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Wireless Local Area Networks (WLANs) 
and Microwave Radiation 

Wireless Local Area Networks, also know as WLANS or (incorrectly) WiFi, are one of the more 
common forms of networking personal computer systems. Most internet routers that people use 
to connect to the internet come with WLAN capabilities, as do all new laptops. Many cafes, shops 
and other public areas offer free or paid “Wireless Internet” through WLANs. WLANs operate at 
similar frequencies to mobile phones & mobile phone masts, and as such they have attracted 
some similar concerns about the potential health risks of being exposed to the microwave 
frequency electromagnetic fields (EMFs) that they produce. 

We find the NRPB and other scientific advisers giving inaccurate information about the levels of 
natural electromagnetic background radiation to which the general population is exposed, and 
the mix of man-made radiation recently added to it. One local authority education advisor said 
that this "natural background radiation" has absolutely nothing to do with the "radiation" involved 
in wireless LANs. He is correct as far as ionising background radiation is concerned - but 
completely misses the point as regards natural background radiation in the microwave bands. In 
fact he goes on to state that "There is simply no such thing as background radiation in the 2.4 GHz 
region of the EMF spectrum". 

The graph on the right shows the natural 
background levels of signals in the 
radiofrequency spectrum from about 50 
MHz to over 10 terahertz in the infra-red 
frequency band (approaching visible 
light). [1] 

The two black vertical lines show the 
mobile phone bands and the WLAN 
frequency (2.4 GHz) is towards the right 
of the thicker line. This is in the part of the 
radiofrequency spectrum which has the 
lowest levels of natural radiofrequency 
noise. 

Levels inside a room with a WLAN 
system will be off the top of the scale of 
this graph. 

Another comment made by the experts in the advisory bodies is that the power levels in a WLAN 
system are too low to cause any ill-health effects. We know that nuclear (ionising) radiation is 
particularly powerful when used in weaponry and as X-rays. It is now believed that there may be 
no safe level of ionising radiation and that even very small levels may create serious health 
problems. 

Current exposure guidelines for non-ionising radiation are only designed to protect the human 
being from gross heating effects. They are not meant to reflect any concerns about long-term 
chronic exposure to low levels of amplitude modulated microwaves. The concerns we have are 
mainly concerned with pulsing interference with the body's own signals rather than the simplistic 
concept of power levels often referred to. However, if for a moment we consider the power 
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issues, the graph below shows the relationship between currently permitted levels and natural 
background electromagnetic power-flux densities. Note that both axes are logarithmic in order to 
cover a wide range. The column on the right is the relevant one and goes from 100 MHz to 10 
GHz in frequency. Note that the permitted levels are over 1,000,000,000,000 times the natural flux 
density in the frequency band. 

The maximum natural thermal background level at 2400 MHz is somewhere around 10 µV/m 
(microvolts/metre), otherwise expressed as 20 dBµV/m. 

The "man-made electrosmog" level is usually below 100 µV/m, (40 dBµV/m), with even very 
strong broadcast TV (c.500 MHz) and FM radio (c.100 MHz) signals normally not exceeding 0.1 
V/m (100 dBµV/m) (usually very much lower) unless you are close to a large broadcast 
transmission mast where they still rarely exceed about 1 volt/metre (120 dBµV/m) - and these 
(older type) signals do not 'pulse' in the way WLAN signals do. 

The maximum levels in public places from a cellular telephone base station mast are usually 
between 100 and 120 dBµV/m (0.1 to 1.0 V/m), with average levels between 90 and 110 dBµV/m. 
(0.03 to 0.3 V/m). 

In fact, we are not worried about the flux density, per se. We, and many other leading 
bioelectromagnetic scientists, are concerned about pulsing signals interfering with our body's 
normal internal electrical and electro-chemical signalling systems. This is a somewhat similar 
process to the interference often heard on a radio, etc, from a mobile phone handset. It is an 
(biological, living organisms) electromagnetic compatibility (EMC) issue. 

