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1. I�TRODUCTIO� 

    

The development in the electronics industry have led to the wide use of radiofrequency (RF) 

devices in various areas, including telecommunications, radio and television broadcasting, 

radar, industry etc. 

Studies of possible hazards to human health from exposure to RF electromagnetic fields show 

that there is a need for control. Many nations as well as International organizations have 

formulated guidelines establishing limits for occupational and general public exposure to 

Electromagnetic Fields (EMF). Exposures above limits given in these guidelines may cause 

adverse health effects. The type and extent of effects depends on the strength of the field, 

exposure duration, frequency and other factors such as polarization and distance from the 

source.  

Rwanda Utilities Regulatory Agency (RURA) authorizes devices, transmitters and facilities 

that generate RF and microwave radiation. Human exposure to RF radiation emitted by these 

transmitters is one of several factors that must be considered. The approach of RURA in 

developing these guidelines is mainly based on ICNIRP Guidelines, The ITU-T 

Recommendation K.52, and some World Health Organization (WHO) publications.  

The ITU-T Recommendation K.52 aims to help with compliance of telecommunication 

installations with safety limits for human exposure to electromagnetic fields produced by 

telecommunications equipment in the frequency range 9 kHz to 300 GHz. This 

Recommendation provides techniques and procedures for assessing the severity of field 

exposure and for limiting the exposure to occupationally exposed and the general public to 

these fields if the limits are exceeded. 

WHO publications give practical guidance for personnel working at base station and antenna 

sites on how to take exposure to radiofrequency electromagnetic fields into account in order 

to make sure applicable exposure guidelines are not exceeded. The publications are primarily 

directed at RF workers but some contents are relevant to other workers, such as, rooftop 

workers who may have reasons to come close to transmitting equipment.  

1.1 Purposes and scope of the guidelines 
 
The main objective of this publication is to establish guidelines for limiting EMF exposure 

that will provide protection against known adverse health effects, that is: 

    

To specify maximum levels and durations of exposure to Electromagnetic fields of 

frequencies up to 300 GHz in order to prevent human health effects; 
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To specify maximum allowable RF contact and induced body currents to prevent the 

physical perception of electromagnetic fields to the general public and shock or burns 

to EMF exposed workers; 

 

To recommend general procedures for ensuring that exposure of the general public 

and of personnel working in the vicinity of RF and microwave devices is not greater 

than the levels specified in the guidelines; and 

 

To recommend working conditions that will lead to high standards of safety for all 

personnel engaged in the operation and maintenance of RF devices. 

 

1.2 General principles 

1.2.1 Basic restrictions  

 

The basic restrictions address the fundamental quantities that determine the physiological 

response of the human body to electromagnetic fields. Basic restrictions apply to a situation 

with the body present in the field. The basic limits for human exposure are expressed as the 

Specific Absorption Rate (SAR), Specific Absorption (SA) and Current Density. Protection 

against adverse health effects requires that these basic restrictions are not exceeded. 

However, these mandatory basic restrictions are specified as quantities that are often 

impractical to measure. 

1.2.2 Reference levels  

 

The reference level (magnetic field, induced limb currents and contact currents) which are 

quantities that are more practical to measure  are provided as an alternative means showing 

the compliance with the basic restrictions which are impractical to measure. Compliance 

with all reference levels given in these guidelines will ensure compliance with basic 

restrictions. If measured values are higher than reference levels, it does not necessarily 

follow that the basic restrictions have been exceeded, but a more detailed analysis is 

necessary to assess compliance with the basic restrictions. 

It is important to emphasize that exposure limits are not emission limits; they apply to 

locations accessible to workers or members of the general public. Thus, it is possible to 

achieve compliance by limiting access to areas where the field limits are exceeded. 
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2. MAXIMUM EXPOSURE LIMITS 

2.1 The basic limits which shall not be exceeded 

 

These limits are given in terms of the currents in the body, either by induction or contact 

with energized metallic objects, or in terms of the rate at which RF electromagnetic energy is 

absorbed in the body. The latter is expressed, more precisely, as the specific absorption rate 

(SAR), i.e., the rate of RF energy absorption per unit mass in the body. SAR has units of 

joules per second per kilogram or watts per kilogram (W/kg). In practice, direct 

measurements of SAR are feasible only under laboratory conditions. Recommended 

maximum exposure levels in terms of unperturbed electric and magnetic field strength as 

well as power density are therefore given in addition to the SAR limits. These maximum 

field intensities are at levels which would generate a SAR or induced body current no greater 

than the basic limit. 

 

2.2 Safety Factor 

 

For exposure limits of RF and microwave exposed workers, a safety factor of approximately 

10 was incorporated with reference to the scientific-consensus threshold for adverse health 

effects. For other persons including the general public, an additional safety factor (2 to 5) was 

included to arrive at lower limits. The incorporation of these safety factors is to provide for 

all possible conditions under which the exposure might occur. The rationale for lower 

general public limits is as follows: 

• Exposure to the public is potentially 24 hours a day for 7 days a week, compared with 

8 hours a day, 5 days a week for RF and microwave exposed workers. 

• Certain members of the general public may be more susceptible to harm from RF and 

microwave exposure. To determine whether the maximum exposure levels and 

durations are exceeded, full consideration shall be given to such factors as: 

1. Occupancy of areas; 

2. Actual duration of exposure and time averaging (including ON/OFF times of 

the RF generators, direction of the beam, duty factors, sweep times, etc.); 

3. Spatial characteristics of exposure, i.e., whole body or parts thereof; 

4. Uniformity of the exposure field, i.e., spatial averaging. In certain instances 

and over a specific frequency range, higher exposure levels are permitted for 

short durations. If this is the case, the field strengths and power densities 

should be averaged over 6 minutes period.  
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2.3. RF and Microwave Exposed Workers (Including Occupationally Exposed 
Persons) 

2.3.1 Field Strength Limits 

An RF and microwave exposed worker shall not be exposed to electromagnetic radiation in a 

frequency band listed in Column 1 of Table 1 if the field strength exceeds the value given in 

Column 2 or 3 of Table 1, when averaged spatially and over time, or if the power density 

exceeds the value given in Column 4 of Table 1, when averaged spatially and over time. The 

spatial averaging is carried out over an area equivalent to the vertical cross-section of the 

human body (projected area). A time-averaging period of 6 minutes should be employed for 

frequencies up to 10 GHz. For frequencies exceeding 10 GHz, the averaging time is 68/f 1.05 

minutes (f in GHz). 

