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Foreword
The project "Release of nanomaterials from ink and toner cartridges for printers" has been
completed in the period April 2015 to June 2015.
The project was carried out by Danish Technological Institute with Kathe Tønning as project
manager.
The study's contacts at the Danish Environmental Protection Agency were:
Katrine Bom
Flemming Ingerslev.
The project is funded by the Danish Environmental Protection Agency with resources allocated in
the National budget for the initiative "Better control of nanomaterials".
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Conclusion and summary
This project has aimed at investigating toner and ink cartridges for printers on the Danish market in
order to determine whether this group of products must be reported to the Danish nanoproduct
register.
The project has been divided into three phases. These are briefly summarized in the following.
Categorisation based on type and selection of printer cartridges
Initially, printer cartridges on the Danish market were divided into two main types classified as ink
and toner. These two types are used in inkjet and laser printers, respectively.
Based on this categorisation, 12 cartridges were selected in collaboration with the Danish
Environmental Protection Agency for further analysis. The analyses were performed in order to
ascertain the potential content of nanoparticles in the products. Six toner cartridges and six ink
cartridges were selected. The six toner cartridges included both original (black and colour) and
refillable/refilled cartridges (black) for five different laser printers, and the six ink cartridges
included original and refillable/refilled cartridges for five different inkjet printers.
Analysis of particle sizes in printer cartridges
The analysis has had two purposes; to investigate if a specific product contains nanomaterials and
to determine whether these are released during reasonably foreseeable use.
Using dynamic light scattering the content of nanomaterial in solution was determined.
Nanoparticles were found in four out of the six types of toner and it cannot be excluded that
nanoparticles are also present in the remaining two toner powders. The analysis of the ink products
showed that all original inks contained nanoparticles. It cannot be excluded that the unoriginal inks
also contain nanoparticles, as the analyses could not be conducted due to insufficient particle
concentration relative to the transmission of the sample.
Release during printing and other relevant use of the printer cartridges
Release of nanomaterials from printer cartridges (both laser cartridges and inkjet cartridges) was
investigated during the printing process and during the process of cartridge replacement. During
the printing operation, no particle concentration higher than the background level was detected.
This level was measured immediately before initiating the printing process. Thus, no release of
nanomaterial was observed during the printing process. However, some scientific publications exist
that demonstrate release of nanoparticles from laser printers during the printing process.
One of the printer cartridges chosen for testing is a refillable toner cartridge, which is to be refilled
with toner powder by the consumer. Thus, reasonably foreseeable use of this product includes the
refilling process, and therefore measurements were made on the release of nanomaterials during
the refilling process. The measurements showed that the particle concentration (nanoparticles) was
much higher than the background level and it can thus be concluded that nanomaterials are
released during reasonably foreseeable use.
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1. Introduction
The nanoproduct register was created in connection with the initiative "Better control of nano" to
help provide an overview of the occurrence of products, which contain and release nanomaterials.
However, only limited information is available on several product types, making it difficult to
determine if a specific group of products should be recorded in the nanoproduct register.

1.1

Purpose

The aim of this project has been to investigate whether toner and ink cartridges for use in printers
on the Danish market contain and release nanoparticles. The study is performed in order to clarify
whether this group of products must be recorded in the Danish nanoproduct register.

1.2

Method

The project has been divided into three phases:
•
•
•

6

Classification based on product type and subsequent choice of toner and ink cartridges for the
study (Chapter 2)
Analysis of nanoparticle content in toner and ink cartridges (Chapter 3)
Analysis of release of nanoparticles during use of ink and toner cartridges (Chapter 4).
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2. Categorisation based on
product type and choice of
toner and ink cartridges for
the study
Initially, the printer cartridges available on the Danish market were categorised according to their
main product types to ensure that these were represented in the study.
The market for printer cartridges can be divided into two main types of products: 1) toner and 2)
ink, Figure 1, where toner is used in laser printers and ink in inkjet printers. Both types of products
are produced by a number of manufacturers for use in a variety of different printers.
The toner cartridges can further be divided into subcategories consisting of refillable toner
cartridges and non-refillable toner cartridges. Non-refillable (new) toner cartridges are designed to
be used only once. As a general rule, toner cartridges are not designed to be refilled, however,
several companies market refillable toner cartridges. These can be purchased as already refilled or
as a do-it-yourself kits, where the consumer performs the refilling of the cartridge.
The second type of products, the inks, can be divided into two subcategories, dye ink and pigment
ink. Usually, a dye is defined as being soluble in the chosen solvent, whereas a pigment is insoluble.
Therefore, in the current project, the focus is on pigment inks, because dye-based inks are not
expected to contain nanoparticles. As for toner cartridges, the ink cartridges are designed to be used
only once. However, several companies market refillable ink cartridges.

