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FOREWORD

etween 1930 and 2000 the global production of man-made chemicals increased from

1 million to 400 million tonnes each year.! In 2015 alone, nearly 22% of the world chemical

exports came from the European Union, making it the largest chemicals exporting region in the
world?. It is evident that the chemical industry is a manufacturing success story and a wealth-generating
sector of the economy.

While chemicals bring significant benefits to society, there is also overwhelming available evidence of
the widespread contamination chemicals have caused to our planet. We are surrounded by man-made
chemicals, from ingredients in cosmetics and clothing to plastic additives and pesticides - our 21% century
society depends on chemicals more than ever.

Each and every second, more than 300 kg of harmful chemicals are released into our air, land and water
by industrial facilities around the world, which represents approximately 10 million tonnes every year?.
Emitted chemicals are absorbed by wildlife and humans through the skin or ingested via food and
water and although their long-term effects are often unknown, over 2 million tonnes are recognized
carcinogens. Effects associated with exposure to chemicals may include allergies and hypersensitivity,
damage to the nervous system, reproductive disorders and disruption of the immune system. The
negative impacts of our chemicals have been found in households, industrial regions, marine systems,
the tropics and even the Arctic.

Growing scientific research on chemical contamination has exposed a bitter truth, stressing the need
to take urgent action to combat chemical emissions and exposure at a national and global level. This is
the purpose of global conventions on the management of highly toxic chemicals, such as the Stockholm
Convention on Persistent Organic Pollutants, as well as other legally binding international instruments.
The implementation of such instruments is designed to gradually decrease the presence of chemicals
that are proved to be highly toxic, very persistent and bioaccumulative in the environment.

The recent United Nations’ Sustainable Development Goals (SDGs) also set some targets related
to chemical pollution. The goal on responsible consumption and production aims at achieving the
environmentally sound management of chemicals and all wastes throughout their life cycle and
significantly reduce their release to air, water and soil in order to minimize their adverse impacts on
human health and the environment by 2020.

Beingaware of the risks that the release of toxic chemicals poses on the environment, in the Mediterranean
region, the 22 Contracting Parties to the Barcelona Convention for the Protection of the Marine
Environment and the Coastal Region have adopted a Regional Plan on Persistent Organic Pollutants
(POPs) which are especially harmful chemical substances. The plan identifies a series of actions that the
countries commit to implement to ensure the prevention, phase-out and sound management of those
toxic chemicals. In that line, one of the strategic objectives of the Mediterranean Action Plan mid-term
strategy 2016-2021 is to prevent, reduce and control selected pollutants inputs, oil discharges and spills.

Furthermore, the Regional Action Plan on Sustainable Consumption and Productionin the Mediterranean,
adopted by the Contracting Parties to the Barcelona Convention, indicates the need to promote, use and
develop tools such as eco-design, Life Cycle Management, risk assessment of chemicals, substitution of
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hazardous chemicals and Cradle to Cradle design to facilitate the sustainable design and production of
manufactured goods.

In that context, the Regional Activity Centre for Sustainable Consumption and Production (SCP/RAC) is
highly involved in the implementation of policies and pilot actions to prevent the use of toxic chemicals
in southern Mediterranean countries. SCP/RAC is a centre for international cooperation supporting
the implementation of sustainable consumption and production and circular economy approaches,
it develops its activities under both the Barcelona Convention for the Protection of the Marine
Environment and the Coastal Region of the Mediterranean and the Stockholm Convention on Persistent
Organic Pollutants.

In order to tackle that issue, SCP/RAC, with the support of the EU-Funded SwitchMed Programme
(www.switchmed.eu), has identified 20 case studies on how to prevent and minimize the use of selected

toxic chemicals that are widely used in the Southern Mediterranean region.

Safe and innovative alternatives are showcased here as a viable way to phase out and substitute toxic
chemicals found in everyday products while encouraging responsible consumption and production
among consumers, businesses, entrepreneurs and civil society organizations in the Mediterranean
region. The solutions that are described are equally capable of generating revenues from all parts of the
globe and have been prioritized through a multi-criteria analysis of their effectiveness and replicability
in the Middle East and North Africa region.

Through this publication, SCP/RAC calls on green entrepreneurs, committed Civil Society Organizations,
innovators and change-makers in the Mediterranean to develop and scale the most adaptable solutions
and on policy makers to further implement global and regional agreements and action plans and develop
the necessary national regulatory framework.

Gaetano Leone Enrique de Villamore Martin
Coordinator Director

UN Environment/Mediterranean Regional Activity Centre for Sustainable
Action Plan Coordinating Unit Consumption and Production (SCP/RAC)

Barcelona Convention Secretariat UN Environment/Mediterranean Action Plan
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INTRODUCTION

cute exposure to harmful chemicals can lead

to death or serious illness. Long-term exposure

to these substances can increase the risk of
developmental and reproductive disorders, immune system and endocrine disruption, impaired nervous-
system function and development of certain cancers. Examples include additives used to enhance the
performance of plastics, certain metals and solvents as well as pesticides and fertilizers, which can
infiltrate water sources - ending up as marine litter, contaminating drinking water and animal species.
Such contamination not only leads to a range of public health and environmental impacts but also poses
large social and economic costs. There are a variety of hazardous synthetic chemicals, which are of
particular concern and currently being used in our everyday products. These include:

1 Very persistent and very bioaccumulative Endocrine 3 Chemicals, which cause

= (VPvB) chemicals, which break down slowly » disrupting chemicals = cancer, reproductive pro-
or not at all and accumulate in the fatty tissue (EDCs), which interfere blems, or damage DNA, labelled
of living organisms and are found in higher with the hormone systems ~ CMR (carcinogenic, mutagenic

concentrations at higher levels of the food chain; ~ of animals and/or humans;  or toxic for reproduction).

What further complicates the situation is the general lack of clear safety information provided, such
as toxicity and exposure potentials of chemicals. The Globally Harmonized System of Classification and
Labelling of Chemicals (GHS) is not thoroughly established in the region. Increasing the implementa-
tion of GHS labelling on products could improve the safety and contribute to reducing the exposure of
the population to toxic chemicals.

It is often the case that hazardous chemicals, which have been restricted or banned in the European
Union (EU) or other industrialized regions, are still used in the Southern Mediterranean region. Good
management, use and disposal of chemicals is particularly important in developing countries, where
economies may be heavily reliant on these industries and where awareness of risks from chemical
exposures is very low; the magnitude of the problem is often unknown and policies to address sound
chemicals management are limited or non-existent.

tis widely recognised that regulations are the

main drivers for change and this is specially

the case for the issue of toxic chemicals. Those
regulations are providing private and public institutions with the legal instruments to fight this battle.
The implementation of policies at a national level to improve regulation and control of sale, distribu-
tion and use as well as the global conventions on the management of highly toxic chemicals is critical.
At the global level, the Stockholm Convention, bans the trade of POPs for which Parties have
eliminated production and use, allowing the exportation only for environmentally sound
disposal. The Convention is a legally binding instrument and it also allows Parties to register
for specific exemptions on a country-by-country basis, which is often the case in the countries
of the Southern Mediterranean region where countries may request exemptions for particular
use. A reduction of emissions and exposure to harmful chemicals at the global level is also
promoted through the global sustainability agenda via 17 SDGs with specific targets combating
chemical pollution. Some examples include the achievement of the environmentally sound
management of chemicals and all wastes throughout their life cycle by 2020* , the prevention and
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significant reduction of marine pollution of all kinds, in particular from land-based activities by 2025°
and the reduction of the number of deaths and illnesses from hazardous chemicals and air, water and
soil pollution and contamination by 2030°.