Table1. Table1. Table1. Table1. Reference Reference Reference Reference levels for occupational exposure to timelevels for occupational exposure to timelevels for occupational exposure to timelevels for occupational exposure to time----varying electric and magnetic varying electric and magnetic varying electric and magnetic varying electric and magnetic 

ffffields (unperturbed rms values)ields (unperturbed rms values)ields (unperturbed rms values)ields (unperturbed rms values) 

Frequency Frequency Frequency Frequency     

rangerangerangerange    

Electric field Electric field Electric field Electric field 

strength (V/m)strength (V/m)strength (V/m)strength (V/m)    

Magnetic field Magnetic field Magnetic field Magnetic field 

strength (A/m)strength (A/m)strength (A/m)strength (A/m)    

Equivalent plane Equivalent plane Equivalent plane Equivalent plane 

wave power wave power wave power wave power 

density Sdensity Sdensity Sdensity Seqeqeqeq    

(W/m(W/m(W/m(W/m2222))))    

Up to 1 Hz – 2 × 105 – 

1-8 Hz 20 000 2 × 105/f 2 – 

8-25 Hz 20 000 2 × 104/f – 

0.025-0.82 kHz 500/f 20/f – 

0.82-65 kHz 610 24.4 – 

0.065-1 MHz 610 1.6/f – 

1-10 MHz 610/f 1.6/f – 

10-400 MHz 61 0.16 10 

400-2000 MHz 3f 1/2 0.008f 1/2 f/40 

2-300 GHz 137 0.36 50 

 

NOTE 1 – f is as indicated in the frequency range column. 

NOTE 2 – For frequencies between 100 kHz and 10 GHz, the averaging time is 6 minutes. 

NOTE 3 – For frequencies up to 100 kHz, the peak values can be obtained by multiplying the 

rms value by √2(≈1.414). For pulses of duration tp, the equivalent frequency to apply should 

be calculated as f = 1/(2tp). 



 9

NOTE 4 –For frequencies exceeding 10 MHz, it is suggested that the peak equivalent plane-

wave power density, as averaged over the pulse width, does not exceed 1000 times the Seq 

limit, or that the field strength does not exceed the field strength exposure levels given in the 

table. 

NOTE 5 – For frequencies exceeding 10 GHz, the averaging time is 68/f 1.05 minutes (f in 

GHz). 

NOTE 6 - A power density of 10 W/m2 is equivalent to 1 mW/cm2. 

NOTE 7 - A magnetic field strength of 1 A/m corresponds to 1.257 microtesla (µT) or 12.57 

milligauss (mG). 

 

2.3.2 Simultaneous exposure  

    

For simultaneous exposure    to fields at different frequencies, the compliance with the 

exposure limits is evaluated using the equations below. All conditions for the appropriate 

frequency ranges are to be satisfied. 
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 Ei is the electric field strength at frequency i 

 El, i is the reference limit at frequency i 

 Hj is the magnetic field strength at frequency j 

 Hl, j is the reference limit at frequency j 

 c = 610/f V/m (f in MHz) for occupational exposure and 87/f 1/2 V/m for 

general public exposure 

 d = 1.6/f A/m (f in MHz) for occupational exposure and 0.73/f for general 

public exposure 

 

2.3.3 Basic Restrictions - Specific Absorption Rate (SAR) Specific Absorption Rate (SAR) Specific Absorption Rate (SAR) Specific Absorption Rate (SAR) Limits 

 

SAR is a measure of the rate at which electromagnetic energy is absorbed in the body.  

At frequencies between 100 kHz and 10 GHz, SAR limits take precedence over field strength 

and power density limits and shall not be exceeded. 

The SAR should be determined for cases where exposures take place at 0.2 m or less from the 

source. For conditions where SAR determination is impractical, field strength or power 

density measurements shall be carried out. In cases where SAR determination is appropriate, 

the values in Table 2 shall not be exceeded: 

 

Table2. Table2. Table2. Table2. SARSARSARSAR    Limits for Limits for Limits for Limits for RF and Microwave Exposed WorkersRF and Microwave Exposed WorkersRF and Microwave Exposed WorkersRF and Microwave Exposed Workers 

 

Frequency rangeFrequency rangeFrequency rangeFrequency range    

WholeWholeWholeWhole----body body body body 

average average average average SARSARSARSAR    

(W/kg)(W/kg)(W/kg)(W/kg)    

Localized Localized Localized Localized 

SAR SAR SAR SAR (head (head (head (head 

and trunk)and trunk)and trunk)and trunk)    

(W/kg)(W/kg)(W/kg)(W/kg)    

Localized Localized Localized Localized 

SAR SAR SAR SAR (limbs)(limbs)(limbs)(limbs)    

(W/kg)(W/kg)(W/kg)(W/kg)    

100 kHz-10 GHz 0.4 10 20 

NOTE 1 – All SAR values are to be averaged over any 6-minute period. 

NOTE 2 – The localized SAR averaging mass is any 10 g of contiguous tissue; the maximum 

SAR so obtained should be the value used for the estimation of exposure. 
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2.3.4 Induced and Contact Current Limits 

2.3.4.1 Free standing exposed workers 2.3.4.1 Free standing exposed workers 2.3.4.1 Free standing exposed workers 2.3.4.1 Free standing exposed workers     

For free standing RF and microwave exposed workers (no contact with metallic objects), 

current induced in the human body by electromagnetic radiation shall not exceed the value 

given in Table 3. 

