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SUMMARY
Mr. and Mrs. Leo Chick are concerned that electricity radiating from newly constructed 46-kV high voltage wires that cross their farm could affect health of humans and animals. Conductors were closer to a preexisting grain storage bin than vertical and lateral clearances required by the National Electric Safety Code (NESC). Induced voltage was 100 Volts on a wire directly below the lines and 0.130 V 600 ft from the wires 4 ft above earth. Magnetic fields were 2.5-6.5 milliGauss at head height under the lines. Current induced was 7.6 V and 15.2 mA when Mr. Chick touched metal siding on the door of the grain bin. The service neutral-ground wire carried 28.2 Vp-p and 1.6-A current on ammeter clamped over a water pipe in the kitchen.  Mrs. Chick developed cancer.  Mr. Chick developed heart arrhythmia and hypertension after the 46-kV lines were installed.  Mr. Chick’s heart rate variability, blood pressure, and ECG changes increased during exposure to 2-4 mG 60 Hz EMF challenge in a medical laboratory test. Induced current from transmission lines near the grain bins and distribution line neutral-to-ground wires at the house exceeded safety standards of the U. S. Department of Labor (OSHA) and NESC.

INTRODUCTIONtc "INTRODUCTION"
Consumers Energy Company constructed a new electrical 3-circuit transmission line consisting of nine (9) bare conductor 46-kV wires and a 0-V lightning shield wire on a Right of Way granted for a 3-wire transmission line some 30 years earlier. Consumers Energy constructed a new substation (west of U.S. 127, across the highway from the Chick farm) from which the transmission line supplies electricity fed by a 138-kV line from the west. When Consumers refused to describe its project to the Land Owners, Mr. and Mrs. Chick protested construction of the new lines and were granted a temporary restraining order by Ingham County Circuit Court resulting in a two-week stay (delay) of construction.  During the injunction period, the Judge approved a formal settlement agreement between Consumers Energy Company and Land Owners, Leo and Vernita Chick.

The Land Owners contended then and now that vertical and horizontal clearance of the 46-kV conductors from a grain-storage building do not meet clearance specifications for maximum wind and temperature extreme conditions as designated by the National Electric Safety Code (NESC). A diagram presented by Consumers’ engineers demonstrates that clearance representations in the agreement were not met. 

Further, the settlement agreement provides, “As described in the Mulhearn Affidavit, Consumers has, based on all applicable science, concluded that its Project will not create any stray voltage or other disturbance (a) affecting animals on said Lands or (b) otherwise causing risk of personal injury, or death, or property loss or damage as a result of such Project.”  Plaintiffs contend that Consumers’ conclusion is in direct contradiction to the facts collected on the Chick property and of numerous research findings published in credible scientific journals that were known or should have been known by Consumers Energy Company officials prior to installation of the wires.

Information describing the intensity of electricity radiating from nine (9) bare conductor 46-kV wires and one zero (0) voltage wire and current exposure of humans and animals from such lines was not found in agricultural or residential reference sources. Radiation and induction of current from electric and magnetic fields (EMF) are important concerns for health of residents who live near electric power transmission lines.  Therefore, radiation and induction of uncontrolled currents are important considerations for electric utilities and electronic communication suppliers when siting and before placement of high voltage lines, telephone cables, and wireless signal transmitters.

Induced Voltage (electric field) and Current (moving electrons)  radiate a large surface area of the body.  The permittivity (permeability) of biological tissue to magnetic fields in amperes per square meter is essentially equal to that of air (Paul, 2006; Reilly, 1998). Therefore, a measure of voltage induced on the grain storage building galvanized metal door, or a wire insulated from the earth in the feed lot, is a reasonable estimate of current flowing through an animal or human in the absence of the biological specimen, according to J. Patrick Reilly, Applied Bioelectricity (1998).

Chemical reactions in living tissue are dependent on the voltage potential and polarity (+ or -) of membranes inside and outside of cells. Electric fields established on the surface of membranes by exogenous currents (charges to the exterior body surface) can disrupt the flow of nutrients, electrolytes, enzymes, hormones, and excretion products between intracellular and extracellular fluids (Kaune et al., 1999). 

Chronic exposure of humans and animals to voltages or currents that exceed membrane and nerve excitation thresholds disrupt normal physiological processes and impair physical and mental health. The central nervous system (brain and spinal cord) monitors environmental 
 SEQ CHAPTER \h \r 1influences, i.e., heat, cold , trauma, pain, sound, fear, elation, etc., and maintains physiological homeostasis within a normal range (heart rate, blood pressure, respiration, immune response system, temperature, oxygen and carbon dioxide exchange, water, nutrient and electrolyte absorption, excretion, etc.) through reciprocal actions of the sympathetic and parasympathetic neuro-endocrine system (nerves and glands). Chronic electrical exposure results in an electro neuro-endocrine stress syndrome through responses of the pineal, pituitary, thyroid, and adrenal glands commonly described as the adrenocortical stress syndrome that affects all systems of the body, first by stress and eventually by neuro-endocrine fatigue (Hillman, 2005; Blank & Goodman, 2004; Berne et al., 1998; Becker, 1990; and Selye, 1951).

Current from the utility’s primary neutral-to-ground wire (PN-G) in a grounded-Y distribution system can be an important source of uncontrolled electricity in the living environment. The PN-G is connected to the secondary (user) neutral terminal at the service entrance (fuse-box or circuit-breaker) and is bonded to the secondary (customer, user’s) water pipes which are usually metal and connected to municipal and private water systems as required by the National Electric Code (NEC). The neutral-ground wire commonly carries significant amounts of residual amperes of current composed of the fundamental 60-Hz frequency plus a variety of frequencies other than 60 Hz, which are called “electrical noise.” The “noise” is commonly composed of transient and harmonic currents. Transients are sudden variations of voltage and current “spikes” which may cause circuit-breakers to “trip” open, light bulbs to burn out, computers and electronic devices to fail. Harmonics are electrical currents composed of integer (whole number) multiples of the fundamental 60-Hz frequency. The second harmonic is 120 Hz, the 3rd harmonic 180 Hz, the 4th harmonic 240 Hz, etc. to infinity. The 3rd harmonic and odd-numbered multiples of the 3rd harmonic, i.e, 3rd, 9th, 15th, etc. are called triplen harmonics and are produced by combining neutral current from single phase circuits into a single ground wire of a three-phase system.  Switch-mode power supplies (such as AC/DC converters) for computers, printers, TV, MRI, battery chargers, variable speed drive motors, and hundreds of electronic devices produce harmonics that are returned on the neutral conductor bonded to the ground wire. This electrical noise is transferred from one customer to others through the interconnection of primary neutral-to-ground and secondary neutral and ground wires. All are bonded to water pipes where currents and noise are distributed on the plumbing. Where both contact current as well as airborne electric and magnetic fields are present, the biological specimen has multiple sources of exposure, i.e., touching the building door or kitchen sink and the induced current created by the high-voltage wire from the power line. The subject may not be able to escape the consequences of electro-neuroendocrine stress.

Electrical energy radiated from electric and magnetic fields (EMFs) is invisible, odorless, noiseless, and generally not perceptible except by persons who are electrosensitive. Such persons may have allergic reactions and suffer a variety of symptoms as described later. Because electrical energy penetrates the body without perception, electrochemical changes occur inside the body without the exposed person knowing they are occurring or recognizing a possible cause of illness. 

The purpose of this investigation was to determine voltage, current, and flux density of induced electromagnetic fields at various locations relative to the 46-kV transmission lines constructed between a dairy barn and a grain-machinery storage building; and  further, to investigate possible effects of current carried by the utility’s neutral-to-ground wire into the living and working areas of property owned by Leo and Vernita Chick, 2603 Hull Road, Leslie, Michigan 49251, USA.

PROCEDUREtc "PROCEDURE"
Electric voltage was measured from the galvanized steel sheet-siding and the doors on the grain-machinery storage building, and from the roof of the building before and after the new transmission lines were energized. A fence constructed of 0.25-inch mesh hardware cloth, 15 ft. x 1 ft, (1.3945 meter)2 supported by PVC posts was a temporary antenna for measuring voltage directly under the transmission line. Also, a conductive 50-ft length of #9 (4 mm Dia.) steel wire (0.1915 m2), insulated from the earth by 5-feet height PVC posts (with sag in the middle of the span to 4 ft) was used as collecting antenna from which voltage was measured directly below and at various lateral distances from the 46-kV transmission line conductors.

Fluke® 99B SCOPEMETER, Series II 100 MHZ oscilloscope measured voltage and frequency of electrical signals.  Oscilloscope data were recorded on IBM Thinkpad laptop computer using FlukeView® software for storage and printing.  A Fluke® 79 III TRUE RMS MULTIMETER also was used for spot-measurements of voltage and frequency. Electric fields (kV/meter) and magnetic fields (milliGauss) were measured using a TriField® Meter, Alpha Lab, Inc.  All instruments were used according to instructions from manufacturers and electricians.

Exposure to voltage induced onto the body was measured by oscilloscope Input A, positive lead attached to left arm with ECG patches (electrocardiogram, Red Dot™, 3M) and output lead grounded to earth. Measurements were recorded for 35 minutes. Voltage was recorded while Mr. Chick was touching the sheet metal siding of the storage building as when opening and closing the door. Contact voltage was measured on the ground wire and water faucet at the house using alligator clips. The oscilloscope ground lead was attached to a remote ground rod or to the kitchen linoleum floor with ECG patch for inside testing. 

The Chick complaint cites uncontrolled electricity caused by electric and magnetic fields (EMF) radiated from the utility’s 46-kV lines as the major source of electrical energy trespassing on Chick property and creating a nuisance to personal health of the occupants in breach of an earlier agreement before the court. This is not a typical dairy farm “stray voltage” problem as defined by the MPSC (Dockets U-11684 and U-13934) and stray-voltage experts.

However, current found on the utility’s neutral-to-ground wire (down-ground) connected to the secondary wiring, water pipes, and faucets in the house is another problem of uncontrolled electricity more typical of the dairy farm problem. This added problem was not discovered until the investigation was conducted in 2006.  But, the uncontrolled electricity from the neutral-to-ground contributes to the overall electrical contamination of the premises and health risk of Mr. 
and Mrs. Chick.  EPRI documents and published research (Kaune, 2002, and Kavet, 1999-2006) recognize the problem, and it must be addressed by the utility as well.

RESULTStc "RESULTS"
A.
46-kV Conductor Clearance from Grain Storage Building tc "A.
46-kV Conductor Clearance from Grain Storage Building " \l 2
Applicable NESC Tables from: RUS Bulletin 1724E-200 DESIGN MANUAL FOR HIGH VOLTAGE TRANSMISSION LINES tc "RUS Bulletin 1724E-200 DESIGN MANUAL FOR HIGH VOLTAGE TRANSMISSION LINES " \l 3, Electrical Staff Division, Rural Utilities Service, U. S. Department of Agriculture, Revised May 2005, are appended to this report.

National Electric Safety Code (NESC) documents describing Recommended Design Horizontal Clearances from a Grain Storage Bin, Table 5-1, NESC Rule 234-4b, and Recommended Design Vertical Clearances, Table 4-1 for Driveways, Parking Lots, and Alleys, and also for Other lands cultivated etc., traversed by vehicles (Note B) (Applicable NESC Rules 332A, 232, B, and Table 232-1) and Table 4-2, from Grain Bins Probe Ports (Applicable NESC Rules 234A, 234B, etc). Clearance distances were calculated from these documents and confirm plaintiff’s contention that the wires crossing the Chick farm are in violation of NESC Rules for either 46-kV or 138-kV transmission lines (Table 1) and, thus, the Settlement Agreement. 
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	Table 1. Conductor Vertical Clearance from Grain Storage Bin, Portable Fill Probe tc "Table 1. Conductor Vertical Clearance from Grain Storage Bin, Portable Fill Probe " \f D 

	



	NESC-RUS 1724E-200
Table 4-2

Required
	Enger Engr. Co. Survey Mason, MI.
6/7/2005
	Consumers Energy Survey Team
2/28/2007

	46 kV (basic)
	20.2  ft (Vertical)
	19.8
	21.1 ft.

	Sag 325 Degree F
	 6.2  ft
	0
	0

	Pole Wind Deflection
	 2.5  ft
	0
	0

	Total 
	28.9 ft.
	19.8 ft
	21.1 ft.

	Non-Compliance
	---
	-9.1 ft.
	 -7.8 ft.

	Horizontal Clearance Required: 

20.1' (Table 5-1, page 5-1) plus Sag and wind deflection for the condition yielding the greatest sag on the line (page  4-2), NESC- RUS Bulletin 1724E-200. 

North-Lowest conductor is 13' - horizontal from grain bin -- non-compliance of the Code.
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Human Exposure to Electrical Currents Near the 46-kV Transmission Lines on Mr. & Mrs. Chick’s Farm

Volts Directly Under the 46-kV Transmission Lines ranged from 63 to 71.6 Vrms when voltmeter leads were attached at the top of the temporary hardware cloth steel fence and grounded to earth, as in Table 2.  Volts are the electromotive force (E) or potential electrical

 SEQ CHAPTER \h \r 1pressure difference between two points. The difference in voltage between front and rear feet of an animal is called step potential.  Little force may be needed to move electricity through air but a lot of force is needed to move a locomotive or to push electricity through wires a long distance. 
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	Table 2. Electric and Magnetic Field (EMF) - and Electrical Measurements on the Chick Farm tc "Table 2. Electric and Magnetic Field (EMF) - and Electrical Measurements on the Chick Farm " \f D 

	Date & Time
	Location

	Volts
	Magnetic Field

mG or  mA

I =V/500R
	Frequency

	7/05/04, 5:05 pm
	Grain storage Bldg, roof

(Corn crib roof)
	1.28 rms

3.86 p-p

0.4DC
	2.56 mA

7.72 mA
	60 Hz


	7/05/04, 7:25 pm

              7:46 pm
	S. Flat-barn roof

flat-barn roof, waveform
	0.112 rms

0.304 p-p
	0.2 mA
	60 Hz , 836 MHZ and 1.1 Ghz (Cell tower)

	7/09/04, 7:42 pm
	Consumers Energy Pole 804

down-ground to remote stake
	1.2 rms

2.76 p-p
	2.4 mA

5.52 mA
	Fluke 99B

(Dave present)

	8/18/04, 6:00 pm

8/18/04, 7:00 pm
	Consumers Pole 804

Top of Mesh Screen fence 15'x1'  West of Storage Bldg. 
	1/8 mV

71.6 rms

Photo
	0.64 A

34.4 mA
	Fluke 99B 

60 Hz (Fluke 79III)

	8/18/04, 7:00 pm
	Bottom of Mesh Screen fence Under Transmission Line
	17.2 p-p
	34.4 mA
	60Hz + (Fluke 99B)

current clamp

	8/18/04, 5:00 pm
	Grain storage Bldg. roof

(Corn crib roof) 
	10 mV

wvf
	0.02 mA


	60 Hz to 71.4 kHz

4 micro-second-

250 kHz

	11/8/04, 2:00 pm

1/10/05
	Air, 5'  above earth
	2.5 kV/m

8.0 Kv/m
	4.0 mG

4.5 mG
	Alpha Lab, TriField

	6/07/2005, 10:30

6/07/05 12:00 pm
	Top Screen fence in front of Grain Bldg door, below line

 (Mr. Adams, EE present)

Top Screen West of door.
	63 Vrms

71.6 Vrms
	
	60 Hz (Fluke 79III)

	01/19/06, 4:14 pm 
	Induced Voltage

under 46 kV conductors


	0.080 V
	6.5 mG


	60 Hz & Fundamental

Frequency 38.5 Hz

Spectrum 12.8 to 320.5 Hz

	6/28/06, 11:20 am

6/28/06, 11:39 am

	Grain Storage sheet metal siding to ground

Same– 13' from 46 kV lines

Input A: Metal door to ground

 Resistance of Chick’s thumb
	4.16-4.26 V 

7.68 V wfv

-2.73 Vrms drop/contact, to ± 5.4 V
	8.52 mA

15.36 mA

5.46.m A  

10.8 mA
	60 Hz, Fluke 79III

Fluke 99B scope

Freq Spec., Funda- 65.6 Hz (650.61) 

9.86, 29.5, 49.29 Hz & 69 to 246.44 Hz

	6/30/06 11:00pm

7/07/06, 12:30 pm
	Barnyard insulated wire-grd rod

Barnyard insulated wire, 103' from 46 kV S. conductors
	1.32-2.88 

0.920 V
	5.76 mA 

1.84 mA  ground rod
	Fluke 79III

Fluke 99B Scope


 SEQ CHAPTER \h \r 1Current is the flow of electricity through a circuit. One ampere is equal to 1 Coulomb equal to 6.25 ×1018 electrons/second. Induced electrical current was 0.48 amperes (480 mA) passing through the energized circuit from the bottom of the fence to oscilloscope and to a remote ground rod (8/18/04), Table 2. Volts on the #9 wire under the 46-kV conductors were 98 to 107 Vrms, to 0.130 V, 600 ft from the conductor as in Figure 10 during a second series of recordings (8/21/06). Current amperes were determined by Ohm’s Law I = E (volts)/R; where R = 500 ohms, defined (I) “Hazardous current” according to OSHA: Directives CPL 2-1.18A Enforcement of the Electric Power Generation, Transmission, and Distribution Standard, Effective Date 10/20/1997: Occupational Safety and Health Administration, U. S. Department of Labor, Washington, D.C. Appendix A states: 

“Hazardous energy means a voltage at which there is sufficient energy to cause injury. If no precautions are taken to protect employees from hazards associated with involuntary reactions from shock, a hazard is presumed to exist if the induced voltage is sufficient to pass a current of 1 milliampere through a 500-Ohm resister. (The 500-Ohm resistor represents the resistence of an employee).”

Consumers Energy Co. employees and facilities are subject to OSHA Directives and enforcement by the U.S. Department of Labor. The 46-kV Transmission Lines were constructed on an easement acquired from the Chicks by Consumers in 1972 and is under OSHA jurisdiction.

Electric and Magnetic Fields (EMF) – Electric fields (E-fields) are expressed in Volts/meter and ranged from 2.5 to 8.0 kV/m (Table 2). Magnetic fields were measured in units of Gauss using a TriField® Meter, and ranged from 2.5 to 6.5 milliGauss (mG) below the transmission conductors at various readings. The intensity of magnetic fields is expressed as magnetic flux density. The International Standard (SI) measure of flux density is Tesla which is a measure of the fluctuating (time-varying) current (amperage) of magnetic waves at various frequencies. All electrical circuits produce electric and magnetic fields that radiate from the voltage and current in the conductor. The resistance of air is listed at 277 to 377 ohms (Verschaeve, 1995); similar to resistance of cows in experiments by Lefcourt & Akers (1982).

Induced Volts and Currents at 100' Intervals to 500' North from the north conductor of 46-kV transmission lines were  measured from a 50-foot length, #9 Test-wire suspended in the air by PVC posts (8/07/06) as in Table 3.  Voltage varied from 64 to 71.6 V under the 46-kV conductors. Voltage ranged from 4.5 to 5.91 Volts AC-RMS at 100 feet north of the conductor, decreased to 0.17 V at 200 ft, increased to 1.4 V at 300 ft, decreased to 0.41 V at 400 ft, and to 0.13 V (130 mV) at 500 ft from the north conductor. Some variations were due to differences in grounding resistance of the soil at different locations. The Chick house was 510 ft from the north conductor and was within range of voltage and current from the high-voltage transmission line. Induced current directly under the 46-kV transmission lines was 0.128 to 0.152 amperes.

Induced Amperes of Current at 100' Intervals – flowing from the north conductor at 100-ft intervals to 500 ft (8/07/06) are in Table 3. Current was 9.28 - 11.82 mA at 100 ft, 0.332 mA at 200 ft, 2.08 mA at 300 ft, 3.72 mA at 400 ft, and 0.26 mA at 500 ft from the north conductor of

 SEQ CHAPTER \h \r 1the transmission line, near the Chick house. All currents are based on Ohm’s Law: I = E/R, where R = 500 ohms per OSHA “hazardous energy” standard.
Volts Induced into a Wire Circuit Attached to the Body of a Person Standing Directly Under the 46-kV Transmission Conductors: Voltage was measured via oscilloscope (+) lead attached to electrocardiogram (ECG) patches on the arm of the writer and the (-) lead attached to a ground rod for 25 minutes (1/19/06). 

	Table 3. Volts and Current Induced on 50 ft  #9 Steel Wire at 100' Intervals to 500' from 46-kV Conductor tc "Table 3. Volts and Current Induced on 50 ft  #9 Steel Wire at 100' Intervals to 500' from 46-kV Conductor " \f D 

	Date & Time
	Location
	Volts*
	Amperes*
	Remarks

	1/19/06- 8/07/06, various
	Under 46 kV Conductors

15' (sqft.) Hardware Cloth
	0.080 V

63 - 71.6 Vrms
	.16 mA

0.143 A
	Body -Scope-Earth

Bottom of dumbo screen

	8/07/06, 3:45pm
	100' North of Conductors
	4.64-5.91Vrms
	9.28 mA

11.82 mA
	Fluke 79III &

Fluke 99B 

	8/07/06, 4:41pm
	200' North of Conductors
	0.166 V
	0.332 mA
	Same set up

	8/07/06, 5:06pm
	300' North of Conductors
	1.038
	2.08 mA
	Same 

	8/07/06, 5:22pm
	400' North of Conductors
	1.86 wfv
	3.72 mA
	Same

	8/07/06, 7:16pm
	500' North of Conductors
	0.130
	0.26 mA
	(10' from Chick’s house)

	*Some variations were due to differences in grounding resistance of the soil at different locations.

Note: 4 to 8 milliampere contact current caused increased cortisol, heart rate, blood pressure, & modified oxytocin release in cows. The 1.0 mA chronic exposure caused changes in blood immunoglobulin, interleukins, and cortisol for cows.


Figure 1 is a Flukeview® chart of the voltage readings. The human body served as antenna and collected alternating current, AC-Volts (rms), direct current (Volts-DC), and Peak-to-Peak Voltage. Frequencies were in “overload,” exceeding the frequency range of the 100-MHz oscilloscope. The 920-millivolt peak-to-peak spikes, from an unknown source, correspond to the RMS and DC spikes, suggesting that radio frequency (rf) signals may have been carried on the 60-Hz waveform composing the 46-kV transmission line current penetrating the human body.

Figure 2 shows the Voltage recorded about 25 minutes after the Figure 1 reading. It is composed of flattened spikes that resemble the square wave output from a 6-pulse converter with capacitance smoothing with no series inductance, typically 80% current distortion, as described by Barry Kennedy, EE, in his book “Power Quality Primer,” McGraw-Hill, 2000, page 46.

The body was the antenna and conductor receiving the voltage radiating from the overhead transmission line.  Because the body occupies considerable space (height of person/object meters above earth squared)  it provides surface area for voltage (electrical pressure) without causing a perceptive shock reaction, as occurs when current is concentrated in a relatively small contact area of skin (perhaps centimeters or millimeters). However, current can stimulate peripheral nerve reactions with exposure thresholds circa 0.1 milliampere (mA) per cm2 (Reilly, 1998), equivalent to 1 mA/square meter. Current density is measured as A/m2 (meters height of the object above the earth).
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 SEQ CHAPTER \h \r 1On the Chick farm, current carried by the three original 46-kV transmission lines was 30-40 amperes prior to installation of the new lines, and increased to 230-240 amperes, a 6- to 7-fold increase when 3-circuits of 9-wires replaced 1-circuit of 3-wires. The current levels were provided by Consumers Energy in response to plaintiff’s First Interrogatories numbered 4A and 6C.  Investigations directly under the lines after the 9-wires were installed indicated 60 to 108 Volts radiated onto test wires and humans, resulting in exposure to current of 112 to 200 milliamperes using Ohm’s Law, I = E/R, and OSHA’s “Hazardous energy”  ≥1 mA; resistance, R = 500 Ohms.

·  SEQ CHAPTER \h \r 1Investigators have shown that 4.0 to 8.0 milliamperes exposure to contact current caused increased cortisol in the blood, and increased heart rate and blood pressure of cattle (Gorewit et al., 1984). 
· Heart rate and blood pressure of  humans increased when exposed to simulated cellular telephone signals (GSM 900 MHz, 2 Watt, 217 Hz frame repetition)  from a receiver next to the ear reported in the prestigious British medical journal The Lancet (Braune et al., 1998).
· Blood pressure of electrical workers increased and was higher during off-work periods than controls in Poland (Szmigielski et al., 1998, and Gadricka et al., 1997).
· Electrical workers exposed to electric and magnetic fields had 10% greater risk of cardiovascular disease than control workers not exposed (Bortkiewicz et al., 1998).
· Heart rate increased 29% and blood pressure increased 48% in a person exposed to EMF radiating from the utility’s neutral-to-ground wire attached to water pipes below the living room floor in East Lansing, MI (Hillman, 2005a, 2005b).
· The neutral-to-ground wire radiated 10 to 50 mG magnetic field into the living room near the floor of the Hillman home. Voltage conducted through the body, current passing through the same conductor, and mG measured from the magnetic field were correlated (r = 0.94) with changes in heart rate and blood pressure, a new discovery of health risk in the home (Hillman, 2005, 2005b).
· EPRI (The Electric Power Research Institute) reported an average of 26.6 mG magnetic fields radiated from the ground wire of 236 residential homes, similar to the mG in East Lansing.
· Mr. Chick’s heart rate, heart rate variability, blood pressure, and electrocardiogram (EKG) were affected when his sensitivity to EMF was challenged by exposure at the feet to 2 to 4 milliGauss of 60-Hz EMF under controlled laboratory conditions conducted by Medical Doctors in the Environmental Health Center, Dallas, Texas, 10/10/07 (See report of Dr. Rea).
· The EMF challenge confirmed that Mr. Chick’s cardiovascular system was sensitive to electromagnetic fields substantially lower than those radiated from the 46-kV conductors constructed over his driveway near the grain storage bin by Consumers Energy Co.

Switch-mode AC/DC converters which produce digital and modulated signals for communication and other devices are a primary source of direct current on power lines. The source of DC on the 46-kV transmission line at the Chick farm is unknown; perhaps it was a back-feed from interconnected distribution circuits that served customers on the Leslie, Mason, or Dexter Trail Lines, or possibly from the 138-kV Transmission line serving the Churchill WD No 1477 substation.

Similarly, in response to farmer complaints that radiated signals were interfering with electronically controlled farm equipment, a DC transmission line in Minnesota was found to contain 83 different harmonic frequencies when measured with a spectrum analyzer 200 feet from the + conductors (Gustafson, Albertson, and Kinney, 1979). Consumers Energy’s contention that only 60-Hz current is carried on their electrical conductors was not substantiated.
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Exposure to Contact Current from Metal Sheeting on the Grain Storage Building was measured with oscilloscope (Figure 3). Voltage induced on the metal siding was measured with alligator clamps on + lead to Channel A and - lead grounded to earth. Voltage induced on the door was 8.0 V (waveform) as in Figure 4.  Voltage dropped to 5.0 V when Mr. 