Another important tool aiming to improve the protection of human health and the environment, that
could inspire further regulatory actions in the Mediterranean, is the EU chemical legislative framework.
It includes the CLP (Regulation on Classification, Labelling and Packaging) for better and earlier
identification of the intrinsic properties of chemical substances and REACH (regulation for Registration,
Evaluation, Authorisation and Restriction of Chemicals), which creates procedures for restricting the use
of substances that do not meet specified safety standards, encouraging substitution of harmful chemicals
by safer alternatives.

he substitution of hazardous substances is horizontal

to many policies dealing with workers’ health and safety,

products’ safety and the environment and is thoroughly
explained and promoted in the EU Study for the strategy for a non-toxic environment of the 7" EAP.
Experts advise that there is a need for a knowledge-based, preventive approach to chemicals risks
management throughout their life cycle in order to reduce the risks to human health and ecosystems.
However, there are several challenges and obstacles present in the current phasing out process of
hazardous chemicals®: substitution by chemicals with similar properties have resulted in regrettable
substitutions, phase-out agreements are often voluntary and do not cover all relevant manufacturers or
have a wide range of exemptions. It is also problematic to find a suitable alternative achieving the same
performances in the applications, without altering other functions, properties or processes.
Pressure from the supply chain and from within businesses have also contributed to substitution. A variety
of voluntary and mandatory policy tools have also been used, such as education, procurement, lists of
chemicals of concern, eco-labelling, research and development on safer substitutes and chemical phase-
out requirements, to encourage companies using chemicals to develop safer substitutes. The chemical
sector is strategic and if it moves toward sustainability it could have an essential contribution to sustainable
development and the country’s competitiveness, since its activity has repercussions in other sectors.

t is in support of the global (SDGs) and Mediterranean (Barcelona
Convention) sustainability agenda that the SwitchMed Programme
(www.switchmed.eu) is contributing to tackle the issue of toxic

chemicals. This publication aims to raise awareness and provide an overview of safe alternatives for 20
selected hazardous substances used in the Mediterranean region in various product applications and to
involve policy makers, businesses, retailers, academia, civil society and consumers in order to redesign
the way in which goods and services are produced and consumed.

With that, the SwitchMed Programme aims to facilitate the regional and global transition towards
sustainable consumption and production (SCP) in the southern Mediterranean region, namely in
Morocco, Algeria, Tunisia, Libya, Egypt, Israel, Palestine, Jordan and Lebanon. This multidimensional
regional initiative is funded by the European Union and implemented thanks to collaboration between
the EU, UNIDO, UN Environment /Mediterranean Action Plan and its Regional Activity Centre for
Sustainable Consumption and Production (SCP/RAC) and UN Environment, Economy Division.

13
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How to use
this publication

his publication has been conceived as a useful and practical tool for consumers, entrepreneurs,

businesses and civil society organizations worldwide who are willing to contribute to combating

hazardous chemicals as well as supporting socioeconomic development in the region. At the
same time, in order to trigger concrete action, the SwitchMed Programme has made funds available so
some of these initiatives are replicated and adapted in selected countries of the Middle East and North
Africa region.
In order to make it as clear and understanding as possible, the 20 identified chemicals described in this
report have been grouped in 7 different classes. Grouping strategies have been proposed by institutions
and environmental organisations such as Greenpeace and the European Commission’®. This is the
case of the Green Science Policy Institute which has developed the Six Classes program (http://www.
sixclasses.org/) that focuses on reducing the use of entire classes of chemicals of concern, rather than
phasing out individual problematic chemicals one at a time.
A key element of the approach is to bring together scientists and decision-makers from business,
government, academia and non-for-profit organizations to develop coordinated strategies for reducing
the production and use of chemicals of concern. Tackling entire groups of chemicals can prove more
effective, because there are a great number of chemicals in use, most of which have not been well
studied and their impacts on human and environmental health are not sufficiently understood.
Moreover, when a harmful chemical is phased out, often after years of research and advocacy, the
replacement is likely to be a “chemical cousin” with similar structure and potential for harm. The Six
Classes approach can help to prevent such “regrettable substitutions” and accelerate reductions in
toxics use.
The summary table shows a brief description of each selected chemical with key information to guide
the reader. This will allow the user of this publication to find the most relevant information according
to two criteria:

The application:

Authors discuss case studies on a range of different uses and industries including automotive,
agriculture and medical to industrial processes such as metal working, wood treatments and
textiles. Other applications include consumer goods, such as plastic bags, personal care products
and childcare. So for example you can search for toxic chemicals used in consumer articles like toys
with rubber or plastic components that come into contact with the human skin or the oral cavity.

The 7 classes:
The grouping used in this work has included the 6 classes described by the GSPI (www.
greensciencepolicy.org): Antimicrobials, bisphenols and phthalates, flame retardants, highly

fluorinated substances, metals and solvents; plus an additional type which highlights one of the
first kind of chemicals addressed by the Stockholm Convention and the Strategic Approach of
International Chemical Management (SAICM): hazardous pesticides. The seven categories have
been listed in alphabetical order and are defined as follows:


http://www.sixclasses.org/
http://www.sixclasses.org/
http://www.greensciencepolicy.org
http://www.greensciencepolicy.org
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Antimicrobials Flame Certain metals
and surfactants retardants (and their salts)
and short chain
chlorinated
paraffins

. Pesticides
Bisphenols

and phthalates

Highly
Fluorinated

Solvents

After the summary table, an in-depth description of each case study can be found, following the same
structure. An introductory chapter describes the use of the substance with its standard labelling,
classification and products where it can be found followed by its hazard profile and regulatory
distribution in the Mediterranean.

The focus of each case study comprises the second half which includes the description of the proposed
safe alternatives, the identification and availability in the Mediterranean Region. Finally, the selected
substances are put into their technical, economical and risk profile, taking into account circularity
aspects such as the life cycle considerations and environmental impacts.

15
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Rationale ]
for case study selection.
Context and limitations

n order to identify a set of relevant substitution cases that can serve as a first list of case studies

for boosting phase-out of hazardous chemicals in various product applications, we systematically

screened several existing substitution lists. These were included in the screening are the substitution
portal SUBSPORT, SwitchMed reports, REACH case studies, the Plastics Ban List from the Better
Alternatives Now project, reports from the OSPAR Commission and the U.S., Swedish and Danish
Environmental Protection Agencies. More than 1100 reported cases of substituting a hazardous
substance in a specific product application have been screened.
Based on this overview, a sub-set of cases was selected for the present project, based on the following
criteria:

e Economic, exposure and environmental relevance of the hazardous
substance,

e Economic relevance of the product application where the
hazardous substance is used,

»  Applicability of the substitution case to the Mediterranean region,

e Restriction in international context or REACH,

e Easiness of implementation of the substitution.

he focus was on existing alternatives at the time of writing this work, however, newer and
better solutions might become available in future. Further research into alternatives is to be
encouraged and promoted, together with better regulation systems so that larger changes can
be made within the current consumption and production system.
All sensitive information contained in this publication has been appropriately referenced and can be
found in the annex.
This study is based on current available data of the substances and of the manufacturing processes; the
proposed alternative substances had a less problematic toxicological profile at the time of writing this
publication. However, it is recommended to check the most recent valid information on hazards, risks
and life cycle considerations before replacing with the described alternatives.
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Page Chemical Application

ANTIMICROBIALS AND SURFACTANTS

Overview

. in personal
22 Triclosan p

care products
Alk . .
ylphenol in textile
24 ethoxylates .
industry

as surfactants

BISPHENOLS AND PHTHALATES

Used as an antimicrobial in more than 2,000 consumer products including
soaps, toothpastes, detergents, clothing, toys, carpets, plastics and paints. No
evidence has been found to prove that the use of triclosan improves consumer

health.

This case study focuses on nonylphenol ethoxylates (NPEOs) which biodegrade
into nonylphenols in wastewater treatment plants and in the environment,
causing long-term adverse effects in the aquatic environment and impairing
human fecundity.

28 Bisphenol A based in baby
polycarbonate bottles

30 Bisphenol A in thermal
as a developer paper

in plastic

33 Polyethylene bags

in medical

36 DEHP in PVC .
appliances

in toys and
39 PVC childcare
products

Polycarbonate baby bottles are produced from bisphenol A monomer which
remains as an impurity in the final product or depolymerize and migrates
into baby food. It is a recognised endocrine disrupting chemical (EDC)
causing estrogenic effects.

Bisphenol A (BPA) is a commonly used colour developer in thermal paper,
found in tickets, receipts, sales slips and other applications, it is an endocrine
disrupting chemical (EDC) with its major exposure pathway being through
skin contact.

