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Metal detectable plastics 
use in cleaning tools and utensils 
- does it reduce foreign body risk? 

BACKGROUND 
Foreign body contamination of foods can be a safety 
or quality issue, or both. Regardless, if a food is con
taminated by a foreign body, the repercussions for 
the food business can be expensive and damaging. 

Metal detection is a well established and effective 
method of reducing the risk of metal fragments in 
commercial food products. Control of plastic foreign 
bodies is more difficult. Metal detectable plastics 
have been developed with the intention that metal 
detectors can also be used for their detection but 
how detectable are these plastics?
 
In collaboration with Detectronic and Mettler Toledo, 
manufacturers of metal detection systems, and Zwick 
Roell, a materials testing group, Vikan have investigated 
the detectability of metal detectable plastics.

The investigations focussed on two key areas,
1) the detectability of different metal detectable 

plastics and 

2) the detectability, durability, functionality and clean
ability of metal detectable plastic brush bristles.

DETECTION TECHNOLOGY 
Many food manufacturers are unaware that the metal 
detectability of any metal containing foreign body will 
depend on a number of things, including the;
• vibrations (physical and electronic)
• metal content of the contaminant, both the 

quantity and type of metal 
• size of the metal containing contaminant
• orientation of the metal containing contaminant 
• food product – size, composition
• food packaging
• speed of the conveyor belt 
• detector used 
• detector calibration 

Each of these interfering factors has an effect on the 
detectability of the metal containing contaminant 
and the interferences are often cumulative and inde
pendently variable, as illustrated in Figure 1. 
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Figure 1. Factors affecting the metal detectable threshold Detection threshold
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Consequently, metal detection systems do not give 
a 100% security, even with regard to the detection 
of metal objects. Metal detection systems cannot 
detect nonmetallic items such as bone, glass, wood 
or plastic. 
 
The metal detectable plastics used in the construction 
of food industry standard cleaning equipment and 
utensils only contain a small percentage of metal 
detectable material. Consequently, metal detection 
systems only work if the fragments of this equipment 
are large enough to detect (given other detector 
limitations). 
 
Most manufactures of metal detection equipment 
will provide ‘calibration test pieces’, to check the 
function of the detector against ferrous (iron) and 
nonferrous metals. These are regularly used by food 
manufacturers to verify the performance of their metal 
detection systems. Some manufacturers of metal 
detectable plastic equipment also provide a test kit, 
that enables the food manufacturer to find out what 
size of metal detectable plastic can be detected by 
their detector/in their product. However, very few 
food manufacturers do this.

STUDY 1: 
THE DETECTABILITY OF 
METAL DETECTABLE PLASTICS
This investigation focussed on determining the 
detect ability of metal detectable plastics used in the 
production of food industry cleaning equipment and 
utensils, such as brush blocks, shovels, hand scoops, 
buckets, etc.

Method
A Detectronic metal detector (Model No.606250, 
Figure 2) was used to investigate the detectability 
of a range of metal detectable plastics, available as 
test kits from suppliers of metal detectable plastic 
equipment to the food industry. 

An example of a metal detectable plastic test kit is 
shown in Figure 3.
 

The detector was calibrated for optimal detection of a 
1.5 mm diameter ferrous (iron) metal test piece. These 
settings were then used to assess the detectability of 
each of the different sized pieces of metal detectable 
plastic in each supplier test kit. 

Results
The results of the investigation to assess the 
detectability of different metal detectable plastics are 
shown in Figure 4.

Figure 2. The Detectronic metal detector 
(Model No.606-250) 

Figure 3. Metal detectable plastic test kit
(Vikan)

Detectronic model no. 606-250
Speed: 20 meter/minute
Settings: Neutral product
Product compensation: 5
Aperture Width: 350 cm
Aperture Height: 250 cm
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Conclusions
The results show that, even without the additional inter
ferences of product and packaging, the detect ability of 
metal detectable plastics varies greatly. None of the 
samples from Supplier 2 were detectable and even 
the best detected metal detectable plastics (Vikan) 
needed to be over 7 times the size of the iron sample to 
generate a similar reading, i.e. an 11 mm round piece 
of metal detectable plastic was required to generate a 
similar detection signal to a 1.5 mm round piece of iron. 

