http://www.electricalpollution.com
"Stray Voltage," not stray at all 
"Stray Voltage" is merely another name for electrical ground current. Electrical ground current is electrical current returning to the substation through the earth. Electrical ground currents occur when the utility's wire is no longer the path of least resistance back to the substation. Electricity always follows the path of least resistance. Once it is off the wire, that path often includes plumbing, people, and animals, in addition to the earth. Calling the returning electrical ground currents "stray voltage" was a stroke of genius. The name "stray voltage" trivializes the problem and suggests unknown and unknowable origin, which is not true at all. Preliminary data suggest that dairies with "stray voltage" problems actually have both "dirty" power and electrical ground currents. 
The Electrical Power Research Institute (EPRI) and the Institute of Electrical and Electronics Engineers (IEEE), as well as some individual utility companies have identified solutions for electrical ground currents and "dirty" power. The solutions include larger primary neutral wires and/or filters to reduce the amount of high frequencies present. According to EPRI " A method that practically eliminates ground currents associated with primary distribution lines and still maintains the advantages of a four-wire multi-grounded system, is the five-wire system...(excerpt from Handbook for the Assessment and Management of Magnetic Fields Caused by Distribution Lines)." An April 2002 IEEE paper entitled "Five-wire Distribution System Demonstration Project" contains similar findings. 
	



Graph excerpted from Milk Production of Dairy Herd Decreased by Transient Voltage Events by Hillman et al 
(Click to enlarge)
	The review article by Dr. Donald Hillman, Professor Emeritus, Department of Animal Science, Michigan State University Effects of Electrical Shock on Cattle and abstract for the paper entitled Milk Production of Dairy Herd Decreased by Transient Voltage Events contain important information about electrical pollution for dairy producers. 
An article in Wisconsin State Journal on Monday, August 23, 2004 by Tom Sheehan, "Current May Have An Effect On Cows
Exposure May Affect Immune Systems But Study Can't Conclude Whether It Affects Cows' Ability To Fight Disease" discusses research at University of Wisconsin - Madison on the effect of exposure to low levels of electrical current. 
(As you read the article, keep in mind that the exposure period was only three weeks. Most cows live in the polluted environment 24 hours a day, 7 days a week all year. Imagine what they might have found with a realistic exposure length. It is also unclear if the current used was representative of the current waveform found on farms with ground current problems when a sensitive oscilloscope with a large frequency range is used.) 


        Milk Production of Dairy Herd Decreased by Transient Voltage Events
            Donald Hillman,1 Dave Stetzer,2  Martin Graham,3 and Charles L. Goeke,4
Abstract:
Transient (harmonic) nonsinusoidal voltage events originating from a power company substation and overloads on distribution lines were recorded on the floor of a milking parlor to measure  their relationship to bulk tank 2-day milk weights.   Milk production from a 110-cow herd in Michigan decreased as number of electrical transient neutral-ground events increased.  The negative effect of transients was described by a regression model Y (milk) = 5362 kg - 4.57 X (kg / Transient Event); R2 = .57.  Coef. X was linear. Mean number of transients 49 (range 21-91 per 48 h) reduced milk production 224 kg ±87.    Videotaping cows while recording simultaneously transient voltages confirmed that stepping, lifting feet, and frequent shifting correspond to transient voltages occurring at precisely the same time. Herd reproduction and mortality were affected adversely.
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Effects of Electrical Shock on Cattle

Dr. Donald Hillman, Ph.D., Professor Emeritus, Department of Animal Science, Michigan State University,East Lansing, Michigan 48824
Conclusions from Careful Examination of Published Research

[An article, Review of Stray Voltage Research, Effects on Livestock, by Robert J. Fick, Director of the Michigan Agricultural Electric Council (an employee of the electric power industry) and Visiting Assistant Professor, Agricultural Engineering Department, Michigan State University, and Truman C. Surbrook, Professor, Agricultural Engineering Department, is on the MSU information network and in other Michigan State University publications. Conclusions of that article are challenged for understating effects of low voltage on health and performance of dairy cattle on farms. Conclusions are too dependent on limited research of doubtful merit while ignoring findings and implications of other valid, conflicting research. Such representations jeopardize administration of justice to owners of herds so afflicted and risk the establishment by the Michigan Public Service Commission or others of nonactionable voltages which are biased in favor of electric power suppliers. Such actions threaten access of plaintiffs to due process and are financially detrimental to dairy farm users and their families affected by such extraneous voltage. D.H. 1/30/99]

Research workers have documented effects of electrical shock on cattle and reported in scientific journals. They have called the electrical shock of concern here stray voltage. More precise and inclusive it is termed “extraneous voltage” defined as any outofplace voltage within environment of the animal regardless of cause, source, or magnitude (recommended by Bodman, Ref. 5). As cattle vary widely in response to voltage and to the same voltage on different days, opinions vary by research workers on effects of electrical shock on cattle. Our analyses indicate that major experiments had few enough cows that important differences in milk production, reproduction, and herd health may not have been detectable. Other conclusions are not excluded. The following is a summary of those findings:

Commonly Cited Cow Responses to Electrical Shock were summarized by Appleman and Gustafson (3): 1) Intermittent periods of reduced production; 2) reasons unexplained; 3) increased incidences of mastitis; 4) elevated somatic cell count [in milk samples]; 5) lengthened milking times; 6) incomplete milk letdown; 7) extreme nervousness in milking parlor [stepping, or raising of feet, switching of tail, kicking off milkers]; 8) reluctance to enter the milking parlor; 9) rapid exit from the parlor; 10) reluctance to use water bowls or metallic feeders; and 11) altered consummatory behavior [such as lapping water or splashing rather than normal drinking behavior]. Authors observed effects of stray voltage on four general areas: milking performanceand behavior, herd health, nutritional intake, and yield of product. Reproduction should be added to the list.

Cows exhibit clear responses to applications between 2 and 4 mA of current according to Scott, Gorewit, and Drenkard (21). Variation between responses of cows to 4 and 8 mA shocks was large. Same cow response differed markedly to the same current on different days for Drenkard et al. (7).

Lefcourt (12) reported that as little as 0.199 volts and 0.693 mA electrical current was mildly shocking and 0.272 volts (.964 mA) resulted in distinct shock reactions in one cow in five tests for behavioral response to electrical shock. He found resistance from 250 to 405 Ohms and concluded that a cow with little electrical resistance is twice as susceptible to stray voltage as is a cow with high electrical resistance. He further concluded: “Therefore, because stray voltages on a farm do not exceed .5 V does not mean that the farmer will be free of stray voltage problems. In addition, because sensitivity to electrical current varies with parts of the body through which it passes, it is possible that cows might be even more sensitive to stray voltage if the current passes through the teat or tongue.” 

Electricians commonly include a 500 Ohm resistor in the circuit when measuring voltage in areas of cow contact as if the resistor represents resistance of the cow. Ohms should be at least 250-500, although resistances presumably change regularly as a cow picks up one or more feet either in walking or attempting to escape electrical current. Further, if the filament of a light bulb represents resistance on the circuit, then the heat and light produced by the resistor hardly can be considered no consequence in the circuit. A possible relationship between regular low amperages, e.g. 1 or 2 mA, causing pain (hot-foot ?), separation of hoof laminae, abnormal hoof growth, and other anomalies associated with stray voltage on farms cannot be ruled out by published research. Use of resistors in voltage meters would underestimate likely effects of low voltage on cattle. Also, transient voltages measured during low peak usage often increase significantly in late afternoon when heavier loads are consumed from same lines in the neighborhood.

In the latter experiments of Lefcourt et al., (14) 28% of the cows (2 of 7 cows) became so distressed by 10 mA electrical current that they could not be handled safely and had to be removed from the experiment. And Gorewit et al. (8) reported that 2 of 30 cows in one test and 4 of 44 first parity cows in another test refused to drink at 4, 5, or 6 V for 36 h and were given an alternative water source; that cows might have died should be part of the outcome. Such difference may not be statistically significant but may be economically significant (loss of $7,200 in cows plus $18,000 of milk) with no other water source available as under farm conditions. 

Effects on Milk Yield and Milk Fat: In New Zealand (25, 26) as the number of electrical shocks 1 min before milking increased, workers found milk ejection increasingly was suppressed. Milk yields were 10% less when Phillips (19) applied three volts between milking claw and the rear feet of the cow during milking. Lefcourt and Akers (13) reported that 5 mA current resultedin 11% to 17% decrease of milk yield: “Milk yield and milking time were decreased in cows subjected to stimulation by intermittent voltage.” 

Similarly, Aneshansley et al. (1) reported to the American Society of Agricultural Engineers, (ASAE #87-3034, page 6, Milk Production)--“week 5 was significantly lower than week 2 for all cows that received voltages greater than 0.” The authors’ graphic presentation of “Milk Production Decline,” Figure 11, is in the Appendices. Milk production changed (up to 3.5 kg/day) and at all voltages: 0.5, 1, 2, and 4 volts compared to the controls. Weeks 1 and 2 were pre-trial adjustment, weeks 3, 4, & 5 were voltage treatments, and weeks 6 & 7 were posttreatment.

Trends were apparent for “Water Consumption,” Figures 2A vs 2B (Appendices), “Feed Consumption” Figures 12A vs 12B (Appendices), and possibly “Milk Fat” Figure 14A vs 14B (Appendices). Gorewit et al. (8) on the same experiments in the Journal of Dairy Science did not mention the significant differences at week 5 and did not present the graphic figures from the ASAE report. However, they did report that two animals receiving 4 volts did not drink for 36 h, at which time their voltages were disconnected. [And] “All other animals drank within 36 h and showed no significant long-term difference in the monitored parameters.” This is not consistent with the Aneshansley report (1) where milk production was affected by a wide range of low voltages. Addition of 44 more cows to their numbers for a 2 d water and feed consumption and milk production “experiment” where they found four more cows that did not drink for 36 hours drew their conclusion: “... no significant long-term difference in monitored parameters.” Variances, small numbers, and limited time exposure render contribution doubtful for describing on-farm expectations from stray voltage.