Release of nanomaterials from ink and toner cartridges for printers
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FIGURE 1
OVERVIEW OF CATEGORISATION OF TONER AND INK TYPES. THE DIM CATEGORIES REPRESENT AREAS WHERE
NO PRODUCTS HAVE BEEN CHOSEN FOR INVESTIGATION (SIMPLIFIED OVERVIEW).

2.1

Selection of ink and toner cartridges

Based on the above categorisation of printer cartridge types, 12 cartridges were chosen for analysis
in collaboration with the Danish Environmental Protection Agency. The selection criteria were as
follows:
•
•
•
•

both toner and ink cartridges
original and refillable/refilled cartridges
colour and black cartridges
products from a wide range of manufacturers of printer cartridges.

In view of the selection criteria stated above, six toner cartridges were chosen. These included both
original (black and colour) and refillable/refilled cartridges (black) for five different laser printers of
the brands HP, Brother, Samsung. Furthermore, six ink cartridges were selected, which included
original and refillable/refilled cartridges for five different inkjet printers of the brands HP, Brother,
Canon. The 12 cartridges can be summarized as follows:
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Abbreviation

Printer

Cartridge

No.

L1

Laser printer

Original black toner

1

Unoriginal black toner

2

L2

Laser printer

Original black toner

3

L3

Laser printer

Original black toner

4

L4

Laser printer

Original black toner

5

L5

Laser printer

Original black toner

6

Original black ink

7

Original coloured ink*
magenta
yellow
cyan

8

Unoriginal black ink

9

Unoriginal coloured ink*
magenta
yellow
cyan

10

P1

Inkjet

P2

Inkjet

Original black ink

11

P3

Inkjet

Original black ink

12

TABLE 1
OVERVIEW OF THE SELECTED PRINTERS AND CARTRIDGES. IN THE OVERVIEW, ’L’ INDICATES THAT THE SUBJECT
IS A LASER PRINTER AND ’P’ INDICATES THAT THE SUBJECT IS AN INKJET PRINTER. *AS THE COLOUR CARTRIDGES
ARE OFTEN SOLD AS ONE PACKAGE, THEY ARE CONSIDERED ONE SINGLE CARTRIDGE AND TESTED AS ONE SINGLE
CARTRIDGE DURING THE PRINTING PROCESS.

The above-listed numbering of the cartridges will be used in the remainder of the report.

2.2

Literature

In recent years, a number of studies on the particles release from laser printers have been
conducted, including i.a.:
•
Consumer Exposures to laser printer-emitted engineered nanoparticles: A case study of life
cycle implications from nano-enabled products; 2014; Pirela et al.
•
Physicochemical and morphological characterization of nanoparticles from photocopiers:
implications for environmental health; 2013; Bello et al.
•
Characterization of Laser Printer Nanoparticle and VOC Emissions, Formation Mechanisms,
and Strategies to Reduce Airborne Exposures; 2011; Wang et al.
•
Brief Review on Health Effects of Laser Printer Emissions Measured as Particles; 2011; Safe
Work Australia
•
Particle Emissions from Laser Printers; 2008; Morawska et al.
•
Indoor air quality for chemical and ultrafine particle contaminants from printers; 2006; Kagi
et al.
The previous studies differ on several points in relation to this investigation. In some papers, the
focus is entirely on volatile particles including, among others, ozone and volatile organic
compounds (VOCs). In other studies, the measurements are solely performed on professional
printers or in printing houses. Finally, measurements are performed using different instruments
and at different distances from the printer. In several studies, nano-sized particles were detected, as
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an example Pirela et al. found that nano-sized particles were detected from the 11 investigated laser
printers.
In connection with the literature search, no literature was identified which indicates that
nanoparticles are released from inkjet printers.
The collected literature was used during the selection process for the printers. Thus, a laser printer
used in this study was in an earlier study characterized as a "medium-emitter" of VOCs.

2.3

Correspondence with ink and toner manufactures

Two leading manufacturers of inkjet and toner cartridges have been contacted in order to acquire
information on their knowledge of the nanomaterial content and possible release of the same in
connection with the printing process. Another purpose of the contact to the manufactures was to
build on their knowledge base and experience with release of nanoparticles in the current study.
Only one of the contacted companies responded to the inquiry. It is evident from their detailed
reply that both ink and toner cartridges contain materials that can be characterized as
nanomaterials. According to the respondent, it is highly unlikely that nanomaterials will be released
from the products during reasonably foreseeable use.
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3. Description of experiment
and instrumental setup
The purpose of the analyses was to investigate whether ink and toner cartridges should be reported
to the Danish nanoproduct register. Thus, it was investigated whether the selected ink and toner
cartridges contain nanomaterials and if so, whether these were emitted during reasonably
foreseeable use (Act 644 of 13 June 2014). The primary focus in this project has been on the
emission of nanoparticles in connection with the printing process. Additionally, measurements
were performed during the refilling process of toner and cartridge replacement, since this is
considered reasonably foreseeable use. Furthermore, an overall (visual) assessment was performed
of whether ink or toner material comes in contact with the consumer during replacement of the
cartridge.
The analysis has been divided into two parts; the first part was concerned with identifying whether
the substances used in the respective ink and toner cartridges contain nanomaterials, and the
second part was concerned with examining if the nanoparticles are emitted during the printing
process:
Overview of methods
Analysis of particle size in printer
cartridges.

