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BEFORE THE
PENNSYLVANIA PUBLIC UTILITY COMMISSION

Trent Nickels,
Complainant,
V. Docket No. C-2019-3008215
PPL Electric Utilities Corporation, .

Respondent.

NOTICE TO PLEAD

YOU ARE HEREBY ADVISED THAT, PURSUANT TO 52 PA. CODE § 5.342(g)(1), YOU
MAY FILE A REPLY TO THE ENCLOSED MOTION TO COMPEL WITHIN FIVE (5)
DAYS AFTER THE DATE OF SERVICE. YOUR REPLY SHOULD BE FILED WITH THE
SECRETARY OF THE PENNSYLVANIA PUBLIC UTILITY COMMISSION, P.0. BOX
3265, HARRISBURG, PA 17105-3265. A COPY OF YOUR REPLY SHOULD ALSO BE

SERVED ON THE UNDERSIGNED COUNSEL. %

B - - e
Kimberly A. Klock (ID # 89716) Devin T. Ryan (ID # 316602)
Michael J. Shafer (ID # 205681) Garrett P. Lent (ID # 321566)
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Washington, DC 20006

Phone: 202-737-6302

E-mail: crenner(@w-r.com
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BEFORE THE
PENNSYLVANIA PUBLIC UTILITY COMMISSION
Trent Nickels,
Complainant,
V. Docket No. C-2019-3008215
PPL Electric Utilities Corporation, '

Respondent.

MOTION OF PPL ELECTRIC UTILITIES CORPORATION TO
COMPEL RESPONSES TO
DISCOVERY PROPOUNDED ON TRENT NICKELS - SET I

TO ADMINISTRATIVE LAW JUDGE ELIZABETH H. BARNES:

Pursuant to 52 Pa. Code §§ 5.342(g) and 5.349(d), PPL Electric Utilities Corporation

(“PPL Electric” or the “Company”) hereby files this Motion to Compel Responses to Discovery

Propounded on Trent Nickels (“Complainant”) — Set I. In support of its Motion, PPL Electric

states as follows:

L INTRODUCTION

L. On June 25, 2019, PPL Electric served Interrogatories and Requests for

Production of Documents on the Complainant — Set I (“PPL to Complainant Set I”’) via certified

mail. A true and correct copy of PPL to Complainant Set [ is attached hereto and marked as

Appendix A.
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2. Pursuant to the Commission’s regulations, objections to PPL to Complainant Set I
were due on or before July 8, 2019, and responses were due on or before July 18, 2019.!

3. The Complainant never served any objections to PPL to Complainant Set [ by
July 8, 2019.

4. On July 26, 2019, the Complainant served his responses to PPL to Complainant
Set I. However, the Complainant refused to provide or did not provide the information and
materials requested in PPL to Complainant Set I, Questions 3 and 4. A true and correct copy of
the Complainant’s responses PPL to Complainant Set I is attached hereto and marked as
Appendix B.

5. On August 16, 2019, counsel for PPL Electric left the Complainant a detailed
voicemail about the deficiencies with the discovery responses.

6. On August 19, 2019, the Complainant’s wife called PPL Electric’s counsel and
stated that she and her husband would try to obtain the materials requested in response to
Questions 3 and 4, but she was not sure on when they would be able to do that. Given that the
hearing is approximately one month away, counsel for PPL Electric informed her that the
Company would proceed with filing the Motion to Compel. However, the Company’s counsel
also explained that PPL Electric could withdraw the Motion if it receives complete responses to
Questions 3 and 4.

7. To date, the Complainant has never sent complete responses to PPL to

Complainant Set I, Questions 3 and 4.

! Because the discovery was served via certified mail by the United States Postal Service (“USPS™), three
days were added to the prescribed period for response. See 52 Pa. Code § 1.56(b).

2
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IL MOTION TO COMPEL

8. PPL Electric requests that Administrative Law Judge Elizabeth H. Barnes
(“ALJ”) compel responses to PPL to Complainant Set I, Questions 3 and 4.

9. Under 52 Pa. Code § 5.321(c), a party is entitled to obtain discovery of any matter
not privileged that is relevant to the pending proceeding, or any matter that is reasonably
calculated to lead to the discovery of admissible evidence. Discovery is permitted regardless of
whether the information sought “relates to the claim or defense of the party seeking discovery or
to the claim or defense of another party.” Id.

10. Objections to interrogatories and requests for production of documents must be
served within 10 days of the date the discovery was served. 52 Pa. Code §§ 5.342(e), 5.349(d).
Objecting parties remain under an obligation to provide timely answers to interrogatories or
subparts of interrogatories to which they did not object. Id. § 5.342(f). Further, objections must
be contained in a document separate from an answer. Id. §§ 5.342(c), 5.349(d).?

11.  Answers to written interrogatories must “[a]nswer each interrogatory fully and
completely unless an objection is made.” Id. § 5.342(a)(4). Answers must be served within 20
days after service of the interrogatories. Id. § 5.342(d).

12. Similarly, a party shall serve a response to a request for documents within 20 days
after the service of the request. Id. § 5.349(d). The requesting party may move to compel a
response to a request for documents with respect to a failure to respond to the request. See id.

13.  As explained herein, the Complainant has failed to comply with the
Commission’s discovery rules by failing to provide full and complete responses to PPL to

Complainant Set I, Questions 3 and 4 and produce the documents sought by these requests.

? The Complainant did not serve objections to discovery. Therefore, Complainant’s failure to provide full
and complete responses to discovery requests operate, in effect, as untimely objections.

3
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14. For the reasons stated in more detail below, the ALJ should direct the
Complainant to answer fully PPL to Complainant Set I, Questions 3 and 4. Moreover, should the
ALJ grant PPL Electric’s Motion to Compel and the Complainant fail to timely provide full and
complete responses to Complainant Set I, Questions 3 and 4, PPL Electric intends to file a
Motion for Sanctions pursuant to 52 Pa. Code §§ 5.371(a) and 5.372(a).

A. PPL TO COMPLAINANT SET I, QUESTION 3

15.  PPL to Complainant-I-3 requests the following:

Please state whether you or any member of your household uses a
cell phone. If so, please provide the make and model of each cell
phone and, for each phone identified, provide 12 months of phone
bills or other records of actual cell phone usage.

16.  The Complainant’s response to PPL to Complainant-I-3 states:

I will now provide information about household cellphones
(response by Beth Nickels).

a. Cellphones — Android ZTE 7.1.1; iPhone 4; iPhone XS Max;
iPhone 6 (employer-issued brought home weekends only)

b. Because I realize that any information I provide will become a
matter of public record, I decline to provide copies of phone bills
in order to protect the privacy of my family members.

17.  As explained above, Section 5.342(a)(4) requires a party to fully and completely
answer an interrogatory. 52 Pa. Code § 5.342(a)(4). In addition, a party has a duty to amend its
prior responses to discovery requests when the information contained therein is incomplete. Id.
§ 5.332(2).

18.  The response served by the Complainant was non-responsive and incomplete
because he refused to provide the 12 months of phone bills or other records of actual cell phone
usage “in order to protect the privacy of [his] family members.”

19.  However, the deadline to serve any objections was July 8, 2019.
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20.  The Complainant’s response was served on July 26, 2019.

21.  Therefore, the Complainant waived his right to object to this interrogatory.

22.  Moreover, the information requested about cell phone use is highly relevant to the
issues raised in this case.

23.  The Complainant claims that he has health concerns about RF fields from AMI
meters. As the testimony of PPL Electric’s expert witness on RF exposures — Dr. Christopher
Davis — will demonstrate, however, the RF exposure received from use of a cell phone (or even
standing within 30 feet of another person using a cell phone) is far higher than from an AMI
meter.

24, In fact, in the response to Question 3, the Complainant identifies four cell phones.

25.  PPL Electric is entitled to: (1) show how the RF exposures from the cell phone
use compare to those from the AMI meter; and (2) discover the billing records needed to
quantify the amount of time that the Complainant and members of his household choose to use
the phone.

26.  Finally, to the extent that the Complainant has concerns about the account
numbers or payment information from these bills being disclosed, the Complainant can redact
them from the bills. PPL Electric simply needs the records to quantify and verify the amount of
time that the cell phones are used.

27.  Based on the foregoing, the ALJ should direct the Complainant to answer fully
PPL to Complainant Set I, Question 3.

B. PPL TO COMPLAINANT SET I, QUESTION 4

28.  PPL to Complainant-I-4 requests the following:
(a) Please state every health condition you claim was caused by a smart meter

or will be caused or worsened by the installation of PPL Electric’s new
smart meter.
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29.
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(b)

(©

(d)

(e)

Please provide the date that every health condition identified in subpart (a)
began.

Please provide copies of all your medical records of every health condition
identified in subpart (a).

For each alleged health condition that you do not have medical records for
in response to subpart (c), please state whether such condition was
diagnosed by a medical professional. If so, please provide the name,
address, and telephone number of the medical professional and the date of
the diagnosis.

For each of the alleged health conditions identified in subpart (a), please
state whether you have been prescribed any therapy or treatment for the
condition by a medical professional. If so, please identify the therapy or
treatment, provide the name, address, and telephone number of the
prescribing medical professional, and provide the date the therapy or
treatment was prescribed.

The Complainant’s response to the question states:

The following health conditions will be worsened by the installation of the new

smart meter.

(a) Symptoms of Mast Cell Activation Syndrome and symptoms of
electrohypersensitivity will be worsened by the installation of the smart
meter (see [tem [-1).

(b) Mast Cell Activation Syndrome symptoms began in the mid-1990s.
Electrohypersensitivity symptoms began in approximately the year 2000.

() Regarding the request for medical records: I decline to provide my wife’s
private and personal health records. They are protected under HIPPA
[sic], and she prefers that they not become a matter of public record
(response by Beth Nickels).

(d) For the following health conditions, for which I am not providing medical

records:

e Multiple Chemical Sensitivities (diagnosed in 1999 by Roy Kerry,
MD; Advanced Integrative Medicine, 160 E. Portersville Road,
Portersville, PA 16051; ph# 724-368-2558).

e Mast Cell Activation Syndrome and Peripheral Neuropathy (diagnosed
April 19, 2019 by Dr. Anne Maitland, MD; Comprehensive Allergy
and Asthma Care; 200 South Broadway Ste: 104, Tarrytown, NY
10591-4004)



(e) For Mast Cell Activation Syndrome, my wife was prescribed the
following medications by Dr. Anne Maitland, MD; Comprehensive
Allergy and Asthma Care; 200 South Broadway Ste: 104, Tarrytown, NY
10591-4004:

e Montelukast

e Levocetirizine

e Levalbuterol solution for nebulization
e Cromolyn solution for nebulization

e Cyproheptadine

e Clemastine

e Ipratropium bromide

These treatments were prescribed on April 19, 2019 (response by Beth
Nickels)

For Multiple Chemical Sensitivities, the primary treatment
recommendation was to avoid situations and substances that would trigger
her condition. (Roy Kerry, MD; Advanced Integrative Medicine, 160 E.
Portersville Road, Portersville, PA 16051; ph# 724-368-3558). The date

for these recommendations was 1999 and ongoing (response by Beth
Nickels).

30.  As explained above, Section 5.342(a)(4) requires a party to fully and completely
answer an interrogatory. 52 Pa. Code § 5.342(a)(4). In addition, a party has a duty to amend its
prior responses to discovery requests when the information contained therein is incomplete. Id.
§ 5.332(2).

31.  The responses served by the Complainant to Question 4 were non-responsive and
incomplete.

32.  In the response to subpart (c), the Complainant refuses to provide his “wife’s
private and personal health records” because: (1) they are “protected under HIPPA [sic]”; and (2)

his wife “prefers that they not become a matter of public record.”
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33.  However, the deadline to serve any objections was July 8, 2019.

34.  The Complainant’s response was served on July 26, 2019.

35.  Therefore, the Complainant waived his right to object to interrogatory.

36.  Moreover, the Complainant alleges that the new AMI meter has caused,
contributed to, or exacerbated adverse health effects.

37.  Therefore, the Complainant’s medical records and conditions are highly relevant
to this case.

38.  Yet, the Complainant has refused to provide any medical records about the health
conditions that have been allegedly caused, contributed to, or exacerbated by the new AMI
meter. Although the Complainant has provide information about whether those conditions were
diagnosed by a medical professional, there is no way for the Company to investigate and verify
these claims because the Complainant refuses to provide the actual medical records.

39. In addition, the Complainant fails to recognize that the Health Insurance
Portability and Accountability Act (“HIPAA”) does not prohibit the disclosure of medical
records in response to a discovery request. Indeed, the U.S. Department of Health and Human

3
»3 45

Services’ HIPAA regulations provide an express exception permitting any “covered entity
“disclose protected health information in the course of any judicial or administrative

proceeding,” such as in “response to an order of a court or administrative tribunal” or in

“response to a subpoena, discovery request, or other lawful process.” 45 C.F.R. § 164.512(e)(1)

(emphasis added).’

3 “Covered entity” means a “health plan,” a “health care clearinghouse,” or a “health care provider who
transmits any health information in electronic form in connection with a transaction covered by this subchapter.” 45
C.F.R. § 160.103. PPL Electric is not a covered entity.

4 Certain conditions apply when there is and is not a protective order in place. See id,

8
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40.  The Complainant should be directed to provide a full and complete response to
this interrogatory.
41.  Furthermore, Section 5.365(c)(4) of the Commission’s regulations states:
Prior to the issuance of a protective order, a party may not refuse to
provide information which the party reasonably believes to be
proprietary to a party who agrees to treat the information as if it
were covered by a protective order until the presiding officer or the
Commission issues the order or determines that issuance of the
order would not be appropriate. The party claiming the privilege

shall file a petition for protective order under subsection (a) within
14 days of the date the request for information was received.

52 Pa. Code § 5.365(c)(4).

42.  Here, concurrent with the filing of the instant Motion, PPL Electric is filing a
Motion for Protective Order, which would protect the Complainant’s medical records and
information from unauthorized public disclosure.

43,  PPL Electric hereby agrees to treat such information as confidential as though it
were governed by the terms of a protective order. Thus, under Section 5.365(c)(4), the
Complainant cannot refuse to provide this information to the Company.

44.  TFor these reasons, the ALJ should direct the Complainant to answer fully PPL to
Complainant Set I, Question 4.

III. SANCTIONS

45.  Upon the motion of a party, the presiding officer may make an appropriate order
for sanctions if a party fails to answer or otherwise respond to a discovery request or refuses to
obey an order of the presiding officer respecting discovery. See 52 Pa. Code § 5.371(a).

46.  In ruling upon a motion for sanctions, the presiding officer may, among other
things, issue: (1) “[a]n order that the matters regarding which the questions were asked, the

character or description of the thing or land, the contents of the paper, or other designated fact
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shall be taken to be established for the purposes of the action in accordance with the claim of the
party obtaining the order”; (2) [a]n order refusing to allow the disobedient party to support or
oppose designated claims or defenses, or prohibiting the party from introducing in evidence
designated documents, things or testimony”; and (3) “[a]n order striking out pleadings or parts
thereof, staying further proceedings until the order is obeyed, or entering a judgment against the
disobedient party or individual advising the disobedience.” Id. § 5.372(a)(1)-(3).

47.  If the Complainant fails to provide full and complete responses to PPL Electric’s
discovery requests by September 9, 2019, PPL Electric will be deprived of a reasonable
opportunity to prepare for the hearing and respond to the Complainant’s claims at the September
23, 2019 hearing.

48.  Accordingly, the Company respectfully requests that if the Complainant fails to
produce the information and documents related to any of his claims by September 9, 2019, then
the Complainant should be barred from litigating the corresponding claim(s).

49.  For example, if the Complainant fails to produce the medical records to verify the
existence of any claimed medical conditions or issues, then the Complainant would be precluded
from litigating claims that the installation of PPL Electric’s AMI meter would cause, contribute
to, or exacerbate any adverse health effects.

50.  Similarly, if the Complainant fails to produce information about the current
exposure to RF fields as requested in Question 3, including but not limited to bills showing the
extent of cell phone use, then the Complainant would be precluded from litigating claims that
PPL Electric’s AMI meter exposes him and members of his household to unreasonable levels of

RF fields.

10
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51.  Finally, to the extent that this Motion is granted and the Complainant fails to
answer fully PPL to Complainant Set I, or otherwise comply with the ALJ’s order, PPL Electric
intends to file an appropriate motion pursuant to 52 Pa. Code §§ 5.371(a) and 5.372(a) to dismiss
the Complaint with prejudice.

52.  The Commission has regularly dismissed AMI meter complaints with prejudice
due to the complainants’ failure to answer discovery in compliance with the presiding
administrative law judge’s orders granting motions to compel. See, e.g., Carol Sojda & Carol
Lutzkanin v. Metropolitan Edison Co., Docket No. C-2017-2638350, pp. 7-8 (Jan. 9, 2019),
adopted, Docket No. C-2017-2638350 (Order entered Mar. 28, 2019); Kimberly Beckmann v.
Metropolitan Edison Co., Docket No. C-2017-2613702, pp. 7-10 (Jan. 31, 2019), adopted,
Docket No. C-2017-2613702 (Order entered Apr. 11, 2019); Darlene Stanton v. Pennsylvania
Electric Co., Docket No. C-2018-3001144, pp. 6-11 (May 10, 2019), adopted, Docket No. C-
2018-3001144 (Order entered July 11, 2019); Diana Cook v. West Penn Power Co., Docket No.
C-2018-3003051, pp. 6-10 (May 1, 2019), adopted, Docket No. C-2018-3003051 (Order entered

July 11, 2019).
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IV. CONCLUSION

For the reasons set forth above, PPL Electric Utilities Corporation respectfully requests
that Administrative Law Judge Elizabeth H. Barnes grant this Motion to Compel Responses to
Discovery and direct Trent Nickels to answer fully PPL to Complainant Set I, as described above

within three (3) days from the date of the order.

Respectfully submitted,
< B ”W
e

Kimberly A. Klock (ID # 89716) Devin T. Ryan (ID # 316602)
Michael J. Shafer (ID # 205681) Garrett P. Lent (ID # 321566)
PPL Services Corporation Post & Schell, P.C.
Two North Ninth Street 17 North Second Street, 12th Floor
Allentown, PA 18101 Harrisburg, PA 17101-1601
Phone: 610-774-2599 Phone: 717-731-1970
Fax:  610-774-4102 Fax:  717-731-1985
E-mail: kklock@pplweb.com E-mail: dryan@postschell.com

mjshafer@pplweb.com glent@postschell.com

Curtis S. Renner (ID # 326488)
Watson & Renner

1901 Pennsylvania Avenue, NW
Suite 1005 - ENS

Washington, DC 20006

Phone: 202-737-6302

E-mail: crenner@w-r.com

Date: August 27,2019 Attorneys for PPL Electric Utilities Corporation
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APPENDIX A

Interrogatories and Requests for Production of Documents
Propounded by PPL Electric Utilities Corporation on
Trent Nickels — Set 1
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pOST&a
SCHELL.

ATTORNETS AT LAW

June 25, 2019

VIA CERTIFIED MAIL (7017 1450 0002 3778 0918)

Trent Nickels

135 Marquise Drive
PO Box 251
Tafton, PA 18464

Re:  Trent Nickels v. PPL Electric Utilities Corporation
Docket No. C-2019-3008215

Dear Mr, Nickels:

17 North Second Street
12th Floor

Harrisburg, PA 17101-1601
717-731-1970 Main
717-731-1985 Main Fax
www.postschell.com

Devin Ryan

dryan@postschell.com
717-612-6052 Direct
717-731-1981 Direct Fax
File #: 167945

Enclosed are the Interrogatories and Requests for Production of Documents Propounded by PPL
Electric Utilities Corporation on Trent Nickels — Set 1 in the above-referenced proceeding.

Copies will be provided as indicated on the Certificate of Service.

Please provide answers to the enclosed discovery within twenty (20) days of the date of service,

pursuant to 52 Pa. Code § 5.342.

Sincerely,

Devin Ryan
DTR/jpf
Enclosures

cc:  Rosemary Chiavetta, Secretary (Letter & Certificate of Service Only)

Certificate of Service

ALLENTOWN HARRISBURG LANCASTER PHILADELPHIA PITTSBURGH PRINCETON WASHINGTON, D.C.

18495444 v]
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CERTIFICATE OF SERVICE

I hereby certify that a true and correct copy of the foregoing has been served upon the following
persons, in the manner indicated, in accordance with the requirements of 52 Pa. Code § 1.54
(relating to service by a participant).

VIA CERTIFIED MAIL

Trent Nickels

135 Marquise Drive
PO Box 251

Tafton, PA 18464

Date: June 25, 2019 —
Devin T Ryan
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BEFORE THE
PENNSYLVANIA PUBLIC UTILITY COMMISSION
Trent Nickels,
Complainant
V. Docket No. C-2019-3008215
PPL Electric Utilities Corporation, .

Respondent

INTERROGATORIES AND REQUESTS FOR
PRODUCTION OF DOCUMENTS PROPOUNDED BY
PPL ELECTRIC UTILITIES CORPORATION ON
TRENT NICKELS - SET 1

Pursuant to 66 Pa.C.S. § 333 and 52 Pa. Code §§ 5.341 ef seq., PPL Electric Utilities
Corporation (“PPL Electric”) propounds the following Interrogatories and Requests for
Production of Documents (hereinafter, “discovery requests”) on Trent Nickels (“Complainant”)
~ Set I

INSTRUCTIONS AND DEFINITIONS

L1 ¥

1. The “Responding Party,” “you,” or “your” means the party to which these
discovery requests are propounded and/or all attorneys, agents, affiliates, subsidiaries,

employees, consultants, members, constituents, and representatives acting on behalf of the

Responding Party.
2. “Commission” means the Pennsylvania Public Utility Commission.
3. To “identify” a natural person means to state that person’s full name, title or

position, employer, last known address, and last known telephone number.
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4, To “identify” a business entity means to state the full name of such business, the
form of the business, and its location or address.
5. To “identify” a “document” means to provide all of the following information

irrespective of whether the document is deemed privileged or subject to any claim of privilege:

a. The title or other means of identification of each such document;

b, The date of each such document;

C. The author, preparer or signer of each such document; and

d. A description of the subject matter of such document sufficient to permit

an understanding of its contents and importance to the testimony or
position being examined and the present or last known location of the
document. The specific nature of the document should also be stated (e.g.,
letter, business record, memorandum, computer print-out, etc.).

In lieu of “identifying” any document, it shall be deemed a sufficient compliance with these
discovery requests to attach a copy of each such document to the answers hereto and reference
said document in the particular interrogatory to which the document is responsive.

6. “Document” means the original and all drafts of all written and graphic matter,
however produced or reproduced, of any kind or description, whether or not sent or received,
and all copies thereof which are different in any way from the original (whether by
intetlincation, date-stamp, notarization, indication of copies sent or received, or otherwise),
including without limitation, any paper, book, account, photograph, blueprint, drawing, sketch,
schematic, agreement, contract, memorandum, press telease, circular, advertising material,
correspondence, letter, telegram, telex, object, report, opinion, investigation, record, transcript,
hearing, meeting, study, notation, working paper, summary, intra-office communication, diary,
chart, minutes, index sheet, computer software, computer-generated records or files, however
stored, check, check stub, delivery ticket, bill of lading, invoice, record or recording or
summary of any telephone or other conversation, or of any interview or of any conference, or

2
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any other written, recorded, transcribed, punched, taped, filmed, or graphic matter of which the
Responding Party has or has had i)bssession, custody or control, or of which the Responding
Party has knowledge.

7. “Communication” means any mannetr or form of information or message
transmission, however produced or reproduced, whether as a document as herein defined, or
orally or otherwise, which is made, distributed, or circulated between or among persons, or
data storage or processing units.

8. “Date” means the exact day, month, and year, if ascertainable, or if not, the best
approximation thercof.

9. Items referred to in the singular include those in the plural, and items referred to
in the plural include those in the singular,

10. Items referred to in the masculine include those in the feminine, and items
referred to in the feminine include those in the masculine.

11.  The answers provided to these discovery requests should first restate the
question asked and identify the person(s) supplying the information.

12, In answering these discovery requests, the Responding Party is requested to
furnish all information that is available to the Responding Party, including information in the
possession of the Responding Party’s attorneys, agents, consultants, or investigators, and not
merely such information of the Responding Party’s own knowledge. If any of the discovery
requests cannot be answered in full after exercising due diligence to secure the requested
information, please so state and answer to the extent possible, specifying the Responding

Party’s inability to answer the remainder, and stating whatever information the Responding
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Party has concerning the unanswered portions. If the Responding Party’s answer is qualified in
any particular, please set forth the details of such qualification.

13.  If the Responding Party objects to providing any document requested on any
ground, identify such document by describing it as set forth in Instruction 5 and state the basis
of the objection.

14.  If the Responding Party objects to part of a discovery request and refuses to
answer that part, state the Responding Party’s objection and answer the remaining portion of
that discovery request. If the Responding Party objects to the scope or time period of a
discovery request and refuses to answer for that scope or time period, state the Responding
Party’s objection and answer the discovery request for the scope or time period that the
Responding Party believes is appropriate.

15.  If, in connection with a discovery request, the Responding Party contends that
any information, otherwise subject to discovery, is covered by either the attorney-client
privilege, the so-called “attorneys’ work product doctrine,” or any other privilege or doctrine,
then specify the general subject matter of the information and the basis to support each such
objection.

16.  If any information is withheld on grounds of privilege or other protection from
disclosure, provide the following information: (a) every person to whom such information has
been communicated and from whom such information was learned; (b) the nature and subject
matter of the information; and (c) the basis on which the privilege or other protection from

disclosure is claimed.
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17.  As set forth in 52 Pa. Code § 5.342(g), these discovery requests are continuing,
and the Responding Party is obliged to change, supplement, and correct all answers given to
conform to new or changing information,

18.  “Formal Complaint” means the Formal Complaint filed by the Complainant at

Docket No. C-2019-3008215.

18495426v]



INTERROGATORIES AND REQUESTS FOR
PRODUCTION OF DOCUMENTS PROPOUNDED ON
TRENT NICKELS —-SET I

PPL to Complainant-1-1
Re:  Formal Complaint.

(a) Please explain in detail the reasons why you are challenging the
Company’s installation of the new smart meter.

(b)  Please describe in detail all health concerns, if any, raised by the
Company’s new smart meter, state the bases for such claims, and provide
all documents relied upon by you in your response.

(c) Please describe in detail all safety concerns, if any, raised by the
Company’s new smart meter, state the bases for such claims, and provide
all documents relied upon by you in your response.

(d) Please describe in detail all privacy concerns, if any, raised by the
Company’s new smart meter, state the bases for such claims, and provide
all documents relied upon by you in your response.

(e) Please describe in detail all reasons you believe the Company’s new smart
meter violates the law.

PPL to Complainant-1-2

Please identify all wireless phones, cellphones, microwaves, wireless routers, wifi
networks, tablets, computers, Bluetooth speakers, wireless security systems, smart
speakers (e.g., Amazon Echo), garage door openers, baby monitors, and walkie
talkies that are contained in or used in the house.

PPL to Complainant-I-3

Please state whether you or any member of your household uses a cell phone. If
so, please provide the make and model of each cell phone and, for each phone
identified, provide 12 months of phone bills or other records of actual cell phone
usage.

PPL to Complainant-I-4

(a) Please state every health condition you claim was caused by a smart meter
or will be caused or worsened by the installation of PPL Electric’s new
smart meter.

(b)  Please provide the date that every health condition identified in subpart (a)
began.
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(c)

(d)

(e)

Please provide copies of all your medical records of every health condition
identified in subpart (a).

For each alleged health condition that you do not have medical records for
in response to subpart (c), please state whether such condition was
diagnosed by a medical professional. If so, please provide the name,
address, and telephone number of the medical professional and the date of
the diagnosis.

For each of the alleged health conditions identified in subpart (a), please
state whether you have been prescribed any therapy or treatment for the
condition by a medical professional. If so, please identify the therapy or
treatment, provide the name, address, and telephone number of the
prescribing medical professional, and provide the date the therapy or
treatment was prescribed.

PPL to Complainant-[-5

Please identify each person you plan to call as a fact witness in this proceeding. For each

person, please:

(a)

(b)

(c)

Provide the person’s name, home and business address, background, and
qualifications;

Explain in detail the subject matter(s) on which the witness is expected to
testify; and

Provide the source(s) of information relied upon or referenced by the
witness.

PPL to Complainant-I-6

Please identify each person you plan to call as an expert witness in this proceeding. For
each person, please:

()

(b)

(c)

(d)

18495426v1

Provide the person’s name, home and business address, background, and
qualifications;

Explain in detail the subject matter(s) on which the witness is expected to
testify;

Provide the source(s) of information relied upon or referenced by the
witness; and

Provide a copy of the expert witness’s current curriculum vitae,



PPL to Complainant-1-7
Please provide copies of all exhibits you intend to present or utilize at the evidentiary

hearing in this proceeding. For each exhibit to be used as part of your direct case, please
identify the witness who will be sponsoring the exhibit.
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APPENDIX B

Trent Nickels’s Answers to PPL Electric Utilities
Corporation’s Interrogatories and Requests for Production
of Documents — Set I
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QUL 2 92019
Trent Nickels
P.O. Box 251
Tafton PA 18464

July 26, 2019
VIA CERTIFIED MAIL

Post & Schell

Devin Ryan

17 North Second Street
12" Floor

Harrisburg PA 17101-1601

Re:  Trent Nickels v. PPL Electric Utilities Corporation
Docket No. €-2019-3008215

Dear Mr. Ryan,

Enclosed are the responses to the Interrogatories and Request for Production of Documents
Propounded by PPL Electric Utilities Corporation on Trent Nickels — Set | in the above-
referenced proceeding. Copies will be provided as indicated on the Certificate of Service.

Sincerely,
Prens Nackelr
Trent Nickels

TDN/kbn
Enciosures

cc: Rosemary Chiavetta, Secretary (Letter & Certificate of Service Only)
Certificate of Service



Responses to Interrogatories and Request for Production of Documents July 26, 2019

ltemi-1

a) My primary reasons for challenging the installation of the smart meter are health-related.

b) Inow state in detail my health congcerns raised by the Company’s new smart meter, the bases
for such claims, and the documents relied upon in my response. My wife has heen diaghosed
with the following conditions, which maker her susceptible to electrohypersensitivity (EHS):

a. Multiple Chemical Sensitivity
b. Mast Cell Activation Syndrome (MCAS)
c. Peripheral Neuropathy

Far the first two conditions, according to her health care providers, electrohypersensitivity (EHS)
is a common feature. My wife’s sensitivity to electromagnetic fields (EMFs) results in the
following symptoms:

1. Headache

2. Pressure inside the head
3. Ilrritability

4. Anxiety

5. Difficulty concentrating
6. Sensation of burning/tingling/pain on skin
7. Pain on contact

8. General malaise

9, Tinnitus

10. Earache

11. Skin rash

| assert that the non-ionizing radiation emitted by the Smart Meter is likely to cause an increase
in the frequency and intensity of her symptoms, making it difficult for her to be comfortable in
our haome. There is evidence that this type of radiation can cause physical harm, particularly for
a customer suffering from electrohypersensitivity (EHS).

The documents relied upon in my response are the following:

= Exhibit A: Letter from Elaine Hardy, MS, RN, APN, C @ Holistic Family Healthcare, NJ

»  Exhibit B: Letter from Karin Cseak, DO @ Family Holistic Health, OH

= Exhibit C: Abstract “A Theoretical Model Based Upon Mast Cells and Histamine to Explain
the Recently Proclaimed Sensitivity to Electric and/or Magnetic Fields in Humans”

»  Exhibit D: “Reliable Disease Biomarkers Characterizing and ldentifying
Electrohypersensitivity and Multiple Chemical sensitivity as Two Etiopathogenic Aspects of a
Unique Pathological Disorder”

c} At the present time, | have no safety concerns.



Responses to Interrogatories and Request for Production of Documents July 26, 2019

d)
e)

ltemn |1-2

At this time, | have no privacy concerns,
At this time, | have no concerns about violation of the law,

[ will now identify all wireless items contained or used inside the house (response by Beth Nickels)

0O NSO RE WS e

[
o

ftem 1-3

Wireless phones — none

Microwave oven GE SpaceMaker— never used

Wireless router — LinkSys

Wireless modem — Arris

Smart speakers — none

Garage door opener — none

Walkie talkies — Matorola, model #MR350R (radio function only), Audiovox model #GMRS602
Baby monitors - none

Wireless security system — RING

. Computers/tablets— HP EliteBook (laptap), refurbished; Gateway 2015, laptop; HP EnergyStar,

desktop; MacBook Pro, 17-inch, laptop; Dell Latitude, laptop (employer-issued, brought home
weekends only); iPad 3; iPad Pro 2011 (employer-issued, brought home weekends only); Dell
Latitude (employer-issued, brought home weekends only)

I will now provide information about household cellphones (response by Beth Nickels).

ltem 1-4

a. Cellphones — Android ZTE 7.1.1; iPhone 4; iPhone XS Max; iPhone 6 {employer-
issued, brought home weekends only)

b. Because | realize that any information | provide will become a matter of public
record, | decline to provide copies of phone bills in order to protect the privacy
of my family members.

The following health conditions will be worsened by the instaltation of the new smart meter:

a)

b)

c)

d)

Symptoms of Mast Cell Activation Syndrome and symptoms of electrohypersensitivity will be
worsened by the installation of the smart meter (see ltem I-1).

Mast Cell Activation Syndrome symptoms began in the mid-1990s. Electrohypersensitivity
symptoms began in approximately the year 2000.

Regarding the request for medical records: | decline to provide my wife’s private and personal
health records. They are protected under HIPPA, and she prefers that they not become a matter
of public record (response by Beth Nickels).

For the following health conditions, for which | am not previding medical records:



Responses to Interrogatories and Request for Production of Documents July 26, 2019

=  Multiple Chemical Sensitivities (diagnosed in 1999 by Roy Kerry, MD; Advanced Integrative
Medicine, 160 E. Portersville Road, Portersville PA 16051; ph# 724-368-3558).

Mast Cell Activation Syndrome and Peripheral Neuropathy (diagnosed April 19, 2019 by Dr.
Anne Maijtland, MD; Comprehensive Allergy and Asthma Care; 200 South Broadway Ste:
104, Tarrytown, NY 10591-4004)

e) For Mast Cell Activation Syndrome, my wife was prescribed the following medications by Dr.
Anne Maitland, MD; Comprehensive Allergy and Asthma Care; 200 South Broadway Ste: 104,
Tarrytown, NY 10591-4004:
®  Montelukast
B |levocetirizine
®  Levalbuterol solution for nebulization
= Cromolyn solution for nebulization
®  Cyproheptadine
®=  Clemastine
®  |pratropium bromide

These treatments were prescribed on April 19, 2019 (response by Beth Nickels).

For Multiple Chemical Sensitivities, the primary treatment recommendation was to avoid
situations and substances that would trigger her condition. {Roy Kerry, MD; Advanced
Integrative Medicine, 160 E. Portersville Road, Portersville PA 16051; ph#f 724-368-3558). The
date for these recommendations was 1999 and ongoing (response by Beth Nickels),

Item |-5

Regarding a fact witness for this proceeding: I am still collecting information and will provide this
information to you at a later date (response by Beth Nickels).

Item |-6

Regarding an expert witness for this proceeding: | am still collecting information and will provide this
information to you at a later date (response by Beth Nickels).

ltem i-7

| have provided copies of all exhibits | intend to present or utilize at the hearing. At this time, 1 do not
have any witnesses who will be sponsoring any of the exhibits {response by Beth Nickels)



EXH 5 1%7

July 18, 2019

Public Utility Commission
400 North Street
Keystone Bldg,
Harrisburg, PA 17120

RE: Beth Nickels, 135 Marquise Drive, PO Box 25 I, Taflon, PA 18464

To whom it May Concern:

Beth Nickels is a patient under my care, she is being treated for various forms of environmental hypersensitivity,
including Electrohypersensitivity (EHS), the electromagnetic field from the Smart Meter would exacerbate her
condition.

Electrohypersensitivity or EHS is a physiological condition. It is characterized by neurological and immunological
symptoms that noticeably flare or intensify upon, or following expase to;

Electric and magnetic fields (EMF)
One or more of the types of electromagnetic radiation (EMR) found in the modern enviromment.

Having Electromagnelic Field Sensitivity means experiencing recurring stress or illness when near active EMF
sources or emitters of EMR. Symptoms normally diminish with distance from these sources but typically require
considerable time to vanish after exposure. The World Health Organization identifies this collection of symptoms
and triggers as Electroltypersensitivity, often referred to as Electrosensitivity,

Sincerely,

( ), (4, My C
Glwnt Ll

Elaine Hardy, MS, RN APN, C

.

319 Adrport Road - Hackettstown, NJ 07840 - Ph: 908-850-08383 - Fay: 908-850-1005

czhardy@holisticfamilyhealthearepc.com - www holisticfamilyhealthcarepe.com
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Holistic Health

Karin Cseak, DO
556 Portage Trail Rt W.
Cuyahwga Falts, OH 42223
330-423-3080

7819
To whom it may concesn,

P writing as physician for Beth Nickels. | have known and treated Ms. Nickels for 15+
years. Ms. Nickals has a well established history of multiple environmental
sensitivities. Her daily health has beon affected signiticantly by her condition. EMEs
clo seern to have a delrimerntal affect on her health,

Rasearch into the effects of EMFs on health and disease are fimited. Howesver, some
data can be found here: htips:/www.nchil.nim, nih, gow'pme/articles/PMCS036708/

Studies an hypersensitive persons in particular, are lacking. The World Health
Organization has ongoing studies fo further our knowledge in this area. My clinical
experience s that certain highly sensitive individuals do report detrimantal effects an
their heatth from exposures to EMFPs. Ms, Nickels is ona such person, and # any
accomodations can be made 1o avoid such exposure, | believe she could banefit,

Please contact me if vou raquire any Turther information.

Cardially,

Karin Gsoak, DO
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Format: Abstract

Med Hyoothesas, 2000 Apr;54(4):663-71.
A theoretical model based upon mast celis and histamine to
explain the recently proclaimed sensitivity to electric and/or
magnetic fields in humans.
Gangi 8", Johansson .

Author information
Abstract

The relationship between exposure to electromagnetic fields (EMFs) and human health is
more and more in focus. This is mainly because of the rapid inereasing use of such EMFs

within our modern society. Exposure to EMFs has been finked to difierent cancer forms, e.g.

leukemia, brain tumors, neurological diseases, such as Alzheimer's disease, asthma and
allergy, and recently to the phenomena of 'electrosupersensitivity' and 'screen dermatitis’.
Thete is an increasing number of reports about cutaneous problers as well as symptoms
from intemal organs, such as the heart, in people exposed to video display terminals
(VDTs). These people suffer from subjective and objective skin and mucosa-refated
symptoms, such as itch, heat sensation, pain, erythema, papules and pustules. In severe
cases, people can not, for instance, use VDTs or artificial light af all, or be close to mobile
felephones. Mast cells (MCs), when activated, release a spectrum of mediators, among
them histamine, which is involved in a variety of biological effects with clinical relevance,
e.g. allergic hypersensitivity, itch, edema, local etythema and many types of dermatoses.
From the results of recent studies, it is clear that EMFs affect the MC, and also the dendritic
cell, population and may degranulate these cells. The release of inflatnmatory substances,
such as histamine, from MCs in the skin results ins a jocal etythema, edema and sensation
of itch and pain, and the release of somatostatin froh the dendritic cells may give rise to
subjective sensations of on-going inflammation and sensitivity to ordinary fight. These are,
as mentioned, the common symptoms reported from patients suffaring from
‘electrosupersensitivity’/screen dermafitis’. MCs are also present in the heart fissue and
thelr localization is of particular relevance to their function. Data from studies made on
interactions of EMFs with the cardiac function have demonstrated that highly interesting
changes are present in the heart after exposure to EMFs. One could speculate that the
cardiac MCs are responsible for these changes due to degranulation after exposure to

EXMB T C

EMFs. However, it is still not known how, and through which mechanisms, all these different
cells are affected by EMFs. In this article, we present a theoretical model, based upon
observations on EMFs and their cellular effects, to explain the proclaimed sensitivity to
electric and/or magnetic fields in humans.

Capyright 2000 Harcourt Publishers Lid.

PED: 10858662 DO 10.1054/mehy, 1998 0923
findexed for MEDLINE}

Publication type, MeSH terms, Substance
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Rev Emiron Health 2035 20(4): 253271

Daminique Belpamma, Christine Campagnac and Philippe Irigaray®*

Reliable disease biomarkers characterizing and
identifying electrohypersensitivity and multiple
chemical sensitivity as two etiopathogenic
aspects of a unique pathological disorder

TOf 10,1515/ reveh-2015-0027
Recelved Septamber 11, 2015; accepred Kovember 2, 2015

Abstract: Much of the controversy over the causes of efectro-
hypersensitivity (E45) and multiple chemica! sensitvity
(MCS) les In the absence of bath recognized clinical erite-

in 23%, indicating EFS and MCS may br associated with
autimmupe response. Confirming animal experiments
showling the increase of Hsp2Zy andfor Hsp70 chaperene
proteing under the influence of EMF, we found increased
Hsp27 and/or Hsp7G in 33% of the patients, As maost patients

rin and objective biomatkers for widely accepted di sl
Since 2009, we have prospactively investigated, climically
and biologically, 1216 consecuthve EHS and/or MCS-self
Teporting cases, in an artempt to anseer both questions, We
teport hete out inary data, based on 727 evaluable of
839 enralled cases: 52t (71.6%) were diagnosed with EHS, 52
{7294} with MCS, and 154 {21.204) with both EHS and MCS.
Two outof three patients with EHS and/orMCS were female;
meanage(yenrs)wasazﬁslnﬂammaﬂonappearsm bea
ey process resulting from el ic Geld (EMF) and/
or chemical effects on dssues, and histamine release {s
p {ally 2 major mediator of indl tion, we system-
atically measured histamine in the bleod of patients. Near
40%% bad a Increase in histaminemia (espacially when both
conditions wen: present), indicating a chronic Inflammatory
respoase can be detectzd in these patients. Oxidative stress
is part of Infk fon and isa key 1t to demage
and response. Nilrotyrasin, a marker of both pesoxynitrite
(ONOQ"} production and apening of the Blocd-hrain bar-
vicr (BBB), was incroased {n 289% the cases, Protein 51008,
ancther marker of BEE opening was increased in 13%.
Circulating autoamibodies agalnst O-myelin were detected

*Corresponding author: Philippe idgaray, PhD, ARTAL, 57-59 ruede
Iz conventios, 75015 Parls, Phone: 33 {Q)1 45 78 53 54,
Fax:+33 {0}1 45 78 33 50, E-mall: phillppel.artac@gmell com:
#ssoclution for Research and Treatments Against Cances (ARTACH
F-75035 Paris, France; and European Cancer and Ervironment
Research msl-!utt {ECERI), Brussels, Belgivm

Parts VUniversity Hospltal, France: and
zumpm Cencer and Enviranrient Research institute {ECERTL
Brussals, Belgium
Christine C: Kz itai Director, ded fram
Pabliqus-H5pitaux de Pads (AR-HP}, Patis, France; and European
Cancer and Enviranment Research institute (ECERD, Brussats, Balgium

d chrenic i fa anel [atigue, we determined the
24 it urine o—hydm!ymela’amn sulfate (G-OHMS)quunln
raltio and found & was d d {<04) in ull
cases. Fimally, considering the self- of

EHS and MCS, we satially meaaured Ihc brain hlond flow
{BBF} in the tempora] lobes of each case with pulsed cer-
ebral ultrasound computed tomosphygmography. Both
disordiors were associated with hypoperfusion in the cap-
sulothatamic area, suggesting that the inflammatory pro-
epss jnvolve the limbic system and the thalammus. Our data
stmngly suggest that EHS and MCS can be chjectively

d and 3 di; d by ct
avalilable sunpla tests. Both dlscldaxs appearm[m-olve
i} “““.. oxidative stress,

and
BEBopening, andadeﬂ:um melamnmmetahodc avallabit-
ity; sugpesting a risk of chronic neurodegenerative disease,
TFinally the cowrmen co-accurrence of EHS and MCS strongly
suggests a commoen pathological mechanism.

Y cerehral hypop electra~
hypersensitivity; limbic system: multple chemieal
sensidvity.

Introduction

In1962, Randolph fArst described clinically (1) what is today
commuorly called multiple chemical sensitivity (MCS) (2): 2
‘human prathological disarder that has been identifled and
defined in 1999 during an i <

on the basis of the sIx following criteia: *1. The symptoms
arerapraducible with [repeated chemical] expostre; 2. The
condition is chranic; 3. Low levels of exposure {lower than

v ore Jy tal 4} result in manife

EXHIBIT D
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of the synrlromes; 4. The symgptors imprave of tesolve when
the inciting agents are removed; 5. Responses occur to mul-
dple chemically unrelated substances; &, [Added in 1999);

yaul: invelve multiple argan sy 3}, Although
the precise worldwide prevalence of MCS remains unclear,
it §s expected that due to the vastly increzsed number of
the various chemical products that have been put on the
mazket during the last few dacades, MCS js becoming an

ing provalent pathologica! Sisarder (4).

The recen( rise af wireless tolacommunication world-
wide alsy crmfran!s sclemtists with the question of whether
anthiopa je flelds (EMFs} such as
emitted bymll phones, whr:las Intermet, and high voitege
power Hines, can cause adverse health affects as it is the case
for chernicals. In 1991 Rea [rst described what hte called
electramagnetic field sensitivity {5). Sixyears later, Bergquist
etal., inareport prepared by @ European group of experts for
the Eeropean Commission cofnid the 1erm electrohypersen-
sitivity (EHS] to encampass In a unigque concept the clinleat
conditicns in which EIS self-reporting patlents complain of
symptoms they attdbute 1o EMF expasure ($), Since 1958,

Moreover, the lack of recognized disease biomarkers
ohjectively charactarizing FHS and MCS has resulted in
clinical symp baing issed as psych ic; and/
or EHS and MCS are conflated with psychosomatic or
psychiatric diseases, and not recagnized as true organic
disorders caused by the environment {11-16). This Is par-
dcularly the case for mdiofrequency EMF, for which some
scientists belleve that EHS is an uncertzin and confusing
concept {17); whereas some others, on the basis of their
own clinical experience agnee thar excessive exposure
may cause EHS (5, 18, 19).

Here, we present our own axperiences based on the
proflminary analysis of a series of 1216 consecutive investi-
gated cases of self-claimed EHS and/or MCS, in the frame-
wark of an ongelng prespective clinfea) study aiming at
identfying and characierizing EHS and MCS both clini-
cally and bialogically; through the use of bicmarkers
detacred and measured In the peripheral blood and the
urine of patients. Qur darz clearly shows that EHS and
MC5 should be recognized as genuine somatic pathelogt-
cal exmﬂes. that patients with EHS and/or MCS are non-

Sandni ef al. iy France, teporied sympioms ienced by
users of digital collular phenes and the health risk of people
1fving near celinlar phone bass stadons {7, 8).