Table3.Table3.Table3.Table3.    Induced and Contact Current Limits for RF and Microwave Exposed WorkersInduced and Contact Current Limits for RF and Microwave Exposed WorkersInduced and Contact Current Limits for RF and Microwave Exposed WorkersInduced and Contact Current Limits for RF and Microwave Exposed Workers 

ReferReferReferReference levels for time varying contact currents fromence levels for time varying contact currents fromence levels for time varying contact currents fromence levels for time varying contact currents from    
conductive objectsconductive objectsconductive objectsconductive objects 

Reference levels for Reference levels for Reference levels for Reference levels for 

current induced in any current induced in any current induced in any current induced in any 

limb at frequencies limb at frequencies limb at frequencies limb at frequencies 

between10 and 110MHz.between10 and 110MHz.between10 and 110MHz.between10 and 110MHz.    
(mA) 

Frequency range 
Maximum contact current 
(mA) 

Up to 2.5 kHz 1.0 

100 2.5 – 100 kHz 0.4f 
100 KHz – 110 MHz 40 

 
f is the frequency in kHz 
 

2.3.4.2 Contact current at 110 MHz and below2.3.4.2 Contact current at 110 MHz and below2.3.4.2 Contact current at 110 MHz and below2.3.4.2 Contact current at 110 MHz and below    

    

      Up to 110 MHz, which includes the FM radio transmission frequency band, reference 

levels for contact current are given above which caution must be exercised to avoid 

shock and burn hazards. The point contact reference levels are presented in Table 3. 
For the frequency range 10 - 110 MHz, reference levels are provided for limb currents 
that are below the basic restrictions on localized SAR. 

2.3.4.3 Object Cont2.3.4.3 Object Cont2.3.4.3 Object Cont2.3.4.3 Object Contactactactact    

      No object with which an RF and microwave exposed worker may come into contact 

by hand grip shall be energized by electromagnetic radiation to such an extent that 

the current flow through an electrical circuit, having an impedance equivalent to that 

of the human body, exceeds the value given in Table 3. 

2.3.4.4. Simultaneous exposure2.3.4.4. Simultaneous exposure2.3.4.4. Simultaneous exposure2.3.4.4. Simultaneous exposure    

    

      In situations of simultaneous exposure to fields of different frequencies, these 

exposures are additive in their effects. Additivity should be examined separately for 

the effects of thermal and electrical stimulation, and the basic restrictions should be 

met. The equation given in section 2.3.2 applies. 
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2.3.5 Peak Field Strength Limit for Pulsed Fields 

For exposures to pulsed electromagnetic fields in the frequency range of 0.1 to 300 000 MHz, 

the peak value of the instantaneous field (temporal peak), in terms of electric field strength, 

shall not exceed 100 kV/m. 

2.4. Exposure of Persons Not classified as RF and Microwave Exposed Workers 
(Including the General Public) 

2.4.1 Field Strength Limits 

A person other than an RF and microwave exposed worker shall not be exposed to 

electromagnetic radiation in a frequency band listed in Column 1 of Table 4, if the field 

strength exceeds the value given in Column 2 or 3 of Table 4, when averaged spatially and 

over time, or if the power density exceeds the value given in Column 4 of Table 4, when 

averaged spatially and over time. The spatial averaging is carried out over an area equivalent 

to the vertical cross-section of the human body (projected area).  

TableTableTableTable    4. Exposure Limits for Persons Not 4. Exposure Limits for Persons Not 4. Exposure Limits for Persons Not 4. Exposure Limits for Persons Not classified classified classified classified As RF and Microwave Exposed Workers As RF and Microwave Exposed Workers As RF and Microwave Exposed Workers As RF and Microwave Exposed Workers 

(Including the General Public)(Including the General Public)(Including the General Public)(Including the General Public)    

Frequency Frequency Frequency Frequency     

rangerangerangerange    

Electric field Electric field Electric field Electric field 

strength (V/m)strength (V/m)strength (V/m)strength (V/m)    

Magnetic Magnetic Magnetic Magnetic 

field strength field strength field strength field strength 

(A/m)(A/m)(A/m)(A/m)    

Equivalent plane Equivalent plane Equivalent plane Equivalent plane 

wave power wave power wave power wave power 

ddddensity Sensity Sensity Sensity Seqeqeqeq    

(W/m(W/m(W/m(W/m2222))))    

Up to 1 Hz – 2 × 104 – 

1-8 Hz 10 000 2 × 104/f 2 – 

8-25 Hz 10 000 5 000/f – 

0.025-0.8 kHz 250/f 4/f – 

0.8-3 kHz 250/f 5 – 

3-150 kHz 87 5 – 

0.15-1 MHz 87 0.73/f – 

1-10 MHz 87/f 1/2 0.73/f – 

10-400 MHz 28 0.073 2 

400-2000 MHz 1.375f 1/2 0.0037f 1/2 f/200 

2-300 GHz 61 0.16 10 

   NOTE 1 – f is as indicated in the frequency range column. 

NOTE 2 – For frequencies between 100 kHz and 10 GHz, the averaging time is 6        
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minutes. 

NOTE 3 – For frequencies up to 100 kHz, the peak values can be obtained by 

multiplying the rms value by √2(≈1.414). For pulses of duration tp, the equivalent 

frequency to apply should be calculated as f = 1/(2tp). 

 NOTE 4 –For frequencies exceeding 10 MHz, it is suggested that the peak 

equivalent plane-wave power density, as averaged over the pulse width, does not 

exceed 1000 times the Seq limit, or that the field strength does not exceed the field 

strength exposure levels given in the table. 

NOTE 5 – For frequencies exceeding 10 GHz, the averaging time is 68/f 1.05 minutes 

(f in GHz). 

  NOTE 6 - A power density of 10 W/m2 is equivalent to 1 mW/cm2. 

  NOTE 7 - A magnetic field strength of 1 A/m corresponds to 1.257 micro tesla (µT) 

  or 12.57 milli gauss (mG). 