The proposed method for determination of
nanomaterial in ink and toner prior to use in a
print process is in brief based on the
determination of the size distribution of particles
below 1,000 nm in solution. The fraction of
particles with a size exceeding 1,000 nm is
discards using a filter prior to determination of
the size distribution.

Emission of nanomaterial from the
printing process during reasonably
foreseeable use.

The proposed method for determination of
nanomaterial emitted from the cartridges during
reasonably foreseeable use is in brief based on
measuring the number and size distribution of
solid nanoparticles in air.

TABLE 2
OVERVIEW OF ANALYSIS METHODS.

3.1

Analysis of particle size found in printer cartridges

3.1.1
Description of the experiment
The sample preparation for dynamic light scattering (DLS) measurements is different for ink and
toner. The examined ink products were all diluted with demineralised, filtered and UV treated water
(hereinafter referred to as milli-Q water). A dilution series consisting of 1% (1: 100), 0.1% (1: 1,000),
0.01% (1: 10,000) was prepared, after which the sample with the highest ink concentration, which
at the same time had sufficient transmission of light through the sample, was analysed.
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The selected dilutions of the individual ink samples are listed in Table 5. Milli-Q water was chosen
as the diluent, because no visible change of the ink solution was observed after dilution (e.g.
viscosity change, phase separation or precipitation) except the increased transparency of the
sample, which is the desired effect of a dilution. Dilution of the ink samples was necessary as the
concentration of particles would otherwise be too high. Concentrated samples may give rise to
multiple scattering, a phenomenon in which light is scattered more than once in the sample and
thereby disturbs/distorts the result. Moreover, an overly coloured sample would not allow the light
to get through the sample, which is required for the measurements.
The tones, which were examined for their content of nanoparticles, were suspended in 96% ethanol.
It was clear that milli-Q water could not be used as the solvent, as the toner was found as a film at
the interface between the liquid and the air, Figure 2A. The final toner concentration used for the
measurements was 2 g of toner powder to 1000 ml of ethanol equal to 0.25%.
All investigated samples, toner and ink, were filtered through a 0.22 µm filter before the
measurement was performed to remove large particles that would otherwise 'screen' the signal from
smaller particles during the DLS measurement. However, it is possible that particles of a size larger
than 0.22 µm are present in the sample after filtration, as this is not an exact pore size of the filter.
Filtration of the sample before performing a DLS measurement is a recognized scientific practice,
when complex, liquid-based systems are investigated for nanopartikler.1

FIGURE 2
DILUTION OF SAMPLES FOR DLS MEASUREMENTS. A) TONER IN MILLI-Q-VAND (LEFT), TONER IN ETHANOL
RIGHT AFTER MIXING (MIDDLE) AND TONER IN ETHANOL 24 HOURS AFTER MIXING (RIGHT). B)
CONCENTRATED CYAN INK (LEFT) 0.1 % (MIDDLE) AND 0.01 % (RIGHT).

The measurements were performed in 10 mm single-use polystyrene cuvettes containing 2.5 ml. All
analyses were performed in duplicate, i.e. two of the same sample type were prepared and
measurements were performed on both. In the DLS measurements, assumptions were made about
the refractive index of the solvent and the substance making up the particles, as well as on the
viscosity of the solvent in order to obtain a particle size. The following refractive indicia of water-,
ethanol- and carbon-based particles were used; 1.333, 1.361 and 2.420, respectively (default values).
Furthermore, a viscosity of 0.8872 cP was used for water and 1.0400 cP for ethanol. If these values
are incorrect, it can give rise to errors in the absolute particle size determined by DLS, as described
in section 3.1.2. It is not possible to distinguish particles of a volatile, semi-volatile and solid nature
using this technique, nor is it possible to distinguish particles of different materials.
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3.1.2
Instrumentation
DLS is used for the practical measurements of nanoparticles in ink and toner to measure the size
distribution of nanoparticles in suspension of toner and the diluted ink samples. Dynamic light
scattering equipment of the type Zetasizer Nano ZS from Malvern Instruments (Figure 3) is used to
perform the measurements; instrument specifications are listed in Table 3. The instrument is based
on the principle that ultrafine particles in a liquid medium are constantly in motion due to the fluid
"nudging" the particles (Brownian motion). By relating the degree of movement of a particle in the
liquid medium over time, information about the particle size can be obtained; thus the name
dynamic light scattering.

