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Abstract

The continuous increase in the popularity of tattoos and permanent make-up (PMU) has led to substantial changes in their
societal perception. Besides a better understanding of pathological conditions associated with the injection of highly diverse
substances into subepidermal layers of the skin, their regulation has occupied regulatory bodies around the globe. In that
sense, current regulatory progress in the European Union is an exemplary initiative for improving the safety of tattooing.
On one hand, the compilation of market surveillance data has provided knowledge on hazardous substances present in tattoo
inks. On the other hand, clinical data gathered from patients enabled correlation of adverse reactions with certain substances.
Nevertheless, the assessment of risks remains a challenge due to knowledge gaps on the biokinetics of highly complex inks
and their degradation products. This review article examines the strategies for regulating substances in tattoo inks and PMU
in light of their potential future restriction in the frame of the REACH regulation. Substance categories are discussed in

terms of their risk assessment and proposed concentration limits.
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Introduction

Surveys conducted in recent years have shown a continuous
increase in the prevalence of tattoos and permanent make-up
(PMU). The estimated tattooed population is about 12% in
the EU, reaching up to 25% for the age group of 18-20 years
(BfR 2018; JRC 2016b; Renzoni et al. 2018). In the US, 33%
of the general population bear at least one tattoo, reaching up
to 38% for ages 18-29 (Bidumler 2016; Breuner and Levine
2017; Tighe et al. 2017). Although tattoos of different kinds
date back to the earliest stages of tribal communities and rit-
uals, it is only in recent times that the scientific community
and regulatory authorities were inclined to recognize their
solid place in modern society (Kasten 2007). All together,
these developments have led to institutional attention and the
attempt to establish harmonized and effectual regulations for
tattoos and PMU materials.

Tattoo inks are manufactured by mixing pigments
with auxiliary compounds that control viscosity, drying
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properties, homogeneity in terms of particle sedimentation,
and shelf life of the ink. The common components of tattoo
inks are summarized in Scheme 1. Pigments are mostly man-
ufactured for large-scale applications in the automotive, con-
struction, or cosmetics industries (Laux et al. 2016) rather
than specifically for tattooing. Therefore, the safety for their
application in tattoo inks is not evaluated in particular. The
injection of pigments into the human dermis as an ingredi-
ent of tattoo inks has actually neither considered nor even
opposed by pigment manufacturers. A comprehensive evalu-
ation of the safety of each product represents a great chal-
lenge for the rather minor sector of tattoo ink producers who
are specialists for the formulation. Altogether, this under-
lines the urgent necessity for the regulation of tattoo ink
constituents. The extent of pathological conditions directly
related to the exposure to tattoo inks is generally difficult
to estimate as only approximately 50% of those individuals
that develop complications request medical advice (Renzoni
et al. 2018). An additional reason for an inaccurate estima-
tion of the prevalence of pathological conditions originates
from the difficulty to connect certain systemic effects to the
toxicity of tattoo ink ingredients or their degradation prod-
ucts. Although local reactions can undoubtedly be attributed
to the site of the tattoo, the respective causative substances
remain mostly undiscovered.
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Tattoo inks

Binders -
Pigments (prevent Solvents Additives
sedimentation)
Inorganic pigments: titanium Polyethylene glycol (PEG), Water, simple Preservatives,
dioxide, iron oxide, polyvinylpyrrolidone (PVP), alcohols, polyols thickening agents,
chromium oxide, carbon block copolymers (acrylates, surfactants

black, barium sulfate (filler) poloxamers), shellac, sugars
Organic pigments: e.g. azo  (traganth, gummiarabicum)

pigments, polycyclic
aromatic pigments, lake
pigments precipitated with
e.g., metal salts

Scheme 1 Composition of tattoo inks

Despite the presence of well-known carcinogens, to date, no
local or systemic carcinogenicity could be directly attributed
to the exposure to tattoo ink ingredients (EC 2019; Kluger and
Koljonen 2012; Sabbioni and Hauri 2016). Although various
malignancies and benign tumors were localized in the tattooed
skin areas, it remains unclear whether these were triggered by the
induced trauma, the inflammatory reaction, the chemical com-
position of the tattoo ink, or coincidentally (Kluger 2017; Kluger
and Koljonen 2012; Munshi et al. 2011). A causal proof or exclu-
sion of their cancer-promoting potency in the skin or internal
organs of tattooed individuals would require well-defined,
long-term epidemiological studies though. The vast majority of
complications are related to local skin reactions. About 68% of
individuals report skin problems immediately or a few weeks
after receiving a tattoo (Kliigl et al. 2010). In most cases, it is
challenging to differentiate between an allergic or corrosive/tis-
sue damaging reaction. Among all tattoo-related complications
seen in the clinics, Serup et al. attributed 37% to being of aller-
gic nature (Serup et al. 2016). The purpose of this review is to
discuss the state of knowledge available on the biodistribution
of tattoo inks and to present the development of tattoo and PMU
regulation that has been achieved in the EU in the meantime.
Hereby, the main aspects under the REACH (Regulation, Evalua-
tion, Authorization and restriction of CHemicals) regulation will
be discussed from a critical perspective, and alternative measures
for ensuring the safety of consumers will be presented.

