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Annex A: Manufacture and uses
A.1. Composition of single-use baby diapers
The main report presents an overview of the composition of a single-use baby diaper (section
1.1.3). Herein more details are provided of each component.

Table 1 : Summary of the composition of single-use baby diapers
External
parts

protective

Composition

Nonwoven produced from synthetic fibres (usually
polypropylene, otherwise polyethylene or polyester) or
bioplastics derived from corn starch and sugar cane,
masterbatch pigment and surfactant

Topsheet

+/- lotion
Acquisition
(optional)

layer

PET (polyethylene terephthalate) or cellulose and polyester
fibres or polypropylene

Ear tabs (front and
back ears)

Polyamide and polyethylene (front ears) or polypropylene
fibres and elastomer (back ears)

Core

Superabsorbent polymer (SAP) encapsulated in wood
cellulose fibres (fluff pulp)
Polypropylene and polyethylene fibres, masterbatch
pigment and surfactant (upper and lower tissues)

Backsheet

Low-density polyethylene (LDPE) or a mixture of nonwoven
with a film (LDPE) or nonwoven produced from synthetic
fibres (polyethylene and polypropylene) or bioplastic fibre
film produced from lactic acid (PLA) or a mixture of
polyethylene and starch (Master-Bi) or corn starch or
nonwoven made of natural viscose or polyurethane or Low
density polyethylene and calcium carbonate (polymer film)

Leak guard

Hydrophobic polypropylene nonwoven

Elastics

Thermoplastic polymers
Spandex (polyurethane), natural and synthetic rubber or
polyester foam, elasthanne

Fasteners

Polyamide and polyethylene

Glue (for gluing the
various sheets of the
diaper)

Hot-melt adhesive
Or copolymer rubber and starch
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Lotion (optional)

Pharmaceutical-grade purified petrolatum (= Vaseline),
stearyl alcohol, paraffinum liquidum, aloe barbadensis
extract (aloe vera)

Pigments (optional)

No disperse dye
Soy-based dyes (eco-friendly diapers)

Fragrances
(optional)

No information provided

Wetness indicator

pH indicator (e.g. bromophenol blue)

(optional)
Packaging

Polyethylene

Nonwovens: The production of nonwovens (including single-use baby diapers but also other
Absorbent Hygiene Products(AHP)) takes place in three stages, although modern technology
allows an overlapping of some stages, and in some cases all four stages can take place at the
same time. These stages are: web formation, web bonding, finishing treatment and
converting1:

1

o

Web formation: Nonwovens manufacturing starts by the arrangement of fibres in a
sheet or web. The fibres can be staple fibres or filaments extruded from molten
polymer granules. Main nonwoven technologies used are in short fibre airlaid and
Carded. In short fibre airlaid the fibres, which are always relatively short, are fed into
a forming head by an airstream. The forming head assures a homogeneous mix of all
fibres. By air again, a controlled part of the fibre mix leaves the forming head and is
deposited on a moving belt, where a randomly oriented web is formed. Compared with
carded webs, airlaid webs have a lower density, a greater softness and an absence of
laminar structure. Airlaid webs offer great versatility in terms of the fibres and fibre
blends that can be used. Carding is a mechanical process which starts from bales of
fibres. These fibres are ‘opened’ and blended after which they are conveyed to the
card by air transport. They are then combed into a web by a carding machine, which
is a rotating drum or series of drums covered by card wire (thin strips with teeth). The
precise configuration of cards will depend on the type of fibre and the basis weight to
be produced. The web can be parallel-laid, where most of the fibres are laid in the
machine direction, or they can be randomised. Typical parallel-laid carded webs result
in good tensile strength, low elongation and low tear strength in the machine direction
and the reverse in the cross direction. Machine parameters and fibre mix can be varied
to produce a wide range of fabrics with different properties.

o

Web bonding: webs have a limited initial strength right after the web formation
(depending on various bonding mechanisms). The web needs therefore to be
consolidated in one or the other way. The choice of the web consolidation method

https://www.edana.org/nw-related-industry/how-are-nonwovens-made
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strongly depends on functional properties that are needed as well as on the type of
fibres used. There are three basic types of bonding: thermal bonding (cohesive
bonding), mechanical bonding and chemical bonding.
o Chemical bonding refers to the application of a liquid-based bonding agent to
the web. Three groups of materials are commonly used as binders-acrylate
polymers and copolymers, stryrene-butadiene copolymers and vinyl acetate
ethylene copolymers. Water based bonder systems are the most widely used
but powered adhesives, foam and in some cases organic solvent solutions can
be found. The binder can be applied in many ways. It can be applied uniformly
by impregnating, coating or spraying or intermittently, as in print bonding.
o In mechanical bonding, the strengthening of the web is achieved by inter-fiber
friction as a result of the physical entanglement of the fibers.
o The thermal bonding uses the thermoplastic properties of certain synthetic
fibers to form under controlled heating. In some cases, the web fiber itself can
be used, but more often a low melt fiber of bicomponent fiber is introduced at
the web formation stage to perform the binding function later in the process.
o

Finishing treatments can be either mechanical (stretching, perforating, crimping
etc.) or chemical. With the latter one can modify the surface of the fibres and the
nonwoven to change the haptics or the repellency of the nonwoven. Nonwovens can
be made conductive, flame retardant, water repellent, porous, antistatic, breathable,
absorbent and much more according to the applications it will be used for. They can
also be coated, printed, flocked, dyed or laminated to other materials.

o

Converting: Nonwoven manufacturing ends usually with large rolls of product.
Converters convert this roll good into a consumer product. Sometimes converting is
done in 2 steps. Before manufacturing the finished product one might want to bring
the rolled good one step closer to the final product by slitting, cutting, folding, sewing
or heat sealing.

Fluff pulp comes from wood (shown in Figure 1) and is cellulose used as a part of the core
of the diaper to absorb liquids. It gives good absorbing capacity to the diaper. The pulp has
qualities such as high ratio of fibres to weight, lower coarseness and shorter fiber length. It
is also homogenous and uniform short fiber. The capacity of normal wood pulp fluff is around
10 cc of water per gram of pulp when the diaper is not under pressure. But when subjected
to 5 KPa of pressure its capacity becomes less than 2cc (technicaltextile.net). Hence super
absorbent polymer (SAP) is also needed to hold the liquids under pressure (see below). Wood
pulp sheets come from pine trees, which are generally obtained from the forests. Immediate
absorption of wood pulp fluff is the reason for its usage in the single-use baby diapers. Liquids
are absorbed in the void spaces between the fibres known as capillaries and it is also due to
the surface tension angle between the water and the fibres.
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Figure 1 : Diaper Absorbent Core Wood Pulp Fluff (source : technicaltextile.net)
The fluffy pulp can also consist of grafted cellulose and starch, interlinked carboximethyl
cellulose derivatives and modified hydrophilic polyacrylics (Mendoza et al., 2019a).
It has to be noted that some diapers manufacturers now produce low-fluff or fluffless baby
diapers. For more details, please see Annex E.2.2.2.3.
The fluff pulp is bleached through different bleaching processes before being supplied to the
diapers manufacturers (for more details of bleaching processes, please see Annex E.2.2).
Bleaching of cellulose is a necessary step because it allows getting cellulose that is directly
usable by diapers and hygiene products manufacturers: lignine, which is one of the main
wood component must be removed from fibers and must be made hydrophilic. It is also
bleached to remove other coloured impurities and to make it more absorbent. Before the
1990s, elemental chlorine was used. In the late 1980s, bleaching processes began to change
due to high concentrations of PCDDs in wood pulp bleached using chlorine dioxide (JRC,
2015). Bleaching with elemental chlorine was gradually eliminated from the pulp industry and
is no longer used for 10 years now. As reported in ANSES (2019), today, various bleaching
methods are used:





the ECF (elemental chlorine free) method, which uses chlorine dioxide; this is the most
commonly process used worldwide today to bleach cellulose (95% of cellulose
producers);
the EECF (enhanced elemental chlorine free) method, which uses oxygen and/or slow
heating;
the TCF (totally chlorine free) method, which uses hydrogen peroxide, oxygen or ozone
(Counts et al., 2017) is used by 5% of cellulose producers.

ECF is the most widely used method. It should be specified that ECF processes with chlorine
dioxide reduce the quantity of chlorinated products but do not eliminate them. More
information on bleaching processes is available in annex E.2.2.1.1 and in section 2.4.1.1.1 in
the main report.
The Dossier Submitter would like to underline that the EECF bleaching method was not
mentioned by the companies consulted as a process used to bleach fluff pulp.
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SAP is a sodium polyacrylate with varying degrees of cross-linking. To the naked eye,
superabsorbent polymers appear as a white powder (100 to 800 µm in diameter) (low crosslinking) or very small beads (high cross-linking) (Figure 2). In the presence of water, they
absorb fluids and turn into a soft and deformable gel. They are prepared by inverse suspension
polymerisation which requires the presence of hydrocarbon solvents and surfactants. SAP's
absorption capacity is influenced by several parameters:




the charge density along the polymer chains,
the cross-linking density: the more cross-linked SAP is, the less it swells up and the
less deformable the gel,
the ionic strength of the liquid: a SAP absorbs up to 500 times its weight in pure water
but only 60 times its weight in saline solution (Gourmand and Corpart, 1999).
According to EDANA, SAP absorbs up to 300 times its weight in water without releasing
it (EDANA, 2015).

SAP was produced in the early 1970s in Japan and in the United States and was introduced
into baby diapers in the early 1980s. By the early 1990s, SAP was widely used in single-use
baby diapers and incontinence products2 and its use in these products has continued to grow.

Figure 2 : Diaper super absorbant polymer (SAP)
Glues used to assemble the different parts of a single-use baby diaper are generally hot melt
adhesives, i.e. thermoplastic adhesives in solid form, designed to be melted by a heating
element to provide it with adhesion properties). The main resins used in hot-melt adhesives
are ethylene-vinyl acetate copolymer, polyamides, polyolefins (mainly polyethylene) and
polyesters. As presented in Table 1 above, glues can also be copolymer rubber (e.g. SBR,
EPDM) and starch. Unfortunately the composition of any of these glues could not be obtained
from suppliers due to confidentiality and business secret.
For more details about how the different parts of a diaper are glued and bonded together,
please see Annex A.3.
It has to be noted that some diapers manufacturers now produce so-called ‘glueless’ baby
diapers based on alternative bonding technologies. For more details, please see Annex
E.2.2.2.2.
Some parts of a diaper may be dyed with pigments. Most major manufacturers of single-use
baby diapers use pigments they consider "safe" for use in baby diapers, with no disperse dyes
(Dey et al., 2016b). Local skin effects such as irritation and sensitization are also assessed

2

http://www.edana.org/discover-nonwovens/how-they're-made/superabsorbents
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for the pigments used in baby diapers, by undertaking patch tests on adult skin self-evaluated
as sensitive. No cases of skin irritation or sensitization have been found. Although
manufacturers consider the use of these pigments to be safe, they try to limit exposure and
transfer to babies' skin. Interior pigments are incorporated into the polymer resin, thus
minimising their release. Exterior colours adhere to the backsheet and are covered by a layer
of polypropylene fibres to minimise skin contact (Dey et al., 2016b; Counts et al., 2017).
Masterbatch pigments such as the ones used in the topsheet or the core is a concentrated
mixture of pigments and/or additives encapsulated during a heat process into a carrier resin
which is then cooled and cut into a granular shape. Masterbatch allows the processor to colour
raw polymer economically during the plastics manufacturing process. It should be noted that
these pigments serve no technical purpose in diapers and are added only for aesthetic
reasons. Some pigments may be however responsible for the presence of PCDDs (for more
details see Annex E.2.1)
Fragrances were sometimes added (Kosemund et al., 2009; Counts et al., 2017). When this
is the case, very small amounts are added beneath the core. These fragrances must comply
with the Code of Practice of the International Fragrance Association (IFRA) and have been
assessed to ensure they are not sensitising or allergenic (Counts et al., 2017). Since ANSES
published its report, all companies claimed to have removed fragrances from their diapers.
In certain diapers, lotions are intentionally added to help protect babies' skin. According to
Counts et al. (2017), the lotion in their diapers contains the following ingredients: a very
small quantity (less than 0.10 g in a diaper for newborns) of pharmaceutical-grade purified
petrolatum (a protective barrier, commonly called Vaseline®), stearyl alcohol (an emollient
commonly used for its moisturising properties), paraffinum liquidum (a protective barrier),
and aloe barbadensis extract (aloe vera, for softness).
Some diapers and toilet training pants include a wetness indicator. It is a feature that reacts
to exposure of liquid as a way to discourage the wearer to urinate in the training pants, or as
an indicator for parents that a diaper needs changing. Many diapers that contain a wetness
indicator seem to use a chemical called bromophenol blue. Bromophenol blue (CAS 115-399) is a pH indicator meaning that it changes colour depending on the surrounding acidity or
alkalinity. This chemical is self classified as acute Tox.4 (Harmful in contact with the skin and
harmful is inhaled) and Eye Irrit.2. In diapers, bromophenol blue appears yellow when the
diaper is dry, but the slightly alkaline pH of urine causes its colour to change to blue when
the diaper is wet. Other patents suggest that some other diapers use chemicals that are
sensitive to moisture as indicators, though it is unclear how these compounds cause a colour
change to appear. For more information, please see main report, section 2.4.1.1
According to EDANA, no contaminants such as PCDD/Fs, DL-PCBs, pesticides, herbicides
or halogens are intentionally used in or added to baby diapers during the manufacturing
process of a diaper or the manufacturing of their raw materials.
Changes in composition
The composition of single-use baby diapers has evolved over time: they are now thinner and
more absorbent than their "ancestors", more comfortable to wear for babies, and more
convenient for parents (Figure 3). The average weight of a single-use bay diaper decreased
from 64.6 g in the late 1980s to 33.3 g in 2013, i.e. an almost 50% reduction over a 25-year
period (EDANA, 2005, 2011 and 2015; Group'Hygiène, 2015). This has been achieved through
15

the reduction in the thickness of nonwoven films and by decreasing the fluff pulp content.
This in turn has been enabled by the introduction of SAP used to build the absorbent core of
the diapers (Mendoza et al., 2019b). In the late 1980s, single-use baby diapers were made
primarily of fluff pulp (52.8 g/diaper). The quantity of fluff pulp decreased, reaching 9.1
g/diaper in 2013, while the quantity of SAP sharply increased between the late 1980s and
2013, rising from 0.7 g/diaper to 12.6 g/diaper, thus explaining the decrease in weight.
In 2004

In 2011

In 2013

Figure 3 : Typical composition of a single-use baby diaper in 2004, 2011 and 2013 (Sources: EDANA,
2005, 2011 and 2015)
The average weight of the materials per unit of baby diaper is presented in the table below.
(Cordella et al., 2015). The data have been made available to the Dossier Submitter by EDANA
and figures are considered to represent over 85% of the European market in Europe. While
overall baby diapers weight has decreased over time, the following table shows that not all
the composition materials have followed this general trend over 1987-2011.
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Table 2 : Bills of materials (BOMs) for average units of single-use baby diapers sold in Europe in 1987,
2005 and 2011 and related LCI datasets (Cordella et al., 2015)

A.2. The market of single-use baby diapers
A.2.1. Manufacture, import and export of single-use baby diapers
A.2.1.1. Global market
The global single-use baby diapers market is oligopolistic meaning that a small number of
organizations or companies operate on the market with a high number of consumers.
The global single-use baby diapers market is anticipated to grow from $ 55,061 million in
2016 to $ 92,254 million by 2024(Figure 5), at a CAGR (compound annual growth rate)3 of
6.86% between 2017 and 2024. Companies identified in this market include among others
Kao Corporation, Kimberly-Clark Corporation (Huggies®, 26% of market shares4), Ontex
International N.V, The Procter & Gamble Company (Pampers®, 36% of market shares);
Svenska Cellulosa Aktiebolaget SCA (Up & Go, 3% of market shares); Unicharm Corporation
(5% of market shares), Hengan International Group Company Limited, Essity AB,
Bumkins5,6,7.(Figure 4)

3
CAGR is a measure of an investment's annual growth rate over time, with the effect of compounding taken into
account. It is often used to measure and compare the past performance of investments, or to project their expected
future returns.
4
https://www.nonwovens-industry.com/issues/2010-01/view_features/le-marche-des-couches-culottesrevolutionne-par-les-nouveaux-designs-croissance-ininterrompue-pour-les-principaux-acteurs-toujours-en-quetede-nouveau/
5
https://www.strategyr.com/market-report-baby-disposable-diapers-forecasts-global-industry-analysts-inc.asp
6
https://www.transparencymarketresearch.com/baby-diapers-market.html
7
https://www.researchandmarkets.com/reports/4191022/europe-baby-diaper-market-2016-2022
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Figure 4 : Global turnover of single-use baby diapers sector 2016-2022 (Businesscoot, 2020)

Single-use baby diapers market is largely concentrated in Europe and North America (with
60% market share) but Pacific-Asia share is growing (Businesscoot, 2020).

Figure 5 : Global single-use baby diapers market forecast 2017-2024

The store-based retailing is anticipated to dominate the global single-use baby diapers
market. The store based diaper retailing incorporates the division of diapers reasonable for
both infant and children. Assortments of diapers having different specifications are critical in
the different retail shops which permits the client to buy diapers unmistakably. The easy task
18

in store-based retailing is that the diapers can be assessed physically for any characteristics
feature that the customer prefers. Mostly individuals’ likes to go for the store-based retailers
as they want to be specific about their buying, especially parents for their babies. At present,
Internet is one of the most powerful domains. Many things can be done via the internet and
so the use of internet retailing has come into play. Buyers discover a result of enthusiasm
going by the site of the retailer specifically or via looking among alternative vendors utilizing
a shopping search engine, which shows a similar item’s accessibility and estimating at various
e-retailers. The diaper market internet retailing is fundamentally broadening because of the
developing on the online retailers and offering of a huge measure of items with the general
specification that has given an edge to the Internet retailing.

Figure 6 : Global baby diapers market revenue, by product, 2016 (source : grandviewresearch.com)

This breakdown and the market domination of single-use baby diapers over other types of
diapers is also representative of European market.

A.2.1.2. European market of single-use baby diapers for infants
and young children
The market is dominated by leader manufacturing companies which produce both under their
own brands as well as for retailer brands8. There are also other manufacturers on the
European market with their own brands or which supply distributors under different brands.


8

Revenue in the single-use baby diapers segment amounts to €7,443 million in 2020.
(Figure 7) The market is expected to grow annually by 1.1% (CAGR 2020-2023).

https://www.statista.com/outlook/80050000/102/baby-diapers/europe?currency=eur
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Only for France, revenue in the single-use baby diapers segment amounts to €637.1
million in 2020.
In global comparison, most revenue is generated in China (€7,872 million in 2020)9.

Figure 7 : Revenue in the Baby Diapers segment - European market (in million €)(source :
www.Statista.com)
Different sizes of single-use baby diapers are produced depending of the child weight. The fit
guide may vary from one brand to another:








Size 0 / preemie (<3kg)
Size 1 (2-5 kg)
Size 2 (3-6 kg) or (5-8kg)
Size 3 (4-9 kg) or (7-13 kg)
Size 4 (7-18 kg) or size 4 (10-17 kg), some brands supply size 4+ (9-20 kg) with
higher absorption capacity
Size 5 (11-25 kg) or (14-18 kg), some brands supply size 5+ (13-27 kg) with higher
absorption capacity
Size 6 (16-30 kg)

One innovative brand now proposes connected disposable baby diapers.

A.2.2. Sales and consumption of single-use baby diapers
As mentioned above, single-use baby diapers are mainly purchased by families in big storeretailers (92% in sales value in France in 2018 for instance) but purchasing via the Internet
is increasing (7.6% in sales shares in 2018 in France for instance) (Businesscoot, 2020).
Some brands now also propose Internet subscriptions to purchase baby diapers and home
delivery.

9

https://www.statista.com/outlook/80050000/102/baby-diapers/europe?currency=eur
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A.2.2.1. In Europe
The baby diapers can be categorised as disposable diapers, training diapers, cloth diapers,
baby swim pants. Currently, single-use baby diapers account for the majority share of 68%
to the total market share of baby diapers in Europe. Country-wise, UK is the market leader
followed by France having higher birth rate as compared to other European countries10.
According to EDANA, around 30 billion diapers and diaper pants are sold in the European
Union (Figure 8).

(million units)
35 000
30 000

Standard
Nappies

25 000
20 000
30 039

15 000

Disposable
pants

10 000
5 000
0

2538

2813

Greater Europe

France (all circuits)

420

Sources : Euromonitor / Panels France / Group'hygiène
Figure 8 : European baby diapers retail market - Sales volumes in million units sold (EDANA hearing,
2015 figures-Euromonitor)

European internal market of single-use baby diapers is very dynamic with many imports and
exports flows between European countries. For example, France exports single-use baby
diapers to (among others) Belgium, Germany, Italy, the UK, Spain, Austria, Switzerland,
Poland; and France imports single-use baby diapers from (among others) Germany, Czeck
Republic, Belgium, Italy, Poland, Spain and the Netherlands (Businesscoot, 2020).
Regarding imported diapers from outside Europe:


In EU some diapers are imported as finished products (e.g. Vietnam). The amount of
imported diapers in the EU is however not available to the Dossier Submitter’s
knowledge.

10
https://www.prnewswire.com/news-releases/europe-baby--adult-diapers-market-outlook-2018-2023---marketis-expected-to-reach-usd-16-billion-300598595.html
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In some european overseas territories, up to 50% of diapers are imported from Asia
(e.g. Vietnam, China, South Korea, Malaysia…) and other countries (e.g. South Africa,
USA) and importers claim to have no information about their composition. The amount
of imported raw materials is not available to the Dossier Submitter’s knowledge.

Regarding imported raw materials used in diapers manufacturing, most raw materials come
from EU but some raw materials come from outside EU.
Demand for single-use baby diapers is largely driven by birth rate. Birth rate is slowly
decreasing for several decades in the EU: in 2017, 5.075 million children were born in the
EU-28, corresponding to a crude birth rate (the number of live births per 1 000 persons) of
9.9. For comparison, the EU-28 crude birth rate had stood at 10.6 in 2000, 12.8 in 1985 and
16.3 in 1970. As a consequence, the growth of single-use baby diapers market has slowed
down.
Compared to re-usable baby diapers, demand for single-use baby diapers largely dominate
the market. In France for instance, re-usable baby diapers represents 14% of sales
(Businesscoot, 2020).
Even though the market for single-use baby diapers is oligopolistic, competition is high
between retailers and distributors. As a consequence, the trend for the unit price of singleuse baby diapers is slightly decreasing. More information about competition considerations
on this market can be found in the main report in section 2.4.3.1.
According to NirYoav (2012) 11 price research, the unit price for branded and store brands
single-use baby diapers in Europe was 0.20€ on average: 0.23€ on average for
branded diapers (0.20-0.25€) and 0.17€ for store brands (0.12-0.20€) (see Table 3 below).

Table 3: Average price for branded and store brands single-use baby diapers for Europe and 5
countries in 2012 (source : NirYoav, 2012)

A.2.2.2. In France
The Dossier Submitter collected information from Group’Hygiène and other sources.
According to Group’Hygiène, 3.2 billion diapers (accounting for 87% of sales volume) and
diaper pants (13%) were sold in 2015 in metropolitan France. According to the same source,
these figures have been stable since 2011 (see Figure 9).

11

https://www.slideshare.net/NirYoav/limited-european-baby-diaper-price-survey
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Figure 9: Sales volumes for diapers and diaper pants in metropolitan France (Group'Hygiène hearing,
2017 reported in ANSES, 2019)
As a comparison, in the United Kingdom, single-use and re-usable diapers represent around
2.47 billion units sold (UK Environment Agency, 2005b). In Italy, single-use baby diapers
represent around 1.8 billion units produced in 2016 (Mendoza et al., 2019b).
The French market is dominated by one leader company (more than 50% of markets shares),
followed by distributors brands (24%) and other companies with smaller shares (between
0.2% and 13% each) (Businesscoot, 2020). The single-use baby diapers market in France
represents around 729 million € in 2018, which is -3.5% compared to 2017. The market has
been disturbed by some trust crises regarding the safety of baby diapers but the forecast are
now indicating that the market keeps on growing from 2019 with a prevision value of 787
million € in 2023.
French imports of single-use baby diapers are much higher than its exports (factor of 25).
Regarding the unit price of single-use baby diapers in the French market, it is indicated to be
0.29€ on average (all brands and all quality) according to Businesscoot, 2020 (Table 4). The
average unit price for economy quality is 0.17€, for standard quality is 0.25 and for
premium quality is 0.45€. Businesscoot (2020) does not specify which types of diapers is
included under each category.

Table 4: Single-use baby diapers unit price on the French market (2019)
Diaper size
1

2

3

Quality

Unit price

Average unit price

Standard

0.15 €

0.15 €

Premium

0.25-0.40€

0.33 €

Economy

0.13-0.14€

0.14 €

Standard

0.15-0.30€

0.23 €

Premium

0.30-0.40€

0.35 €

Economy

0.13 €

0.13 €

Standard

0.15-0.30€

0.23 €

Premium

0.35-0.50€

0.43 €
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4

5

6

Economy

0.14-0.18€

0.16 €

Standard

0.15-0.45€

0.30 €

Premium

0.45-0.50€

0.48 €

Economy

0.14-0.20€

0.17 €

Standard

0.15-0.50€

0.33 €

Premium

0.50-0.60€

0.55 €

Economy

0.17-0.22€

0.20 €

Standard

0.15-0.45€

0.30 €

Premium

0.50-0.60€

0.55 €

Economy

0.20-0.26€

0.23 €

TOTAL AVERAGE

0.29 €

Source: own elaboration from Businesscoot, 2020

As a double-check, the Dossier Submitter carried out their own research in 2020 based on
Internet prices in France for store brands and branded baby diapers. The results are presented
in Table 5 and 6 below.

Table 5: Single-use baby diapers unit price on the French market in 2020 (store brands)
Store
brand B Store
ecopack
brand B
(>70
diapers)
0.14 €
NA

Store
brand
A

Store brand
A - ecopack
(>70
diapers)

Store brand
A (ecologic)

Store
brand C
(>70
diapers)

size 1

0.11 €

NA

NA

size 2

0.18 €

NA

NA

0.16 €

NA

0.13 €

size 3

0.21 €

0.17 €

0.31 €

0.18 €

0.13 €

0.13 €

size 4

0.24 €

0.19 €

0.33 €

0.22 €

0.14 €

0.14 €

size 5
Average
price12
TOTAL
AVERAGE

0.29 €

0.21 €

0.37 €

0.21 €

0.16 €

0.17 €

0.21 €

0.19 €

0.34 €

0.18 €

0.14 €

0.14 €

NA

0.20€

Table 6: Single-use baby diapers unit price on the French market in 2020 (branded diapers)
Leader
Brand D
standard

Brand E
–
monthpack

Brand
F*

Brand
G*

Brand
H*

Brand
I*

Brand
J*

Brand
K*

Brand
L*

Brand
M*

size 1

0.13 €

0.24 €

0.27 €

0.22 €

0.29 €

0.29 €

0.27 €

0.26 €

0.34 €

0.26 €

size 2

0.22 €

0.24 €

0.31 €

0.31 €

0.30 €

0.36 €

0.27 €

0.33 €

0.32 €

0.37 €

size 3

0.25 €

0.26 €

0.34 €

0.35 €

0.37 €

0.39 €

0.33 €

0.38 €

0.41 €

0.40 €

size 4

0.36 €

0.29 €

0.41 €

0.39 €

0.43 €

0.44 €

0.36 €

0.41 €

0.45 €

0.43 €

12

Prices are given without discount (based on Internet prices of march the 11th 2020) from 3 stores
internet websites
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size 5

0.40 €

0.39 €

0.44 €

0.42 €

0.51 €

0.52 €

0.44 €

0.46 €

0.53 €

0.50 €

Average
price13

0.27 €

0.28 €

0.35 €

0.34 €

0.38 €

0.40 €

0.33 €

0.37 €

0.41 €

0.39 €

TOTAL
AVERAGE
GRAND
TOTAL
AVERAGE

0.276€

0.37€
0.32€

*brands marked with an asterisk are sold as “ecologic by presentation” baby diapers
The average unit price for store brands is 0.20€ (table 5) and for branded diapers
is 0.32€ (table 6) (from 0.276€ for standard brands to 0.37€ for “ecologic by presentation”
diapers). “Ecologic by presentation” diapers unit price range from 0.33€ to 0.41€. In general,
higher prices are observed for the biggest diaper sizes (up to 0.53€ for size 5, according to
Table 6). As a comparison, Businesscoot (2020) indicates that the most expensive diapers
are of premium quality which are sold from 0.33€ to 0.55€ / unit. The prices vary with the
size of the diaper as well as with the brand, the number of diapers included in the pack (small
pack, eco-pack, month-pack, jumbo-pack, etc.) and with regular discounts practiced by
retailers and websites. The Dossier Submitter’s research only includes regular single-use baby
diapers and not night pants or training pants. Moreover, this benchmark does not
pretend to conclude about the exact price of a single-use baby diaper. It aims at
providing an order of magnitude of its average unit price based on a limited research.
These results are also consistent with NirYoav (2012) for France: the average price for
branded diapers range from 0.23€ to 0.38€ (0.31€ on average) and for store brands from
0.11€ to 0.22€ (0.18€ on average).
As a comparison with European unit prices, based on NirYoav (2012), French single-use baby
diapers seem more expensive that the European average (0.23€ / unit). However, NirYoav
(2012) is based on their own research and no reference is given. A more recent, detailed and
sourced European study of the unit price of single-use baby diapers country by country could
help in getting a clearer view of the prices distribution within Europe. To the Dossier
Subsmitter’s knowledge, such a study is not available.

A.3. Supply chain and life cycle of single-use baby diapers
The typical value chain of nonwovens (including single-use baby diapers) is described in the
following figure.

13

Prices are given without discounts (based on Internet prices of march the 11th 2020 from 4 stores internet websites
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Figure 10 : The value chain of non wovens (EDANA, 2011)
The typical life cycle of single-use baby diapers include the following steps: selecting and
handling raw materials, manufacturing the diaper, packaging, transport and distribution, use,
end-of-life (Figure 11).

Figure 11 : Typical life cycle of a generic single-use baby diaper
The following does describe each step of the typical life cycle of single-use baby diaper. The
information presented comes from the literature and from stakeholders consulted during the
elaboration of the restriction proposal.
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Selecting and handling raw materials
The raw materials used in diaper manufacturing are processed upstream and supplied to the
diaper producer. According to Mendoza et al. (2019a), almost 700,000 tons of raw materials
are consumed annually in the EU to manufacture single-use baby diapers, excluding
packaging and wastes. These raw materials are elastic cuffs, topsheet, absorbent core
(backsheet, acquisition layers, ATB (air-trough bonded) layer, fluff pulp, SAP), front and
elastic back ears, composite backsheet with frontal tape, hot-melt adhesive (glue), fastening
tapes of the back ears, waist and leg elastics and optional elements such as lotions, inks and
dyes.
Details on the composition of those raw materials are provided in Annex A.1 and more
information on how raw materials are processed by suppliers is provided in Annex E.2.
According to the information collected from producers of single-use baby diapers, most of the
raw materials come from European countries but some come from outside EU:
o
o
o
o
o

USA (fluff, ears, elastic waistband)
China and India (elastics)
Taiwan (ears)
Japan and South Korea (SAP)
Turkey (tapes)

According to industry, raw materials come from sources worldwide but undergo the same
principles of evaluation before qualified for use for the production of AHP, irrespective of the
country of origin of the raw material. Certain materials such as mineral oil and pigments come
in different purity grades. The appropriate purity grade in the constituent is chosen as required
for the intended use.
Most of the raw materials arrived at production site in the form of rolls (or blocks for glue or
big bags for the beads of SAP up to one ton). Once received, the raw materials are stored in
a temperature- and humidity-controlled environment. They are usually stored only for a short
period of time (no more than a few hours) before being used. They are then cut, shaped and
assembled to manufacture baby diapers.
As reported by Mendoza et al. (2019a), for the manufacturing of standard single-use baby
diapers in Italy, the costs of the raw materials range from €0.95/kg (e.g. cellulose pulp) to
€39/kg (e.g. frontal tape)14, or in total around 90€/1000 diapers (i.e. 0.09€/diaper). It is
assumed to be of the same range in all EU countries and to represent the most significant
hot-spot.
Manufacturing the diaper
Typical manufacturing process in the EU is able to produce 1,000 diapers per minute (Mendoza
et al., 2019a). The fully automated, continuous15 and mechanical manufacturing process is
broken down into three main stages:

14

In their assessment, Mendoza et al. (2019a) did not take into account raw materials such as fastening tapes of
the back ears, waist and leg elastics and optional elements like lotions, inks and dyes. However they consider that
these materials only represent 1% of the product weight.
15 Some manufacturers consulted indicated that manufacture occurs 24/7 and only stops for specific site closures.
Closing times for cleaning, reloading and maintenance are scheduled and planned.
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Fiberisation of the fluff pulp, addition of SAP, and formation of the core,



Lamination with films, nonwoven materials and elastic elements and gluing /
thermowelding / ultrasound bonding in order to form the single-use baby diaper,



Shaping, cutting, folding and packaging for shipping.

These different steps are represented in Figure 12. According to the information collected,
diapers are assembled products and do not have any chemical treatment during their
manufacturing. The circulation speed of the processed diapers into the manufacturing
machine is high so that the contact of the product with each piece of the machinery is very
short (fraction of a second).

Figure 12 : Typical manufacturing diagram of a single-use baby diaper
As mentioned in Annex A.1, the different materials are glued together with polymer-based
adhesives (UK Environment Agency, 2005a). Currently, almost all the material layers of a
single-use baby diaper are bonded together using hot-melt adhesive, a petrol-based glue
(Mendoza et al., 2019b). For more information about the types of glues, please refer to Annex
A.1. Unfortunately as explained in Annex A.1, the composition of any of these glues could not
be obtained from suppliers due to confidentiality and business secret. To enable the bonding,
the solid glue is first melted in a fuser at a temperature of 130-180°C. The hot-melt glue is
then pumped through a system of tempered pipes to glue applicators placed in different
production modules. Various equipment is used in the gluing process, including fusers, pumps,
pipes and glue applicators. Chiller units are also needed to avoid glue contamination in some
unit (Mendoza et al., 2019b). Gluing process can be heat-sealing or ultrasound welding. Glue
represents less than 3% (<1g) of the diaper weight (Mendoza et al. 2019a). Total adhesives
are reported to weigh up to 2g. For some diapers however, the gluing process can be replaced
by alternative bonding technologies such as a combination of thermo-mechanical and
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ultrasonic bonding technologies (Mendoza et al., 2019a). For more details, please see Annex
E.2.2.2.4.
Some manufacturers report that the glues used are compliant with FDA standard 175.105 on
adhesives16.
Once assembled and glued, the finished diapers are then grouped and ejected from the
machine and compressed to be packaged.

Figure 13 : Single-use baby diapers during manufaturing process (Drylock website)
Manufacturing costs include energy costs (electricity consumption by the industrial
equipment), maintenance costs (periodic check-ups of equipment components, lubrication,
replacement of parts and cleaning components, e.g. filters) and labor costs (time spent by
the staff for loading and handling the raw materials as well as monitoring the equipment
performance during the production shift). Mendoza et al. (2019b) estimate the total
manufacturing cost at 2.5€/1000 diapers (i.e. 0.0025€/diaper) in the EU.
Packaging
Finished baby diapers are wrapped into a consumer pack and put in protective packaging
during the transport to distributors. The manufacturers claimed that the bagging, filming and
packaging steps are also fully automated. The ready-to-be-shipped packs are finally stored in
separated room.
Transport
At the manufacturing stage, transport concerns raw materials upstream and finished products
downstream.

16

https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm?fr=175.105
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o

o

Raw materials are transported from suppliers to manufacturing site. Distances largely
depends on the countries and geographical situations. Cordella et al. (2015) report
that, according to the manufacturers of fluff pulp, 90% of the production of this
material takes place in North America. Mendoza et al. (2019b) report transport
distances for raw materials from 50 km (e.g. nonwovens for the front and back ears)
to 9000 km (fluff pulp shipped by ocean freighter from the USA) to Italy. The
corresponding transport costs of the raw materials range from €100 to €3,100
(equivalent to €0.005 and €0.14 per kg material transported). It is assumed the same
in all EU countries.
Finished baby diapers are transported from the manufacturing plant to households. In
Mendoza et al. (2019b) study, this transport cost is estimated at €0.07/kg in the EU.

Use of single-use baby diapers
Please see Annex A.4.
End-of-life of single-use baby diapers
Transport
At the end-of-life stage, diapers wastes from production and used diapers from households
are collected and transported to waste management plants. This cost is estimated by Mendoza
et al. (2019b) to 0.105 €/kg for Italy (based on a distance between 10 km and 100 km). It is
assumed to be the same in all EU countries due to a lack of data for the EU.
In total, Mendoza et al. (2019b) estimate the total transportation cost (raw materials+final
products+wastes) at 10€/1000 diapers (i.e. 0.001€/diaper) in the EU.
Recycling
Regarding single-use baby diapers, only part of the packaging waste produced in diaper
manufacturing is recycled (36% of plastic film and 83% of cardboard) (Mendoza et al.,
2019b).
As reported in Mendoza et al. (2019b), AHP wastes can be efficiently recycled without external
energy inputs. However, currently there is a low market penetration of AHP recycling
technologies and some of these waste management plants are still under pilot testing.
Likewise, there is a high level of uncertainty about the marketability and acceptability of
recycled products. Further, the economic feasibility of the recycling process might be
constrained by higher costs related to collection and sorting as individual waste fractions
(EDANA, 2008).
In general, nowadays recycling and backfilling are not common disposal practices for singleuse baby diapers. However, in Europe, a pilot project for recovering plastic and other
materials from inside single-use diapers at the Fater’s AHP recycling plant, located in Treviso
(Italy) is underway. However, the plant only addresses a very low proportion of the diapers
being consumed in the country. The recycling plant is operating at about 10,000 tonnes
annual capacity, addressing about 2% of the single-use diapers being consumed annually in
Italy alone. Local waste management utility Contarina SpA collects used single-use diapers
and other AHPs from curbside bins or large consumer hubs like hospitals from around 50 local
towns and transports them to Fater’s plant. After dry cleaning the diapers using contact
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steam, and disposing of human waste in wastewater treatment plants, one ton of AHP waste
can only yield 150 kg of cellulose, 75 kg of absorbing material, and 75 kg of mixed plastic,
meaning that only 30% of the material is able to be recovered. As it is the case with Fater’s
recycling plant, many other single-use diaper recycling plants are facing limitations that
challenge their ability to combat the single-use diaper problem. Collecting, cleaning and
breaking diapers into their component parts is likely to remain a complex and expensive
activity. This results in the vast majority of single-use diapers are being burnt in incinerators
or landfilled17.
Landfilling and incineration
In the EU, according to Mendoza et al. (2019a):
o
o
o
o
o

49% of the used diapers are sent to incineration with energy recovery,
45% of the used diapers are sent to landfill,
6% of the used diapers are sent to incineration without energy recovery,
30% of the packaging plastic film and 7% of the cardboard packaging are incinerated,
34% of the packaging plastic film and 10% of corrugated cardboard are landfilled.

Mendoza et al. 2019b estimate the total waste management cost for single-use baby diapers
at 5.4€/1000 diapers in the EU (i.e 0.0054€/diaper).
As a comparison, Cordella et al. (2015) modelled that :
o
o
o

25% of the used diapers are incinerated with energy recovery,
63% of the used diapers are landfilled,
12% of the used diapers are incinerated without energy recovery.

In France, wasted single-use baby diapers are either incinerated (like 50% of ordinary
households wastes) or landfilled (like 50% of other ordinary households wastes)18. The
practice is similar all over Europe (ReZero et al., 201919).
As reported in literature, single-use baby diapers stand for about 3% of municipal solid wastes
(Mendoza et al. 2019b). This represents around 6.7 million tons per year in EU28 (ReZero et
al., 2019). According to accepted statistics, the average weight of each of these diapers is
around 200g (after being used). Each child can therefore be assumed to produce 438kg of
dirty diapers annually - meaning that around 1 tonne of waste is produced for each child after
two and a half years (ReZero et al., 2019).
40,000 single-use baby diapers are used every minute in the EU, generating 1.3 ton/minute
of waste (dry weight). Recycling or composting is not common disposal practice for diapers
for the time being. However, creative innovations are ongoing to this respect such as DYCLE
project. As reported in Mendoza et al. (2019b), the DYCLE project is developing a new
business model for the diaper industry, which it is not only about substituting one type of
diaper by another but about changing the way businesses operate through the application of
17

https://zerowasteeurope.eu/wpcontent/uploads/2019/12/bffp_single_use_menstrual_products_baby_nappies_and_wet_wipes.pdf
18
http://ekladata.com/cWHpI6VU7nOAmxASnXSKH_WffMk/2009-cniid-fiche-couches.pdf
19
https://zerowasteeurope.eu/wpcontent/uploads/2019/12/bffp_single_use_menstrual_products_baby_nappies_and_wet_wipes.pdf
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natured-inspired creative solutions. DYCLE offers 100% compostable diapers (produced
locally) for free, through a forward and reverse collection system. In this system, parents
collect new diapers and drop used diapers in a pre-defined place. Used diapers are blended
with charcoal, kitchen waste and fungus to be converted into black earth (rich soil) by using
the terra-preta method20. The resulting soil substrate can be used for fruit trees and plants.
Fruit harvested from the trees could be used for baby food and juice production in order to
close the nutrients and material cycle of baby diapers.
All in all, each step of the life cycle of a single-use baby diaper represents a cost which
composes the unit cost of the finished product. The composition of this unit cost is presented
in the main report, section 2.4.1.3.

A.4 The use of single-use baby diapers
Since the 1990s, single-use baby diapers have been used by more than 90% of families in
most European countries (EDANA, 2011). In France, single-use baby diapers have been worn
by over 95% of babies for almost 20 years (Group’Hygiène, 2015). Nonetheless, some
parents choose to use re-usable diapers. The choice of diaper type is influenced by family
members as well as by income disparity and methods of access to information (Thaman and
Eichenfield, 2014).
In 1990, Shanon et al. published the results of a questionnaire-based study on diaper choices
in 600 parents of young children under two years of age seen in a clinic or by paediatricians
in Ottawa (Shanon et al., 1990). Single-use baby diapers were used by 82.3% of the parents.
Only 2.7% of the parents exclusively used re-usable cloth diapers. The choice was driven by
convenience for single-use baby diapers, rash prevention for single-use baby and reusable
diapers, cost for diapers washed at home, and convenience for diapers washed by a diaper
cleaning service.
In 2004, a study on diaper use (types of diapers used, number of diaper changes per day,
age when children stop using diapers) was undertaken in the United Kingdom. Eight thousand
households were surveyed between June 2002 and February 2003. Only those with a child
who was in diapers or had worn diapers in the recent past (children under the age of 10) were
interviewed (n=2,096). Of these families, 94.1% used only single-use baby diapers, 1.5%
only re-usable diapers, 2.4% both types of diapers but primarily single-use diapers, and 2%
both types of diapers but primarily reusable diapers (UK Environment Agency, 2005b). The
people preferring re-usable diapers considered they were more eco-friendly and less
expensive and contained fewer chemicals. In some cases, they had also been recommended
by friends or family members or donated by a family that no longer needed them.
In Belgium, a pilot programm was implemented in 2002 and then in 2005 to encourage
parents to use re-usable diapers for a period of 13 weeks. The parents were recruited in a
maternity department. Seventy percent of the 436 women invited to take part in this
programme declined. Only 23 participants (in 2002 or 2005) said they intended to continue
using reusable diapers at the end of the 13 weeks, i.e. 5% of the women invited to participate.
The main reasons for not wanting to continue were leakage, difficulty of use, extra work and

20

https://dycle.org
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cost (EDANA, 2010). Several other initiatives have been taken in France to promote reusable
diapers (ADEME, 2012).
Diapering habits vary according to country, income level, family practices and cultural
norms. Single-use diapers are used in most countries except for example in India and China,
where re-usable diapers are widely used. Diaper changing practices differ depending on the
country. In Japan, for example, babies are changed while standing up rather than while lying
on their back, which has resulted in babies in Japan frequently wearing training pants before
they start toilet training. However, in Western Europe and North America, training pants are
almost exclusively limited to the toilet-training period (Figure 14) (Thaman and Eichenfield,
2014).

Figure 14: Use of the various types of diapers according to country in children between the ages of zero
and 24 months (%) (source : Thaman and Eichenfield, 2014)

 Number of diapers used before toilet training
Estimates of the number of single-use baby diapers used by a baby before toilet training
range from 3,800 to 4,800 (UK Environmental Agency, 2005b). These estimates vary
depending on the age at which it is considered that children are fully toilet trained (between
2.5 and three years old).
 Diaper wearing time
Younger babies are changed more frequently than older babies (10 times/day versus 4-5
times/day). The average diaper wearing time for an older baby is four hours during the day
and 10 to 12 hours at night (Thaman and Eichenfield, 2014). Indeed, as they reach one year
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of age, babies sleep an average of 14 to 15 hours per day, with most of their sleep occurring
overnight (~10-12 hours) (UK Environmental Agency, 2005b).

A.5.Uses advised against by the registrants
Not relevant.
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Annex B: Information on hazard and risk

B.1. Identity of the substance(s) and physical and chemical
properties
B.1.1. Name and other identifiers of the substance(s)
Various substances or groups of substances fall within the scope of the restriction proposal.
The aim of this restriction proposal is to reduce the risk that can be shown due to the presence
of hazardous chemicals in single-use baby diapers. This restriction proposal therefore covers
chemical substances described here under:


The polycyclic aromatic hydrocarbons (PAHs): benzo[c]fluorene, benz[a]anthracene,
cyclopenta[c,d]pyrene, chrysene, 5-methylchrysene, benzo[e]acephenanthrylene,
benzo[k]fluoranthene,
benzo[j]fluoranthene,
benzo[e]pyrene,
dibenz[a,h]anthracene,
Indeno[1,2,3benzo[d,e,f]chrysenebenzo[d,e,f]chrysene,
c,d]pyrene, benzo[g,h,i]perylene, dibenzo[def,p]chrysene dibenzo[def,p]chrysene,
naphtho[1,2,3,4-def]chrysenenaphtho[1,2,3,4-def]chrysene,
benzo(r,s,t)pentaphenebenzo[r,s,t]pentaphene,
dibenzo[b,def]chrysenedibenzo[b,def]chrysene



The following polychlorinated dibenzo-p-dioxins (PCDDs): 2,3,7,8-TCDD, 1,2,3,7,8PeCDD, 1,2,3,4,7,8-HxCDD, 1,2,3,6,7,8-HxCDD, 1,2,3,7,8,9-HxCDD, 1,2,3,4,6,7,8HpCDD, OCDD



The following Polychlorinated dibenzofurans (PCDFs): 2,3,7,8-TCDF, 1,2,3,7,8PeCDF, 2,3,4,7,8-PeCDF, 1,2,3,4,7,8-HxCDF, 1,2,3,6,7,8-HxCDF, 1,2,3,7,8,9HxCDF, 2,3,4,6,7,8-HxCDF, 1,2,3,4,6,7,8-HpCDF, 1,2,3,4,7,8,9-HpCDF, OCDF



The following Dioxin-like polychlorobiphenyls (DL-PCBs): PCB 81, PCB 77, PCB 123,
PCB 118, PCB 114, PCB 105, PCB 126, PCB 167, PCB 156, PCB 157, PCB 169, PCB
189 and the PCBs



The polychlorobiphenyls PCBs (NDL-PCBs and DL-PCBs),



Formaldehyde.

Justification for inclusion of substances
According to the comments received from the consulted stakeholders during earlier stages of
the assessment, none of these substances are intentionally added to diapers during the
manufacturing process, but rather they are residues or contaminants. Indeed, these
chemicals have been found in various studies performed in Europe these last few years
(Danish EPA, 2009 ; VITO, 2008 ; OSAV, 2018 ; Wiberg et al., 1989 ; Schecter et al., 1998 ;
DeVito et Schecter, 2002 ; Shin et al., 2005). Moreover, in ANSES 2019, health thresholds
have been exceeded when a QHRA was performed (ANSES, 2019). Therefore, the Dossier
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Submitter suggests to include all the above mentioned chemicals to discard from european
market all articles that are not free of hazardous chemicals and hereby reduce health impact.

B.1.2. Composition of the substance(s)
Please refer to Annexes A.1 and D for description of the composition of single-use baby
diapers. The list of substances by this restriction proposal is available in section 1.1.5 of the
main report.

B.1.3. Physicochemical properties
Physical and chemical properties are gathered in the table below.
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Table 7 : Chemical and physica21l properties of the substances included in the restriction proposal
Substances
(CAS Number)

EC
Number

Harmonised
Classification
under CLP

Density

Vapour
pressure
(Pa)

Melting
point

Boiling
point
(°C)

Water
solubility
(mg/L)

Log Kow

1.3-1.32

79.99

278

500

0.26µg/L at
25°C

6.18-7.23

-

79.99

166

481

0.0012 mg/L
at 20°C

5.78-6.6

1.27

66.7

158

437.6

-

79.99

163

536

1.27

66.7

255

448

0.002 mg/L at
25°C

5.7-6.64

1.28

66.7

217

480

0.00076 mg/L
at 25°C

6.11

1.3

66.7

166

480

0.0025 mg/L
at 25°C

5.96

1.3

66.7

177

467

0.0051 mg/L
at 23°C

5.96

1.3

66.7

176

495

0.0038 mg/L
at 25°C

5.96

PAH
Benzo[g,h,i]perylene
(191-24-2)
Benzo[e]acephenanthrylene
(205-99-2)
Benz[a]anthracene
(56-55-3)

205-8838
205-9119
200-2806

Chrysene
(218-01-9)

205-8932
205-9234

Benzo[k]fluoranthene
(207-08-9)

205-9166

Benzo[j]fluoranthene
(205-82-3)

205-9103

Benzo[e]pyrene
(192-97-2)

205-8927

Benzo[d,e,f]chrysene
(50-32-8)

200-0285

Indeno[1,2,3-c,d]pyrene (193-39-5)

No harmonised
classification
Carc. 1B
Aquatic Acute 1
Aquatic Chronic 1
Carc. 1B
Aquatic Acute 1
Aquatic Chronic 1
No harmonised
classification
Muta. 2
Carc. 1B
Aquatic Acute 1
Aquatic Chronic 1
Carc. 1B
Aquatic Acute 1
Aquatic Chronic 1
Carc. 1B
Aquatic Acute 1
Aquatic Chronic 1
Carc. 1B
Aquatic Acute 1
Aquatic Chronic 1
Skin Sens. 1
Muta. 1B

0.014 mg/L at
25°C
-

5.5-5.76
4.19-6.7

21

The sources consulted to retrieve chemical and physical properties are, among others, the following : ECHa website, former HSDB website, IPCS INCHEM website, chemicalland21
website, CSST website, INERIS website
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Substances
(CAS Number)

EC
Number

Dibenz[a,h]anthracene
(53-70-3)

200-1818

Cyclopenta[c,d]pyrene
(27208-37-3)
5-methylchrysene
(3697-24-3)

-

Benzo[c]fluorene
(205-12-9)

Harmonised
Classification
under CLP

Density

Vapour
pressure
(Pa)

Melting
point

Boiling
point
(°C)

Water
solubility
(mg/L)

Log Kow

Carc. 1B
Repr. 1B
Aquatic Acute 1
Aquatic Chronic 1
Carc. 1B
Aquatic Acute 1
Aquatic Chronic 1
No harmonised
classification
No harmonised
classification

1.28

93.3

269

524

5.10-4mg/L at
27°C

6.65

1.358

66.7

-

438

1.165

66.7

118

449

0.062 mg/L at
27 °C

5.9 - 6.07

205-9082

No harmonised
classification

1.185

53.3

125-127

398

205886-4

Carc. 1B
Muta.2

1.313

93.3

162

552

3.62.10-3
mg/L at 25 °C

7.1

Naphtho[1,2,3,4-def]chrysene
(192-65-4)

205-8911

No harmonised
classification

1.313

93.3

234

552

1.6.10-4 mg/L
at 25 °C

7.1

Benzo[r,s,t]pentaphene
(189-55-9)

205-8775

No harmonised
classification

1.313

93.3

282

552

7.4.10-5 mg/L
at 25 °C

7.1

Dibenzo[b,def]chrysene
(189-64-0)

205-8780

No harmonised
classification

1.313

93.3

308

552

3.5.10-5 mg/L
at 25 °C

7.1

200-0018

Acute Tox. 3*
Acute Tox. 3*
Acute Tox. 3*
Skin Corr. 1B
Skin Sens. 1

1.03 - 1.06

440 10.3

-92

-19.1

4.105 mg/L at
20°C

0.35

Dibenzo[def,p]chrysene
(191-30-0)

-

4.9

Formaldehyde

Formaldehyde
(50-00-0)
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Substances
(CAS Number)

EC
Number

Harmonised
Classification
under CLP

Density

Vapour
pressure
(Pa)

Melting
point

Boiling
point
(°C)

Water
solubility
(mg/L)

Log Kow

Muta. 2
Carc. 1B
PCDDs

2,3,7,8tetrachlorodibenzo[b,e][1,4]dioxin

-

No harmonised
classification

1.6

133.32

305

418

2.10-4 mg/L at
25 °C

7.01

-

No harmonised
classification

1.7

133.3

240

448.5

-

7.39

-

No harmonised
classification

1.8

146.7

273

475

4.10-6 mg/L at
20 °C

7.71

-

No harmonised
classification

1.8

146.7

285

478

-

No harmonised
classification

1.8

146.7

243

478

-

No harmonised
classification

1.8

160

264

503.3

(2,3,7,8 TCDD ) (1746-01-6)

1,2,3,7,8-pentachlorodibenzo-pdioxin (1,2,3,7,8 PeCDD) (40321-76-4)
1,2,3,4,7,8-hexachlorodibenzo-pdioxin (1,2,3,4,7,8 HxCDD) (39227-286)

1,2,3,6,7,8-hexachlorodibenzo-pdioxin (1,2,3,6,7,8 HxCDD) (57653-85-

-

7.78

7)

1,2,3,7,8,9-hexachlorodibenzo-pdioxin (1,2,3,7,8,9 HxCDD) (19408-74-

-

7.78

3)

1,2,3,4,6,7,8-heptachlorodibenzop-dioxin

1.9.10-3 mg/L

8.1

(1,2,3,4,6,7,8-HpCDD) (35822-46-9)

octachlorodibenzo-p-dioxin
(OCDD) (3268-87-9)

-

No harmonised
classification

4.10-7 mg/L at
20 °C

1.9

173.3

300-330

527.8

8.41

1.6

133.3

227

421.2

6.92.10-4
mg/L at 26 °C

6.45

1.7

146.7

225

450.6

-

6.73

PCDFs

2,3,7,8-tetrachlorodibenzofuran
(2,3,7,8 TCDF) (51207-31-9)

1,2,3,7,8-pentachlorodibenzofuran
(1,2,3,7,8 PeCDF ) (57117-41-6)

No harmonised
classification
No harmonised
classification
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Substances
(CAS Number)

2,3,4,7,8-pentachlorodibenzofuran
(2,3,4,7,8 PeCDF) (57117-31-4)

1,2,3,4,7,8hexachlorodibenzofuran

EC
Number

Harmonised
Classification
under CLP

Density

Vapour
pressure
(Pa)

Melting
point

Boiling
point
(°C)

Water
solubility
(mg/L)

Log Kow

No harmonised
classification

1.7

146.7

196

450.6

2.35.10-4
mg/L at 23 °C

6.80

No harmonised
classification

1.8

146.7

-

475.5

-

7.01

No harmonised
classification

1.8

159.9

-

478.7

-

6.95

No harmonised
classification

1.8

159.9

239.5

478.7

-

7.19

No harmonised
classification

1.8

159.9

-

478.7

-

6.90

No harmonised
classification

1.8

159.9

233

502.7

3.3.10-12
mol/L

7.26

No harmonised
classification

1.8

159.9

-

502.7

-

7.04

No harmonised
classification

1.9

173.3

258

525.9

2.61.10-12
mol/L

7.22

1.4

106.7

-

379.7

-

6.01

1.4

106.7

182-184

380.7

18.10-2 mg/L

6.00

1.5

120

-

390.2

-

6.50

(1,2,3,4,7,8 HxCDF) (70648-26-9)

1,2,3,6,7,8hexachlorodibenzofuran
(1,2,3,6,7,8 HxCDF) (57117-44-9)

2,3,4,6,7,8hexachlorodibenzofuran
(2,3,4,6,7,8 HxCDF) (60851-34-5)

1,2,3,7,8,9hexachlorodibenzofuran
(1,2,3,7,8,9 HxCDF) (72918-21-9)

1,2,3,4,6,7,8heptachlorodibenzofuran
(1,2,3,4,6,7,8 HpCDF) (67562-39-4)

1,2,3,4,7,8,9heptachlorodibenzofuran
(1,2,3,4,7,8,9 HpCDF) (55673-89-7)

octachlorodibenzofuran
(OCDF) (39001-02-0)
DL-PCB

3,4,4′,5-tetrachloro-1,1′-biphenyl;
PCB 81 (70362-50-4)
3,3′,4,4′-tetrachloro-1,1′-biphenyl
;PCB 77
(32598-13-3)

2,3′,4,4′,5′-pentachloro-1,1′biphenyl; PCB 123 (65510-44-3)

No harmonised
classification
No harmonised
classification
No harmonised
classification
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Substances
(CAS Number)

2,3′,4,4′,5-pentachloro-1,1′biphenyl; PCB 118 (31508-00-6)
2,3,4,4′,5-pentachloro-1,1′biphenyl; PCB 114 (74472-37-0)
2,3,3′,4,4′-pentachloro-1,1′biphenyl; PCB 105 (32598-14-4)
3,3′,4,4′,5-pentachloro-1,1′biphenyl; PCB 126 (57465-28-8)
2,3′,4,4′,5,5′-hexachloro-1,1′biphenyl; PCB 167 (52663-72-6)
2,3,3′,4,4′,5-hexachloro-1,1′biphenyl; PCB 156 (38380-08-4)
2,3,3′,4,4′,5′-hexachloro-1,1′biphenyl; PCB 157 (69782-90-7)
3,3′,4,4′,5,5′-hexachloro-1,1′biphenyl; PCB 169 (32774-16-6)
2,3,3′,4,4′,5,5′-heptachloro-1,1′biphenyl; PCB 189 (39635-31-9)

EC
Number

Harmonised
Classification
under CLP

Density

Vapour
pressure
(Pa)

Melting
point

Boiling
point
(°C)

Water
solubility
(mg/L)

Log Kow

No harmonised
classification

1.5

120

110

388.2

-

6.42

No harmonised
classification

1.5

120

98

388.4

4.9.10-8 mol/L

6.30

1.5

120

117

392.2

1.04.10-8
mol/L

6.36

1.5

120

-

409.2

-

6.45

120

-

416

6.17.10-9
mol/L

6.87

417.1

1.48.10-8
mol/L

6.74

420

-

6.82

436.6

1.41.10-9
mol/L

6.9

443.9

1.9.10-9 mol/L

7.2

No harmonised
classification
No harmonised
classification
No harmonised
classification

1.6

No harmonised
classification

1.6

120

-

No harmonised
classification

1.6

133.3

-

No harmonised
classification

1.6

133.3

-

No harmonised
classification

1.7

133.3

-
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B.1.4. Justification for grouping
The justification for targeting the substances in this restriction proposal is explained under 1.1.4
in the main report and in Annex B.1.1.

