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What are Ambient ELF and RF Levels? 

 

A nation-wide survey in the United States by Zaffanella et al (1993)  collected engineering data 

on sources and levels of 60 Hz electric power magnetic fields that exist inside residences in the 

United States. 

 

Approximately 1000 residences were randomly selected for the survey.  The goals were to 1) 

identify all significant sources of magnetic field, 2) estimate for each source the percentage of 

residences where magnetic fields exceeded specified levels, 3) to determine the relation between 

magnetic field and sources and 4) to characterize the field varations in time. 

 

The median field was identified as 0.5 mG and the average field was 0.9 mG.  Thus, this 

confirms that average residential magnetic fields based on the 1000-home study is less than 1 

mG.   

 

Appliances produce magnetic fields but these diminish rapidly with distance (at 1/R
3
), 

 

Power lines generally produce the largest average residential magnetic field when the entire 

living space of a residence and a 24-hour period are considered.  Power line magnetic field 

exceeds 1 mG in 17%, exceed 2.5 mG in 9.5% and exceed 5 mG in 0.3% of all the residences 

surveyed. 

 

Zaffanella (1998) conducted measurements to characterize typical EMF exposure levels in 

persons living in the United States - a study called the 1000-Person Study.  Table A-S.2 shows 

that about half of all people in the US have EMF exposures at home under 0.75 mG; in bed are 

0.48 mg; at school 0.60 mG; at work 0.99 mG; and 0.87 mG is the median EMF exposure for an 

average 24-hour day. 
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Table A-S.2 

 

 

In Sweden, Mild et al (1996) report that overall mean residential ELF exposures are 0.4 mG, and 

in Norway are 0.13 mG. 

 

 

Average Occupational Exposures to ELF 

Average occupational exposures in commercial office buildings are 1-2 mG or less and have 

been reported fairly consistently across numerous studies of exposure assessment (Table 1).  

Powerline and electrical workers have higher average occupational exposures from 10 mG to 

16.6 mG. 

 

 

 

 

 

 
 

Table S .2 Descriptive Statistics for Different Activity Periods

Parameter

Home not

in Bed In Bed Work School Travel 24-Hour

Number of Valid

Data Sets 1011 996 525 139 765 1012

1st Percentile 0.10 mG 0.01 mG 0.14 mG 0.13 mG 0.13 mG 0.18 mG

5th  Percentile 0.20 mG 0.08 mG 0.24 mG 0.18 mG 0.29 mG 0.27 mG

10th Percentile 0.27 mG 0.12 mG 0.30 mG 0.29 mG 0.41 mG 0.35 mG

25th Percentile 0.44 mG 0.24 mG 0.60 mG 0.35 mG 0.66 mG 0.51 mG

50th Percentile 0.75 mG 0.48 mG 0.99 mG 0.60 mG 0.98 mG 0.87 mG

75th Percentile 1.39 mG 1.24 mG 1.78 mG 1.01 mG 1.46 mG 1.41 mG

90th Percentile 2.49 mG 2.44 mG 3.32 mG 1.64 mG 2.18 mG 2.38 mG

95th Percentile 3.89 mG 3.63 mG 5.00 mG 1.77 mG 2.73 mG 3.38 mG

99th Percentile 9.50 mG 9.19 mG 13.5 mG 3.55 mG 5.43 mG 6.16 mG

Mean 1.29 mG 1.11 mG 1.73 mG 0.82 mG 1.22 mG 1.25 mG

Standard Deviation 2.54 mG 2.06 mG 3.09 mG 0.70 mG 0.99 mG 1.51 mG

Geometric Mean 0.80 mG 0.52 mG 1.03 mG 0.64 mG 0.96 mG 0.89 mG

Geometric

Standard Deviation 2.50 3.52 2.57 2.06 2.03 2.18
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Table A-2:  Average Occupational Exposures to ELF 

 

EMF RAPID Program – Questions and Answers,  NIEHS, 

June 2002  

  

  Office buildings (median)    0.6 mG 
  Support staff      0.5 mG 

  Professional staff     0.6 mG 

  Maintenance staff     0.6 mG 
  Visitors       0.6 mG 

 

EMF RAPID Program Engineering Project #3 Executive  
Summary, May 1996 

 

  Office building (average)    0.7 mG 

  Office building (median)    0.4 mG 

 

Electric and Magnetic Field Fundamentals (EPRI Resource Paper, March 1994) 

 
  Typical magnetic fields in offices   1 – 2 mG 

  Power line workers                 10 mG 

 

Occupational EMF Exposure Assessment (EPRI Resource Paper, February 1994)  

 

 Office Worker Comparison Group               1.6 mG 

 All Occupationally Exposed Utility Workers            16.6 mG 
  

 Table 7 – Other Studies Cited 

   Bracken Study (1990)                          1.0 mG 
   Deadman Study (1988)                 1.6 mG 

   Bowman Study (1992)                              0.9 – 1.8 mG 

 

Limits on Operation of Sensitive Electronic Equipment 

Companies that manufacture or use equipment in nanotechnology and biotechnology and found 

1.0 mG is generally the limit for proper operation of electron beam devices (mass spectrometers, 

scanning electron microscopes, lithography, etc) used in these technologies.  Ten (10) milligauss 

(mG) is the EMF limit for normal computers –  above 10 mG can introduce “computer jitter” and 

other problems. 
 

