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Quantification of carbon black tattoo ink
hydrophobicity pre- and post-sonication

Abstract: Despite growing academic interest for dermal ink-
ing in contemporary society, the reason why skin tattoos re-
main visible for life has predominantly been studied from a
biological perspective. In preliminary physics studies of ink it
has been presumed that the hydrophobicity of its main con-
stituent prevents further dilution of pigment dispersion and
therefore may be a contributing factor to aforementioned life-
longevity. According to these early studies, ultrasound might
change the hydrophobicity of microparticles. The purpose of
this study was to confirm or refute the presence of hydrophobic
components in carbon black tattoo ink and to relate sonication
to such presence. Cuvettes with n-octanol, distilled water, and
a droplet of unsonicated or sonicated carbon black ink were
shaken, allowed to settle and subsequently photographed. The
sonicated ink had been subjected to ultrasound during 5 min
at a centre frequency of 1 MHz, a pulse-repetition frequency
of 1 kHz, and a 10% duty cycle. The greyscale values in both
parts of the cuvettes were averaged. The resulting ratio of light
intensities was an indicator for the ink hydrophobicity. The in-
tensity partition coefficient of carbon black ink was measured
to be greater than 103 before sonication and less than 103 after
sonication. Carbon black tattoo ink was found to be very hy-
drophobic. However, sonication was found to make the dis-
persion less hydrophobic. Influencing the hydrophobicity of
tattoo ink might change the permanence of a skin tattoo.

Keywords: Pigment dispersion properties, octanol–water
partition coefficient, colourimetry, hydrophobic particles, C65.

*Corresponding author: Craig S. Carlson, BioMediTech, Faculty
of Medicine and Health Technology, Tampere University,
Korkeakoulunkatu 3, 33720 Tampere, Finland and School of
Electrical and Information Engineering, University of the
Witwatersrand, Johannesburg, 1 Jan Smutslaan, Braamfontein
2050, South Africa, e-mail: craig.carlson@tuni.fi
Jean de Bruin Jordaan, Ken J. Nixon, School of Electrical and
Information Engineering, University of the Witwatersrand,
Johannesburg, Braamfontein, South Africa
Michiel Postema, BioMediTech, Faculty of Medicine and Health
Technology, Tampere University, Tampere, Finland and School
of Electrical and Information Engineering, University of the
Witwatersrand, Johannesburg, Braamfontein, South Africa

1 Introduction

Skin tattoos have become a common form of body decora-
tion [1]. In Europe, an estimated 17% of the adult popula-
tion has at least one tattoo [2, 3]. Approximately half of the
people with tattoos regret at least one tattoo [4, 5]. Regrets
may be related to medical complications [6–9]. Recent studies
have reported on inflammation of tattooed skin associated with
the COVID-19 pandemic [10, 11]. Notwithstanding upcoming
EU-wide bans of green and blue tattoo inks [12], many reports
on negative side effects concern black tattoo ink [13–15].

Scientific studies on why skin tattoos remain visible for
life have concentrated on biology [16–18]. The reason why
the alien materials that constitute tattoo ink keep their phys-
ical properties has been less studied. A straightforward, yet
hypothetical, explanation why alien pigments only gradually
fade might be that the pigment particles are protected by gas
voids surrounding them, owing to their hydrophobicity. Black
ink comprises carbon black pigment dispersed in a carrier me-
dium. Previous studies on hydrophobic carbon black particles
have demonstrated that exposure to ultrasound influenced the
hydrophobicity of the particles [19, 20]. Preliminary experi-
ments on carbon black pigment dispersion revealed individual
particles acting as cavitation nuclei [21–23] and ultrasonic
imaging artefacts in inked tissue [24]. Thus, it is known that
carbon black ink comprises nuclei of transient inertial cavit-
ation. Yet, its hydrophobicity has not been quantified, neither
pre-sonication, nor post-sonication.

The purpose of this study was to confirm or refute the
presence of hydrophobic components in carbon black tattoo
ink and to relate sonication to such presence.

Hydrophobicity is quantified by the octanol-water par-
tition coefficient [25, 26]. Materials whose partition coef-
ficient is greater than 100 are hydrophobic and materials
whose partition coefficient is less than 100 are hydrophilic.
Extremely hydrophobic materials have partition coefficients
greater than 104 [26]. Determining partition coefficients re-
quires the precise measurement of concentrations. As carbon
black pigment is dispersed in minute quantities, the measure-
ment of absolute concentrations is rather challenging. As an
alternative to absolute measurements, colourimetry may be re-
verted to [27], from which a coefficient can be computed that
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is related to the light intensity fraction:

PI =
IH2O

IC8H18O
∝

[cC8H18O]

[cH2O]
, (1)

where [cC8H18O] is the concentration of pigment dispersion in
octanol, [cH2O] is the concentration of pigment dispersion in
water, IC8H18O is the intensity of light rays travelling through
pigment dispersed in octanol, IH2O is the intensity of light rays
travelling through pigment dispersed in water, and PI is the
intensity partition coefficient, which is typically converted to
a logarithmic scale.

2 Materials and methods

For every experiment, eleven disposable plastic cu-
vettes (Hughes & Hughes Ltd., Romford, Essex, UK), each
with a width of 9.9 mm and with an internal volume of 4 cm3,
were prepared to each contain quantities of 375 nl Zuper Black
pigment dispersion (INTENZE Products, Inc., Rochelle Park,
NJ, USA), 1.5 ml n-octanol (Hopkin & Williams Ltd, Chad-
well Heath, Essex, UK), and 1.5 ml reverse osmosis distilled
and degassed water (CJ Distribution, Midrand, South Africa).

