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1 Abstract
Currently, everything is made of plastic, even baby bottles. Plastic is a material with several
advantages: it is cheap, easy to produce, and lightweight [2, 3]. However, plastics also have
some disadvantages such as the release of micro- and nanoplastics. Every plastic product
loses microplastics, even baby bottles [4]. These microplastics have a (not yet fully known)
impact on human health [5].
In this study, we try to quantify the release of microplastics due to high temperatures during
the sterilization process in baby bottles. To quantify the release of microplastics, the bottles
are exposed to different sterilization times, after that the water from the bottles is �ltered and
the �lter is analyzed. Next, the found particles can be quanti�ed. As a last step, the found
microplastics will be characterized using FT-IR, SEM, and EDX.

During all experiments, microplastics were released. The release of microplastics increases
slightly with longer sterilization times. What is curious, is that the microplastic release was
highest when the baby bottle was not sterilized at all. This can be due to the fact the bottle is
not cleaned properly.
Among the characterization experiments, the FT-IR results were inconclusive, and more re-
search is necessary. However, the SEM and EDX results look promising. The images of the
particles made with the SEM look a lot like plastic particles and the EDX spectra show a sig-
ni�cant presence of a lot of carbon. Suggesting that there are plastic polymers present. This
implies that infant feeding bottles do release microplastics which can impact the health of the
baby.

2 Introduction
2.1 Background information

Each year around 130 to 140 million babies are born worldwide [6]. About 50 to 60% of these
babies are bottle fed by their parents and caretakers [7, 8]. The baby bottles parents use can
be made of various materials but most bottles are made of plastic. This is because plastic is
easy to make in large quantities, it is cheap, it is lightweight with a low density, and it is easy to
produce in different shapes [2, 3].

Various types of plastics are used to make baby bottles, for example, polypropylene (PP),
polycarbonate (PC), polyamide (PA), and polyethersulphone (PES) [9]. Although plastics have
a lot of advantages, there are also a few disadvantages. Research shows that plastic products
can release a lot of micro and nano plastics [4, 9, 10].
The nano- and microplastics (MP's) that are released from plastic packages have a suspected
impact on human health. It can cause cancer, in�ammatory diseases, pulmonary diseases,
cardiovascular problems, and infectious diseases [5]. For children and especially infants ex-
posure to MP's has more risks because they don't have a fully developed immune system yet.
The toxins inside the microplastics can lead to an increased likelihood of infections or other
diseases [11].
In this report, the possible exposure of babies to MP's coming from PP infant feeding bottles
(IFB's) will be researched.

2.2 Research question and hypothesis

The goal of this research is to answer the following research question:
”What is the effect of temperature on the release of microplastics from plastic infant feeding
bottles?”
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The expectation for the release of MP's is that they will be released during the use and han-
dling of the IFB [4]. Another expectation is that the release of MP's, in the �uid inside the IFB,
increases when they are exposed to increasing temperatures (between 70°C and 100°C) [12].
It is also thought that there is a bigger release of MP's when the bottles have a longer steriliza-
tion time.

To answer the research question and test the hypothesis, several experiments will be done.
First, it will be veri�ed that the set-up works with clean water. Then the IFB's will be subjected
to 3 different sterilization durations and the water will be �ltered and the �lter will be analyzed.
Finally, the �lter residue will be characterized.

3 Materials & Methods
In this chapter, the used materials are discussed. Furthermore, the experiments that are con-
ducted and how they are carried out is described here.

3.1 Materials

To limit the scope of research one brand of baby bottle is used. This way, the type or brand of
the bottle does not affect the amount of microplastics released. Therefore, the sole focus can
be on the effects of heating. The type of baby bottle used in this research is the Difrax natural
(transparent) s-bottle 170 ml anti-colic. The choice for the brand Difrax is because it is one of
the market leaders in the Netherlands [13].

To sterilize the IFB's, Milli-Q water is used. Milli-Q is puri�ed water made by passing water
through a long-life dual-wavelength UV lamp. Next, a Quantum® polishing cartridge removes
the remaining ionic and organic contaminants below trace levels. The last step is that the al-
ready very pure water recirculates through a loop to the Q-POD® (Quality-Point-Of-Delivery)
dispenser, where the last �lter removes the last particulates [14, 15]. To sterilize the bottles
and heat the water for the experiments a microwave is used. The microwave is set at 900 Watt
and the temperature of the water is measured with an infrared laser thermometer.