There are many scientific papers on the bio-electromagnetic-compatibility issues. Those by 
Professor Ross Adey [2] and Dr Gerard Hyland [3,4] are probably among the better ones. In our 
experience of over 35 years in the radio and electronics industries and in monitoring scientific 
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research in these areas we are convinced that the main problem is likely to be the regular, 
pulsing, amplitude modulation of the signals. 

There is now considerable man-made background radio-frequency noise in this part of the 
spectrum that can be measured with the appropriate equipment. We predict that the levels in the 
corridors and classrooms of a school with a WLAN system in place will exceed this range -
exposing the children to relatively high levels of 'pulsing' microwaves all day, every day. It may 
be contained, more or less, in one room if the system is fairly small, such as for example, in a 
science laboratory. 

The total amount of power that the WLANs emit is indeed negligible if we were to only consider 
thermal issues. We are concerned about the pulsing and WLAN systems do pulse (defined here 
as sudden changes in amplitude with time). 

If you are concerned by these fields, suitable meters are available to measure these fields, such 
as the Acoustimeter sold and hired by EMFields. This enables a decision as to whether it is 
worth a more complex investigation being embarked upon. Such further investigation needs to be 
carried out with care - because WLANs are frequency agile, each sequential burst is transmitted 
on a different frequency and so the overall emission patterns can be missed on a normal spectrum 
analyser scan. Also, the sensing antenna needs to be small in order to pick up the hot spots. High 
and low levels can be found close to each other - at about a quarter of the wavelength intervals, 
which at 2.4 GHz is at (12.5 cm)/4 - i.e. they can be as close as 3 cm apart. 

We have heard the inaccurate statement that "When the computer is not doing this sending or 
receiving files (the vast majority of the time), there is simply no EMR being transmitted; there is no low-
level, tick-over, background transmission." This is simply not true, and may be based on ignorance or 
a deliberate attempt to mislead. 

The IEEE 802.11 Specification requires the master node to continuously transmit a control signal 
burst every 625 microseconds (i.e. at a burst-pulse rate of 1600 Hz). When large uploads or 
downloads of information are being transferred these can extend over 5 time slots (dropping the 
burst rate to 320 Hz). 

When computers with WLANs are turned on in the presence of an active control node they 
synchronise and log on to the network and regularly send handshake signals to the control node. 
The control node transmits a pulsing signal continuously to synchronise the system and set the 
timing for communication with the networked computers. 

That this is correct can easily be checked when the network is up and actively running, by using 
an Acoustimeter microwave monitor, available from us. 

Again, advisers have made misleading statements that WLANs "are only allowed to transmit at 
0.035 watts" (35 milliwatts, mW). Class 1 devices are permitted to transmit up to 100 mW and 
Class 2 devices up to 2.5 mW. It maybe that particular models have this power limitation, but the 
permitted level is almost three times higher. It is similar to that from a digital cordless telephone -
devices that we also believe cause adverse health reactions in some people. 

The whole area of sensitive people is one which is fiercely debated and children and adults who 
are affected (often with headaches, tiredness, behavioural disorders, concentration problems and 
memory loss, rashes, and general ME/CFS symptoms) are today usually diagnosed as having a 
psychiatric problem. This is well documented in a (2003) book 'Skewed' by Martin Walker [ISBN 
0-9519646-4-X]. It is hardly surprising since mobile radio technology nets the Government over 
£20bn annually in tax revenue, and producing about 2% of Britain's GDP. In a recession, the 
government cannot afford to risk losing this revenue. 
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The symptoms bear a close resemblance to those in a study of a Latvian pulsed radio location 
station which emits 24 short VHF pulses of 154 - 162 MHz each second. In a study of 966 children 
aged 9-18 years old, motor function, memory and attention were significantly worse in the 
exposed group. Children living in front of the station had less developed memory and attention, 
their reaction time was slower and their neuromuscular endurance was decreased. The RMS field 
levels at their houses were low, typically only 1V/m, and a maximum level of 6V/m or 
10µW/cm2 [5]. These are similar levels to those that the children in the classes with WLANs will 
be exposed to. In a study near the Latvian radio station, differences in micronuclei levels in 
peripheral erythrocytes were found to be statistically significant in the exposed and control 
groups. This is possible evidence of genetic changes caused by non-thermal levels of pulsed 
radio-frequency radiation. [6] 