 

2.4.2 Simultaneous exposure 

In situations of simultaneous exposure to fields of different frequencies, these 

exposures are additive in their effects. Additivity should be examined separately for 

the effects of thermal and electrical stimulation, and the basic restrictions should be 

met. The equation given in section 2.3.2 applies. 

2.4.3 Basic Restrictions - Specific Absorption Rate (SAR) Specific Absorption Rate (SAR) Specific Absorption Rate (SAR) Specific Absorption Rate (SAR) Limits 

 

SAR is a measure of the rate at which electromagnetic energy is absorbed in the body.  

At frequencies between 100 kHz and 10 GHz, SAR limits take precedence over field strength 

and power density limits and shall not be exceeded. 

The SAR should be determined for cases where exposures take place at 0.2 m or less from the 

source. For conditions where SAR determination is impractical, field strength or power 

density measurements shall be carried out. In cases where SAR determination is appropriate, 

the values in Table 5 shall not be exceeded: 

 

                                                                TableTableTableTable    5. 5. 5. 5. SARSARSARSAR    Limits for Limits for Limits for Limits for the General Publicthe General Publicthe General Publicthe General Public 

 

Frequency rangeFrequency rangeFrequency rangeFrequency range    

WholeWholeWholeWhole----body body body body 

average average average average SARSARSARSAR    

(W/kg)(W/kg)(W/kg)(W/kg)    

Localized Localized Localized Localized 

SAR SAR SAR SAR (head (head (head (head 

andandandand    trunk)trunk)trunk)trunk)    

(W/kg)(W/kg)(W/kg)(W/kg)    

Localized Localized Localized Localized 

SAR SAR SAR SAR (limbs)(limbs)(limbs)(limbs)    

(W/kg)(W/kg)(W/kg)(W/kg)    

100 kHz-10 GHz 0.08 2 4 
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                   NOTE 1 – All SAR values are to be averaged over any 6-minute period. 

                   NOTE 2 – The localized SAR averaging mass is any 10 g of contiguous tissue; the   

                   maximum SAR so obtained should be the value used for the estimation of  

                   exposure. 

2.4.4 Induced and Contact Current Limits 

2.4.4.1 Free standing individual 2.4.4.1 Free standing individual 2.4.4.1 Free standing individual 2.4.4.1 Free standing individual     

For free standing individuals (no contact with metallic objects), current induced in the 

human body by electromagnetic radiation shall not exceed the value given in TableTableTableTable    6666.  

2.4.4.2 Object contact2.4.4.2 Object contact2.4.4.2 Object contact2.4.4.2 Object contact    

No object, with which a person may come into contact by hand grip, shall be energized 

by electromagnetic radiation to such an extent that the current flow through an electrical 

circuit, having an impedance equivalent to that of the human body, exceeds the value 

given in TableTableTableTable    6666. 

TableTableTableTable    6. Induced and Contact Current Limits for Persons Not 6. Induced and Contact Current Limits for Persons Not 6. Induced and Contact Current Limits for Persons Not 6. Induced and Contact Current Limits for Persons Not classified classified classified classified as RF and as RF and as RF and as RF and 

Microwave EMicrowave EMicrowave EMicrowave Exposed Workers (Including the General Public)xposed Workers (Including the General Public)xposed Workers (Including the General Public)xposed Workers (Including the General Public)    

Reference levels for time varying contact currents fromReference levels for time varying contact currents fromReference levels for time varying contact currents fromReference levels for time varying contact currents from    
conductive objectsconductive objectsconductive objectsconductive objects 

Reference levels for Reference levels for Reference levels for Reference levels for 

current induced in any current induced in any current induced in any current induced in any 

limb at frequencies limb at frequencies limb at frequencies limb at frequencies 

between10 and 110MHz.between10 and 110MHz.between10 and 110MHz.between10 and 110MHz.    
(mA) 

Frequency range 
Maximum contact current 
(mA) 

Up to 2.5 kHz 0.5 

45 2.5 – 100 kHz 0.2f 
100 KHz – 110 MHz 20 

f is the frequency in kHz 
 

2.4.4.32.4.4.32.4.4.32.4.4.3    Peak Field Strength Limit for Pulsed FieldsPeak Field Strength Limit for Pulsed FieldsPeak Field Strength Limit for Pulsed FieldsPeak Field Strength Limit for Pulsed Fields    

 

For exposures to pulsed electromagnetic fields in the frequency range of 0.1 to 300 000 
MHz, the peak value of the instantaneous field (temporal peak), in terms of electric field 
strength, shall not exceed 100 kV/m. 
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2.5 Guidelines relating to power frequency exposures (50Hz) 

2.5.1 Reference levels 

The levels of exposure corresponding to the reference levels to determine if the basic 

restrictions are likely to be exceeded, in the frequency range (f) going from 25 Hz to 800 Hz 

(or 0.025-0.8 kHz) are the following ones: 

 

For the intensity of Electric Field (EEEE):  

250/f or 5 kV/m for the general public for the frequency 50 Hz,  

500/f or 10 kV/m for the workers for the frequency 50 Hz, 

 

For the intensity of Magnetic Field (HHHH):  

4/f or 80 A/m for the general public for the frequency 50 Hz,  

20/f or 400 A/m for the workers for the frequency 50 Hz, 

 

For Magnetic Induction (BBBB):  

5/f or 100 µT for the general public for the frequency 50Hz,  

25/f or 500 µT for the workers for the frequency 50 Hz,  

These values are expressed in root mean square values. 

    

3. SITI�G A�D I�STALLATIO� OF RF DEVICES 

3.1 Basic Principles 

In order to establish protective measures in areas where RF devices are used, it is necessary 

to take into account the time workers may spend in these areas. The following must be taken 

into consideration when surveying around RF devices: 

3.1.1 Field levels 

The field levels must be known in controlled areas where restricted occupancy is allowed. 

