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With increasingly stricter food safety standards and higher quality expectations from consumers, X-ray 
systems have become an invaluable inspection tool for food manufacturers. 

The complexity of the supply chain has multiplied the risks of foreign object contamination, whether it’s 
from ingredients or happens during the production process. Foreign objects can be of different materials, 
not only metals, and implementing a metal detector that is not capable of detecting these different 
materials is no longer enough to mitigate the risks. 

However, many companies still have concerns about the use of X-ray in their food production process. 
The initial questions are: Is it safe for operators? Do X-rays affect food? What regulations do I need to 
comply with? 

The purpose of this e-book is to provide an answer to all these concerns and explain why food X-ray 
inspection is safe both for the production personnel and the food products being inspected, and why 
working with the right partner can help food producers maximize their X-ray system’s performance and 
safety, while also navigating through local regulations. 

ABSTRACT



3

CONTENTS

Abstract ............................................................................................................................... 2
Contents .............................................................................................................................. 3
1 The Importance of X-ray Inspection in Food Production .................................... 4
 1.1 Foreign Object Contaminations Do Happen ............................................................ 4
 1.2 How X-ray System Works ................................................................................................ 4
 1.3 Why Metal Detectors Alone Are Not Enough in Food Inspection ................. 5
2 X-rays and Radiation ................................................................................................ 6
 2.1 Understanding Radiation................................................................................................... 6
 2.2 Measuring Radiation Exposure ...................................................................................... 7
3 Why X-rays Are Safe for Products and Operators ............................................... 8
 3.1 Food X-ray Systems Are Built with Safety in Mind .............................................. 8
 3.2 Is Food X-ray Inspection Safe for Operators? ...................................................... 10
 3.3  Do X-rays Affect Food? ................................................................................................... 11
 3.4  Making X-rays Even Safer .............................................................................................. 12
4 Conclusions ..............................................................................................................13
 Sources .....................................................................................................................14



4

In this chapter we will put X-ray systems into 
the context of food production, looking at how 
they work and why they are so important in 
preventing product recalls.

1.1 FOREIGN OBJECT 
CONTAMINATIONS DO HAPPEN
Product recalls due to foreign object 
contaminations are less frequent than those 
due to foodborne pathogens like Salmonella, but 
that does not make them less damaging for food 
producers.

One reason for these contaminations is the wide 
range of foreign materials that can end up in food 
products. According to the EU’s RASFF portal[1] 
(the Rapid Alert System for Food and Feed), 
in 2020 there were 137 notifications related 
to foreign object contaminations. 96% were 

categorized as serious and 70% were caused by 
either glass, metal or plastic, although the list 
also includes rubber, stones and insects.

The other reason is that, unlike pathogens, there 
is no kill step for foreign objects. However, X-ray 
systems can work as Critical Control Points that 
effectively remove contaminated food from 
production flow and mitigate the risk of product 
recalls.

1.2 HOW X-RAY SYSTEM WORKS
An X-ray system for food inspection is 
composed of an X-ray generator and a detector. 
When the generator is turned on, it creates 
electromagnetic radiation which is filtered by a 
collimator allowing only a controlled and limited 
X-ray beam to travel to the detector located 
opposite to it. 

1. THE IMPORTANCE OF X-RAY 
INSPECTION IN FOOD PRODUCTION

X-ray systems work as Critical 
Control Points that eliminate foreign 

objects from food production flow.
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Whenever a food item passes through the X-ray 
beam, it will absorb part of the X-ray energy. The 
amount of X-rays that penetrate the food item 
is proportional to the density. The difference in 
density is then captured by the detector and 
transformed into a greyscale image by a specific 
software. If the food is contaminated by a foreign 
object, the system will detect its different density 
and remove the product from the production 
flow through an automatic rejection system.

A common misconception about food X-ray 
systems is related to generators, sometimes 
called ‘source’. That can create the idea that 
they emit X-rays all the time (very much like 
radioactive material), even if malfunctioning 
or not in use. When in fact, the generators are 
powered by electricity and will not emit any 
X-rays when turned off. 

1.3 WHY METAL DETECTORS 
ALONE ARE NOT ENOUGH IN FOOD 
INSPECTION
Metal detectors can easily detect ferrous 
and non-ferrous metals but have limitations 

concerning stainless steel which is commonly 
used in food production environment. They are 
also ineffective with non-metallic contaminants 
and more sensitive to changes in production 
environment and product effect, such as high 
moisture, salt content, and metalized packaging 
materials. For all these reasons, they are an 
incomplete inspection method for food and 
beverage applications.

By contrast, X-ray systems will detect not only 
metallic objects but also other types of materials, 
such as glass fragments or stones mixed with 
produce, or pieces of rubber from a conveyor 
belt, as they are denser than the food they are 
contaminating. The X-ray system is not affected 
by the product’s moisture or salt levels, and it 
can inspect food inside metalized packaging. 
This is why X-ray systems are a good choice to 
complement or even replace metal detectors on 
food packaging lines.