A study by Verloock [7] measured office exposure to WLAN networks, both with and without a 
wireless sensor lab environment (WiLab). The average background exposure to WLAN without 
the WiLab was 0.12 V/m, with the WiLab switched on, it increased to 1.9 V/m. This level could 
produce adverse health symptoms in workers who are electrosensitive. 

In a US Defense Intelligence Agency document [8] among many concerning admissions we find 
the following: "Histological examination of the cerebral cortex of rats exposed to UHF at 5 to 15 µW/cm2 

revealed the onset of sclerosis and the formation of vacuoles in some cells". Also: "37 persons 
occupationally exposed to a microwave field at 10 µW/cm2 over periods of two to eight years were studied; 
symptoms of asthenic and autonomic vascular disturbances, endocrine shifts, and abnormal EEGs were 
observed in half the patients". What does that mean? It means that at exposure levels in the order of 
those that people will be exposed to from WLANs, brain damage at cellular and functional levels 
had been found and reported over 20 years ago. 

Reports linking RF energy with asthenias had been reported by Charlotte Silverman back in 1973, 
and again in 1980, as what she called "radio wave sickness". [9] 

There are other ways of networking computers - with wires, fibre-optic cables and infra-red 
communication adaptors. These may be slightly more expensive or less convenient than the 
currently promoted wireless LANs - but what is the true cost to the long term health of the 
population, especially children? We believe that the current fast roll-out of WLAN technology, 
especially in schools and public places, is unwise, unnecessary and irresponsible. 

We conclude that, as the WLANs are likely to be used in schools, both staff and parents should be 
made aware that a minority of children may experience adverse symptoms and that, if reported, 
these should be taken seriously and that the possibility of the WLAN system playing a 
provocative role should be recognised. 

Alasdair Philips, BSc(Eng), DAgE, MIAgE, Technical Director of Powerwatch 

[1] Electromagnetics with Applications, p.336, Eds Kraus & Fleisch, McGraw-Hill, 5th Ed. 1999, 
ISBN 0-07116429-4 

[2] Adey R 1999 - Cell and Molecular Bioeffects of Mobile Phone Fields, in Review of Radio Science, 
1996-1999, (R.Stone & S. Ueno, eds, Oxford University Press 1999, pp. 845-872) 

[3] Hyland, Gerard, 2000 - The Physics and Biology of Mobile Telephony, The Lancet V. 356:1833-6 

[4] Hyland, Gerard, Dec 2003 - The inadequacy of the ICNIRP Guidelines governing human 
exposure to the microwave emissions from base stations (circulated document). Available on the 
Powerwatch website. 
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[5] The Science of the Total Environment 180, Elsevier, 1996, pp 87-93 

[6] The Science of the Total Environment 180, Elsevier, 1996, pp 81-86 

[7] Verloock L et al 2010 – Procedure for assessment of general public exposure from WLAN in offices 
and in wireless sensor network testbed Health Phys 98(4):628-38 

[8] DST 1801S-074-76, 1976, facsimile in 'Remote Viewing' by Tim Rifat, 1999, ISBN 0 7126 7908 1, 
pp405-434 

[9] Silverman, Charlotte - Am.J.Epi, 1973, & Proc IEEE v79, pp78-84 1980 

WiMAX 

WiMAX is very different from WiFi in technicalities. While WiFi is designed as a LAN (Local 
Area Network), WiMAX is designed as a MAN (Metropolitan Area Network). The most obvious 
difference is the range. While WiFi is in the hundreds of metres, WiMAX is theoretically designed 
for up to 30 miles! However, this is only a theoretical range, and it is expected for most base 
stations to have a range of between 4 and 10 miles. To achieve such ranges, the power levels have 
to be much higher, reportedly going up to 40W. Also, frequencies are different, to avoid clashes 
with WiFi. WiMAX is designed for 2-66 GHz, But so far designated frequencies are all below 10 
GHz. The frequencies that have been licensed for frequent use so far are 2.3 GHz, 2.5 GHz, 3.5 
GHz, 3.6 GHz, 4.9 GHz and 5.8 GHz. The European fixed WiMAX frequency seems to be 3.5 
GHz. 