In 2004, bacause of the Increasing worldwide preva-
lence of EAS, the World Health Grmamization {WHO)
organized an intermational scientific workshop in Prague
{Czzch Repuhlic) in order to define and characterize EHS.
Although not acknowledging EHS as being caused by
EMF exposure, the Prague working group defined EHS
ns “a phenomenon where indlviduals experience adverse
health eFects while using arbelng in the vicinity of devices
smanating electric, magnetic, or electromagnetic flelds ...
whataver its zause, EHS is areal and sometlmes a debili-
tating problem for the affected persons™ (). B fol-

fior psychiatrc patients; and probably
that EHS and MCS are two ctiopathegenic aspects of a
single pathological disorder.

Search for reliable disease
biomarkers

The identification and measurement of reliable biomark-
ers is a cruclal step for identifylng and charactenzing dis-
eases, This is 2 fortiori the case for any new pathological
entity or :hnica} syndmme such as MCS, EHS or other

d However, ta our

Iawmg this meeting, WHO propused to use the alternative
term eny 1 fntol e {IE!} ataib-
uted ta ele:tmmametic flalds™ (IET - EMF), indicating
there Is no proven causality between the accurrence of [EI
-~ EMF {formerly EHS) and EMF exposure (3.

In view of the poar knowledge of pathogenesis and

knowledge, such an approach has proven {nconclusive for
MCS {20} and £HS {21).

We thus searched for characteristc blomarkers and
selected 3 battery of biological tests which eoald be Tour
tinely used clincally in envi tal medicine practica
for taking caze of EHS and/or MCS self-reporting patients.

ctiology of EHS and MCS, most i dical

sanitary and sociatal Bodies maintain there s not sulfi-
clemt scientific proof to support the concept that clinleal
symptoms experienced by EHS andfor MCS self-repordng
pratlents nee really caused by EMF and/or chemical expo-
sure, yespectively. This is particularly the case for ERS
padents, for whom in comparison to sham controls, the
seproductian of clinical symptoms. In the pretence of
EMFy have globally falled to damonstrate a causal link, in
blind ar double-blind studies (10},

in additlen, due to the reported clinical symp
we systematically measured the birain blood Bow (BBF) in
hoth cerebral hemisph ofthesep by using echo-
doppler of the mxddle cerebral anery (22} and measured
centimeter by centimeter brain pulsatility by using pulsed
ultrasound-based cerebral computerized tomosphygmog-
raphy, which allows centimetric resolution pulsed ultra-
sound recording of cercbral pulsalility {2325}, to localize
mare precisely the BBF [n the different arens of the two
temporal jobes. Oar warking hypothesis was thot under
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the influence of enviranmental factors such as ENiFs and/
or chemicals. some neuto i xidativ
stress might occur in the brain, with blocd-hrain bazier
{8BB) disrupton as a consequence.

We (hus Toutinely measured the infiammation-asso-
ciated high-sonsittyity € reactive protein (hs-CRF) in the
peripheral blood; and levels of vitamin D2-D3, as it has
been snggested that Jow levels of its metabolite, the secos-
tetoid 25 hydroxy-vitamin D (25-D} could be a consequence
rtather than a cause of Inflammatory and/or autoimmune
processes (26), and that vitamin D deficiency is associated
with abnormal development and functioning of the central
nervons syster: {CNS) (27, 28], Since it has been shown that
upen brain injury, degeneration or infestion, the inflam-
matory response may trigger degranulation of mast cells,
feading to a massive release of histamine in the blood (29),
we systematically measored the levels of histamine in the
peripheral blaod. In addifon. as (he best kmown mast
cell d ' hanism involve Jnking of the

conditiops which promotes an inflammatory tesponse Is
well kmown {#7~49). We thus speculated that the majar
inducible stress protein HSP7O, which has been shown to
appase ta nearonal apoptosis (50, 51} and to BBB disrup-
tion {51, 52), so eliciting some neuroprotection could be
involved as it could be also the case for HSP27 (53, 54).
However, under chronjc EMF exposure it was reported
that, as compared ta contrals, Intracellular BSPTO levels
may decline (55). We thus systematically measured HSF70
and H5P27 levels in the peripheral blood of EHS and/or
MCS patients in order to try to determine whether these
chaperone proteins are a marker of EMF andfor chemicals
chronic expasure; as it has been shown for non-thermat
EMF exposure in experimental studies {§2-46).

Moreaver, during axidative and nittosative stress
proteins may be extansively modified and denatured and
30 acquire new epltopes which can explain their loss of
speclficity and biological activity, bence the synthesls of
(36, 57). This is the case for EMF expo-

high affinity surface IgE recaptor {30}, we also magsurad
total 1gE tevels in the paripheral hload. It Is weli known
that is 2 potent mediator of inf ion and is
able to incrense BEH permeability throogh exidative and/
or nitrosative stress (31, 32). So we laoked far possible axi-
dative and/or nitrosative stress-related blomarlers of BEB
distuption: and {dantfied nitrotyrosine {NTT), becsuse
it tesults from the texic eflects of peroxynitrite (ONOO™}
an prolelns (33-36), Such a BBE opening marker has also
bean shown for the caldum-binding proteln 5160B, pro-
duced and released predominantly by perf-vascular astro-
cytes (37-40). During the inflammatory process, it is well

sure which has bean shown to alter DNA replication and
mitasis and form abmormal protelns {42, 58, 52) and so
to produce elecoro-oxidatlon-related 1gE autoantthodies
{60), We consequently hypothesized that under the inflx-
ence of environmental EMFs and/or chemicals, CNS pro-
teins such as O-myelin may te so denatured that they
acquire autoantigenic prepartles, Consequently we thus
systemnatically searched for and measured autoantibodies
against O-myelin In the bicod of patlents.

Finally, since some affects of EMF exposure hava
been reported to be mediated by the pineal hormone,
melatonin (61), and given the fact that in our series

known that cells produce

{0.°) and nitric oxide (NC°), and that although NO® s a
sealk free radical resulting from the acgon of nitric oxide
synthase, its excessive intracellular production is associ-
ated with cytotoxic propertiss becawse of the formatioa of
extremely reactive nitrogen species such as peroxynitrite.
The biochemicai reaction in the form of 0,+NO°=>0NOD>
may thus ewplnia why NTT {which results from oxddative
and nitrosative strosses) Ls assoriated with BBB disruption
(32, 41, Dosage of free NTT and protetn-combined NTT as
well as profein S100B in the peripheral bloed of EHS and/
or MCS patients was thus an important elemerit of the
battery of biclogical tests we used,

We also considered that non thermal mdiofrequency
often is a repetitive stress leading inter alia 1o continuous
heat shocle protein (HSP) aver-expression and release n
exposed ssues, particularly in the brain (42-46). HSPs
are a family of highly conserved protelns with chaperone
funictions acting to maintain the structural conformation
of reliufar proteins, Their over-expression under stress

amount of suparoxide  many patl had sleep e, we also
cally ¢ melatani bolizm in these patients,
); as of end latonin

urina is not usaful hecanse of its low unmetabolized levels
{62}, we messured levels of #ts metabelite 6-hydroxyme-
latonin sulfate (6-DHMS) and creatinine in 24 h urne, to
determine the 6-OHMS/creatining ratio. Note that since
inine ks exi dina ively constant amount in

each patients, we used this ratio to reduce the varlability
of 5-0BMS measurement attributed to urine diiwtian.

The test battery [oridentifying and characterizing EHS
and MCS is ized In Table 1. Technical
ahout the methads we used for carrying our all biclogical
tests and the BSF analysis are summarized as fallows:

For the biomarker study, all patients were investl-
gated by using commercially svailable bicchencal tests
and values for each patient were comparad to the normal
reference values obtalned Irom the commerclal compa-
nies. Sensitivity, specificity and repraducibility of these
tasts were thus those defined by these companjes. Each
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Table1: Discase )i in seif-rep g EHS
and/or MCS patients with thelt rormat vafues.

Blomarkss Hormzirange
High-sensitivity C raactive proteln (rs-CRE) <3 mgft

Vitamin 02-03 230 na/mL

Histmine Z10amuifL

1BE £100 Utfmi

Protein S1008 £0.10% g/t
Kitratyrosine (NT7) 206 ygfland 0.9 kgl mb
Haat shock protein 70 {HSP70) <5 ngimL

Heat shock proteln 27 (H5F27) 55 ngfml
Anti-Q-myelit antoantibodies Negative
Rydroxy-rrelatonia sutfate (6-OHMS) 25 nptiand S40 ng/L
& OHMS eraatiaine 0.8 and <8

assay wos performed according to the manufacturer's
method. Hs-CRP 2and 25-OH vitamin D were measurad
by usipg an sutomated immunozssay [Architect Cl 4100
(Abbott Laboratories, Abbott Park, Chicage, 1L, USA)L
for Histamine measurement we used on ELISA specific
test; for proteln 51008, a quandtative auwtomarted chemi-
juminescent lmmunoassays [Liason S100 (DiaSorin
jal land GmbH, Diet Germany}]; for NTT, a
competitive ELISA test (Cell Biolabs Inc., San Diego, CA.
USA); for anti-O-myelin antbody detection, & Western
Blot qualitative analysis (IMMCO Djagnostics, Buffala,
RY, USA): for E5P 27 and HSP 70, specific high sensidv-
ity i & assays { Biotechnologi

Corparation, San Disgo, CA, USA); and for S-hydroxy-
melatonin-sulfate, a uzine ELISA test {IBL International

GmbH. Hamburg, Germany),
In addition, ta these blochemical tests we used a rion-
invasive ul i bral hy method

that we specifically set-up ro investigate the blood flow
in the padent temporal Iohes and delermined far each
patient a pulsometric index (PI) that we measured cen-
timeter by centimeter from the cortex to the diencephalic
medial nres (sex Figuee 1), This lndex varlas betwesn the
terttaries studied. In this study, Pi determination for cach
cerebral territory in 727 EHS and/or MCS patients was
compared to a retrospective series of 141 normal subjects
which allowed to establish the normal median reference
values of PI (see Figura 2), Finally sinca our stedy is sdll
ongoing we dld not reported any statistical analysis. This
will follow [n specific further papers,

Search for clinical diagnosis criteria

Tn 2009, at the time we initiated this prospectlve cohort
study, we wese aware there was no available recagnized

Prate -

Skin
Bene |

X
Sub-Cartex

I~ Suporficia) MCA
Deep: MCA

| Capsuiothelamic areg

J\.‘ane’amlxsllzr

Figura1: Pulsametricindex (Pf) nbiained by a computerized ultra-

senit cerabral {UCTS} i the diff area of
temparat lobes,
bzta are as maan p Irnden (FI), Plvaries

betwenn teiritories studieds 244 corre<pond ta cartize sub-cortical
_rea; 3+4+5, to the superficial area of the middle cerebal artery
{MCAY; 5+5+7, to tho deep area of the MCA; 7, ta the topsulethn-
lamic greay 3+4+546+7, to zhe campieta erea depending of the MCA;
B+9, {0 the vertebrobastiar srea; 3+4-5+6+7+845, Ie the complete
temporal lobe.

Hiological markers for defining objectively EHS and MCS:
this led us to use cinical ariteria as inclusion criteria. For
MCS, as already ahove mentioned, we used the slx criteria
that had been reported in the 1999 international workshop
{3) and for EHS, we used similar eriteria, Howaver, as inaa
unpublished feasiblity study we showed that many EES
patients when they are in the vicinity of chemicels may
present with clfactory abnarmalities consisting in subjec-
tive odor diaruption: we systematically added n seventh
clinical ciiteria to the six ones alieady defined dusing
1he 1999 cansensus meeting on MCS, {n order to further
chamcterize clinically MCS and distinguish it from EHS.
Accordinigly patlents with MCS, unlike EHS patients, were
characterized nat only by the simple edar intolerance,
but mere specifically by sympioms of mucous [nflam-
mation in the nose, the orepharynx and/or the laryngo-
trachga-bronchus tract: manifesting clinically as rhinitls,
erophanmgeal dysesthesia at laryngitls and/or bronchas-
pasms, respectively.

To further avoid any confounding pathology, all
patisnls of the prasent prospactive serfes have been
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Agure 2¢ Example of diagrams obtained by uslng UCTS exploring the giobal cemtimetric wirasaund pulsalifiey in she teo temporsl iobes of
a normal subject {A) and in 2 EHS salf-reporting patient (8).

ar din 7 Index (PT), Note that in A and B mean vaiues of Pt in e3¢k caplored aves recorded is from the
cartex to the intermal part of each tempnrat inbe; siron the lef? part of the twa diagrams A and & for the vight Iobe from the feft to thy eights
and or I fght pan of thess diagrams for the left obe from the tight o the teft, Note alsa that in A tnormal subjec all values are aver the
narmul medlan velues wheress In 8 {EN5-seif r=porting patients) values ir the copsutathotomle areas the fith and the second column for
the 1ight 3nd teft rrmparal nte, respectively} see ander the normal medtan vatues,

interviewed face to face at length during their medical con- may evcke clinically the diagnosis of EHS {data not
ltatfon and questioned ically abont their past shown});

merical blstory and the type and conditions of occurrence 6. Ko serious pre-existing pathology such as atherosclero-

of their clinfca! symptams, thanks to the use of a validated sis, dinbetes, cancar; and/er neuradegenerative or psy-

pre-established quesdnnnatra. In addition, all patlents chiatric diseases which have been associated with EHS

have been fully p d, Also, before andfor MCS1n the pastorat theinclusion time butwould
incluslon, all p 15 were i d render difficult the iter lon of clinical symp
by usual routine biood tests and medlical imaging indud- and Homarker data {see Section, “EHS/MCS as o possts

ing Brain MRI and/or scanner and carotid echedoppler in ble santinel pathological disorder”); and Fnaily
order to eliminate any known unrelaterd CNS pathology. % Foreach patient written informed consent.

Finally; based on the abave clinlcal finding for hath Study of this Jarga cohort of patients was not a case-
EHS and MC5 patients we used the followlng inclusiem conirol study nelther a randamized study so there was

criteria: o specific contyol group.
1. Afsence of known pathology accounring for the
observed clinical symptams; As depicted in Table 2, on 3 total of 1216 investigated con-

2, Reproducibility of sympiom otcurrence under the secutivecases, 839 are presently amalyzed of whom 727 are
influenca of EMFs and/for multiple chemicals what-  evalushla, 521 with ENS (71,736), 52 with MCS (7194} and
ever thelr incriminated source; 154 with both EHS and MCS {21.2%), regardless of whather

3. Regressian or disappearance of symptoms in the case  MCS eccurred before orafter EHS. Only 29 patients. Le. 3%
of EMF and/for multiple chemical aveidance; claimed to suffer from EHS and/or MCS but did not meet

4. Chronic evolution; thelncl eriterin. infact most of these p claimed
5. Symptoms such as headache, superficial and,’nr ﬂEEp to ba electra ive. Although many of them were
sensibility abnormalities, skin lesions, sy lated witha p logic or jatrfe disor-

nerve dysfunction, teduced cognitive abllity inciud-  der, EHS could not be clearly established. Also excluded
ing inss of immediate memory and attemtion and/or \-mre padnms with EHS and/or MCS who wire in addition,

concentration deficfencies, insomala, chronic fatigue 4 as suffering from heavy patholegy evidenced
and depressive tendency, all main clinical symptoms  after Inclusion, or wha were‘ost ta follow- up, or forwhom
reported as non-specific symprams in the sclentific  results of the biclogleal 1 Vs available at

fiternture (13, 19), but which when grouped together  the ime of analysis.
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Toble2: Summarty of the present engelng prospective thni-bloleglcal study of EHS and/os MCS-sell reporting patlents,

Patlents grotps Torpl EHS Mes EHS/MCS

Total investigated 1216

Tatal presently anatyzed 833

Nelther HS nor MCS 29

Not pvaluable 83

Evaluable 727 51 52 154

Sex ratfn 495W/232 M 348 WfITT M AWM 1I7WETM
£8%/32% §6%{34% 65%6/35% 765%{24%

Mezn age 47.5412.4 48.7£12.9 4B.5£10.3 46,7413.2

Medizn age Jizngel” 47 [16=83} 4B[16-83] a7 {31-70 45 [22-76}

*The range of vatues [s indieated In squate brackels, c.g. [minimurmsmazimumi,

Demographic panorama

‘Thls targe cohort of | igated i d fram
many different Evrapean countries, and from othar coun-
iries worldwide such as the US, Canada, Australia, Russla,
China, Middle East and Africa. This atlows some estima-
tion the demographic mcture af so called ERS andfor MCS

( The dem hic data are depicted in Table 2
zmd Figure3.

A noteworthy finding which was ebserved in many
countsies s that women appear to be much mare suscep-
tible ta EHS and/or MCS Lhan men, since in our series twa
thirds are femnle, with no difference between EHS and
MCS rates. Note however, that the female pradominance
appears to ba mote pronounced Jor patienis with both
EHS and MCS, where thyea out of four are female (Tzhle 3.

in this seres, median age is about 47 years and does
not differ according to EHS, MCS and EHS/MCS diagnosis.
4s indicated In Figure 3, all age categories are represented
and mairly include young and old adults, but it sppears
that adolescents may be also assoclated with EHS. This
may be due ta their excessive use af wireless technnlogy
{essenliaily mobile phones and other devices) at this age.
In fact, outside of the present series, we have observed
thatinfantsand childsen could also be snffering from EHS.

Analysis of biochemical markers

Biomarker results are ipdicated in Tables 3-5 and In
Figure 4.

A Tatat B EHS
_“{‘g -
iy —
e
i -
40 50
c MCS B EHSHMCS
; -
i z-*
i !
;"*« i 23 '
RREN e o LR
10 20 30 40 2 €0 7T SU SO 10 26 a0 40 5¢ 60 Y0 BY €0

Figore 3: Age categories aceording ta the total number of avaluable patients {A) and to tha thrae ERS (B), MCS {C) and SH5/MCS (D) 3na-

tyzed groups of patlerts,
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Table3: High-sensitivity C resctive peotain [hs-CRAY, Immunaglabukin E (igE), vitamin 02.53 and histamine I the peripheral biood of EHS

&nd/ar MCS selfreporting patlents.

Patlents groups EHS Mcs EH5/1CS
n 52 52 154
hs-CRP 78(14.97%) 3{13.46%) 22(14.28%)
>3 mgfl 227-51.01% [.5-10] 132721811
Vitaming B 33(6.33%) 5(.50% 16 (10.39%)
<10 ng/mb {4.81-5.70] {4.80-8,00] [7.10-9.90}
Vitamine D 300 (57.58%) 25 (48.07%} 52(s5.78%)
238 ngfmLand <30 ngfml {10,40~29.20} {10.70~27.90] [15.00-28.60]
Histamlne 1827451 {375 16144 (36.7%) 591442 (45.5%}
>20nmaljL 110.08-260.00} {10.80-20,00} [10.10-1797.50}
1gE 115{22.07%) 8{15.38%} 38{26.68%)
>1C0 UfimL 1101~1307.60} [131.16-292.87] 1103.30~2200.00]

Rote that for each biomarierthe range cf vatues is Indicated in squnee bracksts, a.g, fminimum-meximum).

Table & Protelr 51008 ard sitrotyrasls (NTT) in the peripheral Hood of EHS snd/or tACS setf-reparting patients,

Patlants groups EHS Mcs EHS/MCS
L] 521 52 154
51008 T3/495 (1AT%) 6/51{19.7%%) 28{142 (10.7%}
>0,105 pg/L {0.105-2.09¢} 10.510-0.500] [0.310-0.470}
NTT 777255 (15.7%) 6129 (26%) 2276 {28.9%)
>.9 ugfmiL [0.92-8.20] 1.10-3.10] 10,91~3.15}
Incraasad 51008 and/or KTT 133250 (52.2%) 12{22 (5L.5%] 46/73 (£3%)
tnerzased histamine, 51008 and/oe NTT 220/327 (71,8%} 27736 (75%) 817125 {79.1%)

Note that for each marker the range nfvaluas Is indlcated in square brackets, e.g. [eirimurm-maximuens,

Table 5: HSST0 and HSP27 thapercne protelns and anti-D-myelin autoantibodias i the perpherst bioed of EHS and/or MCS seifresorting

patients,

Fatlents groups EHS RGCS ERS{MCS
n 521 52 154
Hs3 70 537466 {18.7%] a{52{7.7%) 36/152{7.6%)
>5 ngiml 15.90-11.20] 7.36-7.70} {5.30-32.20}
Hsp27 123475 {25.8%) 8/52(11.5%) A2/132(11.5%)
>5 ngfmt {5.20-11.20] 15.90-9.20] 15.10-235.00}
Hsp?0 and/or Hsp2? 1621487 93.2%) F52(25%) 54/142039.4%)
Anti-O-mvelin sutoamibediss 1097477 {28.8%} ajay (1T%) 337140 {23.4%)

Note that for exch markes the rarge of vzlues is indlczted o square brackets, e.g. [minimum-nrasimurn].

High-sensitivity C reactive protein (hs-CRP)

An increase {n hs-CRP levels was found globally in 107
patents (14.79% of the cnses), and more precisely in 78
patients (15%), seven patients (13.5%) and 22 patients
(14394}, respectively in the three EHS, MCS, EAS/MCS
individualized groups (Table 3); suggesting that in such
rases, patients were associated with some type of sys-
temic indl jon. We thus sy ically lacked for

’

d causes af Infl ion and/or; inthase
patients, but with the exception of three cases, we did not
found any. Ferthermore, since hs-CRP 15 considered as a
blomarker of age-related cugnitive decling or dementia,
and mare particularly of Alzheimer’s discase {63, 84}, we

y lly searched for Alzhaimer's disease in thase
patlents. In: two cases, Alzhelmer's disease was discov-
ered after Inclusina 2nd considered 2s passibly the results
of excessive past EMF expasure {see Section "EHS/MCS as
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Figure 4 14 H uring 6-OHMS fereatinine ratle In EHS 3nd/for NCS sell-reporting patients,

a possibl el pathological disorder”}, But, because
chronolagically, Alzhalmer's disease appeared to follow
the Injtlal of EKS, we consideted that Jor these

two patents, Alzheimer's disease might have been the
consequence of EFS rather than simply associated with
it. Nevertheless, these twa rases wete categerized s non-
evaluable cases In the present analysis.

“Vitamin D2-D3

As indicated in Table 3, = profound decrease In the levals
of the secosterold 25-D is found globally in 184 patents
{233% of the cases), and in 121 patients {23.29%4), 12 patents
{23134} and 51 patients (33,194} in the three growps, respec-
tivaly, As already discussed (s2e Section “Search for rel}-
able disease blomarkers™), these data ogree with the
concept that decrease in vitamin D2-D3 levels appear to be
a consequence rather thar n cause of inflammation and so
need to be therapeuticlly normalized.

Histamine

An Important Anding {n our study s the discovery that
histamine in the peripharal biood Is increased in neorly
49% of the patieats ard that this incresse does nol differ
betwean the three groups investigated (Table 3). This
finding suggests that hismmineg is nat only = nature] clini-
<al biomarier of EHS and MCS, but alsa may play a cracial
mle In the pathogenes!s of both clinlcal entitles, since it
has been shown te be not only 2 neurotransmitier pro-
duced and released by the CNS, but 2lso an inflammatory
medialor produced and released by mast cells In many
Inflammatery processes including meuro.

IgE

Levels af circulating I3E were found o be Increased in
220, 15.4% and 24,755 of the three EKS, MCS and MCS/EHS
groups, respectively. Since histamine refease from mast
cells involve the high affinity IgE mast call surface recep-
tor and I5E {30, 55}, we searched for a cormelation between
histamine and IgE lavels in the pecipheral bload af the
patients. As it will be fusther discussed, It seemed not to
be the case {see Section “Pathophysinlogical relevance™).

Protein S100B

Levels of circulating protein 5100B have been found to be
globally incteased in 107 patients {15,5%), with no differ-
ences hetween the three groups (Table 4). As we will dis-
cussed {sce Section “Some Insight into etiopathogeny™
this findlng confirms previousty reported data showing
Lhe gHiz-derived S100B protein is a hiomnarker of hypop-
erfusion-assoctated brain damage or dysfunction (39, 40,
66~68), and more particularly of neurodegenerative dis-
cases such a3 Alzhelmer's disease 169) and amyouophlc
lateral sclerosis {7C): but differs from the negative resulits
cbtained in non EMS healthy subjerts for whom protein
51008 levels has been shown to be normal within the 2h
Tellowing GSM mobile phane use {71-73).

Nitrotyrosin

Likewise, increased NTT bload levels have been detected
giobaily n 105 patents {2994}, with no differenca hatween
the three groups. Moreaver, as indicated In Table 4, 1t

ppears that b d levels of protein 51008 and/or NTT

{see Sectlon *Pathophysiological relevanca™).

can be detected in approximately 55%-60% of the cases.
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Since, -2s previously Indicated, protein SI00B and NIT
could be ttal of BEB di: jon., we consider
{hat such disruption could be evidenced clinically in over
50%% of the patfents, whatever thelr EHS and/or MCS dlini-
cat presentation.

HSP70 and HSP27

As Indicatett in Tahle 5, depending of the group consid-
ered, increased fevels of the HSP?0 and HSP27 chaperone
p wara d d.in the periph blood {n about
796~19% and aboul 11%%-25% of patients, respectively.
Collactively, 35%%-40%6 of the patients were found to bz
assoclated with Increased levels of HSP70 and/ar HSPZT,
without difference between the 3 so far individualized
groups, meaning that HSP70 and HSPY are crculating
Tlomatkers not only of EMF chronjc exposure as it is the
case in animal experimental stodies {42-448) but also of
chemical chronie exposure, HSP70 and HSPZ7 seem to be
more frequent in EHS patiznts than in MCS patients.

Autoantibodles against O-myetin

As indicated in Toble S, antoantibedies against O-myelin
trave heen datected globally in 17% 1o nearly 29% of the
patients studied with no difference berween the three
groups, suggesting that in these patients EHS andfor MCS

although none of our biomarkers are per se specific
{see Section “Some lnsight into etopathogeny”™} the
increased serum level of histamine, protein 51008 and
NTT in the peripheral blood seems more characteristic
of EHS and MCS, becnuse of their pathophysialogical
relevance. Howeves, as indicated In Table 4, increased
levaels of histamine, protein S100B andfor NTT were
found in anly 70%4-30% of the patients, meaning that I
20%~30% of the cases in our serles, EHS and MCS could
ot be abjectively characterized by these biomarkers.
However, in such patients In addition, to the clinical
picture the ohjective dingnosis of EHS dnd/or MCS eould
still be made hased on the abnarmal recording of brain
pulsed ult d computed phy 1

Pathophysiological relevance

In our study we have shown that ERS and MCS both are
asseciated with the same biological abnormalittes. This
strongly suggests that both patholegical entities share a
unigue common pathophysiological mechanism.

Since histamine was fourd 1o be increased in the
peripheral blood of nearly 40% of the parlents, this mole-
cule appears ta ba a key pathogenic mediator, whataver the
environmental stressors, Indeed, the fact thar histamine
Jevels werz not found o be increased in all patisnts deesn’t
mean that patienss for whom there is no histamine bload

were associated with some type of
Here toa, 1t is more frequent n EHS than in MCS.

Melatonin

6-OHMS and crealinine were measured in the 24 h urine
of a number of patients. As indicated in Figure 4, all inmes-
tigated patients had a decrease in the 6-OHMS/creatininge
ratio; suggesting that these patients have decreased anti-
oxidant defenses {74, 75}, and 5o may be at risk of chronic

fovel i have no local histamine production and
release in thelr dssues or at other times. Moreover, we will
outline below that histemine is not justa neuro-inflamma-
tion medfator. Histawine plays a critical pathopkysiolagi-
cal role as B neurctransmitier In the brain, For example
neronal bistamine has been shown to be involved in the
sleep cycle, motor activity, synaptic plasticity and memory
{7%~79): all types of neurologic and/or psychologic altered
functions or symptoms that we have obsarved clinically
in £HS and/or MCS bearing patients (data not skown), In
addition, histamine relense from sympathetic nerves can
be exper lly induced by rierve stimsulation (80} and

& tions “Pathophy at rok o™ and
*EHSIMCS 2% a possibl ined pathalogical disorder™),
Moreaver, this decrease might exploin why such patiznts

present slesp disturbance.

Clinicat forms of EHS and/or MCS without
detectable biomarkers

Increase in hs-CRP and vitamin D2-D3 blood levals are
non-spacific biological parameters. On the other hand,

it has been shown that Hi receptor may play a major role
in the regulation of sympsthetic nerve activity (81}, This
may explain why EHS and/or MCS patients may present
dinically with some transltory syropathetic-related symp-
toms such as achycandia, tachyarchythmla and/or anterfal
pressure Instabilley (data not shown) when exposed to
EMF and/ne chemical stressors (82}, Moreover, following
ischemic-hypoxic damage, hb release from nerve
endings has been found o be enhanced, possibly cantrib-
uting 1o some nauroprotection (§3).
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However, histamine is also 2 onigue malecule which
fulflls alt criteria that have been historically established
for defining an inflammatoty mediator {34). Histamine is
malnly praduced and stored in perivascular tissue resi-
dent mast cells and clrculati phils, and released
in inflammatory tissues throngh established mechanisms
predominantly invelving cell surface seceptors, Regarding
histamine releasa from skin mast cells, the best known
degranulation mechanism involves IgE and the high affin-
ity IgE cell surface receptor (30).

In cur stury, we found elevated levels of circulating
TeFin ahont 2004 af the patients, whadevsr the EHS and/for
MCS5 groap consldened. However, in such cases, we didn't
find any positive correlation hetween the levals af efrcu-
lating histamine and the Jevels of circulnting IgE nor the
presence of skin lesians. This suggests that skin lesions
and circularing histamine level increase in EHS and/or
MCS patients are not related {o an allergic process,

Also it has heen shown that advanced glycation end
praducts (AGEs} can activate mast cells through RAGE,
the recepior of AGEs, and may comtribute to initiating a
vicious circle imvolving increased AGE formation and ROS
preduction, hence increased fow-grade chronle infiamma-
lion [85). Similar biolegical affacts moy also be obtnined
with protein SICOB which has been showrn o engage RAGE
n macrophage/micoglla and endothelial cells; and so

evahuable cases, We thus mensured the BRF-related pulsatil-
iry i the patient hemispheres by using echodappler of the
rniddle cerebral artery, and {found that resistance index and
systolic and diastolic velocity indexes were assodated with
cerehral hypaperfusion in one or the two hemisghere in
50.5% of the cases, whatever the patient group considercd
(data not shawn). More precisely, by using pulsed wlta-
soung d b hy, we found that in
comparison to normal subjects, cerebral pulsatility in EHS
and /or MCS patents was decressed of even completely
abolistied In ona or the two temporal lobes (Figuee 2}, suge
gesting that BEF misht be specilically decreased or abols
ished in this brein area. We found that this abnormality,
2lthough being nat specific, was so frequently observed in
these patients that it reay represent a typical brain alisration
similar to that found in Alzhefmer’s disense and other neu-
rodegenerative diseases {ses Section “EHS/MCS as a possi-
ble sentine! pathological disoxer™), This finding Marelore,
strongly suggests that brain could be the main targer of
environmental EMFs and/ar chemicals in EHS and/or MCS
patients, and that both cersbral hypeperfusion and subse-
quent release wi its 1 or mast call
arigin could be rain contributing factors to BRE disteption.
Furthermnate, we found that carebral blood pulsatility was
quasi-constantly decreased in the capsulothalamic area of
the temporal Jobes, which includes the limbic system and

degending of its extracellular ¢ ion, {0 ¢
efther o chronic Inflammation via NFxB activation or to
anti-apaptotic effects and trophic protection in the course
of pathalopical condificns such as brain insult or diabates
{86). Since AGEs have been shown 1o be involved in diske-
tes mellitus {87) although alf included patdents had no dia-
Betes type 1T at inclusien time, wa systematically search for
a peasible occurrenne af dinhites type If in EHS and/or MCS
patients during the fallow up of this study, but with the
exception of twa cases, all patlents were free from diabates,

Predominantly found at host/envi interlaces
such as skin, iratory and gastroi ral tracts (88}
and closaly aseociated with hinad vessels, maat cells play
a crucind senting] rote in host defense (89). Consegquently,
more precise investgations remain t9 be dane in EHS and/
ot MCS patients to defermsine what mast cell-associated
tissue histamine release come from.

Howaver, since hrain mast eeils have been shown to
b eritical regul af the path is of (NS di
ncluding stroke, rawrmatic injury and neurcdegensratve
diseases {83, 90} {see also Secton “EHS/MCS as a possible
sentinel logi i J we ically lacked
forbretn pathologicalterations in EHS and for MCS padants,
Routing cerebral MRI and/or scanner as well as carotid
echography were critleally considered to be normal in all

the thal 2nd so correspond to patticulacly vulnerable
areas to environmental stressors in the brain,
C this capsuic hypothesis, it has

bean shown that experimentaily-induced brain lschemia-
hypoxia can increase BER permenbility (91-94) and that
hippocompal pathalogy arising afer chrenfc hypoper
fusion can pive Tie to cognitlve impairment and more
particutarly mamory deficlt (85). a pathophysiofogical
mechanism that suppares both the key role of cerebral
hypoperfusion/hypoxia in neurodegenerative disemses
such as Alzheimer’s disease {95) and our ciinical obser-
vation of frequent cognilive defects in EHS and/or MCS
patlents, How cerehral hyponerfusion/kypoxia may arise
from the neurs-inf) procets ins b

unclear. Cerebral blood fow festriction and consequently
intpaired oxygen supply may occur due to local oedema.
wus swelling, artery and/or capillory vaseconstriction
and/ar increased BBB perneakility induced by histamine
or other neuro-Inflammation mediators {97, 98). While
hypoxia itseil rather than ischemia can induce histamine
refease {99). In addition, less afficlent oxygen wtiliza-
tion due to mitochondrial uncoupling may be associatad
with mpained oxygen supply (100). As a consequence of
hypaxia and impairment of mitochondrial functioning,
reduced sensorial exclability, hence transitory loss of
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motor, sensory apnd cognitive function may occur during
EHS and/or MCS pracesses; but this lass of function may

10p and dity in the case of
chrunlc neurodegewa'zve diseases {97, 103).

Under the influence of environmental stressors, nat
only mast cells (102, 103}, but also microgifa cells and
astrocytes (31, 104~106) play a coucial rofe in BBE distup-
tion. Indeed. the resident CNS tssue macroph glial

might have been decreased in these patients, EMF axpo-
sure have heen reported o be incapable of altering mel-
atonin synthesls and secretion (126). So an alternative
plansible explanation is that decrease in 6-0HMS excre-
tion may reflect decreased melatonin metabolic availabil-
{ty, due to an {ncrensed nptake and utilization of melatonin
asa !ree radical scavenger (127, 128), Such reduction in

in & bility may thus contstbute to decrease

cells such as microglia cells angd astrocytes, and the resi-
dent CNS mast cells are probably the first cells o d

host defence mecha.msms and may account for the fact
that pati i d e d and EMF

1 any neurc-inflammatory stimuli. In additen, it has
toan shown that tachykinin peptldes such as substance Py
can tripger microglial activation and subsequent release
of proinflammatory mojecules, thereby contdbuting in

expasure may be at risk of) and
cancar{129), paricularly of breast cancer (130) (see Secdon
EHS/MCS asa ible sentinel pathalogical disorder™).

The davelop of the oxidative/ni ive stress-

addlition, {o mast cells ta {he devet of microgh
mediated inflammation and BBB break down (307108, it
1s indead well known that under the infiuence of nzuro.
infiazmatory stressors, such as EMF and particulnrly

related T may also contibute to
weaken the protective effect of the chaperone proteins
HSP70 and HSP27 {131) as has been evidenced for exnmple
{n stroke patienes (132}, Indeed the role of histamine in

during mabile device {GSM} prot d micto-

ing the systam (133), the disrurbance

glia cells can migrate to the site of infury, pmllfetate snd
recrult astrocytes (110), what s commoenly called gilosis ~
a Orst cellular neuro-inflammation respanse which pro-
duces and rcl NO®, ROS ard infh y med

{105, 111). Moreover, astrocytes express nistamine recep-
tors {112) which afier activation can trigger release of
cytakines, which are able to induce hista.
mine release through mast cell degranulaton In positive
feedback Toop (113). Flaally, our finding of both cerebral
hypoperfusion and histamine release, supports previous
data according to which BBB disruption is obtalned more
efficiently when these fwa faciors are combined (91}

At a malecutar Jevel it has been evidenced that his-
tamine and ather peuro-inflammation medlators induce
oxidative and nitrasative stress and so change the molecu-
ar compasition and functional state of the BBB endotha-
Tlal tight junctions, hence Increasing permeabllity of the
BBR (32, 104, 114, 115}, As a copserquence of this progess
tireulating inflammatery cells may thus rm.nsmlgmtamm

of the Immune system by EMFs {134) and the progres-
stve Increase in axidativa and nitrosatyve stress aslong as
chronic exposuze te EMFs 2nd/or chemicals persists may
explain why the physiological defence ‘ha: of
these patfents may fxally collapse.

On the hasis of aur data we therefore, propose the fal-
towing pathophysiolegical model of co-MCS/EHS exposore;
1) Under the influence of EMFs and/or chemicals a cer-
ebral hypoperfy fhypoxia-related fl
may oecur; 2) Due to the release of histamine and other
mediators BEB disruption and permeability increase may
be induced through resulting axidative and/or nitrosative
stress; 3) Circulating inflammatory cells could then enter
the brain to initiate 2 vidous cizele which may considerably
amplify the neurs-inflammatien process; and finally 4)
Because of axxdadve and nitrosative stress and subszquent
decreased in bivavalishillty and 1
respanse, physiological defence machanlsms are weak-
ened makm.gEHS andlurMCS patients potentially atrisk of
chyenic dl and cancer.

the {NS ond 30 amplify the neuro-i

{116, 117). Home that such oxidative/nitrosative stross-
induced BBH disruption has oot anly haen evidenced asa
consequence of chranlc cerebral hypoperfusion {118} trut
also proved 10 occur under the Influence of EMF exposure
at han thermal as well as therma! levels In several animal
studes {104, 119-122),

Melatonln suppression as a consequence of EMF expo-
suse has heen experimantally evidenced bath in animals
and humans (123-125). We found thar 6-OHMS 24 h-urine
excretion was decreased in all the Investigated cases.
whatever the EHS andfor MCS patient group considered.
Although this finding suggests that malatonin production

Part of this model has been proposed sepzrately far
‘histamine refease from mast cells in EHS {135) and for the
NO/NOOH- nitrosative stress cycle [n MCS {136). Our pro-
posed EHS/MCS common pathogenic mede! is summa-
Tized in Figura 5,

Some insight into etiopathogeny
Certalnly this study doas not prove a causal link between

EMFs and EHS, or between chemicals and MCS, but it
does strengthen the avidence for such a possibility. To our
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Fesizent micropda osils
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has been shown to be expressed and released oot only by
damaged CNS cells such as glial cells and neurons, but
alsa by dilferent non CNS cells such as chondrocytes, adi-
pocytes, mel , myofibers and other non CNS cells
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Flgure 5: Proposed hypothetic EHS/KCS common pathogenic
mnx:ei hased on EHS{MCS Induced-neurninflammatian, cecebral

hlstamine telease, oxidotive; stress and
BBB disruptian.

knowledge this Is the frst dme that EES and/or MCS have
heen abjectively characterized by the use o severad dilfer-
ent types of hiomarkers and in a large prospective serizs of
patients. This Ainding should avoid the frequent erreneous
interpretation that EHS and/or MCS parients are psycho-
samatic patients {11-14, 17, 137) and so strongly suggests
that EHS and MCS are gemuine samatic pathologtcal enti-
tles. Furthermore, our study revealed that with the excep-
tion of the twe cases af Alzhaimer’s disease which werz
detacted soon after incusfon, and several other cases af
neurod ive di which were di: d during
the followeup {these cases have besn considerad 33 non-
evaiuahle cases) {see Sectian “EHS/MCS as a possible sen-
tinel pathological disorder™), all EHS and/or MCS patients
hadns detec!.able psychiatric disease,

As p Ty ioned we should note
that none of the biomarkers so far identlfled In our study
are speciiic of EHS and/or MCS. This is the case for his-
emineg which is imown to be Increased In the serum of

with typical ine (138-140) andfor allergy
(30) and for HSP70 end H5P27 which has been shown to be
increased in several neurcdegenerative diseases (Itd, 142).

{67, 86, 143). This explains why the detection of increased
levels of protein 51008 in the serum of patlents daes not
mean they pra numsmzily EHS and/or MCS pa:lmts
Orher pathological disorders such as d

diseases, psychlatric diseases such as bipolar disorder ar
cancer {70, 144, 145) may be indeed 21so concerned by such
S100B proteir levels. Likewise NTT Is not only a general
marker of Infliammation but also more pardeulagly a
marker of atherosclerosis {145). Increased levels of NTT are
thus also non-specific, As already indicated (see Section
~Search {or reliable disezse biomarkers™) we therefore,
paid atiention for excluding from our serles all cases asso-
ciated with neuropsychiatric disenses and/or other seriaus
pathalogtes such as atherosclerosis aad type 2 diabetes in
order to eliminate any confounding fzctars.

Unlike the repored megative fesult of histamine
inerease in MCS patlents {147), wi found Increased hista-
mine levels globally {n about 40% of MCS, EHS or MCS/
EHS patfents. Since it has been shown that increased his-
tamine levels may in fact appe;u ontly when MCS patients
are submitied to envire such as volatile
organic compounds (VOC) (147), we thus wonder whether
the 0% of patents io owr series who were not associated
with detectable increased histamipe levels may in fact be

who were not exposad (0 envl i EMF and/
or chemical {ust hefore b i
Such interpratation may alsa invelve tha fact that o our
series we delected Incrensed $100B protzin levels In only
15% of the patients, since the increased levels of protein
S100B [allowlng braln Injury are Beeting (39. 40, 66-58).

However, since EHS and MCS share similar bislogical
abnormalitias and 50 may share a common pathophysi-
ological most (see Sectian “Apalysis ol biachi
markers"}, these two sa &u’ clinjcally md.nrld\m]lzed anti-
tisa may rep two h ic aspects of & unigue
common pathological disorder. Argaments In support are
the following: L. EHS and MCS are associated with a similar
symptomatt dinical picture; 2. Both entlties share ident-
cal biclogicsl ahmormalities including histamine releace,
axidative and nitrossilve siress, and BEB opening; 3. Both
entities are characterized by a similar BBF decrease, and
this cerebral hypoperfusion taka place In the majority of
cases predominantly in the same areas, Le, mostly in the
temporal lobes, more precisely in the capsulothalamic
anea. 4 dthzr EHS or MCS occur Arst; 5. Using the same

and for protein SI00B which acts liy asz ph

th it protocol, stmilar positive clinjcal resulls can

cal intracellnlar regulator and extracellular signal and so

be obtained in both tases {data not showm),
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‘Bacause EHS and MCS were historically identified
clinscally and distinguished from each ather on the basis

of individual potentially envin some
confusion has emergad, That is, uniike EHS andjor MCS
whirh are stll considered as subjective entities t

of a Jack of etialogical substratum, many other interna-
Honally recognized diseases were medically characterized
efore discovary of their etiapathalogical mechanisms. in
[act, the acknowledgment of EHS and MCS as resulting
from environmental causes dppose 10 powerful sacigeco.
vomic Interests and may explain why they are stiil not rec-
{204 B8 i ical disordars by | or
tnternational badies and health instituttons (137).
Moreover, it I well known that diseases are multifac-
torlal and this may explain why current researck failed o
attribute 2 cansal origin to EHS and/for MCS, Case-control
eptdemiologic studles and provocation studies, globatly
have failed to demonstrate a causal link hetween EMF and
EHS (13, 137), 28 it may also he the case for chemicals ond
MCS. These negative results however, do not exclude the
passibility of a causal fink, &s observational studles are dt~
ficult to conduct and objecdve Inchusien/exclusion criteria
and endpoint evaluadon criteria were nat clearly defined
hecae of a tack of objectiva rellable bi 3
il we accapt the concept that EHS and/er MCS are part ofa
commor multifactoral disease, clearly those findings may
also have been biased by muliiple related or jated con-

biochemical prarkers™); and finally 5, jdensical ar similar
hiclogical abhnormalitles dint as compared
to these evidenced 1y in iteed
o EMF ard/or chemicals exposure. Although our data
account for clinical symptoms and biolegical abnor-
malitles associated with an. {ntelerance syndrome and
highlight its pathogenesis, they do not account for sus-
captibility and more particulacly, hypersensitivity which
in-addition, to intolerance bath characterize EHS and
MCS. Virually all diseases result from the interaction of
genes and the environment, hence the concept of genetic
suscepubility via constitutive genes which can further the
pathogenic role of environmental strassors (148). Theoret-
1rally such susceptibility could explain why some subjects
are particuiarly sulfering fram EHS and/for MCS and not
othets. A genetle predispositon including gene varonts
of drug- holizing enzy has been  for MCS
(149-151) but this Bas not been confizmed {152, 153}, sug-
gesting that to define MCS biologically, redox smte and
cytokine profiling should bn considered instead {153).
Dur dat reveal that women are mare susceptible than
men to EHS or MCS and this susceptibllity concems both
EHS and MCS (see Section “Search for clinical diagno-
sis criteria™). This suggests some stiff undetermined sex-
elated genetic suscepiibility. To our knowledge there is no
reported stody an genetic pradisposition in EHS patients.
As are detectahle In the human brain and

founding exposure factors and se may have been associated
with a reduction of signal-to-noise ratio, thereby obscuring
evidence of a possibie cansal link. Moreaver, hlack bax epi-
demiviogy and provocation siudies focus on risk factors
vdthout satisfactory und ing path i

There are in fact severa] arguments for 2 causal role
of E\SFs andfor muitiple chemicals in the genesis of
the so far ingividuatized EHS/MCS pathological disor-
der: 1. Self-reporting occurrence of dlinical symptoms
depending on electromagnetic and/or chemical sourees,
2, Efffcient removing or lessening of clinical symptoms in

meninges {pia mater and dura mates} (1543, and because
some EMFrelated Biological effects are achieved through

reception {155), we speculated that snme type of
innate genetic predisposition to EHS might result from the
presence of a high number of magnetosomes in the brain

and i of susceptible patients. This may reveal to be
true pardcularty for non-thermal EMFs {155, Other bypoth-
esis may tnchude piibllity through eplgencs

mechanisms related o EHS and/for MCS projonged expo-
sure and seme biojogical syncrydstic potential between
EMF expasure and low dose arganie or fnorganic chemizal

EHS patients and/or MCS patients in case of avoid: of

jon {157, 153). This may be particulasly the case

EMFs and/or chem(cals, respectively {19); 3. Appearance
of biological abnormalitles (positive detection of biomark:
ers] when patents are exposed to elecoromagnetic and/
or chemical sources, and regression or disoppearance of
these binlogical ok litlos { lization of biomark-
ers) when patients are withdrawn from electromezgnetic
andjor chemical sources, a finding that confirm objec
tively seif-raporting patient symptoms (data nat shown}:

v

4, 3 possible common underlying pathophysiclogical

for heavy metals which, as for EMF, have been shown to
release proinflammatory cytokines (159, 160).

