulation on wires and cables
(OECD 2003). Both the production of PVC and its disposal by incineration (or
simply burning) can result in the generation of chlorinated dioxins and furans.
These chemicals are highly persistent in the environment, able to
bioaccumulate and many are toxic at very low concentrations (Stringer &
Johnston 2001). In addition, many PVC formulations contain additional
chemicals; organotin, lead and cadmium based stabilisers, and plasticising
(softening) additives in flexible PVC, including phthalates (Matthews 1996).
Many additives can be released from PVC during the lifetime of the product
and following disposal (Santillo et al. 2003). Heavy metals from stabilisers
are also released during disposal, particularly through incineration (Allsopp et
al. 2001).

Phthalates (phthalate esters)

Phthalates are ester derivatives of phthalic acid that are widely used in a
range of industrial and consumer applications. Some are marketed and used
as discreet chemical products (e.g. the well-known di(ethylhexyl) phthalate or
DEHP), while others are complex isomeric mixtures comprising many
individual compounds with similar chemical structures (e.g. di-iso-nonyl
phthalate, DINP, and di-iso-decyl phthalate, DIDP). As a result of their high
volume uses in open applications, they are nhow among the most ubiquitous
man-made chemicals found in the environment (Mayer et al. 1972).

Phthalates have a range of applications, dependent on the precise chemical
form, although by far their greatest use is as plasticising (softening) additives



in flexible plastics, especially PVC. They are produced in very large
quantities, for example in 1997 almost 600 000 tonnes of DEHP were
produced in Europe alone (CSTEE 2002). Of the three main phthalates
(DEHP, DINP & DIDP), over 90% of use is in a wide range of PVC
applications (see e.g. http://www.ecpi.org/plasticisers/index.html).  Minor
applications include use as components of inks, adhesives, paints, sealants
and surface coatings.

All uses of phthalates, especially the major use as PVC plasticisers, result in
large-scale losses to the environment (both indoors and outdoors) during the
lifetime of products, and again following disposal. Just within the European
Union (EU) this amounts to thousands of tonnes per year (CSTEE 2001a). As
a consequence, phthalates have long been recognised as one of the most
abundant and widespread man-made environmental contaminants (Mayer et
al. 1972) and human exposure to phthalates is therefore widespread and
continuous.

Following release, although some degradation is possible, phthalates are
considered to be relatively persistent, especially in soils and sediments.
Widespread distribution of phthalates has been documented in all
environmental compartments (e.g. see CSTEE 2001b). Because of their
extensive use in building materials and household products, phthalates are
common contaminants in indoor air (Otake et al. 2001), including child day-
care centres (Wilson et al. 2001, Fromme et al. 2004). Phthalates have also
been reported as substantial components of house dust, in some cases at
more than 1 part per thousand (1g/kg) of the total mass of dust (Butte &
Heinzow 2002). PVC products have been shown to emit the phthalates
DEHP and DBP (Afshari et al. 2004), and in one study the concentration of
butyl benzyl phthalate (BBzP) and DEHP in dust samples from homes
correlated with the amount of PVC flooring in the homes (Bornehag et al.
2004).

Phthalates also have the inherent ability to accumulate in biological tissues,
although continuous exposure also contributes to body burden levels. Studies
in many countries have found phthalates and their primary metabolites in the
human body (Colon et al. 2000, Blount et al. 2000). In a US study,
metabolites of phthalates were found in more than 75% of human urine
samples analysed, demonstrating widespread exposure to phthalates,
specifically  diethyl phthalate (DEP), dibutyl phthalate (DBP) or
diisobutylphthalate, benzylbutyl phthalate and DEHP (Silva et al. 2004).
Another study detected phthalates in samples of urine from pregnant women
in New York and Krakow, Poland, and found that inhalation of air was an
important route of exposure to phthalates (Adibi et al. 2003).

Substantial concerns exist with regard to the toxicity of phthalates to wildlife
and to humans, although the precise mechanisms and levels of toxicity vary
from one compound to another. In many cases it is the metabolites of the
phthalates which are responsible for the greatest toxicity (e.g. Dalgaard et al.
2001). For humans, although substantial exposure can occur through food,
direct exposure to phthalates from consumer products and/or medical devices



is likely to be very significant. Perhaps the best-known example is the
exposure of children to phthalates used in soft PVC teething toys (see e.g.
Stringer et al. 2000), now subject to controls within Europe (see below).