Analysis of particle size in printer cartridges – instrument specification
Zetasizer from
Malvern
Instruments

Model: Nano ZS
Range of measurement: Particle size distribution with a lower
detection limit of the concentration of 0.01 % and in the size
range of 0.3 nm – 10 µm

TABLE 3
INSTRUMENT SPESIFICATION FOR INSTRUMENT USED FOR THE ANALYSIS OF PARTICLE SIZE DISTRIBUTION IN
PRINTER CARTRIDGES.

The Zetasizer Nano ZS instrument is commercially available and is used for sizing of the various
particles in liquid media.2,3 This principle of measurement cannot distinguish between particles of
volatile, semi-volatile or solid character. Furthermore, using this method it is not possible to
distinguish particles composed of different material. As an example one may consider, that it is not
possible to distinguish a mixture of carbon-based particles and titanium dioxide-based particles or a
solution of one of these components. One can only assumed the refractive index of the particles and
subsequently determine the size distribution of the particles in the solution. Thus, using this
method a size distribution of the particles in the solution can be obtained, but it is unknown what
material the particles are composed of.
The instrument can measure particle sizes (diameter) in the range 0.3 nm to 10 µm and with a
lower detection limit of 0.01% 1 (Table 3). The measurement uncertainty of the instrument is
verified frequently using a standard solution of latex particles, where the uncertainty is +/- 2% of
the size distribution. An additional uncertainty in the measured size distributions is the uncertainty
originating from the assumption made about the refractive index of the particles in solution and the
solvent as well as on the viscosity of the solvent. For example, will a 1% error in the refractive index
of the solvent give an error of 2% in the particle size.

1Determined using lysozyme. This may vary in accordance with the particles scattering power (refractive index). Lysozyme has a
low refractive index. A carbon-based particle will most likely have better contrast than lysozyme and thus, scatter more light.
This will probably result in a lower detection limit in relation to concentration.
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FIGURE 3
ZETASIZER NANO ZS FROM MALVERN INSTRUMENTS USED FOR THE DLS MEASUREMENTS.

3.2

Release during the printing and other use of the printer cartridges

The experiments related to possible particle emission during print jobs were carried out in an office
room dedicated to the assignment, and with no external interruptions from personnel or other
activities. The room is without automatic ventilation and with physical dimensions (width x length x
height) 3.0 m x 4.4 m x 2.6 m. This setup allows reproducible experiments. Previously, the room
was successfully used for test of electrostatic filter efficiency towards cigarette smoke and particle
emission from candles.
The print jobs were carried out with a duration of three minutes, which corresponds to three scans
with NanoScan SMPS per print job. This duration is chosen in order to secure thorough heating of
the printer but still within a time horizon plausible for expected real-life conditions. In parallel,
continuous particle counting (each second with CPC) was carried out, which allows improved
sensitivity towards potential fluctuations in the number concentration as a function of time. The
measurements were done at a distance of 20 cm ± 0.5 cm from the paper outlet of the printer, and
the printer was in all cases placed on a table inside the room. Temperature and relative humidity
(RH) were logged continuously during the experiments.
All test material was analysed in duplicate with respect to particle emission from printers; hence,
particle emission is measured twice for each printer with each toner or ink cartridge.
As a routine procedure before measuring the particle emission, zero-measurements during start-up
of the instruments were carried out (using a HEPA filter) as well as background measurements
before and after the particle emission measurements. Background measurements are done in order
to correct for the background level of ultrafine particles in the room, which is particular relevant for
printers emitting few or no particles. Excluding this can lead to significant bias on the results.
During the background measurements, it is also verified that the background level is acceptable for
the dedicated emission measurements. For the measurements, “regular” paper is used on which a
test page is printed, see Appendix 5 (black) and Appendix 6 (colour). The test pages contain a large
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amount of text as well as a number of filled squares for securing a large amount of toner/ink on
each page. The coloured test page contains text and filled squares in the three primary colours:
cyan, magenta and yellow (CMY).

FIGURE 4
ALL MEASUREMENTS WERE CARRIED OUT AT A DISTANCE OF 20 CM FROM THE PAPER OUTLET OF THE
PRINTER TO THE PROBE USED FOR PARTICLE MEASUREMENTS.