Chick touched the door, and dropped further to -0.13 V, oscillated at ± 5 V for about 1 minute and spiked to 16 V when Mr. Chick removed his hand, and returned to 8 Volts steady-state.  The latter was an apparent capacitive release of stored energy as in Figure 5 (page 12).
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 SEQ CHAPTER \h \r 1Current flow resulting from Mr. Chick touching the door ranged from 16 mA initial contact; 10 mA during the majority of contact time, with drops to zero rebounding to 10 mA.  An arc (spark) may have been discharged when the hand was removed from the door releasing 32 mA of stored energy. All currents are based on OSHA’s “Hazardous energy” standard, 500 ohm resistance of the body.  The metal door of the grain storage building was 13 feet (horizontal, parallel) from the overhead, 46-kV transmission lines approximately 40 ft above ground (6/28/06, 11:39 A.M.). Figure 6, the frequency [image: image13.wmf]spectrum on Channel A indicates the fundamental frequency was 59.92 Hz, 2.38 Vrms, 4.08 Vp-p, and 0.12 Vdc,  with some oscillations between 39 and 99 Hz accounting for some 16 decibels of non-60 Hz Volts.

[image: image14.wmf]Consumers Energy documents (responses to Mr. And Mrs. Chick’s first set of interrogatories 4A and 6C) reported that the 46-kV overhead conductors carried 11 - 12 megawatts (MW) power and 185 - 231 amperes current (per second) at the time (6-28-06), Table 4, Figure 8 (page 15).
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 SEQ CHAPTER \h \r 1Current induced into the environment, radiated from the 46+ kV conductors, was sufficient to cause electropathic stress. Magnetic fields and amperes were comparable to the upper 5% values in a study of 1000 homes by EPRI, noted later in this report.

Table 4 is a partial record of Consumers Energy power transmitted through the three 46-kV circuits crossing the Chick property showing that the 3 circuits were charged with electrical energy, 6/30/04. The current usage on two of the three circuits had been discontinued 4/25/07.  

Induced current conducted through Mr. Chick’s body from the sheet metal door of the grain-storage building was measured by Electrical Engineer, William O. English, 6/25/07.  Two of the three 46-kV circuits had been shut down (de-energized, 4/25/07 by Consumers Energy, see Table 4).

Data in Table 4 provided by Consumers in discovery responses to Interrogatories 4A and 6C, indicate that the Leslie and Mason circuits were disconnected 4/25/07, reducing current to about 18% of amperes transmitted for the two previous years after installing the 46-kV lines. Therefore, the readings on 6/25/07 reflected exposure to current radiated from only one of the three 46-kV 3-conductor transmission lines. The remaining two 3-wire single circuit conductors carried 3.1 - 6.0 MW (megawatts) and 38 - 77 Amps during the last week of May, 2007, the last data available at the time of this writing.  During this test Mr. Chick was inside the open door to the grain storage building (Figure 7).  He held a small wire connected to the metal door in his right hand and another wire in his left hand connected to an ammeter and to a Fluke 97 ScopeMeter, 50-MHz oscilloscope grounded to earth. The scope recorded 4.0 Volts  (peak-peak) induced from the door across his body. The ammeter recorded 8.2 µA current passing through the body, right-hand to left-hand.  The engineer’s measurements reflected exposure to current from the one existing circuit, but did not reflect current flowing through the body when all three circuits of the transmission line were carrying 6 to 7.6 times more current (amperes) per second, as in Figure 8 and Table 4. 

Chen et al. (1986) had reported a short-circuit current of 18 µA/(kV/m) 60-Hz electric field when the ground impedance was varied from 0 to 10 megaOhms. Chen et al. also observed that the electric field enhancement factor can be very high at the tip of the hand due to its sharp geometry. The enhancement factor can vary from 0.1 to about 20x over the body surface. While not measured, cow’s teats may be an enhancement factor. 

Steady-state currents induced in a human body exposed to 60-Hz overhead power lines, and Shock Current surging through the body when it touches a metallic object such as a vehicle parked under the power line were determined at Michigan State University by Chun-Ju Lin et al., (1990). Lin’s results were comparable to experimental data of human exposure and shock current touching a car as published by Reilly (1982). The human body and the metal car were acting as capacitors developing charges resulting in shock currents 0.6 to 1.8 amperes from an electric field (E) 4.5 kV/m. The E-field was similar to the field under the line at the Chick farm. The method and results compare directly to touching the metal grain bin on the Chick farm. Dr. Lin is professor of electrical engineering at the University of Detroit.
	 SEQ CHAPTER \h \r 1Table 4. Consumers Energy: Voltage and Current Carried on 46-kV Transmission Lines Over Chick Farm tc "Table 4. Consumers Energy\: Voltage and Current Carried on 46-kV Transmission Lines Over Chick Farm " \f D 

	Event Sequel
	Date

	Time
	Bus KV
	Dexter Trail Line
	Leslie Line
	Mason Line
	Amps

Total

	
	
	
	
	MW
	MVAr
	Amps
	MW
	MVAr
	Amps
	MW
	MVAr
	Amps
	

	3- WIRES

Daubert 

No.10-11 Balzer Substation
	Jan 2000-

8/1/04


	Hour

All
	46±

(2111-3877)KVA 
	
	
	
	
	
	
	
	
	
	Min26 Max50

	-1 Hour
	6/30/04
	10:00
	47.58
	0.1
	-0.1
	2
	0.1
	0.0
	1
	0.3
	0.4
	6
	9

	9 Wires

+1 Hour
	6/30/04
	14:00
	47.50
	5.1
	1.1
	64
	7.0
	-2.6
	91
	5.3
	-2.0
	69
	224

	+ 1Year
	6/30/05
	14:00
	47.90
	4.3
	1.0
	53
	7.1
	-3,1
	94
	5.8
	-1.5
	72
	219

	Body Exp
	1/19/06
	14:00
	47.76
	5.7
	1.5
	71
	4.0
	-2.0
	54
	1.2
	-3.2
	42
	167

	Thumb Exp
	6/28/06
	12:00
	47.72
	5.9
	1.1
	73
	4.7
	-1.5
	59
	1.8
	-8.0
	99
	231

	Comp Time
	6/28/06
	14:00
	47.73
	6.4
	1.4
	79
	3.7
	-1.2
	47
	1.8
	8.1
	100
	226

	Cons-Surv.
	2/28/07
	12:00
	47.78
	3.8
	0.9
	47
	4.5
	-1.3
	57
	1.9
	1.9
	47
	151

	Power ON
	4/25/07
	7:00
	47.61
	6.4
	2.5
	83
	2.7
	-0.6
	34
	0.9
	-4.4
	55
	172

	Less Power
	4/25/07
	8:00
	47.26
	6.1
	2.4
	80
	0.9
	-0.3
	11
	0.4
	-1.4
	18
	109

	-2 Lines
	4/25/07
	9:00
	47.01
	6.0
	2.4
	80
	0.0
	-0.1
	1
	0.1
	-0.1
	2
	83

	-2 Lines
	4/25/07
	14:00
	47.23
	3.9
	1.2
	50
	0.0
	-0.1
	1
	0.1
	-0.1
	2
	53

	1 Line
	6/1/07
	1:00
	47.24
	3.1
	0.4
	38
	0.0
	-0.1
	1
	0.1
	-0.1
	2
	41

	*KiloVolts, megaWatts Power, and Amperes Current Transmitted Through 46-kV Lines across Chick Farm for selected periods as 

reported by Consumers Energy Co.  Total Amperes reached 231 Amps and decreased to 41 Amps (18%) at similar time of day when 

Leslie and Mason circuits were disconnected 4/25/07. 
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 SEQ CHAPTER \h \r 1
Electrical use and current flowing through the 3-circuit, 9-wires over the Chick farm increased from 150 amperes early morning to 250 amperes near mid-day (Figure 9) thus increasing electromagnetic radiation on the Chick property in proportion to current flowing on the wires by 60%.
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Current Densities of Induced Currents – Amperes/square meter (A/m2) induced on the human body, on the mesh-wire fence, and on the 50-ft #9 wire antennae were calculated for exposure under the 46-kV transmission line and for each 100 ft distance from the line. These values under the 46-kV line exceed estimated ventricular heart fibrillation at tissue level, 1 percentile threshold of 5 mA/m2 (0.005 A/m) or 0.5 mA/cm2 as deduced by Reilly, 1998, p. 235.

The #9 wire was 4 mm diameter, 38.3 cm2 per ft.  Total circumference surface was 0.1915 m2 per 50 ft length. The permittivity (permeability) of biological tissue to EMF differs little from that of air. Volts on the wire using Ohm’s Law and OSHA’s 500 Ohm resistance = (A/m2) current density.  In the absence of a specimen current density may be taken as estimates of magnetic field flux density micro Tesla (µT). 1 µT is equal to10 milliGauss (mG).

Figure 10 shows Voltage and Current Induced on the #9 Wire during a second reading from under the 46-kV transmission lines and 100 foot intervals to 600 feet north of the 46-kV  conductors (8/21/06).  Results were similar to the earlier readings. Directly under the 46-kV conductors 97.0 - 107 Volts were recorded from the #9 wire, similar to 71.6 V on the mesh fence. Volts and currents measured at 100 ft intervals to 600 ft from the transmission line are in Figure 10.  High-frequency current 0.8 ns to 24 ns duration (0.2 to 2.5 GHz), perhaps from cellular telephone towers, was overlapping the transmission line currents. Signal energy increases in proportion to its frequency from 60-Hz power line to radio frequencies >300 Hz to 1 MHz, and microwaves >1 GHz (billion cycles per second) used in communication systems.

 SEQ CHAPTER \h \r 1[image: image22.wmf]
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Volts and Current radiated from the Transmission Lines in Figure 10 are based on Ohm’s Law: Amperes (I) = E (volts) / Resistance. R was 500 Ohms described as “Hazardous Energy” when I = ≥ 1 mA per OSHA Directives:  CPL 2-1.18A Enforcement of the Electric Power Generation, Transmission, and Distribution Standard, Effective Date 10/20/1997, Appendix A, Occupational Safety and Health Administration, U. S. Department of Labor, Washington, D.C.

Magnetic field exposure was proportional to current passing through the overhead conductors and was not dependent on voltage in the overhead circuits. This concurs with the observations noted in EPRI  TR 106003, Project 3959-07 Final Report, December 1995. The relationship is automatic since magnetic flux density is calculated from amperes/meter2 height above ground (see EPRI examples from study of power line EMF at 1000 residences that follow).

Exposure at the Chick farm, directly under the line (4 - 6.5 mG), was similar to the magnetic field exposure one meter above the earth (floor) reported below transmission lines in experiments at McGill University, Quebec (Burchard et al., 2003). Effects of  magnetic fields on biological materials (i.e., humans, animals, central nervous system and autonomic nervous system, i.e glands, organs, blood, skin, bone, etc.) are often reported in relation to exposure as Tesla or Gauss. Magnetic fields directly under the 46-kV conductors in the Chick driveway were measured as 4.0 to 6.5 milliGauss (mG) equivalent to 0.4 to 0.65 µT.

Current at the Chick Kitchen Sink, Water Pipe, and Utility Ground Wire – Current on the cold water faucet at the kitchen sink in the Chick home averaged 9.68 Vrms, and 1.2 A current
 SEQ CHAPTER \h \r 1during a 23-minute test.  Current flowing through the water pipe below the sink ranged from 1.6 mV to 800 mV (0.8 Vrms) and 40 to 240 mVDC and 1.6 A (Table 5).

Table 5. Volts and Current from the Chick’s House Service Entrance Ground Wire and

	Kitchen Water Pipes 
Kitchen Water Pipes " \f D 


	Date and Time
	Location & Instrument
	Volts
	Amperes
	Frequencies

	7/28/06, 2:44 pm
	Kitchen Faucet, Fluke 99B

to linoleum floor ground.
	9.68 Vp-p
	1.2A
	64.1 & Overload

> 2500 Hz

	7/28/06, 2:44 pm
	Kitchen water pipe, under sink, Fluke 99B and

Current clamp
	1.6 mV - 0.8Vrms

80-240 mVDC
	0.8 0 to 1.20 A
	

	7/28/06, 2:44 pm
	Primary-Neutral-Ground wire (Disconnected from ground rod) Fluke 79 III R


	12.83-12.91 Vrms


	1.2-1.4 A
	60.1 Hz (Fundamental)

5.99% THD

30, 50,90, 180 Hz 

3rd Harmonic = 0.5V

	7/28/06, 7:32 pm 
	Fluke 99B,  current clamp
	28.2 Vp-p wfv
	1.6 A
	Same as above


The Utility Ground Wire at the service entrance to the house carried 12.83 to 12.91 Vrms and 1.2 to 1.4 A current at 2:44 PM. Voltage was 28.2 Vp-p and 1.6 A current on the ground wire at 7:32 PM the same day (7/28/06). The utility’s ground wire was bonded to the water system and accounted for current on the kitchen sink and faucets.

Current measured on the Chick down-ground at the home, 1.4 - 1.6 A, was similar to 90th percentile (1.3 A) and 7.54 A at 100th percentile of homes in the EPRI study of 1000 residences.  Similarly, current measured by Lansing Board of Water and Light in East Lansing, averaged 1.5 amperes with 8.8 A maximum, and magnetic fields average 97 ± 39 mG at the writer’s house for 24-hour recordings. While the East Lansing findings may not be relevant to the Chick family health concerns, they are relevant to the carelessness of Consumers Energy and many other utilities allowing harmful levels of current to be carried into residences on their ground wire and attached to water pipes.  

EPRI (Electric Power Research Institute) data in Table 11, compiled by Kavet et al. (1999) confirm that the average (50th percentile) net current was 0.1 A, and only 4 of the 236 service drops measured had zero (0) current.  The highest (100th percentile) accounted for 7.54 A current in 78 of the 236 residential down-grounds.

	 SEQ CHAPTER \h \r 1EPRI - Table 11 (from Kavet*) - EPRI Service Drop Current, 1000 Residence  Study, 25 Utility Service Regions, USA, 1989-1992.

	Percentile of Residences
	Average Net Current

 Amperes
	Number of Service Drops w/ Amperage. (Total  236)

	100th 
	7.54
	78

	97.5
	2.94
	16

	95th 
	2.30
	12

	90th 
	1.30
	10

	75th 
	0.28
	7

	50th 
	0.100
	4

	25th 
	0.003
	2

	0 to 10th 
	0
	4

	*Kavet et al., Determinants of Power-Frequency Magnetic fields in Residences Located Away from Overhead Power Lines. Bioelectromagnetics 20:306-318 (1999). Table 3.


The Current on the ground wire at the Chick house was similar to that causing shocking showers and shocking swimming pools in New Jersey which resulted from the hazardous multigrounded Y-distribution system identified in New Jersey homes by Zipse (2002). Currents carried by equipotential planes (all contact surfaces bonded together with reinforcement rod and wire) caused stray voltage problems on Midwest dairy farms by distributing the utility’s neutral current throughout the premises (Zipse and Neubauer, 2006).

Current on the ground wire and bathtub was correlated with magnetic fields in the living area of homes in Denver, CO, as in Figure 11 (Kavet, 2005). This current originates from the utility neutral wire which is supposed to carry this exudate (residue) back to the substation. The grounded-Y distribution and transmission system used by Consumers Energy and most Rural Electrification Administration Cooperatives (REAs), use the earth as a return circuit for much of their exudate by grounding the neutral wire to earth (the down-ground) at every transformer and at least 4-poles per mile. This same neutral-to-ground is bonded to the secondary (user) electrical system and to the water system. This multiple grounding ensures that whatever incompatible ‘NOISE’ is on the Utility neutral from other customers (communication transmitters, etc.) will also be delivered to the Chick home and farm electrical system. The evidence is apparent on the various Oscilloscope recordings at Chick’s farm and confirmed by EPRI in Table 11 above.
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 SEQ CHAPTER \h \r 1C. Chronic EMF Exposure Affects Mr. Chick’s Heart and Health 

Mr. Chick experienced dizziness (unsteady on his feet) and pain in his hands and arms after the nine 46-kV lines were installed in 2004 over the driveway and his workspace, next to the grain and machinery storage building, in his farmyard.  He consulted a local Medical Doctor, Dr. Jeffrey DeWeerd, Leslie, Michigan, who diagnosed arrhythmia of his heart and hypertension and prescribed medical treatment. 

· The local doctor could not determine the cause of the cardiac condition since neither he, nor other medical doctors in Michigan, had any training about human responses to extraneous electricity or EMF in medical schools or during practice.
However, after an extensive national search, a Medical Doctor (Dr. William Rea, M.D.) who had conducted experiments on human sensitivity to electromagnetic fields was located at the Environmental Health Center (EHC) in Dallas, Texas.  Arrangements were made for Mr. Chick to be examined at the EHC-Dallas.
Mr. Chick was examined and his neuro-cardiovascular system were challenged with exposure to 2-4 mG magnetic field in controlled laboratory conditions by Dr. William Rea, M.D., and Associated Medical Doctors at the Environmental Health Center-Dallas, Texas (10/07-10/11/2007).  The EHC EMF Challenge exposure was less than at the Chick farm (2.5-6.5 mG). 

· Mr. Chick’s body responded with changes in heart rate, heart rate variability, arrhythmia, blood pressure, remarkable electrocardiogram changes and muscle tremors

·  SEQ CHAPTER \h \r 1Mr. Chick was video-taped in the office while the tremors were shaking his body. Administration of a serotonin (neurotransmitter) antidote i.m. relieved the tremors (see the Rea report for details).

· The EMF challenge results changed the hypothesis from “chance” probability to “direct effect per EMF cause” considered affirmative proof  in application of scientific methods.

· The result was comparable to repeated exposure to EMF from the ground wire in the writer’s East Lansing home (Hillman 2005a-2005b), and comparable to:

· Changes in heart rate and blood pressure of volunteers exposed to a cellular telephone signal in Briton (Braune et al., 1998). And

· Concur with neurological disturbance of utility electrical employees who had 20% higher incidence of suicide than nonexposed employees (Van Wijngaarden et al., 2000).

· Concur with EMF cardiovascular effects on electrical workers (Smigielski et al.,1998), and

· Increased hypertension among radar trackers at civilian airports (Tikonova, 2003). 

[image: image26.wmf][image: image27.wmf]Chick Blood Pressure Increased When EMF Challenge Was Administered:
 SEQ CHAPTER \h \r 1[image: image28.wmf]Chart 2. Mr. Chick’s Heart Rate Variability Was Normal Before EMF Exposure. tc "Chart 2. Mr. Chick’s Heart Rate Variability Was Normal Before EMF Exposure. " \l 3
[image: image29.wmf]Chart 3: Mr. Chick’s Heart Rate Became Arrhythmic During EMF Challenge. tc "Chart 3\: Mr. Chick’s Heart Rate Became Arrhythmic During EMF Challenge. " \l 3
 SEQ CHAPTER \h \r 1Human Sensitivity to Electromagnetic Fields – Rea, W., et al. (1991) screened 100 patients under environmentally controlled conditions for sensitivity to various electromagnetic frequencies (0.1 Hz to5 MHz) and found 25 patients who reacted to active challenges but did not react to blanks. The 25 were re-challenged and 16 (64%) reacted positively to the active challenge. When evaluating frequency response, 31% of patients reacted to 0.1 Hz, 75% of the 16 patients reacted to 1 Hz, 75% to 2.5 Hz, 69% to 5 Hz, 69% to 10 Hz, 69% to 20 Hz, 63% to 60 Hz, and 69% to 10 kHz, 38% to 100 kHz, 50% to 1 MHz, and 31% reacted to 5 MHz. The intensity was circa 2900 nanoTesla (nT) at the floor level, 350 nT at the level of the chair seat and patient’s knees, and 70 nT at hand level. The exposure period lasted approximately 3 minutes per challenge. Other details are in the report: Journal of Bioelectricity 10(1&2), 241-256 (1991).
The principal signs and symptoms produced in EMF challenge experiments were: 


1.
Neurological (tingling, sleepiness, headache, dizziness, unconsciousness), 


2.
Musculoskeletal (pain, tightness, spasm, fibrillation), 


3.
Cardiovascular (palpitation, flushing, tachycardia, edema), 


4.
Oral/Respiratory (pressure in ears, tooth pain, tightness in chest, dyspnea), 


5.
Gastrointestinal (nausea, belching), 


6.
Ocular (burning and tearing of eyes, interoculatory pressure, possibly glaucoma*)


7.
Dermal (itching, burning, prickling pain).

8.
Most reactions were neurological. Signs and symptoms of all patients were positive as was the autonomic nervous system dysfunction, as measured with the iriscorder (measured changes in pupil dimensions and reactions).  


9.
Examples of changes during the experiments were a 20% decrease in pulmonary function and a 40% decrease in heart rate. 

ADVANCE \l 5
10.
In the 16 patients with positive reactions to EMF challenges, two had delayed reactions; gradually became depressed, and finally became unconscious. Eventually, they awoke without treatment. Symptoms lasted from 5 hours to 3 days.


 * Observations of other physicians.
Frequencies of Alternating Current (cycles per second) – Alternating current (AC) voltage and amperage change direction as it cycles from 0 to + to 0 to - (negative peak) to 0 at the rate of 60 cycles per second or 60 Hz as produced at the power plant generator. Flaws (loose or corroded connectors, tree branches brushing conductors, etc.), neglected maintenance of the power delivery system, turning switches OFF and ON, and high technology electronic devices which produce non-linear loads contribute to a large range of uncontrolled frequencies. Non-linear loads convert AC to DC which travel in only one direction and inverts DC to AC, and changes frequency as required. Such changes cause distortion of the power supply resulting in transient spikes and harmonic electromagnetic currents on the power supply. 

Pulsed, digital signals at high frequencies, commonly pulsed at rates < 60 Hz are now used in communication signals and were common among the electrical signals measured from the metal siding (Figure 3), the barn roof, the wire fences, the ground wire and water pipes, and the human body acting as antennae receiving electrical signals through the air as conductor. These signals contribute to the peak-to-peak voltage and current as were passing through the ammeter attached to the lead to Mr. Chick’s body (Figures 3, 4, 5, 6). Undefined currents are called “electrical

 SEQ CHAPTER \h \r 1 noise” in the electrical industry. And as mentioned earlier, harmonics are known to cause motors to burn out, wires to overheat, circuit breakers to trip, and computers to quit. Recent experiments indicate that “noise” and pulsed frequencies contribute to health problems of animals and humans. High-frequency signals contributed significant magnitude to currents measured at 400, 500, and 600 ft from the 46-kV transmission lines and may have been transmitted from cellular telephone towers located ¼ and ½ mile from the Chick house. However, 60-Hz power-line frequency current was the dominant source of  “uncontrolled current” at the Chick farm. Currents recorded directly under the transmission lines 1/19/06 contained significant amounts of pulsed high-frequency signals (Figures 1 and 2), suggesting that radio frequency signals were being transported on, or were contaminating, the electrical supply of the 46-kV lines.

DISCUSSION AND RELEVANCE TO ANIMAL AND HUMAN HEALTH –tc "DISCUSSION AND RELEVANCE TO ANIMAL AND HUMAN HEALTH –"
Chick Farm Currents Compared to OSHA Standards for Hazardous Current – Data collected from various locations at the Chick farm exceeded the level considered “hazardous current” by the Occupational Safety and Health Administration (OSHA), U.S. Department of  Labor Directive CPL 2-1.18A, Standards to Prevent Personal Electrical Injury – effective date: October 20, 1997. Enforcement of the Electric Power Generation, Transmission, and Distribution Standard (as mentioned above) states:

“Hazardous energy means a voltage at which there is sufficient energy to cause injury. If no precautions are taken to protect employees from hazards associated with involuntary reactions from shock, a hazard is presumed to exist if the induced voltage is sufficient to pass a current of 1 milliampere (mA) through a 500-Ohm resistor. The 500-Ohm resistor represents the resistance of an employee.”


Note: The 1 mA current is the threshold of perception for 60-Hz steady-state contact current.  EMF current radiating from the wires, which is not perceptible, was not mentioned. 

OSHA may not have been aware that exposure of cows to 1 mA for two weeks (front to rear feet) caused blood serum Interleukin-1 levels to tend to increase (P = 0.097).  Interleukin-2 levels tended to decrease (P = 0.107), serum immunoglobulin-A (IgA ) increased (P < 0.015),  and cortisol decreased (P = 0.003) in controlled experiments (Reinemann, 2003; Reinemann, Sheffield  et al., 1999). Therefore, 1 mA EMF is not a safe exposure level for animals or humans on the Chick farm.  Induced current near the 46-kV lines exceeded the OSHA standards of 1 milliampere (mA) considered hazardous current (and 6 mA “Let-go” threshold).
Ground Wire EMF in the Chick Home Corresponds to EMF that Increased Heart Rate and Blood Pressure in the Writer’s East Lansing Home –

· EMF exposure radiated from the neutral wire below the living room floor increasing heart rate and blood pressure of the writer in his East Lansing home.  Systolic blood pressure (BP) increased from normal 127 to 140 mmHg (+10%), diastolic BP increased from 70 to 104 mmHg (+48%), and heart rate increased from 62 to 80 beats per minute (+29% BPM). The experiment was repeated five times giving a positive  SEQ CHAPTER \h \r 1linear relationship (correlation, r = 0.97) between voltage measured from lower right 
leg (calf) to left forearm, and changes in heart rate and blood pressure similar to Mr. Chick’s experience.

· Amperes recorded by the oscilloscope were proportional to EMF since EMF is calculated from current density (A/m2) and the Fluke®  ammeter clamp probe estimates amperes from volts (1mV = 1A).

· Heart rate changes were also correlated with Amps and EMF. Ground wire current and EMF radiating from the Utility ground wire running under the living room floor were confirmed by Lansing Board of Water and Light electrical engineers (Hillman 2005-06).

· The American Heart Association (AHA) and other health authorities acknowledge that an epidemic of hypertension is prevalent among American citizens ages 20-85, but AHA says they do not know the cause. 