X-ray detection rates for foreign materials depend on their 
properties, such as density.
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2. X-RAYS AND RADIATION

In order to understand why X-ray systems are 
safe to use, it is important to have a basic idea 
about what radiation is and when it can be 
dangerous. In this chapter, we will also explain 
how most radiation we are exposed to comes 
from natural sources, rather than man-made 
equipment.

2.1 UNDERSTANDING RADIATION
Essentially, radiation is energy transmitted in 
form of waves or subatomic particles. Depending 
on the amount of energy, it can be ionizing or 
non-ionizing.

Ionizing radiation has high frequency and short 
wavelength, and sufficient energy to break the 
chemical bonds of the atoms and molecules 
they come in contact with. For this reason, 
ionizing radiation is potentially harmful to living 
organisms. 

By contrast, non-ionizing radiation does not 
have sufficient energy to interfere with chemical 
bonds and is considered safer, although in 
some cases it can still have thermal effects on 
molecules. Examples of non-ionizing radiation 
are UVAs, visible light, microwaves from phones 
and microwave ovens.

X-rays are a type of ionizing radiation and that, 
of course, is the reason for the safety concerns 
about them. However, as one basic principle of 
toxicology says, it is the dose that makes the 
poison. In other words, ionizing radiation can be 
potentially harmful, but in practice only above 
certain dose limits. 

In fact, we are exposed to different types of 
ionizing radiation from various sources every 
day, such as:

• The sun and other stars: although, most 
harmful cosmic radiation is blocked by 
the Earth’s atmosphere, some still filters 
through

• Radon: a radioactive gas emanating from the 
ground, which is the single biggest source of 
natural radiation

• Man-made devices for medical and industrial 
applications  

• Water, air, and food, especially potassium-
rich food like bananas

According to a European study[2], natural radiation 
is the main contributor to the worldwide average 
total dose of radiation we receive, with almost 
43% coming from radon. Less than 15% is man-
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made, 98% of which comes from medical use, 
such as diagnostics and therapy. X-rays from 
industrial use are therefore responsible for a very 
small part of the overall background exposure.

2.2 MEASURING RADIATION 
EXPOSURE
Considering their potentially harmful effect, 
the amount of radiation the general population 
is exposed to is under constant scrutiny from 
public health authorities and researchers.

There are different units of measurements 
for ionizing radiation. When it comes to X-ray 
systems, the most used one is the sievert (Sv), 
which measures the effects that radiation dose 
has on the human body and health. In the US, 
the most common unit is roentgen equivalent 
man (rem).

For very low levels of radiation, the following 
units are commonly used: the millisievert (mSv), 
which is one thousandth of a sievert, and the 
microsievert (μSv) which is one thousandth part 
of millisievert. In the US, the corresponding unit 
is millirem (mrem).

1 Sv = 1 000 mSv = 100 rem
1 mSv = 1 000 μSv = 100 mrem
1 μSv = 0.001 mSv = 0.1 mrem

These units are very important 
in order to put X-rays in the right 
context and better understand 
their safety.

DID YOU 
KNOW?
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3. WHY X-RAYS ARE SAFE FOR 
PRODUCTS AND OPERATORS

The single most important reason why X-ray 
systems are safe in food inspection is that the 
amount of radiation they emit is very low and 
much below the levels of natural background 
radiation. In this chapter we will look at this from 
different aspects.

3.1 FOOD X-RAY SYSTEMS ARE 
BUILT WITH SAFETY IN MIND
X-ray systems come with different layers of 
safety and protection. The first one comes from 
regulations that require high manufacturing 
standards and rigorous testing.

As limits and standards may be slightly different 
depending on the country, a global manufacturer 
like Mekitec will use the strictest ones as a 
reference for all its systems, in order to build a 
product that can be used under any regulations 
in all markets.

These regulations ensure that X-ray systems are 
fully equipped to minimize the risk of exposure. 
A notable difference between X-ray operators in 
medical industry and those in the food industry 
is that the latter do not need any protection 
when operating the system or when standing in 

The amount of radiation that 
food X-ray inspection systems 
emit is much below the levels of 
natural background radiation.
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its close proximity. That is because the radiation 
is fully contained by the food X-ray inspection 
system. The system cabinet is made of stainless 
steel and includes several sets of lead curtains 
inside the system, as well as at the entry and exit 
points. Lead and steel are very dense materials 
capable of absorbing X-rays and stopping any 
leaks.

For example, in Mekitec X-ray systems the 
radiation inside the system, right beside the 
beam would be between 1 000 and 3 000 μSv/h, 
which is blocked by several sets of lead curtains, 
leaving the total radiation outside the system 
cabinet at less than 1 μSv/h, usually about 
0.1μSv/h.

This amount is significantly lower than what 
people are exposed to during everyday activities. 
Here are a few examples. 

Natural sources. For example, in Europe, the 
average amount of background radiation is 3 
200 μSv per year[3]. That is much more than the 
total yearly exposure of a food manufacturing 
operator working in close proximity to an X-ray 
system.

Flying. Exposure during a 3-hour plane flight is 
10 μSv[4], while for a longer, transatlantic flight 
that would amount to 80 μSv[5].