Behr (4), a forensic economist, studied research notes and data provided by Cornell workers under Court subpoenas and concluded that “The turnover of cows in the samples is too high to support a claim of controlled full-lactation experimentation.” He determined that the number of cows per slot (40 slots) averaged 3.6 for the 394 days and 141 cows which passed through the experiment from 9/2/88 to 9/30/89. This computes to a 365 d “cull” rate of 3.3 cows per slot, or 230% compared to the more usual 30%, or at about 8 times the normal farm cull rate. And Behr concluded that the turnover rate “is so far in excess of feasible farm conditions it renders the Cornell Research results irrelevant even if they were valid.” 

A list of the “Final 40" cows in means was not provided in either published article nor request for such data. However, lactation records were provided for 40 cows identified as �93"The Final 40." 

For these, differences between groups for published 305-d lactations were surprisingly small as if means were restricted from varying as they would with normal residual variation among cows. Authors’ conclusion that none of voltages 0, 1, 2, and 4 V affected milk production 7312, 8527, 6938, and 7725 kg probably should elaborate that design did not enable such evaluation through this trial. Conclusion that voltage did not affect milk yield may have misled where it was testimony by expert witnesses in court.

Milk fat was depressed from voltages (Aneshansley et al. (2)) during measurement of cow sensitivity to electricity during milking. “Milk fat was lower when currents were applied to first lactation cows [-.2%] and significantly lower [-.5% (p<.05)] for multiple lactation cows.” Decreases of fat test reduced the market value of milk at least $.20 to $1.60 per 45.5 kg of milk sold; $40 to $320 per cow for a typical herd averaging 9,091 kg milk/cow/year. Similarly, milk fat was less for all voltages (1, 2, and 4 V) vs 0 controls in the full lactation trial by Gorewit et al. (9, Table 2). The average percent for the three periods given for 2 volts is miscalculated and should be 3.7% rather than 4.0%. Average for controls was 3.8% fat in milk. 

Milk fat depression is a common response to heat stress (24), and apparently it occurs in cows subjected to electrical stress as well. Depressed milk fat is common in farm herds subjected to stray voltage, but it has been attributable to variations of dietary fiber and electrolyte imbalances, not mentioned in the Cornell reports but assumed to be equally distributed among treatments. Because cows were fed supplemental grain individually from an automatic transponder feeder, differences in amount of grain fed could have affected fat test. Depression of milk fat by electrical stress, if real, may be further supporting evidence of the adrenocortical stress syndrome as increased blood cortisol is produced by electrical stress.

Effects on Health and StressRelated Disorders: Persistent, intermittent electrical shock produces typical stress syndrome characterized by increase of blood adrenal hormones: cortisol (hydrocortisone) (7) and epinephrine (adrenalin) (7,14). Henke Drenkard and Gorewit, et al. (7) found blood cortisol increased by 4 and 8 milliamps (mA) electrical current applied for 5 of every 30 sec during milking. While increased mean cortisol of 4 mA treatment during milking (6.44, 8.78, and 10.86 ng/ml) was not different from controls, with 6 cows and treatments switched every 8th day for 3 wk, (p>.05) a trend is apparent, and the 8 mA group mean was significantly different. Cortisol continued to rise for 16 to 20 h posttreatment when means were 13.25, 14.31, and 18.38 ng/ml for the 0, 4, and 8 mA shock. More somatic cells in milk of cows from the control group suggest that mastitis might have played a role in the controls as evident by the larger SCC standard deviation and its possible effects on blood cortisol and statistical analysis. The authors noted that: In work prior to this trial, most cows exhibited behavioral responses to electrical current at 4 mA. 

In the full lactation report on Cow Health and Reproduction (9) Cornell authors noted, “When an experimental cow got mastitis, she was removed from the experimental pen and placed with other mastitic herd cows.” “Also, the waterer for any mastitic cows was not connected to any voltage.” Apparently, effects of exposure to voltage on the severity or recovery of sick animals was not considered important nor was the effect of replacing mastitic experimental cows with other cows in the analysis of data. Gorewit’s statement, “All indications of cow health that were measured (somatic cell counts, cases of mastitis, repeat mastitis, hoof problems, and body weight) showed no detrimental effect that was due to voltage,” needs to be qualified to advise readers “given the large variations and few cows on our experiment.” 

Calculation (22) of “sample size” necessary to show significant differences between controls and treatment means for the measured “Services per Conception” where treatment means and SEM(standard error of the means) are in Table 2, p. 2729, revealed that 48 cows per treatment would be required to show significant differences ( p<.05) to be sure that means will be significantly different 90% of the time. 