The detectability of different  
metal detectable plastics - Discussion 
If the use of metal detectable plastic equipment is deemed 
necessary through risk assessment, the selection of 
equipment made of appro priately detectable materials is 
essential to mini mise the foreign body risk from this source.

As an alternative (and even in addition to the use of 
metal detectable plastic equipment) it is suggested 
that tools and utensils are regularly inspected and 
replaced, in order to minimise the risk of foreign body 
contamination from this source, and that equipment 

which is of a contrasting colour to the food product 
be used to enable the plastic fragments to be seen 
more easily in the product.

STUDY 2:  
THE DETECTABILITY, DURABILITY, FUNC
TIONALITY AND CLEANABILITY OF METAL 
DETECTABLE PLASTIC BRUSH BRISTLES
One source of foreign body contamination is food 
industry cleaning brushware, where the bristles can 
snap, be cut, or detach from the brush head and 
enter the food product. Recently, brushes with metal 
detectable plastic bristles have been marketed to the 
food industry as a way of detecting foreign bodies 
from this source, but do they work? The purpose 
of the second study was to investigate the metal 
detectability, durability, functionality and cleanability 
of metal detectable brush bristles.

Method - Detectability 
In collaboration with Mettler Toledo, food industry 
standard metal detectable bristles were investigated 
with regard to their detectability using a Profile 

Figure 4. 
Detector 
measurements 
in relation to test 
piece size and 
shape
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Advantage multifrequency Metal Detector, with and 
without the presence of a dry (packed granulated 
white sugar), and a wet (packed fresh chicken breast) 
food product, as shown in Figure 5.

Results - Detectability 
Table 1 shows the detectability of different sizes and 
lengths of metal detectable plastic brush bristles, 
when positioned in different orientations, with and 
without the presence of food.
 
Conclusion - Detectability 
Metal detectable plastic bristles were not detectable in the 
presence of food and packaging, as shown in Table 1.

Discussion – Detectability
Previous studies (Lock, 1990) have shown that to 
achieve a similar detection to that of a ferrous (iron) 
ball with a spherical diameter of 1.5 mm, metal 
wire lengths of between 3 mm and 9 mm would be 
required, as shown in Table 2.

Currently brushes with metal detectable plastic 
bristles are only available with bristle diameters of 
0.35 mm, 0.50 mm and 0.60 mm, i.e. much thinner 
than the metal wires assessed in Table 2. 

It can be concluded therefore that even longer lengths 
of metal detectable plastic bristles would be required 
to achieve the same level of detection. For example, 
using the data highlighted in Table 1, to achieve an 
equivalent detection to that of a 1.8 mm ferrous ball, a 
metal detectable bristle with a crosssectional diameter 
of 0.50 mm and a length of 50 mm would be required.

Transport Speed: 18 m/m, 
Aperture Size: 350 x 175 mm. 

Figure 5. A Profile Advantage multi-frequency 
Metal Detector (Mettler Toledo, Denmark)

Table 1: Metal detectable bristle detection with and without the presence of food

Bristle cross-sectional 
diameter (mm)

Bristle length (mm)
Bristle

orientation
No

food/packaging
Packed sugar (dry)

Packed chicken 
breast (wet)

0.35 100 | __ *1.8 N/D N/D

0.50 100 | __ *2.2 N/D N/D

0.60 100 | __ *2.5 N/D N/D

0.35 50 | __ N/D N/D N/D

0.50 50 | __ *1.8 N/D N/D

0.60 50 | __ *2.3 N/D N/D

N/D – Not Detected. 
*Minimum threshold for detection (equivalent to a ferrous sphere of the same diameter) 

Table 2: Lengths of metal wire required to obtain a similar 
level of metal detection to that of a 1.5 mm spherical 
diameter ferrous ball. (Lock, 1990)

Ferrous ball 
(spherical 
diameter) 

Pure steel paper 
clip (ferrous) 

0.95 mm 
cross-sectional 

diameter

Pure copper 
wire (nonferrous) 

0.91 mm 
cross-sectional 

diameter 

Pure stainless 
steel wire EN 58/
AISI 304L (part 

ferrous) 1.16 mm 
cross-sectional 

diameter 

1.5 mm 3 mm long 9 mm long 8 mm long
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Method - Durability
The durability (with regard to break strength and 
elasticity) of metal detectable plastic (polyester + 
metal detectable component) bristles was assessed 
and compared with that of standard plastic 
(polyester) bristles. Tests were performed by Zwick 
Roell, Germany, using a Zwicki 5kN bristle pull test 
apparatus, as shown in Figure 6.