It is worthy of note that metallic deatal alloys arz
sssociated with release of heavy metals such as mercury,
lead and cadmium into oral cavity (161, 162} and so may
contrihute to EHS (158). # has been shown that EMFs
such as GSM frequencies emitted from mobfle phone
may induce or accelerate the mercury vapor release from
dental 1l {153} and ¢ ly may contribute

machanism involving oxidative and/or nitrosalive stress-
assoclated jon and BBB of {see
Sectians T it " and lysis of

not enly to EHS bur also to MCS (164},
An i i pathophysiological mecha-
nlsm referred to as sensttiviry-wlated Hness (SRIY {4) or
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a5 toxicant-induced loss of talerance (TILT) (165) has baen
put farward in erder (o account for the fact fhat patients
with EHS aad/ar MCS cannat tolerate weak intensity of
EMFs and/or Iow concentration of chemicals. We define
acquisitian of such a hyp itivity state with two et
teria: 1. Decrease in the tolerance threshold foc EMFs or
chemicals; and 2. Extension of this decreased tolerance
tareshold ta the whole electromagnetic specirum or to

{ttpl lated chamicals, as disease pro-

structurally ¢
gross, Although our daza may suggest a role of the limbic
system and the thatamus, to cur knowledge no clear
parhaphysiotagical explanatinn of this intriguing hrain.
related hypersensitivity condition has yet been given.,

EHS/MCS as a possible sentinel
pathological disarder

The BBE protects the brain against potentally horemful
tonde chemicals which may have contaminated the blood
and therehny is cuwerently regarded as a physiological strue-
ture that plays a cruclia! rale in maineining braln bome-
octasis {186-165), Howewver, the BEB cannot protact the
brain against EMFs (370}, This may explain why EXFs are
prabably a major siressor associated with BBB disnuption
and brain ir jor, end why exidative stress and
more particularly oxidativa/ stress-induced BOR
breakdown may be causally involved In neurcdegenera~
tive diseases (171, 172}, such as Alzheimer’s disease (AD)
{173-176}, Parkinson’s dlsease (PD) {277], multiple sclerosis
IMS} (175), Hundngion's disease and amyotrophic luteral
stlerosis (70) and aven passibly psychiatrie di such

Free radical atiack on nenral celis (165), This is particularly
the casa in AD and PD for which toxscity of free radicals
bave been demonstrated to contribute to protein and DNA
injury, infl lon, Hssue damage and subseq: ned-
ronal degeneration and apoptosis {175, 375, 183, 185-187),
Wa have shown that patients with EHS andfar MCS
olten have cerebral hypoperfusion and histamine release.
Two factors that in addition, to the production of autoant-
bedies have been evidanced to oeour in AD {173, 174} and
FD {188-152): hence conbibuting to neurc-inflammation
and BAB dysfuncton, Moregvet, several studies hiave shown
that prol d oc lonal o fowor
tow Frequency EMFs are assoclaled with AD (193-156) and
stch a Jink has recently been ronfirmed in a matz-analysis
Tased on mare than twenty epidemiological studies (397}
Alihough it has heen shown in a single study thar long
rerm high frequency EMF exposure could protect against
and eyen veverse cognitive Impairment in mice bearing a so
cafled animsl equivalent of AD (198}, them s currently no
scientific reason ta belleve that in humans prolanged radi-
ofterjuency EMF exposure as feis the case with excessive cell
phone and/or mobile phone use will be not also causally
selated to AD occurzence (199}, Mareover, 1t has been shovm
that deg ive di are in fact muldl sl
and that, a5 it hns been hypothesized, ferrimagnetic metals
in food chain may contribute {0 initfate these nevtcdegen-
ertive disenses under the influence of EMF exposure (200},
Typically AD starts with mild memory deficits, pri-
marfly affecting short lerm memory and gradually pro-
gresses o loss of tiva memory and d An
Imporant finding in our siill engoing study is that mast of
EHS and/or MCS patlents had decressed cognitive abllity
d by loss of diate memory and attention

as schizophrenia, autism and bipolar diserder (179-182},

Since the Arst reports on EMF exposure-related BEB
distuptien {119, 187) conflicting data have emerged {122)
leading to saarch for new tests for evidencing BBB dis-
ruption {n EHS and/or MCS patlents, BBB permeability
imaging (184) in addition, to search of peripheral bio-
markers could be helpfnl. Using protein $100B8 and NTT a3
hiomarkers aur data tend to show that B88 opening conld
o detected in 55%4—60% of patients; but this result does
not mean: the remaining cases could not have been assaci-
ated with BBB opening we were unahle to detect.

There is indeed compolling evidance that chronic
neuro-inflammation is a Jong lasting and potentially setf-
perpetuating process including an initially long-standing
relaase of inflammatory mediators, leading to increased
oxidative and nitresative stress. This process may thus
persistlong after the initial enviranmental trigger and con-
sequently can cantribute to neurodegeneration through

and ¢ ion defici {see i “Search for
reliable disease biemarkers” and “Analysis of biochamizal
markers™}. Since EHS and/er MCS pathogenesis appears to
‘be asscciated with hrain pathophysiologlcal atmormaliHes
similar to that cccunming In newrodegenerative disorders,
a guestion is whether EHS and/or MCS are either a pre-

0 state or an fated p | dis-
ordar whese environmental causal erigin might howaver,
be simflar to that of d jve di: Ni bt
less, whichever these rwo possible etiopathologic alterna-
tives, RS and/or MCS might be considared s seme type of
anvir 1 senttine] pathologica] disorder.

Htis wosthy of note that in our series, tn addition, to the
twa cases of AD, which were diagnosed a few months after
inclusion, another case of AD and rwo cases of PDweredis-
cavated in association with EHS during the patient follow
up. Moreover, at inclusion time we excluded two cases
of AD, two cases of PD, three cases ol multiple sclerasis,
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and one case of Huntington disease, which were found to
‘be associated with EHS. In addition, we exctuded seven
EHS or FHS/MCS cases hecause they were assaciated with
previous pr simnltanecus carclnomat breast carcinoma (3
cases), braln humor {2 cases) and lymphoma (1 case), We
atso excluded three MCS cases because they were associ
ated with lymphomna {1 case} and thyroid endocrinopathy
(2cases).

Certalnly long teren longtudinal analysis and replica-
ton of this ongeing prospective study will be necessary
to establish whether EHS and/or MCS could be related ta
neurodegenerative disease andfar cancer, and thus may
annauncas or reflect accurtence of these pathologies.

The growing worldwide health
problem

Whatever the cause] orighy of EHS and/or MCS, theme s
compeliing evidence that EHS andfor MCS seli-reporting
patients constitute an unsoived, jarge and growing health
problem warldwide,

As far as EHS I5 concerned, about 1%-10% of the
{rvestigated population, £.g. 5% in Switzerland {13), 58¢
in Ireland, %35 [n Sweden, 9% In Germany and 11% [n
England are presently esti d 1o be EHS self-rep g
persons (203). Glven the seven billion persons worldwide
using cordless and/or moblle phone it is expected these
percentages may increase in the 50 mext years. However,
because at the time these estimations were made there was
no objective criteria (or identifylng EHS (21, these data
require confirmatfon by mara obiective investigations.

By using the battery of biomarkers we have Invest-
gated fn this study it now seems possible to objectively
characterize and identify EHS and MCS, Although termed
“idippathic”, IEI bas been defined as abnormal responses
passibly triggered by exposure to organic chemicals and/
o1 melsls. 1 is bedeved tral i addilivn, v MCS several
pathological diserders such os fbromyalgia and chrenic
Fatgue syndrome, because they may shsre a similar envi-
roniment-related intolerance condition, could be part of
1{EL We have shown multiple lines of evidence that EHS
ead MCS share a similar pathngena!s and so might be the
same pathological disorder wt theirp eansal
stressors. This siwongly relnforcés the concepe that both
EHS and MCS must be part of the so called IEI synd:

Present tesearch vainly locus on the causal role of
EMFs and chemicals as possible tiggers of THS and MCS,
respectively and nat eriough on the actually unmet health
care ceeds at o socloeccnomic and public health sething
for persons with environmental sensitivity {203}, 25 it'is
partieuiarly lhe case for E‘-{S and/oer MCS persons.

We th sly propose that wh their
preofs for thelr ‘causal origins, EAS and MCS -should
cleatly be added to the next version of the WHO lntema-
tonal classiflcation of diseases (ICD) on the basis en their
clinical and pathological deseription; as has been the case
for many other diseases.
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Article history: Non-thermal microwaveflower lrequency clectromagnetic fields (EMFEs) act via voltage-gated calcium
Received 13 April 2015 channel {(VGCC) activation. Calcium channel blockers block EMF effects and several types of additional
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evidence confinm this mechanism, Low intensily microwave EMFs have been proposed 1o produce
neuropsychiatric effects, sometimes called microwave syndrome, and the focus of this review is whether
these are indeed well documented and consistent with the known mechanism(s) ol action of such EMFs.
s - VGCCs occur in very high densities throughout the nervous system and have near iniversal roles in
incassive calcinm effects retease of ne&lrulransmi(lers and neurfwnducrine hm‘mnne‘s. Soviel. and Wcsltv:rn Mlemlure.slmw:i ll\:xl
Oxidativefnitrosative stress much ofllae impact of non-thermal microwave exposures in experimental ammtﬂs peeurs in the brain
Low-intensity microwave clectromagnetic aiet peripheral nervous systein, such that nervous system histology and function show diverse and
lields substantial changes. These may be generated through roles of VGCC activation, producing excessive
neurotransmillerfueuroendocrine release as well as oxidative/nitrosative stress and other responses.
Lxcessive VGCC activity has been shown from genetic polymorphism studies to have voles in producing
neurapsychiatric changes in humans. Two U.S. government reports from the 1970s to 1980s provide
evidence for many neuropsychiatric effects of non-thermal microwave EMFs, based on occupational
exposure studies, 18 more recent epidemiological studies, provide substantial evidence that microwave
LEMEs from cellfmobile phone base stations, excessive cell/mobile phione usage and from wireless smart
meters can cach produce simifar patterns of neuropsychiatric effects, with several of these studies
showiiig cleas dose-response relationships. Lesser evidence from 6 additional studies suggests that short
wave, radio station, occupational and digital TV antenna exposures may produce similar neuropsychi-
atric effects. Among the more commonly reported changes are sleep disturbancefinsommnia, headache,
depression/depressive symptoms, Tatigueftiredness, dysesthesia, concentration/attention dysfuaction,
memory changes, dizziness, irritability, loss ol appetite/body weight, restiessness/anxiely, nausea, skin
burningftingling/dermographism and EEG changes. In summary, then, the mechanism of action of
microwave EMIs, Lthe role of the VGCCs in the brain, the impact of non-thermal EMS§s on the brain,
extensive epidemiological studies performed over Lhe past 50 years, and live criteria testing for causalily,
all collectively show that various non-thermal  microwave EMF  exposures produce  diverse
neuropsychiatric effects,
® 2015 The Author. Published by Elsevier BV, This is an open access article under the CC BY license
(bt flrreativecemmons. o Heensesby/4.0/).
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Chemicals having roles:

Calcium(2+)
Nitric oxide (NO)
Oxido nitrite (peroxynitrite)

1. Introduction

Miccowave syndrome (Hocking, 20031 lobnson Lsko
199%), a combination of various neuropsychiatric symptoms
originally described in persons with occupational exposures to
microwave frequency EMFs, has been disputed largely because of
the lack of an apparent mechanism for generating these syraptoms.
it is reported to often include such symptoms as fatigue, headache,
insomnia, dysesthesia (impaired sensation), irritability, lack of
concentration and other symptoms (Hocking, 2000 Jobmsen
Uiakouris, 1998). Similar but more extensive combinations of
symptoms have been reported following occupational exposures
in two U.5. government reports from the 1970s/1980s (Raval
Medical Besearch Instivute Resparch Beport, 1971 Ralnes, 1981)
and fotlowing environmental exposures as described in two more
recent reviews (Khurana et al, 2010; Levig ard Lal, 2010),

The goal here is not just to review the epidemiology, however,
but more importantly to consider the issue of possible physiologi-
cal mechanism(s), Hennekens and Buring (1989), on p. 40 in their
textbook Epidemiology in Medicine state “The belief in the
existence of a cause and effect relationship is enhanced if there
is a known or postulated biologic mechanism by which the
exposure might reasanably alter risk of developing disease.” Itis of
critical importance therefore to assess possible biological mecha-
nism before considering the epidemiological evidence.

Accordingly, this paper considers the mechanism by which low
intensity microwave EMPs impact the cells of our bodies, how that
mechanism may be predicted to impact the nervous system,
evidence for such impact from experimeatal animal studies,
genetic polymorphism evidence for that mechanism acting in
humans to produce neuropsychiatric effects and finally, the
epidemiological evidence for such effects in human populations
with repeated low level microwave EMF exposure. Consideration
of each of these types of evidence influences the overall
interpretation presented in this paper.

2. Microwaveflower frequency EMFs act to activate voitage-
gated calcium channels

In 24 different studies reviewed earlier (Pall, 2633) and two
additional studies (Li et al., 2014, Lisi et al, 2006), microwave and
jower frequency low intensity EMF effects were blacked or greatly
lowered by calcium channel blockers, agents thought to be specific
for blocking voltage-gated calciumn channels (VGCCs). In these
26 studlies, a total of 5 distinct types of channel hlockers were used,
with each type having a distinct structure and binding to a distinct
site, such that it is essentially certain that these must be acting by
blocking VGCCs, which is their only known common property. In
each of these 26 studies, each of the responses studied, were

Dblocked or greatly lowered by calcium channel blockers, showing
that VGCC activation has roles in producing a wide variety of EMF
effects. There is a large literature on changes in calcium fluxes and
in calcium signaling foliowing microwave EMF exposure (partially
reviewed in Walleczek, 1992 Adey, 1993); each of these, including
caleium efflux changes, can be explained as being due to VGCC
activation, again suggesting a widespread role of VGCC activation
in producing biological responses to EMFs. Filla {2012} showed
that pulsed microwave field exposure, produced an almost
instantaneous increase in calcium/calmodulin-dependent nitric
oxide (NO) signaling, providing strong evidence that these fields
can produce an almost instantaneous VGCC activation, It is likely,
that these EMFs act directly on the voltage sensor of the VGCCs to
produce VGCC activation (a1, 201 5) with the voltage sensor being
exquisitely sensitive to these EMFs because of its physical
properties and location in the plasma membrane.

EMFs have been proposed to act to produce a wide varicty of
responses in the cell, via downstream effects of VGCC activation
(Palh, 2013, 2014, 2015), including elevated intraceliular calcium
[Ca2+]i, excessive calcium and nitric oxide signaling and also
excessive peroxynitrite, free radicals and oxidative stress.

VGCC activation has been shown to have a universal or near-
universal role in the release of neurotransmitters in the brain and
also in the release of hormones by neuroendocrine cells (Berridge,
Y998 Dunlap et al, 1995 Wheeler 21 2L, 1994), with such release
being produced by calcium signaling. There are high densities of
diverse VGCCs occurring in neurons throughout the nervous
system. Both the high VGCC density and their function in
neurotransmitter and neurcendocrine release throughout the
nervous system suggests that the nervous system is likely to be
highly sensitive to low intensity EMFs.

3. Genetic polymorphism studies

Genetic polymorphism studies are powertlul tools for looking at
the roles of specific proteins in human populations. In Table 1, a
series of genetic polymorphism studies have been performed that
show that an altele producing increased expression of the gene
encoding the channel of the main L-type VGCC in the brain,
produces diverse neuropsychiatric effects. These studies clearly
show that excess L-type VGCC activity can cause neuropsychiatric
effects. They also predict, therefore, that increased VGCC activity
produced by microwave EMPFs may be able to also produce
widespread neuropsychiatric effects.

4. Histological and functional changes in ceniral nervous
system (CNS) and peripheral nervous system (PNS) in animals
exposed to microwave EMFs

The maost extensive literature on histological and functional
changes in animals is from the Soviet literature from the 1950s/
1960s with additional Western literature from the same time
period. Both Soviet and non-Soviet literature were reviewed in an
English language Publication by Tolgskava and Gordon (1873). This
publication is, thercfore, the main focus of this section. That
publication was divided into thermal and non-thermal exposure
studies, with the non-thermal studies which accupy the majority
of the text (pp. 53-137) being of sole interest here.
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Tahle 1

Influence of genetic patymiorphism of the CACNALC in producing diverse neuropsychiniric offects,

Citation Genetic polymorphism

Changes produced by allele of gene

Phat ot a1} (2013 Polymorphism producing Increased expression of

CACNALC L-type VCCC subunit

ot ab (A1 Polymorphisin producing Increased expression of

CACNATC I-type VGCC subunit
L-lype VGCC subunit
L-type VGCC subunit
{-type VGCC subumnit

L-type VGCC subunit

1-type VGCC subunit

Polymorphism producing inceeased expression of CACNAIC
Polymorphism producivg increased expression of CACNAIC
Polymorphism producing increased expression of CACNATC
Polymorphism producing increased expression of CACNAIC

Potymorphism producing jocreased expression of CACNAIC

Review: The potymorphism {s associated with increased

susceptibility 1o bipofar disorder, “depression, schizophrenia, autism
spectrum disorders, as well as changes in braln function and structive
in control subjects who have no diagnosable psychioteic illness.”
Associaled with increases in both bipolar disorder and schizophrenia

Negatively influences fanguage production on a semantic fevel
influences episodic memory and retrieval

Protuces impaired facial emaotion recognition

Praduces increased dcrivation of the amygdala during emotional
processing

Asspciated with altention deficits inciuding alerting, orienting and
executive control of atlention

These were all derived from the Teleskaya aud Gordaon {1973)
veview and page numbers listed are page numbers hom that
document. All refer to changes produced by non-thermal
exposures in the nervous system of experimental animals, with
most being in rats.

This discussion scrolls down through Talile 3,

The majority of the histological changes seen in these mostly
rodent studies, are seen in the nervous system, despite its being
fess than 2% of the rodent cell mass. There are statements made
that the nervous system, both central and peripheral, is the most
highly sensitive tissuc to these non-thermal microwave and lower
frequency EMPs, Following the nervous system in sensitivity are
the myocardium and the testis; myocardial cells are known to have
very high densities of VGCCs with especially high densities in the
pacemaker cells and the testis is known to have high densities
specifically of the T-type VGCCs. Pulsed EMFs are mare active in
producing histological changes in the brain than are non-pulsed
fields, in two studies reviewed; there is a much larger literature
showing that in most cases pu!sed ﬁelds are more biologically
active (Pall, 2015 Pangopoutos et al, 20173 Belyaev, J015),

A wide variety of brain and per lpheral ncwous system Lissues
show histological changes following non-thermal exposures.
Among the impostant tissues impacted are the hypothalamus
and pituitary gland, where both show similar patterns of changes
in neuroendocripe activities. There is an initial increase in
neuroendocrine activity (this may be produced directly by VGCC
stimulation of secretion), followed over time by “exhaustion” of
neuroendocring activity (this may be produced by tissue damage
produced from long term intracellular calcium {Ca2+]i elevation).

There are widespreacl histological changes produced in neuro-
nal and neuroendocrine tissues. These were repeatedly reported to
be largely reversible on cessation of EMF exposure. They become,
however, irreversible when exposure is extended in time, There are
changes in EEG activity, which may be an easily measurable
monitor of neurological damage.

In a summary statement, Talgskaya and Cordon {1973 state,
“This does not confirm the view, so widely held in the past among
Soviet investigators and still maintained to a large extent even at
the present time in the West, that the action of microwaves is
entirely thermal.”

While there were many studies of brain impact of non-thermal
EMFs performed in the 1950s/G0s that make the information
content of Teduskayva angd Gordon { 1) quite high, there is also a
substantial recent literature on brain effects of non- thermal
microwave EMF exposures (see, for example. &mmu ’*i
20084k Bas e al, 2008, Biillawd e sl
et al, 2017 Eberhardt eb al, 2008 Da

i e ;si‘,
font o 1! U0

“.H m).
5. Older epidemiological reviews and other velated studies

Two U.S. Government reports each listed many apparent
neuropsychiatric effects of microwavefradiofrequency EMFs and
a third recognized the role of non-thermal effects on ot bodics,
but had only a little consideration of neuropsychiatric cffects.
The earlicsr to these was a Maval Medical Besearch Tnsiituie
CRBARDY Brsearch Rep 1571} which lsted 40 apparent neuro-
psychiatric clmm,es produced by non-theymal exposures includ-
ing: 5 central/peripheral nervous system (NS) changes, 9 CNS
effects, 4 autonomic system cffects, 17 psychological disorders,
4 behavioral changes and 2 misc. effects. This NMRI report also
provided a supplementary document listing over 2300 citations
documenting these and other effects of microwave exposures in
humans and in animals,

The Raines {1981} NASA report reviewed extensive literature
hased on occupational exposures to non-thermatl microwave EMFs,
with that literature coming from U.S., Western European and
Fastern European studies. There are no obvious differences in the
literature coming {rom these different regions. Based on multiple
studies, Exines {1981 reports 19 neuropsychiatric effects to be
associated with ouupanonal microwave[radiofrequency EMFs,

The Balen | 1994) report put out by the Rome Laboratory of the
U.S. Air Force, acknowledged the role of non-thermal effects of
microwave EMFs on humans. This report states in the Conclusion
section that “Experimiental evidence has shown that exposure to
low intensity radiation can have a profound effect on biological
processes. The nonthermal effects of RF/MW radiation exposure
are becoming important measures of biological interaction of EM
fields." Clearly fisien (15324} rejects the claim that only thermal
effects occur, Belen (1984} discusses a specific non-thermal
neuropsychiatric effect, where anesthetized animals are awakened
when the head is ircadiated with microwave EMFs, This suggests a
similar mechanism to that acting in humans where such EMFs
produce insomnia {sce below).

o

6. Specific epidemiological studies on neuropsychiatric effects
of microwave EMTs

There are 2G different epidemiological studies described in
Tahiz 3. Although 4 of these only studied a single neuropsychiatric
effect, 22 of these each provide substantial evidence for the pattern
described in the carlier U.S. reports, that a wide range of
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Table 2

Histological and functional changes in brain function in aninals following exposure (o non-thermal microwave EMFs,

Observations including page numbers

Comment from Author

The majority of the histological changes scen Iollowing non-thermal exposures,
occurred in the nervous system, despite its being anly about 2% of the tissue
mass {n rodents; this suggests that the nervous system is highly sensitive to
such exposures, Elsewhere (pp. 129, 136), it is suggested that the nervous
system is the most seasitive tissue, followed by the heart and the testis, among
all of the lissucs of the hody. The most severe histological changes produced
by these non-thermal EMF exposures oceur in the nervous system (pip. 136).

pulsed fields were more active than non-pulsed ficlds in producing histological
changes (pp. 71, 97).

Nervous system regions impacted by non-thermal microwave and fower frequency
ficlds include: cortex, diencephaton including the hypathalamus and thalamus,
hippocampus, antonomic pangha, sensory fibers, pisuitary gland including
neurohypophiysis.

Neuroendacrine changes seem to undergo change over increased time of exposure.
Negroscerction in the hypothalamus and in the pituitary each go through a complex
sequence over time, where EMF exposure initially produces increased hormone
secretion hul where over time, the nourosecretory celis become “exhausied”, leading
to lowered secretion and in some cases cell death (pp. 77-96).

Histological changes include boutons/irgyrophitia, smaller neurons, vavuole lormation
i1 neurvendocrine cells, bead-tike thickening along dendrites (pp. 66, 70, 7), 73, 97, 98,
100, 111, 115117, 121-125). Spines near the ends of dendrites beeome deformed and
with still more sessions of ircadiation, disappeared eatirely (p. 70). Sensory nenrons,
following cxposures, devetoped changes characteristic of irritation, with “marked
tortuosity of the nerve fibers.” Many histological changes ace seen in the hypothalamic
cells (pp. 87~92) as their neuraendoerine function becomes impacted, Histological
changes were found even with exposures that produced no apparent functional changes.

Many histological and functional changes are reported to initially be reversible, foflowing

cossatinn af exposure, but progressively become irreversible with longer exposure.
(pp. 64, 72, 74). Paralleling the develppment of irreversibility, it is found that “Repeated
exposure leads 1o gradual increase in severity of observed changes.” ... including
“increasingly severe disturbance of conditioned reflex activity in the animals, changes in
responses of animals particularly sensitive to acoustic stimulation, .." {p. 104),

1EG changes (pp. 55, GO, 102), including seizure activity following sensory provocation.

Neurodegencration is reported in a nomber of places in this review (pp. 72, 83,1 17}
Synaptic connections in regions of he brain are disrupted (pp. 65-74, 97, 113, 121, 136),
and at the extreme, some aeurons are completely asynaptic (p. 73).

“after profonged and repeated irradiation with low-intensity centimeter waves, with no
clevation of the body temperature aid when the animal's condition remained
satisfactory, changes were nevertheless found in the sensory {ibes of the skin and viscera
in the lorm of irritation phenomena, These findings concur with the view in the literature
that the receptor system as a whole and, in particular its preterminal portions are highly
sensitive.” p. 76. This description is similar to what is reported to occur in electromagnetic
hypersensitivity (EHS). Other such studies are described and include cumulative changes
aver limc, thal may also exptiin changes reported in EHS (pp. 75, 99, 100, 104),

High CNS sensitivity to EMTs is predicted by the high deasity of
VGOCs that oecur in neutons throughout the pervous system,
phus the VGCC role in neurotransmitier and neuroendocrine
release.

Putsed Relds have ofien been found to be suore biotogically
active than are non-pulsed fields in maay different studies from
many countries (Pa3l 2015, Fangopslas o ol 2013,

Redyary, 2HE),

tlevated {Ca2+]i stimulates hormone secretion. However whieo
such elevated |Ca2+}i pccurs over extended time periods it is
highly damaging to the cell, leading in some cases ta apoptosis;
thus this time course of action should not be surprising.

I this is also true in humans, then claims that there cannot he
non-thermal effects, claims which act to protong exposures,
may be causing irreversible damage 1o many humans.

1 { 145971 has an extensive review of EEG changes in animals
following nop-thermal microwave EMF exposures

Synaplic coniections are known Lo be disrupied in autism
could this sugpest that aulism may be generated by EMI
exposure? No doubt, we need much more evidence on this,
One wonders wlhiether almost 6U years ago, the Soviet
literature may have atready described a possible animal modet
for EHS. None is known to exist today, and because of that, EHS
studies are soverely constrained, Clearly one seeds to be
skeptical about this interpretation, but it is of great importance
that this be further studied.

neuropsychiatric effects are produced by exposure to various non-
thermal microwave frequency EMFs. Perhaps the most important
of these 26 is the Santisi et al, (2003) study of people living near
cell phone base stations,

There are three recent studies on the generation of headache
during or shortly following long mobile phone calls (listed under
Chiy e ab, 2011 in Table 3), The timing of development of these
fieadaches and the finding that they occur on the ipsilaterat side of
the head, the side receiving much higher EMF exposure during the
call, both argue strongly that these headaches are caused by the
long mobile phone calls. Such causality was concluded earlicr by
Frey (1994) based on earlier studies and is now still more strongly
documented.

7. Criteria for assessing causality in epidemiological studies

It is important to consider the different criteria that allow oneta
judge whether a cause and effect relationship is justified by the
studies listed in Tabiz 3 and the ndividual studies cited in Baines
{18811, There are five such criteria that should be considered in

making that judgment (see pp. 39-43 in Hennekens and Buring,
1H89)

Strength of Association: Is there a strong correlation hetween
exposure and the neuropsychiatric symptoms? There clearly is for
several studies cited in Baises (19815 One example is the Dwyer
and Leeper [1978) study (see Table 3) where there is a large
increase in symptoms and where that inerease is greater with
longer occupational exposure. Another example is the farner
(19803 study of 1300 microwave workers, where workers with
relatively low exposure levels had an approximate doubling of
neurological complaints and where those with substantially higher
exposure levels had an approximate tripling of neurological
complaints over controls. Sadeikova {1974) found that 7 of
8 neuropsychiatric symptoms studied, showed a statistically
significant rise in prevalence with longer occupational exposure
{see Tabde 3), Sadeikova {1474), also found that microwave
worlers had increases of 3 to over 10-fold in; feeling of heaviness
in the head; tiredness; irritability; sleepiness; partial loss of
memory; and skin sensitivity, There is also a strong assaciation
where important new exposures occuy ~ this is clearly the casc
with all of the studies of people living near cell/mobile phone base
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Neurapsychiatric symptoms apparently produced by exposure fo various electromagnetic ficids.

Citation

EMF exposure

Apparent neuropsychiatric symptoms

Al sul e al, OV

Ay, alsa

fragedig ot al g

Prafyer aiul Leaps

adingka

Siherteld of al 12

s ot ale 1

ihova (1974]

it At B R

Whaldma
eIy

Living near mohile phone base
station

Mobile phone use

Shent-wave hroadeasting tower,
ranging from 6.1 1o 218 MHz

Living near cell phone base station
EMFs

Living near mobite phone base
stations

Mobile phone use

Smart meter EMF exposure

People working in MW
broadeasting or at a television
[ransmitier station

rreople working in radiofrequency
EMFs

Living ncar mabile phone base
station

Study of personnel in LS, embassy
in Moscow exposed to microwave
EMEs

Exrcessive mobile phone use

Children living near a Radio
Lacation Station, Latvia

Exposure 1o wircless smart meter
radiation in Victorta, Austeatia

1iving near cell phone base station

Living near cetl phone base station

Occupational exposure of

25 warkers to either UHF television
broadcasting (10} or to 1062kHz
medium wave broadcasting (15)

Qccupational exposure {o
microwave radiation, including o

17 mWfem*
High cell (mobile) phone use

Living near cell phone hase stations

Mobile phone use

Use of mohile phone among
adolescents
High mobile phone use

Digital TV signaling

Significant increases in ncuropsychiatric complaints included: headache, memory
changes, dizziness, tremars, depressive syniptoms, sieep disturbance; attributed to
effects al EMFs on the human nervous system.

Higher prevalence of fatigue, headache, dizziness, tension and sleep disturbance:
the authors conclude that mohile phone use is a risk factor for developing these
symptoms.

Sleep disruption shown to occur, correlated with exposures and apparcat increase
over time; short term suppression of melatonin shown, based on melatonin
increases during a 3 day period when the Lawer was turned off,

Steep disturbance, icritabitity, depression, blurred vision, concentration difficulties,
nansea, lack ol appetite, headache, vertigo,

Dose response relationships for steep disturbance, ivritability, depression, bluryed
vision, concentration difficulties, nausea, lack of appetite,

Headache during profonged mobile phane use or within an hour following such use,
with pain occurring on the ipsilateral side of the head; simitar observations
oblained ineach of the 3 studies in column 1) sec also Frey (19984

14 common new symptoms (hoth severe and moderate) amony those exposed and
symptomatic, 13 apparent neuropsychiatric: {osoninta, tinndtas, pressure in the
head, concentration difficulty, headaches, memory problems, agitation, dizziness,
fatigue, skin tinglingfburning, involuntary muscle coniractions, eyejvision
problems, numbness; These ranged in prevalence frony 63% to 198 of those
experiencing sympioms, such that most symptomatic people experienced muftiple
SYHIPLOINS,

‘These grotps sulfered from headache, fatigue, irvitability, stress, sleepiness, loss of
appetite, foss of hearing,

Headache, cyestrain, dizziness, disturbed steep, daytiree steepiness, moodiness,
mental depression, memory impairment, muscle andfor cardiac pain, breathing
dilficulties, increased perspifation, difficulty with sex life.

Neuropsychiatric symptoms, with most showing dosc-response relationships:
depression; headache; cerebral symiptams; dizziness; disorders of optical and
acoustic sensory systems; steep disturbance; skin changes; with the exception of
dizzipess, all of these had p<0.001.

Statistically significant increases in newrelogical (peripheral nerves and gangtia),
dermographism {skin responses), irritability, depression, loss of appetite,
concentration difficulties, peripheral ganglia and nerve dysfunction.

Complaints of headache, fatigue, impaired concentration, memory disturbance,
sleeplessness, liearing problems,

Memory dysfunction, atiention dysfunclion, lowered motor function, stowed
reaction time, Jowered neurarmuscular endurance,

‘The most frequent symptoms to develop after smart meter radiation exposure were
insomnia, ieadache, tinmitus, fatigue, cognitive disturbances, dysesthesias
{abnormal sensation), dizziness,

Statisticatly significant dose response relationships for fatigue, irritabitity,
headache, nausea, toss of appetite, sleep disorder, depressive tendency, feeling of
discomiort, difficulty of concentration, loss of memory, visual disorder & dizziness,
Statisticolly significant dosc-sespaonse relationships for headache, Tatigue,
irritabitity, loss ol appetite, visual disorder, nausca, sleeping disorders, dizziness,
poor concenteation, memary foss.

10 newropsychiatric changes were assessed, all showing statistically significant
changes compared with conirols: Somatization®, nhsessive compulsivity®,
interpersonal sensitivity, depression, anxiety”, hostility*, phobic anxicty”, paranoid
ideation, psychoticism, steeplng disturbance,

*p 0.001,

Heaviness in head”, fatigae?, ioritability®, steepiness, memory loss®, vardiac pain',
dermographism (skin sensitivity)®, hyperhidrosis®

* significant increase with time of cxposure,

Mast common effects were headache, ear achie, sense of {atigue, sleep disturbance,
concentration difficulty, face burning sensation. The first three of these had very
high statistical significance for correlation with extent of cell phose use,

Each of the following neuropsychiatric symptoms showed statisticat significant
dose=response refationships: nasea, loss of appetite, visval disterbance,
Irritabitity, depressive tendencies, iowered libldo, headache, sleep disturbance,
feeling of discomfart, fatigue,

Found a small, statistically significant increase in migraine and vertigo. Aso found
an apparent lowered accurrence of Alzheimer's, other dementia, Parkinson’s and
epilepsy - these tatter were fnterpreted as belng due to perhaps carly symptoms of
the devetoping diseases lowerings probability of acquiring a mobile phone.
Increased mobile phone use was associared with increases in tiredness, siress,
headache, anxiety, concentration dilficulties and sleep disturbances,

High mobile phone use was associated with statistically significand rises in stress
and sleep disturbance, with somewhat weaker association with depression,
Constant headaches, pressure in head, drowsiness, sleep problems, tightness in
chest, shortriess of breadth, depressive mood, tatat apathy, tass of empathy, burning
skin, inner burning, leg weakaess, pain in limbs, stabbing paio in various organs,
weight increase,




4% ML Pail Journal of Chemical Nevrganatomy 75 (2016) 43-51

stations, listed in Table 7 and also with the two studies of people
who hecome exposed to radiation from smart meters. The studies
listed in Tabie 2 under Char et 2l {2011} (see also Chia e al, 2000;
Ofteda) #1 al, 2000) are of a special type. Here people making very
long (over 1 h) celifmobile phone calls develop headaches an hour
or more following the initiation of the long call. So these occur
within a specific time range following initiation of these long calls,
such that headache would only occur very infrequently in that time
frame by chance. So here again, there is a strang association. While
there is no question that many of these studies show high strength
of assaciation, it is also clear that it is becoming progressively more
difficult to do these studies. As exposures become almost universal
in countries around the world, it is getting difficult if not
impossible to find good negative controls. There may be a similar
problem in doing animal studies, such that it may be necessary to
raise animals in Faraday cages in order to avoid exposures that
would otherwise accur as a consequence of our near ubiquitous
EMFs.

Biological credibility is extremely strong here, with three aspects
of the biology predicting that these low intensity fields cause
widespread neuropsychiatric effects. This was discussed above and
is reconsidered in the following section.

Consistenrcy within the different epidemiological studies and
witl other types of studies. The epidemiological studies listed in
Table 4 and also those showing neuropsychiatric effects that were
cited in Zasipes (1981) have been performed in many different
countries with different cuttures. They have been performed in
multipte countries in Western Europe, Eastern Europe, the Middie
East and in East Asia, as well as in the U.S, and Australia, They are,
therefore, not limited to one or two cultural contexts. This is
deemed, therefore, an important indicator of causality. We also
have a surprising consistency of apparent neuropsychiatric effects
of different fields, including vatious occupational exposures and
exposures to cellifmobile phone base stations, cxpesure to the
phones themselves, exposure to smart meter pulses, and other
EMFs (sec Table 1), Pulsation patterns, frequencies and exact
intensitics may produce various biological responses (Pali. 2015:
fangopoulos # al, 20179 Belyasey, 2015) soitis a bit surprising that
we have as much consistency as we do have across different types
of exposures. We also have consistency with the biology discussed
in the previous section, Because efevated VGCC activity produced
by genetic polymorphism (Table 1) produces diverse neuropsy-
chiatric cffects, it is not surprising that elevation of VGCC activity
produced by microwave EMF exposure apparently also produces
diverse neuropsychiatric effects, Similarly because non-thermal
EMF exposures produce widespread changes in brain structure and
function in apimals {Tolgskava and Gordoen, 1873), it is not
surprising that the neuropsychiatric symptoms, which are
produced as a consequence of brain dysfunction are produced
by such EMFs, :

Time sequence: W is clear that the all of these effects follow
exposure in the various studies that have been pubtished. In some
studies, it is also clear that longer occupational exposure times
produce increased symptom prevalence. These include Diwvyes aried
{eper {1972) and Baranskl and Edebwain (19751 These observa-
tions all support a causal relationship between exposure to EMF
and the development of neuropsychiatric symptoms,

Dose-response relationship: 1t is assumed, here, that biclogical
effects have a positive correlation with the intensity of the
apparent causal stressor. This is not necessarily true of EMF cffects,
because it has been shown that there are “window effects” where
specific intensities have larger biological effects, than do either
fower or higher intensities (Fail, 200 5; Pangopmdos et al. 2013
felvaey, 7015), Nevertheless, where different intensities were
studied in these epidemiological studics, they do show the dose-
response relationship asswned here including Altpeier =i al

angd fabn (2000}, Lerner

$ arma and
daga [2004Y, Sanrind et al, [2003) and Thomée ef al
{20111, Thus these data do fit well to the assumed dose-response
relationship, found in most causal roles. The Alipeter et al. (2000]
study showed a special type of evidence for causality: during a 3-
day period when the broadeasting tower was turned off, the
melatonin levels recovered 1o near-normatl levels. The studies of
headache occurrence on prolonged cell/mobile phone calls
{typically well over one hour) listed under Chu et al. (2011} in
Table 3 also suggest the assumed dose-response relationship (see
20 Ofredal #t al, 2000 and earlier citations listed
in Frey, 1998), Because such headaches only occur with prolonged
cell/mobile phone calls, these studies also provide evidence for a
dose-response relationship because low doses are ineffective.
furthermore these same studies provide evidence for such a dose~
response relationship from another type of observation. Because
the headaches occur predominantly on the ipsilateral side ol the
head which receives much higher EMF exposure intensity, rather
than on the contralateral side of the head, which receives much
lower intensities, this provides an additional type of evidence for
the predicted dose-response relationship.

While the evidente is convincing that the various neuropsychi-
atric apparent consequences of microwave EMF exposure are in fact
caused by such cxposures, there may be somewhat more
controversy about another EMF-neuropsychiatric linkage, Havas
et al. {20107 have reported a similar list of neuropsychiatric
symptoms in electromagnetic hypersensitivity (EHS) patients, They
found that each of the following symptoms were common in EHS:
poor short term memory; difficulty of concentration; eye problems;
sleep disorder; feeling unwell; headache; dizziness; tinnitus;
chronic fatiguc; tremors; hody pain; difficulty speaking; tingling
sensation in feet or hands; difficulty writing: difficulty walking:
migraine. The similarity of these symptoms to the most commonly
found symptoms following non-thermal microwave EMF exposures
(Table 3), suggests that EHS is a genuine sensitivity to EMFs, In the
hottom row in Table 2, sensitivities were found in rodent studies
following non-thermal exposure that suggest a possible animal
model for the study of EHS. Each of these EHS-related issues needs to
be followed up experimentally.

5 al, {

8. Discussion and conclusions

In the previous section, each of the five criteria for assessing
whetheran epidemiological association is causal, were considered.
Those five are {Hennekens and Buring, 1989): (1) strength of
association; (2) blological credibility: (3) consistency; (4) time
sequence; (5) dose-response relationship. Each of these five
provide strong support for causality such that the combination of
all five provides compelling evidence Tor causality. Low-intensity
microwave frequency EMFs do cause diverse neuropsychiatric
symptoms, While each of these five is important here, the one that
is most important is the criterion of biological credibility.

Three related sets of biological observations each predict that
low-intensity microwave EMFs produce widespread neuropsychi-
atric effects:

1. Such EMFs act via activation of VGCCs, acting through the VGCC
voltage sensor which is predicted to be exquisitely sensitive to
these EMFs (all, 2015). VGCCs occur in high densities
throughout the necrvous system and have essential roles
throughout the nervous system in releasing neurotransmitters
and necurcendocrine hormones, These properties  predict,
therefore, that these low intensity non-thermal microwave
EMFs cause widespread changes in the nervous system, causing,
in turn, diverse neuropsychiatric effects.
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2. Elevated VGCC activity, produced by an allele of the CACNAIC
gene which encodes the channel of the main L-type VGCC in the
brain, produces various neuropsychiatric effects {Taizle 1), This
predicts, that low intensity non-thermal microwave frequency
EMFs which also produce elevated L-type and other VGCC
activity, therefore produce widespread neuropsychiatric effects,

3. Studles reviewed in the Trlgskaya and Dordon, 1473 publication
(Tabie 2) bave shown that thc cells of the mammalian nervous
system show high sensitivity to various non-thermal microwave
and lower frequency EMFs, being apparently more sensitive
than any other organ in the bady of redents. These studies
predict that the human nervous system is likely to be similarly
sensitive to these EMFs, predicting, therefore, widespread
neuropsychiatric effects in humans,

We not only have biological credibility but also more
importantly, each of these distinct but interrclated biological
considerations predicts that low-intensity, non-thermal micro-
wave EMFs produce widespread neuropsychiatric effects. That
common prediction is verified by extenswe data summarized in
citations plowded by the Raval BMedical Besearch Instituee
pele Report (June 1991, data pmv:ded by The Rz
1 NASA report and by 26 epidemiological studies summa-
rized in Table

The most commonly reported neuropsychiatric symptoms from
these studies are summarized in Tabile 4,

A total of 22 different studies described in Vabiz 3 were used for
data lor this table, but not 4 others that only assessed a single
rieuropsychiatric end point. The Altpeter study which only
assessed sleep disturbance/melatonin depletion and the three
studies listed under Chu et al. which anly assessed headache
occurrence following long cell phone calls, listed in Table 3 were
not included, Because many of the studics only assessed from 3 to
7 specific symptoms, it is not surprising that the numbers of
studies reporting a specific symptom fall far below 22. Where
several symptom descriptions were included under one heading,
such as dysesthesia, if a study had more than one of these symptom
descriptions, it was only counted once,

All the symptoms listed in Table 4 :.hould bc COl‘ISldEICd
established parts of microwave syndrome(i locking, 2001 fatmsen
tiakouris, 1998), Bven if the statistical significance in eaLh study
was of the lowest statistical significance (p < .05) one would
expect only 1 positive study to occur at random out of the
22 studies included here. Because many individual symptoms were
not surveyed in many individual studies, the expectation is

Table 4
Comsonly reported neuropsychiatric symptoms following  mictowave EMF
CXPOSUIE.

Symptoti(s) Numbers of studies
reporting

Steep disturbancelinsomnia 17

Headache 14

Fatigueftiredness B

eprassion/depressive symptoms {0

Dysesthesia (vision/hearingfoifactory 14]
dysfunction)

Concentration/aticntionfcopniitive 10
dysfunction

Dizziness/vertigo ]

Mesmory changes 8

Restiessness/tensionfanxiety/stress/ B
agitation/feeling of discomlort

Trritability 7

Loss af appetitefbody weight G

skin tingling/burning/inflammation/ G
dermographism

Nausea 5

substantially lower than that. Each of these, having shown positive
results in 5 or more studies are highly unlikely, therefore, to have
accurred by chance. Stong statistical significance is also seen for
individual neuropsychiatric effects reported to have p < 0.001 in
the Bgey axi Jahn (2010 and Oio et al { 19494 ) studies (see Table 1),

EEG changes may well be part of microwave syndrome, as well.
While none of the studics described in Table 3 measured EEGs, six
studies of human occupational exposure cxted in the Raires (1081}
slmwu] EEG Lhzmg,es (Baran A : ja78;

d Shamdala Sheppard and
”%m‘aa’:i's ot al {20145 t.ltcd 10 human studies in
support of thelr stdtemcnl that “the most consistently reported
effects {of mobile phone use) in various studies conducted by
different laboratories are c¢hanges in the electroencephalogram
(FEG) power spectrum.” Three recent studies (Lustenberger et at,
H¥ chdd et al, 20024.8) and several earlier studies cited in
{ have each shown EEG changes in sleeping
humans exposed to non-thermal pulsed microwave fields. Two
recent studies showed EEG changes in persons exposed to Wi-Fi
fields (Maganiotiet o i Papageorgliog et 4L, 2011) Lal (1997)
described 8 animal studies showing changes in EEG patterns in
animals exposed to non-thermal EMFs and three additional animal
studies were described in fo s and Gordon {1073 With the
exception of the 6 studies cited in the second sentence in this
paragraply, all of these are direct experimental studics which are
nol, therefore, susceptible to the questions of causality that can be
raised about epidemiological studies, It is the author's view that
future studies should consider studying EEG changes as an
objectively measurable assessment of brain physiology and that
before and after increased exposure studies should be considered
when a new EMF source is to be introduced into human
populations. While such studies must be done carefully, given
the complexity of EEGs, even very small numbers of individuals
may produce highly statistically significant resuits in well
designed studies analyzed with paired t-tests,

One of the citations from the previous paragraph, Bise {10978}
veviewed earlier studies of low level microwave t'fcquency
exposures in humans and conctuded that such EMFs produced
the following ncuropsychiatric effects: headache, fatigue, irrita-
hility, dizziness, loss of appetite, sleepiness, sweating, difficulty of
concentration, memory loss, depression, cmotional instability,
dermographism, tremor, haltucinations and insomnia, The strong
similarity of this fist from 37 years ago and the Hst in Table 4 should
be noted. The fise (1578) list is based on occupational exposure
studies whereas the current list in Talidle 4 is based primarily on
EMF exposures from cell/mobile phone base stations, from heavy
cell phone usage and from smart meters, three types of exposures
that did not exist in 1978, The strong similarity between the Hise
{19749 list and the current one 37 years later alone produces a
compelling argument that the 11 neuropsychiatric effects found on
both lists are caused by exposure to multiple types of low-intensity
microwave EMFs,

The pattern of evidence is compelling in support of the carlier
statement of Levitt and Lai {2610} that "the primary questions now
involve specific expostre parameters, not the reality ol complaints
or attempts to attribute such complaints to psychosomatic causes,
malingering or beliefs in paranormal phenomena.”