In the USDA (14) experiment, blood glucocorticoids of 0 mA controls were abnormally elevated, nearly twice baseline of treatment groups (controls=13.9 baseline) compared to treatment baselines of 9.9, 6.0, 6.0, 6.9, and 8.3 ng/ml for 2.5, 5.0, 7.5, 10.0, and 12.5 mA treatments for 10 seconds, 1 hour prior to milking. These high cortisol controls made significant differences between treatment baseline-minus-peak versus controls impossible for any voltage treatments with “standard error of the mean (range) 4.5-5.5 ng/ml.” Results were based on seven cows divided into two groups shocked bi-weekly. Calculation of the sample size required to show statistical significance indicates that 25 cows per treatment would have been required to be sure that means are different 90% of the time (22). Otherwise, the experiment provides no scientific basis for claiming that any voltage had “no significant effect” on the hormones measured. The inadequate controls and small number of cows would not allow any other conclusion, except that two cows became so unmanageable as to endanger workers at 10 mA that they were not subjected to 12.5 mA currents, and the experiment was terminated without completing its objective. Unmanageable cows were labeled “exceptional” as in the Cornell reports, although they represented 28% of the cows on experiment.

Reproductive Efficiency may be inhibited by electrical stress because repeated acute stress, with a brief significant rise of blood cortisol, can disrupt the preovulatory luteinizing hormone (LH) surge and ovulation in heifers (23) such as caused by transportation or severe climatic conditions. These authors noted that previous investigators have found that ACTH, cortisol, and progesterone, also released by the adrenal cortex, can inhibit LH surge in the cow. Wilson et al. (27, 28) confirmed that controlled heat stress inhibited ovarian function and reproductive efficiency in cows and heifers by inhibiting follicle growth and development and increasing incidence of delayed regression of corpus lutea. Reproductive failure is a common complaint in herds affected by stray voltage and can have severe economic consequences by reducing the number of off-spring born, culling opportunity, and eventual number of cows in the herd. Increasing adjusted calving interval resulted in net revenue losses of $7.33 (US) per cow/day in a study of the economic effects of reproductive efficiency (20). Data in the Cornell (10) study were too limited for valid conclusions regarding effects of electrical stress on health and reproduction. Also, cows that were not seen in estrus within 50 d after calving were given prostaglandins F2-alpha to destroy the corpus luteum, stimulate estrus, and were inseminated in 5 to 7 d. This procedure corrects the delayed (retained) corpus luteum problem caused by stress as described by Wilson et al. and, therefore, corrects the problem supposedly being measured by the experiment, rendering it invalid and unrelated to objectives of the experiment. From the means and variances for services per conception, 48 cows per treatment would have been necessary to obtain statistical significance and be sure that means would be different 90% of the time. Again, the few cows and large variation limit data and concluding “no significant difference” can be misleading.

Effects on Resistance to Disease: Increased blood cortisol caused by persistent stress, such as prolonged intermittent electrical shock, results in an immediate leukocyte shift, longer adrenocortical fatigue, and eventual reduction of peripheral white blood cells. Serial injections with 100 and 200 IU of ACTH to stimulate adrenocortical hormones reduced phagocytosis (engulfing) of bacteria (staphylococcus aureus) by white blood cells 43% and 56% after the sixth injection through a combination of decreased lymphocytes and decreased phagocytosis, as demonstrated by Paape (17) and (18, Tables 3, 6, & 7) and Gwazdauskas et al. (11). ACTH is the hormone produced by the pituitary gland, at the base of the brain, in response to stressful stimuli. It stimulates the increase of cortisol and other hormones produced by the adrenal glands. ACTH injection and heat stress of cattle produced similar moderate leukocytosis and increases in somatic cell counts of milk in Arizona studies (24).

Electrical stress from stray voltage may be similar to heat stress in which both feed and water consumption dramatically were reduced, and milk energy output declined nearly twice as much as digestible energy intake, resulting in marked decrease of efficiency of utilization of energy, and in considerably higher maintenance energy requirements (15). Corresponding protein catabolism via gluconeogenesis, electrolyte imbalances, atrophy of the thymicolymphatic system and gastrointestinal ulcers are all known consequences of adrenocortical stimulation caused by such noxious stressors as exposure to extreme cold, heat, xrays, burns, intense sound or light, pain, forced muscular exercise, starvation, hemorrhage, and anxiety. Electrical shock now can be added to the list of common stressors. Eventually, we may learn that electrical shock may be a contributor to abnormal incidences of metabolic disorders, lameness or bone disorders, and an immune deficiency syndrome similar to AIDS in humans.

Water and Feed Consumption: Craine (6) reported that water consumption from a watering trough charged with 6.0 volts was 68% less than from the zero volt trough, and 48% less for the 6.0 volts than from a 3.0 volt trough. Three volts reduced water consumption about 20%. Norell et al. (16) taught cows to escape from 5.0 mA treatments over a front to rear hooves pathway. During the test, cows were exposed from 1.0 to 5.0 mA. Cows expressed the learned escape behavior in 23% of 2.0 mA current treatments and 97% of 5.0 mA treatments. When the same series of current treatments was applied over a mouth-to-all hooves pathway, cows responded to 15% of 1.0 mA treatments and to 90% of 5.0 mA treatments.