[image: image30.wmf]Cardiovascular Effects of EMF Similar to Mr. Chick’s have been reported in controlled laboratory experiments and studies of humans during occupational exposure as follows:

· Pain tolerance thresholds were significantly decreased in humans exposed to 37 Hz, 80  T at the head but remained unchanged under sham exposure. Systolic blood pressure was significantly higher during EMF exposure and heart rate significantly decreased during both sham and EMF exposure while the high frequency (150-400 mHz) component of heart rate variability, which is an index of parasympathetic activity increases as expected during sham activity.  Cortisol decreased during sham activity only. The results show that exposure to 37-Hz EMF alters pain sensitivity in humans and suggests that these effects may be associated with abnormalities in cardiovascular regulation (Ghione et al., Bioelectromagnetics 25(3): 167-175, 2004).
· Resting blood pressure (diastolic BP), and heart rate increased when ten volunteer human subjects, 26-36 years of age, were exposed to a mobile telephone electromagnetic field signal at the ear for 35 minutes (GSM 900 MHZ, 2 watt, 217-Hz frame repetition rate). Capillary (finger) perfusion measurements indicated a significantly more pronounced vasoconstriction and increase of sympathetic efferent activity and BP increases of 5-10 mm Hg during exposure. The experiments were repeated on five separate days (Braune et al., 1998).  However, in a second study  SEQ CHAPTER \h \r 1consisting of successive periods of placebo, EMF exposure, 10-min. rest, upright lift on a tilt table, and rest, EMF effects on cardiovascular performance were not statistically significant. EMF exposure to the GSM-like fields failed to result in significant differences in cardiovascular and blood hormones of the autonomic nervous system in healthy individuals in this trial (Braune et al., 2002). The problem of statistical differences being lost by carryover effects in short (10-min) rest intervals may have affected statistical significance in the second trial by Braune et al. (2002).

· Chaos analytical methods (which differentiate affected from unaffected individuals in the population sample) resulted in significant differences while averaging by standard analysis of variance resulted in no significant differences in blood cells of mice (Marino et al., 2003). Also, when rabbits were exposed to radiation from a standard cellular telephone (800 MHZ band, 600 mW maximum radiated power) under conditions that simulated normal human use, the EEG was significantly affected in nine of ten animals. In each case the fields increased the randomness of the EEG (Marino, Erikson, and Frilot, 2003).

· A dose response slowing of heart rate and alterations in the latency and amplitude of event-related brain measures derived from electroencephalograms (EEC) occurred when human subjects were subjected to 60-Hz, 9-kV/m electric fields and 20- T exposure. Effects were compared to 6-kV, 10- T and 12-kV, 30- T dose combinations in blind studies reported by Graham et al. (1994). This study confirmed earlier reports that a combined 9-kV electric field, 20- T magnetic field dose resulted in slowing of heart rate, changes in brain-wave potentials, and changes in reaction time during challenge testing (Cook et al., 1992).

· Depressing effect of EMF on Ca++ uptake by muscles, reduced intracellular cAMP, and elevation of intracellular cGMP level may be the mechanism for this parasympathetic relaxing of heart rate and transient cessation of heart beating; thus irregular heart rhythm. The relaxing effect was demonstrated when isolated snail hearts perfused with magnetized physiological solution (MPS) induced decreases of intracellular cAMP as a consequence of intracellular Ca loss, leading to the Na + K-ATPase reactivation and causing the decrease of the intracellular level of ATP, serving as a substrate and positive modulator of cyclase activity (Ayrapetyan et al., 2005). With increased stimulation, frequencies of 20 to 100 Hz high frequency fatigue may be elicited in response to less calcium being released causing a deficit in excitation-contraction coupling. Likewise, EMF suppression of a Ca++ channel blocker (diltiazem) resulting in a sympathetic neuroendocrine response causing increased heart rate and blood pressure in the East Lansing experiments is consistent with the hypothesis of Ayrapetyan et al. The crucial role of Ca++ metabolism in the biological effect of MF’s has been clearly demonstrated (Bawin et al., 1975; Adey, 1981; Blackman et al., 1982).

· NonThermal Heart Fibrillation: “Atrial or ventricular fibrillation can be induced by electrical stimulation coinciding with the late atrial or ventricular systole.  In the ventricles, the nonuniformity in recovery of excitability is maximal preceding the apex of the T wave of the ECG. At this time, electrical stimulation elicits an excitation wave that encounters some regions fully recovered, others partially recovered, and others still absolutely refractory,” according to Reilly, 1998. The extra  SEQ CHAPTER \h \r 1nonuniformity required for
 SEQ CHAPTER \h \r 1fibrillation is brought about in part by the direct influence of the current itself, which favors depolarization below the cathode, and repolarization below the anode. Watson (1973) determined that fibrillation current minimum thresholds in human subjects in cardiopulmonary bypass was 735 µA RMS applied through epicardial electrodes and 67 µA using endocardial electrodes. However, in one patient with grossly abnormal electrical activity of the heart, ventricular fibrillation could be induced with only 15 µA. In another study performed in patients at the time of cardiac surgery, Horowitz et al. (1979) measured the fibrillation threshold using a 100-Hz train of rectangular pulses applied to the epicardial surface of the left ventricles. In 10 patients the fibrillation threshold of the normal left ventricles was 33.6 ± 9.5 mA. However, in 12 patients with 75% obstruction of the left anterior descending coronary artery, the ventricular fibrillation threshold was 18.6 ± 6.9 mA. Hence, there is no doubt that a diseased heart is much more susceptible to fibrillation by electric shock (Reilly, 1998, p. 189).  Current density of 0.5 mA estimates the average current density for ventricular fibrillation by whole-heart exposure to prolonged (>2 second) 60-Hz currents; 0.25 mA/cm2 is a more conservative estimate of a 1 percentile experimental value.

· Excitation thresholds are about 40% of the 60-Hz fibrillation value for prolonged (t >2 s) 60 Hz and also for monophasic pulse stimulation (t = 10 ms). Applying this factor to the ventricular fibrillation, current density results in an estimated current density of 0.2 mA/cm2  for either prolonged 60-Hz or single DC pulses and a 1 percentile threshold of 0.1 mA/cm2 according to Reilly (1998, p 235).

· No atrial-ventricular fibrillation threshold values have been given for mixed frequencies, for whole body exposure to radiated EMF, nor for continuous chronic exposure to 60-Hz radiation. The above values were based on experimental electrode stimulation of human hearts.

· The electropathic stress syndrome in humans, demonstrated under controlled laboratory conditions with Mr. Chick,  was first demonstrated with exposure of cows to 1, 4, and 8 milliamps contact current having increased cortisol, heart rate, blood pressure, and pituitary hormone changes, but were scarce in the human heart literature. Obviously, there is need for further research in this area, although the direction is clear.

· Adrenal hormone changes and 18% primary malignant tumors in pituitary, adrenal, and thyroid glands of gnotobiotic (germ-free) laboratory animals exposed to 0.5 mW/cm2 (20 times lower than the “safe” thermal limit IEEE-FCC) compared to only 5% tumors in control animals was not discussed in the electropathic reviews, except in (Becker, 1990).

· Influence of EMF on cortisol and its affect on the heart, competency of the immune system, the development of allergies, the proliferation of immature-undifferentiated blood cells, anemia, leukemias, and lymphomas are described in the context of cancer proliferation and prevention in the published articles.

· Similar changes in heart rate and heart rate variability occurred in subjects exposed to occupational levels of 50-Hz circular polarized magnetic fields (Sait et al., 1999).  Similarly, nocturnal 60-Hz exposure affected heart rhythm. Exposure to an intermittent magnetic field at 200 mG reduced heart rate variability in the spectral band associated with temperature and blood pressure control mechanisms and increased variability in the spectral band associated with respiration (Sastre et al., 1998) and brain frequency magnetic fields altered cardiac autonomic control mechanisms (Sastre et al., 1994).

· Heart rate and sleep were affected when healthy young men were exposed to 900-MHZ spatial peak specific absorption rate (SAR) 1 W/kg, simulating exposure to a cellular telephone signal pulsed at a rate of 9 to 14 Hz. While EMF exposure was to the head, workers estimated that exposure of the hypothalamus was 0.1 W/kg, sufficient to affect heart rate and sleep (Huber, R., et al., 2003). 

· The autonomic neuroendocrine system counterbalances effects of many environmental exogenous and endogenous physiological stimuli toward homeostasis. Stimulation of the sympathetic neuroendocrine system increases heart rate, and stimulation of the parasympathetic neuroendocrine system decreases heart rate (Berne et al., 1998).
· Spectral analysis of sympathetic nervous system alterations and cardiovascular rhythm changes observed by direct intra neural microneurographic recordings of efferent sympathetic nerve traffic to both muscle blood vessels and skin blood vessels have allowed direct measures of heart rate variability. The oscillatory pattern, which characterizes spectral analysis of heart rate and arterial pressure short-term variability, consists of two major components: low frequency (LF, 0.04 - 0.15 Hz) and high frequency (HF, synchronous with respiratory rate) oscillations. Stimulation of sympathetic or parasympathetic nerves alters heart rate oscillations indicating that the neuroendocrine system is affected by efferent stimulation (Montano et al., 2001).

· Alteration of diurnal rhythms of blood pressure and heart rate occurred in workers exposed to radio frequency electromagnetic fields in the range 0.738 - 1.503 MHZ and 200 - 550 V/m, but the changes did not occur in a comparison group of workers at radio-line stations at lower exposure levels (20 - 180 V/m). Healthy men aged 28 - 49 years, working on a pattern of 12 - 24 and 12 - 48 h, exhibited typical, well-preserved diurnal rhythms of blood pressure and heart rate with two maxima at about 1400 and 1700 - 1800 h and one minimum at about 0200 - 0400 h. For workers exposed to radio-frequency EMF, a significant lowering of the amplitudes of blood pressure and heart (P < 0.01) and a shift of the acrophase to an earlier time (1100 - 1200 h) P < 0.05 occurred based on 24-h ambulatory blood pressure the second day of the rest period (Szmigielski et al., 1998).

· Cardiovascular disease associated with hypertension and ischemia of the heart resulted in odds ratios (ORs) 4 to 5 × greater with maximum ORs, 19.1 in men 30 to 39 years of age who were radar trackers in a civil airport compared to co-workers not exposed to EMF (Tikhonova, 2003). Thus, the influence of intensity and frequency of electric and magnetic fields have been demonstrated.

· Modulation of microwave, pulse signals, and continuous wave (CW) magnetic fields affected isolated frog heart pacemaker function and heart rate due to microwave heating over a wide range of microwave frequencies (Pakhomov et al., 1995, 2000).

· Pacemakers Fail: Numerous separate studies at Mayo Clinic, Rochester, Minnesota; Mt. Sinai Hospital and the New England Medical Center in Boston, Massachusetts; The University of Oklahoma; and The George Washington University confirmed that cellular telephone signals disturbed and caused electronic cardiac pacemakers to fail that had been surgically installed to mitigate heart fibrillation in patients (Carlo and Schram, 2001).
· A seed salesman refused to deliver seed to the Chick farm because he knew the high-voltage wires could affect his pacemaker.
· A neighbor to the writer in East Lansing whose pacemaker failed when exposed to 6 to 11 mW/cm2 had a defibrillator installed to maintain heart function.
· An Okemos High School student reported that iPods, hand-held electronic devices, also interfere with pacemaker signals (J. Thaker, American Arrhythmia Association Meeting, 2007, Lansing State Journal (4/2/07). 

In contrast, Korpinen et al. (1993) found no effect of 50-Hz EMF on heart rate of line workers or volunteers walking under power transmission lines, although heart rates of both groups averaged over 100 beats/minute during exposure.

EMF – Heart – Cortisol Connection – Cortisol in blood, heart rate, and blood pressure increased and release of oxytocin was delayed when dairy cows were exposed to 4.0 and 8.0 mA contact current compared to no exposure in controlled experiments (Gorewit et al., 1984). Cortisol is released from the adrenal gland when ACTH (adrenocorticotropic hormone) is released from the pituitary by electrical stimulation of peripheral nerves. Similarly, oxytocin release from the pituitary stimulates excretion of milk (milk release) from the mammary gland upon stimulation of the udder by suckling, or by massaging of the udder in preparation for machine-milking. Impaired milk let-down, i.e., incomplete milking, was a common complaint of dairy farmers raising the stray-voltage issue.  Epinephrine administration significantly reduced milk yield in heifers and cows but did not inhibit oxytocin release in response to milking. Investigators found that as little as 50 µg epinephrine inhibited mammary blood flow to the udder by as much as 90% (Gorewit and Aromando, 1984). ACTH, cortisol, oxytocin, and epinephrine are all involved in the chronic electrical-stress syndrome. These responses are activated by chronic stimulation of the autonomic nervous system as described by Berne et al. (1998). Heart rate is controlled by response of the autonomic nervous system to various environmental stimuli, i.e., excessive heat (heat stroke), cold, sound, light, and mental perceptions such as fear and elation. Electrical contact current and induced energy from electric and magnetic field (EMF) exposure may now be added to the list of heart rate and blood pressure environmental stimulants as experienced by Mr. Chick.

Allergic Reactions – Hypersensitivity To Electromagnetic Fields – Some persons exhibit allergic reactions, as Mr. Chick experienced in the EHC-Dallas when exposed to particular EMF frequencies that are comparable to the allergic responses that may occur after exposure to chemical allergens. Surveys estimate that 18-36% of various populations exhibit signs of hypersensitivity to certain electromagnetic frequencies (Johansson, 2006, 2007; Simunic, 1995; Smith, C. W., 1989). Persons with perceived electrical hypersensitivity (EHS) had higher heart rate, heart rate spectrum ratio, and electrodermal activity than controls in tests with and without exposure to 60-Hz 10-T magnetic fields, whereas EEG characteristics did not differ between groups. The Condition factor (mathematical test vs relaxed) showed main effects for heart rate, heart rate spectrum ratio, electrodermal activity, and alpha and theta spectral bands of EEG. The authors cited other studies (0-300 Hz) which have shown related changes in integrative characteristics of physiological regulation such as transient deviations in EEG spectrum, brain evoked potentials, heart rate, and heart rate variability; while others found no effects due to EMF (Lyskov et al., 2001).
· In another test of hypersensitivity, symptoms of the skin and the nervous system dominated the suffering, as they did for Mr. Chick.  The most frequent symptoms were skin redness, eczema, and sweating, loss of memory, concentration difficulties, sleep disturbances, dizziness,  muscular and joint related pain and weakness. Head ache, faintness, nose blockade, and fatigue were also common. Of 20 hypersensitive people, 19 had symptoms of the gastrointestinal tract, and all had tinnitus (Johansson, 2006).
· As a responsible citizen, Mr. Chick is attempting to reduce the presence of EMF at his farm and the neighborhood to thereby reduce health risks and costs to neighbors. Consumers Energy should be responsible for mitigating EMF exposure on the Chick premises. 

· Frequency filters exhibited 74% improvement in behavioral characteristics of elementary school students, i.e., attention to instructions, participation, and comprehension when Graham/Stetzer frequency filters were plugged into wall outlets compared to non-filtered controls in blind studies in Wisconsin, Minnesota, and Canadian schools. Improvement was 18% in high school students who were exposed to other sources of EMF. Similarly, 45 to 50% of teachers reported less fatigue, less headaches, less pain, etc., when the filters were plugged in (Havas and Stetzer, 2004). A review of research studies of behavioral and cognitive effects of microwave exposures supports the above observations (D=Andrea, 2003).
· Shielded-Neutral Isolation Transformers installed between the utility and dairy farms have successfully mitigated impaired behavior, health, and milk production of cows caused by stray voltage (Hillman, Goeke, and Moser, 2004).

· Government health authorities of Sweden and the United Kingdom recognize electrosensitivity as a physical impairment, i.e., some people suffer nausea, headaches, muscle pains, dizziness, irregular heartbeat, and loss of memory when exposed to EMF from mobile phones, electrical pylons, and computer screens according to the Sunday Times (9/11/2005). A young woman in this neighborhood cannot answer the telephone because the signal produces a severe allergic reaction (Community News, East Lansing, Okemos, 2006). Medical-psychiatric practitioners are generally unaware of the  electrohypersensitivity syndrome, diagnose the condition as imaginary-psychosis, and prescribe stress depressants rather than environmental preventative measures.

Current exposure on the Chick farm exceeded published minimum threshold values (Riley et al., 1998) for causing heart arrhythmia, (A/m2) at every 100-foot interval from the north conductor of the 46-kV transmission lines for at least 400 feet (Table 2 and Figure 10).

· Milliamperes per square meter on the Chick farm ranged from 100 mA/m2 directly under the conductor, to 10 mA at 200 ft, to 2.95 mA at 500 ft, and 1.77 mA at 300 ft, 0.90 mA at 400 ft, 0.30 mA at 500 ft, and 0.26 mA at 600 ft from the transmission line and beyond the family home at the second reading, compared to the levels that caused changes in cortisol, heart rate, blood protein and lymphocyte immunological changes in cows and other animals.
· The entire living environment where the Chicks spend most of their time working with machinery and livestock, sleeping, and relaxing was permeated by dangerous levels of electrical current attributed to the high-voltage wires and the down-ground wire.
· Radio frequency (rf) power density ranged from 4 to 6 mW/cm2 (40- 60 Watts/meter2) half-way between the Chick’s house and barn measured with a NARDA Electromagnetic Radiation Monitor, and Isotropic Probe Model 8621B, frequency range 0.3 to 26 GHz.
· This unidentified rf source of EMF exposure contributes to the total environmental burden of electropathic stress at the Chick home/farm and should have been considered by safety authorities at Consumers Energy before installing the nine 46-kV transmission lines.
· Chronic EMF exposure is a cause for chronic diseases such as chronic heart arrhythmia, high blood pressure (hypertension–considered epidemic by the American Heart Association), cancer, and diabetes; and all are increasing at epidemic proportions in the USA, according to the American Cancer Society and American Diabetes Association, 2005 reports. The percentage due to EMF is unknown, but hypertension has been increasing at every age from 20 years through age 85, according to the AHA.  Based on the sensitivities of people recorded by Dr. Rea (1991), perhaps 16% of the random population was sensitive to EMF.  Mr. and Mrs. Chick exhibit the chronic electropathic stress syndrome.

Dr. Martin Blank, Columbia University, NY and Dr. Ted Litovitz, Catholic University of America, Washington D.C.,  have studied the stress reactions to electric and magnetic fields (which Mr. and Mrs. Chick exhibit), summarized as follows:
· the stress response has been demonstrated in many cells and linked to changes in DNA and chromosomes.
· there are similarities in stress protein synthesis stimulated in the non-thermal ELF and thermal RF frequency ranges.
· the biochemical mechanism that is activated is the same non-thermal pathway in both ELF and RF and is not associated with the thermal response (BioInitiative Working Group, 2007).

The electropathic stress syndrome concept of a neuroendocrine response to EMF has also been demonstrated by protein changes in blood of animals, i.e, immunoreactive (IgA) proteins in cows, increased albumin in blood of laboratory animals, increased protein in cerebrospinal fluid,  and changes of steroid hormones, of pituitary, pineal, adrenal, and genital glands of both cows and rats (Marino et al., 2000; Guy et al., 1985; Heynick et al., 2003; Reinemann et al., 1999).

Blood-Clotting Time increased 26.5% when anesthetized dogs were irradiated with 2450 MHz microwave EMF at the abdomen above the liver. When irradiation was repeated at 10-minute intervals, blood clotting time decreased 25% less than controls and 39.2% less than after single radiation (Richardson, A. W., 1959).  The finding suggests that changes in blood viscosity may account for some of the “stress proteins” identified by Blank (2007) and (Litovitz et al. (1993) caused by EMF exposure and electropathic stress syndrome that occurs in humans and livestock. Cerebral hemorrhage and coronary artery occlusion may be affected by microwave changes in
viscosity of blood. Dr. Litovitz warned members of congress in a Congressional Staff Briefing, July 12, 2001, that “a single exposure to EMF, such as visiting next to a high power line, may not do any harm; but if you are exposed daily, you had better move” (Litovitch video, 2001, in evidence). This warning is a daily concern of the Chick’s. Blood viscosity is modified by medical titration with heparin, coumadin, and other drugs.

Current on the kitchen sink and the ground wire in the Chick home (1.2-1.6 A) was similar to current near the transmission line. Studies by Kavet et al. (2006) have demonstrated that EMF in the living area of homes was highly correlated with current on the ground wire and on the bathtub, in attempts to explain possible sources of EMF that resulted in elevated levels of cancer in some Denver homes. Current on neutral to ground wires ranged from 0 to 7.5 Amperes in the Kavet study and similarly in the Chick home.

[image: image31.wmf]The relationship between EMF, induced current, and hypertensive heart disease was established in the writer’s East Lansing home, as in Chicks’ home near the nine 46-kV lines. Heart rate and blood pressure increased as current radiated from the utility wire under the living room floor increased (Figure 12).   

[image: image32.wmf]
Current passing through the ammeter attached to the writer’s body was directly proportion to the electromagnetic field measured on the living room floor (Figure 13).  A dozen other occupational and laboratory studies of EMF exposure as related to heart function and heart disease are listed in references (Ayrapetyan et al., 2005; Braune et al., 1998, 1994; Cook et al., 1992; Graham et al., 1994; Huber, R., et al., 2003; Montano et al., 2001; Pakhomov et al., 1995, 2000; Sastre et al., 1998; Szmigielski et al., 1998; Tikhonova, 2003). Most of this research had been conducted in foreign countries and has not appeared in American medical
 SEQ CHAPTER \h \r 1literature.  These reports describe the neuro-endocrine stress syndrome affecting the autonomic nervous system which controls cortisol released from the adrenal gland, heart rate, blood pressure, ventricular fibrillation, impaired immune system response to infectious diseases and cancer. Also, the electro-stress syndrome can result in increased appetite, changes in fat metabolism, obesity, increased blood sugar, and reduced insulin secretion causing diabetes which is commonly associated with heart disease (Berne et al., 1998). Changes in blood proteins occur upon repeated exposures to EMF causing hypersensitive immune system reactions known as [image: image33.wmf]01/30/2000
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allergies in some persons (Johansson, 2007); and changes in immoglobulins, Interleukins, and  cortisol (adrenal hormone, a steroid) concentrations in the blood collectively comprise stress proteins and are associated with heart disease stress (Blank, 2007; Litovitch et al., 1993).

Mr. Chick developed heart arrhythmia and hypertension within one year after the nine 46-kV transmission lines were installed and is receiving treatment for painful use and inability to close his hands. Mrs. Chick required major surgery for cancer and is under post-surgery observation. 

Consumers Energy refused to observe “Prudent Avoidance” in siting of electrical lines on the Chick farm as recommended by the World Health Organization (WHO) and adopted policy of utilities and governments in other states. Proposed alternative routes and new engineering technologies for muffling radiation effects of the nine 46-kV lines were given little consideration or ignored, leaving the impression that human and animal rights were immaterial and could be over-run by the utility’s abuse of the principle of eminent domain. Consumers Energy failed to disclose potential dangers of the nine 46-kV lines in their agreement with Chicks before installing the lines.

Induced currents radiating from transmission lines were a major source of electrical exposure.  However, other sources, such as high-frequency communication lines and the utility’s primary phase and neutral-to-ground which couple to the transmission lines are other major sources of utility electrical exposure on the Chick farm and in homes, schools, and workplaces and cannot be ignored in the evaluation and reduction of human exposure. All originate from a utility generator while some are polluted with EMF enroute to the customer, constituting a utility responsibility to clean up (remove the toxins) from the product they deliver to homes, schools, farms, and other workplaces.

Knowledge that childhood and adult leukemia, lymphoma, and brain tumors have been associated with greater risk, odds ratios 2 to 4 times higher risk, among persons exposed to 4 mG or higher EMF (Kaune et al., 2002; Neutra et al., 2001; Ahlbom et al., 2000; Villeneuve et al., 2000; Robinson et al., 1999; Coghill, 1996; Verschaeve, 1995; Fechting and Ahlbom, 1993; London et al., 1991; Loomis et al., 1990; Thomas et al., 1987; Savitz et al., 1988; and Wertheimer and Leeper 1979, 1982, 1995) as revealed by the following studies is a great concern for Mr. and Mrs. Chick:

· Leukemia in children was linked to the proximity of the victim’s home to power lines in Denver, Colorado (Wertheimer and Leeper, 1979). Subsequent studies have confirmed the relationship between power lines and incidence of leukemia and other cancers.

· A Back-to-Denver investigation by electrical engineers and epidemiologist (Kaune et al., 2002) confirmed that childhood leukemia was related to the intensity of electric and magnetic fields in a study of 88 homes and cancer victims compared to non-cancer homes. The engineers followed the current from the utility’s down-grounds to the water pipes in homes and found that 180-Hz current (amperes) and 3rd, 5th, and 7th harmonics in the victim’s principle living rooms (sleeping, eating, and family areas) were positively correlated with the incidence of leukemia. Children in the highest ½ of exposures were 4.3 times more likely to have leukemia than those in the lower ½ exposure.

· Carpenter et al. (2004) conducted a review of the EMF-leukemia research including the statistical meta-analysis of  results from 35 studies (Ahlbom et al., 1993; Greenland et al., 2000; and Wartenberg, 2001) in Table 6.  Carpenter et al. concluded that each of
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	Study
	Studies/# Subjects
	Threshold
	Increased Risk (OR)

	Ahlbom et al., 1993
	 9 studies – 13,647
	0.4 µT
	2.0 (1.27-3.13), P = 0.002

	Greenland et al, 2000 
	12 studies
	0.3 µT
	1.83 (1.34-2.49)

	Wartenberg et al., 2001
	14 studies – 9,697
	0.2 µT
	1.34 (1.07-1.67) 


these studies has shown similar results: at exposure levels of 2-4 mG (0.2-0.4 µT) and above, the risk of childhood leukemia is significantly increased.  Also, an apparent dose-dependent effect of EMF across these meta-analyses show that the risk of childhood leukemia increases with exposure threshold increasing from 0.2 to 0.3 to 0.4 µT. This is important evidence supporting a “cause-and-effect” relationship, i.e., EMF causes leukemia in children. Secondly, the linear relationship indicates that the risk of childhood leukemia would increase in a continuous manner for each 0.1 µT increase in magnetic field strength as noted by Wartenberg et al. (2001). 

· A 2006 study showed that children exposed to > 0.4  T (4 mG) in their bedrooms were 4.7 times more likely to be diagnosed with acute lymphoblastic leukemia (ALL) and 2.6 times more likely diagnosed with acute myelocytic leukemia (AML) +ALL compared to the reference level < 0.1  T (1 mG) (Kabuto et al., 2006). Approximately 54 percent of the Japanese population of children under age 15 were in the study. Furthermore, efforts were made to identify possible confounders, that could bias the results of these studies (e.g., air pollution, socio-economic conditions, water quality, traffic patterns, static magnetic fields, and resonance models, but no evidence of such confounders has been identified. 

· A study conducted by the medical authorities in Naila, Germany, revealed that people living within 400 meters of a cell phone station, since it was erected 10 years earlier, had 3.4 times more cancer and died 8.5 years younger than people living outside of a 400-meter radius zone (Eger et al., 2004).

