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[ INTRODUCTION

Q. Please state your name, address, and occupation.

A.  Samuel Milham MD, MPH, 2318 Gravelly Beach Loop NW, Olympia WA 98502.
I am a semi-retired physician-epidemiologist.

Q. What is your professional and educational background?

A. I have a bachelor of science degree from Union College in Schenectady NY, an
MD degree from Albany Medical College in Albany NY, and a masters of public health
degree from Johns Hopkins University in Baltimore MD. I have worked for health
departments and universities. I have over 100 peer reviewed scientific publications,
many of which deal with the health effects of electromagnetic fields. I have written a
book called Dirty Electricity. | have a website: www.sammilham.com with copies of
recent publications and a curriculum vitae which lists all my publications. [ have been
consulted by dozens of people concerned about the health effects of their smart meters.
Q. What is the purpose of your direct testimony in these proceedings?

A.  Idiscuss the effects of Arizona Public Service smart meters on the health of
people residing and working in areas where these devices have been deployed.

Q. Have you testified previously before the Commission?

A. No.

II. SUMMARY OF DIRECT TESTIMONY

Q. Please summarize your direct testimony.


http://www.sammilham.com

A.  The APS “smart” meters are electronic devices which replaced the old electro-
mechanical analog meters used to measure electric power consumption for billing
purposes. The smart meters have circuitry to measure power consumption, and a
microwave transmitter to send this information to the utility. The health effects of
microwave exposures are well known. All transmitters, including the microwave
transmitters in smart meters, operate on direct current (DC). The APS smart meters
contain a switching mode power supply (SMPS) which changes the utility 60 Hz
alternating current to DC. [ will limit my testimony to the health effects of the electrical
pollution (dirty electricity) generated by the smart meter SMPS. The dirty electricity
problem is compounded by the utility using the earth as a primary neutral return to the
substation.

I DIRECT TESTIMONY

Q. Please describe dirty electricity.

A.  “Dirty electricity” or “dirty power” are terms coined by the electric utilities to
describe the electrical pollution consisting of high frequency voltage transients and
harmonics riding along on the 50 or 60 Hz wave form and contaminating the electricity
delivered to users. Dirty electricity is generated by arcing and sparking, especially brush
arcing in generators and electrical motors and any device which interrupts current flow,
especially switching mode power supplies. These include computers, battery chargers,

cell towers, compact fluorescent lights, variable frequency drives, grid tied solar and



wind power, and transmitters including smart meters. Dirty electricity is measured with
a Graham/Stetzer meter (G/S meter) also known as a Microsurge II meter (MS II meter),
which is plugged into electric outlets (Graham, 2005). This meter displays the average
rate of change (dV/dT) of these high frequency voltage transients that exist everywhere
on electric power wiring and gives a numerical output in Graham/Stetzer or G/S units. It
is possible to short out the dirty electricity in wiring by plugging capacitive filters into
electrical outlets.

Here's what dirty electricity looks like on an oscilloscope. The pink tracing is dirty

electricity, and shouldn't be there.
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Q. What is the evidence that dirty electricity causes health problems?



A.  Edison’s nine “Jumbo” generators had serious brush arcing problems and
commutator wear. This means that from the very beginning of electrification in the U.S.
in 1892 and the rest of the world, dirty electricity was being sent out into the grid. In an
attempt to control the arcing, he added metallic mercury to the commutators, but this
caused illness in his workers. Brushed generators and motors have the same problem
today.

The health and mortality effects of electrification and dirty electricity happened so
gradually, and on such a wide scale, that they went virtually unnoticed, and the major
illnesses that can be attributed to them came to be considered “normal” diseases of
modern civilization. By 1900, most cities in the world were electrified, but it took over
50 years for US farms and rural areas to get electricity.