Figure 1: A
schematic
overview of the
set-up used for all
the experiments
(from Biorender).

The water used for the veri�cation and quanti�cation experiments is dis-
tilled water from a glass round bottom �ask, so the water has not been in
contact with plastic. To be sure the water used during the veri�cation and
quanti�cation experiments is clean, distilled water is used. This water is
self-made and stored in a glass bottle to be sure that it has not come in
contact with plastic.
The setup used in the �lter is shown in �gure 1, here is part 1 the
glass funnel in which the water from the IFB enters the setup, part
2 is a glass membrane �lter holder on this is the �lter placed and
part 3 is the Erlenmeyer that is used to collect the �ltered water.
fjs

To stain the MP's on the �lter a Nile Red solution will be used. The solution
consists of 1 mg of Nile Red in 1 ml methanol. This gives approximately
a 120 nM staining solution. Eventually, 15 µl of the 32 µM Nile Red is
mixed with 4 ml of distilled water to make a 120 nM solution on the �l-
ter.

5



To �lter the MP's out of the water an i3 TrackPor PA (PET/aluminum) �lter with 0.8µm pores is
used. The �lter is made of PET and the surface is coated with aluminium. The coating is to
prevent interference with the staining and the �lter as much as possible.

To analyze the �lter an upright �uorescence microscope is used. The microscope is a Nikon
Eclipse E400 microscope with an excitation �lter at 480/20 nm and a long pass emission �lter
of 500 nm. To view the MP's in color, a color camera is used. The camera is connected to
the microscope and the computer. To control the microscope from the computer the program
Lab�ew is used. To analyze the images made with the microscope a script written in Python
is used. Lastly to stitch the images and for �nal image analysis for scale bars Fiji of ImageJ is
used.

3.2 Methods

In this section, the different experiments that are done for veri�cation, quanti�cation, and char-
acterization of the set-up and MP's will be discussed.
To test the in�uence of temperature on the release of MP's the baby bottles will be subjected
to three different sterilization variables. First, an attempt will be made to reproduce the data
of D. Li, et al [4] with 5 minutes of sterilization. Next, the IFB's will be subjected to 30 minutes
of sterilization. Finally, an experiment will be conducted without sterilization and heating. The
basic work�ow of the experiments is displayed in �gure 2, this work�ow mimics the use of an
IFB of parents that use the bottles. This work�ow is in general used for all experiments. In
the quanti�cation experiments, the sterilization time varies. The work�ow is the same as the
researchers D. Li, et al. use [4].

Figure 2: This is a schematic overview of the experiments that will be done with the IFB's
to research the release of MP's. (This is made with Biorender).

3.3 Veri�cation

3.3.1 Blank control

To make sure that the distilled water is clean and clear of MP's a blank control is conducted.
This is also to set a baseline for all other experiments. This experiment is done at the start
of the research. The blank control is conducted by pouring 170ml of distilled water, from the
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glass �ask, through the �lter set-up. Next, the �lter is stained with the Nile Red solution and
analyzed with the microscope. The protocol is described in Appendix E.1 (Protocol: control
experiment).

3.3.2 Veri�cation with beads

To verify and calculate the accuracy of the set-up and experiments 10 µm non-�uorescent PS
beads (LOT# A840326) are used. These beads are stained in the Nile Red step of the exper-
iments which makes the counting of the beads possible. The results of this experiment are in
section 4.1.2 (Beads). The beads come in a suspension where 1 ml of suspension contains
4.55�107 beads. To make the number of beads more manageable a dilution series is used, this
series is shown in table 1.

From the stock 10 µl of suspension is taken and diluted with 90 µl of distilled water. So now
there are 4.55�105 beads in 100 µl of dilution, this is dilution step 1. Now from the diluted
suspension (step 1) again 10 µl is taken and diluted in 90 µl of distilled water. Now there
should be 4.55�104 beads in the (100 µl) diluted suspension, this is step 2. After dilution step
2, the whole 100 µl of the dilution is added to the 170 ml of distilled water inside the IFB (after
sterilization), so 4.55�104 beads are used in this veri�cation experiment. The protocol used for
this experiment is stated in Appendix E.2 (Protocol: Beads).

