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Non-Ionising Radiations Policy (Excluding Lasers)
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1.
POLICY
It is the intention of Loughborough University to ensure that staff, students and visitors are protected from the potentially harmful effects of Non-Ionising Radiation. (Laser safety is discussed separately) At present there are no specific regulations governing the use of non-ionising radiation. The general duties in the Health and Safety at work Act 1974 and the requirements of the Management of Health and Safety at Work Regulations 1999   do apply, and require among other things, that risk assessments are carried out and appropriate measures to control exposure are put in place. It is University policy to promote an attitude of awareness towards any source/potential source of  such radiation.

The Control of Artificial Optical Radiation at Work Regulations which will come into force in April 2010 will place a duty on employers to protect the eyes and skin of  workers potentially exposed to the effects of hazardous light sources.
This policy does not cover natural occurring NIR eg sunlight

2.
PROCEDURES / GUIDANCE
2.1
Responsibility 
Loughborough University is responsible for ensuring that:
 A safe environment is maintained for staff, students, and visitors. This requirement will be achieved by the information, instruction and training of people on the safe use of equipment emitting Non-Ionising Radiation. (This relates especially to the use of UV emitting equipment in laboratories.).

The University will ensure that appropriate risk assessments are prepared and maintained in respect of all procedures in which Non-Ionising Radiation is used and that suitable Personal Protective Equipment is provided for all users of Non-Ionising Radiation, as deemed appropriate by the Risk Assessment process.

The University will ensure that information on safety issues relating to non-ionising radiation is available from the Health Safety and Environment Office
2.2 Responsibility of the Head of Department
It is a formal requirement of the University that all Departments have designated Safety Officers and it is the responsibility of the Head of Department to appoint an appropriate person in this capacity. It is recommended that the Departmental Safety Officer be the most appropriate person to advise on the day to day use of equipment emitting non-ionising radiation and to ensure that appropriate risk assessments are carried out.
2.3     Responsibility of the Health, Safety and Environment office. 

· Provide guidance for safe use where necessary.

· Participate in any accident investigations involving Non-Ionising Radiation.

· Inform Departmental Safety Officers of any changes to the existing legislation.

· To arrange health surveillance and medical examinations where required.

3.
DEFINITIONS
Non-Ionising Radiation:(NIR) is defined as electromagnetic radiation with insufficient energy to produce ion pairs in biological matter. For the purpose of this document, this encompasses wavelengths from >0m in the radiofrequency region to 400nm in the UV region. The health hazards of NIR are very wave length dependant. 

Artificial Optical Radiation: any electromagnetic radiation in the wavelength range between 100 nm and 1 mm which is emitted by non natural sources
4.
FURTHER READING

· Health and Safety at Work Act, 1974;

· International Commission Non-Ionising Radiation Protection (ICNIRP) guidelines;

· National Radiological Protection Board (NRPB) guidelines;

· International Commission on Non-Ionising Radiation Protection/ International Radiation Protection Association (IRPA/INIRC) guidelines;

· World Health Organisation (WHO) guidelines;

· 18th Directive 2004/40/EC of the European Parliament and of the Council;
APPENDIX A

  Guidance for the management of work with non-ionising radiations
(i) Occupational exposures to NIR must be kept as low as reasonably practicable 

(ii) Risk assessments for the use of an emitter of non-ionising radiation must be prepared. They must be made by a competent person, be suitable and sufficient, reviewed as necessary and recorded.

(iii) Subject to risk assessments it may be necessary to develop safety instructions and train personnel. These safety instructions must be implemented and training provided.

(iv) Technical protective measures such as engineering controls should be applied to the source of NIR where practicable.

(v) Operational protective measures such as administrative controls must be implemented as appropriate for the emitter.

(vi) Controlled, restricted or forbidden areas near emitters must be well designated and controlled.

(vii) Requirement for health surveillance if there is a risk of health effects to the skin or eyes of employees as a result of exposure

If control of exposure cannot be achieved by any other means appropriate personal protective equipment must be worn. 