These areas shall be designated accordingly, and the maximum worker occupancy time shall 

be posted where applicable, 

3.1.2 Exposure and induced current 

The exposure as well as induced and contact currents in uncontrolled areas shall not exceed 

the limits specified in Section 2.4. 
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3.2 General Recommendations 

3.2.1 Warning signs 

Warning signs specified in Section 5.1, or suitable substitutes, indicating the presence of RF 

fields, shall be posted according to recommendations of Section 5.2. 

3.2.2 Fences 

The areas surrounding unmanned, high-power sources of RF radiation shall be fenced off to 

prevent unauthorized access to places where an overexposure could occur. If a metallic fence 

is used, the contact current limits specified in Tables 3 and 6 shall be met. 

3.2.3 Site with multiple source exposure 

The siting of an RF device shall take into account the practical possibility of multiple source 

exposures from fields and leakage from other devices in the vicinity. 

3.2.4 Unnecessary metal near an RF transmitter 

Metallic objects that are not necessary shall not be present near any radiating RF device, as 

they may cause high intensity fields in some locations.    

3.3 Medical Devices and Electromagnetic Interference 

 

Electromagnetic interference from devices such as shortwave diathermy and electrosurgical 

units may cause malfunctions, with potentially adverse consequences, to various medical 

devices, such as electrocardiographs, electromyographs, electroencephalographs, cardiac 

pacemakers, etc. Other sources of interference are radio, television and radar transmissions as 

well as mobile communications devices (e.g., cellular telephones, walkie-talkies and vehicle 

mounted transceivers).  

Electromagnetic interference can generally be eliminated by means of shielding, filtering or 

grounding of the spurious signals, or relocating the devices being affected. 

3.4 Radar and Communications Systems 

3.4.1 Antenna beam 

Wherever possible, the antenna beam shall be directed away from occupied areas. However, 

if the beam does irradiate occupied areas, the applicable maximum exposure limits given in 

Section 2 shall be observed. If needed, antenna sweep restrictions or RF power reduction 

may be employed to prevent the exposure limits from being exceeded in occupied locations. 
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3.4.2 Restriction to site area 

For any installation that is to be operated, all signs and barriers demarcating areas of restricted or 

denied occupancy and all interlock systems shall be permanently installed to prevent accidental 

access to the zone of denied occupancy. 

 

4. SAFETY PROCEDURES     

4.1 Safety for operators and maintenance personnel (RF Workers)  

4.1.1 Awareness  

Maintenance personnel and operators of RF devices shall be aware of the potential hazards of 

RF fields. 

4.1.2 Safety during maintenance 

4.1.2.14.1.2.14.1.2.14.1.2.1 Switching On and Off of the RF DeviceSwitching On and Off of the RF DeviceSwitching On and Off of the RF DeviceSwitching On and Off of the RF Device    

Particular care shall be taken to ensure that all people are clear of any direct beam of an RF 

device before it is switched on for test or maintenance purposes. 

4.1.2.2 Procedures and maintenance manuals4.1.2.2 Procedures and maintenance manuals4.1.2.2 Procedures and maintenance manuals4.1.2.2 Procedures and maintenance manuals    

Instructions and procedures for repair, maintenance and operation of a device, as specified by 

the manufacturer or a competent person, shall be readily available to, and be followed by, 

operators and maintenance personnel. 

4.1.2.3 Components replacement4.1.2.3 Components replacement4.1.2.3 Components replacement4.1.2.3 Components replacement    

Replacement components shall be equivalent to original components. Transmission lines, 

waveguides, gaskets, flanges and similar components shall have the same operating 

characteristics as the original components or be approved by the manufacturer of the original 

equipment, or a person trained in the safe use of this equipment. 

4.1.2.4 Testing4.1.2.4 Testing4.1.2.4 Testing4.1.2.4 Testing    

Testing of a device (waveguides and other components that have been replaced in their 

designated locations) either before or after completion of any repair work shall be carried out 

after protective shields. 
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4.1.2.5 4.1.2.5 4.1.2.5 4.1.2.5 RF Load during testing RF Load during testing RF Load during testing RF Load during testing     

An RF generating component shall be tested with an appropriate load connected to its output 

or with the radiated energy absorbed by anechoic material. The energy generated shall not 

be allowed to radiate freely into occupied areas. 

4.2 Protection of the General Public 

4.2.1 Exposure level 

Except under special circumstances, members of the general public shall not be allowed 

access to areas where levels exceed those specified in Section 2.4. 

4.2.2 Warning signs 

Where access is possible, warning signs shall be posted at the entrance to any location 

containing RF devices capable of producing, under normal working conditions, levels that 

exceed those specified in Section 2.4. 

4.2.3 Sites with leakage 

Any device capable of producing leakage that would result in levels close to those specified 

in Section 2.4 and to which unrestricted public access is allowed, shall be checked for 

conformity with existing applicable regulations after installation; when malfunction is 

suspected; and after any modification or repair that might cause leakage. 

5. WAR�I�G SIG�S 

5.1 Design of the Recommended Warning Signs 

 

Three warning signs described here are suggested for use. These signs or reasonable 

alternatives shall be used. The suggested signs are designed to indicate the nature and degree 

of hazard associated with a given device or location.  

The nature of the hazard is indicated by the symbol, and degree of hazard is indicated by the 

shape and colour of the sign. The warning signs and their meaning are given below. The size 

of the sign shall be appropriate to the conditions of use, such that it is clearly distinguishable, 

being either illuminated or employing reflective materials as necessary. 

 

The CAUTIONCAUTIONCAUTIONCAUTION sign is BLACKBLACKBLACKBLACK text and symbol on a YELLOWYELLOWYELLOWYELLOW background. 

The WARNINGWARNINGWARNINGWARNING sign is BLACKBLACKBLACKBLACK text and symbol on an ORANGEORANGEORANGEORANGE background. 

The DANGERDANGERDANGERDANGER sign is REDREDREDRED text and symbol on a WHITEWHITEWHITEWHITE background. 
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The CAUTIONCAUTIONCAUTIONCAUTION sign is not generally used for area demarcation, but it may be placed on 

devices to indicate that they produce RF fields.  