Table 1: The dilution series of the suspension for the beads.

Stock Step 1 Step 2
Polybead® Microspheres suspension 1000 µl 10 µl of the suspension 10 µl from dilution 1
Distilled water 0 µl 90 µl 90 µl
Amount Beads in the (100µl) dilution 4.55�107 4.55�105 4.55�104

3.4 Quanti�cation experiments

To check the effect on the release of MP's under different sterilization conditions, several quan-
ti�cation experiments are done. All quanti�cation experiments are conducted in triplo and with
every experiment a new IFB is used. The �rst experiment is carried out by (trying to) reproduce
the data from the article: ”Microplastic release from the degradation of polypropylene feeding
bottles during infant formula preparation”, written by D. Li, et al. [4]. The sample and baby
bottle procedure will follow the same method as described in the article. The detailed protocol
can be found in Appendix E.3 (Protocol: 5 minutes of sterilization). The second experiment will
follow the same procedure but with a longer sterilization time, to determine if the longer expo-
sure to high temperature results in a higher release of MP's. The third and �nal, experiment
will be conducted without any sterilization or heating at all, to check whether high temperatures
in�uence the release of MP's.

3.5 Filter aspects

As mentioned in section 3.1 (Materials) during the experiments an i3 TrackPor PA Filter is used.
In this section, several features of the �lter are discussed. Like when the water is �ltered, the
covered area of the �lter, how the �lter is stained, and how the quanti�cation of the MP's on the
�lter happens.

3.5.1 Filtering the microplastics

After the baby bottle is sterilized and (air-)dried, the IFB is �lled with distilled water and heated
to 70°C. This water will be run through the �lter (with 0.8 µm pores), the MP's will stay on
the �lter and the water will go through. To prevent the data from previous experiments from
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in�uencing the results of the next experiment a new �lter is used every time. This way potential
cross-contamination of data is avoided and accurate and reliable data collection is ensured.

3.5.2 Covered area of the �lter

To calculate the contact area of the water and MP's on the �lter some diameters are measured
with analogue calipers and used for the calculation. The �lter has a diameter of 47.00 mm
as stated on the packaging and is placed on a glass funnel with a porous membrane holder
represented as part 2 in �gure 1. On the �lter, a glass graduated funnel is placed represented
as part 1 in �gure 1. This glass funnel has an outer diameter of 58.75mm and an inner diameter
of 34.45mm.
Because the glass graduated funnel (part 1 in �gure 1) has the smallest inner diameter (34.45
mm), this diameter is used to calculate the (round) contact surface area of the �lter with water.
The area of the �lter that comes in contact with the water is 9.32cm 2.

3.5.3 Staining the �lter

To stain the MP's, a 120 nM Nile Red solution is used. As also discussed in section 3.1
(materials), the solution is 4 ml distilled water with 15 µl (of 32 µM) Nile Red solution. To stain
the �lter a plug is put in the bottom of part 2 in �gure1 (in section 3.1 Materials). The solution
is poured on the �lter and left there for at least 30 minutes so the Nile Red can absorb to the
surface. Next, the solution is run through the �lter and the �lter is air-dried and stored in a Petri
dish, or placed under the microscope.

3.5.4 Quantifying the microplastics on the �lter

Figure 3: An overview
of the area that is an-
alyzed with the micro-
scope.

After the �lter is prepared, it will be placed under the upright �uo-
rescence microscope. The images of the �lter will be made using
Labview. To analyze the images made with the microscope a script
written in Python is used. The scripts used for the analysis are dis-
played in Appendix F (Scripts). This script makes a data set that
measures the number of particles, colors, and sizes in µm, and the
covered area in µm2 of MP's on the �lter. In the next section 3.6
(Image analysis) more information about the image analysis will be
given.
The �uorescence microscope can make a tile scan of a 1 by 1 cm
square by making 625 images of that area. As shown in �gure 3 four
1 by 1 cm squares of the �lter in all experiments are imaged. These
areas are called areas 1 to 4. In total 4 cm2 will be analyzed from the
�lters used during the experiments.
Deze tekst is wit.

