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BCSEA-SCBC IR1 to CSTS February 7, 2013 FBC AMI CPCN  
 
20.0 Topic: Health Reference: Exhibit C9-8 7B Dr. Margaret Sears Report 

20.1 Dr. Sears says “It is worth considering the exemption for pulsed 
signals in Safety Code 6 (page 18)...” What conclusion does she draw from 
that consideration? 

 
Health Canada has acknowledged unique risks associated with short time-frame wave 
forms, and has a different method of calculating the dose for these pulses. This method 
was not used to date in materials provided by the proponent. Although the consideration 
narrows the margin between the anticipated and the permitted exposure, it does not result 
in the meter exceeding the permitted exposure limit. See also response to second 20.2 
(renumbered 20.6). 
 

“Biases can also arise from who is actually included in the comparator 
groups. Electromagnetic hypersensitivity is under-recognized, and there are 
social and cognitive barriers to individuals recognizing it within themselves 
(indeed, the same is true for all environmental sensitivities).” [p.6] 

 
No question was associated with this quotation. 
 

20.2 What is Dr. Sears’s definition of electromagnetic hypersensitivity? 
Does the definition focus on that symptoms being reported to be associated 
with EMF exposure; or symptoms that are caused by EMF exposure? 

 
Electromagnetic hypersensitivity to be symptoms attributed to EMF exposure, that meet 
the applicable consensus criteria for environmental sensitivities, as listed in my letter. 
These include that condition has persisted for a period of time, that symptoms arise in 
response to exposures, that symptoms may improve when the exposure is absent, and that 
the response is repeatable/persistent.  
 
These consensus criteria bridge as best as possible, the gap between the choice posed in 
the question above; between association and causation. It is important to note that effects 
may not necessarily develop or resolve instantaneously; they may take minutes, hours or 
even days to manifest, or to resolve upon removal of exposure. This poses difficulties in 
“provocation” experiments. As well, although it is not electromagnetic hypersensitivity 
per se, if EMF exposure initiates a cascade of biological effects leading to other diseases 
such as cancer, or to death of non-regenerative tissues, removal of the EMF source will 
not reverse these downstream effects. 
 

20.3 Does Dr. Sears agree with following statement in the 2012 
Supplement to Section 24 of the BioInitiative Report? 
“At present it remains unclear whether EHS is actually caused by RF/EMF 
exposure, or rather is a self-identifying syndrome of excessive 
responsiveness to a variety of stimuli.” [pdf p.1422 of 1479] 
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It is not clear to me what that statement means, in that it is framed as a false choice. I 
would agree with parts. Certainly people with electromagnetic hypersensitivity have to 
self-identify, as there are no accepted objective tests (please note that that the Austrian 
doctors are making progress in this regard, with a suite of subjective and objective 
assessments, as described in my reference 74). It is known that if not addressed, then 
environmental sensitivities may develop to unrelated chemicals and to electromagnetic 
fields and radiation at a variety of frequencies, lending credence to “variety of stimuli” 
(including RF/EMF). As well, these responses are adverse (pain, dizziness, disordered 
thinking, etc.), so they would be considered “excessive,” 
 
   
20.4 On what evidence does Dr. Sears state that “Electromagnetic 
hypersensitivity is under-recognized”? Is it circular to assume that EHS is under-
recognized when it has not been established that EHS is caused by EMF? 
 
All scientific research is testing a hypothesis, and the research cited (Hillert et al., 
described a sentence later in the paragraph) was examining responses of people who had 
self-identified as having electromagnetic hypersensitivity, compared with people who did 
not self-identify as such. Abnormalities were observed among the subjects self-identified 
with hypersensitivities, but some “control” subjects also exhibited increasing headache at 
the end of the exposure period, and the authors noted that there was a need to better 
characterize groups in future research. Thus, this is not a circular argument. It is an 
example of one of many potential weaknesses that have to be recognized in this type of 
research, that people are “counted” in the wrong group, and if enough of this happens 
then nothing significant is observed as a result of experimental deficiencies. It is also a 
direction for future research, and an example of how science progresses. 
 
This “contamination” of control groups is a common problem in epidemiological 
research. Many of these weaknesses bias the research towards finding no effect.  
 
People commonly do not recognize the reasons for slow decline in health resulting from 
poor air quality, just as they do not recognize electromagnetic hypersensitivity in 
themselves, from increasing exposures to electromagnetic phenomena. This is typically 
described with the frog in the slowly warming pot analogy. See also response to the 
second 20.2 (renumbered 20.6). 
 
Second 20.1 (renumbered 20.5) Dr. Sears states “Based on such science, 
Canada banned bisphenol-A from baby bottles.” Given that Health Canada also 
asserts a scientific basis for Safety Code 6, does the bisphenol-A example 
confirm that Canadian authorities take different regulatory actions based on 
different conclusions regarding the science? 
 
Just because Health Canada took very limited steps with regard to one chemical, we 
cannot conclude that their entire scientific assessment system, overseen by different 
scientists and bureaucrats, with input from totally separate industries, is scientifically 
impeccable. There are hundreds of endocrine disrupting chemicals, and Health Canada 
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has acted on this one.  
 
Bisphenol-A is the first time Health Canada relied upon evidence of endocrine disruption 
at a very low dose as the basis of a regulatory action, even if the action was extremely 
limited. There is ample evidence of endocrine effects of EMFs, as I and others 
documented in materials before the BCUC. These would be expected to exhibit non-
monotonic dose responses. Health Canada is clear in Safety Code 6, that the restrictions 
based upon high dose overt heating of tissues are considered to be protective against non-
thermal (lower dose) effects. One can only hope that the next review of Safety Code 6 
will address non-thermal effects, including those of short pulses. 
 
Interpretation and weighing of scientific evidence requires a great deal of judgment, 
based on methodology, data compilations, as well as expertise in the topic. In the US, 
expert panels are convened, and in Canada the Royal Society may be asked to examine 
the evidence. Each group of scientists brings their own experiences to the table, to 
examine the body of evidence that exists (warts and all), and to make recommendations 
regarding regulatory limits, and further research needs.  
 
Health Canada scientists and policy experts work within their areas – we do not see 
universal consistency across the ministry; indeed, they tend to “pick their battles,” and 
political influence in terms of program support is well documented (for example, see 
materials linked on the right hand side here: http://www.deathofevidence.ca/why  This 
effort was organized by concerned University of Ottawa researchers and internationally 
recognized scientists.).  
 
20.2  (renumbered 20.6) Dr. Sears says that in Russia “regulatory exposures 
regulatory exposures are a small fraction of those in Canada’s Safety Code 6.” 
Can Dr. Sears provide any evidence that cellphones or base stations in Russia 
comply with these Russian exposure standards or are any different than those in 
Canada in terms of RF emissions? 
 
I have no evidence that the Russian regulators, inspectors, etc. are not diligent and 
competent. I have not investigated the detailed specifications of items for sale in Russia. 
The point is that there is no international consensus on “safe” levels, and that Canada is at 
the upper fringe of a wide range of permitted exposures; in other words, Canada’s 
permitted exposures are considered “unsafe” by other authorities.  
 
Although I generally do not rely upon Wikipedia, I took the liberty of consulting 
Wikipedia on this topic (http://en.wikipedia.org/wiki/Telecommunications_in_Russia), 
where it states, “The access points (AP) are built in long-distance telephone exchanges 
(LDTEs), Russian fixed-line communication infrastructure which is present in every 
province. As a result, interconnecting mobile operator only needs to create "last 
kilometer" circuits to the regional LDTE, the requirement already imposed by its mobile 
license.” This is in contrast with Canada, where wireless technologies operate over a 
much greater proportion of distances, with concomitant higher exposures.  
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Commercial	  Energy	  Consumers	  Association	  of	  BC	  

	  
Information	  Request	  #1	  

	  
For	  Margaret	  E.	  Sears	  (M.	  Eng.,	  PhD)	  

	  
	  
1. Exhibit	  C9-‐8,	  7C	  –Margaret	  Sears	  CV	  

	  

	  
	  

1.1. Please	  provide	  a	  list	  of	  topics	  in	  environmental	  health	  on	  which	  Margaret	  Sears	  
has	  made	  public	  presentations	  and	  peer	  reviewed	  studies	  over	  the	  last	  two	  
years.	  

	  
University lectures: 
Evidence synthesis and scientific writing 
Public health and land use 
Epidemiology 
Toxicology 
Endocrine disruption 
Pesticides 
 
Talks to health care and other professionals: 
Environmental contributors to chronic disease 
Environment and child health 
Environmental sensitivities in the workplace 
Toxic metals in Canadians – a series of lectures and leading of discussions at a 
conference in Toronto 
 
Talks for the general public: 
Prevention is the cure for cancer 
Emerald ash borer and tree preservation 
 
Peer reviewed studies are all listed in the CV provided previously. 
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1.1.1. Please	  provide	  a	  list	  of	  the	  Titles	  of	  presentations	  and	  peer	  reviewed	  

studies	  relating	  directly	  to	  electromagnetic	  radiation	  and	  the	  date	  and	  
venue	  presented.	  

	  
No presentation related exclusively to electromagnetic radiation, although it is mentioned 
in environmental sensitivities and cancer prevention talks. Several environmental 
sensitivities talks were given in government offices in Ottawa and one in Halifax (Health 
Canada, March 2012), and two cancer prevention talks were given at the Maplesoft 
Centre in Ottawa, November 2012 and February 2013. 
	  

1.2. Please	  provide	  a	  complete	  list	  of	  the	  scientific	  journal	  articles	  professionally	  
reviewed	  by	  Margaret	  Sears	  relating	  directly	  to	  health	  effects	  of	  
electromagnetic	  radiation.	  

 
Peer review is generally confidential. I can confirm that I have reviewed one such journal 
article. 
	  
2. Exhibit	  C9-‐8,	  7C	  –	  CV	  Margaret	  Sears	  pages	  3	  and	  4	  

	  

	  

	  

	  
	  
2.1. Please	  provide	  a	  copy	  of	  each	  report.	  

 
Provided; they are also freely available on the internet. 

	  
3. Exhibit	  C9-‐8,	  7B	  page	  3	  and	  page	  4	  
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3.1. Please	  confirm	  that	  the	  above	  calculation	  being	  use	  is:	  	  

microwatts/cm2	  *	  (integration	  time/packet	  time)	  
	  

It is [measured peak] * [instrument averaging time (i.e. 270 ms)] / [packet time (i.e. 8 to 
125 ms)] 
 

3.1.1. Please	  confirm	  that	  the	  peak	  power	  calculation	  used	  above	  results	  in	  the	  
calculated	  peak	  power	  density	  of	  each	  packet	  being	  added	  together.	  

 
That would only occur if there was more than one pulse during the 270 ms instrument 
integration/ averaging time frame. This seems unlikely (albeit not impossible) given that 
the meter is supposed to emit on average about one pulse per minute (60,000 ms). 
	  

3.1.2. Please	  confirm	  that	  each	  packet	  would	  not	  be	  transmitted	  simultaneously	  
over	  the	  integration	  time,	  but	  would	  in	  fact	  be	  transmitted	  sequentially.	  

 
As stated immediately above, during the instrument integration time of 270 ms it is 
unlikely (albeit not impossible) to have more than one pulse from the 900 KHz band 
transmitter. If a “packet” is defined as a brief, continuous signal I do not understand how 
two could be sent at once from one transmitter. I cannot confirm or deny whether two 
signals - one from the network transmitter and one from the Zigbee - would be 
transmitted simultaneously. 
 

3.1.3. Please	  explain	  why	  the	  above	  calculation	  represents	  a	  ‘true’	  peak	  power	  
as	  compared	  to	  the	  average	  peak	  power	  calculated.	  

	  
Materials from Itron depict a square wave emission. If this is accurate, the energy emitted 
during the time of transmission ([measured power] * 270 ms), divided by the time of 
transmission, is by definition the peak.  
 

3.1.4. Please	  explain	  why	  Margaret	  Sears	  believes	  that	  each	  of	  peak	  and	  
average	  energy	  are	  relevant.	  
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The peak is the most relevant characterization of the exposure (along with the number of 
“packets” over a longer timeframe, and the pattern of these pulses). It is the exposure of 
interest to the receiver, so should be the exposure of interest to the environment and 
people as well. The average energy is relevant because that is the data that has been 
provided; it has to be interpreted in view of the equipment and conditions of 
measurements. For a square wave as depicted in Itron literature, the peak and average 
during the transmission are the same value. 
	  
4. Exhibit	  C9-‐8,	  7B	  Margaret	  Sears	  page	  4	  

	  

	  
4.1. Would	  Margaret	  Sears	  agree	  that	  in	  the	  absence	  of	  background	  noise,	  smart	  

meter	  emissions	  would	  be	  lower	  than	  Itron	  measured	  if	  the	  measurements	  
were	  being	  conducted	  accurately?	  

	  
If all else is equal, background noise will increase the measured level. 
 

4.2. Is	  Margaret	  Sears	  implying	  that	  Itron	  is	  claiming	  that	  the	  discrepancy	  lies	  with	  
physics?	  

 
I do not believe Itron is claiming to have discovered new universal laws of nature. 
Measurements by Planetworks close to the meter did not fall off according to the inverse 
square law, and the explanation of this was unclear. Reflections were not investigated or 
quantified, but the simple mathematical model presented by Exponent for reflection 
would still result in an inverse square decrease in radiation.  
 

4.3. Does	  Margaret	  Sears	  agree	  that	  the	  ability	  to	  replicate	  studies	  is	  a	  key	  
determinant	  in	  the	  validity	  of	  testing?	  

Replication of studies is of course important. I would caution that replication is not a 
trivial endeavor when dealing with complex research, particularly with living systems, 
the environment, and complicated equipment that may be different between 
manufacturers or models, and that was set up in different environments by different 
researchers. Frankly, no two studies are identical. Personally, I have spent significant 
time in laboratories attempting to replicate results of others, only to realize that while 
their results were valid within their experimental framework, but that the methods 
description (or inherited equipment) missed an important aspect that I did not initially 
incorporate. (When accounted for and fixed, I managed to replicate and improve upon 
others’ work.) Unexpected factors are common – for example, a researcher attempting to 
replicate some of my work was unable to do so until he realized that a coal fired power 
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plant that had not been operating in the summer during my research, was then emitting 
sulphur dioxide that interfered with our air pollution measuring device.  
 
When attempting research with people who exhibit electromagnetic hypersensitivities, 
they may be sensitive to other unmeasured aspects of the environment, such as air quality 
in the research facility, or even materials in the experimental room. 
 
Some studies seize an opportunity, such as the Buchner and Edgar study of Rimbach. 
These can only be replicated in different settings. Another example is that the window of 
opportunity for case-control and cohort studies of cellphone exposure has passed. 

	  
5. Exhibit	  C9-‐8	  7B	  	  Margaret	  Sears	  page	  5	  

	  
5.1. Please	  confirm	  that	  the	  group	  with	  which	  Margaret	  Sears	  works	  is	  the	  EQUATOR	  

Network	  referenced	  two	  sentences	  below.	  
	  
No.  
 

5.1.1. If	  not,	  please	  identify	  the	  group	  being	  referenced.	  
	  
I work with several groups and institutions, as indicated in my CV. I wrote the letter for 
the BCUC independently.  
With reference to the “internationally prominent group” I am a Senior Clinical Research 
Associate (part time) with Dr. David Moher’s group in Clinical Epidemiology at the 
Ottawa Health Research Institute (Centre for Practice-Changing Research). Dr. Moher 
has been a leader for decades in clinical research methodology. You will see this 
association upon examination of my list of peer-reviewed publications and reports 
provided in my CV. 
	  

5.1.2. Does	  EQUATOR	  or	  the	  group	  being	  referenced	  have	  a	  code	  of	  conduct	  or	  
similar	  professional	  obligations	  to	  which	  Margaret	  Sears	  is	  bound?	  

5.1.2.1. If	  so,	  please	  provide	  a	  copy.	  
 
Common requirements for projects are for confidentiality, particularly when working 
with patient data or on sensitive topics (e.g. patented medications). Our work is judged by 
our immediate peers during each project, internally for contract renewal (I have worked 
with Dr. Moher for many years), externally by funders such as the Agency for Health 
Quality Research, and by peer reviewers of publications. 
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5.2. Please	  clarify	  the	  manner	  in	  which	  Margaret	  Sears	  works	  with	  the	  group	  
referenced.	  

 
My title is “Senior Clinical Research Associate.” I work part time, depending upon need; 
I have been involved in many aspects of work, from proposal writing to data extraction, 
scientific analysis, writing and editing of systematic reviews. As such, I am listed among 
authors of several large systematic review reports and peer-review publications (please 
see my CV). 
	  

5.3. Please	  identify	  the	  relevant	  reporting	  guidelines	  for	  conducting	  systematic	  
reviews	  of	  health	  literature	  related	  to	  electromagnetic	  radiation	  and	  provide	  a	  
copy	  of	  each.	  

 
It is important to note that a “systematic review” addresses a carefully scoped question. It 
would not simply be of a general topic such as “health literature related to 
electromagnetic radiation.” Reporting guidelines apply to study design, not to topic. 
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) would 
be applicable to trials or interventional studies, while MOOSE (Meta-analysis of 
Observational Studies in Epidemiology) is applicable to observational studies. The 
publications discussing these are supplied. 
 

5.4. Is	  it	  fair	  to	  say	  that	  appropriate	  answers	  to	  research	  questions	  relating	  to	  
weighing	  the	  validity	  of	  differing	  medical	  opinions	  requires:	  A)	  a	  thorough	  
search	  of	  the	  medical	  literature,	  B)	  critical	  scientific	  assessment	  and	  C)	  accurate	  
and	  representative	  reporting	  of	  all	  the	  relevant	  evidence	  without	  bias	  by	  the	  
researcher,	  writer	  or	  medical	  journal	  editor?	  
5.4.1. If	  not,	  please	  explain	  why	  and	  give	  examples.	  

 
I have to emphasize, I was not asked for, nor given the time or resources to conduct a full 
systematic review of a large number of research questions.  
 
The first, most important aspect is the definition of your research question. I set out 
several, focused, incremental lines of evidence, from non-living systems to human 
studies.  
 
Search strategies vary widely depending upon the existing literature for the particular 
question. Some can be answered using recent reviews. Sometimes significant findings 
that were not the central purpose of a study, are nestled in the results (indeed, that is how 
science progresses!). An example is the observation of increased headache among 
individuals who did not self-identify as being electromagnetically hypersensitive. These 
“gems” are very important. 
 
I would emphasize the critical scientific assessment aspect, and agree insofar as your 
statement goes. However there is no absolute truth available within these sorts of very 
complex scientific studies, particularly when features of the strongest scientific study 
designs are in fact weak (e.g. exposure characterization, case criteria, objective 
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measures). Until scientists agree on the most important parameters to measure, and how 
to measure them, systematic reviewers come up against “apples and oranges” 
comparisons and have difficulties weighing the evidence within the tight constraints of 
that methodology. An important consideration for epidemiological studies relevant to the 
BCUC is the inevitable bias towards the mean, or “no effect.”  
 
Without diminishing the importance of all of the things you list, there are some sets of 
research that are fundamentally flawed, and with my limited time, rather than spend time 
dissecting flaws I focused on the most valid, clearest studies.  
 
History is full of examples where the prevailing evidence / professional opinion delayed 
action, but finally was overturned. For example, autism was considered to be caused by 
bad parenting (generations of parents were shunned and suffered this dreadful guilt, on 
top of dealing with a disabled child). Tobacco and lead were alleged to be safe enough, 
decades after incontrovertible proof existed in the medical literature. Public health actions 
were long delayed in this regard. Lead is a prime example of Health Canada lagging 
behind the evidence to this day. While the US has reduced their action level for child 
blood lead, Health Canada is still reconsidering their blood lead level of concern of 10 
µg/dL, in light of evidence published in 2005 showing permanent harm to children’s 
brains with blood lead levels below 2 µg/dL (Lanphear, et al. “Low-level Environmental 
Lead Exposure and Children’s Intellectual Function: An International Pooled Analysis.” 
Environ Health Perspect 113, no. 7 (July 2005): 894–899.), as well as extensive evidence 
that lead contributes to many chronic diseases. 
 
A key feature of the lead and tobacco research, that may be a bellwether for 
electromagnetic research, is that as researchers investigate lower and lower exposure 
levels, they continue to find harm. Indeed, for child blood lead levels, the incremental 
harm below 7.5 µg/dL was greater than at levels above 7.5 µg/dL (Lanphear et al, 2005). 
 

5.5. Is	  it	  fair	  to	  say	  that	  in	  assessing	  relevant	  literature,	  the	  critiquing	  of	  studies	  
should	  be	  conducted	  equitably	  and	  the	  results	  reported	  evenly	  to	  produce	  
unbiased	  answers?	  
5.5.1. If	  not,	  please	  explain	  why	  not	  and	  give	  examples.	  	  

 
I do not know what is meant by “equitable” critiquing of studies or “even” reporting. 
Science is not a democracy. If you are conducting a systematic review (which is an 
exercise that would vastly exceed the few weeks timeframe to respond to this request), it 
is important to establish many things prospectively (up front). Some examples would 
include the research question being investigated, search methods, study 
inclusion/exclusion criteria, and data extraction and assessment methods. It might be that 
studies from a certain group of researchers have a feature that excludes them according to 
the selection criteria. As long as the selection criteria are soundly scientifically based, this 
would be valid, as long as it was clearly reported. For example, if a selection criterion 
was exposure during a certain time period when a certain technology or chemical product 
was prevalent, it would be valid to exclude a cumulative study over a different timeframe 
because many of the cohort members would not have experienced the exposure of 
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interest. In the case of my letter, which is not a systematic review, I reviewed more 
studies than cited, but selected illustrative studies that I considered to be of sound design 
and reporting, regarding relevant frequencies, answering particular questions. 
 

5.6. Is	  it	  fair	  to	  say	  that	  a	  question	  regarding	  the	  weight	  of	  medical	  literature	  should	  
appropriately	  expect	  an	  unbiased	  response	  from	  a	  professional	  experienced	  in	  
conducting	  literature	  reviews?	  	  	  

	  
I was not asked for a weight of evidence analysis over a broad range of research 
questions, and provided neither time nor resources to conduct one. Such an activity 
would be vast in scope, requiring a research team over many months. Given the state of 
this science, a simplistic, democratic weight of evidence approach would arguably be 
misleading, and a review “considering signals that should not be ignored, and may even 
inform further research” is more appropriate. This was my goal. 
 
In order to assist the BCUC, I looked at recent, large summary reports such as the UK 
review and the BioInitiative Report, as well as original peer-reviewed research, much of 
which was mentioned in the large summary reports. These reports are very large, so with 
insufficient time to thoroughly substantiate either report, I relied upon the primary studies 
cited in my letter. 
 
There are three possible hypotheses presently under consideration. With my knowledge 
and experience I find that the hypothesis that radiofrequencies at “non-thermal” 
exposures cause "no effect" does not hold up. In support of the "some kind of effect" 
hypothesis, there are many studies at various levels of complexity and in systems ranging 
from the simplest in vitro studies, to animal studies, and human experimental and 
epidemiology studies. There are indeed several studies supporting the third, "serious 
effects" hypothesis, and for this reason many groups of scientists and doctors have 
published declarations, medical groups have moved on to diagnosis, treatment and urging 
precaution among all levels of government, society and walks of life, and a large group of 
scientists produced the BioInitiative Report.  

	  
6. Exhibit	  C-‐9-‐8	  7B	  Margaret	  Sears	  Page	  5	  

	  

	  
7. Does	  Margaret	  Sears	  consider	  herself	  an	  expert	  in	  identifying	  and	  estimating	  bias	  in	  

analyzing	  individual	  medical	  and	  scientific	  reports?	  
 
Yes. 
 

7.1. If	  so,	  has	  Margaret	  Sears	  assessed	  each	  report	  she	  reviews	  for	  possible	  bias	  
before	  relying	  upon	  the	  results.	  
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All studies have weaknesses and strengths, and this is always top of my mind when I am 
reading them. In the process of writing my letter, I chose the best quality studies I could 
find, that reported data on exposure to radiofrequencies close to the range of the meter 
and the zigbee devices, that most directly (rather than tangentially, although such 
evidence may be supportive) demonstrated the point being made. 
 

7.2. Please	  provide	  a	  complete	  list	  of	  the	  reports	  Margaret	  Sears	  has	  reviewed	  and	  
assessed	  for	  bias	  that	  are	  cited	  in	  her	  evidence.	  

 
Please see the reference list. Many others were considered as well, but a systematic list 
was not maintained due to lack of time/resources. 
 

7.3. Please	  identify	  the	  bias	  that	  Margaret	  Sears	  has	  noted	  in	  the	  evidence	  she	  has	  
cited.	  	  

 
In order to identify bias in a particular study, you need knowledge of the “absolute truth.” 
I have written at length regarding potential sources of epidemiological bias. I did not cite 
reports where I saw shortcomings in the research that would have curtailed potential 
discernment of significance, or where I suspected that an observed effect might have been 
the result of something other than the radiofrequency exposure.  
 
8. Exhibit	  C-‐9-‐8	  7B	  	  Margaret	  Sears	  Page	  5	  

	  

	  
8.1. Please	  provide	  the	  report	  (reference	  6)	  Tuengler	  A,	  Von	  Klitzing	  L.	  Hypothesis	  on	  

how	  to	  measure	  electromagnetic	  hypersensitivity.	  	  Electromagnetic	  Biology	  and	  
Medicine.	  2013	  Jan	  9;	  1301091306100007.	  

Done.  
	  

9. Exhibit	  C9-‐8	  7B	  Margaret	  Sears	  Page	  6	  

	  
9.1. Please	  provide	  a	  copy	  of	  the	  BioInitiative	  Report	  and	  file	  with	  the	  commission.	  

	  
9.2. Please	  specify	  the	  paragraph(s)	  to	  which	  Margaret	  Sears	  is	  referring	  and	  clarify	  if	  

she	  is	  referencing	  the	  cohort	  study	  and	  the	  updates.	  
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The original Danish studies were published before the IARC determination; only updates 
were possible following IARC. The first paragraph on p 835 states, “One would also 
expect considerable misclassification of mobile phone use both among subscribers and 
the reference population since no new subscribers were included in the exposed cohort 
after 1995.” In other words, all people who started using mobile telephones and 
cellphones after 1995 are considered “unexposed.” (This is the narrow age range to which 
I referred.) Further short paragraphs on the same page expand on this topic. 
	  

9.3. Please	  provide	  the	  context	  in	  which	  any	  individual	  study	  could	  have	  
‘overturned’	  the	  IARC	  determination.	  

	  
This would have been highly unusual; I expect that proof of previous scientific error or 
misrepresentation would have been necessary, as studies upon which IARC relied 
showed strong findings and were carried out by long-standing researchers, including 
some upon whose work the IARC had previously acted. It certainly could not occur 
unless the Danish researchers had rigorously addressed the problems of exposure 
ascertainment (a difficult undertaking).  
	  

9.4. Please	  confirm	  if	  Margaret	  Sears	  is	  stating	  that	  the	  Danish	  report	  and	  updates	  
are	  not	  valid	  reference	  material	  due	  to	  bias	  in	  comparator	  groups,	  and	  should	  
therefore	  be	  discounted	  as	  to	  their	  credibility.	  
9.4.1. If	  so,	  please	  provide	  a	  fulsome	  rationale	  for	  this	  determination.	  

 
The Danish cohort studies were bound to find little if anything, because the “exposed” 
group consisted of people with a private cellphone in 1995. Following 1995, doubtless 
the control (“unexposed”) group largely transitioned in reality to “exposed,” resulting in a 
meaningless comparison. Indeed, the 1995 cohort did not include corporate subscribers, 
expected to be among the highest users, so was biased with exposure misclassification at 
the outset, and the comparison just got worse from there on in as more people got 
cellphones. Supposed methodological strengths pointed out in a BMJ editorial, that the 
study relied upon national databases so did not have to contend with questionnaires, are 
directly linked to the fact that the supposed “unexposed” control group was never asked 
about cellphone use. Without a questionnaire, it is impossible to gather information about 
transition to phone use, or the about the usual side of phone use (tumours have been seen 
on the same side / ipsilateral use). I cannot imagine how this fundamental methodological 
flaw could be overcome, and would not give weight to these studies.  
 
It is now too late in the rollout of wireless technologies to initiate further case-control or 
cohort studies with cell phones, because of the dwindling potential candidates for 
unexposed/control groups; attention is now being focused on tumour registries. This is 
another area of potential medical evidence fraught with potential pitfalls, but this is 
beyond the present scope of discussion. 
 
There are other much better designed studies from Denmark, referenced in my letter, 
demonstrating adverse effects of early life exposures.  
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9.4.2. Please	  identify	  any	  opposing	  viewpoints	  on	  the	  validity	  of	  the	  Danish	  
studies.	  

 
I did not rigorously search for these, but as noted there was an editorial published in the 
British Medical Journal that highlighted the positive aspects of using data from registries 
versus questionnaires. 
	  

9.4.3. In	  referencing	  the	  BioInitiative	  Report	  critique,	  is	  Margaret	  Sears	  implying	  
that	  the	  BioInitiative	  Report	  provides	  a	  thorough	  and	  unbiased	  assessment	  
of	  the	  validity	  of	  the	  Danish	  studies.	  

	  
I also read the discussion of the Danish, Hardell and Interphone studies in the UK review. 
 
Please see response above regarding my reliance upon the BioInitiative report in my 
letter regarding the BCUC hearing. The IARC determination is the one, single point on 
which I referenced the BioInitiative Report. I did so because the chapter was authored by 
Dr. Hardell et al., who authored studies upon which the IARC committee relied when 
determining that radiofrequency radiation is a Type 2B carcinogen.  He is very familiar 
with the IARC process and the evaluation of the various studies. I did not comment on 
the individual studies; rather I transmitted the most recent communication on this topic, 
from an authoritative source intimately involved with the science and the process at 
IARC.  

	  
10. Exhibit	  C9-‐8	  7B	  Margaret	  Sears	  Page	  6	  

	  

	  
10.1. Is	  Margaret	  Sears	  stating	  as	  a	  scientific	  fact	  that	  ‘electromagnetic	  

hypersensitivity	  is	  a	  physical	  condition,	  disease	  or	  syndrome?	  
 
Yes 

10.1.1. Please	  explain	  what	  medical	  condition	  ‘electromagetic	  hypersensitivity’	  
references	  and	  provide	  the	  factual	  basis	  on	  which	  the	  statement	  is	  made.	  

 
Please see response to question 20.2, p 1. 
 

10.2. Is	  Margaret	  Sears	  stating	  as	  a	  scientific	  fact	  that	  ‘electromagnetic	  
hypersensitivity	  is	  under-‐recognized’?	  
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10.2.1. Please	  define	  ‘under-‐recognized’	  and	  explain	  by	  whom	  ‘electromagnetic	  
hypersensitivity	  is	  under-‐recognized.	  

	  
Electromagnetic hypersensitivity is not recognized by all of the people experiencing it, or 
by all others in society. Please also see responses to question 20 at the beginning of this 
document. 
	  

10.3. Would	  Margaret	  Sears	  agree	  that	  objective	  tests	  are	  best	  method	  of	  
determining	  the	  existence	  of	  a	  syndrome	  or	  disease?	  

	  
That is clinically preferable. Entire areas of medicine, however, are based on subjective 
reporting of pain, or psychological distress for example. 
	  

10.4. Please	  provide	  the	  relevant	  studies	  for	  objectively	  verifying	  EHS.	  	  
	  
EHS will not be entirely an objective diagnosis, any more than disability from arthritis is. 
Please see the Austrian doctors’ document, provided. 

	  
11. Exhibit	  Exhibit	  C-‐9-‐8	  7B	  Page	  7	  

	  
11.1. Could	  study	  size	  or	  quality	  be	  other	  possible	  causes	  for	  the	  contrasting	  

ratio	  between	  reporting	  differences?	  
 
These are good possibilities, which were examined in the cited article. Huss et al report, 
“The association [between funding and results] was robust and little affected by potential 
confounding factors such as sample size, study design, or quality.” 
 

11.2. Is	  it	  possible	  for	  research	  bias	  to	  work	  in	  the	  opposite	  direction?	  Ie.	  	  
Those	  studies	  without	  industry	  funding	  are	  pre-‐disposed	  for	  any	  reason	  to	  find	  
biological	  effects	  where	  none	  exist?	  
11.2.1. If	  not,	  please	  explain	  why	  not.	  

 
It is plausible, but in environmental health topics it is much easier to conduct an 
experiment that shows no effect than one that clearly demonstrates an effect. Huss et al. 
found that the highest quality reporting was exhibited by studies with mixed funding 
sources, while those that did not report funding were of the lowest reporting quality. 
 

11.3. Please	  identify	  all	  other	  factors,	  other	  than	  bias,	  that	  could	  rationally	  
account	  for	  the	  discrepancy	  cited.	  
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We may have a semantic difficulty here. Epidemiology attempts to estimate the absolute 
truth for all members of the group of concern (e.g. every person on earth, or every man, 
woman and child in a community with a new cell phone tower in the village square). In 
epidemiology “bias” arises from factors that cause the observed effect and distribution to 
be different from this average-of-everyone, which is obviously not knowable. In 
epidemiology, “bias” is not necessarily equated with malfeasance; rather, consideration 
of sources of bias is an attempt to estimate/assess where your population estimates might 
fall with respect to the (unknowable) global truths, that you are attempting to estimate. 
Huss et al. examined other sources of epidemiological bias, including the number of 
reported outcomes, study size, study design, and aspects of study quality including 
randomization, blinding, statistical analysis and exposure. 
 
Studies of electromagnetic hypersensitivity aim to examine a phenomenon in the 
statistical bell-curve “tails” – the outer reaches of the ranges of responses. Design and 
analysis are key features for this sort of study. 
	  

	  
12. Exhibit	  C9-‐8	  7B	  Margaret	  Sears	  Page	  10	  

	  

	  
	  
12.1. Would	  Margaret	  Sears	  agree	  that	  assessing	  the	  weight	  of	  evidence	  is	  a	  

very	  large	  undertaking	  that	  requires	  expertise,	  judgement,	  experience	  and	  
resources	  to	  conduct	  appropriately?	  

	  
Certainly assessing weight of evidence can be a large undertaking, but the size depends 
upon the scope of the research question. Our group at the OHRI conducts “rapid reviews” 
of very narrowly scoped questions. On the other hand, it can be very onerous to examine 
a large number of related issues, consider all research sources and study designs, and 
formally conduct a complete review involving expert panels and consultation. However, 
there are other sorts of examination of a topic, that are not as onerous but can be very 
helpful. The health effects of radiofrequency radiation is not a well standardized area of 
research; such standardization/protocol/consensus diagnostic criteria and measures, etc. 
would be very helpful for “sorting” evidence in order to weigh it. It can also be valid to 
look at existing systematic reviews, and among well conducted and reported studies for 
signals of potential harm. Some of these studies, such as the before/after study of the 
Bavarian village (Buchner and Eger 2011, ref  62) that had a cellphone tower installed in 
the village square, seize an opportunity and can be uniquely informative. 
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13. Exhibit	  C9-‐8	  7B	  Margaret	  Sears	  Page	  12	  

	  
13.1. Please	  confirm	  that	  the	  scientific	  researchers	  included	  in	  BioInitiative	  

2012	  are	  not	  necessarily	  representative	  of	  the	  broad	  base	  of	  quality	  scientific	  
researchers	  studying	  in	  the	  field	  of	  electromagnetic	  radiation.	  

	  
This seems a rather leading question. The BioInitiative researchers have volunteered 
considerable time and expertise, to attempt to relay what they consider to be important 
messages for public health. Many “9 to 5” researchers would not do this. The authors 
include long-standing and highly regarded academics at major institutions. In my 
opinion, the ways in which these researchers stand out from the crowd is to their credit. 
 

13.2. Please	  provide	  Margaret	  Sears’	  assessment	  of	  the	  credentials	  of	  Cindy	  
Sage.	  

I have not worked with Cindy Sage and am not privy to her CV. 
	  

13.3. Has	  Margaret	  Sears	  assessed	  the	  BioInititative	  Report	  for	  bias?	  
 
Please note, I cited this report on one small point, and highlighted this monumental effort 
as an indication of extreme concern on the part of a large number of knowledgeable and 
experienced researchers. See above for discussion of “bias.” Generally bias assessment is 
conducted on primary studies.  
 

13.3.1. If	  not,	  why	  not?	  
 
It was not necessary for way in which I cited it. We don’t have methods for formal 
assessment of such an overview report. If we did, it would be daunting - with thousands 
of references, with almost 1500 pages, should I attempt some such effort it would vastly 
exceed the time and resources available during the few weeks for preparation of my 
letter.  

	  
14. Exhibit	  C-‐9-‐8	  7B	  Page	  14	  

	  
	  

14.1. Does	  Margaret	  Sears	  believe	  that	  the	  BioInitiative	  Report	  has	  none	  of	  
these	  problems.	  
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I do not understand this question, as this section and reference 18 refers to difficulties 
interpreting individual original research studies, while the BioInitiative Report is a series 
of review articles.  

	  
15. Exhibit	  C-‐9-‐8	  7B	  page	  16	  

	  
No question was associated with this quotation 

	  
16. Exhibit	  C9-‐8	  7B	  page	  18	  
	  

	  
	  
16.1. Please	  provide	  a	  list	  of	  relevant	  health	  and	  other	  organizations	  that	  do	  

not	  recognize	  electromagnetic	  hypersensitivity	  as	  an	  important	  issue.	  
 
I have not surveyed health organizations on this topic. 

	  
17. Exhibit	  C9-‐8	  	  7C,	  Margaret	  Sears	  CV	  

	  
	  
17.1. Please	  describe	  the	  state	  of	  Wi-‐Fi	  services	  at	  the	  Universities	  of	  Ottawa	  

and	  Toronto	  and	  Lakehead	  University	  and	  whether	  or	  not	  they	  are	  expanding	  or	  
being	  eliminated.	  

Wireless access is available in some places at all universities; I am unaware of its state of 
flux. It was introduced at Lakehead University more recently than elsewhere, following 
installation of a new president (http://magazine.lakeheadu.ca/2011/spring/change-agent/). 

17.2. Please	  provide	  copies	  of	  any	  presentations	  Margaret	  Sears	  has	  made	  to	  
the	  Universities	  regarding	  RF	  radiation	  on	  the	  campus.	  

N/A 

17.3. Please	  indicate	  whether	  or	  not	  the	  offices	  in	  Margaret	  Sears	  departments	  
have	  any	  wireless	  equipment	  installed	  in	  them.	  
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There is no wireless equipment in the location where I generally work, apart from the 
aforementioned cell phone that is often turned off. In the research institutes, all 
computers have wired access to the internet and there is wifi for the convenience of 
visitors. 

17.4. Please	  indicate	  whether	  or	  not	  Margaret	  Sears	  has	  a	  cell	  phone	  and	  
whether	  or	  not	  her	  colleagues	  in	  the	  department	  have	  cell	  phones.	  

As mentioned, I own a cell phone, that was purchased when the only affordable 
internet access was dialup. It provided a way for family, friends and colleagues to get 
in touch, to tell me to hang up the landline phone so we could talk. Many but not all 
colleagues have cellphones. 

17.5. Please	  indicate	  whether	  or	  not	  Margaret	  Sears	  has	  knowledge	  of	  any	  RF	  
studies	  regarding	  the	  campus	  at	  the	  universities	  and	  please	  provide	  copies	  of	  
any	  such	  studies	  if	  they	  exist.	  

I have no knowledge of studies of health effects of students exposed to environmental 
RF situated on these campuses. (I assume that RF used for surgical ablation is not the 
subject of this question.) A pubmed search of (wifi or radiofrequency) AND 
(Lakehead or Toronto or Ottawa) AND university, yielded 89 articles. These were on 
medical interventions (e.g. radiofrequency ablation of tumours) and review articles.  

17.6. Please	  provide	  a	  description	  of	  an	  activity	  Margaret	  Sears	  has	  
participated	  in	  with	  respect	  to	  RF	  policy	  at	  the	  universities	  and	  or	  the	  provincial	  
level	  

I have not specifically, uniquely addressed RF policies at universities or the 
provincial level, and am unsure what is meant by “an activity.” 

	  
	  

  



20	  

FortisBC Inc.  
7.0  Reference: Exhibit C9-8 – Comments from Margaret Sears 
7.1 Has Dr. Sears previously submitted evidence and/or testified before courts 
or regulatory tribunals in Canada or the United States? If so, please submit a list 
that includes the date the evidence was submitted, the name of the matter/docket 
under which the evidence was submitted, and the name of the court/regulatory 
tribunal. 
 
Yes. I submitted affidavits with respect to class action suits on the part of Canadian 
Veterans and others suffering ill health after being exposed to herbicides at CFB 
Gagetown, as you note below. 
 
7.2 Did Dr. Sears submit evidence in 2008 to the New Brunswick Court of 
Queen’s Bench in Bryson v. Canada (Attorney General), 2009 NBQB 204 in 
relation to potential health effects of herbicides and pesticides? 
 
Yes  
 
7.2.1 
Please confirm that S.J. McNally, Justice of the New Brunswick Court of Queen’s 
Bench held the following with respect to Dr. Sears: 
“¶ 16 By her affidavits, Dr. Sears purports to offer expert opinion evidence 
relating to the fields of epidemiology, toxicology, immunology and endocrinology. 
Dr. Sears has a Ph.D. in chemical engineering which she acquired in 1985. The 
evidence filed on this motion establishes that Dr. Sears: 
a. has acquired no academic qualifications or degrees in the fields of 
epidemiology, toxicology, immunology or endocrinology; 
b. does not have a degree in medicine; 
c. did no work or study in the fields of epidemiology, toxicology, immunology or 
endocrinology as part of her undergraduate or graduate studies; 
d. has not taken any academic course in oncology, immunology or 
endocrinology; 
e. advised a Senate Standing Committee in December 2002 that she was not an 
expert in toxicology; 
f. has published no articles on the subjects of oncology, immunology or 
endocrinology in a peer reviewed academic journal. 
¶ 17 Dr. Sears did conduct research and produced copies of various articles and 
papers prepared by other authors that related to these medical or scientific fields 
and she attached them to her affidavits filed in these proceedings. Dr. Sears has 
significant experience in this type of work and has conducted medical research in 
the past in conjunction with or under the direction of medical professionals. 
However, she has no specific expertise in the fields of epidemiology, toxicology, 
immunology and endocrinology. Upon review of the materials filed in this motion, 
neither Dr. Sears nor the plaintiffs have established that she possesses the 
requisite knowledge or qualifications to adopt or comment on the views 
expressed in the articles and publications of the other researchers or authors that 
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she has attached to her affidavits. In such circumstances, her affidavits and 
opinions do not meet the test of admissibility for expert opinion evidence. 
Accordingly, they are not admissible in these proceedings and are struck from 
the record.” 
7.3 11 in R. v. Canada, 2009 SKQB 509 in relation to potential health effects 
of herbicides and pesticides? 
Did Dr. Sears submit evidence in 2009 to the Queen’s Bench for Saskatchewan? 
 
Yes 
7.3.1 
Please confirm that Zarzeczny J., Justice of the Queen’s Bench for 
Saskatchewan held the following with respect to Dr. Sears: 
¶ 55 Dr.Sears, except for the latter qualification, does not have any academic 
qualifications or degrees in these various fields nor a general or specialist degree 
in medicine. 
... 
¶ 57 As one of the respondents observed, Dr. Sears’ affidavit, although it reflects 
a noble effort at objectivity, nevertheless frequently reflects opinions, if not of Dr. 
Sears herself, those of others who have authored these studies, etc. Although 
some of these might well be qualified as experts to provide opinion evidence as 
expressed in the reports, studies and papers which they have authored or in 
which they have participated as referred to by Dr. Sears, — Dr. Sears cannot be 
so qualified. I agree. 
 
I have not compared all of the text above in detail, but generally this is consistent with 
my memory. 
 
7.4 Other than as described in CSTS IR 7.2 and 7.3, has Dr. Sears ever been 
disqualified from acting as an expert witness before courts or regulatory tribunals 
in Canada or the United States?  
 
No 
 
My status as a scientist has changed considerably since these considerations. I have since 
been established as a Canadian medical researcher in epidemiology, having received 
funding from the Canadian Institutes for Health Research (Canada’s highly competitive, 
premier health research funder), as the principle investigator (primary scientist) for a 
scoping review regarding toxic elements. I have participated in several other substantial 
works in epidemiology, that were published by the US Agency for Health Research 
Quality and in peer-reviewed journals. I have lectured at three universities in topics 
regarding environmental health, including evidence synthesis, epidemiology, toxicology 
and public health, at undergraduate and graduate levels. I have given Grand Rounds on 
Environmental Health to Ottawa pediatricians; and have worked on several large 
environmental health review projects with academically-affiliated clinician researchers. I 
am a research scientist at the Children's Hospital of Eastern Ontario and the Ottawa 
Health Research Institute. 
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If so, please submit a list that includes the date of the disqualification, the name 
of the matter/docket under which the evidence was submitted, and the name of 
the court/regulatory tribunal. 
 
N/A 
 
7.5  Please confirm that Dr. Sears’ academic degrees are in chemical 
engineering. 
 
Chemical engineering and applied chemistry. Doctoral degrees are not so designated. 
 
7.5.1  
Please confirm what department of McGill University granted Dr. Sears’ degrees 
in chemical engineering and her Ph.D. 
 
Chemical engineering; PhD experimental work was carried out in the microbiology 
laboratories at the National Research Council in Ottawa. 
 
7.5.2 Please confirm that Dr. Sears has acquired no academic qualifications or 
degrees in the fields of medicine. 
 
Not formal course-work, although I am a Canadian medical researcher who has won 
funding for medical research from Canada’s premier funder, have authored many peer-
reviewed medical papers, have been a guest editor for two special medical journal issues, 
have been instructing at the undergraduate and graduate levels in environmental health 
and public health, and have been invited to give Research Rounds and Grand Rounds at 
the Children’s Hospital of Eastern Ontario, to all of the pediatricians in Ottawa, among 
other things. Insofar as “academic qualifications” ensue from activities rather than 
courses passed, I definitely have qualifications. 
 
7.5.3 Please confirm that Dr. Sears is not a physician and has never had clinical 
experience with patients. 
 
Confirmed, not a physician. 
 
7.6 On p. 3 of Dr. Sears’ report at Exhibit C9-8 Attachment 7B (“Dr. Sears’ 
Report”)  she says the 3 GHz Zigbee “in-home feature has in some jurisdictions 
become  mandatory”. Please provide a list of the jurisdictions that have made 
this feature  mandatory. 
I did not compile such a list, but several news reports note this. One example is, “100 
Million Smart Meters with integrated HAN Gateways” notes that in the UK the 
government requires that smart meters be deployed with integrated HAN gateways, and 
that in-home displays be deployed concurrently. This article is available here: 
http://www.globalsmartgridfederation.org/news_20120613_100MillionSmartMeterswithi
ntegratedHANGateways.html 
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7.7  At p. 4 of her report, Dr. Sears states: 

“It is worth considering the exemption for pulsed signals in Safety Code 6 
(page 18), ‘For exposures to pulsed RF fields in the range of 0.1 to 300,000 
MHz, peak pulse power densities are limited by the use of time averaging 
and the limit on peak electric field, with one exception: the total incident 
energy density during any one- tenth second period within the averaging 
time shall not exceed one-fifth of the total energy density permitted during 
the entire averaging time for a continuous field(9).’ With this criterion, peak 
power is not averaged over extensive quiet periods, and duty cycle is 
irrelevant.” 

Does peak power from the “total incident energy density during any one-tenth 
second period within the averaging time” from the advanced meter “exceed one- 
fifth of the total energy density permitted during the entire averaging time for a 
continuous field”? 
 
Not according to the data in hand. The point is that there are other ways of considering 
exposure. 
 
7.7.1 If not, how does peak RF power from the FortisBC advanced meter 
compare to the limit by the use of time averaging? 
7.8  On p. 4 of her report, Dr. Sears states: 

“In this letter, I am attempting to maintain focus on frequencies closer to the 
emissions from the proposed Itron meters.” 

Based on what scientific evidence does Dr. Sears exclude RF fields at other 
frequencies from the analysis? 
 
This was an attempt to maintain focus, rather than including all literature on EMFs in 
general, that I expected would be criticized (and rightly so) for not being relevant.  
 
7.9  On p. 4 of her report, Dr. Sears states: 

“Regarding data reliability, it is concerning that measurements of Itron 
emissions do not fall off according to the inverse square law - a 
fundamental law of physics. Scientific procedures for thorough baseline 
characterization, minimization of interference, replication, and calculation 
of statistical variation were not presented. When simple, standard 
measurements do not conform to a fundamental law of physics, it is more 
probable that the measurements or assumptions are at fault than physics. 
The explanation regarding background noise is a weak explanation of the 
observations closest to the meters.” 

Please confirm if Dr. Sears is aware of different propagation models, such as 
those that describe RF signal propagation near reflecting surfaces. 
 
Yes, I am. They are mentioned in the Exponent report appendix, and in the 
implementation document for Safety Code 6. 
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7.9.1 If Dr. Sears is aware of different propagation models, could these explain 
the results? 
 
It is possible if more than one of the models discussed was applied to the results at 
different distances. This is bad practice, defeating the purpose of mathematical modeling. 
Reflecting surfaces are accounted for by multiplying by a constant factor (2.56). This 
does not affect the inverse square relationship; it merely adjusts the exposure upwards. 
 
On p. 4 of her report, Dr. Sears states: 
“Indeed, the comparisons showing that the transmissions are vanishingly low 
power might leave one wondering how the equipment could work at all – i.e. be 
“heard” by receivers.” 
Please confirm if Dr. Sears is familiar with the information and communication 
theory. 
 
Yes. This admittedly rather generic statement was to put into perspective the reality that 
the signals must be of sufficient strength to reach the intended receiver; the depiction of 
vanishingly low exposure is merely a consequence of averaging, not of the strength of the 
signal actually during transmission. 
 
7.10.1 What is the signal gain after frequency hopping and/or direct sequence 
spread spectrum demodulation? 
This depends upon the signal and the frequency spread. 
 
7.10.2 What is the noise gain after similar demodulation?  
This depends upon the type of noise. 
 
7.10.11  On p. 4 of her report, Dr. Sears states: 

“For example, while everything at a temperature above absolute zero 
emits blackbody radiation (e.g. the earth and people), predominately of 
interest in this regard is higher frequency infra- red radiation, as seen 
using “night vision” goggles; for lower radiofrequencies we are of 
appropriate size to act as an antenna, as is well known by those who have 
been frustrated while adjusting a “bunny-ears” antenna for television 
reception.” 

What is the RF component (300 GHz or lower) of blackbody radiation?  
This depends upon the temperature of the black body. At room temperature the majority 
is infrared. The comment re. “bunny ears” is not relevant in the context of blackbody 
radiation; it was meant as a reference to ambient radiation in our modern environment. 
 
7.10.12  On pp. 20-21 of her report, Dr. Sears states: 

“If, however, bursts of radiofrequency radiation with complex wave forms 
have other biological effects, this averaging would be obscuring a hazard.” 

If absolutely no averaging is used, what does the electric and magnetic field look 
like as a function of time at the surface of the body? 
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Fields fluctuate according to the frequency and amplitude, and the distance from the 
source (near-versus far-field). This was not the point of my comment, which was to 
highlight from another point of view the limited consideration of only thermal effects, of 
exposures that are averaged over much longer periods than the exposure itself, of Safety 
Code 6. 
 
7.12.1  How many times per second does the electric field magnitude change 
from 0 to a positive value and back? 
 
If by “positive” you mean “non-zero,” then twice the frequency. If you mean “zero to 
positive to zero” then the same as the frequency. 
 
7.12.2 How many times per second does the power density at the surface body 
change from 0 to a positive value and back? 
 
Non-zero at twice the frequency, if the horizontal straight line represents zero. 

 
 
7.12.3 If averaging should be used to “smooth” 900 million power density 
oscillations per second, what scientific basis for averaging time does Dr. Sears 
propose as an alternative? 
 
Whether the frequency of non-zero oscillations is 900 or 1800 million times per second, I 
propose that the duration of the actual transmission should be the “averaging time,” rather 
than averaging over a much longer period during much of which nothing is happening. 
The exposure perceived by the telecommunications device is the same as the exposure 
experienced by people. If the signal strength was one six-hundredth of the design strength 
(10 ms / 6000 s), I doubt that it would work. 
 
7.13  On p. 10 of her report, Dr. Sears states: 

“The scientific consensus alluded to in the Exponent report is not reflected 
in exposure limits in various jurisdictions. According to a compilation for 
the Israeli government (referenced by Planetworks), Canada is among the 
least protective countries (Table1).” 

Does the exposure from the FortisBC advanced meters exceed the exposure 
limits in the listed jurisdictions? 
7.13.1 What are averaging times assumed in these exposure limits? 
 
This was not provided in the document referenced. Generally averaging times are much 
longer than the pulse duration (6 minutes in Canada and the USA for the public, 30 
minutes for occupational exposures). 
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7.13.2  Please provide the comprehensive reviews or RF research that support 
each standard cited in the above compilation that has exposure limits below 
Safety Code 6. 
 
Please see the resources available from the World Health Organization, here: 
http://www.who.int/docstore/peh-emf/EMFStandards/who-0102/Worldmap5.htm  
Standards documents are all linked to the countries. 
 
7.14 On p. 13 of Dr. Sears’ Report she says that “when modulated or 
discontinuous 
signals, or cell phones that are transmitting speech, are compared with 
continuous radiation, effects are generally more pronounced with the irregular 
signals than with unmodulated radiation”.  
Please confirm if Dr. Sears’ position is that the “brief microwave pulses or 
‘packets’” emitted by the FortisBC advanced meters are comparable to either 
modulated or unmodulated radiation? 
 
Modulated radiation 
 
7.15 On p. 13 of Dr. Sears’ Report she says that there are “many examples” of 
modulated radiation having more pronounced effects than unmodulated 
radiation. Please provide a list of studies that demonstrate that modulated 
radiation has more pronounced effects than unmodulated radiation. 
 
This issue was reviewed in 2011. (Juutilainen, Jukka, Anne Höytö, Timo Kumlin, and 
Jonne Naarala. “Review of Possible Modulation-dependent Biological Effects of 
Radiofrequency Fields.” Bioelectromagnetics 32, no. 7 (2011): 511–534. 
doi:10.1002/bem.20652). The abstract states, “While the majority of recent studies have 
reported no modulation-specific effects, there are a few interesting exceptions indicating 
that there may be specific effects from amplitude-modulated RF fields on the human 
central nervous system. These findings warrant follow-up studies.” The reason for the no-
difference finding for the majority of studies noted in the abstract, is that they included a 
large number of studies that discerned no effect. If you look at only the studies that 
discerned an effect, many of them found different effects for different signal types. 
 
7.16  On p. 14 of her report, Dr. Sears states: 
“DNA damage, measured as single-strand or double-strand breaks, or with 
assays such as comet assay, have clear implications for cancer. A recent review 
of this area identifies DNA as a “fractal antenna” that has potential to be the basis 
of new standards for radiation exposure.” 
What is the conductivity of DNA? 
 
This is an interesting question. Please refer to Dr. Blank’s work, as he is the expert in this 
domain. To answer your simple question, conductivity of the DNA molecule itself varies 
greatly depending upon hydration, the sequence, and mismatches. (for example: Maeda, 
Yaku, Akisumi Okamoto, Yasuhiro Hoshiba, Takayuki Tsukamoto, Yasuyuki Ishikawa, 
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and Noriyuki Kurita. “Effect of Hydration on Electrical Conductivity of DNA Duplex: 
Green’s Function Study Combined with DFT.” Computational Materials Science 53, no. 
1 (February 2012): 314–320. doi:10.1016/j.commatsci.2011.09.020.) 
 
 
7.16.1 What is the contrast in conductivity between DNA and surrounding media? 
 
I do not know what is meant by “surrounding media.” The DNA molecule itself is 
surrounded by proteins and by water that has characteristics distinct from plain liquid 
water in a glass. This has been extensively addressed in other information before the 
BCUC. 
 
7.16.2 Please confirm if Dr. Sears is familiar with the Chu-Wheeler theory. 
 
This pertains to properties of small antennae. I defer to Dr. Blank, the author of this 
report, who was also asked these questions 
 
 
7.16.3 What is the minimum Q of the antenna of the DNA molecule? 
 
I defer to Dr. Blank, the author of this report, who was also asked these questions 
 
7.16.4 For such values of Q, what would be the expected bandwidth of the fractal 
antenna? 
 
I defer to Dr. Blank, the author of this report, who was also asked these questions. 
 
7.16.5 What tuning circuitry is available to DNA molecules to shift the resonance 
frequency to react to different exposure frequencies? 
 
I defer to Dr. Blank, the author of this report, who was also asked these questions. 
 
7.17 On p. 20 of Dr. Sears’ Report she summarises her comments on Safety 
Code 6 and Health Canada. Is Dr. Sears suggesting by those statements that 
Health Canada has not considered the research on possible health effects of RF 
not related to tissue heating? If so, please fully explain the basis for suggesting 
what information Health Canada has or has not considered in setting its Safety 
Code 6 limits for exposure to RF. 
 
No. Please also see response to 7.17.7. 
 
7.17.1 Please review and submit a copy of Health Canada’s document Research 
on Radiofrequency Energy and Health. The document is available at: 
http://www.hc-sc.gc.ca/ewh-semt/radiation/cons/radiofreq/research-recherche-
eng.php  
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7.17.2 Please confirm Health Canada states the following in that document: 
“For more than two decades, Health Canada has conducted its own research on 
the biological effects of radiofrequency (RF) energy. This research has increased 
the scientific knowledge regarding the intensity of RF energy in our environment 
and has helped to establish the human exposure threshold where potentially 
adverse health effects can occur. This important information, along with other 
Canadian and international studies, form the basis for establishing safety 
standards for RF energy that protects the health of Canadians.” (Reference: 
paragraph 1) 
 
Yes. There are a mere 17 publications listed for Health Canada’s team of researchers, 
since 1983 (30 years). 
 
7.17.3  A copy of Health Canada’s response dated June 19, 2008 to a petition 
filed by Dr. M. Havas Request that first generation DECT phones be banned in 
Canada has been requested in IR 1.9.3 to Dr. Maret. The document is available 
at http://www.oag-bvg.gc.ca/internet/english/pet_253_e_31629.html  . 
In that document Health Canada provides insight into its processes for on-going 
study of RF fields and its continuous program of literature surveillance. Had Dr. 
Sears reviewed that document before making the statements in her report 
regarding Safety Code 6 and its authors? 
 
I was aware of this petition, as well as similar claims made in the Safety Code 6 
document itself, and similar claims with regard to pesticide registration. Along with other 
Canadian scientists and physicians, I am first author of a discussion of Health Canada’s 
use of extrapolation factors in risk assessment and how the methodology is flawed and 
not protective of public health in, “Comments on the Pest Management Regulatory 
Agency’s Use of Uncertainty and Safety Factors in the Human Health Risk Assessment 
of Pesticides,” that is provided.  
 
7.17.4  Dr. Sears suggests that Health Canada has followed an approach that is 
counter to the precautionary principles. Please confirm that in its response to the 
petition by Dr. M. Havas, Health Canada states the following: 
  “All science-based EMF guidelines, including Safety Code 6, intrinsically 
use the precautionary principle in the design of exposure limits, in that the 
uncertainties in measurements and application of safety margins are 
incorporated in their specification. Safety Code 6 is based upon a review of all 
relevant scientific studies utilizing a weight-of-evidence basis.” (Reference: 
Answer to Questions 1 & 3) 
 
Health Canada states this, but if the Precautionary Principle was applied rigorously, 
Canada would not have high permitted exposure limits in comparison with other 
countries.  
 
One example of Canadians’ rejection of Health Canada’s putting into practice of the 
Precautionary Principle has to do with pesticides. Provincial and local restrictions of non-
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agriculture pesticide uses, are protecting a majority of Canadians from pesticides that are 
registered by Health Canada. 
 
The use of “uncertainty” (more accurately “extrapolation”) factors is not appropriate or 
scientifically defensible when low dose effects are different from high dose effects, and 
particularly when there is the potential for cumulative effects, as discussed in “Comments 
on the Pest Management Regulatory Agency’s Use of Uncertainty and Safety Factors in 
the Human Health Risk Assessment of Pesticides.”  
 
Please see also response to 7.17.6. 
 
7.17.5  Please confirm that in Safety Code 6 (2009), Health Canada states at p. 
7: 
“The exposure limits specified in Safety Code 6 have been established based 
upon a thorough evaluation of the scientific literature related to the thermal and 
possible non-thermal effects of RF energy on biological systems. Health Canada 
scientists consider all peer-reviewed scientific studies, on an ongoing basis, and 
employ a weight-of-evidence approach when evaluating the possible health risks 
of RF energy.” 
 
7.17.6  Please confirm that in Safety Code 6 (2009), Health Canada states at p. 
9: 
“The scientific literature with respect to possible biological effects of RF energy 
has been monitored by Health Canada scientists on an ongoing basis since the 
last version of Safety Code 6 was published in 1999. During this time, a 
significant number of new studies have evaluated the potential for acute and 
chronic RF energy exposures to elicit possible effects on a wide range of 
biological endpoints including: human cancers (epidemiology); rodent lifetime 
mortality; tumor initiation, promotion and co- promotion; mutagenicity and DNA 
damage; EEG activity; memory, behaviour and cognitive functions; gene and 
protein expression; cardiovascular function; immune response; reproductive 
outcomes; and perceived electromagnetic hypersensitivity (EHS) among others. 
Numerous authoritative reviews have summarized this literature. 
Despite the advent of thousands of additional research studies on RF energy and 
health, the predominant adverse health effects associated with RF energy 
exposures in the frequency range from 3 kHz to 300 GHz still relate to the 
occurrence of tissue heating and excitable tissue stimulation from short-term 
(acute) exposures. At present, there is no scientific basis for the premise of 
chronic and/or cumulative health risks from RF energy at levels below the limits 
outlined in Safety Code 6. Proposed effects from RF energy exposures in the 
frequency range between 100 kHz and 300 GHz, at levels below the threshold to 
produce thermal effects, have been reviewed. At present, these effects have not 
been scientifically established, nor are their implications for human health 
sufficiently well understood. Additionally, a lack of evidence of causality, 
biological plausibility and reproducibility greatly weaken the support for the 
hypothesis for such effects. Thus, these proposed outcomes do not provide a 
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credible foundation for making science-based recommendations for limiting 
human exposures to low-intensity RF energy.” (underlining added) 
 
Your selected quotations are in the Safety Code 6 document.  
 
What you omitted from p 7 is, “The exposure limits in Safety Code 6 are based upon the 
lowest exposure level at which scientifically-established human health hazards occur.” 
(emphasis added) 
 
The Precautionary Principle has been framed in various ways, including: 1) taking action 
to avert potential public harm when harm is suspected but there is not full scientific 
certainty; or 2) placing the onus for proof of safety on the proponent. The noted quotation 
from Safety Code 6 makes it clear that Health Canada has done neither of these, as 
although some may debate the certainty of biological effects of radiofrequency radiation 
at lower doses, Health Canada is only relying upon an effect for which there is full 
scientific certainty, as confirmed every time someone puts their food in a microwave 
oven. Neither is Health Canada asking for proof of safety. Health Canada’s supposed 
application of the Precautionary Principle is limited to use of “uncertainty” factors. 
Please see response immediately above. Neither of the potential actions in the face of 
potential harm without full scientific uncertainty are evident in Health Canada’s 
approach. 
 
7.17.7  Please confirm that the text quoted above from Health Canada’s Safety 
Code 6 indicates that Health Canada has in fact considered the research studies 
on possible RF bio-effects unrelated to tissue heating, and has concluded that 
such effects have not been scientifically established and that the studies do not 
provide a credible foundation for making science- based recommendations to 
reduce the Safety Code 6 exposure limits.  
If not confirmed, please explain. 
 
Health Canada claims that studies have been examined, but provides no report detailing 
these considerations. Indeed, Health Canada has not even listed all of the studies 
considered in formulating Safety Code 6, much less the review methods such as search 
methods, inclusion/exclusion criteria, the data extracted, weighting methods or criteria, 
and experts / expert panels. Unlike some other endeavours of Health Canada and 
Environment Canada, such as the Chemical Management Plan, there was no opportunity 
for the public to review the full scientific report and to provide feedback. In dealings with 
Health Canada regarding pesticides, it was made clear to me that “ongoing monitoring” 
of the literature was not done in a cumulative fashion. If a single study came to light that 
in and of itself would give clear cause to overturn a pesticide registration (or by extension 
radiation exposure revision), then action might be taken. Furthermore, when asked, 
Health Canada was unable to supply a list of studies that had been considered regarding a 
particular chemical. The accrual of scientific evidence with successive and 
complementary studies is not captured in Health Canada’s “ongoing monitoring.”  
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7.18  Please confirm which of the works referenced in Dr. Sears Report involve 
studies of the effects of exposure to advanced meters. 
 
I am not aware of peer-reviewed studies of health effects of “advanced” meters per se. 
These are needed; ideally data would be collected before installation in an area and the 
population would be followed afterwards. I chose studies of radiofrequencies similar to 
those emitted by smart meters. 
 
7.19 On p. 6 of Dr. Sears’ Report, she refers to the BioInitiative Report (2012). 
Please refer to the Public Utility Commission of Texas (PUCT) staff Report on 
Health and Radiofrequency Electromagnetic Fields from Advanced Meters dated 
December 12, 2012. The report may be found at 
http://www.puc.texas.gov/industry/electric/reports/smartmeter/SmartMeter_RF_E
MF_Health_12-14-2012.pdf . Please confirm that the PUCT staff report states the 
following on p. 17: 
“The ‘BioInitiative Report’ is an example of a report that received notoriety 
despite being viewed negatively by the research community. ... 
The report is often cited by opponents of wireless technology, but it was widely 
criticized by government research agencies and subject matter experts in 
Australia, Belgium, the European Commission, France, Germany, and the 
Netherlands. It was also criticized by EPRI and the IEEE. The overall opinion of 
these institutions was that the report had many shortcomings. Some of the stated 
criticisms were that the report: 
• Provided views that were not consistent with the consensus of science; 
• Recommended safety limits that were not supported by the weight of scientific 
evidence; 
• Included selection bias in several research areas; 
• Lacked objectivity and balance; and 
• Suffered from uneven editing quality.” 
 
I did not rely upon Texan utilities staff in my letter. Please see my response regarding the 
BioInitiative report above (question 20.2, above). 
 
7.20 At pp. 6-7 of her report, Dr. Sears says that “Epidemiological studies are 
unlikely to find a correlation between ongoing radiofrequency exposure and 
symptoms of electromagnetic hypersensitivity because people with sensitivities 
avoid exposures that provoke symptoms” and criticizes “Cohort study on the 
effects of everyday life radio frequency electromagnetic field exposure on non-
specific systems and tinnitus” by Frei, Mohler, Braun-Fahrlander, Frohlich, 
Neubauer and Roosli (abstract available at 
http://www.ncbi.nlm.nih.gov/pubmed/21982030 ). Please confirm that this study 
took into account exposure to both far-field exposure (which would be 
unavoidable) and reports of near-field exposure in reaching the conclusion. 
 
This study examined both types of exposure, but in separate analyses based on: 1) 
distance from towers for far field; and 2) phone use for near field exposures. Phone use 
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was estimated using self-report, and access to phone records for some participants (there 
was no access to business phone records – a major source of exposure uncertainty). 
Health outcomes were assessed using a questionnaire. There was also a very low 
response rate (37% for the first questionnaire), which is a potential source of bias. 
 
7.21 At p. 13 of her report, Dr. Sears says: “There are many examples, but this 
was recently demonstrated as more pronounced effects on slow-wave and rapid-
eye-movement sleep in rats exposed to 900 MHz modulated signals, compared 
with unmodulated, or sham exposures”. She cites “Non-thermal continuous and 
modulated electromagnetic radiation fields effects on sleep EEG of rats” by 
Mohammed, Frahmy, Radwan and Elsayed (available at 
www.sciencedirect.com/science/article/pii/S2090123212000343). Please confirm 
that this study actually concluded that there was no significant effect on slow-
wave sleep: 

“In the present study the exposure of the animals to 900 MHz RFR either 
continuous or modulated at 8 and 16 Hz resulted in non- significant 
changes of all EEG bands during SWS. However, significant changes have 
been recorded during REM sleep especially with modulated 
electromagnetic radiation fields. This result denotes that the REM sleep is 
more sensitive to changes due to electromagnetic radiation exposure than 
SWS” 

 
The observed changes during SWS (slow wave sleep) did not quite reach statistical 
significance at a confidence level of 0.05, in this study with only 10 animals per group.  
 
7.22 At p. 14 of her report, Dr. Sears says that the study “The effects of 
microwave  
emissions on sperm motility in rats” by Yan, Agresti, Bruce, Granlund, and 
Matloub, exposed rats to “3 hours daily cell phone exposure” (abstract available 
at http://www.ncbi.nlm.nih.gov/pubmed/17628553 ). Please confirm that the study 
exposed 31 rats to six hours of daily exposure, not three. 
 
Confirmed, two 3-h periods. Thank you for this correction. 
 
7.23 At p. 14 of her report, Dr. Sears says that the study “The effects of 
microwave emitted by cellular phones on ovarian follicles in rats” by Gul, Celebi 
and Ugras (abstract available at http://www.ncbi.nlm.nih.gov/pubmed/19241083 ) 
exposed rats to “cell phone radiation 15 minutes daily”. Please confirm that the 
study actually exposed rats to cell phone radiation for 24 hours per day, with the 
phone being in “talk” mode twice daily for 15 minutes each time. 
 
Although this interpretation is suggested by the abstract, this is not correct. The methods 
indicate, “The phones were placed just under and in contact with the cage, for 11 h and 
45 min in standby and 15 min in speech mode. The total amount of exposure time 12 
h/day.” 
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7.24 At p. 15 of her report, Dr. Sears states that the study “Mobile phone 
emission modulates event-related desynchronization of alpha rhythms and 
cognitive-motor performance in health humans” by Vecchio, Buffo, Sergio, 
Iacoviello, Rossini and Babiloni (abstract available at 
http://www.ncbi.nlm.nih.gov/pubmed/21873111) found “decreased cortical activity 
and decreased reaction time in healthy volunteers”. Please confirm that: 
7.24.1 the study found enhanced cortical neural effects and faster reaction times;  
 
Consistent with my writing, the study found “Power decrease of high-frequency alpha 
rhythms (less cortical activation) after real exposure” and a shorter reaction time on a 
“go/no go” task. A faster reaction time is not necessarily desirable, as it may be 
associated with impulsivity. 
 
and 
7.24.2 the study found that the results occurred only in the “acutely exposed 
brain hemisphere”. 
 
This quotation is not in the above-noted paper, and the results that were highlighted are 
more global – activity noted over the entire scalp, and reaction time (that would not be 
associated with only a small region of the brain). 
 
7.24.3 the study at footnote 55 found only that the “localized” area of the brain 
exposed to the radiation was effected. 
 
The study by Volkow et al. does not use the term “localized” in the results or conclusions 
sections. The effect, an increased rate of glucose metabolism, was clearly related to the 
radiation exposure, as it was greatest in the region closest to the antenna, and fell off 
further away, as the radiation was absorbed by the closest regions. 
 
 
7.25 Please provide any evidence that proves that FortisBC’s advanced meters 
do not 
comply with Health Canada Safety Code 6 (2009). 
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Abstract   
 
Approximately 3% of Canadians have been diagnosed with environmental sensitivities, 
and many more are somewhat sensitive to traces of chemicals and/or electromagnetic 
phenomena in the environment. People experience neurological and numerous other 
symptoms, and avoidance of triggers is an essential step to regaining health. The 
Canadian Human Rights Commission commissioned this report to summarize scientific 
information about environmental sensitivities.  For those interested in the original 
scientific and technical literature, an annotated bibliography is available on request from 
environmentalhealthmed@gmail.com  This report addresses issues such as the definition 
and prevalence of environmental sensitivities; recognition by medical authorities; 
education and training within the medical community; origins, triggers and symptoms of 
sensitivities; impact of environmental sensitivities in the workplace; government policies 
and standards for building codes, air quality and ventilation as they affect individuals 
with environmental sensitivities; and guidelines for accommodation within the 
workplace. For people with environmental sensitivities, their health and ability to work 
rests with the actions of others, including building managers, co-workers and clients. 
Accommodating people with environmental sensitivities presents an opportunity to 
improve workplace environmental quality and workers’ performance, and may help 
prevent the onset of sensitivities in others.   
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Executive Summary   
 
People’s responses to factors in their environment vary enormously. For instance, we all 
know that blue-eyed red-heads are sensitive to sunshine, burning more readily than dark-
skinned people.  What may be less well known is that some people have debilitating 
reactions to other aspects of their environment, such as chemicals or electromagnetic 
phenomena.   
 
This report was prepared to inform employers, service providers and individual 
Canadians about the medical aspects of environmental sensitivities.  It reviews and 
summarizes the scientific literature on environmental sensitivities. For those interested in 
the original scientific and technical literature, an annotated bibliography is provided. The 
report reviews medical issues including recognition and awareness of environmental 
sensitivities; the range of symptoms and conditions associated with this condition; the 
development of scientifically sound diagnostic criteria; medical research and treatment; 
issues regarding building codes and practices that affect the accommodation of people 
with sensitivities; and the costs and benefits associated with accommodation in the 
workplace.   
 
Approximately 3% of Canadians have been diagnosed with environmental sensitivities.  
They usually experience neurological impairments, and often experience other symptoms 
including runny eyes and nose, headaches, fatigue, pain and breathing and digestive 
problems. Environmental sensitivities may develop gradually after chronic exposure to 
relatively low levels of chemicals as seen in “sick buildings,” or suddenly after a major 
exposure to an environmental disaster or a chemical spill. This condition may be initiated 
by one or a combination of environmental factors such as mould, pesticides, solvents, 
chemicals off-gassing from carpets or furnishings, or electromagnetic phenomena.   
 
Once a person has developed environmental sensitivities, reactions may occur to a 
broader range of factors, at levels of exposure that were previously tolerated and that 
cause little difficulty to many others. The symptoms are reproducible with repeated 
exposures, and resolve with avoidance of the environmental factor(s). The impact of 
environmental sensitivities on workers’ performance may range from mild (e.g. 
habituation to chronic exposures such that performance may be sub-optimal although not 
abnormal), to severe impairment such that work is impossible. Early recognition, 
environmental control, avoidance of symptom-triggering agents, removal of residual 
toxins from the body, and recovery of normal biological processes are key to regaining 
and maintaining health for people with sensitivities. However, susceptibility to 
sensitivities will be life long.  
 
Internationally and in many Canadian government departments, recognition of 
environmental sensitivities is developing. Environmental sensitivities and related 
conditions are eligible for compensation by some Workers’ Compensation Boards, 
although there is marked inconsistency across Canada.  Public policy, law and regulation 
are advancing to protect people from triggers of sensitivities, such as tobacco smoke, 
pesticides, fragrances and other chemicals in public places.   
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No-smoking, scent-free, pesticide-free, no-idling and least-toxic cleaning policies in 
health care and other public institutions are increasingly common, and the medical 
community is also advocating for broader policies and laws. Consensus is gradually 
building in the medical community and among academics, as well as in the general 
population, that many chemicals are not as harmless as we might have believed. The 
medical community is also increasingly acknowledging environmental sensitivities in 
medical education.   
 
Modern medicine recognizes that the mind and body are intimately interconnected in the 
“biopsychosocial model” for health care. However, controversy continues regarding the 
physical or psychological roots of environmental sensitivities, with ramifications for both 
health care and workplace accommodation. Research indicates that sensitivities generally 
have physical causes, with many neurological and psycho-social factors interwoven. 
Successfully addressing physical symptoms with safe housing, workplaces, food and 
water may also alleviate psychological symptoms. This is necessary before other 
psychosocial interventions may be helpful.   
 
Canadian statutes do not prescribe building standards that are protective for people with 
environmental sensitivities. Building codes focus on topics such as strength of structures. 
Measures impacting indoor environmental quality, such as building materials or de-
gassing of buildings before they are occupied, are not addressed.  Insofar as building 
codes and guidelines are perceived to be sufficiently protective of health and safety, they 
constitute barriers to research, development, implementation and mandating of safer 
materials and methods. “Green” guidelines incorporate a wide range of important 
environmental measures, but do not ensure that indoor environmental quality will be 
sufficient for people with sensitivities. More stringent guidelines have been developed for 
schools. 
 
Accommodation of people with environmental sensitivities is an opportunity to improve 
environmental quality and workers’ performance, and to prevent the development of 
sensitivities in others. Sensitivities vary greatly from one individual to another, so the 
affected worker should be involved in determining accommodations to minimize 
potentially harmful exposures in the workplace.  
 
Construction, renovation, repair and maintenance should be conducted to minimize the 
introduction of pollutants. Finishings, furnishings and equipment should contain low 
toxicity materials, have virtually no emissions, and be low-maintenance. Problems with 
structural dampness and moulds may be minimized with good design and construction. 
These considerations are increasingly important given the desire to conserve energy by 
reducing ventilation.  
 
In addition to optimizing air quality and flow, ventilation systems must be maintained to 
avoid microbial contamination. Air filtration may play a role, but filters require frequent, 
routine maintenance. Least-toxic pest control that minimizes exposure to pesticides is 
effective and affordable. 
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Building and maintaining equipment and infrastructure to minimize exposure to 
electromagnetic radiation, fields and currents requires attention to detail and may entail 
limited one-time costs. Energy-efficient electrical equipment may (but not necessarily) 
increase radiofrequencies on electricity lines. Once recognized, however, these problems 
are amenable to engineering solutions. Health effects of unmeasured and uncontrolled 
parameters such as the quality of the electrical signal, radiofrequencies, locally elevated 
exposure levels and ground currents may have contributed to a lack of consensus in 
research regarding health effects of electromagnetic phenomena.  
 
Workplace accommodation may include renovations, but some of the most important 
accommodations involve behaviour changes.  These include the use of least-toxic 
cleaning and pest control practices, and avoidance of scented products. Unlike “built” 
accommodations such as ramps, accommodating people with sensitivities actively 
involves many people, such as employers, co-workers, others in the school or workplace, 
neighbours, etc.   
 
There are high costs to society of not caring for people with sensitivities, and workplace 
environmental quality affects workers’ productivity, health and attendance. Building or 
renovating with a view to accommodating people with sensitivities is not usually more 
costly over the long term, in part because hard, durable surfaces that do not off-gas are 
longer-lasting and require less maintenance.  Education and leadership for behaviour 
change in the workplace is not expensive.  Thus, improving the environmental quality of 
the workplace is an economically sound decision, as well as the best option for workers’ 
health. 
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I  Introduction 
 
People’s responses to factors in their environment vary enormously. For instance, we all know that 
blue-eyed red-heads are sensitive to sunshine, burning more readily than dark-skinned people.  What 
may be less well known is that some people have debilitating reactions to other aspects of their 
environment, such as chemicals or electromagnetic phenomena.  Although there is a growing 
consensus in the medical community and society at large that chemicals in the environment are of 
concern, environmental sensitivities are neither universally recognized nor fully understood.  
 
This report was prepared for the Canadian Human Rights Commission to examine, from a medical 
perspective, issues related to environmental sensitivities. The report begins by discussing the diagnosis 
of environmental sensitivities and conditions commonly occurring along with the range of medical 
conditions that may arise from environmental sensitivities. This is followed by an overview of the 
recognition of environmental sensitivities by international, federal, provincial and municipal bodies, 
and awareness of this condition among medical communities. The report then addresses the initiating 
factors, triggers, and symptoms of environmental sensitivities, with a focus on how environmental 
sensitivities affect the workplace performance of those who experience this condition. This is followed 
by a review of medical research into the initiation and manifestation of environmental sensitivities, and 
a discussion of how environmental sensitivities are diagnosed and treated. The final sections of the 
report examine how codes, regulations, policies and guidelines for construction address issues affecting 
environmental quality. Guidelines for the optimization of the indoor environment and accommodation 
of people with environmental sensitivities are presented, and the costs and benefits of protective 
measures are discussed. For those interested in the original scientific and technical literature, an 
annotated bibliography is available on request from environmentalhealthmed@gmail.com . 



mailto:environmentalhealthmed@gmail.com
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II What are “environmental sensitivities”? 
 
The term “environmental sensitivities” describes a variety of reactions to chemicals, electromagnetic 
radiation and other environmental factors at exposure levels commonly tolerated by many people. 
These phenomena are not yet fully understood. In contrast, some toxic environmental agents such as  
such as metals (e.g. lead, mercury), rock dusts (e.g. asbestos, silica), chemicals (e.g. hydrogen sulphide, 
dioxin) and biological agents (e.g. snake or scorpion venom) are better understood as to their ill effects 
on people.1  
 
“Environmental sensitivities” does not describe a single, simple condition with a universal cause. 
Environmentally sensitive individuals link their symptoms to aspects of their environment such as 
being in a particular place or being exposed to one or more factors such as chemicals, biological 
materials or electromagnetic phenomena. Table 1 lists some terms that have been used to describe 
aspects of environmental sensitivities.  
 
Adding to the complexity of the clinical picture are overlapping conditions, also listed in Table 1. 
Environmental exposures may not contribute to all these conditions in all patients, but one should be 
alert to the possibility that a range of factors may contribute to an individual’s ill health.  
 


Table 1: Names used for aspects of environmental sensitivities and commonly overlapping 
conditions2,3* 


 


Aspects of Environmental Sensitivities 
 
State of heightened reactivity to the environment  
Total allergy syndrome  
Toxicant-Induced Loss of Tolerance (TILT) 
Multiple chemical sensitivity(ies) (MCS) 
Multiple chemical hypersensitivity(ies) 
Chemical intolerance(s) 
Gulf War illness/syndrome 
Idiopathic environmental intolerance 
Environmental illness 
Chemical injury/allergy 
Toxic injury 
Tight building syndrome 
Sick building syndrome 
Twentieth century disease 
Chemically induced illness 
Chemophobia 
Electromagnetic (hyper)sensitivities/intolerance 
Radiowave sickness 


Commonly Overlapping Conditions 
 
Fibromyalgia  
Myalgic encephalomyelitis (ME) 
Chronic fatigue syndrome  
Post-viral fatigue syndrome 
Post-infectious neuromyasthenia 
Yuppie flu 
Chronic pain 
Migraine 
Arthritis 
Allergies 
Rhinitis 
Asthma 
Food intolerance syndrome 
Celiac disease 
Irritable bowel syndrome 
Major depression 
Anxiety or panic disorder 
Hypothyroidism 


 
*compiled from literature,2,3 with  input from collaborators 
 
Given the complexities of the condition, the following section examines criteria for determining 
whether someone is experiencing environmental sensitivities. 
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A  Diagnostic criteria 
 
Diagnostic criteria are such that independent physicians would come to the same conclusion when 
examining a particular patient.  This is important both for treatment purposes and for research. 
 
With regard to multiple chemical sensitivity, thirty-four experienced North American physicians and 
researchers who had examined patterns of symptoms in thousands of people reached a consensus 
regarding criteria to establish a diagnosis:   
 


symptoms are reproducible with repeated exposure;  
the condition is chronic;  
low levels of exposure [lower than previously or commonly tolerated] result in manifestations of 
the syndrome;  
symptoms improve or resolve when the incitantsa  are removed;  
responses occur to multiple chemically unrelated substances; and  
symptoms involve multiple organ systems.4   


 
A systematic literature review confirmed the diagnostic criteria, and suggested that neurological 
symptoms could be an additional criterion.2  The consensus diagnostic criteria were also validated, as 
they identified those most and least likely to be affected among 2,546 patients in Toronto medical 
practices with high and low prevalence of patients with sensitivities. In the same study, a combination 
of four neurological symptoms also discerned people most likely affected by multiple chemical 
sensitivities: having a stronger sense of smell than others; feeling dull/groggy; feeling “spacey;” plus 
having difficulty concentrating.5  A pattern consistent with these diagnostic criteria is also reported for 
sensitivities to electromagnetic phenomena.6-8  
 
B  Prevalence 
 
Diagnostic criteria are used by physicians to identify a health condition in individuals, and by 
researchers to determine the proportion of the population experiencing the condition severely enough to 
seek medical care. Some people with environmental sensitivities are less severely affected and may not 
seek care. This proportion of individuals in the population is generally investigated with more general 
questions about reactions to perfumes or other everyday chemicals. 
 