We can barely imagine how the combinations of neuropsychi-
atric effects, including those in Tabis 4, will influence human
behavior and social interactions, now that the majority of the
human populations on earth are exposed to ever increasing
intensities and diversity of microwave frequency EMFs, You may
recall that three of the occupational exposure studies cited in
(Radnes, 1981 showed increasing prevalence of neuropsychiatric
symptoms with years of exposure to consistent patterns of EMF
exposure intensities (Dwyer and Leeper, 19748 Sadethova, (974,
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Baranskl and Bdelweln, 1975). With ever increasing exposures in
human populations, we have no idea what the consequences of
these ever increasing exposures will be.
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American Academy of Environmental Medicine-
Electromagnetic and Radicfrequency Fields Effect on Human Health

For ovar 50 years, the American Academy of Environments! Medicina
{AAEM) has been studying and treating the affects of the environment on human
health, in the Jast 20 years, our physicians began sesing patients who reparted that
alectric power lines, televisicns and cther electrical devices caused a wide variety of
symptoms, By the mid 1990, itbecama clear that patients were adversely affected
by electromagnetic fields and becoming mere electrically sensitive. in the fast five
years with the advent of wirsless devices, there has been 3 massive increase in
raciofrequency {RF) exposure from wireless devices as welt as reports of
hypersensitivity and diseases refated to slectromegnezic field and RF exposure.
Multiple studies corralata RF exposure with diseases such zs cancer, neurotogical
disease, reproductive disorders, immune dysfunciicn, and electromagnetic
hyparsensitivity.

The electromagnetic wave spectrum Is divided into jonizing radiztien such
as ultravicier and X-rays and non-ionizing radiation such as radiofrequency (RF),
which indludes WiFT, cell phenes, and Smart Meter wireless communication, Ithss
long been recognized that lonizing radiation czn have a negative impact on health,
However, the effects of non-onizing radiation on human heaith recantly have been
sean, Discussions and resaarch of nan-onizing radiation effects centers arcund
thermal and non-thermal effects. According to the FCC and ather reguiatery
agencias, anly thermal effacts are ralevant regarding health implications and
comsequently, exposure iimits are based on thermal effects only.!

While it was practical to regulate tharmat bloeffects, it was aisa stated that
non-thermal effects are not wef understoad and no cenclusive scientific evidence
points ta nan-thermal based negative health effects.’  Further arguments are
madz with raspect to RF exposura from WiFI, cell towers and smart meters that
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due to distence, exposure ta these wavalengths are negligible.” However, many in vitro, in wive
and epidemiciogical studies dermenstrate that significant harmful biclogical effects eccur fram
non-thermal RF expesure and satisfy Hiil's criveriz of causelity.’ Genetic damage, reproductive
defects, cancer, nevrological degeneration and nerveus system dysfunction, irmmune system
dysfuncrion, cognitive effects, protein and peptide damage, kidney damage, and develppmental
effects have afl been reported in the peer-reviewsd scientific Iterature,

Genotoyxic effects from RF expasure, including studies of non-thermal levels of exposure,
consistently and specifically show chromcsomal instability, altered gene axpression, gene
mutations, DNA fragmentation and DNA sttucturs! breaks.®* A stztistlcally significant doss
response effect was demonstrated by Maschavich 2t of, , who reported a finaar increase in
anewploidy as a function of the Specific Absorption Rate(SAR) of AF exposure.’* Genotoxic effects
are documented ta oceur in neurans, blood iympheeytes, sperm, red blood calls, epithelial cells,
hematapoistic tissue, ung cells and bane marrew, Adverse develapmantal effects due to non-
thermal AF exposure have been shown with decreased fitter size in mice from RF exposiire well
below safety standards.® The World Kealth Organization has classified RF emissions as a group 2
B carcinogen.™ Cellular telephene use in rurzl argas was also shawn ta be assoclated with an
increassd risk for maligrant brain tumors,

The fact that RF exposure causes neurcicgicat damage has been documented repeatedly.
increased blood-bratn barrier permeability and oxidative damage, which are associated with brain
cancar and neurodeganerative diseases, have been found *7**7 Nitthy et ol, demonstrated 3
statié:icallv significant dese-response affect between non-thermal &F exposure and ccourrence of
albumin leak across the blood-brain barrier.’® Changes asseciated with degenerative neurclogics!
diseases such as Alzhalmer’s, Parkinsen’s and Amyctrophic Lateral Scleros)s (ALS) have kean
reparted,**® Cther neurological and cognitive disarders such as headaches, dizziness, tremors,
dacreased memory and attention, autonomic nerveus system dysfuriction, decreased reaction
times, sleep disturbances and visual disruption have been reportad ta be statistically significant
in muitiple epldemiological studies with RF exposura cecurring nan-tocaiiy, 1#3*

Nephsetoxic effects fram RF exposure also have been reported. A dose responss
aifect was observed by ingole and Ghosh in which RF exgposure resulied in mild o extensiye
degenarative changes in chick ambryo kidneys based on duraticn of AF exposure.™ RF emissions
nave alse been shown to cause isomeric changes in amino acids that can result in nephrotoxicity

as veell as hepatotoxiciey.™



tectromagnetic fleld {EMF] hypersensitivity has bean documented in controlled and
Goubte biind studies with expasure to various EMF frequencies. Rea et al. demonstrated that
under dauble blind placebe controlled conditions, 105% of subjects showed rearoducible
reactions tc that frequency to which they were most sensitive.™ Puised electromagnetic
frequencies ware shown to consistently pravoke neurclogical symptoms in a blindsd subject
while exposure 1o continuous frequancles did net.>

Although these studias clearly show causality and disprove the cizim that health effacts
from RF exposure are uncertzin, there is another machanizm that proves electromagneatic
frequenclas, including radicfrequencies, tan negatively imoact human heaith. Government
agencias and Industry set safety standards basad on the narrow scope of Newtonian or “classical”
physics reasoning that theeffects of atoms and motecules are conflned in spece and time. This
made! supports the theary that 2 mechanical force acts on a physical object and thus, leng-range
exposure to EMF and RF cannot heve an impact on hezaith if na significant heating eccurs,
However, this is 2n incemplete madel. A guantur physics madel is necessary ta fully understand
and appraciata how and why EMF and RF fields are harmful to humans " in quantum physics
and quantum field theory, matter can behave as 2 particle or as'a wave with waveike properties.
Matter and electromagnetic flelds encompess quantum fleids that fluctuate in space and ume.
These Interactions can have lang-range effects which cannot be shieiced, are non-iinear 2nd by
thelr quantum nature have uncertainty, Living sysiems, including the human body, interact with
the magretic vector potentlat camponent of an electremagaetic field such as the field neara
eroidal el T The magnetic vector potential Is the coupling pathway betwean biclogical
systams and electromagnetic fields. 7" Once a patient’s speclfic thrasheld of intansity has baen
exceeded, it Is the frequency which triggers the patient's reactions,

Long renge EMF or RF forces can act over large distances setting 2 biologicat syszam
oscillating in phase with the frequency of the ejectromagnatic field so v adapts with
consaquences to cther hody systems.. This also may produce an glactromagnatic fraguancy

imprint into the living systém that can be tong lasting. <" Research using objective

instrumentatioa has shown that even passive resonant hrcuits can imprint 3 frequency into water

and biological systems.® These quantum slectradyramic sffects do existand may explala the
adverse health effects sean with EMF and RF exposure. These EMF and RF quantum feld effects

have not been adequately studied and are not fully understeod regarding human health,

3laae

Betause of ths well dozumented stucias showing adverse effects an health and the rot
fully understoed quantum field effect, AAEM calls for exercising precaution with regard to EMF,
RF and genera! fraquency exposure. In an era when ali society relies on the benefits of
electronics, we must find Ideas and technolcgles that do not disturb bodily function. Itis claar
that The humen bady uses electriclty from the chermical bend to the nerve impuise and chbvicusly
this orderly sequence can be disturbed by an indhvidual-specific electromagnetic frequency
enviranment. Neighbors 2nd whele communities are already exercising precaution, demanding

sbstentlon from wireless in their homas and businesses.

Furthermaore, the AAEM zsks for:

»  Animmediate caution on Smart Meter instaliation cue to potentially harmiul AF
exposire.

s Accommodation for health consideratians regarding EMF and RF exposure, including
exposure to wireless Smert Meter technology.

e |ndependant studies to further understand the health affects from EMF and RF expesure.

= Recagnition that elactremagnetic hypersensitivity is a growing problem worldwide.

« Understanding and control of this slectrical environmental bambarémentfar the
protection of society.

« Conslderaticn and independant research regarding the quantum effects of EMF and RF
on numan heaith,

«  Use of safer technology, induding far Smart Meters, such as hard-wiring, fiber optics or

other nop-harmful metheds of data transmission,

Submitted by: Amy L. Dean, DO, Wilkam 1, Rea, MO, Cyrit W. Smith, PhD, Alvls L Barrier, MD
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ARTICLE IMNFO ABSTRACT

Technological devices have become essential components aldaily life, However, their deleterious effects
on the body, particularly on the nervous systens, are well known. Electromagnetic fields { EMF) have var-
jous chiemical effects, including causing deterioration in large molecules in cells and imbalance in fonic
equilibrium. Pespite being essential for life, oxygen molecules can lzad to the generatian ol hazardous
by-praducts, knawn as reactive oxygen species (ROS), during biological reactions, These reactive oxygen
species can damage cellular components such as proteins, lipids and DNA. Antioxidant defense systems
ENE exist by order Lo kgep lree mdif:.\l formation under cm!iroi and to prevent thfeir harmf.ul eﬂk;cts on the
Oxidative stress binlogical system. Free radical {ormation can take place in various ways, including ultraviolet light, drugs,
ROS lipid oxidation, immunological reactions, radiation, stress, smoking, alcohol and biochemical redlox reac-
Antioxidants tions. Oxidative stress occurs if the antioxidant defense system is unable to prevent the harmful effects
of free radicals. Several studies have reported that exposure to EMF results in oxidative steess in many
tissues of the body. Exposure to EMF is known to increase free radical concentrations and traceability
and can atfect the radical couple recombination, The purpose of this review was to highlight the impact
ot oxidative stress on antioxidant systems,
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1. Introduction

Electromagnetic fields (EMF) are emitted by many natural and
man-made sources that play important roles in daily life. More
than 3 billion people across the world are expased to EMF every
day {1]. Lifetime exposure to EMF is becaming the subject of sig-
nificant scientific investigation since it has the potential to cause
crucial changes and deleterious effects in biological systems. The
biological impacts of EMF can be classified as thermal and non-
thermal. Thermal effects are associaled with the heat created by
EMFs in a cerlain area. This mechanism occurs via an alteration in
temperalure deriving from radiofrequency (RF) fields. It is possible
that every interaction between RF flelds and living tissues causes
an energy transfer resulting in a rise in temperature, The skin and

Ahbreviations: EME, electromagnetic fields; RE, radinfrequency; ROS, reactive
oxygen species; GSH, glutathione: GPx, glutathione peroxidase; GR, glutathione
reductase; GSY, glutathione S-transferase; CAT, catalase; S0D, supesoxide dis-
mutase: 1ISP, heat shock protein; EME/IRER, electromagnetic frequency and
radinfrequency exposures; ELE-EMES, exposure to extremely low lrequency; tLL,
melatoning FA, Tolic acid; MDA, malondialdehyde,
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Medicine, Ondokuz Mayis University, 55139, Samsun, Turkey.
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ather superficial tissues usually absorb the non-thermal radiations
emitted by maobile phones; this causes the insignificant increase of
temperature of the brain or other organs in the body | 2], Nonther-
mal mechanisms are those that are not directly associated with this
tegperature change but vather to some other changes in the tissues
i association with the amount of energy absorbed (3,41, Studies on
the health effects of RF energy from communication systems have
revealed that non-thermal effects should also be discussed, The fact
that the possible biophysical mechanisms of RF-EMF interaction
with living cells have nol yel been fully elucidated is one of the
reasons for (these discussions {41, A significant part of many studies
concerning EMF have investigated the "non-thermal” effects of RF
on biological tissues %81 It has been observed that this effect is
mediated by generation of reactive axygen species (ROS) {7{. ROS
are involved in various cellular functions. They can be essential or
extremely toxic to cellular homeostasis |81, Their cytotoxic effects
derive from peroxidation of membrane phosphelipids. This ereates
a change in the conductivity of the membrane and joss of mem-
brane integrity {91, Exposure to EMF has been observed to cause
increased {ree radical production in the cellular environment. Liv-
ing organisms have anti-oxidative mechanisms, such as gittathione
(GSH), glutathione peroxidase (GPx), calalase (CAT), anl superox-
ide dismutase (SOD), in order to alleviate the damage caused by
ROS and their products [ 18], This defense mechanism acts by sup-
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pressing or impaiving the chain reaction triggered hy ROS. In this
case, antioxidant defense mechanisms are impaired by being sub-
jected to an agent that causes overproduction of ROS, including
EMF, thus resulting in oxidative stress {1112}, Studies in recent
years have reported that free radicals play a major role in the mech-
anism behind many diseases, such as diabetes and cancer {15 - 15},
However, thereis still much uncertainty on the subject, and several
questions remain to be answered.

This review evalualed the effect of exposure to EMF on biolog-
jcal tissues by concentrating on alterations in several antioxidant
enzyme activities and different parameters of oxidation.

2. Electvomagnetic field effects

A wide spectrum of electromagnetic waves are today emit-
ted by radar, communication equipment, mobile phone base
stations, high voltage lines, radio and relevision transmitters,
substations, and electrical equipment ar home and work, in addi-
tion to many electrical systems in the environment | it The
Glohal System for Mobile Communications {GSM, 850-900 MHz
and 1850-1990 MHz) is currently the most extensive system for
mobile telecommunications wortdwide [ 17,154 The mobile phone
models (1800 MHz ~2200MHz), laptops (1000 MHz-3600 MHz)
and wireless networks in use today function with high frequency
(2.45 GHz) microwave radiation {19} tn paratlel fo technological
devejopments in this century, technological devices are hecom-
ing ever more important in daily life. However, despite making life
easier, they may also cause a number of health problems, In partic-
ular, the average age of beginning mobile phone use has decreased
rapidly to elementary schoot age, and durations of exposure Lo EMF
are also increasing. One sludy reported that extremely low expo-
sure to EMF from mobile phones may cause ttealth problems [261
several studies have reported findings such as stress, headache,
tiredness, anxiety, decreased learning potential, impairment in cog-
nitive Tunctions and poor concentration in case of expmme lo
microwave radiation emitted from mobile phones {#,21,22], EMFs
influence metabolic processes in the hwman body and exerl vari-
ous blological effects on cells through a range of mechanisms. EMF
disrupts the chemical structures of lissue since a high degree elec-
tromagnelic energy absorption can change the electric current in
the body [231 As a result of this exposure, the functions of organs
are affected. Electric fields exert an oscillatory force on every free
ion on the both sides of the plasma membrane and cause them to
cross it. This movement of ions causes deterioration in the ion chan-
nels on the membrane, biochemical changes in the membrane and
consequently impairment of all celular functions |24}

Exposure to EMFs can damage biclogical tissues by inducing
changes, which can be explained in terms of thermal or non-
thermal mechanisms {251 Thermal effects can occur with the
conversion and absorption of heat by the body's electromagnetic
energy. Increased body temperature is stabilized and alleviated by
blood circulation. Although non-thermal effects do not raise the
pody temperature sufficiently to impair the structure of Lissues,
their effects can stifl be seen as an increase in free radical pro-
duction {n tissues {21 EMFs, no matter where they occur in the
frequency spectrum, are reported to causes a vise in levels of oxygen
free radicals in an experimental environment in plants and humans
{261

3. EME-related oxidative stress and effects on tissue

tree radicals are reactive molecules produced during the con-
version of foads into energy Uirough oxygen. The formalion of lree
radicals is an oxidation reaction that occurs onan oxygen basis, [ 27}
Since oxygen is essential for survival, the formation of free radicals
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cannot be avoided. However, factors including jonizing and non-
jonizing radiation alter the transcripiion and translation of genes
such as JUN, HSP 70 and MYC, via the epidermal growth factor
receptor EGFR-ras, leading to the generation of ROS {75241 and
resulting in the overproduction af ROS in tissues {36

The Fenton reaction is acatalytic process that converts hydrogen
peroxide, a product of mitochondrial oxidative respiration, into a
highly toxic hydroxy! free radical. Some studies have suggested that
EMF is another mechanism through the Fenton reaction, suggest-
ing that it promotes free radical activity in cells {21.22]. Although
some researchers have reported that ROS perform beneficial fune-
tion, a high degree of ROS production may cause cellular darmage,
resulting in a range of diseases, These radicals react with vari-
otts biomolecules, including DNA (Fig. 1), Namely, the energy ol
free radicals is not enough, and for this reason they behave like
robbers who seize energy from other cells and rob a petson Lo sal-
isfy themselves |33, Many studies have suggested that EMF may
trigger the formation of reactive oxygen species in exposed cells
in vitro {34~ 37 and in vivo | 21 The Initial stage of Lhe ROS
production in the presence of RF is controlled by the NADPH oxi-
dase enzyme located in the plasma membrane. Consequently, ROS
activate matrix metalioproteases, theyeby initiating intracetlular
signaling cascades to warn the nucleus of the presence of external
stimulation, These changes in transcription and protein expression
are abserved alter RF exposure { 34, Kazemi el al, investigated the
eltect of exposure to 900-MHz on the induction of oxidative stress
and the Jevel of intracellular ROS in human mononuclear cells.
Excessive elevation in ROS levels is an important cause ol oxidative
damage in lipids and proteins and nuclefc acids, [t therefore causes
changes in enzyme activity and gene expression, eventually leading
Lo various diseases, including sleep disorder, arthrosclerosis, foss of
appetite, diabetes, dizziness, rheumatoid arthritis, cardiovascular
disease, nausea and stroke {40 421 In addition, degradation of the
pro-oxidant-antioxidant balance due to an uncontrolled increase in
ROS may also result in lipid peroxidation. Lipid peroxidation is the
process in which cell membranes are rapidly destroyed due to the
oxidation of components of phospholipids containing unsaturated
fatty acids. By continuing this reaction, lipid peroxides (-C0, M)
aceumulate in the membrane, and transform polyunsaturated (atty
acids into biologically active substances {47}, Consequently, lipid
peroxidation leads to significant damage it the cells, such as distur-
bances in membrane transport, structural changes, cell membrane
fluidity, damage (o protein receptors in membrane structures, and
changes in the activity of celf membrane enzymes |44} Hoyto
et al. demonstrated significant induction of lipid peroxidation after
exposure to EMF in the mouse SH-SYS5Y cell and 1929 fibroblast
cells 1451, Epidemiological studies have also suggested that oxida-
rive damage to lipids in blood vessel walls may be a significant
contributor to the development of atherosclerosis {46~ 4i1,

Studies generally focus on the brain, since cell phones are heid
close to the head during use. There is considerable evidence that
EMF can affect neural funictions in the human brain |50, The rela-
tion between EMF and neurolopical disorders can be explained in
terms of the heal shock response [ %11, The heat shock protein (HSP)
response is generally concerned with heat shock, exposure to heavy
metals and environmental insults such as EMF. Generally, HSPis a
marker in cell$ under stress. Living organisms generate stress pro-
teins in order to survive environmental stressors. The heat shock
response is regarded as a general response to a wide variety of
stresses, such as oxidative stress |52 1 In humans and other mam-
mals, many environmental stimuhi causes ultraviolet radiation |53},
jonizing radiation |34 ] and laser radiation {%5] are caused by celiu-
lar stresses and alter Hsp90 and 70Q levels. Non-ionizing radiation
also causes HSP changes in various lissues, including the brain | 5361,
myocardium [571, testis |5} and skin {521 Studies have described
these findings as an adaptation or readjustment of cellular stress
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Figg 1, Reactive oxygen species genvrated by the effects of exposure to EMF can damage various cellular structures in neudrons of the central nervous system §45],

proteins before preparing the cellular machinery for an adequate
environmerital change. Small, fransitory readjustments of the cir-
cuits may thus decisively influence overall stress tolerance {59,651,

Low frequency (0-300Hz) and RF (10 MHz-300 GHz) EMF has
also been reported to alter the permeability of the blood-brain bar-
rier [51-624 Al the same time, these changes in the blood-brain
barrier may lead to excess accumulation ofheavy metals and specif-
jcally of iron in the brain. This effect may trigger several neuronal
disorders {64.65], Some studies have reported that DNA damage
and blood-brain barrier disruption is connected, and that autism
spectrum conditions are associated with EMF exposure. The dis-
ruption of fertility and reproduction associated with EMF/RFR may
also be related to the increasing incidence of autism spectrum con-
ditions jH5-65 ],

Oxidative stress plays an important rele in DNA damage pro-
cess, general and specific gene expression and celi apoptosis, The
brain has a high metabolic rate, making it more prone to damage by
ROS and oxidative damage compared to other organs |12 Exces-

sive amounts of ROS in tissues may fead to necrosis, the death of

neurons and neuronal damage in brain tissue, as well as to neu-
rological disorders such as Alzheimey's disease, spinal cord injury,
multiple sclerosis, and epilepsy | 741 (Fig. 2). Several studies have
observed neuronal damage and cellular losses caused by exposure
to EMF in many regions of the brain, inc uding the cortex, basal
ganglia, tippocampus and cevebellum [71-75). One epidemiologi-
cal study determined an association I)elwcen amyotrophic lateral
sclerosis and exposure Lo high intensity EMF, but no correlation
was observed with other neurodegenerative diseases {76]. Rubin
et al, noted that the pain tevel of headache may increase during
exposure but decreased immediately when exposure ceased {771,
Haynal and Regli suggested that exposure to extremely low fre-
quency (ELF)-EMF may be linked to amyonophlc lateral sclerosis,
a [atal neurodegenerative disorder { 74} Maskey et al, investigated
the effects on the brain of 835-MHz aver different exposure limes
and observed a significant loss of pyramidal celis in the CA1 region
of the hippocampus } 741 Another case controf study by Villencuve
et al. reported a 5.3-fold increased risk of one brain cancer type,
ghioblastama, in individuals exposed to EMF, but no increased risk
for other brain cancers &0},
some studies have shown thal microwave exposure {ailed to
induce a detectable genotoxic effect by ilself, and have reported
interference with DNA-repalr mechanisms [82-35], Oxidative
damage in DNA occurs as a result of interaction between free radi-

cals and DNA, with the addition of bases ar abstractions ol hydrogen
atoms from sugar moiety. Madified nucleotides emerge as prod-
ucts of damage (8-OH-dG) when DNA is modified by the oxidative
damage caused by reactive oxygen molecules {#6]. These products
are markers of oxidative slress measured using analytical methods
187,851 Agarwal and Saleh and Aitken et al. have reported that ROS
may have harmful effects on sperm DNA and other biomolecules,
proteins and lipids, consequently leading to male infertility .

Al the same time, men carrying phones in their pocket or on
their belt and therefore, most of adverse effects ol the EMF are seen
in reproductive organs. Sepehrimanesh el al. showed that exposure
to RE-EMF produces increases in testicular proteins in adults that
are related to carcinogenic risk and reproductive damage {44, Neu-
roendocrine changes caused by EMFs are a key factor in changing
hormone functions {41, Eroglu et al. stated that exposure to cell
phone radiation reduces the motility and changes the morphol-
ogy of isolated sperm cells. They also discussed Lhe effects of EMFs
on female infertility {921, Goldhaber et al. reported a significant
increase in fetal abnormalities and spontaneous abortions in preg-
nant women exposed to EMF 192 ai Many of these effects may occur
due to hormonal changes |

Sludms on the effects of hMI‘ on tissues discussed here are set
out in Taisdes 1 aml 2

4. The antioxidant defense system and EMF

Antioxidant defense systems have developed in organisms to
control the formation of free radicals and to prevent the harm-
ful effects of these molecules 11224 These anlioxidants reduce or
impair the damage mechanism of ROS via their free radical scaveng-
ing activities {123, Two major mechanisms have heen identified
for antioxidants {1241, The first is a mechanism of chain disrup-
tion in which the primary antioxidant releases an electron to the
free radical found in the systems, The second mechanism includes
elimination of the initiators of species of ROS/reactive nitrogen
(secondary antioxidants) by suppressing chain-initiating catalysts.
Antioxidants may also impact on biological systems by various
mechanisms involving electron releasing, metal jon chelation, co-
antioxidanis, or by maintaining the expression of genes [125] Il
these antioxidanl defense mechanisms are impaived through expo-
sure to an agent that causes the overproduction of ROS, including
EMF, antioxidants may not be sufficient or free radical formation
may increase to such an extent that it overpowers the defense



7 . E.G, Krvrak et al. / Jouraad of Microscapy und Ultrastructisre 5 {2007 ) 167176

Ghpmg CR R -~
Degenerated )
. neuron

Fig. 2. The role of EMI emitied from several devices, depicting an increase in the generation of ROS and consequent oxidative stress in the central pervaus system resulling
fram the inahifity of the antioxidant defense system to'cope with this increase in ROS{E1L

capabilities of antioxidants | 111} This is known as oxidative stress,
EMFs can initiate various biochemical and physiological changes,
including oxidative stress, in the systems of various species. Severat
studies in Lhe titerature show that plasma membrane receptors are
possibie Largets for field interactions 178,V 27].

Generally, antioxidants have been divided into exogenous
groups (carotene, C, and vitamin E), and endogenous groups (mela-
tonin (MEL)), SOD, GSH-Px, CAT. including; protein (MEL), vitamins
(vitamin C), lrace elements (Mg, Se), complexes of compound,
hiydrophilic (ascorbie acid, urate, flavonoids) and hydrophebic (B-
carotene, a-tocopherol) substances, with divect impacts (50D,
CAT), and indirect effects (vitamin E). Substances with functions
concerning the membrane (vitamin A and E, - carotene), circula-
tion (vitamin C, amino acids and polyphienals), cytosol (co-enzyme
Q10) are classified as antioxidants { 122,128},

4.1, Glutathione

Glutathioné (GSHY is ait endogenous antioxidant and an impor-
tant cellular defense agent against oxidative damage. GSH reacts
with the free radicals in the cell and reduces the enfry of hydrogen
peroxides | 1291, GSH also prevents the oxidization of sulfhydryl
groups in the protein steucture, GSH levels in tissues are often used
as a marker for measuring radical damage, It acts as a substrate
for antioxidant enzymes that causes resistance to radical-induced
damage, behaving like a radical scavenger. GSH is especially impor-
tant for the activity of glutathione peroxidase (GSH-Px), glutathione
reductase (GR) and glutathione-S-transferase (GST). in the oxida-
tive stress process, levels of GSH decrease, while glutathione
disulfide increases. tn this case, accumulation of hydrogen perox-
ide (M40 ) is scavenged by the effects of reductase and glutathione
peroxidase (GSH-Px). GSH-Px is also an important enzyme, which
prevents damage to phagocylic cells caused by free radicals. A
decrease in GSH-PX activily leads to the accumulation of hydrogen
peroxide and to celt damage. GSH-Px also prevents the initiation of
lipid peroxidation {651, EMFemitted by cellular phones is known to
he related to a decreased jeve] of GSH in braintissue and blood [57],
However, a decreased Jeve! of blood GSH may possibly be explained
by an elevated oxidation rate and use of GSH during the elimination
of lipid and other peroxides } 136}, Awad and Hassan investigated
the brains of rats exposed to 900-MHz EMF from mobile phones

for 1 hyday for one week. They observed an increase in lipid per-
oxidation after exposure to mobile phones {121 Aydin and Akar
studied the effect of 900-MHz EMF for 2 hiday for 45 days on lym-
photd organs in immature and mature rats, They reported that CAT
and GPx activities decreased significantly compared to a control
group. Similarly, an increase in lipid peroxidation and a concomi-
tant demolition in GSH tevels were seen in alt iymphoid organs after
EMF exposure, suggesting Lhal increased levels ol lipid peroxida-
tion may have been a consequence of depleted GSH stores | 3],
et al. investigated that the whether the protective effects of LSPCs
performed by oral gavage on oxidative stress injury induced by ELF-
EMF exposure. According the results, GST activily was significantly
decreased in the ELF-EMF group when compared with the control
group. They found that LSPCs could effectively prohibit oxidative
stress damage induced by ELF-EMF exposure, it may be related to
the ability to remiove free radicals and induce antioxidant enzyme
activity | 1321 Singh et al, investigated the biochemical mechanism
of the interaction of 800-MHz mobile phone EMF with root for-
mation in mung bean hypocotyls. The obtained results showed up
regulation of the activities of antioxidant enzymes such as CAT
aud GR, which protect against oxidative damage induced by EMF
11431, Sepehrimanesh et al. studied that effect of 900-MHz electio-
magnetic Reld (EMF) exposure on rat serum and testes antioXidant
enzyme levels. They observed that after 30 days exposure both SOD
and GPX activities decreased in the long-time EMT exposure group
{1341, tn Lhe other study RF-EMF exposure caused increase antiox-
idant stress response via increase of CAT and GR activity il lead Lo
the generation of lipid and protein oxidative damage | 1351,

4,2, Catalase

CAT is a coimmon enzyme present in organisms exposed (o oxy-
gen, such as vegetables, (ruils and animals. It catalyzes the reaction
that degrades hydrogen peroxide to water and oxygen. It is a cru-
cial enzyme in the protection of the celf against oxidative damage
caused hy ROS. CAT exerts its peroxidase activity in vivo. it can
also catalyze the reaction of oxidation, by hydrogen peroxide, of
numerous metabolites and toxins, not excluding lformaldehyde,
formic acid, phenols, acetaldehyde and alcohols, Its basic function
is to remove hydrogen peroxide and péroxide ROOH in molecular
oxygen in order (o prevent irreversible damage to the membranes
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Table 1
Some experimental studies on the oxidative effects af EMF,
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Results

Reference Biological endpoint
Ghodbane et al, Ji] Kidney

Meral ef al. j47} Brain
Misa-Agustifio ot al, 13! Thyimus

Balcy et al, {22 Cornea and lens

Bodera et al, | Antioxitant capacity of biood

Ozorak et al, 1333} Kidney and testis

Ozpur et al. 157} Liver and kiduey

Ikinci etal,} 1 Spinal cord

Gurler etal, |3d] Brain

Titredi el al, | 14} Rlaelder

Yan et al.{ 104! Sperm
Rajkovic ot al ]107] Thyroid gland
Noniz et al. | i08] Kidney

Wang el al.§ 18] Blood-testicle Barrier

Avendaiio etalf 114 Sperm

Marayagtanetal, 11114 Humag semen

Hanci ] 12! Spleen and thymiss

In the study investigated that whether Static magnetic fields induces oxidative
steess and apoptosis in rab tissues and to evaluate the possible protector effect
of sefenium (Se) and vitamin E {vit £} supplementation, In the results have
heen shown exposure Lo SMF induced oxidative stress in kidaey that will be
ahle prevented by treatment with Seor vit £

890-0 15-MHz FMF emitted by cellular phones may geperate oxidative stress,
MDA levels increased and GSH level and CAT enzyme activity decreased, while
vitamin A, E and D3 levels remained unchanged in the brain tissue of guinea
pigs

The thymus tissue exhibited several morphological changes, including
increased distribution of blood vessels along with the appearance of red blood
cells and hemorrhagic reticulaepithelial cells

Ta investigate the adverse effects of mobile-phone on the antioxidant halance
in corneal and lens tissues and to observe any protective effects of vitamin Cin
this setting. The results of this study supgest that mobile tedephone radiation
leads to oxidative stress in corneal and fens tissues and that antioxidants such
as vitamin C can help to prevent these effects,

EMF expasure at 1800 MHz significantly reduced antioxidant capacity in hoth
lieatthy animals and those with paw isNavuuation

In the present study was investigated that the effects of both Wi-Fi and 900
and [ROD M1z EME pn oxidative stress and trace element levels in the kidney
and testis of growing rats from pregnancy to 6 weeks of age, 1t has been
ohserved Wi-Fi and mobile phone-induced EMR may cause precacious
puberty and oxidative kidney and testis injury in growing rats.

RF exposure is reparted to induce lipid peroxidation, accompanied by
decreased activity of superoxide disimutase (SOD), myeloperoxidase (MPO)
and glutathione peroxidase (GSH-PX), in various organs, such as guinea pig
fiver and rat kidney

The aim of this study was therelore Lo investigate changes $n the spinal cords of
male rat pups exposed to the effect of 900MHz EME, The study resalts showed
that MDA ant! GSH levels in EMFG increased sighificantly while CAT and 50D
levels decreased following application of 900-MHz EMF pathological changes
may oceur in the spinat cords of male rats following exposure to QU0 MHz,

In the study has been investigated that the oxidative damage and protective
elfect of garlic on rats exposed ta low level of EMF at 2.45 GHz MWR. It may be
concluded that EMF increases the DNA damage in both brain tissues and
plasma of the rats whereas it increases protein uxidation only in plasma. {t
may also be aggued that the use of garlie decreases these effects.

in the study investigated the effect on male rat bladder tissues of exposure to
400 MHz EME applied on postaatal days 22-59, inclusive, In bladder tissue,
degeneration in the transitional epithelium and stromal trregularity and an
increase in cells tending to apoptosis were observed in EMFG.

Rats exposed to Ghowrs of dally cellular phone emissions for 18 weeks
exhibited a significantly higher incidence of sperm cell death than control
group rats,

Alter significant morphophysiological chanpes caused by ELF-EMF exposure,
the thyroid gland recovered morphiolugically, hut not physiotegically, during
the investigated repair period,

I the results was observed the 800-MHz EMR cause te kidney damage and FA
y exhibit a protective effect against the adverse effects of EMR exposure in
terms of the total number of glomeruti,

In the study investigated the effect of electromagnetic pulse (EMPY exposure
ot cerebral micro vascidar permeability in rats, It has been shown that
exposure to 200 aod 400 pulses (1 Hz) of EMP at 200kV/m can increase the
permeabiiity of the blood-testicle batrier in mice

Fosr-hour EMI exposure ex vivo 1o a wircless interpel-connected laptop
caused a signilicant decrease tn progressive sperm motility and an increase in
sperm DNA fragmentation .

RF exposure for one month induced oxidative stress in the rat brain, but the
magnitude differed in the vasious regions studied, and RF-induced oxidative
steess may be one underlying causes of the behavioral deficits seen in rats after
RF exposure

900 Mtz EMF applied to spleen and thymus tissue caused significant
histopathological changes at the TEM and LM fevels

{1361 EMF is known to impact on biological systems by increas-
ing ROS, which causes oxidative stress by altering the CAT levels
of tissues {137~ 148]. Odaci et al. observed a decrease in CAT lev-
els in an EMF-exposed group. Exposure to EMF during the prenatal
period also caused oxidative stress in developing rat embryos. This
pxidative stress persisted through postnatat day 21 {140}, Vuokko
et al. reported that EMF exposure led to depression of antioxidant

systems because of raised lipid peroxidation and generation of free
radicals {1411 Mobhile phones triggered oxidative damage in the liv-
ing cell by increasing the levels of xanthine oxidase and carbonyl
group activity and reducing CAT activity. Treatment with MEL sig-
nificantly prevents oxidative damage in the brain [ 142}, Ozgiiner
et al. reported that EMF exposure leads to renal tissue damage by
raising nitric oxide and malondialdehyde (MDA) levels {1431
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Table 2
Some clinical studies ol The oxidative effects of EMF.

EG, Kiveak vt ol  Journad of Miceoscopy and Ulteastractire 5 (2017) 167176

Ruference Rislogical endpoint

Results

Lavitow et al, {113 Monocytes and
vmphocytes

Bachong etal, [ 14} {iuman blood lyniphocytes

Ansarihadipour el al, 185} Human blnad profeins

Wu et al, {431
flelyaey el al. | t 16

Human epithelial lens cells
Human bloui lymphocytes

Agarwal et al. 117 Haman ejaculated semen

Lewicka etal. {111 Human bload platelets (in
vivn)

Luetal{iti) Human peripheral blond
mononuclear cells

De lutiis et al, { 1281 Human spermatozod (in
vitro)

Yao et al {12 Haman lens eplthelial cells

Sefidbakht et al} it Human embryonic kidney

cells

Mo significant ROS generation was measured in human cell lines exposed to
1800 MHz,

RF exposure {or 1.5 and 4 h did not significantly exacerbate human
lysinphocyte DNA damage, but may reduce and lncrease DNA damage in
huroan lymphocyles induced by uitraviolet Cat 1,5 and 4 h incubation,

EMF exacerbated oxidative damage to plasma proleins as well as
conformational changes in Hb.

RF at 4W/kg lor 24 b significantly increased intracellular ROS and DNA damage,
Decreased background levels of p5s3 binding protein 1 foci and may indicate a
reduced accessibility of 533881 10 antihodies because of stress-induced
chromatin condensation,

900 Mz EMF emitted by mobile phones may cause oxidative stress in human
semep,

‘The fargest increase in ROS concentration vs, o control sample was observed
after exposure to EME of 220V/m intensity for 60 min. The eozymatic activity
of SOD-1 also decreased.,

Cell apoptosis can he tnduced in human periplieral ood mononkclear colls by
a00-Mi 1z GSM radiofrequency eleciromagnetic field at a specilic absorption
rate of 0,.4W/kg when exposure exceed 25,

Highly signilicast refationships were ubserved between SAR, the ogidative
DNA damage hio-marker, 8-01H-dG, and DNA fragmentation after RE expnsure,
DNA damage was significantly increased by comet assay at 3 and 4 W/kg,
whereas double strand breaks by histane variant foct were slgnificantly
increased onty at 4 W/ke, while increased ROS levels were detected inthe 3
and 4W/kg groups,

Resulis showed that an increase in Lhe aaivity of lacilerase aftor G0 min of
continuous exposure may be associated with a decrease in ROS levels causcd
by activation al the oxidative response,

4.3, Superoxide dismutase

SOD is an enzyme that catalyzes the reaction in which the toxic
superoxide {0, ) radical is partitioned inte molecular oxygen (0y)
or hydrogen peroxide (H20;). Superoxide is generated as a by-
procuct as a result of the oxygen metabolism, feading to several
types of damage to cells, Three forms of SOD can be encountered in
humans; SOD; is present in the cytoplasm, SO0, in the mitochon-
dria, and SODy in the extracellular compartmen(. SOD is present in
the cytosol and mitochondria and inactivates the existing super-
oxide radicals, as well as protecting celis from the harmiul effects
of the superoxide radicals | 1441, Research has shown that the rat
brain is susceptible to the effects of exposure tn ELF-EMF, Decreased
CAT and 50D activity results in after exposure suggested that EMF
might change the antioxidant levels of the brain [ 145, Gambari
et al. reported that 50-day exposure to EMF causes oxidative stress
hy increasing MDA levels and reducing SOD activity, and observed
that treatment with vitamin E prevented oxidative stress and lipid
peroxidation in the substantia nigra | 145}, Another study reported
decreased antioxidant enzyme levels and increased levels of ROS
in the kidneys of vats exposed to 900-MHz EMF Tor 30 min/day for
1 month {143,

5. Antioxidants alleviate the potential visics of EMF
exposure

When applied antioxidant supplemented with EMF exposure,
improved the hydrophilic, Hipephilic and enzymatic antioxidant
blood capacity and partially compensated for these changes
[ 147,481 Vitamin £ (locopherol) is one of the most important
such antioxidants, Compounds of vitamin E, including alpha, bela,
gamma and delta tocopherals, are sofuble in lipid. Vitamin E is
stored in rhe liver and has many functions, Its main antioxidant
function is to prevent lipid peroxidation | 1445 Several studies have
shown the beneficial effects ol vitamin E observed by reducing
alteration in antioxidanl capacity against the harmiu) effects of
EMFP { 156,15 14 Ghambari et al. ebserved that exposure to 3-MT

EMEF led to oxidative stress by reducing SOD activity and reported

that treatment with vitamin E prevents the lipid peroxidationin the
substantia nigra | 461 Mohammadnejad el al. studied ultrastrue-
tural changes in the thymus after exposure to EMF and investigated
the protective effects of vitamin Ein preventing these change, Their
results demonstrated Lhat exposure to EMF caused damage to the
immune system and that vitamin E consumption can prevent uftra-
structural alteration in tissue [ 1521,

Vitamin B9 (folic acid and folate) is crucial for several functions
in the human hody, ranging from the production ol nucleotides to
homocysieine remethylation, In humans, folate is required {or the
body to make or repair DNA, and to miethylate DNA, in addition to
its function as a cofactor in various biological reactions, Moreover,
this vitamin possesses antioxidant features | 15731 1t is especifically
crucial during periods involving quick cell division and cellular
growth, Folic acid (FA) is particularly required in pregnancy and
for infant brain development, It is also necessary for the formation
of new cells | 154, Qur previous study reveated that FA prevented
the adverse effect of exposure to EMF by preventing reductions in
cell numbers in the cerebellum and brain, Kyrak observed that EMF
triggered oxidative damage hy increasing the {evels of CAT activity
and reducing GPx activity. They also noticed that oxidative damage
in the brain was significantly prevented by FA therapy |73} (¥ 2).

MEL is a hormaone secreted by the pineal gland and that is also
known as N-acetyl-5-methoxy ryptamin, it functions as a first
line of defense against oxidative stress {1551, This hormone acts
together with other antioxidants such as CAT, SOD and GPX (o
increase the effectiveness of each antioxidant. As a {ree radical
scavenger, iL possesses amphiphilic properties and can easily cross
celf membranes and the blood-brain barvier | 158158, Previous
studies have shown (hat MEL exhibils a protective effect againsl
EMF-induced oxidative stress [ 155161 Koc el al, showed thal
MEL reduced netronal damage in the hippocampus induced by
900-MHz EMF. Ozguner et al. showed thal exposure to 800-MHz
EMF led to mild skin alterations 182} Ulubay et al. stated that
exposure to 900-MHz EMF in the rat kidney duaring the prenatal
period results not only in an increase in total kidney volume, but
also in decreased numbers of glomeruli. The application of MEL was
found to prevent the negative effects of EMF on the kidneys { {45},
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Fig. 3. tmages of cerehellar tissues (rom the control {Conl), EMF exposure, FA and EME s FA (EFA) groups, The letter I indicates healthy Purkinje cells in the Cont and ¥A

groups, Necrosis of Purkinje cells is indicated with a star in the EMF group {72}

tai and Singh demonstrated that MEL prevents EME-induced DNA
damage resulting from free radical generation invat braincells {311,

6. Conclusion

The biological effect of exposure to EMF is a subject of particular
research interest. The results of the recent studies not only clearly
demonstrate that EMF exposure triggers oxidative stress in various
tissues, but also that it causes significant changes in levels of blood
antioxidant markers, Fatigue, headache, decreased learning ability,
and cognitive impairment are among the symptoms caused by EMF.
The human body should therefore be proterted against exposure (o
EMF because of the risks this can entail. As reported in many studies,
people may use various antioxidants such as vitamin E, MEL and FA
Lo prevent the potential adverse eflfects of exposure to EMF.
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Activation of voltage-gated calcivm ehiwnnels
Wi-F or Wil

Repeated Wi-Fi studies show that Wi-Fi causes oxidative stress, spenn/testicular damage, neuropsychiatric ef-
fects including ERG changes, apoptosis, cellular DNA damage, endocrine changes, and calcium overdoad. Each of
these effects are also caused by exposures to other microwave frequency EMPs, with each such effeet being
documented in from 10 10 16 reviews. Therefore, cach of these seven EMU cffects are established effects of Wi-kl
and of other microwave frequency EMTs, Each of (hese seven is also praduced by downstream effects of the main
action of such EMFs, voltage-gated calcium channel (VGCC) activation, While VGCC activation vin EMF inter-
action with the VGCC voltage sensor seems to be the predominant mechanism of action of EMFs, other me-
chanisms appear Lo have minor roles, Minor roles include activation of other voltage-gated ion channels, caleium
cyclotron resanance and the geomagnetic magnetoreception mechanism, Five propertics of non-thermai EMi
effects are discussed. These ace that pulsed EMEs are, in most cases, niore active than are non-pulsed EMFs;
artificial EMUs arc polacized and such polarized EMFs are much more aclive than non-polarized EMFs; dosc-
response curves are non-lincar and non-monotone; EMF effects are often cumulative; and EMFs may impact
young people more than adults. These general findings and data presented earlier on WE-Fi effects were used to
assess the Foster and Moulder (F&M) review of Wi-Fi. The FEM study claimed that there were seven important
studies of Wi-Fi that cach showed no effect, However, none of these were Wi-Fi studies, with each differing from
geauine WI-Ei in three distinet ways. F&M counld, a1 most conclude that there was no statistically significant
wvidenee of an effeet, The ting nustbers studicd in cach of these seven F&M-linked studies show that cach of
them lack power to make any substantive conclusions, In conclusion, there are seven repeatedly found Wi-Fi
effects which have also been shown (o be caused by other similar EMF exposures. Each of the seven should be
considered, therefore, as established effects of Wi-Fi

1. Introduction

Wit (also known as Wiki or WLAN) is a wireless network involving
at least one Wi-Fi antenna connected Lo the internet and a series of
computers, laptops and/or other wireless devices communicating
wirclessly with the Wi-Ii antenna. In this way, cach such wircless
comymunication device can communicate wirelessly with (he internet,
All the studies reviewed here were of Wi-Fi using the 2.4 GHz band,
although there is also a 5 GHz band reserved for possible Wi-Fi use.

Telecoamunications industry-linked individuals and groups have
claimed that there are no and cannot possibly be any health impuoets of
Wi-Fi (loter srad Moalder, 2013 Boyax 17

71, However
with Wi-Fi exposures becoming more and more comnion and with many
of our exposures being without our consent, there is much concern
about possible Wi-Ti health effects. This paper is not focused on anec-
dotal veporis but rather on 23 controlled, scientific studies of such
health-related effects in animals, cells including human cells in culture

o ol B

Fomail address: sipsiin sl
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and in human beings (¥able 1),

Each of the effects reported above in from 2 to 11 studies, have an
extensive lterature for their occurrence in response to various other
non-therma! miccowave frequency EMFEs, discussed in detail below.
These include (see Vable 1) findings that Wi-Fi exposures produce im-
pacts on the testis leading to lowered male fertility; oxidative stress;
apoptosis (a process that hag an important causal role in neurodegen-
erative disease); cellular DNA domage (a process causing cancer and
germ line mutations); neuropsychiatric changes including EEG changes;
hormonal changes.

The discussion here focuses on those Wi-Fi effects which have been
found by multiple Wi-Fi studies and have been previously confirmed by
non-thermal exposures to other microwave frequency EMFs, The 1971/
72 U.S. Office of Naval Medical Research study (Glaser, 1971) reported
the following changes related to testis or sperm: 1. Decreased testos-
terone leading Lo lowered testis size. 2, Histological changes in testi-
cular epithelial structure. 3, Gross testicular histological changes. 4.

Radistion and Health specint issuc of the journal Enviconmental Research.
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Table 1
Summary of health impacts of Wi-Fi EMIT exgosuies.