3.6 Image analysis with Python

To analyze the images from the �uorescence microscope a Python-script is used. The Python-
scripts are displayed in Appendix F (Scripts). With the analysis, the script �nds particles with a
certain threshold and puts the data of the particles in a data frame. This data frame eventually
becomes an .HTML report re�ecting the data acquired from the images. Lastly, a summary of
some data is given, this is the total particles counted with a size that is larger than 20 pixels,
total particle coverage in µm2, average Green ratio (GR), the average size of all particles found
in pixels, and lastly the average size of all particles in µm2.
Figure 4 presents images before and after analysis. The image of �gure 4a is run through the
script next �gure 4b emerges as output from the analysis. The Python-script circles the MP's
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that have a minimum contour size and brightness. The particle gets a P value which is the
number of the particle in the picture. Furthermore, in the image, the P value, Hue value, and
GR are written. This information will be visualized with yellow letters inside the image next to
the particle where it belongs.
In this research, the total particle coverage in µm2 and the average size of the particles in µm2

are used for the calculation of the number of particles per liter.

(a) An image from the �uorescence micro-
scope.

(b) The picture after it is been analyzed with
Python-script.

Figure 4: An overview of the Python analysis of the separate pictures made with the
microscope.

3.7 Characterization of the microplastics

To prove that the particles found during the quanti�cation experiments are actual plastics from
the IFB and not an additive as M.N. Gerhard, et al. [16] states. Several characterization
experiments are performed, like FT-IR, SEM, and EDX.

3.7.1 Fourier transform infrared spectroscopy

Fourier transform infrared spectroscopy (FT-IR) is used to characterize the particles from the
IFB's as plastic. This is a tool for chemical characterization [17]. FT-IR is a rapid and nonde-
structive spectroscopy technique. It uses a polychromatic beam of IR radiation, which produces
an interferogram. The beam will be passed through the sample where the beam is re�ected off
the surface or transmitted through the sample. The sample-speci�c frequencies are absorbed
and converted into vibrational or rotational energy. Finally, the radiation passes through the
detector. Next, a computer transforms the interferogram into an absorption spectrum using the
Fourier transformation [18, 19].

To get enough MP's for the sample for the FT-IR measurement, six (already used) baby bottles
are reused. The water in the IFB's will be circulated until approximately 33 liters of water have
circulated in the bottles. (This is calculated from the average of total coverage in µm2 in table
8 displayed in Appendix C.2, Results: 5 minutes of sterilization).
To prepare the sample the bottles are sterilized once for 5 minutes next, 4 of the 6 bottles are
�lled. The bottles are heated in duos (so the circulation within the bottles can be done) to
70°C and then cooled down to 35°C. After 33L has been through the IFB's, the water will be
concentrated above the �lter (approximately 10-20 ml) in the �lter set-up shown in �gure 1 and
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the concentrated water is evaporated in a Petri dish. Lastly, the residue is scraped together
and the powder is put in the FT-IR spectrometer.

Figure 5: A schematic overview of how the water will be circulated within the 6 IFB's.
(Made with Biorender).

3.7.2 Scanning electron microscopy & Energy-dispersive X-ray spectroscopy

In the second characterization experiment, Scanning electron microscopy (SEM) and Energy-
dispersive X-ray spectroscopy (EDX) are used. SEM is a type of microscopy from which high-
resolution images can be obtained. It uses a focused beam of electrons which scans the
surface area of a sample. SEM can generate an image at a very high resolution compared to
other types of microscopy. The electrons of the SEM interact with atoms in the sample which
give different signals that can be used to obtain information about the composition of the sam-
ple [20].

A sample for SEM was prepared using a section of the �lter used in the FT-IR experiment,
which still contained numerous particles. The same piece of �lter is also used for EDX. This
is a technique used for elemental analysis of the sample after the SEM. EDX is a technique
that generates characteristic X-rays in the atoms. Next, elastic and inelastic scattering occurs
and the atoms are ionized. As a result, the atoms will emit X-rays and as every element has its
own emission band, this X-ray signal can be used to characterize the chemical composition of
the elements from the sample. Eventually, an elemental composition graph with intensity data
is generated using EDX, this can be used for further analysis [21, 22, 23].