B.2. Manufacture and uses (summary)
Data about manufacture and uses are provided in Annex A.

B.3. Classification and labelling
B.3.1. Classification and labelling in Annex VI of Regulation
(EC) No 1272/2008 (CLP Regulation)
The classifications of the substances in the scope are included in Annex B.1 and in section 1.2.2
of the main report.

B.3.2.

Classification and labelling in classification and
labelling inventory/ Industry’s self classification(s)
and labelling1

The self-classifications of the substances in the scope are included in section 1.2.2 of the main
report.

B.4. Environmental fate properties
Not relevant.

B.5. Human health hazard assessment
B.5.1 PAHS
Hazards and risks of PAHs were reviewed within various risk assessment frameworks and by
various international committees (ATSDR,1995; EFSA, 2008; IARC, 2010, 2012b; WHO, 1998,
2003; Health Council of the Netherlands, 2006; EU, 2008). Furthermore, ECHAs Risk Assessment
Committee (RAC) established a dose-response relationship for the carcinogenicity of coal tar
pitch - high temperature (CTPHT) (ECHA, 2018) and an Annex XV restriction report for 8 PAHs
in granules and mulches used as infill material in synthetic turf pitches and in loose form on
playgrounds and in sport applications (ECHA, 2019).
These reports have assessed the animal and human toxicological data on PAHs in detail and it is
not the goal of the Dossier Submitter to re-do those assessments.
Given the targeting, primarily mutagenicity (section B.5.1.7.) and carcinogenicity (section
B.5.1.8.) will be addressed, as well as irritation (section B.5.1.3), sensitisation (section B.5.1.5)
endocrine disruting effects (section B.5.1.10) and toxicokinetics (section B.5.1.1.).
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B.5.1.1. Toxicokinetics (absorption, metabolism, distribution and elimination)
B.5.1.1.1 Absorption


Oral

Recently, ECHA (2019) evaluated in the restriction report 8 PAHs in granules and mulches used
as infill material in synthetic turf pitches and in loose form on playgrounds and in sport
applications, the available data on oral absorption. Based on this, ECHA (2019) selected an oral
absorption fraction of 0.3. It is noted that this value will only be applied for route-to-route
extrapolation to derive an internal DNEL (see section B.5.1.11.), and the risk assessment will be
based on an internal dose metric. Below, a justification for this value is described (taken from
ECHA 2019).
“For experimental animals, the gastro-intestinal absorption of PAHs, especially BaP, is well
documented. Absorption of (unbound) PAHs from the gastro-intestinal tract appears to vary per
animal species. Table 8 provides an overview of studies on oral bioavailability of PAH in different
species. Oral absorption of BaP was reported to be 35-99 % in rats, 12 % in goats and 30.5 %
in pigs. It is known that the use of rodent models for human exposure assessment is limited by
the physiological differences between rodents and primates (Zhang et al., 2013). In fact, no
single animal can mimic the gastro-intestinal tract characteristics of humans. However, pig and
human colon morphology appears similar (Zhang et al., 2013, Kararli, 1995). Furthermore, in
the pig study the PAHs were administered orally via milk, which is considered a relevant vehicle
because it is likely that children playing outside and people playing sports are (semi-) fed rather
than fasted. For these reasons, an oral absorption fraction of 0.3 (30 %) was assumed,
based on the report by Cavret et al. (2003).” The Dossier Submitter chose to apply this oral
absorption fraction to all PAHs although oral absorption varies between PAHs (Table 8) (for
example, Carvet et al. showed that the oral absorption of phenanthrene was 86.1%).
The Dossier Submitter notes that the selected value for oral absorption differs from the one used
by ECHA (2017, 2018b). In their evaluation of the possible health risks of recycled rubber
granules, ECHA (2017) applied an oral absorption fraction of 0.5. Recently, ECHAs (RAC), in
their evaluation of a dose-response for carcinogenicity for CTPHT, assumed an default absorption
from oral exposure of 100% for lack of quantitative data on the absorption of PAHs from CTPHT
and coal tar pitch volatiles after oral exposure for humans (ECHA, 2018b). The oral absorption
fraction will be used to derive the internal DNEL (see section B.5.1.11.). As in the Annex XV
restriction report for 8 PAHs in granules and mulches used as infill material in synthetic turf
pitches and in loose form on playgrounds and in sport applications (ECHA, 2019), the Dossier
Submitter considers that an oral absorption fraction of 0.3 would result in a realistic risk
assessment.

Table 8 : Overview of oral bioavailability studies (taken from: RIVM, 2016)
PAH

Animal

Bioavailability
%
35-99 %

Reference

rat

Route
of
administration
Oral gavage

BaP
(benzo[d,e,f]ch
rysene
/benzo[a]pyren
e)
Chrysene

Rat

Oral gavage

75-87 %

Ramesh
(2001)

Ramesh et al.,
(2004); as cited
by EFSA (2008)

et

al.
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BaP

Pig

Orally via milk

30.5 %

BaP

Goat

Oral gavage

12 %

BaP

Rat

30 %

BaP
BaP

Rat
Rat

Intraduodenal
infusion
Oral gavage
Oral gavage



10 %
40 %

Cavret
et
al.
(2003)
Grova
et
al.
(2002)
Foth et al. (1988)
Foth et al. (1988)
Ramesh et al.
(2001)

Dermal

PAHs are lipophilic substances which allow them to easily penetrate cell membranes and be
stored in the body. However, the metabolism of PAHs, which is also present in the skin, makes
them more soluble in water and therefore more excretable.
A dermal absorption study in 4 workers exposed to tar ointment showed absorption rates
between 0.036 and 0.135 L/hour depending on the anatomical sites for a 45-minute exposure,
suggesting that 20-56% of the dose would be absorbed within 6 hours (VanRooij et al., 1993).
Dermal absorption rates varied by 69% between different anatomical sites (shoulder > neck,
forearm, groin > wrist and ankle) and by only 7% between individual volunteers (VanRooij et
al., 1993). In an in vitro study, the total amount of BaP absorbed (10 µg/cm²) in viable explant
skin samples from donors was approximately 3% of the dose after 24 hours of exposure (Kao et
al., 1985). Similar penetration rates were measured in skin samples from other species, including
marmots, rats and rabbits (Kao et al., 1985). Mouse skin penetrated a greater proportion of the
dose (>10%), while guinea pig skin penetrated only a negligible percentage of the dose (0.1%)
(Kao et al., 1985). In a study on human cadaver skin, Wester et al. (1990) showed that 23.7 ±
9.7% of the applied dose of BaP penetrated the skin (US EPA, 2017). These results suggest that
metabolism is also an important determinant of permeation.
Dermal penetration rates of BaP and PAHs vary depending on the species, individual, type of
study (in vivo, in vitro, site of application) and matrix used (Table 9). The vehicle is an important
factor in skin penetration. Studies investigating the dermal absorption fraction of PAHs in animals
and humans have used soil or a solvent like acetone or ethanol as vehicle. Topical exposure of
female Sprague-Dawley rats and female rhesus monkeys to BaP in crude oil or via acetone
resulted in 4 to 5 times greater absorption than that of BaP in soil (Wester et al., 1990; Yang et
al., 1989 as cited in ATSDR, 1995 and US EPA, 2017). “In general, animal studies report
percentages between 7-100 % or 0-65 % in solvent and soil respectively. Human studies report
percentages between 4-78 % or 0-27 % in solvent and soil respectively (Figure 15). In the
current assessment, it is assumed that after diffusion to the skin, the PAHs are present on the
skin in an unbound state, i.e. not bound to soil, rubber or any other particles. Implicitly, it follows
that absorption of unbound PAHs is more efficient compared to absorption of PAHs from soil,
which first need to partition from the soil before they can be absorbed. Hence, the actual
absorption fraction is probably larger than those empirically derived with soil as vehicle. On the
other hand, it is assumed that applying PAHs in the presence of a solvent enhancing the
absorption, overestimates the required absorption fraction. This is in agreement with BAuA
(2010), who report that the use of these highly lipophilic solvents may result in an overestimation
of PAH migration rates” (ECHA 2019).
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Figure 15: Dermal absorption data based on literature in vitro and in vivo data in soil or solvent
(acetone/ethanol). Circles indicate mean, -/+ indicate reported minimum and maximum values or are an
approximation of the range obtained by taking mean -/+ 2SD (taken from: RIVM, 2016).
Table 9: Detailed information on the dermal absorption data (this refers to BaP unless otherwise stated)
as used for setting a dermal absorption fraction (adapted from: RIVM, 2016).
In vivo/in vitro
study
In vivo

Vehicle

Value %

Reference

Workers (n = 12)

/

VanRooij
(1993)

Human Skin

Ethanol

20 to 56%
(variation
of
69%
depending on the site
of exposure)
20%

Hairless
pig

guinea

Acetone

37% (± 0.9)

Hairless
pig

guinea

Acetone

26,4 ± 5,5% (skin
levels included)
16,9 ± 2,5% (skin
level not included)
@24h
1) 5.5% (se=1.4)
2) 1.1% (se=0.3)
3) 35-48%

Chu et al. (1996)

Rat : 70 ± 7.6%
Hairless guinea pig :
68 ± 9.3%
@24h
1) ~12%
2) ~1%

Moody et al. (1995)

1) 14.8% (± 6.17)
2) 56,4% (± 10.59)
@24h
man, marmouset, CDF
rat, NZ rabbit: 1 - 3%

Moody et al. (2007)

Rat SD

rat and guinea pig

In vitro

rat

Human
skin
(female
Breast
Skin)
viable skin excised
sample
from
viable human skin

1) BaP in crude
petroleum
2) Soil fortified
with BaP in
crude
petroleum
3) Acetone
Acetone

1) BaP in crude
petroleum
2) Soil fortified
with BaP in
crude
petroleum
3) Acetone
1) Soil
2) Acetone
Acetone

et

al.

Bartsch
et
al.
(2016)
Ng et al. (1992)

Yang et al. (1989)

Yang et al. (1989)

Kao et al. (1985)
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(leg); Marmoset;
CDF
rat,
NZ
rabbit ;
C3H,
C57BL/6
and
DBA/2
mouse ;
Guinea pig
human skin

C3H, C57BL/6 and
DBA/2 mouse : >10%
Guinea pig : 0.1%

Soil

1) Soil
2) Acetone

Between ~0.3% and
~1.1%
0.14 - 1.1 %
Pure: 76±3.2%
Soil:8.5±0.9%
Soil : 3.5±0.5%
Aged soil: 3.7±0.5%
Aged soil: 1.8±0.2%
9.0% (± 0.4) to
22.7% (± 1.3)
0.2-6.5 %
Rat: 95 % (± 9.6)
hairless
guinea pig: 51% (±
3.0)
human Testskin: 34%
(±12.4)
human: 23% (± 5,3) 43% (± 8,7)
1) 1.4% (± 0.9)
2) 23.7% (± 9.7)

Rhesus monkey

1) Soil
2) Acetone

1) 13.2% (± 3.4)
2) 51% (± 22)

Hairless
pig

Acetone

10.6% @24h

human skin
pig skin

Soil aged
Pure, soil and
aged soil

Pig skin

Sand or Clay,
pure BaP
Soil
Acetone

human skin
Rat; hairless
guinea
human Test
human
(abdominal)
2)

Human
skin

pig;
skin;
skin
(n =

cadaver

guinea

Roy
and
Singh
(2001)
Stroo et al. (2005)
Turkall et al. (2010)

Abdel-Rahman et al.
(2000)
Roy et al. (1998)
Moody et al. (1995)

Wester et al. (1990)

Ng et al. (1992)

B.5.1.1.2 Distribution
The distribution of PAHs is taken from the Annex XV restriction report for 8 PAHs in granules and
mulches used as infill material in synthetic turf pitches and in loose form on playgrounds and in
sport applications.
Extensive summaries of the available data on distribution have been provided a.o. by ATSDR
(1995), WHO (1998 or 2003), or EFSA (2008).

A summary is provided by WHO (2003):
“In laboratory animals, PAHs become widely distributed in the body following administration by
any one of a variety of routes and are found in almost all internal organs, particularly those rich
in lipid (WHO, 1997). Maximum concentrations of BaA in perfused tissues (e.g. liver, blood,
brain) were achieved within 1–2 hours after administration of high oral doses (76 and 152 mg/kg
of body weight). In lesser perfused tissues (e.g. adipose and mammary tissue), maximum levels
of this compound were reached in 3–4 hours (Bartosek et al., 1984). In male Wistar rats
receiving a gavage dose of 2–15 mg of [14C]-pyrene per kg of body weight, the fat had the
highest levels of radioactivity, followed by the kidney, liver, and lungs (Withey et al., 1991).
Orally absorbed DBAhA in rats was also widely distributed to several tissues. After continuous
oral administration of 0.5 μg of [3H]BaP daily to male rats for up to 7 days, the radioactivity
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persisted in liver, kidney, lung, and testis (Yamazaki & Kakiuchi, 1989). Orally administered BaP
(200 mg/kg of body weight) has been shown to cross the placental barrier and has been detected
in fetal tissues (2.77 μg/g) (Shendrikova & Aleksandrov, 1974). Using 14C-tagged BaP, a BaP
concentration 1–2 orders of magnitude lower in embryonic than in maternal tissues was
determined after oral administration in mice (Neubert & Tapken, 1988). Differences in
concentrations in the fetus among the various PAHs appeared to be highly dependent on the
gastrointestinal absorption of the compound.”

B.5.1.1.3 Metabolism
The metabolism of PAHs is taken from the Annex XV restriction report for 8 PAHs in granules
and mulches used as infill material in synthetic turf pitches and in loose form on playgrounds
and in sport applications:
A short summary is provided in WHO (2003):
“The metabolism of PAHs is complex. Generally, the process involves epoxidation of double
bonds, a reaction catalysed by the cytochrome P-450-dependent monooxygenase, the
rearrangement or hydration of such epoxides to yield phenols or diols, respectively, and the
conjugation of the hydroxylated derivatives. Reaction rates vary widely, and interindividual
variations of up to 75-fold have been observed, for example, with human macrophages,
mammary epithelial cells, and bronchial explants from different donors. Most metabolism results
in detoxification, but some PAHs in some situations become activated to DNA-binding species,
principally diol-epoxides, that can initiate tumours (WHO, 1997). Although the PAHs are similar,
they have structural differences that are the basis for differences in metabolism and relative
carcinogenicity. The metabolism of the more carcinogenic, alternant (equally distributed electron
density) PAHs, such as BaP, BaA, and DBAhA, seems to differ in some ways from that of nonalternant (uneven electron density distribution) PAHs, such as FA, BbFA, BkFA, BjFA, IP
[Indeno[1,2,3-cd]pyrene], BghiP [Benzo[ghi]perylene], and PY (Phillips & Grover, 1994; ATSDR,
1995). In general, little is known about the metabolism of most PAHs, particularly in non-rodent
species. It should be noted that there appear to be species differences in the enzymes that
activate PAHs (Michel et al., 1995) and in the formation of DNA adducts (Kulkarni et al., 1986).”

It should be noted that metabolic activation is seen as a prerequisite for the carcinogenic
potential of the PAHs covered by this restriction proposal, as has been extensively discussed in
other reviews of PAH toxicity. See also section B.1.7. on mutagenicity below.

B.5.1.1.4 Elimination
The elimination of PAHs is taken from the Annex XV restriction report for 8 PAHs in granules and
mulches used as infill material in synthetic turf pitches and in loose form on playgrounds and in
sport applications, based on in various risk assessment frameworks and by various international
committees, e.g. ATSDR (1995), EFSA (2008), or WHO (1998, 2003).
A summary is provided by WHO (2003):
“PAH metabolites and their conjugates are excreted predominantly via the faeces and to a lesser
extent in the urine. Conjugates excreted in the bile can be hydrolysed by enzymes of the gut
flora and reabsorbed. It can be inferred from available data on total body burdens in humans
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that PAHs do not persist for long periods in the body and that turnover is rapid. This excludes
those PAH moieties that become covalently bound to tissue constituents, in particular to nucleic
acids, and are not removed by repair (WHO, 1997). The excretion of urinary metabolites is a
method used to assess internal human exposure of PAHs.”

B.5.1.2. Acute toxicity
Not relevant for this restriction proposal.

B.5.1.3. Irritation
Of the seventeen PAHs evaluated in this restriction proposal, none has a harmonised
classification for irritation in Annex VI of CLP (see section 1.2.3. main report).

B.5.1.4. Corrosivity
Not relevant for this restriction proposal.

B.5.1.5. Sensitisation
Of the seventeen PAHs evaluated in this restriction proposal, only BaP has a harmonised
classification for skin sensitisation in Annex VI of CLP (see section 1.2.3. main report).

B.5.1.6. Repeated dosed toxicity
Not relevant for this restriction proposal.

B.5.1.7. Mutagenicity
Of the 17 PAHs evaluated in this restriction proposal, only BaP and chrysene are classified for
germ cell mutagenicity in category 1B and 2, respectively, according to Regulation (EC) No
1272/2008. In addition, several international committees discussed the mutagenicity of these
PAHs. The table below presents an overview.
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Table 10: Mutagenicity/carcinogenicity of polycyclic aromatic hydrocarbons: overall overview of regulatory evaluations (adapted from ECHA 2019)
Chemical
(CAS number)

Mutagenicity
EC 1272/2008

Benzo[d,e,f]chryseneBenzo[d,e,f]chrysene
(50-32-8)

Muta. 1B (H340)

WHO/IPCS
(1998)
Genotoxic

Benzo[e]pyrene
(192-97-2)

No

Genotoxic

Benz[a]anthracene
(56-55-3)

No

Genotoxic

Dibenz[a,h]anthracene
(53-70-3)

No

Genotoxic

Benzo[e]acephenanthrylene
(205-99-2)

No

Genotoxic

Benzo[j]fluoranthene
(205-82-3)

No

Genotoxic

Benzo[k]fluoranthene
(207-08-9)

No

Genotoxic

Chrysene
(218-01-9)

Muta. 2 (H341)

Genotoxic

EC (2002)
Genotoxic
(positive results in vitro
and in vivo for multiple
end-points; positive also at
germ cell level)
Equivocal
(mixed results in vitro,
inconsistent results in vivo)
Genotoxic
(positive results in vitro
and in vivo for multiple
end-points; positive also at
germ cell level)
Genotoxic
(positive results in assays
in vitro and in vivo for
multiple end-points)
Genotoxic
(positive results in assays
in vitro and in vivo for
different end-points)
Genotoxic
(positive results in assays
in vitro and for DNA binding
in vivo)
Genotoxic
(positive results in assays
in vitro and for DNA binding
in vivo)
Genotoxic
(positive results in vitro
and in vivo for multiple
end-points; positive also at
germ cell level)

Carcinogenicity
EC 1272/2008

IARC

Carc. 1B (H350)

Group 1

-

Carc. 1B (H350)

Group 3

Genotoxic, both
in vitro and in
vivo

Carc. 1B (H350)

Group 2B

Genotoxic, both
in vitro and in
vivo

Carc. 1B (H350)

Group 2A

Genotoxic, both
in vitro and in
vivo

Carc. 1B (H350)

Group 2B

Genotoxic, both
in vitro and in
vivo

Carc. 1B (H350)

Group 2B

Genotoxic, both
in vitro and in
vivo

Carc. 1B (H350)

Group 2B

Genotoxic, both
in vitro and in
vivo

Carc. 1B (H350)

Group 2B

FAO/WHO
(2006)
Genotoxic, both
in vitro and in
vivo
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Benzo[g,h,i]perylene
(191-24-2)

No

Genotoxic

5-methylchrysene
(3697-24-3)

No

Genotoxic

Indeno[1,2,3-cd]pyrene
(193-39-5)

No

Genotoxic

Dibenzo[def,p]chrysene
(191-30-0)

No*

Naphtho[1,2,3,4-def]chrysene (192-65-4)

No

Genotoxic
(result
derived
from
small
database)
Genotoxic

Benzo[r,s,t]pentaphene
(189-55-9)

No*

Genotoxic

Dibenzo[b,def]chrysene
(189-64-0)

No*

Benzo[c]fluorene
(205-12-9)
Cyclopenta[c,d]pyrene
(27208-37-3)

No

Genotoxic
(result
derived
from
small
database)
-

No

Genotoxic

Genotoxic
(positive results in assays
in vitro and for DNA binding
in vivo)
Genotoxic
(positive results in assays
in vitro and for DNA binding
in vivo)
Genotoxic
(positive results in assays
in vitro and for DNA binding
in vivo)
Genotoxic
(positive results in assays
in vitro and for DNA binding
in vivo)
Genotoxic
(positive results assays in
vitro and for DNA binding in
vivo)
genotoxic
(positive in assays in vitro
and in vivo)
Genotoxic
(positive results in assays
in vitro and for DNA binding
in vivo)
-

-

No

Group 3

Genotoxic, both
in vitro and in
vivo

No

Group 2B

Genotoxic, both
in vitro and in
vivo

No

Group 2B

Genotoxic, both
in vitro and in
vivo

No*

Group 2A

Genotoxic, both
in vitro and in
vivo

No

Group 3

Genotoxic, both
in vitro and in
vivo
Genotoxic, both
in vitro and in
vivo

No*

Group 2B

No*

Group 2B

-

No

Group 3

genotoxic
(positive results in assays
in vitro and for DNA binding
in vivo)

Genotoxic, both
in vitro and in
vivo

No

Group 2A

*: these 3 chemicals have adopted RAC opinions that deal with harmonised classifications as Muta.2; H341 and Carc.1B; H350
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As noted above, metabolic activation is seen as a prerequisite for the carcinogenic potential of
the PAHs covered by this restriction proposal.
The following description is taken from IARC (2010):
“PAHs are metabolized by phase I enzymes and peroxidases, which produce DNA-reactive
metabolites, and phase II enzymes, which form polar conjugates. Phase I enzymes, such as
cytochrome P450s, catalyse the mono-oxygenation of PAHs to form phenols and epoxides.
Specific cytochrome P450 isozymes and epoxide hydrolase can form reactive diol epoxides that
comprise one class of ultimate carcinogenic metabolites of many PAHs. Both cytochrome P450s
and peroxidases can form radical cations by one electron oxidation that comprise another class
of ultimate carcinogenic metabolites. Further oxidation of PAH phenols leads to the formation of
PAH quinones. The major cytochrome P450s that are involved in the formation of diol epoxides
are 1A1, 1A2 and 1B1, while 2C9 and 3A4 play a minor role in the activation of PAHs. PAHs
induce increased expression of activating cytochrome P450s via enhanced aryl hydrocarbon
receptor-mediated transcription. Polymorphisms in human cytochrome P450s have been
identified, some of which may be associated with increased susceptibility. Additional enzymes
that may play a role in the further activation of some PAH diols include members of the aldoketo reductase family, among which polymorphisms that influence susceptibility have been
identified. Nicotinamide adenine dinucleotide phosphate:quinone oxidoreductase 1 catalyses the
reduction of PAH quinones to hydroquinones which may be re-oxidized and generate reactive
oxygen species. Polymorphisms in this gene have also been described.
The major phase II enzymes include the glutathione S-transferases, uridine 5′-diphosphate
glucuronosyltransferases and sulfotransferases. The major glutathione S-transferases involved
in the conjugation of PAH metabolites are M1, P1 and T1. Multiple polymorphisms of these as
well as polymorphisms in both uridine 5′-diphosphate glucuronosyl- and sulfotransferases have
been identified, some of which can modulate susceptibility to cancer.
The current understanding of the carcinogenesis of PAHs in experimental animals is almost solely
based on two complementary mechanisms: those of the diol epoxide and the radical cation. Each
provides a different explanation for the data observed in experimental animals.
The diol epoxide mechanism features a sequence of metabolic transformations of PAHs, each of
which leads to potentially reactive genotoxic forms. In general, PAHs are converted to oxides
and dihydrodiols, which are in turn oxidized to diol epoxides. Both oxides and diol epoxides are
ultimate DNA-reactive metabolites. PAH oxides can form stable DNA adducts and diol epoxides
can form stable and depurinating adducts with DNA through electrophilic carbonium ions. The
inherent reactivities of oxides and diol epoxides are dependent on topology (e.g. bay regions,
fjord regions, cyclopenta rings), and the reactivity of diol epoxides is further dependent on
factors such as stereochemistry and degree of planarity. Both stable and depurinating adducts
are formed primarily with guanines and adenines, and induce mutations (e.g. in ras protooncogenes) that are strongly associated with the tumorigenic process. Some mutagenic PAH
diols, oxides and diol epoxides are tumorigenic in experimental animals.
One-electron oxidation creates radical cations at a specific position on some PAHs. The ease of
formation and relative stabilities of radical cations are related to the ionization potential of the
PAH. Additional important factors in the radical cation mechanism are localization of charge in
the PAH radical cation and optimal geometric configuration, particularly the presence of an
angular ring. The radical cation mechanism results in the formation of depurinating DNA adducts
with guanines and adenines, which generate apurinic sites that can induce mutations in ras
proto-oncogenes, which are strongly associated with tumorigenesis.
There is strong evidence that the diol epoxide mechanism operates in the mouse lung
tumorigenesis of many PAHs evaluated in this monograph. For some PAHs, there is strong
evidence that both radical cation and diol epoxide mechanisms induce mouse skin
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carcinogenesis. Many of the pathways that lead to PAH carcinogenesis involve genotoxicity, and
the genotoxic effects of PAHs and their metabolites were included in the overall evaluation of
each PAH discussed.
The genotoxic effects of exposure to complex mixtures that contain PAHs have been studied in
some populations exposed in industrial settings and in patients who undergo coal-tar therapy.
Measured end-points include mutagenicity in urine and the presence of aromatic DNA adducts
in the peripheral lymphocytes of exposed workers. In some studies, specific benzo[a]pyrene–
DNA adducts have been measured. Cytogenetic effects such as micronucleus formation have
also been reported.
Other mechanisms of carcinogenesis have been proposed for PAHs, but these are less well
developed. The ortho-quinone/reactive oxygen species mechanism features enzymatic oxidation
of non-K-region PAH diols to ortho-quinones by aldo-keto reductases, and has been studied only
in in-vitro systems. These PAH ortho-quinones are highly reactive towards DNA; they yield DNA
adducts and damage DNA. PAH ortho-quinones induce mutations in the p53 tumour-suppressor
gene in vitro; they can also undergo repetitive redox cycling and generate reactive oxygen
species, which have been associated with oxidative DNA-base damage as well as the induction
of pro-oxidant signals that may have consequences on growth. Reactive oxygen species can also
be produced by other mechanisms such as the formation of PAH quinones through peroxidase
reactions. Thus, this pathway has the potential to contribute to the complete carcinogenicity of
a parent PAH.
The mechanism of meso-region biomethylation and benzylic oxidation features biomethylation
of parent PAHs to methyl PAHs. Methyl PAHs are further metabolized by cytochrome P450s to
hydroxymethyl PAHs that are converted into reactive sulfate ester forms that are capable of
forming DNA adducts. Studies on this mechanism have been limited to subcutaneous tissues in
rats that are susceptible to PAH tumorigenesis.
Several of the biological effects of PAHs, such as enzyme induction of xenobiotic metabolizing
enzymes, immunosuppression, teratogenicity and carcinogenicity, are thought to be mediated
by activation of the aryl hydrocarbon receptor. This receptor is widely distributed and has been
detected in most cells and tissues. There is also evidence that the aryl hydrocarbon receptor
acts through a variety of pathways and, more recently, that cross-talk with other nuclear
receptors enables cell type-specific and tissue-specific control of gene expression. Translocation
of the activated aryl hydrocarbon receptor to the nucleus may require threshold concentrations
of the ligand. Various oxidative and electrophilic PAH metabolites are also known to induce
enzyme systems via anti-oxidant receptor elements. The biological effects of aryl hydrocarbon
receptor and anti-oxidant receptor element signalling involve a variety of cellular responses,
including regulation of phase I and II metabolism, lipid peroxidation, production of arachidonic
acid-reactive metabolites, decreased levels of serum thyroxine and vitamin A and persistent
activation of the thyroid hormone receptor. Aryl hydrocarbon receptor signalling may result in
adaptive and toxic responses or perturbations of endogenous pathways. Furthermore, metabolic
activation of PAHs produces cellular stress. This in turn activates mitogenmediated protein
kinase pathways, notably of Nrf2. The Nrf2 protein dimerizes with Mafoncoproteins to enable
binding to an anti-oxidant/electrophilic response element, which has been identified in many
phase I/II and other cellular defence enzymes and controls their expression. Therefore, cellular
stress may be regulated independently of aryl hydrocarbon receptor-mediated xenobiotic
metabolizing enzymes.”
“PAHs must be metabolically activated in order to induce tumours. However, individuals differ in
their ability to metabolize PAHs: people who are deficient in particular enzymes that activate
PAHs to reactive metabolites may be at a lower risk for chemical carcinogenesis, whereas
deficiencies in enzymes that detoxify reactive metabolites may increase this risk. Some of the
epidemiological studies that have been conducted to date have shown positive relationships
between genetic polymorphisms of drug-metabolizing enzymes and susceptibility to cancer,
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while others have been inconclusive. Many factors, including race, age, sex, tobacco smoking,
alcohol intake and genetic factors, could induce or inhibit drug-metabolizing activities which
indicates that a complex interaction exists. Multi-gene and exposure interactions may also play
a complex role in the interpretation of any increases in risk.”
In conclusion, given the ability to induce genotoxic effects, there is no threshold value
below which no health risk exists for mutagenic PAHs.

B.5.1.8. Carcinogenicity
Eight PAHs covered by this restriction proposal (benzo[d,e,f]chrysene (BaP), benzo[e]pyrene
(BeP),
benz[a]anthracene
(BaA),
dibenz[a,h]anthracene
(DBAhA),
Benzo[e]acephenanthrylene(BbFA), benzo[j]fluoranthene (BjFA), benzo[k]fluoranthene (BkFA)
and chrysene (CHR)) have harmonised classifications for carcinogenicity (category 1B) according
Regulation (EC) No 1272/2008.
Three PAHs (dibenzo[def,p]chrysene ; benzo[r,s,t]pentaphene ; dibenzo[b,def]chrysene) have
adopted RAC opinions that deal with harmonised classifications for carcinogenicity (category 1B)
according Regulation (EC) No 1272/2008.
The other six PAHs (benzo[g,h,i]perylene, 5-methylchrysene, indeno[1,2,3-cd]pyrene;
naphtho[1,2,3,4-def]chrysene, benzo[c]fluorine, cyclopenta[c,d]pyrene) have no classification
for carcinogenicity according Regulation (EC) No 1272/2008. However, some of these PAHs have
been classified by the International Agency for Research on Cancer (IARC 2010, 2012), see for
details Table 10 in previous section.
Within the purpose of current restriction proposal it is not intended to re-evaluate the
carcinogenic potential of the already classified PAHs. Based on reviews by various international
committees (ATSDR, 1995; EFSA, 2008; IARC, 2010, 2012; WHO, 1998, 2003; Health Council
of the Netherlands, 2006; EU, 2008), the previous Annex XV restriction reports for 8 PAHs in
consumer products prepared by BAuA (BAuA, 2010) and for 8 PAHs in granules and mulches
used as infill material in synthetic turf pitches and in loose form on playgrounds and in sport
applications (ECHA, 2019) and the note on CTPHT by ECHAs RAC (ECHA, 2018), key studies
were selected and presented in the table below. Summaries of the key oral and dermal
carcinogenicity studies are presented in sections B.5.8.1. and B.5.8.2., respectively.
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Table 11 : Overview of key studies for PAH-mixtures for the endpoint carcinogenicity (taken from ECHA
2019
Species,
strain,
no/group
ORAL
Rat, Wistar
52/sex/group

sex,

Mouse, B6C3F1, female
48/group

Mouse, A/J, female
30/group

Test substance, duration
of exposure

Reference

BaP
Vehicle: soybean oil
Via gavage: 5 d/wk for 104
wk
1. BaP
2. two coal tar mixtures
containing
various
PAHs
including BaP

Kroese et al. (2001); Wester
et al. (2012)

Via diet for 104 weeks
1. BaP
2. PAH-rich manufactured gas
plant residu

Culp et al. (1998)

Weyand et al. (1995)

Via diet for 104 weeks
DERMAL
Mouse, NMRI, female
100/group

Mouse, NMRI, female
40/group

Mouse, NMRI, female
20/group

Mouse, C3H/HeJ, male
50/group
Mouse, SENCAR, male and
female
40/sex/group

1. BaP
2. a mixture of known
carcinogenic PAHs ('C PAH',
including BaP)
3. a mixture of PAHs not
considered carcinogenic by
the study authors ('NC PAH')
4. a combination of the latter
two ('C PAH + NC PAH').
Dermal (back area), twice
weekly during entire lifespan
BaP and other PAHs tested
individually
Dermal (dorsal skin in the
interscapular area), twice
weekly, during entire lifespan
BaP
and
a
condensate
containing various PAHs
Dermal, twice weekly, during
entire lifespan
BaP
Dermal, twice weekly, 99
weeks
BaP and extracts of soot from
various sources
Dermal
1×/week, 50-52 weeks

Schmähl et al. (1977)

Habs et al. (1980)

Habs et al. (1984)

Warshawsky
(1987)

and

Barkley

Nesnow et al. (1983)

B.5.1.8.1 Carcinogenicity: animal data - oral
The assessment of carcinogenic oral studies is taken from the Annex XV restriction report for 8
PAHs in granules and mulches used as infill material in synthetic turf pitches and in loose form
on playgrounds and in sport applications:
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“Three oral carcinogenicity studies were identified as key studies: one in rats with BaP exposure
via gavage (Kroese et al., 2001; Wester et al., 2012) and two in mice, each with both BaP- as
well as PAH-mixture exposure via the diet (Culp et al., 1998; Weyand et al., 1995).”

B.5.1.8.1.1 Lifetime gavage study in rats: Kroese et al. (2001); Wester et al. (2012)
“A combined chronic and carcinogenicity study in Wistar rats clearly showed BaP to be a potent
carcinogen upon chronic oral administration. Groups of male and female Wistar rats
(n = 52/group) were administered oral doses of 0, 3, 10, or 30 mg BaP/kg bw/d by gavage
(vehicle: soybean oil) on 5 days per week for 104 weeks. The most potent carcinogenic effects
of BaP under these testing conditions were observed in the liver and forestomach, while for both
organs a low spontaneous incidence was noted in this rat strain. Papillomas and carcinomas were
observed in the forestomach, and adenomas and carcinomas in the liver of both female and male
rats. Tumours were found at the lowest dose tested (3 mg/kg bw/d), though at a (borderline)
non-significant incidence. Statistically significant incidences were observed at 10 mg/kg bw/d
and above. Other tumours observed in this study were tumours of the auditory canal, skin and
appendages, oral cavity, small intestine, kidney and soft tissue sarcomas.
Liver tumours were also responsible for morbidity and the high mortality rate at the highest dose
level in both sexes (100 % after about 70 weeks). Mortality was mainly due to sacrifice for
humane reasons when rats became emaciated, often with distended abdomen in which
frequently one or more palpable masses were present in the cranial area (liver). In control
animals, survival after 104 weeks was about 65 % and 50 % in males and females, respectively.
The main cause of death in these animals was tumour development in the pituitary, which was
consistent with earlier findings in historical controls of this laboratory (Kroese et al., 2001;
Wester et al., 2012).”
It is noted that these studies of Kroese et al. (2001) and Wester et al. (2012) were used by
RIVM (2001) as basis for the construction of the virtually safe dose (VSD) (see section
B.5.1.11.1).

Table 12 : Incidences of tumours in liver and forestomach in male and female Wistar rats following
treatment with pure BaP (5 days per week, for 104 weeks) (Kroese et al. 2001; Wester et al. 2012) (taken
from: ECHA, 2019)
Dose (mg/kg bw/d)
Females
Forestomach

examined
Squamous cell papilloma
Squamous cell carcinoma
Liver
examined
Hepatocellular adenoma
Hepatocellular carcinoma
Auditory canal b
examined
Squamous cell papilloma
Carcinoma c
Males
Forestomach
examined
Squamous cell papilloma
Squamous cell carcinoma
Liver
examined
Hepatocellular adenoma

30

a

0

3

10

52
1
0
52
0
0
0
0
0

51
3
3
52
2
0
1
0
0

51
20***
10**
52
7*
32***
0
0
0

52
25***
25***
52
1
50***
20
1
13**

52
0
0
52
0

52
7*
1
52
3

52
18***
25***
52
15***

52
17***
35***
52
4
55

Auditory canal

Hepatocellular carcinoma
examined
Squamous cell papilloma
Carcinoma c

b

0
1
0
0

1
0
0
0

23***
7
0
2

45***
33
4
19***

a

note that this group had a significantly shorter lifetime
these tissues were examined only when abnormalities were observed upon macroscopic examination
c
composite tumours of squamous and sebaceous cells apparently arisen from the pilosebaceous units / “Zymbal glands”
* p<0.01; ** p<0.001; *** p<0.00001, Fisher’s exact test, analyses of tumour incidence of the auditory canal was
based on n = 52
b

B.5.1.8.1.2: Lifetime feeding study in mice: Culp et al. (1998)
“In a 2-year carcinogenicity study, female B6C3F1 mice (n= 48/group) were fed pure BaP or
two different coal tar mixtures containing high amounts of several PAHs (Culp et al., 1998). Two
additional groups of 48 mice each served as controls, one group was fed the standard diet, while
the other was fed the standard diet treated with acetone in a manner identical to the BaP diets.
The BaP diets were prepared by dissolving the appropriate amount of BaP in acetone and mixing
the solution with the standard animal diet. The coal tar diets were prepared by freezing the coal
tar mixtures in liquid nitrogen and blending with the appropriate amount of standard animal diet.
The homogeneity of the coal tar diets was determined by measuring the amount of BaP in the
sample by HPLC. Coal tar (CAS No 8007-45-2) mixture 1 was a standardised composite from
seven manufactured gas plant waste sites and coal tar mixture 2 was a composite from two of
the seven waste sites plus a third site having a very high BaP content. The PAH composition of
the coal tar mixtures was assessed by gas chromatography/mass spectroscopy (Table 13). The
BaP content was also analysed by high performance liquid chromatography (HPLC) with
fluorescence detection and found to be 2240 ± 51 (mean ± SD, n = 2) mg BaP per kg coal tar
for coal tar Mixture 1 and 3669 ± 134 (n = 4) mg BaP per kg coal tar for coal tar mixture 2.”

Table 13 : Polycyclic aromatic hydrocarbon composition of coal tar mixtures a (taken from: ECHA, 2019)
Compound
Acenapthene
Acenaphtylene
Anthracene
Benz[a]anthracene
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[g,h,i]perylene
Benzo[d,e,f]chrysene
Chrysene
Dibenz[a,h]anthracene
Dibenzofuran
Fluoranthene
Fluorene
Indan
Indeno[1,2,3-cd]pyrene
1-methylnaphtalene
2-methylnaphtalene
Naphthalene
Phenanthrene
Pyrene

Coal tar mixture 1
(mg/kg)
2049
3190
2524
2374
2097
699
1493
1837
2379
267
1504
4965
3692
1133
1353
6550
11289
22203
7640
5092

Coal tar mixture 2
(mg/kg)
1270
5710
2900
3340
2890
1010
2290
2760
2960
370
1810
6370
4770
490
1990
5660
10700
32300
10100
7220

“The BaP-treated animals (n = 48/group) received BaP via the diet in concentrations of 0, 5, 25
or 100 ppm (equivalent to doses of 0, 0.7, 3.6 or 14 mg/kg bw/d; assuming 1 mg/kg bw/d
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corresponds to 7 ppm for mice, cf. EFSA, 2008) for 2 years. In the same experiment, groups of
48 female B6C3F1 mice were fed diets containing 0, 0.01, 0.03, 0.1, 0.3, 0.6 or 1.0 % coal tar
mixture 1, which contained benzo[a]pyrene at a concentration of 2240 mg/kg (equivalent to BaP
doses 0.032, 0.09, 0.3, 0.96, 1.92 or 3.2 mg/kg bw/d, cf. EFSA, 2008), or 0, 0.03, 0.1 or 0.3
% of coal tar mixture 2, which contained benzo[a]pyrene at a concentration of 3669 mg/kg
(equivalent to BaP doses of 0.16, 0.52 or 1.1 mg/kg bw/d, cf. EFSA, 2008).
Body weight and food consumption were evaluated. All mice, including those that died during
the experiment, were examined grossly at necropsy. Organ weights were noted. A
histopathological examination was made on the liver, lungs, small intestine, stomach, tongue
and esophagus from all mice. In addition, a full histopathological examination was conducted on
all animals in the following groups: 0.1, 0.3, 0.6 and 1.0 % coal tar mixture 1; 0.03, 0.1 and
0.3 % coal tar mixture 2; 5, 25, and 100 ppm BaP and both control groups. All gross lesions
found in mice in the other dose groups were also examined histopathologically.
Food consumption, body weight and organ weights:
Food consumption was monitored every week for the first 12 weeks on dose and every 4 weeks
thereafter. Mice fed 1.0 % coal tar Mixture 1 ate significantly less feed (~30 % less) than the
control mice. Similarly, a significant decrease in food consumption was observed for mice fed
0.6 % coal tar Mixture 1 (~25 % less) and 0.3 % coal tar Mixture 2 (~20 % less). Intermittent
decreases in food consumption were observed in the other groups fed coal tar Mixtures 1 and 2,
with the effect occurring more frequently as the dose was increased. The food consumption of
mice fed only BaP differed only sporadically from that of the control group.
Mice fed 0.6 % and 1.0 % coal tar Mixture 1 weighed significantly less than the control group
after two weeks of treatment. The body weights of the other groups of mice fed coal tar Mixture
1 differed only sporadically from the control group throughout the entire experiment. Significant
decreases in body weight were also observed in mice fed 0.3 % coal tar Mixture 2 and 100 ppm
benzo[a]pyrene.
Liver, kidney and lung weights were determined in mice surviving to the end of the experiment.
The livers of mice fed 0.3 % coal tar Mixture 1 or 0.3 % coal tar Mixture 2 weighed ~40 % more
than the control group, a difference that was significant. None of the other treatment groups
showed significant differences in liver weights. Mice fed 0.1 % coal tar Mixture 1 had decreased
kidney weights compared to the controls. This trend was not evident at higher doses. Likewise,
mice fed 0.03 % coal tar Mixture 1 had a significant decrease in lung weight. None of the other
groups showed significant differences in lung weights.
Morbidity and mortality:
None of the mice fed 1.0 % coal tar Mixture 1 survived the treatment period. The early mortality
rate for the mice fed 0.6 % coal tar Mixture 1 was also 100 %. Only 10 mice (21 %) in the 0.3
% coal tar Mixture 1 group survived to the end of the 2-year treatment, a difference that was
significant (P = 0.00006) from the control group. The survival for the mice in the 0.0, 0.01, 0.03
and 0.1 % coal tar Mixture 1 dose groups was 65, 71, 69 and 63 %, respectively.
In mice fed coal tar Mixture 2, there was significantly (P = 0.00003) lower survival in the 0.3 %
dose group (15 %) as compared to the control group (65 %). The survival in the remaining two
dose groups was similar to the control group.
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All of the mice fed 100 ppm BaP were removed from study due to morbidity or death. A significant
(P = 0.0009) number of mice in the 25 ppm BaP dose group also died early. The percentage
survival of mice fed 5 ppm BaP (56 %) was similar to the control group.
Tumorigenicity:
BaP
Significantly increased incidences of papillomas and carcinomas were observed in the
forestomach, oesophagus, and tongue. The increase in incidence of neoplasms was related to
dose, with high statistical significance in the 25 and 100 ppm groups. See further Table 14 for
details on the tumour incidences in the BaP-treated mice.”

Table 14 : Incidences of neoplasms in female B6C3F1 mice fed BaP for 2 years (Culp et al., 1998) (taken
from: ECHA, 2019)

Liver (hepatocellular adenomas)
Lung – alveolar/bronchiolar adenomas
and/or carcinomas
Forestomach
–
papillomas
and/or
carcinomas
Esophagus
–
papillomas
and/or
carcinomas
Tongue - papillomas and/or carcinomas
Larynx - papillomas and/or carcinomas
Hemangiosarcomas

d

Histiocytic sarcomas
Sarcomas

e

BaP concentration (ppm) in diet
0
5
25
100
Corresponding BaP dose (mg/kg bw/d) a
0
0.7
3.6
14
incidences
(%)
2/48
7/48
5/47 (11)
0/45
(4)
(15)
(0)
5/48
0/48
4/45
0/48
(10)
(0)
(9)
(0)
1/48
3/47
36/46 b
46/47 b
(2)
(6)
(78)
(98)
0/48
0/48
2/45
27/46 b
(0)
(0)
(4)
(59)
0/48
0/48
2/46
23/48 b
(0)
(0)
(4)
(48)
0/35
0/35
3/34
5/38
(0)
(0)
(9)
(13)
1/48
2/48
3/47
0/48
(2)
(4)
(6)
(0)
2/48
2/48
1/47
0/48
(4)
(4)
(2)
(0)
1/48
2/47
7/47 (15)
0/48
(2)
(4)
(0)

P-value
for
dose-related
trend

NS

c

NS
<0.00001
0.0014
0.0003
0.014
NS
NS
NS

BaP doses are calculated assuming 1 mg/kg bw/d = 7 ppm in the diet for a mouse (cf. EFSA (2008))
Significantly different (P<0.05) from control group
c NS=not significant
d organs involved include liver, mesentery and spleen
e organs involved include forestomach, glandular stomach, skin and skeletal muscle
a

b

Coal tar mixtures
“Both coal tar mixtures induced a dose-dependent increase in tumours at various locations, i.e.
in the liver: hepatocellular adenomas and carcinomas, in the lung: alveolar/bronchiolar
adenomas and carcinomas, in the forestomach: squamous epithelial papillomas and carcinomas,
in the small intestine: adenocarcinomas, histiocytic sarcomas, and, furthermore,
haemangiosarcomas in multiple organs, and sarcomas. See further Table 15 for details on the
tumour incidences in the coal tar mixture-treated mice.
Lowest concentrations resulting in a statistically significantly increased tumour incidence was
0.3 % for mixture 1 and 0.1 % for mixture 2.
Schneider et al. (2002) used the original, unpublished raw data from Culp and co-workers in
order to establish the total number of tumour-bearing animals at each dose level for the coal tar
mixture-treated animals. The results can be found in Table 16.
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This study indicated that BaP alone induced only tumours of the alimentary tract, whereas the
coal tar mixtures also induced liver and lung tumours.”
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Table 15 : Incidences of neoplasms in female B6C3F1 mice fed coal tar mixtures I and II for 2 years (Culp et al., 1998) (taken from: ECHA, 2019)
Mixture

Liver - hepatocellular adenomas and/or carcinomas

1
2

Lung
–alveolar/bronchiolar
carcinomas

adenomas

and/or

1
2

Forestomach – papillomas and/or carcinomas

1
2

Small intestine - adenocarinomas

1
2

Hemangiosarcomas

d

1
2

Histiocytic sarcomas

1
2

Sarcomas

e

1
2

0.0

0.01

0/47
(0)
0/47
(0)
2/47
(4)
2/47
(4)
0/47
(0)
0/47
(0)
0/47
(0)
0/47
(0)
1/48
(2)
1/48
(2)
1/48
(2)
1/48
(2)
1/48
(2)
1/48
(2)

4/48
(8)
_b
3/48
(6)
_
2/47
(4)
_
0/46 (0)
_
0/48 (0)
_
0/48 (0)
_
4/48
(8)
_

Coal tar concentration (%)
0.03
0.1
0.3
Incidences
(%):
2/46
3/48
14/45 a
(4)
(6)
(31)
7/47
4/47
10/45 a
(15)
(9)
(22)
4/48
4/48
27/47 a
(8)
(8)
(57)
4/48
10/48 a
23/47 a
(8)
(21)
(49)
6/45
3/47
14/46 a
(13)
(6)
(30)
3/47
2/47
13/44 a
(6)
(4)
(30)
0/45
0/47
0/42
(0)
(0)
(0)
0/47
0/47
1/37
(0)
(0)
(3)
1/48
1/48
11/48 a
(2)
(2)
(23)
1/48
4/48
17/48 a
(2)
(8)
(35)
0/48
1/48
7/48
(0)
(2)
(15)
a
3/48
2/48
11/48
(6)
(4)
(23)
3/48
2/48
7/48
(6)
(4)
(15)
0/48
4/48
5/48
(0)
(8)
(10)

0.6

1.0

1/42
(2)
_

5/43 (12)

P-value
doserelated
trend
0.007

_

0.0004

25/47
(53)
_

a

15/45
(33)
_

a

22/36
(61)
_

a

17/48
(35)
_

a

21/45
(47)
_

a

<0.00001

6/41
(15)
_
36/41
(88)
_

<0.00001

<0.00001
<0.00001
a

<0.00001
NS

c

1/45
(2)
_

<0.00001

5/48
(10)
_

0/45
(0)
_

<0.00001

1/48
(2)
_

2/45
(4)
_

0.006

<0.00001

0.00003

0.003

a

significantly different (P<0.05) from control group
not tested
c NS=not significant
d organs involved include skin, mesentery, mesenteric lymph nodes, heart spleen, urinary bladder, liver, uterus, thoracic cavity, ovary and skeletal muscle
f organs involved include mesentery, forestomach, skin and kidney
b
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Table 16: Number of tumour-bearing animals in coal tar mixture treated groups (A: coal tar mixture 1, B:
coal tar mixture 2). Analysis by Schneider et al. (2002), based on the study of Culp et al. (1998) (taken from:
ECHA, 2019)
A
Coal tar mixture
concentration in
food (%)
BaP daily dose
per
animal
(mg/kg bw/d) a
Tumour-bearing
animals (%) b

0

0.01

0.03

0.1

0.3

0.01

1

0

0.032

0.096

0.32

0.96

1.92

3.2

5/48
(10)

12/48
(25)

14/48
(29)

12/48
(25)

40/48
(83)

42/48
(88)

43/48
(90)

as calculated assuming 1 mg/kg bw/d corresponds to 7 ppm for mice
calculated using individual animal data for tumours of the liver, lung, forestomach, small intestine, hemangiosarcomas,
histiocytic sarcomas and sarcomas of the mesentery, forestomach, skin and kidney.

a

b

B
Coal tar mixture concentration
in food (%)
BaP daily dose per animal
(mg/kg bw/d)a
Tumour-bearing animals (%) b

0

0.03

0.1

0.3

0

0.16

0.52

1.1

5/48
(10)

17/48
(35)

23/48
(48)

44/48
(92)

as calculated assuming 1 mg/kg bw/d corresponds to 7 ppm for mice
calculated using individual animal data for tumours of the liver, lung, forestomach, small intestine, hemangiosarcomas,
histiocytic sarcomas and sarcomas of the mesentery, forestomach, skin and kidney.

a

b

It is noted that this study of Culp et al. (1998) and the analysis of Schneider et al. (2002) were
used by EFSA (2008) as basis for dose response modelling (BMDL calculation). BMD modelling
was performed on the total number of tumour-bearing animals. The two tested coal tar mixtures
did not produce significantly different dose-response curves and therefore the data were
combined by EFSA (2008). However, the results for the animals receiving the two highest doses
of coal tar mixture 1 were omitted due to premature death of all animals in these dose groups.
In addition to using only BaP as marker for the carcinogenic PAHs, EFSA explored additionally
the use of PAH2 (benzo[d,e,f]chrysene and chrysene), PAH4 (benzo[d,e,f]chrysene, chrysene,
benz[a]anthracene, benzo[b]fluoranthene) and PAH8 (benzo[d,e,f]chrysene, chrysene,
benz[a]anthracene,
benzo[b]fluoranthene,
benzo[k]fluoranthene,
benzo[ghi]perylene,
dibenz[ah]anthracene, indeno[1,2,3-cd]pyrene). The US EPA BMD software (BMDS) was used
for modelling the total tumour-bearing animals and BMD10 and BMDL10 values were calculated.
The Table 17 below presents the BMDL10-values for BaP, PAH2, PAH4 and PAH8.