Biodistribution of tattoo inks: in vivo
and ex vivo evidence

With regard to the unique exposure scenario of tattooing,

the administration of colorants into the human dermis,
and the biodistribution of nano- and micro-meter-sized
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pigment particles have rarely been addressed. Here, most
significant in vivo studies, ex vivo skin analyses, as well
as the latest evidence obtained from tattooed individuals
will be discussed. Tattoo inks are deposited in the dermis,
while the depth and amount of pigment deposition varies
depending on the density of the ink and the skills of the
artist (Engel et al. 2008). Engel et al. estimated the amount
of the deposited ink in human and pig skin in the range of
0.4-14.36 mg/cm2 (Arbache et al. 2019; Laux et al. 2016;
Prior 2015). Once arrived in the dermis, the pigments
and the soluble auxiliary components start undergoing
diverse processes. The cellular internalization of tattoo
pigments and the role of macrophages were reported in
an early study of tattooed rabbits (Mann and Klingmiil-
ler 1981). A recently developed mouse model revealed
depletion of tissue-resident macrophages upon diphtheria
toxin (DT) injection. Using of this mouse model, the life
cycle of a tattoo pigment could be investigated (Baranska
et al. 2018). In contrast to naive dendritic cells (DCs),
which migrate to draining lymph nodes, monocyte-derived
DCs and tissue-resident macrophages remain in the tis-
sue to contribute to the local immune response and tis-
sue homeostasis, respectively (Haniffa et al. 2009, 2012;
Tamoutounour et al. 2013). It could be demonstrated that
tattoo pigments inserted into the mouse tail remained
primarily within the dermal resident macrophages upon
endocytosis. Interestingly, in a DT-treated dermis lack-
ing macrophages, the free pigments became readily inter-
nalized by the newly generated macrophages originating
from circulating monocytes, without major changes in the
appearance of the tattoo. Hence, the pigment “capture—
release—recapture model” was proposed to explain the
persistence of tattoo pigments within the dermis. Based
on microscopic investigations only, others suggested that,
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rather, the fibroblasts and the connective tissue act as main
reservoirs for tattoo pigments residing in the dermis of
tattooed human skin biopsies (Ferguson et al. 1997) and
mice (Fujita et al. 1988).

Due to direct contacts with blood and lymph fluids dur-
ing the traumatizing procedure, tattoo inks injected into the
human dermis must be considered as 100% systemically bio-
available. Especially soluble ingredients of tattoo inks are
supposed to be subjected to metabolic processes—although
little is known about their metabolites and toxicokinetics. A
rapid systemic distribution of soluble tattoo ink components
can be assumed. Unlike the insoluble pigments, for solu-
ble auxiliary ingredients, existing toxicologically derived
no observed adverse effect levels (NOAELSs) can be readily
extrapolated from studies that used the dermal application
route. Subsequently, the so-called margin of safety (MOS),
that is, the ratio between the NOAEL and the estimated
exposure level, can be calculated (EDQM 2017).

Despite their persistence in the area of injection, insolu-
ble pigments can be readily found in regional lymph nodes.
Pigmentation of the inguinal and axillary lymph nodes as
well as the immune response upon tattooing could be dem-
onstrated in SKH-1 mice as a surrogate model for human
tattooing (Gopee et al. 2005). The initiated inflammatory
process and the accompanying elevated interleukin (IL)-1f
and IL-10 levels in the tattooed skin and the regional lymph
nodes recovered within 14 days. Since control mice, tat-
tooed with glycerol only, had a similar immune response,
the inflammation process induced can be—at least partly—
attributed to the injury by the needle and not necessarily to
the ingredients of the ink only. The same mouse model was
used to evaluate the transport and decomposition of Pigment
Red 22 (that is, 3-hydroxy-4-[(2-methyl-5-nitrophenyl)azo]-
N-phenylnaphthalene-2-carboxamide) (Engel et al. 2010).
42 days after tattooing, 32% of the pigment had been cleared
from the site of injection. Interestingly, this value was almost
doubled after exposure of the mice to simulated solar radia-
tion, likely indicating degradation of the pigment and rapid
clearance of its metabolites. The relevance of these find-
ings for humans must be interpreted with caution due to
the absence of a sub-cutaneous fat layer and the thin skin of
mice, where pigments might be more prone to photo-degra-
dation. In that sense, porcine skin was found to act as a more
appropriate model for simulating human exposure. This is
not only due the thickness of the skin but also to its wound
healing properties (Sullivan et al. 2001). In particular, the
mini-pig model was established as a non-rodent regulatory
tool for predicting human toxicity (Bode et al. 2010).

Some kind of alarming were the results achieved with
human skin biopsies, where a clearance rate of 87-99%
has been estimated immediately after tattooing (Lehner
et al. 2011). However, this value is based on a rather rough
estimation of the pigment amount applied initially. Yet, the

lymphatic system seems to play a major role in the transport
of the applied pigments and its impurities. Black ink could
be extracted and analyzed from skin and regional lymph
nodes (Lehner et al. 2014). Possibly adsorbed to carbon
black, polycyclic aromatic hydrocarbons (PAHSs) could be
simultaneously detected in concentrations reaching 0.6 pg/
cm? in the skin samples and 11.8 pg/g in the lymph nodes,
respectively. Potential synergistic effects on cancer devel-
opment due to the presence of chemical carcinogens and
UV irradiation were studied in mice tattooed with a black
ink containing various PAHs including the model carcino-
gen benzo[a]pyrene (Lerche et al. 2015). Interestingly, skin
cancer development was delayed by 50 days in the group of
tattooed mice when compared to the control group being
irradiated only. In addition, tattooed mice, not exposed to
UV radiation, did not develop skin tumors. The authors
explained these finding tentatively by the ability of the
black ink to absorb UV radiation and hence to reduce the
backscattering of the incident light. A similarly designed
study investigated mice tattooed with a commercial red ink
(Lerche et al. 2017). Here, no inhibition of tumor growth
was observed. On the contrary, a group of mice that was
tattooed with a red ink contaminated with 2-anisidine, a
primary aromatic amine (PAA), and subsequently exposed
to UV light, showed an enhanced tumor growth. Yet, the
differences to the control group of mice being irradiated but
not tattooed were rather minor. Moreover, for the sake of
such comparative studies, analytical characterization and
quantification of the pigments and other relevant ingredients
and impurities are mandatory for drawing valid conclusions
regarding the carcinogenic potential of tattoo inks and the
accompanying effects of UV irradiation.