3.2.1
Refilling toner
In addition to the dedicated experiments in the measurement program investigating the particle
emission during print jobs, a single preliminary experiment was carried out to investigate possible
nanoparticle release during manual refill of toner. For this experiment a new setup and approach
was used including the catalytic stripper followed by the DiSCmini.
As for the print jobs, these measurements are carried out at a distance of ca. 20 cm from the point
of refill. However, this point is hard to define clearly. The process is shown in Figure 5. Before
refilling, a hole is melted in the cartridge by using the accompanying probe, which is seen on Figure
5A.
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FIGURE 5
A) EXPERIMENTAL SETUP FOR MANUAL REFILL OF TONER WITH CATALYTIC STRIPPER AND DISCMINI. TONER
CARTRIDGE AND ACCOMPANYING PROBE (FOR MELTING A HOLE IN THE CARTRIDGE) IS SEEN ON THE TABLE.
B) SAFETY EQUIPMENT USED DURING REFILL OF TONER. UPPER RIGHT PICTURE: TONER IS ACCESSED BY
MELTING A HOLE IN THE CARTRIDGE USING THE ACCOMPANYING PROBE. C) DISCHARGE OF THE TONER. D)
TONER CARTRIDGE COMPLETELY EMPTIED AND SAMPLE SECURED FOR FURTHER ANALYSIS. E) REFILL OF
TONER CARTRIDGE WITH NEW TONER.

3.2.2
Instrumentation
For the practical measurements investigating possible nanoparticle emission during print jobs, the
following instrumentation with accompanying specifications was used. Instruments and methods
are all well documented and published in the scientific literature and widely acknowledged within
the field of particle measurement4,5,6,7.
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NanoScan SMPS (model 3910, TSI)
Instrument for particle number and size distribution measurement, measured as number of
particles/cm3 divided into 13 fractions and measured in the size range 10-420 nm. Time resolution
is 1 minute. Particle concentration is measured in the range ~102-106 particles/cm3.
Condensation Particle Counter (CPC) (model 3776, TSI)
Instrument for particle number concentration measured as particles/cm3 in the size range 2.5 nm-3
µm (min.). Time resolution is 1 second. Total particle concentration is measured in the range 03x105 particles/cm3. CPC is commercially available and used a reference instrument against which
the more simple particle counters are calibrated4,5,6,7.
DiSCmini (Matter Aerosol)
Instrument for particle number and size measurement, measured as number of particles/cm3 in the
size range 10-700 nm and particle size (modal diameter) in the size range 10-300 nm. Time
resolution is 1 second. Particle number concentration is measured in the range ~103-106
particles/cm3.
Catalytic stripper (model CS015, Catalytic Instruments)
A catalytic stripper is a heated catalytic element used to remove (oxidize) the particle and gas-phase
semi-volatile fraction of an aerosol.8 Left is the solid particle fraction. For example it has been
shown that the oxidation efficiency for propane is >99 % by using a catalytic stripper.9 The
instrument is commercially available and studies show comparable or superior properties
compared to a traditional thermodenuder and superior properties for the smallest particles10,11,12.
Specifications for the applied instrumentation is summarized in Table 4. All instruments are
calibrated against the specifications from the instrument supplier. This is carried out either by the
supplier or by internal ring calibrations with different particle measurement equipment at Danish
Technological Institute.
Emission during printing and other use of printer cartridges –
instrument specifications
NanoScan
SMPS

Model: 3910
Time resolution: 1 minute
Range of measurement: Particle concentration and size are
measured in the concentration range ~102-106 particles/cm3 and
in the size range 10-420 nm divided into 13 size fractions

Condensation
Particle
Counter

Model: 3776
Time resolution: 1 second
Range of measurement: Particle concentration is measured as
particles/cm3 in the size range 2.5 nm-3 µm (min.) and in the
concentration range 0-3x105 particles/cm3

DiSCmini

Model: DiSCmini
Time resolution: 1 second
Range of measurement: Particle concentration is measured as
particles/cm3 in the size range 10-700 nm and in the
concentration range ~103-106 particles/cm3. Particle size (modal
diameter) is measured in the size range 10-300 nm

Catalytic
stripper

Model: CS015
Instrument for removing (oxidizing) the particle and gas-phase
semi-volatile fraction of an aerosol. Left is the solid particle

Release of nanomaterials from ink and toner cartridges for printers
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Emission during printing and other use of printer cartridges –
instrument specifications
fraction.
TABLE 4
INSTRUMENT SPECIFICATIONS FOR ANALYSES OF EMISSIONS FROM PRINT JOBS.

The probe used for particle measurements, placed 20 cm ± 0.5 cm from the paper outlet of the
printer, is directly connected to the catalytic stripper from where the flow is divided into two
fractions: one part to the NanoScan SMPS and the other part to the CPC, Figure 6. All tubing is
made of conductive silicone in order to minimize the particle loss.
Apart from the measurements with NanoScan SMPS, CPC and catalytic stripper in the established
measurement program, parallel measurements have been carried out with the DiSCmini. This
instrument is not connected to the catalytic stripper, and release of non-solid particles from print
jobs can as such be measured (data not shown in this report).

FIGURE 6
EXPERIMENTAL SETUP WITH PRINTER, CATALYTIC STRIPPER, DISCMINI, NANOSCAN SMPS AND CPC.