The main plastics used in bags are high density polyethylene (HDPE) and low
density polyethylene (LDPE), which is derived from non-renewable natural
gas and petroleum. Globally, millions of single-use plastic shopping bags are
discarded every day into mixed-waste streams.

DEHP is the most widely used plasticiser in single-use medical devices and
is classified as toxic to reproduction. There are many non-PVC materials
available which do not require phthalates or other softeners.

PVC toys and childcare products can contain toxic additives including
softeners such as phthalates and heavy metals that lead to children’s exposure
due to mouthing behaviour. Alternatives include other plastics, wood or books.

FLAME RETARDANTS AND SHORT CHAIN CHLORINATED PARAFFINS

Commercial
44 decabromodiphenyl in textiles
ether (c-DecaBDE)

48 Short chain chlorinated 350?12?1
paraffins (SCCPs) J

fluids
Commercial in flame
51 decabromodiphenyl retarded
ether (c-DecaBDE) plastic
. . for f
54 Short chain chlorinated lioru(?lfin
paraffins (SCCPs) 1 &
in leather

A widespread flame retardant used in textiles, it leads to human exposure to
polybrominated diphenyl ethers (PBDEs) and brominated dioxins indoors and
in vehicles and can be substituted by using alterative fibres or alternative flame
retardants.

Metal working fluids are used to lubricate parts that experience extreme
pressures, such as deep drawing, tube bending or cutting and grinding and as
coolants in metal processing. More than 90% of SCCPs are released into the
environment.

This was awidely used flame retardant in electronics including plastic housings
such as heating home appliances, irons, fans and other plastic parts in vehicles
and aircrafts. Alternative materials and re-designed electronics are available.

This is an open application with related exposure to workers and consumers
and has been restricted in the EU since 1990s. Better alternatives are available
including natural oils such as vegetable oil and fish oil.
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HICGHLY FLUORINATED

Application

Overview

Per- and polyfluorinated
58  alkylated substances
(PFASs)

Per- and polyfluorinated
61 alkylated substances
(PFASS)

in fire
fighting foam

in textile

hydrophobing

CERTAIN METALS (AND THEIR SALTS)

Lead chromate

66 .
pigments

70 Lead oxide

Chromate Copper

4
/ Arsenate (CCA)

77 Chromium

PESTICIDES

in
decorative
paints

in rustproof
primer paints

in wood
treatment

in leather
tanning

The use of fire fighting foam containing perfluorooctanesulfonic acid
(PFOS) and other PFASs can result in the contamination of groundwater,
drinking water and surface water, including the Mediterranean Sea.

Fluorinated polymers can be applied on textiles to create a durable
water repellent coating. PFASs or their degradation products are highly
persistent in the environment and several low-hazard alternatives are
readily available.

Major lead pigments in decorative paints are highly toxic and are used
in the Southern Mediterranean countries, particularly for colouring
cooking pots. Alternatives are available and are widely used in industrial
countries.

Elevated levels of lead in blood have been reported in the region’s
inhabitants, including children. Elevated lead levels in children are
causing decreased intelligence and increased behavioural issues.

CCA is used in wood treatment contains carcinogenic arsenic
and chromium (VI). Waste wood is sometimes used in Southern
Mediterranean countries for baking bread and cooking indoor, resulting
in associated exposures.

One of the main alternatives to chromium leather tanning is the use of
vegetable tanning. This can prevent adverse environmental and human
health impacts while promoting local employment and sustainable
economic opportunities.

82 Synthetic pesticides

SOLVENTS

in agriculture

Hundreds of synthetic chemical pesticide active ingredients are used in
agricultural practices resulting in unwanted exposures that cannot be
adequately assessed while polluting the environment due to wind drift,
run-off and leaching.

88 Perchloroethylene

90 Perchloroethylene

in dry
cleaning

in metal
cleaning

Perc is used by professional cleaners and has resulted in widespread
contamination of groundwater and soil at dry cleaning sites. Exposure
to perc is associated with a variety of adverse human health effects. CO,
technology can be used instead.

Perc is used as a degreasing agent in vapour and liquid forms. Alternatives
include aqueous cleaning technologies and dry ice blasting technologies
which have proven performance with low health and environmental
impacts.
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ANTIMICROBIALS AND SURFACTANTS

1. Triclosan
in Personal
Care
Products

Background, identity and use

Triclosan is used as an antimicrobial in more
than 2,000 consumer products including soaps,
toothpastes, detergents, clothing, toys, carpets,
plastics and paints.! To date, no evidence has been
found to prove that the use of triclosan improves
consumer or patient health or prevents disease in
personal care products such as hand soap, toothpaste,
or cosmetics.’>#¥ Hence, for certain products, the
use of triclosan can simply be ended - as recently
highlighted in a Science Statement.**

Hazard profile

Triclosan is very toxic to aquatic life and has long-
lasting effects, causing serious eye irritation and
skin irritation. It is an endocrine disruptor with
anti-thyroid effects and androgenic and estrogenic
activity."” It can contribute to antibiotic/antimicrobial
resistance.” Additionally, Triclosan used in consumer
productsis released to the environment, with adverse
effects to fish and biota.?

Status in the Mediterranean region

and internationally

In Europe, triclosan has been banned for human
hygiene purposes when applied on or in contact
with human skin or scalp for the primary purpose of
disinfecting the skin or scalp, including application

such as soap, shampoo, deodorants, household
detergents and toothpaste.'®

The US Food and Drug Administration (FDA)
banned triclosan, triclocarban and a range of other
antimicrobials, in over-the-counter consumer
antiseptic wash products based on insufficient
evidence demonstrating their safety for long-term
daily use and their ability to reduce the spread of
illness and infection.® However, in the Southern
Mediterranean region, triclosan is not restricted and

is currently in use in personal care products.

CHEMICAL

CAS/EC Number

CAS No.: 3380-34-5
EC /List no.: 222-182-2

IUPAC: 5-Chloro-2-(2,4-

dichlorophenoxy)phenol
Mol. formula: C,,H.CI,0,

Table1 Chemical identity of triclosan

Hazard profile

Endocrine
disrupting
chemicals

GHSO07
Harmful

GHS09
Environmental
hazard
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N

Selected
alternatives
to triclosan

in personal care
products

Identification and availability

Traditional soap, shampoo, toothpaste and other personal care products without triclosan are available and
can be used instead. One example is curd soap, which is sufficiently potent and has germicidal properties.
In personal care products for example, triclosan can simply be removed without the need for substitution
with other biocides. This is the case of some multinational companies that have removed triclosan from all
their products,” and triclosan-free products can be found in the market. The US Centre for Disease Control
and Prevention (CDC) recommends that when soap and water are not available, consumers should use an
alcohol-based hand sanitizer containing at least 60% alcohol."

Technical feasibility
Washing with plain soap and running water remains one of the most effective steps that consumers can take
to avoid getting sick and to prevent spreading germs to others.?

Economic feasibility

Since triclosan in soap, shampoo, or toothpaste can simply be removed without substitution by other biocides,
the manufacturing cost are usually reduced, making the products without the additive cheaper.
Furthermore, external costs like aquatic life impacts and related biodiversity loss are avoided, as are the
adverse human health impacts, leading to savings in the health care sector.

Hazards, risks and life cycle considerations

Soap, shampoo, or toothpaste without triclosan and other biocides do not result in hazards or risks associated
with this toxic substance. The alternative to triclosan, benzethonium chloride, has no reported endocrine
disrupting effects although it is a human skin sensitizer and very toxic to aquatic life.!* Ethanol in hand
sanitizers has no specific health or environmental risk. However, personal care products may contain other

hazardous additives that provide specific properties (e.g. siloxanes D4 or D5).




2. Alkylphenol
Ethoxylates

as Surfactants

in Textile Industry

Background, identity and use

Alkylphenol ethoxylates (APEOs) comprise a large
class of substances. In many cases, the alkyl chain has
nine carbon atoms. Thus, this case study focuses on
nonylphenol ethoxylates (NPEOs) which biodegrade
into nonylphenols (NPs) in wastewater treatment
plants and in the environment. NPs are very toxic to
aquatic organisms, causing long-term adverse effects
in the aquatic environment and may also impair
human fecundity and harm the fetus.

