
 

 

Das Online-Labormagazin 
 

  

 

 

www.analytik-news.de         Publication Date: 14.02.2019 

-1- 

Abstract 

In many everyday products containing 

plastics, tiny plastic particles are 

generated by mechanical, thermal or 

other influences and are released into 

the environment by various transport 

routes. These particles not only have a 

long lifecycle, but can also only be 

degraded very slowly in the ecosystem. 

Damage to humans and animals is 

possible if, for example, particles are 

ingested through food. The number of 

particles produced was determined on 

the basis of water investigations before 

and after boiling in plastic-based kettles 

compared to a glass kettle. The results 

are discussed in this paper. 

1 Introduction 

Many everyday objects consist at least 

partially of plastics [38]. In 2015, the 

private and commercial end use of 

plastics as a "pure" plastic product (e.g. 

packaging) or as a subcomponent of a 

system (e.g. automobile) in Germany 

was still around 12.06 million t, by 2017 

the value had already risen to around 

14.3 million t [6]. Similar increases in the 

production and processing of plastics 

have been recorded worldwide 

(Figure 1). 

The most frequently produced and 

processed plastic, apart from 

polypropylene, is polyethylene which is, 

for example, contained in plastic bags or 

refuse bins [31]. Plastics are created by 

special chemical processes. One of the 

most important raw materials is crude 

oil. Depending on the ingredients and 

the circumstances surrounding these 

chemical processes, the plastic may 

have various properties at the end, 

ranging from elastic, heat-resistant to 

break-resistant [31]. Degradation 

reactions of plastics result in micro-

plastics (particles smaller than 5 mm), 

which, in addition to general plastic 

waste, are currently one of the biggest 

and most discussed environmental 

problems [24]. Since the start of mass 

production of plastic in the 1950s, it is 

hard to imagine everyday life without it 

[15,31]. Looking at the degradation 

process of plastics, several degradation 

paths can be observed [2,22,40]. The 

degradation of polymers can be induced 

by heat (thermal degradation), oxygen 

(oxidative and thermal-oxidative 

degradation), light (photo degradation), 

weathering (generally UV/ozone 

degradation). All polymers will undergo 

some degradation during service life. 

The result will be a steady decline in their 

(mechanical) properties caused by 

changes to the molecular weight and 

molecular weight distribution and 

composition of the polymer. Other 

possible changes include chain 

hardening, chain scission, color changes, 

cracking and weight loss. The plastic 

fragments smaller than 5 mm are 

defined as microplastics [9,11].  

Microplastics enter the human organism 

via the food chain (incl. drinking water) 

or through contamination of the air we 

breathe [28,32,34,39]. The persistence 

of microplastics in combination with 

increasing plastic and microplastic 

inputs into the environment as well as 

the constant fragmentation of plastic 

already introduced into the 

environment, lead to an ever increasing 

burden on the environment and thus 

also on humans [13,39]. Various studies 

have already proven numerous harmful 

effects of microplastics on the human 

organism [27,32,34,39].  

So far, there has been a lack of well-

founded statements about the minimum 

intake that poses a health risk to 

humans. In addition to the different sizes 

of the polymer particles, their chemical 

composition and their behavior in the 

body/organism must also be considered. 

Microplastics have already been 
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Fig. 1: Worldwide and European production volume of plastics in recent years from 1950 to 
2016 in million tons [5,36] 
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detected in numerous foods such as sea 

salt, honey, sugar or beer. Investigations 

of tap water showed a low 

contamination of a few particles per 

cubic meter (variance between 0.4 to 

7 particles/m³) [21,25,26,30]. Drinking 

water stored in plastic bottles showed 

with an average of 325 particles/m³ and 

a maximum of over 10000 particles/m³ a 

significant higher contamination [29]. 

How the particle formation and pollution 

in everyday objects is represented was 

experimentally worked out using water 

boiling in kettles made of plastic and 

glass and subsequently evaluated. 