5.2 Area Demarcation 

5.2.1 Warning sign 

A WARNINGWARNINGWARNINGWARNING sign shall be placed at the entrance of any zone within which a survey has 

shown that RF levels exceed those specified in Section 2.4 but are less than those specified in 

Section 2.3. The WARNINGWARNINGWARNINGWARNING sign indicates that restricted occupancy is allowed for RF and 

microwave exposed workers within its boundaries. It shall be located wherever it is 

necessary to indicate a recommended occupancy time. In such cases, the WARNING WARNING WARNING WARNING sign 

shall be accompanied by words such as "Warning Radiofrequency Radiation - Maximum 

Occupancy Time (t) Minutes".  

5.2.2 Danger Sign 

A DANGERDANGERDANGERDANGER sign shall be placed at the entrance of any zone where the field levels are in 

excess of those specified in Section 2.3. The DANGERDANGERDANGERDANGER sign thus indicates a DENIED DENIED DENIED DENIED 

ACCESSACCESSACCESSACCESS zone. When used for area demarcation, the DANGERDANGERDANGERDANGER sign shall be accompanied 

by words such as "Danger Radiofrequency Radiation - Do Not Enter" and the French 

equivalent. 

5.2.3 Example of warning signs 

The signs shall be clearly visible and identifiable at all viewing distances where either 

significant exposure can occur or at the entrances to restricted area zones. 

 

CAUTIONCAUTIONCAUTIONCAUTION        RADIOFREQUENCY RADIATIONRADIOFREQUENCY RADIATIONRADIOFREQUENCY RADIATIONRADIOFREQUENCY RADIATION    
- Area of Unrestricted Occupancy 

- Minor Injury Possible from Misuse 

 

WARNINGWARNINGWARNINGWARNING    RADIOFREQUENCY RADIATION RADIOFREQUENCY RADIATION RADIOFREQUENCY RADIATION RADIOFREQUENCY RADIATION  

- Area of Restricted Occupancy (RF Workers Only) 

- Serious Injury Possible from Misuse 

 

DANGERDANGERDANGERDANGER    RADIOFREQUENCY RADIATIONRADIOFREQUENCY RADIATIONRADIOFREQUENCY RADIATIONRADIOFREQUENCY RADIATION 

- Area of Denied Occupancy 

- Critical Injury or Death Possible 
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6. PROTECTIVE MEASURES  

 

RURA notes that the industries causing exposure to electric and magnetic fields are 

responsible for ensuring compliance with all aspects of the guidelines. 

 

6.1 Controls 

 

Measures for the protection of workers include engineering and administrative controls, 

personal protection programs, and medical surveillance.  

 

6.1.1 Engineering control 

    

Appropriate protective measures must be implemented when exposure in the workplace 

results in the basic restrictions being exceeded. As a first step, engineering controls should be 

undertaken wherever possible to reduce device emissions of fields to acceptable levels. Such 

controls include good safety design and, where necessary, the use of interlocks or similar 

health protection mechanisms. 

 

6.1.2. Administrative control 

 

Administrative controls, such as limitations on access and the use of audible and visible 

warnings, should be used in conjunction with engineering controls. Personal protection 

measures, such as protective clothing, though useful in certain circumstances, should be 

regarded as a last resort to ensure the safety of the worker; priority should be given to 

engineering and administrative controls wherever possible. Furthermore, when such items as 

insulated gloves are used to protect individuals from high-frequency shock and burns, the 

basic restrictions must not be exceeded, since the insulation protects only against indirect 

effects of the fields. 

With the exception of protective clothing and other personal protection, the same measures 

can be applied to the general public whenever there is a possibility that the general public 

reference levels might be exceeded. It is also essential to establish and implement rules that 

will prevent: 

 

- Interference with medical electronic equipment and devices (including cardiac 

pacemakers); 

- Detonation of electro-explosive devices (detonators); and  

- Fires and explosions resulting from ignition of flammable materials by sparks caused 

by induced fields, contact currents, or spark discharges.  
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APPE�DICES 

Appendix I. Theoretical Estimation of Exposure Fields  

 

A. Near-Field and Far-Field Zones 

 

The space around RF source antenna is often divided into two zones: the near-field zone and 

the far-field zone: 

 

Small AntennasSmall AntennasSmall AntennasSmall Antennas: An antenna whose greatest dimension is no greater than the wavelength of 

its recommended operating frequency is often referred to as a small antenna. Examples of 

small antennas are resonant dipoles, Yagi and log-periodic antennas. The reactive near-field 

region of these antennas extends up to a distance given below: 

 

Rx = λ/2πRx = λ/2πRx = λ/2πRx = λ/2π           …………………………………….. (I.1) 

 

Where Rx = extent of the reactive near-field region, in meters (m) 

             λ = wavelength in meters (m) 

 

For this type of antenna, there is no general formula for estimation of the field strength in 

the near-field zone. However, reasonable calculations can be made for some antennas (e.g., 

dipoles or monopoles). In general, for most small antennas, theoretical estimation of 

exposure in the near-field zone is difficult, and only measurements can provide a simple 

means of field evaluation. 

    

Large aLarge aLarge aLarge antennasntennasntennasntennas:::: An antenna with its greatest dimension greater than the wavelength of its 

recommended operating frequency may be considered as a large antenna. Examples of large 

antennas are parabolic reflectors, arrays and horn antennas. The near-field zone of these 

antennas consists of the reactive region extending to the distance given by equation (I.1), 

followed by a radiating region.  