· EMF and NonHodgkin’s Lymphoma – Leukemia and lymphomas (tumors) are characterized by the abnormal proliferation and reduced differentiation of developing lymphocytes and other blood cells in peripheral blood, bone marrow, and tumor tissues.  The diagnostic report for the lymphoma patient in the East Lansing study revealed: “cytogenetics tests of bone marrow cells were abnormal in culture cells stimulated by lymphoid mitogens. Two of the metaphases were abnormal due to multiple structural and numerical aberrations characterized by additional material on the short arm of one chromosome 2, trisomy 3 with one being abnormal, rearrangements of 6q, 8p and trisomy for chromosomes 7 and 18 and 2 markers. The spectrum of abnormalities are most consistent with the presence of a lymphoma or other lymphoid disorder. Skin biopsies of both lower left leg lateral and medial section morphological features were consistent with diffuse large B cell lymphoma. Otherwise, the patient was a chromosomally normal female, Karyotype 46, XX.”

· Digital cell phone signals, 836 MTDA at very low intensities, 2.4 to 24 mW/kg equal to about 800  W/cm2 power density caused DNA effects in human cells. DNA effects are defined as direct DNA damage and the rate at which DNA is repaired (Phillips, 1998).  

· Induction of chromosome aberrations and microneuclei in blood cells was a sign that cell phone radiation did indeed cause 300% genetic changes in human blood cells and became significant signs of public health damage by cell phones reported by Ray Tice and Graham Hook from Research Triangle Park, North Carolina, in 1998. Their work was a follow-up of a study showing similar “comet” test genetic damage to blood cell DNA of rats exposed to radio frequency waves by Henry Lai and N. P. Singh at the University of Washington in 1994. Brain tumors were twice as high among cell phone users than in the general population, according to Carlo and Schram (2001).

· Power density at our lymphoma patient’s door step in East Lansing, MI, was commonly 5.0 to 7.0 mW/cm2, 71 m from the cell tower.  EMF on her living room floor above the ground wire averaged about 10 mG (1  T) during a 24-h monitor by the utility (November 2005). The ground wire ran the length of her house but was enclosed in metal conduit with two phase wires and a ground wire serving the adjoining apartment of the duplex. The neighbor lady’s nonHodgkin’s lymphoma in the presence of a 150-V/m electric field (5 to 7 mW/cm2 power density) concurs with the results of Ontario, Canada, Hydro Electric employees. Incidence of nonHodgkin’s lymphoma was 3 to 4 times higher in the top thirty percent exposure-time index of electrical employees based on measured  electric fields (thresholds 10 and 40 V/m) compared to administrative and office employees with low exposure (Villeneuve et al., 2001). Similarly, a study in Denmark investigated 1707 cases of leukemia, brain tumors, and malignant lymphomas recorded in the Danish cancer registry and were restricted to children of less than 15 years [age] at diagnosis.  Controls were selected at random from the central population registry. The study revealed that exposure to magnetic fields (in the order of 0.4  T (4 mG) increased cancer. The risk for lymphoma was increased for fields above 0.1  T (1 mG) (Olson et al., 1993).

· Cytotoxicity of a T-lymphocyte line against lymphoma target cells was inhibited by exposure of the lymphocytes to 450-MHz field sinusoidally amplitude-modulated at frequencies between 3 and 100 Hz (Lyle et al., 1983). Exposure of the effector cells to the field prior to adding them to the target cells in the cytolytic assay resulted in a similar inhibition, suggesting a direct interaction of the field with the cytolytic T lymphocytes (Lyle et al., 1993). This corresponds to changes in immunological response of B- and T-lymphocytes to mitogens after long-term chronic exposures reported by Guy et al. (1985).  Similarly, Marino et al. (2000) found that by using “chaos” statistical methods and observing effects of 1 G, 60 Hz for 1-105 days on 20 immune parameters of mice, that field effects were both real and inconsistent in different animals; whereas, when the data were evaluated using traditional linear statistical methods no significant difference in any immune parameter was found. 

· Similarly, exposure of mouse Friend erythroleukemia cells to 60-Hz extremely low-frequency electromagnetic fields (ELF-EMF) resulted in a dose dependent inhibition of differentiation, with maximal inhibition at 40% and 40 mG (4  T). ELF-EMF at 10 mG (1.0  T) and 25 mG (2.5  T) inhibited differentiation at 0 and 20%, respectively. ELF-EMF at 1.0 G (100  T) and 10 G (1000  T) stimulated cell proliferation 50% above the sham treated cells, in vitro. Authors concluded, ELF EMF can partially block the differentiation of Friend erythroleukemia cells, and this results in a larger population of cells remaining in the undifferentiated, proliferative state, which is similar to the published results of Friend cells treated with chemical tumor promoters (Chen et al., 2000). 

· MF dose-related, linear promotion of 25% increased mammary tumor growth at 100 mT exposure of female rats was demonstrated in extensive long-term experiments in Germany (L sher, 2000).

· Two human cancer cell lines exposed to electric and magnetic fields produced greater numbers of colonies up to four-fold than unexposed cells and a greater increase of 20 to 230% in the expression of tumor-associated antigens in EMF treated cells (Phillips et al., 1986). And, microwave treatment has resulted in carcinogenesis of tumor cells in vitro (Balcer-Kubicek et al., 1985).

· Lung Cancer was clearly associated with cumulative exposure to pulsed electromagnetic fields  (PEMFs) of electric utility employees in Canada, odds ratio 3.11 (95% confidence interval (CI) 1.60-6.04). Lung cancer was  6.7 times more common among utility employees exposed to  (PEMFs) than among cohorts in Hydro Quebec where exposures were considerably higher than in France. A metering device (Positron) was worn by employees for a period to determine occupational PEMF exposure. Lung cancer among cigarette smokers was 8.4 times greater than in controls in the same study. Four potentially confounding occupational exposures were considered sufficiently plausible as lung carcinogens that odds ratios should be adjusted for them: asbestos, coal tar volatiles, cadmium, and ionizing radiation. All except ionizing radiation (of which the doses were small) showed associations with lung cancer at EDF (France) but not at Hydro Quebec. For asbestos, the level of exposure among the exposed was much lower at HQ (mean threshold 0.23 limit value-years) than at EDF (mean 10.73 threshold limit value-years). Explanations other than PEMFs for the high incidence of lung cancer have not been found (Armstrong et al., 1994). 

The EMF Cancer Link – Cortisol has a profound influence on the complex set of reactions evoked by tissue trauma, chemical irritants, infection, or foreign proteins (Berne et al., 1998). Cortisol inhibits recruitment of circulating leukocytes to trauma or infection sites, decreases phagocytic and antibacterial activity of circulating neutrophils, i.e., increases neutrophils release from bone marrow but decreases their effectiveness for controlling disease; and EMF decreases AMP to ATP energy transfer in neutrophils. A2A adenosine receptors in human neutrophils were also affected by pulsed transcranial magnetic stimulation, PTMS (Variani et al., 2002). Cortisol decreases number of circulating eosinophils, decreases number of thymus derived T-lymphocytes, and depresses the immune system response to invading organisms or substances such as viruses (Berne et al., 1998). 

· The relationship of exposure to power line frequency (ELF-EMF) to various forms of human cancer has been demonstrated in the research cited above.  The Chicks were exposed to levels of ELF-EMF comparable to those described in the research literature.  EMF was present on the utility ground-wire connected to plumbing in the Chick home and farm prior to installation of the nine 46-kV lines.
· Replacement of the 3-wire circuit with 9 wires added an EMF burden to the already existing EMF on the Chick property.  The induced electric current was greater than 2-4 mG shown to cause arrhythmia and hypertension during Mr. Chick’s EMF Challenge at EHC-Dallas. 

Other Health Hazards Attributable to Power Line EMF Exposure Jeopardizing the Family and the Resale Value of the Farm – Research includes:

· Human Reproduction – In a study of 1583 pregnant women, those using computers more than 20 hours per week had 40% more miscarriages compared with female workers who did not use computers (Goldhaber et al., 1988). Neutra et al. (2002) reported a significant probability that the theoretical added risk of miscarriage for an EMF-exposed pregnant woman may be an additional 10 out of 100 pregnancies (10% increased miscarriages above the 10% of common miscarriages) based on studies reported by Li et al. (2002) and Lee et al. (2002).  Wertheimer and Leeper (1986) arrived at similar conclusions for use of electric blankets.  Prenatal development of the central nervous system is a particularly sensitive marker of heat-induced developmental abnormalities and can be correlated with heat-induced behavioral deficits (Saunders and McCaig, 2005). Extensive reviews of EMF effects on reproduction, embryonic and fetal development were published by Brent (1999); Heynick et al. (2003); and Levin (2003).

· Melatonin, a hormone secreted from the pineal gland, is associated with the function of the circadian clock which regulates sleeping, and many related functions of the body. Melatonin concentrations are higher during darkness and decrease during daylight. Melatonin is believed to produce strong oncostatic, immunological, and antioxidant functions in the blood.  EMF exposure has decreased melatonin concentrations in blood, or urinary excretion of its metabolite, in humans sleeping under an electric blanket (Wilson et al., 1990), decreased melatonin of electrical workers exposed to 60-Hz magnetic fields while working in substations or on 3-phase conductors (Burch et al., 2003), decreased melatonin of women exposed to visual display units (computer monitors) during office work (Arnetz and Berg, 1996), decreased melatonin in dairy cattle exposed to overhead EMF (Burchard, 2003), and in laboratory animals (Reiter, 1994). 

· Brain tumors are higher among electrical workers (Thomas et al., 1987; Loomis and Savitz, 1990; and Robertson et al., 1999).  Suicide was more frequent among utility employees working in electrical exposure jobs than other employees (Wijngaarden et al., 2000); and suicide was higher among persons living near electrical transmission lines (Reichmanis et al., 1979).

Earliest  Reported Power Line Damage to a Dairy Herd –  Effects of uncontrolled electricity on behavior, health, and milk production of dairy cattle were first reported in New Zealand (Whittlestone, 1952, 1975; and Phillips, 1962) and in the USA by Craine et al. (1969, 1970, and 1982). Numerous studies were reported in Proceedings of the National Stray Voltage Symposium (1984). Appleman and Gustafson (1985) reviewed sources and effects of stray voltage on cows. Hultgren (1990) reviewed electrical properties of the body, physiological effects, and stress on cows and man. The U. S. Department of Agriculture ARS Handbook, Pub. 696 (1991), was the standard for Effects of Electrical Voltage/Currents on Farm Animals–How to Detect and Remedy Problems. It contained no information about transient and harmonic EMFs on power supplies; therefore it underestimated effects of electricity on domestic animals. Reliable long-term (>28 d) studies of effects of power line quality electricity on dairy production were not in the dairy-engineering literature reviewed. Reports of effects of voltage on cows over a complete lactation (Gorewit et al., 1992, and Gumprich, 1992) were conducted with inadequate cow numbers for the large variability within treatment groups rendering statistical significance (P < 0.05) between groups improbable. Therefore, the data were unreliable and conclusions were considered invalid, after a forensic economist conducted detailed analysis of the data (Behr, 1997).

Harmful effects on the health and production of a dairy herd determined to be caused from electrical current from a power line neutral in the State of Washington were described by L. B. Craine in the journal, Agricultural Engineering, and later American Society of Agricultural Engineers, ASAE (Craine et al., 1969, 1975, 1980).

Stray voltage was found to be affecting cattle on 32 of 59 Michigan dairy farms during a study conducted by veterinarians and an agricultural engineer (Kirk, Reese, and Bartlett, 1984).  In these studies animal behavior was found to be related to source of stray voltage (on-farm or off-farm), and magnitude of voltage was related to animal behavior and clinical mastitis. The authors noted,

 
“When necessary, capacitors (10 µF) were used in series with one of the meter leads to ensure that only AC readings were being made on the AC meter scale. In addition, a 1000- to 10,000-Ohm resistor often was used across the leads to ensure that harmless extraneous voltages were not measured.” 

Currents were not measured in these studies, and resistors in the test circuit removed a substantial source of transient and harmonic currents that were not understood and were not measured at the time.  Use of resistors in the test circuit was standard practice in investigations by utility “stray voltage” experts and may account for their failure to identify harmful currents originating from power line electromagnetic fields and frequencies other than 60 Hz. 

A Cornell University engineer demonstrated that voltage on the Neutral-Isolated Ground wire increased in proportion to amperes of Unbalanced Load Current. Further, insertion of a 410-Ohm resistor in the test circuit resulted in voltage reading only 10-20% of voltmeter readings without the resistor (Ludington et al., 1987). Thus if a cow’s resistance was less than 410 Ohms, the readings were misleading about how much current was passing through the cow. Lefcourt and Akers (1982) found that cow resistance averaged 255 Ohms and ranged from 217 to 349 Ohms for six cows measured 4x each. Results of many stray voltage reports are strange, incomplete, and unreliable. Cow impedance decreased as frequency of voltage increased allowing more current to permeate the animal (Aneshanshey et al 1990-1995).

In Michigan, some 1300 farmers filed stray voltage complaints with Consumers Energy, 255 were filed in 1995, prior to the Michigan Attorney General’s complaint to the Michigan Public Service Commission (Case No. U-11684). Other claims were rejected in local courts citing a 3-year statute of limitation for damages after utilities notified all dairy farmers that they had “stray voltage” thereby thwarting future claims, while utility officials on farms claimed no stray voltage was found.

Financial damages averaged $1692/cow/year for a 26-herd sample of stray-voltage herds. Thus, for Mr. Chick’s 55 cows the damage would have been $93,050 per year, or some $3,350,160 for the 36 years the 46-kV power line has been improperly located on the Chick farm. Disclosure of the electrical incumbrance as required by Law and potential losses to prospective purchasers for a dairy enterprise renders the Chick farm unsaleable as a dairy farm based on historical stray voltage cases without changing location of the power lines. The nine 46-kV wires traverse ½ mile across the farm and render 72 acres at risk for dairy or other livestock, in addition to increased health risks of cancer, cardiovascular disease, and diabetes for any family member and employee.

Exposure of Dairy Cows to Overhead Transmission Line Radiation –  In Experimental Studies – Cows were exposed to electric (E) and magnetic fields (MF) radiated from overhead lines at McGill University, Montreal, Quebec, Canada.  Burchard et al. (2003) reported in Bioelectromagnetics as follows: Sixteen nonpregnant lactating Holstein cows with 150 ± 40 days of lactation were confined to wooden metabolic crates in an E & MF chamber during the experiment with a 12:12 h light:dark cycle.

The Canadian investigators reported that milk production decreased 5%, fat-corrected milk decreased 14%, milk fat yield decreased 16%, and feed consumption (dry matter intake) increased 5% when cows were exposed to 10 kV/m electric fields, and 30 microTesla (µT) magnetic fields for 28-day periods compared to no exposure.

Burchard, J. F. (2003) reported at the Stray Voltage on Dairy Farms Conference in Pennsylvania that other physiological effects occurred to cows exposed to electric and magnetic fields. Physiological effects included:

1.
Melatonin, a hormone produced in the pineal gland near the base of the brain, decreased in cows exposed to EMF compared to cows not exposed.  

2.
Melatonin has strong oncostatic, immunological, and antioxidant properties in the blood. It  normally follows the pattern of light:dark nocturnal exposure.

3.
Progesterone a hormone related to reproduction increased in lactating pregnant cows compared to cows not exposed to EMF.


4.
Length of estrus cycle increased 3 days.


5.
Insulin-like growth factor (IGF-1) increased in blood.


6.
Growth hormone (GH) was modified during part of the nocturnal cycle.


7.
Macro and trace element changes in blood:  Calcium, magnesium, iron, and copper were affected by EMF exposure.


8.
Cerebrospinal fluid (CSF) changes in concentrations of Ca, P, Mg, Mn and Na occurred in exposed compared to unexposed cows.


9.
Quinolinic acid increased in CSF, tryptophan tended to increase in CSF.
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10.
CSF changes were consistent with weakening of blood-brain barrier, according to the authors.

While none of these physiological disturbances were considered clinical, needing treatment, exposure of the cows to EMF was limited to 28 days. Under farm conditions they are likely to be chronically exposed continuously at varying intensities from birth to death. 

Several investigators have reported that animal behavior, animal health, and milk production were impaired when cows were exposed to low-level voltage and current under experimental conditions (Burchard et al., 2003; Lefcourt and Akers, 1982; Phillips, DSM, 1962; Whittlestone et al., 1975). And, reports of methodical observations on farms yield similar results (Craine et al., 1969, 1970, 1982; Appleman and Gustafson, 1985; Albright et al., 1990; U.S. Department of Agriculture-ARS Bul. 696, 1991; Hillman et al., 2003, 2004; Stetzer, 1999). Milk production decreased 11-17% when cows were exposed to 5 mA current, 2-week experiments at USDA by Lefcourt and Akers. Appleman found that Minnesota herds increased 7 pounds milk/cow/day after isolating neutrals. 

The EMF–Heart–Cortisol Connection in Cows – Cortisol in blood, heart rate, and blood pressure increased; and release of oxytocin was delayed when dairy cows were exposed to 4.0 and 8.0 mA contact current compared to no exposure in controlled experiments (Gorewit et al., 1984; Lefcourt et al,1986). Direct measurements using Fluke 80i500s current clamp ammeter grounded to earth used by electricians on the abandoned insulated electric fence indicate cows were exposed to 0.6 to 1.0 A contact currents in the feedlot and from metal stanchions, water bowls,  feeding equipment, and stepping or raising a foot thus changing the body resistance, the contact voltage, and current while on the Chick farm. Voltages measured from under the line to various distances from the lines and Ohm’s Law (R=500) results in currents (I) 200 mA under the line, 10 mA at 100 ft, 0.90 mA at 400 ft from the line, and 0.26 mA 600 ft north or south of the lines (Figure 10).  Cortisol is released from the adrenal gland when ACTH (adrenocorticotropic hormone) is released from the pituitary by electrical stimulation of peripheral nerves. Similarly, oxytocin release from the pituitary stimulates excretion of milk (milk release) from the mammary gland upon stimulation of the udder by suckling or by massaging of the udder in preparation for machine-milking. Impaired milk let-down, i.e., incomplete milking, was a common complaint of dairy farmers raising the stray voltage issue.  Epinephrine administration significantly reduced milk yield in heifers and cows but did not inhibit oxytocin release in response to milking. Investigators found that as little as 50 µg epinephrine inhibited mammary blood flow to the udder by as much as 90% (Gorewit and Aromando, 1984). ACTH, cortisol, oxytocin, and epinephrine are all involved in the chronic electrical-stress syndrome. These responses are activated by chronic stimulation of the autonomic nervous system as described by Berne et al. (1998). Heart rate is controlled by response of the autonomic nervous system to various environmental stimuli, i.e., excessive heat (heat stroke), cold, sound, light, and mental perceptions such as fear and elation. Electrical contact current and induced energy from electric and magnetic field (EMF) exposure may now be added to the list of heart rate and blood pressure environmental stimulants as reported in cattle by Gorewit et al (1984) and Lefcourt et al (1982).

Immune System Dysfunction – An experiment indicating an immune response of Staph aureus-induced blastogenesis was significantly depressed in serum of cows exposed to 1 mA, 60-Hz electrical current, front to rear feet exposure for two weeks at the University of Wisconsin. Typical of leukograms exposed to electric shock in farm herds, IL-1 increased and IL-2 tended to decrease with limited data for 2 weeks, and the adrenal hormone cortisol decreased (P = 0.003) in cows exposed to 1 mA current (Reinemann, Sheffield, et al., 1999 and Reinemann, 2003).

Interleukins (IL) are chemical messengers produced by leukocytes (white blood cells) that tell other tissues and other leukocytes how to react when there is a threat to homeostasis.  A cascade  SEQ CHAPTER \h \r 1of inflammatory events happens in the immune system of animals causing stress when IL-1 is released, described as follows by Dr. Bradford P. Smith in Large Animal Internal Medicine: 

IL-1 is released from mononuclear phagocytes when there is stimulation from viruses, bacteria, toxins, injury, or immunological reactions. IL-1 causes membrane disturbance in a variety of body tissues with a resultant increase in phospholipases and the production of arachodonic acid. Arachodonic acid is converted to prostaglandin via the cyclo-oxygenase 2 process or COX-2 processes for short, as claimed with Cox-2 inhibitors used in human medicine for the alleviation of the symptoms of arthritis. The prostaglandins cause the synthesis of collagenase by synovial cells. Collagenase is an enzyme that destroys collagen, the padding that cushions joints [and also forms connective tissue that holds other tissues together]. The skeletal muscle catabolism and production of collagenase causes the muscle and joint pain associated with incubation of the flu in people and the feeling of general malaise associated with infectious disease. IL-1 also stimulates the release of neutrophils from the bone marrow.

IL-2 causes the production of lymphocytes in the body. IL-2 has been used historically in HIV patients to stimulate the production of T-cells to help the patient fight off common pathogens (herpes, candida, pneumocystis pneumonia), which would not be pathogens with an adequate defense system. With IL-1 increasing and IL-2 decreasing the body has inadequate protection.

Because 1 mA current caused IL-1 to increase and IL-2 to decrease in experimental cows, and 1 mA current was measured at 400 ft from the new wires on the Chick farm, one may conclude that cattle (and perhaps humans) were at risk for decreased protection from natural immune processes and to increased stress from increased blood Immunoglobulin-A and, and from changes in blood serum cortisol, the adrenal gland hormone and related physiological events.

Lymphocytes in Cows Affected by EMF – In Italy changes occurred in the absolute numbers and ratios of CD4+/CD8+ lymphocytes in favor of CD8+ cells of cows at Farm A housed under a 380-kV transmission line exposed to 1.98-3.28 μT magnetic fields. Findings were compared to cows at a distant Farm B considered zero exposed, except in brief periods (3 min × 4 times/day, during which 0.2-0.7 µT were present while a feed distributor was running). Investigators found that the mean values of CD8+ and CD6+ leucocyte sub-populations were significantly higher in cows from the exposed farm; therefore there were more immature cells from the blood of exposed cows. Two topologies of CD8+, called Dim and Bright in function of the cytofluorescence analyses, were evident in the lymphocytes of cows from the exposed farm whereas the population remained single in the not-exposed farm (Stelleta et al., 2007).

Micro nuclei of peripheral blood erythrocytes of cows near (in front of) a radar tower were six times higher than in control herds remote from the tower in Latvia, indicating cows exposed to communication signals (similar to Figures 1, 2 and Table 5 recorded at the Chick farm) are at risk for erythrocytic anemia and chromosome damage. The Skrunda Radio Location Station (RLS) releases radio-frequency (154-162 MHz) and pulse signals. Micro nuclei arise from chromosomal fragments or chromosomes that are not incorporated into daughter nuclei at the time of cell division. The peripheral blood micro nuclei test is used to evaluate acute clastogenic effects and assess chronic damage of chromosomes as prescribed in The Collaborative Study Group for the Micro Nucleus Test (1992). The investigators chose cattle for the micro nuclei test because Cows live in the same environment as Man (Balode, 1996). Other investigators have studied the effects of electromagnetic radiation as reviewed by McCann et al., 1993; on microbial systems (Juutilainen and Limatainen, 1986, and chick embryos 1987); on plants, pine trees, (Balodis, 1996, and Schmutz et al., 1994); impaired reproduction and abnormal development of laboratory animals (Delgado et al., 1982; Moh’d Ali Akhras et al., 2001); and DNA effects in humans (Phillips, J. L., et al., 1986, 1998; Coen et al., 1985; Nordenson et al., 1988; Chen et al., 1974). Published reviews by Heynick et al., 2003, revealed more cases of EMF interference with normal physiological functions than no effects from EMF exposure of animals and humans.  Similar results are in the data reviewed by Levin, 2003, and Brent, 1999. A substation and cell-phone tower on Consumers Energy property across from the Chick farm and another 1/2-mile east on Hull Road may have contributed to the total EMF burden on the Chick farm. Four to 6 mW/cm2 radiofrequency (0.3-26 GHz) energy density was measured, using a NARDA Electromagnetic meter, at head height in the Chick driveway between barn and house.
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Reproductive Failure and Terotologic Effects – Impaired reproductive efficiency and deformed calves have occurred on farms exposed to electric and magnetic fields under transmission lines and improperly grounded distribution neutral wires in Michigan. The malformed calf on a farm in Canada (Figure 14) corresponds to observations of deformed calves near communication towers in Bavaria (Lὄscher and Kas, 1998). Reproductive failure of dogs and cats exposed to induced currents in kennels near Kalamazoo, MI, were published in 1995 (Marks, Ratke, and English, 1995).  Teratologic abnormalities of offspring of animals exposed to EMF have been demonstrated (Löscher, W., and G. Kas, 1998; and Delgado et al., 1982,). In vitro studies at Michigan State University showed that exposure of mouse Friend erythroleukemia cells resulted in a dose dependent inhibition of differentiation (immature cells, i.e., erythroleukemia) with maximum inhibition at 40% and 40 mG by 60-Hz ELF EMF (Chen et al., 2000).  Mr. Chick described a number of reproduction and health problems of cattle in his deposition.

The low milk-fat production of cows exposed to EMF from overhead transmission lines as reported in the latest McGill University experiment, and concurs with a report by Cornell workers in which cows exposed step-potential electricity during milking had lower fat test. “Milk fat was lower when currents were applied to first lactation cows and significantly lower for multiple-lactation cows” (Aneshansley, Gorewit, and Price, J. Dairy Sci 75:2739, 1992). And, the fat test of milk was lower for every group of cows that received 1-, 2-, and 4-Volts than 0-Volt control cows in complete lactation experiments reported by Gorewit et al., (1992). The effect of EMF on fat test was not known when Mr. Chick was milking cows; likewise veterinarians at that time were not aware of the EMF effect on fat test. The low milk-fat production of cows exposed to electricity may be due to a diabetic condition. Electrical exposure depresses insulin release from the pancreas; then, absorption of glucose from blood into mammary cells may be limited. Glucose is essential for synthesis of milk fat in mammary cells. 

The magnitude of current induced on the abandoned wire fence located in the cattle feed lot 103 to 115 feet from the transmission lines on the Chick farm was 1 Ampere (1000 mA) or 1000 times greater than considered a hazard by OSHA when measured with a Fluke® ammeter probe. One ampere exposure at the feet caused changes in blood immunoglobulin IGA, , Interleukins -1 and -2, and cortisol concentrations in blood of cows in controlled experiments (Reinemann, 2003; Sheffield and Reinemann, 1988). If one considers that the ammeter clamp may have allowed some current to pass through its jaws, the magnitude of current based on 3-5 Volts recorded with alligator clips on Channel A of the oscilloscope and OSHA’s 500-Ohm resistance results in 0.010 amperes (10 mA) induced current and exceeds levels that caused physiological changes to cattle in controlled experiments at U. Wisconsin, Cornell University, and McGill University as noted earlier.