In January 2007, Statistics Canada reported that 5% of Canadians (1.2 million people) suffer 
“medically unexplained physical symptoms,” including multiple chemical sensitivity, fibromyalgia and 
chronic pain.9   
 
According to Statistics Canada’s 2003 National Population Health Survey (N=135,573),b the 
prevalence of doctor-diagnosed multiple chemical sensitivities was 2.4% in people aged twelve or 
older,9 and 2.9% in people thirty years of age or older.10  The 2005 National Survey of the Work and 
Health of Nurses revealed that 3.6% of all Canadian nurses experienced chemical sensitivities 
(N=18,676).11   Prevalence in the general American population has been reported to range from 3.1% 


 
a  incitant: a factor in the environment that provokes symptoms  
b  N designates the number of people included in a research study 
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doctor-diagnosed multiple chemical sensitivity in Atlanta, Georgia (N=1,582)12 to 6.3% doctor-
diagnosed chemical sensitivity in a large California survey (N=4,046).13     
    
Many more people experience less severe sensitivities. Self-reports of heightened sensitivity (feeling 
ill) on exposure to “everyday” chemicals in American populations ranges from 11% of 1,057 
participants in a US national survey 14 and 16% in California,13 to 33% in rural North Carolina.15  It is 
unclear to what extent people experiencing less severe intolerances are at an increased risk of 
developing full-blown, debilitating environmental sensitivities. However, recent studies have revealed  
genetic links to sensitivities,16-22 and biochemical differences between people with sensitivities and 
“control” populations.23 Clinical experience shows that increasing chemical exposures are associated 
with increasing symptoms and reports of sensitivity spreading to more incitants.3,24  
 
More women than men are affected by environmental sensitivities. Almost twice as many women as 
men experienced “sick building syndrome” in a German study,25 and approximately 60-80% of people 
diagnosed with environmental sensitivities in various surveys are female. 5,12,26-30     
 
Environmental sensitivities affect all socio-economic classes, according to population-based 
surveys.12,29,30  The recent Canadian analysis indicates that people from a lower socio-economic class 
are more likely to report medically unexplained symptoms than are people from the highest socio-
economic class.9 On the other hand, clinic-based and citizens’ groups surveys indicate that more highly 
educated or affluent people with sensitivities tend to seek medical care or self-help.5,27,28  
 
Sensitivities may occur in anyone, even at an early age.31,32  Children’s respiratory, learning and 
behavioural difficulties may be associated with toxins passed on from the mother, as well as a variety 
of factors including pesticide exposure, indoor air quality and foods.13,33-39 Studies have revealed that 
the prevalence of environmental sensitivities increases with age.  For example, the prevalence of 
medically unexplained physical symptoms (chronic fatigue, fibromyalgia and multiple chemical 
sensitivity) in Canadians increases with age from 1.6% of people aged 12 to 24 years, to 6.9% in 
people 45 to 64 years old.9  In a Statistics Canada survey of Canadian nurses, 1.4% of nurses younger 
than 35 years reported chemical sensitivities, which increased to 3.7% in nurses 35-44 years old, and 
4.3% and 4.8% in successive decades.11 Similarly, in studies in Arizona, 15% of college students and 
37% of elderly participants reported heightened sensitivities to chemicals.30,40  Increasing prevalence of 
sensitivities with age is relevant for the aging workforce, as well as for care of the elderly. 
 
Unlike perfumes and moulds, electromagnetic fields are usually not perceived. Similarly, 
electromagnetic sensitivities, while plausible,41 are poorly recognized. The prevalence of 
electromagnetic sensitivities is estimated to be 1-3% of the population in various countries.42  
 
Summary 
 
Environmental sensitivities may contribute to a variety of conditions that have been associated with 
circumstances (e.g. sick buildings), populations (e.g. veterans), chronic symptoms (e.g. pain or fatigue) 
or initiating/triggering factors (e.g. “chemical injury” or “radiowave sickness”).  Criteria established for 
diagnosis of chemical sensitivities provide a framework for physicians and researchers to examine 
environmental sensitivities related to chemicals.  Although it is not as extensively studied, this pattern 
may also apply to sensitivities related to electromagnetic phenomena.   
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Studies to determine the proportion of the population that experiences varying degrees of 
environmental sensitivities rely upon identification of the condition.  Diagnostic criteria would be 
reflected in the recently-reported prevalence of doctor-diagnosed sensitivities (approximately 1 million 
Canadians).  Evidence is that up to a third of the population may be experiencing discomfort.  
Environmental sensitivities affect approximately twice as many women as men, and increase with age.  
Sensitivities may be associated with higher-risk occupations and they disproportionately affect the 
poor, while the wealthy are more likely to be treated.  
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III  Recognition and medical education 
  
Along with consensus regarding the diagnosis being established, recognition of environmental 
sensitivities by decision-makers and in medical education is also necessary.   
 
This section examines recognition of environmental sensitivities by international bodies, by levels of 
government and agencies, and by the health care community in Canada.  
 
A  Recognition 
 
a) International recognition of environmental sensitivities  
 
International recognition 
 
Numerous countries have recognized environmental sensitivities in a variety of manners. 
 
Table 2: International recognition of environmental sensitivities 
 
Country/Region Type of Recognition 
International ASHRAE examined air quality standards for industrial settings in the USA and 


Germany, and concluded that standards are not set to protect environmentally 
sensitive individuals. Many are set to address irritation over the short term.c 


Prominent scientists signed the Benevento Resolution (February 2006) 
affirming that there is considerable and strengthening scientific evidence that 
low-intensity, low-frequency and radio-frequency electromagnetic fields are 
responsible for biological effects and health effects.  


Scientists called for more research, and a more precautionary approach to 
standards, recommended exposures and technologies in the market place.43 


Europe Landmark legislation for Registration, Evaluation, Authorisation and restriction 
of Chemicals (REACH) was passed in December 2006.  


Requiring substitution of materials with less-toxic alternatives, which will 
affect building materials, finishing products, furnishings and equipment.44    


United States Prevalence has been measured, based upon doctor diagnoses, and self-reporting 


Germany Multiple chemical sensitivity is formally recognized by the national health care 
system.   


The German General Medical Council supported extensive education of 
medical practitioners regarding environmental medicine, and evidence-based 
therapies are being developed.45 


Denmark The Danish Environmental Protection Agency recently published a report on 
multiple chemical sensitivity. It concluded that there is ample evidence that 


                                                 
c ANSI/ASHRAE Addendum c to ANSI/ASHRAE Standard 62.1-2004,  American Society of Heating, Refrigeration and Air-
conditioning Engineers, Inc., Atlanta, Georgia. 
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sensitivities are due to environmental contaminants, and that Danish initiatives 
to minimize off-gassing materials in the indoor environment may have 
contributed to a somewhat lower incidence in the Danish population. The 
Agency recommended that measures be taken to prevent the development of 
sensitivities.46  


Sweden Electrical hypersensitivity is recognized as a disability 


Health care facilities with very low electromagnetic fields and radiation are in 
place for sensitive individuals.6 


Kazakhstan Issued a decree limiting radiofrequencies in wiring to 50 millivolts 
(microsurges) to decrease “negative influence of physical factors on human 
health” (November 6, 2003)  


 
Classification of Diseases    
 
The classification of diseases plays an important role in the recognition of and research into medical 
conditions. 
 
The International Statistical Classification of Diseases and Related Health Problems (ICD) is a long-
standing, ongoing international effort to categorize all causes and manifestations of disease. It is 
compiled and regularly updated by the World Health Organization,47,48 and it is used as a basis for the 
provision of health care within Canada. 
 
The ICD-9 includes some relevant categories such as Ill-defined conditions, Injury and poisonings, 
Late effects of poisoning due to drug and biological substances, Poisoning by drugs and biological 
substances, and Late toxic effects of non-medical substances. In the most recent version, ICD-10,49 
“environmental sensitivities” is not listed, but the related conditions of Chronic fatigue and 
Fibromyalgia have now been included. Many other possibly related conditions are also listed, such as 
Arthritis due to hypersensitivity. In an update of the ICD-10, wood preservatives have been recognized 
as causing disease.48     
 
The ICD is an ongoing project.  Recent recognition of environmental causes of ill health, and 
conditions related to environmental sensitivities are good steps toward a more comprehensive system 
for the classification of diseases. 
 
b) Recognition of environmental sensitivities by the Canadian federal government and national 
bodies 
 
Table 3 highlights some initiatives taken by the Canadian federal government and national bodies. 
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Table 3: Recognition of environmental sensitivities by the Canadian federal government and 
national bodies 


 
Federal 
government / 
National bodies 


Recognition 


Canadian Institute 
for Health 
Information (CIHI) 


CIHI is a not-for-profit independent organization created by Canada’s 
federal, provincial and territorial governments that collects, analyzes and 
disseminates information on health and health care in Canada.  It reviews and 
publishes the ICD for the Canadian context, which includes diagnoses 
relevant to environmental sensitivities.  


Health Canada Health Canada’s diverse roles include monitoring of health, regulation of drugs 
and pesticides, and public education. It cooperates with other departments such 
as Environment Canada and Statistics Canada regarding health and the 
environment, and regulation of toxic chemicals. 


Health Canada, CIHI and Statistics Canada included questions on chemical 
sensitivities in the 2003 Canadian Community Health Survey,10 and the 2005 
National Survey of the Work and Health of Nurses.11 
“Healthy Environments for Canadians” (HSPB 88-12), a 1988 report for 
Health and Welfare Canada, addressed many issues that remain unresolved 
to this day, such as the health effects of common pesticides and other toxic 
chemicals. It discusses environmental sensitivities, with special mention of 
children and the homeless, and it includes a 243-page annotated 
bibliography. 
Health Canada promotes scent-free policies, in part because of environmental 
sensitivities.50  
The Canadian Health Network, of the Public Health Agency of Canada, 
defines chemical sensitivity on its website.51  
The Pest Management Regulatory Agency, within Health Canada, is the 
federal regulator for pesticides. The agency recognizes people with 
environmental sensitivities as a vulnerable population.52,53 


Canadian Centre 
for Occupational 
Health and Safety 


This federal departmental corporation reports to the Parliament of 
Canada through the federal Minister of Labour.  It recognizes 


multiple chemical sensitivities, sick building syndrome and indoor 
air quality as important occupational health and safety issues.54 


Canada Mortgage 
and Housing 
Corporation  
(www.cmhc.ca) 


The CMHC has produced many publications on environmental sensitivities, 
including books on housing that incorporate innovative design features, 
materials and construction, indoor air quality, ventilation, heating and 
cooling, and dealing with moulds and bacterial contamination.  
A demonstration house for environmentally hypersensitive people was built 
in Ottawa, and was the site of a 2006 announcement of federal initiatives 
addressing toxic chemicals. 


National Research 
Council 
(www.nrc.ca) 


The NRC has researched indoor air quality extensively in the laboratory and 
in the field - in homes, commercial buildings, hospitals, and schools. 
 Research topics include characterization and health effects of contaminants; 
ventilation, heating and cooling; energy-efficiency; and building envelope 
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air-tightness. 
Royal Society of 
Canada 
 


The Royal Society of Canada published a series of reports on the health 
effects of radiofrequency fields from wireless telecommunications 
devices.55,56 The Society concluded in the most recent report that more 
research is needed.  


 
c)  Recognition of environmental sensitivities by Canadian provincial bodies 
 
Recognition of environmental sensitivities at the provincial level may translate into funding and access 
to optimum health care.  Sensitivities may also be recognized with regulation of environmental agents 
such as pesticides, air pollution and scents, and through public education.   
 
Provincial bodies  
 
Ministries of Health 
 
Physicians bill provincial ministries of health according to services rendered, and must note conditions 
treated. Some provinces still use the ICD-9, while others are gradually making the transition to the 
ICD-10.  There is now a code for chronic fatigue syndrome in the Ontario diagnostic categories list, 
and a time-based service code. When the complexity of the condition necessitates time-consuming 
consultations, this allows the physician to bill accordingly. 
 
 Provincial bodies engage in anti-smoking, pesticide-reduction and scent-free initiatives, which benefit 
people with environmental sensitivities. Table 4 describes a few examples of these initiatives.  
 
Table 4: Provincial Ministry of Health recognition of environmental sensitivities 
 
Province/Territory Recognition 
Nunavut, NWT, 
New Brunswick, 
Manitoba, 
Saskatchewan, 
Newfoundland and 
Labrador, Ontario, 
Quebec, Nova 
Scotia 


As of July, 2006, smoking was banned in restaurants and bars in 9 out of 13 
provinces and territories.57 


Quebec Quebec has Canada’s only provincial Pesticide Code, banning and 
restricting pesticides for landscaping.58 The province has also taken the 
position that it would only consider spraying pesticides to kill adult 
mosquitoes in response to a true West Nile virus epidemic, noting that there 
is no evidence of effectiveness for disease reduction.59 


Ontario  The Government of Ontario was the primary funder for the development of 
the manual “Playing it Safe: Service Provider Strategies to Reduce 
Environmental Risks to Pre-conception, Pre-natal and Child Health,” as part 
of a “child-proofing” campaign by BestStart: Ontario’s Maternal, Newborn 
and Early Child Development Resource Centre (www.beststart.org) and the 
Canadian Partnership for Children’s Health and the Environment 
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(www.healthyenvironmentsforkids.ca). 


Alberta Alberta Health is involved in air quality (both indoor and outdoor), tobacco, 
and children’s health, as well as discussions on bottled water and the Kyoto 
Protocol.  


Saskatchewan Saskatchewan Health recognizes that health is linked to the environment, 
with numerous public education activities. With a large farming population 
using pesticides, it also promotes screening for cholinesterase activity 
(www.labour.gov.sk.ca/safety/bulletins/organo.htm).  


 
Clinics researching and treating environmental sensitivities 
 
In the mid 1980s, the government of Ontario appointed an Ad Hoc Committee on Environmental 
Hypersensitivity Disorders, chaired by Judge George Thomson (“Thomson Committee”).60  The 1985 
report produced by the Committee found that environmental (hyper)sensitivity was a significant 
problem requiring further research, and that patients were not having their needs met within the health 
care system. The Thomson Committee’s recommendations and subsequent progress are summarized in 
Appendix D. Following the Committee’s recommendations, the Ontario Ministry of Health funded the 
Environmental Hypersensitivity Research Unit at the University of Toronto in 1994, and opened the 
Environmental Health Clinic at Women’s College Hospital in 1996 
(www.womenshealthmatters.ca/Centres/environmental/index.html).  
 
After a six-year pilot project,61 the Nova Scotia Environmental Health Centre was established at a 
permanent site in 1997 (www.cdha.nshealth.ca/facilities/nsehc/index.html). This facility is associated 
with Dalhousie University and includes Canada’s only environmental control unit for treatment and 
research. 
 
Occupational health and safety – Workers’ Compensation Boards 
 
Some provincial workers’ compensation boards recognize environmental sensitivities, but eligible 
conditions and nomenclature vary across jurisdictions. According to the Association of Workers’ 
Compensation Boards of Canada, as well as a discussion paper prepared for WorkSafeBC,62 a national 
framework common to all jurisdictions with respect to environmental sensitivities does not exist. 
Information about the recognition of environmental sensitivities by workers’ compensation boards is 
presented in Table 5. 







Environmental Sensitivities – Medical Issues  12 
Sears  2007 


Table 5:  Recognition of environmental sensitivities and possibly-related conditions on Workers’ 
Compensation Boards websites 


 BC AB SK MB ON QB NB NS NL PE YK NT & 
NU 


Environmental 
sensitivities/illness 


    X     X   


Multiple chemical 
sensitivity 


  X          


Sick building syndrome   X          
Chronic pain  X X  X X  X X X  X 
Chronic fatigue  X           
Fibromyalgia  X X  X   X     
Nervous System 
Disorder including 
solvent-induced 
neurotoxicity 


    X        


“Allergy” to 
formaldehyde or VOCs 


  X          


Toxic neuropathy   X          
Myofascial pain  X      X     
Temporomandibular 
joint disorders 


 X           


Brain injuries with 
persisting neurological 
deficit 


      X      


Organic brain syndrome    X X        
Somatoform pain 
disorder 


    X        


Respiratory disorders 
related to acute or 
chronic workplace 
exposures 


    X        


Indoor air issues X    X  X     X 
Special treatment for 
pregnant and nursing 
women 


     X       


Limited or no 
information on website / 
search facility ineffective 


   X  X X X X X X X 


 
Note: While various websites offer some information about environmental sensitivities, the information 
may not be always easily accessible.  
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Municipal Public Health  
 
Many public health departments provide advice regarding smoking, scents, pesticides and idling of 
vehicles. This advice may lead to policies and bylaws within municipalities.  The following are some 
examples. 
 
In Ontario, local public health departments address smoking, scents, pesticides and vehicle idling.  
Special consideration may be given to people with environmental sensitivities in the event that 
pesticides are sprayed against mosquitoes carrying West Nile virus. Ottawa Public Health instituted a 
voluntary registry so that people with environmental sensitivities will receive increased notice should 
the city consider fogging with malathion in response to West Nile virus. Ottawa also has a safe public 
housing project for people with environmental sensitivities.  The Region of Peel is studying fragrances 
from laundry facilities.  
 
Many Canadian cities,d including most capitals, have anti-idling bylaws or policies (e.g. for vehicle 
fleets), idling-free zones (e.g. around schools) or educational initiatives. These are for both energy 
conservation and cleaner air. 
 
Halifax was the first major Canadian city to enact a pesticide bylaw. As well, municipal employees 
who became sensitive to chlorine in public swimming facilities have been accommodated with changes 
in place of work.  
 
Almost 130 cities in Canada now restrict the use of pesticides on private property, in part to protect 
people with environmental sensitivities.63   
 
Calgary Public Health has no-scent, latex and pesticides policies. A ban on smoking in public places is 
coming in 2007. Unlike most Canadian provinces, Alberta does not have provincial no-smoking 
legislation. 
 
Summary 
 
Since diagnostic criteria for chemical sensitivity have been accepted internationally and in Canada, the 
recognition of environmental sensitivities at all levels of government has been steadily increasing. 
Environmental sensitivities and some related conditions are also eligible for compensation by some 
Workers’ Compensation Boards, although there is marked inconsistency across the country. Public 
policy and regulations are advancing to protect people from tobacco smoke, pesticides, fragrances, 
vehicle exhaust and other chemicals in public places, and to minimize risks of exposures to pesticides 
for people with sensitivities.  


 
d Including Ottawa, Toronto,  Montreal, Vancouver, Calgary, Edmonton, Regina, Winnipeg, Mississauga, Markham, 
Oshawa, London, Halifax, St. John’s and all of PEI and Quebec 
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B  Awareness of environmental sensitivities by health care practitioners
 
a)  Physicians’ organizations  
 
The mandate of the Canadian Medical Association is “To serve and unite the physicians of Canada and 
be the national advocate, in partnership with the people of Canada, for the highest standards of health 
and health care” (www.cma.ca). The medical associations at the national and provincial levels do not 
formally “recognize” diseases, although they do engage in limited advocacy such as a resolution calling 
for banning of “weed and feed” type products.64 A 1995 letter on behalf of the Ontario Medical 
Association to the Ontario Ministry of Education Special Education Advisory Council urged that 
“multiple sensitivities syndrome” be recognized and dealt with as a disability and that environmental 
improvements be made to accommodate children with this special need. As well, articles have been 
published in the Canadian Medical Association Journal on environmental sensitivities.65-68  
 
The Royal College of Physicians and Surgeons of Canada (RCPSC) is a national, private, non-profit 
organization that oversees the medical education of specialists in Canada. It notes on its website, “In 
recognition of employees who experience allergic reactions, asthma or migraine headaches due to 
chemical sensitivities, the Royal College supports a scent-free environment and requests that 
employees refrain from using scented products such as perfumes, aftershaves, air-fresheners, etc., 
during working hours.”    
 
The Environmental Health Committee of the Ontario College of Family Physicians (OCFP) is taking 
the lead within the College of Family Physicians of Canada on environmental health, as well as in the 
World Organization of Family Doctors (globalfamilydoctor.com). Not only are environmental 
sensitivities recognized, they are carrying out education on diagnosis and treatment, as well as many 
other environmental health initiatives.  
 
The Canadian Society of Environmental Medicine is a national organization for education, advocacy 
and research, and supports health care workers treating environmental sensitivities.  
 
An important voice for environmental health in Canada is the Canadian Association of 
Physicians for the Environment (www.cape.ca). This organization is composed mostly 


of physicians, who bring their health expertise to environmental issues. 
 


b)  Medical schools and continuing medical education 
 
Environmental sensitivities have not historically been included explicitly in medical school curricula. 
Connections between environment and health are typically addressed under courses such as “Individual 
and Population Health,” with a couple of hour-long lectures during the entire medical education. An 
“exposure history,” a crucial step in diagnosing environmental sensitivities,65,69  is covered only in the 
context of occupational health, rather than as a core concept.  
 
Continuing Professional Development or Continuing Medical Education is required for fellows of the 
Royal College of Physicians and Surgeons, as well as for members of the College of Family Physicians 
of Canada. Credits are earned for courses, conferences and seminars.  Diverse courses are available 
through numerous organizations, and individuals choose which to take. The OCFP offers Continuing 
Medical Education regarding environmental sensitivities and taking of a comprehensive patient history.  
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Workshops have also been part of the Annual Scientific Assembly of the OCFP for the past four years, 
and been included in the annual “Family Medicine Forum” sponsored by the College of Family 
Physicians of Canada. As well, the Ontario Ministry of Health and Long-term Care and Health Canada 
helped fund an Environmental Health Peer Presenter program for physicians, whereby physicians from 
various regions were trained to give seminars on environmental health to other health care 
professionals close to home.  
 
In 2006, an Environmental Health Scholar was designated by the OCFP in each medical school in 
Ontario, in part to incorporate environmental health into the undergraduate medical curriculum.  
 
Environmental sciences are increasingly popular in university education, with courses offered through 
many departments such as geography, engineering or sciences; some of these courses link to health 
sciences. 
 
Summary 
 
Awareness and recognition of chronic health conditions evolves over time, and on several levels. Initial 
reporting by a few patients and physicians leads to awareness, research and formal agreement regarding 
diagnosis. Further research explores causes, mechanisms, diagnostic tests and treatment strategies, 
which are then formally put into practice.  
 
International, national, provincial and municipal governments have recognized conditions related to 
environmental sensitivities. This has led to funding for clinical health care programs and facilities.  
Public and political awareness are particularly important for conditions such as environmental 
sensitivities, because recognition of environmental causes has diverse implications for many interests 
in society.  
 
The medical community is increasingly acknowledging environmental sensitivities in medical 
education.  Scent-free and least-toxic cleaning policies, and advocacy for smoking, vehicle idling and 
pesticides policies and laws are increasing. 
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IV  Initiating factors, triggers and symptoms of environmental 
sensitivities, and their impacts in the workplace  
 
A  Agents initiating the condition of environmental sensitivities and triggering 
reactions  
 
People with sensitivities have individual susceptibilities to various environmental factors. As seen in 
Table 6, the more common agents that trigger reactions in susceptible people include pesticides, 
volatile organic compounds (VOCs) such as solvents, perfumes, formaldehyde and other 
petrochemicals, vehicle exhaust, moulds, pollens, foods, animal danders and electromagnetic 
phenomena. These may arise from the workplace structure, furnishings, equipment, exterior 
surroundings or cleaning products, or from co-workers and clients. Other aspects of the environment, 
including electromagnetic radiation, currents and fields, lighting, humidity, heat, cold and noise may 
also exacerbate environmental sensitivities.  
 
Once people are initially sensitized to low levels of environmental factors, they may experience 
reactions triggered by a broader range of exposures if the condition is not recognized and addressed. In 
this two-stage process, environmental sensitivities may develop gradually with chronic exposure to 
relatively low levels of chemicals as seen in “sick buildings,” or suddenly after a major exposure to an 
environmental disaster or a chemical spill.  
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Table 6: Typical agents that trigger reactions in susceptible individuals (and may contribute to 
initiation of environmental sensitivities)  3,28,60,70,71


Type of  incitant Examples of incitants Examples of sources/products 
Volatile organic 
compounds 


Formaldehyde  
 
Solvents  
 
 
 
Scents 
 
 
Off-gassing mixtures 
 
 
Petrochemicals  


Urea formaldehyde foam insulation* 
Wood glues (e.g. plywood and chipboard)** 
Paints 
Varnishes 
Paint thinner and stripper 
Glues 
Air fresheners 
Perfumes, personal care products 
Household cleaning agents – e.g. detergents 
Fabric softeners 
Equipment (e.g. computers) 
Furniture 
Carpets 
Inks in books, periodicals 
Fuel, oil 


Combustion 
products 


Tobacco smoke 
Vehicle exhaust 
Barbecue or wood smoke 


Smokers 
Buses, trucks, cars 
Barbecues, wood stoves 


Microbial 
products 


Moulds 
Bacteria 
Mycotoxins 
Mould or bacterial metabolites 


Mould or bacteria in structures 
Mould or bacteria in air conditioning/air 
handling systems 
Microbes in older documents 
Musty furnishings 
Soil (plants)  


Pesticides  Insecticides 
Herbicides 
Fungicides 
Algaecides 


Products used to kill insects  
Products used to kill weeds outside 
Products used to kill fungi  
Swimming pool chemicals, including chlorine 


Natural inhalants Pollens  
 
Animal dander 


Tree pollens (spring) 
Ragweed (August/September) 
Dogs, cats, horses etc. 


Foods Allergenic proteins 
Preservatives 
Flavouring 
Individual-specific (e.g. pungent 
foods) 


Peanuts, milk, gluten in grains 
Sulphites in dried fruits and wine 
Monosodium glutamate (MSG) 
Curry, cinnamon 


Electromagnetic 
radiation 


Light 
 
Radiowaves and Microwaves 
 
 
 
Very low frequency  
   electromagnetic fields 
Ground currents 


Lighting 
Video display screens 
Fluorescent light bulbs, “dirty electricity,” 
wiring problems, energy-efficient devices, 
computers, televisions, telecommunications 
equipment 
Power lines 
 
Power supply services that allow current to flow 
through the ground, pipes or structures 


Other factors Temperature 
Noise 


Workplace infrastructure 


* urea-formaldehyde insulation has been banned in Canada 
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**  formaldehyde-containing glues are banned in new products in many countries including Europe, Japan and 
China 
 
B  Symptoms 
 
Symptoms of environmental sensitivities are unique to the individual. Some possible symptoms are 
summarized in Table 7. 
  
Sensitivity reactions to chemicals may vary for acute or chronic exposures. A single, isolated low-level 
exposure (e.g. perfume on someone several seats away in the theatre or bus, that is not obviously 
harming the wearer) may cause significant symptoms such as headache, confusion, breathing 
difficulties or loss of balance in a person with environmental sensitivities. These symptoms may take 
minutes, hours or days to resolve. However, regular exposure to something to which one is sensitive 
may lead to habituation or “masking,” and chronic ill-health that may even be accepted as normal.3  
Habituation is also the reason why research into sensitivities would benefit from an environmental 
medical unit with high quality air, water, food and surroundings, so that affected people attain a 
“baseline” unmasked level of health.72,73  A study found that people with environmental sensitivities do 
not adjust as quickly as healthy volunteers to research situations, so deficiencies in trial design may 
explain inconclusive studies in the scientific literature.72,74
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Table 7:  Environmental sensitivity symptoms/reactions5,60,75,76


 
Body system Symptoms 
Nervous system Heightened sense of smell  


Difficulty concentrating 
Difficulty remembering  
Apparent variability in mental processes 
Feeling dull or groggy 
Feeling “spacey”  
Headaches  
Restlessness, hyperactivity, agitation, insomnia 
Depression 
Lack of coordination or balance 
Anxiety  
Seizures  
Tinnitus 


Upper respiratory system Stuffy nose, itchy nose (the “allergic salute”) 
Blocked ears 
Sinus stuffiness, pain, infections 


Lower respiratory system Cough  
Wheezing, shortness of breath, heavy chest 
Asthma 
Frequent bronchitis or pneumonia 


Eyes Red, watery eyes 
Dark circles under eyes 
Pain in eyes 
Blurred, disturbed vision 


Gastrointestinal system 
 
 
 
 
 


Heartburn 
Nausea 
Bloating 
Constipation 
Diarrhea 
Abdominal pain 


Endocrine system Fatigue, lethargy 
Blood sugar fluctuations 


Musculoskeletal system Joint and muscle pain in the extremities and/or back 
Muscle twitching or spasms 
Muscle weakness  


Cardiovascular system Rapid or irregular heartbeat 
Cold extremities 
High or low blood pressure 


Skin  
(dermatological system) 


Flushing (whole body, or isolated, such as ears, nose or cheeks) 
Hives 
Eczema 
Other rashes 
Itching  


Genitourinary system Frequency and urgency to urinate  
Painful bladder spasms 
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C  Impacts of environmental sensitivities in the workplace 
 
Almost everyone with environmental sensitivities has neurological symptoms. Two concerns are that 
neurological symptoms may not be recognized (may be “masked”) when exposures are chronic,3 and 
that cognitive impairment may not be reported in the workplace where consistent mental acuity, 
strength and/or coordination are important for both executing one’s job and advancement. Other 
symptoms of ill health may make continued employment difficult.  
 
Many people with environmental sensitivities end up changing their work, becoming under-employed 
or unemployed. This may be driven by lack of accommodation, and health may deteriorate as people 
face ongoing triggers in the workplace.28,77,78


 
Improving indoor environmental quality will potentially benefit many more people than the individual 
identified with sensitivities. Workers are more productive and general symptoms of “sick building 
syndrome” may improve when ventilation is improved 79-82 or a pollution source is removed from 
offices.83,84  Children are healthier and learn better when indoor environmental quality is improved in 
schools.8,85-87  
 
Summary 
 
Sensitivities may be initiated by a range of environmental factors and once the condition is initiated, 
reactions may be triggered by a broadening array of incitants. Environmental sensitivities may affect 
every system in the body, so multiple symptoms are possible, with variation among individuals. 
Neurological symptoms are almost universal. Common incitants are summarized in Table 6 and 
symptoms are summarized in Table 7. The impact of environmental sensitivities on workers’ 
performance may range from mild (e.g. habituation to chronic exposures such that performance may be 
sub-optimal, although not “abnormal”) to severe impairment such that work is impossible.  The health 
and ability to work for those with environmental sensitivities rests with the choices and actions of 
others, such as building managers, co-workers and clients. 
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V    Origins of environmental sensitivities  
 
The subject of environmental sensitivities is replete with controversies over the causes and 
mechanisms. This section examines debates over physical versus psychological causes, and whether 
sensitivities are allergies. Various proposed mechanisms and toxicological roots of sensitivities are also 
explored.  
 
A  The controversies  
 
One debate is focused on whether the origins of environmental sensitivities are psychological or 
physical. This was addressed extensively by Thomson in the report of the Ad Hoc Committee on 
Environmental Hypersensitivities,60 noting that patients see “an attempt by physicians to take refuge in 
a psychiatric label whenever it is impossible to identify a biological cause for their illness.” Regarding 
the polarized debate he noted, “Those who see the illness as simply a psychological manifestation can 
be said to be as inflexible as those who see it as strictly a biological disorder.” Indeed, treating a patient 
from the neck-up or the neck-down is not consistent with the comprehensive biopsychosocial model 
used in medicine. This model recognizes that the body, mind and environment (social and physical) are 
all connected and important in determining wellness.88


 
a) Physical or psychological origins 
 
Although nasal biopsies of people with multiple chemical sensitivities have revealed tissue 
abnormalities and greater numbers of nerve fibres,89,90 and symptoms induced by chemicals have been 
shown to be accompanied by elevated nerve growth factor,91 there are no consistently informative and 
non-invasive diagnostic tests (e.g. blood or urine tests) for environmental sensitivities. Consequently 
doctors base their diagnosis on patient-reported symptoms and triggers of sensitivities. Self-reporting is 
standard for psychological symptoms, bringing some to the conclusion that sensitivities may be 
psychologically based.92 This has broad implications for treatment, workplace accommodations, 
compensation and liability.93,94


 
In 2003, authors who have written extensively on the psychological basis of sensitivities analysed and 
discussed the body of research regarding environmental sensitivities. They examined the physical and 
psychological theories according to the Hill Criteria (strength of evidence, consistency/replication, 
specificity, temporality, biological gradient, plausibility, coherence, experiment and analogy).  
According to their analysis, the physical basis hypothesis failed every criterion while the psychological 
hypothesis passed every criterion.95,96 To reach this conclusion, they made assumptions about 
unreported results of other researchers, and re-analysed research data such as responses of people with 
sensitivities to inhalation challenges, neurological testing and brain imaging. The conclusions were also 
based upon classical understandings of toxicology (the limitations of this paradigm led to the formation 
of the National Center for Toxicogenetics within the US National Institute of Environmental Health 
Sciences - www.niehs.nih.gov/nct/concept.htm).    
 
Although some researchers believe that environmental sensitivities may have strictly psychological 
origins, a 1994 review of psychological studies found methodological and logical problems in the then-
current psychological research.97  Environmental sensitivity reactions to inhalation challenges may 
mimic panic disorder, which is classified as a psychiatric condition.98,99 However, it is difficult to 
separate physiological from psychological anxiety responses.72 Neuropsychological tests that yield 
abnormal results among patients with environmental sensitivities also yield abnormal results among 







Environmental Sensitivities – Medical Issues  22 
Sears  2007 


people with chronic fatigue syndrome100 and exposure to neurotoxicants.101 Moreover, the only test that 
identified people with environmental sensitivities relative to healthy individuals, was one complex test 
of verbal memory.101,102 Another recent study concluded that symptoms of heavy metal and solvent 
exposure were psychosomatic.103 This conclusion was based upon a lack of correlation between claims 
of sensitivities and contaminant concentrations in workers’ urine.  However, this relationship may not 
be evident because heavy metals and organic pollutants accumulate in fat, organs and bones, and 
individuals have variable metabolism and excretion.104,105 This means that urine concentrations are not 
necessarily representative of body burdens.   
 
Recent research with better defined patient populations concluded that psychiatric symptoms are more 
likely to stem from, rather than to cause, symptoms of environmental sensitivities.106,107 Development 
of sensitivities usually pre-dates symptoms of depression and anxiety in people with sensitivities, with 
1.4% of patients identifying problems before the onset of sensitivities and 38% reporting the 
development of depression, anxiety and other symptoms after sensitivities became apparent.12 
Although emotional and behavioural problems, including depression, are more frequently found in 
people with sensitivities and fibromyalgia than in the general population,100 psychological symptoms 
cannot be accounted for by psychiatric illness alone.108-111  People dealing with a poorly recognized 
chronic illness that affects their brain, impairs their quality of life and earning potential, and has 
impacts on family and friends, would be under psychological distress. They could be expected to report 
anxiety and depression.29,60,112  
 
Adding to the complexity are recent findings that environmental factors such as pesticides and moulds 
have been shown to be associated with symptoms such as depression and anxiety.113-116  
 
Other research shows that psychological interventions are not entirely effective. For example, cognitive 
-behavioural therapy, used to desensitize one to the fear of sensitivity to substances, only partially 
reduced symptoms in a single case.117 Medication and psychological interventions may be used to treat 
phobia or panic disorder,118 but for individuals with environmental sensitivities, lasting benefits have 
been achieved only by avoiding incitants.28 In a survey of 917 people with multiple chemical 
sensitivities, tranquilizers and antidepressants were the least effective therapy and caused harm28 
(possibly because of a genetically-determined inability to metabolize them16). In another study, 
psychological treatment of medically unexplained physical symptoms provided no additional benefit 
compared to care by a general practitioner.119    
 
Physicians seeking the most efficient and effective treatments have found that when people with 
environmental sensitivities were placed in an uncontaminated environment in which their physical 
symptoms resolved, their psychological symptoms also resolved.120 Successfully alleviating symptoms 
of sensitivities (with safe housing, workplaces, food, water, etc.) is necessary before other psychosocial 
interventions may be helpful.121 In a large patient survey regarding treatments, avoidance of incitants 
was reported to be the most effective strategy, followed by meditation and prayer to address the 
psychological aspects of the condition.28   
 
People may be genetically pre-disposed to sensitivities.  As a result of genetic polymorphisms, some 
bodies have less effective enzymes for detoxifying chemicals and metabolizing drugs. This is more 
prevalent in patients with multiple chemical sensitivity16-19,22,55,122 and in Gulf War veterans who 
became ill.20,21 Interestingly, these genes are also more common in children who developed leukemia123 
(the very young are particularly susceptible because the immature liver has low enzyme levels19). In 
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multiple chemical sensitivity patients, a higher prevalence of a gene that has been associated with a 
biochemical basis for panic disorder has been found.124    
 
This review indicates that physical factors contribute to environmental sensitivities. There remain many 
unanswered questions regarding sensitivities and the interplay between biochemical, neurological and 
psychological  processes.125  It is important for society to come to a common understanding, in order to 
offer the most efficient, effective care to people with environmental sensitivities. 
 
b)  Allergy/role of the immune system   
 
Labelling of environmental sensitivities as “being allergic to everything” has also engendered 
controversy, and the role of the immune system is an area of ongoing research. People with 
environmental sensitivities often experience runny noses and reactive airways, with asthma-like 
symptoms, but this is not necessarily classic allergy.  
 
The lay person may consider “allergy” to be equivalent to “adverse reaction,” but medically speaking, 
“allergy” refers to a specific type of reaction in the body that induces inflammation. Allergies involve 
an immune reaction wherein exposure to an allergen (e.g. pollen, animal dander, bee venom, peanut 
protein) stimulates the immune system to produce immunoglobulin E antibodies. Re-exposure may 
induce a range of inflammatory symptoms from rash, hives, red eyes or runny nose, to asthma or life-
threatening anaphylaxis. However, immunoglobulin E antibodies are not present in reactions to very 
low levels of formaldehyde.126,127 Nevertheless, people with environmental sensitivities may also have 
conventional allergies and indeed exhibit more allergies than the general population, with considerable 
overlap between asthma and multiple chemical sensitivities.14,15    
 
Although sensitivities are not classic allergic responses, the immune system may nevertheless be 
affected. Anti-neural autoantibodies (antibodies that attack one’s own nerves) may develop in response 
to mouldy environments.128 Hyper-reactivity induced by scents and chemicals is accompanied by 
elevated nerve growth factor,90 and exposure to electromagnetic fields may affect immune response.6 


 
B  Possible explanations    
 
a)  Chemical exposures  
 
In recent history, Canadians have been exposed to a rapidly expanding number of new synthetic 
chemicals, with over 23,000 not assessed for health effects.e In the workplace or elsewhere, chemicals 
may enter the body by ingestion, inhalation or absorption through the skin.  People with environmental 
sensitivities frequently identify chemical exposures, either acute or chronic, as initiating their condition 
or “tipping them over the brink.”3,30,74 This is quite plausible because many people with sensitivities 
may be genetically less able to metabolize chemicals.16-19,22,55,122   
 
Healthy bodily functions depend upon chemical (e.g. hormonal) as well as electrical signals to keep all 
systems (e.g. circulatory, digestive, endocrine, respiratory and nervous systems) working 
harmoniously. Foreign chemicals can mimic signalling chemicals such as hormones (e.g. estrogen, 
thyroid hormones, testosterone), thereby sending the wrong messages or blocking their transmission. 
Chemicals may also inhibit or stimulate production of enzymes, disabling or skewing important 


 
e http://www.hc-sc.gc.ca/ewh-semt/pubs/contaminants/brochure/index_e.html 
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biochemical pathways. Developmental neurotoxicity is becoming increasingly important in 
understanding the roles of chemicals in human development.39,129


 
Natural or synthetic chemicals may also affect biochemical pathways and development via 
“epigenetics,” whereby genes are marked to be “read” or “silenced.”  These changes may be passed to 
successive generations.130,131     
 
After the 2001 World Trade Center collapse in New York, firefighters and workers were exposed to a 
multitude of substances of varying toxicities. Many developed severe breathing difficulties, as well as 
environmental sensitivities and other symptoms identified in Table 7.132 In the 9/11 example, there is a 
concern that conditions may be ineffectively treated as post-traumatic stress, whereas symptoms were 
reported to diminish or resolve when a sauna detoxification regimen with anti-oxidant and essential 
fatty acid supplementation133 was used to enhance elimination of  contaminants. 
 
Common synthetic chemicals have been measured in many tissues, at all stages of life.53,65,134-139  
Biomonitoring (measuring contaminants in the body, as is done by the US Centers for Disease 
Control104) is an emerging area of research into relationships between contaminant levels, exposure 
levels and health risks.140   
 
Canadian workers have varying body burdens of heavy metal and organic pollutants, and different 
natural abilities to metabolize and excrete chemicals, putting them at a wide range of risks of 
developing sensitivities or other health effects. Chemical sensitivities may predispose people to 
increased sensitivity to other factors such as electromagnetic radiation, and vice-versa.6,141


 
b)  Neural sensitization   
 
The high prevalence of neurological symptoms in people with environmental sensitivities led to interest 
in “kindling” within the nervous system. Kindling is a phenomenon whereby repeated low level 
exposures to chemicals, or electromagnetic currents or fields eventually cause symptoms at levels 
previously tolerated.142-144 In this process, neurochemical, behavioural, endocrine and/or 
immunological responses are amplified.  
 
The limbic system is identified as a target for kindling. This is a basic part of the brain, governing 
autonomic functions that maintain biological homeostasis. It is involved with the sense of smell, sleep, 
emotions and behaviour, as well as learning and short-term memory. The limbic system can become 
sensitized to stressors, and once sensitized will react even to very weak stimuli,143,145 eliciting 
symptoms as seen in environmental sensitivities. The limbic system of the brain is affected directly 
from the nose via the olfactory nerve, and by inhaled chemicals that bypass the blood-brain barrier.      
 
c)  Receptor sensitization 
 
The chemical and electrical signals that govern body systems involve “receptors.”  When a normal 
body chemical such as a neurotransmitter binds with them, the receptor sites initiate cascades of 
reactions. These sites may become over-sensitized and initiate unwanted conditions when “activated” 
by contaminants such as volatile organic solvents, formaldehyde or mycotoxin.146,147 For instance, 
vanilloid receptors (which respond to capsaicin in hot peppers) have increased activity in people with 
chemical sensitivities.146  
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Heightened sensitivity of gamma-aminobutyric acid (GABAa) receptors, as well as an abnormal 
cholinergic system,f are implicated in chemical sensitivities.148,149 GABA is involved in neural 
transmission, affecting motor function, vision and anxiety (suggesting again a physiological link to 
psychological symptoms). 
 
N-methyl-D-aspartate (NMDA) receptors are in the limbic system, as well as in many other tissues. 
Activation of  NMDA receptors results in elevated nitric oxide and peroxynitrite (an oxidizing agent), 
which are prominent in inflammation.  
 
d)  Inflammatory cycle 
 
It has been proposed that increased levels of peroxynitrite contribute to neurological sensitization, as 
well as to a cycle of chronic inflammation as seen in a range of diseases including fibromyalgia, 
chronic fatigue syndrome, post-traumatic stress disorder and multiple chemical sensitivity.147,150  
Mitochondria (the part of the cell where cellular energy is regulated), cellular membranes, and an 
important enzyme system for detoxification (cytochrome-P450) are all harmed by the elevated levels, 
with widespread biological consequences such as neurological disruption, pain, fatigue and organ 
dysfunction. This model also explains the clinically observed efficacy of the nitric oxide scavenger, 
vitamin B12, and various combinations of antioxidants in treating these chronic illnesses. 
 
The inflammatory cycle theory offers a basis for hypothesis-driven research and development of 
treatments. It complements the theory that kindling may explain sensitization, and addresses not only 
the preponderance of neurological symptoms in environmental sensitivities, but also the broad range of 
other symptoms.150   
 
e)  Overload 
 
The “General Adaptation Syndrome” model underpins modern medicine, describing how the body 
responds to “stressors” (e.g. chemical agents, vigorous exercise, emotional loss). If the stress does not 
kill, initially there is a “flight/fight” response, then a period of adaptation and then resistance to the 
stressor. Eventually, if the stress continues for long enough, or there is a sudden surge of stress, 
adaptive mechanisms are exhausted. This brings generalized breakdown of body systems and non-
specific illness.151  Recognition of these universal bodily reactions to stressors of all types, which are 
mediated via the pituitary/hypothalamus/adrenal axis, spawned the science of psychoneuroendocrine 
immunology.152-154  
 
Ashford and Miller described this scenario as “Toxicant-Induced Loss of Tolerance” (TILT), a disease 
paradigm affecting a broad cross-section of society, including veterans of war, workers in many 
professions and trades, and children in poorly ventilated or maintained schools.3,73  This toxic overload 
is treated by reducing the number of stressors, including chemicals and allergens in the body, the 
surroundings, food and water, as well as electromagnetic fields, currents and radiation. Reduction of 
emotional stressors may also help.155     
 


 
f The cholinergic system is the part of the brain in which acetylcholine is a neurotransmitter. This part of the brain is 
important for leaning and memory. It is damaged in Alzheimer’s Disease. 
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Summary 
 
The balance of scientific evidence and experience indicates that environmental sensitivities generally 
arise from physiological causes, although there are many neurological and psychological consequences. 
Physiological responses to environmental factors vary greatly among individuals, and individuals’ 
experiences must play an important role in determining treatments. Once environmental factors 
initiating and triggering environmental sensitivities are addressed with safe housing, workplaces, food 
and water, then psychosocial interventions may assist people. The comprehensive biopsychosocial 
model of medicine, treating the body, mind and environment, is therefore the most appropriate and 
effective framework for treating environmental sensitivities.125 The most practical approach, which is 
consistent with the practice of modern medicine, is to minimize potentially harmful exposures in the 
workplace for the health of all workers. Once a person has exhibited sensitivities they will always be 
susceptible to recurrence. Even though they may well regain their health and productivity, this 
predisposition to environmental sensitivities is life-long. 
 
 







Environmental Sensitivities – Medical Issues  27 
Sears  2007 


                                                


VI  Diagnosis and treatment of sensitivities 
 
People with environmental sensitivities often consult several medical practitioners before their 
condition is recognized. When first seen, patients may be experiencing many symptoms, which are due 
to constant or frequently repeated exposure to environmental conditions that cannot be tolerated.  
 
Physicians take a systematic approach to establishing connections between patients’ symptoms and 
their environment, because there is no single or definitive diagnostic test for environmental 
sensitivities. Investigation requires a complete assessment of the patient’s chronological health and 
exposure histories,65,69 a thorough physical examination and routine tests. Other possible conditions are 
ruled out, or are treated so that their contributions to ill health are minimized. Then, the consensus 
diagnostic criteria for environmental sensitivities,4 strengthened by discriminating symptoms,5 may be 
used to “rule in” the condition of environmental sensitivities, using a diagnostic checklist for 
physicians.65,156   
 
The theory that an illness was caused by toxins might be strengthened if elevated levels are found upon 
chemical analysis of the blood, urine, hair or tissue. However, toxins are ubiquitous in our bodies, so 
information must be considered in the context of exposure history and symptoms. Conversely, not 
detecting a toxic chemical in the blood or urine is not evidence that it did not precipitate illness.  The 
chemical may have been metabolized and excreted, or it may have been sequestered in fat, organs or 
bone and therefore be at lower levels in the blood or urine by the time they are sampled. Nevertheless, 
monitoring levels of toxic chemicals and biomarkers such as enzymes may play an important role in 
following patient progress. Establishing standard monitoring is necessary for other research regarding 
environmental sensitivities and for studies of methods to reduce body burdens (e.g. heat, exercise and 
medications such as chelating agents that will accelerate excretiong).132,133,157  Lack of availability and 
access to analytical expertise and services, as well as lack of funds to pay for tests, may limit the ability 
to identify and monitor biomarkers and toxin levels.  
 
Once a diagnosis of environmental sensitivities has been established, there are a variety of strategies for 
treating and living with the condition.158,159 Avoidance of symptom triggers and removal of toxic 
chemicals stored in the body are key to treating environmental sensitivities. Safe housing, school or 
workplace, and food and water are top priorities. Drinking purified or spring water may lower exposure 
to water-based contaminants.160  Home and workplace cleanups/renovations, and possibly air filtration 
both at home and at work, may be necessary.  
 
Food sensitivities are common in people with environmental sensitivities and may be managed with an 
elimination or rotation diet. One example of food intolerance that is commonly missed is celiac disease, 
an autoimmune response to gluten in many grains. It is assessed annually up to the age of 6 in Italy, but 
in Canada testing is not routine and may be preceded by months or years of symptoms. The delay 
between onset of symptoms (some of which are vague and may be missed by physicians) and diagnosis 
with a simple test leads to deterioration of health and well-being, and serious possible consequences 
including neurological problems and diabetes.161-164  As with the broader range of environmental 
sensitivities, celiac disease is chronic; the related malabsorption and “leaky gut” may lead to diverse 
toxicities; it is under-diagnosed; and the most effective and important treatment is gluten avoidance.  
 


 
g A chelating agent binds with a toxic metal such as lead or mercury, and causes it to dissolve in the blood so that it can be 
excreted by the kidney and liver. 
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Once exposure to incitants is eliminated, helpful interventions include: 
 


treating gastrointestinal infections which, if untreated, can lead to absorption of internal toxins and 
large-molecule food antigens, or conversely, may lead to poor absorption of nutrients;  
regimens to enhance detoxification and elimination such as sauna and exercise therapy;  
reduction of heavy metal contamination using oral and intravenous chelation for toxic metals 
(shown to be safe to treat lead in children;165 it is currently in clinical trials for children with 
autism157,166);  
oral and intravenous vitamins; 
securing hormonal homeostasis, given that many of the toxins observed are endocrine disruptors; 
correcting biochemical irregularities; 
desensitization for foods and/or inhalants;  
psychological, social and spiritual support; 
occupational accommodation; and 
financial support for safe workplaces, housing, food and water. 


 
Summary 
 
Diagnosis of people with environmental sensitivities involves systematically identifying and treating 
conditions contributing to ill health, then determining if remaining symptom patterns meet the 
diagnostic criteria. Early recognition, avoidance of symptom-triggering agents, environmental control, 
treatments that may reduce residual toxins and recovery of normal biological processes are key to 
regaining health for people with sensitivities. Without safe food, water, shelter and workplaces, people 
with environmental sensitivities may become severely debilitated and unemployed.12,60,78  
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VII  Building codes, regulations and guidelines  
 
Canadians spend much of their time indoors, and environmental sensitivities generally stem from 
aspects of the indoor environment. Construction, furnishing and maintenance of the indoor 
environment is therefore critical to addressing environmental sensitivities.  
 
Described in this section are governmental initiatives addressing construction as it affects people with 
environmental sensitivities. Guidelines and the scientific background regarding indoor environmental 
quality are also described, and the implications of construction and renovation for people with 
environmental sensitivities are explored. Scents, moulds and pest control are discussed. Pollution 
prevention is preferable, but will not be sufficient indoors, so ventilation is important to ensure indoor 
air quality. Finally, electromagnetic phenomena and sensitivities are discussed. 
 
A  Building codes 
 
Building codes, the rule-books for construction of indoor environments, are the first place to look for 
standards that may address environmental sensitivities.  
 
a)  International initiatives 
 
The need for improved laws, codes and initiatives affecting people with environmental sensitivities is 
being recognized and acted upon at the international level. 
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Table 8: International initiatives addressing environmental sensitivities in building  
 
Country Initiatives 
International ASHRAE examined air quality standards for industrial settings in the USA and 


Germany, and concluded that standards are not set to protect environmentally 
sensitive individuals. Many are set to address irritation over the short term.h 


Prominent scientists signed the Benevento Resolution (February 2006) affirming 
that there is considerable and strengthening scientific evidence that low-intensity, 
low-frequency and radio-frequency electromagnetic fields are responsible for 
biological effects and health effects. Scientists called for more research, and a 
more precautionary approach to standards, recommended exposures, and 
technologies in the market place.43 


Europe Passed landmark legislation for Registration, Evaluation, Authorisation and 
restriction of Chemicals (REACH) in December 2006. The legislation requires 
substitution of materials with less-toxic alternatives, which will affect building 
materials, finishing products, furnishings and equipment.44    


Denmark 
Environmental 
Protection 
Agency 
 


Following a review of scientific information on multiple chemical sensitivities, it 
was concluded that present Danish regulations to minimize off-gassing materials 
in the indoor environment may have led to a lower incidence of sensitivities in the 
Danish population. As a result, it was recommended that stronger measures be 
taken to prevent the development of sensitivities.46   


Australia 
Human Rights 
and Equal 
Opportunity 
Commission 


Recommendations were made that the needs of people with environmental 
sensitivities should be considered in revisions to the building code.167   


England Recommendations were made to improve building codes to ensure accessibility for 
people with environmental sensitivities.i 


United States 
California 


Building code contains provisions for voluntary “cleaner air rooms.”168,169 These 
rooms in public buildings are designed and maintained to minimize volatile 
organic compounds (VOCs), are accessible via corridors with similarly good air 
quality, and people using the rooms must not use scented products or bring in 
food.  


United States 
Access Board 


Ongoing cooperative effort with the National Institute of Building Sciences and 
other partners to compile comprehensive guidelines to ensure accessibility of 
buildings to people with environmental sensitivities.169 


American 
Society of 
Heating, 
Refrigeration 
and Air-


Building ventilation guidelines are referenced in Canadian building regulation 
documents, and as such Canadians are required to meet these standards for 
ventilation in new buildings. 


Have noted that meeting ASHRAE ventilation standards may be insufficient for 
people ith higher sensiti ities j


                                                 
h ANSI/ASHRAE Addendum c to ANSI/ASHRAE Standard 62.1-2004,  American Society of Heating, Refrigeration and Air-
conditioning Engineers, Inc., Atlanta, Georgia. 
i Personal communication, Dr. Kartar Badsha, Environmental Law Centre, UK. (August 14, 2006) 
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conditioning 
Engineers 
(ASHRAE) 


people with higher sensitivities.j 


Recommended a high air filtration, stating “This is the level required if there is 
concern for a hypersensitive or allergic family member.” k 


Sweden Recognizes electrical hypersensitivity as a disability 


Created health care facilities with very low electromagnetic fields and radiation for 
sensitive individuals.6 


Kazakhstan Issued a decree limiting radiofrequencies in wiring to 50 millivolts (microsurges) 
to decrease “negative influence of physical factors on human health” 
(November 6, 2003) 


 
 
 
b)  Canadian federal initiatives 
 
Like the international community, various Canadian codes, regulations and guidelines recognize some 
form of environmental sensitivity. At the national level, these codes are not enforceable. They are, 
however, part of an overall framework that increasingly addresses the impact of environmental 
sensitivities on daily lives. 
 
The Canadian Commission on Building and Fire Codes, with expertise from industry, the regulatory 
community and general interest groups, develops and updates six model national codes for buildings:  
the Model National Building Code of Canada, the Model National Energy Codes for houses and 
buildings, as well as model codes for fire, farm buildings and plumbing. Codes for electrical, gas and 
oil installations are developed by the Canadian Standards Association.170  Model national codes provide 
guidance (much as the medical information published at the national level by the CIHI is advisory). 
They provide a minimum standard for structures and ventilation, and address fire and occupant safety, 
in the design and construction of buildings.170


 


                                                                                                                                                                        
j “Considering the diversity of indoor air contaminants and the range of susceptibility in the population, compliance may not 
be acceptable for everyone.”  ASHRAE Standard 62, Ventilation for Acceptable Indoor Air quality. American Society of 
Heating, Refrigeration and Air-conditioning Engineers, Inc., Atlanta, Georgia. 
k ASHRAE® STANDARD, BSR/ASHRAE Standard 62.2P: Ventilation and Acceptable Indoor Air Quality in Low-Rise 
Residential Buildings, American Society of Heating, Refrigeration and Air-conditioning Engineers, Inc., Atlanta, Georgia. 
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Table 9: Canadian national initiatives addressing environmental sensitivities in building  
 
Codes, 
regulations or 
guidelines 


Initiatives 


Model National 
Codes170


 
 


These codes provide guidance regarding measures that affect indoor 
environmental quality such as barriers preventing moisture or radon 
infiltration from the soil; thermal insulation; covering and moisture barriers 
for walls, heating, ventilation and air conditioning (HVAC) systems, and 
plumbing; ventilation of working spaces, cooking facilities, storage spaces, 
roof spaces, crawl spaces, garages etc.; minimization of growth of micro-
organisms; priority for removal of air contaminants at source; and 
requirements to avoid depressurization that may lead to back-draughts from 
sources of contamination such as garages or units for combustion.  


National Research 
Council 
(www.nrc.ca) 


Conducts research focusing on the health effects of contaminants; 
ventilation, heating and cooling; energy efficiency; and building envelope 
air-tightness in the laboratory and in the field (i.e., in homes, commercial 
buildings, hospitals and schools).170 


Canada Mortgage 
and Housing 
Corporation  
(www.cmhc.ca) 


Produced publications regarding environmental sensitivities, including books 
on housing that incorporates innovative design features, materials and 
construction, indoor air quality, ventilation, heating and cooling, and dealing 
with moulds and bacterial contamination. A popular publication is “Building 
Materials for the Environmentally Hypersensitive.”   


Built a demonstration house for environmentally hypersensitive people in 
Ottawa, which was the site of a 2006 announcement of federal initiatives 
addressing toxic chemicals. 


Environment 
Canada and Health 
Canada 
 


Participate in joint initiatives addressing toxic chemicals in the environment, 
including revision of the Canadian Environmental Protection Act, 
classification of industrial chemicals and various regulations.l   


Health Canada’s Environmental and Workplace Health website offers 
information on air, noise, soil and water pollution, climate change, 
environmental contaminants, occupational health and safety, pest control and 
radiation.m   


The Minister of Health proposed a residential indoor air quality guideline for 
moulds in December 2006.171 


Canadian 
Construction 
Association 


Guidelines for construction and mould remediation refer to environmental 
sensitivities.172 


                                                 
l www.ec.gc.ca/substances and www.chemicalsubstanceschimiques.gc.ca
m http://www.hc-sc.gc.ca/ewh-semt/index_e.html



http://www.ec.gc.ca/substances

http://www.chemicalsubstanceschimiques.gc.ca/

http://www.hc-sc.gc.ca/ewh-semt/index_e.html
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c)  Provincial initiatives  
 
Provincial building codes must adopt the model National Building Code of Canada under provincial 
legislation, and may include other standards to reflect location conditions and practices. The provincial 
codes are enforced by building codes officers, as provinces may delegate authority to lower tiers of 
government.170  
 
The Ontario Association of Architects has published guidelines addressing mould in construction and 
water penetration. They acknowledge that additional measures may be necessary to protect people with 
sensitivities.173


 
d)  Municipal measures and roles 
 
Municipalities can go beyond provincial codes in regulating or implementing more stringent building 
or use requirements (e.g. restrictions on building materials and methods of construction, or the 
discharge of perfumes and fabric softeners in air from clothes dryers). Institutions such as governments, 
schools or universities may follow guidelines for environmental design or institute specific provisions 
for their own buildings (e.g. University of Calgary’s no-carpet guidelinen or Lakehead University’s 
wireless-free policyo). 
 
Summary 
 
Canadian statutes do not prescribe standards that are protective for people with environmental 
sensitivities. Building codes focus on topics such as strength of structures, but they are silent on many 
issues impacting indoor environmental quality such as building materials or commissioning of the 
structure (de-gassing before being occupied). Insofar as building codes and guidelines are perceived to 
be sufficiently protective of health and safety, they may constitute barriers to stricter guidelines, and to 
research and development of safer materials and methods.  
 
B  Indoor environmental quality 
 
Indoor environmental quality covers many concerns, including heat, light, air quality, noise and 
electromagnetic phenomena. A large scientific effort has been directed towards air quality. 
Internationally, there are disparate air quality guidelines for a variety of chemicals that may be found in 
indoor air. The World Health Organization recently published guidelines that apply to Europe,174 but 
Canada does not have its own benchmarks for many of these same chemicals.175 Canadian employers 
have a duty under provincial occupational health and safety acts to take reasonable precautions to 
protect workers from substandard environmental quality, including air contaminants exceeding 
workplace guidelines. Guidelines also exist for residential buildings, but these are not enforceable by 
law. Workplace standards and guidelines are typically not stringent, to avoid being considered too 
costly or impractical in industrial occupancies.  
 


 
n http://www.ucalgary.ca/ci/stewardship/flooring.html 
o http://www.canada.com/ottawacitizen/news/story.html?id=f1c244c9-5634-484a-af13-c0c13b1dacc8 
http://www.itbusiness.ca/it/client/en/home/News.asp?id=38093&PageMem=1 
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The following is an overview of some concerns regarding indoor air quality. The origin of possible 
contaminants, and strategies to avoid or remediate them are discussed, with particular focus on moulds, 
scents, pest control and electromagnetic phenomena. 
 
a)  Air quality 
 
Indoor air quality is affected by many potential contaminants: 


gases such as carbon dioxide (CO2), carbon monoxide and volatile organic compounds (VOCs) 
(e.g. myriad chemicals from carpets, furniture, building materials and paints, or gases given off by 
microbes);  
particles that may include smoke, heavy metals and other chemicals, pollen, skin flakes, bacteria, 
and mould particles and spores. 


Excessive CO2 impairs well-being and is generally controlled with the addition of fresh air. Measuring 
CO2 is useful to gauge the adequacy of ventilation in a fully occupied building, but it does not reflect 
the many other air contaminants arising from the building and contents. Generally, facilities are not 
fully utilized around the clock, so 24-hour average CO2 levels will underestimate actual exposures and 
are not helpful.176  Health and well-being are related to the actual concentration of CO2, so real-time 
continuous monitoring over several days is necessary to determine peak concentrations. In office 
buildings without other sources of carbon dioxide (e.g. combustion appliances or air intakes close to 
sources of exhaust), CO2 measurement may also be a surrogate for occupant-generated pollutants. 
However, CO2 measurements cannot be usefully compared amongst buildings with different activities 
(e.g. cooking or combustion), concentrations of people, or practices with respect to scents or 
smoking.177   
 
VOCs originate from a multitude of sources, including the built environment (materials used in 
construction, furnishings and equipment), scents from cleaning and personal care products, odours 
from food preparation and incoming air. Ninety chemicals have been identified as priority substances 
amongst approximately 2,300 chemicals found in indoor air.175,176,178 Canada does not have guidelines 
for many of them, but the issue is slated to be addressed under the Canadian Environmental Protection 
Act.179  
 
Dust can contain asbestos, pesticides, organisms such as fungi and bacteria, heavy metals (e.g. lead), 
fragments of material from plastic products (including plasticizers, flame retardants and stain 
repellents), or animal products (e.g. cat dander, dust mites, etc.).  These may cause infections, provoke 
allergies or sensitivities, or have toxic effects. 
 
Air quality guidelines are based upon toxicity testing in laboratory animals, and some workplace 
sampling to determine human exposures. This system has several weaknesses, which explains why 
guidelines may not be sufficiently protective to ensure no adverse health effects for people with 
environmental sensitivities:   
 


Rats have detoxification enzymes that do not exist in people, so toxicity conclusions may not apply 
to humans;180  
Neurotoxicity (noted with the development of environmental sensitivities), particularly 
developmental neurotoxicity that might anticipate problems such as autism and attention deficit 
hyperactivity disorder in children, may not be studied;129  
Research on workers is skewed by the “healthy worker effect.” In other words, workers who cannot 
tolerate chemicals will find other work. Thus, the self-selected group of employees would not 
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include people with a predisposition to chemical sensitivities. Furthermore, avoiding obvious 
toxicities in healthy adults will not translate into protection for the unborn; and 
Guidelines address toxicity of a single chemical at a time, whereas the workplace may contain 
many chemicals and biological agents from work processes, carpets and furniture, people wearing 
perfumes, moulds, contaminants from equipment such as copiers, etc. Combined and synergistic 
toxicities are not addressed under this system. 
 


Building materials and finishing  
 
The first priority in optimizing indoor air quality is to minimize the pollutants added to indoor air from 
the building and its contents. Several authorities, including the Canada Mortgage and Housing 
Corporation (www.cmhc.ca), the National Research Council of Canada (www.irc.nrc-cnrc.gc.ca) and 
the American Society for Heating, Refrigeration and Air-Conditioning Engineers (ASHRAE)181 
formally recognize this imperative. 
 
A large number of chemicals in plastics, glues, paints, carpets, etc. may impair health, and 
formaldehyde is a particularly prevalent contaminant.182,183  Tolerated products include materials such 
as natural fabrics, wallboard without pesticide additives, woods (this has to be assessed individually), 
metal, ceramic tiles and cement products (concrete, grout, etc.) without toxic additives.  
 
Inexpensive materials and furnishings may be associated with increased toxicities (e.g. formaldehyde-
containing composite wood products). More durable materials tend to be better tolerated, so over the 
longer term, both costs and maintenance may be reduced and indoor air quality improved.  
 
There is no Canadian assessment of building materials specifically focused on low toxicity for people 
with environmental sensitivities. However, CMHC has many publications including “Building 
Materials for the Environmentally Hypersensitive” and “Research House for the Environmentally 
Hypersensitive.”  The Ecologo (www.environmentalchoice.com) designates environmentally preferable 
choices for over 300 types of products. Health is not the primary focus of this initiative (for instance, 
products might include scents), and the program does not recognize that sometimes the 
environmentally preferable action would be not to produce or purchase certain types of products (e.g. 
air “fresheners”). 
 
Innovative interiors can be both aesthetically pleasing and good choices for the environmentally 
sensitive. However, every detail must be considered. For instance, in the case of cast concrete flooring 
in a housing project for people with sensitivities, the oil used to release the concrete from the forms 
was replaced with an alternative unscented lotion tolerated by individuals with sensitivities.  
 
 “Commissioning” involves a period of increased heating and ventilation to exhaust fumes from paints, 
wallboard filler, flooring and equipment. It is used to eliminate volatile materials to the greatest extent 
possible and should take place before spaces are occupied.184  
 
Furnishings and Equipment   
 
Furnishings and equipment contribute significantly to VOCs in indoor air, and may off-gas for 
extended periods of time.185,186 Equipment such as photocopiers, fax machines, laser printers and 
laminators also compromise the air quality in buildings as they emit dozens of air contaminants 
including VOCs, ozone and carbon black. Minimizing the toxic contaminants such as flame-retardants, 
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plasticizers, heavy metals and solvents in electronics makes them both safer and easier to recycle.187  
Specifications for electronics should indicate that higher frequencies not be introduced into the 
electrical wiring.8
 
Scents  
 
After tobacco smoke, perfumes are one of the most noticeable air contaminants in public places and the 
workplace, and they are reported to cause difficulties for most people with environmental 
sensitivities.29,60,188 Fragrances are in personal care products, laundry and cleaning products, and can be 
in many other products such as tissues, wipes and other paper products. The ingredients may include 
any of approximately 4,000 plant or animal extracts or synthetic chemicals, with maybe 100 ingredients 
in a given fragrance.189 Fragrances now contain more synthetic chemicals, and are stronger and more 
persistent. Some ingredients are respiratory irritants, asthma triggers and neurological toxins. Some are 
listed as potentially causing cancer and birth defects.188-191  The ingredients are proprietary, and are not 
assessed for toxicity.  Neither are they listed on labels, in the Workplace Health Information 
Management System (WHIMS), on Material Safety Data Sheets (MSDS) or under labelling 
requirements for personal care products.  
 
“Scent-free” means that additional fragrance was not added to the product, but some cleaning products 
contain ingredients smelling of citrus or pine that can trigger sensitivity reactions and/or asthma. 
“Scent-free” products such as fabric softeners may contain neurologically active “masking agents,” 
added to cover the unpleasant odour of the active ingredient or contaminants. People with 
environmental sensitivities may also react to the “softener” ingredients themselves, which coat clothes, 
evaporate slowly and contaminate dust.  
 
A wide range of organizations promote no-scent workplace policies,p including hospitals,q universitiesr 
and medical organizations, Health Canada and the Department of Justice, unions such as PSAC192 and 
CUPE, school boards, large facilities (e.g. the National Arts Centre) and the Lung Association.s   
 
Scent-free policies may help stem the influx of people into the group of those who are extremely 
sensitive to chemicals. Adherence to such a policy is necessary for people with sensitivities because 
scents can linger for several washings of clothes and hair.  
 
b)  Microbes - moulds and bacteria 
 
Moulds are increasingly recognized as serious contaminants in buildings, contributing to “sick 
buildings” and to environmental sensitivities.193-195 Moulds may also cause neurological and 


 
p See for instance http://www.mcscanadian.org/pdf/scentfree2005.pdf 
q Ontario hospitals with scent-free policies include:  Toronto General Hospital; Women’s College Hospital, Toronto; 
Wellesley Hospital, Toronto; Lyndhurst Spinal Hospital, Toronto; Middlesex Hospital Alliance, Middlesex; Leamington 
District Hospital, Leamington; Grand River Hospital, Freeport Health Centre, Kitchener; Ottawa Hospital Civic Campus; 
Ottawa Hospital General Campus; Children’s Hospital of Eastern Ontario, Ottawa; Queensway-Carleton Hospital, Ottawa; 
University of Ottawa Heart Institute, Ottawa Health Research Institute; Kingston General Hospital; Hotel Dieu, Kingston; 
Soldiers’ Memorial Hospital, Orillia; Niagara-on-the-Lake Hospital; North Bay General Hospital. 
r Including Dalhousie, McMaster, Acadia, Memorial, St. Mary’s, Thompson Rivers, Mt. Allison and  Malaspina 
Universities, and the Universities of Calgary, Toronto, Windsor, British Colombia, Prince Edward Island, Ottawa, Victoria, 
Saskatchewan, Waterloo and Guelph.  
s http://www.lung.ca/protect-protegez/pollution-pollution/indoor-interieur/scents-parfums_e.php 
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psychological disorders including depression.114,116  Moulds have other diverse effects on health, and 
more research is needed into their toxic effects.196  Spores and mycotoxins (toxic chemicals produced 
by moulds) cause inflammatory responses 197 and may lead to asthma, allergies and environmental 
sensitivities.194  Moulds may result in damage to the nervous system as they stimulate neural auto-
antibodies, peripheral neuropathy, and neurophysiologic abnormalities.128  Remediation of mould 
problems will improve workers health, attendance and well-being.34,86,198-203 Those with environmental 
sensitivities should be relocated during mould remediation work.172


 
Greater awareness of bacteria in ventilation systems arose after Legionnaire’s Disease sickened 180 
and killed 29 at a Philadelphia conference in 1976.204 Apart from their pathogenic potential, bacteria 
are a significant source of multiple adverse health effects and may be monitored along with moulds in 
indoor air.205


 
Moisture control is key to controlling microbes.172,173  Design considerations for modern mould-free 
interior spaces include architectural details, materials selection, and moisture control with 
ventilation.172,206  Information is available from the CMHC Healthy Home resource page,t from the 
Canadian Construction Association 172 and the Ontario Association of Architects.173 Following the 
hurricanes of 2005, the US Centers for Disease Control published a review concerning moulds and a 
summary of clean-up procedures regarding mould in buildings.207   
 
Chlorine bleach is sometimes recommended to clean up residual mould.207  However, vapours may 
cause difficulties for people with allergies or environmental sensitivities,208-212 and this is not 
recommended as a routine practice by the US Environmental Protection Agency.213  A wire brush and 
trisodium phosphate or peroxide bleach (hydrogen peroxide) are effective. Another alternative 
approach that is less studied is to use beneficial organisms to eradicate moulds before final cleaning 
and renovations, and possibly to head off re-infestation.214 Although ultra-violet (UV) light technology 
is proven to disinfect water, it is not effective for moulds in air.u   
 
c)  Ventilation   
 
Indoor air quality cannot be maintained without ventilation. Workplace materials and equipment  
produce various emissions; inhabitants emit carbon dioxide; and individuals and food give off odours. 
Ventilation is necessary to address these emissions, but it cannot supplant the overriding priority to 
minimize indoor air pollution arising from structures, fixtures, furnishings and equipment.   
 
It is generally preferable to have natural ventilation with windows that open, but this is neither practical 
in inclement weather nor available in modern commercial buildings. Thus when air contaminants are 
generated from cooking, bathroom activities or photocopiers, a mechanical exhaust fan is the only 
effective method for removing the fumes. Furthermore, outside air will only enter a building if there is 
an air pressure difference between inside and outside, such as wind or “stack effect” (otherwise known 
as “chimney effect”). Therefore the design, operation and maintenance of heating, ventilation and air-
conditioning (HVAC) systems are critically important.215  Standards set in North America by 
ASHRAE216 do not guarantee optimum health. Improvements in well-being have been observed when 
the ASHRAE standard for ventilation was exceeded,76,79,83,217,218 as recognized in an ASHRAE position 
paper.181


 
t http://www.cmhc-schl.gc.ca/en/co/co_001.cfm 
u Unpublished tests conducted by Prof. Tang G. Lee, University of Calgary, April 1, 2001. 
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Ventilation, heating and air-conditioning systems are required to minimize condensation and collection 
of water (except in properly designed condensers for dehumidification). Maintenance of these systems 
is extremely important to prevent accumulation of dust and water, or growth of microbes.172  
 
Renovations can lead to compromised HVAC performance, if proper attention is not paid to vent 
connections and airflow through the new layout (newly created walls and doors, and arrangement of 
furnishings). Vents may also be blocked with equipment, or by employees who perceive a draught. As 
well, ventilation systems designed and installed at times when there were lower ventilation 
requirements may require attention in order to improve indoor air quality.  
 
Indoor levels of pollution generally exceed outdoor levels, so outdoor air is usually relied upon for 
ventilation to control indoor pollutants.  During cool weather moisture is also controlled with drier 
outdoor air. External sources of air contaminants include vehicle emissions (including from parking 
garages), pesticides, wood smoke and exhaust from adjacent buildings.  
 
Air filtration 
 
High efficiency particulate air (HEPA) filters are effective at removing dust and aerosols from ambient 
air, and may improve the health of people with allergies, asthma and environmental sensitivities.219  
Unfortunately there are no regulations to standardize what can be labelled as a HEPA filter. Activated 
carbon and other media such as potassium permanganate filters effectively remove many but not all 
volatile organic compounds.  
 
Filtration of intake air and within air handling may improve air quality.  However, filters that are not 
maintained become a contaminant source, particularly during humid weather when microbes grow 
more readily.219-221  
 
When supplied to many workers, multiple air filters can result in improved air quality and health 
parameters.82 During consultations, personal air filters within closed offices were identified as a 
common accommodation for office workers with environmental sensitivities in the UK.v  This is not as 
desirable as ensuring higher quality air for all workers and does not improve access to the rest of the 
premises and facilities such as washrooms; however, personal air filters are certainly worthy of 
consideration as an accommodation, along with other actions. 
 
d)  Pest control 
 
Pesticides are frequently implicated in initiation and triggering of sensitivities.3,30  Low activity of the 
enzyme acetylcholinesterase (AChE), which is inhibited by common insecticides, is linked to 
neurological dysfunction and immune suppression.222 The Ontario College of Family Physicians has 
recommended that people take all possible steps to minimize exposure to pesticides,223 and Canada’s 
pesticide assessment system was criticized in light of the re-evaluation of the herbicide 2,4-D.53


 
Fortunately, modern pest control does not require the use of most toxic chemicals. For instance, the 
experience in Ottawa hospitals is that aggressive, preventive maintenance and sanitation, non-toxic 
electronic insect monitoring and control, as well as traps with pheromones or baits have supplanted the 


 
v Personal communication, Dr. Kartar Badsha, Environmental Law Centre, UK. (August 14, 2006) 







Environmental Sensitivities – Medical Issues  39 
Sears  2007 


                                                


spraying of toxic chemicals in food handling areas. Eliminating the conditions necessary for a pest to 
live and propagate (e.g. moisture and rotting wood), low-tech solutions (e.g. traps), and judicious and 
very limited use of least-toxic products that are approved for organic agriculture (e.g. borax or 
diatomaceous earth) have been sufficient. The most toxic chemicals such as organophosphate and 
carbamate insecticides are simply never used.w


 
The Pesticides Code in Quebec prohibits the use of common toxic pesticides on Quebec greenspaces, 
and pesticide bylaws are currently in various stages of implementation in over 130 cities, towns and 
villages across Canada.63  Many institutions, including hospitals and school boards, have also resolved 
not to use pesticides for landscaping. Scientific application of sound agronomic/horticultural principles 
results in healthy plants that resist diseases and insects, eliminating the need for pesticides.x  
 


C  Electromagnetic radiation and fields 
 
“Electromagnetic radiation” covers a broad range of frequencies (over 20 orders of magnitude), from 
low frequencies in electricity supplies, radiowaves and microwaves, infrared and visible light, to x-rays 
and cosmic rays.224 Our limited understanding of the biological effects of the vast majority of 
frequencies gives reason for concern.225-230 Although there is still debate in this regard,231-233 tinnitus, 
brain tumours and acoustic neuroma are associated with cell phones and mobile phones.234-237       
 
Communications and radar antennae expose those who live or work near these installations to their 
emissions. The radiation travels through buildings, and can also be conducted along electrical wires or 
metal plumbing. Wireless communications create levels within buildings that are orders of magnitude 
higher than natural background levels.238


 
The World Health Organization (WHO) acknowledges the condition of electromagnetic sensitivity, and 
published a 2006 research agenda for radio-frequency fields.239   The WHO recommends that people 
reporting sensitivities receive a comprehensive health evaluation. It states: “Some studies suggest that 
certain physiological responses of EHS individuals tend to be outside the normal range. In particular, 
hyperactivity in the central nervous system and imbalance in the autonomic nervous system need to be 
followed up in clinical investigations and the results for the individuals taken as input for possible 
treatment.” Studies of individuals with sensitivities ought to consider sufficient acclimatization of 
subjects as recommended by Joffres for chemical sensitivities,72 as well as recognition of individuals’ 
wavelength-specific sensitivities. Reduction of electromagnetic radiation may ameliorate symptoms in 
people with chronic fatigue.240


 
It is worth noting that off-gassing of electrical equipment may also contribute to sensitivities.84 
Different sorts of technology (e.g. various medical equipment, analogue or digital telephones; flat 
screen monitors and laptop computers or larger older monitors) may vary significantly in strength, 
frequency and pattern of electromagnetic fields.238  
 
a) Lighting   
 


 
w Doug Perkins, DPEnvironmental, pest management services for Ottawa hospitals,  personal communication, July 30, 2006  
x Frank Reddick, agronomist, Turflogic, personal communication, August 4,  2006 
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Visible light is a narrow range of electromagnetic radiation. Light affects hormone levels, including 
cortisol and melatonin,241-244 which affects the ability to sleep, among other things. Seasonal affective 
disorder (SAD), wherein some people are increasingly depressed and fatigued during the winter 
months, may be alleviated with increased exposure to certain wavelengths of light in the blue end of the 
spectrum.245  People with environmental sensitivities may be unusually sensitive to light, reacting 
positively or negatively. Natural or full spectrum, non-flickering light is often best, but individuals 
ought to be consulted since they may be adversely affected by bright light.  
 
Fluorescent lighting, which is increasingly common and is promoted to save electrical energy, may 
cause increased radiofrequencies in the electrical supply and harm people with electromagnetic 
sensitivities. The flickering may also exacerbate sensitivities.246


 
b) Electromagnetic radiation arising from the use of electricity 
 
There are four phenomena that emerge from the use of electricity: ground currents; “electromagnetic 
smog” from communications equipment; magnetic fields from power lines and specialized equipment; 
and radiofrequencies on power lines or so-called “dirty electricity.” 
 
Ground currents 
 
Ground current or “stray current” is electricity that is not contained in wiring; passing through the 
ground, building structures, plumbing, etc. Electrical current flows along the path of least resistance 
(e.g. through metal pipes or rods rather than through wood or concrete), with diverse health effects 
including behavioural, cardiovascular and reproductive problems (sterility and birth defects).247-249


 
On October 19, 2006, the Ground Current Pollution Act unanimously passed second reading in the 
Ontario Legislature. The Bill defines “objectionable current,”y establishes a time frame for utility 
companies to respond to and remedy complaints, and provides for the development and implementation 
of a plan to eliminate current that goes through the ground instead of through the neutral wire. 
 
Low frequency electromagnetic fields  
 
Extremely low frequency fields from high-voltage electrical supply lines have been associated with 
genetic damage250 and leukemia in children and may be considered an occupational carcinogen.251   
 
One clear example of health effects from magnetic fields involved workers on magnetic resonance 
imaging (MRI) machines. When electrical current flows, a magnetic field is created (measured in 
Gauss), and when conductors (including biological tissues) are moved within a magnetic field, 
electrical currents are induced. Workers experienced headaches and cognitive impairment at a greater 
rate and severity with increasing exposure time and magnetic field strength.252  Workers with quicker 
movements, which would have caused greater induced currents, suffered greater health effects.  
 


 
y “objectionable current flow” means any steady state of electrical ground current for five seconds or more on a grounding 
conductor or any other conductor that normally does not carry electric current, except for any temporary flow of electrical 
fault current that is caused by a phase-to-ground fault condition and that results from the performance of a grounding 
conductor’s protective functions regarding faults or lightning 
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Telecommunications 
 
The Royal Society of Canada reviewed the issue of health effects of radio-frequency transmissions for 
Health Canada in 1999, with updates in 2001 and 2004.56 The latest report summarizes and is 
consistent with positions taken by many other authorities in Britain, Europe and the USA (e.g. 
California). Regulations for telecommunications are based upon avoiding heating of tissue as a result of 
exposure to electromagnetic radiation. However, other biological phenomena are both plausible and 
observed at much lower exposure levels.7  The Royal Society concluded that even if the evidence is not 
clear that adverse health effects from lower exposures to radiofrequencies exist, there is a need for 
further research.55,56  There is growing evidence of cancers (particularly acoustic neuroma) associated 
with the use of mobile telephones.235,237,253,254 Given the seriousness of the adverse effects and the 
availability of alternative technologies, a precautionary approach is warranted.255


 
In 2006, based upon a comprehensive review of the scientific literature, the International Firefighters 
took the position that transmission facilities should not be located at fire stations.256  The growing 
plethora of wireless communication devices such as Internet, WiFi, cell phones, satellite radio, 
microwave transmissions, TV broadcasts, etc. are exposing the populace to more and stronger 
electromagnetic frequencies. Shielding may block electromagnetic radiation (but not magnetic fields). 
Buildings, geography, weather and immediate surroundings affect exposure from telecommunications  
by reflecting or focusing radiation, thereby creating elevated local levels. Measurements in Canadian 
cities are many times higher than the regulated levels.z  Canadian regulations do not require labelling 
of emissions from communications devices. Use of alternative technologies (wire or fibre data 
transmission) is the most straightforward, feasible and effective measure to accommodate workers with 
electromagnetic sensitivities.  
 
Radiofrequencies on power lines 
 
Some emerging research regarding electromagnetic sensitivities focuses on the radio-frequency “noise” 
on power lines. This arises from problems in the wiring and from “chopping” of the 60-cycle signal in 
modern power-efficient and sophisticated electronics. Remediation of wiring and addition of low-cost 
tuned circuits to electrical equipment are two steps to address this problem. As a “band-aid,” Graham-
Stetzer filters can be plugged into outlets to remove these high frequencies from the power lines. Using 
these filters to create an electromagnetically “cleaner” environment, improvements are reported for 
several health outcomes, including multiple sclerosis, behavioural problems and asthma in children in 
schools, and diabetes.8   
 
Canadian standards for electrical equipment do not require testing for or limits on “dirty power.” The 
CSA requires most products to be assessed only for shock and fire hazard. Electromagnetic 
compatibility testing is required for ballasts on fluorescent lights and medical equipment and can be 
carried out at the request of manufacturers.  
 
There is a lack of consensus in research regarding the health effects of electromagnetic phenomena.  
This may be due to methodological limitations including unmeasured and uncontrolled parameters such 
as the quality of the electrical signal, radiofrequencies, locally elevated exposure levels and ground 
currents. 


 
z Dr. Andrew Michrowski, Ottawa, December 5, 2006  personal communication based upon his unpublished research 
completed for the CMHC. 
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Summary 
 
One of the most effective and economical strategies for achieving healthy indoor spaces and good air 
quality is to minimize potential pollutants during construction and renovation.  This includes the use of 
low-maintenance surfaces that do not off-gas, design and construction that minimizes dampness and 
moulds, and an air intake system that avoids ground-level air. Energy conservation concerns create 
pressure to decrease ventilation in sealed buildings, reinforcing the need to use materials, finishings and 
furnishings with low toxic and volatile inputs and emissions. Least-toxic construction, maintenance and 
pest control, and infrastructure that minimizes exposure to electromagnetic phenomena all require 
attention to detail and might entail minimal additional costs. Minimizing on-going sources of 
environmental factors that initiate and trigger environmental sensitivities such as perfumes, dusts and 
vehicle exhaust require education and policies, and appropriate maintenance practices. 
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VIII  Accommodating and preventing environmental sensitivities 
 
There is a growing recognition of the need for action to prevent and accommodate environmental 
sensitivities. Poor indoor environmental quality can affect other workers and reduce productivity; it 
also puts them at risk of developing environmental sensitivities.  This section discusses additional 
details for consideration within the workplace, and some accommodation guidelines that are presently 
available. Costs and benefits of healthier workspaces are also addressed. 
 
A  Environmental sensitivities and the workplace  
 
a)  Organization of the work space  
 
Employees must be able to access their workspace, the “tools for the job” such as office equipment, 
and amenities such as washrooms. Accommodation of people with environmental sensitivities should 
include good air quality, building, furnishings and materials standards, and maintenance practices in 
entranceways, hallways, elevators and stairways, washrooms and in the workspace. Areas with 
equipment that give off emissions (e.g. photocopiers, printers and faxes) should be separately 
ventilated. Outdoor clothing can be kept in closed closets with an exhaust. A meeting room can be 
designated along the lines of California’s “cleaner air room.” Wireless-free zones may improve both 
worker health and security of communications. 
 
A 2006 report outlined that Canada allows the use of 60 pesticides that are banned elsewhere in 
agriculture, and has higher allowable residues and poorer monitoring of pesticides in food than many 
other nations.257 In the workplace attention could be paid to listing ingredients in cafeteria food. 
Filtered water is also important for people with environmental sensitivities. 
 
b)  Energy costs vs. ventilation 
 
As the price of energy for heating and cooling rises, building owners and managers will feel 
increasingly pressured to reduce ventilation when buildings are not in use. Heat-recovery equipment 
may allow ventilation to be continued while constraining costs.258   
 
Shutting down air exchange overnight and during weekends or holidays will lead to VOC build-up. 
This possibility reinforces the need to minimize off-gassing materials in the indoor environment. 
Filtration is a partial substitute for fresh-air makeup during those periods when buildings are not 
occupied, as long as there is no source of pollution such as combustion, which could lead to carbon 
dioxide or carbon monoxide accumulation. 
 