Environmental Rescarch 164 (2018) 405416

Citation(s}

Health Bffects

L9 E% ST
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B et gl fa Ay

Oxidative stress, in some studies effects towesed by antioxidmms

Sperm/iesticutar damaye, sude infertility

Newropsychintric chonges including BEG; premstal Wi-Fi leads 1o post-nital newrnl
developntent, inereased cholisiesternse; deervased speefsl wamiog; Wi-B1 led 1o greotly
lowered ability 1o distingoish Tawitiar from novel oblects, chuinges in GABA and
cholinergic transmission

Apoptosis (programnied vell death), elevated spuptotic markery

Collulsr DNA damage

Eadoerine changes inels Catecholimdnes, punerestic endovrine dysfunetion, prolactin,
progesterone i extrogen

Culeium overloud

Melatunin lowering; sleep disriaption

MicraRNA expression (Brain)

Abnormal postnntal developuient

Disrupts development of feeth

Cordie ¢hanges, blood pressare disruption: enytlvoeyte dumage

Growth stimulation of pdipose stem cells (role in obesiy?)

Decreased spermatogenesis, Gloser 114717 also reparted a total of 35
netrological/neuropsychiatric effects of non-thermal EMY expostres,
including 9 central nervous system effects, 4 antonomic system effects,
17 psychological disorders, 4 behavioral changes and EEG changes. It
also reported 7 types of chromosomal aberrations several of which are
known to be caused by chromosomal double stranded DNA breaks, 8
types of endocrine changes, and cell death (what we now call apop-
tosis). filaser (19710 also provided over 1000 different citations each
reparting varjous types of non-thermal microwave frequency EMF cf-
fects. Consequently, the existence of 5 types of WiFi effects, each
supported by multiple Wi-Fi studies were already well-supported as
general non-thermal EMF effects back in 1971, 47 years ago: effects on
the testis and sperm production, neurological/neurapsychiatric effects,
endoerine effects, attacks on cellular DNA and increased apoptosis/cell
death,

The 146 page review published by Tedgshaya
found that in studies of histological changes in rodents, the three most
sensitive argans in the body to non-thermal microwave EMIs were the
nervous system (including the brain), followed closely by the heart and
the testis, They also reported changes in netroendoerine tissues and
increased cell death in multiple tissues, Thus those pre-1973 rodent
studies already showed that other MLy caused 4 of the repeated, re-
cently documented Wi-Ii effects: changes in testis structure/function,
neurological effects, increased cell death (possibly via apoptosis) and
endocring effects, Findings from our longer list of EMY reviews of non-
thermal effects are summarized in T

tiach of the 7 Wi-Fi effects found in 2-17 studies (Talile 1), have also
been found to be caused by other microwave frequency BEMFSs, in a
much larger literature (Valde 2). From 10 to 16 reviews extensively
document each of these seven effects as general microwave frequency
effects (1ubsie 2). These are, therefore, general effects produced by such
EMFs. Ttach of these 7 repeatedly found Wi-Fi effects should, therefore,
be considered established Wi-Fi effects. 'The author is not aware of any
genvine WI-Fi studies on these 7 effects that reported no statistically
signifcant evidence of effeel.

liach of these 7 is very serious: Oxidative stress has causal roles in
most chronic human diseases; cellular DNA damage can cause cancer,
thus producing a partial explanation for EMF cancer causation; because
sucl DNA damage occurs in sperm cells (Alasoy
ep ol 2012 akidag et sl 2006 Adams ot al, 20040 Lie e bl 2004
asghart o #l, 2016), such damage is highly likely to produce mutations
that impact future generations; calcium averload is highly likely to be

wond Gropcdon (V23

wh, 2013 Avendaio

the cause of each of these various other cffects, as discussed below;
apaptosis has central roles in neurodegenerative diseases; the neu-
ropsychiatric effects are almost certainly caused by the impact of EMEs
on brain structure which is extensively documented and, in my opinfon,
produces many impacts (#sH, 2616h), A recent meta-analysis shows
major fowering of sperm counts and sperm quality in many countries
around the world, with declines of over 50% In all advanced technology
countries (Levine o ol 2017). The senior author of this study suggested
that this effect slone may lead to human extinetion (B suthe
217). Given the niajor impact of EME exposures on sperm count and
quality in human and in animal studies, the pattern of evidence on male
fertility is very worrying.

One thing needs to bé clarified, heve, however. In the two studies on
calcium overload following Wi-Ti exposure, such overload was mea-
sured a substantial time period lollowing exposure. Overload was
shown Lo be caused, Lo a substantial effect, by increased TRPVL reé-
ceptor activity (L4 s Blasrodlu, 2018 Gl ol
26314), The TRPVI receptor is known to be activaled by oxidative stress:
it is my view, discussed in detail below, that there is a central me-
chanism that acts to produce excessive intracellular caleium fm-
mediately following EMF exposure and that the oxidative stress/TRPVI
activation is secondary.

We have then, major impacts ol non-thermal EMF exposures on both
of the most impottant intercellular regulatory systems in the body, the
nervous system and the endocrine systems. We have major impacts on
what may be the most important intracelfular regulatory system, the
raleiumt regulatory system. And we also have non-thermal BMFs at-
tacking the DNA of our cells, putting our biclogical inheritance ot great
risk, As living organisms, EMVFs attack each of the most important
functions that go to the heart of our human complexities.

Despite all of (hese clear and fmportant, non-thermal effects, and
the Fact that there was substantial evidence for many of them already
known before 1973, our current U.S. and international safety guidelines
are still based on considering only thermal effects,

ik
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2. Wi-Fi and other wireless communication EMFs are pulsed,
leading to larger biological impacts; These EMPs are also
polarized, also producing larger effects; Dose response curves are
often both non-linear and non-monatone

There arc three patterns of EMI action, each of which is very im-
portant and each of which is almost universally ignored by the
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Reviews of Non-thermal Eifects of Microwave Prequency SMEs Similar 1o Those Pound {n Multipte Wi-Fi Studies.

Non-thermal effects Citations

Cefular DNA dumage

Changes in testis structure, towered sperm - count/
quility

Meurplogieal/nenrupsychiatric effects

Apoptosis/eell deh

Caicium overload

Endogrine effecls

Oxidative stress, free radical dumage

b o{aion

telecommunications industry and industry-linked organizations. The
most extensively reviewed of these is that pulsed EMFs are usually
much more biologically active than are non-pulsed (also known as
contmuum wavc) LMI‘s of ulemiml fr(.qucncy ancl tmmlm avemge in-

; .
sagopilon o Gl

A0y m% 20750 ) This paltem ofdc(lon is
particularly important because all wircless communication devices,
including Wi-ff (Pamaguponlos e wl, 2 v Mavet, 2015) commu-
nicate via pulsations and are likely to be particularly dangerous as
consequence of this. Pansyopeulss e al, 20150 have argued that the
more pulsed they are, the more damaging EMFs will be and while this
may still be questioned, it may well be a roughly applicable general-

ization.

It is also true that artificial EMFs are polarized and this mnkes ar-
EMFEs

tificial particularly  dangerous  (Belyave.  : 243

gs et b, 26 Ba), Polarized EMEs put much largcr forees uf
electrically charged chemical groups than do non-polarized EMIs
(Fasugopoulss @ al, 20154), an observation that is relevant (o the
main mechanism of TMF action in living cells discussed below.

It has often been found that there are windows of exposure where
specific intensity ranges produce maximum biological effects, which
drop off going to both lower or higher intensities (sdyney, 2005, 2015
Pall, 2015b), I con be seen from this that dose-response curves are
often both non-inear and non-monotone whereas industry linked
groups often assume a linear and therefore monotone dose-response

curve,

3. EMF effects are often cumulative and irreversible

One question that has been raised about the effects of these low-
intensity EMFs producing biological effects is are they cumulative? 1 am
aware of three different types of evidence for cumulative effects. Three
of the human occupational exposure studies from the 1970's reviewed
in fmines £19513, showed that effects inereased substantially with in-
creasing time of expasure to a particular type and intensity of EMF.
‘the impacts of such EMFs on animal brains were rcvicwed in
askaya and Gerden (19731 and discussed in Pall (201000, Initally
exposures over period of 1-2months produced relatively modest
changes in structure of the brain and the neurons and when exposures
ceased, most of the structural changes disappeared — that is the changes
were largely reversible. However more months of exposure produced
much more severe impacts on brain and neuronal structure and these
were. irreversible (1 st Trerdon, 19Y5 Pall, 2016R),

Pagras nnl Koo y put pairs of young mice into cages on the

ground at two locations each with somewhat different exposures within
an antenna park. The exposure levels at both sites were well within
safety guidelines, so if the safety guidelines have any biological re-
levanee, there should have been no apparent effects. It takes about 30
days for mice to go through gestation. At the higher level exposure, the
pairs produced one litter of lower than normal size, and a second litter
with lowered numbers of progeny; after that they were completely
sterile or had extremely low Tertility (i 14947), At the
other site, the mating pairs produced four litters, with decreasing
numbers of progeny over time followed by complete sterility. In hoth
groups, the mating and possible subsequent gestatation for the [ifth
possible litter were performed under conditions ol no EMIF exposure,
but the fertility effects were not reversed; therefore fertility effects may
become irreversible, suggesting o similar pattern to the brain related
effects of EM¥s. It shouid be noted that Ozorak el al (2013) showed that
Wi-Fi expoqure impacted animal rcproduumn und lhal (Atsoy o1 a2l

2013 015 Dasdag e al, 2015 o el ul, 2012
Vildiving w1 al., 30015 Ond &1 al,, 2001 , 2018) suggest this
as well from the Wi-Fl impacts on tcsh.s stricture and sperm production.

Mutation accumulation produced by cellular DMNA damage is likely
to he hoth cumulative and irreversible, as well, because later mutations
are highly unlikely to reverse previously oceurring mutations,

We have therefore reason to think that such effects as brain damage
to animal brains, neuropsychiatric effects in fumans, reproductive
dysfunction in mice and mutational effects, are ench cumulative, Those
same effects may be completely or largely irreversible. One thing that
this should tell us is that the short-term Wi-Fi studies shown in Tuble §
may greatly underestimate the damage Wi-Fi may do over much longer
time periods. Given the fact that Wi-Fi has been placed in most schools,
hotels, restaurants, coffee shops, commercial aireraft and airports as
well as in many homes and that Wi-Fi hot spots are becoming in-
creasingly common in cities around the world, we should expect mas-
sive cumulative Wi-Fi effects in many people. A second tentalive in-
ference is that false assurances of safety on the part of indusiry are
likely to lead to much more severe effects on people exposed to Wi-'i or
other EMFs; rather than leading them fo protect themselves or their
children by avoiding exposures or demanding that others stop non-
voluntary cxposures, they are likely to avoid protective changes or be
prevented from doing such protective changes. A third inference is that
these effects may be among the more difficult ones for us to attribute to
EMF exposure. We are much more aware of effects that oceur rapidly
than those that take months or years before they become readily ap-
parent.
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4, Wi-I'i and other EMFs may be particularly damaging to young
people

Most arguments that have been made that microwave frequency
EMPFs may be much more damaging to young children have centered on
the much smaller skulls and skull thickness in young children, in-
creasing the exposure of their brains to BMEs (Camdhi and Hang, 2001
st et wl, 201%). However there are other arguments to be made.
[iMFs have been shown to be partl(‘ularly active in producmg cffects on
(,mbrymm b(em cells ( seful, v ;

el 2 w) Because qunh stem L(."‘r U(.(.Ul‘dl mudl hxg,her LeH dcmmes
in duldren with stem cell densities the hlghev.r in the fems nm] de-
vreasing with increasing age (ilelys Wk toul,
21141, impacts on young children are hkcly to he much hlghu‘ lhun in
adulis. The decreased DNA repair and increased DNA damage following
FEMI exposure strongly suggest that young children nmy be increasingly
susceptible to cancer folluwmg such exposures (Belvasy of al, 7004,
al B01: Deve o al, 20061), EME action on stem cells may
also cause young children to be [)«\l'llLllldl‘ly smLepublu to disruption of
brain development (30« il 4, 2614), something
that may be relevant to autism causation, ’lhvse are all very proble-
matic issues and we cannot rule out the possibitity thal there are other
problematic issues as well, i [ sy [2015) reviewed
the literature showing thot there are age-refated effects, such that
young people are more sensitive to EMF effects. it lollows from these
various findings that the placement of Wi-I'i into schools arownd the
country may well be a high level threat to the health of our children as
well being a threat to teachers and any very sensitive fetuses teachers
may be carrying, as well,

5. How do EMF exposures lead to non-thermal health impacts?

The author found the answer to this question in the already pub-
lished scientific literature (Pall, 26173), That study showed that in 24
different studies [there are now a fotal of 26 Psll (201513), effects of
low-intensity EMFs, including microwave lrequency and also extremely
low frequency EMPs, static electrical fields and static magnetic fields
could be blocked by caleium channel blockers, drugs that ave specific
far blocking voltage-gated calcium channels (VGCGs). There were 5
different types of calciom channe! blockers used in these studies, each
thought to be highly specific, each structurally distinct and each
binding to a different site on the VGCGs, In studies where muliiple ef-
fects were studied, all studied effects were blocked or greatly lowered
by calcium channel blackers. These studies show that EMFs pmduce
diversc non-thermal effects via VGCC activation Pl (2015, G014,
HY Ga, BHRL, 3 2686h1) in many homan and animal Lells In
plr““ ceH';, EMFs activate somewhat similar calcium channels and
produce somewhat similar effects on oxidative stress, cellular DNA
damage and calcium signaling (2adl, 2518:), Yurthermore, many dif-
ferent effects shown to be produced in repeated studies by EMF ex-
posures, including the effects discussed above, can be produced by
downstream effects of VGCC activation, via increased [Ca2-+]i, as
discussed in detail below.

Before leaving this issue, it is important to discuss why the VGCCs
are so sensitive to activation by these low-intensity EMVUs, The VGCCs
each have a voltage sensor which is mate up of 4 alpha helixes in the
plasma membrane, with cach such helix having 5 positive charges on it,
for a total of 20 positive charges (Vall, 20i5h), ‘These voltage sensor
helixes are each called S4 helixes because each is the fourth helix in a
distinet multi-helix domain. Each of these voltage sensor charges is
within the fipid bilayer part of the plasma membrane. The electrical
forces on the voltage sensor are very high for three distinct reasons
(iall, 20150, #3134, 2016a). 1. The 20 charges on the voltage sensor
mike the forces on voltage sensor 20 times higher than the forcés on a
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single charge. 2. Because these charges are within the lipid bilayer
section of the membrane where the dielectric constant is about 1/120th
of the dielectric constant of the aqueous paris of the cell, the law of
physics called Coulomb's faw, predicts that the forces on those charges
will be approximately 120 times higher than the forces on charges in
the agueous parts of the cell. 3, Because the plasma membrane has a
high electrical resistance whereas the aqueous parts of the cell are
highly conductive, the electrical gradient across the plasma membrane
is estimated to be concentrated about 3000-fold. The combination of
these cffects means that comparing the forces on the voltage sensor
with the forces on singly charged groups in the aqueous parts of the cell,
the forces on the voltage sensor are  approximately
20 ¥ 120 % 3000 = 7.2 million times higher (¢4, 201 55), The physics
predicts, therefore, exiraordinarily strong forces activating the VGCCs
via the voltage sensor. H follows that the biology tells us that the VGGCs
are the main targel of the EMFs and the physics tells us why they are the
main target. Thus the physics and biology are pointing in the same
direction.

‘There are also additional findings pointing to the voltage sensor as
the direct target of the EMFs, In addition to the VGCCs, there are also
vollage-gated sodium, potassium and chloride channels, with each of
these having a voltage sensor similar to those found in the VGCCs. t.u
ot ul. 12017 reported Lhat voltage gated sodium channels, in addition
to the VGCCs were aclivated by BMPs, fubor ot 5l (2014) found that

Mauthner cells; specialized neurons wnh special roles in triggering
rapid escape mechanisms in fish, were almost instantaneously activated
by clecirical pulses, which acted vin voltage-pated sodium channel
nctivation to subscquently produce large [Ca2+]i increases, Zuwiy
et al. {2416} reported that in addition to the VGCTs, potassinm and
chloride channels were each activated by EMFs, although these other
vollage-gated ion channels had relatively modest roles compared with
the VGCCs in preducing biological effects. Lach of these three studies,
the Li st sl (20157 study, the Vabar ot gl (2014) study and the Zhang
st ol (016 study used specific blockers for these other voltage-gated
jon channels Lo determine their roles, ‘The Tabig ot sl (3014} study also
used genetic probing to determine the role ol’ the vollage-gated sadium
channels, Ls et 4l (2615) also used whole cell pateh clamp measure-
ments to measure the rapid influx of both sodium and caleium into the
celt via the voltage-gated channels following EMF exposure. Sodium
influx, particularly in electrically active cells, act in the normal phy-
siology to depolarize the plasma membrane, leading to VGGC activation
such that the voltage-gated sodium ehannels may act primarily via in-
direct activation of the VGCCs. In summary then, we have evidence that
in anfmal including human cells, seven distinet classes of voltage-gated
fon channels are each activated by EMF exposures: From the sl (20133
review, four classes of vollage-gated fon channels were shown from
calcium channe! blocker studies, to be activated by EMFs, Lotype, T-
type, N-type and P/Q ~type VGCCs. In this paragraph we have evidence
that three other channels are also activated, voltage-gaied sodium
channels, voltage-gated potassiunt channels and voltage-gated chloride
channels. Furthermore the plant studies strongly suggest that the so
called 'fPC channels, which contain a similar voltage sensor, are acti-
vated in plants allowing calcium influx into planis to produce simitar
tMI-induced responses (Pall, 22 i6a). One can put those obsecvations
together with the powerful findings from the physics, that the electrical
forces on the voltage-sensor are stunningly strong, something like 7.2
million times stronger than the forces on the singly charged groups in
the aqueous phases of the cell. Now you have & stunningly powerful
argument that the voltage sensor is the predominant direct target of the
LiMFs,

‘there is one additional finding that should be discussed here. In a
study published by Pilla (26122, it was louund that pulsed EMFs pro-
duced an “Instantaneous” increase in calcivm/calmodulin-dependent
nitric oxide synthegis in cells in culture. What #ills #1 showed was
that following EMF exposure, the cells in culture, must have produced a
large increase in [Ca2 + i, this in twrn produced a large increase in
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nitric oxide synthesis, the nitric oxide diffused out of the cells and out of
the aqueous mediam above the cells into the gas phase, where the nitric
oxide was detected by a nitric oxide electrode, This entire sequence
occurred in less than 5s. This eliminates almost any conceivable in-
direct effect, except possibly via plasma membrane depolarization.
Therefore that the pulsed EMFs are acting directly on the voltage sen-
sors of the VGCCs and possibly the voltage-gated sodium channels, to
produce the [Ca2 + |i increase.

Why is it that the VGCCs, acting via calcium influx, seem to be much
more important in praducing EMF effects than are the other voltage-
gated fon channels? Probably for three reasons: 1. Ca*' ions under
resting conditions in cells have about a 10,000-fold concentration
gradient driving them into the cell, and over a million-fold electro-
chemical gradient also driving them into the cell. Because of this, ane
can have huge calciuvm influxes upon channel activation. 2. [Ca2 + ]i
produces many imporiant regulatory effects, such that over activation
of those effects can have very large pathophysiological consequences. 3.
Sustained elevation of [Ca2-+ |i produces major cell damage,

6. How can the Wi-Fi effects be produced by EMF triggered VGCC
activation?

Can the various effects produced by Wi-Fi and by other microwave
frequency EMFEs be produced by the downstream cffects of VGCC acti-
vation? in order to determine that, one needs to consider the various
downstream effects of VGCC activation, surnmarized in g 1 and how
these are likely to produce each of the offects of Wi-Fi and other mi-
crowave frequency EMFs. Let's consider iy, 1,

As shown in the top left section of ¥ig. 1, microwave and lower
frequency EMFs act via VGCC activation to produce ingreases in in-
traceliufar caleium [Ca2+1i. All of the downsteam effects of VGCC
activation considered in ¥iz. 1 are produced by elevated (often ex-
cessive) [Ca2 +1i.

Just to the right of [Ca2+]i in ¥iz. 1, you will see that elevated
[Ca2+-1i produced increases in nitric oxide (NO) synthesis. This is be-
cause two of the three types of enzymes producing NO are calcium-
dependent, There is an NO signaling pathway that goes through in-
creased ¢cGMP and increased protein kinase G activity, Protein kinase G

can act by raising the activity of the transcriptional regulatory factor,
Nrf2, lo praduce the thcmpeuﬁc cffects produced by FEMF exposures
(i, 20013 Pall, 2034 Pall g B,

High levels of NO can bind 10 heme groups on cylochromes {up-
permost section, ¥z 1) inhibiting cytochrome oxidase, the terminal
oxidase in the mitochondria, inhibiting A'TP synthesis, NO can also
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inhibit cytochrome P450s involved in steroid hormone synthesis, low-
ering levels of estrogen, progesterone and testosterone (sex hormones),

‘the main pathophysiclogical effects of EMY exposures are produced
vin excessive calcium signaling (lower left) and the peroxyunitrite
pathway (lower right). Peroxynitrite levels are elevated because both
NO and superoxide are elevated by increased [Ca2+ |i with NO and
superoxide reacting with each other to form peroxynitrite. Peroxynitrite
and its CO, adduct, can break down to produce reactive free radicals,
hydroxyl radical, carbonate radical and NO, radical which produce
oxidative stress. These various oxidants act to produce greatly elevated
NE-kappaB activity, teading to inflammation. Al of this biochemistry
and physiology is well-accepted and widely known with a single ex-
ception: ‘the role of protein km'm G in raising Nrf2 has only recently
been reviewed (Fall and Lavine, 2015).

‘The ways in which these mechdmsms can produce each of the seven
effects produced by Wi-Ti, as well as other microwave [requency BEMFs,
are described in Tuble 4.

it can be seen from Tabie 3, that there are plausible mechanisms by
which each of those seven effects can be produced by VGCC activation
via known pathways, Given the complexities of biology, the mechan-
isms described in 72 may, in some cases, be over simplified.

‘There is onc other finding, not refated 1o the Wi-Fi findings, that is
included in Tubie 3. A question that was raised in review of the paper
was whether the heat shock stress elevation found following EMF ex-
posure in many studies, could be prodaced by VGCC activation, As you
can see from Tslsiz 3, it can be.

7. Other proposed biophysical mechanisms

One question that can be asked is how the VGCC activation me-
chanism (:()mpﬂre': wilh other biophysical madels of non-thermal EMF
effects, Helvneyv 120155 has discussed a number of what he describes as
biophysical mmlel:. which are, therefore considered here. These models
are basically theoretical models of how the weak electrical forees of the
EMFs can interact with biologlcatly plausible structures to produce non-
thermal effects,

The first of these Belyaev considers is Fréhlich’s theory. This is
where there are “coherent longitudinal vibrations of electrically potar
structures.” The mechanism of l"rtihlich‘s theory will not be considered
here (the reader is referred to Helvaey, 20315), The author considers this
to be a plausible mechanism (or possible production of some non-
thermal EMF effects. However, there are no specific testable predictions
made by the theory that suggest how it could be tested, given the fact
that there may be multiple possible targets of the EMFs according o
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Table 3
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How Eight Gstablished Effecls of Wi-Gi and Other EMIs Cin Be Prodused by VGCC Activation,

EMY effecL

Probable mechanism(s)

Oxidittive stress

Lowered male/female fertility, elevated spomancous
ahortion, lowered Jhido

Neurglogical/ newropsychiatric effecis

Apoptosis

Cellular DNA damage

Changes in non-steraid hormone (evels

Praduced by clovated tevels of peroxynitrite and the frue radical brepkdown praducts of peroxynitrite and its G0,
adduet. Four studies of EME exposure, cited in #4835 showed that oxidative stress loltowing exposure was
associuted with mujor elevation of 3-nlirotyrosine, o mkar of peroxynitrite, thus confirnsiog Uiy iulerprehuhm
Tave othier studies ench found 3-nitrotyrosine elevation, botls following 35 GHz expositres (5 o vt
(b Halusg i
Huth lhv lowered mnlu fuilllty and Jowered female fertifity are associnted with snd presumably caused by the
oxidative stress in the nule and female reproductive vrgans, Sponitaneous aboriion is ofien caused by
chromosomal smutations, so the gern line sntations muy have o causal role, Lowered Hibido nity be caused by
lowered estrogen, progesterone and testosierane Tevels, 1t sécims likely that these explanations ny be greatly
vversimplified, One nechunism thal may be imporiant in lowered ferdlity s tat VGOC netivation and
conseyuent bigh {Ca2+ |1 levels is known to have 3 key role in avoiding polyspemmy. Consquently, IF this i
teiggered hefore any fertilization of an egg has oceurred, It may prevent asy spera from fertitizing and egg,
Of all cells in the budy, the acwrons lave the highest densities of VGCCs, due in part to the VGCC role and {Ca2 4+ |
Tyl b the release of every nenrotransmitter i the nervous system, Calclmm signaling regeldes symaptic
straetire and funclion in 5 different ways, each likely to be involved here, Oxidative stress s apoptosis are both
thought 1o biave importint roles. Lowered sheep and Inereased fatigue are likely to involve fowered nocturnat
mietntonin and inereased nocturnid norepinephrine,
Apoptosis can be produced by exvessive CaZ+ levels fn the mitochoadria and by double strand breiths B cothtar
DINA; 1 seems likely that tod) are involeed lollowing BMI exposire, A third mrechanism for triggering npopotosis,
endoplasmic reticulusmn stress (see bottom vow in this Table), auy alse be invotved,
Cellulur DNA damage is produceld by the free sadical breakdown products of peroxynitrite divealy attucking the
IINA {sew 8 (3R} Tor discussion),
‘the rolease of non-steroid hormones is produeced by VGGG octivation and [Co2 + §i elovation. The imniediate
effects of EME exposures is to increase hormpne release and 10 raise, therefore, hormone Jevels. However many

AR I LA

hormon systems become

hausted” us a1 ¢ juence of chronie EME expostres, The mechanism of exbaustion

is sl uncertain, but it may involve oxidative stress and inflatnmation,

towered steroid hornsone

Steroid hormones are synthesized thraugh the saion of cytochrome PAS0 enzyimes; activity of these hormones is

inhibited by binding of high levels of nitric oxide (NOY leading to Inwered hormone synthesis,

Calcium overlpad

Praduced by excessive activity of the YGCCUs; seeondary ealeium overload is produced by oxidative stress

activation of TRPVY, TRPM2 and pussibly some otlier TRP réceptoss, opening the calelun ehansed of these

reeaplors,
Hent shock protein induction

There i 5 farge literature shiowing thut excessive |Ca2 + N hrduees very Barge Inereases in heat shoek proteins,

This iy thought to be produced by complex valeium signaling changes involving the endoplismiv reticuhon,
mitorhondria ond the cytosol and also involving excessive {Ca2+ [ producing imesepsing protein misfolding

({iastn

G4 7y Prek el

A et en wl B0 1 should be noted that some eatefum is essentil foy proper

protein folding in thi enduplismic reticulam svch that only excessive calelum leads to misfolding nnd consequent
endoplasinie reticulm stress,

Frihlich's theory.

A second possible mechanism involves the spin state of radical pairs.
When radical pairs are generated from the breakdown of a non-radical
molecule, these radical pairs often react back with each other to form
another non-radical molecule, not necessarily ldentical to the ariginal
non-radical, What is postulated by this theory is that EM¥s can interact
wilh one or both radicals, changing their spin state and greatly lowering
their ability to react back with each other, thus generating increased
free radicals and therefore increased oxidative stress. The potential
strong point of this theory {s that it provides an explanation for the
oxidotive stress found following EMP exposure. However, as noted
under oxidative stress in Talle 3, there are 6 studies where oxidative
stress following EMIF exposure was associnted with very high levels of
3-nitrotyrosine, a specific marker of peroxynitrite elevation, These
studies argue, therefore, that oxidative stress following EMF exposure is
produced by peroxynitrite elevation and is not primarily produced by
this radical pair mechanism. It follows from this that the proposed ra-
dical pair mechanism cannot even explain the properties ol oxidative
stress production, let atone the various consequences of non-thermal
EMI? exposure thal do not involve oxidative stress. Does thal mean that
the radical pair mechanisim has no possible role in producing non-
thermal EMF effects? No, but it does argue there is no evidence for any
such role.

A third mechanism discussed in Helvaey (2615 Is the electrosoliton
theory proposed by Brizhik and colleagues, involving a “self reinforeing
solitary wave packet.” Brizhik and her colleagues discussed this in the
context of reaching a threshold minimum energy state where both
charged molecules and the IMF is in a coherent state, such that charge
movement can ratchet from one state to another, This concept shows

substantial similarity to what is thought to oceur in the activation of the
voltage sensor, that is discussed above, There we have four alpha he-
lixes, each designated an S4 helix and with each §4 helix having 5
positive charges, with the 4 $4 helixes together making up the voltage
sensor. Most of those positive charges are 3 amino acid residues apart
from each other, such that the closest charged residues stick out from
the helix pretty much on the sume side of the helix, Three of those
positive charges are ¢lectrostatically attracted o negative rvesidues on
other helixes thought to be in fixed positions. What is thought to
happen in activation is that there a ratcheting of the 84 heliges toward
the extracellular space, ratchieting such that the negative charges are
now bound 1o a posltive charge 3 residues away from the one that was
previously bound. The ratcheting also produces sonie turning of the $4
helix. This needs to occur several times an each of the four 84 helixes to
open the chaunel and allow calcium ions to flow. While 1 don’t com-
pletely undersiond the Brizhik clectrosoliton model, it may well be
relevant to our understanding the VGCC activation, because the me-
chanism of the voltage sensor is similar 10 what Brizhik and her col-
leagues propose to occur in the electrosoliton model, Both the elec-
trosoliton model and the voltage sensor activation mechanism involve
both charge movements and ratcheting. In order to test these biophy-
sical models one needs 1o have a specific mechanism where it may
apply and where such tests can be done, in the case of the vollage
sensor of the VGCCs, these tests have already been done,

These madels are hasically thearetical models of how the weak
electrical forces of the EMEs can interact with biologically plausible
structures to produce non-thermal effects. Their theoretical support is
their strong point. They are weak, however, in providing any compel-
ling evidence that they have causal roles in producing non-thermal
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changes in cells in cttfture or in whole animal (or human) studies. ‘They
are also weak because they do not provide stated explanations for the
range of EMF effects that have been documented.

Helyasy {2015) discusses microwave hearing in this context. He
discusses the findings showing that people can hear microwave ficlds
that are pulsed, including pulsed low intensity EMFs. While there is no
doubt that these are very interesting observations on what are clearly
non-thermal effects, they do not provide a biophysical model explaining
how microwave hearing may occur. It is important, therefore to ask
whether such microwave hearing could be caused by VGCC activation.
it has been shown that hearing involves the activation of the VGCCs
(oiner and Lew, 2015). Furthermore, various otolaryngological condi-
tions, including tinnitus, involve excessive YGCC activity, such that the
calcium channel blocker, nimodipine is useful in their treatment
(Rtoszand et 2b, 2005), These findings tells us that microwave hearing
may be produced by VGCC activation, Consequently, microwave
hearing may be interpreted as praviding further support for the VGCC
mechanism.

Following microwave hearing, Dr. Belyiev [2015) discusses plasma
membrane and fon models. Here the VGCC mechanisms fit into the
scheme, as do the other voltage-gated ion channels and the plant TPC
channels, all discussed above as being activated by their voltage sensor
following EMI exposures.

Finally, Dr, #islvasy {2015 discusses possible direct effects of EMFs
on DNA, passibly leading to changes in chramalin structure and/or
nuclear structure. There is a literature showing that aqueous solutions
of DNA absorb microwave EMEs much more efficiently than do iden-
tical solutions not containing DNA. This clearly shows that DNA has a
high absorbance of the EMFs, Furthermore, there are studies showing
such dissolved DNA, when it absorbs such LMFs, undergocs structural
changes as measured by biophysical techniques, All of this suggests that
DNA is a plausible potential target for the EMEs, The problem is what
are the predicted effects of such changes in DNA structure in living cells
and organisms? Dr, Belyaev spends almost a page and a half in his paper
discussing varjous possible models of interactions of DNA or of chro-
matin with EMFs, But again, how do we test any of these in living cells
to demanstrate a role of such DNA or chromatin changes in producing
any specific or general biological effects? Given the extraordinary
complexity of living cells and organisms, there are only two powerful
ways of demonstrating causal roles in such living cells and organisms.
These are to usé geneties or to use specific pharmacological agents. The
extraordinary power of each of these approaches comes from the fact
that these approaches allow researchers Lo vary one varlable at a time
out of the thousands of interacting variables in a living cell, allowing us
to ask does that specific variable have a causal role in determining a
specific response, But these two approaches can be used when specific
proteins have specific roles, not when you are looking at the role of
DNA structural changes, Frohlich’s theory, radical pair mechanisms or
electrosoliton models. Fortunately the VGCC mechanism does allow this
approach by studying various classes of calcivm channel blockers, so
here we do have hard data on widespread causal roles of VGCC acli-
vation in producing EMF elfects.

8. Two other models for producing non-thermal effects

With the possible exceplion of the electrosoliton model, the author
does not find any of the models discussed by Dr. #elvany (2015) to have
substantial evidence for roles in producing EMF effects. There are lwo
other models which may be more compelling, each of which cither
produces increased [Ca2+ [i.

Six studies have supported the view that calcium cyclotron re-
sonance, has a role in producing biological effects produced by ceriain
specific frequencies which can interact with Ga®' mns to produce a cy-
clotron-like resonance (iolesti et al, 2010; Gsetand of ol 2000 Ue
Carlo et al, 2012 List wt al, 2008, Pozur and Besading, 2009; Paoy

et al, 2005), In each case, the effects involved o very specific frequency
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which procuces the calcium cyclotron resonance and in theee studies,
these frequencies were shown to praduce increases in [Ca2-+]i levels.
In the D Casdo =1 al (2012 study, the calcium chianael blocker nife-
dipine was shown to greatly lower the apparent calcium cyclotron re-
sonance effect. This finding strongly suggests that the calcinm cyclotron
resonance can feed Ca®* ions into the VGCCs, thus increasing the flow
of Ca™* ions through the VGCCs into the ccll following EM¥ exposure.
The (requencies studied here for eyclotron resonance, one was close to
7 Hz and the other was close to 50 Hz, arc both in the extremely low
frequency range and consequently are not relevant to microwave fre-
quency effects. The finding that only very specific calcium cyelotron
resonance frequencies produce these effects is the main evidence for
this mechanism,

It is now well established that there is & magnetoreception me-
chanism found in many animals that can detect and respond to the very
low inlensity geomagnetic field. This has been most studied in bees and
in birds, both of whom use it for navigation. "This has been suggested to
involve tiny particles of magnetite which occur in bacterial, animal and
plant cells, inchiding human cells, chwink 11993 first proposed a
madel of how such a mechanism might act. He proposed that magnetite
particles may be tethered through a microtubule and/or microfilament
or perhaps other fibers to a mechanosensitive channel, such that tiny
magnetic forces could open the mechanosensitive channels, allowing
cation flow into the cells, 1t is still uncertain what mechanosensitive
channel or channels might be involved, but most of the candidates are
channels that allow bath sodium aqd calcium to flow into cells. Hsi
et al. (3047} suggested that such magnetite particles were linked in
honeybees to an undefined calcium channel, such that magnetic field
exposure produces increases in [Ca2-+]i. The worm Caenorhabditis
elegans had been shown to have a geomagnetic orientation system.
Yiddal G found that certain specific neurons in C.
elegans which may be geomagnetic sensory neurons, very low intensity
geomagnetic fields could produce increases in [Ca2+ Ji in those specific
neurons, even when they had no synaptic inputs, suggesting that these
neurons themselves acted as geomagnetic sensors.

chiton {20101 reviewed the lterature on 2 mag-
netite-based magnetoreception system in birds and its role in avian
migration. 'They also reviewed findings on neurons found in the tri-
geminal nerve of birds, where magnetic fields as low as 200 nT can
activale specific nearons, Traing of action potentials are produced by
magnetic fields, plateauing in the n_gitm of 20-100 m’¥. Latency in a
study presented by Cadion and BoManghion {2519) was nbout 45, but
other studies have reported latencies of about 2,55, Therefore these are
rapid effects. £ wighbon 120144 also discuss possible roles
mechanosensitive channels, including a model similar to that proposed
by Hirsehwink 185992) and also three other models, each involving dif-
ferent ways of coupling forces on magnetite o opening of a channel,
Magnetoreception has also been reported to occur in a mammal, the
mole-rat (Wegner ¢ wl. 2006), There are also studies of magnetic
compass orientation in salmonids, newts, sea tartles and other rodents.
There is evidence in Drosophila, that a magnetic structure atlached 1o
cryptochrome is involved in magnetoreception, as opposed to magne-
tite.

The two mechanisms described in this seetion have minor roles,
only acting, as far as we can tell, in very specific situations, The calcium
cyclotron resonance mechanism only acts with a few specilic fre-
quencies in the extremely low frequency range. ‘I'he magnetoreccption
mechanism only acts, as far as one can tell, on detecting the weak
geomagnetic fields and only acts, as far as one can tell, in certain spe-
cific neurons. It is possible that this view may change with regard to the
magnctorcception mechanism but what is clear is that the VGCG me-
chanism is vastly more important than either of these mechanisms,
acting in diverse cell types and acting to provide responses to a very
wide frequency range and even to static electrical fields and static
magnetic fields. Because static magnetic felds only place forces on
moving electric charges, this produced a puzzle on how they can
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activate the VGCCs. sl (#01:1) suggested that the solution to that
puzzle is that the plasma membrane of animal cells is often moving,
such that the charges in the valtage sensor are also moving and can,
therefore, have forces placed on them by the static magnefic fields.
‘These static magnetic fields, activating the YGCCs can be relative low
intensity but probably must be much higher intensity than the cxtra-
ordinarily weak geomagnetic ficlds. ‘The reader is referred to 1 ol sl
{23151 for empirical information from an important static magnctic
field study, where those static magnetic fields activate hoth VGCCs and
voltage-gated sodivm channels.

9, Foster and Moulder on Wi-Fi

The Fuster wiwd Fonider (20131 paper argues that there are ne and
cannot be any health cffects of Wi- Fi. The first 72 pages of the paper
are, however, largely irrelevant to that issue. These pages discuss such
issues as predicted peak power output, incident pawer density and the
FGC and international safety guidelines. They also discuss specific ab-
sorption rate (SAR) values, & measure of heating, Because it is now
established, as discussed above that thermal effects are not the relevant
mechanism of non-thermal effects and that VGCC activation is the main
mechanism of such effects, this whole section s ivelevant, Fosier i

sfder U201 1) discuss the issue of biological effects, praising 7 studies
listed in table 4 of their paper as having “well-characterized exposure
systems” of well defined SARS values, reporting that there were no
efl fects in llw rats or mice in lhose 7 qludic#. l‘lmse 7 sludics‘ are i

w U AL lhc ﬁrst two qmdua come
ﬁom one research group ﬂnd the other five from another, albeit with
some shared personnel.

Six or those seven studies (Su:
B, 20D, WE Poulletier de Ghne a1, 200%) uaed an
exposure system described by Wy sl (36 llmt is important here
and that was claimed to produce a near uniform exposure, .
1123 wsed a somewhat similar exposure system of Ardains et al,
i :3, albelt another one that js also claimed to produce near uniform
exposures, The important features here of the ¥ o1 al. {20943 exposure
system need to be examined in the light of the fact thal, as discussed
ahove, artificial EMFEs are polarized with the polarization praducing
much larger biological effects than natural non-polarized FEMFs
(Belyase, 2005, 20105 Pa ha). The probhable im-
portant feature of these polarized EMUs is that they put much l'xrger
forces on electrically charged groups (i G,
since such forees are central to VGCC activation via the volt.u,c Sensor,
as discussed above, they are likely to be central to the production of
most biological effects. Let's examine Vo a1 al. {30003 with that issue in
mind. it uses a large chamber surrotnded by lmm aluminum mesh
wire mesh to provide reflections of the EMFs, The chamber in which
animals are exposed on a platform at its center, is also surrounded by
antenniae in all 6 divections (up, down, all four horizontal divections)
such that each antenma is broadeasting with one polarization is opposcd
(at 180") by another broadcasting with the 18(° opposile polarization,
as well as by four other antennae, broadcasting with 90 different po-
larization in cach of the four possible divections. This praduces a field
that is more like a non-polarized EMF rather than the usual polarized
artificial EMF. This move toward non-polarization is further ex-
acerbated by the aluminum wire reverberation system whose reflee-
Lions will generate vast numbers of reflections of different polarity, like
a non-polarized EMP, The conscquences of this is that the structure of
this exposttre system is clearly very different from that seen in Wi-Fi or
any other artificially produced MF that we may be exposed to, with
biological effects produced via electrical forces being vastly fess. Con-
sequently this exposure system is not only inherently different from
genuine Wi-Fi, it is predicted to be inherently less active than genuine
Wi-l, regardless of what EMEs are being led into the 6 antennae,

‘There is a second type of consequence of using such reverberation
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exposure systems. Because of the many reverberations oceurring, the
path lengths of diffcrent photons reaching a specific point in Lhe ex-
posed tissue, will often be quite different from each other, such that the
phase of the EIMFs praduced will also be quite different from each other.
This leads to the possibility of destructive interference and thus a
secand mechanism which is predicted to lead to substantial decreases in
the intensity of the exposures. Because exposures are usually predicted
by groups using such exposure chambers without considering such
destructive interference, rather than being meassured, the actual ex-
posures may be substantinlly lower than are the predicted exposures,
Both the polarization effect and the possible difference between pre-
dicted exposure and actwal exposure were considered in an carlier
study.

Wi el

Lig, using a different reverberation exposure
chamber, discussed in g, | of that paper, how the various re-
verberations lead 1o the inilal polarized EMF being converted 10 i non-
polarized er at least, less polarized FMF, They also on p. 69 if that paper
compared the predicted with the measured amplitude and found that
the measured amplitude was only 78% of the predicted amplitude,
These findings suggest that both of the lowered polarization and de-
structive interference discussed in the previous iwo paragraphs can
have substantial roles in lowering biological responses produced when
using such reverberation exposure chambers.

Al (20121 used a different exposure system, (hat of
¢ - (20451 where the vast majrity of the exposure is pro-
duccd from rcﬂc’ulons off a long cylindrical surface in a TEM cell,
where the curvature of the cylinder will also produce a largely non-
polarized EMF and different reverberation paths and consequent de-
structive interference, may hoth be expected to occur. Consequently the
predicted low biological activity of EMFs produced by the Wi of sl
(20H¥2] system may be expected to also occur from this 1M exposure
system Asdoine st al (0005 IS not possible to study biological effects
of liMI's from Wi-Hi, cell phones or any other Importani exposures using
such exposure systemis because of the polarization changes they pro-
duce from the original polarized EMEs and because of destructive in-
terference,

Let's now shift to the issue of the important role of pulsations in
protucing biological effects and ask whether the EMYs Ted into the
antennae have pulsation patterns similay or dilferent from genuine Wi-
Vi peslletior de Gannes @3 al, 120021 used a non-pulsed (contimious
wave) as did & {20093, an EME which will have, therefore, much
lower biologicnl effects that genuine Wi-Fi with m mynﬂd ofpuls.mons
(fdver, #015), The other 6 studies (Laudiis e al., 3 :
AP A Al of all, 2000, #0000 3019 vonllster de Gudines o ),
40119 used computers with Wi-l?i cards, Such Wi-Fi cards are designed
to communicate with genuine Wi-Fi antennae, but ate used here to
communicate with each other, using two such computers to gencrate
“Wi-Fi". How the EMFs so generated compare with the pulsations of
genuine Wi-Fi is a complete mystery and none of these papers provide
any information to allow the reader 1o make such a ('umpnnson. It
follows that these studies (fawdist o sl 2072 Savsbuedd et 2
ArAiass ed o, WG, e, '*431 3 v al., A1 ‘%)drc
not studying genuine Wi-Fi, even before the effects of the reverberation
¢hamber and the reader is lelt with no evidence (o compare these ori-
ginal EMFs with genuine Wi-Fi. In summary, then none of the EMFs
used in these studies are genuine Wi-Fi, with them differing from
genvine Wi-Hi in three differcnt ways: the antenna locations produce a
substantial difference from genvine Wi-¥i regarding EMF polarization
and this is further exacerbated by the effects of the aluminum mesh
reverberation producing Turther lowering of any polarization; differ-
ences in path lengths of different photons produce substantial de-
structive interference; the initial EMF fed into the antennac differs
substantially from genuine Wi-Fi, with the main concern here being due
to the issuc of pulsation patterns and biological effects.

Let's shift now to the claim made by soster asd staulder (20131 that
there were no effects found in any of these 7 studies. Rothman et al,,

iet ul,
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Modern Epidemiology, 3rd Edition is a highly respected source of in-
formation, cited over 18,500 times according to the Google Scholar
database. It states (p. 151, bottom) that: “A common misinterpretation
of significance tests is that there no difference between two observed
groups because the nufl test is not statistically significant, in that P is
greater that the cutoff Tor declaring statistical significance (again,
usually .05). This interpretation confuses a descriptive issue (whether
two observed groups differ) with an inference about the super-
population. The significance test refers only to the superpopulation, not
the observed groups, To say that the difference is not statistically sig-
nificant meaus only that one cannot reject the null hypothesis that the
superpopulation groups are the same; it does not imply that the two
groups are the same.” It follows that the claim of “no effect” that Faster
feemddes 120173) make about each of these 7 studies in Table 4 of
their paper is false because one can never legitimately make such o
elaim; one can at most claim that there were no statistically significant
diffevences,

However there are other reasons to reject those claims that need to
be considered for each of these 7 studies. Each of these 7 studies fails to
provide raw numerical data, the lack of which is problematic, given the
other flaws that follow. 1), Lautist 23 sl {2072 fnds in Table 2, that
two ‘I’ cell populations are statistically significantly different in pre-
natally exposed mice vs sham controls: DP und CD4SP cells are sig-
nificantly aftecied by exposure in mice at 26 weeks afier birth; CD4SP
cells are affected in female mice at 5 weeks after birth (P < .02 in each
case). Furthermore in each of the measurements in fasdind e sl 1201 25,
only 11 or 12 mice were studied, tiny numbers. It follows that claims in
Hoster and Moulder £2013) that there were no effects are false or mis-
leading for 3 distinct reasons: You can never make such claims even in
targe studies; there were 3 comparisons each of which showed statis-
tically significant cffects; this study was done with tiny numbers of
animals being compared and thus had extremely low statistical power.
2). Hwmhucct o gl {20103 also had a tiny numbers, with 11 or 12 per
group studied in Tabis 2, from 6 to 35 studied in Tabde 3 and 6 to
12 studied in Table 4. The claims of no statistically significant effects in
Wigs. 2, 3, 4 and 5 are based on the tiny numbers in Talde 3, are
therefore, based on studies with very low statistical power. 3). The first
patt of the A% s e sl (20100 paper focused on GEAP values, a
measure of gliosis, which is a visk factor for glioma formation, The
groups studied in Fig. 4 of Alv-Avssa et 2l {20107 range from 3 to 10, so
again we have tiny numbers and the asthors report that none of the
exposures, SAR= .08, = .4. or = 4W/Kg produced statistically sig-
nificant changes according lo their statistical calculations. As in the
other studies, no raw data are provided but Fig. 4 provides bar graph
information which includes median values for each of the 10 different
regions of the brain in these rats, control rats and also rats exposed
cither pre-natally or both pre-natally and post-natally. For 5 of those
brain regions, M4, CA1, CA2, CA3 and DG, the median values are high
enough that one can see which are higher and which are lower from the
graph. I appears to this awthor that the median values go up from the
sham cxpostres to the lowest intensity (= .08), that they drop going to
the next intensity (= .4) and that they go up going to the highest in-
tensity studies (= 4). You may recall (see above) that there are certain
windows af exposure that give the highest biological response but with
both lower and higher intensitics giving lower responses, It follows thal
the complex apparent dose-response curve of Ait-Alsss « sl (2014},
can be explained by these window effects. "fhe question is whether any
such appatent changes are statistically significant? | did, therefore a
Chi-square analysis of these data, to determine statistical significance,
using both the only prcndtal and both prenatal and postnatal exposures
{see Fig. 4 in a3 3 .. 2#107). "Fhose data show that in 10 out of
10 cases, the median valuc increased going from sham to .08
(1 < .002.). Similarly, in 10 out of 10 cases, the median value drops
going from .08 to .4 (P < .002). However {n 8 out of 10 cases, the
median value increases going from .4 to 4 (P < ,07), falling just short
of statistical significance. The median values increased with exposure,

sl

Environmental Research 164 (2018) 405-4916

comparing the sham values with the values at 4 (P < .02). It follows
from this, that three of the comparisons show statistically significant
changes, and the fourth falls just short of statistical significance. Docs
this mean that that we should conclude that Wi-Fi can cause gliosis and
thus possibly gliomas? No, but only hecause they did not study Wi-Fi, it
should be noted, however that the long-term effects on the brain from
pre-natal exposures may be relcvant to autism causation.

