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In the News



Scope of the 
Issue

“The biggest problem with rooftops is the large number of people who may 
require access. HVAC and elevator repair people, exterminators, painting 
contractors, window washers, building maintenance, and real estate 
practitioners all may need to access rooftop areas. Most have little or no 
knowledge of RF radiation. When multiple antennas are located on rooftops, it 
is easy to exceed the FCC regulations in some areas of most rooftops.“

-Richard Strickland, Director for Business Development at Narda Microwave

• Growing number of cellular antenna in our urban environment: 
schools, offices, churches, homes and apartments.

• FCC and City of Seattle do not keep track of all cellular antenna.

• Number of antenna in an area is proprietary information

• Demand for construction and maintenance workers in the field.

• 2016, Department of Labor listed Seattle-Everett-Bellevue area with 
the 4th highest employment of cellular installation and maintenance 
technicians. 



Cell Sites

Photo Source: Christopher Mak



What is NIR 
and RF?

� Part of the Electromagnetic Spectrum
� Frequency and Wavelength dependent 
� Longer wavelength, lower frequency = less energy
� NIR lacks energy to strip electrons from atoms, hence 

nonionizing.
� RF = 3kHz-300GHz
� MW = 1GHz-30GHz

Electromagnetic Spectrum (Photo Source: Fundamentals of Industrial Hygiene)



Where is it 
found?

Photo Source: Christopher Mak

Cell sites and cellular antenna in urban environments are usually 
constructed on elevated structures, such as apartments, offices, etc..

Fixed to free standing towers ~50-200 feet in height

Clustered panel design: antenna are 1x4’ in rows of three

Transmit 1850-1950 MHz around 500Watts of power



Is it Dangerous? � Short answer: not really, but maybe…

� According to FCC, ground level exposure is safe.

� Detrimental health effects in humans and animals exposed to 
large doses of high power density RF in certain frequency 
ranges.

Harmful effects:

� Thermal heating of body

� Burns induced by touching energized metal

� Clicking noises in ears

� Cataracts 

� Electric Shock

� Affect pacemakers and insulin pumps: TLV may not protect



Standards
&

Measures

�OSHA & FCC enforce Institute of Electrical 
and Electronics Engineers (IEEE) and 
American National Standards Institute 
(ANSI) Standard of IEEE/ANSI C95.1-2005 for 
RF exposures.

�Based on Maximum Permissible Exposure 
(MPE) categorized by Power Density (w/m2), 
Frequency (hz), and Specific Absorption Rate 
(w/kg)

�Limit whole-body thermal heating, like a 
microwave oven, or electric shocks.



Standards
&

Measures

Two categories: 
� Occupational/Controlled Environment = 6-minute TWA

� General Public/Uncontrolled Environment = 30-minute TWA
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FCC Adopted Maximum Permissible Exposure Limits 

Chart 1  

 

2.2 Compliance Analysis 
2.2.1 Spatial-peak 

The maximum RF energy across the area of the human body (about six (6) ft high) that an individual 
can be exposed to, is considered the Whole Body Peak (WBP).  This level should be considered as the 
highest level that is found in the area of interest.  If during the evaluation of an area for exposure there are 
no WBP exposures above the MPE being considered, the area is considered below the limits and requires 
no additional evaluation. 

2.2.2 Spatial-averaging 
If, during the evaluation of an area for potential exposure, it is 

determined that there are areas where peak levels (WBP) will exceed the 
MPE, then spatial-averaging is required.  Spatial-averaging considers 
the whole area of the human body in the evaluation of exposure.  If there 
is an area that has RF fields above the applicable MPE, additional 
vertical measurements should be taken to understand the levels between 
ground level and two (2) meters (about six (6) ft high.1)  The average of 
these vertical measurements is the Spatial-averaged exposure, which is 
used to evaluate compliance with the MPE.  

                                                      
1The ANSI/IEEE C95.1 - 1992 standard uses a height of 2.0 meters.   