Medical. Average exposure due to a dental X-ray 
is 5 μSv, while for a chest X-ray it is 14 μSv[6]. With 
Computed Tomography (CT), exposure tends to 
be even higher. For a CT at the abdomen and 
pelvis, for example, the average radiation dose 
would be 10 000 μSv[7], which greatly exceeds 
any radiation levels of food X-ray inspection 
systems.

In the MEKI X-ray inspection system, the 
radiation is contained within the system 
by stainless steel cabinet and lead 
curtains.
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3.2 IS FOOD X-RAY INSPECTION 
SAFE FOR OPERATORS?
Food X-ray inspection is safe for operators and 
other production personnel. On average, the 
measured amount of radiation is around 0.1 
μSv per hour on any of the system’s surfaces, 
meaning there’s no difference to the natural 
background radiation we receive every day. The 
same applies for the entry and exit openings 

of the system when there is no production 
flow, and even with high production flows, the 
difference is minor.

When comparing the theoretical dose that an 
operator would be exposed to during an entire 
year, assuming they would have a part of their 
body placed right at the entry or exit point of the 
food X-ray system, it would still be far less than 

In comparison to other ionizing radiation sources, 
food X-ray inspection ranks low in the charts.
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the occupational limits set in place by health 
authorities: 50 000 μSv per year in the U.S.[8], 
and 20 000 μSv per year in the EU[9].

But in reality, operators do not stand at the 
openings but rather at the control panel where 
there is no radiation exposure, thanks to the 
stainless-steel cabinet and shielding that block 
X-rays very efficiently. Also, thanks to the high 
level of automation of modern food X-ray 
systems, operators are not required to stand by 
or near the system practically at all. 

To further protect the operators, modern X-ray 
systems are equipped with safety sensors and 
automatic switches. These will shut down the 
generator whenever a cabinet hatch or door is 
opened, a body part is placed in the system while 
operating, or in case of a malfunction.

3.3 DO X-RAYS AFFECT FOOD?
The amount of radiation generated by the X-ray 
systems is too low to affect food, whether it is 
fresh and organic, processed and shelf-stable, or 
high-value nutraceuticals. 

For example, when food in luggage is scanned 
with X-rays during airport security checks, it is 
not affected in any way. This holds even more 
true with food inspection X-ray systems, which 
use much less power than the airport scanners.

When X-ray penetrates foodstuff, it interacts 
with its molecules and dissipates quite rapidly. 
This happens in two ways. One is called 
photoelectric effect. The X-ray photons emitted 
by the X-ray tube are attenuated to the food and 
only part of the photons pass through the food 
item.

To further increase the safety of food X-ray inspection, 
the systems can be equipped with safety sensors.
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The other form of interaction is called Compton 
scattering. As X-rays interact with food 
molecules, they change direction and ‘bounce’ 
(i.e. scatter) around, eventually losing their 
energy and disappearing completely. 

As a result, by the time the food comes out of 
the tunnel, most, if not all of the energy has 
dissipated.

3.4 MAKING X-RAYS EVEN SAFER
In addition to these safety measures, X-rays 
can be made even safer by following a few best 
practices.

Regulations. Regulations around X-ray systems 
establish rigid standards for workers protection 
but may be difficult to know (and comply with) in 
detail. Laws tend to be specific to each region or 
country. When investing in an X-ray system, it is 

therefore important to work with a manufacturer 
that operates through a network of local resellers 
that can help food producers with all the necessary 
authorizations and staff training. 

Proper usage. It is important to follow the 
equipment manufacturer’s instructions on how 
to operate the system properly, conduct regular 
maintenance, and make sure that only authorized 
personnel may remove any components. 

Radiation Safety Officer. In some countries, 
companies are required to designate a Radiation 
Safety Officer (RSO) who can be someone 
internal or external to the company. The RSO is 
responsible for ensuring that all X-ray operators 
receive appropriate training, the necessary 
paperwork is in place, and maintenance is 
regularly conducted. It is good practice to 
designate a RSO even when not legally required. 

Mekitec’s X-ray inspection systems comply 
with the strictest radiation safety standards.
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X-ray systems are an invaluable tool to ensure 
product safety and prevent recalls and are 
completely safe to use for both operators and 
food products. 

Additionally, manufacturers of X-ray systems are 
working to make them even safer by reducing 
the need of manual intervention, using sensors 
to monitor the correct functioning of the system, 
and lowering the amount of radiation required to 
achieve the same efficiency.

4. CONCLUSIONS

Conducting regular maintenance 
ensures that the X-ray systems 

operate safely at all times.
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Mekitec Group
Mekitec is a global manufacturer of innovative quality  

control systems based on X-ray technology for the food industry.  
We are committed to ensure safe food by providing inspection systems  

with the best value in the industry.

Our MEKI™ X-ray systems are a part of the food production line 
guaranteeing the quality by detecting and removing food products 

that contain unwanted foreign objects or other defects by using 
the latest X-ray imaging and processing technology, 

resulting in 100% food quality control.

For more information, visit our website at
www.mekitec.com