4 Results
In this chapter, the results obtained from the veri�cation, quanti�cation, and characterization
experiments are presented. In the next chapter 5 (Discussion) the results are discussed in
depth and the results will also be interpreted there.
First, the results of the veri�cation experiments will be presented. Next, the results of the
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different quanti�cation experiments (with varying sterilization and heating times) are displayed,
and lastly, the results of the MP characterization with FT-IR and SEM & EDX are presented.

4.1 Veri�cation of the set-up

With these veri�cation experiments, the baseline is set for the quanti�cation experiments. First,
an experiment is conducted with just distilled water, the blank control. Second, for the yield and
margin of error, an experiment with PS beads is done.

4.1.1 Blank control

First, to check whether the distilled water is clean and if the set-up works, a blank control is
done with distilled water. Second, this experiment is also done as a baseline for the other
experiments, because sometimes some �lter pores are also stained during the staining of the
MP's. The control experiment is not done in triplo, and it is done by just pouring 170 ml of
distilled water on the �lter, staining the �lter, and analyzing the stained �lter. The experiment
gave the following results shown in table 2. In this table the data from the analyzed �lter is
presented, area 3 has a very big area because the measurement with the microscope went
wrong and some images were taken beyond the �lter. The average of the areas is calculated,
and area 3 is excluded from this calculation.

Table 2: The results of the control experiment from the different areas shown in �gure 3
analyzed with the microscope.

Area 1 Area 2 Area 3 Area 4 Average
Total coverage in µm2 1.83�103 1.68�104 4.68�105 1.54�104 1.13�104

Average particle size µm2 42.2 19.0 48.7 49.3 36.8

Next, the total coverage of the �lter and what that coverage would be for a liter of water are
calculated. This data is presented in table 3. With the total coverage per liter, the number of
defects per liter will be calculated.

Table 3: Total coverage of the �lter is calculated with MP's in micrometers and the total
coverage of a micrometer is calculated per liter.

Measured area Filter area IFB volume volume
cm2 1 9.32 ml 170 1000
µm2 coverage 1.13�104 10.53�104 µm2 coverage 10.53�104 61.94�104

The defects per liter can now be calculated. This calculation will be repeated for the quanti�-
cation experiments with different exposures to temperature.
The Python script found an average of 542 particles per cm2, the particles have an average
size of 36.8 µm2, and the total coverage in µm2 per liter is 61.94�104 so the number of defects
per liter is:

61:94� 104

36:8
= 16:83� 103

The size distribution of the defects found is displayed in the size distribution histogram in �gure
6. There are a lot of defects smaller than 50 µm2 found with a cumulative percent that starts
around 92% in the �rst bin of the big histogram.
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Figure 6: The size distribution histogram of occurrence of the found particles against
sizes of the particles in µm2 for the blank control experiment. In the top right corner, a
zoomed-in histogram is displayed with a bin size of 8 instead of 50.

Of the images made with the microscope also some stitched images are made to get a clear
overview of a whole area (all stitched images are of area 1). Figure 27 displayed in Appendix
D.2 (stitched: control) shows the stitched inverted image. The red highlighted square in the
corner refers to the zoomed-in photo displayed in �gure 12a in section 4.2.5 (Results overview).
This stitched image was made after the image analysis, all blue dots are stained MP's. In
Appendix D.2 (stitched: control) all stitched images are shown. These are of the images made
with the microscope before (�gure 26a and 26b) and after image analysis (�gure 26c, 26d).
Both sets of photos are of the normal colors and the inverted colors.

4.1.2 Beads

To calculate the yield and margin of error, an experiment using PS beads was conducted. The
calculations for yield, margin of error, and recovery percentage are presented, and the experi-
ment is only done once. Table 4 shows the number of beads found per area, scanned with the
microscope. These numbers were obtained using the script from Appendix F.2 (Python-script
for beads) and the total yield will be calculated. The script was modi�ed to count only the beads
because they have a speci�c color, Hue value, aspect ratio, shape, and size in µm 2. After the
analysis with the Python-script the number of beads found in each area is given.
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Table 4: This table presents the number of beads that are found on the �lter per area.