In contrast, Cornell workers claimed no significant differences in milk yield or composition, health and reproduction, or water consumption (1, 9) of cows exposed to 0, 1, 2, or 4 volts at their waterers. In the Journal of Dairy Science articles, authors claim that results were based on 40 cows (10 cows per treatment group) for complete lactations. However, five months were required to complete filling the treatment groups with 10 fresh cows as designed, and apparently, according to research notes of the trial furnished by the authors under Court Subpoena, 141 cows were actually in the pens during the trial, and cows were put in the wrong pens 16 times during the trial. Water consumption was measured for the whole pen, not for individual cows; and cows were observed drinking from the waterers over the fence from outside the electrocution stall. Therefore, water consumption reported has no direct relationship to milk production of experimental cows because nonexperimental cows occupied spaces to keep the pens full.Gorewit et al. (9) stated that average current (and ranges) for 2 d (randomly selected) were 3.1 mA (4.5 to 1.5), 6.5 mA (8.6 to 4.6), and 11.2 mA (14.1 to 7.5) for the 1, 2, and 4 V pens, respectively in the Cornell experiment. Evidently current was not monitored regularly.

In view of results by others, design of the Cornell trials must have permitted meager exposure of cattle to electricity for outcomes to have differed so from reports of decreased water, feed consumption, and milk yield.

Researchers claim that amperage (flow of electrical current) rather than voltage per se is the culprit affecting cattle. The relationship between voltage and current is expressed by Ohm’s Law: 

E=IR, where E is volts, I is current flow (amperes), and R is resistance of the circuit (Ohms). Then, volts divided by resistance equals amperage.

A table of resistances to current flow through various pathways of the body is in the publication by Appleman and Gustafson (3). Resistances ranged from 244 to 1960 Ohms depending on the animal contact point and the pathway through the animal. For example: if the particular animal’s path resistance is 250 Ohms, then .5 volts yield 2 milliamps as: 

.5 volts/250 Ohms = .002 amps x 1000 = 2 milliamps current.

Because individual animals respond differently, arbitrarily selecting a predetermined voltage or amperage as safe for all animals seems foolish and irresponsible. Economic consequences occur when as little as 2 of 37 or 2 of 7 of the cows in a herd are afflicted by stray voltage.

The Attorney General of Michigan concluded (Re: Michigan Electric and Gas Association, Case No. U11368, October 15, 1997) that the Michigan Public Service Commission does not have the statutory authority to approve rules to regulate the levels of extraneous electrical current, which attempt to authorize utilities to spread unwanted and detrimental electrical power (voltage and/or current) outside of contractual easements onto private property to the detriment of the health, safety and welfare of both people and animals, and to the detriment of the use and enjoyment of property. The Attorney General’s opinion was in response to a request by Consumers Energy Company for the PSC to rule that 2 mA electrical current or less was not harmful to livestock, and, therefore, plaintiffs claims could not be brought to litigation.

Conclusions
Scrutiny of the published articles cited in A Review of Stray Voltage Research, Effects on Livestock, by Robert J. Fick and Truman C. Surbrook, does not support their conclusion that 2.0 or less milliamps current from extraneous voltage is harmless to dairy cows and of no economic consequence to dairy farmers. Much of the data are unreliable and irrelevant to voltages found on farms and are misleading to an unsuspecting public.
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Appendices
Figures from: D. J. Aneshansley, R. C. Gorewit, D. C. Ludington et al. Paper #87-3034. 1987. Am. Soc. Agr. Engineers (Baltimore, Md.).

Figure 11: Milk Production Decline. 

Figures 2A and 2B: Water Consumption. 

Figures 12A and 12 B: Feed Consumption.

Figures 14A and 14B: Milk Fat
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Exposure May Affect Immune Systems But Study Can't Conclude Whether It Affects Cows' Ability To Fight Disease.

Wisconsin State Journal :: LOCAL/WISCONSIN :: B1

Monday, August 23, 2004
Tom Sheehan Wisconsin State Journal

The company, though, was found negligent despite the fact that levels of electrical current passing through animals never exceeded state Public Service Commission safety standards for stray voltage.

Rep. Barbara Gronemus, D-Whitehall, who questions the results of the UW-Madison study, says the livelihood of some farmers is at stake because she believes cattle can be harmed by ground current. Utility companies, on the other hand, say lawsuits like the one brought by the Hoffmanns aren't backed by science and could drive up utility rates.

The commission, which regulates electrical distribution in Wisconsin, will review the study "for any relevant information," said Stephanie Marquis, a spokeswoman for the commission.

The study failed to duplicate conditions found on real dairy farms, which can be financially devastated by "electrical pollution," Gronemus argued. She said she would like to have seen the study done on farms, instead of in a controlled environment.

While testing animals in a farm environment sounds like a good idea, it's very difficult to control variables, Sheffield said. Wiring systems may vary, as well as milking and feeding habits, Sheffield said. To be accurate, such as study would require an "enormous" number of farms.

Gronemus plans to reintroduce a bill next year under which utilities could face lawsuits, fines and trespassing charges if they fail to quickly repair electrical system problems that may pose a public health or safety risk, she said.

