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Abstract

Background European Council resolutions on tattoo ink introduce sterility and preservation of inks to protect
customers. Inks used in Denmark are typically purchased over the internet from international suppliers and
manufacturers from the US and the UK. In Denmark tattoo inks are regulated and labelled according to REACH as if
they were plain chemicals.

Objective The objective of this study was to check the microbial product safety of unopened and opened tattoo
ink stock bottles. Packaging, labelling, preservation, sterility and contamination with micro-organisms were studied.
Methods Physical inspection and culture of bacteria and fungi.

Results Six of 58 unopened stock bottles (10%) were contaminated with bacteria and one of six samples (17%) of
previously used stock bottles was contaminated. The bacterial species represented bacteria considered pathogenic
in humans as well as non-pathogenic environmental bacteria. Yeast or moulds were detected in none of the
samples. A total of 31% of the manufacturers informed only about the brand name. No information about content,
sterility, risks or expiry date was indicated on the label. A total of 42% claimed sterility of their inks. A total of 54%
labelled a maximum period of durability of typically 2-3 years. The physical sealing was leaking in 28% of the
products.

Conclusions The European Council resolutions regarding safety of tattoo inks are not effective. Stock bottles of
tattoo ink may contain bacteria pathogenic to humans and environmental bacteria, and packaging, labelling and

preservation of inks are of inadequate quality. Claim of sterility can be erroneous.
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Introduction

Today tattoos are mainstream, omnipresent and socially accepted
across class barriers. In Denmark recent surveys showed that 13%
of adults are tattooed, and 41% of these have more than one tat-
too.!™ Tattooing is subject to little or no formal control by
national or European Community regulations. An American study
found that up to 24% of persons between 18 and 50 years of age
were tattooed.* The tattoo business is international.

The Council of Europe, an advisory organization without legal
power, over the last decade has made two recommendations with
regard to the safety of tattooing. The two proposals differ in the
aspect of preservation and disposable containers. In Resolution
ResAP(2003)2 it is stated that tattoo products should be manufac-
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tured as sterile single-use containers without preservatives.’
Contrarily, the Resolution ResAP(2008)1 legalizes the use of
preservatives and multi-use containers without providing suffi-
cient details on how to preserve.® The field remains uncertain. The
resolutions of the Council of Europe are drafted for legal imple-
mentation, however, elements of the resolutions have hitherto
been implemented in Germany, Switzerland and The Netherlands
only.

Cases of infective complications following tattooing are
reported in the literature.”'® The actual epidemiology of infec-
tions is not known. It is difficult to determine the true incidence
of tattoo-related infections as few patients may consult their physi-
cians regarding minor cases, opting instead to return to the tattoo
parlour."" Kazandjieva ef al. estimated the overall prevalence of
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tattoo complications to be 2.1% (five of 234 cases) including infec-
tions, allergic and/or granulomatous complications in tattoos.'* A
recent German survey based on an internet sample with 3411
spontaneous responders investigated the possible health risks asso-
ciated with tattoos."> About 0.4% reported pus-filled tattoo lesions
and 1.1% reported fever directly after tattooing, health problems
that might be due to bacterial infection. The survey may not be
accurate regarding infections and under-report.

A wide range of micro-organisms including bacteria, virus and
fungi have been associated with installation of tattoo inks in the
skin e.g. Streptococcus pyogenes, Staphylococcus aureus, Pseudomo-
nas aeruginosa and Mycobacteria.”'® Inoculation of syphilis was a
known complication of tattooing in old days mostly related to the
use of the tattooist’s saliva during the procedure.'* Severe cutane-
ous infections apparently occur in amateur tattooing or traditional
tattooing as exemplified in New Zealand.”"> Cases of life-threaten-
ing cellulitis or necrotizing fasciitis from New Zealand were
reported following traditional tattooing.'®'” Improper sanitary
conditions and primitive inks in combination with late presenta-
tion to medical services have been suggested as causative. In 2004,
an epidemic of cutaneous infections with methicillin-resistant
S. aureus was reported in the USA following tattooing performed
by unlicensed tattooists.'® Few cases of systemic infections follow-
ing professional tattooing have been published such as cases of
endocarditis associated with tattooing in patients with congenital
heart failure.'**