Intermittent VOC build-up is undesirable, because the VOCs are absorbed by surfaces such as furniture 
and fabrics. Although air can be rapidly flushed, the absorbed VOCs give off more slowly, contributing 
to poorer air quality over an extended period of time.   
  
c)  Buildings’ surroundings  
 
The workplace is no more isolated from its surroundings than are the workers from their environment. 
Landscaping, scents from neighbours’ laundry facilities and other outdoor air pollutants may all affect 
access to premises, as well as the quality of indoor air through ventilation. 
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Typically air intakes for buildings are located close to the ground because the furnace is in the 
basement. Debris, dust, soil moulds, and snow are drawn inside from these low lying air intake grills. 
Air intakes should not be close to sources of pollution such as loading docks and should be up high to 
avoid ground level contaminants.     
 
Vehicle exhaust is particularly problematic. In October 2005, the Minister of Education for New 
Brunswick announced a province-wide idling ban for all school buses, the first provincial initiative of 
its kind in Canada, to protect health and save fuel.aa “Idling gets you nowhere” signs are gaining 
prominence in some jurisdictions, and no-idling policies are being instituted outside of entrances and in 
the vicinity of air intakes.   
 
Proximity to high-voltage power lines and electrical transformers should be avoided, and electrical fuse 
or breaker panels should be located at a distance from workspaces. Power supplies / electrical wiring 
should be designed and maintained so that circuits are self-contained and balanced, and electricity is 
maintained in the wires. Minimizing exposure to radio-frequency radiation should be considered.    
 
d)  Air quality inside vehicles  
 
Drivers of trucks and buses are regularly exposed to fuel and exhaust fumes, potentially putting them at 
risk of developing sensitivities. There is no requirement for school buses and delivery trucks to keep 
their engines idling, but some ambulances may be required to do so. The exhaust fumes can be 
extremely harmful to people with environmental sensitivities, putting them at greater risks during a 
health emergency. Avoiding exposure to exhaust could improve the prognosis for many people, 
particularly those with sensitivities. 
 
Poor air quality in public transit also limits the mobility of people with environmental sensitivities, who 
are over-represented in the lower socio-economic groups.10 Masks with activated carbon may be used 
by some who have enough strength and sufficiently competent airways, to allow access to places with 
poor air quality such as public transit. However, these charcoal filters are costly, have limited 
effectiveness and life-span, and must be changed regularly (perhaps weekly). Anti-idling policies are 
very helpful, and alternative and highly fuel-efficient technologies such as hybrid vehicles should be 
considered. 
 


 
aa www.elements.nb.ca/theme/Pollution05/NB%20Lung/Jane.htm  



http://www.elements.nb.ca/theme/Pollution05/NB%20Lung/Jane.htm
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B  Accommodation resources 
 
a) Publications related to the workplace  
 
Four publications specifically addressing accommodation of people with environmental sensitivities in 
the workplace are:  


“Accommodating Employees with Environmental Sensitivities: A Guide to the Workplace” and 
“Accommodating Employees with Environmental Sensitivities: A Guide for Building Managers” 
by Leslirae Rotor, Elizabeth Hare and Debra Sine, posted at http://www.harepublishing.com 
“Understanding & Accommodating People with Multiple Chemical Sensitivity in Independent 
Living” by  Pamela Reed Gibson, Ph.D.  James Madison University, available from 
http://www.ilru.org/html/publications/bookshelf/MCS.html.141 
“Multiple Chemical Sensitivity at Work” (1997) is a guide by the Public Service Alliance of 
Canada for PSAC Members. It addresses recognition and tolerance issues, as well as details 
regarding accommodations. A scent-free guide, published in 1998, builds upon this guide.192 
“Environmental Hypersensitivity in the Workplace” (1994) by Bruce Small and Associates 
discusses the phenomenon of hypersensitivity and includes detailed lists of considerations and 
accommodations for people with chemical, biological and electromagnetic sensitivities. 


 
The federal Department of Justice published “Policy on Accommodating Differences in the 
Workplace” (June 2001). This is a more general document that discusses the positive impacts of 
accommodation of people with environmental sensitivities. 
 
The Canadian Society of Environmental Medicine published the two-volume guide “Environmental 
Health in Hospital (2001)” for hospital staff. It addresses pollution prevention and caring for the 
environmentally sensitive patient. The first volume contains detailed information regarding 
maintenance and practices, while the second volume focuses on patient care. 
 
Workplace hygiene initiatives should include education and early action to minimize toxic exposures, 
as well as monitoring employees for environmental sensitivities, as described by the New Zealand 
Association of Hairdressers Inc.259 (In the US, 20% of hairdressers leave the profession for health 
reasons.260)   
 
Assessment of electromagnetic phenomena in the workplace involves a variety of measurements and 
potential remediation,261 from correction of wiring in the building to use of alternative technologies. 
 
Many guides and self-help websites discuss coping with environmental sensitivities. Some sources are 
listed in Appendix C.  
 
b) Publications related to “green” buildings 
 
Guidelines for the construction industry to improve both environmental impact and indoor 
environmental quality have been published by the Canada Green Building Council (Leadership in 
Energy and Environmental Design – LEED).184  The Building Owners and Managers Association 
(BOMA) also promotes a variety of environmental standards to address environmental concerns 
including energy efficiency and indoor air quality (www.boma.ca). Although these guidelines are not 
completely protective for people with environmental sensitivities, they do recommend some helpful 
steps to address several important environmental issues. 
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c) Best practices - Accommodations for children in daycares and schools 
 
Some of the more detailed and stringent guidelines to improve indoor air quality and to minimize 
microbes and VOCs in indoor air have been the result of providing healthy environments for children. 
Citizens for a Safe Learning Environment (CASLE)bb exhaustively examined considerations for 
optimum indoor environments in institutions. Recently, the Canadian Partnership for Children's Health 
and Environment released “Playing it Safe: Service Provider Strategies to Reduce Environmental Risks 
to Preconception, Prenatal and Child Health.” The Partnership also provides a checklist that covers 
many factors impacting environmental sensitivities, which follows from its “Child Health and the 
Environment - A Primer.” cc  Health Canada has developed “Tools for Schools” information to 
optimize environmental quality,dd although they are not as stringent as the citizens’ initiative. As of 
September 2006, New York State required “Green Cleaning” in schools, hoping to improve asthma and 
behavioural problems.ee


 
In order to accommodate or prevent sensitivities in children, similar issues are identified as for 
workplace accommodation. These include fragrance-free non-toxic cleaning materials; non-toxic 
learning materials (papers, books and writing materials); high quality ventilation and air purification 
systems; construction and maintenance to prevent mould; conducting all renovations with non-toxic 
materials and no carpets, renovating only when the children are not present, and conducting adequate 
off-gassing; maintaining a scent-free environment; organic and wholesome foods with no colourings, 
preservatives or artificial flavours; avoiding known sources of contamination such as paint containing 
lead; and strict least-toxic pest control methods both inside and outside, with a large buffer zone from 
more toxic pesticide applications (e.g. as required by the Pesticide Code of Québec).  
 


 
bb www.chebucto.ns.ca/Education/CASLE  
cc All available at:  http://www.beststart.org/resources/env_action/index.html 
dd www.hc-sc.gc.ca/ewh-semt/pubs/air/tools_school-outils_ecoles/index_e.html 
ee http://www.emsc.nysed.gov/facplan/greenclean.htm  and 
http://www.ogs.state.ny.us/bldgadmin/environmental/GreenGuidelines.pdf 
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C  Costs and benefits of accommodations 
 
An effective strategy for achieving healthy indoor spaces and good air quality is to minimize potential 
pollutants during construction and renovation. Energy conservation concerns will create pressure to 
decrease ventilation in sealed buildings, further reinforcing the need to use low-maintenance materials, 
finishings, furnishings and equipment that contain materials with low toxicity, and have few emissions. 
Healthy indoor environments for children in schools are cost-effective in terms of building construction 
and maintenance,262 and they lead to health and learning improvements.8,86,262,263  Workers’ health and 
productivity also improves with better indoor environmental quality.8,79,83,218,264-266


 
Costs of accommodation may include some renovation (e.g. to replace carpeting or furniture with 
tolerated materials), but some of the most important aspects of accommodation involve behaviour 
changes at the individual level. Accommodation may involve, for example, using less toxic cleaning 
products such as vinegar and hot water. The benefits that result in terms of improved worker 
productivity and student behaviour and learning8,79,83,218,264-266 make the choices regarding indoor 
environmental quality straightforward from an economic point of view.262


 
Summary 
 
Accommodation of people with environmental sensitivities should involve the person affected. It 
requires evaluation of many aspects of the workplace environment. Documents discussing 
accommodations are available, as are resources regarding construction and renovation for people with 
environmental sensitivities. Health and productivity benefits far outweigh possible minimal extra costs 
of designing, planning, and acting to minimize factors in the workplace that would be harmful to 
people with environmental sensitivities. For people with environmental sensitivities, their health and 
ability to work rests with the actions of others, including building managers, co-workers and clients. 
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IX  Conclusions  
 
This report was prepared to inform employers, service providers and individual Canadians about the 
medical aspects of environmental sensitivities. It covers the range of symptoms and conditions 
associated with environmental sensitivities; recognition and awareness by international, national, 
provincial and municipal bodies; medical research, diagnosis and treatment; issues regarding building 
codes and practices that affect accommodation of people with sensitivities; accommodation guidelines; 
and their impact in the workplace. 
 
People’s responses to factors in their environment vary enormously. Some people have debilitating 
responses to chemicals or electromagnetic radiation. They usually experience neurological difficulties 
and often have symptoms such as fatigue, burning eyes, headaches, trouble thinking and concentrating, 
nasal congestion, pain in various parts of the body, respiratory distress and gastrointestinal ailments. 
These may be accompanied by psychological symptoms. Symptoms are reproducible with repeated 
exposures, and resolve with avoidance of environmental factors that trigger symptoms. Environmental 
sensitivities may develop gradually after chronic exposure to relatively low levels of substances found 
in buildings with poor air quality (“sick buildings”) or suddenly after an exposure to an environmental 
disaster or chemical spill. This condition may be initiated by one or a combination of environmental 
factors such as mould, pesticides, solvents, chemicals (e.g. off-gassing from carpets or furnishings) or 
electromagnetic phenomena.  
 
Once a person has developed environmental sensitivities, reactions may occur to a broader range of 
factors, at levels of exposure that were previously tolerated and that cause little difficulty to many 
others. The impact of environmental sensitivities on workers’ performance may range from mild (e.g. 
habituation to chronic exposures such that performance may be sub-optimal if not overtly abnormal), to 
severe impairment such that work is impossible. Sensitivities vary greatly from one individual to 
another, so the affected worker must be involved in determining accommodations.  
 
Approximately 3% of Canadians have been diagnosed with environmental sensitivities and up to one-
third of the population may experience discomfort due to factors in their environment.  Early 
recognition, environmental control, avoidance of symptom-triggering agents, removal of residual 
toxins from the body, and recovery of normal biological processes are key to regaining and maintaining 
health for people with sensitivities. However, susceptibility to sensitivities will be lifelong.  
 
Recognition of environmental sensitivities is developing internationally and in many Canadian 
government departments. Environmental sensitivities and related conditions are eligible for 
compensation by some Workers’ Compensation Boards, although there is marked inconsistency across 
Canada.  Public policy, law and regulation are advancing to protect people from triggers of 
sensitivities, such as tobacco smoke, pesticides, scents and other chemicals in public places.   
 
Consensus is gradually building in the medical community and among academics, as well as in the 
general population, that many chemicals are not as harmless as we might have believed and that their 
combined effects are unpredictable. No-smoking, scent-free, pesticide-free, no-idling and least-toxic 
cleaning policies in health care and other public institutions are increasingly common.  Furthermore, 
the medical community is advocating for broader policies and laws and increasingly acknowledging 
environmental sensitivities in medical education. 
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Modern medicine recognizes that the mind and body are intimately interconnected in the 
“biopsychosocial model” for health care.  However, controversy continues regarding the physical or 
psychological roots of environmental sensitivities, with ramifications for health care and workplace 
accommodation. The research indicates that sensitivities have physical causes, with many neurological 
and psycho-social factors interwoven. Successfully addressing symptoms of sensitivities, with safe 
housing, workplaces, food and water, may also alleviate psychological symptoms. This is necessary 
before other interventions may be helpful. 
 
Canadian statutes do not prescribe building standards that protect people with environmental 
sensitivities. Building codes focus on topics such as strength of structures.  Measures impacting indoor 
environmental quality, such as building materials or de-gassing of buildings before they are occupied, 
are not addressed.  Insofar as building codes and guidelines are perceived to be sufficiently protective 
of health and safety, they constitute barriers to research, development, implementation and mandating 
of safer materials and methods. “Green” guidelines incorporate a wide range of important 
environmental measures, but do not ensure that indoor environmental quality will be sufficient for 
people with sensitivities. More stringent guidelines have been developed for schools. 
 
Construction, renovation, repair and maintenance should be conducted to minimize the introduction of 
pollutants, and design and construction should minimize later problems with dampness and moulds. 
Finishings, furnishings and equipment should contain low toxicity materials, have virtually no 
emissions, and be low-maintenance. These considerations are increasingly important given the desire to 
conserve energy by reducing ventilation. In addition to optimizing air quality and flow, ventilation 
systems must be maintained to avoid microbial contamination. Air filtration may play a role, but filters 
require frequent and routine maintenance. Least-toxic pest control, minimizing exposure to pesticides, 
is effective and affordable. 
 
Building and maintaining equipment and infrastructure to minimize exposure to electromagnetic 
radiation, fields and currents requires attention to detail and may entail additional initial costs. Energy-
efficient electrical equipment might increase radiofrequencies on electricity lines. Once recognized, 
however, these problems are amenable to inexpensive engineering solutions. There is a lack of 
consensus in research regarding the health effects of electromagnetic phenomena. This may be due to 
methodological limitations including unmeasured and uncontrolled parameters such as the quality of 
the electrical signal, radiofrequencies, locally elevated exposure levels and ground currents.  
 
Workplace accommodation may include renovations, but some of the most important accommodations 
involve behaviour changes.  These include the use of least-toxic cleaning and pest control practices, 
and avoidance of scented products. Unlike “built” accommodations such as ramps, accommodating 
people with sensitivities actively involves many people, such as employers, co-workers, others in the 
school or workplace, neighbours, etc.   With education and leadership, people successfully adjust to 
policies addressing smoking, personal care, building maintenance and foods.   
 
Improving the environmental quality of the workplace promotes workers’ health and productivity and 
can prevent the development of sensitivities in others. Building or renovating with a view to 
accommodating people with sensitivities is not costly over the longer term; nor are education and 
leadership for behaviour change in the workplace.   
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Appendix A:  Acronyms and abbreviations 
AChE Acetylcholinesterase (an enzyme in the nervous system and elsewhere in the body)
AEHA Allergy and Environmental Health Association 
ASHRAE American Society of Heating, Refrigeration and Air-conditioning Engineers 
BOMA Building Owners and Managers Association  
CASLE Citizens for A Safe Learning Environment 
CHRC Canadian Human Rights Commission  
CIHI Canadian Institute for Health Information 
CMHC Canadian Mortgage and Housing Corporation 
CO2 carbon dioxide 
GABAa gamma-aminobutyric acid 
HEPA high efficiency particulate air [filter]  
HVAC Heating, ventilation and air-conditioning 
ICD International Statistical Classification of Diseases and Related Health Problems 
IEQ Indoor environmental quality  
IgE Immunoglobulin E 
ME Myalgic encephalomyelitis  
MSDS Material Safety Data Sheet 
N Number of people included in a research study 
NMDA N-methyl-D-aspartate 
NRC National Research Council 
OCFP Ontario College of Family Physicians 
ppmv Parts per million by volume (as opposed to weight) 
RCPSC Royal College of Physicians and Surgeons of Canada 


REACH 
Registration, Evaluation, Authorisation and Restriction of Chemicals (European 
legislation) 


SAD Seasonal affective disorder 
TILT Toxicant induced loss of tolerance  
US United States of America 
VOC Volatile organic compounds  
WHIMS Workplace Health Information Management System 
WHO World Health Organization  
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Appendix B:  Collaborators, people and organizations consulted  
 
This project would not have been possible without the knowledge, input and support of the following 
collaborators: 
 


Dr. Jennifer Armstrong, BSc, M.D, DIBEM, 
FAAEM  
President 
Canadian Society of Environmental Medicine 
Ottawa Environmental Health Clinic (OEHC) 
 


Linda Nolan-Leeming, President 
Allergy and Environmental Health Association - Ottawa   
www.aeha.ca 
 


Dr. Stephen Genuis, MD, FRCSC, DABOG 
Associate Professor, Faculty of Medicine 
University of Alberta 


Mary de Bassecourt, Executive Director 
Allergy and Environmental Health Association - Ottawa   
www.aeha.ca 
 


Dr. Brian L. Gibson, MD, FRCPC 
Occupational and Environmental Health 
Consultant 
LAMP Occupational Health Centre, Toronto. 
Associate Professor  
Department of Public Health Sciences 
University of Toronto 


Bernard Olivier  
L'OEUF 
Pearl, Poddubiuk Architectes 
Montreal, Quebec 
 


Dr. Tang Lee – University of Calgary 
Professor of Architecture  
(Building Science and Technology)  
Faculty of Environmental Design 
University of Calgary 
 


Rohini Peris, President  
Allergy and Environmental Health Association – Quebec 
www.aeha-quebec.ca 
 


Dr. Lynn M. Marshall, MD, FAAEM, FRSM 
Faculty, Departments of Family and 
Community Medicine 
University of Toronto and Northern Ontario 
School of Medicine 
Environmental Health Clinic, Women’s 
College Hospital, Toronto 
Co-Chair, Environmental Health Committee, 
Ontario College of Family Physicians 


Dr. Barbara Powell, MD, CCFP, FCFP 
Primary care, family practice 
Ottawa, Ontario 


Dr. John Molot, MD, CCFP, FCFP 
Environmental medicine, Ottawa 
Environmental Health Clinic, Women’s 
College Hospital, Toronto 
Member, Environmental Health Committee 
Ontario College of Family Physicians 


Phillip Sharp, DIP, ARCH, (POLY), OAA, MRAIC, 
RIBA 
Phillip Sharp Architect Limited 
Ottawa, Ontario 
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Executives of the Public Service of Canada (APEX) 
John Dwyer Formerly with the Canadian Human Rights Commission 
Dr. Magda Havas Assistant Professor, Environmental & Resource Studies, Trent 


University, Peterborough, Ontario, Canada 
Graeme Innes Human Rights and Equal Opportunity Commission, Australia 
Jay Kassirer Healthy Indoors Partnership, Canada 
Dr. Kathleen Kerr Environmental Health Clinic, Women’s College Hospital, Toronto 
Dr. Andrew Michrowski Planetary Association for Clean Energy, Ottawa 
Bill McVeigh Chair – Canadian Electrical Association EMF Task Group  
Mark Mendell Lawrence Berkeley National Laboratory, USA 
Doug Perkins DPEnvironmental Consulting, Ottawa    
James Raggio Access Board, USA 
Frank Reddick TurfLogic Inc., Canada 
Virginia Salares Canadian Mortgage and Housing Corporation 
Michael Small Human Rights and Equal Opportunity Commission, Australia 
Dave Stetzer Stetzer Electric Inc., Wisconsin, USA 
George Thomson Chair, Ad Hoc Committee on Environmental Hypersensitivity 


Disorder (1985) 
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Appendix C:  Resources   
Allergy and Environmental Health Association 
– Ottawa www.aeha.ca
Allergy and Environmental Health Association 
– Quebec (bilingual) www.aeha-quebec.ca
American Academy of Environmental Medicine www.aaem.com  
American Industrial Hygiene Association www.aiha.org
Asthma and Allergy Foundation of America www.aehf.com
Best Start   www.beststart.org  
Beyond Pesticides www.beyondpesticides.org  
Canada Green Building Council www.cagbc.org  
Canada Employment Immigration Union www.ceiu-seic.ca/page_1766.cfm
Canadian Association of Physicians for the 
Environment  www.cape.ca
Canadian Coalition for Health and Environment www.cche-info.com  
Canadian Coalition for Green Healthcare  
Canadian Electricity Association www.canelect.ca/en/home.html  
Canadian Environmental Law Association   www.cela.ca


Canadian Mortgage and Housing Corporation www.cmhc.ca
CMHC “About your house” resource page www.cmhc-schl.gc.ca/en/co/co_001.cfm
Canadian Partnership for Children’s Health and 
Environment (bilingual) www.healthyenvironmentforkids.ca  
Canadian Society for Environmental Medicine www.eimed.ca  
Centre for the Environment, University of 
Toronto www.environment.utoronto.ca 
Chemical Injury Information Network www.ciin.org  
Chemical Injury.NET www.chemicalinjury.net  
Children’s Health Environmental Coalition www.checnet.org  
Coalition for a Healthy Ottawa www.healthyottawa.ca
Collaborative on Health and Environment 
(including Toxicant and Disease Database) database.healthandenvironment.org 
International Academy of Detoxification 
Specialists www.detoxacademy.org 
DPEnvironmental Consulting www.magma.ca/~nandd  
Electrical Pollution Solutions www.electricalpollution.com
Electromagnetic Hazard & Therapy (UK 
independent newsletter) www.em-hazard-therapy.com  
ElectroSensitivity-UK www.electrosensitivity.org.uk   
ElektroSMOG NEWS (German) www.elektrosmognews.de   
EMFacts Consultancy www.emfacts.com   
EM Radiation Research Trust www.radiationresearch.org 
EMR Association of Australia www.ssec.org.au/emraa   



http://www.aeha.ca/

http://www.aeha-quebec.ca/

http://www.aaem.com/

http://www.aiha.org/

http://www.aehf.com/

http://www.beststart.org/

http://www.beyondpesticides.org/

http://www.cagbc.org/

http://www.ceiu-seic.ca/page_1766.cfm

http://www.cape.ca/

http://www.cche-info.com/

http://www.canelect.ca/en/home.html

http://www.cela.ca/

http://www.cmhc.ca/

http://www.cmhc-schl.gc.ca/en/co/co_001.cfm

http://www.healthyenvironmentforkids.ca/

http://www.eimed.ca/

http://www.ciin.org/

http://www.chemicalinjury.net/

http://www.checnet.org/

http://www.healthyottawa.ca/

http://database.healthandenvironment.org/

http://www.magma.ca/%7Enandd

http://www.electricalpollution.com/

http://www.em-hazard-therapy.com/





Environmental Sensitivities – Medical Issues  54 
Sears  2007 


Environmental Defence – Toxic Nation 
(bilingual) www.environmentaldefence.ca/toxicnation
Environmental Health Clearinghouse www.infoventures.com/e-hlth
Environmental Health Clinic at Women’s 
College Hospital  


www.womenshealthmatters.ca/Centres/environme
ntal/index.html  


Environmental Health Perspectives  www.ehponline.org 
Environmental Law Centre (UK) www.elc.org.uk
Environmental Protection Agency (US) Indoor 
Air Quality www.epa.gov/iaq 
Environment Canada www.ec.gc.ca
FEB – The Swedish Association for the 
ElectroSensitive www.feb.se    
Fragranced Products Information Network www.fpinva.org 
Green Health Care www.greenhealthcare.ca 
Health Canada www.hc-sc.gc.ca 
Healthy Indoor Partnerships healthyindoors.com  
Human Ecology Action League www.members.aol.com/HEALNATN/index.html
Institute for Environmental Health Sciences www.niehs.nih.gov
Institute for Environmental Health Sciences 
(US) www.niehs.nih.gov
International Commission for Electromagnetic 
Safety  www.icems.eu  
International Commission on Non-Ionizing 
Radiation Protection  www.icnirp.de/pubEMF.htm  
Invisible Disabilities Association of Canada www.nsnet.org/idacan/index.html  
Job Accommodation Network www.jan.wvu.edu
Logic Alliance www.logicalliance.ca  
Mast Sanity (UK) www.mastsanity.org   
MCS Canadian Sources  www.mcscanadian.org  
MCS Referral & Resources www.mcsrr.org  
MCSurvivors www.mcsurvivors.com 
ME/FM action network www.mefmaction.net 
ME Association of Ontario www.meao-cfs.on.ca
Microwave News – a report on non-ionizing 
radiation www.microwavenews.com  
National Foundation for the Chemically 
Hypersensitive www.mcsrelief.com
Next-up Organisation  (regarding health effects 
of phone masts, based in France, multilingual) www.next-up.org 
Nova Scotia Environmental Health Centre www.cdha.nshealth.ca/facilities/nsehc/index.html 
Ontario College of Family Physicians www.ocfp.on.ca 
Overgevoeligheid voor elektrische en 
elektromagnetische velden (Danish, with 
summaries in other languages) www.electroallergie.org  



http://www.environmentaldefence.ca/toxicnation

http://www.infoventures.com/e-hlth

http://www.womenshealthmatters.ca/Centres/environmental/index.html

http://www.womenshealthmatters.ca/Centres/environmental/index.html

http://www.elc.org.uk/

http://www.feb.se/

http://www.fpinva.org/

http://healthyindoors.com/

http://www.members.aol.com/HEALNATN/index.html

http://www.niehs.nih.gov/

http://www.niehs.nih.gov/

http://www.icems.eu/

http://www.icnirp.de/pubEMF.htm

http://www.nsnet.org/idacan/index.html

http://www.jan.wvu.edu/

http://www.logicalliance.ca/

http://www.mastsanity.org/

http://www.mcscanadian.org/

http://www.mcsrr.org/

http://www.microwavenews.com/

http://www.mcsrelief.com/

http://www.cdha.nshealth.ca/facilities/nsehc/index.html

http://www.electroallergie.org/
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Pesticide Action Network of North America www.panna.org  
Planetary Association for Clean Energy Inc. www.pacenet.homestead.com  
Powerwatch (UK) www.powerwatch.org.uk 
Research Information on the EMFRAPID 
Program  1994-1998 www.niehs.nih.gov/emfrapid/html/resinfo.htm 
Stop Transmission Lines Over People www.stop-emfs.ca   
Sustainable Building Information System www.sbis.info  
The Chemical Sensitivity Foundation www.chemicalsensitivityfoundation.org  
The Guide to Less Toxic Products www.lesstoxicguide.ca  
The Irish Doctors’ Environmental Association  www.ideaireland.org   
The Swedish Association for the 
ElectroSensitive  www.feb.se/index_int.htm
US Centers for Disease Control page of 
publications re: Electromagnetic fields www.cdc.gov/niosh/topics/emf/ 
World Health Organization EMF research 
databases 


www.who.int/peh-
emf/research/database/en/index1.html  


World Health Organization EMF topics 
www.who.int/health_topics/electromagnetic_field
s/en  


  



http://www.panna.org/

http://www.stop-emfs.ca/

http://www.sbis.info/

http://www.chemicalsensitivityfoundation.org/

http://www.lesstoxicguide.ca/

http://www.ideaireland.org/

http://www.feb.se/index_int.htm

http://www.who.int/peh-emf/research/database/en/index1.html

http://www.who.int/peh-emf/research/database/en/index1.html

http://www.who.int/health_topics/electromagnetic_fields/en

http://www.who.int/health_topics/electromagnetic_fields/en





Environmental Sensitivities – Medical Issues  56 
Sears  2007 


Appendix D:  Thomson recommendations (1985) and progress to 2006 
[Report of the ad hoc Committee on Environmental Hypersensitivity Disorders 60] 
This Committee was established in November 1984 at the request of then-Minister of Health for the 
Province of Ontario, Keith Norton to report on the prevalence, level of knowledge, and methods of 
diagnosis and treatment of “environmental hypersensitivity.” The Committee was also asked to outline 
possible approaches to investigating, treating or undertaking further research into such disorders.  


Committee Recommendation (1985) Status in 2006 
Develop initiatives to minimize exposure to 
smoke, including bylaws restricting smoking 
in public places, and public education 
programs. 


Anti-smoking bylaws and provincial laws are in 
place. 


 


Undertake action to ensure that patients and 
others have accurate information about food 
content, chemicals and other products in 
everyday use 


Content labelling of personal care products has been 
required by law since November 2006.   
The Controlled Products Regulations of the 
Hazardous Products Act does not require that the full 
content of fragrance mixtures be reported.   
The Food and Drugs Act does not require that all 
colours or flavours added to food be labelled 
specifically 
Neither the Hazardous Products Act, the Canadian 
Environmental Protection Act nor the Pest Control 
Products Act requires comprehensive labelling of 
everyday use products (e.g. cleaners). The Domestic 
Substances List has identified priority substances and 
these will undergo hazard assessment in 2007. 
In the absence of government action, monitoring and 
verification of organic agriculture is being carried out 
by non-governmental groups. 
There are no requirements to label genetically 
modified food. 
There are no requirements to label ultra-small 
particles (nano-particles) in products. 


Estimate the prevalence of environmental 
hypersensitivity 


The 2003 national population health survey covered 
multiple chemical sensitivities.10 
The 2005 National Survey of the Work and Health of 
Nurses covered multiple chemical sensitivities.11 


Research the diagnostic tests and treatments 
used by clinical ecologists to determine which 
are demonstrably useful 


Researchers at the Nova Scotia Environmental Health 
Centre are conducting research in this area.  This 
facility includes Canada’s only Environmental 
Control Unit. 
Some tests and treatments are commonly used with 
good success. Funds are necessary to conduct formal 
trials to confirm the utility of tests and treatments. 


Establish a multi-disciplinary investigative 
and therapeutic environmental unit for 
research and for out-patient and in-patient 


In 1994 the Environmental Hypersensitivity Research 
Unit at the University of Toronto (U of T) was 
established with total funding of $1.5 million over 10 
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treatment of people with environmental 
sensitivities. 


years. This unit brought together epidemiologists and 
health care professionals.  
The Unit has published research on diagnosing 
environmental sensitivities and on the characteristics 
and genetics markers of patients.  
In 1996 the Environmental Health Clinic, funded by 
the Ontario Ministry of Health, opened at Women’s 
College Hospital in Toronto. It is affiliated with the 
U of T. It does not include an Environmental Control 
Unit or in-patient facilities. OHIP covers one initial 
and one follow-up consultation per patient.   


Amend the fee schedule to cover the time 
required to obtain good histories, to counsel a 
patient on avoidance procedures and to 
monitor the patient's performance. 


The Ontario fee schedule has a time-based billing 
code for patients with chronic fatigue syndrome, 
which compensates doctors for the time required to 
obtain a full history.  


Various recommendations were made for 
people with limited income  
 


Routine laboratory tests are funded; testing for toxins 
is neither readily available nor funded. 
OHIP does not cover several types of treatments.  
Private insurance covers few treatments. 
Medications that patients can tolerate (e.g. with less 
colouring and other excipients) are not covered for 
people receiving disability support.   


Support the following treatments with public 
funds: 
1) avoidance 
2) the prescription of nutritionally safe diets. 


Tax relief is offered for equipment to assist 
avoidance (e.g. air and water filters). 
In 2006 the Ontario government discontinued a diet 
supplement allowance that included organic food. 


The environmental unit should undertake 
public education by:  


producing easily understood pamphlets on 
the more controversial issues related to 
environmental hypersensitivity;  
issuing a summary of the Committee's 
report for a general audience;  
ensuring adequate involvement in 
conferences, meetings, etc.;  
offering assistance to school boards, 
public health units, etc. in preparing 
accurate and balanced documents about 
environmental sensitivities. 


Information is available about environmental 
sensitivities, chronic fatigue syndrome and 
fibromyalgia in pamphlet form and on the 
Environmental Health Clinic website. 
Educational seminars are provided by the 
Environmental Health Clinic and partners about 
numerous environmental health issues such as 
smoking, pesticides, perfumes, mercury and lead.   
Staff physicians of the Environmental Health Clinic 
serve on the Environmental Health Committee of the 
Ontario College of Family Physicians (EHC-OCFP) 
and many other organizations. 


Educate medical health officers and public 
health nurses so that they are prepared to 
provide current information on environmental 
illness and environmental hypersensitivity.   


Some public health units are particularly well-
informed about environmental sensitivities and are 
able to provide current information  
To gain expertise in environmental health, the 
Environmental Health Clinic trains medical students, 
residents, fellows and nursing students.  
Environmental Health Clinic engages in public 
education in cooperation with Public Health Units. 
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Develop programs of continuing education to 
provide practitioners with scientific 
information about theories and beliefs in the 
field of environmental hypersensitivity (e.g. 
there is a general lack of understanding of the 
possibility that indoor air can contribute to 
illness). 


The EHC-OCFP provides environmental health 
information (see www.ocfp.on.ca), workshops and 
Continuing Medical Education.  
Some family medicine post-graduate programs cover 
theories and concepts in the field of environmental 
sensitivities.   


Review basic social assistance programs to 
ensure that they recognize how disabling 
environmental sensitivities can be. Regardless 
of disagreement within the medical profession 
regarding the causes of environmental 
sensitivities, people are disabled and are 
entitled to minimal support. 


As a result of disagreement, people who are disabled 
due to environmental sensitivities are often left with 
little or no support.  This can lead to more stress, 
increasing poverty and worsening of their condition.   


In cases of genuine financial need (i.e., people 
receiving social assistance), rent supplements 
or discretionary payments should be available 
for those seeking to make modest 
environmental changes. 


Funding is available for environmental changes only 
if the changes result in improved energy efficiency. 


The environmental unit should provide expert 
assistance to appeal bodies and be involved in 
the selection of physicians who are 
knowledgeable about environmental 
hypersensitivity and who are willing to assess 
the patients’ condition irrespective of 
diagnosis.  


Environmental medicine physicians, and doctors in 
the Environmental Health Unit provide expert 
assistance on behalf of patients. 


 


Encourage private insurers to assess the 
patient’s condition irrespective of the causes 
of the condition. 


Some private insurers provide limited but 
unpredictable coverage. 


Involve the environmental unit in the 
development and promotion of special 
housing such as: 


apartments modified for patients who are 
participating in the environmental unit's 
research program;  
special hospital rooms for patients 
diagnosed as environmentally 
hypersensitive. 


CMHC and NRC have researched building materials, 
maintenance and ventilation.  CMHC and the 
Environmental Health Unit have collaborated for 
many years.  
The Unit and the EHC-OCFP supports housing 
projects currently being undertaken by Allergy and 
Environmental Health Association groups in Ontario, 
Quebec and Manitoba.  
Healthy Indoors Partnership is bringing together 
many parties, including the Environmental Health 
Clinic, to compile sources of environmentally 
preferable materials. 
The Environmental Health Clinic made arrangements 
with a nearby hotel to provide cleaner-air rooms for 
patients, at a substantially reduced rate. 
The Canadian Society for Environmental Medicine 
published hospital staff guidelines to assist with the 
care of people with environmental sensitivities who 
are hospitalized. 
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The environmental unit should develop 
recommendations regarding possible 
curriculum changes in medical schools to 
ensure that issues relating to environmental 
illness are part of medical education. 


The Continuing Medical Education unit was 
developed by the OCFP. It is available through the 
Women’s College Hospital in Toronto. 
In 2006 the EHC-OCFP launched an Environmental 
Health Scholars Program to introduce environmental 
health concepts into many aspects of the curriculum 
in Ontario medical schools. 


Hold an interdisciplinary conference to 
discuss this report and its recommendations.  
Conferences of this type should be held 
regularly as part of the environmental unit’s 
vital educational role. 


Health Canada held conferences in Ottawa in 1990 
and 1992.  
The Environmental Health Clinic held a conference 
in 1998.  
The Environmental Health Clinic and OCFP co-
sponsored a Peer Presentation Program on 
Environmental Health in 2000. 
Since 2000, the Environmental Health Clinic and the 
OCFP have co-sponsored an annual Environmental 
Health Day at the OCFP Annual Scientific Assembly.  


The Ontario Medical Association should 
consider establishing an environmental health 
subsection to bring together practitioners 
interested in this field. 


OCFP-EHC members collaborate with the Ontario 
Medical Association on environmental health 
matters.   
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The World Health Organization warns that chronic, noncommunicable diseases are rapidly becoming epidemic worldwide.
Escalating rates of neurocognitive, metabolic, autoimmune and cardiovascular diseases cannot be ascribed only to genetics,
lifestyle, and nutrition; early life and ongoing exposures, and bioaccumulated toxicants may also cause chronic disease.
Contributors to ill health are summarized from multiple perspectives—biological effects of classes of toxicants, mechanisms of
toxicity, and a synthesis of toxic contributors to major diseases. Healthcare practitioners have wide-ranging roles in addressing
environmental factors in policy and public health and clinical practice. Public health initiatives include risk recognition and
chemical assessment then exposure reduction, remediation, monitoring, and avoidance. The complex web of disease and
environmental contributors is amenable to some straightforward clinical approaches addressing multiple toxicants. Widely
applicable strategies include nutrition and supplements to counter toxic effects and to support metabolism; as well as exercise
and sweating, and possibly medication to enhance excretion. Addressing environmental health and contributors to chronic disease
has broad implications for society, with large potential benefits from improved health and productivity.


1. Introduction


Common chronic conditions include cardiovascular and ce-
rebrovascular disease, cancer, diabetes, metabolic syndrome,
and obesity, neurocognitive disorders, and immune dysfunc-
tion such as autoimmune disease. These are leading causes
of morbidity and mortality in developed countries, and are
increasingly prevalent in developing nations [1–3].


While average life spans lengthened through recent his-
tory, rising rates of noncommunicable chronic diseases in
younger people mean that escalating numbers are spending
an increasing proportion of their life coping with sickness,
rather than enjoying health [4]. Indeed, chronic diseases as-
sociated with obesity may even turn the tide of improve-
ments in average lifespans [5], previously gained from di-
verse advancements in public health and medicine such as
in maternal and neonatal care and improvements in man-


agement of infectious diseases, trauma, and cardiovascular
events.


Chronic disease is crippling some economies as countries
struggle to develop [3] in the face of rising healthcare costs,
pervasive individual suffering, beleaguered families caring
for afflicted loved ones, and truncated opportunities as work-
ers fall ill during what should be their most productive years.


It was recently conservatively estimated that costs in the
United States of environmental disease in children alone
amounted to a staggering $76.6 billion in 2008, just from
“lead poisoning, prenatal methylmercury exposure, child-
hood cancer, asthma, intellectual disability, autism, and at-
tention deficit hyperactivity disorder” [6]. The wide-spread
implications are vividly illustrated by considering neurocog-
nitive disorders, with a small IQ decrement across society.
As abilities and intellect are reduced among the best and
brightest, we lose potential leaders and innovators, while
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simultaneously costs mount for continuing care needed by
larger numbers at the bottom end of the IQ and abilities spec-
trum [7].


Searching for reasons for increased chronic diseases in
the young, their ailments cannot be ascribed to reduced mor-
tality from infectious disease. Similarly, genetics may predis-
pose individuals to chronic disease, but this cannot account
for rapidly increasing prevalence within a generation or two.
This leaves us with pervasive environmental factors [1, 3].
While research centers and international health organiza-
tions devote considerable time and attention to the issue
of toxicant exposure and bioaccumulation of xenobiotics
within the human body [8], direct connections to prevalent
chronic disease are rarely made, and initiatives to tackle
chronic disease may not even mention environmental or
occupational exposures to toxicants, as was the case for a
2010 report prepared for the World Health Organization,
“Tackling Chronic Disease in Europe” [9].


Other prominent authorities such as the U.S. President’s
Cancer Panel decry that chemical assessment, regulation, and
enforcement are woefully inadequate to protect public health
and that environmental and occupational exposures are rare-
ly suspected or queried in the differential diagnosis of disease
[10].


In this paper we provide a brief overview of toxicants and
associated mechanisms that may be contributing to chronic
disease, discuss how links between toxic exposures and ad-
verse outcomes are explored and regulated, and outline
measures that may be adopted by health care practitioners
and individuals to improve health. These measures include
reducing exposures, counteracting effects, and enhancing
metabolism and excretion of toxicants.


2. Causes of Chronic Disease


Some chronic diseases may be initiated in susceptible indivi-
duals by single “germs,” such as acquired immune deficiency
syndrome (AIDS) from human immune deficiency virus
(HIV), ulcers from Helicobacter pylori, or Lyme disease from
Borrelia burgdorferi, but most major chronic diseases do not
have a single cause.


Modifiable factors such as smoking, alcohol, lifestyle
(e.g., exercise), and nutrition top lists of contributors to
cardiovascular disease, cancer, and obesity/metabolic syn-
drome/diabetes [1]. The view is weakening that genetic
makeup predestines one to disease, as understanding grows
of potential remediation of biochemical abnormalities un-
derlying genetic predisposition to ill health [11]. Indeed,
a small, shrinking fraction of chronic disease is attributed
directly to genetic makeup, as recently discussed for cancer
[10] and autism [12]. Instead, gene-environment interac-
tions are very plausibly postulated, such as Apolipoprotein-E
4 interactions with heavy metals associated with Alzheimer’s
disease [13] or expression of glutathione genes and mercury
body burden [14]. Such observations led to development of
the field of toxicogenomics, with Judith Stern of the Uni-
versity of California at Davis stating, “genetics loads the
gun, but environment pulls the trigger” [15]. In this context,
George Church of Harvard Medical School commented that


the conversation has evolved from, “Here is your destiny, get
used to it!” to “Here is your destiny, and you can do some-
thing about it!” [16].


The related field of epigenetics is also coming into fo-
cus. Environmental factors ranging from stress to various
chemicals may alter methylation of DNA, which in turn
modifies DNA expression. Without altering the genetic code,
individuals’ morphology and predisposition to chronic dis-
ease are affected by exposures early in life or even exposures
in previous generations, predating conception [17–19].


2.1. Environmental Contributors to Chronic Disease. In a re-
cent, extensive review of associations between early expo-
sures to various chemicals and chronic disease throughout
life, Cooper et al. highlight the inadequacy of current scien-
tific methods to tackle the causal puzzle for multiple related
conditions (e.g., obesity, metabolic syndrome, cardiovascular
disease, type 2 diabetes, and Alzheimer’s and Parkinson’s
diseases), that may be associated with lower socioeconomic
circumstances (with poorer diet and housing and increased
stress) as well as with multiple potential contributory enviro-
nmental factors (e.g., air pollution, heavy metals, and various
endocrine disrupting chemicals) [20]. The importance of
sowing the seeds of health early in life prompted Leiss and
Kotch to issue a recent “wake-up call” regarding the impor-
tance of environmental health for mothers and children, to
tackle intensive and extensive exposures involved in gene-
environment interactions, impairing development in a mul-
titude of ways [21]. They call for improved environmental
regulation and control, better public education to combat
avoidable exposures that are routinely occurring as a result
of ignorance, more research, environmental justice, and
coverage of environmental health in training of health care
professionals.


With the caveat of noted limitations of reductionist ap-
proaches in examination of environmental causes of chronic
disease, we summarize effects of identifiable groups of chem-
icals. The point of this summary is neither to depict the
weight of evidence nor to be completely comprehensive but
to illustrate the multiplicity and complexity of relationships
between chemical exposures and health.


2.1.1. Toxic Elements. These elements such as arsenic [22],
cadmium [23], lead [24], and mercury [25] are typically
found in drinking water, foods, dust, fish, dental amalgams,
consumer products, and old pesticides. They are probable
or established carcinogens that bind with sulphydryl groups
in proteins and inhibit enzyme function, accumulating in
organs such as the brain, kidney, liver, and bone, where
they cause neurological dysfunction, organ compromise, and
skeletal fragility. Among other wide-ranging effects of these
chemicals are endocrine disruption by lead and immune
system impairment by mercury. There are many other
naturally occurring elements of concern, including fluoride,
aluminum, and uranium [26].


2.1.2. Naturally Occurring Substances. These include molds
and their volatile metabolites, as well as animal, plant, and
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food allergens. In this context, it is increasingly recognized
that sensitization to a variety of substances does not nec-
essarily involve classic acute reactions, but that sensitivities
to diverse substances, including foods, may be playing a role
in diseases such as autism [27]. In parallel, sensitivities may
arise to diverse man-made chemicals, not commonly thought
to be associated with naturally occurring environmental
factors [28–30].


2.1.3. Pesticides. These (e.g., insecticides, herbicides, and
fungicides) have diverse modes of action to kill, repel, or
otherwise control pests (e.g., insects, weeds, and rot fungi).
Pesticides are the only chemicals manufactured and spread in
the environment specifically to be toxic, with a tiny fraction
of broadcast/sprayed chemicals reaching their targets. In
her famous book Silent Spring, Rachel Carson detailed eco-
system effects of pesticides following World War II, and
subsequently poisoning of populations and military with
herbicides used in the Vietnam War catapulted pesticides
into the public eye. Some persistent pesticides now banned in
developed countries continue to be used in underdeveloped
countries, and residues are still in the environment and
have accumulated towards the poles. Various present-day
pesticides have been linked to cancers, and neurological,
endocrine, developmental, reproductive, respiratory, and
immunological disorders [31–33]. Pesticides produced in
tissues of genetically modified crops, and also applied in large
quantities to exploit crops’ resistance to herbicides, were
recently found in women and cord blood [34]. A popular
means to reduce risk is to reserve most pesticides for the most
essential uses, but to use least-toxic options for landscaping,
in order to minimize children’s exposure [35].


2.1.4. Persistent Organic Pollutants (POPs). These are a large
group of diverse chemicals defined by their longevity in
the environment and in the body. They include dioxins
and furans (herbicide contaminants, incineration products,
environmental product of antimicrobial “triclosan”), poly-
chlorinated biphenyls and polybrominated diphenyl ethers
(old and newer flame retardants), polyfluorinated stain re-
pellents, antiwrinkle and nonstick compounds (e.g., Teflon),
and organochlorine chemicals (old pesticides—e.g., hexa-
chlorobenzene, DDT, and metabolite DDE). POPs generally
have low solubilities in water and are lipophilic (or in the
case of some polyfluorinated compounds are surfactants,
concentrating at phase interfaces). POPs biomagnify up the
food chain as they accumulate in adipose tissue, where they
may represent a pool of toxicants with diverse health effects
including carcinogenesis [36]. Many POPs with conjugated
ring structures are endocrine disruptors as they interact with
binding sites for hormones. POPs may also bind with the
aryl hydrocarbon receptor (AhR), which elicits a cascade of
“dioxin-like” toxic responses [37]. Knowledge of AhR bind-
ing toxicities led to regulation of chemicals on this basis,
but “nondioxin-like” POPs are also linked to health out-
comes such as diabetes [38]. Diverse POPs now present a
complex picture in the context of various pervasive health
conditions such as obesity, metabolic syndrome, diabetes,
and endometriosis [39–45].


2.1.5. Volatile Organic Compounds (VOCs). These are anoth-
er large group of chemicals, defined by their lower molecular
weight and volatility [46]. They include solvents, fuels such
as gasoline, and fragrance ingredients [46, 47]. They may
interfere with cellular membranes and cause diverse neuro-
logical effects. Some such as formaldehyde, benzene, and syn-
thetic musks are carcinogens, and some fragrance ingredients
are also known sensitizers [29, 30, 48, 49].


2.1.6. Plastics. These are manufactured from monomers,
that are chemically strung together to form polymers. Toxic
concerns regarding various plastic vary widely, with vinyl
standing out for toxicity of the monomer and additives,
as well as challenges with disposal [50]. Unless plastic is
degraded (with heat, ultraviolet radiation or chemical attack,
such as the xenoestrogen bisphenol-A released from poly-
carbonate or epoxy liners in food containers), it is generally
inert, but chemicals dissolved in the plastic may leach out.
“Plasticizers” to improve flexibility or resiliency include en-
docrine disrupting phthalates, and stabilizers and dyes may
contain toxic metals such as lead or cadmium (leading to re-
calls of children’s items such as toys, etc.).


2.2. Mechanisms of Toxicity in Chronic Diseases. The web of
effects and interactions with diverse toxicants affecting mul-
tiple metabolic and physiological pathways may seem to de-
fy reductionist approaches to single-chemical toxicities and
causation of conditions. Nevertheless, with large popula-
tion studies and sophisticated analyses, effects of toxicants
and interactions with toxic as well as beneficial chemicals/
nutrients may be discerned. First, some common biochemi-
cal effects merit highlighting.


2.2.1. Oxidative Stress. This features in development and ex-
acerbation of many chronic conditions [29, 51, 52], such as
allergy and autoimmunity [53, 54], cancer [55], cardiovascu-
lar disease [56–58], diabetes [59], neurological compromise
[60], lung disease, and sensitization and pain syndromes [28,
61]. Mitochondria are a particular focus of these effects [62].


2.2.2. Endocrine Disruption. This is apparent in altered pu-
berty and sexual development as well as energy utilization,
glucose sensitivity, and neurological development. Indeed,
interrelated effects on insulin signalling, oxidative stress and
vascular health have prompted Alzheimer’s disease to be
dubbed “diabetes of the brain” [63, 64].


2.2.3. Genotoxicity. This has been studied extensively for
single chemicals but is now recognized as only one aspect
of development of clinically relevant cancers. Immune sur-
veillance, oxidative stress, and stimulation of growth by in-
fections, inflammation or endocrine disruption may also
contribute to carcinogenesis or mutagenesis. More common
than changes to DNA sequence are epigenetic changes that
alter expression of the genome, and thereby induce a disease
state [18, 65].


2.2.4. Enzyme Inhibition. This is a direct effect of pesticides
designed to bind with receptors, or of toxic metals that bind
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with protein sulfhydryl groups, thereby inactivating a wide
range of enzymes, with diverse adverse effects. For exam-
ple, altered porphyrin profiles may be detected with metal
toxicity due to enzyme inhibition [26].


2.2.5. Dysbiosis. Dysbiosis or disruption of the human mic-
robiome has become an area of intense research and clini-
cal interest with the recently initiated Human Microbiome
Project by the US National Institutes of Health (http://com-
monfund.nih.gov/Hmp/). Infection and various toxicants
including some heavy metals have the potential to alter gut
flora, and thus modify various functions of the gastroin-
testinal tract including digestion, bioavailability/absorption,
elimination, detoxification, and immune function [27, 66–
69]. Conversely, gut microbes may transform toxicants such
as arsenic or polyaromatic hydrocarbons, altering toxic ef-
fects [70, 71]. These phenomena elicit diverse health sequelae
for the gastrointestinal tract as well as diverse systemic tox-
icities such as inflammation and neurological effects [72–74].


Other toxicant-related mechanisms of harm are increas-
ingly being recognized, including immune dysregulation
[29], autonomic nervous system impairment [75], biochemi-
cal binding (e.g., carbon monoxide supplanting oxygen on
hemoglobin, or heavy metals supplanting zinc on glutathi-
one), and overall a toxicant induced loss of tolerance (TILT)
[30].


3. Major Chronic Diseases
3.1. Obesity/Metabolic Syndrome/Diabetes. These are linked
in complex ways to diverse POPs, including polychlorinated
biphenyls, dioxins and flame retardants [76]. These chemi-
cals may interfere with thyroid function, and as xenobiotics
stored in adipose tissue are released into the blood stream
during weight loss, they may undermine efforts to lose
further weight [77]. Other toxicants such as arsenic or cad-
mium that increase oxidative stress in the pancreas may also
contribute to diabetes.


3.2. Vascular Disease. This manifests in cardiac, renal, cere-
bral and peripheral disorders. Strong connections with toxic
metals have been established, with oxidative stress implicated
as a central mechanism. Chelation of toxic elements such as
lead may decrease renal impairment [78]. Unfortunately, a
large chelation trial for vascular disease currently under way
is not measuring toxic elements [79].


3.3. Cancer. This is an extensively studied endpoint, with
many carcinogens identified in occupational settings. Carci-
nogenicity of lower exposures and with mixtures are some-
times less clearly defined, as discussed above. Nevertheless,
there is consensus that there is no “risk-free” or threshold
dose of genotoxic substances. Environmental chemicals may
contribute to cancer by altering DNA or its expression, by
stimulating rapid growth and confounding cell repair mech-
anisms in hormone-sensitive tissues or via inflammation, or
by impairing immune surveillance.


3.4. Neurocognitive Impairment. This, including reduced IQ
and aberrant behaviour, is linked to early life exposure to


a wide range of environmental toxicants, including heavy
metals, various POPs and pesticides [80]. Effects may be
immediate (e.g., problems with learning, attention and ag-
gression) or delayed (e.g., increased predisposition to Al-
zheimer’s or Parkinson’s disease). A few common mecha-
nisms include endocrine disruption (e.g., polyhalogenated
biphenyls mimic thyroid hormone), direct inhibition of neu-
ronal growth by toxic metals (e.g., mercury), or interference
with signal transmission by pesticides or toxic metals.


3.5. Multi-System Complaints. Patients significantly disabled
with multisystem complaints are increasingly commonly
presenting themselves to clinicians. Recent evidence suggests
that TILT is a pervasive mechanism of illness involving sev-
eral organ systems concurrently [29, 30].


4. Timing and Vulnerabilities
The exquisite vulnerability of the young and unborn was
tragically clear when mothers in Minimata, Japan, who were
coping with relatively mild symptoms from methylmercury
in the fish they ate, gave birth to children with severe
neurological damage [81]. Unique vulnerabilities of the fetus
and child arise when chemicals interfere with windows of
differentiation of tissues in utero and during development.
Lead, pesticides, and other chemicals at doses that do not
overtly impair the mother may harm her offspring, with
immediately evident or delayed neurological, endocrine or
other effects [82–85]. Indeed, the mother may impart bioac-
cumulated toxicants (e.g., lead or cadmium from her bones,
or lipophilic pollutants from her adipose tissues) to her fetus
through the placenta, or infant via breast milk. Nevertheless,
breast milk is undoubtedly the best food for infants.


Duration of exposure is another aspect of timing. Haber’s
Rule and related mathematical treatments of toxicity model
that when a toxicant is persistent (or quasipersistent with
ongoing exposure to a ubiquitous toxicant such as bisphenol-
A), or the chemical’s effect is irreversible, then either a low,
chronic dose or a high acute dose may both result in toxic
effects [86]. For many toxicants, there is no “nontoxic” dose.
The public health and regulatory response to this situation is
often to strive for levels that are “as low as reasonably achiev-
able,” typically accompanied by arguments with commercial
enterprises over the “reasonableness” of costs of remediation,
abatement, and alternative processes and products.


5. Exposure and Dose
In common usage, “exposure” is sometimes equated with
dosage, with toxicant levels in the environment, drinking
water, foods and products subject to regulation and public
health measures. Nevertheless, toxicologists and health care
professionals parse exposure and doses. For instance, the
presence of a chemical in the environment (e.g., house dust)
does not necessarily mean that a child will crawl in it and
get it on his fingers. Even if he licks his fingers and ingests
the myriad chemicals in house dust, intestinal absorption
varies according to the chemical, age and state of the child’s
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development, nutritional status, and other materials and
foods in the intestine at the same time. The dosage to a tar-
get organ such as the brain will once again be modified by
absorption into cells and across membranes, and by meta-
bolism and excretion. Measurement of a toxicant in most
target organs or tissues is not feasible in living human study
participants, so surrogate levels may be measured in blood,
urine, hair, sweat, feces, and even meconium, cord blood,
nails and deciduous teeth [82, 87–90].


6. Responses to Toxicants
6.1. Recognition. A potential risk must be recognized before
any response is possible. This includes the classic questions:
what? (is the substance), where? (is a substance made/found),
how? (does toxicity manifest), who? (may be affected), and
why? (is it used, and are there alternatives that pose less risk).


Beyond prioritization and assessment of chemicals, mea-
sures to reduce environmental and individual exposures oc-
cupy considerable resources of government agencies and
ministries, and international bodies such as the World Health
Organization. Increasingly, emissions and product content
data, as well as toxicology data necessary for chemical asses-
sment and registration for use, are being required from in-
dustries, manufacturers and importers.


6.2. Chemical Assessment. Numerous, diverse environmental
exposures merit scrutiny for health effects, including factors
affecting chronic disease. As well as age-old toxic elements
(mercury, lead, cadmium, arsenic, etc.), and allergens and
organic chemicals such as mold metabolites, we and our off-
spring carry many chemicals in our bodies that mankind has
only recently encountered [8]. Approximately 80,000 novel
chemicals have been registered for use with the United States’
Environmental Protection Agency since World War II, but
the vast majority have not been assessed for human health or
environmental effects [91].


Around the world, various approaches are being used
to address the conundrums posed by such vast numbers
of novel chemicals. Environment and health ministries and
regulatory agencies in North America have for years been pri-
oritizing lists of chemicals including pesticides, assessing the
most urgent ones, and restricting uses or banning occasional
chemicals for particular uses. Europe instituted the Registra-
tion, Evaluation, Authorisation and Restriction of Chemicals
(REACH) regulation in 2007, administered by the European
Chemicals Agency (ECHA), placing greater responsibility on
industry to provide data and to manage risk [92].


Risk is typically initially screened on the basis of inherent
toxicity (often acute), whether the chemical is persistent or
bioaccumulative, and the potential for exposure. Toxicolog-
ical risk assessment is carried out by chemical agencies, on
the basis of animal toxicology research supplied by industrial
applicants. Typically a dose level is determined that produces
no (serious) observable adverse effect in an animal, which is
then extrapolated to a lower exposure (e.g., level in air, water,
food, or a product, or an application rate for a pesticide)
that is said to pose a reasonable risk to humans. As long
as the permissible exposure is well above levels observed in


the real world, then the chemical or product may be re-
gistered for sale and use. This paradigm does not address
multiple exposures with potential cumulative or synergistic
effects on a particular system such as the nervous system
[93], although efforts are evolving to assess small groups of
chemicals commonly found together [94], and to carry out
in vitro high throughput, rapid biochemical and cell system
screening, in lieu of animal testing [95].


The catch with toxicological testing is that it would be
illogical for an industry to conduct testing at environmen-
tally relevant doses, because the regulatory framework means
that observations of effects will preclude registration. A long-
standing tenant of toxicology, that all effects at low doses are
presaged by effects at higher doses, is captured as “The dose
makes the poison,” a common paraphrase of Paracelsus’ writ-
ings from the 16th century. Research now contradicts this
view that toxicity becomes apparent at higher doses and is
not detectable below a certain level, as non-monotonic dose
response curves are well recognized to be usually associated
with endocrine effects [96]. Indeed, the American Chemical
Society, with extensive membership among the chemical
industry, recognizes that low-dose, endocrine disrupting
effects are scientifically undermining the toxicological testing
that underpins current chemical regulation [97].


Another obvious shortcoming of regulatory animal tox-
icology is that humans are not rodents. Human studies of
toxicants are ethically intransigent, and thus necessarily sub-
ject to limitations of observational studies, but health re-
searchers and professionals argue persuasively why and how
epidemiology could and should be given greater weight in
chemical assessment [98].


Faced with fundamental doubts overshadowing today’s
environmental standards and regulatory decisions, some
countries such as Sweden now consider inherent safety, how
essential a chemical or product is, and whether a less toxic,
lower risk substitute is feasible; this is the Substitution Prin-
ciple, a means to put into operation the Precautionary
Principle [99]. The Substitution Principle is in part a prag-
matic response to the enormity of the numbers and diversity
of anthropogenic chemicals, as well as the logistical impos-
sibility of scientifically assessing all chemicals, let alone com-
binations [99]. In essence, the least-toxic, and most envi-
ronmentally sustainable options for a particular product or
application are the ones that are permitted. Inclusion of the
null option—that a particular product is not necessary for
society—allows regulators to rule out a number of chemicals
from those needing to be further assessed while providing a
strong incentive for “green” chemistry.


7. Public Health
With rules laid out as to allowable uses and levels of tox-
icants, protection of public health falls into the purview of a
variety of professionals, from environment, agriculture, nat-
ural resource, and health ministries to local public health.


7.1. Monitoring and Detection. Pollution and human expo-
sure may be tracked on many levels, by governments mon-
itoring and reporting toxicants from large scale industrial
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Table 1: Selected websites for chemical information.


World Health Organization http://www.who.int/


INCHEM (Chemical Safety Information from
Intergovernmental Organizations)


http://www.inchem.org/


Concise International Chemical Assessment Documents
(CICADs)


http://www.inchem.org/pages/cicads.html


Environmental Health Criteria (EHC) Monographs http://www.inchem.org/pages/ehc.html


Health and Safety Guides (HSGs) http://www.inchem.org/pages/hsg.html


International Agency for Research on Cancer
(IARC)—Summaries and Evaluations


http://www.inchem.org/pages/iarc.html


International Chemical Safety Cards (ICSCs) http://www.inchem.org/pages/icsc.html


IPCS/CEC Evaluation of Antidotes Series http://www.inchem.org/pages/antidote.html


Joint Meeting on Pesticide Residues (JMPR) http://www.inchem.org/pages/jmpr.html


KemI-Riskline http://www.inchem.org/pages/kemi.html


Pesticide Documents (PDs) http://www.inchem.org/pages/pds.html


Poisons Information Monographs (PIMs) http://www.inchem.org/pages/pims.html


Screening Information Data Set (SIDS) for High Production
Volume Chemicals


http://www.inchem.org/pages/sids.html


Centers for Disease Control and Prevention (USA) http://www.cdc.gov/


Agency for Toxic Substances and Disease Registry (USA) http://www.atsdr.cdc.gov/


National Institute for Occupational Safety and Health (USA) http://www.cdc.gov/niosh/


Environmental Protection Agency (USA) http://www.epa.gov/


National Institute for Environmental Health and Safety
(USA)


http://niehs.nih.gov/


National Toxicology Program (USA) http://ntp.niehs.nih.gov/


European Commission—Public Health http://ec.europa.eu/health/index en.htm/


European Commission—Scientific Committee on Emerging
and Newly Identified Health Risks (SCENIHR)


http://ec.europa.eu/health/scientific committees/emerging/index
en.htm/


European Chemicals Agency http://echa.europa.eu/


emissions; environmental levels in air, water, soil, and wild-
life; individual exposures in foods, drinking water and con-
sumer products; and levels in people themselves with pop-
ulation surveillance. Publicly available data may serve many
purposes, from deciding to avoid vigorous exercise on the
smoggiest days, to investigating contaminated sites and pol-
lution sources in one’s neighbourhood. Governments regu-
larly publish online data such as daily air quality, and may
announce product recalls (e.g., children’s products with lead
or cadmium, or baby formula with melamine). A list of
some helpful websites addressing chemical assessment and
monitoring is provided in Table 1 (many additional sites are
available for individual countries). Nongovernmental orga-
nizations also carry on myriad public education campaigns
such as recommending foods with lower levels of pesticides
[100] or personal care products with lower levels of chemicals
of concern [101], or even identifying houses at risk for child
lead exposures [102].


Governmental regulation provides a bottom line for use
of and exposure to potential toxicants, but chemicals have
historically been assumed “innocent until proven guilty,” and
there is a long history of examples such as pesticides being
banned after decades of use, and uses and limits for chemicals
such as lead falling as scientific knowledge improves. Evolu-
tion of public health initiatives as risks are recognized may


drive innovation; for instance, more stringent standards are
possible as water and waste treatment technologies improve,
and best practices for pest management change when the
array of permitted chemicals is limited.


Individual choices (e.g., when shopping) will be affected
by education and perception regarding risk, as well as the
cost, feasibility, and identification (with honest, meaningful
labelling) of alternatives. Medical practitioners themselves
should be knowledgeable, and have the resources to educate
and facilitate their patients making the best choices for
their personal, family, patient and community health. On a
broader scale, the voice of the medical community has excel-
lent credibility in setting public policy to promote health.


8. Clinical Considerations Regarding Toxicants


The reality of the contemporary world is that toxicants are
ubiquitous and, while avoidance is central to any manage-
ment strategy, toxicants are not entirely avoidable. This has
always been true for naturally occurring elements, but the
recent onslaught of anthropogenic substances poses new
challenges for an individual’s biochemistry and hence for the
clinician.


Although identifying the epidemiologic patterns of tox-
icant exposure and health sequelae has been one focus of
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attention, some within the clinical world are asking, “So what
do we do about it?” The realization that many throughout the
world already possess a significant body burden of anthro-
pogenic compounds [8, 103], juxtaposed with the emerging
reality of serious potential health sequelae associated with
toxicant accrual has inevitably led some scientists and clin-
icians to consider possible measures to reduce the toxicant
burden in the human body in order to reduce the risks asso-
ciated with accretion of diverse compounds.


Some toxicologists and clinicians, often untrained in en-
vironmental health sciences, consider strategies to eliminate
toxicants from the body to be myths lacking in merit, assum-
ing that all toxicants are metabolized and excreted naturally
and concluding that “there’s nothing that does anything to
hasten the detoxification process” [104]. Emerging evidence,
however, challenges this misconception. The contention that
the body has an inherent ability to eliminate quickly all ad-
verse chemical compounds is inaccurate, as many toxicants
with long half-lives accrue in tissues or blood, thus main-
taining long-term potential to inflict damage. Metals such
as lead and cadmium, and many halogenated compounds
(e.g., flame retardants, nonstick compounds, stain repellents,
and organochlorine pesticides), are persistent human pol-
lutants with extended half-lives. Unfolding research reveals
ineluctable evidence that various interventions facilitate eli-
mination of retained compounds [87, 105], with the objec-
tive of diminishing the risks associated with biologically
stockpiled poisons. Although more extensive reviews of var-
ious modalities to eliminate toxicants can be found in other
works [105], we present an overview of potential approaches
that can be employed to facilitate the removal of accrued
toxicants.


With a wide range of distinct chemical compounds, each
with a unique chemical structure and a potentially distinct
way of interfacing with human biochemistry, there is no
single mechanism or pathway for the body to eliminate the
whole spectrum of 21st century chemical toxicants. Thus,
when attempting to detoxify the human body, it is first im-
portant to explore the specific accrued toxicants comprising
the total chemical burden, and to employ effective methods
to facilitate excretion of various components.


8.1. Determination of Body Burden of Toxicants. When a pa-
tient with evidence of potential toxicant-related health prob-
lems presents to a clinician trained in environmental health
sciences, an attempt is generally made to identify which ad-
verse chemicals are retained within the body, in order to
employ specific interventions to address each of these com-
pounds. With the vast array of toxicants that individuals are
exposed to, how does one comprehensively determine which
toxicants are present and then assess the extent of the total
body burden?


As clinical laboratory methods to assess many toxicants
are not extensively validated with meaningful reference
ranges, there is limited ability at this time to investigate a
broad range of specific chemicals. Blood and urine are most
commonly sampled to assess levels of retained toxicants.
Apart from difficulties interpreting results in the absence


of population-specific reference-limits, these measurements
may be significantly flawed as indicators of bioaccumulation
because many compounds sequester in tissues; they do not
remain in blood and may not be readily excreted in urine.
Thus testing of whole blood or serum generally does not
adequately detect toxicants that are being stored primarily
in organs, bone, muscle or adipose tissues [26, 87]. As well,
levels of toxicant compounds in blood and urine can also
fluctuate rapidly as a result of nutrient or pharmaceutical
use, caloric restriction, hydration, underlying nutrient status,
thermal changes, or exercise [106–110].


For clinical purposes therefore, blood or urine testing to
determine the total body load of toxicants may underesti-
mate the level of accrual for many toxicants. Testing of oth-
er tissues and bodily excretions has also been explored, in-
cluding salivary testing, hair analysis, stool sampling, perspi-
ration testing, breath analysis, provocation testing, as well
as biopsies of fat tissue. Recent evidence confirms, however,
that there are limitations with each of these approaches.
Hair samples, for example may only reflect selected toxicant
levels in the blood stream for the last few weeks, while stool
samples only assess what is being eliminated through the
gastrointestinal tract. Fat biopsy research confirms that toxi-
cants sequester differently within different fat compartments,
with toxicant concentrations varying widely among adipose
tissue sites [111]. Although selected testing techniques for
some toxicants can be helpful as an indication of toxicant
bioaccumulation, attempts to accurately and comprehen-
sively delineate the accrued level of each toxicant compound
are impractical clinically and prohibitively expensive. The
results are imprecise at best, and are prone to false negatives
in the sense that a low blood value, for instance, may simply
not reflect high levels in the bone, or a vital organ such
as the kidney or brain. Values in urine, hair and feces by
definition reflect the ability to excrete rather than the body
burden of a toxicant, and impaired excretion may result in
greater accretion and potential adverse effects, leading to the
paradoxical finding that body burden is apparently lower in
a population whose health is in fact being affected by a toxin,
as was seen in children with autism [112–114].


So what is a reasonable clinical approach to patients who
appear to have been harmed by bioaccumulative toxicant ex-
posures?


8.2. Pragmatic Clinical Management. With currently availa-
ble knowledge and technologies, three fundamental clinical
steps should be considered in the initial assessment and pa-
tient care planning for those with potential toxicant-related
health problems:


(a) perform a comprehensive history to endeavour to
identify past and present exposures [115],


(b) order selected toxicant testing as is feasible in each
situation,


(c) use clinical judgement to institute low-risk elimina-
tion strategies directed towards the individual pa-
tient.
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Rather than specialized treatments for each specific tox-
icant identified, in this paper, we present a general approach
to detoxification. This is an ongoing area of research, and
other works are available that provide further particulars
in the management of specific toxicant categories and indi-
vidual chemical exposures [87, 88, 105].


The clinical approach to human elimination of accrued
compounds generally involves three successive stages:


(1) personal avoidance,


(2) securing efficacy of endogenous mechanisms for tox-
icant elimination,


(3) directed interventions to facilitate removal of accrued
toxicants.


8.2.1. Avoidance. It is sometimes bantered about in environ-
mental health science circles that the three most important
principles in addressing the problem of widespread toxicant
exposure are “avoid, avoid, and avoid.” As previously dis-
cussed, through means of personal education, notification
(e.g., labelling) and actions (e.g., remediation of living spaces
and changes in diet) as well as governmental and indus-
trial regulation with enforcement, minimization of further
exposure is achieved. This is fundamental to any successful
strategy to diminish the toxicant burden of individuals and
populations.


From a clinical perspective, it is useful for the health pro-
vider to perform a detailed inventory of potential exposures.
By means of a meticulous environmental health question-
naire [115], most common exposures can be identified. An
inventory of the six routes of possible sources of exposure
should be undertaken:


(i) ingestion,


(ii) breathing,


(iii) skin contact,


(iv) olfactory transmission via smell,


(v) vertical transmission (i.e., mother to fetus/infant),


(vi) penetration of body tissues through processes such as
surgery, dentistry, injection, or vector routes.


By identifying exposures and apprising individual pa-
tients regarding where and how they are being contami-
nated, patients are empowered to avoid further chemical
contamination. With ongoing exposures minimized, the hu-
man organism is able to devote resources and energies of
detoxification physiology to metabolizing and excreting re-
tained compounds, with less devoted to ongoing exposures.


8.2.2. Securing Efficacy of Endogenous Mechanisms for Toxi-
cant Elimination. The human body has enormous potential
to detoxify foreign compounds through various physiolog-
ical mechanisms. Endogenous detoxification of metabolic
waste products as well as foreign toxicants is a primary
physiological function, that requires considerable energy.
Major organs of detoxification include the liver, kidney, skin,
and lungs. When toxicants are identified by physiological


processes within the body, pathways of excretion are mobi-
lized to diminish toxicity and to eliminate the xenobiotic
compounds. The particular pathways used to excrete specific
substances will depend on the chemical properties of the
particular agent in question. Potential pathways include
metabolism or conjugation to form water-soluble com-
pounds for renal excretion, metabolism to less toxic forms
(e.g., methylation of arsenic), conjugation with biochemicals
such as glutathione for gastrointestinal elimination or intra-
cellular metallothionein binding of heavy metals [26].


The ability to eliminate undesired compounds, however,
depends completely on the physiological functioning and
biochemical status of the individual. Anything that impairs
full functioning of detoxification biochemistry, such as
nutritional deficiencies, will preclude proper elimination of
toxic substances. Accordingly, it is imperative that health
providers understand the fundamentals of detoxification
physiology and biochemistry to secure functioning of the
organs of elimination [26].


Clinical history and physical examination can provide
clues to the status of physiological function and potential
causes for impairment. A history of substance use, for exam-
ple alcohol or medications known to be hepatotoxic, can be
helpful in assessing liver function. Nutritional biochemistry
testing, urinary organic acid testing, and biochemical mark-
ers for function of organs such as liver and kidney, can be
employed to assess physiological status and function. Any
impediment to proper physiological functioning should be
addressed.


Remediation of disordered nutritional biochemistry is a
fundamental component of patient care. For example, the
protein molecule glutathione is a prerequisite component of
cellular detoxification as well as an essential pillar in hepatic
conjugation biochemistry. Individuals with ongoing expo-
sures or toxicant bioaccumulation often have diminished
stores of glutathione, and thus require ongoing repletion.
Optimal nutrition through dietary instruction, correction of
disordered biochemistry and physiology, and use of directed
supplementation as dictated by laboratory testing is required
for efficient physiological functioning of elimination path-
ways.


It has also been observed that despite biochemical com-
petency, the human organism is not able to excrete some
chemical toxicants effectively. A major reason for the failure
of some compounds to be eradicated effectively is because
of recycling within the body through reabsorption in the
enterohepatic circulation [116] or reuptake in kidney tubules
[117]. Accordingly, some toxicants are conjugated and
released from tissues into the bloodstream for excretion,
but are then reabsorbed back into the body. Additionally,
some retained compounds deposit in specific tissues such as
bone, fat, and muscle, where they will bioaccumulate and
alter physiological functioning within these tissues. Some
compounds will also remain in blood to some degree, freq-
uently bound to plasma proteins [88]. Interventions to en-
hance excretion of retained compounds can be invaluable in
diminishing morbidity associated with toxicant accrual.


Environmental determinants such as toxicant bioaccu-
mulation in some situations may interfere with normal
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physiological function and thus necessitate intervention. For
example, vitamin D (an essential biochemical that regulates
genetic expression, and facilitates absorption of calcium from
the gut) may potentiate absorption of toxic elements such
as lead, aluminum, and cadmium, that in turn may impair
metabolism of vitamin D [118]. Mercury contamination may
alter gastrointestinal absorption of required nutrients result-
ing in deficiencies and thus precluding normal physiology.
Some persistent organic pollutants released from adipose
tissue during weight loss, caloric restriction or exercise
may suppress thyroid function [77]. Adverse effects from
toxicant bioaccumulation may cascade within the body—
some toxicants, for example, may alter immune function,
which may in turn spawn autoimmunity [119] and thus
engender abnormal physiological functioning. In difficult
cases, consultation with experienced environmental health
specialists may be required.


8.2.3. Directed Interventions to Facilitate Removal of Accrued
Toxicants. Empirical research has shown that various strate-
gies can be employed to assist with the effective removal
of some accrued toxicants. Research into such strategies,
however, remains at an early stage in the continuum of clin-
ical science as the problem of widespread toxicant bioac-
cumulation is a newly recognized phenomenon for clinical
medicine. Accordingly, adequate evidence-based research to
objectively confirm or refute the alleged efficacy of assorted
“detox strategies” is often lacking. A few strategies and a gen-
eral approach to clinical detoxification are highlighted here
for consideration. A more detailed discussion of commonly
employed strategies to facilitate detoxification can be found
elsewhere [105].


8.2.4. Thermal Depuration (Sweating). The skin is a major
organ of detoxification, and a vast array of toxicants are able
to be excreted to differing degrees via perspiration [87, 105,
120]. Various researchers and clinicians have endeavoured
to take advantage of this dermal mechanism to facilitate
excretion of accrued compounds and toxicological biomon-
itoring has confirmed that body burdens of many toxicants
diminish with therapy to induce sweating [105, 121, 122].
Some chemical agents such as perfluorinated compounds,
however, do not seem to be readily excreted [88]. Despite
much attention given to saunas with heaters emitting at
specific electromagnetic frequencies, research to date sug-
gests that there is no difference in toxicant excretion rates
between perspiration that occurs through infrared sauna, dry
or wet regular saunas, or exercise [87, 123].


8.2.5. Selected Medications. These perform a useful role in
facilitating the elimination of some compounds. For exam-
ple, judicious use of chelators, or agents which strongly bind
to some toxic elements have been demonstrated to assist in
the removal of such toxicants [124, 125]. Chelating agents
such as dimercaptosuccinic acid (DMSA) are generally safe
and effectively bind to metals such as lead and mercury
to enhance excretion rates and to prevent enterohepatic
reabsorption of these compounds [125]. Marked clinical
improvement has been noted in metal contaminated pa-


tients who have been treated with use of such medications
[126]. The use of concomitant strategies, such as foods
and supplements to increase glutathione, to enhance mobil-
ization of toxicants from tissue storage sites may significantly
increase the rate of elimination from the body when used
along with chelators.


Bile acid sequestrants such as cholestyramine have re-
cently garnered increasing attention as compounds that bind
to some persistent compounds in the gastrointestinal tract
to prevent enterohepatic reabsorption [88]. These agents
may be useful with such persistent agents as perfluorinated
compounds [88] and have been clinically effective in patients
with mycotoxin accrual after mold exposure [127]. As medi-
cal interventions to enhance elimination of toxicants is a
newer area of clinical research, much remains to be studied
in order to develop evidence-based medication protocols for
the removal of some toxic compounds.


8.2.6. Selected Foods and Supplements. Direct evidence of
specific benefits in humans of diet and dietary supple-
ments is often of limited applicability beyond the subject
population, because of interactions with factors such as
regional environment (e.g., cadmium or selenium in the
soil), lifestyle, dietary practices, levels of nutrients such as
vitamin D from sun exposure, poverty, and alcohol and
tobacco use. Some medical evidence exists, however, that
nutritional status (e.g., calcium, zinc and iron repletion)
modifies absorption of toxic elements such as lead, and that
beneficial effects of omega-3 fatty acids and selenium in
fish somewhat counteract toxicities of methylmercury and
persistent organic pollutants [128, 129].


Research questions are often much more amenable to
animal and tissue culture research, and this body of evidence
has confirmed traditions that some foods and supplemental
nutrients are enormously valuable in facilitating excretion
and reducing biochemical toxicities of toxicants. Although
by no means an exhaustive list, some supplements include
curcumin in the spice turmeric [130], alliums [131], plant
flavonoids such as quercetin [132], selenium [133], algal
products Parachlorella [134, 135] and Chlorella [136, 137],
naturally occurring organic acids [138], folate requisite min-
erals, and dietary fibre [139] as well as mixed antioxidants
[140] appear to be of great value to reduce the damage
associated with toxicant exposure. The mechanisms of action
may include preventing absorption of toxicants, facilitating
elimination of accrued toxic compounds, hindering enter-
ohepatic recycling of some persistent compounds, and di-
minishing toxicity through protective mechanisms. Insoluble
carbohydrate and other fibre consumed in the diet, for ex-
ample, appears to act like a sponge and increases the removal
of adverse agents such as mycotoxins and POPs, perhaps
by diminishing reabsorption through the enterohepatic cir-
culation, and thus increasing elimination.


One example is a supplemental product called Chlorella,
an algae from the sea, that has recently garnered much
research attention for its unique properties in facilitating
detoxification and preventing absorption of adverse com-
pounds [134–137]. Recent research papers reported animal
results where Chlorella appears to induce the excretion of
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mercury [135] and lead [134]. Ongoing study continues
to elucidate the range of compounds that are bound and
removed with Chlorella as well as with other assorted foods
and supplemental nutrients. A caution, however, is that sup-
plements may potentially contain toxicants that accrued as
they grew, such as Chlorella and other biosorbents that are
also noted for their ability to sequester toxic elements from
their environment [141], fish oil that may contain POPs
[142], or other products that may be contaminated for other
reasons [143].


8.2.7. Other Detoxification Modalities. With increasing re-
cognition of ubiquitous toxicant exposure and bioaccum-
ulation [8], a plethora of treatments called “cleanses” have
become commonplace. Furthermore, “detox” clinics have
sprung up throughout the western world allegedly to help
individuals rid their bodies of accumulated toxicants. Unfor-
tunately, there is limited research on many of the programs
and therapies that are commonly used and scientific evidence
is often lacking to support the audacious claims frequently
made to vulnerable, sick people. While some interventions
such as exercise [144, 145], induced sweating [87, 120],
selected medications [124, 146] (including in those children
with autism who have elevated levels of heavy metals [113,
147]), plasmapheresis [148, 149], some foods and some
supplements [137, 138, 150], and other modalities show
credible evidence of efficacy in removing toxicants, much
research remains to be done in order to yield consistent
evidential support for the increasing plethora of “detox”
interventions. Using data available to date, a basic approach
that can be used clinically, that incorporates the three suc-
cessive steps for detoxification (avoidance, support of endo-
genous detoxification, and directed interventions) is present-
ed for consideration.


9. Seven Steps General Clinical
Approach to Detoxification


(1) A detailed environmental history and exposure in-
ventory, followed by patient education to effect adeq-
uate avoidance [115].


(2) Specific toxicological testing if indicated according to
the patient history [151].


(3) Remediation of abnormal biochemistry, as identified
by laboratory investigations [26].


(4) A combination of optimal diet and supplemental nu-
trients may be utilized to secure adequate nutrition
and sufficient biochemical reserve for detoxification
[152]. Some examples include (this is not a compre-
hensive list) the following:


(a) glutathione [153] and sulfur-containing foods
(e.g., eggs, brassicas and alliums) and sup-
plements such as N-acetylcysteine, taurine or
methylsulfonylmethane to support glutathione
and metallothionein synthesis,


(b) folate and related nutrients (e.g., for arsenic me-
tabolism and excretion [154]),


(c) lipoic acid therapy may assist in detoxification
of some compounds including mycotoxins re-
sulting from exposure to certain molds [150],


(d) adequate minerals such as calcium, iron and
zinc, to reduce absorption of heavy metals
[128],


(e) Chlorella to decrease absorption and enhance
excretion of toxicants is generally well tolerated
[134–136, 155],


(f) fiber to reduce absorption and facilitate elimi-
nation [139].


(5) Regular sweating (with mineral repletion), with exer-
cise or in a sauna, can facilitate transdermal excretion
[87].


(6) Daily exercise will enhance eliminate of some toxi-
cants [144, 145].


(7) Directed therapies for retained toxicants (as deter-
mined by laboratory investigations) may be imple-
mented [88, 105].


9.1. In Summary. Health care professionals in government
ministries, public health, research, and the clinic will only
be successful against the onslaught of chronic, debilitating
diseases once environmental contributors are recognized,
researched and addressed. Clinical intervention to preclude
further exposure and to detoxify the body of toxicants can
be life changing for afflicted individuals [126]. In an epoch
marred by the unleashing of numerous untested chemi-
cal toxicants, basic knowledge of environmental medicine
should be provided in the training of all health care work-
ers. History repeatedly demonstrates, however, that the
translation of emerging scientific information with adoption
of required clinical skills is usually not expeditious [156,
157]. Hopefully, in our modern era of rapid information
transfer, the process of widespread problem recognition and
solution implementation will be expedited to stem the tide of
chronic disease that is said to be poised to bankrupt health-
care systems.
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20.0 Topic: Health Reference: Exhibit C9-8 7B Dr. Margaret Sears Report 


20.1 Dr. Sears says “It is worth considering the exemption for pulsed 
signals in Safety Code 6 (page 18)...” What conclusion does she draw from 
that consideration? 


 
Health Canada has acknowledged unique risks associated with short time-frame wave 
forms, and has a different method of calculating the dose for these pulses. This method 
was not used to date in materials provided by the proponent. Although the consideration 
narrows the margin between the anticipated and the permitted exposure, it does not result 
in the meter exceeding the permitted exposure limit. See also response to second 20.2 
(renumbered 20.6). 
 


“Biases can also arise from who is actually included in the comparator 
groups. Electromagnetic hypersensitivity is under-recognized, and there are 
social and cognitive barriers to individuals recognizing it within themselves 
(indeed, the same is true for all environmental sensitivities).” [p.6] 


 
No question was associated with this quotation. 
 


20.2 What is Dr. Sears’s definition of electromagnetic hypersensitivity? 
Does the definition focus on that symptoms being reported to be associated 
with EMF exposure; or symptoms that are caused by EMF exposure? 


 
Electromagnetic hypersensitivity to be symptoms attributed to EMF exposure, that meet 
the applicable consensus criteria for environmental sensitivities, as listed in my letter. 
These include that condition has persisted for a period of time, that symptoms arise in 
response to exposures, that symptoms may improve when the exposure is absent, and that 
the response is repeatable/persistent.  
 
These consensus criteria bridge as best as possible, the gap between the choice posed in 
the question above; between association and causation. It is important to note that effects 
may not necessarily develop or resolve instantaneously; they may take minutes, hours or 
even days to manifest, or to resolve upon removal of exposure. This poses difficulties in 
“provocation” experiments. As well, although it is not electromagnetic hypersensitivity 
per se, if EMF exposure initiates a cascade of biological effects leading to other diseases 
such as cancer, or to death of non-regenerative tissues, removal of the EMF source will 
not reverse these downstream effects. 
 


20.3 Does Dr. Sears agree with following statement in the 2012 
Supplement to Section 24 of the BioInitiative Report? 
“At present it remains unclear whether EHS is actually caused by RF/EMF 
exposure, or rather is a self-identifying syndrome of excessive 
responsiveness to a variety of stimuli.” [pdf p.1422 of 1479] 
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It is not clear to me what that statement means, in that it is framed as a false choice. I 
would agree with parts. Certainly people with electromagnetic hypersensitivity have to 
self-identify, as there are no accepted objective tests (please note that that the Austrian 
doctors are making progress in this regard, with a suite of subjective and objective 
assessments, as described in my reference 74). It is known that if not addressed, then 
environmental sensitivities may develop to unrelated chemicals and to electromagnetic 
fields and radiation at a variety of frequencies, lending credence to “variety of stimuli” 
(including RF/EMF). As well, these responses are adverse (pain, dizziness, disordered 
thinking, etc.), so they would be considered “excessive,” 
 
   
20.4 On what evidence does Dr. Sears state that “Electromagnetic 
hypersensitivity is under-recognized”? Is it circular to assume that EHS is under-
recognized when it has not been established that EHS is caused by EMF? 
 