Any correlation between an observed adverse effect and
the ink applied requires first and foremost the determina-
tion of the chemical identity of the pigments and auxiliary
compounds. With the aid of synchrotron X-ray fluorescence
(XRF) and advanced mass spectrometry techniques, the
intravital distribution of pigments and associated elements
was confirmed by their chemical identification in skin and
lymph nodes isolated from human corpses (Schreiver et al.
2017). Nonetheless, recent findings suggest that the origin
of the deposited metal elements is not only the ink itself,
but also attrited particles from tattoo needles. Nano- and
micro-meter-sized nickel (Ni) and chromium (Cr) particles
were found to be released from the needles and deposited
in the skin, especially upon usage of ink containing abra-
sive titanium dioxide (TiO,). Moreover, translocation of
these elements to the local lymph nodes has been revealed
(Schreiver et al. 2019).

In a study which attempted to shed light on the systemic
distribution of tattoo pigments, skin, lymph nodes, liver,
spleen, kidney, and lung of tattooed mice have been ana-
lyzed (Sepehri et al. 2017). Mice tattooed with black and
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red inks were sacrificed after 1 year. In addition to skin and
lymph nodes, pigments could be microscopically detected
in Kupffer cells of the liver, hence suggesting their distribu-
tion via the bloodstream. In this study, no pigments could
be localized in other organs though. However, there is fur-
ther evidence that intradermal and subcutaneous injection of
particulate matter may lead to deposition in organs such as
liver, kidney, spleen, and hepatic lymph nodes (Gopee et al.
2007; Tang et al. 2009). Tattoo pigments are not eliminated
from the site of injection via lymph and blood only. Until
regeneration of the skin barrier has ended within about 1
month after tattooing, pigment particles are also eradicated
by transepidermal elimination (Shah et al. 2018).

In terms of potential risk to human health, impurities of
tattoo inks might be most relevant. These may comprise
genotoxins such as certain PAAs, PAHs, nitrosamines, and
formaldehyde. Furthermore, heavy metals such as nickel,
chromium, and lead have been reported (Forte et al. 2009;
Regensburger et al. 2010). Preservatives, a substance group
with specific functional properties, may pose human health
risks, as well. Adverse effects appearing directly after tat-
tooing or years later have been monitored in dermatologi-
cal clinics and are comprehensively summarized by Kluger
(2019) and Serup et al. (2016). In summary, acute contact
dermatitis, inflammatory reactions, and infectious complica-
tions account for common acute effects. And yet instant or
delayed allergic reactions remain to be the most predomi-
nant adverse effect (Laux et al. 2016). Individual cases of
patients who developed systemic anaphylaxis shortly after
receiving a tattoo have been also reported (Jungmann et al.
2016). The analytical assessment of the applied ink revealed
the presence of formaldehyde, parabens, isothiazolinones,
and metals such as nickel, cobalt, manganese, cadmium,
and antimony. Red inks were often reported for inducing
an allergic reaction, although the identification of the spe-
cific allergen or the hapten is not necessarily straightforward
(Serup et al. 2016; van der Bent et al. 2019; Wenzel et al.
2013). In fact, patients who developed an allergic reaction to
a red tattoo did not react to the respective pigment in a patch
test (Gaudron et al. 2015; Greve et al. 2003). This might be
due to the necessity of the presence of other compounds or
metabolites of the original pigment to promote cross activa-
tion. Also, the poor penetration of the test substance into the
skin may lead to a false-negative readout (Steinbrecher et al.
2004). Recently, the analysis of skin biopsies of patients
with allergic reactions against tattoos allowed the identifi-
cation of organic pigments as well as metal ions with most
frequent abundance (Serup et al. 2019). Among the organic
pigments, azo class pigments were found in most of the
biopsies analyzed. In particular, Pigment Red 22 (C.I num-
ber 12315) was found in 35% of the biopsies. The major-
ity of the analyzed samples contained elevated levels of Fe
and Cu, but also of Cr, Ti, Mn, Ni, and Cd. Hence, there is
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evidence of photo-degradation of pigments in human skin
and cross reactivity between emerging metabolites and their
parent compounds.

Regulation of tattoo ink ingredients: REACH
restriction vs. product-specific regulations

In EU countries which do not have their own specific law,
currently the regulation of tattoo inks and PMU falls under
the General Product Safety Directive (GPSD) (Directive
2001/95/EC). Other aspects such as labeling requirements
and registration of chemicals are realized via CLP (Clas-
sification, Labeling, and Packaging) (EC No 1272/2008)
and REACH (EC No 1907/2006) regulation, respectively
(Scheme 2). Due to its non-specific nature, this regulatory
framework currently fails to secure the safety of tattoo inks
and their impurities. The resolutions developed by the Coun-
cil of Europe (CoE ResAP(2003)2 and CoE ResAP(2008)1)
actually set the basis for the existing national legislation
of tattoos and PMU in ten European countries (EC 2003;
2008). The corresponding national legislations in Belgium,
France, Germany, Norway, The Netherlands, Slovenia,
Spain, Sweden, Switzerland, and Lichtenstein were built
with rather minor deviations from the resolutions in terms of
restricted colorants, use of preservatives, and other auxiliary
substances (JRC 2016b). Nevertheless, given the mobility of
products in the EU and in light of a considerable number of
RAPEX (Rapid Alert System for dangerous non-food prod-
ucts) announcements, the necessity for an obligatory regula-
tion on the European level becomes obvious. Based on the
evidence collected from a large-scale survey, the German
Federal Institute for Risk Assessment (BfR) and the Danish
Agency for Environmental Protection provided recommen-
dations on the safety of tattoo inks (BfR 2012; EPA 2014).
These recommendations contain strategies for safety assess-
ment, limitations for certain classes of substances, as well as
labeling and sterility requirements. It is proposed to follow
an approach similar to the safety assessment developed by

—— GPSD (General Product Safety Directive)

« Obligation of the manufacturer to place only safe products on the market

—— CLP (Classification, Labeling and Packaging)

« Guidelines for labeling of classified substances

REACH (Regulation, Evaluation, Authorization
and Restriction of Chemicals)

« Requirements of registration accompanied with supporting information

Scheme 2 Current regulation of tattoos and PMU in EU countries
with no specific legislation
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the Scientific Committee on Consumer Safety (SCCS) in the
case of cosmetic products (SCCS 2012).