By 1940, more than 90 percent of all the residences in the northeastern United
States and California were electrified. By 1940, almost all urban residences in the
United States were electrified and urban residents were, therefore, exposed to
electromagnetic fields and dirty electricity in their residences and at work, while rural
residents were exposed to varying levels of EMFs and dirty electricity, depending on the
progress of rural electrification in their states. In 1940, only 28 percent of residences in
Mississippi were electrified, while five Southern states had less than 50 percent of
residences electrified. Eleven states, mostly in the Northeast, had residential

electrification rates above 90 percent. In the highly electrified Northeastern states and in



California, urban and rural residents could have similar levels of EMF exposure, while
in states with low levels of residential electrification, there were potentially great
differences in EMF exposure between urban and rural residents. It wasn’t until 1956 that
these differences finally disappeared. What was already known by then, but not
appreciated, was that urban death rates were much higher than rural rates for
cardiovascular diseases, malignant neoplasms, diabetes and suicide in the 1930 and 1940
United States mortality data. In 1930, urban cancer death rates were 58.8 percent higher

than rural cancer death rates.
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Rural death rates were significantly correlated with the level of residential electric
service by state for most of the causes examined. It is difficult to believe that mortality
differences of this magnitude could go unexplained for more than seventy years after
first being reported, and forty years after they had actually been noticed and commented

upon. I suspect that in the early part of the twentieth century, nobody was looking for

answers or knew how to properly frame the appropriate broad epidemiologic questions.



By the time electromagnetic field (EMF) epidemiology began in earnest in 1979, the
entire population was exposed to EMFs. There was then simply no way to find an
unexposed control group; therefore, all studies were potentially biased. Cohort studies,
which follow groups of people forward in time, were by then using EMF-exposed
population statistics to compute expected values, and case-control studies were
comparing more exposed cases to less exposed controls. By way of analogy, the
mortality from lung cancer in two-pack-a-day smokers is more than twenty times that of
non-smokers, but only three times that of one-pack-a-day smokers. Extending that
analogy to EMFs, after 1956, the EMF equivalent of a non-smoker ceased to exist in the
United States, with the exception of the small Amish population.

The Old Order Amish (OOA) in North America live without electricity. They have
less than half the cancer incidence of the US population (Westman, 2010), and about
half the type 2 diabetes prevalence as other US citizens despite having the same body
mass index (Hsueh et al, 2000). Cardiovascular disease (Hamman, 1981), Alzheimer’s
disease (Holder, 1998) and suicide (Kraybill, 1986) are reported to be less common in
the OOA. A pediatric group practice in Jasper Indiana which cares for 800 Amish
families has not diagnosed a single child with ADHD, and childhood obesity is almost
unseen in this population (Ruff, 2005). Remarkably, the life expectancy of the OOA has
been about 72 years for the past 300 years for both men and women. In 1900, the life

expectancy of U.S. white males was 46.3 years and 48.3 years for white females.



In 2008 I coauthored a study of a cancer cluster in school teachers at a La Quinta,
California middle school (see Milham and Morgan, 2008 at my website) which indicated
that high frequency voltage transients (also known as dirty electricity), were a potent
universal carcinogen with cancer risks over 10.0 and significant dose—response for a
number of cancers. They have frequencies between 2 and 100 kHz. These findings are
supported by a large cancer incidence study in 200,000 California school employees
which showed that the same cancers and others were in excess in California teachers
statewide (Reynolds et al, 1999). Power frequency magnetic fields (60 Hz) measured at
the school were low and not related to cancer incidence, while classroom levels of high
frequency voltage transients (dirty electricity) measured at the electrical outlets in the
classrooms accurately predicted a teacher’s cancer risk. These fields are potentially
present in all wires carrying electricity and are an important component of ground
currents returning to substations. This helped explain the fact that professional and office
workers, like the school teachers, have high cancer incidence rates. It also explained
why indoor workers had higher malignant melanoma rates, why melanoma occurred on
parts of the body which never are exposed to sunlight, and why melanoma rates are
increasing while the amount of sunshine reaching earth is stable or decreasing due to air
pollution. A number of very different types of cancer had elevated risk in the La Quinta
school study, in the California school employees study, and in other teacher studies. The