Currents in the Chick feed lot for cattle (barnyard) exceeded a stray voltage standard,  0.5 V or 1 mA, AC, 60-Hz, steady-state contact current, a level of concern requiring attention by the Utility, adopted by the Public Service Commission of Wisconsin (Docket 05-EI-106).

The Michigan Public Service Commission (MPSC) adopted a standard similar to Wisconsin’s for livestock farms that would not require investigation of currents other than 60-Hz AC, steady- state (Docket U-13934), December 2005-2006. 

· The proposed rules that became Administrative Law gave no consideration to identification of currents consisting of frequencies greater than or less than 60-Hz, steady-state. Steady-state was defined in the dockets as voltage or current after all transients or harmonics have decayed. It ignored electromagnetic fields carried on the utility lines and EMF permeability of body tissue similar to permeability of air.

· Investigation of power quality on dairy farms revealed that animal behavior, health, and milk production were impaired when cattle were exposed to transient and harmonic currents less than 0.5 volt, or 1 mA, and that milk decreased as the number of 3rd,  5th, and 7th harmonics, and triplen harmonics increased daily (Hillman et al., 2003, 2007). Higher voltage and current were found on the Chick farm. Other data show effects on immune system, blood cells, and reproduction.

· Animal behavior improved immediately, and milk production returned to near normal in 18 months after a shielded-neutral isolation transformer was installed eliminating transient and harmonic currents to practically zero on farms in Michigan and Virginia  (Hillman, Goeke, and Moser, 2004).  Consumers Energy should be protecting their customers and livestock by installing shielded-neutral isolation transformers or other means of protection.

· Further investigations revealed that considerable current was associated with electrical noise which was composed of peak-to-peak currents at frequencies other than 60 Hz (See Figures 4 and 5). 

In herds that did not meet the WPSC “stray voltage” definition but were experiencing electrical disturbance of cattle, total harmonic distortion (THD) exceeded the Institute of Electrical and Electronic Engineers (IEEE) standard 519, 1992, which limits THD to 5% and to 3% from any one frequency. THD ranged from 19.3 - 90.3% and step-potential voltage ranged from 32 to 63 mV in  problem herds studied (Hillman et al., 2003). The utility ground wire accounted for voltage and current from electrodes grouted into the floor where the cattle were standing, but also accounted for 40 - 80% total harmonic distortion (THD) on the utility phase wires in a home as measured by the utility (Hillman, 2005). THD is a measure of inferior quality power on utility power supplies based on frequencies of voltages other than 60 Hz as a fraction of the fundamental 60-Hz transient voltages. Current on distribution neutral-to-ground wires serving the Chick home did not meet IEEE 519, 1993, THD standards.
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Total Distortion Demand (TDD) is a measure of the transient current (amperes) added to the utility supply by end users relative to fundamental 60-Hz transients. Electronic devices such as large radio frequency transmitters (cellular, digital telephone, radio stations, and numerous other electronic devices) deposit high frequency and pulsed low frequency “noise” on utility ground wires and power supplies (Kennedy, 2000).
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Impedance of Cows Decreased as Frequency Increased (Figure 15). Aneshansley et al. (1990, 1995) observed that cows were not sensitive to currents about 1000 Hz and higher, while cows exposed to 3 V and 90° phase offset, had 14 mA current passing through the body and apparent impedance was 200 Ohms (Ω) rather than 500 Ω as commonly assumed for 60-Hz steady-state voltage. Cow-impedance of 180 Hz and higher transient electrical impulses decreased from 386 Ω at 60 Hz to 250 or less at 1 kHz and to 175 Ω at 100 kHz when exposed to voltages with 90 or 180 degree phase shifts, similar to the impedance of air; while amperages passing through the cow increased accordingly as in Figure 16 (adapted from Aneshansley et al., 1990, 1995). Similar distorted currents were from Consumers Energy’s neutral-to-ground at the Chick home (Table 5).  Consumers Energy currents radiated onto the Chick farm were composed of peak-to-peak energy spikes as in Figure 17. The currents (amperes) were associated with numerous radio-frequencies as in Figure 18.

Similarly, radio-frequency (112-370 kHz) electromagnetic currents near high power lines were induced into human muscle tissue at a much greater rate than 50/60-Hz currents.  Investigators noted: “that passing from 50/60 Hz to 100 kHz, a value of magnetic induction 20,000 fold lower, is capable of producing the same density of the capacitive component of current.  A survey of radio frequency (RF) fields from power lines was conducted in Italy (Vignati and Giuliani, 1997). They found that 100 to 400 kHz signals were most common. The researchers used the rapid drop in dielectric constant with increasing RF to show that the induced current was much higher for RF signals than for 50/60-Hz signals. Because of a much stronger 
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coupling of the[image: image44.wmf] RF signal to muscular tissue than the 50/60-Hz fields, they showed that a 100-kHz field, with a strength of 0.1 mG (milliGauss, magnetic flux density), induces the same current as a 1000 mG 50/60-Hz field. Allowing for this factor of 10,000, the smaller measured RF fields induced similar or higher fields in the tissue than the 50/60-Hz field. Similarly, DeAndrea (1999) described how the power quality of an electric utility delivery system affects customer equipment.  Gustafson et al. (1979) recorded 83 different harmonics via spectrum  SEQ CHAPTER \h \r 1analyzer near a DC transmission line in Minnesota after complaints that power lines were interfering with operation of electronic-controlled farm equipment. A John Deere dealer advised Mr. Chick that certain electronic farm equipment would not operate near the nine 46-kV lines.

Dramatic increases in the use of electronic devices that draw their current from the peak of the waveform, called nonlinear loads, produce large amounts of harmonics that are returned exclusively on the utility neutral which is bonded to the down-ground and to the common ground at the service entrance (fuse or circuit breaker box). This dirty electricity is delivered throughout the electrical service and water pipes in homes, schools, and workplaces both inside and outside of conductors as electromagnetic fields (Hillman, 2005; Kavet et al., 2000-2006).

The permeability of an animal to induced current from electromagnetic waves radiated from the transmission line differs little from that of air. Consequently, the value of B (magnetic flux density) in A/meter2 measured in the absence of the biological specimen represents exposure of the animal or man. Thus, chronic exposures of a (1.4 m height cow)2 = 1.96 square meter, and (1.8 m height man)2 = 3.24 square meter (6.0 ft tall) were 0.51 and 0.31 A/m2 respectively in the barnyard feed lot. However, the exposed surface area (Length x Width) of a cow is perpendicular to the vertical electric field and parallel to the horizontal magnetic field; therefore, the cow may absorb more current from the transmission line through the air than the man. High-frequency currents on the Chick farm are in Figures 17 and 18.
Residential Exposures Identified by Electric Power Research Institute (EPRI) tc "Residential Exposures Identified by Electric Power Research Institute (EPRI) " \l 2 –  Handbook for the Assessment and Management of Magnetic Fields Caused by Distribution Lines – Electric Power Research Institute (EPRI TR 106003, Project 3959-07 Final Report, December 1995) is a report of a study of magnetic fields and current radiated from power distribution lines at circa 1000 homes in the United States as in the following pages. 

The information concurs with and supports our measurements of uncontrolled electricity on the Chick Farm. 

· Three circuit, 9- wire Transmission lines on the Chick farm carry approximately three times (Consumers Energy data indicates 4-6x) the current as three-phase distribution lines in the EPRI charts.
· Applicable EPRI Figures with captions are on the following pages.

In EPRI Section 2, Distribution Line Magnetic Field, 2-2 Paragraph 4, the report states:
· “Power lines include both transmission lines and distribution lines. However transmission lines were a contributor to residential fields in only 2% of the residences. Distribution lines were a contributor to residential magnetic fields in most of the residences.”  Consumers Energy needs to consider all possible means of reducing EMF radiation from the power lines on the Chick farm and elsewhere.
The EPRI Report Summary describing:  Background, Objectives, Approach, Results, and EPRI Perspective are relevant to Consumers Energy, the Transmission Lines constructed on the Chick farm, and the consequences of the installation as on the EPRI Report Title Page tc "EPRI Report Title Page  " \l 3(below).  
 SEQ CHAPTER \h \r 1[image: image45.wmf]
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 SEQ CHAPTER \h \r 1EPRI Handbook Figure 2-3 illustrates that peak magnetic fields exceeded 5 mG  9% of the time, and exceeded 15 mG with1% probability for 3-Phase Distribution lines, 3 ft above ground near lines.[image: image47.wmf]  Magnetic fields on the Chick farm exceeded EPRI values.

EPRI Handbook Figure 2-10 tc "EPRI Handbook Figure 2-10 " \l 3 illustrates “Average residential EMF” exceeded 2 mG in about 12% of cases, and exceeded 4 mG in more than 2% of residences. Measurements at the Chick farm exceeded 6.5 mG and is above the average. 

 SEQ CHAPTER \h \r 1
[image: image48.wmf]
EPRI Handbook Figure 3-1 tc "EPRI Handbook Figure 3-1 " \l 3 – Phase current exceeded 200 Amps 5% of the time at about 10% of the sites.  Phase current exceeded 200 Amps on the 46-kV lines over the Chick property continuously from 6/30/2004 to 6/30/2005 as indicated in Figure 8 of this Report.

[image: image49.wmf]

EPRI Handbook Figure 3-2 tc "EPRI Handbook Figure 3-2  " \l 3illustrated that average 180-Hz current (the third harmonic) exceeded 4 A 50% of time at 10% of residential sites (68 sites were included in the figure). 

[image: image50.wmf]And 180-Hz current exceeded 2 A 50% of time at 40% of sites. It was comparable to the current on the Chick farm. 180-Hz current (3x the fundamental 60 Hz) is considered “Dirty Electricity” in the industry and was associated with childhood leukemia in Colorado (Kaune et al., 2002), and decreased milk production of dairy cattle 11-17% in Michigan, Wisconsin, and Minnesota (Hillman et al., 2003, 2007). Harmonics are also known for overheating circuits, motors burning out, computers quitting, and causing fires.

[image: image51.wmf] SEQ CHAPTER \h \r 1EPRI Handbook Table 3-1 – Shows that 60-Hz magnetic field at 25 ft and 75 ft exceeded thresholds shown to induce cancer, and heart disease as on the Chick farm, and reported in many research studies cited in this report.

EPRI Handbook Table 3-2  tc "EPRI Handbook Table 3-2  " \l 3indicates that the 3rd Harmonic, 180-Hz ground current, was 2.2 to 6.62 mG at the top 5% of sites 5% of time. The third harmonic is considered dirty electricity by electrical engineers in the industry. Third harmonic, 180-Hz current, plus 5th and 7th harmonics were associated with childhood leukemia in Denver, Colorado.
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EPRI Handbook Figure 4-4 tc "EPRI Handbook Figure 4-4 " \l 3 illustrates Lateral Profiles of Magnetic Fields calculated as 2-Dimensional, and 3-D presentations of mG for 30 feet to 150 ft from the distribution lines. The 2-D peak was 10 mG at 120 ft, and 4 mG at 150 ft lateral from the line. The 3-D peak was 6 mG at 120 ft, and 3 mG at 150 ft from the line. Similar values were near the nine 46-kV lines on the Chick farm.

[image: image53.wmf] 

Note: the highest magnetic field was not necessarily directly under the line.
EPRI Handbook Figure 4-6  tc "EPRI Handbook Figure 4-6  " \l 3illustrates magnetic fields near a SCHOOL radiating 5 mG from a line carrying average 150 amperes current and 40% unbalanced between phases A, B, and C, and the Neutral. 

Notes below the illustration describe steps that should be taken to reduce the magnetic field to 2.5 mG at the diagonal point 65 feet from the phase wires. Consumer’s Energy failed to reduce ground current and magnetic fields to safe levels at the Chick farm and house.

[image: image54.wmf]
These are large exposures when compared to 1.0  mA that caused physiological changes in cattle (cited above), and leukemia in children living near power lines (Kaune et al., 2002), 4.7 times more leukemia in children with ≥4 mG in their bedroom compared to those with ≤ 1.0 mG (Kabuto et al., 2006), and 2-4 mG exposure of Mr. Chick that increased heart rate variability, arrhythmia, increased blood pressure, and EKG changes in controlled EMF challenge tests at the Environmental Health Center-Dallas, TX, after prior exposure near the power lines on the farm.

[image: image55.wmf]EPRI Handbook Figure 4-10  tc "EPRI Handbook Figure 4-10  " \l 3illustrates that current and magnetic fields from House #1 are carried to House #2 on the common neutral-to-ground serving both houses and from utility currents distributed from the distribution transformer, as at the Chick residence where 25.8 Volts were recorded on the neutral ground-wire.

EPRI Handbook Figure 4-12 tc "EPRI Handbook Figure 4-12  " \l 3– Ground Currents in Residences exceeded 6 Amperes 5% of the time in 5% of Residences (approximately); and exceeded 2 Amperes in 25% of residences, 5% of the time. Chick residence ground current at the kitchen sink was 1.6 A and exceeded levels related to cancer and heart disease in research studies cited in this report.

[image: image56.wmf]
 SEQ CHAPTER \h \r 1EPRI Handbook Figure 4-15 – Magnetic Field radiated throughout the first floor of the house. In the example, ground current was 3.0 Amperes; magnetic field at 3.28 ft above the first floor was between 1 and 2 mG near the service entrance, on the left axis of Figure 4-15, below.  The kitchen faucet and water pipe in the Chick home carried 1.6 amperes and exceeded current associated with cancer in studies cited in this report.
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Rural Electrical Administration (REA) Reported Electrostatic and Electromagnetic Effects of Overhead Transmission Lines  tc "Rural Electrical Administration (REA) Reported Electrostatic and Electromagnetic Effects of Overhead Transmission Lines  " \l 2in Rural Electrical Administration (REA) Bulletin 62-4, May 1976, by the United States Department of Agriculture [USDA, REA, 1976]. The bulletin based on theoretical calculations cites grounding criteria for fences and metallic objects at various distances from 345-, 525-, and 765-kV transmission lines, not 46-kV lines as on Chicks’ farm.

· Chapter II A. describes: 1. Capacitive Coupling - Electrostatic (E/S) Induction; 2. Inductive Coupling - Electromagnetic (E/M) Induction; and 3. Resistive coupling.

· Chapter II B. Effects of Electric Currents on the Human Body, states as follows: 



“When a conductive object is connected to ground through a person’s body resistance, a shock current flows through the connection if an induced voltage exists between the point of contact and ground. The seriousness of this electric shock is determined by the magnitude of current flowing through the body. Currents of 1 milliampere (mA) or more, but less than 6 mA, are often termed secondary shock currents. Currents with magnitude 6 mA or more are considered primary shock currents. A possible consequence of primary shock current is ventricular fibrillation of the heart which results in an immediate arrest of blood circulation. Table II - 1 below (from the report) summarizes typical effects of electrical currents on an average size man.”
 SEQ CHAPTER \h \r 1Rural Electrical Administration - Electric Current Effects on

	an Average Size Man, Table II-1 
an Average Size Man, Table II-1 " \l 3


	60 Hz RMS Current

(milliAmperes)
	Effect

	< 0.7
	No Appreciable Effect

	0.7 to 1
	Perception Threshold

	1 to 3
	Mild Sensation

	3 to 10
	Painful Sensation

	10 to 16
	Let-Go Threshold

	30 (Approximately)
	Respiratory Paralysis

	75 to 250 
	Ventricular Fibrillation

	4000 
	Heart Paralysis, No fibrillation

	>5000 
	Tissue Burning

	1.
Steady-State “Let-Go” current, as defined by Dalziel and Lee (references 14 and 22)2  “is the maximum current level at which a human holding an energized conductor can control his muscles enough to release the conductor. “Let-go” currents observed in 134 men and 28 women are shown in Figure II-1. While the curves in this figure indicate average (50 percentile) 60 Hz “let-go” currents of 16 mA for men and 10.5 mA for women, 99.5% of all men and women were able to withstand “let-go” current magnitudes of 9 mA and 6 mA respectively. Based on this data, 5 mA is being proposed as the maximum “let-go” current in the proposed revision of Part 2 of the National Electric Safety Code.


Chapter 1C of REA Bulletin 62-4 Recommendations tc "Chapter 1C of REA Bulletin 62-4 Recommendations " \l 3:  “to minimize the electrostatic and electromagnetic effects on conductive objects in the vicinity of overhead transmission lines” were stated as follows:



1.
Lines 230 kV and Below:





(a)
Electrostatic (E/S) Case

As a general rule, E/S effects should not be a problem on typical rural system transmission lines.





(b) Electromagnetic (E/M) Case






“If conductive objects such as fences in the vicinity of transmission lines 230 kV and below are completely insulated from ground, a single point-of-contact such as a body touch will present no problems since a complete circuit will not exist.”

“Therefore, one solution to minimize electromagnetic effects on conductive objects is to eliminate all possible paths to ground on the conductive object in question. However, if conditions exist in which object grounding can be considered inadequate for the specific case involved, a potentially undesirable situation could exist. In practice, inadequate grounding could be the result of an insufficient number of physical grounds, patches of tall grass, branches, or even multiple instantaneous body contacts.”






“Consideration should therefore be given to all conductive objects in the vicinity of transmission lines and a decision made to determine which approach to be followed either adequately grounded or completely insulated.”














In those cases where a determination is made that inadequate grounding exists and the object must be adequately grounded, recommended grounding intervals (Gf) versus fault currents (If) for single line-to-ground faults are specified in Table I-1 for fences parallel to transmission lines 230 kV and below.* For fences that cross the transmission line right-of-way (ROW) at right or oblique angles, it is recommended that the fence be grounded at the edges of the ROW.”


REA* Table I-1. Fence Grounding Intervals (GF) 

	For Line Voltages 230 Kv and below (E/m) Case 
For Line Voltages 230 Kv and below (E/m) Case " \l 3


	Fault Current,  IF
Amperes
	69 kV

GF  (FEET)
	115 kV to 230 kV

GF  (FEET)

	1,000
	5,000
	7,000 

	5,000
	1,000
	1,400

	10,000
	500
	700

	20,000
	250
	350

	30,000
	170
	235

	40,000
	125
	175

	50,000
	100
	140

	GF  = FENCE GROUNDING INTERVAL FOR A SINGLE LINE-TO-GROUND FAULT 

	*From; Table I-1, REA Bulletin 62-4, May 1976.  Rural Electrification Administration, USDA.


Numerical examples in REA 62-4 Chapter III include object grounding calculations for both the 5 mA steady-state “let-go” currents and distances from the conductors, for vehicles, fences, and people.

“Effect of frequency on “let-go" current is shown in Figure II-2. The change in current level is due to the body impedance being essentially resistive at low frequencies and a nonlinear resistance-capacitor combination at high frequencies. A 60-Hz metal-to-metal contact resistance in the order of 1500-1600 Ohms is usually used to represent the electrical body circuit resistance between normal perspiring hands in estimating shock currents (reference 22)” [quoted from REA Bulletin 62-4, pages  9, 10, 11].

Some Critical Exceptions to the Above Statements, Dalziel’s estimates of “Let-Go" currents, and more recent published knowledge of fibrillation currents, are as follows:

· While the above suggested limits (5 mA) for “let-go” current are reasonable, this is also the threshold level for ventricular fibrillation published by J. P. Reilly, Applied Bioelectricity, 1998. No human wants to be tested to the threshold of death.
· Physiological effects, i.e, changes in heart rate, blood pressure, cortisol and pituitary hormones occurred with 4 and 8 mA exposure, and Immunoglobulins in blood, Interleukins 1 and 2, and cortisol changes have been demonstrated with 1 mA exposure in cattle (Reinemann, 2003; Reinemann, Sheffield, et al., 1998). Thus, levels causing a physical response may also cause a neuroendocrine physiological response while the shock may not be felt by the subject.
· Chronic exposure (24 hours, every day) from transmission line radiation is quite different than the exposure to shock current in “let-go” experiments of Dalziel. The latter exposures were limited to a conductor contacting the surface of the hand; thus the charge is directed to a relatively small skin contact area likely to cause pain. In contrast, the electromagnetic field is radiated over the entire surface of the body serving as antenna and not concentrated in a small area. The collective EMF currents amount to considerable amperage absorbed by the body and proportional to the surface area exposed, not concentrated into a “burn spot,” but sufficient to exceed peripheral nerve and heart arrhythmia thresholds.
· Assumptions about body resistance being 1500 to 1600 Ohms based on metal-to-metal contact resistance are erroneous. Resistance of biological material to electromagnetic currents are similar to air and penetrate biological material as if it were air.
· The Figure II-2 “Let-Go” current vs Frequency (134 men) [REA 62-4, 1975], simply indicates that the currents were not perceptible at higher frequencies.  Aneshansley et al. (1990, 1995) demonstrated that cows were not perceptive of currents in the same frequency range as in Figure II-2. Neither were humans perceptive of 60 Hz, radiated currents under the 46-kV power lines at Chick’s farm, nor currents passing through the body radiated from the ground wire in a home.
· Heart rate and blood pressure increased in proportion to current density exposure in East Lansing homes. This is described as the neuroendocrine stress syndrome.
· Peripheral stress thresholds have not been established; blood changes of cattle occurred at 1 mA, for 2 wks (Reinemann, 2003) and,
· Mr. Chick’s cardiovascular system responded to 2-4 mG, exposure near his feet. See Dr. Rea’s report.
· Hopefully, electrical industry authorities have up-dated their understanding of effects of exposure to electromagnetic fields on animal and human health since REA Bulletin 62-4, 1976.
· EPRI financed studies by Zaffanella, 1993; Kaune et al., 2002; and Kavet et al., 1999-2006 have identified sources of electric and magnetic fields near transmission-distribution lines, and in homes.
· Recommendations of NESC, IEEE, and EPRI are not being implemented by some segments of the industry; Consumers Energy and Lansing Board of Water and Light are among them.
Body Current Estimated From Exposure by Dr. Chen – A reliable method for estimating induced electric fields at the body surface and inside the body, the induced body current, and effects of the grounding impedance can be accurately quantified by the method of Michigan State University Electrical Engineer, Kun-Mu Chen et al. Currents for frequencies 60 Hz to 1 MHz were estimated from the formula of Chiba et al.,  I sc = 5.4 *10-9 * Hm 2 * E * f/60 and for frequencies >1 MHz according to the formula: ISC = 0.108 * Hm2 * Eo * fMHz [mA/(V/m)] (Chen et al., 1986).

· Application of the Chiba and Chen formulas to step-potential voltages from the floor of milking stalls on farms revealed electric fields (Eo) averaging 1.3 to 3.6 kV/m and maximums ranging from 3.4 to 5.5 kV/m over periods ranging from 54 to 204 days.
· Exposure to Steady-State Current of a person standing under the line, and Shock Current of a person touching a vehicle parked under the line radiating 4.5 kV/m electric field resulted in amperage exposures 0.6 to 1.8 amperes (Chun-Ju Lin et al., 1990), comparable to those measured when Mr. Chick touched the door of the grain bin and when standing under the 9-wire 46-kV lines on the his farm.

The BioInitiative Working Group, Composed of World-Renowned EMF Investigators  tc "The BioInitiative Working Group, Composed of World-Renowned EMF Investigators  " \l 2have compiled Review/Summaries of research findings on EMF-RF topics. They are available on the Internet at www.bioinitiatives.org (July 2007).

Section 1: Summary for the Public and Conclusions. 



Section 2: Statement of the Problem. 










Section 3: The Existing Public Exposure Standards. 





Section 4: Evidence for Inadequacy of the Standards (Contributed by Cindy Sage, Sage, Sage & Associates in California. Ms. Sage was the principal organizer of the BioInitiative Working Group and contributed to the publication).





Section 5: Evidence for Effects on Gene and Protein Expression (Transcription and Proteomic Research) contributed by Dr. Zhengping Xu and Dr. Guangdi Chen of the Bioeletromagnetics Laboratory, Zhejiang University School of Medicine, Hangzhou, People’s Republic of China.



 

Section 6: Evidence for Genotoxic Effects (RFR and ELF Genotoxicity) by Dr. Henry Lai, Department of Bioengineering, University of Washington, Seattle, Washington, USA.





Section 7: Evidence for Stress Response (Stress Proteins) Health Risks of Electromagnetic Fields: Research on the Stress Response by  Dr. Martin Blank, Professor, Department of Physiology and Cellular Physics, and member of the College of Physicians and Surgeons, Columbia University, NY.





Section 8: Evidence for Effects on the Immune System by Olle Johansson, Experimental Dermatology Unit, Department of Neuroscience, Karolinska Institute, Stockholm, Sweden.





Section 9: Evidence for Effects on Neurology and Behavior and Effects of Radiofrequency Radiation on the Morphology of the Central Nervous System by Henry Lai, Department of Bioengineering, University of Washington, Seattle, Washington, USA.





Section 10: Part 1. Evidence for Brain Tumors and Acoustic Neuromas was summarized by Lennart Hardell, MD, Ph.D., Professor, Department of Oncology, Orebro University Hospital, Sweden. Kjell Hansson Mild, Ph.D., Professor, Department of Radiation Physics, Umea University, Sweden; and Michael Kundi, Ph.D., med.habil, Professor, Institute of Environmental Health, Center for Public Health, Medical University of Vienna, Austria.





Section 10: Part 2. Evidence for Brain Tumors (Epidemiological). Michael Kundi, University of Vienna, Austria.





Section 11: Evidence for Childhood Cancers (Leukemia). Michael Kundi, Ph.D., med.habil, Professor Institute of Environmental Health, Center for Public Health, Medical University of Vienna, Austria.





Section 12: Evidence for Effects on Melatonin: Alzheimer’s Disease and Breast Cancer. Zorch Davanipour, DVM, Ph.D., and Eugene Sobel, Ph.D.





Section 13. Evidence for Breast Cancer Promotion (Melatonin studies in Cells and animals). C. L. Sage, Sage Associates, Santa Barbara, CA, USA.






Section 14: Evidence for Disruption by the Modulating Signal. Carl F. Blackman, Ph.D., Founder, Former President and Full Member of The Bioelectromagnetics Society, Raleigh, NC, USA.
Section 15: Evidence Based on EMF Medical Therapeutics. Cindy Sage, MA, and S. Amy Sage, BS, Sage Associates, USA.





Section 16: Late Lessons From Early Warnings: Towards Realism and Precaution with EMF?” David Gee, European Environmental Agency, Kongens Nystorv 6, DK-1050 Copenhagen, K.

Section 17: Key Scientific Evidence and Public Health Policy Recommendations. David O. Carpenter, M.D., Director, Institute for Health and the Environment, University at Albany, East Campus, Rensselaer, New York, and Cindy Sage, MA., Sage Associates, Santa Barbara, California.
Section 18: List of BioInitiative Participants.



Section 19: Glossary of Terms and Abbreviations.



Section 20: Where are Ambient ELF and RF Levels?