During the past few years several outbreaks of atypical myco-
bacterial infections, especially Mycobacterium chelonae in tattoo
parlours have been reported. Case reports of M. chelonae in
healthy adults presented with skin elements confined to the grey
parts of their tattoos.* > The grey wash was prepared by dilution
of black pigment with tap water. Use of tap water mixed with the
ink by the tattooist may be the cause of such contamination.*'
Tap water is considered the major reservoir for most human non-
tuberculous mycobacteria pathogens.”” Similarly, few cases of
Mycobacterium haemohpilum skin infection in tattooed healthy
adults have recently been reported.***> Although the environmen-
tal reservoir for M. haemophilum is not known, water has been a
suspected reservoir.**

However, even with hygiene and sanitation measures taken
infections may occur. Infection from tattooing may be related to
transmission from the tattooist, contaminated needles, equip-
ment, utensils or to contamination of the inks. In 2004, in
Belgium, ‘Starbrite Colours’ tattoo ink was withdrawn from the
market due to microbial contamination with P. aeruginosa.”® In
Switzerland, in 2009, a follow-up report after the introduction of
the European Council recommendations concluded that 3% of
inks from tattoo parlours were contaminated.”” Kluger et al.
conducted a bacteriological analysis of 16 tattoo inks which had
previously been opened and were in current use.”® None of the
samples grew positive for pyogenic bacteria, mycobacteria or
fungi in their setup.
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Indeed, bacteria have been cultured from previously unopened
stock bottles.”® ! In 2001 the Inspectorate for Health Protection,
The Netherlands, carried out a survey on the microbiological con-
dition of tattoo- and permanent make-up inks.’® Eleven samples
(18%) were contaminated with microbes. Eight samples were from
opened bottles under usage and three from sealed bottles. Ten per
cent of the sealed bottles were contaminated. Pseudomonas species
inclusive P. aeruginosa were identified. A similar study in the
Principality of Liechtenstein analysed 145 samples of tattoo- and
permanent make-up colours. In total, 49 samples (34%) were
contaminated. Seventeen (43.6%) were colours form new and
sealed vials and 32 (30.3%) from opened vials.>! Charnock also
found bacteria in unopened and opened stock bottles.*’

In Denmark, tattoo inks are regulated and labelled in accor-
dance with the REACH regulation of the European Union
addressing chemicals in contact with body surfaces. European
Council regulations of tattoo ink are not implemented in Den-
mark. Tattoo inks are typically purchased over the internet from
international suppliers and manufacturers from the US and the
UK, thus, production and sales do not automatically fall under
European or local law. The marketplace is dynamic with Asian
suppliers entering. This study was undertaken to analyse the
microbial product safety of tattoo inks in terms of packaging,
labelling, preservation and sterility. The study was based on newly
acquired stock bottles of ink.

Materials and methods

Guided by a thorough market analysis carried out by the Danish
Ministry of the Environment we purchased 58 commonly used
tattoo inks, i.e., red, blue, green, yellow, white and black colours,
from 13 different manufacturers.®* The inks were purchased on
the internet during February 2010 and the last analysis was per-
formed in July 2010. The manufacturers were Dynamic Color Co.
(Ft. Lauderdale, FL, USA), Intenze (South Rochelle Park, NJ,
USA), Wefa Color (Lahnstein, Germany), Eternal Ink (Brighton,
MI, USA), Gold (Moreton, UK), Huck Spaulding Enterprises,
Inc., VooDoo (Voorheesville, NY, USA), Starbrite, (Ft Lauder-
dale), Micky Sharpz, Easyflow (Birmingham, UK), National Tat-
too Supply, homogenized tattoo ink (Allentown, PA, USA),
Yakusa (San Ferdinando di Puglia, Italy), Tattoo Inkorporated
(manufacturer not declared), Talens Black Ink (Apeldom,
Holland) and Pelikan Ink (Hannover, Germany). Talens Black
Ink is used by tattooists against manufacturers’ advice about
intended use.

The physical packaging of the purchased inks was examined on
receipt and registered with emphasis on the condition of the
sealing. Composition, claims about sterility and preservation and
expiry dates were read from product labels or from material safety
data sheets (MSDS).

In addition, we were given six original stock bottles of tattoo
ink from tattooists of clients referred to our clinic as patients with
problem tattoos. Three patients had lichenoid reactions with
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inflammation in their tattoos, two had inflammatory reactions
and one had a granulomatous reaction. Samples of the tattoo inks
were taken under sterile conditions and cultured for bacteria and
fungi as described below.