4). Poutietier do Gannes o1 ol {20127 also suffered from tiny num-
bers in their study, with 12 to 15 mts atudm(l in cach group in Fig, 1,
only 5 females in em:h group in Fabkle 1, 12 to 15 rats in each group in
both Talde 2 and Table 4 5). & i gl 140123 also suffers from
tiny numbers of rats in the various studies, {t used from 9 to 12 preg-
nant female rats in each group to attempl to assess EMFEs impact of
reproduction; it used 9 to 12 juvenile rats to determine if EMFs act lo
change antibody production; it used 9 to 12 young rats to determine
whether EMFs impact growth over time. These tiny numbers mean that
failure to find statistical significant changes has very low power to
support any inferences, 6). Af-Awmsa ¢t al, (20131 had simbar problems
with tiny numherc 61012in Fig. 5, 5to 11 inFig. B and 6 to 12 in
Fig. 9, 7). Foull et a4l 12013} also suffers from dny
numbers. £ig. | ;,mups each had 12 males or females and there were
also groups of 12 studied in ¥: 1, Fig, 2 and Talde 2. Regarding, the
authors give no information regarding statistical significance or lack
thereof; rather they only state that the values of these groups were
“similar”, without providing a definition of “similar”. However in
comparing the values of testis weight and epididymis weight at 4 W/Kg
exposure vs sham control, they provided values for the mean and
standard error of the mean (SEM). [t is usually the case that when the
mean values differ by more than 2.4 times the SEM, the difference is
statistically significant, Here the testis weight, comparing sham with
4W/Kg, values differed by 3.18 times the SEM and the epididymis
weight differed by 3.40 times the SEM, each arguing strongly for sta-
tistical significance. This raises the question of why the authors failed to
provide their P values?

An additional flaw of these 7 supposed Wi-Fi studies is that they
each studied exposures of 2 h per day, 5 days per week except for one
that only studied one hour per weelk, 5 days per day. Given that many
people are exposed to Wi-ti fields for 5, 6, 8 or more hours per day, this
is another factor which argues that these studies may have been set up
to minimize any effects seen,

‘f'o sum up the other Mlaws:

ter ghe o

1. 'fhe 6 antennae of the reverberation chamber used in 6 out of 7
studies, minimized probable effects produced through the arrange-
ment of the antennae in such a way as to greatly lower the polar-
ization of the EMFs,

2. The use of 1 mm aluminum wires to produce the reverberation re-
flections, further decreases such polarization, again lowering prob-
able effects. These structures are clearly very differemt from those
found in genuine Wi-Fi, emphasizing the point that these are not
genuine Wi-Fi studies, because of 1 and 2 here,

3. Differences in path lengths for different phatons, produced by re-
verberation produce substantial destructive interference.

4, Furthermore the EMFs fed into the antennae are not gentine Wi-Fi
cither. 1t follows from this that claims that these are studies of
genuine Wi-Fi made by both the authors of these individual studies
and by Foster and Moudder £2013) are false.

5. The claims made by ¥ and Meoulder {2013 that there are no
cffects produced are also false; the most that may be legitimately
concluded is that there is no statistically significant evidence of ef-
fects.

6. Fach of the 7 studics used only tiny numbers of animals in each
group studied, such that lack of statistical significance, because of
the low power of these studies, drastically limits the drawing of
inferences,

7. Finally, 3 out of 7 had evidence of statistically significant effects,
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with each of these being ignored by Foster and Moulder.
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Epidemiologic Evidence Relevant
to Radar (Microwave) Effects

John R. Goldsmith

Dapartment of Epidemiology and Health Services Evaluation,
Ben-Gurion University of the Negev, Beer Sheva, Israel

Public and occupational exposures to microwave (RF) radiation are of two main types. The first
type of exposures are those connactad with military and industrial uses and, te some extent,
broadcast exposures. 1t is this type that most of the dats cited in this study draw upon. The
second type, cellular telephongs and their assosiated broadcast requiremants, have raised
concarns about current exposures becavuse of their increasingly widespread use. Four types of
effects were originafly reportad in rmuttiple studies: increasad spontangous abortion, shitts in red
and white blood cell counts, increased somatie mutation rates in lymphocytes, and increased
childhood, 1esticutar, and other cancers. In addition, thera is evidence of generalized increasec
disability rates from a variety of causes in one sludy and sympioms of sensitivity reactions and
lenticular opacity in at least one othar. Thesa findings suggest that RF exposures are potentially
carcinoganic and have other health effects, Therelore, prudent avoidance of unneeded sxposures
is recommended as a precautionary measure. Epldemiologic studies of occupational groups such
as military users and air yraffic controflers should have high priority because their exposures can
be reasonably well characterized and the effects reported are suitable for epidemiologic
monitoring. Additional community studias are needed. — Environ Health Perspect 105{Suppl
6)11679-15887 (1997}

Key words: laukamia epidemiology, brain cancar epidemiology, nonionizing radiation epidemi-
ology, ceilyiar telephones and health, TV and radio broadcast towers, military electronic
equipment effects

introduction

[t is widely recognized that radiation
exposures such as X-rays, gamma radiadon,
and ingestion of radioisoropes can produce
increases in the incidence of cancer in nian
and aniraals, although there is disagree-
ment about dose~response relationships,
These types of radiadon, because their
energy is sufficient to cause ionization, are
called ionizing radiation, This is discin-
guished from nonionizing radiation, which
includes wluavioler (UV), visible light, 50
1o 60 cycle (also called exceemely low fre-
quency radiation [ELF]), and radiofre-
quency or microwave (RF) radiacion
(1—4). Conventionally, it was thought that
nonionizing radiation was not carcinopenic,

even though there has been evidence of skin
carcinogenicity from UV radiation for some
time (5). In che last decadle, there has been
extensive study and evaluation of ELF fol-
lowing evidence that childhood leukemia
increased among children who lived in
homes in Denver, Colorado, near power
lines and distribution facilities (6).

ELF studies have included extensive
evaluations of occupational and residencial
exposures, but there has been considerable
difficulty in escablishing dose-response
relationships or mechanisms (7).

Evaluation of RF exposures was con-
ducted primarily by milicary- and security-
oricnted government agencies, and carlier

This paper |s based on 8 presentation at the Inernational Confarenca on Radiation and Haalth hold 3-7
Navember 1995 in Buer Sheva, Istast. Abstratts of these papers were previously published in Public Health
Rsviews 24{3-41:205-43 1 {1986}, Manuscript received at EHP 11 March 1997; accepted 2 June 1997,

Address correspondance ta Dr, J.R. Galdsmith, Department of Epidemislogy #nd Haulth Servicss
Evaluation, Facufty of Health Sciances, Ben-Gurion University of the Negav, P.O. Box 653, Boer Sheva, Israel
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Abbraviations used: AE, aviation slactrician’s matals), ALL acute lymphatie leukemia; ANLL, acunte non-
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studies recently have been reevaluated.
Recause of the rapid development and use
of cellular telephone systems, which involve
widespread public exposures, reevaluacion
of expasuse risk becomes urgent. The radia-
tion emanates mainly from handheld
devices and from the many broadcast facili-
ties needed to maintain such systems, Ivis
generally agreed char the physical artribures
of UV, ELF, and RF exposures are suffi-
ciently different so that separate evaluations
of the possible risks of cach are justified.
Nevertheless, some patential mechanisms
of biologic reaction and dose—response rela-
tionships among different types of subjects
and exposures are common vo all three
exposures. 1 discuss the ypes of epidemio-
logic evidence with possible relevance to
evaluation of RE exposures.

Neoplastic responses, if they do occur,
may have a long latency period. If one wairs
for cancer to occur, exposed populations
have increased risk for the duration of the
latency pesiod. Even if cancer risks cannot
yet be unequivocally demonstrated, some
measure of protection should he taken as
carly as possible because it may take some
tine ro determine the definitive reladionship
hetween RF and cancer.

A second reason for urgency wich
respect 1o taking provective measures is
that, because of rpid inceeases in the num-
bers of persons exposed to increased RF
exposures in connection with cellular tele-
phone use, some biologic basis is needed as
a guide for prudent protective behavior, Tt
is passible that a system of biologic indica-
tors can be found thar would aflow idenri-
ficatian of increased cancer risk. This
possibility seems wocth exploring.

Originally, hearing of tissues by RF was
considered the basic mechanism chrough
which radiacion affected exposed individu-
als. Therefore, existing protecrive principles
and practices are built around avoidance of
the thermal effects of such exposures. There
has been increasing concern thar this ap-
proach may not be adequare and with this
in mind, the International Conference on
Nan-Thermal Effects of Microwave Radi-
ation was convened in November 1996.
The proceedings of this conference are
being preparcd for publication.

With regard to epidemiologic evidence
of radiation, a repore published in January
1995 (8) focused primarily on military,
industtial, and broadeast exposures, This
study was supplemented by che review of

Rothman ec al. (9) in May 1996, Grayson's
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report on brain cancer in U.$. Air Force
personnel (70), and by three published
community studies of cancers passibly
associated with proximity to broadcast
faciliries (7 1-13).

This review is intended only to updare
previous assessments of cancer risl from
RF radiation. Like the catlier repore (8), it
is not intended to be a comptehensive
review or 2 balanced report of all possibly
relevant findings, Also, there is no arempr
to critically evaluate these findings.

Finally, Swedish government agency
assessments of ELF effects led to prudent
avoidance policies (14,15), which may be
applicable to presently available knowledge
about RF, This appears to be an attractive
alternative to wairing until the data are
convincing enough ro achieve agreement
on new and enforceable standards,

Possible Effects of
Radiofrequency Radiation
Evidence up to 1994 as reviewed in
Goldsmith (8) indicates the likelihood of
the following effects from exposure to RF
radiation in certain populations: reproduc-
tive effects such as increased spontancous
abortion, changes in blood couns, in-
creased spmatic mutation, and increased
incidence of childhood and other cancers.
Other findings have suggested effects such
as cataract, nonspecific disabilities, and
symptoms in sensitive persons (headache,
ocular problems, fatigue, dizziness, memory
impairment, and sleep difficulties).

The Evidence
Reproductive Outcomes

Study of Physlotherapists. Quellet-
Hellstrom and Stewart {/6) reported on a
study of female physiotherapists who used
either RF or short-wave apparatus and were
queried about the outcome of pregnancies.
The frequency generated by shorr-wave
equipment was 27.12 MHz and by
microwave equipment was 915 MHz and
2450 MHz.

The survey was conducted among
fernate members of the American Physio-
therapy Assaciation in the United States.
Of 11,598 respondents who reporied
having at least one pregnancy, 6684
{57.6%) reparted using short-wave or
mictowave diathermy. These 6684 women
reported 14,989 pregnancies, of which
1791 ended in miscarriages, called case
pregnancies. OF the remaining pregnancies
with sufficient data, 12,949 were classified
as control pregnancies. Exposure was
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defined as occurring if the woman had
been using one of the physiotherapy mnodes
during the first reimester of pregnancy and
during the preceding 6 months. Cases were
matched to conwrels by mother’s age at
rime of conception and by the number of
years elapsed hetween the pregnancy and
the date of filling out the questionnaire, A
number of confounders were included,
arnong, which was prior fecal loss.

OFf the case and control mothers, 11.9
and 9.5%, respectively, were using micro-
waves duting the pregnancy; the odds ratio
(OR) for spontaneous abortion increased as
the number of exposures increased from 5 or
less to 20 or more per month, The trend
was significant whether ar nor prior feral
loss had occurred. For women exposed to
shart-wave radiation, 22,3% lost their baby
pior to the 7th week of pregnancy, whereas
the figure for unexposed women was
24.4%. Of the microwave-exposed women,
47.7% had miscarriages prior to the 7¢h
week of pregnancy compared to 14.5% of
nonexposed women.

Measured values of stray emissions
near waist level ranged from 0.04 to 16.58
mW/em? for electric fields with short-
wave units, and these units produced mag-
netic fields of 0.09 to 8.32 mW/cm. For
micrawave diathermy the elecrric field
leakage was from 0,08 to 1.20 mW.
Leakage measured 15 ¢m from the source
was as high as 15 mW/cm?®, Duration of
the therapist exposures was usually only a
few minutes per treatment.

Moscow Staff Study. The exposures of
U.S. embassy persanuel in Moscow are
described in Goldsmith (&8), based on
Lillenfeld av al, (77} (Table 1). Studies wete
done among Moscow embassy employees,
staff dependents, and ather personnel and
compared with similar groups in other
Eastern European embassies.

The study known as the Foreign Service
Health Status Study (FSHSS) or Lilienfeld
Report (17) was designed to compare the
experience of employees in the Moscow
embassy with those of similar employees in
other Eastern European cmbassies on the

assumption that the latter were not
exposed to RF radiation. There wus some
evidence that these employees were
exposed as well, bue the contrace officer
dismissed the possibility as being based on
hearsay. In a meeting with the Stace
Department Conuace Officer Dr. Pollack
about the submitted draft of the Lilienfeld
Repore, G, Jacobson noted that the refer-
ence to a potential infertility effect in the
sutdy might be inappropriate because the
experiments] work was done at very high
doses and there are no controlled human
studies (78). According to the minutes of
the meeting, “this clause will be modified
to reflect the very speculative nature of the
reports, bur the FSHSS data will be
presented as is” ({7).

The final reporr makes no reference w
any possible impact on infertility, but it
does present some dara (Table 1) that show
more [requent complications among
Moscow workers compared to those from
other embassies.

Thus, we are Jeft with higher races of
complications of pregnancy ac the
Moscow embassy for a prablem that origi-
nally was thought to affect fertility. It
seems most likely related 1o or actually to
be spontaneous abortion.

Systematic Alterations in Red
or White Blood Cell Counts

When radar was first identified as a health
risk, Daily (I19) reported a statistically sig-
nificant increase in immature red blood
cells among workers exposed to radar,
These studies were suramatized by Follis et
al. (20). Early studies at Lockheed Aircraft
(Burbank, CA) by Barron er al. (21} were
lacer dismissed on the grounds “thar there
was variation in the interpresations by a lab-
oratory technician” (22). Bach found thar
rats exposed at 13 mW/em had changes in
blood cell counts (23).

Goldoni (24,25) compared the hemato-
logical findings in 25 male air traffic
control technicians exposed to radar with
those for 10 electronic technicians whase
work was distant from a microwave

Table 1. Complications of pragnancy, childuisth, and pusmeriunt {/00-8, Codes 630-878) among women employess

in the Foreign Sarvica Health Status Study [17).

Evarrt Aftor index?<
Moscow Comparison Moscow Comparison p
19 (6%) 19(3%) 11{3.5%) 9(1,3%) 0.04
SMBR 17 087

Abbroviations: ICB, Interational Glassification of Diseases, 8th Revision; SMBR, standardized marblidity
ratio.Rafers to the initial tours of duty during which exposures oceurred, #Whether the condition occurred at any
time; “Whathar the candition occurred aftar the initial taur of duty. ’
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source. The radar was in the range of
1250 1o 1350 MHzx, with a strength vary-
ing from 10 to 20 pW. Radar-exposed
workers had significantly lower levels of
leukocytes and red cells chan workers
distant from the microwave source, In a fol-
low-up study of 49 radar-exposed techni-
clans, thrombocyte and leukocyte counts
decreased significantly buc stayed within
normal limits (25).

A hemartologic study of Moscow
foreign service warkers was submitred to
the U.S. government on 7 Ocrober 1976 by
“T'anascia and Tonascia (26). They found,
on comparing the data for Moscow-based
employees with that from foreign service
exams conducted in the United States, that

The differences berween the two groups
with respect 1o cvery parameter except
manacytes (9 and counts) ate highly
statistically significant (p<0.001) after
appropriate transformation. Specifieatly
the Moscow group had a higher mean
hematocrit, the Moscow group had a
lower neurrophil percentage, bus higher
peccentages for the other three cell types
(Iymphocytes, eosinophils, and mono-
cytes). The white cell counts are serik-
ingly higher in the Moscow group.

Several statistically significant changes
occutred over time in the Moscow group;
specifically, mean hemacocrit increased and
1 3-fold increase in monocyte count
accurred. Neurrophil percentages fell and

Table 2. Aasults of tests tor chromosomal changes in
motaphage spreads of fymphocytes cultured in vitro
among selected Mascow ambassy emgloyeos.

RADIOFREQUENCY EPIDEMIOLOGY

then rose; the reverse pattern was observed
for the lymphocytes (26).

Vikelic et al, (27) studied the effects of
RF radiation on 72 physiotherapists and
physiatrists in Croaria, They found a sig-
nificantly positive correlation becween
length of service and white cell count, and
an association of years of exposure with
low red cell counc.

Tornqvist et al. {28) studied 706 power
stacion workers av 3-year intervals and
found that the white blood cell counts were
decrcased slightly because of exposures to
maguetic ficlds.

Evidence of Mutational Activity
in Human Incubated White
Blood Cells

The initial examinadon of Moscow
embassy workers, conducted when ir
becamie known they were being irradiared
by Savict transmitters, was done to study
the pagsible effects of radiation on ¢hromo-
sonses in blovd samples (26). Beginning in
Fcbruary 1966, 3 to 4 years after the
microwave irradiarion was first detected,
samples were taken for chramosomal
analysis, Twenty spreads were scored per
sample; resules are s?mwn in Table 2 (/8).
Querexposed Air Traffic Controllers,
Garaj-Vrohac ec al. (29) examined six men
accidentally exposed while repairing
microwave devices used for air traffic con-
trol in Zagreb. These subjects nsually
worked alternare days in a microwave field
of 1250 to 1350 MHz with power density
of 10 pg/W ro 20 mW/em?, The acciden-
tal exposute was greater than these fgures
bur by how much is not known. The
results of chramosome aberration analysis

during 1984 to 1990 showed no increase
in chromosamal abnormalities compared
to the conrral. Table 3 shows results for
the accidentally exposed subjects.

Two things are clear from this experi-
ence: Microwave irradiation can produce
genoroxic effects, and recovery can occur
with 2 half-time of about 15 weeks when
about one-third of the spreads show aber-
tations. Both chromosomal and chromarid
reactions occur.

It is conventional wisdom to assume
that nonionizing radiation cannot praduce
such changes, but there is evidence that
this view is incorrect, For example, cacde in
the field exposed in vive near a large mili-
cary RF emitter in Skrunda, Larvia (30),
showed more positive micronuclei test
results than unexposed catde. Bovine lym-
phocytes in witro respond to microwave
exposure using the same test (31). Geno-
toxic changes are found in Chinese ham-
ster cells ér vitro (thymidine incorporation
and chromosomal and chromatid changes)
{32) and in human lymphocyres in vitro
(33) using micronuclei tests.

A series of scudies from Croatia and
Iraly have also demonstrated chat radac
exposures are mutagenic both in vive and
in vitrg (29,32-35).

In a paper about the effect of RF radi-
ation on the cell genome (32), the investi-
gators used cultured Chinese hamster cells
exposed to 7.7 GHz at power densities of
30 mW/cm? for 15, 30, and 60 min. Using
tritiated thymidine and auroradiography,
the incorporation of thymidine into DNA
after a 4-he incubation decreased in a seep-
wise manner according to the length of
exposure and almost complerely recovered

Mutagenic level®  Designater Subjects, na
5 Extreme 0 Table 3. Type and percentage of chromasomal aberrations after accidental pkposure 1 high-power density pulsed
35 e S Arrdiatn
3 Moderate 7 Subject Chromatid  Chromasarme Total
g»ﬁ gnerm_adiahl’a g no Date braaks brasks  Acentiies  Dicentrics flings  abamations, %
: Mot el e 1 s 2 i 7 ] = a0
Grawth failure 2 5/12/1890 - 1 ] 1 - 15
2 6/12/1990 - 4 4 4 1 15

#Grading of mutagenic processes and clinical fnter- 25/02/19%1 4 1 3 1 - 45
pretations of these findings were provided by Dr. 6. 3 6/12/1990 3 10 3 - 8.5
Jacohson {George Washington University Medical 26/02/16M 4 3 3 2 - 60
Schoo), Washington, OG), who wrote: “Patients who 4 20/12/1930 - 1 2 | 20
rapeat at lavel 3 or higher shoutd not repreduce untit 6 16/01/109 - 3 5 i 1 5.0
manths after Somatic levels have retumed to 2or 1. 8 11/12/19%0 - ] 48 9 3 330
Patients at lovel 4 shoult be withdrawn Tram mute- 14/07/1991 ! 4 a ] 2 220
yenic exposure and monitored ech month untll fass 13/03/1681 4 7 18 g 1 180
than 3 is obtalned on twe consecutive samples” { 16), U/O'{/ 1991 B 6 & g.s
Or. Jacobson also wrote, “} feel impetled, as in past zgfg;ﬂgg} ‘;’ i ?i % - s'g
ruports, to emphasize the necessity to study serial o 20/12/1990 - 4 ? 1 - 95
samplas on the same individual and when possiblp to 30/01/1991 - 2 1 M 1 20
study the subject prior to exposure™ {18). Apparantly, .
no such follow-up ar serfal studies were done. AChromatid imtarchangs 1.
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in 24 hr. In addicdion, chromosomal aberra-
tians increased stepwise according to the
duration of exposure, The background
percent abnormal metaphase was 1.7%;
with a 19-min exposure it increased o
4.8%, with 30 min, 6,3%, and with 60
min, 8.9%. Garaj-Vhrovac et al. (33)
report on the relationship between colony-
forming ability, chromosome aberrations,
and the incidence of micronuclei in V79
Chinese hamnster cells exposed to RF radia-
tion. Thiese authors were able to demon-
strate damage to cell genomes and changes
in chromosome struceure based on abscrva-
tions of structural chromosomal aberra-
tions and micronuclei reses. The exposures
used were 7.7 GHz and 30 mW for 15, 30,
and 60 min, The structural changes repli-
cated the changes observed in their initial
paper. The micrenuclei/1000 cells were
backgraund 0.016, and with a 15-min
exposure, 0.043; 30 min, 0.050, and 60
min, 0.073. The authors believe that these
resilts cannot be explained on the basis of
cell heating.

In a third paper, Garaj-Vhrovac et al,
{34) used human lymphocytes instead of
Chinese hamster cells, and a correlation was
shawn between micronuclei percencages
and specific chromosomal aberrations
(acentric fragments and dicentric chromo-
somes), Temperature was held constant,
and an additional level of power density of
0.5 mW/cm? was added. Its use led to a
2.7% aberration and 1.4% micronuclei
compared to control levels of 1.5 and 0.9%.

In another paper the authors also traced
the oceurrence and repair of chromosomal
aberrations in personnel repairing aiccraft
wraffic conrol radar (29). The signal was
ordinarily in the range of 1250 to 1350
MHz with « field streagth varying from 10
#W ta 20 mW/em?, Undér ordinary expo-
sure circumstances no long-term trend in
chromosomal abnormalities was found.
The six overexposed personnel were acci-
dencally exposed to much higher levels in
connection with work on equipment repair.

d'Ambrosio et al. (35) also found
genacoxic effects of amplitude modified
microwaves on fuman lymphocytes in cul-
ture, ‘The signal was 9 GHz, modulared at
50 Hz with a specific absorption ratic of 90
mW/g and che exposure was for 10 min,

These findings are epidemiologically
important because of the need for biologi-
cal indicators of exposure and also because
of the theory that somatic cell mutations
lead to increased risk for cancer. The use-
fulness of such tests as a biological monitor
seems clear from the data and the findings
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Table 4, Age-adjusted cancer and leukamia annua! incidence rates for males and females in census tracts with
hroadcasting towers compared to those without such towers {(Honolulu, Hawaii, 1873-1983) and compared 1o

statewida rates par 100,000 {1078-1981).

Males Females
Area incidence SIRa Incidence SiRa
All site cancer
Tracls with lowers 1396 (468 1.45¢ 3686 (417} .27
Tracts without towers 3180{135) 1.08 2488 (103} 0.85
Statowide 3412 {5468} ~ 272.4 (4658} -
teukemia
Tracts with towsss 15.2 (15) 1.58 1.6{8} 145
Tracts without towers 241 0.27 50{2) 097
Statewide 9.4 (163} ~ 5.3 (90} -

*p<0.01, *Standardized for age. *Numbers of cases in parentheses. Statewide data sre based on the
Survaillancs, Epidemiolagy, and End Results Pregram Repart 1973-1981 {39). Griginal incidence data given by

Goldoni {21} for 5 years,

of excess numbers of mutations among
chromosomes in the blood of the group
exposed at the Mescow embassy (/7).

{n a prospective study of persons with
stable mutations, Hagmar et al, (36) found
an increase in lymphoreticular cancgr, bur
no such effect was seen in persons with
transient changes or changes of a chro-
matid type, A recent review by Akiyama et
al. (37) summarizes the present undet-
standing of the prognostic importance of
somatic cell muzation,

Cancer in Children and Others

Study of Broadeast Facilitivs and Adfacent
Populations in Hawaii. A unique oppor-
tunity ro study the cancer incidence in the
vicinity of radio broadcasting towers
occutred in Honaluty, Hawaii. This situa-
tion existed in part because the hills sur-
rounding Honolulu are a nature preserve,
so the radio towers are located in many of
the populated census tracts of the city. The
study includes cancer incidence data for
1978 1o 1981.

Two State Health Department officals
used the State Cancer Registry (38) to
campare the cancer incidence of nine
census tracts that included broadcast tow-
ers with two demographically similar tracrs
with no towers (39). The U.S. Environ-
mental Protection Agency (U.S. EPA)
measured RF radiation at 21 locations and
reported that public exposures ar 12 of the
locations exceeded currently recom-
mended limits. At two cutdoor sites, expo-
sures were greatet than 1000 pW/em?, but
at distances greater than 100 to 150 feet
fionr che rowers, the exposure levels gener-
ally were below 100 pW/cm®, U.S. EPA
officials stated that RF radiacion in
Honolulu did rot pose an immediate rigk
to the public bur officials did not com-
menc o long-term risk. They suggested

that further studies be done by the Federal
Coinmunications Commission.

The data for all cancer incidence rates
and for leukemia overall for males and
{eanales, adjusced for age, are shown in
Table 4. If the dara are adjusted by race
rather than by age, the standardized inci-
dence ratia (S5IR) for total cancer, both
sexes, in tracts without cowers is 1.07 com-
pared with 1,88 in macts with towers, the
lateer being significantly elevated. For
leukemia, the SIR is 0.59 for wmacts without
broadcasting rowers and 2.08 for tracts
with broadcasting towers.

The Childhood Lovhemia Chester on
the Waianas Coast, Hawais, In 1985, 1
pediatric oncologist infarmed the Hawaii
Department of Health that he had seen an
unusual number of children with leukemia
in the small communities of the Waianae
coast, This situation was confirmed by the
Hawaii Cancer Registry in 1986 (40). In
1990 the department conducted a more
detiled investigation and a case~control
study. A case was defined as a child under
15 years of age diagnosed with acure
lewkemia between 1977 and 1990 who had
spent gt least 25% of his or her lifetime in
the area before diagnosis. Foutteen cases
met this definition, of which rwelve were
permanene residents and two had spent 2 ta
3 days a week in the area. Based on the
state’s cancer registry, the number of cases
o be expected was about one every 2 years
or about seven in 14 years, Seven of the
cases occurred during the 3 years 1982 w0
1984, After 1985, case incidence rewrned co
expected levels—one case every 2 years (40).

Among the seven cases identified from
1982 to 1984, five were acite nonlympho-
cytic leukemia (ANLL), whereas statewide,
three of four cases were acute lymphocytic
leukemia (ALL). Six of seven cases were
girls; childhood leukemia appears to be
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somewhat more common in boys. Four of
the girls were berween 9 and 12 years of
age, whereas the peak onset for childhond
leukemid is around 3 years of ape.

In the case-control study of 14 cases
and 56 marched controls of the same sex
harn within 6 months of the cases studied,
no statstically significant risk factors were
defined. There were, however, clevated OR
for other cases of cancer in the family
(OR =34 with 95% CI of 0.70-16.41)
and for having ever resided within 2.2
miles of the Luatualei Naval Broadcast
Facility and its two low frequency radio
tawers (OR 2.2; 95% Cl of 0.65~7.56).

The authars suggest thar improper
starage of oil may have been associated with
risk of benzene expostire, a known adult
leukemogen. No adequate environmental
measurements were available for radiation
or benzene cxposure. Some measurements
of electric or magnetic fields were made by
the U.S. EPA in 1990, but the measure-
mens were made primatily along roads and
not in areas where children lived and
played. Ninc of the fourtcen cases were of
Hawaiian or part-FHawaiian ethnic erigin,
and there is some evidence that Hawaiiens
and Maoris of New Zealand have lower
rates of ALL and higher rates of ANLL than
other echnic groups.

The authors concluded thac “...close-
ness to the low frequency radio towers at
Lualualei Naval Station may have 2 weale
association with leukemia, even though it
is not statistically significant. This canoot
be considered proof that anything emanar-
ing from the station actally caused the
leukemia” (40).

North Sydney Study. Hocking et al.
(11) reported on cancer incidence and
moruality in the proximity of television
(TV) towers; cancer incidence and moreal-
ity for the 1972 to 1990 period for nine
municipalities in North Sydney, Austratia,
were collected. Three municipalities wete
closer to the TV broadeasting facilities than
the other six, and hence, exposed o more
RF radiacion. ‘The calculated power density
in the more exposed areas ranged from 8 ro
0.2 pW/em? at a 4-km radius. Ac a distance
of 12 km, power density was 0.02 yW/em?,
They found that for all ages, there was lire
difference in incidence of brain cancer, For
leukemia, however, the incidence rate ratio
for adulis was 1.24 (95% CI 1,09-1.40),
whereas for children it was 1,58 (95% CI
1.07-2,34), with 2 mortality rate ratia of
2.32 (95% CI 1.35-4,01). The authors were
unsuccessful in identifying confounders to
explain these results,
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The signals emitred by the TV rowers
were 100 kW video amplitude modufared
and 10 kW audio frequency modulared
on carrier frequencies from 63 to 213
MHz. The authors had no prior knowl-
edge of a possible cluster of lenkemia cases
near the towers. .

Upited Kingdom Studies. Dolk et al.
{(12) reported on leukemia incidence near
the Sucton Coldfield radio and TV trans-
mitters for the years 1974 to 1986. [n addi-
tion, they studied adulr leukemia incidence
near 20 high power TV/frequency maodula-
tion (FM) transmiters in Grear Britain
(13). The Sutton Coldfield study examined
daca within a 10-km radius in 10 bands of
increasing diseance. The innermost area was
within 2 km of the transmicrer; adule
leukemia reladive tisk (RR) was 1.83 (95%
CI 1,22-2.74), Actually, one case lived
within 0.5 km when 0.11 km could have
been expected on the basis of cancer registry
experience and the numbers of person-years
of observation, While this results in an RR
of 9, emphasizing location of a single case is
likely to represent a poatly defined range of
risk (Figure 1). There was a significant
decline in risk with increased distance
{p<0.001) from the transmiceers. Expeceed
aumbers of leukemias in the 10-km zones
near transmitters were calculated on the
basis of national rates swracified by 5-year
age graups, sociocconamic deprivation
quintile, and region,

In a second Dolk et al. (13) study the
same procedures were used to evaluate

risks surrounding 20 other broadeast
facilities in the UK for the same period;
3305 cases were identified, with an overall
observed-ro-expected (O/E) ratio of 1.03
(95% CI 1.0--1.07), Decline in risk with
distance was significant for all sives com-
bined. Results in this study were similar o
those of che Sutton Coldfield study {12).
There was no significant excess risk for per-
sons living within 2 km of the wansmiceers
and excess risk was not greater than 15%
in any distance band wp to 10 km,
However, the decling in risk for adult
leukemia with distance from the transmit-
ters was significant (p < 0.05). Eight of the
rransmitters broadecast FM and three TV ar
power equivalent to transmission in the
Surzon Coldfield study (12). One of the
vransmiteers, Cryseal Palace, was located in
an unusually densely populated area and
appeared to be associated with almost half
the cases of leukemia, In the band between
2 and 3 km from the transmitter the adult
leukemia O/L ratio was 1,33, Figure 1
shows some of these gradients for the
Surron Coldfield wansmitters and for two
ather groups of stations, one with greater
power than the other,

Rothman et al. (9) rabulated studies
thar migh relare leukemia to occupational
or recreational exposures to RF radiation
and studies that related such exposures to
brain malignancies. The risk ratios for
leukemia were > 1.0 for 19 studies and 51
for 7. PFor brain tumors the RR was > 1 for
9 studies, and £ | for 4.
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Figura 1. The O/E leukemia Incidence ratio by distance fram TV and FM broaduast towers. The rends are shown
far Sution Coldfield and for two subssts of other such facilities in the United Kingdom for adults more than 15
vears of age for the years 1974 to 1986, One subset s for facilities broadcasting TV in the range of 870 tu 1000 kW
and the second includes those with power from 500 to 1000 KW. *Tha O/E incidence ratio of 9.0 is hased on a

single case. Based on Dolk at ul. {12,134,
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Grayson (10) reported on brain cancer
among U.S, Air Force personnel, and
found dhat rank (socioeconomic factor) was
the most important predictor. When this
was taken into account, nonionizing radia-
tion exposure was more important than
ionizing radiation and microwave expo-
sures more significant that low frequency
exposures, The positive association for mil-
itary rank had an OR of 3.30 (95% CI
1.99-5.45) for senior officers. For ionizing
radiarion, the association is negarive, The
military-rank-adjusted OR is significanily
elevated for RF: 1.38 (95% CI 1.01-1.90},
but not for ELF: 1.28 (CI 0,95-1,74).

Another study of military personnel
and radiation exposures was chat by
Szmigielski (41), who examined cancer by
site among Polish military personnel dus-
ing the period 1970 to 1989, He found a
relationship between exposures to high fre-
quency (RF radiation) and cancer morbid-
ity, About 3700 of the approximarely
128,000 personnel were classified as
exposed and data were tabulated for 12
types of cancer and four age groups. The
overall cancer morbidity for exposed pet-
sonne! was 119,1/100,000 per year com-
pared on an age-adjusted basis to 57.6 in
the nonexposed group. The greatese O/E
ratios were found for chronic myelocytic
leukemia, 13.9; myeloblastic leukemis,
8.62; and non-Heodgkin's lymphoma, 5.82.

A cluster of six cases of testicular cancer
among traffic policemen vsing microwave
generatots suggests that microwave expo-
sures can cause cancer of the testicle (42).
Other epidemiologic studies of exposed
military personnel point in the same
direction (43,44).

Lin et al. (45) collected data on brain
cancer deaths among white males for the
state of Maryland, and examined occu-
pations stated on the death certificates
Included were 951 brain tumors, of which
370 wete glioblastomas, 149 astrocytomas,
and 432 had unspecified histology.

Pifty glioraa and astrocytoma deaths
amnang workers in occupations with a high
probability of elecurical exposures were
matched by age with a sample of the popu-
fation by age from the 1979 census, The
expected number of such occupations in
the general population was about one-third
of that observed (18/50) for cases. A casc
reference study showed that the occupa-
tional categoty of electric or electronic
engineer and technician had three times
the number of cancet cases as the referent
population (18 vs 6; p<0.05), When the
specified occupations were ranked by

1584

LR, GOLDSPAITH

definite, probable, or possible exposutes to
electromagnetic fields, the OR for astro-
cytoma and glioma were 2,15, 1,95, and
1.44, respectively.

Garland ex al. (46) studicd leukemia
among occupational groups with potential
electromagnetic ficld exposuce in the U.S,
Navy. Because they studied personnel who
wete hospitalized while on active duty, the
study cannot include personnel with leu-
kemia of substantial latency or those wha
were not hospitalized. In faet, otte occupa-
tional group, elecrrician’s mate(s), showed
consistent excess of risk for leukemia.

Follow-up Study of 40,000 Korean
War Naval Persounel. In the Robinere et
al. (47) study, naval personnel were
divided into accupational groups with low
and high exposures by the occupational
dusignator for the personnel. Wichin these
two catagories were theee occupational
classes, shown in Table 5.

Table 5 shows the occupational groups
and numbers of cases. Table 6 gives rates
for all deaths (per 1000) during the follow-
up period of 1950 to 1974: rates for deaths
atrributable to disease, malignant disease,
and malignancy of sthe lymphatic and
hematopoietic systems. Death rates for the
group with the highest exposure, aviation
electronics technician(s) (AT), are sig-
nificantly higher than those for the remain-
ing men for all deaths, discase-related
deaths, deaths from malignancy, and
deaths from malignancy of the lymphadic

and hemaropoietic systems. Although it
was true that this group had a higher mean
age at onset of the follow-up study (23.4
years) than the average of the whole group
(21.3) this mean age was younger than the
average for aviation electrician’s mate(s) AE
(24.7), 2 category that showed no increase

-in deaths from any malignancy or from

other discases, The authors adjusted for
age, but in doing so combined the AT
group with the fire control technician(s)
(FT) group, which had a low malignancy
rate. These two groups, which were about
the same size, had 10 and 1 cases of lym-
phopoeitic or hematological malignancies,
respectively. For this population, compen-
sated disability by body system is shown in
Table 7 for the two high-exposure groups
compared to the remainder of the pop-
ulation Both numbers and crude rates are
given as well as the expected number of
cases for the more exposed group based on
the dara for the remainder.

Additional Studiss of Capcer in
Children and Others. Among the many tab-
ulations from the Lilienfeld report (£8),
those for dara about leukemia are shown in
Table 8, based on data excerpted from the
Lilienfeld report by Goldsmith (8}. Although
the numbers are small, there is significant
excess for child dependents in both Moscow
and other embassies, a5 well as an excess for
crploycees and dependents in both locations.
Betimated expostires at the Moscow embassy
were from 5 to 18 pW/em?,

Tah!a?. U.S. Naval personnal by occupational categoty during the Korean Wor and deaths by cause graup, 1950

o 1974,
Low exposure High exposure
M AD AE ET 3] AT
Number of ¢ +sons 9253 10,116 1412 13,078 3298 RPEX]
Total deatt . 2498 308 61 44 144 198
From dise. 161 165 2 193 81 7
From mali- 4 tdissase 39 47 8 65 16 21
From mafly  wy of the fymphatic
and hematapoletic systems 8 1] (] 18 1 10

Albreviations: ET, alectronics technicianis); ND, radiaman; AM, radarman, Data based on Robinette ot al. {47),

Tablo 6. U.S. Naval parsomnel by occupational category during the Korean War and crude death rates per 1000 by

tause graup, 1950 to 1974,

Low exposure High exposurg
(it} RD AE ET T AT
Number of parsens 9253 10,116 1412 13,0708 3298 3
Total daath ratas 320 304 432 337 437 53.0
From disease 174 16.3 166 162 1.6 2062¢
From malignant disease 1721 4,65 566 497 4685 723"
Fram matignancy of the lymphatic
and hematopoistic systams 0.65 130 0.00 1.38 0.3 2.68*

*Significantly incroased, p<0.05 compared to loss-cuposed groups. Data based on Robinetts ot al. {47). Fur accu-

pational class dafinitions see Tabla 5 and text.
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Tahle 7. Number af 11.S. Naval parsannal regeiving Vaterans Administeation compensation in 1976, by diagnostic
graug, for twa high-exposure groups (FT and AT} miati« to the low-exposure groups exposed during the Korean War,

[Tand A All athars FT and AT,

Diagnostic group No Rate/1000 No Rate/1000 expcted na
Musculoskeletal ny 169 403 11.80 537
Spacial zense organs 42 6.0 152 449 316
Systematic canditians 5 7 7 0.20 145
Respiratory 51* 73 IH 505 355
Cardiovascular 47 6.7 142 119 295
Digastive 5% 78 28 8,76 47.6
Ganitourinary 19 21 99 292 208
Hamic, lymphatic 3 04 ] 0.30 2.08
Skin 58 a2 227 6.70 471
Endocrine f 16 4 1.30 455
Neuralogic 16 23 54 1.60 N2
Merves 3 04 4] L2 85
Epilepsies 0 - 16 0.47 332
Mental canditions 46 85 198 5.85 4.1
Other 2 03 19 D66 3495

Total diagnoses a7 §7.84 - 53461 376.94

Tatal populations 703 13,059

*Significantly increaset, p<0.05; **significant, p<0.01, Data based on Hobinette et al. 144},

Tablo 9. Leukemia among U.S. ambassy employass and child dependents in Moscaw and other Eastern European

ambassles.
Moscow embassy Othar ambassies Total
Population Cbsarvad Expacted Qbsarved Expected /€
Employees 2 1.8 3 17 5125
Child dependents 2 0.5" 3 07" 5/1.2°
Total 4 13" B YA 10/3.7*

*Significantly elevated O/E ratio, p<0.05. Based an table in Goldsmith {8},

Evidence of Other Health Effects

Lenticular Changes. Toncheva e al. (48)
studicd 87 persons working with cadar and
150 cye-matched controls. The radar
warkers were divided into five risk groups
according to frequencies of microwave
exposure (200 KHz to 26 GHz) and power
density (8 pW to 300 mW/cm?).

They found three specific radiation
cataracts in persons working with extremely
high microwave exposurc. Lens changes
were associated with level of exposure in
differenc risk groups. Changes such as
opacities and posterior polar defects ace
critetia for microwave exposuic.

Nouspecific Disability. In their swdy
of Korean War Veterans, Robinere et al.
(47) obtained data for disability by body
syseem i 1976, As noted in a previous
analysis {8), the AT warkers, those pre-
sumed 10 have recelved the most radiation
exposures, were combined with the lesser-
exposed FT to make whar was designaced
the high-cxposure group,

In the ten categories in Table 7 (cate-
gories with five or fewer cancer cases are
not included) the high (FT+AT) group
is higher than the remaining groups,
with lower exposures in nine of ten
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body systems (significant by sign test ac
p<0.05).

The overall disubility rare of 67.8/1000
is significantly greater than 43.1 by
Poisson criteria, As is apparent from the
combination of the two highest cxposure
job categories and the nature of the job
classificarion procedure as described by
the investigators, this analysis probably
underestimares rhe effects of exposure.

Nonspecific Neurological and Sensi-
tivity Reactions, Silverman (49) noted
some nonspecific reactions o RF radiacion,
and a more recent review (50) brings these
findings up to date. More research is
needed to beteer define these reactions.

interpretations

Available data suggest that RF radiation be
considered a carcinogenic risk, a position
alteady taken in an internal U.S. EPA doc-
ument (51} in 1990 when there was much
less evidence of the potential harmfulness
of RF radiation.

Except for the Moscow staff, which
includes both workers and dependents,
most of the exposures studied are relevant
to occupation, The most relevant to cases
of community exposure risks today ate

those involving populations living near
broadcast facilitics. Cellular telephone
users have not been exposed in definable
numbers for a long enough cime period
for an adequate study to be made of
cancer incidence,

However, interpretations must cake into
account the repore of the Repacholi et al.
study (52) of lymphoma-prone mice, who
showed a doubling of the incidence of lym-
phoma over an 18-month period when
exposed 0 modulated radiacion similar ro
far-ficld ecllular relephone exposures. This
inirial finding of experimental evidence of
cancer from cellufar-telephonelike exposures
emphasizes the importance of examining
epidemiologic evidence of such cffects.
Possibly the most suitable source for such
data would be the more detailed scudy of
exposures of military persannel or air trafhc
controllers who received definable exposures
and have undergone a sufficient period of
follow-up. Evaluation of such nonspecific
symeosms as headache, sleep disturbances,
and unfavorable repraductive outcomes of
populations living near broadcase facilities
should have priority for community studies.

The evidence may or may not justify
more restrictive regulation of accupational
exposure; for community exposurcs, how-
evet, the evidence justifies prudent avoid-
ance {14,15). The concept has been
presented by a group of Swedish govern-
ment agencies in response ro the evidence
concerning ELF exposures. The plan is
basically voluntary and stresses education
abour risks and economic analysis of
uncertain risks and the possible costs of
cheir avoidance.

Included among the actions to take
under the rubric of prudent avoidance is epi-
demiologic moaitoring (53), a system of
standardized health starus measuremencs of
presumably reversible effects, which can, if
unfavorable trends ace discerned, become
the basis for higher levels of population pro-
tection. The availability of a number of
potentially reversible biologic responses
makes this 4n unusually atteactive possibility.

A second typce of action is to provide
realistic pracedures to minimize the
caposurcs. Shielding the head and face from
exposures to the antennae of hand-held
cellular telephones, and guidclines for keep-
ing an adequare distance between broad-
casting sources and civilian populations, are
cleacly indicared.

Further work is needed on the possi-
bility of carcinogenicity in experimental
systems of RF exposures. These systems
should be separate from evaluations of

1585



ELF,
same set of effects.

This review casts some doubt on efforts
to distinguish ionizing from nonionizing
radiation with respect to their health effects.
It also taises doubt abou the protective role
of regulations based solely on the thermal

AR GOLDSMITH

which does not appear to have the
current standards.

effects of RF radiation, which is the basis for

There seems to be some evidence from
the Moscow study and community studies
in the vicinity of large FM and TV broad-
casting facilities that exposures as low a5 2
pW/cm? may have long-texm health effects.