What are Ambient Radiofrequency Radiation/Microwave Levels? 

Prior to the rapid development of wireless communications for personal and business usage, RF 

power density levels were primarily related to AM, FM and television broadcasting signal in 

both urban and rural areas of the United States.  Microwave frequencies used for wireless 

communications were negligible.    
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Original extra-planetary sources of microwave radiation were infinitesimally small, on the order 

of a billionth of a microwatt per centimeter squared (10 
–12

 uW/cm
2
).  Human evolution took 

place without any appreciable exposure to microwave radiation from background sources.  The 

human body has no evolutionary protection against microwave radiation, as it does for ultraviolet 

radiation from the sun (Johannson, 2000).  Wireless voice and communications have introduced 

unprecedented levels of public exposure in the last decade.   

 

Mantiply (1997) measured and reported common sources and levels of RF in the environment.  

He identified areas near cellular base stations on the ground near towers to be from 0.003 to 0.3 

µW/cm2.  Background level ambient RF exposures in cities and suburbs in the 1990’s were 

generally reported to be below 0.003 µW/cm2. 

 

Hamnerius (2000) reported that ambient RF power density measurements in twelve (12) large 

cities in Sweden were roughly ten times higher than in the United States for equivalent 

measurement locations by Mantiply in 1978 (when no cellular phone service existed in the US).  

He reported a total mean value of 26 measured sites in the study was 0.05 µW/cm2 and the 

median value was 40 µW/cm2.  An office location with a base station nearby at about 300 feet 

distance tested 150 µW/cm2.  A train station with antennas mounted indoors tested at about 3 

µW/cm2.  Both indoor and outdoor ambient RF power density measurements showed high 

variability depending on proximity to transmitting antennas. 

 

Sage Associates reported on microwave frequency RF power density levels at outdoor locations 

both near and far from wireless antenna sites in the United States (Sage, 2000).  Within the first 

100-300 feet, power density levels have been measured at 0.01 to 3.0 µW/cm2.  Elevated RF 

power density levels from a major wireless antenna site can often be detected at 1000 feet or 

more.  Power density levels away from wireless antenna sites measure between 0.001 µW/cm2 

to 0.000001 µW/cm2. Vegetation often reduces signal (and therefore the reach of elevated RF 

exposures) but dry building materials used to visually screen wireless sites do not appreciably 

diminish signal transmission.  Therefore, many sites that are “out-of-sight” because of stealth 

design can still produce elevated RF levels in nearby areas where people live, work and go to 
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school.  For purposes of this evaluation, a 10 dB attenuation has been incorporated to take 

building material shielding effects into account.   
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APPENDIX 20-B 

 

STANDARDS OF EVIDENCE FOR DECISIONMAKING DIFFERS AMONG 

PROFESSIONS  

 

There is a large difference between what constitutes causal evidence for purposes of achieving 

scientific consensus, what constitutes sufficient evidence for purposes of interim public health 

policy, and what constitutes "a more likely than not" case.  A central confusion in this debate is 

whether prudent policy and public health decisions necessarily require conclusive scientific 

evidence first.  This is not the case. The state of the science needs to be presented in an 

understandable and scientifically accurate manner, but prudent public health actions do not and 

should not require 100% proof of harm.  In fact, precautionary and preventative actions are 

specifically justified at a point in time before scientific proof is established.  If the growing 

weight of evidence is positive (although all studies need not report positive effects) then it may 

be essential to take preventative actions and implement policies that are protective of public 

health, safety and welfare rather than wait for absolute certainty.  The following discussion is 

presented  to highlight some of the main differences in professional approach and traditional 

ways of viewing and interpreting scientific evidence.  In reality, the basis for taking action 

(preventative or precautionary action) is a continuum – there are no hard and fast rules.  The bar 

for Public Health Policy may be higher or lower than shown in Figure 2; based on many factors, 

including how widespread the risk, how dread the disease, the cost of inaction (doing nothing 

until there is proof, but many may be harmed), etc. 