The report of the Joint Research Center (JRC) of the Euro-
pean Commission (EC), compiled by expert stakeholders
from research and risk assessment, intended to set a legisla-
tive framework for assuring consumer safety. The reports of
the four work packages represent the results of collaborative
efforts of member states to monitor trends in tattooing, their
prevalence, as well as adverse effects linked to their applica-
tion and removal (JRC 2015a, b, 2016a, b). The main finding
of the report was the presence of tattoo inks on the European
market which do not comply with the limits set by the rec-
ommendations of the Council of Europe [ResAP(2003)2 or
ResAP(2008)1]. Moreover, both the absence of suitable ana-
lytical methods and the insufficiency of clinical data on sys-
temic or local complications were underlined. Interestingly,
along with the reported adverse health reactions, bacterial
infections at a rate of 5% were traced back to non-sterile inks
or tattoo practice. Different from cosmetic products, tattoo
inks are injected directly into the dermis and thus come into
direct contact with immune cells, blood, and lymphatic fluid.
For that reason, data obtained by the conventional dermal
toxicity assays are unlikely to fully predict the toxicity of
these substances when injected into human skin.

Referring to the evidence provided by JCR, the European
Commission (EC) requested the European Chemical Agency
(ECHA) to prepare an annex XV restriction dossier under
REACH (Scheme 3). The future restriction of substances in
tattoo inks and PMU is presented in the submitted dossier
of ECHA, and the subsequent evaluation by the Committees
for Risk Assessment (RAC) and Socio-Economic Analysis
(SEAC) (ECHA 2019). Here, it is proposed to regulate tat-
toos and PMU with cross reference to already established
legislations. The obvious advantage of such a proposal is
the implementation of restriction strategies for readily estab-
lished substance categories, by the so-called active link strat-
egy. In that way, a harmonized classification of a certain sub-
stance would directly apply to tattoo ink ingredients and, by
prohibiting the use of the substance, guarantee the absence
of a specific chemical hazard in the ink. Yet, whether the
safety of a final product can be guaranteed under such guide-
lines remains unclear. A noticeable obstacle is represented
by harmful chemicals which lack harmonized classifications
or distinct bans. These may still be used in tattoo inks. On
the contrary, substances used for decades in tattoos may be
banned due to their classification on substance level or in
other product categories.

Without expanding in detail on the scope of the ECHA
dossier, the over 4000 restricted substances can be catego-
rized as depicted in Scheme 3. A major number of sub-
stances are regulated through the Cosmetic Product Regu-
lation (CPR) (EC) No. 1223/2009. Under the assumption
that substances prohibited in cosmetic products are at least

Specific lists
amended from
(ResAP(2008)1)
for PAAs, PAHS,
azo pigments,
methanol, metals

Substances
in tattoo inks
and PMU
under
REACH

CPR (EC) No
1223/2009

Annex VI to
regulation (EC)

(Annex I, 1272/2008s

Annex V)

Biocide
Product

Regulation
528/2012

Scheme 3 Restriction of substances in tattoo inks and PMU under
REACH. Abbreviations used: PAAs, primary aromatic amines;
PAHs, polycyclic aromatic hydrocarbons; CPR, cosmetic product
regulation

as hazardous when injected into the skin, they shall be pro-
hibited in tattoos and PMU, as well. Annex II of CPR (EC)
1223/2009 includes the list of banned substances, while
Annex IV sets conditions and concentration limits for color-
ants allowed in cosmetic products. The controversy of such
an assumption lies in the fact that the introduction of sub-
stances into the human dermis should actually lead to more
strict requirements, given the much higher risks entailed.
Furthermore, the ban of some substances in cosmetic prod-
ucts is justified not necessarily based on known toxic effects
but rather due to the lack of interest of manufacturers to
provide safety data for certain areas of application, as, e.g.,
for the use of pigment blue 15 (copper phthalocyanine) and
pigment green 7 (phthalocyanine green) in hair dyes.
Substances with harmonized entries in Annex VI to Reg-
ulation (EC) 1272/2008 are restricted according to the haz-
ard classes, as shown in Table 1. It is important to highlight
that substances present in gaseous state at standard tempera-
ture and pressure with the mentioned above hazard classifi-
cation were derogated from the scope of this restriction, with
the exception of formaldehyde. However, beside formalde-
hyde, further hazardous gases such as ammonia or residual
monomers of polymers used as auxiliary substances may
occur in tattoo inks. Such monomers include compounds
like buta-1,3-diene or ethylene oxide. Substances classified
as hazardous by inhalation only were left outside the scope
of the restriction, as toxicity via other routes of exposure
can be ruled out in that case. Conversely, ocular toxicity
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Table 1 Classification of selected categories according to CLP Regulation (EC) No. 1272/2008