In some countries like Germany, the substitution
of APEOs/NPEOs in all relevant applications
started 30 years ago. When, alternatives with good
biodegradability and proven technical performance
were available for almost all applications. Cost-
effective biodegradable alternatives with equal or
similar technical performance are readily available
nowadays, such as the fatty acid alcohol ethoxylates.
Nonylphenols and other alkylphenols are used
in manufacturing antioxidants, lubricating oil
additives, laundry and dish detergents, emulsifiers
and solubilizers.® These compounds are precursors

INDIVIDUAL NPEOs

Poly(oxy-1,2-ethanediyl), alpha-(nonylphenyl)-omega-hydroxy-

Poly(oxy-1,2-ethanediyl), alpha-(4-nonylphenyl)-omega-hydroxy-

ANTIMICROBIALS AND SURFACTANTS

to the commercially non-ionic surfactants APEOs
and NPEOs which are common in many chemical
formulations used to produce apparel and footwear
materials, such as industrial laundry detergents,
scouring agents, wettings agents, spinning oils,
dispersing agents for dyes and prints, impregnating
agents, pigment and leather-finishing preparations.
However, APEOs/NPEOs are used for many other
purposes where they can also be substituted.
Commonly used NPEOs are listed in Table 2.

Hazard profile and problems

NPs, the main NPEO metabolites, are very toxic to
aquatic life and may cause long-term adverse effects
in the aquatic environment. They are also associated
with reproductive and developmental effects in
rodents® and act as endocrine disruptors and
xenoestrogens in humans. NPs have been detected in
human breast milk, blood and urine and are known
to impair human fecundity and harm the fetus.”
NPEOs can also cause skin and eye irritation.

Status in the Mediterranean region

and internationally

The production and use of NPs and NPEOs is
prohibited in the European Union since 2003.%°
NPEOs have been listed under REACH Annex XVII.
After February 2021, they must not be placed on
the market in textile articles that can be expected
to be washed in water during their normal lifecycle

CAS Number

9016-45-9

26027-38-3

Poly(oxy-1,2-ethanediyl), alpha-(isononylphenyl)-omega-hydroxy-

Poly(oxy-1,2-ethanediyl), alpha-(nonylphenyl)-omega-hydroxy-, banched

Poly(oxy-1,2-ethanediyl), alpha-(4-nonylphenyl)-omega-hydroxy-, branched

68412-54-4

127087-87-0

Table 2 Chemical identity of commonly used NPEOs

Hazard profile

£

GHS05
Corrosive

OPHHE

GHS07 GHS08 GHS09 Carcinogenic/ Endocrine
Harmful Health nvironmental Mutagenic/  disrupting
hazard hazard reprotoxic  chemicals
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at concentrations equal to or greater than 0.01%.
This requirement does not apply to second-hand
textile articles or to new textile articles produced
exclusively from recycled textiles and without added
NPEOs.

Many textile sector retailers and brands (e.g., Rewe,
Lidl, Nike, Adidas, Levi Strauss, Puma, Tchibo)
demand their suppliers to avoid and substitute
APEOs/NPEOs.

In the North African countries, no related regula-
tions have been identified. However, laboratories
from Morocco and Tunisia participated® in a
recent proficiency test for AP & APEO in textiles,
indicating that industries or authorities are aware

of the restrictions and are implementing monitoring
activities.

q bout 30 years ago, four German industry
associations (TEGEWA, FIR, IKW and

IPP) issued a voluntary commitment to substitute
APEOs in household and commercial applications
encouraging substitution of APEOs in all household
cleaning products and in various industrial

sectors: oil, photographic, surface metal treatment
and ferrous metal processing, leather and fur
manufacturing, paper and industrial-scale cleaning
operations.

Selected
alternatives

Z

Identification and availability
The following substances have been identified as examples of safer
alternatives in the textile sector but they might be applicable to

other sectors as well. Fatty acid alcohol ethoxylates (the first two

alkylphenol
etll(1¥))12ylates
_as surfactants
in textile industry

compounds in Table 3) are the most important alternatives.

Economic feasibility
The available alternatives are cost-effective and have equal or similar

technical performance. Their use avoids external costs such as adverse

aquatic impacts, biodiversity loss and adverse human health impacts.

Germany was able to demonstrate 30 years ago that the substitution of APEOs/NPEOs in household products

and practically all relevant industrial sectors is economically viable.

Hazards, risks and life cycle considerations

The environmental releases from the application of APEO/NPEO alternatives do not result in specific hazards

or risks. Fatty acid alcohol ethoxylates, are readily biodegradable and do not form toxic metabolites.

CAS No. Chemical characterization
68439-46-3 G, ,, alcohols, ethoxylated (6EQ)

68131-39-5 C,,,5 alcohoals, ethoxylated (9EO)

64366-70-7

Oxirane, methyl-, polymer with oxirane, mono(2-ethylhexyl ether): Ecosurf EH 9

68515-73-1 Glucopyranose, oligomeric, decyl octyl glycosides

Polyoxy(1,2-ethanediyl), alpha-sulfo-omegadodecyloxy-, Na salt

Table 3 Chemical identity of available safer
alternatives for NPEOs??
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BISPHENOLS AND PHTALATES

3. Bisphenol
A-based
Polycarbonate
in Baby Bottles

Background, identity and use

Polycarbonate (PC) baby bottles are produced from
bisphenol A (BPA) monomer used as building block
for the PC polymer. Some BPA monomer remains as
an impurity in the final product and migrates into
baby food. Further BPA is generated and released
from depolymerization upon continuous or frequent
washing with detergents, sterilization and usage.
BPA is a
chemical (EDC) causing estrogenic effects in

recognised endocrine disrupting
vivo (xenoestrogen). The release from PC bottles
can exceed the Tolerable Daily Intake (TDI) of
0.01 mg/kg body weight.

Bisphenol A (BPA) is one of the world’s best-selling
chemicals, primarily used as monomer to make
polycarbonate (PC) plastics.?® PC is used to produce
baby bottles but also for other food contact materials,
toys and a wide range of other applications. PC is
characterised by its good physical properties such
as transparency, high mechanical strength, wear
resistance and good thermal stability such that it
can be sterilized in boiling water. Therefore, for
decades PC was a major material used globally and
is still widely used for baby bottles in the Southern
Mediterranean region.?*

Hazard profile and problems

BPA is a well-described endocrine disruptor, causing
reproductive, neurobehavioural, brain development,
immune and metabolic system effects.”® Human
exposure to BPA may elevate risk of obesity, diabetes
and coronary heart diseases.?* BPA was also found

to affect kidney and liver weight in animals.?2* BPA
enters the body through ingestion (e.g. diet, dust) or
dermal contact (e.g., cosmetics, thermal paper).
Asisthe case with most polymers, the non-polymerised
residual BPA monomer can migrate from the PC
material over the lifetime of the article. The amount
of BPA present depends on the quality of the PC. It
is sensitive to hydrothermal effects which results in
additional BPA release from the polymer. The release
rate of BPA originating from hydrolytic degradation
of the polymer is positively correlated with higher
pH (alkaline conditions).” Therefore, the release of
BPA from PC stems from two different mechanisms:
(1) Diffusion-controlled release of residual BPA
and (2) hydrolysis of the polymer at the material
surface followed by an increase in BPA migration. The
long-term release of BPA from PC is primarily due to
degradation of the polymer rather than diffusion.?”
Through these mechanisms, BPA can leach out of PC
used in baby bottles and other food containers made
of PC or other BPA-containing resins. The release
from baby bottles can exceed the Tolerable Daily
Intake (TDI) of 0.01 mg/kg of body weight.?”