3.2.3
Replacement and other handling of printer cartridges
Since physical handling of toner and ink cartridges during cartridge replacement is part of
reasonable foreseeable use, continuous particle measurements have been carried out during this
operation. Furthermore, it was visually registered whether the handling gave rise to skin
contamination. However, these measurements are not part of the established measurement
program (3.2.1) and only qualitative conclusions can be drawn from this.
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4. Analysis results
This section presents the results of the analyses in two phases of the analysis program:
•
Analysis of particle size in printer cartridges
•
Release during printing and other use of printer cartridges.

4.1

Analysis of particle size in printer cartridges

The analyses of the original ink cartridges both colour and black showed the existence of particles
below 100 nm in the samples. Unlike the analysis of the emission from the print processes, where
the three colours were analysed together, the individual colours were analysed separately when
investigating the particle size.
The mean particle size of the samples is shown in the following table in addition to Appendices 1
and 2, where the intensity-weighted particle size distribution is displayed, i.e. all particles are
weighted with the intensity of the scattered light. These values should not be considered the
absolute size distribution, though rather as a particle size distribution based on the assumptions
described in section 3.1.2. Once again, it should be stressed that in the analysis of particle size by
DLS, it is not possible to distinguish particles of a volatile, semi-volatile and solid character. As
previously mentioned, no distinction can be made between particles composed of different
materials. An example – the current method cannot distinguish particles based on carbon and
titanium dioxide. Therefore, it cannot be determined whether the nanoparticles found in the ink
samples originate from pigment or other substances in the sample.
It was not possible to obtain useful data for DLS measurements on the unoriginal inks, neither
black nor coloured ink. In order to obtain useful data in a DLS measurement, it is required that the
solution allows a sufficient amount of light to pass through, while the particle concentration is still
sufficient to allow the scattered light to be detected. For the unoriginal inks, it was not possible to
find a concentration where both of these criteria were met and it was therefore not possible to
complete the analysis. Based on these analyses, it is not possible to conclude anything about the
particle size of these samples.
INK
Printer

Cartridge
no.

Cartridge

Concentration (%)

Size (nm)

P1

7

Original black

0.01

114 ± 49

P2

11

Original black

0.01

119 ± 45

P3

12

Original black

0.01

98 ± 34

P1

9

Unoriginal black

0.01

----

P1

8

Original magenta

0.01

103 ± 54

P1

10

Unoriginal magenta

0.01

----

P1

8

Original yellow

0.01

95 ± 44

P1

10

Unoriginal yellow

0.01

----
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INK
Printer

Cartridge
no.

Cartridge

Concentration (%)

Size (nm)

P1

8

Original cyan

0.01

85 ± 46

P1

10

Unoriginal cyan

0.01

----

TABLE 5
ANALYSES OF PARTICLE SIZE DISTRIBUTION FROM THE 10 ANALYSED INK CARTRIDGES. THE SIZE DISTRIBUTION
IS GIVEN AS AN AVERAGE SIZE WITH STANDARD DEVIATIONS.

The toner powder in the toner cartridges was also examined using DLS. Here, nanoparticles were
found in four of the six toners investigated, Table 6. All the toner powders were suspended in
ethanol, though it cannot be ruled out that another solvent would have resulted in a different
particle size distribution. For the four toner powders, where useful data could be obtained, broad
size distributions were observed. It was not possible to obtain useful data for DLS measurements on
two of the six toners, L2 and L5, because the particle concentration was too low for samples with
sufficient transparency. Based on the analyses, it can be neither confirmed nor refuted whether
these toners contain nanoparticles.
The smallest particles detected in samples L1 original black and L4 original black are not below 100
nm within one standard deviation of the mean, as indicated in Table 6. It should be noted, that
using a normal distribution, only 68% of the data is included within one standard deviation of the
mean. However, L1 (original) and L4 (original) both contain nanoparticles when considering a
normal distribution using two standard deviations, by which 95% of the data is included. Based on
this study, it cannot be determined whether the tested toner powders contain materials that can be
characterized as nanomaterials according to the current EU definition (2011/696 / EU).
The following table states the mean size of the samples. The intensity-weighted particle size
distributions are shown in Appendix 3.
TONER
Printer

Cartridge
no.

Cartridge

Concentration (%)

Size (nm)

L1

1

Original black

0.25

299 ± 156

L1

2

Unoriginal black

0.25

313 ± 159
54 ± 14

L2

3

Original black

0.25

----

L3

4

Original black

0.25

153 ± 58

L4

5

Original black

0.25

196 ± 51

L5

6

Original black

0.25

----

TABLE 6
PARTICLE SIZE DISTRIBUTION OF THE SIX ANALYSED TONER CARTRIDGES. THE SIZE DISTRIBUTION IS GIVEN AS A
MEAN SIZE WITH STANDARD DEVIATIONS.