Classification Abbreviation Labeling definition
Carcinogenicity Carc. 1, 1A, 1B May cause cancer
Carc. 2 Suspected of causing cancer
Germ cell mutagenicity Muta. 1, 1A, 1B May cause genetic defects
Muta. 2 Suspected of causing genetic defects
Reproductive toxicity Repr. 1, 1A, 1B May damage fertility or the unborn child
Repr. 2 Suspected of damaging fertility or the unborn child
Skin sensitizers Skin Sens. 1, 1A, 1B May cause an allergic skin reaction
Skin corrosion/irritation Skin Corr. 1, 1A, 1B, 1C Causes severe skin burns and eye damage
Skin Irr. 2 Causes skin irritation
Serious eye damage/eye irritation Eye Dam. 1 Causes serious eye damage
Eye Irr Causes serious eye irritation

was considered due to the possible exposure towards tattoo
ink and PMU application surrounding the eyelids. Further
groups of substances are adopted from the existing resolu-
tions of the Council of Europe. These include PAHs with
a harmonized classification as carcinogenic or mutagenic,
PAAs of concern, and azo pigments with relevant classi-
fications as CMR (carcinogenic, mutagenic, or toxic for
reproduction), and/or skin sensitizers. This further encom-
passes pigments able to decompose to one of the PAAs of
concern, toxic metal impurities, or methanol for its eye
damaging potential. Table 2 provides an overview of the
substance categories with the corresponding concentration
limits according to their currently proposed restriction under
REACH in comparison to ResAP(2008)1. In this scope, no
specific reference is given with regard to risks associated
with photosensitivity, systemic toxicity, or exposure towards
nanomaterials.

Although restricted substances may have a threshold
under the CLP regulation, their total ban in tattoo inks is
justified by the absence of supporting experimental data for
their intradermal application. This is of particular relevance
for skin sensitizers. Under the assumption that substances
administered intradermally have a stronger sensitization
effect when compared to conventional exposure routes, no
DN(M)EL [Derived No (Minimal) Effect Level] can be
derived. Recent literature and the RAC opinion underline
that the simultaneous presence of irritants and the damage
induced to the skin during tattooing may enhance the sensi-
tization potential of certain substances (Frankild et al. 2000;
McFadden and Basketter 2000; RAC 2018; Schwitulla et al.
2014).

CLP Regulation (EC) No 1272/2008 sets specific con-
centration limits for substances present in mixtures with
harmonized classifications as carcinogens of categories
1A, 1B (£0.1%), and 2 (< 1.0%), and a few exceptions with
lower limits. However, these concentration limits are based
solely on the hazard evaluation of the respective substances.

@ Springer

No risk assessment or exposure assessment specifically for
intradermal injection were made. Hence, independently of
the unique application scenario of tattoo inks, the banning
of CM classified substances was set based on the practi-
cal approach to reduce risks and to prevent their intentional
use (RAC 2018). This approach may also be referred to as
the qualitative approach which sets the concentration limits
based on toxicity data only. Further groups of substances
such as PAAs, azo pigments, substances toxic for reproduc-
tion, methanol, and metallic impurities are suggested to be
regulated according to the semi-quantitative approach based
on DN(M)EL value derivation. Here, the exposure scenario
considered is based on 300 cm? of tattooed skin, 14.36 mg
ink per cm? human skin, 25% pigments in the ink, and a
body weight of 60 kg (Annex XV Restriction Report, Ver-
sion 1.1, 2017).

The enforceability of the restriction relies first and fore-
most on the achievable concentration limits with available
analytical methods and reference materials (Niederer et al.
2018). This is also the reason for replacing “shall not con-
tain” by specific concentration limits, aiding the enforceabil-
ity of the restriction. A compendium of analytical methods
in compliance with REACH Annex XVII restrictions is rec-
ommended by ECHA’s Forum for Exchange of Information
on Enforcement (ECHA 2016). It encompasses more than
100 methods from European or national standardization bod-
ies, official methods published in the legal text of REACH,
and internal methods of recognized European reference
laboratories. However, to this date, not for all substances
restricted under REACH validated (harmonized) analytical
methods do exist. This refers particularly to tattoo ink matri-
ces. However, harmonized methods are not always advanta-
geous in comparison to in-house validated methods due to
the efforts involved in their establishment. The necessity of
a harmonized validation may arise where substance release
is regulated, e.g., in the case of PAH extraction from carbon
black. Here, sample preparation may vastly determine the
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Table 2 Substance categories and the corresponding concentration limits in the ECHA proposal for restriction of substances in tattoo inks and
PMU, and in the ResAP(2008)1 of the Council of Europe

Substance group Practical approach (RAC) (% ResAP(2008)1 Comments
w/W)
Carcinogenic 1A/B, 2, Mutagenic  0.00005 (0.5 ppm) Shall not contain Based on PAHs

1A/B, 2
Reprotoxic 1A/B, 2

Skin sensitizers 1, 1A/B

Skin irritant and corrosive 1,
1A/B/C, 2, Eye irritant and
damaging 1,2

CPR Annex II

CPR Annex IV (column g)

CPR Annex IV (column h-i)

PAHs with harmonized classifica-
tion CM

PAAs of concern

Azo dyes with relevant classifica-
tion (CMR, SS), or which would
decompose to PAA of concern
(and other dyes included in
Table A of RAC)

Methanol

Cadmium, chromium (VI),
mercury

Copper
Zink
Barium
Nickel
Selenium
Antimony
Lead
Cobalt
Arsenic

Organometallic tin

0.001 (10 ppm)
0.001 (10 ppm)

0.01 (100 ppm)

0.00005 (0.5 ppm)
0.00005 (0.5 ppm)
CPR, Annex IV limits

0.00005 (0.5 ppm)
benzo[a]pyrene: 0.0000005
(5 ppb)
0.00006/0.0005 (dissolved frac-
tion—not degradation)

0.1 (1000 ppm)

11
0.00005 (0.5 ppm)