A hearing was held on the bill earlier this year, but it didn't get to a vote on the floor of either house of the Legislature. The bill would have allowed property owners or renters to sue over an "objectionable flow of current," defined in the bill as electricity that flows for more than five seconds on a grounding wire or other conductor that normally doesn't carry electricity. If the problem is not fixed within 30 days, a court may award triple damages. Utilities also would have to clear up all objectionable flows of current by 2012 or face fines of up to $1 million.

The electrical current applied in the study to each animal -- the equivalent of 1,000th the power it takes to light a 100-watt light bulb -- was intended to simulate exposure to a ground current level established in a previous phase of the study, Sheffield said. The current caused no visible reaction or discomfort in the cows and milk production remained steady, Sheffield said.

But the exposure appeared to alter levels of four of 20 hormones that regulate the immune system, Sheffield said. Those changes seem unlikely to have a major effect on a cow's ability to fight disease, however, because levels of many other hormones that can indicate immune system health appeared unaffected, Sheffield said.

Sheffield said he was not asked to make a formal recommendation on whether or not further study on ground current would be helpful. The results of the study will be formally released in the next few weeks, Sheffield said.

\ Contact Tom Sheehan at tsheehan@madison.com or 252-6198.

-->

Electrical conditions similar to those found on some Wisconsin farms may affect the immune systems of cows, but it's still unclear if it hampers their ability to fight disease, a UW-Madison researcher found.

"If there is immune impairment, it's fairly subtle," said Lewis Sheffield, a dairy science professor who just completed a study in which a dozen cows were exposed to small currents of electricity continuously for three weeks. Sheffield's area of expertise is mammary gland biology and endocrinology.

Though inconclusive, the findings likely will add fuel to the fire of an ongoing debate between some farmers and electric utilities about whether certain forms of unintended electrical exposure can lead to sickness in dairy herds.

Last year, the state Supreme Court upheld a $1.2 million Waupaca County jury award to dairy farmers Allan and Beverly Hoffmann, who said their cattle became sick after being exposed to electricity that entered the ground through faulty underground wiring installed by Wisconsin Electric Power Co. (WEPCO), now part of Milwaukee-based WeEnergies.
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Attorneys for the Hoffmanns argued the couple's cattle were exposed to ground current -- electricity that may be present in the ground but that doesn't pass directly through an animal. WEPCO argued it should not be held liable for a phenomenon that is not regulated and is not known to adversely affect animal health.

The company, though, was found negligent despite the fact that levels of electrical current passing through animals never exceeded state Public Service Commission safety standards for stray voltage.

Rep. Barbara Gronemus, D-Whitehall, who questions the results of the UW-Madison study, says the livelihood of some farmers is at stake because she believes cattle can be harmed by ground current. Utility companies, on the other hand, say lawsuits like the one brought by the Hoffmanns aren't backed by science and could drive up utility rates.

The commission, which regulates electrical distribution in Wisconsin, will review the study "for any relevant information," said Stephanie Marquis, a spokeswoman for the commission.

The study failed to duplicate conditions found on real dairy farms, which can be financially devastated by "electrical pollution," Gronemus argued. She said she would like to have seen the study done on farms, instead of in a controlled environment.

While testing animals in a farm environment sounds like a good idea, it's very difficult to control variables, Sheffield said. Wiring systems may vary, as well as milking and feeding habits, Sheffield said. To be accurate, such as study would require an "enormous" number of farms.

Gronemus plans to reintroduce a bill next year under which utilities could face lawsuits, fines and trespassing charges if they fail to quickly repair electrical system problems that may pose a public health or safety risk, she said.

A hearing was held on the bill earlier this year, but it didn't get to a vote on the floor of either house of the Legislature. The bill would have allowed property owners or renters to sue over an "objectionable flow of current," defined in the bill as electricity that flows for more than five seconds on a grounding wire or other conductor that normally doesn't carry electricity. If the problem is not fixed within 30 days, a court may award triple damages. Utilities also would have to clear up all objectionable flows of current by 2012 or face fines of up to $1 million.

The electrical current applied in the study to each animal -- the equivalent of 1,000th the power it takes to light a 100-watt light bulb -- was intended to simulate exposure to a ground current level established in a previous phase of the study, Sheffield said. The current caused no visible reaction or discomfort in the cows and milk production remained steady, Sheffield said.

But the exposure appeared to alter levels of four of 20 hormones that regulate the immune system, Sheffield said. Those changes seem unlikely to have a major effect on a cow's ability to fight disease, however, because levels of many other hormones that can indicate immune system health appeared unaffected, Sheffield said.

Sheffield said he was not asked to make a formal recommendation on whether or not further study on ground current would be helpful. The results of the study will be formally released in the next few weeks, Sheffield said.

\ Contact Tom Sheehan at tsheehan@madison.com or 252-6198.