All scientific research is testing a hypothesis, and the research cited (Hillert et al., 
described a sentence later in the paragraph) was examining responses of people who had 
self-identified as having electromagnetic hypersensitivity, compared with people who did 
not self-identify as such. Abnormalities were observed among the subjects self-identified 
with hypersensitivities, but some “control” subjects also exhibited increasing headache at 
the end of the exposure period, and the authors noted that there was a need to better 
characterize groups in future research. Thus, this is not a circular argument. It is an 
example of one of many potential weaknesses that have to be recognized in this type of 
research, that people are “counted” in the wrong group, and if enough of this happens 
then nothing significant is observed as a result of experimental deficiencies. It is also a 
direction for future research, and an example of how science progresses. 
 
This “contamination” of control groups is a common problem in epidemiological 
research. Many of these weaknesses bias the research towards finding no effect.  
 
People commonly do not recognize the reasons for slow decline in health resulting from 
poor air quality, just as they do not recognize electromagnetic hypersensitivity in 
themselves, from increasing exposures to electromagnetic phenomena. This is typically 
described with the frog in the slowly warming pot analogy. See also response to the 
second 20.2 (renumbered 20.6). 
 
Second 20.1 (renumbered 20.5) Dr. Sears states “Based on such science, 
Canada banned bisphenol-A from baby bottles.” Given that Health Canada also 
asserts a scientific basis for Safety Code 6, does the bisphenol-A example 
confirm that Canadian authorities take different regulatory actions based on 
different conclusions regarding the science? 
 
Just because Health Canada took very limited steps with regard to one chemical, we 
cannot conclude that their entire scientific assessment system, overseen by different 
scientists and bureaucrats, with input from totally separate industries, is scientifically 
impeccable. There are hundreds of endocrine disrupting chemicals, and Health Canada 
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has acted on this one.  
 
Bisphenol-A is the first time Health Canada relied upon evidence of endocrine disruption 
at a very low dose as the basis of a regulatory action, even if the action was extremely 
limited. There is ample evidence of endocrine effects of EMFs, as I and others 
documented in materials before the BCUC. These would be expected to exhibit non-
monotonic dose responses. Health Canada is clear in Safety Code 6, that the restrictions 
based upon high dose overt heating of tissues are considered to be protective against non-
thermal (lower dose) effects. One can only hope that the next review of Safety Code 6 
will address non-thermal effects, including those of short pulses. 
 
Interpretation and weighing of scientific evidence requires a great deal of judgment, 
based on methodology, data compilations, as well as expertise in the topic. In the US, 
expert panels are convened, and in Canada the Royal Society may be asked to examine 
the evidence. Each group of scientists brings their own experiences to the table, to 
examine the body of evidence that exists (warts and all), and to make recommendations 
regarding regulatory limits, and further research needs.  
 
Health Canada scientists and policy experts work within their areas – we do not see 
universal consistency across the ministry; indeed, they tend to “pick their battles,” and 
political influence in terms of program support is well documented (for example, see 
materials linked on the right hand side here: http://www.deathofevidence.ca/why  This 
effort was organized by concerned University of Ottawa researchers and internationally 
recognized scientists.).  
 
20.2  (renumbered 20.6) Dr. Sears says that in Russia “regulatory exposures 
regulatory exposures are a small fraction of those in Canada’s Safety Code 6.” 
Can Dr. Sears provide any evidence that cellphones or base stations in Russia 
comply with these Russian exposure standards or are any different than those in 
Canada in terms of RF emissions? 
 
I have no evidence that the Russian regulators, inspectors, etc. are not diligent and 
competent. I have not investigated the detailed specifications of items for sale in Russia. 
The point is that there is no international consensus on “safe” levels, and that Canada is at 
the upper fringe of a wide range of permitted exposures; in other words, Canada’s 
permitted exposures are considered “unsafe” by other authorities.  
 
Although I generally do not rely upon Wikipedia, I took the liberty of consulting 
Wikipedia on this topic (http://en.wikipedia.org/wiki/Telecommunications_in_Russia), 
where it states, “The access points (AP) are built in long-distance telephone exchanges 
(LDTEs), Russian fixed-line communication infrastructure which is present in every 
province. As a result, interconnecting mobile operator only needs to create "last 
kilometer" circuits to the regional LDTE, the requirement already imposed by its mobile 
license.” This is in contrast with Canada, where wireless technologies operate over a 
much greater proportion of distances, with concomitant higher exposures.  
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Commercial	  Energy	  Consumers	  Association	  of	  BC	  


	  
Information	  Request	  #1	  


	  
For	  Margaret	  E.	  Sears	  (M.	  Eng.,	  PhD)	  


	  
	  
1. Exhibit	  C9-‐8,	  7C	  –Margaret	  Sears	  CV	  


	  


	  
	  


1.1. Please	  provide	  a	  list	  of	  topics	  in	  environmental	  health	  on	  which	  Margaret	  Sears	  
has	  made	  public	  presentations	  and	  peer	  reviewed	  studies	  over	  the	  last	  two	  
years.	  


	  
University lectures: 
Evidence synthesis and scientific writing 
Public health and land use 
Epidemiology 
Toxicology 
Endocrine disruption 
Pesticides 
 
Talks to health care and other professionals: 
Environmental contributors to chronic disease 
Environment and child health 
Environmental sensitivities in the workplace 
Toxic metals in Canadians – a series of lectures and leading of discussions at a 
conference in Toronto 
 
Talks for the general public: 
Prevention is the cure for cancer 
Emerald ash borer and tree preservation 
 
Peer reviewed studies are all listed in the CV provided previously. 
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1.1.1. Please	  provide	  a	  list	  of	  the	  Titles	  of	  presentations	  and	  peer	  reviewed	  


studies	  relating	  directly	  to	  electromagnetic	  radiation	  and	  the	  date	  and	  
venue	  presented.	  


	  
No presentation related exclusively to electromagnetic radiation, although it is mentioned 
in environmental sensitivities and cancer prevention talks. Several environmental 
sensitivities talks were given in government offices in Ottawa and one in Halifax (Health 
Canada, March 2012), and two cancer prevention talks were given at the Maplesoft 
Centre in Ottawa, November 2012 and February 2013. 
	  


1.2. Please	  provide	  a	  complete	  list	  of	  the	  scientific	  journal	  articles	  professionally	  
reviewed	  by	  Margaret	  Sears	  relating	  directly	  to	  health	  effects	  of	  
electromagnetic	  radiation.	  


 
Peer review is generally confidential. I can confirm that I have reviewed one such journal 
article. 
	  
2. Exhibit	  C9-‐8,	  7C	  –	  CV	  Margaret	  Sears	  pages	  3	  and	  4	  


	  


	  


	  


	  
	  
2.1. Please	  provide	  a	  copy	  of	  each	  report.	  


 
Provided; they are also freely available on the internet. 


	  
3. Exhibit	  C9-‐8,	  7B	  page	  3	  and	  page	  4	  
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3.1. Please	  confirm	  that	  the	  above	  calculation	  being	  use	  is:	  	  


microwatts/cm2	  *	  (integration	  time/packet	  time)	  
	  


It is [measured peak] * [instrument averaging time (i.e. 270 ms)] / [packet time (i.e. 8 to 
125 ms)] 
 


3.1.1. Please	  confirm	  that	  the	  peak	  power	  calculation	  used	  above	  results	  in	  the	  
calculated	  peak	  power	  density	  of	  each	  packet	  being	  added	  together.	  


 
That would only occur if there was more than one pulse during the 270 ms instrument 
integration/ averaging time frame. This seems unlikely (albeit not impossible) given that 
the meter is supposed to emit on average about one pulse per minute (60,000 ms). 
	  


3.1.2. Please	  confirm	  that	  each	  packet	  would	  not	  be	  transmitted	  simultaneously	  
over	  the	  integration	  time,	  but	  would	  in	  fact	  be	  transmitted	  sequentially.	  


 
As stated immediately above, during the instrument integration time of 270 ms it is 
unlikely (albeit not impossible) to have more than one pulse from the 900 KHz band 
transmitter. If a “packet” is defined as a brief, continuous signal I do not understand how 
two could be sent at once from one transmitter. I cannot confirm or deny whether two 
signals - one from the network transmitter and one from the Zigbee - would be 
transmitted simultaneously. 
 


3.1.3. Please	  explain	  why	  the	  above	  calculation	  represents	  a	  ‘true’	  peak	  power	  
as	  compared	  to	  the	  average	  peak	  power	  calculated.	  


	  
Materials from Itron depict a square wave emission. If this is accurate, the energy emitted 
during the time of transmission ([measured power] * 270 ms), divided by the time of 
transmission, is by definition the peak.  
 


3.1.4. Please	  explain	  why	  Margaret	  Sears	  believes	  that	  each	  of	  peak	  and	  
average	  energy	  are	  relevant.	  
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The peak is the most relevant characterization of the exposure (along with the number of 
“packets” over a longer timeframe, and the pattern of these pulses). It is the exposure of 
interest to the receiver, so should be the exposure of interest to the environment and 
people as well. The average energy is relevant because that is the data that has been 
provided; it has to be interpreted in view of the equipment and conditions of 
measurements. For a square wave as depicted in Itron literature, the peak and average 
during the transmission are the same value. 
	  
4. Exhibit	  C9-‐8,	  7B	  Margaret	  Sears	  page	  4	  


	  


	  
4.1. Would	  Margaret	  Sears	  agree	  that	  in	  the	  absence	  of	  background	  noise,	  smart	  


meter	  emissions	  would	  be	  lower	  than	  Itron	  measured	  if	  the	  measurements	  
were	  being	  conducted	  accurately?	  


	  
If all else is equal, background noise will increase the measured level. 
 


4.2. Is	  Margaret	  Sears	  implying	  that	  Itron	  is	  claiming	  that	  the	  discrepancy	  lies	  with	  
physics?	  


 
I do not believe Itron is claiming to have discovered new universal laws of nature. 
Measurements by Planetworks close to the meter did not fall off according to the inverse 
square law, and the explanation of this was unclear. Reflections were not investigated or 
quantified, but the simple mathematical model presented by Exponent for reflection 
would still result in an inverse square decrease in radiation.  
 


4.3. Does	  Margaret	  Sears	  agree	  that	  the	  ability	  to	  replicate	  studies	  is	  a	  key	  
determinant	  in	  the	  validity	  of	  testing?	  


Replication of studies is of course important. I would caution that replication is not a 
trivial endeavor when dealing with complex research, particularly with living systems, 
the environment, and complicated equipment that may be different between 
manufacturers or models, and that was set up in different environments by different 
researchers. Frankly, no two studies are identical. Personally, I have spent significant 
time in laboratories attempting to replicate results of others, only to realize that while 
their results were valid within their experimental framework, but that the methods 
description (or inherited equipment) missed an important aspect that I did not initially 
incorporate. (When accounted for and fixed, I managed to replicate and improve upon 
others’ work.) Unexpected factors are common – for example, a researcher attempting to 
replicate some of my work was unable to do so until he realized that a coal fired power 
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plant that had not been operating in the summer during my research, was then emitting 
sulphur dioxide that interfered with our air pollution measuring device.  
 
When attempting research with people who exhibit electromagnetic hypersensitivities, 
they may be sensitive to other unmeasured aspects of the environment, such as air quality 
in the research facility, or even materials in the experimental room. 
 
Some studies seize an opportunity, such as the Buchner and Edgar study of Rimbach. 
These can only be replicated in different settings. Another example is that the window of 
opportunity for case-control and cohort studies of cellphone exposure has passed. 


	  
5. Exhibit	  C9-‐8	  7B	  	  Margaret	  Sears	  page	  5	  


	  
5.1. Please	  confirm	  that	  the	  group	  with	  which	  Margaret	  Sears	  works	  is	  the	  EQUATOR	  


Network	  referenced	  two	  sentences	  below.	  
	  
No.  
 


5.1.1. If	  not,	  please	  identify	  the	  group	  being	  referenced.	  
	  
I work with several groups and institutions, as indicated in my CV. I wrote the letter for 
the BCUC independently.  
With reference to the “internationally prominent group” I am a Senior Clinical Research 
Associate (part time) with Dr. David Moher’s group in Clinical Epidemiology at the 
Ottawa Health Research Institute (Centre for Practice-Changing Research). Dr. Moher 
has been a leader for decades in clinical research methodology. You will see this 
association upon examination of my list of peer-reviewed publications and reports 
provided in my CV. 
	  


5.1.2. Does	  EQUATOR	  or	  the	  group	  being	  referenced	  have	  a	  code	  of	  conduct	  or	  
similar	  professional	  obligations	  to	  which	  Margaret	  Sears	  is	  bound?	  


5.1.2.1. If	  so,	  please	  provide	  a	  copy.	  
 
Common requirements for projects are for confidentiality, particularly when working 
with patient data or on sensitive topics (e.g. patented medications). Our work is judged by 
our immediate peers during each project, internally for contract renewal (I have worked 
with Dr. Moher for many years), externally by funders such as the Agency for Health 
Quality Research, and by peer reviewers of publications. 
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5.2. Please	  clarify	  the	  manner	  in	  which	  Margaret	  Sears	  works	  with	  the	  group	  
referenced.	  


 
My title is “Senior Clinical Research Associate.” I work part time, depending upon need; 
I have been involved in many aspects of work, from proposal writing to data extraction, 
scientific analysis, writing and editing of systematic reviews. As such, I am listed among 
authors of several large systematic review reports and peer-review publications (please 
see my CV). 
	  


5.3. Please	  identify	  the	  relevant	  reporting	  guidelines	  for	  conducting	  systematic	  
reviews	  of	  health	  literature	  related	  to	  electromagnetic	  radiation	  and	  provide	  a	  
copy	  of	  each.	  


 
It is important to note that a “systematic review” addresses a carefully scoped question. It 
would not simply be of a general topic such as “health literature related to 
electromagnetic radiation.” Reporting guidelines apply to study design, not to topic. 
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) would 
be applicable to trials or interventional studies, while MOOSE (Meta-analysis of 
Observational Studies in Epidemiology) is applicable to observational studies. The 
publications discussing these are supplied. 
 


5.4. Is	  it	  fair	  to	  say	  that	  appropriate	  answers	  to	  research	  questions	  relating	  to	  
weighing	  the	  validity	  of	  differing	  medical	  opinions	  requires:	  A)	  a	  thorough	  
search	  of	  the	  medical	  literature,	  B)	  critical	  scientific	  assessment	  and	  C)	  accurate	  
and	  representative	  reporting	  of	  all	  the	  relevant	  evidence	  without	  bias	  by	  the	  
researcher,	  writer	  or	  medical	  journal	  editor?	  
5.4.1. If	  not,	  please	  explain	  why	  and	  give	  examples.	  


 
I have to emphasize, I was not asked for, nor given the time or resources to conduct a full 
systematic review of a large number of research questions.  
 
The first, most important aspect is the definition of your research question. I set out 
several, focused, incremental lines of evidence, from non-living systems to human 
studies.  
 
Search strategies vary widely depending upon the existing literature for the particular 
question. Some can be answered using recent reviews. Sometimes significant findings 
that were not the central purpose of a study, are nestled in the results (indeed, that is how 
science progresses!). An example is the observation of increased headache among 
individuals who did not self-identify as being electromagnetically hypersensitive. These 
“gems” are very important. 
 
I would emphasize the critical scientific assessment aspect, and agree insofar as your 
statement goes. However there is no absolute truth available within these sorts of very 
complex scientific studies, particularly when features of the strongest scientific study 
designs are in fact weak (e.g. exposure characterization, case criteria, objective 
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measures). Until scientists agree on the most important parameters to measure, and how 
to measure them, systematic reviewers come up against “apples and oranges” 
comparisons and have difficulties weighing the evidence within the tight constraints of 
that methodology. An important consideration for epidemiological studies relevant to the 
BCUC is the inevitable bias towards the mean, or “no effect.”  
 
Without diminishing the importance of all of the things you list, there are some sets of 
research that are fundamentally flawed, and with my limited time, rather than spend time 
dissecting flaws I focused on the most valid, clearest studies.  
 
History is full of examples where the prevailing evidence / professional opinion delayed 
action, but finally was overturned. For example, autism was considered to be caused by 
bad parenting (generations of parents were shunned and suffered this dreadful guilt, on 
top of dealing with a disabled child). Tobacco and lead were alleged to be safe enough, 
decades after incontrovertible proof existed in the medical literature. Public health actions 
were long delayed in this regard. Lead is a prime example of Health Canada lagging 
behind the evidence to this day. While the US has reduced their action level for child 
blood lead, Health Canada is still reconsidering their blood lead level of concern of 10 
µg/dL, in light of evidence published in 2005 showing permanent harm to children’s 
brains with blood lead levels below 2 µg/dL (Lanphear, et al. “Low-level Environmental 
Lead Exposure and Children’s Intellectual Function: An International Pooled Analysis.” 
Environ Health Perspect 113, no. 7 (July 2005): 894–899.), as well as extensive evidence 
that lead contributes to many chronic diseases. 
 
A key feature of the lead and tobacco research, that may be a bellwether for 
electromagnetic research, is that as researchers investigate lower and lower exposure 
levels, they continue to find harm. Indeed, for child blood lead levels, the incremental 
harm below 7.5 µg/dL was greater than at levels above 7.5 µg/dL (Lanphear et al, 2005). 
 


5.5. Is	  it	  fair	  to	  say	  that	  in	  assessing	  relevant	  literature,	  the	  critiquing	  of	  studies	  
should	  be	  conducted	  equitably	  and	  the	  results	  reported	  evenly	  to	  produce	  
unbiased	  answers?	  
5.5.1. If	  not,	  please	  explain	  why	  not	  and	  give	  examples.	  	  


 
I do not know what is meant by “equitable” critiquing of studies or “even” reporting. 
Science is not a democracy. If you are conducting a systematic review (which is an 
exercise that would vastly exceed the few weeks timeframe to respond to this request), it 
is important to establish many things prospectively (up front). Some examples would 
include the research question being investigated, search methods, study 
inclusion/exclusion criteria, and data extraction and assessment methods. It might be that 
studies from a certain group of researchers have a feature that excludes them according to 
the selection criteria. As long as the selection criteria are soundly scientifically based, this 
would be valid, as long as it was clearly reported. For example, if a selection criterion 
was exposure during a certain time period when a certain technology or chemical product 
was prevalent, it would be valid to exclude a cumulative study over a different timeframe 
because many of the cohort members would not have experienced the exposure of 
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interest. In the case of my letter, which is not a systematic review, I reviewed more 
studies than cited, but selected illustrative studies that I considered to be of sound design 
and reporting, regarding relevant frequencies, answering particular questions. 
 


5.6. Is	  it	  fair	  to	  say	  that	  a	  question	  regarding	  the	  weight	  of	  medical	  literature	  should	  
appropriately	  expect	  an	  unbiased	  response	  from	  a	  professional	  experienced	  in	  
conducting	  literature	  reviews?	  	  	  


	  
I was not asked for a weight of evidence analysis over a broad range of research 
questions, and provided neither time nor resources to conduct one. Such an activity 
would be vast in scope, requiring a research team over many months. Given the state of 
this science, a simplistic, democratic weight of evidence approach would arguably be 
misleading, and a review “considering signals that should not be ignored, and may even 
inform further research” is more appropriate. This was my goal. 
 
In order to assist the BCUC, I looked at recent, large summary reports such as the UK 
review and the BioInitiative Report, as well as original peer-reviewed research, much of 
which was mentioned in the large summary reports. These reports are very large, so with 
insufficient time to thoroughly substantiate either report, I relied upon the primary studies 
cited in my letter. 
 
There are three possible hypotheses presently under consideration. With my knowledge 
and experience I find that the hypothesis that radiofrequencies at “non-thermal” 
exposures cause "no effect" does not hold up. In support of the "some kind of effect" 
hypothesis, there are many studies at various levels of complexity and in systems ranging 
from the simplest in vitro studies, to animal studies, and human experimental and 
epidemiology studies. There are indeed several studies supporting the third, "serious 
effects" hypothesis, and for this reason many groups of scientists and doctors have 
published declarations, medical groups have moved on to diagnosis, treatment and urging 
precaution among all levels of government, society and walks of life, and a large group of 
scientists produced the BioInitiative Report.  


	  
6. Exhibit	  C-‐9-‐8	  7B	  Margaret	  Sears	  Page	  5	  


	  


	  
7. Does	  Margaret	  Sears	  consider	  herself	  an	  expert	  in	  identifying	  and	  estimating	  bias	  in	  


analyzing	  individual	  medical	  and	  scientific	  reports?	  
 
Yes. 
 


7.1. If	  so,	  has	  Margaret	  Sears	  assessed	  each	  report	  she	  reviews	  for	  possible	  bias	  
before	  relying	  upon	  the	  results.	  
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All studies have weaknesses and strengths, and this is always top of my mind when I am 
reading them. In the process of writing my letter, I chose the best quality studies I could 
find, that reported data on exposure to radiofrequencies close to the range of the meter 
and the zigbee devices, that most directly (rather than tangentially, although such 
evidence may be supportive) demonstrated the point being made. 
 


7.2. Please	  provide	  a	  complete	  list	  of	  the	  reports	  Margaret	  Sears	  has	  reviewed	  and	  
assessed	  for	  bias	  that	  are	  cited	  in	  her	  evidence.	  


 
Please see the reference list. Many others were considered as well, but a systematic list 
was not maintained due to lack of time/resources. 
 


7.3. Please	  identify	  the	  bias	  that	  Margaret	  Sears	  has	  noted	  in	  the	  evidence	  she	  has	  
cited.	  	  


 
In order to identify bias in a particular study, you need knowledge of the “absolute truth.” 
I have written at length regarding potential sources of epidemiological bias. I did not cite 
reports where I saw shortcomings in the research that would have curtailed potential 
discernment of significance, or where I suspected that an observed effect might have been 
the result of something other than the radiofrequency exposure.  
 
8. Exhibit	  C-‐9-‐8	  7B	  	  Margaret	  Sears	  Page	  5	  


	  


	  
8.1. Please	  provide	  the	  report	  (reference	  6)	  Tuengler	  A,	  Von	  Klitzing	  L.	  Hypothesis	  on	  


how	  to	  measure	  electromagnetic	  hypersensitivity.	  	  Electromagnetic	  Biology	  and	  
Medicine.	  2013	  Jan	  9;	  1301091306100007.	  


Done.  
	  


9. Exhibit	  C9-‐8	  7B	  Margaret	  Sears	  Page	  6	  


	  
9.1. Please	  provide	  a	  copy	  of	  the	  BioInitiative	  Report	  and	  file	  with	  the	  commission.	  


	  
9.2. Please	  specify	  the	  paragraph(s)	  to	  which	  Margaret	  Sears	  is	  referring	  and	  clarify	  if	  


she	  is	  referencing	  the	  cohort	  study	  and	  the	  updates.	  
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The original Danish studies were published before the IARC determination; only updates 
were possible following IARC. The first paragraph on p 835 states, “One would also 
expect considerable misclassification of mobile phone use both among subscribers and 
the reference population since no new subscribers were included in the exposed cohort 
after 1995.” In other words, all people who started using mobile telephones and 
cellphones after 1995 are considered “unexposed.” (This is the narrow age range to which 
I referred.) Further short paragraphs on the same page expand on this topic. 
	  


9.3. Please	  provide	  the	  context	  in	  which	  any	  individual	  study	  could	  have	  
‘overturned’	  the	  IARC	  determination.	  


	  
This would have been highly unusual; I expect that proof of previous scientific error or 
misrepresentation would have been necessary, as studies upon which IARC relied 
showed strong findings and were carried out by long-standing researchers, including 
some upon whose work the IARC had previously acted. It certainly could not occur 
unless the Danish researchers had rigorously addressed the problems of exposure 
ascertainment (a difficult undertaking).  
	  


9.4. Please	  confirm	  if	  Margaret	  Sears	  is	  stating	  that	  the	  Danish	  report	  and	  updates	  
are	  not	  valid	  reference	  material	  due	  to	  bias	  in	  comparator	  groups,	  and	  should	  
therefore	  be	  discounted	  as	  to	  their	  credibility.	  
9.4.1. If	  so,	  please	  provide	  a	  fulsome	  rationale	  for	  this	  determination.	  


 
The Danish cohort studies were bound to find little if anything, because the “exposed” 
group consisted of people with a private cellphone in 1995. Following 1995, doubtless 
the control (“unexposed”) group largely transitioned in reality to “exposed,” resulting in a 
meaningless comparison. Indeed, the 1995 cohort did not include corporate subscribers, 
expected to be among the highest users, so was biased with exposure misclassification at 
the outset, and the comparison just got worse from there on in as more people got 
cellphones. Supposed methodological strengths pointed out in a BMJ editorial, that the 
study relied upon national databases so did not have to contend with questionnaires, are 
directly linked to the fact that the supposed “unexposed” control group was never asked 
about cellphone use. Without a questionnaire, it is impossible to gather information about 
transition to phone use, or the about the usual side of phone use (tumours have been seen 
on the same side / ipsilateral use). I cannot imagine how this fundamental methodological 
flaw could be overcome, and would not give weight to these studies.  
 
It is now too late in the rollout of wireless technologies to initiate further case-control or 
cohort studies with cell phones, because of the dwindling potential candidates for 
unexposed/control groups; attention is now being focused on tumour registries. This is 
another area of potential medical evidence fraught with potential pitfalls, but this is 
beyond the present scope of discussion. 
 
There are other much better designed studies from Denmark, referenced in my letter, 
demonstrating adverse effects of early life exposures.  
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9.4.2. Please	  identify	  any	  opposing	  viewpoints	  on	  the	  validity	  of	  the	  Danish	  
studies.	  


 
I did not rigorously search for these, but as noted there was an editorial published in the 
British Medical Journal that highlighted the positive aspects of using data from registries 
versus questionnaires. 
	  


9.4.3. In	  referencing	  the	  BioInitiative	  Report	  critique,	  is	  Margaret	  Sears	  implying	  
that	  the	  BioInitiative	  Report	  provides	  a	  thorough	  and	  unbiased	  assessment	  
of	  the	  validity	  of	  the	  Danish	  studies.	  


	  
I also read the discussion of the Danish, Hardell and Interphone studies in the UK review. 
 
Please see response above regarding my reliance upon the BioInitiative report in my 
letter regarding the BCUC hearing. The IARC determination is the one, single point on 
which I referenced the BioInitiative Report. I did so because the chapter was authored by 
Dr. Hardell et al., who authored studies upon which the IARC committee relied when 
determining that radiofrequency radiation is a Type 2B carcinogen.  He is very familiar 
with the IARC process and the evaluation of the various studies. I did not comment on 
the individual studies; rather I transmitted the most recent communication on this topic, 
from an authoritative source intimately involved with the science and the process at 
IARC.  


	  
10. Exhibit	  C9-‐8	  7B	  Margaret	  Sears	  Page	  6	  


	  


	  
10.1. Is	  Margaret	  Sears	  stating	  as	  a	  scientific	  fact	  that	  ‘electromagnetic	  


hypersensitivity	  is	  a	  physical	  condition,	  disease	  or	  syndrome?	  
 
Yes 


10.1.1. Please	  explain	  what	  medical	  condition	  ‘electromagetic	  hypersensitivity’	  
references	  and	  provide	  the	  factual	  basis	  on	  which	  the	  statement	  is	  made.	  


 
Please see response to question 20.2, p 1. 
 


10.2. Is	  Margaret	  Sears	  stating	  as	  a	  scientific	  fact	  that	  ‘electromagnetic	  
hypersensitivity	  is	  under-‐recognized’?	  
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10.2.1. Please	  define	  ‘under-‐recognized’	  and	  explain	  by	  whom	  ‘electromagnetic	  
hypersensitivity	  is	  under-‐recognized.	  


	  
Electromagnetic hypersensitivity is not recognized by all of the people experiencing it, or 
by all others in society. Please also see responses to question 20 at the beginning of this 
document. 
	  


10.3. Would	  Margaret	  Sears	  agree	  that	  objective	  tests	  are	  best	  method	  of	  
determining	  the	  existence	  of	  a	  syndrome	  or	  disease?	  


	  
That is clinically preferable. Entire areas of medicine, however, are based on subjective 
reporting of pain, or psychological distress for example. 
	  


10.4. Please	  provide	  the	  relevant	  studies	  for	  objectively	  verifying	  EHS.	  	  
	  
EHS will not be entirely an objective diagnosis, any more than disability from arthritis is. 
Please see the Austrian doctors’ document, provided. 


	  
11. Exhibit	  Exhibit	  C-‐9-‐8	  7B	  Page	  7	  


	  
11.1. Could	  study	  size	  or	  quality	  be	  other	  possible	  causes	  for	  the	  contrasting	  


ratio	  between	  reporting	  differences?	  
 
These are good possibilities, which were examined in the cited article. Huss et al report, 
“The association [between funding and results] was robust and little affected by potential 
confounding factors such as sample size, study design, or quality.” 
 


11.2. Is	  it	  possible	  for	  research	  bias	  to	  work	  in	  the	  opposite	  direction?	  Ie.	  	  
Those	  studies	  without	  industry	  funding	  are	  pre-‐disposed	  for	  any	  reason	  to	  find	  
biological	  effects	  where	  none	  exist?	  
11.2.1. If	  not,	  please	  explain	  why	  not.	  


 
It is plausible, but in environmental health topics it is much easier to conduct an 
experiment that shows no effect than one that clearly demonstrates an effect. Huss et al. 
found that the highest quality reporting was exhibited by studies with mixed funding 
sources, while those that did not report funding were of the lowest reporting quality. 
 


11.3. Please	  identify	  all	  other	  factors,	  other	  than	  bias,	  that	  could	  rationally	  
account	  for	  the	  discrepancy	  cited.	  
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We may have a semantic difficulty here. Epidemiology attempts to estimate the absolute 
truth for all members of the group of concern (e.g. every person on earth, or every man, 
woman and child in a community with a new cell phone tower in the village square). In 
epidemiology “bias” arises from factors that cause the observed effect and distribution to 
be different from this average-of-everyone, which is obviously not knowable. In 
epidemiology, “bias” is not necessarily equated with malfeasance; rather, consideration 
of sources of bias is an attempt to estimate/assess where your population estimates might 
fall with respect to the (unknowable) global truths, that you are attempting to estimate. 
Huss et al. examined other sources of epidemiological bias, including the number of 
reported outcomes, study size, study design, and aspects of study quality including 
randomization, blinding, statistical analysis and exposure. 
 
Studies of electromagnetic hypersensitivity aim to examine a phenomenon in the 
statistical bell-curve “tails” – the outer reaches of the ranges of responses. Design and 
analysis are key features for this sort of study. 
	  


	  
12. Exhibit	  C9-‐8	  7B	  Margaret	  Sears	  Page	  10	  


	  


	  
	  
12.1. Would	  Margaret	  Sears	  agree	  that	  assessing	  the	  weight	  of	  evidence	  is	  a	  


very	  large	  undertaking	  that	  requires	  expertise,	  judgement,	  experience	  and	  
resources	  to	  conduct	  appropriately?	  


	  
Certainly assessing weight of evidence can be a large undertaking, but the size depends 
upon the scope of the research question. Our group at the OHRI conducts “rapid reviews” 
of very narrowly scoped questions. On the other hand, it can be very onerous to examine 
a large number of related issues, consider all research sources and study designs, and 
formally conduct a complete review involving expert panels and consultation. However, 
there are other sorts of examination of a topic, that are not as onerous but can be very 
helpful. The health effects of radiofrequency radiation is not a well standardized area of 
research; such standardization/protocol/consensus diagnostic criteria and measures, etc. 
would be very helpful for “sorting” evidence in order to weigh it. It can also be valid to 
look at existing systematic reviews, and among well conducted and reported studies for 
signals of potential harm. Some of these studies, such as the before/after study of the 
Bavarian village (Buchner and Eger 2011, ref  62) that had a cellphone tower installed in 
the village square, seize an opportunity and can be uniquely informative. 
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13. Exhibit	  C9-‐8	  7B	  Margaret	  Sears	  Page	  12	  


	  
13.1. Please	  confirm	  that	  the	  scientific	  researchers	  included	  in	  BioInitiative	  


2012	  are	  not	  necessarily	  representative	  of	  the	  broad	  base	  of	  quality	  scientific	  
researchers	  studying	  in	  the	  field	  of	  electromagnetic	  radiation.	  


	  
This seems a rather leading question. The BioInitiative researchers have volunteered 
considerable time and expertise, to attempt to relay what they consider to be important 
messages for public health. Many “9 to 5” researchers would not do this. The authors 
include long-standing and highly regarded academics at major institutions. In my 
opinion, the ways in which these researchers stand out from the crowd is to their credit. 
 


13.2. Please	  provide	  Margaret	  Sears’	  assessment	  of	  the	  credentials	  of	  Cindy	  
Sage.	  


I have not worked with Cindy Sage and am not privy to her CV. 
	  


13.3. Has	  Margaret	  Sears	  assessed	  the	  BioInititative	  Report	  for	  bias?	  
 
Please note, I cited this report on one small point, and highlighted this monumental effort 
as an indication of extreme concern on the part of a large number of knowledgeable and 
experienced researchers. See above for discussion of “bias.” Generally bias assessment is 
conducted on primary studies.  
 


13.3.1. If	  not,	  why	  not?	  
 
It was not necessary for way in which I cited it. We don’t have methods for formal 
assessment of such an overview report. If we did, it would be daunting - with thousands 
of references, with almost 1500 pages, should I attempt some such effort it would vastly 
exceed the time and resources available during the few weeks for preparation of my 
letter.  


	  
14. Exhibit	  C-‐9-‐8	  7B	  Page	  14	  


	  
	  


14.1. Does	  Margaret	  Sears	  believe	  that	  the	  BioInitiative	  Report	  has	  none	  of	  
these	  problems.	  
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I do not understand this question, as this section and reference 18 refers to difficulties 
interpreting individual original research studies, while the BioInitiative Report is a series 
of review articles.  


	  
15. Exhibit	  C-‐9-‐8	  7B	  page	  16	  


	  
No question was associated with this quotation 


	  
16. Exhibit	  C9-‐8	  7B	  page	  18	  
	  


	  
	  
16.1. Please	  provide	  a	  list	  of	  relevant	  health	  and	  other	  organizations	  that	  do	  


not	  recognize	  electromagnetic	  hypersensitivity	  as	  an	  important	  issue.	  
 
I have not surveyed health organizations on this topic. 


	  
17. Exhibit	  C9-‐8	  	  7C,	  Margaret	  Sears	  CV	  


	  
	  
17.1. Please	  describe	  the	  state	  of	  Wi-‐Fi	  services	  at	  the	  Universities	  of	  Ottawa	  


and	  Toronto	  and	  Lakehead	  University	  and	  whether	  or	  not	  they	  are	  expanding	  or	  
being	  eliminated.	  


Wireless access is available in some places at all universities; I am unaware of its state of 
flux. It was introduced at Lakehead University more recently than elsewhere, following 
installation of a new president (http://magazine.lakeheadu.ca/2011/spring/change-agent/). 


17.2. Please	  provide	  copies	  of	  any	  presentations	  Margaret	  Sears	  has	  made	  to	  
the	  Universities	  regarding	  RF	  radiation	  on	  the	  campus.	  


N/A 


17.3. Please	  indicate	  whether	  or	  not	  the	  offices	  in	  Margaret	  Sears	  departments	  
have	  any	  wireless	  equipment	  installed	  in	  them.	  
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There is no wireless equipment in the location where I generally work, apart from the 
aforementioned cell phone that is often turned off. In the research institutes, all 
computers have wired access to the internet and there is wifi for the convenience of 
visitors. 


17.4. Please	  indicate	  whether	  or	  not	  Margaret	  Sears	  has	  a	  cell	  phone	  and	  
whether	  or	  not	  her	  colleagues	  in	  the	  department	  have	  cell	  phones.	  


As mentioned, I own a cell phone, that was purchased when the only affordable 
internet access was dialup. It provided a way for family, friends and colleagues to get 
in touch, to tell me to hang up the landline phone so we could talk. Many but not all 
colleagues have cellphones. 


17.5. Please	  indicate	  whether	  or	  not	  Margaret	  Sears	  has	  knowledge	  of	  any	  RF	  
studies	  regarding	  the	  campus	  at	  the	  universities	  and	  please	  provide	  copies	  of	  
any	  such	  studies	  if	  they	  exist.	  


I have no knowledge of studies of health effects of students exposed to environmental 
RF situated on these campuses. (I assume that RF used for surgical ablation is not the 
subject of this question.) A pubmed search of (wifi or radiofrequency) AND 
(Lakehead or Toronto or Ottawa) AND university, yielded 89 articles. These were on 
medical interventions (e.g. radiofrequency ablation of tumours) and review articles.  


17.6. Please	  provide	  a	  description	  of	  an	  activity	  Margaret	  Sears	  has	  
participated	  in	  with	  respect	  to	  RF	  policy	  at	  the	  universities	  and	  or	  the	  provincial	  
level	  


I have not specifically, uniquely addressed RF policies at universities or the 
provincial level, and am unsure what is meant by “an activity.” 
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FortisBC Inc.  
7.0  Reference: Exhibit C9-8 – Comments from Margaret Sears 
7.1 Has Dr. Sears previously submitted evidence and/or testified before courts 
or regulatory tribunals in Canada or the United States? If so, please submit a list 
that includes the date the evidence was submitted, the name of the matter/docket 
under which the evidence was submitted, and the name of the court/regulatory 
tribunal. 
 
Yes. I submitted affidavits with respect to class action suits on the part of Canadian 
Veterans and others suffering ill health after being exposed to herbicides at CFB 
Gagetown, as you note below. 
 
7.2 Did Dr. Sears submit evidence in 2008 to the New Brunswick Court of 
Queen’s Bench in Bryson v. Canada (Attorney General), 2009 NBQB 204 in 
relation to potential health effects of herbicides and pesticides? 
 
Yes  
 
7.2.1 
Please confirm that S.J. McNally, Justice of the New Brunswick Court of Queen’s 
Bench held the following with respect to Dr. Sears: 
“¶ 16 By her affidavits, Dr. Sears purports to offer expert opinion evidence 
relating to the fields of epidemiology, toxicology, immunology and endocrinology. 
Dr. Sears has a Ph.D. in chemical engineering which she acquired in 1985. The 
evidence filed on this motion establishes that Dr. Sears: 
a. has acquired no academic qualifications or degrees in the fields of 
epidemiology, toxicology, immunology or endocrinology; 
b. does not have a degree in medicine; 
c. did no work or study in the fields of epidemiology, toxicology, immunology or 
endocrinology as part of her undergraduate or graduate studies; 
d. has not taken any academic course in oncology, immunology or 
endocrinology; 
e. advised a Senate Standing Committee in December 2002 that she was not an 
expert in toxicology; 
f. has published no articles on the subjects of oncology, immunology or 
endocrinology in a peer reviewed academic journal. 
¶ 17 Dr. Sears did conduct research and produced copies of various articles and 
papers prepared by other authors that related to these medical or scientific fields 
and she attached them to her affidavits filed in these proceedings. Dr. Sears has 
significant experience in this type of work and has conducted medical research in 
the past in conjunction with or under the direction of medical professionals. 
However, she has no specific expertise in the fields of epidemiology, toxicology, 
immunology and endocrinology. Upon review of the materials filed in this motion, 
neither Dr. Sears nor the plaintiffs have established that she possesses the 
requisite knowledge or qualifications to adopt or comment on the views 
expressed in the articles and publications of the other researchers or authors that 
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she has attached to her affidavits. In such circumstances, her affidavits and 
opinions do not meet the test of admissibility for expert opinion evidence. 
Accordingly, they are not admissible in these proceedings and are struck from 
the record.” 
7.3 11 in R. v. Canada, 2009 SKQB 509 in relation to potential health effects 
of herbicides and pesticides? 
Did Dr. Sears submit evidence in 2009 to the Queen’s Bench for Saskatchewan? 
 
Yes 
7.3.1 
Please confirm that Zarzeczny J., Justice of the Queen’s Bench for 
Saskatchewan held the following with respect to Dr. Sears: 
¶ 55 Dr.Sears, except for the latter qualification, does not have any academic 
qualifications or degrees in these various fields nor a general or specialist degree 
in medicine. 
... 
¶ 57 As one of the respondents observed, Dr. Sears’ affidavit, although it reflects 
a noble effort at objectivity, nevertheless frequently reflects opinions, if not of Dr. 
Sears herself, those of others who have authored these studies, etc. Although 
some of these might well be qualified as experts to provide opinion evidence as 
expressed in the reports, studies and papers which they have authored or in 
which they have participated as referred to by Dr. Sears, — Dr. Sears cannot be 
so qualified. I agree. 
 
I have not compared all of the text above in detail, but generally this is consistent with 
my memory. 
 
7.4 Other than as described in CSTS IR 7.2 and 7.3, has Dr. Sears ever been 
disqualified from acting as an expert witness before courts or regulatory tribunals 
in Canada or the United States?  
 
No 
 
My status as a scientist has changed considerably since these considerations. I have since 
been established as a Canadian medical researcher in epidemiology, having received 
funding from the Canadian Institutes for Health Research (Canada’s highly competitive, 
premier health research funder), as the principle investigator (primary scientist) for a 
scoping review regarding toxic elements. I have participated in several other substantial 
works in epidemiology, that were published by the US Agency for Health Research 
Quality and in peer-reviewed journals. I have lectured at three universities in topics 
regarding environmental health, including evidence synthesis, epidemiology, toxicology 
and public health, at undergraduate and graduate levels. I have given Grand Rounds on 
Environmental Health to Ottawa pediatricians; and have worked on several large 
environmental health review projects with academically-affiliated clinician researchers. I 
am a research scientist at the Children's Hospital of Eastern Ontario and the Ottawa 
Health Research Institute. 
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If so, please submit a list that includes the date of the disqualification, the name 
of the matter/docket under which the evidence was submitted, and the name of 
the court/regulatory tribunal. 
 
N/A 
 
7.5  Please confirm that Dr. Sears’ academic degrees are in chemical 
engineering. 
 
Chemical engineering and applied chemistry. Doctoral degrees are not so designated. 
 
7.5.1  
Please confirm what department of McGill University granted Dr. Sears’ degrees 
in chemical engineering and her Ph.D. 
 
Chemical engineering; PhD experimental work was carried out in the microbiology 
laboratories at the National Research Council in Ottawa. 
 
7.5.2 Please confirm that Dr. Sears has acquired no academic qualifications or 
degrees in the fields of medicine. 
 
Not formal course-work, although I am a Canadian medical researcher who has won 
funding for medical research from Canada’s premier funder, have authored many peer-
reviewed medical papers, have been a guest editor for two special medical journal issues, 
have been instructing at the undergraduate and graduate levels in environmental health 
and public health, and have been invited to give Research Rounds and Grand Rounds at 
the Children’s Hospital of Eastern Ontario, to all of the pediatricians in Ottawa, among 
other things. Insofar as “academic qualifications” ensue from activities rather than 
courses passed, I definitely have qualifications. 
 
7.5.3 Please confirm that Dr. Sears is not a physician and has never had clinical 
experience with patients. 
 
Confirmed, not a physician. 
 
7.6 On p. 3 of Dr. Sears’ report at Exhibit C9-8 Attachment 7B (“Dr. Sears’ 
Report”)  she says the 3 GHz Zigbee “in-home feature has in some jurisdictions 
become  mandatory”. Please provide a list of the jurisdictions that have made 
this feature  mandatory. 
I did not compile such a list, but several news reports note this. One example is, “100 
Million Smart Meters with integrated HAN Gateways” notes that in the UK the 
government requires that smart meters be deployed with integrated HAN gateways, and 
that in-home displays be deployed concurrently. This article is available here: 
http://www.globalsmartgridfederation.org/news_20120613_100MillionSmartMeterswithi
ntegratedHANGateways.html 
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7.7  At p. 4 of her report, Dr. Sears states: 


“It is worth considering the exemption for pulsed signals in Safety Code 6 
(page 18), ‘For exposures to pulsed RF fields in the range of 0.1 to 300,000 
MHz, peak pulse power densities are limited by the use of time averaging 
and the limit on peak electric field, with one exception: the total incident 
energy density during any one- tenth second period within the averaging 
time shall not exceed one-fifth of the total energy density permitted during 
the entire averaging time for a continuous field(9).’ With this criterion, peak 
power is not averaged over extensive quiet periods, and duty cycle is 
irrelevant.” 


Does peak power from the “total incident energy density during any one-tenth 
second period within the averaging time” from the advanced meter “exceed one- 
fifth of the total energy density permitted during the entire averaging time for a 
continuous field”? 
 
Not according to the data in hand. The point is that there are other ways of considering 
exposure. 
 
7.7.1 If not, how does peak RF power from the FortisBC advanced meter 
compare to the limit by the use of time averaging? 
7.8  On p. 4 of her report, Dr. Sears states: 


“In this letter, I am attempting to maintain focus on frequencies closer to the 
emissions from the proposed Itron meters.” 


Based on what scientific evidence does Dr. Sears exclude RF fields at other 
frequencies from the analysis? 
 
This was an attempt to maintain focus, rather than including all literature on EMFs in 
general, that I expected would be criticized (and rightly so) for not being relevant.  
 
7.9  On p. 4 of her report, Dr. Sears states: 


“Regarding data reliability, it is concerning that measurements of Itron 
emissions do not fall off according to the inverse square law - a 
fundamental law of physics. Scientific procedures for thorough baseline 
characterization, minimization of interference, replication, and calculation 
of statistical variation were not presented. When simple, standard 
measurements do not conform to a fundamental law of physics, it is more 
probable that the measurements or assumptions are at fault than physics. 
The explanation regarding background noise is a weak explanation of the 
observations closest to the meters.” 


Please confirm if Dr. Sears is aware of different propagation models, such as 
those that describe RF signal propagation near reflecting surfaces. 
 
Yes, I am. They are mentioned in the Exponent report appendix, and in the 
implementation document for Safety Code 6. 
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7.9.1 If Dr. Sears is aware of different propagation models, could these explain 
the results? 
 
It is possible if more than one of the models discussed was applied to the results at 
different distances. This is bad practice, defeating the purpose of mathematical modeling. 
Reflecting surfaces are accounted for by multiplying by a constant factor (2.56). This 
does not affect the inverse square relationship; it merely adjusts the exposure upwards. 
 
On p. 4 of her report, Dr. Sears states: 
“Indeed, the comparisons showing that the transmissions are vanishingly low 
power might leave one wondering how the equipment could work at all – i.e. be 
“heard” by receivers.” 
Please confirm if Dr. Sears is familiar with the information and communication 
theory. 
 
Yes. This admittedly rather generic statement was to put into perspective the reality that 
the signals must be of sufficient strength to reach the intended receiver; the depiction of 
vanishingly low exposure is merely a consequence of averaging, not of the strength of the 
signal actually during transmission. 
 
7.10.1 What is the signal gain after frequency hopping and/or direct sequence 
spread spectrum demodulation? 
This depends upon the signal and the frequency spread. 
 
7.10.2 What is the noise gain after similar demodulation?  
This depends upon the type of noise. 
 
7.10.11  On p. 4 of her report, Dr. Sears states: 


“For example, while everything at a temperature above absolute zero 
emits blackbody radiation (e.g. the earth and people), predominately of 
interest in this regard is higher frequency infra- red radiation, as seen 
using “night vision” goggles; for lower radiofrequencies we are of 
appropriate size to act as an antenna, as is well known by those who have 
been frustrated while adjusting a “bunny-ears” antenna for television 
reception.” 


What is the RF component (300 GHz or lower) of blackbody radiation?  
This depends upon the temperature of the black body. At room temperature the majority 
is infrared. The comment re. “bunny ears” is not relevant in the context of blackbody 
radiation; it was meant as a reference to ambient radiation in our modern environment. 
 
7.10.12  On pp. 20-21 of her report, Dr. Sears states: 


“If, however, bursts of radiofrequency radiation with complex wave forms 
have other biological effects, this averaging would be obscuring a hazard.” 


If absolutely no averaging is used, what does the electric and magnetic field look 
like as a function of time at the surface of the body? 
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Fields fluctuate according to the frequency and amplitude, and the distance from the 
source (near-versus far-field). This was not the point of my comment, which was to 
highlight from another point of view the limited consideration of only thermal effects, of 
exposures that are averaged over much longer periods than the exposure itself, of Safety 
Code 6. 
 
7.12.1  How many times per second does the electric field magnitude change 
from 0 to a positive value and back? 
 
If by “positive” you mean “non-zero,” then twice the frequency. If you mean “zero to 
positive to zero” then the same as the frequency. 
 
7.12.2 How many times per second does the power density at the surface body 
change from 0 to a positive value and back? 
 
Non-zero at twice the frequency, if the horizontal straight line represents zero. 


 
 
7.12.3 If averaging should be used to “smooth” 900 million power density 
oscillations per second, what scientific basis for averaging time does Dr. Sears 
propose as an alternative? 
 
Whether the frequency of non-zero oscillations is 900 or 1800 million times per second, I 
propose that the duration of the actual transmission should be the “averaging time,” rather 
than averaging over a much longer period during much of which nothing is happening. 
The exposure perceived by the telecommunications device is the same as the exposure 
experienced by people. If the signal strength was one six-hundredth of the design strength 
(10 ms / 6000 s), I doubt that it would work. 
 
7.13  On p. 10 of her report, Dr. Sears states: 


“The scientific consensus alluded to in the Exponent report is not reflected 
in exposure limits in various jurisdictions. According to a compilation for 
the Israeli government (referenced by Planetworks), Canada is among the 
least protective countries (Table1).” 


Does the exposure from the FortisBC advanced meters exceed the exposure 
limits in the listed jurisdictions? 
7.13.1 What are averaging times assumed in these exposure limits? 
 
This was not provided in the document referenced. Generally averaging times are much 
longer than the pulse duration (6 minutes in Canada and the USA for the public, 30 
minutes for occupational exposures). 
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7.13.2  Please provide the comprehensive reviews or RF research that support 
each standard cited in the above compilation that has exposure limits below 
Safety Code 6. 
 
Please see the resources available from the World Health Organization, here: 
http://www.who.int/docstore/peh-emf/EMFStandards/who-0102/Worldmap5.htm  
Standards documents are all linked to the countries. 
 
7.14 On p. 13 of Dr. Sears’ Report she says that “when modulated or 
discontinuous 
signals, or cell phones that are transmitting speech, are compared with 
continuous radiation, effects are generally more pronounced with the irregular 
signals than with unmodulated radiation”.  
Please confirm if Dr. Sears’ position is that the “brief microwave pulses or 
‘packets’” emitted by the FortisBC advanced meters are comparable to either 
modulated or unmodulated radiation? 
 
Modulated radiation 
 
7.15 On p. 13 of Dr. Sears’ Report she says that there are “many examples” of 
modulated radiation having more pronounced effects than unmodulated 
radiation. Please provide a list of studies that demonstrate that modulated 
radiation has more pronounced effects than unmodulated radiation. 
 
This issue was reviewed in 2011. (Juutilainen, Jukka, Anne Höytö, Timo Kumlin, and 
Jonne Naarala. “Review of Possible Modulation-dependent Biological Effects of 
Radiofrequency Fields.” Bioelectromagnetics 32, no. 7 (2011): 511–534. 
doi:10.1002/bem.20652). The abstract states, “While the majority of recent studies have 
reported no modulation-specific effects, there are a few interesting exceptions indicating 
that there may be specific effects from amplitude-modulated RF fields on the human 
central nervous system. These findings warrant follow-up studies.” The reason for the no-
difference finding for the majority of studies noted in the abstract, is that they included a 
large number of studies that discerned no effect. If you look at only the studies that 
discerned an effect, many of them found different effects for different signal types. 
 
7.16  On p. 14 of her report, Dr. Sears states: 
“DNA damage, measured as single-strand or double-strand breaks, or with 
assays such as comet assay, have clear implications for cancer. A recent review 
of this area identifies DNA as a “fractal antenna” that has potential to be the basis 
of new standards for radiation exposure.” 
What is the conductivity of DNA? 
 
This is an interesting question. Please refer to Dr. Blank’s work, as he is the expert in this 
domain. To answer your simple question, conductivity of the DNA molecule itself varies 
greatly depending upon hydration, the sequence, and mismatches. (for example: Maeda, 
Yaku, Akisumi Okamoto, Yasuhiro Hoshiba, Takayuki Tsukamoto, Yasuyuki Ishikawa, 
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and Noriyuki Kurita. “Effect of Hydration on Electrical Conductivity of DNA Duplex: 
Green’s Function Study Combined with DFT.” Computational Materials Science 53, no. 
1 (February 2012): 314–320. doi:10.1016/j.commatsci.2011.09.020.) 
 
 
7.16.1 What is the contrast in conductivity between DNA and surrounding media? 
 
I do not know what is meant by “surrounding media.” The DNA molecule itself is 
surrounded by proteins and by water that has characteristics distinct from plain liquid 
water in a glass. This has been extensively addressed in other information before the 
BCUC. 
 
7.16.2 Please confirm if Dr. Sears is familiar with the Chu-Wheeler theory. 
 
This pertains to properties of small antennae. I defer to Dr. Blank, the author of this 
report, who was also asked these questions 
 
 
7.16.3 What is the minimum Q of the antenna of the DNA molecule? 
 
I defer to Dr. Blank, the author of this report, who was also asked these questions 
 
7.16.4 For such values of Q, what would be the expected bandwidth of the fractal 
antenna? 
 
I defer to Dr. Blank, the author of this report, who was also asked these questions. 
 
7.16.5 What tuning circuitry is available to DNA molecules to shift the resonance 
frequency to react to different exposure frequencies? 
 
I defer to Dr. Blank, the author of this report, who was also asked these questions. 
 
7.17 On p. 20 of Dr. Sears’ Report she summarises her comments on Safety 
Code 6 and Health Canada. Is Dr. Sears suggesting by those statements that 
Health Canada has not considered the research on possible health effects of RF 
not related to tissue heating? If so, please fully explain the basis for suggesting 
what information Health Canada has or has not considered in setting its Safety 
Code 6 limits for exposure to RF. 
 
No. Please also see response to 7.17.7. 
 
7.17.1 Please review and submit a copy of Health Canada’s document Research 
on Radiofrequency Energy and Health. The document is available at: 
http://www.hc-sc.gc.ca/ewh-semt/radiation/cons/radiofreq/research-recherche-
eng.php  
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7.17.2 Please confirm Health Canada states the following in that document: 
“For more than two decades, Health Canada has conducted its own research on 
the biological effects of radiofrequency (RF) energy. This research has increased 
the scientific knowledge regarding the intensity of RF energy in our environment 
and has helped to establish the human exposure threshold where potentially 
adverse health effects can occur. This important information, along with other 
Canadian and international studies, form the basis for establishing safety 
standards for RF energy that protects the health of Canadians.” (Reference: 
paragraph 1) 
 
Yes. There are a mere 17 publications listed for Health Canada’s team of researchers, 
since 1983 (30 years). 
 
7.17.3  A copy of Health Canada’s response dated June 19, 2008 to a petition 
filed by Dr. M. Havas Request that first generation DECT phones be banned in 
Canada has been requested in IR 1.9.3 to Dr. Maret. The document is available 
at http://www.oag-bvg.gc.ca/internet/english/pet_253_e_31629.html  . 
In that document Health Canada provides insight into its processes for on-going 
study of RF fields and its continuous program of literature surveillance. Had Dr. 
Sears reviewed that document before making the statements in her report 
regarding Safety Code 6 and its authors? 
 
I was aware of this petition, as well as similar claims made in the Safety Code 6 
document itself, and similar claims with regard to pesticide registration. Along with other 
Canadian scientists and physicians, I am first author of a discussion of Health Canada’s 
use of extrapolation factors in risk assessment and how the methodology is flawed and 
not protective of public health in, “Comments on the Pest Management Regulatory 
Agency’s Use of Uncertainty and Safety Factors in the Human Health Risk Assessment 
of Pesticides,” that is provided.  
 
7.17.4  Dr. Sears suggests that Health Canada has followed an approach that is 
counter to the precautionary principles. Please confirm that in its response to the 
petition by Dr. M. Havas, Health Canada states the following: 
  “All science-based EMF guidelines, including Safety Code 6, intrinsically 
use the precautionary principle in the design of exposure limits, in that the 
uncertainties in measurements and application of safety margins are 
incorporated in their specification. Safety Code 6 is based upon a review of all 
relevant scientific studies utilizing a weight-of-evidence basis.” (Reference: 
Answer to Questions 1 & 3) 
 
Health Canada states this, but if the Precautionary Principle was applied rigorously, 
Canada would not have high permitted exposure limits in comparison with other 
countries.  
 
One example of Canadians’ rejection of Health Canada’s putting into practice of the 
Precautionary Principle has to do with pesticides. Provincial and local restrictions of non-
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agriculture pesticide uses, are protecting a majority of Canadians from pesticides that are 
registered by Health Canada. 
 
The use of “uncertainty” (more accurately “extrapolation”) factors is not appropriate or 
scientifically defensible when low dose effects are different from high dose effects, and 
particularly when there is the potential for cumulative effects, as discussed in “Comments 
on the Pest Management Regulatory Agency’s Use of Uncertainty and Safety Factors in 
the Human Health Risk Assessment of Pesticides.”  
 
Please see also response to 7.17.6. 
 
7.17.5  Please confirm that in Safety Code 6 (2009), Health Canada states at p. 
7: 
“The exposure limits specified in Safety Code 6 have been established based 
upon a thorough evaluation of the scientific literature related to the thermal and 
possible non-thermal effects of RF energy on biological systems. Health Canada 
scientists consider all peer-reviewed scientific studies, on an ongoing basis, and 
employ a weight-of-evidence approach when evaluating the possible health risks 
of RF energy.” 
 
7.17.6  Please confirm that in Safety Code 6 (2009), Health Canada states at p. 
9: 
“The scientific literature with respect to possible biological effects of RF energy 
has been monitored by Health Canada scientists on an ongoing basis since the 
last version of Safety Code 6 was published in 1999. During this time, a 
significant number of new studies have evaluated the potential for acute and 
chronic RF energy exposures to elicit possible effects on a wide range of 
biological endpoints including: human cancers (epidemiology); rodent lifetime 
mortality; tumor initiation, promotion and co- promotion; mutagenicity and DNA 
damage; EEG activity; memory, behaviour and cognitive functions; gene and 
protein expression; cardiovascular function; immune response; reproductive 
outcomes; and perceived electromagnetic hypersensitivity (EHS) among others. 
Numerous authoritative reviews have summarized this literature. 
Despite the advent of thousands of additional research studies on RF energy and 
health, the predominant adverse health effects associated with RF energy 
exposures in the frequency range from 3 kHz to 300 GHz still relate to the 
occurrence of tissue heating and excitable tissue stimulation from short-term 
(acute) exposures. At present, there is no scientific basis for the premise of 
chronic and/or cumulative health risks from RF energy at levels below the limits 
outlined in Safety Code 6. Proposed effects from RF energy exposures in the 
frequency range between 100 kHz and 300 GHz, at levels below the threshold to 
produce thermal effects, have been reviewed. At present, these effects have not 
been scientifically established, nor are their implications for human health 
sufficiently well understood. Additionally, a lack of evidence of causality, 
biological plausibility and reproducibility greatly weaken the support for the 
hypothesis for such effects. Thus, these proposed outcomes do not provide a 
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credible foundation for making science-based recommendations for limiting 
human exposures to low-intensity RF energy.” (underlining added) 
 
Your selected quotations are in the Safety Code 6 document.  
 
What you omitted from p 7 is, “The exposure limits in Safety Code 6 are based upon the 
lowest exposure level at which scientifically-established human health hazards occur.” 
(emphasis added) 
 
The Precautionary Principle has been framed in various ways, including: 1) taking action 
to avert potential public harm when harm is suspected but there is not full scientific 
certainty; or 2) placing the onus for proof of safety on the proponent. The noted quotation 
from Safety Code 6 makes it clear that Health Canada has done neither of these, as 
although some may debate the certainty of biological effects of radiofrequency radiation 
at lower doses, Health Canada is only relying upon an effect for which there is full 
scientific certainty, as confirmed every time someone puts their food in a microwave 
oven. Neither is Health Canada asking for proof of safety. Health Canada’s supposed 
application of the Precautionary Principle is limited to use of “uncertainty” factors. 
Please see response immediately above. Neither of the potential actions in the face of 
potential harm without full scientific uncertainty are evident in Health Canada’s 
approach. 
 
7.17.7  Please confirm that the text quoted above from Health Canada’s Safety 
Code 6 indicates that Health Canada has in fact considered the research studies 
on possible RF bio-effects unrelated to tissue heating, and has concluded that 
such effects have not been scientifically established and that the studies do not 
provide a credible foundation for making science- based recommendations to 
reduce the Safety Code 6 exposure limits.  
If not confirmed, please explain. 
 
Health Canada claims that studies have been examined, but provides no report detailing 
these considerations. Indeed, Health Canada has not even listed all of the studies 
considered in formulating Safety Code 6, much less the review methods such as search 
methods, inclusion/exclusion criteria, the data extracted, weighting methods or criteria, 
and experts / expert panels. Unlike some other endeavours of Health Canada and 
Environment Canada, such as the Chemical Management Plan, there was no opportunity 
for the public to review the full scientific report and to provide feedback. In dealings with 
Health Canada regarding pesticides, it was made clear to me that “ongoing monitoring” 
of the literature was not done in a cumulative fashion. If a single study came to light that 
in and of itself would give clear cause to overturn a pesticide registration (or by extension 
radiation exposure revision), then action might be taken. Furthermore, when asked, 
Health Canada was unable to supply a list of studies that had been considered regarding a 
particular chemical. The accrual of scientific evidence with successive and 
complementary studies is not captured in Health Canada’s “ongoing monitoring.”  
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7.18  Please confirm which of the works referenced in Dr. Sears Report involve 
studies of the effects of exposure to advanced meters. 
 
I am not aware of peer-reviewed studies of health effects of “advanced” meters per se. 
These are needed; ideally data would be collected before installation in an area and the 
population would be followed afterwards. I chose studies of radiofrequencies similar to 
those emitted by smart meters. 
 
7.19 On p. 6 of Dr. Sears’ Report, she refers to the BioInitiative Report (2012). 
Please refer to the Public Utility Commission of Texas (PUCT) staff Report on 
Health and Radiofrequency Electromagnetic Fields from Advanced Meters dated 
December 12, 2012. The report may be found at 
http://www.puc.texas.gov/industry/electric/reports/smartmeter/SmartMeter_RF_E
MF_Health_12-14-2012.pdf . Please confirm that the PUCT staff report states the 
following on p. 17: 
“The ‘BioInitiative Report’ is an example of a report that received notoriety 
despite being viewed negatively by the research community. ... 
The report is often cited by opponents of wireless technology, but it was widely 
criticized by government research agencies and subject matter experts in 
Australia, Belgium, the European Commission, France, Germany, and the 
Netherlands. It was also criticized by EPRI and the IEEE. The overall opinion of 
these institutions was that the report had many shortcomings. Some of the stated 
criticisms were that the report: 
• Provided views that were not consistent with the consensus of science; 
• Recommended safety limits that were not supported by the weight of scientific 
evidence; 
• Included selection bias in several research areas; 
• Lacked objectivity and balance; and 
• Suffered from uneven editing quality.” 
 
I did not rely upon Texan utilities staff in my letter. Please see my response regarding the 
BioInitiative report above (question 20.2, above). 
 
7.20 At pp. 6-7 of her report, Dr. Sears says that “Epidemiological studies are 
unlikely to find a correlation between ongoing radiofrequency exposure and 
symptoms of electromagnetic hypersensitivity because people with sensitivities 
avoid exposures that provoke symptoms” and criticizes “Cohort study on the 
effects of everyday life radio frequency electromagnetic field exposure on non-
specific systems and tinnitus” by Frei, Mohler, Braun-Fahrlander, Frohlich, 
Neubauer and Roosli (abstract available at 
http://www.ncbi.nlm.nih.gov/pubmed/21982030 ). Please confirm that this study 
took into account exposure to both far-field exposure (which would be 
unavoidable) and reports of near-field exposure in reaching the conclusion. 
 
This study examined both types of exposure, but in separate analyses based on: 1) 
distance from towers for far field; and 2) phone use for near field exposures. Phone use 
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was estimated using self-report, and access to phone records for some participants (there 
was no access to business phone records – a major source of exposure uncertainty). 
Health outcomes were assessed using a questionnaire. There was also a very low 
response rate (37% for the first questionnaire), which is a potential source of bias. 
 
7.21 At p. 13 of her report, Dr. Sears says: “There are many examples, but this 
was recently demonstrated as more pronounced effects on slow-wave and rapid-
eye-movement sleep in rats exposed to 900 MHz modulated signals, compared 
with unmodulated, or sham exposures”. She cites “Non-thermal continuous and 
modulated electromagnetic radiation fields effects on sleep EEG of rats” by 
Mohammed, Frahmy, Radwan and Elsayed (available at 
www.sciencedirect.com/science/article/pii/S2090123212000343). Please confirm 
that this study actually concluded that there was no significant effect on slow-
wave sleep: 


“In the present study the exposure of the animals to 900 MHz RFR either 
continuous or modulated at 8 and 16 Hz resulted in non- significant 
changes of all EEG bands during SWS. However, significant changes have 
been recorded during REM sleep especially with modulated 
electromagnetic radiation fields. This result denotes that the REM sleep is 
more sensitive to changes due to electromagnetic radiation exposure than 
SWS” 


 
The observed changes during SWS (slow wave sleep) did not quite reach statistical 
significance at a confidence level of 0.05, in this study with only 10 animals per group.  
 
7.22 At p. 14 of her report, Dr. Sears says that the study “The effects of 
microwave  
emissions on sperm motility in rats” by Yan, Agresti, Bruce, Granlund, and 
Matloub, exposed rats to “3 hours daily cell phone exposure” (abstract available 
at http://www.ncbi.nlm.nih.gov/pubmed/17628553 ). Please confirm that the study 
exposed 31 rats to six hours of daily exposure, not three. 
 
Confirmed, two 3-h periods. Thank you for this correction. 
 
7.23 At p. 14 of her report, Dr. Sears says that the study “The effects of 
microwave emitted by cellular phones on ovarian follicles in rats” by Gul, Celebi 
and Ugras (abstract available at http://www.ncbi.nlm.nih.gov/pubmed/19241083 ) 
exposed rats to “cell phone radiation 15 minutes daily”. Please confirm that the 
study actually exposed rats to cell phone radiation for 24 hours per day, with the 
phone being in “talk” mode twice daily for 15 minutes each time. 
 
Although this interpretation is suggested by the abstract, this is not correct. The methods 
indicate, “The phones were placed just under and in contact with the cage, for 11 h and 
45 min in standby and 15 min in speech mode. The total amount of exposure time 12 
h/day.” 
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7.24 At p. 15 of her report, Dr. Sears states that the study “Mobile phone 
emission modulates event-related desynchronization of alpha rhythms and 
cognitive-motor performance in health humans” by Vecchio, Buffo, Sergio, 
Iacoviello, Rossini and Babiloni (abstract available at 
http://www.ncbi.nlm.nih.gov/pubmed/21873111) found “decreased cortical activity 
and decreased reaction time in healthy volunteers”. Please confirm that: 
7.24.1 the study found enhanced cortical neural effects and faster reaction times;  
 
Consistent with my writing, the study found “Power decrease of high-frequency alpha 
rhythms (less cortical activation) after real exposure” and a shorter reaction time on a 
“go/no go” task. A faster reaction time is not necessarily desirable, as it may be 
associated with impulsivity. 
 
and 
7.24.2 the study found that the results occurred only in the “acutely exposed 
brain hemisphere”. 
 
This quotation is not in the above-noted paper, and the results that were highlighted are 
more global – activity noted over the entire scalp, and reaction time (that would not be 
associated with only a small region of the brain). 
 
7.24.3 the study at footnote 55 found only that the “localized” area of the brain 
exposed to the radiation was effected. 
 
The study by Volkow et al. does not use the term “localized” in the results or conclusions 
sections. The effect, an increased rate of glucose metabolism, was clearly related to the 
radiation exposure, as it was greatest in the region closest to the antenna, and fell off 
further away, as the radiation was absorbed by the closest regions. 
 
 
7.25 Please provide any evidence that proves that FortisBC’s advanced meters 
do not 
comply with Health Canada Safety Code 6 (2009). 
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Executive Summary
The Environmental Health Committee of the Ontario College of Family Physicians is pleased to 
contribute to this important consultation.  Pest Management Regulatory (PMRA) requests for public 
commentary including comments from the OCFP, and ongoing consultation through the Pest 
Management Advisory Committee as well as the planned December 10, 2007 consultation meeting, 
point favourably towards improving transparency and broader consideration of determinants of human 
and environmental health in pesticide assessment.  


The bottom line for protection of public health
The Ontario College of Family Physicians believes that Canada should be moving from the present 
framework of registration of all pest control products that meet prescribed requirements, to an approach 
whereby Canadians use methods and products with the least risk to health and the environment. The 
least-toxic model is somewhat similar to the decision-making model in Sweden, where there is the 
Substitution Principle, along with the Precautionary Principle. Basically, for whatever you want to do, 
produce, etc., you must use the methods/chemicals that are of the lowest known toxicity and least 
known environmental impact; not merely those with an “acceptable risk”. 


This is a model for using only best practices, and for continual improvement. Sweden has instituted this 
approach in order to reach its goal of achieving a non-toxic environment within a generation.  We 
believe that only this type of approach can achieve the requirement under Canada’s Pest Control 
Products Act (2002) (PCPA 2002) of “reasonable certainty that no harm to human health, future 
generations or the environment will result from exposure to or use of the product …” (emphasis 
added).  


A public discussion of the cut-off for “reasonable certainty” would assist the public in understanding 
that, when using chemicals meant to be toxic, even with agreement on what “reasonable certainty” 
should be, a small percentage of people will still be affected. What is this percentage? How does it 
compare with the percentage of people with environmental sensitivities and other complex, chronic 
conditions?1 


No matter what the driving philosophy, any regulatory framework requires that pesticides be assessed. 
One must start somewhere, and the present risk assessment system may be as good (or bad) as other 
possible starting points to assess toxic chemicals. However, the system only provides a means to 
extrapolate from laboratory animal data, using arbitrarily determined extrapolation factors, to 
hypothesize that a chemical when used in a particular manner will or will not cause harm in humans 
with widely varying susceptibilities or in the environment.


There is an ongoing difficulty that the results of epidemiological studies of potential human health 
effects of exposure to pesticides do not appear to be consistent with pesticide risk assessment study 
conclusions.2-4  Thus, limitations in extrapolation of animal test results under experimental laboratory 
conditions must be recognized and the reliability of such extrapolations ought not to be overstated. 
Other information must continually be sought and used to provide “reality checks,” to validate or 
disprove the hypothesis that use of a particular product in a particular manner will not harm present or 
future generations, or the environment.  Investigation of hypotheses is the heart of science, and must be 
central to pesticide regulation.  Until the hypotheses generated by toxicological risk assessment are 
validated by monitoring of human and environmental contamination, epidemiological research and 
other basic science studies, Canada’s regulatory system is not truly “science-based.”


Low dose effects are one of several reasons postulated for the incongruity between conclusions reached 
through epidemiology reported in peer-reviewed literature, and regulatory toxicology-based 
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assessments.  Within single-chemical assessment, more testing is needed to investigate whether low 
dose effects are being “missed.”  Pesticide toxicity in animals is typically measured at relatively high 
doses, assuming that lower doses will engender the same effect to a decreasing degree, and that a low 
enough (non-zero) dose will have a zero effect (the “no observed adverse effect level” – NOAEL). 
However, present knowledge indicates that effects (particularly hormonal/endocrine disruption) may be 
different at low doses compared to high doses, and become increasingly apparent at lower doses.  Thus, 
doses at least an order of magnitude below the NOAEL as well as environmental exposure levels 
should be studied. It is possible that high-dose experiments are identifying the nadir of a U-shaped 
dose-response curve as a NOAEL, while lower environmental levels engender overt toxic effects. 
Furthermore, when a NOAEL was not measured, the need to extrapolate from a lowest observed 
adverse effect level (LOAEL) suggests strongly that low dose effects may be significant.  


As this document affirms, workers should not be second-class citizens when it comes to protection of 
their health from toxic chemicals, including pesticides.  Any extrapolation factor deemed appropriate 
for the population at large should apply to workers.  Foetal development is a time of particular concern, 
and pregnant workers should not be risking their offspring because of their employment.


The bottom line for the PMRA -  whether or not to register a pesticide.  
Toxicological risk assessment as outlined in the consultation document is a limited examination of 
some of the relevant science; complementary scientific issues are discussed in this submission.  


Pesticides should be used only when absolutely necessary, and when less toxic or hazardous solutions 
(strategies, agronomic solutions, etc. as well as chemical products) with lower impacts on human and 
environmental health are not available. Special provisions for areas such as residences, hospitals, 
schools, clinics, etc. with sensitive populations (e.g. children, the elderly and pregnant women) deserve 
consideration.


In the name of precaution, pesticides should not be registered when the uncertainties are too great. This 
would include extrapolation from a LOAEL, and lack of core studies.  Many details in this regard are 
included in responses to the PMRA questions in this submission.  Knowledge of vulnerabilities of 
various populations is developing rapidly, making it increasingly clear that understanding of important 
areas of science may not be sufficient to set extrapolation factors (i.e. the more we know, the more we 
know we don’t know).  We can say, however, that the range of magnitude of potential effects may 
frequently exceed 10-fold across the human population.  


Toxicological risk assessment hypotheses must be tested for validity alongside epidemiological and 
other data not presently considered during assessments.  As well, evidence of persistence or 
bioaccumulation of a pesticide, breakdown product(s) and/or contaminant in the environment, wildlife 
or people should be grounds for refusal to register (e.g. lindane).


If pesticide assessment continues to be driven by registrant-sponsored research, resistance to low-dose 
testing is to be expected.  There is a concern that pesticide data may not be forthcoming if it is not 
favourable, so it is recommended that a system similar to clinical trial registration for medications be 
instituted, open at least to the regulator.  A potential registrant would inform the PMRA before 
commencing work of the experimental details and the laboratory conducting the studies, and the 
PMRA could access the data directly from the researchers.  


Once registered, what next?
If the PMRA is acting upon the hypothesis that no harm will ensue from use of a particular pesticide in 
a particular manner, it must then carry out adaptive management. Data regarding pesticide uses, 
concentrations of parent and daughter compounds in people and the environment, harms, and reports in 
all areas of related public-domain research should be comprehensively gathered, monitored and 
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reviewed to validate or disprove this hypothesis. Interim precautionary measures should include 
restricting pest control products to the most essential applications, away from vulnerable populations.  


It should be highlighted that the European Union is now considering legislation that would 
dramatically change the way that pesticides are managed in that jurisdiction (see 
http://www.europarl.europa.eu/oeil/file.jsp?id=5372322).  The EU is moving towards banning of aerial 
spraying, banning of use around vulnerable populations such as children, and strong support of organic 
agriculture.  Many pest control ingredients are being de-registered.   As such it is moving from the 
difficult grey science of risk assessment and management, to risk avoidance.  This will be necessary for 
the PMRA to meet the new higher bar of protection of the health of people, wildlife and the 
environment mandated by the PCPA 2002.  


Consultation questions posed by the PMRA


We are concerned that the questions posed by the PMRA do not address essential systemic problems 
with risk assessment.  However, they do raise some interesting issues.  The following are highlights of 
responses to the specific questions posed:  
-  “Uncertainty” or “safety” factors should be called “extrapolation factors,” as a general term that is 


more informative than other options.  If one wishes to be more specific, factor names could reflect 
their objective – interspecies extrapolation factor, intraspecies extrapolation factor, etc.


- Chemical-specific theoretical analyses should not be used to reduce extrapolation factors, but could 
certainly justify much greater factors. This is evident given rodents’ and other animals’ abilities to 
live in environments that are inhospitable to humans, and the wide variability among the human 
population in sensitivities to chemicals, and abilities to detoxify and excrete toxins;


- If there is a need to extrapolate from a LOAEL to a NOAEL it should lead at most to a temporary 
registration of short duration, with no option for renewal.  NOAELs should be interpolated rather 
than extrapolated.  The PMRA should require data for at least three dose levels covering an order 
of magnitude below the NOAEL, and this should include typical environmental exposures (more 
dose levels may be needed to include levels in the environment);  


- Pesticide assessments for chemicals that have effects on the same type of cell or organ (e.g. 
insecticides that affect nerve cells, or pesticides that affect the liver) should consider potential 
exposures to all other chemicals known to affect the same cell type or organ, in a manner that 
addresses outcomes when exposures occur concurrently or cumulatively; 


- Risks of pesticides of a common class (e.g. phenoxy herbicides) have common modes of toxicity 
on target species, so should be considered to pose potentially additive or synergistic toxicities to 
non-target species;


- Information from the PMRA feeds into development of Drinking Water standards, so it would 
seem that the PMRA is indeed required to assess cumulatively effects of pesticides with different 
but related effects (complementary, additive, antagonistic or synergistic).  


- Metabolic pathway information should be determined, and included in standard package inserts;
- Dose-response curves over low doses and environmental levels should be determined in the course 


of assessment.


4



http://www.europarl.europa.eu/oeil/file.jsp?id=5372322





Summary of the Pesticide Assessment Process in Canada
The PCPA 2002 sets a very high bar for protection of health and the environment, requiring a 
“reasonable certainty that no harm to human health, future generations or the environment will result 
from exposure to or use of the product …” (emphasis added).  It is unclear that this high protective bar 
is met with “an acceptable risk when the product is used as directed,” which is the current standard 
cited by the PMRA.  


The “reasonable certainty” provision has been and is proposed to be addressed with traditional risk 
assessment.  This integrates exposure and effects assessments, the latter based largely on laboratory 
exposure studies involving “model” organisms.  According to the consultation document, an acceptable 
dose determined in animal models is then used to derive an acceptable human dose by dividing the 
animal dose by numerical factors to account for:


- Interspecies differences;
- Intraspecies differences among people;
- Extra sensitivity of the young (as stipulated in the PCPA 2002 – other sub-populations such as 


people who are ill or the elderly are not singled out);
- Database deficiencies (e.g. lack of a multi-generational or developmental neurotoxicity study);
- Extrapolation of dosing duration (e.g. from subchronic to chronic exposure);
- Use of a LOAEL instead of a NOAEL;
- Severity of endpoint (e.g. irreversible effects such as carcinogenicity or birth defects are 


considered severe, triggering a 10-fold factor; endocrine disruption and immunotoxicity are 
“less severe,” triggering a 3-fold factor).


The first step is to derive a NOAEL or LOAEL for a non-human “model” organism under controlled 
laboratory exposures. From this, a reference dose (RD) for humans is generated, below which the risk 
to human health is deemed to be “acceptable.” All safety/uncertainty factors are attempts to capture the 
uncertainty associated with extrapolating from specific endpoints measured in the laboratory, to what is 
actually of concern, overall human health.  There are two aspects to this extrapolation.  Both scientific 
effects (toxicities measured in the model animals), and a value judgement (“acceptability of risk” 
(previous PCPA) or “degree of certainty” (PCPA 2002)) contribute to the final extrapolation factors. 
This was not discussed in the PMRA document, but must be explicitly addressed to ensure that the 
statutory requirement has been met of “reasonable certainty that no harm…”  It is suggested in a review 
of this subject by the Swedish Chemicals Inspectorate5 that if potential extrapolation factors are 
considered as distributions, the value judgement entails where on the distribution the factor is chosen, 
to be more or less protective.  This document contains interesting discussions of many issues raised by 
the PMRA in the present consultation, and we highly recommend that it be considered in the PMRA 
review and subsequent discussions. 


If each consideration in the list above may trigger a 10-fold factor, the maximum conceivable factor 
under this paradigm might be 10,000,000, although the highest factor used by the PMRA to date is 
3,000.
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Scientific Framework
Irrespective of how “acceptable risk” or “reasonable certainty of no harm” are characterized, RDs 
should be regarded as scientific hypotheses from which one derives the prediction: if people (or the 
environment) are exposed to pesticides at levels less than the RDs, the probability of observing a 
harmful effect should be less than X, where X is one minus “reasonable certainty.”  Once “reasonable 
certainty” is defined, the hypotheses then become testable, at least in principle.


Once an RD is established, the next step is to test the hypothesis.  If results are inconsistent with the 
hypothesis, the RD should be revised accordingly.  It is important that to the extent that scientific 
information/data is used to determine RDs, the same data/information cannot then be used to test the 
hypothesis, as doing so would violate the basic scientific principle of independent validation.  This 
iterative process of hypothesis formulation, independent testing and revision is, after all, what science 
(including regulatory science) is, or ought to be. 


This perspective provides some insight into the extrapolation factors issue.  The scientific evidence for: 
(a) the selected set of issues for which factors are required; (b) the magnitude of the factors themselves; 
and (c) the multiplicative form of the RD function is scanty at best.  Nonetheless, the outcome of this 
present solicitation is predictable, with those of the view that pesticides pose substantial risks to human 
health advocating for many, large factors (this will ensure that the reference dose is so small that no 
pesticide will be registered); those of the view that the risks to human health from pesticides are 
overblown advocating for a minimal number of factors, each as close to unity as possible (thus 
reference doses will be comparatively high to allow registrations); and those who are concerned with 
potential impacts of pesticides on human health or the environment, but who also recognize that some 
pesticides may be of considerable value, will have difficulties responding.  They will understand that 
the proposed safety/uncertainty factors are highly arbitrary, and that even the form of the extrapolation 
function – let alone the magnitude of its component parameters – merely represent hypotheses.  As 
such, the distribution of the three classes of responses will depend on the number of people who cleave 
to positions (a) – (c) (for whatever reason), among those who have decided to respond.  In what way, 
then, can responses to the specific queries be construed as providing epistemological support for a 
particular policy choice?


Biological science is now showing that assumptions inherent in the toxicological model (e.g. 
monotonic dose-response relationships, threshold responses) are not always sound.  Coupled with the 
scanty scientific evidence supporting the predictive value of the risk assessment paradigm, the most 
important issue is not whether the suggested magnitudes of proposed factors, or functional forms, is 
“reasonable.”  


The real issue is: given that RDs – however estimated – are merely hypotheses, how does PMRA 
intend to test them?  It is our view that, hitherto, PMRA (along with almost all other pesticide 
regulatory agencies) has been far too concerned with hypothesis formulation, and far too little 
concerned with hypothesis testing.


Inadequacy of existing methods for Reference Dose (RD) estimation
As noted above, the starting point for estimation of the RD is classical ecotoxicological risk 
assessment.  All such assessments rely on controlled exposure experiments over a range of doses using 
a defined set of measurement endpoints, and from these baseline data the RD estimation procedure 
begins.  It is therefore useful to ask, even before addressing the issue of extrapolation factors, whether 
the starting point is itself adequate and appropriate.  There is some evidence to suggest that caution 
may be warranted even here.
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Non-monotonic dose-reponses.
An assumption in toxicological risk assessment is that the dose-response curve is monotonic.  Studies 
for pesticide assessment are carried out with relatively high doses of chemicals compared to what 
would be expected under conditions of use.  However, it is now increasingly recognized that low dose 
effects may be different, even opposite, and at least as serious as high dose effects (some peer-reviewed 
studies are summarized at: http://www.environmentalhealthnews.org/sciencebackground/2007/2007-
0415nmdrc.html).  


Since pesticide assessment includes extrapolating a NOAEL to an acceptable human dose, it may be 
expected that manufacturers would only wish to explore animal doses that are high enough such that 
the use would be allowed after application of extrapolation factors. Discovery of low dose effects 
would mean that the pesticide could not be registered according to the current paradigm.  Nevertheless, 
current science indicates that biologically active substances must be tested over many orders of 
magnitude of doses to adequately assess the entire spectrum of their effects.  It is possible that a 
NOAEL would be measured at the nadir of a U-shaped response curve, while environmental exposures 
would trigger significant adverse effects.  


It is stated in the consultation document (p 3) that a variety of toxicities are threshold in nature, but 
these “truisms” are challenged by current knowledge.  On the same page, it is noted that “expert  
judgement is required to distinguish adverse effects from those effects that merely reflect the ability of  
an organism to adapt to a biological or chemical insult.” On what basis and with what expertise does 
the PMRA make this complex health-based judgement?  How is reliance upon the abilities of organism 
to adapt to biological or chemical insults consistent with the legislative requirement of “reasonable 
certainty that no harm … ,” since adaptation is almost invariably at a cost and results in increased 
vulnerability to other insults?