Wireless Myths 

Following the high press coverage on health effects from WiFi in early 2007, we found a number 
of arguments for and against the likelihood of risk. Whilst there is a case to be made on both sides 
(i.e. strong evidence of health effects from highly similar exposure to base stations against lack of 
any solid biological mechanism or actual research into WiFi itself) there is also a lot of “techie” 
misinformation that needs addressing: 

Myth 1: We've been exposed to this radiation for years, it must be safe 

From the Sun 

There have been quite a few comments standard cosmic background radiation has enough 
microwave radiation in it for us to be affected even before the appearance of TV and radio, let 
alone mobile phones. The background microwave radiation (by which we refer to frequencies 
ranging from 300 MHz to 30 GHz) from the Sun is almost non-existent, millionths of what can be 
found in your local wireless café. So even if the signals themselves were the same, this claim is 
nonsense. 

Background on Radiation Frequencies 

It is accepted that X-rays can cause health problems via known mechanisms (e.g. DNA strand 
breaks). It is also generally accepted that visible light does not cause much harm (with the 
possible exception of eye-damage if the intensity is too great) during the daytime (caveat here as 
night-time visible light may cause health problems such as breast cancer indirectly by melatonin 
suppression). As any physicist could tell you, whilst both naturally occurring forms of radiation, 
they consist of very different wavelengths and are not comparable. 
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From Radio and TV 

FM Radio transmissions are at about 100 MHz, considerably lower than the 900 MHz, 1800 MHz 
& 2100 MHz of mobile phone communications. Moreover, and we believe this is of critical 
importance, radio transmissions are continuous wave transmissions, and do not rely on pulsed 
signals to transmit data. Likewise, whilst the transmission frequency of TV is much closer 
(approximately 450 to 850 MHz), this is again close to continuous wave, and does not have 
anything like the amplitude modulation that mobile phone carriers do. 

With the advent of digital radio & TV (pulsed), people are beginning to report health effects 
similar to those reported by residents near to mobile phone base stations. 

This is crucial, not because it guarantees that there must therefore be a risk, but because it 
highlights that this exposure is new. We are now being surrounded and bombarded by radiation 
that is unlike anything we have been exposed to previously. It may be safe, it may not be, but we 
cannot use the argument that it has been around for years as this is not the case. 

Myth 2: People only got affected when the scare stories started, it must be 
psychosomatic 

Again, this is a quickly dispelled myth (often also referred to as a 'nocebo' effect -- basically a 
negative 'placebo' effect). There is an increasing amount of evidence from scientific studies 
(including animal, bird and insect studies which rule out the nocebo effect) that putting it all 
down to a psychological response is getting a harder stance to take, see the articles on 
Radiofrequency EMFs health risks. There are other articles (all free of charge) available on the 
Powerwatch website that look at the scientific debate. 

Myth 3: Being on a phone for 20 minutes is equivalent to 1 year in a WiFi 
classroom 

This statement, very unhelpfully publicised by Mike Clark, senior spokesperson for the Health 
Protection Agency, is both factually incorrect and highly misleading. 

Whist Mike Clark is right that a mobile phone, working on full power and with you talking 
continuously (not listening) can technically expose you up to about 50% of the SAR limits. In 
normal use, with a good number of signal strength bars showing on the display (say 75% signal 
level), the phone will be working at somewhere between one-thousandth and one-twentieth of 
this level. Let's average this at about one fiftieth as a reasonable level for the phone to be 
operating at most of the time. Then, if you are talking 50% of the time, this would reduce the 
transmitted pulses (using DTX) by another factor of 2. So, a typical exposure would not be 50% of 
the SAR limit but more like 0.5% of the SAR limit which we should assume to be 0.5% of the the 
ICNIRP limit (for a typical call). 