only other carcinogenic agent which acts like this is ionizing radiation.
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The 2008 study at the La Quinta, California middle school was followed by a
study at Vista del Monte elementary school in North Palm Springs, California. This
school, like many others had a cell phone tower on campus within 40 feet of a classroom
wing. The teachers at this school reported a cancer cluster in the office and teaching
staff, and hyperactivity in students in certain classrooms. The entire school had very
high dirty electricity readings from the inverter or SPMS in the cell tower. Their dirty
electricity levels were higher than those at the La Quinta school. The Vista del Monte
G/S readings averaged 1,300 compared to 750 at La Quinta. Fifty G/S units make some
people ill. The cancers (twelve cancers, including six female breast cancers among
seventy-five personnel employed at the school since 1990) were over-represented in the
wing of the school closest to the cell tower, and the G/S readings were highest in the
classrooms closest to the cell tower base. At the same stage of the investigation, La
Quinta school had eleven cancers in 137 teachers. A fourth grade teacher complained
that her students were hyperactive and un-teachable. The outlets in her room measured
over 5,000 Graham/Stetzer units. On a Friday afternoon after school, I reduced the
measured dirty electricity in the wiring from over 5,000 to less than 50 Graham/Stetzer
units with five plug-in filters from Stetzer Electric. With no change in either cell tower
radiation or the lighting, the teacher reported an immediate dramatic improvement in
student behavior in the following week. They were calmer, paid more attention and were

teachable all week except for Wednesday when they spent part of the day in the library.
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Later, the teacher told me that she could change the behavior of the children by
removing and reinserting the filters. The change took between 30 and 45 minutes. This
young teacher also became the thirteenth cancer case in this small teachers’ cohort.
Filtering the wiring of schools, homes and offices to short out dirty electricity can make
dramatic differences in health.

Cell tower transmitters like all transmitters, operate on direct current. They also
use the DC to charge their back-up batteries. The utility 60 Hz AC is changed to DC by a
switching power supply which generates dirty electricity which contaminates the grid.
People who are concerned about health issues regarding cell towers focus on the RF
emissions, but dirty electricity is another unrecognized important exposure. A Brazilian
study (Dode et al, 2011) showed higher cancer rates within 500 meters of the cell tower
base and a dose-response with distance from the tower. Since the transmitted RF
intensity decays as the square of the distance from the tower, the dirty electricity is the
more likely cause of cancer out to 500 meters.

In 2011 the Lancet published a paper (Danaei et al, 2011), listing fasting plasma
glucose (FPG) and diabetes prevalence in 199 countries and territories around the world.
Islands are over-represented in places with high blood glucose and diabetes prevalence
(Milham, 2013 b). Seven of ten of the places with highest FPG in males are small
islands, many in Oceania, while only one of the ten places with the lowest FPG are. In

2011, the same group, Global Burden of Metabolic Risk Factors in Chronic Diseases
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Collaborating Group, also published a similar analysis of body mass index (obesity)
(Finucane MM et al, 2011), with nearly identical results. I believe that the world wide
epidemics of diabetes and obesity are both due to exposure to dirty electricity on electric
utility wiring coming from generator brush arcing, bad wiring connections and from cell
tower switching power supplies. Islands without fuel supplies are likely to import diesel
oil to fuel generator sets which generate dirty electricity which rides along on the 50 and
60 Hz transmission frequencies. If the islands of Oceania are cleaned up electrically, it
may take a generation to see the effects.

De-Kun Li (Li DK 2011, 2012) has published two important prospective studies
showing that magnetic field exposure during pregnancy increases the risk of asthma and
obesity in offspring. Asthma and obesity are rare in Amish children. I believe that
magnetic fields are a surrogate for dirty electricity in these studies. I think I also know
the etiology of the excess suicides, post traumatic stress disorders, and a number of other
Gulf War illnesses. About 85 percent of the fuel oil imported into Afghanistan and Iraq
is used for air conditioning at a cost of $ 20.2 billion per year (2011 report). The portable
diesel-fueled generator sets which power the air conditioners generate dirty electricity.
The wiring also can’t be very good, because of the reports of increased accidental
electrocution in military personnel in Iraq and Afghanistan. Interestingly, Navy and Air
Force personnel don’t share the recent suicide increase seen in the Army and Marine

Corps.
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The highest asthma prevalence rate reported is in the population of Tristan da
Cunha, a small Atlantic island with six diesel generator sets for electrical power.

