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Introduction
The use of wireless communication technology is increasing rapidly. In particular, cellular telephones
and their associated transmission towers are becoming more widespread. Cellular telephones allow
for improved communication and are becoming an integral part of how we live and work. They can
enhance work productivity, improve service capabilities, and provide for increased personal or family
security. However, there is an associated concern over the potential health effects of this technology,
in particular the emissions of radio waves.

In Canada, the regulation of telecommunication devices is a federal matter, which is administered by
Industry Canada. Telecommunication devices must meet the requirements of Safety Code 6: Limits of
Human Exposure to Radiofrequency Electromagnetic Fields in the Frequency Range from 3 kHz to
300 GHz. This code, developed by Health Canada, includes guidelines for exposure to the public.
Allowable power densities for public exposures vary depending on frequency and range between 2
and 10 W/m2. These are based on a threshold for behavioural effects at a specific absorption rate
(SAR) of 4 W/kg and a protection factor of 50 (Health Canada, 1999).

The use of wireless telecommunication devices (e.g., radio, television, and wireless telephones) has
resulted in ubiquitous radio frequency (RF) fields in the environment. On the ground, maximum po-
wer fields are usually found 30 to 250 meters from base telephone towers. Results from monitoring
studies typically show levels of RF well below current Canadian exposure limits (Health Canada,
1998a; Thansandote, et al., 1996). For example, in Vancouver at a school with a roof-mounted an-
tenna, the highest levels measured (25 times less than Canadian exposure limits) were on the roof.
At ground level around the school, the maximum RF levels measured were 230 times below current
standards. Indoor levels were even lower – 4,900 times below the limit (Thansandote, et al., 1999).

At the request of elected representatives, Toronto Public Health (TPH) reviewed the need for a policy
of prudent avoidance for the siting of cellular (mobile) telephone base antennas in the City of To-
ronto. After a review of the literature and exposure standards for radio frequencies (RF), TPH conclu-
ded that a policy of prudent avoidance was justified. In its November 1999 report to the Board of
Health recommended that exposures to the public should be kept at least 100 times lower than cur-
rent Canadian limits (TPH, 1999). The Board of Health endorsed this recommendation and the City is
presently developing a planning protocol for the siting of base antennas, which will include the re-
commendations for prudent avoidance. This paper outlines the rationale behind this recommendati-
on.

                                               
∗) Original paper
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Health Effects
In discussing health effects of radio waves, it is common to refer to thermal, athermal and non-
thermal effects, as follows:

• Thermal effects occur when there is sufficient RF energy to cause a measurable increase in the
temperature of the object or person (e.g., more than 0.1°C).

• Athermal effects occur when there is sufficient energy to cause an increase in the temperature of
the body, but no change in temperature is observed due to natural or external cooling.

• Non-thermal effects are those occurring when the energy of the wave is insufficient to raise tem-
peratures above normal temperature fluctuations of the biological system being studied (RSC,
1999).

The thermal effects of RF fields in general are well known. They include changes in temperature re-
gulation, endocrine function, cardiovascular function, immune response, nervous system activity, and
behaviour (Elder, 1987; Roberts, et al., 1986; Cleary, 1990 - as cited in RSC, 1999). Current Canadi-
an and International standards are set to prevent adverse health outcomes from the thermal effects
of RF (ICNIRP, 1998; RSC, 1999).

Some of the non-thermal effects of concern that have been studied include the following: the poten-
tial to promote the formation of tumours; the increase in the permeability of the blood-brain barrier;
the potential influence on the natural pain control mechanism; and, changes in sleep patterns. In
1999, at the request of Health Canada, the Royal Society of Canada (RSC) reviewed the health ef-
fects of RF. It noted that there is increasing evidence that biological effects occur at low levels of RF
which do not result in any thermal effects. It concluded that it is still uncertain whether these biologi-
cal effects should be considered adverse effects. However, the scientific evidence is not sufficient to
rule out the possibility of adverse health effects at such low levels of exposure (RSC, 1999).

Other areas of concern are the impacts of RF on reproduction and cancer (Elwood, 1999; RSC,
1999). The RSC concluded that the weight-of-evidence available did not suggest that RF can cause
cancer or reproductive effects in humans. More research is needed to confirm if RF can cause genetic
damage or if biological effects would lead to adverse health impacts (RSC, 1999).

Standard Setting
Health Canada has indicated that it will review permissible exposure levels if there are demonstrable
effects at low-level exposure (Health Canada, 1998b). The precautionary principle argues for caution
when there are uncertainties on what level of exposure could have potential adverse effects. Waiting
for confirmation of adverse effects from epidemiological studies before taking action does not adhere
to a public health approach, which encourages prevention over cure. So far, human studies have not
indicated a strong link between RF exposures and adverse human health effects (RSC, 1999). This is
reassuring – if there are any health impacts at current levels of RF found in the environment, they are
likely to be small. However, due to various methodological limitations, such studies by themselves are
not sufficient as proof of either safety or harm.