Adequacy of measurement endpoints 
At present, registrants are obliged to provide PMRA with genotoxicity studies. However, pesticide 
exposure may also lead to epigenetic changes.  These epigenetic changes determine which DNA is 
going to be expressed (and how), and it is now understood that at least some forms of epigenetic 
variation are heritable, producing multi-generational effects.6,7  


Neurological outcomes are also difficult to assess and are sometimes not required to be fully explored,8 


although implications are serious for our society.9


Cumulative assessments – pesticides in combination or sequence
The PCPA now requires that cumulative assessments be conducted for pesticides with a common 
mechanism of toxicity, and this is a work in progress for cholinesterase-inhibiting insecticides.  The 
groundbreaking work of York scientists further highlights the complexity of this topic.  They recently 
demonstrated that exposure to two pesticides had different effects on mortality of Gammarus pulex 
(small shrimp), depending upon the order of exposure.10 


Cumulative toxicities may contribute to inconsistencies between toxicological and epidemiological 
studies.  Although not specifically required under the PCPA, given that information from the PMRA 
feeds into the Drinking Water considerations, an argument could be made that the PMRA is indeed 
required to assess cumulatively effects of pesticides with related effects (complementary, additive, 
antagonistic or synergistic).  One example might be insecticides that affect nervous systems.  Pyrethins 
affect sodium transport along nerve fibres, and cholinesterase inhibitors affect nerve impulse 
transmission across the synapse, so it is conceivable that the combined insults to the nervous system 
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may be much more problematic. Pesticides that have effects on the same type of cell or organ 
should be assessed in a cumulative manner. 
Other classes of pesticides such as phenoxy herbicides are not being assessed in a cumulative manner, 
in spite of the fact that they belong to a common class and are applied as mixtures for a synergistic 
killing effect.  This is not because the chemicals do not have common, complementary or synergistic 
mechanism of toxicities, but because the mechanism(s) of toxicity are not well understood. However, 
materials that are chemically similar and have common mechanisms of toxicity in the target organisms 
may indeed share other toxic effects in non-target organisms. The risks of pesticides of a common 
class should be considered to be cumulative.    
Estimation of exposure is a major source of uncertainty in epidemiological studies, and contributes to 
the PMRA opinion that epidemiological studies are not reliable enough to determine whether or not 
present practices are protective of human health.  Significantly however, estimation of human exposure 
is also key information that contributes to toxicological assessment.  The chief improvement in 
“certainty” between toxicological and epidemiological studies arises from the use of homogeneous 
populations of animals in controlled environments as opposed to humans of mixed ages, genetics, 
environments, co-exposures, co-morbidities, etc.  This is mentioned in support of our strong 
recommendation that epidemiological studies be used in pesticide assessment, or as they become 
available in subsequent adaptive management of hypotheses.
Animals in cages are not exposed to sporadic contaminants (e.g. 2,7-DCDD in 2,4-D), or breakdown 
products (e.g. the plethora of compounds arising from imidacloprid), so toxicology does not assess 
these important components of the total toxicity and outcomes of pesticide use.  Only other research 
such as epidemiological and environmental evidence will assess these aspects. This research should be 
supported and carried out.


It is stated on p15, “It is generally accepted that in the current deterministic model, multiplication of  
the factors results in a substantial magnification (positive bias) of conservatism.”  This view is not 
shared by the medical community, given that detoxification abilities of humans may vary more than 10-
fold for many reasons, including genetic variability and enzyme levels, with observable consequences 
as a result of pesticide exposure.11-20   It is possible that the simplistic, historical approach is 
overlooking many substantial considerations that actually render it overly optimistic about pesticide 
safety and underestimate risk. The Swedish Chemicals Inspectorate suggests that factors greater than 
10-fold may be appropriate for certain cases, and discusses expansion of intraspecies extrapolation 
factors into several factors.5


Probabilistic assessment of a generic sort may be helpful to determine the range of fates of a droplet 
emanating from a nozzle for instance, but it is a lot less clear how it could be appropriate for estimation 
of hazard.  The consultation document did not specify the methodology for this assessment.  However, 
with reference to methodologies discussed by the Swedish Chemicals Inspectorate,5 an extensive 
database is required.  Complex mathematics cannot overcome uncertainties inherent in extrapolation 
from limited animal testing to human health.  This methodology would need extensive validation 
before becoming a primary risk assessment tool, and should not be used to justify human exposures 
that are substantially lower than exposure estimated using the deterministic model.
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Human Data
Although "the use of human data in pesticide risk assessment warrants further policy development and 
will not be dealt with in this document" p22, this question is integral to the present considerations. 


Just as it is unethical to condone or encourage dosing of humans with pesticides (e.g. the Children's 
Environmental Exposure Research Studya that was cancelled in the US - http://www.epa.gov/cheers/), 
it seems unethical not to consider existing data arising from human poisonings and occupational 
exposures, to incorporate actual human health effects in decision-making.  Even if it is difficult to 
understand how to use data, it cannot be ignored.  Use of such data would not violate the Nuremberg, 
Geneva and Tokyo Conventions on human experimentation.


Reference lists in reassessment documents lack recent human epidemiological studies and are 
frequently devoid of reference to human studies.  The 2,4-D example2 has been discussed extensively 
with the PMRA (private communications through MS - please ask for more information if required), 
with the Chair of the Canadian Leukemia Studies Group (communications from Dr. Richard van der 
Jagt <rvanderjagt@ohri.ca> to Dr. Karen Dodds and to MS) and many other physicians now believing, 
for instance, that there is ample evidence that 2,4-D is linked to cancers, yet it remains in use even for 
weeds in lawns where children play.  A recent example is the dicamba Proposed Acceptability for 
Continuing Registration document that did not mention recent research linking this specific pesticide to 
cancers21 among its handful of references. Other relevant areas of research, such as in vitro evidence of 
endocrine disruption, hormone mimicking, genetic damage and epigenetic effects should also be 
considered in the course of pesticide (re)assessments.


Humans are exposed to pesticide breakdown products that are not necessarily assessed in laboratory 
systems.  For instance, imidacloprid has a very complex, slow pattern of breakdown, and 
metabolites/breakdown products may be more toxic than the parent compound.22  Extrapolation factors 
cannot capture the harms or substitute for assessment of these daughter chemicals, that aren’t 
necessarily present at environmentally relevant levels in laboratory cages. 


Another example is the lack of assessment of malaoxon from malathion.  The chemical reaction occurs 
slowly under laboratory conditions but is rapid in volatilized drift in sunshine. Example #6 does not 
mention that malathion was reapproved at a higher application rate, despite a long history of 
complaints and even protests in the streets of Winnipeg over harms (e.g. environmental sensitivities 
and cancers) ascribed to its use.  This chemical should be the subject of public health investigations, 
due to the large number of complaints of health effects, and the high volume of its use in some urban 
communities. The response of public health officials in Winnipeg, supported by the industry, to 
complaints about dursban and malathion is basically that the PMRA would not register the chemicals if 
anyone could be harmed, so the people claiming ill health corresponding to spraying must be wrong.


Availability of metabolic data
In order for clinicians to have meaningful data to guide clinical decision-making, the main metabolic 
pathways and enzymes (eg CYP2D6, CYP1A2, PON1) for every pesticide should be known and in the 
public domain. This would allow for clinicians to assess whether use of specific drugs such as warfarin, 
and other factors such as smoking, could be contributing to the toxicity of a pesticide in an individual. 
We strongly suggest the inclusion of this information on standard package inserts, as is now 
occurring frequently with new drugs. If pesticides have common binding sites and/or are metabolized 
a The two-year, $2.1M Children's Environmental Exposure Research Study (CHEERS) was to monitor infants in low-
income families to determine how chemicals are ingested, inhaled or absorbed by children up to age 3, as well as the health 
effects that ensued.  Study participants were to receive up to $970, a T-shirt, a baby bib, a calendar, a newsletter, a framed 
certificate of appreciation and a video camcorder.  Visits and payments were to correspond to pesticide applications. 
Controls were to represent 10% of participants, who would have lower exposures to pesticides.
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by common pathways, it would allow for anticipation and maybe even mathematical modelling of 
synergistic effects.  Knowledge of metabolic pathways in animals would either lend credibility to 
interspecies extrapolation, or alert regulators and physicians to possible difficulties with human 
metabolism of a pesticide or breakdown products.  


The superficiality of the science relied upon for pesticide assessment is illustrated in the atrazine 
example #4.  The hypothalamic-pituitary function is a fundamental, albeit complex process in the body. 
It should be of grave concern that a pesticide affects this function.  A 3-fold factor was used due to the 
effect on luteinizing hormone and estrus cycles.  Without knowing more details about the mechanisms 
involved, it is impossible to know how profound this effect will be on people and subsequent 
generations, and whether or not the factors imposed are protective.  It is worrisome that Ottawa tap 
water contained enough atrazine to interfere with experimental controls in studies of hermaphroditic 
changes in frogs at the University of Ottawa (personal communication to MS.  For more information, 
please contact Dr. Vance Trudeau <vtrudeau@science.uottawa.ca>). 
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We are concerned that the questions posed by the PMRA do not address essential systemic problems 
with risk assessment, but they do raise some interesting issues.  The following are responses to the 
specific questions posed.


1.  Nomenclature
a) Please comment on the PMRA’s proposal to use the terminology “uncertainty factor” to describe 
factors associated with interspecies extrapolation, intraspecies variation, use of a LOAEL versus a 
NOAEL, extrapolation for duration of dosing and database deficiencies.
b) Please comment on the PMRA’s proposal to use the terminology “safety factor” to describe factors 
applied for the protection of infants and children under the new PCPA provisions (PCPA safety factor) 
as well as for severity of endpoint considerations.


All factors are being used to extrapolate from what is known about a homogeneous population 
of animals under controlled laboratory conditions to humans in the “real world.” Thus, we 
recommend “extrapolation factor” as a general term that is more informative than other options. 
In addition, factor names could reflect their objective – interspecies extrapolation factor, 
intraspecies extrapolation factor, etc.


The use of the word "safety" in relation to factors applied to infants and children is 
inappropriate and unsupported by medical evidence. We note that there are many 
populations in addition to children also in need of recognition for their individual 
susceptibilities, such as the elderly or people with otherwise compromised physiology (e.g. 
from medications, illnesses and environmental sensitivities). 


The PMRA has ceased using “safe” in other contexts and should not use it in this context 
either.  


2.  Interspecies Extrapolation
a) Please comment on the PMRA’s use of a default factor of 10-fold for interspecies extrapolation.


There is little more than historical precedent to justify the use of a 10-fold interspecies 
extrapolation factor.  An empirical assessment of the adequacy of a 10-fold default factor would 
require that the variation in a number of relevant endpoints be explored over a wide range of 
species.  This type of assessment was discussed in the Swedish document,5 including results that 
higher factors would frequently be appropriate, depending upon animal model and type of 
substance.  Certainly for some physiological endpoints, which may or may not be relevant to 
pesticide toxicity, interspecies variation can extend over several orders of magnitude, as many 
such processes obey power-law scaling relationships with, for example, body size. Ability to 
excrete pesticides varies between species. For example, it is unclear to us how appropriate it 
was that 2,4-D data on dogs was not used in the reassessment, because of dogs’ relatively lower 
ability to excrete it.23  Had that data been used, the pesticide may not have passed the 
reassessment process.  Certainly many people, particularly the elderly, suffer from decreased 
renal capacity.


Moreover, we know that detoxification enzymes in test animals may be entirely absent in 
humans, and if such an enzyme was critical for detoxification, the appropriate factor would be 
1/0 or infinity.  
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It is our view that present knowledge is insufficient to conclude that a default factor of 10-fold 
to extrapolate from laboratory animals to humans is protective for all outcomes. Again, we 
suggest that the Swedish document5 should help inform the present deliberations by the PMRA.


b) When adequate chemical-specific data are available, is it reasonable to generate chemical-specific  
factors for interspecies extrapolation?


It is difficult to comment on this proposal without further scientific details.  What constitutes 
“adequate”?  To be done thoroughly, this would be a formidable array of knowledge to have 
and to model, including adequate knowledge of all relevant biochemical pathways, and 
potential physiological effects and consequences, at all stages of life and in subsequent 
generations, in all species involved.  Such methods would need substantial experimental 
verification.  


The Swedish review mentioned above5 indicated that such analyses would frequently result in 
higher extrapolation factors.  Chemical-specific theoretical analyses should not be used to 
reduce the 10-fold factor, but could certainly be used to justify much greater factors, 
particularly given rodents’ and other animals’ abilities to live in environments that are 
inhospitable to humans.  


3.  Intraspecies Variation
a) Please comment on the PMRA’s use of a 10-fold default factor for intraspecies variability.


A 10-fold factor is not always adequate to cover variability in human responses to pesticide 
exposures.  An intraspecies extrapolation factor should capture the variability of a population’s 
responses to the toxin.  However, the 10-fold intraspecies factor is inadequate to account for 
individual differences in rates of metabolism of xenobiotics, let alone physiological effects. 
This factor is less than the factor of genetic polymorphism difference between genetically slow 
and normal metabolizers.11-20,24   For example, genetic predisposition to slow metabolism of 
pesticides is linked to diseases including lymphoma,25 environmental sensitivities,11,26 


Parkinson’s disease with dementia27 and childhood leukemia.20  Moreover, in populations taking 
medications (particularly the elderly), and even as a consequence of eating some foods such as 
grapefruit,28 the metabolic pathways may be completely “saturated” or blocked, leading to a 
complete shutdown of the pathway and rapid accumulation of phase I metabolites, or the 
unmetabolized chemical. Compromised excretory pathways, such as renal insufficiency, may 
also contribute to increased susceptibility to pesticide toxicities.  Again, the Swedish document 
has a large review and commentary, parsing susceptibilities into several areas.5


A 10-fold factor is also inadequate to capture sensitization to a pesticide.  This happens all too 
commonly, and is even noted on some labels.  For example, the label for an organophosphate 
insecticide Rabon® states, “Chronic exposure may produce kidney and liver damage. … 
Tetrachlorvinphos is a cholinesterase inhibitor. Repeated exposure to cholinesterase 
inhibitors may, without warning, cause prolonged susceptibility to very small doses of any 
cholinesterae inhibitor. Allow no further exposure until cholinesterase regeneration has 
occurred as determined by blood test.” (emphasis added)29  Pyrethrins are also common 
sensitizers.


Given the wide variability among the human population in susceptibilities to toxicities at 
various ages and stages, it is our view that current knowledge is insufficient to use a default 
factor of 10-fold for intraspecies variability. Again, we suggest that the Swedish document5 


should help inform the present deliberations by the PMRA.
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b) When adequate chemical-specific data are available, is it reasonable to generate chemical-specific  
factors for intraspecies variability?


As with the above, it is difficult to comment on this proposal without further details, including 
what would constitute “adequate.”  Theoretical analysis should not be used to reduce the 10-
fold factor.  Such analysis could be used to justify much greater factors as mentioned above, 
given some people’s limited abilities to metabolize and excrete chemicals resulting from other 
exposures (drugs, foods, other chemicals), superimposed upon the wide natural variability of 
abilities to metabolize chemicals between individuals, at various ages and stages of life.  


In our opinion, given the current, generally inadequate knowledge of health impacts of 
individual chemicals, let alone the profound lack of understanding of health effects of 
interactions of multiple chemicals, it is not reasonable to use chemical-specific factors to justify 
lower extrapolation factors for intraspecies variability.  However, this line of inquiry may 
highlight needs for higher factors.


4.  Use of a LOAEL Versus a NOAEL
a) Please comment on the PMRA’s use of a factor of 3- to 10-fold for extrapolating from a LOAEL to a 
NOAEL.


In engineering, extrapolation is viewed with great suspicion (e.g. low flow laminar flow 
patterns and high flow turbulent patterns, or discontinuous reactions of materials to shear or 
strain render extrapolation meaningless), and is not something upon which one would base a 
major decision.  Interpolation, estimation of a point between two known data points is 
associated with much greater confidence than estimation of a point beyond the experimental 
range, particularly without evidence of a monotonic continuous function.  Given rapidly 
expanding knowledge of low-dose effects and non-monotonic dose-response curves, if there is a 
need to extrapolate from a LOAEL to a NOAEL it should lead at most to a temporary 
registration of short duration, with no option for renewal.  NOAELs should be interpolated 
rather than extrapolated.  The PMRA should require data for at least three dose levels covering 
an order of magnitude below the NOAEL, and this should include typical environmental 
exposures (more dose levels may be needed to include “real life” levels in the environment).  


b) Is it reasonable to consider the dose-response curve and the severity of effect in determining the 
magnitude of this factor?


If it is necessary to carry out LOAEL-to-NOAEL extrapolation, by definition the dose-response 
curve is not completely known.  We have not examined how this approach has been used by the 
PMRA but we fear that dose-response curves over low doses and environmental levels are not 
completely known for most pesticides.  LOAEL-to-NOAEL extrapolations may represent 
serious deficiencies in pesticide assessment, and we would be interested in statistics regarding 
this practice.


c) Is it reasonable for the PMRA to use the benchmark dose approach in those situations where the 
data are well-suited to this modelling?


Again, the question arises as to the type of model being proposed (there are many) and the 
meaning of “well-suited.”  Models carry with them intrinsic uncertainties, which may be 
substantial.  A parameter estimated via a modelling procedure is a much weaker basis upon 
which to base a decision, versus one that is directly (or even indirectly) empirically estimated.
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This is also the concern that if the criteria for “well-suitedness” of the data to the benchmark 
dose approach are relatively modest, and the expense of obtaining these data comparatively 
modest, there will be little incentive for registrants to invest resources to acquire rigorous 
empirical estimates.  


Some benchmark dose approaches model pesticide metabolism, including recovery from the 
toxicities of pesticides.  The question arises that since the model involves calculation of 
recovery from measurable toxicity, does it fit with the legislative requirement of reasonable 
certainty of no harm to humans …?  


If the legislation were to require merely that there not be lifelong harm but that transitory harm 
is acceptable, one must ask how it is determined that for all life stages harm is not permanent 
(e.g. insecticide exposure in utero that is asymptomatic for the mother may cause permanent 
alterations in the foetus’ brain9).


The bottom line is that people, wildlife and the environment are highly complex.  The entire 
range of abilities to metabolize, excrete, produce new enzyme (e.g. acetylcholinesterase), etc. 
must be modelled, including for the unborn.  Some effects cannot be accounted for by primary 
pathways of toxicity.9  Thus modelling should not be used to justify decreases in extrapolation 
factors, and would need to be thoroughly validated.  


5.  Extrapolation of Data for Duration
a) Please comment on the PMRA’s use of a factor of 1- to 10-fold for extrapolating from a short-term 
study to a chronic scenario.


The uncertainties involved in this type of extrapolation are akin to extrapolation from LOAEL 
to NOAEL.  If this is necessary, it should be accompanied with a high extrapolation factor, and 
lead at the most to a temporary registration of short duration, with no option for renewal. 


b) Is it reasonable to consider factors such as toxicokinetics, toxicodynamics, the nature of the 
response and ancillary information on durational responses in determining the magnitude of this  
factor?


This information might be considered if several conditions were met.  What might contribute to 
strong evidence that effects might be the same over the longer period of time?  


• The pesticide and metabolites are very rapidly and completely (>99.9%) degraded in the 
environment (water, air, soil and indoors) to basic molecules such as carbon dioxide and 
water.  Degradation to more complex chemicals such at 6-chloronicotinic acid (reported 
to the PMRA for imidacloprid) should not be considered adequate. 


• Pesticide and metabolites are degraded/excreted in test animals within less than a small 
fraction (maybe 10%) of the duration of the chronic study.


• Toxicities were minor and did not involve genotoxicity, endocrine effects including 
hormones such as pituitary, thyroid, insulin, corticosteroid, androgen and estrogen, other 
endocrine disruption, effects on the nervous system or nerve cells in vitro, or 
immunotoxicity.


Note:  This is a very preliminary discussion of this issue, presented only as suggested ideas.


6.  Database Deficiencies
a) Please comment on the PMRA’s use of a factor of 3- to 10-fold for data deficiencies.
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b) Is it reasonable for the PMRA to use this factor when missing a “core” study or when missing a 
study whose need has been triggered by the existing data? (Note: core studies for conventional  
chemical pesticides include carcinogenicity studies in two different species, one chronic toxicity study,  
two prenatal developmental toxicity studies and a multigeneration reproduction study).


We have grave misgivings regarding pesticide registration when there are data deficiencies. The 
PMRA has been severely criticized in the past for re-approving conditional registrations when 
important data was lacking.  


The proposal to use an extrapolation factor for database deficiencies is epistemologically 
unsound.  It necessarily implies that the results of one study have positive predictive value with 
respect to the results of any (missing) study.  This is equivalent to the assertion that every 
assessable endpoint in a missing study must be positively correlated with at least one endpoint 
assessed in existing studies.  This is a strong statistical condition, one which is, a priori, highly 
unlikely to be true.  


While on the topic, another form of data deficiency that is not in the proposal document is the 
toxicity of breakdown products.  It is assumed in some assessments that studies using the parent 
compound will necessarily expose the animals to all the breakdown products. This is not the 
case if the pesticide is excreted unchanged and the cages are cleaned.  Some assessments 
include tests of some metabolites, but the rationale for choices of metabolites is unclear, and 
within a single assessment there may be no consistency between the number or identities of 
metabolites included in various experiments.  This issue could amount to considerable work so 
resistance from manufacturers must be expected, but unless it is addressed there can be little 
assurance that no harm will ensue from use of pest control products with complex, prolonged 
breakdown such as the neo-nicotinoid insecticides.22


7.  Severity of Endpoint
a) Please comment on the PMRA’s use of a factor of 3- to 10-fold for severity of effect.


A finite extrapolation factor for any chemical implies that there is a level at which there is 
“acceptable risk” or “reasonable certainty of no harm.”  In the European Union, legislation is 
being read that would require that a pesticide that has any of the effects listed in 7(b) be rapidly 
phased out (see http://www.europarl.europa.eu/oeil/file.jsp?id=5372322).  The reasoning is that 
there is no “safe” exposure to chemicals that cause irreversible or severe effects such as 
reproductive toxicity, developmental toxicity, nongenotoxic carcinogenicity or mortality.


b) Is it reasonable for the PMRA to use this factor, as described above, for irreversible or severe 
effects such as reproductive toxicity, developmental toxicity, nongenotoxic carcinogenicity or 
mortality?
c) Is it reasonable for the PMRA to use this factor, as described above, for less severe effects such as 
endocrine disruption or immunotoxicity?


Endocrine disruption and immunotoxicity can have severe chronic repercussions, and are 
common non-genotoxic mechanisms promoting development of cancers.  We are unaware of 
scientific justification for this distinction in “severity.”  This distinction is not made in Europe. 
Application of a lower factor for these outcomes is not justified.


8.  Multiplication of Uncertainty and Safety Factors as well as Upper Limit of Factors
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a) Please comment on the PMRA’s proposal of an upper limit of 3000 for an overall assessment factor.
We concur with the opinion that if an extrapolation factor is too high, that the process is not 
credible.  However, the answer is not to impose an arbitrary cap on the factor.  Pesticides with 
so much data lacking and/or reasons for concern that they would incur a larger extrapolation 
factor simply should not be registered until the data gaps have been filled in.  The factors that 
are unavoidable within the PMRA’s current methodology under discussion, are due to scientific 
limitations and uncertainties in the application of animal toxicology to human health.  These are 
the interspecies, intraspecies, and vulnerable populations factors.  This amounts to a 1000-fold 
factor.  Any additional factors represent serious data deficiencies and/or severe outcomes.   


b) Please provide any guidance relevant to minimize “double-counting” or to address the 
compounding conservatism of multiplying factors.


As described above, current extrapolation factors (interspecies, intraspecies, etc.) do not cover 
the range of metabolic abilities and responses to toxic exposures of vulnerable populations. 
Further factors reflecting data deficiencies should trigger more study.  Serious endpoints should 
trigger deregistration.  We do not see that conservatism in terms of health protection necessarily 
ensues from the present model; indeed in some cases the opposite may be the case.


9.  Factors for the Protection of Infants and Children under the New PCPA Provisions
a) The PMRA interprets the new PCPA provisions as requiring a presumptive application of the 10-
fold factor for the protection of infants and children. Please comment on whether this presumptive 
application satisfies the obligations of the new PCPA provisions.


The new PCPA requires a very high degree of protection, and the 10-fold factor for children is 
one way to implement that.  However, given the uncertainties in the science it is not possible to 
state that the obligations of the new PCPA are being met using only toxicological risk 
assessment.  


When toxicological science leaves us with excessive uncertainties, we must complement that 
area of science with other disciplines and bodies of knowledge, such as epidemiology and basic 
scientific studies.  


When there are doubts, the new PCPA would seem to require that vulnerable populations be 
given greater protection whenever possible, such as restricting use to only industrial/farm 
settings and further restricting or prohibiting uses in the vicinity of schools, hospitals, 
residences etc. The new PCPA provisions would be better met if pesticide registrations were 
restricted to fewer least-toxic approaches to pest control.


b) Please comment on the PMRA’s use of the PCPA safety factor as it relates to completeness of the 
data with respect to the toxicity of infants and children.


We do not recommend that pesticides be approved without complete data regarding infants and 
children.  However, if it is determined that the pesticide assessment will proceed without this 
data, a very high extrapolation factor should be applied.  To do otherwise would be to assume 
that the results will be favourable before the fact, and would act as a disincentive to developing 
the data.  As explained in the proposal document p 28, extrapolation factors due to data 
deficiencies may be an incentive for a company to produce data, only if that factor is reduced as 
a consequence of the research. This highlights a systemic problem with the program of 
manufacturer-produced data. The most effective incentive to fill in data gaps would be not to 
register (this is recommended) or at least to put a strict time-limit on the registration.  There 
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should also be the equivalent to trial registration for drugs, to attempt to reduce non-disclosure 
of unfavourable findings.  Certainly pesticides lacking information regarding infants and 
children should not be used in areas they may frequent.


c) Please comment on the PMRA’s use of the PCPA safety factor as it relates to prenatal or postnatal  
toxicity concerns.


At this point, we should explain that there are three areas of concern to be captured by 
extrapolation factors addressing human health.  


Firstly, there are well known vulnerabilities of children due to their immature metabolic 
systems, developing bodies, thinner skins, crawling and hand-to-mouth behaviour, etc.  These 
are discussed in relation to the 10-fold factor in a).  


The uncertainties discussed in b) relate to essential data, and this data should be developed and 
examined before a product is registered, particularly if it is to be used frequented by children or 
on foods.  


Known additional prenatal or postnatal concerns are not covered in the above two sub-
questions.  If there are known concerns and still important data gaps this might strongly suggest 
that the pesticide should not be registered, or at a minimum a substantial additional 
extrapolation factor is justified, with the same discussion as in b) above.


d) Is the PMRA’s revised assessment scheme (see Appendix 1) reasonable, transparent, and consistent  
with the new PCPA provisions?


No. As described above, children’s vulnerabilities, data gaps, and known prenatal and post-natal 
concerns are independent issues and merit separate studies and therefore independent 
extrapolation factors.


10. Application of Uncertainty and Safety Factors to the Working Population
a) Is it reasonable for the PMRA to apply uncertainty factors for interspecies and intraspecies 
variation, LOAEL-to-NOAEL extrapolation, extrapolation for study duration and database deficiencies 
to occupational risk assessment?


The PCPA rightfully does not distinguish between occupational and non-occupational 
exposures.  Workers have as much right for their health to be protected in the course of their 
duties as anyone else.  Workers include pregnant women, and their foetuses must be protected 
as any others.  Some of the most sensitive developmental windows for the foetus occur while 
the woman may be unaware that she is pregnant, so the highest level of protection is required 
for workers as for other citizens.  


Workers may be required to use pesticides, whereas it is the choice of a homeowner to use or 
not to use a pesticide.  Any user of a pesticide is required by law to follow label instructions 
including personal protection, but it is well known that pesticide residues are brought home on 
the clothes and boots, and in and on vehicles, by professional applicators and on the farm. 
Children and spouses may be exposed in homes and vehicles, and washing the laundry.  


Bystanders of any pesticide application will not be taking the same protective measures as 
applicators, and they must also be protected.  They may be unaware of the pesticide use, and 
children and animals cannot read signs to avoid re-entry of properties.  Homes and workplaces 
may be contaminated over long periods of time as pesticides degrade extremely slowly indoors. 
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Whether exposure is intentional or incidental, in the course of work, play or just plain day-to-
day living, all humans deserve the high level of protection required by the PCPA.  


Thus, yes the same factors should be applied, as a minimum.


b) Is it reasonable for the PMRA to apply the 10-fold factor in the new PCPA provisions to the 
pregnant/nursing worker in those cases where there is incomplete data to characterize the hazards to  
the fetus/infant or where a prenatal or postnatal concern has been identified?
c) Is it reasonable for the PMRA to apply a safety factor for severity of effect to occupational risk 
assessment?


As discussed in a), yes, as a minimum
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Conclusions and Recommendations
The Ontario College of Family Physicians believes that Canada should be working towards use of only 
least-toxic, lowest environmental impact, best practice methods and products for pest control.  The 
present pesticide risk assessment process is intended to ensure that there is “reasonable certainty” that 
use of a pesticide under particular conditions will cause no harm to human populations, future 
generations or the environment. 


The essence of science is to test hypotheses. Until and unless the risk assessment hypotheses are 
scrutinized as to their validity using independent data (e.g. epidemiology and basic scientific chemical 
effects studies), Canada cannot claim to have a “science-based” pesticide assessment system.


Some uncertainties inherent in pesticide assessment are meant to be captured in independent 
extrapolation factors (“safety” is no longer used by the PMRA in other contexts and should not be used 
in this context either). 


● Extrapolation factors may be used to extrapolate from animal to human data, with the caveat 
that when animals have detoxification enzymes which humans do not possess, this extrapolation 
may be suspect. 


● Extrapolation factors are used to attempt to account for variation amongst human 
susceptibilities at various ages and stages, from the foetus to the elderly, from the most robust to 
those with genetic predispositions to poor metabolism of pesticides. 


● We are concerned that some serious effects such as epigenetic changes are not examined at all. 


● Intra- and various inter-species susceptibilities each can vary over much more than an order of 
magnitude.  Thus, it is clear that 10-fold factors do not envelop the range of susceptibilities to 
toxic effects seen between laboratory species and humans, amongst adult humans, or amongst 
humans over the course of a lifetime. 


● Workers certainly may be pregnant or nursing, and workplace daycares are common; these 
people deserve the levels of protection afforded all others.


Given the large uncertainties arising from current limited knowledge of health science, other data 
deficiencies should be minimized to the greatest extent possible. 


● Due to possible non-monotonic dose effects, RDs should be within the range rather than outside 
of the range of dose-response data. This data should also include environmental levels. 
LOAEL-to-NOAEL extrapolation should not be used in full registrations if at all. 


● Extrapolation from short-term to long-term data should at most be considered for a one-time 
brief temporary registration, subject to a large extrapolation factor, and subject to strict criteria.


● Endocrine disruption and genotoxicity should be considered to be equally serious as 
carcinogenicity. Traits that contribute strongly to development of cancers as well as other 
common chronic conditions should be treated as seriously as cancer. These traits are not 
nuanced as to seriousness in Europe, where they may lead to deregistration. This should be the 
case in Canada.


● Interpretation of PCPA 2002 requirements for cumulative assessments should be expanded. 
Pesticides that affect a common type of cell or tissue should be assessed such that the combined 
effects are examined (e.g. insecticides that affect nerve cells). As well, pesticides that exert a 
common mode of toxicity on target organisms (e.g. phenoxy herbicides) should be assessed 
such that total doses are not excessive within the risk assessment process.
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The vast majority of data for pesticide assessment is generated by the registrants. 


● Metabolic pathway information should be determined, and included in standard package inserts 


● The PMRA should institute the equivalent to trial registration for drugs, to ensure direct access 
to complete data sets, and to address potential non-disclosure of unfavourable findings.


Only with such a system, with measures adopted or proposed in large measure in many European 
countries, can the PMRA implement the PCPA 2002, and can Canada claim to have a robust system 
protecting Canadians, second to none.
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Hypothesis on how to measure electromagnetic
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Electromagnetic hypersensitivity (EHS) is an ill-defined term to describe the fact that people who
experience health symptoms in the vicinity of electromagnetic fields (EMFs) regard them as
causal for their complaints. Up to now most scientists assume a psychological cause for the
suffering of electromagnetic hypersensitive individuals. This paper addresses reasons why most
provocation studies could not find any association between EMF exposure and EHS and presents
a hypothesis on diagnosis and differentiation of this condition. Simultaneous recordings of heart
rate variability, microcirculation and electric skin potentials are used for classification of EHS.
Thus, it could be possible to distinguish “genuine” electromagnetic hypersensitive individuals
from those who suffer from other conditions.


Keywords: athermal effects, heart rate variability, hypersensitivity to electromagnetic fields,
radiofrequency, time series analysis


Introduction


Electromagnetic hypersensitivity (EHS) is a term used to describe individuals who
consider themselves suffering from the effects of electromagnetic radiation. Their
estimated percentage varies according to country and year of inquiry and is
dependent on the classification used. No objective criteria for EHS exist. According
to Hallberg and Oberfeld the number of electromagnetic hypersensitive individuals
in Sweden rose from 0.06% in 1985 to 9% in 2003, while in 2003 their number was
5% in Switzerland, and in 2004 they numbered 9% in Germany and 11% in England
(Hallberg & Oberfeld, 2006). Johansson gives a number of 230 000–290 000 people
(2.6–3.2% of the population) in Sweden who report symptoms when in contact with
electromagnetic fields (EMFs) (Johansson, 2006). The prevalence in Austria
increased from 2% in 1994 to 3.5% in 2008 (Schroettner & Leitgeb, 2008). For
California the proportion of individuals with EHS symptoms is estimated to be
around 3% of the population (Levallois, Neutra, Lee, & Hristova, 2002).


The symptoms described by people suffering from EHS are non-specific and
range from headache, skin symptoms to sleeping problems, heart problems and
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nervous symptoms (Irvine, 2005; Johansson, 2009). Bergqvist and Vogel describe
three stages in the development of EHS: temporary symptoms in the first stage,
persisting symptoms with increasing intensity, duration or number of symptoms in
the second stage and frequent neurovegetative symptoms triggered by EMFs in the
third stage (Bergqvist & Vogel, 1997). Accordingly, impacts of complaints range from
mild impairment to withdrawal from work and society. Scientists and sufferers
disagree about aetiology and significance of this illness (Moore & Stilgoe, 2009).


Some scientists believe that EHS is caused by so-called “athermal” or “non-
thermal” effects, i.e. electromagnetic radiation effects that do not result in detectable
heating of exposed tissue (Johansson, 2006). As such they are likely to occur well
below the current limit values and seem to be the “long-term effects” of EMF
exposure in contrast to the short-term thermal effects.


The probability of adverse effects in relation to EMF exposure depends on the
individual constitution, pre-existing disease, duration of exposure, type of
electromagnetic radiation (continuous wave or modulated), how sensitized the
individual is by prior exposures and intensity, among others. There is no specific set
of symptoms that would clearly distinguish an electromagnetic hypersensitive
individual from someone with other hypersensitivity syndromes. Until now, no
model for the biological effect could be established. Therefore it is not possible to
define the influencing factor of an athermal effect, which is a prerequisite for any
statistical testing. EHS may be a multi-causal event, complicating the identification
of one or more contributory mechanisms.


In double-blind provocation studies with regard to EHS, people are classified as
sensitive or not according to their own assessment (e.g. self-reported EHS; Eltiti et al.,
2007; Hillert et al., 2008; Kim et al., 2008; Landgrebe et al., 2008; Wilén, Johansson,
Kalezic, Lyskov, & Sandström, 2006). Huss and others, in an innovative
environmental medicine counselling project, came to the conclusion that in 32%
of cases there was a plausible relationship between EMF exposure and reported
symptoms (Huss et al., 2005). This means that 68% of those who claim to be
electromagnetic hypersensitive could, in fact, suffer from other conditions or even
have a psychological condition causing their symptoms. With this in mind, it is no
surprise that provocation studies with self-reported electromagnetic hypersensitive
individuals could not find any association between symptoms and exposure. What is
needed is a method to measure “genuine” EHS in order to differentiate this kind of
hypersensitivity from other kinds of conditions.


Proposal on how to measure EHS


There are possible parameters that could be used to measure EHS. Thus, “genuine”
electromagnetic hypersensitive individuals could be distinguished from those who
suffer from other conditions. A prerequisite for possible parameters to measure EHS
would be: they must be beyond voluntary control and they must be measurable.


EHS has been tested mostly on the level of one or more effects such as changing
skin temperature, bodily sensations or cognitive efficiency and other psychological
events immediately on exposure. As such, only short-term thermal effects are taken
into account as possible outcomes of exposure to EMFs. Obviously, the athermal
reaction of biological systems is initiated on the vegetative level, as this is where
biological functions are fundamentally regulated, e.g. oxygen supply through
respiration and blood flow. Following with a considerable time delay, there might be
a change of skin temperature or in behaviour on any cognitive or mental level.
Additionally, it is of importance that the test parameter is not influenced by
autogenous activity, for instance changing breathing frequency. Suitable are the
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following non-invasive methods: heart rate variability (HRV), microcirculation
(capillary blood flow) and electric skin potentials.


The determination of HRV is a well-established method to evaluate the activity of
bioregulation: the time variances of succeeding heartbeats are within an individual
time frame. A limited variance points to a disturbance in bioregulation. A constant
succession of the single events is not consistent with life. The methods used are
a time-series analysis (Figure 1) and the frequency analysis (Fast Fourier
Transformation, FFT) of the subsequent ECG R-waves (Figures 2 and 3). In the
time series analysis (Figure 1), the ECG signal is recorded over a time frame of 1.1 s
(triggered by the R-waves) and displayed in an overlapping manner over a period of
3min. A shortened bandwidth of the actions represents a limited bioregulation as it
is seen in electromagnetic hypersensitive individuals under or shortly after EMF
exposure from mobile phones. The narrower the basic frequency of the ECG in the
FFT (limited bioregulation), the more marked the harmonics (Figure 3).


Wilén et al. could not find significant differences in their power spectral analysis of
HRV recordings between self-declared electromagnetic hypersensitive individuals
and matched controls (Wilén et al., 2006). But they did not investigate and compare
the dynamics of changes in HRV during and after exposure. In our experience, the
dynamics of changes in HRV are of vital importance. After recording and analysing
them and comparing them with simultaneously recorded measurements of capillary
blood flow and electric potential difference of the skin (as described further below),


Figure 1. HRV in a time series analysis showing active bioregulation (above) and limited
bioregulation (below). The shaded area (light grey) represents all the single events. The continuous
line (dark grey) represents the arithmetic mean of the succeeding heartbeats. The maximum of the
continuous line represents the core area of the successive R-waves following the trigger: the
higher this mean maximal value in relation to the individual event, the narrower is the bandwidth of
the HRV.
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a consistent pattern of changes can be found in “genuine” electromagnetic
hypersensitive individuals.


Yilmaz investigated the effects of EMF from mobile phones on the HRV using
nonlinear analysis methods (Yilmaz & Yildiz, 2010). He found significant changes in
healthy young volunteers and concluded that EMF significantly influenced the
cardiac system in its complexity. We hypothesize that changes would be more
pronounced in “genuine” electromagnetic hypersensitive individuals.


The continuous detection of capillary blood flow (microcirculation) is an
important tool for analysing the capacity of autonomous nervous activity (Figure 4).
The substantial intestinal motility is particularly reflected in this dynamic of
regulation. In EHS patients this regulation shows no activity at all for some time after
exposure (Figure 5). The method used is the measurement of peripheral blood
flow by Doppler meter at the lobe of the ear. Changes in capillary blood
(microcirculation) flow are analysed as a function of time (Figures 4 and 5). The
microcirculation is controlled by the vegetative nervous system. Recorded before,
during and after exposure, these data thus provide insights into the activity of
bioregulation. The basic frequency is the typical periodical biological regulation of
approximately 0.15Hz (one period of about 7 s), which correlates with the intestinal
motility and gallbladder motility. Superimposed on those signals are high-frequency
signals that correlate with the individual heartbeats (R-waves) (Figure 4). Under
stress, i.e. during and after EMF exposure, the basic frequency of the
microcirculation is diminished as is the high-frequency signal (Figure 5).


Figure 2. Determination of the HRV using FFT. The variability of the heart rate is determined via
frequency analysis (FFT) of the basic signal (distance of individual R-waves in the ECG) and its
harmonics.


Figure 3. Results of the FFT with power spectrums of ECG, basic frequency of ECG (- -) and
harmonics. The left picture with almost no distinct harmonics is typical for an active bioregulation,
the right picture due to the increased amount of harmonics is typical for a limited bioregulation.
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The electric potential difference on the skin is measured by an electrode matrix
over some millimetres on the skin surface of the forearm (Figure 6). The measured
potentials are displayed as temporal sequence of the recorded signals during the
different experimental settings (before, during and after exposure). Under normal
conditions (stress-free situation), the electric skin potentials reflect low-amplitude
signals like the ECG (Figure 4, middle).


Figure 4. Simultaneous display of temporal ECG changes (on top), electric skin potentials (middle)
and microcirculation (bottom) typical for a normal (healthy) bioregulation.


Figure 5. Simultaneous display of temporal ECG changes (on top), electric skin potentials (middle)
and microcirculation (bottom) typical for a pathological bioregulation.
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With increasing stress, i.e. under EMF exposure, the electric skin potential
difference shows less and less amplitude (Figure 5, middle) until there is no more
oscillation. Under extreme stress there is a zero line only.


While healthy individuals show no changes in HRV, electric skin potentials and
microcirculation under exposure compared with the unexposed state, “genuine”
electromagnetic hypersensitive individuals exhibit typical changes in those
parameters over time of exposure and thereafter (Table 1). With no exposure both
groups are not distinguishable from each other. In contrast to that, individuals
hypersensitive to other substances/agents exhibit the same changes or parts of them
already in an unexposed state. Under exposure those parameters do not change
substantially. Another group of individuals cannot be classified and thus cannot be
evaluated.


All these three parameters (HRV, electric skin potentials andmicrocirculation) are
influenced in EHS patients under exposure within some minutes and remain so after
exposure for some minutes up to 1 h. The all-in-all matrix with these data can be
used for EHS classification (Figures 1 and 3–5), as shown in Table 1, and should
allow to distinguish “genuine” EHS from other types of conditions (Table 1). The
proposed method to measure EHS using simultaneous recordings of HRV,
microcirculation and electric skin potentials is the result of extensive measurements
by one of the authors (von Klitzing) in this area.


Discussion


EHS has been attributed by most researchers to psychological processes or has been
described as somatization/psychiatric disorder so far (Landgrebe et al., 2008;


Figure 6. Measurement device for the determination of the electric potential difference. Four times
four electrodes serve as sensors and are placed in a distance of 2.4mm from each other onto the skin
surface.
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Leitgeb, 2009; Rubin, Munshi, & Wessely, 2005; Rubin, Nieto-Hernandez, & Wessely,
2010). It had been widely assumed that with repeated provocations, symptoms in the
self-reported electromagnetic hypersensitive individuals would be similar and could
be provoked in the short term. Thus a lot of provocation tests have been conducted
(Eltiti et al., 2007; Nam et al., 2009; Oftedal, Straume, Johnsson, & Stovner, 2007;
Regel et al., 2006; Rubin, Hahn, Everitt, Cleare, & Wessely, 2006; Rubin et al., 2010).
Almost all of them could not demonstrate any real EMF effect and they seem to
confirm that EHS is only “psychological”. McCarty et al. questioned this assumption
of similar symptoms and referred to the considerable variability of reported effects in
previous surveys. They could demonstrate that EMF effects could lead to somatic
reactions in a sensitive individual (McCarty et al., 2011).


Based on previous unpublished research we present our hypothesis on how to
measure EHS assuming like McCarty et al. that subjective symptoms vary
considerably inter-individually and across subjects. In our hypothesis, the tested
parameters are on the vegetative level. They are relatively free from voluntary
control. Nevertheless they still vary considerably. Moreover based on our
measurements, we are convinced that within the group of self-reported
electromagnetic hypersensitive individuals there are “true” cases of hypersensitivity
and “false” ones. The latter could comprise what others subsume as “psychological”
effects of EMF.


In this paper, we propose a method that would enable researchers to distinguish
“true” electromagnetic hypersensitive individuals from other kinds of conditions. We
assume that somatic reactions could be provoked by EMF effects in sensitive
individuals. According to our hypothesis, a classification of EHS should be possible
with data based on simultaneously measured HRV, electric skin potentials and
microcirculation during and after exposure to EMFs.


Our hypothesis is a hypothesis that eludes conventional statistical testing
methods, because the parameter to be tested would be the vegetative system. But
the vegetative system cannot be regarded as constant. It is constantly changing
over time, which means that the tested effect will be influenced by intra- and
inter-subject variability. In other words, the connecting parameter between groups is
not distinct.


The simultaneous measurement of HRV, capillary blood flow and electric skin
potentials over time in electromagnetic hypersensitive individuals under or shortly
after exposure in time-slot EMF does not allow for statements about a certain
harmful effect of EMFs on humans. We are only measuring a phenomenon, but this
demonstrates that the biological system of electromagnetic hypersensitive
individuals responds to EMF exposure. Probably in those people EMFs are
perceived by the vegetative nervous system as a kind of disturbance. The extent to
which this is related to other possible measurements, such as immune function tests,
remains to be elucidated. Johansson et al. could demonstrate in vivo that cutaneous
mast cells increase in number and migrate towards the uppermost dermis after EMF
exposure (Johansson, 2007; Johansson et al., 2001). Interestingly, this effect was
found 2–4 h after exposure, which is later than what we saw by our tested
parameters. But again, there is a considerable time delay.


Conclusion


We hypothesize that the group of self-reported electromagnetic hypersensitive
individuals comprises a heterogeneous group of people who “truly” experience
symptoms after being exposed to EMFs and people with other conditions. This, in
combination with variability of symptoms, absence of model of effect, small number
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of cases and focus on short-term effects, might be the reason why most provocation
studies could not find any significant association between EMF exposure and bodily
symptoms in the self-declared EHS patients.


The proposed method of simultaneously measuring HRV, capillary blood flow
and electric skin potentials over time could allow to distinguish “genuine”
electromagnetic hypersensitive individuals from individuals who suffer from other
conditions. EHS is still a “terra incognita” in science, and the variability of the
vegetative system makes it difficult or even impossible to investigate this
phenomenon using conventional statistical methods.
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Introduction


Health equity and social determinants of health remain high on
international and national agendas. Recently, the report of the
World Conference on Social Determinants of Health (October
2011) recognized the need for increased availability of data on
inequities in health and resource allocation [1]. The Global
Symposium on Health Systems Research in 2010 also considered
equity to be of fundamental importance [2]. Despite such global
commitment, there continues to be a dearth of evidence on the
effects of policies on health equity [3].


Health equity is defined as the absence of avoidable and unfair
inequalities in health [4]. The moral judgment of fairness involves
an ethical debate about freedom, capabilities, and opportunities
with consideration of context [5]. Rigorous scientific measurement
and evaluation of the effects of policies on health equity is
necessary to meet the goals of the World Health Organization
Commission on Social Determinants of Health (WHO CSDH).
Studies of the average effects of interventions, which control for
confounding across individual and population-level characteristics,
hide their impact on health equity. Using average effects to guide
policy may even result in increases in health inequalities despite
good intentions, as shown by an assessment of the impacts of
country-level efforts in child health [6]. Well-designed, scientific
evaluations that assess effects on health equity are needed to break
the poverty trap [7].


Systematic reviews have, on one hand, been promoted as a
useful and comprehensive source of evidence for decision making
[8,9], and, on the other hand, have been criticized by decision
makers for not providing evidence about health equity [10,11].


Systematic reviews can address health equity questions in one of
three ways. First, they can assess effects of interventions targeted at
a disadvantaged population as done in a review on school feeding
for disadvantaged children [12]. Second, they can assess effects of
interventions aimed at reducing social gradients such as the review
on interventions to reduce the social gradient in smoking [10,13].
Third, they can assess effects of interventions not aimed at
reducing inequity but where it is important to understand the
effects of the intervention on equity, such as lay health workers
[14] or obesity prevention in children [15]. We estimate that
approximately 20% of systematic reviews indexed in MEDLINE
meet one or more of these criteria [16].


A focus on health equity in systematic reviews may uncover
evidence on intervention-generated inequalities [17], lack of
evidence and the need for further research [15], or greater
absolute impact for the poorest due to their poorer health status.


For example, vitamin A has the largest absolute impact on
mortality reduction for children with lowest nutritional status [18].
However, few systematic reviews assess effects on health equity
and those that do often provide insufficient detail to allow
replication, including poor reporting of some population charac-
teristics, subgroup analyses, and applicability judgments [19].


Reporting guidelines are designed to encourage completeness
and transparency in reporting methods and results of systematic
reviews, such as the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) Statement. Whilst there is
guidance on conducting equity-focused systematic reviews [20],
there is no guidance on reporting them. This is important because
several methodological issues are specific to reporting on
systematic reviews with a major focus on equity, such as how
disadvantaged populations are defined, how equity is incorporated
into syntheses, and how to report on the applicability of review
findings to disadvantaged populations or settings.


We therefore developed reporting guidelines for equity-focused
systematic reviews, and had two main goals: (1) to provide
structured guidance on transparently reporting these methods and
results, and (2) to legitimize and emphasize the importance of
reporting health equity results. We aim to contribute to improving
the evidence base for evidence-informed, equity-oriented policy
through wide dissemination of these reporting guidelines.


Methods


To produce these equity reporting guidelines (henceforth called
PRISMA-E 2012), we followed recommendations [21] for the


The Guidelines and Guidance section contains advice on conducting and
reporting medical research.
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development of health research reporting guidelines: the relevant
steps include identifying need, obtaining funding, reviewing the
literature, conducting a broad survey (Figure S1; Tables S2, S3,
S4, S5), and exploring consensus (see Figure 1).


Consensus Meeting
A two-day consensus meeting was held on February 9–10, 2012


at the Rockefeller Foundation Sfondrata conference centre in
Bellagio, Italy with 23 participants (Table S1). Its purpose was to
discuss and reach consensus on each proposed item to be included
in the PRISMA-E 2012 guidance. This guidance used the
PRISMA statement and guidance as a starting point. PRISMA
is an evidence-based minimum set of items for reporting in
systematic reviews and meta-analyses; it does not currently have
items relating explicitly to equity (www.prisma-statement.org) [22].


The meeting was organized to maximize participation and
minimize lengthy presentations. Each participant was assigned a
role to increase participation (Table S6). We provided all
participants with instructions about these roles prior to the meeting
(Table S7), and recorded all discussions and took detailed minutes.


We selected meeting participants on the basis of their expertise
in systematic reviews, geographic diversity (prioritizing represen-
tation of participants from low- and middle-income countries), and
representation of organizations that might use the reporting
guidelines.


The participants included journal editors (n= 3), funders (n= 2),
systematic review authors with a focus on low- and middle-income
countries (n= 4), decision-making organizations (n= 2), practition-
ers in public health or health care (n= 5), and methodologists/
statisticians (n= 4). Several participants represented more than one
of these groups, but are only counted once. There were seven
participants from low- and middle-income countries.


Results


The consensus meeting participants (hereafter referred to as
‘‘we’’) first agreed that the proposed equity reporting guidelines
should be developed as a stand-alone document, because there is


no set date for updating the PRISMA Statement and we felt that
health equity issues are of sufficient global importance that they
require explicit attention. Secondly, we agreed that the items were
intended to focus on description of what was done and how, as
with other reporting guidelines [21].


The proposed equity extension items are shown in Table 1,
column 2, with the original PRISMA items in the left column. The
rationale for these items is summarized below.
Title (1): Identify equity as a focus of the review, if


relevant, using the term equity. We agreed that it is very
important to facilitate identification of reviews that address equity.
We recognize this is not standard practice. In a search of all
systematic reviews in the last year, we found only seven with equity
in the title (Table S8). Thus, we propose that all equity-focused
reviews include equity in the title.
Structured Summary (2, 2A, 2B): State research


question(s) and present results related to health equity,
and assess applicability. We recognize that end-users may
only read the abstract. Therefore, it is critical that the abstract
details effects on equity.
Rationale (3 and 3A): Describe assumptions about


mechanism(s) by which the intervention is assumed to
have an impact on health equity, and provide analytic
framework (if done). We felt that equity-focused systematic reviews
need to define a priori how the intervention is expected to influence
health equity, so that these hypotheses can be tested. A visual
representation (analytic framework) can be very useful. For example,
they can show the causal chain [23]. Examples of using such
frameworks for systematic reviews are increasingly available [24,25].
Objectives (4 and 4A): Describe how disadvantage was


defined and research questions addressed. Health equity
and disadvantage are normative concepts, thus the systematic
review must define how these terms are operationalized. Research
questions related to equity need to be explicitly stated. For
example, socially disadvantaged mothers were defined as those
who were poor, lived in an inner-city environment, or were single
parents in one review [26].
Methods (6 and 6A): Provide rationale for eligible


study designs and outcomes. Equity questions may involve
interventions and/or outcomes that have not been assessed
through randomized evaluations. Therefore, we recommend
explicit consideration of eligible study designs based on fitness
for purpose [3,20] and that the rationale for these choices be
reported. Outcomes related to health equity need to be defined
since they may involve differences between more and less
advantaged groups. Furthermore, some questionnaire-based out-
comes need to be adapted for less advantaged people. For
example, a systematic review of culturally appropriate health
education assessed the influence of culturally adapted measure-
ment tools on knowledge outcomes using sensitivity analysis [27].
Information sources and search strategy (7 and 8):


Describe the relevance of databases and sources for
equity as well as any terms used related to equity
questions. We recommend searching broadly for equity-related
topics. Non-health databases such as transportation and econom-
ics may be relevant [28], as well as gray literature such as theses
and unpublished reports. It is important to note that equity limits
in the search could result in missing studies [29] unless these equity
search strategies are validated. For example, the Cochrane Child
Health filter [30] has been validated.
Data items (11): List and define data items related to


equity where such data were sought. We recommend using
an explicit checklist in the data extraction process to avoid missing
data on health equity. We recommend place of residence, race/


Summary Points


N There is a global imperative to tackle national and
international health inequities— defined as unfair and
avoidable differences in health.


N One step in reaching this goal is to improve the rigorous,
scientific evidence base on the impacts of policies on
inequities in health outcomes, resource allocation, and
use.


N Systematic reviews are increasingly recognized as a
valuable source of evidence for both health care and
health systems decision making, yet very few systematic
reviews report effects on health equity.


N We developed consensus-based reporting guidelines for
equity-focused systematic reviews in order to help
reviewers identify, extract, and synthesise evidence on
equity in systematic reviews.


N Increased use of these reporting guidelines will help
improve the reporting of effects on both inequities in
health outcomes and health care use across gender,
socioeconomic position, and other characteristics, both
in systematic reviews and eventually primary research,
thus contributing to the global agenda to improve
health equity.
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ethnicity/culture/language, occupation, gender/sex, religion, ed-
ucation, socioeconomic status, social capital and ‘‘plus’’ to indicate
other possible factors such as disease status or disability
(PROGRESS-Plus) [20]. Each of these characteristics requires
careful consideration regarding their definition and classification
as well as their interaction with other contextual elements and how
they influence health inequities. For example, there is no agreed
system for classifying race, ethnicity, and culture, particularly
across different countries [31]. The concept of ethnicity has a
relational dimension that helps in understanding social stratifica-
tion and social exposures, and this relational dimension depends
on context and setting [32]. The categorization of individuals
according to ethnic groups may have different results when
compared to individuals self-classification, and may also have
negative consequences [31]. For each element of PROGRESS-
Plus, authors need to consider whether health differences are
avoidable and thus considered health inequities. When possible,
systematic review authors should state how each element of
PROGRESS-Plus was conceptualized, how it is hypothesized to
affect health inequities, and how it was assessed. More limited
criteria may also be used. For example, in a review of school
feeding for disadvantaged children, data were sought on effects by
socioeconomic position, or proxies for socioeconomic position
such as nutritional status [12].


Synthesis of results (14): Describe methods of synthe-
sizing findings on health inequities. In our view, an equity-
focused review must present both relative and absolute differences
between groups. Policy makers are interested in the absolute
impact on deaths prevented or morbidity avoided. Furthermore,
the absolute impact is likely to be higher in disadvantaged groups
who are likely to have worse baseline health status. For example,
vitamin A for preventing morbidity and mortality in children from
6 months to 5 years of age found a 24% relative risk reduction,
which, in absolute terms, amounted to prevention of 22 deaths per
1,000 in a high-risk population but only three deaths per 1,000 in
a medium-risk population [18].
Additional analyses (16): Describe methods of addi-


tional synthesis approaches related to equity questions.
Additional quantitative or qualitative analyses may be necessary to
answer equity questions; these include causal pathway analysis and
process evaluation. For example, a review of school feeding
tabulated effects for each study according to effect modifiers such
as type of study, blinding versus unclear blinding, and high versus
low energy [12].
Results (18, 21, 23): Equity-focused reviews should


report all relevant population characteristics as well as
contextual factors that may be important for the
population and intervention of interest. We felt that the


Figure 1. Flowchart of methods used to develop PRISMA-E 2012 reporting guidelines for equity-focused systematic reviews. LMIC,
low- and middle-income country.
doi:10.1371/journal.pmed.1001333.g001
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Table 1. Checklist of items for reporting equity-focused systematic reviews.


Section Item Standard PRISMA Item Extension for Equity-Focused Reviews


Title


Title 1 Identify the report as a systematic review,
meta-analysis, or both.


Identify equity as a focus of the review, if relevant,
using the term equity.


Abstract


Structured summary 2 2. Provide a structured summary including, as
applicable: background; objectives; data sources;
study eligibility criteria, participants, and interventions;
study appraisal and synthesis methods; results;
limitations; conclusions and implications of key
findings; systematic review registration number.


State research question(s) related to health equity.


2A Present results of health equity analyses (e.g.,
subgroup analyses or meta-regression).


2B Describe extent and limits of applicability to
disadvantaged populations of interest.


Introduction


Rationale 3 Describe the rationale for the review in the context
of what is already known.


Describe assumptions about mechanism(s) by
which the intervention is assumed to have an
impact on health equity.


3A Provide the logic model/analytical framework,
if done, to show the pathways through which
the intervention is assumed to affect health equity
and how it was developed.


Objectives 4 Provide an explicit statement of questions being
addressed with reference to PICOS.


Describe how disadvantage was defined if used as
criterion in the review (e.g., for selecting studies,
conducting analyses, or judging applicability).


4A State the research questions being addressed with
reference to health equity


Methods


Protocol and
registration


5 Indicate if a review protocol exists, if and where it
can be accessed (e.g., web address), and, if
available, provide registration information
including registration number.


Eligibility criteria 6 6. Specify study characteristics (e.g., PICOS, length
of follow-up) and report characteristics (e.g., years
considered, language, publication status) used as
criteria for eligibility, giving rationale.


Describe the rationale for including particular study
designs related to equity research questions.


6A Describe the rationale for including the outcomes
(e.g., how these are relevant to reducing inequity).


Information sources 7 Describe all information sources (e.g., databases
with dates of coverage, contact with study authors
to identify additional studies) in the search and
date last searched.


Describe information sources (e.g., health, non-health,
and grey literature sources) that were searched that
are of specific relevance to address the equity
questions of the review.


Search 8 Present full electronic search strategy for at least
one database, including any limits used, such that
it could be repeated.


Describe the broad search strategy and terms used
to address equity questions of the review.


Study selection 9 State the process for selecting studies (i.e.,
screening, eligibility, included in systematic
review, and, if applicable, included in the
meta-analysis).


Data collection
process


10 Describe method of data extraction from reports
(e.g., piloted forms, independently, in duplicate)
and any processes for obtaining and confirming
data from investigators.


Data items 11 List and define all variables for which data were
sought (e.g., PICOS, funding sources) and any
assumptions and simplifications made.


List and define data items related to equity, where
such data were sought (e.g., using PROGRESS-Plus
or other criteria, context).


Risk of bias in
individual studies


12 Describe methods used for assessing risk of bias
of individual studies (including specification of
whether this was done at the study or outcome
level), and how this information is to be used in
any data synthesis.


Summary measures 13 State the principal summary measures (e.g.,
risk ratio, difference in means).
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reporting guideline should emphasize the need to present results of
all equity syntheses such as meta-regression and subgroup analyses
(item 21), even if lacking in data. We also propose an additional
item to describe the use of additional synthesis approaches such as


process evaluation or the use of qualitative data to answer equity
questions (item 23).
Conclusions (26, 26A): Present extent and limits of


applicability to disadvantaged populations of interest


Table 1. Cont.


Section Item Standard PRISMA Item Extension for Equity-Focused Reviews


Synthesis of results 14 Describe the methods of handling data and
combining results of studies, if done, including
measures of consistency (e.g., I2) for each
meta-analysis.


Describe methods of synthesizing findings on health
inequities (e.g., presenting both relative and absolute
differences between groups).


Risk of bias across
studies


15 15. Specify any assessment of risk of bias that
may affect the cumulative evidence (e.g., publication
bias, selective reporting within studies).


Additional analyses 16 Describe methods of additional analyses
(e.g., sensitivity or subgroup analyses,
meta-regression), if done, indicating which
were pre-specified.


Describe methods of additional synthesis approaches
related to equity questions, if done, indicating which
were pre-specified


Results


Study selection 17 Give numbers of studies screened, assessed for
eligibility, and included in the review, with
reasons for exclusions at each stage, ideally
with a flow diagram.


Study characteristics 18 For each study, present characteristics for which
data were extracted (e.g., study size, PICOS,
follow-up period) and provide the citations.


Present the population characteristics that relate to
the equity questions across the relevant PROGRESS-Plus
or other factors of interest.


Risk of bias within
studies


19 Present data on risk of bias of each study and,
if available, any outcome level assessment
(see item 12).


Results of individual
studies


20 For all outcomes considered (benefits or harms),
present, for each study: (a) simple summary data
for each intervention group; (b) effect estimates
and confidence intervals, ideally with a forest plot.


Synthesis of results 21 Present results of each meta-analysis done,
including confidence intervals and measures
of consistency.


Present the results of synthesizing findings on
inequities (see 14).


Risk of bias across
studies


22 Present results of any assessment of risk of bias
across studies (see item 15).


Additional analysis 23 Give results of additional analyses, if done
(e.g., sensitivity or subgroup analyses,
meta-regression [see item 16]).


Give the results of additional synthesis approaches
related to equity objectives, if done, (see 16).


Discussion


Summary of evidence 24 Summarize the main findings including the
strength of evidence for each main outcome;
consider their relevance to key groups
(e.g., health care providers, users, and policy
makers).


Limitations 25 Discuss limitations at study and outcome level
(e.g., risk of bias), and at review-level
(e.g., incomplete retrieval of identified research,
reporting bias).


Conclusions 26 Provide a general interpretation of the results
in the context of other evidence, and implications
for future research.


Present extent and limits of applicability to
disadvantaged populations of interest and describe
the evidence and logic underlying those judgments.


26A Provide implications for research, practice, or policy
related to equity where relevant (e.g., types of
research needed to address unanswered questions).


Funding


Funding 27 Describe sources of funding for the systematic
review and other support (e.g., supply of data);
role of funders for the systematic review.


This checklist should be read in conjunction with the Statement and Explanation and Elaboration document, when available.
PICOS, participants, interventions, comparisons, outcomes, and study design.
doi:10.1371/journal.pmed.1001333.t001
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and implications for research, practice, or policy
related to equity. We agreed that systematic reviewers cannot
make judgments about applicability or implications for practice
and policy for every possible setting. However, we feel that the
explicit reporting about applicability of findings to disadvantaged
populations of interest is necessary to increase their relevance to
decision makers (items 26 and 26A). For example, a Cochrane
review of lay health workers suggested considerations for the
assessment of applicability in different settings such as health
system characteristics and on the ground constraints [33].


Discussion


We have developed PRISMA-E 2012 to improve transparency
and completeness of reporting of systematic reviews with a major
focus on equity. We followed recent guidance on good practice in
guideline development [21]. This inclusive and evidence-based
process resulted in the proposal of 20 additional items to the
PRISMA Statement to improve reporting of equity-focused
systematic reviews.


Equity and fairness are of paramount importance to health care
decision making and resource allocation [34]. This equity
extension of PRISMA emphasizes the importance of enhancing
the reporting of methods and results relevant to health equity,
which we believe will improve the evidence base for equity-focused
decision making over time.


We have planned several post-publication activities to increase
dissemination and uptake of PRISMA-E 2012, such as presenta-
tions at conferences to reach decision makers, journal editors, and
researchers, as well as web-based strategies such as webinars, an
open-access website, and twitter. Readers can find out about post-
publication activities on the Campbell and Cochrane Equity
Methods Group website www.equity.cochrane.org.


To encourage journal endorsement, we will write to the nearly
200 PRISMA-endorsing journals and ask them to consider
endorsing PRISMA-E 2012, using affirmative, precise language
that has been shown to increase uptake, such as ‘‘[this journal]
requires a completed PRISMA-E 2012 checklist as a condition of
submission of systematic reviews whose main focus is equity. We
recommend you, while completing this form, consider amending
your manuscript to ensure your article addresses all issues raised
by the PRISMA-E 2012 checklist, where appropriate. Taking the
time to ensure your manuscript meets these basic reporting needs
will greatly improve your manuscript, potentially enhancing its
chances for eventual publication.’’ Similarly, we will contact
funding agencies and those commissioning systematic reviews to
consider recommending the use of PRISMA-E 2012. Grant peer
review committees can also use the reporting guideline. We will
evaluate the uptake of PRISMA-E 2012 by assessing the number
of journals that cite PRISMA-E 2012 in their instructions for
authors. We also plan to evaluate the influence of journal (and
potentially other organizations) endorsement of the PRISMA-E
2012 by comparing endorsing and non-endorsing journals
regarding reporting of PRISMA-E 2012 items in equity-focused
systematic reviews [35].


Our development process has a number of strengths including
the use of an inclusive process with input from intended users using
a web-based survey and consensus meeting. The main limitations
of our approach are that some terms are not widely accepted such
as ‘‘logic model’’ and ‘‘analytic framework.’’ There is no
universally accepted definition of ‘‘health equity.’’ We chose to
use Whitehead’s widely used definition as it differentiates simple
differences in outcomes from those that are inequitable due to
unfairness [4]. We acknowledge that our tool is limited to


improving the reporting of reviews already examining equity,
rather than improving equity research or indeed health equity
itself.


In conclusion, we hope that the use of this PRISMA-E 2012
guidance will improve both the reporting and conduct of equity-
focused reviews. In time, it may indirectly influence primary
research by identifying the need for new research studies to answer
health equity questions. Thus, we hope for this guidance to help
contribute to the goals of the Rio Political Declaration on Social
Determinants of Health [1] by improving the evidence base about
equity in health outcomes, access, and use of health care.
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1. Introduction	
The healthcare system  is evolving to  include a focus on primary prevention of disease using screening 


measures, education and  routine well‐visits.  Instead of  reacting after  the  fact when  individuals  show 


symptoms of disease, healthcare professionals are adopting the proactive approach and are attempting 


to prevent disease in the first place.  


The World Health Organization  recognizes  that  there  are multiple determinants of health  (Figure  1). 


Environmental  exposures have become  increasingly  recognized  as  important determinants of health. 


Children’s  and  adolescents’  respiratory,  neurological,  immune,  reproductive,  endocrine  and 


haematological systems have been found to be affected by exposure to various environmental toxicants 


at levels previously believed to be relatively safe.1,2,3,4,5,6,7,8,910,11,12 


Figure 1:  Determinants of Health 


 


               World Health Organization, undated, reproduced in Children’s Health and the Environment‐ A Primer,  


                                  Canadian Partnership for Children’s Health and the Environment, August, 2005: 5 
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It  is  important  that healthcare professionals are able  to  recognize  the health effects of exposures  to 


environmental hazards in the air that children and adolescents breathe, the food and fluids they ingest, 


and the materials with which they come  into contact. Normal development and function progress  in a 


sequential, organized  fashion  in phases, which  can be disrupted by  exposures  to  toxic  substances.  If 


disruption  occurs  during  these  phases  or  “windows  of  vulnerability,”  there  can  be  lifelong  health 


consequences. The  impact of exposures  to environmental hazards may be manifested  immediately as 


overt,  acute  poisoning  or  over  time  as  chronic  diseases  or  complex  health  problems  related  to 


continuing or cumulative low dose exposures to one or more harmful substances. In addition, toxicants 


may have  reproductive  impacts  that may or may not be apparent  in  the exposed  individual, but may 


lead to harm in future generations (Box 1). 


1.1	 Box	 1	 ‐	 Environment	 and	Harm	 to	Health	 (Kasperski	MJ,	Marshall	 LM,	
January	2011)	


 


 Fetuses, infants and children are at high risk of harm due to exposures to 
environmental toxicants.  


 


 The DNA of both mother and father can be altered by exposures to environmental 
toxicants. 


 


 Fetuses are exposed prenatally to the mother’s chemical body burden; breastfeeding 
infants are exposed to the mother’s body burden, as well.  


 


 Infants and children are exposed to multiple chemicals with larger dose exposures 
relative to body weight than adults because they breathe faster and eat, drink and 
touch more to aid their dynamic, rapid development. Also, their immature body 
systems are not as able as the adult body systems to handle these exposures. 


 


 Fetal/childhood susceptibility to adverse impacts from exposure to harmful substances 
is increased during the developmental phase (preconception to adolescence) resulting in 
immediate and/or lifelong effects. 


 


 Problems include reproductive, immunological, neurobehaviourial, cardiovascular, 
and endocrine dysfunction, as well as cancer and obesity. 


 


 Gene expression may pass on the effects to subsequent generations. 


 


 Effective parenting, good nutrition and early education of parents and children on how 
to prevent or decrease harmful exposures are key elements in promoting and 
protecting lifelong health. 
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Front‐line  healthcare  professionals,  especially  family  physicians,  paediatricians,  nurse  practitioners, 


medical officers of health and public health nurses, are afforded opportunities on a daily basis to play 


vital roles in protecting children and adolescents from harm. The public views them as the most credible 


sources of  information14.   Unfortunately, when  they  are not  able  to  answer questions  appropriately, 


fears and misconceptions are reinforced rather than reduced. These professionals need to be provided 


with  the appropriate answers, as well as  the  tools  they need  to ask  the  right questions.  In  this way, 


these professionals can  identify opportunities to prevent harm among their young patients  in the first 


place, or promptly assess, diagnose and treat conditions arising from exposures to harmful substances. 


Family physicians are most often the primary healthcare contact during growth and development, from 


preconception to prenatal visits to well‐baby and child/adolescent check‐ups to visits for acute care or 


management of chronic conditions. Their early recognition and pre‐emptive actions may avoid, reduce, 


or  lay  the ground  for potential  reversal of adverse environmental health effects. Their ability  to have 


information at their finger‐tips is essential in this regard. 


In 2010, Health Canada funded “Healthy Children/Health Environments: Improving the Odds – Part 1”. 


This project was undertaken  to conduct a  scoping  review  to  identify environmental  issues of concern 


that  could be  included as  items  in an updated Rourke Baby Record, a  tool  commonly used by  family 


physicians,  nurse  practitioners  and  paediatricians  to  assess  children  from  birth  to  age  5  (Appendix 


A).15,16,17,18 This report presents findings for Part 2 of the project, recommending additional items for the 


Greig Health Record, a  tool used by  family physicians, nurse practitioners and paediatricians to assess 


children  ages  6  to  17  years  in  periodic  checkups  or  during  visits  for  acute  care  or  chronic  disease 


management.19 


2. Objectives	
The  objectives  of  "Healthy  Children/Healthy  Environments:  Improving  the  Odds  –  Part  2”  are  as 


follows: 


 To review the Greig Health Record and to make recommendations for the  inclusion of 


evidence‐informed  and  practical  environmental  exposure  items/resources,  and  to 


specify the decision‐making steps taken. 


 To collaborate with the authors of the Rourke Baby Record and Greig Health Record  in 


planning revisions to both instruments to include environmental risk reduction items in 


order for front line healthcare professionals to be able to educate parents and children 


early regarding harmful or potentially harmful exposures and how to avoid or minimize 


them. 


3. The	Greig	Health	Record‐	Background	
The Greig Health Record (Appendix B), 20 like the Rourke Baby Record (RBR), was developed by a family 


doctor, Dr. Anita Greig, based on her personal experiences in providing care for her young patients. Dr. 


Greig was an early adopter of the RBR and found it an extremely helpful assessment and documentation 


tool that reminded her of each developmental milestone along the pathway from 0 to 5 and the right 


questions to ask at each stage of development amongst her youngest patients. She recognized the need 


for a tool that took a similar approach to school‐aged children and adolescents. The Greig Health Record 
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(GHR) was developed over the course of several years. In developing the Greig Health Record, Dr. Greig 


searched  the  literature  and,  in  collaboration  with  colleagues  from  the  Ontario  College  of  Family 


Physicians and  the Canadian Paediatric Society, gathered  the best available evidence and combined  it 


with her practice‐informed knowledge of children and adolescents. Like the RBR for assessing children 


from within 1 week of birth to 5 years, the GHR  identifies the  items that physicians and nurses should 


pay attention to for the 6 to 17 years age group. By conducting a standardized assessment using these 


tools at each stage of development, physicians and nurse practitioners are able  to  identify potentially 


problematic areas for early parental and child education and/or intervention. 


The focus of this project is to review the items in the GHR related to the environment and health, and to 


appraise  the  available  scientific  evidence  supporting  inclusion  of  new  age‐related  environmental 


exposure items. The primary goal is for frontline physicians and nurse practitioners to be able to identify 


harmful or potentially harmful environmental exposures early  in order  to educate parents and young 


people so that they may avoid or reduce exposures  in order to prevent associated health problems. A 


secondary goal is for them to be able to identify health problems as early as possible, in order to be able 


to intervene when identified conditions are most amenable to treatment. Both the Rourke Baby Record 


and the Greig Health Record have been accredited by the College of Family Physicians of Canada and the 


Canadian Paediatric Society who have widely circulated them and encouraged physicians to use them. 


4. Methods	
In  this  project,  the  following  methodological  steps  1‐4  and  6  were  agreed  upon  based  on  the 


investigators’ clinical and research knowledge and skills. The authors agreed on the methods  in Step 5 


based  on  their  capacities  to  synthesize  and  translate  knowledge,  in  order  to  educate  and  promote 


health. 


4.1	 Step	 1	 ‐	 Review	 and	 Understanding	 of	 Current	 Greig	 Health	 Record	
Format	
The  clinical  investigators  (R.B.  and  L.M.)  separately  reviewed  the  format  of  the  Greig  Health 


Record (GHR) (Appendix B), alone and in comparison with the format of the Rourke Baby Record 


(RBR)  (Appendix  A)  and  then  discussed  the  implications  for  the  following  project  steps. Ms. 


Kasperski conducted consultations with Dr. Leslie Rourke and Dr. Anita Greig,  the primary authors 


of  the Rourke Baby Record  and  the Greig Health Record,  respectively,    to engage  them  in  the 


project and to gain information regarding the status of the review process for each record.  


4.2	 Step	 2	 ‐	 Review	 of	 Physiological	 and	 Behavioural	 Development	 in	
Children	and	Adolescents,	and	Vulnerabilities	to	Environmental	Hazards	
The  clinical  investigators  (R.B.  and  L.M.  as well  as M.S.)  independently decided on  three main 


developmental  occurrences  in  the  three  phases  of  pre‐adolescence,  adolescence  and  late 


adolescence. They discussed and agreed that these three developmental occurrences were rapid 


growth  in multiple body  systems,  sexual/reproductive maturation,  and behaviours  related  to 


gaining independence.  


A sentinel article was found that was very useful  in understanding the particular developmental 


vulnerabilities of children and youths with respect to hazardous environmental exposures. 21 Two 
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sets of broadly based searches were conducted  independently and  then combined. Staff at  the 


Canadian  Library  of  Family Medicine  at  the  University  of Western  Ontario  searched  PubMed 


(Medline) for the years 2004 to present, limiting their search to English reviews and a few general 


non‐review articles in major journals, with the MeSH terms “Environmental Health"[Majr:NoExp]) 


OR  "Environmental  Exposure"[Majr:NoExp])  OR  "Environmental  Pollutants"[Majr])  OR 


"Environmental  Pollution"[Majr:NoExp]) OR  "Waste  Products"[Majr]) OR  "Air  Pollution"[Majr]) 


OR  "Body  Burden"[Majr])  OR  "Noise"[Majr])  OR  "Water  Pollution"[Majr].  Our  independent 


researcher (M.S.) searched Medline, PsychoInfo, Embase and AMED on the OVID platform, as well 


as PubMed  for  some  specific  items, using  the above  terms, as well as  topic‐specific  terms  (e.g. 


"energy drinks" or "cell phone"), and also terms focusing on development such as "puberty" and 


"neurodevelopment."  The population was  identified with  terms  "child,"  "youth,"  "adolescent," 


"paediatric" or  "teen*". Adding  the  term  "risk" with  a  view  to environmental  risk  also  yielded 


helpful papers on risk taking behaviour. Preliminary screening of titles and abstracts was carried 


out  to  eliminate  obviously  irrelevant  reports  (e.g.  focus  on  mathematical  analytic  methods, 


physics, geography, or the biology of unicellular organisms). 


The Health Canada and Environment Canada websites were also  searched, as were US and EU 


government,  World  Health  Organization  and  other  websites  related  to  health  and  the 


environment, using Google and the website search engines. 


Duplicate records from both searchers were removed, and the retrieved records were organized 


and shared with the other investigators on this project using the Zotero 2.0.9 reference managing 


program (www.zotero.org).  


Keeping  “rapid  growth  in  multiple  body  systems,  sexual/reproductive  maturation,  and 


behaviours  related  to  gaining  independence”  top  of mind,  the  investigators  found  that  this 


broad‐base  search  strategy  turned  up  many  useful  articles  concerning  the  developmental 


physiology of children and adolescents, and associations with environmental exposures. 


4.3	 Step	 3	 ‐	 Review	 of	 Current	 Greig	 Health	 Record	 Probes	 in	 Relation	 to	
Previous	(Part	1)	Suggested	Revisions	to	the	Rourke	Baby	Record,	Guide	
IV,	and	Identification	of	Potential	New	Items	for	the	GHR	
Keeping in mind the particular developmental vulnerabilities of young people aged 6 to 17 years 


elucidated in Step 2, the clinical investigators (R.B. and L.M.) independently reviewed the current 


Greig  probes  and  the  items  suggested  to  be  added  to  the  RBR,  Guide  IV.    The  review  was 


conducted with a view to deciding which  items should carry over  into the GHR, for ages 6, 7, 8, 


and 9, and which should be carried over into the pages for ages 10 to 17 years inclusive, as well as 


what would be topics for further literature review. As in Part 1, independent decisions were made 


and then discussed amongst the clinical investigators and M.S. to obtain consensus.  


Decisions were based on several considerations: 


 The perspectives of  the clinical  investigators as experienced clinicians,  researchers, educators 


and health promoters with capacity  to evaluate,  individually and  then collectively, previously 


recommended  items  for  the  RBR  Guide  IV  and  potential  new  items  with  respect  to  key 
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children's  health  concerns,  in  relation  to  hazardous  substances  and  the  most  common 


environmental media; 


 The review of  the  topics on relevant  federal and provincial government websites  (Health and 


Environment); 


 The  review  of  the  topics  on  the  websites  of  prominent  non‐governmental  organizations, 


charitable  foundations,  and  coalitions  with  health  and  environment  interests,  which  had 


reputations, in our individual and collective personal opinions, of being careful evaluators of the 


available  peer‐reviewed  evidence  on  each  topic,  and  for  synthesis  and  translation  of  the 


evidence  into  accurate,  easily  understood,  but  non‐alarming  messages  for  healthcare 


professionals and the public. 


Consensus was reached that the  items previously recommended for  inclusion  in the RBR Guide  IV 


should be carried over to the GHR because they were still  important to address for older children 


and adolescents. 


The  clinical  investigators  (R.B. and L.M.) had used  the  same  framework as  the Rourke Team had 


used,  from  the  U.S.  Preventive  Services  Task  Force  (Table  1),  initially  independently  and  then 


collectively,  to  evaluate  the  strength  of  the  evidence,  and  to  grade  the  recommendations  for 


inclusion.  


Table 1. Quality of Evidence Rating Method: U.S. Preventive Services Task Force 


Quality of Evidence Rating Method: U.S. Preventive Services Task Force 


TYPE OF STUDY 
 Level I: Evidence obtained from at least one properly designed randomized controlled trial.  


 Level II‐1: Evidence obtained from well‐designed controlled trials without randomization.  


 Level  II‐2:  Evidence obtained  from well‐designed  cohort or  case‐control  analytic  studies, preferably  from more 
than one center or research group.  


 Level  II‐3:  Evidence  obtained  from multiple  time  series with  or without  the  intervention.  Dramatic  results  in 
uncontrolled trials might also be regarded as this type of evidence.  


 Level III: Opinions of respected authorities, based on clinical experience, descriptive studies, or reports of expert 
committees.  
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What the Grades Mean and Suggestions for Practice 
The USPSTF updated its definitions of the grades it assigns to recommendations and now includes "suggestions for practice" 
associated with each grade. The USPSTF has also defined levels of certainty regarding net benefit. These definitions apply to 
USPSTF recommendations voted on after May 2007. 


Grade  Definition  Suggestions for Practice 


A  The USPSTF  recommends  the  service. There  is high  certainty 
that the net benefit is substantial. 


Offer or provide this service. 


B  The USPSTF  recommends  the  service. There  is high  certainty 
that the net benefit is moderate or there is moderate certainty 
that the net benefit is moderate to substantial. 


Offer or provide this service. 


C  The  USPSTF  recommends  against  routinely  providing  the 
service.  There may  be  considerations  that  support  providing 
the service in an individual patient. There is at least moderate 
certainty that the net benefit is small. 


Offer  or  provide  this  service  only  if  other 
considerations  support  the  offering  or 
providing the service in an individual patient. 


D  The  USPSTF  recommends  against  the  service.  There  is 
moderate or high certainty that the service has no net benefit 
or that the harms outweigh the benefits. 


Discourage the use of this service. 


I 


 


The USPSTF concludes that the current evidence is insufficient 
to  assess  the  balance  of  benefits  and  harms  of  the  service. 
Evidence  is  lacking,  of  poor  quality,  or  conflicting,  and  the 
balance of benefits and harms cannot be determined. 


Read  the  clinical  considerations  section  of 
USPSTF  Recommendation  Statement.  If  the 
service  is offered, patients  should understand 
the uncertainty about  the balance of benefits 
and harms. 
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Levels of Certainty Regarding Net Benefit 


Level of Certainty*  Description 


High  The  available  evidence usually  includes  consistent  results  from well‐designed, well‐conducted 
studies  in  representative  primary  care  populations.  These  studies  assess  the  effects  of  the 
preventive  service  on  health  outcomes.  This  conclusion  is  therefore  unlikely  to  be  strongly 
affected by the results of future studies. 


Moderate  The available evidence is sufficient to determine the effects of the preventive service on health 
outcomes, but confidence in the estimate is constrained by such factors as:  


 The number, size, or quality of individual studies. 


 Inconsistency of findings across individual studies. 


 Limited generalizability of findings to routine primary care practice. 


 Lack of coherence in the chain of evidence. 
As more information becomes available, the magnitude or direction of the observed effect could 
change, and this change may be large enough to alter the conclusion. 


Low  The  available  evidence  is  insufficient  to  assess  effects  on  health  outcomes.  Evidence  is 
insufficient because of:  


 The limited number or size of studies. 


 Important flaws in study design or methods. 


 Inconsistency of findings across individual studies. 


 Gaps in the chain of evidence. 


 Findings not generalizable to routine primary care practice. 


 Lack of information on important health outcomes. 
More information may allow estimation of effects on health outcomes. 


*  The USPSTF  defines  certainty  as  "likelihood  that  the USPSTF  assessment  of  the  net  benefit  of  a  preventive  service  is 


correct." The net benefit  is defined as benefit minus harm of the preventive service as  implemented  in a general, primary 


care population. The USPSTF assigns a certainty level based on the nature of the overall evidence available to assess the net 


benefit of a preventive service. 


Quality of Evidence 
The USPSTF grades the quality of the overall evidence for a service on a 3‐point scale (good, fair, poor): 


Good: Evidence includes consistent results from well‐designed, well‐conducted studies in representative populations that 


directly assess effects on health outcomes. 


Fair: Evidence  is  sufficient  to determine effects on health outcomes, but  the  strength of  the evidence  is  limited by  the 


number,  quality,  or  consistency  of  the  individual  studies,  generalizability  to  routine  practice,  or  indirect  nature  of  the 
evidence on health outcomes. 


Poor: Evidence  is  insufficient  to assess  the effects on health outcomes because of  limited number or power of  studies, 


important  flaws  in  their  design  or  conduct,  gaps  in  the  chain  of  evidence,  or  lack  of  information  on  important  health 
outcomes. Current as of May 2008 
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4.4	 Step	 4	 ‐	 Literature	 Search	 on	 Specific	 Environmental	 Exposure	 Items,	
Evaluation	of	Web	of	Evidence	and	Recommendations	 for	Potential	New	
Probes	
When  the  investigators  identified  potential  new  additions  for  the  GHR,  the  population  was 


identified with searches  for "child" or "youth" or "adolescent" or "paediatric" or "teen*," along 


with  topic‐specific  terms.  The  searches  captured  review  articles,  as  well  as  primary  research 


articles in peer‐reviewed journals, and the previously described screening of titles and abstracts to 


eliminate  obviously  irrelevant  records  was  applied.  The  specific  environmental  search  topics 


included  air  pollution  (indoor  and  outdoor),  body  art  (tattoos,  piercing  or  branding), 


electromagnetic  fields  or  radiation  (electricity,  cell  phone,  wireless  internet),  endocrine 


disruption,  obesity,  sleep,  effects  on  the  immune  system  and  asthma,  neurological  effects, 


personal care products (fragrance, perfume or scent, cosmetics, makeup, hair dye and spray, nail 


polish/ enamel and remover, etc.), noise, and tobacco, alcohol and illicit drugs. In addition, recent 


searches  for  a  Canadian  Institutes  of Health  Research  scoping  review  (R.B.  and M.S.)  on  lead, 


cadmium, mercury and arsenic were accessed. The dates covered in searches varied according to 


the maturity of the topic (e.g. cellular phone use has escalated very rapidly over recent years so 


recent  research  is  most  relevant,  while  nickel  allergy  with  piercing  has  been  recognized  for 


decades). Duplicates were  removed, and  the  retrieved  records were organized and shared with 


researchers on this project using the Zotero 2.0.9 reference managing program (www.zotero.org). 