A comprehensive and critical review of
the epidemiologic data available on health
risks from RF expusure should be carzied
out and the reasonable measures for avoid-
ance of the identificd risks should be
described and evaluared,
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Abstract: In Sweden, eléctrohypersensitivity is recognized
as a lunctional impairment which implies only the envi-
ronment as the culprit. The Swedish view provides per-
sons with this impairment a maximal legal protection,
it gives them the right to get accessibility measures for
free, as well as governmental subsidies and municipal-
ity economic support, and to provide them with special
Ombudsmen (at the municipality, the EU, and the UN
level, respectively), the right and economic means to
form disability organizations and allow these to be part of
national and international counterparts, all with the sim-
ple and single aim to allow persons with the functional
impairment electrohypersensitivity to live an equal life in
a society based on equality. They are not seen as patients,
the do not have an overriding medical diagnosis, but the
‘patient’ is only the inferior and potentially toxic environ-
ment. This does not mean that a subjective symptom of a
functionally impaired can not be treated by a physician,
as well as get sick-leave from their workplace as well as
economic compensation, and already in the year 2000
siich symptoms were identified in the Internal Code of
Diagnoses, version 10 (ICD-10; R68.8/now W90), and have
been since. But the underlying cause still remains only the
environment.

Keywards: electrohypersensitivity; functional impair-
ment; immunohistochemistry; sking UN Conventiot.

Background

A functional impairment is defined as difficulties that
substantially interfere with or jimit functioning in one or
more major life activities including the following:

O
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_  Basicdailylivingskills (e.g. eating, bathing, dressing);

. Instrumental living skills (e.g. maintainiog a house-
hold, managing rmoney, getting around the commu-
nity, taking prescribed medication); and

_  Functioning in social, family, and vocational/educa-
tional contexis.

Inhealth, any loss or abnormality of physiological, mental,
or anatomical structure or function, whether permanent
or temporary, is regarded as a functional impairment.
The existence of & medical condition does not necessarily
restrict functional capacity, butmay form part of the under-
lying cause for a functional impairment. However, much
more common are obstacles in our surrounding environ-
ment resulting int everyday functional impairments that
all are part of being a human being in a society. Humans,
and particularly children, often run into situations where
the environment provides hurdles and difficulties. Such
can be language barriers, educational hinders, physical,
chemical or physiological blocks or toxicities, and prob-
lems of understanding. Neither one of these causes makes
anyone a patient; we are all still normal healthy persons
as well as citizens, and with correct avoidance or adaptive
reactions to an inferior environment.

The Swedish view

Let me now conclude the following: The Swedish
approach to electrohypersensitivity is to view it as a func-
tional impairment, thus focusing on the environment as
the culprit (which, as of the above, is the general defini-
tion, including the UN one, of functional impairments).
This provides persons with this impairment a maximal
Jegal protection, it gives them the right to get accessibility
measures for free, as well as govemmental subsidies and
municipality economic support, and to provide them with
special Ombudsmen (at the municipality, the EU, and the
UN level, respectively), the right and economic means to
form disability organizations and allow these to be part
of national and international counterparts, all with the
simpleand single aim to allow persons with the functional
jmpairment electrohypersensitivity to live an equal life in
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a society based on equality. They are not seen as patients,
the do not have an overriding medical diagnosis, but the
‘patient’ is only the environment - inferior and potentially
toxic, This does not mean that a subjective symptom of a
functionally impaired can not be treated by a physician,
as well as get sick-leave from their workplace as well as
economic compensation, and already in the year 2000
such symptoms were identified in the Internal Code of
Diagnoses, version 10 (ICD-10; R68.8/now W90), and have
been since. But the underlying cause still remains only the
environment,

Thus, *functional impairment’ and ‘medical condi-
tion’ are not mutually exclusive, They ate different things.
In the everyday world, having electrohypersensitivity
(EHS) is definitely a huge disability and it impairs the
ability of a person to have an optimal quality of life. If it
was not an impairment, only those interested in esoterica
would care about it. So, the pragmatic aspect that makes
itimportant is the simple fact that it is an impairment that
disables people’s lives. (And interventions for people who
have the condition include medical treatments of their
symptoms, but not of their environmental causes ~ there
we need technicians, physicists, electricians, and others
to make the latter accessible.) About this, the current
whole society needs to be educated, Furthermore, pre-
vention is yet another aspect that definitely should be in
the discussion; when will we see my dream of tomorrow’s
green, human-friendly technology come into play?

As stated, in Sweden, electrohypersensitivity (EHS) is
an officially fully recognized functional impairment [i.e.
it is not regarded as a disease; N.B. this is not special for
Sweden, the termus “functional impairment” and “disease”
are defined according to various international documents
(see helow)]. Survey studies (1) show that somewhere
between 230,000-290,000 Swedish men and women — out
of a population of 9,000,000 - report a variety of symp-
toms, including typical cutaneous ones such as sting-
ing, burning and itching sensations primarily in the face,
upper chest and back, hands and arms, when being in
contact with electromagnetic field (EMF) sources. The
symptoms of EHS are classified as an accupationally-
related symptom-based diagnosis (code ICD10; R68.8/
now W90) by the Nordic Council of Ministers since 2000
(2). Swedish electrohypersensitive people have their own
handicap organization, The Swedish Association for the
Electrohypersensitive, which has its own websites in both
Swedish and English (3). This organization is included
in the Swedish Disability Federation (Handikappférbun-
dens SamarbetsOrgan; HSO; as a consequence of this, The
Swedish Association for the Electrohypersensilive receives
an annual governmental subsidy), HSO is the united voice
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of the Swedish disability associations towards the govern-
ment, the parliament, and national authorities, and is a
cooperative body that today consists of 43 national dis-
ability organizations (with The Swedish Assaciation for
the Electrohypersensitive being 1 of these 43 organiza-
tions) comprised of ahout 500,000 individual members. It
has its own website in Swedish, parts of which are also in
English (4).

Swedish municipalities, of course, have to follow
the UN 22 “Standard Rules on the equalisation of oppor-
tunities for people with disabilities” (“Standardregler
for att tillférsikra ménniskor med funktionsnedséttning
delaktighet och jimlikhet” (5). Since 2007 they have been
upgraded into the UN “Convention on Human Rights for
Persons with Functional Impairments™) (5). As a result of
this, all people with disabilities shall be given the assis-
tance and service they have the right to according to the
Swedish Act concerning Support and Service for Persons
with Certain Functional Impairments (“LSS-lagen”) and
the Swedish Social Services Act (“Socialtjznstlagen”). The
municipalities are responsible for making sure that every-
one gets enough support. Everyone is required to remem-
ber that such men and women may need individual and
different kinds of support. What works for one, may not at
all work for another.

In Sweden, impairments are viewed from the point of
the environment. No human being is in itselfl impaired,
there are instead shortcomings in the environment that
cause the impairment (as with the lack of ramps for the
person in a wheelchair, or rooms requiring electrosaniti-
sation for the person with EHS). This environment-related
impairment view, furthermore, means that even though
one does not have a complete scientifically based expla-
nation for the impairment EHS, and in contrast to what
many individuals involved in EMF discourse at present,
the person with EHS shall always be met in a respectful
way and with all necessary support with the goal to elimi-
nate the impairment. This implies that the person with
EHS shall have the opportunity to live and work in an elec-
trosanitised environment.

This view can fully be motivated in relation to the
present national and internalional disability Jaws and
regulations, including the UN 22 Standard Rules/UN
Convention, the Human Rights Act of the EU, and the
Swedish Action Plan for Persons with Impairments (“Den
nationella handlingplanen f&r handikappolitiken - Frin
patient till medborgare”) (6), The last part of this national
Action Plan carriers a very important sentence: “Frin
patient till medborgare”=*From patient to citizen” which
stresses the modern view of the functionally impaired:
they are not any longer seen as patients but citizens
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reacting to an inferior environment with a completely rel-
evant aveidance behavior {cf. below). For such avoidance
reactions there are no demands for any official “recogni-
tion”, no demands for diagnoses, and —of course not —no
medical/psychiatric treatments.

The first step for a person in Sweden with a functional
impairment is to contact the municipality's special civil
servant for disability issues, as well as the various handi-
cap organizations and authorities, to achieve accessibil-
ity measures of various types with the sole aim to have
an equal life in a society based on equalily (as being in
accordance to the The UN 22 Standard Rules on the Equal-
jzation of Opportunities for People with Disabilities/The
UN Convention on Human Rights for Persons with Func-
tional Impairments).

An impairment is — by definition - not defined by
someone else or proven by certain tests, etc. The impair-
ment is always personal (private) and develops when in
contact with an inferior environment. [N.B. Remember
that functional impairments are only based upon each
individual’s impaired accessibility to — and contact with ~
an inferior environment (cf. the UN), thus, there is actually
no need for any “recognition” in local laws (cf. the UN). In
Sweden, the former Minister of Health and Social Affairs,
Lars Engqvist - as a member of one of the previous govern-
ments - anyhow gave his “approval” in a letter dated May,
2000 [Regeringskansliet 2000-04-06, Dnr 52000/2158/ST].
He also made it clear in his response that for EHS persons
there are no restrictions or exceptions in the handicap laws
and regulations. Thus, these laws and regulations are to be
fully applied also for EHS persons.]

Remember we all must adhere to and follow all the
handicap laws and regulations. To do the opposite is a
serfous violation and should immediately be reported/
filed as an official legal complaint to your Jocal authori-
ties, parliament, government, the EU and the UN. This
is of particular importance since Katri Linna, the former
Swedish Diskrimineringsombudsman (=the Equality
Ombudsman), clearly states in the newspaper Sydsven-
skan (7) that “electrohypersensitivity is — according to
the law - a functional impairment and I recommend EHS
persons that are discriminated to file a complaint”

The history of
electrohypersensitivity
Historically, thete have been — since the introduction of

electricity as a general power source — anecdotal stories
about persons whom we today interpret as being actually
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electrohypersensitive. The very first case may have been
Nikola Tesla (10 July 1856~7 January 1943) a Serbian-Amer-
ican inventor, electrical engineer, mechanical engineet,
physicist, and futurist, best known for his contributions to
the design of the modern alternating current (AC) electric-
ity supply system. Descriptions of his health status closely
resembles what we today would have named electrohy-
persensitivity. A surge of similar case reports were also
seen during the amateur radio (DX) years.

In more recent times, as early as in the 1970s, a report
from the former Soviet Union described a “microwave
syndrome”, The Soviet military recognized early on the
possible side-effects from radar and radio radiation, This
microwave syndrome was seen in up to a quarter of the
military personnel working with radio and radar equip-
ment. They showed symptoms such as fatigue, dizziness,
headaches, problems with concentration and memory,
sleep disturbances, and being hot tempered. The treat-
ment suggested was a change of assignments and to keep
away from exposure. Rest, physical exercise, and nutri-
tious food were also offered (8).

Also in the 1970s the newspaper industry was one of
the first to supply it’s employees with personal computers
using visual display terminals. Complaints of headaches
and visual problems, as well as clusters of miscarriages
and birth defects in children born to female editors and
other newspaper employees, generated some publicity.
n addition, many people who worked in the electronics
industry in Sweden, including an estimated 12% of the
electrical engineers in that industry, became electrically
sensitive, and helped form the current Swedish disability
organization initially called Foreningen fér el-och bild-
skiirmsskadade (Association for the Electrosensitive), or
FEB. This was later renamed Eloverkiinsligas Riksforbund
(The Swedish Association for the Electrohypersensitive).

In the United States, then-Representative Al Gore
held Congressional hearings in 1981 on the health effects
of computer screens. In Sweden, the hard work of many
brilliant trade union officials, members and their affill-
ates, such as Bruno Hagi, Per-Erik Bolvie, Martin Anders-
son, Jan Aberg, Torbjérm Klittervall, Ake Bergman, and of
excellent journalists, especially Gunni Nordstrém and Carl
von Schéele, brought the problem to the attention of the
general public during the 1980s and 1990s. Nordstrom’s
and Schéele’s books “Sjuk av bildskirm” (9) and “Félsla-
get om de eldverkiinsliga” (10) are regarded as classics.

During the 1990s the Swedish trade union move-
ment, notably the Swedish Confederation of Professional
Employees (TCO) and Union of Clerical and Technical
Employees in Industry (Sif), led the world in actively tack-
ling, and working on solutions for the growing problem of
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both chemical and electromagnetic pollution in the work-
place - and spreading the word internationally. Among
very many ventures, Sif’s “No-Risk Project”, enlisting the
involvement of a team of researchers, including Martin
Andersson from LIBEREL AB, and myself from the Karo-
linska Institute, as well as the “Healthy Office Project”
in partnership with the Luled University of Technology
(LTU), are hoth highly important milestones. At that time,
Sif was the largest trade union for white-collar workers
in Sweden until it merged in January 2008 with another
trade union (HTF) to-form a new organization, Unionen.
Unionen is currently Sweden’s largest trade union on the
private labour market and one of the largest white-collar
unions in the world.

The TCO label is known internationally for its pre-
cautionary environmental standards for computer moni-
tors that place limits on both electromagnetic radiation
(EMR) and chemical emissions (TC0'92, TCO'95, TC0'99,
TCO'03, and soon TCO'15). Although not eliminating EMR
and chemical emissions from computer monitors, it was
ground-breaking in that it was the first case of a union
organization, representing both members and consum-
ers, successfully influencing manufacturers to improve
the design of their products to reduce potentially harmful
emissions, Their corresponding standards for e.g, smart-
phones, tablets, and headsets, are currently gaining more
and more momentum.

Today the most famous electrohypersensitive person
is Gro Harlem Brundtland (20 April 1939), the former
Prime Minister of Norway and the former Director General
of the UN World Health Organization (WHO).

Cutaneous analyses

One of the very first to analyze cutaneous biopsies of
electrically sensitive individuals, was the late assistant
professor and histopathologist Bjorn Lagerholm at the
Karolinska Hospital, Department of Dermatology, in
Stockholm, who did these ground-breaking observations
already in the middle of the 1980s. He found an increase in
the mast cell number, but, unfortunately, he could never
publish it in a peer review-based scientific journal, .

His interest very much started with a female bank
employee that had received a work injury compensation
for skin changes after siiting in front of a visual display
monitor. Bjérn Lagerholm described in great detail herskin
changes, which turned out to be very similar to the kind
of cutaneous alterations you may encounter in connec-
tion with uliraviolet light, X-ray or radioactivity damage.
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Bjorn Lagerholm’s reputation as a histopathologist was
undisputed, In addition to the female bank employee, he
also examined nearly 100 further similar cases, all having
the same skin changes. The outcome of this analysis was,
however, not supported by two other histopathologists,
and not by his clinical colleagues, Dr. Mats Berg and pro-
fessor Sture Lidén.

Bjiirn Lagerholm was never able to pursue his ground-

‘ breaking and very elegant studies, They would be burried

for several years, until 1 and my collaborators re-initiated
them in the late 1980s and early 1990s.

For me it was immediately clear that persons claim-
ing skin reactions after having been exposed to computer
screens very well could be reacting in a highly specific way
and with a completely correct avoidance behavior reaction
to a toxic environment/world, especially if the provocative
agent was radiation and/or chemical emissions, such as
plastic components or flame retardants - something later
focussed upon by professor Denis L. Henshaw and his col-
lIahorators at Bristol University [this is covered in Gunni
Nordstrém’s book “Mérklaggning — Elektronikens ritt-
slésa offer” (11)] — just as you would do if you had been
exposed to e.g. sun rays, X-rays, radioactivity or chemical
odours,

1 began to study the skin of electrohypersensitive
persons, and provided evidence that they may have a
real skin condition that is provoked by sitting in front of a
computer screen, using a mobile phone, a tablet, or being
close to smart meters, routers, telecom towers and power
installations. The damage was similar to that caused by
ultraviolet radiation from the sun. I also showed that the
radiation from computers causes measurable changes
even in the skin of “normal people,” and also in the skin
of laboratory animals.

I named the new syndrome “screen dermatitis” in
Experimental Dermatology, 1994 (12), and “electrosuper-
sensitivity” at the Workshop on Electromagnetic Hyper-
sensitivity, EU/EC, in Graz, 1995 (13). However, since such
individuals also usually complained of other symptoms,
such as chest pain, memory loss, fatigue, insomnia, dizzi-
ness, nausea, and headache, the more general term “elec-
tromagnetic hypersensitivity” later came into use, and it is
nowadays shortened to “electrohypersensitivity”.

In Sweden the prevalence of electrohypersensitivity
was first estimated at 1.5% (14) with a newer estimate of
2.6%-3.2% (15). In Austria the prevalence was estimated
to be <2%in 1994 but it had increased to 3.5% in 2001 (16).
In Switzerland 5% of the population has been estimated
to suffer from EHS (17). In California the prevalence of self-
reported sensitivity to electromagnetic fields was 3.2%
and with 24.4% of those surveyed reporting sensitivity to
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chemicals as well (18). The Canadian Human Rights Com-
mission reported that approximately 3% of Canadians
have been diagnosed with environmental sensitivities,
including chemicals and EMFs in their environment (19).
In the report the author especially recommended improv-
ing the environmental quality at work places. Finally, a
prevalence as high as 13.3% has been reported in Taiwan
(20).

One aim of my and my collaborators studies has been
to investigate the presence of intraepidermal nerve fibers
in normal human skin from healthy volunteers using the
new marker PGP 9.5 (21-23). The intraepidermal nerve
fibers are found as close as 20-40 ym from the surface,
which makes it highly possible that surrounding electro-
magnetic fields may affect them.

In facial skin samples of electrohypersensitive
persons, the most common finding is a profound increase
of mast cells. We have not only used histamine, but also
other mast cell markers such as chymase and tryptase, but
the patternis still the sameas reported previously for other
electrohypersensitive persons (13). From these studies, it
is clear that the number of mast cells in the upper dermis
is incteased in the EHS group. A different pattern of mast
cell distribution also occurred in the EHS group, namely,
the normally empty zone between the dermo-epidermal
junction and mid-to-upper dermis disappeared in the
EHS group and, instead, this zone had a high density
of mast cell infiltration. These cells also seemed to have
a lendency to migrate towards the epidermis (=epider-
miotrophism) and many of them emptied their granular
content (=degranulation) in the dermal papillary layer.
Furthermore, more degranulated mast cells could be seen
in the dermal reticular layer in the EHS group, especially
in those cases which had the mast cell epidermiotrophism
phenomenon described above. Finally, in the EHS group,
the cytoplasmic granules were more densely distributed
and more strongly stained than in the control group,
and, generally, the size of the infiltrating masl cells was
found to be larger in the EHS group as well. It should be
noted that increases of similar nature later on were dem-
onstrated in an experimeatal situation employing normal
healthy volunteers in front of cathode ray tube (CRT) mon-
itors, including ordinary household television sets and
personal computer screens (24).

In one of the early papers (12}, we made a sensational
finding when we exposed two electrohypersensitive indi-
viduals to a TV monitor situated at a distance of 40-50 cm
away from them. When we looked at their skin under a
microscope, we found something that surprised us. In
this axticle, we used an open-field provocation, in front
of an ordinary TV set, of persons regarding themselves as
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suffering from skin problems due to work at video display
terminals. Employing immunohistochemistry; in combi-
nafion with a wide range of antisera directed towards cel-
lwlar and neurochemical markers, we were able to show
a high-to-very high number of somatostatin-immunore-
active dendritic cells as well as histamine-positive mast
cells in skin biopsies from the anterior neck taken before
the start of fhe provocation. At the end of the provocation
the number of mast cells was unchanged, however, the
somatostatin-positive cells had seemingly disappeared.
The reason for this latter finding was discussed in terms of
loss of immunoreactivity, increase of breakdown, etc., but
it may simply indicate a common and well-known reac-
tion to radiation, namely the migration of the classical
allergen-recognizing dendritic cells from the skin to more
deeply located immune-competent organs such as lymph
nodes and the spleen. The high number of mast cells
present may explain the clinical symptoms of itch, pain,
edema, and erythema, and such a high number is again a
classical sign of a radiation damage.

We have compared facial skin from electrohypersensi-
tive individuals with corresponding material from normal
healthy volunteers (25). The aim of that particular study
was lo evaluate possible markers to be used for future
double-blind or blind provocation investigations, Differ-
ences were found for the biological markers calcitonin
gene-related peptide (CGRP), somatostatin (SOM), vaso-
active intestinal polypeptide (ViP), peptide histidine iso-
leucine amide (PHI), neurapeptide tyrosine (NPY), protein
5100 (S-100), neuron-specific enolase (NSE), protein gene
product (PGP) 95, and phenylethanolamine N-methyl-
transferase (PNMT). The overall impression in the blind-
coded material was such that it turned out easy to blindly
separate the two groups from each other. However, no
single marker was 100% able to pin-point the difference,
although some were quite powerful in doing so {CGRP,
SOM, 500). In parallel investigations, we also found
alterations of the Merkel cell number in the facial skin
of electrohypersensitive persons (unpublished research).
However, it has to be pointed out that we can not, based
upon those results, draw any definitive conclusions about
the cause of the changes observed. Blind or double-blind
provocations in a controlled environment (26) are neces-
sary to elucidate the underlying causes for the changes
reported in this particular investigation.

I and my collaborator, Dr. Shabnam Gangi, in two
papers of theoretical nature (27, 28), have put forward a
model for how mast cells and substances secreted from
them (e.g. histamine, heparin, and serotonin} could
explain sensitivity to electromagnetic fields. The model
bounces off from known facts in the fields of UV- and
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jonizing irradiation-related damages, and used all the
new papers dealing with alterations seen after, e.g. power-
frequent or microwave electromagnetic fields, o propose
a simple summarizing model for how we can under-
stand the phenomenon of the functional impairment
electrohypersensitivity.

In the first paper (27), we describe the fact that an
increasing number of persons say that they get cutaneous
problems aswell as symptoms from certain internal organs,
such as the central nervous system and the heart, when
being close to electric equipment. A major group of these
persons are the users of video display terminals (comput-
ers, tablets, mobile phones, etc.), who claim to have sub-
jective and objective skin- and mucosa-related symptoms,
such as pain, itch, heat sensation, erythema, papules, and
pustules. The central nervous system-derived symptoms
are, e.g. dizziness, liredness, and headache. Erythema,
itch, heat sensation, edema, and pain are also common
symptoms of sunburn (UV dermatitis). Alterations have
been observed in cell populations of the skin of electrohy-
persensitive persons similar to those observed in the skin
damaged due to ultraviolet light or ionizing radiation. In
electrohypersensitive persons a much higher number of
mast cells has been observed. It is known that UVB irradia-
tlon induces mast cell degranulation and release of TNF-o.,
The high number of mast cells present in the electrohy-
persensitivity group and the possible release of specific
substances, such as histamine, may explain their clinical
symptoms of itch, pain, edema, and erythema. The most
remarkable change among cutaneous cells, after exposure
with the above-mentioned irradiation sources (ultravio:
let light, X-rays, ionizing radiation), is the disappearance
of the Langerhans’ cells (cf. above). This change has also
been observed in electrohypersensitive persons, again
pointing to a common cellular and molecular basis.

In the second publication. (28), the relationship
between exposure to electromagnetic fields and human
health is even more in focus as are the cutaneous mast
cells. Mast cells, when activated, release a spectrum of
mediators, among them histamine, which is involved in
a variety of biological effects with clinical relevance, e.g.
allergic hypersensitivity, itch, edema, local erythema, and
many types of dermatoses. From the results of our and
others studies, It is clear that electromagnetic fields affect
the mast cell, and also the dendritic cell, population, and
may degranulate these cells, The release of inflamma-
tory substances, such as histamine, from mast cells in
the skin results in a local erythema, edema, and sensa-
tion of itch and pain, and the release of somatostatin from
the dendritic cells may give rise to subjective sensations
of ongoing inflammation and sensitivity to ordinary light.
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Against this background, it is very interesting to see
our early findings from the 1980s and 1990s strongly
supported by the work of Drs. Belpomme and Irigaray.
According to them, both EHS and multiple chemical sen-
sitivity (MCS) appear to paint a cornmon picture of inflam-
mation-related hyper-histaminemta, oxidative stress,
autoimmune response and BBB opening, and a deficit
in melatonin excretion. According to Belpomme and Fri-
garay (2015; this volume) EHS and MCS share a common
pathological mechanism mainly involving the central
nervous system. (Another interpretation is, of course, that
the mechanism is not of a pathological central nervous
system/brain nature at all but just a correct cellular reac-
tion throughout the hody to a toxic environment, moving
the focus from the persons alfected right to the surround-
ing environment nowadays filled with anthropogenic
electromagnetic fields and chemicals at levels surpassing
our most vivid imagination.)

Perspectives of risk — analysis
and management

It is important that people understand that there are real
risks associated with exposure to the radiation emitted by
cell phones, their base stations, routers, tablets, wireless
smart meters, computers, powerlines, and similar gadgets.
We know that exposure to this radiation may impact and
damage DNA, leading to possible cancer risks, neuro-
logical diseases, alter memory and concentration capac-
ity, affect learning, it can alter our immune defence, and
also affects male and female germ cells and fertility, it has
effects on neurological functions such as coguition, behav-
ior, performance, mood status, learning, remory, concen-
tration, problem solving, morality, disruption of sleep and
changing the sleep pattern, and may cause headaches
and dizziness. The radiation is also harming animals and
nature, and is therefore as much an environmental as
human health issue. Important new research has already
been presented on EMF impacts on DNA, heart function
and the role of elecirification in the diseases of civilization,
such as heart disease, diabetes, cancer and suicide.

Beyond government regulations, it is imperative that
each person educates themselfand employs safer methods
when using their modern devices. The complete lack of
biologically-based exposure standards or hygienic salety
levels by our health protection agencies, and the lack of
preventive actions, can turm out to be a huge mistake. To
not act today would be deemed ethically and morally com-
pletely corrupt in the future,
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Many times since the early 1980s L have pointed to that
the public’s usage of cell phones has become the largest
full-scale biological and medical experiment ever with
mankind, and | was also the first person to firmiy point
out that this involuntary exposute violates the Nurem-
berg Code’s principles for human experimentatiou, which
clearly states that voluntary consent of human subjects is
absolutely essential. Among many effects seen, the very
gerious one is the detetioration of the genome. Such an
effect — if seen in a food itemn under development or ina
potential pharmaceutical drug— immediately would com-
pletely ban it from further marketing and sale — genotoxic
effects are not tobe allowed orspread. Furthermore, when
men place cell phones in their front pocket, it should be
noted that experimental studies have demonstrated that
after similar exposures there is a decrease in sperm count
as well as in the quality of spevm, which is a phenom-
enon that could affect soclety’s overall ability to procie-
ate in the future. Experiments in mice point to that it may
pe true already in five generations time. More recently,
my colleague Orjan Hallberg and myself have conducted
important epidemiological studies (29-34) showing that
wireless communication networks may be causing signifi-
cant illness throughout society. We have atso shown that
increased rates of asthmaas well as certain types of cancer
are strongly comelated with exposure to 1adio broadcast-
ing during the twentieth centurf.

Strong concern has been voiced by the public, and
by scientists as well as public health and environmental
policy experts, that the deployment of technologies that
constantly expose billions of people worldwide to new
sources of electromagnetic fields may pose a pervasive
risk to public health (35-38). Such exposures did not exist
before the age of industry ant information. Prolonged
exposure appears to disrupt biological processes that
are fundamental to bacterial, plant, animal and human
growth and health. Life on earth did not evolve with bio-
logical protections or adaptive hiological responses 1o
these electromagnetic feld exposures. Exceptionally low
levels of electromagnetic fields -~ apart from the sun rays
and the geomagnetic field — existed during the time that
all life evolved on earth in the order of less than a bil-
lionth to one ten-billionth of a Walt per meter squared. A
rapidly accumulating body of scientific evidence of harm
to health and well-being constitute warnings that adverse
health effects can occur with prolonged exposures to arli-
ficlal electromagne tic fields at biologically active frequen-
cies or frequency combinations.

In November, 2009, the Seletun Scientific Panel
adopted a Copsensus Agreement (39) that recommends
preventive and precautionary actions that are warranted
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now, given the existing evidence for potential glohal
health risks. We recognize the duty of governments and
their health agencies to educate and warn the public, to
implement measures balanced in favor of the Precau-
tiopary Principle (40), to monitor compliance with direc-
tives ptomoting alternatives to wireless, and to fund
research and policy development geared toward preven-
tion of exposures and development of new public safety
measures.

The Panel also strongly recommends that persons
with electrohypersensitivity symptoms (EHS) be classified
as functionally impaired in all countries rather than with
“idiopathic environmental disease” or similar indistinct
categories. This terminology will enconrage governments
to make adjustments in the living environment {0 better
address social and well-being needs of this subpopulation
of highly sensitive members of society, and —as a conse-
quence — protect everyone now as well as in the coming
generations from toxic environmental exposures. 1t is
jmportant to note that numeric limits recommended by
the Seletun Scientific Panel, as well as by other hodies
of society, do not yet take into account sensitive popula-
tions (EIS, jmmune-compromised, the fetus, developing
children, the elderly, people on medications, etc). Another
safety margin is, thus, likely justified further below the
numeric limits for EMF exposure recommended by the
Panel.

Legal, moral and ethical as well
as practical consequences

As previously mentioned Sweden has officially recognized
EHS as a disability. However, a lot of work still has to be
carried out by the electrohypersensitive persons, as well
as for them, and their disability organization, The Swedish
Association for the Electrohypersensitive to achleve com-
plete equality. Accessibility and adaptation are key issues
for allowing EHS, and others with recognized functional

‘jmpairments, to gain/regain their rightful independence.

As is well known and well documented, such support can
also henefit the entire society.

Soclety must recognize in practical applications the
right of the electrohypersensitive to be different, to their
distinguishing feature. Soclely must recognize the right
of the electrohypersensitive to have an equal life in &
society hased on equality. Treating members of the com-
munity equatly is not something that should bedone as a
favor; not is it something that any parliament or govern-
ment should politely request other inhabitants to provide
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others with, Equality is not something to be done “out of
the goodness of one’s heart”. It is something one does
because it is expected of every citizen, hecause inacces-
sibility and discrimination are prohibited by law, Thus, it
is not legal to deliberately make the situation worse for
persons with functional impairments.

Some medical doctors and dentists have described
at an early stage the electrohypersensitive persons as
“old crones in the throes of the menopause”, “the poorly
educated”, “hypochondriacs”, “radiation ladies”, or
victims of union-driven fears, mass media-based psy-
choses, imagination phenomena, Pavlovian condition-
ing, techno-stress alterations, etc. These prejudiced
care-providers used these terms despite often never
having met an electrohypersensitive person or carrying
out research in the field. Unfortunately, some medical
doctors and a few scientists still instead want EHS to be
a medical/psychiatric diagnosis, i.e. with patients with
an undefined disease syndrome, the latter instead being
the focus of medical/psychiatric treatments (thus, no
automatlc accessibility measures, including shielding of
the environment).

In January 2015, we could witness in Sweden a huge
massmedia-based attack launched against persons with
the functional impairment electrohypersensitivity. They
were accused of not having a proper medical diagnosis, no
proofs to back their claims of ill health when exposed to
the modems society’s artifical electrosmog, and so it was
meant that they obviously should not he entitled to any
economic support from the Swedish state.

Medical doctors (including the head of the Swedish
Medical Association, Dr. Heidi Stensmyren), journalists,
reporters, news anchors, and newspaper editors, all par-
ticipated in this witch-hunt. This could be read in major
newspapers, and heard and viewed in radio and TV chan-
nels, One Swedish medical doctor, Lena Hillert — on prime
time public TV news ~ even introduced Santa Claus as
a way of trying to ridicule persons with the Functional
Impairment electrohypersensitivity.

The odd thing was that The Swedish Associa-
tion for the Electrohypersensitive had done nothing
wrong. In Sweden all disability organizations can apply
for economic support, and ~ based on the number of
members - a fixed governmental subsidy per person is
granted via The National Board of Health and Welfare (Sw.
"Socialstyrelsen”).

There is much that could be done to increase accessi-
hility: educating architects, planners, scientists, technolo-
gists and the general public more effectively about EHS, its
causes and how it can be minimized; undertaking properly
funded independent multidisciplinary research into EHS
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and showing that such work can make a difference, Creat-
ing work, home and general environments that are more
user-friendly for EHS suffeters so that they feel included
and not excluded in the rich tapestry of life (cf. ref, 41).

In a recent paper by Hagstrdm et al. (42), it is con-
cluded that “the official treatment options, psychother-
apy and medication, did not have any significant effect.
Instead, according to 76% of 157 respondents the reduc-
tion or avoidance of electromagnetic fields helped in their
full or partial recovery. The best additional support for
EHS were given as: “dietary change” (69.495), “nuititional
supplements” (67.8%) and “increased physical exercise”
{61.6%)”. Their results rhyme very well with previous
studies (43-46).

Also remember that forcing people with such fune-
tional impairments out into various sanctuaries or zones
is completely in opposition to the UN disability laws, the
Standard Rules;, and it's Convention, and could be the
beginning of a terrible trend. No, instead make it easy
for you — make sure to connect to all the UN texts, realize
that it's the whole environment that must be accessibility-
adapted, and do not forget that such accessibility meas-
ures actually are 100% positive for everyone to share.
People with functional impairments should have full
access to the entire society, not just a small part of it.

It is proposed that, as with those with other recog-
nized disabilities, the electrohypersensitive persons must
thetefore, in every situation and by all available means,
demand respect, representation and power. They shall
very clearly reject all approaches which reflect a mental-
ity of “feeling pity for them” or “caring for them™ by intro-
ducing flimsy medical diagnostic criteria and “treatments’
based on cognitive behavioral therapy, antidepressants,
vitamines, minerals, and massage (). Inaccessibility is
not a personal problem. It is a problem for society. Inac-
cessibility is not about attitudes, It is about discrimina-
tion, And discriminatory actions and conduct shall rot be
dealt with by well-meaning talk about treatment. Discrim-
ination is already illegal!

In addition, to all such well-meaning medical/psy-
chological treatments there is a potentially very dark
backside: The possibly induced long-term health effect
of any given treatment. I discussed it for the first time
already back in the mid-80s when it was suggested that
cognitive therapy should be used to “teach’ EHS persons
that computers and computer screens were completely
“safe”. I then asked the clinical dermatologists and psy-
chologists (who were in charge of that particular project)
who would take the personal responsibility for future
long-term health effects, such as cancer, in these employ-
ees, But no one stepped forward,
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Complete accessibility

The former Swedish Prime Minister Gdran Persson has
declared that 2010 should be the final target year for
the “Swedish Disability Action Plan” — “From patient to
citizen” — adopted in 2000, according to which the whole
of Sweden s to be completely adapted to those with disa-
bilities (7). In addition, there is the EU “HumanRights Act”
and the UN “Standard Rules on Equalization of Opportu-
nities for People with Disabilities”, nowadays updated to
the UN “Convention on Human Rights for Persons with
Functional Impairments” (6).

One of the most important ideas in these documents
is the “principle of accessibility” stating that people with
disabilities are to have full access to public services. This
is the basis for the fast introduction in Sweden and other
countries of kneeling buses, wheelchair ramps, hearing
loops, automatic door-openers, beyeled pavement edges,
etc. However, it has to be asked where are the measures for
the electrohypersensitive persons?

How are they to be able to be a normal part of the
communnity with complete access to council offices, post
offices, means of transport, cinemas, restaurants, hos-
pital care and other facilities when electromagnetic pol-
lution can affect them detrimentally? Providing every
electrohypersensitive person with individually designed
assistance, good care and stimulation to create partici-
pation in the community are very responsible tasks that
require a high level of skill.

Considerably greater demands must be made on edu-
cation, training and work supervision than has been the
case to date, Sharing experiences between different activi-
Hies must take place much more smoothly and in a way
that is completely free of prestige.

People with the disability EHS have an exciting future
ahead of them, Work has already started to produceresults
on a number of these issues, including building planning
and construction (44). However, a lot more can and must
be done. There are still many years of hard, constructive
and consistent work waiting. I hope that everyone with
the functional impairment EHS all over the world can find
a common platform for this work, and help move the work
forward through community and solidarity in the interdis-
ciplinary work that is required.

It is now so important for everyone to decide on the
continued direction of their activities as well as their
focus and for people to work together with Integrity as
a team. A continued energetic action plan for the next
few months and years together with a broad collabora-
tion with other disability associations are of the utmost

johansson: Electrohypersensitivity: a functional impairment due to an inaccessible enviranment —— 319

importance here, As clearly stated by the UN (6), there
must be an end to nonchalance, tack of consideration,
indifference and Iack of respect on the part of society for
{hose with disabilities for all our sakes. As moral human
beings we should never accept negative discriminatory
treatment or an insulting special treatment of those with
impairments.

An equal life in a society based
upon equality

When it comes to functional impairments, itis always only
action that speaks, nothing else. To enstre that everyone
acts within the UN Human Rights Convention is of para-
mount importance, and that persons with EHS is promptly
given complete accessibility is the only acceptable goal,
as is proper symptom identification and treatment when
possible, but only when asked for by the disabled person
Himself/Herself. However, the latter should never be used
instead of the first.

Finally, to water the existing legislation down
would make matters far worse for all the persons with
EHS and/or multiple chemical sensitivity (MCS), as
well as for their relatives. Therefore one must question
attempts to move EHS from the functional impairment
paradigm to the patient/disease one. It took me, and
others, decades to get the EHS persons the protection of
The UN 22 Standard Rules on the Equalization of Oppor-
tunities for People with Disabilities/The UN Convention
on Human Rights for Persons with Functional Impair-
ments, It will take less than a minute to destroy this.
Mark my words.

The world is watching what we do, and we have the
opportunity to do the right thing. Biomedical research
is of immense importance to form a potential base for
further symptom relief as well as for understanding the
mechanisms behind, but let it not stand in the way of the
human right of persons with EHS, MCS, and other func-
tional impairments, to live an equal life in a society based
upon equality.
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Opt-Out and Opt-in Programs Across the U.S.

An increasing number of states and/or utilities are offering opt-outs of smart meters. While
smart maters should be banned—along with all other wireless devices and digital electrical
meters—until they are made safe for humans and other organisms, at lsast opt-outs provide
some relief from the harm of EMFs. Below is a table of smart mater opt-outs and opt-ins.
Eugene, Oregon, offars an opt in to smart meters.,

Analog meters are definitively offered as the opt-out meter in four states: Arizona,
Califomia, Maine, and Texas. The Nevada public service commission urges the ufilites to
provide the meter that will have the “greatest customer acoeptance,” which, clearly, is the
analog.

Three states offer the “existing meter” as the opt-out meter. An existing meter might or
might not be analog. Georgla, Hawaii, and Consumers Energy jn Michigan.

Three states let the utility decide: Florida, Maryland, and Nevada. The Nevada public
service commission urges the utilites to provide the meter that will have the “graatest
customer acceptance,” which, clearly, is the analog.

Four states or utilities definitively forbid analog opt-outs: Fountain in Colorado, DTE in
Michigah, Central Hudson Valley in New York (AMR), and Part Angeles in Washington
{touted as the first place to ban smart meters—not much help you are reqtired to have a
digital meter on your homel).

Two states/districts require smart meters: Pennsylvania and Washington, DC.

The remaining states with opt-outs have policies that are unclear or that do not provide
for analog opt-outs.

Opt-outs that do not provide for analog meters are the least usaful, because of the harm
from dirty electricity. Opt-outs like that currentiy in Michigan and other states that simply turn
off the radio that transmits to the utility but leave in the transmiter, antennas, and the
ZigBee wireless radio ara the absolute worst.

Note that the AMR meters offered by utilities like Tucson Elactric Power (TEF) are as
dangerous as the regular smart meter. They are not a drive-by AMR meter that wakes up
only when someone with handhald devics drives by. They communicate with the utility
every 30 seconds according to the information on TEP's awn wabsite, often via collection
towers. In some instances, their signal is picked up by drive-by meter readers. Regardless,
any AMR meter and any digital meter generates dirty electricity. The only meter that does
not genarate dirty electricity or emit RF Is an analog meter.

XA BT N

Smart Meter Bans or Opt-Ins

Smart Meter Bans in California
Over 50 local governments in California have voted to ban smart meters, Ses

StopSmartMeters.org for a list.

Unincorporated areas of Marin County vote to ban smart meters for another

year. The Board of Supervisors, declaring “a current and immediate threat to public health,
safety and welfare," outlawed installation of the meters but left enforcement issues up in the
alr. The state Public Utilities Commission, and not the county board, has jurisdiction over
the Pacific Gas & Electric Co. meter program.

County supervisors also agreed to post information about Smart Meters on the county
website, and consider appointment of 2 *point person" to help residents with questions
about meter matters,

PG&E's Brittany McKannay said 191.931 Sman Meters have heen installed in Marin, and
3,495 customers have opted out. February 4, 2014.

Fairfax Town Council in Marin County, California unanimously votes to impose
three-year ban on the installation of Pacific Gas and Electric's smart meters. Fajrfax
Mayor David Weinsoff said that when the Fairfax Town Councit conducted public hearings
on smart meters in 2010, the community's opposition was overwhelming. “When a
community speaks so loudly and so wisely, really there was no question that the councit
should continue to impose this moratorium,” Weinsoff said,

Just like DTE, the California utility says that locat entities cannot impose a moratorium,
Several California govermmental entities, including the Fairfax Town Council and the Marin
County Board of Supervisors, have filed an administrative challenge to Califomia’s opt-
out nuling,

Fairfax Councilman Larry Bragman says that the meters are a poor investment of
ratepayers' money and that “there are potential health effects that have not been fully
studied. The impact to privacy has not been dealt with effectively by the California Public
Utilities Commission (CPUC), That is becoming more of an issue, now that the awareness
of privacy Issues has become so much more a matter of public concern. February 10,
2014,

Opt-In in Eugene, Oregon. Eugene, Oregon’s municipal utility, EWEB, requires people to
opt in to smart meters. Peopla can keap thelr existing meter, which may or may not be an
analog. City of Eugene Resolution No. 1322, October 1, 2013,

https:fiwww.smartmetereducationnetwork.com/optout-status-other-states.php
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| Vies precient.

B 1 - Elecromagnetic fields (EMT) from microwaves have sn impact on any living maner,
{300 MHz to 300 GHz = hyper fequencics = microwaves).

b 2 - In accordance with the universal laws of physics, ell scientific studies caried out i the workd show
that further to radistion’s from hyper frequency or microwaves cither thermal effects ornon-thermal
specific-effects can be observed The-specific effects and the microwvave syndrome (or hyper frequency
syndrome) were first deseribed as early as 1960 by Russizn scientists, Later on in 1995, this will be
confinmed in &1 American peer reviewed paper FCB that will explicit the link berween this syndrome
2nd exposurs to pulsed hyper frequencies,

(Refento worldstodes cn EMF (F 21, 1, B0, B5E23 RES8G),

- Thousands of dectors laurich warnings (Doctar’s calls), the subject makes the headlines in newspapers on
nd TV; unfornnetely in some ceses only the sensational is covered: stress, depression. or ovun Suiside,

- A large end Tecenit survey was recently published by the Swiss Federal Office for Public Healthon 2
group of 342 genersd practitioners (GPs) considtations from which it appears hat 3 % of the Swiss
population attribute symptoms 1o electromagnetic felds (EME).

- In Movember 2008, CRIIREM and NEXT-UP took part 1o x Evropean cpinicn consulterion crganised by
the European Commission o evidence relative to this syndrome on populations in Europe.

- ONG's have talten an scfive part fo the European Commissian recent seminar in Brissals,

B 3 - Analvsis of all the world scientific studies.on efferts of hvper freguencies on himans ©

A~ Contrary 1o the messages commonly conveyed by some peaple, no onie study in tite world has been
able 1o prove the hormb of electr tic radiation Trem microwaves onbeman beings,

B Mast scientific studies 1o date thatare not entirely or partially financed by telecams (including the
wirefess indistry and mabile phone cperators} not only show bielogic effects, bus alsc the so called kealth
effects on living beings, and thersfore on humans.

C ~ The mast impartant scientific study world-wide dene today is the bie from WTR (Wireless
Technology Research- TUSA) 100 % finsriced by telecoms to a level of 28 millions doflses. Tt shows so
called biologic effects but alsa gives evidence of se called heaith effects in particular on DNA that were
Iyicr confirmed by the Iorge REFLEN study made by the Evrdpess Commumnity.

25 92 - Alertletter from Gerrge Carle, PRD., general co-ardiniator of the WTR US Swady.

B85 - Video interview with Dr Georze Carlo, P, (exmact),

BB 52 - Alert letter from P, Franz Adlkofer, peneml co-ordinater European Union Study REFLEX,
8F 3 - Video interview with Pr Franz Adfkofer fextract).

b 4+ The ntergction of EMF from hyper fequencits with the human bio-clectromognetic metabolism
generstes the so-called microwsve syndrome o hyper frequency syndrome.

Mechanisms

Mechanizms and effects in alnrm and
resistance phase characterisc the
microware syndrome

P> First case, slarm phase :

The brain subject 10 2 short stimutlation
of artificinl EME radiation of micrawarve
type higgers specific reactions from the
rganiem Involving newranal, petra-
endevring], metabolic and bahavioural
Tespanses.

A- Those responses fall in the general
scheme of an individual siress
adeptation, this i amore or less adspred
manner,

B - The uke over of the stress element
{radiation) is done by :

» The Central Nervous System (CNS),

- The Peripheral Nervous System (PNS)
» The Endocrinal System (ES),

. it i
plund and the bypophyse areloested |

Those responses are divided in 3 slages ¢
1.Sfross reception by sensoris] organs and their relating nerves.

2 Programming of the stress reaction vt the cortex and the limbic system (L.S) fevels (tonsils, olfictery
bulb, hippocampus, sepiim, mamillary tody ... ). The Carten/LS couple is 8 comparative anslysis systém
using'a data bank of "memary” besed no-experiences, Therafore the brain campares the new situation wih
past experiences I order to-créate an adapted response.

3.Activatien of the response from the organism vis the tonsils and the hippocampus that nct on the
hypothalamus and on the cerebral trank reticulated formatien i arder 1o activare the Vegetative Nervous
System (YNS) and the Adrenal-Gland (AG). The sl amplitede is fegulated by the Limbic System (LS},
P Second case. rustsiance nbase :

After the alarm phase, IFthe stress element persists oven ot low Josage (o : radiation from phone mests’ or
becomes chrenic (wg. * radiztion of an addicted mobile phone user who dees not respect the bedy mmo
regulation in relation to the SAR roting of his mobile), the result is that the hypothalamus, ste ... are geing:
1 assess these constant stress and activate the secretion of various hormones, . . .

Unfortmately s = nile, 2 human being exposed to artificial rdiation”s does not have a pre-cstablished
strategy in Iis cognitive reperisire to efficientdy defend fims2!f against this type of sutack, Therefore the
‘hypothalamus stimulation prodices a stereetypad nonadapied response 1o this type of aggression ... which
cften Incremses the negative Impacis (e the case of the college of Chabeuil in Franee).




« Asfar as the metabolism of some people is concerned, everything will go smoothly temporarily during
8 period from a few daysto several deendes, however their health eapital is ercding really rapidly. There is
a risk that pathologies such as Alzheimer’s discase that “usvally™ appear when approaching the third age
risk could appear earlier

o As far a5 the metabolism of all the people in'n state of weakness {sick people, elderly), foetus, baby's,
etc... there isa rapid exhaustionand state of disarder of ol nervous and endocrine systems, and
consequerely of the immune system.