Health Issues
"Dirty" power: The world's largest health experiment. 
What you don't know can kill you.
Talking To Your Physician About Electrical Pollution
What you don't know about electrical pollution can hurt you!
In the laboratory, chronic exposure to low level electromagnetic fields clearly affects growth and development, stress response, immune response and many neurological functions. This is not surprising because at the cellular level we are all electrical beings. Epidemiologic studies relate electromagnetic fields to birth defects, psychosis, childhood leukemias and to other cancers, especially brain and reproductive tumors. 
What are the symptoms of radio wave sickness?
From the first awareness of health effects related to electromagnetic radiation decades ago, non-localized neurological symptoms have been very prominent. These include: headaches, dizziness, nausea, difficulty concentrating, memory loss, irritability, depression, anxiety, insomnia, fatigue, weakness, tremors, muscle spasms, numbness, tingling, altered reflexes, muscle and joint pain, leg/foot pain, "Flu-like" symptoms and fever. More severe symptoms can include seizures, paralysis, psychosis and stroke. These complaints, along with numerous non-specific multiple systems symptoms, constitute radio wave sickness. 
When should you suspect radio wave sickness?
You should suspect radio wave sickness when you have a significant number of symptoms on the list and there does not seem to be another cause for the symptoms. Radio wave sickness should be suspected if you have chronic fatigue syndrome (CFS), fibromyalgia, or attention deficit disorder, as a number of people with those disorders have substantially recovered after being treated for it. 
How can radio wave sickness be positively diagnosed?
The extensive list of symptoms relates to the multiple cellular and sub-cellular effects of electrical pollution. Lab tests, including EEG (as described by Marha et al.) may be done as a baseline but are not definitive. Electrical pollution is measurable, but requires specialized instrumentation and a trained technician to interpret the data. The simultaneously diagnostic and therapeutic measure is to eliminate "dirty" power in the home and/or workplace and determine whether or not symptoms improve, often within days. The filters to accomplish this need only be "plugged in," and are inexpensive when compared to multiple medical office visits and/or medications. 
The average home requires approximately twenty filters. If improvement occurs only slowly, more filters may be necessary. It is important to install enough from the beginning because if too few are installed initially, no difference may be observed. Instructions for filter installation can be found at http://www.stetzerelectric.com/filters/filter_instructions.html. The instructions can be used to help estimate how many filters will be necessary for optimal filtering. 
Filters are available through Stetzer Electric: (608) 989-2571; dave@stetzerelectric.com. 
Disclaimer: The author is a recovering patient, motivated by a desire to learn and teach about electrical pollution, 
who does not make filters or possess any financial interest in the company that produces them. 

Are there any other treatments?
There are no treatments that can substitute for reducing or eliminating exposure to high frequencies. However, there are some nutritional approaches that may be helpful in rebuilding the body's damaged systems after exposure high frequencies is substantially reduced or eliminated. The literature indicate that the nervous system, the cardiovascular system, and the immune system are impaired or damaged by over-exposure to radio frequencies. Many references cite oxidative damage as a problem. Dehydration also seems to be a problem. Consult with your physician or a qualified health care professional to determine what might be appropriate to help with recovery from the damage done by radio wave sickness. 
How can "dirty" power affect you?
In addition to being part of an electrical circuit because of the electrical earth currents, each person is capacitively coupled to the wires running around them through the walls, floor, and ceiling of the building where they live or work. Electrical engineers know about capacitive coupling, but they have also been taught that the result is insignificant. They have not read or choose to ignore publications like The Body Electric by Robert O. Becker, MD in which he discusses the extreme sensitivity of the human body to electromagnetic fields/radiation and Electromagnetic Fields and the Life Environment by Karel Marha, Jan Musil, and Hana Tuha in which they describe the symptoms humans experience with chronic exposure to high frequencies. The description of the symptoms of exposure to high frequencies in Electromagnetic Fields and the Life Environment touches on all of the most minor and puzzling symptoms of CFS and Fibromyalgia, as well as all of the widely accepted ones. The symptoms of chronic fatigue syndrome, fibromyalgia, and Gulf War Syndrome are all virtually identical to those of radio wave sickness. Exposure to high frequencies seems to be linked to a myriad of other health problems including depression, attention deficit disorder (ADD), cancer, infertility, miscarriages, birth defects, allergies, Alzheimer's disease, Parkinson's disease and Lou Gehrig's disease. The news has been full of speculation regarding why the rates of these ailments have increased over the last several years. Since there is evidence linking exposure to high frequencies to each of these ailments, it seems likely that the growth in non-linear, time-varying loads relates to the increase of the ailments listed above. Until recently only a few people were aware of the source of the exposure. People are becoming sick who do not seem to be at risk. Unbeknownst to them, they are being exposed to high frequencies through exposure to "dirty" power. Without an oscilloscope or a meter, it is impossible for the average person to detect. (See the simple, easy to use Ubiquitous Pollutant Meter outlined in "A Ubiquitous Pollutant"). Electricity is the most widely accepted and most poorly understood of the modern conveniences. 
Why is it difficult for physicians to accept electrical pollution's adverse health effects?
Regrettably, to date, articles in main-stream medical journals, featuring the human health risks of exposure to electrical pollution or high frequencies, have not received the notice they deserve. Each time an article appears, a carefully prepared highly publicized study that reportedly shows inconclusive or negative results is released. These studies have ties, generally funding, to an industry or organization that fears it would be negatively impacted by the new study. These highly publicized, "damage control studies" are probably the ones you and your doctor recall seeing. Although the human health effects of exposure to high frequencies were well researched and documented in Eastern Europe over fifty years ago, this body of literature was largely disregarded because the government viewed it as communist propaganda designed to curtail the development of further military and/or technological advances. Still, today Eastern Europe has some of the strictest regulations regarding acceptable levels of radio-frequency exposure for civilian populations. Do not be put off by some of the hostile responses you may receive from medical professionals. This information is new for your doctor. This is where physics meets human biology. The scarcity of people who are well enough versed in both physics and biology to fully understand the effects of high frequencies on biological organisms is what has allowed this problem to persist for so long. 
Symptoms of radio wave sickness (excerpted from No Place To Hide April 2001): 
· Neurological: headaches, dizziness, nausea, difficulty concentrating, memory loss, irritability, depression, anxiety, insomnia, fatigue, weakness, tremors, muscle spasms, numbness, tingling, altered reflexes, muscle and joint paint, leg/foot pain, "Flu-like" symptoms, fever. More severe reactions can include seizures, paralysis, psychosis and stroke. 