4.5	 Step	 5	 ‐	 Specification	 of	 Criteria	 for,	 and	 Compilation	 of	 Credible	
Resources	for	Physicians	and	Parents	
The  clinical and  research  investigators  (R.B.,  L.M. and M.S.)  identified  independently, and  then 


discussed  together,  and  came  to  consensus  on what  criteria  should  be  applied  to  ensure  that 


resources  recommended  for  the  RBR  and GHR  are  credible.  Potential  resources were  checked 


with  respect  to  these  criteria  as  they were  identified while  the  literature  searches were being 


conducted and records reviewed. 


4.6	 Step	6	‐	Collaboration	with	Drs.	Leslie	Rourke	and	Anita	Greig	Regarding	
Process	for	Embedding	New	Items	into	the	Rourke	and	Greig	Records	
The  Chief  Executive  Officer  of  the  Ontario  College  of  Family  Physicians  (J.K.)  held  a  second 


consultation  with  Drs.  Rourke  and  Greig  to  discuss  their  willingness  to  collaborate  with  the 


“Healthy  Children/Healthy  Environments:  Improving  the  Odds”  investigators  to  develop  a 


detailed plan to embed environmental risk reduction probes into their clinical practice tools. 
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5. Results	


5.1	 Step	1‐	Review	and	Understanding	of	Current	Greig	Health	Record	Format	
The  2010  version  of  the  Grieg  Health  Record  (GHR)  was  accessed  on  the  internet  at 
http://www.cps.ca/english/statements/cp/preventivecare.htm. 


 
Like  the RBR, which  is  formatted  into 4 "Guides"  to assess children of different ages,  the Greig 


Record is divided into 3 pages, the first with columns to record information for ages 6, 7, 8, 9, the 


second for ages 10, 11, 12, 13, and the third  for ages 14, 15, 16, and 17. The clinical investigators 


(R.B. and L.M.) thought these age ranges corresponded with the three stages of pre‐adolescence, 


adolescence,  and  late  adolescence,  which  in  turn  were  each  prominently  related  to  the 


phenomena  of  pre‐pubertal  rapid  growth  and  development,  puberty  and  sexual maturation, 


and late pubertal independence‐seeking. 


We considered  including specific, evidence‐informed exposure risk reduction  items for each age 


grouping, but clinically, we recognized considerable variability  in ages when our patients passed 


to  the  subsequent  stages.  We  decided  to  study  the  medical  scientific  literature  on  the 


developmental physiology of children from ages 6 to 17 years as the next step. The variability  in 


timing  of  developmental  stages  we  had  observed  clinically  was  confirmed  in  the  literature. 


Because of that factor and since the primary goal of this project was to suggest “items” or "flags" 


so  that  front‐line  healthcare  professionals  could  educate  young  people  early  to  help  them  to 


avoid or minimize harmful exposures, we decided to include recommendations for the same new 


items on all three pages of the Greig Health Record.  


The current GHR items are divided into sections which correspond to those on the RBR, and, while 


a  few environmental  risk  reduction  items are  included,  they are not  identified as  such, and we 


were concerned that they are under‐represented. 


5.2	 Step	2‐	Review	of	Physiological	and	Behavioural	Development	in	Children	
and	Adolescents:	Vulnerabilities	to	Environmental	Hazards	
In  comparison with  very  early  child development  (conception  to 5  years of  age),  there  is  little 


information available about the long‐term health effects of hazardous chemical exposures during 


later  childhood  and  adolescence.  Adolescence  is  defined  as  the  period  of  physical  and 


psychological/behavioural development from the onset of puberty to maturity. 


An understanding of  the physiological  changes  that occur  through adolescence  is most helpful, 


because  environmental  toxicants  can  greatly  impact  on  adolescent  organ  maturation  and 


function.22 Emotional and social changes during burgeoning independence may lead to risk taking 


behaviours,23 which  in combination with high metabolic needs may put youth at heightened risk 


of adverse health outcomes. 


5.2.1	Physiological	Development	
The  duration  and  timing  of maturation  for  each  biological  function  related  to  organ  systems 


ranges widely amongst individuals. In particular, a child’s susceptibility to toxicants is affected by 
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age‐related toxicokinetics, including absorption, distribution, metabolism and elimination, as well 


as genetic makeup.22 


Environmental  toxicants may  have  a more  profound  impact  on  systems  that  are  growing  and 


differentiating  rapidly,  such  as  the  endocrine,  reproductive, neurological  and  immune  systems, 


particularly if the high nutritional needs during rapid growth are not met optimally, either because 


of poverty, poor food choices or eating disorders.21 The use of alcohol, tobacco, and illicit or some 


over‐the‐counter  drugs  may  further  challenge  the  developing  systems,  not  to  mention  the 


impacts of workplace exposures. 


5.2.1.1	Metabolism	
Although a teenager’s ability to detoxify (metabolize and excrete) chemicals is similar to that of 


an  adult,  s/he  is more  vulnerable  to  potential  health  effects  from  chemical  exposure  during 


growth  and  maturation,  in  part  as  a  consequence  of  higher  nutritional  needs  and  dietary 


choices. As the youth’s appetite escalates, parents may find it expensive and onerous to provide 


the  necessary  quantities  of  high  quality  foods.  As  well,  the  youngster  tends  to  be  “taking 


charge” and may experiment with poorer dietary choices. The increased intake of contaminants 


and unhealthy  food products  in general  (e.g. artificial colours,  flavours, and sweeteners), may 


potentiate the effects of nutritional deficiencies on multiple organ systems 


Cholesterol  and  steroid  hormone‐metabolizing  enzymes  in  liver  and  reproductive  organs 


undergo a great deal of change during adolescence and are subject to the effects of endocrine 


disruptors.21 


5.2.1.2	Growth	
Linear Growth velocity: 


Linear growth velocity (height  increase per year)  is a common measure of skeletal growth that 


correlates with  the  Tanner  stages of  sexual development.  In  girls,  the pubertal  growth  spurt 


coincides with the start of puberty at Tanner breast stage 2 (buds, at approximately 9.5 years of 


age), with growth most rapid at Tanner stage 3 (approximately 12 years of age). In boys, linear 


growth accelerates at genital stage 3 and pubic‐hair stage 2 (between 10.5 and 11 years of age), 


but peak height velocity is not attained until Tanner stage 4 (approximately 14 years).24  


Bone: 


During puberty, bone  growth  and mineralization,  as well  as bone  turnover with  remodelling, 


increase  dramatically.  The  peak  bone mineralization  rate  occurs  12  to  18 months  after  the 


maximum linear growth rate, and in girls corresponds to time of menarche. 


During active bone  remodelling,  toxicants  such as  lead and  cadmium previously bound  in  the 


bone may  be  remobilized  into  the  blood  stream,  potentially  causing  neurological  and  renal 


effects.25,26 Toxicants also bind in the developing bone, potentially reducing bone strength later 


in life.21 


Body Composition: 


Significant changes  in body composition (body mass  index and  lean body mass) during puberty 


follow distinct and  important gender‐specific patterns. Proportional  lean body mass  (primarily 


reflecting muscle mass)  increases while  body  fat  decreases  throughout  puberty  in males.  In 
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females, proportional lean body mass increases initially, followed by increased body fat in later 


stages of puberty.  


Prepubertal boys and girls both experience progressive  increases  in  leptin  levels until Tanner 


stage 2. Leptin is a hormone made by fat cells (adipocytes), and it interacts with central nervous 


system  factors  in  regulating caloric  intake and expenditures,  thus playing a  role  in controlling 


weight.27 During puberty  there  is  a divergence  in  serum  leptin  concentrations  as boys’  levels 


increase  and  then  fall  to  prepubertal  concentration  levels;  however,  girls’  levels  continue  to 


increase.27 Hormones affecting  the quantity and distribution of adipose  tissue  include growth 


hormone (GH), cortisol, insulin, and sex steroids.27 


Dermal  exposures  may  result  in  disproportionately  high  internal  doses  even  after  skin 


permeability  approaches  adult  values,  because  the  body  surface  to mass  ratio  is  higher  in 


smaller  individuals.22  This  is  important  as  older  children  and  teens  may  use  personal  care 


products with enthusiasm. 


Respiratory system: 


The  respiratory  system undergoes  rapid  growth during  the  increases  in height  and weight of 


adolescents, and therefore is at risk of damage as new alveoli form. Gas exchange is lower, and 


when normalized  for weight,  respiratory volume  is greater  in  children and adolescents.22 This 


puts  children  at  greater  risk  of  toxicant  accretion  from  air  pollution  particulates  in  the 


respiratory  tract. Together with  increased metabolic demands,  the adolescent  is vulnerable  to 


oxidative damage  from  toxicants. This  is especially  true  if  the diet has  a poor protein‐calorie 


balance or there are micronutrient deficiencies.28 Respiratory system vulnerability  is evident as 


adolescence is the period with the highest rate of near fatal asthma attacks.28 


5.2.1.3	Sexual	Maturation	
Puberty – Physical Development: 


Puberty  refers  to  sexual  maturation  and  the  onset  of  reproductive  function.  In  boys, 


spermatogenesis can begin before any other signs of puberty. 


Physical  development  during  puberty  is  described  by  the US National  Library  of Medicine  as 


follows:29 


“Girls may begin to develop breast buds as early as 8 years old, with full breast development 


achieved anywhere from 12 to 18 years. Pubic hair growth ‐‐ as well as armpit and leg hair ‐‐ 


typically begins at about age 9 or 10, and reaches adult distribution patterns at about 13 to 14 


years.  


Menarche  (the  beginning  of menstrual  periods)  typically  occurs  about  2  years  after  initial 


pubescent changes are noted. It may occur as early as 10 years, or as late as 15 years, with the 


average in the United States being about 12.5 years.  


Boys may begin to notice enlargement of the testicles and scrotum as early as 9 years of age, 


followed closely by  lengthening of the penis. Adult size and shape of the genitals  is typically 


reached by age 16 to 17 years. Pubic hair growth ‐‐ as well as armpit, leg, chest, and facial hair 


‐‐ begins  in boys at about age 12, and reaches adult distribution patterns at about 15 to 16 


years. 
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Puberty is not marked with a sudden incident in boys, as it is with the onset of menstruation in 


girls. The appearance of regular nocturnal emissions (wet dreams) marks the onset of puberty 


in boys and typically occurs between the ages of 13 and 17 years, with the average about 14.5 


years. 


Voice  change  in  boys  typically  occurs  along  with  penile  growth,  and  the  occurrence  of 


nocturnal emissions occurs with the peak of the height spurt.” 


Puberty – Hormonal Changes: 


Puberty is heralded by increased leutinizing hormone (LH) levels. At first this occurs only at night 


and  is  associated with  increased  testosterone  (in  boys)  and  estrogen  (in  girls)  the  following 


morning, but as maturation proceeds LH is released during the day as well.  


Puberty is initiated in the central nervous system; the main regulating hormone is gonadotropin‐


releasing hormone (GnRH). Produced in the hypothalamus, GnRH stimulates the production and 


release of both LH and follicle‐stimulating hormone (FSH) from the pituitary. Puberty proceeds 


via  two  interconnected  pathways  through  the  hypothalamus‐pituitary‐adrenal  (HPA)  axis  and 


hypothalamus‐pituitary‐gonadal  (HPG)  axis.  These  pathways  are  responsible  for  GnRH‐


independent/peripheral puberty, and GnRH‐dependent/central puberty respectively.  


In early stages of puberty, increased secretion of adrenal androgens in the HPA cause pubic and 


axillary  hair  to  develop,  and  sensitize  the  androgen  receptors  of  the  hypothalamus  and  the 


pituitary. These eventually activate the HPG axis and the initiation of puberty.  


It  is difficult  to measure  levels of GnRH, as  it has a short half‐life of only 4  to 8 minutes;  it  is 


secreted by  the  hypothalamus  and  transported directly  to  the pituitary.30  Thus,  the onset of 


pubertal  development  is  usually  detected  with  analysis  of  hormones  regulated  directly  or 


indirectly  by  GnRH,  including  the  gonadotropins  (LH,  FSH)  and  sex  steroid  hormones 


(testosterone and estrogen).  


Development of secondary sexual characteristics before the age of 8 years, known as precocious 


puberty,  is  a  compelling  signal  that  environmental  factors may  be  affecting  today’s  youth.31 


Although  further  research  is  needed  regarding  current  exposures  to  endocrine  disrupting 


chemicals  such  as  persistent  estrogenic  pesticides  and  organic  pollutants  (POPs),  potential 


contributors include in utero and childhood exposures, or even epigenetic effects from parental 


exposures. Delayed puberty is associated with lead and cadmium exposure, and inadequate pre‐


pubertal growth.24,31,32,33  


Xenobiotics may also initiate a longer term cancer risk in rapidly growing tissues (e.g. breast or 


prostate).  It  has  been  suggested  that  high  rates  of  cell  proliferation  during  periods  of  rapid 


growth  could  differentially  predispose  organs  to  genotoxic  carcinogens,  and  that  pollutants 


mimicking hormones may stimulate tissues to grow more quickly than they would otherwise.21 


Under these conditions normal DNA repair and cellular surveillance mechanisms may be over‐


whelmed. 


Endocrine Disruption: 


An “endocrine disruptor”  is a chemical that  interferes with the endocrine system by mimicking 


or otherwise  interfering with hormonal actions. This may  include hormones  involved  in sexual 
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maturation and function, as well as thyroid and pancreatic hormones. A variety of chemicals in 


diverse  products  and  environmental  media  (dust,  air  pollution,  foods,  water,  consumer 


products,  etc.)  that  may  act  as  endocrine  disruptors  include  phthalates,  persistent  organic 


pollutants  (POPs) such as polychlorinated biphenyls  (PCBs), dioxins and  furans, organochlorine 


pesticides,  polybrominated  flame  retardants,  polyfluorinated  stain  resistant  and  non‐stick 


chemicals, and elements such as cadmium, mercury and lead.34,31,35 


For  example,  numerous  studies  have  suggested  that  concentrations  of  endocrine  disrupting 


chemicals are inversely related to time of onset of puberty.31,36,37,38 


Endocrine  disrupting  persistent  organic  pollutants  are  concentrated  in  adipose  tissue,  and 


potentially contribute to not only altered timing of puberty but also obesity.38 In various studies, 


participants who were obese had higher  levels of POPs  in their blood and  fat, and POP serum 


levels  increased upon weight  loss.39 Those who are most polluted are more  likely  to develop 


metabolic syndrome,40 and have the greatest difficulty  losing weight,41 at  least  in part because 


thyroid  thermoregulation  is  impaired  with  higher  levels  of  POPs.42  Thyroid  status  may  be 


affected  at  low  concentrations  of  environmental  contaminants  and  effects  may  differ  by 


gender.43   


It has been said that today’s children will be the  first generation to die at a younger age  than 


their  parents.  This  refers  in  part  to  a  rapidly  increasing  proportion  of  children  who  are 


overweight  and  obese,  are  developing metabolic  syndrome  and  diabetes,  and  are  at  risk  of 


cardiovascular disease and early death. A broad range of causes have been investigated, beyond 


the obvious “eating too many fattening foods while sitting on the couch,” such as behavioural 


factors, sleep and pollutants. In the case of pollutants, modest improvements were seen with a 


vegan diet or administration of a synthetic non‐absorbed oil‐like substance, “olestra.”44 


Abdominal adiposity is a potential predictor of metabolic syndrome, and along with weight and 


height, waistline measure may be a useful addition during checkups.45,46 


Immune System: 


Steroid  hormones  regulated  by  GnRH  are  responsible  for  immune  system  changes  during 


adolescence.  Estrogen  target  tissues  include  the  thymus,  lymphocyte  precursors  and  stromal 


cells. Thymic involution is dramatic during adolescence. Also vaginal mucosal immunity changes 


and gut immunity develops with a peak number of Peyer’s patches in the adolescent years.21  


Immunotoxicants  such  as  dioxins  that  induce  early  thymic  involution  leave  adolescents 


vulnerable  to  infections.21  Immunomodulation,  impairment  and  autoimmunity  can  lead  to 


diverse  outcomes  such  as  lupus  erythematosis  and  diabetes,  and  immunotoxic  effects  have 


been associated with exposure to metals such as mercury and cadmium and other toxicants.47 


In  addition,  adolescents  who  are  sexually  active  or  use  illicit  drugs  have  increased  risk  of 


infections such as sexually transmitted diseases, gastrointestinal illnesses or hepatitis.  


Central Nervous System: 


Neurodevelopment  is  ongoing  through  childhood  and  adolescence.48  The  final maturational 


events  in  brain  development  occur  through  late  cortical  morphologic  maturation  of 


“connectivity” with  increased myelination and “pruning,” a decrease  in synaptic density. These 
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phenomena  are  largely  n‐methyl‐d‐aspartate  (NMDA)  receptor  driven,  and  are  maximally 


sensitive  during  adolescence.  Therefore,  it  is  speculated  that myelin  toxicants would  have  a 


large impact during adolescence.21 Indeed, diverse conditions such as attention deficit disorder 


(ADD),  minimal  brain  dysfunction,  schizophrenia,  obesity,  short  stature,  breast  cancer  and 


polycystic ovary syndrome (PCOS) may have puberty and environmental exposures as combined 


risk  factors.21 Cognitive problems and psychopathology have been attributed  to both  late and 


early adolescent maturation.49 


5.2.2		 Behavioural	Development	
Body Image: 


The rapid bodily changes resulting from normal peri‐pubertal physiological development  lead to 


interest  in,  and  potentially  to  concerns  about  body  image,  which  in  turn  can  lead  to  eating 


disorders/dieting  ,4 an  increased use of cosmetic personal care products, body art, tanning beds 


or skin lightening compounds.  


Risk Taking: 


Risk taking behaviour  is a natural part of adolescence that can have  long‐term effects on health 


and  well‐being.  For  example,  as  part  of  their  exploration  and  experimentation  towards 


independence  from  their  parent(s),  and  in  concert  with  their  sense  of  being  indestructible, 


adolescents often engage in high‐risk behaviours which may escalate, such as using mood‐altering 


substances,23  drinking  and  driving,  participating  in  unsafe  sexual  practices  and  having  harmful 


sleeping and eating patterns.29 Such behaviours can have serious health consequences.50 


Occupations: 


Adolescents  often  begin  to  desire  part‐time  jobs  in  addition  to  attending  school,  as  a way  to 


expand  their  horizons  and  to  earn  their  own  money.  Unfortunately,  teens  are  less  likely  to 


understand  the  nature  of  chemical  threats  and  may  underestimate  the  dangers  of  certain 


situations, as seen  in one study of 56,510 working Canadians aged 15 years and over; teenagers 


were more  likely  to experience burns,  scalds, chemical burns or cuts, punctures, bites,  scrapes, 


bruise and blisters.51  


There are Canadian age restrictions for working children with  limitations on hours and exclusion 


of  certain  activities  that  pose  high  risk,  including working  on  farms  and  handling  pesticides.52 


However, there may not be prior notification of use of pesticides in or around schools. 


Even with laws in place, such as the Occupational Health and Safety Act and Community Right to 


Know  legislation under  the Ontario Toxics Reduction Act which govern access  to  information  in 


the workplace and community, adolescents may not be aware of their rights. They also may not 


know  of  the  existence  of  Material  Safety  Data  Sheets  (MSDS)  containing  information  about 


hazardous materials  they may encounter on  the  job.   Additionally, MSDS may unfortunately be 


incomplete and fail to list potentially harmful “inert” ingredients. 


Adults  should  educate  teens  about  possible  environmental  health  hazards,  and  help  them  to 


negotiate work or school‐related issues regarding possible exposures.53 
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Sleep: 


It is well accepted in this day and age, that both adults and children are sleeping less. This lack of 


proper  sleep  time  interferes with neuroendocrine  function and glucose metabolism,  leading  to 


metabolic and endocrine abnormalities manifesting as decreased glucose  intolerance, decreased 


insulin  sensitivity,  increased  evening  concentrations  of  cortisol,  increased  levels  of  ghrelin  (a 


hormone that stimulates appetite, produced mainly by stomach and pancreatic cells), decreased 


levels of  its  counterpart hormone  leptin  (that  suppresses appetite, produced by  fat  cells), with 


resulting  increased hunger and appetite.54  It  is  thus not surprising  that  in youth,  the number of 


hours of sleep has been linked to food consumption and obesity,55,56,57,58  in particular abdominal 


adiposity.59  Sleep  is  one  of  the  most  readily  modifiable  factors  that  may  be  contributing  to 


overweight and obesity in today’s children and youth. 


5.3	 Step	3	‐	Review	of	Current	Greig	Health	Record	Probes	in	Relation	to	Part	
1's	Suggested	Revisions	to	the	Rourke	Baby	Record	and	Identification	of	
Potential	New	Items	
It	 is  important  that  physicians  appreciate  the  linkages  between  environmental  exposures  and 


health; however,  they are complex because children and  their parents are exposed  to multiple 


hazardous or potentially hazardous substances daily at varying levels that may act individually or 


in  combination  to  influence  health  and  well‐being  throughout  the  lifespan.  Susceptibility  to 


adverse health  impacts  varies  according  to  the  timing of exposures,16,6  genetic, nutritional  and 


socio‐economic  factors.8  ,7 While  the  foetus and young  child are very vulnerable,12  ,21  there are 


particular  vulnerabilities  associated  with  growth  and  development  through  puberty  into 


adulthood.21   Adverse health outcomes due to environmental factors vary considerably between 


individuals,  and within  each  person  at  different  times  during  development. Hence,  it  is  highly 


challenging to make direct links between specific exposures and consistent specific outcomes. 


5.3.1	 Decision	Points	regarding	Recommended	Additions	to	the	Rourke	Baby										
Record	


A chief concern identified as this project unfolded was the potential to miss important exposures 


if they were not addressed early enough (even pre‐emptively),  if only a few were questioned at 


each  developmental  stage.  At  the  same  time,  as  previously  stated,  a  need  for  balance  was 


recognized  to ensure  that  assessment  tools do not become  so unwieldy  and burdensome  that 


they became a barrier to provider use.  


In  addition,  environmental  health  is  a  complex  and  rapidly  expanding  field  of  inquiry,  with 


multiple  sources  of  specific  substances  associated  with  similar  effects  (e.g.  phthalates  from 


personal  care  products,  plastics  and  foods  linked  with  endocrine  disruption).  Furthermore, 


multiple health effects related to one or more specific substances may arise from a single source 


(e.g. personal care products containing fragrances that trigger neurological symptoms and allergic 


sensitization,  and  toxic  metals  contributing  to  neurological,  renal  and  immune 


impairment).1,2,3,5,6,7,8,9,11,13,60,61  


For  these  reasons, as  in Part 1 of  this project, we  focused our attention on  the most  common 


health concerns for children, in this case, aged 6 to 17 years, the key environmental substances or 


contaminants that have  identified  links to adverse health outcomes, and the key media through 
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which  these  children  are  exposed  (Table  2).  These  same  health  concerns, 


substances/contaminants and media were  cited over and over again  in  the  summary  literature 


reviews/appraisals and reports we studied and in a well‐respected textbook.11 


As  in Part 1, to prepare front‐line professionals to habitually think of the  locations and activities 


where children most commonly encounter hazardous substances, we thought it would be helpful 


to organize  items  in the Environmental Risk Reduction subsection under CH2OPD2  (Community, 


Home & Hobby, Occupation, Personal exposures, Diet & Drugs).62,63 


Table 2 


Key Children’s Environmental Health Issues (Ages 6‐17) 


Healthy Children/Healthy Environment: Improving the Odds, Part 2


Key Children’s Environmental Health Issues (Ages 6‐17) 


Key Children’s Health Concerns


 Asthma and respiratory diseases 


 Neurodevelopmental and neurobehavioural problems 


 Cancer 


 Endocrine disruption/effects on reproduction 


 Endocrine disruption/obesity/diabetes 


 Immune dysregulation/ allergies/infectious diseases 


 Multiple complex conditions 


Key Environmental Contaminants


 Heavy Metals – lead and mercury 


 Bacteria, viruses, protozoa, moulds/fungi, mites 


 Pesticides 


 Persistent Organic Pollutants‐ dioxins, furans, PCBs, PBDE, PFOA, DDT, DDE, etc. 


 Organic Solvents 


 Plastics ingredients 


 Radiation 


Key Environmental Media


 Outdoor air 


 Indoor air 


 Soil, dust 


 Food 


 Water 


 Consumer products 
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In all versions of the RBR, evidence was sought by the Rourke Team to justify inclusion of items 


in  the questionnaire.16 The quality of  the evidence was graded according  to  the  classification 


first outlined by  the Canadian Task Force on Preventive Health Care  in 1979,64 adopted  in  the 


1980’s with minimal modification by the United States Preventive Services Task Force65 (USPSTF) 


and regularly updated in collaboration with the Canadian Task force (Table 1). The goal has been 


to  increasingly standardize the grading of recommendations to patients or the public based on 


the  available  evidence,  in  the  face  of  increasing  recognition  of  scientific  complexity  and 


uncertainties;  however, we  understood,  as  did  the OCFP  Environmental  Health  Committee’s 


Pesticides Review Task Force,  that virtually all of  the  studies  linking environmental exposures 


with human  fetal or child health are of cohort, case‐control  (Level  II‐2,‐3) or descriptive  (Level 


III) design. Because it would be unethical to conduct trials of suspected hazardous substances on 


humans,  the  only  Level  I  or  Level  II‐1  studies  linking  environmental  exposures  with  health 


outcomes have used  animals  as  subjects. While  the  results of  such  studies  contribute  to our 


understanding of  likely exposure‐health  links,  it  is clearly  risky  to extrapolate  from animals  to 


humans.  Furthermore,  such  trials  in  animals  have  most  often  examined  adults,  and 


developmental or  intergenerational effects have been studied much  less frequently. There are 


advantages and disadvantages to each of the cohort, case‐control and descriptive designs.66 ,67 


The  limitations  in  study  designs  in  children’s  environmental  health  and  the  complexity  of 


multiple concurrent, continuous or intermittent exposures and acute or chronic and cumulative 


effects have  resulted  in a  relatively weak evidence base according  to  the USPSTF  framework. 


Hence, many  of  the  recommendations  for  practice  are  C  grade  (Table  1).  This  has  led  to  a 


‘weight  of  evidence’  approach7  to  inform  recommendations  from  professionals  and  their 


associations  to  patients  and  from  government  policymakers  to  the  public.  To  determine  the 


weight of evidence, and thus to be able to grade recommendations, often a stringent  iterative 


process  is  followed  by multiple  collaborators  using  the  guidelines  described  in  Table  1.  For 


instance, the evidence for recommendations in all publications by the Canadian Partnership for 


Children’s  Health  and  the  Environment  (www.healthyenvironmentforkids.ca)  has  been 


sequentially  evaluated  by  the  constellation  of  partners  with  the  strongest  expertise  in  the 


subject area, followed by review and approval by all twelve partner organizations. 


Leduc et al  indicated that when they updated the RBR, they extensively reviewed the available 


evidence  to  reaffirm  or modify  the  levels  they  had  assigned  to  the  recommendations  in  the 


previous  version  and  that  they  derived  a  “substantial”  proportion  of  this  evidence  through 


critical appraisal of position statements from the Canadian Paediatric Society, and then obtained 


additional expertise by consulting with organizations including the Canadian Dental Association, 


the OCFP’s Environmental Health Committee,  the College of Family Physicians of Canada, and 


the  specialty  committees  and  sections  of  the  Canadian  Paediatric  Society.    They  utilized  the 


Canadian Task Force on Preventive Health Care’s system of classification of recommendations26 


and  codified  their  decisions  in  the  RBR  for  swift  and  easy  recognition  by  front‐line  health 


professionals.  “Grade  A  recommendations”  (good  evidence  to  recommend  the  action) were 


printed in bold type, “Grade B recommendations” (fair evidence to recommend) were printed in 


italics,  and  “Grade  C  Recommendations”  (“the  existing  evidence  is  conflicting  and  does  not 
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allow making a  recommendation  for or against use of  the clinical preventive action: however, 


other factors may influence decision‐making"). 


We compiled the new items into a mock revised RBR, Guide IV (Table 3), under the headings of 


Nutrition  and  Education  and Advice,  and  based  on  our  professional  experience  plus  the U.S. 


Preventive  Services  Task  Force  framework  (Table  1),  assigned  and  indicated  the 


recommendation grade for each new item with bold, italicized or plain type.  


Given the degree of uncertainty still prevailing in the area of children’s environmental health, a 


large proportion of  the  items  still had C grade  recommendations.  It  is  therefore necessary  to 


follow the ‘Precautionary Principle’: “When an activity raises threats of harm to human health or 


the  environment,  precautionary  measures  should  be  taken  even  if  some  cause  and  effect 


relationships  are  not  fully  established  scientifically”30.      In  other words,  "The  purpose  of  the 


precautionary  principle  is  that  legal  requirements  are  to  be made  to  safeguard  against  the 


possible  health  risks  that  have  not  yet  been  scientifically  established.  That  a  risk  is  not 


established cannot, therefore, be used as an excuse for not applying the principle" 68. The public 


could decide what is an acceptable risk from exposure to particular substances, given perpetual 


scientific  uncertainty.  However,  risk  assessment  is  a  complex  process,  not  commonly 


understood by the public. 


Table 3 


Mock Rourke Baby Record, Guide  IV‐ Healthy Children/Healthy Environment:  Improving the 
Odds Part 1, 2010  (Red is for new items: Blue is for re‐positioned items) 


  18 months   2‐3 years 4‐5 years 


NUTRITION 
 
Check  if  discussed 
and no concerns 
X if concerns 
 
For  details  on 
items see Selected 
Guidelines  and 
Resources pages 


o Breastfeeding 
o Homogenized milk 
o No  bottles  [500‐750  mL 


(16‐24 oz)/day],  
o Water  source, 


reconstituted  beverages 
municipal, well,    lead  in 
pipes 


o Avoid sweetened liquids 
o Cereal, 


meat/alternatives,  fruits, 
vegetables 


o Fish/seafood advice 
o Encourage  pesticide‐free 


foods 
o Choking/safe foods 


o 1%‐2% milk
o Gradual  transition  to 


lower fat diet 
o Canada’s  Food  Guide 


[approx.  500  mL  (16 
oz)/day] 


o Water  source, 
reconstituted  beverages: 
municipal,  well,  lead  in 
pipes 


o Encourage  pesticide‐free 
foods 


o Appetite reduced 
o Choking/safe foods 


 


o 1%‐2% milk 
o Canada’s  Food  Guide 


[approx.  500  mL  (16 
oz)/day] 


o Water  source, 
reconstituted 
beverages:  municipal, 
well, lead in pipes 


o Fish/seafood advice 
o Encourage  pesticide‐


free foods 


 


EDUCATION 
AND 
ADVICE 


Injury Prevention 
o Car seat (child) 
o Bath safety* 
o Choking/safe toys 
o Poisons; PCC# 
 


o Car seat (child/booster)* 
o Poisons; PCC# 
 
 


o Bike helmets 
o Matches 
o Firearm 


safety/removal 
o Water safety 


 
Check  if  discussed 
and no concerns 
X if concerns 
 
For  details  on 
items see Selected 
Guidelines  and 


Environmental  Risk 
Reduction 
Community: 


o Sun‐protective 
clothing/sunscreen SPF > 
30 


o Insect‐protective 
clothing/insect  repellent 
DEET 10%‐<24 mos, max 


Home/Hobby
o Carbon  monoxide/smoke 


detectors  
o House  built  before  1960, 


peeling  paint,    recent  or 
ongoing renovations 


o Serum lead if at risk 
o Second  hand  tobacco 


smoke,  burning  of waste 
or wood 


Personal 
o Fever  advice/digital 


rectal thermometer 
o Mild  unscented  soap 


instead  of 
antibacterial 


o Frequent  washing    of  
child’s hands 


o Fragrance‐free 
personal  care 
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Resources pages  
 
 
 


o.d. then max tid 
o Home  proximity  to 


industry/traffic 
corridors/power sources 


o Air Quality Health  Index 
and  heat  alerts 
awareness 


 


o Shoes off at door* 
o Wet  dust/mop  and 


vacuum regularly 
o Pets/stuffed 


animals/carpets  in 
bedroom 


o No CFL in bedroom 
o Pests/alternatives  to 


pesticides 
o Water leaks/mould 
o Purchase  products 


without hazard symbols 
o Fragrance‐free 


cleaning/laundry products 
o Avoid air “fresheners” and 


disinfectants 
o Discard  old  foam  items 


(flame retardants) 
o Home residents’ hobbies 
o Lead‐containing  and  soft 


plastic toys 
o Non‐toxic  arts  and  crafts 


materials 
o Child  care/school 


conditions/cleaning  and 
art supplies 


Occupation 
o Home  residents’ 


occupations‐ workclothes 
 


products  for  child and 
home residents 


o Wean  from  pacifier; 
18 mos‐no pacifier 


o Dental  cleaning 
/fluoride/dentist 


o No Mercury amalgam 
fillings 


Diet/Drugs 
o Avoid  heating/hot 


food  or  drinks  in 
plastic 


o Beware  uneven 
microwave 
temperatures 


o No  OTC  cough/cold 
medications 


o Inquiry on CAM 


 
 


Behaviour and Family Issues
o Parent/child interaction 
o Discipline/parenting skills 


programs 
o Parental 


fatigue/stress/conflict/ 
depression 


 


o Siblings 
o High risk children 
o Active  healthy 


living/screen time 
o Encourage reading 
o Socializing/peer  play 


opportunities 


o Toilet learning starting 
18 mos 


o Assess  child  care 
/preschool  needs/ 
school readiness 


 


 


We suggested inserting “Nasal congestion” and “Lungs‐wheezing” into PHYSICAL EXAMINATION in 


Guides  II,  III, and  IV  in order  to alert physicians  to onset of  respiratory effects most commonly 


associated with exposures to outdoor and indoor air pollutants. We also suggested inserting flags 


under DEVELOPMENT and PHYSICAL EXAMINATION  indicating that any abnormal findings should 


trigger a very careful assessment of the items under NUTRITION and EDUCATION AND ADVICE. It 


was unclear whether the Environmental Risk Reduction questions were being asked at the highly 


important 18‐mo in the 2009 RBR visit. We think they should be included, and so would merge the 


cells for these 3 age groups. 
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5.3.2	 Decision	Points	regarding	Proposed	New	Greig	Health	Record	Items	
As in the decisions made regarding new items for the RBR in Part 1 of this project, with the goals 


being to reduce or mitigate adverse health effects in children and adolescents, aged 6‐17, several 


factors  played  into  whether  or  not  an  item  related  to  an  environmental  exposure might  be 


included  in  the  Greig  Health  Record.  Such  reduction  or  mitigation  could  have  important 


implications for lifelong health, well‐being and functioning, not to mention for decreased costs for 


health and social services and less productivity losses.  


Questions we asked included: 


 How strong  is the association between the environmental factor and the health outcome? 


Epidemiological  and  toxicological  studies  generally  contribute  to  this  type of  analysis, with 


systematic reviews to synthesize both types of data individually.  However, when considering 


potential environmental  items  for  inclusion  in  the Greig Record,  some  items are backed by 


such strong evidence and they are recognized as being so  important that regulatory actions 


and  public  education  have  been  initiated  by  many  bodies.  These  include  government 


ministries; international bodies such as the World Health Organization; public health units and 


reliable non‐governmental organizations with  scientists  and physicians playing  active  roles, 


such as medical colleges and societies, and the Canadian Partnership for Child Health and the 


Environment. Environmental factors that have been reviewed by governmental ministries or 


agencies, and  found  to be so  important  that  they have engendered  legislative or regulatory 


actions were considered, for the purposes of this exercise, to have a high level of confidence 


regarding their contribution to adverse health outcomes.  


 At what exposure level should we become concerned? While it is important for regulators to 


try  to determine concentrations of concern or regulatory  limits  for various pollutants  in  the 


environment  or  the  human  body,  regulatory  limits  have  limited  immediate,  practical 


relevance  for primary care physicians who are  identifying a potential  risk and minimizing  it. 


Minimizing  potential  risks,  if  practical  and  feasible,  is  logical,  as  over  the  years  “levels  of 


concern” have typically fallen as knowledge and measurement technologies improved.  


 How prevalent and debilitating is the outcome? Given the time constraints of administering 


instruments  such  as  the  RBR  and  GHR,  exceedingly  rare  events  would  not  be  included. 


However  a  very  serious  adverse effect  such  as  cancer would merit  inclusion over  a minor, 


transitory effect such as a one‐time rash.  


 Is it reasonable to expect that the environmental exposure in question has potential to be a 


significant  contributor  to  the  health  outcome  in  the  population  of  interest?  This  would 


depend upon  the population and exposures  related  to  their  geographic  location as well as 


other risk factors.  


  Is it difficult or costly to avoid or reduce the exposure? 


  Is  the  exposure  of  additional  concern  because  it may  be  related  to  other  exposures  via 


various  factors  such  as  risk  taking,  or  because  it  acts  synergistically  with  other 


environmental  exposures  that  are  common  in  the  circumstances?    The  Agency  for  Toxic 


Substances  and  Disease  Registry  is  conducting  studies  of  interaction  profiles  of  pollutants 
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commonly  found  together  in  the  environment,  and  are  frequently  (although  not  always) 


finding greater than additive toxic effects with mixtures.69 


5.4	 Step	4	 ‐	Literature	Search	on	Environmental	Exposure	Items,	Evaluation	
of	Web	of	Evidence	and	Recommendations	for	Potential	New	Probes	
The Centre for Evidence‐based Medicine (CEBM) at the University of Oxford states, "What are we 


to do when  the  irresistible  force of  the need  to offer clinical advice meets with  the  immovable 


object of flawed evidence? All we can do is our best: give the advice, but alert the advisees to the 


flaws in the evidence on which it is based." 


The following freely available online CEBM  'Levels of Evidence' document sets out one approach 


to systematizing this process for different question types (Table 4). 
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Table 4  


Oxford Centre for Evidence‐based Medicine Levels of Evidence (March 2009) 


(For definitions of terms used, see glossary at http://www.cebm.net/?o=1116) 
 


Level   Therapy/Prevention,    
 Aetiology/Harm 


Prognosis Diagnosis Differential 
diagnosis/symptom 
prevalence study 


Economic and decision 
analyses 


1a SR (with homogeneity*) of 
RCTs  


SR (with homogeneity*) of
inception cohort studies;
CDR† validated in different
populations 


SR (with homogeneity*) of 
Level 1 diagnostic studies; 
CDR† with 1b studies from 
different clinical centres 


SR (with homogeneity*) of 
prospective cohort studies  


SR (with homogeneity*) of 
Level 1 economic studies 


1b Individual RCT (with narrow 
Confidence Interval‡) 


Individual inception cohort
study with > 80% follow-up; 
CDR† validated in a single
population 


Validating** cohort study 
with good††† reference 
standards; or CDR† tested 
within one clinical centre 


Prospective cohort study 
with good follow-up**** 


Analysis based on clinically 
sensible costs or 
alternatives; systematic 
review(s) of the evidence; 
and including multi-way 
sensitivity analyses 


1c All or none§ All or none case-series Absolute SpPins and 
SnNouts†† 


All or none case-series Absolute better-value or 
worse-value analyses †††† 


2a SR (with homogeneity*) of 
cohort studies 


SR (with homogeneity*) of
either retrospective cohort
studies or untreated control
groups in RCTs 


SR (with homogeneity*) of 
Level >2 diagnostic studies 


SR (with homogeneity*) of 
2b and better studies 


SR (with homogeneity*) of 
Level >2 economic studies 


2b Individual cohort study 
(including low quality RCT; 
e.g., <80% follow-up) 


Retrospective cohort study
or follow-up of untreated
control patients in an RCT;
Derivation of CDR† or
validated on split-
sample§§§ only 


Exploratory** cohort study 
with good††† reference 
standards; CDR† after 
derivation, or validated only 
on split-sample§§§ or 
databases 


Retrospective cohort study, 
or poor follow-up 


Analysis based on clinically 
sensible costs or 
alternatives; limited 
review(s) of the evidence, 
or single studies; and 
including multi-way 
sensitivity analyses 


2c "Outcomes" Research; 
Ecological studies 


"Outcomes" Research   Ecological studies Audit or outcomes research 


3a SR (with homogeneity*) of 
case-control studies 


 SR (with homogeneity*) of 
3b and better studies 


SR (with homogeneity*) of 
3b and better studies 


SR (with homogeneity*) of 
3b and better studies 


3b Individual Case-Control 
Study 


 Non-consecutive study; or 
without consistently applied 
reference standards 


Non-consecutive 
cohort study, or very limited 
population 


Analysis based on limited 
alternatives or costs, poor 
quality estimates of data, 
but including sensitivity 
analyses incorporating 
clinically sensible 
variations. 


4 Case-series (and poor 
quality cohort and case-
control studies§§) 


Case-series (and poor
quality prognostic cohort
studies***) 


Case-control study, poor or 
non-independent reference 
standard  


Case-series or superseded 
reference standards 


Analysis with no sensitivity 
analysis 


5 Expert opinion without 
explicit critical appraisal, or 
based on physiology, 
bench research or "first 
principles" 


Expert opinion without
explicit critical appraisal, or
based on physiology,
bench research or "first
principles" 


Expert opinion without 
explicit critical appraisal, or 
based on physiology, 
bench research or "first 
principles" 


Expert opinion without 
explicit critical appraisal, or 
based on physiology, 
bench research or "first 
principles" 


Expert opinion without 
explicit critical appraisal, or 
based on economic theory 
or "first principles" 


Produced by Bob Phillips, Chris Ball, Dave Sackett, Doug Badenoch, Sharon Straus, Brian Haynes, Martin Dawes since November 1998. Updated 


by Jeremy Howick March 2009. 


Notes: Users can add a minus‐sign "‐" to denote the level of that fails to provide a conclusive answer because:  


  EITHER  a  single  result  with  a  wide  Confidence  Interval  OR  a  Systematic  Review  with  troublesome  heterogeneity.  Such  evidence  is 


inconclusive, and therefore can only generate Grade D recommendations.  
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*  By homogeneity we mean a systematic review that is free of worrisome variations (heterogeneity) in the directions and 
degrees of results between individual studies. Not all systematic reviews with statistically significant heterogeneity need
be worrisome, and not all worrisome heterogeneity need be statistically significant. As noted above, studies displaying 
worrisome heterogeneity should be tagged with a "‐" at the end of their designated level. 


†  Clinical Decision  Rule.  (These  are  algorithms  or  scoring  systems  that  lead  to  a  prognostic  estimation  or  a  diagnostic
category.) 


‡  See note above for advice on how to understand, rate and use trials or other studies with wide confidence intervals. 


§  Met when all patients died before  the Rx became available, but some now survive on  it; or when some patients died
before the Rx became available, but none now die on it. 


§§  By poor quality  cohort  study we mean one  that  failed  to  clearly define  comparison  groups  and/or  failed  to measure
exposures and outcomes  in the same  (preferably blinded), objective way  in both exposed and non‐exposed  individuals 
and/or  failed  to  identify or appropriately control known confounders and/or  failed  to carry out a sufficiently  long and
complete follow‐up of patients. By poor quality case‐control study we mean one that failed to clearly define comparison
groups and/or failed to measure exposures and outcomes in the same (preferably blinded), objective way in both cases
and controls and/or failed to identify or appropriately control known confounders. 


§§§  Split‐sample validation  is achieved by collecting all the  information  in a single tranche, then artificially dividing this  into 
"derivation" and "validation" samples. 


††  An "Absolute SpPin"  is a diagnostic  finding whose Specificity  is  so high  that a Positive  result  rules‐in  the diagnosis. An 
"Absolute SnNout" is a diagnostic finding whose Sensitivity is so high that a Negative result rules‐out the diagnosis. 


‡‡  Good, better, bad and worse refer to the comparisons between treatments in terms of their clinical risks and benefits. 


†††  Good reference standards are independent of the test, and applied blindly or objectively to applied to all patients. Poor
reference  standards  are  haphazardly  applied,  but  still  independent  of  the  test. Use  of  a  non‐independent  reference 
standard  (where  the  'test'  is  included  in  the  'reference', or where  the  'testing' affects the  'reference')  implies a  level 4
study. 


††††  Better‐value treatments are clearly as good but cheaper, or better at the same or reduced cost. Worse‐value treatments 
are as good and more expensive, or worse and the equally or more expensive. 


**  Validating  studies  test  the quality of a  specific diagnostic  test, based on prior evidence. An exploratory  study  collects
information and trawls the data (e.g. using a regression analysis) to find which factors are 'significant'. 


***  By poor quality prognostic cohort study we mean one in which sampling was biased in favour of patients who already had
the target outcome, or the measurement of outcomes was accomplished  in <80% of study patients, or outcomes were
determined in an unblinded, non‐objective way, or there was no correction for confounding factors. 


****  Good  follow‐up  in a differential diagnosis  study  is >80%, with adequate  time  for alternative diagnoses  to emerge  (for
example 1‐6 months acute, 1 ‐ 5 years chronic) 


Grades of Recommendation 


A  consistent level 1 studies  


B  consistent level 2 or 3 studies or extrapolations from level 1 studies


C  level 4 studies or extrapolations from level 2 or 3 studies 


D  level 5 evidence or troublingly inconsistent or inconclusive studies of any level


"Extrapolations" are where data is used in a situation that has potentially clinically important differences than the 
original study situation. 
 


Within  this  framework  the strength of evidence  rating and  the grounds  for grading  recommendations 


vary with  the  research  questions  asked  and  study  designs  applied;  thus  there  is more  flexibility  in 


decision‐making.  Hence,  we  decided  to  pilot  this  method  for  evaluating  the  strength  of  available 


evidence  for  potential  new  items  for  the  GHR.  We  also  decided,  based  on  our  clinical,  research, 


education  and  health  promotion  perspectives,  to  include  other  factors  in  our  decision‐making  as 


outlined in Section 5.3.2, such as the prevalence and degree of morbidity of health outcomes associated 


with  the  exposure  items  or  other  considerations  such  as  ease  of  avoidance  and  the  potential  for 


additional and synergistic effects. All of these factors were considered  in rating the following potential 


new GHR items: 


•  Electromagnetic radiation and wireless communication devices 


•  Body art 


•  Food and Drink Additives 


•  First‐hand tobacco smoke, alcohol, illicit drugs and contaminants 
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5.4.1	 Electromagnetic	radiation	and	Wireless	Communication	Devices	
“Electromagnetic radiation” covers a broad range of frequencies (over 20 orders of magnitude), 


from low frequencies in electricity supplies, radiowaves and microwaves, infrared and visible light, 


to x‐rays and cosmic rays. Regulations for telecommunications are based upon avoiding heating of 


tissue  as  a  result of  exposure  to  electromagnetic  radiation; non‐thermal biological  and human 


health  effects were  recently  reviewed  in  an  extensive monograph  published  by  the  European 


Journal of Oncology.1 


Electromagnetic  radiation  of  diverse  wavelengths  may  affect  biological  processes.  For  the 


purposes  of  the  Greig  Health  Record, we will  focus  on  EMR  associated with  communications 


equipment, as summarized in Table 5. 


Ample debate exists regarding funding, design weaknesses and biases of various epidemiological 


studies  regarding  cell  phone  use;  nevertheless,  it  appears  that  brain  tumours  and  acoustic 


neuroma are associated with use of cell phones and possibly mobile phones, on the side of the 


head  the  phone  was  typically  held,  when  used  for  longer  than  10  years.70,71  Individuals  who 


started using mobile telephones before the age of 20 years were found to be at greatest risk, but 


today even younger children are using cell phones. 


Communications and  radar antennae expose  those who  live or work near  these  installations  to 


their  emissions.  The  radiation  travels  through  buildings,  and  can  also  be  conducted  along 


electrical wires or metal plumbing. Wireless communications create  levels within buildings  that 


are orders of magnitude higher than natural background levels. Within buildings and cities, some 


locations receive relatively intense levels of radiation as various wireless service providers blanket 


the area with service.72  


In 2006, based upon a comprehensive review of scientific literature, the International Firefighters 


took  the  position  that  transmission  facilities  should  not  be  located  on  fire  stations.73  The 


increasing  plethora  of  wireless  communication  devices  such  as  Internet,  WiFi,  cell  phones, 


satellite radio, microwave transmissions, TV broadcasts, etc. are exposing the populace to more 


electromagnetic  frequencies,  of  increasing  intensity.  Shielding  may  block  electromagnetic 


radiation  (but not magnetic  fields). Buildings, geography, weather and  immediate  surroundings 


affect  exposure  from  telecommunications  by  reflecting  or  focusing  radiation,  thereby  creating 


elevated  local  levels. Use of alternative technologies (e.g. wire or fibre data transmission)  is the 


most straightforward, feasible and effective measure to minimize exposures.  







   


 
 


Table 5 ‐Evidence Considerations‐ Electromagnetic Radiation and Wireless Communication Devices 


Greig Item Health Outcomes Prevalence/Degree of 
Morbidity 


Other Considerations Evidence Overview Overall Evidence Strength 
Exposure-Outcome Link 


Electromagnetic 
radiation, fields and 
currents 


Diverse - focus on brain 
cancer, but also sperm 
damage and behavioural 
problems in children 
exposed in utero 


Exposure widespread 
but variable with time, 
place and technology 
use; diverse outcome 
prevalence / diverse but 
potentially severe 
outcome (brain tumour) 


Exposure is escalating very quickly. 
Developing child and teen particularly 
at risk due to developmental and 
physiological vulnerabilities and 
fascination with technology. 


Governments - Regulations, 
resolutions and guidance regarding 
mobile phones, Wi-Fi/WiMAX, 
Bluetooth, and/or DECT landline 
telephones from the European 
Parliament,74 Toronto Public Health 75 
and many countries73 


5  
(precautionary advice regarding 
cellphone use by children and teens, 
reductions in allowable exposures to 
non-ionizing radiation, and 
information gathering while awaiting 
additional research) 


Cellphones and 
mobile phones 


Brain tumour (glioma, 
acoustic neuroma) 


low / very serious Use is currently much greater than 
during inception of studies. 
Due to latency of effect and changing 
use of technology, only very recent 
studies could demonstrate increased 
risk. 
Safer practices are recommended 
(see below) 


Meta-analysis of cohort studies. 
Increased risks for glioma,70,71 
acoustic neuroma,71 on same side as 
phone typically used (ipsilateral), for 
greater than 10 years of exposure. 
Risks greatest when wireless phone 
use started at age <20 years. 
Large Interphone study has been 
criticized for study weaknesses and 
biases.e.g.70,76 


2b 


Cellphones Glucose metabolism in 
areas of brain with 
greatest radiation 
exposure 


all 47 participants / 
unknown 


ditto All metabolic measures in exposed 
sections of brain were increased with 
exposure to cellphone radiation in all 
participants77    


1a 


Wireless phones Absorption of radiation 
within brain 


all wireless phone users ditto 
When phone is >2.5 cm from head, 
radiation dose may be below ICNIRP 
(1998) guidance Specific Absorption 
Rate SAR < 2mW/g in adults; SAR is 
approximately 60% higher for a 10 y 
old so distance should be greater 
(note: Canadian recommended limit 
is now SAR < 1 mW/g) 


Modelled radiation absorption 
distribution through much greater 
proportion of child’s brain and eye 
due to thinner skull and different lipid-
to-water ratio.78 


5 


Wi-Fi in schools Diverse symptoms 
including headache and 
impaired cognition 


Exposure increasingly 
prevalent; outcome 
unknown / reports of 
significant disability and 
missing school 


Readily available, reliable wired 
alternative 
Difficulty in studying phenomenon 
due to pervasive and increasing 
levels of wireless services and 
technologies 


Media reports, commentaries such as 
in Pediatrics79 


5 
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Greig Item Health Outcomes Prevalence/Degree of 
Morbidity 


Other Considerations Evidence Overview Overall Evidence Strength 
Exposure-Outcome Link 


Communications 
Transmitters 


Diverse outcomes   Citing extensive literature, policy not 
to allow facilities to be placed on fire 
department facilities in Canada and 
the US.73 
Media reports 


5 


Strength of recommendation:  For cell phone use in children and adolescents: B. For electromagnetic fields, wireless phones, WiFi in schools, and communications transmitters: D. This 
is an emerging area of study showing potentially significant harms that are readily reduced with precautionary measures, although some measures such as siting of transmitters are 
beyond the control of individuals. 


 







   


 
 


Actions to reduce the cancer risk of cell phones76,80 


Children should only use cell phones next to their heads for emergencies. Children’s skulls 
are thinner than adults’ and their brains are still developing. Hence, radiation from cell phones 
penetrates more deeply into their brains and is likely to cause more damage. Texting (while 
holding the phone away from their body) is much better for kids, and adults too!  


While talking on your cell phone, try to keep the cell phone away from your body as much 
as possible. The amplitude of the electromagnetic field (radiation) is one fourth the strength at a 
distance of two inches and fifty times lower at three feet. Whenever possible, use the speaker-
phone mode or an attached headset (not a Bluetooth).  


Avoid using your cell phone when the signal is weak, such as in rural areas, or when 
moving at high speed, such as in a car or train, as this automatically increases power to a 
maximum as the phone repeatedly attempts to connect to a new relay antenna. 


Avoid carrying your cell phone on your body at all times. Do not keep it near your body at 
night such as under the pillow or on a bedside table, particularly if pregnant. You can also put it 
on “flight” or “off-line” mode, which stops electromagnetic emissions. 


If you must carry your cell phone on you, make sure that the keypad is positioned toward 
your body and the back is positioned toward the outside so that the transmitted electromagnetic 
fields move away from you rather than through you.  


Only use your cell phone to establish contact or for conversations lasting a few minutes, as 
the biological effects are directly related to the duration of exposure. For longer conversations, 
use a land line with a corded phone, not a cordless phone, which also uses electromagnetic 
emitting technology similar to that of cell phones. 


Switch sides regularly while communicating on your cell phone to spread out your exposure. 
Before putting your cell phone to the ear, wait until your correspondent has picked up. This 
limits the power of the electromagnetic field emitted near your ear and the duration of your 
exposure. 


When possible, communicate via text messaging rather than making a call, to limit the 
duration of exposure and the proximity to the body. 


Avoid using your cell phone in places like a bus, where you can passively expose others to 
your phone’s electromagnetic fields. 


Choose a device with the lowest SAR possible (SAR = Specific Absorption Rate, which is a 
measure of the strength of the magnetic field absorbed by the body). SAR ratings of 
contemporary phones by different manufacturers are available by searching for “sar ratings cell 
phones” on the internet. 
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5.4.2	 Body	Art	
As outlined in Section 5.2, rapid peri‐pubertal body changes lead to interest in, and potentially to 


concerns about body  image, which  can,  in  turn  lead young people  to  try  to  improve perceived 


imperfections in some of the following ways: 


 by using tanning beds (http://www.hc‐sc.gc.ca/hl‐vs/pubs/sun‐sol/tanning‐bronzer‐eng.php), 


which can expose them to harmful ultraviolet radiation. 


 by using more makeup and other personal care products that contain some known hazardous 


chemicals e.g. hairspray and aerosol deodorants usually contain phthalates, which are known 


endocrine  disruptors.  Asthma may  be  triggered  by  fragrances,  and  inhalation  of  the  fine 


sprayed particles from hairsprays and deodorants. 


 by  using  skin  lightening  compounds,  known  to  often  contain  toxic  chemicals,  including 


possibly mercury, and may cause adverse dermatological as well as systemic effects.81 A 2011 


report  of New  Yorkers,  particularly  of Dominican  descent,  discusses  a  surprising  finding  of 


high mercury levels, that was traced to illegal mercury in skin lightening products.82  


 by  subjecting  themselves  to  permanent  body  art.  Piercings,  tattoos  and  other  forms  of 


permanent body art  transcend  cultures and history, and as  today’s youths and adolescents 


develop greater awareness of their looks they may consider acquiring forms of body art that 


carry immediate risks of infection and abscess with related scarring,83 and, worse, sepsis and, 


rarely, death, particularly  in people with compromised  immune systems and heart defects.84 


Blood‐borne diseases  (HIV and hepatitis) are a risk;  for example,  tattoos and piercings have 


been identified as risk factors for new cases of acute hepatitis‐C.85 


Standards either recommended or required by local regulations include hygiene and adequate 


facilities  (e.g.  stainless  steel  sink  for  cleaning equipment), as well as practices  for  infection 


control, such as single‐use components, and  thorough sterilization of  the equipment and of 


the skin before the procedure.  


Unfortunately,  not  all  body  art  is  executed  by  professionals  in  well  inspected,  hygienic 


settings.  Individuals  providing  piercings,  tattoos  and  branding/scarification  may  be 


underground  or  amateur,  and  in  some  cases  tattoos  and  branding  are  carried  out  in  the 


context  of  groups  or  gangs  as  a  form  of  initiation  or  identification.  It  is  important  to 


distinguish between body art for the sake of beauty, and forced‐ or self‐mutilation.  


Assiduous self‐care during prolonged healing is important to prevent infection and undesired 


scarring. Boys  are  reported  to have more  frequent  complications  than  girls.83 Delayed  and 


long‐lasting  complications  include  sensitization and  allergies  to  components of dyes and  to 


metals used in piercings; sensitization may be lifelong.86  


Permanent body art often results  in dissatisfaction down  the road. Tastes  for all art change 


with time, but body art is never completely erased.  
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A  Public  Health  Agency  of  Canada  survey  indicated  that  adolescents  seeking  tattoos  and 


piercings may  engage  in  other  risk  taking  or  attention  seeking  behaviours,  and  notes  that 


tattoos and piercings are more prevalent in youth who have dropped out of school.87 In a US 


study of 210 adolescents aged 14 to 16 years, body modification (piercing other than a single 


pair of earlobe piercings  in  females,  tattoos or branding) was significantly associated with a 


three times greater  likelihood of problem substance use.88 Permanent body art  is also more 


common in prisons. Parents should not despair, however; a school‐based study demonstrated 


that many youth with body art were achieving A and B grades  in school,84 and  research on 


university students demonstrates significant proportions of that population also displays body 


art.88 


For  youth  wishing  to  express  their  unique  character  and  body  image,  it  is  best  that  this 


creativity  find  expression  in  other  avenues,  such  as  clothing  or  haircuts  (hair  dyes  often 


contain toxic ingredients and peroxide may cause permanent damage with eye contact).  


Piercings 


Piercings are the most common form of body art. Complete healing of a piercing takes up to a 


year in the naval or cartilaginous parts of the ear or nose, and adolescents’ lack of compliance 


with prolonged aftercare may  lead  to  infections, a common complication particularly among 


males.85,89 


Increased  trauma and  slower healing of a piercing occurs when done using a blunt piece of 


jewellery, with a “gun.” These devices are also typically not completely sterilized. Nickel allergy 


or  hypersensitivity may  develop  as  a  result  of  extended  contact with  inexpensive  or  poor 


quality metal containing nickel.90 Other  risks  include  tooth and gingival damage with  lip and 


tongue piercings.91 


Piercings generally heal after the jewellery is removed, but a scar will remain. 


Tattoos 


Tattoo inks are the only cosmetics that are injected into the dermal layer of the skin, but they 


are  not  assessed  for  injection  as  drugs  would  be.  Inks  have  traditionally  contained  toxic 


elements, including mercury in red dyes and cadmium in yellow. Although current dyes should 


not  contain  these  toxic metals,  it  is  possible  that  imported  products may  not meet Health 


Canada standards, as inspection is not thorough. Risks specific to tattooing include sensitivity 


and granulomatous  reactions  to  tattoo  inks with a variety of pathologies,  that may be more 


widespread than the tattoo.92  


Tattoo inks may break down and form particles over time. This happens as skin breaks down, 


and  is  accelerated  by  sun  exposure.  Ink  ingredients must  be metabolised  and  excreted  via 


phase  I,  II  and  III  detoxification  pathways,  but  if  not  sufficient  or  efficient  then  tattoo  ink 


particles may migrate deeper in the body, causing complications such as blockage of lymphatic 


drainage.93 
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Tattoos may complicate diagnosis of melanoma, and multiple reports of melanoma associated 


with tattoos on parts of the body that received sun exposure suggest that risk of this cancer 


may  be  increased with  tattoos.94  This  is  consistent with  knowledge  that  inks may  contain 


known or probable carcinogens such as cadmium, mercury and chromium (these compounds 


were  recently  banned  from  cosmetics  such  as  tattoo  inks),  and  that with  sunshine,  some 


pigments  such as  the  “azo”  chemicals break down  into potentially  carcinogenic  compounds 


(reviewed  and  investigated  by  Cui  et  al.95).  As  well  as  acceleration  of  decomposition  and 


exposure to toxic aromatic amines with solar irradiation, laser treatment of tattoos may cause 


an acute dose of toxic breakdown products as the dye decomposes.96 


Tattoo removal may be attempted using dermal abrasion, surgery,  lasers of various sorts, or 


chemical extraction.97 The process is painful, and incomplete removal, scarring, and changes in 


pigmentation and skin texture are common. 


Some  less  obvious  considerations may  impact  future medical  care.  Tattoos may  create  a 


burning  sensation  when  undergoing  magnetic  resonance  imaging.98,98,99  As  well,  there  is 


reluctance  to  puncture  lumbar  tattoos  and  risk  injecting  toxic  chemicals  during  epidural 


anaesthesia, such as during labour.100,101,102  


A  popular  alternative  to  permanent  tattoos  are  temporary  tattoos  made  with  henna. 


Hypersensitivity reactions to natural components of henna are not uncommon;103 furthermore 


henna  tattoo  preparations  may  contain  additional  ingredients  to  hasten  the  process  and 


provide a darker result. A common ingredient that can cause severe delayed allergic reactions 


(2 to 10 days following application) is paraphenylenediamine (PPD).104 Once sensitized to PPD, 


sensitization  to other products  such  as  some  sun  screen  lotions  and  some  fabric dyes may 


develop.103  PPD  is  a  common  ingredient  in  hair  colouring,  and  Health  Canada  presently 


considers it to pose acceptable risks when washed off within 30 minutes, but PPD is banned in 


cosmetics to be applied to the skin, including tattoo preparations.104 Do not use a product that 


was mixed with hair dye.105  


Tattoo  inks are classed as cosmetics, and are  regulated under Canada’s Food and Drugs Act 


and  Cosmetic  Regulations. Manufacturers  and  importers must  notify Health  Canada  of  the 


ingredients of products, ensuring that they do not exceed tolerances for ingredients listed on 


the  “Cosmetics  Hotlist.”104  Anyone  getting  a  tattoo  should  see  the  label  with  the  list  of 


ingredients and ensure that toxic  ingredients are not  included.  If  in doubt or  if a  label  is not 


available, then do not get the tattoo. 


Since toxic metals are now banned from tattoo inks, a variety of other pigments and adjuvant 


chemicals are used. There  is  little research  identifying safer dyes, and there  is no mechanism 


by which  they  are  registered  for use;  the worst  identified offenders  are on  the  “Cosmetics 


Hotlist.” According to a European Commission workshop report, a blacklist is the second‐best 


option, and should be seen as an interim measure on the way to establishing a permitted list 


of tattoo ink ingredients.105  
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Adverse  reactions  to  a  consumer  product  including  tattoo  inks  or  cosmetics  should  be 


reported to Health Canada Incidence Reports here: 


http://www.hc‐sc.gc.ca/cps‐spc/advisories‐avis/incident/index‐eng.php 


Electrolysis 


Electrolysis  is often covered by  regulations governing body art. Adolescents presenting with 


hirsutism or expressing a need  for electrolysis  should be assessed  for  tumour and hormone 


imbalance, and associated disorders such as polycystic ovary syndrome (PCOS). Environmental  


pollutants may increase the incidence of interrelated disorders.31 


Levels of Evidence 


(Note: a high  level of evidence does not equate  to a high probability of  the outcome –  it 


simply means that there is a discernable increase in risk) 


Risks  of  infections  and  sensitivity  reactions  are  widely  advertised  by  governmental 


organizations, and have resulted in regulatory actions.  – High 


Association with risk taking behaviours:  
Tattoos – High, based upon multiple, consistent ecological and cohort studies86,95, 


 
Piercings other  than ear  lobe  in  females –  Low  to moderate based on multiple,  somewhat 
contradictory cohort studies,84,106,88,86,107,88 


 
Tattoos ‐ increased risk of melanoma – Moderate to high, based on multiple cases, biological 


plausibility and recognition by the US EPA such as in “Think before you Ink.”108 


 







   


 
 


Table 6 


Evidence Considerations: Body Art	


Greig item Health Outcomes Prevalence/Degree of 
Morbidity 


Other Considerations Evidence Overview Overall Evidence Strength 
Exposure-Outcome Link 


Body art 
Piercing, Tattoos, 
Branding 


Infection of site, and blood-
borne infections (Hep-C or 
HIV) via procedure 
 
(reviewed by Stirn109) 


Hep-C and HIV / severe 
Cellulitis of piercings, with 
potential scarring / moderate 
severity 
Death with endocarditis 
following piercing case82 / 
severe 


Skin infection directly 
attributable; Blood-borne 
infections probable based 
upon several prevalence 
studies and Public Health 
actions; Infection is an 
ongoing possibility during 
healing, with higher rates 
among boys than girls. 
Infection should be 
avoidable; more probable in 
poorly compliant / risk taking 
environment. 


Public Health hygiene 
regulations, Health Canada 
publications of best 
practices, ecological reports 


1a (public health actions) 


Body art 
Piercing 


Jewellery nickel sensitization  Common / moderately 
serious 


Alternatives gold or platinum 
jewellery more expensive, 
and less durable in contact 
with teeth. 


Multiple case series, reviews 
by dermatologists 


1a 


Body art 
Permanent tattoos 


Toxic inks (mercury, 
cadmium, azo-dyes on 
Health Canada list) cause 
sensitization, cancer 
(melanoma), systemic 
toxicity 


Prevalence unknown – case 
reports 
Rashes more commonly 
reported/less severe 
Cancer less common/more 
severe 


Attributable risk high when 
cancer is associated with 
carcinogenic ink. 


Illegal, banned inks on the 
Health Canada “Cosmetic 
Hotlist.” Ingredients and 
breakdown products known 
sensitizers and carcinogens. 
Case reports of rashes and 
cancers within tattoo areas 


1a (public health actions; 
direct overlap of tattoo and 
condition – although 
systemic effects are possible 
too) 


Body art 
Permanent tattoos 


Ink particles block lymphatic 
drainage 


  ##?? case reports 1a  – particles were isolated 


Body art 
Tattoos 


Burning with MRI Low prevalence / ?? degree 
burn reported  


High – restricted to tattoo 
area 


Burning restricted to area of 
tattoo 


1a 


Body art 
Tattoos 


Reluctance to penetrate 
lumbar tattoo for anaesthetic, 
to avoid injecting toxic dyes 
into the CNS 


  commentaries  


Recommendation: A 







   


 
 


5.4.3	 Food	and	Drink	Additives	


Sugar, Colourings and Additives: 
Parents  have  long  reported  associations  between  hyperactive  behaviour  and  ingestion  of 


coloured,  high  sugar‐  and  caffeine‐containing  foods  or  beverages.110 However,  despite  blinded 


trials with some positive results, both  in terms of symptoms and  learning tests,111,112 the role of 


food  and  beverage  additives  in  exacerbating  hyperactivity  and  attention  deficits  has  been 


controversial.113 


Wilson and Bahna reviewed the literature in 2005, and recommended that physicians have a high 


index of  suspicion when  patients  report  symptoms  to diverse  foods, or  to  a  single  food when 


commercially processed but not when fresh, and when testing for food protein allergy is negative. 


They noted that elimination of  food colourings and additives  followed by  individual re‐ingestion 


challenges was the way to identify the offenders, which could then be avoided.114  


A  randomized double‐blind, placebo‐controlled crossover  trial by McCann et al  ,115 published  in 


Lancet in 2007, showed increased hyperactivity of a sample of 144 8 to 9 year old children (as well 


as  in a sample of 3‐year‐olds)  in response to  ingestion of artificial colours and sodium benzoate 


preservative.  It  was  followed  by  published  commentaries  by  Barrett  in  2007116  and Weiss  in 


2008.117 Barrett noted that it would be helpful to determine next if additives alone, preservatives 


alone, or  a  combination would elicit  adverse effects.  She noted  that  the British Committee on 


Toxicity  concluded  that  the  results  of  the  McCann  et  al  study  could  be  clinically  relevant, 


particularly in children already showing signs of hyperactivity. The British Food Standards Agency, 


which had funded the study, then advised parents “to consider eliminating the colorings used  in 


the  study  from  the  diets  of  children  who  exhibit  hyperactive  behaviours.”  Weiss  expressed 


concern that the U.S. Food and Drug Administration (FDA) was not warning the public, and quoted 


Philip Handler (1979) regarding the balancing of risks and benefits: “A sensible guide would surely 


be  to  reduce exposure  to hazard whenever possible,  to accept substantial hazard only  for great 


benefit, minor hazard for modest benefit, and no hazard at all when the benefit seems relatively 


trivial”.  He pointed out, “The FDA has never clarified the health benefits of artificial food colour.” 


The  increased  prevalence  of  childhood  obesity  has  been  noted  in  Section  5.2.  A  prospective 


cohort study of 548 ethnically diverse children of mean age 11.7 years (SD 0.8) found frequencies 


of elevated body mass  index and of obesity were both  increased  in a dose dependent manner 


with  each  additional  serving  of  sugar‐sweetened  beverage  consumed.118  A  cluster  randomized 


controlled  trial of  a  focused nutritional education programme  versus no  intervention over one 


year  in  six  primary  schools  in  southwest  England,  with  611  children,  aged  7  to  11  years 


participating,  found  a  “modest  reduction”  in  the  number  of  “fizzy”  carbonated  beverages 


(sweetened and unsweetened) consumed  in  the group  receiving  the education.  In addition,  the 


percentage of overweight and obese children decreased slightly at 12 months follow up.119 


“Energy Drinks” 


In 1987, “energy drinks” were  launched  in Austria and subsequently worldwide, and  their sales 


have  grown  “exponentially.”120  They  contain  varying  quantities  of  caffeine,  sugar,  and  other 
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ingredients,  most  commonly  taurine  and  glucuronolactone,  and  have  been  promoted  as 


performance enhancers for scholastic and athletic activities. They are reportedly used regularly by 


30%  to  50%  of  American  adolescents,  both males  and  females,121  and  by more  than  40%  of 


surveyed British athletes.122  


There have been  studies  that have  indicated positive effects on mood and  concentration,123 as 


well  as  increased  stamina  and  endurance.124 Of note  is  the  absence of declarations of  funding 


sources or conflicts of interest in these positive articles, so it is not possible to evaluate bias.   


Other studies have not reported such positive results, suggesting that reported positive effects on 


mood and performance could be mainly due to reversal of caffeine withdrawal125,126 or secondary 


to familiarity (conditioned responses and expectations).127 


Insomnia, nervousness and headaches have been reported, and there have been four case reports 


of  seizures.  In  addition,  tachycardia  and  increased  systolic  blood  pressure,  consistent  with 


sympathetic nervous system stimulation have been reported,128 as well as effects on contractility 


of  the  heart  muscle.129  Cardiac  dysrhythmias  have  been  suspected  in  four  deaths  in  young 


people.128 


Whereas coffee, tea, chocolate and caffeinated soft drinks usually contain in the range of 40‐150 


mg of caffeine, “energy drinks” can contain 50‐505 mg caffeine per 8 oz.120 Although  ingredient 


and  daily  intake  labelling  is mandatory  in  Canada,  precautionary  labelling  and  single  serving 


packaging are not. There were 5448 caffeine overdoses reported in the U.S. in 2007; 46% of them 


in youths younger than 19 years. Young people may not be habitual users of caffeine, and so may 


not  have  attained  tolerance.121  In  addition  to  caffeine  and  other  ingredients,  “energy  drinks” 


commonly contain 35 grams of processed sugar per 8 oz. serving,128 a  factor  in overweight and 


obesity.130 


The sudden collapse and death of an 18 year old boy during a basketball tournament in Ireland in 


1999, who was  seen  to  consume  several  energy drinks during  the  tournament,  galvanized  the 


Stimulant Drink Committee of the Safefood Food Safety Promotion Board of Ireland to produce a 


report which recommended that stimulant drinks should be labelled with an indication that they 


are unsuitable for children under 16, pregnant women, and  individuals sensitive to caffeine. The 


Committee also recommended caution about ingesting with alcohol.131  


Seifert  et  al  of  the  Department  of  Paediatrics  at  the  University  of Miami,  who  reported  no 


financial conflict of  interest, reviewed  the  literature and concluded  that “energy drinks have no 


therapeutic  benefit  and  many  ingredients  are  understudied  and  not  regulated.”  They 


recommended  that  paediatricians  be  aware  of  potential  effects  of  energy  drinks,  especially  in 


vulnerable populations, and screen to educate families.121 


There has been regulatory action in several countries.120  


 	


	







   


 
 


Table 7 


 Evidence Considerations: Food and Drink Additives 


Greig Item Health Outcomes Prevalence/Degree of Morbidity Other Considerations Evidence Overview Overall Evidence 
Strength 


Exposure-Outcome 
Link 


Food and Drink 
Colouring/ 
Additives 


Hyperactivity 110,111,112,117 and 
attention deficit115 


Overweight, obesity130 


 


Widely used. Outcomes worse in 
those with ADD and ADHD, which 
are debilitating conditions113 


Avoidance is relatively easy to 
accomplish as a precaution if 
children have exhibited 
hyperactivity 


Nutrition education over one year 
in school had modest effect in 
reducing number of carbonated 
beverages consumed and 
decreasing overweight/obesity132 


RCTs started over 30 years 
ago,133 with some heterogeneity 
of results, but consistent 
subjective reports by parents and 
teachers of induced hyperactivity 
with improvement on avoidance, 
along with some objective 
evidence of impaired 
concentration.110,111,115,117,134 


Strength of evidence 
difficult to rate 


“Energy Drinks”  Variable reports of beneficial 
effects on mood and 
performance122,123 related to relief 
of caffeine withdrawal124 or 
conditioning127 


Tachycardia and increased blood 
pressure; effects on contractility of 
heart muscle; potential 
dysrhythmias (4 reported 


deaths)128 


Insomnia, nervousness and 
headache; 4 case reports of 


seizures128 


Common use in late adolescence 
/concern regarding safety since 4 
deaths; concern regarding impact 
with respect to development of 
chronic illnesses secondary to 
chronic cortisol elevation, and 
hypertension and cardiovascular 


disease129 


Heavy marketing targeting late 
adolescents and young adults. 


Easy to avoid. 


Concern regarding effects of 
protracted over-stimulation of the 
sympathetic nervous system with 
increased cortisol production 


RCTs of “Red Bull” brand and 
principal ingredients124,126 


Strong evidence of adverse health 
effects with increased caffeine in 
vulnerable youths who do not 
habitually consume and tolerate 


caffeine.128 


1a 


Regulatory action taken 
or underway in several 
countries131,120  


Recommendation to 
paediatricians to flag 


and educate121 


Strength of recommendation:  For warning children and adolescents to choose foods and beverages with less food colourants and additives: B, and to avoid “energy drinks” 
altogether: A. This is an emerging area of study showing potentially significant harms that are readily reduced with precautionary measures. 







   


 
 


5.4.4	 First‐hand	Tobacco	Smoke,	Alcohol,	Illicit	Drugs	and	Contaminants	
 


First‐hand tobacco Smoke 
There  is now such a  large body of evidence available on  the multiple system harmful effects of 


second‐hand and direct (first‐hand) tobacco smoke exposure, particularly affecting children’s lung 


development and contributing to asthma, that we considered it unnecessary to undertake further 


literature review on the subject. Tager reviewed the literature in 2008, and noted that, according 


to the World Health Organization’s Global Youth Tobacco Survey (1999‐2005), even though self‐


reports of smoking by adolescents have diminished,  it  is still common  in many countries.  In  the 


Americas, almost a quarter of the population of 13 to 15 year old boys reported smoking, and one 


fifth of the population of girls.135 Furthermore, Gilliland et al reported on data from the Children’s 


Health  Study  (1993‐2003)  that  incident  asthma  increased  in  children  exposed  to  maternal 


smoking, and  that  the  relative  risk was similar  for  those with  in utero exposure only and  those 


with both in utero and childhood exposure.136 


Li et al conducted a meta‐analysis of six studies of twins regarding smoking initiation (SI) and ten 


twin  studies on  smoking persistence  (SP).  The  results  revealed  that  genetic  factors were more 


significant  for  SI,  but  less  for  SP  in  adult  females  compared  to males,  and  that  no  significant 


gender difference was found for environmental factors.137 


Given  the  consistent available evidence, efforts  to assist  child‐bearing  couples  to  stop  smoking 


before pregnancy occurs, as well as at any other opportunities after they become parents, along 


with suggesting that they ban smoking in their homes and cars, would help to protect fetuses and 


children.  


Given  the  consistency of  the  findings of association of  smoking with multiple  significant health 


problems, efforts to educate children and youths about the risks of smoking, as well as legislative 


measures to restrict access of children and adolescents to tobacco products, and to better control 


advertising, have been undertaken by European countries, consistent with  recommendations of 


the World Health Organization.138 


A Cochrane Review by Torre et al of all  systematic  reviews and meta‐analyses of  school‐based 


“social  influence”  interventions  found wide variability but  consistently decreased prevalence of 


smoking, especially in programmes that were sustained, had refresher sessions over several years, 


were  reinforced  in  the  community,  involved  parents  and  the mass media,  and were  included 


within a comprehensive school health promotion program.139 Physicians and nurse practitioners 


can address smoking early with their patients, and act as strong advocates for such programmes.   


Alcohol 


Like  tobacco  smoking, alcohol use  in adolescence  is also prevalent and known  to have multiple 


adverse health outcomes, both  from overuse  and withdrawal, with  the primary  concern being 


about neurological effects. Adolescent use of alcohol  is also  recognized  to be particularly  risky 


when  combined with  sex  (often  unsafe),  driving,  or  activities  that  require  high  alertness  and 


concentration to remain safe.  
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Governments  are  taking  action  to  decrease  risks  for  teens  through  such  strategies  as  banning 


advertising  geared  to  young  people,  graduated  licensure  for  driving  with  zero  tolerance  for 


alcohol consumption, and health promotion campaigns. Online  resources  in plain  language  that 


can  be  accessed  anytime  in  private,  may  support  young  people  to  make  sensible  decisions 


regarding drinking alcohol (e.g. www.kidshealth.org).140 


An association between consumption of “energy drinks” containing caffeine and increased alcohol 


use and dependence was found in a large longitudinal cohort study beginning with 17 to 19 year 


old  first year college students.141 The authors suggested  labelling of energy drink products with 


caffeine content, and adding a caution about mixing them with consumption of alcohol, as well as 


education programs for parents and youth about the  increased risk of adverse health outcomes 


connected with this combination of risk factors. 


Brooks  et  al  surveyed  210  adolescents  aged  14  to  18  about  both  body  modification  and 


alcohol/illicit drug use, and reported “adolescents with body modification had 3.1 times greater 


odds of problem substance use than those without” (95% CI 1.7, 5.8).86 


Illicit Drugs and Contaminants 


Some adolescents experiment with  illicit drugs as part of exploratory, risk taking developmental 


behaviour. Federal and provincial governments  recognize  the dangers, and  there  is  information 


available  on  the  Department  of  Justice  and  Health  Canada  websites142,143  and  through  public 


health units and schools144 about the dangers, hoping to dissuade such experimenting.145,144 


If they do use  illicit drugs, adolescents may not only experience the effects characteristic of the 


drugs themselves, but may also encounter unknown and variable additives and contaminants that 


can lead to severe health impacts, and even death.146,147 


Furthermore, not only are intravenous drug‐abusing adolescents at increased risk of blood‐borne 


infections, but they may also acquire hepatitis C from sharing inhalation implements.148	


	







   


 
 


Table 8 


Evidence Considerations: First‐hand Tobacco Smoke, Alcohol, Illicit Drugs and Contaminants	


Greig Item Health Outcomes Prevalence/Degree of 
Morbidity 


Other Considerations Evidence Overview Overall Evidence Strength: 
Exposure-Outcome Link 


First-hand Tobacco 
Smoke 


Diverse – multi-system- 
focus on lung development 
and asthma 


Exposure widespread ; 
asthma  and diminished 
lung development 
common and may be 
severe 


Influence of prenatal and postnatal 
smoking on both asthma initiation 
and persistence in 


offspring135,136,137 


Educational / health promotion 
efforts to stop smoking and to ban 
smoking at home and in cars in 
prospective parents,  pregnant 
women and parents are feasible, 
as well as education of school age 
children and adolescents at all 
three Greig Health Record 


stages.139   


Population-based surveys135 


Meta-analysis revealed genetic 
factors more significant in smoking 


initiation in females than males137 


Governments in Europe have 
moved to prevent smoking, 
especially in youths and to  
improve tobacco control, 
consistent with WHO 
recommendations138 


1a 


 


1a 


European governments are 
taking action, along with the 
WHO 


Alcohol   Primarily neurological 
impairment 


High usage 


Acute poisoning can lead 
to death; chronic use can 
lead to dependence 


Illegal to drink under age; may be 
associated / synergistic with other 
risky behaviour - smoking, unsafe 
sex, drinking and driving, illicit 


drug use,141 body modification86 


Governments have restricted age 
when drinking is legally allowed; 
some provinces have instituted 
graduated licensure for driving and 
zero tolerance for drinking and 
driving under age 25 


High - government regulation 


Illicit Drugs Variable - depending on 
drug(s) and doses 


Associated with 
experimentation and risk 
taking of adolescence; 
severe morbidity,146 plus 
occasional mortality 


Easier to educate not to start than 
to stop 


Government – legislation making 
possession and sales illegal 


High - government  legislation 


Illicit Drug Ingredients / 
Contaminants 


Vary with ingredients or 
contaminants 


Contamination of illicit 
drugs is common and 
unpredictable147 


Contamination can lead to severe 
morbidity and mortality; 
government oversight is limited 148 


High  High 


Strength of recommendation: Regarding First-hand Tobacco Smoke flagging in GHR, for all three age groups, to educate about not starting smoking and avoiding exposure: A. 
Regarding alcohol and illicit drug flagging and education: A 







   


 
 


5.5	 Step	 5	 ‐	 Specification	 of	 Criteria	 for,	 and	 Compilation	 of	 Credible	
Resources	for	Physicians	and	Parents	
Both  the RBR and GHR have Selected Guidelines and Resources pages corresponding with each 


Guide in the RBR, and each page in the GHR. Their purpose is to provide health care professionals 


with appropriate advice to give their patients, corresponding with the "flags" in the instruments. 


For  the RBR, we  suggested  adding  another page with Environmental Risk Reduction Resources 


that could be used with all four Guides as the Selected Guidelines and Resources pages were very 


crowded and the print was very small and physicians were reporting not having the time to access 


them. 


The GHR page 2 of the Selected Guidelines and Resources is designed to be downloadable to give 


to  parents.  However,  it  is  sandwiched  between  two  advice  pages  relevant  to  the  healthcare 


professional exclusively. We recognize that the GHR is deliberately designed to mirror the RBR in 


order  to  build  on  the  confidence  and  comfort  healthcare  professionals  experience  in  using  a 


familiar tool. Hence, changes in structure of the RBR will likely be reflected in the GHR. Again, we 


wonder  if  it  might  be  useful  to  have  an  extra  Selected  Guidelines  and  Resources  page  for 


Environmental Risk Reduction Resources,  and  to have  the  first  two pages of  the GHR  Selected 


Guidelines  and  Resources  focused  on  the  issues  of  particular  importance  for  healthcare 


professionals, and the last two pages downloadable and useful for both practitioners and parents. 


However, we cannot answer  that question until we are able  to  fully discuss proposed RBR and 


GHR revisions with their primary authors. 


The investigators considered guidelines and resources to be credible if they emanated from, and 


reflected  the expertise of government ministries  such as  the  federal or provincial Ministries of 


Health or  Environment,  international  bodies  such  as  the World Health Organization,  reputable 


non‐governmental  organizations  and  coalitions  with  involvement  of  academically‐associated 


professionals,  such  as  the Canadian Association of  Physicians  for  the  Environment,  the Boston 


Physicians  for  Social  Responsibility  or  the  Canadian  Partnership  for  Children’s  Health  and  the 


Environment, professional associations such as the Ontario College of Family Physicians, College 


of Family Physicians of Canada, and Canadian Paediatric Society, and Public Health Units such as 


Toronto Public Health and the Thunder Bay Public Health Unit (which have particular  interest  in 


environmental health issues). 


Resources should be in plain language at a suitable  literacy level that they will be understood by 


the majority  of  Canadians.  At  a minimum  it  is  desirable  that  resources  be made  available  in 


English and French, although a range of languages to be able to serve Canada’s diverse population 


would be preferable. 


As the investigators conducted literature searches and critical reviews, they watched for credible 


resources that could help frontline healthcare professionals to provide the appropriate answers to 


their patients' environmental risk "flags" and reduction questions. Such resources were outlined 


in a mock‐up of the RBR Selected Guidelines and Resources  in Part 1  in 2010, with re‐positioned 


items in blue and new items in red. Table 9 includes the new item resources only, and Table 10 a 
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list of potential new resources for the GHR, although further search and review of these will be 


undertaken as collaboration with the Rourke and Greig teams proceeds. 
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Table 9 


	
Potential Additions to Rourke Baby Record Guide IV: Infant/Child Health Maintenance 


(Selected Guidelines/Resources‐ New Resources for New topics (in red on RBR)	


Nutrition 
Water 


 If the water  is from a drilled or dug well or directly from a surface  lake or river or  is untreated 
municipal water, it may be contaminated with bacteria, protozoa and viruses, and testing by the 
local public health unit  should be undertaken  in  spring, mid‐summer and  fall, especially after 
heavy  rainfall. www.wellaware.ca/ or A Guide  to Well Water  Treatment  and Maintenance  at 
www.hc‐sc.gc.ca/hecs‐esc/water/factsheets/treatment_guide.htm  or  call  your  local  Public 
Health Department.  