This will promote and initiate the emeraenee of 3 number of knows puthologies,
The end result of this mechanism 1s what is catled the MICROWAVE SYNDROME,

Piere Le Ruz,
B.D lHhysetety

The most usual patholedes resulting from the microwsive syndrome are (non extewstive L) :
+ Dystonic cardiovascular syndrome : bradycardiz, techycardis, hiyper/hypo blood pressure, and
stherosclarosis...

« Chronic diencepbslic syndrome ; dizziness, aleep troubles, concentration distrhance, sensery troubles,
and loss of concentration, chrordc fatigiie syndrome,

» Chronic asthenia syndrome : fatigus, iritability; nausea, headaches, enorexia, and dopression.

» Cancerous pathiology ; leukaemiz, ghriathicne and melanome, breast eanger, . . . (the Gle InVS)

o Dermatologic pathology : deanatitis, dermatosis, eczema, pSotiasis, end slin allergy,

» Dopamincacrgic pathalogy : Parkinson, legs withont rest, loss of sensibility in 4 Embs, tighten arms at
wake-up, cramps in Jimbs, ... .

+ Immune patbolosy : blood formmta (high rate of lymphooytes), . .

« ‘Hyper Sensibility pathology : attributed beforehand to psychic disnirbances ¢

» Preand post-native palhology : steat premature {often befors or around gesiation oge, ioxic foetopathy,
miscarriage, refarded growtly, biomairics, genotype modificatian, then piberty modifieation
(of which associated to BEB opening).

¢ Procreative patholozy : drastic decrease of semen (nfertiiity) ...
« Hypogonadism pathology : drastic & of libids (stisudating follicle harmone) (rideaPASSword).
= Brain patholegy : toamours, opering of the BEB {Bload - Brain Barrier), electroencephatogram

» Standard pathology : visual and heating pertwrbations, nose blesdings, injured comer lips, jew bleedings,
fibromyzlgy, allerpy; asthma, tooth neuralgia, ete. . .

» Psychical puthology 1 Iack of concern, infroversion, passiveness, submissiveness, depression and mengal
anorexiz, swicida .., and cerebral activity (behavicur control).

« Distarbances of soeio-professional behaviour : iritability, di for, and ..ot vk of Bccid
Stress, depression, suicide.
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Electromagnetic field exposure and health: Microscopic, radiological and
stereological studies

This is an open access article under the CC BY-NC-ND license (hilp//orealivacormmons.orallicensesiy-no:
a4 ).

Concerns about the effects of electromagnetic radiation on the human body have increased due Lo
advances in and ever-greater use of communication devices. The biological effects of exposure to
electromagnetic fields (EMF) are currently a popular subject for researchers, EMF exposure is reported
to cause various effects on the human body. However, it is unclear whether these effects cause any
adverse physical outcomes. How organisims are affected by this growing worldwide mobile phone use
is ann important question, and several scientific studies have been performed in order to investigate this,

Numerous devices are known to emit EMF, such as communication equipment, substations, mobile
phone base stations, radio and television transnritters, electrical equipment at home and work, and high
voltage lines, in addition to the many electrical systems in the environment, However, while life is
made considerably easier by these devices, they may also have deleterious effects on health, Mobile
phones are now starting to be used at elementary school age, meaning that lifetime exposure to EMF is
increasing. Studies have shown thal symptoms such as stress, headache, fatigue, anxiety, decreased
learning potential, impairment in cognitive funciions and poor concentration may occur due to
exposure to microwave radiation emitted by mobile phones. Several metabolic processes and
mechanisms in the organism are also affected by EMF exposure. The body's chemical integrity may be
damaged by EMF exposure due to the fact that high electromagnetic absorption is capable of altering
the electrical current in the bady. Different parameters have recently been used (o assess the biological
effects of in vivo and in vifro exposure to non-ionizing radiation in animals, humans and cells.
Unbiased evaluation of the beneficial or hazardous effects of EMF exposure from various different
viewpoints using ultrastructural and morphological approaches is now required. The mnain goal of this
special issue is to shed light on this subject.

Kivrak et al.’s review reports the effects of oxidative stress on antioxidant systems and suggests that
EMF may cause oxidative stress in several tissues. The authors report that various antioxidants can be
used to prevent the potential damage resulting from EMF exposure.

Warille et al.’s review discusses the enzymatic and hormonal changes occurring during EMF exposure
and the underlying cellular mechanisms. The mechanism of these effects may differ, depending on the
intensity of magnetism. The authers suggest that more studies involving experimental and
epidemiological characteristics and focusing on the deleterious effects of EMF exposure on enzymatic
and hormonal miechanisms are now required.



Kocaman et al. focus on the protective effccts of omega-3 on the vat adrenal gland exposed to 900-
MHz EMF. The authors report that omega-3 treatment reduces the side-effects of EMF exposure in the
rat kidney.

Deniz et al. investigate the effects of mobile phones, not only on the morphology of the human brain
but also on cognitive performance using steteological and spectroscopic methods and neurocognitive
tests. Their results indicate that subjects who talk on mobile phones for prolonged periods during the
day display low concentration and attention,

Another study by Deniz et al. reports that the oxidative damage exerted by electromagnetic radiation
emitted by cell phones in the rat kidney is ameliorated by folic acid. That study used stereological
techniques to evaluate glomeruli numbers as well as kidney volume.

Btet et al. report that high illuminance visible electromagnetic radiation leads to various changes in the
funictions of the brain and general health in mice, which are partially mediated by damage to the
neacottex-entorhinal cortex-hippocampus axis. These findings suggest a need for caution in the use of
high illuminance artificial light for extended periads,

Kivrak el al.’s paper reveals the effects of 900-MHz EMF emitted by mobile phones on Ammon'’s horn
and the dentate gyrus in the hippocampus and cerebellum of male Wistar albino rats. The authors also
investigate the neuroprotective effects of antioxidants such as Boswellia sacra and folic acid against
the side-eftects of EMF exposure, The stereological and histological results of this study indicate that
EMT exposure causes deleterious effects on the cells of the hippocampus and cerebellum. Boswellia
sacra and folic acid were observed to exhibit protective effects in the cells of the hippocampus and
cerebellum against exposure to 900-MHz EMF.

Chandel et al. focus on the role of cell phone electromagnetic field radiations (EMT-r) in inciting
oxidative damage in onion (Allimm cepa) roots at a frequency of 2100 MHz. Their study suggests that
onion roots undergo abiotic stress caused by EMF-r and that this induces oxidative damage in the
plants.

Altun et al. report the effects of pulsed digital electromagnetic radiation emitied by mobile phones on
the central nervous system of the adult Wistar albino rats. That study found neuroprotective effects of
melatonin (Mel) and omega-3 (w3) based on the antioxidant defence system.

We would like to express our particular gratitude to all the authors for their excellent submissions to
this special issue. We also express our sincere thanks to the invaluable reviewers from all around the
globe who gave their precious time to review the submitted papers. We are especially grateful for their
rapid responses throughout the reviewing process. Finally, our profound thanks to Editor-in-Chief Prof.
Abdulmoneam Al-Hayani and his team for their vital editorial support in the production of this special
issue.

Articles from Journal of Microscopy and Ultrastructure are provided here courtesy of Wolters Kluwer --
Medknow Publications
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Ranking Electricity Meters for Risk to Health, Privacy, and Cyber Security

Table 1: Summary of Risk Rankings

Table 1 summarizes the risk rankings of electricity meters, based

on the detailed analysis that follows, “5” is the highest risk. Type of Overali Risk
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Introduction

The manufacturers of electricity meters offer a wide variety of models. And many of these models are available with a dozen or so aptiens,
teading to many possible combinations. Thase meters have capabilities beyond what is required to measure the electricity consumed for the
purpose of issuing a monthly bill. Unfortunatety, the new capabilities present a host of risks 1o health, to privacy, and to cyber security, as
has been widely discussed clsewhere, But, briefly stated --

o The risks to health arise primarlly from the fact that many electricity meters communicate wirelassly with the electric power
companles. They transmit radlofrequency radiation, at microwave frequencies, day and night, every day of the year, farever. That
radiation travels through homes and businesses readily, and penetrates the unborn, the children, and the adults atike, disrupting
health. Every transmitting meter in a community irradiates everyane in that community. So daes every community-based
transmitter/receiver that the electric power companies have erected to communicate wirelessly with those meters.

e The risks ta privacy arise from the fact that many of the meters capture and transmit very highly ime-resolved information about
clectricily consumption. That detailed information can reveal much about the activities taking place inside the homes and the
businesses, sufficient, for example, ta reveal when no ane is there.

o The risks to cyber security arise, in part, from the fact that some types of meters can actept incoming wireless commands that may
come from nefarlous sources, Many of those maters can respond to wireless commands to shut off the electrical power to a home or
a business entirely, or to accept hew software programming. That new programming can alter the functions of the meters and tan do
so invisibly to the owners of the homes and the businasses.

The variety of meters now [n service, and the many risks that the meters can pose, mean that it has become impossible for the customer of
an electric power company to know what capabilities his meter has and what risks those capabilities imply for him, his family, his business,
and his community. In short, the electric power companies have moved

e fromthe accepted practice of measuting electricity consumption onee a month for the purpose of issuing a praper monthly bill

* o the questionable practice of monitoring the daily activities inside Individuat homaes and businesses, as reflected in their detalled
patterns of electricity consumption

he suthar, Ranotd M, Powell, is a retired corcer UL, Governmient selentist { Ph.D. in Applicd Physics fratn Warvard University, 1975). During s Goverrement career, he worked for
the Exucutive Office of the President, the Nationat Sciente Foundatigh, and the Natfonal institute of Standards and Technology. Cantact: {301) 926-7568, ranpowell@verizot.net.
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a then broadcasting those details over the alr using wireless technalogy that pollutes entire communities with hundreds of lilions of
bursts of microwave radiation every day, farever.

Purpose of this Document

The purpose of this dorument is to provide sume perspective about the types of meters available and the relative risks that they pose.
Because there are 5o sany types of meters available, not all of them could be addressed here. The meters sejected for this document are
those that | have seen in service most often in my state of Maryland. Many, if not most, of these meters are also employed in other states,

Principal Conclusions

Only ane type of meter, the Traditional Analog Mechanical Meter with No Wireless Communications Capability, represented by the last row
in Table 2 on page 6, offers all thrae of the following positive characteristics:

o o risk to heaith from RF radiation exposure, because it generates no RF radiation
o norisk to privacy, because it cannot be remotely read
e no risk to cyber security, because it cannot be remotely accessed so it cannot he hacked.

In sum, the meter that poses the lowest risk to heaith, to privacy, and to cyber security is the Traditional Analog
Mechanical Meter with No Wireless Communications Capability, Tragically, this is the meter that many electric power
companies in many states, including my state of Maryland, have chosen to remove.

Only one type of meter examined here, the Wireless Smart Meter, represented by the first row In Table 2 on page 6, has alf three of the
following negative characteristics:

« the highest risk to health because it has the highest Peak Radiofrequency (RF} Power Qutput, and because it has either the first or the
second highest number of bursts of RF radiation per day, depending on its operating mode

« the highest risk to privacy because its data are potentially accessible to the second largest number of paople, but with the greatest
ease of access to the data stream {because it is wireless), and because it provides data with the greatest timeliness, the greatest
granularity {finest time-resolation), and the greatest variety {most types of data}, alt of which make that data highly intrusive

 the highest risk to cyber serurity because it is potentially accessible to the second largest number of people, but again with the
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greatest ease of access (because it is wireless), and because it Is the mast vulnerable to being harmed itself, and because it is the most
able to cause harm

o because it contains a shutdown switch capable of shutting off all power to the customer when triggered toda so by a wireless
remote signal

o because itis software raprogrammable to perform new functions, whether beneficial or harmiful, entirely invisibly to the
customer.,

In sum, the meter that poses the highest risk to health, to privacy, and to cyber security is the Wireless Smart Meter,
Tragically, this Is the meter that many electric power companies in many states, including my state of Maryland, have
chosen to Install..
The other meters discussed in this document fall somewhere in between the above two meters.
« All of these other meters pose a risk to health from RF radiation exposure, although ta widely differing degrees.

« All, but one of those other meters, pose a risk to privacy.
» Two of those other meters pase a risk to cyber security.

Organization of the Rest of this Document
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Ranking Electricity Meters for Risk to Health

Table 2 on page 6 ranks electricity meters for their risk to health, based on the characteristics of the “Saurces of Radiafrequency (RF)
Radfation” that the meters contain, A8 of the terms used in the table are described in the texi that immediately follows the table.

The rows in the table name the “Meter Category™ into which each meter falls and the “Type of Communication”, whether wireless or wired,
that each meter employs. {n the centrat part of the table, the calumn headings and subheadings describe the “Sources of Radiofrequency
{RF) Radiation” in each meter and the characteristics that those sources have that are of relevance to their risk to health. The presence of a
red cell in a given row and column means that the meter described in the heading of that row employs the RF radiation source described in
the heading of that calumn and poses a risk to health.

The first of the column subheadings indicates the "Peak RF Power Qutput” of each RF source, Note that the sources are arrangad, from left
to right, from the lowest to the highest levels of Peak RF Power Qutput. Peak RF Power Qutput Is one of the most important factors affecting
the risk to health. The higher the Peak RF Power Outpust, if other factors are equzl, the more RF radiation Is being delivered and the higher
the associated risk to hiealth,

The second of the calumn subheadings indicates the number of “Bursts of RF {Radiation} per Day” or per month, if known, issued by each
Source of RF Radiation. The higher the number of Bursts of RF Radiation per Day, the more RF radiation is being defivered and the higher is
the assoclated risk ta health.

The last column on the right side of Table 2 labalted “Overall Risk”, shows a nurmeric ranking for the “Risk to Health”, for each row, thatis for
a glven meter with a given type of communication. The higher that number, the higher is the associated risk 1o health. Alt of the numbers in
the red cells under “Risk to Health” indicate a rank order, That Is a Rank 5 meter presents more risk 1o health than a Rank 4 meter. Rank 5
represents the highest sk, and a blank cclf represents the lowest risk. Note that the rankings are not quantitative beyond the order that
they indicate, That is, the rankings do not indicate how much a given meter differs from enother, The quantitalive difference is better judged
by examining the differences in Peak IF Power Qutput and in Bursts of RF per Day, where those numbers hava heen provided. In some cases,
1 did not have good numbers to offer; but | stilf made an educated, but anly qualitative, guess, such as “very low” or “high”. The purpose was
to indicate the range into which | would expect the actual numbers, if known, to fall. | flagged each such entry as “unknown”.

Note that no meter in Table 2 has Risk 1. That is largely because every electricity meter in the table, except the Traditional Analog Meter, has
at least two sources of RF Radiation: digital electronics and a switching power supply. Both of these sources generate RF radlation even if at
a very low Peak RF Power Output. Note that fassume here that all meters with digital electronies have switching power supplies, even
though | have not been able to confirm this. Only one meter, the Traditianal Analog Meter, has no sources of RF radiation and thus merits a
blank far Risk to Health, indicating that it is clearly the safest meter for health of them all.
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Table 2: Ranking Electricity Meters for Risk to Health

(i means “generates radlofrequency radiation at a fevel potentially risky to health”.}

Sources of Radiofrequency {RF) Radiation in Meter
Type of Overall Risk
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Description of Electricity Meters

Meter Categories

A Smart Meter is the key componant In what is called the Advanced Matering Infrastructure {AMI]. Asa result, Smart Meters dre
often referred to as AMI Meters. The Smart Meter is a digital electronic device that monitors the flow of electricity into, and out of, a
customer’s residence or business and provides two-way communication between the customer’s meter and the electric power
company. The informatian sent to the electric power company describes many characteristics of that flow of electricity, and on a very
timely and highly time-resolved {“granular”} basis, That communication is usually accamplished with a wireless transmitter/receiver,
called a Wide Arca Netwark {WAN) because it has a high enough Peak RF Power Qutput to trove! great distances. It is this WAN which
gives risa to most of the health concerns about Smart Meters, while simultaneously heightening both the privacy and the cyber-security
concems, both because of the wide area covered by the signals and because of the accessibility of any signal sent through the air.

Each Smart Meter can be, and usually is, equipped with o second wireless transmitter/recelver, called a Home Area Netwark (HAN), to
communicate wirelessly with individual so-called Smart Appliances located inside a home or a business, further heightening health,
privacy, and cyber-security concerns. The HAN is intended to return 1o the electric power company information on the identity and the
use of each Smart Appliance in a home or business. Whether the HAN can also enable the electric power company to control those
Smart Appliances is unknown to me.

Comununication between Smart Meters and elactric power companies can also be accomplished with wired technologies, such as
telephone landiines and internet connections {cable or fiber), which significantly reduce the radiation exposure pratuced by the Smart
Meters, but do not eliminate it entirely. Wired communications for Smart Meters are not employed in my state of Maryland, as far as {
know, As an example of a wired instaliation, fiber optic coble Is employed in Chattanooga, T to o fcate with that town's
smart Meters.’”

The digitat Automated Meter Reading (AMR) meter is anather category of digital electranic device that manitors the flow of
electricity into, and out of, a customer’s residence, but not usually at as high a level of detail as 2 Smart Meter. The AMR meter can
provide wireless communication but not usually directly back to the electric power company. Rather, the AMR meters communicate
wirelessly with a passing utility vehicle {drive-by reader) or with a passing meter reader on foot {walk-by reader), cach equipped with

). Howe I
; e i et

beat Google Fiber by half 2 decade, The Washingten Post, September 17,
g i Hopoieraed
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the electronic equipment needed ta cammunicate with the AMR meter. Because the distance over which the AMR meter must
communicate is shorter than that of 2 Smart Meter, the Paak RF Power Output of an AMR meter is usually less than that of a Smart
Meter. Two different types of wireless communications are offered: Bubble Up and Wake Up. They are described on page 9. FAMR
meters are equipped with the praper options, they can also communicate through wired Internet connections {either cable or fiber
optie) or through telephane landlines. Either of thesa latter two approaches enables communication all the way back ta the electric
power company, 5o o drive-by or walk-by meter reader is required.

A Basic Digital Electronic Meter is the simplest of all digital electronic meters, 1t does not employ any viireless or wired
communications technology. Such meters are read by a walk-by meter reader who must enter the customer’s property. These meters
have just two sources of RF radiation - digital electronics and switching power supply — so they pose a fower risk to health than some of
the other meters. These meters may be able to store a very large amount of data collected between readings by the walk-by meter
reader, depending an the aptions {such as additional electronic mernory) that they contain, which may raise some privacy concerns.
And that data may be readable very quickiy through an electranic or optical interfate that the walk-by meter reader connects to the
meter, But becavse such included capability is optional and because these meters are read infrequently (once 2 month typically}, | have
ranked these meters as having no risk to privacy. These meters pose no risk to cyber security, either, since they cannot be remotely
accessed and therefore cannot be hacked.

An Analog Meter {plus wireless digital electronics) is a Traditional Analog Mechanical Meter or, equivalently, 3 Traditional Anatog
Electromechanical Meter, ta which has been added digital electronic circuits, powered by a switching power supply, to give the meter
wireless Wake-Up or wireless Bubhle-Up communications capability, These capabilities are discussed further on page 9. They enable
the meter to be read remotely from a short distance by a drive-by or a walk-by meter reader so that the meter reader does not have to
enter the customer’s property.

The Traditional Analog Mechanical Meter with no Wireless Communications Capability or, equivatently, the Traditional Analog
Electramechanical Metet with No Wireless Communications Capability, is what is usually meant when the shorter descriptians -- Analog
Meter, or Analog Mechanical Meter, or Analog Electromechanical Meter — are usad, This meter cantains no digital electronic circuits
and thus necds no switching power supply to power those cireuits. This type of meter contains no sources of RF radiation, whether
intentional or unintentional, and thus does not give rise 10 a risk to health from exposure to RF radiation. This typie of meter also poses
na risk to privacy because it cannot be remotely read, and it poses no risk to cyber-security because it cannot be remotely accessed and
therefore cannot be hacked. This result is reflected in the biank eetls across the bottom row of Table 2 on page 6 and the bottom row of
Table 3 on page 12, reflecting the fact that this meter is the safest one available with regard to risk to health, privacy, and cyber
security,
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Sources of Radiofrequency (RF) Radiation

Alt of the sources of RF radiation in electticity maters can radiate directly into the air. Those sotirces can also deliver RF electrical
cusrant dircetly into the house wirirg, or they can induce RF clectrical current in the house wiring, which then can radiate Into the air.
The sources of radiation are described befow in order of increasing Peak RF Power Output. While the sources are of widely different
lavels, even the least powerful of them, the “Unintentional Radiators”, can disrupt highly sensitive individeals and thus cannot be
ignored.

Unintentional Radiators are sources of radiofrequency radiation that radiate because of their inherent nature, not because the
radiztion is needed to perform a communications function.

Digital Electronics operate oy turning the flow of electrical current on and off sharply and rapidly. These transitians in current
flow produce unintentional radiofrequency radiation, whether or not the same electronics also produce intentional
radiofrequency radiation for wireless communication. This unintentinnal radiation is likely lower in Peak RF Power Qutpul, and
higher In frequency, than the unintentional RF radiation from Switching Power Supplies.

Switching Power Supplies convert the high incoming line voltage from the electrical power system to the lower voltages
required to power digital electronic circuits. In this conversion process, these supplies turn the flow of clectrical current on and
off sharply and rapidly. These transitions In current flow produce unintentional radlofreguency radiation. This unintenttona
radiation s likely higher in Peak RF Power Output, and lower in frequency, than the unintentional RF radiation from Digital
Electronits. (Switching power supplies are also called switched-mode power supplies or switching-made power supplics.)

Intended Radiators are sources of radiofrequency radiation that must radiate to perform their intentional function, which in this case
Is the transmission of information in a wireless communication system.

The Not Networked Transmitter/Recelver category includes bath the Bubble-Up and the Wake-Up types of communication
far electricity meters. Together these two types of communication are sometimes called “encader, receiver, transmitter” or
“ERT” carmmunications, The meters are not linked together in a netwark.

Bubble-Up meters send thelr meter readings as wireless signals every second or 5o, all day and all night long, every day of
the year. The purpose of such frequent transmisslons is to assure that a signal Is available whenever a drive-by ora
walk-by employee of Lhe electric company passes with electronic equipment that ¢an pick up and store the information
carried by that signal. Bubble-Up meters are offered with Low and Medium Peak RF Power Outputs. | have not yet
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learned whether same Bubble-Up meters have a recelver for a different purpose, such as to accept changes in their
jnternal programming.

Wake-Up meters cantain recelvers that listen for a wireless signal (a “Wake-Up” signal} transmitted by a drive-by or a
walk-by meter reader and then respond with a series of transmissions that contain the meter's information. Eight such
transmissions, one immediately after the other, appear common. The Wake-Up meters do not transmit at all in between
such wake-up signals. As far as | can determine, Wake-Up meters aperate anly at Low Peak RF Power Output. Because of
their Infrequent transmissions and thelr Law Peak RF Power Qutput, Wake-Up meters praduce much less radiofrequency
radiation than Bubble-Up maters.

A Home Area Network (HAN) Transmitter/Receiver is one of two wireless methods of two-way communication that Is
usually, but not always, included in Wireless Smart Meters. The HAN is sometimes called the Zigbee Network, after the
technology an which it is based. The HAN Is designed to cammunicate with emerging so-called Smart Appliances inside each
home or business. The purpose is to monitor those appliances and to transfer information about their identity and their use back
to the electric power company. it Is possible, but not yet clear to me, that the HAN will enable the electric power companies to
exert a degree of remote control over Smart Appliances. The HAN transmits RF radiation (at microwave frequencies) with a
Medium Peak RF Power Outout. § have not yet found data on how often the HAN transmits its bursts of RF radiation, but)
suspect that the burst rate will be high, like that of other types of tocal area networks (LANs). Depending on that answer, the
radlation produced by the HAN may rival or exceed the ragiation produced by the WAN.

AWide Area Network (WAN) is a wireless method of two-way communication for Smart Metars and usually takes the form of
a so-called Mesh Network. The WAN trahismits RF radiation (at microwave frequencles) at a High Peak RF Power Output and thus
has considerable range, hente the “wide” in Wide Area Network. In such a netwark the Smart Metets communicate with each
other constantly, Each Smast Meter sends infarmation about the use of electricity in the home or the business that it primarily
serves. Each Smart Meter alsa relays Information from the Smart Meters of neighboring hames and businesses. This relay action
helps to assure that the informatian uftimately reaches the community-based transmitters/receivers, erected by the electric
power company, which then transmit the information back to the company by any of a vaticty of mathods. The intense level of
communication employed by this Mesh Network results in 10,000 bursts of RF radfation per day from each meter {on average)
and up to 190,000 bursts of RF radiatioh per day {at a maximum} from each mater.’ Because of this Intense fevel of
communication, the number of bursts of RF radiation blanketing an entire community equipped with Smart Meters can reach
tens of millions to hundreds of millions of bursts per day. That doas not count the bursts of radiation sent throughaut the

? pacific Gas and Elecisic Company’s Respanse 1o Adminlstrative Law Judge 's October 18, 2011 Ruliog Divecting it to File Clarifying Radio Frequency Infarmation, page 5.
st G by b i et omited LA e Z A/ LIPS i oty 38 -El-dmriand
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community by the community-based transmitters/recelvers erected by the electric power company to communicate with the
Smart Meters. | have not yet found any data on the Peak RF Power Output, or the Bursts of RF Radfation per Day, of such
transmitters/recelvers,

Levels of Peak RF Power Output

four levels of Peak RF Power Output are referenced in this document:

“Very Low" power means well below 1 milliwatt {mW) of Peak RF Pawer Qutput.

“Law” power means 1 milliwatt {mW) of Peak RF Power Output.

s “Medium” power means 100 milliwatts {mW) of Peak RF Power Qutput.

e “High” power means 1000 milliwatts {mW), which is equivalent to 1 watt {W), of Peak RF Pawer Output.

Wired Methods of Communication

Some Smart Meters, and some AMit Meters, can be equipped to return information to the electric power company through wired
communications systems. These systems employ no intentional radiators and thus do not raise heaith concerns assoclated with
intentional RF radiation itself. They stilf employ digital electronics and switching power supplies, however; so they do still add to the
level of unintentional RF radiation in the environment. Twa types of wired communications systems are referenced in this document:

« The “internet” can be used via wired technaloglies, such as coaxial cable and fiber-optic cable.
« “Telephona Landlines* can bz employed that are based on copper wiring, coaxial cable, and fiber-optic cable.

Ranking Electricity Meters for Risk to Privacy and Cyber Security

Table 3 on page 12 addresses the same Meter Categorics and the same Types of Communication that are addressed in Tab!e 2 with
regard to Risk to Health, But Table 2 addresses the Risk to Privacy and the Risk to Cyber Security, However, for purposes of easy
comparisan, the overall findings for Risk to Health from Table 2 are carried forward and placed in the Overali Risk column on the right

side of on Table 3.
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Table 3: Ranking Electricity Meters for Risk to Privacy and Cyber Security

{FED means risk to health, BLUE means risk 10 privacy. GREEM means risk to cyber security.)
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Criteria for All Rankings

There are many characteristics of each electricity meter that affect the risk that it poses to health, to privacy, and to cybier security.
Unfortunately, infarmation is niot publically available for many of those characteristics. The characteristics for which some Information
is available, and which | have selected for use here, are shown in the column headings in Table 3.

Legitimate disagreement about the risk rankings Is entirely understandable if only because there are many different configurations
possible for even a single model of an electricity meter, and because individual judgment has to be exercised to produce any risk
rankings. Even so, my hope is that the overall rankings presented here will be usefi to identify at least:

o the type of meter that presents the highest risk
a the type of meter that presents the lowest risk
s the types of meters that fall in between, even if there is disapr nt about the refative rankings of those in between,

Here are the criteria that | have used for ranking risk in each of the three risk categories:

Risk to Health

Risk to Health Is higher when the RF radiatian exposure praduced is higher, And the RF radiation exposure is higher when the Peak RF
Pawer Output is higher, and when the number of bursts of RF radiation per day is higher, other factars being equat,

Peak RF Power Output

High Peak RF Power Qutput {1 watt)

Medium Peak RF Power Qutput {100 mifliwatts)
T Low Peak RF Power Qutput (1 milliwatts)

no RF Pawer Output

Risk

When the Peak fiF Power Output was unknown, as it was for Digital Electronics and Switching Power Supply In Table 2 on page 6, | made
an educated, but qualitative, guess, specifically “very low” and marked that entry “unknown”.
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Number of Bursts of Radiation per Day

High number of bursts of RF radiation per day {more than 10,000 per day)
Risk | Medium number of buvsts of RF radiation per day {There were no meters in this group, so | did
T not define a specific level.)
Low number of bursts of RF radiation per day (8 per month)
No burst of radiation, ever

When the number of bursts of radiation per day was unknown, as it was for the Home Area Network (HAM) in Table 2 on page 6, | made
an educated, but qualitative, guess af “high” and marked the entry “unknown”,

Numher of People Exposad to Radiation

The Risk to Health is also increased, in a societal sense, when more peaple are exposed to the radiation. The pumber of peaple that are
exposed to the radiation Is greater when the Peak RF Output Power Is higher, because the size of the region exposed to the radiation
Increases, encompassing more paople. So the Peak RF Qutput Power plays at feast two roles in risk, increasing both the risk to each
individual, and the numbar of individuals at risk. Thus, the heading "Number of People Exposed to Radiation” does not appear explicitly
in Table 2 on page 6.

Largest number of people is reached with High Peak RF Power Output {1000 mifliwatts),
Medium number of people Is reached with Medlum Peak RF Power Output {100 milliwatts),
T Srallest number of people is reached with Lovw Peak RF Power Qutput {1 milliwatt},

No people are reached with zeto Peak RF Power Output.

Risk

Risk to Privacy

The criteria that affect the risk ta privacy are different for different “audieaces” for the data, By the gudience t mean the people who
are obtainirg and exploring the data and thus invading someene’s privacy. Here, | consider two different audiences:

¢ people outside of the electric power company
s the electric power company itself.
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For peopie autside of the electric gower campany, the risk ta privacy can be viewed as dependent an two categories of criteria:

s remote access to the data stream
o nature of the data.

But for the electric power company, which has full access to all of the data produced by its electricity meters, access Is not an [ssue.
Therefore, only the nature of the data is relevant here,

| considered what the electric power company might do with the data that it gathers, such as provide it to others outside the electric
power company, which is an acknowledged public concem. That is an unknawn that | could not sea how to score here. But {f this
should accur, it would clearly be a monumental concern.

Tahle 3 on page 12 can be used to assess the yisk to privacy from both audiences because the criteria have been separated into the two
ajor categories just described. However, the overall *Risk to Privacy”, as reported an the right side of that table, is reflective of both
categories and thus assumes that the audience is the people outside of the electric power company. Inspecting the risk rankings under
“Nature of the Data” alone, the overall “Risk to Privacy” from the elettric power company can be seen to be equally as high, or higher,
than that from the people outside the electric power company,

Remote Access ta the Data Stream
The risk to privacy increases with the number of people wha can potentially gain access, and with the ease with which those peaple can
actually gain access to that data stream. By access to the data stream, | mean access through the system of which the meter is a part,

not access obtained by physically cutting into a wire, a cable, or a fiber.

Number of People with Potential Remote Access to the Data Stream

Wired Internet data stream {(both cable and fiber optic} provides the largest number of people
with potential for remote access to data stream.
Risk  Fwireless data stream provides an intermediate number of people with potential for remote
T access to data stream.

Wired telephone landline provides the smallest number of people with potential for remote
access to data stream.
none
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When “none” applies there is no rigk to privacy, no matter how the other eriteria related to privacy are ranked. This case occurs far the
Traditional Analog Mechanical Mcter with No Wireless Communications Capabliity, and for the Basic Digital Electronic Meter.

Ease of Gaining Remote Access to the Data Stream

The risk to privacy also increases with the ease with which the peaple with potential remote access can actually gain access to the data
stream.

Wircless data stream s the easiest to which to gain remote access because it travels through the
Risk | air.
Wired Internet data stream {cable or fiber optic) is less easy to which to gain remote access.
T Wired telephone landline Is the least easy to which to gain remote access.
no remote data stream to access

When there is no remote data stream to access, there is no risk to privacy, no matter how the other criteria related to privacy are
rankad. This case applies only for the Traditional Analog Mechanical Meter with No Wireless Communicatians Capability, and for the
Basic Digital Electronic Meter, both of which have no wirelass or wired communications capability.

Nature of the Data
The characteristics of the data affect the degree to which it is useful for invading privacy.
Timeliness

Data that are more timely are more fikely to be useful for invading privacy.

Risk Timely data are more usefu for invasion of privacy.

T 0Old data are less useful for invasion of privacy.
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Granularity

Data that are more highly time resolved {more granular) are more likely to be useful for invading privacy.

Risk Highly granufar (highly time-resolved) data are more useful for invasion of privacy.

T Less granular {less time-resolved} data are less useful for invasion of privacy.

Variety

Higher numbers of types of data are maore likely ta be usefui for invading privacy.

Risk | Mare data types are more usefu) for Invasion of privacy.

T Fewer dala types are less useful for invasion af privacy,

Risk to Cyber Security

Note that | use the phrase “cyber security” in a very limited sense in this document. The phrase refers to the security of the meter from
extarnal signals

a  thatcan disrupt the meter itself (such as, by changing its readings or by changing its Internal programming)
e that can cause the meter to do damage outside of itself (such as, by shutting down all power 10 the customer).

| have not considered eyber secutity in the sense that the meter might serve as a gateway to the network of which the meter is a part,
and do damage through that netwerk. Whether that is possible is beyond my knowledge. Certainly, If that is passible, that would be a
manumental concern,

Nor have | considered cyber security in the sense that the community-based transmitters/receivers of the eleclric power company
might serve as gateways to the network. Again, that is beyond my knowledge. if possible, that would also be a manumental concern,
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Number of People with Potential Remote Access to the Meter

The risk te cyber security increases with the number of people wha have potential remote access to the meter.

Wired Internet data stream (both cable and fibor optic) provides the largest number of people

with potential remote access to the meter,

Risk  ["Wireless data stream provides an intermediate number of people with potential for remote
access (o the meter.

T Wired telephone landline provides the smalfest number of people with potential for remote

access to the meter,

none

When “none” applies there is no risk to cyber security, no matter how the other eriteria refated Lo cyber security are ranked. This case
accurs only for the Traditional Analog Mechanical Meter with No Wireless Communications Capability, and for the Basic Digital
Electronic Meter,

Ease of Gaining Remote Access to the Meter

The risk to eyber security increases with the ease of gaining access to the mater remotely,

Meter with wireless communications Is the eastest to access remotely because all signals travel
Risk through the air,

Meter with wired Internet communications {cable or fiber optic) is less easy to access remotely,
T Meter with wired telephone landline communications js the least easy to access remotely.
Meter with no means of remote access.

When there Is “no means” of remote access, there is no risk to cyber security, no matter how the other criteria refated to cyber security
are ranked, This case applies only for the Traditional Analog Mechanical Meter with No Wireless Communleations Capability, and for
the Basic Digital Electronic Meter, both of which have no wireless or wired communications capabiity.
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Vulnerability of Meter to Being Harmed or to Doing Harm

The risk to cyber security increases with the vulnerability of the meter to being harmed or to daing harm.

Meter has an internal shutdown switch. (That switch is always remotely controilable whenever
Risk present.)

T Meter has ro internal shutdown switch.

Meter can be accessed but has no ability to act on incoming signals,

Risk Meter has internal software that can be remately reprogrammed.

T Meter has no internal software, or has internal software that cannot be remotely reprogrammed.

Meter can ke accessed but has no ability to act an incoming signals,

if the meter cannot act on incomiag signals, it Is not vulnerable in the sense meant here, Several of the meters addressed in this
document appear to be invulnerable, in this sense, as shown in Table 3 on page 12

Limitations to this Analysis

There are many limitations to this analysis:
s The vadety of electricity meters avaifable is so great that not all of them could be addressed here.
o That variety Is increased by the availabllity of hardware aptians and software programmability for some of the meters.

n Some of the hardware options can be implemented not anly by the manufacturers of the meters, but also by the electrlc
power companies, both befora installation and after installation.

o Some of the saftware programmable capabilities can be exercised not only before installation but also after installation,
and even remotely after installation and thus invisibly to the customer.
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= The risk presented by a given meter is highly dependent on the options included in it. So the generatizations made here fora
given category of meters may apply to a greater or a lesser degree depending on those options.

« New meters are being created all the time.

« 1tis impossible to obtain all of the Infarmation pertinent to assessing the risk of a given meter to health, privacy, and cyber
security, for several reasons:

o Some of the information neaded is regarded as confidential or proprietary

u by the manufacturers of the meters

» by the testing laboratories that prove the compliance of the meters with the regulations of the Federal
Communications Commission

» by the electric power companies that buy and instafl the meters for their customers.

o Some manufacturers and electric power companies deciine to pravide infarmation about the meters, even if that
infarmation Is not farmally considered confidential or proprietary, No reasonis ustally given,

o Some of the information neaded may never have been generated.
o Even for infarmation that exists, there may be no legal requirement for that information to be revealed to the public,

short of a coort order. Such a court order has been employed in al feast one instance, and provided vital information
about Wireless Smart Meters that it had not been possible to locate previously.?

Closing

in spite of the limitations to this analysis, | hope that this document gets close enough to capturing the principal distinctions among the
tmany types of meters addressed here to provide some useful gerspective on their refative risk. Perhaps this document will motivate
those who know mare about the meters than { do to develop their own ranking.

¢ pacitic Gas and Eleciric Company's Responsa ta Administative Law Judge’s October 18, 2011 Ruling Directing i1 to Fite Clarifying Radin Frequency tnfomiation, page 5.
i SRR AR T ) ]

e
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ADA > State Emplayses = ADA Disabillity Definition
ADA Disahility Definition

How is Disability Defined?

Disability is defined as a physical or mental impairment that substantially limits one or more major life activities. A
physical impairment is a physislogical condition, cosmetic dlisfigurement, or anatomical loss that affects one or
more of the following body systomis: neurological, musculoskeletal, special sense organs, respiratory, speech
organs, cardiovascular, repraductive, digestive, genita-urinary, hemic and lymphatic, skin, and endocrine,

A mantal impairnient is a mental or psychologicat disorder such as mental retardation, organic brain syndrome,
emotional or mental ilness, and specific learning disabilities.

The ADA daes not list diseases or conditions that are considered disabilities, however it does list those which are
NOT included. Not covered under the ADA are homosexuality, bisexualify, transvestism, transsexualism,
compulsive gambling, kleptomania, pyromania, pedophilia, exhibitionist, voyeurism, gender identity disorders
not resulting from physical impairments, other sexual bohavior disorders and psychoactiva substance use
disurders resulting from the current illegal use of drugs. The ADA does not cover individuals who are currently
sngaging in the ilegal use of drugs.

A shortterm condition such as a broken limb generally Is not a disability. The tast is whether the impairment
substantially limits one or more major fife activitles and should he delermined by examining the extent, duration
and impact of the impairmant.

The EEO considers the fallowing as major life aclivities; walking, seeing, speaking, heating, breathing, leaming,
petforming manual tasks, caring for oneself, working, sitting, standing, lifting, reaching, thinking, concentrating,
interaciing with others, and sleeping.
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Recognition of the Electromagnetic Sensitivity as a Disability Under the ADA

The Architectural and Transportation Barriers Compliance Board {Access Board} is the
Federal agency devated to the accessibility for people with disabilities. The Access Boardis
responsible for developing and maintaining accessibility guidelines to ensure that newly
constructed and altered buildings and tacilities covered by the Amerlcans with Disabilitles
Act and the Architectural Barriers Act are accessible to and usable by people with
disabilities. ITn November 1999, the Access Board issued a propused rule to revise and
update its accessibility guidelines, During the public comment peried on the preposed rule,
the

Access Board received approximately 600 camments from Individuals with multiple
chemical sensitivities (MCS) and electromagnetic

sensitivities (EMS).

The Board has taken the commentary very seriously and acted upon it. As stated in the
Background for its Final Rule Americans with

Disabilities Act (ADA) Accessibility Guidelines for Puildings and

Facilities; Recreation Facilities that was published in September 2002:

“The Board Tecognizes that multiple chemical sensitivities and

electromagnetic sensitivities may be considered disabilities under the ADA if they so
severely impair the nenrological, respiratory or other functions of an individual that it
substantially limits one or more of the individual's major life activities. The Board plans to
closely examine the needs of this population, and undertake activities that address
accessibillty issues for these individuals”.

Following its recognition of electro sensitivity and its declaration of commitment to attend
to the needs of the electromagnetic sensitive, the Access Board contracted the National
Institute of Building Sciences (NIBS) to examine how toaccommodate the needs of the
electro sensitive in federally funded buildings. In 2005 the NIBS issued a report,

The link for the report:
nrrpg ) :

From Report (page 11):
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Electromagnetic Fields

For people who are electromagnetically sensitive, the presence of cell phones and towers,
portable telephones, computers, fluorescent lighting, unshielded transformers and wiring,
battery re-chargers, wireless devices, security and scanning equipment, microwave ovens,
electric ranges and numerous other electrical appliances can make a building inaccessible.

The National Institute for Qccupational Safety and Health (NI0SH) notes that scentific
studies have raised questions about the possible health effects of EMF’s, NIOSH
recommends the following measures for these wanting to reduce EMF expusure -
informing workers and employers about possible hazards of magnetic fields, increasing
workers’ distance from EMF sources, using low-EMF designs wherever possible (e.g, for
layout of office power supplies), and reducing EMF exposure tmes (11).

Dafna Tachover

hrtpif/www electrosmogprevention,org/smart-meter-resources-finks/ada-accommodations-
info/recognition-of-the-electromagnetic-sensitivity-as-a-disability-under-the-ads/



Smart Meter Harm

CQuerbilling, fives, health probléms, inaczarawy, hacking & cubersectrity, interference, privacy loss, andnore...

Federal agency advocates for the EMF-disabled and

reducing electromagnetic fields in buildings — the
2005 U.S. National Institute of Building Sciences

Indoor Environmental Quality report

Introduction

The Archilectural and Teansportation Barriers Compliance Board (Access Board) is an
independent federal agency devoted 1o accessibility for people with disabifities. The Access
Boand is responsible for developing and maintaining accessibility guidelines 1o ensure that
newly construcled and altered buildings and facilifies covered by the Americans with Disabilities
Act and the Archilestural Barriers Act are accessible io and usable by people with disabilities. In
November 1998, the Access Board issued a proposed rule 1o revise and updale its accessibility
guidefines. During the public comment period on the proposed rule, the Access Board received
approximately 660 comments from individuals with mulfiple chermical sensitivifies (MCS) and
electromagnetic sensitivities (EMS). They reported that chemicals released from preducts and
materials used i construction, renovation, and maintenance of buildings, electromagnetic fields,
and inadequate ventilation are bamiers that deny them access o most bulldings.

There are a significant number of people who are sensttive o chemicals and electromagnetic
fields. Surveys conducted by the California and New Mexico Deparfments of Health and by
medical researchers in North Carolina found 16 to 33 percent of the people interviewed reported
that they are unusually sensitive lo chemicals, and in the Californiz and New Mexico health
departments’ surveys 2 percent to 6 percent reported that they have been diagnosed as having
multiple chemical sensitivities. C. Miller 2and N. Ashford, "Mutiiple Chemical Intolerance and
indoor Air Quality,” in Indoor Air Quality Handbook Chapter 27.8 (McGraw-Hili 2001). Another
California Department of Health Services survey has found that 3 percent of {the people
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interviewed reported that they are unusually sensitive o electric appliances or power fines, P.
LeVailois, et al., “Prevalence and Risk Faclors of Seli-Reporied Hypersensitivity to
Eleciromagnetic Fields in California,” in Califomnia EMF Program, “An Evaluation of the Possible
Risks From Electric and Magnetic Fields (EMFs From Poveer Lines, Intemal Wiring, Electrical
Occupations ard Appliances, Drafi 3 for Public Comment, April 2001” Appendix 3
(httosfererw.dhs.ca goviehiblemiiRiskEvaluation/rskeval. itmi}.

Individuals with multiple chemical sensitivities and electromagnelic sensitivities. who submitted
wiitten comments and/or aftended the public information meetings on the drafl final rule,
requested {haf the Access Board include provisicns in the final rule to make buiidings and
facililies accessible for them.

The Beard has not inciuded such provisions in their rules, but they have taken the commentary
very seriously and acted upon £. As stated in the Background [this is in the General Issues
seciion] for its Final Rule Americans with Disabilities Act {ADA) Accessibility Guidelines for
Buildings and Facilities; Recreation Facilities: htip#www.access-board. govirecreation/final. htm
[mo fonger vworking link — see below — 11

“Thre BEcard recognizes that multipie chemical sensitivities and eleciromagnetic sensilivilies may
be considered disabilities under the ADA if they so severely impair the neurological, respirafory
or ofher functions of an individual that i subsiariially fimils one or more of the individual's major
iife activities. The Board pians io closely examine the needs of this population, and undertake
activities that address accessibility issues for these individuals.

The Board plans lo develop technical assistance materials on best practices for accommodating
individuals with muliiple chemical sensiivifies and eleclromagnefic sensitivities. The Board also
plans to sponsor a project on indoor environmental quality. |n this projest, the Beard vall bring
logether building owners, architects, buifding product manufacturers, model code and standard~
setting organizations, individuals with multiple chemicaj sensitivilies and electromagnetic
sensilivities, and other individuals. This group vl examine building design and construction
issues that afiect the indoor environment. and deveiop an action plan that can be used {o
reduce the leve! of chemicals and electromagnetic fields in the built environment.”

This repert and the recommendations included within are a direct outgrowth from that public
comment process. The Access Board conifracled with the National Institute of Building Sciences

T M-3



Recommendations for Accommodations

Peaple with chemical and/or electromagnetic sensifivities can experience debilitating reactions
from exposure to extremely low levels of common chemicals such as pesticides, cleaning
products, fragrances, and remodeling activities, and from electromagnetic fiskds emitied by
computers, cell phones, and other electrical eguipment.

The severity of sensilivities varies among people with chemical andfor electromagnetic
sensitivities. Some people can enter certain buildings with minor accommedalions while others
may be.so severely impacted that they are unable {o enfer these same spaces without
debilitating reactions, Furthermore tolerances to specific exposures ean vary greatly from one
individuat to the next.

...According to the Americans with Disabilities Acl (ADA} and other disability iaws, public and
commercial buidings are required lo provide reasonable accommodations for those disabled by
chemical and/or electromagnetic sensitivilies.

The Committee acknowtedges that while the scientific evidence may be inconclusive about
whether ambient electromagnetic fislds pose a subsiantial health risk 1o the general population,
the presence of EMF is an access barier for people who are electromagnetically sensitive.
Therefore, the Commitiee recommends that measures be laken to reduce EMF whenever
possible in order o merease access for these individuals &s wel as taking a precautionary
approach to protecting the health of afl.