DEHP, one of the most widely used phthalates, is a known reproductive toxin,
interfering with testes development in mammals, and is classified in the EU as
“toxic to reproduction”. Indeed, its toxicity to the developing male reproductive
system has been recognised for more than 50 years (Park et al. 2002). In
animal studies DEHP has also been found to have adverse effects on female
reproduction in adult rats, and has adverse impacts on development of the
young (Lovekamp-Swan & Davis 2003). Observed toxicity is due mainly to the
compound MEHP, formed in the body as a metabolite of DEHP, and appears
to impact on many aspects of development and liver function, including
hormone metabolism and immune function (Dalgaard et al. 2001, Wong and
Gill 2002). Other animal studies have reaffirmed the reproductive toxicity of
DEHP and several other commonly used phthalates, including butyl benzyl
phthalate (BBzP) and dibutyl phthalate (DBP) (Ema & Miyawaki 2002,
Mylchreest et al. 2002). Animal data also indicate that BBzP, DBP, DEHP
and MEHP can damage the testes and decrease sperm production (Duty et
al. 2003). As for DEHP, DBP is classified in the EU as “toxic to reproduction”.

Reproductive toxicity is generally thought to be of lower concern for the other
widely used phthalates DINP and DIDP, although there is evidence for
abnormal sexual development in rats exposed to DINP (Gray et al. 2000) and
that this phthalate is weakly oestrogenic (Harris et al. 1997). Other concerns
for DINP and DIDP relate primarily to toxic effects on the liver and kidney.

In the indoor environment, correlations have been reported between incidence
of bronchial obstruction (asthma) in children and the abundance of phthalate-
containing materials in the home (Oie et al. 1997). Levels of phthalates in
house dust, in the range normally found in the indoor environment, have also
been associated with allergic symptoms in children including rhinitis, eczema
and asthma (Bornehag et al. 2004). In adults, exposure to certain phthalates
(DBP and DEP) has been reported to be associated with adverse impacts on
some measures of pulmonary (lung) function in men, though not women
(Hoppin et al. 2004).

At present, there are few controls on the marketing and use of phthalates,
despite their toxicity, the volumes used and their propensity to leach out of
products throughout their lifetime. Of the controls which do exist, probably the
best known is the EU-wide emergency ban on the use of six phthalates in
children’s toys designed to be chewed (first agreed in 1999 and then
continuously renewed to date, EC 2004). While this ban addressed one
important exposure route, exposures through other consumer products
remain unaddressed.

In 1998, the Ministerial Meeting of OSPAR convention for the Protection of the
Marine Environment of the North-East Atlantic agreed on the target of
cessation of discharges, emissions and losses of all hazardous substances to
the marine environment by 2020 (the “one generation” cessation target), and



included the phthalates DBP and DEHP on the first list of chemicals for
priority action towards this target (OSPAR 1998). DEHP is also proposed as
a “priority hazardous substance” under the EU Water Framework Directive
(EU 2001), such that action to prevent releases to water within 20 years will
be required throughout Europe.

Organotins

Organotins are organic compounds containing at least one bond between
carbon and the metal tin. By far the best known is tributyltin (TBT) which, as a
result of its widespread use in antifouling paints on ships and boats, has led to
widespread changes in sexual development in marine snails. However,
several other organotin compounds are in common use, most notably mono-
and dibutyltin (MBT, DBT), mono- and dioctyl tin (MOT, DOT) and
triphenyltins (TPT).

Although antifouling paints have accounted for the majority of TBT used, this
compound is also used as an antifungal agent in some consumer products,
including certain PVC (vinyl) flooring (Allsopp et al. 2000, Oeko-Test 2000).
In consumer products the most abundant organotins are MBT and DBT, used
as heat stabilisers in rigid PVC (pipes, panels) and soft (wall-coverings,
furnishings, flooring, toys) PVC products and in certain glass coating
applications (Matthews 1996). Use in PVC represents about two-thirds of the
global consumption of these compounds (Sadiki & Williams 1999), which can
comprise up to 2% by weight of the finished product. Mono- and dioctyl tins
(MOT, DOT) are also used as PVC stabilisers, primarily in food contact
applications, with levels up to the g/kg range reported for MOT in PVC
containers (Kawamura et al. 2000).