2 Material and Methods 

Four plastic kettles from four different 

manufacturers were tested for the 

investigations. Table 1 shows an over-

view of the tested appliances. 

For all measurements particle-free 

water was used, which was demine-

ralized according to the manufacturer 

specifications in accordance with 

VDE 0510. In addition, the water was 

pre-filtered with a Millipak 100 

(Millipore) filter with a pore size of 0.22 

µm before use. 

2.1 Description of the initial setup of 
the kettle according to the respective 
operating instructions  

Before carrying out the measurements, 

all kettles were pre-treated and cleaned 

according to the instructions in the 

respective operating instructions. The 

following steps were carried out for each 

kettle (Table 3). 

2.2 Description of experiment 

After cleaning the kettles in accordance 

with the instructions, each kettle was 

filled with particle-free water to 

approximately 70% of the maximum fill 

level (OK, Braun, Philips, CIATRONIC ca. 

1.25 l, Emerio: ca. 0.75 l) in order to 

prepare the test (in vitro) samples.  

Prior to each filling (referred to the 

amount of each fill level of the used 

kettles), 100 ml of water were taken of 

the kettle to get a blank sample.  

The water was boiled in a kettle and 

after a short cooling time another 

100 ml were taken from the water as a 

sample. The remaining water in the 

kettle was discarded. This procedure 

was repeated three times for each kettle 

so that a total of 6 samples were 

obtained for each kettle (3x blank, 

3x sample). Thus, a total of 30 samples 

were measured.  

2.3 Analytical determination of 
particle concentration by dynamic 
image analysis 

A dynamic image analysis system of the 

type FlowCam 8400 from Fluid Imaging 

Technologies was used to determine the 

particle numbers in the individual 

samples. This system is a combination of 

an optical microscope and a flow 

cytometer. An optical system coupled to 

a digital camera detects all particles in a 

defined sample volume that pass 

through a glass flow cell within a defined 

period of time (Figure 2). 

Up to 10,000 images per minute can be 

captured by the system, resulting in 

digital images of each detected particle 

and over more than 30 different 

parameters describing particle size and 

morphology. Furthermore, a statistical 

evaluation of the particle size 

distribution and the particle concen-

tration per milliliter is obtained (see 

Figure 3). The FlowCam 8400 can be 

equipped with four different objectives, 

allowing the analysis of particles in a 

size range between 1 and 1000 µm.  

A 10x lens and a flow cell with a defined 

width of 80 µm were used for the 

experiments. A sample volume of 1 ml of 

each sample was analyzed at a flow rate 

of 0.2 ml/minute, resulting in a 

measurement time of 5 minutes for each 

measurement. The flow cell was flushed 

with 2 ml particle-free water and 2 ml 

sample before each measurement. After 

the measurements, the samples were 

Tab. 1:  Overview of tested plastic kettles 

Manufacturer Model Capacity 

Emerio WK-108992 1 liter 

Philips HD4646 1.5 liters 

Braun Multiquick 3 1.7 liters 

OK. OWK 103-W 1.7 liters 

Tab. 1: Overview of tested glass kettle 

Manufacturer Model Capacity 

CIATRONIC WKS 3641 1.5 liters 

 

Tab. 3:  Description of the procedure for the first use of the kettle according to the 
operating instructions  

Manufacture Cleaning process / commissioning of the kettles 

Emerio 

 

The kettle was filled to the specified maximum with particle-free water. 

Three boiling processes were carried out without changing the water in 

between. The water was then disposed of. 

Philips 

 

The kettle was filled to the maximum with particle-free water. A boiling 

process was carried out. The water was then disposed of. 

Braun 

 

The kettle was filled to the maximum with particle-free water. Two 

boiling processes were carried out with. Between the two boiling 

processes, the water was exchanged and then disposed of. 

OK. 

 

The kettle was filled to the maximum with particle-free water. Three 

boiling processes were carried out without changing the water in 

between. The water was then disposed of. 