Area 1 Area 2 Area 3 Area 4 Average
Amount of beads 4001 5258 2072 2597 3482

The average number of beads found on 1 cm2 is 3482. Now, the variance, standard deviation,
and margin of error will be calculated as displayed in equation 1 to 5.

variance =
X (x i � �x)2

n
(1)

variance =
(4001� 3482)2 + (5258 � 3482)2 + (2072 � 3482)2 + (2597 � 3482)2

4
= 1546706:25

(2)

standarddeviation � =
p

1546706:25 = 1243:77 (3)

Margin of error =
Z � �

p
n

=
1:96 � 1243:77

p
4

= 1218:92 (4)

Z is a constant and for a 95% reliability interval, it has a value of 1.96.

Margin of error % =
1218:92
45500

� 100% = 2:67% (5)

The margin of error is 2.67% as presented in formula 2 to 5. This margin of error will be used
for the error shown within the number of particles per liter found with the quanti�cation experi-
ments.

Lastly, the number of beads found on one cm2 is 3482 so on the whole �lter it is then
3482 � 9.32 = 32452 beads are found back from the 4.55�104 that are put in the IFB, which
means that the yield/recovery percentage is 71%, with a loss of 29%. This yield is used for the
analysis of the quanti�cation experiments.

In �gure 7 two images are displayed from the zoomed-in (highlighted) corner of the stitched
images from area 1. The whole stitched picture is displayed in Appendix D.1 (Stitched: beads)
in �gure 25 (The red square refers to the images shown in �gure 7). All small orange dots in
�gure 7a and blue dots in �gure 7b are beads, there are approximately 104 beads (counted by
hand) in these two pictures.
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(a) The left upper highlighted corner of the
stitched images made with the microscope
for the beads of area 1.

(b) The left upper highlighted corner of the
stitched images made with the microscope
for the beads of area 1, but inverted.

Figure 7: Stitched pictures of area 1 for the beads.

4.2 Quanti�cation of the MP's

After the veri�cation experiments, some quanti�cation experiments are performed. First, three
IFB's are sterilized for 5 minutes, after that three new IFB's are sterilized for 30 minutes, and
lastly, 3 new IFB's are not sterilized or heated at all. With these experiments, the in�uence of
temperature on the release of MP's is tested. All results of the separate experiments are �rst
displayed and will be discussed in the following chapter. A summary of the results is given in
section 4.2.4 (Particles per liter overview) and section 4.2.5 (Results overview).
Before calculating the number of particles per liter, the entire �lter was scanned to ensure that
the particles were evenly distributed. Since the particles were found to be homogeneously
distributed, this was taken into account when calculating the number of particles per liter.

4.2.1 5 minutes of sterilization

This �rst set of experiments is done to try and replicate the data presented in the article: Mi-
croplastic released from the degradation of polypropylene feeding bottles during infant formula
preparation written by D. Li, et al. [4]. The experiment is done exactly like the article except
here a Nile Red staining and �uorescence microscope are used, for the protocol see Appendix
E.3 (Protocol: 5 minutes of sterilization).
The results acquired from the experiments are presented in Appendix C.2 (Results: 5 minutes
of sterilization) in table 8 and table 9 with these results the total number of particles per liter is
calculated for the three separate bottles.

Bottle 1: The Python script found an average of 669 particles per cm2, the particles have an
average size of 77.8 µm2, and the total coverage in µm2 per liter is 257.97�104 so the amount
of particles per liter is:

258:21� 104

77:8
= 3 :31� 104 � 8:9 � 102

Bottle 2: The Python script found an average of 2218 particles per cm2, the particles have an
average size of 66.2 µm2, and the total coverage in µm2 per liter is 100.33�105 so the amount
of particles per liter is:

100:33� 105

66:2
= 15:16� 104 � 4:0 � 103
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Bottle 3: The Python script found an average of 2339 particles per cm2, the particles have an
average size of 121.9 µm2, and the total coverage in µm2 per liter is 159.54�105 so the amount
of particles per liter is:

159:54� 105

121:9
= 13:09� 104 � 3:5 � 103

The size distribution histogram of the particles found through all three experiments with the 5
minutes of sterilization is shown in �gure 8. Again, many particles smaller than 50 µm 2 are
found but there are also much larger ones. There is a cumulative percent that starts around
90% in the �rst bin of the big histogram.