For over eighty years, economists have noted a paradoxical improvement in health
indices (declining mortality rates and increasing life expectancy) during economic
recessions. Mortality rates increase and life expectancy decreases during economic
expansions. The title of a paper (Tapia Granados and Ionides, 2008) “The reversal of the
relation between economic growth and health progress: Sweden in the 19th 20th
centuries” says it all. The expected decline of health indicators with economic recessions
and improvement with economic growth in the 19th century Sweden was reversed in the
20th century, giving the counter-intuitive pattern of higher mortality and lower life
expectancy in economic expansions and improvement of these indices in recessions. The
change or “tipping point” occurred at the end of the 19th century or early in the 20th
century when electrification was introduced into Sweden. All 5 of the reversals of annual
industrial electric energy use in the U.S. between 1912 and 1970 were accompanied by
recessions with lowered GDP, increased unemployment, decreased mortality and
increased life expectancy. The mortality improvement between1931 and 1932 by state in
the U.S. strongly favored urban (electrified) areas over rural areas. Rural unemployment
is positively correlated with residential electrification percentage by state in 1930. The
health effects of economic change are mediated by electrical exposure (Milham, 2013 a).

In recessions, the electric motors which turn the wheels of industry are stilled. The
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improvement of health indices in Nazi occupied Europe in WW II and in Cuba during
their recent economic collapse were not due to caloric restriction, but to lowered EMF

and dirty electricity exposure.

Q. How does the dirty electricity from smart meters expose people?

A.  Because it is at the front end of a building's wiring, the dirty electricity from the
smart meter's SMPS has a gateway into that building's wiring, and also into the earth via
the house ground. The house wiring acts as an antenna and the fields capacitively couple
to the body through the air within 6 to 8 feet of the house wiring or extension cords
plugged into the outlets. The ground (green screw) in the breaker box is connected to the
utility neutral wire for return to the substation. The grounded Wye grid with numerous
connections between the neutral and the earth and inadequate neutral wire current
carrying capacity, means that most of the return currents travel in the earth for substation
return. This violates the National Electric Safety Code rules 92 D and 215 B, and most
state public utility rules. The dirty electricity in the earth makes cows ill and gets into
homes thorough conductive water, gas and sewer pipes, utility electric service, and
through the foundation rebar in homes built on a concrete slab.

Smart metered neighborhoods have higher dirty electricity levels in the earth. It is
possible to get smart meter wave forms in homes without a smart meter and with the
electrical service shut off.

Q. How do you think dirty electricity causes health problems?

15



A.  We are electrochemical soup at the cellular and organ level. Think of ECG
(electrocardiogram), EEG (electroencephalogram), and EMG (electromyogram). We
evolved in a complex EMF environment with an interplay of natural terrestrial and
extra-terrestrial EMF sources from solar activity, cosmic rays, and geomagnetic activity.
[ believe that our evolutionary balance, developed over the millennia, has been severely
disturbed and disrupted by man-made EMFs. I believe that man-made EMFs, especially
dirty electricity, are chronic stressors and are responsible for many of the disease
patterns of electrified populations. The dramatic differences in mortality in 1940 U.S.
data between electrified urban areas and non-electrified rural areas is reported in detail
in a 2010 paper (Milham, 2010).

The inescapable conclusion of these findings is that the twentieth century
epidemic of the so-called diseases of civilization, including cardiovascular disease,
cancer, diabetes and also suicide, was caused by electrification, especially dirty
electricity, and the unique biological responses we have to it. A large proportion of these
diseases may therefore be preventable.