Status in the Mediterranean region

and internationally

The European Union and Canada have banned
BPA use in baby bottles. The US Food and Drug
Administration (FDA) has ended its authorization
for the use of BPA in baby bottles and infant formula
packaging. With minor exceptions, legal or voluntary
BPA restriction (including in PC baby bottles) is
virtually absent in developing countries of Africa, SE

CHEMICAL CAS/EC Number

CAS No: 80-05-7
EC No: 201-245-8

CAS No.: 25037-45-0

Table 4 Chemical identity of BPA and PC

4,4’-isopropylidenediphenol
(BPA)

Polycarbonate (PC)

Hazard profile

E y : @ ‘ ’
GHSO01 GHS02 GHS03 GHS04 GHS05 GHS06 GHS07 GHS08 GHS09  Carc inogenic Endocrine  Persistent
Explosive Flammable Oxidizing  Compressed  Corrosive Toxic Harmful Health  Environmental Mutagenic/  disrupting organic
Gas hazard hazard reprotoxic  chemicals  pollutant
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Asia and South and Central America. Thus far only
South Africa, Brazil and Colombia have passed some
legislation on BPA use in food contact materials.?®
Currently, no regulations exist in the Southern
Mediterranean countries to restrict BPA or the use of
PC in baby bottles which means they are still widely
used in Southern Mediterranean countries.>*

N
Selected — entification and availability

. A range of materials are used as alternatives for polycarbonate baby
alternatlves bottles including other plastic, glass and stainless steel. The alterna-
tive plastic materials include polyamide (PA), polyethersulfone (PES),

to polycar.bonate polypropylene (PP), polyethylene (PE) and copolyester.?
in baby

bottles

Technical feasibility

A range of plastics are available on the market and have been used
for baby bottles for many years, particularly in countries where PC has been phased out. Glass bottles were
used before plastic bottles and can be appropriately used. Stainless steel baby bottles are also available on the
market. Both these options are heavier and small babies might have difficulties holding the bottle. However,
the World Health Organization (WHO) recommends exclusive breast feeding for the first 6 months and these
bottles can be handled appropriately after this period, as they have been for generations.

Economic feasibility

Most non-BPA containing plastic bottles are price competitive with PC bottles. Glass bottles and stainless
steel bottles have somewhat higher prices than PC baby bottles, however they can be used for a long time, even
over generations. Some glass and stainless steel bottles have lids that can be switched out and can become a
sippy cup, straw cup, or water bottle. Therefore, the price difference might be compensated by longer life

cycle/durability.

Hazards, risks and life cycle considerations

Glass bottles do not release pollutants and are easy to clean. Stainless steel bottles are also easy to clean and
do not release pollutants. Plastic bottles are more difficult to clean, as they have a tendency to scratch and can
harbour bacteria if not properly cleaned.

The EU JRC laboratory detected a wide range of chemicals released into the milk substitute in an assessment
of 449 alternative plastic baby bottles in the European market.”” BPA was detected and quantified in 20 out of
27 polyamide bottles, with concentrations ranging between 0.5 to 250 pg/kg in 19 bottles . One bottle released
even more than 1000 pg/kg in the first migration.? This value is higher than those found in the same survey
for PC bottles.*® None of the 30 polyethersulphone (PES) bottles tested released any detectable amounts of
44’-dichlorodiphenyl sulphone (DCPS) or 4,4’-dihydroxydiphenyl sulphone (DHPS; bisphenol S) and only
two bottles released a very low amount of diphenyl sulphone (DPS) (-1 ug/kg compared to a regulatory limit
of 3000 pg/kg). The levels of contaminants found in polypropylene bottles were compliant with the limits set
in the EU food contact legislation. No hazardous compound was detected in bottles made from copolyester.?
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4, Bisphenol A
as a Developer
in Thermal
Paper

Background, identity and use

Bisphenol A (BPA) is a well-known endocrine
disrupting chemical (EDC) with its major exposure
pathway being through skin contact. BPA is a
commonly used colour developer in thermal paper,
found in tickets, receipts, sales slips etc. Therefore,
human, including children’s, exposure to the
chemical is widespread. The total human exposure
to EDCs is of concern and unnecessary additional
exposure needs to be avoided.

Alternatives are used in the European market
and some of them have shown no EDC activity. By
switching to these substances, EDC exposure can be
reduced. The most suitable and most widely used
alternative developer in thermal paper in the EU
seems to be Pergafast 201, which has no estrogenic
property and no documented other EDC activity.
However, during the production, use and end of
life treatment, the releases of Pergafast 201 to water
bodies need to be controlled due the high aquatic
toxicity of the chemical.

There is a recent innovative thermal paper namely
Okobon® that does not contain chemical developer.
In this system the coating reacts to the heat of the
thermal printhead. The paper is on the European
market and used since the beginning of 2017.

BPA is used as a colour developer in printing
thermal paper, at concentrations ranging from
approximately 0.9 to 2.1%.! Thermal paper is
widely used in daily life and includes receipts, sales
slips, cash register receipts, ticket papers, bank
papers, fax paper, etc.

BISPHENOLS AND PHTALATES

Hazard profile and problems

BPA is a well-described endocrine disruptor, causing
reproductive, neurobehavioral, brain development,
immune and metabolic system effects.”> Human
exposure to BPA may elevate the risk of obesity,
diabetes and coronary heart diseases.** BPA was
also found to affect kidney and liver weight in
animals.*** BPA enters the body through ingestion
(e.g., diet, dust) or dermal exposure (e.g., thermal
paper, cosmetics). BPA applied to thermal paper
is not bound, thus relatively large exposures may
occur during normal handling** Skin absorption of
BPA while handling thermal papers is believed to
be a significant route of exposure®, particularly for
cashiers who have higher estimated levels compared
to the general population.® Due to the use of thermal
paper in everyday life, most people are exposed to
BPA, including children.

The European Food Safety Association (EFSA)
estimate that the typical exposure to BPA is below its

CHEMICAL CAS/EC Number

CAS No: 80-05-7

4,4’-isopropylidenediphenol (BPA) EC No: 201-245-8

Table5 Chemical identity of Bisphenol A (BPA)

Hazard profile

S
GHSO01 GHS02 GHS03 GHS04 GHS05 GHS06
Explosive Flammable Oxidizing  Compressed  Corrosive Toxic
Gas

Endocrine
disrupting
chemicals

GHSO07
Harmful

GHS08
Health
hazard

GHS09  Carcinogenic
Environmental Mutagenic/
hazard reprotoxic

Persistent
organic
pollutant
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temporary TDI of 4 pg/kg bw/day. However, the
total human exposure to EDCs is of concern and
unnecessary additional exposure needs to be avoided.
Therefore, the substitution of BPA in thermal paper
should be promoted considering that alternatives are
widely used in European countries.*

Status in the Mediterranean region

and internationally

BPA has been listed in the EU as a substance of very
high concern under REACH. In December 2016, the
European Commission decided to restrict BPA in
thermal paper in the EU. This ban will take effect

in 2020. Therefore, European retailers, banks and
papers
substituting BPA-containing thermal paper.

other institutions using thermal are
There are no legal or voluntary activities to restrict
BPA in Africa except for South Africa.’” Therefore,
currently no regulation or motivation exists in the
Southern Mediterranean countries for restriction
of BPA, including in thermal paper. Most thermal
paper currently used in the Southern Mediterranean
countries is likely to contain BPA as a developer.
Exemptions are retailers or other institutions with a
global policy of phasing out BPA use in the company

(e.g., IKEA in Egypt or Morocco).

Selected
alternatives

to bisphenol A

N

Identification and availability

D Alternative developers in thermal paper
The chemicals identified by the SUBSPORT database
(http://www.subsport.eu/) as potential alternatives to BPA

in thermal paper
production

CHEMICAL

methyl bis(4-hydroxyphenyl) acetate (MBHA)

4,4’-(1-phenylethylidene) bisphenol (Bisphenol AP)

4-hydroxyphenyl sulfone (Bisphenol S)

phenol,4-[[4-(2-propen-1-yloxy) phenyl] sulfonyl] (BPS MAE)

4-[4’-[(1’-methylethyloxy) phenyl] sulfonyl] phenol (D-90)

N-(p-Toluenesulfonyl)-N’-(3-p-toluenesulfonyloxyphenyl) urea (Pergafast 201)

4-Hydroxyphenyl 4-isoprooxyphenylsulfone (D-8)
Bis(4-hydroxyphenyl)methane (Bisphenol F; BPF)

Urea Urethane (UU)

D Thermal paper without chemical developers

in thermal paper, can be seen in Table 6.