 

A. Scientific Standard of Evidence 

 

There are several levels of proof for adverse effects of environmental exposures.  The most 

rigorous is a scientific standard, where virtual proof of causation is typically required by 

scientists to arrive at consensus about an effect.  This approach works best in physics and 

chemistry.  In biological systems this is rarely possible.  

 

In this case, the ‘scientific standard’ refers to the overall evidence that the science community 

typically requires before rendering opinions on the strength of evidence, and what evidence they 

believe is necessary to establish a causal link (proof).    

 

Figure 1 shows Standards of Evidence that are routinely employed by various interest groups in 

the EMF debate (Sage, 1997).  It can be used to focus on various accepted standards for evidence 

that are legitimately used by scientific and professional groups to determine when an action is 

appropriate.  The varying levels of certainty about an outcome will dictate different decision-

making among different groups that may all be appropriate given their professional charge.  

Even though the evidence required to make a scientific determination about causality has a far 

higher standard than a legal determination on the ‘weight of the evidence’ or ‘preponderance of 

evidence’ (a legal standard), neither negates the correctness of the other in its proper jurisdiction. 

Scientists typically want all possible evidence (animal, cell and epidemiological studies, with 

replications) showing a high degree of consistency. This can generally be described as a 95% to 
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99% degree of certainty before drawing conclusions (it does not refer to the 95% confidence 

interval in epidemiology, except as a part of the overall proof). 

 

 

 

Figure 1  Variable Standards of Evidence (By Profession) 

 

 

B.  Legal Standard of Evidence  

 

The second level of proof is the standard applied in legal proceedings, which is ‘more likely than 

not’  or ‘preponderance of the evidence’ (Figure 1).  This is to say if there is a 50%+ likelihood 

of harm, this is taken as evidence for a relationship (Sage, 1997).  At least this level of evidence 

is reached for the studies of adult cancer and neurodegenerative diseases and 50/60 Hz magnetic 

field exposures.  As with childhood leukemia, while we have documented associations, this does 

not necessarily indicate causation. Failure to meet either the scientific or the legal standard of 

proof does not mean that there is no relationship between exposure and disease.  In the case of 

EMF exposure, where everyone is exposed, the societal implications may be huge if there is a 

real risk whose magnitude has simply just not yet been clarified.  Public policies are needed to 

address this issue of decision-making in the face of this scientific uncertainty. 

 

C.  Environmental Protection Standard of Evidence 
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National and state environmental quality acts (The National Environmental Policy Act) and 

various state environmental quality acts (SEQA) require that assessments use a standard of 

“potential for a significant impact on the environment which is a relatively low level of certainty 

(10% to 30%).  The potential for a significant impact requires that mitigation strategies be 

developed, i.e, require precautionary or preventative actions when only the potential for risk is 

present (Figure 1). 

 

For example, the potential for risk to humans from building on an active earthquake fault will 

require a finding of potentially significant impact, and will require mitigative action; even when 

there is no certainty (no causal evidence) that the fault will rupture and cause damage within the 

design lifetime of the building.  Proof of harm is not a pre-condition for taking action, and the 

level of certainty is low in comparison to a scientific or legal standard of certainty.  Nonetheless, 

each standard has validity, and will have a different level of evidence required to take action.  

What decision-makers need to address is what standard of evidence is appropriate now to guide 

them with respect to EMF exposures that are clearly of environmental and public health concern. 

 

D.  Public Health Standard of Evidence 

 

The prudent approach from a public health point of view is to take preventive actions as if 

causation had been proven, while at the same time to continue to search for mechanisms of 

action. In the case of childhood leukemia and ELF exposure there is a consistent and statistically 

significant association in most studies, while for many of the other diseases the results are less 

consistent although strong associations are found in some studies (Figure 2).  This bar graph 

should be considered illustrative only, since the level of certainty may be higher or lower (above 

or below 50%) depending on the circumstances of the potential risk, and costs of those risks to 

society. 

 

Whether magnetic fields actually cause childhood leukemia and the other cancers and 

neurological diseases documented in this Report; or whether it is some other component in the 

electromagnetic environment that is responsible for the association is a subject of debate within 

the scientific community, but from a public health point of view it doesn’t matter.  The fact that 

there are unknowns does not negate or override the ultimate public health responsibility, which is 

to protect the population from exposures which cause disease.  Those who make public health 

decisions, as well as policymakers who rely on them and who approve construction of new 

schools and homes near power lines, those who provide insurance or financing of new 

construction, those who must choose siting routes for new electrical facilities all face making 

decisions with some uncertainty about the potential health risks from EMF exposure.  Important 

social issues must often be decided on the basis of incomplete or uncertain scientific information. 
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Figure 2    Public Health Standard of Evidence for Decisions 
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