In deciding whether current exposure levels of RF are a concern, there are several areas of uncer-
tainty that need to be addressed. For example,

n Non-thermal effects: Current standards are based on thermal effects of RF. Available data show
that biological effects do occur at levels below those where thermal effects are known to occur.
While there is uncertainty in the health significance of these effects, it is also uncertain whether
current standards would protect from potential adverse effects should these be confirmed.

n Duration of exposure: Current standards are based on short-term effects. Longer-term animal
studies at lower levels of RF showed behavioural changes because of mild heat stress. Stress is
known to lead to various adverse health outcomes. In addition, a doubling of cancer incidence
has been reported in cancer-prone mice at average exposure levels of RF close to occupational
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exposure limits. More studies are needed to confirm if long-term low level exposures can lead to
adverse effects.

n Use of threshold effect: Present standards are based on a threshold rather than a no-effect level.
Preference is normally given to the use of a no-adverse effect level (NOAEL) in developing envi-
ronmental health standards.

A protection factor is usually considered for each of the following areas of uncertainty:

n Using data from animal studies rather than from observations in humans

n Variability in sensitivity among humans, including children and other sensitive sub-groups

n Use of data from short-term rather than long-term studies

n Severity of the effects observed, such as an adverse effect level rather than a no-adverse effect

n Quality of the overall data available (CalEPA, 1997; MDEP, 1990; US EPA, 1993)

Based on current practice of environmental standard setting in various agencies, the uncertainties
identified above suggest that a protection factor of 1,000 to 10,000 is justified and prudent. Current
levels for the public under Safety Code 6 incorporate a protection factor of 50. A protection factor of
10 was used for setting occupational limits and an additional factor of 5 to derive public exposure
levels from occupational levels. This is less than is often customary, where a factor is used to convert
exposure levels from a 40-hour work-week to continuous exposures, and an additional protection
factor of 10 to take into account that some people in the general population are often more sensitive
than workers. Nor does this consider that effects have been reported at occupational exposure limits.
Ensuring that levels of RF were kept 100 times below Safety Code 6 recommendations would be
equivalent to using a safety factor of 5,000. This is within the range given above.

Prudent Avoidance
In examining the need for a prudent avoidance policy, Toronto Public Health considered two factors:

n Specific situations where high levels of exposure may occur; and

n The weight-of-evidence that harm may occur at these levels of exposures.

There are situations where Toronto residents could be exposed to levels of RF approaching Safety
Code 6. Given the degree of uncertainty as to whether or not such levels could result in adverse
health effects, Toronto Public Health supports the implementation of a prudent avoidance policy.
Such a policy encourages the adoption of individual or societal actions to avoid unnecessary exposu-
res to radio frequencies that entail little or no cost.

Toronto Public Health was requested to consider a policy of prudent avoidance based on restricting
the siting of base transmitter antennas a certain distance from schools and day-care centres and away
from residential areas. Given the density of Toronto, the mixed land use, and the existing network of
antennas, it would be difficult to implement such an approach. Toronto Public Health believes that a
prudent avoidance policy that ensures that the public is exposed to levels less than those recommen-
ded by Safety Code 6 would provide a greater level of protection in a more consistent way, than
limiting antennas from specific areas or by requiring a minimum set-back.

In Canada, the final authority for the approval of the installation of base transmission towers lies with
Industry Canada. The City of Toronto has little direct control over this matter. Therefore, the City is
working with the industry and citizens to develop a planning protocol for the siting of antennas in
Toronto. This protocol will ask those who wish to install, replace or modify base antennas to show
that radio frequency exposures in the areas normally used by people other than telecommunications
workers (e.g. roof-top gardens, balconies, or grounds) are at least 100 times lower than those cur-
rently recommended by Safety Code 6.
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The application of this prudent avoidance policy and protocol is expected to be feasible and readily
achievable (see Table 4). It will also provide a rational basis with which to evaluate and respond to
community concerns about both existing and future installations. The predicted exposures from sin-
gle installations are very low, and thus in most cases, this policy is not expected to have an adverse
impact on existing facilities. However, this policy provides an extra measure of protection as the
number of installations increases in the city, and in the event that new research provides evidence
that adverse effects do occur at levels which are below current standards.
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Table 1 Radio Frequency Exposure Limits for the Canadian Public

Frequency Power Density (W/m2)

30-300 MHz 2

300-1,500 MHz Frequency
150

1,500 to 300,000 MHz 10

Table 2 Radio Frequencies and Health Effects below SAR of 4 W/Kg

Frequency Exposure Level
(Whole body SAR
W/Kg)