 

Photo source: EME Evaluation and Management for Antenna Sites



Standards
&

Measures
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2.3.1.1 Cylindrical Model 
 For vertical antennas, with omnidirectional horizontal patterns, the power density in the near field can be 

estimated using the circular radiation pattern and the height of the antenna.  The area of a cylinder placed 
over this antenna is assumed to be uniformly exposed to the power radiated by the antenna; no RF is 
emanated from the top or bottom.  This power density is approximately the same as the average power 
density an individual of a specific height would be exposed to when standing next to the antenna.  This 
formula is referred to as the Cylindrical Model since it utilizes a cylinder for the modeling.  

 

 

S P
DL

=
2π

 
 
S = Power Density (mW/cm2) 
P = Total Power into Antenna (mW) 
D = Distance from Antenna (cm) 
L = Length of Antenna Aperture (cm) 
 
 

! Shorter antennas result in higher fields and exposure for a constant power.  The greater the power, the 
higher the EME field.  The shorter the aperture, the higher the EME field.  The closer to the antenna, 
the higher the EME field.   

2.3.1.2 Spherical Model 
In the far field, the radiation pattern becomes developed and does not change with distance from the 

antenna.  The maximum radiating power density becomes related to the gain of the antenna.  In the far field 
the power density decreases as the square of the distance.  With an isotropic point source (omnidirectional 
in all directions) the power density can be envisioned as the source power distributed over a sphere having 
a radius equal to the distance from the antenna.  When the antenna has gain, the maximum power density 
in the far field can be calculated using the formula below: 

S
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S = Power Density (mW/cm2) 
P = Total Power into Antenna (mW) 
G = Gain Ratio of Antenna based on an Isotropic radiator 
D = Distance from Antenna (cm) 

One Method for Predicting Power Density (S):

• Workers using documented data for the antenna in question, 
and power tables on antenna gain can use the inverse-square 
law to predict power density at specific distances from a 
source of radiation. 

• RF fields follow the inverse-square law, we know that power is 
reduced by the square of the distance, meaning that distance 
matters in terms of keeping exposures low! 



Standards
&

Measures

Measuring Power Density (S), Magnetic Field 
(H), and Electric Field (E):

• Non-directional antenna array (S)
• Dipole antennas (E)
• Loop antenna (H)

Note: Doing exposure assessment it is important
To measure target organs that will be affected 
the most, primarily the eyes and testes.
Furthermore, note which frequencies are being emitted
Before selecting tool. 

C H A P T E R  1 1   Nonionizing Radiation
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loops are highly directional, so the surveyor must follow 
the protocol outlined earlier in the section on measuring 
subradiofre quency fields. Triple orthogonal loops are iso-
tropic, so probe orientation is not critical. 

Radiofrequency field and radiation measurements 
should be made where the worker would normally be, but 
without the person present, so reflections and induced fields 
do not create falsely high results. (This is similar to noise 
measure ments, which are best done where the ears would 
normally be, but while the operator is away.) Either the 
sensor is held just above floor level and raised up through 
the body posi tion at 8-in. (20-cm) vertical intervals and 

the result recorded for each point, or the probe is steadily 
moved through the body positions using an instrument with 
an add-on module that averages the readings. The sensor 
must be kept 20 cm or one sensor dimension (whichever is 
greater) away from energized objects. At this time, measure-
ments must be made at the locations of the eyes and testes. 
Exposures above the standard and their locations must also 
be recorded. Excursions up to 20 times the standard are 
allowed at the extremities (hands and feet), and excursions 
up to 8 times the standards are allowed elsewhere (except 
at the locations of the eyes and testes). 

Contact- and induced-current meters are now available. 
The contact-current meter has electrodes that are pressed 
against an object that may be electrically charged due to 
ambient RF fields, as well as a cable and built-in ammeter. 
Induced-current meters look like bathroom scales and are 
meant for people to stand on. The induced current flows 
through the instrument and drives an AC ammeter before 
going to ground. One manufacturer sells a cylindrical 
antenna that electrically simulates an upright human and 
can be placed on an induced-current meter. 

MICROWAVE OVENS 

Microwave ovens use the 2.45-GHz ISM band. Power is 
sup plied by a magnetron tube and routed to the cooking 

Figure 11–16. Isotropic (nondirectional) antenna arrays are used 
for RF survey meters. Mutually orthogonal dipoles respond to 
electric fields, and mutually perpendicular magnetic field loops. 
(Narda NBM-550 Broadband Field Meter with electric field probe 
is shown.)