Q. Can you provide studies that show nerve disruption caused by the same
kilohertz frequencies that are generated by APS's smart meters?

A. Yes. In Exhibit A I have provided a good sampling of abstracts that address those
particular frequencies. I have highlighted some of the salient language.

Q. Is there any government funded science or professional institutes that

16



acknowledge biological affects from current absorbed by human body?

A.  Yes. In Exhibit B I have provided one such example, a study by the Electric

Power Research Institute, and it quotes from the National Institute of Environmental

Health Sciences (NIEHS) as saying that at a certain level of contact current (which

happens to be similar to the exposure a person would have when sleeping next to a wall

with a smart meter on the other side) there are “biological effects relevant to cancer.”
In addition to these relative aspects of dose, the absolute (as
well as modest) level of contact current modeled (18 pnA)
produces average electric fields in tissue along its path that
exceed 1 mV/m. At and above this level, the NIEHS Working
Group [1998] accepts that biological effects relevant to cancer
have been reported in *'numerous well-programmed studies".
The effects the Working Group cites are "'increased cell
proliferation, disruption of signal transduction pathways, and

inhibition of differentiation". The NIEHS endorses this
conclusion in its final EMF RAPID report [1999].

Q. Does the human body absorb frequencies at the same rate?

A. No, frequencies over 1.7 kHz are absorbed much easier than the 60 Hertz supplied by
the utility. At 60 Hertz, the total body impedance is over 3,000 ohms. At 1.7 kHz, the
impedance of the skin drops to 500 ohms and continues to drop as frequency increases.
At 100 kHz, the impedance is approximately 435 ohms. In layman's terms this means
that at high frequencies (over 1.7 kHz) this energy goes internal to the human body. For
more information, see the excerpt of the reference book, Electrical Stimulation and
Electropathology, by J. Patrick Reilly at Exhibit C.

IV CONCLUSION
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Q. DO YOU HAVE ANY CONCLUDING REMARKS?
A. Yes. It is my professional opinion that smart meters are a public health hazard.
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Nerve conduction block utilising high-frequency alternating current. -... https://www.ncbi.nlm.nih.gov/pubmed/15191086

PubMed

Format: Abstract

Med Biol Eng Comput. 2004 May;42(3):394-406.

Nerve conduction block utilising high-frequency alternating
current.

Kilgore KL1, Bhadra N.

Author information

Abstract

High-frequency alternating current (AC) waveforms have been shown to produce a quickly
reversible nerve block in animal models, but the parameters and mechanism of this block are
not well understood. A frog sciatic nerve/gastrocnemius muscle preparation was used to
examine the parameters for nerve conduction block in vivo, and a computer simulation of the
nerve membrane was used to identify the mechanism for block. The results indicated that a
100% block of motor activity can be accomplished with a variety of waveform parameters,
including sinusoidal and rectangular waveforms at frequencies from 2 kHz to 20 kHz. A
complete and reversible block was achieved in 34 out of 34 nerve preparations tested. The
most efficient waveform for conduction block was a 3-5 kHz constant-current biphasic
sinusoid, where block could be achieved with stimulus levels as low as 0.01 microCphase(-1).
It was demonstrated that the block was not produced indirectly through fatigue. Computer
simulation of high-frequency AC demonstrated a steady-state depolarisation of the nerve
membrane, and it is hypothesised that the conduction block was due to this tonic
depolarisation. The precise relationship between the steady-state depolarisation and the
conduction block requires further analysis. The results of this study demonstrated that
high-frequency AC can be used to produce a fast-acting, and quickly reversible nerve
conduction block that may have multiple applications in the treatment of unwanted neural
activity.