Now we come to a slightly different exposure regime in the classroom in that you are not holding 
the WLAN card to your head. 2.4 GHz WLANs (most common in the UK) operate at 0.1 watts 
output power (5-6 GHz ones can use up to 20 times this). So we have one WLAN node in the 
classroom (0.1 W) and, say, 20 laptops all at 0.1 W. However, they are only transmitting much 
power when actually transferring files. So, let's say that we have the equivalent of one laptop 
operating absolutely continuously (actually the combined output of 20 may well be more that 
this). So we have 0.2 W. Let's say that we are on average 1 metre from the antennas. This seems 
reasonable based on the fact that there are 20 in the room. So E = sq.root (30*0.2)/1 = 2.5 V/m 
equivalent continuous. Now the ICNIRP guidance at 2.4 GHz is 61.5 V/m. So the signal strength 
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is 1/25th of what is allowed. Power is proportional to signal strength squared so that would be 
1/625th of the ICNIRP power level. 

So, we have a mobile phone call next to head typically 0.5% (1/200th) of the ICNIRP guidance. 
We also have being in a 20 PC WLAN classroom being something in the order of 0.2% (or 
1/625th) of ICNIRP guidance, about a 3-fold difference. 

Therefore 20 minutes on a mobile phone running at typical power levels would be equivalent to 
about 1 hour in a classroom with 20 WLAN PCs, approximately two standard lessons. 

There are other differences. In the phone call situation, almost all the energy goes into the user's 
head and hand. In a classroom situation the whole body absorbs this lower level of power, so the 
"total body burden" if we were to compare it with ionising radiation (for example), would 
actually be very similar. 

We have no idea how Mike Clark can feel justified in claiming this completely unsubstantiated 
and unsupportable statistic. 

Addendum: 

The above calculations are based on absorbed power levels, which is based on the idea that the 
only thing that microwaves do is heat you. As we are looking at non-thermal effects we believe 
that signal strength is likely to be a more appropriate metric (measured in volts per metre). This 
has the advantage of not being averaged over time, and we can therefore tell the difference 
between exposure from a continuous wave signal and one where the signal consists of a number 
of short pulses with gaps. 

Myth 4: The WHO factsheet says there is no cause for concern, and they 
should know 

Whilst it would be great if this was true, it also appears that they have become quite the 
bureaucracy when it comes to actually keeping on top of the science. The wonderful factsheet that 
keeps getting quoted as evidence that there is no problem can be found here, and was last 
updated in June 2000! They have not taken into account any of Hardell's work showing an 
increase in brain cancer from mobile phone usage, the INTERPHONE studies, nor did they assess 
any of the papers shown in the rebuttal of myth 2 (which, incidentally, is just the tip of the iceberg 
anyway). This factsheet is so hopelessly out of date with regards to the current state of science on 
this issue that it should now be simply ignored. 
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Technical Information for Different Protocols 

Applicable Frequency Range Power Limitation Speed 
protocols 

802.11b and 802.11g2.4 - 2.4835 GHz 100mW eirp 54 mbps (20Mbps MAC Real-world) 
and 11Mbps 

802.11a (h) 5.15-5.35 GHz 200mW eirp. Can provide up to 54Mbps (20 Mbps 
Real-world) 

802.11a (h) 5.47 - 5.725 GHz 1W eirp up to 54Mbps (20 Mbps Real-world) 

802.11n 5 - 47 GHz?? Unknown 100Mbps 

WiMax 2-66 GHz, most Reportedly up to Up to 75Mbps (45Mbps Real-world) 
likely 2.3 GHz, 2.5 40w 
GHz, 3.5 GHz 3.6 
GHz, 4.9 GHz, 5.8 
GHz 

MIMO (multiple Varies Varies 
input, 
multiple output) 
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