 Treated  municipal  water  is  likely  to  be  safe  with  regard  to  infectious  agents,  but  may  be 
fluoridated, or have high natural  fluoride  ‐  the  level  can be determined  from  the  local water 
utility.  Ideally,  for  infants,  to prevent mild  fluorosis and potential  impacts on  thyroid  function 
(National Research Council Report on Fluoride  in Drinking Water 2006:222), the concentration 
would be less than 0.7 mg/L and no more than 1.2 mg/L. If higher, distilled or reverse osmosis‐
filtered  tap  or  bottled  water  may  be  considered. 
http://www.cdc.gov/fluoridation/safety/infant_formula.htm#1. 


 Homes built prior  to 1975 may have  lead pipes, solder, or service pipes  from which  lead may 
leach  into  the water. Flushing  the  tap water  for a  few minutes or until  it  runs cold, especially 
after water  has  stood  in  the  pipes  for  several  hours, would  clear  lead‐contaminated water. 
www.HealthyCanadians.gc.ca/Hazardcheck  


 Besides drinking water, many other beverages are re‐constituted with water, and so the water 
source  is  important. General drinking water  information  if contamination by chemicals, metals, 
pathogens,  pesticides  is  suspected:  http://www.hc‐sc.gc.ca/ewh‐semt/water‐eau/drink‐
potab/index‐eng.php 


Water  can  also  be  contaminated  with  tritium  from  nuclear  power  plants  in  the  vicinity. 
http://www.friendsofbruce.ca/IRs/U‐S_Canadian_Tritium_Drinking_Water_Regs_Compared_IR14.html 
http://www.world‐nuclear.org/info/inf05.html


Fish and Seafood ‐ see "mercury" section under Environmental Risk Reduction ‐ Diet & Drugs 


Environmental Risk Reduction 
General Websites: 


 Canadian  Partnership  for  Children’s  Health  and  the  Environment  ‐ 
www.healthyenvironmentforkids.ca, Brochure: Playing it Safe: Childproofing for Environmental 
Health + fact sheets 


 It’s  Your  Health.  Health  Canada  Series:  http://www.hc‐sc.gc.ca/hl‐vs/iyh‐vsv/environ/index2‐
eng.php  


 Advancing Environmental Health  in Child Care Settings, A Checklist for Child Care Practitioners 
and Public Health Inspectors, Canadian Partnership for Children’s Health and the Environment. 
www.healthyenvironmentforkids.ca 


 From:  Healthy Environments for Children: What you can do! Health Canada  
http://www.hc‐sc.gc.ca/hl‐vs/pubs/child‐enfant/safe‐sain/index‐eng.php 
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 First Nations: “Through the eyes of a child – 1st Nations Children’s Environmental Health”, 2009. 
http://www.healthyenvironmentforkids.ca/sites/healthyenvironmentforkids.ca/files/cpche‐
resources/ThroughEyesChild.pdf  


 Hidden  Exposures:  Informing  Pregnant Women  and  Families  About  Harmful  Environmental 
Exposures www.toronto.ca/health  


 Environmental Health Reference Card – Healthy Environment Healthy Child. Endorsed by  the 
American Academy of Pediatrics. www.psr.org  


 Overview of Recommended Indicators Priority Area 
http://www.cec.org/Storage/49/4201_CHE‐Recommendations_en.pdf


Community 


Outdoor Air Quality: 
Road traffic and air pollution can impair children’s lung development: http://www.hc‐sc.gc.ca/hl‐vs/iyh‐
vsv/environ/traf‐eng.php  and  lead  to  increased  respiratory  diseases  and  asthma 
http://www.erj.ersjournals.com/cgi/content/full/29/5/825 
 
Air Quality Health Index: It is especially important for children with asthma to have caregivers check Air 
Quality Health Index before doing outdoor activities 
http://www.ec.gc.ca/cas‐aqhi/default.asp?Lang=En&n=065BE995‐1 
For  information  on  air  quality  and  health  visit  Health  Canada's  Air  Quality  website  at 
www.healthcanada.ca/air or call the Air Health Effects Division at (613) 957‐1876 
Recreational water quality:  
http://www.hc‐sc.gc.ca/ewh‐semt/pubs/water‐eau/guide_water‐1992‐guide_eau/index‐eng.php


Home & Hobby 


Indoor Air Quality: 
General:  
http://www.cmhc‐schl.gc.ca/en/co/maho/yohoyohe/inaiqu/index.cfm 
Leaving the shoes at the door keeps many toxins from contaminating house dust:  
http://www.webmd.com/health‐ehome‐9/indoor‐air‐quality 
Deteriorating old foam in furniture and other household items releases fire retardants, polybrominated 
diphenyl ethers (PBDE), into house dust which are toxic persistent organic pollutants (POPs) 
Fact sheet: Toxic chemicals in household dust: 
http://www.healthyenvironmentforkids.ca/sites/healthyenvironmentforkids.ca/files/cpche‐
resources/DustReportChemicalsChart.pdf


Allergens/Asthma Triggers: 
The Lung Association’s Asthma Action Helpline: 1‐800‐668‐7682 or www.on.lung.ca 
The  Asthma  Society  of  Canada  www.Asthma.ca  and  www.Asthma‐Kids.ca  and  asthma  triggers 
http://www.asthma.ca/adults/about/triggers.php 
Fighting Asthma in your house:  
http://www.cmhc‐schl.gc.ca/en/co/maho/yohoyohe/inaiqu/inaiqu_005.cfm 
Asthma home environment checklist:  
http://www.epa.gov/asthma/pdfs/home_environment_checklist.pdf


Lead: 
Overview: http://aappolicy.aappublications.org/cgi/reprint/pediatrics;116/4/1036.pdf and  
http://www.hc‐sc.gc.ca/ewh‐semt/contaminants/lead‐plomb/asked_questions‐questions_posees‐
eng.php and http://www.hc‐sc.gc.ca/hl‐vs/iyh‐vsv/environ/lead‐plomb‐eng.php 
Lead Exposure  in Children: Prevention, Detection, and Management. Pediatrics. 2005; 116:1036‐1046 
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http://aappolicy.aappublications.org/cgi/reprint/pediatrics;116/4/1036.pdf 
Lead in older homes: 
http://www.cmhc‐schl.gc.ca/en/co/maho/yohoyohe/inaiqu/inaiqu_007.cfm 
Lead in paint: If renovations are being made in a house built before 1960 or there is peeling paint: 
(N.B. lead in paint was reduced somewhat in 1950, but was still high until further reduced in 1960) 
http://www.healthyenvironmentforkids.ca/sites/healthyenvironmentforkids.ca/files/cpche‐
resources/Safe_Reno_LeadPaint_E_F.pdf  and  http://www.hc‐sc.gc.ca/hl‐vs/iyh‐vsv/prod/paint‐
peinture‐eng.php 
Lead in your home: 
http://www.healthyenvironmentforkids.ca/sites/healthyenvironmentforkids.ca/files/cpche‐
resources/CMHC_HC_PbPaint_2004.pdf 
Lead in consumer products: 
http://www.healthyenvironmentforkids.ca/sites/healthyenvironmentforkids.ca/files/cpche‐
resources/lead_consumer_products_E_F.pdf  
For more  information  on  the  health  effects  of  lead,  please  call  Health  Canada's  Consumer  Product 
Safety Bureau toll‐free at 1‐866‐662‐0666 


Compact Fluorescent Bulbs‐ Do not use in your baby/child’s bedroom as a precautionary measure as the 
bulbs contain mercury, which would be released if the bulb breaks and could affect your child’s health. 
http://www.hc‐sc.gc.ca/hl‐vs/iyh‐vsv/prod/cfl‐afc‐eng.php


Second hand tobacco smoke: 
For more  information on second‐hand smoke, consult The Facts About Tobacco: What  is Second‐Hand 
Smoke? at www.gosmokefree.ca or call the Tobacco Control Programme at 1‐866‐318‐1116. 
Wood smoke: Wood smoke contains pollutants  that can be harmful  to health. When woodstoves are 
used for cooking or heating, smoke can enter the home from nearby homes or a leaking stove or when 
the stove is opened to add wood. 
http://www.hc‐sc.gc.ca/hl‐vs/iyh‐vsv/environ/wood‐bois‐eng.php


Mould: 
High humidity with  inadequate ventilation and water  leaks  in the home  leads to mould growth. Mould 
exposure can lead to rashes, eye irritation, respiratory and sinus problems and cognitive/mood swings in 
children: 
General: http://www.cmhc‐schl.gc.ca/en/co/maho/yohoyohe/momo/momo_005.cfm 
To measure humidity  in  the home,  consult  the Canada Mortgage  and Housing Corporation's  (CMHC) 
publication, Measuring  Humidity  in  Your  Home:  Do  You  Have  a  Humidity  Problem?  at:  www.cmhc‐
schl.gc.ca/en/burema/gesein/abhose/abhose_ce01.cfm 


Pesticides: 


 Avoid  pesticide  exposure,  as  many  studies  have  revealed  associations  with  multiple  health 
effects. Prevent entry of pests as much as possible by sealing holes and cracks and maintaining 
cleanliness. Use baits and traps if necessary rather than applying pesticides.  
www.ocfp.on.ca/local/files/Communications/Current%20Issues/Pesticides/Final%20 
Paper%2023APR2004.pdf  


 Canadian Cancer Society: 
http://www.cancer.ca/Canada‐
wide/Prevention/Specific%20environmental%20contaminants/Pesticides/Pesticide%20exposure
%20and%20cancer.aspx?sc_lang=en 


 Pesticide Use in and Around the Home: www.healthylawns.net/eng lish/index‐e.html or call the 
Pest Management Information Service at 1‐800‐267‐6315 


 Healthy Lawns  ‐ alternative ways to deal with pests  in the garden: www.healthylawns.net/eng 
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lish/index‐e.html or call the Pest Management Information Service at 1‐800‐267‐6315  
 Ontario College of Family Physicians Brochure: 


http://www.cfpc.ca/local/files/EHC/Pesticide%20brochure.pdf 


Cleaning Products: 
Ten Tips to Find Safer Cleaners:  
 http://www.turi.org/turi_lab/cleaning_chemistry_basics/ten_tips_to_find_safer_cleaners 


Occupation/School 
Tools for Schools has information for the family and their child’s school administrators: 
http://www.hc‐sc.gc.ca/ewh‐semt/pubs/air/tools_school‐outils_ecoles/index‐eng.php 
Healthy  Schools – Healthy Children.    Improving  the  Indoor Environment  in Ontario  Schools. Pollution 
Probe May2000: http://www.pollutionprobe.org/Reports/schools%20main%20‐%20pdf.pdf 
Volatile organic compounds off‐gassing from art and craft materials have been linked with cognitive and 
mood  changes,  upper  and  lower  respiratory  problems,  allergy‐like  symptoms  in  children: 
http://www.hc‐sc.gc.ca/hl‐vs/iyh‐vsv/prod/arts‐eng.php or call Health Canada at (613) 957‐2991


Pesticides in schools: 
http://www.env‐health.org/IMG/pdf/Schools_Pesticidesbriefing_FINAL.pdf 


Play structures: www.hc‐sc.gc.ca/pmra‐arla/english/pdf/fact/fs_cca‐e.pdf or call  the Pest Management 
Information Service at 1‐800‐267‐6315. 


Personal Exposures 
Temperature measurement ‐ www.cps.ca/english/statements/CP/cp00‐01.htm 
Mercury thermometers‐ http://www.cps.ca/caringforkids/keepkidssafe/thermometer.htm 
For more  information on  the West Nile Virus please  see www.westnilevirus.gc.ca or call  the National 
West Nile Virus Info‐line at 1‐800‐816‐7292 


Safety  Tips  on  Using  Personal  Insect  Repellents  at  www.phac‐aspc.gc.ca/wn‐no/repellents‐
insectifuge_e.html for more tips, or call the Pest Management Information Service at 1‐800‐267‐6315. 


Health Canada Consumer Product Safety Program: http://www.hc‐sc.gc.ca/cps‐spc/index‐eng.php 
Product labels and symbols: consult Do You Know What These Symbols Mean? at www.hc‐sc.gc.ca/hecs‐
sesc/cps/publications/hazard.htm or call Health Canada's Consumer Product Safety Bureau  toll‐free at 
1‐866‐662‐0666 


Guide to Less Toxic Products. Safer product (fragrance‐free,  low VOC) alternatives for children exist on 
the market: Environmental Health Association of Nova Scotia: http://www.lesstoxicguide.ca 


Plastic Toys: http://www.cccf‐fcsge.ca/docs/cccf/RS_47‐e.pdf 


Diet & Drug 
Mercury and other persistent organic pollutants (POPs) such as PCBs, dioxins and furans can accumulate 
up the food chain.  
Watch for local fish advisories that may indicate high levels of mercury and other contaminants in fish. 
Contact your provincial authority for information about eating recreationally caught freshwater fish. 
Limit  eating  swordfish,  shark,  or  fresh  and  frozen  tuna  to  one meal  per month  for  young  children, 
pregnant and breast feeding women, and women of child‐bearing age. This restriction does not apply to 
canned tuna. http://www.hc‐sc.gc.ca/ahc‐asc/media/advisories‐avis/_2007/2007_31‐eng.php 
A guide to eating fish for women, children and families. Toronto Public Health. www.toronto.ca/health‐
references  www.healthcanada.gc.ca/foodguide 
Mercury  amalgams‐  should  not  be  placed  in  children’s  teeth.  www.hc-sc.gc.ca/dhp-mps/md-
im/applic-demande/pubs/dent_amalgam-eng.php 
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Table 10 


Potential Additions to the Greig Health Record 


[Selected Guidelines and Resources (further development is desired)] 


Community	
Environmental Health Association of Ontario www.ehaontario.ca 


Environmental Health Association of Quebec www.aeha‐quebec.ca  (bilingual) 


Environmental Health Association of Nova Scotia www.environmentalhealth.ca  


Environmental Health Association of Alberta   www.eha‐ab.ca 


Environmental Health Association of BC www.ehabc.org  	
Bioinitiative Report (electromagnetic effects) www.bioinitiative.org 	


Home & Hobby	
Health  Canada.  Adverse  Reaction  Reporting  for  Specific  Products,  including  Consumer  Products  and 


Pesticides. http://www.hc‐sc.gc.ca/ahc‐asc/media/advisories‐avis/reaction‐eng 	
Centre for Equal Rights in Accommodations (CERA): Creating Healthy Housing: Guidelines for Multi‐Unit 
Housing  Providers;  Creating  Healthy  Multi‐Unit  Housing:  A  Resource  Guide  (bilingual) 
http://www.equalityrights.org/cera/?page_id=674 


CMHC–  Indoor  Air  Quality  www.cmhc‐schl.gc.ca/en/co/maho/yohoyohe/inaiqu/  (aussi  disponible  en 


français) 	
US  Centers  for  Disease  Control.  Indoor  Environmental  Quality 


www.cdc.gov/niosh/topics/indoorenv/ChemicalsOdors.html#5  and  


Policy  including  detailed  directions  for  operations,  renovations,  and  employees 


depts.washington.edu/exposure/CDC%20Indoor%20Environmental%20Quality%20Policy.pdf	
Ontario College of Family Physicians Environmental Health Committee 


http://www.ocfp.on.ca/English/OCFP/Members/Committees/EHC  


The Toxic Toolkit's Household Solutions, Recycling Council of British Columbia 


http://rcbc.bc.ca/education/additional‐resources 


Healthy Indoors Partnership www.healthyindoorspartnership.ca 


Occupation/School	
CHRC Policy on Environmental Sensitivities (with links to medical and legal reports)  


www.chrc‐ccdp.ca/legislation_policies/policy_environ_politique‐eng.aspx (aussi disponible en français) 


Policy on the Duty to Accommodate Persons with Disabilities in the Federal Public Service  


http://www.tbs‐sct.gc.ca/pol/doc‐eng.aspx?id=12541&section=HTML (aussi disponible en français) 


Justice Laws Website:   


http://laws.justice.gc.ca/en/index.html (aussi disponible en français) 


Canadian Human Rights Act:  


http://laws.justice.gc.ca/PDF/Statute/H/H‐6.pdf (bilingual) 


Employment Equity Act: 


http://laws.justice.gc.ca/PDF/Statute/E/E‐5.401.pdf  (bilingual) 
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Employment Equity Act: 


http://laws.justice.gc.ca/PDF/Statute/E/E‐5.401.pdf  (bilingual) 


Canada Labour Code: 


(Part II of the Code (sections 122 to 160) deals with Occupational Health and Safety)  


http://laws.justice.gc.ca/PDF/Statute/L/L‐2.pdf  (bilingual)  


Accommodating  Employees with  Environmental  Sensitivities  – Guides  for  employees,  employers  and 


building managers, with resource kit. harepublishing.com/Workplace/guide_home.html  


Guidelines  to Accommodate  Students  and  Staff with Environmental  Sensitivities: A Guide  for  Schools 


www.casle.ca/ArticleDetail/tabid/77/smid/413/ArticleID/151/reftab/36/Default.aspx 


Resources for Clinicians.  http://www.psr.org/resources/resource‐guides/  


Indoor Air Quality ‐ Tools for Schools Action Kit for Canadian Schools  


www.hc‐sc.gc.ca/ewh‐semt/pubs/air/tools_school‐outils_ecoles/index‐eng.php  (aussi  disponible  en 


français) 


Personal	
Health  Canada  Government  of  Canada,  Consumer  Information:  Health  Concerns  about  Lead  in 


Traditional Kohl, report, March 1, 2011, http://www.hc‐sc.gc.ca/cps‐spc/cosmet‐person/cons/kohl‐info‐


khol‐eng.php 


Product Safety Programme Healthy Environments and Consumer Safety Branch,  “Cosmetic  Ingredient 


Hotlist  ‐  [A‐C]  ‐  Health  Canada,”  March  1,  2011,  http://www.hc‐sc.gc.ca/cps‐spc/cosmet‐


person/indust/hot‐list‐critique/hotlist‐liste_ac‐eng.php 


Product Safety Programme Healthy Environments and Consumer Safety Branch,  “Cosmetic  Ingredient 


Hotlist  ‐  [D‐L]  ‐  Health  Canada,”  March  1,  2011,  http://www.hc‐sc.gc.ca/cps‐spc/cosmet‐


person/indust/hot‐list‐critique/hotlist‐liste_dl‐eng.php 


Product Safety Programme Healthy Environments and Consumer Safety Branch,  “Cosmetic  Ingredient 


Hotlist  ‐  [M‐P]  ‐  Health  Canada,”  March  1,  2011,  http://www.hc‐sc.gc.ca/cps‐spc/cosmet‐


person/indust/hot‐list‐critique/hotlist‐liste_mp‐eng.php. 


Product Safety Programme Healthy Environments and Consumer Safety Branch,  “Cosmetic  Ingredient 


Hotlist  ‐  September  2009  ‐  [Q‐Z]  ‐  Health  Canada,”  March  1,  2011,  http://www.hc‐sc.gc.ca/cps‐


spc/cosmet‐person/indust/hot‐list‐critique/hotlist‐liste_qz‐eng.php 


Health Canada Government of Canada, “Notices, Guidelines, and Policies ‐ Cosmetics and Personal Care 


Products  ‐  Health  Canada,”  landing  page,  March  1,  2011,  http://www.hc‐sc.gc.ca/cps‐spc/cosmet‐


person/indust/information/index‐eng.php. 


Health Canada. Adverse Reaction Reporting for Specific Products, including cosmetics.  
http://www.hc‐sc.gc.ca/ahc‐asc/media/advisories‐avis/reaction‐eng.php#Cosmetics  


US  Food  and Drug Administration, Consumer health  Information,  “Think Before  You  Ink. Are  Tattoos 


Safe?,” www.fda.gov/consumer/features/tattoos120607.html. 


“Standards‐Tattooing.pdf,” http://www.health.alberta.ca/documents/Standards‐Tattooing.pdf. 


Canadian  Partnership  for  Children’s  Health  and  the  Environment www.healthyenvironmentforkids.ca 


(bilingual) 
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Canadian Lung Association (fragrances)   


www.lung.ca/protect‐protegez/pollution‐pollution/indoor‐interieur/scents‐parfums_e.php  (aussi 


disponible en français) 


David  Suzuki  Foundation  report  on  personal  care  products  and  background  papers 


www.davidsuzuki.org/issues/health/science/toxics/dirty‐dozen‐cosmetic‐chemicals  (aussi disponible en 


français) 


Steinemann – Fragrance exposure assessment, with resources  


www.depts.washington.edu/exposure/index.html 


Less toxic guide www.lesstoxicguide.ca  


Diet & Drug	
Health Canada Government of Canada, “It's Your Health ‐ The Safe Use of Home Tooth Whitening Kits,” 


publication, March 1, 2011, http://www.hc‐sc.gc.ca/hl‐vs/iyh‐vsv/life‐vie/teeth‐dents‐eng.php. 


Kids Health, from the experts at Nemours  http://www.kidshealth.org 


Centre  of  Knowledge  on  Healthy  Child Development.  Substance  Abuse  in  Children  and  Adolescents. 


http://ken.caphc.org/xwiki/bin/download/MentalHealth/Substance+Abuse+Problems+in+Children+and


+Adolescents/SubstanceAbuse.pdf  


Department of Justice and Health Canada. National Anti‐Drugs Strategy 


http://www.nationalantidrugstrategy.gc.ca/  


Health Canada MedEffect Adverse Reaction Reporting for Drugs and Health Products.  
http://www.hc‐sc.gc.ca/dhp‐mps/medeff/report‐declaration/index‐eng.php  
Health  Canada MedEffect Database  of  Reports  on  Adverse  Reactions  to Drugs  and Health  Products. 
http://www.hc‐sc.gc.ca/dhp‐mps/medeff/databasdon/index‐eng.php  
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5.6	 Step	6	‐	Collaboration	with	Drs.	Leslie	Rourke	and	Anita	Greig	‐	A	Process	
for	Embedding	New	Items	into	the	Rourke	and	Greig	Records		
Investigator  J.K.  spoke  with  both  Drs.  Rourke  and  Greig  to  determine  their  willingness  to 


collaborate in this project. Both were willing, and a teleconference is being organized to plan next 


steps with Drs. Rourke and Greig and all  the project  investigators,  likely  to  take place  in April, 


2011. 


Drs. Rourke and Greig  informed J.K. that an  iterative process had been developed to review and 


evaluate proposed additions to the RBR and GHR, which they indicated come from many quarters. 


The  primary  authors  and  their  research  teams  struggle  to  balance  the  need  for  time‐efficient 


practical  tools with  the  need  to  be  inclusive  of  items  for which  there  is  significant  evidence‐


informed concern. When they have made decisions to include items based on the same methods 


and evidentiary evaluation framework as we used in Part 1 in 2010, they propose the updates to 


relevant  committees  of  the  College  of  Family  Physicians  of  Canada  (CFPC)  and  the  Canadian 


Paediatric Society (CPS). These committees review the reasons presented for inclusion and decide 


whether or not  to approve  them. This process  takes considerable  time, but critical appraisal by 


experienced clinicians and researchers leads to more robust tools. 


The  RBR  is  updated  every  two  years.  The  2011  version  embedded  some  environmental  risk 


reduction  items  suggested  by  the  OCFP's  Environmental  Health  Committee  prior  to  Part  1's 


completion. It has passed through the review process and was approved by both the CFPC and the 


CPS, and when J.K. spoke with Dr. Rourke, was ready to go to print. 


The GHR went through the CFPC and CPS review process and was approved by both organizations 


in 2010 and is available on their websites. 


We  believe  that,  in  developing  next  steps with Drs.  Rourke  and Greig,  it will  be  important  to 


discuss: 


 The feasibility of the structural changes to the format we have suggested (primarily  in part 1), 


or alternative suggestions; 


 The decision‐making process we used based on our perspective as experienced professionals, 


particularly with regard to environmental health; 


 The strength of evidence using this decision‐making tool developed by the University of Oxford 


Centre for Evidence‐based Medicine; 


 The  process  to  be  used  to  assist  them  in  updating  their  instruments  and  obtaining  the 


endorsement of the CFPC and CPS; and 


 The  dissemination  strategies  and  methods  for  increasing  use  as  preventive  healthcare 


continues to improve. 
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6. Conclusions	
This report on recommendations for incorporation of environmental health items into the Greig Health 


Record  follows  from  a  2010  report  with  recommendations  for  similarly  updating  the  Rourke  Baby 


Record. We have suggested that the  items previously  identified to be  included  in the RBR Guide  IV be 


carried over  to all  three GHR pages, and  that additional  items be  considered  for  inclusion  in all GHR 


pages.  In  particular,  flags  regarding  hours  of  sleep,  cosmetic  body modification,  drugs  and  alcohol, 


food/drink  colourings  and  additives,  energy  drinks  and  mobile  communication  devices  are 


recommended. 


While it was beyond the scope of this project to conduct exhaustive systematic reviews of the evidence 


linking multiple  common  exposures with  prevalent  chronic  health  outcomes, we  evaluated  potential 


new items or “flags” for the Greig Health Record using a web of evidence approach. To assess the peer‐


reviewed  literature  linking an environmental exposure to a health outcome, we applied a new  level of 


evidence framework (www.cebm.net). This framework is well suited to assessment of research evidence 


in environmental health topics.  In Evidence Considerations Tables 5‐8 we also examined the spectrum 


of, and/or most  important health outcomes, as well as their prevalence and morbidity that have been 


associated with environmental exposures relevant to children and adolescents, aged 6 to 17 years. We 


considered  other  issues  related  to  the  age‐relevant  exposures  such  as  ease  of  avoidance  and 


additive/synergistic  effects  with  other  risk  factors.  In  examining  the  evidence  in  overview,  we 


considered whether governments or non‐profit agencies/organizations (e.g. World Health Organization) 


considered  the  exposure(s)  to  be  of  sufficient  concern  to  take  legislative  or  regulatory  action,  or  to 


institute education or health promotion programs.  


Our “web of evidence approach” was  interpreted  in  light of our collective clinical, research, education 


and health promotion experience  to grade our  recommendations. Our goal  is  to help ensure  that  the 


critical environmental exposure questions are asked by front‐line physicians and nurse practitioners at 


the  optimal  times.  Iterative  review  by  other  experienced  colleagues  can  also  contribute  to  this 


approach. 


Indications of potential harm may be identified by asking about those important issues early, as well as 


by some in vitro and in vivo tests (discussion is beyond the scope of this report), allowing for preventive 


interventions or mitigation. We plan  to use  this  investigative  report and  the Part 1  report  to  further 


promote  recognition of  the need  for  inclusion of  environmental health questions  and parameters of 


medical investigation in clinical practice. 


Our next steps will include: 


 Meeting and collaborating with Drs. Rourke and Greig to plan updating the Rourke and Greig 


Records, as described in Section 5.6; 


 Posting  the  “Healthy  Children/Healthy  Environments:  Improving  the  Odds”  reports  on  the 


Ontario College of Family Physicians website under the Environmental Health Committee; 


 Hosting discussions with the Chairs of the Environmental Health Committees of the College of 


Family Physicians of Canada  (CFPC),  the Quebec College of Family Physicians, and  the World 
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Organization  of  Family  Physicians  (WONCA)  about  how  these  reports  and  their  gathered 


evidence may inform family physicians provincially, nationally, and internationally; 


 Submitting applications  to  the Conference Committees of  the Annual Scientific Assemblies of 


the  provincial  Colleges  of  Family  Physicians  and  the  Family Medicine  Forum  of  the  CFPC  to 


present lectures, posters, and workshops emanating from the evidence we reviewed; and 


 Writing  summary  papers  on  particular  topics  for  publication  in  widely‐read,  peer‐reviewed 


journals such as the Canadian Family Physician or the Canadian Medical Association Journal.  


The Ontario College of Family Physicians (OCFP) was pleased to receive funding from Health Canada to 


assist physicians and nurse practitioners to protect children from pre‐conception through to adulthood 


from the harmful effects associated with exposure to hazardous substances. 
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The biological effects ofmodulated radiofrequency (RF) electromagnetic fields have been a subject of
debate since early publications more than 30 years ago, suggesting that relatively weak amplitude-
modulated RF electromagnetic fields have specific biological effects different from the well-known
thermal effects of RF energy. This discussion has been recently activated by the increasing human
exposure to RF fields from wireless communication systems. Modulation is used in all wireless
communication systems to enable the signal to carry information. A previous review in 1998 indicated
that experimental evidence for modulation-specific effects of RF energy is weak. This article reviews
recent studies (published after 1998) on the biological effects of modulated RF fields. The focus is
on studies that have compared the effects ofmodulated and unmodulated (continuous wave) RF fields,
or compared the effects of different kinds of modulations; studies that used only one type of signal
are not included. While the majority of recent studies have reported no modulation-specific effects,
there are a few interesting exceptions indicating that there may be specific effects from amplitude-
modulated RF fields on the human central nervous system. These findings warrant follow-up studies.
Bioelectromagnetics 32:511–534, 2011. ! 2011 Wiley-Liss, Inc.


Key words: electromagnetic fields; mobile phones; health effects; non-thermal effects


INTRODUCTION


The biological effects of modulated radiofre-
quency (RF) electromagnetic fields have been a subject
of debate since early publications suggesting that rela-
tively weak amplitude-modulated RF electromagnetic
fields have specific biological effects different from
the well-known thermal effects of strong RF fields
[Bawin et al., 1975; Blackman et al., 1980]. This dis-
cussion has been recently activated by the increasing
human exposure to RF energy from wireless communi-
cation systems. Modulation is used in all wireless
communication systems to enable the signal to carry
information. The question of possible modulation-
specific effects is of fundamental importance for the
direction of future research on biological and health
effects of RF electromagnetic fields. New RF technol-
ogies are introduced frequently, and there are views that
all new technologies (new modulation characteristics)
should be tested analogously to toxicological testing of
new chemicals. Obviously, this approach would require
a lot of resources. An alternative, more science-based
approach would be to try to understand the mechanisms
of any modulation-specific effects and to identify
modulation characteristics that are responsible for such
effects. In any case, the first step is to establish whether
any modulation-specific effects exist. Previous reviews


have indicated that experimental evidence for modu-
lation-specific effects of RF energy is weak and that no
plausible biophysical mechanisms have been estab-
lished for such responses at environmental field levels
[Juutilainen and de Seze, 1998;NCRP, 2003; Foster and
Repacholi, 2004]. This article reviews recent studies
(published after the 1998 review by Juutilainen and de
Seze) on the biological effects of modulated RF fields.
The articles included in this review were identified
through the recent comprehensive review by the Inter-
national Commission on Non-Ionizing Radiation Pro-
tection (ICNIRP) [2009] and by a literature search using
PubMed. The literature search attempted to cover all
studies on the bioeffects of RF fields published since
1998; the articles relevant to possible modulation-
specific effects were identified by reading the abstracts.
Inclusion in the review required that the study had
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compared the effects of modulated and unmodulated
(continuous wave, CW) RF fields, or compared the
effects of different kinds of modulations. While almost
all recent studies on bioeffects of RF fields have used
modulated signals (similar to those emitted by mobile
communication systems), most of them have not com-
pared experimental groups that differ with respect to
existence or type of modulation. Without such a com-
parison, it is impossible to conclude whether the
effects (or lack of effects) observed are related to
the modulation used or to RF energy per se. The scope
of the review was limited to modulations used
in telecommunications. The well-established auditory
responses [Elder and Chou, 2003] and other biological
effects from pulsed microwaves with high peak power
[e.g., Pakhomov et al., 2000, 2002, 2003] were not
reviewed.


MODULATION OF RF ELECTROMAGNETIC FIELDS


An unmodulated RF electromagnetic field con-
sists of sinusoidal oscillations at a single frequency
between 0.1 MHz and 300 GHz. Modulation is used
to make the signal carry information. Awide variety of
modulation methods are used in different telecommu-
nication technologies. Most of these involve variations
in the amplitude or frequency of the signal. In amplitude
modulation (AM), the carrier wave is modulated by
a low frequency signal (Fig. 1). Similarly, frequency
modulation (FM) involves modulation of the frequency
so that it varies in a narrow band around the basic
frequency, and phase modulation involves changes in
the phase of the signal. A form of amplitudemodulation
is pulse modulation (PM), such as that used in radars,
which emit very high-intensity, short-duration pulses.
While rather basic AM and FM signals have been used
in radio broadcasting and in analogue mobile phones,
modern digital telecommunication technologies are
based on complex modulation schemes that include
combinations of different forms of modulation. A
Global System for Mobile Communications (GSM)
mobile phone, for example, emits 577 ms pulses that
are repeated at a rate of 217 Hz, and the digital infor-
mation is transmitted during the pulses using a type
of FM. The pulsing at 217 Hz results from the Time
Division Multiple Access (TDMA) channel access
method used in GSM. In mobile communication sys-
tems, the same radio channel is shared between several
users using different channel access methods. In
TDMA, access is divided by time; transmission from
each user occurs within a short time slot (577 ms in
GSM),which results in pulsed transmission. In contrast,
Frequency Division Multiple Access (FDMA) divides
access by frequency. The 3rd generation Universal


Mobile Telecommunications System (UMTS) phones
use Code Division Multiple Access (CDMA), which
employs user-specific codes to divide access between
users. A CDMA signal is not regularly pulsed and is
more continuous than a TDMA signal, but the adaptive
power control of UMTS checks and adjusts the output
power 1500 times per second, which results in some
amplitude variations at 1500 Hz. Characteristics of
some commondigital communication systems are com-
pared in Table 1. Only simplified descriptions of the
signals are given in Table 1; the true mobile communi-
cation signals are complex and include other modu-
lations in addition to the basic pulse frequencies. It
should also be noted that the modulation characteristics
of mobile phone handsets are different from those of
base stations. In GSM, for example, each handset com-
municates with the base station using the pulsed signal
described above. However, the base station communi-
cates with many handsets, one after the other, which
results in much more continuous signal. The ongoing
changes in mobile communication technology (such as
replacement of GSM by UMTS) favour modulations
that include less amplitude variations than the current
and most common GSM signals.


Fig. 1. Schematic representation of an unmodulated (continuous)
wave (A) and two forms of amplitude modulation: waves modu-
latedwithasmoothly varying (B) orpulsed (C) signal.
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REVIEW OF EXPERIMENTAL OBSERVATIONS


Genotoxicity
Studies on genotoxicity are described in Table 2.


DNA damage in cultured cell lines was evaluated by
using single cell gel electrophoresis (Comet) assay in 11
studies. Various human cell lines (normal and diploid
fibroblasts, lymphocytes, glioblastoma cells, neuro-
blastoma cells, glioblastoma cells and leucocytes) as
well as rat granulosa cells and mouse fibroblasts were
used. In most of the studies, no effects of RF field
exposure were seen [Malyapa et al., 1997; Li et al.,
2001; Maes et al., 2001; Tice et al., 2002; McNamee et
al., 2003; Hook et al., 2004b; Sakuma et al., 2006;
Luukkonen et al., 2010]. Both increased and decreased
DNA damage was reported in human Molt-4 lympho-
blastoid cells after very low-level RF field exposure
[Phillips et al., 1998]. The effects depended on modu-
lation and exposure level, so that increased damagewas
seen at the highest level of exposure to an Integrated
Digital Enhanced Network (iDEN) signal, whereas
exposure to a TDMA and the lowest iDEN level signals
resulted in a ‘protective effect’. Diem et al. [2005]
reported induction of DNA single- and double-strand
breaks in human diploid fibroblasts and transformed
GFSH-R17 rat granulosa cells after exposure to
1800 MHz RF energy using continuous waves and
two GSM-type signals with different modulation
characteristics. The effects reported in this controver-
sial [see Lerchl and Wilhelm, 2010] paper did not
depend on modulation, however. Increased DNA dam-
age in humanneuroblastoma cellswas recently reported
after combined exposure to menadione (a chemical that
induces intracellular production of reactive oxygen
species, ROS) and CW exposure at 972 MHz [Luuk-
konen et al., 2009]. However, no effect was observed in
cells exposed to a GSM-modulated signal. The finding
is surprising, and there is no known or hypothetical
mechanism for effects from a CW signal but not from a
pulse-modulated signal at identical exposure levels.


Several in vitro studies of micronucleus induction
in mouse embryo fibroblasts [Bisht et al., 2002], human


leucocytes [Tice et al., 2002; McNamee et al., 2003;
Zeni et al., 2003] and human lymphocytes [d’Ambrosio
et al., 2002; Vijayalaxmi, 2006] have been published
since 1998. Only one reported statistically significant
effects; increased micronucleus frequency was found
following exposure to a 1748 MHz phase-modulated
RF field, but not after corresponding exposure to a CW
field [d’Ambrosio et al., 2002]. Juutilainen et al. [2007]
investigated the effects of long-term exposure to three
different mobile phone signals in three strains of mice.
Blood samples for micronucleus analysis were taken
from the animals of two long-term co-carcinogenicity
studies [Heikkinen et al., 2001, 2003]. No effects on
micronucleus frequency were observed from any of the
exposures used.


Three studies have investigated effects of pulsed
and CW RF on chromosomal aberrations. No effects in
mouse cells [Komatsubara et al., 2005] or in human
lymphocytes [Maes et al., 2001; Vijayalaxmi, 2006]
were seen.


Changes in the conformation of chromatin and
formation of 53BP1/gammaH2AX DNA repair foci
were reported in lymphocytes from hypersensitive
and healthy subjects following exposure to 915 MHz
GSM and 1947 MHz UMTS signals [Belyaev et al.,
2009]. The effects did not depend on the type of the
signal. No effects on sister chromatid exchange were
found in human lymphocytes that were exposed to
pulsed or GSM-modulated 380, 900 and 1800 MHz
RF fields [Antonopoulos et al., 1997]. No effects on
neoplastic transformation were observed in mouse
C3H/10T1/2 fibroblasts exposed to FDMA or CDMA
signals for 4 or 42 days [Roti Roti et al., 2001].


In Vitro Studies on Cancer-Relevant
Non-Genotoxic Effects


Several biological endpoints related to growth,
oxidative stress and cell death have been studied in cell
cultures exposed to RF fields (Table 3). The majority of
these studies have been negative.


Several studies have measured the activity of
ornithine decarboxylase (ODC), an enzyme that reflects


TABLE 1. Characteristics of Some Mobile Communication Systems


Mobile communication system
Frequency,


MHz
Channel


access method
Variations
in amplitude


D-AMPS (Digital Advanced Mobile Phone System) 850 TDMA Pulsed, 50 Hz
GSM (Global System for Mobile Communications) 900–1900 TDMA Pulsed, 217 Hz
TETRA (Terrestrial Trunked Radio) 400 TDMA Pulsed, 17 Hz
UMTS (Universal Mobile Telecommunications System) 2100 CDMA Less than in TDMA, but some


variation at 1500 Hz due to
adaptive power control


CDMA, Code Division Multiple Access; TDMA, Time Division Multiple Access.
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TABLE 2. Studies on Genotoxicity


Experimental model Exposure Modulation Findings


Evidence for
modulation-
specific
effect? Comment Refs.


DNA strand breaks in mouse
C3H/10T1/2 fibroblasts and
human U87MG glioblastoma
cells


836 or 848 MHz, 0.6 W/kg for
2, 4 or 24 h


CDMA (848 MHz) or FMCW
(836 MHz)


No effects No Malyapa et al. [1997]


DNA strand breaks in human
Molt-4 lymphoblastoid cells


814 MHz, 2.4 or 24 mW/kg or
836 MHz, 2.6 or 26 mW/kg,
for 2, 3 or 21 h


iDEN (814 MHz) or TDMA
(836 MHz)


‘Protective’ effect for TDMA
and iDEN (lowest exposure)
and increased damage at
highest iDEN exposure


Yes Phillips et al. [1998]


DNA strand breaks in mouse
C3H/10T1/2 fibroblasts


836 MHz or 848 MHz, 3.2–
5.1 W/kg for 2, 4 or 24 h


FDMA (836 MHz) or CDMA
(848 MHz)


No effects No Li et al. [2001]


DNA strand breaks,
chromosomal aberrations
and SCEs in human
lymphocytes


900 MHz, 0–10 W/kg for 2 h GSM dummy burst, GSM
pseudo random or CW


No effects No Combined
exposures with
MMC or X-rays


Maes et al. [2001]


DNA strand breaks and
apoptosis in human Molt-4
lymphoblastoid cells


848 or 836 MHz, 3.2 W/kg;
814 MHz, 2.4–24 mW/kg;
837 MHz, 2.6–26 mW/kg,
for 2, 3 or 21 h


CDMA (848 MHz), FDMA
(836 MHz), iDEN
(814 MHz) or TDMA
(837 MHz)


No effects No Hook et al. [2004b]


DNA strand breaks in human
diploid fibroblasts and rat
GFSH-17 granulosa cells


1800 MHz, 1.2 or 2 W/kg for
4, 16 or 24 h (continuous or
intermittent 5 min on,
10 min off)


GSM-Basic, GSM-Talk or CW Induction of DNA single- and
double-strand breaks after 16
and 24 h in both cell types
and with different mobile
phone modulations


No Diem et al. [2005]


DNA strand breaks in human
A-172 glioblastoma cells and
human IMR-90 fibroblasts


2.14 GHz, 80–800 mW/kg for
2 or 24 h


W-CDMA or CW (only
80 mW/kg)


No effects No Sakuma et al. [2006]


DNA strand breaks and ROS
production in human SH-
SY5Y neuroblastoma cells


872 MHz, 5 W/kg for 1 h GSM or CW DNA breakage and ROS pro-
duction were increased in
cells co-exposed to mena-
dione and CW RF


Yes Combined exposure
with menadione


Luukkonen et al.
[2009]


DNA strand breaks and ROS
production in human
SH-SY5Y neuroblastoma
cells


872 MHz, 5 W/kg for 1 or 3 h GSM or CW No effects No Combined exposure
with FeCl2 or
FeCl2 ! DEM


Luukkonen et al.
[2010]


DNA strand breaks and
micronucleus induction in
human leukocytes


1900 MHz, 0.1–10 W/kg for
24 h


Pulsed or CW No effects No McNamee et al.
[2003]


DNA strand breaks and
micronucleus induction in
human leukocytes


837 or 1910 MHz, 1–10 W/kg
for 3 or 24 h


FM, CDMA or TDMA
(837 MHz); GSM
(1910 MHz)


Increase in micronuclei after
24 h exposure at 5 or 10 W/
kg


No Tice et al. [2002]


(Continued)
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TABLE 2. (Continued)


Experimental model Exposure Modulation Findings


Evidence for
modulation-
specific
effect? Comment Refs.


Micronucleus induction in
mouse C3H/10T1/2
fibroblasts


836 MHz, 3.2 or 5.1 W/kg or
848 MHz, 3.2 or 4.8 W/kg
for 3, 8, 16 or 24 h


FDMA (836 MHz) or CDMA
(848 MHz)


No effects No Bisht et al. [2002]


Micronucleus induction in
human lymphocytes


1748 MHz, 5 W/kg for 15 min GMSK phase modulation or
CW


Micronucleus frequency was
affected by GMSK but not by
CW exposure


Yes No effects on prolif-
eration kinetics


d’Ambrosio et al.
[2002]


Micronucleus induction and
proliferation in human white
blood cells


900 MHz, 0.2 or 1.6 W/kg,
intermittently 6 min on/3 h
off for 44 h, 6 min on, 3 h off
for 24 h or 1 h/day for 3 days


GSM or CW No effects No Zeni et al. [2003]


Micronucleus induction in
mouse erythrocytes


903 MHz, 1.5 W/kg or
902 MHz, 0.35 W/kg for 78
weeks; 902 or 849 MHz,
0.5 W/kg for 52 weeks;
1.5 h/day, 5 days/week


NMT (903 MHz), GSM
(902 MHz) or DAMPS
(849 MHz)


No effects No Juutilainen et al.
[2007]


Chromosomal aberrations and
micronucleus induction in
human lymphocytes


2.45 GHz, 2.13 W/kg or
8.2 GHz, 20.7 W/kg for 2 h


Pulsed at 10 kHz (2.45 GHz) or
50 kHz (8.2 GHz)


No effects No PHAwas used to sti-
mulate cells


Vijayalaxmi [2006]


Chromosomal aberrations in
mouse m5S cells


2450 MHz 5, 10, 20, 50 or
100 W/kg for 2 h


Pulsed or CW No effects No Komatsubara et al.
[2005]


SCE and cell cycle progression
in human lymphocytes


380 MHz, 0.08 W/kg,
900 MHz, or 1800 MHz,
0.2 W/kg for 48–68 h


Pulsed at 17.65 Hz (380 MHz)
or GSM


No effects No Antonopoulos et al.
[1997]


Conformation of chromatin and
53BP1/gH2AX DNA repair
foci in human lymphocytes
from hypersensitive and
healthy persons


905 or 915 MHz, 37 mW/kg;
1947 MHz, 40 mW/kg for
1 h


GSM (37 mW/kg) or UMTS
(40 mW/kg)


Both endpoints were affected
after exposure to 915 MHz
GSM and 1947 MHz UMTS


No Belyaev et al. [2009]


CW, continuous wave; DEM, diethyl maleate; DNA, deoxyribonucleic acid; FDMA, Frequency Division Multiple Access; FMCW, Frequency Modulated Continuous Wave; GMSK,
Gaussian Minimum Shift Keying; iDEN, Integrated Digital Enhanced Network; MMC, mitomycin C; NMT, Nordic Mobile Telephony; PHA, phytohemaglutinin; PW, pulse wave;
ROS, reactive oxygen species; SAR, specific absorption rate; SCE, sister chromatid exchange; W-CDMA, Wideband Code Division Multiple Access. For other abbreviations, see
Table 1.
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TABLE 3. In Vitro Studies: Cancer-Related Non-Genotoxic Endpoints


Experimental model Exposure Modulation Findings


Evidence for
modulation-specific


effect? Comment Refs.


ODC activity in L929 mouse
fibroblasts


900 MHz, 0.2 or 0.4 W/kg
for 2, 8 or 24 h


GSM or CW No effects No Höytö et al. [2006]


ODC activity in mouse L929
fibroblasts, rat C6 glioblastoma
cells, human SH-SY5Y
neuroblastoma cells and rat
primary astrocytes


872 MHz, 1.5, 2.5 or 6 W/
kg for 2, 8 or 24 h


GSM or CW No effects in secondary cell
lines, decreased ODC,
activity in rat primary
astrocytes


No Höytö et al. [2007a]


ODC activity in mouse L929
fibroblasts


835 MHz, 2.5 or 6 W/kg for
2, 8 or 24 h; 872 MHz,
6 W/kg for 8 h


DAMPS or CW Increased ODC activity at
872 MHz. No effects at
835 MHz except for
decreased ODC activity
related to heating of the
cells


No Different exposure
systems at 835 and
872 MHz


Höytö et al. [2007b]


ODC activity, proliferation and
apoptosis in L929 murine
fibroblasts


872 MHz, 5 W/kg for 1 or
24 h


GSM or CW No effects No Cells were stimulated
with fresh medium or
stressed with serum
deprivation


Höytö et al. [2008b]


ODC activity in human SH-SY5Y
neuroblastoma cells


1800 or 835 MHz, 1 or
2.5 W/kg for 8 or 24 h


GSM (1800 MHz) or
DAMPS (835 MHz)


No effect No Billaudel et al.
[2009a]


ODC activity in mouse L929
fibroblasts


900 MHz, 0.5, 1 or 2.5 W/
kg for 8 h; 835 MHz,
0.5–6 W/kg for 7–8 h;
1800 MHz, 2.5 W/kg for
2, 8 or 24 h


GSM (900 MHz) or
DAMPS (835 MHz)


No effects No Billaudel et al.
[2009b]


Cell cycle progression in mouse
C3H/10T! fibroblasts and
human U87MG glioblastoma
cells


848 or 836 MHz, 0.6 W/kg
for 13–100 h


CDMA (848 MHz) or
FMCW (836 MHz)


No effects No Higashikubo et al.
[2001]


Apoptosis, mitochondrial
membrane potential, hsp70
level in human peripheral blood
mononuclear cells


1800 MHz, 1.4 or 2 W/kg
for 44 h (10 min on,
10 min off)


GSM-Basic, GSM-Talk
(2/W kg) or GSM
DTX (1.4 W/kg)


No effects No dRib was used to induce
apoptosis


Capri et al. [2004a]


Apoptosis, mitochondrial
membrane potential,
proliferation, cell cycle in human
lymphocytes


900 MHz, 0.070–0.076 W/
kg, 1 h/day for 3 days;
Additional CW 30 min
on/30 min off/30 min on
once per day for 3 days


GSM or CW Decrease of PHA-induced
cell proliferation and
increase of dRib-induced
apoptosis in GSM-
exposed cells


Yes Capri et al. [2004b]


Apoptosis in cdc-48 mutant and
wild-type yeast Saccharomyces
cerevisiae


872 MHz, 3.0 W/kg or
900 MHz, 0.4 W/kg, for
1 h


GSM or CW GSM exposure increased
apoptosis induced by heat
and UV radiation in the
mutant yeast


Yes The mutant yeast
undergo apoptosis at
37 8C


Markkanen et al.
[2004]


(Continued)
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TABLE 3. (Continued)


Experimental model Exposure Modulation Findings


Evidence for
modulation-specific


effect? Comment Refs.


Apoptosis, expression of
p53-dependent genes involved in
apoptosis, p53 expression and
phosphorylation in human A172
glioblastoma cells and human
IMR-90 foetal lung fibroblasts


2143 MHz, 0.08, 0.25, or
0.8 W/kg, for 24, 28 or
48 h


W-CDMA or CW No effects No Hirose et al. [2006]


Apoptosis in human SH-SY5Y
neuroblastoma cells


900 MHz, 0.25 or 2 W/kg
for 24 h


GSM (0.25 W/kg) or
CW (2 W/kg)


No effects No Joubert et al. [2006]


Apoptosis in murine N2a
neuroblastoma cells


935 MHz, 3.0 W/kg, for
24 h


GSM-Basic, GSM-Talk
or CW


No effects No Moquet et al. [2008]


Oxidant levels, antioxidant levels,
oxidative damage, nitric oxide
production and viability in
mouse J774.16macrophage cells


836 or 848 MHz, 0.8 W/kg
for 20–22 h


CDMA (848 MHz) or
FMCW (836 MHz)


No effects No Cells were stimulated
with IFN and LPS to
induce oxidative
stress


Hook et al. [2004a]


Reduced cellular glutathione levels,
lipid peroxidation, proliferation,
caspase 3 activity, DNA frag-
mentation and viability in mur-
ine L929 fibroblasts and human
SH-SY5Y neuroblastoma cells


872 MHz, 5 W/kg for
1 or 24 h


GSM or CW Increase of
t-BOOH-induced lipid
peroxidation in
SH-SY5Y cells, increase
of menadione-induced
caspase 3 activity in L929
cells, both after GSM
exposure


Yes Höytö et al. [2008a]


ROS release and hsp70 expression
in human umbilical cord
blood-derived monocytes and
lymphocytes


1800 MHz, 2 W/kg, for 30
or 45 min (continuous or
intermittent, 5 min on,
5 min off)


GSM-DTX, GSM-Talk
or CW


No effects No PMAwas used to
stimulate ROS
production


Lantow et al. [2006a]


Superoxide radical anions, ROS
and hsp70 in humanMonoMac 6
and K562 cells


1800 MHz, 0.5–2.0 W/kg,
for 45 min


GSM-non-DTX,
GSM-DTX,
GSM-Talk or CW


No effects No PMA and LPS were
used to stimulate ROS
production


Lantow et al. [2006b]


Superoxide radical anion levels and
hsp70 in human Mono Mac 6
cells


1800 MHz, 2.0 W/kg, for
1 h


GSM-non-DTX, GSM
or CW


No effects No UFP was used to induce
stress


Simko et al. [2006]


ROS production in murine L929
fibrosarcoma cells


900 MHz, 0.3 or 1 W/kg, 10
or 30 min


GSM or CW No effects No With or without co-
exposure to MX


Zeni et al. [2007]


Neoplastic transformation inmouse
fibroblasts


836 or 848 MHz, 0.6 W/kg
for 7 or 42 days


CDMA (848 MHz) or
FDMA (836 MHz)


No effects No Exposure to 4.5 Gy of
X-rays before the
42-day exposure


Roti Roti et al.
[2001]


dRib, 2-deoxy-D-ribose; DTX, discontinuous transmission; HSP, heat shock proteins; IFN, g-interferon; LPS, bacterial lipopolysaccharide; MX, 3-chloro-4-(dichloromethyl)-5-
hydroxy-2(5H)-furanone; ODC, ornithine decarboxylase; P53, protein 53; PMA, phorbol-12-myristate-13-acetate; t-BOOH, tert-butylhydroperoxide; UFP, ultrafine particles. For
other abbreviations, see Tables 1–2.
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increased cell proliferation and is increased by many
tumour promoters. ODC activity was unaffected in
human SH-SY5Y neuroblastoma cells [Höytö et al.,
2007a; Billaudel et al., 2009a], murine L929 fibroblasts
[Höytö et al., 2006, 2007a,b, 2008b; Billaudel et al.,
2009b] and rat C6 glioblastoma cells [Höytö et al.,
2007a] exposed to RF energy using various exposure
levels and modulation characteristics. Two studies
reported effects on ODC activity, but the effects were
not dependent on modulation. Höytö et al. [2007a]
reported that ODC activity was decreased in rat primary
astrocytes after exposure to 872 MHz RF fields, but
there were no differences between CW and GSM-
modulated signals. Also, there were no differences
between CWand Digital Advanced Mobile Phone Sys-
tem (D-AMPS) signals in another study, in which
enhancement of ODC activity was observed in L929
cells exposed at 872, but not at 835 MHz in another
exposure system [Höytö et al., 2007b].


Several studies have reported no effects on cell
proliferation or cell cycle progression from RF energy
with various modulation parameters. Antonopoulos
et al. [1997] did not find any RF field-related effects
on cell cycle progression in human lymphocytes (see
Table 2). Higashikubo et al. [2001] reported no effects
on cell cycle progression in mouse C3H/10T! fibro-
blasts and human U87MG glioblastoma cells, and
Höytö et al. [2008a,b] observed no effects on cellular
proliferation in L929 andSH-SY5Ycells exposed toRF
fields. Zeni et al. [2003] also reported no effects of RF
energy on cellular proliferation in human white blood
cells. A positive finding was reported by Capri et al.
[2004b], who exposed human peripheral blood mono-
nuclear cells (from8 to 25 healthy donors per condition)
stimulated with a mitogen (phytohemagglutinin,
0.1 ml/ml) to 900 MHz RF electromagnetic fields. In
cells exposed to GSM-modulated RF fields, a reduced
proliferation ratewas observed after 72 h in culture. An
unmodulated signal did not affect proliferation. The
magnitude of the effect on proliferation was small
(9%), and cell cycle was not affected at all.


A number of studies have not been able to dem-
onstrate effects on different oxidative stress-related
parameters in various cell lines. No effects on oxidant
levels, antioxidant levels, oxidative damage or nitric
oxide production were detected in mouse J774.16
macrophages exposed to RF fields [Hook et al.,
2004a]. Höytö et al. [2008a] reported no effects from
RF fields on cellular reduced glutathione levels in L929
and SH-SY5Y cells. Lantow et al. [2006a,b] found no
effects on cellular ROS release (measured as reduction
of dihydrorhodamine 123 to rhodamine) or superoxide
anion radicals (measured as reduction of nitro blue
tetrazolium to formazan) in primary humanmonocytes,


human Mono Mac 6, and K562 cells exposed to RF
fields, with or without phorbol-12-myristate-13-
acetate. Simko et al. [2006] exposed human Mono
Mac 6 cells to RF energy and ultrafine particles
(<0.1 mm). Exposure to RF fields did not enhance
the superoxide anion radical production induced by
ultrafine particles. Zeni et al. [2007] exposed murine
L929 fibroblasts to RF fields combinedwith 500 mM3-
chloro-4-(dichloromethyl)-5-hydroxy-2(5H)-furanone
(MX). No effects on cellular ROS production (deter-
mined using dichlorofluorescein diacetate) were
observed from RF field exposure alone or from com-
bined exposure with MX. Two studies have reported
positive findings. Lipid peroxidation in SH-SY5Y cells
was increased after combined exposure to GSM-modu-
lated RF fields and t-butylhydroperoxide, but this effect
was not seen in cells exposed to a CW signal [Höytö
et al., 2008a]. Luukkonen et al. [2009], in contrast,
reported that CW RF fields increased ROS production
in SH-SY5Y cells exposed to menadione, but a GSM-
modulated signal did not induce a similar response. In
later experiments, the same research group did not find
any effect of CW or GSM signals on ROS production
induced by ferrous chloride [Luukkonen et al., 2010]
(both studies by Luukkonen et al. also included
measurements of DNA damage and are described in
Table 2).


Most of the studies that have addressed effects on
apoptosis have found no effects fromvariousmodulated
andCWRF signals. Capri et al. [2004a] exposed human
peripheral bloodmononuclear cells toRFfields alone or
together with the apoptosis-inducing agent 2-deoxy-D-
ribose. No differences were detected between exposed
and control cells in apoptosis, as measured by annexin
V-FITC staining, or in mitochondrial membrane poten-
tial. Also, Hook et al. [2004b] reported that the annexin
V-affinity assay did not detect any signs of apoptosis in a
human lymphoblastoid leukaemia cell line (Molt-4)
exposed to RF fields. Hirose et al. [2006] reported no
effects from RF field exposure on annexin V-FITC
affinity or expression of apoptosis-related genes in
human glioblastoma A172 and human IMR-90 fibro-
blasts. Höytö et al. [2008b] did not observe any effects
on caspase 3 activity in L929 fibroblasts after exposure
to RF fields. Joubert et al. [2006] studied the effects of
RF fields on apoptosis in human neuroblastoma SH-
SY5Y cells and rat primary cortical neurons. No effects
on apoptosis were detected with three different tech-
niques (40,6-diamino-2-phenylindole staining, flow
cytometry with TUNEL and PI double staining, and
caspase-3 activity). In a recent study, Moquet et al.
[2008] did not find any RF field-related effects on
cellular apoptosis by annexin V labelling, caspase acti-
vation assay and in situ end-labelling in murine
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neuroblastoma N2a cells. Effects on apoptosis have
been observed in three studies, and they all reported
effects from GSM-modulated but not from CW RF
fields. All three studies also involved combined
exposure to RF fields and apoptosis-inducing agents.
Capri et al. [2004b] exposed human lymphocytes from
8 to 25 healthy donors per condition to CW or GSM-
modulated 900 MHz RF signals, and found that apop-
tosis induced by 2-deoxy-D-ribose was increased only
by the GSM signal. Markkanen et al. [2004] reported
that apoptosis measured by annexin V-FITC staining
was enhanced by GSM-modulated RF fields in Cdc-48
mutant yeast cells that were treated with elevated
temperature and UV radiation to induce apoptosis.
CW RF fields at identical exposure levels did not affect
apoptosis. Höytö et al. [2008a] found that caspase 3
activity of L929 cells treated with menadione was
increased by exposure to a GSM-modulated RF signal,
while a CW signal had no effects.


No effects on neoplastic transformationwere seen
when mouse C3H/10T! fibroblasts were exposed to
836 MHz FDMA or 848 MHz CDMA signals [Roti
Roti et al., 2001]. The viability of cells has not been
found to be affected by any kind of RF fields [Hook
et al., 2004a; Höytö et al., 2008a].


In Vitro Studies on Gene and
Protein Expression


Studies on gene and protein expression are
described in Table 4. A number of studies have
addressed effects of RF energy on heat shock proteins.
Capri et al. [2004a] investigated hsp70 levels in human
peripheral blood mononuclear cells (Table 3); Hirose
et al. [2007] studied phosphorylation of hsp27 and
heat shock gene expression in human A172 glioblas-
toma cells and IMR-90 fibroblasts; Lantow et al.
[2006a,b] measured hsp70 expression in human umbil-
ical cord blood-derived monocytes and lymphocytes,
human Mono Mac 6 and K562 cells (Table 3); Laszlo
et al. [2005] used human HeLa S3 cells, hamster ovary
HA-1 fibroblasts and C3H/10T! cells to study the
DNA-binding activity of heat shock factor; Lim et al.
[2005] measured the number of cells expressing hsp70
or hsp27 in human leukocytes and Simko et al. [2006]
studied hsp70 in human Mono Mac 6 cells after com-
bined exposure to RF fields and ultrafine particles. No
effects of RF fields were found in any of these studies.
Positive findings have been reported in three studies.
Czyz et al. [2004] exposed pluripotent wild-type and
p53-deficient mouse embryonic stem cells to 1.71 GHz
RF fields modulated either by rectangular pulses with
a repetition frequency of 217 Hz and a duty cycle of
0.125 (GSM-217), or a signal (GSM-Talk) that simu-
lates a typical phone conversation with temporal


changes between GSM-Basic (active during talking
phases) and GSM-discontinuous transmission (DTX;
active during listening phases) and includes 2 and 8 Hz
modulation components in addition to the 217 Hz
modulation. The authors reported that hsp70 mRNA
was significantly upregulated and transient slight
increases were also found in c-jun, c-myc and p21
expression after exposure to the GSM-217 Hz signal.
These effects were seen only in the p53-deficient cells,
and no responses were observed from exposure to the
GSM-Talk signal. The authors concluded that the low
frequency components generated by GSM-Talk (2 and
8 Hz) do not promote the effects and that the time-
averaged SAR value, which was higher for the GSM-
217 than for the GSM-Talk, may be the key reason that
determined the biological effects. Franzellitti et al.
[2008] found that hsp70C gene product transcription
in human HTR-8/SVneo trophoblasts was increased
after a 24-h exposure to the GSM-217 Hz signal and
reduced after 4 and 6 h exposures to GSM-Talk signals.
No effects were seen in cells exposed to CW signals. No
effects were seen onmany other endpoints (other hsp70
gene products, hsp70 protein expression). It should be
noted that, in spite of the multiple endpoints and time
points, no correction for multiple testing was applied in
the statistical analysis. This increases the likelihood that
the few positive findings are due to chance. In exper-
iments with the nematode Caenorhabditis elegans, no
overall effects were found on hsp16-1 expression from
either CW or GSM-modulated RF fields [Dawe et al.,
2008]. However, in a post hoc analysis some evidence
was found that the expression of hsp16-1 was possibly
reduced by about 15% under conditions of moderately
elevated background expression in the control worms.
The results were similar for modulated and CW
exposures.


Large-scale screening for possible responsive
genes (transcriptomics) has been used in two studies.
Whitehead et al. [2006a,b] performed experiments with
C3H/10T! mouse cells to determine whether FDMA-
or CDMA-modulated RF fields can induce changes in
gene expression. The exposures had no significant
effect on gene expression.


Specific genes other than hsp genes have been
addressed in three studies. In different growth phases,
mouse-derived C3H/10T! cells were exposed to
CDMA- or FMCW-modulated RF fields. The FMCW
signal was frequency modulated and was therefore
essentially a CW signal, as there are no variations in
amplitude. Significant increases in c-fos mRNA levels
were detected after RF field exposure in exponentially
growing cells, but there were no differences between
the cells exposed to different signals [Goswami et al.,
1999]. In a confirmation study, no effects on c-fos


EffectsofModulatedRFFields 519


Bioelectromagnetics







T
A
B
L
E


4.
In


V
it
ro


S
tu
d
ie
s:


G
en
e
an


d
P
ro
te
in


E
xp


re
ss
io
n


E
xp


er
im


en
ta
l
m
od


el
E
xp


os
ur
e


M
od


ul
at
io
n


F
in
di
ng


s


E
vi
de
nc
e
fo
r


m
od


ul
at
io
n-


sp
ec
if
ic


ef
fe
ct
?


C
om


m
en
t


R
ef
s.


G
en
e
ex
pr
es
si
on


(R
T
-P
C
R
,


m
R
N
A
)
in


pl
ur
ip
ot
en
t


em
br
yo


ni
c
st
em


(E
S
)


ce
ll
s,
(w


il
d-
ty
pe


an
d


p5
3-
de
fi
ci
en
t)


17
10


M
H
z,
0.
4,


1.
5
or


2
W
/k
g,


fo
r
6
or


48
h


(o
n/
of
f
cy
cl
e:


5/
30


m
in
)


G
S
M
-2
17


(1
.5
–2


W
/k
g)


or
G
S
M
-T
al
k


(0
.4


W
/k
g)


U
pr
eg
ul
at
io
n
of


hs
p7


0
R
N
A
le
ve
ls
,


an
d
lo
w
an
d
tr
an
si
en
t
in
cr
ea
se


in
c-
ju
n,


c-
m
yc


an
d
p2


1
le
ve
ls
in


p5
3-
de
fi
ci
en
t
E
S
ce
ll
s,
on


ly
in


ce
ll
s
ex
po


se
d
to


th
e
G
S
M
-2
17


si
gn


al


N
o
(?
)


H
ig
he
r
S
A
R
of


th
e


G
S
M
-2
17


si
gn


al
m
os
t


li
ke
ly


ex
pl
ai
ns


th
e


ef
fe
ct
s
fr
om


th
is
si
gn


al


C
zy
z
et
al
.[
20


04
]


D
N
A
-b
in
di
ng


ac
ti
vi
ty


of
he
at
sh
oc
k
fa
ct
or


in
hu


m
an


H
eL


a
S
3
ce
ll
s,


ha
m
st
er


ov
ar
y
H
A
-1


fi
br
ob


la
st
s
an
d
m
ou


se
C
3H


/1
0T


!
fi
br
ob


la
st
s


83
6
or


84
8
M
H
z,
0.
6
or


5
W
/k
g
fo
r
5
m
in
–2


4
h


F
D
M
A
(8
36


M
H
z)


or
C
D
M
A
(8
48


M
H
z)


N
o
ef
fe
ct
s


N
o


L
as
zl
o
et


al
.


[2
00


5]


N
um


be
r
of


ce
ll
s
ex
pr
es
si
ng


hs
p7


0
or


hs
p2


7
in


hu
m
an


le
uk


oc
yt
es


(l
ym


ph
oc
yt
es
,


m
on


oc
yt
es
)


90
0
M
H
z,
0.
4,


2.
0
or


3.
6
W
/k
g
fo
r
20


m
in
,


1
or


4
h


G
S
M


or
C
W


N
o
ef
fe
ct
s


N
o


L
im


et
al
.
[2
00


5]


P
ho


sp
ho


ry
la
ti
on


of
hs
p2


7
an
d
he
at


sh
oc
k
ge
ne


ex
pr
es
si
on


in
hu


m
an


A
17


2
gl
io
bl
as
to
m
a
ce
ll
s


an
d
IM


R
-9
0
fi
br
ob


la
st
s


21
43


M
H
z,
0.
08


–0
.8


W
/k
g


fo
r
2,


24
,
28


or
48


h
W
-C
D
M
A
or


C
W


N
o
ef
fe
ct
s


N
o


H
ir
os
e
et
al
.


[2
00


7]


hs
p7


0
ge
ne


an
d
pr
ot
ei
n


ex
pr
es
si
on


in
hu


m
an


H
T
R
-8
/S
V
ne
o
tr
op


ho
-


bl
as
t
ce
ll
s


18
00


M
H
z,
2
W
/k
g
fo
r
4,


16
or


24
h
(5


m
in


on
,


10
m
in


of
f)


G
S
M
-2
17


H
z,


G
S
M
-T
al
k
or


C
W


hs
p7


0C
ge
ne


pr
od


uc
t
tr
an
sc
ri
pt
io
n


w
as


in
cr
ea
se
d
af
te
r


ex
po
su
re


to
G
S
M
-2
17


H
z
fo
r


24
h
an
d
de
cr
ea
se
d
af
te
r
ex
po
su
re


to
G
S
M
-T
al
k
fo
r
4
or


16
h


Y
es


M
an
y
en
dp


oi
nt
s
w
er
e


m
ea
su
re
d,


bu
t
no


co
rr
ec
ti
on


fo
r
m
ul
ti
pl
e


te
st
in
g
w
as


ap
pl
ie
d
in


st
at
is
ti
ca
l
an
al
ys
is


F
ra
nz
el
li
tt
i
et


al
.


[2
00


8]


hs
p1


6-
1
ge
ne


ex
pr
es
si
on


in
th
e
ne
m
at
od


e
C
ae
no


r-
ha
bd


it
is
el
eg
an
s


18
00


M
H
z,
1.
8
W
/k
g
fo
r


2.
5
h


G
S
M


or
C
W


N
o
ef
fe
ct
s
ov
er
al
l;
in


a
po


st
ho


c
an
al
ys
is
a
po


ss
ib
le


re
du


ct
io
n
of


hs
p1


6-
1
ex
pr
es
si
on


w
as


ob
se
rv
ed


un
de
r
co
nd


it
io
ns


w
he
re


ba
ck
gr
ou


nd
ex
pr
es
si
on


w
as


m
od


er
at
el
y
el
ev
at
ed


N
o


D
aw


e
et
al
.


[2
00


8]


c-
fo
s,
c-
ju
n
an
d
c-
m
yc


m
R
N
A
le
ve
ls
an
d


D
N
A
-b
in
di
ng


ac
ti
vi
ty


of
A
P
1,


A
P
2
an
d
N
F
-k
B


tr
an
sc
ri
pt
io
n
fa
ct
or
s
in


m
ou


se
C
3H


/1
0T


!
fi
br
ob


la
st
s


83
6
or


84
8
M
H
z,
0.
6
W
/k
g


fo
r
4
da
ys


C
D
M
A
(8
48


M
H
z)


or
F
M
C
W


(8
36


M
H
z)


S
ig
ni
fi
ca
nt


in
cr
ea
se
s
in


c-
fo
s


m
R
N
A
le
ve
ls
w
er
e
de
te
ct
ed


in
ex
po
ne
nt
ia
ll
y
gr
ow


in
g
ce
ll
s


N
o


E
xp


on
en
ti
al
ly


gr
ow


in
g,


tr
an
si
ti
on


al
an
d
pl
at
ea
u


ph
as
e
ce
ll
s
w
er
e
us
ed


G
os
w
am


i
et
al
.


[1
99


9]


c-
fo
s
m
R
N
A
le
ve
ls
in
m
ou


se
C
3H


/1
0T


!
fi
br
ob


la
st
s


83
6,


84
8
or


83
7
M
H
z,
5
or


10
W
/k
g,


fo
r
4
da
ys


F
D
M
A
(8
36


M
H
z)
,
C
D
M
A


(8
48


M
H
z)


or
T
D
M
A
(8
37


M
H
z)


N
o
ef
fe
ct
s


N
o


C
on


fi
rm


at
io
n
st
ud


y
of


G
os
w
am


i
et
al
.
[1
99


9]
W
hi
te
he
ad


et
al
.


[2
00


5]


G
en
e
ex
pr
es
si
on


in
m
ou


se
C
3H


/1
0T


!
fi
br
ob


la
st
s


83
6
or


84
8
M
H
z,
5
W
/k
g


fo
r
24


h
F
D
M
A
(8
36


M
H
z)


or
C
D
M
A
(8
48


M
H
z)


N
o
ef
fe
ct
s


N
o


W
hi
te
he
ad


et
al
.


[2
00


6a
,b
]


m
R
N
A
,
m
es
se
ng


er
R
N
A
;
R
T
-P
C
R
,
re
ve
rs
e
tr
an
sc
ri
pt
io
n
po


ly
m
er
as
e
ch
ai
n
re
ac
ti
on


.
F
or


ot
he
r
ab
br
ev
ia
ti
on


s,
se
e
T
ab
le
s
1–


3.


520 Juutilainenetal.


Bioelectromagnetics







mRNA levels were detected in mouse embryo C3H/
10T! fibroblasts [Whitehead et al., 2005]. Hirose et al.
[2006] studied the p53-dependent signalling pathways
in human A172 and IMR 90 cells exposed to CW or
modulated Wideband Code Division Multiple Access
(W-CDMA) RF fields (Table 3). No significant differ-
ences were found in the expression levels of total p53
and phosphorylated p53 at serine 15 between exposed
and sham-exposed cells.


Carcinogenicity: Animal Studies
Only a few animal carcinogenicity studies have


used more than one type of RF field (Table 5). No
modulation-related or any other tumour-enhancing
effects of RF fields were seen in these studies.


Higashikubo et al. [1999] injected 9L gliosarcoma
cells into the brains of F-344 male rats after 4 weeks
of exposure to 836 MHz FM or 848 MHz CDMA-
modulated RF fields. The exposures were continued
for 21 weeks after injections. No effects on tumour
growth or survival were found.


Zook and Simmens [2001] investigated possible
effects of Motorola Integrated Radio Service (MiRS)-
modulated or CW 860 MHz fields on neurogenic
tumours in the offspring of ethylnitrosourea (ENU)-
treated female Sprague–Dawley rats. The rats were
exposed to theRF signals until theywere killed between
the ages of 171 and 325 days. No RF-related effects on
the incidence, latency or any other characteristics of
neurogenic tumours were observed.


Two-yearRFfield exposure to a 836 MHzCDMA
or a 848 MHz CW signal did not enhance the develop-
ment of spontaneous brain tumours or tumours in other
major organs in Fischer 344 rats [La Regina et al.,
2003]. The study investigated whether RF fields
increased tumour incidence, and the decreased inci-
dence seen in RF-exposed groups was not statistically
tested.


Exposure to 902 MHz GSM-modulated or
CW RF fields for 78 weeks was not observed to
enhance the development of lymphomas or any other
tumours in female CBA/S mice irradiated with X-rays
at the beginning of the study [Heikkinen et al.,
2001].


Exposure to 902 MHz GSM-modulated or
849 MHz D-AMPS-modulated RF fields did not sig-
nificantly enhance skin tumourigenesis induced by UV
radiation in female ODC transgenic mice or in their
non-transgenic littermates [Heikkinen et al., 2003].
The development of tumours was slightly (non-signifi-
cantly) faster in the exposed than in the control animals,
but there was no difference between the two different
modulations.


Nervous System: Animal Studies
Studies on nervous system effects in animals are


described in Table 6. Fritze et al. [1997b] exposed the
heads of rats to simulated GSM and CW signals, and
investigated mRNA levels of hsp70, c-fos, c-jun and
GFAP. Only CW exposure caused a slight increase
in hsp70 mRNA levels immediately or 24 h after
exposure. However, this difference is most likely
related to the higher SAR in the CW than in the modu-
lated exposure groups. Morrissey et al. [1999] reported
that local exposure of the heads of mice to a 1600 MHz
Iridium satellite phone signal for 1 h significantly
increased c-fos mRNA expression in the forebrain.
The findings were consistent with thermal effects,
and there were no differences between CW and pulsed
exposures.


Persson et al. [1997] reported that exposure of rats
to 915 MHz RF fields increased the permeability of
the blood–brain barrier to endogenous albumin. The
increased permeability was reported to depend on both
SARand frequency of pulsemodulation, butmost of the
exposures used increased the leakage of albumin. CW
field exposure was reported to produce a greater effect
than pulsed field exposure. Using a head-only exposure
system, Fritze et al. [1997a] exposed rats to 900 MHz
GSM or CW signals. Small increases in permeability
were observed in all treatment groups examined
immediately after exposure, and a marked increase in
albumin extravasation was present with CW exposure.
The SARs in the CW and modulated exposure groups
were not, however, comparable in this study, and the
effect fromCWexposure can be explained by the higher
exposure level. Finnie et al. [2002] exposed mice to
900 MHz GSM-modulated or CW fields using long-
term, repeated exposure. Small numbers of extravasa-
tions were observed in the brains of exposed, sham-
exposed and freely moving control animals, but the
effects were negligible and did not show any depend-
ence on the modulation used.


Mausset et al. [2001] reported that exposure to a
900 MHzGSM signal at 4 W/kg reduced the content of
the neurotransmitter GABA in rat cerebellum. Similar
but more pronounced effects were observed following
exposure to CW fields at 32 W/kg. The difference is
most likely related to the different SAR levels, and
suggests involvement of thermal effects.


Nervous System: Human Studies
Studies on nervous system effects in humans are


described in Table 7. Several research groups have not
found any modulation-specific effects on spontaneous
EEG waves. Hietanen et al. [2000] recorded resting
EEG from 19 volunteers during sham exposure and
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exposure to signals from five different mobile handsets
(analogue and GSM at 900 and 1800 MHz). Statistical
analysis of the EEG revealed an effect in only absolute
but not relative power in one frequency band in one of
four brain regions studied for only one of the analogue
phones. This can be explained as a chance finding.
Perentos et al. [2007] studied changes in four specified
EEG bands in healthy volunteers exposed to 900 MHz
GSM or CW signals. No effect of either type of signal
on any EEG band was observed. Kleinlogel et al.
[2008b] investigated the effects of GSM- or UMTS-
modulated RF fields on resting EEG and well-being in
15 volunteers in a blinded setup. The data provided no
evidence of effects of mobile phone signals on the
parameters studied.


A few studies have reported modulation-specific
effects on spontaneous EEG. Huber et al. [2002] inves-
tigated the effects of 900 MHz RF fields on spon-
taneous EEG using both CW and a signal similar to
that emitted by aGSMhandset. Power in the alpha band
was increased by the GSM but not by the CWexposure.
Regel et al. [2007] measured EEG in awake volunteers
exposed to 900 MHz GSM or CW signals. An increase
in the alpha band activity was observed with the GSM
signal, while no effects were seen from the CW signal.
Hinrikus et al. [2008b] reported that AM of 450 MHz
electromagnetic fields at 14 and 21 Hz enhanced EEG
power in the alpha and beta frequencies in healthy
volunteers, whereas no effect was detected when the
modulation frequency was 7 Hz. The same research
group investigated the effect of modulation on resting
EEG in individual subjects. They showed that low
modulation frequencies (7–217 Hz) caused significant
increases in EEG energy for 13–31% of the subjects,
but modulation at 1000 Hz was without an effect
[Hinrikus et al., 2008a]. Croft et al. [2010] reported
that a 900 MHz GSM signal caused alpha frequency
enhancement in the resting EEG of adult volunteers,
whereas no evidence was found for EEG changes
when a 1900 MHz UMTS signal was used. No alpha
frequency changes were found in adolescent or elderly
volunteers.


Two studies have been published on effects on
sleep EEG, and both are positive with respect to modu-
lation-specific effects. Huber et al. [2002] investigated
the effects of a handset-like GSM signal or CW
exposure at 900 MHz on both sleeping and waking
EEG. The GSM-modulated, but not CW exposure,
produced a significant increase in the 12.25–13.5 Hz
band ofEEG.The effects of theGSM-modulated signal,
though statistically significant, were small relative to
the normal variation in EEG activity during sleep. Hung
et al. [2007] studied the effects of 900 MHz RF fields
with different components ofGSMmodulation on sleep


onset and sleep architecture. The modulations simu-
lated ‘talk’ mode (8 and 217 Hz modulations), ‘listen’
mode (2, 8 and 217 Hz modulations) and ‘standby’
mode (1–32 Hz modulations), and sham exposure
was also included. Delayed sleep latency was observed
with ‘talk’ mode exposure, and this finding was sup-
ported by the lack of an increase in EEG power at 1–
4 Hz, which is an EEG frequency range particularly
sensitive to sleep onset. The authors discuss the possib-
ility that different responses to the ‘talk’ and ‘listen’
signals might be explained by differences in the modu-
lation components. However, the exposure levels
were different for the three signals, and because all
the exposure levels were low (0.133, 0.015 and
<0.001 W/kg for ‘talk’, ‘listen’ and ‘standby’, respect-
ively), it might be that only the ‘talk’ signal exceeded
the threshold for any effects.


Sievert et al. [2005] reported lack of effects from
exposure of 12 volunteers to CW or GSM signals at
890 MHz on event-related potentials measured before,
during and after the exposures. It is not clear whether
the study was blinded in any way. Kleinlogel et al.
[2008a] reported no effects from GSM- or UMTS-
modulated RF fields on event-related potentials in 15
volunteers in a blinded study design.


Krause et al. [2007] reported possiblemodulation-
specific effects on event-related potentials in volunteers
exposed to 900 MHz GSM-modulated or CW signals.
One group carried out a visual memory task during
exposure and the other one, an auditory memory task.
No effects on performance were observed from
exposure to either type of signal. There were, however,
some small but inconsistent differences in EEG power
in the alpha band (8–10 Hz) between CW and GSM
conditions, but no differences between sham exposure
were observed. The authors concluded that EMF effects
on the EEG are either non-existent or so prone to many
other factors that they are difficult to demonstrate
systematically.


Bamiou et al. [2008] studied the effects on audi-
tory and vestibular functions of exposure from a modi-
fied handset capable of producing 882 MHz GSM and
CW signals. No effects were observed from either
sham, CW or GSM signals on the endpoints studied.


Huber et al. [2005] investigated the effects
of 900 MHz signals on regional cerebral blood flow
(rCBF) using positron emission tomography. Two types
of exposure were used: a base station-like and a hand-
set-like signal. Both signals had the sameSAR level and
same spectral components. However, the base station-
like signal had considerably lower power in the main
spectral components and was more continuous than the
handset-like signal. An increase in rCBF was observed
only following the handset-like exposure. The authors
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interpreted this finding as supporting their previous
observations that pulse modulation of RF fields is
necessary to induce changes in brain physiology.


Cinel et al. [2007] exposed 84 healthy volunteers
to either an 888 MHz GSM signal or a CW signal. No
effect was found on an auditory discrimination task
from either signal type. Russo et al. [2006] investigated
the effects on cognitive performance of exposure to
888 MHz CWor GSM RF fields using a large number
(168) of volunteers. Cognitive performance was
studied using several different tasks: reaction time task,
10-choice serial reaction time task, subtraction task,
and vigilance task. No significant effects of RF field
exposure on task performancewere found.Haarala et al.
[2007] exposed 36 volunteers to 902 MHz CWor GSM
signals, and cognitive functions were assessed using
several tasks: simple reaction time, 10-choice reaction
time, subtraction, verification, vigilance and memory.
No effects were observed for any task from either CW
or GSM exposure.


Preece et al. [1999] investigated the performance
of 36 volunteers in a wide range of tasks, including
short- and long-term memory, simple and choice reac-
tion time, and sustained attention. The volunteers were
exposed or shamexposed to aCWor amodulatedGSM-
type 915 MHz signal. A statistically significant short-
ening of reaction time during exposure to the CWsignal
in the choice reaction time task was observed. There
was no significant effect of exposure to the pulsedGSM
signal. The difference in response to the two signals
may be explained by the difference in exposure
level, which was eight times higher for the CW signal.
Regel et al. [2007] studied reaction time andmemory in
20 subjects exposed to a 900 MHz CW or GSM-type
signal. No effects were observed in reaction time tests.
An improvement in accuracy in the 3-back memory
test was found following GSM-type exposure, but not
after CW exposure.


Other Studies
Several studies have addressed various biological


endpoints that were not included in the paragraphs
above. These studies are described in Table 8.


Three in vitro studies have investigated various
cellular effects of CW and GSM-modulated RF fields.
Cranfield et al. [2001] studied concentration of calcium
and calcium signalling patterns in human leukaemic
T-cells. No effects were observed from either themodu-
lated or the CW exposures. Platano et al. [2007]
measured Ba2! current through voltage-gated calcium
channels in primary rat cortical neurons and found no
effects, irrespective of the signal used. Thorlin et al.
[2006] reported no effects fromCWorGSM-modulated


RF fields on Il6, Tnfa, Gfap and ED-1 levels in rat
primary astroglial and microglial cells.


Three studies have addressed melatonin pro-
duction in animals. Vollrath et al. [1997] investigated
serummelatonin levels and other markers of melatonin
synthesis in two strains of rats and in Djungarian ham-
sters exposed to CW or GSM-modulated 900 MHz
fields for up to 6 h. No effects were seen on any of
the endpoints examined. This was an exploratory study
consisting of many separate experiments. The size of
each individual experiment was small, which limits the
statistical power to detect any differences. Heikkinen
et al. [1999] measured nocturnal 6-hydroxymelationin
sulphate excretion in CBA/S mice exposed to RF fields
using either a Nordic Mobile Telephony (NMT) or a
GSM signal. No effects were observed. Lerchl et al.
[2008] exposed adult male Djungarian hamsters to a
TETRA-modulated field at 383 MHzor toGSM-modu-
lated fields at 900 or 1800 MHz. No effects were seen
on pineal and serum melatonin levels or the weights
of testes, brain, kidneys and liver from any of the
exposures. A significant transient increase in bodymass
was observed in animals exposed to the TETRA signal,
and a more pronounced (up to 6%) and not transient
body mass increase resulted from exposure to the
900 MHz GSM signal. No effect on body mass was
seen from exposure to the 1800 MHz GSM signal. The
differences in the results seem to be related to differ-
ences in frequency rather than modulation. According
to the authors’ interpretation, the increased body mass
results from absorption of RF energy (less energy from
food is needed to maintain body temperature), and the
differences between the frequencies are related to
different absorption patterns (more superficial absorp-
tion at 1800 MHz).


Galloni et al. [2005] studied possible effects of RF
field exposure on the functioning of the auditory system
by measuring distortion product otoacoustic emission
(DPOE) in three experiments with different exposure
characteristics. In the first experiment, rats werewhole-
body exposed to a 936 MHz CW field or head-only
exposed to a 923 MHz CW field. In the second study,
rats were exposed to a 960 MHz GSM field, and in the
third study, to a 900 MHz GSM field. No effects on
DPOE were found in any of the experiments.