The pigment dispersion in ten cuvettes had been subjected
to five minutes of sonication at a centre frequency of 1 MHz, a
pulse-repetition frequency of 1 kHz, and a 10% duty cycle in
0.25‰ dilution, using a custom-manufactured single-element
very broadband transducer (Neoety AS, Kløfta, Norway) that
had been calibrated for acoustic amplitudes up to 90 kPa.

A control cuvette was prepared according to the same pro-
cedure but without pigment dispersion.

All twelve cuvettes, i.e., ten with sonicated pigment
dispersion, one with unsonicated pigment dispersion, and
one without ink, were mixed using a PSS 200 AC Orbital
Sander (Robert Bosch GmbH, Gerlingen-Schillerhöhe, Ger-
many).

The cuvettes were placed inside custom-printed housing
of polylactic acid (Ultimaker BV, Utrecht, Netherlands) in
front of a white non-creasing paper background (Mondi, Bed-
fordview, South Africa) which was illuminated by an FCL-
22CW′′D Fluorescent Circular Tube (Galaxy Lighting & Brass
Ltd., Richmond, BC, Canada).

Photos were captured 7′30′′ after cuvette placement, using
a LifeCam HD-3000 webcam (Microsoft Corporation, Red-
mond, WA, USA) that had been positioned 40 cm in front of
the cuvette housing and whose complementary metal-oxide
semiconductor had dimensions of 1280×720 pixels. The web-
cam was connected to a laptop computer for camera control
and offline image processing.

A schematic line drawing of the experimental setup is
shown in Figure 1.

Fig. 1: Line drawing of the photography part of the experimental
setup, composed of a non-creasing paper background (a), a con-
trol cuvette without ink (b), a cuvette with unsonicated ink (c), ten
cuvettes with sonicated ink (d), a cuvette holder (e), a 1-SHP coin
for scale (f), and a webcam (g).

The image processing part was done with an onan

routine in MATLAB® (The MathWorks, Inc., Natick, MA,
USA). Photographs were stored offline in bitmap format. Each
photograph was converted to greyscale and cropped to exclude
all areas outside the cuvettes. The greyscale values of all pixels
in the n-octanol part and in the aqueous part of a cuvette were
added separately, representing the average light intensity. For
the average intensities inside each cuvette, the intensity par-
tition coefficient was computed using (1), compensating for
cuvette presence by dividing through by the control intensit-
ies. Forty eight intensity partition coefficients were measured,
whose means and errors were calculated [28].

The position of the webcam was computed to influence
the path lengths of the light through the suspensions by less
than 2%. Therefore, the measured intensities were not com-
pensated for these differences in light path length.

3 Results and discussion

Figure 2 shows a photograph of a typical experiment. The
difference in intensities in the octanol-comprising parts and
the aqueous parts was clearly visible. However, differences
between cuvettes containing unsonicated or sonicated ink re-
quired precise measurements.

Figure 3 shows an overview of the intensity partition coef-
ficients averaged over all experiments as a function of son-
ication amplitude. The logarithmic intensity partition coef-
ficient of unsonicated carbon black dispersions was meas-
ured to be log10 PI = 3.3 ± 0.2. This value had dropped to
log10 PI = 2.7±0.3 for dispersions that had been sonicated for
five minutes at a pressure amplitude of 10 kPa. The minimum
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Fig. 2: Cropped frontal photograph of a representative experi-
ment, showing a control cuvette without ink (a), a cuvette with
unsonicated ink (b), ten cuvettes with sonicated ink (c), and a cu-
vette housing (d). The top of each cuvette comprised n-octanol,
whereas the bottom comprised distilled water.

value was found to be log10 PI = 2.1±0.2 for dispersions that
had been sonicated for five minutes at a pressure amplitude
of 50 kPa.

With the settings used in this study, the transmitted light
intensity was clearly measured to drop with increased sonica-
tion amplitude. However, at sonication amplitudes greater than
50 kPa, no difference in intensity partition coefficients was
found in these preliminary experiments. This counter-intuitive
finding requires further study under different acoustic regimes
and dispersion concentrations.

As the intensity partition coefficient PI of carbon black ink
was determined to be greater than 103 before sonication and
less than 103 after sonication, the carbon black dispersion used
in this study qualified as very hydrophobic, close to extremely
hydrophobic.

It has not been established what the influence is of the
carrier medium on the hydrophobicity of the ink. However, we
do note that several organic compounds have partition coeffi-
cients similar to the intensity partition coefficients measured in
our study [25]. It should be noted, however, that the intensity
partition coefficient may differ from the actual partition coef-
ficient.

4 Conclusions

Carbon black tattoo ink was found to be very hydrophobic.
However, sonication was found to make the dispersion less hy-
drophobic. Influencing the hydrophobicity of tattoo ink might
change the permanence of a skin tattoo.
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Fig. 3: Intensity partition coefficients of carbon black tattoo ink as
a function of pre-applied ultrasound pressure amplitude. Coeffi-
cients have been represented on a logarithmic scale.

samples or data were used. This manuscript was written ac-
cording to recipe [29], without the aid of artificial intelligence.
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