CAS Number

5129-00-0

15671-75-1

80-09-1

97042-18-7

191680-83-8

232938-43-1

95235-30-6

620-92-8

321860-

Table 6 Chemical alternatives
to bisphenol A (US EPA 2014)*

There is a recent innovative Oekobon® thermal paper (http://www.oekobon.com/), the

first thermal paper that does not need a developer. Oekobon® was specially developed

for this forward-looking type of thermal technology. In this system, the coating reacts

to the heat of the thermal printhead. In contrast to existing thermal papers, it contains
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fine bubbles, which collapse due to selective heat transfer of the thermal printer. Through
this purely physical reaction, the underlying black layer is made visible, thus creating
the typeface on the receipt without a chemical developer. The paper is available on the
market since 2017.

Technical and economic feasibility

D Alternative developers in thermal paper
A range of developers (BPS, Pergafast 201, D-8, D-90, BPS-MAE) are already in use in
several European countries (including Spain)* and therefore have proven technical and
economic feasibility. The alternatives are somewhat more expensive (by approximately
70%) compared to BPA-containing thermal paper. However, since thermal paper is a
minor expense for a shop, the additional cost is insignificant, as demonstrated by the
shift to alternatives in the EU.

B Thermal paper without chemical developers

Oekobon GmbH offer Oekobon® thermal paper without developer as an innovative
alternative. The paper can be used with the same equipment in the same way as the other
thermal papers with developers. The system is stable against UV light with a lifetime of
more than 25 years.

Currently the price for this paper is approx. twice the price of BPA-containing thermal
paper and comparable to thermal papers with alternative developers. Since thermal
paper is a minor expense for a shop, the cost increase is also minor. Considering the lack
of restriction of BPA in the Southern Mediterranean region, there is a need for raising
awareness regarding BPA exposure of customers.

Hazards, risks and life cycle considerations

Some of the alternatives to Bisphenol A with similar structure have been found to also exhibit EDC properties
(for example Bisphenol S, Bisphenol F)* . Therefore, these cannot be considered suitable alternatives.
Pergafast 201, D-8, D-90, TGSA and BPS-MAE have shown no or minimal estrogenic activity.** However,
TGSA and D-8 induced similar teratogenic effects as BPA in zebrafish embryos.*

Exposure and risk can also be reduced by minimizing the release of the compound from thermal paper.
Of the above-mentioned alternatives, Pergafast 201 and Bisphenol AP have the lowest release potential.
Also, in this respect Pergafast 201 seems a suitable alternative, though it has high aquatic toxicity®® that

needs to be considered for the life cycle management of Pergafast 201 treated thermal paper. The releases
of Pergafast 201 to water bodies should be controlled during the production and end of life treatment.
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5. Polyethylene
Plastic
Bags

Background, identity and use

Shopping bags have become an integral part of our
everyday lives. Single-use polyethylene plastic bags
are the most commonly used in many countries.
Globally, millions of single-use plastic shopping
bags are discarded every day into mixed-waste
streams or are thrown into the environment as post-
consumer plastic litter. The Mediterranean Sea
coastline is littered every year with an estimated
25 million plastic bags per 1,000 kilometres of
coastline. Plastic bags and packaging account for
56% of the total beached waste and 83% of floating
litter*. Traditional reusable bags made from alfa,
cotton or jute are readily available on the market, as
are paper and biodegradable plastic bags.

Plastic shopping bags have been used by consumers
worldwide since the 1960s. The main plastics
used are high density polyethylene (HDPE) and
low density polyethylene (LDPE). The production
monomer ethylene is derived from non-renewable
natural gas and petroleum. Globally, millions of
single-use plastic shoppingbags are discarded every
day into mixed-waste streams.” We are therefore
faced with the need of seeking an alternative to
single-use plastic bags.

100 billion plastic
produced yearly and are placed on the market in

Approximately bags are
the European Union (EU) alone. Plastic bags are
widely used in Southern Mediterranean countries.
For instance, Tunisians consume roughly one billion
plastic bags each year, equalling 30,000 tonnes of
plastic waste.

Hazard profile and problems

Plastic bags cause negative environmental impacts by
becoming a post-consumer plastic litter source and
due to their non-renewable resource consumption
and chemical use (such as inks and other additives).*?
Plastic bags are one of the most widespread waste
types in oceans and seas, making up 75% of the
plastic content of total marine litter. Plastic bags are
harmful to the environment and to wildlife. They
have been identified as the type of microplastic litter
most harmful to marine biota, killing thousands of
animals each year.**** Plastic might take hundreds of
years to break down in the environment.

Plastic bags can clog pipes and thus contribute to
flooding in cities. Their pollution of landscapes in the
Mediterranean region has caused economic damage
to the tourism sector. Plastic waste recycling rates
in the Mediterranean region are low due to a lack of
household collection and segregation, commodity
value volatility and competition for virgin plastic.*®

Status in the Mediterranean region
and internationally

The United Nations
(UNEA) 3 has recently adopted a resolution on

Environment Assembly

*Polyetylene is not classified as environmental hazard under GHS.

However, it is very hazardous to the marine environment and to wildlife

Hazard profile*

&

GHS01 GHS02 GHS03 GHS04 GHS05 GHS06 GHS07 GHS08 GHS09  Carcinogenic/ Endocrine  Persistent
Explosive Flammable Oxidizing Compressed  Corrosive Toxic Harmful Health  Environmental Mutagenic/  disrupting organic
Gas hazard hazard* reprotoxic ~ chemicals  pollutant
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marine litter microplastics and urges countries and
other stakeholders to use plastic responsibly, while
endeavouringto reduce unnecessary use and promote
research and application of environmentally-sound
alternatives.*

In the EU, plastic waste needs to be collected
separately. The Circular Economy Action Package
adopted in December 2015 makes plastics a priority
topic. This Package proposes rising the recycling
target for plastic packaging to 55% and reducing
landfilling to no more than 10% by 2030. In 2015,

BISPHENOLS AND PHTALATES

the EU issued Directive 2015/720 to reduce the
consumption of lightweight plastic carrier bags.

Some Mediterranean countries (France and
Morocco) are aiming for a total ban of plastic
bags, apart from those that are biodegradable and
compostable. Others such as Croatia, Malta, Israel
and some municipalities or districts of Spain, Greece
and Turkey, are introducing a tax on single use plastic
bags. Tunisia has banned non-biodegradable plastic
bags in large-chain supermarkets but still allows

their use in small shops.

Selected
alternatives

to polyethylene
plastic
bags

A) Reusable bags

Reusable bags include bags made from cotton,
jute or alfa. The Tunisian “Koffa” (Figure 1) are
traditional bags made of palm leaves or alfa (Stipa
tenacissima), a common grass of North Africa
that covers approximately 3 million hectares in
Algeria and more than 400 thousand hectares

N

Identification, availability,

and technical feasibility

Environmentally friendly alternatives to non-degradable plastic
bags include reusable bags from natural materials and biodegradable
plastic or paper bags.

in Tunisia. Organic cotton bags can also be a

more sustainable alternative to non-degradable

Figure 1 Reusable alfa bags “Koffa”

plastic bags, especially if the organic agriculture

contributes to new fertile soil generation as

demonstrated by the SEKEM farm in Egypt, which also produces organic cotton.*’” Jute

bags are another environmentally friendly alternative because the material derives from

a plant fibre, consisting mostly of cellulose and is biodegradable after use.