The distance from the antenna to the far-field zone is taken to be 2D2/λ, where D is the 

greatest dimension of the antenna and λ is the wavelength. A realistic practical distance from 

a large antenna, e.g., a parabolic reflector, where the far-field zone begins is: 

 

RRRRffff    = 0.5 D= 0.5 D= 0.5 D= 0.5 D2222/ λ/ λ/ λ/ λ    …………………………………….. (I.2) 

 

Where Rf = distance which marks the beginning of the far-field region, in meters (m) 

D = The greatest dimension of the antenna, in meters (m) 

λ = Wavelength in meters (m) 
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For commonly used horn and reflector antennas, the maximum power density (within the 

antenna beam) for distances less than Rf (in the near-field zone) can be conservatively 

estimated as: 

 

WWWWmmmm    = 4P= 4P= 4P= 4PTTTT/A/A/A/A ……………………………… (I.3) 
 

 Where 

Wm = maximum power density, in watts per square meter (W/m2) 

PT = net power delivered to the antenna, in Watts (W) 
A =m physical aperture area, in square meters (m2) 

 

It should be noted that towards the end of the radiating near-field region and in the far-field 

zone, the electric and the magnetic fields are interrelated with each other and with the 

power density as follows: 

 

E/H = E/H = E/H = E/H = ηηηη ……………………………………. (I.4) 

and 

W= EW= EW= EW= E2222////ηηηη    = H= H= H= H2222////ηηηη …………………………… (I.5) 
Where 

E = Electric field strength, in Volts per meter (V/m) 

H = Magnetic field strength, in amperes per meter (A/m) 
W = power density, in Watts per square meter (W/m2) 

η = characteristic impedance (for free space η = 377 ohms) 

 

In the far-field region, the power density (W) on the main beam axis can be calculated from 

the expression 

 

W = EIRP/(4πrW = EIRP/(4πrW = EIRP/(4πrW = EIRP/(4πr2222)))) ………………………… (I.6) 
                    = P= P= P= PTTTTG/(4πrG/(4πrG/(4πrG/(4πr2222) ) ) )     

 

Where 

EIRP = Effective Isotropically Radiated Power, in Watts (W) 

r = distance from the antenna, in meters (m) 

PT = net power delivered to the antenna, in Watts (W) 

G = antenna gain (power ratio) with respect to an isotropic antenna. 

 

Equation (I.6) can be used to estimate power (W) at distances greater than Rf (equation I.2).  

 

The antenna gain is related to the antenna dimensions by the following equation 

 

G = G = G = G = 4444ππππAAAAeeee/λ/λ/λ/λ2222 ………………………………………. (I.7) 
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Where 

Ae = Effective area of the antenna, Ae = εA 

A = physical aperture area of the antenna, in square meters (m2) 

ε = antenna efficiency (typically 0.5 ≤ ε ≤ 0.75) 

λ = wavelength, in meters (m) 

 

An electromagnetic wave can also be characterized by the electric field strength and 

magnetic field strength. The rms electric field strength at a distance r from a source with the 

EIRP on the main beam axis, as derived from (I.5) and (I.6), is equal to 

 

E = [30EIRP] E = [30EIRP] E = [30EIRP] E = [30EIRP] 0.50.50.50.5/r/r/r/r …………………………………. (1.8) 

 

and is expressed in volts per meter (V/m) 

 

Equations (I.6) and (I.8) are used to determine the power density and field strength in the 

far-field region in a worst case condition where maximum power gain (Equation I.7) is 

applied. It should be noted that it is not always possible to predict the levels of maximum 

fields in and around sites of concern. This is due to the fact that RF fields may be absorbed, 

reflected and refracted by objects in a random and unpredictable manner. As such, the only 

way to determine actual levels of RF fields is by measurement. 

 

B. Practical Examples 

1. Calculation of Minimum Distance Where Exposures Fall within the Limits 

 

A 0.5-m diameter parabolic antenna, operating at 1.20 GHz (1200 MHz) with an EIRP of 50 

W is to be installed in an area accessible to the general public. What is the minimum 

distance from the antenna where the exposure does not exceed the limits for the general 

public? 

1. Calculate the maximum power density exposure limit for the general public (Table 4): 

 

Wlimit = f/200 

            = 1200/200 

            = 6 W/m2 

 

2. Calculate the minimum distance by rearranging equation (I.6) to solve for the distance 

from the antenna r: 

Rmin = [EIRP/(4π.Wlimit)]0.5 

        = [50/(4x3.14159x6)]0.5  

            = 0.814 m 
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3. Check to make sure that the minimum distance calculated above is in the far-field zone 

(where equation I.6 is valid): 

 

First calculate the wavelength: 

λ = 300/f 

   = 300/1200 

   = 0.25m 

 

As this antenna diameter is larger than the wavelength λ, it may be considered as a large 

antenna. Thus, the beginning of the far-field region is calculated using equation (I.2) where 

in this case the parameter D is taken to be the diameter of the dish: 

 

Rf = 0.5 D2/λ 

    = 0.5x(0.5)2/0.25 

    = 0.5 m 

 

Since the minimum distance, as calculated above, is in the far-field zone of the antenna, the 

basis for the calculation is valid. Therefore, members of the general public should not stand 

closer than 0.814 m directly in front of the antenna. 

 

2. Exposure at the ground level 

The geometry for calculating exposure at the ground level due to an elevated antenna is 

shown in Figure1 below: 

2 m

 

Figure1 Figure1 Figure1 Figure1 ––––    Sample configuration for calculaSample configuration for calculaSample configuration for calculaSample configuration for calculating exposure at ground levelting exposure at ground levelting exposure at ground levelting exposure at ground level    
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An antenna is installed so that the centre of radiation is at the height h above the ground. 

The goal of the calculation is to evaluate the power density at a point 2 m above the ground 

(approximate head level) at a distance x from the tower. In this example the main beam is 

parallel to the ground and the antenna gain is axially symmetrical (omnidirectional). 

After calculations, the power density becomes: 
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For example, if the antenna is a half-wave dipole, the relative numeric gain is of the form of: 
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Then, for a source with EIRP of 1000 W, the exposure power as a function of x is shown in 

Figure2 for three different heights. 

 

Figure2 Figure2 Figure2 Figure2 ––––    Power densPower densPower densPower density at the ground level vs distance from the tower ity at the ground level vs distance from the tower ity at the ground level vs distance from the tower ity at the ground level vs distance from the tower     

calculated for the example in Figure8.calculated for the example in Figure8.calculated for the example in Figure8.calculated for the example in Figure8.    
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3. Safety at base station sites 

Close to some base station antennas, the power density can exceed guideline levels. 