0.025 (250 ppm)
0.2 (2000 ppm)
0.05 (500 ppm)
0.0005 (5 ppm)
0.0002 (2 ppm)
0.00005 (0.5 ppm)
0.00007 (0.7 ppm)
0.00005 (0.5 ppm)
0.00005 (0.5 ppm)
0.00005 (0.5 ppm)

Shall not contain
No specification exists

No specification exists

Shall not contain
Shall not contain
CPR, Annex IV limits

0.00005 (50 ppm)

benzo[a]pyrene: 0.0000005
(S ppb)

Shall not contain (presence or
release)

Shall not contain

No specification exists (only
Annex III CPR)

0.00002 (0.2 ppm)

0.025 (25 ppm)

0.005 (50 ppm)

0.005 (50 ppm)

As low as technically achievable
0.0002 (2 ppm)

0.0002 (2 ppm)

0.0002 (2 ppm)

0.0025 (25 ppm)

0.0002 (2 ppm)

0.005 (50 ppm)

Semi-quantitative assessment (as
for dibutyl phthalate)

95" percentile level for strong
sensitizers

GCL

According to REACH Annex XVII
No. 50 and ResAP(2008)1

ResAP(2008)1 concentrations
that are technically achievable
according to good manufacturing
procedures (0.00006% based on
DMEL for carcinogenicity)

Discourage intentional addition.
Some of the substances banned
according to annexes Il and IV of
the CPR are listed in Table A of
the proposed restriction with the
concentration limit of 0.1%

OEL and worst-case scenario.
Although STOT SE 1

Similar as for CM

Based on oral absorption
Based on DNEL

Based on oral absorption
Technically achievable limit
ResAP(2008)1

Similar as for CM
Quantitative derivation
Similar as for CM

Similar as for CM

Similar as for CM

Extended and modified table based upon the RAC Opinion: “Concentration limits proposed by the Dossier Submitter and RAC” (RAC 2018)

PAHs polycyclic aromatic hydrocarbons, GCL generic concentration limit, CPR cosmetic product regulation, CM(R) carcinogenic, mutagenic,
or toxic for reproduction, PAAs primary aromatic amines, DN(M)EL Derived No (Minimal) Effect Level, SS skin sensitizer, OEL occupational
exposure limit, STOT SE I specific target organ toxicity (single exposure)

level of substance release. The main challenge in analytical
method development remains the very low pigment solubil-
ity. Since their reliable quantification is not yet possible,
specific concentration limits are not appropriate for most
pigments. Furthermore, the absence of analytical standards
of various pigments impedes their quantification according

to the proposed limits. To implement chemical requirements,
it remains crucial to achieve further analytical method devel-
opment and validation.

The proposed declaration requirements cover all sub-
stances classified for human health according to Annex I of
Regulation 1272/2008 as well as all substances within the
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scope of the REACH regulation. However, non-classified
substances are not required to be stated on the ink bottle
as the declaration of self-classified substances according to
CLP may lead to different labeling for the same substance
(ECHA 2018). Here, pigments without any notifications are
excluded from the declaration onus. Nonetheless, the decla-
ration of all ingredients is required according to current law
in Germany, and would be beneficial to maintain in terms
of transparency, analytical detection, and medical treatment
in cases of adverse reactions (TdtoV 2008). Furthermore,
potential tattoo removal measures are facilitated by knowl-
edge of the respective tattoo pigments. Hence, information
on substances lacking classification and being outside the
scope of the restriction should still be provided.

The selection of 19 banned pigments was adopted from
the CPR, which refers to compounds banned in hair colors.
Nonetheless, no sufficient data exist to derive a toxicological
hazard or risk for these colorants, since the ban in hair colors
is a direct consequence of the failure of the industry to sub-
mit an appropriate dossier for toxicological evaluation. This
accounts in particular for the widely used Pigment Blue 15:3
and Pigment Green 7. Substitutes for these pigments might
be even more harmful but are outside the scope, since they
were, so far, never subject to any restriction or regulation.
Pigments modified by bromination or chlorination, whose
adverse effects are unknown, have also found their way into
the market. This phenomenon is well demonstrated based on
the findings of Hauri et al. (2014) who found the partially
brominated Pigment Green 36 (C.I. 74265), with an abun-
dance of 3.5% among all pigments analyzed. The partially
brominated Pigment Green 36 is now used as a substitute
for Pigment Green 7 (Hauri 2014; Hauri et al. 2009), and it
did not appear in the market surveillance performed back in
2009. In addition, while ResAP(2008)1 defines that tattoo
inks shall not contain or release PAAs, the potential PAA
release is not addressed under REACH. A general consid-
eration of azo pigments (which may release PAAs) would
restrict pigments and PAAs that are currently left outside the
scope of the restriction.

Sterility of tattoo inks and use of biocides

Complications related to tattoos can be caused not only by
hazardous substances but also by their wrong application
resulting in pigment overload or excessive needle traumata
(JRC 2016a; Sepehri et al. 2016; Serup et al. 2016). The reg-
ulation of tattoo ink ingredients as chemicals with no direct
consideration of hygienic aspects based on existing clinical
evidence is insufficient to provide comprehensive safety of
the consumers. The newly developed European standard for
safe and hygienic practice is an evidence-based document
which provides guidelines for protecting the consumers and
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tattoo artists from infections (DIN EN 2017). This norm
is foreseen to be officially adopted and published by the
European Committee for Standardization (CEN). Although
legally non-binding, it covers vital aspects of tattooing prac-
tice and communication with health authorities.