B) Paper bags

Paper bags are made out of cardboard paper and are a commonly used alternative
to plastic shopping bags for packaging fruits or bakery goods. Paper bags can also be
produced from recycled paper; however, not all paper is suitable for being recycled into

paper bags packaging food items due to possible problems with cross-contamination

(i.e. chemical residues in the recycled paper that might lead to increased exposure of

consumers).
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C) Biodegradable plastic bags

Biodegradable plastic bags are
another  alternative to  non-
degradable plastic bags. They
can be made from bio-based
and  biodegradable  bioplastics
such as polylactic acid (PLA),
polyhydroxyalkanoates (PHA and
PHB) and starch blends. Bags can
also be made from fossil fuel-based

' biodegradable plastics such as
polybutyrate adipate terephthalate
(PBAT), polycaprolactone (PCL) and
poly(butylene succinate) (PBS).*#
PLA is a biodegradable and bio-

e active  thermoplastic  aliphatic
polyester derived from corn starch,
cassava roots, chips, starch, or

Figure 2 Multiple-use carrier bag sugarcane and the plastic bags take

a few months to fully degrade when

buried in compost.*
However, biodegradable bioplastics and especially non-degradable bioplastics,
such as bio-based polyethylene (PE), polyethylene terephthalate (PET) and Nylon
(Polyamide; PA), do not have an advantage in respect to marine litter pollution, since
biodegradation in this context is usually limited to industrial compositing conditions
(e.g. with temperatures much higher than in the natural environment, such as marine
water). Hence, biodegradable plastic bag is a suitable alternative to non-degradable
plastic bags when composted after use in order to effectively reduce marine litter
pollution or ensuring that the bio-plastic degrade also under marine condition.
Policy makers, industry, retailers, entrepreneurs and consumers must all contribute to
the switch to sustainable alternatives.®® Behavioural change toward the use of more
sustainable shopping bags is of great importance. Consumers can reduce their plastic
bags use through a variety of behaviours: bringing their own reusable bags (i.e., reduce
and reuse), opting for a biodegradable bag (i.e., substitute), combining all their purchases
into one biodegradable/reusable bag or adding to an existing bag received from another
vendor (i.e., reduce). Municipalities can further help by enforcing that all biodegradable
bags are composted to facilitate effective waste handling. Combining education on the
impacts of shopping bags with general education on sustainable consumption can change

consumer behaviour and considerably increase citizens’ environmental awareness.
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6. PVC
with DEHP
in Medical
Appliances

Background, identity and use

Soft PVC with DEHP (Bis(2-ethylhexyl) benzene-
1,2-dicarboxylate) as softeners is the most widely
used plastic in single-use medical devices. DEHP is
classified as toxic to reproduction (class 1B) which
means it may damage fertility and may damage the
unborn child. A range of alternatives polymers to PVC
in medical appliances without softeners are available
and safe product alternatives have already been
compiled e.g. by Health Care Without Harm. Also
alternative softeners to DEHP with lower toxicity and
leachability are available and used in medical devices.
Soft PVC with DEHP (Bis(2-ethylhexyl) benzene-
1,2-dicarboxylate) as softeners is used in single-use
medical devices such as intravenous tubing and bags,
IV catheters, nasogastric tubes, dialysis bags and
tubing, blood bags and transfusion tubing and air
tubes. These medical devices are used for screening,
diagnosis, treatment and care. Medical PVC accounts
for about 40% of all plastics-based medical devices
used in hospitals.™

Hazard profile and problems

of soft PVC/DEHP in health care products
DEHP is classified as toxic to reproduction (class
1B) which means it may damage fertility and
Based on the
testicular toxicity of DEHP, the European Food
Safety Authority (EFSA) Panel set a Tolerable
Daily Intake (TDI) of 0.05 mg/kg body weight,
based on a ‘No Observed Adverse Effect Level’
(NOAEL) of 5 mg/kg bw/day and an uncertainty

may damage the unborn child.”

factor of 100 used for the risk assessments.*

The EFSA TDI is significantly exceeded in patient
groups due to exposure from DEHP containing
PVC medical devices including adult patients
undergoing haemodialysis and premature neonates
in intensive care units. For adults, the highest acute-
short term exposure may result from transfusions
of blood components, reaching DEHP doses up to
approximately 8,000-10,000 pg/kg body weight/day
in trauma patients and in patients undergoing
ECMO, whereas the highest chronic treatment is
represented by haemodialysis, during which the
maximum reported exposure is 2200 ug/kg/d.?
Premature neonates in intensive care units (NICU),
being dependent on multiple medical procedures,
may receive even higher DEHP exposures (up to
6000 pg/kg bw/d).>* Such exposures may occur for
a period of weeks or even months with associated
developmental risk.

CHEMICAL | CAS Number

DEHP; Bis(2-ethylhexyl) benzene- CAS No. 117-81-7

EC No. 204-211-0

1,2-dicarboxylate
Bis(2-ethylhexyl) phthalate

Table 7 Chemical identity of DEHP
(Bis(2-ethylhexyl) phthalate)

Hazard profile

GHSO01
Explosive

GHS02
Flammable

GHS03
Oxidizing

GHS04
Compressed
Gas

GHS05
Corrosive Toxic

GHS06

SO

GHS07 GHS08 GHS09 Carcinogenic/ Endocrine  Persistent
Harmful Health  Environmental Mutagenic/ disrupting  organic
hazard hazard reprotoxic  chemicals  pollutant
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Therefore soft PVC containing DEHP should be
phased out in exposure relevant articles such as
health care devices.5* 5%

Furthermore PVC can be a driver for Dioxin
(PCDD/F) and other unintentional POPs formation in
non-BAT incinerators.” Hospital waste incinerators
in Southern Mediterranean countries are normally
small scale incinerators operated with daily start
up or even as batch with bad combustion quality®
where PCDD/F formation correlates with chlorine/
PVC content. Such hospital waste incinerators can
have large impact on the surrounding.® Furthermore
hospital waste might be treated in cement kiln where
chlorine content is a limiting factor for accepting and
treating waste.*® !

Status in the Mediterranean region

and internationally

Several countries have already taken action®
including the EU which recently updated the
regulatory framework for medical devices including
the phase out of use of devices with EDC like DEHP
(and CMR chemicals) above 0.1%%. DEHP is listed
as Substance of Very High Concern under REACH

and it is listed as endocrine disrupting chemical. The
EU recently updated the medical devises regulatory
framework. Annex 1.I1.10.4.1, of the MDR includes
a 0.1% concentration limit* for category 1A and 1B
carcinogenic, mutagenic and reprotoxic (CMR)
substances and EDCs in devices that are invasive and
come into direct contact with the body.%

In Denmark under the Danish PVC Tax Act (Law no.
253,0f19 March 2007), goods that contain phthalates
are taxed based on the weight of phthalates they
contain.®” This tax stimulated the use of alternatives.
Between 1998 and 2011, the use of 17 different
phthalates halved. At the request of the Danish
Environmental Protection Agency (EPA), local and
provincial authorities are giving priority to phthalate-
free alternatives in all public procurements (Green
Public Procurement).>

Over 100 healthcare institutions around the world
are reducing or phasing out PVC and phthalates.
Inthe South Mediterranean countries no substitution
activity of medical devices containing PVC/DEHP
have been conducted up to now. Also no regulations
have been developed for restricting DEHP in medical
devices. However, Egypt has restricted DEHP in toys
and childcare items.

Selected
alternatives

Z

Identification and availability
1) Alternatives materials to PVC
There are many non-PVC materials available, suitable for a wide variety

of medical applications, which do not require phthalates or other

. for PVC
with DEHP
in medical
appliances

others.®

softeners. These materials include polypropylene (PP), polyethylene
(PE), other polyolefins, ethylene vinyl acetate (EVA) or silicone among
Lists on non-PVC alternative have been compiled from
Health Care Without Harm (HCWH) for the United States/Canada

for general medical devices”” and for Neonatal Intensive Care Unit
(NICU)® or from Swedish authorities.® Furthermore HCWH Europe has developed “The Safer Medical
Devices Database” (http://safermedicaldevices.org/about) with currently approx. 200 alternative

products to PVC medical devices.
Some major alternatives and use areas are:

e Bags: PVC-free bags made of ethylene vinyl acetate (EVA), multilayer polyethylene or polypropylene are

cost-effective and technically competitive with PVC bags.

*  PVC-free intravenous and other bags are available for all applications.

e Tubing: PVC-free tubing from polyurethane or silicone is on the market for most medical applications.

*  Gloves: Alternatives made from nitrile for disposable gloves are readily available.
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2) PVC with alternative plasticisers

PVC products softened with plasticisers other than DEHP are available on the market. The
alternative softeners used include e.g. Hexamol DINCH (1,2-Cyclohexanedicarboxylic acid,
diisononylester), DINP (di-iso-nonyl phthalate), TOTM (Tris(2-ethylhexyl)benzene-1,2,4-
tricarboxylate), Citrates, Adipates, Trimellitates.>> %

Technical feasibility

There are clinics, which have entirely substituted PVC with alternatives in invasive applications
demonstrating the technical feasibility.® Furthermore there are examples where clinics have gone nearly”
PVC free already a decade ago demonstrating that the substitution of PVC (including PVC/DEHP) is
technically feasibility for hospitals.” Medical device manufacturers in Europe generally offer both PVC and
PVC-free versions of the same device. Also PVC with alternative softener (e.g. Hexamoll® DINCH® or DINP)
are available since several years as alternatives in medical devices.®® Technically, DINCH® can be processed
on existing machinery, requiring only minor adjustments in formulation and process parameters.”