Bacteria

Samples were examined for total count of bacteria and bacterial
species. The microbiological tests were performed by the Depart-
ment for Microbiological Surveillance and Research, Statens
Serum Institut (SSI), Copenhagen, Denmark. A volume of 100 uL
tattoo ink was transferred to 5% blood agar plates (SSI Diagnos-
tics, Hillerod, Denmark; incubated at 35 °C/CO,), anaerobic
plates (SSI Diagnostics; incubated under anaerobic conditions in
an anaerobic chamber at 35 °C) and serum broth (SSI Diagnos-
tics, Hillerad, Denmark; incubated at 35 °C). All samples were
incubated for 3 days. Only bacteria that could be found in more
than three colonies e.g. >30 colonies/mL, were typed. The remain-
ing cultures were considered as contamination. Typing of bacteria
was performed by microscopy of Gram coloured preparations,
selective growth on relevant agar plates and mass spectroscopy
(MaldiTof, Microflex, MaldiTheory Mass Spectrometry, Bruger
Daltonik GmbH, Bremen, Germany).

Fungi

Samples of tattoo ink were inoculated on Sabouraud-glucose-agar
plates (VWR — Bie & Berntsen A/S, Herlev, Denmark) and V8 agar
plates (Danish Institute of Technology, Taastrup, Denmark,>) and
incubated at 20 °C for at least 12 weeks. The tattoo ink was con-
sidered contaminated with fungi if a fungus grew from all three
inoculation sites on the agar plate and when growth of the same
fungus was confirmed by re-inoculation. Fungal isolates were iden-
tified by classical phenotypic criteria.**?” Isolation and diagnosis of
fungi was performed at the Laboratory of Department of Derma-
tology, Copenhagen University Hospital, Bispebjerg, Denmark.

Table 1 Bacteria isolated in purchased inks

Brand
Tattoo inks, samples delivered from suppliers

Results

The purchased inks were aqueous dispersions ready-to-use with
water as the main vehicle except for one supplier, who sold tattoo
inks in powder form with vodka as a recommended vehicle. None
of the products contained a written insert with additional infor-
mation.

Bacteria

In total, significant growth (=3 colonies/plate) was found in 7 of
the 64 (11%) tested tattoo inks. Six originated from unopened
stock bottles and one from a previously opened and used stock
bottle delivered by a patient with a problem tattoo, i.e. lichenoid
reaction following a complicated inflammatory initial phase where
infection might have been active. In other words 6 of 58 unopened
stock bottles (10%) were contaminated with bacteria and one of
six samples (17%) of previously used bottles was contaminated.
The number of bacteria in positive samples was at least 100 colo-
nies/mL. The collected bacteria included bacteria of clinical rele-
vance and non-pathogenic environmental bacteria.

From unopened stock bottles the isolated bacteria of clinical
importance were Streptococcus sanguinis, Staphylococcus sp., Pseu-
domonas sp., Enterococcus faecium and Acinetobacter sp. Likewise,
Streptococcus sanguinis and Acinetobacter sp. were isolated from a
used bottle in addition to Streptococcus salivarius. Table 1 shows
the isolated bacteria of the purchased inks. It is not known how
long the previously opened bottles were unsealed and to what
extent the ink had been used for clients.

Fungi

In none of the samples yeast and moulds were detected. Species of
Penicillium were isolated from tattoo inks Midnight blue and
Tribal black (manufacturer 7, see Table 2) on the Sabouraud-
glucose-agar plate; however, the growth was not confirmed by
re-inoculation and thus considered a contamination.

Bacterial growth Colonies per mL

LFG-green, Dynamic Color Co. (Ft. Lauderdale, FL, USA) Bacillus sp. 100
Staphylococcus sp.

True Blacks, Intenze (South Ochelle Park, NJ, USA) Aeromonas sobriae Ca. 650
Acidovorax

Mediterranean Blue, Wefa Color (Lahnstein, Germany) Streptococcus sanguinis >500
Pseudomonas sp.

Lightning Yellow, Eternal Ink (Brighton, MI, USA) Acinetobacter sp. 110

Midnight Black, VooDoo, Huck Spauldbing Enterprises, Inc. Dietzia maris 140

(Voorheesville, NY, USA) Blastomonas sp.

