
Non-Ionizing Radiation Awareness

Steve Hutchins

DIR 2013/35 EU: EM fields, 0Hz-300GHz
DIR 2006/25 EU: AOR, λ 1mm-100nm

n.b. λ 1mm= 300GHz

This is EU law, extra local rules may be applied too.
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Hazards due to effects on the body are: 

induced currents, heating, burns, cell damage, cancers…

Effects are dependent on type of tissue material concerned (arms, organs, 

eyes..)

Exposure time, intensity and wavelengths of radiation are critical factors.

There is no simple “safe level” for the whole spectrum, or for the whole 

body.

All CE standard equipment -when used as intended- will not present a 

hazard. 

But your non-standard experiments may need to be evaluated against 

the following limits and any local regulations.
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Static Magnetic Fields

Medical implants: Action level = 0.5mT

Magnetic objects may move independently : Action Level = 3mT 

(tools, piercings, scaffolding….) if source is >100mT

Action Level: the employer must identify and manage the risks

Magnetic field sign, floor marking, barriers…

Public Exposure limit :10mT

EFFECTS: Dizziness, nausea: Exposure Limit Value 2T (nominal body) 

and 8T for limbs in controlled working conditions.

ALARA applies (as low as reasonably achievable)
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Medical Implants

Active electrical circuits: 

heart, brain, medicines dosing, monitoring…

Static and RF fields may affect operation: 

access to these areas is excluded. (n.b. MRI scanners, airport security…)

These areas must be indicated if over 0.5mT!

Passive Implants: hip replacement, pins, clips.. Follow your medical advice.
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Low frequency Electro-Magnetic Fields

Induced voltages in the nervous system: Exposure Limits

Retinal effects and brain function: Exposure limits
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Low frequency Electro-Magnetic Fields

Action Levels for the external field:

Actions needed: to identify zone, provide training and information and 

record the risk assessment…
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Low frequency EM fields:

Sources: Power networks (50Hz and harmonics): areas would be enclosed and 

not accessible, 

from Switching power converters/UPS (100kHz +), normally in closed cabinets, 

not accessible.

Electric welding, induction heating: possible local exposure.

“home made” experimental equipment? You may be working inside the 

equipment, electrically isolated but exposed to the fields and completely ignoring 

EC directives on EMC…

Sparks and heating are ignition sources: beware of flammable gasses and 

solvents.

Induction effects, but also shielding is possible..
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Low frequency Electro-Magnetic Fields

Action Levels for Contact current:

For all Low frequency E-M Fields:

Indirect effects: interference, electric shocks, sparks

Sensory effects: Nausea, vertigo, metallic taste in mouth, tingling

Contact currents: (metal object not grounded) shock or burns

Shielding is possible: Faraday Cage, best at source.
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Do not do this at home….
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…but Do try 

this….
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RF Electro-Magnetic Fields

Heating effects in tissue

Above 6GHz the RF power is absorbed near the surface, so incident power 

density is used to define the limits.
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Radio Frequency  EM waves:

Sources:

Telecoms transmitters: not accessible, restricted access. 

WiFi: very low level. 

Mobile phone: exceeds low action level, consider not using 24/7.

“home made” experimental equipment? Have it checked.

RF connections (waveguide or coax) may have leaks if incorrectly 

assembled, RF leakage detectors are commercially available.
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From 300GHz we consider the radiation as infra red heat, absorbed near the 

surface.

Exposure Limit Value = 100W/m2 for exposure over 1000s (corneal burns etc.) 

and

20000 t0.25 J/m2 for skin burns (exposures less than 10 seconds)

The average human body is an Infra red emitter of about 100W. 

Burns would penetrate beneath the skin.
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Optical Hazards
Light can harm your eyes and skin: i.e. sunlight and bright sources
Laser beams do not follow the 1/r2 law : hazard over long distances
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Optical Hazard depends on
Wavelength, pulse duration
And energy.

We calculate the energy density
and apply EN207 standards to
find the safety glasses for eye
protection.

We calculate the maximum 
energy density for skin
exposure too. This may give a
safe working distance even when 
glasses are used.

Class 2 lasers will damage the retina if stared into.
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Lasers are classified and controlled by their risk level

Class 1: no hazard

Class 2: blink reflex 0.25 sec visible light only (a bit dodgy) 

Class 3: training recommended, interlocks and safe area working

Class 4: training essential, risk assessment, interlocked laser area…

The classification follows the biological hazard level, 

Class 4 : any laser exceeding 0.5W CW which is an ignition 

and diffuse reflection hazard.



Code:
720-725 DM LB5
Wavelength in nm,
DM= CW and short pulses
LB5= EN207 coding OD5

Use only if CE marked
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Non-Laser Light Sources
These sources may also cause harm to eyes and skin, there are 15 
different limit curves depending on the type of damage, wave length 
and exposure time.

Seek advice! There will always be a safety responsible where you are 
working. EC marking = ok   (DIR 2006/25 EU)
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Ionizing, Photo-chemical and photo-sensitive effects.

“Ionising” is usually considered to be UV λ shorter than 380nm, where skin 

cancer becomes a risk.

But visible light can excite biological cells which can cause skin reactions and 

sensitivities. Chemicals, some medicines and plants can all cause heightened 

photo-sensitivity to eyes and skin. 
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Sound hazards.

Ultra- and Infra- sound: sonic waves beyond our hearing range

Can cause nausea, headaches and physical injury.

May be caused by machinery or air or water cooling systems where a 

“resonant cavity” has been created, amplifying any turbulence noise. 

Infra sound may be sensed as a vibration, an ultrasound vibrating surface is 

painful to touch. 

These can both be measured if in doubt.

Also pulsed electrical equipment: high power acoustic shock, but “low” 

average noise. 



Free information is available from the EU in all EU languages:

https://publications.europa.eu

Non-binding guide to good practice for implementing Directive 2013/35/EU 
Electromagnetic Fields Volume 1, Practical guide pp214

Non-binding guide to good practice for implementing Directive 2006/25/EC 
"artificial optical radiation" 
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https://publications.europa.eu/
https://publications.europa.eu/en/publication-detail/-/publication/c6440d35-8775-11e5-b8b7-01aa75ed71a1/language-en/format-PDF/source-66569759
https://publications.europa.eu/en/publication-detail/-/publication/556b55ab-5d1a-4119-8c5a-5be4fd845b68/language-en/format-PDF/source-66699616
https://publications.europa.eu/en/publication-detail/-/publication/556b55ab-5d1a-4119-8c5a-5be4fd845b68/language-en/format-PDF/source-66699616


RECAP:
NIR covers a huge spectrum 

Can cause a wide variety of health effects
Standard EC marked equipment is safe

Follow operating instructions
The action levels are conservative

Home-made equipment: seek to achieve EC standards.
You are responsible for others

Thank you
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