International Association of Fire Fighters, Division of Occupational Health, Safety and Medicinetc "International Association of Fire Fighters, Division of Occupational Health, Safety and Medicine " \l 2: Position on the Health Effects from Radio Frequency/Microwave (RF/MW) Radiation in Fire Department Facilities from Base Stations for Antennas and Towers for the Conduction of Cell Phone Transmissions is as follows: 

“The International Association of Fire Fighters’ position on locating cell towers commercial wireless infrastructure on fire department facilities, as adopted by its membership in August 2004, is that the IAFF oppose the use of fire stations as base stations for towers and/or antennas for the conduction of cell phone transmissions until a study with the highest scientific merit and integrity on health effect of exposure to low-intensity RF/MW radiation is conducted and is proven that such sitings are not hazardous to the health of our members.”

...  “The telecommunication industry claims cellular antennas are safe because the RF/MW radiation they produce is too weak to cause heating, i.e., a “thermal effect.” They point to “safe standards” from groups such as ANSI/IEEE or ICNIRP to support their claims. But these groups have explicitly stated that their claims of  “safe RF/MW radiation exposure is harmless” rest on the fact that it is too weak to produce a rise in body temperature, a “thermal effect.” “There is a large body of  internationally accepted scientific evidence that points to the existence of non-thermal effects of RF/MW radiation. The issue at the present times is not whether such evidence exists, but rather how much weight to give it.

“Internationally acknowledged experts in the field of RF/MW radiation research have shown that RF/MW transmissions of the type used in digital cellular antennas and phones can have critical effects on cell cultures, animals, and people in laboratories and have also found epidemiological evidence (studies of communities, not in the laboratory) of serious health effects at “non-thermal levels” where the intensity of the RF/MW radiation was too low to cause heating, They have found:

· Increased cell growth of brain cancer cells
· A doubling of the rate of lymphoma in mice
· Change in tumor growth in rats
· Increased single- and double-strand breaks in DNA, our genetic material
· 2 to 4 times as many cancers in Polish soldiers exposed to RF
· More childhood leukemia in children exposed to RF
· Changes in sleep patterns and REM type sleep
· Headaches caused by RF/MW radiation exposure
· Neurological changes including:
· Changes in blood-brain-barrier
· Changes in cellular morphology (including cell death)
· Changes in neural electrophysiology (EEG)
· Changes in neurotransmitters (which affect motivation and pain perception)
· Metabolic changes (of calcium ions, for instance)
· Cytogenetic effects (which can affect cancer, Alzheimers, neurodegenerative diseases)
· Decreased memory, attention, and slower reaction time in school children
· Retarded learning in rats indicating a deficit in spatial “working memory”
· Increased blood pressure in healthy men
· Damage to eye cells when combined with commonly used glaucoma medications.

References to the above citations and other data are in the attached IAFF document.

NEW Development: WHO Urges EMF Emissions Control to Prevent Leukemia – WHO, the World Health Organizationtc "NEW Development\: WHO Urges EMF Emissions Control to Prevent Leukemia – WHO, the World Health Organization " \l 2, has urged its member nations to take measures against emissions of ultra low-frequency electromagnetic waves such as those from power lines, citing the possible link between the emissions and infant leukemia. In its first international guidelines on the long-term influence of electromagnetic waves on human health, the WHO called on countries to establish laws to reduce such exposure.  WHO supported U.S. and Japanese epidemiology studies which said that the risk of developing leukemia will double if children are constantly exposed to more than an average 0.3-0.4 microTesla. While saying that direct causal relation between electromagnetic waves and health damage has not been recognized, the WHO concluded that a link cannot be denied and that preventative measures are needed. The WHO announcement was released June 17, 2007, by news organizations, Japan Today,  Breitbart@.com and Associated Press.

CONCLUSIONStc "CONCLUSIONS"
Electric and magnetic fields, voltage, and current radiated from the 3-circuit, 9-wire 46-kV Transmission Lines installed on an old easement at the home and farmstead of Leo and Vernita Chick exceeded standards to prevent electrical hazards to unprotected humans in proximity of an  electric utility as established by the U. S. Department of Labor (OSHA) and the National Electric Safety Code.
· The 46-kV lines were constructed at a location that does not comply with NESC clearance requirements for a grain storage building.

· Current exposure exceeded threshold excitation levels (ampere/meter) for arrhythmia, ventricular fibrillation of the human heart and hypertension, and currents that were related to cancer in numerous investigations. 
· There appears to be a health risk nuisance as defined in the Michigan Public Health Code. Consumers Energy Company erred when siting the 46-kV transmission lines in the driveway and close proximity to a grain storage building, and working and living facilities for humans and livestock.
· Mr. Chick developed arrhythmia of the heart, hypertension, and neurological pain in hands and muscles, the cause unexplained by local neurologist but recognized as an electropoathic stress syndrome by medical doctors who have studied electrosensitivity of people.
· Mr. Chick’s sensitivity to EMF was confirmed by a medical doctor who administered an EMF challenge that resulted in heart arrhythmia, increased blood pressure, and electrocardiogram changes under controlled conditions in a medical laboratory. (See Dr. Rea’s report).
· The value of the farm for housing of humans or livestock was radically reduced, if not eliminated, by installation of the transmission line because potentially harmful current was consistently found at distances of 600 feet from the nine 46-kV power transmission lines which traverse one-half mile on the Chick farm, thus rendering some 72 aces near the lines unsafe for habitation of livestock or humans.
· A Consumers Energy representative informed Mr. Chick that he should notify anyone with a pacemaker who comes onto the farm that they should not walk under the line in his driveway. 
· Chick’s neighbor will no longer rent the barn facilities for housing of cattle, and the farm supplier refused to continue distributing commodities to the farm because of the danger to his health. 
· The value of the Chick property for some forms of real estate development will be substantially lower than without the power lines, since Michigan law requires full disclosure of hazards and incumbrances. 
· Options for the utility are to remove the lines and obtain a much larger right-of way or land purchase for installation at another location, to employ known engineering and technological advances to eliminate the EMF radiation from the lines, or to dismantle the transmission lines and find another less abusive means of providing electricity to customers at Leslie, Mason, and Dexter Trail, as before installing the transmission lines on the Chick property. 
· Consumers Energy has refused to employ “Prudent Avoidance” as recommended by WHO (World Health Organization) in siting of the 46-kV transmission lines on the Chick Farm.
· WHO recently urged member nations that they must address the problem of increasing exposure to electric and magnetic fields as related to cancer of humans.
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Figure 3. Induced potential 8.0 Volts and 16 mA current exposure from the metal siding flowing to Mr. Chick’s body charged by the 46-kV lines 13 feet from the building.  �tc "Figure 3. Induced potential 8.0 Volts and 16 mA current exposure from the metal siding flowing to Mr. Chick’s body charged by the 46-kV lines 13 feet from the building.  " \f D �





Figure 4. Chick body voltage exposure waveform: 8.0 Vp-p when touching grain storage door.  6/28/06, 11:39 AM. �tc "Figure 4. Chick body voltage exposure waveform\: 8.0 Vp-p when touching grain storage door.  6/28/06, 11\:39 AM. " \f D �
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Figure 8. Current flow was circa 35 Amps/Second from the old 3-wire circuit before 6/30/2004. When 9-Wires were energized, current increased to circa 230 Amps/Second, 6/30/04, 10:00 AM, through 4/24/2007 when Consumers Energy disconnected 2 of the 3 circuits 4/25/2007. �tc "Figure 8. Current flow was circa 35 Amps/Second from the old 3-wire circuit before 6/30/2004. When 9-Wires were energized, current increased to circa 230 Amps/Second, 6/30/04, 10\:00 AM, through 4/24/2007 when Consumers Energy disconnected 2 of the 3 circuits 4/25/2007. " \f D �
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Figure 7. Electric current induced on the door of the grain storage building was passing from right hand to left hand through Mr. Chick’s body when measured by Electrical Engineer, William English, PE. �tc "Figure �SEQ Figure \* ARABIC \r 1 �1�. Electric current induced on the door of the grain storage building was passing from right hand to left hand through Mr. Chick’s body when measured by Electrical Engineer, William English, PE. " \f D � 
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Figure 12. Blood pressure and heart rate increased in proportion to amperes of current passing through the oscilloscope lead attached to the body from EMF radiating from the ground wire below the living room floor. �tc "Figure 12. Blood pressure and heart rate increased in proportion to amperes of current passing through the oscilloscope lead attached to the body from EMF radiating from the ground wire below the living room floor. " \f D �
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Figure 9. Current passing through the 9-wire circuit increased from about 5 AM to 7 PM and peaked near 11:00 AM based on Consumers Energy data (6/28/06). �tc "Figure �SEQ Figure \* ARABIC \r 3 �3�. Current passing through the 9-wire circuit increased from about 5 AM to 7 PM and peaked near 11\:00 AM based on Consumers Energy data (6/28/06). " \f D �





Figure �SEQ Figure \* ARABIC \r 1 �1�0. Voltage was 100 V(RMS) on #9 Wire directly under the 46-kV line conductors and decreased to 0.130 V (130 mV) 600 ft North of the conductors. Current amperes (I) = E/500 Ohm Resistance; where, I =   1 mA is “Hazardous energy” per OSHA Directives CPL 2-1.18A, 1997. �tc "Figure �SEQ Figure \* ARABIC \r 1 �1�. Voltage was 100 V(RMS) on #9 Wire directly under the 46-kV line conductors and decreased to 0.130 V (130 mV) 600 ft North of the conductors. Current amperes (I) = E/500 Ohm Resistance; where, I =   1 mA is “Hazardous energy” per OSHA Directives CPL 2-1.18A, 1997. " \f D �
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Chart 1.  Mr. Chick’s Blood Pressure Increased During


Exposure to 2-4 mG EMF at EHC-Dallas. �tc "Chart 1.  Mr. Chick’s Blood Pressure Increased DuringExposure to 2-4 mG EMF at EHC-Dallas. " \l 3�





�EMBED Excel.Sheet.8  \* MERGEFORMAT \s���


Figure 13. Current passing through the oscilloscope lead attached to the body that increased blood pressure was proportional to EMF radiated from the Utility ground wire into the living room. �tc "Figure 13. Current passing through the oscilloscope lead attached to the body that increased blood pressure was proportional to EMF radiated from the Utility ground wire into the living room. " \f D �
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Figure 14. Deformed calf on farm exposed to radio frequency electric and magnetic fields from the power lines. Photo courtesy R. Cowan, Earlton, Ontario, Canada. �tc "Figure 14. Deformed calf on farm exposed to radio frequency electric and magnetic fields from the power lines. Photo courtesy R. Cowan, Earlton, Ontario, Canada. " \f D �





�


Figure 15. Frequencies >60 Hz decrease impedance and increase permittivity of electric and magnetic signals. �tc "Figure 15. Frequencies >60 Hz decrease impedance and increase permittivity of electric and magnetic signals. " \f D �





Figure 16. Effect of increasing frequency of 1 volt electrical signal on current penetrating the cow. �tc "Figure 16. Effect of increasing frequency of 1 volt electrical signal on current penetrating the cow. " \f D �
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Figure 17.  Chick corn crib roof (grain bin), oscilloscope grounded to earth, 8/18/04, 5:00 PM.  Recordings show Amperes (Arms) 0.84-0.92 (blue), Ap-p 1.0-1.4 (green), ADC 1.24 (red).  Frequency was 60 Hz to Overload (100 MHz) on the oscilloscope grounded to earth.  Roof was energized by Consumers’ nine-wire, 46-kV lines circa 13 ft horizontally from the grain bin to conductors. �tc "Figure 17.  Chick corn crib roof (grain bin), oscilloscope grounded to earth, 8/18/04, 5\:00 PM.  Recordings show Amperes (Arms) 0.84-0.92 (blue), Ap-p 1.0-1.4 (green), ADC 1.24 (red).  Frequency was 60 Hz to Overload (100 MHz) on the oscilloscope grounded to earth.  Roof was energized by Consumers’ nine-wire, 46-kV lines circa 13 ft horizontally from the grain bin to conductors. " \f D �
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Figure 18.  Frequency spectrum of current induced on metal roof of the grain storage bin on the Chick farm, 13 ft from the nine 46-kV lines.  Currents were associated with the radio-frequencies ranging from 1.04 MHz to 26.05 MHz recorded via oscilloscope, 8/18/04. �tc "Figure 18.  Frequency spectrum of current induced on metal roof of the grain storage bin on the Chick farm, 13 ft from the nine 46-kV lines.  Currents were associated with the radio-frequencies ranging from 1.04 MHz to 26.05 MHz recorded via oscilloscope, 8/18/04. " \f D �
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Figure 1. Voltage and frequencies recorded from Oscilloscope Input A leads attached to ECG patches, to the human body, and to oscilloscope grounded to earth while the subject was standing directly below the 46-kV transmission lines on Chick Farm. AC, 0.1-0.066 Vrms, and 0.2-0.64 VDC peaks correspond to 0.920 Vp-p spikes from unknown source induced onto the subject.  Frequencies exceeded 100 MHz capacity of the oscilloscope in “Overload.” (1/19/06, 3:50:52 PM) (DH). �





Figure 2. Induced body Voltage under the 46-kV transmission line, 0.08 Volt (80 millivolts) via ECG patch on arm to oscilloscope grounded to earth.  Waveform is typical of 6-pulse converter, capacitance smoothing, no series inductance electronic device residue, described by Barry Kennedy, 2000, Power Quality Primer, p. 46, McGraw-Hill.





Figure 5. Chick body resistance caused 8.64 V on grain storage door to drop to 5.0 V and -0.31 V, oscillated to 5.0 V steady state for about 1 minute, spiked to 16 V when Mr. Chick removed his hand; then returned to 8 V steady state. 6/28/06, 11:39 AM. 





Figure 6. Chick Body Voltage exposure frequency spectrum fundamental 59.92 Hz 50 dB (decibel), RMS 2.83-V, p-p 4.08-V, DC -0.12V, small voltage from other frequencies.  6/28/06, 11:39 AM. DH.





Figure 11. EMF in the Living Room corresponds to Voltage on the Ground Wire and the Bathtub.








	1Shocking News is a registered publisher of science-based information dedicated to public awareness of electric and magnetic fields (EMF in the environment and their effects on health & welfare of humans and animals).


	1Donald Hillman, Ph.D., is Professor Emeritus, Department of Animal Science (Dairy), Michigan State University, 750 Berkshire Lane, East Lansing, MI 48823. Telephone (517) 351-9561; Email �   HYPERLINK "mailto:donag2@aol.com" �donag1@aol.com�.  He is a member of the American Dairy and Animal Science Association (ADSA-ASAS) and the American Society of Agricultural and Biological Engineers (ASABE).


	2 Reference14 was IEEE Spectrum, Electric Shock Hazard, by C. F. Dalziel, February 1972, and Ref 22 was IEEE Spectrum, “Lethal Electric Currents” by C. F Dalziel and W. R. Lee, February 1969.
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						Residual		223.51		19		22.35						10

						LOF Error		114.08		10  (51)		28.52		1.5638		0.297		4

						Pure Error		109.43		9  (49)		18.24						6

						Total		1199.7		100								11

						Diastolic = b0 + b1*EMF_mG
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Electromagnetic Field-(EMF) milliGauss on Living Room floor

Amperes

Effect of EMF Exposure (mG) to Amperes (I) through the Body.
Hillman et al, East Lansing, MI 2006.

y = 0.1819x + 0.5862
R2 = 0.8934, n=12
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																												Case		EMF_mG		Diastolic		Predicted Diastolic		Residuals		Standardized Residuals		Studentized Residuals		PRESS Residuals		R Student		DFFITS		Covariance Ratio		Std Error Prediction		Std Error Mean		95% Confid Int Pred		95% Confid Int Mean		+95 % Confid Int Pred		-95 % Confid Int Pred		+95 % Confid Int Mean		-95 % Confid Int Mean		Hat Diagonal		Cook's Distance		Cumulative Probability		Expected Normal Value (Rankits)		dfbeta [b0]		dfbeta[b1(EMF_mG)]		EMF_mG						EMF_mG

						Summary																						1		0.2		70		77.95		-7.950		-1.682		-1.784		-8.945		-2.049		-0.725		0.646		4.984		1.577		11.10		3.513		89.05		66.85		81.46		74.44		0.111		0.199		0.04		-1.732		-0.725		0.363		0.2				EMF_mG		1.000

						|R|		0.902																				2		30		104		108.99		-4.989		-1.055		-2.184		-21.36		-2.864		-5.188		1.447		6.283		4.139		14.00		9.222		122.99		94.99		118.21		99.77		0.766		7.823		0.13		-1.150		1.059		-4.898		30

						R2		0.814																				3		0.2		77		77.95		-0.950		-0.201		-0.213		-1.069		-0.203		-0.07170		1.376		4.984		1.577		11.10		3.513		89.05		66.85		81.46		74.44		0.111		0.00284		0.46		-0.105		-0.07169		0.03590		0.2

						R2 adjusted		0.795																				4		10		95		88.16		6.842		1.447		1.533		7.678		1.663		0.581		0.811		4.978		1.560		11.09		3.475		99.25		77.07		91.63		84.68		0.109		0.144		0.96		1.732		0.291		0.281		10

						Standard Error		4.728																				5		0.2		77		77.95		-0.950		-0.201		-0.213		-1.069		-0.203		-0.07170		1.376		4.984		1.577		11.10		3.513		89.05		66.85		81.46		74.44		0.111		0.00284		0.38		-0.319		-0.07169		0.03590		0.2

						# Points		12																				6		12		95		90.24		4.759		1.007		1.082		5.499		1.093		0.431		1.112		5.036		1.734		11.22		3.865		101.46		79.02		94.11		86.38		0.135		0.09106		0.79		0.812		0.153		0.266		12

						PRESS		708.69																				7		0.2		75		77.95		-2.950		-0.624		-0.662		-3.319		-0.642		-0.227		1.270		4.984		1.577		11.10		3.513		89.05		66.85		81.46		74.44		0.111		0.02741		0.29		-0.549		-0.227		0.114		0.2

						R2 for Prediction		0.409																				8		9		90		87.12		2.884		0.610		0.643		3.202		0.623		0.207		1.260		4.957		1.490		11.04		3.320		98.16		76.07		90.44		83.80		0.09931		0.02278		0.71		0.549		0.120		0.08295		9

						Durbin-Watson d		1.714																				9		0.2		84		77.95		6.050		1.280		1.357		6.807		1.426		0.504		0.924		4.984		1.577		11.10		3.513		89.05		66.85		81.46		74.44		0.111		0.115		0.88		1.150		0.504		-0.253		0.2

						First Order Autocorrelation		-0.000																				10		0.2		75		77.95		-2.950		-0.624		-0.662		-3.319		-0.642		-0.227		1.270		4.984		1.577		11.10		3.513		89.05		66.85		81.46		74.44		0.111		0.02741		0.21		-0.812		-0.227		0.114		0.2

						Collinearity		1.000																				11		0.2		79		77.95		1.050		0.222		0.236		1.181		0.224		0.07927		1.374		4.984		1.577		11.10		3.513		89.05		66.85		81.46		74.44		0.111		0.00347		0.63		0.319		0.07926		-0.03969		0.2

						Coefficient of Variation		5.685																				12		0.1		77		77.85		-0.846		-0.179		-0.190		-0.953		-0.180		-0.06421		1.381		4.986		1.585		11.11		3.531		88.96		66.74		81.38		74.32		0.112		0.00228		0.54		0.105		-0.06421		0.03262		0.1

						Precision Index		17.863

						ANOVA

						Source		SS		SS%		MS		F		F Signif		df

						Regression		976.15		81		976.15		43.67		0.0000601322		1
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Electromagnetic Field (EMF) milliGauss on Living Room Floor

Diastolic BP (mmHg)

Effect of EMF Exposure on Diastolic Blood Pressure
Radiated from Ground Wire Below Lv Rm Floor.
 Hillman et al, 2006, East Lansing, MI. USA
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																												Case		EMF_mG		mVolts		Predicted mVolts		Residuals		Standardized Residuals		Studentized Residuals		PRESS Residuals		R Student		DFFITS		Covariance Ratio		Std Error Prediction		Std Error Mean		95% Confid Int Pred		95% Confid Int Mean		+95 % Confid Int Pred		-95 % Confid Int Pred		+95 % Confid Int Mean		-95 % Confid Int Mean		Hat Diagonal		Cook's Distance		Cumulative Probability		Expected Normal Value (Rankits)		dfbeta [b0]		dfbeta[b1(EMF_mG)]		EMF_mG						EMF_mG

						Summary																						1		0.2		20		23.38		-3.383		-0.241		-0.256		-3.806		-0.243		-0.08608		1.371		14.79		4.680		32.96		10.43		56.35		-9.580		33.81		12.95		0.111		0.00409		0.38		-0.319		-0.08607		0.04310		0.2				EMF_mG		1.000

						|R|		0.987																				2		30		288		294.61		-6.611		-0.471		-0.975		-28.30		-0.972		-1.761		4.329		18.65		12.29		41.56		27.38		336.17		253.05		321.99		267.23		0.766		1.558		0.29		-0.549		0.359		-1.662		30

						R2		0.974																				3		0.2		36		23.38		12.62		0.899		0.954		14.20		0.949		0.336		1.148		14.79		4.680		32.96		10.43		56.35		-9.580		33.81		12.95		0.111		0.05689		0.79		0.812		0.336		-0.168		0.2

						R2 adjusted		0.972																				4		10		130		112.58		17.42		1.241		1.315		19.55		1.372		0.479		0.948		14.78		4.630		32.93		10.32		145.51		79.65		122.90		102.26		0.109		0.106		0.96		1.732		0.240		0.232		10

						Standard Error		14.03																				5		0.2		28		23.38		4.617		0.329		0.349		5.195		0.333		0.118		1.355		14.79		4.680		32.96		10.43		56.35		-9.580		33.81		12.95		0.111		0.00762		0.54		0.105		0.118		-0.05899		0.2

						# Points		12																				6		12		122		130.78		-8.782		-0.626		-0.673		-10.15		-0.653		-0.258		1.300		14.95		5.149		33.31		11.47		164.09		97.47		142.25		119.31		0.135		0.03519		0.21		-0.812		-0.09173		-0.159		12

						PRESS		3236.71																				7		0.2		20		23.38		-3.383		-0.241		-0.256		-3.806		-0.243		-0.08608		1.371		14.79		4.680		32.96		10.43		56.35		-9.580		33.81		12.95		0.111		0.00409		0.46		-0.105		-0.08607		0.04310		0.2

						R2 for Prediction		0.958																				8		9		118		103.48		14.52		1.035		1.090		16.12		1.102		0.366		1.064		14.71		4.423		32.79		9.854		136.26		70.69		113.33		93.62		0.09931		0.06555		0.88		1.150		0.212		0.147		9

						Durbin-Watson d		2.056																				9		0.2		32		23.38		8.617		0.614		0.651		9.695		0.631		0.223		1.274		14.79		4.680		32.96		10.43		56.35		-9.580		33.81		12.95		0.111		0.02654		0.71		0.549		0.223		-0.112		0.2

						First Order Autocorrelation		-0.141																				10		0.2		0		23.38		-23.38		-1.666		-1.767		-26.31		-2.022		-0.715		0.657		14.79		4.680		32.96		10.43		56.35		-9.580		33.81		12.95		0.111		0.195		0.04		-1.732		-0.715		0.358		0.2

						Collinearity		1.000																				11		0.2		32		23.38		8.617		0.614		0.651		9.695		0.631		0.223		1.274		14.79		4.680		32.96		10.43		56.35		-9.580		33.81		12.95		0.111		0.02654		0.63		0.319		0.223		-0.112		0.2

						Coefficient of Variation		20.349																				12		0.1		1.6		22.47		-20.87		-1.487		-1.579		-23.51		-1.728		-0.615		0.784		14.80		4.704		32.98		10.48		55.45		-10.51		32.95		11.99		0.112		0.158		0.13		-1.150		-0.615		0.312		0.1

						Precision Index		54.549

						ANOVA

						Source		SS		SS%		MS		F		F Signif		df

						Regression		74536.2		97		74536.2		378.44		0.0000000028		1

						Residual		1969.6		3		196.96						10

						LOF Error		1073.6		1  (55)		268.40		1.7973		0.248		4

						Pure Error		896.00		1  (45)		149.33						6

						Total		76505.7		100								11

						mVolts = b0 + b1*EMF_mG

										P value		Std Error		-95%		95%		t Stat

						b0		21.56		0.00104		4.728		11.03		32.10		4.561

						b1 mG EMF		9.102		0.0000000028		0.468		8.059		10.14		19.45

						Data Analysis Summary

						Potential Outlier Cases

						abs(Standard Residual) > 3

						Potential Influence Cases

						Cook's Distance > 1

						Case 2 - Cooks Distance = 1.558499

						Potential Leverage Cases

						Hat Matrix Diagonal > 0.3333

						Case 2 - hat(i,i) = 0.766427
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Sheet1_R5_Data

		Reg Type		Mult

		Datasheet		Sheet1

		PivotCell		$C$5

		Map		1

		FMap		6

		Ytop		$E$6

		Ybot		$E$17

		xvar

		Yvar		Diastolic

		Intercept		0

		Confid		0.05		0.1		0.1

		Xtrans		0

		RegOrder		0

		Response		2

		YTrans		0

		SaveReg		XLOn

				Diastolic = b0 + b1*Amperes

		xconfidmatrix		2		10

				0.1737460461		-0.0553547221
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Sheet1_R5

																												Cutoff										3								0.816		1.500																		0.3333333333		1						0.577

																																																0.500

																																																																																		Correlation Matrix

																												Case		Amperes		Diastolic		Predicted Diastolic		Residuals		Standardized Residuals		Studentized Residuals		PRESS Residuals		R Student		DFFITS		Covariance Ratio		Std Error Prediction		Std Error Mean		95% Confid Int Pred		95% Confid Int Mean		+95 % Confid Int Pred		-95 % Confid Int Pred		+95 % Confid Int Mean		-95 % Confid Int Mean		Hat Diagonal		Cook's Distance		Cumulative Probability		Expected Normal Value (Rankits)		dfbeta [b0]		dfbeta[b1(Amperes)]		Amperes						Amperes

						Summary																						1		0.6		70		76.97		-6.970		-1.872		-1.995		-7.917		-2.438		-0.898		0.508		3.941		1.288		8.780		2.869		85.75		68.19		79.84		74.10		0.120		0.270		0.04		-1.732		-0.876		0.494		0.6				Amperes		1.000

						|R|		0.940																				2		5.4		104		105.75		-1.753		-0.471		-0.713		-4.022		-0.694		-0.790		2.552		4.658		2.797		10.38		6.233		116.13		95.37		111.99		99.52		0.564		0.329		0.38		-0.319		0.316		-0.729		5.4