Much of the research describing the environmental distribution of organotin
compounds has, understandably, focused on the spread of TBT and its break-
down products (including DBT) in the marine environment. The global use of
TBT antifouling paints has resulted in contamination on a global scale with
devastating impacts on populations of oysters and other marine molluscs
(Santillo et al. 2001a). The relative persistence of butyl tins, combined with
their affinity for biological tissues, has led to their widespread occurrence in
fish, seals, whales and dolphins in all major sea areas (lwata et al. 1995,
Kannan et al. 1996, Ariese et al. 1998). Much less information is available
concerning the distribution of organotins in other environmental
compartments. In one of the few studies which have been conducted,
Takahashi et al. (1999) reported butyltin residues in the livers of monkeys and
other mammals in Japan, as well as in human livers, and suggested that uses
in consumer products may represent an important exposure route. It has
been recognised for some time that butyltin stabilisers can migrate from PVC
used in such products during normal use (Sadiki & Williams 1999) and such
uses undoubtedly contribute to the widespread presence of organotin
compounds in dusts from the indoor environment (see e.g. Santillo et al.
2001b).



Organotins are known to be toxic at relatively low levels of exposure, not only
to marine invertebrates but also for mammals. In marine invertebrates, TBT is
generally more toxic than DBT, which is in turn more toxic than MBT (Cima et
al. 1996). However, this is by no means always the case; DBT is more toxic
than TBT to certain marine organism enzyme systems (Al-Ghais et al. 2000)
and is frequently a more potent toxin than TBT in fish (O’Halloran et al. 1998),
with the immune system the primary target.

Organotins have also been demonstrated to have immunotoxic and
teratogenic (developmental) properties in mammalian systems (Kergosien &
Rice 1998), again with DBT frequently more toxic than TBT (Ema et al. 1995).
DBT and TBT have been reported to inhibit cells of the immune system
(natural Killer cells) in vitro, at concentrations similar to levels that have been
detected in human blood (Jenkins et al. 2004). DBT is neurotoxic to
mammalian brain cells (Eskes et al. 1999). Recently neurotoxicity has been
reported at levels lower than those that have been detected in human blood
samples (Jenkins et al. 2004), suggesting that chronic exposure to low levels
of DBT in the human population may be neurotoxic. DBT was also found to
cause an increased incidence of cell death (apoptosis) in certain brain tissues
of rats exposed during development (Jenkins et al. 2004). Exposure of
animals to trimethyltin (TMT) during development can cause impaired learning
and memory (Jenkins & Barone 2004). Toxic effects on testes development
in mice have also been reported (Kumasaka et al. 2002).

Both animal studies and human studies have demonstrated that acute
exposure to organotins can result in neurotoxicity or immunotoxicity. For
example, acute human exposure to high doses of trimethyltin due to
accidental poisoning has resulted in memory deficits, seizures, hearing loss,
disorientation and death (Jenkins et al. 2004). While seafood probably
remains the predominant source of organotin exposure for many consumers,
exposure to consumer products which contain them, or to dusts in the home,
may also be significant.

To date, legislative controls on organotin compounds have focused primarily
on TBT in antifouling paints. In the European Union (EU) the use on vessels
less than 25m has been banned since 1991 (Evans 2000). More recently, the
International Maritime Organisation (IMO) agreed on a global phase-out of all
TBT applications (from January 2003) and TBT presence on ships (from
2008) wunder its Convention on Harmful Anti-fouling Systems (see

WWW.imo.orq).

However, despite the toxicity to mammals noted above, TBT continues to be
used as an additive in some consumer products, as do uses of other butyltins
and octyltins. For example, within the EU organotin compounds must not be
used for certain textiles to qualify for an “eco-label” (EU 2002), but there are
otherwise no restrictions on their use unless the treated materials or products
are used in contact with water. This is despite the fact that TBT is classified
under the EU’s labelling Directive as “harmful in contact with skin, toxic if
swallowed, irritating to the eyes and skin” and as presenting a “danger of



serious damage to health by prolonged exposure through inhalation or if
swallowed”.

In 1998, the Ministerial Meeting of the OSPAR Convention for the Protection
of the Marine Environment of the North-East Atlantic agreed on the target of
cessation of discharges, emissions and losses of all hazardous substances to
the marine environment by 2020 (the “one generation” cessation target) and
included organotin compounds on the first list of chemicals for priority action
towards this target (OSPAR 1998). While initial action focused on the
achievement of the IMO Convention on Harmful Antifoulants (OSPAR 2000),
in 2001 OSPAR began to consider the scope for action on other uses and
other organotin compounds, including the widespread use of butyltin
stabilisers, though so far, no further measures are proposed.
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