Table 17 : BMDL10 for BaP, PAH2, PAH4 and PAH8 (calculated by EFSA, 2008) based on total tumourbearing animals in the 2-year carcinogenicity study on coal tar mixtures by Culp et al. (1998)
Marker
BaP
EFSA PAH2
EFSA PAH4
EFSA PAH8

BMDL10
(mg/kg bw/d)
0.07
0.17
0.34
0.49

This study of Culp et al. (1998) was also used by OEHHA (2010) and US EPA (2017) as basis for
dose response modelling (BMDL calculation) for BaP. BMD modelling was performed on the
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forestomach and oral cavity tumours in females mouse for OEHHA and on the forestomach,
esophagus, tongue, larynx (alimentary tract) tumors for US EPA (see Annex B.5.1.11.1).
B.5.1.8.1.3. Lifetime feeding study in Weyand et al. (1995)
“Groups of female A/J mice (n=30/group) were used for a feeding experiment with pure BaP and
a PAH-rich manufactured gas plant residue. This mouse strain was chosen because of its
sensitivity to chemical induction of pulmonary adenomas. A negative control group was fed the
basal gel diet. In addition, a non-treated group of mice and a group dosed with vehicle only were
fed with a NIH-07 pellet diet and used as negative controls. A further group served as positive
control and was administered pure BaP (100 mg/kg) by i.p. injection in 0.25 mL of tricaprylin.
After the last exposure day (= after 260 days of diet administration), the animals were sacrificed
and their lungs and stomach removed for histology (Weyand et al., 1995).
In this study, the test item was denominated as 'Manufactured Gas Plant Residue' (MGP). MGPs,
commonly also referred to as coal tar, are waste by-products formed in large quantities during
coal gasification. It is noted that the BaP-content of MGP is similar to the BaP-content of the one
designated ‘coal tar mixture 2' by Culp et al. (1998, cf. above).
BaP
BaP was fed at concentrations of 16 or 98 ppm in the diet, resulting in an ingested amount of
40.6 or 256.6 μg BaP/day/mouse (according to study authors), respectively (equivalent to doses
of 1.624 or 10.264 mg BaP/kg bw/d, respectively, assuming a 25 g body weight). The survival
rate for both treatment groups was 25/30 and 27/30, respectively. In the control group 21/30
mice survived to the end of the study. Increased numbers of tumours in the forestomach and
the lung were induced after treatment with pure BaP in feed for 260 days at both concentrations.
In Table 18, the incidence of forestomach and lung tumours is presented.

Table 18 : Incidences of forestomach and lung tumours in female A/J mice fed pure BaP for 260 days
(Weyand et al., 1995) (taken from: ECHA, 2019)
BaP conc in food (ppm)
16
BaP intake (mg/kg bw/d)
0
1.624
Forestomach
0/21 (0 %)
5/25 (20 %) *
Lung
4/21 (19 %)
9/25 (36 %) *
*significantly different (p<0.05) from control, determined by x2 test
0

98
10.264
27/27 (100 %) *
14/27 (52 %) *

MGP
MGP, which contained BaP at a concentration of 2760 mg/kg (as determined by GC-MS), was
given at concentrations of 0.1 or 0.25 % in the diet, resulting in ingested amounts of 6.9 or
16.3 μg BaP/mouse/d (according to study authors), respectively, (equivalent to doses of 0.276
or 0.652 mg BaP/kg bw/d, assuming a 25 g bodyweight). The survival rate for both treatment
groups was 27/30 and 29/30, respectively. Treatment with MGP induced development of
tumours in the lung. No local tumours in the forestomach were noted. The effect of MGP ingestion
on the development of lung tumours is given in Table 19.”
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Table 19 : Incidences of lung tumours in female A/J mice fed MGP for 260 days (Weyand et al., 1995) (taken
from: ECHA, 2019)
MGP conc in food (%)
0.10
BaP intake (mg/kg bw/d)
0
0.276
Lung
4/21 (19 %)
19/27 (70 %) *
*significantly different (p<0.05) from control, determined by x2 test
0

0.25
0.652
29/29 (100 %) *

B.5.1.8.2. Carcinogenicity: animal data - dermal
The assessment of carcinogenic oral studies is taken from the Annex XV restriction report for 8
PAHs in granules and mulches used as infill material in synthetic turf pitches and in loose form
on playgrounds and in sport applications (ECHA, 2019):
“Five dermal carcinogenicity studies were identified as key studies: one in NMRI mice using BaP
and PAH-mixtures (Schmahl et al., 1977), two studies in NMRI mice using pure BaP and
individual PAHs or a condensate containing various PAHs, respectively (Habs et al., 1980+1984),
a study in C3H/HeJ mice using pure BaP (Warshawsky and Barkley, 1987) and finally a study in
SENCAR mice using pure BaP and extracts of soot from various sources (Nesnow et al., 1983).”
B.5.1.8.2.1. Dermal lifetime study in mice (Schmähl et al., 1977)
“The carcinogenic action of PAH mixtures predominantly found in condensates of automobile
exhaust were studied in this study. A total of four different test items was administered: pure
BaP, a mixture of known carcinogenic PAHs ('C PAH', including BaP), a mixture of PAHs not
considered carcinogenic by the study authors ('NC PAH'), and a combination of the latter two ('C
PAH + NC PAH').
Female NMRI mice were dermally exposed (back area) to these test items (dissolved in 0.02 mL
acetone) twice weekly for their entire lifespan. Concentrations were adjusted in a way that
treated animals of the BaP, C PAH, and C PAH + NC PAH groups received 1.0, 1.7, or 3.0 μg BaP
(corresponding to 0.04, 0.068, or 0.12 mg BaP/kg bw/d, assuming a 25 g bodyweight)
regardless of the test item used. For the NC PAH group, concentrations were used which
corresponded to the proportions (by weight) of the respective PAHs relative to BaP as
encountered in real-life exhaust gas condensates. In order to be able to register possible weak
effects, higher doses of NC PAH were given. In addition, a concurrent control group was treated
with the vehicle acetone alone. Table 20 presents an overview of the doses applied.”
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Table 20 : Doses (in μg) applied in skin dropping experiments, in relation to benzo[a]pyrene (Schmähl et
al., 1977) (taken from: ECHA, 2019)
Controls
Acetone
Benzo[d,e,f]chrysene
C PAH
Benzo[d,e,f]chrysene
Dibenz[a,h]anthracene
Benz[a]anthracene
Benzo[e]acephenanthrylene
total
NC PAH
*(benzo[d,e,f]chrysene
Phenanthrene
Anthracene
Fluoranthene
Pyrene
Chrysene
Benzo[e]pyrene
Benzo[ghi]perylene

as solvent
1.0

1.7

3.0

1.0
0.7
1.4
0.9
4.0

1.7
1.2
2.4
1.5
6.8

3.0
2.1
4.2
2.7
12.0

1.0
27.0
8.5
10.8
13.8
1.2
0.6
3.1
65.0

3.0
81.0
25.5
32.4
41.4
3.6
1.8
9.3
195.0

9.0
243.0
76.5
97.2
124.2
10.8
5.4
27.9
585.0

1.7
6.8
110.5
117.3

3.0)
12.0
195.0
207.0

total
C PAH + NC PAH
*(benzo[d,e,f]chrysene
1.0
Total C PAH
4.0
Total NC PAH
65.0
Total C PAH + NC PAH
69.0
Relation of C PAH: NC PAH is constantly 1:16.25

27.0)
729.0
229.5
291.5
372.6
32.4
16.2
83.7
1755.0

*used as reference substance

“The test articles were administered to the shaved skin of mice until the natural death of the
animals or until the animals developed a tumour. At the start of the study, each dose group
consisted of 100 animals, but spontaneous deaths and autolysis reduced the total number of
animals examined in each group (Schmähl et al., 1977).
Lifetime exposure of female NMRI mice to 1.0, 1.7, and 3.0 μg BaP/animal from various mixtures
produced a dose-related increase in carcinomas and other tumours of the skin at the site of
application. In Table 21 the findings are presented in detail.”
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Table 21 : Incidences of skin tumours (percentages in brackets) in female NMRI mice topically administered
PAHs 2 d/wk for their entire lifespan (Schmähl et al., 1977) (taken from: ECHA, 2019)
Pure BaP:
dose (μg)
Skin carcinoma
Any skin tumour

0
0/81
(0 %)
1/81
(1 %)

1.0
10/77
(13 %)
11/77
(14 %)

1.7
25/88
(28 %)
25/88
(28 %)

3.0
43/81
(53 %)
45/81
(56 %)

C PAH:
dose (μg)a
Skin carcinoma
Any skin tumour

0
0/81
(0 %)
1/81
(1 %)

4.0
25/81
(31 %)
29/81
(36 %)

6.8
53/88
(60 %)
57/88
(65 %)

12.0
63/90
(70 %)
65/90
(72 %)

0
0/81
(0 %)
1/81
(1 %)

65.0
1/85
(1 %)
1/85
(1 %)

195.0
0/84
(0 %)
0/84
(0 %)

585.0
1/88
(1 %)
1/88
(1 %)

69.0
44/89
(49 %)
46/89
(52 %)

117.3
54/93
(58 %)
57/93
(61 %)

207.0
64/93
(69 %)
65/93
(70 %)

NC PAH:
dose (μg)a
Skin carcinoma
Any skin tumour

1755.0
15/86
(17 %)
16/86
(19 %)

C PAH + NC PAH:
dose (μg)a
Skin carcinoma

a

0
0/81
(0 %)
Any skin tumour
1/81
(1 %)
dose refers to the complete PAH mixture

The results given in the above table show clearly that PAH mixtures containing BaP and certain
other PAHs will cause a higher incidence of neoplasms when administered at the same BaP
exposure level. At very high doses (almost 10 times higher than the highest doses selected in
the rest of the trial) the group of substances which were supposed to be non-carcinogenic also
proved to be biologically effective. The whole mixture (C PAH + NC PAH)appears to be more
effective than the C PAH group alone.
In this study, induction of local tumours was observed at all tested concentrations for BaP,
carcinogenic PAHs and the whole mixture (C PAH + NC PAH). The lowest tested concentration of
1.0 μg BaP/animal was equivalent to 0.04 mg BaP/kg bw/d (assuming a 25 g bodyweight).
B.5.8.2.2 Dermal lifetime study in mice (Habs et al., 1980)
“In a dermal lifetime study, pure BaP and other PAHs (benzo[b]fluoranthene,
benzo[j]fluoranthene,
benzo[k]fuoranthene,
indeno[1,2,3-cd]pyrene,
cyclopentadieno[cd]pyrene, coronene) were tested with regard to local carcinogenicity by topical application to
mouse skin. Groups of female NMRI mice (n=40) were topically administered 2d/wk for up to
130 weeks (except for coronene wit a 4d/wk frequency), with the individual PAHs dissolved in
acetone (or DMSO in case of coronene). Table 22 presents an overview of the applied dose
levels. Controls received the vehicle alone. The solutions were applied by topical dropping to the
clipped dorsal skin in the interscapular area. Each application comprised 0.02 mL. All
experimental animals were checked twice daily and the occurrence of tumours at the site of
application was recorded. Animals at an advanced stage of macroscopically clearly infiltrative
tumour growth were killed prior to their natural death (Habs et al., 1980).”
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Table 22 : Dose levels of the individual PAHs tested topically on mice (Habs et al., 1980) (taken from: ECHA,
2019)
PAH

solvent

Benzo[d,e,f]chrysene
Benzo[e]acephenanthrylene
Benzo[j]fluoranthene
Benzo[k]fuoranthene
Indeno[1,2,3-cd]pyrene
Cyclopentadieno-[cd]pyrene
Coronene

acetone
acetone
acetone
acetone
acetone
acetone
DMSO

Individual dose
(μg/animal/day)
I
II
III
1.7
2.8
4.6
3.4
5.6
9.2
3.4
5.6
9.2
3.4
5.6
9.2
3.4
5.6
9.2
1.7
6.8
27.2
5.0
15.0
4d/wk

Frequency of
application
2d/wk
2d/wk
2d/wk
2d/wk
2d/wk
2d/wk

“A clear dose-response relationship could be established for the carcinogenic activity of pure BaP
at the site of application. Control animals did not develop tumours at the site of application.
Study results are summarised in Table 23. “

Table 23 : Incidence of skin tumours in female NMRI mice topically administered with various PAHs (Habs
et al., 1980). See Table B 15 for details on the applied dose levels (taken from: ECHA, 2019)
Animals with local tumours
incidence
percentage

Acetone
DMSO
Benzo[d,e,f]chrysene

Benzo[b]fluoranthene

Benzo[j]fluoranthene

Benzo[k]fuoranthene

Indeno[1,2,3cd]pyrene
Cyclopentadieno[cd]pyrene
Coronene

I
II
III
I
II
III
I
II
III
I
II
III
I
II
III
I
II
III
I
II

0/35
0/36
8/34
24/35
22/36
2/38
5/34
20/37
1/38
1/35
2/38
1/39
0/38
0/38
1/36
0/37
0/37
0/34
0/35
3/38
1/39
2/40

0
0
23.5
68.6
61.1
5.3
14.7
54.1
2.6
2.9
5.3
2.6
0.0
0.0
2.8
0.0
0.0
0.0
0.0
7.9
2.6
5.0

Age standardized
tumour
frequencies (%)
0.0
0.0
24.8
89.3
91.7
4.6
14.0
65.4
1.6
2.6
3.5
1.7
0.0
0.0
1.4
0.0
0.0
0.0
0.0
11.0
3.1
6.1

“It is noted that the lowest tested concentration of 1.7 μg BaP/animal topically administered
(2d/wk) for up to 130 weeks was associated with a significant increase in local tumours in female
NMRI mice. Also benzo[b]fluoranthene induced local tumour formation. The dose of 1.7 μg
BaP/animal is equivalent to 0.068 mg/kg bw/d (assuming a body weight of 25 g).”
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B.5.8.2.3 Dermal lifetime study in mice (Habs et al., 1984)
“In a third life-time study, the carcinogenicity of condensates of the seed of Citrullus colocynthis
was examined. See Table 24 for details on the PAH-content of this condensate. BaP was used as
positive control. Groups of female NMRI mice were treated 2d/wk with 2 or 4 μg BaP/mouse in
acetone or 15 or 60 μg condensate/mouse (corresponding to 78 or 312 pg BaP/mouse) and one
solvent–treated control, each group containing 20 animals. The individual dose in the control
group was 0.01 mL acetone. The solutions (0.01 mL) were applied by topical dropping to the
clipped dorsal skin in the interscapular area twice a week for life. All animals were monitored
twice daily and the occurrence of skin tumours was recorded. Animals in an advanced stage of
macroscopically clearly invasive tumour growth were killed, all other animals were observed until
their natural death (Habs et al., 1984).”

Table 24 : Concentration of PAHs in a condensate of Citrullus colocynthis seed used (Habs et al., 1984)
(taken from: ECHA, 2019)
PAH
Benz[a]anthracene
Chrysene and triphenylene
Fluoranthene
Pyrene
Benzofluoranthene (b+j+k)
Benzo[e]pyrene
Benzo[d,e,f]chrysene
Perylene
Indeno[1,2,3-cd]pyrene
Benzo[ghi]perylene
Anthanthrene

Concentration (μg/g)
9.2
13.0
28.1
30.4
6.7
3.8
5.2
1.0
1.6
1.7
0.6

“Treatment was tolerated without signs of acute or subacute toxicity. Weight development in
test compound-treated mice did not differ from that in controls. Mean survival time was 691 (95
% CI: 600-763) days in the acetone control, 648 (440-729) days in the 2 μg BaP/mouse, 528
(480-555) days in the 4 μg BaP/mouse groups, 572 (407-644) in the low dose condensate group
and 611 (430-673) in the high dose condensate group.
BaP was found to be clearly carcinogenic in both tested concentrations. No skin tumours were
seen in vehicle controls. The carcinogenic activity of BaP and the tested condensate after chronic
epicutaneous application to female NMRI mice is presented in Table 25.”

Table 25 : Incidences of skin tumours in female NMRI mice topically administered with BaP for 2d/wk
(Habs et al., 1984) (taken from: ECHA, 2019)
Treatment
Control
BaP- low dose
BaP – high dose
Condensate – low dose
Condensate - high dose

Number (%) of animals with skin tumours
total
papillomas
0 (0)
0 (0)
9 (45)
2 (10)
17 (85)
0 (0)
1 (5)
0 (0)
5 (25)
2 (10)

Carcinomas
0 (0)
7 (35)
17 (85)
1 (5)
3 (15)

“In summary, the lowest topically administered concentration of 2 μg BaP/mouse to female NMRI
mice throughout their lifetime induced statistically significant skin tumours in 9/20 animals (45
%). The concentration of 2 μg BaP/animal is equivalent to 0.08 mg/kg bw/d (assuming 25 g
bodyweight). “
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B.5.8.2.4 Dermal lifetime study in mice (Warshawsky and Barkley 1987)
“In a further study, relative carcinogenic potencies of three combustion products of fossil fuels
(including BaP and two N-heterocyclic compounds 7H-dibenzo[cg]carbazole and
dibenz[aj]acridine) were compared in carcinogenicity mouse skin bioassays (skin painting
studies). In the exposure groups, 50 male C3H/HeJ mice were treated twice a week with a 0.025
% solution of the tested compounds (12.5 μg compound/animal delivered in 50 μl of acetone)
applied to the interscapular region of the back for up to 99 weeks. The animals of the control
group were treated with 50 μL of distilled acetone twice weekly. Hair from the backs of mice was
removed with electric clippers at least two days before the first treatment and every two weeks
after the first treatment. During the course of the experiment animals were observed twice daily
(Warshawsky and Barkley 1987). “

Table 26 : Incidences of skin tumours in male C3H/HeJ mice (Warshawsky and Barkley, 1987) (taken from:
ECHA, 2019)
No. mice
examined
No treatment
Acetone
0.025 %
dibenz[aj]acridine
0.025 % 7Hdibenzo[cg]carbaz
ole
0.025 % BaP

50
50
50

No. mice with
malignant
tumours
0
0
22

No. mice with
benign tumours
(only)
0
0
3

Average latency
period (wks)
80.3

50

47

1

36.6

50

47

1

32.4

“Male C3H/HeJ mice administered with 12.5 μg BaP/animal for 99 weeks produced skin tumours
in 48/50 mice. While in one instance a benign tumour was found, tumours were malignant in all
other cases. The mean latency period in the BaP-group was 32.4 weeks.
Assuming a body weight of 30 g/male mouse, the concentration of 12.5 μg BaP/animal is
equivalent to 0.417 mg/kg bw/d.”
B.5.1.8.2.5 Dermal 52-week mouse study (Nesnow et al., 1983)
“Nesnow et al. (1983) studied carcinogenic risks following skin exposure of mice to extracts of
soots of various sources, namely coal chimney soot, coke oven materials, industrial carbon black,
oil shale soot, and gasoline vehicle exhaust materials. Also pure BaP was tested. This study also
addressed tumour initiation and tumour promotion activity of the extracts and BaP. Below only
the data of the complete carcinogenesis protocol (i.e. evaluation of the production of tumours
after repeated application of a carcinogen of up to 1 year) are described.
Male and female SENCAR mice (40/sex/group) were treated topically 1/week (or twice weekly
for the highest dose level). Samples of soot extracts or BaP were administered in 0.2 ml acetone
for 50 to 52 weeks. Four agents were examined for their ability to act as complete carcinogens,
i.e. BaP, coke over main extract, roofing tar extract, and gasoline vehicle exhaust extract.
Weekly application of 50.5 μg BaP produced a carcinoma incidence of greater than 93 %, with
almost one carcinoma per mouse. Higher doses did not increase the tumour multiplicity. No
carcinomas were observed in the control animals. The coke oven main sample also produced a
strong complete carcinogen response in both male and female mice. Male mice seemed to be
more sensitive; 98 % of the males bore approximately one carcinoma, while only 75 % of the
females responded. The roofing tar sample produced a significant response only at the highest
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dose applied (4 mg/mouse/week), with 25 % to 28 % of the mice bearing tumours. The gasoline
vehicle exhaust extract was essentially inactive as a complete carcinogen at the doses applied.
The results are presented in Table 27. “

Table 27 : Tumours observed following administration of BaP to SENCAR mice in the complete
carcinogenesis protocol (Nesnow et al., 1983) (taken from: ECHA, 2019)
Dose BaP
(μg/mouse/w
eek)
0
0
12.6
12.6
25.2
25.2
50.5
50.5
101
101
202
202

sex

M
F
M
F
M
F
M
F
M
F
M
F

Mice with
carcinomas
(%)a
0
0
10
8
63
43
93
98
80
90
80
93

Table 28 : Tumours observed following administration of coke oven main extract, roofing tar extract, and
gasoline vehicle exhaust extract to SENCAR mice in the complete carcinogenesis protocol (Nesnow et al.,
1983) (taken from: ECHA, 2019)
Dose
extract
(μg/mouse/week)
100
100
500
500
1000
1000
2000
2000
4000
4000

sex
M
F
M
F
M
F
M
F
M
F

Mice with carcinomasa
Coke over main
Roofing tar
5
0
5
0
36
0
30
0
48
3
60
0
82
3
78
8
98
25
75
28

Gasoline vehicle
0
0
0
0
0
0
0
0
3
5

“It is noted that this skin painting experiment with BaP (in acetone as solvent) of Nesnow et al.
(1983) and the analysis of Knafla (2011) were used by ECHAs RAC as basis for establishing a
dose-response relationship for the dermal route for the carcinogenicity of coal tar pitch - high
temperature (ECHA 2017c).”

B.5.1.8.3. Carcinogenicity: human data
Information as presented below is taken primarily from the EU (2008), the IARC evaluation
(2010), the RAC note on CTPHT (ECHA, 2017c),the previous Annex XV restriction reports for 8
PAHs in consumer products prepared by BAuA (BAuA, 2010) and for 8 PAHs in granules and
mulches used as infill material in synthetic turf pitches and in loose form on playgrounds and in
sport applications (ECHA, 2019).
In the RAC note on CTPHT (ECHA, 2018b), ECHA concluded that “dermal exposure may be
significant to both local (skin) and systemic cancers in occupational settings. For local cancers
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from direct dermal contact with CTPHT in articles, BaP may again be chosen as the relevant
indicator of exposure.”

Evidence that mixtures of PAHs are carcinogenic to humans is primarily derived from
occupational studies of workers following inhalation and dermal exposure. No data were located
regarding cancer in humans following inhalation of individual PAH compounds. Exposure of
humans to PAHs is characterised by a mixture of these compounds and other substances in
either occupational or environmental situations. Therefore, it is difficult to ascertain the
carcinogenicity of a single PAH component or a given mixture of PAHs, as presumably
amplification of carcinogenicity may have occurred through the presence of other carcinogenic
substances in the mixtures. According to IARC (2012b), no epidemiological data on
benzo[d,e,f]chrysene alone were available. For oral exposure to single PAHs or PAH mixtures in
humans no adequate long-term data are available.

There is a large body of epidemiological studies of PAH-exposed workers, especially in coke
ovens and aluminium smelters supporting a clear excess of lung cancer, and highly suggestive
of an excess of bladder cancer. Skin cancer in man is well known to have occurred following
exposure to poorly refined lubricating and cutting oils.
The epidemiological studies include cohort and case-control studies with various PAH-rich
sources. Exposure–response relationships for occupational PAH exposure and cancer in humans
have been reviewed by several working groups of IARC (2010), US EPA (1984), WHO (1987,
1998, 2000, and 2003), and by the UK Health and Safety Executive (HSE, Armstrong et al.,
2003, 2004). In addition to these evaluations by international committees, several additional
studies have been published (Armstrong et al., 2009; Boffetta et al., 1997; Bosetti et al., 2007;
Costantino et al., 1995; Mastrangelo et al., 1996; Moolgavkar et al., 1998). All of them confirm
that heavy occupational exposure to mixtures of PAHs entails a substantial risk of lung, skin, or
bladder cancer. The main route of occupational exposure is inhalation in most industries.
However, in many cases, skin exposure represents an important route.

In the 1980s, IARC reviewed numerous epidemiological studies on PAH-exposed workers whose
occupational exposure was assessed on the basis of type of employment or industrial process
involved. Given the long latency between first exposure and cancer, these workers were exposed
mainly during the first half of the century, when data on industrial hygiene were scarce. A definite
risk of cancer was found in workers employed in the coke (lung cancer), aluminium (lung and
bladder cancer), and steel industries (lung cancer), which were subsequently considered Group
1 carcinogens along with coal tar pitch, untreated and mildly treated mineral oils, and soot. On
the other hand, inconsistencies between studies, lack of control of confounding factors, potential
bias, and uncertainty regarding a dose-response relationship precluded any definitive
conclusions for other occupational settings: roofers and asphalt workers, mechanics exposed to
engine exhaust, bus and truck drivers, railroad workers, and excavator operators exposed to
diesel exhaust in mines and tunnels (IARC 1983, 1984, 1985, 1989). These evaluations were
updated in 2010 and further confirmed in 2012 and included also occupational exposure during
coal gasification, coal tar distillation, paving and roofing with coal-tar pitch, and occupational
exposure as a chimney sweep as Group 1 carcinogens (IARC 2010, 2012b).
In the IARC Monographs on the Evaluation of Carcinogenic Risks to Humans (IARC, 2010), more
than 40 case-control and case-cohort studies dealing with various cancers are discussed. Their
70

results brought a number of point estimates indicating the relation between PAH exposure and
different types of cancer, and also confirmed trends between duration of exposure and/or the
level of exposure and specific cancer. But when looking at interval estimates, a lot of these
results were not statistically significant (e.g. Blot et al., 1983; Schoenberg et al., 1987), the
95% confidence intervals were wide (e.g. Zahm et al., 1989), and some of the results were
based on small study samples (e.g. 3 exposed cases in the study of Grimsrud et al., 1998). It
does not mean that the associations do not exist.

Only 1 out of 2 occupational studies confirmed skin cancer risk related with the PAH exposure
from coal dust (Gallagher et al., 1996 cited in IARC,2010). The risk detected reached OR 1.6
(95% CI: 1.0 – 2.4) and related to squamous-cell carcinoma (Table 29).

Table 29 : Case-control studies of skin cancers and exposure to PAHs (taken from IARC, 2010)

In a review, several industries and occupations were included of which data were published
before 1997 (Boffetta et al., 1997). Heavy exposure to PAHs entails a substantial risk for lung,
skin and bladder cancer, which is not likely to be due to other carcinogenic exposure present in
the same industries. The major target organ of PAH carcinogenicity was found to be the lung.
The increased risk for lung cancer was present in most industries and occupations. An increased
risk for skin cancer was related to high dermal exposure. However, increased risk for bladder
cancer was less consistent; positive associations were mainly found in industries where workers
were exposed to coal tars and coal tar pitch volatiles (e.g., aluminium production, coal
gasification and tar distillation).
B.5.1.8.4. Carcinogenicity: markers of exposure
In contact with consumer articles and mixtures, consumers are exposed to a multitude of PAH
mixtures of different composition. A main issue in the risk assessment of PAHs is the
quantification of the carcinogenic potency of PAH mixtures. The composition of the PAH mixtures
encountered in food, consumer products, mixtures such as rubber granules and the environment
varies, resulting in varying carcinogenic potencies. Each of the (sometimes up to several
hundred) different PAH mixture components possesses its own toxicity profile, absorption
behaviour, and may potentially be carcinogenic. For risk assessment of PAH mixtures, various
approaches have been described such as the Toxicity Equivalence Factor (TEF) approach, or the
marker approach.
EFSA (2008) concluded that “the TEF approach to the risk characterisation for PAHs in food was
not considered to be scientifically valid because of the lack of data from oral carcinogenicity
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studies on different PAHs, their different modes of action and the evidence of poor predictability
of the carcinogenic potency of PAH mixtures based on the currently proposed TEF values”.
Indeed, because there is a total lack of adequate data from oral carcinogenicity studies on
individual PAHs other than benzo[d,e,f]chrysene, TEF values for PAHs in food have been
suggested based on studies using skin application, pulmonary instillation and subcutaneous or
intraperitoneal injections. Furthermore, in the case of exposure to PAHs through ingestion, the
application of TEFs underestimates the risks induced by mixture of PAHs (Culp et al., 1998;
Schneider et al., 2002). Indeed, the oral carcinogenic risk is 3 to 5 times higher with PAH
mixtures than with BaP alone for equivalent exposures expressed in TEQ (Culp et al., 1998).
Tumour localization is also different for oral exposure to mixed PAHs or BaP alone at equivalent
doses.
For the oral route, EFSA (2008) concluded that BaP is not a suitable indicator for the occurrence
of PAHs in, and thus the exposure to PAHs via, food. The relative concentrations of the PAHs in
food were found to be variable, and BaP was not detected in some samples when other PAHs
were measurable. By expanding the marker method to two PAHs (BaP and CHR), four PAHs
(BaP, CHR, BaA and BbFA) and 8 PAHs (BaP, CHR, BaA, BbFA, BkFA, BghiP, DBAhA and IP), i.e.
the PAHs that were measured in the carcinogenicity study of Culp et al. (1998), EFSA found the
PAH4 and PAH8 markers to be more suitable indicators of PAHs in food, with PAH8 not providing
much added value compared to PAH4. The EFSA PAH4 and PAH8 approach aims to assess risks
of PAH in food, where PAHs will derive from a number of sources. The main PAH contamination
of food can be attributed to heating, drying and smoking processes where combustion products
come in direct contact with food or may be formed in situ (SCF, 2002; EFSA, 2008).
BaP has in general mostly been used as a marker of occurrence and effect of the carcinogenic
PAHs. Indeed, the toxicity of only a limited number of PAHs is currently known. Some PAHs,
primarily those with a low molecular weight, induce systemic non-carcinogenic threshold effects
(mainly kidney, liver and blood disorders) for which HRVs have been established. Other PAHs,
in particular those with a high molecular weight, appear to be carcinogenic and genotoxic.
In this restriction, the EFSA approach was not used in this restriction for several reasons :
o
o

The EFSA approach is applicable for oral exposure whereas the current risk assessment
assesses dermal exposure to baby diapers.
Furthermore, the EFSA PAH8 differs from the 8 PAHs detected in baby diapers and the
17 PAHs under current evaluation (Table 30). Two out of the 8 PAHs detected in baby
diapers are not reported to be present in the mixtures tested in the Culp et al. (1998)
study (unclear if measured and not detectable, or not measured at all).

So, the Dossier Submitter chose to use the Toxicity Equivalence Factor (TEF) approach with BaP
as marker in this restriction proposal even if the concentrations of PAHs in single-use baby
diapers vary with BaP being not detectable in all samples (BaP detectable in 3 out of 51 tested
single-use baby diapers).
Recently, ECHAs Risk Assessment Committee (RAC) established a dose-response relationship
for the carcinogenicity of coal tar pitch - high temperature (ECHA, 2018). For the oral route, this
was done based on the data of Culp et al. (1998) using BaP as marker. Another option suggested
by RAC was to apply a PAH4 or PAH8 approach.
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Table 30 : Comparaison between EFSA PAH8 approach, PAHs searched and detected in single-use baby
diapers
Migration tests in whole diapers

Searched PAHs

Benzo[c]fluorene
Benz[a]anthracene
Cylclopenta[c,d]pyrene
Chrysene
5-methyl chrysene
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[j]fluoranthene
Benzo[e]pyrene
Benzo[d,e,f]chrysene
Dibenz[a,h]anthracene
Indeno[1,2,3-c,d]pyrene
Benzo[g,h,i]perylene
Dibenzo[def,p]chrysene
Naphtho[1,2,3,4def]chrysene
Benzo[r,s,t]pentaphene
Dibenzo[b,def]chrysene

8 PAHs in
granules and
mulches used as
infill material in
Detected PAHs at
synthetic turf
least
once
in
pitches and in
single-use baby
loose form on
diapers
playgrounds and
in sport
applications

EFSA

HAP8

HAP4

Culp
et
(1988)

X

X

X

X

X

X

X

X

X

X

X
X
X
X
X

X
X
X
X
X
X

X
X

X

X
X

X
X
X
X

X

X
X
X
X

X

al.

In the Annex XV restriction reports for 8 PAHs in consumer products prepared by BAuA (BAuA
2010) and for 8 PAHs in granules and mulches used as infill material in synthetic turf pitches
and in loose form on playgrounds and in sport applications (ECHA, 2019), ECHA followed EFSAs
approach for several reasons. “As the relative concentrations of PAHs in rubber granules varies
with BaP being not detectable in all samples, it may be considered that BaP is also not a suitable
indicator for the occurrence in, and exposure to PAHs via, rubber granules. As the EFSA PAH8
group largely corresponds with the eight PAHs under current evaluation and thus are largely
included in the study of Culp et al. (1998) which was used by EFSA for BMDL-derivation for the
PAH8 marker group (EFSAs approach is followed for current evaluation of the risks for consumer
upon oral exposure). In this marker approach, the total carcinogenicity of the PAH mixtures
tested in the Culp et al. (1998) study is assumed to correspond with the PAH8 marker group.
So, it is possible to sum the exposures to the eight specified PAHs, and relate the summed
exposure to the BMDL10 for this marker group.”

B.5.1.8.5. Carcinogenicity: summary, discussion and conclusion
Animal data
In numerous animal studies, the carcinogenic effects of PAHs, as single compounds or as various
complex PAH-containing mixtures to which humans may be exposed, were examined by various
routes of exposure. Of the PAHs under evaluation, BaP is the best-studied PAH. It is carcinogenic
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by all routes tested in a number of animal species. The majority of carcinogenicity studies in
experimental animals were conducted as skin painting studies and a limited number of studies
following ingestion were available. Oral studies with pure BaP or PAH mixtures resulted in
increased tumour incidences in the gastrointestinal tract, liver, and respiratory tract in rats and
mice. Dermal exposure to relative low BaP or various PAH concentrations induced benign and
malign skin tumours in various strains of mice. It is noted that experimental data on the
combined carcinogenicity of exact these 17 PAHs under current evaluation are not available.
However, most of the 17 PAHs under current evaluation have implicitly been tested as part of
the PAH mixtures in the various studies.

Human data
No data are available on the carcinogenic effects of single PAHs in humans. Most of the human
studies have addressed the carcinogenicity of PAH mixtures with BaP as marker compound. A
considerable number of epidemiological studies have demonstrated that occupational exposure
to soot, coal tar, and other PAH-containing mixtures is carcinogenic to humans. The main route
of occupational exposure is inhalation in most industries. However, in many cases, skin exposure
represents an important route. However, interpretation and comparison of these data is partly
hampered due to differences in study design (case control versus cohort); differences in
exposure measurements; not taking into account lifestyle factors; unawareness of co-exposure;
and, incomplete data presentation. Nevertheless, despite these confounding factors, the
majority of the epidemiological data on PAH-exposed workers, especially in coke ovens and
aluminium smelters support a clear excess of lung cancer, and are highly suggestive of an excess
of bladder cancer. Skin cancer in man is well known to have occurred following exposure to
poorly refined lubricating and cutting oils .

B.5.1.9. Toxicity for reproduction
BaP is classified for effects on fertility and developmental toxicity, according to Regulation (EC)
No 1272/2008. However, the observed effects are threshold effects and it is considered that
these thresholds will be orders of magnitude higher than potential DMELs for carcinogenicity.
Data on developmental toxicity of PAH are not relevant for this dossier.
Information as presented below is taken primarily from several evaluations from the Scientific
Committee on Food (2002), WHO(1998) and EFSA (2008).
In its criteria document, the WHO discussed the reproductive toxicity of several individual PAHs,
among which benzo[d,e,f]chrysene. It was concluded that this PAH had adverse effects on
female fertility and reproduction (WHO, 1998).
According to Scientific Committee on Food evaluation (2002):
“There is limited or no evidence in animals on the reproductive toxicity of individual PAH, other
than benzo[a]pyrene and naphthalene. In oral studies, benzo[a]pyrene was without effects on
reproductive capacity in a single generation study in mice up to 133 mg/kg bw/day via the diet,
but impaired fertility was seen in the offspring of female mice given >10 mg/kg bw/day by
gavage. A NOAEL for this effect has not been established. A single, poorly reported study in the
rat, in which benzo[a]pyrene was given in the diet at a level of 1000 mg/kg diet (corresponding
to an intake of 50 mg benzo[a]pyrene/kg bw/day), reported an effect on fertility. Intraperitoneal
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administration of benzo[a]pyrene resulted in toxicity to the ovary (destruction of primordial
oocytes, reduced ovarian weight). An oral study with acenaphthene has shown reduced ovarian
weight at a high dose of 700 mg/kg bw/day.”

B.5.1.10. Other effects
Immunosuppressive effects
According to Scientific Committee on Food (2002) :
“The immunotoxicity of PAH has been known for a number of years (Malmgren et al., 1952). The
immunotoxic effect most often reported following exposure to PAH is immunosuppression. A few
reports also deal with immunopotentiation (stimulation) either in vitro or following inhalation or
topical exposure. Immunosuppression is associated with an increased susceptibility of the
exposed individuals to the development of cancers or infectious diseases, whereas
immunopotentiation results in an increased secretion of cytokines by immune cells, thus leading
to inflammation which in turn and under specific circumstances may facilitate tumour
development or expression of hypersensitivity (allergy, contact hypersensitivity) or auto
immunity (Burchiel and Luster, 2001). It should be noted that most studies on the
immunotoxicity of PAH have used parenteral administration and that most of the available data
consider only a few selected substances, benzo[a]pyrene and 7,12-dimethylbenz[a]anthracene
being most widely used.
Two main mechanisms have been suggested as promoting PAH-induced immunosuppression.
One involves the reactivity of PAH with the Ah receptor and the other their capacity to increase
the intracellular calcium concentration in immune cells possibly due to protein tyrosine kinase
activation by PAH. In any case, antigen and mitogen receptor signaling pathways are altered
leading to proliferation and/or death (apoptosis) of immune cells (Burchiel and Luster, 2001;
Near et al., 1999; Krieger et al., 1994; Davila et al., 1995; Mounho et al., 1997).”

Endocrine disruptor
DHI Water and Environment for European Commission (2007) evaluated endocrine-related
disrupting effects on humans and wildlife. This evaluation has resulted in categorisation of the
substances based on the following screening criteria : relevance of test parameter, test
reliability, dose-response relationship or indications of effect thresholds, endocrine disruption
potency, endocrine disruption structure-activity relationship, comparison with systemic toxicity.
The presence of PAHs on the following lists was also considered :
o

o

The Endocrine Disruption Exchange Inc (TEDX22): The purpose of this list is to present
chemicals for which at least one study showing an effect on the endocrine system has
been published in order to improve information for scientists, managers and the public.
As of September 2018, nearly 1,400 substances were listed as EDs on the TEDX list.
The Sin List23 (Substitute It Now). The NGO ChemSec has identified substances that meet
the criteria for Substances of Very High Concern (SVHC) as defined in the REACH

22

https://endocrinedisruption.org/interactive-tools/tedx-list-of-potential-endocrine-disruptors/search-the-tedx-list

23

http://sinlist.chemsec.org/
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regulation. Among them, 3 categories of substances are included: CMR substances,
substances that are persistent, bioaccumulative and toxic (PBT) or very persistent and
very bioaccumulative (vPvB) and substances of equivalent concern including EDs (last
update: November 2019). The inclusion of a substance on the SIN list as an ED is based
on a converging set of arguments (in vivo and/or in vitro toxicology and/or ecotoxicology
studies, the EU classification of the substance, etc.). As of November 201, 991 substances
were listed on the TEDX list ans 127 as suspected EDs.
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Table 31 : Endocrine disrupting effect of polycyclic aromatic hydrocarbons: overview of evaluations (website consulted 28/08/2020)
Chemical (CAS number)
Benzo[d,e,f]chrysene (50-32-8)
Benzo[e]pyrene (192-97-2)
Benz[a]anthracene (56-55-3)
Dibenz[a,h]anthracene (53-70-3)

CE (2007) a
Cat. 1
(cat. 1 for human health and cat. 2 for wildlife)
N
Cat. 2
(cat. 2 for Human health and cat. 2 for Wildlife)
-

TEDX list
Yes

SIN list
No

Yes
Yes

No
No

Yes

No

Benzo[e]acephenanthrylene(205Yes
No
99-2)
Benzo[j]fluoranthene (205-82-3)
Yes
No
Benzo[k]fluoranthene (207-08-9)
Yes
No
Chrysene (218-01-9)
Yes
No
Benzo[g,h,i]perylene (191-24-2)
No
No
5-methylchrysene (3697-24-3)
Yes
No
Indeno[1,2,3-cd]pyrene (193-39-5)
Yes
No
Dibenzo[def,p]chrysene (191-30-0)
Yes
No
Naphtho[1,2,3,4-def]chrysene (192Yes
No
65-4)
Benzo[r,s,t]pentaphene (189-55-9)
Yes
No
Dibenzo[b,def]chrysene (189-64-0)
Yes
No
Benzo[c]fluorine (205-12-9)
No
No
Cyclopenta[c,d]pyrene (27208-37-3)
Yes
No
- : Not studied
a Cat 1 : at least one in-vivo study providing clear evidence for endocrine disruption in an intact organism; cat. 2 : potential for endocrine disruption . Invitro data indicating potential for endocrine disruption in intact organisms. Also includes effects in-vivo that may, or may not, be ED-mediated; Cat 3a :
No scientific basis for inclusion in list; cat. 3b : substances with no or insufficient data gathered.
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B.5.1.11. Derivation of DMELs
B.5.1.11.1. Dermal DMEL
Taking into account the close contact of single-use baby diapers with the buttocks, the use of
dermal HRVs seemed appropriate. It is noted that selecting the oral study of Culp et al. (1998)
for evaluation of the dermal (systemic) route may introduce uncertainty to the risk assessment
as route-to-route extrapolation is needed. Further, it is noted that dermal (systemic) exposure
is reflected in the dose-response relationship derived from the epidemiological studies (see
section B.1.5.8.3.).
With respect to dermal-local exposure, carcinogenicity data on PAHs are available. It is noted
that ECHA’s committee (RAC) established also for the dermal-local route a dose-response
relationship for the carcinogenicity of CTPHT (ECHA 2018). This was based on an analysis of
Knafla et al. (2011) which used a mouse skin painting study with a single PAH (i.e. BaP) dissolved
in acetone (Nesnow et al., 1983) as basis to derive a dermal cancer slope factor for epidermal
tumour formation (3,5 (µg/cm²/d)-1). Also experimental data on PAH mixtures (i.e. different
soot extracts) were obtained by Nesnow et al. (1983), however the PAH-content of the PAHmixtures was not quantified.
Taking into account the unit of the DMEL and the exposure data available, using this DMEL was
not possible in the current restriction proposal. Therefore, the Dossier Submitter gives
preference to the derivation of internal DMEL from the US EPA's HRV (2017).

B.5.1.11.2. Oral DMEL
Since no appropriate HRVs/DMELs were available for this route of exposure, a search for HRVs
by the oral route was carried out. The human health endpoint of utmost concern for the PAHs is
their potential for genotoxic carcinogenicity. Carcinogenicity of PAHs will presumably be exerted
in humans and is being regarded as the critical effect for the purpose of this restriction proposal.
Given the ability to induce genotoxic effects, a non-threshold approach is applied.
Three organisations have proposed no-threshold HRVs for BaP: RIVM (2001), OEHHA (2010)
and the US EPA (2017) and two organisations for PAHs sum: RIVM (2001) and ECHA (2019)
based on EFSA’s BMDL10. RIVM proposed a virtually safe dose (VSD) of 5 ng TEQ/kg bw/day for a
risk of 10-6 established based on tumour development in several organs (the liver and
forestomach in particular) observed during a study undertaken in rats exposed to BaP by gavage
for two years.
OEHHA proposed two excess risk per unit values: one in 1993 revised in 2009 and one in 2010
as part of a report on BaP in drinking water. In the latter, OEHHA considered the key study,
selected in 1993 (Neal and Rigdon, 1967 cited in OEHHA), to be of poor quality (combined groups
of males and females were employed, the number of animals in each group was variable, BaP
administration began at different ages, and treatment occurred for different time intervals). A
more recent study, by Culp et al. (1998), was selected as the key study by OEHHA and US EPA.
OEHHA applied a traditional establishment method based on a study whereas US EPA established
several candidate HRVs:
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Table 32 : no threshold HRV proposed by US EPA

The Dossier Submitter adopted the US EPA's HRV since it was established in
accordance with high quality standards and took into account a set of consistent
studies. This HRV is considered applicable to children between the ages of zero and
three years.
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Table 33 : No threshold HRV and BMDL for BaP and PAHs sum
Organism
year
Chemical
HRV name
HRV value
critical
effect

EFSA
2008
8
PAHs
group**

0.49
0.34
0.17
mg/kg
mg/kg
mg/kg
bw/d
bw/d
bw/d
total tumour-bearing animals

OEHHA
2010

RIVM*
2001

DMEL

Oral slope factor

Oral slope factor

1.43 10-3 (μg/kg
bw/d)-1

1 (mg/kg/d)-1

2.9 (mg/kg/d)-1

Gastrointestinal
tumors
(pre-stomach, œsophagus,
tongue and larynx)

Gastrointestinal
(pre-stomach,
œsophagus)

VSD
(virtually safe dose)
5 (ng/kg/d)-1 for a risk of
10-6,
meaning
0.2
(mg/kg/d)-1
Multi-site tumors (mainly
liver and pre-stomach)

0.07
mg/kg
bw/d

tumors
tongue,

B6C3F1 mouse
2 years

Wistar rats
2 years, 5 d/week

Oral (diet ; coal tar mixtures)
/

Key study

BaP

US EPA
2017
BaP

2 PAHs

BMDL10

Species
Exposure
time
Exposure
route
Dose
descriptor,
adjustment
and
constructio
n

4
PAHs
group**
*

ECHA
2019
PAHs Sum**

BMDL10 = 0.49 Temporal and allometric
mg/kg
bw/d adjustment
then
BMD
(EFSA)
calculation
Allometric
BMD10 HED = 0.127
adjustment:
BMDL10
=
0.071
HED
applying a factor mg/kg/d
of 7 for mouse- Linear extrapolation at the
human
origine (multi stage model)
extrapolation
+ ADAF*****
Linear
extrapolation
Culp et al. (1998) ; Beland and Culp (1998)

Oral (gavage)
BMD10L95= 0.059 mg/kg/d
q1* = 1.7 (mg/kg/d)-1
ASAF**** : q1* x 1.7 = 2.9
(mg/kg/d)-1

LOAEL = 10 mg/kg pc/d
Calculation of VSD for each
tumors (liver, pre-stomach,
benign
and
malignant
tumors or only malignant
tumors and all combined
tumors) = 5-19 ng/kg bw/d

Kroese
et
al.
(2001)
supported by Culp et al.
(1998)

* RIVM proposed a VSD for PAH mixtures of 0,5 ng/kg/d for a risk of 10-6. RIVM divided the VSD calculated above for B[a]P by a factor of 10 to account for
cancer risks induced by all PAHs together. ** 8PAH for EFSA: benzo[d,e,f]chrysene, chrysene, benz[a]anthracene, benzo[b]fluoranthene,
benzo[k]fluoranthene, benzo[g,h,i]perylene, dibenz[a,h]anthracene, indeno[1,2,3-c,d]pyrene *** PAH sum for ECHA: benzo[d,e,f]chrysene, chrysene,
benz[a]anthracene, benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[j]fluoranthene, dibenz[a,h]anthracene, benzo[e]pyrene
**** ASF : Age Sensitivity Factor ; *****ADAF : Age-Dependent Adjustment Factors. The oral slope factor of 1 per mg/kg/day, calculated from data applicable
to adult exposures, do not reflect presumed early life susceptibility to this chemical.
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B.5.1.11.3. Internal DMEL
After the selection of chronic oral HRVs forno-threshold effects, corrections of HRVs will be
made using the estimation of the relative bioavailability of each substance via oral route in
order to establish the potential internal dose linked to the selected HRV. Afterward for risk
characterisation, the internal DNEL will be compared with the estimation of the daily exposure
dose (DED). This approach corresponds to a route-to-route extrapolation according to the
REACH or IGHRC Guidances (ECHA, 2012b; IGHRC, 2006). Nevertheless, an oral route to
dermal route extrapolation needs to consider the following statements: the route should not
modify the metabolic profile of the substance and only systemic adverse effects should be
considered. For PAHs, data on oral bioavailability are available and will be used to establish
an internal DNEL. The derivation of an internal DNEL was done by using absorption fractions
for the oral route of 0.3 (see section B.5.1.1.1. for details), resulting in a chronic DNEL of
3.33 (mg/kg/day)-1 for the general population. This dose-response relationship will be used
for the risk characterisation when calculating the excess cancer risk upon internel PAHexposure via contact with single-use baby diapers (as described in section B.10.).

B.5.1.11.3. Age-dependent adjustment factor (ADAF)
A complicating factor when using an animal study to calculate cancer risks for young children
is that a standard carcinogenicity study only exposes the laboratory animals to the substance
starting from the age of around 6-8 weeks. This corresponds approximately to the period of
adolescence in the case of humans. The consequence is that such a study does not provide
any information about exposure in the preceding period. In the US, OEHHA and US EPA apply
a specific factor to calculate carcinogenic risks in children (age-dependent adjustment factor
or ADAF for the US EPA, age-sensivity factor or ASF for OEHHA) (US EPA, 2005; OEHHA,
2009). The value of the ADAF should preferably be determined based on substance-specific
information; otherwise it is, by default , 10 for the 0 to 2 years old group and three for the 2
to 16 years old group. The default ADAF for people aged 16 and up is one (US EPA, 2005;
OEHHA, 2009). This factor does not apply when establishing the TRV but rather when
calculating the risk.
This issue has also been noted by the EU Scientific Committees in their evaluation of the
existing risk assessment methodologies and approaches for genotoxic carcinogens
(SCHER/SCCP/SCENIHR, 2009), though no clear decision or recommendation was presented.
EFSA (2005) has also taken this issue into consideration in their opinion on the Margin of
Exposure (MoE)-approach (EFSA, 2005) and concludes that the usual default factor for interand intra-species differences of 10×10 for non-genotoxic substances would also be relevant
for substances which are both genotoxic and carcinogenic. According to EFSA, these default
factors could be reduced or increased when appropriate chemical specific data are available.
The MOE approach does however not lead to explicit conclusions (quantitatively) about the
excess cancer risk. However, EFSA does assert that an MOE of 10,000 or higher would indicate
a ‘low concern from a public health point of view’.
When using the linear extrapolation method, it is generally assumed that applying the highto-low dosage factor results in an assessment which is sufficiently conservative to cover
intraspecies differences as well. Some doubts have been expressed on this assumption. For
example, the high-to-low dosage factor is argued to only correct for a 10 % risk in animals
to e.g. a 0.0001 % risk in animals. Recommendations have therefore been made to apply the
interspecies and intraspecies factors to carcinogenic substances by default, similarly to the
risk assessment of non-carcinogenic substances, in addition to the high-to-low dosage factor
(Slob et al., 2014). As is the case for non-carcinogenic substances, the default intraspecies
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factor of 10 should in that case be included to cover also any differences in sensitivity as a
consequence of “early-life exposure”.
However, within Europe, there is no general agreement (based on any regulatory framework,
including REACH) on how to deal with the issue of ‘early-life exposure’ in the quantitative risk
assessment of carcinogenic substances based on an animal study. However, for BaP, OEHHA
(2000) recommend to apply this factor for all carcinogens, including BaP, unless chemicalspecific data exist that could be used to make more specific adjustments to risk. Furthermore,
in 2017, US EPA chose also to apply this ADAF. “ The oral slope factor for benzo[a]pyrene is
derived with the intention that it will be paired with EPA’s relative potency factors for the
assessment of the carcinogenicity of PAH mixtures. In addition, regarding the assessment of
early life exposures, because cancer risk values calculated for benzo[a]pyrene were derived
from adult animal exposures, and because benzo[a]pyrene carcinogenicity occurs via a
mutagenic mode of action, exposures that occur during development should include the
application of ADAFs”. For these reasons, the Dossier Submitter decided to apply ADAF in the
risk calculation.