						R2		0.884																				3		0.6		77		76.97		0.02960		0.00795		0.00847		0.03362		0.00803		0.00296		1.402		3.941		1.288		8.780		2.869		85.75		68.19		79.84		74.10		0.120		0.0000048686		0.54		0.105		0.00289		-0.00163		0.6

						R2 adjusted		0.873																				4		3.2		95		92.56		2.439		0.655		0.717		2.926		0.699		0.312		1.333		4.022		1.520		8.963		3.386		101.52		83.60		95.95		89.17		0.167		0.05140		0.79		0.812		-0.00622		0.221		3.2

						Standard Error		3.724																				5		0.6		77		76.97		0.02960		0.00795		0.00847		0.03362		0.00803		0.00296		1.402		3.941		1.288		8.780		2.869		85.75		68.19		79.84		74.10		0.120		0.0000048686		0.63		0.319		0.00289		-0.00163		0.6

						# Points		12																				6		3		95		91.36		3.638		0.977		1.057		4.263		1.065		0.441		1.141		3.988		1.426		8.886		3.178		100.25		82.48		94.54		88.18		0.147		0.09608		0.88		1.150		0.02124		0.290		3

						PRESS		194.11																				7		0.6		75		76.97		-1.970		-0.529		-0.564		-2.238		-0.544		-0.200		1.314		3.941		1.288		8.780		2.869		85.75		68.19		79.84		74.10		0.120		0.02158		0.29		-0.549		-0.195		0.110		0.6

						R2 for Prediction		0.838																				8		3.2		90		92.56		-2.561		-0.688		-0.753		-3.073		-0.736		-0.329		1.318		4.022		1.520		8.963		3.386		101.52		83.60		95.95		89.17		0.167		0.05667		0.13		-1.150		0.00655		-0.232		3.2

						Durbin-Watson d		2.017																				9		0.6		84		76.97		7.030		1.887		2.012		7.984		2.473		0.911		0.497		3.941		1.288		8.780		2.869		85.75		68.19		79.84		74.10		0.120		0.275		0.96		1.732		0.889		-0.501		0.6

						First Order Autocorrelation		-0.184																				10		0.6		75		76.97		-1.970		-0.529		-0.564		-2.238		-0.544		-0.200		1.314		3.941		1.288		8.780		2.869		85.75		68.19		79.84		74.10		0.120		0.02158		0.21		-0.812		-0.195		0.110		0.6

						Collinearity		1.000																				11		0.6		79		76.97		2.030		0.545		0.581		2.305		0.560		0.207		1.309		3.941		1.288		8.780		2.869		85.75		68.19		79.84		74.10		0.120		0.02289		0.71		0.549		0.201		-0.114		0.6

						Coefficient of Variation		4.478																				12		0.6		77		76.97		0.02960		0.00795		0.00847		0.03362		0.00803		0.00296		1.402		3.941		1.288		8.780		2.869		85.75		68.19		79.84		74.10		0.120		0.0000048686		0.46		-0.105		0.00289		-0.00163		0.6

						Precision Index		18.054

						ANOVA

						Source		SS		SS%		MS		F		F Signif		df

						Regression		1061.0		88		1061.0		76.49		0.0000053497		1

						Residual		138.71		12		13.87						10

						LOF Error		16.71		1  (12)		8.353		0.5477		0.598		2

						Pure Error		122.00		10  (88)		15.25						8

						Total		1199.7		100								11

						Diastolic = b0 + b1*Amperes

										P value		Std Error		-95%		95%		t Stat

						b0		73.37		0		1.552		69.91		76.83		47.26

						b1 Induced Amperes		5.996		0.0000053497		0.686		4.469		7.524		8.746

						Data Analysis Summary

						Potential Outlier Cases

						abs(Standard Residual) > 3

						Potential Influence Cases

						Cook's Distance > 1

						Potential Leverage Cases

						Hat Matrix Diagonal > 0.3333

						Case 2 - hat(i,i) = 0.564166
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Sheet1

		Table 2.		Regression Analysis Data: HR,BP, EMF, mV, Amps--

												LvRmFloor		Body		Currents

		Trial		Date/Time		HR		Systolic		Diastolic		EMF mG		mVolts		Amperes

		Pre T1		4/2/05		62		127		70		0.2		20		0.6

		Tr 1		4/2/05		80		140		104		30		288		5.4

		Pre T2		1/17/06		71		143		77		0.2		36		0.6

		Tr 2		1/17/06		65		141		95		10		130		3.2

		Pre T3		1/17/06		65		116		77		0.2		28		0.6

		Tr 3		1/17/06		51		140		95		12		122		3.0

		Pre T4		2/10/06		56		132		75		0.2		20		0.6

		Tr 4		2/10/06		60		152		90		9		118		3.2

		Post T4		2/10/06		58		147		84		0.2		32		0.6

		Placebo		2/13/06		45		123		75		0.2		0		0.6

		Placebo		2/13/06		39		126		79		0.2		32		0.6

		Placebo		2/13/06		49		114		77		0.1		1.6		0.6
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Amperes

Effect of EMF Exposure (mG) to Amperes (I) through the Body
Hillman et al., East Lansing, MI 2006
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Sheet1_R1_Data

		Reg Type		Mult

		Datasheet		Sheet1

		PivotCell		$B$5

		Map		1

		FMap		4

		Ytop		$D$6

		Ybot		$D$17

		xvar

		Yvar		Diastolic

		Intercept		0

		Confid		0.05		0.1		0.1

		Xtrans		0

		RegOrder		0

		Response		2

		YTrans		0

		SaveReg		XLOn

				Diastolic = b0 + b1*EMF_mG

		xconfidmatrix		2		10

				0.1134818838		-0.0057885217

				-0.0057885217		0.0011113962





Sheet1_R1

																												Cutoff										3								0.816		1.500																		0.3333333333		1						0.577

																																																0.500

																																																																																		Correlation Matrix

																												Case		EMF_mG		Diastolic		Predicted Diastolic		Residuals		Standardized Residuals		Studentized Residuals		PRESS Residuals		R Student		DFFITS		Covariance Ratio		Std Error Prediction		Std Error Mean		95% Confid Int Pred		95% Confid Int Mean		+95 % Confid Int Pred		-95 % Confid Int Pred		+95 % Confid Int Mean		-95 % Confid Int Mean		Hat Diagonal		Cook's Distance		Cumulative Probability		Expected Normal Value (Rankits)		dfbeta [b0]		dfbeta[b1(EMF_mG)]		EMF_mG						EMF_mG

						Summary																						1		0.2		70		77.95		-7.950		-1.682		-1.784		-8.945		-2.049		-0.725		0.646		4.984		1.577		11.10		3.513		89.05		66.85		81.46		74.44		0.111		0.199		0.04		-1.732		-0.725		0.363		0.2				EMF_mG		1.000

						|R|		0.902																				2		30		104		108.99		-4.989		-1.055		-2.184		-21.36		-2.864		-5.188		1.447		6.283		4.139		14.00		9.222		122.99		94.99		118.21		99.77		0.766		7.823		0.13		-1.150		1.059		-4.898		30

						R2		0.814																				3		0.2		77		77.95		-0.950		-0.201		-0.213		-1.069		-0.203		-0.07170		1.376		4.984		1.577		11.10		3.513		89.05		66.85		81.46		74.44		0.111		0.00284		0.46		-0.105		-0.07169		0.03590		0.2

						R2 adjusted		0.795																				4		10		95		88.16		6.842		1.447		1.533		7.678		1.663		0.581		0.811		4.978		1.560		11.09		3.475		99.25		77.07		91.63		84.68		0.109		0.144		0.96		1.732		0.291		0.281		10

						Standard Error		4.728																				5		0.2		77		77.95		-0.950		-0.201		-0.213		-1.069		-0.203		-0.07170		1.376		4.984		1.577		11.10		3.513		89.05		66.85		81.46		74.44		0.111		0.00284		0.38		-0.319		-0.07169		0.03590		0.2

						# Points		12																				6		12		95		90.24		4.759		1.007		1.082		5.499		1.093		0.431		1.112		5.036		1.734		11.22		3.865		101.46		79.02		94.11		86.38		0.135		0.09106		0.79		0.812		0.153		0.266		12

						PRESS		708.69																				7		0.2		75		77.95		-2.950		-0.624		-0.662		-3.319		-0.642		-0.227		1.270		4.984		1.577		11.10		3.513		89.05		66.85		81.46		74.44		0.111		0.02741		0.29		-0.549		-0.227		0.114		0.2

						R2 for Prediction		0.409																				8		9		90		87.12		2.884		0.610		0.643		3.202		0.623		0.207		1.260		4.957		1.490		11.04		3.320		98.16		76.07		90.44		83.80		0.09931		0.02278		0.71		0.549		0.120		0.08295		9

						Durbin-Watson d		1.714																				9		0.2		84		77.95		6.050		1.280		1.357		6.807		1.426		0.504		0.924		4.984		1.577		11.10		3.513		89.05		66.85		81.46		74.44		0.111		0.115		0.88		1.150		0.504		-0.253		0.2

						First Order Autocorrelation		-0.000																				10		0.2		75		77.95		-2.950		-0.624		-0.662		-3.319		-0.642		-0.227		1.270		4.984		1.577		11.10		3.513		89.05		66.85		81.46		74.44		0.111		0.02741		0.21		-0.812		-0.227		0.114		0.2

						Collinearity		1.000																				11		0.2		79		77.95		1.050		0.222		0.236		1.181		0.224		0.07927		1.374		4.984		1.577		11.10		3.513		89.05		66.85		81.46		74.44		0.111		0.00347		0.63		0.319		0.07926		-0.03969		0.2

						Coefficient of Variation		5.685																				12		0.1		77		77.85		-0.846		-0.179		-0.190		-0.953		-0.180		-0.06421		1.381		4.986		1.585		11.11		3.531		88.96		66.74		81.38		74.32		0.112		0.00228		0.54		0.105		-0.06421		0.03262		0.1

						Precision Index		17.863

						ANOVA

						Source		SS		SS%		MS		F		F Signif		df

						Regression		976.15		81		976.15		43.67		0.0000601322		1

						Residual		223.51		19		22.35						10

						LOF Error		114.08		10  (51)		28.52		1.5638		0.297		4

						Pure Error		109.43		9  (49)		18.24						6

						Total		1199.7		100								11

						Diastolic = b0 + b1*EMF_mG

										P value		Std Error		-95%		95%		t Stat

						b0		77.74		0		1.593		74.19		81.29		48.81

						b1 EMF (mG)		1.042		0.0000601322		0.158		0.690		1.393		6.609

						Data Analysis Summary
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0.2

EMF (mG) on Living Room Floor

Diastolic BP (mmHg)

Effect of Ground Wire EMF Exposure on Diastolic Blood Pressure
EMF on Living Room Floor Above Ground Wire

y = 1.0416x + 77.742
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Sheet1_R2

																												Cutoff										3								0.816		1.500																		0.3333333333		1						0.577

																																																0.500

																																																																																		Correlation Matrix

																												Case		EMF_mG		Amperes		Predicted Amperes		Residuals		Standardized Residuals		Studentized Residuals		PRESS Residuals		R Student		DFFITS		Covariance Ratio		Std Error Prediction		Std Error Mean		95% Confid Int Pred		95% Confid Int Mean		+95 % Confid Int Pred		-95 % Confid Int Pred		+95 % Confid Int Mean		-95 % Confid Int Mean		Hat Diagonal		Cook's Distance		Cumulative Probability		Expected Normal Value (Rankits)		dfbeta [b0]		dfbeta[b1(EMF_mG)]		EMF_mG						EMF_mG

						Summary																						1		0.2		0.6		0.623		-0.02255		-0.03784		-0.04014		-0.02537		-0.03808		-0.01347		1.389		0.628		0.199		1.400		0.443		2.022		-0.777		1.065		0.180		0.111		0.000101		0.29		-0.549		-0.01347		0.00674		0.2				EMF_mG		1.000

						|R|		0.945																				2		30		5.4		6.042		-0.642		-1.077		-2.229		-2.748		-2.980		-5.398		1.339		0.792		0.522		1.765		1.162		7.806		4.277		7.204		4.879		0.766		8.149		0.13		-1.150		1.101		-5.097		30

						R2		0.893																				3		0.2		0.6		0.623		-0.02255		-0.03784		-0.04014		-0.02537		-0.03808		-0.01347		1.389		0.628		0.199		1.400		0.443		2.022		-0.777		1.065		0.180		0.111		0.000101		0.21		-0.812		-0.01347		0.00674		0.2

						R2 adjusted		0.883																				4		10		3.2		2.405		0.795		1.335		1.414		0.892		1.500		0.524		0.887		0.627		0.197		1.398		0.438		3.803		1.007		2.843		1.967		0.109		0.122		0.88		1.150		0.262		0.254		10

						Standard Error		0.596																				5		0.2		0.6		0.623		-0.02255		-0.03784		-0.04014		-0.02537		-0.03808		-0.01347		1.389		0.628		0.199		1.400		0.443		2.022		-0.777		1.065		0.180		0.111		0.000101		0.38		-0.319		-0.01347		0.00674		0.2

						# Points		12																				6		12		3		2.768		0.232		0.389		0.418		0.268		0.400		0.158		1.377		0.635		0.219		1.414		0.487		4.183		1.354		3.256		2.281		0.135		0.01357		0.79		0.812		0.05616		0.09732		12

						PRESS		11.49																				7		0.2		0.6		0.623		-0.02255		-0.03784		-0.04014		-0.02537		-0.03808		-0.01347		1.389		0.628		0.199		1.400		0.443		2.022		-0.777		1.065		0.180		0.111		0.000101		0.54		0.105		-0.01347		0.00674		0.2

						R2 for Prediction		0.655																				8		9		3.2		2.223		0.977		1.640		1.728		1.085		1.957		0.650		0.674		0.625		0.188		1.392		0.418		3.615		0.831		2.641		1.804		0.09931		0.165		0.96		1.732		0.376		0.261		9

						Durbin-Watson d		2.016																				9		0.2		0.6		0.623		-0.02255		-0.03784		-0.04014		-0.02537		-0.03808		-0.01347		1.389		0.628		0.199		1.400		0.443		2.022		-0.777		1.065		0.180		0.111		0.000101		0.46		-0.105		-0.01347		0.00674		0.2

						First Order Autocorrelation		-0.008																				10		0.2		0.6		0.623		-0.02255		-0.03784		-0.04014		-0.02537		-0.03808		-0.01347		1.389		0.628		0.199		1.400		0.443		2.022		-0.777		1.065		0.180		0.111		0.000101		0.63		0.319		-0.01347		0.00674		0.2

						Collinearity		1.000																				11		0.2		-0.6		0.623		-1.223		-2.052		-2.176		-1.376		-2.846		-1.007		0.385		0.628		0.199		1.400		0.443		2.022		-0.777		1.065		0.180		0.111		0.296		0.04		-1.732		-1.006		0.504		0.2

						Coefficient of Variation		38.860																				12		0.1		0.6		0.604		-0.00436		-0.00732		-0.00777		-0.00491		-0.00737		-0.00262		1.391		0.628		0.200		1.400		0.445		2.005		-0.796		1.049		0.159		0.112		0.0000038205		0.71		0.549		-0.00262		0.00133		0.1

						Precision Index		29.366

						ANOVA

						Source		SS		SS%		MS		F		F Signif		df

						Regression		29.76		89		29.76		83.81		0.0000035492		1

						Residual		3.550		11		0.355						10

						LOF Error		2.316		7  (65)		0.579		2.8148		0.124		4

						Pure Error		1.234		4  (35)		0.206						6

						Total		33.31		100								11

						Amperes = b0 + b1*EMF_mG

										P value		Std Error		-95%		95%		t Stat

						b0		0.586		0.01529		0.201		0.139		1.033		2.920

						b1 EMF (mG)		0.182		0.0000035492		0.01986		0.138		0.226		9.155
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Regression

Reregress

Delete

Predict

Graph

Back

Data

Optimize

Confidence

Outlier

Print

Table

Back

Back

Amperes = b0 + b1*EMF_mG
Effect of EMF (mG) on Living Room floor to Amperes current passing through the human body.

Back

Back

R Matrix

Back



Sheet1_R2

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



0.2

Electromagnetic Field-(EMF) milliGauss on Living Room floor

Amperes

Effect of EMF Exposure (mG) to Amperes (I) through the Body.
Hillman et al, East Lansing, MI 2006.

y = 0.1819x + 0.5862
R2 = 0.8934, n=12
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Sheet1_R3

																												Cutoff										3								0.816		1.500																		0.3333333333		1						0.577

																																																0.500

																																																																																		Correlation Matrix

																												Case		EMF_mG		Diastolic		Predicted Diastolic		Residuals		Standardized Residuals		Studentized Residuals		PRESS Residuals		R Student		DFFITS		Covariance Ratio		Std Error Prediction		Std Error Mean		95% Confid Int Pred		95% Confid Int Mean		+95 % Confid Int Pred		-95 % Confid Int Pred		+95 % Confid Int Mean		-95 % Confid Int Mean		Hat Diagonal		Cook's Distance		Cumulative Probability		Expected Normal Value (Rankits)		dfbeta [b0]		dfbeta[b1(EMF_mG)]		EMF_mG						EMF_mG

						Summary																						1		0.2		70		77.95		-7.950		-1.682		-1.784		-8.945		-2.049		-0.725		0.646		4.984		1.577		11.10		3.513		89.05		66.85		81.46		74.44		0.111		0.199		0.04		-1.732		-0.725		0.363		0.2				EMF_mG		1.000

						|R|		0.902																				2		30		104		108.99		-4.989		-1.055		-2.184		-21.36		-2.864		-5.188		1.447		6.283		4.139		14.00		9.222		122.99		94.99		118.21		99.77		0.766		7.823		0.13		-1.150		1.059		-4.898		30

						R2		0.814																				3		0.2		77		77.95		-0.950		-0.201		-0.213		-1.069		-0.203		-0.07170		1.376		4.984		1.577		11.10		3.513		89.05		66.85		81.46		74.44		0.111		0.00284		0.46		-0.105		-0.07169		0.03590		0.2

						R2 adjusted		0.795																				4		10		95		88.16		6.842		1.447		1.533		7.678		1.663		0.581		0.811		4.978		1.560		11.09		3.475		99.25		77.07		91.63		84.68		0.109		0.144		0.96		1.732		0.291		0.281		10

						Standard Error		4.728																				5		0.2		77		77.95		-0.950		-0.201		-0.213		-1.069		-0.203		-0.07170		1.376		4.984		1.577		11.10		3.513		89.05		66.85		81.46		74.44		0.111		0.00284		0.38		-0.319		-0.07169		0.03590		0.2

						# Points		12																				6		12		95		90.24		4.759		1.007		1.082		5.499		1.093		0.431		1.112		5.036		1.734		11.22		3.865		101.46		79.02		94.11		86.38		0.135		0.09106		0.79		0.812		0.153		0.266		12

						PRESS		708.69																				7		0.2		75		77.95		-2.950		-0.624		-0.662		-3.319		-0.642		-0.227		1.270		4.984		1.577		11.10		3.513		89.05		66.85		81.46		74.44		0.111		0.02741		0.29		-0.549		-0.227		0.114		0.2

						R2 for Prediction		0.409																				8		9		90		87.12		2.884		0.610		0.643		3.202		0.623		0.207		1.260		4.957		1.490		11.04		3.320		98.16		76.07		90.44		83.80		0.09931		0.02278		0.71		0.549		0.120		0.08295		9

						Durbin-Watson d		1.714																				9		0.2		84		77.95		6.050		1.280		1.357		6.807		1.426		0.504		0.924		4.984		1.577		11.10		3.513		89.05		66.85		81.46		74.44		0.111		0.115		0.88		1.150		0.504		-0.253		0.2

						First Order Autocorrelation		-0.000																				10		0.2		75		77.95		-2.950		-0.624		-0.662		-3.319		-0.642		-0.227		1.270		4.984		1.577		11.10		3.513		89.05		66.85		81.46		74.44		0.111		0.02741		0.21		-0.812		-0.227		0.114		0.2

						Collinearity		1.000																				11		0.2		79		77.95		1.050		0.222		0.236		1.181		0.224		0.07927		1.374		4.984		1.577		11.10		3.513		89.05		66.85		81.46		74.44		0.111		0.00347		0.63		0.319		0.07926		-0.03969		0.2

						Coefficient of Variation		5.685																				12		0.1		77		77.85		-0.846		-0.179		-0.190		-0.953		-0.180		-0.06421		1.381		4.986		1.585		11.11		3.531		88.96		66.74		81.38		74.32		0.112		0.00228		0.54		0.105		-0.06421		0.03262		0.1

						Precision Index		17.863

						ANOVA

						Source		SS		SS%		MS		F		F Signif		df

						Regression		976.15		81		976.15		43.67		0.0000601322		1

						Residual		223.51		19		22.35						10

						LOF Error		114.08		10  (51)		28.52		1.5638		0.297		4

						Pure Error		109.43		9  (49)		18.24						6

						Total		1199.7		100								11

						Diastolic = b0 + b1*EMF_mG

										P value		Std Error		-95%		95%		t Stat

						b0		77.74		0		1.593		74.19		81.29		48.81

						b1 EMF (mG)		1.042		0.0000601322		0.158		0.690		1.393		6.609

						Data Analysis Summary

						Potential Outlier Cases

						abs(Standard Residual) > 3

						Potential Influence Cases

						Cook's Distance > 1

						Case 2 - Cooks Distance = 7.822719

						Potential Leverage Cases

						Hat Matrix Diagonal > 0.3333

						Case 2 - hat(i,i) = 0.766427
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0.2

Electromagnetic Field (EMF) milliGauss on Living Room Floor

Diastolic BP (mmHg)

Effect of EMF Exposure on Diastolic Blood Pressure
Radiated from Ground Wire Below Lv Rm Floor.
 Hillman et al, 2006, East Lansing, MI. USA

y = 1.0416x + 77.742
R2 = 0.8137, n=12
P<0.00001
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Sheet1_R4

																												Cutoff										3								0.816		1.500																		0.3333333333		1						0.577

																																																0.500

																																																																																		Correlation Matrix

																												Case		EMF_mG		mVolts		Predicted mVolts		Residuals		Standardized Residuals		Studentized Residuals		PRESS Residuals		R Student		DFFITS		Covariance Ratio		Std Error Prediction		Std Error Mean		95% Confid Int Pred		95% Confid Int Mean		+95 % Confid Int Pred		-95 % Confid Int Pred		+95 % Confid Int Mean		-95 % Confid Int Mean		Hat Diagonal		Cook's Distance		Cumulative Probability		Expected Normal Value (Rankits)		dfbeta [b0]		dfbeta[b1(EMF_mG)]		EMF_mG						EMF_mG

						Summary																						1		0.2		20		23.38		-3.383		-0.241		-0.256		-3.806		-0.243		-0.08608		1.371		14.79		4.680		32.96		10.43		56.35		-9.580		33.81		12.95		0.111		0.00409		0.38		-0.319		-0.08607		0.04310		0.2				EMF_mG		1.000

						|R|		0.987																				2		30		288		294.61		-6.611		-0.471		-0.975		-28.30		-0.972		-1.761		4.329		18.65		12.29		41.56		27.38		336.17		253.05		321.99		267.23		0.766		1.558		0.29		-0.549		0.359		-1.662		30

						R2		0.974																				3		0.2		36		23.38		12.62		0.899		0.954		14.20		0.949		0.336		1.148		14.79		4.680		32.96		10.43		56.35		-9.580		33.81		12.95		0.111		0.05689		0.79		0.812		0.336		-0.168		0.2

						R2 adjusted		0.972																				4		10		130		112.58		17.42		1.241		1.315		19.55		1.372		0.479		0.948		14.78		4.630		32.93		10.32		145.51		79.65		122.90		102.26		0.109		0.106		0.96		1.732		0.240		0.232		10

						Standard Error		14.03																				5		0.2		28		23.38		4.617		0.329		0.349		5.195		0.333		0.118		1.355		14.79		4.680		32.96		10.43		56.35		-9.580		33.81		12.95		0.111		0.00762		0.54		0.105		0.118		-0.05899		0.2

						# Points		12																				6		12		122		130.78		-8.782		-0.626		-0.673		-10.15		-0.653		-0.258		1.300		14.95		5.149		33.31		11.47		164.09		97.47		142.25		119.31		0.135		0.03519		0.21		-0.812		-0.09173		-0.159		12

						PRESS		3236.71																				7		0.2		20		23.38		-3.383		-0.241		-0.256		-3.806		-0.243		-0.08608		1.371		14.79		4.680		32.96		10.43		56.35		-9.580		33.81		12.95		0.111		0.00409		0.46		-0.105		-0.08607		0.04310		0.2

						R2 for Prediction		0.958																				8		9		118		103.48		14.52		1.035		1.090		16.12		1.102		0.366		1.064		14.71		4.423		32.79		9.854		136.26		70.69		113.33		93.62		0.09931		0.06555		0.88		1.150		0.212		0.147		9

						Durbin-Watson d		2.056																				9		0.2		32		23.38		8.617		0.614		0.651		9.695		0.631		0.223		1.274		14.79		4.680		32.96		10.43		56.35		-9.580		33.81		12.95		0.111		0.02654		0.71		0.549		0.223		-0.112		0.2

						First Order Autocorrelation		-0.141																				10		0.2		0		23.38		-23.38		-1.666		-1.767		-26.31		-2.022		-0.715		0.657		14.79		4.680		32.96		10.43		56.35		-9.580		33.81		12.95		0.111		0.195		0.04		-1.732		-0.715		0.358		0.2

						Collinearity		1.000																				11		0.2		32		23.38		8.617		0.614		0.651		9.695		0.631		0.223		1.274		14.79		4.680		32.96		10.43		56.35		-9.580		33.81		12.95		0.111		0.02654		0.63		0.319		0.223		-0.112		0.2

						Coefficient of Variation		20.349																				12		0.1		1.6		22.47		-20.87		-1.487		-1.579		-23.51		-1.728		-0.615		0.784		14.80		4.704		32.98		10.48		55.45		-10.51		32.95		11.99		0.112		0.158		0.13		-1.150		-0.615		0.312		0.1

						Precision Index		54.549

						ANOVA

						Source		SS		SS%		MS		F		F Signif		df

						Regression		74536.2		97		74536.2		378.44		0.0000000028		1

						Residual		1969.6		3		196.96						10

						LOF Error		1073.6		1  (55)		268.40		1.7973		0.248		4

						Pure Error		896.00		1  (45)		149.33						6

						Total		76505.7		100								11

						mVolts = b0 + b1*EMF_mG

										P value		Std Error		-95%		95%		t Stat

						b0		21.56		0.00104		4.728		11.03		32.10		4.561

						b1 mG EMF		9.102		0.0000000028		0.468		8.059		10.14		19.45

						Data Analysis Summary

						Potential Outlier Cases

						abs(Standard Residual) > 3

						Potential Influence Cases

						Cook's Distance > 1

						Case 2 - Cooks Distance = 1.558499

						Potential Leverage Cases

						Hat Matrix Diagonal > 0.3333

						Case 2 - hat(i,i) = 0.766427
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EMF mGauss on Living Room Floor

mVolts Leg to Leg

Induced Body mVolts Increased as  mG EMF Exposure Increased
Hllman, et al, East Lansing, MI, USA, 2006
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Sheet1_R5