Resolution ResAP(2008)1 contains a detailed descrip-
tion of sterility requirements. Manufactured and supplied in
sterile containers, tattoo inks may contain biocidal products
for preservation after opening, but not for the compensa-
tion of insufficient microbiological quality. Currently, tattoo
inks must also comply with the Biocidal Product Regula-
tion (BPR) No. 528/2012. It is crucial to underline that no
biocidal product listed in the BPR was authorized for its
use in tattoo inks. Only preservatives (active substances)
listed in Annex I and under the category of product type
6 (preservatives for products during storage, “in-can”) of
the BPR may be used in tattoo inks (Table 3). As a conse-
quence, substances with harmonized classification as CMR,
skin sensitizers, irritants or corrosives, and eye corrosives
or irritants will be excluded from that list. Conversely, pre-
servatives with no harmonized classification are still allowed
to be added to tattoo inks, although the absence of classifica-
tion does not necessarily indicate their safety but rather an
absence of data. On the contrary, preservatives with solid
toxicological profiles and concentration limits, approved
for cosmetic products, will be entirely banned. The clas-
sification as skin corrosive indicates an irreversible damage
to the skin. However, if a substance is classified as corro-
sive only due to extreme pH values (<2 or>11.5), its ban
in tattoo inks above a concentration limit of 0.01% is not
always justified. Instead, the specific concentration limits
for corrosive/irritant substances according to CLP should be
considered. This concerns in particular the remaining bioc-
idal substances which are allowed to be used in tattoo inks.
The classification as skin irritant refers to the elicitation of
reversible erythema, edema, or inflammation. Also for this
classification, generic or specific concentration limits have
been established within CLP. These should be considered.
Some examples of such substances used in cosmetic prod-
ucts are listed in Table 4. The most common animal-based
models to evaluate the sensitization potential of a substance
are the guinea pig maximization test (GPMT), the mouse
local lymph-node assay (LLNA), and the Buehler assay.
Skin irritation/corrosion and skin sensitization potential of
intradermally applied chemicals are evaluated, among oth-
ers, as described in the OECD guideline No. 406 and ISO
10993-10 for GPMT. Different from the topical application
of the substance, its intradermal application allows a more
realistic approximation of the real tattooing scenario. The
concentration limits set might, therefore, represent a realistic
exposure scenario also in the case of tattoo inks.

The exact limits of harmonized skin irritants and cor-
rosive substances have led to critical comments during the
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Table 3 List of Annex I and Type 6 biocidally active substance with relevant classification categories

Substance name

CAS no

Approval status'

Registry of CLH intentions until outcome

Biocide, Product Type 6

Hexa-2,4-dienoic acid (sorbic acid)
5-Chloro-2-methyl-2 H-isothiazol-3-one (CMI)
Didecyldimethylammonium chloride (DDAC (C8-10))

Monochloroamine (generated from ammonium carba-
mate and a chlorine source)

Tetrakis(hydroxymethyl)phosphonium sulphate (2:1)

(THPS)

3,3'-Methylene-bis[5-methyloxazolidine] (oxazolidin/

MBO)

7a-Ethyldihydro-1H,3H,5H-oxazolo[3,4-c]oxazole

(EDHO)

Reaction mass of titanium dioxide (TiO,) and silver

chloride (AgCl)

2,2'-Dithio-bis[ N-methylbenzamide] (DTBMA)
Dodecylguanidine monohydrochloride
Methenamine 3-chloroallylochloride (CTAC)

Tetrahydro-1,3,4,6-tetrakis(hydroxymethyl)
imidazo[4,5-d]imidazole-2,5 (1H,3H)-dione (TMAD)

o,a,0-Trimethyl-1,3,5-triazine-1,3,5(2H,4H,6 H)-

triethanol (HPT)

(Ethylenedioxy)dimethanol (reaction products of ethyl-
ene glycol and paraformaldehyde (EGForm))

N-(3-Aminopropyl)-N-dodecylpropane-1,3-diamine
1,3-bis(Hydroxymethyl)-5,5-dimethylimidazolidine-

2,4-dione (DMDMH)
Sodium azide
Ethanol

2-Methyl-1,2-benzisothiazolin-3-one (MBIT)
Pyrithione zinc (Zinc pyrithione)
Pyridine-2-thiol 1-oxide, sodium salt (sodium pyrith-

ione)
L-(+)-Lactic acid
Benzyl alcohol

N-(Hydroxymethyl)glycinate, sodium salt

2,2-Dibromo-2-cyanoacetamide (DBNPA)
2-Bromo-2-(bromomethyl)pentane dinitrile (DBDCB)

Biocide, Listed in Annex I

Nitrogen (N,) gas

Peppermint oil (natural oil)

Ascorbic acid
Lavender oil (natural oil)

Webbing clothes moths pheromone (mixture)

Baculovirus
Carbon dioxide
Lactic acid
Citronellal
Sodium benzoate
Bentonite
Sodium acetate
Linseed oil

110-44-1
26172-55-4
68424-95-3

55566-30-8

66204-44-2

7747-35-5

2527-58-4
13590-97-1
4080-31-3
5395-50-6

25254-50-6

3586-55-8

2372-82-9
6440-58-0

26628-22-8
64-17-5
2527-66-4
13463-41-7
3811-73-2

79-33-4
100-51-6
70161-44-3

10222-01-2
35691-65-7

7727-37-9
8006-90-4
50-81-7
8000-28-0
124-38-9
50-21-5
106-23-0
532-32-1
1302-78-9
127-09-3
8001-26-1

Initial approval in progress
Initial approval in progress
Initial approval in progress

Initial approval in progress
Initial approval in progress
Initial approval in progress
Initial approval in progress
Initial approval in progress

Initial approval in progress
Initial approval in progress
Initial approval in progress

Initial approval in progress
Initial approval in progress
Initial approval in progress

Initial approval in progress

Initial approval in progress

Initial approval in progress
Initial approval in progress
Approved

Initial approval in progress
Initial approval in progress

Initial approval in progress
Initial approval in progress
Initial approval in progress

Initial approval in progress

Approved

Approved
Approved
Approved
Approved
Approved
Approved
Approved
Approved
Approved
Approved
Approved
Approved
Approved