A guide on working with sources of non-ionising radiation is listed as Appendix B
APPENDIX B

Guidance on Working with Non Ionising Radiation

In contrast to ionising radiation, which can cause damage to materials by dislodging electrons from atoms and molecules, electromagnetic radiation of longer wavelengths is intrinsically less energetic and does not cause ionisation. It usually interacts with human tissue primarily by generating heat but, with ultraviolet, photochemical effects are important.
Non-ionising radiation (NIR) pervades the entire environment but, apart from the narrow band of visible light radiation, it is not sensed by the body until its intensity becomes so great that it is felt as heat. Differences in wavelength are particularly important in determining the hazard as they will affect the ability of the radiation to penetrate into the human body and also determine the critical absorption sites.

TYPE RADIATION                     WAVELENGTH RANGE

Ionising COSMIC RAYS                     < 10-4 nm

GAMMA RAYS                                      10-4 to 100 nm

X-RAYS                                                 10-4 to 100 nm

Non-Ionising ULTRAVIOLET                 100 to 400 nm

VISIBLE                                                 400 to 780 nm

INFRARED                                             0.78 to 1000 Am

MICROWAVES                                      1 to 1000 mm

RADIOFREQUENCY                             1 to 3000 m

The non-ionising part of the spectrum includes optical radiation and electromagnetic fields and is divided into five regions, ultraviolet, visible, infrared, microwave and radiofrequency. For convenience, NIR is also generally taken to include sound and ultrasound. 

Many sources around the University will emit trivial amounts of radiation but care must be taken to identify those which are capable of producing significant and potentially hazardous quantities and then to set up the appropriate protective measures.  In each department the Departmental Safety Officer should be aware of the presence of any significant source of NIR.  In cases of difficulty the advice of the Health & Safety Office should be sought.

A)   Ultraviolet Radiation:

Equipment emitting ultraviolet radiation is in fairly widespread use in scientific, engineering and design areas. It is used deliberately for a variety of purposes, such as for killing bacteria, for producing fluorescence and for curing inks and resins. It is also produced as a by-product by arc lamps and during arc welding. 
UV radiation extends from the blue end of the visible spectrum to the X-ray region and is divided into three distinct bands with different properties of penetration and potential for damage.
1. UV-A:          400 - 315 nm

2. UV-B:          315 - 280 nm

3. UV-C:          280 - 100 nm

Short wavelength radiation is strongly absorbed in the air and, consequently, hazards to health arise from sources emitting radiation with wavelengths longer than 200 nm.

Biological Effects:

The biological effects of UV radiation depend on the wavelengths concerned.  Since the radiation has such low penetrating power, the effects are confined mainly to the eyes and the skin.
1) Effects on the Skin:
Two types of effect are felt by the skin. They can be acute effects which appear within a few hours of exposure or chronic effects which are long lasting and cumulative and may not appear for years.  Acute effects of ultraviolet are similar to sunburn and are caused mainly by radiation of wavelength shorter than 315 nm. The redness produced is called erythema and its severity will depend on the duration and intensity of exposure and the skin pigmentation of the individual.

Chronic effects, also due to wavelengths below 315 nm, could appear after repeated exposures and include accelerated skin ageing and skin cancer.  Although there is much evidence for skin cancer due to solar UV radiation, no occupational effects due to artificial sources have been observed.
2) Effects on the Eyes:
The main effects on the eyes are due to exposure to UV-B and UV-C, namely conjunctivitis and photokeratitis.  In conjunctivitis the membranes lining the insides of the eyelids and covering the cornea become inflamed resulting in discomfort as if there was grit in the eyes and also an aversion to bright light.  Photokeratitis is due to inflammation of the cornea and can cause severe

pain. The severity of these conditions depends on the duration, intensity and wavelength of the exposure, the effect being a maximum at a wavelength of 270 nm. The symptoms may appear in 6 to 12 hours after exposure and subside after 24 to 36 hours with no permanent damage. The absorption of UV-A radiation in the lens of the eye is thought to produce progressive yellowing with time and may contribute to the formation of cataracts, causing partial or complete loss of transparency.
3) Other Hazards:
UV radiation below about 250 nm can dissociate oxygen in the air to form ozone (threshold limit 0.1 part per million). Attention may therefore have to be given to room ventilation.  UV lamps often operate at pressures below or above atmospheric and may produce a risk of explosion particularly during lamp replacement or maintenance work
4)   
Protection Against Overexposure:

Where sources are powerful enough to be a hazard, protection against overexposure may be achieved by a combination of administrative control measures, engineering control measures and personal protection. Emphasis should always be placed on administrative and engineering control measures to minimise the need for personal protection.  Engineering control measures can take the form of enclosures, screens or filters used to contain the radiation or devices such as interlocks to allow safe temporary access to a hazardous area. Reflective surfaces should be avoided and surfaces painted in a dark, matt colour.  Administrative controls consist of warning signs, limitation of access and exposure time and the provision of information on the nature of the hazard and the precautions to be taken.  In each department therefore some responsible person, should identify any source which is potentially hazardous. In consultation with the users and with the Health & Safety Office a risk assessment should be carried out to decide what measures are necessary to limit access to the source and to make personnel aware of its presence. It might be necessary to install warning signs and lights and to limit exposure time or to erect screens and to install interlocks.  When these steps have been taken it should be decided, with the help of measurements if necessary, whether it is necessary to provide protection for the face, eyes or skin.
5)  
Recommended Maximum Permissible Exposure Levels:
Wavelength range: 400 - 315 nm

Total irradiance on unprotected eyes and skin for periods of greater than 1000 seconds should not exceed 10 Wm-2.

Total radiant exposure on unprotected eyes and skin for periods of less than 1000 seconds should not exceed 104 Jm-2.

Wavelength range: 315 - 200 nm

The radiant exposure on unprotected eyes and skin within any 8 hour period is limited to values which depend on the wavelength of the radiation. For a broad band source the effective irradiance should be measured or calculated and the maximum permissible exposure determined.

Effective Irradiance (Wm-2)
( the radiant power incident per unit area upon a surface expressed in watts per square metre Wm-2 )
Maximum Permissible Exposure in an 8 hour period

(Wm-2)
0.001 ---- 8 hours

0.008 ---- 1 hour

0.05   ---- 10 minutes

0.5     ---- 1 minute

3        ---- 10 seconds

30      ---- 1 second

300    ---- 0.1 second

.

B)   Visible and Infrared Radiations:

In contrast to ultraviolet radiation, whose biological effects are mainly photochemical, infrared radiation produces thermal effects. The visible region is a transition region in which both effects operate. Significant thermal loads on the human body, especially when irradiation is not confined to one side of the body and occurs with a high ambient air temperature, can lead to heat-stress conditions.

The main sources of hazardous quantities of visible and infrared radiation likely to be encountered are welding arcs, glass working, industrial heat sources and some optical and photobiology sources.  Such sources may require the use of protective goggles or shields but the

general rule should be to arrange working procedures to reduce or avoid the need for persons to be exposed. If protection is then required a safe scheme of work must be established with the advice of the Health & Safety Office.

C)   Sound and Ultrasound:

Sound is a fundamental part of everyday life. Excessive sound, however, can be unpleasant and disturbing and noise exposure is known to result in progressive deafness which is additive to normal age-related hearing loss.  Noise at Work Regulations lay down maximum permissible exposure levels during the working day. Environmental Legislation may have some impact on nuisance noise.  Some high powered ultrasonic equipment such as that used in specialised

cleaning procedures can be a hazard if not used properly and particularly if the hands are immersed in the cleaning fluid.

D)   Microwave and Radiofrequency Radiations:

These radiations cover the range of electromagnetic fields from 300 kHz to 300 GHz. The natural levels of these fields in the environment are very low.  The divisions between microwave and radiofrequency are usually taken tobe:-
Radiofrequency (RF):           300 kHz to 300 MHz

Microwave (MW):                 300 MHz to 300 GHz
Sources may be encountered in applications such as broadcast and telecommunications, radar, laboratory heating and in medicine, and all are capable of causing personal exposure in excess of naturally occurring levels.  Such sources range from low power devices with total output power of a few milliwatts to powerful tracking radar capable of generating main beam power densities of the order of kilowatts per square metre. Whether or not a source creates a significant hazard depends not only on the power it can generate but also on the potential for exposure.