Economic feasibility

Alternative material to PVC are normally more expensive than the PVC. How large a price difference, if any,
depends greatly on national markets and the individual contracts between hospitals and suppliers. Hospitals
can lower per-unit costs by purchasing in large volumes: Here price differences can be negotiated down to a
minimum. The case of Denmark with ecological/health tax on DEHP and PVC was a driver for alternative
products® and could be assessed and considered for Mediterranean countries.

It needs to be stressed that there are often material benefits to alternatives. For example, PVC-free IV bags
won't stiffen with use, as softeners are not removed from the plastic by the bag contents. And while nitrile
gloves are more costly than PVC they are also more durable.

The benefits to health can outweigh higher costs, especially when considering the long-term benefits for so-
ciety at large. The total external health cost of DEHP use/exposure due to the endocrine effect is estimated to
16.2 billion Euro per year in Europe.”

The price for alternative softeners are mostly higher compared to DEHP (price 800 to 1300 USD/tonne). Cost
of DINCH® (07/2017) is 3000 to 3500 USD/t. compared to phthalates.

Hazards, risk and life cycle considerations
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A) Non PVC alternatives

Alternative polymers do not leach DEHP or
other softeners. Major alternative polymers
used (e.g. polypropylene, polyethylene, other
polyolefins, ethylene vinyl acetate) have low
or no release potential since they do not use
softeners or other additives in high amount.
Whenever possible, material with low release
potential should be used.”? In the end of
life these non-chlorinated polymers can be
incinerated or thermally recovered without
additional generation of dioxins.

B) Alternative softeners

For the alternative plasticizers, the critical
endpoint for toxicity is generally different
from reproductive effects. DINCH does

not exert any reproductive toxicity, nor
genotoxicity or carcinogenicity. The critical
endpoint is the effects observed in kidney and
are not considered as relevant for humans.
The GreenScreen™ assessment concluded
a DINCH benchmark classification of 2e
(Moderate Toxic) due to moderate Endocrine
Activity, Skin Irritation and Persistence.”®
Overall the substitution of PVC by other plastic
with better life cycle performance (Figure 3)
and chemical footprint properties is preferred.
At the end of life, all PVC increase the
potential of PCDD/F and other UPOP release
in the non-BAT hospital waste incinerators
in South Mediterranean countries and the
chlorine content result in problems with co-
incineration in cement kilns.
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7. PVC

in Toys

and Childcare
Products

Background, identity and use

Soft PVC in toys and childcare products can contain
toxic additives including softeners such as phthalates
and heavy metals (lead and cadmium). PVC toys lead
to children’s exposure due to mouthing behaviour.
The levels of hazardous chemicals ingested by the
baby or child can exceed safe exposure margins.
A range of alternatives to PVC toys are available,
including other plastics or wood. Furthermore,
a better alternative to plastic toys are books that
encourage babies to interact with parents/caretakers
and support language development at a young age,
thus improving communication skills with long-
lasting positive implications for overall academic
success. Fewer toys and increased outdoor play time
can reduce future consumption addiction.

Soft PVC toys are widely used including in teethers,
pacifiers, doll parts, figurines and inflatable toys.
Soft PVC contains up to 50% plasticizers by weight,
usually phthalate esters such as bis (2-ethylhexyl)
phthalate (DEHP), dibutyl phthalate (DBP), butyl
benzyl phthalate (BBP), diisononyl phthalate
(DINP), diisodecyl phthalate (DIDP) and di-n-octyl
phthalate (DNOP) (Table 8).

Hazard profile and problems

Soft PVC contains up to 50% plasticizers by weight,
usually phthalate esters, which are not chemically
bound to the plastic and therefore leach out. The
phthalates most commonly used as softeners have
hazardous properties (Table 9). Furthermore, lead,
cadmium, barium/zinc, or organotin compounds are

CHEMICAL CAS/EC Number

DEHP; Bis(2-ethylhexyl)
benzene-1,2-dicarboxylate
Bis(2-ethylhexyl) phthalate

CAS No. 84-74-2
Dibutyl phthalate (DBP) EC No. 201-557-4
CAS No. 85-68-7
BBP; Butyl benzyl phthalate EC No. 201-622-7

CAS No. 28553-12-0;
and 68515-48-0
EC No. 249-079-5

CAS No. 117-81-7
EC No. 204-211-0

DINP, diisononyl phthalate

CAS No. 26761-40-0
EC No. 247-977-1

, CAS No. 117-84-0
DNOP; di-n-octyl phthalate EC No. 204-214-7

Table 8 Main phthalates used as
plasticizers in soft PVC toys™

DIDP; diisodecyl phthalate

added to PVC as stabilizers. One study screened toys
for heavy metals in Tunisia (2012) and found that
numerous PVC toys contained high levels of lead and
cadmium.”

Toys made of PVC put children at a risk of severe
exposure, above safe levels, to softeners such as

Hazard profile

GHSO01 GHS05

Explosive

GHS02
Flammable

GHS03
Oxidizing

GHS04
Compressed
Gas

GHS06
Corrosive Toxic

GHS09
Environmental
hazard

GHSO07
Harmfu

GHS08
Health
hazard

Persistent
organic
pollutant

Carcinogenic/ Endocrine
Mutagenic/  disrupting
reprotoxic  chemicals
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phthalates.” Heavy metals like lead or cadmium
can also leach from the PVC, leading to associated
health risks. PVC is challenging to recycle.”” While
PVC recycling has somewhat improved in Europe,
hazardous chemicals like DEHP or lead are recycled
into new products requiring an exemption to REACH
registration.”

Status in the Mediterranean region

and internationally

Inthe EU, the restriction under the General Product
Safety Directive banned the use of phthalates in toys
after a series of risk assessments including the three

Phthalate Critical Toxic Effect on

DEHP

Tolerable daily intake (in mg
per kg body weight per day)

BISPHENOLS AND PHTALATES

classified phthalates: Bis (2-ethylhexyl)phthalate
(DEHP), Dibutyl phthalate (DBP) and Butyl benzyl
phthalate (BBP) and the three non-classified
phthalates: Diisononyl phthalate (DINP), diisodecyl
phthalate (DIDP) and di-n-octyl phthalate (DNOP).
The ban is now included in Annex XVII of REACH
covering toys and childcare articles.

Cheap PVC toys are heavily marketed and used
in the Southern Mediterranean region without
regulatory restriction in most countries. Only Egypt
has restricted (2013) the use in toys and childcare
items of the 6 phthalates listed under REACH
(Table 8).

EU ban

Banned in all toys and childcare
BBP 0 ) : :
Reproduction and development articles, and in cosmetics

DINP

Reproduction and development

0.15

Liver and thyroid
No TDI available

Banned in toys and childcare
products that children could put
into their mouths

Table 9 Phthalate plasticizers critical toxic effects and Tolerable Daily Intakes (TDI)

Selected

Z

Identification, availability and technical feasibility

4 Several natural materials, such as organic textiles or wood, have
alternatives

traditionally been used to make toys, teethers and pacifiers. These
materials are well tried and tested over the years, are usually durable

to IZIV(l:l.lll(lltoys and repairable and are available on the market. These materials are
and chilacare preferable to any petrochemical-based plastics because of the global
products

environmental impacts of non-renewable fossil fuels. A wide range of
toys made from wood or other plastics are on the market.

The main plastics that can be used instead of soft PVC in toys are thermoplastic elastomers (TPEs), ethylene
vinyl acetate (EVA) and polyolefins (polyethylene/polypropylene).”” All three materials fulfill requirements
for safety, ease of processing (if possible on the same equipment as PVC), aesthetic appeal and lessened
environmental and health impacts.” Bio-based plastics are also used for some toys. The first biodegradable
plastics have been introduced for beach toys.*

Another solution is the overall reduction of toys b