Skin Corr. 1B, Eye Dam. 1, Skin Sens. 1A
Eye Dam. 1, Repr. 1B
Skin Irrit. 2, Eye Irrit. 2, Skin Sens. 1

Skin Corr. 1C, Eye Dam. 1
Skin Sens. 1B

Skin Irrit. 2, Eye Irrit.2, Skin Sens. 1,
Muta. 2, Carc. 1B

Skin Irrit. 2, Eye Dam. 1, Skin Sens. 1
Eye Dam. 1, Skin Sens. 1
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Table 3 (continued)

Substance name CAS no Approval status' Registry of CLH intentions until outcome
Oct-1-en-3-o0l 3391-86-4  Approved
(+)-Tartaric acid 87-69-4 Approved
(Z,E)-Tetradeca-9,12-dienyl acetate 31654-77-0 Approved

IStatus of approval as biocidally active substances

Table 4 Examples for biocidal substances allowed in cosmetic products

Substance name CASno Maximum concentration in Harmonized classification
‘ready for use’ preparation

Benzoic acid and its salts 65-85-0  0.5% (acid) Skin Irrit.2, Eye Dam. 1

Propionic acid and its salts 79-09-4 2% (acid) Skin Corr. 1B (C >25%), Skin Irrit. (10% <C <25%), Eye Irrit. 2
(10% < C<25%)

Sorbic acid 110-44-1 0.6% (acid)

Formic acid and its sodium salt 64-18-6  0.6% (acid) Skin Corr. 1A (10% <C<90%), Skin Corr. 1B (10% <C <90%), Skin
Irrit. 2 2% <C< 10%), Eye Irrit. 2 2% <C < 10%)

Undecylenic acid and its salts ~ 112-38-9  0.2% (acid)

2-Phenoxyethanol 122-99-6 1% Eye Irrit. 2

public consultation of the restriction dossier (ECHA 2018).
The strict limit for all these substances is especially ques-
tionable in view of the concentrations given within Annex
IV of REACH for certain substances, e.g., propionic acid.
This compound is considered being a safe preservative. Pro-
pionic acid is used as an authorized food additive, as a pre-
servative in cosmetics or in hair care products. Although its
skin/eye corrosive and irritant properties appear at concen-
trations way above those used for preservation, its utilization
shall be forbidden in tattoo inks according to the proposed
REACH restriction.

Requirements for a comprehensive
toxicological evaluation

Rather than expanding the restriction of tattoo inks to exces-
sive lists of chemicals by creating cross links to existing
regulations and intensifying analysis of a large number of
chemicals, comprehensive safety can be guaranteed by the
consideration of toxicological substance profiles in combina-
tion with their exposure. Currently, some 4130 substances
are subject of the REACH regulation of tattoo inks. This
list can certainly be shortened to a collection of several doz-
ens, when considering the non-substitutable pigments, the
effective and safe preservatives, and a selection of auxiliary
compounds. Niederer et al. identified 18 tattoo and 10 PMU
inks that have been most frequently used on the Swiss mar-
ket between the years 2009 and 2017 (Niederer et al. 2018).
The European Directorate for the Quality of Medicines
(EDQM) has published an extensive list of pigments found
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on the European market between the years 2003 and 2013
(EDQM 2017). This list comprises 49 pigments found in the
frame of market surveillance measures in the Netherlands,
Germany, Denmark, Norway, and Switzerland. With regard
to the use of preservatives, the Norwegian positive list for
preservatives with low sensitization potential comprises 21
substances. These examples indicate that most of the sub-
stances considered by the REACH restriction are not being
used in tattoo inks. And yet more alerting is the fact that
substances used in tattoo inks or newly developed products
entering the market will remain outside the scope of any
regulation based on negative lists.

The support of regulation of tattoo inks via selective
positive lists rather than unselective negative lists has previ-
ously been suggested by governmental institutions, industry,
and individuals in the phase of public consultation (ECHA
2018). The requirements for a comprehensive evaluation of
tattoo ink safety were likewise described by statements of
the German Federal Institute for Risk Assessment and the
EDQM (BfR 2012; EDQM 2017). Nonetheless, a major
obstacle for accomplishing a comprehensive toxicological
evaluation remains the choice of the experimental models
for biokinetics, systemic toxicity, or organ distribution. At
present, not all health risks can be addressed via available
in vitro or in silico methods. The adopted Directive 2010/63/
EU of the European parliament and of the Council for Pro-
tection of Animals used for Scientific Purposes supports
the generation of alternatives to animal testing. A full ban
of animal testing for finished cosmetic products and cos-
metic ingredients entered into force in 2013. Hence, also
the performance of animal experiments of products based
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on voluntary exposure remains questionable. Meanwhile,
further development of sensitive analytical techniques and
the collection of human biomonitoring data represent impor-
tant elements to address the main open questions regarding
absorption, distribution, metabolism, and excretion of tattoo
ink ingredients and their degradation products.

Conclusions

The efforts of regulatory authorities to ensure a safe practice
of tattooing have led to enormous progress in the under-
standing of the life cycle of substances injected underneath
the epidermal layer of the skin. Along with that knowledge,
many questions remain unresolved, in particular regarding
degradation products and their systemic bioavailability. It
seems obvious that only a stand-alone legislation of tattoo
inks may encompass the diverse aspects of tattooing such as
their ingredients, sterility, labeling requirements, and appro-
priate training of tattoo artists. Such a restriction should be
based on thoroughly evaluated target substances. The scope
of the dossier prepared by ECHA represents a common
European initiative and certainly provides an important step
towards a legislative framework for the restriction of non-
intentionally added compounds, i.e., impurities. Its imple-
mentation and effectiveness should be carefully monitored
and further developed.
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