																												Cutoff										3								0.816		1.500																		0.3333333333		1						0.577

																																																0.500

																																																																																		Correlation Matrix

																												Case		Amperes		Diastolic		Predicted Diastolic		Residuals		Standardized Residuals		Studentized Residuals		PRESS Residuals		R Student		DFFITS		Covariance Ratio		Std Error Prediction		Std Error Mean		95% Confid Int Pred		95% Confid Int Mean		+95 % Confid Int Pred		-95 % Confid Int Pred		+95 % Confid Int Mean		-95 % Confid Int Mean		Hat Diagonal		Cook's Distance		Cumulative Probability		Expected Normal Value (Rankits)		dfbeta [b0]		dfbeta[b1(Amperes)]		Amperes						Amperes

						Summary																						1		0.6		70		76.97		-6.970		-1.872		-1.995		-7.917		-2.438		-0.898		0.508		3.941		1.288		8.780		2.869		85.75		68.19		79.84		74.10		0.120		0.270		0.04		-1.732		-0.876		0.494		0.6				Amperes		1.000

						|R|		0.940																				2		5.4		104		105.75		-1.753		-0.471		-0.713		-4.022		-0.694		-0.790		2.552		4.658		2.797		10.38		6.233		116.13		95.37		111.99		99.52		0.564		0.329		0.38		-0.319		0.316		-0.729		5.4

						R2		0.884																				3		0.6		77		76.97		0.02960		0.00795		0.00847		0.03362		0.00803		0.00296		1.402		3.941		1.288		8.780		2.869		85.75		68.19		79.84		74.10		0.120		0.0000048686		0.54		0.105		0.00289		-0.00163		0.6

						R2 adjusted		0.873																				4		3.2		95		92.56		2.439		0.655		0.717		2.926		0.699		0.312		1.333		4.022		1.520		8.963		3.386		101.52		83.60		95.95		89.17		0.167		0.05140		0.79		0.812		-0.00622		0.221		3.2

						Standard Error		3.724																				5		0.6		77		76.97		0.02960		0.00795		0.00847		0.03362		0.00803		0.00296		1.402		3.941		1.288		8.780		2.869		85.75		68.19		79.84		74.10		0.120		0.0000048686		0.63		0.319		0.00289		-0.00163		0.6

						# Points		12																				6		3		95		91.36		3.638		0.977		1.057		4.263		1.065		0.441		1.141		3.988		1.426		8.886		3.178		100.25		82.48		94.54		88.18		0.147		0.09608		0.88		1.150		0.02124		0.290		3

						PRESS		194.11																				7		0.6		75		76.97		-1.970		-0.529		-0.564		-2.238		-0.544		-0.200		1.314		3.941		1.288		8.780		2.869		85.75		68.19		79.84		74.10		0.120		0.02158		0.29		-0.549		-0.195		0.110		0.6

						R2 for Prediction		0.838																				8		3.2		90		92.56		-2.561		-0.688		-0.753		-3.073		-0.736		-0.329		1.318		4.022		1.520		8.963		3.386		101.52		83.60		95.95		89.17		0.167		0.05667		0.13		-1.150		0.00655		-0.232		3.2

						Durbin-Watson d		2.017																				9		0.6		84		76.97		7.030		1.887		2.012		7.984		2.473		0.911		0.497		3.941		1.288		8.780		2.869		85.75		68.19		79.84		74.10		0.120		0.275		0.96		1.732		0.889		-0.501		0.6

						First Order Autocorrelation		-0.184																				10		0.6		75		76.97		-1.970		-0.529		-0.564		-2.238		-0.544		-0.200		1.314		3.941		1.288		8.780		2.869		85.75		68.19		79.84		74.10		0.120		0.02158		0.21		-0.812		-0.195		0.110		0.6

						Collinearity		1.000																				11		0.6		79		76.97		2.030		0.545		0.581		2.305		0.560		0.207		1.309		3.941		1.288		8.780		2.869		85.75		68.19		79.84		74.10		0.120		0.02289		0.71		0.549		0.201		-0.114		0.6

						Coefficient of Variation		4.478																				12		0.6		77		76.97		0.02960		0.00795		0.00847		0.03362		0.00803		0.00296		1.402		3.941		1.288		8.780		2.869		85.75		68.19		79.84		74.10		0.120		0.0000048686		0.46		-0.105		0.00289		-0.00163		0.6

						Precision Index		18.054

						ANOVA

						Source		SS		SS%		MS		F		F Signif		df

						Regression		1061.0		88		1061.0		76.49		0.0000053497		1

						Residual		138.71		12		13.87						10

						LOF Error		16.71		1  (12)		8.353		0.5477		0.598		2

						Pure Error		122.00		10  (88)		15.25						8

						Total		1199.7		100								11

						Diastolic = b0 + b1*Amperes

										P value		Std Error		-95%		95%		t Stat

						b0		73.37		0		1.552		69.91		76.83		47.26

						b1 Induced Amperes		5.996		0.0000053497		0.686		4.469		7.524		8.746

						Data Analysis Summary
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Amperes (I) Current Passing Through the Body

Diastolic BP (mmHg)

Effect of Induced Body Current (I) on Diastolic Blood Pressure
Current was EMF from Ground Wire Below the Floor

y = 5.9964x + 73.373
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Sheet1_R6

																												Cutoff										3								0.816		1.500																		0.3333333333		1						0.577

																																																0.500

																																																																																		Correlation Matrix

																												Case		mVolts		HR		Predicted HR		Residuals		Standardized Residuals		Studentized Residuals		PRESS Residuals		R Student		DFFITS		Covariance Ratio		Std Error Prediction		Std Error Mean		95% Confid Int Pred		95% Confid Int Mean		+95 % Confid Int Pred		-95 % Confid Int Pred		+95 % Confid Int Mean		-95 % Confid Int Mean		Hat Diagonal		Cook's Distance		Cumulative Probability		Expected Normal Value (Rankits)		dfbeta [b0]		dfbeta[b1(mVolts)]		mVolts						mVolts

						Summary																						1		20		62		54.34		7.657		0.806		0.856		8.649		0.844		0.304		1.198		10.03		3.219		22.36		7.172		76.70		31.98		61.51		47.17		0.115		0.04747		0.79		0.812		0.300		-0.159		20				mVolts		1.000

						|R|		0.608																				2		288		80		76.64		3.361		0.354		0.657		11.61		0.637		0.998		3.903		12.43		8.011		27.70		17.85		104.34		48.94		94.49		58.79		0.710		0.530		0.71		0.549		-0.354		0.938		288

						R2		0.370																				3		36		71		55.67		15.33		1.612		1.697		16.98		1.908		0.627		0.693		9.958		2.968		22.19		6.614		77.86		33.49		62.29		49.06		0.09754		0.156		0.96		1.732		0.595		-0.239		36

						R2 adjusted		0.306																				4		130		65		63.49		1.506		0.158		0.170		1.735		0.162		0.06301		1.414		10.11		3.454		22.53		7.695		86.03		40.96		71.19		55.80		0.132		0.00220		0.46		-0.105		0.01287		0.03826		130

						Standard Error		9.505																				5		28		65		55.01		9.991		1.051		1.111		11.17		1.126		0.386		1.060		9.993		3.084		22.26		6.871		77.27		32.74		61.88		48.14		0.105		0.07265		0.88		1.150		0.375		-0.176		28

						# Points		12																				6		122		51		62.83		-11.83		-1.244		-1.327		-13.44		-1.387		-0.512		0.953		10.06		3.294		22.41		7.339		85.24		40.42		70.17		55.49		0.120		0.120		0.13		-1.150		-0.138		-0.283		122

						PRESS		1257.65																				7		20		56		54.34		1.657		0.174		0.185		1.872		0.176		0.06337		1.385		10.03		3.219		22.36		7.172		76.70		31.98		61.51		47.17		0.115		0.00222		0.54		0.105		0.06254		-0.03313		20

						R2 for Prediction		0.122																				8		118		60		62.50		-2.496		-0.263		-0.279		-2.819		-0.266		-0.09571		1.373		10.04		3.220		22.36		7.174		84.86		40.14		69.67		55.32		0.115		0.00505		0.38		-0.319		-0.02898		-0.05008		118

						Durbin-Watson d		1.622																				9		32		58		55.34		2.659		0.280		0.295		2.958		0.281		0.09433		1.350		9.974		3.024		22.22		6.737		77.57		33.12		62.08		48.60		0.101		0.00490		0.63		0.319		0.09069		-0.03963		32

						First Order Autocorrelation		0.149																				10		0		45		52.68		-7.679		-0.808		-0.874		-8.987		-0.863		-0.356		1.232		10.17		3.626		22.67		8.078		75.35		30.01		60.76		44.60		0.146		0.06504		0.21		-0.812		-0.356		0.233		0

						Collinearity		1.000																				11		32		39		55.34		-16.34		-1.719		-1.813		-18.18		-2.100		-0.705		0.619		9.974		3.024		22.22		6.737		77.57		33.12		62.08		48.60		0.101		0.185		0.04		-1.732		-0.677		0.296		32

						Coefficient of Variation		16.271																				12		1.6		49		52.81		-3.812		-0.401		-0.433		-4.447		-0.415		-0.169		1.386		10.16		3.590		22.64		7.999		75.45		30.17		60.81		44.81		0.143		0.01561		0.29		-0.549		-0.169		0.109		1.6

						Precision Index		5.891

						ANOVA

						Source		SS		SS%		MS		F		F Signif		df

						Regression		529.51		37		529.51		5.861		0.03600		1

						Residual		903.41		63		90.34						10

						LOF Error		704.91		49  (78)		88.11		0.8878		0.629		8

						Pure Error		198.50		14  (22)		99.25						2

						Total		1432.9		100								11

						HR = b0 + b1*mVolts

										P value		Std Error		-95%		95%		t Stat

						b0		52.68		0.0000000475		3.626		44.60		60.76		14.53

						b1 milliVolts Induced		0.08319		0.03600		0.03436		0.00663		0.160		2.421

						Data Analysis Summary

						Potential Outlier Cases

						abs(Standard Residual) > 3

						Potential Influence Cases

						Cook's Distance > 1

						Potential Leverage Cases

						Hat Matrix Diagonal > 0.3333

						Case 2 - hat(i,i) = 0.710418
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mVolts, Induced R-leg to L-arm or L-leg

Heart Rate (BPM)

Effect of Induced milliVolts from EMF on Heart Rate
EMF Radiated from Ground Wire Below floor (DH)
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Sheet1

		Table 2.		Regression Analysis Data: HR,BP, EMF, mV, Amps--

												LvRmFloor		Body		Currents

		Trial		Date/Time		HR		Systolic		Diastolic		EMF mG		mVolts		Amperes

		Pre T1		4/2/05		62		127		70		0.2		20		0.6

		Tr 1		4/2/05		80		140		104		30		288		5.4

		Pre T2		1/17/06		71		143		77		0.2		36		0.6

		Tr 2		1/17/06		65		141		95		10		130		3.2

		Pre T3		1/17/06		65		116		77		0.2		28		0.6
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		Post T4		2/10/06		58		147		84		0.2		32		0.6

		Placebo		2/13/06		45		123		75		0.2		0		0.6

		Placebo		2/13/06		39		126		79		0.2		32		0.6

		Placebo		2/13/06		49		114		77		0.1		1.6		0.6
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						Standard Error		4.728																				5		0.2		77		77.95		-0.950		-0.201		-0.213		-1.069		-0.203		-0.07170		1.376		4.984		1.577		11.10		3.513		89.05		66.85		81.46		74.44		0.111		0.00284		0.38		-0.319		-0.07169		0.03590		0.2

						# Points		12																				6		12		95		90.24		4.759		1.007		1.082		5.499		1.093		0.431		1.112		5.036		1.734		11.22		3.865		101.46		79.02		94.11		86.38		0.135		0.09106		0.79		0.812		0.153		0.266		12

						PRESS		708.69																				7		0.2		75		77.95		-2.950		-0.624		-0.662		-3.319		-0.642		-0.227		1.270		4.984		1.577		11.10		3.513		89.05		66.85		81.46		74.44		0.111		0.02741		0.29		-0.549		-0.227		0.114		0.2

						R2 for Prediction		0.409																				8		9		90		87.12		2.884		0.610		0.643		3.202		0.623		0.207		1.260		4.957		1.490		11.04		3.320		98.16		76.07		90.44		83.80		0.09931		0.02278		0.71		0.549		0.120		0.08295		9

						Durbin-Watson d		1.714																				9		0.2		84		77.95		6.050		1.280		1.357		6.807		1.426		0.504		0.924		4.984		1.577		11.10		3.513		89.05		66.85		81.46		74.44		0.111		0.115		0.88		1.150		0.504		-0.253		0.2

						First Order Autocorrelation		-0.000																				10		0.2		75		77.95		-2.950		-0.624		-0.662		-3.319		-0.642		-0.227		1.270		4.984		1.577		11.10		3.513		89.05		66.85		81.46		74.44		0.111		0.02741		0.21		-0.812		-0.227		0.114		0.2

						Collinearity		1.000																				11		0.2		79		77.95		1.050		0.222		0.236		1.181		0.224		0.07927		1.374		4.984		1.577		11.10		3.513		89.05		66.85		81.46		74.44		0.111		0.00347		0.63		0.319		0.07926		-0.03969		0.2

						Coefficient of Variation		5.685																				12		0.1		77		77.85		-0.846		-0.179		-0.190		-0.953		-0.180		-0.06421		1.381		4.986		1.585		11.11		3.531		88.96		66.74		81.38		74.32		0.112		0.00228		0.54		0.105		-0.06421		0.03262		0.1

						Precision Index		17.863

						ANOVA

						Source		SS		SS%		MS		F		F Signif		df

						Regression		976.15		81		976.15		43.67		0.0000601322		1

						Residual		223.51		19		22.35						10

						LOF Error		114.08		10  (51)		28.52		1.5638		0.297		4

						Pure Error		109.43		9  (49)		18.24						6

						Total		1199.7		100								11

						Diastolic = b0 + b1*EMF_mG

										P value		Std Error		-95%		95%		t Stat

						b0		77.74		0		1.593		74.19		81.29		48.81

						b1 EMF (mG)		1.042		0.0000601322		0.158		0.690		1.393		6.609

						Data Analysis Summary
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						Case 2 - hat(i,i) = 0.766427
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0.2

Electromagnetic Field (EMF) milliGauss on Living Room Floor

Diastolic BP (mmHg)

Effect of EMF Exposure on Diastolic Blood Pressure
Radiated from Ground Wire Below Lv Rm Floor.
 Hillman et al, 2006, East Lansing, MI. USA

y = 1.0416x + 77.742
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Sheet1_R4

																												Cutoff										3								0.816		1.500																		0.3333333333		1						0.577

																																																0.500

																																																																																		Correlation Matrix

																												Case		EMF_mG		mVolts		Predicted mVolts		Residuals		Standardized Residuals		Studentized Residuals		PRESS Residuals		R Student		DFFITS		Covariance Ratio		Std Error Prediction		Std Error Mean		95% Confid Int Pred		95% Confid Int Mean		+95 % Confid Int Pred		-95 % Confid Int Pred		+95 % Confid Int Mean		-95 % Confid Int Mean		Hat Diagonal		Cook's Distance		Cumulative Probability		Expected Normal Value (Rankits)		dfbeta [b0]		dfbeta[b1(EMF_mG)]		EMF_mG						EMF_mG

						Summary																						1		0.2		20		23.38		-3.383		-0.241		-0.256		-3.806		-0.243		-0.08608		1.371		14.79		4.680		32.96		10.43		56.35		-9.580		33.81		12.95		0.111		0.00409		0.38		-0.319		-0.08607		0.04310		0.2				EMF_mG		1.000

						|R|		0.987																				2		30		288		294.61		-6.611		-0.471		-0.975		-28.30		-0.972		-1.761		4.329		18.65		12.29		41.56		27.38		336.17		253.05		321.99		267.23		0.766		1.558		0.29		-0.549		0.359		-1.662		30

						R2		0.974																				3		0.2		36		23.38		12.62		0.899		0.954		14.20		0.949		0.336		1.148		14.79		4.680		32.96		10.43		56.35		-9.580		33.81		12.95		0.111		0.05689		0.79		0.812		0.336		-0.168		0.2

						R2 adjusted		0.972																				4		10		130		112.58		17.42		1.241		1.315		19.55		1.372		0.479		0.948		14.78		4.630		32.93		10.32		145.51		79.65		122.90		102.26		0.109		0.106		0.96		1.732		0.240		0.232		10

						Standard Error		14.03																				5		0.2		28		23.38		4.617		0.329		0.349		5.195		0.333		0.118		1.355		14.79		4.680		32.96		10.43		56.35		-9.580		33.81		12.95		0.111		0.00762		0.54		0.105		0.118		-0.05899		0.2

						# Points		12																				6		12		122		130.78		-8.782		-0.626		-0.673		-10.15		-0.653		-0.258		1.300		14.95		5.149		33.31		11.47		164.09		97.47		142.25		119.31		0.135		0.03519		0.21		-0.812		-0.09173		-0.159		12

						PRESS		3236.71																				7		0.2		20		23.38		-3.383		-0.241		-0.256		-3.806		-0.243		-0.08608		1.371		14.79		4.680		32.96		10.43		56.35		-9.580		33.81		12.95		0.111		0.00409		0.46		-0.105		-0.08607		0.04310		0.2

						R2 for Prediction		0.958																				8		9		118		103.48		14.52		1.035		1.090		16.12		1.102		0.366		1.064		14.71		4.423		32.79		9.854		136.26		70.69		113.33		93.62		0.09931		0.06555		0.88		1.150		0.212		0.147		9

						Durbin-Watson d		2.056																				9		0.2		32		23.38		8.617		0.614		0.651		9.695		0.631		0.223		1.274		14.79		4.680		32.96		10.43		56.35		-9.580		33.81		12.95		0.111		0.02654		0.71		0.549		0.223		-0.112		0.2

						First Order Autocorrelation		-0.141																				10		0.2		0		23.38		-23.38		-1.666		-1.767		-26.31		-2.022		-0.715		0.657		14.79		4.680		32.96		10.43		56.35		-9.580		33.81		12.95		0.111		0.195		0.04		-1.732		-0.715		0.358		0.2

						Collinearity		1.000																				11		0.2		32		23.38		8.617		0.614		0.651		9.695		0.631		0.223		1.274		14.79		4.680		32.96		10.43		56.35		-9.580		33.81		12.95		0.111		0.02654		0.63		0.319		0.223		-0.112		0.2

						Coefficient of Variation		20.349																				12		0.1		1.6		22.47		-20.87		-1.487		-1.579		-23.51		-1.728		-0.615		0.784		14.80		4.704		32.98		10.48		55.45		-10.51		32.95		11.99		0.112		0.158		0.13		-1.150		-0.615		0.312		0.1

						Precision Index		54.549

						ANOVA

						Source		SS		SS%		MS		F		F Signif		df

						Regression		74536.2		97		74536.2		378.44		0.0000000028		1

						Residual		1969.6		3		196.96						10

						LOF Error		1073.6		1  (55)		268.40		1.7973		0.248		4

						Pure Error		896.00		1  (45)		149.33						6

						Total		76505.7		100								11

						mVolts = b0 + b1*EMF_mG

										P value		Std Error		-95%		95%		t Stat

						b0		21.56		0.00104		4.728		11.03		32.10		4.561

						b1 mG EMF		9.102		0.0000000028		0.468		8.059		10.14		19.45
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0.2

EMF mGauss on Living Room Floor

mVolts Leg to Leg

Induced Body mVolts Increased as  mG EMF Exposure Increased
Hllman, et al, East Lansing, MI, USA, 2006

y = 9.1016x + 21.562
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Sheet1_R5

																												Cutoff										3								0.816		1.500																		0.3333333333		1						0.577

																																																0.500

																																																																																		Correlation Matrix

																												Case		Amperes		Diastolic		Predicted Diastolic		Residuals		Standardized Residuals		Studentized Residuals		PRESS Residuals		R Student		DFFITS		Covariance Ratio		Std Error Prediction		Std Error Mean		95% Confid Int Pred		95% Confid Int Mean		+95 % Confid Int Pred		-95 % Confid Int Pred		+95 % Confid Int Mean		-95 % Confid Int Mean		Hat Diagonal		Cook's Distance		Cumulative Probability		Expected Normal Value (Rankits)		dfbeta [b0]		dfbeta[b1(Amperes)]		Amperes						Amperes

						Summary																						1		0.6		70		76.97		-6.970		-1.872		-1.995		-7.917		-2.438		-0.898		0.508		3.941		1.288		8.780		2.869		85.75		68.19		79.84		74.10		0.120		0.270		0.04		-1.732		-0.876		0.494		0.6				Amperes		1.000

						|R|		0.940																				2		5.4		104		105.75		-1.753		-0.471		-0.713		-4.022		-0.694		-0.790		2.552		4.658		2.797		10.38		6.233		116.13		95.37		111.99		99.52		0.564		0.329		0.38		-0.319		0.316		-0.729		5.4

						R2		0.884																				3		0.6		77		76.97		0.02960		0.00795		0.00847		0.03362		0.00803		0.00296		1.402		3.941		1.288		8.780		2.869		85.75		68.19		79.84		74.10		0.120		0.0000048686		0.54		0.105		0.00289		-0.00163		0.6

						R2 adjusted		0.873																				4		3.2		95		92.56		2.439		0.655		0.717		2.926		0.699		0.312		1.333		4.022		1.520		8.963		3.386		101.52		83.60		95.95		89.17		0.167		0.05140		0.79		0.812		-0.00622		0.221		3.2

						Standard Error		3.724																				5		0.6		77		76.97		0.02960		0.00795		0.00847		0.03362		0.00803		0.00296		1.402		3.941		1.288		8.780		2.869		85.75		68.19		79.84		74.10		0.120		0.0000048686		0.63		0.319		0.00289		-0.00163		0.6

						# Points		12																				6		3		95		91.36		3.638		0.977		1.057		4.263		1.065		0.441		1.141		3.988		1.426		8.886		3.178		100.25		82.48		94.54		88.18		0.147		0.09608		0.88		1.150		0.02124		0.290		3

						PRESS		194.11																				7		0.6		75		76.97		-1.970		-0.529		-0.564		-2.238		-0.544		-0.200		1.314		3.941		1.288		8.780		2.869		85.75		68.19		79.84		74.10		0.120		0.02158		0.29		-0.549		-0.195		0.110		0.6

						R2 for Prediction		0.838																				8		3.2		90		92.56		-2.561		-0.688		-0.753		-3.073		-0.736		-0.329		1.318		4.022		1.520		8.963		3.386		101.52		83.60		95.95		89.17		0.167		0.05667		0.13		-1.150		0.00655		-0.232		3.2

						Durbin-Watson d		2.017																				9		0.6		84		76.97		7.030		1.887		2.012		7.984		2.473		0.911		0.497		3.941		1.288		8.780		2.869		85.75		68.19		79.84		74.10		0.120		0.275		0.96		1.732		0.889		-0.501		0.6

						First Order Autocorrelation		-0.184																				10		0.6		75		76.97		-1.970		-0.529		-0.564		-2.238		-0.544		-0.200		1.314		3.941		1.288		8.780		2.869		85.75		68.19		79.84		74.10		0.120		0.02158		0.21		-0.812		-0.195		0.110		0.6

						Collinearity		1.000																				11		0.6		79		76.97		2.030		0.545		0.581		2.305		0.560		0.207		1.309		3.941		1.288		8.780		2.869		85.75		68.19		79.84		74.10		0.120		0.02289		0.71		0.549		0.201		-0.114		0.6

						Coefficient of Variation		4.478																				12		0.6		77		76.97		0.02960		0.00795		0.00847		0.03362		0.00803		0.00296		1.402		3.941		1.288		8.780		2.869		85.75		68.19		79.84		74.10		0.120		0.0000048686		0.46		-0.105		0.00289		-0.00163		0.6

						Precision Index		18.054

						ANOVA

						Source		SS		SS%		MS		F		F Signif		df

						Regression		1061.0		88		1061.0		76.49		0.0000053497		1

						Residual		138.71		12		13.87						10

						LOF Error		16.71		1  (12)		8.353		0.5477		0.598		2

						Pure Error		122.00		10  (88)		15.25						8

						Total		1199.7		100								11

						Diastolic = b0 + b1*Amperes

										P value		Std Error		-95%		95%		t Stat

						b0		73.37		0		1.552		69.91		76.83		47.26

						b1 Induced Amperes		5.996		0.0000053497		0.686		4.469		7.524		8.746

						Data Analysis Summary
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0.6

Amperes (I) Curent Passing Through the Body

Diastolic BP(mmHg)

Effect of Induced Body Current (I) on Diastolic Blood Pressure
Current was EMF from Ground Wire Below the Floor

y = 5.9964x + 73.373
R2 = 0.8844, n=12

0

0

0

0

0

0

0

0

0

0

0

0



Sheet1

		Table 2.		Regression Analysis Data: HR,BP, EMF, mV, Amps--

												LvRmFloor		Body		Currents

		Trial		Date/Time		HR		Systolic		Diastolic		EMF mG		mVolts		Amperes

		Pre T1		4/2/05		62		127		70		0.2		20		0.6

		Tr 1		4/2/05		80		140		104		30		288		5.4

		Pre T2		1/17/06		71		143		77		0.2		36		0.6

		Tr 2		1/17/06		65		141		95		10		130		3.2

		Pre T3		1/17/06		65		116		77		0.2		28		0.6

		Tr 3		1/17/06		51		140		95		12		122		3.0

		Pre T4		2/10/06		56		132		75		0.2		20		0.6

		Tr 4		2/10/06		60		152		90		9		118		3.2

		Post T4		2/10/06		58		147		84		0.2		32		0.6

		Placebo		2/13/06		45		123		75		0.2		0		0.6

		Placebo		2/13/06		39		126		79		0.2		32		0.6

		Placebo		2/13/06		49		114		77		0.1		1.6		0.6
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EMF in Living Room Concurs with Voltage on Ground Wire and Bath Tub in Denver Study, Bioelectromagnetics 2005

Summary of measurements of the magnetic field in the living room (B_LR), VW-E, and Vbath taken each minute over a 6-day period and aggregated by 30-min intervals for a sample residence.  All points were normalized to their respective 6-day arithmetic means.
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