Black Ink, Talens (Apeldom, Holland) Enterococcus faecium Ca. 500

Tattoo inks, sample received from tattooist
Indian Ink (supplier not identified) Streptococcus salivarius Ca. 500

Streptococcus sanguinis
Acinetobacter sp.
Actinomyces sp.
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Packaging and labelling

A review on physical packaging, expiry dates and written product
information about sterility and preservation of the panel of tested
tattoo inks from previously unopened stock bottles is provided in
Table 2.

Tattoo inks originated from 13 manufacturers. Four of 13 man-
ufacturers (31%) only informed about the brand name. No infor-
mation about content, sterility, risks or expiry date was indicated
on the label (manufacturers: 1, 11, 12 and 13, Table 2). Requested
MSDSs from all 13 manufacturers were received in only three
instances (from manufacturers: 1, 6 and 8).

Five of 13 manufacturers (42%) claimed sterility of their inks.
Two of 13 manufacturers (15%) labelled use of preservatives. Only
one specified the chemical name of the preservative. Eight of 13
manufacturers (62%) declared their products to contain alcohol,
i.e. isopropanol when specified. The quantity was indicated in one
product series to be 10% with no information whether it was v/w
or v/v. In the remaining cases it was not known if the products
contained alcohol and what the recipe was.

Water, which is supposed to be the main part of the vehicle,
was mentioned as distilled, purified (method not specified) or
simply water. The presence of other additives was not specified
and cannot be ruled out.

The content of pigments in the 58 samples was specified and
expressed by the colour index number (CI) except for four cases
(manufacturers: 9, 11, 12, 13). In only one sample the quantity of
pigment was given, expressed simply as 10% (manufacturer 1).
Thus, the concentration of pigment and dry materials was gener-
ally not known, and the recipes remained obscure.

Seven of 13 manufacturers (54%) labelled some maximum per-
iod of durability but only three implied reduced durability upon
opening of the stock bottles, ranging from 3 to 12 months. The
declared durability from date of production was 2-3 years. Two
manufacturers did not declare the date of production but anyhow
labelled a maximum period of durability of up to approximately
4 years measured from customers’ reception of the product.

The physical sealing was not intact upon reception in 16 of 58
products (28%), see Fig. 1 The sealing, a plug, of all six bottles from
one manufacturer was defective (manufacturer 4). Sealing methods
involved plugs, membranes and in one case a sealed plastic bag con-
taining tattoo ink in powder form. One product was not sealed at
all and had clearly been filled from another container probably from
a larger original container, Talens Black Ink (manufacturer 12). It
carried the logo of the supplier as the only labelled information.

We contacted all 13 manufacturers and/or the suppliers of all
purchased tattoo inks in request of sterilization methods indepen-
dent of their labelling of sterility. We received specified steriliza-
tion information on two product series (manufacturers: 4 and 10).
Both products were declared to be sent off for sterilization by
gamma irradiation, however, the suppliers did not respond to a
request on where sterilization was undertaken and by whom.
Thus, information was not verified. One manufacturer (8) replied

JEADV 2011

Figure 1 Example of inadequate sealing of a tattoo ink stock
bottle at receipt by customer. Broken membrane with leakage of
red tattoo ink.

there was no sterilizing process as the inks contained preservatives,
not specified, and isopropanol, quantity not known. Another
manufacturer (1) wrote ‘the inks are considered sterile, but not
sterilized and without added preservatives’. They added alcohol to
make it sterile, with 10% isopropanol in final product.

The vast majority of manufacturers did not indicate or express
that production was up to any recognized good manufacturing
standard or any recognized accreditation system or quality control.
Manufacturers in general took no legal responsibility for their
products and some manufacturers might as a very visible part of
the labelling deliberately transfer the responsibility to the user of
the product, i.e. the tattooist, see Fig. 2 Six disclaimed their
responsibility (manufacturer 4, 5, 6, 7, 10, 11). Typically they
wrote: ‘The company specifically disclaims any responsibility for
any allergic reaction of any individual to whom this dye or pig-
ment is applied, whether implied by warranty of merchantability
or fitness for purpose or otherwise when there is no history of a
tolerance to this dye or pigment, spot testing or consulting a com-
petent dermatologist prior to application is urged.”

Six manufacturers (46%) (manufacturers: 3, 4, 5, 6, 7 and 10)
informed about potential adverse events, all in the form of a brief
statement about ‘allergy’. Four advised spot testing before applica-
tion (manufacturers: 2, 5, 6 and 10). Six manufacturers (manufac-
turers: 1, 2, 5, 6, 9, 10) labelled that the products should not be
applied in or near the eyes.