Duration Effects Reference

Not given 1 - 3 Not given Decreased task per-
formance

ICNIRP,
1998

Not given 1-4 30 minutes Temperature increase
< 1ºC

ICNIRP,
1998

2450 MHz 1.5 2.5 hr/day
180 days

Reduces eosinophils
and white blood cell
count

Guy et al.,
1980

2450 MHz 1.23 8 hr/day
80 days

Difference in activity D’Andrea
et al., 1979

2450 MHz 1.2-2.2 8 hr/day
40, 85 days

Changes in red blood
cells and dietary ha-
bits

Ferri and
Hagan
1977

960 MHz 0.21 - 2.1 mW/Kg
with carrier modula-
tion of 217 Hz

20-40 min. Decreased cell growth
at exposures of 30
minutes or more

Kwee and
Raskmark,
1998

2450 MHz 0.4 - 0.7 550 –
15750 hrs

Threshold for chan-
ges in behaviour

D’Andrea
et al., 1991

2850 MHz 1 W/m
2

Not given Increased permeabi-
lity in the blood-brain
barrier

Oscar and
Hawkins,
1977

900 MHz pul-
sed

0.13 - 1.4 1 hr/day
18 months

2.4 increase in risk of
lymphoma

Rechapoli
et al., 1997

2450 MHz 0.14 - 0.7 7 hr/day
90 days

Changes in behaviour D’Andrea
et al., 1986

2450 MHz
pulsed

0.15 - 0.4 25 months Elevated adrenal
mass; differences in
immune competence

Guy et al.
1985

915 MHz 0.016 - 5 W/Kg
continuous and mo-
dulated

Not given Increased permeabi-
lity in the blood-brain
barrier

Salford et
al., 1992,
1994
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Table 3 Exposure Level Calculations

Approach

Recommended
24 hr public exposure cri-
terion (W/Kg) Modification factors

From occupational
levels of 0.4 W/Kg

0.0008 ÷ 10 for sensitive populations
÷ 10 for use of LOEL rather than NOEL
÷ 5 for converting to continuous exposures

From short-term
studies (4 W/Kg)

0.0004 ÷ 10 for use of LOEL rather than NOEL
÷ 10 for use of short-term rather than long-
term
÷ 10 for extrapolation to humans
÷ 10 for sensitive populations

From long-term stu-
dies (0.14 W/Kg)
(D’Andrea et al,
1986)

0.00028 ÷ 10 for extrapolation to humans
÷ 10 for sensitive populations
÷ 5 for converting to continuous exposures

From long-term stu-
dies (0.13 W/Kg)
(Repacholi et al,
1997)

0.00005 ÷ 10 for extrapolation to humans
÷ 10 for sensitive populations
÷ 24 for converting to continuous exposures
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Table 4 Proposed Process

Preliminary meeting
between staff and applicant

Ward Councillors notified

Fast Track Review
If proposal
meets criteria

Detailed
Technical Review
Circulation as required

Statement of Approval
issued by Director
Installation commences

Statement of Approval
issued by Director
Collateral Agreement
if required

Staff Report  on Objection
to Telecommunications
Steering Committee

Decision by Council
 to issue
Statement of Objection

Submission of Application
for review by UDS
Community Planning Staff

Application revised based
on interdepartmental
staff comments

Telecommunications
Steering Committee
Public Hearing and makes
recommendation to Council

Applicant holds Public Information
Meeting as may  be required

Decision by Council to
issue Statement  of
Approval
Collateral Agreement
if required

Decision by Industry

Review by CRTC if appealed

Referral for
Public Health
Review if needed

Federal directive to applicant
to revise proposal

Installation approved
without  changes
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Exposure Level Calculations

n From occupational levels of 0.4
W/Kg

÷ 10 for sensitive populations
÷ 10 for use of LOEL rather than

NOEL
÷  5  for converting to continuous

exposures

n 0.0008 W/Kg (24-hr)

Exposure Level Calculations

n From short-term  studies (4 W/Kg)

÷ 10 for use of LOEL rather than
NOEL

÷ 10 for use of short-term rather than
long-term

÷ 10 for extrapolation to humans
÷ 10 for sensitive populations

n 0.0004W/Kg (24-hr)

Exposure Level Calculations

n From long-term studies (0.14
W/Kg) (D’Andrea et al, 1986)

÷ 10 for extrapolation to humans
÷ 10 for sensitive populations
÷  5  for converting to continuous

exposures

n 0.00028 W/Kg (24-hr)

Exposure Level Calculations
n From long-term studies (0.13

W/Kg) (Repacholi et al, 1997)

÷ 10 for extrapolation to humans

÷ 10 for sensitive populations
÷  24  for converting to continuous

exposures

n 0.00005W/Kg (24-hr)

Relative risks and 95% confidence limits for studies of leukemia in adults and in children. Type of
study: C, occupational cohort; E, ecological. aAll lymphatic and hematopoietic--total leukemia not
given. bExcluding Lane Cove area. cNo confidence limits given; nonsignificant. Source: Elwood JM;
Environ Health Perspect 107 (Suppl 1):155- 168 (1999).