· Cardiac: palpitations, arrhythmias, pain or pressure in the chest, low or high blood pressure, slow or fast heart rate, shortness of breath. 

· Respiratory: sinusitis, bronchitis, pneumonia, asthma. 

· Dermatological: skin rash, itching, burning, facial flushing. 

· Ophthalmologic: pain or burning in the eyes, pressure in/behind the eyes, deteriorating vision, floaters, cataracts. 

· Others: digestive problems; abdominal pain; enlarged thyroid, testicular/ovarian pain; dryness of lips, tongue, mouth, eyes; great thirst; dehydration; nosebleeds; internal bleeding; altered sugar metabolism; immune abnormalities; redistribution of metals within the body; hair loss; pain in the teeth; deteriorating fillings; impaired sense of smell; ringing in the ears.

Why is the symptoms list so broad?
Symptoms are affected by body type, duration and regularity of exposure, and frequency (hertz). Each frequency can have a very different effect on the human body and different body types are affected differently by different frequencies. This makes electrical pollution as a causal agent difficult to identify, especially if you do not know about radio wave sickness. One article in the Journal of Cellular Biochemistry notes that the stress response is activated in cells exposed to even low levels of electromagnetic radiation both by directly affecting DNA, as well as by activating membrane receptors. They note that cells respond to amplitude and frequency differently. Changes of amplitude in either direction also stimulate the stress response. 

Where can you go for documentation/resources?
There are many useful resources. The list that follows of necessity leaves out many (a readily printable list is available in the Further Info section). If possible, go through the list in order. 

Articles in the January 2004 National Foundation of Alternative Medicine Newsletter
Good News, Bad News About Electromagnetic Forces
Screening Electromagnetic Frequencies Shows Positive Results
Excerpts of a letter written by Lloyd Morgan (Part 1 and Part 2), an Electronic Engineer with a BA in Electronic Engineering from University of California - Berkeley, and a member of Central Brain Tumor Registry of the United States. His letter contains a nice explanation of the problem, complete with scientific references and anecdotal evidence. 

Electromagnetic Fields and the Life Environment by Karel Marha, Jan Musil, and Hana Tuha 

Electric Wilderness by Andrew Marino and Joel Ray 

The Body Electric by Robert O. Becker,M.D
Crosscurrents by Robert O. Becker, M.D. 

"Evidence that Electromagnetic Radiation is Genotoxic: The implications for the epidemiology of cancer and cardiac, neurological and reproductive effects" by Dr. Neil Cherry http://www.emfguru.org/EMF/genotoxic/Genotoxic-EMR-paper.htm 

"Electrical Sensitivity: A Growing Global Concern. How wireless technology may impact child development and central nervous system functioning: A Possible Association Between Fetal/neonatal Exposure to Radiofrequency Electromagnetic Radiation and the Increased Incidence of Autism Spectrum Disorders" by Robert C. Kane, Ph.D. at ACN Online (Association for Comprehensive Neurotherapy): http://www.latitudes.org/articles/electrical_sensitivity_articles.html#A%20Possible%20Association 

"Maisch D. Rapley B. Rowland RE Podd J. "Chronic Fatigue Syndrome (CFS) - Is prolonged exposure to environmental level powerline frequency magnetic fields a co-factor in treatment?" ACNEM Journal, Vol. 17 No. 2, pp 29-35, December 1998.

Maisch D. Podd J. "Changes in Health Status in a Group of CFS and CF Patients Following Removal of Excessive 50 Hz Magnetic Field Exposure" ACNEM Journal, Vol. 21 No. 1, pp 15-19, April 2002.

Ivan Beale : "Association on Health Problems with 50- Hz Magnetic Fields in Adults Living Near Power Transmission Lines". ACNEM Journal, Vol. 20 No. 2, pp 9-12, 15, 30. April 2002. 

For the above three articles take the link, click the journal & articles button on the left, and go to the journal section by author.: http://www.acnem.org/opening_material/opening_page_with_contents.htm 