4.2

Release during printing and other use of the printer cartridges

4.2.1
Print jobs
In Table 7, a summary is provided of the measured particle number concentrations as well as mean
particle diameter for the printers/cartridges of interest. Also listed in Figure 7 are the number
concentrations. The number concentrations are calculated on data from the size range ~10-100 nm,
which has been accomplished by excluding data above ~100 nm, i.e. in the range ~100-420 nm. 2 In
2

8 out of 13 size bins on the NanoScan SMPS were used for the data analysis.
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all cases, only a minor part of the measured particles had diameters above 100 nm. As a standard
praxis, the data are corrected for particle loss in the catalytic stripper, where diffusion loss can be
predicted very precisely as a function of the particle size.
For all measurements, the temperature was 21 ± 1 °C with a relative humidity of 46 ± 4 %. Both
parameters were logged continuously during all measurements.
Printer

Cartridge
no.

Cartridge

L1

1

Original
black

L1 3

2

Refill black

L2

3

L3

Concentration
Background
level in room
(number/cm3)

Concentration
Print job
(number/cm3)

Mean dia.
Backgroun
d level in
room
(nm)

Mean dia.
Print job
(nm)

760 ± 34

729 ± 27

60 ± 2

61 ± 2

2,283 ± 98

2,173 ± 23

41 ± 2

40 ± 2

Original
black

886 ± 27

881 ± 22

56 ± 2

55 ± 2

4

Original
black

875 ± 25

857 ± 11

50 ± 2

50 ± 2

L4

5

Original
black

763 ± 54

757 ± 64

44 ± 2

44 ± 2

L5

6

Original
black

1,295 ± 18

1,317 ± 33

48 ± 2

47 ± 2

P1

7

Original
black

732 ± 19

708 ± 21

57 ± 2

59 ± 3

P1

8

Original
colour

620 ± 26

644 ± 16

57 ± 3

58 ± 2

P1

9

Refill black

551 ± 22

592 ± 29

61 ± 2

59 ± 3

P1

10

Refill
colour

548 ± 44

562 ± 38

62 ± 4

58 ± 3

P2

11

Original
black

977 ± 24

973 ± 37

56 ± 2

56 ± 3

P3

12

Original
black

909 ± 22

935 ± 15

57 ± 2

57 ± 2

TABLE 7
PARTICLE NUMBER CONCENTRATION BASED ON THE SIZE INTERVAL 10-100 NM AND MEAN DIAMETER BASED ON
THE ENTIRE MEASUREMENT RANGE (10-420 NM). ALL DATA ARE MEASURED WITH NANOSCAN SMPS.
UNCERTAINTIES ARE GIVEN AS ± ONE STANDARD DEVIATION BASED ON THE SCANS.
For the specific cartridge, data from one single scan was excluded (out of a total of six scans). For the specific scan, a
concentration above 400,000 particles/cm3 was measured. This is with high probability generated by the catalytic stripper due
to an artefact around 10 nm. This is also supported by the fact that no increase in concentration was observed at the given time
with the DiSCmini (which bypasses the catalytic stripper). A correspondingly high concentration was not at any other point
observed during the remaining print jobs.
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Particle number concentration (#/cm3)

Release during printing
2500
2000
1500
1000
500
0
L1 org. L1 ref. L2 org. L3 org. L4 org. L5 org. P1 org. P1 org. P1 ref. P1 ref. P2 org. P3 org.
black black black black black black black colour black colour black black
Background

Print

FIGURE 7
DIAGRAM OF RELEASE OF NANOMATERIAL DURING 12 DIFFERENT PRINT JOBS. GIVEN FOR EACH
MEASUREMENT ARE BACKGROUND LEVELS AND RELEASE DURING PRINT JOBS. PARTICLE NUMBER
CONCENTRATIONS ARE CALCULATED BASED ON THE SIZE INTERVAL ~10-100 NM.