Results - Durability 
Test data is presented in the following tables and 
graphs. Table 3 and Graph 1 show results for 0.35 
mm standard plastic (polyester) bristles. Table 4 and 
Graph 2 show results for 0.35 mm metal detectable 
plastic (polyester + metal detectable component) 
bristles.

Load Cell: 200N HP 
Extensometer: Crosshead 
Grips: Pneumatic Grips  8190 Newtons
Jaws Insert: Oxidceramics 
Clamping Pressure: 4 bar 
 
Pre-Load: 1 Newtons
Speed, Pre-load: 10 mm/min 
Test Speed: 20 mm/min 
Grip to Grip distance at start: 100 mm

Figure 6. Zwicki 5kN bristle break strength and elasticity 
assessment equipment (Zwick Roell, Germany)

      




















      




















Fmax: Bristle Break Strength 
dL at Fmax: Bristle Elongation (elasticity)

Fmax: Bristle Break Strength 
dL at Fmax: Bristle Elongation (elasticity)

Table 3: Test data from 0.35 mm standard plastic 
(polyester) bristles

Plastic
n = 10

Fmax
[N]

dL at Fmax
[mm]

x̄ 27.0 104.9

s 1.69 11.7

v} [%] 6.26 11.11

Table 4: Test data 0.35 mm metal detectable plastic 
(polyester + metal detectable component) bristles

Metal detectable
n = 10

Fmax
[N]

dL at Fmax
[mm]

x̄ 16.0 48.3

s 0.826 1.3

v} [%] 5.16 2.74

Graph 1 – Break strength (force) and elasticity of 0.35 mm 
standard plastic (polyester) bristles

Graph 2 – Break strength (force) and elasticity of 0.35 mm metal 
detectable plastic (polyester + metal detectable component) bristles
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Conclusions - Durability
Standard plastic (polyester) bristles were 68% 
stronger and more than twice as elastic as metal 
detectable plastic (polyester + metal detectable 
component) bristles.

Discussion – Durability 
The reduced strength and elasticity of metal detect
able plastic bristles may increase the risk of foreign 
bodies from this source.

Method - Functionality 
The ability of metal detectable plastic bristled brush
ware to clean a surface of a wet (tinned chopped 
tomatoes) and a dry (mix of milk powder and 
ground coffee) food soil, was compared with that 
of a standard plastic bristled brush, using a robotic 
cleaning rig (Vikan, Denmark), as shown in Figure 7.

Figure 7. Robotic cleaning rig (Vikan, Denmark)

Surfaces were prepared and cleaned in a standardised 
way to allow direct comparison of results.

Results - Functionality
Figures 8a and 8b show the results of surface cleaning 
by a metal detectable plastic bristled brush compared 
to that achieved by a standard plastic bristled brush. 
Soil type – mix of milk powder and ground coffee.

Figure 8a. Cleaning with metal detectable plastic bristled brush

Figure 8b. Cleaning with a plastic bristled brush

Conclusion - Functionality
Based on visual assessment, the metal detectable 
plastic bristled brush was no more effective at 
cleaning than the standard plastic bristled brush, as 
illustrated in Figures 8a & 8b.
 

Methods - Cleanability
• Surface roughness assessment 

The roughness of a surface can affect its clean
ability. European Hygienic Engineering Design 
Group (EHEDG) guidelines stipulate a surface 
roughness (Ra) for stainless steel of less than 0.8 
μm as being cleanable (EHEDG 2004 & 2005). 
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Metal detectable plastic bristles are rough to the 
touch, which could indicate that they might be 
difficult to clean. Consequently, Vikan undertook 
investigations to determine the cleanabilty of metal 
detectable plastic bristles compared to standard 
plastic bristles.