B 5.2 PCDD/Fs and PCBs
Hazards and risks of PCDDs, furans and PCBs were reviewed within various risk assessment
frameworks and by various international committees (ATSDR, 1998; ATSDR, 2000 ; ATSDR,
2004 cited in Danish EPA, 2014; Danish EPA, 2014 ; DGS, 1998 ; EFSA, 2018 ; IARC, 1997,
2016 ; INERIS, 2006; INRS, 2007, 2016 ; INSERM, 2000 ; OSAV, 2016 ; US EPA, 1992).
These reports have assessed the animal and human toxicological data on PCDDs, furans and
PCBs in detail and it’s not the goal of this dossier to redo those assessments.
Toxicokinetic (section B.5.2.1), irritation (section B.5.2.3), sensitization (section B.5.2.5),
repeated doses toxicity (section B.5.2.6), mutagenicity (section B.5.2.7), carcinogenicity
(section B.5.2.8), toxicity for reproduction (section B.5.2.9), and other effects (section
B.5.2.10) are discussed below.
Dioxins (polychlorinated dibenzodioxins or PCDDs) and furans (polychlorinated dibenzofurans
or PCDFs) will be grouped under the term PCDD/Fs and total PCBs i.e. PCB-DL and PCB-NDL
under the term PCBs.

B.5.2.1. Toxicokinetics (absorption, metabolism, distribution and
elimination)
B.5.2.1.1 Absorption
B.5.2.1.1.1 PCDD/Fs
-

Oral

According to EFSA (2018), “In mice, the fraction absorbed after a single p.o. dose of 0.1, 1
or 10 µg/kg bw TCDD ranged from 0.70 to 0.88 (Diliberto et al., 1995). In the rat, this fraction
ranged from 0.64 to 0.78 (doses of 0.05, 0.20, 0.80 or 1 µg/kg bw: Hurst et al., 2000b). In
rats, approximately 90% of a single oral dose of TCDF was absorbed (matrix: 1:1
ethanol:vegetable oil mixture; Birnbaum et al., 1980). Similarly, 70–85% absorption was
reported for a single dose of 2,3,4,7,8-PeCDF (Yoshimura et al., 1986; Brewster and
Birnbaum, 1987; Kanimura et al., 1998). In contrast, OCDD is poorly absorbed, 2–15% of a
single dose being absorbed after administration by gavage in a 1:1 ortho-dichlorobenzene:
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corn oil mixture (Birnbaum and Couture, 1988; Couture et al., 1988). In mice, the fraction
absorbed after subchronic p.o. dosing of TCDD (13 weeks/5 days per week; 0.15, 0.45, 1.5,
4.5, 15, 45, 150 and 450 ng/kg bw per day), was found to depend on the administered dose,
with highest absorption found at the two lowest doses (0.69 and 0.88, respectively) and
lowest absorption at the two highest doses (0.26 at both doses, Diliberto et al., 1995).”
EFSA (2018) evaluated the available data on oral absorption on human. Several studies are
described:
-

” Poiger and Schlatter (1986) administered an oral dose of 105 ng radiolabelled [1,6H]-2,3,7,8-TCDD to one male volunteer and concluded that more than 87% was
absorbed. Moser and McLachlan (2001) compared intake and levels in faeces from 5
volunteers with background exposure and estimated absorption to be more than 95%
for most PCDD/Fs and DL-PCBs. Lower absorption was observed for the hepta- and
especially octachlorinated PCDD/F congeners. Using a toxicokinetic model, Aylward et
al. (2005) evaluated data from four of these individuals and concluded that 95–99%
of the TCDD was absorbed. These calculations took into account the excretion of TCDD
from the body, ‘due to simple lipid partitioning from the circulation across the intestinal
lumen into fecal contents.

3

-

McLachlan (1993) determined the 12-day mass balance, i.e. the difference between
the total intake with breast milk and the excretion in the faeces, in a 19-week-old boy
for 12 PCDD/Fs and 4 DL-PCBs. TCDD, and penta- (2,3,4,7,8-PeCDF, 1,2,3,7,8PeCDD) and hexa-substituted congeners (1,2,3,4,7,8- HxCDF, 1,2,3,6,7,8-HxCDF,
2,3,4,6,7,8-HxCDF, 1,2,3,4,7,8-HxCDD, 1,2,3,6,7,8-HxCDD, 1,2,3,7,8,9-HxCDD)
showed an absorption of 90% or higher. The absorption of the two hepta congeners
(HpCDD and 1,2,3,4,6,7,8-HpCDF) and OCDD was found to be lower, i.e. 61% and
58%, and 23%, respectively.

-

Dahl et al. (1995) determined the 48-h mass-balance for seven PCDDs (TCDD, PeCDD,
1,2,3,4,7,8-HxCDD, 1,2,3,6,7,8-HxCDD, 1,2,3,7,8,9-HxCDD, HpCDD, OCDD), six
PCDFs (TCDF, 1,2,3,7,8-PeCDF, 2,3,4,7,8-PeCDF, 1,2,3,4,7,8-HxCDF, 1,2,3,6,7,8HxCDF, 1,2,3,4,6,7,8-HpCDF) and three DL-PCBs (PCB-77, -126 and -169) in four
breast fed children at 1, 2, 3 and 6 months post-partum. For all tetra-, penta- and
hexa-substituted PCDD/Fs and PCB congeners the absorption was found to be over
95%.

-

The absorption of HpCDD, 1,2,3,4,6,7,8-HpCDF and OCDD was found to be somewhat
lower (80%, 93% and 87%, respectively). Abraham et al. (1996) determined the 5day mass balance in two breastfed children at 1 and 5 months of age for TCDD, PeCDD,
2,3,4,7,8-PeCDF, 1,2,3,6,7,8-HxCDD, HpCDD, OCDD, and the sum of these PCDD/Fs
in I-TEQ. At the age of 1 month, exposure of the infants was estimated to be 82 and
106 pg I-TEQ/kg bw per day. For TCDD and the sum in I-TEQ, the absorption was
found to be ≥ 94% and ≥ 91%, respectively. The absorption of HpCDD and OCDD was
found to be lower (78% and 51%, respectively). The absorption of dietary fat was
found to be ≥ 95%. The results indicate that the absorption of dioxin-like compounds
occurs together with absorption of fat from the food.”

Based on this, the Dossier Submitter selected an oral absorption fraction of 0.87 for
PCDD/Fs which will be used for current evaluation.
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Dermal

No in vivo studies on dermal absorption have been identified in humans but a few studies are
available in animals.
-

Dermal absorption was investigated for 2,3,7,8-TCDD and 3 furans in male F344 rats
3 days after a single application under occlusion (vehicle: acetone) (Brewster et al.,
1989). Relative absorption (% administered dose) was 38.27% at 0.05 µg/kg to 17.3%
at 321 µg/kg. For each compound, a decrease in relative absorption was observed with
increasing doses, while absolute absorption (µg/kg) was non-linearly increased. At 0.1
µmol/kg (= 32 µg/kg), 49% of the administered dose of 2,3,7,8-TCDF was absorbed
through the skin and was greater than that of 2,3,4,7,8-PeCDF (34%),
1,2,3,7,8-PeCDF (25%) and 2,3,7,8-TCDD (18%). This study suggests that the
majority of these compounds remaining at the exposure site are found in the epidermis
and do not penetrate the dermis.

-

Banks and Birnbaum (1991) studied the dermal absorption rate of 2,3,7,8-TCDD for
120 hours after an application, under occlusion, of 200 pmol (111 pmol/cm² = 1
nmol/kg) to the skin of 10-week-old male F344 rats (vehicle: acetone). During the
120 hours after exposure, approximately 26 ng of 2,3,7,8-TCDD was absorbed (#40%
of the applied dose). Absorption followed first-order kinetics with a constant absorption
rate constant of 0.005 h-1. At each observation interval (1, 4, 8, 12, 24, 48, 72, and
120 hours after application), approximately 70% of the radioactivity detected on the
skin could be removed by buffering with acetone. The authors concluded that very
slow dermal absorption at low dose levels was observed.

-

The presence of sol or lipophilic agents (e.g. petroleum jelly) significantly decreases
dermal absorption of 2,3,7,8-TCDD compared with absorption of the pure substance
dissolved in solvents (Poiger and Schlatter, 1980; Shu et al., 1988). Approximately
15% of the dose was detected in the liver of rats 24 hours after dermal application of
26 ng of 2,3,7,8-TCDD in 50% methanol, 1.4% following the same dose of TCDD in
petroleum jelly and <0.05% in soil or activated charcoal (Poiger and Schlatter, 1980).

-

Shu et al. showed that dermal absorption of labelled 2,3,7,8-TCDD from soil accounted
for only 1.3% of the administered dose after 24 hours of application in male Sprague
Dawley rats (Shu et al., 1988). Dermal absorption of 2,3,7,8-TCDD after 4 hours of
contact was approximately 60% of that after 24 hours of contact.

-

Roy et al. (2008) applied 2,3,7,8-TCDD neat or in soil to rat skin in vivo and in vitro
and to human skin in vitro. Approximately 78% of a 70 ng dose of pure TCDD applied
to rat skin was absorbed after 96 hours (#33% after 8 hours). The fraction absorbed
was similar between the in vivo and in vitro rat study (#76%). For an application of
1 ppm 2,3,7,8-TCDD to soil with low organic carbon content (10 ng TCDD/10 mg
soil/cm²), the percentage of absorbed dose applied was 16.3% (rat in vivo), 7.7% (rat
in vitro) and 2.4% (human in vitro) after 96h exposure. Finally, the mean percentage
of the 1 ppm dose of TCDD in soil with high applied organic carbon content absorbed
in vitro in rats was 1% after 96h. Thus, application of 2,3,7,8-TCDD in soil reduced
the percentage of TCDD absorbed by a factor of 5 in vivo and 10 in vitro compared to
pure 2,3,7,8-TCDD. Based on in vitro tests conducted on human and rat skin, an
absorption flux of 120 ng/cm² in rats and 43 ng/cm² in humans was established.
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Three in vitro studies are available: two on human skin (Weber et al., 1991; Roy et al., 2008),
one on pig skin (Weber, 1993) and one on rat skin (Roy et al., 2008 - described above).
-

Weber et al. (1991) studied the penetration of 2,3,7,8-TCDD (6.5 and 65 ng/cm²)
through intact or stratum corneum-free human cadaver skin for 30, 100, 300 and 1000
min, using acetone as the vehicle, to simulate exposure of 2,3,7,8-TCDD as a dust or
from volatile solvent, or mineral oil to simulate industrial accident situations. In vitro,
2,3,7,8-TCDD does not easily penetrate human skin. The vehicle plays an important
role in skin penetration. Acetone allows 2,3,7,8-TCDD to penetrate strongly into the
free surface lamellae of the stratum corneum but little into the lower layers, whereas
mineral oil slows skin penetration by competing with the lipophilic constituents of the
stratum corneum. With skin without stratum corneum, the amount of 2,3,7,8-TCCD
absorbed is increased. The stratum corneum acts as a protective barrier and its
removal increases the absorption of 2,3,7,8-TCDD by other layers. For intact skin and
acetone as a vehicle, the rate of penetration into the dermis and epidermis was
between 6 and 170 pg/h/cm² while the rate of penetration into the dermis was
between 100 and 800 pg/h/cm². With mineral oil as a vehicle, the penetration rate
was 5 to 10 times lower (in the dermis: 20 to 220 pg/h/cm²; in the dermis and
epidermis: 1.4 to 18 pg/h/cm²). They also studied in vitro the dermal penetration of
2,3,7,8-TCDD on viable and non-viable pig skin, with and without stratum corneum
mimicking injured skin, by testing 2 concentrations (6.5 or 65 ng/cm²) and with
different vehicles (acetone, mineral oil) (Weber, 1993). Dermal penetration rates
ranged from 14 to 985 pg/cm²/h (0.2-1.5% of the dose/h) depending on the exposure
conditions. The percentage of absorbed dose was independent of the concentration
applied to pig skin. The dermal penetration rate was 3 times higher for skin without
stratum corneum. The use of acetone as a vehicle resulted in higher dermal
penetration rates than with mineral oil.

-

Dermal absorption in rats is age-related and appears to be higher in young rats than
in adults. Indeed, Banks et al. (1990) found that 72 hours after application of a
40 nmol dose (approximately 12.9 μg) of labelled 2,3,7,8-TCDD, percutaneous
absorption was reduced in middle-aged (36 weeks) and older (120 weeks) F344 rats
compared with young adults (10 weeks). The authors suggested a decrease in skin
blood flow between 3 and 4 months as a possible explanation for their findings. Banks
et al. studied the dermal absorption of 2,3,7,8-TCDD in Fischer 344 rats aged 3, 5, 8,
10 and 36 weeks 72 hours after application of 200 pmol 2,3,7,8-TCDD in acetone
(Banks et al., 1991). Dermal absorption was highest in 3-week-old rats (approximately
64% of the applied dose), decreased to approximately 40% of the applied dose in 5-,
8- and 10-week-old rats and decreased to approximately 22% in 36-week-old rats. In
each age group, 70-80% of the radioactivity remaining at the application site 72 hours
after dosing was eliminated using acetone buffers. Similarly, Anderson et al. (1993)
evaluated the dermal age-dependent absorption of 2,3,7,8-TCDD in 3-, 5-, 8-, 10- and
36-week-old male F344 rats. 72 hours after application, under occlusion, of a low dose
of labelled 2,3,7,8-TCDD (200 pmol = 111 pmol/cm²) (vehicle: acetone), absorption
was greatest in 3-week-old rats (#123 pmol, #64% of the administered dose,
decreased to #80 pmol (#40%) in 5-, 87- and 10-week-old rats and #45 pmol (#22%)
in 36-week-old rats. For each group, 70-80% of the radioactivity remaining at the
application site after 72 hours could be removed with acetone buffers.

Other studies and reports have investigated the dermal absorption of these substances, in
particular to estimate the percutaneous absorption of 2,3,7,8-TCDD in soil but also to study
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the transfer of PCDDs present in textiles and absorbent hygiene products such as tampons,
sanitary napkins and baby diapers (Table 34).

Table 34 : Dermal absorption of PCDDs/furans
Studies

Study models

US EPA, 1992

Percutaneous absorption of TCDD in soil:
- in vivo in rats (Poiger and Schlatter, 1980; Shu et al.,
1988)
- in vitro with human and rat skin Roy et al., 1990; US EPA,
1992)
Transfer of PCDDs from contaminated textiles to stratum
corneum in volunteers
Evaluated dermal exposure to PCDDs in absorbent hygiene
products: tampons, sanitary napkins and diapers

Klasmeier et al.,
1999
De Vito and
Schecter, 2002 ;
Ishii et al., 2014 ;
OSAV, 2016

Dermal
absorption
in human
0.1-3%

< 0.1 and
3%
3%

For single-use baby diapers, since the wood pulp used in the absorbent core is a mixture of
large organic fibres, it is likely that PCDDs are strongly bound to these fibres and therefore
not readily absorbed. De Vito and Schecter (2002) used a dermal absorption rate of 3%,
considered conservative, based on an estimate of dermal absorption from soil with low organic
content (US EPA, 1992) and a study on the transfer of substances from cotton textiles to the
skin (Klassmeier et al., 1999).
Based on all these informations, the Dossier Submitter selected an oral absorption
fraction of 0.87 %.
B.5.2.1.1.2. PCBs
In 2016, IARC published data on the toxicokinetics of PCBs, including the following syntesis
for absorption: « In humans, gastrointestinal absorption of PCBs was estimated to vary from
50% of the ingested amount to close to 100% (varying according to the number of chlorine
atoms ) and a similar situation was observed in experimental animals. Although no
quantitative data were available regarding absorption of PCBs in humans exposed by
inhalation, the levels of residues detected in individuals exposed to high concentrations of
PCBs in air suggested that inhaled PCBs are absorbed to a substantial extent. Data from
experimental animals indicated that inhalation of PCBs gives a higher uptake of PCBs than
ingestion. Studies assessing dermal exposure to commercial PCB mixtures in humans and
animals showed that this route of exposure generally results in absorption levels of between
20% and 40%, with dermal penetration varying inversely with the degree of chlorination of
the mixture administered. First-pass metabolism at the site of dermal exposure appears to
be responsible for differences in metabolism and disposition between routes of administration.
The rate of absorption and the disposition of PCBs after dermal administration may be
mediated by transdermal metabolism. »
Here are more details about oral and dermal absorption.


Oral
o

Laboratory animals
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IARC in 2016 studied the oral intake of PCBs and they selected the following studies as
relevant. “PCBs in food are absorbed from the gastrointestinal tract by simple passive diffusion
(ATSDR 2000). Studies in rats have shown that all PCB congeners are well absorbed from the
gastrointestinal tract, with > 90 % absorption of lower chlorinated congeners (Albro and
Fishbein 1972, Safe 1980, Bergman et al. 1982, Tanabe et al. 1981), and possibly lower
absorption of higher chlorinated congeners, such as octachlorobiphenyls (75 %) (Tanabe et
al. 1981). The reduced absorption of highly chlorinated PCBs is consistent with the data on
PCDDs, and probably arises from the inability of these compounds to form a molecular solution
in the contents of the gut lumen. Factors such as dietary lipids and bile salts might enhance
the extent of absorption, which probably involves incorporation into chylomicrons and uptake
via the lymphatic system. The positive influence of bile has been shown by comparing normal
and bile canulated rats treated with PCB (Bergman et al. 1982).”
o

Human

The Danish EPA (2014) studied the oral intake of PCBs and they selected the following study
as relevant.”Absorption of NDL-PCBs in a nursing infant was estimated to be 96-98 % for the
main congeners present in human milk based on the difference between the amount ingested
and the unabsorbed PCBs excreted in the faeces (McLachlan 1993). Any variable that
influences mobilisation of the PCB body burden, such as fasting, would alter the extent of
faecal elimination of the pre-existing body burden.Precise estimates of the oral bioavailability
of PCB residues in soil are not available (ATSDR 2004).”
In 2016, IARC identified two oral absorption studies, presented below.
“The absorption of polychlorinated biphenyls (PCBs) was studied in four breastfed infants in
Sweden by Dahl et al. (1995). Absorption was measured by comparing the estimated total
intake and the excretion in faeces for 48 hours, at 1, 2, and 3 months postpartum. The
concentrations of 56 congeners in maternal milk were determined. For tetrachlorosubstituted
to octachlorosubstituted congeners, absorption was found to be close to 100%, while
absorption of trichlorinated congeners was 60–98%, probably due to the low levels at which
they were present and ensuing analytical difficulties in detection. Another possible explanation
could be metabolism of the trichlorinated congener.
The gastrointestinal absorption of 10 congeners from food was investigated using a mass
balance approach in seven individuals aged 24–81 years with different contaminant body
burdens (Schlummer et al., 1998). The difference between ingested and excreted amounts
of the chlorinated compounds was defined as net absorption. Nearly complete net absorption
was observed for PCB-28, PCB-52, PCB-77, PCB-101, and PCB-126. Absorption of PCB-105,
PCB-138, PCB-153, and PCB-180 was > 60% in most volunteers, but limited absorption was
observed in the three older subjects. In all cases, absorption of PCB-202 was < 52%”.
As for PCDD/Fs, the PCBs’ oral absorption fraction of 0.87 was selected.


Dermal
o Laboratory animals

Several studies investigating dermal absorption are summarized in ATSDR (2000):
“In a related study, Wester et al. (1990, 1993) assessed the in vivo percutaneous absorption
of PCBs in adult female Rhesus monkeys. 14C-Labeled Aroclor 1242 and 1254 were separately
administered iv and topically to Rhesus monkeys and urinary and fecal excretion of
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radioactivity was measured for the next 30 days. Following iv administration, the 30-day
cumulative excretion was 55% of the administered dose (39% urine, 16% feces) for Aroclor
1242 and 27% (7% urine, 20% feces) for Aroclor 1254. The percentage of the dose absorbed
following topical administration to abdominal skin (after light clipping of hair) was estimated
from the ratio of the total urinary and fecal excretion following topical and iv administration.
Topical administration of Aroclor 1242 in soil, mineral oil, trichlorobenzene, or acetone
resulted in 14, 20, 18, and 21% absorption of the administered dose, respectively. In contrast
to the above in vitro results with human skin, the vehicle had little effect on the systemic
absorption of the PCBs applied to the skin of monkeys. This may be due to the uncertain
viability of the human skin used in the in vitro studies and the fact that the in vitro study
primarily assessed retention of PCBs in human skin and could not estimate systemic
absorption.
The effectiveness of methods for decontaminating or removing Aroclor 1242 from Rhesus
monkey skin was also investigated by Wester et al. (1990). Use of soap and water was similar
in effectiveness to washing with trichlorobenzene, mineral oil, or ethanol. At 15 minutes
following dermal exposure, 93% of the applied dose was removed from skin by washing with
soap and water. At 24 hours following dermal exposure, only 26% of the dose was removed
from skin by washing with soap and water, suggesting that with time, most of the PCB dose
undergoes systemic absorption and/or retention in the skin. Thus, washing with soap and
water is an effective method for removing PCBs from skin, particularly when washing
immediately following a known dermal exposure.
Dermal absorption of PCBs has been measured in monkeys and guinea pigs by comparing
excretion following topical administration to excretion following parenteral administration.
Single doses of 14C-labeled PCBs (42% chlorine content) in benzene/hexane were applied to
the abdominal skin of four Rhesus monkeys and to the lightly clipped skin behind the ear of
three guinea pigs (Wester et al. 1983). To an additional group of three guinea pigs, PCB with
54% chlorine content was applied. The application amount ranged between 4.1 and 19.3
µg/cm2 skin. The application sites were washed with water and acetone after 24 hours, and
radioactivity was monitored in the urine for several weeks postdosing. Absorption efficiency
ranged from .15 to 34% of the applied radioactivity in the monkeys and averaged .33% (42%
chlorine) and 56% (54% chlorine) of the applied radioactivity in the guinea pigs. Washing the
skin immediately after PCB application removed 59% of the applied dose. However, only 1%
of the applied label from the PCB containing 42% chlorine and 20% of the label from the PCB
containing 54% chlorine could be recovered from the application site when the skin was
washed 24 hours after dosing. Dermal absorption of PCBs (48% chlorine) has also been
demonstrated in rats (Nishizumi 1976); however, quantitative data were not provided.
Dermal penetration rate constants have been measured in male Fischer 344 rats after single
0.4 mg/kg dermal doses of 14C mono-, di-, tetra-, and hexachlorobiphenyls applied for 48
hours to shaved back skin (Garner and Matthews 1998). Congeners used were 4chlorobiphenyl (PCB 3), 4,4’-dichlorobiphenyl (PCB 15), 2,2’,4,4’-tetraCB (PCB 47), and
2,2’,4,4’,6,6’-hexaCB (PCB 155). Penetration rate and degree of penetration (defined as
penetration through the stratum corneum into the viable epidermis) were inversely related to
degree of chlorination. Rate constants for penetration were 0.14, 0.074, 0.028, and 0.0058
hour-1 for the mono-, di-, tetra-, and hexachlorinated forms, respectively. Rate constants
correlated strongly with the logarithm of the octanol-water partition coefficient. Jackson et al.
(1993) also reported a strong inverse correlation between octanol-water partition coefficient
estimates and the dermal absorption of several halogenated aromatic hydrocarbons, including
3,3',4,4'-tetraCB (PCB 77). Cumulative penetration at 48 hours was near 100% for the mono, 95% for the di-, 75% for the tetra-, and 30% for the hexachlorinated forms. Absorption of
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the tetra- and hexachlorinated forms continued after washing the site with acetone at 48
hours, indicating that the viable epidermis served as a reservoir for these higher chlorinated
forms. The rate of systemic absorption of radioactivity was kinetically complex and not a firstorder process like penetration into the skin. This may be due to metabolism and partitioning
within the skin.
The dermal absorption of 14C-3,3',4,4'-tetraCB (PCB 77) and 2,2',4,4',5,5'-tetraCB (PCB 153)
in female F344 rats was assessed under conditions where the PCB was applied as either a
solid, aqueous paste, aqueous suspension, or dissolved in ethanol (Hughes et al. 1992). The
chemicals were applied to the clipped mid-dorsal region of the rat. The treatment area was
then occluded, and urine and feces were collected and analyzed for radioactivity. At 24-hours
postexposure, the treatment area was washed with soap and water, recovering 61–91% of
PCB 77 and 81–92% of PCB 153. The percentage of the dose absorbed ranged from 6 to 8%
for PCB 77 and from 5 to 8% for PCB 153, while the treated skin retained from 3 to 31% of
the PCB 77 and from 3 to 12% of the PCB 153. Although significantly greater absorption of
PCB 153 was observed when administered as a solid, compared to using the ethanol vehicle,
the remainder of the results indicate that the dermal absorption of PCBs 77 and 153 was
similar even when the PCBs were applied in four different physical forms.”
o

Human

According to ATSDR (2000), « experimental data on the percutaneous absorption of PCBs in
humans is limited to in vitro studies thatused human cadaver skin (Wester et al. 1990, 1993).
These studies utilized 14C-labeled Aroclor 1242 and 1254 (mixtures containing 42 or 54%
chlorine by mass) in soil, mineral oil, and water. Over a 24-hour period, 2.6, 10, and 43% of
the dose was retained in human skin when the Aroclor 1242 was formulated in soil, mineral
oil, or water, respectively. Similar results were observed with Aroclor 1254, with 1.6, 6.4, and
44.3% of the dose retained in human skin, following PCB exposure in a soil, mineral oil, or
water vehicle, respectively. The in vitro data indicate that PCBs readily enter human skin and
are available for systemic absorption, and that the dosing vehicle has a major role in
regulating the relative retention of PCBs in human skin. »

B.5.2.1.2 Distribution
B.5.2.1.2.1 PCDD/Fs
In organs and blood, a large of PCDD/Fs are linked to lipoproteins. Data observed in humans
and animals show that PCDD/Fs pass easily through the gastrointestinal wall and are
transported by proteins to organs and tissues. Because of their lipophilic nature, these
molecules accumulate preferentially in the liver and fatty tissue. Thus, the distribution depend
on the fat content of the different tissues and but depend also on their concentration of
cytochromes P450. The more chlorinated the PCDDs are, the more they bind to CYP450.
Mechanisms of sequestration and excretion can induce considerable variation in the
concentration of cellular targets, partly explaining the variation in sensitivity between species
(Afssa, 2005).
In humans, the metabolism of 2,3,7,8-TCDD by CYPs may not be significant at the
concentrations usually encountered, and it’s the lipid content of the tissues which determines
its distribution (INSERM, 2000).
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Placental passage is easy: the concentrations measured in the mother and child at birth are
very similar (INRS, 2016).
B.5.2.1.2.2 PCBs
In 2016, IARC published data on the toxicokinetics of PCBs, including the following syntesis
for distribution: « PCBs are lipophilic compounds that are preferentially retained and may
accumulate in adipose tissue and lipid-rich tissues. » In decreasing order, we observe a
distribution in the adipose tissues, then in the skin, the liver and the gall bladder, the muscles,
and finally the blood where they are transported by lipoproteins (Cornu, 2012). « A few
studies mentioned substantial retention of certain congeners in the lung and spleen in mice
and rats, respectively. The pattern of congeners observed in tissues of humans or
experimental animals does not correspond to the congener profiles of PCB formulations. The
major PCB components in the plasma and adipose tissue of occupationally exposed individuals
are the hexa- and heptachlorobiphenyls. PCB congeners with chlorine atoms in the para
positions are generally found at relatively high concentrations, while PCBs with unsubstituted
meta, para positions on at least one ring are present at lower concentrations. The most
abundant congeners found in adipose tissue, plasma, and liver are 2,2′,3,4,4′,5′hexachlorobiphenyl
(PCB-138),
2,2′,4,4′,5,5′-hexachlorobiphenyl
(PCB-153)
and
2,2′,3,4,4′,5,5′-heptachlorobiphenyl (PCB-180). PCBs have been found to cross the blood–
brain barrier, and data from humans and experimental animals provided clear evidence for
the transplacental passage of these chemicals. Metabolites of PCBs, including hydroxylated
PCBs and methylsulfone PCBs, are also known to distribute to various tissues. » In addition,
because of its high fat content, breast milk also concentrates PCBs: the average total PCB
content is 0.5 to 1.5 mg/kg of breast milk lipid (Cornu, 2012).

B.5.2.1.3 Metabolism
B.5.2.1.3.1. PCDD/Fs
PCDDs are poorly metabolized (dechlorination, oxidation, glutathione conjugation, then
sulpho and glucuroconjugations) (INRS, 2016). PCDDs behave similarly in animal and human
organisms. Toxicokinetic differences between PCDDs and between species seem to arise
mainly from variability in fat affinity, metabolism rate, solubility in the vehicle of
administration or adsorption to environmental matrices (INERIS, 2006). The metabolism of
2,3,7,8-TCDD occurs via oxidation and dechlorination reactions. The main metabolite
obtained is 2-hydroxy-3,7,8-trichlorodibenzo-p-dioxin (2-hydroxy-3,7,8-TrCDD) (INSERM,
2000).
The biotransformation of PCDD/Fs dépends on the chlorine substitution pattern in the
molecule. Metabolic reactions include oxidation and reductive dechlorination, involving arene
oxide intermediates and NIH-shifts as well as breakage of the oxygen bounds. Substitution of
the 2,3,7 and 8 positions by chlorines strongly reduces the metabolic conversion rate. In the
2,3,7,8-substituted PCDF molecule, the 4 and 6 positions are more susceptible toward
metabolic attack than the 1 and 9 positions. As a result, PCDFs with chlorines on the 4 and 6
positions are highly persistent in organism (Van den berg et al., 1994).
These congeners tend to be very resistant to metabolism, as these positions are also
preferentially oxidized by the cytochrome P450 system, most likely by the CYP1A enzymes.
Because of the stress on the furan ring, PCDFs are more susceptible to biochemical
degradation than PCDDs. In addition, the positions adjacent to the oxygen bridge in the PCDF
molecule (position 4 and 6) are more sensitive to metabolic attack than those in the PCDD
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molecule (Van den berg et al., 1998). PCDFs, which are more readily metabolized, are more
easily degraded and therefore probably less accumulated than PCDDs.
B.5.2.1.3.2. PCBs
In 2016, IARC published data on the toxicokinetics of PCBs, including the following syntesis
for metabolism. « Individual PCB congeners differ greatly in the ease with which they are
metabolized in humans and animals. Congeners with four or fewer chlorines and those with
adjacent unsubstituted meta,para positions are metabolized more readily than those with
more than four chlorines and with substituents at meta,para ring positions. The initial step in
the biotransformation of all PCB congeners is cytochrome P450 (CYP)dependent monooxygenation. Readily metabolized congeners can be converted to potentially electrophilic and
genotoxic metabolites of PCBs, arene oxides, and quinones. Quinones arise from
dihydroxylated PCB metabolites through the action of peroxidases or prostaglandin
endoperoxide synthase. The other major pathway of metabolism of PCBs is conversion of an
arene oxide metabolite to a glutathione conjugate. The glutathione conjugate is then
converted either to the excreted non-toxic mercapturic acid, or to the generally poorly
excreted methyl sulfone metabolite. »

B.5.2.1.4 Elimination
B.5.2.1.4.1. PCDD/Fs
PCDD/Fs elimination is mostly biliary. The elimination half-life for PCDD/Fs averages 7-8 years
in adults (range 2-12 years). Toxicokinetic analysis of human data indicates that the
elimination half-life is approximately 8.5 years for occupational cohorts and 15.5 years for
the general population (Van der Molen, 1996 and 2000). This half-life varies widely among
individuals, with elimination half-lives for 2,3,7,8-TCDD ranging from 2 years (in children) to
at least 30 years (in older adults). The half-life is therefore highly dependent on age, but also
on other individual factors, probably related to diet (independent of PCDD intake), adiposity
and variability in metabolism from one individual to another (INSERM, 2000).
Milk excretion is important the concentration of PCDD/Fs is approximately constant in the lipid
fraction of all tissues and body fluids in a single individual and milk is rich in lipids (INRS
2016). During lactation, the mothers' stock of 2,3,7,8-TCDD decreases but this is transferred
to the child (INSERM, 2000).
B.5.2.1.4.2. PCBs
In 2016 IARC published data on the toxicokinetics of PCBs, including the following syntesis
for elimination. « Highly chlorinated congeners persist in the body, with half-lives averaging
about 8–15 years ; the half-lives of less chlorinated PCBs are distinctly shorter. In addition,
PCB halflives vary according to species, being longer in humans than in experimental animals,
including monkeys. PCBs are mainly excreted via the faeces, while urine usually represents a
minor route of excretion. Faecal excretion concerns not only unabsorbed PCBs, but also the
excretion of biliary metabolites in the intestine. The proportion as well as the rate of
elimination in the excreta depends on the type of mixture or congener and the route of
exposure. Excretion profiles, and metabolite profiles in excreta, were different after
administration of a dermal dose of PCBs when compared with an equivalent intravenous dose.
In addition to hydroxylated and dihydroxylated PCBs, the corresponding glucuronide and
sulfate conjugates, as well as mercapturic acids, have also been characterized in the urine.
Lactation is also a major route of excretion of PCBs in animals and humans. Minor routes of
91

excretion such as elimination through the intestinal wall in the gastrointestinal tract or via the
skin may also occur. »

B.5.2.2. Acute toxicity
Not relevant for this dossier.

B.5.2.3. Irritation


PCDD/Fs

There is no European harmonised classification for PCDDs, only a self-classification (2,3,7,8TCDD as Eye Irrit. 2 - H319). However, a Japanese classification exists. The
Chemical Management Center (CMC) of Japan National Institute of Technology and Evaluation
(NITE) had classified 2,3,7,8-TCDD with Serious eye damage/eye irritation - Category 2A-2B
but also Skin corrosion/irritation - Category 2.
1,2,3,6,7,8 HxCDD, 1,2,3,4,6,7,8 HpCDD, 2,3,4,6,7,8 HxCDF, 1,2,3,4,6,7,8 HpCDF are selfclassified as Eye irrit 2 – H319.


PCBs

PCBs cause several types of irritation. Brief skin contact causes local irritation; repeated or
prolonged contact may result in skin damage. In case of occupational exposure to PCBs, brief
skin contact does not cause any abnormalities other than possible local irritation. In the case
of repeated or prolonged contact, the following disorders may be observed: skin disorders
(chloracne, pigmentation, skin thickening and nail discoloration, "eczematous rashes"). There
may also be signs of eye irritation and conjunctivitis but also and respiratory if inhaled (INRS
2007). However, no classification has been established.

B.5.2.4. Corrosivity
Not relevant for this restriction proposal.

B.5.2.5. Sensitisation
No harmonised classification has been established.

B.5.2.6. Repeated dosed toxicity
In order to compare the toxicity of a mixture of congeners, the concept of TEQ based on
different toxic equivalency factors (TEFs) was introduced. The EFSA report explains it as
follows: “The concept assumes that the relevant PCDD/Fs and DL-PCBs bind to the
intracellular aryl hydrocarbon receptor (AhR) and cause the same type of AhR-mediated
biochemical and adverse effects. Another important requirement of the TEQ concept is the
persistence and accumulation of the compounds in the body. Moreover, it is assumed that the
effects are purely additive. By deﬁnition, TCDD, as the most toxic congener, was assigned a
value of 1, and the TEFs for the other 16 toxic PCDD/Fs with 2,3,7,8-chlorine substitution and
12 DL-PCBs are between 0.00003 and 1. Thus, a TEF indicates an order of magnitude estimate
of the potency of a dioxin-like compound relative to TCDD. TEF values have been (re)evaluated several times taking into account the multiple endpoints with priority on in vivo
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responses (e.g.immunosuppression, hepatotoxicity and fetotoxicity) known to be affected by
PCDD/Fs and DL-PCBs (EFSA, 2018) (see figure 16 in Annex B.9.2.3)”.
The choice of values for HRVs is based mostly on animal studies. Critical effects are mainly
based on impaired fertility, hormonal changes or hepatic effects. We will therefore review in
the chronic toxicity only studies on hepatic effects, the other critical effects impacting rather
mostly the reprotoxicity.
In terms of hazard, the properties of PCDDs and PCDFs are qualitatively similar, and
quantitatively PCDFs are slightly less toxic than PCDDs for the same number of chlorine atoms
as shown by their TEF (a factor of 10 below) (WHO, 2005).
The choice of values for HRVs is based mostly on animal studies. Critical effects are mainly
based on impaired fertility, hormonal changes or hepatic effects. We will therefore review in
the chronic toxicity only studies on hepatic effects, the other critical effects impacting rather
mostly the reprotoxicity.


PCDD/Fs

The toxic effects of PCDD/Fs are relatively similar. Indeed, comparative data on PCDDs and
PCDFs show common effects (ATSDR 1994 for PCDFs; ATSDR, 1998 for PCDDs ; EFSA, 2018;
OEHHA, 1999; INERIS, 2006 for both of them). Their toxic effects are detailed below.
Data is available for comparing the link capacities at the AhR and thus the activities of PCDDs
and PCDFs (PCDFs would have a lower binding capacity than PCDDs).
« Convincing data for the importance of the receptor in TCDD-induced toxicity could be based
on structure activity relationships, i.e., that the binding affinities of TCDD and other PCDDs
or PCDFs to the receptor correlate with their biological potencies. The binding affinities of
PCDDs and PCDFs have been demonstrated to correlate with their biological potencies,
particularly the induction of enzyme activities as well as the production of acute toxic effects
(Poland & Kende,1976; Poland et al., 1976; Knutson & Poland, 1982). Furthermore, the
structure-activity relationships observed for enzyme induction, thymic atrophy, body weight
loss, and LD50 values were comparable to the structure-activity relationships observed for
receptor binding (Bandiera et al., 1984a,b; Mason et al., 1985, 1986; Sawyer & Safe, 1985;
Safe et al., 1986). Interactive studies, i.e., studies where PCDD and PCDF congeners have
been given both separately and as mixtures, have also been used to investigate the role of
the Ah receptor in the mechanism of action of TCDD” (WHO, 1989).


Laboratory animals

In 2006, INERIS published a toxicological and environmental data sheet on dioxins. The
following chronic toxicology studies are included. A chronic toxicity study (Kociba et al., 1978),
is cited and was used for the selection of HRVs based on the critical liver effects. This study
was conducted in rats, groups of 50 males and 50 females were exposed to 2,3,7,8-TCDD via
the diet at doses of 1, 10 or 100 ng/kg/day for 2 years. A group of 86 males and 86 females
served as controls. At 100 ng/kg/day, various effects were noted (excluding carcinogenic
effects), including increased mortality, weight loss, increased excretion of urinary porphyrins
and delta aminolevulinic acid, increased serum activity of liver enzymes (γ-GT, alkaline
phosphatase, etc.). Histopathological changes were found in the liver, lymphoid, lung and
vascular tissues. Proliferation of granular endoplasmic reticulum was detected in the liver. At
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10 ng/kg/d, the effects were less, with liver and lung damage still present. The dose of
1 ng/kg/d produced no detectable toxic effects.
EFSA (2018) and OEHHA (1999) published information on the chronic toxicity of the family
dioxin, furan, PCB-DL which confirms the study selected by INERIS (2006). Here's the
information we could extract from it:
-

Hepatic disorders “with induction of hyperplasia and hypertrophy of liver parenchymal
cells. Morphological and biochemical changes in the liver include increased SGOT and
SGPT, induction of microsomal monooxygenases and proliferation of the smooth
endoplasmic reticulum, porphyria, increased regenerative DNA synthesis,
hyperlipidemia,
hyperbilirubinemia,
hyperchloesterolemia,
hyperproteinemia,
degenerative and necrotic changes, mononuclear cell infiltration, multinucleated giant
hepatocytes, increased numbers of mitotic figures, and parenchymal cell necrosis” (US
EPA, 1994d; WHO/IPCS, 1989 cited in OEHHA, 1999).

-

Epithelial effects “seen include chloracne (rabbit ear and the hairless mouse) (Jones
and Krizek, 1962; Schwetz et al., 1973) and hyperplasia and/or metaplasia of gastric
mucosa, intestinal mucosa, the urinary tract, the bile duct and the gall bladder” (US
EPA 1994 cited in OEHHA, 1999).

-

« TCDD and other dioxin like PCDDs and PCDFs are potent suppressors of both cellular
and humoral immune system function, characteristically producing thymic involution
at low doses and involution of other lymphoid tissues at higher doses (US EPA, 1994
cited in OEHHA, 1999). »

In 2001, Jamsa et al. reported bone effects found in the study of Viluksela et al. (2000). A
signiﬁcant reduction of bone growth was seen at 10 ng/kg bw per day (p < 0.01) in the LongEvans rats, while in Han Wistar rats the effect of TCDD was seen only at the high dose of
1,000 ng/kg bw per day (p < 0.05).


Humans

The toxicity of PCDD/Fs has been the subject of numerous studies. The toxicity of these
compounds has been extensively demonstrated at high doses in many animal species. In
humans, numerous epidemiological studies have been conducted in industrial environments,
particularly following contamination accidents, including Seveso. However, the uncertainties
in the assessment of the health risk associated with dioxins remain significant, in particular
with regard to the effects of prolonged exposure to low levels.
The effects presented below are drawn from the conclusions held by EFSA in 2018, OEHHA in
1999 and INERIS in 2006.
-

Dermatological effects: Chloracne is often observed in accidental situations, but cases
of chloracne have also been reported among workers involved in the daily production
of products contaminated with 2,3,7,8-TCDD (Suskind and Hertzberg, 1984).
Chloracne caused by PCDD/Fs is now considered to be the most reliable and speciﬁc
indicator of toxicity in humans but epidemiological data available for 2,3,7,8-TCDD
have not allowed a determination of the threshold dose required for production of
chloracne (US EPA, 1994b) and thus is not appropriate in risk assessment. According
to OEHHA (1999), “Chloracne is a persistent condition, which is characterized by
comedones, keratin cysts and inflamed papules and is seen after acute and chronic
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exposure to various chlorinated aromatic compounds (Moses and Prioleau, 1985).
Other dermal effects include hyperpigmentation and hirsutism or hypertrichosis
(Jirasek et al., 1974; Goldman, 1972; Suskind et al., 1953; Ashe and Suskind, 1950).”
-

Hepatic effects: Five studies were found comparing blood PCDD/F levels of
occupational or accidental exposed cohorts and potential non-cancer hepatic and
digestive disorders or abnormal function in the EFSA report. Based on these studies it
was concluded that there is no evidence for an association of hepatic or digestive
diseases with prolonged accidental or occupational exposure to PCDD/Fs.

-

Neuropsychic effects: There are numerous reports associating acute or chronic
exposure to 2,3,7,8-TCDD with headache, insomnia, nervousness, irritability,
depression, anxiety, loss of libido, encephalopathy. There are reports of persistent
symptoms. No association was found between exposure to 2,3,7,8-TCDD and
depression in the NIOSH study (Roegner et al., 1991; Alderfer et al., 1992).

-

Thyroid function: EFSA (2018) concluded that from studies reporting high exposure
(resulting from accidental exposure or incidents) to TCDD or PCDD/F and DL-PCBTEQs there is insufﬁcient evidence for an association with thyroid function/disease in
adults. The study by Baccarelli et al. (2008) in highly exposed children from Seveso
provides relatively strong support for a causal association between prenatal exposure
to TCDD and increased neonatal blood TSH concentration, indicating possible
subclinical hypothyroidism. However, EFSA indicates that the association has only
been demonstrated at high exposure since most studies of low-moderate exposure to
PCDD/Fs and DL-PCBs (resulting from background exposure) in newborns or children
do not suggest any adverse effects on thyroid function in children.

-

Metabolic effects (Type 2 diabetes and obesity): the currently available studies on
diabetes and obesity are inconclusive and cannot be used as a basis for a risk
assessment according to EFSA (2018).

-

Immunological effects: Some studies analyze the effects on the immune system when
exposed to PCDD/Fs and DL-PCBs in adolescence or adulthood. However, the results
differ between studies and a consistent link seems difficult to make. Therefore, no
association has been established at this time.

-

Cardiovascular effects and blood lipid levels: The increased cardiovascular risk from
exposure to TCDD has only been demonstrated at very high exposure, much higher
than blood concentrations resulting from exposure at the present TWI of 14 pg TEQ/kg
bw per week. Studies at lower doses are inconsistent and do not support an association
between exposure to these substances and increased cardiovascular risk.

-

Effects on teeth and bone: The effect of this family of substances has been studied in
three different population groups (Seveso, Helsinki, Yucheng). Childhood exposure to
TCDD and/or other PCDD/Fs was dose-relatedly associated with tooth enamel
hypomineralisation or enamel defects. Hypomineralisation has mainly been shown in
permanent teeth and is likely to be a postnatal effect. Hypomineralisation weakens the
enamel and is adverse as it increases the risk of caries and impaired tooth health later
in life. One cohort in EFSA report indicated limited evidence for some changes in bone
parameters and noted that observations at a later age might be more sensitive for
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assessing possible associations between early life TCDD exposure and measures such
as bone strength.
The different forms of toxicity of TCDD are well known, in contrast to its mechanisms
of toxicity. The toxicity of 2,3,7,8-TCDD in humans is currently established for the
dermatological effects and many other suspicious links are increasingly being
studied, particularly for: hepatic, neuropsychic, metabolic, immunological and teeth
and bone effects but also for cardiovascular effects and blood lipid levels and
modification of thyroid function.


PCBs

There are few data on responsibility for the type of PCB (dioxin-like or non-dioxin-like) in the
toxic effects reported. The toxicity of PCBs is mainly linked to the long-term accumulation in
the body of these compounds (INVS, 2009).
-

According ATSDR (2000), “hepatotoxic effects commonly induced in laboratory
animals exposed to commercial PCB mixtures include increased serum levels of liver
enzymes indicative of hepatocellular damage (e.g., AST and ALT), serum and tissue
biochemical changes indicative of liver dysfunction (e.g., altered levels of lipids,
cholesterol, porphyrins, and vitamin A), and histopathologic changes (particularly fat
deposition), fibrosis, and necrosis. Intermediate- and chronic-duration oral studies
have shown hepatotoxic effects in monkeys that include fatty degeneration,
hepatocellular necrosis, and hypertrophic and hyperplastic changes in the bile duct at
oral doses of PCBs as low as 0.1–0.2 mg/kg/day (Aroclor 1254 or 1248).” According
to IARC (2016) pre-neoplastic liver damage may also be induced.

-

PCBs could affect the immune system, by reducing the immune response, especially
in children exposed in utero and during breastfeeding (ATSDR, 2011; Institut National
de Santé Publique du Québec, 2006). According to IARC (2016) “the limited data
available for human exposure suggested that PCBs may cause immunosuppression.
PCBs can affect an impressive number of immune parameters that include changes in
bone-marrow cellularity; shifts in T-lymphocyte subsets and function; thymus and
spleen atrophy, which correlate strongly with humoral and cell-mediated
immunosuppression; reduced resistance to microbial infection; and a compromised
immune-surveillance mechanism. Alterations in the immune system and
immunotoxicity were also reported after PCB exposure during prenatal or early life.
The effects on the immune system were shown to persist in children at a later age.
The severity of effects correlated with PCB concentrations in the children’s blood, or
with those in maternal blood during pregnancy and lactation. Similar results were
obtained in experimental animals.”

-

Effects on bone mineral density : According to ATSDR (2011), “the sum of the three
most abundant non-dioxin-like PCBs (PCB-138, PCB-153, PCB-180) was positively
associated with bone mineral density, but not with a decreased risk of low bone mineral
density. In females, PCB-118 was positively associated with bone mineral density, but
this congener did not influence the risk of low bone mineral density in women (Hodgson
et al., 2008)”.

-

PCBs could increase the frequency of respiratory infections such as chronic bronchitis
(ATSDR, 2000).
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-

PCBs could promote the appearance of type 2 diabetes (ATSDR, 2011) and
neurodegenerative diseases (Parkinson's disease, dementia, etc.) (ATSDR, 2011).

-

PCBs could also cause chloracne and other dermal alterations. “Chloracne generally
appears in individuals with serum PCB concentrations that are 10–20 times higher than
those of the general population, but there is large variability between individuals. At
birth, children exposed in utero during food poisoning incidents had increased rates of
hyperpigmentation, eyelid swelling and discharge, deformed nails, and acne,
compared with controls. Long-term oral administration of relatively low doses of PCBs
to rhesus monkeys resulted in dermal alterations similar to those observed in humans
exposed at high concentrations. Offspring from monkeys exposed during gestation and
nursed by exposed mothers also developed dermal alterations after a few weeks of
suckling. Rodents also develop skin alterations, but only after high exposures to PCBs.
Exposure of normal human melanocytes to TCDD resulted in activation of the aryl
hydrocarbon receptor signalling pathway, an aryl hydrocarbon receptor-dependent
induction of tyrosinase and – as a consequence – an elevated total melanin content.
These effects were due to the induction of expression of tyrosinase and tyrosinaserelated protein 2 genes. Thus, the aryl hydrocarbon receptor is able to modulate
melanogenesis by controlling the expression of melanogenic genes. This lends
biological plausibility to the epidemiological findings of increased risks of melanoma of
the skin after exposure to PCBs” (IARC, 2016).

-

According to ATSDR (2000) “ocular effects including hypersecretion of the Meibomian
glands, abnormal pigmentation of the conjunctiva, and swollen eyelids have also been
observed in humans occupationally exposed to PCBs. These ocular alterations almost
always accompany chloracne. Ocular effects may continue to appear after exposure
has ceased, possibly as a result of accumulation of the causative agent in skin adipose.
Chronic duration oral exposure studies in monkeys showed that adverse dermal and
ocular effects can occur at dose levels as low as 0.005 mg/kg/day.”

-

Inflammation mechanisms may also be associated with PCB exposure. “In in-vivo
studies in mice, it has been reported that PCB-77, PCB-104, and PCB-153 are
associated with inflammation in target organs since they induced the production of
specific inflammatory mediators, including intercellular adhesion molecules (e.g. ICAM,
VCAM-1, MCP-1) in the liver, lungs, and brain. In vitro, PCB-153 may induce
expression of several pro-inflammatory cytokines through NF-κB pathway inhibitor.
Several PCB congeners and mixtures, including Aroclor 1242 and PCB-47, interfere
with O2– elimination by suppressing the activity of superoxide dismutase which
converts O2– to H2O2. Non-dioxin-like PCBs are capable of stimulating neutrophil O2–
production, while dioxin- like congeners with a high affinity for the aryl hydrocarbon
receptor do not activate neutrophils to produce O2– and may inhibit this response.
Certain congeners (PCB-77, PCB-114, PCB-126, and PCB-169) disrupted the normal
functions of the vascular endothelium, thus allowing increased transfer of albumin
across endothelial monolayers. The same congeners enhanced oxidative stress,
increased production of interleukin-6 by endothelial cells, increased the levels of
intracellular calcium, increased the activity of cytochrome P450 1A, enhanced
expression of the adhesion molecule VCAM-1, and decreased levels of vitamin E in the
culture medium. In contrast, PCB-153 did not have an effect on cellular oxidation or
on endothelial barrier function” (IARC, 2016).
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B.5.2.7. Mutagenicity
Dioxins and PCBs haven’t harmonised classification for mutagenicity.


PCDD/Fs

Genotoxicity was studied in the EFSA (2018) report on the dioxin and furans. Here is the
information it contains. “The genotoxicity of TCDD has been studied intensively over the last
ﬁve decades. The evidence for the direct genotoxicity of TCDD is negative or equivocal for a
large array of in vitro and in vivo endpoints (Giri, 1986; IARC, 1997; ATSDR, 1998; NTP,
2006a; Budins ky et al., 2014). These include aneuploidy, chromosomal aberrations, DNA
damage, dominant lethal mutation, gene mutation, micronuclei, mitotic recombination and
gene conversion, sister chromatid exchange (SCE) and cell transformation. Studies have
shown induction of oxidative stress-related DNA damage by high-dose acute exposure to
TCDD. It is hypothesised that TCDD-mediated persistent activation of AhR may be responsible
for inducing oxidative stress and associated indirect genotoxicity (NTP, 2006a). Few studies
have recently addressed the potential genotoxicity of PCDD/Fs. In an interlaboratory
comparison of TCDD among ﬁve laboratories, no signiﬁcant increase in the induction of
micronuclei formation was detected in human peripheral blood cells exposed in vitro (Katic et
al., 2010). In vivo, no increase in mutation frequency or change in mutational spectra was
observed after 6 weeks of exposure to 2 μg TCDD/kg bw twice a week for 6 weeks, in both
male and female Big Blue® lacI transgenic rats (Thornton et al., 2001).”


PCBs

“The results of in vitro and in vivo genotoxicity studies are generally negative and indicate
that commercial PCB mixtures are not potent genotoxicants. Although PCBs have been found
to be generally inactive as mutagens in S. typhimurium strains and in several other tests of
genotoxicity that may be predictive of tumor initiation activity, in vitro studies with rat
microsomes have indicated that metabolism of lower chlorinated congeners can lead to
covalently modified macromolecules including proteins and DNA (Hayes 1987; Robertson and
Gupta 2000; Silberhorn et al. 1990). Therefore, although the available dataindicate that PCBs
are not potent genotoxicants, there is some experimental support for the possible
involvement of genotoxic mechanisms in the development of PCB-induced cancer” (ATSDR,
2000). There is a lack of data about levels or even occurrence of individual PCB congeners in
publications on the genotoxic effects of PCBs in humans. Only a few recent studies had
analysed a very small number of congeners - some DL-PCBs and two NDL-PCBs (PCB-153
and PCB-209, respectively hexa and decachlorinated) and calculated correlations with
biological effects.
-

PCB-77 caused DNA damage to human peripheral lymphocytes at the highest dose
tested as assessed by the Comet assay but was signiﬁcantly less potent than the nondioxin-like congener PCB-52 (Sandal et al., 2008 cited in EFSA, 2018).

-

PCB-126 (125,250 or 500 lg/kg) during pregnancy doesn’t increase the frequency of
mutations in vivo transgenic transgenerational mutagenicity assay using Muta (M) in
mice (single doses: 125,250 or 500 lg/kg) (Inomata et al., 2009 cited in EFSA, 2018).
However, according to IARC (2016), “a dose-dependent increase in DNA-adduct
formation – resulting from lipid peroxidation or oxidative damage of the DNA backbone
– has been reported in rats exposed to PCB-126 in the long-term. Thus, a genotoxic
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mechanism, probably via generation of reactive oxygen species, seems to contribute
to the mode of action of PCB-126.”
-

“Statistically positive correlations were found between serum concentration of PCB118 and formation of micronuclei and DNA strand breaks (comet assay) in peripheral
lymphocyte” (IARC, 2016).