CIATRONIC The kettle was filled to the maximum with particle-free water. Three 

boiling processes were carried out with. Between the three boiling 

processes, the water was exchanged and then disposed of. 
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hermetically sealed and stored in a dark 

and refrigerated place. 

3 Results and Discussion  

The plastic-based kettle from OK. shows 

an increasing tendency towards particle 

emission with the number of cooking 

cycles. The other plastic-based kettles 

show fluctuating values. The measured 

data is summarized in Table 4 (annex).  

It is striking that the majority of the 

particles (P) are in the size range 

< 10 µm.  

The Emerio kettle has the lowest particle 

release among the plastic kettles with 

measured values between 3779 and 

10433 particles (P)/ml. The Braun kettle, 

which delivers between 12294 and 

16396 P/ml, achieves significantly 

higher values, followed by the Phillips 

kettle with 14610 - 20936 P/ml.  

The OK. kettle emitted only 5297 P/ml in 

the first run, but increased the output to 

the maximum value of 29194 P/ml in the 

following runs. With a total sample 

volume of 0.75-1.25 l, the total number 

of particles is alarmingly high. A 

minimum of 5 million particles in the 

Emerio kettle in the first boiling cycle 

and a maximum of 33 million particles in 

the OK. kettle in the third boiling cycle 

was oberserved. In comparison, the 

CIATRONIC water kettle made of glass 

and metal contains significantly lower 

particle numbers of 578 - 1351 P/ml. 

Additionally no change in the particle 

output over time could be observed. The 

differences between the glass kettle and 

the plastic kettles are shown in Figure 4. 

The measured blanks contain a 

maximum particle number of 304 P/ml, 

which shows a low level of external 

contamination of the samples. The 

purely optical particle detection does 

not allow the unambiguous 

identification of plastics or polymers. 

However, since the water in the plastic-

based water kettles came into contact 

exclusively with the kettle´s plastic, 

other plastic sources can be excluded 

and there is a high probability that these 

are plastic particles which are emitted by 

Fig. 2: Setup of the measuring apparatus for dynamic image analysis (Source: Fluid Imaging 
Technologies) 

Fig. 3: Illustration of measurement results with Visual Spreadsheet®. Only the largest 
particles were selected in the histogram on the left (marked in red). On the right side 
the images of these marked particles are displayed. (Source: Anasysta e.K.) 

Fig. 4: Number of particles emitted by the kettles in each cooking cycle. 

https://www.analytik-news.de/


www.analytik-news.de     Publication Date: 14.02.2019 

 

 

-4- 

the water kettles due to the thermal 

load.  

The results of the kettle test show a 

significantly higher particle generation 

rate after boiling the water in plastic-

based kettles compared to the glass 

kettle.  

In general, the resistance to degradation 

will depend on the chemical composition 

of the polymer. For example, polymers 

such as polyethylene (PE) and poly-

propylene (PP), such as used in the 

tested water heaters, are very 

susceptible to thermal degradation, 

even at room temperature, and can only 

withstand degradation when formulated 

with UV stabilizers and antioxidants 

[4,14,16,23]. The general mechanism of 

thermal-oxidative degradation of poly-

mers is known, and based on a typical 

three step radical reaction (Figure 5). 

4 Conclusion 

Based on the test (in vitro) results and 

the scientific findings on polymers and 

their behavior in contact with heat or 

under UV influence, as well as the 

knowledge that an estimated 90% of the 

microplastics ingested are excreted, the 

particle numbers can be used to 

estimate the effects on humans and the 

environment [10,13,28,34].  

The decisive factor for the transport in 

the mammal is the size of the particle. 