Surface roughness can be measured using a 
surface profilometer. Unfortunately, the small size 
and curvature of the bristles prohibited investigation 
by this method. Instead, bristle surfaces were 
inspected using a Nikon SM21500 microscope, 
fitted with an HP Plan Apo 1.6s WD24 lens and 
a standard CW20X/12.5 eye piece, to achieve a 
magnification of x192. 

• Conclusion
The results of these investigations showed that 
metal detectable plastic bristles have a much 
rougher surface than standard plastic bristles, as 
shown in Figures 9a and 9b.

• 

Cleanability assessment 
Consequently, further investigations were con
ducted to determine the cleanabilty of metal 
detect able plastic bristles using a soil type utilised 
by the UK Health Service to assess the cleanability 
of hos pital equipment.

Brownes Dehydrated Test Soil (Isopharm Limited) 
was applied to brushes with metal detectable and 
standard plastic bristles. Brushes were prepared 
and cleaned using a standardised method to allow 
direct comparison of results.
 
After cleaning the brush bristles were inspected 
again using the Nikon SM21500 microscope. 

• Conclusion
Based on visual assessment, the results of these 
investigations showed that metal detectable plastic 
bristles are harder to clean than standard plastic 
bristles, as illustrated in Figures 10a & 10b.

Figure 9a. Metal detectable 
bristle surface

Figure 9b. Plastic bristle 
surface

Figure 10a – Plastic bristles (160x magnification)

Figure 10b – Metal detectable plastic bristles (160x magnification)
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The detectability, durability, functionality and 
cleanability of metal detectable plastic brush 
bristles - Discussion
Based on the findings of these investigations it 
seems unlikely that metal detectable plastic bristles 
would be detectable in a food product, especially 
given previously mentioned detector and product 
accumulative variances, and that the plastic fragments 
are likely to be small. To detect these small fragments 
the metal detector sensitivity would need to be set so 
high that most products would be rejected. 

The use of metal detectable plastic bristled brushes 
may in fact increase the risk of bristle contamination 
of food, due to their reduced strength and elasticity, 
and a perception that any metal detectable bristles 
will be controlled via the metal detector.

Additionally, metal detectable plastic bristled 
brushware offers no advantage over plastic bristled 
brushes with regard to cleaning efficacy. Currently 
only relatively thick metal detectable plastic bristles 
are available, i.e., >0.35 mm diameter. However, fine 
bristled brushes are more effective at removing fine 
powders, including some allergens. Consequently, 

the use of thicker bristled brushes may result in poor 
cleaning efficacy and therefore, increase the risk to 
the business/consumer.

Comparison of metal detectable and standard plastic 
bristles with regard to cleanability showed the metal 
detectable bristles to be less cleanable, probably due 
to their rough surface finish. Residual soil on brush 
bristle is a source of contamination. Consequently, the 
materials of construction used to make food industry 
grade tools should be those that are easy to clean and 
thus minimised the risk of crosscontamination. This 
is also in line with EHEDG hygienic design guidance 
(EHEDG 2004 & 2005). 

As an alternative to the use of metal detectable plastic 
bristled brushware, it is suggested that standard 
plastic bristled brushes are used and regularly 
inspected and replaced, in order to minimise the risk 
of foreign body contamination from this source. It is 
also advisable to use brushes of a contrasting colour 
to the food product to enable the plastic bristles to be 
seen more easily. Additionally, the use of a brush that 
minimises bristle loss, through good construction, is 
recommended.
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OVERALL CONCLUSION
Metal detection systems do not give a 100% security, 
even with regard to the detection of metal objects.

Metal detectable plastics only contain a percentage 
of metallic material and consequently are significantly 
less detectable than metal. They may actually in
crease the risk of product contamination due to the 
perception that small fragments are readily detected 
by the metal detector. 

Ultimately, the decision on whether to use metal 
detectable plastic cleaning tools and utensils should 
be based on risk assessment.
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