-

“PCB-3 causes mutation in vitro and in vivo. However, metabolic activation to
electrophilic species, i.e. quinones, is required, as shown by direct testing of PCB-3
metabolites for gene mutagenicity in vitro. The experimental evidence overall
suggested that both DNA-adduct formation and generation of reactive oxygen species
must be considered equally plausible modes of action” (IARC, 2016).

-

PCB-153 induced structural chromosomal aberrations in human lymphocytes and a
statistically significant dose-dependent increase in the frequency of micronucleus
formation in human breast epithelial MCF-10A cells and in human hepatocarcinoma
Hep-G2 cells (IARC, 2016).

-

PCB-209 (heavily chlorinated) did not induce mutations at the thymidine kinase locus
in mouse lymphoma cells ; it did not increase micronucleus formation in bone marrow
cells of male and female mice given a single oral and high dose (2000 mg/kg bw)
(IARC, 2016) .

B.5.2.8. Carcinogenicity


PCDD/Fs

2,3,7,8-TCDD is classified since 1997 group 1 by the IARC and other dioxins belong to group
3 mainly based on studies in workers who have been exposed to industrial accidents and on
evidence of carcinogenicity in animals. According to IARC many epidemiological studies have
been carried out on the health effects of emissions from older generation household waste
incinerators. The effects of chronic exposures observed in occupationally exposed workers or
the effects of accidental poisoning would suggest that exposure to TCDD is associated with
an increased risk of all types of cancer in humans. The three human cancer sites for which an
association was most often found in the studies are: lung cancer, non-Hodgkin's lymphoma
(NHL) and soft tissue sarcoma (STS) (Baan, 2009). The liver is also a particular target for
dioxin carcinogenicity.
The WHO concluded in 2001 that the carcinogenicity of 2,3,7,8-TCDD was not related to
mutagenic effects or DNA binding and that carcinogenic effects were observed at doses higher
than those for other toxic effects. The Commission considered that the mechanisms of
carcinogenesis involving the AHR (arylhydrocarbon receptor) suggest an effect threshold for
carcinogenicity. The main mechanism is the promotion of tumor development via the
activation of cellular replication and the alteration of cellular senescence and apoptosis. IARC
also considers a secondary mechanism related to the increase of oxidative stress resulting in
DNA damage. Therefore, the WHO concluded that the establishment of a threshold HRV based
on non-carcinogenic effects also protects the population from the effects of carcinogens
(WHO, 2001). In the circular of 11 June 1998, the Directorate General for Health also
considered that dioxins were not genotoxic and that the mechanism of carcinogenesis had an
effect threshold (DGS, 1998).
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In 2012, IARC concludes that the carcinogenic mechanism of TCDD is valid for all dioxins,
furans and DL-PCBs and detailed this mechanism of action. “There is strong evidence to
support a receptor mediated mechanism of action for TCDD associated carcinogenesis in
humans where the primary mechanism is the promotion of tumour development through the
activation of cellular replication and the alteration in cellular senescence and apoptosis.
Dioxin, through activation of an array of metabolic enzymes also increases the risk for
oxidative stress, which serves as an indirect initiator of carcinogenesis. These events make
dioxin a complete carcinogen. The conservation of the AhR and the related signalling pathways
across species strongly support this mechanism in humans. The receptor-mediated
mechanism of action for TCDD-associated carcinogenesis in humans is strongly suggested as
the mechanism of action that would result in 2,3,4,7,8-PeCDF and PCB 126 causing cancer in
humans. The primary mechanism is the promotion of carcinogenesis through the activation
of cellular replication and the alteration in cellular senescence and apoptosis through the arylhydrocarbon receptor (AhR). These congeners, through activation of an array of metabolic
enzymes, increase the risk for oxidative stress as an indirect initiator of carcinogenesis, which
makes these congeners complete carcinogens. The conservation of the AhR and the related
signalling pathways across species strongly support this mechanism of action in humans.
There is compelling evidence that the mechanism of action for TCDD-associated
carcinogenesis in humans operates as the mechanism of action for carcinogenesis in humans
for
1,2,3,7,8-PeCDD,
1,2,3,4,7,8-HxCDD,
1,2,3,6,7,8HxCDD,
1,2,3,7,8,9-HxCDD,
1,2,3,4,6,7,8HpCDD,
OCDD,
2,3,7,8-TCDF,
1,2,3,7,8-PeCDF,
1,2,3,4,7,8-HxCDF,
1,2,3,6,7,8-HxCDF,
1,2,3,7,8,9-HxCDF,
2,3,4,6,7,8-HxCDF,
1,2,3,4,6,7,8-HpCDF,
1,2,3,4,7,8,9-HpCDF, OCDF and PCBs 77, 81, 105, 114, 118, 123, 156, 157, 167, 169, and
189. These compounds all bind to the AhR in human cells and demonstrate changes in gene
expression consistent with those seen for TCDD and 2,3,4,7,8-PeCDF. The secondary
mechanism relate to activation of cell replication, alterations in cellular senescence and
apoptosis, and increases in oxidative stress causing DNA damage.”
2,3,4,7,8-Pentachlorodibenzofuran is classified since 2012 group 1 by the IARC. The other
furans in the family are classified as group 3.


PCBs


Laboratory animals

According to IARC (2016), « There is sufficient evidence in experimental animals for the
carcinogenicity of PCB-126, PCB-118, Aroclor 1260, Aroclor 1254, and Kanechlor 500. There
is limited evidence in experimental animals for the carcinogenicity of PCB-153, 4′-OH-PCB30, 4′OH-PCB-61, Aroclor 1242, Aroclor 1016, Clophen A30, and Clophen A60. There is
inadequate evidence in experimental animals for the carcinogenicity of PCB-138, Kanechlor
300, and Kanechlor 400. Congeners for which there is sufficient evidence in experimental
animals for carcinogenicity (PCB-126 and PCB-118) are agonists of the aryl hydrocarbon
receptor and exhibit dioxin-like properties. Commercial mixtures for which there is sufficient
evidence in experimental animals for carcinogenicity are highly chlorinated and are known to
include aryl-hydrocarbon receptor agonists that exhibit dioxin-like properties, as well as
agonists of the constitutive androstane receptor. The commercial mixtures for which there is
limited evidence in experimental animals generally have a low degree of chlorination, but are
also known to contain congeners that are agonists of the aryl hydrocarbon and/or constitutive
androstane receptors. The relative contributions of the different congeners (dioxin-like and
non-dioxin-like) to the carcinogenicity of the commercial mixtures is not known. »
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Humans

On the basis of sufficient evidence of carcinogenicity in humans and experimental animals,
the IARC Working Group classified PCBs as carcinogenic to humans (Group 1) in 2013. DLPCBs were classified in Group 1 on the basis of extensive evidence of an AhR-mediated
mechanism of carcinogenesis that is identical to that of 2,3,7,8-TCDD, and sufficient evidence
of carcinogenicity in experimental animals. These informations are reinforced by the IARC in
2016: « There is sufficient evidence in humans for the carcinogenicity of polychlorinated
biphenyls (PCBs). PCBs cause malignant melanoma. Positive associations have been observed
for non-Hodgkin lymphoma and cancer of the breast. Others locations of cancers have been
investigated in some studies. There were positive findings for cancer of the prostate and brain
in several studies, but null findings in others. Other cancers with sporadic positive findings
were those of the liver and biliary tract, extrahepatic biliary tract, lung and respiratory tract,
thyroid, stomach, pancreas, colon and rectum, urothelial organs, uterus and ovary combined,
as well as childhood acute lymphatic leukaemia, and multiple myeloma. There is strong
evidence to support a receptor-mediated mechanism for carcinogenesis associated with
dioxin-like PCBs in humans, based upon demonstration of carcinogenicity in experimental
animals and upon extensive proof of activity identical to 2,3,7,8-tetrachlorodibenzo-paradioxin (TCDD) for every step of the mechanism described for TCDD-associated carcinogenesis
in humans, including receptor binding, gene expression, protein-activity changes, cellular
replication, oxidative stress, promotion in initiation– promotion studies and complete
carcinogenesis in experimental animals. According to the WHO, (2016), DL-PCBs with Toxicity
Equivalent Factor (TEF) (PCB-77, PCB-81, PCB-105, PCB-114, PCB-118, PCB-123, PCB-126,
PCB-169, PCB-156, PCB-157, PCB-167, PCB-189) are considered to be carcinogenic to
humans (Group 1) in 2016. However, the carcinogenicity of PCBs cannot be attributed solely
to the carcinogenicity of the dioxin-like PCBs. »
Indeed, « non-dioxin-like PCBs induce many of their effects via multiple aryl hydrocarbon
receptor-independent mechanisms, including activation of the constitutive androstane or
pregnane X receptors, and perturbations in cell–cell communication and cell adhesion. Nondioxin-like PCBs induce production of reactive oxygen species, activation of NF-κB
transcription factors, and suppression of plasma membrane proteins, constituents of gap,
adherens, and tight junctions, all of which may play a significant role in tumour promotion
and progression. A series of non-dioxin-like PCBs, including less chlorinated congeners (e.g.
PCB-18, PCB-47, PCB-52, and PCB-74), environmentally abundant congeners (e.g. PCB-138
and PCB-153), and hydroxylated metabolites, such as 3′,4′-di(OH)PCB-5, 4-OH-PCB-109 (4OH-2,3,3′,4′,5-pentaCB), and 4-OH-PCB-187, inhibited gap junction intercellular
communication in rat liver epithelial cells. A mixture of seven non-dioxin-like PCBs (PCB-28,
PCB-52, PCB-101, PCB-138, PCB-153, PCB-180, and PCB-209) induced production of reactive
oxygen species and cell motility in human breast cancer cells. Both the dioxin-like congener
PCB-126, and the non-dioxin-like congeners PCB-118 and PCB-153 disrupted the expression
of cytosolic scaffold proteins of tight junctions in brain endothelial cells in mice. Expression of
anti-apoptotic Bcl2 gene in a short-term study in female rat liver, to decrease apoptotic index
and to suppress the levels of gap junction and adherens junction proteins (connexin 43, βcatenin, E-cadherin) in rat liver epithelial cells. PCB-28, PCB-101, PCB-153, and also PCB-187
(to a lesser extent) suppressed apoptosis in rat hepatocytes and human hepatoma HepG2
cells” (IARC, 2016).
On this basis, PCDD/Fs and DL-PCBs were considered carcinogens. Caution should
be taken because the carcinogenicity of PCBs cannot be attributed solely to the
carcinogenicity of DL-PCBs. Indeed, NDL-PCBs may play a significant role in tumour
promotion and progression.
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B.5.2.9. Toxicity for reproduction
In 2003, Afsse declared that reproductive and developmental effects of dioxins, furans and
PCBs have been the subject of conflicting results and cannot be considered formally
demonstrated in the current state of knowledge. Despite increasing evidence of an association
between exposure to these substances and reproductive effects, at the present time, there is
still no classification by ECHA or US EPA is available. On the other hand, TCDD was classified
as Category 1B reprotoxic by the Chemical Management Center of Japan National Institute of
Technology and Evaluation. The reprotoxic effects found are detailed below.


PCDD/Fs

Several studies suggest that PCDD/Fs have reproductive toxicity. EFSA in 2018 and INERIS
in 2006 have described a number of these effects. Here, only the impact of these substances
on fertility. Other impacts related to reprotoxicity may occur during in utero exposure. We'll
just quickly mention them: teratogenic effects and miscarriage have been reported, changes
in birth weight, changes in sex ratio and puberty development, behavioural disorders and also
immunoteratoly have been reported (INERIS, 2006).
Based on various epidemiological studies available EFSA (2018) and INERIS (2006) tend to
conclude that fertility is declining.



Male: “Sperm abnormalities have been found upon exposure to these substances. For
exemple, a study among boys/men from the Russian Children’s Study, reported that
high serum TCDD concentrations at age 8–9 years were associated with impaired
semen quality later in life (Mınguez-Alarcon et al., 2017). The study also showed
signiﬁcant associations for PCDD-TEQs, but not for PCDF-TEQs, DL-PCB-TEQs or total
TEQs (based on WHO2005-TEFs). Strong associations were also found between
exposure to TCDD during infancy/prepuberty and altered sperm quality in the Seveso
population (Mocarelli et al., 2008, 2011). The evidence from these studies suggests
that there may be a postnatal period of sensitivity that might expand into puberty.
Significant disturbance of testosterone levels was also found”.



Female: “Endometriosis cases have been reported from exposure to dioxin through
an increase of Ah receptors and CYP1A2 in endometriosis tissues in vitro”. (EFSA,
2018)

These observations and the fact that AhR activation may induce the estrogen signalling
pathways make TCDD a possible endocrine disruptor (Sorg et al., 2014).



PCBs

According to Danish EPA (2014): “oral studies with animals provide conclusive evidence for
reproductive toxicity of commercial PCB mixtures. In females of various species, effects
include oestrus changes and reduced implantation rate in adult rats and/or their offspring,
decreased conception in mice, and menstrual alterations and decreased fertility in monkeys.
There is limited evidence for reproductive effects in male adult animals whereas marked
effects on morphology and production of sperm, and on fertility have been noted in male
offspring of rats exposed to relatively high doses of Aroclor 1254 during gestation and
lactation”.
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As for dioxins and furans, impacts related to reprotoxicity may occur during in utero exposure.
It should be noted that effects such as neurobehaviour alterations, neurological effects
(abnormal reflexes and deficits in memory, learning, and IQ) depressed serum levels of T4
and T3, reduced birth weight and postnatal weight gain were found children born to mothers
exposed to PCBs (ATSDR, 2000).
According to ATSDR (2000) “limited data indicate that menstrual disturbances in women and
effects on sperm morphology and production, which are effects that can result in difficulty in
a couple conceiving, may be associated with exposure to PCBs. Overall, the studies of
reproductive end points in humans are limited; however, the weight of the existing human
and animal data suggests that PCBs present a potential reproductive hazard to humans. In a
small number of occupationally exposed women, there was no apparent effect of Aroclors
1254, 1242, and/or 1016 on mean number of pregnancies. A study of the general population
found that blood PCB levels were higher in women who had repeated miscarriages, but levels
of other organochlorine compounds were also elevated. Studies that examined reproductive
end points in women whose diets contained Great Lakes fish found suggestive evidence that
consumption of the fish may be associated with a slightly shorter length of menstrual cycle
and reduced fecundability among couples attempting pregnancy, but not with increased risk
of conception delay. The slight decreases in menstrual length seen in this population were
considered of unknown clinical relevance. Menstrual cycle changes (altered intervals,
duration, and flow) have also been observed in women exposed to higher doses of PCBs
during the Yusho poisoning incident. However, another general population study did not find
an association between endometriosis or increased risk for spontaneous fetal death and
concentrations of PCBs in the blood.
The ability of PCBs to cause reproductive effects in males is less clear-cut than in females.
Sperm counts, fertility history, and testicular examinations were normal in workers who were
exposed to Aroclor PCBs for several years. However, analysis of semen showed that increasing
concentrations of some individual congeners, but not total PCBs, were associated with
decreasing sperm motility in infertile men.”

B.5.2.10. Other effects
Endocrine disruptive effects
As for PAH, an overview of endocrine-related disrupting effects for PCDD/Fs and PCBs was
done based on DHI Water and Environment for European Commission (2007) and the
presence of dioxins/furans and PCBs on the following lists: The Endocrine Disruption Exchange
Inc (TEDX), and the Sin List (Substitute It Now) (Tables 35 and 36).



PCDD/Fs

According to OEHHA (2008) « TCDD exposure results in endocrine like effects including
epidermal growth factor like effects such as early eye opening and incisor eruption in the
mouse neonate (Madhukar et al., 1984), glucocorticoid like effects such as involution of
lymphoid tissues (U.S. EPA, 1994g; Sunahara et al., 1989), alteration in thyroid hormone
levels and in some cases thyroid hormone like effects (WHO/IPCS, 1989; Rozman et al.,
1984), decreases in serum testosterone and dihydrotestosterone (Mittler et al., 1984; Keys
et al., 1985; Moore and Peterson, 1985), and changes in arachidonic acid metabolism and
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prostaglandin synthesis (Quilley and Rifkind, 1986; Rifkind et al., 1990). TCDD is known to
decrease hepatic vitamin A storage (Thunberg et al., 1979)”.

Table 35: Endocrine disrupting effect of dioxins/furans: overview of evaluations
Chemical
Dibenzo-p-dioxines
2,3,7,8 TCDD
1,2,3,6,7,8 HxCDD
1,2,3,4,7,8-HpCDD
OCDD
2,3,7,8 TCDF
1,2,3,7,8 PeCDF
2,3,4,7,8 PeCDF
1,2,3,4,7,8 HxCDF
1,2,3,6,7,8 HxCDF
2,3,4,6,7,8 HxCDF
1,2,3,4,6,7,8 HpCDF
1,2,3,4,7,8,9 HpCDF
OCDF
- : Not studied



CAS
number
262-12-4
1746-01-6
57653-85-7
35822-46-9
3268-87-9
51207-31-9
57117-41-6
57117-31-4
70648-26-9
57117-44-9
60851-34-5
67562-39-4
55673-89-7
39001-02-0

CE (2007)
1 (human health)
1 (human health)
-

TEDX
List
No
Yes
No
No
No
Yes
Yes
Yes
Yes
Yes
Yes
No
No
No

SIN
List
No
No
No
No
No
No
No
No
No
No
No
No
No
No

PCBs

According to IARC (2016) “population-based studies in men and women have shown an
inverse correlation between serum concentrations of PCBs and circulating testosterone,
including testosterone bound to sex-hormone-binding globulin. Studies on mother–infant
pairs showed an inverse relationship between indicator PCBs and testosterone in female
infants, which was statistically significant with the mono-ortho congeners PCB-105 and PCB118, while male infants showed a stronger reduction in estradiol with higher serum
concentrations of PCBs. In studies on extracts of PCBs from human serum, higher serum PCB
concentrations correlated with lower activities of the estrogen, androgen, and aryl
hydrocarbon receptors. The observed inverse trend between dioxin- like PCBs and activities
of the aryl hydrocarbon and estrogen receptors suggests that these compounds have antiestrogenic activity. In cultured cells, highly chlorinated congeners generally act as antiestrogens and their hydroxylated metabolites are more active than the parent compound. In
contrast, less chlorinated PCBs and their hydroxylated metabolites are generally estrogenic,
and their potency is dependent upon ortho chlorination and para hydroxylation; estrogenic
activities of the hydroxylated metabolites of less chlorinated PCBs were reported to be
additive. Studies with cultured cells demonstrated that some PCBs are androgen-receptor
antagonists, the anti-androgenic effects of dioxin-like PCBs being more pronounced than
those of ortho- substituted PCBs. This antagonism has been associated in humans with several
factors related to an increased risk of cancer of the testis. In population-based studies, an
inverse correlation was also reported between total serum PCBs and triiodothyronine,
thyroxine, and thyroid-stimulating hormone. For hydroxylated PCBs, a positive correlation
was found with free thyroxin in umbilical cord tissue of fetuses after in-utero exposure.
Studies in rats demonstrated that hydroxylated PCBs that bind to the thyroid receptor act as
agonists to the thyroid hormone; one metabolite even displayed a higher binding affinity than
does thyroxine, the natural ligand. PCBs with chlorines in the ortho position only have
significant binding affinity for the transport protein transthyretin. Hydroxylated PCBs may
cross the placental barrier, probably through binding to transthyretin, thus causing a
reduction of total and free thyroxine concentrations in fetal plasma and brain. Moreover, preand postnatal exposure to PCBs and their hydroxylated metabolites can interfere with the
thyroid-hormone system, which may lead to a decrease in levels of thyroid hormone.
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Disturbance of thyroxine-binding to transthyretin by PCB metabolites and increased
glucuronidation causes a reduction in serum thyroxine concentrations in Aroclor 1254exposed rats. The interference of PCBs with the thyroid system in vitro as well as in animals
corroborates the effects observed in human population studies. The effects of PCBs on
thyroid-hormone function, metabolism and transport may increase the risk for toxicity and
pre-cancerous processes. In a study that considered 10 different mechanisms to establish invitro toxicity profiles for 24 PCB congeners, hierarchical cluster analysis showed that 7
indicator PCBs contributed most to the anti-androgenic, (anti)estrogenic, and anti-thyroidal
effects of PCBs reported to be present in human samples.”

Table 36: Endocrine disrupting effect of PCBs: overview of evaluations
Chemicals

CAS number

CE (2007)

PCB
PCB 81
PCB 77
PCB 123
PCB 118

1336-36-3
70362-50-4
32598-13-3
65510-44-3

1 (human health)
1 (human health and
wildlife)
2 (human health)
1 (human health)
-

PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB
- : Not studied

31508-00-6

114
105
126
167
156
157
169
189

74472-37-0
32598-14-4
57465-28-8
52663-72-6
38380-08-4
69782-90-7
32774-16-6
39635-31-9

TEDX
List

SIN List

No
Yes
Yes
Yes
Yes

No
No
No
No
No

Yes
Yes
Yes
No
Yes
No
Yes
No

No
No
No
No
No
No
No
No

Toxicity Mediated by Epigenetic Mechanisms
Patrizi et al. review (2018) is focus on the recent literature dealing with epigenetic
mechanisms induced by 2,3,7,8-TCDD, considering three main epigenetic mechanisms: DNA
methylation, histone modifications and non-coding RNAs (ncRNAs) (Table 37, Table 38,Table
39). Here is a summary of the effects they found.

Table 37: Summary of the recent papers dealing with new insights in TCDD-induced epigenetic
Methylation/Demethylation of target genes (from Patrizi et al., 2018)
Model
Activated T cells
from
C57BL/6
mice
Jcl:ICR
mice
embryos
Palate tissue of
fetal C57BL/6J
mice
Zebrafish
embryos

Target
Genes
Foxp3 and
IL-17
H19
IGF2

and

DNMT3a

cfos
ahrra

and

Epigenetic Mechanism: DNA
Methylation/Demethylation
Dymethylation of CpGs of Foxp3
promoter; Hypermethylation of IL-17
promoter.
Hypermethylation of CpGs of H19 and
IGF2 promoters; Over-expression of
DNMT.
Dymethylation of CpGs in DNMT3a
promoter; Over-expression of DNMT3a.
Hypermethylation of CG dinucleotides of
cfos and ahrra promoters; Up-regulation
of
dnmt1
and
dnmt3b2;
Downregulation
of
dnmt3a1,
dnmt3b1,
dnmt3b2.

Refs.
Singh et
(2011)

al.

Wu
et
(2004)

al.

Wang et
(2017)

al.

Aluru et
(2015)

al.
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Adult
C57BL/6
mice Liver

Cyp1a

Demethylation of CpGs of Cyp1a1
promoter;
Cyp1a1
transcriptional
activation.

Amenya et al.
(2016)

Table 38: Summary of the recent papers dealing with new insights in TCDD-induced epigenetic
histone(from Patrizi et al., 2018)
Model
Human
breast
cancer
MCF-7
and
human
hepatic
cancer
HepG2 cell lines
Human prostate
cell line RWPE-1

Fetal
C57BL/6J

mice

Hepatocytes
isolated
from
AhR-wild
type
and
AhR-null
mice
Cultured C57BL6
mouse primary
hepatocytes

Target
Genes
CYP1A1
and
CYP1B1

CYP1A1

TGF-β3

RB1

PADI2 and
CPS1

Epigenetic Mechanism: Histone
Modification
Promoters of CYP1A1 and CYP1B1 of
MCF-7 and HepG2 cell lines: Acetylation
of Histone H3 (Lys 9 and Lys 14);
Trimethylation
of
Histone
H3;
Acetylation of Histone H4 (Lys 4)
Acetylation of histone H3 and H4 in
CYP1A1 promoter; Histone acetylation
upstream the regulatory elements of
CYP1A1 gene
Increased TGF-β3 gene expression;
Hyperacetylation of Histone H3; Upregulation of HAT activity
Over-expression of HDAC8; Decreased
expression of Rb1 tumor suppressor.

Homocitrullination by CPS1 of Lys 34 of
histone H1; Enhanced expression of
PADI protein with consequent histone
H3 citrullination.

Refs.
Beedanagari et
al. (2010)

Okino et
(2006)

al.

Yuan
et
(2016)

al

Wang et
(2017)

al.

Joshi
et
(2015)

al.

Table 39 : Summary of the recent papers dealing with new insights in the role of ncRNAs in mediating
TCDD toxicity (from Patrizi et al., 2018)
Model
Kunming
embryos

MCF-7
Jurkat cells

mice

and

WT, L-E, H/W,
AhR-null mices
and mouse Hep

Fetuses Thymic
cells
(C57BL/6
mice)

Target
Genes
IGF2

CYP1B1

CYP17a1,
CYP7a1,
Thrsp,
Scd1,
Tgfbp1i4
CYP1A1

Epigenetic Mechanism: Non-Coding
RNAs
Lower expression levels of lncRNA H19
in
TCDD-treated
mice
between
gestation
days
13.5
and
15.5,
associated with augmented expression
of IGF2 (on days 13.5 and 15.5); Higher
expression levels of lncRNA H19 on
gestation day 14.5 associated with a
strong reduction of IGF2 expression.
The expression of miRNA-27b strongly
regulates the expression of CYP1B1
protein in cancerous cells and tissues.
Very little effects in lowering levels of
few miRNA (101a, 138, 203, 361, 498,
542-5p), but especially miRNA 122a.

Down-regulation of miRNAs 27a, 28, 29,
182, 203, 290, 31, 101b, and 335.

Refs.
Gao
et
(2016)

al.

Tsuchiya et al.
(2006)
Moffat et
(2007)

al.

Singh et
(2012)

al.
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B.5.12.11. Derivation of DNEL(s)/DMEL(s)


Oral

Taking into account the close contact of single-use baby diapers with the buttocks, the use of
dermal HRVs seemed appropriate. However, since no HRVs were available for this route of
exposure, a search for HRVs by the oral route was carried out.
Several organisations propose no-threshold oral HRVs for dioxins, or DL-PCBs.

Table 40 : No threshold HRVs for PCDD/Fs and DL-PCBs
Chemicals (CAS
Number)
2,3,7,8-TCDD and
related compounds
(1746-01-6)
1,2,3,6,7,8 HxCDD
(57653-85-7)
1,2,3,7,8,9 HxCDD
(19408-74-3)

PCBs

US EPA

OEHHA*

/

Oral slope factor: 1,3.105 (mg/kg/day)-1
Critical effect: Liver cancer
Evaluation date: 2011
Oral slope factor: 1.3.104 (mg/kg/day)-1
Critical effect: Liver cancer
Evaluation date: 2011
Oral slope factor: 1,3.104 (mg/kg/day)-1
Critical effect: Liver cancer
Evaluation date: 2011
Oral slope factor: 2 (mg/kg/day)-1
Choice of the US EPA oral slope factor (US
EPA, 1996)

Oral
slope
factor:
6.2.103 (mg/kg/day)-1
Critical effect: Liver
Evaluation date: 1987

Oral slope factor: 2
(mg/kg/day)-1
Critical effect: Liver
tumors
Evaluation date: 1996

* OEHHA propose oral slope factor for congeners of PCDDs, PCDFs and PCBs by applying the WHO 2005
TEF.

However, JECFA considered in 2001, that dioxins, furans and DL-PCBs carcinogenic effects
are not linked to mutagenic effect or to ADN bindings and are observed for higher doses than
for other toxic effects. So JECFA concluded that a threshold exists for all the effects including
the carcinogenic ones. Indeed, TCDD was not directly genotoxic and its carcinogenic activity
is probably due to a long half-life (7.2 years), in particular in humans, causing an important
activation of the Ah receptor (arylhydrocarbon receptor) (IARC, 2012).
So IARC concluded in a carcinogenic mechanism in humans mediated by a receptor. The main
mechanism is the promotion of tumor development via the activation of cellular replication
and the alteration of cellular senescence and apoptosis. IARC also considers a secondary
mechanism related to the increase of oxidative stress resulting in DNA damage. In 2012, IARC
also evaluated 1,3,4,7,8-PeCDF and PCB126 and also considered a receptor-mediated
carcinogenesis mechanism based on carcinogenic effects observed in animals and extensive
evidence identical activity with TCDD. IARC also concludes that the carcinogenic mechanism
of TCDD is valid for all dioxins, furans and DL-PCBs.
On this basis, dioxins, furans and DL-PCBs were considered as threshold carcinogens.
Therefore, only chronic threshold HRVs were selected.
Ten organisations and one publication propose chronic threshold HRVs for dioxins, furans
and/or DL-PCBs, or only for the leader for this class, 2,3,7,8-TCDD. The construction of these
HRVs is described in the above table. All of the HRVs, except that of the US EPA and EFSA
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values, were based on animal studies. According to R8 guidance (ECHA, 2012),
epidemiological data should be favoured over animal data.
US EPA and EFSA values are based on different epidemiological studies. All these studies have
explored the association between organochlorine compounds during childhood exposures and
semen parameters in young men. These studies indicate that exposure to organochlorine
compounds during childhood is associated with decreased sperm concentration in adulthood.
US EPA used studies from the Seveso cohort (Mocarelli, 2008; Bacarelli, 2008) to derive the
HRV, while the recent EFSA HRV value has been derived from an ongoing prospective study
on Russian children (Mínguez-Alarcón et al., 2017). This study has several advantages
compared to the first one. Even the studies were comparable in the methods or in size; the
study used by EFSA group had a narrow age range (8 – 9 years followed for up to ten years)
compared to the studies used by US EPA were adjustments for age were done. The Russian
children’s study use measurement of not only TCDD concentration but also PCDD/Fs and DLPCBs. The collection and analysis of semen seems to be technically more reliable. The main
disadvantage, according to EFSA, of the Seveso study is the reference group which is less
comparable with men from Seveso.
The Dossier Submitter adopted the EFSA's HRV since it was recent, described clearly and
transparently, and established based on epidemiological studies.
The EFSA's HRV covers long-term effects on spermatogenesis linked to exposure from
childhood. This HRV is considered applicable to children between the ages of zero and three
years, on the basis of the suggestion that exposures of immature testes to organochloride
compounds interfere with their maturations and in the spermatogenesis.
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Table 41 : Chronic oral threshold chronic HRVs for PCDD/Fs and DL-PCBs
Organism

Health
Canad
a

ATSDR

Year

1990

1998

Chemical
s

TCDD

TCDD

HRV
name

ADI

MRL

HRV
value

10
pg/kg/
d

1
pg/kg/d

OMS

SCF*

JECFA

2008

2009

2012

TCDD

TCDD

TCDD

HRV

provisi
onnal
TDI
2.10-9
mg
TEQ/kg
/d

OEHHA

2000
Dioxins and
DL
compounds

2001

Dioxins, furans and DL-PCBs

TCDD

TDI

THD

REL

1
to
pg/kg/d

4

critical
effect

Reprod
uction
(fertilit
y, litter
size,
fetal
resorpti
on,
organs
functio
n)

Altered
social
behaviou
r
in
young

Species

SD
Rats

Rhesus
monkeys

Rats, in the
offsprings : ↓
sperm
count,
immunosup
pression, ↑
genital
malformatio
ns.
Monkeys:
endométrios
is
or
neurobiologi
c
effects
(learning of
the object)
in
the
offspring
Rats and
monkeys

Exposure
time

3
generat
ions

During
mating,
gestatio

In utero
Perinatal or
4 years

2002

Simon et
al.
reviewed
by ITER
2009

DMTP

14 pg/kg/ week
(2 pg/kg/d)

70 pg/kg/months
2,33 pg TEQ/kg/d

Reprot
oxicity
(↓
anogen
ital
distanc
e
in
males
pups)

Reproto
xicity (↓
sperm
producti
on and
altered
sexual
behavio
ur
in
males
pups)

Effects on the
male
reproductive
system

Holzma
n rats
Single
exposu
reat
GD15

Wistar
rats
Before
and
during
mating,

Wistar
rats
Before
and
during
mating

Holtzm
an rats
Single
xposur
e
at
GD15

10 pg/kg/d

↑
plasma
levels
of
alkaline
phosphatas
e, γGT and
ALAT,
histopathol
ogical
changes in
the liver

SD Rats

10-7
mg/kg/d

Hepatocell
ular
aAdenoma
s
and
cholangioc
arcinomas

RIVM

US EPA

EFSA
2018
Dioxins,
furans and DLPCBs
DHT

RfC
2
0.7 pg/kg/d

0,3 pg/kg/d

= SCF
and
JECFA
TRVs
↓
concentrati
on and
sperm
mobility in
human

pg

TEQ/kg/week

↑ TSH in
newborns
exposed
in utero

Females
SD rats

Human

Chronic (2
years)

Chronic
(Seveso
industrial accident)

Fertilty
(association
between
serum levels
of
TCDD,
PCDD TEQ and
PCDD/F
TEQ
and decreased
sperm
concentration)

Human
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n
and
lactation

Exposure
route

Oral

Oral

Oral

NOAEL
=
1
ng/kg/
d

LOAEL =
2.10-4
µg/kg
pc/d

LOAEL
=
28–73 ng/kg
pc/d

Dose
descripto
r

Allometri
c
adjustme
nt

Not
specifie
d

No
adjustm
ent

LOAELHED =
14-37 pg/kg
pc/d

100
AFA = 1
AFH =
10
AFD =
10

100
AFA = 3
AFH = 10
AFH = 3

10

Oral
(gavag
e)
NOAEL
=
25
ng/kg
NOAEL
(equilib
rium
body
burden
in
mother
s
at
GD16)
=
20
ng/kg
NOAEL
=
HED
10
pg/kg/
d
3,2
AFA = 1
AFH-TK
= 3,2
AFH-TD
=1

gestatio
n
and
lactatio
n

,
gestati
on and
lactatio
n

SC

SC

Oral

Oral

LOAEL
= 12.5
ng/kg
LOAEL
(equilib
rium
body
burden
in
mother
s
at
GD15)
=
40
ng/kg

LOEL =
25
ng/kg
pc/d

NOEL =
13
ng/kg
pc/d

NOAEL = 1
ng/kg pc/d
LOAEL
=
10
ng/kg
pc/d

LOAEL
HED = 20
pg/kg/d

LOELHE
D = 630
pg/kg
pc/d

NOELHE
= 330
pg/kg
pc/d

D

9,6
9,6
3,2
AFA = 1 AFH = AFH =
AFH-TK = 3,2
3,2
AF
3,2
AHL = 3
AFH-TD =
1
AFL = 3
Murray
Schantz
Ohsako Faqi et Faqi et Ohsako
Key
Leeuwen et
et
al. et
al.
et
al. al.
al.
et
al.
study
al. (2000)
(1979)
(1992)
(2001) (1998)
(1998)
(2001)
* Scientific Committee on Food; ** Lifetime average liver concentration

No
adjustment

Oral
(gavage)
PBPK
modeling
to express
the dose in
average
hepatic
concentrat
ion
over
the entire
lifetime
(LALC**)
BMD01
=
2.1.10-3
mg/kg
LALC
BMD01 HED
= 1,3.10-6
mg/kg/d

100
AFA = 10
AFH = 10

100
AFA-TD
=
0,1
AFH = 10

Kociba et
al. (1978)

NTP
(2006)

Oral
Oral

LOAEL
=
68
ppt
(median
serum
TCDD
concentrati
on
adjusted
on lipids, at
initial
exposure)

LOAEL =
235
ppt
(maternal
serum
TCDD
concentra
tion
adjusted
on lipids)

Serum NOAEL
= 7 pg TEQ/g
fat at age 9
years
(toxicocinetic
mode)

/
LOAEL ADJ (PBPK) = 0,02
ng/kg pc/j
1
AFH = 1
30
AFH = 3
AFL = 10

Mocarelli
et
al. (2008)

Baccare
lli et al.
(2008)

MinguezAlarcon et al.
(2017)
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To bring more precision with PCBs, several organizations have proposed TRVs (Table 42).
The RIVM (2001) TRV of 0.01 µg/kg/d, which was previously used by Anses (ANSES, 2016),
was used by the SRC.

Table 42 : TRVs for PCBs
Organism
Year
TRV Name
Critical
Effect

Species
Exposure
Route
of
exposure
Critical
Dose
Adjustment

UF

PCB-NDL
Santé
Canada
2010
DJT
0,13 µg/kg/j
Not specified

Macaques
rhesus
65-102
weeks
Oral (diet)

PCB –NDL
RIVM

PCB
OMS

Aroclor 1254
US EPA

2001
2002
2000
1994
TDI
DJT
MRL
RfD
0,01 µg/kg/j
0,02 µg/kg/j
Immunological and neurobehavioural
Eye exudate, inflamed
effects
and prominent
Meibomius glands,
deformed growth of
finger and toe nails;
decreased response of
antibodies (IgG and
IgM) to sheep
erythrocytes
Macaques rhesus
23 months

23-55 months

Oral (capsules) to Aroclor 1254

NOAEL = 13
µg/kg/d

100
UFA = 10,
UFH = 10

PCB
ATSDR

LOAEL = 5 µg/kg/d
TDI aroclor 1254 =
0.02 µg/kg/d
PCBs present in
Aroclor 1016, 1242
and 1248 for about
20-30% of the total
concentration and in
Aroclor 1254 and 1260
for 40-50%. Historical
Contaminations of PCB
mixtures in soils
assessed by Aroclor
1254. Since 7 indicator
PCBs* make up 4050% of the total
concentration in
Aroclor 1254, TDI =
0.02 µg/kg/d x 50% =
0.01 µg/kg/d
300
UFA = 3, UFH = 10,
UFs = 3 ; UFL = 3

300
300
UFA =
UFA = 3 ; UFH = 10 ; UFL = 3
3, UFH
= 10,
UFs =
3 ; UFL
=3
Pivotal
Bowman et
Tryphonas et al. (1989 et 1991)
Tryphonas et al.
study
al. (1981)
(1989 et 1991) ;
Arnold et al. (1994)
* indicators PCBs 28, 52, 101, 118, 138, 153 and 180
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Internal

After the selection of chronic oral HRVs for threshold effects, corrections of HRVs will be made
using the estimation of the relative bioavailability of each substance via oral route in order to
establish the potential internal dose linked to the selected HRV. Afterward for risk
characterisation, the internal DNEL will be compared with the estimation of the daily exposure
dose (DED). This approach corresponds to a route-to-route extrapolation according to the
REACH or IGHRC Guidances (ECHA, 2012b; IGHRC, 2006). Nevertheless, an oral route to
dermal route extrapolation needs to consider the following statements: the route should not
modify the metabolic profile of the substance and only systemic adverse effects should be
considered. For dioxins, furans and DL-PCBs, data on oral bioavailability are available and will
be used to establish an internal DNEL (see section B.5.2.1.1 Absorption). The previously
determined absorption fraction (0.87) will be used for this evaluation.This value will only be
applied to obtain an internal DNEL (see section B.5.2.11.), and the risk assessment will be
based on this internal dose metric. For the general population, the resulting (Dossier
Submitter) chronic internal DNEL is 0.26 pg/kg/day.

B.5.3. Formaldehyde
Hazards and risks of formaldehyde were reviewed by various international committees (WHO,
1989, 2002, 2005; Bfr, 2006; NICNAS, 2006; OECD SIDS, 2002; ATSDR, 1999). A CLH report
for formaldehyde was realised by ANSES in 2011. Furthermore, ECHA published a RAC opinion
proposing harmonised classification and labelling at EU level of formaldehyde (ECHA, 2012a),
an Annex XV restriction report for formaldehyde and formaldehyde releasers (ECHA, 2019c)
and the substance evaluation conclusion as required by REACH Article 48 and evaluation
report for formaldehyde (ECHA, 2019b).
Given the targeting, primarily mutagenicity (section B.5.3.7.) and carcinogenicity (section
B.5.3.8.) will be addressed, as well as irritation (section B.5.3.3), sensitisation (section
B.5.3.5) endocrine disruting effects (section B.5.3.10) and toxicokinetics (section B.5.3.1.).

B.5.3.1.

Toxicokinetics
(absorption,
elimination)

metabolism,

distribution

and

Information as presented below is taken primarily from the WHO (1989), Bfr (2006), and
NICNAS (2006) evaluations, the SIDS Initial Assessment Report (OECD, 2002), the CLH
report for formaldehyde (ANSES, 2011), the substance evaluation conclusion as required by
REACH Article 48 and evaluation report for formaldehyde (ECHA, 2019b), the Annex XV
restriction report for formaldehyde and formaldehyde releasers (ECHA, 2019c).

B.5.3.1.1 Absorption
B.5.3.1.1.2 Oral route
Formaldehyde and reaction products with nucleophilic substances, like proteins, are readily
absorbed in the gastrointestinal tract. No human data on oral bioavailability of formaldehyde
is available. In rodents, formaldehyde is absorbed rapidly from the gastro-intestinal tract. In
rats, gastrointestinal absorption of 14C-formaldehyde (7 mg/kg) lead to the elimination of
40 % of the radioactivity by exhalation as 14CO2 within 12 hours, 10 % in the urine and 1 %
in the faeces (Buss et al., 1964; Mashford and Jones, 1982 cited by BfR, 2006). Moreover,
four days after oral application, radioactivity was determined in numerous organs. Following
oral exposure (gavage) of 5 anaesthetized dogs to formaldehyde (70 mg/kg), formate levels
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in the blood increased rapidly. However, 15 minutes after treatment, all the dogs vomited
making quantitative determinations impossible (Malorny et al., 1965 cited by WHO, 1989).
These data suggest that formaldehyde and reaction products are easily absorbed and well
distributed. Thereby, it can be estimated in rodents, that the oral bioavailability of
formaldehyde is around 51 %. If information suggests good bioavailability of the substance
following oral administration, it is assumed that its availability will not be superior to 50%.
B.5.3.1.1.2 Dermal route
Formaldehyde is poorly absorbed following dermal application. According to ECHA (2019b),
“dermal absorption should differentiate between penetration through the skin possibly leading
to systemic effects and penetration into the skin possibly leading to local effects. For monkeys
penetration through the skin was 4% and through + into skin 15%. In rats and guinea pigs,
ca. 40% of the applied formaldehyde is absorbed via the skin. In in vitro experiments using
guinea pig skin the percutaneous absorption rate was ca. 30% after 1 h of exposure. The
following values are further considered for dermal absorption: 4% for penetration through
the skin possibly leading to systemic effects; 15% for penetration through and into the skin
possibly leading to local effects.”
Formaldehyde is rapidly metabolised at the initial site of contact. Due to rapid metabolism,
distribution of formaldehyde molecules to other more distant organs is not likely, y ECHA,
except from exposure to high concentrations (Lyapina et al., 2012 cited in ECHA, 2019c).
However evidence that topically applied formaldehyde will not be – at least partly –
systemically available is given by the fact, that formaldehyde elicits positive responses in
different methods for investigation of contact sensitising properties in mice and guinea pigs
(Hilton et al., 1996 cited by BfR, 2006). Formaldehyde can induce contact dermatitis in
humans (Maibach, 1983 cited by BfR, 2006) and is a significant hand allergen in women
(Cronin, 1991 cited by BfR, 2006).

B.5.3.1.2 Distribution
According to ECHA (2019c), “in biological systems, formaldehyde first reacts reversibly with
water to form an acetal (methanediol). At physiological temperature and pH, > 99.9% of
formaldehyde is present as methanediol, with < 0.1% as free formaldehyde (Andersen et al.,
2010; Golden, 2011).
Formaldehyde reacts at the site of first contact instantaneously with primary and secondary
amines, thiols, hydroxyls and amides to form methylol derivatives. Due to its electrophilic
properties, formaldehyde also reacts with macromolecules such as DNA, RNA and protein to
form reversible adducts or irreversible cross-links (WHO, 2010).”

B.5.3.1.3 Metabolism
A summary is provided by ECHA (2019c):
“The simplified metabolism of formaldehyde (acetal) involves (Andersen et al., 2010; Golden,
2011; Tulpule and Dringen, 2013; WHO, 2010):
1. reduction to methanol by alcohol dehydrogenase 1;
2. oxidation to formate by aldehyde dehydrogenase 2;
3. spontaneous reaction with glutathione (GSH) to form S-hydroxymethyl GSH, which
is subsequently oxidised by alcohol dehydrogenase 3 (also known as formaldehyde
dehydrogenase) to the intermediate S-formyl GSH, which is metabolised by Sformylglutathione hydrolase to formate and reduced glutathione.
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Due to high circulating concentrations of glutathione in human blood, the S-hydroxymethyl
GSH is the major form of formaldehyde seen in vivo (Sanghani et al., 2000).
Formate is oxidised to 10-formyl tetrahydrofolate (THF) by methylene tetrahydrofolate
dehydrogenase 1; 10-formyl THF is either metabolised to CO2 by 10-formyl THF
dehydrogenase or further metabolised within the one-carbon metabolism pathway that is
centred around folate (Tulpule and Dringen, 2013).”

B.5.3.1.4 Elimination
A summary is provided by WHO (2002):
“In animal species, the half-life of formaldehyde (administered intravenously) in the
circulation ranges from approximately 1 to 1.5 min (Rietbrock, 1969; McMartin et al., 1979).
Formaldehyde and formate are incorporated into the one-carbon pathways involved in the
biosynthesis of proteins and nucleic acids. Owing to the rapid metabolism of formaldehyde,
much of this material is eliminated in the expired air (as carbon dioxide) shortly after
exposure. Excretion of formate in the urine is the other major route of elimination of
formaldehyde (Johansson & Tjälve, 1978; Heck et al., 1983; Billings et al., 1984; Keefer et
al., 1987; Upreti et al., 1987; Bhatt et al., 1988).”

B.5.3.2.

Acute toxicity

Not relevant for this restriction proposal.

B.5.3.3.

Irritation

B.5.3.3.1 Skin irritation
According to ECHA (2019b), “There is one key study on skin irritation in rabbit, supporting
studies with rat and additional information from the skin sensitization in animals and humans.
According to the registrants, irritant effects are expected at concentrations > 3%. This
conclusion was confirmed by a recent study on microvascular leakage of rat skin, where skin
damage was demonstrated at concentrations ≥ 2.5% formaldehyde.”

B.5.3.3.1 Eye irritation
Not relevant for this restriction proposal.

B.5.3.4.

Corrosivity

Formaldehyde has an harmonised classification for skin corrosion (category 1B).

B.5.3.5.

Sensitisation

B.5.3.5.1 Skin sensitisation
Formaldehyde has an harmonised classification for skin sensitization (category 1).
A short summary is provided in the Annex XV restriction report for formaldehyde and
formaldehyde relasers (ECHA, 2019b):
“Related to skin sensitisation, the registration dossier (BASF, 2017) clearly sets out that
formaldehyde is a strong skin sensitiser with positive results in several studies including Local
Lymph Node Assay (LLNA). Formaldehyde solution is a primary skin sensitiser inducing
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allergic contact dermatitis Type IV and may induce contact urticaria Type I (WHO, 1989). The
EC3 value (3-fold stimulation of proliferation as an index of the relative potency of a contact
allergen) was 0.93% formalin24 or 0.35% formaldehyde. No induction was detected at 0.04%
formaldehyde and first sensitising effects were seen at 0.2% (BASF, 2017). This is consistent
with the special concentration limit in CLP for substances in mixtures. Concentrations leading
to elicitation of effects are lower than the concentrations leading to induction.
The biocidal assessment for formaldehyde (ECHA, 2017) concluded: “However, the currently
available methodology is not considered suitable for derivation of an acceptable exposure
level protecting from sensitisation by formaldehyde which is relevant to human health.
Nevertheless, the available data is in support of the current legal classification limit for
formaldehyde formulations of ≥ 0.2% (w/w) with regard to its sensitising properties and the
resulting labelling provisions with EUH208 at ≥ 0.02% (w/w).”

B.5.3.5.2 Respiratory sensitisation
Not relevant for this restriction proposal.

B.5.3.6.

Repeated dosed toxicity

Information as presented below is taken primarily from OECD SIDS (2002), WHO (2005) and
the NICNAS (2006) evaluations and from the substance evaluation conclusion as required by
REACH Article 48 and evaluation report for formaldehyde (ECHA, 2019b).
In experimental studies, formaldehyde induces toxic effects only at the site of first contact
after oral or dermal exposure. General signs of toxicity occur secondary to these local lesions.
Repeated exposure studies in mice were performed using dermal application, mostly in the
context of skin initiation / promotion (Krivanek et al., 1983; Iversen, 1986 cited by OECD,
2002 and NICNAS, 2006). None of these studies showed evidence of substance-specific
systemic toxicity. In the study of Krivanek et al. (1983 cited by OECD, 2002 and NICNAS,
2006) a formaldehyde solution in acetone/water 50:50 was tested on 30 mice. Initially 50 μl
of a 10% solution (5 mg/animal = 125 mg/kg b.w.) was applied and then 100 μl of a solution
containing 0.1, 0.5, or 1% (2.5, 12.5, or 25 mg/kg b.w., respectively) was applied 3 times a
week for 26 weeks. After termination of exposure, the mice were post-observed for additional
26 weeks. Local irritation to mouse skin was minimal at formaldehyde concentrations of 0.5
to 1% (Krivanek et al., 1983 cited by OECD, 2002 and NICNAS, 2006). Systemic toxicity was
not seen at any dose level. However, the limited details provided prevent identification of a
reliable NOAEL or LOAEL from this study.
WHO (2005) provided a summary of short- and long-term exposure studies for oral route:
“Short-term exposure
In a 4-week study, Wistar rats (10 per sex per dose) received formaldehyde in drinking-water
at doses of 0, 5, 25, or 125 mg/kg of body weight per day. Rats receiving the highest dose
showed lowered food and liquid intake, histopathological changes in the stomach (i.e., focal
hyperkeratosis of the forestomach, moderate papillomatous hyperplasia), and, in males only,

24

Aqueous solutions of formaldehyde(40% by volume).
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lowered total protein and albumin levels in plasma. The NOAEL was 25 mg/kg of body weight
per day (Til et al., 1988; IPCS, 1989).
Oral doses of 0, 50, 100, or 150 mg/kg of body weight per day in rats and 0, 50, 75, or 100
mg/kg of body weight per day in dogs for 91 days had no effect on haematology, clinical
chemistry, urinalysis, or gross microscopic pathology. Depression in body weight gain was
observed in both species at the highest dose levels and in male rats given 100 mg/kg of body
weight per day (Johannsen et al., 1986).
Long-term exposure
In a 2-year study, Wistar rats were exposed to formaldehyde in drinking-water at mean doses
of 0, 1.2, 15, or 82 mg/kg of body weight per day for males and 0, 1.8, 21, or 109 mg/kg of
body weight per day for females. The average concentrations of formaldehyde in the drinkingwater were 0, 20, 260, and 1900 mg/litre in the control, low-, mid-, and high-dose groups,
respectively. Adverse effects were observed only in animals receiving the highest dose and
included lower food and liquid intake, lower body weights, and pathological changes in the
stomach, characterized by thickening of the mucosal wall. Relative kidney weights were
increased in high-dose females, and an increased incidence of renal papillary necrosis was
found in both sexes.
Exposure did not appear to affect survival, haematology, or clinical chemistry. The NOEL was
15 mg/kg of body weight per day, or 260 mg/litre (Til et al., 1989).
In a similar study, Wistar rats were given formaldehyde in drinking-water at 0, 10, 50, or 300
mg/kg of body weight per day. At the end of 12 months, rats of both sexes in the high-dose
group were observed to have gastric erosions, ulcers, squamous cell hyperplasia,
hyperkeratosis, and basal cell hyperplasia. Only one male and one female from the mid-dose
group showed hyperkeratosis (IPCS, 1989; Tobe et al., 1989).”
In conclusion, the principal non-neoplastic effect in animals exposed orally to formaldehyde
is the development of histopathological changes within the forestomach and glandular
stomach, with effects in rats at 82 mg/kg body weight per day and above (Til et al., 1989;
Tobe et al., 1989).

B.5.3.7

Mutagenicity

Formaldehyde has an harmonised classification for mutagenicity (category 2). This
classification is based on genotoxic effects observed in vivo in somatic cells at the site of
contact. Positive evidence in mutagenicity tests are available from induction of chromosomal
aberrations in rats by inhalation at high dose (Dallas, 1992) and of micronuclei in rats in the
GI tract by oral route (Migliore, 1989). These positive data are further supported by in vitro
positive results in numerous genotoxicity and mutagenicity tests, in vivo induction of DNA
adducts and DNA protein cross links at the site of contact and indications of consistent
increases in micronuclei frequency in humans at the site of contact after formaldehyde
inhalation.
In vivo at distant sites in somatic cells, indications of consistent increases in micronuclei
frequency in humans is available. However, it is not supported by experimental data that
report an absence of induction of either genotoxicity or mutagenicity and by inconsistent
results for induction of SCE and chromosomal aberrations in humans. No evidence of an effect
on germ cells by a relevant route of exposure is available (ECHA, 2012a; 2019b).
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Experimental data
In vitro
According to the RAC opinion proposing harmonised classification and labelling at EU level of
formaldehyde (ECHA, 2012a):
“Formaldehyde, which induced mutagenic and genotoxic effects in proliferating cells of directly
exposed cell lines, should be regarded as an in vitro mutagen with a predominantly clastogenic
mode of action. Gene mutation tests gave insufficient evidence for induction of gene
mutations.
The substance induced clastogenic effects (such as chromosomal aberrations, increased
micronucleus formation and sister chromatid exchanges) as well as genotoxic effects (DPX
and DNA adducts) in cultured mammalian cells as well as in cultured human cells.
Results of gene mutation tests (HPRT test in V79: Grafstrom, 1990; Merck, 1989) were
contradictory. The positive result in a mouse lymphoma assay (MLA) (Speit and Merk, 2002)
was based on an increase in the frequency of small colonies, suggestive of chromosomal
aberrations. Only a marginal increase in the frequency of large colonies, suggestive of gene
mutations, was observed in the study. The positive results of MLA’s conducted by Blackburn
et al. (1991) and Mackerer et al. (1996) were not evaluated in detail, because no
differentiation into small and large colonies was carried out.”
In vivo, on somatic cells at site of contact
The majority of studies has been conducted on nasal, bronchial or pulmonary cells who are
not relevant for this restriction proposal.
Only one study was described by oral route, in the RAC opinion proposing harmonised
classification and labelling at EU level of formaldehyde (ECHA, 2012a) : ” Migliore et al. (1989)
reported the induction of micronuclei in epithelial cells along the gastro-intestinal tract of rats
after oral administration (gavage) of formaldehyde. The result could not be clearly evaluated,
because the positive effect was observed only in conjunction with signs of severe local
irritation. In addition the positive control was of questionable relevance.”
In vivo, on somatic cells at distant site of exposure
Several studies show that formaldehyde does not induce chromosomal aberrations or
micronuclei in mice by IP (Natarajan, 1983 cited by ANSES, 2011) or oral and i.v. routes
(Morita, 1997 cited by ANSES, 2011).
In vivo, on germ cells
According to the RAC opinion proposing harmonised classification and labelling at EU level of
formaldehyde (ECHA, 2012a):
“Few studies are available regarding the induction of germ cell mutagenicity after
intraperitoneal (i.p.) injection. The results of these studies are inconsistent and inconclusive.
No information on toxic effects was given. Inadequate test descriptions or methodological
limitations (e.g. Odeigah et al., 1997: due to the lack of a positive control, the result of a
dominant lethal test is not fully reliable) made it difficult to assess the results. Altogether, no
clear conclusion could be drawn that formaldehyde induces mutagenic effects in germ cells
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after i.p. injection. Therefore the positive results from certain germ cell mutation studies were
not taken into account for supporting justification of a formaldehyde classification.”
Human data
In humans, at site of contact and at distant site of exposure
The available studies has been conducted in people exposed to formaldehyde by inhalation
route only. This route of exposure is considered as not relevant for this restriction proposal.
In studies on localised mutagenicity in humans, formaldehyde exposure was by inhalation
and induction of micronuclei was used as the endpoint for genotoxicity. The reported results
on induction of micronuclei in buccal and nasal mucosa cells were contradictory. Furthermore,
contradictory results were obtained for genotoxic effects as well as for mutagenic effects in
peripheral blood of humans after inhalation exposure to formaldehyde. There is not sufficient
evidence to conclude that formaldehyde induces systemic genotoxicity in man (ECHA, 2012a;
ANSES, 2011).
In humans, on germ cells
According to the RAC opinion proposing harmonised classification and labelling at EU level of
formaldehyde (ECHA, 2012a): “No studies investigated the effect of formaldehyde on human
germ cells. Due to the extremely low systemic bioavailability, it can be assumed that
formaldehyde does not reach the germ cells after inhalation.”