Barker et al. [2007] exposed 120 human volun-
teers to RF fields and measured blood pressure, heart
rate variability and blood catechols (adrenaline and
noradrenaline) before and during the exposure. Four
different RF signals were applied: GSM modulated,
GSM carrier wave, TETRA modulated and TETRA
carrier wave. Two sham exposures were done corre-
sponding to the GSM and TETRA exposures. The
frequencies of these signals are not described in the
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article (but standard TETRA and GSM frequencies
were probably used). No effects of any RF signal were
found on blood catechol concentrations, mean arterial
blood pressure or any measure of heart rate variability.
The only statistically significant finding was slightly
reducedmean arterial blood pressure during shamGSM
exposure.


Three studies have investigated subjective symp-
toms and/or perception of RF electromagnetic fields in
human volunteers. Hietanen et al. [2002] exposed 20
volunteers with self-reported sensitivity to 900 MHz
GSM- or NMT-modulated fields or 1800 MHz GSM-
modulated fields. Slightly more symptoms were
reported during sham exposure than real exposure,
and the subjects did not distinguish real exposure from
sham exposure. No effects on blood pressure, heart rate
or breathing rate were observed. Rubin et al. [2006]
studied symptoms among 60 subjectswith self-reported
sensitivity and 60 ‘non-sensitive’ subjects. The subjects
were exposed to GSM-modulated or CW 900 MHz
fields. The participants were not able to tell whether
the RF field was on or off, and the occurrence of
symptoms (which were much more common among
the sensitive than the non-sensitive subjects) was inde-
pendent of the exposure condition. Cinel et al. [2008]
exposed three groups of volunteers (a total of 496
subjects) to either GSM or unmodulated signals at
888 MHz. For one group of participants (n # 160),
it was found that dizziness, which was one of the
five specific symptoms rated by the participants, was
affected by RF field exposure. However, this was not
consistently found in the other two groups of partici-
pants. No other significant effects were found.


DISCUSSION


One of the basic principles of science is that
findings should be reproducible. Any single positive
finding can therefore not be considered as definitive
evidence formodulation-specific effects. Reproducibil-
ity can be shown by replication of the same results by
independent researchers in an identical (as much as
possible) experiment. None of the positive studies
reviewed here have been replicated in such exper-
iments. However, reproducibility can also be estab-
lished if studies with non-identical methods
consistently point to the same direction, that is, produce
independent evidence of the existence of an effect or a
phenomenon. This can be considered a stronger form of
reproducibility; robust effects do not require exact rep-
lication of experimental parameters. In the discussion
that follows, the focus is on the second form of repro-
ducibility, that is, consistency between the positive
findings.


Most of the studies included in this review have
provided no evidence of modulation-specific effects.
The majority of these studies were negative for any
effects either frommodulated orCWRFfields, but there
were some studies that reported similar effects from all
signals tested. All animal carcinogenicity studies pro-
duced negative findings independent of modulation
parameters, and only 3 out of 19 genotoxicity studies
provided suggestive evidence ofmodulation-dependent
effects. The three positive findings are quite different
and do not form a consistent picture: one of them
reported some differences between two different modu-
lation types, one reported effects from CW but not
GSM-modulated exposure and the third reported effects
from phase-modulated but not CW exposure. These
isolated results may well be false-positive findings
due to chance.


Among the studies on cancer-relevant non-geno-
toxic endpoints, 3 out of 20 reportedmodulation-related
effects. In all three cases, biological effects (apoptosis,
altered cell proliferation, lipid peroxidation) were
induced by a pulsed (GSM modulated) signal but not
by a CW signal. It is of interest that all positive studies
involved combined exposure to RF fields and other
agents, and found modulation-specific effects on
apoptosis.


There were nine studies on gene and protein
expression. Evidence of modulation-dependent effects
was found in only one study, which reported effects
from pulsed GSM-type signals but not from CW
signals.


Of the 18 studies on nervous system effects in
human volunteers, one-third (n # 6) reported modu-
lation-specific effects. Five studies reported effects on
EEG in awake or sleeping subjects, one study reported
increased rCBF and one study reported improved per-
formance in a memory test. Concerning effects on the
electrical activity of the brain, it is worth noting that
increased power in the alpha band (8–12 Hz) of EEG
has been consistently seen in several studies. Most of
the positive studies have used GSM-type modulation
and have found that signals with pulse modulation are
more biologically active than CW fields, or that signals
with higher degree of modulation (e.g., handset-like
signals) are more biologically active than signals with
lower degree of modulation (e.g., base station-like
signals). Overall, the consistency of the positive find-
ings indicates that there may be reproducible modu-
lation-specific effects on the human central nervous
system. It should be noted that only studies involving
more than one type of signal (modulated and CWor at
least two different modulations) were included in this
review. Studies that have used only GSM-type signals
have provided additional evidence for effects of
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modulated signals on human brain functions [Van
Rongen et al., 2009]. The interpretation of the EEG
findings is complicated by the presence of conducting
EEG electrodes and leads, as they have been shown
to enhance the local electromagnetic fields during RF
exposure [Angelone et al., 2010].


The animal studies discussed in this review did
not provide much support for modulation-dependent
effects on the nervous system. However, none of the
studies reviewed addressed endpoints similar to those
used in the positive human studies (EEG, cerebral blood
flow and improved cognitive performance). Kumlin
et al. [2007] found that GSM-type modulated RF fields
might improve memory and learning in rodents, but no
CW signals were used in their study, and it is therefore
not possible to conclude whether the effects depend on
the presence of modulation.


The positive findings suggesting modulation-
specific effects raise the question about biophysical
mechanisms that can explain such effects. As discussed
by Foster and Repacholi [2004], there is no plausible,
generally accepted mechanism for modulation-specific
effects at realistic electromagnetic field intensities, and
recent findings indicate that demodulation of RF energy
(which would increase the plausibility of modulation-
dependent effects) does not occur in living cells or
tissues [Kowalczuk et al., 2010]. The experimental
evidence is strongest for effects on the central nervous
system. In further elucidation of the mechanisms, a key
question is whether the effects observed reflect inter-
action of modulated signals with the complex structure
and function of the nervous system (which itself gen-
erates electrical signals with frequencies close to the
modulation frequencies used in experimental studies on
bioeffects of RF fields), or whether similar effects can
be observed in less complex systems consisting of
single cells. From this point of view, it is of high interest
to follow-up the few positive in vitro studies because
these may represent modulation-dependent effects at
the cellular level. There are no systematic data on how
the reported modulation-specific effects depend on the
level of exposure to RF fields. Most of the positive
studies have used SARs of 1–5 W/kg, but modu-
lation-dependent effects on the human central nervous
system [Hinrikus et al. 2008a,b; Croft et al., 2010] and
in vitro systems [Capri et al., 2004b; Markkanen et al.,
2004] have also been reported at levels below 1 W/kg.
Systematic data are also lacking concerning depend-
ence of the effects on modulation parameters. Most of
the positive studies have used GSM-type signals that
include pulses at 217 Hz and possibly some lower
frequency (2 and 8 Hz) modulation components. The
findings of Hinrikus et al. [2008a,b], however, indicate


that pulsemodulations from7 to 217 Hzmay also affect
human EEG.


CONCLUSIONS


The studies discussed in this review indicate that
theremaybe specific effects fromamplitude-modulated
RF electromagnetic fields on the human central nervous
system. The effects reported (changes in EEG, cerebral
blood flow and performance in a memory test) are
relatively minor, and do not at present allow con-
clusions concerning possible adverse health effects.
Further studies are warranted to determine how the
effects depend on modulation characteristics and
exposure level, and to investigate possible mechanisms
and relevance to human health. Also, animal studies
with suitable experimental models would be valuable to
shed light on the mechanisms of the modulation-
dependent effects on the central nervous system.


No consistent evidence has been found for modu-
lation-dependent effects on carcinogenesis or genotox-
icity. Some in vitro studies have provided suggestive
evidence of modulation-specific effects at the cellular
level. Follow-up of the positive findings would be help-
ful for understanding the mechanisms of any specific
effects of modulated RF energy.
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L, Pitkäaho R, Juutilainen J, Tanila H. 2007. Mobile phone
radiation and the developing brain: Behavioral and morpho-
logical effects in juvenile rats. Radiat Res 168:471–479.


LaReginaM,Moros EG, PickardWF, StraubeWL,Baty J, Roti Roti
JL. 2003. The effect of chronic exposure to 835.62 MHz
FDMA or 847.74 MHz CDMA radiofrequency radiation on
the incidence of spontaneous tumors in rats. Radiat Res
160:143–151.


Lantow M, Lupke M, Frahm J, Mattsson MO, Kuster N, Simko M.
2006a. ROS release and Hsp70 expression after exposure to
1,800 MHz radiofrequency electromagnetic fields in primary
humanmonocytes and lymphocytes. Radiat EnvironBiophys
45:55–62.


Lantow M, Schuderer J, Hartwig C, Simko M. 2006b. Free radical
release and HSP70 expression in two human immune-
relevant cell lines after exposure to 1800 MHz radiofre-
quency radiation. Radiat Res 165:88–94.


LaszloA,MorosEG,DavidsonT,BradburyM,StraubeW,Roti Roti
J. 2005. The heat-shock factor is not activated in mammalian
cells exposed to cellular phone frequency microwaves.
Radiat Res 164:163–172.


Lerchl A, Wilhelm AF. 2010. Critical comments on DNA breakage
by mobile-phone electromagnetic fields [Diem et al., Mutat.
Res. 583 (2005) 178–183]. Mutat Res 697:60–65.


Lerchl A, Kruger H, Niehaus M, Streckert JR, Bitz AK, Hansen V.
2008. Effects of mobile phone electromagnetic fields at non-
thermal SAR values on melatonin and body weight of Djun-
garian hamsters (Phodopus sungorus). J Pineal Res 44:267–
272.


Li L, Bisht KS, LaGroye I, Zhang P, Straube WL, Moros EG, Roti
Roti JL. 2001. Measurement of DNA damage in mammalian


532 Juutilainenetal.


Bioelectromagnetics







cells exposed in vitro to radiofrequency fields at SARs of 3–
5 W/kg. Radiat Res 156:328–332.


Lim HB, Cook GG, Barker AT, Coulton LA. 2005. Effect of
900 MHz electromagnetic fields on nonthermal induction
of heat-shock proteins in human leukocytes. Radiat Res
163:45–52.


Luukkonen J, Hakulinen P, Maki-Paakkanen J, Juutilainen J, Naar-
ala J. 2009. Enhancement of chemically induced reactive
oxygen species production and DNA damage in human SH-
SY5Yneuroblastoma cells by 872 MHz radiofrequency radi-
ation. Mutat Res 662:54–58.


Luukkonen J, Juutilainen J, Naarala J. 2010. Combined effects of
872 MHz radiofrequency radiation and ferrous chloride on
reactive oxygen species production and DNA damage in
human SH-SY5Y neuroblastoma cells. Bioelectromagnetics
31:417–424.


Maes A, Collier M, Verschaeve L. 2001. Cytogenetic effects of
900 MHz (GSM) microwaves on human lymphocytes. Bio-
electromagnetics 22:91–96.


Malyapa RS, Ahern EW, StraubeWL,Moros EG, PickardWF, Roti
Roti JL. 1997. Measurement of DNA damage after exposure
to electromagnetic radiation in the cellular phone communi-
cation frequency band (835.62 and 847.74 MHz). Radiat Res
148:618–627.


Markkanen A, Penttinen P, Naarala J, Pelkonen J, Sihvonen A-P,
Juutilainen J. 2004. Apoptosis induced by ultraviolet radi-
ation is enhanced by amplitude modulated radiofrequency
radiation in mutant yeast cells. Bioelectromagnetics 25:127–
133.


Mausset AL, de Seze R, Montpeyroux F, Privat A. 2001. Effects of
radiofrequency exposure on the GABAergic system in the rat
cerebellum: Clues from semi-quantitative immunohisto-
chemistry. Brain Res 912:33–46.


McNamee JP, Bellier PV, Gajda GB, Lavallee BF, Marro L, Lemay
E, Thansandote A. 2003. No evidence for genotoxic effects
from 24 h exposure of human leukocytes to 1.9 GHz radio-
frequency fields. Radiat Res 159:693–697.


Moquet J, Ainsbury E, Bouffler S, Lloyd D. 2008. Exposure to low
level GSM 935 MHZ radiofrequency fields does not induce
apoptosis in proliferating or differentiated murine neuro-
blastoma cells. Radiat Prot Dosimetry 131:287–296.


Morrissey JJ, Raney S, Heasley E, Rathinavelu P, Dauphinee M,
Fallon JH. 1999. IRIDIUM exposure increases c-fos expres-
sion in the mouse brain only at levels which likely result in
tissue heating. Neuroscience 92:1539–1546.


NCRP. 2003. NCRP Commentary No. 18, Biological Effects of
Modulated Radiofrequency Fields. National Council on
Radiation Protection and Measurements. http://www.
ncrponline.org/Publications/Commentaries/Comm18press.
html (last accessed 19 December 2010).


PakhomovAG,Mathur SP,Doyle J, StuckBE,Kiel JL,MurphyMR.
2000. Comparative effects of extremely high power micro-
wave pulses and a brief CW irradiation on pacemaker func-
tion in isolated frog heart slices. Bioelectromagnetics
21:245–254.
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The preponderance of experimental and
human data indicates that there are persistent
and deleterious effects of blood lead levels
> 10 µg/dL on brain function, including low-
ered intelligence, behavioral problems, and
diminished school performance (Baghurst
et al. 1992; Bellinger et al. 1992; Cory-Slechta
1997; Dietrich et al. 1993; Ernhart et al. 1989;
National Research Council 1993; Needleman
and Gatsonis 1990; Pocock et al. 1994; Rice
1993; Wasserman et al. 1997; Yule et al.
1981). Lead toxicity, defined as whole blood
lead ≥ 10 µg/dL, was based on numerous
cross-sectional and prospective studies
[Bellinger et al. 1987; Centers for Disease
Control and Prevention (CDC) 1991; World
Health Organization (WHO) 1995]. These
studies generally, but not always, found
adverse consequences of childhood lead expo-
sure (CDC 1991; WHO 1995). Still, most of
the children in those studies had blood lead
levels > 10 µg/dL. The WHO and the CDC


recognized that there was no discernable
threshold for the adverse effects of lead expo-
sure, but too few studies had examined chil-
dren with blood lead levels < 10 µg/dL to
support any firm conclusions (CDC 1991;
WHO 1995).


There is emerging evidence that lead-
associated intellectual deficits occur at blood
lead levels < 10 µg/dL. In the Rochester
Longitudinal Study, there was an estimated
reduction of 7.4 IQ points associated with an
increase in lifetime mean blood lead from
1 to 10 µg/dL (Canfield et al. 2003). In a
reanalysis of a Boston, Massachusetts, cohort,
a similar finding was observed among chil-
dren whose maximal blood lead level was
< 10 µg/dL (Bellinger and Needleman 2003).
Questions about an effect of lead at blood
lead levels < 10 µg/dL persist, however,
because of the relatively small numbers of
children with maximal blood lead levels
< 10 µg/dL in the Rochester Longitudinal


Study (Rogan and Ware 2003). Other studies
were limited because they involved children
whose blood lead levels may have exceeded
10 µg/dL at some point in their lifetime or
because important covariates, such as maternal
IQ scores, were not always available (Fulton
et al. 1987; Lanphear et al. 2000; Schwartz
1994; Schwartz and Otto 1991; Walkowiak
et al. 1998). Because of the policy implica-
tions of this research, it is critical to estimate
with greater precision the exposure–response
relationship at blood lead levels < 10 µg/dL.


The primary objective of this pooled analy-
sis was to estimate the quantitative relationship
between children’s performance on IQ tests
and selected measures of blood lead concentra-
tion among children followed prospectively,
from infancy through 5–10 years of age in
seven prospective cohort studies. We also
sought to test whether the lead-associated IQ
deficit was greater for a given change in expo-
sure among children who had maximal blood
lead levels < 10 µg/dL compared with children
who had higher blood lead concentrations.


Materials and Methods


We contacted investigators for all eight
prospective lead cohorts that were initiated
before 1995, and we were able to retrieve data
sets and collaboration from seven. The par-
ticipating sites were Boston (Bellinger et al.
1992); Cincinnati (Dietrich et al. 1993) and
Cleveland, Ohio (Ernhart et al. 1989);
Mexico City, Mexico (Schnaas et al. 2000);
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Lead is a confirmed neurotoxin, but questions remain about lead-associated intellectual deficits at
blood lead levels < 10 µg/dL and whether lower exposures are, for a given change in exposure, asso-
ciated with greater deficits. The objective of this study was to examine the association of intelli-
gence test scores and blood lead concentration, especially for children who had maximal measured
blood lead levels < 10 µg/dL. We examined data collected from 1,333 children who participated in
seven international population-based longitudinal cohort studies, followed from birth or infancy
until 5–10 years of age. The full-scale IQ score was the primary outcome measure. The geometric
mean blood lead concentration of the children peaked at 17.8 µg/dL and declined to 9.4 µg/dL by
5–7 years of age; 244 (18%) children had a maximal blood lead concentration < 10 µg/dL, and
103 (8%) had a maximal blood lead concentration < 7.5 µg/dL. After adjustment for covariates,
we found an inverse relationship between blood lead concentration and IQ score. Using a log-
linear model, we found a 6.9 IQ point decrement [95% confidence interval (CI), 4.2–9.4] associ-
ated with an increase in concurrent blood lead levels from 2.4 to 30 µg/dL. The estimated IQ
point decrements associated with an increase in blood lead from 2.4 to 10 µg/dL, 10 to 20 µg/dL,
and 20 to 30 µg/dL were 3.9 (95% CI, 2.4–5.3), 1.9 (95% CI, 1.2–2.6), and 1.1 (95% CI,
0.7–1.5), respectively. For a given increase in blood lead, the lead-associated intellectual decre-
ment for children with a maximal blood lead level < 7.5 µg/dL was significantly greater than that
observed for those with a maximal blood lead level ≥ 7.5 µg/dL (p = 0.015). We conclude that
environmental lead exposure in children who have maximal blood lead levels < 7.5 µg/dL is asso-
ciated with intellectual deficits. Key words: blood lead concentration, children, environment,
epidemiology, intelligence, lead, lead toxicity. Environ Health Perspect 113:894–899 (2005).
doi:10.1289/ehp.7688 available via http://dx.doi.org/ [Online 18 March 2005]







Port Pirie, Australia (Baghurst et al. 1992);
Rochester, New York (Canfield et al. 2003);
and Yugoslavia (Wasserman et al. 1997). The
Sydney, Australia, study was not included
because we were unable to contact the investi-
gators (Cooney et al. 1989). The data for the
Rochester Longitudinal Study and for Mexico
City, collected when the children were about
6 years of age, have not been published else-
where. The eligibility criteria and methods for
each of the cohorts are described elsewhere
(Baghurst et al. 1992; Bellinger et al. 1992;
Canfield et al. 2003; Dietrich et al. 1993;
Ernhart et al. 1989; Schnaas et al. 2000;
Wasserman et al. 1997). All studies were
approved by their respective institutional
review boards.


Outcome measures. The primary outcome
measure was the full-scale IQ, which is a com-
posite score of verbal and performance tests.
The children were administered a version of the
Wechsler Intelligence Scales for Children
[Wechsler Intelligence Scale for Children–
Revised (WISC-R; Wechsler 1974), Wechsler
Intelligence Scale for Children–III (WISC-III;
Wechsler 1991), Wechsler Preschool and
Primary Scales of Intelligence (WPPSI; 1967),
and Wechsler Intelligence Scale for Children–
Spanish Version (WISC-S; Wechsler 1981)]
under uniform conditions within each study.
The IQ test was administered when the children
were between 4 years 10 months and 7 years of
age for all but one cohort. In the Boston cohort,
we used blood lead tests taken at 5 years of age
and the nearest available full-scale IQ score,
which was done at 10 years of age.


Venous or fingerstick capillary blood sam-
ples were obtained using standard protocols.
Cord blood lead was collected in a subsample
of the subjects. During each child’s examina-
tion, demographic and health information
were obtained from the parent (usually the
biologic mother). IQ tests were administered
to the mother. We also obtained data on other
factors that might confound the relation of
lead exposure and IQ, including child’s sex,
birth order, birth weight, maternal education,
maternal age, marital status, prenatal alcohol
exposure, prenatal tobacco exposure, and the
Home Observation for Measurement of the
Environment (HOME) Inventory score. The
HOME Inventory is an index that reflects the
quality and quantity of emotional and cogni-
tive stimulation in the home environment
(Caldwell and Bradley 1984).


Measures of exposure. We examined four
measures of blood lead: concurrent blood lead
(defined as the blood lead measured closest
to the IQ test), maximum blood lead level
(defined as the peak blood lead measured at
any time before IQ test), average lifetime blood
lead (defined as the mean blood lead from
6 months to concurrent blood lead tests), and
early childhood blood lead (defined as the


mean blood lead from 6 to 24 months). The
blood sampling intervals varied across studies.
To enhance comparability across studies, we
used the following blood sampling intervals
(based on children’s age): 6, 12 (or 15), 36, 48,
and 60 months. We used mean blood lead
rather than area under the curve (AUC) to
maintain the same units of analysis for all four
lead indices. The AUC and mean provided
essentially the same information about chil-
dren’s lead exposure (r = 0.97).


Statistical methods. To estimate the quan-
titative relationship between children’s perfor-
mance on IQ tests and selected measures of
blood lead concentration, we examined the
potential confounding effects of other factors
associated with IQ scores using multiple
regression analysis. Ten factors were available
from individual sites: HOME Inventory,
child’s sex, birth weight, birth order, maternal
education, maternal IQ, maternal age, marital
status, prenatal smoking status, and prenatal
alcohol use.


The development of the regression model
involved a multistep process beginning with a
simple unadjusted model relating each blood
lead measure to IQ while controlling for site.
The first step was to test whether the linear
model of the relationship between blood lead
and IQ, applied in most of the individual
cohort analyses, provided a good fit over the
wider range of blood lead levels represented in
the pooled data. First, a linear model adjusted
for the seven sites was estimated, and then
quadratic and cubic terms for blood lead were
added to test for linearity. A restricted cubic
spline function was fit to the data to produce
a curve that followed the data in the absence
of any assumptions about the functional form
of the relationship.


After an initial model was chosen, we
examined each of the 10 available confounders
individually and in combination with the
other covariates to assess potential confound-
ing of the IQ–blood lead relationship. Careful
attention was paid to the stability of the para-
meter estimates as each additional term was
added. This process was halted when either no
more significant terms (p < 0.10) entered the
model or the inclusion of additional terms
caused no substantial change (i.e., > 10%) in
the blood lead coefficient.


In all models, we tested the interaction
of blood lead and site to determine whether
a summary measure of the IQ–blood lead
relationship could be used for all cohorts.
After an initial model was selected, the tests
of linearity and the restricted cubic spline
models were recomputed to ensure that our
initial model was still appropriate after adjust-
ment for covariates (Harrell 2001). We also
produced separate linear models for each of
the seven cohorts adjusted for the covariates
selected in the combined model.


After the multiple regression models
were developed, regression diagnostics were
employed to ascertain whether the lead coeffi-
cient was affected by collinearity or influential
observations (Belsley et al. 1980). After regres-
sion diagnostics were examined and homo-
geneity of the blood lead coefficients across
sites was evaluated, the fit of all four measures
of blood lead was compared using the magni-
tude of the model R2. The blood lead measure
with the largest R 2 (adjusted for the same
covariates) was selected a priori as the preferred
blood lead index relating blood lead to IQ.


Several approaches were investigated to
evaluate the stability of the final model.
Although the seven cohorts were not randomly
sampled from a larger population of studies, an
assumption could be made that they were rep-
resentative of a larger population of children.
Accordingly, we evaluated the results of apply-
ing a random-effects model (with sites ran-
dom) rather than a fixed-effects model (Littell
et al. 1996). We also examined the effect of
any one site on the overall model by calculat-
ing the blood lead coefficient in seven identical
models, each omitting one of the seven cohorts
(Efron and Tibshirani 1993).


After the final model was selected using the
full-scale IQ as the outcome variable, we fit
similar models for verbal and performance
IQ scores. We also examined interactions of
covariates with blood lead concentration (effect
modification) and tested the effect of including
race as a confounder in the U.S. cohort studies.
Finally, we examined the relationship of prena-
tal lead exposure (cord blood) and IQ score in
the subsample for which cord blood lead tests
were available.


Results


Of the 1,581 eligible children from the seven
cohorts, data on all 10 covariates were available
for 1,308 (83%) children; 1,333 (84%) chil-
dren had data on the four major covariates that
were selected for the final model (Table 1).
Blood lead levels were highest in Yugoslavia
and lowest in Rochester and Boston for all lead
exposure indices (Table 2). The median peak
or maximal blood lead concentration was
18 µg/dL; the mean age when children’s blood
lead levels peaked was 2.5 years. By 5–7 years
of age, the median blood level had declined to
9.7 µg/dL (concurrent blood lead concentra-
tion). The lifetime average blood lead concen-
tration was 12.4 µg/dL; 244 (18%) children
had a maximal blood lead concentration
< 10 µg/dL, and 103 (8%) had a maximal
blood lead concentration < 7.5 µg/dL.


The mean IQ of all children was approxi-
mately 93. Child IQ was highest in the Boston
cohort and lowest in the Yugoslavia cohort
(Table 2). In univariate regression analyses, chil-
dren’s IQ was significantly related to site, mater-
nal IQ, the HOME score, maternal education,
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marital status, birth weight, maternal age, birth
order, race (for U.S. cohorts only), and pre-
natal tobacco exposure. In contrast, child’s sex
and prenatal alcohol consumption were not


significantly associated with a deficit in IQ
score (Table 3).


We examined the relationship of the four
blood lead indices with IQ (Table 4). Although
all four blood lead measures were highly cor-
related (r range = 0.74–0.96), the concurrent
blood lead variable exhibited the strongest
relationship with IQ, as measured by R 2.
Although the means differed for the different
blood lead indices, the results of the regres-
sion analyses were very similar. In all subse-
quent analyses and figures, the concurrent
blood lead measure was used as the primary
lead exposure index.


The shape of the exposure–response rela-
tionship was determined to be nonlinear insofar
as the quadratic and cubic terms for concurrent
blood lead were statistically significant (p <
0.001 and p = and 0.003, respectively). Because
the restrictive cubic spline indicated that a log-
linear model provided a good fit to the data, we
used the log of concurrent blood lead in all sub-
sequent analyses of the pooled data (Figure 1).


The multivariable analysis resulted in a six-
term model: log of concurrent blood lead, site,
maternal IQ, HOME Inventory, birth weight,
and maternal education, which we consider
our preferred model (Table 4). Linear models
of concurrent blood lead and IQ are shown for
each of the seven cohorts, adjusted for the
same covariates (Figure 2). The additional six
terms we considered (child’s sex, birth order,
maternal age, marital status, prenatal smoking
status, and prenatal alcohol use) contributed


very little to the overall fit of the model, and
their inclusion in the model resulted in virtu-
ally no change to the coefficient for blood lead
(i.e., < 5%). None of the six terms was statisti-
cally significant (data not shown).


The shape of the log-linear model and the
spline function indicated that the steepest
declines in IQ were at blood lead levels
< 10 µg/dL (Figures 3 and 4). The log-linear
model estimated a decrement of 6.9 IQ points
[95% confidence interval (CI), 4.2–9.4] for an
increase in concurrent blood lead levels from
2.4 to 30 µg/dL, representing the 5th to the
95th percentile for blood lead values in the data
set (Table 4). But the lead-associated decrement
was greatest in the lower ranges of blood lead.
The estimated IQ decrements associated with
an increase in blood lead from 2.4 to 10 µg/dL,
10 to 20 µg/dL, and 20 to 30 µg/dL were 3.9
(95% CI, 2.4–5.3), 1.9 (95% CI, 1.2–2.6), and
1.1 (95% CI, 0.7–1.5), respectively (Table 4).


To investigate further whether the lead-
associated decrement was greater at lower blood
lead concentrations, we divided the data at two
cut-points a priori (i.e., maximal blood lead
above and below 10 µg/dL, and maximal blood
lead above and below 7.5 µg/dL) (Figure 4).
We then fit separate linear models to the data
in each of these ranges and compared the blood
lead coefficients for the concurrent blood lead
index. The coefficient for the 103 children
with maximal blood lead levels < 7.5 µg/dL
was significantly greater than the coefficient for
the 1,230 children with a maximal blood lead
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Table 2. Characteristics of 1,333 children and their mothers in seven cohort studies of environmental lead exposure and IQ.


Boston Cincinnati Cleveland Mexico Port Pirie Rochester Yugoslavia
Characteristic (n = 116) (n = 221) (n = 160) (n = 99) (n = 324) (n = 182) (n = 231)


Percent femalea 60 (51.7) 108 (48.9) 73 (45.6) 50 (50.5) 174 (53.7) 89 (48.9) 115 (49.8)
Birth weightb (g) 3,412 ± 510 3,144 ± 457 3,199 ± 498 3,254 ± 432 3,393 ± 502 3,226 ± 506 3,328 ± 526
Gestation at deliveryb (weeks) 40.0 ± 1.8 39.6 ± 1.7 39.6 ± 1.2 40.2 ± 1.1 39.9 ± 1.7 39.1 ± 1.8 39.3 ± 2.9
Birth orderb 1.6 ± 1.0 2.6 ± 1.4 2.2 ± 1.1 1.8 ± 0.9 2.0 ± 1.1 2.4 ± 1.4 2.6 ± 1.7
IQ test WISC-R WISC-R WPPSI WISC-S WISC-R WPPSI WISC-III


IQ scoreb 116.0 ± 14.2 87.0 ± 11.4 86.7 ± 16.2 107.8 ± 11.0 106.0 ± 13.7 84.9 ± 14.4 74.2 ± 13.3
Age at IQ testing (years) 10 7 4.8 7 7 6 7


Blood lead concentrationsc


Concurrent blood lead 5.4 7.5 14.2 7.0 13.0 4.0 15.9
(0.8–12.7) (3.5–20.0) (7.0–28.5) (3.0–16.5) (6.0–24.0) (1.5–12.0) (4.7–47.8)


Peak blood lead 12.0 17.9 18.0 15.0 27.0 9.0 23.8
(5.4–27.0) (9.0–38.0) (9.0–34.0) (6.0–40.0) (15.0–46.0) (3.5–23.3) (7.6–61.5)


Early childhood 8.1 12.0 13.4 11.4 20.5 5.8 14.1
(3.3–18.0) (6.6–26.6) (7.9–24.8) (4.3–26.8) (11.0–33.3) (2.4–13.1) (4.3–44.0)


Lifetime mean 7.6 11.7 14.5 10.6 18.6 5.5 15.8
(3.6–15.2) (5.8–24.9) (8.1–25.3) (4.5–21.3) (10.8–30.2) (2.4–12.8) (5.6–49.3)


Peak blood lead < 10 µg/dLa 41 (35.3) 23 (10.4) 11 (6.9) 20 (20.2) 0 (0.0) 103 (56.6) 46 (19.9)
Peak blood lead < 7.5 µg/dLa 13 (11.2) 1 (0.4) 1 (0.6) 8 (8.1) 0 (0.0) 69 (37.9) 11 (4.8)
Maternal characteristics


Age at delivery (years)b 30.5 ± 4.2 22.7 ± 4.3 22.2 ± 3.8 27.1 ± 5.9 26.0 ± 4.2 24.8 ± 6.6 26.6 ± 5.1
Race (nonwhite)a 5 (4.3) 197 (89.1) 69 (43.1) NA NA 130 (71.4) NA
Maternal IQb 124.2 ± 16.2 75.2 ± 9.4 73.4 ± 13.2 93.4 ± 11.9 94.4 ± 11.0 81.1 ± 12.6 87.3 ± 14.8
Education at delivery (grade)b 15.2 ± 2.0 11.2 ± 1.4 10.6 ± 1.6 11.4 ± 3.5 10.6 ± 1.0 12.2 ± 2.0 8.8 ± 3.9
HOME scoreb 50.5 ± 3.5 32.7 ± 6.2 38.1 ± 6.7 36.8 ± 6.7 42.3 ± 4.6 31.9 ± 6.3 30.4 ± 6.8
Marrieda 107 (92.2) 30 (13.6) 82 (51.2) 88 (88.9) 298 (92.0) 60 (33.2) 231 (100)
Tobacco use during pregnancya 29 (25.0) 111 (50.2) 128 (80.0) 6 (6.1) 79 (24.6) 41 (22.6) 59 (25.5)
Alcohol use during pregnancya 61 (52.6) 31 (14.0) 75 (46.9) 6 (6.1) 82 (25.3) 9 (5.5) 14 (6.1)


NA, Not applicable. HOME score was standardized to preschool scale. Concurrent blood lead tests taken at 5 years of age were used as the concurrent blood lead test for the Boston
cohort, and the IQ test was done at 10 years. Test scores of children in the Yugoslavia cohort are low because of adjustments in adapting tests where no standardization existed; rather
than deriving appropriate analogues, some culturally driven items were removed, resulting in lower scores.
aNo. (%). bMean ± SD. cGeometric mean (5th–95th percentiles).


Table 1. Characteristics of the children and of their
mothers in the pooled analysis (n = 1,333).


Characteristic Value


Child characteristics
Femalea 669 (50.2)
Birth weightb (g) 3,286 ± 503
Gestation at deliveryb (weeks) 39.6 ± 1.9
Birth orderc 2.0 (1–5)
Blood lead concentrationc


Concurrent 9.7 (2.5–33.2)
Peak 18.0 (6.2–47.0)
Early childhood 12.7 (4.0–34.5)
Lifetime average 12.4 (4.1–34.8)


Peak blood lead 244 (18.3)
concentration < 10 µg/dLa


Peak blood lead 103 (7.7)
concentration < 7.5 µg/dLa


IQb 93.2 ± 19.2
Age at IQ testingb (years) 6.9 ± 1.2


Maternal characteristics
Age at deliveryb (years) 25.4 ± 5.4
Maternal IQb 88.2 ± 18.5
Education at deliveryb (grade) 11.1 ± 2.8
HOME scoreb 37.0 ± 8.4
Marrieda 896 (67.3)
Smoked during pregnancya 453 (34.1)
Alcohol use during pregnancya 278 (21.2)


HOME score was standardized to preschool test. Early
childhood blood lead concentration was defined as the
mean of 6- to 24-month blood lead tests. Lifetime average
blood lead concentration was defined as the mean of blood
lead tests taken from 6 months through the concurrent
blood lead test.
aNo. (%). bMean ± SD. cMedian (5th–95th percentiles).







≥ 7.5 µg/dL [linear β = –2.94 (95% CI, –5.16
to –0.71) vs. –0.16 (95% CI, –2.4 to –0.08);
p = 0.015]. The coefficient for the 244 children
who had a maximal blood lead < 10 µg/dL was
not significantly greater than the coefficient for
the 1,089 children who had a maximal blood
lead ≥ 10 µg/dL [linear β = –0.80 (95% CI,
–1.74 to –0.14) vs. β = –0.13 (95% CI, –2.3 to
–0.03); p = 0.103].


To assess the model stability, we employed
a random-effects model with sites assumed to
be randomly selected from a larger set of popu-
lations. Results were similar to the preferred
fixed-effects model, with the random-effects
model producing a blood lead coefficient that
was 3.7% lower (–2.6 vs. –2.7). As an addi-
tional measure of model stability, we fit seven
identical log-linear models with each model
omitting data from one of the sites. The range
of coefficients leaving one site out at a time
was –2.36 (Rochester) to –2.94 (Yugoslavia),
or a percent change ranging from –2.6 to
+8.9%. These analyses provide evidence of
the stability of our final preferred fixed-effects
model and indicate that the results of the
pooled analysis did not depend on the data
from any single study.


We also examined the relation of blood
lead concentration to verbal and performance
IQ scores, adjusting for the same covariates
used in the full-scale IQ model. The coefficient
for the log of blood lead related to performance
IQ was similar to the coefficient for log of
blood lead in the full-scale IQ model (β =
–2.73 vs. –2.70), whereas the coefficient for
log of blood lead related to verbal IQ was
somewhat lower than the coefficient for the log
of blood lead in the full-scale IQ model (β =
–2.07 vs. –2.70). The difference between the
coefficient for verbal and performance IQ was
not statistically significant (p = 0.196).


We did not identify any significant inter-
actions between the covariates and the log of
concurrent blood lead. In the U.S. sites, race
was not significantly associated with IQ after
inclusion of the four covariates in the preferred
model, nor did it alter the estimated relation-
ship of blood lead concentration and IQ. In
unadjusted analyses involving the 696 children
who had cord blood lead levels, the log of cord
blood lead concentration was significantly asso-
ciated with child’s IQ (β = –1.69, SE = 0.60;
p = 0.005). After adjusting for the log of con-
current blood concentration, the log of cord
blood lead was no longer associated with chil-
dren’s IQ scores (p = 0.21). In contrast, the log
of concurrent blood lead was significantly asso-
ciated with children’s IQ scores even with log
cord blood lead concentration in the model
(β = –1.73, SE = 0.74; p = 0.019). Finally, we
identified and removed 65 potentially influen-
tial observations from the data and refit the
model. The change in the coefficient for log of
blood lead was 1.4%, from –2.70 to –2.74.


Discussion
Before 1970, undue lead exposure was defined
by a blood lead level of 60 µg/dL or higher—a
level often associated with overt signs or symp-
toms of lead toxicity, such as abdominal colic,
anemia, encephalopathy, and death. Since
then, the blood lead concentration for defining


undue lead exposure has been reduced: from
60 to 40 µg/dL in 1971, to 30 µg/dL in 1978,
and to 25 µg/dL in 1985 (CDC 1991). In
1991, the CDC, and subsequently the WHO
(1995), further reduced the blood lead value
defining undue lead exposure to 10 µg/dL
(CDC 1991). These ongoing reductions in the
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Table 3. Concurrent blood lead concentration and mean IQ scores by characteristics of children and their
mothers (n = 1,333).


Median concurrent
blood lead (µg/dL)


Covariate No. (5th–95th percentiles) IQ ± SD


Child
Female 669 9.0 (2.4–31.4) 93.8 ± 18.3
Male 664 9.9 (2.6–35.7) 92.5 ± 20.0
Birth weight (g)


< 3,000 359 10.0 (2.2–28.7) 88.6 ± 18.0
3,000 to < 3,500 519 9.9 (2.4–34.2) 93.6 ± 19.3
≥ 3,500 455 9.1 (2.8–34.7) 96.3 ± 19.3


Gestation at delivery (weeks)
< 38 144 8.9 (3.1–37.9) 83.5 ± 18.6
38 to < 42 1,071 9.8 (2.5–33.2) 94.1 ± 18.6
≥ 42 115 10.0 (3.2–24.8) 96.3 ± 22.1


Birth order
1 479 9.0 (2.1–32.6) 96.7 ± 18.9
2 407 10.0 (2.6–31.4) 93.6 ± 19.2
≥ 3 446 10.0 (3.0–36.9) 89.0 ± 18.7


Maternal
Race (only U.S. cohorts)


White 278 7.9 (1.3–22.0) 100.6 ± 20.1
Nonwhite 401 7.1 (2.8–21.5) 84.9 ± 12.8


Age at delivery (years)
< 25 650 10.5 (3.0–32.0) 89.6 ± 17.2
≥ 25 683 9.0 (2.1–34.7) 96.5 ± 20.3


Maternal IQ
< 85 618 10.0 (2.9–32.0) 83.3 ± 15.0
≥ 85 715 9.0 (2.1–34.3) 101.6 ± 18.3


Education at delivery (grade)
< 12 710 12.0 (4.1–35.5) 90.4 ± 18.8
12 397 8.7 (2.4–34.3) 91.1 ± 17.7
≥ 12 226 5.5 (1.1–15.2) 105.5 ± 18.0


HOME score
< 30 276 9.4 (3.0–43.0) 77.9 ± 14.9
30 to < 40 561 10.0 (2.8–32.2) 88.3 ± 15.4
≥ 40 496 9.5 (2.0–22.0) 107.0 ± 15.8


Married
Yes 896 10.0 (2.7–37.5) 96.2 ± 20.5
No 436 8.1 (2.4–22.0) 87.0 ± 14.3


Prenatal smoking
Yes 453 11.5 (3.2–33.2) 89.5 ± 17.2
No 876 8.7 (2.2–33.6) 94.9 ± 19.9


Prenatal alcohol ingestion
Yes 278 10.1 (2.2–25.0) 99.3 ± 19.4
No 1,035 9.5 (2.7–34.3) 91.7 ± 18.8


Table 4. Mean unadjusted and adjusteda changes in full-scale IQ score associated with an increase in
blood lead concentration (log scale), from the 5th to 95th percentile of the concurrent blood lead level at
the time of IQ testing.


Blood lead IQ deficits
Unadjusted Adjusted concentration [5th to 95th
estimates estimates (5th to 95th percentile


Blood lead variable [β (95% CI)] [β (95% CI)] percentile, µg/dL) (95% CI)]


Early childhood –3.57 (–4.86 to –2.28) –2.04 (–3.27 to –0.81) 4.1–34.8 4.4 (1.7–7.0)
Peak –4.85 (–5.16 to –3.54) –2.85 (–4.10 to –1.60) 4.0–34.5 6.1 (3.4–8.8)
Lifetime average –5.36 (–6.69 to –4.03) –3.04 (–4.33 to –1.75) 6.1–47.0 6.2 (3.6–8.8)
Concurrent –4.66 (–5.72 to –3.60) –2.70 (–3.74 to –1.66) 2.4–33.1 7.1 (4.4–9.8)
aAdjusted for site, HOME score, birth weight, maternal IQ, and maternal education. The addition of child’s sex, tobacco
exposure during pregnancy, alcohol use during pregnancy, maternal age at delivery, marital status, and birth order did
not alter the estimate, and these were not included in the model. The estimates for the covariates in the concurrent blood
lead model were HOME score (β = 4.23, SE = 0.54), birth weight/100 g (β = 1.53, SE = 0.35), maternal IQ (β = 4.77, SE = 0.57),
and maternal education (β = 1.12, SE = 0.46).







acceptable levels of children’s blood lead were
motivated by evidence showing that blood lead
concentrations as low as 10 µg/dL were associ-
ated with adverse effects, such as lower intelli-
gence (CDC 1991; WHO 1995).


In this pooled analysis, we found evidence
of lead-related intellectual deficits among
children who had maximal blood lead levels
< 7.5 µg/dL. Indeed, we found no evidence of
a threshold. Other studies reported a similar
finding, but questions about the relationship at
lower levels remained because they involved
smaller numbers of children with blood lead
< 10 µg/dL or they did not adjust for impor-
tant covariates (Canfield et al. 2003; Fulton
et al. 1987; Lanphear et al. 2000; Schwartz
1994; Schwartz and Otto 1991; Walkowiak
et al. 1998). In the pooled analysis, we esti-
mated the blood lead–IQ relationship with
data from the 5th to 95th percentile of the con-
current blood lead level at the time of IQ test-
ing, which tends to underestimate the adverse
effects of blood lead levels. For the entire
pooled data set, the observed decline of 6.2 IQ
points (95% CI, 3.8–8.6) for an increase in
blood lead levels from < 1 to 10 µg/dL was
comparable with the 7.4 IQ decrement for an
increase in lifetime mean blood lead levels from
< 1 to 10 µg/dL observed in the Rochester
Longitudinal Study (Canfield et al. 2003).


Consistent with other studies (Bellinger
and Needleman 2003; Canfield et al. 2003;


Fulton et al. 1987; Lanphear et al. 2000;
Schwartz 1994; Schwartz and Otto 1991;
Walkowiak et al. 1998), the lead-associated
IQ deficits observed in this pooled analysis
were significantly greater at lower blood
lead concentrations. In a meta-analysis, the
observed decrement was greater in study
cohorts in which children with blood lead
levels < 15 µg/dL were more heavily repre-
sented (Schwartz 1994). In the Rochester
Longitudinal Study, there was an estimated
reduction of 7.4 IQ points for an increase in
lifetime mean blood lead from 1 to 10 µg/dL
(Canfield et al. 2003). In contrast, IQ scores
declined 2.5 points for an increase in blood lead
concentration from 10 to 30 µg/dL (Canfield
et al. 2003). The larger sample size of this
pooled analysis permitted us to show that the
lead-associated intellectual decrement was sig-
nificantly greater for children with a maximal
blood lead of < 7.5 µg/dL than for those who
had a maximal blood lead of ≥ 7.5 µg/dL.
Although the difference in coefficients associated
with the IQ decrement for children who had a
maximal blood lead concentration < 10 µg/dL
versus ≥ 10 µg/dL was not statistically signifi-
cant, the results were consistent with the analysis
using 7.5 µg/dL as a cut-point.


We found that concurrent blood lead lev-
els or average lifetime estimates of lead expo-
sure were generally stronger predictors of


lead-associated intellectual deficits than was
maximal measured (peak) or early childhood
blood lead concentration. Although this find-
ing conflicts with the widely held belief that
2-year (or peak) blood lead levels are the most
salient measure of lead toxicity, there is
increasing evidence that lifetime mean blood
lead and concurrent blood lead levels are
stronger predictors of IQ in older children
(Baghurst et al. 1992; Canfield et al. 2003;
Dietrich et al. 1993; Factor-Litvak et al.
1999). The stronger effects of concurrent and
lifetime measures of lead exposure may be
due to chronicity of exposure (Bellinger and
Dietrich 1994). Alternatively, the weaker
association with blood lead measured during
early childhood may be due to exposure mis-
classification from the greater within-child
variability of blood lead in younger children.
Nevertheless, because blood lead concentra-
tions taken in early childhood track closely
with subsequent blood lead levels (Baghurst
et al. 1992; Canfield et al. 2003; Dietrich
et al. 1993), we cannot entirely resolve the
question of whether children are more vulner-
able to lead exposure during the first 2 years
of life. Still, young children do ingest more
lead during the first 2 years of life and may
absorb it more efficiently than do older chil-
dren and adults (Clark et al. 1985; Lanphear
et al. 2002; Ziegler et al. 1978). Thus, efforts
to prevent lead exposure must occur before
pregnancy or a child’s birth.


The specific mechanisms for lead-induced
intellectual deficits have not been fully eluci-
dated. There are several plausible mechanisms
for the greater lead-associated intellectual
deficits observed at blood lead levels < 10 µg/dL
(Lidsky and Schneider 2003; Markovac and
Goldstein 1988; Schneider et al. 2003), but it is
not yet possible to link any particular mecha-
nism with the deficits observed in this pooled
analysis. Nevertheless, efforts can be taken to
reduce environmental lead exposure without
full elucidation of the underlying mechanism
(Wynder 1994).


The observational design of this study
limits our ability to draw causal inferences.
Instead, we must rely on the consistency of
findings from numerous epidemiologic and
experimental studies in rodents and nonhuman
primates, including evidence that environ-
mental lead exposure is associated with intellec-
tual deficits at blood lead levels < 10 µg/dL.
There are potential limitations of the tools we
used to measure important covariates. The
HOME Inventory was not conducted at the
same age for children in all of the sites, and the
HOME Inventory and IQ tests have not been
validated in all cultural or ethnic communities.
Nonetheless, because these covariates were
standardized and adjusted for study site, these
problems do not pose any limitations to the
interpretation of the pooled analysis results.
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Figure 1. Restricted cubic splines and log-linear
model for concurrent blood lead concentration.
The dotted lines are the 95% CIs for the restricted
cubic splines.
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Figure 2. Linear models for each cohort study in the
pooled analysis, adjusted for maternal IQ, HOME
score, maternal education, and birth weight. The
figure represents the 5th to 95th percentile of the
concurrent blood lead level at the time of IQ testing.
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Figure 3. Log-linear model (95% CIs shaded) for
concurrent blood lead concentration, adjusted for
HOME score, maternal education, maternal IQ, and
birth weight. The mean IQ (95% CI) for the intervals
< 5 µg/dL, 5–10 µg/dL, 10–15 µg/dL, 15–20 µg/dL,
and > 20 µg/dL are shown.
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Figure 4. Log-linear model for concurrent blood
lead concentration along with linear models for
concurrent blood lead levels among children with
peak blood lead levels above and below 10 µg/dL.
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There are other predictors of neurodevelop-
mental outcomes that we did not examine in
this pooled analysis, such as maternal depres-
sion. The omission of unmeasured variables
may produce residual confounding (Pocock
et al. 1994). Still, in studies that did examine
other relevant covariates, such as breast-feeding
and iron status, the estimated effect of lead was
not altered appreciably (Canfield et al. 2003;
Needleman et al. 1990; Tong and Lu 2000).
Finally, each of the cohorts has unique limita-
tions that raise questions about the validity and
generalizability of their findings. Nevertheless,
the results of these analyses indicate that the
results are robust and not dependent on the
data from any one site.


The impact of low-level environmental
lead exposure on the health of the public is
substantial. This pooled analysis focused on
intellectual deficits, but environmental lead
exposure has been linked with an increased
risk for numerous conditions and diseases that
are prevalent in industrialized society, such as
reading problems, school failure, delinquent
behavior, hearing loss, tooth decay, sponta-
neous abortions, renal disease, and cardio-
vascular disease (Borja-Aburto et al. 1999;
Dietrich et al. 2001; Factor-Litvak et al. 1999;
Lin et al. 2003; Moss et al. 1999; Nash et al.
2003; Needleman et al. 2002; Schwartz and
Otto 1991). Although only a few studies have
examined the association of these conditions
or diseases among individuals with blood
lead levels < 10 µg/dL (Borja-Aburto et al.
1999; Lanphear et al. 2000; Moss et al. 1999;
Schwartz and Otto 1991), the evidence is
growing.


In conclusion, the results of this pooled
analysis underscore the increasing importance
of primary prevention as the consequences of
lower blood lead concentrations are recognized.
Although blood lead concentrations < 10 µg/dL
in children are often considered “normal,” con-
temporary blood lead levels in children are
considerably higher than those found in pre-
industrial humans (Patterson et al. 1991).
Moreover, existing data indicate that there is no
evidence of a threshold for the adverse conse-
quences of lead exposure. Collectively, these
data provide sufficient evidence to eliminate
childhood lead exposure by banning all
nonessential uses of lead and further reducing
the allowable levels of lead in air emissions,
house dust, soil, water, and consumer products
(Lanphear 1998; Rosen and Mushak 2001).
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BECAUSE OF PRESSURE FOR TIMELY


and informed decisions in pub-
lic health and medicine and the
explosion of information in the


scientific literature, research results must
be synthesized to answer urgent ques-
tions.1-4 Principles of evidence-based
methods to assess the effectiveness of
health care interventions and set policy
are cited increasingly.5 Meta-analysis, a
systematic approach to identifying, ap-
praising, synthesizing, and (if appropri-
ate) combining the results of relevant
studies to arrive at conclusions about a
body of research, has been applied with
increasing frequency to randomized con-
trolled trials (RCTs), which are consid-
ered to provide the strongest evidence
regarding an intervention.6,7


However, in many situations random-
ized controlled designs are not fea-
sible, and only data from observational


studies are available.8 Here, we define an
observational study as an etiologic or ef-
fectiveness study using data from an ex-
isting database, a cross-sectional study,
a case series, a case-control design, a de-
sign with historical controls, or a co-
hort design.9 Observational designs may
lack the experimental element of a ran-
dom allocation to an intervention and
rely on studies of association between
changes or differences in 1 characteris-
tic (eg, an exposure or intervention) and
changes or differences in an outcome of
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Objective Because of the pressure for timely, informed decisions in public health and
clinical practice and the explosion of information in the scientific literature, research
results must be synthesized. Meta-analyses are increasingly used to address this prob-
lem, and they often evaluate observational studies. A workshop was held in Atlanta,
Ga, in April 1997, to examine the reporting of meta-analyses of observational studies
and to make recommendations to aid authors, reviewers, editors, and readers.


Participants Twenty-seven participants were selected by a steering committee, based
onexpertise in clinical practice, trials, statistics, epidemiology, social sciences, andbiomedi-
cal editing. Deliberations of the workshop were open to other interested scientists. Fund-
ing for this activity was provided by the Centers for Disease Control and Prevention.


Evidence We conducted a systematic review of the published literature on the con-
duct and reporting of meta-analyses in observational studies using MEDLINE, Educa-
tional Research Information Center (ERIC), PsycLIT, and the Current Index to Statistics.
We also examined reference lists of the 32 studies retrieved and contacted experts in
the field. Participants were assigned to small-group discussions on the subjects of bias,
searching and abstracting, heterogeneity, study categorization, and statistical methods.


Consensus Process From the material presented at the workshop, the authors
developed a checklist summarizing recommendations for reporting meta-analyses of ob-
servational studies. The checklist and supporting evidence were circulated to all confer-
ence attendees and additional experts. All suggestions for revisions were addressed.


Conclusions The proposed checklist contains specifications for reporting of meta-
analyses of observational studies in epidemiology, including background, search strat-
egy, methods, results, discussion, and conclusion. Use of the checklist should improve
the usefulness of meta-analyses for authors, reviewers, editors, readers, and decision
makers. An evaluation plan is suggested and research areas are explored.
JAMA. 2000;283:2008-2012 www.jama.com
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interest. These designs have long been
used in the evaluation of educational
programs10 and exposures that might
cause disease or injury.11 Studies of risk
factors generally cannot be random-
ized because they relate to inherent hu-
man characteristics or practices, and ex-
posing subjects to harmful risk factors
is unethical.12 At times, clinical data may
be summarized in order to design a ran-
domized comparison.13 Observational
data may also be needed to assess the
effectiveness of an intervention in a
community as opposed to the special
setting of a controlled trial.14 Thus, a
clear understanding of the advantages
and limitations of statistical syntheses
of observational data is needed.15


Although meta-analysis restricted to
RCTs is usually preferred to meta-
analyses of observational studies,16-18 the
number of published meta-analyses
concerning observational studies in
health has increased substantially dur-
ing the past 4 decades (678 in 1955-
1992, 525 in 1992-1995, and more than
400 in 1996 alone).19


While guidelines for meta-analyses
have been proposed, many are written
from the meta-analyst’s (author’s) rather
than from the reviewer’s, editor’s, or
reader’s perspective20 and restrict at-
tention to reporting of meta-analyses of
RCTs.21,22 Meta-analyses of observa-
tional studies present particular chal-
lenges because of inherent biases and
differences in study designs23; yet, they
may provide a tool for helping to un-
derstand and quantify sources of vari-
ability in results across studies.24


We describe here the results of a
workshop held in Atlanta, Ga, in April
1997, to examine concerns regarding the
reporting of Meta-analysis Of Observa-
tional Studies in Epidemiology
(MOOSE). This article summarizes de-
liberations of 27 participants (the
MOOSE group) of evidence leading to
recommendations regarding the report-
ing of meta-analyses. Meta-analysis of in-
dividual-level data from different stud-
ies, sometimes called “pooled analysis”
or “meta-analysis of individual patient
data,”25,26 has unique challenges that we
will not address here. We propose a


checklist of items for reporting that
builds on similar activities for RCTs22


and is intended for use by authors, re-
viewers, editors, and readers of meta-
analyses of observational studies.


METHODS
We conducted a systematic review of
the published literature on the con-
duct and reporting of meta-analyses
in observational studies. Databases
searched included MEDLINE, Educa-
tional Resources Information Center,
PsycLIT (http://www.wesleyan.edu
/libr), and the Current Index to Statis-
tics. In addition, we examined refer-
ence lists and contacted experts in the
field. We used the 32 articles retrieved
to generate the conference agenda and
set topics of bias, searching and ab-
stracting, heterogeneity, study catego-
rization, and statistical methods. We in-
vited experts in meta-analysis from the
fields of clinical practice, trials, statis-
tics, epidemiology, social sciences, and
biomedical editing.


The workshop included an overview
of the quality of reporting of meta-
analyses in education and the social
sciences. Plenary talks were given on the
topics set by the conference agenda. For
each of 2 sessions, workshop partici-
pants were assigned to 1 of 5 small dis-
cussion groups, organized around the
topic areas. For each group, 1 of the
authors served as facilitator, and a
recorder summarized points of discus-
sion for issues to be presented to all
participants. Time was provided for the
2 recorders and 2 facilitators for each
topic to meet and prepare plenary pre-
sentations given to the entire group.
We proposed a checklist for meta-
analyses of observational studies based
on the deliberation of the independent
groups. Finally, we circulated the check-
list forcomment toall conferenceattend-
ees and representatives of several con-
stituencies who would use the checklist.


RESULTS
The checklist resulting from work-
group deliberations is organized
around recommendations for report-
ing background, search strategy,


methods, results, discussion, and con-
clusions (TABLE).


Background
Reporting of the background should
include the definition of the problem
under study, statement of hypothesis,
description of the study outcome(s)
considered, type of exposure or inter-
vention used, type of study design used,
and complete description of the study
population. When combining observa-
tional studies, heterogeneity of popu-
lations (eg, US vs international stud-
ies), design (eg, case-control vs cohort
studies), and outcome (eg, different
studies yielding different relative risks
that cannot be accounted for by sam-
pling variation) is expected.8


Search
Reporting of the search strategy should
include qualifications of the search-
ers, specification of databases used,
search strategy and index terms, use of
any special features (eg, “explosion”),
search software used, use of hand
searching and contact with authors, use
of materials in languages other than En-
glish, use of unpublished material, and
exclusion criteria used. Published re-
search shows that use of electronic da-
tabases may find only half of all rel-
evant studies, and contacting authors
may be useful,27 although this result
may not be true for all topic areas.28


For example, a meta-analysis of de-
pression in elderly medical inpatients29


used 2 databases for the search. In
addition, bibliographies of retrieved
papers were searched. However, the au-
thors did not report their search strat-
egy in enough detail to allow replica-
tion. An example of a thorough “reject
log” can be found in the report of a meta-
analysis of electrical and magnetic field
exposure and leukemia.30 Examples of
a table characterizing studies included
can be found in Franceschi et al31 and
Saag et al.32 Complete specification of
search strategy is not uniform; a review
of 103 published meta-analyses in edu-
cation showed that search procedures
were described inadequately in the ma-
jority of the articles.10
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Methods
Items in this checklist section are con-
cerned with the appropriateness of any
quantitative summary of the data; de-
gree to which coding of data from the ar-
ticles was specified and objective; assess-
ment of confounding, study quality, and
heterogeneity; use of statistical meth-
ods; and display of results. Empirical evi-
dence shows that reporting of proce-
dures for classification and coding and
quality assessment is often incomplete:
fewer than half of the meta-analyses re-
ported details of classifying and coding
the primary study data, and only 22% as-
sessed quality of the primary studies.10


We recognize that the use of quality
scoring in meta-analyses of observa-


tional studies is controversial, as it is for
RCTs,16,33 because scores constructed in
an ad hoc fashion may lack demon-
strated validity, and results may not be
associated with quality.34 Nevertheless,
some particular aspects of study qual-
ity have been shown to be associated
with effect: eg, adequate concealment of
allocation in randomized trials.35 Thus,
key components of design, rather than
aggregate scores themselves, may be im-
portant. For example, in a study of blind-
ing (masking) of readers participating
in meta-analyses, masking essentially
made no difference in the summary
odds ratios across the 5 meta-analy-
ses.36 We recommend the reporting of
quality scoring if it has been done and


also recommend subgroup or sensitiv-
ity analysis rather than using quality
scores as weights in the analysis.37,38


While some control over heteroge-
neity of design may be accomplished
through the use of exclusion rules, we
recommend using broad inclusion cri-
teria for studies, and then performing
analyses relating design features to out-
come.8 In cases when heterogeneity of
outcomes is particularly problematic,
a single summary measure may well be
inappropriate.39 Analyses that stratify
by study feature or regression analysis
with design features as predictors can
be useful in assessing whether study
outcomes indeed vary systematically
with these features.40


Investigating heterogeneity was a key
feature of a meta-analysis of observa-
tional studies of asbestos exposure and
risk of gastrointestinal cancer.41 The au-
thors of the meta-analysis hypoth-
esized that studies allowing for a latent
period between the initiation of expo-
sure and any increases in risk should
show, on average, appropriately higher
standardized mortality ratios than stud-
ies that ignored latency. In other words,
the apparent effect of exposure would
be attenuated by including the latent
period in the calculation of time at risk
(the “denominator”), since exposure-
related deaths (the “numerator”) would,
by definition, not occur during that la-
tent period (FIGURE).


In fact, the data suggested that stud-
ies allowing for latent periods found
on average somewhat higher standard-
ized mortality ratios than studies
ignoring latency. This example shows
that sources of bias and heterogeneity
can be hypothesized prior to analysis
and subsequently confirmed by the
analysis.


Results
Recommendations for reporting of re-
sults include graphical summaries of
study estimates and any combined es-
timate, a table listing descriptive infor-
mation for each study, results of sen-
sitivity testing and any subgroup
analysis, and an indication of statisti-
cal uncertainty of findings.


Table. A Proposed Reporting Checklist for Authors, Editors, and Reviewers of Meta-analyses
of Observational Studies


Reporting of background should include
Problem definition
Hypothesis statement
Description of study outcome(s)
Type of exposure or intervention used
Type of study designs used
Study population


Reporting of search strategy should include
Qualifications of searchers (eg, librarians and investigators)
Search strategy, including time period included in the synthesis and keywords
Effort to include all available studies, including contact with authors
Databases and registries searched
Search software used, name and version, including special features used (eg, explosion)
Use of hand searching (eg, reference lists of obtained articles)
List of citations located and those excluded, including justification
Method of addressing articles published in languages other than English
Method of handling abstracts and unpublished studies
Description of any contact with authors


Reporting of methods should include
Description of relevance or appropriateness of studies assembled for assessing the hypothesis


to be tested
Rationale for the selection and coding of data (eg, sound clinical principles or convenience)
Documentation of how data were classified and coded (eg, multiple raters, blinding, and


interrater reliability)
Assessment of confounding (eg, comparability of cases and controls in studies where


appropriate)
Assessment of study quality, including blinding of quality assessors; stratification or regression


on possible predictors of study results
Assessment of heterogeneity
Description of statistical methods (eg, complete description of fixed or random effects models,


justification of whether the chosen models account for predictors of study results,
dose-response models, or cumulative meta-analysis) in sufficient detail to be replicated


Provision of appropriate tables and graphics
Reporting of results should include


Graphic summarizing individual study estimates and overall estimate
Table giving descriptive information for each study included
Results of sensitivity testing (eg, subgroup analysis)
Indication of statistical uncertainty of findings


Reporting of discussion should include
Quantitative assessment of bias (eg, publication bias)
Justification for exclusion (eg, exclusion of non–English-language citations)
Assessment of quality of included studies


Reporting of conclusions should include
Consideration of alternative explanations for observed results
Generalization of the conclusions (ie, appropriate for the data presented and within the domain


of the literature review)
Guidelines for future research
Disclosure of funding source
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Discussion
The discussion should include issues re-
lated to bias, including publication bias,
confounding, and quality. Bias can oc-
cur in the original studies (resulting from
flaws in the study design that tend to dis-
tort the magnitude or direction of asso-
ciations in the data) or from the way in
which studies are selected for inclu-
sion.42 Publication bias, the selective
publication of studies based on the mag-
nitude (usually larger) and direction of
their findings, represents a particular
threat to the validity of meta-analysis of
observational studies.43-45 Thorough
specifications of quality assessment can
contribute to understanding some of the
variations in the observational studies
themselves. Methods should be used to
aid in the detection of publication bias,
eg, fail-safe procedures or funnel plots.46


Schlesselman47 comments on such bi-
ases in assessing the possible associa-
tion between endometrial cancer and
oral contraceptives. This meta-anal-
ysis combined both cohort and case-
control studies and used a sensitivity
analysis to illustrate the influence of
specific studies, such as those pub-
lished in English.


Conclusion
Due to these biases in observational
studies, the conclusion of the report
should contain consideration of alter-
native explanations for observed re-
sults and appropriate generalizations of
the conclusion. A carefully conducted
meta-analysis can reveal areas warrant-
ing further research. Finally, since fund-
ing source has been shown to be an im-
portant source of heterogeneity,48 the
sponsoring organization should be dis-
closed and any effect on analysis should
be examined.


COMMENT
Taking stock of what is known in any
field involves reviewing the existing lit-
erature, summarizing it in appropri-
ate ways, and exploring the implica-
tions of heterogeneity of population and
study for heterogeneity of study re-
sults. Meta-analysis provides a system-
atic way of performing this research


synthesis, while indicating when more
research is necessary.


The application of formal meta-
analytic methods to observational stud-
ies has been controversial.42 One reason
for this has been that potential biases in
the original studies, relative to the biases
in RCTs, make the calculation of a single
summary estimate of effect of exposure
potentially misleading. Similarly, the
extreme diversity of study designs and
populations in epidemiology makes the
interpretationofsimplesummariesprob-
lematic, at best. In addition, methodo-
logic issues related specifically to meta-
analysis, such as publication bias, could
have particular impact when combin-
ing results of observational studies.44,47


Despite these challenges, meta-
analyses of observational studies con-
tinue to be one of the few methods for
assessing efficacy and effectiveness and
are being published in increasing num-
bers. Our goal is to improve the report-
ing of these meta-analyses so that read-
ers can understand what was done in a
given analysis, who did it, and why it was
done. If bias is a problem, we suggest that
an informative approach is to use broad
inclusion criteria for studies and then to
perform analyses (when the data per-
mit) relating suspected sources of bias
and variability to study findings.


Methodologic and interpretational
concerns make the clear and thorough
reporting of meta-analyses of observa-
tional studies absolutely essential. Our
workshop was convened to address the
problem of increasing diversity and vari-
ability that exist in reporting meta-
analyses of observational studies. In
constructing the checklist, we have
attempted, where possible, to provide
references to literature justifying the
inclusion of particular items.


Assessment of the usefulness of rec-
ommendations for reporting is depen-
dent on a well-designed and effec-
tively conducted evaluation. The
workshop participants proposed a
3-pronged approach to determine use-
fulness and implementation of these
recommendations.


First, further comments should be in-
corporated into revisions of the check-


list, to ensure its usefulness to journal
reviewers and editors. The US Food and
Drug Administration (FDA) receives
and reviews petitions and applica-
tions for approval of regulated prod-
ucts and/or their labeling. The FDA’s
Center for Food Safety and Applied Nu-
trition is now receiving applications that
use results of meta-analyses in sup-
port of the requested action. The re-
vised checklist should be tested dur-
ing the review of an application. One
might randomly assign FDA review-
ers who encounter systematic reviews
of observational studies to use the
checklist or not. Since the require-
ments for reporting for regulatory pur-
poses might not completely coincide
with those in the checklist and since
sample size (the number of formal sys-
tematic reviews received by the FDA)
might be small, this evaluation should
document any potential incompatibil-
ity between requirements for regula-
tory reporting and the checklist.


Second, we will work with the Coch-
rane Collaboration to promote the use
of these recommendations by Coch-
rane collaborative review groups.49


Members of the Cochrane Collabora-
tion are involved routinely in perform-
ing systematic reviews. Some are now
incorporating nonrandomized studies
out of necessity. A trial of use of the
checklist could be compared with the
FDA experience.


Third, an evaluation of the check-
list by authors, reviewers, readers, and
editors could compare objective mea-
sures of the quality of articles written
with and without the formal use of the
guidelines. A challenge to the use of
quality measures would be arriving at
a valid measure of quality. A more im-
portant end point for trials in journals
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is process measures. Questions of in-
terest include whether the use of the
checklist makes preparation and evalu-
ation of manuscripts easier or is oth-
erwise helpful. Again, defining the
constructs of interest present crucial
challenges to this research.


Less formal evaluations, based on
comments from users in any of the
above groups, would certainly be help-
ful, as well. One would need to be con-
cerned about contamination of the
control groups when evaluating the
checklist, as journals, for example,
might adopt the checklist even in the
absence of evidence of its efficacy from
randomized trials.


In conclusion, the conference partici-
pants noted that meta-analyses are them-
selves observational studies, even when
applied to RCTs.50 If a role for meta-
analyses of observational studies in set-
ting policy is to be achieved,51 stan-
dards of reporting must be maintained
to allow proper evaluation of the qual-
ity and completeness of meta-analyses.
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Preferred Reporting Items for Systematic Reviews and Meta-Analyses:
The PRISMA Statement
David Moher, PhD; Alessandro Liberati, MD, DrPH; Jennifer Tetzlaff, BSc; Douglas G. Altman, DSc; and the PRISMA Group*


Editor’s Note: In order to encourage dissemination of the
PRISMA Statement, this article is freely accessible on the An-
nals of Internal Medicine Web site (www.annals.org) and
will be also published in PLOS Medicine, BMJ, Journal of
Clinical Epidemiology, and Open Medicine. The authors
jointly hold the copyright of this article. For details on further
use, see the PRISMA Web site (www.prisma-statement.org).


Systematic reviews and meta-analyses have become in-
creasingly important in health care. Clinicians read


them to keep up to date with their field (1, 2), and they are
often used as a starting point for developing clinical prac-
tice guidelines. Granting agencies may require a systematic
review to ensure there is justification for further research
(3), and some health care journals are moving in this di-
rection (4). As with all research, the value of a systematic
review depends on what was done, what was found, and
the clarity of reporting. As with other publications, the
reporting quality of systematic reviews varies, limiting
readers’ ability to assess the strengths and weaknesses of
those reviews.


Several early studies evaluated the quality of review
reports. In 1987, Mulrow examined 50 review articles pub-
lished in four leading medical journals in 1985 and 1986
and found that none met all eight explicit scientific criteria,
such as a quality assessment of included studies (5). In
1987, Sacks and colleagues (6) evaluated the adequacy of
reporting of 83 meta-analyses on 23 characteristics in six
domains. Reporting was generally poor; between one and
14 characteristics were adequately reported (mean ! 7.7;
standard deviation ! 2.7). A 1996 update of this study
found little improvement (7).


In 1996, to address the suboptimal reporting of meta-
analyses, an international group developed a guidance
called the QUOROM Statement (QUality Of Reporting
Of Meta-analyses), which focused on the reporting of
meta-analyses of randomized, controlled trials (8). In this


article, we summarize a revision of these guidelines, re-
named PRISMA (Preferred Reporting Items for Systematic
reviews and Meta-Analyses), which have been updated to
address several conceptual and practical advances in the
science of systematic reviews (Box 1).


TERMINOLOGY


The terminology used to describe a systematic review
and meta-analysis has evolved over time. One reason for
changing the name from QUOROM to PRISMA was the
desire to encompass both systematic reviews and meta-
analyses. We have adopted the definitions used by the Co-
chrane Collaboration (9). A systematic review is a review of
a clearly formulated question that uses systematic and ex-
plicit methods to identify, select, and critically appraise
relevant research, and to collect and analyze data from the
studies that are included in the review. Statistical methods
(meta-analysis) may or may not be used to analyze and
summarize the results of the included studies. Meta-
analysis refers to the use of statistical techniques in a sys-
tematic review to integrate the results of included studies.


DEVELOPING THE PRISMA STATEMENT


A three-day meeting was held in Ottawa, Ontario,
Canada, in June 2005 with 29 participants, including re-
view authors, methodologists, clinicians, medical editors,
and a consumer. The objective of the Ottawa meeting was
to revise and expand the QUOROM checklist and flow
diagram, as needed.


The executive committee completed the following
tasks, prior to the meeting: a systematic review of studies
examining the quality of reporting of systematic reviews,
and a comprehensive literature search to identify method-
ological and other articles that might inform the meeting,
especially in relation to modifying checklist items. An in-
ternational survey of review authors, consumers, and
groups commissioning or using systematic reviews and
meta-analyses was completed, including the Interna-
tional Network of Agencies for Health Technology As-
sessment (INAHTA) and the Guidelines International
Network (GIN). The survey aimed to ascertain views of
QUOROM, including the merits of the existing checklist
items. The results of these activities were presented during
the meeting and are summarized on the PRISMA Web site
(www.prisma-statement.org).


Ann Intern Med. 2009;151:264-269.
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Only items deemed essential were retained or added to
the checklist. Some additional items are nevertheless desir-
able, and review authors should include these, if relevant
(10). For example, it is useful to indicate whether the sys-
tematic review is an update (11) of a previous review, and
to describe any changes in procedures from those described
in the original protocol.


Shortly after the meeting a draft of the PRISMA
checklist was circulated to the group, including those in-
vited to the meeting but unable to attend. A disposition file
was created containing comments and revisions from each
respondent, and the checklist was subsequently revised 11
times. The group approved the checklist, flow diagram,
and this summary paper.


Although no direct evidence was found to support re-
taining or adding some items, evidence from other do-
mains was believed to be relevant. For example, Item 5 asks
authors to provide registration information about the sys-
tematic review, including a registration number, if avail-
able. Although systematic review registration is not yet
widely available (12, 13), the participating journals of the
International Committee of Medical Journal Editors
(ICMJE) (14) now require all clinical trials to be registered
in an effort to increase transparency and accountability
(15). Those aspects are also likely to benefit systematic
reviewers, possibly reducing the risk of an excessive num-
ber of reviews addressing the same question (16, 17) and
providing greater transparency when updating systematic
reviews.


THE PRISMA STATEMENT


The PRISMA Statement consists of a 27-item check-
list (Table 1; see also Table S1, available at www.annals
.org, for a downloadable Word template for researchers to
re-use) and a four-phase flow diagram (Figure 1; see also
Figure S1, available at www.annals.org, for a downloadable
Word template for researchers to re-use). The aim of the
PRISMA Statement is to help authors improve the report-
ing of systematic reviews and meta-analyses. We have fo-
cused on randomized trials, but PRISMA can also be
used as a basis for reporting systematic reviews of other
types of research, particularly evaluations of interven-
tions. PRISMA may also be useful for critical appraisal of
published systematic reviews. However, the PRISMA
checklist is not a quality assessment instrument to gauge
the quality of a systematic review.


FROM QUOROM TO PRISMA
The new PRISMA checklist differs in several respects


from the QUOROM checklist, and the substantive specific
changes are highlighted in Table 2. Generally, the
PRISMA checklist “decouples” several items present in the
QUOROM checklist and, where applicable, several check-
list items are linked to improve consistency across the sys-
tematic review report.


The flow diagram has also been modified. Before in-
cluding studies and providing reasons for excluding others,
the review team must first search the literature. This search
results in records. Once these records have been screened
and eligibility criteria applied, a smaller number of articles
will remain. The number of included articles might be
smaller (or larger) than the number of studies, because
articles may report on multiple studies and results from a
particular study may be published in several articles. To
capture this information, the PRISMA flow diagram now
requests information on these phases of the review process.


Box 1. Conceptual Issues in the Evolution From QUOROM
to PRISMA


Completing a Systematic Review Is an Iterative Process
The conduct of a systematic review depends heavily on the scope and 
quality of included studies: thus systematic reviewers may need to 
modify their original review protocol during its conduct. Any systematic 
review reporting guideline should recommend that such changes can 
be reported and explained without suggesting that they are 
inappropriate. The PRISMA Statement (Items 5, 11, 16, and 23) 
acknowledges this iterative process. Aside from Cochrane reviews, all 
of which should have a protocol, only about 10% of systematic 
reviewers report working from a protocol (22). Without a protocol that 
is publicly accessible, it is difficult to judge between appropriate and 
inappropriate modifications. 


Conduct and Reporting Research Are Distinct Concepts
This distinction is, however, less straightforward for systematic reviews 
than for assessments of the reporting of an individual study, because 
the reporting and conduct of systematic reviews are, by nature, closely 
intertwined. For example, the failure of a systematic review to report 
the assessment of the risk of bias in included studies may be seen as a 
marker of poor conduct, given the importance of this activity in the 
systematic review process (37).


Study-Level Versus Outcome-Level Assessment of Risk of Bias
For studies included in a systematic review, a thorough assessment of 
the risk of bias requires both a “study-level” assessment (e.g., 
adequacy of allocation concealment) and, for some features, a newer 
approach called “outcome-level” assessment. An outcome-level 
assessment involves evaluating the reliability and validity of the data 
for each important outcome by determining the methods used to 
assess them in each individual study (38). The quality of evidence may 
differ across outcomes, even within a study, such as between a primary 
efficacy outcome, which is likely to be very carefully and systematically 
measured, and the assessment of serious harms (39), which may rely 
on spontaneous reports by investigators. This information should be 
reported to allow an explicit assessment of the extent to which an 
estimate of effect is correct (38). 


Importance of Reporting Biases
Different types of reporting biases may hamper the conduct and 
interpretation of systematic reviews. Selective reporting of complete 
studies (e.g., publication bias) (28) as well as the more recently 
empirically demonstrated “outcome reporting bias” within individual 
studies (40, 41) should be considered by authors when conducting a 
systematic review and reporting its results. Though the implications of 
these biases on the conduct and reporting of systematic reviews 
themselves are unclear, some previous research has identified that 
selective outcome reporting may occur also in the context of 
systematic reviews (42).
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Table 1. Checklist of Items to Include When Reporting a Systematic Review or Meta-Analysis


Section/Topic Item
#


Checklist Item Reported on
Page #


TITLE
Title 1 Identify the report as a systematic review, meta-analysis, or both.


ABSTRACT
Structured summary 2 Provide a structured summary including, as applicable: background; objectives; data sources; study


eligibility criteria, participants, and interventions; study appraisal and synthesis methods; results;
limitations; conclusions and implications of key findings; systematic review registration number.


INTRODUCTION
Rationale 3 Describe the rationale for the review in the context of what is already known.
Objectives 4 Provide an explicit statement of questions being addressed with reference to participants,


interventions, comparisons, outcomes, and study design (PICOS).


METHODS
Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if


available, provide registration information including registration number.
Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g.,


years considered, language, publication status) used as criteria for eligibility, giving rationale.
Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with study


authors to identify additional studies) in the search and date last searched.
Search 8 Present full electronic search strategy for at least one database, including any limits used, such


that it could be repeated.
Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review,


and, if applicable, included in the meta-analysis).
Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate)


and any processes for obtaining and confirming data from investigators.
Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any


assumptions and simplifications made.
Risk of bias in individual


studies
12 Describe methods used for assessing risk of bias of individual studies (including specification of


whether this was done at the study or outcome level), and how this information is to be used
in any data synthesis.


Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means).
Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, including


measures of consistency (e.g., I2) for each meta-analysis.
Risk of bias across


studies
15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication


bias, selective reporting within studies).
Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if


done, indicating which were pre-specified.


RESULTS
Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons


for exclusions at each stage, ideally with a flow diagram.
Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS,


follow-up period) and provide the citations.
Risk of bias within


studies
19 Present data on risk of bias of each study and, if available, any outcome-level assessment (see


Item 12).
Results of individual


studies
20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data


for each intervention group and (b) effect estimates and confidence intervals, ideally with a
forest plot.


Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and measures of
consistency.


Risk of bias across
studies


22 Present results of any assessment of risk of bias across studies (see Item 15).


Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression
[see Item 16]).


DISCUSSION
Summary of evidence 24 Summarize the main findings including the strength of evidence for each main outcome; consider


their relevance to key groups (e.g., health care providers, users, and policy makers).
Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review level (e.g.,


incomplete retrieval of identified research, reporting bias).
Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implications


for future research.


FUNDING
Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply of data);


role of funders for the systematic review.
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ENDORSEMENT


The PRISMA Statement should replace the
QUOROM Statement for those journals that have en-
dorsed QUOROM. We hope that other journals will sup-
port PRISMA; they can do so by registering on the
PRISMA Web site. To underscore to authors, and others,
the importance of transparent reporting of systematic re-
views, we encourage supporting journals to reference the
PRISMA Statement and include the PRISMA Web address
in their instructions to authors. We also invite editorial
organizations to consider endorsing PRISMA and encour-
age authors to adhere to its principles.


THE PRISMA EXPLANATION AND ELABORATION PAPER


In addition to the PRISMA Statement, a supporting
Explanation and Elaboration document has been produced
(18) following the style used for other reporting guidelines
(19–21). The process of completing this document in-
cluded developing a large database of exemplars to high-
light how best to report each checklist item, and identify-
ing a comprehensive evidence base to support the inclusion
of each checklist item. The Explanation and Elaboration
document was completed after several face-to-face meet-
ings and numerous iterations among several meeting par-
ticipants, after which it was shared with the whole group
for additional revisions and final approval. Finally, the
group formed a dissemination subcommittee to help dis-
seminate and implement PRISMA.


DISCUSSION


The quality of reporting of systematic reviews is still
not optimal (22–27). In a recent review of 300 systematic


Figure 1. Flow of information through the different phases
of a systematic review.
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Table 2. Substantive Specific Changes Between the QUOROM Checklist and the PRISMA Checklist*


Section/Topic Item QUOROM PRISMA Comment


Abstract √ √ QUOROM and PRISMA ask authors to report an abstract. However, PRISMA
is not specific about format.


Introduction Objective √ This new item (4) addresses the explicit question the review addresses using
the PICO reporting system (which describes the participants, interventions,
comparisons, and outcome[s] of the systematic review), together with the
specification of the type of study design (PICOS); the item is linked to
Items 6, 11, and 18 of the checklist.


Methods Protocol √ This new item (5) asks authors to report whether the review has a protocol
and if so how it can be accessed.


Methods Search √ √ Although reporting the search is present in both QUOROM and PRISMA
checklists, PRISMA asks authors to provide a full description of at least one
electronic search strategy (Item 8). Without such information it is
impossible to repeat the authors’ search.


Methods Assessment of risk of bias
in included studies


√ √ Renamed from “quality assessment” in QUOROM. This item (12) is linked
with reporting this information in the results (Item 19). The new concept of
“outcome-level” assessment has been introduced.


Methods Assessment of risk of bias
across studies


√ This new item (15) asks authors to describe any assessments of risk of bias in
the review, such as selective reporting within the included studies. This
item is linked with reporting this information in the results (Item 22).


Discussion √ √ Although both QUOROM and PRISMA checklists address the discussion
section, PRISMA devotes three items (24–26) to the discussion. In PRISMA
the main types of limitations are explicitly stated and their discussion
required.


Funding √ This new item (27) asks authors to provide information on any sources of
funding for the systematic review.


* A tick indicates the presence of the topic in QUOROM or PRISMA.
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reviews, few authors reported assessing possible publication
bias (22), even though there is overwhelming evidence
both for its existence (28) and its impact on the results of
systematic reviews (29). Even when the possibility of pub-
lication bias is assessed, there is no guarantee that system-
atic reviewers have assessed or interpreted it appropriately
(30). Although the absence of reporting such an assessment
does not necessarily indicate that it was not done, reporting
an assessment of possible publication bias is likely to be a
marker of the thoroughness of the conduct of the system-
atic review.


Several approaches have been developed to conduct
systematic reviews on a broader array of questions. For
example, systematic reviews are now conducted to investi-
gate cost-effectiveness (31), diagnostic (32) or prognostic
questions (33), genetic associations (34), and policy mak-
ing (35). The general concepts and topics covered by
PRISMA are all relevant to any systematic review, not just
those whose objective is to summarize the benefits and
harms of a health care intervention. However, some mod-
ifications of the checklist items or flow diagram will be
necessary in particular circumstances. For example, assess-
ing the risk of bias is a key concept, but the items used to
assess this in a diagnostic review are likely to focus on issues
such as the spectrum of patients and the verification of
disease status, which differ from reviews of interventions.
The flow diagram will also need adjustments when report-
ing individual patient data meta-analysis (36).


We have developed an explanatory document (18) to
increase the usefulness of PRISMA. For each checklist
item, this document contains an example of good report-
ing, a rationale for its inclusion, and supporting evidence,
including references, whenever possible. We believe this
document will also serve as a useful resource for those
teaching systematic review methodology. We encourage
journals to include reference to the explanatory document
in their Instructions to Authors.


Like any evidence-based endeavor, PRISMA is a living
document. To this end we invite readers to comment on
the revised version, particularly the new checklist and flow
diagram, through the PRISMA Web site. We will use such
information to inform PRISMA’s continued development.
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MD, Università di Modena e Reggio Emilia (Modena, Italy) and Centro
Cochrane Italiano, Istituto Ricerche Farmacologiche Mario Negri (Mi-
lan, Italy); Nicola Magrini, MD, NHS Centre for the Evaluation of the
Effectiveness of Health Care–CeVEAS (Modena, Italy); David Mc-
Namee, PhD, The Lancet (London, United Kingdom); Lorenzo Moja,
MD, MSc, Centro Cochrane Italiano, Istituto Ricerche Farmacologiche
Mario Negri (Milan, Italy); David Moher, PhD, Ottawa Methods Cen-
tre, Ottawa Hospital Research Institute (Ottawa, Ontario, Canada);
Cynthia Mulrow, MD, MSc, Annals of Internal Medicine (Philadelphia,
Pennsylvania); Maryann Napoli, Center for Medical Consumers (New
York, New York); Andy Oxman, MD, Norwegian Health Services Re-
search Centre (Oslo, Norway); Ba’ Pham, MMath, Toronto Health Eco-
nomics and Technology Assessment Collaborative (Toronto, Ontario,
Canada; at the time of the first meeting of the group, GlaxoSmithKline
Canada [Mississauga, Ontario, Canada]); Drummond Rennie, MD,
FRCP, FACP, University of California, San Francisco (San Francisco,
California); Margaret Sampson, MLIS, Children’s Hospital of Eastern
Ontario (Ottawa, Ontario, Canada); Kenneth F. Schulz, PhD, MBA,
Family Health International (Durham, North Carolina); Paul G. Shek-
elle, MD, PhD, Southern California Evidence-Based Practice Center
(Santa Monica, California); Jennifer Tetzlaff, BSc, Ottawa Methods
Centre, Ottawa Hospital Research Institute (Ottawa, Ontario, Canada);
David Tovey, FRCGP, The Cochrane Library, Cochrane Collaboration
(Oxford, United Kingdom; at the time of the first meeting of the group,
BMJ [London, United Kingdom]); and Peter Tugwell, MD, MSc,
FRCPC, Institute of Population Health, University of Ottawa (Ottawa,
Ontario, Canada).


Grant Support: PRISMA was funded by the Canadian Institutes of
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