Figure 11–17. A displacement sensor is oriented so that its flat sur-
face faces the source. (HI-3603 VLF survey meter courtesy of 
ETS-Lindgren, Inc.)

Photo Source: Fundamentals of Industrial Hygiene



Safety 
Controls

Administrative Controls
• OSHA/FCC & WAC 296-62-09005: Institute training program, which includes 

dangers of RF, how to measure and control hazards, and acknowledge health 
ramifications working around antenna.

• Establish an area where only authorized/trained people may enter
• Signage Guidelines

• Notice, Caution, Warning
• Must have: who’s in charge, what danger is present, safety controls 

needed, regulations the sign is referencing from, and EMF hazard 
symbol 

Photo Source: Christopher Mak

Photo source: EME Evaluation and Management for Antenna Sites



Administrative Controls

• Site safety analysis before heading to jobsite to strategize work around 
antenna arrays, limiting distance (3 feet) and time spent near RF emissions

• Contact owner and shutdown and ground power
• Establish a Lockout/Tagout program

Interviewed Washington Firefighter Steve Reno on standard operating procedures 
(SOP)

• They do not have one
• Often called to towers for fatalities
• They do have a Lockout/Tagout training program
• Firefighting Union (IAFF) has a policy that does not allow for cellular arrays to be 

installed on firehouses in order to protect health of firefighters.
Photo Source: Steve Reno



Safety 
Controls

Engineering Controls
• Barriers

• Locked rooftop door, chain-link fence, engineered protective clothing
• Insulate with engineered foam or copper tape to prevent leaks
• Grounded metal screens to block waves

• Penetrations in screen must be less than ¼ wavelength dimension
• Distance

• Design and construct antenna higher off of the ground
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3. ENGINEERING CONSIDERATIONS  

3.1 Antenna elevation 
 One common technique for reducing the RF levels expected on large roof tops is to elevate the 

antennas above the roof.  Elevating the antennas raises the EME fields above the roof and reduces the 
power density to which an individual at roof level will be exposed.  The results of elevating antennas are 
illustrated in Chart 3.  These data are based on the EME fields produced by an 850 MHz SMR antenna.  
Ten 150 watt transmitters through a combiner drive the antenna.  The resultant 550 watts of power is fed 
into a 13 foot omni antenna.  This type of antenna configuration is not unusual on rooftops. 
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Exposure Vs Antenna Height Above Roof 

Chart 3 

 The resultant exposure possible can be above the MPE when the antenna is mounted at the roof level.  
From the chart, fields in excess of 200% of the Occupational/Controlled MPE are encountered within one 
(1) ft of the antenna.  While this seems extremely close, a technician walking down the center of an 
antenna grid with four (4) foot centers will be two feet from any antenna at any time.  Two feet from this 
antenna mounted at roof level it is possible for the exposure to be over 100% of the same MPE.  If this 
situation is compounded with several antennas having the same power density, the levels in this walking 
area could be above the MPE.  For this reason every effort should be given to reducing the fields at the 
roof level.  The most effective technique for reducing the fields on a building, while maintaining constant 
radiated power, is raising the antenna.  Raising the antenna four (4) feet above the roof reduces the EME 
field strength at the roof level to about 50% of the MPE at one (1) foot from where the antenna was.  If the 
antenna is raised six (6) feed above the roof the fields are reduced more than 90%. 

! The most effective technique for reducing EME levels is elevating antennas on buildings and extending 
antennas away from the tower. 

Photo source: EME Evaluation and Management for Antenna Sites



Safety 
Controls

PPE

Insulating Suit
• German company Naptex manufactures a hooded suit
• Made from polyester yarn and stainless steel fibers
• Shield from 1000% over FCC MPE

Personal Monitor
• Alerts to RF field
• Helpful to determine if your Lockout/Tagout has been 

compromised
• If worn, may not alert user to target organ exposure

Long-handled Tools
• Help extend reach into RF field



Thank you!

Learning Objectives:

• What is nonionizing radiation?
• Low energy EME

• Why it is dangerous
• Heating and shocks

• Standards and Measures
• Occupational vs. General Public

• Controls 
• Administrative, Engineering, PPE

There is no reason for fear or panic!



HOWEVER!

Fatal Falls on Cellular Towers!
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