B.5.3.8.

Carcinogenicity

Formaldehyde has harmonised classification for carcinogenicity (category 1B), based on nasal
tumours (site of contact) observed in rats of both sexes exposed to formaldehyde at
concentrations of 2 ppm and higher for ≥ 24 months and limited evidence by inhalation route
in humans.
In 2012, RAC concluded that “there is no convincing evidence of a carcinogenic effect at
distant sites or via routes of exposure other than inhalation. »

B.5.3.8.1 Dermal route
Information as presented below is taken primarily from WHO (1989), ATSDR (1999), and the
IARC (2012) evaluations and from the substance evaluation conclusion as required by REACH
Article 48 and evaluation report for formaldehyde (ECHA, 2019b).
Only three initiation/promotion studies were carried out on mice to test whether formaldehyde
solution applied to the skin induced papilloma or malignant tumours as an initiator, or
promoter of cancer, or as a complete carcinogen (Krivanek et al., 1983a; Spangler & Ward,
1982; Iversen, 1986 cited by ANSES, 2011). Formaldehyde proved to be neither a complete
carcinogen, nor an initiator (with phorbolmyristateacetate as a promoter). With respect to
promoting activity (with benzo(a)pyrene or dimethylbenyanthracene as an initiator) the
results were either negative or inconclusive. Theses studies did not report skin tumours after
treatment with formaldehyde alone and do not provide evidence of tumours at sites other
than the skin. They did not report an increase of tumours but their limited duration of
exposure (26-60 weeks with once or three times per week dosing) and number of animals
exposed and their focus on skin tumours raise doubts on the validity of the studies in the
assessment of the carcinogenic potential of formaldehyde by dermal route.
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In 2012, ECHA concluded that “no valid information is available to conclude on formaldehyde’s
potential to cause skin tumours and no conclusion on its carcinogenic potential via the dermal
route can be drawn” and that “no valid information is available to conclude on formaldehyde’s
potential to cause tumours at distant sites”.

B.5.3.8.2 Oral route
Information as presented below is taken primarily from OECD SIDS (2002), WHO (2002,
2005) and the IARC (2012) evaluations, from the RAC opinion proposing harmonised
classification and labelling at EU level of formaldehyde (ECHA, 2012a) and from the substance
evaluation conclusion as required by REACH Article 48 and evaluation report for formaldehyde
(ECHA, 2019b).
Only animal data are available.
Systemic carcinogenicity
In the most comprehensive study in Wistar rats administered drinking-water containing
formaldehyde in amounts estimated to achieve target intakes ranging up to 125 mg/kg body
weight per day for up to 2 years, there was no significant increase in tumour incidence
compared with unexposed controls (Til et al., 1989). Tobe et al. (1989) also reported,
although data were not presented, that, compared with unexposed controls, tumour incidence
was not increased in small groups of male and female Wistar rats administered drinking-water
containing up to 5000 mg formaldehyde/ litre (i.e., providing intakes up to 300 mg/kg body
weight per day).
In contrast, in a 2-year study in which Sprague-Dawley rats were exposed to formaldehyde
in drinking-water at dose levels of 0, 1, 5, 10, 50, 100, or 150 mg/kg of body weight per day,
a dose-dependent increase in the incidence of leukaemia (mainly lymphoblastic) and
lymphosarcoma was reported at dose levels of 5 mg/kg of body weight per day or greater
Soffritti et al. (1989 cited by ANSES, 2011 and ECHA, 2012a). The proportion of males and
females with leukaemias (all “haemolymphoreticular neoplasias,” e.g., lymphoblastic
leukaemias and lymphosarcomas, immunoblastic lymphosarcomas, and “other” leukaemias)
increased from 4% and 3% in the controls, respectively to 22% and 14% in the animals
receiving drinking-water containing 150 mg/kg bw/day, respectively. Compared with
unexposed controls, the increase in the incidence of gastrointestinal neoplasms was not doserelated. Limitations of this study include the “pooling” of tumour types, the lack of statistical
analysis, and limited examination of non-neoplastic end-points. This study was considered as
non-valid, since the re-evaluation in 2002 resulted in markedly higher incidences of
lymphohaematopoietic tumours (about two-fold in all dose groups) (ECHA, 2012).
Parenthetically, it should be noted that the incidence of haematopoietic tumours (e.g.,
myeloid leukaemia, generalized histiocytic sarcoma) was not increased in Wistar rats receiving
up to 109 mg formaldehyde/kg body weight per day in drinking-water for up to 2 years (Til
et al., 1989).
In another study, formaldehyde induced ornithine decarboxylase activity (an indication of
tumour-promoting activity) in rats given a single oral formaldehyde dose of up to
100 mg/kg bw (Overman, 1985 cited by NICNAS, 2016). There is no evidence that
formaldehyde acts as a carcinogen or promoter when applied to mouse skin (Krivanek et al.,
1983 cited by ANSES, 2011 and ECHA, 2012).
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A number of other long-term studies by the oral route have been conducted, and these are
reviewed in detail by Restani & Galli (1991) and WHO/IPCS (2002). The conclusion of these
reviews was that formaldehyde is a normal mammalian metabolite and is not carcinogenic at
very low levels of exposure.
No evidence on lymphohaematopoietic tumours was provided by the study of Til (1989), and
evidence from Soffritti (1989 cited by ECHA, 2012) and Soffritti et al. (2002 cited in ANSES,
2011) studies was considered equivocal. However, RAC (2012) concluded that “no firm
conclusion can be drawn for carcinogenicity by the oral route”.
Carcinogenicity at the site of contact
Three oral studies with a 2-year treatment period and one 32-week study are available with
rats. In a carcinogenicity study, a group of 10 male Wistar rats was given drinking-water
containing 0.5% formalin (0.2% formaldehyde) for 32 weeks. Histopathological changes were
observed in the stomach, as well as neoplastic changes in the forestomach and papillomas.
In addition, the authors reported evidence that formaldehyde had tumour promoting activity.
However, because of the presence of high levels of methanol in formalin, the usefulness of
this information is limited (Takahashi et al., 1986 cited by WHO, 2005 and RAC, 2012a).
Increased incidences of squamous cell papillomas in the forestomach observed in the study
of Takahashi (1986 cited by WHO, 2005 and RAC, 2012a) was not consistent with two other
carcinogenicity studies at similar high doses (Til, 1989 and Tobe et al., 1989). The most valid
carcinogenicity study of Til (1989) applied a comparable concentration of 1900 mg
formaldehyde/L of drinking water and observed focal ulcerations of the forestomach, papillary
hyperplasia of the limiting ridge (frequently located at the borderline between
forestomach/stomach), chronic atrophic gastritis, ulceration and glandular hyperplasia of the
stomach, but no papillomas at doses up to 82 mg/kg/d in males and 109 mg/kg/d in females.
Erosive-ulcerative lesions and hyperplasia in the limiting ridge area and absence of papillomas
was consistently found in the studies of Tobe et al. (1989) and Takahashi et al. (1986 cited
by WHO, 2005 and RAC, 2012a).
In conclusion, oral exposure to concentrations of 0.19% formaldehyde in drinking water
consistently caused erosive-ulcerative lesions and (regenerative) hyperplasia in the limiting
ridge area in three studies. The induction of benign tumours in the forestomach in Takahashi
(1986 cited by RAC, 2012a) is considered equivocal by the RAC (2012a).

B.5.3.9.

Toxicity for reproduction

Formaldehyde is not classified for toxicity to reproduction.
In conclusion, there is no convincing evidence that formaldehyde would lead to reproductive
effects in human or in experimental animals after oral or dermal exposure. Indeed,
experimental or epidemiological studies do not highlight systemic effects of formaldehyde,
especially reprotoxic ones, even at high doses.

B.5.3.10.

Other effects

Endocrine disruptor
As for PAH, an overview of endocrine-related disrupting effects for formaldehyde was done
based on DHI Water and Environment for European Commission (2007) and the presence of
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formaldehyde on the following lists: The Endocrine Disruption Exchange Inc (TEDX) and the
Sin List (Substitute It Now).

Table 43 : endocrine disrupting effect of formaldehyde: overview of evaluations (website consulted :
28/08/2020)
CE (2007)
-

a

TEDX list
Yes

SIN list
No

- : Not studied

B.5.3.11.

Derivation of DNEL(s)/DMEL(s)

Taking into account the close contact of single-use baby diapers with the buttocks, the use of
dermal HRVs seemed appropriate. However, since no HRVs were available for this route of
exposure, a search for HRVs by the oral route was carried out.


Oral

Only OEHHA has proposed a no-threshold HRV of 2.1.10-2 (mg/kg/d)-1 based on squamous
cell carcinomas of the nasal cavity (OEHHA, 2011). This HRV was not selected because the
available oral data do not provide clear evidence of carcinogenic effects of formaldehyde by
the oral route (Anses, 2011).
Four organisations propose chronic threshold TRVs based on the same critical effect, the same
key study and the same uncertainty factors: the US EPA (1990), Health Canada (2001),
WHO/IPCS (2005) and ATSDR (1999).

Table 44 : Chronic oral-route threshold HRVs for formaldehyde
Organism
year

US EPA*
1990

TRV name

RfD

TRV value

0.2 mg/kg/d

critical effect

Species
Exposure
time
Exposure
route
Dose
descriptor
Adjustment

ATSDR
1999
MRL

WHO/IPCS
2005
TDI

Health Canada
2001
TC

0.2 mg/kg/d

0.15 mg/kg/d

2.6 mg/L**

Stomach
irritations
and
nephrotoxicit
y

No
histopathological
changes
in
the
gastrointestinal
tract

Histological changes of the pre-stomach,
hyperkeratosis
Rats
2 years
Oral (drinking wtaer)

NOAEL = 15 mg/kg/d
NOAEL = 260 mg/L
LOAEL = 82 mg/kg/d
= 0.15 mg/kg/d
/
100
AF
AFA = 10, AFH = 10
Key study
Til et al. (1989)
* the RfD proposed by US EPA-IRIS has been under review since 2014.
** the value was not expressed in mg/kg/day since the authors considered that the observed
effects are related to the concentration of formaldehyde consumed via drinking water and not
to a cumulative effect.
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In the study by Til et al., rats were exposed to formaldehyde for two years via drinking water.
The males were exposed to 0, 1.2, 15 or 82 mg/kg/day and the females to 0, 1.8, 21 or 109
mg/kg/day. At 82 mg/kg/day for the males, histological changes in the forestomach
(hyperplasia, hyperkeratosis, ulceration, chronic gastritis) and renal necrosis were observed.
The NOAEL was therefore identified at 15 mg/kg/day. A factor of 10 for inter-species
variability and a factor of 10 for interindividual variability were applied. The four available
HRVs are equivalent. The Dossier submitter adopted WHO-IPCS's TRV since it was
the most disadvantageous (not rounded).
The selected HRV is applicable to children between the ages of zero and three years.
Indeed, studies during gestation were taken into account by WHO/IPCS in 2005 for the
establishment of the TRV (Saillenfait et al., 1989; Martin, 1990 cited in WHO/IPCS, 2005).


Internal

After the selection of chronic oral HRVs, corrections of HRVs will be made using the estimation
of the relative bioavailability of each substance via oral route in order to establish the potential
internal dose linked to the selected HRV. Afterward for risk characterisation, the internal DNEL
will be compared with the estimation of the daily exposure dose (DED). This approach
corresponds to a route-to-route extrapolation according to the REACH or IGHRC Guidances
(ECHA, 2012; IGHRC, 2006). Nevertheless, an oral route to dermal route extrapolation needs
to consider the following statements: the route should not modify the metabolic profile of the
substance and only systemic adverse effects should be considered. For formaldehyde,
information suggests good bioavailability following oral administration, it is assumed that its
availability will not be superior to 50%. If no data is available on oral bioavailability, as a
protective approach, it will be considered the same and no extrapolation will be made. For
the general population, the resulting chronic internal DNEL is 0.075 mg/kg/day.

B.6. Human health hazard assessment of physicochemical
properties
B.6.1. Explosivity
Not relevant

B.6.2. Flammability
Not relevant

B.6.3. Oxidising potential
Not relevant

B.7. Environmental hazard assessment
Not relevant

B.8. PBT and vPvB assessment
Not relevant
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B.9. Exposure assessment
B.9.1. General information on releases and exposure
B.9.1.1. Summary of the existing legal requirements
The existing legal requirements are presented in Annex E.1.

B.9.1.2. Summary of the effectiveness of the implemented operational
conditions and risk management measures
Please refer to the Annex E.1

B.9.2. Use: Traditional single-use baby diapers
B.9.2.1. General information
The frequent everyday use of single-use baby diapers may lead to exposure of children and
infants. Most of the articles covered by the restriction proposal are also used for prolonged
periods of time and exposure occurs under occlusion, which increases the likelihood for
substances to cross the skin and trigger diseases.
Hazardous chemical substances can intentionally or unintentionally remain in the final product
following the manufacture and single-use baby diapers. They can be released through several
mechanisms: from direct release of the substance from the articles, or released by urine
absorbed by diapers during normal wear resulting in exposures of the babies.
Prolonged skin contact with single-use baby diapers is expected over the day. Migration of
hazardous substances from inner layers to outer parts of such articles cannot be formally
excluded. In addition, a tearing of the outer parts of the diapers may occur, leading to skin
contact with the inner parts of the article.
Hence, the assessment of the exposure to chemical substances released by urine from the
material would ideally be based on presence in single-use baby diapers and information on
migration of the substance to skin during use. The parameters needed to perform the
assessment of exposure to chemicals were, for most of them, available to the Dossier
Submitter (concentration in a urine simulant, frequency of use, body weight, diapers weight,
absorption) that’s why the Dossier Submitter has performed a quantitative exposure
assessment based on available data and justified assumptions when needed.

B.9.2.2. Exposure estimation
In order to be exposed to the chemicals of concern, they have to be released from the diaper
upon contact with the skin or the genital mucosa. To monitor and account for the release from
the diaper, the French laboratory SCL (Service Commun des Laboratoires) performed
migration studies to assess the availability for exposure through dermal contact
The analyses were carried out with entire diapers soaked with urine simulant and then placed
in an oven at 37°C for 16 hours. 200 mL of simulant were added to the diaper three times,
with a 30-minute rest period between each addition. The tested simulant was extracted by
pressing (recovery of 130 to 250 mL). The majority of the 600 mL of urine simulant remained
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trapped in the SAP25. Direct release and migration of chemical substances from diapers are
dependent on a number of factors:





the inherent chemical/physical properties of the substance,
how the substance is incorporated into the diaper,
the quality of the manufacturing process,
sweat and urine that can enhance the migration of chemicals out of the diapers to be
in contact with the skin of the children and infants.

In 2018 and 2019, SCL carried out analysis onto 51 single-use baby diapers according to the
migration analysis described above. Formaldehyde, PCDD/Fs, DL-PCBs and PAHs were
detected or quantified.

B.9.2.3. Exposure assessment
The assessment of exposure relies on the calculation of a Daily exposure Dose (DED), which
is the quantity of a substance to which a population (children between zero and three years
of age here) is exposed on a daily basis. The DED is expressed in mg/kg bw/day. The
calculation of this DED requires the development of exposure scenarios reflecting the
population's habits and the selection of exposure variables from the available data or from
hypotheses when the necessary data are not available. The Dossier Submitter decided to use
a deterministic approach.
The dermal route of exposure was the one taken into account in this assessment,
and more specifically exposure in the diaper area. Until a child is toilet trained, this area
is a warm, occlusive and moist environment with ideal kinetic conditions facilitating the
percutaneous absorption of substances (ANSM, 2010; SCCS, 2018).
The establishment of exposure scenario aimed to characterise the exposure of children,
from birth to the completion of toilet training, to chemicals previously identified in baby
diapers.
One scenario was considered based on the available data set: synthetic urine was added to
the diapers before being pressed out. The urine thus released from the diapers was then
analysed. The Dossier Submitter considered that this scenario was a test providing realistic
estimates of the capacity of urine to extract a number of chemicals from diapers. The doses
contained in the urine recovered after pressing enabled quantities of chemicals in contact with
a child's skin to be estimated. Taking into account the capacity of these chemicals to penetrate
the skin, the Dossier Submitter was able to estimate more realistic internal exposure doses.
The Dossier Submitter considered that averaging lifetime exposure was not conservative
enough. For certain effects, such as reprotoxicity and certain forms of endocrine disruption,
there can be short exposure windows during which the risk of inducing harmful effects is high.
It is therefore necessary to ensure that the HRV is complied with every day and not just on
average, to avoid exposure peaks that may occur during these susceptibility windows.
Therefore, the calculated DED corresponds to the daily exposure of a baby using single-use
baby diapers.

25

https://www.chimie-experts.org/Annales/Articles-a-paraitre-dans-les-Annales-des-Falsifications-et-de-lExpertise-Chimique-et-Toxicologique
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A DED was calculated for each chemical individually, using the following equation:
DED = (Cdiaper x W x F x Abs

skin)

/ BW

equation 1

where
 DED: daily exposure dose (mg/kg bw/day)
 Cdiaper: concentration of the chemical extracted with a urine simulant from an entire
diaper, in relation to the weight of the diaper taking into account the extracted
simulant volume (mg/kg of diaper)
 W: average weight of a diaper (kg)
 F: frequency of use (number/day)
 Abs skin: fraction absorbed by the skin (%)
 BW: body weight of a child (kg)

It should be noted that this DED seems the most realistic since:
-

the capacity to extract substances from diapers to urine was not modelled but was
observed during the experiments.

-

quantities of substances were only measured in urine actually coming out of the
diapers after pressing, which avoided the need to use the modelled reflux ratio
parameter.

For PCDD/Fs, DL-PCBs and PAHs, exposure and risks were assessed for each congener taken
individually. Cumulative exposure was taken into account for each class of substances.
For PCDD/Fs and DL-PCBs, exposure was assessed using the Toxicity Equivalence Factor
(TEFs) indicating the toxicity of all congeners having the same mechanism of toxicological
action as the "Seveso" dioxin (2,3,7,8-TCDD), considered the most toxic. Exposure was
therefore expressed in toxic equivalent quantities (TEQs). The TEFs were defined in 1998 and
revised in 2005 by the WHO (Van den Berg et al., 2006). The Dossier Submitter retained the
values of TEF from WHO 2005.
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Figure 16: Toxic equivalency factors proposed by the WHO (1998 and 2005) for PCDD/Fs and DL-PCBs
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For PAHs, exposure was also assessed using TEFs, considering BaP as the reference
compound.

Table 45: TEFs proposed by various organisations for PAHs
OEHHA,
1993
revised in
2015
5-methylchrysene
Benzo[d,e,f]chrysene
(BaP)
Benz[a]anthracene
Cyclopenta[c,d]pyrene
Chrysene
Benzo[b]fluoranthene
Benzo[j]fluoranthene
Benzo[k]fluoranthene
Benzo[e]pyrene
Dibenz[a,h]anthracene
Indeno[1,2,3-c,d]pyrene
Benzo[g,h,i]perylene
Benzo[c]fluorene
Dibenzo[def,p]chrysene
Naphtho[1,2,3,4def]chrysene
Benzo[r,s,t]pentaphene
Dibenzo[b,def]chrysene

1
1
0,1
/
0,01
0,1
0,1
0,1
/
/
0,1
/
/
10
1
10
10

DFG,
2008
cited in
BfR,
2009b
/

INERIS,
2003

AFSSA,
2003

0,01
1

/
1

0,1
0,1
0,01
0,1
/
0,1
/
1
0,1
0,01
/
/
/

0,1
/
0,01
0,1
0,1
0,1
/
1
0,1
0,01
/
/
/

0,1
0,1
0,01
0,1
0,1
0,1
/
1
0,1
/
/
10

/
/

/
/

10
10

1

1

TEFs
US EPA, considered
2010
by the
(draft)**
Dossier
Submitter
/
0,01
1
1
0,2
0,4
0,1
0,8
0,3
0,03
/
10
0,07
0,009
20
30
0,4

0,1
0,1
0,01
0,1
0,1
0,1
0,01*
1
0,1
0,01
20
10

0,6
0,9

10
10

1

* INERIS (2003) conducted a review of the various TEF tables. The following TEFs for benzo[e]pyrene
were proposed in four studies: 0.004 (Krewski et al., 1989), 0.01 (Malcom and Dobson, 1994), 0 (Muller
et al., 1995a, b) and 0.002 (Larsen and Larsen, 1992). The Dossier submitter selected the TEF from the
study by Malcom and Dobson (1994). ** Arithmetic average

Consequently, the calculation of the DED, for each PCDD/Fs, DL-PCBs and PAHs is then:
DEDTEQ = (Cdiaper x W x F x Abs skin x TEF) / BW

equation 2

B.9.2.3.1 Levels of substances of concern in single-use baby diapers
The Dossier Submitter found some published data on measured levels of substances of
concern in single-use baby diapers by solvent extraction.
Valuable information has been received through the Call for evidence, the RMOA comments
and the ANSES opinion collective expert appraisal report (ANSES, 2019). The available
information on approximate levels of the targeted substances in single use baby diapers is
summarised in the table below.

Table 46 : Measured levels of targeted substances in single use baby diapers
Substance

Approximate levels in single
use baby diapers

Composition
(solvent extraction)
or migration (urine
extraction)

Reference

Formaldehyde

Detection

Composition

Danish EPA (2009)

1.51-37.4 mg/kg

Composition
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PCDD/Fs

1.1-7.18 mg/kg (entire diaper)

Migration

ANSES (2019) via
SCL

Sum (TEQ) = 0.1-0.3 ng/kg

Composition

ANSES (2019) via
SCL

Sum

7.62.10-4 ng/kg ( shredded

(TEQ)

4.29.10
diaper)

-2

=

Migration

Sum (TEQ) = 0.06-1.36 ng/kg
(entire diaper)
Sum (TEQ) : 0.16-0.61 ng/kg

Composition

VITO (2018)

Quantified (levels not specified)

Composition

OSAV (2018)

2,3,7,8-TCDF = 2.7 pg/g
2,3,7,8-TCDD = 0.54 pg/g
2,3,4,7,8-PeCDF = <0.2 pg/g
1,2,3,7,8-PeCDD = <0.3 pg/g

DL-PCB

Wiberg
(1989)

et

PCDD = 1.8-3.9 ppt
PCDF = 0.2-1.8 ppt

Composition

Schecter
(1998)

Sum (TEQ) PCDD/F = 0.023 pg/g

Composition

De
Vito
et
Schecter (2002)

PCB 106 = 1.17 pg/g

Not specified

Company in the
call for evidence

Composition

ANSES (2019) via
SCL

PCB 105 =2,733 pg/g
PCB 118 = 6,27 pg/g
PCB 123 = 0,203 pg/g
PCB 77 = 0.981 pg/g
Sum (TEQ max) = 0.020 pg/g
Sum (TEQ) = 0.032-0.186 ng/kg
-4

Sum (TEQ) = 8.65.10
–
7.55.10-3 ng/kg (for shredded
diaper)

Migration

et

al

al

Sum (TEQ) = 7.39-43.4 ng/kg
(entire diaper)
HAP

Detection
of
Benzo[b]fluoranthene,
Benz[a]anthracene, Indeno[1,2,3c,d]pyrene, Benzo[g,h,i]perylene

Composition

Detection of Benzo[e]pyrene, BaP,
Benzo[b]fluoranthene,
Dibenz[a,h]Anthracene,
5methychrysene,
chrysene,
Benzo[g,h,i]perylene,
Benzo[k]fluoranthene,
Benzo[j]fluoranthene

Migration

Nothing < 100 ng/g

Not specified

Company in the
call for evidence

Quantified (levels not specified)

Composition

OSAV ( 2018)

Chrysene = 0.0182-0.104 mg/kg

Benz[a]anthracene
0.194 mg/kg

=

0.11-

ANSES (2019) via
SCL

Confidential
industrial
study
(2016)

The French SCL studies performed various analysis on single-use diapers and detected and/or
quantified the substances of concern. As already mentionned, the analysis were performed
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onto 51 different diapers that are available on the French market between 2017 and 2019.
The Dossier Submitter chose to report the level according to the amount of data gathered :
-

If the substance was quantified/detected more than 8 times out of the 51 analysis, the
Dossier Submitter calculated the Q75 of the distribution ;
If the chemical was quantified/detected less than 8 times, the Dossier Submitter
retained the maximum concentration.

B.9.2.4. Selection of exposure parameters
B.9.2.4.1. Population to be included in the scope
The age at which children are toilet trained varies considerably depending on the individual.
By two and a half years of age, approximately 90% of girls and 75% of boys have complete
bladder control (Stoppard, 1990 cited in UK Environment Agency, 2005a). The average child
will stay dry at night at the age of 33 months (normal range from 18 months to eight years)
(Green, 1998 cited in UK Environment Agency, 2005a).
In 2004, the UK Environment Agency undertook a study on the use of single-use baby and
re-usable diapers. It showed that the average age out of diapers was 26.17 months (1,553
respondents). By the age of two and a half years, 95% of children are out of single-use baby
diapers (UK Environment Agency, 2005b). However, some children continue wearing training
pants and/or diapers at night for varying lengths of time.
Table 47 : Percentage of children wearing single-use baby diapers (all types) (UK Environment Agency, 2005b)

In this restriction proposal, the health risk assessment was undertaken for children
aged from birth to 36 months included. The population of interest was divided into
six age groups in order to better take into account the weight evolution and
psychomotricity developments of children between the ages of zero and 36 months
involving the use of different diaper sizes and a daily frequency of use adapted to
each age group.

B.9.2.4.2. Contact between single-use baby diapers and skin
The dose per skin surface area is considered to be the most relevant dose metric for risk
assessment of the chemicals of concern. Therefore, the area of the exposed skin is typically
an important parameter to consider in such calculations. However, in single-use baby diaper
exposure scenario the relationship between the diaper surface and surface of the exposed
skin is 1:1, i.e. the exposed skin area is 100% covered by the material.
129

B.9.4.3. Exposure duration
It is generally agreed that it is not only the dose per skin area that is the determinant of the
adverse effect but also that the duration of the exposure, i.e. the accumulated dose per skin
area is important.
24 hours was selected as an appropriate time frame for accumulated dose when chemicals
have threshold effects given that exposure is expected throughout the day until the child
or the infant is fully toilet trained.
On the contrary, for chemicals with non-threshold effects (carcinogenic ones), 3 years
corresponding to the time until that a child is fully toilet trained, is considered as the
appropriate time frame.

B.9.4.4. Babies weight
Body weight depends on the age and sex of the individual and his/her physiological condition.
During the diaper wearing period, the weight of a child varies. On average, it is 3.5 to 4 kg
for a newborn, 10 kg for a one-year-old child, and 18 to 25 kg for a toddler (Rai et al., 2009).
Companies consider an average body weight of 8 kg (Rai et al., 2009; Dey et al., 2016a;
EDANA). As part of a worst-case scenario, they recommend using the smallest body weight
for newborns (Rai et al., 2009).
Body-weight data from the 2013 BEBE-SFAE survey, on the eating habits and food
consumption of children between the ages of zero and 36 months in metropolitan France, are
also available. This study was conducted in the field by TNS-SOFRES for the French
Association for Children’s Food. Consumption data were collected from 1,188 mothers of
children between the ages of 15 days and 36 months, meant to be a representative sample
of the French population26. Body weights were recorded by the interviewer in the children's
homes using a bathroom scale or recent weighing data (cf. Table 9 in section 12.5.5).
The 2014-2015 French Individual and National Food Consumption Survey (INCA 3)
documented this parameter (ANSES, 2017b). This was a study that first and foremost aimed
to collect individual food consumption data for the population living in France, but the
participants' anthropometric data were also recorded. All of the participants were weighed in
their homes using electronic bathroom scales. Any participants who refused were invited to
report their body weight. As part of the study, body-weight data were thus collected for 5,842
individuals aged from zero to 79 years out of the 5,855 surveyed, i.e. 3,145 adults and 2,697
children) (Table 48).

26
Excluding highly vulnerable populations, based on the following criteria: the baby's age and sex, the mother's
occupation, and the family's socio-professional category and region/metropolitan area.
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Table 48 : Distribution of body weight (kg) according to sex and age for children aged zero to 17 years (n =
2697) (ANSES, 2017b)
Boys (n=1406)
Girls (n=1291)
Total (n=2697)
Test
Mean SD p5 Med. p95 Mean SD p5 Med. p95 Mean SD p5 Med. p95

0-11 months

n=80

10.4

ns

1.5 9.8 13.0 16.0 12.7 1.8 9.6 12.4 17.0 12.9
3.6 14.5 18.3 25.2 19.3 4.1 13.6 18.4 27.0 19.1

1.7 9.6 12.7 16.7
3.9 14.2 18.4 26.0

ns
ns

29.5 7.6 20.5 28.0 44.7 29.0 7.6 19.0 27.8 43.9 29.3
11-14 years n=736 46.9 13.4 30.2 46.0 67.6 45.8 12.1 30.0 45.0 65.1 46.4
15-17 years n=555 66.1 17.3 44.0 63.0 96.6 57.3 12.5 42.0 55.6 76.8 61.8
Test of differences by sex: ns (not significant), * (p.0.05), ** (p<0.01), *** (p<0.001)
Source: INCA3 study (2014-2015), data processing by ANSES

7.6 19.8 27.9 44.7
12.830.0 45.0 67.6
15.944.0 60.0 92.8

ns
ns
***

1-3 years

n=229

6.6

4-6 years

13.0
n=454 18.9

7-10 years

n=643

2.2 3.1

6.0

11.0 6.5

1.7 3.3

5.5

10.3 6.6

1.9 3.1 6.0

Other studies were available to the Dossier Submitter but did not allow him to gather the
weight of children and infants by class of age.
In this restriction proposal, the Dossier Sumitter chose to work with the Q25 of the
body weight for each age group described in the BEBE-SFAE study (2013).
The BEBE-SFAE study was retained for this restriction proposal because it is the only
european study available that details sufficient data covering all classes between 0
and 36 months old .
The Dossier Submitter chose to retain, as a reasonable worst case, a Q25 of the
body weight distribution for each class of age in order to be in line with the RIVM
“General Fact Sheet” report about the general default parameters for estimating
consumer exposure (RIVM, 2014).

B.9.4.5. Absorbed fraction by the skin
Dermal absorption depends on the specific physico-chemical properties of the chemical, the
maturity of the skin tissue, the state of the skin (diaper rash) and the exposure conditions (
occlusive or semi-occlusive conditions).
Until a child is toilet trained, the diaper area is a warm, occlusive and moist environment with
ideal kinetic conditions facilitating the percutaneous absorption of substances. Nonetheless,
despite the potential risks associated with the occlusive nature of this environment, a
significant decrease in the incidence and severity of diaper rash has been observed over the
past few years and has been attributed to the quality of single-use diapers (ANSM, 2010).
However, the wearing of diapers continues to cause skin diseases in the buttocks area that
can affect dermal absorption. In that case, skin penetration can be increased. Stamatas et al.
(2011) compared skin barrier function in infants with dermatitis, considering areas of lesional
skin, non-lesional skin and control skin (skin on the outer thigh). Barrier function was similar
for the non-lesional and control skin (transepidermal water loss (TEWL)27 47 ± 29 g/m²/hr vs
48 ± 30 g/m²/hr). The lesional skin showed higher TEWL (104 ± 67 g/m²/hr) than the nonlesional skin and control skin, indicating that skin with erythema can be vulnerable due to
loss of stratum corneum, resulting in increased TEWL (Stamatas et al., 2011). Skin conditions
27

Transepidermal water loss refers to a mixed phenomenon of passive diffusion and water vapour loss as a result of
sweating. When the skin is damaged, transepidermal water loss is increased. On the other hand, it returns to normal
baseline values when the skin barrier is restored. The value of transepidermal water loss measured with an
evaporimeter is expressed as a mass of evaporated water per unit area of skin per unit of time (g/m²/hr).
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such as contact dermatitis and diaper rash can potentially increase the dermal penetration of
substances depending on their physico-chemical characteristics and the degree of skin
damage. For example, skin compromised by diaper rash or by mechanical or chemical damage
has shown variable penetration properties, with slightly higher dermal penetration compared
to normal skin (Gattu and Maibach, 2011 cited in Dey et al., 2016a). Conversely, other studies
indicate that compromised skin does not necessarily result in increased dermal penetration
(McCormack et al., 1982 cited in Dey et al., 2016a; Dey et al., 2015).
At European level, the Scientific Committee on Consumer Safety (SCCS) recommends using
a default absorption rate of 50%. However, the buttocks area has its own particular
conditions: wearing of diapers, uncontrolled urination and defecation, and diseases that can
damage the skin. Modern diaper technology has shown increasing compatibility with the skin,
leading to a reduction in the frequency and severity of diaper dermatitis. That said, diaper
dermatitis cannot be completely avoided and may have an impact on the dermal absorption
of substances. Thus, the potential impact of irritation on the dermal absorption of chemicals
should be taken into account in the final quantitative risk assessments of products intended
to be used on the buttocks (SCCS, 2018).
It should be noted that for the assessment of cosmetics intended for children under three
years of age, the ANSM recommends applying a worst-case scenario, i.e. 100% topical
penetration, when calculating margins of safety for products likely to be applied to the
buttocks (ANSM, 2010).
Even though the frequency of diaper dermatitis has decreased due to the use of diapers with
increasing skin compatibility, diaper dermatitis cannot be completely avoided and may have
an impact on the dermal absorption of chemicals. In addition, direct contact with damaged
skin may increase the skin sensitisation concern.
Thus, the Dossier Submitter assumed a mucocutaneous absorption rate of 100% to
calculate exposure.

B.9.4.6. Exposure frequency
The number of diapers used per day is influenced by the age of the child, the size of the
diaper, the type of diaper used, the country and cultural habits.
The average number of daytime diaper changes decreases from seven per day at birth to five
per day at the age of 2.5 years. When children no longer in diapers are not included, the
average number of diapers used per day (daytime and nighttime, considering one diaper per
night) by children between the ages of zero and 2.5 years ranges from 4.05 to 4.4.
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Some data were gathered through the call for evidence and are summarized in the table
below:

Table 49 : Information gathered through the call for evidence on exposure frequency
Company /association
1
2

3

4

5

Frequency (diapers per day)
5
Size 1 : 6
Size 2 : 5-6
Size 3 : 4-5
Size 4 : 4
Size 1: 6-10
Size 2: 6-10
Size 3: 6-10
Size 4: 4-6
Size 5: 4-6
Size 6: 4-6
Size 7: 4-6

Comments
-

0-2 months : 6-7
2-24 months : 4-5
24-30 monts : 2
0-3 monhts: 7.6 (France) – 7.4
(Germany)
4-6months : 6 – 6
7-12 months : 6.1 – 5.8
13-18_ months : 5.4 – 5.4
19 – 24 months : 5.2 – 5.3
25-36 months : 4.1 – 5.2
37 – 48 months : 3.8 – 3.8

-

-

Figures in 2018

Size 0-1-2 : 7.A (France) – 6.3
(Germany)
Size 3 : 6.1 – 6.0
Size 4 : 5.1 -5.3
Size 5 : 5.1 – 5.1
Size 6 -7 : 4.7 - 4.9
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The following table summarises the data on the frequency of use of single-use baby diapers
found through a literature search.
Table 50 : Summary of the data on the frequency of use of single-use diapers
Reference

UK
Environment
(2005b)

Agency

Krause et al. (2006)
Rai et al. (2009)

France
Nature
Environnement (2011)
Dey et al. (2016a)

De Vito and Schecter (2002)
Ishii et al. (2015)

Frequency of use
(number/day)

Comment

4.16
Average daytime frequency
< 6 months: 6.98
6 - 12 months: 5.66
12 - 18 months: 5.75
18 - 24 months: 4.95
24 - 30 months: 4.85
30 - 36 months: 3.70

Average

+ one diaper/night
5

Average

Size 1 (2-5 kg): 6
Size 2 (3-6 kg): 5-6
Size 3 (4-9 kg): 4-5
Size 4 (7-20 kg): 4
Size 5 (11-25 kg): 3
5

Average

Mean: 4.7
Median: 5
P75: 6
P90 and P95 = 7
4.7 ± 1.8
Size 2 (5-8 kg): 5.6 ± 2.1
Size 3 (7-13 kg): 4.7 ± 1.5
Size 4 (10-17 kg): 4.4 ± 1.5
Size 5 (14-18 kg): 4.1 ± 1.5
0-6 months: 10
6-24 months: 6
12

In France (n = 587) see

Average
USA (collection of data on
the frequency of use of size2 to -5 diapers between
2010 and 2012)
Hypothesis
JHPIA, 2015

As mentionned above, the population of interest was divided into six age groups in order to
better take account of rapid developments in terms of weight and psychomotor development
in children between the ages of zero and 36 months involving the use of different diaper sizes
and a daily frequency of use adapted to each age group.
Based on the available data described above, the daily frequency of use, the Dossier
Submitter used the data from the study undertaken in 2002-2003 in the United Kingdom in
more than 2,000 households with a child who was in diapers or had worn diapers in the recent
past, due to the robustness of this study (Table 50).
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Table 51 : Values of the frequency of use retained in the restriction proposal
Parameter
Frequency of use

Age groups
0-6
exclusive
6-12
inclusive
13-18
inclusive
19-24
inclusive
25-30
inclusive
31-36
inclusive

months

Value
7.98

months

6.66

months

6.75

months

5.95

months

5.85

months

4.70

Reference
UK
Environment
Agency,
2005b
(average
daytime
frequency
+
one
diaper/night)

B.9.4.7. Baby diaper weights
The average weight of a single-use baby diaper decreased from 64.6 g in the late 1980s to
40 g in 2010 and 33.3 g in 2013, i.e. an almost 50% reduction over a 25-year period (Figure
17) (EDANA, 2005, 2011 and 2015; Group‘Hygiène, 2015).

Figure 17: Change in the average weight of a single-use diaper between 1980 and 2010 (Group’Hygiène, 2015)
New data were gathered through the call for evidence published on the ECHA website. Various
companies provided baby diaper weights according to their size. This information are gathered
in the table below :
Table 52 : Information about baby diapers weight according to the call for evidence
Company
1

2
3

Weight (g)
20-30g for small size
40 for larger size
45-50g for night pants
24-28g
Newborn: 21.0 g
Mini: 23.0 g
Midi: 29.0 g
Maxi: 34.0 g
Junior: 36.0 g
XL: 38.5 g
XXL 39.5 g

Comments
Size of the diaper not specified

No more information provided
-
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4

Size
Size
Size
Size
Size
Size
Size
Size
Size

0-1 = 16.4 – 23.1
2 : 16.4- 26.5
3 : 20.6 – 31
4 : 26 – 41
4+ : 26.8 – 42
5 : 29.7 – 34.5
5+ : 29.7 – 34.5
6 : 30.3 – 50
7/8 : 34.1 - 35.7

-

The literature data available for this parameter are summarised in the table below.
Table 53 : Average weight of a single-use diaper
Reference
De Vito and Schecter, 2002
Krause et al. (2006)

Weight (g)

Comment

Average = 40

Hypothesis

50

P&G internal consumer
usage data

Rai et al. (2009)
Size 1 (2-5 kg): 24
Size 2 (3-6 kg): 25
Size 3 (4-9 kg): 33
Size 4 (7-20 kg): 40
Size 5 (11-25 kg): 45
30.1 to 50.7

Gupta et al. (2009)

Test with seven diapers

UK
Environment
(2005)

Agency

42.77

Average UK data, 20012002

UK
Environment
(2008)

Agency

38.6

Average

40

2010

EDANA (2015)

33.3

2013

Group’Hygiene

Size 1 (2-5 kg): 16.4 – 23.1
Size 2 (3-6 kg): 16.4 - 26.5
Size 3 (4-9 kg): 20.6 - 31
Size 4 (7-20 kg): 26 - 41
Size 5 (11-25 kg): 29- 46.3
Size 6 (13-27 kg) = 30.7 – 50

Group’ Hygiene
Communication, 2019

Group’Hygiène (2015)
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Based on the weight of a diaper, the Dossier Submitter considered the most recent
data available from an European industrial association.
Table 54 : Reported diapers weight (Group’Hygiène 2019)
Parameter
Weight of a diaper by
age group

Age groups
0-6
exclusive
6-12
inclusive
13-18
inclusive
19-24
inclusive
25-30
inclusive
31-36
inclusive

months

Value
23.1 g

months

31.0 g

months

31.0 g

months

31.0 g

months

46.3 g

months

46.3 g

Reference
Group’Hygiène
(2019) via personal
communication

The Dossier Submitter would like to underline that the weight of premature babies’ diapers
are not taken into account in the weight of a diapers by age group due to lack of available
data.

B.9.4.8. Workers exposure
Not relevant

B.9.4. Other sources (for
unintentional releases)

example

natural

sources,

Not relevant

B.9.3. Overall environmental exposure assessment
Not relevant

B.9.4. Combined human exposure assessment
Not relevant.

B.10. Risk characterisation
B.10.1. Manufacturing
B.10.1.1.

Human health

Not relevant

B.10.1.2.

Environment

Not relevant
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B.10.2. Use: Traditionnal single-use baby diaper

B.10.2.1.

Human health

To reduce the risk for the infants and children under the age of three from exposure
formadehyde, DL-PCB, PCDD/Fs and PAHs, the exposure to a chemical substance migrated
from the material should not exceed a concentration limit, considered as safe.
Risk characterisation enables the expected risk in a population to be quantified, taking into
account exposure to the substance in question and its effects (toxicity). Risk characterisation
is the final QHRA phase and consists in calculating the expected risk level for the chosen type
of effect, based on the calculation of:


a Risk Characterisation Ratio (RCR) for substances with a threshold effect,



an Individual Excess Risk (IER) for substances with a no-threshold effect (carcinogenic
effect).

For substances with a threshold effect, meaning formaldehyde, PCDD/Fs and DL-PCBs,
the risk level is expressed by the RCR, which is the ratio between the daily exposure dose
(DED) and the appropriate internal DNEL. The numerical value of this ratio is used to
determine whether or not the dose received exceeds the DNELin.
RCR = DED/ DNELin

equation 3

The numerical value of the RCR is interpreted as follows: an RCR greater than 1 means that
the toxic effect may occur, without it being possible to predict its likelihood of occurrence in
the exposed population, whereas an RCR lower than 1 indicates that no toxic effect is
theoretically expected in the exposed population , provided that the exposure to the substance
is only due to the single use baby diaper.
For substances with a no-threshold effect (mainly genotoxic carcinogens, in this
restriction dossier, PAHs), an Individual Excess Risk (IER) is calculated. It corresponds to the
probability of developing cancer during lifetime exposure to the considered substance from
baby diapers use. In this restriction dossier, and for each PAH, the DED and the IER is
calculated for each class of age (i). The IER is determined using the following equation:
IERi = DMELin x [(DEDi x T) / Tm] x ADAFi

equation 4

IER = ∑ IERin
For example, for the benzo[d,e,f]chrysene, the IER for the class of age 0-6months excluded
is calculated as follow:
DED0-6 = (Cdiaper x W0-6 x F0-6 x Abs skin) / BW0-6
IER0-6 = ERU x [(DED0-6 x T) / Tm] x ADAF0-6
where:
 DMELin: internal DMEL
 DEDi : daily exposure dose for the calss of age i
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T: duration of the exposure period in years, i.e. the duration of diaper wearing for each
class of age (0.5 year)
Tm: duration of lifetime exposure in years, conventionally set at 70 years
ADAFi : age-dependent adjustments factors of the class of age i

Various excess risks can be calculated based on different exposure concentrations; depending
on the case, there can be excess risks of 10-4 to 10-6 (for carcinogenic effects, this means one
additional case of cancer in an exposed population of 10,000 to 1,000,000 individuals). In
this restriction proposal, the acceptable risk for substances with a no-threshold
effect was set at 10-6, the most conservative value.
The possibility of cumulative exposure through other sources (environmental, food, etc.)
leading to an increase in could the total DED cannot be ruled out, meaning that the exposure
to these chemicals is likely not limited to diapers only. Therefore, the Dossier Submitter
decided to limit the share allocated to single-use baby diapers to 10% of the DNEL.

B.10.2.1.1

Equation to derive concentration limits in single-use baby diapers

To reduce the risk for children and infants from exposure to substances of concern in single
use baby diapers, the exposure to a chemical substance migrated from the article should not
lead to an IER higher than 10-6 or to a RCR higher than 1. As explained before, various
exposure routes leading to an increase in the estimated risks could not be ruled out, meaning
that the exposure to these chemicals is not limited to only diapers but to another exposure
sources (environmental, food etc.). That’s why the Dossier Submitter decided to limit
the share allocated to baby diapers to 10% of the RCR or the IER.
The limit in single use baby diaper was calculate using the following equation:
-

For substance with a threshold effect :
Cdiaper = RCR x10% x BW x DNELin / (W x F x Abs

With:








skin

x TEF) equation 5

DNELin : internal DNEL (mg/kg bw/d)
BW: Body weight of a child (kg)
W: Weight of a diaper (kg)
F: frequency of use per 24h (number/24h)
Abs skin : fraction absorbed by the skin (%)
TEF : toxic equivalent factor (only used for PCDD/Fs and DL-PCB)
Cdiaper: concentration limit of the chemical extracted with a urine simulant from an entire
diaper, in relation to the weight of the diaper taking into account the extracted simulant
volume (mg/kg of diaper)

For chemicals with threshold effects, the Dossier Submitter decided to calculate the
concentration limit using the parameters related to babies aged between 0-6 months, as for
this category of age, the ratio BW/W is the lowest and so the calculated concentration will be
the most protective. The so derived concentration limit covers all categories of ages.
-

For a substance with no-threshold effet :
Cdiaper simulant =
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(IER x 10% x Tm) / (DMELin x Abs skin x T x TEF X ∑[(Wi x Fi x ADAFi) / BWi])
equation 6
IER = ∑IERi = 10-6
With:

Cdiaper: concentration limit of the chemical extracted with a urine simulant from an entire
diaper, in relation to the weight of the diaper taking into account the extracted simulant
volume (mg/kg of diaper)

Wi: average weight of a diaper (kg) for each class of age

Fi: frequency of use (number/day) for each class of age

Abs skin: fraction absorbed by the skin (%)

BWi: body weight of a child (kg) for each class of age

TEF : Toxic Equivalent factor

ADAFi : age-dependent adjustments factors for each class of age

T: duration (in years) of the exposure period, (i.e. the duration of diaper wearing ) for
each class of age (0.5 year). Considering that the overall exposure period is calculated
using 6 classes of age, the total exposure period is 3 years.

Tm: duration of lifetime exposure in years, conventionally set at 70 years

BWi: body weight of a child (kg) for each class of age (i)
The concentration of the available substance expressed in mg/kg of diaper cannot be directly
measured. It is proposed to be determined after extraction of said substance from an entire
diaper with a urine simulant. It is thus related to the weight of the diaper, and to the extracted
simulant volume. The concentration limit of available substance expressed in mg/kg of diaper
can thus be transformed into a limit concentration of the available substance expressed in
mg/L of urine simulant using the following equation:
C

[mg/mL urine] = (C diaper [mg/kg diaper] x weight of the diaper
[kg]) / extracted volume [mL]
equation 7

urine simulant

B.10.2.1.2.

Formaldehyde

Approximate level in diapers
In the studies performed by SCL in 2018 and 2019, formaldehyde was quantified 22 times
and detected 17 times over 51 references analysed.
The 75th percentile of the concentration out of the 22 references is 1.151 mg/kg (As explained
in section B.5), the internal human reference value for formaldehyde retained by the Dossier
Submitter is 0.075 mg/kg bw/d.
By applying the exposure equation described in Annex B.9, and for the class of age from 0 to
6 months excluded, the DED will be:
DED0-6 = (Cdiaper X F X W X Abs
mg/kg/day

skin)

/ BW = 1.151 X 7.98 X 0.0231 X100% / 5.2 = 0. 0408

Consequently, the RCR for fomaldehyde quantified in single use diapers in 2018 and 2019 in
the SCL analysis, will be:
RCR0-6 = DED/ DNELin = 0.0408/ (0.075) = 0.54
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Single-use baby diapers are not the only source of exposure to chemicals for which reference
values have been established and exposure via single-use diapers is certainly lower than
exposures from other sources such as food or the air. Thus and as already explained, the
Dossier Submitter chose to limit to 10% of the DNEL the share allocated to baby diapers for
the calculation of threshold concentration which imply that the RCR calculated for
formaldehyde is above 0.1 that will ensure safety for babies when exposed to this chemical
in diapers.
As already explained, the Dossier Submitter decided, in its risk assessment, to calculate the
RCR and using the parameters related to babies aged between 0-6 months, as for this
category of age, the ratio BW/W is the lowest and so the RCR will be the worst over the 6
classes of age. Moreover, as mentioned above, the Dossier Submitter decided to limit the
share allocated to baby diapers to 10% of the DNEL meaning that the RCR must not be ovec
0.1 ; otherwise a risk could not be excluded.
Consequently, and regarding the result of the calculation described here above, it
can be concluded, that through the risk assessment performed, sufficient exposure
may occur via diaper to trigger adverse effects in babies.
Concentration limit not to be exceeded in diapers
A DNELin of 0.075 mg/kg bw/d was retained (see Annex B.5). For infants between 0 to 6
months old excluded, a frequency of use of 7.98; a diaper weight of 23.1 g and a body weight
of 5.2 kg were used. No TEF is needed for formaldehyde.
The concentration limit of formaldehyde in diapers ensuring that 10% of the DNELin is not
exceeded is:
Concentration limit (mg/kg diaper) = 0.1 x 0.075 X 5.2 /( 0.0231 X 7.98 X 100% ) =
0.21 mg/kg
The Dossier Submitter proposes a concentration limit of 2.1.10-1 mg/kg for formaldehyde
in single-use baby diaper.
Because the process and the manufacturing lines are the same, the Dossier Submitter chose
to indicate that this concentration limit is proposed to cover all the category of ages and all
the sizes of diapers available on the market.

B.10.2.1.3.

PCDD/Fs and DL-PCBs

Approximate level in diapers of PCDDs
In the studies performed by SCL in 2018 and 2019, various PCDDs were quantified in the 51
diapers analysed.
In the table below are detailed the concentration (75th percentile or maximum concentration),
the calculated DED according the equation 2 and the RCR for the class of age 0-6 months
excluded.
The 75th percentile was retained when the chemical was quantified more than 8 times out of
the 51 references analysed. If the substance is quantified less than 8 times, the maximum
concentration was retained.

141

Table 55 : RCR for each PCDDquantified in the SCL studies
Substances

1,2,3,4,6,7,8 HpCDD
OCDD

1,2,3,6,7,8 HxCDD
1,2,3,4,7,8 HxCDD
1,2,3,7,8,9 HxCDD

75th percentile or the
maximum
of
the
concentration (mg/kg
of diaper)
1.8.10-8
5.7.10-7
1.5.10-8
4.7.10-9
9.7.10-9

DED0-6 in TEQ
(mgTEQ/kg/d)

RCR0-6

6.38.10-12
6.06.10-12
5.31.10-11
1.67.10-11
3.44.10-11

2.45.10-2
2.33. 10-2
0.21
6.4.10-2
0.13

It can be concluded, that through the assessment performed, sufficient exposure
may occur via diaper to trigger adverse effects in babies for some of the quantified
PCDDs.

Approximate level in diapers of PCDFs
In the studies performed by SCL in 2018 and 2019, various PCDFs were quantified in the 51
diapers analysed.
In the table below are detailed the concentrations (75th percentile or maximum
concentration), the calculated DED according the equation detailed above and the RCR for the
class of age 0-6 months excluded.
The 75th percentile was retained when the chemical was quantified more than 8 times out of
the 51 references analysed. If the substance is quantified less than 8 times, the maximum
concentration was retained.

Table 56 : RCR for each PCDF quantified in the SCL studies
Substances

1,2,3,6,7,8 HxCDF
2,3,4,6,7,8 HxCDF
1,2,3,4,6,7,8 HpCDF
OCDF
2,3,7,8 TCDF
1,2,3,7,8 PeCDF
2,3,4,7,8 PeCDF
1,2,3,4,7,8 HxCDF
1,2,3,7,8,9 HxCDF
1,2,3,4,7,8,9 HpCDF

75th percentile or the
maximum of the
concentration (mg/kg of
diaper)
1.50.10-8
1.50.10-8
1.18.10-8
1.50.10-8
6.60.10-10
3.90.10-9
8.35.10-9
1.30.10-8
6.70.10-9
1.40.10-8

DED0-6
(mgTEQ/kg/d)

RCR0-6

5.32.10-11
5.32.10-11
4.17.10-12
1.59.10-13
2.34.10-12
4.15.10-12
8.88.10-10
4.61.10-11
2.38.10-11
4.96.10-12

0.21
0.21
1.60.10-2
6.14.10-4
9.00.10-3
1.60.10-2
0.34
0.18
9.14.10-2
1.91.10-2

It can be concluded, that through the risk assessment performed, sufficient
exposure may occur via diaper to trigger adverse effects in babies for some of the
quantified PCDFs.
Approximate level of DL-PCBs in diapers
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In the studies performed by SCL in 2018 and 2019, various DL-PCBs were quantified in the
51 diapers analysed.
In the table below are detailed the concentration (75th percentile or maximum concentration),
the calculated DED according the equation detailed above and the RCR for the class of age 06 months excluded.