PMID: 15191086
[Indexed for MEDLINE]
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Blocking central pathways in the primate motor system using high-fr... https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4346720/
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Published online 2014 Dec 4. doi: 10,1152/jn.00347.2014

Blocking central pathways in the primate motor system using
high-frequency sinusoidal current

Karen M. Fisher," Ngalla E. Jillani,2 George Q. Oluoch,? and Stuart N. Baker™"
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Abstract Go to:

Electrical stimulation with high-frequency (2—10 kHz) sinusoidal currents has previously been shown to produce
a transient and complete nerve block in the peripheral nervous system. Modeling and in vitro studies suggest that
this is due to a prolonged local depolarization across a broad section of membrane underlying the blocking
electrode. Previous work has used cuff electrodes wrapped around the peripheral nerve to deliver the blocking
stimulus. We extended this technique to central motor pathways, using a single metal microelectrode to deliver
focal sinusoidal currents to the corticospinal tract at the cervical spinal cord in anesthetized adult baboons. The
extent of conduction block was assessed by stimulating a second electrode caudal to the blocking site and
recording the antidromic field potential over contralateral primary motor cortex. The maximal block achieved was
99.6%, similar to findings of previous work in peripheral fibers, and the optimal frequency for blocking was 2
kHz. Block had a rapid onset, being complete as soon as the transient activation associated with the start of the
sinusoidal current was over. High-frequency block was also successfully applied to the pyramidal tract at the
medulla, ascending sensory pathways in the dorsal columns, and the descending systems of the medial
longitudinal fasciculus. High-frequency sinusoidal stimulation produces transient, reversible lesions in specific
target locations and therefore could be a useful alternative to permanent tissue transection in some experimental
paradigms. It also could help to control or prevent some of the hyperactivity associated with chronic neurological
disorders.
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MANY EXPERIMENTAL AND CLINICAL applications require the control of neural activity. Electrical stimulation is
capable of increasing the overall level of activity as well as eliciting action potentials in the stimulated elements at
times precisely defined in the submillisecond range. However, in some cases it also can be important to reduce or
abolish activity in a chosen pathway. Clinically, this could ameliorate symptoms caused by pathological over
activity (e.g., spasticity); experimentally, it allows measurement of responses in which contributions from the

blocked pathway have been excluded. ? )({

1 of 14


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4346720/
http://ac.uk

High-frequency nerve conduction block. - PubMed - NCBI https://www.ncbi.nlm.nih.gov/pubmed/17271365#

Format: Abstract

Conf Proc IEEE Eng Med Biol Soc. 2004;7:4729-32.

High-frequency nerve conduction block.
Bhadra N', Kilgore KL.
Author information

1 Department of Biomedical Engineering, Case Western Reserve University, Cleveland, OH,
USA.

Abstract

High frequency alternating current waveforms have been shown to produce a rapidly
reversible nerve block in animal models, but the parameters and mechanism of this block are
not well understood. A frog sciatic nerve/gastrocnemius muscle preparation was used to
examine the parameters for nerve conduction block in vivo. A complete and reversible nerve
block was achieved in all preparations. The results indicate that a 100% block of motor activity
can be accomplished with a variety of waveform parameters, including sinusoidal and
rectangular waveforms at frequencies from 2 kHz to 20 kHz. The most efficient waveform for
conduction block was a 3-5 kHz constant-current biphasic sinusoid. It was demonstrated that
the block is not produced indirectly through fatigue.
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Abstract

High frequency alternating current (HFAC) sinusoidal waveforms can block conduction in
mammalian peripheral nerves. A nerve simulation software package was used to simulate
HFAC conduction block in a mammalian axon model. Eight axon diameters from 7.3 microm to
16 microm were tested using sinusoidal waveforms between 1 kHz to 40 kHz. Block was
obtained between 3 kHz to 40 kHz and the current threshold for block increased linearly with
frequency above 10 kHz. Conduction block was also obtained for all axon diameters, and the
block threshold varied inversely with diameter. Upon initiation, the HFAC waveform produced
one or more action potentials. These simulation results closely parallel previous experimental
results of high frequency motor block of the rat sciatic nerve. During steady state HFAC block,
the axons showed a depolarization of multiple nodes, suggesting a possible depolarization
mechanism for HFAC conduction block.
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