Biological Effects of MW or RF radiation:

Many possible biological effects of electromagnetic fields have been postulated but it is generally accepted that the most significant effects are thermal. When MW or RF radiation is absorbed by the body, heat is generated. Normally the blood vessels will dilate to allow the excess heat to

be removed by blood flow. The main risk is therefore to parts of the body with poor blood supply, such as the lens of the eye, but no evidence has been found that chronic exposure to low level MW or RF radiation induces cataract.  Exposure of the head to pulsed radiation such as radar can produce an audible sound such as a chirp or a buzz in some individuals although this is

not considered to be harmful.  Fields at frequencies below a few MHz may interact with the body through electrical charges induced on ungrounded or poorly grounded metallic objects such as vehicles, wires or fences. When a person comes in contact with such an object a current can pass to ground through the body. The current depends on the total charge which in turn depends on the frequency and field strength as well as the geometry and capacitance of the object and the person’s impedance to ground.  Burns can occur when the RF current entering the body through contact between a small area of the body, such as a finger, and an electrically charged object exceeds 200 milliamps.

Occupational Exposure Standards:

This is a confused area because of the wide range of frequencies and risks.  The Health Protection Agency has made specific recommendations for various situations and the appropriate reference should be consulted for precise figures.  At frequencies above about 50 MHz, where the predominant interaction with the human body is the thermal effect, the specific absorption rate averaged over the whole body should not exceed 0.4 watts per kilogram. Larger levels are permitted when only specific parts of the body are involved.  From 50 MHz down to about 100 kHz thermal effects are less important and RF current burns are the main potential injury. Good safety design of equipment is necessary to prevent such injuries.  Below 100 Hz, electrical shock becomes the most important potential injury.  The Health Protection Agency recommend a reference level of 10 kilovolts per metre for electrical field strength.  There should be no unnecessary metal objects near any radiating RF device, as localised high field strengths may result around such items. Care should therefore be taken to remove rings, watches or bracelets when working close to radiating sources.
Uses:

The uses of RF and MW likely to be encountered in departments in the University are listed below
1. Microwave ovens
There is a British Standard which sets a safe limit of 50 Wm-2 at 5 cm.  Modern ovens are stringently tested and leakage is not usually a problem. For older ovens any leakage is likely to be due to damaged hinges or interlocks or badly fitting door seals.  Ovens should be checked regularly for leakage, if this is not already part of the regular maintenance arrangement

2. Radiofrequency heating
RF fields are used to heat objects to very high temperatures and also for welding plastic. It is possible to find high fields around the operator. In electrical engineering, RF radiation is used in etching, sputtering and other processes.

For Further Information:
1. Protection against ultraviolet radiation in the workplace. National Radiological Protection Board. 1977.
2. Hazards of occupational exposure to ultraviolet radiation. D. Hughes.Science Reviews Ltd. 1978.
3. Safety in Universities. Notes of Guidance Part 2.1. : Lasers.
4. Sources of exposure to radiofrequency and microwave radiations in the U.K. S.G. Allen and F. Harlen. National Radiological Protection Board. 1983. NRPB-R144.
5. Guidance on standards. Guidance as to restrictions on exposure to time varying electromagnetic fields and the 1988 recommendations of the International Non-Ionizing Radiation Committee. National Radiological Protection Board. 1989. NRPB-GS11.
6. Living with radiation. Fourth edition. National Radiological Protection Board. 1989. ISBN 0 85951 320 3.
7. Non-ionizing radiation protection. Second edition. World Health Organisation. European Series No. 25. 1989. ISBN 92 890 1116 5.
8. Noise assessment, information and control. Noise Guides 3-8. H.S.E.  Guidance Note HS (G) 56. HMSO ISBN 0 11 885430 5.
9. Ultrasound (Environmental Health Criteria No22).
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