Figure 8: The size distribution histogram of occurrence of the particles against sizes of
the particles in µm2 for the experiment with 5 minutes of sterilization. In the top right
corner, a zoomed-in histogram is displayed with a bin size of 8 instead of 50.

Of the images made with the microscope also some stitched pictures are made to get a clear
overview of the whole area (all stitched images are of area 1). Figure 29, displayed in Appendix
D.3 (Stitched: 5 minutes of sterilization) shows the stitched inverted image. The red highlighted
square in the corner refers to the zoomed-in photo depicted in �gure 12b in section 4.2.5
(Results overview). This stitched image was made after the image analysis, all blue dots are
stained MP's. In Appendix D.3 (Stitched: 5 minutes of sterilization) all stitched images are
shown. These are of the images made with the microscope before (�gure 28a and 28b) and
after image analysis (�gure 28c, 28d).
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4.2.2 30 minutes of sterilization

This second set of experiments is done to check if the IFB releases more MP's when the bottle
is sterilized for a longer time. The experiments are done the same as the previous set of
experiments but instead of sterilizing the IFB for 5 minutes, it is sterilized for 30 minutes in this
set of experiments, for the protocol see Appendix E.4 (Protocol: 30 minutes of sterilization).
The results acquired from the experiments are presented in Appendix C.3 (Results: 30 minutes
of sterilization) in table 10 and table 11, with these results the total number of particles per liter
is calculated for the three separate bottles.

Bottle 1: The Python script found an average of 1925 particles per cm2, the particles have an
average size of 72.1 µm2, and the total coverage in µm2 per liter is 79.49�105 so the amount of
particles per liter is:

79:49� 105

72:1
= 11:02� 104 � 2:9 � 103

Bottle 2: The Python script found an average of 4026 particles per cm2, the particles have an
average size of 30.3 µm2, and the total coverage in µm2 per liter is 52.96�105 so the amount of
particles per liter is:

52:96� 105

30:3
= 17:47� 104 � 4:7 � 103

Bottle 3: The Python script found an average of 1750 particles per cm2, the particles have an
average size of 83.2 µm2, and the total coverage in µm2 per liter is 72.92�105 so the amount of
particles per liter is:

72:92� 105

83:2
= 8 :76� 104 � 2:3 � 103

The size distribution histogram of the particles found through all three experiments with 30
minutes of sterilization is shown in �gure 9. Again, many particles smaller than 50 µm 2 are
found but now there are also much larger ones they are also larger than the 5 minutes of
sterilization. It has a cumulative percentage that starts around 80% in the �rst bin of the big
histogram.
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Figure 9: The size distribution histogram of occurrence of the particles against sizes of
the particles in µm2 for the experiment with 30 minutes of sterilization. In the top right
corner, a zoomed-in histogram is displayed with a smaller bin size of 8 instead of 50.

Of the images made with the microscope also some stitched pictures are made to get a clear
overview of the whole area (all stitched images are of area 1). Figure 31, displayed in Appendix
D.4 (Stitched: 30 minutes of sterilization) shows the stitched inverted image of the images
made with the microscope. The red highlighted square in the corner refers to the zoomed-in
photo displayed in �gure 12c in section 4.2.5 (Results overview). This stitched image was
made after image analysis, all blue dots are stained MP's. In Appendix D.4 (Stitched: 30
minutes of sterilization) all stitched images are presented. These are of the images made with
the microscope before (�gure 30a and 30b) and after the image analysis (�gure 30c, 30d).

4.2.3 No sterilization or heating

This third set of experiments is done to check whether the IFB loses fewer MP's when it is not
exposed to high temperatures. The experiments are done the same as the previous sets of
experiments but now the IFB's are not sterilized or heated at all. They are rinsed 3 times after
which they are �lled with distilled water and set aside for 45 minutes to mimic the cool-down
time (from 70°C to 35°C). After 45 minutes the water is run through the �lter and the �lter is
then stained with Nile Red and analyzed with the microscope the same as with the other quan-
ti�cation experiments. For the protocol see Appendix E.5 (Protocol: no sterilization or heating).
The results acquired from the experiments are presented in Appendix C.4 (Results: no steril-
ization or heating) in table 12 and table 13, with these results the total number of particles per
liter is calculated for the three separate bottles.
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