Four manufacturers (31%) informed about recommended
storage conditions, i.e. ‘keep inks in a cool and dry area’ (manu-
facturers: 1, 4, 6 and 7).

© 2011 The Authors
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Figure 2 An exceptional example of renouncement of any legal
responsibility by the manufacturer with transfer of the full
responsibility to the tattooist, if purchased. The ink is sold over
the internet by a tattoo ink supplier operating from the UK.

Discussion

Eleven per cent of the analysed inks were contaminated with bac-
teria. In none of the samples yeast and moulds were detected. We
did not study contamination with viruses and other micro-organ-
isms, and we did not culture for mycobacteria. The labelling was
widely inadequate or misleading and the packaging/sealing was
defective in many cases. Requirements of the Council of Europe
were not respected. Our findings are in accordance with the study
of Baumgartner et al.’!

Intradermal injection of contaminated tattoo products might
result in serious infections. In the literature Pseudomonas species
are the most common bacteria isolated from tattooing solutions.*®
P. aeruginosa is an important nosocomial and opportunistic path-
ogen. We found Pseudomonas sp. in one unopened stock bottle.
Other examples of isolated strains in our study were Staphylococcus
sp., Streptococcus salivarius and Streptococcus sanguinis. In the liter-
ature there are a few serious cases of pseudomonas infection and
staphylococcus infection following tattooing, however, to our
knowledge, there are no published reports on complicating infec-
tions related to other strains detected in our study.'®'*?**’

The Talens Black Ink product supposed to be filled from a
larger original container into small containers turned out to be
heavily contaminated with Enterococcus faecium. It is most likely
an example of contamination due to improper handling by the
supplier. Enterococci are resistant to conventional antibiotics and
are recognized as nosocomial pathogens that can be challenging to
elucidate.®*

It is a remarkable finding and of much concern that only 42%
of the manufacturers claimed their products to be sterile. This is
in conflict with the resolutions of the Council of Europe reading
that inks shall be sterile and guarantee of sterility shall be declared
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on the packaging.>® Surprisingly, 3 of the 24 inks claiming steril-
ity were, nevertheless, contaminated with bacteria. Thus, the ste-
rility claim was misleading. Sterile production up to modern
standard is a costly business that would be expected to increase
the price of inks markedly. However, we noted no price differ-
ence among products declared sterilized and products not
declared so. In addition, one of the two product lines declaring
sterilization by gamma irradiation had sealing defects in all sam-
ples of the line upon reception and one of those samples was
tested positive for Acinetobacter sp. Containers might be over-
filled, and pressure changes during transport by plane might
result in leakage.

According to the Council of Europe resolution of 2008 preser-
vatives should only be used to ensure the preservation after open-
ing and not as a correction of insufficient sterile production.® Two
manufacturers claimed use of preservatives. One product was posi-
tive for Streptococcus sanguinis and Pseudomonas sp. A total of
62% stated their products to contain alcohol. A content of 10%
was declared in a single product series. However, used as disinfec-
tant isopropanol is effective at 70% in water and little effective at
10%.*" Consistently, we found microbiological contamination in 4
of 58 (7%) inks declared to contain alcohol.

Charnock tested the efficacy of the antimicrobial preservation
of tattoo inks.”® He conducted challenge tests to assess the survival
of bacteria added to tattoo inks. He concluded that tattoo solu-
tions in some instances can represent favourable environments for
bacterial growth. He documented that P. aeruginosa can grow in
some products.

Only 54% of manufacturers informed about durability. Some
declared reduced durability upon opening ranging from 3 to
12 months. In one contaminated sample there was no labelled
claim of sterility or use of preservatives but nevertheless a durabil-
ity claim after opening of 1 year (manufacturer 4). In the field of
pharmaceuticals a typical guideline for simple injectives produced
as simple solutions in repeat use containers is maximum 28 days
for injectives containing preservatives and <14 h if not preserved.*

It is firmly expressed by the European Council that tattoo inks
for the safety of customers shall be supplied sterile, a guidance not
yet implemented as our study implicates.

There is a strong need to develop international control systems
and regulations both addressing the manufacturing of inks, their
distribution and tattooing practices. Present practice exposes the
population to risks that are not taken with any other type of injec-
tive for human use. Tattoo inks are potential vectors for spread of
new infections in the community.
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