Operators calculate compliance distances in various directions from their antennas in order 

to define a boundary outside which the guidelines can never be exceeded. 

Preventative measures such as administrative procedures or physical barriers are 

implemented to ensure that people do not accidentally enter regions defined as exclusion 

zones. The design of sites would normally be such that the general public would not be able 

to stray into regions designed as exclusion zones. 

For large macro cellular base stations radiating up to 100 watts or more, exclusion zones in 

the range 10-15 m may be required in front of the antennas to ensure exposures remain 

within the ICNIRP guidelines for public exposure. In other directions such as below and 

behind the antennas, the exclusion zones would extend for lesser distances. 

Low power microcellular base stations radiating around 1-2 W would require much smaller 

exclusion zones than macrocells and it may be possible to fully encompass all regions where 

exposure could exceed guidelines within the plastic cover of the antenna. 
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Appendix II. Terms and definitions    
 

General publicGeneral publicGeneral publicGeneral public: comprises individuals of all ages and of varying health status, and may 

include particularly susceptible groups or individuals. In many cases, members of the public 

are unaware of their exposure to EMF. Moreover, individual members of the public cannot 

reasonably be expected to take precautions to minimize or avoid exposure. It is these 

considerations that underlie the adoption of more stringent exposure restrictions for the 

public than for the occupationally exposed population 

 

CCCControlled/occupational exposureontrolled/occupational exposureontrolled/occupational exposureontrolled/occupational exposure: Controlled/occupational exposure applies to situations 

where persons are exposed as a consequence of their employment and in which those 

persons who are exposed have been made fully aware of the potential for exposure and can 

exercise control over their exposure. Occupational/controlled exposure also applies where 

the exposure is of transient nature as a result of incidental passage through a location where 

the exposure limits may be above the general population/uncontrolled limits, as long as the 

exposed person has been made fully aware of the potential for exposure and can exercise 

control over his or her exposure by leaving the area or by some other appropriate means. 

 

EquivalenEquivalenEquivalenEquivalent Isotropically Radiated Power (EIRP)t Isotropically Radiated Power (EIRP)t Isotropically Radiated Power (EIRP)t Isotropically Radiated Power (EIRP): The EIRP is the product of the power 

supplied to the antenna and the maximum antenna gain relative to an isotropic antenna. 

 

EEEExposurexposurexposurexposure: Exposure occurs wherever a person is subjected to electric, magnetic or 

electromagnetic fields, or to contact currents other than those originating from physiological 

processes in the body or other natural phenomena. 

EEEExposure levelxposure levelxposure levelxposure level: Exposure level is the value of the quantity used when a person is exposed to 

electromagnetic fields or contact currents. 

    

FarFarFarFar----field regionfield regionfield regionfield region: That region of the field of an antenna where the angular field distribution is 

essentially independent of the distance from the antenna. In the far-field region, the field has 

a predominantly plane-wave character, i.e., locally uniform distribution of electric field 

strength and magnetic field strength in planes transverse to the direction of propagation. 

 

IIIInduced currentnduced currentnduced currentnduced current: Induced current is the current induced inside the body as a result of direct 

exposure to electric, magnetic or electromagnetic fields. 

 

NNNNearearearear----field regionfield regionfield regionfield region: The near-field region exists in proximity to an antenna or other radiating 

structure in which the electric and magnetic fields do not have a substantially plane-wave 

character but vary considerably from point-to-point. The near-field region is further 

subdivided into the reactive near-field region, which is closest to the radiating structure and 

that contains most or nearly all of the stored energy, and the radiating near-field region 
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where the radiation field predominates over the reactive field, but lacks substantial plane-

wave character and is complicated in structure. 

NOTE – For many antennas, the outer boundary of the reactive near-field is taken to exist at 

a distance of one-half wavelength from the antenna surface. 

 

PPPPower density (ower density (ower density (ower density (WWWW)))): Power flux-density is the power per unit area normal to the direction of 

electromagnetic wave propagation, usually expressed in units of Watts per square meter 

(W/m2). 

PPPPower density, peakower density, peakower density, peakower density, peak: The peak power density is the maximum instantaneous power density 

occurring when power is transmitted. 

 

PPPPower density, planeower density, planeower density, planeower density, plane----wave equivalent (wave equivalent (wave equivalent (wave equivalent (SSSSeqeqeqeq)))): The equivalent plane-wave power density is a 

commonly used term associated with any electromagnetic wave, equal in magnitude to the 

power flux-density of a plane wave having the same electric (E) or magnetic (H) field 

strength. 

SSSSpecific absorption (pecific absorption (pecific absorption (pecific absorption (SASASASA)))): Specific absorption is the quotient of the incremental energy (dW) 

absorbed by (dissipated in) an incremental mass (dm) contained in a volume element (dV) of 

a given density (ρm). 

  
dV

dW

dm

dW
SA

mρ
==

1
 

The specific absorption is expressed in units of joules per kilogram (J/kg). 

 

Contact currentContact currentContact currentContact current: Contact current is the current flowing into the body by touching a 

conductive object in an electromagnetic field. 

 

SSSSpecific absorption rate (pecific absorption rate (pecific absorption rate (pecific absorption rate (SARSARSARSAR)))): The time derivative of the incremental energy (dW) absorbed 

by (dissipated in) an incremental mass (dm) contained in a volume element (dV) of a given 

mass density (ρm). 

  
dV

dW

dt

d

dm

dW

dt

d
SAR

mρ
==

1
 

SAR is expressed in units of watts per kilogram (W/kg). 

 

WWWWavelength (avelength (avelength (avelength (λλλλ)))): The wavelength of an electromagnetic wave is related to frequency (f) and 

velocity (v) of an electromagnetic wave by the following expression: 

  
f

ν
=λ  

In free space, the velocity is equal to the speed of light (c) which is approximately 3 × 108 

m/s. 
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