Microplastic particles < 150 µm can 

potentially be absorbed via the 

intestinal mucosa and enter the 

lymphatic system, particles < 110 µm 

can already enter the bloodstream via 

the portal vein and particles < 20 µm are 

distributed via the bloodstream and can 

reach the internal organs from there 

[28]. Particles < 100 nm can even be 

transported into the brain, the 

reproductive organs and via the 

placental barrier into a fetus . In general, 

the smaller the particles, the higher the 

probability that they will be absorbed 

into the organism [39]. The absorption 

probability is additionally determined by 

the hydrophobicity as well as the charge 

and functionalization of the particle 

surface. Low hydrophobicity and 

negative surface charge lead to a higher 

uptake. Furthermore, it is assumed that 

the deposition of biomolecules on the 

particle surface leads to the formation of 

a protein corona, which also strongly 

influences the uptake and transport 

behavior in the body [13,21,39]. 

In addition to the effects of absorption 

into the organism, it is important to 

assess the effect of microplastics that 

can bind, transport and release harmful 

substances such as DDT, dioxin or heavy 

metals into the body [1,35]. Also, most 

polymer blends contain harmful 

ingredients such as plasticizers or 

monomers, which have a direct effect on 

the organism, as these substances are 

usually classified as potentially 

dangerous and/or carcinogenic [3,27]. 

When these substances are embedded in 

the tissue, their release into the 

surrounding tissue can lead to a locally 

increased concentration and punctual 

damage [32]. The dangers of 

microplastics as foreign bodies in tissue 

include the formation of lesions and 

inflammations. Oxidative stress, 

necrosis and DNA damage can also be 

triggered [28]. In addition, neurological 

behavior disorders are possible [33]. 

In order to mitigate the formation and 

effects of microplastics on humans and 

the environment, a recycling concept 

developed at all levels (political, 

economic, scientific) and, above all, 

applicable to all humans, as well as an 

efficient removal strategy for water-

bearing systems and processes, in 

addition to a global avoidance strategy 

for disposable plastic products and the 

substitution of plastic articles in the area 

of daily use, are part of the current 

solution approaches [12,18,19]. 
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Fig. 5: Illustration of the mechanism of the degradation reaction by thermal decomposition 
or UV influence of polymer compounds (e.g. PE or PP) [8]. 
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Annex 

  

Table 4: Data collection of particle count and distribution per pass (number 1 – 3) 

Number of passes 

+50micron 

[ESD] P/ml 

+25micron 

[ESD] P/ml 

+10micron 

[ESD] P/ml 

+5micron 

[ESD] P/ml 

+2micron 

[ESD] P/ml 

+1micron 

[ESD] P/ml P/ml 

OK.               

1 4 16 116 420 2665 2214 5435 

2 0 1 34 153 4746 5262 10196 

3 7 9 115 379 13588 15096 29194 

OK. Blanks               

1 0 1 13 15 75 150 254 

2 0 0 1 18 94 145 258 

3 1 1 18 13 114 170 318 

Emerio               

1 1 1 34 106 1180 2456 3779 

2 0 0 23 73 4416 5920 10433 

3 1 10 45 122 2770 3658 6607 

Emerio Blanks               

1 0 0 6 15 104 110 235 

2 0 0 4 12 65 113 194 

3 0 0 0 4 85 214 304 

Braun               

1 0 9 46 167 4890 7599 12711 

2 0 9 51 178 3768 8288 12294 

3 1 1 43 217 6320 9812 16396 

Braun Blanks               

1 0 0 6 13 79 156 254 

2 0 0 0 7 56 101 164 

3 0 1 0 10 56 136 204 

Philips               

1 0 1 54 376 6665 7514 14610 

2 3 9 68 348 7827 12682 20936 

3 1 4 38 242 5031 9570 14888 

Philips Blanks               

1 0 1 6 10 79 126 223 

2 0 0 1 12 65 97 175 

3 1 1 4 4 75 175 261 

CIATRONIC               

1 0 3 16 78 552 683 1281 

2 0 1 16 97 490 747 1351 

3 0 1 16 34 245 282 578 

CIATRONIC Blanks               

5 0 0 3 6 126 139 274 

6 0 1 6 9 97 128 241 

7 0 0 4 12 63 85 164 
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