Table 57 : RCR for each DL-PCB quantified in the SCL studies
Substances

PCB 77
PCB 81
PCB 123
PCB 118
PCB 114
PCB 105
PCB 126
PCB 167
PCB 156
PCB 157
PCB 169
PCB 189

75th percentile or the
maximum of the
concentration (mg/kg of
diaper)
2.16.10-7
7.20.10-8
1.66.10-7
5.46.10-6
1.99.10-7
3.26.10-6
6.90.10-8
2.61.10-7
5.62.10-7
1.46.10-7
6.0010-8
1.40.10-7

DED0-6 in
TEQ(mgTEQ/kg/d)

RCR0-6

7.66.10-13
7.65.10-13
1.75.10-13
5.81.10-12
2.12.10-13
3.47.10-12
2.45.10-11
2.78.10-13
5.98.10-13
1.55.10-13
6.38.10-11
1.49.10-13

2.95.10-3
2.95.10-3
6.56.10-4
2.23.10-2
8.14.10-4
1.33.10-2
9.41.10-2
1.07.10-3
2.3.10-3
5.95.10-4
0.245
5.73.10-4

It can be concluded, that through the risk assessment performed, sufficient
exposure may occur via diaper to trigger adverse effects in babies for some of the
quantified DL-PCBs.
The Dossier Submitter would like to underline the statements hereafter:
-

-

When laboratories perform analysis onto diapers, they search for each congener.
All PCDD/Fs and DL-PCBs were not quantified in each diaper but could be found in
some of them leading, when performing the QHRA, to risk ratios higher than 0.1 .
These risk assessments showed that risks exist for the chemical groups quantified
in single-use baby diaper.
Moreover, these chemicals have similar toxicological profiles meaning that hazards
for each congener can be evaluated by using TEF,

All these statements lead the Dossier Submitter, in terms of regulatory
management, to restrain the sum of the quantified PCDDs, PCDFs and DL-PCBs.
Concentration limit not to be exceeded in diapers for the sum of the above chemicals
To define the concentration limit for the sum of PCDD/Fs and DL-PCBs, the Dossier Submitter
followed the approach described in section B.10.2.1.1.
A DNELin of 0.26 pg/kg bw/d has been retained (See Annex B.5). For infants between 0 to 6
months old, a frequency of use of 7.98; a diaper weight of 23.1 g and a body weight of 5.2 kg
were used.
The concentration limit of the sum of PCDD/Fs and DL-PCBs in diapers ensuring that 10%
of the DNELin is not exceeded is then:
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Concentration limit (mg
= 7.33.10-10 mg TEQ/kg

TEQ/kg

diaper) = 1 X 0.1 X 2.6.10-10X 5.2 /(0.0231 X 7.98 X 100%)

The Dossier Submitter proposes a concentration limit of 7.0.10-10 mg TEQ/kg in single-use
baby diapers. As explained in section 1.2.6.1. this concentration limit is proposed to cover all
the category of ages and all the sizes of diapers available on the market.
DL-PCBs can be found in such articles and as it is commonly known when DL-PCBs can be
quantified, NDL-PCBs are likely to co-exist. Even if these chemicals have not been searched
for in single use baby diapers, they have been quantified in similar articles, that is to say in
incontinence diapers (UFC Que Choisir, 2019). Consequently, the Dossier Submitter, chose to
add these chemicals to the restriction proposal and to restrain the sum of the PCBs.
To determine the concentration limit, the Dossier Submitter used the same equation (equation
3) and the same values for the parameters like for the calculation of the concentration limit
of the sum of the above PCDD/Fs, DL PCBs except for the DNELin. Indeed, the DNELin that has
to be used can’t be the same as the one used above (meaning 0.26 pg/kg bw/d) due to the
fact that the toxic action mode of PCBs is not the same as the one for DL-PCBs. Consequently,
and after a litterature search and exchange with toxicological experts, the Dossier Submitter,
retained a HRV of 0.02 µg/kg/d (WHO, 2002) for the PCBs. In the table below are gathered
all the information needed to determine the DNELin.

Table 58 : DNEL used to define a concentration limit for PCBs
Type
HRV

of

Oral chronic

Organis
ation
(year)

Value

Target
organ/critical
effect

Oral
bioavailability
(reference)

internal DNEL

WHO
(2002)

TDI
=
0.02
µg/kg/day

immunological and
neurobehavioral
effects

87% (Poiger and
Schlatter, 1986)

1.74.10-5 mg/kg/day

The concentration limit of the sum of the total PCBs in diapers ensuring that 10% of the
DNELin is not exceeded is then:
Concentration limit (mg /kg diaper) = 1 X 0.1 X 1.74.10-5 X 5.2 /(0.0231 X 7.98 X 100%)
= 4.9.10-5 mg/kg
The Dossier Submitter proposes a concentration limit of 4.9.10-5 mg/kg of diaper. As
explained in section 1.2.6.1. this concentration limit is proposed to cover all the category of
ages and all the sizes of diapers available on the market.
The concentration limits of the sum of the quantified PCDD/Fs, DL-PCBs and the
sum of total PCBs, in diapers ensuring the safety of children and infant under the
age of 3 are:
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Table 59 : Concentration limit not to be exceeded in diapers
Chemical
Sum of the quantified PCDDs, PCDFs and
DL-PCBs in TEQ
Sum of the quantified total PCBs

B.10.2.1.4.

Concentration limit
7.10-10 mgTEQ/kg of diaper
4.9.10-5 mg/kg mg/kg of diaper

PAHs

Approximate level in diapers
In the studies performed by SCL in 2018 and 2019, various PAHs were detected in the 51
diapers analysed.
In the table below are detailed the concentration (75th percentile or maximum concentration),
the calculated DED according the equation detailed above and the IER for the children
between 0 to 3 years of age.

Table 60 : IER for each PAH detected in the SCL studies
Substances

Benzo[d,e,f]chrysene
Benz[a]anthracene
Chrysene
Benzo[e]acephenanthrylene
Benzo[j]fluoranthene
Benzo[k]fluoranthene
Benzo[e]pyrene
Benzo[g,h,i]perylene

Concentration
(75th percentile of
the LQ/2) mg/kg
4.05.10-1
4.00.10-4
2.49.10-1
3.82.10-1
3.69.10-1
3.69.10-1
4.18.10-1
4.18.10-1

IER

1.09.10-2
1.07.10-6
6.70.10-5
1.02.10-3
9.89.10-4
9.89.10-4
1.12.10-4
1.12.10-4

It can be concluded, that, through the assessment performed, significant exposure
may occur via diaper to trigger adverse effects in babies for all PAHs detected.
As for PCDD/Fs and DL-PCBs, various PAHs have been detected in single-use baby diapers.
The risk evaluation has shown cases of risk ratios higher than 0.1 for some of the congeners.
The Dossier Submitter would like to underline the statements hereafter:
-

-

When laboratories perform analysis onto diapers, they search for each congener.
All PAHs are not detected in each diaper but could be found in some of them
leading, after QHRA, to risk ratios higher than 0.1. These risk assessments showed
that risks exist for the chemical group detected in single-use baby diaper.
Moreover, these particular PAHs (carcinogenic ones28) have similar toxicological
profiles meaning that hazards for each congener can be evaluated by using TEF.

28

benzo[c]fluorene,
benz[a]anthracene,
cyclopenta[c,d]pyrene,
chrysene,
5-methylchrysene,
benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[j]fluoranthene, benzo[e]pyrene, benzo[d,e,f]chrysene,
dibenz[a,h]anthracene,
indeno[1,2,3-c,d]pyrene,
benzo[g,h,i]perylene,
dibenzo[def,p]chrysene,
dibenzo[a,e]pyrene, benzo[r,s,t]pentaphene, dibenzo[b,def]chrysene
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All these statements lead the Dossier Submitter, in terms of regulatory
management, to restrain the sum of the detected or quantified PAHs
(benzo[c]fluorene, benz[a]anthracene, cyclopenta[c,d]pyrene, chrysene, 5methylchrysene,
benzo[b]fluoranthene,
benzo[k]fluoranthene,
benzo[j]fluoranthene,
benzo[e]pyrene,
benzo[d,e,f]chrysene,
dibenz[a,h]anthracene,
indeno[1,2,3-c,d]pyrene,
benzo[g,h,i]perylene,
dibenzo[def,p]chrysene, naphtho[1,2,3,4-def]chrysene, benzo[r,s,t]pentaphene,
dibenzo[b,def]chrysene)
Concentration limit not to be exceeded in diapers for the sums of the above chemicals
To define the concentration limit for each of the sum listed above, the Dossier Submitter
followed the approach described in section B.10.2.1.1.
A DMELin of 3.3 (mg/kg bw/d)-1 has been retained (please see Annex B.5).
The concentration limit not to be exceeded to ensure that infant and children under the age
of 3 exposed to PAHs in single-use diapers is :
Concentration limit (mg/kg diaper) = (10-6 x 10% x Tm) / (3.3 x 100% x T X ∑[(Wi x Fi x
ADAFi) / BWi])

Table 61 : Value of the parameters for the calculation of the concentration limit of each PAH
Class of age

Weight of
diaper (kg)

a

0-6
months
exclusive
6-12
months
inclusive
13-18
months
inclusive
19-24
months
inclusive
25-30
months
inclusive
31-36
months
inclusive

0.0231

Frequency
use (per
hour)
7.98

0.031

of
24

Body
(kg)

weight

ADAF

5.2

10

6.66

7.5

10

0.031

6.75

9.6

10

0.031

5.95

10.9

10

0.0463

5.85

12.0

3

0.0463

4.70

12.0

3

For the sum of the detected or quantified PAH, the concentration limit in diapers
ensuring the safety of children and infant under the age of 3 is 3.72.10-6 mgTEQ/kg
of diaper. The Dossier Submitter proposes a concentration limit of 3.7.10-6 mgTEQ/kg of
diaper.
B.10.2.1.5.

Conclusion on human health risk

For all the chemicals in the scope of the restriction proposal, the concentration limits are far
below the highest concentrations limits found in single-use baby diapers at point of sale (as
indicated in section 1.2.4 and annex B). Therefore, the risks associated with these substances
are not adequately controlled. Hence, lowering the concentrations of these chemicals in
single-use baby diapers to the ones proposed above, is considered to significantly reduce the
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risk . The concentration limits proposed are considered to adequately protect infants and
children.
The calculated limits in single-use baby diapers proposed by the Dossier Submitter are the
following ones:

Table 62 : Concentration limits not to be exceeded in single-use baby diaper
Substance/group
substances

of

Proposed concentration limit (mg/kg of
diaper)
Formaldehyde
2.1.10-1

Formaldehyde
PCDDs/PCDFs/ PCBs
Sum of the quantified PCDDs,
PCDFs and DL-PCB in TEQ
Sum of the quantified total PCBs
PAHs
The sum for the PAH quantified
or detected in TEQ

B.10.2.2.

7.0.10-10
4.9.10-5
3.7 .10-6

Workers

Not relevant

B.10.2.3.

Consumers

Not relevant

B.10.2.4. Indirect exposure of humans via the environment
PCDD/Fs, DL PCBs, PAHs and formaldehyde are ubiquitous substances that can be found in
various sources of exposure. Indeed, dioxins, furans and DL PCBS are found in food, air or in
the ground. (ANSES, 2017b )
However, indirect exposure of infants and children was not considered for this restriction
proposal.

B.10.2.5. Combined exposure
Not relevant.

B.10.2.6. Environment
Not relevant
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Annex C: Justification for action on a Union-wide basis
The main reasons for a Union-wide restriction are summarised below.
Severity and extent of health risks
The severity of the possible health risk as documented in section 1.3 and section B.5 of the
main report, and the extent of the risk as children are in daily contact with single-use baby
diapers call for a Union-wide restriction. A Union-wide regulatory measure would ensure a
harmonised high level of protection for human health across the Union.
As best-informed guess, the Dossier Submitter assumes that 90% of the European children
and infants wear only single-use baby diapers (EDANA, 2011). According to Eurostat, around
5.2 million babies are born in EU28 every year29, i.e. there are currently about 16 million
babies and infants between 0 and 3 years old in EU28. It is reasonably assumed that all babies
and infants in Europe share similar skin properties and similar diapering time until 3 years old
(except some extreme cases of late toilet-training or physiological deficiencies). Therefore, it
is assumed that around 14.5 million babies and infants in Europe are exposed to the
hazardous chemicals targeted in this restriction proposal via their single-use baby diapers and
thus are potentially at risk.
The free movement of goods
A Union-wide action to address the risks associated with substances of concern in single-use
baby diapers is needed to ensure the free movement of goods within the EU. The fact that
diapers, imported as well as manufactured in the EU, need to circulate freely once on the EU
market, stresses the importance of an EU-wide action rather than action by individual Member
States, as these actions could differ significantly from Member State to Member State. In
addition, a Union-wide action would eliminate the distortion of competition on the European
market between markets with and without national legislation on the chemical composition of
textile and leather articles.
Additionally, this EU-wide action will have an effect on the goods produced outside EU. Indeed,
the substances of concern in this restriction proposal often bare other hazards, in particular
for environment. As their concentration will be limited to enter the EU market, their use will
be controlled and limited as well when produced.

29

Average
over
2008-2018
retrieved
on
June
the
https://ec.europa.eu/eurostat/databrowser/view/tps00204/default/table?lang=en

9th

from:
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Annex D: Baseline
This restriction covers substances specified in section 1.1.4 that may be present in single-use
baby diapers at points of sale within EEA31. A list of articles relevant for the scope is provided
in section 1.1.4.
The baseline, the “business as usual” scenario, is defined as the current and predicted future
use of these substances in the articles covered without the proposed restriction and is
described as follows:

30



The geographical boundaries for the assessment are the countries of EEA31.



Regarding pending legislative changes of relevance, and as already mentioned above:
BaP and formaldehyde will also be the subject of a restriction proposal from Sweden
and France, which suggests a concentration limit for textiles, leather fur and hide
articles including single use baby diapers. The proposal is targeted at the skin
sensitising properties of formaldehyde and BaP. In case certain single use baby diapers
can meet the concentration limit proposed in Sweden and France’s restriction they
would be taken off the market in order to comply with this restriction on single use
baby diapers. Some impacts for these diapers may thus occur. However, at this stage,
it is difficult to predict them.



Concurrently, voluntary actions from diapers industry as well as labels exist. These
schemes are part of the baseline. As explained in section 2.2. of the main report, if
properly implemented and monitored, voluntary agreements can be effective and
businesses can help to achieve public policy aims. Since they are not regulatory
schemes, their efficiency is however difficult to measure. Nevertheless, these actions
demonstrate that diaper industry is willing to improve their processes and end products
and have already implemented actions for these purposes.



As shown in Annex A, the single-use baby diapers consumption in the EU has been
constantly growing since the 1980s and has rapidly increased during the last decade.
Based on EU statistics, a part of the diaper production involving chemical substances
occurs outside the EU. Based on these trends, it is assumed that the production of
single-use baby diapers will keep on growing in the future or at least stay as it is now,
and the part of manufacturing occurring outside EU is assumed to remain real,
encouraged by low-paid workforce and less stringent workers regulation in the field of
textiles in particular.



The Dossier Submitter has insufficient information to define the actual number of
children and infants that wear single-use baby diapers in Europe. As be best-informed
guess, the Dossier Submitter assumes that 90% of the European children and infants
wear only single-use baby diapers (EDANA, 2011). Nonetheless, some parents choose
to use reusable diapers. The choice of diaper type is influenced by family members as
well as by income disparity and methods of access to information (Thaman and
Eichenfield, 2014). According to Eurostat, around 5.2 million babies are born in EU28
every year30, i.e. there are currently about 16 million babies and infants between 0

Average
over
2008-2018
retrieved
on
June
https://ec.europa.eu/eurostat/databrowser/view/tps00204/default/table?lang=en

the

9th

from:
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and 3 years old in EU28. It is reasonably assumed that all babies and infants in Europe
share similar skin properties and similar diapering time until 3 years old (except some
extreme cases of late toilet-training or physiological deficiencies). Therefore, it is
assumed that around 14.5 million babies and infants in Europe are exposed to the
chemicals targeted in this restriction proposal via their single-use baby diapers and
thus are potentially at risk.
As a result of these above asumptions, it is assumed that adverse effects linked to
the chemicals of concern in single use baby diapers, will steadily increase over time.
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Annex E: Impact Assessment
E.1. Risk Management Options
Herein existing regulations on chemicals of concern in single-use baby diapers as well as
actions in voluntary schemes are presented. For the presentation of other RMOs, please see
section 2.2. of the main report.

E.1.1. French and European regulations
In France and in the EU, baby diapers are not covered by any specific regulations, whether
for their composition, manufacture or marketing.
The General Product Safety Directive (2001/95/EC) is the only regulation to which these
products are subject; the obligations it imposes on companies include the duty to market safe
products for use under reasonably foreseeable conditions by consumers, to undertake a risk
assessment, to have at their disposal the corresponding dossier, to provide consumers with
information about risks, to ensure the traceability of products, and to have a procedure for
withdrawing products from the market.
Manufacturers of such products wishing to include certain chemicals in their products claimed
to also comply with the following regulations:


Regulation (EC) No 1223/2009 on cosmetic products, in particular regarding the
substances used in lotions. This regulation lays down a positive list of substances that
manufacturers can use in cosmetics,



Regulation (EC) No 1907/2006 (REACh Regulation) and Regulation (EC) No 1272/2008
(CLP Regulation). According to the REACh Regulation, baby diapers are considered as
articles containing substances that may be released (e.g. lotion). To comply with
REACH regulation, according to EDANA31, manufacturers have to :



o

list all the substances that are intented to be released from the material under
normal or reasonably foreseeable conditions of use,

o

List all known concentrations of candidates SVHC that are present in the
material

o

List all substances on the Authorization list,

o

Declare that the material complies with all applicable requirements of the Annex
XVII ‘Restrictions List’.

as well as the advice provided in the EDANA and Group’Hygiène guides.

https://www.edana.org/docs/default-source/absorbent-hygiene-products/safety-and-regulatorysupply-chain-information-for-ahp-aug2018.pdf?sfvrsn=2555b491_2
31
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Germany:
In Germany, baby diapers are considered as commodities and are regulated by the German
Food and Feed Code (LFGB). There are no regulations specific to diapers. However, the BfR
has issued recommendations related to the materials used for the manufacture of baby
diapers, in particular regarding:


the materials used,



maximum concentrations for acrylic acid,



the use of scented oils and conditioning agents,



the use of chemicals, plastic materials and dyes.

E.1.2. Certification labels and standards
At EU level, since 24 October 2014, there has been an Ecolabel certification scheme for singleuse absorbent hygiene products (feminine sanitary towels, tampons, nursing pads, baby
diapers) (EC, 2014). This EU Ecolabel enables consumers to identify good-quality products
meeting high environmental standards. It guarantees a reduced environmental impact
throughout the product life cycle, minimal use of hazardous substances, and the
implementation of quality and performance tests. The EU Ecolabel is the only official European
environmental certification scheme that can be used in all European Union Member States.
In general, some manufacturers draw inspiration, among other things, from the EU Ecolabel's
list of substances and migration limits to assess the safety of their products.
As reported in Mendoza et al. (2019), this Ecolabel sets rigorous life cycle ecological criteria
for baby diapers, including the sourcing, processing and treatment of raw materials. For
adhesives, the use of certain chemicals, such as colophony resins, formaldehyde or some
types of phthalates (e.g. diisobutyl and diisononyl) is banned, unless they are present in quite
low concentrations (e.g. <100-250 ppm). Holt-melt adhesives are exempt from this
requirement.
Oeko-Tex standard 100 certifies that all textile articles in every stage of processing, starting
from the threads to the finished fabrics and finished articles comply with the standards
(including threads, buttons, zippers and linings, prints and coatings). The certification
according to Oeko-tex standard by diapers manufacturers mainly aims at preventing irritation
and damages to babies’ skin. Standards for Product class I (Articles for babies and toddlers)
set limits for individual chemical to be comply with32. Nevertheless, this label is not specific
to baby diapers. It only concerns the textile part of a baby diaper.
COSMOS/Ecocert certifies that all the ingredients are from natural origin except a restrictive
approved ingredients list (including preservatives) autorised in small quantity.
In average, Ecocert certifies products contain 99% ingredients of natural origin33. For certified
diapers manufacturers, the focus is on organic cultivation when selecting their ingredients, so
that their skin care products are not only certified organic, but also environmentally friendly.

32

https://www.oeko-tex.com/importedmedia/downloadfiles/STANDARD_100_by_OEKO-TEX_R___Limit_Values_and_Individual_Substances_According_to_Appendices_4___5_en.pdf
33

https://www.ecocert.com/en/certification-detail/natural-and-organic-cosmetics-cosmos
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Ecocert Greenlife also guarantees that products do not contain artificial colours and mineral
oils.
The Nordic Swan Ecolabel, the official ecolabel of the Nordic countries (Iceland, Sweden,
Norway, Denmark, Finland), was created in 1978 (Nordic Ecolabel, 2011). It is a seal of
approval intended to help consumers choose the most eco-friendly products, within 63
product groups (cleaning products, paper towels, textiles, etc.). Companies using the logo
undertake, among other things, to limit certain chemicals that are hazardous to human health,
limit greenhouse gas emissions when manufacturing their products, use renewable raw
materials, organic cotton, wood from sustainably managed forests, etc.
The FSC (Forest Stewardship Council) certification scheme is an international
environmental certification scheme that ensures that products are sourced from sustainably
managed forests, that there is a procedure for tracking timber from the forest to the finished
product, and that forestry practices limit environmental impacts on the fauna, flora, natural
environment and local populations. There are three different types of FSC certification scheme
depending on the composition of the FSC-certified product:


the FSC 100% certification scheme: the product contains 100% (by weight) FSCcertified virgin fibre;



the FSC Mix certification scheme: the product contains FSC-certified fibre, recycled
fibre and controlled wood;



the FSC Recycled certification scheme: the product contains 100% (by weight) FSCcertified recycled fibre.

FSC is an international non-profit organisation created in 1993 and based in Bonn (Germany).
PEFC Certification 34 (Programm for the Endorsement of Forest Certification). Forest
certification provides a mechanism to promote the sustainable management of our forests
and ensures that forest-based products reaching the marketplace have been sourced from
sustainably managed forests. Forest certification is a voluntary, market-based instrument,
implemented through two separate but linked processes: sustainable forest management
certiﬁcation and Chain of Custody certification. Sustainable forest management certification
assures that forests are managed in line with challenging environmental, social and economic
requirements.
The TCF (Totally Chlorine Free), PCF (Processed Chlorine Free) and SI (Sustainability
Index) certification schemes are proposed by the Chlorine Free Products Association
(CFPA)35. They certify that a product has been manufactured and bleached without any use
of chlorine.
The OK Biobased TUV Austria (former Vinçotte) certification scheme certifies products
based on their concentration of renewable raw materials. It determines the percentage of
renewable raw materials used to manufacture products36. The OK Biobased certification is
tested according to Standard ASTMD 6866 (Test Methods for Determining the Biobased
Content of Solid, Liquid, and Gaseous Samples Using Radiocarbon Analysis). It distinguishes

34

People for the Ethical Treatment of Animals
An independent not-for-profit accreditation and standard-setting organisation, located in the state of Illinois, United
States
36
http://www.tuv-at.be/green-marks/certifications/ok-biobased/
35
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carbon resulting from contemporary biomass-based inputs from those derived from fossil
based inputs. Certification may apply to finished products or to packaging.
The International Featured Standards (IFS) comprise eight different food and non-food
standards, covering the processes along the supply chain. IFS does not specify what these
processes must look like but merely provides a risk-based assessment of them. More
specifically, the IFS HPC37 is a standard for auditing safe and quality products/processes of
suppliers concerning the manufacturing of Household (e.g. detergents, softeners, cleaning
agents, aroma sticks, etc.) and Personal Care products (e.g. tampons, tweezers, bath
sponges, diapers, etc.). The development of this Standard was made possible thanks to the
common work with HPC industries, retailers and certification bodies which took care of the
main aspects of this Standard and at all times tried to reflect the evolving needs of the HPC
industry. The IFS HPC aims to ensure that products do not represent any hazards for the
safety of consumers.
BRC Certification38 (Global Standard for Consumer Products Personal Care and Household):
The BRC Global Standard for Consumer products, published in 2003 by the British Retail
Consortium, aims to protect consumers and to increase the quality and safety of consumer
goods through consistent quality- and risk management. The standard focuses upon the
identification and management of risks and the implementation of preventive measures, with
hygiene as a central element of the quality management system. The scope of Consumer
Products - Personal Care and Household covers formulated and fabricated products which
typically have higher hygiene requirement due to the nature and sage of the products
(household cleaners, cosmetics, diapers, food wrap, etc.).
Good manufacturing practices (GMP) are the practices required in order to conform to
the guidelines recommended by agencies that control the authorization and licensing of the
manufacture and sale of food and beverages, cosmetics, pharmaceutical products, dietary
supplements, and medical devices. GMP is a system for ensuring that products are
consistently produced and controlled according to quality standards. For example, it is
designed to minimize the risks involved in any pharmaceutical production that cannot be
eliminated through testing the final product39. Diapers manufacturers may follow those EUGMP to ensure that their produts are safe.
Various standards can be used by manufacturers like ISO 9002, ISO 14001, ISO 13485.
The Dossier Submitter notices that a lot of certification labels and standards are available and
nevertheless, single-use baby diapers have shown too high concentrations of substances of
concern.

E.1.3. Proposed options for restriction
Please refer to section 2.3 of the main report.

37

https://www.ifs-certification.com/index.php/en/standards/260-ifs-hpc-en
https://www.brcgsbookshop.com/bookshop/global-standard-for-consumer-products-issue-4-(personal-care-andhousehold)/c-24/p-257
39
For example for medicinal products : https://ec.europa.eu/health/documents/eudralex/vol-4_en
38
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E.1.4. Discarded restriction options
The following additional restriction option was also investigated : Restriction of the same
chemicals of the proposed restriction but including also all the 17 congeners of the PAHs, all
the congeners of the PCDD/Fs and DL-PCBs (RO2).
As explained in the restriction proposal, congeners of PAHs, PCDD/Fs and DL-PCBs have been
searched and assessed when detected or quantified in single-use baby diapers.
Nevertheless all PCDD/Fs and DL-PCBs and all congeners of PAHs are not quantified or
detected in each single-use baby diaper but can be found in some of them leading, when
performing the QHRA, to risk ratios bigger than 0.1. (see Annex B.10) or IER bigger than
10-7. Moreover,for each group of chemicals, the congeners have similar toxicological profiles
meaning that hazards for each congener is evaluated by using TEF. Finally, when laboratories
perform analysis onto diapers, they search for each congener.
So even if the risk assessment performed onto the congeners showing that some risks exist
for the chemical quantified or detected in single-use baby diaper, the Dossier Submitter
concluded that it is not the most efficient, proportionate and enforceable way to reduce the
risks linked the presence of all the congeners in single use baby diapers.

E.1.5. Other Union-wide risk management options than
restriction
Please refer to section 2.2 of the main report.

E.2. Alternatives
E.2.1. Description of the use and function of the restricted
substances
E.2.1.1. Good practices to keep single-use baby diapers safe
Diaper production follows high-quality control standards. The companies consulted from the
diapers industry have reported the following good practices followed by the actors of the
market. These practices are common shared knowledge in the supply chain for absorbent
hygiene products. Among others, EDANA has developed specific guidance documents,
outlining `best practices` to help their members define what is needed from suppliers to
ensure safety and regulatory compliance40.
1. Raw materials information and quality controls
a. Raw materials and primary packaging are traceable based on their batch
identification number.
b. Requirements from diapers manufacturers of certain pieces of information to
suppliers related to the raw materials supplied (material type, intended enduse, technical specifications, specific composition including all intentionally-

40
https://www.edana.org/docs/default-source/absorbent-hygiene-products/safety-and-regulatory-supply-chaininformation-for-ahp-aug2018.pdf?sfvrsn=2555b491_2

155

used ingredients and impurities, details of any known ‘ingredients of the
ingredient’ based on sub-supplier information, including the original
manufacturer, Safety Data Sheet,safety certificate, general status such as
animal derived or organic, etc., compliance with REACH Regulation, Biocidal
Products Regulations, alignment with the German Federal Institute for Risk
Assessment (BfR) Guidelines for the Evaluation of Personal Sanitary Products
from 199641, etc.)42
c. Requirements from diapers manufacturers of annual declarations of conformity
of raw materials from their suppliers (attached with associated independent
chemical toxicological risk analysis).
d. The use of any new raw material in the manufacturing process shall be
approved and tested by independent institute from suppliers
e. For raw materials selection: analysis to find the most reliable raw material,
based on systematic evaluation of components.
2. Finished Products information and quality controls at production site:
a. Quality controls: they are carried out on products weights; test of rewet (once
a week); test of retention (e.g. retention capacity of products with fluff);
removal of elastic in oven; microbiological monitoring (one bag per production
line per month); visual monitoring of products; manual tests of welding
resistance; checking of metals detectors; Some manufacturers monitor the
diapers by cameras and sensors to ensure quality during the production
process.
b. Requirements that the finished products are compliant with REACH Regulation,
Biocidal Products Regulation and the General Product Safety Directive
2001/95/EC (GPSD)
c. Certification of finished products by competent and independent institutes (for
more details please refer to Annex E.1)
3. Additional controls tests on finished products at the distribution site to assess the
impact of transport and storage downstream (mainly triggered by French RMOA and
restriction intention).
4. Manufacturing process quality controls:
a. HACCP - Hazard Analysis Critical Control Point (mainly triggered by French
RMOA and restriction intention).
HACCP is Good Manufacturing Practices (GMP) (HACCP for Non Food
Consumer Goods): HACCP, is a preventive approach to safety that identifies
physical, allergenic, chemical, and biological hazards in the production
processes and designs measurements to reduce any detected risks to a safe
level.
b. Controls according to standards such as IFS, BRC, GMP
c. Quality management system (e.g. ISO 13485, Medical Devices43, for more
details please refer to Annex E.1)
d. Regular temperature controls on production lines
41

https://bfr.ble.de/kse/faces/resources/INTENGLISCH.pdf

https://www.edana.org/docs/default-source/absorbent-hygiene-products/safety-and-regulatorysupply-chain-information-for-ahp-aug2018.pdf?sfvrsn=2555b491_2
42

43
ISO 13485 Medical devices – Requirements for regulatory purposes, is an internationally agreed standard that sets
out the requirements for a quality management system specific to the medical devices industry,
https://www.iso.org/iso-13485-medical-devices.html
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e. Regular air controls (mainly triggered by French RMOA and restriction intention)
5. Additional controls tests of transportation trucks (visual and olfative controls)
6. Routine compliance testing on raw materials, finished products (independent
laboratories) and packaging based on:
a. Regulations (REACH, SVHC, GSD, Food, etc.)
b. Internal voluntary chemicals blacklist
c. Requirements from certified labels (Oeko-text, Nordic Swan etc.)
7. Implementation of hygiene and safety measures on site:
a. Air filtration and dust management systems are in place at production site to
help reduce levels of airborne pollutants. Materials are covered in protective
packaging materials until they are delivered to the production line to be used.
Indoor air is centrally filtered to guarantee certain air quality (blockage of
pesticides and reduction of other potential chemical traces such as dioxins,
furans, PCB from outdoor air)44
b. Forklifts are electrical to avoid evacuation gases indoor
c. Cleaning of the production and storage areas, walls and floor washing etc..
8. Implementation of hygiene and safety measures from staff:
a. Hands washing and disinfection for the staff who handle materials
b. Gloves worn by staff in case of products reconditionning
c. Smoking areas only allowed outside45 (smoking residus in the air can be the
source of nicotine and phenanthrene)
d. Cleaning working clothes: cleaning procedure and cleaning working clothes are
not yet standardized. Some companies are implementing standardization
regarding cloths to be worn during operations (uniforms, hair nets, etc.) as well
as their changing and cleaning.

E.2.1.2. Identification of contamination sources and critical steps
Subsequently to the publication of the French RMOA, single-use baby diapers manufacturing
and supplying companies have implemented the following actions:





Analysis of raw materials
Investigation of possible cross contaminations during the manufacturing process with
sometimes, environmental examination inside and outside the manufacturing site
Investigation of the potential impact of the manufacturing process in contamination of
the products with a particular focus on temperatures
Analysis of finished products at production site and at distribution site (after transport)

44
Example of air filter used F7 : https://www.ksklimaservice.cz/en/classification-of-filters-filter-properties-andtypical-examples-of-use
45
as a follow-up of the French RMOA and restriction intention, some diapers manufacturers indicated that they have
banned smoking areas inside their manufacturing building. The Dossier Submitter does not know whether this is the
case for all manufacturers.
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The results of these analyses and investigation by industry have been shared with the Dossier
Subsmitter at French level. Based on those results, some conclusion about possible sources
of contamination could be drawn. All the information collected is presented below.

E.2.1.2.1. Possible contamination sources for PAHs
The French RMOA on single-use baby diapers showed that certain levels of PAHs were found
in those products likely to generate health risks. This conclusion has triggered investigation
in manufacturing and supplying companies of single-use baby diapers in order to find where
those PAHs may come from given that they are not used or added in the manufacturing
process of the products. The Dossier Submitter has consulted those companies and the
information collected is presented below.



Regarding raw materials and materials used in the manufacturing

One assumption made in the French RMOA explaining the presence of PAH in diapers is related
to high temperature during the manufacturing process and/or the production of raw materials
themselves. PAHs may be formed unintentionally due to very high processing temperatures.
As reported in Abdel-Shafy and Mansour (2016), pyrogenic PAHs are formed whenever
organic substances are exposed to high temperatures under low oxygen or no oxygen
conditions. The destructive distillation of coal into coke and coal tar, or the thermal cracking
of petroleum residuals into lighter hydrocarbons are pyrolytic processes that occur
intentionally. Meanwhile, other unintentionally processes occur during the incomplete
combustion of motor fuels in cars and trucks, the incomplete combustion of wood in forest
fires and fireplaces, and the incomplete combustion of fuel oils in heating systems. The
temperatures at which the pyrogenic processes occur are ranging from about 350°C to more
than 1200°C.
According to the diapers industry, PAHs are not intentionally added to raw materials and
materials such as SAP, elastic films, elastic thread, adhesive fasteners, frontal tape, (non
woven) distribution layer.
However, some oils and resins from glues as well as construction and elastic glues or elastic
components used during the process have been reported to contain PAHs traces. Several
companies analysed glues and noted PAHs traces in those materials. For instance one
company consulted reported that in 2017, naphthalene was detected above background noise
in diapers backsheet. In 2018, the adhesive was reformulated, which allowed an important
decrease of naphthalene in diapers backsheet (< x1000). The usual level of naphthalene has
been stabilized between 0-10 µg/kg for the last two years.
In principle, if raw materials are manufactured themselves with temperatures above 350°C,
they may contain some levels of PAHs. However, diapers industry reports that:


The manufacturing of adhesives is carried out at high temperatures but which do
not exceed 200°C, under atmospheric pressure and do not reach pre-combustion
level.



The manufacturing of SAP does not operate above 200°C.
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The manufacturing of elastic film does not operate above 210°C, is performed
under atmospheric pressure and does not reach pre-combustion level and should
not generate PAHs.



The manufacturing of non woven materials does not operate above 260°C.
Moreover, fibers are technically treated without chemical addition but with a
“dry” process. For more details about production of non wovens, please refer to
Annex A.1.



Fluff is prepared based on mechanical process which does not involve heating.

Some wetness indicators are reported as containing PAHs: although no PAH is detected in his
finished products, one manufacturer indicated that he is currently looking for an alternative
for his wetness indicator that contains PAH.


Regarding the manufacturing process:

The companies consulted have also investigated the likelihood of having very high
temperatures (above 350°C) during their manufacturing process through thorough audits,
diagnosis and further control points on the production line since 2019. As presented in Annex
A.2, during the assembling of the materials to make the diaper, some gluing and
thermowelding operations occur. During these operations, some heating is required and
temperatures increase. The information collected by the Dossier Submitter and the outcome
of those investigations are presented below.


Too hot pieces may lead to combustion and to PAHs contamination during
materials processing in the manufacturing machine or during cores forming or
gluing operations (nozzles cleaning) even though several manufacturers stated
that combustion is not part of normal processing.



Bad adjustement of glue tank and temperatures above 200°C may lead to
uncontrolled combustion and PAHs contamination during gluing operations.
Under good practice and normal manufacturing conditions, average temperature
of glue tanks is 140°C (according to the information collected from
manufacturers). To this respect, one manufacturing company has reported tests
on glues (based on voluntary overheating of glues) and did not observe PAH
generation from it. Glue operations are controlled automatically as well as by a
control operator. On suppliers websites, application temperatures recommended
for glues provided to baby diaper manufacturers are between 130-200°C46.



During thermo-welding operations, it seems to be unlikely that temperatures
exceed 350°C since thermo-welding is done below 180°C and during a very short
period of time (between 115°C and 180°C according to the information collected
from manufacturers). Thermo-welding operations are controlled automatically as
well as by an control operator.

46
http://www.hotmeltpsaadhesive.com/quality-10687081-baby-diaper-multi-purpose-hot-melt-glue-raw-materialmanufacturer
http://www.hotmeltpsaadhesive.com/sale-10726639-baby-diaper-psa-hot-melt-glue-adhesive-positioning-wingdot-hot-melt-material.html
http://www.fjxingyuan.com/structure-hot-melt-glue-for-baby-diaper_p47.html
https://www.qzniso.com/hot-melt-glue-for-making-baby-diaper_p1074.html
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During materials processing in the manufacturing machine and during
folding/compressing: the diapers industry state that those steps do not generate
PAHs and are compliant to REACH and German regulations (0.2 mg/kg)



During ultrasound embossment it seems to be unlikely that temperatures exceed
350°C since normally this step is carried out below 50°C.

Manufacturers of diapers indicate the following steps in the processing when heating or high
temperatures are involved, according to the type of diapers.
As indicated by industry, temperatures seen in diaper production (Table 63) are lower than the
temperatures indicated above for formation of PAHs making this as an unlikely source for
potentially detected PAHs. Temperatures seem to be not high enough to create “incomplete
combustion” and generate “pyrogenic PAH”. Even the highest temperature seen on a diaper
production line does not reach the pre-combustion levels.

Table 63 : Temperatures in diaper production
Diaper technologies
Systems
put
in
temperature
Adhesive application system
Ultrasonic welding
Grinding process of cellulose
pulp



Temperature range
90 – 170°C
40 – 50°C
30 – 45°C

Materials
subject
to
temperature
adhesives, nonwovens, films,
elastics
nonwovens, films, adhesives
cellulose pulp

Regarding cleaning:

Some of the companies consulted have also investigated the detergents and cleaning products
used on the production line and in the production site as a potential source of hazardous
chemicals such as PAHs.
One company identified that process aids used to clean equipment may be the source of
contamination and has replaced their cleaning products to minimize the risks.
However, the companies consulted report that cleaning products used on production line are
compliant with REACH SVHC and do not contain PAHs. Some manufacturers report also that
cleaning sprays used are all compliant with food Regulation and Food standards (such as
silicone sprays). They consider that they cannot contain PAHs or any hazardous chemicals
targeted in this restriction.


Regarding environmental contamination:

PAHs are naturally present in the environment, through events such as volcano explosion,
forest fires, erosion, bacteria degradation of foliage (Abdel-Shafy and Mansour, 2016). They
are ubiquitous substances. Finished products during the manufacturing process may be
contaminated by production environment. Raw materials may have been also contaminated
by environment before being supplied to the manufacturers.



Regarding transport and storage:
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No information was provided to the Dossier Submitter suggesting that transport or storage
can be (or not) a source of contamination of single use baby diapers by PAHs.


Conclusion:

Therefore, according to the companies consulted, given that manufacturing process
temperatures should not exceed 180°C-200°C and are strictly controlled, it seems unlikely
that PAHs come from over-heating on the production line. Nevertheless, even though
processing temperatures usually do not exceed 180°C – 200°C under normal conditions of
manufacturing, it cannot be excluded that very high temperatures and over-heating may
occur at certain critical points of the manufacturing process (e.g. during transitional paces of
a heating press while starting and maintening temperatures or bad adjustments of glue
tanks). Unvoluntary incident cannot be excluded. As a consequence, the Dossier Submitter is
of the view that excessive temperatures cannot be discarded as one of the possible causes of
contamination of the products during the manufacturing process and should be further
controlled. The other possible contamination source is assumed to be raw materials since
some of them are reported to contain some levels of PAH due to their own manufacturing
(e.g. wetness indicator and glues) or due to combustion residues (cellulose). No information
was provided regarding transport or storage. Cleaning products may be a source of
contamination. Therefore the Dossier Submitter hopes that the industry will
participate in the public consultation process to provide better information.

E.2.1.2.2. Possible contamination sources for PCDD/Fs
The French RMOA on single-use baby diapers showed that certain levels of PCDD/Fs were
found in those products likely to generate risks for babies’ health. This conclusion has also
triggered investigation in manufacturing and supplying companies of single-use baby diapers
in order to find where those chemicals may come from, given that they are not used or added
in the manufacturing process of the products. The Dossier Submitter has consulted those
companies and the information collected is presented below.


Regarding raw materials and materials used in the manufacturing:

According to the diapers industry, PCDD/Fs are not intentionally added to raw materials and
materials such as SAP, elastic films, fluff pulp, elastic thread, adhesive fasteners, frontal tape,
(non woven) distribution layer. Moreover, one company analysed printing ink of external
sheet used in the assembling of single-use baby pants only and reported no chlorine content.
However according to one company a green pigment used in aesthetic printing may be the
source of OCDF and OCDD in external sheet and external film: in 2018 the green pigment
was reformulated. In general more than 10,000 modifications related to improved raw
materials have been implemented. These changes now allow for non detectable levels of
PCDD/Fs. The Dossier Submitter has no knowledge about whether the other manufacturers
also made the same change.
Another company reported detectable levels of PCDD/Fs in ECF cellulose fluff, non-wovens
and laminated external sheet.
Additionnally, it is assumed that raw materials may contain some traces of PCDD/Fs when
high temperatures are involved in their own manufacturing above 200°C.
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In the call for evidence, one company stated that PCDDs may come from glues but without
any more specifications.
There are two main mechanisms proposed regarding the formation of PCDDs that occur during
the incineration (combustion) of municipal solid waste: 1) pyrosynthesis and 2) de novo
synthesis. The two mechanisms can occur simultaneously and/or independently and result in
the formation of substances with unique fingerprints (Altarawneh et al., 2007).
 Pyrosynthesis involves the formation of PCDDss by polycondensation of precursors (e
g. polychlorophenols, polychlorobenzenes, PCBs). This mechanism occurs in the gas
phase at temperatures between 300°C and 600°C. It is generally believed that the
surface catalyzed formation of these species is a major contributor to PCDD/Fs in the
incineration processes. The products thus formed have a PCDF/PCDD ratio well below
1 (Everaert and Boeyens 2002).
 The de novo synthesis involves the presence of carbon in a solid phase along with
oxygen. This mechanism occurs at temperatures between 200°C and 400°C. The
PCDF/PCDD ratio is usually higher than 1 (Everaert and Boeyens 2002).

As a consequence, in principle, if raw materials are manufactured themselves with
temperatures above 200°C, they may contain some levels of PCDD/Fs. To this respect, as
explained above, diapers industry reports that:
 The manufacturing of adhesives is carried out at high temperatures but does not
exceed 200°C, under atmospheric pressure and do not reach pre-combustion level.
 The manufacturing of SAP does not operate above 200°C.
 The manufacturing of elastic film does not operate above 210°C which could then be
a cause of dioxins or furans.
 The manufacturing of non woven materials does not operate above 260°C: it could
then be a cause of contamination of furans and dioxins.
Moreover, it is reported that during the manufacturing of fluff pulp, PCDD/Fs may appear with
the presence of chlorine and concurrently temperatures above 300°C (Dossier Submitter
Personal Communication). However, diapers industry states that no chlorine is added to the
material when manufactured.
Finally, one company stated that wood used in diapers manufacturing can be inevitably in
contact with particules charged with PCDDs coming from nearby combustion processes. As a
result, the environmental particles generated by wood combustion can lead to the presence
of these undesired contaminants in finished diaper products.



Regarding manufacturing process:

Manufacturers of diapers report that PCDD/Fs can be detected in finished diapers (non wovens
elements, external sheet, laminates, cellulose fluff) but their presence can not be explained
by the manufacturing process itself which involves temperatures lower than 200°C (see
above, PAHs section).
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According to the diapers industry, PCDD/Fs are mainly linked to incineration processes (and
main affect fluff pulp when high temperatures). However, under good practice and normal
manufacturing conditions, manufacturers of diapers report that there is only heating
operations and no combustion. As explained above, temperatures should not exceed 170°C.
PCDD/Fs are possibly assumed to come from bleaching but given that the PCDD/Fs detected
(specific congeners 1,2,3,6,7,8 HxCDD, 1,2,3,4,6,7,8-HpCDD, OCDD, 1,2,3,6,7,8 HxCDF,
2,3,4,6,7,8 HxCDF, 1,2,3,4,6,7,8 HpCDF, 1,2,3,4,7,8,9 HpCDF, and OCDF) are highly
chlorinated, some manufacturers state that it is more likely that they are produced from
combustion than bleaching. To this respect, literature reports (De Vito et Schecter,2002) that,
after analysis of four baby diapers, including three single-use baby diapers and one cotton
diaper, screened for 17 PCDDs and PCDFs, only five of the 17 PCDDs were detected in the
diapers (LD = 0.1 - 0.2 ppt). There were similar concentrations in the single-use baby and
re-usable diapers. Total PCDD/F concentrations in the diapers ranged from 1.8 to 3.7 pg/g,
i.e. from 0.0042 pg TEQ/g (cotton diaper) to 0.023 pg TEQ/g (single-use baby diaper). The study
concluded that dioxins are presents in fluff pulp based and cotton diapers suggesting that
dioxins may be presents due to background contamination and not from the pulp
manufacturing process.
Still, bleaching TCF process is reported to allow for reduction of highly chlorinated dioxins (but
is reported to still contain traces of PCB). The Dossier Submitter would like, to underline that
“ECF bleaching is capable of reducing 2,3,7,8-TCDD and 2,3,7,8-TCDF to undetectable levels.
However, the complete elimination of dioxins in ECF-bleached effluents is a question of
kappa47 number and purity of ClO2. With a high kappa number and impure ClO2 (i.e. high
concentration of Cl2) the probability of forming dioxins increases. The production of ECF pulp
is common practice in pulp mills in Europe. All mills combine the available stages and
processes in order to optimise the bleaching process producing the best pulp quality and yield
(depends on species and final application). However, the overall impact of the bleaching
process can be lessened by reducing energy and water consumption and the impact of the
liquid effluent.” JRC, 2015)



Regarding cleaning:

One company identified that process aids used to clean equipment may be the source of
contamination and has replaced their cleaning products to minimize the risks.
The companies consulted report that cleaning products used on production line are compliant
with REACH SVHC and do not contain PCDD/Fs. Some manufacturers report also that cleaning
sprays used are all compliant with food Regulation and Food standards (such as silicone
sprays). They consider that they cannot contain PCDD/Fs of any hazardous chemicals targeted
in this restriction.



Regarding environmental contamination:

PCDD/Fs are ubiquitous subtances that are naturally present in very small amounts in the
environment . As the manufacturing process of baby diapers is not carried out in clean rooms,
according to single-use baby diapers industry they may come from fresh contaminated air

47

kappa number gives an indication of the residual content of lignine for a pulp paper.
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during internal transport for production or all steps of the production itself (loading,
processing, pulp defibering, cores forming, gluing operations, embossment, cutting,
folding/compressing, ultrasound embossment. Raw materials may have been also
contaminated by environment before being supplied to the manufacturers48.



Regarding transport and storage:

No information was provided to the Dossier Submitter suggesting that transport or storage
can be (or not) a source of contamination of single use baby diapers by PCDD/Fs.


Conclusion:

Therefore, according to the companies consulted, given that manufacturing process
temperatures should not exceed 180°C-200°C and are strictly controlled, it seems unlikely
that PCDD/Fs may come from over-heating on the production line. Nevertheless, even though
processing temperatures usually do not exceed 180°C – 200°C under normal conditions of
manufacturing, it cannot be excluded that very high temperatures and over-heating may
occur at certain critical points of the manufacturing process (e.g. during transitional paces of
a heating press while starting and maintening temperatures). Unvolontary incident can not
be excluded. As a consequence, the Dossier Submitter is of the view that excessive
temperatures cannot be discarded as one of the possible causes of contamination of the
products during the manufacturing process and should be further controlled. The other
possible contamination source is assumed to be raw materials since some of them are
produced with temperatures equal or above 200°C (SAP, non-wovens and elastic films) and
some may contain residues from combustion (cellulose). Some pigments have been suspected
to be the source of dioxins such as a green pigment. Raw materials should be better selected
and controlled. Air contamination may also be a possible cause since PCDD/Fs since they are
natural contaminants. Further filtration and controls should be carried out following the best
pratices. No information was provided regarding transport or storage. Cleaning products
appear not to be, according to companies consulted, a source of contamination but the Dossier
Submitter does not have sufficient evidence to draw a conclusion on this possible source.
Therefore the Dossier Submitter hopes that the industry will participate in the public
consultation process to provide better information.

E.2.1.2.3. Possible contamination sources for DL-PCBs
The French RMOA on single-use baby diapers showed that certain levels of DL-PCBs were
found in those products likely to generate risks for babies health. This conclusion has also
triggered investigation in manufacturing and supplying companies of single-use baby diapers
in order to find where those chemicals may come from given that they are not used or added
in the manufacturing process of the products. The Dossier Submitter has consulted those
companies and the information collected is presented below.



Regarding raw materials and materials used in the manufacturing:

According to the diapers industry, DL-PCBs may be detected in cellulose fluff, non-wovens
and laminated external sheet.

164

Diapers industry also specifies that DL-PCBs are not intentionally added to raw materials and
materials such as SAP, elastic films, elastic thread, adhesive fasteners, frontal tape, (non
woven) distribution layer.
Similarly to PCDD/Fs, it is assumed that raw materials may contain some traces of DL-PCBs
when high temperatures are involved in their own manufacturing ( above 200°C). Likewise,
according to diapers industry information, elastic film (manufactured below 210°C) and non
woven materials (manufactured below 260°C) may be the cause of DL-PCB. However, here
again, during the manufacturing of fluff pulp, diapers industry states that no chlorine is added
to the material when manufactured and no heating is involved.


Regarding manufacturing process:

As indiated by industry, PCBs have no function and are not intentionally added. Use of PCBs
is banned in EU and US since 1985 and 1979 respectively.
It may be assumed that DL-PCBs may come from high temperatures during the manufacturing
process: however, again, according to the information collected from manufacturers of
diapers, under good practice and normal manufacturing conditions, there is only heating
operations and no combustion. As explained above, temperatures should not exceed 170°C.
(Table 63)
It may be also assumed that DL-PCBs may come from chlorine process: indeed, it has been
reported by diapers industry that bleaching ECF process seems to generate less PCBs than
TCF process although leading to traces of highly chlorinated dioxins.



Regarding environmental contamination:

DL-PCBs are ubiquitous subtances. PCBs have been detected in virtually all environmental
compartments (indoor and outdoor, surface and ground water, soil and food). Most likely any
detected PCB in diapers stem from the environment. The types of PCBs’ congeners pointed
out as problematic in the ANSES report on diapers (105, 126 and 118) are all typically
generated in incineration (Rodenburg et al., 2015). Since the manufacturing process of baby
diapers is not carried out in clean rooms,(DL-)PCBs in finished products may come from fresh
contaminated air during internal transport for production or during production (loading,
processing, pulp defibering, cores forming, gluing operations, embossment, cutting) may be
the source. Raw materials may have been also contaminated by environment before being
supplied to the manfacturers.


Regarding transport and storage:

No information was provided to the Dossier Submitter suggesting that transport or storage
can be (or not) a source of contamination of single use baby diapers by DL-PCBs.


Conclusion:

Therefore, again, according to the companies consulted, given that manufacturing process
temperatures should not exceed 180°C-200°C and are strictly controlled, it seems unlikely
that DL-PCB may come from over-heating on the production line. Nevertheless, even though
processing temperatures usually do not exceed 180°C – 200°C under normal conditions of
manufacturing, it cannot be excluded that very high temperatures and over-heating may
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occur at certain critical points of the manufacturing process (e.g. during transitional paces of
a heating press while starting and maintening temperatures). Unvolontary incident can not
be excluded. As a consequence, the Dossier Submitter is of the view that excessive
temperatures cannot be discarded as one of the possible causes of contamination of the
products during the manufacturing process and should be further controlled. Like for PCDD/Fs,
the other possible contamination source is assumed to be raw materials since some of them
are produced with temperatures equal or above 200°C (SAP, non-wovens and elastic films)
and some may contain residus from combustion (cellulose). Air contamination may also be a
possible cause since PCBs are natural contaminants. Further filtration and controls should be
carried out following the best pratices. No information was provided regarding transport or
storage. Cleaning products appear to not be, according to companies consulted, a source of
contamination but the Dossier Submitter does not have sufficient evidence to draw a
conclusion on this possible source. Therefore the Dossier Submitter hopes that the industry
will participate in the public consultation process to provide better information.

E.2.1.2.4. Possible contamination sources for formaldehyde
The French RMOA on single-use baby diapers showed that certain levels of formaldehyde were
found in those products likely to generate risks for babies’ health. This conclusion has also
triggered investigation in manufacturing and supplying companies of single-use baby diapers
in order to find where formaldehyde may come from given that it is not used or added in the
manufacturing process of the products. The Dossier Submitter has consulted those companies
and the information collected is presented below.