Examples of size distributions measured with NanoScan SMPS are provided in Appendix 4.
Referring to Figure 7, no nanoparticle particle emission was measured above background level in
the room (within one standard deviation). It is noted that the measured concentrations during print
jobs are very low and all within the expected concentrations observed in typical office
environments, where it is not unusual to measure up to 5,000 particles/cm3.
Table 7 and Figure 7 solely show data from NanoScan SMPS, since this instrument allows data
analysis below 100 nm. This is not possible with the CPC according to section 3.2.1. The CPC
measurements did not show significant fluctuations in number concentrations as a function of time
and as observed with the NanoScan SMPS, no significant difference between number
concentrations measured before, during, and after print jobs were observed. Hence, CPC data is not
shown in this report.
4.2.2
Refill of toner
Used for the single experiment with refilling of toner (unoriginal toner for L1), acc. Section 3.2.1,
was an entire new and unproven setup with the catalytic stripper followed by the DiSCmini particle
counter. It is emphasized that the process concerning refilling toner is associated with great
uncertainty, since emptying and refilling is a very subjective process and it is difficult to keep a welldefined distance from the measurement probe to the actual refilling point. In addition, an entirely
new cartridge was emptied, which will very likely give rise to a worst-case scenario, since a normal
refilling process probably would have a starting point of a more or less empty cartridge.
Furthermore, the window was kept closed, no vacuum cleaner was used for collecting the toner
powder, and the toner powder was not emptied into a plastic bag as suggested in the supplier’s
instruction guide. All these precautions were taken in order to secure a controlled experiment and
to investigate a worst-case refilling scenario.
During cartridge emptying, which lasted eight minutes in total, the DiSCmini measured a very high
particle number concentration of 106 particles/cm3 on average, followed by a refilling phase lasting
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three minutes with a measured particle number concentration of about 105 particles/cm3 on
average. These numbers should be compared with a background level of approximately 103
particles/cm3 measured just before the dedicated experiment. Number concentrations measured
during the dedicated experiment are associated with great uncertainty due to the above stated
conditions.
Since the process of refilling a toner is very dependent on the person performing the operation, the
results from this dedicated experiment should be seen as indicative. Adding to this is that the
measured average particle diameter (modal diameter) with DiSCmini was close to the lower
detection limit of the instrument (10 nm). Artefacts (false high concentrations) can be observed for
the catalytic stripper around this limit. It is emphasized that measuring particles around 10 nm is
not trivial, in particular when the experiment concerns solely the solid particle fraction.
The measurement can indicate that further experiments with additional repetitions of similar
experiments under controlled experimental conditions could be relevant in order to evaluate
whether solid nanoparticles are emitted during toner refilling.
4.2.3
Replacement and other handling of printer cartridges
Based on continuous NanoScan SMPS, DiSCmini and CPC particle measurements, handling of
toner and ink cartridges did not cause any particle emission to be maesured. In addition, a visual
inspection of skin/glove during the handling of printer cartridges did not give rise to suspect any
leaks or contamination during the process. Here it is emphasized that the interface between printer
and cartridge was not touched during handling.

Release of nanomaterials from ink and toner cartridges for printers

23

5. Conclusion
Nanoparticles were detected in four of the six tested toner cartridges, and it cannot be excluded that
the two remaining toner cartridges contain nanoparticles. For the analysed ink cartridges
nanoparticles were detected in all original inks investigated and based on the analyses it can be
neither confirm nor refute whether the investigated unoriginal inks contain nanoparticles.
Contrary, to the findings in previous studies, no release of solid nanoparticles has been detected
during this study from the tested laser printers using the previously described experimental setup.
No release of solid nanoparticles was measured for the tested inkjet printers. Moreover, no
literature was identified, which indicates that nanoparticles are released from inkjet printers during
the print process.
During the refilling process, a significant release of nanoparticles was detected from one of the
toner cartridges.
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Appendix 1:

Particle size – Black ink

Figure: Intensity-weighted size distribution for P1 original (A), P2 original (B) and P3 original (C).
The size distributions obtained in the DLS measurements for the individual samples are displayed
in the individual graphs. The size depicted is a particle diameter and the size distribution is
intensity weighted, meaning that all particle sizes in the distribution are weighted with their
scattering intensity.
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Appendix 2: Particle size – Coloured ink

Figure: Intensity-weighted size distribution for P1 original cyan (A), P1 original magenta (B) and P1
original yellow (C). The size distributions obtained in the DLS measurements for the individual
samples are displayed in the individual graphs. The size depicted is a particle diameter and the size
distribution is intensity weighted, meaning that all particle sizes in the distribution are weighted
with their scattering intensity.
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Appendix 3: Particle size – Toner

Figure: Intensity-weighted size distribution for L1 original (A), L1 unoriginal (B), L3 original (C)
and L4 original (D). The size distributions obtained in the DLS measurements for the individual
samples are displayed in the individual graphs. The size depicted is a particle diameter and the size
distribution is intensity weighted, meaning that all particle sizes in the distribution are weighted
with their scattering intensity.
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Appendix 4: Release during print process

Particle concentration (#/cm3)

L1 orginal black toner cartridge
Size distribution
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Particle concentraion (#/cm3)

P2 original black ink cartridge
Size distribution
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Size (nm)
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Figure: A) Size distribution for L1 with original black toner cartridge. B) Size distribution for P2
with original black toner cartridge. The two graphs show number concentration (particle/cm3) as a
function of the particle size measured using NanoScan SMPS for the solid particle fraction
(measured after the catalytic stripper). Data is divided into 13 fraction covering the size range of
~10-420 nm. No significant difference is observed between the background measurements and
during the print jobs, see chapter 4.
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Appendix 5: Test print page - Black

Test page for printing composed of text and areas filled with black colour.
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Appendix 6: Test print page - Colour

Test page for printing composed of text and areas filled with the three basic colours: cyan, magenta
and yellow (CMY).
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In the report, release of nanomaterials from toner and ink cartridges for printers on the Danish market
are examined to determine whether this product group shall be reported to the Danish nano- product
register
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