Regarding raw materials and materials used in the manufacturing:

According to the diapers industry, formaldehyde and formaldehyde releasers are not
intentionally added to raw materials and materials such as SAP, elastic films, elastic thread,
adhesive fasteners, frontal tape, (non woven) distribution layer.
However, one company reported detected formaldehyde in the cellulose fluff used to produce
single-use baby diapers.
Formaldehyde is reported to be often used in water-based glues to prevent microbiological
contamination. From the experts consulted during the preparation of the restriction proposal,
it appears that formaldehyde is unlikely to be released from glues and adhesives used during
the gluing steps because these are hot-melt adhesives, not water-based, and consisting of
thermoplastic adhesives (which do not contain formaldehyde).
Concerning the (non woven) distribution layer, it has been reported that water-based fibers
bonding systems may be employed, as presented in Annex A.1. In the formulation of those
systems, a certain amount of additives is added and some of them may be formaldehyde
releasers.


Regarding manufacturing process:

Industry reports that formaldehyde or formaldehyde releasers have no functional role in
single-use baby diapers and are not added intentionally.


Regarding environmental contamination:
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Formaldehyde is an ubiquitous subtance that is naturally occurring organic compound
(ANSES, 2017b). As the manufacturing process of single-usebaby diapers is not carried out
in clean rooms, formaldehyde in finished products may come from contaminated ambient air.
Finished products during the manufacturing process may be contaminated by production
environment. Raw materials may have been also contaminated by environment before being
supplied to the manufacturers.


Regarding transport and storage:

No information was provided to the Dossier Submitter suggesting that transport or storage
can be (or not) a source of contamination of single use baby diapers by formaldehyde.


Conclusion:

Therefore, the Dossier Submitter was not able to define where the contamination from
formaldehyde comes from. The Dossier Submitter hopes that the public consultation will bring
additional information.

E.2.1.2.5. Conclusion about possible sources of contamination and
recommendations
Based on the analyses and investigation actions carried out by industry in 2019, some
conclusion about possible sources of contamination can be drawn:


In general, the nature of the contamination (nature of the contaminants found) is
similar regardless of the product.



The Dossier Submitter was not able to define where the contamination from
formaldehyde comes from. The Dossier Submitter expects that the public consultation
will bring additional information.



Regarding raw materials, cellulose, non woven and glue are reported to likely be the
main sources of contaminants.



The contamination due to the manufacturing process or environment is not zero but
much lower than the one due to the initial contamination of the raw materials.



In general, based on their own HACCP and chemical analyses of raw materials and
manufacturing process, several companies report a significant correlation between the
levels of chemical traces detected or quantified in raw materials and the levels of
chemical traces detected or quantified in finished products: according to these
companies, this correlation allows discarding the risk of physical or chemical
contamination during the manufacturing process.



Moreover, given the maximum temperatures reached on the production lines, all of
the companies discard any formation of PAH during the process.



Regarding transport and storage, no information has been made available to the
Dossier Submitter,



With regard to PCDD/Fs, the nature of the substances found suggests that they rather
come from heating processes released into the environment than bleaching
treatments,
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Wetness indicator have been reported to be possible source of PAHs,



Some pigments have been reported to be possible sources of PCDDs.



Finally, although most ingredients and raw materials in diapers are synthetic and
derived from crude oil (which contains PAH according to the article from Abdel Shafy
et al.2016), the process to manufacture these ingredients go through various
distillation/ refining/ hydrogenation polymerization / purification processes that reduce
the concentration of PAH to undetectable levels in synthetic urine.

As a conclusion, based on the information presented above, the Dossier Submitter is of the
view that:


Raw materials are one of the possible source of contamination given that:
o
o
o
o



some of them are produced at temperatures above temperatures considered
as “safe” (SAP, non-wovens and elastic films in particular)
some raw materials may contain residues from combustion (cellulose)
some others are reported to contain contaminants and hazardous chemicals
(glues, pigments and wetness indicator).
cellulose pulp manufacturers may adopt TCF bleaching processes to limit
production of chlorinated PCDD/Fs. The Dossier Submitter does not have any
study available to compare the levels of chlorinated products in pulp and single
use baby diapers to be sure that the searched levels of chlorinated products
are similar. It is therefore necessary to undertake assays on cellulose
derivatives. Eventually the Dossier Submitter would like to underline that
the choice of a bleaching process (ECF versus TCF) may not be as clear
as it seems to reduce the presence of the chlorinated chemicals
(PCDD/Fs and DL-PCBs).
In brief, in order to comply with the concentration limits proposed in
this restriction proposal in the finished products (section B.10.2.2), the
raw materials used to manufacture single-use baby diapers should be
better selected and further tested and controlled. The development of
stricter specifications for raw materials should be also implemented.
The raw materials which do not have any technical function, are not
necessary to manufacture a single-use baby diaper and are possible
sources of contamination, may be removed and no longer be used.

Manufacturing process is another possible source of products contamination. As the
substances subject to this restriction are not intentionally used as “ingredients” for
diapers during the manufacturing process, reformulations using alternative substances
is not a viable option for diapers manufacturers. However, different technical measures
could be implemented to further reduce contamination of products:
o

Even though processing temperatures usually should not exceed 180°C –
200°C under normal conditions of manufacturing, and despite suppliers
recommend similar temperatures applications for their raw materials (e.g.
glues), it cannot be excluded that higher temperatures and over-heating may
occur at certain critical points of the manufacturing process (e.g. during
transitional paces of a heating press while starting and maintaining
temperatures). Involuntary incidents can not be excluded. Excessive
temperatures cannot be discarded as one of the possible causes of
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o

o

contamination of the products during the manufacturing process and
should be further controlled.
Regarding glues as potential sources of contamination during the process, as
mentioned in Annex A.1, some diapers manufacturers now produce so-called
‘glueless’ baby diapers based on alternative bonding technologies. This
innovation could be of interest in terms of human health protection and it would
worth investigating further. However, to the Dossier Submitter’s knowledge,
these diapers are procuded by only one company in Europe that did not provide
any information during the preparation of this restriction proposal in spite of
Dossier Submitter’s requests. The Dossier Submitter is therefore not in a
position to recommend this technology as a possible solution to glues
contamination and hopes that the public consultation will provide more
information. For more details about glueless diapers, please see Annex
E.2.2.2.2.
Additionally to further reducing and controlling temperatures, diaper
manufacturers should make all possible efforts to improve in general
their manufacturing processes to minimize presence of chemical substances
(dioxins, furans, DL-PCBs, formaldehyde, PAHs) in products.



Air contamination may also be a possible cause since the contaminants targeted in this
restriction proposal are natural contaminants. Further air filtration, air controls
and higher frequency of dust clean-up should be carried out following the
best practices.



No conclusion can be made on the impact of transport and storage as a possible source
of contamination.

All these recommendations are further developed in Annex E.2.2 and E.2.3.

E.2.2. Identification of potential preventive actions and
alternative materials and techniques to remove
contaminants
Based on the diagnosis performed by single-use baby diapers industry in 2019 on the
contamination sources suspected as well as on experts’ consulted and literature, the following
preventive actions, alternative materials and techniques have been identified and
recommended as potential solutions to remove contaminants. Following these
recommendations this restriction aims to encourage manufacturers to further find out how
the substances are formed in the products and to take relevant measures to reduce their
presence. As shown in the ANSES report it is apparently possible to manufacture diapers with
lower levels of the substances suggested to be restricted. This shows that there are
manufacturers on the market having a good control over the materials and processes they
use and that are able to comply already with very low concentration limits proposed.
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E.2.2.1. Substitution and technical solutions related to raw materials
Based on the information collected from industry and from literature, some critical raw
materials such as cellulose (pulp), glues, wetness indicators and pigments have been reported
to likely be the main sources of contaminants. Substitution of these materials with safer
materials may be one of the solutions to reduce or remove contaminants.

E.2.2.1.1. Moving to totally chlorine-free (TCF) pulp
As explained in Annex A.2, TCF (totally chlorine free) method is a bleaching process which
uses hydrogen peroxide, oxygen or ozone (Counts et al., 2017 ; JRC, 2015). Literature reports
some comparative assessments between ECF and TCF bleaching processes.




The result of these studies showed that the advantages of TCF bleaching are:
o Lower brightness reversion,
o Lower OX content and DCM49 content in pulp,
o Lower water consumption,
o Lower color and AOX50 content in the bleach plant discharge,
o Potential to fully close the bleach plant and reduce the effluent discharge to
zero,
o Lower investment and operating costs.
and that the drawback of TCF bleaching are :
o lower tear index for some pulps,
o technical difficulties regarding the enrichment of non-process elements in the
water circuits and undesired scaling, especially of oxalates, remains an
unsolved challenge for further closure of the bleach plant effluents.

For other pulp properties there were only minor differences between ECF- and TCF-bleached
pulps (Wennerström et al.). As stated in JRC (2015): “A comparison of toxic responses of
bleach plant and whole mill effluents from mills using different schemes for non-chlorine
bleaching, i.e. modern ECF versus TCF bleaching, shows that neither technique consistently
produces effluents with a lower toxic potency . No clear difference in the effect pattern and
effect intensity between effluents from mills using modern ECF (chlorate reduced) and TCF
bleaching has been detected. “ as well as “The special focus on the question of whether
modern ECF or TCF bleaching is better from an environmental perspective seems to be too
narrow”.
As reported by several diapers manufacturers, switching to TCF is theoretically and technically
feasible but TCF pulp is only used in limited market currently and is not highly available (for
more details about availability, see main report, section 2.4.1.1.1 as well as Annex
E.2.3.1.1.). On the contrary, in JRC, 2015, it seems that in Europe, most of the pulp mills
have switched to TCF pulp. Nevertheless, it is not specified in this document that this
statement is accurate for all the pulp mills including the pulp mills used for fluff pulp in singleuse baby diapers.
In the single-use baby diapers market, 5% of the manufacturers have already chosen TCF
cellulose over ECF cellulose for a long time. From the publication of the ANSES’ 2019 expertise

49

DCM: Dichloromethane OX: Oxygene

50

Adsorbable Organic Halogen
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and the French RMOA, several French and European companies have informed the Dossier
Submitter that they have switched from ECF cellulose to TCF cellulose already or are about
to do it. Most of them however are making this change more by precaution than based on
proven chemicals-contamination evidence.
Some other diapers manufacturers are more skeptical about the benefit of moving from ECF
to TCF cellulose to reduce contaminants in the cellulose and thus the final products: as
presented in Annex E.2.1.2.2. above, some report that bleaching TCF process allows for
reduction of highly chlorinated dioxins in pulp but still contain traces of PCB while in JRC,2015
it is stated that ECF bleaching is capable of reducing 2,3,7,8-TCDD and 2,3,7,8-TCDF to
undetectable levels.”However, the complete elimination of dioxins in ECF-bleached effluents
is a question of kappa number and purity of ClO2. With a high kappa number and impure ClO2
(i.e. high concentration of Cl2) the probability of forming dioxins increases. The production of
ECF pulp is common practice in pulp mills in Europe. All mills combine the available stages
and processes in order to optimise the bleaching process producing the best pulp quality and
yield (depends on species and final application). However, the overall impact of the bleaching
process can be lessened by reducing energy and water consumption and the impact of the
liquid effluent.” JRC, 2015)” On the contrary, bleaching ECF process seems to less generate
PCBs than TCF but pulp contains traces of highly chlorinated dioxins.
Eventually, according to these companies, the move to TCF pulp, is costly (for more details
about costs see main report, section 2.4.1.1.1). Additionally, some companies report that TCF
process is more energy- and raw materials-consuming (but no details have been provided).
From an environmental point of view (waste waters, etc.), they consider that performance of
TCF process over ECF is not proven (but again no details have been provided by the companies
consulted, nevertheless, according to JRC, 2015, “The special focus on the question of
whether modern ECF or TCF bleaching is better from an environmental perspective seems to
be too narrow”.
More information on availability, technical and economic feasibility is provided in Annex
E.2.3.1.5 below and in the main report, section 2.4.1.1.1. Based on the information at hand,
it is difficult for the Dossier Submitter to have a clear-cut conclusion about the
better capability of TCF pulp to address the health concerns targeted in this
restriction proposal over ECF pulp. Within all the possible solutions to reduce
contamination in baby diapers identified, moving to TCF pulp could be an option but given the
uncertainties associated to its benefits to human health and its technical and economic
feasibility, the Dossier Submitter can not strongly recommend this substitution
without reservation. Nevertheless, if industry would decide to switch to TCF pulp, the
information presented in this restriction proposal would be useful to anticipate the possible
impacts on industry and consumers.

E.2.2.1.2. Substitution of types of glues used
As presented in Annex A.1, glues used to assemble the different parts of a single-use baby
diapers are generally hot melt adhesives, i.e thermoplastic adhesives in solid form, designed
to be melted by a heating element to provide it with adhesion properties. The main resins
used in hot-melt adhesives are ethylene-vinyl acetate copolymer, polyamides, polyolefins
(mainly polyethylene) and polyesters. Glues can also be copolymer rubber (e.g. SBR, EPDM)
and starch.
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Several diapers manufacturers consulted reported that glues may contain PAHs traces
(especially resins from glues as well as construction and elastic glues; see Annex E.2.1.2.1).
Unfortunately the exact composition of any of these glues could not be obtained from suppliers
due to confidentiality and business secret.
According to the experts and chemists consulted by the Dossier Submitter, glues are not
expected to be the source of contamination per se, but they could be when heated during the
manufacturing process if temperatures exceed 200°C.
Based on those findings, substitution of glues used to manufacture single-use baby
diapers is not considered as a solution to reduce contamination of finished products
and may not be necessary.

E.2.2.1.3. Removal or substitution of wetness indicator
As explained in Annex A.1, a wetness indicator is a common feature in many single-use baby
diapers and toilet training pants. It is a feature that reacts to exposure of liquid as a way to
discourage the wearer to urinate in the training pants, or as an indicator for parents that a
diaper needs changing. One diaper manufacturer indicated that wetness indicator can contain
PAH even though wetness indicator is not in contact with the baby skin and no PAH has been
detected in their finished products. For this manufacturer, the detection of PAH in the wetness
indicator used has lead to the remplacement with a non-detectable PAH-level wetness
indicator. The Dossier Submitter has not further information about this substitute.
Regardless of substitution cost due to the replacement of wetness indicators, the acceptability
of using such a material in the finished products may be questioned given that wetness
indicators do not have essential technical function to manufacture a single-use baby diaper.
They are only used for parents’ conveniency reasons and may be considered as marketing
assets only. If they may be one of possible sources of contamination of finished
products, one option to reduce contamination could be that they are no longer used
in single-use baby diapers. Having single-use baby diapers without wetness
indicators available on the market would not affect their basic function as absorbent
of baby urine and faeces.

E.2.2.1.4. Removal or substitution of pigments
As reported in Annex A.1, according to one company, a green pigment used in aesthetic
printing may be the source of OCDF and OCDD in external sheet and external film. This
company informed the Dossier Submitter that reformulations of the green pigment allowed
to reduce levels of PCDD/Fs to non detectable level. However the Dossier Submitter does not
know whether the other companies in diaper industry have also implemented the same
change. (if concerned)
Similarly to wetness indicators, and regardless of substitution cost due to the replacement of
this type of pigment, the acceptability of using pigments in the finished products may be
questioned given that pigments do not have essential technical function to manufacture a
single-use baby diaper. They are only used for aesthetic reasons and may be considered as
marketing assets only. If they may be one of possible sources of contamination of
finished products, one option to reduce contamination could be that they are no
longer used in single-use baby diapers. Having only white and plain single-use baby
diapers available on the market would not affect their basic function as absorbent
of baby urine and faeces.
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E.2.2.2. Alternative techniques to manufacturing process
Based on the information collected from industry and from literature, some critical steps in
the manufacturing process can also be sources of contaminants. Alternative techniques or
technical adjustments are expected to be other solutions to remove contaminants.

E.2.2.2.1. Further controlling process temperatures
As explained above, for PAHs to be generated during processing, temperatures should exceed
350°C (Abdel-Shafy and Mansour, 2016). According to information collected from
manufacturers, no step in the manufacturing process implies temperatures higher than 170°C
or 200°C and the whole process is strictly controlled. High temperatures are thus not
considered as the likely cause of the presence of PAHs in the diapers due to manufacturing
process. The only possible contamination source is thus assumed to be raw materials.
According to the manufacturers consulted, and as mentioned above, the temperatures
indicated in Table 63 in Annex E.2 are not likely to generate PCDD/Fs or DL-PCB substances
during the process. The generation of dioxins and furans may occur with temperatures
exceeding 200°C.
In conclusion, according to the information collected from manufacturers and
reported above (complemented with information from Annex E.2.1.2), processing
temperatures may not be in principle expected to be the source of contamination
since manufacturing process should not exceed 200°C under normal and controlled
conditions.

E.2.2.2.2. Moving to glueless diapers
As explained above, according to Mendoza et al. (2019a and 2019b), glue represents less
than 3% (<1g) of the diaper weight (Mendoza et al., 2019a; 2019b). Despite the small
amount per product, the high consumption of diapers in the EU means that 25,200 tonnes of
glue are consumed annually. In addition to material resources, glue-based bonding of diaper
materials is an energy intensive process, involving glue melting and pumping through
tempered pipes to glue applicators at different points in the manufacturing line. Additionally,
Mendoza et al. (2019a) reports that maintenance requirements in diaper manufacturing are
highly influenced by glue contamination during the process. Glue applicators have to be
cleaned using solvents as well as vacuuming residual dust from raw materials between
production cycles. Consequently, the time spent on glue-related maintenance affects the
efficacy and cost efficiency of the process and increases its environmental impacts, including
global warming potential and human toxicity (Mendoza et al., 2019a).
Following a series of industrial innovations by Fameccanica51, glue-based bonding can be
completely avoided or notably reduced by using a novel bonding technology for diaper
manufacturing. This includes thermal, thermo-mechanical and ultrasonic bonding.
Additionally, fluff pulp consumption can be reduced significantly by optimising the design of
the absorbent core of the products.
Fameccanica states that glue bonding can be completely avoided or notably reduced by using
alternative bonding technology in five crucial unit processes: elastics entrapment by cuffs,
ADL application on the topsheet, absorbent core building, frontal tape application on
51

https://glueless.fameccanica.com/en/#Achievements
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backsheet and ears reinforcement (Figure 18). This can involve the use of thermal, ultrasonic
and themo-mechanical bonding and has no negative effects on the final product. However,
elimination of glue in other unit processes and product layers could compromise the
performance of the diapers during use.

Figure 18 : Innovations in the manufacture of glueless baby diapers (based on Fameccanica 2018)
The innovations in the production of glueless diapers include a combination of raw materials
and bonding pattern selection, design of an optimised quilted absorbent core, technology
design and development and process engineering and optimisation. For instance, a quilted
absorbent core was designed to bond the upper and lower tissues thermo-mechanically, which
entailed the re-engineering and optimisation of the pad-forming drum. In the standard
process, the surface of the pad-forming drum is flat, whereas in the glueless process it has a
number of dots used to create areas where the pad is not formed so that the NW tissues of
the pad can be bonded thermo-mechanically. However, an air-trough bonded (ATB) nonwoven
should be also incorporated in the glueless quilted absorbent core to entrap SAP particles and
preserve the core integrity. Additionally, the material optimisation of the diapers’ absorbent
core by changing the fluff pulp/SAP ratio from 40/60 to 20/80 (w/w) entailed the development
of a new SAP injection and forming chamber system to control better the SAP and fluff pulp
mixture.
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Regarding the economic feasibility of glueless diapers, Mendoza et al. (2019) states that the
final price of glueless diapers could not be determined due to confidentiality but it can be
assumed that their retail price would not be much higher than the conventional products,
particularly since glueless diaper manufacturing is less costly than the conventional process.
The “glueless” innovations can cut the life cycle costs by 11% compared to standard diaper
manufacturing. They also reduce the environmental impacts by up to 67%.This could also
help to encourage consumers to select glueless diapers and, potentially, other AHPs produced
in a similar way.
If glues may be potential sources of contamination during the process, these so-called
‘glueless’ baby diapers based on alternative bonding technologies may be of interest in terms
of human health protection. To the Dossier Submitter knowledge, these diapers are procuded
by only one company in Europe that did not provide any information during the preparation
of this restriction proposal in spite of Dossier Submitter’s requests. It would worth
investigating what types of chemicals are used during this alternative process, and what type
of investments and costs such a technology would require in case other companies would like
to access to it. A deeper analysis would be needed in order to assess this potential alternative.
Some information is available on the company’s website but details remain unclear. Due to
a lack of information, the Dossier Submitter is unfortunately not in a position to
recommend this technology as a possible solution to glues contamination. This
remains one area where more information is needed in the public consultation.

E.2.2.2.3. Moving to Fluffless diapers
For a few years, all baby diaper manufacturers have been looking for new and more efficient
core structures. Up to now, as presented in Annex A.1, the majority of cores are made of a
mix of fibers (generally fluff) and superabsorbent polymer (SAP). The former represent the
matrix to stabilize the latter and keep it more or less fixed into the core. Moreover fibers have
the function to distribute fluid along the core and in contact with SAP where they are absorbed.
After last developments and new SAP generations this fluff function has became less and less
important. Therefore a goal for all hygiene absorbent product producers is to eliminate the
use of fluff and obtain a core made of SAP only. This leads to a thinner core and a less
expensive product. Development stream to obtain a fluffless core is the positioning of SAP in
small spot on 2 different webs. Afterwards these spots are covered with a glue and bonded
together. The result is a sandwich of 2 webs with SAP in the middle. Number of spots and
their positions can be varied along the core obtaining a very low SAP grammage in the back
and high density in the central part where capacity is more needed. Currently, some
manufacturers in Eastern Europe as well as in China commercialize already low-fluff or
fluffless baby diapers.
Due to a lack of information and possible higher pollution (according to experts
consulted during the elaboration of the proposal) using fluffless diapers, the Dossier
Submitter is unfortunately not in a position to recommend this technology as a
possible solution. This remains one area where more information is needed in the
public consultation.

175

E.2.2.3. Technical changes related to packaging
All companies consulted during the prepration of the restriction proposal stated that they have
implemented, as a preventive measure, the removal of vent holes on their diapers packaging
to make them more “air contaminant-proof” during storage and transport.
The purpose of vent holes is to eject air more easily during the packaging of baby diapers.
After having consulted experts, the Dossier Submitter would like to underline that removal of
vent holes could prevent release of other chemical substances like volatile organic
compounds. The Dossier Submitter hopes that the public consultation will provide more
information.

Figure 19 :Example of vent holes on single-use baby diapers packaging

E.2.2.4. Other changes and measures to remove contaminants
E.2.2.4.1. Further decontamination of indoor air
Chemicals in the scope are ubiquitous substances and can thus be suspected to come from
contaminated environment and air. As a good practice, single-use baby diapers manufacturers
are using air filtration and dust management systems to help reduce levels of airborne
pollutants at the production site. Better air filtration and higher frequency of dust clean-up
could in principle help further reduce the presence contaminants.
Industry reports that for instance PCFD/Fs levels in the air can be high enough to trigger
detection of trace quantities in diapers if the air is insufficiently filtered from particles.
Producing in clean rooms is considered as not feasible. Some companies consider that given
variability in air quality, absolute filtration cannot be reasonably guaranteed in these kinds of
industrial processes. The merits of attempting to do this specifically for the materials used in
diapers is regarded by some companies as not appropriate given that consumers are exposed
to air of similar quality during their entire lives. Nevertheless, based on their own air analysis
at production site, other companies concludes to the necessity of generalising central air
filtration to reduce as much as possible (not eliminate) the presence of outside air pollutants
indoor such as the ones in the scope of this restriction proposal.
Some diapers companies have reported the closure of indoor smoking areas in production
sites.

E.2.2.4.2 Good practices for storage and transport
No information is available to the Dossier Submitter about good practices for storage and
transport.
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E.2.3. Risk reduction, technical and economic feasibility,
and availability of alternatives
E.2.3.1 Assessment of moving to TCF pulp
E.2.3.1.1. Availability of TCF pulp
From the industry consulted and the information collected on TCF pulp supply in Europe, there
seems to be one supplier of TCF pulp for an application in single-use baby diapers and another
supplier who purchases TCF pulp to the former in order to make the fibers thiner and supply
the thiner pulp fibers to diapers manufacturers. In the end, there seems to be only one
supplier of TCF pulp on the EU market currently. The availability of TCF pulp is thus very low
compared to ECF pulp in Europe. The Dossier Submitter does not have information of supply
of TCF from outside EU that could be imported within the EU market to complement domestic
supply, or information about the capability of European TCF pulp market to increase its current
capacity.
E.2.3.1.2. Human health risks related to TCF pulp
As indicated above, some other single-use baby diapers manufacturers are skeptical about
the benefit of moving from ECF to TCF cellulose to reduce contaminants in the cellulose and
thus the final products: as presented in Annex E.2 some indeed report that bleaching TCF
process allows for reduction of highly chlorinated dioxins in pulp but still contain traces of
PCBs. On the contrary, bleaching ECF process seems to less generate PCBs than TCF but pulp
contains traces of highly chlorinated dioxins. The human health benefits of TCF pulp over ECF
pulp are thus not consensual.
E.2.3.1.3. Environment risks related to TCF pulp
As indicated in Annex E.2 and in JRC, 2015, “A comparison of toxic responses of bleach plant
and whole mill effluents from mills using different schemes for non-chlorine bleaching, i.e.
modern ECF versus TCF bleaching, shows that neither technique consistently produces
effluents with a lower toxic potency . No clear difference in the effect pattern and effect
intensity between effluents from mills using modern ECF (chlorate reduced) and TCF bleaching
has been detected. “ as well as “The special focus on the question of whether modern ECF or
TCF bleaching is better from an environmental perspective seems to be too narrow. A TCF
bleaching sequence is the more advantageous alternative for further water system
closure. However, technical difficulties regarding the enrichment of non-process elements
in the water circuits and undesired scaling, especially of oxalates, remains an unsolved
challenge for further closure of the bleach plant effluents.”. The environment risks related to
ECF pulp versus TCF pulp are thus not so obvious.
E.2.3.1.4. Technical and economic feasibility of TCF pulp
Using TCF pulp is technically feasible since some single-use baby diapers manufacturers
already use it. However, some companies report that performance and treatment efficiency
are lower with TCF pulp than with ECF pulp. Indeed, a higher amount of TCF pulp seems to
be needed to get the same level of performance of the finished product. Moreover, TCF pulp
is claimed to be more complicated to treat due to the fiber features. Comparative assessment
from the literature show also technical differences between both pulps (see E.2.1.1.1).
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Regarding economic feasibility, industry reports extra-costs due to the use of TCF pulp, mainly
due to its lower availability and higher price on the EU market currently. Using TCF pulp is
also more expensive because of the higher quantity of raw material needed to reach the same
level of performance and it is more costly to treat due to technical challenges. As a
consequence extra-investment are also reported to be necessary to switch to this raw
material. Industry provided some estimate for some of those costs and some others are not
quantified. For more details about these extra-costs, see the main report, section 2.4.1.1.1.
from those costs, the Dossier Submitter considers that switching to TCF pulp may be
economically feasible, at least for big companies and provided that they have sufficient time
to operate this move. However, SMEs might have more difficulties to move to TCF pulp
depending on the capability of the TCF pulp market to increase its supply while controlling the
price increase of TCF pulp to a sustainable level for all market actors. Finally, moving to TCF
pulp may economically impact consumers in case the extra-costs are passed onto the final
price of diposable baby diapers (for further details, see section 2.4.3.1 of the main report).

E.2.3.1.5. Conclusion on moving to TCF pulp
Based on the information at hand, it is difficult for the Dossier Submitter to have a clear-cut
conclusion about the better capability of TCF pulp to address the health concerns targeted in
this restriction proposal over ECF pulp. Within all the possible solutions to reduce
contamination in single-use baby diapers identified, moving to TCF pulp could be an option
but given the uncertainties associated to its benefits to human health and its technical and
economic feasibility, the Dossier Submitter can not strongly recommend this substitution
without reservation. Nevertheless, if industry would decide to switch to TCF pulp, the
information presented in this restriction proposal and especially this part would be useful to
anticipate the possible impacts on industry and consumers.

E.2.3.2 Assessment of removal or substitution of wetness indicators
E.2.3.2.1. Availability of alternative wetness indicators
Many single-use baby diapers that contain a wetness indicator seem to use a chemical called
bromophenol blue (CAS: 115-39-9). The Dossier Submitter does not have information about
other pH indicators available on the market that would be also used for this function as
wetness indicators in single-use baby diapers.

E.2.3.2.2. Human health risks related to alternative wetness indicators
As already stated above, wetness indicators are not in contact with the baby skin but one
manufacturer stated that wetness indicator can contain PAH and no PAH has been detected
in their finished products. Given that the Dossier Submitter does not have information about
other pH indicators than bromophenol blue, no information on human health risks is available.

E.2.3.2.3. Environment risks related to alternative wetness indicators
Given that the Dossier Submitter does not have information about other pH indicators than
Bromophenol Blue that would be used as wetness indicators in single-use baby diapers, no
information is available about their environment risks.
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E.2.3.2.4. Technical and economic feasibility of alternative wetness indicators
Given that the Dossier Submitter does not have information about other pH indicators than
Bromophenol Blue that would be used as wetness indicators in single-use baby diapers, no
information is available about their technical and economic feasibility.

E.2.3.2.5. Technical and economic feasibility of removing wetness indicators
Removing wetness indicators from single-use baby diapers would basically consist in
processing fewer raw materials during the manufacturing process without impeding the
overall process and without affecting the essential absorbing function of the finished products.
As a consequence, the Dossier Submitter considers that this change would be in principle
technically feasible at no cost. Removal wetness indicators could even decrease the production
costs due to lower raw materials costs. Companies using this material in their products
however may claim that a competitive advantage would be lost. For more details about these
potential extra-costs, see the main report, section 2.4.1.1.1.

E.2.3.2.6. Conclusion on removing or substituting wetness indicators
Based on the information at hand, the Dossier Submitter considers that wetness indicators
should no longer be used in the single-use baby diapers given that they dos not meet any
essential technical function in single-use baby diapers. Their removal would not affect the
essential absorbing function of the finished products and would cause no direct cost to
industry. It could even generate some raw materials costs saving. The Dossier Submitter can
not take position on eventual loss in sales and profits which may occur due to the loss of a
so-called competitive advantage .

E.2.3.3 Assessment of removal or substitution of pigments
E.2.3.3.1. Availability of alternative pigments
Most of the diapers available on the market are colored onto their external sheet to make
them more attractive and fancy. The Dossier Submitter does not have information about all
pigments used in the diapers industry and their possible alternatives. As indicated in Annex
E.2.1.2.2., according to one company, a “green pigment” used in aesthetic printing may be
the source of OCDF and OCDD in external sheet and external film: the company explained
that the green pigment was reformulated so that the changes now allow for non- detectable
levels of PCDD/Fs. However, the Dossier Submitter has been provided neither with details
about this reformulation nor with what is the exact substance called “green pigment”.

E.2.3.3.2. Human health risks related to alternative pigments
As already stated above, pigments are not in contact with the baby skin but one manufacturer
stated that a green pigment can contain OCDD/OCDF in external sheet and external film by
one company. Given that the Dossier Submitter does not have information about other
pigments than this green one, no information on human health risks is available.
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E.2.3.3.3. Environment risks related to alternative pigments
Given that the Dossier Submitter does not have information about other alternative pigments
than the green one that would be used as pigment in single-use baby diapers, no information
is available about their environment risks.

E.2.3.3.4. Technical and economic feasibility of alternative pigments
Given that the Dossier Submitter does not have information about all pigments used in the
diapers industry and their possible alternatives, no information is available about their
technical and economic feasibility. In particular, regarding the “green pigment” claimed to be
source of OCDF and OCDD in external sheet and external film by one company, the Dossier
Submitter has no further information about the technical or economic feasibility of
reformulations that have been needed to reach non-detectable levels of dioxins and furans.

E.2.3.3.5. Technical and economic feasibility of removing pigments
Similarly to wetness indicators, removing pigments from single-use baby diapers would
basically consist in processing fewer raw materials (raw pigments and pigments mixtures)
during the manufacturing process without impeding the overall process and without affecting
the essential absorbing function of the finished products. As a consequence, the Dossier
Submitter considers that this change would be in principle technically feasible at no cost.
Removal pigments could even decrease the production costs due to lower raw materials costs.
Companies using pigments to color their products however may claim that a competitive
advantage would be lost. For more details about these potential extra-costs, see the main
report, section 2.4.1.1.1.

E.2.3.3.6. Conclusion on removing or substituting pigments
Based on the information at hand, the Dossier Submitter considers that pigments should no
longer be used in the single-use baby diapers given that they do not meet any essential
technical function in single-use baby diapers. Their removal would not affect the essential
absorbing function of the finished products and would cause no direct cost to industry. It could
even generate some raw materials costs saving. The Dossier Submitter can not take position
on eventual loss in sales and profits which may occur due to the loss of a so-called competitive
advantage .

E.2.3.4 Assessment of moving to best practices regarding raw
materials
See main report, section 2.4.1.1.1.

E.2.3.5. Assessment of further controlling manufacturing process
See main report, section 2.4.1.1.2.

E.2.3.6 Assessment of changes in packaging
See main report, section 2.4.1.1.3.

E.2.3.7 Assessment of further indoor air decontamination
See main report, section 2.4.1.1.4.
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E.2.3.8. Conclusion about alternatives
Different solutions have been explored above to further reduce contaminants in single-use
baby diapers. As already explained, this restriction aims to encourage manufacturers to
further find out how the substances are formed in the products and to take relevant steps to
reduce their presence, should it be in the raw materials or during the manufacturing process
and any other relevant sources identified. The solutions and further actions recommended by
the Dossier Submitter to be implemented by industry are a combination of:




moving to TCF pulp,
removing wetness indicators and pigments,
moving to best practices, changes in packaging, indoor air decontamination and
changes in packaging.

All the alternatives assessed seem to be reachable for the industry but, the Dossier Submitter
can not have a clear cut position on each alternative assessed due to a lack of data especially
on human health and environmental impacts. The public consultation could bring information
that the Dossier Submitter will carefully examine.

E.3. Restriction scenario(s)
The two restriction scenarios further assessed, and presented in sections 2.4 and 2.5 of the
main report, differ mainly in terms of substances included in the scope. Therefore, RO1 and
RO2 impacts will differ in terms of risk reduction capacity, substitution costs, enforceability
and impacts on industry. The following sections focus on the impacts of RO1 (the restriction
proposed).

E.4. Economic impacts
At early stage of the preparation of this restriction proposal, some companies considered that
the nature of the traces targeted herein stems from unavoidable environmental background
contamination (of the raw materials, the manufacturing process and possibly any stage until
distribution) and that a further reduction of the trace levels was considered to be technically
not feasible. Since the French RMOA has been published, most of them have implemented
further preventive measures for the purpose of reducing contamination either in the raw
materials or in the finished products or both. A minor proportion of them consider that
dedicating resources for finding alternatives is an impractical effort and does not justify the
costs involved (without any specifications). However most of companies provided the Dossier
Submitter with extra costs that have been already born due to the measures already
implemented recently and extra costs that would be further supported if the present
restriction proposal would enter into force. These foreseen measures and the possible
technical and substitution solutions identified by industry are overall converging. They are
thus considered as likely and this was valuable information to be used in the assessment.
The extra-costs assessed consist in compliance costs of reducing or removing the
contaminants targeted in this restriction proposal in finished products onto the single-use
baby diapers industry due to the substitution measures and technical changes assessed.
These costs are assessed qualitatively or quantitatively. They include direct costs of removing
or reducing contaminants from raw materials, manufacturing process and other steps in the
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supply chain as well as testing costs for industry. They also include testing costs for control
authorities as well as economic impacts on consumers.
For more details about these costs, please see sections 2.4.1.1, 2.4.1.2 and 2.4.3.1 in the
main report as well as dedicated annexes above on economic feasibility of substitution and
technical solutions to reduce or remove contaminants (Annexe E.2.3).

E.5. Human health impacts
Single-use baby diapers can contain hazardous chemicals that may cause diseases in babies
and the quantitative human risk assessment performed by the Dossier Submitter showed that
health thresholds are exceeded for the substances in the scope under realistic and reasonably
conservative assumptions (see annexes B.9 and B10). As a consequence, this proposal aims
at protecting babies from developing adverse effects due to the exposure to these chemicals
at older ages or in their adulthood by restricting these chemicals. However, due to the lack
of epidemiological studies, of robust and extrapolable dose-response relationships, and the
substances in the scope being ubiquitous, there is no scientifically-based means to estimate
the attributable fraction of babies who would actually develop adverse effects due to their
diapers at older ages or in their adulthood. It is thus difficult to estimate the incidence and
prevalence of adverse effects in babies likely to be associated to single-use baby diapers
wearing and human health imapcts could not be assessed quantitatively. As a consequence,
the Dossier Submitter’s approach of the human health benefits in this proposal is qualitative.
For more details, please see section 2.4.2 in the main report.

E.6. Risk reduction capacity
The restriction proposed is considered to be practical and monitorable. See sections 2.4.3.4
and section 2.4.3.5 in the main report.

E.7. Other impacts, practicability and monitorability
E.7.1. Social impacts
Please see section 2.4.3.2 in the main report.

E.7.2. Wider economic impacts
As indicated in Annex A.2 some single-use baby diapers are imported as finished products
from outside EEA31 (e.g. Vietnam) but the amount of imported diapers is not available to the
Dossier Submitter’s knowledge. In some European overseas territories, up to 50% of diapers
are imported from Asia (e.g. Vietnam, China, South Korea, Malaysia…) and other countries
(e.g. South Africa, USA). Importers claim to have no information about their composition.
Regarding imported raw materials used in diapers manufacturing, most raw materials come
from EU but some raw materials come from outside EU. Likewise, the amount of imported
raw materials is not available to the Dossier Submitter’s knowledge. It cannot be excluded
that some impacts may occur outside EEA31 to some companies supplying raw materials or
finished single-use baby diapers in Europe due to the restriction. However, due to a lack of
data and information, the magnitude of these impacts cannot be assessed.
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E.7.3. Distributional impacts
Please see section 2.4.3.3 in the main report.

E.8. Practicality and monitorability
As explained in the main report and in Annex B, the Dossier Submitter considers various
analytical tests performed on the single-use baby diapers. These analytical tests lead to detect
or quantify various hazardous chemicals. Three analytical tests were performed in ANSES
2019 by SCL, which are :
-

a solvent extraction in a shredded entire diaper;
an urine simulant extraction in shredded entire diaper;
an urine simulant extraction in an entire diaper.

The protocol of the solvent extraction in a shredded entire diaper is in accordance with SCL’s
internal protocols or with standards specific to each group of substances when such standards
were available. The detection limit for the hazardous chemicals detected or quantified are the
following :

Table 64 : Limit of detection according to the solvent extraction in a shredded entire diaper analysis
Substances/group
substance

of

Limit of detection/limit of
quantification

0.3 µg/kg / PAHs
Formaldehyde
0.11/0.35 mg/kg
PCDDs
PCDFs
DL-PCBS
For PCDD/Fs and DL-PCBs, no limit of quantification (LOQ) is available because it varies
according to the test sample.

The protocol of the urine simulant extraction in shredded entire diaper or in an entire diaper
is an exploratory one and was performed in order to measure the migration to a urine simulant
of the chemicals detected or quantified in shredded whole diapers. The composition of the
urine simulant used was based on the publication by Colón et al. (2015)

Table 65 : Composition of the urine simulant used (Colón et al., 2015)
Compound
Urea

Concentration
obtained
9.3 g·L-1

Creatinine

2 g·L-1

Ammonium citrate

1 g·L-1

NaCl

8 g·L-1

KCl

1.65 g·L-1
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KHSO4

0.5 g·L-1

MgSO4

0.2 g·L-1

KH2PO4

1.75 g·L-1

KHCO3

0.5 g·L-1

No limit of detection nor quantification is available due to the fact that each of these limits
are specific to test sample.
For urine simulant extraction in shredded entire diaper analysis, each shredded diaper was
brought into contact with the urine simulant in an oven at 37°C (+/- 3°C) for four hours (+/10 mins) under stirring.
For urine simulant extraction in an entire diaper analysis, the analyses were carried out with
whole diapers soaked with urine simulant and then placed in an oven at 37°C for 16 hours.
200 ml of simulant were added to the diaper three times, with a 30-minute rest period
between each addition. The tested simulant was extracted by pressing (recovery of 220 to
250 ml). The majority of the 600 ml of urine simulant remained trapped in the SAP. No limit
of detection nor quantification is available due to the fact that each of these limits are specific
to each of the substances.
As already mentioned in the restriction proposal, the QHRA performed in Annew B was based
on the results hazardous chemicals found in single-use baby diapers after a urine simulant
extraction in an entire diaper. This type of analysis was considered by ANSES 2019 and the
Dossier Submitter as the most representative scenario of the reality of use.
All these information about the methodology used to perform chemicals analysis
onto single-use baby diapers may be used as a guideline or a starting point to build
a harmonised methodology.
Without a validated method and scientifically sound thresholds, some companies expressed
their concern that it will be difficult or even impossible for industry to comply with the
restriction and that it may result in a disruption of the market, the supply of diapers for babies
and create unwarranted legal liabilities. AS mentioned above, some analytical and harmonized
tests methods are already existing but they imply using solvents and sometimes a shredded
diaper. As already explained, the Dossier Submitter considers that these methods are not the
most relevant ones because they do not reflect the reality of use of a diaper.
Indeed, some companies claimed that levels reported by SCL/ANSES can not be reproduced
and are of unclear origin. It should be noted that the amount of formaldehyde produced in
the human body is significantly higher than SCL/ANSES suggested threshold.
In some cases, the restriction would require to measure levels close to or in some cases even
below current LOQ achieveable even by best in class specialized laboratories. Hence, the
absence of a validated method combined with the challenge for sensitive detection and
quantification limits prone to unintended contamination during product pick-up, transport,
sample preparation etc. would present a major barrier for compliance and enforcement.
Should a European restriction be proposed, it will require a harmonized European approach
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that provides clarity on testing methodology to producers and enforcers and as said, the
methodology proposed above can be used as a guideline to build one.
Industry consulted also points out that diapers are ‘heterogeneous’ samples comprised of
many raw materials. These materials are not evenly distributed in space or by mass. For
consistency in testing results – and especially for trace analytical chemistry work – this must
be considered. Sample preparation steps must also be reproducible across product forms,
sizes. A current best practice is to generate a homogeneous diaper sample via grinding, and
then to use aliquots of this for analytical testing. Standardized equipment capable of grinding
diapers to sufficient chemical and physical homogeneity is available (i.e. Retsch SM300 cutting
mill). There are also published methods that describe validated approaches for grinding
diapers that are well-suited as a sample preparation step (i.e. EDANA NWSP 404).
According to one company, “Background” amounts of PCDD/Fs can regularly be detected in
laboratory water of accredited laboratories that are specialized in dioxin/furan analyses. These
background amounts fluctuate over time and are within the concentration ranges that would
be required to determine the levels of PCDD/Fs at the limits proposed by ANSES. This can
introduce a high risk of “false positive” detections.
In its Stewardship Program for AHPs (on voluntary basis), EDANA has informed the Dossier
Submitter that they have planned the development of relevant test methods to determine the
presence of substances at trace level and to check that the amount of possible trace impurities
in products does not exceed the defined limit values.
Eventually, the Dossier Submitter is confident that a harmonised analytical method will be in
place before the end of the transitional period proposed (24 months).

E.9. Proportionality (comparison of options)
Please see section 2.4.4 in the main report.

E.10. Comparison of Restriction Options
One restriction option (RO2) has been further assessed to be compared with RO1 which is the
restriction proposed. RO2 is assessed under section 2.5 in the main report and this restriction
option is compared with RO1 under section 2.7 in the main report.
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Annex F: Assumptions, uncertainties and sensitivities
Table below lists the assumptions, uncertainties and sensitivities of the assessment done to
support this restriction proposal and their overall impact.

Table 66 : Assumptions, uncertainties and sensitivities
Section
Human
health
assessment

Source of uncertainties
hazard

Exposure assessment

Risk assessment

Analysis of Alternatives

Economic
Impacts/substitution
Costs

Formaldehyde : The route-to-route
extrapolation
is
questionnable
because
observed effects
are
correlated
with
the
route
of
exposure. These are only local
effects. Systemic toxicity has not
been demonstrated.
PAHs : dermal DNEL calculated by
ECHA and expressed in µg/cm²/d but
not usable to perform the DED
calculation. The DED calculation
could have been done if data on
surface weight had been made
available to the Dossier Submitter.
Test method : SCL tests with
entire diapers, extraction with a urine
simulant Representative of normal
use enabling the chemicals actually
extracted by urine to be identified.
Skin Absorption. The Dossier
Submitter decided to use a value of
100% for skin absorption assuming
that baby skin can be damaged and
enhance the penetration. Approach
adopted by the SCCS and ANSM for
products for the buttocks area due to
the frequency of skin diseases in the
diaper area in babies.
Risk
characterisation.
The
calculations
to
generate
concentration limits in textile and
leather are based on worst case
scenarios for migration and exposure
frequency.

Identification of the contamination
sources for the chemicals of concern
has been difficult due to lack of data

Link between FSC certification to get
TCF pulp claimed by industry to be a
problem to switch to TCF pulp.
According to experts consulted, FSC
certification is linked to sustainable
forest management and not wood
transformation.
Industry reactions to the restriction
cannot be anticipated and remain to
some degree uncertain; From the

Overall Impact on the restriction
proposal
The Dossier Submitter chose a
precautionary approach due to limited
dermal data and lack of dermal data in
children.

The Dossier Submitter used internal
DNEL instead of dermal ones. The
impact on the restriction proposal is
not quantifiable. This calculation may
be done as a comparison with the
current
approach
used
in
the
restriction proposal.
The concentration limits calculated are
assumed to be protective. The impact
on the restriction proposal is not
quantifiable.
Can lead to an overestimation of the
risk.

Based on the calculations used in this
restriction proposal, the concentration
levels proposed for single use baby
diapers are likely to be sufficiently
protective.
All the asumptions chosen by the
Dossier Submitter are reasonable and
are not leading to an overestimation
nor and underestimation of the risk
according to the Dossier Submitter.
This can turn lead to the inclusion or
exclusion of possible sources that are
not accurate. This can lead to the
exclusion of possible sources that
coulb be accurate.
This can facilitate the use of TCF pulp
in order to decrease the traces of
PCDD/Fs

The costs associated to the measures
that are already implemented to
reduce
contamination
are
not
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publication of Anses 2019 and French
RMOA reports, companies on the
single-use diapers market state that
they have already started to
implement technical and substitution
measures in order to reduce/remove
contaminants in their products.
Some costs reported by industry are
unspecific, some only concern a part
of companies products ranges and
some expected costs depend on the
companies size and production or
sales volume and may not be
representative of the whole market.
Some reported costs might present
some overlapping between extracosts already borne due to new
measures
implemented
as
a
voluntary response from industry
since Anses’ expertise and French
RMOA have been published and
extra-costs specifically attributable
to this restriction proposal.

attributable to this restriction and are
already borne by companies.

Due to these uncertainties, the costs
associated to industry reactions
presented in the proposal are not
considered as an actual estimate of
the expected costs of the restriction
proposal but are provided as an
indication
of
possible
economic
impacts industry would cope with in
case of a restriction and depending on
the technical solutions companies
would opt for to make their finished
products compliant.

Costs associated to moving to TCF
pulp: based on the information at
hand, it is difficult for the Dossier
submitter to have a clear-cut
conclusion about the better capability
of TCF pulp to address the health
concerns targeted in this restriction
proposal over ECF pulp. Within all the
possible
solutions
to
reduce
contamination in baby diapers
identified, moving to TCF pulp could
be an option but given the
uncertainties
associated
to
its
benefits to human health, its
availability in the future and its
economic feasibility especially for
SMEs, the Dossier submitter can not
strongly recommend this substitution
without reservation. Nevertheless, if
industry would decide to switch to
TCF pulp, the information presented
above,
in
particular
regarding
economic impacts expected would be
useful to anticipate the possible costs
associated.
Costs associated to removal or
substitution of wetness indicator and
removal or substitution of pigments:
the Dossier Submitter does not have
information allowing to confirm and
quantify
any
loss
in
profit
consecutively to removal of these
materials. Industry consulted did not
provide any marketing or economic
evidence to prove such a loss. It is
thus considered as highly uncertain.
Moreover, it may be expected that
removing these materials from their
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products would represent cost
savings for manufacturers due to
fewer materials to purchase and
process.
Costs associated to further air
decontamination:
The
Dossier
Submitter does not have further
information
allowing
for
a
quantification or specification of
these costs. Should implementing
further filtration would imply to reinvest
in
total
different
air
decontamination systems or simply
to adjust the system on the spot is
uncertain.
Economic
Impacts/testing
enforcement Costs

and

From the publication of Anses 2019
and French RMOA reports, companies
on the single-use diapers market
state that they have already started
to implement more regular and
stricter testing and controls of their
raw materials, their finished products
and
their
production
lines
(additionnally to the tests they
already
performed
beforehand).
Whether part of the testing costs
reported in the restriction proposal
are already borne and internalized by
companies (driven by the publication
of Anses’s risk assessment and the
French RMOA) or whether whole or
part of them are only attributable to
this restriction remains unclear.
Due to the lack of harmonized
analytical
methods
and
the
challenges of measuring very low
concentration
limits
such
as
proposed herein (lower than the
current LoD/LoQ) (see Annex E8),
the testing costs may be actually
somehow higher than reported
during the consultation by the
Dossier Submitter. This is a source of
uncertainty.

If some part of the testing costs
reported in the restriction proposal are
already borne and internalized by
companies, the impacts may be lower
than reported and not entirely
attributable to this restriction. As a

consequence,
the
actual
costs
attributed to the restriction are difficult
to estimate.

If the transitionnal period of 24
months recommended would allow to
implement a harmonized analytical
method with very low LoD, this issue
may be solved.

Regarding enforcement costs for
authorities, they are somehow
uncertain. Whether these costs will
converge to the ECHA’s average
estimate of 55,600€ enforcement
costs per restriction per year in total
or whether the costs would be higher
remains uncertain. There may be
some economies of scale in testing
practices and costs in connection
with
the
restriction
on
skin
sensitizing substances in textile,
leather, furs and hides. However,
here again there may be extra-costs
due to the lack of harmonized
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analytical
methods
and
the
challenges of measuring very low
concentration
limits
such
as
proposed herein (lower than the
current LoD/LoQ).

Here again, if the transitionnal period
of 24 months recommended would
allow to implement a harmonized
analytical method with very low LoD,
this issue may be solved.

Economic
Impacts/Consumers

Industry claims between +2% and
10% of price increase at point of sale
as a consequence of this restriction.
This expected price increase has
been indicated as a rough estimate
by industry without evidence. The
Dossier Submitter does not have
further information to challenge this
price increase estimated by industry
and considers it as largely uncertain.
Moreover, this increase incurred per
baby diaper (if any) is considered
overall low and affordable by the
Dossier Submitter. This conclusion is
strenghtened
by
competition
considerations since competition on
diapers market is fierce and largely
driven by price. Therefore, the
restriction is considered affordable
for consumers.

If a price increase would actually occur
at point of sale, the low incomes
families would be more impacted than
others. Nevertheless, if the whole
diapering period is taken into account,
as the number of diapers used
decrease while babies grow, the price
increase burden would be higher for
families of newborns in the very first
months after birth, then would be
much lower. In any case, any price
increase would only be temporarily
borne by consumers since after 3
years old, most kids stop wearing
diapers.

Human
health
assessment

The
human
health
impact
assessment
has
not
been
quantified and monetarized due
to
uncertainties
(no
prevalence/incidence data, all
DNEL/DMEL used in the risk
assessment were derived based
on oral route studies, doseresponse relationships available
for some substances in the scope
only built on animal studies,
etc.).

These uncertaineies did not allow
assessing
actual
human
health
impacts
and
disease
burden
associated to chemicals contained in
single-use baby diapers. The human
health benefits expected from this
restriction have thus been analysed
qualitatively.
Nevertheless, the
Dossier Submitter considers that this
qualitative analysis still demonstrates
that the benefits for babies health
would be significant by protecting 14
million babies in Europe form being
exposed to hazardous chemicals from
their diapers.
The potential consequence is that
enforceability may be difficult.

impact

Analytical feasibility

No harmonized test
available for now .

method

is
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Annex G: Stakeholder information
This annex aims at transparently documenting the consultations of stakeholders that have
been carried out for the elaboration of this restriction proposal and how their views have been
taken into account.
The current proposal targets at restricting chemical substances that may be present in the
single use baby dipers at point of sale. To gather information on the substances in the scope
and to understand their purpose in the applications relevant for the scope, ECHA launched a
call for comments and evidence. During the preparation of this restriction proposal,
stakeholders were also consulted directly by the Dossier Submitter by e-mails or telephone
calls. More information on these activities are presented below.

Call for comments and evidence
Between 15 january and 15 april 2020 ECHA hosted a call for comments and evidence on
their website to allow interested parties to signal their interest and express their views and
concerns on the restriction. Specific questions asked in the call concerned information on use
of formaldehyde, dioxins, furans, DL-PCBs and PAHs by ANSES to understand their uses in
the diaper supply chain, if they may remain in the finished articles, human health exposure
data, potential alternatives available, and relevant socio-economic information for the
preparation of this Annex XV restriction proposal. The background note for the call is available
at:
https://echa.europa.eu/fr/previous-calls-for-comments-and-evidence/-/substancerev/24701/term
In total, 20 comments were received from individual companies as well as industry and trade
associations. The information received has been included to the extent applicable and relevant
in this report. For confidentiality reasons, the name of individual companies providing
information as part of the call for evidence has not been identified.
Direct consultation with stakeholders
Many stakeholders were also consulted directly by the Dossier Submitter during the
preparation of this restriction proposal. The contacts are listed in the table below.

Table 67 : List of Stakeholders consulted by the Dossier Submitter in the preparation of the restriction
proposal
Name

Confidential52

Type of organisation

Response
received

Company/association/national
authority/regional
or
local Yes/no
authority/Laboratory/Academic
institution
Manufacturer of raw materials Yes
Manufacturer of diapers
Yes

Mode of contact
E-mail/phone
call/Personal
communication/etc
E-mail
E-mail

52

Due to confidentiality reasons, the name of the companies consulted can’t be revealed. The name of
these companies were obtained through the DGCCRF, which is the French General Directorate for
Competition Policy, Consumer Affairs and Fraud Control
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EDANA
Group’Hygiene

Distributor of diapers
Association
Association

Yes
Yes
Yes

E-mail
E-mail
E-mail
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